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gkoowEt 2 R bbb EaEE Mk ' [JieE skt
KER? BERD REM
(LN K 2F S8 SRR FT BT, D)1 48 400 5 s i 5 37 5 ) B SR %, AR 611130,
2.9 E RO RN Bedb 5 PoE B S AT, A 100193)

O OE. ARBREAEMRAR AT ES AT A BRI AR R AR AR
TR E AN, I 40 B T BRSSO EET ZH A EW 150 2 MALs A 5@, &
WINEL HAMNEL 10 A, sTRBAF R A AR X472 A A AR P 5 R R e 10,
30.50.70 mg/kg 4B [ 5 FRFmidh B A4S (CACL, - 2.5H,0) | 89X 344k, KI&H 8 A, 4 A X
WH(1~4 B) F X G R (5~8 B), BREAM 1) SxBaart X 48,10 mg/kg 41-F 3
BRRESHZH 2E2FREE(P>0.05),30~70 mg/kg 28 K 45 7 Am 3 89 34 Ao o FE 4%, 70 mg/kg
202 FAK T R (P<0.05) ;i KB G (5~8 BA) FH A RRLEREZR T RENH(1~4 A)
(P<0.05), Harmeanrt XIAH, 7 & R4 RIm B 6938 i E4K, 10,30 mg/kg 2019 £ F
RBZE(P>0.05),50.70 mg/kg 21 B F HAK(P<0.05) . 2) 5 - B a4nrt X34 4,10 mg/kg
WELRE FOBEHG BEFREHF(P>0.05),30~70 mg/kg 20 K45 7 m & 49 38 m & &
W& E R FHEEAK(P<0.05) , &8 & EAH BAKA R (P>0.05) ;R E 4 (5~8 )" X 42 B F 1L
TR H(1~4 ) (P<0.05) . 3)FFME B ME 97 £ 38 & 5 b H Ik (GSH) 4% A= %48 &
Ay A B (T-SOD) 7 P K43 77 e B 69 38 m 2 & T 5 (P<0.05) ; 5 xR 484808 10 mg/kg 28
Hr 99 & A H Bk it B4k 4 85 ( GSH-Px) \T-SOD & M 4o 38 R A S H Ak (GSH) 4 2 %4 5
(P<0.05) ,12 30~70 mg/kg 484% T 10 mg/kg 48 ( P<0.05) ;10 mg/kg 4897 £ 7/ — & (MDA) 4
FHEAL(P>0.05) ,12 30~ 70 mg/kgl % % & T 10 mg/kg 22 (P<0.05), 4) 5 arp@sa4a ik,
10 mg/kg4i o ¢ H b = B8 (TG) A& 2 % 71 3 (P<0.05) ,30~70 mg/kg 4014 4% 7 An & 649 35 m
AR (P<0.05) ; 2 & & & (ALB) A 2[435 e 2 6938 m 2 & M K48 (P<0.05) ;50,70 mg/kg
Ey A RS FE AR (AST) F 2 E 3 THMA(P<0.05), 5) 5T BB 4 ANd R
FFRE B RE Srip B LA T ARARZABEFAE ;50,70 mg/kg LARKEIF L REH TR
4= 10~30 mg/kg 2L( P<0.05), EARBEEHT,EGHARF 10 mg/kg BTRSHESRRE
B RO SR, BB R 2T R FE S EL - RERERE,
7| AT I BAC R i Fe ik A ACFE ARG R, W R AH P 30,5070 mg/kg 48 AR T B A R
B SERRERR,INRES AL S A ik A IS AR O BE R T R E IR A B 9P
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ERRBE A M TR WSy KE
TR, AR EURE | T A 1R R R R 2R e S e
L, HARAR G A 2 Y B A 75 e i BRI
U, BHIF TAE 2 #2377 1% T R A BF5E . Olgun
BRI & B, 5 me/kg TR [ SAfB4R (CdCl,) ]
FhHE 12 JE 5 NG ;e B R RN R i 0 RIS, AR RS
FEA T — R EME T, {H Leach 2 #F 5 & B,
3 mg/kglF AR [ HRERHR (CdSO,) | & 12 i )5 42
B TS A PR BE . Olgun 45 A 5E & BE, 5%t IR
AL, 45 mg/kg TG (CdCL,) #7212 5, &
X 7= RN 18.81% , St G B EE R, i
R A AR B 98 & PR, 50 mg/L AR K i AR 4R
(CdCl,) % 5% 8 Jil J5 &Y 7= 8 FE N H 76.00% ;
Olgun' "' BF5% & B, 40 mg/kg fA A48 ( CdCL,) 5 7%
10 J& J5 %89 55 7= B R FEAK N 66.77% , 6 X XY 4
RN, INGSE SRR R, AR 5
10 mg/kg 4 ( CACL, ) I A B AR A 1) 25 i 0T, R
Xt RE G 7 A B K AR 5 T Yang 45 0 5E R
B M 210 mg/kg 194 (CdCL, ) % 2 X9 7 1
K, H Z A O Wk B8t =
218.44 mg/kg' "' M I AR I IR 0 DA B AR
X7 A W EE MR ™ B A 7 S bR, AR RDE
3 AN ) 2% 8 it A 40 0 8 1Y 2 7 R R A B
P AL bR R A A FE A | 4 20 3 AR 1Y) 5 i)
L RARME, Wik, KRB LA U L%H
AR 9 45 SR T A IR A0 4 i 300 00 B 9 5 SR )
B LR PR SEBR  DA R e U U B A I S X 42
TR AR AN 0,10 .30 .50 .70 mg/kg 4% ( CdCL, ) ,
WFFE AR R Hh ot B 4G 14 A = MR BE R AL I L B AL
FEBR M3 A AL A8 A5 AN AL 200 B2 AR B B2 ) B
P Z2 GEAR ST ARDRR T A 1 S () 2 1R e 0 ZE A 1 B 1
BN, N R 2 e A PR AL B AR A

1 MRE5FZE
1.1 RIe A
111 EEREE &

S 21 K & 48 ( MILLIPORE , Millipore 24
F 56 ) & &2 # AL (EMT - 5200, TOU-
HOKURHYTHM A A, H A ; fifi b5 1X ( SPECTRA
MAX 190, Molecular Devices /A A, £ [H) ; & H 3l
H Ak 43 #14Y ( Automatic Analyzer 7020, AHIMAD-
ZU NFl L, HA) ;148 Z — W+ K (CP-224s,
Sartorius 2 F], 78 E ), £ = H #% 14 B W

(BA400Digital , 2 ¢ B3l ST AE A BRA A |
1.1.2 FEZRE

AL (CdCl, - 2.5H,0, AR) ; 4E 4L Fi %1k
FEbRI e A (F R Y TR ST ) s
47K (18.2MQ « em) ; R AR R QLW (b B R @A
HABRAF) .
1.2 KI8T R AR

IR VE R 40 JA 0% 7 25 g 04 S 1Y) fit B A 5
2150 N KL R 5 4, B3 AN EE B
HE 10 HXG, S FE 2 AR IR oK — 0k 2 5 il ]
M, A RSB SRR WL 1, 10 4 4] PR A Sl 1)
o 4 9 % 10, 30, 50, 70 mg/kg
(CdCl, - 2.5H,0) Bl iR AR, A AR i 48 & &
SR 43594 (0.29+0.00) | (8.72+0.98) . (27.69+
1.35) .(46.87%1.70) . (66.52+2.81) mg/kg (XK
FRIZIE }0.06 pg/L) o R T IIxF FE XS Fihe] 1 J#,
TOHA A5 2RI AR, 045 2 ) B0 = B R i
AT B PR E RS T AR I 4 2 R) P B R TG 3 2
S (P>0.05) ,iR461] 8 i,

&1 ERiARAMREFRKF (RTFEM)
Table 1 Composition and nutrient levels of

the basal diet (air-dry basis) %

i H Items

JEUB} Ingredients

% & Content

E K Corn 63.70
=M1 Soybean meal 24.00
K7l Soybean oil 1.30
DL-H %% DL-Met 0.14
kIR %5 CaCo, 8.66
B 445 CaHPO, - 2H,0 1.16
AEh NaCl 0.35
ZALAEHE Choline chloride 0.16
URE Premix" 0.53
A1 Total 100.00
EF27KF Nutrient levels?

R ME/(MI/kg) 11.22
HHE BT CP 15.73
5 Ca 3.65
HRWE AP 0.32
AR Lys 0.79
HAR Met 0.36




% i 324

2652 EIRE7/ -
2R 1
T H Items % Content
EBEEBR Cys 0.25
AR+ M E TR Met+Cys 0.62
1) TR B R B T s iR MR B2 it Premix provided the fol-

lowing per kg of the diet; FeSO, - H,0 60 mg,
CuSO, - 5H,0 8 mg, MnSO, - H,O0 60 mg,ZnSO, - H,O
80 mg,KI 0.35 mg, Na,SeO, 0.30 mg, VA 10 000 IU, VD
2 500 U, VE 6.25 IU, VK, 1.25 mg, VB, 0.50 mg, VB,
4.00 mg, VB, 1.5 mg, VB, 0.007 5 mg, {Z i pantothenic
6.25 mg, M2 niacin 8.75 mg, =M &K biotin 0.012 5 mg, I
% folic acid 0.125 mg,

2) AR RE RIS, AR S {E . ME was a calcu-

lated value, while the others were measured values.

1.3 AFEE

TR I AE DU 1 Al K 2 3h 8 R 55 T il 56
AT, RH 3 ZEMMESR, AR AT H
HIARZS & AR E 4K 16 h G HR 45 PN R 45 i 7
25 CZEAT, X8 N R FHALMGE XA A 28 38 XA T
A S R A H R TOK, BRI 2 K
(09:00.,13:00) , &MAFTHRE R TAE 4% 5 M55
HEATIH 5 S g
1.4 MEEIREHZE
1.4.1  A7r=rEae

WCR R R EE 7 E A G
R RGOSR E R, I 1~4 8 5~8 Ji I
BOREIAGHER FHHRER BRI,
FREER PR H TR,
1.4.2 E&MNE

TR (], 43 ) K B 4 B4 1R R 4R 3 Meah
TE e aF XS HE (9 A/4) T T 00 e 2R v L
Ky IR EICE RO, R
L HMAE (16:00 K4E,19.00 J5E ), Lh EFEIRYY
SR FH AR b B2 3 A A 2
1.4.3 P Tsbr

RIS 8 R, NREAE S P REALE N 3 A
(o H a5 H) 258 12 h J5 R RS
B #E KR, 3 000 r/min &0 10 min J5 W H
FiEm A 1.5 mL EP &, -20 CI#-F, R
I W73k V5 A BE, BOHS I B R L D0 AL R
-20 CTHRAT,

M3 JHEE e BRSO A8 b A b H R
AL Pl (GSH-Px) 4 e H K 4% B2 i (GST) |

M A AL WL AL ( T-SOD) T e e 3 J5 0 45 o H
Ik (GSH) N ¥ (MDA) & 2 ¥ % i 7 &, i
FHRERACIN 22 |, B TR 350 S i A 4530617,
1.4.4 A fLIE bR

RIS 8 JEIA , WA G P REALE I 3 A
(Bdl 9 H 3k 45 K 25812 h 5 R HIF R 8t
B FR KR A, 43 B 3K, —20 TIRAF,

MR HI =1 (TG) | SUHEEE(TC) | & %
J JIg 2K 1 JIH [ B ( HDL-C) A % B i 2K 1 B [ i
(LDL-C) .\ #j % #f (GLU) & & 11 (TP) | 1
(ALB) . JR £ A (UREA) & # K& & N # & W
(ALT) B 5 1 ( AST) TE R34 % 0 &, 1f
FHAE AR 3 A7 A0 2, LA A B 4 38 390 & 106 B 45
HAT
1.4.5 ZHEURI =ML

RIS 8RR, B4~ 5 & U IE B BE | i B
B 3 AMREA, B 9 DREA, BE 5 ik
2.5% Wi £h 2 vh i (PBS) [ 5E o # [1 5E AR A 42
IKYE B R AR A S AL 5 wm YY)
R B3N (HE) B4 60 7062 W 6l T WL
L AU PR O I, T AR SR 4 Sk, oy
WM (0 40) REE(14Y) R E(2 4)) (HE
(343, I 158 4% 4 40 45 40 v s B30 40 P S 1
53 CE 5T 6 R « 45 A 8UR 2 b A [R) 9 24
iR A5 4 T LA KR o7 2 X B, B I AR
BEO
1.5 HESIT

S B S A Excel 2013 #1744 8 B0
K SAS 9.4 B A4 1) two-way ANOVA F2 5 X} A=
FEPERE S TR SR AT LR S I A B R) A
TR VA B 3 B AR R A R ] one-way
ANOVA 8 )3 % I A KicHs 47 B X 28 05 22 43, 4
[8] % A Duncan [k 2 1 L, XL E AL 8 b
AL 2R A AR B 9 B30 2R A7 1T VA 43 A, 45 SR
BIE M EARMEDR (SEM) K7, BL P<0.05 3R 2
S WE,

2 % B
2.1 {EARPEIELE RN

A HEREEE R LK 2, KK, 5 X) R AL
e, 10 mg/kg 43 H R & &8 (P>0.05) , 1
30~70 mg/kg ZHF-34 H SR £ 1 Bl A7 S 0 2t 0 38
T REAIG , 52 ) 500 6 3R, 70 mg/kg2H i EREAK T
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19.23% ( P<0.05) ; Fifi &b FH A [a] (4 38 I, 25 38 7 3
HREREZEFRE(P<0.05) , A BN 6 & it
BIEW (5~8 ) BRI (1~4 ) FHET
7.59% ( P<0.05) , X5 411,10.30 mg/ kg ] =
ERLBEZR(P>0.05), 53 B, 50,
70 mg/kgdl ;= HR B E T M (P<0.05) ,70 mg/kg
YIREAR T 25.47% , Bl A FRE [] (9 386 T, 7= 25 R A
TR 5 - R 5 AR BN K R (P<
0.05) XK 5 W (5~ 8 ) IR Tl s i1 (1 ~ 4
J) MHZERABE(P>0.05) , K4, 5 xR
HAL,10.30 mg/kg A EFEH - EEITL R E 2%
5(P>0.05),50 .70 mg/kgH & F [ ( P<0.05) ;
B Ak FHLESF () f 398 o, - 35 H =R R S TR (P<
0.05) , 43 77 it —Bsf i) {4 fk 3 R0 6 &R (P <0.05)
HABAGIEER BEL2ZERAEE(P>0.05),
(EN R N1 A O I [T S N - A A SR i A O <
(P>0.05) .
2.2 ARPENEBERRNZNE

B RS RILEER 3, SAHRELIEE e
HOmRAA EEE BRI EERARE (P>
0.05) . IRIJEHI(5~8 Ji) H7c 5 B FIG R B
BERTIREAT(1~4 J&) (P<0.05) , HIGRH
LA IR RO 06 &R, R 4 01, 50 LM e,
10 mg/kgH 5T iR g MR A= EA LIS HE
EZRABE(P>0.05),30~70 mg/kg 41 E 7 5m
JE B FEMET 10 mg/kg 41 (P<0.05) , 1 2 A /5 B Rl
FAS MR A S B2 R AR E (P>
0.05) , 10.30 mg/kg 4 & ¥ (A JF AL AN B & (P>
0.05), 50,70 mg/kg ¢ W 3 1% T % B8 4 ( P<
0.05) , AR KR, IRK 5 (5~8 &) H#
O B TR (1~4 ) (P<0.05) , A A
B IE T
2.3 (AMRPIEEBME AT, S, OPE D
EMANIEIRA T

PrAEALAE bR 2 SR L3R 4, B GSH-Px
GST & PEF MDA % &t Bl 5% 78 Jn &t 9 38 0 2 =k
M54k (P<0.05), 30.50.70 mg/kg 41 Il 3¢
GSH-Px 1% £ B & % T XF 41 (P<0.05) , IfiL 3%
MDA 5 £ Fifi 55 U Jin = (% 34 Jinni & 2% 58 m ( P<
0.05) ,70 mg/kg 41 Il 3% GST §if M & 2 = T %f Mg
4 (P<0.05) .

JIF BE 1 GSH-Px i P & — Wk il £k 75 1k,
10 mg/kgH & T X IR 4H , 30 .50 mg/kg 4% T Xt iE

4 HZERAREZE(P>0.05) ;T MDA S 2
A8 Ak, SRS AL IE MDA & & 1 25 5 T X
M4 (P<0.05) ; AFIE GSH & & fil T-SOD 3 P &
LRPEREAR, 5 % B ZH A0 L, 10 ~ 50 mg/kg 2H AT JiE
GSH % & . T-SOD {2 7 AW % (P>0.05),
70 mg/kg4l i FEH LT X 4 (P<0.05)

B R MDA & 5 it 26784k, 30 mg/kg
HEERE TA A (P<0.05); 5 IF GSH 7 & il
T-SODIF 1 2 £ 1: AR, 5 X7 B 41 48 L, 50,
70 mg/kg4l i AE GSH % & i & F K (P<0.05) ,
10.30,70 mg/kg 41 ff IiE T-SOD % 4 & 25 % ik
(P<0.05) .

5% AR L, F DA 10 mg/kg 41 GSH-Px |
T-SOD I 1 & 3 F+ &, 30,70 mg/kg 41 2 & T %
(P<0.05) ;5 904 GSH Il MDA 5 & 5 £k 148 1k
70 mg/kg 415 IR GSH 7 i i 2 ILF X I
4 (P<0.05) , %5 4 i IR 45 MDA 5 1= 850 4 43
MBETET 44.44% 66.67% .51.85% .107.41%
(P<0.05) .

BN GSH & 2 Fl T-SOD i M 52 2R MR AIK
MDA Frit T, 5 X AL L, fads 4l
YN GSH & & . % FE % ( P<0.05) , 50,70 mg/kg
ZH OP SR T-SOD I P i 2 B A% ( P<0.05) ,10 mg/kg
ZHOP 5 MDA & & W & R (P<0.05) ,/H 30,50,
70 mg/kgH U i MDA & & & & T (P<0.05)
GSH-Px ifitEARKL
2.4 (AR PRI ES MR £ L ISR RN

ML R IR 5, 13K TG &5 il
424k, 10 mg/kg 2H 02 5 T X IEZ (P<0.05) , HiAll
2 BEARR VS I ST AR, 50,70 mg/kg 4110 K
F 10 mg/kg 41 (P<0.05) . Ifil3¥ HDL-C & 22k
Fhi,70 mg/kg 4153 T HALL (P<0.05) , 441
[]1f1%% LDL-C .GLU . TC & E2% A 83 (P>0.05) ,
HIMSE TC 5 5Bl A VS i 2 A T L T, AH N 3
BT 46.33% .68.95% 128.81% ,203.39% . 4% 4H [4] Ifil.
KTP & &M ALT G 2Z R AR E (P>0.05),
10 mg/kg 21 1Ml % ALT & % & F XF B 41, 30 ~
70 mg/kgH BEERAN N GRS, 2% ALB &
T 4 T 0 A A R R M AR (P<0.05) 50,
70 mg/kg 1 1ML %% AST % M 0 3% & F HAh 4l (P<
0.05), & 4HME] L3¢ UREA S HEZS AL E (P>
0.05) .
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Table 5 Effects of dietary cadmium on plasma biochemical indicators in laying hens

WiH BN INE Cadmium supplemental level/ ( mg/kg) P {8 P-value
g/

0 (X SEM h¥ 2 e
Items (X 30 50 70 ALE J%@ * .

Control ) Treatment Linear Quadratic
Hih =MW TG/ (mmol/L) 6.98™ 12.22° 878" 7.15™ 3.54° 1.582 0.0050 0.0153 0.016 1
JHHEEE TC/( mmol/L) 1.77 2.59  3.93 4.05 5.37 0.284 0.1843 0.4519 0.8386
o % B i AR e N . N . .

) ) : 79* .22°  0.062 <0.000 1<0.0001 0.000 8

HDL-C/(mmol/L) 0.68 0.67°  0.71 0.79 1.22 < <
R EERE 2 FUHEEE LDL-C/ (mmol/L)  0.56 0.77  1.05 0.53 0.57  0.175 0.2903 0.661 8 0.097 1
W4 B GLU/ (mmol/L) 5.61 5.87  6.93 6.85 5.59 0.622 0.378 1 0.608 7 0.098 4
BEH TP/(g/L) 54.18 67.74 59.78 6511  54.27 6.019 0.3035 0.8928 0.1475
KA EM ALT/(U/L) 3.54 477 2.93 2.59 2.56 0.759 0.2038 0.0934 0.827 0
HEH ALB/(g/L) 23.32 22.19 21.94 20.16 19.13 1.443 0.2168 0.0199 0.818 4
BEEE A EE AST/(U/L) 185.04° 180.61° 171.74° 250.33* 265.51° 18.060 0.001 3 0.000 2 0.078 1
JR % % UREA/(mmol/L) 0.69 0.72  0.65 0.66 0.70 0.068 0.9512 0.8341 0.697 3

2.5 {ARPEXEGITRE. S . EINEHLARE
TR R0

ZH LU PRIy UL 2% 6, 50,70 mg/kg 4 HTIE
PPy 35w T RHIR2H ( P<0.05) ,50 .70 mg/kg 4
) 5 O R A D A 3 B 2 e T A 4 (P <0.05)
HAVRPEPEAR L AR L UL 1, SXFIRAH AR Y, S
JHFRIE B B A AN T 2 244 — E B g B MR AR
b, 10,30 mg/kg 4 B4 JHF E B 0 05 AR H R R AR
fik,50 mg/kgdl i A8 F2 B IR . 70 mg/kg 411 A
s B EF /NI 23 S B A S VR OO, FF A M 5 A

ARBR KL IR B, BT UL 43 6 8 40 I A5 40 if 3=
(FE1-A,) ,70 mg/kg 21 B WEs B v 5 /)N 48 45 4 2k
AT B /NG b B A B K B BT T
J P9 AT LR 22 1 o A IR T, R A B NVE B S
SERIE R R R B (K 1-B,) . 50 mg/kg
2 1 i 0 A A 2 AR R 5 A AN i LRy kIR
FEECERIG I, b R A s AR v IR BE (B 1-Cy)
70 mg/kg R Lzt 4B BN A
J2 Jmy kb VR R B G (B 1-C,) , 95 B AR
N,

Fzo ERPRIEBHAFBETES BRI
Table 6  Effects of dietary cadmium on laying hens’ pathological score of tissue
15 H FE4 HA ¥R N Cadmium supplemental level/ ( mg/kg) P1{H
Items Score 0( %t Control) 10 30 50 70 P-value
04 7 3 0 1 1
i 14 2 2 8 6 6
W 245 0 4 1 2 1
Liver
34 0 0 0 0 1
-5 0.22°¢ 1.11° 1.11° 1.11° 1.22° 0.008 1
04y 7 0 0 0 0
14y 1 8 9 8 7
(=gill}
. 24 1 1 0 1 2
Kidney
345 0 0 0 0 0
553 0.33° 1.11° 1.00° 1.11° 1.22° 0.001 8
04y 5 3 4 3 1
451 15 4 6 4 4 6
TR SN =
24 0 0 1 2 2
Oviduct o
34y 0 0 0 0 0
T35y 0.44° 0.67° 0.67¢ 0.89" 1.11° 0.030 5
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A B .C AT AIACRIFNE B E S04, 1.2 .3 43 B R X R4 |50 mg/kg 41 .70 mg/kg 4,
A, B and C represented the liver, kidney and oviduct, respectively, and 1, 2 and 3 represented the control, 50 mg/kg and

70 mg/kg groups, respectively.

1 ARPENEBHARFET LN
Fig.1 Effects of dietary cadmium on laying hens’ pathological changes of tissue ( 100x)
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BT — 7€ F0 4 54 1T 5 Bifi 25 1) M b 5 5 i &2 119
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SRS n gy =X 3h W mh 2 5 sh W) AR I 0 A [ A
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T A EL A ) 4 A S 1Y) 3 B i s OF P XS
ThE, 2 1,25(0H) Dy A BT R ] £2 52 i) 45
AR IR A1) s ol B 5 D R0 ) T 0 A R
XK 5 i B R FE RGN, I HALAE 3 m T
ANEEER HEKRPLRE AR, S5k, F 8
H 7 28 5[] B 52 4% s o 2t R0 Ak 38 8] 52 0 | 7] R
54 H R B P EBEIRA G E R
FEA K,
3.2 ARPENEBERRNZIN

NN e Sl A N W S W= S v I
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AT PN BRI ST 25 SRS — B, 3 ] Rl
R IR AR R = T S A HLRE B R, i Bl % 4 U
I ARG, AR RS (Cd*) T A A B
40 Ca*" [ Cu” ZE MR, T BUE 72U il 78 v i
T ZH AN B F A BB A A W OR Y , S BUR
FEO FERRARR 1) VA I 1 A R Ak B B ()
PR A | B X A R i 1) 35 R 38 0, 4 1 B AR
Heohn , DT 5 S50 e B RN SR BT Rl G 2R
TR IR R AR 46, AN 58 7, 10 mg/kg 4 AT BE X 2
MR RETHER . T 50,70 mg/kg 41 A A
Wi ] ST (1] P 185 fan 1T 36 AR, 7T 8 2 B R
(R BE TN, ZE X A P i ok AR A R 8 et i HG o) 2%
RN N R N P s - QS R R T AR
L0V IR BN R A B LI T AR T B S
#5 5 E  SAARLA OC
3.3 (AMPENEBME AT, S OPE P
EMENIEIR T

YR AR 7 B MR o0 o 20PE R B R g
g A, H L FEALE S A B % R ]
Gy AR R S 4 T A B 2
AIRANE, AR5 rf, 5 X R A e, i3 A
FiON A MDA F it 34 il A U 0 o 0 3 mmi g , 5
Yang %' Berzina 45" QAR ph i)
Li %% Dawei %" B 5% 45 & — 20 P 0E B AE
U EL Y GSH &4\ T-SOD 1% P Fifi 4% % i+ (4 186
MM, 5 Yang %' Li %% Dawei %" i 5%
S, 2 W S a2 R AL AR B AR AR A 4
W HiP4Y GSH-Px \T-SOD 1 #7610 mg/kg
T} S AR, P L MDA & B 7E 10 mg/kg 4%
UG FH I3 b & AR T, SRR Y A
IR A RN — B, v RE R ARt A XS R
Je 5 AU A ML O, 208 1 %% H GSH-Px |
GST  T-SODTF A Wr 2 &5 , 7 2 5k e 9 5 ok i
Wiz 1% 2 45 L 4V B B, Ol o 5900 P b i 45
A (G I AR, 75 LR & AR R o S Ak RN
10 mg/kgff AT e X i OF 45 A — 2 19 A 22 ) AR
FA A2 2 AL N GSH-Px  T-SOD {1, 24
5 i R e L UT R R A2 1 AR (T 3 il 1
PEAZ BN, I 5 | i 09 45 ™ A= STk g 80U N B
W45 25 ) B T O R 1 B AR R R AE 1 Ak
VR Sl A Rl N R N W s e S =9 e
AL TN 4 AL T8 AR AR b B — B0, UL IH S =
F4) 4 0] i O A 3 o T B AR B .t A

FEAE R, 10 mg/kg ffii B0 5 MDA & & T R&, B
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ARG 1) 28 A B — 3, 100 B 5 8 0 6 4 % B B
S0 AR G UE=N sk
3.4 fRAMRBPEXNEBMEENIEFRMNF

ARG, WK TC F kB4R S I (9 38 fin ifii
Fhisr, TC 2 S AL A 5T A Q3 7K F 1Y 5 45 4
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A TC W EZAE , 3R VP& 5 0 0 & 193
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TG 7E 10 mg/kg 410 & 25 5 , 11 5 Bl 5% 7S fin &
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HCRE TR, A IS rh, 2% ALB 7 2 B 55 7
BN REAC, 1 2% AST 16 MR Se kel 8 &, i
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FEPUAR R I o AST 36 M B, 24 W A2 21 468 4
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Toxic Effects of Dietary Cadmium on Laying Hens

ZHANG Juan' LI Lang' LIU Guangmang' WANG Jianping' LIN Yan' BAI Shiping'
ZHANG Keying' ZHANG Junmin® ZHAO Qingyu” WU Caimei'”
(1. Key Laboratory for Animal Disease-Resistance Nutrition and Feedstuffs of China Ministry of Agriculture and Sichuan
Province, Institute of Animal Nutrition, Sichuan Agricultural University, Chengdu 611130,
China; 2. Institute of Animal Sciences of CAAS, Beijing 100193, China)

Abstract; This experiment was conducted to investigate the toxic effects of dietary cadmium on performance,
egg quality, antioxidant, plasma biochemical indicators and histopathology of laying hens. A total of 150 (40-
week-old) healthy Lohmann pink-shell laying hens at the peak of egg production were randomly divided into 5
groups, 3 replicates in each group, 10 chickens per replicate: control group fed a basal diet, experimental
groups fed the basal diet supplemented with 10, 30, 50 and 70 mg/kg cadmium ( CdCl, - 2.5H,0). The peri-
od of the experiment was 8 weeks, which included a pre-test period (1 to 4 weeks) and a post-test period (5
to 8 weeks). The results showed as follows: 1) compared with the control group, in the whole period of the
test, the average daily feed intake ( ADFI) in 10 mg/kg group enhanced, but the difference was not significant
(P>0.05), and reduced with the increase of cadmium supplemental level in the 30 to 70 mg/kg groups, the
ADFI in 70 mg/kg group was significantly lower than that in the control group ( P<0.05) ; the ADFI in post-
test period (5 to 8 weeks) was significantly lower than that in pre-test period (1 to 4 weeks) (P<0.05).
Compared with the control group, the laying rate decreased with the increase of cadmium supplemental level,
and there was no significant difference between the 10 and 30 mg/kg groups ( P>0.05) , and that in the 50 and
70 mg/kg groups had a significant decrease in the whole period of the test ( P<0.05). 2) In the whole period
of the test, compared with the control group, the shell intensity and albumin height in the 10 mg/kg group in-
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creased ( P>0.05) , the shell intensity significantly decreased with the increase of cadmium supplemental level
(P<0.05) and the albumin height had a decreasing tendency in the 30 to 70 mg/kg groups ( P>0.05). The
huff unit in the post-test period (5 to 8 weeks) was significantly lower than that in pre-test period (1 to 4
weeks) (P<0.05). 3) The glutathione ( GSH) content and total superoxide dismutase ( T-SOD) activity in
the liver, kidney and ovary decreased linearly with the increase of cadmium supplemental level ( P<0.05).
Compared with the control group, the activities of glutathion peroxidase ( GSH-Px), T-SOD and GSH content
in oviduct in the 10 mg/kg group significantly increased ( P<0.05) , furthermore, the 30 to 70 mg/kg groups
was significantly lower than the 10 mg/kg group ( P<0.05). The content of malonaldehyde (MDA) in ovaries
in the 10 mg/kg group significantly decreased ( P>0.05), and the 30 to 70 mg/kg groups were significantly
higher than 10 mg/kg group ( P<0.05). 4) Compared with the control group, the content of triglyceride
(TG) in plasma in the 10 mg/kg group significantly increased ( P<0.05) , and the 30 to 70 mg/kg groups de-
creased with the increase of cadmium supplemental level ( P<0.05). The plasma albumin ( ALB) content de-
creased linearly with the increase of cadmium supplemental level ( P>0.05). The plasma glutamic oxalacetic
transaminase ( AST) activity in the 50 mg/kg and 70 mg/kg groups were significantly higher than that in other
groups (P<0.05). 5) Compared with the control group, the liver, kidney and oviduct in the four treatment
groups adding cadmium had different pathological changes. The pathological score in 50 mg/kg 70 mg/kg
groups were significantly higher than those in control group and 10 to 30 mg/kg groups ( P<0.05). Therefore,
under the conditions of the present experiment, 10 mg/kg dietary cadmium can enhance feed intake, eggshell
and albumin quality, and alleviate oxidative stress of oviduct, however, it can cause pathological changes in
the liver, kidney and oviduct to a certain extent, causing oxidative stress in the liver and changes in blood bio-
chemical indexes. The 30 to 70 mg/kg cadmium reduce feed intake, egg production rate and egg quality, and
resulting in oxidative stress and changes in blood biochemical indexes and pathological changes in liver, kidney
and oviduct. [ Chinese Journal of Animal Nutrition, 2020, 32(6) :2650-2662 |

Key words: cadmium; laying hens; performance; egg quality; plasma biochemical indicators; antioxidant;

histopathology
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