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Abstract: AGBE (Antioxidants of Ginkgo biloba exocarp) possess excellent application and development potential, while related studies
are rarely documented. To realize the high-value utilization of discarded Ginkgo biloba exocarp (GBE) and explore the application potential of
its antioxidant active substances, GBE was used as the raw material in this study. With total reducing power taken as the evaluation index,
central composite design-response surface methodology was adopted to optimize the ultrasound-assisted extraction process of AGBE. Liquid
chromatography coupled with high-resolution mass spectrometry was applied for the qualitative analysis of active components, and the in vitro
antioxidant activity was systematically evaluated. The optimal extraction parameters of AGBE were determined as follows: ultrasonic
temperature 59 °C, ultrasonic time 49 min, ultrasonic power 312 W, and liquid-to-solid ratio 21:1 (mL g™). Under these conditions, the total
reducing power reached 3.1040.02. A total of 211 compounds were identified from AGBE, among which organic acids (43.70%), phenolic
compounds (20.68%) and terpenoids (16.60%) were the dominant active components. Moreover, (2R,3S)-euscaphic acid and
4-hydroxycoumarin were discovered in GBE for the first time. AGBE exhibited excellent scavenging effects on DPPH radical, ABTS radical
and superoxide anion radical, with ICso values of 215.60 pg-mL™, 48.19 pg-mL™ and 823.00 pg-mL™, respectively, and the ferric ion reducing
power was 2.63 mmol g This study can a provide theoretical basis for the further development of functional active components in GBE and

the research and development of natural antioxidant products.
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R4 (Ginkgo biloba L) JyfRATEMRA I, A AR, REARMME SATME. R B RSk
e GEFRERAY SN, GBE) MM FREFC/MURIABTIE Y, & SRS, WK, SIS EMiE kY,
BURZELO T S B RE PR SR SR KBRS S E b, e fr i s, RARTIEAL
J o3 RS B NN A S B PR B CL A% Lo J5URE, GBE HA BRI RFIE A H B 4% i 9 Bl FH R SR P S R v
710 AT SRAARRIIDT T SR 2 RET . WREZEERRAL, GBE HAENAONLRFTM LT, BLGmmIRIR D,
A RIS, RUHX GBE FFE BRI R R AT, SR Fr s AT & K b B R AR JE R4 BT &

GBE fREUMWIIZ A EME L 5 H B PUEA VIS, A Rt B, IREFEDhREAN LA T3¢
B R I BT RE D 5 R RETE RRAEY, RR IR R PR FF R A 1 B B R 1T GBE i
BN EY SR RS SO RAR DTSRRI R A AT S TR i SO T I 5 T s I 2 Ak 4
W TPRRIR. s, WS E sl PR DOV EUR R, GBE HIJTAM A M &iX — 7K. (HIL
AW Z TREET GBE M. AHEESCHITIRERIIRIE, FIXTERA SN BT MY (AGBE) KIS T Z ARSI,
BTN BRI R AR T B R GE PRI U R IARAE, BRI T AR £ i ST IR B B o

AHTFELL GBE HJERL, RAImARL O H A B AN AGBE $2HU T Z, DU S ufabnifidk i 240,
I il S (LC-HRMS) X AGBE W Uil tERi 3T e tE S0 € B fr. 8L DPPH H HiZk,
ABTS H ik, BT B HEEATERR L FRAP EEZR ST RN EETE,  SE Ao frdh TR
RIS /1. DN GBE IR ABHIRAL A IR MBI S EORSHE, O e ah SUgGH R RIRPUAAL T, OREEFIRT A
Sefit i Rt
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HRAFHMI R, TRMIBHOR A I ISR, B 71 b e R 2 e VAT (Ginkgo Biloba L) Ff-y- R4t ;
DPPH, ZRAEULM TR aAE: ABTS, LRl o MAEMMBHAIRAR]: SRR (Voo SEtERa TR, [EZ
FR AR AR HAd R R 4t

12 ZENEHES

FA2004 H TR, FINTTIE RS HIRAF; SB-600GV MM BHHHHL, T Z AR A IR A
A]; UV-5300PC #EAM-A] WO o, BTG A IR A F]: TGL-18M st R s Obl, Bl RAGES A
PR N-1100 Bt 28 5%, s MUER AR A Q-Exactive VUNAT-F A HUER = HEFUE RS, BOH
A HAA S F B B TR (HESD % Xcaliburl.2 $d 4L ¥ 245, 3% Thermo Scientific A %]; UltiMate 3000 4k
RO % R 48, FidA Xbridge premier BEH C18 oA fz AR K K AMEI %%, 5€[E Thermo Scientific 247

13 LHerik

1.3.1 ARBIMF B A &

T 2023 4F 11 R AR, KI5 24 h W EBRPRE AN RIS, Wi T 45 CHUATR WMiEit 60
HIF BRI RSN CEFCONIRA ML) BR, SR .
1.3.2  vh R @ARALIREE

W R L A BT (CCD) 784078 i B TR U0 B2 % St /PR FE i S5 X (I, e B Rl 2t
SR SEIR A A E i, RSOV B LRI BIRAL B ARTHRI LA B . B, s
238 Sudarsini®#1 Abohassan 2P SEI6 W10, LL AGBE MBS NMINAY, HHEAREE . A, R
DRI By 1 AR B, VD B 2 /K ST i S T PO BT R, R G5 & 28 A8 HAEFI 6 AGBE
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Table 1 Central composite design of response surface methodology

A IKF
2 -1 0 1 2
A (BEREIT) 40 50 60 70 80
B (A # rtia)/min) 30 40 50 60 70
C (BEHEW) 100 200 300 400 500
D Ga#hk/(mL ¢b)) 10:1 15:1 20:1 25:1 30:1

133 BLRAMZE

8 Wu S i, IR I BAE 700 nm AW, FRISTEEE. I 1 mL FERS 2.5 mL R
e (0.2 mmol mL™, pH {E24 6.6). 2.5 mL 10 mg mL™ &k FULANATRIR A, 1650 C R 20 min, Zukvd
SN 2.5 mL 10 we% =5 L5 1L B, BLJEHs 2.5 mL _EiES 0.2 mL 0.1 wt.% FeCls 7. 2.5 mL 251
KIEE, FE 10min. T 700 nm &MEROGE, PLZETRKAE RS v Fou i, R0 (O iHREGE R D).

Y=A-A (1)

XF:

Y——&E R,

A—H5o 5 RAK F R & 6 BOL AL

Ag——FAB KRBT 5 IR AR £ RSB 9 FOLEAL.

134 LC &t

¥ Waters Xbridge Premier BEH C18 ik} (2.1x100 mm, 2.5 pm), %25 °C, i 0.2 mL-min™; i)
AN B N0.1% (@) FEKER: SEEEAFR 10 pL. BEEEBEMFEF M R: 0~1 min, 5% (@) A; 1~18 min,
5%~37% () A; 18~25min, 37%~55% (¢) A; 25~27 min, 55%~63% () A; 27~34min, 63%~95% (p) A:
34~40 min, 95% (p) A, 40~40.1min, 95%~5% (¢); 40.1~45min, 5% (¢) A.
1.35 HRMS &1

KRNI B (HESD B FIRIEESHE: 51k < 40arb, #HBhS 10arb, 1EE-T0 N4 3500V,
B TR R 3 000 V. B AR BLIEREE 320 C, PR 350 °C. iRk FIE /s Y Full
MS/dd-MS? #ixt: Full MS —Z5333# /392 70 000, dd-MS® 2R3y #52%4 17 500, F3#3E A m/z 150~1 000,
1.3.6 DPPH g w2 FMRF Nz

%% Cui SR ITEIFRESEh, ¥ 0.1 mL [RIAFI S 3.9 mL 0.1 mmol L™ (¥) DPPH 8t &3 10 min,
7E 517 nm A E RO EEEE . LA Ve NPHME IR, #RHER (2) 1151 DPPH H B %

S, :(]__u])d_oo (2)
A

At

So— DPPH A 2 FERE, %;

A—H-55 DPPH BEL /& 44 B AR

Ay T B R4 B R BB AR

A——DPPH 5 ¥ B2R.4) & i a9 B AR,
1.3.7 ABTS A @3 FREN

$2 18 Liu 22000 77 e A5 2. %% 0.2 mL £ S 3.8 mLABTS TAEMRTE = Fi#E6 /=5 10 min, 7E 734 nm
A ER DGR . A Ve NBEMEXTIR. ARHEC (3D 115 ABTS H HZEER%E.
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Sx——ABTS g e iFkE, %,

A—Hfde 5 ABTS TAERE L /G 69 R HEAL;

A—HE R 5 AR LEER G G B AR,

A——ABTS TR S RK LB B i d B AEAL.
1.3.8 k& T&L R A

W4 Jessica ZE VIR ITVEIFRIECLS), R FRAP BATAGRE IR E TR IRAE /. 4 2.7 mL FRAP 5
0.15 mL FRMWIR A, H4E 37 CFFE 8 min, T 593 nm A e R G E . DARRER V2 AR SV E b 2k,
PRUERTZE T2 y=0.622 9x-0.005 079 C(Hirhy AMOGIE, x N Fe® WKIE, R°=0.998 9): KHRES IS G AR
ARHERNZR 77 HE, 15RIRESIE R 1) Fe® =2 BE /R BUR THEARRE L 1) FRAP 8.
139 REAMBFHRENZ

W Tong Z5 MR TR B, BA Ve TR IR, HX 1.0 mL #7311 5 1.8 mL 100 mmol 4. Tris-HCI
SRR (pH BN 8.2) T4, 25 “C/KIBINFA 15 min, i 25 CHFAMI 3 mmol L (4R = 0.2 mL, kiR
&), TP 325 nm ALIERE SO, A 30 s E—k, HIGE 6 min, il [-WoBEE 2k, FEtE Ak
HE (AAmMInD. HRIEAX (4 11HE O, 3Gk,

_KO_Ki

S x100 (4)

0
BN
So—RAMBFHRE, %
Ke—AFR =B f 2fak &, AA/min;
Ki #;T,’vca]ﬁ;’/ﬁ.ﬂd' él/J i’f’kﬂi$7 AA/mMIn.

14 BB A AT

ERFAT SRR ER 3 I BRFR T EERERZ . FIH] 1BM SPSS Statistics 27.0 A1 Design-Expert 13.0
HATGH 0T, P<0.05 RonZ w3, 4 GraphPad Prism 10.1.2 2 4HER .

2 RSN

21 N ERKRER

211 AR EHEREROT 4R
PL AGBE el J5i i NS 4akr, 14 Design-Expert 13 #4131 HIUE 2 /K F CCD s236, SEiGat Fansk 2
Fs
x2 MEEEERITSER
Table 2 Response surface experimental design and results
F%5 AREREIC BAEAEMNM/mMN CHREHEW DERH/(MLgYH Y EZLERH

1 70 40 400 151 2.2540.01
2 60 50 300 2011 2.9340.03
3 70 60 400 151 1.8240.02
4 80 50 300 20:1 1.3340.03
5 60 50 300 30:1 2.3840.05
6 60 50 100 20:1 1.86+40.06
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7 40 50 300 20:1 1.4540.05
8 50 40 200 251 2.23#0.09
9 60 30 300 20:1 2.6740.04
10 60 70 300 20:1 2.5540.02
11 70 40 400 25:1 1.8940.05
12 50 60 400 15:1 1.9540.05
13 70 60 200 25:1 1.7620.09
14 60 50 300 20:1 3.2840.03
15 70 60 400 251 1.6840.07
16 70 40 200 15:1 2.0840.04
17 60 50 500 20:1 1.8440.09
18 50 40 400 251 2.2840.05
19 60 50 300 2011 3.1740.07
20 60 50 300 2011 3.0640.04
21 60 50 300 101 2.1840.06
22 50 40 200 151 1.6840.05
23 50 60 200 151 1.8840.02
24 60 50 300 2011 3.0540.03
25 50 60 400 251 2.3340.01
26 60 50 300 2011 3.1640.04
27 50 60 200 251 2.4440.03
28 70 60 200 151 1.2040.02
29 70 40 200 251 2.0940.05
30 50 40 400 151 2.0440.02

212 wEAFAREH E5HF

{811 Design-Expert 13 X A THL5 04T, 193] AGBE fLaditéd ik 71 () MR HE:

Y=3.11-0.061 4A-0.038 8B+0.002 5C+0.058 9D+0.089 2AB-0.041 1AC+0.155 2AD+0.043 OBC-0.006 9BD+
0.048 2CD-0.425 9A%-0.125 7B=0.315 2C?-0.209 2D%.

RAEE 3 2L BEMEOPTIEE R, ZEIREREE (P<0.000 1), A R® A 0984 9. 4857 A%
C.V.=4.05%<5%, X RIAHRAFREtEL, nTHTRAER L AGBE #2USAE. [IH7FEH A G, B
GREFREED RECNH, RS, WA AKAE IS T F N SRR ) TR, T35 2%
S SRS PRI B AR D GROEHED RBONIE, R IIE 43 inva 7 Bl R T HEBURR , (Hiit 1:21 (g mL™
JE IR 2832 B 5 T AT DR G IR 2% . (] J-PAB R rp ] YRR o — k03 AL D R AZL B Xt AGBE (1138 i
JIMaSR B R E K. o, RS SRR R R . RITK IR SURSEYESHL, s s e
S EBRAE, IERETHEM R AR S, ART AR RS g, (Rl mE R RIS, Snhss
I R BRI 1, M99 RN I U R« 26 3 TR FAER B, SR s A iR 6T AGBE i E Utk
FIRMRR, & H R Z0 AGBE [RIEJE S ISR MR E/IMKIRCA: A>D>B>C.

% 3 MR LSRG ESN

Table 3 Analysis of variance for response surface results

T RHR 7 Aa B @A )75 Aa FAE P& BEM
ARA 8.080 0 14 05769 69.88 <0.000 1 ok
AR 0.0905 1 0.0905 10.97 0.0047 %
B-ff /] 0.036 0 1 0.036 0 43700 0.054 1
C-sh% 0.0001 1 0.0001 0.0182 0.894 6
D-H 0.0833 1 0.0833 10.090 0 0.006 3 e




MR EmBE Modern Food Science and Technology 2027, Vol.43, No.8

AB 0.127 4 1 0.127 4 15.44 0.001 3 *x
AC 0.0271 1 0.027 1 3.2800 0.090 3
AD 0.3856 1 0.3856 46.7100 <0.000 1 *x
BC 0.029 6 1 0.029 6 3.580 0 0.0778
BD 0.000 8 1 0.000 8 0.091 6 0.766 3
CD 0.0372 1 0.037 2 45100 0.050 7
A? 5.060 0 1 5.060 0 613.01 <0.000 1 *x
B2 0.4332 1 0.4332 52.4700 <0.0001 *x
c? 2.7200 1 2.7200 330.020 0 <0.000 1 *x
D’ 1.2000 1 1.2000 145.360 0 <0.000 1 *x
KE 0.1238 15 0.008 3
K iR £ 0.050 7 10 0.005 1 0.346 6 0.9277 rEE
thiz £ 00731 5 0.0146
BHAa 8.200 0 29

E: PRTEFMEE (P<0.01).
2.1.3 A RE R EAE R T

~

Total Reducing Power
Total Reducing Power
Total Reducing Power

Total Reducing Power
Total Reducing Power

1 AGBE 2R N EERZ BRI HEE
Fig.1 Response surface plots of the interaction effects of various factors on the total reducing power of AGBE

TR T T ZZ AR (BR 3) KON MR = 4Ema B p T (B 1D A, BRI A AR AT BCEOR
AU A7 5 5 25 7 S5 o DL A T ) B R P 5 S8 v R AR A [l P 35 25 B e 1 DR SR TR0 S LA FH AR 559 - B 1e P,
VM LTI A b HL A R 2 S B HOMRIER, e n] WA HAR Ry B2 . IXR WL A IR SR 22 TRIAF A
SN PRI RN IR BN 7)1~ IS B FEAA Y HLAE 70, RO L TR AE 1A% SR BER 2 5 7 6
PSR H AR WNYPRE N R IEE R a3 BahaS T . X 45 R 55 AD (P<0.000 1) HIE
FACFEER . ZHIAB (& 1a) RN EIECONBEN, S5Emk SMENR. 100 BIE R 2 HE A DMk
EEN, TR SR S PILAC . R e B (Al AT B SO PR Y SRR, TR AN A T 7 R
TR CASEELFE 70 4R L, U S8 ELR MG SR U AR RO S I TRI RN, AHEEZ R, 22 BT CD (& 1) i
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KRGS EMGEREFARN P22, P DR TSR GR S, TR LS A R S b ), W ise BAE
FASHER AR — w5, (HANE T2 HI AD 5 AB. HATHIAIERZE /KT, Hiups e, ek
PR, RIFELIGERIKHE BN, ZXPHR R EAN A, 1 BD (& 1e) K& -2,
it B LA U 7 I [R) SR LR RE G, R AR E P A TR
214 RARRILHHTEHINE

TR B YRR SR AR A S R B S A ) SR SR B R BRI 25y BEAIRE 59.09 °C . A I ]
48.82 min, FAFTHA 312 W, Wkl 20.86 mL g™, BRBER TN AR A SRl SR ER R 1k 3420 BIFSR
AR, JREGE AR 59 C FEAH A 49 min. A THER 312 W JCRHEL 21 mL gt T S REGIERS, iR
BIEEFTN 3.1040.02, T TR L DB SRHUARE R BRI IR 1R 2.75) . 4k 5L 15
TINS5 RV & LIS F] 99.4%, IX 3 W S [HTAR Y BAT ARG A FO AR IE AN ATk . [FII, SRS T2 AGBE
3% (AGBE JFiR/ARM /M E) Jy (19.1520.37) %.

2.2 AGBE #j LC-HRMS 2t

(@) 1004 158
903
80

P
S & S
TP

40

Relative abunsance

c|
w
=1

=)
[=3 =]

£ il
9 I

167

104

25.11 4
31.78 34.8533.3735.59
260381545 739 9.841095 1276 14951664 1387 22162350 ) 2605 297031 13 b

.2.“._‘1..‘&..‘&“-1.0” 12‘”1‘4‘”16”‘lISH‘2‘0‘”2‘2‘”2‘4”‘2‘(\”‘28HS‘G‘H3‘2IH3I4H‘3IG‘H3‘8‘”4‘0”‘4‘2”‘4‘4‘”4‘6‘

Iime (min)

8983971 2Hlaoma 466

(b 15.07

3316

36.15

qzse‘w
202|| 35.62[362 5
3732 39 36 41 g5 A3
39.3 5 4551
3_}93\,4\,.M NIt i o rie

f T T T T T T T T T T T T T T T T T T T T
0 2 4 6 8 10 12 4 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46
Time (min)

B2 EARBETFRABIEE
Fig.2 Chromatograms in positive and negative ion modes
E: AERTHRXEEA; B.ABTHAEHHA.

[&] 3 AGBE & XU EYIRIEXIEER B S

Fig.3 Relative peak area percentages of various compounds in AGBE
LC-HRMS HARPKIHBEWAEHINED BT 7315 SRINTF 5 G55 BIBORIRT, BT RIR W2 )
HOFB. B2 R T HAEE, AEFE R EisE, A R IR B 8], BALFR A BB i
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SR . B LI LC-HRMS 75 AGBE Hi125 %55 Hi ) 211 FARNHIE TR 1 43 Hb>0.01% K14k A4, it A HLBR K
MYJe. WE2S. BEMARAE 8 K2, HAPEHIERZ (43.70%). BMyZLE) (20.68%). MhEZMEAY) (16.60%) Atk
AT =281 (B 3D, BHEHZSEARN & & SO 1.27%, H5528, AHRIILFEMRL T AGBE HIEIETEZ O
YT LR, BRI B SRR T A AULRE 1 B L5 T RIS, & AGBE I AT ARSI
PR bR SR A o

AHERRAET, (IR 6R)-6-F23E-2-BRHAMEREIN CU-2,4- 0 -1-RERARAR KT I TR B 40 Lhik 12.07%, MHREL
PyrbAR & B GRS, AR T4t B AR 5 Tl R SR T R R AR Y
2K 5 IS S E YR TTE B2 0200, o7 iy fes . IRBERIMA RIEHE R B oS BESh
M, EREE EREUR T (H) ARE, SISt e N REN S T, BIREEHIE, A9S
RN R A, BB SRR R R RAIE, (A TR R IR, AR, &k
SRR A RN, TR ST E PR, SrASHIF 7 vk e 0 S e . LSR5, LU,
FrRER T =R SR, XS Al e R R S AMAE TSR DPPH [ HiZE. ABTS H
AT A, BRI R CL . A SRRy, KBRS AR S aaE i, e
FY KB TR, I8 AT R R IR b o

B4, il LC-HRMS SR IRAE AGBE HHERAT St R 4 € i R S Y (2R, 3S)-HUAT IR AN 4-Fe 2R T K,
H—LFE T AGBE PG EMIMI K. H (2R 3S)- MR E N RINMIR B AT, HoF4ith BT
BE; ARERURARE U RN R MR R, BEREE I Iy iR A ILERR B i, e
5 20kaE A AT, R AT SR S AR W R R B T R RS,
5if AGBE HIHTAAALIMNES . AR IADOMIRNTZ IR S B A2 A . TR HAE N R BT R DhREPE &
s SRR S S 3Rt TR AR SR T 1R), (RIS A R A SR AR AR A D 2 A S AR s A
FIGES T H RN NZEE o




R4 AGBE MEEFEMMASDNEEER
Table 4 Analysis and Identification Results of Main Active Ingredients of AGBE

A5 R E A 2 AR RT/min m/z Aaxt K Am £ mzCloud R AE IR EefF o AAxHEEmARE o thi% L2 AHEFH Lk
(1R,6R)-6-# 3k -2-38 34 BL L IR T-2,4- = - 1-FR BRAR
1 . . 15.07 239.06 -1.35 80.1 12.07
( (1R,6R)-6-hydroxy-2-succinylcyclohexa-2,4-diene-1-carboxylate )
2 AHER +>vk% =8 ( Hexadecanedioic acid ) 35.66 309.20 -1.47 85.8 6.67 A, K [20,21]
3 35-=# K -2-AF# (3,5-Dihydroxy-2-naphthoic acid ) 15.06 205.05 0.23 73.3 1.33
4 BB (Oleamide ) 38.04 304.26 -1.87 93.3 1.09
5 (2R,3S)-#uteBR ( (2R,3S)-Piscidic acid ) 8.01 255.05 -0.37 78.9 1.22
6 ErEi 4L A B (Umbelliferone ) 24.49 163.04 -1.77 75.1 0.26 L 221
. . o AL, K
7 a4 R A omEB2 ( trans-caffeic acid ) 18.37 179.03 -1.22 73.4 0.56
8 4-#2 34 2% (4-Hydroxycoumarin ) 34.97 163.04 -2.26 78.3 0.24
(1R,3R,6R,8S,10R,13S,16S,17R)-8-tert-butyl-6,17-dihydroxy-16-meth

9 yl-2,4,14,19-tetraoxahexacyclo[8.7.2.0Aa,AaAa.0Al &-08;AaAa.0Aa  21.77 431.13 -0.88 72.1 4,05

e Al,Aaa]nonadecane-5,15,18-trione L o

i . AL, K [23]
10 &% 44" B C (Ginkgolide C) 1810  439.12 0.1 89.1 3.07
11 421 B8 J ( Ginkgolide J) 22.39 423.13 0.29 74.5 2.71
12 4.4-M B8 A (Ginkgolide A) 2596  407.13 -0.18 78.2 0.25
3-0- B -1,2-0- 5+ T # K -0-D-sk b H] £ 4%

13 . . 9.97 261.10 -0.53 81.2 2.78

L (3-O-Acetyl-1,2-O-isopropylidene-a-D-glucofuranose )

A K Fat _ e o L
14 - HeF 3 7T-1-0-%) £ #E% ( Domesticoside ) 15.03 343.10 -0.18 79.6 1.18 AR, Bm [24]
FRAL . .

15 i 2,3-T =B 49 R #4834 (2,3-Butanediol glucoside ) 4.15 275.11 -2.41 77.6 0.71 ¥

T s L

B RN IAE-AAE =B
16 10.96 457.16 0.14 78.6 0.40
(a-L-Fucopyranosyl-(1->2)-b-D-galactopyranosyl-(1->2)-D-xylose )
(2R)-# K+ B4z 3 -1-O-sn-Hrid Bk

17 37.19 341.27 -1.55 72.4 0.60

1 £ A (1-0O-(2R-hydroxy-pentadecyl)-sn-glycerol )
18 i\% AAEBLE ( Hexadecanamide ) 37.84 278.25 -1.8 85.8 0.56 AL [25]

: (5Z,14Z)- =+ B His B LB i

19 37.81 376.32 -1.56 77.6 0.55

( Anandamide (20:1, n-9) )



20 IV & 55 22:1 & ( Type IV cyanolipid 22:1 ester ) 34.78 418.37 -1.28 72.3 0.47
21 %k A (Spermidine ) 48.38 146.16 -1.77 86.8 1.81 L
. . FEAL [26]
22 A *P (Spermine ) 48.56 203.22 -1.44 91.1 0.73
4S,5R)-5-[(1R,2S)-1-Acetamido-2-methoxy-2-methylpentyl]-4-[(12)-
23 ( At ) Y Yipentyl]-4-[(12) 39.26 327.23 -4.55 75.0 0.66
. 1-propen-1-yl]-D-proline
BRI . ] .
24 ok A% KA EE (Phenylalanine ) 6.11 166.09 -1.46 87.8 0.20 AL [27]
gt S
25 = 4- 2K AR (4-Oxoproline ) 2.44 128.03 -4.92 79.5 0.19
26 N- ZBt-D-%] 5% % &84 ( N-Acetyl-D-alloisoleucine ) 15.92 172.10 -4.85 74.9 0.15
27 7 %% (Apigenin) 29.80 269.05 -0.2 79.0 0.15
28 . 77T (Rutin) 22.91 609.15 -0.17 85.1 0.14
FEAEAL " . L
29 N & Rhek, = 87 ( Artomunoxanthentrione ) 21.77 443.11 -4.97 72.1 0.12 AL [15]
; 6-# A MM E-6,35-= ¥ E-3-0-%] 48 % (6-Hydroxymyricetin
30 17.32 537.12 0.04 774 0.11

6,3',5"-trimethyl ether 3-glucoside )
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2.3 AGBE Wi A& M

23.1 DPPH A &R fThE

AGBE 33 DPPH H HiZE/b, ME gt s e NikE e, Wl 4 Fox, /£ AGBE FiEWKEN
150~350 pg-mL™ (IR, L DPPH H B R 5k E R IEMHK, LEMA0H, AGBE I ICo A
215.60 pg'mL™. SR AGBE Xf DPPH [ LSRR T Ve, (H 5550 T2 i AP (o R AT SR A Bz A
R v R PR AR AN B2 Z W) DPPH [ SRR, H 1Cs 20514 280.05 pg-mL™ MIZ1A
1 700 pg'mL™. 4 AGBE JFiEVKE N 350 pg'mL™ I}, DPPH [ HFEEIRFIAT| T 74.29%, FIH! R1FH) DPPH
H SRR AE

1200
AGBE =3 Ve
%}

60

30F

Radical scavenging rate(%)

150 200 250 300 350
Mass concentration (ug/mlL)
4 AGBE 9 DPPH B HIEERE M
Fig.4 DPPH radical scavenging activity of AGBE
2.32 ABTS g wmiifhE
M &l 5 BIZ5 a4, 76 AGBE i IR Y 30~70 pg'mL™ I, 5B %E 5 ABTS [ HFE e R4 R S 1EAH
FKKF, WP, TERICREGR, AR 1Cx, 4819 ng-mL™ . 7EREIREE N 30 pg-mL™ I, AGBE 1]
TERRACRESS, 5 Ve tHELZERRRR . SR, BEEEIREEAIN N, R (M ZERREE e N, HG IR
70 pgmL I, AGBE HiBFE# A4 %] 77.61%. AGBE %t ABTS [ HHFEHTHR SR B T Ik ik R B P AR A -
SRR T ARLAY (ICs A 801,10 pgmL™) KA NELBUSIR M 22N T &2 HE (ICs 9 0.76 mg mL™).
It, AGBE H A RUF ABTS H HEERREES

120
AGBE =3 Ve
9

60

30

Radical scavenging rate(%)

40 50 60 70
Mass concentration (pg/mL)

[ 5 AGBE Hy ABTS B EHEERRIE M
Fig.5 ABTS radical scavenging activity of AGBE

2.3.3 FRAP LAALAE

FRAP fE2: 5 BRE A PR IE E AL OB AR, FRRFZ SoRE ITREIEJE A 1 Fe 128K B, FRAP {Ei
K, RHIRESIEIR Fe** [RBE Jam, BB 5 isrt, i 6 Fios, 78 50~250 pg-mL™ (KR SR TE A, AGBE
SRR Fe® S BE R B B3 (IR B OB S5 0 RRAT, FRAP {52 2.63 mmol g, 5T Cui 2R A I
PEIUCARAT MR B TS CHLrhiE I 85 (1 TR U FRAP # 0.135 mmol gD [Klith, AGBE fE MRS
TEIEIT,  HR 2 AR RAIE 2 RIFRER S B R AE S, v AGBE HIBTEEUL N I BEE 1 R AT .

11
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4k AGBE =3 Vc
| &
=3F
=
E |
2
2
)
= F
]..
Lzl |
50 100 150 200 250

Mass concentration (pg/mL)

6 AGBE HU$kEFiT IR e
Fig.6 Ferric ion reducing capacity of AGBE

234 REMBTHGRE

FERSE Tris-HCI e, A28 =1 B f Ml e oA A & 1, Jfae— P et B 8L il i€ AGBE
X% E ARG AR ML, RIAT S HOOH U 2 5 RS BRAE . RGN 7 o, AR5 Sk
N, AGBE X 5USH B -3 B R B H 535 P IR IR FE AR R IE, 3L 1oy 823 pgemL, 45 5L 528 Ly
26 2 B A AL AT A b Bz 3 T 1 B SR B T IS BR ICse AR (8519 pgmL™). B R EIRIEIE S THm &
1100 pgmL™, HEERFE— 48T+ %5 58.63%, FhEFRAEISHL T BIMEK. Kk, AGBE HA RAFHEHAN BT
THERAEDT, AT T H RAFRIBTEEATEE

1200
AGBE B3 Ve

90

60f

Oy -scavenging rate(%o)

300 500 700 900 1100
Mass concentration (ng/mL)
[El 7 AGBE HIBEPAREFARRIEM
Fig.7 Superoxide anion scavenging activity of AGBE

X =Ff B R I BRI RT DU Y, AR B TS BRSE IR Y 1Cso {HIZ T~ DPPH A1 ABTS H HiZE i FR sk
536 1Cso fH - 32 BIX — B R IR B JE A 78R KA i3 B, 32 BRI e SRkt oy, ok, anze i
45 . DPPH 1 ABTS X W fl 77 i R T i sd e A At S sl b B e ). 7KIRIP B S 2B, B
R BTk, KRG ER DPPH F1 ABTS J7 I (5 o 8 R 2 18 B S 20 AN E R B AL 71
AR T RES), A EPUEA R I E AT 5L SOD Ml iEE, BUREE R T4 . KR 2 B
R, AEATREAN 2T B AU T B T i oA U S5 MR o RN, K ERVE AT RER REK — Lk AU B B IB B AR T4
S PR AR M B S ARV A SR SR, AT 0 AGBE Xl 48U 1 B 1B KR R U855

3 g

BT B S AL T AGBE IR IHRECL E, 3 RGN T HOEIER . RSN RIS . i
CCD MM TR IRAF T FE - =i AGBE FIFREN L2, SR L2 SH0: A% 59 C. AT A] 49 min.
FEA IR 312 WL kL 2101 (mL g™), 1Ei% T 2404 M A RINPTE ISR /1 3.1020.02. @it LC-HRMS
FRM AGBE HA- 55E th 211 Bt &4, IRas AHLIRIE AHXIEIAR A 73 B 43.70%) . Byih &4 (20.68%).
AL A (16.60%) 2 8 K2, Hrh(2R,3S)-HEIER A 4- 52375 5 2N B RAEARAT AR Rz b R B B S P
I VEMEVEN S 5], AGBE %} DPPH [ %, ABTS FHE T H iR AGBEE M B 7 B RIFHNERREE /), TG
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Xt ABTS [ AR SR (IC=48.19 pg-mL™). [FRHEER) Fe® BB/ Es: 7 HoE K HHt
SAAGTEE, &R B ST RARPUAMNTTRIR . AGBE HAA M M. AR AmE R Lssy, e
RGN TR R AR TR 5, NI RS RV E & i B R B 1 R SE R BRI A HE
MBS % . SR AGBE HAFAEIR AT IRAEIEREA RNy, I ERLIN, &, WXk, LSRR, 5/RH
AV AR T7 200 AGBE #HT#E— 70 B 2lifl, LIRSS 2 i i e AR sy, JRRATT R
PSRN HUEA TS PERT AL, AR Tl b AL 87 FH SR B 78 7 R 2 A

B Sk
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