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(P<0.05), fHIIAHMFEHHRERER G KFREMLT [ 4 (P<0.05). 3) IIZHIMIELEAMLY
BB T 141 (P<0.01), II. V4lmiEdfafynttEEm T 141 (P<0.05);
IV, VALIFEN SRR E T4 (P<0.05). HIAT I, R FaIn Zn-POS feiiss 1~42
H% AA AR EERE . S DhReAIILE ST AL TIRE, B 600 mg/kg i /K P45 1& H
KRB RIS KRR R TIRE: ILIEPUANIIRE: AA RIAFRY
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WY pH N 7.2 WREED 2.5 mo/mL 1R 55 58 24 FUBEREE IR RT DA S 400t it AL P K A R R P 50 1
KIGFFEE WM. Thomassen SO IRERE FREE R, T SEHEA LU SR SE0E 5 17 1 BUB8R «
Nakanishi %5RO7E /N SRR PR IR B SRR I, W Pc =PI ST m 3 /e f . FhIR ARy
RIS INTE TR FUNERE R A A /N BRAS KR (R AR RN Cu* i) 4 £, HININER
S LB TR 0 5 o ik D /N BRFF IO S L ARORN S48 T ) Cuzr & B R 3 . Gulldn SRR it 7 4
SRR A R FEERE O (L G 28 R AR KA R AR RE R R o T B R T R RO PR ARG pH, T
CASR il W5 (s A, AT 08 i b 420 I P W A 123240

BHREERNRELENHMETTRZ —, 22 53WRREARE, BE 242 D48 . Feng
SGEUSF LR B, FRIRR AN I RS A B RE I IS R &, SR LA KRR, RIS B PN I
B RERRES A (gA). FUEERESR M (gM) FIRZEERER G (1gG) KK, Nt Ees
BIRE WHoR BT A g R, TR PRV (7 B B B R AT RS I S s AR B FR AL
HARRR AR 65 markg I, PRAF RS FR3E IRBEFE S, I JIH Z5ORm IR 48 i K FE O AR 5 7]
RIS G 39 S CLOURTE S R B, PR PP VR I oK SR A e i 2 AT Sl 2 48 PR S I 37 v B 4
s Tl IR R 2R (e SN 5 22 1 ] ST TY 8 R 2 ] e - 3 A 2 1 Pt SO =1 R
AR ERKPERE, SRevhRl, ORPTELERETE, SR AT I T A PR RE

T BERE#4 B (zine-pectic oligosaccharide chelate, Zn-POS) /& Sk 2b 5 TR B &1
H T, Zn-POS X PIAT-RSSA00 (KIHFF 78 A LRI o 43 FF 7038 W SR B0 A A BE R R P SRR I B b 1 AL
RERE R IRICRI R, AR R AR H RS el [, AREE B R
Zn-POS WIN/AKFXT BN (AA) TR A KAPERE . Sy ThAER MG P RE I, A
Zn-POS 7ERATFAG A 7= L[S R 2%
1 MEHST5E:
11 w5 At

AR AE [ AR EBE DR 7E T g 1 A AT . SR SRR R s RIS B,
FI 1 HES R RIS AA PIATHS 480 X (ABRES &7 1/2), Hid A EE — SR WIBEHL > 5
4, fH 6 NEE, HAEHE 16 R3S, WIGH Zn-POS v E 4 b Bl Bt W BT 7T B4, aiifs
>95%, HEHEN 7%, BEE>96%. KK 42 d. IREXSRARR TR, HBREME BTk,
FH R SRR Y P
1.2 FERHARRZ R S AR it

BRIR R K M R S R R S TR 22 B AA PRAT RS TR IR bR 5 75 5 B0 1) SE b P
BER PR ZH B BB IR KT AR 1

F 1 EREARRLE RSO TR OAF A

Table 1 Composition and nutrient levels of basal diets  (air-dry basis) %
IiH Items 1~21 H#% 1to21daysofage  22~42 Hi¥ 22 to 42 days of age




JEAl Ingredients

FK Corn 56.26 60.87
K3 Soybean oil 0.81 1.12
S Soybean meal 36.15 32.67
i) Fish meal 3.00 1.50
£¥) Limestone 0.63 0.69
IR %5 CaHPO4 1.82 1.80
DL-E% R DL-Met 0.03 0.05
& NacCl 0.30 0.30
TER Premix® 1.00 1.00
#it Total 100.00 100.00

B /KF Nutrient levels?’

RthE ME/ (MJ/kg) 12.13 12.35
FE AR CP 20.30 20.00
5 Ca 0.91 0.85
Bk AP 0.48 0.43
AR Lys 1.19 1.05
EHIEE Met 0.33 0.32
ERR+ AR Met+Cys 0.68 0.65
£ Znl (mg/kg) 80 80

Y HR R AT 5o iR The premix provided the following per kg of diets: VA 10 000 IU, VD3 2 500 IU,
VE 15 mg, VKs 3 mg, VB10.01 mg, #H# nicotinic acid 34 mg, 2 245 calcium pantothenate 12 mg, M-# folic acid
0.5mg, A=#% biotin 0.2 mg, S ALAHHE choline chloride 1 200 mg, Fe (as ferrous sulfate) 80 mg, Cu (as copper
sulfate) 8 mg, Zn 80 mg, Mn (as manganese sulfate) 100 mg, | (as potassium iodide) 0.7 mg, Se (assodium
selenite) 0.3 mg.

2 I KP N EAR . Nutrient levels were calculated values.

RIGBETE: T AU R, MRS PR R IR TADAPUA 24, 1AM S A R
rRR N 62.5 mo/kg R & ARG AR, 111, VANV 22y i M 28 JE A fAl ke 3 i 300, 600 Al 900
mg/kg Zn-POS AR L8 TAIAR o
1.3 FEMRAE Sk

RIGEE 42 K, HESERUEE. SanPkEmRG 2 1, 412 1, k60 H, HigHE
Je, PRI, # &5 3 000 r/min B0 15 min, HI&IE, T EP &, —20 CikRTE,
FEU LTS AR AR AR s SR RS 58 A i A B8, B 28 B (IR, MR, EIREE), PR
R LRGN, PREE .

1.4 W5E TR R K T7 %
141 AKYERERRPR
STEIRIES 21 K 2 42 RUAHE BN AL IR, [BISCGRDEE, 4355 21 F 42 Hig 4k
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# (body weight,BW). “F-¥JHEE (average daily gain, ADG). “F-#4 H X & & (average daily feed
intake, ADFI) FIR}E L (feed/gain,F/G).
142 HRiEdEiRE

TR EIRE (gkg) =HIEHE N ER/BARE,
143 [MiEAATRYR

S I BIBE S 2 H AR DI 52 IS T A 1IgA. IgML 19G LU AMA 3 (C3) HIZKF, A& (h
bR IRI R A IR AT, db50), F Selectra-E 4= FH 314404 (Selectra-E % VITA LAB {X
arAaT, i) WE. MEPUE TR B S B EE (T-SOD). = (MDA). %k
EBE (CAT) REANHANG (Rt @) TR T FT, B0, FEEA AT W4t 6 v (SPECORD-
50, Analytik Jena A 7], ¥EED WE.
1.5 Ziitorth

AR FE R Excel 2010, WIGZEF KA SPSS 17.0 HfIH K 2 J7 Z 47 (one-way
ANOVA) 2747, RA Duncan [RiE#HT 2 B HLER, PLFEHRMERI R R
2 4 3
2.1 Zn-POS X AT XS KM RE IR 520

M 2 mfA, 1~21 H#g, 5 144, 1. V4l ADG &3t (P<0.05), III. IV. V4
BW M1 ADFI A f2m H#a%s . FIG ARRHES, HERAREZE (P>0.05); S5II4MHE, 11, IV
4 BW WEfE (P<0.05), I, IV. VA FIG A KBS, HERARE (P>0.05); 45
[ 41KitL, ADG Al ADFI & 22 (P<0.05).

22~42 Hi%, 5 1T HAHEL, 11 IV ADG & 24 & (P<0.05), [V ADFI &2 $i = (P<0.05);
HI4M, 1. V. V4 ADG f1 ADFI ZR AR (P>0.05); 1141 ADG M ADFI #5571
H, HERARZE (P>0.05); 14 BW &K, HAHERANEZE (P>0.05); #41FG EZRAR
% (P>0.05).

1~42 H, 5 T 4L, IV ADG )2 24 = (P<0.01), TI1. V 41 ADG #4422 = (P<0.05),
IVZH ADFI 425 (P<0.05); S IT4lAHLL, TII. IV. V41 ADG. ADFI Z R AR (P>0.05);
141 ADG #E#m T 14 (P<0.01). {H ADFI ZR AR (P>0.05); &4l FIG FILT-H %R
AR (P>0.05),

%2 FPRIINARFKF Zn-POS Hit AT A KAtk it (0 B0

Table 2  Effects of different dietary Zn-POS supplemental levels on growth performance of broilers



ZH3 Groups

P18

WiH Items

I 11 il IV Vv P-value
1~21 H#% 1to 21 days of
age
P Hi%E ADG/g 38.2040.452 40.1920.41° 39.9740.43P 40.0640.54° 39.3740.38%  0.017
P H R & & ADFl/g 56.1640.632 58.54:40.50P 58.1240.62% 57.60+40.93% 56.7840.48%  0.084
FLEH FIG 1.4720.01 1.4620.01 1.4530.01 1.4430.02 1.4430.01 0.398
k= BWIg 848.4749.43"  842.78#16.14°  879.0338.70"  880.97#10.23"  872.9247.94%  0.044
22~42 H#% 22to 42 days
of age
FEO84E ADGly 63.330.88° 67.44+1.13% 65.580.96° 67.31+1.31° 66.2141.11%  0.071
P H R ADFI/g 108.59+2.26° 113.09+.65%  115.8243.89%  117.8643.71° 116.7942.22®  0.181
BLEL FIG 1.7240.03 1.6840.03 1.7740.07 1.7610.07 1.7740.04 0.674
ik BWIkg 2.2440.03 2.2340.03 2.3040.05 2.2540.02 2.2640.03 0.515
1~42 H#% 1 to 42 days of
age
P H%E ADG/g 50.7740.5042 53.8240.5480 5277405478 536840638 52.7940.60"8> 0,003
P H R & ADFl/g 82.3841.232 85.8140.92% 86.9742.06% 87.73x2.11° 86.7841.23%  0.156
FLE L FIG 1.5940.06 1.5720.01 1.6140.04 1.5940.03 1.6020.02 0.842
FET-3 Mortality/% 10.2243.01 8.4442.43 5.46+1.58 11.7542.95 7.6441.79 0.432

FEATEA B bR R AR AN P RER R ERARE (P>0.05), AE/NEFRERREREE (P<0.05), A~
FREFHRREFWNEZE (P<0.01), TERA.

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

with different small letter superscripts mean significant difference (P<0.05), and with different capital letter superscripts

mean extremely significant difference (P<0.01) . The same as below.

2.2 Zn-POS Xf ATXS G T e A 50

% 3 A, T 4imiES 196G K FREST T4 (P<0.05). 54, I, V. V4if
T 19G K4 IR T 18.75%. 12.50%711 18.75% (P>0.05), 1 . VAL 1gA /KF T 11 .
I, VA, BRI H)RE K (P>0.05). FAHRAIN Zn-POS Xf 1~42 H ¢ AA WAFXSILEH 1gM
M C3 KPR IS, HERANLE (P>0.05).

£ 3 ARSI [EZKF Zn-POS X PRIAT- XS LI S Fi8 b (1) 5 10
Table 3 Effects of different dietary Zn-POS supplemental levels on serum immune indices of broilers g/L
WiH 205 Groups P
Items | 11 il v \% P-value
SRR H AlgA 1.1540.01 1.1440.01 1.1440.02 1.1540.02 1.1440.01 0.927
GIEFREH G 1gG 0.2540.03° 0.1640.03*  0.19#0.03®  0.1840.03®  0.1940.02% 0.175
HREERE A M IgM 0.1440.00  0.1440.00 0.1440.01 0.1440.01 0.1440.01 0.668
FME 3 C3 0.7940.02 0.80+0.00 0.79#0.01 0.79#0.01 0.79#0.01 0.926
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405, MAFBEKRERHEZ ST 14 (P<0.05). HWMEIN Zn-POS A1t mE s L mis
Bkasy, B5 1. [MAME, BWREEHEZEKT (P>0.05),
£ 4 FREINARFRIKT Zn-POS S AR 05 5% B H6 50 1 541

Table 4 Effects of different dietary Zn-POS supplemental levels on immune organ indices of broilers

WH ZH53 Groups P1H
Items I II il v \4 P-value
Jio) iR 4 % 1.0040.06 1.1530.11 1.0540.07 1.0620.05 1.0240.05 0.623
Thymus index

i e =R 1.0440.29 1.6840.29 1.3040.18 1.5440.38 1.6840.21 0.422
Spleen index

P ANE SRR 0.1940.072 0.4640.07°  0.3320.10% 0.4040.03% 0.3320.08% 0.123

Bursa of Fabricius index

2.3 Zn-POS X RT3 ML Pr AL T RE 1 521

5 A, 5 1AM, MHREERS 7 LiE T-SOD i& 1 (P<0.01). LT ik
MDA % & (P<0.05) & #4211 1ML CAT i51:(P<0.05), V 4L1fi# CAT i Pt 5 2 #2 75 (P<0.05) .
II14H 137 T-SOD %14 & 2 1/ T IVAL (P<0.05). IV, V4L 1% MDA & & 5 i T 1141 (P<0.05).
# Zn-POS 45 A MEH AN IRIR 2 RIIARE (P>0.05),

%5 TR IFKT: Zn-POS 6 P15 L575 Hi 8 L b 1 B

Table 5 Effects of different dietary Zn-POS supplemental levels on serum antioxidant indices of broilers

i H 205 Groups P {8
Items I II I vV \% P-value
SO AL B 96.83 135.89 172.13 112.3 122.97 0.036
T-SOD/ (U/mL) +3.80% 18,258 #3028  1823ABa 41 (3ABa
(TS 16.61 18.0 20.67 17.00 16.09 0.083
MDA/ (nmol/mL) +1.382 .11 +.79 40,742 40.81°
A G 4.22 5.94 6.53 5.76 4.68 0.040
CAT/ (U/mL) 40,152 30,70 40,90 40,542 40,280

3 W

Zn-POS Xf AT XSHIAE FIHLAI T BE 73 W PIJT I : — 771, Zn-POS B SR IR SERE RE L iE A 2
R SO AT R 45 10 26 P A B R 7 A A B IR IR » AT B A 38 pH 101 55 BT A R B 5 6

fre it & IRV ARG 53— 7T, Zn-POS

TR SRR B TR R S e R R T

RIERE Y, RSB MEITCRIIBIL. Zn-POS HIEEtE & & & AN VT2 H i E A
ARy, RAREEAR . 1R e S A AR BT R

3.1 Zn-POS X AT XS A KM RE 1 52

WETERE, SRITEHE— 5 T RENS B A TE Ja B A WOSUBAT B FLRRAT A P A 8 AR 0
BEARITER, PRARHLIE pH, EHEANEINR Y, (EotE FRYBRAEARYG H—Irm T LS &



JEE T R N AN TR AR I E S, (iR T RRICRI M. 4 H SR
FORI, ININEEE 30 mg/kg 15 HE A2 AR RE R 3518 w1/ B ADFIL FIl ADG, FIG 53 F4 1% .
PG AR SE IR SR B, A/ AR A I R SERE R B 51, D RIR B BB AR E, BEiE
KR T CuSOs HAR T H e 34 5 CuSOs TR A - 5y Hh AR50 545 S 1, 0.25%F1 0.50%
RS IR = XS ADG HI ADFI, H. 1~3 AFRSURILT 3~6 A, Horh 0.50% R S HE 1R = A
%4 1~3 J& ADG f KME N 14.64%. T HEPHEERWR IFARES N 0.5, 1.0 F1 1.5 g/kg H & ZEHE XS A
AR RO ELM, HERMN 1.0 f1 15 gk H#& 5L R E &5 ADG 43Jlik 8.89%7F1 6.67%,
H.1.0 g/kg 2H 2.2 B FIG 15 5.75% . 1 25 5 S P2TE = 38 X JE Al PR s AR ) 70 1 s S
GEOLRE, WD 4 glkg HEESERERE R E RS NS ADG, A RRCEE IS . ARIGgs Rk
ALEARR A AR N 600 mg/kg Zn-POS 1] 2 42 = AA AT ADG #il ADFI, 5 iR JEA—
e
3.2 Zn-POS X} AT XS G Ty e A 5

R, SEMEAE S —Leig 3R T BRI A S, ARG ME I SN HT R 177,
P B IR E G A T A S T RERT T 98k ES 4 A (0 0 P 6 28 Th R o S R (2 0k DUBAT B
SR I, SR AN T ) o SEREIE R A TR S M AR R S R G W S R G,
T ARSI T R IR N FUH R SR S InPTAE R AR LG, B, BTN IRIEAE N A R A
B3, (ARRIERL R B IRE S . &SRR, %040 mg/kg (LLEET)
(1 570, T R 5 i 0 O e PR X0 R P TV P 2 G 2 38 By Fa M PR 4 S5 ROV 4
TRPHE RS N 0.2% 1 0.3% 1) S5 7 73 412 v R XS g i 2 EQ i A0 JL I i ik 16.41%.2.62%
25.53%#1 2.65%. 11.07%. 1.65%, HEAEm 0 EmIEENIMNTE 196G /K-FRES, R m]
0. B R L T IS DA B o e PRIETVATF 9 R AN IR 2 1) 9 S A kPRI 1) 2 T e 2
RER BB HA 2 Em, WIS 1IgA. 1gG. 1IgM fil C3. #MA 4 (C4) PAK A4HI N 5=
2 KRR A — 2 MR ER . AR AR REH, Zn-POS TRINZKFXF AT XS MG 1gA.
19G. IgM Fl C3 /KA BE R, (HAHE 196 /K-FHIEH: Zn-POS II/K-FH i AA I
X8 G e ds B AR B S, (S AREZERALRE, X5 BRI RGER, TS5
O SN 1 SN o TRy AP S SR
3.3 Zn-POS X} AT IS LA 4T A AL Th g R 5 1

AR, SR A BURIIPUARE ST, ReBeA BUE RN E BEERIEEE . Ngo Z58IRf 71
TER T LT SR P B R AR . Li SEROVRIAL AN IS S RO S 4 R W, i R oE
Bl BE 2 TS A MDA i, e IR B BRI R A BB R AR e T,
A DAE B8 R 251 T B (375 R A 20 9 7 1 BRI 1 fi3E . Chen Z5BURGHE, 4 KNG K5 5EHE
DL 450 mg/kg FIEE R, fit T E IR AR CAT. 2t H i Sk Y B AR A A AL )
ApiE e, FEER AR EL LG SR S N BB 1R GURIA R AR E AR o AR 4
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REW], PRI Zn-POS AR FEE MLiE T T-SOD Ml CAT JiktE, &2 [EKMLiFE+ MDA 1)
TE, 5LERmARGgR .
4 4

@© 7E 1~42 Hi® AA PUTFASEEARHANIN Zn-POS el AR K ERE, TR M e ThREA MGt

AL ThRE . Her, %50 600 mg/kg Zn-POS i AE K AR 53N 62.5 mg/kg B8 R AR .

@  1~42 H#E AA AAFELER T Zn-POS f3&E B 17K F- 4 600 mg/kg.
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Effects of Different Dietary Zinc-Pectic Oligosaccharide Chelate Supplemental Levels on Growth
Performance, Immune Function and Serum Antioxidant Capacity of Broilers
WANG Zhongcheng® WU Xuezhuang? CUI Hu* WAN Chunmeng® ZHANG Tietao®
PENG Qing! YU Huimin®* GAO Xiuhua”
(1. Key Laboratory for Feed Biotechnology of the Ministry of Agriculture, Institute of Feed Research,
Chinese Academy of Agricultural Sciences, Beijing 100081, China; 2. School of Agriculture and
Technology, Zunyi Normal College, Zunyi 563002, China; 3. Institute of Special Animal and Plant
Sciences, Chinese Academy of Agricultural Sciences, Changchun 130112, China)

Abstract: This experiment was conducted to investigate the effects of different dietary zinc-pectic
oligosaccharide chelate (Zn-POS) supplemental levels on growth performance, immune function and
serum antioxidant capacity of Arbor Acre (AA) broilers. A total of 480 one-day-old AA broilers were
randomly divided into 5 groups with 6 replicates per group and 16 chicks per replicate. Group I was
a basal diet group, group II was the antibiotics group, and groups III, IV and V were Zn-POS
groups, which supplemented with 300, 600 and 900 mg/kg Zn-PQOS, respectively. The whole experiment
lasted for 42 d. The results showed as follows: 1) from 1 to 21 days of age, compared with group I,
the average daily gain was significantly increased in groups III and IV (P<0.05). Compared with
group II, the body weight in groups III and IV was significantly increased (P<0.05). From 22 to 42
days of age, compared with group I, the average daily gain in groups III and IV was significantly
increased (P<0.05), and the average daily feed intake in group IV was significantly increased (P<0.05).
From 1 to 42 days of age, compared with group I, the average daily gain in group IV was extremely
significantly increased (P<0.01), the average daily gain in groups IIl and V was significantly
increased (P<0.05), and the average daily feed intake in group IV was significantly increased (P<0.05).
The average daily gain in group II was extremely significantly higher than that in group 1 (P<0.01).
2) Compared with group I, the bursa of Fabricius index in group II was significantly improved
(P<0.05), but the serum immunoglobulin G (IgG) level in group II was significantly decreased
(P<0.05). 3) Compared with group I, the serum total superoxide dismutase activity in group III was
significantly increased (P<0.05), and the serum catalase activity in groups III and V was
significantly increased (P<0.05), too. Compared with group III, the serum malondialdehyde content
was significantly decreased in groups IV and V (P<0.05). In conclusion, dietary Zn-POS
supplementation can improve the growth performance, immune function and serum antioxidant capacity
of AA broilers from 1 to 42 days of age, and the optimum supplemental level is 600 mg/kg.

Key words: Zn-POS; growth performance; immune function; serum antioxidant capacity; AA broilers
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