5.0 EFFECTS OF LEVELS AND TYPES OF DIETARY LIPID ON PIGS GROWING AT
HIGH AMBIENT TEMPERATURES

5.1 Introduction

Results from Leboratory Experiments 1 and 2 incicated that highly
concentrated diete enhanced the growth performance of pigs living in high
ambient temperature environments. It was alsc pointed out (gee I1-4.2) tha
some sources of dietary energy such as fat have a lower heat increment than
traditional dietary energy sources such as carbohydrates. It followe tha
diete with lower heat increments mey further enhence the growth performance
of pige &t high ambient temperatures., 7Two experimente were therefore
conducted in this pert of the study; Leboratory Experiments 2 and 4.
Tallow and rice pollard were used it Experiment 3 while mixed vegetable oil
and rice pollard were used in Experiment 4 asc the sources c¢f additional
lipid, In thie latter experimert 1t was hoped to demometirate & beneficial
effect of combining animal fat provided in meet meal with vegetable cil oper

se and ¢il in rice pollard.

5.2 Materials and Methods

The same facilities and methods employed in the previous experiments
(see II1-4.2) were used, with & new batch of pigs being acquired for eiach

experiment,



5.3 Treatments

5.3.1 Treatments of Laboratory Experiment 3

The treatments were as follows:-

Treatment 1: Diet A

Treatmert 2: Diet B

’ Hotroom
Treatment 3. Diet C
Treatment 4; Diet D J
Treetment 5. Diet B

L Control-room

Treatment 6: Diet D j

Details of the diets used in Laboratory Experiment 3 are given in Table

£
[§ia)

5.3.2 Treatments of Laboratory Ezperiment 4

The treatments were as follows:-

Treatment 1: Diet A

Treatment 2: Diet B

b Hotroom
Treatment 3: Diet C
Treatment 4: Diet D ¥
Treatment 5: Diet A

l Control-room

Treatment 6. Diet D
Hotroom: 35+1°C and S5S0-60% R.H. from 06,00 to 18.00 hours (day);

2541°C and 60-70% R.H. from 18.00 to 06.00 hours (night).
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Table 27. Mean values of Daily Rate of Gain (DRG). Dressing PFercentaege
(Dress%). Deaily Dry Mstter Inteke (DMI), Feed Conversion Ratio
(FCE) Deily Energy Intake (EI) and Energy Conversion Ret:o
(ECR) of pigs on different cdietary and environmentsl temperatire
trestmente in Leboratory Experiment 3,

Trestment Parameter
DRG Dressi DM1 FCR Ei ECR
(g/d) (%) (g/c)- (kg/kg) (M3/d) (MJ/kg)

(1) Analysed as ¢ Treatments

Diet A C(hotroom) 692> 7¢.9 175€k¢ 2.54 25,2x¢c¢ 36,4
Diet B (hotroom) 55 75.5 154( 2.85 1.Zx¢ 3.9
Diet C (hotroom) 66P e 76.1 181¢b¢ 2.74 26.,18¢ 39.4
Diet D (hotroom) Spg e 74.7 1566 2.74 21.1¢ 37.1
Diet E (control-room) 804 77.7 2190 2.73 31.0 38.7
Diet D (control-room) 707 76.3 20140 2,85 27 .3t 28,7
LSD{5%) 112 2.9 308 D.41 4.3 5.5
Sig Level *EE - N.S. i N.S. *¥y N.S.

Erwvirommental Temperatures

ny

(1i) Analysed as 2 Diets X

Diet E 637 7€.¢ 18£5 2.75 26.1 28.8
Diet [ €£7% 75.5 1750 2.8C 24.2 37.9
LSDIE%) 1E0 1.8 220 0.27 3.0 3.4
Sig Level N.S, N.S. N.S. k.S, N.E, N.S.
Hotroom 5¢1t 75.1 1553 2.80 21, 3¢&.0
Contreol-roonm 7562 77.0 2102 2.79 29.1 38.7
LSD(5%) 94 1.9 220 0.27 3.0 3.4
Sig Level *> - *Ex N.S. *HE N.S.
Interactioni: Diet X Enviromment
LSD(5%) 133 2.7 310 0.3% 4,2 4.8
Sig, Level N.S. N.S. N.S. N.S, N.S. k.S

Meancs with the same superscripte within each column are not significantly
different (5% level).



less (P<0.05) than that of all other groups except those on diet D (568
g/d) in the hotroom. All other between-group differences in growth rete
were non-significant.

Furthermore, when analysed as 2 diets (Diete B and D) X Z environmental
temperatures (Hotroom and Control-room), the results (Table 27-ii) revea.ed
that there were no significant differences in DMI, EI, DRG, FCR, ECR or
dressing percentage between groups of pigs on diets B and D, irrespective
of the environmental temperature they were exposed to. However, the results
(Teble 27-ii) also indicated that pigs in the control-room consumed more
(P<0.001) dry-matter (2102 g/d) and energy (29.1 MJ/d) and consequently
arew faster (755 g/d; P<0.01) than their counterparts fed the same diet in
the hotroom (DMI 1553 g/d: EIl 21.2 MJ/d; DRG 560 g/d respectively). There
were no significant differencee in either FCR, ECR or dressing percentage
between pigs grown in the hotroom and control-room. Although pigs in the
control-room dressed out (77.0%) appreciably better than their counterperts
in the control-room (75,1%) the difference only approached significence
(0.05¢P<0.10). There were no significant interactions between diet and
environment with respect tec DMI, EI, DRG, FCR, ECR and dressing percentage,

wWhen analysed includirg six treatments, Table 28-1 shows that there
were significant differences in the apparent digestibilities of dry matter
(ADM: P<0.01), energy (ADE: P<(0.001) and protein (ADP; P<0.05). 1t also
shows significant differences in digestible energy (DE; P<0.05) amd crude
protein (DCP; P<0.05) between the four diets studied. The differences were
such that the ADM of diet C (80.2%) was higher (P<0.05) than that of both
diete B (77.1%) and D (hotroom: 74.9%: control-room: 75.6%),

The ADE of diet D in both the hotroom (71.8%) and the control-room

(72.0%) was lower (P<0.05) than that of all other diets. The ADP of diet D



Table 28. Means of Apparent Digestibilities of Dry Matter {(ADM), Protein
(ADP) and Energy (ADE) and Digestible Energy (DE) and Crwude
Protein (DCP) contents of diets given to pigs living in either
hot or cold environments in Laboratory Experiment 3.

Treatment Apparent. Digestiblity Diet
ADM ADP ADE DE DCP
(%) (%) (%) (MJ/kg) (%)

(i) Analysed as 6 Treatments

Diet A Chotroom) 77.6*b¢ 81,3® 78,54 14,3 14.1®
Diet B (hotroom) 77.18¢ 80, 8¢ 77,00 13,74¢ 13.%
Diet C (hotroom) 80.2 8§3.5* 78.0° 14,4 14,7
Diet D (hotroom) 74,9 80,(e® 71.8 13,50 13.%
Diet B (control-room) 79.20* g2.>» 79.5 14_ 12t 141
Diet D (control-room) 75.6° 77 .€b 72.00 13.6° 13.5¢
LSD{5%) 2.7 3.4 3.7 ¢.7 0.¢
Sig. Level *% * * KK * *
(11) Analysed as 2 Diets X 2 Enwirommental Temperatures
Diet B 78,1 81.5% 78.3F 13.9 14,0
Diet D 75,2 78.8 71,9 13.5 13.7
LSD(5%) 2.0 2.8 2.6 0.5 0.%
Sig. Level *x - *%x N.S. N.S.
Hotroom 76.0 80.4 74.4 13.6 13.9
Control-room 77 .4 79.% 75.8 13.9 13.8
LSD(5%) 2.0 z.8 2.6 0.5 G.5
Sig, Level N.S. N.S. N.S. N.S. N.S.
Interaction: Diet X Environment

LSD(5%) 2.9 3.9 3.7 0.7 8.7
Sig, Level N.S. N.S. N.S. N.S N.S

Means with the same superscripts within each column are not significan:tly
different (5% level),



in the control-room (77,6%) was lower (P<0.05) than that of both diet B in
the control-room (82.2%) and diet C (83.5%) in the hotroom.

The DE of diet C (14.4 MJ/kg) was higher (P<0.05) then that of diet D
in both the hotroom (13.5 MJ/kg) and the control-room (13.6 MJI/kg) while
DCP of diet C (14.7%) was higher (P<G,05) than that of all other diets,

When analysed on & 2 diets X 2 environments basis, the results (Table
28-11) revealed that diet B had higher mean values for both ADM (78,1%) end
ADE (78.3%: P<0.01 and P<0.001 respectively) then diet D (75.2% and 71.9%
respectively). The ADP of diet B (81.5%) was also higher than that of d:et
D (78.8%), however, the difference irn this case only approached signifi-
cance (0.05<P<0.10).

rom Table 29-(i) it can be seen that when analysed on a 6-treatment

1)

basie, backfat depth (both ultrasonic and optical estimates), carcase
length and chest depth did not differ between-groups. The only significant
differences observed betweern-groups were with respect tc girth (P<0.01i):
the wvalue in the control-room for pigs on diet B (102 cm) being larger
(P<0,05) than those on diets A (39 cm), B (89 cm), C (100 cm) and D (99 cm)
in the hotroom,

When the above anatomical measurements were analysed on a 2 diets X 2
environments basis, the results (Table 2%$-ii) indicated that there were no
significant differences between pigs on diets B and D. Pige in the hotroom
alsc had smaller girths (99 cm; F<0.01) than their counterparts in the
control-room. The chest depths of pigs in the hotroom (29,9 om) were e&lso
smaller than in the control-room but the differences in this case only
approached significance (0,05<P<0.10).

Analysis of variance of tne physiological parameters showed that there

were significant differences (P<0.00%) between groups in RR, RT a ST



Table 29. Means of Carcase Backfat Depth (PZ) measured by ultrasoni:
(Scanoprobe) and optical (Introscope) methods, Carcase Lengtn
(CL), Chest Depth (CD) and Girth of pigs which received
different dietary and envirommental temperature treetments in
Laboratory Experiment 3.

Treatment Parameter
P2(mm) Car.Length Chest Depth Girth
Scanoprobe Introscope (cm) (cm) (cm)

(i) Analysed as ¢ Treatmenis

Diet A (hotroom) 15.8 19.8 78.1 30.6 g%
Diet B (hotroom) 16.6 20.0 77.8 29.8 9%
Diet C (hotroom) 15.2 19.0 78.4 30.8 100
Diet D (hotroom) 16,2 21.2 76.2 30.0 9%
Diet B (control-room) 15.4 20.4 78 .6 31.4 102+
Diet D (control-room) 17.4 21.2 77.2 30.4 101>
LSD(5%) 3.6 4.1 2.6 1,6 2
Sig. Level N.S. N.S. N.S. N.S. **

(i1) Analysed as 2 Diets X 2 Envirommental Temperatures

Diet B 16,0 20,2 78.2 30.6 101
Diet D 16.8 21,2 76.7 30.2 100
LSD(5%) 2.8 3.5 1.9 1.2 2
Sig, Level N.S. N.S. N.S. N.S. N.S.
Hotroom 16.4 20.6 77 .0 29.9 9%
Control-room 16.4 20.8 77.9 30.9 101
LSD(5%) 2.8 3.5 1.9 1.2 2
Sig, Level N.S. N.S. N.S. - *¥
Interaction: Diet X Environment
LSD{5%) 3.9 4.8 2.7 1.7 2
Sig, Level N.S. N.S. N.S N.S. N.S.

Means with the same superscripts within each column are not significantly
different (5% level).
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Table 30. Means of Respiration Rate (RR), Rectal (RT) and Skin (87)
Temperatures of pige which received different dietary and
environmental tempereture treatments in Laboratory Experiment

J.
Treatment Parameter
RR RT ST

(b/min) C) (° )

(i) Analysed as & Treatments
Diet A Chotroom) 135 39,3 37.7
Diet B (hotroom) 115 3g. 2> 37.F
Diet C (hotroom) 116 39,2 36,8
Diet D (hotroom) 143 39,2 37.2%
Diet B (control-room) 3z 38,9 33.€°
Diet D (control-room) 3% 38.F 33.4°
LSD(5%) 13 .1 .3
Sig. Level ] t 22 XE¥

(11) Analysed as 2 Diets X 2 Envirommental Temperatures
Diet B 73 3%.1 35.4
Diet D G1s 39.1 35.3
LSD(5%) & 0.04 .2
Sig. Level ¥ X N.S. N.S,
Hotroom 125 39,2+ 7.2
Control-room 35° 38,9 33.5
LSD(5%) 8 0.04 0.3
cig, Level * %% *x % *F ¥
Interacticn: Diet X Environment

LED(S%) 12 0.06 0.4
Sig. Level * N.S. k.S,

Means with the same superscripts within each column are not significan:ly
different (5% level),
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{Table 30-i). The differences were such that pigs on diets B and D in the
control-room had lower values for all the above physioclogical paremeters
(P<0.05) than those in the hotroom. In the hotroom pigs on diets A ard D
had higher (P<0.05) RR values (135 and 143 b/min, respectively) than those
on diets B and C (115 and 116 b/min, respectively). Furthermore, pigs on
diet 2 in the hotroom had higher (P<0.05) RT (39.3*C) ard ST (37.7°C), and
pigs on diet C had lower (P<0.05) ST (36.8 C) values than all other groups
in that environment, All other differences were non-significant.

When anclysed on & 2 diets X 2 environments basis, the results (Table
30-1i) indicated that while overall wvalues for RR, RT ard ST were higher
(P<0,001) in the hotroom, the conly significant between-diet difference was
that RR of pigs on diet B (73 b/min) was lower (P<C,001) than on diet D (91
b/rmin).,

The only significant interaction detected between diet and environ-

mentel temperature was with respect to RR (P<0.035).

5.4.2 Results of Laboratory Experiment 4

From Table 31-i it can be seen that when analysed on & 6 treatments
basis, there were no significant differences between-groups in DRG (Figure
24), Dress%, DMI, FCR, EI and ECK. However, when analysed on & 7 diets X 2
envircnmental temperatures basis, the results (Table 31-ii) indicated that
pigs on diet D (13.9% rice pollard + 9.8% meat meal) converted feed (3.0C
kg/kg) more efficiently (P<0.05) than those on diet R (1.37% blended
vegetable o01l; 3.35 kg/kg). Although the ECR of pigs on diet A (49.8 MJ/kg)
was higher tharn on diet D (46.2 MJ/kg), in this case the differences only

approached significance (0,05<P<0.10),
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Table 31. pMean wvalues of Daily Rate of Gain (DRC). Dressing Percentage
(Dressi), Dally Dry Matter Intake (DMI1), Feed Conversion Retio
(FCr) Deily Energy Inteke (fr1) end Energy Conversion Ratio
(ECR) of pige on different dietary and environmentsl temperature
treatmente in Laboratery Experiment 4.

Trestment Parameter
DRG Dress% DM1 FCR El ECR
(g/d) (%) (g/d) (kg/kg) (M3/d) (MJ/ka)

(i) Analysed as 6 Treatments

Diet A (hotroom) 517 77 .6 1694 3.29 25.3 45,1
Diet B Chotroom) 514 75.8 1632 3.22 25.4 5G.0
Diet C (hotroom) 497 75.0 1552 3.13 24.0 48 .4
Diet D (hotroom) 534 77.1 1664 3.14 25.6 45.2
Diet A (control-room) 5€7 76,9 1919 3.41 28.5 50.6
Diet D (control-room) €71 78.1 1916 2.87 29.6 44,2
LSD(5%) 131 3.2 363 0.38 5.5 5.2
Sig Level N.5. N.S K.S. N.S. N.S. N.S.
(1i) Aknalysed as 2 Diets X 2 Erwirommental Temperatures

Diet A 542 77.2 180¢ 3.35 26.9 45.8
Diet D 602 77 .6 1798 3.00P 27.6 46,2
LSD{5%) 91 1.7 261 0.31 4.0 4,3
gig, Level N.S. N.E, N.E. * N.S. -

Hotroom 52¢° 77.3 1679 J.21 25.4 4¢.,¢
Contrel-room €19 77.5 1917 3.14 29.0 47 .4
LSD(5%) 91 1.7 261 0.31 4.0 4.3
Sig. Level ¥ N.S. - N.S. - N.S.

Interaction: Diet X Environment

LSD(5%) 129 2.4 3¢9 0.44 5.6 €.1
Sig. Level N.S. N.S N.S N.S N.S, N.S.

Means with the same superscripts within each column are not significantly
different (5% level),
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Furthermore, although pige in the control-room consumed more dry matter
(1917 g/d) and energy (29.0 MJ/d) than their counterparts in the hotroom
(1679 g/d and 25.4 MJ/d) the differences only approached significance
(0.,05¢<P<0.10). Nevertheless, the DRG of pigs in the control-room (619 ¢/d)
was higher (P<0.C0S) than that of their counterparts in the hotroom (52¢
g/dj. All other differences were non-significant and there were nc
significant interactions between diets and environmental temperatures 1in
any of the above parameters,

Table 32Z-1 shows that when analysed on a six treatments besis, there
were no significant differences between groups in the epparent
Gigestibilities (ADM, ADF and ADE) of the four diets studied. However,
there were significant differences between groups in both DE and DCP. The
differences were such that the DE values of diet A in both the hotroom
(14.9 MI/kg) and control-room (14.& MI/kg) were lower (P<C.05) than for all
other diets, and the DCP of diet B (1Z.7%) was higher (P<0,05) thean that of
diets C (11,9%) and D in both the hotroom (11.7%) and control-room (i1,7%),
The DCP of diet A in the hotroom (12.4%) was higher (P<C.05) then that of
diet U in both environments,

when analysed on & 2 diete X 2 environmental temperatures basis, the
results (Table 32-ii) show that diet R had higher ADP (74,8%; P<C.05) and
DCP (1Z.6%; P<0.01)\values but lower ones for DE (14.9 MJI/kg; P<0.01) then
diet D (71.9%, 11.7% and 15.4 MI/kg respectively). There were no
significant differences in ADM and ADE between diets A and D, Furtherwore,
there were no significant differencez between the hotroom and control-room

nor any significant interactions between diet and environment for any of

the above parameters.
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Teble 32. Means of Apparent Digestibilities of Dry Matter (ADM), Protein

(ADP) and Energy (ADE) and Digestilble

Energy (DE) and Crue

Frotein (DCP) contents of diets given to pigs living in either
hot or cold environments in Laboratory Experiment 4,

Treatment Apparent Digestiblity Diet

ADM ADP ADE DE DCP

(%) (%) (%) (MJ/kg) (%)

(i) Rnalysed as 6 Treatments
Diet A (hotroom) 82.9 75.5 82.3 14, % 12.4**
Diet B (hotroon) 83.8 7¢.4 83.3 15.6° 2.7
Diet C t(hotroom) 81.6 73.9 1.1 15,5 11,9
ret D (hotroom) 81.7 72.0 80.9 15,4 11.7
Diet A (control-room) 82.4 74.0 g2.0 14,8 12,1%¢0¢
Diet D (control-room) £1.8 71.8 81.2 15,4 11,7
LSD(5%) 2.2 3.7 2.3 0.4 0.6
Sig. Levsl N.S. N.S. N.S * ¥ *x
(11) Analysed as 2 Diets X 2 Envirommental Temperatures
Diet A 82.¢ 74,8 2.1 14.9 12,68
Diet D 81.8 71.% 81.1 15,4+ 11,7
LED(5%) 1.5 .5 1.6 0.3 0.4
Sig, Level N.S. * N.S. *X *¥
Hotroom 2.3 73.8 &61.6 15.1 12.0
Controi-room 82.1 72.9 &1.¢ 15.1 11.9
LSD(5%) 1.5 2.5% 1.€ 0.3 0.4
Sig, Level N.S. N.S. N.S N.E N.S.
Interaction: Diet X Environment

LSD(5%) 2.1 3.5 2.3 C.4 0.6
Sig. Level N.S. N.S. N.S. N.S. N.S

Means with the same superscripts

different (5% level).

within each column are not significantly
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From Table 33-1 it can be seen that there were no significant
differences between groupe when analysed on a six treatments basis nor on &
2 diets X 2 environmental temperstures basis in backfat depth (both
ultrasonic and optical estimates), carcase length, chest depth and girth,
While pigs in the control-room had higher backfat depths when measured
ultrasonically (24.7 mm) than their counterparts in the hotroom (21.€¢ mm),
the difference only approached significance (0,05<¢P<0.1(). There was no
significant interaction between diet and environmental temperature in any
of these carcase parameters.

The analysis of variance of the physiological parameters (Table 34-1)
based c¢cn six treatments indicated thet there were significant differences
(FCO,001) between groups in RR, RT and ST, The differences were such that
pigs in the control-room on both diets A ard D head lower (P<0.0%) RK, RT
and ST values than those on each of the four diets studied in the hotroom.
Furthermore, in the hotroom, pigs on diet C had & lower (P<G.05) RR (117
b/min) than those on diets A, B and D (120, 125 and 125 b/min). In the same
environment pigs on diet C also had a lower (P<0.0%) ST (37.1°C) than those
on diete A ard D (37.3 and 37.3C), but not those on diet B (37.2°0),

Wnen analysed on a 2 diets X 2 environmental temperatures basis, the
resulte (Table 34-ii) revealed that the RR of pigs on diet A (82 b/min) was
higher thar that on diet D (77 bsmin), however, this difference did not
quite reach significance (0.05<P<0.10). In general, pigs in the hotroom had
higher Rk, RT and ST values (127 b/min, 39.5°C and 37.3*C) than their
counterparte in the control-room (32 b/min, 39.0°C and 34.7°C,
respectively; P<0.,001), There was no significant interaction between diet

and environmental temperature in any of the above physiological parameters.



149

Table 33. Means of Carcase Backfat Depth (P2) measured by ultrason:c
(Scanoprobe) and optical (Introscope) methods, Carcase Length
(CL), Chest Depth (CD) and Girth of pigs which received
different dietary and environmental temperature treatments 1n
Laboratory Experiment 4.

Treatment Parameter
P2 (mm) Car.Length Chest Depth Girth
Scanoprobe Introscope (cm) (cm) (cm)

(i) Analysed as 6 Treatments

Diet A Chotroom) 21.3 21.1 81.6 32.4 iy
Diet B (hotroom) 23.5 20.5 82.4 31.2 103
Diet C Chotroom) 22.9 18.1 80.4 31.4 102
Diet D (hotroom) 21.9 24.7 2.8 30.8 10z
Diet A (control-room) 23.5 26.9 80.7 30.2 101
Diet D (contreol-room) 2%5.9 25.7 79.8 31.0 104
LED(5%; 4.1 7.3 3.9 2.5 &
Sig. Level N.S. N.S. N.S KN.S. N.S
(ii) Analysed as 2 Diets X 2 Envirommental Temperatures
Diet A 22.4 24.0 81.1 31.3 102
Diet D 23.9 25.2 1.3 30.9 103
LSD(5%) 3.5 5.8 2.9 2.0 4
Sig. Level N.S. N.S. N.S. N.S N.S.
Hotroom 21.6 22.9 82.2 31.6 102
Control-room 24,7 26.2 80.2 30.6 103
LSD(5%) 3.5 5.8 2.9 2.0 4
Sig. Level - N.S N.S. N.S N.S.
Interaction: Diet X Environment
LSD(5%) 6.9 8.3 4.1 2.8 &
Sig. Level N.S, KR.S, N,S, N.S. N.S.

Means with the same superscripts within each column are not significantly
different (5% level).
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Table 34. Means of Respiration Rate (RR)}, Rectal (RT) and Skin (ST)
Temperatures of pigs which received different dietary and
environmental temperature treatments in Laboratory Experiment 4,

Treatment Parameter
RK RT T
(b/min) (¢ C) *C)

(1) Analysed as 6 Treatments

Diet A (hotroom) 130 39.6° 37.2
Diet B (hotroom) 125 39,5 37,20
Diet C (hotroom) 117 39,5 37.1t
Diet D (hotroom) 125 39,5 37.3
Diet A (control-room) 34 39.0¢ 34,7
Diet D (control-room) 30 39.( 34, ¢
LSZ(5%) 7 0.1 0.2
Sig. Level KK * %X * %%
(ii) Analysed as 2 DietsX 2 Enwirommental Temperatures
Diet R 82 39.3 36.0
Diet D 77 39.3 36.0
LSD(5%) 5 0.1 0.2
Sig. Level - N.S. N.S
Hctroom 127¢ 39,5 37.%
Control-room 3z 39.0¢ 4.7
LED(5%) 5 0.1 0.2
Sig, Level *% ¥ F k¥ *Hx
Interaction: Diet X Environment
LED{5%) 7 0.1 0.2
gig, Level N.S. N.S N.S.

Means with the same superscripte within each column are not significantly
different (5% level).
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5.5 Discussion

The results of the current studies (Laboratory Experiments 3 arc 4)
confirmed those in the previous section (1I1I-4.0) in that the growth
performance of pigs living in a hot enviromment was lower than that of
comparable animals living in e thermoneutral environment. While high
ambient temperature caused a 27.1% reduction in growth rate in Laboratory
Experiments 1 and 2, in the current experiments the reduction was of ths
order of Z20.9%. Results from the Field Survey (111-2.0: Figure 3) indicated
that the DRG of pigs was 6.1% lower in summer than in winter. The grester
depression in DRG achieved in Laboretory Experiments 1-4 was probably due
te the fact that the pigs were exposed to high temperature more
consistently and over & longer period than 1s usual under commercial
situations.

Although the apparent digestibility of dry matter of a diet may be
lowered by es much as 3.2% when given to pigs at temperatures Lkelow
thermoneutrality (Phillips, Yourg and McQuitty, 1982), it appeared that
this was not the case for pigs exposed to a temperature above the
thermoneutrality. The results from the current experiment (Tahles 28-ii and
32-ii) indicate that the apparent digestibilities of dry matter, energy and
protein were not affected by high ambient temperature. This result is in
agreement with that of Holmes (1974) and 1is conesistent with the
demonstration by Jenkinson, Young and Ashton (1967) that the apperent
digestibility of the diet in pigs is unaffected by level of inteke. In the
current experiments, of course, hotroom treatment significantly reciuced

feed intake.



While the results of the current study are in agreement with most
published literature (lrving, 195¢: Ingram, 1964a: Morrison, Heitman ard
Bond, 15¢9: Holmee, 1973, 1574) with respect to the effect of high ambiert
temperature or: such physiological activities as RT and RR, the magnitude cf
the observed increases of these activities was smaller than expected. This
is probably due to the fact thet pigs in the hotroom were subjected to &an
ambient temperature which fluctuated from 25°C at night to 35°C by day.
The optimum temperature calculated by Morrison, Heitman and Bond (196%) for
pigs at 68 kg liveweight was 22.2°C: a temperature similar to that used in
the control-room in the present experiments (21*C). The mean value for the
hotroom was 3(* C, which is thus well sbove the optimum temperature for pigs
with a mean weight of 67.8 kg (range 45 to 90 kg). The extent to which
elevated respirstion rates, rectal and skin temperatures may in themselves
depress economically important parameters such as DRG ard FCR is unknown.
1t is possible, for example, thet chronically elevated respiratory rate
could interfere with normal ingestive behavior and thus depress DMI, EI and
consequently DRG. On the other hand. changes in these physiological
parameters may simply be another manifestation of the heat stress being
experienced by the pigs and unrelated, in any causal way, with ingestive
behavior,

In present day situations there are number of by-products from both the
meat and oilseed industries which contain significant amountsof lipid that
may be utilized as constituente of pig feed, In the current experiments it
appeared that diets containing lipid derived from an animal source (e.g.
tallow or meat meal) offered no advantage over that derived from plante
(e.g. vegetable o0il and rice pollard) in terms of apparent digestibility.

It 1s thus not unexpected that the mixing of lipids from animal and plant



153

s

b o 0}
" 4. Q =

o = O

- . — [t .
o ™. @] = o +J 3
e R = T 0z o
O = D O [ O
h . W o o b ot qt
O O -0 et - -t ml o> W

. ) - o -4 = .
W aw J.,. O ) N .vyx. I s
- { L, s te) - ) v B
7z 9] . - 4 o) (S}
] ~ .._l,u — .u_ _3_ o m oo
o B SN - v
oW R ow g v G5 W w 3
B Eoou < o S T =
® 4 o4 Ul o o (9] s ) q _|H
- , - Y fal ’
L oo o o Yd = o
%) 1 Ty m o ~ [9
+ ) & " RS B
e U e t 3 {
i " o Q = ,r_“ ks m .m.
- “ ' 4 + - G i o
W oW A S Y =
- " S .
. s 2 - -
U 4 = b M LE T ul
= oo R el 1) +)
. e i W] T3 15 B
v_w )] A2 @ k) -
i [ o —~—
5 ] FS] 4 -t g T
Gd) o . - o
b b .y ) U =
o O O .‘m» tea] 4 (W]
oo o ;
e AN @
0 O — - ]
e ) . Ry =
o H i U =
& oo oo £
& 3 . o -1
5 " 0 e o o +7
¥ O ST Lo T -
Gy [ T - —1 ~ . I
= el P e G
— ; L owmn i G A%
GO ) R e c i
| TR ) . " 2 &
! — i et Ul ) C i O % ul b ¥
- = 3 8 - L4 Ty o
) - " : - ~ - e
] oy ¢ . - ™ 3l 9
bl B 4 seo TS o &b W
LB e ow " 2 2 0 S 0 +
M. 3 b 4 = ,wu =t el ot N . 1)

) 0 ‘ R — o] - 43 d [ Ul 4! fUs] :
i o & 2 o} 4 i . Ul ) - 5] o WL
NSRS A R noou oo g = i -
Nt L _— 4 — Q) e ) b .. e ") +-J

o { ( ) 3 .

O =t s “ J O e = -
Ey - o Qy U [ e «r 3 -
() o @ - o) 2 + o m o4
[ O . o ML —t ¢ <t o (@]

b o iR . o
] - - ] (@8] - " o]

- A3 : = - D ~ b
o N NY] s o L ry N it
73 - ti A 4 4! = G 5 "~ - 03 iz

O = -+ 3 i e O i a3 Mea w2
Ry o AL ’ b 2 PRI
O >~ @ X 5y 5 )
= 40 Ga “ ) Pon D) % i - o3
T s 0 e} i - I = Y
- Wz 0 o .W.VJ.J iy i
o + i - - ) Ot .
E_ s ) s T = Py b o o
Q| I S & & o £
4 £ o - § 4 = ] 3
e 4 2 ') m J) .
f1. -~ ) G
A - Sy o
— b i
vy,
[y
1L




154

T . ] Uy 3 ~ N - »
o oy —i O & .m ;“ s oo 23 -z 3 g O] Ua 42 . e
N o e £ G )] < P o 4 o - -- 't
Rel — Wyl o — . S . = + © i} A5 N
R W =B g v oy oz B0 e 5 8 K
® vz 1eH — . - H 1 P - - 5 - -
] = QD Q) rz 4 - S . o i I T al
S ] s} 0 t E © Ul - Y] =i —1 Ul (T, P} 0
o . [ o 5y N 1l Ry o= N
O §q a3 0 oo . ] fpurt £ + o
o0 B 3 = ; ot - . 4+ e 5 - ©
o ) g [N 1.m -4 ) A 3 .w.._,x. 4 fony i I T
H . . ' [ o < 3 . . « -
= o ] U € Q " >y -3 R G L. y O - @ — i AL
L b S $4 — el y e ~ B £~ i 3
| - 5 5 o X ot . ] @O s~
@ 1 1) —~ oz — 4 et T e
: = % P R = 5 N 5 ot
DS A ) =om TR R o] uooa I
- 3 —~ o - — ced — N — - _ 4
S = 5 3 SRR g o =
i vl ¢ el " 40 g ) L] i Y n +J ~—t O
« — el - - -
oo ) % o A 4 D = T SRS o
G = [ . S o - ] ~ I (] - ti - Q 4 Ua
o N R - - D = & G o - w.m = -
L > o Ul = 8} 4 g bi e & ] i m
S o O noO Mo T =
— N = 3§ - - O o 4o N iy -t m.* Y -
e o 5 o ow = N - ha
o - )] o By — Lo - = O — £ T L 5
o3 <3 o i 4 A 1, ol K] (@) %
— Py 4 > Y] [ 4-) . 1x] =
5 o = b ) > ~ pt v A a o = ]
Y @ i (g™ + ¢ P o Ly o ] W o] " |9
i w D o o o ~ = s 5 U ol >, Ul
e ey ) . 18 ced 4 " . —
fo ” Qb 1] = ) vid o - By ) e =
A3 L - [ b O ~ s}
o e i o Ty ‘o , .w..\.. . Ao £ &
- E- - u 4+ + . aY t a3 —
; o vl @ = §d
¢ ] P & — o 1 I$) e iy 49
- . A I . A [8] [} y I o~ o] &
0 3 3 C g " 5 o3 - L o 3 ¥
. ) + i et Y m o @ o iy ‘wﬂ ]
] &b — ! y ¢ s fo o N T pt
S0y uwa @ o -t S I i - - o & A
O sy i P =S TS W
ce By s o O . ol - L 3 4 =t
(o] ER) O v~ ¥ 31 el 5 fis] [ 4 [ie] — 3
- b o] R — Hooos - S - @ Q) s
- . o8 & - s o U A = B U
ﬁ : o v 4 B a - 3, “ I = = o = o
) -4 - t - = ) - . - - ey
L B H 4 ) U} ] ”J Ul . - A Tre i8] sy
= i} ~> — %) ' b i) bl ] T Qi 4+ O 43 +-
- 1) - 2 e} o o ; [ o T 2 —
R —t .N_ = ] 4 [ome! ) [\ ] Y] ] (o}
— &d S . vl . P -t O [ qQ1 1) ) LL_
—t 5 ) - = ) N -~ I - - — i _+ )
1 m 3 ™M 2 ==t QD ™ U 3 3 el 4 3 nxC
=3 & -1 = s ds <) - T3 il ]
E o ol o o T3 ) oo —t f e ;_N. ﬁ oy
[ ) ) Ty A5 - Q i : (W] by - 5
P fie] U . O in L S| -1 I e d uc 4
i) . o) = “ i v - +) o O
g} S R o) O 3 L ity W ]
- bes A I O s {1 - Gy A
T3 i i~ o 5 = % F,m [T}
Ju urw TLp [ (] 47 s 4
e [} C N . 3 T A3
_..1 % Py ot I3} ) 3 > u) o o
& fiont? e ot Q ‘o i fiv] . S
€3 D o go! ISR ‘ »ooon 2
o G T oo a o E
o O 3 fu = O wb (g o .m ) 4.0
‘ e 5 g gy p - t £ 4
: ‘ ] b =t . e e -
- ) ) ~ _ry.. i ..r., 0 3} wl )
[€F] of & " 0 o ul V]
Yy (e . C ) o ) y
: ” G o 7 9
r <1 ' 1 oy ,.n \ .”.. ,L_. - m
-4 R - ~ "1 4 - V-4 ,
< Cl 73 58] . N E o Tal 15




~

Experiment 3 (e.g. DRG was 26% lower). However, previous workers have
suggested that the optimum level of inclusion of rice pollard in pig diets
ie ebout 20% (Warrem,Gerdes and Farrell, 1981) at thermoneutrality. The
markedly different results between the two current experiments could be
explained by differences in the rice pollards used; Farrell and Warren
(1982) for example have demonstrated that pollard from rice harvested :in
different years gave significantly different growth responges in chickens,
Although the inclusion of lipidsin diets has been shown to improve the
growth performance of heat stressed pigs the question of whether some
sources of lipid are more suitable than otherse clearly regquires further
deteiled study. As discussed in the earlier review (page 21), almost all
studies which have dealt with the eddition of lipidsto an otherwise
standard diet have used only & single lipid source. The only exception to
thig, prior to the current work, were the experiments of Hillcoat and
Anniscorn. (1974) which strongly suogested that tallow-supplemented diets
wouid be supericr to maize oil-supplemented ones in a hot environment.,
Hillcoat and Annison (1974) studied the metabolic consequences of
adding lipid to diets and fourd that the rate of hest production of pigs
fed either 2.5 or 5% tallow or maize oil were similar (means of 12.70 end
15.01 M3/d). At an inclusion level of 7.5%, however, the heat production
of animals on the tallow diet (12.15 M3/d) was very much lower than that cf
pigs on the maize oil diet (12.88 M3/d). On his basis it would be expected
that pigs fed a tallow-supplemented diet, with a lower metabolic heet
production, would be more productive in a hot environment than comparable
animals supplemented with maize oil, ks discussed above, tallow also
proved superior to rice pollard in the current work. It is obvious,

however, that further work 1ig required to examine exhaustively all <:he



various possible lipid sources. Such work is time consumming and will
require considerable resources in terms of both pigs and suitable stressful
hot environmente. 1t would seem that the assessment of metabolic heat
production on small numbers of animals would be a useful indicator of the
potential benefits of the various lipid additives which could precede

large-scale field trials,






158

] (0] { Q .. Q H T
Ly — —t - £ .G
Sow g Qs B M
-+ - [ >
i8] Y] U] ]
j —~ U) 1] . p)
& el A ]
2, R ~1 oy
= a2 32, @
@ o = & Ul
+ -~ : W o Y
= e < 54
] b o B = -
e o fa S g &
49 4) - K [ &
oy T . +) ol G
v T 0 By - b
~— q 4 A AT i
-4 P Gt T —t
A W: () NB O
= ‘ (4 [aw] - K
i ST b f . \ ﬂ 1)
pd - het . i -
™ o O s 0 u I
Q 4+ 4 mo. ty G ) O
2 i +! @]
G [} o Rl o] l 3 )
-1 4 le] D — E ,M_
— s - el
1] o) - B 4
-} 5 I =
i} e - o _ G -
5 "y “ . QO . ) et
= ~4 -4 4 - 4o
—~ > N ] . Ry om
] 18] < Y 1 i e et
o ] < i Ik, b V1,
M 5 In] [ ) ~,
et fin] e8] -1 2 e q
ol D) " i U5 [
= o . i A . Wl
L il - & ) . 53]
+ o ar _ Ly i
\ o 3 o . o -
+H ey ] - s _ .
o 71 s ] -
fis} 0} N o ) 3 N“_
o] - L b 1 225
o o . 3 = +) g 3 -
- { w e §21 4 i D -
- D] A4 iv ] i o ‘
] s ¥ z O a
1, 73 O O ) &3 L \.nm
4.0 j N -1 = YR oh
e = o o
S b ) 1) NY - - .- .. I3 -t
~ m o 42 jost - oot . v - P
43 ] { ) e oo -1 v 1o it o =
3 o) o] q, o] hYl m.v i W v G
N 0 T X -t = = o
o B8] . Nl — - -~ —~ (o] o pd —
4o T ti ol s e T o] T e} —
i 98] L O ¥ G Uy Q 9]
= +) et =) - w4 “a O QD 1l
— i el 4 [ 2 Ji fr. Ll .
! = L &1 .
L e vy o "
o —i O [an] QL «r O LI
i ) o l . bt T W
- S ' O ¢l .
o Y 5 . e E .
<L oy [ aq1 [Nw} | 321 [S¥) e
+ i —i %
e > -1 n;
a L O ) ¢
L @) - [} -




34
H

Il

CHwh ws O

o W

4

(€38

i

-t

Sy

oo

It










162

Faecal collection started when the ferric oxide marker first appeared
in the faeces and ended when the marker re-appeared at the end of each
dietary period. The faeces were removed from the collection trays (see
Plate 5) twice daily to minimize the loss of nitrogen that might have
occurred, particularly at high envirommental temperatures. Faeces were
stored in sealed plastic bags at -16°C.

At the end of each collection period all of the faeces from each pig
wags bulked and mixed in an industrial mixer with the addition of a krown
amount of distilled water. 2 subsample of approximately 500 g wet faeces
was taken, refrozen and then freeze-dried prior to further analyzis. Total
faecal dry matter output was calculated from the total weight of wet bulked
faeces and the dry matter of the subsample, Faecal nitrogen and energy
contents were determined by standard EKEjeldahl and bomb calorimetry
procedures,

Two subsamples of the diets used were taken during each collection
period, One was dried in a forced-draft oven at 90°C for 24 h for the
calculation of dry matter percentage while the other was stored at 0°C and
then bulked at the end of the experiment for further chemical analysis,

¢£.2.6 hnalysis of Data

Analyses of the data from the Replicated Latin Square design were
carried out using a modified version of the NEVA (Burr, 1976) program for
analysis of variance on a mainframe computer (DEC 2060), Duncan’s Multiple

Range Test was applied when significant differences were detected.

6.3 Results

When the data were analysed there was a large deviation from the means
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Matter
(ADM),
(TNR)

Intake (TDMI), Apparert
Energy (ADE), Nitrogen
and as a Percentage cf

Taizle 36, Mean wvalues of Total Dry
Digestibilities of Dry Matter
(RDN), Total Nitrogern Retained
Nitrogen Ingested (TNR%).

Treatment Parameter

TDMI Apparent Digestibility Nitroger Retaired

EDM

LDN

TNR

TNR®

(g) ) (%) %) (g (% 1ngested)
Hotroom 417 74,0 72,9 74,7 52,4 47, 2
Control-room 4414 72,18 73,2 78,9 48, F JE.F
LSDS%) Gz 1.0 1.1 1.3 2.4 2.z
S1g, Level N.S. * N.Z. K.<, ¥ ¥
HHY 406G vEL T 754 &1.¢6* 58,2 38,3
HL G7nzE 77,8 e, B 78, €8 4e., > 3e,7
LH 4498 £G4, (® gaQ or 79,5F 54t 42,3
LL 4204 €9, et £a ge T7 A 41,7 42,2
LoD (0% 13 1.4 1,6 1.9 4.8 3.1
€3, Level ER T F¥¥ X ¥ ¥ *EX * K ¥ -~
Cyzle 1 4145 T2, 7Z.F 77.4 7.9 41,3
Cycle & LTLE Ti.4ecC BEPEA 79, 2 486 41.°¢
Cyvele - 4460 74,0 74,0 &0, 4= 51,1 41,4
Tvole 4 4¢ 25 T4, DI gt 80,z £Z.1 28z
LEL(E%) 121 1.4 1.¢ 1,9 4.8 |
Sig. Level A A X * N. S, N.Z.
Interaction:-
Temperature X Diet
LED(S%) 18¢ 2.0 o 2.7 £.2 4.4
Sig. Level N.S. H.&. K.E N.Z. N.S. N.S
Temperature X Cycle

LED(S%) 18¢ c.c o3 z. £.8 4,4
Si1g. Level N.S, - i, 8. N.S. N.S. N.S.

Mzarz with the same superacripts within a column are not significantly
different (5% level).



1l other differences between dietary treatments were non-significant,
though there were no significant differences between feeding cvcles
ir. either the weight of total nitrogen retained or the percentage of total
mtrogen ingested, there were significant differences between cyclez 1+
TDMI (PL0.0C1), RADM (P<0,05), ADE (F<0.0%) and ADP (PLG.05), The
differencez were guch that the TDMI values In Cycles 1 and & (4165 and 421:%
g respectively) were lower (P<0,0%) than in Cycle 23 (440 g} which 1n tur

waz lewer (¢p{0,0%) thar in Cycle 4 {482% g, The ADM of the dietes 14

Cycles 1 end 2 (72,2 and 73.4%) were lower (F<0.05) than in Cycle 3

i Cyele 1 (77.4%) wae lower (PC0.05) than in Cyvelee 2 and 4 (80,4 anl

80, 2% 211 other differences betweer cycles were non-signif:cant
There were no gignificant interactions between temperat end diet mor
netween temperature end cycle foar any of the ab parameters,  however

the interaction between temperature ard cycle {or ADY  approached
zigriificence (0,05<P<0.10),

Furthermore, opportunity was available f{or mezsuring diurnal variations:
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1t both respiration rate and rectal temperature of
results of rectal temperature and respiraticon rate measured at hourly
intervals over a four day period are presented in Figurez 2% and Z-
respectively, Each point orn the graphs represents & mearn of 1=
measurementz, The resulte of the diurnal wvariationz in both respiratios
rate and rectal temperature will be dicussed in the ger:eral discuseion
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difference due to time to have hecome significant,
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