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Isolation and Identification of Antioxidants from Makgeolli

Seung-Jin Wang, Hyoung Jae Lee, Jeong-Yong Cho, Keun-Hyung Park, and Jae-Hak Moon*

Department of Food Science & Technology, and Functional Food Research Center, Chonnam National University

Abstract The present study was carried out to isolate and identify of antioxidants from makgeolli. Makgeolli (3 L) was
filtered and the residue was extracted by MeOH. The combined filtrates and MeOH extracts were successively solvent-
fractionated by n-hexane, EtOAc, and BuOH. In the antioxidative activity against DPPH and ABTS' radicals of each
fraction obtained after solvent-fractionation, EtOAc and BuOH layers showed higher activities than other fractions.
Therefore, the two layers were respectively purified by column chromatography and HPLC. The isolated compounds were
subjected to NMR and MS analyses and identified as 4-hydroxybenzaldehyde (1, 2.0 mg), 2-(4-hydroxyphenyl)ethanol (2,
tyrosol, 15.3 mg), frans- and cis-ferulic acids (3 and 4, 1.2 mg), 1H-indole-3-ethanol (5, tryptophol, 3.4 mg), dimethyl
succinate (6, 14.9 mg), succinic acid (7, 7.4 mg), and mono-methyl succinate (8, 7.8 mg). The presence of 1-5 in makgeolli

have never before been reported.

Keywords: Makgeolli, antioxidant, 2-(4-hydroxyphenyl)ethanol (tyrosol), phenolic compound, organic acid
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of o]&skaAtt. AFe] Aol W (25%), £HE(65%), AT
(10%), oF2=T}e(0.01%)°] YEZ o]§EHAo] E7]H o] AUATH
2 A A AEE  methanol(MeOH)  acetonitril(MeCN)<
Fisher Scientific Korea Ltd.(Seoul, Korea)Z-E 73l AL&-3}
St 28] trifluoroacetic acid(TFA)= Aldrich Chemical Co.(St.
Louis, USA)ZHE] 79151] AR&-8131.2m, NMR 4]0l A2
CD,0D, CDCl,, acetone-d;x= Acros Organics(Morris Plains, NJ,
USA)lA F9iste] AREakdet. 2 2] BE A9k analytical
gradeE AHE-3IATH
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AEESE 4°Col] GASt BFH sk EEF o, E T
28 S ¢4EE(5000 rpm, 10 min, 4°C)3le] E2)H &=
o MeOH 25LE 713l shakingdt §-, 919} 7H& WHO R A5
I S BElshe 3ES F 43 siATh o EA ZolHl
Z8 NS glass filter(Pyrex 25G4, Iwaki Glass, Kyoto, Japan)Z
oJZste] dojzl oW S cooling aspirator(CCA-1110, Eyela,
Tokyo, Japan)E AF8-31] 719Ps28 ¥, 2RSS ol&ajo] 3
FH02 1L7F HEE FE&3 U, n-hexane, ethyl acetate
(EtOAc), 8] 433} n-butanol(BuOH) ztz}t 1 L¥ S & 33] uk
Eale] Ao R gl st

=

atdzZ|e] MeOH &2 % S0lEEES2| TLC-DPPHHO|
ofst &hitst &M ZHA

42 MeOH FE& ¥ SvEEE] sl &4 A4
Thin Layer Chromatography(TLC) plate(aluminium sheets, silica
gel 60 F,5,, Merck, Darmstadt, Germany)®ll DPPH®] ethanol &
H(200 uM)S -3t WS o83FATH(13). & MeOH F&
£ 9 SviEgEE AT 99 1uL 48EES TLC
plate®]l spotting ¥, BuOH/acetic acid/H,0=4:2:2(v/v) & &l
2 AMskAch A" TLC plate® 7AxA1Z1 25 DPPHE
ethanol &S TLC 79l 73 the, @Azl gioly &
AL gAaksl @9 ez AT o8 TLCE ol&gt
2 itsl &4 HHHEE “TLC-DPPHYE°)E} &7]383th.

atdg| MeOH &2 % 30E&ES2| ABTS' Radical-
Scavenging &4 I}

ABTS" radical-scavenging 4% 7= Dudonne 2] W'H-S-(14)
Fsle] Pt & 7mM ABTS 2 2.5mM potassium per-
sulfate &AL 2z} ZAIS & 95:5wvAv)9] HIE&EE E3se
4°C Aol A 12417F B9 HEg-sled ABTS' radical(ABTS *)&-<)
< AR AL F4% grol 735 nmollA 0.7+0.157F &
== EOHZ 3Xsle] Agol AMg-sisith. s14%El ABTS™ radical
£ 500 uLell P2l MeOH &€ 2% gviZdess wdd
HAe] 70 uL FEEe] HEE 747 Hrkele 308 ¥ S8 E
e =43 THRS). ABTS' radical-scavenging == Ut
o] ALkttt

i
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% Radical scavenging=[(Control-RS)/Control]x 100
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EtOACESZ2FE &itst &d 39| &2

] 3LEFHO 2FEE58 SujEgste] dojxl EtOAcE
21g)2 S =Z octadecylsilane(ODS)S ©]-&3F open column
chromatographyE A3+ tE ODS(70-230 mesh, YMC, Kyoto,
Japan)E MeOHZ 204 24417+ &<t A {3 o2, col-
umn(4.0 80 cm)oll FXAIZL &, H,O(pH 2.65 by TFA)Z 33}
A713, T g0 =20 AEE AHol chargedt U, T4
pH 2.65 H,0 &9 1LE &FAIHT} °]of 10, 20, 40, 60, 80
2 100% MeOH, Z12]3 acetoneS ©| &= 3lo] Z dAE=RE
1 1 S8z ZHEUYE step-wise & HHo 93 &&
+ B3 (15 mL/A)3FATH

EtOAcES UPdSE ODS column chromatographyS 3l
o7l FEELS HFHOSE HPLCE ol 83l HS AAsA
=, EtOAcES %22 ODS open column chromatographyS 33
g & dojxl FE 129-185% uBondapak™ C18 column(7.8x300
mm, Waters, Mesachusetts, USA)S ©]€-3}%], 2.5 mL/min(2480
Solvent Delivery System, Waters)2] <473 280 nm(Dual UV/VIS
Absorbance Detector, Waters)?ll4] 20% MeOHS ©|&/Jo=E gt
Z294 ZAE Faprk. 223 G 2259F 293 ODS-80Ts
column(4.6x150 mm, Tosoh, Kyoto, Japan)S ©]-&-3} 8% MeCN
(pH 2.65, Ay 30% MeCN(pH 2.65, B)S ol54 o & 717} gra-
dient §&& Ak =, 5820 100% A, 208 25% BE &
SA713L, 3087HA 25% BE FAIAA 502l 100% B7F H=
= gE2AZ . 283 1.0 mL/min(P580 pump, Dionex, Idstein,
Germany)2] 43} 210 nm(UVD-170S UV/VIS detector, Dionex)
o] 274X HAE st

kA 3 E 285292 pBondapak™ C18 column(7.8x300 mm,
Waters)=  ©]-8-3}o], 2.0 mL/min(LC-6AD, Shimadzu, Kyoto,
Japan)2] 423} 254 nm(SPD-M20A, Shimadzu)oll 4] 5% MeCN
(pH 2.65 by TFA, A)Z 30% MeCN(B)S 100% AR Alzato]
600l 100%7} H1=5 gradient $&A17] ¥, 10%5<t 100% B
£ A 244 AAE st

BuOHESZ2FE &itst &4 2o 22|

BuOHZ(8.81 )2 TIACE EtOAcES Y Iy 59
Z7122 ODS open column chromatographyS 3J}ith AoiRl
BuOHZ9 &4 FE JE 4o =2 Sephadex LH-20(70-230
mesh, Pharmacia, Uppsala, Sweden)2 MeOHZ ‘g0l 4] 24x]7F
B AEISe U slumy’de] FY 89 F9] 278734 column
(29x158 cm)oll FFAIZ1 F, bed volume2] °F SHfjol al3h=
50% MeOHS S WU Haststa, AN8E Y 4ol charge
3k 3 50% MeOHE ©]5AH4CE F 1140mLE SHEY &%
3 (5 mL/)EFA

dojzl F# J-1539.0 mg)e J-16(88.9 mg)> pBondapak™
C18 columng ©]&3}e], 2.0 mL/min(LC-6AD, Shimadzu)®] <
7} 210 nm(SPD-M20A, Shimadzu)2] Z79lA 2% MeCN(pH
2.65 by TFAYS ©]573O 2 isocratic &AIAA HAE st

o) 8% sRMEES] wElAA S Fig 19 et

rot

221 84 2| 772N

g4 EZe] 'H-NMR(Nuclear Magnetic Resonance)3} '*C-
NMRE FT-NMR 7]7](""INOVA 500, Varian, Walnut Creek,
CA, USA; e=7|23 3R dA+d FFAE)E o83l 43}
Hom, BM4ul= 31gEe wel CD,0D, acetone-d, 2 CDC,
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Makgeolli (3 L)

extracted with MeOH (2.5 L, x 5)
evaporate

solvent fractionation

n-Hexane layer EtOAc layer BuOH layer H,0 layer
(2.98 g) (2.33 g) (8.81g) (54.07 g)
—— ODS C.C. —— ODS C.C.
(MeOH/H,0, step-wise) (MeOH/H,0 step-wise)
I I I I I I I I
113-128 186-224 226-284 293 303-451 A-l J K-Z
1-112 129-185 225 285-292 294-302 Sephadex LH-20 C.C.
(50% MeOH, 1L)
I I I I
J1-14 J15 J16 J17-18
—ODS-HPLC —ODS-HPLC —ODS-HPLC ODS-HPLC ODS-HPLC [~ODS-HPLC
1 2 3,4 5 6 7 8
(2.0 mg) (15.3 mg) (1.2 mg) (3.4 mg) (14.9 mg) (7.4 mg) (7.8 mg)

Fig. 1. Isolation and purification procedure of compounds isolated from makgeolli extract.

W FF Z42 tetramethylsilane(TMS) 0.03% -2 AR&3IIT

Liquid Chromatography Electrospray lonization Mass Spec-
trometry(LC-ESI-MS) 412 A=:2417](Shimadzu LCMS-IT-TOF)
7} 2% analysis LC solution 3.0 software(Shimadzu, Kyoto,
Japan)g AR&-ste] =T

3} 1: 'HANMR (CD,0OD, 500 MHz) & 7.78 (2H, br. d,
J=85 Hz, H-2, 6), 692 (2H, br. d, J=8.5 Hz, H-3, 5), 9.77
(1H, s, -CHO)

3}3+E 2: '"HANMR (CD,0D, 500 MHz) & 7.02 (2H, br. d,
J=85 Hz, H2, 6), 670 H, br. d, J=8.5 Hz, H-3, 5), 2.71
(H, t, /=72 Hz, H-7), 3.68 (H, t, J=72 Hz, H-8); ESI-MS
(positive) m/z 161.07 [M+Na]

3% 3: 'HNMR (CD,OD, 500 MHz) & 7.18 (IH, d,
J=2.0 Hz, H2), 681 (IH, d, J=83 Hz, H-5), 7.06 (IH, dd,
J=83, 2.0 Hz, H-6), 759 (1H, d, J=159 Hz, H-7), 632 (IH,
d, /=159 Hz, H-8), 3.89 (3H, s, -OCH,)

51$tE 4. 'HNMR (CD,0OD, 500 MHz) & 7.72 (IH, d,
J=18 Hz, H-2), 675 (IH, d, J=84 Hz, H-5), 7.09 (IH, dd,
J=84, 18 Hz, H-6), 681 (1H, d, J=12.6 Hz, H-7), 5.78 (IH,
d, J=12.6 Hz, H-8), 3.85 (3H, s, -OCH,)

315HE 5. 'H-NMR (acetone-d,, 500 MHz) & 7.16 (1H, s, H-
2), 756 (1H, br. d, J=83 Hz, H4), 7.03 (IH, t, J=7.8 Hz
H-5), 7.06 (1H, t, J=7.8 Hz, H-6), 736 (1H, br. d, J=83 Hz
H-7), 2.96 (2H, t, J=7.0 Hz, H-10), 3.80 (2H, t, J=7.0 Hz, H-
11); “C-NMR (acetone-d, 125 MHz) & 12340 (C-2), 112.09
(C-3), 128.84 (C-4), 11941 (C-5), 122.02 (C-6), 119.35 (C-7),
137.59 (C-8), 112.14 (C-9), 49.75 (C-10), 6327 (C-11); ESI-MS
(positive) m/z 162.10 [M+H]"

3% 6: 'H-NMR (CD,0D, 500 MHz) & 3.67 (6H, s,

«(OCH,),), 2.59 (4H, s, ~(CH,),); “CNMR (CD,0D, 125
MHz) & 17496 (C=0), 5234 (<(OCH,),), 30.00 («(CH,),);
ESI-MS (positive) n/z 171.01 [M+Na]*

3l3tE 7: 'HANMR (CD,0OD, 500 MHz) § 2.56 (4H, s,
-(CH,),”); BC-NMR (CD,OD, 125 MHz) & 17626 ((C=0),),
30.08 (-(CH,),-); ESI-MS (negative) m/z 117.02 [M-H]"

3}3tE 8 'H-NMR (CDCl,, 500 MHz) & 3.71 (3H, s,
-OCH,), 2.67 (4H, m, H-2, 3); "C-NMR (CDCl,, 125 MHz) &
177.85 (C-4), 172.62 (C-1), 51.95 (-OCH,), 28.87 (C-3), 28.61
(C-2); ESI-MS (negative) m/z 131.04 [M-H]

adilel =& 9 S0=E

A8 2] (3 L) MeOH FEE(66.56 g)°] H,0(1 L)EErN &
LujE335le] phexane= 298 g, EtOAcE 233 g, BuOHZ 881
g ¥ HO0%F 54.07gS 7tz AU

ofdz| =F£21 SojEslEe| TLC-DPPHHO olgt aHis)
g -t

Aozl 2 &r) BIES o2 TLC-DPPHHS |83t
ksl 48 AAE Y. BHEe 2FEE, n-hexaneZ, EtOAc
%, BuOHZ ¥ H,05< 77 Y 4339 s=4dy 49
1uL AFEHE ZAI8F] TLC 2ol spottinggt ¥, BuOH/acetic
acid/H,0=4:2:2(v/v) SlAIE ©]&3te H7|g )2, DPPH eth-
anol &N 73] 7t Fol| $hiE st EHES] EA A
&S vt 2 ZAiKdata AY=F), n-hexanes S 2HE R, 0.7-
1.0 FEo) 733 ksl B8 Hole spotEe] HEHUT 2
23 EtOAcT = theFeh itst stgese] SAR, 0.0-0.95) 7
TS HATE 3 BuOHZ I HO0ZAAME 84S Hol= spot
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Fig. 2. ABTS' radical-scavenging activity of each fraction
obtained by solvent-fractionation of makgeolli extract. The data
are representative of two experiments.
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&4 Wrke AN e 25EE B O SR gEEe
wAg] Yool 70l AFEFE H7Fste] ABTS' radical®) ¥H-3
AA ksl 84S Frkekh 2 AaFig 2), SWRIEE
% EtOAcZ 9] ABTS" radical-scavenging /3] 232%Z 714
%o, I T2 2E BuOHZ(8.7%)°IUTh. ©l& n-hexaneZ
3 H,0%RY} EtOAcE BuOHZd| Wt} B dhalsizdoe] 3
FE S AR el dehElew, TLC-DPPHH
o5 F1E AFel= Aol U & F AUSTh oY &
HE S8 AHoz =& &48 H9on, TLC-DPPHHS Z
S M vlwd sk g 73et Satsl S48 Hel
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EtOAcES e E &itst siehEe]

S0jE&EE°| ABTS' Radical-

ZAee Aow B9
wel - gAE ANl

ol

Fts e 239
HA EtOAcES UI’dSE ODS column chromatographyS 4
sl dojzl FRE F A FE 129-185(48.0 mg)ollA] HPLC
o] 1% SIEGHRE 1, 20mge sk 2ex
2259} 2939] HPLC chromatogramE 258 ¢=7F =
HeE g3Ee] ERlxo] HPLCE ©]&3t 2F9]

ulok
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0!
o

>
e
ofy

LYol o i

s} shek= 17
EFEERE 33 49 311 EFE, 12me)yS D EATh

olo] BUOHZ S ez &4 dEE9 v - AAE st
St WA BuOHZS ©]-€-3}] ODS open column chromatogra-
phy<¢} Sephadex LH-20 column chromatographyS A3 &
oz A FES tger HPLCE dste] 359 IFEEE)
F= 6, 149mg SHHE 7, 74mg SHFE 8, 78mg)S Tt
k. @EE 7 SgEEY] 725 gls] fIste] 'H-NMR#
BCNMR 2

chi2|E sgrEse P4y

312 12] 'H-NMR spectrum AolA] § 9.770] YeRd 1HE2|
singlet signal2*-E] aldehyde group®] EA|7F AAME AT 18]aL
2%2] 4Hl g3t WEE 3 9 signalE(S 7.78(2H, br.
d, J=8.5 Hz, H-2, 6), 6.92(2H, br. d, J=8.5 Hz, H-3, 5)°] &
=] para X|ZHAIe] WlAIZke] EAZF AAFE ALY ©]’Fe] data

S F%S 45, 3¥E 12 4-hydroxybenzaldehyded 71s/d ol
oty A9E T 2HH BuE B39 data2k(15) B3 v,

ase] A3t dAjste] & S§E 18 4-hydroxybenzaldehyde=
(Fig. 3) B4k

313 29] 'H-NMR(500 MHz, CD,0D, TMS) spectrum® 25
H sgE 19 sjds fARE § 7.022H, br. d, J=8.5 Hz, H-2,
6)2} 6.702H, br. d, J=8.5 Hz, H-3, 5)2| signalS°] #&EE Ao
W, o|ZHE] para XIZHA|Y] WA ER)7F FZHIUY § 271
7 36804 AEE 717 2HO 2% Bt triplet signalE(J=7.2
Hz)o] EAIZ7E wlASke] ethyl alcohol”]7} AR +32o] &
A7t AALE ] B 3192 2-(4-hydroxyphenyl)-ethanold 22
FZHAY. ool 3E 29 'H-NMR spectrums H32¥ 315
&9 data®h(16,17) VI3 A3}, 1 spectra’t AX|go] FIEA
t}. X LC-ESI-MS spectrum(positive) data®ll~] 2-(4-hydroxyphe-
nyl)ethanol A f-212] signal mz 161.07 [M+Na]'o] HEHH3
o o) AxZEE 33FE 25 2-(4-hydroxyphenyl)-ethanol
(tyroso)ZE 5 3FATH(Fig. 3).

3}5E 39 'H-NMR spectrum(500 MHz, CD,0D, TMS)S 23
B AMZ wle AR SIHE 2] oF 3:19] ISR EFE AU
2 ¢ 4 JAY I F main 3E3)9] 'H-NMR spectrum®

2ZRE § 7.18(1H, d, J=2.0Hz, H-2), 6.81(1H, d, /=83 Hz, H-
5), 7.06(1H, dd, J=83, 2.0 Hz, H-6)9] signalEc] == o] 3%
k) wlAgke] E=x)7F AAE e, § 7.59(1H, d, H-7)¢F 6.32
(1H, d, H-8) signal=2] coupling constant #+(J=15.9 Hz)S>. =€
trans BE| Q] o]F Aol EATS & F UM a2, S
3.89(3H, )2 signalZHE methoxyl?]e] A7} AJALE o] o] 3}
o] mrans-ferulic acidd 7Fsdol 74l AAEAE ol B
3 g (18) datas} VI E T HFHOo=Z SIRME 32 frams-
ferulic acidZ 57 3} tHFig. 3).

3RHE 4EIRHE 37 49 EFE F minor 3F5HE)9] 'H-NMR
spectrum - ZH-E] 3X|$HA] WA3KG 7.72(1H, d, J=1.8 Hz, H-2),
6.75(1H, d, J=84 Hz, H-5), Z& 3 7.09(1H, dd, J=84, 1.8
Hz, H-6)), 154 (S 6.81(1H, d, J=12.6 Hz, H-7)7} 5.78(1H,
d, J=12.6 Hz, H-8)), Z8]3 methoxyl”]1(8 3.85(3H, s))2l &A17}
Rl=e] sehE 33 v fAke sSiEY 7HsAel AlARE L
o}, SRR § 6.813 5.782] coupling constant #°| 12.6 HzZ 7
Z5]0] olefinic double bond’} trans BolHH & 37= 2
SIRHE 4% cis P9 o)FAYS TSt U=ol ERlEe] st
3He 4= cis-ferulic acidél AL 2 FZFQIT}. olo] 71&o] Bl
H data®}(19) Hlwg Az, dXFo] gRlEe] S5HE

=

= Cis-
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Fig. 3. Structure of the compounds isolated from makgeolli
MeOH extract.

ferulic acid= &7 3t th(Fig. 3).

313HE 59 'H-NMR(500 MHz, acetone-dy) spectrum “gollA] §
7567 7.369] 2%9] doublet signalE¥ § 7.063 7.032] 2%¢]
triplet signal52] =AZFE 12 X33 benzened] A7} AJAL
ek T § 7.162] 152] sp® carbon proton signal®] FEA|ZH-E
121842019 indole®e] A7} AAFE QAT 125l § 3.807 2.96
o2l 239 triplet signalse] EAZFE 3}HE 5= indole T
Z9l| ethyl alcohol”]7} ZA%E 3}3HE24 1H-indole-3-ethanold
7Fs2dol ZsHAl AlAFEIATE BC-NMR(125 MHz, acetone-d,)
spectrum® ZH-E indole¥t FHE AIAEE signalE(G 137.59,
128.84, 123.40, 122.02, 119.41, 119.35, 112.14, 112.09) ¥ etha-
nol 2l signal=(d 63.27, 49.75)°] &1=|o] 'H-NMR dataZ+-E
T8 72 7o) BS Al AAEATE A set
E 59 data® 7159 AHe}20) BlESE vl 15 spectra’t

13ke] E¢l1=|IT}. & LC-ESI-MS(positive) H41& £alo] &
FS RIS A, ol sE] 2l igEE mz 162.10
[M+H]™9] signale] ERIFATE oo AIAE FHst] sd+&
= 1H-indole-3-ethanol(tryptophol)Z 573 5} tHFig. 3).

3= 69] 'H-NMR(500 MHz, CD,0D, TMS) spectrum® 25
B § 3.67(6H, s, -OCH,), 2.59(4H, s, -(CH,),)2] 2] sp* car
bon proton signalE¢] #&AEATE o] AHAZHE methoxyl”] <}
methylene”] 2] EA17F 7387 F5= AT ©]o] PC-NMR #41&
AAISE A3 § 174.969014 carboxyl”] FE€] signale] 2=
om, § 52349 30.002 signalEZH-E] 'HNMR datacllA] AJA}
HJH methoxyl”] 9} methylene”]2] EAE &= thA] Eelslit).
A BHE 62 159 methylene”] S ZH= malonic acid®l]
methoxyl7] 7} A %¥ mono-methyl malonic acid4} 57Fe] 2%
methylene”] S ZF= succinic acid®] 9Z:oll methoxyl”]7} A3HE
dimethyl succinated 7Fs/de] 73atA] AAME AT o]e]l LC-ESI-

>
0Ol

MS(positive) E4-& E3ld mz 171.01 [M+Na]'9] signalo] 2ol
%o, o] 332 62 dimethyl succinate®Z 57 3 THFig. 3).

35 79] 'H-NMR(500 MHz, CD,0D, TMS) spectrum® 23
B& Sol3%E § 2.56(4H, s, -(CH,),-)ll sp® carbon proton sig-
nal 1&vto] HAE . o] AFAZHE methylene”]8] EA7} %
SHAl AIAFEAE. B BC-NMR 48 A A3, § 30.089
methylene”] 212 signalol T3l § 176.269 carbonyl”] -2
9] signalo] F7HoRE RIS o] AFAREH StE 72 1
%] methylene”| S Z= malonic acidi} 57+ 2% methylene”]
£ Zh= succinic acid¥ 7Fs/dol ZEtA AlAREISITE o4l LC-
ESI-MS spectrum(negative) %492 33+ A3} mz 117.02 [M-H]
9] signalo] ERIES] SItE 78 A= succinic acid® 535
tHFig. 3).

3}3E 89 'H-NMR(500 MHz, CDCL,) spectrum S ZH-E §
3.713H, s)3 2.67(4H, m)2] 2%2] sp’ carbon proton signal=©]
HEEATE o] AHZHE 152 methoxyl”]9} AB type] meth-
ylene?1¢] EA7F ZeAl AAFE QAT o] PC-NMR #4152
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Eo] FEEJTH T § 519590 152] methoxyl”] &2l signal
of tlate] § 28.877 28.61¢ 22t methylene”] fEl= S350
A= signalge] #FZEATE ol 3etE 82 gE rivho]
methyl esterSHEl succinated 71s/dol wi-§- ZstAl AlARE AT
I LC-ESI-MS spectrum(negative)>ZFE 1 o/ F22o] &
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ool AMNEZHE 313E 82 mono-methyl succinateZ 573
3151 th(Fig. 3).

o} 852 stEE(Fig 4°] HAHRRY @ - $E
o shehe 12 Al de] Ak sled st ssEen)
ZA] 4-hydroxylbenzyl alcohol®] analogue®|™, A& Hitsls
A|8F2L(22), GABA transaminase®| A E3-5(22) YEPATIAL K
3% w7t Qi) 8IRME 2(2-(4-hydroxyphenyl)ethanol(tyrosol)y=
ol EAlste e st sige R 97dstast, LDL A
3} A E, AEAA A3 oA T =2 AETH 558 JE
Wty BEE(23,24) ¥R ol #HE 9], SlolE 9l
W SEE, SYH Y T dHrEo] Ase] A UL
T Aksl 3o gk BaE v Qlek25-27). Z22lal ofRt
2kt 23 Qe FH2E|Eo]l s RE F5EE A
Azt dF SHZHE FAE A dAFe 28l A+
g vk Avk8). & 3eHE 2v FASH T &8 a3 g
deete Aoz 4A o, ded shgEQl caffeic acid,
benzoic acid, 3,4-dihydroxybenzoic acid, vanillic acid, Z] 3L
syringic acid®] ksl EAJt Wl w3 B wlEW, tyrosole] &
dol Hlwd thE Sg=EC g o w2 ZoEE dHA
oh28). 22l 3F3HE 33 d(trams-ferulic acid$} cis-ferulic acid)
3 ApdAe] de Bxeta gle dsd SREEEA9) T
YRIEC] F2 o7 ol g3l AU HEek30) Zl=E3l) Bol &
FEo] Aok A Aok Z2E AL o]E TEg dAEskel(32)
HE(33) BAo] Jom, B (34), L=sto| g F(35) 22
AR AWE oske a3 e AeRE RHAEL Jth
2H2 591 1H-indole-3-ethanol(tryptopholy> 214 WF Bomrytis
cinerea, Monilinia fiucticola®] ™+ FXa TS zka o,
I A BIHE AN A, AESA, A5, el 24
A3 2Hg Fol BT gleol ERIHATH36). =g 3= 5= vt
et 2 Fe el A Wk olUel, Aspergillus niger; fungi
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EAERA FRY ot AR FFE MXE HEER ¢
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THRE tEAR] AR G Th38). I seE 62
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sietEolt. o] 3I5E 63 82 W AA FHEA Jd A
FUFE UAPARE, L' FFES AXEA 2 A Aot
FreE=Rdd i s HAlo] 7R, 259 o] wE 7t
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