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Abstract 
Rates of tissue gain and body composition of 18 entire (E) and 18 castrated (C) male pigs, fed at one of 
two levels offeeding (high (H) or low (L)), were investigated in a 2x2factorial experiment. Calorimetric, 
energy and rlitrogen balances were carried out on each animal at 30, 60 and 90 kg live weight. The ani
mals were slaughtered at 95 kg and their body composition was determined. The higher feeding level re
sulted in greater (P < 0.001) rates of body weight gain, protein andfat deposition in all treatment com
binations. Castration was associated with decreased and increased potentialfor protein andfat deposi
tion, respectively. Mean values of shoulder fat thickness, loinfat and subcutaneousfat (P2) were greater 
(P< 0.01 )for the animalsfed at the high compared with thosefed at the low level and thesefat measure
ments were greater in the castrated than the entire male pigs. Relative to the slaughter method, the bal
ance method overestimated and underestimated the rates of protein andfat deposition by 0.16 and 0.10, 
respectively. 
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Introduction 

Changes in intakes of protein and/or e~ergy 
can affec,t both the rate and composition of 

live weight gain in growing pigs. The magni
tude of this effect depends largely upon the rela
tionship between protein and energy intake and 
protein deposition, a subject, which has been re
view~d by Campbell (1988). Castration is re
ported to reduce the' rate of protein deposition 
by 0.30 and the slope of the linear portion of the 
relationship between energy intake and protein 
deposition by a similar amount (Campbell and 
Taverner, 1988). Live weight of the animal has 
been shown to influence both the rate and com
position of gain. At lower body weights the 
rates of protein deposition are high and fat de-· 
position are minimal,; whereas, at higher body 
weights the reverse occurs (Black et aI., 1986). 

I 

*Corresponding author I, 

The present experiment is part of a study de
signed to evaluate the influence of lean tissue 
growth potential on the partition of nutrients 
and the efficiency of energy utilisation in grow
ing pigs. The assumption made here is that vari
ations in the potential rates of protein deposition 
have similar effects on energy expenditure re
gardless of the manner in which these variations 
were achieved. Therefore, in this paper, we re
port on rates and composition of body weight 
gain as influenced by castration, body weight 
and feed intake, in a modern genotype of pig 
with a high potential for lean growth. A com
paris~n of the values obtained for the rates of 
tissue retention by the balance and comparative 
slaughter procedures is also made. The energy 
partition and efficiency of energy utilisation in 
the same animals will be given in a subsequent. 
paper. 
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Material and Methods 

Experimental design and treat
ments 

The trial was a 2 x 2 factorial design, in
volving pigs of two "sexes", entire (E) and cas
trated (C) male pigs, fed at one of two feeding, 
levels: low (L) or high (H), making four treat
ments, that is EH, CH, EL and CL. Nine pigs 
were allocated to each of the four treatments. 
Calorimetric, energy and nitrogen balances 
were carried out when pigs had attained, 
bodyweights 0f 30,60 and 90 kg. 

Experimental animals and housing 

The pigs were bred from the improved herd 
of sows maintained at the Institute of Grassland 
and Environmental Research (IGER), Shinfield, 
United Kingdom. They were free from enwotic 
pneumonia and the herd was continuously being 
improved by the annual purchase of selected 
pure-bred Landrace gilts and Large White boars 
from several of the major breeding companies 
within the country. Each batch of pigs was se
lected within two to three days of age, when 
half were castrated. The piglets were weaned at 
21 days of age and transferred into environmen
tally controlled flat-deck weaner accommoda
tion. On attaining an average bodyweight of 22 
kg, they were randomly allocated to the experi
mental treatments. They were placed in individ

,ual pens (2.0 X 1.3 m) (home pens) in a pig 
house maintained at 20± Ie. Each pen was fit
ted with a trough specially adapted to prevent 
spillage, an automatic water drinker and rubber 
mats in the lying area. During nutrient balance. 
periods, pigs were moved to the calorimeter 
building and housed in mobile metabolism 
crates designed for separate collection of urine 
and faeces. 

Diet and feeding 

A single, pelleted diet was used throughout 
the experiment. The composition of the diet 
(g/kg as fed) was as follows: barley 81, wheat 
420, wheat feed 150, soybean meal 210, fish
meal 60, fat (BP50) 50, lysine-HCI 1.0, lime
stone 10.5, dicalciumphosphate 5.0 andvitamin 

and mineral mixture 12.5. The calculated crude 
protein (g/kg DM) and digestible energy 
(MJ/kg) contents of the diet were 219 and 13.8, 
respectively. The diet was provided at two feed
ing levels high (H) or low (L), the feeding 
scales being based on the body weight of the an
imal. Level H was 3.4 times the maintenance 
energy requirement (MEm) of the animal, (cal
culated as the thermoneutral maintenance re
quirement of719 kJ ME/kg063 .d, ARC, 1981) 
which had been established as being the ad libi
tum level of energy intake for this type of pig 
(Laswai, et aI., 1991). The L level was 2.25 
MEm, which represented approximately 0.66 
the ad libitum intake level. The feed allowance 
for each pig was adjusted weekly, following 

. weighing. The daily ration for each pig was 
given in two equal meals at 0900 and 1600h. 
Feed refusals were collected and weighed each 
morning and daily feed intakes of each pig were 
recorded. Water was available ad libitum. 

, 

Calorimetric, energy and nitrogen 
bahmce 

Heat production, energy and nitrogen bal
ances were performed simultaneously on each 
pig when it had attained 30, 60 and 90 kg body 
weight. This procedure was followed so as to 
enable partition of metabolisable energy into 
heat output, energy retention, protein and fat 
energy retention. Four animals were selected 
for measurement of heat output, energy and ni
trogen balance each week. For the seven days 
prior to taking measurements, the pigs were 
adapted to the conditions within the calorime
ters and to the experimental protocol, where
upon the animals were weighed and each animal / 
placed in a fresh mobile metabolism crate. Two/ 
pigs in crates were placbd in two calorimeter~ 
and the remaining two pigs in crates were put 
into the habituation rooni to start their nutrient 
balance measurements. Jhe two calorimeters 

, I . 

were used simultaneously. Their internal di-
.' I menslOns were 2.03 x 1.p x 1.22 m and they 

were'kept in temperaturefontrolled rooms in a 
purpose~built calorimetry building. The calo
rimeter operated on the heat sink principle and 
each animal's heat output was recorded continu
ously (Verstegen et al. 1973). The metabolism 
crates were changed for thorough cleaning 
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thrice weekly and this process was carried out 
as swiftly as possible to avoid interference with 
air exchange in the calorimeter. 

Daily food intakes were measured and total 
outputs of faeces, acid-preserved urine and pen 
washings from the four pigs were collected for 
seven days. At the end of the balance period, 
thoroughly mixed sub-samples of the total 7-day 
output of faeces (3 x 250 g) or mixed urine and 
washings (2 x 500 ml) for each pig were taken 
and stored at - 20°C until required for analysis. 
After a three or four day period in the calorime
ter, the pigs ~ere exchanged for those in the ha
bituation pens. After the 7-day nutrient balance 
period, the four pigs were returned to their 
home pens, whereupon they continued with 
their respective treatments. 

Slaughter procedures 

Twenty four animals, twelve from each 
'sex' were slaughtered two to three days after 
they had completed their final balance period. 
Eight other pigs, four castrates and four entire 
males (average 30 kg live weight) from the 
same herd were slaughtered to serve as a base
line for the estimation of initial body composi
tion. The pigs were given free access to water 
but were deprived of feed for the 16 hours prior 
to slaughter. They were then weighed and 
slaughtered. The blood and internal organs were 
weighed both before and after washing. The 
carcasses were split into two symmetrical halves 
along the vertebral column. Physical carcass 
measurements, that is, carcass length, backfat 
thickness and P2 were recorded and fat softness 
was' assessed !Ising a penetrometer. The car
cass'~ including the head was then cut into small 
portions (approximately 12 kg). These portions 
wer~ frozen together with the blood and the 
empty digestive tract and then minced thor
ougl,1ly through a Feed Tec KF 320 mincer. A 
sample of the mixture was stored at -20C until 
subsequent analyses. ,/ 

Chemical and data analyses 

Dry matter, gros~ energy and nitrogen con
tents of the feed, faeces, urine and carcass sam
ples were estimated rising A.O.A.C (1990) pro
cedures. The daily digestible energy (DE), 
metabolisable energy '(ME) and digestible nitro-
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gen intakes (IDN), nitrogen retention (NR), 
protein and fat retention were derived according 
to ARC (1981). The recorded and most of the 
derived values were tested according to Mead 
and Curnow (1986). 

Results 

Nutritive value of the diet 

The determined DE and ME contents of the 
diet used in the present study was 14.4 ± 0.20 
and 13.4 ± 0.23 MJ/kg DM, respectively. 
There was no indication of any effect of sex on 
the metabolisability of dietary energy within the 
range of body weights studied (Table 1). Feed
ing level and sex interactions were not signifi
cant (P > 0.05). 

The nitrogen content (Diet-N, g/kg DM) of 
the diet remained constant at an average of 40.2 
g/kg'DM in all of the treatment combinations 
(Table 1). The intakes of total nitrogen (NI) and 
apparently digestible nitrogen (IDN) increased 
with both feeding level and body weight. There 
was no significant difference between sexes in 
either NI or IDN at body weights of 30 and 60 
kg. However, at 90 kg body weight entire males 
had significantly lower IDN than castrated 
males. 

Experimental pig performance 

Feed intake increased as body weight in
cr~ased for all the treatment combinations (Ta

'ble 2). The sex differences in feed intake were 
not significant (P > 0.05) at 30 and 60 kg body 
weight, but significant (P<0.05) at 90 kg. The 
sex x feeding level interaction effect on feed in
take was significant (P<O.Ol) and specific only 
at 90 kg body weight. The rates of body weight 
gain were higher for high- than low-fed animals 
for all treatment combinations (Table 2). The 
rates of gain in the high-fed animals increased 
from 30 to 60 kg and remain constant at 60 and 
90 kg body weight. However, for the low en
ergy-fed animals, the rates increased with the 
increase in body weight throughout the experi
mental period. The entire males gained weight 
faster than the castrated males (Table 2). 

Feed conversion ratios were not signifi:' 
candy different b~tween high- and low-fed ani-
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Table 1: The average main effects of sex and feeding level (FL) on the estimates of energy and nitrogen 
intake and utilisation at the different body weights 

Body weight ' Feeding level Significant Sex SED 

Hill!! Low ' Entire Castrate 

DE 

30 13.84 14.61 14:33 14.12 0.30 

60 14.15 14.74 .... 14.47 14.42 0.16 

90 14.37 14.63 NS 14.62 14.38 0.23 

ME 

30 12.77 13.68 •• 13.30 13.15 0.35 

60 13.08 13.87 ••• 13.44 13.51 0.26 

90 13.30 13.78 • 13.54 13.54 0.23 

MEIDE 

30 0.92 0.94 • 0.93 0.93 0.01 

60 0.92 0.94 .' 0.93 0.94" 0.01 

90 0.93 0.94 NS 0.93 0.94 0.01 

Dietary nitrogen (gIkg'DM 

Diet·N 

30 40.37 40.62 NS 40.49 40.59 OAt 
60 40.37 40.19 NS 40.33 40.23 0.,33 

90 39.11 39.93 NS 40.07 39.96 0.27 

Di2estible' N 

30 32.37 34.59 ••• 33.47 33.28 0.62 

60 32.99 33.75 33.32 33.42 0.33 

90 32.00 34.17 ~ .. 33.04 33.13 0.38 

Nitrogen Intake (g/d) and digestibility 

NJ 3C 62.74 38.55 ••• 50.91 50.38 1.82 

60 84.78 55.91 ••• 70.65 70.04 ·2.09 

90 102.40 73.88 •••• 86.10 9Q.18 , ' 2.84 

IDN 

30 49.97 32.85 ••• 41.74 41.09 1.64 

60 69.35 48.14 ••• ·59.02 58.47 1.99 

90 83.79 62.23 ••• n.84 75.18 2.18 
.\ 

IDN:NI 

30 0.80 0.85 ••• 0.83 0.82 0.01 

60 0.82 0.86 ••• 0.84 0.84 0.01 

90 0.82 0.85 ••• 0.84 0.84 0.01 

ISex ~ffects were not significant in all parani~ers except IDN at 0.05 and feedingxsex interaction ~as n,ot observ~d except 
for NI and IDN (P<O.OI) I 

I, 
I 

mals at 30 kg live weight: For all of the treat-
Nitrogen an~ tissu~ ~etention 

, . I 

ment combinations, the ratios increased with the Nitrogen' r~tention (NR) was significa:Q.tly.~c 
increase in body weight.and,they were higher in higher for the high-fed than the low-fed pigs' 
the high-fed than the low-fed pigs. Castrated 

.. . . I, . 

(Table 2). NR for the hig,h~fed pigstellded to 
males had significantly poorer feed efficien,cy increase from 30 to 60 kg with a 'slight'decrease 
values compared with the entire males and the at 90 kg body weighL NR was significantly'· 
differences increased with increase in body higher ill the entire than castrated males and the 
weight. difference between "sex" increased withbcidy i 
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Table 3: The main effects of sex and feeding level (FL) on the carcass characteristics and body compo-
nents of Rigs slaughtered at 95 kg bodY we!ght 

Component Feeding level 

Hi~ Low 

Slaughter weight 

(SWT kg) 96.38 94.50 

Empty body weight 

(EBW kg) 92.93 90.83 

Carcass measurements (mm) 

Length 820.00 817.72 

Shoulder fat 29.17 24.06 

Loin fat 17.39 7.94 

P2 15.30 .. 9.94 

Fat firmness 613.75 690.39 

Chemical composition (gIkg) 

Water 630.70 654.07 

Protein (N,.;6. 25) . 179.92 197.17 

Fat !48.62 101.83 

Ash 35.28 35.98 

Gross energy (MJ/kg DM) 26.20 24.15 

Body contents (kg) 

Water 58.79 59.45 

Protein 16.73 17.90 

Lean' 75.52 77.36 

Fat 13.71 9.23 

Ash 3.28 3.26 

Tissue retention (g/kg) 

Protein 165.1 127.3 

Fat 151.8 60.7 

ICalculaled as Water + Protein (kg) 

entire than castrated males (Table 3). Mean val
ues of shoulder fat thickness and loin fat were 
higher (P < 0.01) for the high-fed animals com
pared with the low-fed ones, and also higher in 
the castrated than the entire males. The average 
values of the subcutaneous fat (P2) were signifi
cantly higher in the high- than the low-fed pigs 
(Table 3). Although the mean values of P2 were 
higher in the castrates than the entire males the 
differences were not significant. The carcasses 
of the high-fed animals had proportionately 
0.32 more fat than in those of low-fed animals. 
Castrated male pigs w'ere much fatter at both 
low and high feeding levels than the entire 
males_ 

Signifi- Sex Significant SED 
cant 

NS 

NS 

NS 

•• 
••• 
••• 
NS 

•• 
••• 
••• 
NS 

••• 

NS 

••• 
NS 

••• 
NS 

••• 
••• 

EIIIire Castrate 

98.50 92.38 •• 2.48 

94.89 88.87 •• 2.06 

823.22 814.50 NS 12.22 

24.33 28.89 •• 2.01 

10.94 14.39 1.95 

12.00 13.28 NS 1.44 

602.47 706.67 52;33 

664.07 620.69 ••• 10.70 

193.00 184.10 4.77 

99.24 151.21 ••• 13.38 

34.64 36.62 N:S 2.40 

24.26 26.08 ••• 1.53 

63.09 55.15 ••• . 1.53 

18.32 16.32 • •• 0.38 

81.41 71.47 ••• 1.76 

9.48 13.46 • •• 1.32 

3.29 . 3.26 NS 0.23 

162.4 130.80 ••• 8.44 

84.1 128.50 ** 15.35 

The proportion of protein in the carcass on 
the other hand, was lower (P<O.OOl) in the 
high energy-fed anima~s t,han in the lowen, 
ergy-fed pigs (Table 3). [he mean protein con
tent was higher (P<0.05) in the entire (193.0 
g/kg) than ,the castrated males (18~ g/kg). 
Carcass gross energy cOlhposition JMJ/lCg-DM) 

I . ~ 

was significantly higher in the high-energy-fed 
. I ------than in the low energy-fed and also higher for 

the ca,strates than the entire male pigs. Protein 
deposition estimated fr~m the,slaughter data 
was higher (P<O.OOl) i~ the high energy- than 
in the low energy-fed animals. It was also 
higher (P<O.OOI),in the entire compared with 
the castrated males. Th~re were no significan~ 

R
ep

ro
du

ce
d 

by
 S

ab
in

et
 G

at
ew

ay
 u

nd
er

 li
ce

nc
e 

gr
an

te
d 

by
 th

e 
Pu

bl
is

he
r (

da
te

d 
20

12
)



(P > 0.05) feeding level x sex interaction influ
ences on any of the parameters derived from the 
slaughter data. 

Discussion 

The observed lack of "sex" effects on nutri
ent digestion suggests that the poorer feed con
version efficiency noted for the castrates com
pared with the entires was probably due to dif
ferences in the composition of the gain. The 
greater deposition of fat in the castrates com
pared with the'rapid accretion of lean in the en
tires may account for this, as the deposition of 
fat utilises more energy than that of lean (Rao 
and Mcracken, 1990). The interaction between 
feeding level and "sex" at 90 kg body weight 
was due to the lower appetite of the EH pigs, 
who refused some of their feed. As a conse
quence of their low dietary intakes at this 
weight, the EH pigs had reduced nitrogen in
takes, but it is of note that their rates of nitrogen 
retention still remained greater than those of the 
CH animals, indicating that protein supply in 
these diets was not limiting. The decrease in the 
efficiency of nitrogen utilisation with increases 
in body weight presumably resulted from a de
crease in the animal's demand for protein, the 
remaining energy being partitioned into fat. 

The physical measurements of fat thickness 
obtained in the present study for the entire 
males are considerably lower than those re
ported by ARC (1981) and Ellis et aZ. (1983) 
for a control line of pigs. The values of shoul
der fat thickness for the entire males compare 
well with those obtained in the selection line of 

I 

pigs (Ellis et aZ., 1983) and in boars of high ge-
neticipotential for lean growth (Rao and 
McCracken, 1990). The mean fat and protein 
values and hence fat to protein ratios were con
sistent with those obtained by Rao and 
McCracken (1990). The average values of pro
tein accretion rates obtained by the slaughter 
method compare well with those reported by 
Campbell~and Taverner (1988) and McCracken 
and Rao (1989). Increased protein retention was 
associated with reduced fat deposition, the rates 

. of which were more rapid at 90 kg body weight. 
Castration was associated with decreased 

potential protein deposition and increased fat re
tention. At any given body weight and feeding 

Body tissue gain of entire and castrated pigs 53 

level, protein deposition was higher and fat ac
cretion lower in the entire animals than the cas
trated males. The maximal protein deposition in 
the entire males was proportionately 0.16 
higher than in castrated males. These results ac
cord those of Campbell and Taverner (1988). 
The effect of castration on rates of protein ac
cretion tended to increase with body weight, ex
cept for unexpected results which were obtained 
in the high-fed animals at 90 kg body weight 
due to the reduced feed intake of EH animals. 

The two methods, that is, calorimetry and 
balance and comparative slaughter, used to esti
mate the rates of protein and fat deposition and 
hence body composition of the pigs in the pres
ent study gave closely related results. The pre
diction equations comparing estimates from the 
slaughter values with the balance method for the 
different treatments gave correlation values 
ranging from 0.85 to 0.92. There were, how
ever, some discrepancies between the two meth
ods. The balance method overestimated the rate 
of protein retention relative to the slaughter 
method and the differences increased with level 
of feed intake. For the high-fed animals protein 
retention determined by nitrogen balance was 
greater by 0.20 and for the low-fed animals by 
0.11 (Tables 2 and 3). Other workers have also 
found the nitrogen balance procedure to overes
timate protein deposition in comparison with the 
slaughte~ technique (Just et aZ. 1982); Rao and 
McCracken, 1990). This overestimation of ni
trogen retention might have occurred because of 
losses of volatile nitrogen forms, which might 
have escaped mainly via excreta. In their re
view, Just et aZ. (1982) pointed out the possible 
causes and ways of minimising these discrepan
cies and the methodology of collection, storage 
and preparation of faeces and urine samples for 
chemical analysis were emphasised. The mean 
fat retention was underestimated by 0.10 (95.2 
versus 106.0 g/d) in both the high- and the 
low-fed animals when the balance method was 
used instead of the slaughter method. Since in 
energy/nitrogen balance technique, fat energy 
retention is obtained as the difference between 
the total energy retention and protein energy re
tention, overestimati'on of protein retention will 

I 

lead to an underestimation of fat retention. 

R
ep

ro
du

ce
d 

by
 S

ab
in

et
 G

at
ew

ay
 u

nd
er

 li
ce

nc
e 

gr
an

te
d 

by
 th

e 
Pu

bl
is

he
r (

da
te

d 
20

12
)



54 G.H. Laswai et ai. 

Conclusions 

The study revealed that body composition 
could successfully be manipulated by changing 
levels of feeding, castration and variations in 
body weight. Changing levels of feeding results 
in changes in rates of protein and fat retention, 
and hence body composition. Increasing body 
weight is characterised with decreasing and in
creasing proportions of body protein and fat, re
spectively. At any given body weight and feed
ing level, the rate of protein deposition is lower 
and of fat accretion higher in the castrated re1a~ 
tive to the entire males. 

In addition, balance and slaughter tech~ 
niques for estimating body composition produ~e 
closely related results .. Although the former rel
ative to the later technique, tend to overestimate 
protein retention and hence underestimate fat 
retention, it is useful in providing information 
on the same animal at different body weights. 
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