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Shimadzu GC 2010 B S #H 3% {X (GC), AL &
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pm) ; Water 2996-55 3 ¥ A1 € 3% X ( HPLC) , A &
2414 7R Z 3646 I 2% ; Eppendorf centrifuge 5418 .05
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B3 HF 1510V £ CO, ¥ 345 ;1L 3000 & (Heto) B
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X T84 RE 52-A BUfE R K1
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BEREELONA LEBRAI, BEREARIUVEE
W45 ;Savage ILIRE HGETE 1 L XEF K EMN 48
h, % % 12 15 B K 75 4 SR B £ B¥ (water-soluble pec-
tin, WSP) . 7E B HE H A 600 mL 0. 5% H) F R
YW (pH S5.0),80 CRI 2 K, K1 h;EL, &
It LR AR E WS, Savage IR E O, ¥ VR TR A4 5L
B R B £ 85 ( chelate-soluble pectin, CSP) ; % 3 g
B i 3R 5 I R L2443 O 2 4, 4y AIANA 300 mL 0. 5
mol/L f HCL 11 300 mL 1 mol/L #) KOH AW, %5 B
80 CHR/RM2 WK (FK 1 h),B.L, &3 LIEWR, W4,
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Savage kR E H , B A TR B MR EF R K L B (acid-
soluble pectin, ASP) 158 15 4 5 5t £ ¥¥ ( base-soluble
pectin, BSP) , 433l BB R,
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TFA,# O %M, T 120CHEM T KM 2 h, eFHHELL
BEMT . BIMA2 oL BB, TR, EHER LN
BER T, EH 3 K. EH I Lehrfeld™ 77 35 47
RTHEAC BN, R A GC il A8 kP I BB L B, GC
kSRt BHE A, RS N x-50(30.0 m
x0.25 mm x0.25 pm) ;B FHETHE N 180 CH
B2 2 min, L 6 C/min 38 BE3R IR Z 210 °C, RS U
0.3 C/min WEFRFAE 215 C,EFHLL6 C/min
EFFFE 240 C 47 8 30 min; HERE TR X 270 C , B
WEHRE A 280 C; MR 19: L, BREKARSK/E
SR BN 0. 88 mL/min; J& J1 35 110 kPa; S HE
k2.0 pLo
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Table 1 Analysis of total sugar, uronic acid and protein

contents in WSP, CSP, ASP and BSP

REEH WSP csP ASP BSP
BESE/ % 85. 00 96. 20 83. 48 80. 15
BBERER/% 7.30 24.51 15.72 0
EHSE/% 2.58 0. 41 1.48 6.45

k1 FiR,0.5% HERE SR B CSP Sk b
BETR & B # T WSP.ASP 1 BSP, T ER H FHE
H& & & A%; T KOH £ 518 8] i) BSP A & WE B
B, HEHFEEE ST WSP.CSP fl ASP, X3 T
6.45% HAWMHEBEEBREMTHMIMFEH. 4518
N,X A4 MERLEARE —EEH,CSPEERE
BEMHER AMENEFERE-MRERY R,
ASP 528 R 5K, (R EERR % B R A% ; 1T WSP
W EE P HEA N, &H > BB BSP U 2%
AL R
2.3 WSP.CSPASPHIBSP ¥R H RS EM S
BAHEB W

R GC IR Al A 00 o b 0 1 R g e
%t WSP CSPASP i BSP Ry Sl 40 kAT T W € , 45
R 2 BiR,

GC %5 5 7 U], WSP F1 ASP i Rha. Ara. Xyl,
Gle . Gal il GalA 6 F Bl i 4 A, 47 4 )8 8 UK Lb 40 31
#7:1.51:58.5:2.13:19.51: 11.88: 6.44 1 1. 11:
23.28:1.4:16.51:14. 14: 13. 56 ; CSP [ Ara,Glc,Gal
1 GalA 4 Fob Mol o %, 195 4 BUEE R H R <54, 61: 9. 81
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FLEEMERR (GalA)

B2 GCEorr 4 MR R L WSP.CSP,
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1 B MR 2H L GC &5 5 (E) BSP | BAME4E A GC i
Fig. 2 Monosaccharide composition analysis of four apple

pectins WSP, CSP, ASP and BSP by GC

113.43:22. 16,550 GalA fE 4 MR K BB L8
5% ; BSP g8 4H i 2 Rha, Ara, Xyl, Gle. Gal,
Rha, Ara. Xyl. Glc. Gal, /R [t} 3. 15:28. 33: 4. 51
149.70:14. 32, & GalA ,7EWFE 2,
2 WSP, CSP, ASPHI BSP W BARSH %
Table 2 Monosaccharide compositions of WSP,
CSP, ASP and BSP %

WSP CSp ASP BSP
B 2545 (Rha) 1.51 0 1.11 3.15
Bal B {F1 4% ( Ara) 58.50 54. 61 23.28 28.33
ABE(XyD) 2.13 0 1. 40 4.51
% (Gle) 19.51 9.81 16. 51 49.70
235 (Gal) 11.88 13.43 14. 14 14.32
2L ERE R (GalA) 6.44 22.16 13. 56 0

B RE

2.4 WSP CSP ASP #1 BSP 5y FRAE

¥EE 7 R R lg Mw =7.356 91 - 0.100
461, ,R* =0.999 5(n=4), 4 R B LB TSK-Gel
G4000SW A I #Y 42 88 Bf /&) 4> B Ky WSP ( 16. 362
min) . CSP ( 16. 556 min) . ASP (16.278 min) ., BSP
(16.241 min) , #RE T T LRAETTE , 5 BEBEAT HEBH, B
P4 PR S RE M A X FRREE AT 4.0 x10° u,
2.5 WSP. CSP ASP 71 BSP BY4I 4p seilk 45 47

4 FpIE IR Bz SR £ B WSP,CSP, ASP 1 BSP f
LAMEEEME 3 FiR.

HRERN 4 MFERERR BB EE SRR
E W5 W b | A HE L ERE 3 620 ~3 020 cm ™' 1 3 000
~2 800 em ™' RbAF W4, 43 B —OH Hy b 45 % 3h
R 2 #9—CH, :—CH, ® C—H i 4% & 30",
1620 ~1550 cm ™' .1 440 ~1 395 cm ™' .1 400 ~1 300
em ™' &b A IR T 43 50 € = O B E SRR i 45 4% 30
C—O gk 3h .C = O X} Frfh 454k 3,1 320 ~1 210
em ™ 4b AR A& S —OH AR MR B, JLFRIER R
BEEMEAE 1 151.64 cm ™' |1 025.04 cm ' A4 LB A
W WA U, Sy O g R Y R AE R B0, BB R
C—O0—C MIEXTFRIE s> ~?") | ASP.CSP H1 WSP
3FPEREIRB LT 1 750 ~ 1 700 em ™' 4b 4 45 4E
W WS, S M T TR ) AR AIE TR Wi, T BSP 7E Y R Y
BA RRIE R ™ RSB IR, R4 R S A R
W e 45 R — B

100%T,

100%T

I(X)%TWW
Al

100%T B

4

BAE 1%

P fem™?

B3 R R WSP.CSP ASP F1 BSP #y41 #h I 3%
Fig. 3 FTIR spectra of four apple pectins WSP,
CSP, ASP and BSP
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#£ 3 WSP,CSP,ASP #1 BSP X3 HT-29 £
WAEAMMEHIER
Table 3 Effects of apple pectin polysaccharidesWSP,
CSP, ASP and BSP on the growth of HT-29 cells

HH  FBR/(pg-ml™')  WHE% FHE/ %
EH 0 0 100

WSP 5 000 19.93  * 80. 07

500 15.61 % * 84,39

50 11.96  * 88. 04

5 9.63 90. 07

0.5 2.82 97.18

csp 5 000 35.65 % * 64.35

500 19.63 % * 80.37

50 9.09 % 90. 91

5 8.55 % 91.45

0.5 5.32 % 94. 68

ASP 5 000 2711 % * 72.89

500 19.20 % »* 80. 80

50 15.49 % * 84.51

5 6.60 * 93. 40

0.5 5.79 * 94. 21

BSP 5 000 10.30 * * 89.70

500 7.61 * 92.39

50 6.60 % 83. 40

5 9.72 * 92.28

0.5 5.48 * 94.52

H:*» RRESEBAKEP<0.05, « » RIRFZEHAMBE P <
0.01, B ELBRA t %, P <0.05 FR 2 M AR REHER P <
0.01 XR2ARAARBFREESR,

53R KW, WSP, CSP 1 ASP #E°K [A) ¥k JE °F X
HT-29 #ERA — & W& VEF , JE Hm B E a2
BB B AR . 4¥E A 5 000 pg/mL A, CSP
W H % K 35.65%, ASP h 27.11% , WSP X
19.93% , i BSP 30 %= R4 10.3% , 5 Xf W 4 4
HEEAAEEZF (P <0.01), BFCEIEEMNE
KREMRBEEE(SELIET) BEHERENES
gal-3 AHEE A, B Y gal 3 WRIXRENEAE
Fl. WSP.CSP,ASP Fi BSP Xi 45 Ji %5 40 0 1 54 5 30
BIEFRARR, TTRE S HEH ML AR L AR R
A EAR,CSPREEH Gal K GalA RER L K
Wor 52 ASP . WSP il BSP, % 45 SR &7 & SCEk i 8 1)
SR 22 R4 1) ok R 4 AR AR R I BL R

3 H##

KR R RE RMRE-RIVEBOTEMN
3R R SR AR A B 4 R0 R R B R I £ R
WSP ,CSPASP F1 BSP, %t & 11 (4 &5 43 4 A4k 25 4 i
MR BT TERIREWH R, SREKH,
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CSP MBS BARER T BE® THAM 3 fER
B Z 4, WSP F1 ASP gy Rha. Ara Xyl Gle. Gal
M GalA 6 Fh L% FR 20 B ; CSP |y Ara.Gle.Gal #l Ga-
1A 4 B B KE2H B ; CSP A1 T &5 9 GalA fE JLFPSE SRR
B E%L, 58T 22.16% ; BSP H i Rha,Ara,
Xyl.Gle 1 Gal ff 4 i, A& GalA, WSP,CSP,ASP
A BSP ¥ ELA WP HT-29 fif e 40 M 3818 09 36 4, 3F
HE2WREMK S ; 76 7 W /8 A et (5 000 pg/mL),
CSP i3 i) 1% ¥ 8 %1 (35. 65% ) , T BSP iy 3 ) 5 1
Bi%(10.3% ), CSP h 4381 Gal }& GalA BBEH
£ KK 5351 ASP WSP fil BSP, X #F & SCERRIE M
SR 2 R bR 40 M A K AL, B AR R
R ZVETBEH IR W gal-3 HOFE 3K, DA T 490 ) v o8 4
MBI A o 4 RSE SR K7 SR8 20 8 %o &5 19 988 40 B 19 345 7
MEERBATRE, W HE S H S WAL AR
RWERA X, XHRITEMEE TEREREZHE
ROSRIR 7 ¥ 3RS T SRR B A PR, e Dy oAt R B 5
REPRREENEREEAMARET MR8y
o R RRIE ZHE S5 HA 45 i 4 L HT-
29 W RIAE BT A et — TR,
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Study on physicochemical properties of apple peel polysaccharides
and its inhibitory activities against HT-29 cells in vitro

ZHANG Ying, DUAN Shuang-yan, LIU Yang, CHENG Yang,
PAN Li-ying, WANG Zhong-fu

(Key Laboratory of Resource Biology and Biotechnology in Western China, Ministry of Education, Shaanxi Provincial
Key Laboratory of Biotechnology, College of Life Science, Northwest University, Xi’ an 710069, China)

ABSTRACT In the present study, four components of apple pectins: water-soluble pectin (WSP) , chelate-soluble
pectin (CSP) , acid-soluble pectin ( ASP) and base-soluble pectin ( BSP) , were extracted from apple peel by water,
0. 5% ammonium oxalate, 0. 05 mol/L HCI and 1 mol/L KOH, respectively. Their physicochemical properties, in-
cluding monosaccharide composition with corresponding molar ratio, sugar content, uronic acid content, protein con-
tent, relative molecular weight and FTIR spectra were investigated. Their in vitro inhibitory effects on the growth of
HT-29 cells were preliminarily investigated. As a result, it was found that all the four pectin polysaccharides, WSP,
CSP, ASP and BSP pssessed a relative molecular weight over 4. 0 x 10° Da. CSP contains the most amount of galactu-
ronic acids, while BSP had the most glucose without galacturonic acids. Meanwhile, all four pectin polysaccharides
showed inhibitory activities against the proliferation of HT-29 cells, of which CSP had the highest activity and BSP had
the lowest. The difference among four pectin polysaccharides in the inhibitory activity against HT-29 cells may due to
their different contents of galactose and galacturonic acid.

Key words  pectin, serial extraction, physicochemical properties, HT-29 cell, antitumor

013 FFE9BE8M(EE308/) | 31




