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Effect of High Level of Zinc and Copper on Piglet Growth
Performance, Immune Response and Blood Antioxidative
Enzyme Activities in Blood
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Abstract Seventy-two crosssbred weanling piglets (Duroc X Yorkshire X Landrace) were
used in a 21-d growth assay to determine the effects of zinc oxide and copper sulfate on piglet
growth performance,immune response and antioxidative enzyme activities in blood. Treat-
ments were; (Dcontrol (copper 250 mg+kg™'+zinc 100 mg+-kg™!); @zinc 1 500 mg-kg™'+
copper 16 mg+-kg™'and zinc 3 000 mg-kg '+ copper 16 mg+-kg™'. The pigs were blocked by
weight and randomly allocated to each of the three dietary treatment, with 8 piglets in each
pen and 3 replicate pens per treatment. Diets were formulated with 1.15% lysine. Pigs fed
same mineral level during the entire experimental period. For the entire 21-d trial, piglets
fed diets with added zinc improved F/G. High level of zinc and copper stimulate immune re-

sponse of piglets. IgG concentration increased with increase in zinc level. It seemed that high
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level of zinc had greater improvement on specific immune response than copper. SOD and
GSH-Px activities improved by increase in zinc level, on the contrary, CAT activities de-
creased by increase in zinc level. This changes in antioxidative enzyme activities indicated
that high level of zinc enhanced anti-stress ability of piglets.
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FRNGEREREKRATRIMMBLR . EANEL HEHR.BH . FHFALMBEH
AKEERSHABENNRR. IR FIRSMEHEZARRS . REAHTHEB RO
KT 50 FERPH.EREV, GRBRAMAENER, THEFEHEERT 5%~10.5%,
ERLFIFHREE 3. 9% ~8. 1%, HAEHBILERKE . HRZHBINABRRS . E2 5%
EARNA RN BRALEYMELRSERYRORSE BERATNARNERBTE
S5 5 ;R BRI ALK R R ) BRI RE T AR R A IR, A H W T RS
H R P SN 47 (8% 2 500~4 000 mg kg™, IR BREOWBR RN, BAET BERBT
BEMEEENALE, M AMESRBERAER, TR, BH. REYTRRFEEK, HF
REHIERREIAE. ETARENEFEBRDLURFABERME TR AR E H &
HEHERPREFNEEKFRFRERHNELERAE.

FRBEERNEREMFEHRPEML

BERRREAMTERE.HFNEZAERREE k1 EBaREFRERAF
H.REREKMIE., ARXBREIHAM, pgrag /%] WEH 2 BREAFw/ Y%
B 5Bl FL AR 5 57 5175 0 5 46 250 mg kg™ Ek 66.1 | JH4LBE/M)  13.75
B4 1 500 mg kg 'R B 3 000 mg kg ') Sy 5.5 MEH 1o.1
SANMMHEA, EIRFRBATMBEELER g 17.5| 4 0.918
MWE, RFERFANBENWMPFREERKE B8 2.0 BB 0. 620
BB E IR R R, ?izﬁ 45| BER 1.15
V4N 1.0
1 RE#NEFE RS 1.5
; ak 0.6
1.1 REiFt & 0.3
RHAE2MEIEXHARIT. 23 MLE, mEd 1.0
FA0E3H, 588 k. &t 100. 0
1.2 ABAR

ERMBEREEXR. TR S . ARSEEE
FRAR AREFMERKTERLE 1GHE
B.5. By ENE.

1.3 HFER

A1 BHEABRKBFM Co 250 mg-kg='+Zn 100 mg+
kg™l AbF 2 BEABBEH P Zn 1 500 mg-kg=1+Cu 16
mg-kg™!; ALF 3 BELATIBMFM Zn 3 000 mg-kg~!+
Cu 16 mg-kg™!.

ERXFTERERNSEEFERKTAREREGERAL XY XKZTREZH 35 HREHT

#72k. MEEME, AR, F—E

g SLAF S R AT Bk B A F R R IR, BEBLT 0 9

B, BEEKESR, BBRE, ARk, RRERERFEBGEATERT. BERRFHE
REMBRERE, CRABAETLE AR FESMABRYFERE KR RE.
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AEHEFE (ADFD id R BRAEH B RSN R FHHRXREER.

H3# & (ADG) . 7 35,42, f1 56 Higrt , ERZEHRMEE, ITEFHHEE.

M EFEHR 76 42 A1 56 H 6T, B RMBERMKI 5 mL, X% 1 mL fit EDTA, fJH& ™ F-
800 4= H 3l I 40 ML 4 BT AHAT BN B A KM B 4 mL B E . E OB FME,H
FREREL JgG)FRBMTEBEERRE S8y 8 EAT 1eG K ERIE ; NBT
Ho Ak 2 1k 9 s 4B B AL M s AL BE TS PR T L B B B 6 OR BE Bk U 8 B H BROE E Ak e O T
KMnO, #EEME T8 amEHT".

2 RBER5TR

2.1 fFEREIERE

BRZAL.ZRBARENE A A TZHHMENE W, SLBFREYEEFEZE,R
BEEA4BENEELRASE, ASGLEINHENEE LA 1 MLHE 2 44518 31.3%M
62.3%. WBFIAREESKEHREMEE, BALERIERBE, Kb, BE44H 3 415
HELSEES, BFLE 2 K2 BR4AE 1 HE . REMNE A . BB EARME RN
EFTEHAA.SS4E 3 4B 2 o Rt 1 BMES 23. 2%/ 13. 1%, . B4 L &4
HEBEER. ABZABRRWTLEESH—AME. N2HXELE . SF4R 3 AKE
BABRALE1ER BELH 2 RE AEIANE 2 HELSEE M 1,2 M4 1,3
ZHERASBE,B4AE 3 AT 15 29.2%. AT, E48 3 000 mg kg ") L E 4R (250 mg *
ke DERBEHFFEEK  ARKERBAEAMFARZLABRTES. EXFEEENE R
FED  AELEIAFREEERMR BEFLE 4B, SFAAE 1 &, XUHH, &
FFEEBE L, BETFTEH. UEHRERSE Poulsen™ F Smith™ 5% F & £ (3 000 mg -
kg A BEZRBFEBEEHEEBEMNEE TAEMERBERAEANBRER .

X2 BBPHANAHERRE RHEMARARROY W
4bEBI E B 4h 88 /mg kg

BB B AR AT Ab# 1 b3 2 b3 3
(Cu) 250+ (Zn)100 (Zn)1 500+ (Cu)16 (Zn)3 000+ (Cu)16
R m/ kg™ 10.4+1. 3 10.3+1.2 10.4+1.2
WripjE 0~2 ¥
H¥EB & m/g 361.3437.7b 251.6=+58.7a 332.04+39.5b
FHHBE m/g™ 134.8438.2 111.4+35.3 164. 64+55.7
FREEL 2. 68¢c 2. 25b 2.02a
Wr)E 3~4 BV
HE B & m/g™ 412.2465.7 446.2484. 3 459.3+71. 4
EHHME m/g™ 200.1466. 3 226. 4465, 2 246. 6+68. 9
¥ L 2. 06b 1.97 ab 1. 86a
W s 0~4 FE
HEER & m/g™ 395.4+37.6 363.3+52. 4 410.8+41.2
FHHME m/g 171.2461.9ab 161. 24-46. 8a 221. 24+42. 4b
AR E 2. 31b 2.25b 1. 86a
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3 RUENHEAMTEEEYHHER

b ¥ BHBEE,% P IANE X
1 23 22.2
2 24 20. 2
24 18.8
2.2 MR

B EAEEEMSHE M 1gC MERESREAEMAEEELYEAE . SELEH
M BEH Bl S B BN ELRAEK 4 K S,

R4 BEAERANLBAFTEBREE .2 XK GG REHNEW
1B R AR /mg kg™

LRSS 47 1 4b3 2 b7 3
(Cu) 250+ (Zn)100 (Zn)1 500+ (Cu)16 (Zn)3 000+ (Cu)16
42 H & mA¢
B4R SR /1 X10%ul." ™ 18.749.0 19.8%5. 6 20.84+9.0
B/ % 0 0 0
W E g/ YN 28.7416.5 44.3+11.1 31.34+14. 4
FERRYE LML/ % 0 0 0
B e AL/ S 69.34+17.2 55.7+11.1 67.74+13.5
56 H % i #¢
BB /1X10%- 4L "1™ 30, 6+6. 3 24.947.4 20.1+7.4
g/ % 6.7+1.1 6.742.8 9.043.4
WELH/ %™ 31.04£5. 1 31.0+3.6 37.0+4.3
PR L/ S 2.341.0 0.7+0.3 0.740.3
W A L/ YN 60. 0+5. 2 61.7+5.1 53.3+7.3
1gG p/mg-pl. 150.8+31.9b 101.1+4. 92 163. 04 26. 9b

E:LNSKRELEEEZRARE; IHEEFRMERERFALERNERABE, ARANZRBE.
2. MAFRE-HALEE 6 LBRM (B 2 %),

221 AR ERg%X BARITASHABREEBELBRFHEHE - RARXARBHASRE
BEXR. BPHABLHE1ER LB IKZ 4 25K, SLERBEBREESR BEAH
B8 . VB R 1 40 B 72 I8 T 4R 89 3 — AR B R 4 i 3R, BB A KX B K 2 P & B A b
EAME ARBEAE 3 WRRARE S RELAE 1,28 34.3%: KEHARKNEE, R
BABHE—ARAHEL3BEAE 2 RTXHA BEiT LERABEF ERBPR, I
BB LIALAE S BER AR HE EHERNABE NLBRAAREENILLE . &
MERHTEERER AL BANEPEARMEZAREEYT THBEERKTE. BB
BrhbH 3(3 000 mg kg™ )R X B MEIRMAK T X E FHAEBAAMEA , XU, REME
5 AR BB W AT S O SRR R SRR RO . EL7E X 7 T R 4% (3 000 mg kg™ DR TR (250 mg
kg™H,
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2.2.2 mBEFIGRE MWEF CHELAEIER.LH 2 BK. SitomERER L
HISERARE. LM 2HMLAE 1 2AZEFEEFGE O, IR, ERITFEEREZED
i b, B4 (3 000 mg-kg ) IF FH 4 (250 mg-Rg™!),

2.2.3 fu P A ALY (SOD) . A 1k A B (CAT) fo 4 % # ki € 1 4 % (GSH-Px)
EH BESAMA.SOD EHE,.BEL4H 2 3HARTAE 1L, EXREE LM 2,.3AEEEE
5CATHE, RRLE 1 BR . AEIEK. LB 13 MAE I HEREE . LE 2.3 X8
£ 5 ;GSH-Px G, KA BN E S CAT EHALIESF MR, SEAE 3 A7 8 B+
GSH-Px {EHEBR AL 2 B 4 1 BK. XFRH, BERE SOD M GSH-Px EHMIEE
RF&EH.

MEEMEHRMNAFE DR EEER QAR LM gCOMP A EEE WS
RUFRH, SHELEFAEREBFENRZINGE. F, BEEHFHE Mm%+ SOD M GSH-Px
EHERTHEHMAY. #U, G THEFERNEEDLRRAPIAELZ B G ERGES. BA
BRI LR AT B I BB R4 (3 000 mg kg D ANFHEME K RERIBIT IS RBE.

%5 BHFEAMLDAPHELHFTESOE W
4bFIT H kb 8 /mg kg
A b1 4b78 2 fb7% 3
(Cu)2504(Zn)100 (Zn)1 500+ (Cu)16 (Zn)3 000+ (Cu)16

SOD 116. 08+ 2. 15a 125.56+ 3. 64b 121.82+£8. 6b
CAT 11.31+£1. 29 6.71+1.72a 6.37%1.74a
GSH-Px 19.25+0.69a 19.74+2.05ab 23.52%+1.97b

B PHMRENZRFAEE . FRAZNEREENHGR .- B MEEE c RO CEE 2 5.

3 NG

3.1 EKMHEE

fPHR R B (3 000 mg-kg™) A AR5 &5 H AR 323 HI4E 29. 206 ARHA AR 4R
H13.9% . WAFRAEKMREE, BRPERMEE 3 000 mg-kg ' EIF F4 250 mg kg ‘A9 H M.
BN THPHHFRERERREREBRGAS AT BT ENEERERNE, SR 3 —
FHIRR.
3.2 EiEHEAR

WA 58 R B R B B ORIE TS SN T B4R BB, 7647 5% B R b 85 75 4 0T 1k O T B A7 8
MEBENEREZ—.
3.3 HEtEeE

REEHE.BE BRIE, MR P BT & IT AR 78 28 4k, B8 o Y 3 40 R A0 B A 40 i b R 3
R R . BB AN EERERER N ALK 1¢C SBE. B LEHA TR
R AT 48 B 1A VR S 0 IR Y
3.4 MEMEESD

E R R E LEE IS (SOD 1 GSH-PXOMIBE X TE &, X R B &S H BB
BRERBHENBAONE, ) TRBIFEORIMBEES.
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x-2 B WIHBKERN Phomopsis sp. HHEMTFH/BELE . RREE=AKL . BE,(110~280)
pmX (130~190) um,

x-3 B %N Pestalotia sp. SEMTFRERY K/ 80~120 pm, B FEE EHERT
ERE.H 441 RB.BFPREBAQ, FRILE, TEE 318 10~18 pum KW E, KK A3
~20)pm><.(4~7)umo

DWMWHRE HoE4LMFERT PDA BERE EHATHERE. FTARERN NG
H. mEw GRS, URBESARMN 1IMER - REES)MREN 2ERI+RFREE) . GFR
Xt x-1 . x-2 HMHNERFHORBAED X x-3 AMFHRRBITVENER RH2HES
AER 3HREEMNMHBRBEER T 3 MR REN (P<0.05),

DM E BRI 1995 45,1996 FE7E HIH bt 47 T =t ¥R X%, UL B R
HEEL A S AMEEB.OREARERN LOEARARM 1,+0.06 mm HE;QEARAEN 2;@
BEEREN 2, +ZBBREH ;OB %M. HAHBR 2 min, BMELMEE.EIERE 154
BORE2I~32C. ERIIBE - KEEBEBRENRBEL SR MEPBRFHRLEOD,
BRI 17 d, B HERN 46. 7%, KRN 10. 0%, WA TN 95. 0% T X M BER M RR
FArHIR 100%F 85.4%. ‘



