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Abstract /" ,6':! ,! 

Ejects·ofca\·tration:jee(iing'level and body weight on energy partition and ejficiency of energy utilisaJion in grmying 
pigs werif\[uiliea. Eighteen'entire iii1d'J8 castfated males,ifed on either high (3.34 x maintenance) or low (225 x 
niaintericmce) liljel"Of jeeiling in" a '2x2 factorial iksign, :with 9 pigs per treatment were uw!d Energymitrogen 
balance mid:cdlo;';fneiiy were rewrded at 30,60 and 90kg·hody:weight.~Increasedjeeding level 'resulted into 
increro:j,~g 'raies 'o/energ;; (ER), protein energy'rPe) ana. /atenergy' (Fe) retention by 0.45, 0.29' and 0.62, 

..., • - •• :~ I , .'.~. . •• . . '. I 

respective(v.' Castration.in{:'!!a\·ed. Ef? an,d Fe by O. J 6 and 0.42, respectively'but deCreased protein energy retention 
_.' _". ( f\. .. \ _. , .''- .. 

by O. 13. Energy reqUirement for rriaiflte,!ante (ME", ) was D. J 0 nigJier /n the entire'ihan Castrated males and tended .. ,,, ,"" '\ '.., 

lU increase, with ineredsed protein' energy retention. Net energetic effiCiencies for protein (kp) and fat retention (kp 
\\'en! ;;~~l/~;:.fr?r' ~~'~ni;~' 10. ~ i-ind g;?,sE di~~ for. qa'}trated males (0. 56 and 0.92). The re5J.llt\· indicate that an 

" II1creaw in' the rates' of e~ergv ~e~ditufe With, increased lean, tissue growth fXJtential mtiy be attYibured to 
mcrea\'e(:l energy requiri.nient for inaintenanCe. '. ,. -, :'~ . 0 • , " ,'" ,'". ' 

. '.' .,' . ' c ~..... ~ 'I . -=-''''1 '-;"" <- ... 

Keywords:Body composition, pigs, energy metabolism; energetic'efficiency.' " " . " 

• ~ \ • '. ' .: ~ oJ ' • I - ( ~ ! ~ . ~ l " ", r __ , _; • I : \ 
,.. , ..... 1 

Introduction 
• ' oJ' 

,_ - .. - '. - ... ~ roO', " • , .. ' .... _ • 

The reduced voluntarY' feed intake 'observed in 
" the mo'd~riI"gen~tipe of pigs (S'mith er ai, 

. ..... " • • I .~.' . 

1991: -r,as\vai et ai" .1991}'compared with those 
. . .~ , . ,- r.' • ( . ' 

recommended 5'v- the ARC (1981) suggests that 
there ~y be'con"side~ie differences in 'the p~i­
tioli o{ntitri~h~'b'etW~n maintenanCe, protein apd 
fat acc~tio}~)n improved, ~nit;nals.. 1)ie, ,eftic'ieiicy 
of energy: titilis~ti,on mat ~lso' Jlave. c~g~? ~in~e 
CanipbelI'an'd Taverner' (198lU, itifb' a'nd 
Mcciack"eii~( 1990')~';'N'o'Dlef er al. (1'999) ahd 

, • ...... ~ ~ ,- .. ' . f; r . . ~ t 

~i1ge.n ;! ~{, (2?O,~~: s~~~~~t~~L~~,~t,~~~i~~~.s' pf 
111gh potentIal for protem depOSItIon have' higher 
rates of en~rgy expenditure 'compa~a 'i\:ith thQ'se 
of low potential. 1I1'ailiHtioh, McCracken l,lna Rao 

(1989) 'im«N6biei' ei at. (1989) obserVed:,sig-
'in ,.. ..... ,-. ..' r • i. .' "I ;} (~.roo ~ 

nificantly' higQer'rates of'hdlt'prOdllcti6n f~9m 
pigs with a greate'r potenti<!I rates o{protein ;depo­
sition than those ~f-iower poteriiia( The fIndings 
suggest illat energy 'e~penditure lriiy be strongly 

... . ~"f·r ~ ... ' " '/,'" ...... ;.--: , " ' oJ· " 

, \' .. :, 
1 

'·Corresporidhig author' 

"as~odated with pro'tein accJ:l;ti~n iA g~o~ing 'pIgs 
'~(Milge~ et cit.:"20(0). Ho'wever. there is'little ev-

" , " ' . \' ". . . . 
- idence to support this claim, The presenr~tudy 

was an attempt to study the energy partition and 
. ' expenditure in pigs 'at different rates of protein 
rete~tion" This was achieved by_measuring the 

'energy requirements for'.'llaintenance, protein 
: ~ and fat.' depositiQn ~~~, net ~fiiciencies of ir;er~ 
. utilisation for protei'ri and 'fat retention, in entire 
'anCfcastratedmale' pigs at.tliree different'body 
-~ •• '" • '" <"'It Jr. t(· • .", \ " • 

- ',veights. • , ',' " 
.:" \.:~ ;1\.r-';T·,-·'ri"P .. '~"':""."'.J. 

.-_\.:, ... ~, """ "~"""'r\\""'- ',' .::·n .... ,.... " 

','Jyfaferial',ai}.Q',M;ethops.'., '""~,',, 
.:! .. ,_ •• ~-'t. ,'~ .. 1', J , • " .... 

, ", 
Jl-' ".- or ",\,,;. ""-1'" '~'I' Y'~" 

, Experimental deSign and treatments . 
.. ~. J~.:~. T >~ ")~ ..... , ~ •• ~' ". ......" ~.: (-. :. 

;;. ,', 'f"- t'f-2 ,fact!Jrial }~~p(,!rm(,!nt. \Vas c~qi~d, 9JJ_t 
usi,~g}~,eptire (I;:,Land, 1.8 cas~r<l:t~d (q ~~,~~ 
pigs randomly allocated to two feeding regimes, 
"~hat i~, low (L) and high V-l),,~J.th,?pig,~ p~,r 

,,.t.reatment Calori~etric, energy aQd nitrogen, bal­
, 'ances \\'er~ carried out' on each ~lIiimal at three 

• j. .' • ; .'!L .: ';"J 

t ,f ', •• J ~. ':' ~;: .•• ,n .... ':.: •• 
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16 G.H.Laswai et al. 

body weights (30. 60 and 90 kg). The experiment procedure was follO\\ed so as to enable partition 
wa,s·co!!dUC1ed)n three'batches (!ach ,w!th .. 12·pigs'9f ¢~tabolisable energy ~nto heat. output, protein 
andrun over an e~perimental period,of 12",months, .and fat energy retention. 'Four animals were. se-

, '. '.' .' . lected 'fot measurement of heat output energy 
Experimental animals and management and nitrogen balance each week. For the seven 

The pigs were bred from improved herd of days prior to takiilg,measurements, the pigs w'ere 
sows maintained and continuously being im- adapted to the con4i,ti,o,llS)YHhin the calorim(;!ters 
proved by the annual purchase of selected and to the experimental protocol. whereupon the 
pure-bred Landrace gilts and Large White boars animaIs:were\vblghed and e~CIfanimai placed in 
from several of the major breeding companies in a fresh mobile metabolism crate", 
the United Kingdom. The experimental pigs were Daily food intakes were measured.and' total 
therefore crosses of Landrace x Large White. outputs of faeces, acid-preserved (25% H2S04 
They were randomly allocated~to experiment.al ;.' w/\,)'urine,and'pen',.w3shings from the,fQurlpigs 
treatments when weighed 22±l.8 kg live weight .:·,we.reicollected for sevenday~.DlI;ri,J).g t~esollec7 
They-., ... ere.'penned individually ina pig house ' tion,per,iod.' f~eces, urine a~d~'a~hing~.'we,~~ 
mainta'ined at 20±1C. During energy and nitrogen stored at 2°C. At,,the end iqf !hq balance perio~, 
balclll~e, pepQds,.pigswere moved to the calorime;-, "thoroughly. mixed su~-samp~es of th~ tQt,a.I. 7:<f<1y 
,te.f .. build~?gi.<~ncl·JW!l.sed jn ,~obil~ metabolism '. output o~ rae~~s '(3 x 25~g).qr mix~dtirine~n~ 
'~rates design~d.fqr separate c9l1e.ction of ~fine ,washings (2.'!- ,5,90 m.1) ~o,r eachpigw,ere ta.~~n 
fndJaec~s.,,·,., . . ... '; \ and~t~~d at - 20°C.un.tl~ requiredf~r,aill,llysis. 

. , i' , ". ' ',' , ,., The, four pigs. were. then retiirrie'd to tlieii home 
J?i,et ~nd feedin~ \ ." .' " ,'. pe~s,j;·hd~.upon they'coiitinue'Ci ,vithiildirrb~ 

A single, pelk;ted diet ,~;as lli~d 'thrOligh~ut the c.' speciive treatmerits, Sirniliu protocol' was fb'i'~ 
experiment. Its composition (glkg as fed) was as lowed for all pigs attheCdiffd-ent bod)' \n;iglits:'\ 
follows: barlev 81. wheat -1-20. wheat feed' i.so, ' .. ' :.:, .', ~\ ': ::.,~' _ ' . " :.' 
soybean meal'21O: fish~eal 60, fat (BP50) 50: -Chemicaranalyses'and derived paraine-
}ysine~HCI 1.0, limestone 10.5, di.-calcium phos- ters ~ .... ' _. [, 
philte5,O and vitamin and mineral mixture 12:5. Dry matter, gross energy aridilitroge'n con:' 
Tlle,:estimated 'crude protein (gikg DM) and,di- tents of the. f~ed. faeces and"urine ~'W1ple.s were 
ge~tible,energy (MJ/kg) contents onhe diet .were ' estiI~ilted. u~ing A.O.A.cd'990{,Procedures. 
250 and, 14, 'respective I)'. The high (H) feeding,re- ., Daily ,digestible en.~rg~}I?Enllei~pol,isable eiy 
gime was ~.4 times the maintenance ~nergy re- . ergy'(ME) and·digestible'niif9g~n jnta~es:(lDN): 
.cluirement (MI;;lIl). ()f the, animal (calculat(!d,';s' the ,rptrogen~er~ntio". ;(N~)fJ>~otei?:'~i1erg):_ {~F) and 
t}lerin6neutral maintenance,requirement 00 j 9 kJ -l'l-t ~nergy ~~e) retentlOn,,,ere~deri"ed accoming 
ME/kgW~~3d'l; A~c,i9~lr_Th~ lo.wJL).I~vel '::iR<A~t(1.<f81);'1:-"~" ." ' .. , -':' .. ~..: . 
.was 2"2~~m, 'which rePf~se~t~d:aRi;ioxt~:ve'ly :.;;~ ;;r,~e~Jii~~te~ '9f ipe.~~p~i~tena~?C~ e~e~g)/~~ 
0:66 the ad ',ibii'u/n intake 'l~veLJThe'Ieed:-aiIo,v-~: ,q~ITyt~l}~nti (M~~~, ws:r~:~btilllle,(:l.4s111g J1"()}P;, 
ance for each pig was adjusted weekly, tgi'16~;i~g '~p~acp,~~. Th~ f!.~!!~Prp~oac,h)y~pI~f;}N·apo.I~~­
w¢iglung. The dailYl<!Hon for, ea,cp pig was given .(~~K~1~p~a~~ ~():t~%~\~~~~~' retei1~!ol1 (~~)~s'T 
in two equal meals atd900'<ind i6ObI~: Daily" f~ed ' mg ,sllnp.I,~ hI)ear regresslOnflnaIY~ls. ,The corr.e~ 

-.... ~ .! .. -.~ .. ,,·'.t I-~"·'." . ,.'. '_~~' ... .' '.I:! 

intake of each,pig was, recorded., A~yJeed ,spilled sJ>ondlllg .sl,op~. ,ya~ ,tI~e pet en.ergetic effi~ieric,: 
or refused by each -animal wiiS coIleCtea, 'weighed, ' .. for utilisatii)n of ~ Jorgro\.vih' (k~). ,t.lie~sec~j{d 
safupled:;;i1dstored in a\:ohfr60~h' ~~tir~~lvsed ,-aproach '~\:as/b~~ ii~ingin~Itiple ~gressioiLm~d~i 

, :.. - .. • • '. '.... j { • • <', .. - : > _,",' c~ .. " ). -" <. ~ • .......- • '\,,; 1 1 ),' '. • ~,~ t 

'[or dJi·'matler.' Water was 'availablead lib'i fUJh' " r' relati,ng M.E; ~nlflke' to ~he, rates of protdn en~rgy 
.::'~\" " [·.::~i :":,' "; !.:;,.::::;L.:, ,'.10':::l: c.-::"'~ ,(Re),ancrfai,eri~'rgy:~(~e)'accret~on (MJ MEtkg 
Calo'rimetr'iC{ energy aiid iiitrogen'lia'laiiie , '"W';~~~V) aiH extrdp.olating the ME'l~t£e 'where 
, 'B€at,'prod'uctio'h: ei16rgl~~r~iirdge~;b~ja-jich )J,oth iherdtes otp~teih anq f~t retentl~n',,;ere: -
\\;en: ~itormed'si'mhliane6iIsl}' b~{~aclipiif,\:iicn 'ze'm.·The recIprocaf Drihe Slope's for;th~'I;~;i~r 
it had attained 30, 60 and 90 kg body weight. This model provided estimates of the net energetic ef-
c:.;.-:;", ,- ,~ .. b·' ",,- ' ... ,,-',,<. ' , " ficiency of ME utilisation forproteinjkp) and fai 

(kJ) accretion. 
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Data ~nalysis; ;: _ 
. The ~c~rded and most of the' derived values 

were analysed according to Mead and Curnow 
(1986) and means were compared using Student 
t-test 

Results 

Energy intake and, metabolism by tbe ani-: 
roMs '(\.: ,; . '. -. 

Effects of sex and feeding level on the en­
ergy .intake and partition of ME intake into heat 
loss and energy retention at the different body 
weights are shown'ill Table L 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 influeI!-c~ on 
the energy intake, the interaction betweensex 
and feeding level was significant' (p<0.05rat 90. 
kg body w~ight . 

T~ble1: The main effects ~f sex and ft;edinglevel (FL) on 
the int3kes of degestible energy(DE) and m~tabolizable 
energy(ME) and energy partition into heat. loss (II), en­
ergy. retention (ER),.prottiin energy(~e)and fat.energy 
(Fe)'accretion(MJ/d) at difTerentbody weightS. . 

Compo Body' 'I'eeding level: Signitl. ·.SexISigni· SEI? ,sign 
N~nt weight High Low cant'. Entire Castrate , _,'.: 

~ . ..'-,_ .... 
DE ,. 
'. 30'21:49'13.85 •••• 6.88 '17,47 NSO.60 NS. 

60 29.70 21.02 ••• 25,45 25.27 NS 0.98 NS 
90 3759 27.08 oil.. 26.79 32.88 NS 1.02 •• 

ME 

30 19.84 12.97 ••• 1656 16.25 NS 0.643 NS -
60 27.48. 19.77 ••• 23.58 23.67 . NS L088 NS 
90 34.80 25.51 ••• 29.~8 ; 30.93 NS 0.924 •• 0'. 

H 
, 

... ,j f-':;'J ...... ,- It 
! 
: 

30 12.72 9.69 ••• 11,41 11.00 NS 0.380 NS , 
17.24 14.02 ••• 16.14 15.15 NS 0.573 NS 6f! 

l.2;} 
1 17.77 ••• 20.19 18.79 NS 0.801 NS ,. .. 

-' 

30 7.12 3.28. ••• 5.15 5.25 NS 0.735' NS 
I ••• 7.44 8.52 NS 0.938 NS 60 10.20 5.76 

ER 

~O 13.59 7.73 ••• 9.19 12.14 • 1.143 NS 

i ; ; I 
Fe 

3(J 2.55 0:25. ••• 1.21 159 NS 0.665 NS 

60 5.01 2,42 ••• 2.80 4.64 •• 0.789 NS 
90 8.62 3.84' oil •• ~ 4.27 8.'19 ••• 1.039 NS 

'Significant, "(P<O.S), ""P<O.~I),"" "P<o.OOI)and.NS not signifi­
cant (p<O.OS). SED, Standard error of the mean dltTerence~_' --, 

Effects of cost ration 11 

, Heat output (MJ/d)·increased with body weight 
and level Of feeding fOi all iteatme,rit.¢oIhb.~tioils 
(Table 1). Although heat production tended to. be 
higher, in the entire males throughout the grow­
inglfinishingperiod,' the ert:e~t.of,~ex di,ff~rences 
was not significant (p>O,05): Total energy retained 
(ER, MJ/d) increased with body weight and feed­
ing levei (Table I).·Castrates te'nded to retain more 
energy than the e~tire males and ~he difference 
was significant (P<0.05) at 9.0 kg body weight. 
There was no significant interaction bet~een se~ 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 L Values of 
protein energy were higher (P<O.OO 1) inthe 
high-fed animals than in low-fed ones and entire 
males ietained significantly (P<O,05) more protein 
energy than castrated males at all three body 
weights studied. The:rates offat 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 mates 
accreted proportionately 0.24, OA'i and 0.50 less 
Fe' thaIi 'castrated 'males anO, ()O and 90 kg body 
weight, respectively. The feeding level x sex inter­
act jon on both protein ,!nd fat energy retention 
was; however not significant. The relationship be­
tween ER and ME (MJ/kg W061 d'l) intake for the 
different treatment combinations was significantly 
(P<O.OOI) correlated with an overall correlation 
value of 0.89. 

Energetic efficiencies of growth 

The estimates of partial energeticefliciency for 
growth (k~) and~nergy requirement roi nuiiiite­
nance (MEm) are presented in Table 2. At any 
given body ~eight, MEm was higher in the entire 
than the castrated males with mean values of 0.959 
and 0.871 MJ ME/kg W0 61 d'l, respectively. Ingen­
eral, values of MEm tended to decrease slightly 
with increasing body weight, with the decrease be­
ing greater for ca~trates than entire males. 

'. 
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18 G;H.Laswai et aL 

· 'Table 2: The linear regression equations relating ER and ME (MJ/kg WO,61d·l) intake and estimate~ of 
.:..mllintenanc~ en~~gy requir~':Ilent (!"Em> I!Dli Pl!rtial energetic efficiency ,for growth (kg) in different sexes 
atdifferentbodywei~ts , .' . .' ' .. '.:' ',.",1.":", ". . 

);~~" '~'"Jir"~ " - , .... :~ .,' .. 1' "",1. 

s " ~.:' I B d .. -. ~'C· ~"1 ... SE 1 
· , .. :fx ,';:. " ,0 Y. " .', ~, •. ,.", .. 
· ,. . "., WeigJ-rt (kg) ".,.' 

, Entire males 

·,60 ' .. " 
90 .. 

. ~' 30'·90 

Cast~~d 
· males l 

30, 
60 
90 
3Q.99 

. 0.!>56 

·0.625 
·0.594 
·0.628 

·0.597 
·0.528 
·0.507 
·0.575 

, . 

0.18 
"." J 

,'0.14 
. 0.17. 
'0:09 ' 

0:13 
0.15 

·0.16 
.0:08 

.;, 

, .' . 
. , 

4"::. :,"':\' 

, )6 
.'60' 

:: 90 .' 
36·96 -". ,. 

. 0.623',' 0.1 (;-:,~, { 
. ·0.591.' . ~ ·0.10· 

·0.624 , .0.12 , .' ... 
. ·0.-6il 0.06 
,,::, .. ~ .... ',J' 

t : " , • _ _ .... ,._ ~ ~~ ."'-" f 

. lStandard error oqhe estimate- .. ;' . '~ .. 
~ '. Variations in ME ,intake ~ere highly corre~ 
lated to the .rates~ of.both .PfoteiD,ene rgy. an..cl: fl!t. 

.energy retention. iV all .tr:~a~ment c9.mbtv~tions, 
,wi,th th.~ .ov.er~ll correla.60!1 ~~I.l!e of 0 "-91. 

· JP«O.()Ol). The.val!]es 9fMEm. .Qbta~ned 9y;(he 
multiple regression ar-alyses varied witJl boqy· 

kg 
" 

0.669 

0.651 
0.640" 
0.655 

0.650' , 
'0.634 
-0.649 
·0:661 

• I 

0.658 
0.650 
0.684:' 
0.668 '.' 

.. 

.. , 
SE1 .. MEm (MJlkg'W~61d·l) 

0.10 0.981 0:.87 . 

0.07 0.960 0.91 
0.09.· .. 0.928 .0.87 " 0.05 0.959 0.89 

~ 

, , •• ..,I~ •• . ... ~~ - .~ 

'0.07': ,'0:919" ........ ' , .... ", O.9'hj~· 
0.07. ,0.833 . 

"6.0'8" ~- 0.780 
0.04· .' -: o.in!' ',. . " .. 

" Jl·?9· , 
0.90 

''0.90 ,': 

0.06 .. ,0.948 
.' 6.05 .0.909' . 

,o.oli''':; :-. '0.913 :~ 
, . O.fJ3,.' - ,;:' 0.929 

~'. 

.0.89 ",,0 

0.90 
, 0.89' 
0.89 ,. 

i, ~ I 
(~ ,'-0,;" 

1.023 and 0.870 MJ ME/kg W06W. respectively. 
The o-verall MEm 'for the combined gr6UP'\\;I'S 
0:9,46)0j-~~g:Wo:"1.d'l. ' ... :.... ,~,' ':::,,' 

:. The.~stf!ii,at~.(~(ili,~ el!~~&~tif;effici~IJ~r?f 
ME utilisation for protein (kp)'and,fat .(kf}·ac~rej 
tion are also presented in. TabJe 3. The. mean \'iUc 
uesvaried'with"body weight andctended to·be 
higher in the entire than'castnited miues. . '. ~ 

, Table 3: The maintenance energy requirement (Mem. Mj/kg WO.
61d·1

) and net energetk efficiecy o~ pr~tern (kp) ~~ fat 
(kf) deposition for entire and castrated male pigs at different body weights,. , ; >~ ";:, •. , 

Sex 

Entire males 

. ~\ , . 

. Coinbmed.sexes , 
A· 'f' 

Body weight (kg) 

30 
60 
90' 
30·90 

'. ' -"'~30' 
60 ' 

~ .. r • 9~h' 
30·90 

'. '" 

."'';:; 

_ ' " , .' • ~ J 

,30 ' , ;'" 

..to, ~, 60,:'0' .; ';.~ ': ~:.: .. 

" .. -,,'~';., .,.' ~:'~. ~'~:90,:,i" ',j' 

weight without any clear defined trend (Table :3). 
Values tended to be higher in the entire than'in 
castrated males, with the overall mean values of 

MEm "p kf 

0.882 
f'( ,I, 

0.52 q5 
'0:824., .. .' OAI ~,i .• 1.52 

1.059· 0.65. 0.93 
1.023 0.61 0,98 
; , ,,0, :. :1 . .. ,', 
0.371 0.31 1.49 
.0.867 0.47 0.98 
0.750 0.36 0.98 
0.870 '0.52 0.37 

;: , ·r :, I 
0.700 0.42 

\' 
1.25 I 

0.876 0.46 1 1.05 
0:892 0.47 0.95 
0.946 0.56 1 0.92 

.. ' 

I 

DisCiiss'lon' ,"'....:.r . -' .. ' 
: 

The observed' increase :in heat output with 
feeding level accords with the findings of several 
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Effects of castration 19 

other workers,(Closeei'al.,r1:985; ,Nobletet al.,(98),;:lD4. ot)wr, estim,a~es m~,d~ on .gn;>wing 
1999)'andrarises'fromJthe higher heatincrement ,~pig~ (Glose:et ql.,:1?83): .. ; ,r; .'."... . • 

associated;with the;higherdevel.oNeeding. The -,' c The ~stimates(9f Illai~tt;p.l}n~ce~ ep.~rgr;l~­
higher-heat loss in the entire males relative to the ',quir:ement (ME~)9bta,!IJ.~d,_by~,\~~_sirrip1~ ~in.ear 
castrated males, although insignificant (P>0.05), ·i~l1!gressi9.n·!ll9del~lat!~g.~~~ to c~ i~t~.e .. w~re 
was consistent with other fmdings reported on ani- -: lQwer thl:1Nho~e ~op~~ned~!>y, !4e ·rnul~elc;!o ~.g~s­
mals which differed in their rates 'of proteIn ·accre-~c!'ii9.n lJlodel, w~c,h~~!atcr~ Mf intaf~ t9Jn.~Jl!t~s 
tion:(·Nq~(~i/t.~i:~ ~'989,;' M~~~ack~n ~Qd, Ra,o, .r of pro:tein.anci.fate~~rgy ~~~teI!tio_lJ.i ;rhere!l,~on 
198,9;. ~8BI~t ,et c:1..~1 :??; MI1gen,e~ al:. 2000). ~,.JOJthIS trend IS.l~Ot cl~a~, p~ollgh: It, c~n.~~.~x­
Nob1e~ ~tif!...(. p ?~9),)J9w~"P', optainedsignificant 'plai~ed by;the limitatiops U1).cierly'iQ,g,botl,lmoA­
differences in heailoss.between two strains of els in the estimation of the ,energetic efficiencies 

' •. ;. :11, .'~'. ,l"1 I" ~."": ~';. ,~ ,- -, ..... .• - • ... .•• -~, •• ! 

pigs, wbtch: ~iffete(t~tt th~i.rlJltes of protein deJ?O- ., 'and MEm as ~xplained:by otp.er. ~orkersJI;es~ .et 
sition Q.~IY. afteXiad~usting for similar metabolic: al. 1?84). Th~.overall.mel;ln value ofMEm ~oq~e 
body ,,:eighi 'ari~ proi~in and fat retention. This . entire males (0.959MJ/kg W061 d .1) obtained.by 
adjustment may .be.tisc;!ful in the elimi~tion of er- the simple linear regression model was consider­
~ors due~!Ot~~*i~'ili!ferences' i'D. bdd)' .W~iglit ilOd al?ly,higher than the value of O. 7~ 9 MJ/kg W 063d 
10 rates of pro~,~~I!, alld ~arr~,~n~l?n. In the :c~rrent > I reJ?Orted by ARC (l981-) [01; JJrnmproved geno­
study, how~v~i, Jlo attempt was inade to adjust I·types' of·pigs .. However, this va.ue was slightly 
heat loss oiilY io'a'riiet~b6lic body' weight and' not . lowc;:r::·than some other estimates made on im-
for the rates of protein or fat retained.' . . .~ cprQved geQotypes .~f pigs '<9fl1Pgell. and Tave~-

• I - ---,t --'\ • ~ 

The significant increase in total energy 'reten- ':',e~, i 198~: Noblet.e f' at,:, 198~: Rao. and 
tion with fe~di.~g level ~as i~ri~le and re~ldte9 . ,McGrackct;I:-19?0» N9blet, et al. (1999) for e?,­
from the iQ<;.rel!!?ing·~amQu~r~2( bot,h p'~otein and ',ample reported _ vf1luc~. of ~I!'. f9r. improv~<;i pig 
fat retained (Quiniou e!,:al.,JJ96;Milg~n et aI., , :genotypeJed·qq)ibitu,mto nlOgc;: fr~m;·0.940 ,~o 
2000). The higher E.R fo r. the castrated cOl!1pared ',LJ.~O M J IkJt WO ?? d .' L Qn t~~, 0 nu~r;.l~~~d~, tJ}C 
with the entire males' at higher body weights was i ;;:.mean value. 0[;1;.023- MJJ15g~61 . .4 ·.~·.9Q.taine4l?Y 
partly attributed to their. significailtly"higher feed .;' the:lOult!ple.hIlear·regressjpJ):Q1_ode! acc.ords 
intake and'hence more ME iritakethrul their <::oun- .\with~ the valiJe~. ,reP~t~e.d .by, C~pbe.n,!lQd Tay­
terpart (Fuller et iIl:: i995: Quiniou etal., 1996). '. :. erne r. (1 988).and NODlet et at, (l9&~;) 9?9).for 
Other possible' reason is that, castraiion is associ- .: improved genotypes of pigs. Thi~ implies: that 
ated',dtiueduction 'of testicular st~roids; such as . -'estimates, of MEmare .. dependen( onJhe model 
tcst6stcron~,Whi~h.hilVea·profound role on <:: used for its calculation as pointed out by Milgen 
ge~e7reg.4late·~ e~i~1I~¢s''ihatregulate'~'eiab'6lic .~i'et al .. (2000). Regardless of the model, the~e 
proces~~~~~~8?!~~)9?~8:,~u,t~ery,~~< ~(,'~OOO). In· ."findings support the sJJggestion of. Campbell and 

. addition. other recep.tors. such as insulin growth Taverner (1988) and McCracken and Rao (1989) 
" • , _.J .... H]': .... :·.:: L.fJ~ 'J~i!) '1, !I II.f', '.~) .. ' -,-, -." ~ .' -

fa<;:tor I (IGF,cl) .l11R~A.are,~no:wri to be stimulated , that improved genotypes of:pigs.rulVerel!ltively 
• • .. I .... - .. ~.- -" • • ! J _{ ~ ".. ., \ ) I l·.I!.. ~ 

by ~teroid,\fi9ryn,One,s (B.~~n~~~!!_ttt!rl~r~a.f., 2000).:; high maintenailce' energy ,requirement . . ' .. '. 
and are involved in spearhead the,metabolic path- .; ·~~'<:;:The·.present results also indicate an effect of 
wa~s that are. respon!'itb.c;:)nJh~ ~Ily;gy;p~~tioQ in ~>castration:on1the growi~g:pig's--:energy' ~quire­
thelb~dy (Lob ley, 1998;:Buttery 'eta'" 2000). ,;:inenfJor'maintenilOce. The'higher MEm,value 
Since castrates :had relatively reductionjn the ,ca-' ''observed' in ,the entire.males relative;to the .cas­
'pacity of'musc1e i retention attributed to ,the reduc- .' ,trated males is ,consistent with the.findings,of 
tion' Of testieular"hormones(Brandstetter et al .. j;,),Oimpbelland Taverner (1988) and Noblet·et;1. 
20(0) much oftlie'energy mt3ke'could have been -i ~(1999). :Differences.iil'the rates 9f le~n tiss~e 
diverie<tto fat'~ieri.tion an,d hend;! lugb~'r'ERthan .. :; .growth anq henc.e proteiii turnover ahdlean body 
the entire males'. 'Ii'is:lnieresting to note that the .. ,. mass have been postulated to contribute-to tbe 
net eriergeil2etfTcJ~n'6y"oi MEutilisation for .: observed variations in MEinbetween s.tr;iiQs, 
growth (kg)wa'fnb~; different tietweenthe entire-sexes and body.weighL(Campbell:and,Tavemer, 
and castnlted 'itial6s '(Table if :the:lQeaq value of ,';,1988: Rao and McCracke~;19.90; Quiqi9il.~i al., 
kg of 0.66 agn:es,'Yith,Jhat,9f.O.69'give,nby ~C .. 1996; Noblet·etal.,1999).' -. .-

: .." c~. ~.,~ ' .... ' '.'.' '., r,., .. :.... ;'. "';' j.:. ':;'.::.:;' 
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20 '(;.1i.Laswai et al. 

with the small .range of ME intake, .which was 
much,less.in the 'entire than castrated males and 

" hence·smaller. ranges.of protein andfat·retention. 

". The range of energetic effici'ency of protein 
deposition (kp ) values (0.3 i 'to '0.65) determined 
from, the prese'nt study was lower·than the ·range of 
'().is· toO.85~estiinated theoretically by Millward et 

'a((l976fThese'distrepanciesbefWeeiIhypothet- :":~)"'J '. ',I~.;:.';', '" . 'J:';"!' 

id!l anddenved-,'aIues were noted by other work- Conclusion _",' , •. ,'C, ..- " ',," 
'cfs (Fuller et al., 1987): Tlie~6venill kp vahies'of - ,)'J'Th' . 'b'~' -~: d:'hi "h'~'; . . ..... ; :1 '. r..' '''l'' . 
. ' ;', " _. . ' .. ~ , - ", e 0 seJ;ve . g. er energy requn:ement lor 
0.6 I and 0.~2 for the entIre and castrated males, . >.'. ., l" h"" .'.' '1" '1;1 '.:\~ ..... 
· .,' . ,. " . . ' mamtenance lor t e entIre rna es re atlve to cas-
respective Iv (Table 3), suggest that the entIre male .. ' '.,: !l'd·b··· t' ·"'b "d h': d'iic~' : ~,;.' 
.' I' :1' d I . . d . . . trates cou e a tn ute to t eIr Illerences m 
aruma Sutl Ise ess energy m eposltmg protem b" 'd'" c', :." ': ... ; : . .;.;:. . ',' 'b . h" ''''f 
.' .' ." '. 0 y .COl,llposltlOn .. Ill~erence y t erates o pro-
compared With castrates .. The explanatIOn for this t· .. · "d ;,.'! ;' .. ,.', Jl. '.,. T'h"; ..... :.:. ; . 

l ' , .' ...... . _ ,em at;l .lat.~nergy retentIOn. e net .energetIc 
trend could be that. testosterone, which IS known' . ff .. ·.. ..., 'i- ,'.:. , ....... ! .. ' d' '·f .. ·· ..... ' . 

,.: • .. '. c.. . ... , • .... .. e IClenCles.lor prote!n an at accretIOn were 
to Illcreaseprotelll svnthesls more than protem I h' h . ~. h" ~. ,,' .. :: I .. ; h' ,',. " "d 

. I ".'. . • a so Ig er lor. t e entIre rna es t an castrate 
degradatIOn leads 1'0 111creased muscle mass via . 1 Th 'h ·dif'l".·; ;" .; ..... '. 'h' "". " 
· 1 h hi' h . . d ·th'l· rna es. us, t e lere.n<;:es m t e enelID expen-
musc e ypertrop y. W lIC IS aSSOCiate WI ess d' . b" . I' 'f'd·f'l". .,... : ..... . 

. . Iture etween am rna SOl lerent geneucpo-
energy cost (Buttery et a/., 2000). The overall . " Il" . '. '::,.~'.. ' ·f·., ~:. ',,). ., 

. k _ "1 . f O' -6' d 1 II . h h k _ ' I tentla lor p~ote111 retentIOn repD,Deu 111 some 
p,aueo .~ compare \\e wit t e p\aue d' Idb"b' d . b"" ... ' "'1' 

f ()-4 't' t·db····ARC(1981)b·th· h th "stu lescou. eattn u,te tote!ryanatlOnlll o .) es Ima e , u Ig er an h' ... . . . , •. J. .., 
· . . . .... " . t e mamtenance energy reqUIrement. ... 
OA9apdlower t\lan·0.64. kp-values reported by ., '. ..' ,..' :.... I;';' , ... : .: 

Quiniou ec ar( I 996),anrl'Noblet el al.( i 999). re- .. 
:spectiveiy. Tild vahies Of energetiC efflCienc~·.for References .. ~.;.-" ; }',." :. 
fatdeposi'tion (kJ) obtained in the present study ,r A.OXe. 1990: Officidl-:\,iethods of;lna~vsis. 15t11 .:d. 

:(0.92-1.'52) were slightly highej".tMn the values . '-The Association 6foffici~1 Analvtical chcli1'" 
r(0.86-()',~5)~stiin~ted theoretiCally (Blaxter,1989) ists; Washirigton:'DC_' ,i,!·,;. I : 1: ;' ".I~· •. ' ;~ 
':and a "illue (0.74) recommended by 'ARC (1981). . ARC·1981. The .vulrieIlIRequiremenl.~ of Pigs. Agri. 
Tliis is possibly' due to the faCt t11ilt the theoretical. '. -cultunll Rcsearc~ Co.uncil. Commonwealth Ag· 
computations assume that glucose gives rise to' r!cult~raIIBuiea,l!x (CP.B). . t::..' 
acetyl coenzyme A via glycolysis (Reid et aI., . Buttery. Pl., Brlll11c1d, 'l.'M. and Dawson, 1. !vi. 2,000 
1980): However, other metabolic processes do Control and lJ1ani pulation of hyperplasia and 
take place and may lower the theoretical estimates hypertrophy in muscle tis~ue. ~n: ,Rumilla'!t 
of energetic efficiency of fat synthesis .. The ten- Physiology: Digestion. !"Jet~bolism. grm~th~lId 
dency of values being more than or nearly equal to . _ reproduction. Ed. P ~. Cronje. Pp ~37.~'~~~ .. : 
a unity (Table 3) is mainly a consequence of statis- - Brandstetter, A. M., Pr?ft".l\1.; \y .. ,H,oc9l}.ett~,J; \., 

'tical inter-correlation and-can probably J).otbe in- .,' Gerrard. D. E .. Picard. B, Geav. Y. and 
(terpreted physiologicallv. ~a ue~~\;t!;n. J:r:)O~OO '~ffe~t~'6i ~~s~le s~'pe. 
; _. . , ~. '. . . . castration. age. -and cj:>.'11pensatoi)~grqwth rate 
." In general. the above e,stImates,o£the costs of ,} ,'. ',: . d'", . :' . ", ~., 'R' NA ... ,' "" ""b' 

•. , ..•. , • ",,,. CHI all rogcn receptor m expr~~slon'1I1 o· 
protein and fat depOSitIOn Indicate that entIre . ,,' . ", k" 'I·rt I"'" I'· 'J'''' '" . I'A! .. ' "1 S .. _ . . - , vlI1e see a musc e. ourna mrna clence 
males are energetically more efficient:indeposit-~i ':98-:629:637 :-::';:' :';' ",,','; '/ .'. 
:ing b,?th protein .(lnd'f~tthan, castrated males due,. 'Hlaxtcr.,K IL, '1989: EriergY'~etabolisrri in animals and/ 
to the' mherent blo-acuve substances produced by .:': lilan. Cainb·Uiiiv. I?ress. uK.-'· :. 
the testes: In a way, this seems to contradicJ theCampoeJl: R. (i: and Tavern;er, M.R. 1988. (Jenot\'pe 

.'pre:ious conclusion. thatcastrate.d males ace eJ).er- "':.!: and, sex ell'e.cts on the1reliltionship,b~t\\;~en en· 
get~cally more ef?cI~nt tha~ e~hre. malesH(Noblet .. ~., '':. t<rg\. intake;,and pr~tein de(Josition j)1gJo~:v.ing 

- et al .. 1989). ThiS further .llldicates_that the ob- . '-.r '. pigs. Journal of Amrna/Sclence 66:-676-686., 
:served.difference in'the energy expenditure be- '. ,G·lose. W.1;1:; B~rss:~~uer, ~S~~ ~~ave~'~:' R: ,P;.19~3. 

~ tween entire .and castrated males may have re- ,;.- .; The influence of protein:energv. value of the. ra· 
suited from the/variation in the maint~nance en- ... -', 'jion:a~d'le~el ~(leed int~k~'o'n t'h~ e~ergy and 

'- '. • - . I • ,. • '. .. 
. ergy. intake or eI1ergy, equilibrium where in fast ,', .l11trogen metabolism~f the g~owing ,pig .. l . En· 
.. growing animals, protein is expected to be depos- . ergy metab~ij'sin~ B~/li.;h Jourrul! d(l\:U,t~itioll 

ited on the expense of fat (Quinioll et aI., 1996) .... ,,' 49: 255',26? . ' . . '.. ..:.'.' ". _ : 
However. the difference mav also be associated Close. W. H .. Noblet, 1. an9 Heavens, R. P 1985. 

. Studies on the energy; metllbolism of the pre~: 
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