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Efects of castration feedmg level and bodyw etght on energy partition and efficiency of energy utilisation in growing
pigs weré: stud/ed Etghteen entire and 18 castrated males;fed on either high (3. 34 x maintenance) or low (2.25 x
mamtenance/ lével o ﬁzedmg in a*2x2 ) factorial désign,‘with 9 pigs per Ireatment were used. Fnergy/nitrogen
balance and calor/me[ry were recorded at 30, 60 and 90'kg boafv weight.'Increased feeding level resulted into
mcrea.smg rates of energy (ER) protein energy (Pe) and. fat energy (Fe) retention by 045, 0.29"and 0.62,
respect/velv Ce a.stranon mcreased ER and Fe by 0.16 and 0:42, respecnvely but decreased protein energy retention
by0.1 3 l'nergv requtrement ﬁ)r mamtenance (MEm ) was 0.10 Higher in the entire than castrated males and tended
W incpease. wzth m_qeased pmtem energy retennon Net energetic efficiencies for protein (k) and fat retention (ky
were hlqller /br the ennre (0.6r and 0 98) than ﬁ)r castrated males (0.56 and 0.92). The results indicate that an
- mcrease in'the rates of energv expendtture w1th mcreased Iean tissue growth potenttal may be attrtbuted to

imcreased energy reqmrement Jor mamtenanoe
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Introduction

he reduced voluntan feed intake observed in
the modem genotvpe of pigs (Smith et al.

1991: Laswa1 et al l991)compared with those -

recommended bv the ARC (1981) suggests that
there may be cons1derable dlfferences in the parti-
tion of nutrients between inainténance, protem and
fat accretion in 1mproved animals. The efﬁc1ency
of energy ut1l1satlon mav also have changed since
Campbell and Tav erner (1988), Rao and
McCracken (1990) Noblet et al (1999) and
Milgen et al (2000) suggested that an1mals of
high potent1al for protem depos1t1on have h1gher
rates of energy expend1ture compared w1th those
of low potential. In add1t10n, McCrackén and Rao
(1989) and’ Noblet et al. ( 1989) observed s1g
nificantly h1gher rates of heat product1on from
pigs witha greater potentlal rates of protem depo
sition than those of lower potent1al The fmdmgs
suggest that energv expend1ture mav be strongl\
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assoc1ated w1th protem accret1on in grow mg plgs
(M1lgen et al.. 2000) However there is little ev-
1dence to suppon this ‘claim. The present study
was an attempt to study the energy partition and
expend1ture in pigs at different rates of proteln

) retent1on This was achleved by_measuring the

__energy requirements for'maintenance, protem
._and fat deposition and net efﬁc1enc1es of energv
ut1l1sat1on for protein’ and fat retention in entlre
and castrated male p1gs at three dlfferent body
welghts o
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Mater1a1 and Methods ,:. .

Expenmental desrgn and treatments A
A 2x2 factor1al expenment was camed out

B usmg 18 ent1re (E) and 18 castrated (C) male

pigs randomlv allocated to two feedmg regimes,
-that is, low (L) and high (H), with.9 pigs per
. treatment. Calonmetnc _energy and nitrogen bal-
““ances w ere carr1ed out on €ach ammal at three
oL Mg “"’c;:": P
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body weights (30. 60 and 90 kg). The experiment
was- conducted:in three batches each with 12- pigs
and Tun ov eran expenmental perrod of 12 months

Experimental animals and management

The pigs were bred from improved herd of
sows maintained and continuously being im-
proved by the annual purchase of selected
pure-bred Landrace gilts and Large White boars
from several of the major breeding companies in
the United Kingdom. The experimental pigs were
therefore crosses of Landrace x Large White.
They -were randomly allocated:to experimental,:
treatments when weighed 22+1.8 kg live weight. *
Thew.were-penned individually in a pig house
maintained at 20+1C. During energy and nitrogen

balance periods,-pigs were moved 1o the _calorime; .

ter building.and-housed in mobile metabolisn'-
crates designed.for separate collection of urine
and faeces. - . .

Y. N P -4 -

Dlet and feedlng . . e

A smgle pelleted diet was used throughout the
experiment. Its composition (g/kg as fed) was as
follows: barley 81, wheat 420, wheat feed 150,
sovbean meal 210. fishmeal 60, fat (BP30) 50.
lysine-HCI 1.0, limestone 10.5, di-calcium phos
phate 5.0 and vitamin and mineral mixture 12, 5.
The estlmated crude protein (g/kg DM) and. di-
gestlble energy (MJ/kg) contents of the diet were
250 and- 14, respectlyel\ The h1gh (H) feeding re-
grme was 3.4 times the mamtenance energy. re-
qurrement (MEm) of the animal (calculated as the

thermoneutral mamtenance _requirement of’ 719 kJ -

ME/kg Wo63d-1- ARC, 1981) The low (L) level
was 2. 25 MEm, whrch represented approxrmatel\
0.66 the ad libitum intake Tevel. "The feed allo“-
ance for each pig was adjusted weekly, followi ing
weighing. The daily ration for each pig was given
in two equal meals at'0900"arid T600h. Dally feed
intake of each pig was. recorded. Any, feed spilled
or. refused by each “animal was collected w erghed

sampled and' stored in a cold room unt1l analvsed .

for dri matter Water was avarlable ad /lbltum
a - L0 EERY
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Calorlmetrlc, energy and nltrogen balance

Heat product1on energy and nltro)gen balances
were pérformed” srmultaneousl\ oneach pig w hen
it had attained 30 60 and 90 kg bod\ werght This
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procedure was followed so as to enable partition
~-of metabolisable energy into heat output, protein
and fat energy retention. Four anrmals were se-
lected for measurement of heat output, energy
and nitrogen balance each week. For the seven
days prior to taking measurements. the-pigs were
adapted to the conditions within the calorimeters
and to the experimental protocol whereupon the
animal$ were weighed and eachanimal placed in
a fresh mobile metabolism crate.-

Daily food intakes were measured .and” total
outputs of faeces, acid-preserved (25% H2S04

: w/\') -urine-and’peniwashings from the-fourpigs

W ere:; collected for seven. days. Dunng the collec:
stored al 2°C At the end of the balance penod
thoroughl\ nuxed sub samples of the total Tday
output of faeces (3 x250.g) or ml\ed urme and
. washings (2 x 300 ml) for ‘each pig. were taken
and stored at - 20°C until’ requrred for anal\ sis.
The four p1gs were.then returned to the1r home
pens W hereupon thev contmued with the1r re-

spectrve treatments Srmrlar protocol w as fol-

nal

lowed for all p1gs at the differént body w e1ghts

‘Chemrcal analyses and denved parame-
ters o
Dryv matter, gross energy and nitrogen coh:
tents of the feed. faeces and urine samples were
“estimated, us1ng AOAC (1990) procedures
Darl\ dlgestlble energy. (DE). metabohsable en-
. eI1gy (ME) and- d1gest1b1e mtrogen 1ntakes (IDN)

N

fat energy (Fe) retentlon were dem ed accordmg
0, ARC (1981) A
The estimates of the marntenance energ\ re;
qurrement (MEm) were’ obtamed using tw o,ap,
\proaches The flrst approach was by e\trapolat-l
mg ME mtake to zero energ\ retentlon (ER)/us-
1ng snnple lmear regress1on analy srs The corre-
spondmg slope was the net energetrc efﬁc1enc\

for utrhsatron of ME for growth (kg) The second

'''''

o relatmg ME 1ntake to the rates of protem energ\

] ‘(Pe) and fat energy (Fe) accretlon (MJ ME/kg

S wreg! ) and extrapolatmg the ME mtake where
,both the rates of protem and fat retent1on were

/ .
zero. The rec1procal of the slopes for’ ‘the later
model provided estimates of the net energetic ef-
ficiency of ME utilisation for. protein-(k») and fat
(ky) accretion.
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Data analysns i
The recorded and most of the denved values
were analysed according to Mead and Curnow
(1986) and means were compared using Student
t-test. - - L

Results

Energy intake and metabohsm by the am- .
mals’

Effects of sex and feeding level on the en-
ergy .intake and partition of ME intake into heat
loss and energy reténtion at the different body
weights are shown-in Table 1. The DE and ME

" intakes in MJ/d increased with increasing feed-

ing level and body weight in all treatments. Al-

though there was no significant sex influence on
the energy intake, the 1nteract10n between sex

and feeding level was significant (P<0.05) at 90.

kg body welght.

.
oo

Tablel The main effects of sex and l‘eedmglevel (FL) on
the intakes of degestible energy(DE) and metabolizable
energy(ME) and energy partition into heat loss (H), en-
ergy. retention (ER), protem energy(Pe)and fat energy
(Fe) accretlon(MJ/d) at dlﬂ‘erent body ‘weights.

Compo Body’ Feeding level’ Slgmﬁ- Sext Signi” SED sign

Nent weight High Low cant Entue Castrate . _ . .;
DE -
. e ~ - [
©30°21.49°713.85 **+° 17.88 "17.47 NS 060 NS.

60 29.70 21.02 *** 2545 2527 NS 098 NS

90 3759 27.08 *** 2679 3288 NS 102 **
ME-

30 1984 1297 *** 1656 1625 NS 0.643 NS

60 2748 . 1577 **+ 2358 2367 NS 1.088 NS

90 34380 2551 *** 29.38 13093 NS 0924 *¥s

- ’ . '\'.-A =Ny . ‘:J [

Ié Lo - ) [N

30 1272 969 *** 1141 1100 NS 0380 NS

60 1724 1402 *** 1614 15.15 NS 0.573 NS

90 21.21 17.77 *** 2019 1879 NS 0801 NS

R | N o

30 712 328, *** 515 525 NS 0.735° NS

60 1020 576 ** 744 852 NS 0938 NS

9i0 1359 773 *** 919 1214 * 1143 NS

Fe ; n ' - . ‘

30 255 025, *** 121 159 NS 0665 NS

60 501 242 *** 230 464 ** 0789 NS

90 8.62 384+ *++:427 §19 *** 1.039 NS

'significant, *(P<0.5), **P<0.01),***P<0.001)and NS not signifi-
cant (P<0.05). SED, Standard error of the mean difference- -
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- Heat output (MJ/d)-inCreased with body weight
and level of feeding for all treatment combinations
(Table 1). Although heat producuon tended to be
higher.in the entire males throughout the grow-
ing/finishing penod the effect of sex differences
was not significant (P>0. 05) Total energy retained
(ER, MJ/d) increased with body welght and feed-
ing level (Table 1). Castrates tended to retain more
energy than the entire males and the difference
was significant (P<0.05) at 90 kg body weight.
There was no significant interaction between sex x
feeding level on energy retention at any of the
body weight studied. The main effects of feeding
level and sex on the energy retained as protein (Pe)

‘and fat (Fe) are also given in Table 1. Values of

protein energy were higher (P<0.001) in the
hlgh-fed animals than in low-fed ones and entire
males retamed significantly (P<0. 05) more protein
energy than castrated males at all three body
weights studied. The Tates of fat energy accretion
in both the low- and the high-fed animals in-
creased with increasing body weight. Increased
ME intake resulted in increased rates of fat energy
accretion in both entire and castrated male ani-
mals. Sex differences in'Fe retention were signifi-
cant and increased with body weight. Entire males
accreted proportionately 0.24, 0.41 and 0.50 less
Fé than castrated males at 30, 60 and 90 kg body
weight, respectively. The feeding level x sex inter-
action on both protein and fat energy retention
was; however not significant. The relationship be-
tween ER and ME (MJ/kg W°¢'d") intake for the
different treatment combinations was significantly
(P<0.001) correlated with an overall correlation
value of 0.89.

Energetic efficiencies of growth

The estimates of partial energetic efﬁmencv for
growth (kg) and energy requirement for mainte-
nance (MEm) are presented in Table 2. At any
given body weight, MEn was higher in the entire
than the castratéd males with mean values of 0.959
and 0.871 MJ ME/kg W°*'d", respectively. In gen-
eral, values of MEm tended to decrease slightly
with increasing body weight, with the decrease be-
ing greater for castrates than entire males.
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."Table 2: The linear regression equations relating ER and ME (MJ/kg W d ) intake and estimates of
..maintenance energy requirement (MEy,) and partial energetlc efﬁclency for growth (kg) in d]fferent sexes

at dlfferent body welghts o - - A
s o B . oy ks .- ) N - ) K . o “. . = ) .
. T T T A - o . .. - - .
JSex . Body | .0, ¢l sl Ke SE! MEm (MJkg: W84 r
T Wemht(kp) o e :
- Entiremales ~ ., . R -
. e 30- 0656 018, 0.669 0.10 0.981 0:87
.60 . .. -0.625 21014 0.651 0.07 0960 . 0.91
9% .. -0.594 . 017 . 06407 " .  0.09.. = 0928 - - 0.87 =
'1" "~30-90 - - -0.628 009 - € o 0.655 0.05 0.959 0.89
_Castrated ~ _ TP TP B
males ¢ - . Lo - e e “ .
.. 30 . 0597 ¢ - 013 0.650 007 7 U T09197 C L T g
60 -0.528 015 - 0634 . 007 .- 0833 .- . 090..
oL 90 . -0.507 < -0.16 - "0.649 0.08 ) 780 . .. L 090
.. . 3090 . -.0575 008 ... 0661 -~ 004 T TOBTN o 90
Combined - - -, v . v e e oy . O . ~,.-_-' o o B
. .Sexes s : . RYCR too ' e R
' 30 0623, 011 0.658 006 0948 . . 089
- - 0600 - . - -05917 . 010 - 0.650 . 005 N 0. 909", . . .090
Lo R0 oo -0624 002, 0684 ¢ 006450013 F . ¢ Tggo
) 30-90 : -0.621 0.06 0.668 -~ - 0. 03 - +10.929 r - 089 .
ool o ey wn s Wi b D R . -2 ' “'

Standard efror of the estlmate «cc om0 - 1023 and 0.870 MJ ME/kg WO("d] respectlvel\

_ . Variations in ME intake were hlghl} corre- The overall MEm for the combmed group “ as
lated to the rates, of both protein energy, and fat 0. 946 MJ ME/kg: WOLE R -
_energy. retention in all treatment combinations, The estlmates of the energetlc eff1c1encw of
with the overall correlation value of 0.91 ME utilisation for protein (kp) and:fat (ks)-accres
- (P<0.001). The.values of MEn obtained by-the tion are also presented in Table 3. The mean val-
multiple regression analyses varied with body: ues varied with- body. weight and:tended to-be

.

. _ : higher in the entiré than castlated males c-

v
“

" Fable 3: The maintenance energy requirement (Mem, Mj/kg W'd ) and net energetlc eﬂ'iclec\ of protern (kp) and fat
(kf) deposition for entire and castrated male pigs at different body welghts 3 .

0.61

PR NN A o i
Sex Body weight (kg) N MEn . Kp kg
Entire males , . . , - v b . S
30 e 0882 . . .052.-- . 125 . .
60 0824 ... . ' 041 . 1.52 ;
o “ 1059 ... 065 . 0.93
o309 0 T 1.023 0.61 0.98
Castraicdmalcs S (““h,“" N . o oL Lo o
AR  F 0371 © 031 |, 49
_L\,:\ R 60 ° 0867 0.47 \ 0.98
VRO TR Lyslad. . 909w : 0.750 036 | 0.98
R S PR 1 =1 R . 0.870- 0.52 | 037
. Combined.sexes . o S , , .r~ R “ .
s o300 oy 0.700 /o4 1.25
S T < SR 0876 - 0.46 1.05
s gty e 900 g 0892 - 047 j 0.95
3090~ 0946 . 056 | 092 7
; — —

weight without any clear defined trend (Table 3) Discussion: . . oot
Valies tended to be higher in the entire than'in

The observed increase i ith
castrated males, with the overall mean values of easc in heat output with

feeding level accords with the findings of several



other workers (Close et-al.,1:985; Nobletet al.,
1999) and’arisesfrom;the higher heat:increment -
associatedswith the higher-level.of feeding. The
higher heat loss in the entire males relative to the -
castrated males, although insignificant (P>0.05),
was consistent with other findings reported on ani-
mals which differed in their rates of protein accre-
tion, (Noblet et al 1989 McCracken and Rao,
1989;, Noblet et al 1999 Mrlgen et al 2000)

[

pigs, whrch d1ffered 1n the1r rates of protein depo-
sition only after adjustrng for similar metabolic
bodv we1ght and protein and fat retention. This
adJustment ma} be useful in the elimination of er-
rors due-to stsraln dlfferences 1n bod\ ‘weight and
in rates of protein_ and fat’ retentron In the current
studv however an attempt ‘was "‘made to adjust
heat loss onl\ {63 hetabolic body’ we1ght and'not
for the rates of protein or fat retained.
The significant increase in total energy ‘reten- -
tion with feeding level was ineyitable and resulted
from the increasing-amounts of both prote1n and
fat retained (Quiniou et:al., 1996; Milgen et al.,
2000). The higher ER for.the castrated compared
with the entire males-at higher body weights was
partly attributed to their significantly.higher feed .;
intake and hence more ME intake.than their.coun-
terpart (Fuller ef al:; 1995 Quiniou etal., 1996). .
Other poss1ble reason is that, castration is associ- -
ated \\ ith reductron ‘of test1cular sterords such as -
lcstostcrone ‘which have a profound role on
gene: regulated enzvrnes “that’ regulate metabollc
processes (Loble\ 1998 Butten ét al’ 2000) In-
'addrtron_ other receptosz %such as 1nsulm growth

~

factorI (IGF I) mRNA are known to be stlmulated

by sterold hormones (Brandstetter et al , 2000)

and are mvolv ed in spearhead the; metabolrc path- -;

wav's that are responsible in the energy,partition in -
thelbodv (Lobley. 1998;:Buttery et -al:, 2000). -

Srnce ‘castrateshad relatively reduction.in the.ca- -
'pacrtv of ‘muscle: rétention attributed to the reduc- -
tion of testicular hormones (Brandstetter et al..

2000) much of the energv intake could have been
d1verted to fat’ retent1on and hence lugher -ER‘than ~>
the entire males It'is 1nterest1ng to note that the -
net energetrc effrcrency ‘of ME utilisation for
growth (kg) was not drfferent between the entire
and castrated Tiialés ( Table 2). The mean value of ~

ke of 0.66 agrees; w1th that of 0 69 glven by ARC
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. (1981).and, other estimates made on growing
-.pigs (Closewet al., 1983)
. The est1mates of, marntenance energv re-
qurrement (MEn) obtarned by the s1mp1e lrnear
sTegression 1 model relatrng ER to ME 1ntake ‘were
-~lower than those: obtarned bv the multlple regres-
15sion model, which. relates ME 1ntake to, the rates
_»of protein and fat energy retention; The reason
., for this trend is_not clear, though it can be ex-
-_pla1ned by.the 11m1tat1ons underlvmg both mod-
els in the estimation of the energetic- eﬂ'1c1enc1es
-+ -and MEm as explained by other. workers (Tess et
“al. 1984). The, overall. mean value of MEm for the
- entire males (0.959 MJ/kg W®d ') obtained by
the simple linear regression model was consider-
‘ abl\ higher than the value of 0.719 MJ/kg Woed
! reported by ARC (1981) for unimproved geno-
~types'of pigs. However, this value was slightly
_lower.than some other estimates made on im-
~proved genotypes of pigs (Campbell and Tavern-
-.er,11988; Noblet.er al 1989; Rao. and
o McCrackenv 1990).- Noblet etal. (1999) for ex-
» ample reported values of MEm for improved pig
‘- genotype fed ad lzbztum to range from 0.940 to
1:120 MI/kg Wo%d-1, On. the. other hand, 1thc
i:~mean value of 1.023 MJ/kg Wosl gt obtamed by
* the:multiple-linear'regression, 1 model accords
-with the values reported by, Campbell and Tav-
. ..erner (1988), and Noblet er al. (1989; 1999) for
- improved genotypes of pigs. This implies: that
‘festimates of MEn are dependent on the model
< used for its calculation as pointed out by Milgen
et al. (2000). Regardless of the model, these
.findings support the suggestion of Campbell and
Tavemer (1988) and McCracken and Rao (1989)
that improved genotypes of:pigs, have-relatively
qurrement .

. IV\
Ay

~

-

> hi gh ma1ntenance energy.,

A castratlon onithe growing pig s energy requrre-
i ment for'maintenance. The-higher MEm value
. “obsérved in the entire . males relative to the cas-
-trated males is.consistent with the.findings of
is-Cafripbéll.and Taverner (1988) and Nobleter.al.
-7(1999). Differénces.in' the rates of lean tissue
>.growth and hence proteiii turnover and lean body
~ mass have been postulated to contribute to the
.- observed variations in MEm between strains,
'sexes and body weight (Campbell: and: Taverner.
:.1988: Rao and McCracken,1990; Quiniou. et al
1996 Noblel et al 1999)

BACHAN
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The range of energetic efficiency of protein
deposition (ky) values (0. 31't0'0.65) determined
from the present study ‘was lowerthan the range of
075 to 0.85 estlmated theoret1cally by Millward et
al. (1976) These drscrepanc1es béfween hypothet-
1cal and denved -values were noted by other work- -

ers (Fuller etal. 1987) The 6verall ky valies’of -

"0:61 and 0.52'for-the entire"and castrated males,
respectively (Table 3); suggest that the entire male
animals utilised less energy in depositing protein
‘compared with castrates. The explanation for this
‘trend could be that, testosterone, which is known -
‘fo increase protern ‘svnthesis more than protein
deg,radatron leads to incréased muscle mass via
muscle hypertrophy. which is associated with'less
energy cost (Butterv et al., 2000). The overall
“kp-value of 0. 36 compared well with the kp-value
of 0.54 cstimated by ARC (1981) but higher than
0.49 ‘and lower than-0.64. kp-values reported by
’ Qumrou el a/ ( 1996).and Noblet et al.:(1999). re-
-'specm elv. The values 6f energetlc efficiency .for
fat deposition (k) obtained in the preseni study
°(0.92-152) were slightly higherthan the values
(0 80-() 85) estimated theoretlcalls (Blaxter, 1989)
“and a value (0. 74) recommended by 'ARC (1981).

This is possrbly due to the fact that the theoretical . *
computations assume that glucose gives rise to -

acetyl coenzyme A via glycolysis (Reid et a/., -
1980): However. other metabolic processes do
take place and may lower the theoretical estimates
of-cnergetic efficiency of fat synthesis.. The ten-
dency of values being more than or nearly equal to .
a unity (Table 3) is mainly a consequence of statis- -
“tical inter-correlation and-can probably not be in-
{terpreted physiologically. S
In general. the above estimates.of the costs of

" males are energetically more efficient:in deposit-

ing both protein and-fat than castrated males due ..

to the  inherent bio-active substances produced by
‘the testes” In'a way, this seems 1o contradict the

previous conclusion that castrated males are ener- .-
"getically more efficient than entire males (Noblet _:
~et al.. 1989). This further indicates that the ob- , -

served.difference in'the energy expenditure be- -

B
_protein and fat deposition indicate that entire - .

with the small range of ME intake, which was
much.less.in the entire than castrated males and
- hence 'smallér ranges.of protein and-fat-retention.

41:)

Conclusron I T
The obsen ed hlgher energy requ1rement for
' mamtenance for the éntirc males relame to cas-
trates could be attnbuted to the1r drﬂ‘erences in
bodv composrtron 1nference by the Tates of pro-
_tein and fat’ energv retentlon The net energetlc
‘efficienciés for protem and fat accretlon were
also higher for. the éntire males than castrated
males. Thus, the drfferences in the energ\ expen-
d1ture between animals of drfferent genetlc po-
tential for protern reténtion reported m some
... studies could be attnbuted to therr vanatron in
the maintenance energy requ1rement o

t
el o
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