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Abstract -
The influence of energy intake and dietary protein concentration on the erergy partition and the rates of energy
‘expenditure in gmwmg pigs were evaluated in a 2x2 factorial arrangement. The factors were two feeding levels and
two dietary- protein ‘toficentrations, edch fed to separate 6 entire males. Energy and nitrogen balances and
calorimetric measurements weré recorded simultaneously in each animal when  weighed 54.5 = 3 7 kg. Energy
retained as protein dnd fat mcreased wrth level of feeding. Increased protein intake resulted into ma'eased rate of
-heat pmducnon and protein energy retention and low rate of fat energy retention. The ? energy requzrement Jor
‘mamtenance was sltghtly lower in animals fed on the htgh compared’ with those on low- -protein diets, The partial
ej//aency ofME utzltsatzon jbr growth was poor in the animals fed on htgh dtetwy protein concentration (kg 0.5 04
against 0.601). The net energetzc eﬁc:ency Jor protein depo sition was- also lower (k» 0.34 against 0. 71) and ﬁzl
deposition higher (kr 0.80 against 0 66) in the animals fed on htgh reIattve fo those on low protein diet. The results
indicate that the energy cost of protein accretion increases with- mcreasmg dzetwy protein concentranon .
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Intrdducti_on

“he rates of energy expenditure, that'is; heat

output per unit of protem dep051ted are
shown to be posmvely nelated to“the rates" of pro-
tein accretlon (Noblét et al., 1999 ‘Milgen'et al.,
2000). The increased body protem content and
higher rates of protein tumover resultmg from the
higher rates of ] protem accnetlon have been attrib-
uted to ‘the in¢reased energy expendlture Al-
though th}s hypothe515 has beenadvanced by sev-
eral workers (Rao and McCracken 1990 Camp-
bell ¢t 41, 1991 : Quiniou et al.; 1996 it is-doubt-
ful whether the trend can be generallsed for all
changé‘s in'the tate of protein deposmon regard-
less of the provokmg factor e

Incneasmg d1etary protem above mamtenance

levels; when the supply ‘of ‘energy is adequate; re-
sults in increased protem synthesis and degrada-
tion, the former bemg greater thair the Tater and

*Corresponding author:. .

hence results in increased net protein accretion
(Lobley, 1998). Inconsistent results on the en-
ergy costs of protein accretion have been re-
ported-in some studies; where dietary proteinor
amino acid contents have been used to manipu-
late body composmon (Close et al., 1983; Coyer
etal., 1987, MacLeod, 1990). In51gn1f1cant
change in the energy expenditure per unit of pro-
tein accretion between low and high protein diets
have been documented in fowl fed diets between
130 g and 230 g CP/kg'(MacLeod, 1990) and in
pigs fed diets between 153g and 258 g CP/kg
(Close et al., 1983). On ‘the other’ hand Cover et
al. (1987) observed a doubling of the energy cost
per unit of:protein deposition in rats fed diets
containing 166 g as opposed to 68 g CP/kg.
These studies suggested that changes in protein
accretion be invariably linked to changes,in:
/‘ .
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whole-body protein turnover and heat production.
The present experiment was therefore designed
for further testing of the hypothesis that the rate of
energy expenditure per unit of protein.deposition
increases with fate of protein accretion stimulated
by increasing energy intake and dietary protein
concentration.

Materials and Methods

Experimental design and treatments
A 2x2 factorial arrangement involving two

.feedrng levels and two diets was employed. A to- .
\_tal of 24 p1gs were allocated to the four treat- .

ments each w1th s1x p1gs The two d1ets were for-
mulated and pelleted The 1ngred1ents and chemi-
:cal composrtron of the drets are presented in Table
1. The 1ntended DE content was 15 MJ/kg dry

matter w1th ‘crude protein contents of 150 and 250 A
g/kg as fed, for diets 1 and 2, respect1vely Lysrne‘

and methionine plus cys,trne contents were made

proportional to the protein content of the diet. The

two diets were fed at two levels, based on the met-
abolic body weights (W?%) of the animals. The
low-level (L) of feeding was 2.25 x MEm and the
high level (H), 3.2 x MEm, where MEn = 719
- kl/kg W (ARC, 1981). .

. Table 1: Composition of the experimental diets (g/as
fed)

Lo - 3 '

" DIET (g CP/kg as fed)

(DE,MJ/kg)

150 "250

Ingredient N - B ,\-A PR !
Barley 21100 1630, "1 ¢
Wheat . 4700 ° 3500 7
-Soya bean meal S 60.0n L Tgm e 214008 ..
Frsh meal ) _,48_0‘ ‘ o 1260 “n
Fat (BP 50) 170.0 130.0 T2
cLyvsine-HCL . .. .. . 3.0, Jo.°7 v
Limestone -, : 7.5, - . 35 - -
Dicalphosphate . "7 s, P) - .
Mineral &Vitarriin RN 5 w2
’(‘alculated chemlcal composmon N T (. )
s v LVAEIR g - R PR
Crude Protein . 152 0 L L2 \

‘. o vl A J<:|" it ..?
Crude Frbre © 480 428
Calcium ";'::- RS U RN 3 b i "
Phosphorus .+~ o, 8.8 P TV
Lysine: Lo 914 15.44 L
"Methionine'+ Cvsune 4307 jeot <
Degestrbleenergy1501""" L1519 0TS

Experimental animals and man-
agement

Twenty-four entlre fnale p1gs were selected
from the sows present.at'the Institute of Grass-
land and Environmental Research (IGER),
Shinfield, Britain, after weaning,at 21 days of
age. They were ralsed untrl 35 + 1. 2 kg body
weight, durrng which they were fed ad libitum
on a diet designed to contain 13 4™ DE/kg.
190 g CP.and 9.5 g lysine per kg as fed. The ani-
mals were then allocated to the experimental
treatments and individually penned in a house

-maintained at a temperature.of 20+1C.<The.pens

P

+ -were fitted with automatic water nipples. where

- drinking water was avallable throughout.-Both
..food and water supply; were at the same tempera-
- ture-as that of the building,Feeding of the exper-
1mental diets for each pig,was adjusted weekly.
follow1ng we1gh1ng The daily.allow ances, for all
pigs were given in two equal meals at 0900 and
1600h.. Refusals were collected each mormng
"dried and we1ghed Dnnkrng water supplv was
ad llbltum S N
Calorimetric, energy and nitrogen bal-
ance _ o~ fs
Energy and mtrogen ‘balances and calonmet-
ric measurements were recorded simultaneously
in each-animal at a mean body weight of 54.5 =
3. 7kg Animals were accustomed to the condi-

. tlons wrthrn the calorimeters and.to_ the experi-
_mental protocol for, seven- davs before the mea-

surements were taken. A d1rect calorimetry us-

' ing calorimeters operated on. .2 heat sink princi-

' pal was used. Each animal’s total heat output
“was recorded cont1nuously for four dav .
. rSe\ en-day collectron perrods W ere allowed fof

energy and n1tro gen balances W herebv the fotal

‘faeces, ur1ne (preserved using 25% H:SOY w/\)

. and pen W ash1ngs were collected darly and

‘.:_stored at 2°C At the end of the balance penod

'output of faeces ‘G x 250 g) or mrxed unne and
washlngs (2 x 500 ml) for each p1g werc taken
) and stored at 20°C unul requrred for analx Sis._

'Chemrcal and data analyses ‘

Dry matter. gross energy and mtrogen con-
tents of the feed, faeces and urine samples were
estimated using the procedures.of 'A:0.A:C.
(1990). Daily metabolisable energy (ME) and
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Table 2: The main effects of feeding level (FL) and dierary protem concentratlon (Dlet)’ on thein-
take and utlhntlon of dietary energy and protem in 't he pigs- -~ - hel

u . TN -
“ e aow— - T - - - B <

s

Feedmg level Significant Diet(g CPkg)  Significant SED ' ¥ Significafi FixDiet
 Component th Low” . iso. 250

Fnerey ntakeMID, o, o

CGE Y3 34360 7234207 . **x < 128429 29381 NS 07332~ 7 NS
.DE, .. 26.148 \‘18;.938_; EEE 21291 22895  *= 0572 .. _NS.
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N e e [ . a - R o o T
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s I . P
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Yoo ey ot U, :
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ol e s I v poz
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Table 3 The average main effects of teedmg level (FL) and dletary protein concetration (Dlet) on
the general performance of the pigs durmg the blance penod
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digestible nitrogen (IDN) intake, nitrogen reten-
.tion (NR), protein and fat.energy retention were

derived according to ARC (1981). The data werer

tested according to the factorial arrangement
(Mead and Curnow, 1986)..

Results

Nutritive value of the diets

“The mean digestibility of energy that is dlgest-
ible energy (DE) as a proportion of gross energy
(GE) (DE:GE) was slightly higher in the low-fed
animals, but the mean difference was not signifi-
cant (Table 2). However, energy digestibility was
significantly (P<0.01) poorer with the low protein
diet (diet 1) than the high protein diet (diet 2).. The
average metabolisability of DE, that is ME:DE
was significantly (P<0.05) higher with diet 1
(0.93) than diet 2 (0.91). Animals fed on diet 1
had significantly (P<0.05) lower DE and ME in-
takes than those on diet 2.-The mean apparent di-
gestibility of nitrogen (IDN:NI) was significantly
improved with increased dietary protein concen-
tration (Table 2). Increased feeding level was as-
sociated with increased amounts of nitrogen (NI)
and digestible nitrogen (IDN) intake. These values
were also higher for those animals fed on diet 2
than those on diet 1. Feeding level x diet interac-

tions for NI and IDN were significant (P<O0. 001)..

High-fed animals retained more (P<0.001) nitro- -

gen than the low-fed ones. Increased dietary pro-
tcin concentration was associated with more

(P<0.001) nitrogen being retained, though sigrifi- _

cantly (P<0.01) lowered the efficiency of nitrogen
utilisation (NR:IDN).

Table 3 presents the mean main effects of feed-

ing level and dietary protein concentration on food

parameters of the pigs were not significant
(P>0.05).

Tissue deposition and energetic efficien-
cies
Increased level of feeding significantly in-
creased ME intake, heat loss and total energy re-
tained (Table 4). Animals fed on diet 1 had lower
(P<0.05) ME intakes than those on diet 2. Heat
loss was proportionately 0.20 higher in the high-
than'in low-fed animals and it increased with'di-
etary protein concentration. Total energy re-
tained was proportionately 0.46 higher in.the
high-fed than in the low-fed pigs. However..the
difference between the two diets was not, signifi-
cant (P<0.05). At similar levels of energy intake,
increasing dietary protein conceritfation signifi-
cantly increased the.energy -accreted as protein

‘by 0.27 and reduced that retained as fat by 0.50.

Animals fed on the high dietary protein con-
centration had slightly poorer efficiency of en-
ergy-utilisation for growth (k) and protein reten-
tion (k) relative to those on low protein concen-
tration (Table 5). However, the net’ energeﬂc effi-
ciency for fat retention (k) 1ncrcased with in-
creased dletary protein concentration. The esti-
mate of the energy requirement for maintenance
(MEn) for those animals fed on low protein diet
was higher compared vuth those on high protein
concentratlon :

" D;scuss’1‘or’1’

i

intake, welght gain and food conversion efficiency

of the pigs during the balance period. Food intake
was significantly (P<0.001) higher in the high-fed

anirnals than thé low-fed ones, but not signifi-'

cantly (P>0.05) different between the dietary

treatments. Increased feeding:level significantly- -

(P<0.001) increased body weight gain. Although

mean food conversion ratio incrcased with feeding

level, the difference was not sxgmﬁcant (P>0 05).

Bodyv weight gain similarly increased (P<0.01)
with increasing dietary protein concentration of
the diet and this was associated with significant
(P<0.01) lower food conversion ratio. The interac-
tions between feeding level and diet on the growth

wetal.,

The observed differences in cnergy digest-
ibility and metabolisability betwcen the two di-
ets resulted in unexpectedly higher intakes of DE
and ME by the animals fed on high protem diet
compared with those on low protein diet. Smular
energy and protein interaction influences on
‘metabolisability of diet and hence cnergy intake
have been documented elscwhcrc (Campbell er
al., 1985; Rao and. McCracken, . :1990). The pro-
portlonate 0.20'higher heat‘loss in the animals on
high feeding level relative to those on low feed-
ing level is.consistent with other reports:(Close
1985; Coyere! ql i1987; Rao and
McCracken 1990; Noblet et al . 1999 Milgen et
al., 2000). This higher heat output is by defini-
tion the heat increment of feeding. Increased
heat loss with iricreasing protein concentration
may be assoc1ated with additional heat load duc
to disposal of excess dictarv protcm. which
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Table 4: The main effects of feeding level (FL) and. dietary protein concentratlon (Dlet) on the
partlon of ME intake into heat loss, energy retentlon and protem and fat energy

'

o7

- s NEvE| s
"Component * - -'Feeding level * Signiificant’ Diet (gCP/kg) Significant SED Significant
* " High Low" T s 256 S  FlxDiet
MId) . .23911 . 16718 xex , 19728 20901 * 0.608 NS’
(MJkg Wos'd)  2.064 1.476 - bl 1750 " 1790 * 0.026 NS
Heat loss - . . B I
(MJid) T 16048 12578 01 xxx 13.558 15.068 rr 0.480 NS.
- (Mjkg Wotd) | 1.385 1110 - e 1204 . 1.292 *» 0.034 NS
.Eneuli'gykre.ltention ’ ) ) - .
(MJ/d) 7.863 4140 i 6.170 - 5.833 > NS - 0.603 NS
(MJ/kg w°“l d) 0679 0.365 arx 0.546 - 0.499 . NS .. 0.058 NS -
‘ Pnotem energy" . . -
MId) ., 4.078 2986 e 2913 4151 s 0252 © - NS
(MJkg W'.d) 0351 0.262 rx 0.258 0355 Aak 0.018 NS
Fat e energy L : ‘ . ' . ”
(AJd) .- 3.785 . 1153 e 3257 1.682 - 0.554 NS -
(MIkgW*®.d) = 0328 - 0]03. *f* 0288_: _.0-144 *ax 0.058 NS
Energy efficiency ety i3 “ . R L .
" ER:GE - 0229 TOUTTTE e o 0212 00 0194 " NS -0.018. NS
ER:ME~ 0329 0:247 v ¥ . 0304 - 0272 .NS .0.026.-.  NS. |

Table &: The rnaiinfgnée énergyA requirem'ent (Mem, MJ ME/kg wW%!d") and energetic efficiencies of ME uti-

lisation for gr(m"tlhﬁ(kg)"protein(lg;) zind fat (ki) deposition for animals fed the different diets

DIET MEn ke ke
] o4t T 0601 o
ogestE L T dein ST 0:709 ..« 0662 .
2 L0800 L L . I
D057 s e b W, 10341 , 0.806,.
Pooled 20806 ;. iy 0 0342 2 L . .
0.733, , 0.405 076070 7 -

! Simple lincar rc.,;gre‘s'si,qn model..
2 Multiple hinear regression model - .
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could have been deaminated in the liver and even-
tually converted to urea: It is well known that one
urea cycle consumes four high-energy phosphates
(Mathews and van Holder (1990).contribute to the
cost of ‘excreting the excessive protein intake=-The
significantly higher heat loss in animals fed on , |
high protein diet compared with those onlow pro- *
tein diet might have also been attributed to differ-
ences in the composmon of gain. Slnce 1ncreasmg
protein intake was associated with a higher pro-’
portion of protein with respect to lipid (protein: fat
ratio of 1.50 and 4.14 for animals on low and high *

protein concentration, respectively) being depos-<"

ited, and given that the cost of protein deposition
is higher+(20 kJ/g) than that of fat deposition (14.

kJ/g) (ARC, 1981) the observed dlfferences in.

lieat output was inevitable:
The. proportlonate 0.46 higher ER in the an1-
mals.on high than low lével of feedlng was ex-"

pected and accords with several other observa-

tions on growing pigs (Campbell et al., 1985; Rao
and McCracken; 1990). SurprlslngIV “the partlal

energetic efficiency of ME utilization for growth‘“"

(k.) for animals fed on high protein diet (0.504)
was lower than-those on low protein diet (0.601)."
This implies that. increased dietary protein intake
was associated with a poor efficiency of ME utili-
zation above maintenance and is possibly attrib-
uted to the increase in heat loss observed in these
-animals (Campbell er a/., 1985).

The overall mean value of the maintenance en-.

ergy requirement (MEm) obtained by simple lincar
regression model (0.806 MJ/kg W* s ) compared
well with other reported values (ARC, 1981;
Campbell and Taverner, 1988).:It.is interesting to
note that the mean MEm value determined on the
pigs fed onlow protein diet was slightly higher
than that for the pigs on high protein diet (0.842
compated with 0.801 MJ ME/kg wes'd!). This
supports the results of Gurr et al. (1980) who ob-
served increaséd metabolic rates and body temper-
ature of rats given a low protein diet. However,
given that animals fed on high protein diet depos-
ited protein at a relatively higher rate and protein
energy accounted for 0.71 of the total energy re-
tained compared with 0.47 for those on low pro-
tein diet, their body protein content and protein
turn-over rate are expected to be relatively high.
Hence, these pigs were expected to have higher
MEm than that fed on low protein diet. The reasons
for this discrepancy is not clearly known, though

may possibly be linked to differences in the
.quality rather than quantity of the proteins.
_which was noteyaluated in this study. . ., . |
The h1gher estimates of kp obsen ed in ani-
mals,fed low proteln dlet than  those on, 111 g,h pro-
_ tein diet- implies that the energy cost of. deposrt-
ing 1 kJ of protein in these ammals is relatively
low (1.41 vs 2.94 kJ). Values of MEn followed a
" similar trend. The -present tesults are, however.
" in contrast to the findings of ‘Close e/ al.'(1983),
who reported higher estimates of &y (0.66 vs
1 0.27) and MEnm (0.503.vs 0.356 MJ/kg W*7d"")
' for animals fed 6n high- compared with those on
low-protein rations. The reason for this discrep-
ancy is not known though the small ranges of en-
ergy and- proteln 1ntake and-hence in body com-
position between the groups emploved in the
_ present study and vanatlons in the diet” composi-
" tion between expenments may explain the d1f-
~ ferences.. .
. The estimated p value for low protem diet
¥ was higher (0.71) and that of high protein-diet
was lower (0.34) than the preferred value (0.54)
of ARC (1981). The ks value for low protein diet
: (0.66) was lower-and for high protein diet-(0.80)
was higher than that of 0.74 calculated by' ARC
(1981). The estimated ks valuc for high protein
diet, however. is within the range calculated on
theoretical grounds (Millward et al.. 1976). The
multiple regression mnodels gave, greater and
smaller estimates of M En for. low protein diet
(0. 951 Ml/kg WOsd"'y and high protein dict
(0.572 MJ/kg W°¢'d"), respectively compared
" with those estimated bv srmple linear regression
‘analvsis. Values for 51mple linear regression
analysis were 0.842 and 0.801 M/kg wee'ld! for
low and high protein‘diets. respectively. It is w ell
*‘Known that multiple’ regressron models produce
- higher or similar values than simple regression -
procedures (Hofstetter and NVenk -1985; Close et
al., 1983). It is thereforedifficulty-to ‘explaii’the
low MEx valué ‘that coimputed by ‘multiple re-
gression equations for animals fed on thh pro-
tein diet in the present study.

Concl-us1on ‘,

It can be concluded that ’lincreas'ling the ratc of
protein accretion by elevating dietary protcin in-
take may increase energy expenditurc without
necessarily increasing the energy requircment
for maintenance.
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