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SRS Srede AR SKiBE RIE E A SR
(e AL R BRI BT , A M WS b A W1 AR T P 5%, JEsE 100081)

i E: KRS AR R AREN &GRS L Z R KRR AREA R
Fom, LI 504 R FREFREANL ARG 54 Bl SRR ALy R T M, FE6 AT
B, BT 12 A, TR 4 B, ERXH 6 B, TR R Z 0 2R - 2R LR
(8 KF 29.07 mg/kg) , AR ZHE MR 57 69 % v 5 IR X 0 &40 5 ) 49 "R IR b 49 e A2 K 2k A AR
5 R BLBR A A B BB A (B AR T 4 %) 4 35.70 F= 140 mg/kg) 69X B4 AR . R AW .
DH#RAREHAZEE FHERRLEZ ARW(P>0.05) 24 fimKFELEHR-FHEE
(P<0.05) ,5FmKF 435 mg/kg i+ F3HEETEEZH T 70.140 mg/kg 8F (P <0.05) ;2) 4R
Ao iR P R E a0 K e BE(P<0.05),140 mg/kg & R4 4 & ¢ B 4% 3 8 aF
70 mg/ kg AF g BB O S EAA R EL R E S Tl (42 A s44) (P <0.05),m
FR6 AN, AEEEEERF(P>0.05) ;B RAEF Y AELBEFEXRMNE(P>0.05);%
R &7 £ M 25,70 mg/kg ARBR AR 5o i 5 4F33) 5 R A= R -TF B %7 v & 28 s R Fm
BT RE A 09 % A2 B AL B AL B (T-SOD) (4R 4 A2 A AL 4 B AL B (Cu, Zn-SOD) &t |, % 4L AL AL 7
(T-AOC) , #ABEAM B TR A (R O, 8 5) FHAMIEHR (P <0.05) , HEIAFRLLH ZFH £
SHTH LR TR H 70 me/kg BRI AL AL R 2, T, R AEEHhmED AL &
M, BE—EREERGEERRN KENRRLAARE, KABEEHT, "R ENEZRE

A ) ¥R P A R BRUBR 4% B4R R A K F A 70 mg/kg BY AR %A

B XS TR A A D ) R OT R 2L
TRIA 300 Z il 9 41 800, 2 5 HLIR A 22 Ff 4
B i AR A, 02 2 6 T 2R A5 R, S BRBILIAR
WNZ R A m 5, SHUANLEA R E iR 3L [F B
FRLA AL 10407, S5 0 Bk S U 0 3R )™ A 5 4 4
I ATLAA A B8 i T o 4R A S I, 4 HIL A TE 4
AR . B DTS AN W K B, AT BB P g
MR AR TS SR, AW B0 B XS AR . 2R
RETE 7 S5 U, o T A P A ) B 8 ) i T A3
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RN A2 B8 2R 8 R S AR S B S 35 R B, A9 2R
AR EEIIN, Ere AR 22 . R AL
HUBERT S0 7= 8 i 30 A 7= P e L 31l o S Bt S Ak
PERESFJ5 00 A 22 57 , 3 3 L B AR N 2K P, X T i
DASE CINTIRARINE: Ol Wt A - S
WF9E 2 B, )RR S I 30 mg/kg BE (B R B,
ZnSO, ) R al g ZF 3 s i R SeH g R SE R A
W SR VR 140 me/ke B R BE SR 1 BF i
RE 2 3 o 7 2 R MUK A BT S AR BE T, AR AR KL

EE&WE Ll F AR K R (CARS-41-K13) 5 B ZBHE L 31R1 (2011 BAD26B04 ) 5 -t 30 52 & 41 37 41 A ( CARS-BTPI)
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BN 50 mg/kg A AL FEEL 10 mg/kg 3K 4B
] B AR A (60 JAE) HLA B L rERE
HAYUEE L TCHUEE B RE 2 /5 85 XS 4 PN 17 6l A4k
VI AL i (T-SOD) i M, FE AR N — % (MDA) &
B it Niyomdecha 45" Ay i K R 040
80,120 mg/kg A HLEEA FZ M & XS (53 J& %) 4=
FEMERE B AR I 2 U, TR RO
100 mg/kgE AIRBESEMER ', Wik, % T
A AIUEE AN TG LA X o A XS AR 7 1 e DL SR AL
M JFR S XS B T A AR AE A A, T IR ADE
585 g3 A0 A iR i B A HLIE B RCR A
PLURAE B8R G i B4, 00 anfe] i R B 2 () 7. AR
IS 5 EXT O 9T Bt R B R A 2 R B X B XY R
JE WAAE PP RE AR T S ML BT SR AR T RE Y R
iff 0 A 7 2 I U ] R P R R S I = 8K
PR IR A ORI L R AR

1 #MB5F=*
1.1 RIe4ra

B U8 4 ) R A o A gl — K R R EE
(ZnSO, + H,0, 3t ¥k 2. 20110211, & 4% 34. 8% )
R ZBREE (S8 9.58% ) , W F b 5t i BHFI R #
ARARRA A
1.2 K% 5EHR

5 SR OB - + X B 5 2 1, 358 B 504
H 54 JEI A 7 M AR AH AT 8RR 1Y W 24 K BN, Bifl
Lo R 7 AR AR 6 AN EA A ER 12
X s R, B 3 R, wilil 4 4, IE
6 JA . T4 R A B = Y ok - o
FEA AR (CBEOK T 29. 07 mg/kg) |, 1E il 3 45 4b 2R
3 530 ] S S e ] R AR A S i ) R R 0 30 AN I A R
BERN R A R BE (BRI KSF 4 B R 35,70 A
140 mg/kg ) i1 56 1l K o

FER AR 2 B NRC (1994 ) Fi1 38 [F 3 48] 55 45
HE) (NY/T 33—2004 ) , F-45 4 i 22 K X 1 57 F
WEBCTH] o Ak TR R 2 B S B R KT LR 1
1.3 {AFEE

KRG 4 3 Er R B SR, BRI
N ARG, 6 BB [a] 2 16 h/d | O BE 9 B2 O
20 Ix, FHXHBEE N 50% ~90% , [ SR8 X455 1n)
O X TR S TR R, B R MR K R I 2
£ 2, 51RO, B BCRERNROK, B R R L
U, 38 LR B RE

&1 EREARAMREFKT (KTEM)
Table 1 Composition and nutrient levels of

the basal diet ( air-dry basis) %

I H Items
JE#l Ingredients

£ Content

F K Corn 62.23
¥ Soybean meal 27.10
115 Limestone 3.67
R &85 CaHPO, 1.25
frih NaCl 0.30
HAR Met 0.11
iRkl Premix" 0.34
41 Total 100. 00
#F 7K Nutrient levels”

fRifHHE ME/(MJ/kg) 11.02
HLEE R CP 16.50
% Ca 3.40
AR AP 0.36
R Lys 0.81
EEIR Met 0.38
EAMR + P& R Met + Cys 0.65

£ Zn/(mg/kg) 29.07

VWO R Ry A T 58 G B4 i The premix provided the
following per kg of the diet: VA 12 500 IU, VD, 4 125 1U,
VE 15 U, VK 2 mg, ffilif & thiamine 1 mg, }% % & ribofla-
vin 8.5 mg,jZ BR 5 calcium pantothenate 50 mg, JHER niacin
32.5 mg, LM% pyridoxine 8 mg, 42 biotin 2 mg, M-
folic acid 5 mg,VB,, 5 mg, IHE choline 500 mg,Cu 8 mg,
Fe 60 mg,Mn 65 mg,I 1 mg,Se 0.3 mg,

PR R ST, AR IR . Nutri-

ent levels were calculated values except Zn.

1.4 EREMNESRZ*
1.4.1 MEACRESH&

ER, B R DLE & o S ALl sk 7 AR R
&I EE A R

B EE A AR E AR E ., T
I 3 FARAEE 6 R, BAEE W 5 BOGHE,
D B 7 B R ST B R e IR
IR B S B Al AR R o

TRIE A5 3 K, B A BE AL 1 f
FRE R TR AH IR AR XS B AT I KR I T bR S,
3 000 r/ming.0> 10 min, #l£5 M 3%, —80 T{#-4%,
TR 6 JK, 9 5 & ik lbr 5 G 17 &
S2 BCIL, 3 000 r/min B 0> 10 min, il £ If1 3%,
—80 CLRAF. THIBUIIE L T8 16 4R 4r, I B
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AP, —80 CIRAF, HAEAILI S R il 25 . B
W0.5 g Ze A BFIE, T 9 4% 0. 9% A= B R K, vk it
3% 4 CF 4 500 r/min & .0> 35 min, B F 3,
(SIS
1.4.2  W5E 7k

TR i A 5¢ B E {X (egg shell thick-
ness gauge, Orka Technology Ltd) il % , & 7% 5% J&
i 2 75 B ) 72 {X (egg force reader, Orka Technol-
ogy Ltd) Iz , 2 1 /e B | 2 B 2000 TG O A0 R
il SONOVA 2 fi i H 2l 43 BT X (egg analyzer™,
ORKA Technology Ltd) #47 5€ ; T-SOD 75 14 . 4
P A ALY B AL EE (Cu, Zn-SOD) ¥ 2R 8 2 e
AL T 2 0 s MDA & &k AT e AR B % R
(TBA) LM & 5 M4t E AL BE 71 (T-AOC) Fl4it O,
RE T Ll o DL F8 br BT AR &0 T e
SRR W) TR ST, SR AT AR A ( versaMax
Molecular Devices, USA) il € I} 6%
1.5 #HiEsE

I EE R ] SPSS 16. 0 ZE 3] %144, >k A one-
way ANOVA #¢ 7 it 47 8 A & J7 22 73 #r, Duncan
IR¥E HE AT 2 B LR 48 B 19 #H OC 70 B, 1R
GLM F2 5 F 9 Univariate 317 2 x 3 P20 b1, %
PEW AN 7K P 19 328800 B A8 HAW 4T 29T
T5 22000 B Ky P <0.05, 25 3R LAV Y {E I
PrifELR (SEM) 7R o

2 ZFERELSW
2.1 HBEMESBRENEBE NI
B 382 AL PR R H R B AEHE [
IR AT (1 ~3 J) A5 (4 ~6 J) Kk
A1 ~6 JH) YA 52 80 U5 VRIS K - (4 52
HAFRMBER IMACEAFEAEL BEAEFA (P >0.05)
-1 2 H A A S 4 1 2 AR U I KT 52
M it 2 (P <0.05) , HABEas K F-2f 70 mg/kg
B ) 7 2 2 R 3 AR T BRI KT 35 mg/kg
BF (P <0.05) , 1588 K-8 140 mg/kg B 1Y
ZHRAEE(P>0.05),
2.2 HBEMESBRENBERRNOZME
H 2% 3 R, (R 3 A, B 5 5 3 A2 B VR R B
B INFKSE 158 BAE RS2 3 (P <0.05) . HL[H
RN Z MR BR 140 me/keg AR FEA HE T

IR IR 3R] B R RN O B 32 B R R
BEUR NN K 14 58 AR R 0 B 2% (P <0.05) , B B
IR 257 22 4 BT 445 S 0T 41, 70 me/ke B R 5% 41 4 1
R JEE RIS R BT B 1 A PR © A A VR RIARE VR im /K
X EE [ RS R T B E R (P >
0.05) . JCigham 3 JEIR I 6 J& , B AR R /K
EXPE TR E M E RSO LR E (P >
0.05)

2.3 MBRENESRENECSSERHNEN
=AY

Hi 2 4 W], TGI8 A I 3K AR & AR I JIE Y T-
SOD J5 4 7 1, W5 AR I8 0 K S 77 e B 3
MZHEAEH (P <0.01), fAlM 3 J&,140 mg/kg i
R FEAL 2K T-SOD & ¥ fi i, & 3 T HoAth 41
(P<0.05) ;MM o6 J&,140 mg/kg % MR #F 4H
() 1ML %% T-SOD i P i , H5 70 mg/kg iR EF 4L
RAREZE(P>0.05),H 28 &Hm T HAA
(P<0.05), AFfE T-SOD i MLk 70 mg/kg % &
M2 b e, 5 70,140 mg/kg B R BE 4H DL K
35 mg/kgiR A RPN ZR AR E(P>0.05),H
S E T HABLL(P <0.05)

FE ML AT E Cu, Zn-SOD 36 ¥4 J7 T , B U5 Al
BER MK A E B E M HAER- (P <0.05) 17
W3 JE,70 mg/kg AR FEA M I KK Cu, Zn-SOD
WitEd w5 35 mg/kg G R BE ALY 22 v N B
(P>0.05) fHJ2 W& & FHAL (P <0.05) ;1
M6 Ji 140 mg/kg B FR B¢ 41 19 Ifi 2% Cu, Zn-SOD
WG PE 3 A4l (P <0.05), fFME Cu, Zn-
SOD j& P LA70 mg/ kit ik B 4 Bz i , 55140 mg/kg
BB PELH LA S 35 .70 mg/kg R MR BF ALY 22 A
WECP>0.05) , HiERE&H FHMA(P<
0.01),

ML 3 A, i MDA & i Fifi 4 5 8 K73
A FEARR (P =0.051) , M 6 J&, 75 I 3¢
MDA & 8 J7 T, B IR FNEE S IN/K P17 76 B8 158
HAER (P <0.05) ; B 2 J5 22 40 B nl 40,6 JA] 1
b MDA Z &8 LL 70 mg/kg B BRFEHEAR . i
fIF MDA 5 552 BEIR R0 & 2% (P <0.05) iR IR
IR EE Y MDA & & W 8 F R £ 1Y (P <
0.05)
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1E T-AOC Jy T, B I5 RV IS T K - A7 18 8 3%
WA HAEM (P <0.05), 1 i 3 Ji, 35,
140 mg/kgfH AR EEAL M M2 T-AOC &3 & T
HABLL (P <0.05) ;52 6 J&,140 mg/kg & & ik
B 3K T-AOC W 3 & T HoAth 41 (P <0.05) ;
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Effects of ZnSO, and Zinc Methionine on Performance, Egg Quality and
Antioxidant Ability of Laying Hens in Late Laying Period

ZHANG Yanan QI Xiaolong WU Shugeng® ZHANG Haijun YUE Hongyuan
WANG Jing QI Guanghai "

( Key Laboratory of Feed Biotechnology of Ministry of Agriculture, Feed Research Institute of
the Chinese Academy of Agricultural Sciences, Beijing 100081, China)

Abstract; This experiment was conducted to study the effects of different levels and sources of Zn on perform-
ance, egg quality and antioxidant ability of laying hens in late laying period. Five hundred and four 54-week-
old healthy Hy-Line laying hens with the same laying rate and similer weight were randomly divided into 7
groups with 6 replicates per group and 12 hens per replicate. The pre-trial period lasted for 4 weeks and trial
period lasted for 6 weeks. The laying hens were fed a Zn deficiency basal diet with Zn level at 29. 07 mg/kg
for pre-trial period. In trial period, the laying hens were randomly allocated into one of the 7 dietary treat-
ments; basal diet (as control) and trial diets supplemented with ZnSO, and Zinc methionine ( the basal diet
supplemented levels of Zn were 35, 70, 140 mg/kg) . The results showed as follows: 1) the Zn sources did
not significantly affect the laying rate, average daily feed intake and the ratio of feed to egg (P >0.05), but
the Zn levels were significantly affect the average egg weight ( P <0.05), and the average egg weight of
35 mg/kg Zn group was significantly higher than that of 70, 140 mg/kg Zn groups (P <0.05) ; 2) the egg-
shell thickness was significantly affected by the different levels and sources of Zn, and the best group was
140 mg/kg Zinc methionine group; the album height and Haugh unit were significantly improved compared
with control group after 3 weeks experiment ( P <0.05) , but there were no significant difference after 6 weeks
experiment ( P >0.05) ; the Zn sources had no effects on eggshell strength and egg yolk color (P >0.05) ;
the ANOVA showed that the best group of egg quality was 70 mg/kg ZnSO, group; 3) the activities of total
superoxide dismutase ( T-SOD) and Cu/Zn-superoxide dismutase ( Cu,Zn-SOD ), total antioxidant capacity
(T-AOC) and the ability of inhibiting superoxide anion both in serum and liver were significantly increased by
different sources and different levels of Zn (P <0.05), and the best group was 70 mg/kg ZnSO, group. In
conclusion, the Zn sources do not significantly affect performance, but can improve egg quality and antioxidant
capacity of laying hens in some content. The best supplemental level and source of Zn are 70 mg/kg and Zn-
SO, in the present study. [ Chinese Journal of Animal Nutrition, 2013, 25(12) ;2873-2882 ]
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