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W% om, BRI 56 B #beAia & RAES 600 R RALS A 5 4,
HFHONEL , BANEH 20 R, FURM 2 A, B WP H R RANE

FERe TR AR B e d A AR

B2 %8 (MHA-Zn) 2 = & )& 1 1 #f £ 28 &

FOY AR R AR, B 10 ],

* BB 2H fe A AR (4 F 27.81 mg/kg) PR e 100 mg/kg RER (AL E ) K IE A 5 A
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LERAW 1) 5t zAn
#(P<0.05) ;50,75 #= 100 mg/kg

MHA-Zn &m0 -F 3% £ R ER 5 (P<0.05) ,# & b 2 F BEAK(P<0.05) ; H A F m R R K-F
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2) 5 xR 2048
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100 mg/kg MHA-Zn FAn 28455 ) % 2 %37 5
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MHA-Zn ) & —Fh 7 5 () 85 20 IR B , i) 0 5 B B
BRI AR E AR LY (MHA) |, H 45
Hoh 2 —a-FIm L T R, B R iy,
R R B PEAR E O M S5 00 05, 7R R AR R OR
AT LAKD T4, T EL 38 AT LLAb 78 48 8 26 1 R iR
frEez i EERR ", BB BT MHA-Zn £ 30
Y e B R AR £, HARGE 85 R AR R —
., R, 5HRR A AH L, MHA-Zn B8 W3 42
RS E A KM RE S BRI R S R
XS TE R R AR O B W R AR
K7 H 40 il 4~ % -8 (IL-8) mRNA ) A ¥ 3 ik
U REHE R AREAE /N R AR R BRI A B A HE
220 R M Savolainen 251 31 & W, 5 W R B A
It , MHA-Zn AR R £ 5 9 0 0 A2 K PR RE 18 1%
8T HiiE 8-S &, BRTE WA E T MHA-Zn 3
ARAL G Bt R A XoF PR B 009 A 7 1 i 45 8 s 114 52 T
B E AR T M T v R LR IE . Rk, AR
g NN OB R I i e i O N il
MHA-Zn 7KV 4 5B 5 FUBR IR 4% %) 7 2 J5 WA
FfBERG LR 7= PR g | 37 43 1) F 23 R A A0 M RE 1 5
M), 7 PR XS S5 0 ) R 9s e fb MHA-Zn 194
FHARCR B 3 B K, Sk AR ORS Az 7= 5 B v
BUEE I R B AR 22 K i

1 #MRlERZE
1.1 R AR

w5 e 56 A 0% RO O R 4, K &
(4.2 kg) JEEH(60% ) F T By M AA T P R £ 38
600 H BEHL R 5 4, Bl 6 N EE, BN EE
20 HXG 50T 4 O R AR A A 7 R
REFARE(P>0.05) , W 2 J&, & 4H 151
RN XK = B 3 T o 5 K 1 DG
ZHAE FERR AR AR F AR I 100 me/kg B BR B, 3 5 40
43 SIAE S ik AR AR PO i 25,50 .75 T 100 mg/kg
MHA-Zn ( #5241 % 09 A 30 & 12 43 9l 5 129.80,
53.20.80.71,108.60 FI 130.6 mg/kg, UL 4 T &
i) o FERIEHEZ R NRC(1994) LA K% NY/T 33—
2004 X R FRBRUE) | IT 255 (a0 7 PR A X 4 53 T
WY EE i, HE AR R 2 B B R K WL 1
1.2 REHMRMEFEE

AR5 T MHA-Zn HEE & & 16% , R 2R
i 80% , E AR vl B PR ) ( L) ABR A\l 4
ft, R8T B2 A E R N ST a5 b A5k R

T 7 24 BT JE AL A UK TR AT BR 2 ] R i 3 55
FESLHL, PRSI SR T 3 R E S E P, R0
I 2 Fo A AR PR P XS A4 D 1) A AR 3 6 T
BEEAT 2 JE A D T K — R 2R S Rl AR ) B HE
H, I G BRI R & A B OK, ML 28, B R
J6HE 16 h(03:30—19:30) , £k 10:00 F115:00
WERTYCAE XS 3R, 45 5 d #EAT 1 IR A T4 KE . R0
SENSTEAA ORI, iC SRACTR XS K, W AL T
A FREH, DERE s R RE 1
(AN EAF T 18 C RIS, MU AL B

®1 ERARAMRERKE(RTEM)
Table 1 Composition and nutrient levels of the

basal diet (air-dry basis) %

i H Items
JE Bl Ingredients

& & Content

K Corn 59.15
EtH Soybean meal 18.00
R HE KA Defatted rice bran 10.00
K &3l Soybean oil 3.28
£ ¥} Limestone 8.66
TR} Premix" 0.50
Fe R AR MY MHA 0.17
732 R Threonine 0.04
FALJEFE Choline chloride 0.20
A1t Total 100.00
%% /KF Nutrient levels”

L& H B Cp 14.60
RiffiE ME/(MI/kg) 11.72
5 Ca 3.20
LWk TP 0.54
AW AP 0.28
£ Zn/(mg/kg) 27.81

1) BUIR By 5 T 52l # 48 fit The premix provided the
following per kg of the diet: VA 10 000 IU, VB, 3 mg, VB,
6 mg, VB, 35 mg, VB, 3 mg, VB,, 0.02 mg, VD, 3 500 IU,
VE 100 IU, VK 3 mg, 424 % biotin 0.15 mg, "R folic acid
1.5 mg,iZ fR%5 calcium pantothenate 15 mg,Mn ( as manga-
nese sulfate) 120 mg,I (as potassium iodide) 40 mg,Fe (as
ferrous sulfate )40 mg,Cu (as copper sulfate) 16 mg, Se ( as
sodium selenite) 0.3 mg,

2) KR T8 | R R A S DA, AR T B
CP, Ca, TP and Zn were measured values, while the others

were calculated values.
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FEIR I T 4 A 45 R, X A A
W2 I R AR 1 W, 3 A D A o R TR OR
(LN TR TR NS TRl o g s F = UD S W o6 N
RS RE R B A SR R, O T R R
B R e I
1.3.2 FROFIHR

DAHE 52 Ry B, 7R 00 245 R i W B i i 2k
Wtk 3 d, B EE R SR ATE] 100 g 247, 1%
TR AT o o I R W R IR 5 3 50 1 2648 0 N 2
1y, — 3y A BE h 10% B9 # R HE 4T 181 0, SR i ¥ 2
T ZERE T L R T I E 3R 20 AT R Rl
HETES BRI K o> R E S %
Skmm S 3 G 14 RS AT B e sk o R I
A IR AR LU A AT 5

FFAFWHHZE(%)=100x[ 1-(a/b) x(c/d) ] .

K a ROREDIR P B2 5009 & 5 b AR 2E
HZ I & i o B TR A K& & d
RFZEPTIRAE K5 & i
1.3.3 I3 85 AP A L ds br

AR E 10 JER , AN ERE SRR 2 HXg 3T
#r kR M 10 mL, % & 5 3 000 r/min 20> 10 min,
A3 B 5 LTS CE AE—20 CykAE & . R AT
b Z R ( TBA) 3E I E L3S 79 - (MDA ) & &, K
FH L2 75 D0 7 1 7 68 42k 4 5 AL it ( SOD ) ¥4 4 1l
SMPTEALRE J1 (T-AOC) , 2R HI H €0 75 46 I 1 v £
i, T R G B e A TR ST
1.3.4  JFREBT AR LTS bR

AR EE 10 JEK , AN ERE R 2 RSB,
HCHE I, FH Wl 15 6 2% v 8 ( PBS) ¥ Uk J5 S BIVK
TH AL, I E WA, b5 CE A -80 CTUK
AN A AE, A2 BF IE MDA & 2 SOD §if M Al
T-AOC, Jir F il 71 & W I ma ot 2 2B 9 T8 ot
FEHT,

1.4 HESHITE5SH

BHE F Excel 2013 #E47 8 2 8, R H SPSS
20.0 G AR A T — R PEAR AL ( GLM) 43047, 2R
JHl Duncan FGiE#ET 2 5 HLi, 45 50 - 35 (5 fi
AR MEIRE R, L P<0.05 HEFEE, LL0.05<
P<0.10 F/nA 270 E B

2.1 MHA-Zn X = F A 38 £ =% 8E
A

FH 3% 2 AT, S AL (IS I 100 mg/kg B R
BE) AH E AR TS DA [F] 7K MHA-Zn X7 8 )5 1]
PRI R XS LR AR B T 0 25 2 A ( P>0.05) 5 TR TR
JAR A 7K S MHA-Zn B A8 2 4 X0 7 & s 10 IR b
XS Y 7= B BB 34 A7 AN [l B2 B2 i s e, 55 %) R
FHLE, 75 A1 100 mg/kg MHA-Zn ¥ il 20 77 2 % b
FHE (P<0.05) , i 25 mg/kg MHA-Zn 7R IN4H =
EARDEHEFEMK(P<0.05);50,75 fl 100 mg/kg
MHA-Zn BN E EH 3 B 2 25 (P<0.05) ,
Hid 100 mg/kg MHA-Zn 75 il 40 &% &5, 89 8 1k
2.02% ; T AU NS [R] 7K SF- MHA-Zn 85 A8 R B X6F
7R 5 U A R R XS R R LA B S R (P<0.05)
H 25 mg/kg MHA-Zn IR E L B2 & & T
X BEZH A AR 560 2H ( P<0.05) , 75 mg/kg MHA-
Zn S INALURNE H i I, 56 BEATAH EE R AR 2% , (H
50 .75 1 100 mg/kg MHA-Zn 7840 2 18] B 5
To i #E 25 (P<0.05) ; 1A K i A [6] K - MHA-
Zn BB R BEA [ AT ™ B 5 30 TR R B T AR R 1
B (0.05<P<0.10) ,
22 MHA-Zn X FERFHAMEL Ko
FMARMNEFSEHNZM

H ¢ 3 0, 5 XF BEAL A L, AN [A] 7K MHA-
Zn VS INAL ™ 8 W PR B X 5 3R LR 3R 254 AN
[ AL /Y 75, Hordt 100 mg/kg MHA-Zn 7% 41
WEHE S (P<0.05), 3 H 83 A 5 7K F
MHA-Zn A3 $2& 55 5F = WA FH R 1 B3 (0.05< P<
0.10) ; AN[FEIZK - MHA-Zn % 50 41 HL8E 11 5 Fi 2
WL FH 200 5 284k (P>0.05) 5 ) 4 8 A 7] 7K
V- MHA-Zn A7 4 (5 7™ 25 e 0 PR ol oBJ: X85 00 355 4 % o
B (0.05<P<0.10) .
23 MHA-Zn XFFERHARAMEBBHMANK
3= EA

3R 4 v A, 5 X% IR A e, 50, 75 AN
100 mg/kg MHA-Zn %3 il 41 7= 25 Je 3 1A Ff B3 409 1
H MDA & & i F K (P <0.05); 75 Al
100 mg/kg MHA-Zn % i 41 7= 25 J& 3 1A B30 1T
Ik SOD {if £ Ml T-AOC {8 3 $& & ( P<0.05) ; T fig
WIS TR K MHA-Zn BB R 85 % 7 26 5 1 I
P39 1L 3 SOD §% ¥ . T-AOC LA & T fiE MDA &
HICEER(P>0.05)
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&2 MHA-Zn X7 & /58 AT EIG £ = BRI R0
Table 2 Effects of MHA-Zn on performance of broiler breeders during later laying period

. Xof BRZH (B30 100 me/kg BRIREE) MHA-Zn ik 8 e
: Control group (100 mg/kg ~ MHA-Zn supplemental levels/( mg/kg) FRUETR
Items . P-value
ZnSO, supplementation ) 25 50 75 100 SEM
WIR AR Initial weight/kg 4.21 4.15 4.27 4.18 4.25 0.031  0.747
LR IKTE Final weight/kg 4.58 4.46 4.59 4.50 4.58 0.033  0.649
PR Laying rate/ % 58.48° 57.26" 58.68™ 58.74 58.94¢ 0.076  <0.001
FH)5E#E Average egg weight/g 67.49° 67.72%" 63.06° 68.58° 68.85° 0.150  <0.001
BLE L Feed/egg 4.00° 4.07° 3.94° 3.92° 3.95"  0.010 <0.001
i %% Broken egg rate/% 4.78 5.08 4.64 4.00 3.56 0.185  0.060

()47 KAl 8 A3 0 7 B SO Rl NS PR RN 2 R A B3 (P>0.05)  AFRVNE TR 257 3 (P<0.05) . TR,
In the same row, values with no letter or the same small letter superscripts mean no significant difference ( P>0.05) , while

with different small letter superscripts mean significant difference ( P<0.05). The same as below.

®3 MHA-Zn X=EEHAMBBRSFARNMEFSENFI

Table 3 Effects of MHA-Zn on nutrient utilization and serum zinc content of broiler breeders during later laying period

S X FEZH (FR N 100 mg/kg BRFREE) MHA-Zn B 7KF (i -
2 Control group (100 mg/kg ~MHA-Zn supplemental levels/( mg/kg) biER P
Items . P-value
ZnSO, supplementation ) SEM
25 50 75 100
) %3l B4
*ﬂﬁlﬁl)ﬂi‘%’z%ﬂﬁﬂz 83.80 83.52 84.06 84.19 85.20 0.379 0.854
CP apparent utilization/ %
= A1) FH 2R
7 Lﬂﬁﬁz .. 82.35" 84.08" 84.10° 85.71" 88.25" 0.577 0.040
Ca apparent utilization/ %
7 g3l 3%
@%%XJLMJ—HE . 57.13 57.55 55.27 58.19 57.16 0.933 0.928
P apparent utilization/ %
S 1Al B2
%F%%X)U’Hﬁﬁz. . 85.05 89.49 87.34 87.76 86.68 0.458 0.083
Zn apparent utilization/ %
ML B 2
30.43 30.34 31.49 34.29 37.04 0.887 0.061
Serum zinc content/ ( wmol/L)
&4 MHA-Zn M= ERPAFSGHRENERENRIT
Table 4 Effects of MHA-Zn on antioxidant performance of broiler breeders during later laying period
s X HREH (FRAN 100 mg/kg BRER%EE) MHA-Zn # MK Y iy
x Control group (100 mg/kg ~ MHA-Zn supplemental levels/( mg/kg) FRUEIR
Items . P-value
ZnSO, supplementation ) 95 50 75 100 SEM
1.7 Serum
AL AL SOD/(U/mL) 246.45 172.51 252.75 325.15 344.28  30.767 0.619
N % MDA/ (nmol/mL) 7.11° 10.57¢ 5.59° 5.26" 5.09* 0.640 <0.001
By ffe )y T-AOC/(mmol/L) 1.24 0.94 1.28 1.34 1.36 0.075 0.443
FFRE Liver
AL (L . .
228.80" 183.40° 221.49* 340.42 340.41° 20.441 <0.001
SOD/(U/mg prot)
N & MDA/ (nmol/g prot) 7.50 7.80 6.66 5.76 5.14 0.789 0.866
SBHTEALRE i N N \
0.38* 0.44° 0.49™ 0.49™ 0.56° 0.021 0.023

T-AOC/( mmol/g prot)




=4
[=]

1434 EZ/|

24 MHA-In W EERHEAMBEAEFAEN
A1)

H & 5 Al Z, Fa RS 48 i AS 5] 7K S MHA-Zn %
PG RF RS 2T A —E R, AR

TEARZZ JBAE 2 A (K L B0t S N T 4E 945 ) |
A7 P& B B 1Y Hif $2 T, MHA-Zn 35 K F-
75 mg/kg B A RAG B KL B8k s, B H & R XG5
FE R 0.73 JT, 5 U IMARRR FEAH LI R IA 1.39%

*£5 MHA-Zn WFEEFHAFHEBEFRAENZN

Table 5 Effects of MHA-Zn on economic benefit of broiler breeders during later laying period

S HRAH (TRA0 100 mg/ke BREREE)

MHA-Zn R H07KF

HH Control group MHA-Zn supplemental levels/( mg/kg)
Ttems (100 mg/kg ZnSO,

supplementation ) 25 50 75 100
A% Hen number/ H 120 120 120 120 120
BAHEHEEL Total number of qualified eggs/ ™ 4 684 4 628 4 694 4738 4700
MAFERH Total feed consumption/kg 1327.20 1327.20 1327.20 1327.20 1 327.20
FERR A RN 4% Price of the basal diet/ ( JG/kg) 2.53 2.53 2.53 2.53 2.53
EEIEANH% Price of zine source/ ( JG/kg) 5.60 65.00 65.00 65.00 65.00
TERHA K Price of feed/ (JG/t) 2 531.60 2531.00 2532.00 2533.00 2534.10
AT 4% Price of breeding eggs/ ( 7T/1™) 2 2 2 2 2
225325 Economic benefits/[ JG/( H - d) ] 0.72 0.70 0.72 0.73 0.72

3 4T
3.1 MHA-Zn X = F 5 A 38 &£ 7= % sE i
A

WM A R R TE S A 7 A PLEE
TCHURETE HLAR S i T B g R W, A ML
B A I P A 307 HH 0 AR G R 0 O O
SO I R AR N 40 me/kg R AR BEAENS
B EPE R 57 JA R 25 R BN Y AR 7 MR 5 R
IR R e W, FE 20 JE W VR 2% F B XS AR AR R S
70 Fll 140 mg/kg A BRFERENS Il & $2 5 7= A
S H PR I B AICRL R B ; Jahanian 45 F 5T
LM e A XY G TR 25% 50% . 75% A1 100% )
ERAMRPFRRAR S S AP h RS &, 1T i
ERE R R R, T EHAE P R
W, B MHA-Zn S IKF- R Wi, H P 8
SEAMERE N, X FTRE 2 T MHA-Zn HA B &1
A ER RS N4 5 1 X9 25 B U0AR, i m]
s N o8 B 7E g 1 R0 2R B AR b i B AR
FAPY A, il A LR AR AL A X R R e 1k
REA TR P AR SE RS LA I As
REEAR 3, 5 X4 (7 I 100 mg/kg B R FF )
AL, SRS i 75 F0 100 mg/kg MHA-Zn A L i
A EE G ERAFYEE JFER
EREARLEE LG, SR AT i OE FR, TE B XG AR AR RS

I MHA-Zn Xt F 7= 8 P fE % A B 35 > ; e e
M5 M A X ) R S in 20, 40 F1 80 mg/kg Y
MHA-Zn, 5% 80 mg/kg FIRTEBREEAR 1L, 247K WL
SRR F e RGP eI b A B E R
X TN [A) R A0 58 45 5L, 43 L i 1R T g 5 ik 5 3
YyayFh2s AR g0 JE AN ] S 306k B 1Y) 7 2
A TS A A O, o AT e S i T il 30 e R v B
R ETEL, kB YRR PR R Y
H R 2 FUBHER LU AR 52 B J50RD B 48 T /K 7 19 52
Wi, L & BR i B % A 7= M BE TG B A . Mayer
ST 20 FAE RS (Cobb ) P FlRE X8 A 1Y R
TN 72.28 me/kg, AR, F R 1A 77215
B IAL T H 2 i 2, O 10 g BN, B
FH B REAS A5 8
332 MHA-Zn W EFERFHAMEE FH
FMARMMEFSEHNZM

FRFE YA 7 ol A v 7 A 1 2 A T 9 3 B
B T5 Y iy IRl 3 7™ o W A N (g, I I 2 ]
B RBA T R TR . TR R RA
YESTEIL L RN URAI 1D S B TR 87 s N E =
AR, A5 45 R R W], MHA-Zn 78 0
ZH A AR ) ROV T R 1 v T IR B R R
IR H X Ui MHA-Zn 34 F T2 3EHL
XA B R R ] . SASBE RS RERL, A
HREY], HE R E G0 W Ioc 2 B AU R 1 iy
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TEHLE™ 1 70 2 T DA AR L AE 2600 b (Y 5% B 4
BERY ALY TRl B ) MHA-Zn fa] BB PR b T
DR S HE S MRS e &2 i
Ah, Kinal %5 P BF 55 2 B, 4@ MR AR I 500 mg/kg 2K
GAREFAE SR = W A 77 W A [RS8 T A 5
HRE S Min S5 T RS R AR A 40 me/kg
MHA-Zn 7] D43 52 fi F 22 % 8508 55 1) TR, £ =
B RR A MR B A0 R SRRl % S H
W 4 2N R RO B N 40 A1 80 mg/kg
MHA-Zn AR R BE 52 i% T R a3 Jf H 2
o B R s

AR BRI R, SRR N 70 mg/kg —
IKBRBREEEAR I, 7R 70 mg/kg MR 2 IR B AT L i
R AT I AR B I R R U AR 9T
FEHA | GDAR TP S o AR R B 1 ik 48 4 A A i v e
R TR 9.76% ; 1o s e 2520 238 |, 7
% A Ao DR S 0 i T R R B L AR R B R A
FIFHE M8 & E, 5 ERMFREE R -8, A
RIS R B, SRR BE s 2l (O B4 ) AH L, 1]
RN [F 7K - MHA-Zn A 48 5 72 5 5 1 A Fh 5
X0 I3 B B A A R B, 5 R R R R AR G 4G R A
Wy, B 7™ 85 5 10 TR B BE XS X MHA-Zn 1 W 1
RO F O R A, A VLB AL A S A
3. MHA-Zn X ERHAMEBBHE K
T BE B BN

A0 i e A R R B SR, S R
AL 8, LA S o Bt ST R0 4 R R IR T
sUERR A ERERYT Bl IR LA 4 R B R
F (MT) 3 H B335, MT o] LUTEBR A & A i,
k> MDA A9 A 1, AT 4 o ML BT SR AR e
MR IC R BEIL J& SOD 1 HZH W53, 1 SOD 7
PUAPLEL RGP R B AR AR R,
TR 0B T AR v v I AR I 3 AT B Sk
BT (N 15 S B 9 R I 1 M T 2 2 R
S I A TR B T LA S 3 R v B A A R T
Qi % YR KL R N 80 mg/kg MHA-Zn 1] L) 4
T 57 JE T 22 K R X AL T NI I G A AL
I L ( CuZn-SOD) 7 ¥ DL}z T-AOC, Jf H.F% %
L3 A E MDA & 5 B A PR £, LL 60 ~
80 mg/ ket &R EF L 80 mg/kg BRIREE, 7T LLXT
EAY YA RE = A B

AR 5, ff AN [ 7K S MHA-Zn 85 A0 H

WAL R B T LA [) R B e e AT 7= 2 U 00 R o
X175 MDA & i, $2 = JFIE SOD & #:#1 T-AOC
K2l SOD i 1 @I S B T HILAAR T B 40 A H R 1Y fig
71, B LA SOD i 1 iy 4 mi A E 1 HERE & T-AOC 7+
o WFFERE A nT B S ML BT A AL RE D), (A A2 1
SR 7= A R Rl s SR 20 D i T %
VB EE S5O [, T IE A MILAA P 32 22 09 A 1 e b 2
B LI )RR R ) S e B A AR R R
VB A 844 ; . nT fig 2 i T8 S LA i e R AE
IR O P 1 5 o AN [ 61 % 3K 50 A 4 5
()& A, 2L SOD Jh P ik 4L T 45

4 4 it

@ F KT i MHA-Zn #5085 R 5 BB 05 10 &
P v P R S ) PR R RE Y AR M B S R A R
I EPL A AL BE

@ AR & F T, AR MHA-Zn S A3
KR 75 mg/kg,

SE

[1] OLGUN O, YILDIZ A O.Effects of dietary supple-
mentation of inorganic, organic or nano zinc forms on
performance , eggshell quality, and bone characteristics
in laying hens[ J].Annals of Animal Science,2017,17
(2) :463-476.

[ 2] HUANG L,LI X,WANG W C,et al.The role of zinc
in poultry breeder and hen nutrition ; an update[ J ] .Bi-
ological Trace Element Research,2019,192(2) :308—
318.

[ 3] NAZS,IDRIS M,KHALIQUE M A, et al.The activi-
ty and use of zinc in poultry diets[ J].World’ s Poultry
Science Journal ,2016,72(1) :159-167.

[4] HUDSON B P,DOZIER IIl W A,WILSON J L,et al.
Reproductive performance and immune status of caged
broiler breeder hens provided diets supplemented with
either inorganic or organic sources of zinc from hatch-
ing to 65 wk of age[ J].Journal of Applied Poultry
Research,2004,13(2) :349-359.

[ 5] FYERNG Apie ] B | 45 AR NS A 7 v Y
[T KEANF,2019,40(11) :6-11,44.
FUZ M,YANG H M,GU H Y, et al.Research pro-
gress on zinc in laying hens production[ J].Journal of
Domestic Animal Ecology,2019,40(11) :6—-11,44.
(in Chinese)

[ 6] CHENG T S,GUO Y M.Effects of Salmonella typhy-



1436 o oE R o R 33 &
murium lipopolysaccharide challenge on the perform- Press, 2007 :53—179. (in Chinese)
ance ,immune responses and zinc metabolism of laying [15] SKRIVAN M s SKRIVANOVA V , MAROUNEK M.
hens supplemented with two zinc sources [ J ]. Asian- Effect of various copper supplements to feed of laying
Australasian Journal of Animal Sciences, 2004, 17 hens on Cu content in eggs, liver, excreta, soil, and
(12) :1717-1724. herbage[ J ].Archives of Environmental Contamination

[ 7] RICHARDS J D,ZHAO J M, HARRELL R J, et al. and Toxicology,2006,50(2) :280—283.

Trace mineral nutrition in poultry and swine[ J ]. Asi- [16] BAO Y M,CHOCT M, IJ1 P A, et al.Effect of organi-
an-Australasian Journal of Animal Sciences, 2010, 23 cally complexed copper, iron, manganese, and zinc on
(11) :1527-1534. broiler performance, mineral excretion, and accumula-

[ 8] GHEISARI A A,SANEI A,SAMIE A et al.Effect of tion in tissues [ J |. Journal of Applied Poultry Re-
diets supplemented with different levels of manga- search,2007,16(3) :448-455.
nese, zinc, and copper from their organic or inorganic [17] JAHANIAN R,MOGHADDAM H N,REZAEI A.Im-
sources on egg production and quality characteristics proved broiler chick performance by dietary supple-
in laying hens [ J]. Biological Trace Element Re- mentation of organic zinc sources[ J].Asian-Australa-
search,2011,142(3) :557-571. sian Journal of Animal Sciences,2008,21(9) :1348—

[ 9] BUENTELLO J A,GOFF J B, GATLIN III D M.Di- 1354.
etary zinc requirement of hybrid striped bass, Morone [18] SUNDER G S,PANDA A K,GOPINATH N C S, et
chrysopsXMorone saxatilis, and bioavailability of two al. Effects of higher levels of zinc supplementation on
chemically different zinc compounds [ J ]. Journal of performance , mineral availability ,and immune compe-
the World Aquaculture Society, 2009, 40 (5) ; 637 — tence in broiler chickens[ J].Journal of Applied Poul-
694. try Research,2008,17(1) :79-86.

[10] YIG F,ATWELL C A,HUME J A, et al. Determi- [19] Bl T35, SRR A R A JR 05 4 7= 0 e L o
ning the methionine activity of mintrex organic trace SRR [T]. BB ,2005,26(9) :202-203.
minerals in broiler chicks by using radiolabel tracing GAO F,JIANG Y,HUANG X L.Effects of different
or growth assay [ J ].Poultry Science, 2007,86 (5) : zinc sources on milk yields and milk quality in cows
877-887. [J].Food Science, 2005,26 (9) :202-203. (in Chi-

[11]  SFif R E MR 7 5 W A XS A P PR R nese)

TR G B A DGR R SR IB B S [ DA 22 18 3. [20]  VFHISF 8025 2, 10— FL. SR SRR B X 7 B0 7 dE
W PUALARBRRLB R 5, 2019. AE N AE 4 S v SR 2 D BE RO R2 i [T ] 4Dk Tl
QI X. Effect of methionine hydroxy analog chelated 2012,33(20) :58-61.

zinc on production performance,blood biochemical in- XU J P,BAO H Y,FENG Y F.Effects of zinc methi-
dex and liver metabolism of laying hens[ D ].Master’ s onine on egg performance and nonspecific immune
Thesis. Yangling : Northwest A&F University ,2019. (in function of laying hens [ J]. Feed Industry, 2012, 33
Chinese ) (20) :58-61.(in Chinese)

[12] PREDIERI G, ELVIRI L, TEGONI M, et al. Metal (217 BRI, A 2 R R AE S A5 XY ARDRHER 5] i) 22 4 M F
chelates of 2-hydroxy-4-methylthiobutanoic acid in an- W[ D] AR 2L ST TN WV R, 2017,
imal feeding: Part 2. further characterizations, in vitro CHEN N N. Safety evaluation of zinc-methionine as
and in vivo investigations[ J ].Journal of Inorganic Bi- feed additive in laying hens [ D ]. Master’ s Thesis.
ochemistry ,2005,99(2) :627-636. Hangzhou : Zhejiang University,2017.(in Chinese)

[13] SAVOLAINEN L C,GATLIN III D M.Evaluation of [22] JAHANIAN R,RASOULI E.Effects of dietary substi-
sulfur amino acid and zinc supplements to soybean- tution of zinc-methionine for inorganic zinc sources on
meal-based diets for hybrid striped bass[ J].Aquacul- growth performance, tissue zinc accumulation and
ture ,2010,307(3/4) :260—265. some blood parameters in broiler chicks[ J].Journal of

[14]  SKENDE ARDRE AT SARDRE BT A il B AR [ M]3 . b Animal Physiology and Animal Nutrition, 2015, 99
a0 E O R A, 2007 :53-179. (1) .50-58.

ZHANG L Y.Feed analysis and quality test technolo- (23] EHx, A2, B, & R PER 5K R SR 2

gy[ M ].3rd ed.Beijing; China Agricultural University

PR M 7 A i 0 AR 7 P BE R AR A TR A R R



31

FIEERRAE R R

PR 77 3 1 DA R B AS AR 7 MR BE % 23 M TR ML S A BE A9 52 )

1437

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[J].ARHFSE,2020,43(1) : 91-95.
WANG H Y,XIANG Y K,DUAN R, et al.Effect of
different sources and supplemental levels of hydroxy-
methionine chelates zinc on the production perform-
ance and egg quality in the late stage of laying hens
[J].Feed Research, 2020,43 (1) :91-95. (in Chi-
nese)
IBS K H,RINK L.Zinc-altered immune function[ J].
The Journal of Nutrition,2003,133(5) :1452-1456.
MACIEL M P, SARAIVA E P, DE FATIMA AGU-
IAR E, et al.Effect of using organic microminerals on
performance and external quality of eggs of commer-
cial laying hens at the end of laying [ J]. Revista
Brasileira de Zootecnia,2010,39(2) ;344—-348.
STEFANELLO C,SANTOS T C,MURAKAMI A E,
et al. Productive performance, eggshell quality, and
eggshell ultrastructure of laying hens fed diets supple-
mented with organic trace minerals [ J]. Poultry Sci-
ence,2014,93(1) :104—113.
MIN Y N,LIU F X, QI X, et al.Effects of methionine
hydroxyl analog chelated zinc on laying performance,
eggshell quality, eggshell mineral deposition, and ac-
tivities of Zn-containing enzymes in aged laying hens
[ J].Poultry Science,2018,97(10) ;:3587—3593.
9{@2% TR X 7 S ) SR B 5 i S R T A AL
RERYSZNA [ D ] At 27 7 38 3 AL B b R AOE R
2 Kﬁ; ,2013.
ZHANG Y N.Effects of dietary zinc on eggshell qual-
ity and antioxidant status of old laying hens[ D ].Mas-
ter’ s Thesis.Beijing : Chinese Academy of Agricultural
Sciences,2013. (in Chinese)
MAYER A N, VIEIRA S L,BERWANGER E, et al.
Zinc requirements of broiler breeder hens[ J |.Poultry
Science,2019,98(3) :1288-1301.
BOUWHUIS M A,SWEENEY T,MUKHOPADHYA
A, et al.Zinc methionine and laminarin have growth-
enhancing properties in newly weaned pigs influencing
both intestinal health and diarrhoea occurrence [ J].
Journal of Animal Physiology and Animal Nutrition,
2017,101(6) :1273-1285.
X R R R R 25 X 7 AR I ARG 2R Rk
AE e T RE S A R 2 [ D ] AR 2 37 18
SC A PHALAR AP R 2, 2018.
LIU F X.Effect of methionine hydroxy analog chela-
ted zinc on production performance ,immune function,
mineral deposit and metabolism of hens at late laying

stage[ D ].Master’ s Thesis. Yangling ; Northwest A&F

[32]

[33]

[34]

[35]

[36]

[37]

[38]

University,2018. (in Chinese)
e . PR O P S B R A R LR B
A EAE ] BCHALH [ D] 2 738 30 b At
El Rk K2 ,2015.
GAO J.The improvement of maternal zinc and seleni-
um supplementation on the skeletal muscle develop-
ment of their offspring and the mechanism[ D ].Ph.D.
Thesis. Beijing: China Agricultural University, 2015.
(in Chinese)
KINAL S, TWARDON J, BEDNARSKI M, et al. The
influence of administration of biotin and zinc chelate
(Zn-methionine) to cows in the first and second tri-
mester of lactation on their health and productivity
[J].Polish Journal of Veterinary Sciences, 2011, 14
(1):103-110.
FRERHS . EE B BN 5% ( Nyctereutes procyonoides ) H: 7™
PERE 5 MR AE A FE ARG 2 R [ D)8 2% 38 SC 8
IR ARAEAROL 2, 2015.
ZHENG Y W.Influence of chelating zinc on produc-
tion performances and blood biochemical indices of
raccoon dogs ( Nyctereutes procyonoides) [ D |. Mas-
ter’ s Thesis. Harbin: Northeast Forestry University,
2015. (in Chinese)
TR , B U4 35 | PINING . ) M 2 2 0 R P B AL B
Xof B A A AR R S e [T ). Sh W B TR AR
2020,32(8) :3725-3731.
HAO L Y,MA F T,SUN P.Effects of dietary supple-
mentation of zinc methionine or zinc oxide on zinc
metabolism of newborn calves[ J].Chinese Journal of
Animal Nutrition,2020,32(8) :3725-3731. (in Chi-
nese)
PR PR EF NI, 45 SRS X 3 5 2 Al E
kﬁ NI REEE o =% N R R 7S L R = v
W] 38 FRE 4R, 2019,31(8) 13690~
3698.
FU Z H,LIN X,SHU X G,et al.Effects of different
zinc sources on growth performance, serum biochemi-
cal indices and trace element contents in serum and
hepatopancreas of genetic improvement of farmed tila-
pia[ J].Chinese Journal of Animal Nutrition, 2019, 31
(8) :3690-3698. (in Chinese)
FINKEL T, HOLBROOK N J. Oxidants, oxidative
stress and the biology of ageing[ J].Nature,2000,408
(6809) :239-247.
ANDREWS G K,GEISER J.Expression of the mouse
metallothionein- [ and - Il genes provides a reproduc-

tive advantage during maternal dietary zinc deficiency



1438

I Y/

[39]

[40]

[41]

[J].The Journal of Nutrition, 1999,129(9) ;1643 —
1648.

WANG L,PIAO X L,KIM S W, et al.Effects of For-
sythia suspensa extract on growth performance, nutri-
ent digestibility, and antioxidant activities in broiler
chickens under high ambient temperature [ J |. Poultry
Science,2008,87(7) :1287-1294.

CHEN W, WANG S,ZHANG H X, et al. Optimiza-
tion of dietary zinc for egg production and antioxidant
capacity in Chinese egg-laying ducks fed a diet based
on corn-wheat bran and soybean meal[ J].Poultry Sci-
ence,2017,96(7) :2336—2343.

PEMGRT 2t St i | 45 SE IR B X e 2 2R
KAERE ML R T Ry A AR bR B i [T ]
YE FE2F 4R ,2020,32(9) :4242-4250.

[42]

[43]

HOU P X,LI Y H,MA ] F, et al. Effects of amino
acid zinc on growth performance, serum hormone,im-
mune and antioxidant indexes of TanxHu sheep[J].
Chinese Journal of Animal Nutrition, 2020, 32(9) .
4242-4250. (in Chinese)

QI X,MA S X,LIU X, et al.Effects of the methionine
hydroxyl analogue chelate zinc on antioxidant capacity
and liver metabolism using 'H-NMR-based metabolo-
mics in aged laying hens[ J].Animals,2019,9(11) .
898.

LIL L,GONG Y J,ZHAN H Q,et al.Effects of diet-
ary Zn-methionine supplementation on the laying per-
formance, egg quality, antioxidant capacity, and serum
parameters of laying hens[ J ].Poultry Science, 2019,
98(2) :923-931.



3 TR A 52 B A R T 7™ R U R RE X A 7 PR RE 7 20 R AR SR AL T RE 52 TR 1439

Effects of Methionine Hydroxyl Analog Chelated Zinc on Performance,
Nutrient Utilization and Antioxidant Performance of
Broiler Breeders during Later Laying Period

JING Jialin' GONG Jiangang®® HAO Yanshuang' FENG Zhihua'™ ZHAO Guoxian' "
LIU Huanliang® YAN Wei*
(1. College of Animal Science and Technology, Hebei Agricultural University, Baoding 071000, China; 2. College of Food
Science and Echnology, Hebei Agricultural University, Baoding 071000, China; 3. Hebei Jiuxing
Agriculture and Animal Husbandry Development Co. , Ltd., Baoding 071000, China;
4. Novus International Trading ( Shanghai) Co., Ltd., Shanghai 200000, China)

Abstract; This experiment was conducted to evaluate the effects of different supplemental levels of methionine
hydroxyl analog chelated zinc (MHA-Zn) on performance, nutrient utilization and antioxidant performance of
broiler breeders during later laying period. A total of 600 Hubbard (56-week-old) broiler breeders were ran-
domly assigned into 5 groups with 6 replicates per group and 20 birds per replicate. Broiler breeders in the con-
trol group were fed a basal diet ( zinc content was 27.81 mg/kg) supplemented with 100 mg/kg zinc sulfate
(as zinc) , and those in the experimental groups were fed the basal diet supplemented with 25, 50, 75 and
100 mg/kg MHA-Zn (as zinc) , respectively. The broiler breeders were fed the treatment diets for 10 weeks
after a 2-week adaptation period ( fed the basal diet without additional zinc) . The results showed as follows: 1)
compared with the control group, dietary 75 and 100 mg/kg MHA-Zn significantly increased the laying rate of
broiler breeders ( P<0.05) ; dietary 50, 75 and 100 mg/kg MHA-Zn significantly increased the average egg
weight (P<0.05), and significantly decreased the feed to egg ratio ( P<0.05); different levels of dietary
MHA-Zn had a decreasing tendency in broken egg rate of broiler breeders during later laying period (0.05<P<
0.10). 2) Compared with the control group, different levels of dietary MHA-Zn increased the calcium appar-
ent utilization of broiler breeders during later laying period in some different degrees, and dietary 100 mg/kg
MHA-Zn significantly increased the calcium apparent utilization ( P<0.05) ; dietary MHA-Zn had an increasing
tendency in the zinc apparent utilization and serum zinc content (0.05<P<0.10). 3) Compared with the con-
trol group, dietary 50, 75 and 100 mg/kg MHA-Zn significantly decreased the serum malonaldehyde content
of broiler breeders during later laying period ( P<0.05) , and dietary 75 and 100 mg/kg MHA-Zn significantly
increased the liver superoxide dismutase activity and the total antioxidant capacity ( P<0.05). 4) Compared
with the control group, dietary 75 mg/kg MHA-Zn had the best economic benefit. It is concluded that the ap-
propriate MHA-Zn supplementation level in the diet instead of zinc sulfate can improve the production perform-
ance and nutrient utilization of broiler breeders during later laying period, and increase the antioxidant capacity
in serum and liver. Under these experimental conditions, the optimal MHA-Zn supplementation level for broiler
breeders is 75 mg/kg.[ Chinese Journal of Animal Nutrition, 2021, 33(3) :1430-1439 |

Key words: broiler breeders; later laying period; methionine hydroxyl analog chelated zinc; performance; nu-

trient utilization; antioxidant performance
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