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FET BRI AR A R K AT 5 2625 5
CrRHAS N 22 2 HTRLE ) E 28 % 3 W 4R HR v
AN e A o — 25 BRI, A M N A P 45 1)
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1994) 227 B G b S An o BC 1, 2H B B2 7 37K
FILER 1, DL R (AR R AR b AR A
17.1% ,ERZIR &0 78.5% ) J A TR, 76 e A 1) fe
HR AR AN 0.10,20 .40 .80 J2 160 mg/kg 4 , At
il 6 b 0 ) R, Gk 56 1RDRR v e S e Y S E
A Sk 2.65, 12.53, 21. 38, 41. 82, 83. 11 I
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Table 1 Composition and nutrient levels of the basal diet (air-dry basis) %
JEUB} Ingredients & Content EH /K Nutrient levels® %1 Content
Fk Corn 17.5 41kt DE/(MJ/kg) 10.55
1 Soybean meal 18.0 HEH P CP 16.38
/NZZ %k Wheat bean 19.0 HLLF4E CF 16.53
A Peanut vine 26.0 HLAE NG EE 2.44
B 55 Alfalfa meal 15.0 IR Lys 1.16
. Soybean oil 0.5 HEA R Met 0.48
TRk Premix"” 4.0 5 Ca 0.94
41T Total 100.0 W P 0.39

1) R BN AT 58 A #2443t The premix provided the following per kilogram of the diet; VA 10 000 IU, VD, 1 000 IU,VE
100 mg,VB, 1 mg, VB, 3 mg,VB, 1 mg, VB, 0.01 mg, #fi# nicotinic acid 30 mg,Z fR pantothenic acid 8.0 mg, " & folic
acid 0.5 mg,Zn 50 mg,Fe 60 mg,Mn 10 mg, Mg 150 mg,I1 0.5 mg,Se 0.1 mg,NaCl 5 g, IH7 choline 1.5 g, #i% R Lys 3.0 g,
HEAM Met 2.9 g,

2) AL RE it B, HoAs Szl {E . DE was a calculated value, while the other nutrient levels were measured values.

1.3 H#mHRESHE

TERIA S 5 R 5 fe 25 8 AR E I0 o S T T
H, AFUREHLME 6 X5 S, O BRI 10 mL,
LA 3 000 r/min &0 10 min, 435 Fr A5 17
T RDE T BT -20 CR A, T4
AFEHR LR AR B E DL RS S i e
1.4 NEHEREFZ*
1.4.1 A PERgde bR

105 5 1 ST 4R B 36 e 1R B R X 0 45 R
Ao a0 S AR B, 40 1 36 40 ) (A 0 4 i 40
Y ORL L, THA -2 H >R & i (ADFIL) 3 H 3

H (ADG) FIBHE L (F/G) .

RIZE WG, M B R BT B, AR BR 5T B /Y
i JHCR N EBR, REERRACFHT 4%
HARDHHACR LT A 3552 G T 2

WX S FH SME B 67 15 3008 B 5, 25 I ik
arEIFPRE RIS Kok T T e e ok T AR R X
JAFB R RIS FE WOV BIE S K ok 58 B i R
T ] & R AR A R, b R sk K R, TF R Rk
M,

1.4.2 AR
1.3 &L 25 11 ( total protein, TP) | [ 45 [ ( albu-
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min, ALB) Bk 1 ( globulin, GLB) | JR & % (urea
nitrogen, UN) 7 i % F H AN FG 4l 25 Tl #k = &
AR &, 78 H 37 7180 A4 B 3 A Y I
PEATIN % , F1ER E ( albumin/globulin ratio, A/G) &
ALB 5 GLB &M HAE,
1.4.3 L7 & 8 B % 1

0¥ i 4 48 Ak ) 57 Ak 18 ( copper/ zinc-super-
oxide dismutase, Cu-Zn SOD) Fl 4 ¥ 5 H ( cerulo-
plasmin, CP) 7% 42k FH g 5 8 A= 9 TR W53 i A=
7R &, 7E UVT62 B AN S0 E BE T Bl e
WA |, 4% BRI & Ul RS
144 M7 &R

ML 55 W5 =R H H A7 7180 B4 A g A 4k
ST AGHEATINAE
145 WERELRH

RIS HE , PR R R, N 2T
5 FUB I E O 0 B | MU 5 i, O AR i DU
TALITE NI E AL

JHF I8 %5 = JTFJUE 6 (@) /SEHITG B (kg)

O R =0 IEE A (g) /S HIE H (kg) 5

B EFE R =" IE i (g) /F RIS H (kg) ;

LR i i = MR B A (@) /SERTTG EE (kg) o
1.5 HiERESHSH

K1 SPSS 13.0 #4415 R 2 7 22 3 B 2 %
X 56 B s 6 47 7 25 5387, 3 R A Duncan [k i
T2 E LBk g, 3 9 B0 40 T 1 1 18 = hr o 1R 3R
7N, P<0.05 Rl 225 53,

2 H#RESW
21 EBEBEXN2~4 ARRKERE TR
=AU

HI 2 AT, 25 2 0 A 09 ) B A G B
225 (P>0.05) , H¥ 0 XA 56 % 9 ADFI G i
FERW(P>0.05) . B INE R 40 mg/kg Bf ADG
i, F/G Al (0 583 it 20 .80 mg/kg Bt
T E 2 (P>0.05) o S0 S S 1Y 7 B
OB EA Rk AU TC R (P>0.05) , Bl
IR D) IUREE S8 i | J 1R e e =D =]
FEAR A a3

R2 EBEREBREAX2~4 ARKELE NN

Table 2 Effects of copper methionine on performance of 2 to 4 months old long hair rabbits

WiH RN Copper supplemental level/ ( mg/kg)

Items 0 10

20 40 80 160

VIR IR E IBW/ g

1094.52+£2.21 1 280.38+2.64 1 213.51£1.98 1 235.46+4.66 1 097.51+2.36 1 180.27+1.59

T HEE ADG/ g 15.37+0.71°  19.93+1.73° 23.79+2.87° 24.46+3.46° 22.83%2.64° 19.77+2.74%
FHHRE® ADFl/g 115.03+6.34  113.25%2.74 131.63+3.72 111.07+4.25 117.92+5.26  115.03%2.69
7= F 1 Hair production/g 146.36+2.12  176.93+3.75 224.75+2.44 241.84%3.18 191.65%4.16  184.62+2.45
FHAE Wool diameter/ m 25.03+1.76 22.39+1.63  21.83+2.62  23.54%2.35  18.98+1.37 21.66+0.96

Sz 31 A Fur area/cm? 988.00+5.85 1 164.35+3.06 1 212.06+2.47 1 239.41+3.11 1 198.73+2.10 1 106.83£6.21
[R5 B0 J8 AR A R B C P RR 2 F AR 3 (P>0.05) , ANFRI/NG FhREF R 257 13 (P<0.05) , FFEFE,

In the same row, values with the same or no letter superscripts mean no significant difference ( P>0.05) , while with differ-

ent small letter superscripts mean significant difference ( P<0.05). The same as below.

22 ESBEXN2~4 ARKERELFTENK
itk

M 3 A0, I X 2~ 4 AR K BR
IML7% TP .ALB .GLB ,UN & & & A/G ¥JJC g %
Ml ( P>0.05) B 4 s & 38 , 17 GLB £
ST R R REAR R
23 EEBMEN2~-4 AR KERNE S HEE
AR

P8¢ 4 1], i S in 2 6 LY Cu-Zn SOD i

PR I i 2 (P<0.05) , H S In i 20 mg/kg B
1% Cu-Zn SOD &£ &, 7 69.33 U/mL, I8 &
& T R 0 F 10 mg/kg B (P<0.05) , 55
Il 40 .80 F1 160 mg/kg if 22 5 K B 2% (P>
0.05) . A X i i CP & M 1Y 52 2 3 (P<
0.05) , HiUs N A 20 mg/kg W} 1L 7 CP {6 M
=, o8 227.30 U/L, & 3 & TAE &4 0,40 Al
80 mg/kg I, HHI ANy 10 160 mg/kg I} 22 5
AEE(P>0.05) .
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®3 FBEREAXM2~4 ARKEZMBFELIFRNZ N

Table 3 Effects of copper methionine on serum biochemical indexes of 2 to 4 months old long hair rabbits

i H Hi @5 & Copper supplemental level/ (mg/kg)

Items 0 10 20 40 80 160
BN TP/(g/L) 61.07+0.81 63.45+2.35 67.05+£1.79 65.45+0.68 62.03+1.22 64.65+1.98
H#EH ALB/(g/L) 39.90+1.95 39.75+3.18 39.20+2.95 41.35+3.22 39.94+1.79 40.95+2.13
BRI GLB/( g/L) 25.45+2.66 23.70+0.88 27.85+1.03 24.10+3.03 22.10+0.82 23.70+0.34
HERIL A/G 1.58+0.22 1.68+0.21 1.43+0.44 1.72+0.30 1.81+0.24 1.79+0.18
JR % % UN/(mmol/L) 10.90+0.73 7.85+0.33 8.85+0.72 9.05+0.53 8.65+0.27 8.10+0.38

x4 BEREAX2~4 ARKEL MBS MEE TN M

Table 4 Effects of copper methionine on serum copper-containing enzyme activities of 2 to 4 months old long hair rabbits

i g Hi @5 & Copper supplemental level/ (mg/kg)

Items 0 10 20 40 80 160
B S b s AL T . . e . o .
Cu-Zn SOD/(U/mL) 60.38+0.59 62.16£1.17" 69.33+2.38" 67.24+2.17"°  68.76+3.12 66.59+2.46
W EH CP/(U/L) 124.61+0.57°  221.49+0.92° 227.30+1.35" 99.46+1.42° 135.25+1.29"  225.69+2.41"

24 ESHEN2~4 AR KERM S, B 25 ESHMAN2~4d AR KEENBEE

BENRMm REHRM
HIZ 5 AT B R i X 2~ 4 7 i B ARl HIZE 6 AT, Vs i aE Xk 2~ 4 3K BRI
TG BTG R (P>0.05) . JEFEH U RO 15 B, U 4 Kl e

S0 (P>0.05) .
x5 ESBEXN2~-4 ARKEANFS . BSEHEMN

Table 5 Effects of copper methionine on serum calcium and phosphorus contents of 2 to 4

months old long hair rabbits mmol/L
iH RN Copper supplemental level/ ( mg/kg)
Items 0 10 20 40 80 160
£5 Ca 3.31+0.11 3.30+0.16 3.19+0.07 3.36+0.02 3.22+0.14 3.36+0.03
W P 1.79+0.21 1.66+0.05 1.84+0.07 1.61+£0.03 1.83+0.12 1.61+£0.08

x6 FRRMEAX2~4 ARKEZANEFZEX BTN

Table 6 Effects of copper methionine on development of visceral organs of 2 to 4 months old long hair rabbits g/kg

I H Hl ¥ N+ Copper supplemental level/ ( mg/kg)

Items 0 10 20 40 30 160
FFAEFE %L Liver index 2.69+0.37 2.33+0.21 2.54+0.35 2.47+0.23 2.57+0.11 2.52+0.57
B JIEFE X Kidney index 0.59+0.21 0.52+0.15 0.54+0.14 0.53+0.11 0.55+0.04 0.54+0.07
I EFE 4L Heart index 2.47+0.03 2.29+0.01 2.42+0.05 1.96+0.03 2.42+0.02 2.23+0.01

JELEFE £ Spleen index 0.05£0.02 0.05+0.05 0.04+0.03 0.06+0.01 0.06+0.01 0.07+0.02
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127.91% ,116.46% , % F& 2 4 A T 47 Hh 4% 2 ) ¢
WORIH . AR R B, DL R iR, K R
TR I R 20 mg/kg I, ADG LX) HR4H 42 &
54.78% ,tt 10 mg/kg 2R E 19.37% , 5 LR
HAR -5,

R WF ST 5T 2 W AR AR R X 1 O LA
XTEFE G0 A B A0 BE TG 3 S e, {H 0 5 B R
I 9 Bz 0 0 2L o IR 4 40 00l @ 1 9. 24.% Al
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%, Bk R A 7= BRI
32 EEBEM2~-4 ARKEREOLFTLEL
itk

ML ) TP i ALB Al GLB 4 i, A 56
H 55 e IV TP ALB . GLB % & # 5 1F % {H
I PR TR R IR e KB R R TR
5ER, AR S T R R M RE I RZ R K LV Y
JRERE AR A& = | it S R R IE
BT W o e TR AW NI R = T K T 3
H S S RE RS T, M UN & e itz
FE o AR 25 R RIS =X s UN & 8
2, U A AR B AR i AR 1 AR A R v
X AR 1 BT B R FH 28I E O A AR H

33 EEBMEN2~4 AR KELLF S HE
ke : 0k

THEAME WM 2 AETARR P, &
] B RN A S B A R AR L AU
WR T sk s LS . Cu-Zn SOD
AT DUAT R b B 2588 4801 B 1, 2 — PR B i Pt &
AR, DT A2 21 B 1k 2 Ak 40 il o ke As SEAE
SR NG S At sE b & 3L, 1S ' Cu-Zn SOD
F1CP A 3% P 5 1Dk rh ] 5 5 AH DG, Bifi 25 1) RS o ]
SR TEE, LT 5 Cu-Zn SOD F1 CP 3% M &
PRI B IR R AR B A 340 AR G i 5T R,
B8 0 2 B 2 52 1AL T Cu-Zn SOD Al CP 5 1k,
H.IM3% Cu-Zn SOD F1 CP i P ¥ LA %5 i & 4
20 mg/kghf fe i, WG IR, 5 Eih B
S AR 45 R — 2,
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PPERTEZMELERZNT YT R, XL
TR Z A ] REAFAE RS DU BN G . 0 5 18 > 1F
ST AR TP RN 125 F 250 mg/kg 2 R
AT IV B 5 i T R X LR K G
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WE R 2 85 R R AE UL SR R Sk TR
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S AN IE e N ES AN
4 & it

AGRIGZAE T, DL AR 2R A Ry 4 U5 TR AR P s
T 20 ~40 mg/kg Hi BT B R A B F Y ADG il
T P R T T 5 25 A AR A5 RO R AR EL R
e 2 ~4 AWK B %W R PSS g A
20 mg/kg,
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Effects of Copper Methionine on Performance, Serum Biochemical
Indexes and Copper-Containing Enzyme Activities of 2 to 4
Months Old Long Hair Rabbits

ZHANG Yongcui' WANG Enling'®  YAN Junli' FU Guihua' WANG Yuwen' TAN Qingyuan'
LIANG Qijun®> YANG Lei® XIE Hongmei'

(1. Shandong Vocational Animal Science and Veterinary College, Weifang 261061, China; 2. Zhucheng Longdu Animal
Husbandry and Veterinary Station, Zhucheng 262200, China; 3. Animal Husbandry and Veterinary
Station of Miaoshan Town, Tancheng County, Linyi 276000, China)

Abstract.; This experiment was conducted to study the effects of dietary copper methionine supplemental level
on the performance, serum biochemical indexes and copper-containing enzyme activities of 2 to 4 months old
long hair rabbits. One hundred and eighty Mengyin long hair rabbits were randomly assigned to 6 groups with
10 replicates per group and 3 rabbits per replicate. Rabbits in the 6 groups were fed a basal diet supplemented
with 0, 10, 20, 40, 80 and 160 mg/kg copper ( the form was copper methionine) , respectively. The trail las-
ted for 7 days for adaption and 53 days for test. The results showed as follows; copper supplemental level had
significant effects on average daily gain (ADG) and feed/gain (F/G) (P<0.05). With the copper supple-
mental level increasing, the ADG was firstly increased and then decreased, and the F/G was firstly decreased
and then increased. The ADG was the highest and the F/G was the lowest when copper supplemental level was
40 mg/kg, but it has no significant difference with the 20 mg/kg of copper supplemental level. Copper supple-
mental level had no significant effects on hair production, wool diameter and fur area ( P>0.05) , and had no
significant effects on serum total protein ( TP) , albumin ( ALB), globulin (GLB) , urea nitrogen ( UN) con-
tents and albumin/globulin ( A/G) (P>0.05). The serum GLB content was firstly increased and then de-
creased with the copper supplemental level increasing. Copper supplemental level had significant influences on
the activities of serum copper-zinc superoxide dismutase (Cu-Zn SOD) and ceruloplasmin (CP) ( P<0.05),
the activities of Cu-Zn SOD and CP were all the highest when copper supplemental level was 20 mg/kg, and
they were 69.33 U/mL and 227.30 U/L, respectively. Copper supplemental level had no significant influences
on serum calcium (Ca) and phosphorus (P) contents ( P>0.05), and had no significant influences on liver
index, kidney index, heart index and spleen index ( P>0.05). According to the results and the requirement of
environmental protection, the appropriate copper ( copper methionine as copper source) supplementation level
is 20 mg/kg for 2 to 4 months old long hair rabbit. [ Chinese Journal of Animal Nutrition, 2021, 33(2) .
1036-1043 ]

Key words: copper methionine ; long hair rabbit; performance; serum biochemical indexes; copper-containing

enzyme activities
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