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Table 1 Composition and nutrient levels of

the basal diet (air-dry basis) %

I H Items
JE K} Ingredients

& Content

F K Corn 65.75
¥ Soybean meal 20.89
f4 4y Fish meal 2.70
WEIR A ¥ CaHPO, 0.72
f1 %3 Limestone 8.66
fr#h NaCl 0.30
il Ak Premix"’ 0.50
EHAR Met 0.14
WK Zeolite powder 0.34
#1t Total 100. 00
# 7K Nutrient levels”

i aE ME/(MJ/kg) 11.26
HLHE H T CP 15.99
AR Lys 0.83
HE R Met 0.41
FEHR + PR R Met + Cys 0.65
ARk AP 0.36
5 Ca 3.50

Y BUE L R AT 50 A RHEEE The premix provided the
following per kg of the diet: VA 7 000 IU, VD, 2 500 IU,VE
30 mg,VK, 1 mg,VB, 1.5 mg, VB, 4 mg, VB, 2 mg, VB,
0.02 mg, JHfiZ niacin 30 mg, M-fiZ folic acid 0. 55 mg, JZ i
pantothenic acid 10 mg, 4= #) & biotin 0. 16 mg, 5 1k iH 7§
choline chloride 400 mg, Cu 20 mg,Fe 70 mg, Mn 100 mg,
Zn 70 mg,10.4 mg,Se 0.5 mg,

D ¥ K k3B, Nutrient levels were calculated

values.
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BRT 1 ~4 JA T, 50, HAR R BN &R0 4
)13 H R B R 7EEE LR T x5 I, Horpr 5 ~
8 JH T, 2 N R & K, BT 11.83% (P <
0.05),1 ~8J& T, T, T, 4V H R & 55X
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Table 2 Effects of dietary lead level on performance of laying hens

ALV NAE Lead supplemental levels/ ( mg/kg)

i H I} i)
Items Time/week 0 15 30 60
. 1~4 95.93 £2.68 94.74 £0.98 96.92 £1.09 96.08 £1.16
E$ 5~8 95.90 £1.17 91.80 +2.26 95.63 £1.59 95.90 £1.91
Laying rate/%
1~8 95.92 £1.87 93.48 £0. 69 96.37 £0.73 96.00 £1.28
1~4 61.37 £0.50 60.59 £1.16 61.05 £0.50 60.35 =0. 66
FHER
. 5~8 60.29 +0.51 60.45 £0.17 60.02 £0. 55 59.49 £1.54
Average egg weight/g
1~8 60.91 +0. 39" 60.53 +0. 72" 60.61 +0.42" 59.98 +0.33"
TAH R AR 1~4 117.08 £4. 73" 112.05 £3.03" 118.07 £3.20° 115.61 +2.88"
* - . 5~8 114.41 £4.08" 111.06 £3.43" 100.87 £10. 37" 106. 56 +4. 69%°
Average daily feed intake/g ] . N N
1~8 115.94 £2. 48" 111.63 £1.45 113.70 £3.10° 111.73 £2.78
¥ v 1~4 1.99£0.11 1.95+0.09 2.00 +0.08 2.00 +£0.09
K . 5~8 2.00 +£0.08 1.98 £0.05 1.88 +£0.17 1.87+0.11
Feed-egg ratio
1~8 1.99 £0.04 1.97 £0.06 1.95+0.04 1.96 £0.07

[T Rt R T T BN Rl s 22 5 .35 (P <0.05) , JUJR TEslR A MR PR R 2 A B35 (P >0.05) . R,

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

letter superscripts mean no significant difference (P >0.05). The same as below.
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3 AT LA bR 755 4 JIE T, 2 85 0 2
o m TX A (P >0.05) DL Ty 48 A s R
HEAA R T 23.89% (P <0.05) 4, Haxil 5 4l &
P e B B 0 R R S B ) B A R A
I PSR (A2 S AR EE (P >0.05)

TR S S E A RO T R
SO 55 4 FIFIEE 8 JE B Y & 7 o B Y B A BT
I B I ARG B, SR 5E R B /NI T, 4156
4 JE RN 55 8 JA B 43 ) B X B AL B IR T 21.89%
16.84% (P <0.05) ,T, 4145 4 J& i} 26 5% 30 5 Lt
FRALEAG T 15.31% (P <0.05) , KA A 5 4 5 %

MAXEFARE(P>0.05), EHTEERLEE
WS EFC R, ST AL, 55 4 FRE T,
T,. T, A5 BT 9.23% 9. 98% . 19. 20%
(P<0.05),%5 8 JE B 43 MIBEAR T 4. 42% .8.44% |
9.50% (P <0.05) , I H W0 B30 & — S0 R o
2.3 HBWEBMBFMAFSHELIERNZE
% 4 ] LLVE 3 AN 50 41 1 v o T-AOC
1 T-SOD G M1 75 — & #2 BE FAR T B4, {3 22
SARE(P>0.05), Xf 4 iM%+ GSH-Px i
Mk 2 848. 66 wmol/L, . T, T, T, 414 3 &
18.03% 27.08% .31.31% (P <0.05) ;T, 41 GSH
B, B B T, 447 AR T 41.39% |
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29.66% (P <0.05), T, T, T, 4l MDA & &  BXATE T 49.22% (P <0.05) ,3 MR EE 4
E—ERE Lm TXIA, b T, A&, [ 22 R ARE(P>0.05),
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Table 3 Effects of dietary lead level on egg quality
W[ i i) 5T iniE Lead supplemental levels/ ( mg/kg)
Items Time/week 0 15 30 60
B 4 5.86 +1.22° 5.03 +1.20° 5.09 0. 60 4.46 +1.02°
Albumen height/mm 8 5.19 +1.07 4.98 +0.53 4.91 £1.11 4.39 £1.03
EEH OIS 4 7.00 =0. 00 7.25+0.16 6.50 £0.53 6.38 £0.92
Yolk color score 8 6.30 +0.48 6.50 £0.53 6.40 £0.52 6.30 £0.48
Iy R LA 4 73.31 +8.11 67.30 £12.11 66.73 £7.70 62.84 £10.75
Haugh unit 8 70.69 £9.00 65.46 £4.65 67.71 +11.38 62.31 £10.78
TS0 i 4 4.088 £0. 089" 3.859 £0.165" 3.462 £0.219™ 3.193 £0.120°
Eggshell strength/ (kg * f) 8 3.837 0. 068" 3.613 £0.086™ 3.405 +0.081™ 3.191 +0.089"
7 4 0.401 0. 007" 0.364 £0.011° 0.361 £0.007° 0.324 0. 006°
Eggshell thickness/mm 8 0.379 £0. 086" 0.363 £0.006" 0.347 £0.007" 0.343 +0.010"

x4 ARPESENE[OFREMLIEROIZME

Table 4 Effects of dietary lead level on antioxidant indices in serum of laying hens

=] AN Lead supplemental levels/ ( mg/kg)

Items 0 15 30 60
ML LRE ) T-AOC/(U/mL) 7.91 £0.56 6.51+0.25 6.99 £0.49 6.53+0.70
AL E AL T-SOD/(U/mL) 200.05 +13.57  194.14 £9.98 182.97 +11.33 175.41 £10.97
A H kit EAL T GSH-Px/( wmol/L) 2 848.66 £66. 72" 2 334.95 £65.46" 2 077.37 £73.41° 1 956.71 £52.90°
R H R GSH/ (mg/mL) 3.60 £0.48" 3.00 0. 43" 2.11 £0.53" 2.56 £0.47®
N % MDA/ (nmol/mL) 7.07 £0.48° 9.57 +1.70® 8.42 +0.77* 10.55 +1.20°

B % 5 AT LLE ) v B T ook 20 R
FIVES HET Ak 1 B 1Y) 5% i) 3 AR B AE FL X T-SOD
F1 GSH-Px % 14 LA}t MDA & 5 A B 3 5% ) L
JEHOR e A AL T, 2, 5XFRALA L, I AE B
JF T-SOD I GSH-Px 3 14 24 i 2 &A% (P <0.05) ,
MDA & &R % FJH(P<0.05), T, T, 4
Wi GSH-Px 75 1 4 % B8 41 43 0 B IR 17 19.09%
18.70% (P <0.05) , iFEH R F5hr C B % £ H
(P>0.05), SXfREAMLE, FHE T, 4 T-SOD,
GSH-Px 1513 B E WAL (P <0.05), T, . T, 4
MDA &8 % 7 (P <0.05), T-AOC A
GSH & &7 — E B E LALF X4, H2E 5 A
LFE(P>0.05),

3o i#
3.1 SEXMEBEF RN
FIRIT BT 5830 o S LA ) A ) AT A Aol 4 7

FEAETIHES | T AR 2 WFFE BRAE 52 T 4535 e tf A
M E R EE S ERREm ™ &A%
W AR TR 33 kg ZE AT B IO PR N 10 me/kg
ORI ARZE CREE S HIMEY B EFF
%, Shafiqur 25" BT 52 & 8L, 76 2 ~ 6 J I A XS i
oK A A TS N 250 400 me/kg B R 4T 34 AT I
REAVR TR X5 1) 3F- 247 SR B F0 H 38 5, H X 1) ) % d
RIGWE LW, Jeng 25 BE5E KW, £ K IR EN
FRDHR H 43 BV B 10,20 mg/keg 4% Xt 25 1 #2035
A RE I, WA LR 5 A SRR,
PR EIA R 10 Fi1 20 mg/kg 45 7E 3 > A AR K T 4
X 2B W A I DR b B RO, L X 5 Coburn 251
TEHEBR EMREFE - EMNES TRER
FEE R A B RN 37 = A & A9 Y. Her-
mayer 25" 3E , 76 2 48 1R P R A 100 mg/kg
14,56 d (1R 56 0 45 SRS R K B G 2 G A 7
He S0 2 s . {3 Vodela 25" B 5% & B, 1R K
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Table 5 Effects of dietary lead level on antioxidant indices in liver and kidney of laying hens

Wi H i Lead supplemental levels/ ( mg/kg)

Items 0 15 30 60
R Liver

MBrE4bEE )] T-AOC/(U/mg) 4.25 +0.21 3.63 +0.31 3.60 £0.27 3.49 +0.28
M ALY AL E T-SOD/(U/mg) 183.45 +6.62° 153.00 =7.46" 151.45+11.73*  137.96 £10.73"
A WEH Bk E Ak B GSH-Px/(U/g) 120.99 +4. 54° 97.89 +5.52" 98.36 +7.48" 87.58 £5.08"
I JE A W H Bk GSH/ (mg/g) 31.56 £1.55 26.81 +3.23 29.58 £3.55 22.87 +2.64
N ¥ MDA/ (nmol/mg) 1.58 +0.11° 1.62 +0.12° 1.92 £0.11* 2.31+0.15°
"5 Kidney

M4 LeE ) T-AOC/(U/mg) 5.38 £0.26 5.03 £0.23 5.53 £0.15 4.57 £0.32
A ALY AL G T-SOD/ (U/mg) 68.56 £3.53" 53.61 +2.63" 59.92 +2. 76" 49.47 +1.88"
AR Bkt E ALY GSH-Px/(U/g) 37.50 =0.69° 29.81 £1.75™ 32.62 +1.86" 25.34 +0.78°
W JE I B H Ik GSH/ (mg/g) 5.55+0.38 5.06 =0. 46 5.29 +0.21 5.49 +0. 54
9 % MDA/ ( nmol/mg) 0.21 +0.05" 0.58 0. 05" 0.57 0. 06" 0.72 +0.07*
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BRI 5 0T B2H 25 S A W 3, R WA i 58 T TS
B A ) X X ) e B L B G R B
PLAE B R T2, 7T R i T A i i 4 1Y
TR LA A TR B A 2 5 X 3 I A kAR I 3 PR R
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FREYE A R Tt n] L, By AT DL R
KPR AR o aed S A 9 9 o AR LR 2 B
JFat AL 1 5. Emrah 255 2 KRR K R
2 000 mg/kgfitJa A BUHL ML A MDA ) 42 i i
BT MR, AR TSN LA i 2R i 4R
1R I S DR G X LR ATA - € K
fifi MDA 53 &7 Az, BE 0 LA S it 3

TPt 5 e N T X 1L 355 AT E T MDA
[T T-SOD GSH-Px A& & AL MY 1 1,
AR EPEUE ] TR S e A T S AL
S E AR AT seAh, BATIE A B,
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i T E, AT B X B R, JE R A
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RE PR BRI R S L RE T

4 & it

@ R TS Qe 3 B R T BN P H R B
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SO, LG I 18] A 38 0, 1 7 AR A R0 2
A A A

@ 1 RFHT 5 g T LAGE 4T 4 AL g, 4 SOD |
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Lead Contamination in Feed Affects Performance, Egg Quality and
Antioxidant Capacity of Laying Hens

ZHU Sha' ZHANG Aiting' DAILa' GU Linying® ZHU Qiaoming® ZOU Xiaoting'*
(1. Key Laboratory for Molecular Animal Nutrition of Ministry of Education, Feed Science Institute, Zhejiang University ,
Hangzhou 310058, China; 2. Zhejiang Xinxin Feed Co. , Ltd. , Jiaxing 314005, China)

Abstract.; This experiment was conducted to investigate the effects of lead contamination in feed on perform-
ance, egg quality and antioxidant indices in serum, liver and kidney of laying hens. Five hundred and seventy-
six 40-week-old Hyline laying hens with the similar performance were randomly allocated to four groups ( con-
trol group, T, group, T, group and T, group) , and every group had four replicates with 36 layers each. Lead
was added to the basal diet at 0 (control) , 15, 30, and 60 mg/kg, respectively. The experiment lasted for 8
weeks. The results showed as follows: 1) there were no significant differences in laying rate and feed-egg ratio
among all groups (P >0.05) ; compared with the control group, the average egg weight in T, group was sig-
nificantly decreased ( P <0.05) and the average feed intake in groups T,, T, and T, was decreased by 3. 72%
(P<0.05),1.93% (P>0.05) and 3.63% (P <0.05) from 1 to 8 weeks, respectively. 2) Lead contam-
ination in feed decreased albumen height and Haugh unit to some extent, but there were no significant differ-
ences in them compared with the control group except for albumen height in T, group (P >0.05). Eggshell
strength and thickness in T, group were both the lowest in all groups. Compared with the control group, egg-
shell strength in T, group was declined by 21.89% and 16.84% at 4 and 8 weeks ( P <0.05). The variation
trend of eggshell thickness was consistent with that of the eggshell strength, and both of them were decreased
with the increase of dietary lead level, presenting a dose-effect relationship to some extent. 3) Compared with
the control group, glutathione peroxidase ( GSH-Px) activity in serum, liver and kidney in experimental groups
was significantly decreased (P <0.05), and the malondialehyde (MDA ) content was increased to some ex-
tent with the increase of dietary lead level. The MDA content in serum and liver in T, group was significantly
higher than that in the control group (P <0.05). The MDA content in kidney in experimental groups was sig-
nificantly higher than that in the control group (P < 0. 05). There was a decreasing trend in glutathione
(GSH) content and total antioxidant capacity ( T-AOC) , as well as superoxide dismutase ( SOD) activity in
serum, liver and kidney of laying hens. These results indicate that lead can reduce the egg quality, and induce
the lipid peroxidation, furthermore, reduce the antioxidant capacity of laying hens. [ Chinese Journal of Ani-
mal Nutrition, 2012, 24(3) .534-542 ]
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