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RIARSE AR MK TR 3~4 Al KM B E KR,
miFENIEIR . E R RE KRN R

U BB BREE O R BRE EEE
(LR R S B A B, 48 % 27101852 INRE shY EY) TR S BIRPIHA TR L%, /% 271018)

W OE. ARBRSEARPARAFTMAKFN3~4 AR A KM A KM oFAIEiF, 2
FRERRAR M om, A 160 REE RT3 ABB L, MM S A 48 (HFH40NE
B BANAEELR), 5 AFARAELMBAR TR I 0.30.60.120 mg/kg 47 ( VA B AKFREART X)) 89
RIEFH, TRIXM 7d, EXH20d, ZRE T EMBKE(IBW) LR F ZF(P>0.05) 4937
RT FARARNB MR F WL FH BEE(ADG) AR E®w(P<0.05),%5-F¥ B RXREE
(ADFI) A# 2 % % (P<0.01) ., #&7 60 mg/kg 472849 ADG % & & T K K An 4R 28 = i e
120 mg/kg4A 4 ( P<0.05) ; % 60 A= 120 mg/kg 4R 40 ) ADFI % 2 % 3 T & 7 4R 4 Feo 75 Jn
30 mg/kg4R 28 ( P<0.01) , $AR4RF KT Mk iF B F G4 FH B H % h(P<0.05),%58
FEOLEAMEFY M(P<0.01), F PEEOFGFEGLEAMARMAI MK THITZHZ
I 3 )6 Ak wg A ) B34 Ak 30 mg/kg 428 &, AARAR A A KT AT B R R E
HR @R KRR LR R KR EH R (P>0.05) , FAARAR K FFEANR(IN) KR
(UN) R AW F M (NBV) I H B EH 0 (P<0.05), £4AHmAKT A 30 mg/kg i, R &

K, RAEMFHEM R Z, EEARENEHERBFF R 3~4 AR A KB RFARE TR
MK FF 30 mg/kg(4AR 4R &2 89 SEMIMA A 39.1 mg/kg) .
KEER . 4R Wi A KRR i AT AR BRI

hE 5255816 X HkFRIZAD A
WS R N 2 A Y A Gy, R B Ik
N 2 B AR Ak SN B 0 75 I U JT 3, B 4 il R Bk
GBI U R S8 [ oA M e S B R
HMREEAS N A EEEAEM, KREHFRER
BH, LA ) AR rP S 0 3 2 0 R TT 2 v s i B
JRA R A K RE (2 i A KOf B
PR — 8 1 7 BRI A2 T R AR X K R - g
(TG et i 2 P20 AR B Y At B
Wi B AR, B AT W g air, R
I A K R AR B — R FERT & 3
AR A s A 15 mg/kg 8 A F) T 52 5
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HR RN 0 (XFIE) (30,60 120 mg/kg il il £ ik
4 P AR X e A e R 1 S 4y )
8.4.39.1.67.5.127.7 mg/kg, FEml A K4 m K 8
TR 1,

1 #MR5FZE
1.1 RXIE{AR
FER A R 2 IR De Blas 251 #1104 K H i)
FeAm EBC o A K B R R A R 1 A )RR
®1 EMEARARRERKT(RTFERM)

Table 1 Composition and nutrient levels of the basal diet (air-dry basis) %

JEB} Ingredients & Content 225K SF Nutrient levels? % Content
Tk Corn 10.50 il 1L AE DE/(MJ/kg) 10.37
=1 Soybean meal 6.00 TH 5 DM 89.16
FERMZER Corn germ meal 20.00 HEH CP 16.87
/NZZ kB, Wheat bran 18.00 K4 Ash 6.83
ik Husk powder 11.00 HLiE W EE 4.39
LA KR Sunflower seed meal 12.00 M1 4E CF 15.79
H¥E Alfalfa 6.00 5 Ca 0.70

S FEK Soya bean stem meal 12.00 i P 0.54

T BH) Artemisia apiacea flour 3.00 2R Lys 0.53
R K Premix" 1.50 HE R Met 0.89
A1t Total 100.00

D IR RE N AT v A KL 4R The premix provided the following per kilogram of the diet: VA 15 000 IU, VD, 1 100 IU, VE
60 mg, VK, 2.0 mg,VB, 6 mg,VB, 12.5 mg, VB,, 2.5 mg, VB,, 0.01 mg, A fLHHHK choline chloride 500 mg, Fe (as ferrous
sulfate) 50 mg, I (as potassium iodide) 0.6 mg, Mn (as manganese sulfate) 4 mg,Zn (as zinc sulfate) 50 mg, CaHPO,

1 500 mg,NaCl 5 000 mg, #i 2 f8 Lys 1 000 mg, 2R Met 2 000 mg, A #} limestone 1 500 mg,
BRI b1 BE , HAYY 52 . DE was a calculate value, while the others were measured values.

1.2 REHWERAFEE

TR Ve B FIR A A 3 H i e 160 B
(CFEAE 1 914.0 g) FZABER & 172 1 J5 0]
BEDLT M A4, A 40N EE , B EEZ 1 H,$
GEiR R, B RE W 2% (P=0.709 5) ,
4 ZHM A 4 90 4 M A RE AR R R R I 0.30.60
120 mg/kg #i ( LA T K B R 4 JE =X ) 1Y) 1k 46 4l AR
B R E KR R 48, 58 1 LA R — i e R

BE 1K, IE B e AR 5 A B X0 1 A) L e A
TR 1T W, H B R & AAROK, BRI 7 d, 15
29 d, B Hic SRR, ARSI E
1.3 HEXESHE

EIER R 7 d, Bk EREMHER 8
SR BT e (A TR 4 ) e A BRI Uk
HEBARWIEN, B —%, A HRE MUK, 4k
SRR AR, W 3 d, FOR I 4 o i 2k
3 d B R WA IR0 T 40 08 F1 R, 2% B R AT
4 CUKAE IR R e AT Z A8 bRl 10 45

FOY R AR 8 K50 0 WER i 10 mL,
ok AR B Uk 4R B OF R B b B
3 000 r/min® 0> 15 min, /N0 M I35 W% H A7 i
1€ Eppendorf & H1, —20 C /A7, f5 0 1 375 4 fL 15
bro SRIMJG A58 56 G0 57 B & 52 ¢ B2, B B
I E
1.4 NEHRRMTGZE
1.4.1 AEKMERETEIR

TR0 T 17 RN 45 S 43 0 FR O 10 5%, K 5
WIEESR A H R R MER R TR HRE
it (ADFI) F¥ H 4 E (ADG) FLEE I (F/G) .

ADFI = 1E i 9] NI 56 S B R 1 o/ TE R KA
ADG=[ &K fAH (FBW) —#] 46
R (IBW) 1/ 1ER 3 K EL
F/G=ADFI/ADG,

1.4.2  IiEA I bR

N H A7 7020 B4 {34 Hr A0 5E il i
SEH(TP) \HEH (ALB) (JRE (UREA) (& JH
[l (TC) | % FE IR 45 1 (HDL) AR %5 B2 iR 4R 1
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(LDL) &, LaR$s bl i il & 240 + H
A Feati 2y Ttk &4t
1.4.3 EEFEER
IR e N S % 3 SN N Nl N S 3
FENG W FVLIA IS R i B ok Bt 4 B B2 VRIS 3 O
28 B S5l T S, AR5 ORI K B (i
AR ) FNTE R (ME AR AEAL) T R 5K
o DAUlEAs R RO o H: iz 5K R B2 fg B K A
— o B 3 K BOE M,
B oK R = K XL
1.4.4 B
MR R (g7d)= BAR-FEA;
TIBA(/d)= BAR-FE-RE;
ARMHELH (%)= 100xT] LA/ BAR;
BHHZE (%)= 100xPTFRE/ T AE;
R (%)= 100xTTFE/ AT LA
1.5 HiELHESHH
K E % 5 Excel 2016 TAbEE, DL 4E

THE M SAS 9.1.3 s A8l 19y 22, e i iy 2
B0 FH Duncan [GEE | 08 DL 208 A0 ¥4 7 AR
W2 (R-MSE) i, Hif P<0.05 A E XS, P<
0.01 NZFWEE,0.05<P<0.10 A LR

2 #R595W
2.1 {AHRSAER MK 3 A KW A KRR RIS
ME2 W FN, EVREE LR E2ES (P=
0.790 5) M RTHE T, 18] AR 4 WS i 7K - % 8 5 1y ¢
KEFELREFM(P=0.1155) ,{HX ADG H
WEEW (P=0.034 0) , % ADFI A #% & & 5 Wi
(P =0.0007), % F/G B ¥ & # (P =
0.068 8) , Hi ¥4 60 mg/kg Hil 411y ADG
5 85 T VR AR 4L R I 120 me/kg #R41 ( P<
0.05) ; M 60 F1 120 mg/kg 4 20 ) ADFI # i
o TR WS I AH ATES I 30 me/kg Hi 4 (P<
0.01) .

F2 ARSI KX KR A KRR R0

Table 2 Effects of dietary copper supplemental level on growth performance of growing Rex rabbits (n=40)

T KRR S 7K .
H Dietary copper supplemental level/( mg/kg) SRL P
Items R-MSE P-value
0 30 60 120
WIRIRTE IBW/g 1 916.03 1 964.44 1 926.03 1 930.66 212.62 0.790 5
LARIRE FBW/g 2 530.14 2 628.89 2 604.71 2 544.87 199.15 0.1155
Y HE ADG/(g/d) 21.18° 22.91%" 23.40° 21.18° 4.01 0.034 0
FHHRE® ADFI/(g/d) 160.86"° 161.06"" 163.18* 162.80* 2.86 0.000 7
REH F/G 7.85 7.22 7.24 8.00 1.56 0.068 8

)45 B8 I8 A G - B s [N B R OR 22 R B35 (P>0.05) , A R/ING FEER R 22 57 8 3% (P<0.05) , R K S F

BN 22 S h 3% (P<0.01) . TR,

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

different small letter superscripts mean significant difference ( P<0.05), and with different capital letter superscripts mean ex-

tremely significant difference ( P<0.01). The same as below.

2.2 {EFRSMIAR MoK X A K S M E A L TS AREY
=AU

SRR I = Rl X TR | B R A O o k1
M P IRE(P=0.352 7), & H[E B (P=
0.202 1) =& ENRE I (P=0.451 4) MR % B
EHEE(P=0.164 8) ¥ 0 E MW X B E A&
WA R ER(P=0.034 6) , % FIE A& =AM E
S (P=0.006 3) , LG 08 5 B R AR
Hal A8 K SF 1) T s 2 B T R BRI i B L

U 30 mg/kg H4H & e, WOE R T WM
120 mg/kgfil 4l ( P<0.05) ; IfiL 7 o 1 2 (& & bl
TR AR T 0 7K 7 19 T e = B T R R AR Y
P A3 AT AL Z (8] JC B 25 25 7 (P>0.05) .
2.3 EMRMEHRMAKENERMEERERENZNE
H 2 4 R E AR A S oK S i iz sk o
(P=0.7454) JZskEm A (P=0.678 0) | Kt J& &
(P=0.318 8) Mg EKJF(P=0.512 9) ¥ L ¥

S
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Table 3 Effects of dietary copper supplemental level on serum biochemical indices of growing Rex rabbits (n=8)

TRl KR AR TS MK )
HH Dietary copper supplemental level/ ( mg/kg) PR P
Items R-MSE P-value
0 30 60 120

HMiEH TP/ (g/L) 64.28™ 67.33° 66.10* 60.44° 4.67 0.034 6
F#H ALB/(g/L) 36.13* 39.78% 38.85" 38.59% 1.96 0.006 3
JRZE UREA/(mmol/L) 7.66 7.61 7.69 8.41 1.01 0.352 7
BAHE EE TC/ (mmol/L) 1.43 1.48 1.23 1.14 0.36 0.202 1
= R A HDL/ (g/L) 0.08 0.09 0.07 0.06 0.03 0.451 4
{4 & H LDL/(g/L) 0.23 0.2 0.18 0.13 0.12 0.164 8

R4 AREARMAKEXEKW%E R FTEN I
Table 4 Effects of dietary copper supplemental level on fur quality of growing Rex rabbits (n=238)

AL R KT .

MH Dietary copper supplemental level/ ( mg/kg) BRI P
Items R-MSE P-value

0 30 60 120

S5k F i Fur weight/g 406.88 416.25 398.75 408.75 31.66 0.745 4
% 3k X Fur area/cm” 1 501.63 1514.75 1487.63 1 466.25 82.09 0.678 0
JZ 5K JE#E Fur thickness/mm 2.44, 2.58 2.31 2.32 0.32 0.318 8
#FE K B Hair length/mm 25.00 25.63 25.38 25.75 1.06 0.512 9

2.4 (AR N ok T X A K S | AR IS RO R I
H 3% 5 A A, fa R AR I i K SF B AR
(P=0.001 0) JRA(P=0.001 6) FIAE LY M
(P=0.006 3) A % & & %, XF al L & (P =
0.058 2) FIAFHE(P=0.099 8) 47 S ui#a# %t
A (P=0.290 3) VLA (P=0.142 8) FIEFM

HALFE(P=0.185 0) ¥ TR WE W, B 60 F
120 mg/kg BB AR B E S T HAL 2 41 (P<
0.05) ; A1 30 mg/kg 4 IR R ik, B &K TR
TN ZH AR 120 mg/kg Hil4H (P<0.05) ; A4
Y235 B AR AR R N K S G T e T R R
1%, FEH A KA 30 mg/kg B 3k 31 5 i

F5 AMREARMNK T XS A5 R ACH R0

Table 5 Effects of dietary copper supplemental level on nitrogen metabolism of growing Rex rabbits (n=8)

T AR S I 7K .
MH Dietary copper supplemental level/( mg/kg) SRLL P
Items R-MSE P-value
0 30 60 120

BALA IN/(g/d) 5.35%° 5.425%° 5.60™ 5.55 0.12 0.001 0
FA FN/(g/d) 1.70 1.98 1.65 1.70 0.37 0.290 3
JRAE UN/(g/d) 1.714B® 1.32¢ 1.455%™ 2.06™ 0.36 0.001 6
"L A DN/ (g/d) 3.65 3.44 3.95 3.85 0.38 0.058 2
PIFRE RN/ (g/d) 2.12 2.30 2.31 1.83 0.45 0.142 8
REMNLE NAD/ % 68.25 63.45 70.47 69.47 6.70 0.185 0
AMHZ NUR/ % 38.30 41.11 42.54 32.81 8.03 0.099 8
RAEWZ M NBV/ % 55.038® 63.64 61.06™ 46.98% 9.30 0.006 3




9 11 LA R IK X 3~ 4 AR AR KR AR KPR RE s A fefg b B B i e RN R 4183

RIS 1 S
3.1 EHRIEEAR K 3 A KR A KL R BN
R AR S LR IE A K kB S EH 2
WILRZ —, W 22 53 Wikn 2708 5= 9 i
P, 4 W5 B kAR R R A S 5 ALK
1 Ik AR ) B A A 2 22 il ) A L, S B A &G 4
HA OMERG ARGV B IER KT IK
REE, BT R UL, AR SR 0 iE KB
WA Bh T4 S sh P r e Pk ge s Bl — T
FEINA, AR A S T K S X W 4 & 3 7 e A G 1Y
ADG Fl ADFI A5 % 2 52, I H 768 78 n ok ~F 2k
15 mg/kg 13 3% K ADG 1 ADFI, Kk R4
WG , T KR A 8 T K S X e i 22 2 it K &
1) ADG Fl F/G A 2 5% W, 76 8 U K F-h
80 mg/kg M5 3| K ADG M MKH /G, &
2o S i I il R 1 N O B N B )
FBW JC 1 3 52 i, %} ADFI A 1% i & % i , ADFI
Wi S I K T 1 T v S T i i R AT A R
KR 60 mg/kg BF A fe RAE, 1 156 BA 4R s
T B KV 04 i T B v A R e R B, (R R
Jon ik e D 2 B8R AR SR B 5 ) AR AR R o K Pk AR
KAt ) ADG H W3 %2, ADG B & i %S sk
S AN =0 A =00 = £ < 2T N | B N
60 mg/kgf A AME, X5 LRFT WIS R A
AR — 2, U BH 7E JL AR S S B K T 1 A
Bl T e A 0 B 1 SR £ o R R 3 AT 4

PR
3.2 GURGET KT XA KO S % 2 AL SR AR RO
w

IV A= Ak F8 B 2 1 £ 20 W DL A A 7K1 A i
FRARSE B EZE G R, 0% A B T B A R
WA S 3% AR 7 P32 i 55 A= 22 T fg | (R
i B — 8 W e MU R R T ITE Hh A
FEELCAED S S HLAR & o E  A Ek
R T TR R A i ] Ok B LA 2R 1
F AR A | B i e RO R ACHE 1 3G 2 LR
AR A BCREAR, Wu 2512 JF 5015 H 4 B 10
P TR Hh 8 M 3 i 0] P e 9 AR R
HEEAGE, ARSI W oR 1R R S oK E X
I35 A B 1 3 A S e TR AR TS K -l 30
F1 120 mg/kg B A] 45 48 =y 1) I35 B0 8 1 3%
AR S 0 KT I AR R A R Y

e, A VS A 26 1LV 1 8 1 S ik i E R T 3 A
MRS IZE  FRDRR AR S 0 AT % I 3 PR 2R TG
R B W — T A DA A AR R R K
PEm R g IR R &, X A RE S RIFA —
2, HE A AT RS i o H R AN A, AR
BRI T S L v R [ R B e AR AR
5 BE R AR S 1 1 0 S 0 P )RR A T
FRAFXT A [ AR 3 T S 2 5 ) 3 5 TN I 5
gEIRT—3
3.3 RAMERMAKENERKBEERERENZ N
W B ) K T A, LB B 5 KO R B R
AR, B B AN W R TR R AT R
TR, M KB 5 7K1 2 52 e A e 6 B Jo 6 1Y)
RHER R Z — (i o0 3 8 AT o (2 kB 1Y)
AR R B A K IR B —E B SRR
JRTER . ZE 4 TS BF 5T I A, 76 2 Al A AR o
S IIN— 78 7K B 5 AT 2 i B BRI
P AESE A T A A, BT LA Bk R R 5K T
PR R T JRE BE DA K B K B A T Xt o B S It
AT, A0 45 2R R I ) R AR S i oK P
Xof AR A O e sk T AR | R pK | M R B RN B R
KEEYIC w252, e mT LA R 30 mg/kg 144
WS NoKF R DL AERR I S v B L B IR R I = 0 B
B ik
3.4 fRIARRIAR 07K T Xt A 4<% g AKX 15 B 22 i
LY/ SN SR =R Y/ DS = K R AW}
Jo A A LA B 15T, T g — &840 D0 3 5 3
fii PR Ty AR AR S X T 3Pk 3, TR
IR R N R = S R R el S s g =
Ry A i e FEAS (R ) 5T, ) B A 2 3l P B A o L
WA, A T ik A G E T,
AT 2 A 3R W ] R S 0 K P A K R 1
BARA W R EZ W, KB Eineo 1 120 mg/kg
WIHE AR E S T HAM 2 4, [tz 41
ADFI I 52 35 155 T oAt 2 21, #0004 R b sy 51
(R A — 5 I R AR T BB AR O ok
S URR G 0, HE D e 59 S 9 ] B — o Y 4
ROUFRIAE R 5 oAb, ) AR 8 0 7156 2 40t o
1) IR BN R A W) 2 5 Y W i 5 5 ) A S
IRk 30 mg/kg B BRA B A R &UAE 902
B o AT DAAE W, LAl R s i — 2 = Y 4 AT
A
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Effects of Dietary Copper Supplemental Level on Growth Performance,
Serum Biochemical Indices, Fur Quality and Nitrogen Metabolism of
3 to 4-Month-Old Growing Rex Rabbits

LI Fan'? CHEN Xiaoyang'”> YANG Guoyu'? ZHANG Bin"? LI Chenyang'”® LI Fuchang'?*"
(1. College of Animal Science and Technology, Shandong Agricultural University, Tai’ an 271018, China; 2. Shandong

Provincial Key Laboratory of Animal Biotechnology and Disease Control and Prevention, Tai’ an 271018, China)

Abstract: This experiment was conducted to investigate the effects of dietary copper supplemental level on
growth performance, serum biochemical indices, fur quality and nitrogen metabolism of 3 to 4-month-old
growing Rex rabbits. One hundred and sixty 3-month old healthy Rex Rabbits with similar body weight were
randomly assigned to 4 groups with 40 replicates in each group and each replicate contained 1 rabbit. Rabbits in
4 groups were fed experimental diets which supplemented with 0, 30, 60 and 120 mg/kg copper (in the form
of copper sulfate pentahydrate) based on a basal diet, respectively. The pre-experimental period lasted for 7
days and the formal test for 29 days. The results showed as followed: under the premise that there was no sig-
nificant difference in initial body weight (IBW) ( P>0.05) , dietary copper supplemental level had significant
influence on average daily gain (ADG) (P<0.05), and had extremely significant influence on average daily
feed intake ( ADFI). The ADG in adding 60 mg/kg copper group was significantly higher than that in no
adding copper group and adding 120 mg/kg copper group ( P<0.05). The ADFI in adding 60 and 120 mg/kg
copper groups was extremely significantly higher than that in no adding copper group and adding 30 mg/kg
copper group (P<0.01). Dietary copper supplemental level had significant influence on serum total protein
content ( P<0.05), and had extremely significant influence on serum albumin content ( P<0.01). With the di-
etary copper supplemental level increasing, serum total protein and albumin contents were firstly increased and
then decreased, and the highest values of them were all found in adding 30 mg/kg copper group. Dietary cop-
per supplemental level had no significant influences on fur weight, fur thickness, fur area and hair length ( P>
0.05) . Dietary copper supplemental level had extremely significant influences on intake nitrogen (IN) , urinary
nitrogen ( UN) and nitrogen biological value (NBV) (P <0.01). When copper supplemental level was
30 mg/kg, the urinary nitrogen was the lowest and the nitrogen biological value was the highest. Considering
all indexes of this experiment, the appropriate dietary copper supplemental level is 30 mg/kg for 3 to 4-month-
old growing Rex rabbits ( the measured value of diet copper content is 39.1 mg/kg) .[ Chinese Journal of Ani-
mal Nutrition , 2019, 31(9) :4179-4185 ]

Key words: copper; Rex rabbits; growth performance; serum biochemical indices; nitrogen metabolism
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