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Correlation analysis of flavonoids content and antioxidant
activity of Zanthoxylum armatum DC.
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Abstract: To compare the content of flavonoids and the antioxidant activity difference of Zanthoxylum armatum DC. from dif-
ferent places of production, the correlation between flavonoids and antioxidant activity is explored. Taking Z. armatum from 21
producing areas as the materials, this paper establishes a method to simultaneously determine the contents of four types of fla-
vonoids (inculding rutinum, hyperoside ,isoquercitrin, quercitrin) with HPLC, test the content of total flavonoids by adopting
spectrophotometry , evaluate its antioxidant activity through DPPH and ABTS free radical scavenging tests, and analyzes and
explores the correlation between flavonoids and antioxidant activity combined with product-moment coefficient of correlation.
The established method is simple and accurate which can be used in testing the contents of four types of flavonoids in Z. ar-
matum ;there are obvious differences in the content of flavonoids and the antioxidant activity of Z. armatum from different
places ;according to the correlation analysis results, it can be seen that the total flavonoids and rutinum are significantly nega-
tive to the EC;; of both DPPH and ABTS clearance. Therefore, total flavonoids and rutinum can be used as indicators to evalu-
ate the antioxidant capability of Z. armatum. This study provides an experimental basis for the antioxidant activity research of
Z. armatum and a reference for the development of its health derivatives.
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Prv-AEUEA BUR DR R IT DUAAE RIS B Bt
s A LA OB 2% T R E 1 A L L AR
PURRE | o6 MUWE 55 28 20V T A5 A it AR AR SR A3 1
AR, HRTARA DTSR WA AR 25 b pr AL is 1k 5
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SR S 3RO R S IE A o AR 2
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27 AT AEML, B Sr HPLC J7 35 [ B 5 4 b 2 i
FIW Y, AN E BB, 455 DPPH ABTS H
H BT ARG A (] 7 Ay i AE AR S A T 22
St o il B RIEAR SE T, SR T BB I FBL AR
T PRI RIS, , B AE N AT I AEART SR AR T PR AF 5T
R A FEAT AR T R SR LS B i Hle
1 LSR5 H#
1.1 =8

LC-20AT & 84 AR (A ( B AR By A WD) 5

Agilent 8453 540 T (32 Agilent A F]) 5
BN3000 %75 73 Z — L+ K7 (LR % Bl 2= {3
HRRAF]) 5 CP2000 R+ 7 43 2 — HL F K (il [
Sartorius 23 i ) ; UPTUO-I-1000TE f)i; 3 2 41| 4% 45 7K
BLCOREREE KB A PR F]) ; SG8200HDT 7l 75 i
THVEHL (L v ek 4 ) 75 2% A BR 22 F] ) 5 Varioskan
flash FIFRARY (35 EFERR CHRBHEAF]D) o
1.2 ###l

BT (5 AF9022006 , 4l J :98% ) 4 22 Bk
(HIt 5 : AF9110614, 4 i : 98% ) | #it Bz 11 (it -
AF20030853, 4fi BF. 98% ) . & M Jz 1 (4t 5.
AF9030801 , 2 FiF : 98% ) ¥y [ B35 1k A= Wy Bh 4L
HIRAF; NG P EE (kg 55 E TEDIA £ R
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95% P (4 T, LR TR RE Ak 2 b AT BRA A 5
R ER AR A ER AN SR AR L S AL AN (LR T R
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(3-ZHEEFRITWEMEIR-6-f 12 ) — ek (ABTS, - ifg 7
M BRAE]) 5 L-BU IR IR ( K% £ AWM+
RABRATD) 5 77 AEAURE i SR IR AR B L2 1, 2
B S 24 K2 T o B S S RHME ) P A
L ( Zanthoxylum armatum DC. ) B TSR 1

R1 27 e RRIRE R

Table 1  Source information of 27 batches of Z. armatum

% No. WSEH Collection place WAL A] Collection time
sl Bl B A MR I 2019/9/7
s2 LG FIA MR I 2019/9/7
s3 Sl BRI 2019/9/7
s4 LRI A MRS 2019/9/7
s5 HULEEE R MRS E 2019/9/7
s6 Bl e Mg T 5 2019/9/6
s7 LI A M 4 2019/9/7
s8 L [ M AT 2019/9/7
9 Bl B A M A 2019/9/6
s10 B FA M TR 2019/9/7
sl I e AN X 2019/8/27
s12 [RAEN i RARES 2019/8/9
s13 BT RS E 2019/7/29
s14 SR I B 2019/8/29
s15 HH=HE 2019/9/8
s16 Bk s B 2019/9/9
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2:5% 1( Continued Tab. 1)

4+ No. & Hh Collection place Y AR H] Collection time
s17 EhmrE R 2019/9/10
s18 R TR =R 2019/9/10
s19 WL R =R 2019/9/10
20 AR B 2019/9/11
21 EMTTE R 2019/9/13
22 mAmE L 2019/9/13
23 BT B T 2019/9/14
24 T B 2019/9/15
25 VY )il JE L 2019/9/16
26 G0/ ARG 2020/9/20
27 JE AR 2019/9/11

2 HFEEER
2.1 EEMEENE
2.1.1 B&BEZRHE

K BERRIBOS T X5 B 5. 43 mg, i P st i) a1
mL 5T 0. 543 mg PR AR BR S A 25
2.1.2 X SEas &

BT AEABR B, 5 3 51 A R PR AR RURE
MR 1 g, B AP A MA T EE 25 mL,
FREE 75 P 30 min, FREE, FH A AN 2 &,
U8 YRR 0.1 mL & 10 mL A5, A 5%
(%) NaNO, ¥4 0.4 mL,$%5) ;% 6 min f5, FATA
109% (1) AL(NO; ) 5 %5 0. 4 mL, #%%]; i E 6 min
J& , A 1 mol/L ) NaOH Y& # 4 ml.,15 min 5 P %
FEZY
2.1.3 mKRBNOEKeikF

DL Ptz bt o o 28 O i T4 R 28 LR R, B
PSS WA 400 ~ 800 nm Z [ 44, i 4l 414 45
RIEHE 510 nm AEINE B .

2.1.4 AFAEWXRGH &

F 2 PR O IR 5 0. 4.0.5.,0.6.,0.7.,0. 8,
1.0.1.2 mL % 10 mL ), DA B R 25 14, 76 510
nm K0 IURE WG RE DAY BE R AR, TR BE Ay i Ak
b, bR e L A BNk MH 5/ y = 11.835x
+ 0.0213,R* = 0.999,

2.1.5 #Habsapn

B[R] 7= oAy it AR BURE B, 4562, 1. 27 TR 4l
PR, FE 510 nm Zh I WG, AR PR Z M [T Ty
PRV R M A7 i AR AR B I 5

2.2 4 MEBRNZER S NE
2.2.1 BB SIER A H &

G3RE BRI T A 2 Bk SR T A
TR IE SIS I, B S mL R I B R 4
TRA), B3R B4 524 0.1.0.2.0. 062 .0. 154 mg/
mL (R BRI o
2.2.2 ARSI R AR &

BT AR (3 3 50 ) 29 1 g A B,
25 mL B, #E75 (500 W,30 kHz)30 min, i,
FREE, I B, b 8, B DB MG 0. 22 pum flfL
FERR, HNAS
2.2.3 &ELEH

K H ZORBAX SB Cj; (250 mm x 4. 6 mm, 5
pwm) FE A B 0. 1% HRK (A)-Z 5 (B) , B
BEVENE (0 ~5 min,10% B;5 ~10 min, 10% —17%
B;10 ~25 min,17% B;25 ~30 min,17% —20% B;
30 ~45 min,20% B;45 ~50 min,20% —30% B;50
~55 min,30% —40% B;55 ~ 60 min,40% —58%
B;60 ~ 65 min,58% —100% B) ;i K 1.0 mL/
min; A1 R 35 C 5 KR Ry 360 nm; A5 K 10
Lo TR T IR SV T ST AR BURE i 5 W 9 HPLC
(NSNS I
2.2.4 KM EFR

FE 2 W HUR & X RS AW 0.5.1.2 .4 .6 .8 .10
pL, 2 AR 10 sk HPLC a3k (], DA B 9 o
HORJE (X, mg/mL) R AL bR, LT AR (Y) S gh 4k
b, e hbnifE i 22, A5 2] 7 F 25 R L3 2,
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Fig. 1 HPLC of mixed reference (A) and test (B) solution
B -5 3 2- 4 2Bk 5 3-S4 B2 1 ;4-#t B2 . Note : 1-Rutin ;2-Hyperoside ; 3-Isoquercitrin ;4-Quercetin.

R2 MWD 4 FHERMRSHIEEXREE

Table 2 Linear relationship of four flavonoids in Z. armatum

s 7 X AL
Component Regression equation Linear range ( wg/mL)

7T Rutin y = 1997 754.750 1 x - 38 184.427 1 0.999 7 0.05~1

4228k F Hypericin y = 5367582.7775x - 92 105.273 0 0.999 7 0.1~2

SH 2 Isoquercetin y = 2707 226.468 2 x - 40 383.688 1 0.999 5 0.033 1 ~0.62

it K2 £ Quercetin y = 3130473.2779 x - 89395.222 0 0.999 6 0.077 ~1.54

2.2.5 FEFER
2.2.5.1 K EiRE

TE“2.2. 37 A5 2 AR, X [] — xR o v Ak
56 WHLAFIEAE R 10w, T3 T G 2Bk 57
Al e H A e H U TR AR RSD {43 51 0. 50%
0.54% ,0.50% .0.62% , 3B Ze A 2 1 K4
2.2.5.2 HEEMALK

WA — A it FEARL 6 3, 1l £ Al T L,
2237 GRS MR IR T e 2
Ak B Ak B 0 T AR RSD (B0 50 S 1. 79%
1.88% .1.65% 4.13% , 2P 7k 2 R IF .
2.2.5.3 RUEMER

By AE LR PR, 2 3 (E 0.2 14 .8 (12
24 h,#%°2. 2. 37 @I A T R TR T 22k

5 R LA B i T AR Y RSD AE 3 il oy
2.24% 1.91% 2.41% 3.09% , %5 5% 1,32 3, 32 1)
FUT A2 SRR M AE 24 h NARE T
R4t
2.2.5.4  JRERICRIAE:

B — AT FERURE i 6 1 ARG B FRE , INAGE
X R SR, 452, 2. 27 T T i A A T VA T 4
“2.2.37WUR Ak A AR E R T
(7SR A S AN < A o 1 g o 71 B
100.97% .101.21% 99.24% 99.01% ,RSD #4351
J1.31% 3.87 % 3.24% 1.98% , 25503 4,
2.2.6 HmeLS T E

IUAS ] 7= Ay it A BSURE b, 62, 2. 27 TR 4l
PR SR TSWR, 452. 2. 37 R (A3 S BERE I i L AR
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Table 3 Stability test results of four flavonoids in Z. armaium
%y I ] W THT AR FIME i i 2 ARX B AR 2
Component Time(h) Peak area Average S RSD(% )
T 0 290 836 288 448.3 6474.19 2.24
Rutin
2 296 233
4 280 341
8 296 603
12 283 947
24 282 730
A Ns
jz*ﬂkﬁ 0 464 958 470 928 9 005.08 1.91
Hypericin
2 475 908
4 457 177
8 486 166
12 472 212
24 469 147
L Al pbr e
#ﬁ}&ﬂ‘ 0 141 990 143 608.8 3 464. 65 2.41
Isoquercetin
2 147 796
4 140 440
8 148 997
12 140 398
24 142 032
WEZF 0 308 497 306 139.2 9 450. 55 3.09
Quercetin
2 313 746
4 301 431
8 318 144
12 306 374
24 288 643
&4 PR 4 FHERAL S I EKIX SR
Table 4 Results of recovery test of four flavonoids from Z. armatum
. i i A IAT PULTER B2 I T2 AT i o
T R ' . F?ﬁg ' i \ &t Dy : &S REIEliES B (2
Comnonent Sample quantity Original quantity Addition Measure Recovery Average recovery RSD(% )
0
" (8) (mg) (mg) (mg) (%) (%)
T 0.500 3 0.290 2 0.303 0 0.598 4 101.694 8 100.97 1.31
Rutin
0.500 3 0.289 6 0.303 0 0.596 0 101.112 6
0.500 3 0.288 7 0.303 0 0.5927 100. 340 2
0.500 4 0.294 0 0.303 0 0.5920 98.353 5
0.500 1 0.286 2 0.303 0 0.596 0 102.263 9
0.500 5 0.2958 0.303 0 0.602 0 101.051 7
0.500 4 0.288 5 0.303 0 0.597 5 101.993 8
P :
iéﬁkﬁ 0.500 3 0.453 5 0.468 6 0.905 5 96.4595 1 101.21 3.87
Hypericin
0.500 3 0.455 4 0.468 6 0.905 6 96.0859 8
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%3¢ 4( Continued Tab.4)
Wy < %rﬂ'xﬁ ' _ _Fﬁﬁﬁ . f]l[/}.ﬁ bl E’?i Ve Rl &S R 2
Component ample quantity ~ Original quantity Addition Measure Recovery Average recovery RSD(% )
(g) (mg) (mg) (mg) (%) (%)
0.500 3 0.4527 0.468 6 0.9350 102.927 5
0.500 1 0.455 1 0.468 6 0.943 9 104.308 6
0.500 5 0.472 1 0.468 6 0.953 1 102. 636 4
0.500 4 0.462 5 0.468 6 0.953 8 104.843 3
iﬁiﬁ(ﬁin 0.500 3 0.117 8 0.120 2 0.2339 96.557 8 99.13 3.24
0.500 3 0.1253 0.120 2 0.240 1 95.512 9
0.500 4 0.122 8 0.120 2 0.2399 97.389 5
0.500 1 0.120 6 0.120 2 0.2457 104.065 3
0.500 5 0.119 1 0.120 2 0.240 2 100.778 1
0.500 4 0.122'5 0.120 2 0.2433 100. 490 7
ﬁiﬁcﬁin 0.500 3 0.222 6 0.2250 0.450 3 101.194 6 99.30 1.98
0.500 3 0.227 1 0.2250 0.4557 101.597 2
0.500 3 0.223 1 0.2250 0.446 6 99.342 7
0.500 4 0.230 1 0.2250 0.453 7 99.367 4
0.500 5 0.238 3 0.2250 0.458 7 97.972 0
0.500 4 0.2335 0.2250 0.450 3 96.349 6
PEIMR— RSN E P= H AT AEACh 4 R e S EER K S,
RS THIHIERERPERASSE
Table 5 Contents of flavonoids in 27 batches of Z. armatum(mg/g,n = 3)
e A= SR BT G 2R AR Wik Js8s
No. Flavonoid Rutin Hypericin Isoquercetin Quercetin Total
sl 75.513 6 1.001 4 1.034 2 0.367 0 0.8223 3.2249
s2 79.495 2 1.052 1 1.094 9 0.377 2 0.862 2 3.386 4
s3 83.364 9 1.348 6 3.983 2 2.136 1 0.902 4 8.370 3
s4 84.265 0 0.957 4 1.198 9 0.3513 0.809 8 3.317 4
s5 78.744 3 1.244 6 3.780 8 2.048 4 0.888 2 7.962 0
s6 58.005 7 0.728 0 0.806 9 0.302 1 0.516 7 2.3537
s7 68.765 3 1.005 2 1.2514 0.396 9 0.779 9 3.433 4
s8 44.689 8 0.484 3 0.442 7 0.1657 0.5102 1.602 9
<9 76.124 7 1.364 1 1.566 0 0.4519 1.059 3 4.441 3
s10 62.240 4 0.705 7 0.759 2 0.2251 0.570 2 2.260 2
sl 64.572 6 0.977 2 0.8415 0.144 1 0.905 1 2.867 9
s12 90.173 1 1.086 5 0.908 5 0.236 9 0.732'1 2.964 0
s13 80.926 7 1.2013 1.0155 0.262 4 0.824 9 3.304 1
sl4 30.460 7 0.4856 0.5525 0.1149 0.565 2 1.718 2
s15 66.618 0 1.0515 0.9250 0.298 0 0.728 2 3.002 7
s16 86.629 2 1.172 1 0.9815 0.304 4 0.8722 3.3302
s17 75.964 3 0.893 8 0.863 2 0.224 8 0.679 8 2.661 6
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2:5% 5( Continued Tab. 5)
GEETE TR SR T BT St ik B H FENSs
No. Flavonoid Rutin Hypericin Isoquercetin Quercetin Total
s18 86.491 9 0.984 7 0.8355 0.2329 0.697 8 2.750 9
s19 82.981 2 1.438 4 1.828 7 0.543 1 1.236 4 5.046 6
s20 39.118 2 0.861 3 1.0427 0.206 0 0.941 6 3.0516
s21 87.573 0 0.828 3 0.822 4 0.134 0 0.692 4 2.477 1
s22 73.200 3 0.833 8 0.75517 0.212 8 0.632 8 2.4351
23 74.561 0 0.728 9 1.003 8 0.2345 0.651 3 2.618 5
s24 77.777 8 0.9735 0.830 8 0.234 4 0.709 9 2.748 6
s25 85.041 2 1.1579 1.052 2 0.184 1 0.982 2 3.376 4
$26 70.749 5 1.104 7 0.9810 0.296 6 0.775 5 3.157 8
s27 73.520 5 0.953 0 1.0906 0.1719 0.898 4 3.1139
AFEHERAT LU S T R R SRR, SRJEHT 95% L BERR RIS IR, 7RI

Mk B A B A S i R A5 R L3R S AN TR i 1Y
LB B 4 b e R S o AT AR BOR 2R S . H
LR (3) A7 I FEAR G 22 BT | St Bz 5
e, LA (s8) B 4 i BT R i 5 i B i
(TL) 55 AR, Hy g T, ¢ L M A7 - A AR i 5

SRR EAPF B (s19) By T A Rz 5 8
e, UL JE YL (s12) 5 B S i A SRR L

(s14) By LB & fdpc Ak, B 4 Feg i e i & 5 5
i (TL) 8K

2.3 mEAFEENE

2.3.1 ARSI R A&

FEHR“2. 1. 27 W (4 7 2 A 3k e ik,
A5 B Mk BE 0. 004 .0, 02.0. 04.0. 08.0. 16,
0.32.0.48 mg/mL FJIE .

2.3.2 Ve k4 &

PRI LG IR M AR (Ve) 5. 06 mg, # T 10
mL 255, N 95% LB iR, 7 7250, BG Ve
WA FE 2l 0. 506 mg/mL, F- 43 5] il Jii ik FE oy
0. 000 506.0. 001 265 .0. 002 53.0.005 06.0. 006
325.0.012 65.0.025 3 mg/mlL,

2.3.3 DPPH &k ¢ Be

K% FREL DPPH 2. 02 mg, B T 50 mL & # I
W, 95% B R, A4S, #24), BI 4G DPPH 5
(HeJE 4 0.040 4 mg/mL)

2.3.4  ABTS ity fe s

¥ ABTS ¢ 1 % 6. 94 mmol/L 7K ¥ W, ¥
K,S, 04 BLiil 5 2. 6 mmol/L 7K W, 76 i FH AiH —
FIRGHWE THINAL 12 ~16 h {H M35 kA58 4

734 nm LGN, BB e 2945 RO EE(EAE 0. 70 +
0.02 Z[u], B 5 ik ABTS ™ # W A Be il
2.3.5 DPPH &%t H

96 FLAIM AR i J5 T BARE AL K2 1 h J5 fifi
Varioskan Flash #5400 & OD {E, I 2 % K 3£ £
517 nm, DPPH J&R&HE AT .

wRE = (1 —%) x 100%
0

K. A, F% 100 wL DPPH ¥ i + 100 pL
95% L BERIWOCEEE ;A, 3278 100 wL DPPH #5 +
100 wL HEih/ Ve BRI EEH A, R 100 pL
BT IR + 100 pl 95% L BRER WO
2.3.6 ABTS &t 4

96 FLARIN AKRE fh 5 BT B IS AL S 1B, 40 min J5
ffi ] Varioskan Flash fiff b5 {500 & W' B OD {E, I
FE KRS 750 nm, ABTS JEBRFITEAXMT

HhE=(1 —%) x 100%
0

KA, 525 pl.95% Z, i +175 wL ABTS*
IR SEREME A, 7R 25 pL BESL + 175 pl ABTS ™ (1)
WECREME A, R 25 pL FEAh 175 pl 95% ZBEERY
WO
2.3.7 AARMESH

%l Graphpad prism 7.0 g™ , FEm H EC,
(EREEE Y IE YO

H1 ¢ 6 W], O[] 7= M A6 AR B4 B X DP-
PH ABTS [ iR HA —E 2R, Hi, 1
HE YL (s12) %) DPPH [ py 005 BR AE ) fie s, 43 BH
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& 6 DPPH #0 ABTS JKUTER) 27 #LATHH LM ECs B
Table 6 EC,, of 27 batches of Z. armatum determined by DPPH and ABTS methods

j= = ECsy (mg/mL) B 2 ECsy (mg/mL)

No. DPPH ABTS No. DPPH ABTS

Ve 0.008 1 0.0427 5 s14 0.481 1 1.5250
sl 0.131 3 0.292 6 s15 0.078 1 0.192'5
2 0.102 3 0.342 4 s16 0.074 8 0.238 1
3 0.072 2 0.504 8 s17 0.076 8 0.528 9
4 0.092 8 0.382 6 s18 0.074 7 0.370 2
o5 0.081 9 0.624 5 s19 0.074 0 0.641 4
6 0.145 8 0.691 9 $20 0.329 3 0.588 9
§7 0.100 9 0.730 2 21 0.062 3 0.360 9
o8 0.405 7 0.414 7 22 0.076 5 0.919 9
9 0.144 6 0.472 1 23 0.087 3 0.939 7
s10 0.146 2 0.394 1 24 0.068 1 0.790 0
sl 0.082 7 0.258 6 25 0.062 9 0.313 3
s12 0.054 2 0.654 4 26 0.077 3 0.554 2
s13 0.055 3 0.3195 27 0.082 7 0.554 6

=5 (s15) X7 ABTS [ i &1 BR A8 1 5 , (3G BR
R X IEA

B IR O FR B T 2 AR R (] 26
PEZ R F] IBM SPSS Statistics 23 k45t 27 41t
AN] 7 Ay i AR B ) b B T A
MR S MR s B i 43 i 5 DPPH

FENEBRA Y ECso L ABTS [ 1 B BR R 9 EC, [H
TR RREMAH G R A SRR T, B E A T
15 DPPH (ABTS F i ZETEER AR EC,, {H1 1 123 1
RGN, WSS 7 T TR S PPN A7 - FE R
EACRET EIRZ — o P T i R AT G
AR (MK R B =0.6) Frfeiim—aut,

RT EMEMRSHENEEAXRY

Table 7 Correlation coefficient between flavonoids and antioxidant activity

Hz IR ME I 2258 Pearson correlation coefficient

sﬁlﬁe BB T S22 Bt St H it Bz 1 DPPH ECy ABTS ECy
Flavonoid Rutin Hypericin Isoquercetin Quercetin

BT Flavonoids - 0.671"* 0.299 0.23 0.388 0.886" 0.454*
T Rutin 0.671*" - 0.605 " * 0.493 " * 0.832" 0.632"* 0.401*
G LLHEAF Hypericin 0.299 0.605 " * - 0.979 " * 0.456 0.25 0.037
S Tsoquercetin 0.23 0.493 " * 0.979 " * - 0.291 0.182 0.014
1 2 FF Quercetin 0.388* 0.832%* 0.456 0.291 - 0.33 -0.308
DPPH ECs, 0.886" 0.6327 0.25 0.182 0.33 - 0.457*
ABTS ECs, 0.454" -0.401* 0.037 0.014 -0.308 0.457" -

T AE0.05 ZUil (BUR) MB35 ™ 7 48 0.01 25 (W) , iR R .

Note: * At the 0. 05 level (two tailed) ,the correlation was significant; * * At the 0. 05 level (two tailed) ,the correlation was significant.

3 it 54iR

AHEFER ] HPLC 3% [R] i 00 A7 it A8 A
T LM MR B O R
JCHETHIN S S B 5 i, OB (] 7 b B 2 B 7

RS, RN, BRI E Ay 30. 460 7
~90.173 1 mg/g, B AT VL & (s12) 2B R & 5
JEIRINTIE T B (s14) RLVEHR & 5 3 £i%, &2t
IR 0.442 7 ~3.983 2 mg/g, 5t 1L 5 U5 B
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(83) &2z Bk & A i LM A 4 B (s8) i it
10 4%, Ll R R B (s3) DU Ah 8 2 B o3 1 i B
(TL) 2 A4 (8) 1 5 A%, AN [F] 7= i 1) S 2 i % 4
FREEEZE B & AP E R ZE S .

K H] DPPH (ABTS H i JE35 bR L0, x) 21 4>
7= ) = I AEAR B S AT P R T 40T, IR
FH Bz R 38 XU B AF S A3 BT Ao #  F  FD e B A
SR i e v B s 2 I N i b L K A €
AATE AR R 22 5. ELHPl YT (s12) Xt DPPH
I JE AT BRBE S fe i, A A b X, 3 B P A
AL AR B4R U % DPPH (RS BR B %, 5
B A 2 SR — B (R4 PH = 3 %) ABTS [ i
FMTE RGeS ey, R R RSN E AL TE PR R
GERATIE S

A Mr s S, 25 T i 5 R 5 A7 A
3 — B, R, AT AR R T R T R R
i & 2 AR PE N P b o R IR R AN T 5 DPPH
ABTS [ i 535 BR 31 EC,, fH 2 25 fAE ¢, Ui ]
Py AR R SR 2 T P AR VE W] B, Zhang ™
P TA T A 22 ik S R 3 L 1 23 B-3-0-8-D-
NEE e 6 25 3 O o B4R Ak B 0 1 B S AR T A, 35 I
FE R4 22 B6HE > 75 T > S R, B R UL SCHR R
MR AT AP EAR IS T, 2T A 22 BT A 4
P BT 2 B o & = BN 57.8% ~67.3% , (A It
P AER TR AT AR T B AT PR e AR 2 —

TE DU 22 A7 P LG ABUEE F 28 i 43 2 v, R [ 7=
SRR P5T A 2R S A  SA A R AT
TEWI 2% 5%, #F b SCk L B, e R R a2
FAIGG R AR S P M P A — 2 R B, 1F
— BT IR 4 S [R) 48 00 A7 I AEABURE &y, W 25
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