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i E: KRB EAEMITLEAM S 4 (CHPS) T g % 45 (LPS) RIS W w345 A& K Mgk
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A, d AR AR, SRAM ) B RaAmt, Mg (22 ~28 d)LPS AA-F ¥ B KRR A
FHANEARE L FHR(P<0.01); e F sy SRR B EREA T H =8 LEE
B AERFA_BESZTHIFIMEEZ N &H(P<0.05 K P<0.01), —AARESHETELFE
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(P<0.05);CHPS f& | Z 40 dn FH i = KRB B e ) A EH R EAMEEZEAL(P <
0.053% P <0.01);CHPS 37| 4 fo & s B8 BR B iE MM B B (P<0.01), £ RRF, A&
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WA A AL VR RE L L3 AR AR R AR AP SEAL RE T /Y
SN, g CHPS FE AT 4RUR A % S A0 58 B 38 B
AR IR .

1 #MR5RFE
1.1 Ke# 4

LPS, K7 FF i IfiL 7 %Y 055 ; B5 ( Sigma A #) ) 5
CHPS, Hfr gl KAy v 85 s S g = f it
1.2 REsW5iEiT

K T 5 U o, ok B E R 32 3k
(24 £1) HiI$“k: x K& x K" W 4475, Bk &
(7.64 £0.32) kg, % /R 5 AH T 1 5 W BB AL 220 5
2%k BROAL (Al iR AR ) CLPS 41 (Al iR AR+
LPS) . CHPS fi§ | & 40 ( % #li 1 #¢ + LPS +
200 mg/kg CHPS) CHPS = 7] i 2H ( Al 1l AR +
LPS +800 mg/kg CHPS) , A3 4 8 N~ H &, £~ 5
1k . IR 28 d. HEAl iR C ) 2 B
NRC(1998) & 118 771 22, Ho 4l B B 8 57 K7 I
#£1,

1.3 KA E
1.3.1 CHPS il #%

B — 7 o 1 1 S I B, A e ek [R5 h
JI§,95% LB El i 5 h, I ZE 7K CRL EE 1:10)
80 CTiR#2 2 W, [k 2 h, $E PR T8 e, 1 3
i 95% Jo/K S WERRE 24 h, 4 B DT IE AR A
ToK CFE TN HREVE 4 2 K, B T s TR AR
Hi g, 74 CHPS, = I % -7 & . S B SCk
(4] 7 3500 5 A 1l 26 %

1.3.2 KRR

Dedl R g, il sk iR Ak H R e R, iR
5 1.21.28 RFRE, FREFIZE & 12 h, U LK
Ko HHEL BB H R B 5 Y H 3G AR
b,

1.3.3 Mg Efbsabs

RIAE 21 K, LPS 44 & CHPS I | & 751 & 41
W RS A 3 4% 100 we/kg BW TEGT LPS, X i 41
RS S AR B K VEXT B FESTE 3 h, Fi
KR 5 mL, 43 85 13, —20 CHRF#R M. #ik
Ul B A2 I H I = Eg (TG) L B IR [
(TC) . # % ¥% (GLU)  JR R A (UN) F1 7§ — &
(MDA) % it S 4% N &% 2 i (GPT) | 4% B &% 24 [ify
(GOT) B MW R 1 ( AKP) (L2 )i = i (LDH) |
AL P b AL i (SOD) | 4% e H Ik 2t % A6 ) i

( GSH-Px) il — S L & & i (NOS) ) 1 o

®1 ERARAMREFRKT(RTFEAM)

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

i H Items 47 i Content
JEB} Ingredients
%>k Com 61.85
541 Soybean meal 22.20
¥ Wheat middling 4. 00
ff %) Fish meal 3.00
5.7l Soybean oil 0.50
FLiE# Whey powder 4.50
L - i R LR EL L-Lys - HCI 0.24
1 #; Limestone 0.70
iR — %5 Ca (H,PO,), 1.25
DL - FE % ik DL-Met 0.05
Wik Premix" 1.00
B} 2% 55] Mould inhibitor 0.05
frih NaCl 0.36
RALF Acidifier 0.30
411 Total 100. 00
# K- Nutrient levels”
H1kHE DE/(MJ/kg) 14. 20
RLE H 5t CP 21.00
WP 0.65
4 Ca 0.67
ffi = R Lys 1.30

VWO R Ry A T 58 4 B4 i The premix provided the
following per kg of the diet: Mn 40 mg, Zn 85 mg, Fe
125 mg,Cu 100 mg,1 0.5 mg,Se 0.3 mg, & fLHHH choline
chloride 500 mg,VA 12 000 IU, VB, 4 mg, VB, 5 mg,VB,,
0.03 mg,VD, 3 000 IU, VE 40 IU,D - jZ i D-pantothenic
acid 20 mg, f# FR nicotinic acid 35 mg, M fg folic acid
0.4 mg, =42 biotin 0. 03 mg,

2 348 (Y Calculated values,

1.4 Zitoh

I DLV E + bR 22 #0R , R SPSS
16.0 48 i1 3 1 i 47 5 [ R J5 2% 73 # ((one-way
ANOVA) ,Duncan [GEHITEZELK,P <0.05 4
ZS i, P <0.01 NS EE.

2 HR5HMH

2.1 CHPS X 6 R 5z #7937 55 2 K 1 BE B9 =2
HH3 2 AJ 00, 7R LA (1 ~21 d) , & ZH [A]°F

BIH & 2 R AL E (P >0.05); 76 W 34 H
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(22 ~28d),LPS V¥ HMER T EMRTHSE
FUL(P <0.01) A B PRI E H 02 0 K ol 3
K MEAS AR 2ZER R EE (P >0.05) ;41
W (1 ~28 d),LPS 24Xy [ 8 8 B 2K T H R &
H(P<0.05),MERSHMIER AR E (P>
0.05)

FERLEHT (1 ~21 d) , & LIP3 H R i
ZFAEE(P>0.05); 76N i (22 ~28 d),
LPSH VP HREEWM B EMFHEASL (P <

%2 CHPS X R& R E 755 £ K HEaE

0.01) , 1 HpR A 4L M 5 22 7 A B2 (P >0.05) 5
N (1 ~28 d) W 415 LPS 41°F4 H R i
ZFAEE (P >0.05) , % I 4H LPS 415 CHPS
o R R 2 ) 22 5 . 3% (P <0..05) , 7iif CHPS 5
R A m 2R AL FH(P>0.05),

FERLFRT (1 ~21 d) , 4% 2H [ADRFE b 22 57 A J
ZH(P>0.05) ; 7EM (22 ~28 d) ,LPS A H
AR B R R (L~
28 d) , SAHMBMELERALZH(P>0.05),

b

Table 2 Effects of CHPS on growth performance of weaner piglets under immune stress

WA popiiEEN LPS £ CHPS I3 1 21 CHPS 571 &4
Items Control group LPS group CHPS low-dose group CHPS high-dose group
PR HEE ADG/g

1~214d 89.29 +11.02 92.26 +47.08 96.73 +9.93 99.70 +25.40
22 ~28 d 160. 71 +73.94"° 13.39 +63. 13" 129.46 +57. 07" 116. 07 +56. 47"
1~284d 107.14 +19.09° 72.54 +38.01° 104.91 +17.70° 103.79 +28.21°
F¥ H R ADFL/g

1~21d 272.47 +55.93 262.20 +72.04 290. 63 +60. 38 291.52 +69. 44
22 ~28 d 383.93 +47.85" 264.29 +45. 89 342.86 £68.41"° 396.43 +71. 70"
1~28d 300. 33 +72. 40" 262.96 +67. 47" 303.82 £66. 60" 317.13 £81.37°
BE L F/G

1~21d 3.09 £0.39 3.94 £3.03 2.43 £0.54 2.74 £0.85
22 ~28d 2.87 =1.31° 3.38 £0.31" 2.08 £0.93" 2.82 +1.54°
1~28d 2.88 £0.51 2.98 £1.45 3.01 £0.76 3.40 £1.54

45 Bl SR AR AN RN PR R 22 5 B3 (P <0.05) , R ARE TR 27l B35 (P <0.01) . T,

In the same row, values 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 CHPS X6 N7 B 75 i A& LI FRAI &2

B2 3 "I, 5% BATH [, LPS 41 TG\ TC,
UN GLU % # J% LDH & ¥4 fif 7 & , {1 LDH
WS AR (P>0.05),TC UN & & 25 5 W
(P <0.05),TG.GLU & EZF WM B E(P<
0.01) ; CHPS ik %I & 4H TG . TC & & M LDH i 4
XTI 22 AR E (P >0.05), 5 LPS 4
A, LDH 3§ 2 % A8 % (P >0.05) ,TC &
ZHWFE(P<0.05), TG FEFWMEEF(P<
0.01) ; CHPS fiL7] i 41 UN & & 5 %) B4 A Lt 22
FWEFE(P<0.01), 5 LPS ML ER AR F
(P>0.05), CHPS {Ik7l & 241 GLU % & 5 Xl 4H
I LPS 41 H 35 2% S 8 3% (P <0.01), CHPS
w4 LDH 35 ¥ ) TC & & 5% B8 41 (LPS 41
M 2ZERARE(P>0.05); UN & & J &,

GLU & i f#AI%, 584 LPS 4140 th 3y 22 5 g
F(P<0.01);TG & &, 53 A 2= 7
Wi (P <0.01),5 LPS 4IMl b 22 7% A B #
(P>0.05),

H 2 3 Al , & 48] GOT 3 1 25 5 A B 2%
(P>0.05), 5% 41 AH Lk, LPS 4] AKP,GPT i
PEFHE, 25 5% 0 3 (P <0.05), CHPS {7 & 41
AKP 3G PE 5 X BR 40 LPS 4 A b 2 % ¥ A B 3
(P>0.05) ,GPT {H S+, 5 LPS £ 4H kb 2% 5 i
FH(P<0.05), X MAMIL2Z R EH (P <
0.01) ; CHPS 55l 5t 20 AKP {514 5 %) BEZH A L 22
SAREE(P>0.05),5 LPS 41 # b 25 F 4 W 3%
(P <0.01),GPT 51 5 X iR 2 \LPS ZH AH Lb 22 7+
BAREP>0.05),
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Table 3 Effects of CHPS on serum biochemical parameters of weaner piglets under immune stress

il Xt B 2H LPS 4 CHPS {57 =41 CHPS il =41
Items Control group LPS group CHPS low-dose group CHPS high-dose group
Hyh = TG/ ( mmol/L) 0.73 £0.18™ 1.15+0.21%° 0.62 £0.12* 1.14 +0.17%°

M H[EEE TC/( mmol/L) 1.42 £0.31* 1.87 £0. 15" 1.42 +0.30™ 1.64 +0.38*®
FR 2 % UN/(mmol/L) 2.66 0. 17 3.66 £0.30%% 4.40 £0. 585 5.24 +0.88
#7454 GLU/(mmol/L) 4.16 +£0. 45 5.14 0. 50 2.80 +£0. 43" 3.15 +0. 27"
LIRS lE LDH/(U/L) 3.995.00 £598. 74 4 206.25 +550. 52" 3 725.00 £708. 54" 4 777.50 £349.82""
zﬁgﬁ%ﬁm/m 31.18 =0. 6245 36.73 £0.16“ 33.91 0. 43" 28.42 +0. 43"
RN GPT/(U/L) 19.10 0. 30™ 24.51 £0. 215 28.97 £0.92% 20.75 +£0.02**

B EEA Y GOT/(U/L) 22.62 +0.84 29.78 +0.33 29.74 +0.51 25.58 +0.28

2.3 CHPS xtE i s BT i fF M AL N
)

H1%¢ 4 Al 1, 2% 21 ] SOD  GSH-Px i ¥4 22 5+
AR E(P>0.05), 55X A, LPS 4
NOS & P A%, 22 57+ 2% (P <0.05) . CHPS fik,
R B 4 NOS {1 M 5 X B ZH A bE 22 W 5 B

(P<0.01), 5 LPS ML ZH A EEH (P>
0.05) ., CHPS {i{i i 20 MDA 7 &t 5 X) B2 AH b
LRAREZ(P>0.05),5 LPS 4k 2R 0%
(P<0.05), CHPS [l & 241 MDA & & 5 X
4 \LPS ZHAHIL 22 AR (P >0.05)

&4 CHPS 355 M BT i F E L KU EE N BRI

Table 4 Effects of CHPS on antioxidant capacity of weaner piglets under immune stress

i H X B2 LPS 4 CHPS {5 &4 CHPS & 54
Items Control group LPS group CHPS low-dose group  CHPS high-dose group
N —% MDA/ (nmol/mL) 1.90 0. 18 2.62 +0.28"" 1.97 +0.51* 1.18 £0.37%®
—EF AL A AT NOS/(U/mL) 37.57 £0.28% 25.42 £0. 885 31.43 £0. 15" 35.38 +0. 46
HBELY AL SOD/(U/mL)  43.81 £0.63 29.40 +0.53 34.40 0. 77 38.72 +£0.52

I Il e

AR AL S A 465.88 +1.13 415.41 £2.51 455.76 £3.11 475.68 +3.26

GSH-Px/(mU/mL)

3 W it

LPS ]l AL G 95 7 56, I 5 BUF &R
R AR EAE BB B B IR A 1A
VAT AL S99 P T 20 45 G0 AR 8 Y e ST IR
ASHY LT 0 T Sl A A 1 L T AT
REFEV TR AR Je 2 Sl A R AR B R R
A% CHPS & ARG HE41 (1 ~ 21 d) f7 46 2 KAk
REFE b BN AR AL A 4R o A ROE PR, H AR Z
Wl BT 2B A TT LR R WS4 A AP 3 HOE
YRR I, OE IDRHR N, B AR 2 2R
HHLL o 3 28w L 2 TR IR0 T LA 4R R W 03 4 4 1 7

KAERBAY SR, A D 2 b 5 25 75 0 550 B AT il 5
i R B IR B TR A ) B0, ke (i B A
GBS K R4 1o 5 43 WSOR) T g D R 5 rh B2y
2B AR v T W3 A 10/ B B R D
LB S B TR I LG, DA 7E B g W7 0% 4 2 X
I BT AT DD B , B2 i A K P RE DT T
RAEAE ™ . CHPS [ 8 5 45 41 75 9 2 37 000
(22 ~28 d) ERAMERE T FEA UL, BEW LA 52
G RT3 AT BE-5 CHPS BEAE i/
Hn W e K R, 2 1 £ e Sh A LR 2R PR BE A O
TC.TG .UN ,GLU & # 2 i it Hlik = K& 5%
Py AR B0 19 52 2245 b, LDH A Qi b i 5
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BB, FLT 1 T S A 240 i PR G S I A 1) T R R
FEE , S S WAL A0 L A5 403 14 — 00 R AR AR . B R
DA 2 AR W, 4 21T 2 B8 TR [
JE 3t kAR DL 4, R W S 38 P 3 /0 BRI 55
o laok A S AN E 2 DU PN S PN
Sl LB IR B2 M), R AL T 22 W T LA R IR
A PR K BRI 5, BB AR TC TG (IR i 2
F IR (LDL-C) % & /9 T i , 30 4 v % 5 i 2R
FIAH [ (HDL-C) & B iR AR . AR 4 Rt %
W], CHPS {5 5 5 41 n] B S 410 i) LPS 5 80 1
if GLU.TC TG & & i T} =i , JC HE R 4 T ]
2, X LDH {106 . 5 5 0, Ui W] CHPS 16— ¢
FRIEEE R PN, %) 3 B A I T e B A A Y
TEA

GSH-Px Jg: HIL 1A 57T 480k B 40 22 48 1) 32 8 4
w o, e AL S (CAT) 36 PEAR (K 2l S AL |
(H,0,) /= i AR AR 40 2, W] A8 CAT 15 B
H,O, , H 5 Bi If 28 S ad A e 9 1y o 2 ok 5 T
GSH-Px )15 P, GSH-Px 51{& 4 ) SOD #i H,O0,
— BT PR R BT A AL B A R . GSH-Px %
AR SC B 1R H AT S ML T A AR 2 1Y
PrRaic SOD JE AR 2 G 45 # 5 Dy RE 5 B 1 1 T
PHEZ— . SOD &M Thim nl e 2 2L A M 9 it 4R
A5 05, AR R B A Ak 0 19 JE L. SOD i 1 T
15, 1 ARG SIRATLAAR () G B I 25, A B T el A T %
A RS ML SU 38 5, 02 2 i 107 20 gk A Qs
PP AR MDA SR Y e
PosErb 2 AN AR W5 R , 51 62 R o i S A 7 A
1 — B E W i o AW, MDA &5 [ 1
BLAR N it 2810 ) Hy 3 B0 7 76 R 20 i B 4 Ak A 7
JE, Pl MDA i & & R] DB AR N 9 480 AL A
I, T4 M sz e i 40 M F) 44 i BE o AR B 4 2R
W], 5 B 41 A L, LPS il 3 S 3% 3h i LAk
MDA & & Ft 5, NOS, SOD , GSH-Px 1 ¥4 [ A%,
CHPS & IG5 5 21 45 W] LLAS [ 72 2 B Ik MDA &
i, #2755 NOS .SOD .GSH-Px A97%¥4:, 1581 T CHPS
TE— 5 7] 12 Y Bl A AT A 200l e A i 2 461 1 7
JE A R il LPS 33 B £y SOD i 1 [ AIK, 44
S AL BT AL BE

GPT I1E# A7 1€ T IF 4 L2 b, AKP £ 277 7
AN ZIN BN RN i SO Yo S 17,85 Sl ]
AKP SR AT I, 25 )1 40 A2 P IR AE, 46 i
A& i o A N B /3L 2 AN 1 O 18

GPT \AKP {1 7+ , & GPT , AKP { 1 A] 2 e
JFAN AR P R AERE B o] ) ok 25 3 B 4% O 3%
WA, 2186 S 21 16 20 4 5 A 48 o T 400 i 7526 1 A
D — G332 FUBE S kS JIF 3 4% 19 K R 15150 mg/kg
LR, W AR GPT , AKP 935 4 , BH S 08
YT U 6 9 50, ko D e T /0N LT U
MDA & i F 5 A B R I HIAE s X7 D — 2 2L b
PR ECK B IE MDA & 5t st A B 25 FEARTE A,
KL Z HEXT ) 2T A — & R 1E
LR R EZ WA AR 5 R
g5 AR CHPS 15 771 5 2H 6 o0 1 i 5 | 58S
() AKP 3 PE T i A 5 10, D6 Xt LPS
PR B A — 2 R E .

CHPS /5411 BB 23% ~34% , 2541
B E Ry 2 — AR K I I 4% (19 CHPS Hh
LSRR 26% . CHPS 41438 2 , AR 1 43 55 4
PR T7 H A5 B B9 Z2 B AE SR IR . 3 4RaE , SR A 2%
B EETTE S R R A 3 R, SR I E X 3 Fh
EZ sl ey N CENR(RE N N TR N S
5 BhepaE4LR Y o ARIGHE ST 45 R KW, CHPS n]
VIA 30 A LPS Jir ST 903 474 B 928 7 ik, AL 38
AT AE N LPS il 38 S SO 240 M 45005 , I JUE A &t 2 )3
PFE, i CHPS it ABLIR, Z 5 R A, R pL ik
FEAL K i G 5L ; CHPS #ijiifi| LPS 4319 B B 5E 1y ™
e U SRR B B B R Bt 4R Tk, 1B R 4R
AR R 25 K, A 47 £ 0 A 48k 9 2 1k T B, 14
ATP ({LE . 55 4h, LPS Hil i S Bl ik i i 7 4k
[ —E LR (NO) M AT IR AR [l FE T, I RE
2R A L 714 3% 55 NADH-Q if 5 . 3% 3112 —
Q if Ji g Mo = FR R A B 1) 5 Sk 2 il 2 3 , 70 ol i
WA T B LT AL, B ATP B & B A
CHPS 7] LAygi/b LPS #1351 #2 1) NO fry 4 i

4 % it

FEAFHE G AR AP 8 T — % 770 B 1) CHPS RERE AT
RN LPS Jr £ 5 5 N385 | kS B W 04 4 A KA
RE T, Wl &R M 3% H TC .\ TG \MDA & ) AKP
ik, U] CHPS wf LI &% Z¢ i LPS It B0k 3 17
RN
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Effects of Crude Hedysari Polysaccharide on Growth Performance,
Serum Biochemical Parameters and Antioxidant Capacity in
Weaner Piglets under Immune Stress

SONG Zhixue' DU Tianxi’* SUN Hongguo' ZHANG Man'
HUA Yongli' JI Peng' WEI Yanming'**

(1. College of Veterinary Medicine, Gansu Agricultural University, Lanzhou 730070, China;
2. Experimental Animal Center, Anhui Medical University, Hefei 230032, China)

Abstract: To evaluate the effects of crude hedysari polysaccharide ( CHPS)on growth performance, serum bi-
ochemical parameters and antioxidant capacity in weaner piglets challenged with lipopolysaccharide ( LPS),
thirty-two healthy weaner piglets were randomly allocated to control group ( basal diet), LPS group
(basal diet + LPS), CHPS low-dose group ( basal diet + LPS + 200 mg/kg CHPS), and CHPS high-dose
group ( basal diet + LPS +800 mg/kg CHPS) , respectively. According to the records of daily feed intake by
group and the body weights on days 1, 21 and 28, average daily gain ( ADG), average daily feed intake
(ADFI) and the ratio of feed to gain (F/G) were calculated. Piglets in the LPS group and CHPS groups were
injected intraperitoneally with 100 wg/kg - BW LPS on day 21, while the piglets in the control group were in-
jected with normal saline at the same dose. Serum samples were obtained for analysis serum biochemical pa-
rameters at 3 h post-injection. The experiment lasted for 28 days. The results showed as follows: 1) compared
with the control group, LPS challenge (22 to 28 d) significantly decreased ADG and ADFI in LPS group
(P <0.01), significantly increased the activities of serum alkaline phosphatase ( AKP) and glutamic-pyruvic
transaminase ( GPT) and the contents of triglyceride ( TG) , total cholesterol ( TC) , urea nitrogen (UN) and
malondialdehyde (MDA) in LPS group (P <0.05 or P <0.01), and significantly decreased nitric-oxide syn-
thase (NOS) activity (P <0.05). 2) Compared with the LPS group, ADG and ADFI in CHPS groups were
significantly increased ( P <0.05), and the contents of serum TG, TC and MDA in CHPS low-dose group
were significantly decreased ( P <0.05 or P <0.01), and the activity of AKP in CHPS high-dose group was
significantly decreased (P <0.01). These results indicate that the supplementation of CHPS in the basal diet
inhibits the decrease of growth performance, decreases the contents of TG, TC and MDA and activity of AKP
in the serum. CHPS can effectively relieve the immune stress of weaner piglets challenged with LPS. [ Chinese
Journal of Animal Nutrition, 2013, 25(5) :1062-1068 ]
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