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Abstract; This experiment was conducted to study the effects of dietary copper levels on copper
balance, serum trace element contents, serum lipid metabolism parameters and serum antioxidant
indices in male mink. Eighty healthy (60+3) day-old male minks were randomly divided into 8
groups with 10 minks in each group. 0(Control), 4(Cu4), 8(Cu8), 16(Cul6), 32(Cu32), 64
(Cub4), 128(Cul28)and 256 mg « kg™ ' (Cu256)of copper levels were added in basic diet, respec-
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tively. The pre-test period lasted for 7 days, and the trial lasted for 45 days. On day 30 of the
trail, eight animals from each treatment group were selected randomly to determine copper bal-
ance. Blood samples were collected from mink before sacrifice to measure the serum biochemical
indices. The results showed that: 1) Intake of copper., fecal copper, urinary copper, retention
copper had a linear and quadratic (P<C0. 01) increase with the increasing dietary copper level.
2) There was a linear and quadratic (P<C0. 01) effect of dietary copper level on plasma Cu con-
centrations. 3) Serum TC (linear, quadratic, P<C0.01), TG (linear, P<C0. 05;quadratic, P<C
0.01) contents were decreased with the increasing dietary copper level. 4) There was a quadratic
(P<C0.01) effect of dietary copper level on plasma ceruloplasmin concentration and Cu-Zn super-
oxide dismutase activity. These results indicate that supplementing Cu in the diet can increase Cu

retention and plasma Cu concentrations, but reduce serum TC and TG levels, and improve

antioxidant enzyme activity.
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Table 1 Composition and nutrient levels of basal diet (DM basis) %
J5 Bl Ingredient & Content B 327K F Nutrient level 1 Content
i1k K Extruded corn 36.2 Risife/(MJ » kg ') ME? 15.19
= H1 Soybean meal 7.0 T4 B Dry matter 94. 41
EKE E A Corn gluten meal 8.0 M H i Crude protein 34,62
fi ¥ Fish meal 14.0 HLBR 5 Crude fat 14. 03
B # Bone meat meal 18.0 W7k 4k A4 Carbohydrate 42.12
FL1& ¥ Cheese meal 5.0 KAy Ash 9.24
.9l Soybean oil 8.0 i 2 R Lysine 1. 64
P E# Feather meal 1.0 A R Methionine 0. 88
1fi # Blood meal 1.0 2k & R Cysteine 0. 36
VR B Premix” 1.0 46 Calcium 3.10
L-#$1 % 8 L-Lysine 0.3 BB Total phosphorus 2.07
DL-# % % DL-Methionine 0.3 #i/(mg « kg™ ') Cu 7.63
1 NaCl 0.2
Bt Total 100.0

Dm TR RE A 4R AR 1 000 000 TU; JEASALEE 200 000 1U; A FBMESERRE 6 000 TU; B2 600 mg; W E
800 mg; ik E 10 mg; 44 K 100 mg; UK M AR 40 000 mg; ML 4 000 mg; Z R 1 200 mg; A FK 20 mg; MR 80 mg;
EAH 30 000 mg; £k 8 200 mg; 4% 1 200 mg; #F 5 200 mg; Ml 50 mg; i 20 mg; % 50 mg.” . CEFAET BAR#5 NRC(1982)

18]

. Contained the following per kg of premix composition: vitamin A palmitate 1 000 000 IU; vitamin D cholecalciferol

200 000 IU; vitamin E acetate 6 000 IU; vitamin B, thiamine hydrochloride 600 mg; vitamin B, riboflavin 800 mg; vitamin By,

cobalamin 10 mg; vitamin K menadione 100 mg; vitamin C sodium ascorbate 40 000 mg; nicotinic acid 4 000 mg; vitamin B;

niacin 1 200 mg; biotin 20 mg; folic acid 80 mg; choline 30 000 mg; Fe 8 200 mg; Mn 1 200 mg; Zn 5 200 mg; 1 50 mg; Se

20 mg; Co 50 mg. ». The metabolisable energy content of feed was calculated on the basis of NRC(1982)

LR i SR A A FR R IR 45 RS L L Bk 8 1
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KIMLE LY. HBELRZE,3 500 r« min ',4 C
B0 10 min, 455 85 Y I0LVE AL 3E 3 3675 1. 5 mL
(%) Eppendorf &, & T —80 CrHh R fF. % 1.
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LY i 28 48 Bn B I 1 90 A AL 98 AR - GPO-PAP
R I I 3 H o = PR (Triglyceride, TG) % &
COD-PAP 34  1fiL 7 &L JJH [ % ( Total cholesterol,
TCO) & 5 5 e PE M T BR vk I {1 % B2 R 2 P JEL ] e

(Low density lipoprotein cholesterol, LDL-C) . &
%% [ g 45 (H A & ¥ (High density lipoprotein cho-
lesterol, HDL-C) & & . DA b 45 F5 ¥ A 500 60
R & B AR AR R B A R

i A A AL B AL B (Cu-Zn SOD) 36 14 5R H ik
PRIEM 5E o 1T A W 8 H (CERD % #: R F 6 30
SE > LA F LT 4 AR D 3 44 R P g et A i ) e
J3 6 BT E .
1.4 RS

I G R SAS 9. 13 2 GLM 2 )7 5 A
F 72 3B (one-way ANOVA) JEAT 2% 7 8 3 P
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B B R A R bR RO N R AT — IR
WL A48 . P<<0.05 WEFEBE.P<
0.01 NZEFWMEBFE.
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Table 2 Effects of dietary copper levels on Cu metabolism of late growing mink

mg -+ d!

i H Item /A Intake Cu ZEHE 4R Fecal Cu JRHE 4 Urinary Cu YLFH 4] Retention Cu
Control 0. 78% 0.47% 0.002% 0.31%
Cud 1.13% 0.71% 3. 33 0.41%
Cu8 1. 63" 0. 99" 3.694% 0. 60
Culé 2. 19PF 1.37% 3,070 0. 73%
Cu32 4, 32¢M 2.63™ 3.94M 1.56%
Cub4 6. 98 4,34 3. 2gABChe 2.42%
Cul28 13. 49" 8. 40™ 3. 40ABCbe 4, 82™
Cu256 21.35% 11,974 2,674 9. 29M
SEM 0. 96 0. 54 0.08 0. 44
Linear 0.000 1 0.000 1 0.001 3 0.000 1
Quadratic 0.000 1 0.000 1 0.002 4 0.000 1

[/ 3 R ) K 5 B b R 22 S 8 35 (P<<0. 01)  NRVNG FHEJE AR R 22 57 8 3% (P<<0. 05), R

Within the same column, values with different capital letters superscripts are extremely significantly different (P<Z0.01),val-

ues with different small letters superscripts are significantly different (P<C0.05). The same as below

2.2 HREAKFEKFFME CuZn 1 Fe EEH M
H MR ACE XS KSR E Cu.Zn il Fe & & 15
M) DL 3. K B IR A 5t Bl H AR A 2K P 0 15 fn i
J} & (linear, quadratic, P<Z0. 01) ; H ¥ £ 7K 3 % 7K
SV B AR B i U AT MO 2 i S R A B
F., T ETE R R, Cu256 4K 3R i v AR A
M 5 3 K T Control,Cud,Cu8 Fl Cul6 4 7K5H (P<<
0.01);Cu32,Cub4 F1 Cul28 ZH /K 3 1M 35 4 & &
I F KT Control il Cud /KSR (P<<0.01), i 3F
KF Cu8 4 /KSR (P<<0.05), Cul6 21 7K 54 il 15 4 &
H I #F KT Control ZH/K5E (P<C0.05),
2.3 HR$EKTE KSR M iEBE ISR B M

H KR A 7K 7 X5 7K 58 1L 37 A 28 A8 A 14 52 e DL
4, KB TC(linear, quadratic, P<Z0. 01) f
TG (linear, P<0. 05 ; quadratic, P<<0. 01) & &Kt H
A K T 0 185 52 28 v R U R AR s HORR R K
S5 K 58 1% HDL-C Fil LDL-C & & [ 9 43 #7 A
WE . I 204 B 8K, Control 4H /K5 1L TC
o B E & T Cul6, Cu32, Cubd, Cul28 Al
Cu256 41 (P<C0. 01),Cu4 F1 Cu8 ZH/K3H 13 TC
S 3 B T Cu32, Cubd, Cul28 Fil Cu256 40
(P<<0.0D), 5% T Cul6 44 (P<C0. 05) ; Control

KSR INTE TG & &8 i 3% & F Cu8.Cul6.Cu32,
Cub4,Cul28 Fll Cu256 20 (P<0.01), B T Cud
21 (P<C0.05) ;54 /K5 ML7E HDL-C & 5 22 % A i
% ; Control ¢ K 1ML LDL-C g & & T
Cul6.Cu32.Cub4.Cul28 F1 Cu256 24 (P<<0.05),

x3 BREKEXNEFHHKFME CoZn fl Fe S EH
A

Table 3  Effects of dietary copper levels on plasma Cu, Zn and

Fe concentrations of late growing mink mg -« L'
SIE| MmiE Cu M Fe ML Zn
Item Plasma Cu Plasma Fe Plasma Zn
Control 0.61% 2. 80 1.27
Cu4d 0. 68 2. 86 1.21
Cu8 0. 738ccd 2.93 1.26
Cul6 0. 765 3.01 1.17
Cu32 0. 877BP 2.98 1.19
Cub4 0. 894 2.99 1.20
Cul28 0. 91Am 2.98 1.18
Cu256 0. 96" 3.09 1.12
SEM 0.02 0. 06 0. 04
Linear 0.000 1 0.260 1 0.349 5
Quadratic 0.000 1 0.508 3 0.645 2




750 5 W OB

49 %

F 4 BRGEAKTENE B KSR MIE RS 2K 5 55700 0

Table 4 Effects of dietary copper levels on serum lipid metabolism parameters of late growing mink

mmol « L 7!

i H 1ML 375 A A [ I3 Hh =R LY 55 25 i 4 1 R ] e 75 A7 %% B85 g Ak 1 I e e
Item Serum TC Serum TG Serum HDL-C Serum LDL-C
Control 8. 44 2.22M 3.32 1.63
Cud 8. 127 2. 027 3.19 1.50%
Cu8 7. 998 1.95% 3. 04 1.43®
Culb 6. 978 1.83% 3.01 1. 33"
Cu32 6. 45 1. 84 3.08 1. 34"
Cub4 6.31 1.81% 2.92 1.32°
Cul28 6. 24 1.81% 2.92 1. 35"
Cu256 6.31 1.81% 2.91 1. 33
SEM 0.03 0. 05 0.03 0.17
Linear 0.000 2 0.010 9 0.075 1 0.107 6
Quadratic 0.000 1 0.001 9 0.087 9 0.077 5
2.4 BRI TR M i B ALIE AR MR
MR 71 X6 7K B I8 B S8 1 I 17 P 1Y) 52 ) L RN i S 4

5, KSR CER Al Cu-Zn SOD 3% B H H 4
KT f 388 2 kil £ 5 3 n S B IR (quadratic,
P<0.01), FZ4Hras L BiR, Cubd Fil Cul28 4
JKFHLE CER 3G M 8 % & T Control,Cu4 ,Cu8,
Cul6 il Cu256 ZH (P<C0. 01),Cu32 ZH /K 5% 1t b &
& T Control,Cu4 1 Cu256 £ (P<<0.01), B & &
T Cu8 21 (P<C0. 05); Cul28 4H /K 3 1fiL % Cu-Zn
SOD % ¥E#% 3% 5 T Control,Cud Hl Cu8 4 (P<<
0.01), 2% T Cul6 F1 Cu256 4 (P<<0.05),

x5 HMEKENERBABOLBTRELETENZE
Table 5 Effects of dietary copper levels on serum antioxidant

enzyme activities of late growing mink

5 LT (/I T R S A/
Ttem (U+L " CER (U-mL') CuZnSOD
Control 18.09% 36. g3t

Cud 17.98% 34.52™

Cus 19. 08" 36. 16"

Cul6 22. 7 38, 4448

Cu32 28. 86AB 42, 00N

Cub4 32.86™ 47, 2400

Cul28 34.02% 51.68%

Cu256 18. 25% 39, 03ABbe

SEM 1.27 1.47

Linear 0.574 0 0.137 8
Quadratic 0.000 1 0.000 1

3.1 HRHE K 7K 5B 504K 5 B 5 i

i WM B BIL A PR — O Edh s i, —
FORYHOE R . Bl H R R KT 3 4 2E R N
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P 8 A A7 A — 2 A DG R D . BRI IR
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Ay 8 B TE At R KWL KB A
] 2 ] R ] R A I R B H AR K 38 i 4
s 7K SR A P 04 5 ek R R AR R R
AR HIEBEE H R S 5 5 PR A Y B
WG, X 515 £ SCmk i A 50, et
WEFERW] L B G H R 4 A i 5 i, 2 ~3 i 2k
KA B S B i A ROE A .
3.2 BRHFEAFEIKFMFE CuZn F1 Fe S EHIFM

WFFE R W 5 1015 4 Mk B2 AE — 22 0 [ P B Rk
e VA 0B P 1S i R RN R AE 3l i 1 R U
AR AEE RO Y . SR Ah X T R A8 o
R Y o G 2 5 e Bk DA A i PN R TSR A 1 )
M o R 5 e B I I I R e B
o) AR 2K ST 1) R T S T v T B A R R
B I3 2 7 G B B AR k. TR O O DT R L AT
B H AR KT 100 mg » kg "B IfiL 37 4 5 = Bl
BT S U = (T A O (E R E S T I |
100~250 mg « kg i}, IfiL 75 4 75 2 Bl 1) R AR K P
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R 1 T A ARG o BB ] K S o 10 9 A R Bk B IR A
BEEW ., G. A, Apgar %" HESE £ WL A7 H R
RS AR e B 7E 100,200 F1 250 mg « kg, ML 4
Frm bl HARAKCOF YA TR . SEE R,
HOARE K 7% 2~3 F i A= 4 P G i 2% v 4 & 1 5%
M) e S 35 6 il 2 oAb - 9 e R B B
M, ASHIFSE & B, K SR H O ER InA T D B v i v 4
(18 5 £ o (E 2 S I 7 A Rk 1) B S R R L
AH 7K 57 ) PR L At RS s ] TR SX 4 ) TR AR K 1)
LTS ATl T E 3 AN
3.3 HRFEKFEX KGR MDFEREBRAOZM
AR SR AT K B R B AR S i R A A AR
YIAH G . s ¥ BRGS0 4 B 4% 52 ) 3l 9 1k 9 Bg 28 4%
s R BUAE HORL VR AR AT LA R AL it S AR [ R AN
Il =R ACE Y R h AR s 28R R
Wi f) DS ZEBIL I O A 5 28 Rralk — B0k oE . sh ik
PR R A R FR Ak A B . HMG-
CoA if J5 [ /2 JF 240 M A 1k R[] B ok 2 v 1) B R
fifg**' . S, Kim 200 BF 5% & B0, 1) AR 4R H R B /N
SO 48 B rh 3-3-3-H 3 I lE-CoA i i il
(HMG-CoA i J5 i) 15 M 36 i, BB [ B 7 - 72 1k
S TE B AR fo I T 6 2% A i AR 1 R o g
Z.R. Tang % BF 58 22 B L BUAF R BUAR AR A H R
B [ 2 7o 355 A 35 DR A X 28 35 B B AIK 80 00, iR
[ T 7 o 5 0 T 06 1 AR I, O T 2 2 Ak R A B 1 5
o B R AE . A RS 45 R R L BE H O
B INAKSE R B, g o TCLTG Al LDL-C & i #F
2 I R R A T F R R R A S n X I HDL-C
Frm ARy R,
3.4 HRFKEXKFBMFHRNIEIRA T
101 3% A WA B 1 2 — ol 1 AR T T 4
o, AR is i frh R AR . 4 Tk
Wy 0 Ak T R — ol A I L R T R A W R AE BT BR AR
A AR A R R A ez Bk B . B
AR FHOBT A AT O R AT A0 B B B R L ST
20 J AR A1 355 SR AR Y AAS [R) S5 o R R %) A A 7 i
TR0 25 S 3R B 0 R P R I — i R VR
(4 . W 2 25 CER I Cu-Zn SOD By I 1 5 1% i & e
JE B X CER T 1 9 52 W AR /I o 25 4 o7 0k 132 32
Fhm i CER 36 M 52 T (524 4 B vk B o
W CER 3. 2h¥ H R TR D i i 2% 32 1 i
R S AL B AL S MR AN CER & &7 (2
o 7 B A A T 5 | RS ML AR 2 A o BE 9 4 . S B0

CER Ml Cu-Zn SOD 7 ¥ AR . AWF5E £ W, Y
IS H AR KOF 3 T R B E R Soh E R I
CER M Cu-Zn SOD i ¥ bifi H H4 7K - 3 i ifij 4%
S 2 ARSI 192 mg « kg V4 LA BB A AT R
KSR, S B i CER #1 Cu-Zn SOD 3%
REAR .

4 & g

KSR FORR TS IR R A o 4% A R 7 0 AR S A I
I B B R B B A% A LG I R E ] P R H vk = g K
S A 1 IR R R 1R A AR ok e
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