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Acetylation Modification of the Polysaccharides from Portulaca oleracea L.

and Their Antioxidant Activities

L1 Yin-Li, ZHANG An-yong, NIU Qing-chuan, LI Yu-ping
(School of Life Science, Jiangxi Science & Technology Normal University, Nanchang 330013, China)

Abstract: Portulaca oleracea L. was used as the raw material. Polysaccharides from Portulaca oleracea L. (POP) were extracted by hot
water, and acetylated with acetic anhydride to yield Ac-POP. Taking the degree of substitution as an index, the effects of reaction time, reaction
temperature and material-liquid ratio on the degree of substitution of Ac-POP were investigated by the single factor experiments. The conditions
for acetylation modification of POP were further optimized, and the antioxidant activities of POP and Ac-POP were evaluated. The experimental
results showed that the optimal conditions for the acetylation modification of POP were: reaction time 2.78 h, reaction temperature 51.90 C,
material-liquid ratio 1: 28.15 (g/mL). Under such optimal modification conditions, the degree of substitution of Ac-POP was 0.60. The infrared
spectroscopy analysis of the original polysaccharide and acetylated polysaccharide showed that the acetylation of the polysaccharide from
Portulaca oleracea L. was successful. The POPs before and after modification had a certain ability to scavenge free radicals and exhibited a
certain dose-dependent relationship. In the range of 0.05~5.0 mg/mL, the maximum scavenging rates were 69.73% and 64.54% for POP and
Ac-POP against DPPH free radicals, respectively, 43.48% and 25.04% against -OH, respectively, and 78.86% and 79.16% against O,",
respectively. As the concentration increased, the antioxidant activity of Ac-POP increased gradually. Antioxidant activity studies revealed that
compared with POP, the scavenging capacities of Ac-POP against DPPH free radicals and -OH decreased, but that against O, - increased.

Key words: polysaccharide from Portulaca oleracea L; acetylation modification; degree of substitution (DS); infrared spectrum (IR);
antioxidant activity
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M. ONIE, X WES T TS K s DA
I RAEZRERETE R A EEE . Hil, EWAME R
BRT T2 WE N5 2 BEARE V22 W8 1 LI Bt
T Hrh, ZMALBHITT LIS 2 R e, S
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1.3.1 B30 2 AE69RIR

W UT e TR, R . FREL 60 g,
BN 900 mL 7&187K, 95 ‘C/AKIBINFY 1 h, $ZEE O
4000 r/min, 15min, &3 LiF. ¥ LEREEERE
— B, TN 4 RN TE K CBE, 4 CREVTHIR .
PR OERBEZ IR, BENENKAENIE. &
BRSO BEEILA,  FOREE R A R TR e 1R 2
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132 B30 % #Eeg kil

K i AL SR SR i 595 FREL3.0 g
5 TR 2 HE, NN 300 mL B4k, FEIA—E
HIARE AR, 60 C/K# 3 h, 100 C/K¥#A 10 min.
ORISR, B AR T — e RS ISR AR )
Sevage (V sV wre=4:1) W HRED .. HAEES
15 min, PEME =K, B0 4 RARFITEK Z.8E, 4 C
B . YU ORBREARGTRAEIIEA Y
WL KA BCA MR AN e i EAi & A
e, VAR RIS, TR AAR,
2 I AN ES
133 TBUMCEETL S 4B 4] &

FRELPOP 0.5 g, JIN 15 mL 248K 780V,
NaOH (40 mg/mL) #7575 pH N 9.0. AR IMA—
SEMRFRI) CIREF, A, whnseEe Ll E1ER
RSB T] o 5 S LSS R AR SRR T pH ol 7.0
IETRE O RN 7N 15000 u (FIENTERH,
FZEIR7KIENT 48 ho BATRAIRTEIRG G, SRR T
PR3 Z B U TE 2 0 . RO mR R =, LA
IR BEAREALRR, WROCRENAER, 2hilbriEh
25,

134 ZTEACIARE (Degree of substitutin, DS)
&) E

FEFAPREL 53.2 mg MR SBENRBRARIE S,
0.001 mol/L FIESEREAVE IR, 7E 50 mL B2 T
7. WS CBEIBRRRHEA A 04 0.2+ 0.4. 0.6 0.8.
1LOmL, Z3alfcTaliE s, IzEtKehE 1 mL, 435
O 2 mL HHEERCHI B R RA R, S, TEiR
HHSCE 4 min, f1 1 mL 4 mol/L HCI, YE2JJ5/0 1 mL
0.37 mol/L =S MEk-ERIRIEM, $E5I RN JS1E 540 nm
PWAARI 2 HR GRS o RIS A PR 2
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Fig.1 Protein standard curve
1.3.52  Ac-POP 2 Hli & s AEE I
MR AERT 2l e ZHE a2 (B 2), R\BENT
F2: Y=1.3015X-0.001, R*=0.9994. ZiE, LMtk

258N 47.07%, LG 2 P& 8N 37.22%.
0.20 -

0.16 -

0.12

W

0.08 -

0.04 -

0.08

00 002 004 006 008 010 012 0.4 0.16
Wi & B HE / (mg/mL)
[E 2 EiEmErRErhZe
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Fig.3 The standard cure of acetylcholine chloride
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2.0~ 5.0 mg/mL) [¥] POP F1 Ac-POP i 1 mL, 1 mL
i FeSO4 M (9 mmol/L), 1 mL HI/KMEE- 2. B AR
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Fig.4 Effect of reaction time on substitution degree of Ac-POP
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LIS ZHENGEE TIRAS, TSR | LI HL
e M R IRE 50 C
037
036+
035
0.34

HUAEE

033
032
031

0.30

20 25 50 55 60
JBERE / °C

B 5 REGREXT POP ZEAEEUR BRIF M
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2.1.1.3  RRELEXT POP Z AL N[5
ERELLXS POP AL S B HIREMT LI 6. HI1E 6

A, BEERRREEIIRD, SRR Sz K,
LR LA 1:30 (g/mL) B, ZFBEEEBUREEIA R

(0.59). ZJEHEERRRELIIELD, LB AR
Z 0.1 CRHREC A 1:40 g/mL) o [ 3Bkt 2 0k
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0.701 %2 WNERIIET R
0.60 - Table 2 Experimental desigine and results for response surface
0.50F analysis
g o4or 2%H%E A B C  BRE
B 030F 1 1 0 1 0.358
0201 2 0 0 0 0.59
0101 3 0 0 0 0.585
00 15 1m0 133 1:40 4 0 0 0 0547
EHBLE / (g/mL) 5 1 0 1 0.495
[ 6 #iftxt POP Z EHE BV E RIS 6 1 0 -1 0.359
Fig.6 Effect of material-liquid ratio on substitution degree of 7 0 1 -1 0.478
Ac-POP 8 0 0 0 0.59
212 A AR 63 5 5 A 9 1 | 0 0402
R 1 EEEEERSKEEIT 10 0 -1 1 0.338
Table 1 Factors and levels desigined for response surface 11 0 0 0 0.591
analysis 12 0 1 1 0.437
* 13 < 0 -1 0.565
P — p— -
B LAfR)/M RRE/SC AHRb(g/mL) 14 -1 -1 0 0.419
-1 2 40 1:25 15 0 -1 -1 0.358
0 3 50 1:30 16 1 -1 0 0.373
1 4 60 1:35 17 -1 1 0 0.461
TE AR RS as B Stat B, CLBUREE NsHR, @ Design-Expert 8.0 A4 2 SEIGEHE,
U MR RE [ SIS TR FERE N = AN 2R R, AT LA 2% R 2 [ R B 77 R
BT =R =PRI BTt SEIR PRI AIK-F- Bt Y=0.58-0.022A+0.036B-0.016C-3.250x 10> AB+0.0
W1, ERIMAERWER2, TEMNERNE 3. 86AC-5.250x10~°BC-0.063A%-0.10B>0.074C>
3 FAENE
Table 3 Analysis of variance
7 £ kIR F5 Ao b ¥ F1& P14 FE
AR 0.14 9 0.016 25.14 0.0002 2%
A 3.784x107 1 3.784x107 6.10 0.0429 2¥
B 0.011 1 0.019 16.93 0.0045 2¥
C 2.178x107 1 2.178x107 3.51 0.1032
AB 4.225%10™ 1 4.225%10™ 0.068 0.8019
AC 0.029 1 0.029 47.38 0.0002 2%
BC 1.102x10™* 1 1.102x10™ 0.18 0.6861
A’ 0.017 1 0.017 26.64 0.0013 2%
B? 0.046 1 0.046 73.60 <0.0001 2¥
C? 0.023 1 0.023 36.81 0.0005 2¥
"% 4.346x10” 7 6.208x10™
K AR 2.913x107 3 9.708x10™ 2.71 0.1799 S
HhiR £ 1.433x10° 4 3.583x10™
B E 0.14 16

E: p<0.05 2F2FE; p<0.0l, ZFREF,
HHER 3 AR AR B, R R, H AL, RPN p=0.1799>0.05, Tt B A A1 PRI 20 s 56 4
R™=0.9317, W HA R SN2 MM REE.  BOTIIRN. B, AT UE 2R R Esk
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Fig.7 Effects of interactions among reaction conditions on DS
FIH Design-Expert 8.0 A4 e 87 1] 1056 45 S gk
175007, RTINS 2] POP Z BB R £ T 22645 -
SNIIFTAI N 2.78 h RGN 51.90 C. BREREE A
1:28.15 (g/mL). MEAFAIEURE N 0.60.

2.2 POP #2 Ac-POP th 4T 43 24

B 8 AT, BN IS 1 Ui i 2 S R 2 hE
FARLLANERAE RS I: 3366.2 ecm™ 7245 JRES> T
BT A O-H (H4EIRBNIE, 2936 cm™ 247 MK
XL (.CHy-) 1) C-H Mh4adikshfimfilé. i

AL AB I S 15 T 22 BEAE 1244.6 em™ K AL A BERE )
C-O Rz, 78 1740 em™ KAk P
[FlE2E C=0 WU 4rdRanig, i il LA r=4H i
IBIN T ZBEE . TAE 3300~1900 cm™ AbZLAMiEAE
PRI, R QBB B R el T S %
WEISEHE . CRES TSR 2 2 520, 1T HAS I I
() R IR 2 BRI A5, FERR LA —FE,
HAT RE R 2 BRI .
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Fig.8 Infrared spectra of POP and Ac-POP

2.3 POP 5 Ac-POP #y 4 & ft.7& &

2.3.1 POP #= Ac-POP #+ DPPH f & &L 6475 %
YA

ol —

60 | -V
—~POP
-+ AC-POP

HERE /%

O.IOS 0.|20 O.AIIO O.cISO 0.é0 1.(|)0 2.(|)0 5.I00
LHEIIE / (mg/mL)
[ 9 POP F1 Ac-POP Xt DPPH B FREHUSERRER
Fig.9 Scavenging capacity of POP and Ac-POP on DPPH free
radicals
POP A1 Ac-POP %f DPPH [ i3 iR AE /1t
9. HHIE 9 %1, ZHEKREEVEEILE 0.05~5.0 mg/mL A,
IEHAHT a0 % 2 T DPPH H HEERTERREH S
ZHEPRFE R IEMSC. UZPEREN 5.0 mg/mL K,
POP X} DPPH HIERRZF AN 69.73%: Ac-POP X}
DPPH HiE M2 i hH 64.54% . BT LT AR5 5 2 ffi
= AANFBREE ZHEAT T BB, KIE
JEI=A CBLZ B DPPH i KiEFR R 05N
62.60% 58.40%- 49.60%, LLASTHHT A HE % 24 ) i
KIBEFRZ 65.10% 73 7B T 2.50%- 6.70%- 15.50%;
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1 FH RIS A H 2 AT T 2B B, KL
FEALAA P B 22 BT DPPH H HH 2 TS BRI M L AR A& 1
K. SARIEGEE RAHMLL. XA RER RN i 2 b
KEANF] E IR ANE], OBz i 5
HOANIE E SO B, T S EPTAE S
2.3.2 POP #= Ac-POP *+-OH B W & ¢4 75 R4k
A

100 ve
0T ~pop
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Fig.10 Scavenging capacity of POP and Ac-POP on hydroxyl
free radicals
POP 1 Ac-POP %-OH H HHEIEFRAE a1k 10.
HE 10 A1, ZPEREEVEHIE 0.05~5.0 mg/mL N, POP
F Ac-POP -OH PRI B AR FHBE A MR FE 1 b 1728
K. Y PERE N 5.0 mg/mL I, POP Xt-OH [)i&
BRFIEF AN 43.48%; Ac-POP Xf-OH [IiEFR %
KN 25.04% (p<0.01), Ehikmi 2 M) LB ks
I 7 X5 OH HIERRAE S . X 5P B 45
FHALL, HAE RSN QTR 2 M0 25 2 1) i
KIFBREN 60.11%, L LBEAIE T 28 1 i KIS R
K T1S2%FRT 17.41%. A RGN ZHE T 18
AR T AN E M R s 1, AT B 2 2
(AT A, e | g e SR, ARk
i CBACIEIT G IFEARAE Z M50 -OH H & 1) KTE
B (76.32%) LUARIEITHT 24 B RIERR 2 (60.21%)
PEm 1 26.71%, B RIE58E 70 -OH 3 HHEEE bR AE A
P31, X AR F T AN RIS 25 Rl A St P e
FFEUBIHT G 2P TE Z
2.3.3 POP #= Ac-POP * O, - #4975 FRAE A
POP #1 Ac-POP X} O, IiiERRAE Il 11, HHE

11 %0, ZPERETEFTE 0.05~5.0 mg/mL P, POP 5
Ac-POP X} Oy - ¥ —EMiERRIEH . AFIP2 POP
TEFRFEIREEA 1.0 mg/mL FHERRFR 5N 78.86%, Ffl
FIWRFER BT, X Oy WTEFR B M N B 177 Ac-POP
TERE N 5.0 mgmL AR T HAERE 79.16%

(p<0.01). B SCHSELAEZHEIAT T BB,

90
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LIRAAB G 2 B B OGERR N 78.40%, LLIE1HHT
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