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.-D.0 FIELD EXPERIMENTS - THE PERFORMANCE OF COMMERCIAL PIGS AS AFFECTED BY

AMBIENT TEMPERATURE AND SEASON OF YEAR

3 1 Introduction

The opportunity was taken to supplement the field data collected crcr.

the commercial plageries with a small series of more close:y

experiments in which more complete temperature and biological perfcrmance

datr, were collected. The first of these	 Field'. Experiment 1) vas

designed by the author and conducted in collaboration with Mr. R. M. Kelly,

tne producer who made facilities avai l ah'e.	 The remaining tvc (Field

Experaments 2 and where tht. prime aims were to investigate the effects

cf feeding regimes and lysine levels on t .!-le gro;zth performance of plc.'s,

were designed and supervised by Mr. E. B. Greer of the N.S.V. Department ot:

-It.‘gracu3ture, vn:. kindly mad g, the releYant b30:oqical anc:, climti- data

available to the- author for arialycis.

2.2 Field Experiment 1

Th l s experiment was carried ou-7_ at "Braemar Park" piggery, Parks,

N.S.W. It consisted of 3 field trials, each conducted over a peraod of

approximately three months at intervals between June 19 and August 198:.:

Trial 1: Winter: 19/6/80 to 4/9/80

Trial	 Summer: 30/9/E0 to 30/12/EO

. -)--,f 4/E1 to ,----,---Winter:3:



Materials and Methods

In all trials the same pens within the shed (Figure 1E) were used.

hermc 	 were placed approximately two metres above the passagewcy

separating each pair of pens to record shed temperatures end humidltic,E.

These instruments were calibrates to record temperature and hur7Jdity el r. r-

leve2 (30 cr, above the floor). 	 The shed in which the experiments were

conducted measured 40.5 m X 9.5 r and was of galvanised it on construct: --,

E

40.5 m

Figure 16.	 Location within the shed of the pens in Field Experiment 1
(,-position of the therm:fhygrographs).

with laige ventilation flaps along both sides. Foam spray insulation was

added to the ceiling et the beginning of Trial 3. Individual pens measured
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.3 m X 1,7 m with a slatted dunqing passage at the rear. With an average

of 10 pigs per pen each pig thus had a floor area allowance of 0.73 M2.

The partitions between the pens were of 10 cm thick concrete to a height of

40 cm and angle iron bars thereafter to a total height of 90 cm, while the

front wall was cf sheet iron. Each pen was fitted with an automatic feeder

and one drinking nipple.

17:.2.2 Animals and Husbandry

For each trial, 40 entire Large White X Lancirace male pigs were used.

The mean starting weight was approl:imately 40 kg in each case and animals

were allocated to pens in groups of ten by stratified random sampling

according to initial liveweight. The pigs were Lepe ult.il s l aughter- at 90

kg liveweight, at which time carcase and backfat depth (P2) data were

collected. All pigs were  fed a pelleted ration JCIL27,c7on the concrete

floor by an automatic feeder. The amount of feed consumed was recorded and

pigs were weighed weekly and also immediately before leaving for the

abattcir by multi-decked road transport, a distance cf 380 km.

3.2.3 Treatment of Data

Where appropriate the data obtained were treated both on an overall

elmeriment and/or a weekly basis as follows:

a)	 Daily rate of gain of overall el-:perimental period0-)Pc..-E ): The

individual pICcc were reqTE,7

:cme for the interval 40- 	 k g 1ive 7,:e,, r:ht and the dope of
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the resultant line provided an estimate of the average DR3,

(g/d).

b) Daily rate of gain - for each week (DRG 4 ): Values were

obtained by determining the differences in livPw,Lights

between any two consecutive weekly weighings and dividing by

the number of days between them.

c) Feed conversion ratio of overall experimental period (FCR,):

Determined for each group of pigs:

FCRE =
Total feed 
Total weight

d) F.,,ed conversion ratio - for e,ach ooi 	 PCR,): DetrminGd

each group of pigs:

Moan dail y fed conumption for-	 week FCRw =
Mean daily rate of gain for the week

Because of the group feeding method used, it has been assumed

for the purpose of these calculations that all pigs living in

the same pen consumed the same amount of feed. The same

assumption was used as a basis for correcting group values

these Dens in which deaths occurred.

e) Dre ,,;sncr per-ceritag f,Dress): Determined for- individual pigs:

Dress% lootFina l Lveweight



f) The maximum and minimum temperatures wjthin the shed were

also averaged weekl

g) Eaflkt'at depth was recorded afte r slaughter using the

"Introsciv" (Wolfking, Denmark) at. the standard P2 position

(Kempster, Cuthbertson and Owen, 1979).	 Pigs in this

experiment were, for commercial reasons, sent to.:'laughter at

weights between ao and 110 kg. To correct the backfat. data

9 kg 1 ,.7.=- ,we1lc-Mt h-ss the 1 mm /4 1:g liveweight

correction factor used by the Queensland Department of

Primary Industries (Fearon, pers.comm.) w s thus applied.

nalyszs of Data

The DRCE , FORE and dressing percentage were analysed using analysis of

(Steel and Tarrie, 190) and Duncan'2, Multiple Range Test (Duncan,

1955) was applied when significant (P<0.05 and better . ) differences were

The DRC,A and FORw values were regressed against. weekly maxinum,

minimum and mean -f-c=mppr ,,,tmr,s, , r 2per-tively, using polynomial regresion

tc .'chniques r ::teel and Torrie,

Canoniml anal :es were conducted to determine the associa-iive

relationships between maximum and minimum temperatures and, separatly,

DRGA and FCR,.

Results

•

One piq from pen A in Tr i al	 transit to the abattoir and one

from	 T-	 died during the course of the experiment, while a
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second pig from the same pen had both of its hams trimmed at the abattoir.

All results. from these three pigs were excluded from the analyses., wh,ch

were subsequeftly conducted by estimating missing values (Steel and Tome,

From T(-able 10 it cr.) be seen that the daily rates. of gain varied

significantly between trials, with the mean value in the first winter (6b1

g/d) being higher (P<0.05) than that of pigs, raised durang summer in Trial

2 9/d), which in turn was higher (P<0.0E) than that durina the second

winter (490 g/d).

Although there were no slgnificant dlfferences in fee<1 ccnversi:n

ratioi---, over the experimental period as a vhie (FCRE ), there were signt-

ficant differences. (P<0.01) in dressing percentage. The results reveale.71

tl:at t h,, dr essing percentage oi pigs in Trial 3 (the second winter mean

77:-...9r) was higher (P<0.05) than the correspndin g values in bath the firzt

winter (Trial a: mean 71,8%) and the summer (Trial 2: 71,, There we:-e

si gT,ificant dafferences an dressinc: percentage between pigs. in Trials 1

and 2.

Analysis of the uncorrected backEat depth data revealed that there were

significant differences (F<0.01) between pigs raised in different scico,.,

such that values in both Trials 1 and 2 were hi gher (P6-. 1 .05) than those in

Tri&I There were no significant differences in uncorrected backfat

depths between Trials 1 and 2 but when these data were corre cted to a

s 90 io 1“g, liveweight basis the level of significance of the seasonal

eiffc,_rences increased to the 0.1 percent level and the valuer recorded in

bctt winter trials were lower (P<0.05) than in the summer trial (Table 10).

With regard to possible effects due to pen position (see Fi gure 1E), it

found that, irrespective of season, there were signiiican 4_ differences



Parameter

Dress
(5)

F2
(mm)

F2	 corI.
(mm'

71.8b 17.r.)" l'..).4'''

71.0' 1.2' 17.6a

73.9 15.?: 15.1b

1.1 1.2 1.,.
**4 #.4.),. 4 4. , Y

DIRCI
(g/d)

'Trial 1 661 1
(12 -	 21°C)

Traai 2 599t'
(17	 - C)

Trial 3 490c-
1 2 -	 20(")

LED(5)
Sag, Level

(kg/kg

7 4

Table 10. Mean values for overall Dail y Rate of Gain (DRGE),
Conversion Ratio over the experimental period (FCRE ), Dressing
Percentage (Dress) and Backe at Depth (P2) in four groups of
pi gs raised in each of the three seasons.

77)..,..._ 16.7 1E.1
–7'-,	 .'"i."_..C. 7 . 0

72.4 it .0
72.6 16.1
1.3

N.E. N .E.

Pere A
	 r;c,t:	 3.E0c

Pen	 F.,ed	 b	
E.,1y. t

Pe-1 C
	

b29e 	 .2'
PeT, D
	

5556'	 ,.
=CEA)
	

E. i 	 .37
sag, Level
	

4i

Interaction: Trial (season) X Pen

L:_71',%)	 8F	 0.64	 4. • '
	 2.1

Sig. Level	 N.B.	 N.F.	 N.E.	 N .E.

Means with the same superscript within each column are nc)t
significantly different (E:% level).
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only in DRC" 	 and FORE (P<0.05'). The mean	 :or pigs in pen C

(629 g/d) was higher (P<0.05) than that in both pens A (5E8 gid) and D l556

g d l . There were no si gnificant differences cn DP,Ti. between pigs in pens

A, B (SSD g/d) and D, nor between pens B and C. The FOR E values for pigs

in pens A (3.80 kg/kg) and D (3.64 kg/kg) were higher . (P(0.05) than those

in pen C (3.25 kg/kg).	 There were no significant interactions between

season and per for the ab,,Dve biological parameters.

There were no significant relationships between eter . mean wE,.ekly

weight ins  or feed ccmversion ratios aria maY.:im'Jm, minimum or mean weekly

shed temperatures. Furthermore, canonical analysis failed to indicate any

signifi:ant associative relationships between these biologi2a1 ana

meteoroiogica1 parameters.

2.6 Disc=ion

Field E::perThent I (and numbers 2 and 3 in the following se::ic;rs was

undertaken in order to improve upon the precdsdon of the data coilecied in

the Field Zurvey (III-2.0) by the a::,(7,ption of more rigorous. weighing

re;ames and the monitorinc; of act ual	 in general, the

current results from Field E .Hperiment 1 ccnir-m .the 6 celd survey finding

that rigs. in 7ustralia perform better durino the cooler months of the year.

Although tP in picfs raised during the first winter (Trial "1) was

highe- than that in summer (Trial 2), the second winter trial in the

following year failed to confirm this overa l l trend, In fact, DPCE during

Traal 3 :171 the .7.,eccni winter was actually 1De-1- than the summer value.

This anomalous result can7,-t be fully eYpiained,	 Health nr-ohlems amongst.

the pigs r pen B during Taitl 3 may have contributed to th,Eir rootgro-„,:th,
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but discussion with the producer failed to reveal any si gnificant dffe-

rences in genotype, management or feed type between the trials.

The results for dressing percentage and uncorrected backfat depth in

Trial 3 failed to confirm the trends established in Trial

inconsistency of dressing percentage results has previously been reporte r,'

in the literature.	 For example, Hale and Johnson (1970) found no

significant differences in dressing percentage due to season while Todd and

Dardele (196E) reported that thE dressing percentages of pigs raised h' an

environment of 11-43 c C were (74.5') significantly higher than those in

13-39°C environment (73.2%).

The significantly lower value for uncorrected bachtat dep.; recorded in

Trial 3 may have been due to differences in final liveweighe, which tended

to	 lower in Trial 3. Thus when these data were corrected to a standard

90 kg liveweight, the results were similar in both the winter trials. This

result further substantiates the trend established in the Field Sure;'

Ill-2.0) for bac;,:fat depth to be higher in summer tha r. in winter.

No significant relationships between DR °, and FCR, and shed temperate ire

parameters could be estahlisEd i• the current experiment, possibly due to

the fact that the pigs were subjected to varying temperatures as time of

year progressed. At the same time the growth patterns of the pigs could be

expected to have changed (McMeekan, 1940) as they aged. On the other hanc,

the potential effects of enviroamental temperature on pig performance mey

not have been fully realised due to physiological adaptation which has been

found to take place over a period of 14 days or so (Ingra and Mount,, 1965:

Ingram and Slebodzinski, 196E', Weekly data, as employed an the current

experiment, may thus not be sufficiently sensitive to establish the

expected relationsips.



The orientation of a shed with respect to the sun may also ploy an

important part in affecting the performance of pigs within it. Thus it has

been suggested in the past that the adverse effects of high temperatures on

housed animals may be reduced by aligning the long axis of the shed 	 an

Ea = t -west direction (Anseil, 1981; MecFarlone, 1981). 	 This suggestion is

supported by the results of the current experiment, in which pics Air, pE►s A

.T2-. on the western side of the shed (most exposed to the effects of the

aftF-rnoon sJn) tended to have lower DPCT (average for both groups 574 vs

SC.7 g/d) and higher FCRE values (3.65 vs 3.4 kg/kg) than those on th,,,

cooler eastern side.

Field Experiment 2

This experiment was conducted on six properties during the winter

of 1979 and was repeated during the summer and au t umn (-, 17 1979/19K.

The work wa2 supervised by Mr. E. E. Greer of the N.E.W, Departmen': of

Aoricuiture, who made the data available to the author for analysis.

3.3.1 Materials and Methods

Data supplied by the Department of Agriculture, N.S.W. were for

1.vewei ght, daily feed intake (DFJ), daily rate of gain (DPC), feed

conversion ratio (FCP), dressing percentage, backfat depth (P2), and

average daily shed maximum and minimum temperatures over each trial period.

Pigs were put on trial in groups of 13 to 16 at a mean liveweight of 20 kg

and were fed according to the following treatments to a slaughter weight of

9 r,	 •



Four nutritional treatments were apTilied as follows:-

Treatment 1: Severely restricted feeding - the initial feeding

rate of 1 kgipig/d and was increased by 120 g/pig/d each week

until a maximum rate of 2.03 kg/pig/d was reached.

Treatment 2:
	

Modera t ely restricted feeding - starting at 1.05

kg/d feed was increased each week according to liveweight up to

ka/d at slaughter.

Treatment 3: High-Low feeding - These plus were fed aa'itz,-to

50 kg liveweight and then at a constant rate of 2.25 g fe.,d/Ipig/d

t' ll slaughter.

Treatment 4: .:./.2.1.277fe&d.ing from 20 kg to slaughter at c)5 kg.

Mi pigs were given a standard diet. as detailed in Table 11.

The pigs ware kept in intensive sheds with partly slatted f:_oors

to those  in Field E:periment I. The pigs in Treatments 1 and 2

were group fed on the floor while in Treatment. S they were group fed on the

floor until 50 kg and from self-feeder troughs thereafter. Pigs in

Treatment 4 were fed from self-feeder troughs throughout. Each tresoment

was replicated on each farm in each of the seasons studied.

Shed temperatures were recorded daily fro7 a ma::imuTi-minimum

thermcaleter hung appr=imately one M .::,.trE :,',1Dii7.2= each pen and bachfat depths

were taken after slaughter at the abattoir using an Int=scope.

78



Table 11, Compositi ,Dn of the standard feed used in
Field Experiment 2 (air dry basis).

Ingredient	 cf/kg

Barley	 800
Mc,at bone meal (M)	 150
Soyabean M	 50

Vitamins and minerajz mix (0.2%)

Calculated composition of the feed:
DE (MJ/kg)
	

12.60
DCP (t)
	

14,70
Lysine (t0-al)
	

n.81

3,3.2 lmalysis of Data

The data supplied were in the :f&I-M of group means wish the numt , er of

anlmals n each group varying from 13 Unweighted analysis of

variance was performed or each parameter . and Duncan 's Multiple Pange Test

was an:Jied whenever appropriate.	 Polynomial regression analyses were

to relate DPG, FOP and bachfat depth to shed average ma;:imum,

minimum and mean temperatures over each of the trial periods,

3.2.2 Results

The analyses revea l ed that. error--,,. in each of the seasons were

hori, D ,Du7 	 In the	 the

alcmi~icance level) and so the .:,easc_ns were pooled and overall analyses

were carra, otln	 z.sas•D-nal

79
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Although the results (Table 12) indicated that LT' and F:T of the pigs

were greater (1992 g/d and 3.34 kg/kg respectively) during summer th,an

winter (1977 g/d and 2.28 kg/k:g) and that DPG was greater during winter

(604 o ld) than summer (593 g/d), these trends proved to be non-significar:...

Bc ...± F2 backf&t depth and dressin3 percentage were significantly hic'ler

( 1= C.0) an summer 19.0 mm and	 recTertive]y) than in winter (1.4

and 76.2 

As expected, pigs surpected to the severely restricted, feein:4 reqime

(Treatmen t 1) consumed less i')<0. 0 r ) feed than those only moderately

restricted (Treatment	 , whin 2fl turn consumed less than the high-low

17ec,.trrt	 and (Treatment 4 group,F.	 Fu:therm,:re, th DFI of p:gs in

was si gnificantl y lower (P<0.C5) than that of pigs an boh

Treatments 1_ and 4. There watts nc sianifica7t difference a	 betwel-!

Treatment  2 and 4

TheDF-!3 of pivi in Treatment	 q/d) was. lower (P<O.05 than that

an the other three treatments (6-7 603 and E22 g/d in Treatments 2, 2 and

4 respe:tavely).	 There was nc, sagnaficant difference an 1-,:R3 between

Treatments 2 an,' 2, values for both of wnaor were, however, lower (PKO,05)

than in Treatment 4 (Table 12)

There were no significant differences in FCP between Treatments 1, 3

and 4 (3.22, 3.25 and 3.33 kg/k, respectively): nor between Treatments 2

end 4. However, the FOP of pigs in Treatment 2 (3.44 kg/kg) was. higher

(P<O.E) than that in both Treatments 1 and 3.

Backfat depth was higher (PK0.05) in the ad -/Le:/t1.//7 fed	 (19.5 rm)

than in those that were either severely restricted (17.8 mm) or fed on the

high-low regime (18.4 mm).	 There were no significant differences. in P2



Tat'e 1 '	 Mean values of Daily Feed Intake (DFI), Daily Pate of Gain
(DRG), Feed Convers.ion R,7,tic) (FCR), Backfat Depth (P2) an_
Dres.T.,ing	 Percentage	 (DressA, )	 for	 plcTs	 in	 Field	 Experiment

Treatmen`... Parameter

nFl	 D:
(g/d)	 (g/ d)	 ( .1k g	 }co

P2
( MP) )

Dress'-,

Winter 1977	 604 7E.2t
(7.4- H	 Oc

SuTTtmer 1992.r:93 19.0' 76.J'

LSD	 '< 0,0E 0,3
Eig	 Level N.S.

Treatme7A
TT.,-atn ,--nt	 2

1787c	 554'	 3.22'
207:te	 EDT',	 2.44''

4.-7	 el,
1 i	 , C •
19.1't

7E.
7

TrEatme7.t	 --. 1962t	 £:"_!?c•	 7',. 25? ti ,E; . lb c 7(_,.2
Treatmemt / 21121	 6:-!"31	 73 	 '1).:-.:,,A b 19.51 79
LSD(5 %.) 9fl	 24	 0.11 0.7 0,q
Eic.j.	 Level ***	 44*	 *4 **4 1\i 	 \:-	 .

Interaction: Season X Treatment..

Wan,-Treat.1 1787-'17	 --,	 ^,-7.,:t..).L: 17.7 7£.4
Wdn.-Treat.2 2014	 620	 3.25'c 18.8 7E.0
Win.-Treat.!, 1968	 614	 3.2Cr 18.0 7c,.7

Wan, -Treat.. 2141	 £35	 3.38c 19.1 .

Sum.-Trec,
Sum.-Treat.2

rrSu.-7-eat.3

1788	 t.--E::	 '...1.1'
2143	 594	 3.631
155€	 ..c.:',.:'	 3.3Cr

1-).9
19.:
1E.9

76,`..-
77.0
7E.7

Sum.-Treat.4 2082	 632	 3.28c 19.5 77.1
LSI/S 5 127	 34	 0.1'..; 1.0 1.2
S_g.	 Level N.S.	 N.E.	 *** N.:. N. E .

Mears:	 w th the same	 superscript	 within	 each column are not
significantly different (5 level).



82

between pigs in groups 1 and 3, 2 and 3 or 2 and 4. There were also no

significant differences amongst the treatments for dressing percentage.

The only significant interaction observed between season and treetmert

was with respect to FOR (F<0.001). The results (Table 12) indicated thet

pic;e growina through summer had the highest. c p<o.nn FOP (3.e2 J.seikg).

Treatment. 4 pi gs growing through winter had a higher (F<C,.01'') FCP

	

/kg) than those on Treatment	 in winter (2.20 kg/kg) and Treatment 1 in

Eummer (3:1)1=, gn 	During the winter period there were no signifint

ri ifferene e e	FT between Treatments 1, 2 and 4, between Treatments 1,

and 7i, nor between Treatments 2 and 4. During summer, FOP did not vary

F:cnifieant	 between Treatments 1, 2 an-!, 4.

regression techniques were usej to examine

r e1 6±ionshipe between, respectvely, 	 DP3, I-LI', P2 and dressinl.

percentage EtrIci manlm and mec,n temperatures, irrespective (-f

treatment, ciJaa'rat.ic relationships were observed between DF1 arcl bot-!

maximum and minirftr shed temperatures (Appendix V: P<ri.OS).

sams=	 analyse3	 indicate	 th7,t	 there were iii	 Sigrtif^Car:

relatonships between DRS and the temperature parameters, nor- between FC..7,

and. maximem. However, there were e•ignifica.ht. quadrati:

CP<0.05) relationships between FCP and minimum temperature. Furthermore,

there was a sigaLiflcant quadratic relationship (P<0.01) between FOP an‘7.

mean shed temperature, the form of which suggested that minimum FCP value;_

occurred at approximately 23cC.

Although there were no significant relationships between F2 and eithce-

maximum or minimum temperatures, there was a cubic relationshi; (P<0.05)

between P2 and mean shed temperature.



• 'P.

•

4I• • ••

2500

•▪
•

•
•

53
444	 4	 * 2 2

Y = 543S.5-305.93X+6.6826X	 R = 0.129: n = 47: RSD = 185.63

•

•

•

1500 	
4.0  ***	 4-*	 **	 2	 2

Y = 8.4750-0.45097X+0.0D970X	 = 0.201: n = 47: RSD = 0.217    

• • •   

*	 2	 *	 3
Y = 177.65-21.935X=0.9927EX-0.01475X

2
P = 0.12E: n = 47: Rte, = 1.2E9

• • •• 20
•O•

••
•

44	 *	 * 2	 * 3
Y = 299.39-32 . 786X+1.5722X-0.02462X •
2

R = 0.328: n = 47: P5D = 2.000

. •
a

It 70

65 	
16   20	 25

Eean Temperature (°C)
30

.
17)11-,%,)

(.FCP),	 FLachl-7,7at
and mear,

Dily	 Feed	 .7,nte	 (7:FI) ,	Feed	 Cz.,nve2:slo::
Depth	 DrE7=Lng	 per-c-pntftgE,

tempfatufe	 F]eld	 2

acrc:s:1'.	 E-tary trEatmEnts).



84

There were sicmilicant relatips between dressing percentage and

maximum H7'/0.01), minimum (P(0.01) and mean (P<0.05) shed temperatures,

The curvilinear relationships of the biological parameters, eHcept that of

DPG, with mean shed temperature are illustrated graphically in Figure i7,

From Figure 17 it can be seen that the DFI of the pigs in the present

study was lowest when mean shed temperature was 23°C, a temperature at

which the lowest FCR values were also observed. On the other hand, b.,=-ckat

depth exhibited a cubic relationship with mean shed temperature, declining

as temperature increase:i from 17 ti 2ri e C, increasing between 20 and 25°C

and then declining again between 5 and 2E °C.	 A similar result. Ras

obtained with respect to dressing percentage. Figure 17 indicates that the

dressing percentage of these pigs increased when the mean temperatJre

increased from	 to 24°2: below or above these temper-tures the dfessing

percentaae decreased with incIsing Tear temperature.

T-:esults from the canonic a l analyses(4!1:1,,,ndi VI) which were used to

determine the relative importance of season, treatment, maximum and minimum

temprl,rat ,=,]- on the	 p.irforrTanc of the pas studied, revealed

that treatment was relatively most :mportant for DFI, CRC and P2, !",inimum

temperature wa2, relatively most important for 	 There were no

significant associative relationships among the independent variables for

dressing percentage.

3.3.4 Discussion

The current. results incil e-ate that while both DFI and ORG were slightly

(hut roc' 	 nachei it s,..imm.s.,r• than in winter. FCR values were in

fact sigr!if cantly hi gher during the ;,'1nter period 	 It 15
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acknowledged that the current data, being from commercial piggeries and

related to different pigs in different seasons, may thus be subject to

errors of unknown magnitude due to variation in, for example, management.

However, one well-established relationship which could explain t-,e

conflicting trends noted above, is for the maintenance energy requirement

of pigs to increase, with increasing environmental temperature (Close, Mount

and Brown, 1978).

The greater backfat depths found in pigs growing through summer than in

those growing through winter, supports the earlier findings of the Field

Survey (see 111-2.0). 	 Backf at depth showed an increase of about tl?o

mi l limetres as the mean shed temperature increased from 20 to 25°C (Figure

7). The work of Stahly and Cromwell (1979) indicated similar- trends; in

th e ir case the backfat depth of pigs maintained at 22°C was higher thai,

the,t cf those maintained  at either 1fl or 35°C. S t ahl ' and Cromwell 197)

also observed that carcase fat content increased linearly as environmental

tempelature increased from 10 to 35°C. In the present stud: data cn

carcase fat percentage was not available but the higher dressing percentage

detected in pigs grown through summer than through winter may reflect E.,

hi gher carcase fat content in summer. Dressing percentage and carcase fat

content are known to be positively related (Hiner, 1971: Robison, 1976).

Such a possibility would be in agreement with the results of Stahly and

Cromwell (1979).

The results of the canonical analysis indicate that the severity of the

effects of high temperatures on the growth performance of pigs may he

le;-served, and economic gains thus improved, by using different feeding

strategies during summer and winter. 	 Thus the significant interaction

between season and treatment. with respect to FCP suggests that. feed
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restriction from 50 ka liveweight to slaughter after earlier ad 222ur

feeding (Treatment. 3) might offer some advantages compared with a moderate

feed restriction throughout growth (Treatment 2).both these treatmerts

yielded similar overall growth rates hut animals on the high-low regime.

cm2umed less feed. Simple calculations based on the mean perfo rm ace

levels recorde,d and current (1984) feed prices of about. :::,180/tonre,

indicate that the high-low (Treatment 2) feedin g regime- would have returrec]

fanner :,7,s 4,45/pig more than the moderately restricted regime (Treatment

2) during the summer period.

The high-low feeding regime also yielded superior economic results to

the	 one (Treatment 4), in which a higher DRO was achieved at the

cost of	 hi gher DFI, although in this case the actual monetary advantage

the farmer during the SUMEI- period ,.;ou l d onl y have 1-)P1-1 at-jut ElX

centE/pig. This fi gure ignoreE. the fa:t that the ad	 1 _Z . t	 carcases also

had greater backfat It is possible that this increase in fatness`

could lead tc a T ithfteffi' carcases being down-graded at the Ftbattoir witY a

consequent loss in terms of mmey, and consumer acceptability. Even i

cingrading did not occur, tear: r carcases. are to be encouraged from the

genera] point of view of consumer acceptance and industry development.

4 Field Experiment 3

The results cf the preceding experiment showed quite clearly that a

restricted feeding regime offered economic advantages in pigs grown to

ba= weight. However, the question still remained as to whether the

lysine requirements of the animals were affected by restricted feeding, or
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by season of year. The study reported in this section was designed to

investigate these questions and was conducted on five piggeries during the

summer o f 1580/81 and repeated during the winter of 1981 under the

supervision of Mr. E. B. Greer of the N.S.W. Department. of Agriculture, who

made the data available to the present author for analyses.

3.4.1 Materials and Methods

Similar procedures were followed as in the preceding experiment

(II1-2..1) exr..ept that slaughter weight in this case was 100 kg and four

different. treatments were imposed:

Treatment 1: ,5(:1 )21,52taT feeding from 20 kg to 50 kg livewett

with a diet containing 0.81A total lysine; arfd thereafter

restricted feeding at 2250 q /pig/d of the same ration.

Treatment 2: ad 221).:ltu.!7? feeding from 20 kg to slaughter at 1.0 kg

liveweight on a ration containing 0.81% total lysine.

Treatment 3: ad ifibitu,77 feeding from 20 kg to 50 kg livew&ig .t.:t on

a ration containing 1.02% total lysine followed by restricted

feeding at 2200 g/pig/d of a ration containing 0.8 EA total lysine

untli slaughter.

Treatment 4: ad YthitaT feeding to 50 kg liveweight on a diet

containing 1.02% total lysine and then ad 221&tar feeding until
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slaughter on a ration containing 0.86% total lysine.	 The

composition of the rations is given in Table 13.

Shed construction and temperature data recording were similar to those

of Field Experiment 2. However, feeding methods employed for pig gy  in

Treatments 1 and 3 and, Treatments 2 and 4 (ea' 1221t44e were the same as

those used for Treatment 3 end 4, respectively, in Field Experiment 2.

3.4.2 Analysis of Data

A: e standard procedure the unweiahted data were analysed by analysis

of variance T..-th respect to each parameter (DPC, DFI, FCR, P2 and dressinT;

percentage) enc.: Duncan's MJltiple Range Test was applied when appropriate.

;;mac. _al regression analyses were also; performed on the parameters

against maximur, minimur and mean shed temperatures. Canonical analyses

Table 13. Composition of the three rations containing different levels
of total lysine in Field Experiment 3 (air dry basis).

1n7redient
	

Diet(g/k)

0.81% Lysine
	

0.86% Lysine	 1.024 Lysine

Barley	 800	 790	 780
Meat bone meal (M)	 150	 70	 70
Soyabean M	 50	 14	 15
Lysine-HC1	 0	 0	 1.6

DE MJ/kg	 12.60
	

12.9,1
	

12.92

	

17.44
	

17.67
	

18.03
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were performed to determine the nature of the associative relationships

between the various biological parameters and season, treatment, maximur

and minimum temperatures.

3.4.3 Results

The results revealed that the error mean squares in the two seaso-is

were homogeneous (except in the case of DRG; P<0.05) and so the data from

both seasons were pooled and overall analyses were carried out in order to

examine seasonal effects.

Results from the analyses of variance (Table 14) revealed that the

consumed sigthicantly more (P<0.001) feed during winter (2142 g/d) than

during summer (994 g/d). DRS was also higher in winter . than in summer by

approximately 14 g/d, but th:s difference only approached significarce

(C,.5<PKO.10).	 Furthermore, during summer the pigs converted feed (3.54

kg/kg) more efficiently (P<0.01) than during winter (2.72 kg/kg). Backfat

depth was found to be greater (P<0.05) in pigs grown through summer (18.6

mm) than in their winter counterparts (17.6 ram): dressing percentage was

also higher (P<0.05) in pigs growl-, through summer (77.7%) than those grown

through winter (76.9%).

Irrespective of season, pigs on ad Libitum, feeding consumed 184 qiu

more and grew 52 g/d faster. (F<0.001) than those on the high-low feeding

regime. Pigs on the ad 1.1.bitari? feeding regime also had backfat. depths 1

mm greater (P<0 0 ) than their high-low counterparts.	 Furthermore,

although the difference in dressing percentage of pigs on the two different

feeding regimes approached significance (0.05<P(0.10), there was n:

suggestion of any significant difference in FOR.
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Table 14. Mean values of Daily Feed Intake (ETD, Daily Rate of Gain MPG.
Feed Conversion Ratio (FCR), Backfat Dept; (P2) and. Dressing
Percentage (Dress %) of pigs in Field Experiment 3,

Treatment Parameter

DF1
(g/d)

DR::
(q/d)

FOP
(kg/kg)

F2
(mn)

Dre,77%

Winter 2142' 581 3,72' 17.6' 76.9
( 7.4-25	 Cr C ). 

Summer 1994' 567 3.54' 18.8' 77.7
(16.1-35.4°C)

LS5(.%) 41 16 0.13 0.9 0.9
,(3,:-.,	 Lave? *** - ** * -

Eag-lcw 1976' 548') 3.64 17.€t -E.9
7 2160* 633 .5.€t 18. 91 77 7

c-- ' 41 16 0.13 0.9 e.g
c ' r	 Level **.* N.S.

Low lysane 2100* 5,61" 3.77'
lysine 2025' 586' 13,2 ,/.5

C"
I 41 16 0.13 0.9

Love_	 **	 N.S.	 E.

Interaction

Seas:,n X feeding regime
Si q .	 Level N.S. N.S. N.S. N.E.

Seasc,n X lysine level
Eq.	 Level N.E. N.E. N.E. N.E. N.E.

Feeding regime X lysine level
Lig.	 Level N.S. N.S. N.S. N.S. N.S.

59	 23	 0.18	 1,2	 1.3

Means with the same superscript within each column arE, nit
significantly different (5% level).
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When comparing the growth performance of pigs on high and low lysi-IE

diets, irrespective of season, it was revealed that (Table 14) those on the

higt, lysine diet. consumed 65 gid less (P<0.001) feed than their low lysine

counterparts. However, the former pi s grew 25 g/d faster (P<0.01) and

converted (3.49 kg/kg) more efficiently than low lysine ones (3.77 kg/kg►.

There. were no significant differences in either P2 or dressing per tentage

of pigs on, the two different dietary lysine levels. The only significant

interaction (F<0.05) found was between season and feeding regime for DF1.

Polynomial regression techniques were used to determine the relation-

ships between the biological parameters and various aspects of shed

temperature, irrespective of treatment and season, 	 It was found (see

appendix V) that the DFI decreased linearly at rates of 12.0, 14.2 I3.S

c;/d/ G C. increment in maximum (P<0.01), minimum (F<0.0) and mean (P<0.01)

shed temperature respectively.

Although there were no c agnifIcant relationships between DRG and

minimum shed temperature, there we:e cubic relationships between DRS

both maximum (P<O.E) and meaT, (P<0.05) temperatures. 	 No significant

relationships were observed between FCC - and the temperature parameters, nor

between P2 and maximum temperature. However, there were quadratic

relationships between P2 and both minimum (P<0.01) and mean (P<0.05) shed

temperatures.

The linear relationships observed between dressing percentage and the

temperature parameters indicated that this parameter increased by 0.10,

0.16 and 0.13% per 1 p C increment in maximum (P<0.05), minimum (P<0.05) and

mean (P<0.0S) shed temperature respectively.

The relationships between DF:, DRG, P2 and dressing percentage and mean

shed temperaure are illustrated in Figure 1E. From these graphs it can bE,
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seen that the DRG decreased as mean shed temperature increased from 16.8 to

24.2°C. Above or below this temperature range the DRG was positively

related to mean shed temperature. The curvilinear relationship between

tf-ickfat depth and mean shed temperature (Figure 18) indicates that manimum

values were recorded when the mean shed temperature was about 1.9 z ('-. Lt

higher and lower mean shed temperatures the P2 increased.

The only significant (P<O,OS) associative relationships. deterLed

canonical analysis of the relative importance of season, treatment, maximum

and minimum temperatures on biological parameters were with respect to ET..

Tne results (Appendix VI) reveal that season exerted more influence on DPI

than either treatment, maximum or minimum temperature.

3.4.4 Discussion

Tne result& of the current experiment confirmed the previous finding

(III-2.0) tnet . the DRG c f pies under Australian commercial conditions

lower during: summer than in winter. A number of subsidiary fa:tors could

contribute to this seasonal effect. As well as temperature changes, wich

are the prime concern of this thesis and for which data are ava,labliF-,

variations in humidity, air movemEnt, dayiength and management could

possibly have been involved.	 The experimental design does not allow

causative relationships between the biological parameters and variations in

shed temperature to be establishe, but when the data were pooled DPG was

found to be significantly related to mean temperature (Figure 18). Thee

form of this relationship i , however, somewhat anomalous in that it

indicates that DRG was actually increasing at the upper end of the observed

temperature range.	 There are two possible explanations. 	 The first
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concerns the available data (Figure 18) which are not uniformly di.,--routed

over the temt)erature range and in which one of the five farms consistently

recorded high growth rates during summer. A second possible explanation is

that the mean temperatures did not exceed 28°C, Such temperatures would

not he expected to greatly depress growth rate. Heitman, Kelly and Bond

t1958) indicated that in 45 kg pigs, the decreases in daily rate of gain

uc,, r,E, 1.F and 20 at ambient tempera-_-ures of 2.'3 and .".72 0 C, when compared to

the daily rate of gain at 21°C. In the present study, the daily rate of

in summer vas 4t lower than in winter where mean temperatures during

winter and summer were 16 and 25 c C, respectively. The latter possitiLlity

12- tm some extent contra-indi r!aed by the fact that. DFI was lower in numme-r

Y1994 girl) than in winter	 7 142 gid) and by the nir-qative relationships

between Fi an:-1 mean shed tem perature Figure	 feed intakes,

would norma ll y be associated  with lower growth rates.

The FCP results.Ln this ,=:::periment contradict those obtained in

sections 111-2.0 and 111-3.2. Although non-significant. relationships were

found between FCP and the temperature parameters, the results do indicate

that the pigs converted feed more efficiently in summer when the

temperature was high than during winter. Food conversion efficiency

77.1Prally peabs at ES-100% of full feed, with the actual peak dependirg on

factors such as liveweight, ambient t.,,mperatur,,, and protein level.	 For

example C;iles, Munson and Wilon (1981) showed that pig s fed 12 . St less

then thet ,-;:.--7r)mm,7-nd.,,d by 7-,PC(1,'-.:7) on the one hand had a 1,Dwer- DPG than

7,17 7. thu+-. on the r ther h-Ind converted feed MUfe efficiently.

The higher backfat depth observed in pigs slaughtered	 nc summer

 from both Field Surveys (see 111-2.0) and the
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preceding field experiments (see	 and T11-:1.2).	 th e

higher dressang percentage detected in pigs slaughtered during summer is

consistent with the preceding e;perairent ,III-.2).

Except for the fact. that Treatments 3 and 4 in the present experiment

contained higher lysine levels, the treatment effects, regardless of

seasonal influences, can be considered such that Treatments 1 and 3 were

zimliar to the high-low treatment in the prt,ceding experiment.

Similarly, Treatments 2 and 4 :n the current experiment correspond with the

ad 2too 4- - eafm.---nt (No.4) in the 1.7.,r,,..:31na :Is was

expected the results indicate that restricted feeding led to a reduction in

DPC. A higher level of total dietary l v:r.,17)P offered ar, advantage in te:ms

of DPO only when the pigs were fed Batte-ham ti ° 7 4) showed

that. r.gs f.-'d on four g ram ,,, added T-vsin .,:/kg diet had better DPC than

those which were fed two grams added L-lysine and control diets.

Although in the current. study, feeding 1-1 .74-h lysine diets did not

advantages in terms of backfat depth or dressing percentage, the resuts

did indicate that	 on hi gh lysine diets tended to convert feed better

than those on low lysine diets. If economy of feeding is to be considered

1 71 relatron to growth performance, it can be seen that. restricted feedlng

to bacon wei ght with high lr-vels of dietary lysine would offer advantage

over the other three treatments. This advantage possibly occurred during

the summer months when there was lower feed consumption.
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4.0 EFFECTS OF DIETARY ENEVCY AND PROTEIN LEVELS ON GROWING PIGS AT HIGH

AMBIENT TEMPERATURE

4.1 Introduction

There were two experiments in this part of the study. 	 Since the

climate iabsratory was mc'd ied for this ,m(.3 subsequent e::perimerts,

Eperiment I was designed to test the newly acquired equipment and to act

as a preliminary study. E xperiment 2 was e repeat of E:Tperiment 1, the

only slight difference being in the protein levels in the diets. These

were slighly (0.7-1.7%) higher In EL:periment 2 as a result of limitation

in the avail,ability of constituents (see Tables 15 and 16).

4.2 Materials and Mothods

4.2.1 The Climate Laboratory

e-::periments were	 -	 cut ifl the ,7ohn Hammond Climate

Laboratory, Department of ;J-:imal Sclenc7c=, University (-:1 New Eng land, N..W.

The hotrom used could accommodate c::fiortably 20 pi gs grown to c.'5 kg and

had a force-draught electric heater bank which alloveci air temperature to

be thermostatically controlled to within 4-1°C. Ambient humidity could be

concurrently controlled to within ±2`,; R.H. The system allowed r-cntrol of

the rate of air - . irculation and of the intake of fresh air from the outside

environment.

The .7:ntrol-room 	 hctrc,cm and could  accommodate

10 lacuers comfortably. air .7ondlt=fl,11

which allowed ambient temperature to be ..7 ,7_-,ntrcjied ty.)



4.2.2 Modification of the Climate Laboratory

Both the hotroom and the control-room were modified to accommodate pLgs

on suitable waver wire mesh floDring raised 50 cm above the existing cement

floor.

Eir pen ,; of icintical dimensions were constructed, four in the hotroom

and two in the control-room. Each per was designed to accommodate five

pigs living communually with tilting feeding stalls which allowed all pigs

to	 4). Each pen had a space allowance of D.7

:Tr= 'pig.

w ithin each room there was a thermostatically cont r.tclid 1-1,==td&r tank

from which water at roan6 temperature was fed to a npple-drinker in each

pen. Air movement in bath rooms was measured at 15 cm above the wire floor

and ad-l usted to about	 i°72.7:UfEJ

Thimals and Husbandry

Thirty entire male wearer pigs Lar,.-4e White X Landrace) were purchased

from a commer:lal p-:icrefy 	 :at 20 kg liveweight.

A11 pigs used in this and subsequent Laboratory experiments were drenched

with "Worm (;uard" at. weaning	 control endoparasits.	 The pigs were

ed to approximately 40 -	 kg liveweight in individual pens and were

then transferred to t.h4, 7limate lc:3=atory where they were allocat ed ±-0

pens and treatments	 _	 c_',-7/ the basis of liv,T,J,-Mt.

abEittc,ir
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Plate 4.	 Feeding stalls beinc tilted into the vertical (non-feeding)
position to maximize space allwence after feeding.

Figure 19. Kir movement (rats) measured et 15 cm above the wire mesh floor
and 30 ear in from the corners of each pen and in the middle of
each of the six pens.
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A pre-e',:perimental period of four days was allowed to enable the pigs

to adjust	 new diet and surroundings. 	 During this period the

hotroom temperature was gradually increased to the eperimental level (see

111-4.2.4).

Feedin-4:

The pigs were fed ind i vidually twice a day: at O' DO and 1E).00 flours.

The dry feed offered at each feed in? sezzion was c;', 1cula'ri from the

formula Y = 601.73.75
	

where W = liveweight (kg).	 After each session

tndvidual feed refusals and sp11 .,g..= were collected and w g,.igh ..d.	 Ether

than at feeding times free a=ess to water was always available.

Weighing:

The pigs were wei ghed weekly	 the

P,)

At 14.00 hours c,arh Wr=? rinedav d=ng th;,, e::periment the respiration

rectal (PT)  and shin temperatures

recorded. The rezpiration rate was taken by counting flank movements over

13 seconds, the skin temperature was
	

the point of the wither and

rectal temperature at a depth of 10 cm; both by thermister thermometer

Thibaura	 Japanl.

Anatomical 11,,asurements:

the end of 7he	 T,T:d jirth were meaurel then the

transportei



, carcase 1e717th anf, IxIckfat dpt (Fur:

re:ordef c the warn carcaseE the	 ty the use cf	 the

(ithacc, Model 721J1., N.Y., U.E.7 an:', the 'Intro.-3;e" (E,F.Y.
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ashe-1 and digest&J (Steven(Etevericr and Del,ano.en, 1?E,) and the ch=au cc,nte7t
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Figure	 Positions at which Backfat Depth (P2) was me&sured.
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In this ahf subsequent eHperimnt,. v-,tlues for the apparent digestibilities,

of dry matter, nitrogen and energy ',.ere calculated from the results r f.. the

dijestibil'ity trials using the 	 Subsequently, values for DE

and DCP were derived, using the digestibility trial data,

Treatments

Pith '.---r-ments 1 and 2 were :.:ont=„nu,H1 until the group mean livel,,elght

cs7a ,--. 90 kg. The treatments were as follows:

Treatment 1: High Enercry - High Pnotein

Treatment 2: H1Th Ener gy - Low Protein

Treatment	 Low Ent,--r: 	 i-hgh Pr:tein

Tr r- .,tment 4:	 -

T-1-et,tri■ent

7.1_1!t     

Hc.tr&c:a

IF 

Hotrc,,m: 2.Ei1C C and 50-60t P,H, :r: 	 1E.00 hours (dEy),

A r.- 11 ' ;	 1-7	 EL..00 hours !,1--Light.

Control -room:	 2l- - C ccmtinu.11y :4 hours per day, relative Llmic:ity

not controlled but w± ..s ft,unca to rage from ,Ej-J t

There were five pigs per-
	

Details cf the diets used in

EHperiments 1 and 2 are given in Tables 15 and 16

4.2.5 1.nalysis of Data

7omlyaca of variance (:71t.=,-e] bird
	

I-,erfc,rmed on the

•..J.Dprc)prlate.



102

Tclble IS, Diet cc,mp'Dzition (g/I: 	 in TE:L2,ratcfy FHperiment
:.air dry basis).

Ingrediert	 Diet

High Energy High Energy Low Energy Low Energy
High Prctein Low Protein High Protein Low Protein

(HH)
	

(.HL)
	

(LH)	 (LL)

42.7 0,0

Earley 0.0 0,0 772,3 930,7

Wheatn 0.0 0.0 0.0 20.0

'7-'uni7 1,7_wer	 Me,,a1	 (M) 0,0

SuyabEffan 1E4.7 —.....„

....,7, Q	 :'..	 ,	 , .-2,C1J.:1

0,0

Thmln arc Ttnefais n
1 ,0

,	
n•

2.0

Lime 20 3.0 3.0

DE MJqg •M) 14,E;3 12,54 1'1	 CA

7-CP	 (DMJ 177.SCi ii .50

CF	 E. 2.56 2,04 6.SS E).0

T yzOne	 (DM)

Energy:Frein

U. r1;,71:2,

CJ,92 1:1,24
0.82,

1:0.q2

It-iiiTT I. S,000,00	 lu:	 L-_,1:1,n,-_1(2,
7.S mc-J Nicotinic

C:yppei_	 0	 7:0 •

2S0

au: E 7S00 iu: E3 0.3

::17j: Zinc -7E'



103

Ta l e 1t',. Diet 7•mloosition (g/hg 	 in Laborat,ory
(air dry basis).

Ingredient.	 Diet

High Energy	 High Energy	 Low Energy	 Low Energy
High Prcitein	 Low Protein	 High Protein L 	 Protejn

(HH)	 (HL)	 (LH 	 (LL)

2qc.c. 7 22.1 0.0
431.0 6t7,7.6	 0.0 0.0

Parley 50.8 772.r)
attonseed Heal (M) 0.11	 7,=.0

44.D 5.0 0.0
Zoyabean M	 38.6 42.8	 10.0 0.0

5 D9.E
Eiccd M 0.0	 :.0 0.0
Shin . Milk PDwde-r- :.D 0.0

Ffran	 1.E.2 0.0
r.).0	 44.:71

0.0
Corn 7.1.1r 4E.:
Lysine-HC1	 ().0 2,7	 0.0
Vitamin and minerallz
Salt	 0.1,1; 0.a
Lime	 0.0 ).7	 0.0 2.7
one M	 7.7 2.5 i.0

DE XJ/hg	 tDN)	 15.7:T 13,90 13.75
7)CP	 (DM)	 *19.21 15.26	 . 19 12.59
CF (DM) c_AR	 7.10
Mtal Lysine (DM)	 0.E9 0.86	 0.73 0	 E;

Energy: Protein	 1:1.22 1:0,97	 1:1.16 1:0.S2
(MJ/hg):(%)

F0,000	 iu;	 73 500.000 iii:	 E	 7,500	 g: P2
g: T 5 mg Ni=ti-nic q:	 Calc.-6-Pantothenate 5 g;

g:	 iron	 40 g:	 2odn	 439 mg:	 21nc 75 g:
Ethoyycluin dc mg pc,r kg.
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