Anim. Res. 50 (2001) 227-238 227
© INRA, EDP Sciences, 2001

Original article

Effects of reduced dietary protein level
and fat addition on heat production and nitrogen
and energy balance in growing pigs

Jean NBLET*, Laurent L BELLEGO, Jaap ¥N MILGEN,
Serge BOIS

Institut National de la Recherche Agronomique,
Unité Mixte de Recherches sur le Veau et le Porc, 35590 Saint-Gilles, France

(Received 1 February 2001; accepted 14 May 2001)

Abstract — Two trials were conducted in order to quantify the effects of reduction of dietary crude
protein (CP) level, with or without fat addition, on heat production and energy balance in growing pigs.
In trial 1, extreme variations in diet composition were obtained by using purified ingredients; con-
ventional ingredients were used in trial 2. In each trial, three diets were prepared. Diet 1 had a con-
ventional CP level (18.9 and 17.4% in trials 1 and 2, respectively) while diet 2 had a reduced CP level
(12.3% and 13.9% in trials 1 and 2, respectively); diet 3 also had a reduced CP level (13.6 and
14.9%, respectively) and 3.5% (trial 1) or 4% (trial 2) fat was added. In both trials, diets 2 and 3 were
supplemented with industrial amino acids in order to ensure similar ratios between digestible essen-
tial amino acids and net energy (NE) between diets while exceeding requirements of animals. Each
diet was measured in 6 (trial 1) or 5 (trial 2) individually caged 60-kg pigs for digestibility, compo-
nents of heat production (indirect calorimetry) and energy, protein and fat balances. Energy supply
was standardised between diets (1.9 MJ NE per k§8)WWA reduction of dietary CP level (diets 2

and 3 vs. diet 1) significantly reduced urinary nitrogen loss without impairing nitrogen gain in pigs.

A reduction of dietary CP alone (diet 2 vs. diet 1) contributed to a significant reduction of total heat
production and, more specifically, its component related to feed utilisation. This effect was accentuated
when fat was added (diet 3 vs. diet 2). Fasting heat production (770 kJ peP&8 Bld activity heat
production (8% of ME intake) were not affected by dietary treatment. These results emphasise the inter-
est of using an NE concept for estimating the energy value of pig feeds.

pig / crude protein /crude fat / heat production / energy value

Résumé— Effets de la réduction du taux de protéines et de I'addition de matieres grasses
dans l'aliment sur la production de chaleur et le bilan d’azote et d’énergie chez le porc en
croissanceDans le but de quantifier les effets d'une diminution de la teneur en matiéres azotées totales
(MAT) et de I'addition de matieres grasses dans I'aliment chez le porc, deux essais ont été réalisés.
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Trois aliments ont été préparés pour chaque essai. L'aliment 1 a une teneur normale en MAT (18,9
et 17,4 % respectivement dans les essais 1 et 2) ; la teneur en MAT de l'aliment 2 est abaissée
(12,3 et 13,9 % de MAT pour les essais 1 et 2) ; il en est de méme pour I'aliment 3 (13,6 et 14,9 %
de MAT) qui contient également 3,5 % (essai 1) ou 4 % (essai 2) de matieres grasses ajoutées. Les
aliments 2 et 3 sont supplémentés en acides aminés industriels de fagon a conserver constants les ratios
entre les teneurs en acides aminés essentiels digestibles et la teneur en énergie nette (EN) de tous les
aliments. Chaque aliment a été distribué a 6 (essai 1) et 5 (essai 2) porcs de 60 kg de poids vif (PV)
maintenus individuellement en cage afin de mesurer les coefficients de digestibilité, les compo-
santes de la production de chaleur (calorimétrie indirecte) et les bilans d'énergie, de protéines et de
lipides. Les niveaux alimentaires sont égalisés entre les traitements (1,9 MJ d’EN p&fRgIRyV
diminution du taux de MAT réduit nettement I'excrétion d’azote urinaire sans affecter le niveau de
rétention azotée. L’abaissement du taux de MAT (aliment 2 vs. aliment 1) entraine une diminution
significative de la production de chaleur et plus particulierement la composante liée a I'utilisation de
I'aliment. Cet effet est accentué lorsque l'aliment est enrichi en matiéres grasses (aliment 3 vs. ali-
ment 2). La production de chaleur & jeun (770 kJ par KFB¥ét les dépenses d’activité physique

(8 % de I'EM ingérée) ne sont pas affectées par la nature de I'aliment. Ces résultats confirment
I'intérét d'utiliser le concept EN pour estimer la valeur énergétique des aliments pour le porc.

porc / matiéres azotées / matiéres grasses / production de chaleur / valeur énergétique

1. INTRODUCTION Europe during Summer and can be perma-
nent in areas where pig production has been
Progress in the determination of amincrecently and rapidly developing (Brazil,
acid (AA) requirements for growing pigs Asia, ...). It can therefore be hypothesised
and the increasing availability of industrialthat using diets that produce less heat should
AA allow to supply essential AA at levels attenuate the reduction of feed intake and
that meet the requirements for optimagrowth associated with heat stress.

growth but at lower dietary crude protein  The gpjective of this study is to measure
(CP) contents. Such diets have no detrineat production of diets that differ in CP
mental effect on animal performance antanq fat content in order to test the above-
contribute to a marked reduction of nitro-yjentioned hypothesis and confirm the
gen excretion [2, 4]. According to the reSU"‘funderIying assumptions of NE systems [14].
of Just [9] and Noblet et al. [14, 15], theserrthermore, it will serve to characterise
low-protein diets should generate less heggjets that will be used in field trials con-
due to the reduced energy expenditure fcyycted in both growing pigs [11] and lac-
urea synthesis and turnover of body Protating sows [22] exposed to either ther-
teins [23]. A further reduction of heat pro- yoneutral or warm climatic conditions.
duction can be achieved by including fat inother results from the same study have been

the diet [14]. However,_such (_Jli_ets may propyplished by Le Bellego et al. [12].
duce fatter carcasses in ad libitum fed pig

[10].

Voluntary feed intake (and thus perfor-2. MATERIALS AND METHODS
mance) in growing pigs is highly dependen
on ambient temperature. A marked reductioi2.1. Experimental design
in feed intake is observed at temperature
above 25 °C in order to reduce heat pro The study consisted of two trials in which
duction and maintain homeothermy [19].three diets were used. Diet 1 was a control
Such temperatures frequently occur irdiet where almost all AA were provided by
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protein. The two other diets (diets 2 and 3pody weights (BW) and ages between the
had reduced CP levels and were suppldghree diets were relatively balanced. In trial 2,
mented with L-lysine, DL-methionine, five blocks of three littermates were chosen
L-threonine, L-tryptophan, L-isoleucine andwhere each littermate was assigned to a diet.
L-valine. Diet 3 contained additional fat. In Pigs were Piétraix (Landracex Large
trial 1, differences in CP content betweeriVhite) barrows weighing about 60 kg at the
treatments were amplified by using purifieddeginning of the measurement period; their
ingredients (corn starch and soybean prcage then averaged 109 days in both trials.
teins). In trial 2, conventional ingredientsAS described below, two respiration cham-
were used resulting in smaller differenced€rs were used and animals were measured
between treatments. Ingredients an§uccessively (two per week); trial 1 was
chemical composition of diets are given inconducted first.
Tables I and Il. The AA levels were formu-
lated in order to maintain a constant rati
between standardised digestible lysine an
net energy (NE) (0.76 g per MJ) and to
achieve standardised methionine + cystinetal
threonine, tryptophan, isoleucine and vaIineFOr
digestible supplies equivalent to at least 60, : : ;
65,. 20, 60 and 70% of ;tandardised digestibl?_\gla%lylv:\r]]cé)r]..-e sséegelrn kc;rg%&)ﬁ%g: I;Veee?%om
lysine supply, respectively [, 8] (Tab. Il). f the adaptation period. This feeding level
In trial 1, six animals per treatment werewas maintained subsequently but the daily
selected from the experimental herd so thatmount was adjusted each day according to

.2. Housing and feeding

All animals were adapted to experimen-
conditions, diets and digestibility cages
two weeks. Feeding level was progres-

Table I. Composition of experimental diets.

Trial 1 Trial 2

Diet 1 2 3 1 2 3

Composition (%)
Wheat 40.52 40.52 40.52 36.85 42.44 38.68
Corn 40.53 40.53 40.51 36.84 42.43 38.66
Soybean meal 7.00 7.00 7.00 23.00 11.00 14.50
Isolated soybean protein 8.70 - 0.70 - - -
Corn starch - 7.28 3.00 - - -
Corn oil - - 3.50 - - 4.00
L-lysine - 0.58 0.61 0.06 043 042
D/L-methionine — 0.18 0.20 — 0.11 0.13
L-threonine - 0.25 0.27 - 0.16 0.17
L-tryptophan - 0.08 0.09 - 0.05 0.05
L-isoleucine - 0.14 0.15 - 0.04 0.04
L-valine - 0.19 0.20 - 0.09 0.10
Dicalcium phosphate 1.20 120 1.20 120 1.20 1.20
Calcium carbonate 0.60 0.60 0.60 0.60 0.60 0.60
Salt 045 045 045 045 045 045

Minerals and vitamins 1.00 1.00 1.00 1.00 1.00 1.00
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Table Il. Chemical composition and nutritional value of experimental diets.

Trial 1 Trial 2
Diet 1 2 3 1 2 3
Chemical composition(%)
Ash 4.5 41 43 50 43 4.4
Crude protein 189 123 136 174 139 149
Starch 48.1 545 50.7 45.0 522 473
Ether extract 21 2.1 5.6 24 2.4 6.0
Crude fibre 1.7 1.8 16 2.4 1.9 2.4
NDF 8.2 86 85 105 85 9.4
ADF 2.3 24 24 34 27 3.1
ADL 0.3 04 03 05 03 0.4
Total amino acids(%)
Lysine 091 0.89 0.94 0.89 0.87 0.91
Threonine 0.65 0.61 0.64 0.61 059 0.63
Tryptophan 0.22 0.18 0.21 0.21 0.19 0.20
Methionine 0.29 0.37 041 0.27 0.30 0.30
Methionine + cysteine 0.58 0.58 0.62 0.57 0.55 0.56
Isoleucine 0.75 0.52 0.58 0.70 051 0.55
Leucine 151 096 1.01 142 1.08 1.13
Valine 0.86 0.67 0.72 0.82 0.67 0.72
Histidine 0.42 0.27 0.27 0.40 0.30 0.31
Phenylalanine 0.87 052 054 0.84 0.61 0.65
Nutritional value$
Gross energy(MJ-kg™1) 16.21 15.84 16.56 1590 15.84 16.67
DE (MJkg™) 14.24 13.97 14.74 14.00 13.93 14.77
ME (MJ-kg™) 13.70 13.61 14.36 13.45 13.50 14.32
NE (MIkg™ 10.25 10.51 11.19 9.96 10.29 11.00
Digestible lysine (gMJ-1 NE) 0.76 0.76 0.76 0.76 0.76 0.76

1 Measured values adjusted for 87.3% dry matter.

2 DE and ME for digestible and metabolisable energy, respectively; values are calculated according to INRA
(1989); NE for net energy; NE calculated according to Noblet et al. (1994); standardised digestible lysine content
according to Eurolysine — ITCF tables (1995); values adjusted for 87.3% dry matter.

expected increases in BW. The diets werehambers. Two 12 #ropen-circuit respira-
fed as pellets and pigs had free access timn chambers similar to those described by
water. Feed was given to the animals in thre¢germorel et al. [30] were used. In the
approximately equal meals when they wergespiration chamber, the animal was housed
not in the respiration chamber and in foulin an individual metabolism cage, which
equal meals (distributed at 09.00 h, 13.00 Ryas mounted on force sensors (Kistler,
17.QO _h and 21.0Q h using automatic feeder@,pe 9104A, Winterthur, Switzerland) that
while in the respiration chamber. produced an electrical signal proportional
Following adaptation, faeces and urind0 the physical activity of the animal. The
were collected daily during an 8-d period.trough was placed on a load cell in order
During the last five days of the collectionto measure the time, size and duration of
period, animals were placed in respiratioreach meal. Respiration chambers were
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air-conditioned to maintain a temperatureate was measured with a mass gas meter
of 24 °C whereas relative humidity was con{Hasting, HFM 200B, Hampton, USA). Gas
trolled at 70%. A 13 h lighting schedule concentrations, signals of the force sensors,
(8:00 a.m. to 9:00 p.m.) was used. After thaveight of the trough and physical charac-
collection period, animals remained for twoteristics of gas in the chamber (temperature,
additional days in the respiration chamberelative humidity, barometric pressure) were
for measurement of the fasting heat promeasured 60 times per second, averaged
duction. During this period, no feed wasover 10 s intervals, and recorded for further
available until 20.30 h on the second day. calculations.

2.3. Measurements 2.4. Chemical analyses

Animals were weighed at the beginning Samples of feed (one per diet) were anal-
and at the end of the collection period. Durysed for DM, ash, CP (nitrogen6.25),
ing the total period, feed intake was meastarch, ether extract and Weende crude fibre
sured and feed refusals or spillage were cokontents [1]. The gross energy content was
lected daily and analysed for DM content.measured using an adiabatic bomb calorime-
For each diet and each pig, a feed sampler (IKA, C5000, Staufen, Germany). The
was taken for DM determination. SampleSNDF, ADF and ADL contents were deter-
were pooled per diet and trial for furthermined according to van Soest and Wine [29]
chemical analysis. with prior amylolytic treatment. Total AA

Faeces were collected daily, stored ag)ntents of the diets were analysed at the

2 °C, pooled over successive days and, jinomoto Eurolysine laboratory (Amiens,

the end of the period, weighed, mixed, subt 1@nce), using ion-exchange chromatogra-
sampled and freeze-dried for chemical anaPny: €xcept for tryptophan, which was anal-

ysis. A second sample of faeces was drieS€d Using high performance liquid chro-
for 48 h to determine faecal DM excretion.&tography (Tab. Il). Similarly, samples of
Similarly, urine was collected daily in a '2€ces were analysed for DM, ash, CP, and

H,S0, solution, pooled over successive days3"0SS €nergy. In order to save time, ether
weighed and sub-sampled for chemical anafXtract and crude fibre of faeces were anal-
ysis at the end of the period. The nitrogeryS€d on pooled samples per dietary treat-

losses to the air, recovered in condense@€nt- Consequently, only one digestibility
water and outgoing air from the respiration’@/ué per treatment was available precluding
tatistical analysis on these variables. Sam-

chamber, were measured according to metf? .
ods described by Noblet et al. [15]. ples of urine, condensed water and extracted

i o . air were analysed for nitrogen using fresh
During the 7-d period in the respiration material. The energy content of urine was

chamber, gas concentrations (£O, and  gptained after freeze-drying approximately

CH,) of outgoing air and ventilation rate 5o m|_ in polyethylene bags.

were continuously measured as described

by van Milgen et al. [27]. The Qvas mea-

sured with a paramagnetic differential anal2.5. Calculations

yser (Oxygor 6N, Maihak AG, Hamburg,

Germany), whereas Cand CH, were Apparent digestibility coefficients of
measured with infrared analysers (Unor 6Nnutrients and energy were calculated accord-
Maihak AG, Hamburg, Germany). As only ing to standard procedures. Nitrogen reten-
one CH, analyzer was available, Gigro-  tion of each pig was calculated as the dif-
duction was measured in every other aniference between nitrogen intake and nitrogen
mal for each treatment. The gas extractiotosses in faeces, urine and gas. The digestible
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(DE) and metabolisable (ME) energy val-thermic effect of feed (TEF and HP due to
ues of diets were calculated as previouslphysical activity (HR_). The difference
described [14]. For the ME calculation, thebetween the resting heat production (when
average Chiproduction measured for eachfed) and asymptotic fasting HP (FHP) was
diet (measured in half of the animals) wasised to calculate the long-term thermic
applied to all animals fed this diet. effect of feed (TEF). Four components of
daily HP were then obtained: FHP, TEF

Heat production (HP) was calculated
from gas exchanges (indirect calorimetry)TEFSt and HR,[27]. The total TEF corre-

according to the formula of Brouwer [3] SPONdS (0 the sum of TzBnd TEF, Due

including methane production and urinany© e experimental design, a single estima-
nitrogen. The first day in the respirationt'on of FHP was available for each animal

chamber was considered as an adaptatié’?llhereas the other components were esti-
mated for at least four days that were aver-

day and was not considered in the calcula- od for each animal. The respiratory auo-
tions. Energy retention (RE) was calculateig ) P yq

as the difference between ME intake and/S"t Waj calculatgd as the ratio between
average HP over the measurement perio -0 production and @consumption.
Energy retained as protein was calculated The individual data for ME and HP were
from nitrogen balance, and the quantity oflso adjusted for mean levels of physical
energy retained as lipids was calculated aactivity (mean value of each trial) by adding
the difference between RE and the energihe mean value of physical activity of the
retained as protein [15]. trial to activity-free ME and HP levels. Sim-
ilarly, RE adjusted for mean level of phys-

. ; 2 . ical activity was obtained as the difference
CO, concentrations, physical activity (sig- between ME and HP corrected for mean

nal of force sensors) and eating events (siqéveI of physical activity. As indicated by

nal of Ioaq-cell) in the respiration Cha.mberNobIet et al. [14], NE can be calculated as the
and physical characteristics of gas in thE

Simultaneous measurements of &d

chamber were used as inputs for calculal Sum of FHP and RE. In the present study,
P E was calculated as the difference between

ing the components of HP [26, 27]. The :
principle of the model is to relate the dynam—'vIE and HP (adjusted for mean levels of

! ) . activity), whereas FHP was the mean of alll
ics of Q, and CQ, concentrations in the " . :

chambce)zr o evercl%s in the respiration Chamfimlmals in the trial. Energy balance data were
ber. In practice, on days when the animalexpressed as MJ per day and per kg of

i i 1 1ecr-0.6
were fed, the model provided estimates Ol?netabohc body weight (Mdkg™% [16].

gas exchanges due to resting (L/h), physical

activity (L/unit of force) and feed intake 5 g gstatistical analyses
(L/g). During fasting, it provided estimates
of gas eXCh?"FgeS d_ue to fastlng (L) and Data of trial 1 were subjected to analysis
physical activity during fasting. ParameterOf variance using diet (D1= 3) as the main
estimates for gas exchange components wel

. . . frect. Data of trial 2 were subjected to anal-
%;;Fggg}ggg? i'gg)%?ow (The DOW Chem'ysis of variance using diet (;= 3) and

block (B;n = 5) as main effects. Energy bal-

Components of total HP were calculatechnce data were adjusted for each trial by
from the respective estimated @nsump- covariance analysis for similar ME intakes
tion and CQ production [3], excluding the (MJ-d-1kg=-69; they were also corrected
correction for urinary nitrogen and methaneor similar levels of physical activity in order
production. On days when the animals weréo reduce variability. The GLM procedure of
fed, HP was considered as the sum of resBAS was used for all statistical analyses
ing heat production (RHP), short-term[24].
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3. RESULTS All animals performed satisfactorily and
BW gain did not differ between treatments
The chemical composition of the diets isfor each trial. Nutrients and energy
given in Table Il and is in agreement withdigestibility did not differ markedly between
the objectives of the experiment, especiallyreatments in each trial (Tab. Ill). However,
for AA levels. In addition, levels of free AA in trial 1, digestibility coefficients were
in diets (data not reported) agreed withhigher @ < 0.05) for diets 2 and 3 than for
amounts of industrial amino acids that weraliet 1. In addition, higher digestibility
added to diets. coefficients of fat (statistical analysis not

Table Ill. Effect of dietary protein and fat levels on performance, digestive utilisation of nutrients and
energy, and nitrogen balance in growing pigs.

Trial 1 Trial 2
Diet RSO Statistical Diet RSB Statistical
analysi§ —————— analysi$
1 2 3 1 2 3
Number of animals 6 6 6 - - 5 5 5 - -
Average body weight (kg) 65.2 652 641 22 - 640 608 60.7 2.6 -
Dry matter intake (g) 2012 198% 183 60 D** 1953 1839 1780 32 D**
Daily gain (gd-) 1064 1050 1054 126 - 950 1050 985 120 -
Digestibility coefficients (%)
Dry matter 908 909 902 05 D* 89.8 90.1 895 0.8
Organic matter 920 927 929 04 D¢ 918 919 913 07
Nitrogen 918 894 894 12 D¢ 898 887 894 12
Fat 63 68 84 - - 70 68 84 - -
Crude fibré 51 54 52 - - 62 51 55 - -
Energy 907 919 914 04 D* 905 904 90.0 08

Nitrogen intake (@)  69.2 447 457 16 D* 6284 46T 486 09  D*
Nitrogen excretion (g™

Faeces 60 47 48 05 Dv 6.4 53 51 07 Dt
Urine 304 107 143 24 D* 268 149 159 22  D¥
Evaporated 0.6 0.3 03 03 04 03 05 02
Total 37.6 157 194 27 D* 332 209 219 22 Dw
Nitrogen retention (@) 322 29.¢* 269 31 D* 292 262 271 21
Methane energy (% DE) 0.70  0.50 0.52 - - 072 041 033 - -
Urinary energy (% DE) ~ 3.80 227 261 023 D% 37¢ 289 279 019 D
ME (% DEp 955 972 969 02 D* 95.% 967 969 02 D+

1RSD: Residual Standard Deviation.

2 Analysis of variance with diet (D) as main effect. Levels of significanBes 9.05; ** P < 0.01. Different super-

scripts indicate statistically different meaRs<(0.05).

3 Analysis of variance with diet (D) and ‘block’ (B) as main effects. Levels of significaite:3.05; ** P < 0.01.

Different superscripts indicate statistically different me&hs 0.05).

4 Crude fibre and fat were analysed on pooled samples of faeces (one per diet) and methane energy loss was
measured in half of the animals; statistical analyses were not performed on these data.

5 See Table Il for abbreviations used.
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applicable) were observed in fat-enrichedignificantly irrespective of the expression

diets (diet 3). Methane energy loss appearezystem used (DE or ME or NE). However,

lower with low-protein diets (statistical anal-the relative order of the diets differed

ysis not applicable). Nitrogen excretion lev-between the three systems with ME and, to
els were significantly lower in the low-pro- a greater extent, NE providing higher rela-
tein diets (diets 2 and 3). The differencdive energy values for the low-protein diets.

with diet 1 was more important in trial 1 The difference was most pronounced for
(minus 53%) than in trial 2 (minus 37%). diet 3 (Tab. IV).

Most of the variation in nitrogen excretion

originated from a variation of urinary nitro-

gen. Accordingly, urinary energy loss was4, DISCUSSION

markedly reduced in diets 2 and 3, so that
the ME/DE ratio was higher for these diets
than for diet 1. Nitrogen gain was lower

('FI') <bOI.I?l in trial 1) with the low CP diets gqth trials [2, 4], the results of the pre-
(Tab. ). sent study demonstrate that similar levels

The FHP and HP, components of heat of nitrogen'gain an_d subseque'ntly' BW gain
production were quite similar between treatan be achieved with low-protein diets when
ments for each trial (Tab. IV); HRrepre- essential AA supph_es meet a_nlmal require-
sented about 15% of total heat production dneénts. The lower nitrogen gain observed in
8% of ME intake across trials whereas FHp'1al 1 with diets 2 and 3 is probably related
averaged 765 Kdg0-60 The TEF compo- (© methodological problems [12, 18], i.e.,
nent, expressed either askd®®0or as per- an underestimation of nitrogen losses and
centage of ME intake, was the lowest in dieft SUbsequent overestimation of nitrogen gain
3 and the highest in diet 1. Ranking betweefS important as nitrogen losses are hlgh. Ij[ is
diets was similar for both trials but differ- Important to note that the low-protein diets in
ences were significant only in trial 1. Bothtrial 2 were supplemented with valine and
components of TEF (TEFand TEF,) con- isoleucine, both of which are currently not
tributed to the changes of TEFltbut On|yavailable at a competitive price for animal
TEF,, in trial 1 was significantly affected feeds. The levels of supplementation for
by diet composition. According to thesethese two AA were not fully justified accord-

variations of components of TEF with dietiNd to optimal AA balance (or ideal protein),
composition, total HP or HP as a propor-Put were included to ensure that the require-

tion of ME was highest for diet 1 and low- ments of all essential amino acids were met.

est for diet 3P < 0.01). These differences 1€ levels of supplementation were also
are even more significant when HP value§i€términed in order to avoid a shortage of
are adjusted for similar ME intakes. As ahon-essential N; the ratio between non-
consequence, retained energy was affectéggSential protein (as nitrogens.25) and

by diet composition with the highest depo-CP was slightly above 50% in trial 1; a value
sition rate for diet 3 and the lowest rate foioftén considered as minimal [13]. This ratio

diet 1 (Tab. IV). The respiratory quotient&*c€eded 50% in the low-protein diets of
was affected by diet composition but thdrial 2. In (_)ther Words,_ dlets_ 2 and 3 in trial

effect was significant only in trial 1; the 2 are similar to practical diets and_ can be
higher values obtained with diet 1 corre-Produced under present economical and

spond to a higher rate of fat synthesis froniechnical conditions. Therefore, they repre-
dietary starch. sent the potential reduction of nitrogen

excretion that can be achieved under prac-
Energy values of diets are presented itical conditions, when compared to diets
Table IV. Within each trial, they differed with conventional CP levels and/or no AA

In agreement with the results of the study
of Le Bellego et al. [12] and with results of
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Table IV. Effect of dietary protein and fat levels on performance, digestive utilisation of nutrients and
energy, and nitrogen balance in growing pigs.

Trial 1 Trial 2
Diet RSO Statistical Diet RSH Statistical
analysi§ ————— analysié
1 2 3 1 2 3
Average BW (kg) 676 671 657 25 658 628 624 26
Energy balance
(MJ-dkg0-69

Digestible energy 2.7352.67F 2.61® 0.054 D 2.608 2536 2.611 0.078
Metabolisable energy  2.6332.598 2.53% 0.052 D* 2.489 2.455 2531 0.079

Heat production
As FHP 0.787 0.778 0.753 0.061 0.777 0.756 0.740 0.067
As activity 0.205 0.199 0.193 0.026 0.223 0.201 0.217 0.039
As TEP 0.49¢ 0.39¢ 0368 0076 D* 0470 0432 0.391 0.061
Total 1.482 13739 1312 0050 D* 1470 1.38%9 1.34¢ 0.056 D*
Retained energy
As protein 0398 035 0.32% 0.031 D* 0.353 0.330 0.345 0.033
As fat 0.73% 0.87% 0.90% 0.072 D* 0.668 0.736¢ 0.83% 0.066 D**
Total 1.13% 1.22% 1.22¢ 0.055 D*  1.019 1.066 1.18% 0.064 D*

Respiratory quotient 183 119 116 002 D* 111 114 112 0.02
Heat production (% ME) 5687 528 517 18 D* 5912 5668 533 19 D*

TEF (% MEY

As short-term 92 78 768 11 D* 105 104 98 21
As long-term 9.5 7.6 6.8 2.6 8.4 7.2 57 18
Total 187 152 144 27 D* 189 176 155 26
Energy values

(MIkgDM)

Digestible energy 16.84 16.6¢ 17.3%3 008 D* 1647 164G 17.19 0.15 D*
Metabolisable energy  16.8816.14 16.7% 0.0 D* 1573 1587 16.6% 0.12 D*

Net energ$ 11.76 124% 1320 029 D* 1137 11.8P 12.8% 026 D*
Energy utilisation
NE/DE (%) 69.8 749 762 17 D 9.0 721 75C¢ 15 D
NE/ME (%) 73 769 788 18 D* T72® 74% 774 15 D*
NE/NEG (%) 98.3% 1014 102f 23 D¢ 97.0¢ 98.2 101.P 21 D¢
Adjusted energy balance
(MJ-g-1kg 069 8
Heat production 1.466 1.367 1.337 0045 D** 1462 1406 1.33% 0.030 D*

Retained energy 11881217 1.24% 0.045 D*  1.029 1.08% 1.153 0.030 D**

1.2,35ee Table Il

4 Average body weight during the respiration chamber period.

5 FHP: fasting heat production; TEF: thermic effect of feed; see Table Il for other abbreviations.

6 Adjusted for activity heat production and zero activity fasting heat production equal to 0.200 and
0.780 MJdLkg9-8%or trial 1 and 0.214 and 0.760 MJ-kg2-5%or trial 2, respectively (mean values of the trial);
calculated as (zero activity fasting heat production + retained energy)/DM intake.

7"NEg = average of NEg2, NEg4 and NEg7 values (Noblet et al., 1994; [14]).

8 Adjusted for constant activity heat production and ME intake of 0.200 and 2.584“kig0-6%for trial 1 and

0.214 and 2.491 Md-1kg0-6%or trial 2, respectively.
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supplementation. These results suggest thegaee NE/NE(g ratio). However, the NE/NEg
nitrogen excretion can be reduced by 10%atio is not constant but increases when
for each percent reduction of the dietary CRlietary CP is reduced and/or fat is added,
level. This value is similar to a previous esti-which means that the NE content of CP
mate of Dourmad et al. [6]. could be slightly overestimated by the NEg

: diction equations while NE of fat could
The value of FHP (for zero physical pre ; : g
activity) obtained in the present study is2€, Underestimated. With (egaLd tohdlet.ary
similar to those obtained by van Milgencp’ It Is Important to mention that the pigs
et al. [28] with similar pigs and methodolo- used in the present study and those used by

gies or the value estimated by Noblet et alzlg bklet f;:léth?\;e(jlif;erlid;dn dligt\i/c\)/n(Grseigg t
[14] (750 kikg BW 22 from a regression esul?é obtgined iny26—k iglets iLe Bel-
approach. In agreement with Schiemanh 9 pig

- d Noblet, unpublished data) indicate
et al. [25], FHP was not affected by dletar))ego an ' .
protein level. In our experimental Condi_that heat production was little affected by

tions (i.e., pigs are meal-fed and individuallydie’[ary CP level. It can be hypothesised that

housed in cages), activity levels were nc){he increase in heat production associated

: T : ith increase of dietary CP level may
affected by diet characteristics and pigs use : m )
about 8% of the ME intake for physicalg(apend on the BW of pigs; in other words,

o ; ‘i the change in body protein turnover with
activity. This value is similar to that found . e
by Quiniou et al. [20] in ad libitum and g:)e_tlfry P '[‘;‘é‘]*'r;gat Qgsgffgr??ﬁ:tg@dép
group-housed growing pigs (7.5%) but h gp%h' )t/d P further i
lower than in ad libitum and group-housed. € pPig. ThiS aspect deserves further inves-
20- to 30-kg piglets (11%; [5]) and in restric- Igation.
tively fed pregnant sows (18-20%; [21]). In conclusion, our data indicate that
Van Milgen et al. [28] also showed that dailyenergy utilisation is improved (i.e., heat pro-
HP,.was higher in energy-restricted pigsduction is reduced) when dietary CP level is
and in this case represented a much higheeduced. This effect is accentuated when fat
proportion of ME intake (13%). Theseis added in the feed. Our data also confirm
results show that, at any stage of producthe superiority of the NE system (compared
tion, physical activity represents a considto DE or ME systems) proposed in previ-
erable quantity of feed energy; a fractionous studies. Finally, the results of this study
that is variable with stage of production,and those of the literature demonstrate that
housing system, and feeding level. It camitrogen output in growing-finishing pigs
also be quite variable between animals, espean be markedly reduced without impair-
cially in adult pigs [17, 21]. ing performance by using low-protein diets
supplemented with the most limiting essen-
ial amino acids. However, complementary
rowth trials looking at the effects of low-
rotein diets on voluntary feed intake and
ody composition are required.

In agreement with most literature result
[9, 14, 25], heat production was reduce
when dietary CP was reduced (i.e. parti
replacement of CP by starch) or when faj
was added. This indicates that the efficiency
of utilisation of ME for retained energy
depends on diet composition which con-
firms the interest of estimating energy vaI-ACKNOWLEDGEMENTS
ues of pig feeds according to their NE value.
AS |nd|catgd in Table IV, the NE value aSAjinomoto Eurolysine (Paris, France) and
measured in the present study was, on aV%'egussa-HUIs (Hanau, Germany) for their finan-
age, equal to the NEg value calculated frongjal support and they would like to thank
equations proposed by Noblet et al. [14R. Vilboux for preparing experimental diets,
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