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The effects of dietary protein content and feeding level on the utilization of metabolizable
energy (ME) and on the rates of gain, protein and fat deposition have been studied in
seventy-two Iberian pigs growing from 15 to 50 kg body weight (BW) by means of comparative
slaughter experiments. The animals were fed on six diets providing 223, 192, 175, 156, 129 and
101 g crude ideal protein (N £ 6·25; CP)/kg DM and 14·64, 14·14, 14·37, 14·80, 15·36 and
15·53 MJ ME/kg DM respectively. Each diet was offered at three levels of feeding: 0·60, 0·80
and 0·95 £ ad libitum intake. Protein deposition (PD) increased significantly (P,0·01) with
each decrease in dietary CP content and reached a maximum value (74·0 g) when the diet pro-
viding 129 g CP/kg DM (6·86 g digestible ideal protein/MJ ME) was offered at the highest feed-
ing level. This feeding regimen resulted in average values for live-weight gain and retained
energy (RE) of 559 g/d and 10·9 MJ/d respectively. RE increased significantly (P,0·001)
from 480 to 626 kJ/kg BW0·75 with each decrease in dietary CP content from 192 to 129 g/
kg DM. Raising the level of feed intake led to significant linear increases in PD and RE irre-
spective of the diet fed (P,0·001). When diets approaching an adequate supply of CP were
given, the net efficiency of use of ME for growth (kw) and the maintenance energy requirements
were 58·2 % and 422 kJ/kg BW0·75 per d respectively.

Protein deposition: Energy retention: Requirements: Iberian pigs

The productive performance of the growing pig is known
to be determined basically by the protein concentration
of the diet and the level of energy intake. Knowledge of
this relationship is critical to predict the pig’s response to
changes in energy or amino acids supply. Short-term
experiments involving balance studies or long-term treat-
ment trials using the comparative slaughter approach
have been carried out to provide information on this sub-
ject. An analysis of the evidence available indicates that
in the growing pig protein deposition (PD) can be
described as a protein-dependent process below an optimal
protein supply per unit of energy. A linear relationship has
been reported up to a breakpoint beyond which protein
accretion depends largely on energy supply (Campbell
et al. 1984, 1985; Kyriazakis & Emmans, 1992). Two vari-
ables have been proposed (Fuller et al. 1995) to describe
the response of the growing pig to changes in energy and
protein supply: (1) the maximum daily rates of protein

accretion; (2) the marginal efficiency of body protein
accretion, measured as the change in daily PD per unit
change in daily metabolizable energy (ME) at restricted
intakes (DPD/DME; g/MJ). Both variables are determined
by genotype and endocrine status, so that the optimal
protein:energy ratio may well vary between breeds with
different genetic potential for protein accretion. There is
a lack of information on this relationship in the Iberian
pig, a breed with a low potential for PD. In the absence
of specific experimental support, feed formulation for the
growing Iberian pig has been based on the recommend-
ations reported for modern high-performing pigs, for
which their requirements are presently well defined in
terms of ideal protein and ME (National Research Council,
1998). Within this context, the purpose of the present work
was to determine the effects of dietary protein content and
level of feeding on growth performance, PD and energy
utilization of Iberian pigs from 15 to 50 kg live weight.
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For this purpose, a wide range of protein:energy values to
ensure maximum PD were assayed. A brief account of
some preliminary results have been given elsewhere
(Nieto et al. 2001b).

Materials and methods

Design

The experiment included eighty-one castrated male Iberian
pigs, twenty-seven from each of three blocks. Nine pigs
(three from each block) formed an initial slaughter group.
The rest were randomly assigned at 15 kg body weight
(BW) to one of eighteen experimental dietary treatments
following a 6 (dietary protein content) £ 3 (feeding level)
factorial design with four replicates per combination of
treatments. As only twenty-four individual pens were avail-
able the treatments were replicated in three blocks with one
or two pigs per combination of treatments. Six diets with
similar ME concentration and crude protein (CP) content
varying from 223 to 101 g/kg DM were assayed each
given at three daily rates: 0·95, 0·80 and 0·60 £
ad libitum intake.

Animals

Three groups of pure bred male Iberian pigs of Silvela
strain from a single breeding company were used. They
were castrated at 12 kg BW and given a standard diet ad
libitum until they reached 15 kg when those selected for
initial slaughter were killed. All the others were moved
to 2 m2 individual pens, located in a controlled environ-
ment room ð19 ^ 1·58CÞ and randomly assigned to an
experimental treatment until they reached 50 kg when
they were slaughtered. Water was freely available.
During the experiment, the pigs were weighed once per
week before feeding and the daily food allowance for
each pig for the following week was adjusted accordingly.

Diets and feeding

Six isoenergetic diets differing in protein content, but of
constant amino acid composition, were prepared by dilut-
ing a diet with a high-protein content (Table 1) with a
protein-free mixture made of starch, cellulose, vegetable
oil and a mineral–vitamin premix (diets A–F, Table 2).
The high-protein diet was based on barley, soyabean and
fish meal and formulated according to the ideal protein
concept (Agricultural Research Council, 1981). Each diet
was given at the three rates of feeding mentioned earlier,
in two equal daily meals. An estimation of the ad libitum
intake, defined as what the pig would consume when given
sole access to its diet for two periods of 60 min/d, had been
previously obtained with diets of the same nature as those
used in the present experiment offered to castrated male
Iberian pigs (20–50 kg BW), which were placed in pens
with individual feeding spaces (Nieto et al. 2001a). The
daily allowance was calculated based on the pig’s BW,

measured once per week, according to the function:

voluntary intake ðg=dÞ ¼ 448 ðse 48Þ þ 55·0 ðse 1·35Þ

£ BW ðkgÞ;

P,0·001; se 192; R2 89·1:

Measurements

The comparative slaughter procedure was used. Classical
digestibility and balance trials were conducted at two or
three different stages along the experiment: 68–82, 93–
107 and .120 d of age. During the digestibility and bal-
ance experiments, animals were individually allocated in
metabolic cages placed in a controlled environment room
ð19 ^ 1·58CÞ to allow collection of faeces and urine separ-
ately. Animals were moved to the cages 5 d prior to starting
excreta collection. Total collection of faeces and urine was
performed daily for 5 d. Urine was collected into 50 ml
4 M-H2SO4. At the end of the digestibility and balance
experiment, a composite sample of faeces and urine was
obtained for the whole period. The animals were slaugh-
tered at 15 kg or 50 kg BW. After slaughter, the carcass and
non-carcass parts were weighed separately. The animals

Table 1. The composition and chemical analysis of the high-protein
(HP) diet and of a diluting mixture based on maize starch

HP diet (g/kg)
Barley grain 733
Soyabean meal 170
Fish meal 65
Dicalcium phosphate 8
Calcium carbonate 12
Common salt 5
Vitamin–mineral premix* 3
L-Lysine 3
DL-Threonine 1

Chemical composition (g/kg DM)
Crude protein ðN £ 6·25Þ 223
Lysine 16·16
Methionine and cystine 8·21
Threonine 9·50
Tryptophane 2·59
Isoleucine 9·95
Leucine 16·08
Histidine 5·08
Phenylalanine and tyrosine 18·23
Valine 11·68
Gross energy (MJ/kg DM) 18·4
Calculated digestible energy (MJ/kg DM) 15·2
DM (g/kg) 885

Diluting mixture (g/kg)
Cellulose 45·4
Maize oil† 23·0
Dicalcium phosphate 34·0
Common salt 5·0
Vitamin–mineral premix* 3·0
Maize starch 889·6

* Containing (/kg): retinol 1125 mg, cholecalciferol 18 750mg, D-a-tocopherol
840 000mg, menadione bisulfate 0·5 g, thiamine 0·05 g, riboflavin 1 g, pyri-
doxine 0·05 g, cyanocobalamin 5 mg, folic acid 5 mg, nicotinic acid 7·5 g,
calcium pantothenate 5 g, Mg 5 g, Fe 25 g, Zn 40 g, I 0·15 g, Cu 20 g, Co
0·1 g.

† Mixed with butyl-hydroxytoluene to provide 0·125 g/kg diluting mixture.
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were divided into four components (carcass, head and feet,
viscera and blood). Viscera and blood were weighed and
kept at 2208C for subsequent analysis; the carcasses with
head and feet were chilled overnight, weighed and finally
kept at 2208C until analysis. The left half of the carcass
and the rest of body components were minced separately,
homogenized and samples were taken for freeze-drying
and subsequent analysis. Samples were analysed separately
for CP (total N £ 6·25), gross energy (GE) and ash. Body fat
was calculated assuming an energy content of 23·8 and
39·3 kJ/g for protein and fat respectively. Data from the
initial slaughter group were used to estimate the body com-
position of the other seventy-two animals at the start of the
trial. For that purpose the relationship between live weight
and the empty BW at slaughter was calculated and applied
with the analytical data of the initial group. Increases in pro-
tein, energy, fat and minerals were then calculated by differ-
ence between the estimated initial values and the observed
final values.

Apparent digestible energy (DE) and ME contents were
determined from the GE content of the feed consumed
minus faecal energy or faecal plus urinary energy, respect-
ively. Apparent energy digestibility and metabolizability
were calculated as DE:GE and ME:GE ratios. Total N
retention was determined from body composition as
described earlier.

Chemical analyses

All analyses were performed in duplicate. The DM content
of feeds and faeces was determined by standard procedures
(Association of Official Analytical Chemists, 1975) and
total N in feed, urine and in freeze-dried samples of
body components (except for the blood) and of faeces by
a Kjeldahl procedure using mineralization (Block Digestor
Selecta S-509; J.P. Selecta, Abrera, Barcelona, Spain), dis-
tillation units (Büchi Laboratoriums Technik AG, Flawil,
Switzerland) and titration units (Metrom AG, Herisau,
Switzerland). Total ash determinations were carried out
on feed and body component samples previously freeze-
dried by standard procedures (Association of Official
Analytical Chemists, 1975). Whenever an analysis was
made on a freeze-dried material a DM determination was
performed on another portion, in a ventilated oven, by
standard procedures (Association of Official Analytical
Chemists, 1975), to determine residual water content

after freeze-drying and the corresponding analytical result
expressed in a DM basis. GE was measured in an adiabatic
bomb calorimeter (Gallenkamp Autobomb CBA 305;
Loughborough, Leics., UK). GE determinations were per-
formed on freeze-dried samples of feeds, body com-
ponents, faeces and urine. The latter were freeze-dried in
a polyethylene sheet of known energy value and their GE
values were obtained by difference.

Statistical treatment

The experimental data were subjected to ANOVA as a ran-
domized design with dietary protein content, level of feed-
ing and experiment replicate (block) as factors, by means
of a computer software package (1985; Statistical Analysis
Systems Institute, Cary, NC, USA). As the block factor had
no significant interactions with feeding level or protein
content these were added to the error term in the model
and the main effects were then checked.

Block effect was not significant and the design was
rearranged as a two balanced factors analysis with feeding
level and dietary protein content as main factors and four
pigs in each cell. In this design dietary protein content £
feeding level interaction was first checked, and when not
significant, main effects were studied by pairwise compari-
sons using the Tukey’s method. A similar procedure was
followed when analysing digestibility data from measure-
ments at 68–82, 93–107 and .120 d of age. Feeding level,
dietary protein content and age were the main factors. As
no significant interactions were found, main effects were
studied by pairwise comparisons using the Bonferroni’s
test.

Results

During the experiments all pigs showed normal behaviour
with no signs of illness, except some minor scouring prob-
lems which were easily overcome. However, one pig on
the lowest feeding level stopped eating and was removed
from the experiment. Some pigs on the highest level of
feeding were unable to eat their full ration and the residues
were quantitatively taken from the trough, dried and
weighed to calculate their actual intakes.

The average daily DE and ME intakes were 15·5 and
15·1, 20·7 and 20·1, and 24·2 and 23·7 MJ respectively,
according to the level of feeding assigned (Table 3).

Table 2. Nutrient composition of the experimental diets obtained by dilution of a high-protein (HP)
diet with a mixture based on maize starch

Experimental diets

A B C D E F

HP diet (g)* 1000 900 800 700 600 500
Diluting mixture (g)* 0 100 200 300 400 500
Composition

CP (N £ 6·25; g/kg DM) 223 192 175 156 129 101
DE (MJ/kg DM) 15·24 14·69 14·83 15·19 15·62 15·70
ME (MJ/kg DM) 14·64 14·14 14·37 14·80 15·36 15·53

CP, crude protein; DE, digestible energy; ME, metabolizable energy.
* For details of composition of HP diet and diluting mixture, see Table 1.
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Differences in energy intake amongst diets with different
protein content were not significant.

Mean daily weight-gains are also shown in Table 3.
Highly significant effects of CP content in the diet and
feeding level (P,0·001) were observed. The interaction
between both factors was not significant. Growth rate
improved with each decrease in dietary CP from 192 up
to 129 g/kg DM and then levelled off.

Food conversion ratios and growth rate/MJ ME were
also significantly affected by the dietary CP content
(P,0·01) and feed intake (P,0·05 and P,0·001 respect-
ively). The interactions were not significant. Food conver-
sion and gain:ME intake ratios improved on decreasing the
concentration of CP of the diet from 192 to 129 g/kg DM
and were maintained thereafter. In addition, both variables
improved on raising the level of feeding.

Linear regressions were established within diets to relate
rate of gain (g/d) and ME intake. Diets A, B, C and D (see
Table 2, p. 41) all have homogeneous regression coeffi-
cients; consequently, a composite regression was calcu-
lated on pooled data. The intercept of this overall
regression did not differ significantly from zero and there-
fore the following highly significant (P,0·001) relation-
ship was found:

gain ðg=dÞ ¼ 0·0197 ðse 0·00035Þ

£ ME intake ðkJ=dÞ; n 47: ð1Þ

The regression coefficient indicates an increase of 19·7 g
gain/MJ increase in ME intake, equivalent to an energy
cost of 50·7 kJ ME/g gain.

The analysis of covariance revealed that the linear
regressions plotted with data from diets that provided the
lowest CP contents (diets E and F; see Table 2, p. 41)
had similar slopes and a composite highly significant

(P,0·001) regression was calculated:

gain ðg=dÞ ¼ 2182 ðse 35Þ þ 0·031 ðse 0·0017Þ

£ ME intake ðkJ=dÞ; n 24; R2 93·3: ð2Þ

From the slope of equation 2 an increase in daily gain of
31 g/MJ increase in daily intake of ME is estimated, indi-
cating that under conditions of optimal or suboptimal
amino acid-N supply an average energy cost of
32·2 kJ ME/g gain can be expected. Therefore, it may be
inferred that in the pig a surplus of dietary CP increases
the energy cost of growth.

The protein content of the diet was negatively related to
the digestibility and metabolizability of energy (Table 4).
Decreasing the level of CP of the diet resulted in signifi-
cant increases (P,0·001) in DE:GE and ME:GE ratios,
in part as an effect of the dilution of the high-protein
diet with a protein-free mixture of high digestibility. The
magnitude of the change was higher for the latter, so that
the ME:DE ratio increased significantly (P,0·001) from
0·961 to 0·987 on decreasing the dietary CP content from
223 to 101 g/kg DM. On average, the energy density of
the diets was in the range of 14·1 to 15·5 MJ ME/kg DM
(see Table 2). The effect of changing the feeding level
was only evident on the lowest allowance of feed, which
resulted in the highest DE:GE and ME:GE ratios
(P,0·05). On average ME:DE ratio was close to 0·97
whatever the feeding allowance.

The apparent digestibility of CP (apparent digestible
N:N intake) was not affected by the dietary CP content.
However, it decreased on raising the level of feeding
from 0·829 to 0·767 (P,0·01). Both facts may indicate a
comparatively lower capacity of this genotype for protein
digestion. This variable was significantly influenced by
the age of the animals (P,0·001) and showed the lowest

Table 3. The effects of protein content of the diet and level of feeding on the performance of growing Iberian pigs between 15 and 50 kg live
weight†

(Mean values for twelve pigs per dietary protein content group)

Food intake (kg DM/d) DE intake (MJ/d) ME intake (MJ/d) Daily gain (g) Food intake:gain Gain:ME intake (g/MJ)

DPC (g/kg DM)
223 1·351 20·57 19·76 394abc 3·43ab 19·9abc

192 1·325 19·48 18·78 358a 3·78b 19·0a

175 1·341 20·09 19·52 378ab 3·62b 19·2a

156 1·349 20·48 19·96 405bc 3·43ab 20·1ab

129 1·321 20·39 20·06 446d 3·11a 21·9c

101 1·269 20·00 19·74 427cd 3·10a 21·4bc

SE 0·0267 0·325 0·318 11·6 0·140 0·64
FL £ ad libitum

0·60 1·003 15·54a 15·12a 284a 3·63b 18·8a

0·80 1·373 20·74b 20·14b 413b 3·40ab 20·5b

0·95 1·602 24·23c 23·65c 506c 3·20a 21·4b

SE 0·0198 0·241 0·236 8·6 0·104 0·95
Statistical significance of effect:

DPC NS NS NS *** ** **
FL *** *** *** *** * ***
DPC £ FL NS NS NS NS NS NS

DE, digestible energy; ME, metabolizable energy; DPC, dietary protein content; FL, feeding level.
a,b,c,dMean values within a column and within a treatment with unlike superscript letters were significantly different (P,0·05).
*P,0·05, **P,0·01, ***P,0·001.
† For details of diets and procedures, see Tables 1 and 2 and p. 40.
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value (0·767) when measured in pigs of 68–82 d of age
and a constant value in older animals (0·802–0·808).

The average rate of PD is also shown in Table 4. PD
increased significantly (P,0·01) with each decrease in
dietary CP content and reached a maximum value when
the diet providing 129 g CP/kg DM was offered except for
the lowest feeding level assayed. The effect of feeding
level on the rate of PD was positive and highly significant
(P,0·001). The efficiencies of utilization of total N
(retained N:N intake) and N apparently absorbed (retained
N:apparent digestible N) improved with declining CP con-
centration in the diet (P,0·001) and also with increasing
feed allowance (P,0·01 and P,0·001 respectively). Inter-
action between factors was always not significant. Highly
significant (P,0·010–0·001) linear regression equations
relating daily N retention (g/kg BW0·75 per d) and N
intake (g/kg BW0·75 per d) or apparently digestible N
intake (g/kg BW0·75 per d) were obtained. These
regressions have intercept terms not significantly different
from zero, except for the diet providing 129 g CP/kg DM.
For this diet the following regressions were obtained:

retained N ¼ 20·196 ðse 0·087Þ

þ 0·447 ðse 0·042ÞN intake; n 12; R2 92·0;

ð3Þ

and

retained N ¼ 20·291 ðse 0·098Þ

þ 0·603 ðse 0·088Þ digestible N; n 12; R2 81·0:

ð4Þ

Equation 3 estimates daily N endogenous losses as
196 mg/kg BW0·75 and predicts N maintenance require-
ments as 438 mg/kg BW0·75. Equation 4 indicates that
daily endogenous N losses attain 0·291 g/kg BW0·75 and
estimates an increase in daily protein deposition of
0·603 g/g increase in intake of apparently digestible ideal
protein.

PD ranged between 2·40 and 2·81 g/MJ ME intake.
Although this relationship showed a tendency to improve
with decreasing dietary N supply, it was not significantly
affected by the CP content of the diet, but was positively
related with feeding level (P,0·01).

Mean values of energy retention and their partition into
protein and fat deposition are presented in Table 5 and in
Fig. 1. The results have been expressed both in kJ/d and
kJ/kg BW0·75 per d, the latter being calculated from the
mean live BW of each pig for the whole experimental
period. Interactions between factors were always not sig-
nificant. The empty BW:live BW was not affected by
experimental treatments and attained a mean value of

Table 4. The effects of protein content of the diet and level of feeding on the digestibility of energy and nitrogen and on protein deposition of
growing Iberian pigs between 15 and 50 kg live weight†

(Mean values for twelve pigs per dietary protein content group)

DE:GE ME:GE ME:DE NI (g) ApDN:NI
Protein deposition
ðg RN £ 6·25=dÞ RN:NI RN:ApDN

Protein deposition
(g/MJ ME)

DPC (g/kg DM)
223 0·827ab 0·795ab 0·961a 47·77a 0·809 47·7ab 0·159a 0·197a 2·40
192 0·814a 0·784a 0·964a 40·94b 0·794 47·9a 0·187ab 0·236ab 2·54
175 0·832ab 0·808bc 0·971b 38·08c 0·790 49·3ab 0·207b 0·264b 2·52
156 0·845b 0·824c 0·974b 33·83d 0·781 53·2bc 0·253c 0·327c 2·67
129 0·868c 0·854d 0·984c 27·13e 0·809 57·4c 0·334d 0·414d 2·81
101 0·890d 0·878e 0·987c 20·60f 0·794 51·9ab 0·402e 0·507e 2·61

SE 0·0053 0·0053 0·0007 1·140 0·0080 1·84 0·0105 0·0126 0·106
FL £ ad libitum

0·60 0·859a 0·837a 0·973a 26·99a 0·829a 36·7a 0·241a 0·291a 2·43a

0·80 0·839b 0·815b 0·971a 35·50b 0·793b 51·3b 0·256ab 0·323b 2·55a

0·95 0·839b 0·820b 0·976b 41·69c 0·767b 65·7c 0·274b 0·358c 2·79b

SE 0·0038 0·0038 0·0010 0·813 0·0057 1·36 0·0078 0·0094 0·078
Age (d)

68–82 0·835 0·815 0·976a 21·6a 0·767a

93–107 0·843 0·819 0·971b 34·2b 0·802b

.120 0·849 0·826 0·972b 46·6c 0·808b

SE 0·0038 0·0038 0·0010 1·140 0·0057
Statistical significance of effect:

DPC *** *** *** *** NS ** *** *** NS
FL * * ** *** ** *** ** *** **
Age NS NS ** *** ***
DPC £ FL NS NS NS NS NS NS NS NS NS
DPC £ age NS NS NS NS NS
FL £ age NS NS NS NS NS
DPC £ FL £ age NS NS NS NS NS

DE, digestible energy; GE, gross energy; ME, metabolizable energy; NI, nitrogen intake; ApDN, apparent digestible nitrogen; RN, retained nitrogen; DPC, dietary
protein content; FL, feeding level.

a,b,c,d,e,fMean values within a column and within a treatment with unlike superscript letters were significantly different (P,0·05).
*P,0·05, **P,0·01, ***P,0·001.
† For details of diets and procedures, see Tables 1 and 2 and p. 40.
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0·968 (SE 0·0011). Retained energy (RE) increased signifi-
cantly (P,0·001) from 480 to 626 kJ/kg BW0·75 with each
decrease in CP content of the diet from 192 to 129 g/kg DM
and was maintained thereafter. Raising the level of intake
of the diets resulted in significant linear increases in RE
irrespective of the diet fed (P,0·001). As mentioned ear-
lier, PD, here expressed as energy retained as protein,
was inversely related to the protein content of the diet,
with a maximum value of 99 kJ/kg BW0·75 for the diet con-
taining 129 g CP/kg DM, and increased significantly with
feeding level. Fat deposition paralleled RE; it increased
on raising feed intake and on decreasing dietary CP content
from 192 to 129 g/kg DM. On average it accounted for
0·838 (SE 0·0039) of total energy retained. The overall effi-
ciency of utilization of ME for energy gain (RE:ME)
improved significantly (P,0·001) from 0·346 to 0·425
with each decrease in dietary CP content from 192 to
129 g/kg DM and levelled off thereafter. It was positively
affected by feeding level (P,0·001), although it remained
constant with the two highest intakes assayed.

Total RE (kJ/kg BW0·75 per d) was related to ME intake
(kJ/kg BW0·75 per d) by means of linear regression
equations to predict maintenance requirements and calcu-
late net efficiencies of energy utilization in the growing
animal. Separate regressions were calculated within dietary
protein contents. Diets A, B and C, which provided
amounts of amino acid-N far greater than needed to sup-
port maximum protein retention, showed similar regression
coefficients and intercept values not different from zero. A
composite regression was established:

RE ¼ 0·360 ðse 0·007Þ £ ME intake; n 35; ð5Þ

indicating that a considerable excess of protein content in
the diet fed (223–175 g/kg DM) resulted in a low overall
efficiency of utilization of dietary energy for growth
(0·360). Similarly, the covariance analysis indicated that
the regression coefficients of the equations derived for

diets D, E and F were homogeneous and a pooled equation
was calculated accordingly:

RE ¼ 2246 ðse 49Þ

þ 0·582 ðse 0·034Þ ME intake; n 36; R2 88·9:

ð6Þ

This equation estimates ME requirements for mainte-
nance as 422 kJ/kg BW0·75 per d. Table 6 gives specific
information on live-weight gain, protein utilization and
RE for each of the eighteen treatments assayed. The aver-
age rates of PD, fat, ash and water in the empty body of the
Iberian pigs growing from 15 to 50 kg live weight is pre-
sented in Table 7. While the level of feeding affected posi-
tively and significantly (P,0·001) the rate of gain of all
the components measured, only the rates of deposition of
body fat and protein showed a significant (P,0·01 and
P,0·001 respectively) tendency to increase with each
decrease in dietary protein concentration from 192 to
129 g/kg DM and declined thereafter. The mean whole-
body chemical composition of the reference initial group
was 153·0, 167·0, 38·6 and 642·0 g/kg CP, fat, ash and
water respectively. Between 15 and 50 kg, the mean chem-
ical composition of 1 kg gain was 128·0, 396·0, 26·3 and
439·0 g CP, fat, ash and water respectively. Whole-body
chemical composition at approximately 50 kg empty BW
was, on average, 138·0, 327·0, 32·2 and 503·0 g for CP,
fat, ash and water/kg respectively. These results underline
the lipogenic profile of this breed.

Discussion

A great deal of information is now available on the inter-
actions of energy and protein intakes in the growing pig.
Part of this information derives from studies made with
modern strains of pigs of high genetic potential. For

Fig. 1. The relationship between metabolizable energy (ME) intake and energy retained as protein (——) and energy retained as fat (-----)
obtained in growing Iberian pigs (15–50 kg live weight; twelve per protein dietary group) fed six isoenergetic diets varying in protein content.
V, 223 g crude protein ðN £ 6·25Þ=kg DM; B, 193 g crude protein/kg DM; O, 175 g crude protein/kg DM; W, 156 g CP/kg DM; A, 129 g crude
protein/kg DM; X, 101 g crude protein/kg DM. For details of diets and procedures, see Tables 1 and 2 and p. 40.
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these animals, energy intake seems to be a limiting dietary
factor and, in the young animal, the major constraint on
growth (Close et al. 1979; Campbell & Dunkin, 1983a,b;
Rao & McCracken, 1991, 1992). The results suggest that
the selection has raised the genetic capacity of these pigs
for lean gain beyond the upper limit of appetite. For strains
with a moderate potential for protein accretion there is
ample information to accept that PD follows a linear–pla-
teau model: the rate of protein accretion depends on the
ideal protein supply up to some breakpoint beyond which
protein retention depends on energy supply (Whittemore
& Fawcett, 1976; Schneider et al. 1982; Campbell et al.
1984, 1985; Dunkin et al. 1986; Kyriazakis & Emmans,
1992).

The design of the present experiment allows us to ascer-
tain the relationship between feed intake and PD at differ-
ent protein:energy ratios, as the range of planned feeding
levels was wide and its upper limit approached ad libitum
intakes. Expressed on a metabolic BW basis, average ME
intakes were 1099, 1460 and 1750 kJ/kg BW0·75 per d
respectively for 0·60, 0·80 and 0·95 £ ad libitum level of
feeding. Taking into account present estimates for ME
for maintenance (422 kJ/kg BW0·75 per d) the feeding
levels planned for this study provided 2·6-, 3·5- and 4·1-
fold the maintenance energy requirements. In the present
experiment, the mean supply of digestible ideal protein
was in the range of 12·2 to 5·16 g/MJ ME according to
the diet offered. Most of the diets contained an excess of
protein relative to energy. This was not expected when the
experiment was designed, as a somewhat higher potential

for protein accretion was anticipated in the Iberian pig.
In fact it was observed that only one of the diets offered
was marginally deficient in protein. This fact adds some
difficulties in the interpretation of the experimental results.
Intakes of CP greater than that needed to support maximum
protein accretion are known to result in decreases in the
rate and efficiency of growth (Carr et al. 1977), as was
observed in the present experiment (Table 3).

The values for the average rate of gain and of PD found
in the present study (284–506, 36·7–65·7 g/d respectively)
are low in comparison with published results from experi-
ments carried out with modern strains of pigs at a similar
stage of growth (Kyriazakis & Emmans, 1992; Campbell
& Taverner, 1988; Fuller et al. 1995).

The low potential of the Iberian pig for growth and lean
tissue deposition should be related to the poor efficiency of
utilization of the dietary protein observed (Table 4). The
rate of growth and protein accretion depended on feeding
level even with diets providing a surplus of digestible
ideal protein (Tables 3, 4 and 6), but the efficiency with
which protein was retained was inversely related to
protein:energy ratio, implying that the beneficial effect of
an increase in ME intake on rate of growth and PD was
modified by an inadequate protein supply. Tables 4 and 6
indicate that at fixed energy intakes the gross efficiency
with which protein was used for PD (retained N:N
intake) varied inversely with protein supply, in agreement
with previous reports (Berschauer et al. 1983; Kyriazakis
et al. 1994). In the present experiment, values for the
gross efficiency of protein utilization observed when the

Table 6. The effects of protein content of the diet and level of feeding on the average rate of live weight gain, protein deposition and total
energy retention of Iberian pigs growing between 15 and 50 kg live weight†

(Mean values for twelve pigs per dietary protein group)

DPC
(g/kg DM)

DP:ME
(g/MJ)

ME intake
(kJ/d)

Live-weight gain
(g/d)

Protein deposition
(g/d) RN:NI

Total energy retention
(kJ/d)

FL £ ad libitum
0·60 223 12·35 15 059 293 34·7 0·157 5654

192 11·46 14 897 261 34·7 0·173 4852
175 10·19 14 097 261 35·4 0·204 4793
156 8·70 15 515 288 39·4 0·246 5358
129 7·03 16 129 304 38·6 0·283 6038
101 5·19 15 039 297 37·2 0·387 5617

0·80 223 12·47 19 794 400 47·7 0·155 7347
192 10·74 19 467 359 46·0 0·175 6827
175 9·54 20 441 403 49·1 0·198 7956
156 8·38 20 137 405 52·4 0·247 7813
129 6·63 20 827 474 59·6 0·344 9027
101 4·98 20 156 440 53·3 0·418 8679

0·95 223 11·75 24 435 489 60·8 0·165 9047
192 10·30 21 979 453 63·0 0·211 7914
175 9·16 24 012 469 63·4 0·219 8422
156 7·63 24 216 522 67·9 0·266 9841
129 6·93 23 236 559 74·0 0·370 10 875
101 5·31 24 034 544 65·4 0·402 10 578

SE 550 20·1 3·18 0·0182 434
Statistical significance of effect:

DPC NS *** ** *** ***
FL *** *** *** * ***
DPC £ FL NS NS NS NS NS

DPC, dietary protein content; DP, digestible ideal protein; ME, metabolizable energy; RN, retained nitrogen; NI, nitrogen intake.
*P,0·05, **P,0·01, ***P,0·001.
† For details of diets and procedures, see Tables 1 and 2 and p. 40.
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diets providing 156–101 g CP/kg DM were assayed at
intakes close to ad libitum were in the range of 0·266 to
0·402 and, therefore, are lower than values which can be
calculated for the Chinese Meishan pigs given, at the
same level of feeding, feed mixtures containing 142 or
121 g CP/kg DM (0·425 and 0·444; Kyriazakis et al. 1994).

Table 6 clearly shows that both treatment factors were
independent in their effects on the rates of gain, PD or
RE. Maximum values were attained when the diet contain-
ing 129 g CP/kg DM was fed. This diet provided on average
6·86 g digestible ideal protein/MJ ME. With this diet the
mean PD reached 74·0 g, the maximum value attainable
by the Iberian pig. This feeding regimen resulted in aver-
age values for live-weight gain and RE of 559 g/d and
10·9 MJ/d respectively. However, it should be pointed out
that this value of 74 g/d may slightly underestimate the
maximum attainable PD as most of the pigs on the highest
level of feeding had energy supplies which were in fact
close to but not sufficient for ad libitum intakes. Probably
the best model to describe the relationship between protein
content and protein accretion would be a linear–plateau
model. However, a definite conclusion in this respect
would have required additional data from lower-protein
diets. The maximum value for PD in the Iberian pig is
far lower than values found in modern pig genotypes at
various stages of growth (Schneider et al. 1982; Campbell
et al. 1985; Dunkin et al. 1986; Campbell & Taverner,
1988). Iberian pigs seem to have slower growth rates and
a lower capacity for protein accretion at feeding intakes
close to ad libitum than Chinese Meishan pigs (Kyriazakis
et al. 1993).

The value obtained by equation 3 for daily N endogenous
losses (196 mg/kg BW0·75) is higher than those of 150 and

246 mg/kg BW0·75 proposed by Carr et al. (1977), the
former obtained with very-low-protein diets, the latter
from experiments in which protein quality and energy
intake were judged adequate for pigs of a range of BW.
The intercept of equation 4 estimates daily endogenous N
losses as 0·291 g/kg BW0·75, a value somewhat higher
than the mean estimate (0·255 g/kg BW0·75 per d) reported
by Berschauer et al. (1983). The value of 0·483 g digestible
N/kg BW0·75 calculated for N for maintenance by equation
4 is greater than the mean value of 0·307 g/kg BW0·75 per d
published by Berschauer et al. (1983).

Our estimate of 422 kJ/kg BW0·75 per d for ME require-
ments for maintenance calculated by equation 6 is slightly
lower than the preferred estimate of 458 kJ/kg BW0·75 per d
by the Agricultural Research Council (1981) or the mean
value of 443 kJ/kg BW0·75 per d reported by the National
Research Council (1998) or the common estimate of
469 kJ/kg BW0·75 per d reported by Noblet et al. (1989)
for growing boars, barrows and gilts. The value obtained
in the present study for ME for maintenance seems to be
reasonable for a strain with a low potential for protein
accretion, which results in a low-body protein content.
Campbell & Taverner (1988) reported higher energy
requirements for maintenance as an effect of genetic
improvement in PD. Our estimate for the net efficiency
of use of ME for growth (Kw) is unexpectedly low taking
into account the low protein:fat ratio observed in the
energy gain and similar to those reported by Susenbeth
& Menke (1991) and McCracken et al. (1994) for pigs
with a high potential for protein accretion. We do not
have a satisfactory explanation for the low coefficient
obtained. The Agricultural Research Council (1981)
reported values for kw in the range of 0·64 to 0·76 from
experiments in pigs in stages of growth within 20 and
70 kg BW.

In the present experiment, the relative proportion of PD
and fat deposition expressed in energy terms were on aver-
age 0·162 and 0·838 respectively, close to that found by
Noblet et al. (1999) in Meishan castrates. Therefore, the
contribution of fat to total energy retention observed in
the present study was comparatively higher than that
found in modern pig genotypes under normal feeding con-
ditions (Close et al. 1983; Campbell et al. 1985; Kyriazakis
& Emmans, 1992; Fuller et al. 1995). In this situation, one
would expect high values for the net efficiency with which
the feed energy is used for energy retention. This was not
the case. The energy retained as fat showed a slight ten-
dency to increase relative to the energy retained as protein
with each decrease in the protein content of the diet from a
surplus to an adequate N supply. This would explain the
comparatively lower values observed for the overall effi-
ciency of utilization of ME for energy gain (RE:ME;
Table 5) when the diets which provided greater amounts
of ideal protein were offered.

Estimates of the partial efficiencies of ME utilization for
protein deposition (kp) and fat deposition (kf) were cal-
culated by means of a multiple regression equation
(Kielanowski, 1965) using ME intake (kJ/kg BW0·75 per
d) as dependent variable and energy retained as protein
(kJ/kg BW0·75 per d) and as fat (kJ/kg BW0·75 per d) as
independent variables. Highly significant equations

Table 7. The effects of protein content of the diet and level of feed-
ing on the rates of deposition of water, protein, fat and ash (g/d) in
the empty body of Iberian pigs growing between 15 and 50 kg live

weight†

(Mean values for twelve pigs per dietary protein group)

Water Protein Fat Ash

DPC (g/kg DM)
223 175 47·7ab 156b 10·8
192 163 47·9a 136a 11·9
175 168 49·3ab 148ab 12·1
156 177 53·2bc 161b 11·8
129 186 57·4c 183c 11·4
101 177 51·9ab 177c 10·8

SE 7·1 1·84 5·9 0·57
FL £ ad libitum

0·60 122a 36·7a 113a 8·19a

0·80 177b 51·3b 169b 12·2b

0·95 225c 65·7c 198c 14·6c

SE 5·3 1·36 4·4 0·42
Statistical significance of effect:

DPC NS ** *** NS
FL *** *** *** ***
DPC £ FL NS NS NS NS

DPC, dietary protein content; FL, feeding level.
a,b,cMean values within a column and within a treatment with unlike super-

script letters were significantly different (P,0·05).
† For details of diets and procedures, see Tables 1 and 2 and p. 40.
**P,0·01, ***P,0·001.
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(P,0·001) were derived:

ME intake ¼ 376 ðse 94Þ þ 4·66 ðse 1·53Þ ERP

þ 1·53 ðse 0·35Þ ERF; n 35; R2 81·2;

ð7Þ

obtained when diets A, B and C, were fed and

ME intake ¼ 516 ðse 54Þ þ 3·30 ðse 1·07Þ ERP

þ 1·23 ðse 0·20Þ ERF; n 36; R2 89·2;

ð8Þ

calculated for diets D, E and F, where ERP is energy
retained as protein and ERF is energy retained as fat.

Equation 7 estimates ME for maintenance as 376 kJ/
kg BW0·75 per d and kp and kf as 1=4·66 ¼ 0·215 and
1=1·53 ¼ 0·653 respectively. From the coefficients of the
energy retained as protein and as fat, energy costs of 111
and 60 kJ ME/g protein and fat accretion are calculated
respectively. Equation 8 predicts ME for maintenance as
516 kJ/kg BW0·75 per d and kp and kf as 1=3·30 ¼ 0·303
and 1=1·23 ¼ 0·812 respectively, indicating that the ME
costs for protein accretion and fat deposition attain 79
and 48 kJ/g respectively. The model overestimates main-
tenance energy requirements in comparison with equation
6, but predicts the response of the growing Iberian pig to
energy input in terms of protein and lipid retention. Most
of the values obtained for kp in the growing pig following
this model fall in the range of 0·57 to 0·36 (Fowler, 1978),
while estimates of kf lay between 0·77 and 0·70. Our esti-
mates for kp and kf are out of these ranges. Preferred esti-
mates for kp and kf of the Agricultural Research Council
(1981) are 0·56 and 0·74, while the National Research
Council (1998) assumes a mean energy cost for protein
retention of 44·35 MJ (10·6 Mcal) ME/kg protein, equiva-
lent to a mean value for kp of 0·54, and a mean energy
cost for fat deposition of 51·88 MJ (12·5 Mcal) ME/kg
fat, indicating a mean value of kf of 0·76. Although the
problem of colinearity and interdependence of the
regression coefficients for PD and fat deposition cannot
be overlooked, our results would indicate higher partial
efficiencies of utilization of ME for both PD and fat depo-
sition when the dietary supply of protein is close to require-
ments. The energy cost involved in urea synthesis to get rid
of the excess of amino acid-N might have contributed to
the comparatively higher energy cost of PD when diets
with the highest protein contents were fed.

In the present experiment, at 50 kg BW the empty body
of the Iberian pig contained on average 138 and 327 g pro-
tein and fat/kg respectively. Gains of 128·0 and 396·0 pro-
tein and fat/kg respectively were deposited on average in
the growing animal from 15 to 50 kg BW. Therefore, in
marked contrast to modern highly improved pig breeds
selected for a high rate of growth and low level of fatness,
the Iberian pig should be considered as a lipogenic breed
with a slow rate of growth. Taking into account the partial
regression coefficients of equation 8 and the average com-
position of gain, 29·1 MJ ME/kg increase in body gain
would be needed.

In agreement with previous reports, the present results
confirm the suggestion of a marked effect of genotype on
protein and energy metabolism of the growing pig and
give support to the need for each particular population of
animals of describing the response of body protein accre-
tion to energy intake. Then an appropriate balance can be
established between the protein content of the diet and
energy supply. The information is extremely valuable to
define feeding strategies economically optimal and envi-
ronmentally acceptable.
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