« 3730« F8 B 2026F5H $£57% B0 Chinese Traditional and Herbal Drugs 2026 May Vol. 57 No. 10

R IR 5 R B R 4 RS M B S

#FHLL, sk AL MBS, Fmm4, E k2 KRERL ESAELY, FEFT
CRFELRFLA SR, (WA Gre 250355

AR &M NI 2%, LR B 250101

DR HAERATR, LR T 276067

CIRABCIF R, (LA GrRd 250101

i

W OE: BW WA EFRCESRESE NE SRR, X Citri Reticulatae Pericarpium Viride 55 55y S Hpi B AL 5200,
NFARAGES S T2 R0 R 2 A 4R ES R S R SR KR . 3k SR HPLC 45 &b IR mIBoAR, #F5T 20 HERES{E
NIRRT R R R AY IGEZ W, SR DPPH F1 ABTS 0 5 AN [R) 28 S VB v il kel 3o 75 e i Sd A i P sz . DL
B A R DT R 25 3 o) 15 40 AT OB T A5 A0 4y, LIE RS fdm /N — 3- 20 5l 73t Corthogonal partial least squares-
discrimination analysis, OPLS-DA) fifiif Hi [X 4> AN El Ml fh 1) 22 AR £ . 53R BE5 I HPLC fa 8 B TR E T 15 4
AU, FRIN T SERM . . A, R R, BHEORER. NIBRE 6 RhERERZSELSr: i (principal
componentanalysis, PCA) &5 %M, RAREEH T GG e, REROCIANE. KEE. &8 BER. BEHE
AT LA DX 43 AN TR AL 0 22 A R A8 40 « AR MDA S0 30 o, SR ML 7)1 75 1 V5 % DPPH 8 1 w5k, 2B i % ABTS
Ae 1tk ARSMLH] S sE S AL AE 1 (antioxidant potency composite, APC) i, HUCHEES:. KB, BRES. 458 W
PRI R T B SRR A3 IV S 34k, R T iE v . L REESER] T AR o R B, W P 2 3 1 o
Fpisibae ), TELRPRN AT RSB E W7 RS,

XHEIE: W FHIY; HPLC S mllag; Al Prafbimot; ZSanbpldr; MOVt &S HE,; LR M,
NS 2

FESES: R283.6 XHEARERS: A MEHS: 0253 - 2670(2026)10 - 3730 - 11

DOI: 10.7501/5.issn.0253-2670.2026.10.006

Effects of different vinegar processing methods on major constituents and
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Abstract: Objective To investigate the effects of different types of vinegar as processing excipients on the main components and
antioxidant activity of Qingpi (Citri Reticulatae Pericarpium Viride, CRPV), aiming to provide a basis for optimizing the vinegar stir-
frying processing technology and establishing quality standards for vinegar used as a processing excipient in traditional Chinese
medicine. Methods The influence of 20 batches of vinegar as processing excipients on the main components of CRPV was studied

using HPLC combined with chemical pattern recognition. The antioxidant activity of CRPV processed with different vinegars was
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determined by DPPH and ABTS assays. A comprehensive score was calculated by weighting averaging of principal component scores
based on their contribution rates. Orthogonal partial least squares-discrimination analysis (OPLS-DA) was employed to identify
differential markers for distinguishing different vinegar-processed products. Results A total of 15 common peaks were calibrated in
the HPLC of vinegar-processed CRPV, and six flavonoids, including narirutin, hesperidin, didymin, hesperetin, sinensetin, and
nobiletin, were identified. Principal component analysis (PCA) indicated that CRPV processed with mature vinegar achieved the
highest comprehensive score, followed by those processed with white vinegar, rice vinegar, and balsamic vinegar, respectively.
Hesperetin and hesperidin can serve as differential markers to distinguish the different vinegar-processed CRPV products. In vitro
antioxidant assays showed that CRPV processed with white vinegar exhibited the strongest DPPH radical scavenging ability, while
raw CRPV possessed the optimal ABTS radical scavenging capacity. The antioxidant potency composite (APC) index was highest
for the white vinegar-processed product ranked the highest, followed by those processed with aromatic vinegar, rice vinegar, and aged
vinegar. Conclusions The type of vinegar excert selective effects on the dissolution and transformation of flavonoid components in
CRPV and modulate its antioxidant activity. Mature vinegar is more conducive to the retention of flavonoid components, while white
vinegar can significantly enhance its antioxidant capacity. In practical applications, the selection should be tailored according to specific
therapeutic objectives.

Key words: vinegar; Citri Reticulatae Pericarpium Viride; HPLC content determination; chemical pattern recognition; antioxidant

activity; narirutin; hesperidin; didymin; hesperetin; sinensetin; nobiletin
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Table 1 Information of different types of vinegar samples

TR =) e KR

G

SR/ - AERER By SR A

@Lh ™ @L) (mgg!) (mege) /%
ml 20220509 EEKES WAERE TARWERRABAERAR 414 338 104 0343 0.172  4.14
m2 20220516 {EEKEE AR WREN. (TR BRAR 410 3.04 9.9 0319 0.057 2.57
m3 20220520  FHKEE WA K IR R B A RA R 411 3.15 140 0340 0275 498
mé4 20220607 BRIAEFEKE WESKEE S EME N ARAR 415 315 177 0379 0.194 7.47
m5 20220503  EEMCKES WA REE \WFEERENL R EIRAR 446 323 21.1 0.756  0.775  5.07
c6 20220116  1LIVGFARES B RE LIRS E®REMARAR 443 298 120 0.903 0.628  4.52
c7 20220115 EARLVARREE  FEASREE LTTEWE AR AR 380 348 156 2.870 1.530 13.00
c8 20220616  ZRiHH4FEER [ 25 e L) 7 22 R AR A6 BR A ] 482 3.08 132 0.894 0.613 4.29
c9 20220414  FIFRREES SR T AREREFRR M ARAR 467 3.19 168 1.830 1.230  8.49
cl0 20220425 T RBEES S KB TARMIEMBRMAERAR 455 330 212 1.140 0727  6.35
x11 20220714 BT F&REE [ 2 L e LF A RAF 533 3.0 233 1.460 1.060 11.70
x12 20220625 FEIT RS [ 2 L& LF A RA T 584 3.14 217 2250 1.310 13.40
x13 20220628  GPEAE RS [ R SEBHE LB & MARAR 460 347 126 1.190  0.644  9.69
x14 20220519  THUREEES WAREE WARGIEARMERBRAR 431 312 116 0.410 0303 4.12
x15 20230116 FEEE WA K I RR B A RA R 38.1 329 185 0.133 0294  6.63
bl16 20220418 A WA URERERBRBAERAT 413 276 2.9 0 0.024 032
bl17 20211201  F&HI AES AR B LT AR L AR ESARAR 401 2.80 4.1 0 0.017  0.80
b18 2022052673 [k WARE LWARTGIEARRERARAR 408 3.14 3.8 0 0.057  0.89
b19 20220506  FE WA K LVEEMREDNL R ARAT 378 3.04 4.4 0 0.030  0.72
b20 20220111  FREE TAS R 1L 7E 22 BRI SR B TR A W) 425 296 3.6 0 0.042  0.60
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A AT A3 S FR L A AT B, 0 A AR
JREWR 43515 0.10. 0.304 0.10. 0.05. 0.05. 0.05
mg/mL 7R A R A R

2.2.2 MR FIAER I H & BB K B RE R R
G50 2902 g, MEKE, BT HEHELM
o, RS IINFEE 25 mL, %%, FREFiE, e
(L& 250 W HiZ 40 kHz) 30 min, R4, HNHEE,
ANEIRE AR, 5], 1045 um BSLIERE, B
SEPE, B U AR
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M1—M5-vinegar-processed CRPV roasted with rice vinegar; C6—C10-vinegar-processed CRPV roasted with aged vinegar; X11—X15-vinegar-

processed CRPV roasted with balsamic vinegar; B16—B20-vinegar-processed CRPV roasted with white vinegar; same as below.

1 20 {BEER BRI
Fig. 1 Appearance of 20 batches of vinegar-processed Citri Reticulatae Pericarpium Viride (CRPV)
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mm, 5pum); JBIAEN ZHE-0. 1%KL, BB
Yebi: 0~8min, 10%~14%Z.i5; 8~17 min, 14%~
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min, 18%~30%Zf#E; 50~72 min, 30%~38%Z.
& 72~88 min, 38%~50%Z./i%; 88~~88.1 min,
50%~10%ZJ5E; AR EAN 1 mL/min; K&K
v 283 nm; AN 35 C; BEFEARIN 10 uL.
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Fig. 2 HPLC fingerprints of 20 batches of vinegar-processed CRPV
8 10 R T B VR FE R AR AR (XD, X I i W T AR A LA
B (YD) BEATEANERIEA T, 438 Z MR35 7 M AH
KEH WINZEBEMEE Y=16 199.0 X+8 749.2,
. R R2=0.999 6, ZVETEHE 0.7813~100.000 pg/mL;
14 13 K Y=16109.0 X+1424.4, R>=0.9996, ZPEiu
l l ' 2.343 8~300.000 pg/mL; HIFEER Y=13 599.0
0 : 20 20 0 %0 X+3020.6, R2=0.999 7, Z&PEil 0.390 6~50.000

t/min

O- =AM BCH; 8-F8 B H s 10-Fie R, 13- R, 14-TiHE

M 15-)IFRE R

6-naringin; 8-hesperidin; 10-didymin; 13-hesperetin; 14-sinensetin;

15-nobiletin.

3 REXTEE&H HPLC

Fig.3 HPLC fingerprint of mixed reference substances
25 H@REIENE
251 ZKMEXRRFE B “2.2.17 TUREAX G
TV, DA FF A R RS [R) o 3R B2 1) R BV 6 0 R
MR, FEER “2.37 TN AR AR AT I E . DX

ng/mL; JIIBEEZE Y=16 495.0 X+5 500.1, R*=
0.999 7, ZMEVE 0.390 6~50.000 pg/mL; 8 7 &%
Y=26 889.0 X+2 896.5, R2=0.999 8, #t:iulH
0.390 6~50.000 pg/mL; FHEEF Y=15457.0 X+
9 906.2, R?=0.999 7, ZMEyulH 0.781 3~100.000
ng/mL; &5 IR, BT 75 AH BT R N 2R
PER R RUTS

252 REEERE FE ML FERBR GE RS
fi), Fel “2.2.27 WUR Ikl & S A, 1R
“2.37 TURN ISR RESLRE 6 I, ICRIETAR .
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EEMBEA . B, R, R
il 1 B RIS TH AR RSD 43514 0.70%- 0.39%-
0.55%- 0.78%- 1.21%- 0.81%, &t FFK LA
R

253 EEMERE AR M1 FEEBR (EHS
i), %M “2.2.27 WUR ks &R ER, AT
6 1, IZHR “2.37 IR AR SK AR E . 6 PR
DEBEMEAF. BT, FIEET. BR R,
R VR R 2R 21 RSD 4308 0.98%.
1.10%-+ 0.76%-+ 0.57%- 0.69%- 0.66%, 5% K
ZSLIE G R

254 FoEMEREE REC M1 FEEBRR (RS
i), %I “2.2.27 UK J5ikfi) & A s, %
“237 TURAIERAE, TS 0L 24 4. 8.
16, 24 h #FENGE, THEEA . 6 Flsisr =&l
Fetf. BB B, BY R, SRR, )
W 5z 25 W AR ¥ RSD 2393109 0.25%10.26%+0.48%
0.95%-+ 1.50%- 0.54%, %553 B4kl I fE 24
h WAREPE R I .

2.5.5 OAEECRIREE  ARELC AR S ER M1
FEfM AR GEHS) 0.1g, ETHEMA, AT
6 13, AN LI S RE G b s S E SR R R R A
I8 “2.2.27 BUR 77 A &AL Va2 “2.3”7
TR EE A EREI E , THE S R ISP I A [l
W AR 6 P =AM R R Figs
SS90 s N i et TN S R ik =L
KRN 96.39% . 98.68%. 97.23%. 95.94%.
96.91%-97.33%, RSD 735114 0.47%-0.68%-0.57%-
1.19%- 1.67%- 1.34%, &5 REKHZ LI EIR
[EY/308

25.6 SEE AHEL 20 HEESR IR A
GE 5 0.2 g, KEHERRE, &M “2227 BURT7
TR AR A, T8 “2.37 TN ik S 1 kA
Wig, THE 6 M EE, SRR 2. 451K
B, AFEFPRETE A 6 Fhsi B R s i & & A
BRFELW ., PR T RS s . BEHE &
B B (2 B = T AR . FEERE
IR 3 MRS ) B SRR, (H A R
55 1B R 2 B2 A R iy o KA I 2 T B2 1)
T m 2T K, HANBIE .
2.6 LEFRENIR7

2.6.1 JZIRZEFE 1 (hierarchical cluster analysis,
HCA) i 20 HERBS 5 T B LA Wi i #RUR IR 4k

2 0#tBRERIRET 6 MM EENELER
Table 2 Determination results of contents of six

components in 20 batches of vinegar-processed CRPV

SR EU%

SRR R FEEE BRI EE B R
M1 3.69 17.00  0.76 0.02 0.03 0.06
M2 2.83 1596  0.66 0.04 0.08 0.11
M3 3.36 1595  0.72 0.02 0.04 0.07
M4 3.37 16.68  0.67 0.02 0.03 0.06
M5 3.99 17.91 0.79 0.02 0.02 0.05
Co6 3.92 1812  0.76 0.06 0.01 0.05
Cc7 3.92 18.41 0.79 0.04 0.01 0.05
C8 4.35 19.41 0.86 0.04 0.01 0.04
C9 3.71 1749 0.75 0.04 0.01 0.04
C10 3.79 1892  0.77 0.04 0.03 0.07
X11 2.61 1526  0.57 0.03 0.10 0.13
X12 2.56 15.19  0.56 0.03 0.09 0.12
X13 2.70 15.51 0.59 0.03 0.09 0.12
X14 2.88 1625  0.64 0.05 0.08 0.12
X15 2.87 16.14  0.61 0.03 0.10 0.13
B16 3.61 16.99  0.71 0.04 0.03 0.06
B17 3.43 17.03  0.68 0.04 0.04 0.07
B18 3.51 17.19  0.69 0.04 0.03 0.07
B19 3.77 16.69  0.73 0.03 0.02 0.05
B20 3.54 16.65  0.69 0.06 0.02 0.05

P fh

4, HiA https://hiplot.com.cn Wk 4341, %7
FriEfl, RH Ward.D2 K777, 4T HCA, 45
WK 4 fizn. 20 HERESEA EWRN 4 NEER
B, HERI> S5BER 4 BB OKES. BRES. &5
HED BAREMYIEE, XRABEHMHLLEES
TR M A AR 22 R O R 2R . {HA2, HCA
SER T AT EER, AN AR PR T ) R
K, AL XING: KEEFES M2 5FEEH (X111~
X15) HN—2; PRESFES C10 U5 ARG (Bl6~
B20) BN —ZF. R—IRIER, BT ESH 202
A, HEAR B 5T 5 4 2 B 53 2H RO M | 25 R
HA BERm AR 1B 5 3R 47 04T,
ATRERR NG R RS M2 BT HLKES B R . A%
RIEE Ay ST A [ AR S AR LRI 5 KT
NG, TS BRI R AR RS . FIRE, FE
d C10 BT FH RIS (0 AN 45 5 B8 5 2 7E TR 4L IR o A
Fa R TR T A LA PR R A 43 B AT
AR AE I T AR A S

IR RULE, TR B RR =
ZIRRIRIR . REE T2 IR E s, LT
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Fig. 4 Cluster analysis of peak areas of 15 common peaks from 20 batches of vinegar-processed CRPV

i AR FHEPER & B4 fAE— W3,
T EBET-PUHE 27 A2 gy . BeAh, RS
B R g R S A — B, AT b A ]
REAAAE I AP AL A AN BRI 2 2D 2
R S5 AR AR AR I SOV IR 18] 22 5 56Dt A] REX e ¢
BT WAL 5 P AR AR IR, X BV 2 3
MR R ImME R R — . K A NZ
BORE o T 2 IR B &, B A B TE JR 2E0E 7
IR e PRI, FEE SR TR 2 ]
RS 1 BT bR AR, BREAFRLE B M Ah, ib
PEREAN R TR B S B BRA R AR (R . AR
M. ) WoE GBRMREETEE, DUREEMEH T
RS E PR Ry BRI — 1.

2.6.2 FE 55T (principal component analysis,
PCA)  Hf 20 fILHESCE BAE S AT I TR 3N
SPSS 26.0 #AFHE/T PCA. Kaiser-Meyer-Olkin #8556
(KMO F 56D/ F T 1A 8005 42 75 3d 5 3547 PCA B¢
BRI F- 73 M (P B R bR, Sig {H /2 Bartlett B¥ FERT L0
)3 2 K7 (P AED, KMO fE>0.6, Sig 18 <<0.05,
R A B (A AE B A OC I, BURIE & AT
PCA. FHULERMSFHEME>1 AbrdE, $EH 2 AN
& Kaiser #EN IR 2 FhE muor REIEAE AN 77
ZOTHRES R 3.

®3 BERERIKA PCALGR
Table 3 PCA results of vinegar-processed CRPV

ERS O RFEE TTER%/% KMOfE  Sigfl
1 9.998 66.652 0.716 0.000
2 2.798 18.656

KH PCA X HEATIREAGALEE, ARHE 3
AR BB FE RIS, LS ER T ETT
BREFERLE, 0 E R AT IBCR AL, B Y=
Y1X66.652%+ Y2 X 18.656%, LA (V).
A RrEE, FEREERS GRS AR
EHL )T AR SR B s RINR 4, 25 R BRIk
Mt 3 5 RO LR a3 BB e . i SIMCA
14.1 53T A A S PCA 15357 B iS4 7 A PCA
BUS B (R2=0.667, 0*=0.809) WK 5, M504
AT, 20 fEBS5CF RO REGE 7N 4 2K
2.6.3 1EACfAE/N —F-H)55 43 1 Corthogonal partial
least squares-discrimination analysis, OPLS-DA) X
IR A [F) S AU T T R B AR R R DT R UK
85, K SIMCA 14.1 Bk A W E R
OPLS-DA. OPLS-DA 7334 [FFh KRS 5 5 B X v
BUS A K (R2=0.639, 02=0.516), WK 6. LA
BATL (n=200) XF#ESLH) OPLS-DA #8447
B0, &5 Rl 7 s, e v BEALHEST ) R2=0.222,
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x4 20 MEBERBFRIXAERSD

=1
=a

BOMHFER

Table 4 Comprehensive scores and ranking results of principal components for 20 batches of vinegar-processed CRPV

AT e vy ‘ AT
Bedh —— ey R R R ¥
Tl B2 BAES FERr1 2 8B5S TRl BR8N
Ml 1.21 —2.73 030 11 | C8 4.12 0.54 2.84 2 | X15 —4.73 0.33 -3.09 18
M2  -3.89 1.83 —2.25 16 | C9 2.69 1.22 2.02 3 | Bl6 1.75 0.37 1.24 8
M3 —0.73 -2.29 -092 14 | C10 2.12 —0.42 1.34 7 | B17 0.18 0.84 028 12
M4 0.50 —3.30 -0.28 13 | XI11 —4.86 —0.12 -3.26 19 | BI8 1.07 0.06 0.72 10
M5 2.81 -1.55 1.59 6 | X12 —4.90 —0.46 -335 20 | BI9 2.08 -1.42 1.12
C6 3.61 3.48 3.06 1 | X13 —4.51 -0.23 -3.05 17 | B20 1.94 1.64 1.60
C7 2.93 0.26 2.00 4 | X14 -3.39 1.95 -1.89 15
5 o KRS N T Iy *
= - BRI B |I I ______ .
3 ) smE oLy vy I
= ’, o FIRHTT 1T L3 I .
| M2 ( 7\/- %’ -0s5{ .
S ‘AA \ .\. s ) ‘\'u [
/ BI9 15 E - o R
-2 K o o ' ' n Q2
[ -2.0
gl i 0 0.2 0.4 0.6 0.8 1.0
-8 —4 0 4 8 AR R

t[1]
R21]1=0.667 R*{2]=0.187 Ellipse: Hotelling’s 7% (95%)

El5 20 MHBERERIKA PCA BHE
Fig. 5 PCA score plot of 20 batches of vinegar-processed

CRPV
a [ = HKH
B o BRRESE I
2 o ) o ARRHE L
\® '/y
ru i L

1.005 14*¢[2]
(=]

1.000 41*t[1]
R%4[1]=0.639 R%[2]=0.106 Ellipse: Hotelling’s 7% (95%)

E 6 20itEER FRIXF OPLS-DA B= 1557 E
Fig. 6 OPLS-DA score scatter plot of 20 batches of
vinegar-processed CRPV

0*=-0.514, Q> FEIHLSPHAHAZT 0.5 AR,

FEHEE LY OPLS-DA B & B4, WA Ao
Ap i EIVEH R (variable importance projection,

VIP) 15 LK 8, ##ik VIP>1 HydLA g, VIP Hik
B, KX AN [RIFP SIS 5 7 RO DTk F b s . A
Guita R vIH, 13 (R D 8. (BEHED. 9. 3.
5 SR VIP H>1, #oliX 5 ARk AR T
53, PTUMENIX 0 AR R RS & RO BbR

E7 20 #EEREKIKA OPLS-DA EfHGINLER
Fig.7 Permutation test results of OPLS-DA model for 20
batches of vinegar-processed CRPV

VIP [3+1+1]
I - -
oo 3%} (=)}

N
~

138 9 3 5

14 6 11 2

i 5

E 8 20 MEERFREIKA VIP B

Fig. 8 VIP plot of 20 batches of vinegar-processed CRPV
Yo Hb, BEERRERRERHIG, HEERNE]
RE S TG 3 I R v R K R AR s 18
B EENTT R e, A Bl R
B2, “AEALRIMIRL T RAERE K L E 2 1)
oMb R R, ol VIP>1 (AR AIE (9, 3. 55
) it — SN S ThREMNT, 2 5 B T
LN,
2.7 RSMRENIEMERR
271 AT KESE Bt DPPH H HSE 35 B 1E
R B R 50 g, I 10 fis &K,
FIZE 3K, K 30min, A FFIEMR, 98I, WURK
4, WIRTHRE. BUR TG, MWK,
A (250 W. 40kHz) 30 min, PCH]K 2 mg/mL )%

15 12 10 4 7
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e o BN [R) o Bk BE R VA 2 mLs 390
A 2mLDPPH ¥, 780 k%, Sl T EDG RN 30
min, T 517 nm ZLMEBOCREE, 184FE Aro A XTIE
WUATEK LB AR DPPH 38, HA#ER L,
1CAE A2e HEEZ CAENBRTEX IR, 121F 45, DPPH
B HEFREE R R AXW T . R ER
WE 3 U I HHE ALK (median inhibition
concentration, I1Cso), Z5HR MK 5 (FESLIR TR &
WRPEEJEREIN, 4E423 C X DPPH. ABTS H HIZEH
FRFIRE>50%, TIEMETHHESS] 1Cso, KWI4E
A ZR CHEFTH S5 ik B X 1] N B R R AR St
AR

R FE it DPPH {5 FR 3 =1—(41—42)/Ao

FHAEXSHE DPPH ¥ R % = (4do—43)/do
Ao N EXTIR CRAA KB AFE IO OB
%5 EERRAEBREEKAORANED (X5,

n=3)
Table 5 Antioxidant capacity of raw CRPYV and different
vinegar-processed CRPV (X £ s,n=3)

o HHEEREAICaGemL ) APC
i DPPH ABTS* 0%
s1 110.6+1.9 53.740.6 95.72
M4 105.542.0 709413 91.97¢**
C6 97.942.1 76.6+1.1 90.96°"*
X11 97.1422 77.14+1.0 94.49°
B16 96.7+4.1 60.5+0.6 98.00%"*

5 S1 W "P<0.01; [RFEWE G AF Ebs NG T REORAR
ZR3E (P<0.05).
**P<0.01 vs S1; different lowercase superscript letters within the same

column indicate significant differences among groups (P < 0.05).

272 EFHE AR E R ABTS HHIE(ABTS™)
TERRRAIER B 7.0 mmol/L ) ABTS ¥Rl
2.5 mmol/L [f] KoS,08 K & 0.2 mL, VRFIEZ],
EE IR R E 12~16 h, H14% ABTSH i %1 -
FKBGREAE 20, HELAE 734 nm AbIN 5 FOMROGFE
N 0.70+0.02, B ABTS" MWl ¥ 100 uL £
MR YRS 100 uL ABTS" S RTE 96 FLERCH IR A S
FEIREE RN 30 min, 7E 734 nm LI EROLE,
CAE A1 HAWERMER] “2.7.17 R . ABTS [ H3%E
TEEREE AR T . FFEEM Y EENE 3
K, FFE ICso 1, SRNE 5.

REDIAE fh ABTSH B =1—(41—42)/4o

BT B ABTS™ B BR R = (40— 43)/40
Ao JIRE ST BRI BE , Ao A8 IR R (ULl B ARRE

VD WROBRE, A3 A BE MRS BRI
273 PUEMLEEVY BT AR SMIUEL T
ERBAFPPUEMNH], B — PRI LA R
WORE S IPUAALRE 7T, MO SR Rl S G iR
77 (antioxidant potency composite, APC) POLRPEAN
FESBTEILEE S, SRR S,

APC =) (tx/tmax)/N
te RITEM R, tmax ZITENSE IR, N J9fE
iR

T DPPH 5 ABTS* 2 FiAS FIMLHIFT A AL AR
B APC FRECPN BoR, FEmPtEbRe JIikixA
B16>S1>X11>M4>C6. HiEALGEE TP 45 5 5
N, BR X114, HREEXFEMSHEFK (SD Mt
VIR ZHEER (P<0.01). L EEKRWAH T
R 2 H I BARZE s L, B S S (B16)
(1) APC ¥R & & T HALPT G 4. & (SO 5
f5cmn (X11) 1) APC $REUC R 2R, (H 5
BERT KBRS (M4 5FREER S (C6), TE
P AT B 2R, g b, BER AN B 1)
PrafiEERARTER, K aBEkE L (B1e)
JEIL S FE M 27 S BT RS, T RIS S b3 (C6)
AR AR L BT ALRE 1. 45 R B Ah AT
T Ik S M AR R T R A, TR AR

B (AR AT A AT A
3 T

o 24 M) 2 P R 3 S AR A, i AR
S I RSB AL, AL b 2497 A
FORPR T HPRMEAIR . AR . ABHTTR
BL, BRI B B IR R (S i B AT I %
PEo BRBRKTT BRI A M BE  A8 B S A i ey
e R, R MIPREE S T2 A AT e
B EF R B E DR B s T A A T B U S B
P T 55 )1 o Bz 3K 5 22 U8 BT A G B v )
o PEoRHELATREAEIE 1R TR R e Al BURS E 73 )
L KIS EE R A R S R AT R R K
o[RS I A AR AR B 7 G A B R S
B I N X o0 AN TR 5 7 B2 R AR S 4 ok
BhrEY. EIAA N RIL, TR 5 1 B
B RN ARACA AR, SR AR TS RIF 4 63
BAHRIE, XA REIR TR M 2S5 (I
WL IR MIARmZE S, LARAN IR TE v T F
A 5 PRALAE BT AOANIR], 3 S e b = i DA — 1o
PRNEETT BB R RIIR . 20 BRI O
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xR G, Rk, @R T 2R
IRV RS R, R AR
AL ] it PR BE Ao

AU, BT 2 R B
WEMUA S RRAE SN & B, R
UL RE SR BRI R334, BRI . 1 DA S K
WENT, MRS A2 NS R W PRE DR
I AR E SR, SRR EZZEE,
S AR5 e S S BB, B NS R
W, Ry A RSOAR R ] BA0637), - S5 S I AL 7 A
SR S R I, AIBEA S ISy
ST S A T ER R A iR A, R A 5
() EL A DUE A TR Ll RS AT . SR, A
7 B AN R B e A £3 5 LA P . 45 AP
s EEEAE ) S AT R AR T B S
EALIT, TR RN B T R R RTUE AL
JR o HIFE 70 B AL A o RIS 5 A I o B
W K SERAE R N AU R AR Y, E
H BRI A A TT REAEM L R T 555 By
FAMEAER Cnseg b . 655, BAEESh
PURAIE = AR 2 B T30, 3 B 1) APC
REOFA I AR R . 45 RRM], BEH AP
PO 1 22 5 T B A [F) SR AR AR 7 B P9 A
SYITEG TARKE B SRR R E . AT
FEARIER, FERR T BORH T, 5 LRI 5164t
RO R SRR i R & RO H AR, BRI
DLk & AR GT AR N A, W A R
AT 3 o

WEAE B 7T 2 8 o T 5 — i o i 1) X 7 B
ARy CHHE R BEECHD (im0l i
T AN EIE R B A BT LY. AR T R G LR T
KB BRS8N Al 4 R3K 20 HUH B 7
B2 6 MR SR o3 R B Ao R, s AL
AR AIEOR, i 8 B R S H R N X 2y
ANTRT M it ) S B 22 S AR B, SRBL T SE N A
M RAE . AR R AL 2R A B, [RIZD TR
TARSNUEATE Y, 3L 0 i 5 Bt O e 2
AR I3 B 3B  e HL X M ) s A S R PR TR E R T
MSEG = T WY T A A A s v A 5 o B 4 1 )
HENE R TAAERE D, P TR AR R R
T HPLC J5E 45 R LUAGEE PO SOR AN L4 ik
BRREEA R . ARRIIFTFOR BE— 229 KA,
w2 T2 RIBE IR, B A RUE

ARG PEYI A, ST ROk R LRl SRS
PETTHRER > o« I HR A 2030 F2 A0 B 4 i ) L AL
PR R R, Wk B ik IR B A g 77 (ferric reducing
antioxidant power, FRAP). % H 3 W I g
(oxygen radical absorbance capacity, ORAC), Z5i&
PRI S A 9 245 302 Sy, 28 AN TR T K i
ohE PR R A P E R TR TR AR
7R “HRL-25W)-Dh R = s BRI 2 1AL SR
PR, AT g v 24 M st ARk 0 s v a2 FH A0 ot s o
IR T SR B O I S AR
FlEAR AL EARELEAEYR
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