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(LR AL I S B2 HOR 2B, KD 41012852 W18 7 & %A B R B1F O KRV 410128381 H5 = IR 4K

FIRTATA A, B 415701 ;4. A8 A H AR (i) GRRA A, 1 201203)

i E., RRABEFARTRTFARRA P AR ELE R M E O DIRE S 4R 4 55
RAE G A ARG A F R A B R TP REALZ LS TALME LA R AR
B Fvm, 225 R 50 A Ak EAE RN EZB RS MG HS A, FASAEL,HF
ANEH 9 R, AR P R AR B R AL E L E 6 mg/kg 47,75 mg/kg 4k .60 mg/kg 4 .
60 mg/kg 4& 0.3 mg/kg A, A AL, X I 4L K T0% A ALLL 60% F AL 50% HF ALLL 40% H AL
A MEAERME SR AR T0% 60% .50% 40% , TR 10 d, EXH 42 d, %R
R .1) 5 RAAAAIIL  60% A AULL T R E 3 5 &R E(P<0.05) , 5 % F B & L (P<0.05) ,
BUEERIFT ELREEZZF(P>0.05), 2)5 LHLAAIL ,T0% A HLLL 2 F 3 & T i 5 Ak
W B A B (GSH-Px) 7E M (P<0.05) , AL B ERFH T ik B AR H (T-AOC) ( P<
0.05) ,70%F2 60% A HLLAL B 5 AL T foiF & =8 (MDA) &% (P<0.05), 3) &M E & T4,
b A FTREEE2F(P>0.05) ;5 AL 60% AMATERST HHH45F(P<0.05),
M 50% 5 40% AME LR ERSFHHESF(P<0.05) R M, % BAKT 42 (P<0.05),
AYHME R B USSR EIRTRAME(P<0.05), EA5FE, ARIEEMYEF A&
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KA AT B TC 2 A B2 S R XS A 7
I Z %,

1 #MRlERZ*E
1.1 KR

T Bt 9% JC ML & T & M. CuSO, - 5H,0,
FeSO, - H,0, ZnSO, - H,0. MnSO, - H,O.
Na,SeO, , /MKEE A it o0 2 Mg KAl 3 ki 8
L, A VUE TR S RAT B 15% , 5 15% , 40
10% 8k 12% 05 1%o , 40 KA 2845 5 H - Jod Al 5 R
2 SEHPRiAE S 50~100 nm,

1.2 KW ERRAK

RIS Bk 50 J8 % fat B i =2 45 70 1Y, i
W R =R FR S m B AL 50 1 FR 2 i NRC
(1994) FI¢ R FRARAEY (NY/T 33—2004 ) , ¥
TG 7= 2 WE A A A, G R AL R B 3R K W
#1,

1.3 REEIT5RFER

AW R B N R w1, 5 225 H 50 J4
W AR AT R R B IE R R, BEHLS R 5
H,HHS ADMEE,BANER 9 K, LLNRC(199%4)
PRty 2 B JTAR A [ P AR X ) % SE PR AR B0, 7 2
Bt AR Hh S i ) Ak 28 JE MLk i o6 6 mg/kg
(CuSO, + 5H,0) .75 mg/kg ¥ (FeSO, + H,0) .
60 mg/kg#¥ (ZnSO, - H,0) .60 mg/kg %f ( Mn
SO, + H,0) .0.3 mg/kg fifi ( Na,SeO, ) , b TLHLA,
IR 70% A HLAL . 60% A ML .50% FH HLA |
40% 5 AILAL , 43 5 I T AIL 4 Hh A s 2 0 1)
70% .60% .50% . 40% 1) H HL & & il i ot & (k.
M L BE O /NBRES S W, B AR ) o 1k
10 d, 76 I ) X X6 30 547 R R, (1 4% 20 B4 17 1l
FHEFER PR BHEER AL E (P>0.05), 1F
i 42 d,

AR TE W — R ARHE PR A vl S X R 5 )
HEAT o XS Ry 2 TR R e A SR A
T3EZMRETR, HE3 R, 83BN 1A ER,
25 20 55 A B AR AR TRD B H DR 2 7R (09200,
15:00) , W8 2 K (11:30.16:30) , A BRIk
K, 4 HOGIRITE] A 16 h, [ 4R 6 IRFIA TG B AR
gy, HRVEZ R XA R 1R,
1.4 HAXESERNE
1.4.1 R IR

RIS 42 K 1800, RE G KT~ 2,

bRic i B A0, B4 e HAE B 15 A, I AE B
i, B EE S 10 4, ETE T-20 TIK
AT, AT E B P OE TR S &,

&1 ERARAMREFRKT (RTFEM)

Table 1 Composition and nutrient levels of the
basal diet ( air-dry basis) %

Wi H Items i Content
JEUB} Ingredients
E K Corn 54.00
EtH Soybean meal 12.00
HiFFRI Cottonseed meal 8.00
3HFTH1 Rapeseed meal 3.50
E KRB HH Corn protein meal 6.30
YK Wheat middling 4.50
¥ K> Feather meal 1.00
£ %} Limestone 4.00
iR E45 CaHPO, 4.80
ik NaCl 0.30
T2l Soybean oil 0.60
ikl Premix" 1.00
A1t Total 100.00
727K F Nutrient levels®
R HE Metabolic energy/ (MJ/kg) 10.92
KL H BT CP 16.70
5 Ca 3.25
R AP 0.36
AR Lys 0.82
H 2R Met 0.30
ERR+V AR Met+Cys 0.63

U HUR AL AT A RT3 iR AR 42 4 The premix provided the
following per kg of the diet: VA 13 500 IU, VD 3 000 IU, VE
22.5 mg,VK 3.0 mg, VB, 3.0 mg, VB, 7.5 mg, VB, 3.0 mg,
VB,, 0.22 mg, ¥Z B8 %5 calcium pantothenate 15.0 mg, }fl R
nicotinic acid 30.0 mg, 'M'f& folic acid 1.5 mg, 4= & biotin
0.12 mg, IH #& chloride 400 mg, I (as potassium iodide )
0.3 mg,

DB FAKEH NI EE, Nutrient levels were calculated

values.

TR R IF 4 1 K 08,00 JE77 3880 T #
KR ML, B 21 4% F A RE AL PR B 10 A9, SR i
S5mL, % % FE ARE T, #E 30 mn J5, T
3 000 r/minZ.C> 10 min, WHL F¥E# 0.5~1.0 mL,
HEA LS5 mL B.08h dricd i H i, & T-20 C
UKEEPRAE T I05E 35 LB AL FE A

ERISE 42 X S AN EEMILER 3 H
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BN 2R 3 d FEAE, R W B A, MU BRI,
—-20 CIRAE, HERRI 150 ¢ 224 T 65 THET, [
W1 24 h BREE B A AT 2R TR TR
BRI
1.4.2  FEAGH: =R

TR0 30 [ 4 K 42 A 30 SR 4% A R 6 RN (1) SR
T PR BEE TR EE JRER,
Hy=fEa P HRER BHELL,
1.4.3 &R

fif B 80 R RONE B HR A (MK AR/
FAE) . A S B4 HT AL (EA-01, DL {231 ORKA
O3] A3 I AR AR AR e R IR
A AE . ST RE BN 2 X (NFN-380, H A< FHK
O3] ) W RS R (R A i | 4 it B v a] i) o
¥ifl) . H & 55 L (EFR-01, LI {5 5] ORKA
o)) M E SR
L4.4  IiEBCALTE S

SR FHV R 5 A A 4 TR T 52 T 3k ) 6 1 A i
HEPTEALBE /1 (T-AOC) 43 It H Ik i & Ak Wy 1
(GSH-Px) .o A9 {L i ( T-SOD) 1% PE A1
T (MDA) & i, e An BARERAE DT LS A
&L
1.4.5 MEITESE

T 0 2R % 1 I A R KO i W O ik
B, 2% GB/T 5009.92—2003 . GB/T 500.92—
2003 .GB/T 9695.3—2009 ik 2 3 5 S5 7 ik
EWABMM T 1.0~1.5 g W EEMNT
150 mLAEE I, N A 15 mL JR B2 [ V(HNO,) : V
(HCIO,)=9:17, 3 LS 7% i 1L, Ik H ¥ 8P
R T I HAm S e BB 2 IR EA A

M IRBARFRZ K 2 mL, BCR %41, i 5 mL HCI
(6 mol/L) kS i FA BN W 52 T (8 JF HEA F A,
FEZE 100 mL 75, [F B [l

FERETUAL BOR F T I fkik . FRER 3 g 247 3%
FETHE o, im A 10 mL # HCI[ V(HCL) : V
(H,0)=1:37, FHH /N INEZE T, A D 3 g
SeARIRBRfL 2 T, 1 550 C KL 4, B H)
Ja i/ K E W, A 15 mL # HCI[ V(HC1) : V
(H,0)=1:3].1~2 mL &R [ V(HNO,) :V
(HCIO,)=9:1] , A& W 3~5 min, i J8, € X E
100 mL &,

Fie B N Do~ R WSS B AR TR A T o 1 VR TG, 1
FERAE BRI BT F5 E bR 4R . DIBE B 5 it
AF 7 A 1~2 mL 10% /9 SrCl, % LAEFR T4E.
1.5 SitHH

RIEEHEH SAS 9.0 FAFHEAT B R 257
#r, 5/ Duncan FRiEHIT 2 E LI, A2 E
B LLF S (H £ 45 1 25 278, P<0.05 £ 2 5
B3,

2 H#RE5SW
21 AEAFIEENHETENEBE~HaEH
=AU

m %2 ], 5L L, 60% A HLAL W 3%
PEEEN T E A 8.72% (P<0.05) , HoAt A HLLH N
To i A (P>0.05) ; £ 4B XS P39 HoR & &
FHEE HMFEREZES AL E(P>0.05); Bk
40% A LA A1, HoAth A HLAL B9 RE R H R T HL
2, Horf 60% 47 HL4L 2 E (K T ICHL4 (P<0.05)
A% T 3.88%,

®2 AEFNEFNHMETEXNEGEEEERI R

Table 2 Effects of different levels of organic trace minerals on performance of laying hens (n=>5)

gE| TeHLA A HLLH Organic groups PIE
Items Inorganic group 70% 60% 50% 40% P-value
FEHE R Laying rate/% 79.71+8.31"  80.91+6.42°  86.66+5.73"  82.63+5.92°  79.48+8.91° 0.028
S Average egg weight/g  60.01+1.88 60.12+1.51 58.91+1.23 59.36+1.64 59.48+1.95 0.624
B L Feed to egg ratio 2.32+0.15" 2.27+0.15™ 2.23+0.16° 2.24+0.13" 2.37+0.18" 0.006
7 i} DY =t

TAH *ﬁ.i . 110.62+3.10  109.88+3.06  112.47+2.76  110.51+4.36  110.69+5.15 0.715
Average daily feed intake/( g/d)

H 7= & Daily egg production/g 47.84+4.98 48.64+3.85 51.05+3.36 48.95+3.59 47.27+5.31 0.114

FATEAR B R AR/ NG FREFRRZE R BE (P<0.05) MRS EFHFRESALE(P>0.05), FEFE,

In the same row, values with different small letter superscripts mean significant difference ( P<0.05) , while with the same or

no letter superscripts mean no significant difference ( P>0.05). The same as below.
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22 AEAFAEFVNHMETENELERROPM 25K SRR EO &K RRAA EEHo

HIZE 3 R, & A S oo o i e Ll 2R

PR AR HE(P>0.05),

®3 TEFNEFNHMETENEBERRAZMT

Table 3 Effects of different levels of organic trace minerals on egg quality of laying hens

i H JoHLA A HLLH Organic groups PIE

Items Inorganic group 70% 60% 50% 40% P-value
T IE Bgg shell strength/N 39.06+7.25 37.67+5.52 39.51+6.60 40.31+6.54 39.66+5.48 0.646
7 L Bggshell proportion/%  10.07+0.78 10.00+0.78 10.16+1.01 10.22+0.82 9.94+0.93 0.534
zleggﬁfe%thickness/mm 0.408+0.036  0.418+0.030  0.413+0.043  0.418+0.045  0.405+0.040  0.212

HEIEFEEL Bgg shape index 1.30+0.05 1.32+0.05 1.31+0.04 1.30+0.05 1.30+0.04 0.748
S Albumen height/mm 5.21+1.04 4.99+0.84 5.02+1.29 5.02+1.29 5.23+1.10 0.273
M G537 Haugh unit 70.24£10.42  68.94+7.64 69.11+10.36  69.20+7.64 71.04£8.51 0.328
EIPI( Yolk color 5.16x1.06 5.07+0.91 5.28+1.08 5.38+0.83 5.16+1.04 0.314

23 AEAFEENRETENEBOLFREL
EiL oA

H 2 4 Al AL, 5ICHLAL A B, 70% A HLAL I G
GSH-Px 1%itE g HHE M T 16.82% ( P<0.05) ,60% .
50% .40% A HLZ4H 73 A BEAK T 10.67% ,9.20% |
17.02% ( P<0.05) ; £ 4 [A] il {F T-SOD & VA

x4 FRFNEANBETENEGMFRELIER

WEZEF(P>0.05) ; 5 TLHLA A e, A HLAL M3
T-AOC 43 %l & £ & 7 170.11% ., 133.15% ,
126.09% .134.24% ( P<0.05) ; 5 TCHLAH L, 70%
1 60% A M4 1 % MDA & & T KL (P<
0.05) , 53 A AR T 28.65% .27.79% .,

eI

Table 4 Effects of different levels of organic trace minerals on serum antioxidant indexes of laying hens

| TeHLAH A HL4 Organic groups P (i
Items Inorganic group 70% 60% 50% 40% P-value
25 e H R A Sk A . .

.18+73. .75+57.35° .95+60.42° .29£57.20° 639.12+70.91° <0.001
GSH-Px/( U/mL) 770.18+73.09° 899.75+57.35" 687.95+60.42° 699.29+57.20° 639.12+70.91¢ <
MR Ik g
S ALY LA R 95.55+3.31 92.00+6.02 99.03+6.55 08.84+6.44  101.31+3.39 0.316
T-SOD/(U/mL)
BPLEALEES T-AOC/(U/mL)  1.84+0.13° 4.97+0.85" 4.29+0.54" 4.16+0.52" 4.31+0.76*  <0.001
N % MDA/ (nmol/mL) 6.98+1.44" 4.98+1.24° 5.05+1.07° 5.61x1.62"  6.61£1.84™ 0.012

24 AEAFEFNHRETENEERMNERTE
SEMN

H e 5 AT, R rh s oA [m) 3510 5 09 A AL G
TOCR N A T R R T S e (P>
0.05) ; STCHLLHM I ,60% A HLLH & B b A & 7
FPTE 22.92% ( P<0.05) ;50% 5 40% A HLH &
BRI B E RS (P<0.05) 1Y [R5 25 R AR A
i (P<0.05)
25 AEFEFAVNRBETENERRETERE
m

H1Z% 6 PRI BREE P8k B i oh A HLA 2% P it

HULRM M el EMRTEIA(P<
0.05) , I Bl 2 U8 in 7] 5 BEAR T R AR, 5 TCHLZE A
P, A LA ZE i & & SRR T 49.47% |
57.29% .62.16% .64.42% ; FE 48 & B BIREAR T
28.32% .36.91% 40.00% .42.26 ; 3% 2 5 1 4 |
B T 22.33% .24.71% 26.56% .28.29%

K A N
3 ARAFIEANHMETENEBEHEERN
=1

Gheisari 25" iff 5% % PHL, $i NRC (1994 ) #i 47
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BYEE M A 50% ~ 75% BY = LR 2 & W) vl 4
FREEXG TE () 77 25 3 AR LB N 60,75 .7 mg/kg
TR ERIE 0B B A, 40 40 7 mg/kg B IEIR
HATE BB AR AT 5 3 B ICRL 2R L ; Payne
AELOVBF SRR ARV 22 W-36 B R Hh R IR K
PR EEREAR (0.15 mg/kg) 5 58 1Y K- (4 1 B4
(0.30 mg/kg) AHLL, I Z [0 A 7= M RE I A 25 55
Abdallah 257 I\ Sy PR XS F) A v B S A B
TG R XA PR RE R R RUR R B KBS A
G, TR R AAREE AR AL AR IR R 4y, AR IR
IS5 R TR /N IRES A Wk R RGBT
YRI5 Al A ] 3 R AR X O R A e, ]
H 60% A3 HLLL T 5 3 B8 5 AR X P A R IR RR AR
MLk, XA REER /N K EE G 180 T0 R RN KA Y ¢
WCHIL ) A S, T A s 20 A4 R o T R 5 T AR NS X

Pl TR AR RS, DT 2 5 RS 1) T AR 7R R 2
TeARAE A AR /N IR 1 IR A 32 AL TR IR A
PAZINIR Ay T E AR A o o0 38 B W T E DL A
A X% 3z, DA i S A R T i T R AR W e sk
BRI KA 5 Sy LA 40 LA B
SR AR B P BT o 28 U o 1 1, e 2 B
(I, I Fh T 94 KAl UL 75 i 1 R OE T 9k
FLA, AT BCHE I T8 X Y s A HL R e R
MR (EAEGSR AERESY . R ZME
aW) AR AFERE S, DLl 838 1 B
Bt o xd 77 8 R A A R, AL 60% A HL4H
PPEREERT 10% A HLH, 7R i T/ Ik E
EER T oI NSRS I SRR S S R I PN o
et

x5 ARAFEFINHMETENEREPHMETRAOMWBELRM)

Table 5 Effects of different levels of organic trace minerals on mineral elements in

egg yolk (wet weight basis) ne’g
il T4 A HL4 Organic groups P
Items Inorganic group 70% 60% 50% 40% P-value
#1 Cu 2.84+0.22 2.74%0.51 2.67x0.30 2.64+0.43 2.57+0.42 0.415
%f Mn 0.81+0.19 0.81+0.17 0.86+0.26 0.78+0.34 0.76x0.12 0.258
Bt Zn 39.13+2.61° 43.70+2.84" 48.10+3.28" 47.80+3.35" 49.82+3.84" 0.026
# Fe 67.71+5.42 69.50+8.77 66.06+9.75 61.67+7.48 63.79+7.51 0.536
il Se 285.21+25.32" 271.59+34.28" 250.46+22.37"  220.51+18.64" 200.44+20.68°  0.038

*x6 ARFEENHETEMERMETEZNZN( TEERM)
Table 6 Effects of different levels of organic trace minerals on mineral elements in

manure (dry weight basis) ne/g
HH TeHLA F HLEH Organic groups Pl
Items Inorganic group 70% 60% 50% 40% P-value
i Cu 57.37+7.42° 28.99+8.39" 24.50+4.14° 21.71+2.58° 20.41£3.54"  <0.001
4 Mn 254.48+19.36" 182.42+20.27" 160.54+17.42° 152.68+17.92°  146.94+19.32" <0.001
B Zn 369.49+44.28"  286.97+29.71"  278.18+31.09°  271.34£27.59" 264.96+31.69" <0.001
#: Fe 472.74+49.36 447.66+49.64 448.12+48.69 440.67+48.26 445.79+48.22 0.567

3.2 AEFIEEVNHMELENEBERRHZMN

BN R B S R, R T R
i RN R RO R A O e e e
WG &I, R0 ) M v (o FH 2 5 B PR 2 B 4
B, STCHLAAR B, 7E DD R T R BN 50% 1)
TGO, E7C )R 50 L G B % 28 fk ; Gheisari
25 15 7E R X ) AR R VR I 20.0,20.0 3.5 mg/kg LA

J 40 .40 .7 mg/kg WAL E 5 X008 i
560.75.7 mg/kg B R R T B BE EG A AR L
Foctbl WU EoomEM LR EES, &K
TR AE R R AR /NI B Rk A R B
TG AT A2 5 ol FH X6 2 X8 1) 2 578 i S T T 52
M, I 3k AT 2 A3 36 P IR & 1 /N IR B
Bk B BN GNOR AN A R N s T AR X
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BRI, ARk AT SRR 5 R RO i
55 B R WSO DD AH OG5 (R 0 3 AT BB A A 1
RN X5 1) ) FH 256 AT B35 2 5 5 B ; Mabe 451
AN U TC ZR A BB TE 2 52 T W) ih B B3 o 2 i
R A% Rl DA T 42 755 A 5% 9 BF ; Zamani 25T
— B A T T R AT RE I I 5 e B 5 5 IR AL
T A v 4 S R i A L R W A 4 R AR 25 4 1 T
DA 5 i 2 76 Jo o

X 25 0 PN R BT, AR BT TR
W R @ W G, Fernandes 25 BF 5
RIRAR T 0 B2 T AL i e 2R S i 1 A LR
Bl R B o B T R ), 5 A 3 5 R A AR KR
B G R A T PR UE N R A A B, 1T Gheisari
ARG RS, R R AR A R A
FHARBEAR N R E & BT, I B T KR,
S AR 1 I - s o = N 7 N IR I I T D
80% B R E A LR TC K BT, W [ L7 &5 T 6L
TR AR, AR A5 R AR 5 & KA L
ZH G QB AH 25 A8 K, 3 AT RE SR Al /K - ¢ , H A
B0 B 5 2 v ) A G T 5 | R R 4R R o
SREE HE R R R T L ) B AR
33 AEAFEENRETENEBONFREL
fEHRA R

AR5, A HE TEHLAL, 60% . 50% 40% 4B
SR T L0 GSH-Px . 4275 1
H W% AT SRR R A8 I 0.1 ,0.3 ,0.5.,0.7 mg/kg &
SR , 45 21 A F= PERE JC 1 35 25 5, 1N I ¥ GSH-
Px {7 1 Bt B 2% 2 A D /0 7 I 5 A AR AR R
18, M7 GSH-Px 17 1 Bl 25 4 K ARG s i K SF- T v 1
F51,0.2 mg/kg AR A I3 GSH-Px i P4 A BR
FEET 0.1 mg/kg 4, FHAMEWIIER, BEE AR
BESU/ DR N A T TERY GSH-Px & i, S EuE Ak
NI S5 AR i %2 T GSH-Px THAEIS £ 5 8 HOR P
TR AR 70% A WL BB B TG
GSH-Px i 14, [7] L 21, 7T &8 th T i i o0 2 19 B AR
R E AN K, A LI TC 2R B A e RO Y R A
AT 26X 1) 1L 7 GSH-Px 15 HE3 3] T 458 .
PLAL 50 2 i A AL AE I3 T-SOD i 1 A
22 5, T-SOD 1] X B4 SOD (MnSOD) A 4 £
SOD ( CuZn-SOD) , 14 BRI & 1) /N IR ES 5 4
BEBERIE MnSOD }2 CuZn-SOD 1 PEAS 32 52 , P
SIS R AP AR HR IR I 50 me/kg (YT
B 5 250 mg/kg ) CuSO, # L, 78§t A AL Bl 1%

PRI T HAT AR ] A PR I RCR . A I IR = A
MLALAR & 2 #2781 17 T-AOC, 70% Fl 60% A HL
Y1 AR T LTS MDA & i HEIMIE K S 59 F
HLRCER TC R AT REHE N T HT S AL i 16 M R bt A Ak
A AR, HASCHLELIR A ff it — 2%
3 FAEAFEENRETENEERHETE
SENZN

A g6 25 R R T RN = A LR T R X
B AR B S EC B E S, (H R T R
HR R AT B SRR SE O RSB UE A, S e T
K HBIIE B, RIS ot B Ok B 4R Y 2R
HIUTRGHRMEHN, A REER S H—5,70% 5
60% A HLH I A B ERAUE R P it RS &,
TEAIRE P, 40% 5 50% A HLA AL T E ¥ Y
fiff i (A3 T B R S, TR R R S
fib B3 B G AT AE A9 45 PUAE FH |, Skrivan 267 736
Gy AT R T S TR/ (A Eh- A I gy
RS B ARG, T BB R AT A0 TR N KA G, R
A1 55 A0 Cai AR AT T 2 U KA ) R
S FEARALAAR PR ) 5 i
3.5 AEFEFNHMETENERRETENZME

5% 2 B, el KR 2 19 AL oo R ik
4f, ] RS i T R W HER, R A
WEETG YLK F7, Bao &0 HFSEARAE , #M FE 4 mg
(4T 40 mg 2k, 4% FVEE 1Y B A2 & B WL E T
R TR TR XS OE E AR, AR AR & A ALK
T ER AT RE O TR BE A SR T ) B HE I . Leeson
SEVIRAE AR B A IR TR 17 ~42 HR
PR A7 X A e v TE AL Ak d e 38 (6 R TP B L
i AR & A 60,77 5.0 A1 85 mg/kg) 1
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Effects of Organic Trace Minerals on Performance, Serum
Antioxidant Indexes, Trace Mineral Contents in Egg Yolk and
Trace Minerals Emission Reduction of Laying Hens

QU Xiangyong'®> PENG Canyang'”® CAI Chao'> CHEN Cai® CAO Dongmei’ SUN Anquan’
(1. College of Animal Science and Technology, Hunan Agricultural University, Changsha 410128, China; 2. Collaborative
Innovation Center of Hunan Province Livestock and Poultry Safety Production, Changsha 410128, China; 3. Hunan
Sanjian Agricultural Science and Technology Limited Liability Company, Changde 415701, China; 4. Omega Biotech
Shanghai Co., Ltd., Shanghai 201203, China)

Abstract: This study was conducted to investigate the effects of organic trace minerals (0TM) ( small peptides
chelated iron, copper, manganese, zinc and nano-selenium) at lower dose than normal inorganic trace miner-
als (iTM) supplemental level of premix on performance, serum antioxidant indexes, trace mineral contents in
egg yolk and trace minerals emission reduction of laying hens. A total of 225 healthy Hy-Line brown layers
(50 weeks of age) with similar body weight were randomly divided into 5 groups with 5 replicates per group
and 9 hens per replicate. Hens in the inorganic group were fed a basal diet supplemented with iTM of iron,
copper, manganese, zinc, selenium at 75, 6, 60, 60, 0.3 mg/kg, respectively. Hens in the organic groups
were fed the basal diet supplemented with the combination of small peptides chelated iron, copper, manganese,
zinc and nano-selenium at 70% , 60% , 50% and 40% levels of iTM, respectively. The pre-experimental period
lasted for 10 days, and the experimental period lasted for 42 days. The results showed as follows: 1) compared
with inorganic group, laying rate of 60% organic group was significantly increased ( P<0.05) , while feed to
egg ratio was significantly decreased ( P<0.05) ; there was no significant difference in egg quality among
groups ( P>0.05). 2) Compared with inorganic group, serum glutathione peroxidase ( GSH-Px) activity in
70% organic group was significantly increased ( P<0.05) , serum total antioxidant capacity ( T-AOC) was sig-
nificantly increased in all organic groups ( P<0.05) , and serum content of malondialdehyde ( MDA ) was sig-
nificantly decreased in 70% and 60% organic groups ( P<0.05). 3) There were no significant difference on the
contents of copper, manganese and iron in egg yolk ( P>0.05) ; compared with inorganic group, 60% organic
group significantly increased zinc content in egg yolk by 22.92% ( P<0.05) ; although 50% and 40% organic
groups significantly increased content in egg yolk ( P<0.05), selenium content was significantly reduced ( P<
0.05). 4) Compared with inorganic group, copper, manganese, zinc contents in feces were significantly de-
creased in all organic groups ( P<0.05). In conclusion, in order to keep normal physiological function and pro-
duction of laying hens at 50 to 56 weeks of age, the supplementation of 0TM ( small peptides chelated iron,
copper, manganese, zinc and nano-selenium) at 60% of normal supplemental level premix inorganic minerals
is better. [ Chinese Journal of Animal Nutrition, 2017, 29(7) :2431-2439 ]
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