
115 'mil'li fiW1E43(2) : 1l5~ 127.2010 

*?f7ZE!Jj(2)(6) * 1['S X (3) .i~ §)11(2) ~U±£~(2) 

~*~ ~i(4) .~}J!(4) ~~X(5) 

*~U~ §j tt rh'i i\1 E,," :t :m: lJ l!.l tdtllm !!Hl;TI :m Lp i!J~ :!J D /f lnHW j:t .&. 15 [ B:J~1I::.to/J ' r-ffl:i ~I l~ tl ll g , ~ 

~ it N*: ' ~H:i lNfliJ fiHr! & tJF i1lt f~rj]m~.lit z. l;tt')l( *~iI:~ tilUfilli'Hfi 41.3 ± 1.3 kg i¥J LD ~lt;<~Hff0 

4X at! ' 1 1Ifl J} ffi& l 1:J t;z:~ ?:i- .:'t': ' ~~71-i'lUj,," A ' B ' C » D '¥f 4 Hll~ 33: ~.f': - * .!~'HB m ± ~ljT:iq.ZunJ 

0t ~ mUil A *Jl ( INW:WD 1'E~K l t13 fO M~m J tlJ 71- )J U [illHl'iJ -a til lliB ~ 15.5% 1'0 14.0%' ~Iuj 16 mg/kg 

1'0 9.6 rng/kg , i~ 1 1::. 1lg t'3Jty 3,250 kcal/kg Z J ,H~ ffu tril • B m. ' C %fif[l D *f[:{Et:lUtrJ71-)jIJ em~nJ tE~W 

a~Jm q J ~M~ i~ JJ ~ jij1E ri31 jjuJ (Cu 25 .1%)' lliB 'l~gU .g-~iiJ (eu 10%) ~~ r- ~ 'M ij1,i tiUiiJ (Cu 35.6%) ~W 

):WJ '01!1~ 35 mg/kg I'J'JfttiJ'fft ; lJl:l ffjifJ B M1 jj,QC ;j:[ltdIHM ~i tl l cj]71-5JUti'l)7~i~!JDlijjfM ~6j~ J::ti¥J~I'~ 35 ~ 5 

mg/kg , D *ll ~ lj mj1J ~ i~~1Jll :'3i 1:1Wm €iifiJ ~:J;( I8 1f~ 5 mg/kg 0 ~ :!~WJm~ lill3 !rrm ' §.H1t:m ({t,jij) 4 jiJl ' 
~.M~ 4 ~ ;~~MmW0 ' fu~~~M~~ 4~~0R~ff~~~. ' W~fi~~M ffi ~~ 

m ; ~~~&MW~~n~~~~~ ' ~.~~W0m~~~~ ' H~~M~ ' ~&~ff~R~. 

¥.;J l1"dm 100 kg ffiHMR 0 :t-_K IJ~ tJ'M~tu llit fim: rH 7Jd~ 1;jH:I l+ 0 llit~Mj}.fH&~f*f$~)~f* lft ~ 3Emml 'lj: 

~ ·~*~· ~, ~ · ~, .t~' ~kRM&®W'~~ffi~~ · ~*~~ , ~m~mW~ ~Ntt 

0fjg , mll'lH1. )jJ: fU~W tJF l1 M: lI.!.r;J fD j.!I A m ~ l -lf~UTY.~ , • mHEJJn l ttM lI.i fO~ f!I!rjJ ]fUJ(IJJ iI;~ IJt ' ¥.;J i Fii 
tili (P < 0.05) ~~:ftffu .=:. t:t11;;\;11l; , ·tf.m (fi ~Hl'r}] fffi . rr @ J1I! ;jfl lJl ~l:j:! m ~:w: iI''1 i11~ Hl' i'fEEi: (27-33 mg! 

kg) , fJij IfflJil· tl'lflS ' 1Jf.j i+&n'II.r~l q] ffi R:J inJft.t::Jl-/- B mitft~ ~~ rfrfl'Hs gHil ' ±' :l~Jf:l f-'f rii t'im ~"l tJ.0 

.:E*-* N.'f.'B~±~Jm :lqmFHm 1J l , r1~ jJU ifn1 n/0~ri] r . 1~ tW i~~R !fl£~t1 fj gK~lmtE N* ' t.'~ mJ mf~ rp 

~?,- dr'1 i~ f:rt fr lm El tJ r-i ltti[riJ 1 -~MFfH1JJ fM* ~ 1JU flIT ~ r% 0 

(1 ) ff l!3<~";; I~ ~~~f.i _l!:~~ ffr liJf l§'G~fl* ;j'} 1544 \'t't ­
(2) tJ I!3<t>Jt[i;l~~w '3J:m~~iI:~PIT~1;Hfl 0 

(3) rrl!3<t>1CtiThW-'~ ~~ 1tt*~~lWirfi dlHfl 0 

(4) 1~\L ::\~ki !fijJr0W~~ ·'* ( fifi) .. 

( 5) 1TM1U; m~ :'i ~ i'i'i;;r iii\~rrrg "M! 0 

(6) fillifiHVfi' , E-mail: tmsu @mail.tlri .gov.tw 0 
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tll~tt W1J ;fSI. lffi ~41j I ?l ttlM 'ttlMtE lp tH~OOnrT TiJ lf!} liWi¥)] /.1llt-i'"- *6P.i ' Wtltin : CU2 
> • Mg2 

+ • 

Ca 2 
+ • Fe 3 

+ • Zn 2 
+ ~ , Jt l\ l 3Z t J. f U Cu 2 ' !Ji! Zn 2 ' (r''.1 t5 CJ ) ] a ~t ' JF;px: m JE JI/f~ r{f tl(I"J tll ~ ll\. 

( Oberlaeas and Harland , 1996 ) ' uHli~~ itli ;&flJm l1fi] :tli1 ep(I%\~no/]~ 0 

:J~ IfGJ ~ * t!i iit! ( 2000) #'I.JI: ' ~mQO] lJtep%TIR~ -a 1 1: ~ J :{£ 35 ppm tJ. T JiffJ'1: (Cromwell, 1991 ;0 

Coffey et al .. 1994 : Ap gar et al., 1995) mit', ' u;ij 'Iil ~ ll l$lm 250 ppm rm~ i1IHT~1 1W1CfW~J A''.1 ':& .~ , 
UJ 1lf il!m~~.N • fflIW 1)f1r-j & iYX: MniiJ ;fSI. 7..(~ , aH" ~ fi f?rE Mjfo] ~I!J2.4<.!: '&llJ .ffJ * ~!'Uf~} 10-30 % ' (It 

t1 ~nttr0ep m tf3 d<L11H!l!7t;i:Mi f6' m1 fn~I} I'J~ ~ I :. P.1k (Kornegay and Ha rper, 1997 : Doz ier et al .. 2003) 0 

Armstrong et al. (2004) mal ' fm UiiJf* 'MffJ 125 ppm .f*l~Wijfo] , ;ttH r. nU-~ rp illlJ it., rrr~~ 250 ppm MfM 
il"J ili£j ? Veum et al. (2004) m H' , tJ. 50 ppm lli ~l~fJil l"ft:1~t)l!H.l[jJi*Ntt ' :flj ~~ 1$ 1}11250 ppm litL~il'~0 ~ 

m t:J£~ijJj l'tJ rJJ,l: 4<.!::&W fr ' \tt. ~y 23 % ZffitMlit:w. 13l11t ' f~m f'j t1UlfiJ 1J;rilJ~ j,.' ]fi~ r~ JJ o t ' • pl~ f!t!i110 

:fJij!! tfil ' jEm:JTWJ1o/Ji1m~ 1:. ~v.J -pJ;f lJm t1 :: il} ( 2005 ) tJ. 1 mg/mL r - ~~JWml ( , -PGA) iJ~0 ­

€l 10 mM CUS04 . 5H 20 tE pH 6-7 CJ~f,*frF . ift. lfj , -PGA !l~Z fH.iUfiiJ ' JU''fi 'i5' ~f; 1.!t 90% ' ~;~ t!~ 

jtftHn~ lll',}lliiiJ\l~H& ' fii~ IilfHWl:t 10% 0 ~ , -PGA W Cu 2 
+ iKf'i . I*I: f11 Cu 2 

+ f1i:!Jm m l~:U f th D'~ ~~ 1iME 

.:r*5il~ 1&iIT lm j(Ij 113~ f!1! qlHnJ\(J~1 t ' k!f :Rtf.!l£ illf'Hl'1fJ;J IIJlJffi iffj tf£ f,;W',[ %iJ(-f';J u,&4<.!: ~f~ . 1-:1,:f=i ~ fJE i*-i 
Cu ~ .Z ± 1?JJ'iJH lJ fHt J: · 

If!rcX~ fif~H I: rttt ~o/] llt;iZ l'TJ i'f: fJJ® ' ;{(~~ 1iHa~ aiTI fIltLj lr~JJlJ~ rsJ ~~ ):\(j''.1 JltiWAO/] , f!¥T WHfi'!U 
~~~~~~mz~~ ~m~ ' U'&~R~±~tt~m~mtt~~~~ , u'&~~mw~~m~m 

O~ ~ * 0 

I . !f.1.Ir0 i1it~.&.5H:f:t 

iiiI: !?':J: 1*7'C 3':jfr! tm f& ~ I ' ( Co mplete ly Randomized De sign , CRD) , jll1I&tliHn 41.3 ± 1.3 kg (1''1 

LD *fE x:~~1t 48 m ' I }JJ 0 flt&~ :9: m :B- ,* ' ~~ :Witt~ A • B • C ,& D~ 4 t!fi U =E 71,: - * .£1_ mhj: 
~Jjf>HJf,l~z f1f1] ~$Mi ( @mt*gmG~1j~1< 1 ) , ~ iI:~W lf:'9 aii]m !fi.! ftX 7Jd!:J t'* 11R • A H1 ( fJ !I,~ *H ) 

tt±~-jtJjfD m:rfJ'J t,g:Jtl ] lJm~ WJ -a rn rn: B m 15.5 % .frJ 14.0% ' r~~ 1t fig fl~J l:?~ 3.250 kcal/k g A''.1 l£ IitlGfi] I! • 
B m. C MI & D ~;W{E:I :. ~WJ 7})5 Ij (i{!Hfr1J {-E !MtMl~J :ffi! rj:lmi >, rl$JJlJritLIWW~ ( CuS045~bO , GR ~&, Merck , 

Germany; tf3$11iJ-li' 25 .1 % ) , ffi B !~r re -&m ( ~H lW! - m~ 'Trouw. utr it ion . ffW1Jll 10% ) ~ 

r -PGA ( f{-(*'lJ (2005) :t rt~fl" ' 13 j.I,U ' 35.6%) :@;i: ifiiJ 35 mg/kg (j~} f!tiJ t!i • IlBw WJ B *J:lJ$Z C HI 
:1'E¥ lit~ l1OJ llli rp7}J] tl ~>, ri~ 1Ju ~.mM J1Jm~ :r\: rt'.1 j.f1u 35 DX 5 mg/kg , D *!Hllj 'fa'j :Y ri~ 1JU~ I ~l ~~~~ ilI1]J ~A (j''J 

:fIjiJ 5 mg/kg g:, :I.\~Jm WJ~ ·31fit!! , t1JillW (t; ) 4 ii.il ' nl't~Wlfrfl 4 jI.1l ; 1: ~ Wl t.lj 51H& ' m l~ l1.H Jm0 

.~ 4M~0m ~IT~.~. ; ~~~~M*.~~~ ft~.~~~'M~~ OO~,¥~~mm 

100 kg llif*ri:* ( 160 .7 ± 3.8 f3ffi ) ' !I!iJ~5H:fl1jA~J1:~W1 ' 7-I;:ail:~mJJ~m-ti'g-i\rfr jj'f.~MiffJ i;tH';'J 

~ ·l' ~~Z~m· ~ * '& ~~ fi , ~~.~m r ~~~~~~~ J.~ ' 
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Table I, The composition of experimental diets (kg) 

Ingredients Grower Finisher 

Yellow corn (CP 7,5% ) 

Soyb ean meal (CP 43,5% ) 

Fish meal (CP 60% ) 

Whcat bran 

Mola sses 

Limestone 

Dicalcium phosphate 

Choline chloride (50%) 

Sa lt 

Vitamin premix" 

Mineral premix 

Total 

670,0 

190,0 

30.0 

60.0 

20.0 

6.0 

13.0 

1.0 

5.0 

1.0 

4.0" 

1.000 

690,0 

196.0 

60.0 

20,0 

10.0 

14.0 

1.0 

4,0 

1.0 

4.0'" 

1,000 

Vitamin premix provided per kilogram of diet as following: Vitamin A, 6,000 lU; Vitamin 03, 800 IU;
 

Vitamin B12, 0.02 mg; Vitamin E, 20 IU; Vitamin K3, 4 mg; Riboflavin, 4 mg; Pantothenic acid, 16 mg;
 

Niacin, 30 mg; Pyridoxine, Img; Fol ic ac id, 0.5mg; Biotin, O. lmg.
 

Mineral premix provided per kilogram of diet as following: Fe , 140 mg; Mn, 20 mg; Zn, 70 mg; T, 0.45 mg
 

; No addition of Cu in A diet, B, C and D were added 35 mg Cu as copper sulfate, Cu-protcinate and Cu ­


Of PGA, respectively. 

••• Mineral premix provided per kilogram of diet as follows: Fe, 140 mg; Mn, 20 mg: Zn, 70 mg; I, 0.45 mg ; 

No add ition ofCu in A diet, Band C were added 35 mg and 5 mg Cu as copper sulfate, respectively, D diet 

was added 5 mg Cu as ell-proteinate. 

II. i'U1!l1ijJt !~ 

( i ) :~t ~trn*6 },Wl i'f4.'r .w~ JflJ.!lfig-1 m j il ~ lvJ i;- ffi 4 Ufi ~ m- f ~ i h'lt'!{~ , '~Jm m!H1 " JtIi1 1: :lf< HJHll lgJ ;L n~ tJlt 

2 kg/d (il :tt l,t 80'X,) , 5}1: ' -F ~F·~~ jjl; Ji!f ' flX J¥J * n~ rmUliJ mj jt q)d;lhfiFX Dt\! uiD ~ ?M0 

(bi;fif ' ~I EJJ IJ .L.j, f'1" F,G~ 1& ' fIlWWiiJOiiJ 'f-'f . t l 'l~i'dI€IJ ~~ 'f-'f ' j;) g-rr r ' ~f~ :ttji! ' • 
( ii) #i!!U:Mfjljfli l J: ' 9d iiT 3 X(I''1 !$iI!UtJJ ' *c jfH/j gz{l~ ' . , W; 4-6 )(E':' U"J llr:r T§, tJo 0.6% 

~ Crl0 3 ' :mWfflJ r:jJ 1JUA 40 mL ' 6 I ;L HCI • llli fJ if:mVRq;x:W:, 
(iii) W~ UW:~ ;11 4-6 7: ~l*i1~ , ~c $;~ tJ l : PR 'lslfr-l*tiiW1-¥ • 
(iv) ~ 6 *. r] J.j.Hiu. i1H ~ill 10 mLi im . )t ~Eliu.Wl& i~~ 1-¥ • 
(v) ml ~m~m.:!iEt1r. iI!t . l ~j mll'. *,M~\ : {jI! rJfHf:l l/9:~ ' ~~ ijEt*m:IE~'f;Mf5b; Jt ( m R 7i:'f 
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~ ) , m*~ · T~~~W-~ · *m~~••~m · , ~~~mm~wmm , ~~~~ 

*i'i r::j-l i4 1i~ e 

m. IfilliJHtHR 

ij~ ff !tJj ~~tMi*6*0JllH~ ' 'ffi~ ~T ~F 4: 00 I*j ~b~n ( f~ ff~llX* ) ~~8~tr 9: 00 ' l**rtn 
ietf,ttfrl 15 mLi liM ' ::ttL11 5 mL J...:J. Wf !1if: if:J([ l ;m rJ l tl l iW~51:fJT ' ~ 10 mL I1 lj51ll1ftlillri1H&lJlHf • 

IV. ;g*~t W 

~~~.M*mm.m~.~ M® , m.@ 6 ~ '~0R&~~R~* ' 0~m t~~ 7 

B ) J2i Jr.~ J1HTmfW 1tJ: :tX ~ ' f4 1j5(:!;f: • ~~m1Lurj t~*flf • N ' 1m ' !W&OO'rl- ( t:tllfr* cp flf1 1T'J ) • ~ 

El l!'ft;j: jftIJIttMl* ' /j\51iJH& ' t;H.f.::~ I 0-1 1 JtlJ,rtt FJl '/oT itri :N:nJll~tn¥ c 

v iJI ~ J:E Jt'H~1 &jJ}t~ 

( i ) ~:N it: Hg 

i\cjfidiJ:t.M PdJ a~tf! ~ £t ill ' ~t~ WntfH~ 2 ~ f¥W I 7x.. ' mWl ( ~m* fl11 l [ilII 5- 10 

kg) H ljm~f"¥ - I »: ' *mttt.Hfi: t~ Jfj .&wlJ Mi1~ r , ~t- tFIZ.~ TI.H3 m ~ ff ( ave rage dail y 

feed intak e, ADFI ) , sji: t'~JB tt} l ( ( ave rage dai ly ga in , ADG ) &allJ'¥4 ~..>C* ( ga in/ feed, GI 

F ) c 

( ii) mtmt±}lX
 
-ftI( !~ i!* W; ( 2005) ~~ i:l ' fJ1i~ tfu lf(ZJm4it:~ ( 1988 ) ;L1J l*m~ Ji: °
 

( iii) l~ &h 51 :fJT 

I . ;j(5"tmIJ Jt 
~ Wl AOAC ( 1990 ) Ji rt. . illlJJi:afiJ flI ' . ffl!' ITf a : Wf llill ' IDlJ$ • 1"1 ~ , )\fIN·" 

ijfL , ne tl-& Ifil iJ;l1.~ * 7} ~ r ­
2. f~~ h1)dl:: 

* 51jJ1IJ JE7'G).ix l3t ' :1ft f3 t1 r 'frl ;L:l11#~ ll"~ A 1)dl:: iit ( NEYTECH-2-525 ) :tE 55 0-650°C 

r11\ ~ T J* 1 1:: *,,'J 6 /Hl'5' ' n,!IJf!\tw' lit,t ~* ~H fJ~. ' IUWI'.1 -i1* Mz ~ B1H3t ' w:t 1i~ :f.$ .fl1l !M }#! Jill rp , 
~.tHrW.mMz ~c~~ • 

3. JfnJ15 f lll'JJi: 
t~ tl'b j;J( fI:: ~ fil j 'r& ' iJu A 3N t¥.1 JII ~ 10 mL ' j;). tMEU/iH~ 1fi1ft 35o'c ,tt r.M&illHT 

l'lU i¥ ° ~ M ~ j;). R 1 i.t{! MU/ii!~. & JE:tfi ' J...:J.Jm .:.f rw: ~ )I: 7\.'JtHN (Spec trop ho tom e te r 2 8 100, 

Hitach i ) mfj Ji:~~ • 

VI. McJr51i'f[ 

~l~11 fJg j;)'II' H;:y~~WLtiL ( H1f Il\Ff~J~~~ lf!). mlJ jn ) ' f-,( im ~J:t~ ft lj j;).~ ·rrJfm 1f.1Jii~ ~ Yil Ui. . t~UlJ 

rXf :J& ~~ t~ j:\: ;m lT 51:frr : y = fJ. + T+ E . Jt ep y (-,(*~ il\lJfEl ' fJ. tt~~ ttf 1~~ . T f-t?HiOJ mt r::j-1 ifri] 
f5 ~mt ' E (-'( ~ mH~ f lJm SAS &ti1t51i'rr g:~ !l'X lWl E1 }'.1 - · f.f.IUgtHj.i; ;I'\ fjU¥ (Genera l linear mo de l u 

proc edure) Jt;h~1J51 :frr (SA S, 2002) j;). LSMEA NS JCH~ ):t f?i ~ j-B JtAlH!*JJ. C(J M/J\t~Jj 31 !. :P;;] fF.l&c ~

fi\!!~ t&~ , Ifj J...:J. ff~"#J ~rr ~ J:!i.UISFMHt mfj ~il (Duncan 's New Mu ltiple Range Test) , .t:t fi~ 0r J1M!R IM lB}'J 7£ 

-W Mti~ i1 ' 
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*~~~ gijj 'f5j ~* g"] f.H~ t5Kf~ 51- 1'JT*6* . if. ln-tz 2 0 g ;. :l'<:WJf[]fl~W WJ¥~ liUJm ( A*li) ~ Jf;jj~ 

51-53 IJ~ 15.7 Hz. 16 .0 mg/k g . fffi B ' C s. 0 *U~N J t1J g"Jt t\.l£lli]i¥J fs f WJ7t~ lJ ~ 58 .5 ' 56 .9 ». 46 .2 

mg/k g . ij~1fWHl IJ 51- ~ IJ ~ 59 .7' 28 .0 »- 27 .3 rug/kg e 

* Growing per iod : No addition of Cu in A diet, B, C and 0 were fed basal diet with 35 mg Cu/kg by adding 

of CllS04, Cu -pro te inate or T -PGA-Cll, respectively; Fini sh ing period : No addition of Cu in A diet, B and 

C were fed basal diet with 35 mg and 5 mg Cu/kg by adding of CUS0 4, respecti vel y, 0 diet was added 5 mg 

Cu/kg as Cu -prote inate , 

I	 CP: crude protein (N X 6.25) ; DE: digestible energy; OM : dry matter. 

The levels of copper and zinc in basal diets (diets OM basis) for growing o r fini shin g period were 16.0 and 

33.5 rng/kg, and 9.6 and 3 1.7 rug/k g, respectivel y. 

3 Dry matter basis. 

ilriJ r11~ 1J0 1'I6]~h'zm1t~it-f~1lt~:&ttHgz~~ , ~ IJ 1» ~~ 3 ~~:R Y1i !!H£ 1: L~ Jm[j".1~uJ *,H&~~0 

ff1 lli: . I~ 0 ffJl ( rB~tJll r -PGA ~~ (j ';; ;i1I1] ) :9H.~~~/iiJvill~ I kg 1.-:.1.1--. ' JJU 'iJ 0 mz A OF I PMfith (P 

< 0 .05) ~~ Jt fili = Km~" Y f!!ft~f ~ f~ , iH:IJ. ¥ff !!t:a'i' 130 BlMUi¥mt !fO~]~ 70 kg l-jL :ilfZ Im ~ii~ 1=rij~W JtJ3 

~~\ lf~ . ~i\:~ *j!j* IJfi IIj'; 0 HlYPfZ-~Jim1f!~]PJ ;m 100 kg , -i!r *mft!!i :a'i' ~Jl: t& J!Jj rJliY'.1 AOG ' AO FI » G/F 

HlJ fbl lli: 0 N RC ( 1998) H1 t:1i ' ~*IJ~~WHfJ 1!t ( lIDJf! 20-1 20 kg ) nJBj/dJIi'jjm! .1£ 7.42-9.2 3 mg rr;~ , 

iiii * 3:.\~~ A m 1* m .L-j :E* -* E 't1:l ~ :.l:::z ~ ~ flll] fll ( - ' 1 ) , *~~HJT~ I :.N HJnn fl~ 'f=J WH~0n- f1 nj 
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e:p 5JJJU "Pi 15.7 :& 16.0 rng/kg 8"Jm ' tPf·Y:;JA DF I f1tn 2.50 -2 .60 kg zlm (*- 3 ) ':tf E(tt:E afi] .tlj1 ~p 

nH~UJ:( 39-42 rng/d BJ'1 Jl"J • jJ,;t l§lf® ~i\~ ll)J ffrJ § , uiiJ l~l r tj ffi =f!ftlfi )! ~ ( 0-35 mg /kg diet ) H~ JJUm ~iliI'MI''1 M~ 

jJO rul ;i:~ ( ;j'H1HlG 1!l~ f* ) ,r;;'J1~ f;!~ f,f.0r ~n r~n ll''1 ~t.R l''1tJg (ADG ' AD FI :& G/F ) ' Jlt OO C reec h et al . 

(2004) 1le: JlHm .!.fI~;"J 59-109 kg n"J~~ ell]h$ 5} JJlJ r!J~ 1Jn 25 ' 5 (1f\~ tm~:i:~ ) ~lJ 5 mg/kg ({I ~~ :i:U 

B"J ~~ , WiWo/f-:: [fil /l;iJtu11#R J\I! IDfaJ ADG ' AD FI .& G/F r;;'JitJ llI z *5 · -}~ , !!ll~!:E.LQ JJ ~ jffJtJJjfJ !!l fiN niiJ 
L:J+* - *§Ji13~ ::t~ }jf(:f'W'1~u] *Jn ' ~ f,\fW9~ r~ JJ LI~iWIJ1:J #i ilt5tf{: IlI:T¥~m !M;LtJ " " m~ 1I: . 

*3. f!;;J ~ JJD~ f5J M};\Z~ftL>.~lN~!1l5t~t1fjEZ~~ 

Tab le 3. Effect of adding var ious for ms of copper to diet on growth pe rfo rma nce of pigs 

Groups	 A* B C D SE 

Growing per iod (BW 4 1.1-64.9 kg) 

ADG t , kg/d 1.00 1.04 1.04 0.99 0.04 

ADFI 1, kg/d 2.50a 2,49a 2.53a 2.3Sb 0.04 

.1Ft
, kg/kg	 0,40 0,42 0,4 1 0,42 0.02 

Finishing per iod (BW 72.7-100 .0 kg) 

ADG, kg/d 0.99 0.94 0.95 0.92 0.04 

ADFI, kg/d 3.23 3.07 3.24 3.12 O.OS 

GIF, kg/kg 0.31 0.3 1 0.30 0.30 0.0 1 

Overall pe riod (BW 41.1-100.0 kg) 

ADG, kg/d 0.96 0.92 0.95 0.93 0.04 

ADF I, kg/d 2.60 2.54 2.60 2,49 0.05 

G F, kg/kg 0.37 0.36 0,37 0.37 0.02 

*	 Growi ng period: No additi on of Cu in A diet, B, C and D w ere fed basal diet wi th 35 rng Cu/kg by add ing 

of CUS04, Cu-proteinate or T -PGA-Cu, respective ly; Finishing peri od: No addit ion of Cu in A diet, Band 

C were fed basal diet w ith 35 mg and 5 mg Cu /kg by adding of CUS0 4, respective ly, D diet was added 5 

mg Cu/kg as Cu -proteinate . 

ADG: average dai ly ga in; AD FI: average da ily fee d intake; G/F: ga in/feed. 

a, b Means within the sa me row wi thout the same su persc rip t are significa ntly differen t (P <0.05). 

~ ~M~&M*~ , ~m• • ~® 4 ~~~ R~h~~~.'M*~~~ 4 ·~m~.~m 

711l r : ~ f!I!~ * ~q:U ·iW f1l= ffit t~fEl m: , fl-1i~ 732-8 12 g/d f[l3 .2 1-4.8 1 Li d fm i5" *j' *i!!€ili\ ~0 

m( 1993 ) ~!3UI~ r ~ }1!W~ .fill~ 1ilRl f~~n , OOiT SflHtJ U lI'\'l lli 100 kg I't] ~ Wl t\ * ~hl VJ ~7;J~ 

~ I'il fl[ ( an i ma l product io n un it , A P U) . jH':H~ EJ:!!l& JJRz tJnt!!:Id:~ 1.7 kg '& 3.3 L Nil}: , tJt&~l\ 

( 2001) mH.:l ll'iHfI 100 kg ll''1 l~ gH~B Y4&DRZNF j1 It r.~ 1.54- 1.66 kg :& 3.26 L • 4":: ~J\~~m~ :{E 

ftii iii\~WllljJl¥'jSF~M'Hf! *,J 65 kg , it ~lr .& iRz tJnUt *~'.F..~ 1.43 kg /d '& 2.77 Li d (Y~ ilr< =F fl1J 

http:41.1-100.0
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tJ 0.X4 APU f?ifll-z ) , 'ttt t1il* ilj\~ jfmUftLuJlMtHl=I ti=. ' mi~~jff ,frllH1'i ~& fjfIL& a"J :M k:/lrjJU'·:.FrHf'j ) lli G!U'k. 

Z If,]1Ii'f ' ffi j :lH1 ~ ilit l"l IJHJ11 z ill/:W • A *rI~ ID.! 'iiZ~W ' r ilrtli~ J:rr~~ .I:t!!~~ ;ft ftl!trID .f.~ fLt ' 0 fJ3. m 
f!J!m~gr t£ ~~ B m C *ru ?"j;' , IM. fiM1iY rp jfnJi~L ~& fU;~ ~ · i'rffi. AOFI &~ @!HnttL ' ~ :f [])[ , 
1)j; ¥:{ f~tr*J:l fu l :J WJtilli Ifx · & t1~ ilit ·1 £ ~i1 ·j!l.! ~p WtJ i.S JJr fl~ lftmb~' JlVN*~ (1992 ) :&' rcech et £II. 

(2004) iiJf~fm t±\ ' 'm; jj£ ifuJ iI~ lft lljtF¥f Qi!l ' lfCjf L J:t:j JJufffi tJi!¥Jjz *i'i#Htli'B= ' 1fmi ~lID P'J mut f: ljm (I''1 jfnJ± 

~ f*' Et lm f!.l.! tJ~ l±j ( Unde rw ood , 1977 ) ' ITii ~J a~ 17j.UiHJnl.l illi /f~njj fi1 · 

*. 4. I1riUI, i0)Jfl1~ I "jJ 't.:tzilUJ ft f:1~?;J~W!lt $ltl1<tJF7Itt ' 'Z :;~~ 

Table 4 . Effect of adding various forms of co pper to diet on feces and urine excretion of pigs 

Groups A * B C 0 SE 

IBW I , kg 63.4 66.3 65 .8 63.9 2.9 

OMI', g1d 1764 1720 1761 1697 25 

Fecal 

Excretion, g/d 81 2 732 87 3 736 58 

Mo isture, % 69 .03 69.01 68 .99 68.62 1.0S 

OM ' , g/d 250 225 271 231 16 

Copper (OM), mg/kg 56.7' 168.4" 155.0" l29.0b 6.2 

Copper 

Intake, mg/d 2S .2' 102.8" 104.2" 88.8b 1.4 

icca l, mgid 14.2c 37.S"h 42.0" 30. 1b 2.7 

Digestibility, % 49.70b 63.2" 59 .74"h 66.18" 3.32 

Urinary excretion . Lid 4 .81 4.78 3.2 l 3.85 1.10 

;<	 Growing period : No addition of Cu in A diet, B, C and 0 were fed basal diet with 35 mg Cu/kg by adding 

of ellSO., Cu-prore inate or T -PGA-ClI, respectively; Finishing period: No addition of Cu in A diet, Band 

C were fed basal diet with 35 mg and 5 mg Cu/kg by adding of ClISO. , respectively, 0 diet was added 5 

mg Cu/kg as Cu-prote inate. 

I IBW: initial body weight; OM!: dry matter intake; OM: dry matter.
 

" b Means within the same row without the same superscript arc sign ificantly different (P < 0.05).
 

~~M~~~ *~~*Rw®~ , ~m®~tt~ ' ~*~7~~~mz * ' %ffiM~~~~ 

~. , Wills ' ~i[® f:J(1% !ill* - :tf tH:J:fEl lli (w.. 5 ) ' rm A ffl (*tfi y~t;j:;JJu}1iq ) Jtnm rpli~m i~,<~~;tt 

1tP..=JnY:;HBlli: ' m15FWQiiJ tJ- ~* - * R fB1.tfJ± !}J! /ij{:¥4(l:JQUJ , ' /f' ~:O~t~ !J[Jir~~5&~ IR !lt®?{~ rpZ 

~ , ~~ I:I ' Hi(llf* &I(I I*I:~1},; . • B MiTll C HHt !!l IFtl '· ll ])}lJlj 'l\fj :H~ 1Jll liml~3HlIiJ~~~ A(]~J ilJ 35 t [J 5 

rug/kg , ~~5t ·tfr aFD · rtlifnl~ldl IJ 1,;'y 58.5 fn 28 .0 mg/kg ( ~ 2 ) ' ifUBW~~ I (lliFiLjqJ(J i1iiJ i£"Urr !ti~jt!! 

~ c W1.t i¥,j ( ~ 5) . IJiJ Vcum et a1. (2004) frff J'C Z *fiW . illJ. !J1t ' 11z ~.iJ iC~ m' I\;'fj~al1J :fll\ rp (I!'1Jlii1p'- l ( 0 

V.I. 250 ppm ) it'7JJIlffi] H1\I~j . ,*,2i}'; ( 1992 ) tE.:li* - ~IHn EJ uiiJfftl ( d 3.5 6 ppm (I~~~ ) 1115jJJ lj rJiY~i0 

)Jn fu1EI~\Hl~ !!J:i:UJ-g iltiJ 0 ' 5 ' 10 ' 30 »' 50 mg /kg fil1! ~iY f~ IT jtJj ~fl!tt ' ~r~1&I!Il !!1tr~]ziftJ iC~ J.lrMi~:ffoJ f! t:j.J 

(I :J~ -a ~ )J [J rfff!~!FiHJ£ <GZ~ Mii ' L):&. Creech et £II. (2004) tEflfHfi1f.'1 59-109 kg lY-Jflj ~W1I 9l5}>} '] 
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;$)JO 25 ( f!\1if*~~ ) ,5 ( l!\~ #l~ J:t ) I'll 5 mg /k g ( ~r:i\l;~ :r\) 1'JI'lil'tl ' *ij-ltH1¥Hfrtl ijiJJU25 mg/kg !'icin
 
rJJ.~ ~ , t£n~fi WJIin. 9Jt cjJ illH ifi;Wl]ilF1J;>!:ili ijf~ Jt ft!C-ffiJ.ti\".j :L jjJF)Uf,*.t':JitlN 0 * ~ lHr. ~rlh #i q l iJiiJ Ij!'J
 

im fJt fl 1i~' 200-300 ,u. g/dL ' ij!S( L il lie et al. (19 77) mUJ ' J(f ~ tF !l"J. m 10-100 kg 1fi1 ' J (ll !m rj:J (lj i1'~ iJlM£
 

flli'2- 1.27-1.41 ppm ( Ull 127- 141 ji g/ dL ) nU~1~~ r ,:j "
 

'f;. 5. !to] r;f,i )JU :=f [6]~~ZiI"J 1 1:: 'tWtHr.!1t JiIl1B: tt ! IJ\~EiJ;~:
 

Table 5. Effect of adding various forms of copper to diet on blood trait of pigs
 

Groups	 A* B C D Sf 

Cu, Ii g/dL	 249' 1> 301'1 198 1> 239 ·'0 35 

Fe, u g1dL	 121 130 127 III 9 

Fer ritin , nglmL	 21 23 20 22 3 

RBC, X 106/,uL	 7.1 7.2 6.9 7.0 0.2 

Hemog lobin. g/dL 12.7 13.4 12.8 12.8 0.3 

*	 Growing period: No addition of Cu in A diet, B, C and D were fed basal diet with 35 mg Cu/kg by adding 

of CUS04, Cu-proteinate or r -PGA-Cu, respectively; Finishing period: No addition of Cu in A diet, Band 

C were fed basal diet with 35 mg and 5 mg Cu/kg by adding of CUS04, respectively, D diet was added 5 

mg Culkg as Cu-proteinate . 

a. 0 Means wi thin the same row without the same superscript are significantly different (P <0.05). 

~~~~~*~ , ~~~m.~mmffi~ZR~ ( ~0R&~~R~~ ) *=m~ttrn* ,~ 

ffmntt~~~ 'M*~~6 ·~~m*BM , m*OOm , moom , mm ~ · ~~~m , mm~~ 

*~ H~ /Jtj* ' --el11 I~HJJ.Fr39.t':] f§ili: ' !m7,f, tEJ;J. - ~* - *R '¥B :F.:~±!£Ih(;f-HI-g aiiJm lj J iffi:?H!J;~ JJ l l 0- 35 mg / 

kg (jjf~riJ ' /f3L<£i;'e ~R !!H fJrl t t Hf: ' JlU1il Ward el al . (1991) :& My er et al. ( 1992) m:H ' Q,u t ittj=I $[iiJ --&5 
(0 vs. 250 ppm ) :=f l;t; \ifIH!Hr i11f21t Hkz ¥tHIH0f):)' " 
g6Jm ;$ 1Jo /f rnJM~ Z~ 1U?JJ~HI'i 5'iiW;iepM~T ~ f;lH~ ' 7J~ fj~ !K 7 ' J'tcf-1RHl ' )J'i!OO&ln lJil 

Z ilUlfiHH ;x~ , ~J:!- Luo and Dove (1996) f@. ' IJfJliHLjli!lf iliiO~ jfli) ::r~ O"J fff fl'WGf:lLZJ:fi!l~-f){ · *-tHl 
ra1 lJT- lii ' WIli&I'-T k M tj=I mFt"J fimh' fHili: ' B ~:U /lffj i+ ' ~.H jJjICbZ. fJ~ ! lli rj liY-J l1ilJ ~1fti l!i:WJY} lJU!m1§1j£in'x' 
A W D W ' D rJJ.1R C W.h~ · Luo and Dove (1996) t£ W1fffilruj: ql l'iM ~ t!J~ }JII lifit ~l1 ij. imll J.{ (I!'.1 11I iJ 15 

"& 250 ppm' *2imt;f,i1Jo 250 ppm MI:=f JiiUIJfIti • Im ili IrJZ '~Jl 'iNJ iJj ~~alMfl· Jf.f! Mli~ ±t!l ~ix t!J~ !J 1I 15 ppm ffi· ~

'toi\t ; de Li ma et al . ( 198 1) WJ tJ.m'j :? ~ i0 )Jn fvfE !Wm ~ :c\ (IJJ Jfrtl 0 :&. 250 ppm Q<iJ 1'h . i1!!w~~tI~ Jmm !!i ' 
jmmgnj t ~ )J D 250 ppm *fi ;tt nr~ q:r (f';] j:fnj~ tfr'x*1lri)Hii}JU *f~ r ,-:j,z¥f,JiiU ' r::Jffrl4: ~~ ~ ~~~i:!iHfI 

:5: ' iffi Prince et at. (1984) mtH ' @ . Jt fJ-rJJl r jl Jfi tl (jJJ iJ; ~-!i !Mu'iHJn* Ml:7!·j)j:i1JII}jii] , :tEfmw: 93 kg 1I,!j)'ti* 
~~ 3 2 ~m ' ~W *~ ~~* ffi~ · ~~~ IJT-~~~ ' ~ff~~~ q ' , ~m~~~~*~ ffimW 

lm :? ~ , i! fflZ ID&.I wJml rJg ~WfL 1rT A ~ ~"x: * ; * ~ i:I: !W lfl! JR ' fiiD'f.+miJJrJ 35 mg/kg 1p tl~ B ~:H ' ;L.t ft!J r I LfJ ~ riiJ~­

Bl3 mll:t !tt~EH;{l ~ri'i.i (P - 0. 05 ) " * ~i:I:~tEmYFif{. t';:J ilt'l . 100 kg IRHE;;Yf ' l[xt: ' JfJJ lliN Jil'd l'j;J iI: Jj[ f l 

~ 6 .7- 10.2 ppm ' lW~ft lJ flm 15.9-21.2 ppm ri,1 ' W Luo and Dove (19 96) !iJf ~;"do Hj , j* w ~t ftrTI rJi1 ifnJ 

-a- 15 vs. 2 50 ppm 7}JJ1J 1».g)atJmi\ rtlllOJIYJ iK~ 1Jl.' 1-'g 0 .8 8 V.I'. 090 ppm ' i1fi)JqJlliq~ }friJ (I !'J iJ;~JJt fllJYJjJlfj~ 

0.0 8 ppm ,~~* 8JHm '!PZ~j • Lillie et al . (1977) mil', . :1: Jm &~ Q uj .k'J.:=E: :>f~ - * TI:f'l'lh .:t'llq* 'f4 . *{~j 
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)7h~JJu jf01 H~ il~J:fl it ' 1n fJ !klm:ill 100 kg U ;J Jti ~; . 1t nfljl , 'fH~f0 1!f !lH' lIn. rj'l'I~i~ i£lJJl 7} )J U 1.~ 26 .0 ' 

33 .9 .WI 1.5 ppm ' n U ljiJ. ,f;: ~it~ *fi~.Ht:HlI 0 

Table 6. Effect of adding vari ous forms of copper to diet on carcass characteristics of pigs 

Groups A B D 

Number of pigs 6 6 6 () 

Slaughter age, day 165.5 166.4 166.4 l li5 .l 1.6 

Slaughter weight, kg 108.0 107 7 105 .7 106 .4 1.5 

Carcass weight, kg 89 . 1 X9.7 87.6 X7.9 I. ID 

Carcass length, em 100.0 100.J 98 .4 90. 1 0 .9 

Backfat thickness, mm 22.4 22 .6 23.1 26 .2 1.6 

Percentage lean, % 51.78 50 .79 52 .67 51.98 0 .60 

PCI' cntage fat, % 12.67 13.82 13.4 9 13.02 0.84 

* Growing period: No addition of Cu in A diet. B, C and D were fed basal diet with 35 mg Cu/kg by adding 

of e us o. , Cu-proteinate or r -PGA-Cu. respectively; Finishing period: ' 0 addi tion of e ll in A diet, B and 

C were fed basal diet with 35 mg and 5 mg Cu/kg by adding of CUS04, respectively. D diet was added 5 mg 

Cu/kg as Cu-pro tcinatc, 

Table 7. Effect of die tary supplemen tati on w ith vari ous forms o f copper on visce ra, Longissi mus dorsi 

muscle and bile copper conce ntration for pigs 

Groups A* R C D SE 

---. .----------- -------- m ~ kg dry rnattc r - - ­ - ­ - - - ---------- ­ ---- ­

Liver 27.0 27. 8 32.1 32.7 2 .0 

Pancreas 9 . 1ah 10. 2" X.l;lh 6.i ' 1.0 

Spleen 20 .5"" 2 1.2.1 15.9h 18.4"b 1.6 

Kidney 37.5 44 .1 36.2 4 5.8 3.5 

Bile 4 .2h 7 . 1.t 5.7" " J .l)h 0 .9 

Longissimus dorsi muscle 1.0 1.0 0.9 0.9 0 .3 

*	 Growing period: No addition of u in I\. diet. B. and D were fed basal diet with 35 mg Cu/kg by adding 

of CUS0 4. Cu-proteinate or l' -PGA-Cll. respectively: Finishing period: No addition of Cu in A diet. B and 

C were led basal diet with 35 mg and 5 mg Cu/kg by adding of CuSO•. respective!. . D diet was added 5 

mg Cu/kg as Cu-protcinatc. 

a. b Means within the same row without the same superscript an: significantly dill' I' III (P < 0.05). 
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~ ';i\~ ([ a,D 1M cj: J M~ JJ rJ 1~ IciJ .ill'.n t't:J JlUl ( fv1tMil'iJ ' in I~ jrf 21iilWrJ& r - PG A ~ ) , !tHrO] (r'1 7~ j ( t:~ 

&lH4nJ~ ! . M fitI1Wnl :lf~q J (0il<ij "i3 .1t, E~J(i.'Jj N RC (1998) !Mlmlfl 20- 120 kg J!g2 o-j ~" ill~~~ t 
( 4 -3 mg/ kg diet ) • ~ [l1Jl I& '" ( 28 .2 mg/day ) I/J' ~:Q" M ~ . (7 .4 2-9 .23 mg/d a y ) 't~ ff ' J-t:t:N11 

HE' 1(ll iB(1t HX;fOJf;tmt-t. llkjl;J~jtfU~ =mtlJ lli , Mltif-~Nn~ tiWnlf ·f!\iail].3:i*-*Rf(l1.~:t1}iJJj{ :f.lZ 

~"jj] tlit ' =1~ , lnM ;r I'M~ JJU il~lI!l1n i1U !!l: , ;r " m;}( 0 

rp l§YJ~* t'J , i$ - ~cg fliiln 0 2000 · ~ iffffll r l j * fmi.V1IfM,Q Ci] 0 

f:l r&f~~~~lmH;ht:~ 1988 · B ' d~mn: fl':ifI'~,FHIJf ' 'Ei' ~ tm 00 

'Ei" J ~r&' fii~ i\~ FJr 0 1993 0 j!rnlJR~!llFn. ljffiTf?:f.;Z ~ j· , hrnI~OO (r-J.;n* ' p . B 0 13 !~'i*if€llJt~r JT ,¥ 

(tUm21~17G ' 

1·Hw.j.)fl ' ~~:)( , i~ iR: ll)] • 1992 fiilJlffirp iI"I13' ·1t'ifH 1Et .R:1tIiE ' l1II.1&tF.IIX:&tJ~HIt¥/J 1?i}l<iJ - _~W~r;o: ,0 

rj1 ~\1'1 [t 2 I(3) :239 -246 0 

*j&fi'" . tnJHj.~ , fJlH15!l: ' ii*m~ . 2005 1-.:J. Bacillus natto j :.@Z , ' -PG A-Cu 2' i1U:J~z~~1 ri' rl'i 0 J 

(;1iW34(!'if flJ) :1I7 " 

iJ ~E~ , !/IIJ~ W.! • 200 I • fir .l?Rr#!!:!l!!Jilf ·ib)i ft: • -& ¥J 1}i~ N:5iH;,1 (t,~ ~ lt&) ' p .329 r:j:J , I f.f~~ "0 ~ 

<~ w "'Ei';jt " 
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Abstract 

The purpose of th is study was to investigate the effect of dietary suppleme ntation with different forms 

or levels of cop per on the growth. carcass quality and lean meat com posi tion of gro wi ng- finish ing pigs. A 

tota l of 48 LD (Lan drace .'f X Du roc t ) pigs. hal f barrows an d hal f gilts, we re ass igned to fo ur dietary 

treatments when their body weights we re 41 .3 ± 1.3 kg. Group A (without extra Cu adde d) was co ntro l whi ch 

was provided with the basal diet during growing-finishi ng stage . In the growing pe riod , pigs in the groups B, 

C and D were fed basa l diet (CP 15.5% and DE 3,2 50 kca llkg) wi th 35 mg copper/kg by adding CUS04, Cu­

proteinate or r -PGA-Cu, respectively. The pigs in groups Band C were fed basal diet (CP 14% and DE 3,250 

kca l/kg) with two levels of co pper i.e. 35 mg/kg and 5 mg/kg from CUS04 , and In group D was provided 5 

mg/kg from Cu-protcinatc dur ing the finishing pe riod . In this study, the pigs we re fed ad libitum of die t and 

water, The feed ing trial was ter minate d when the bod y we ight of pigs reached 100 kg . Half of the pigs were 

randomly chosen and slaughtered. The growth performance, ca rcas: characteris tics and copper co ncen tration 

of diet, feces .. liver, pancreas, spleen, kidney. bi le, Longissimus dorsi musc le and blood se rum we re measured. 

The res ult showed that the different for ms of cop per compounds did not affect the g row th pe rformance, 

carcass cha racteristics. fecal and ur inary copper exc retion of the pigs . Th e pigs of grou p A had low er (P < 

0.05) dail y Cu intake. Cu excre tion and Cu co nce ntration in feces than the other groups. Besid es , the Cu 

co nce ntration of liver ranged from 27-33 rng/kg , and no d iff er en ce was ob served amo ng the treatments. 

Group B pigs had significa ntly high er (P < 0.05) Cu co nce ntra tion in pancreas, splee n, bile and blood serum . 

In concl usion. pigs fed corn-soybean meal-based die ts added di fferent forms or levels of Cu did not affec t the 

growth performance and ca rcass characteristics. Ho wever, the Cu co nce ntration in feces and the excret ion of 

Cu increased when dai ly Cu inta ke was increased . 

Key words : Growing-finishing pigs, Copper, Feca l and ur inary excreti on . 
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