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PR K Z B ERES HY $l & (S I RAE
RS LA ER R
#o%, I, DK, Wk, HITE

( PUALIBTE R ARl 2B, 22 730070 )

O b AR R S IR B 20 (ACP) Sy bkl 8 i SRR R — ML WE 3 ( CSA-Py) & K
RO Z AR AR (SACP) i 3k i 37 T ( RSM) S5 3984y 1 1) S5 A S WL 245 4 - CSA/Py 2 2,53, S I 1]
H5.23 h, SRIRE N 61.25 °C,DS PSR KA M 0.57, it 20 AMGEE M BT (FT-IR) (X S 2000 T fig i
(XPS) XF P A5 A, SACP 45k TP E 5| ABRERIE AT, S DL ST I 207 4E . UM (03 — TS B A 5 (GC-MS)
R & 7R, SACP p BT AFURE RS0 08 2 FURE A H B8 4, SR T A B UHE B €33 — S0 ' U 6 T 2 ( SEC-
LLS) M A5 AYF- 243 T 5t (Mw) s, BRYE SR 3 Mw [, RN RIS T & B, SACP A3 H A AT 50, -
BE T, A B g R DPPH A M3, - OH H 3EARE ), 38 B AR 3, X Fe B AP MBS BE 1, A Mk
FERHE . KRG R 1R DPPH [ 2L - OH H 3k .0, H LA R T fE 1135 DS 21
K, FIRWFSEEY T ACP M2 SACP (IAL2E 5 L B AL~ i % ACP BB AL Pk B2

KRR AR 20, GRERER L, N, Z5FRAE, ST M
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Preparation and structural characteristics of sulfated
polysaccharides from Aralia chinensis root-bark
and its antioxidant activity
YANG Yang, WANG Yifeng®, MA Yixin, QI Rulin, YANG Yajun

( College of Life Sciences, Northwest Normal University, Lanzhou 730070, China )

Abstract; Aralia chinensis stem-bark polysaccharides (ACP) were from Hui County of Longnan City in Gansu Province,
China. Chemical modified A. chinensis stem-bark polysaccharide (ACP) was prepared, and the structure-activity rela-

tionship was studied. By chlorosulfonic acid pyridine method (CSA/Py), A. chinensis root-bark polysaccharide sulfation
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(SACP) was synthesized. The optimum reaction conditions determined by the response surface (RSM) experiments were
as follows: the ratio of CSA/Py was 2.53, the reaction time was 5.23 h, and the reaction temperature was 61.25 C. Un-
der such conditions, the sulfated polysaccharides with the degree of substitution (DS) of 0.57 were obtained, which was
in accordance with the expectations of the model. The result of infrared spectroscopy (FT-IR) and X ray photoelectron
spectroscopy ( XPS) showed that sulfuric acid groups had been introduced into SACP, and S existed in the form of
S, The average molecular weight (Mw) which was texted by size exclusion chromatography with laser light scattering
method (SEC-LLS) showed that acidic reaction conditions caused the reduction of Mw. Gas chromatography mass spec-
trometry ( GC-MS) analysis showed that monosaccharide composition of SACP were arabinose, glucose, galactose and
mannose. The results of antioxidant activities of SACP and ACP in vitro showed scavenging ability on DPPH radical, hy-
droxyl radical, superoxide radical in a dose dependent manner, and good potential for reducing power. The free radicals
scavenging ability of SACP was higher than that of ACP, which indicated that the introduction of sulfuric acid groups
could enhance antioxidant ability of ACP. The above study revealed the structure of ACP and ACSP, and the effect of
chemical modification on the antioxidant activity of ACP.

Key words: Aralia chinensis root-bark polysaccharides, sulfation, response surface methodology, structural characteris-
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tics, antioxidant activity

WL AE N Z B IEPE R R A, Z A R
U PR A BTG R VA BR A i LS A YT, O L
ZWE NS5 RE B B B4 5 ) 2 TS M, X 2
WESEATER R AL B 5, Z W ST AL ) T
HE— 25 ()4 i (T SCUR AT IR F, 20125 17 5145,
2015) . PAIMT 2208 1Y Bk 2 T A 16 1 328 ¥ 1l oy 304
W Z — o TR R W1, 2205 1 B IR A H
FE L HERMUThREGEY 2R EARK
IR T, IEAERKEX R Kk )INE K
LR Z AT T OREWIIE IS TE R
) 2E R (UMK AN HE 5 K, 20055 B SRS i,
2009 ; ERITAF,2003) o {HJE , X ABA 9 AH 5T
AN DI

K (Aralia chinensis) , 22 . JF} ( Araliaceae )
PERTEAEY) . F 200 A0 T H R By e b
VS =/, MR DUAR He FZE je A28 B B T
R(HARIEE,2006) PR (436 55 ,2009) |
U B DR (B2 RS JE K ,2006) , 7T LA R
RIPRE IR BRAT 05 55 . B4R (2015) F5E T
H [ AR ACH 2208 X W DR R B P 2 I MR A 1T, ACP
FIE A% A7 R0 I TCOWE P O Bl 1 2 IR 1T W AR A I 21
e SIS NN & N S G X = = o [ 4
FIKF- A R0 8 PR R Bl il s AR 2=l A
TRBTZH HIT X B AR Je Z2 05 (ACP) 42 U 4T T

9%, 459 R ACP J& 1 Ara . Gle, Gal = Fli 2Bk
M, w3 T8N Mn=5.259x10%g « mol”, T
JE T ACP IY—G k2454 . BARC T 2R 1k
BRI 2 (0 5 810 B FZ R A ik A —
220, PR, X T 22 LE AR W A o AV T AL
W52 2% 1) 12 5 R L TR 380G 2 46 T Y i) R
ity B ATEIMREA T IE . ASHFTEXS G AR A
B Z R TR e 1 T 20 Ak, S5 Al 3R AE S H 4 4 Ak
WEHEIEATOESE , B 18 4 5 RER B IR O 4 S &
PRI FH$2 B AR

1 #HEF*

1.1 ## GRF 5

R ZAlifb I RBAAR J 28 (= A Bl B E:
KH %) T MHOKIR S AR 2 28 ACP, BT
4 0.71 f4 SACP,, ,«(M-DS) , BUCJE g 0.34 BURT IR
TG FIREAAR Kz 224 SACP, (L-DS)  HUCEE N 1.18
BRI AL IS RIREAHR 2 Z2 8% SACP,s(H-DS)

A1, 1-T R e 2- = A L K WE ( DPPH) |, G
KB HURIMLAR Ve, H,0,, /KR, HCL, 4F 4% =
%, Tris-HCL, B2 W42k, =& LR, AL W2k, 2
A4 B B, T E (3A 4 T 0 G UK ), ST e
(CSA) , ok B, A E AL (NaOH)
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IXES BEAR, = Hbe i, BR A 5, B PR AR R
W L, pH AR, BT ASAE, B A% Labtech
UV1000 540 AT W43 66 EE 1T, LGJ-18S H.25 1% R
AL, SHB- 7 5 7K 28 2 FH .25 %, TDLSM &
% R B AL, SB-35 R e 7% & L (EYELA)
LGJ-18S ¥ % T 4 L, BL320H HL F 4 #r K F,
Allegra 64R 1= 3% VR B0 AL, RE-52AA Jig§#% 78 &
X, UV-2000 Z£41MAT W43 506 FE 3, SHB 76 R 7K 2
HEE,

1.2 ik

1.2.1 5 ARBL/ o ik (CSA/Py) &k SACP  HUG
AKIEIE B = U, Z vk Ry R HG |, E R i
00U =122 12 1% I SR R L 40 min PN 5 15 21 g Ak
WA, AR A . N 25 FR 2l Ak 1 B R AR 2 22 b
(ACP)300 mg, & i T H 60 mL H EEFZ# 5 h,
FR I B 2 18 i W s v, 22 A b iR R
AR, B 10 min J5 8 42 BRI 14 09 = 4% 1
PEAT RN o 45 R R, P AR FT NaOH 3 pH 2
7.5 )5 AENTAE T ZE 1B AKENT 48 h, BEHTAE
PR 50 °C U R Mk 46 )5, Jn A b i JE K 2 B
TE , 12 Uk T 145 B AR AR K Z2 WA BRI (SACP)

R g 10 T 38 TR B AR 4R A [ R R X S 5
SESRIN S YL CSA/Py (A) B IA] ( B) iR
(C) =ABFRSEAT R N H A7, BRI 5% 1 0L 3R
1, >KH Design expert 9.0 AT 047,

£1 MEESHEERKE
Table 1

levels in Box-Behnken design

Independent variables and their

A B C
KF

ol vH

Level SRR/ E]_LIEH T
< Time Temperature

CSA/Py (h) (C)

-1 2:1 3 50

0 3:1 4.5 60

1 4:1 6 70

T I 2 Al
EA3000 JC & 45 B AL, 2 M1 & 1k A K 1 80

1.2.2 A E (DS) & m &
o i
kPa, E AL IR BE 980 °C , /S JE J1 50 kPa, Il & =

20 mL, Z S F# 125 mL » min™, 20 H7BFE] 320 s,
PRI E8 5 AR 115 °C (XI35E55,2014)
DS iHHA
DS=(1.62x8%)/(32-1.02x5%) (1)
o, S% e S T BRI B E x5 i
1.2.3 B4 BB &a SRR ME AN Z
1.2.3.1 WA S RNE 7R IR IR AR
HOIAE B Y 25K, 25 °C PN ZBERES , iR
30 min ME — WIHE W D 2000 & &, 45 R E
BF 3k ) M T, 2 I AV AR 2 BT TR
Je  FIBGER A g W, A R MOUER T BORE A3 A 2
Wi & (CORM - B iR %) |, vH 5 R N I R
SOHE O R R B~ B RR 1 I A
1.2.3.2 EESEME  KHBECH 1 000 pg + mL”
AR I 25 L6 A W, B 29, 20 1 0.02,0.04
0.06.,0.08 F1 0.1 mL F-4i7 2308 b | S LAZE 1R K b
% 1.0 mL, 2R 5 &0 5 mL f9% 5 855 1 G-25011
RS, HCE 2 min J5, 7€ 595 nm PRI %
BT IR RO (R (TR AEAS,1999) .
1.2.4 SACP # & 4E
1.2.4.1 ZLAMEIE S Hr (FT-IR) 78 35 HEBF 6K P4 i
AT R I 2R 5 1 mg, T8 0 IRAL 47 H
K 100 ~ 200 mg, ofF B B 341 &) ¥y K A7 R B,
Thermo Nicolet iS10 ZLAMEREALHEFT 4347 .
1.2.4.2 X I 4% M F B8 1% ( x-ray photoelectron
spectrometry, XPS)  XPS ( PHI-5702, USA) , i &
JEh Mg K 2k, BB M 29.35 eV, FES B E 1 0
2x10°Torr(2.67x 107 Pa) , B JE{H 15 kV, T E K
200 W, 254 RERSE N 0.3 eV, Multipak6. 1a 3K 4
X B AT AR B
1.2.4.3 S FHME 28R 0 50 58 R AR
HEBH 431 ( size-exclusion chromatograph, SEC) -G #(
SRR T AT 2E o 22 A OGO BUR AL (multi-
angle laser photometer, MALLS) A=690 nm ( DAWN
EOS, Wyatt Technology Co., USA), @i+ ( Ultra-
hydrogel™ column, 7.8 mm x 300 mm, Waters,
USA), 7~ 22 37 J6 4 Il % ( Optilabrefractometer )
(Dawn, Wyait Technology Co., USA) (A44H1,2014) ,
1.2.4.4 AR 10 mg SACP JiIA 4 mL 4 mol -
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L' =9 IR, 120 CIMA /KA 8 h(N,/ELRH) , 60
CHAM N HATIURE R AR5, A 10 mg Fh R 2 i Fl
0.5 mL MEBE , ZEIA 25F T S 30 min (90 °C) , il
A 0.5 mL [ LR, LA 30 min (90 °C) , i
TG (60 °C) o SN2 BUS AT AEY T 0.22
wm A HLIERE g B 0.2 uL BE 5L, GC-MS 43#T

GC A5 HE A 1 IR B2 I & Ry 250 °C, FEAR R
AIREBE N 160 °C £ 3 min, KI5 L2 C -
min” (R TFHE 210 C, PR 1 min, HIEAR,
T BEE R 1.0 mL - min™,

PR SR BE Dy B2 (Rha) (R J508E (Lyx) (Bl
LA (Ara) AHE (Xyl) H 2% 85 (Man) | %54
(Glu) M ZLHE (Gal) o A il SOBE AR B Ak 2 (R
i ,2014) ,

1.2.5 A F ] 2

1.2.5.1 %F DPPH H W HEMEBRIMEN 2052
mL % 0.02,0.05.0.1,0.5.1.2.5 mg - mL"
SACP %W M Ve W5 0.5 mL B DPPH(2x10™
mol + L) #£4], 30 min J& i 45 £ i OGIE A, 4
S DPPH %W 5 70% 1 £ B 2 mL & F 17K
ARG AT H WO Ay 53 5B 2 mL 75 I
W5 70% 1) £ Bk 78 21 ROEAE A, 70% & B
75 1, ACP ) DPPH [ H JE 38 B Ak 0l i 5 ik
[ o BL Ve %R 5 (Wang et al, 2009) . 4K 3iE
K (2)kITHE ACP SACP,, .SACP,, . SACP X
DPPH H M35 BR %,

TR = [ 1-(4,-4,) /4, ] x100% (2)
1.2.5.2 XA E A B A0, ) MIERIEH
REIERAT 43 S A 4.5 mL A4 pHS.20 ) Tris-HCL
ZZ P (50 mmol + L) 4.2 mL ZEME/KF1 5 mmol -
L4528 = BHAW 0.3 mL F4MR A, 7E 325 nm AL
5 IWEIE 30 s SA—IK, THE G AE 5 2 e fia]
AR F( AA) o AP BIBURE 0.02,0.05,0.1,0.5,
1.2.5mg - mL" M ZHHAR M Ve I 2 mL iInA
3.2 mL ZZIB/KIR AT, 76 325 nm Kb A2 5 K 5 19 48
=R RO R, TR MO (R B I 1] 7 722 £k
F(AA), EBKEEH, BOEMESE 3K, L
X B SR () - Y AE ] ( Wang et al ,2010) , 4K
P = (3) IHEFERXTO; - ITERRR,

BHRE=[ (AA,-AA)/AATXx100%  (3)
1.2.5.3 X} Fe™ B G RET) 40l i BUREE 0.02,
0.05.0.1.0.5.1.2.5 mg - mL" 1) SACP & i M
EDTA-2Na % ¥ 1 mL, DL & 0.05 mL [#) FeCl, (2
mmol - L) F8MEE, WA 0.2 mL Y 5 mmol - L
FEV& R (ferrozine ) W2, 10 min J5 , FHZEIR /KA
7E 562 nm AW SEAE A, [RIRESRAE LIKACE: £
W I Ry T TR S 60 DN WAL A, TRIRE A LK
R FeCLIEWCAFESL T AL S50 M O A, VB2
M523 8% H ( Wang et al,2010) , DIt (4) 1154
X Fe* EARETT

BAR=[4,-(4,-4,) 1/A;x100% (4)
1.2.5.4 TR AMEE( - OH) WIEBRIER  ZEFE
WA 5A 2 mL ¥ 0.02,0.05.0.1,0.5.1,
2.5 mg - mL' A ZHHAR Ve IR KR - 2 B
(9 mmol - L) | FeSO, W (9 mmol - L) K&
H,0,(6 mmol - L") | /MRS, KIBE N 30 min
TREEVE M 37 °C,510 nm ARG HR OB A, . A
T H, 0, B A I W SEAE N A, AN INRE B A 7 TR
MARWOEE A, ZZWAKE IS, W& ACP W
BRF2E L - OH MM B, F Ve fERSEEXF
W, A 3 W, Bk B X B R A 2 R
(Zhao et al, 2013), H = (5) I 5B SACP,.
SACP s SACP T ¥ I Hi3E - OH BYIHRRE

HERH=[4,-(A,-A,) ] /A, x100% (5)
1.2.5.5 )57 ERE T IMA 1 mL ¥ EE 0.02,
0.05.0.1.0.5.1.2.5 mg - mL' B Z BB Ve &
W ,2.5 mL Y 0.2 mol - L' pH6.6 (N 5 2% mhilk
(PBS) il KyFe (CN) (##F W (1%) , & T 50 °C fa ik
KR N 20 min, 37 BIE AT, DA 2.5 mL TCA
(10%) , 343 1R 4,3 000 r » min” B5.0> 10 min, B
IS 2.5 mLANA 2.5 mL ZE48 /K, FeCL,7AE 1
mL(0.1%) , ¥& 2] J5 , Z5 8 K P Z |, 700 nm A6 &
WA, B AW B E A S 3 Ik, iR R RE T R
FlE 2 IEA KL R (Qi et al,2006)

2 ERE A

2.1 Wis Bz T 45 3R
SH L 43 BT R H Design Expert £ {4 i
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17, 8 R W 2, RHEA R )y B oK — il 80k
F SR AR R A5 S TR A S, A 3 die A D E 2%
4 :CSA/Py 2k 2.53, N B[R] 2k 5.23 h, 5 7 il
k1 61.25 °C,DS BigH AN 0.57,

T2 MEEMELEER

Table 2 Experiment result of response surface

B e D RE O RIUE
Sample CSA/Py ime Temperature ch{ec .of
(h) (C) substitution
SACP, 0 0 0 0.83
SACP, 1 1 0 0.66
SACP, -1 0 1 0.76
SACP, 0 -1 1 0.56
SACP; 0 0 0 0.85
SACP -1 1 0 0.82
SACP, 1 0 -1 0.7
SACP -1 ~1 0 0.69
SACP, 1 0 1 0.69
SACP,, 1 -1 0 0.65
SACP,, 0 1 1 038
SACP,, -1 0 -1 0.71
SACP 4 0 0 0 0.86
SACP,, 0 _1 4 0.6
SACP,s 0 1 -1 0.77

PL DS Ry mi AR, X S 56 45 B3 A7 |1 )3 S A 5 ST
BEFRIA R Y =0.85-0.0354+0.069B + 3. 75E -
0.034B-0.0154C +0.017BC - 0. 0554 - 0. 087B* -
0.077C? (6)

XL 75 B A LA B R A Ay s T R AT LA
ARG b T 50 25 2R . A AYAY Prob>F | & U TA
3 RATEMIE 7 R A R R AR,
AP G B hy SRR A B2 e, AT DA o i AL
Ll £ SACP 1) T 2444,

FIH Design Expert RN CSA/PY\LQE\ZH#I\E—'J JX
IO JEE = PR 2R A e B T S g T, A AR LK 3
2.1 BERZZAER ME 1A FKE 1.8 0] LA
H Bl EE AL ] 3E B, SACP B9 DS & #i FF i,

HEE AL )0t K, 51 2 00 B il BEE
SN R T, DS B B E TR B
1 BRI B R AF 5 o g Ak 52 1 4 3R A7, [R) B 3
INCEZ B EE (A= TN T

ME 1.C FE 1.D A LLA W, Rl 25 i a] ) 35
T, DS BH BTk A R M AT, R AL I R] ik
K251 2 W43 B ; CSA/Py BRI L /N, CSA
Frit/b  SACP BB 8K ; CSA By 5 K,
T 2% 1 2 (045 350 43 22 0 I ff, I IR O TR 1L 1)
i

N>
P

ME 1E FE 1 F o] UAE S RS L&
PR R A A T R Ak S L ) 2R A 7

HRAE 52 B #4419 J7 8 15 0, 1% #8 CSA/Py =
2.5 1, MR 61 C, A FIA] S5 h #4784 it
55, BA B MR AR fe Z A BE R %
BE 1 0 U A TR B AT BCAR B O AR R A R AR
BEER 0.56 , E B 1 i i LA A AR AL SACP (AT
Tk,
2.2 SACP WL R

ACP RBIA TK, B THOK, ABEF L. L
fi PR S FNE T EE, SACP BBIE TK, T
POK BT CWE STk VR 5 FIE T B, A
FA4LIEH,SACP BB SR, EAS RIS A R
BT 2R R R S BN, X2 bR
THYEENZ —, 2N TIREZHEmE, N
F 4 B SACP WA fRMEL ACP SRIRZ , X &M
TR EE AT i 205 A 3 0
2.3 SACP B R1E
2.3.1 FT-IR MK 2 /] LLE |, s R L i e 2 b6k
PR W 0 R AR AR A B i I i 0 s R AR
1242.11 em™ 1 808.14 em™ 4, 235 S=0 A4}
FrAd 45 9= o), & C-0-S 1Y i 45 ¥= 2h (X1 28 4%,
2014) . XULHIBRRERIL R W C 2L E T, HMEE
DS FhiEr, 1242.11 em™ F1 808.14 em™ 42b ) W g i
Bl 2 3

800 ~ 850 cm™ ZZ [A] A X 3gl ] FH A 4 U H 5
FER RN E . 845 em™ 830 cm™ F1 810 em™ 43 ]
XFIRE 3 2.2 2 F1 6 13 HUAR ( Maciel et al, 2008 ) ,
HE AT AT, SACP 1Y C-6 fii 24 T B, X Al BB 2
KR SACP 45052 2% == M (i BHAE AR C-2,.C-3 2
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Table 3  Regression coefficient and ANOVA test
T3 2R -5 i EEE] -3 ¥or FIa P{g A
Source of variation Sum of squars df Mean square F-value P-value Prob>F Significance
Model 1574 0.11 9 0.012 4.95 0.046 4 IE
Significant
A-GURER /ML IE CSA/ Py 0.009 113 1 0.009 113 3.83 0.107 6 A
Not significant
B [H] Time 0.038 1 0.038 15.90 0.010 5 e
Significant
C—JE ¥ Temperatural 0.000 05 1 0.000 05 0.021 0.890 4 ENTES
Not significant
AB 0.003 6 1 0.003 6 1.51 0.273 3 FNTES
Not significant
AC 0.001 225 1 0.001 225 0.52 0.505 1 FNTES
Not significant
BC 0.001 225 1 0.001 225 0.52 0.505 1 NTE
Not significant
A2 0.011 1 0.011 4.42 0.089 6 NTE
Not significant
B2 0.029 1 0.029 12.11 0.017 6 e
Significant
c2 0.021 1 0.021 8.93 0.030 5 e
Significant
5% 2% Residual 0.012 5 0.002 378 — — —
JAUIH Lack of fit 0.011 3 0.003 808 16.32 0.058 3 NTES
Not significant
4% 2% Pure error 0.000 466 7 2 0.000 233 3 — — —
& Total 0.12 14

R4 ACPHISACPHEME . EARMAMRE
Table 4  Carbohydrate, protein and solubility

of ACP and SACP

S 2p W, X ULHA S B 45| AF| SACP I F i
ACP Wt S 2p WY AF7E, N3 5 Al LLE H ACP
I SACP IR ML R AN, KB SACP ¥ T &

wu SRELEODRmmno UGS R BTG SACP A S
Sample content content (25 C, FEFE . DN XPS ME R TH TR A K F |, SACP #
o o me ) R S A B RT3 5 FR AT 2 B A0 SE

ACP 72.357 2.6 0.089 e A WP, A XPS & B9 HEE & SACP
SACP 56.86 0.32 0.428 RMETTE M & &, U TEE &, TiEERC
&, H XPS MEFEEREE/NT 1004, L, X 45

R 7 FNE, TEHEM ., XpS 2 T %

FEARME K RO fIE'S M2, 2 FIARAR 20 B Hh A9 B 75 B A ] ( 4t

2.3.2 XPS  XPS hy— ¥y it 2 1 4 B% S 45 A IR
MRMETFB, ME 3. A RTLIEH ,SACP FHHEL T

#.1992)
MK 3.B Al AL, C FAESDMLLERES .
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VR DS
o O O O O -

0. 50
C:iB R Temperature (C) ~1-00-1.00 B B8] Time (h)

1. C

0
o
0.
-
=S

0.00
B:B4[E] Time (h)

0.50 5=+ 7q-0. 50
A S EEBS/MLDE csA/py o100

0.00
50 T~ —-0.50
1.00-1.00

A SUERR/MLUE CSA/Py C:iBE Temperature (C)

A1
Fig. 1

FRATTAR Al 33 e 1) T WK R AF %o L 1A 7 il 2R 305 15 3
4, LEOHRETE 284.5 eV Ab S C-H, 1F 286.1 eV
Il C-OH, BRFRAL)T C 1s Z5a /MG kA T
BWKARE,286.1 eV [N 1, WA #R 4> -OH &
AHUR, MRPEFR T E AL RS E] ACP 1) C/0
4 1.61,SACP [ C/0 & 1.27, X UtHH-S0, 1y 5]
AME O 1Y EL 3 i, 530 SACP H C/0 FEAK, K
3.C 2y ACP 1 SACP 4 O 1s 1%, ) W Hi ACP 4 O

B DS B

C:iRE Temperature ('C)

-1.00 T T
-1.00 -0.50 0.00 0.50 1.00
B:EF(E] Time (h)
ER{CE DS D

B:BFE) Time (h)

" -1.00 -0.50 0.00 0.50 1.00
A SURETS/MILLE CSA/Py
K EE DS F

C:iBE Temperature (C)

1.00

0.00
A SURERER/MLIE CSA/Py

-0.50 0.50

il B2 I 18] K2 b 1) 55 O B2 =2 1 4 52 A

Interaction of reaction temperature, reaction time and CSA/Py on the degree of substitution (DS)

Is 7£535.5 eV &b, RNiJG O 1s B3l T2 0.2 eV,
SR A IR RS DL U TR B X O 772 2R T 5
Wi, [E3.D A ACP H1 SACP Y S 2p i, £ ACP h
WA S 2p, 75 SACP HHEL THA LAY S 2p 15 51,
S5 HEN 170.6 eV, S 2p L5 A BELE 170 eV £ 4
ULHA S S S, AT U4 B SACP H1 i S Ph-S0,”
M . A5 R AR i s B v, CSA 19 S
Ry SO ANAEAE A AL SR, T SACP
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FErf SRR I T8k R A T REAR, B TR

(Yang et al,2005) . Z24 (1 % fi 7T e /2

GiREZ

TERRVEAAF B AT E KA T KA BB, BT LA A 22
BEBRLR AL 14 52 0 25 BR AR B K O B G i — A

8% ( Zou et al ,2008)

2.3.4 Fmmm MK 6 fi 6 nLIF H, ACP
SACP H 4 A~ e (%) O/ B8 1) (8] 55 B4 BR o  Ara
Man ,Glc Gal @5 EF Y5, UL SACP 141K
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Fig. 5 SEC-LLS detection diagram of ACP and SACP

&5 XPSMEHR SACP RETRAM
Table 5 Elemental compositions at the surfaces of

SACP obtained by XPS detailed scans

i L=
B e X i Tz
Sampl c 0 S C/0 rati
ampre (%) (%) (%) e
ACP 60.27 37.46 - 1.61
SACP 51.78 40.67 5.34 1.27

R MW HTFEA —F, M Ara Man Glc, Gal JLFf
PR T DL H R A B AR B 3 e A T
S (H 220 B SACP BRI BE R L3 & A T 3R

2.4.1 3 DPPH A WA a4 FR4EA LU Ve /N
PEXTIE, BE G ACP H1 SACP #B ELA B i 19 % 1%
DPPH [ f1 34T, I E 45 B an &l 7 frs . e84
A R0HR BE Y TR PN B R v BE Y 38, X5 DPPH
SRR ARV i & P = W S 7 52 L
= DS M2 05 B R I s R 1YV B DPPH A
HJERE ), R I Mk B IC,, 8 1.219 mg + mL",
H4E DS I DS (U3E B DPPH H M 368 1859,
HE DI EE 1C,, 3514 3.268 mg + mL™ Fll 2.364
mg - mL”'. SACP X} DPPH # %4 & GE 1 #F e & T
ACP(1C,,=3.902 mg - mL™") , ¥k E R 1 mg - mL"
Bf, 25 S K, 3 U B A 1R kA8 1 P LAk 25 34 o
SACP Xt DPPH H HH 235 BRI P, DS 8 = 35 B g
FrsE . RIS TR VE ] E R i TR
&b i AL BT R RE T, WA e R AR AR Y
H i 38 J5L ( Wang et al ,2014) , A5, H-
DS A &R DPPH A LAY BE J7, AT RE &
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Table 6 Monosaccharide composition and
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PERNE BRI AR ORORHE HPERRE ARl RILuE

Sample Ara Xyl Lyx Man Gle Gal
ACP 11.58 — — 4.85 53.08 16.87
SACP 2.65 — — 4.24 42.87 10.08

F DS = B RE S ELA TR T AL S Sk R SR T
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(1), Bl R FE G INTE BR O - R B Wi sk, H &l 8
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Fig. 7 DPPH radical scavenging activities of ACP and SACP
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Fig. 8 Superoxide radical scavenging
activities of ACP and SACP
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