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0.05), LSRR FMAKFH 15 mg/kg b, FH A ETRFH A RREHAINRHM, FRA
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0.05) . FARAR A Am K P xF WU K AR KA B2 FHa(P<0.01) 4T WLA pH,, . A=K EILH T
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Table 1 Composition and nutrient levels of the basal diet (air-dry basis) %

J5kl Ingredients £ & Content 55K Nutrient levels? £ & Content
F 2k Cormn 7.00 1LfiE DE/(MJ/kg) 10.28
UK Wheat shorts 16.00 RLE H BT CP 17.43
THI Soybean meal 8.00 HMeF4E CF 19.81
JRZEH) Germ meal 15.00 KUK 3 Ash 8.35

“F ¥ Guinea grass 20.00 AR W EE 2.95
Z£AEHI Sunflower meal 12.50 5 Ca 0.83
fE5c A Husk powder 13.00 P 0.35

Ji 4k K 5. Expanded soybean 4.00

9l Bean oil 0.75

W%HE Phospholipid 0.75

TIRK} Premix"” 3.00

A 711 Total 100.00

DR R R 4 T 50 4 R 2 fE The premix provided the following per kg of the diet: VA 20 000 IU, VD, 2 000 IU, VE
40 mg, VK, 6 mg, VB, 2 mg, VB, 12 mg, VB, 60 mg, VB, 20 mg, VB, 0.1 mg, VB, 2 mg, VB,, 0.04 mg, % fL AL choline
chloride 400 mg,Fe (as ferrous sulfate) 60 mg,Zn (as zinc sulfate) 60 mg,Mn (as manganese sulfate) 3 mg,I (as potassium
iodide) 0.2 mg,Se (as sodium selenite) 0.2 mg,CaHPO, 15 000 mg,NaCl 5 000 mg,Lys 1 000 mg, Met 2 000 mg, 10% ¥ B ik
¥ bacitracin zinc 300 mg, A N E W A2 E% 2 others were complemented by carrier of medicinal stone,,

2 & FE KM SE . Nutrient levels were measured values.

1.2 REHIYMHASHEFEE ] R T M A K L A B B R A7, T L
VERUAT AT (1 061£17) g WA 1 H# A i JBE A 000 2

ARG R 4F A K 200 H A RS S 12, 1.4 MEHERMF X

BEMLAF AL 5 4, Fal 40 MEE BN EZ 1 R, X 141 ARKMREEESR

5 A T) 61 G PR 58 1) 37, B K 07.00 1800 45 1 PR I 1 5% 100 I 1f AR 00 45 AR A IR

ME1 Yk, R HE AR SR B e )T, AR
JCATE R, O R B AEROK, SRR T i T
2015 4210 H 7 H, 45K F 2015 412 H 12 H,
ik 7 d, IFi 60 d.,
1.3 HmXESH&E

TR FFR I 45 AR 7 d, A VLRI 8 Hixk
B0, i B B 28 2ok U 1 A0 B AR S8 Y, B i)
I, JTm AR N ) g AR, AR R ROK il
R 3 d, BRI AE RE 2 4 d oA IR R
ERINZEREFIIRFE 4 C B EAAE, FH T80 &A%
HHEbR, EM IR R Y KGR AR E,
HBEPLIER 8 FX 0 S B, T8 B2 i B 43 AT

IRt W A R R P HRE R
( ADFI) F-3 H 35 ( ADG) FILRL # H (F/G) .
1.4.2 B M bR

HE 0 B G e 0 B I8 D5 I PR I R R AR
H 2 5 1 7, F ORI A B T8 B (K
Wi 22 R AR AL 5 B U h R AR AL ) L, It
AR R T AR I bR R RO R e SRS
1.4.3 WL & BidE bR

pH,; .. : T )5 45 min F Mettler MP120 B! iR
B RE T I A A USRS 5 A Ab Y pH, RSk
WHANLA 3 mm 3250,

K BT 4 b, BUR L, BRE 5 ILETF 4k



114 W W — 25+ ARDAR R AR K P 0 A A A A PR RE LB B 5 LAYt B S LA ) 52 i 3689

F YA 3 cmx1 ecmx1 cm K&SGFFRE ,ICh M, ;
FHER 22 5 TR 4% — i, 2 28 FE T A0 b, FH i st
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1.4.5 AR
AIHAER (g7d)= BAR-FER;
TIBA(/d)= BAR-FE-RE;
REMBEILE(%)=100x] ML A/ AR ;
AIUHER (%)= 100xTHA/ AR ;
RAEYFHE(%) = 100xPTFH A/ T HLA .
1.5 HiEAE
FH SAS 9.1.3 Geit# i) GLM )7 174K
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R, g A LT 4 N Oy iR iR 22 R OR , P<
0.05 NEFEBFE P<0.01 WESWEE.
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(P=0.901 4) BYAEBLT TR S AP b} H
T ERN (P>0.05) , HX FHHWE(P=
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Table 2 Effects of dietary copper supplemental level on growth performance of growing Rex rabbits (n=40)

gE| T AR A 7K F Dietary copper supplemental level/ (mg/kg) — #j5 kiR P

Items 0 5 15 45 135 R-MSE P-value
WIR AR E IBW/ ¢ 1079.12 1039.17 103536 1067.04 1070.25 179.040 0 0.936 4
FHHIEE ADG/(g/d) 23.205 4"  23.983 1° 25217 9*  24.008 2* 22.6102" 2.490 5 0.042 6
P HRERE ADFI/(g/d)  123.883™  123.927"  126.477°  124.332"  121.750" 3.960 8 0.021 4
BEL F/G 5.380 8 5.209 2 5.024 4 5.269 3 54352  0.556 1 0.260 2

FATHR B AR E 7 B A R P B R R Z R A B (P>0.05) , AF/NEFRRIREZER B ¥ (P<0.05) , AR KRE FhE%

TR S B E(P<0.01), FHER,

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 {EHRIAARNOKE 3T E KR E K& RNENE
t % 3 0l LLE T R 3 i oK S % B B2 i

R B H R B 1 0 3552 e ( P>0.05) , % B B

AWEZW(P=0.022 4) , B RIS 7K F- 19

T, B R H R T 5 AR, B TR AR 7S ok

N 5 mg/kg Ik B i RKAE

2.3 {RHRSRAAR oK 3T A 0 S AL A S R R B2 0
H % 4 o] LLE Y ) R 3 7K S X WL 59

VI B g 2T Y E B E 0 (P>0.05) , i
AR TR I K ST HIL PR 33 7K 388 2 A W B 3 s i (P =
0.004 3) , H SR M 7 7K ¥R 15 mg/kg B i
TR K B /Ny X WL pH s iy A2 3 52 W (P =
0.019 1), H %4 K4 &8 K SF- 4 15 mg/kg B ik
Bl KA X R A & A B E R (P=
0.010 0) , H 4 #8033 Kk 45 mg/kg B ik
F R KAE
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Table 3  Effects of dietary copper supplemental level on fur quality of growing Rex rabbits (n=238)

i H TR KR B 7K Dietary copper supplemental level/ ( mg/kg) W kiR P

Items 0 5 15 45 135 R-MSE P-value

EFHH Fur area/cm’ 720.63 699.88 719.13 705.25 701.63 40.744 2 0.758 4

B HFH i Fur weight/g 468.33"  487.50° 465.63"  436.67™  417.50° 37.125 2 0.022 4

E R JEE Fur thickness/mm 2.54 2.51 2.57 2.58 2.49 0.179 6 0.880 7
R4 RAREE AN 7K X A A5 5 AL P o R A 2 i

Table 4  Effects of dietary copper supplemental level on muscle quality of growing Rex rabbits (n=28)

WH YA ML VS SN 7K 7 Dietary copper supplemental level/ (mg/kg) — #75MiR %4 P 1

Items 0 5 15 45 135 R-MSE P-value

PH.5 min 6.76° 6.84" 6.92° 6.90" 7.01° 0.151 9 0.019 1

7KK Drip loss/ % 6.06™ 5.70"5° 4.58% 4.915% 4.23% 1.008 3 0.004 3

354171 Shear force/kgf 2.59 2.56 2.54 2.59 2.60 0.2179 0.983 1

EELT 42.65 44.33 45.99 42.91 43.23 4.795 6 0.629 2

21 a” 6.57 8.27 9.55 11.20 7.19 3.103 2 0.050 9

HE b 8.49° 9.06" 9.91* 11.34° 9.06" 1.587 3 0.010 0

2.4 (AMRMERMAERERMEEBERERHA  00191) AEMBEIALE(P=0.042 3) F W&

=410
A 1 AT RLE ) R S K S % g FE
BN B8 BON A B (P>0.05)
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Fig.1 Effects of dietary copper supplemental
level on immune organ indices of

growing Rex rabbits (n=8)
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MEICE M E ARV FENMEITREZ
— PRSI — e 2 S H B R R
SR IE F A= BT RE 1Y 4 75 25 & 55 R R
R R A s R A e RE R RS
FW] 7 FE R AR R S i 10.56 mg/kg Y A
b I 100~ 200 mg/kg HiAE WS B 3 HE 4R
G H DB AR oY R W, 7E LA R AR
WU B i 9.9 mg/kg BYFERN L, A N 0,20
40 .80 ,160 mg/kg Y HR B, Ta] R A HR 2 ) W g &=
2 H A A S H B A B I 2 R R ) i
TRENEE, KRR H R E R, 5K
G ORI R Vi (e o i A RN
10 mg/ kg L2011 = 1) H 3% 5 R iRDREG fh 0%
B35 T AU AR (9 4L A N 30 mg/kg Hi D 4,
I, 6 2% 2= Y g 76 A R P s i 75 ~
150 mg/kg 4 n] LA BH 5 4 JE S i A= K, e AR
B S5 AE R R A S in K SF-x AR KR S B T 3 H
B A H R R B AR, I BN
KR 15 mg/kg B3k B 45 KAE, 3 2 B A A v s
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Table 5 Effects of dietary copper supplement level on nitrogen metabolism of growing Rex rabbits (n=238)

i T/ ARLHR 5 7 7K P Dietary copper supplemental level/ (mg/kg) #5422 Pt
Items 0 5 15 45 135 R-MSE P-value
BAR IN/(g/d) 4.467 6%  4.519 9%  4.624 5"  4.607 1°P®  4.537 35 0.075 6 0.001 0
F% FN(/g/d) 1.247 3° 1.182 9° 1.328 4®  1.542 9* 1.253 4° 0.214 3 0.019 1
JRA UN/(g/d) 1.458 2% 1.255 5% 0.880 9% 1.018 0®®  1.385 0 0.222 4 <0.000 1
Al 4L A DN/ (g/d) 3.220 3 3.337 0 3.2961  3.064 2 3.283 9 0.220 6 0.135 6
PIFA RN/ (g/d) 1.762 1< 2.081 5°° 2415 1* 2.046 2®°  1.898 9°° 0.204 5 <0.000 1
.

A WIH AL

HAALI z o 72.094 4°  73.833 9"  71.266 3™ 66.522 5°  72.349 6° 4.726 6 0.042 3
N apparent digestibility/ %

A %

A . 7?. . 39.445 0% 46.075 7% 52.214 4% 44.438 7°°  41.820 7°* 4.457 0 <0.000 1
N availability/ %

A 1| FH %%

REDIRIH 54.767 9 62.497 75 73.215 6** 66.904 1% 58.006 1 5.638 3 <0.000 1

N bioavailability/ %

3.2 (EMRSERMKEXE KR ER SRR
Mo 2 LAY ) Ky R e, LR R AT S8 E 4
W AEEICTE ORIE PR A R N, B R 2
WE, sy ERImENRNZEARL, shy
G R A ) A R R R IR S, Herh sh
(1) B K2 3Tt A7 AR SR IR 0 1) 52 i AR K K BT
BRI Z SFEWRAERKZE KBEAR, MK
RE ARG EAF IS, BEE NER
Fa BEMM EBNEESERHEITEAGITE,
S el 2 P T AT DL SR B B 5 T FR LA
8T 0K B 457 TG R T S B B R, T 4k
BT R A R R R R A BT R e B
AR AR g 25 SR 3R B, TR A 7S K S X AR
KMo 6 B A W3 2, B S K
5 mg/kglf ik B d5 K ME ; o 8 B G R AIE T A A A
(1) H2 B i, 3K ] BB SR — O A 2 4 E e iR Y
BaZAEm R, Niisgm T ERMAT,HH
EARMW oy FHLEA A 1 Tt — 25T,
3.3 RAAREREER 07K T 3 A 4 3 2 AL P &R TR Y 2 i
fo AR AL A R R A R e R L T R
2 ARG 7 APCIIE 1 s AR AR I R A, R B I 5 A
FEM B R AR Mk B M E TR . B
BB R A EAEN AL Z R
BEGANBAAAMER, RAREENAEE
A B R B B I ST D IR S =y AN Sk
LA pH K125 (B9 1%, Strydom ')

ZARH X T A A BUE FR I (E R PR RE AR HERR T A
a2 AN A b L6 A BBORE A5, AS I 4
BT, AARL 5 8 0 7K S %o 00 UL A £ 3 K K A
A 35 R A ARAR R S NS B (15 mg/kg )
23 E AR UL DA B K A5 % | 3 10T IR I JUL PA) R £+
K3 B BE T 58 5 I3 A, AR S T K S Xt L P
PH 45 i « BURE (LA 035 5200, XRE A S 25 2R 36
P R A 00 X A 5 0 S LAY i B LA Y
3.4 {RAREEARMAKER ERKME RERERYH
=210

X ) A5 T R X R A T K AU 5
MR M PRS2 0 7 J8 LS 7R Py 32 2k B 2 2L 4%
B R 2D A B B TN E A
SO, A TSI TT, SR B AR i 2
SR R RR 2 R A AT XS Y AR G, e e AR B AR K
A, A IER A5 AR T GRDRR AR S KSR A
R N i K i R i RO A i 3 R T X T g
JE P T URDAR A 52 R A0 S S A Y A TR AE MR
IR BT HEAT 1 i AR T8 m e R 1Y B T I
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Effects of Dietary Copper Supplemental Level on Growth Performance,
Fur Quality, Muscle Quality and Nitrogen Metabolism of
Growing Rex Rabbits

SUI Xiaoyi LIU Lei GAO Qin LI Fuchang”
( College of Animal Science and Technology, Shandong Agricultural University, Tai’ an 271018, China)

Abstract; This experiment was conducted to investigate the effects of dietary copper supplemental level on
growth performance, fur quality, meat quality and nitrogen metabolism of growing Rex rabbits. Two hundred
1-month-old Rex rabbits with the similar health conditions were randomly assigned to 5 groups with 40 repli-
cates per group and 1 rabbit per replicate. Rabbits in 5 groups were fed experimental diets with the following
copper supplemental levels; 0, 5, 15, 45 and 135 mg/kg, and copper content measured values in experimen-
tal diets were 8.19, 13.59, 23.78, 54.08 and 143.68 mg/kg, respectively. The trial lasted for 7 days for ad-
aptation and 60 days for test. The results showed as follows: dietary copper supplemental level had extremely
significant influences on average daily gain and average daily feed intake ( P<0.01) , and had no significant in-
fluence on feed/gain ( P>0.05). The highest values of average daily gain and average daily feed intake ap-
peared when dietary copper supplemental level was 15 mg/kg. Dietary copper supplemental level had signifi-
cant influence on fur weight ( P<0.05) , but had no significant influences on fur area and fur thickness ( P>
0.05). The fur weight in 5 mg/kg group was significantly higher than that in 45 and 135 mg/kg groups ( P<
0.05) , but no significant difference was found between 5 and 15 mg/kg groups ( P>0.05). Dietary copper
supplemental level had extremely significant influence on drip loss ( P<0.01), and had significant influences

on muscle pH,. . and yellowness (b") value ( P<0.05), but had no significant influences on muscle shear

force and the values of lightness (L") and redness (a* ) (P>0.05). The minimum of drip loss and the maxi-

mum of pH appeared when dietary copper supplemental level was 15 mg/kg. Dietary copper supplemental

45 min
level had extremely significant influences on nitrogen intake, urinary nitrogen, digestible nitrogen, nitrogen re-
tention, nitrogen apparent digestibility and nitrogen bioavailability ( P<0.01) , and had significant influences on
fecal nitrogen and nitrogen availability ( P<0.05). Considering all indices of this experiment, the appropriate
dietary copper supplemental level is 15 mg/kg for growing Rex rabbits ( dietary copper content measured value

is 23.78 mg/kg) .[ Chinese Journal of Animal Nutrition, 2016, 28(11) :3687-3693 ]

Key words: copper; Rex rabbits; growth performance; fur quality; muscle quality; immune organ indices;

nitrogen metabolism
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