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Abstract

It has been proposed that all animals have anénheglationship between body protein and lipid tzan
be described allometrically, and the hypothesi®dem the research reported here is that the amifthaat all
times attempt to retain this relationship. The wesd accomplished by feeding broilers, of threeoggres and in
two experiments, in such a way as to produce lednfat birds that were then subjected to a rangdietéry
protein levels in a second feeding period, duririgcty their performance was measured. Birds wet&llgi
offered one of two feeds with widely different mot to energy ratios until they reached a pre-éefin
liveweight, after which they were given one of ti@ed protein contents in Experiment 1 and founipegiment
2. Their performance was monitored until a secaredefined liveweight was reached, at which tineytivere
killed for carcass analysis. The genotype seleiidak lean, in Experiment 1, showed no responggdizin
level in the second period, whether they wereifé&ean at the start. Conversely, the geneticatlpifals showed
some additional growth in males and additionatifficy in the females. Averaged across genotypesexes,
birds initially in the fat state gained only 6.9igjd/d versus 13.5 g lipid/d for the nutritionallgan broilers. In
Experiment 2, growth rate and feed conversioniefity (FCE) were related directly to dietary pnoteontent
and were higher for those birds made nutritionfalty Carcass lipid gain was lower for the initidit birds on
the three highest dietary protein treatments. kdidomade fat at 880 g and 1000 g, by giving thdaweprotein
feed, had a much reduced fat content in their splese gain, provided that the protein content effé¢ed used
was sufficiently high, indicating that they werelamng use of the excessive lipid reserves as arggrsaurce.
The hypothesis tested cannot be rejected by tlerse presented.
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Introduction

Experimental evidence indicates that pigs thafatter than their desired level show a reductiolipial
gain if given a feed that is adequate in dietaotgin (Kyriazakis & Emmans, 1991; Kyriazaldsal., 1991,
Stamatarist al., 1991; Ferguson & Theeruth, 2002). It has beepgsed by these authors that this response
will continue until the degree of fatness has retdrto levels similar to those observed in anitelshave been
unrestricted or that have followed normal growtirdason & Theeruth (2002) presented supportingeeee in
the literature for the proposition that althougmaximum limit is set on the growth of body protén a given
degree of maturity, no such limit exists for lipiposition. Emmans (1981) and Whittemore (1998k hav
alluded to body lipid reserves as being labilegtiating on account of feed level, previous feddretl, and
environmental conditions.

When growing chickens are gived libitum access to feeds of low first-limiting amino aaidenergy
ratio, they take more time and eat more feed energgach a given weight, and are also fatter attweight
(Jacksoret al., 1982; Goust al., 1990). Feeds that have these effects may bamugealctice, either by accident
or by design. The performance of chickens followsugh treatment is thus of practical interest, afi as
theoretical. Although this is a general problemgiowth theory, it has become more relevant with the
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development of growth simulation models, wheredfage of the animal at any stage of growth is seetine

consequence of the food and environment to whit¢tast been subjected to that point, and which niest t
impact on subsequent food intake and chemical grqgmmans, 1981). Eitet al. (2003) showed that
responses of broilers to dietary protein depengremious protein nutrition and sex, and as a resuigested
that protein levels in grower and finisher dietsistl be optimised simultaneously, not independently

Any growth model may be seen, in large part, apgsing solutions to two problems: (i) What will the
rates of growth and feed intake in non-limitingritignal and environmental conditions, and what these
conditions for a given genotype? (i) What will the rates of growth and feed intake if either thitonal or
environmental conditions are limiting? But thereaidurther problem, which has received little tletical
attention, despite the enormous amount of expetahdterature (see reviews by Wilson & Osbourn6@9
Donovan, 1984; Berge, 1991; Ryanal., 1993 among others): (iii) Following a period irnieh potential
growth is not achieved because of nutritional airenmental constraints, what will be the rategawth and
feed intake on the return to non-limiting condispand what are these conditions?

The main hypothesis that underlies the researartezgphere is that an animal will, at all timesgiept to
restore the lipid : protein ratio at any given piotweight which is that set by its genotype. It do this subject
to maximizing its rate of protein growth. Were thi the case, the prediction of voluntary foodketby a bird
or animal giverad libitum access to food would be more difficult, as thle is central to Emmans’ (1981) food
intake theory in governing the amount of body ligidt might be utilised as an energy source. Time$a of an
animal has been shown to affect its voluntary fimake (Foot, 1972; Sibbald & Rhind, 1997), so acuaate
prediction of changes in body lipid content durgmgwth is necessary for forecasting subsequennteny food
intake.

Materials and Methods

Two experiments dealing with the influence of thates of a broiler on its response to protein were
conducted at the Poultry Research Institute in iRoSlcotland. In the first experiment, 100 chickstwo
strains were reared in tier brooders from day blfore being transferred to single cages at ab00t
liveweight. At this weight, three or four birds efch sex of each genotype from each of the ifigeds (see
below) were killed and their total bodies, incluglieathers, were chemically analysed. The expetimes of a
factorial design with 2 x 2 x 2 x 2 = 16 treatmentith each replicated on three chickens houseidithally
(n = 48). The factors were strains, which wereltfam and fat broiler lines developed by Whitehek2D0);
sexes; feed protein contents of 124 (LP) g CP/k81@r (HP) g CP/kg, fed from day old to 900 g; aeedf
protein contents from 900 g liveweight, which welfe or MP (248 g CP/kg). For clarity, the designdusan be
viewed in Table 4.

At the nominal (pre-defined) liveweight of 1750adj, birds in the second period of the experimentewe
killed and their total bodies, including feathewgere chemically analysed. The birds were &dlibitum
throughout. From 900 g to 1750 g the birds werayhezi and their feed intakes measured daily. Thisfased
are shown in Table 1. LP contained 0.4 of HP aBdfthe dilution feed, while MP contained 0.8 d? Hnd 0.2
of the dilution feed.

In trial 2, Ross female broiler chicks were redretler brooders before being transferred to singlges
at a nominal (pre-defined) liveweight of 1000 geY¥twere fed LP or HP up to this weight. At 100(ige
chicks from each of the two early feeds were kiled their total bodies analysed. A further 48t from
each initial feed, were transferred to one of fieed protein contents, which were LP, MP and HRyedisre,
and LMP, which had 186 g CP/kg and was a mixtu@®bf HP and 0.4 of the dilution feed. Each ef &first
feeds x 4 second feed treatments was replicateixdsirds, of which two were killed at each of theminal
slaughter weights of 1500 and 2000 g. As with thieks sampled at 1000 g, the total bodies of tisasepled
birds were chemically analysed. From 1000 g totheinal slaughter weights, the birds were weighetitheir
feed intakes measured daily.

The temperature of the room in which the birds weet during the second phase of each experiment
was maintained at 22 °C to 25 °C.

The composition of the high protein feed (HP) isvgh in Table 1. All other feeds used in the twoggsa
of the two experiments were produced by blendingntR a protein-free diluent, also shown in Tablel his
procedure ensured that all feeds contained the aarm® acid balance. The two basal feeds contdireedame
concentrations of energy, major and minor minegadd, vitamins.
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Each carcass, including feathers, was minced ierdadanalyse the water, fat, protein and ash ots)te
using the AOAC (1990) procedures.

Keeping birds to 2500 g liveweight in cages leddme problems with leg weakness. Because some birds
had to be culled for this reason, the full desifBxperiment 2 was not met. The liveweight intesvased were
1000 - 1500 g and 1500 - 2000 g. The data wergsethlusing Minitab’s general linear model (GLM),exd
all terms were fitted. The growth and intake vddalanalysed were as follows: Experiment 1, daidfintake,
daily gain and feed efficiency; Experiment 2, ddéed intake, daily gain and feed efficiency foe theight
intervals 1000 - 1500 g and 1500 — 2000 g. Bodypmsition data were analysed: Experiment 1, at 9@D a
1800 g liveweight; Experiment 2, at 1000 g, 150@ngl 2000 g. Gains of the chemical components were
analysed for the 900 - 1800 g interval for Experitrieand for the 1000 - 1500 g and 1500 - 200Qegvals for
Experiment 2.

Table 1 Composition of the basal diets used in the exp&rime

Ingredient High protein Dilution
(a/ka) (a/ka)
Yellow maize 388
Fishmeal 132
Soybean oilcake meal 437
DL methionine 3.9
Salt 2.7 55
Calcium carbonate 5.3 11
Qil 26.1 30
Dicalcium phosphate 27
Starch 400
Glucose 352
Cellulose 84
Sand 84
Choline 50 15
Vitamin supplement 25 2.5
Mineral supplement 25 25
Calculated analysis (/kg)
ME (MJ) 13.0 13.0
Protein (g N x 6.25) 310 0
Calcium (g) 1.0 1.0
Phosphorus (available) (g) 0.5 0.5

Results

In the first experiment there were no significaiffedences between treatments in the liveweights at
which the second period treatments were starteglnfdan value of 896 g was close to the target wdl@80 g.
The LP birds took 34.5 d to reach this weight frdeny old, which was longeP(<0.01) than the 27.1 d taken by
the HP birds. There were no appreciable or signifieffects of sex or genotype on the time taken.

The mean final slaughter weight was 1781 g, agasedo the intended value of 1750 g. As there were
no significant treatment effects in initial or firveeight, all treatments were compared, as wasid@é, over the
same liveweight range.

Rate of gain in the second period was faftet(q.01) in the lean genotype, by 6.7 g/d (or 1.8s3 time),
than in the fat, and in the males, which grew YB8dfaster (or 4.3 d less time) than the femalebli@ 2). There
were no significant effects of prior or current deprotein content on growth rate, and no interacti@as
significant. The growth of the birds from HP anoinfr LP, averaged over all other factors, is illustlan Figure
1. The absence of any compensatory growth is clear.
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The main effects of genotype, prior feed proteinteot, sex and current dietary protein contentesmul f
intake were all statistically significari? <0.05), as shown in Table 2. The daily rate of feedsumption was
higher for the fat genotype, for birds originaldfLP, for males, and for the birds subsequentiyM® (248 g
CP/kg). Although there was no difference in feedka by the fat line between those fed the HP had\P
feeds (126.8s. 127.0 g/d respectively), the difference in feedke by birds of the lean line on the two feeds
was large (10¥s. 127 g/d). This was the only interaction that wigaificant (P <0.05).

Table2 Main effects and interactions between genotype,asekfirst and second feed on mean growth rate,
feed intake, feed conversion efficiency (FCE) dmaltime taken for broilers to reach the target etlyring
Phase 2 in Experiment 1

. . FCE .
Genotype First feed Sex E:gf[zirz Gg%\ﬁz :jate FZ?Sirlgtgke E gain/ Time dtaken
g feed
Lean HP F High 52.4 92 566 18.0
Low 52.7 113 477 17.0
M High 71.8 110 651 13.0
Low 66.7 116 571 13.7
LP? F High 49.9 107 465 18.0
Low 51.2 125 410 16.7
M High 60.2 119 507 15.0
Low 58.4 153 396 15.3
Fat HP F High 44.2 122 364 19.5
Low 40.4 119 345 21.0
M High 60.5 128 473 14.3
Low 58.5 135 437 15.0
LP F High 43.9 109 403 20.7
Low 42.6 131 323 22.0
M High 67.0 148 453 12.7
Low 52.5 123 425 16.5
Main effects
Genotype Lean 57.9 117 505 15.8
Fat 51.7 127 403" 17.7
First feed HP 55.9 117 486 16.4
LP 53.2 127 423" 17.1
Sex Female 48.8 113 441 18.7
Male 62.0 129 489" 14.4
Second feed HP 56.2 117 485 16.4
MP 52.9 127 423" 17.2
Interactions (@) (b) (©) (@)
Residual mean square (28 d.f.) 34.0 204 2714 3.68

! High protein feed? Low protein feed.

"™ Main effect significant® <0.05, 0.01, respectively).

Interactions: (a) no significant interaction. (b) significantrggype x second feed interactid?<(Q.05). (c) significant
genotype x first feed interactioR €0.01).
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All of the main effects on FCE were statisticaligrsficant (P <0.01), with higher FCE values occurring
in the lean line, the birds initially fed HP, theales, and those subsequently fed HP. The onlydidsr
interaction that was significant was that betweemegjc line and the protein content of the fee@riw the first
period. There was virtually no difference in FCEwWeen the birds of the fat line that had been giveror HP
in the first period (401s. 405 g gain/kg feed respectively). But the birdshef lean line that had been fed HP
showed a considerably increased FEE(Q.01) of 566, compared with a value of 445 g/kgtiose of the same
genotype that had been fed LP in the first period.

HP - HP HP - MP LP - HP LP - MP

58 - 57.2
57 A

56 -
55 -
54 -
53 -
52 -
51 -
50 -
49 A
48

Figure 1 Growth rates of broilers in Period 2 (900 to 1&p0iveweight) in Experiment 1 averaged over
genotype and sex, fed HP (left bars) or LP (rightspto 900 g and either HP (black bars) or MPy(dpars)
thereatfter.

54.6

Table3 Mean water, ash, protein and lipid content in thecasses of lean and fat broiler genotypes at the
initiation of each of two experiments (about 88@ 4900 g liveweight, respectively) having been edaon
one of two feeds differing in protein content

Experiment 1

Genotype First feed Sex ngktger g‘/ig Pé?&gm I;;)klg
Lean HB F 713 23 169 54
M 718 22 156 57
LP? F 662 23 156 118
M 656 27 165 112
Fat HP F 680 22 168 88
M 690 23 163 85
LP F 656 21 161 148
M 654 23 146 164
Mean across genotypes and sexes
HP 700 23 164 71
LP 642 23 157 135
Experiment 2
HP 703 23 160 74
LP 635 22 141 154

1High protein feed’Low protein feed.
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Table 4Mean water, ash, protein and lipid contents arebrat gain of males and females of lean and falebro
genotypes at the end of the second phase of bieiaig fipeds differing in protein content in Experithé

_ Composition at 1800 g liveweight Rates of gain
Geno First Second (g/kg) (g/d)
type feed Sex feed : — . —
Water Ash Protein Lipid Water Ash  Protein  Lipid
Lean HP F HP 682 23.8 184 110 33.9 0.5 11.8 8.7
MP 657 22.7 167 153 314 1.2 9.3 13.1
M HP 697 24.3 169 109 48.9 1.8 12.2 11.6
MP 687 25.3 168 120 44.1 1.9 11.0 12.4
LP® F HP 699 22.7 179 100 37.0 0.9 9.6 4.4
MP 684 24.0 180 113 36.5 1.1 10.0 5.9
M HP 709 24.8 177 89 455 1.6 12.0 3.6
MP 705 24.7 175 95 43.6 1.6 11.3 4.3
Fat HP F HP 606 22.3 174 197 22.3 1.0 7.9 14.9
MP 584 20.0 163 233 20.5 0.7 70 16.6
M HP 642 21.3 166 171 36.3 1.3 9.8 15.8
MP 639 22.3 171 168 34.9 14 10.1 14.6
LP F HP 662 19.9 179 139 30.7 0.7 9.3 5.0
MP 592 19.9 16 227 24.0 0.7 7.5 12.2
M HP 661 20.5 166 153 46.7 1.4 11.4 10.7
MP 648 24.0 168 160 35.2 14 9.2 9.0
Residual mean square (30 d.f.) 173 5.8 36 270 17 1 0. 14 3.6
Main effects
Genotype Lean 690 24.0 175 111 40.1 1.32 10.9 8.0
Fat 629 213 169" 1817 31.3° 1.07 90" 124
First feed HP 649 22.8 170 158 34.0 1.23 9.9 13.5
LP 670°  22.6 173 135 374 118  10.0 6.9
Sex Female 646 21.9 173 159 29.5 0.85 9.1 10.1
Male 674 234 170 133" 419 155 109 103
Second feed HP 670 22.5 174 134 37.7 1.15 10.5 9.3
MP 650  22.9 169 159" 338 125 9.4 11.0
First order interactions
Genotype x sex *x *x
Genotype x first feed * * *
Sex x first feed *
Genotype x second feed ** * *
Sex x second feed * ** *x **

first feed x second feed

! High protein feed® Medium protein feed? Low protein feed.
* ** Main effect, interaction significant® <0.05, 0.01, respectively).

As was intended, the birds from LP contained mipid (P <0.01) than those given HP (188 74 ¢
lipid/kg) at the end of the first period, as shownTable 3. The subsequent feeding treatments peatlu
significant P <0.01) differences in carcass composition at theé @nthe second period of the experiment.
Water, ash and protein contents were higher foldhe line than for the fat line, and the lipid tan was



Gouset al., 2012. S. Afr. J. Anim. Sci. vol. 42 69

considerably lower, 11¢s. 181 g lipid/kg (Table 4). Females had higher lipahtents in their carcasses than
males. The high protein diet in the second pergstilted in carcasses with higher water and praiaitents,
but with a lower lipid content (134 g lipid/kg. 159) than broilers fed the medium protein feed.

From the point of view of this experiment, the miogportant result was the marked reduction in #te r
of lipid gain in Phase 2 of the experiment for ltirels made fat at 900 g by being fed LP. They ghordy 6.9 g
lipid/d compared with those from HP, which gain€d51g lipid/d P <0.01). The lipid content in the gain was
only 128 g/kg compared to 23/ €0.01). Consequently, the birds previously fed bRtained less body lipid
(135vs. 158 g lipid/kg) than those from HP at the encheftrial.

In the second experiment, the time taken to rehehstarting weight of 1000 g (Table 5) differed
significantly (P <0.01) between the LP (30.5d) and the HP (24.&d{rments. The mean weights at the start of
the second period were very similar for the LPtimemt, 1025 g, and the HP, 1038 g. Mortalities ewiting
resulted in few birds remaining for the period fr@600 g to 2500 g liveweight, so only the resuftthe two
periods, from 1000 g to 1500 g and from 1500 gd@02y liveweight, are reported below.

The birds from LP grew fasteP 0.01) (Table 5) than those from HP in the 1000300 g liveweight
interval. Growth rate was also related directlglitetary protein content in both periods. Only tirdbfrom HP
that were continued on HP did not follow the comnr@md; these birds grew more slowly, 55.0 g/dn ttee
birds on the next lowest protein content, 61.0 @thtistically significant differences in growthtgaon

Table 5Mean growth rate, feed intake, feed conversiortiefiicy (FCE) and the time taken for female Ross
broilers made fat or lean to reach the target weaga500 or 2000 g, having been fed one of foadfprotein
levels during Phase 2 of Experiment 2

Growth rate Feed intake FCE Time taken
First feed (o0/d) (0/d) (g gain/kg feed) (d)
LP! HP? LP HP LP HP LP HP

Second feed (g protein/kg)
Period 1000-1500 g liveweight

310 69.7 55.0 115 112 604 492 7.2 8.6
248 66.1 61.0 110 120 601 509 8.0 8.0
186 61.4 56.4 114 124 536 456 8.2 8.8
124 52.9 45.6 124 117 427 390 9.7 10.7
Mean 62.5 54.5 116 118 542 462 8.3 9.0
RMS® (36 d.f.) 36.6 82.2 1430 11
Main effects
First feed ** ** * *
Second feed ** * *
Interaction ** *

Period 1500—2000 g liveweight

310 67.3 57.7 146 134 464 427 7.7 9.7
248 63.7 62.2 140 142 454 437 7.8 8.0
186 57.3 65.7 123 147 467 447 9.0 8.0
124 49.9 52.8 143 143 352 368 9.3 9.8

Mean 59.6 59.6 138 142 434 420 9.3 8.9

RMS (18 d.f.) 79.6 175 2863 1.9

Main effects:
First feed *x *x *
Second feed

Interaction *x *

"Low protein feed?High protein feed*Residual mean square.
* ** Main effect, interaction significant <0.05, 0.01, respectively).
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the second feed disappeared in the period 150@@00 g liveweight, although the trend remairfee.01) in
those birds initially fed on LP.

Mean feed intake in the first liveweight intervaicieased linearly (114, 115, 119 and 121 g/d,
respectively) as the protein content in the sedead declinedR <0.01) (Table 5), but this was not evident in
the second period. Feed conversion efficiency énpiriod 1000 to 1500 g liveweight was higherk(.01) for
birds that had been fed LP in the first period, aedlined as the dietary protein content was retluce
Differences in FCE between those birds from LPtande from HP were no longer evident in the petisao -
2000 g liveweight, although significant differenaesnained between birds on feeds of the differeatem
contents (Table 5).

At the end of the initial period the LP birds ha@#land the HP birds 74 g lipid/kg carcass (Table 3
Although the birds from LP remained fatt€ €0.05) at 1500 g liveweight than those from HP ($§235 g
lipid/kg) (Table 6) their rate of gain in lipid dag this period was lower on the three highestadjeprotein
treatments (overall, 11\&. 14.3 g/d). During the period 1500 g to 2000 gvigight, their lipid gains were also
lower (P <0.05), 9.8ss. 13.8 g/d (Table 7).

Table 6 Mean water, ash, protein and lipid contents of fenRoss broilers, initially fed UPor HP, at 1500
and 2000 g liveweight having subsequently beemdieeds differing in protein content in Experim2nt

Water Ash Protein Lipid
(9/kg) (9/kg) (9/kg) (9/kg)
First feed LP HP? LP HP LP HP LP HP
Second feed
(g protein/kg)
1500 g liveweight
310 661 695 20.8 21.2 164 162 155 122
248 648 688 23.9 21.6 165 172 163 119
186 642 651 22.4 23.2 180 180 156 145
124 619 655 23.6 225 156 170 202 152
Mean 642 672 22.7 221 166 171 169 135
RMS (18 d.f.)131 7.0 88.2 416
Main effects:
First feed il *k *x
Second feed *x *x
Interaction i * *k
2000 g liveweight
310 661 670 215 21.8 172 168 145 140
248 665 683 25.1 22.6 179 166 131 128
186 653 668 20.8 26.1 164 172 163 133
124 622 633 23.0 241 143 168 212 175
Mean 650 664 22.6 23.7 165 169 163 144
RMS (18 d.f.)74.2 6.2 35.2 338
Main effects:
First feed il * *x il
Second feed *k * xk
Interaction *x *x *x

TLow protein feed? high protein feed.
* ** Main effect, interaction significant <0.05, 0.01 respectively).
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Overall, birds that were made fat by giving therowa protein feed had a much-reduced fat content in
their subsequent gain, provided that the proteimtestt of the feed was sufficiently high (Experimét In
Experiment 1, lipid was 0.08 and 0.18 of the gaitthie lean and fat lines that had been made faliyi but
0.19 and 0.30 of the gain in the two strains kephj in Experiment 2, the proportion of lipid irethain was
0.15 for birds made fat and then fed the highestiepr in the period 1000 - 1500 g liveweight verBub for
those birds that were lean at 1000 g liveweight,tlbe equivalent proportions for birds fed the Istvdietary
protein feed were 0.31 and 0.33. Over all the digteotein treatments, the proportions of lipiche gain were
0.20 and 0.26 in the first period of Phase 2, arttle second period, 0.16 and 0.23, respectively.

There were differences in the carcass water cangrt500 g and 2000 g liveweight (Table 6) between
broilers on the various dietary treatments and itféereént initial fatnesses, but the carcass ash notein
contents showed no consistent differences betweamrents. However, because of the differenceantass
composition between treatments at the start ofédPhad this experiment, gains in carcass wateraagtprotein
all showed highly significant differences betwesratments (Table 7). Carcass water gains diffédPed0(01)
between dietary treatments in both periods of PRaseth the highest gains being produced by tlydst
dietary protein contents, and between initial statethe period 1000 g - 1500 g liveweight (39.d g 33.7
g/d), the initially fat birds producing the highete of gain; the carcass protein gains generallgwiing the
dietary protein content, and being higher for btrds were fat initially (13.9@s. 10.7 g/d in the period 1000 g -
1500 g liveweight).

Table 7 Mean rates of gain in water, ash, protein and lijgidl) in the carcasses of female Ross broilers,
initially fed LP* or HP, at 1500 and 2000 g liveweight having subsequdreln given feeds differing in
protein content in Experiment 2

Water Ash Protein Lipid
First feed LP HP? LP HP LP HP LP HP
Second feed
(g protein/kg)

Period 100 - 1500 g liveweight

310 46.2 40.6 1.1 1.0 13.7 10.1 10.1 13.6
248 40.0 36.2 1.6 1.0 12.5 10.8 10.8 12.2
186 38.9 32.2 1.3 1.3 15.3 12.9 9.6 16.4
124 32.6 25.9 15 1.0 10.5 9.0 16.6 14.9
Mean 394 33.7 1.4 1.1 13.0 10.7 11.8 14.3

RMS (18 d.f.) 8.2 0.7 7.2 18.6

Main effects:

First feed *x *x *

Second feed *x *x *x

Interaction *x

Period 1500 - 2000 g liveweight

310 48.8 39.2 1.5 1.2 14.4 11.0 9.6 13.1
248 42.1 45.7 1.7 1.6 13.1 8.4 6.5 16.2
186 447 39.8 1.6 1.8 11.9 11.6 9.6 12.0
124 29.7 26.6 1.2 1.2 7.1 8.5 13.6 13.9
Mean 41.3 37.8 1.5 1.5 11.6 9.9 9.8 13.8

RMS (18 d.f.) 14.9 1.23 8.1 20.2

Main effects:

First feed *x *x

Second feed *x * *x

Interaction *x *x *x

TLow protein feed?High protein feed.
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Discussion

The consumption of food by an animal will dictdte amount of protein and lipid that will be depedit
each day, but food intake in turn is dependent,rggrather factors, on the state of the animal attithe.
Emman’s (1981) food intake theory suggested thetifoiler is fatter than its inherent fatnessjefened by its
genetically determined lipid : protein ratio, thiemill attempt to use the extra body lipid as axemgy source if
and when this is possible. If the food containdghdr protein : energy ratio than that requirednaximise
protein growth, and the bird contains excess ¢atgl fintake will be reduced to the point at whicst jsufficient
of the first-limiting nutrient is consumed, withetlassociated energy, and the resultant shortfaténgy will be
obtained by mobilising body lipid reserves. Thisr@ases the efficiency of utilization of the feed growth. If
there is no excess lipid, then the bird would Havacrease food intake, and hence energy, acgiydin

Kyriazakis & Emmans (1992), in considering the gilowef animals after a period of nutritional
limitation, proposed that any perturbations in bodynposition at the end of that period will be eoted over
time, and that the rates of such corrections avaeyas set by the conditions of rehabilitation. Thes#positions
imply that body lipid content is labile, and thedmnce they presented is consistent with that ptedenere, as
are the results of Eitt al. (2003).

A similar model has been described by Broekhueteh (1994), which invokes a measure of well being
corresponding closely to the fatness of the anandlis defined as the ratio of the weight of mahbie reserve
tissue to that of structural tissue, the lattenfpeassumed to correlate with skeletal size. Irr threidel, the
animal (fish) responds immediately to changes @ riserves : structural tissue ratio (similar t lipid :
protein ratio used here), this ratio dependingemdihg history, which provides a simple, implicemory. Of
particular relevance, the key assumption in the&idehis that the animal has an 'ideal' reservaictsire ratio
which it seeks to maintain, almost identical to Eamsi (1981) theory. Small deviations from the idawd
corrected by changes in the proportion of assiengdibcated to the two pools, but major changeseea as
indicating persistent adverse environmental camustand trigger a protective respanse

The results from the experiments reported heremisame light on the problem of growth after a pebrio
of under-feeding of protein. There were clear diffees between the genotypes used, including sékes.
genotype selected to be lean showed no differeincgsowth or efficiency, while the genetically fhirds
showed some improvement in growth in the malesedficiency in the females. In the commercial fersale
enhanced growth and efficiency were both showryigea that a feed with a high enough protein cdanters
used. Differences between strains do occur, altindhg responses are not always consistent: Cleeral,
(1978) had previously noted that the slower groviirgler strains in their study exhibited more cemgatory
gain than the faster growing strains, whereas M@Er®g8) found that fast growing quail lines werpatae of
demonstrating greater compensatory growth afteotip restriction than non-selected control quail.

The males and females of the genetically fat staait the commercial females may be seen as more
'normal' genotypes than the genetically lean stiaitthese three normal genotypes, feed efficiemgroved
when the birds that had been made fat nutritionadlye subsequently given a high protein feed. €asan for
this, as shown by the body analysis, was straigherd: Birds made fat at the start by giving tharfow
protein feed had a much-reduced fat content i gwdisequent gain, provided that the protein comtkthis
feed was sufficiently high.

From a simulation modelling perspective, it is usés see the animal as having an inherent lipicbtein
ratio, which it attempts to maintain, implying tilaé animal will be able to consume a feed, orralsoation of
feeds, that will allow it to retain this ratio, atitlt at all times it will attempt to correct thigtio if it has
previously been made to deviate from it througloirect feeding in a given environment. This it dbgs
utilizing the excess body lipid as an energy squsoevided that the dietary protein content isisigtly high
to allow this. Presumably the rate at which it ozake use of this body lipid will depend also on phevailing
environmental temperature and other ‘conditiongatfabilitation’, as proposed by Kyriazakis & Emmans
(1992). The hypothesis that an animal will atialiels attempt to retain its inherent lipid : proteatio cannot be
rejected by the evidence presented above.

Conclusions

The evidence presented here suggests that, likdrgreigs, broilers will at all times attempt to imtain
a genetically determined lipid : protein ratio hifizing excess body lipid as an energy source whersupply
of the limiting nutrient is sufficient to allow i This means that the optimum protein contenteeti$ for
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broilers in each phase of the growing period showidbe determined independently of the other fémilsy
used in the feeding programme.
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