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4.17% FT-IR /niRAFRAR U F B (citric acid and sulfuric acid extraction of pectin, CSEP), 4 BREEHUR K (sulfuric
acid extraction of pectin, SEP)FIFAERR LI (citric acid extraction of pectin, CEP)WZISIALE 1754 cm ' 1 1624 cm™
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ABSTRACT: Objective To optimize the mixed acid extraction process of pectin from Akebia trifoliate peel and

evaluate the structure, and antioxidant properties of pectin. Methods Using Akebia trifoliate peel as raw material,
which was extracted by the mixed acids hydrolysis. The effects of the types of inorganic acids, the volume ratio of the
mixed acid, solid-to-liquid ratio, pH, extraction time and temperature were studied, and Box-Behnken response
surface method was used to optimize the extraction process parameters on the basis of single factor experiment. The
structure of the peel pectin of Akebia trifoliate obtained under the optimal extraction conditions was characterized by
ultraviolet-visible spectroscopy (UV-Vis) and Fourier transform infrared spectroscopy (FT-IR), and its antioxidant
activity was investigated. Results The optimal extraction conditions were: The volume ratio of the mixed acid
[V(citric acid):V(sulfuric acid)] 2:1, solid-to-liquid ratio 1:30 (g:mL), pH value 1.0, extraction time 2.0 h and
temperature 94 °C, and the extraction rate reached 14.22%, which were about 1.24% and 4.17% increase compared
with single sulfuric acid and citric acid, respectively. FT-IR showed that the absorption peaks of sulfuric acid and
citric acid extraction of pectin (CSEP) were more consistent with its structural characteristics than sulfuric acid

"and 1624 cm ', and its content of

extraction of pectin (SEP) and citric acid extraction of pectin (CEP) at 1754 cm™
galacturonic acid (81.94%) and degree of esterification (82.41%) more higher. CSEP own superior antioxidant
biological activity, and the half maximal inhibitory concentration (ICso) for hydroxyl radical of CSEP was lower than
that of commercial pectin (CP), which were 2.248 mg/mL and 4.114 mg/mL, respectively. Conclusion Using the
mixed acid to extract pectin from Akebia trifoliata peel has good improved on extraction rate, content of galacturonic
acid and antioxidant activity.

KEY WORDS: pectin from Akebia trifoliate peel; mixed acid; process optimization; structural characterization;

antioxidant activity
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SRR SR — i B A A T v S5 AT ) 4t L RE R 4 A ] )2
ROBRTEZ 0, M2 FL ML R SR 4 (homogalacturonan, HG).
B ZUBHE 2 S MSE 1 #(rthamnogalacturonan type I,
RG-D)A%E 11 %l (rthamnogalacturonan type II, RG-IT)45#438
AU, HG R R B4 K, 295 SR 65%, H o-1,4-
B e 0 U RR L A . SR ELAT 2R A Wi A,
i . BiEde. REGOES . (R RIEsh . FRAIK
PR | BT AR AE AED S A AR L SRR L KR
RS AU L A b B IR AR E ), dAT R
SR FRRT A M A R . A W D 2R AR R 24 )
WA RS, BAT, Bl R (commercial pectin, CP)
VRTHIE R . SER i . AR AR AR,

JNH K, X = M K il [dkebia trifoliata(Thunb.)
Koidz.], AR A JE 7% A BT AAE Y, LA2 145 i
HFUGRETEAT (R Zi ) U B 2k s s =
WS AFEMRYS . WS . . KBRS A HLRRAED,
HAMR. M. PrA . Po@S o™, WHEER
A, LR LA W gk s Ry el AR,
(RYE RIS G G 1 & /S - S (VAN B N T =

AR, HERE RIS EEN 60%~70%, HilwHEE M
Je ke 25 3 3k R R R TR B A A B S e . sk BE AR OL B,
SN R & o iem, HhEAh 8.16%. kR
Wi 19.31%. SN 32.61%, iR i R e &l ik 3
20.08%ZC 47, SEPREURIE AR BT AL o
IR A IR R BT | WEAE T . MR B
DR EOE S e AR A LR ARG . 5T
WAk Z A, HARBGN B OB R . R . ArER
L A —TRIBIUR BV R, RMAG R R A R
KR ERFR IO\ H TR, 4RBCE R 7.11%. A 5 410
VAR 1 B BRI 8 s S B4R DO IR, $R R T
T 8.924%. ZEMNLEENTIR R BRI EUN A IR, 2134
R HEEUR 12.15% TOHLIR HA AR 00 R M FOE ok, vl
IR L, XA SR W3R, R A A AT
PR AT WX — A JE . KERMANIZ 2608155 1) £h i
FrE R AE MR BGR U IR, & PUFP A R HL R B o
HAREROR, B R ER 0 (76.64%) L R R BT 15 2R i
BEALIE(59.46%) 5 17.18%, J&FH THAg AR X TRl i) 22 1
TRAVE B /INITE, CHLRRIEBUR I nT 45 24 i 5%,
i R A R T 0 AR 0 8 o ) SR Mg i B A A 1
IR TCHLER AR L, FRAEIR I K A BE R, BRI SR bk
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PR, VLR ST ERIES 6, HARERFER L
AR B . Bk, ARG E TR S A VTS RRIE
GERBON R R, S R E SR . mwn ik e
WS, DUREHARBGE AR, 50— . TR
BOGR SEAT R b, X B A9 SR I R A7 48 A1 - 7T I 3 F- W ot ik
- (ultraviolet-visible spectroscopy, UV-Vis)FI{#f B I-AF 4 2]
HM3% (Fourier transform infrared spectroscopy, FT-IR)ZR1E,
TP HE U R IR O it . WML Rnd A fkBe s, SA/AH R
7Eb B 2R T R R FR AR AR AR 8

1 RS

1.1 MR5iRF

TN TR Rz - TR} R B AT 5 400 A B B e 1
ZEY NG T

R CEFLE R T34 =74%) . 2,2°-BRE-3-(3-2
- R JF uE mk ook -6- B AR ) — & #h (2,2°-azino-bis
(3-ethylbenzthiazoline-6-sulfonic acid, ABTS)(ZliJE =98%) .
R (3 4l [T B2 T 35300 () 4 B w1 D; 2 FLBH I R
(465 =98%, g IRM LR A RA ), Arie . B
M. ERR . BEER . THER . JOKZEE[TAE, ENRAT
(GEENABRAFI; ByEFE w7 . SRk, Kigie . SR
K. BRRREE(rHTat, RETi RS R AE R A BRA | .
1.2 UFE5E%

Agilent Cary 630 ff BL 28421 SP i {0 (35 B 4R
BHEABR A D, UV2450 58] WA 6 BE T H 2 B HuY
#ir A PR D), SpectraMax M4 2 D REBEHRX [ 245 43 FALAR
(B A BRA R FD-1A-50 VR THRHL R A A
MRS HD); YR-500A Z DI REMWEALOGK T Fosh 157 A BRA
Hl); HH-600 %5 5 48 I /K 78 46 (4 bz DX PG 30087 3 (45 T);
WT-C2002 HLFRKF-(REHE 0.01 g, LM TR asa RA
F]); WP-RO-40B B4 /KHL(I ) IR ERR A AL IR 5 A BR 2
Ao
1.3 LI FFE
1.3.1 NAKRREHH &

FRECT ¥ A\ R 2 50 g 76 800 W i K 4 1 min,
HETRY R 40 H i T 1000 mL BErh, Jm 20 f%#B 4K, 76
20 °C'F, 121 60 min, FHE P 5K, HEIBRITCOIAE
Molish 52 Ji 1 @ 7R JobfE A7 1k, 60 °CN LT, Fiirad 40 H i
W, Wi N IR B2 b o 46
1.3.2  RAUBRJf itk

A3 M ARBUL BRAT B SR H2 4 10.0 g, 3B pH 4 1.5
(ARG . BLRR . AR . BERRVAWCD, DAL 1:30 (gmL)
JNZE 500 mL BefH, EEEETCRIR, 78 90 °CoKIE H i
P2 h, G, RIS EHEER, 4 100 mL 1L
WhIA 0.8 g ilithm, £ 65 °CFABHMBE 25 min,

0.1 mol/L NaOH ¥ AT pH £ 3.5, HMAMLL 1:1 inA
95%Z W, WHEREUT 2 h, 120 HFRMLLIE, oK Rk
3, WO 12 h, rRIAF IR . BRIR . fISIR . WEIR
R IORE i 5 R £ B SR BR (hydrochloric acid extraction of
pectin, HEP) | HilREEBCR K (sulfuric acid extraction of pectin,
SEP). filMR BRI (nitric acid extraction of pectin, NEP)
W2 HLHX (phosphoric acid extraction of pectin, PEP), H: 4t
JEAR R RA XA (1):

w/%=%X100% (1)

A w AR IRICE, m RS EIAR IR ER, g MR
FREBUR M E R, go
133 #FHEFXE

PG TCHLRR RIS TR L5, # 2 IR TR A R IR+ s
R, i bR 5 ik 2 BUR & R 42 BRI (citric acid and
sulfuric acid extraction of pectin, CSEP), [& & W Lt 4
1:30 (gomL). pH 1.5, #EHUEE 2 h, $2BGEEE 90 °C, %
BIREGR LBV EERR): VIR 5 0:1, 1:1. 2:1,
3:1.4:1 (mL:mL)A X SRS ER AR A 52 s [ 2 V& R L 3]
[V ERR): VIR ER) 1A 2:1. pH 1.5, $EHUE] 2h, $RBGE
¥ 90 °C, HEEFEWEL N 1:10,1:20, 1:30., 1:40, 1:50 (g:mL)
B X SR B R IR A 52 ] 5 TR TR L A9 [V (RP A IR - V(B
FOIK 2:1. [ R 1:30 (gmL). FREEE] 2 h, $2BOR
¥ 90 °C, ZERBUK pH M 0.5, 1.0, 1.5, 2.0, 2.5 A%t
R ER B A [ IR A R LG [ VTR ): V(B R )]
N 2:1, BN 1:30 (g:mL) ., pH 1.0, EBUGRE 90 °C, %
ZLARBUREI A 1.0, 1.5, 2.0, 2.5, 3.0 h FXHREHRBCR
RIS, [ IR AR LI VTR VB ERD) A 2:1. B
k>4 1:30 (gimL). pH 1.0, $ZELASAIA 2 h, FESHRBOR B
(80, 85. 90, 95, 97 °C, HuIX KA JEFE /K 97 °Cik
F )X R BRI . SIS 3 Ik, BOEE.
1.3.4  vh @RIt

RETFRHRFIRIGLE R, KA 3 W& 3K R8T,
RIS A R Bz RAARBOR w3 AMEE: RAR
ELBl(4) . BHEI(B). WRBE(C) R EEA NS, DU
TN EEARR . RIHEF ST E 1.

F1 MEREIXEERKFE

Table 1 Factor level of response surface test

K A IR ILY] B: WHE/M C RESC
(mL:mL)
-1 1:1 1.5 90
0 2:1 2.0 95
1 3:1 2.5 97

135 NANRBER A L5 A R AE
M 1.3.2 J5 i B BORT 5 R 41 JBOR I (citric acid
extraction of pectin, CEP)5, &-#H{ 1 mg CEP. SEP. CSEP
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MAET 25 mL 4k, U4k NS, % 200~800 nm
A HAT UV-Vis 494 . RIS 5 %5 CEP., SEP., CSEP
THR AR VAT FT-IR RAE, JBGEFEIN 4000~400 cm ',
1.3.6 AR R R FRALTR A7 E
(DAEZUAR R R & 2 e
DA W 5 2 3 O e LW R TR o T ) B v B R
100 pg/mL U RRARMER W, /91 EL 0, 0.2, 0.4,
0.6.0.8.1.0 mL F 25 mL HE&E h, Bali/KER 1.0 mL,
RIGUTREZ A 6 mL WA, FTAMES, K
JN#R 20 min, BUHAREIE I, 4000.2 mL 1.5 g/L BEME-
LR A Y5], FEREAL A E 30 min, £ 530 nm A AE
W SEREAE, LA FUMERE R T i B i AR AR (¢, pg/mL), TR
N6 BEAE R A A B (A) 2 il A o R 2R, 15 B o R 2R O AR
A=1.6111¢+0.0198 (*=0.9994), FRHL CEP, SEP, CSEP
JEREAL A 0.05 g BRI, 0.10 g/L By, B 1 mL SR
W, $% PR IR GEROGE,; BAFEAIE 3 40017, B3
WERE R & i A U (2):
wi%=<" x100% @)
M
AP WO FUBRERR & B o M TR UM IR IR vk
JE, ng/mL; VORI AAAR, mL; M ORISR R, g
(Q)FR LI &
S N6 0k, 4y BIFREL CEP. SEP. CSEP
0.05 ¢ F 500 mL #EJEIEH, A 100 mL /K, I8 Bks
7R3, 1 0.1 mol/L NaOH # IR a 22 I I 2 VM 680 T
25, ICHIHFER NaOH IEWARFLN Ve FMA 0.5 mol/L
NaOH ¥ 70 mL, #t#E 15 min J5, f1A 0.5 mol/L 52
20 mL, FEPEER LG . PR N AR R R,
0.1 mol/L NaOH &% &2 2 H IR 41 €6 Sl 28 55 10 SR TH #E
i) NaOH ¥ WAARUR Vo(lB ki i) AT 3 K, BRfLIE
HE AR RAG):
DE/%=—"2__
n+r,
A DENERILEE; V) WFE S IR LG T & A, mL; v, i
sl T R I A A AR, mL
1.3.7 NARKRERRABMNERAR
(1) ABTS H H ZLIEBR R &
%% SARIKURKCU 25UV 0y i mis A s e o i il
7.4 mmol/L ABTS fif % . 2.6 mmol/L i3 5% B2 41 i £ 7
£ 50 mL, 43I 5E 25 mL AR 50 mL, JEREEEE N
B 12 h 158] ABTS TAEERE, 4 °CHRfF. I 10 mL
ABTS T ARG EBAK TR 50 %5, BN 30 min 515
ABTS TAEM, £ 734 nm PEAAE AT 4(0.70£0.02) 7%
H, BERERIER M. I 2 mLABTS TAER . 1 mL #£59%
FIVENTHRZH Ao, 2 mL ABTS AR . | mL ARSI R
VESZIRAE 4, FAT355 3 4, EHHHE 6 min J&§, 7£ 734 nm
WA E W ICEE, THEAR K (4):

x100% 3)

ABTS & T 1 Haf&i%%%/%% x100%  (4)

o Ao WERERIEFITE 734 nm KA RIBOGRE; 4 ke
VEWAE 734 nm P KA B SERE

(2)FHE A i HEm &

IKAGBR- LU LA I e Fa 3k H i L TEBR 2R, 28 T g
2200 g5 vk . ARIRIZI 1 mL 9 mmol/L BRFREZVAWR . 1 mL
9 mmol/L /K#lR- L BEVET . 1 mL AFEIRERES IR, FTTH
FE45], A 1 mL 8.8 mmol/L H,0, ¥, 37 °C/KI 15 min,
F 510 nm AWERIERE 4, FAT 3 WK #BalikE H0,

WIRAESS A4 Ao, HRAUKABRE SV TRAERT IR 4, A
NI (5):

R 1T T R %= W x100% (5
1

AP Ao AR A G, 4 InFESh FGIE; 4,
RZS E T RE IR E
14 HiELE

¥ FH Box-Behnken Wi Ji i TR AT SE 30 e, FEaEAT
Bl oA o SCE B IS Oy 22 0 i T R, BRI
[8] >4 95% .1 FH Descriptive Statistics A AR WG,
L TIARN IR . ABIF ST SE B0 45 SR LS5 (b v ff 22
FON, TRER 3 W, BOEHHE.

2 HRED

2.1 FAERFHEHE

ANl FE R R AR R T/ H IS Bz SR BB g 5 i)
W 1R RBIRBCE M S ERAKIK N SEP (8.74%)>HEP
(7.28%)>NEP (6.48%)>PEP (5.66%), AJ UL KRB,
ANFIRB BRI AR 25, MIERIR . MR TIBHR, B
FomR bR, PRI SRR & . 5 SCmk[2 10 L
% . EHRBRIAERE BT R R RS R — 3. Tk
B RR SR IR A R IO\ A TR B2 SR

10 -
a
81 b
C
N =
S 6F d
# s
=
=4l
;:%5(:
B
2 L
0
SEP HEP NEP PEP
TCHLERFNAS

TE: AF/NG TR A BA B 22 5, P<0.05. 2. 4 TR,
[N GBI 08 S/ &SPl
Fig.l1 Effects of different inorganic acids on the extraction
ratio of pectin
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22 BEARAELE

B 2A TN 4G GREREE, /R AR
PR 8.61%; WSINATEEIR)G 4R ICR 23 E Tk, #r
IR O R I BRR Y 1 % 2 A5, SRR AWK,
2 f5E, WEHIAE] 10.56%; FrigmR o s, AR
RIBUF . Xl AT e 5 A S5 A1, (R
T IR Rz s th U, R R et 2 (o IR 14 T A A T Dk
55, S Z BN, TG A 17

ME 2B ATAL N R Bz S e 2 B A [ L
1:10~1:30 (gmL)i 3 R, fe i (Hik H] 10.51%. 764
WL 1:30 (gmL)Z )R, /ST AR R SR IBOCR H 3F Ft
P JRE AT REREEFIIE N E] 1:30 (g:mL)i}, fE KR
JEE 7 5 TV R el B, VTR A SRR R, S
WEUIANSE 4, (AR BUR T

B 2C AT 5N, Bl pH AN, N JIRR B SRR HEE
I ETHE TR, pH oA 0.5 I, RT3 M, pH 4 1.0

i, ANH R R RAARBCR IR BIE(E, HF 11.76%. ULEAA
TEE) HAT AR R R A A R K SR Rt SR
T pH ME—2ER K, BRI Es, FR AT R Rl 2 A
M 2D AL, N AR By SR 1 B3 A 2 B[]
1.0~2.0 h [ 3 AGHaE, SREURR] A 2.0 h i, FBHRECRA
B, o 12.25%, 7 2.0 h ZJ5, R PG RS AR
WA RER WA, HARRR BRI, SEGH M.
M 2E FT AL, BEE SR BGREELE 80~97 °CYEEIN AT,
A IR Bz R SRR S B B T, 100 BA I X SR i
FIFRBGE K o 7E 95 °CRT A SFAHRBCR Ky 14.14%, 95 °C
ZJE, RIEARBCRIGIELZE, A AR, BORA 95 °CfE
SRR o TR AN IR B SRR R R K
g P TR, i bR 5 MR R R BRIEG R
1], B [ AN S AR DRI 40 TRATER AL,
2:1,3:1, mL:mL). B: B[](1.5, 2.0, 2.5h), C: I&AF(90.0,
93.5. 97.0 °C) N FEAEXI G, A7 W 1R IR BT

A2 - B 12 -
§ 11 + o\\° 10 F
i :
) 10 - ) g L
= &
K o Kool
8 . . . . . 4 ) ) ) . .
0:1 1:1 2:1 3:1 4:1 1:10 1:20 1:30 1:40 1:50
VFPEEIR): V(B R ) (mL: mL) [ H (g:mL)
Ci2. D
12}
?; 10 + Sl
= 81 m 10
=% =
6 ) 9L
4 L L L L L 8 1 L L L L
0.5 1.0 1.5 2.0 2.5 1.0 1.5 2.0 2.5 3.0
pH s ] /h
E g &
14|
c\\° 12 + b
?fé 10 - .
o
® 8t
61
80 85 90 95
Mz C

B2 A [ R 2O R AR IR A (5

Fig.2 Effects of different factors on the extraction ratio of pectin
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231 AE@RBLER

F3 REERENNMERERNFES N
Table 3 Analysis of variance for response surface quadratic
model for the extraction rate of pectin

W 107 TG0 1 T M 45 3R L3R 2, Design-Expert 8.0.6 %% N FIE AME BT F P
it 4% 2L Ak FRAS 3] A SR S R BB A T R BT 43, 3T sl 68.33 9 7.59 231.8 <0.0001**
£ J0 YR ) o7 1A [B] U B A . ¥=14.05+0.434+0.5625B8+ A 1.48 1 40.410 45.11 0.0003%*
1.86C+0.074B—0.224C-0.16BC-2.344%-1.65B>-0.0315C?, B 2.53 1 4200 7720  <0.0001%*
A [ A 5 R A — IR AR i R AL, TR ERN KRN C 2753 1 14690 83953 <0.0001**

N=PAN 7 H F1 HHy VE
A>B>C, BIR A R L B> HE U ) >F2 1 AB 0.0196 1 0.100 0.5977  0.4647
®2 MEEARRITRER AC 01936 1 1.040 5.90 0.0454*
Table 2 Design and results of response surface test
- — BC 0.1024 1 0.480 3.12 0.1205
K% TR BCR /% -
A 22.99 1 40230  701.01 <0.0001%*
ﬁt%% A: {F{'ﬁé@f{tlﬁ B: %m C: %EXYEE ﬁt%\ﬁ Tﬁ(}r‘ﬂﬁ
- (mL:mL) N /°C o " B? 11.41 1 2010  348.11 <0.0001**
1 2 2.0 93.5 13.81  14.05 e 0.0042 1 0.180 0.1274  0.7316
2 3 1.5 93.5 9.89  9.86 FR 2 0.2295 7 0.120
3 1 1.5 93.5 9.13 9.14 ESou 0.1286 3 0.220 1.70 0.3037
4 2 2.0 93.5 1413 14.05 4R 0.1009 4 0.043
5 3 2.0 90.0 1033 10.48 BARS 68.56 16
6 2 2.0 93.5 14.12  14.05 P22 0.1811 R? 0.9967
7 2 2.0 93.5 1421  14.05 HiE 12.16 KRIER® 09923
8 1 2.0 97.0 13.47 1333 R
B 1.49 T R 0.9677
9 2 2.0 93.5 13.97  14.05 1%
10 1 2.0 90.0 9.07  9.18 T #2252, P<0.05; ** 22 50 i 3%, P<0.001,
11 2 25 97.0 1451  14.63
3. @] R ) 4 AL
12 3 2.0 97.0 1385 13.75 232 vhp@% 7})’\”}‘4“4 ‘ )
" 5 s 970 369 138 ME 4 HaT LIE L, R i 240 T #5-51 CSEP 42
” ; 1'5 90'0 9'91 9'79 TR 14.22%, 55 RI70 FI LI % (14.05%) 3 A A
- - : . %, M SEP (12.98%). CEP (10.05%), 4% 5340
15 3 25 93.5 11.14  11.13 N
1.24%. 4.17%. ik, $RIEEMERILH CSEP>SEP>CEP,
16 1 25 93.5 10.10  10.13 o N " -
IRy RR O RVANE BN 8 i 7Y i G B = & ST K 2
17 2 25 90.0 1137 11.24

FESWIFE 3. HE 3 WA, KRR F=231.54,
P=0.0001 (<0.05), {HAMERIMG 3 . HI5C R R=0.9967,
SRIE RS, W] 99.67%H0 I 1 A8 £k AT L3 L 3
BREROR R RS, BUNME S PR AR . |
FER R BUGI R, 4. B, C. A*. B> XHRIHICR B 0
W B3, AC KR BEHRBCR R 3%, i AB. BC. C* 5}
JE R R T AN s 2

3 FIEH, FBHEICR A 5 KA AE ] S b B,
IR B B RAEAF AR s o AL S, A H IR
BRI S RS BAS A IR TR LU VO AETR): V(B R) ]
2:1 (mL:mL), $2£HUEE 2.0 h, EE 93.5 °C. FEW L 1:30
(grmL). pH 1.0, IZFMAACHEIBRE Ry 14.018%, HIEHTbR
TEOL, KA AR A TR LB 2:1 (mL:mL). $2H
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IR T8 80X, 1069 cm™ 4b 55 A W g U Shy W 4
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(—COOCH,), Hi ER Ak B2 7T 43 Ay A0 T A Ji 0 v i SR e, 2R
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25533—2010 (i LA ERIRME EREIT R fx
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CINiR R T8 S N S| S L Y it 1)) V'3
HR R HR B SRR 22 M (I e S0, 5B TR . ik
BT, R 4 FET IR, TR OB AR o R A
& FIK Ry CSEP>SEP>CEP, SEP. CEP FgfbIE 235N
(79.23£0.28)%., (71.55+0.21)%, At CEP. SEP £}, i
B IRARBURIE CSEP - ZUERSR & S AER AL s i, 4351
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Table 4 Physicochemical indexes of pectin from Akebia
trifoliate peel (%)

Eizzan L FLURHRERR BRI
GB 25533—2010 =65 =50(F 1)
CEP 71.55+0.21° 73.01£0.32°
SEP 79.23+0.28° 80.67+0.12°
CSEP 81.94+0.43° 82.41+0.35°

T 3R ) AR B B 251 2% 57 (P<0.05).
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Al UL, CSEP #kk ABTS B F H AT RE 1 ek o

MIE 7B RIHL, FRHE A R B 5 R v B Bt AL
XF, AIEKREESI9%8F, CSEP., SEP. CEP } CP [ ICs
fH4y 5910 2.248 ., 2.953, 3.571. 4.114 mg/mL, 4 FhAE KRy
3 At S BRAE 1 R BMIRIK Ky CSEP>SEP>CEP>CP,
HHAE U & UM, X—H4 S WANG %5
SO AE IR, R FURERERR O s R, HOR N R
ey g, AR N FUMIRE IR & i s AR A 2
R (RIEL), N T O-H # SR BT

A
60 - —e—CSEP
NS ——SEP
bl CEP
& 451 —=—Cp
#
o
H
o 30 - A
s
=
=
% 15+ .—”i/'/i/l
0 1
1 2 3 4 5

w

100 - _o_ CSEP

FIE A TS BRR /%

1 2 3 4 5
SRR B/ (mg/mL)

K7 CSEP. SEP. CEP. CP X} ABTS FIE T H 3.
R iR RR AR
Fig.7 Scavenging ability of CSEP, SEP CEP and CP for ABTS
cationic radicals and hydroxyl radicals
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