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5.47 mg/kg, FXH 7 d, EiXHP 45 d, LR A RRRRASH RYPMERELING KT FH B
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B AR K T R R R B AT A AR R A X Y
R

0T X B R s W A K i g i, H AR
O UBIFE AR S 0 100 B8 200 mg/kg B R A AT
125 B R K B T B G R R R AR AR AR 4
£ AR X A A K L VR 2 AL A AR T I R
UURRSE 5 b 5% W 194 L Al L, 3¢ W3 78 40 RR 4 1 2
SR B TR R A 1 EOF Sl 1 1 9
SRR R P R R R R AR, 15 i R R G T A
B M ik A9 R 8 5 Aulerich 251 F 53 15 3E B Y
KA AR KSR A KA B e R, 7R 2R K
VRN 200 mg/kg G BR H 4 14 14 T 45 100 me/kg i
P52 A 2, 4. 94 i1 s Bush 251V Fl Aulerich 251 B 5T
) 2 Y ] WL 2 R B G I K SR B R Y 8 T
%, B (0 A A5 s 1 B 3 Mejborn! ' B 5 5 1 K
SRR S AR 5.1 mg/kg B AT O 4R K A
BREBFNFRE;2O0E %" B H7E T Ry
FRLR P A AP 4 ~ 6 mg/kg; Sapoft 45
3 3 B 7 AR P IS I AS T K S T 4 % K 3R A K
PERE B R T A6 R e A B e, AR K
SAE U R B R AR IR 32 mg/kg, A
ST BAR AN AR K 1oy 4 RO =X A0 ST A 45 20
I AR TR 6 DB 5% A [ 4 T % AR IR ZE K P R L 3
VI AL R K R A AR AR I sE i, B AR R ST AR
PE R B AN AR K S B UR, SR A R
LRI IE TR P S 7 (s

1 #MRS5HE
1.1 REER

RIS il 1) M2 TAC ) 2 % NRC (1982) JNSH &
FeFRARME™S LR I F KP4 1, (3
fil PR Hh S I AN [R] 8 = 0% ] 5 TEE ) 4 b ik 56 1
R 25 R s I K S LU 3, 2 8 30 mg/kg, i
5 AR R TS M K S 2 AR A B Rz B AR K 1 4R
FE T AR R IR IR A 7 X A P S PR E
1.2 Rz 5iK8igit

AR IS AE A B 2 e 4R = F 5 T B B B
YA FE M T B . PEHL 40 H 75 H i SFEYARE N
(3315 x11) g () B fE 1 AR I, BE AL 43 Ak 4 4,
AR I0NELZ, BPNESZ 1T HEI, 4 480
53 i PR AE SRR AR TR S 1429 mg/kg H AR
A1) 1714 mg/kg SR RE G (1
21) .125.0 mg/kg HFRH (M 41) .88. 2 mg/kg #¥

IR ( IV 20 ) 1 3o 6 ) R, 25 336 ) R 198 45 oK
VLA 30 mg/kg, For, H S B AL G A
AR 2 0 2 R R 5 B 1 DA E JEE R
SRR E Y, A& &R =21%,
JEE & =17, 5% 0 B IR MOl AT R A
A AP AR IR B 2 A LA I 30, 5 35 4 =34 % , B R
WEA 5 DEEK, SR =24% W A Eigtes
T HBRAF

®1 ERARAMREFRKT (RTFEM)
Table 1 Composition and nutrient levels of

the basal diet (air-dry basis) %

i H Items 47 & Content
JE#l Ingredients

4k £ K Extruded corn 26.0
5 ¥ Soybean meal 22.0
FEKFEHH Corn gluten meal 9.0
T K K AT %4 DDGS 13.7
fa 4y Fish meal 5.0
%) Meat meal 10.0
.l Soybean oil 12.0
=R Lys 1.0
FEHE IR Met 0.3
IR R( To4) Premix ( Cu-free) " 1.0
4t Total 100.0
#F 7K Nutrient levels”

e ME/(MI/kg) 14.68
FLEH Bt CP 31.86
HLIG; EE 13.87
LKAy Ash 4.35
2R Lys 2.19
EEIR Met 1.52
il Cu/(mg/kg) 5.47
5 Ca 2.55
# P 1.47

VTR E 44 One kilogram of premix contained
the following: VA 800 000 IU, VD, 200 000 IU, VE
4 000 mg, VK, 50 mg, VB, 400 mg, VB, 500 mg, VB,
200 mg,VB,, 4. 2 mg, M [ig folic acid 50 mg, }Z [i# panto-
thenic acid 2 200 mg, 4= ¥ Z biotin 1 600 mg, 5 1k IH
choline chloride 120 mg, VC 12 000 mg, Fe (as ferrous sul-
fate) 4 000 mg,Zn (as zinc sulfate) 3 200 mg,Mn (as man-
ganese sulfate) 1 600 mg,I (as potassium iodide) 80 mg,Se
(as sodium selenite) 12 mg,

DA AR A TS, JEAt 5 35 K S . ME was
a calculated value, while the other nutrient levels were meas-

ured values.
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1.3 {AxEE

RSP SR, g 2011 428 A 17 H
FFURZE 2011 4F 10 H 7 H &850, #itili 7 d, 15
45 d, B K 08:00 F1 15:00 #5401 vk, A K
1.4 HAKBEHRLE

?ﬁiﬁﬂﬁ%%ﬁ@%ﬂ?% T SR ] R R A R
aLFACRE R, W S R AR SR X
H%M9M3Mﬂm1$9ﬂ5aisaﬁﬁﬁ%
AL, AR 8 FUR & FHEM IE 5 A L 12
U AR AR T I AR AR 86 o T8 A A 6 e
114 d, R A A28 S AT 4 2RI AR | IR B 2 R
HmA L& 10% H,SO, [H % ,65 TR+, B k)5
it 40 HIf R AR o
1.5 MEIRRFE

FERI A AR B B rh i BE 35 A I E S %
SCHER 19 ] 19 5 3, 4 2 R R OB A — KM D
T A o I AR (TP 5 R A A48 ik
P, R ZE A (UN) & iR = 2l — N 2
T, IR (ALB) & R FTR F R 4 1 |, 4
TRyt Ak it ( SOD ) 01 4 4 8 48 Ak 49y 157 £k fiff ( Cu/
Zn-SOD) & ¥ 5% FH i $2 2 00 5 , DA I 1 ¥ 48 A
IRHA R Rt R o A oo BE I A
I ¥ WP R R It ( ALP) 36 MR H b A= b4 i 0 &
(BRI ) A 5 I3 4 i 2 11 (CP) & R P IR
T (g L i) T 5 Sy BREE 11 G (1gG) I
B ERE [ M(1gM) & R 2 G AR &
(HE b i) M52
1.6 HEAR

TYRHEARE (%) =[ (TYRRERE -

Ty mHE )/ TP R E R ] x100;
HHRHAF(%) = (EHCRER -
EEBHE ) /AR AR ] x100;
PEWITEAER (% ) = [ (IR R & -
BEWiHE S ) /B ik At ] x 100
AR ERE(g/d) =R &8/ KA
FHHEE (g/d) = CORE -9 H) /iR KA
BIEW =FHHREE/FHHEE,
1.7 HEBEESZKITHSH
A B4 SR FH Excel 2003 E17 % B, 45 5 1)
FIE + hRifE2ERIR . R SAS 8.0 # -+ GLM
7 X Bt #E 47 B2 1 43 M, 2 5 L8R ] Duncan
Rkt 7, Hrp P <0.01 22 Rtk B3, P <0.05
hEFEZE,P>0.05 hEFARE,

2 H#R5HMH
2.1 AERETEXE B HI B SRIN A K M RE 52 M
2% 2 AT, AS [ R U5 % 7 s A0 fE 1 AR K 1
RKEADERLWH(P=0.0309), ITMNVHEES
TMH(P<0.05), HAhdH | 2= 5 A & (P>
0. 05 ) 5 A [ Hil P05 7 G0 ot A AR K 1) ~F- 44 H 1
AREZLW(P=0.046 6), VHE ZH T NH
(P<0.05) , HAth#H 0] 22 %A % (P >0.05) 5 48
(] ) 50 7 oS A0 M PR R AR 1) °F 4R B i TS R 3
M (P =0.401 2), IV 20 w5 7 HoAth £ 41, 1 41 A%
o AN TR 50 B IS S PR R A %) e o b AT i
M (P =0.0435), VAR EM T IHA(P <
0.05) , HAh i ] 22 5 A 2 (P >0.05)

2 REGRIET AR SR A B RO R

Table 2  Effects of different copper sources on growth performance of female silver foxes during growth period

i H 2[1 51 Groups Pl

Items I il m v P-value
¥ Initial weight/kg 3.31+0.35 3.31 +0.37 3.33+0.41 3.32+0.50 0.999 9
K & Final weight/kg 4.14 £0.29" 4.44 +0. 68" 3.85+0.47" 4.49 +0. 46" 0.0309
Y H B ADG/g 26.39 +5.56% 24.44 +7.52% 22.50 £3.85" 32.78 +4.67° 0.046 6
F¥H R & ADFL/g 218.46 £25.94  215.52 £38.37  205.26+16.30  227.29 +17.07 0.401 2
BlE L F/G 8.73£1.77% 10.53 +1.22° 8.83 +1.87" 7.10+1.03° 0.043 5

7 Bl R AR ARG R R 22 5 B35 (P <0.05) , AR S 7 RF /R 22 el . 3% (P < 0. 01) AR [R] B0 5 B 7R

ZEFARZE(P>0.05), FEF.

In the same row, values with different small letter superscripts mean significant difference (P <0.05),

and with different

capital letter superscripts mean extremely significant difference ( P <0.01), while with no letter or the same letter superscripts

mean no significant difference (P > 0.05). The same as below.
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2.2 AEMEXNERBHEERINE YR
HA R0
1 3 A1, AN () Bl 5000 B nsg 0 o 1 R A Y
TYPCR BRI F 0 (P =0.268 8), VL1
o T I S5 A1 5 AN ] i 050 7 S 00
BIRH TP R A B E R (P =0.027 1),
21825 T WAL(P <0.05) , HoAbZH 8] 25 55 A B
F (P >0.05) s A [R5 W0 7 U MEPE SRR+
JRIH AR IC M (P =0.182 9) o AS[R] i 4
TR B A FOR B O R (P =
0.307 4), I 41 W i T oAt 45 4, I 4 Fe 1% 5 AN [+
AU TR MR SR S B S R R

(P =0.0298), IHEEEFIMA(P<0.05),
Ho At 21 ] 22 A S 25 (P >0.05) 5 AN [) 4 P50 7 L
BIMEME RN E AR R E B E R (P =
0.739 2) o AS[RIHI XS T B8 30 44 AR A 1 i A R
BRAREZM(P=0.0493) , VAR ZE ST
H(P<0.05), HAWA M 255 A B (P >0.05);
AN T Y5 X6 B S S0 P AR A i 07 HE o G
SR (P =0.2557) , V40 @ T HAh 4541, T4 %
s TRV U5 6F 7 A0 R 1 g B T R 3 TE
BELW(P=0.6140), 1 418 & TIHAhA4L, IV
i RE 18

R3 AEISHIEXE B SRINE 554 BUE L R B0

Table 3 Effects of different copper sources on nutrient digestibility of female silver foxes during growth period

ifE| 24 5] Groups P
Items I I m vV P-value
TY R E &

202. 56 +24.05 206. 73 +30.67 189.67 +15.06 210.45 +15.80 0.268 8
DM intake/(g/d)
T B HE ® , . N

. +3.20° 32. +6.09" . +3. . +6.07° 0.027 1

DM output/( g/d) 26.56 £3.20 32.37 £6.09 24.05 £3.68 29.84 £6.07
?%Eﬁ‘{#jﬂﬁi 85.97 £1.95 85.03 +£3.78 86.58 +2.17 85.72 £2.57 0.182 9
DM digestibility/ %
EEE*QE 70.97 £8.42 71.64 £10.63 64.98 £5.16 70.09 £5.26 0.307 4
Protein intake/( g/d)
Eaﬁﬂz”ﬁjg 11.86 +2.62% 14.48 +3. 65" 9.93 +1.93" 11.01 =2.58% 0.029 8
Protein output/(g/d)
EEE‘@%%.. 83.34 £2.61 82.81 £5.09 84.78 £2.29 83.24 +4.18 0.739 2
Protein digestibility/ %
= S A EL
EE‘%KE\E 31.25 £3.71% 28.83 £4.83" 27.99 £2.22° 32.16 +2.41° 0.049 3
Fat intake/ ( g/d)
=% =
LalUELR 1.40 £0.28 1.66 £0.41 1.35+0.24 1.71 £0. 44 0.255 7
Fat output/(g/d)
B Al 32
e T 125 95.65 £1.03 95.07 £1.37 95.17 £0.72 94.93 £1.32 0.614 0

Fat digestibility/ %

2.3 FESREIE RS B HA b 1 4R AN A 7 A TS AR G
A

H 3% 4 AR, v SR R R A 12G  1gM |
TSR o R B R TS A AL R 22 R A
F(P>0.05), A[FEAREX & AR IR i3 A
EAGRAREZLM(P=0.0380), VAR E
FHAh 3 4, HAth 3 =R AR E(P>0.05);

AN TR R X B AR AT 1M 75 SOD 5 M A i 5 5
M(P=0.0120), [ABFFFOMMA(P <
0.05) , HAth 4l [A] 22 57 A 8.3 (P > 0. 05) ; A [A] 4
JE T R AR AN A 17 Cu/Zn-SOD {4 i) 2
FEH(P=0.004 7), I Il B EmT 04
(P<0.01) , 5N4H2ERAEE(P>0.05),
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R4 TEETRXTE AHA MM SR AN 7 4 4L F AR B0 %2 i

Table 4 Effects of different copper sources on blood biochemical parameters of female silver foxes during growth period

UiH 2H 5| Groups P
Items I I m I\ P-value
MM TP/ (g/L) 53.88 2. 74 55.16 £2.23 54.48 +£3.13 55.11 £7.25 0.9255
H& 1 ALB/(g/L) 34.83 £1.40° 35.25 +0.82° 34.73 £1.36° 36.85 +1.81" 0.038 0
JRZ % UN/(mmol/L) 8.11 +1.33 7.45 +1.34 7.28 £0.55 8.76 £2.02 0.260 9
LB RES ALP/(U/L) 107.43 £22.20 100.86 £18.80  106.50 +21.64  109.20 =18.07 0.893 4
R G 1gG/(g/L) 1.45 +0. 40 1.80 +0.36 1.41 £0.29 1.66 £0.28 0.210 3
BRI M IgM/(g/L) 0.42 £0.17 0.47 £0.17 0.36 +0.17 0.38+0.13 0.6399
%% H CP/(mg/L) 35.71 £5.35 33.75+5.18 34.00 £5.47 35.00 £5. 48 0.894 7
ALY B AL . b N "
33.81 £21.60° .03 £11. 0s .49 £18. .97 +8.31" .012
SOD/ (U/mL) 133.81 £21.60° 112.03 £11.03° 104.49 £18.07°  120.97 +8.31 0.012 0
S AE A AV ) I fit
B PR AL P Bl 51.80 +£11.10*  31.05 +6.32% 53.30 £11.97*  44.58 9. 61"*" 0.004 7

Cu/Zn-SOD/(U/mL)

3 3
3.1 A [ERETEX & RCHE MR I A 4 0 g i
=4

PG R 5 2 77 B M 1k AR A R B L 2 H
BEE T AR, BB AR T A 25 41, & W]
PP RS 7EAle 2R RN AR A BB p T A 7 U
U BRI 2H 7 U] M P AR A R AP g
N RAR, SRR AL R A B R, B Y
T I B I S A AR 18 B g
S HIR T bk 2 4, S W e MEPE IR B TR
AR TR AP 5 (9 i 2 1, JEHILAR IR AG 12 A AR
AN B A HILER TR R B S A R X5 R SR
AR — 2, Dove'™ L3l , 15 5 MR 4 #1 Lo , 7
PR Al X6 AR A K S80I v ) A8 R A, A R
AT HILAR AT 4 e T R 9 G HIL AR 9 AR AR R R
BRI R, 122, 5 my/ke BB ARE
AR 20 ~ 40 kg B A AR RACR 5 250 mg/kg
B G JC . 5 2 5 5 B R 2 1 R A R A IR
7R 14 TR S A I 1 R ] 3R R TR R 5 T
JE S R IGE , B RR A M HG RS I A K
PERE 7 AT A R ] 1) 2 0 AN 25 B XE SR 5 hh
JECAT SO P, X AU XS 0P U L (] et 55 4 5
T2 B BT B ASOR
3.2 AEEEX T K EMERITE 579 KR
HA R0

X S 2 2 B A, v A T A A
8 3k 5 M) P06 AR 0 R AR TR SR W 1 AT

WAL, SR N S RE . BIFSE R , 25 4 mT 484 i i
BRI 2R 5% ~20% P 3 % B O E,
Luo 2B FLHGE , i H BE R w0 B 38 S s
il 4 0 P, T 4 75 8 3R ) B Ak R W%
20 ISR, v R T 2 A R X B I
{3, Pau 4 BF ST 4RGH , i 508 o 50 T
TG 2305 M 2 K Y S, R LR R R T R R
AT R I8 K- (30 mg/kg) o i 1 i 4 /K
-, 3 T i 2 T SO R 5 55 0 B R £ R
HCIY AL R A L A R
3.3 A4 TR T B A A I 1 R N I i A AL B AR Y
A

L3 1 S e A I, G AR
— Tl A 1, B G R 2 SRR B L I
W R R TR 1405 R R AE 3 1 o AR A
27y R Th R 1 T R A R TR B
MiERER &R ™ R RN
RSO AR I 3 R e T b4
Y, ALIR R o i AR B 5 2 5 (R R IR
S B T A A 4L I R g R AT AR T
A A5 R ) R A R D 8 TR b, S Bk
BB T AR R 2 AR5 5 BLIRZE SR A
FEEL B F W T IR A A R I AR K AR g
I, MLY% 185 EFF b8 30 4 o i, i A 3
AR I BN T 2 1 BCIURR, R T S B v
FREA G S HLIRTE B Z ST,
1 S BE R 11 [ TG IgM e BR R 11 A (TgA) |
B BEAR , SR BN R B S B RE D T R, AR
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VAT A4 K P ) NRC(1982) V'™ e, REAS
JE S A K R 6 A AN ) 4 U 7 A o
YIPLAR 3 68 71 J 10 G W35 R R e . LV P A R
5 R — S P AR SRR P 8 1 T 3R K
&5 L7/ DOR: A= i DR R A & R N g |
5 TR R | 0 B 0B SR I 1 P R R
A BN AR v A R R0 R o
SIRAO TR 1 S AL 2 TE L M S IV T R
AT T 5 P e AT T S e S 30 iy S R A A
PERE , 35 5 0L I P B IR O A R TR e
W R AR S AN ) RS R S0 O
LY B A Tl R T 045 A R A% 3 ) 0 5 KO, LA
B R AR A 0 e =, S AT 2 8 R A — B
M5 5 5 SRR RGBS T R

B A e U A R — S R Y o -
WA T, 3 10 5 45 T A3 i 310 4% 4 4 DA fi
HUARFI A o W i HE A A A B0 4 el I 2 40 15 2 P
M AEE MRS S ELES Y, M
] o B VR S — B A G B, S M R DUAE
R S LR R BRI . dE
22V RGN, 7 Al SRR T 0 AR () R % I
HHHREEA SRR ER . ARG 5%
SCHRARTE — B, B MRS58, @ KD B
T T G IR A R A X B X A
B LI 0 2 1 8 B 1 52 00, 05 5 5% W 0 5 R 4 T
AR L AR R . AR A A R
Jin 30 mg/kg (4, & F NRC (1982) 1™ 4 fi #i 45
B 5E AR R HLIA A K 3, HLARTE R B4 i
UL, IF T A A7 0 ok SR LA 4 T, 38 B 2 L 1 G
UL LR /D, 33 7T R 2 5 3045 414 g 2 1
LR AREENER, SOD i H g Lk i
S S H A T B 2 OGRS, IR
PR A B+ B 5, IR A i e sz A . i 2
Cu/Zn-SOD AL 1 b U I 241 B8 43, 5 Cu/Zn-
SOD i 1% V) H 5% . Hawk 25 4 3 , 47 e =
MUK SOD & HEFEAK, T 51 WA 2 i, Ak
B, Fr A R AN H B B A 2H 0 I SOD Al
Cu/Zn-SOD 351 &5 T 25 22 IR 2 43 5 1 f 158 i 41
Ut PH 7 P BRI T RS B0 Ay A TR ) R H 2 R 2 5
AR R A ) N T ] B A R T R A LA 2
4 i T 32 45345 -

4% B

FEARR RN T, 256 % 8 KR IERETE bR LB
TR AL R B ML AE A b, 15 R AR AT
YYD AL T 0 U5 A TR TR

SE W
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Effects of Different Copper Sources on Growing Performance, Nutrient
Digestibility and Blood Biochemical Parameters of Female
Silver Foxes during Growth Period

ZHONG Wei LIU Fenghua ZHAO Jingbo ZHANG Tietao CHANG Zhongjuan BAO Kun
ZHANG Haihua XU Chao WANG Xiguo LI Guangyu”
( State Key Laboratory of Special Economic Animal Molecular Biology, Institute of Special Animal and
Plant Science, Chinese Academy of Agriculture Sciences, Changchun 130112, China)

Abstract; This experiment was conducted to study the effects of different copper sources on growth perform-
ance, nutrient digestibility and blood biochemical parameters of female silver foxes during growth period, and
in order to investigate the optimal copper source for the diet of female silver foxes during growth period. Forty
female silver foxes with an average body weight of (3 315 +11) g were selected and randomly assigned into 4
groups with 10 replicates per group and 1 silver fox per replicate. The silver foxes in the 4 groups were fed the
basal diets supplemented with different copper sources, which were glycine chelate copper ( group [ ), methi-
onine chelate copper (group Il ), copper sulfate ( group Il ) and citric acid copper ( group IV ), respective-
ly. The copper level in the basal diet was 5.47 mg/kg, and the copper supplemental level of all experimental
diets was 30 mg/kg ( counted with copper). The experiment included an adaptation period for 7 days and a test
period for 45 days. The results showed as follows: different copper sources had significant effects on final
weight, average daily gain ( ADG) and feed to gain ratio (F/G) (P <0.05), but had no significant effect on
average daily feed intake ( ADFI) (P >0.05). The finial weight and ADG in the group [V were significantly
higher than those in the group Il (P <0.05), and the F/G in the group IV was significantly lower than that in
the group II (P <0.05). Different copper sources had no significant effect on digestibility of dry matter, pro-
tein and fat (P <0.05). There were no significant differences in serum total protein ( TP), urea nitrogen
(UN) , immunoglobulin G (IgG), immunoglobulin M (IgM), ceruloplasmin ( CP) contents and alkaline
phosphatase ( ALP) activity among all groups (P >0.05) , but the UN content and ALP activity in the group
IV were all higher than those in the other groups. Different copper sources had significant effects on serum al-
bumin ( ALB) content and superoxide dismutase (SOD) activity (P <0.05) , and had a extremely significant
effect on serum Cu/Zn-SOD activity (P <0.01). The serum ALB content in the group IV was significantly
higher than that in the other groups (P <0.05), the serum SOD activity in the group [ was significantly
higher than that in the groups I and I (P <0.05), and Cu/Zn-SOD in the groups | and [l was extremely
significantly higher than that in the group II (P <0.05). Under this study conditions, on the basis of compre-
hensive consideration of the growth performance, nutrient digestibility and blood biochemical parameters, the
optimal dietary copper source is citric acid copper for female silver foxes during growth period. [ Chinese Jour-
nal of Animal Nutrition, 2013, 25(10) :2489-2496 ]

Key words: copper source; female silver fox; growth performance; nutrient digestibility; blood biochemical

parameter
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