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Phenolic Compounds of Ligustrum japonicum Leaves
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This study was designed to investigate the possible utilization of Ligustrum japonicum leaves as a source
of functional ingredients. Contents of total phenolic compounds and condensed tannin were 0.89~1.53% and
0.10~0.13%, respectively. The major flavonoid compounds in the leaves of L. japonicum were luteolin, apigenin
and their glycosides. Tyrosol, t-cinnamic acid, p—hydroxybenzoic acid, vanillic acid, shikimic acid and
protocatecuic acid were detected in free phenolic acid, while tyrosol, t—cinnamic acid, ferulic acid, esculetin,
caffeic acid, p—coumaric acid and hydroxytyrosol were detected in esterified phenolic acid. The insoluble
phenolic acid contained tyrosol, t-cinnamic and p-caoumaric acid.
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Soll Aoy} olvka g3 a glon], 53 Fo| At A=

AAS ®E387) ¢8) o Aol 3l= ﬁ‘ﬂ\ obEAS- kR I AL 7&’%‘. 24, o) w2 g
2 deA ik F ol Wy Z7pag-g vhepdivkal gty o MRS e Ad)
L@Hl) ZTL‘”(2) A etz Bl rH(1s). Shi-e] FaAd o ® el syringin,

3 9} 7-&-of ursolic acid, oleanolic acid, acetyloeanolic
acid S0] FH-5e] gz, FERE A olH, AlA, By
2 HH] & 83k 28] sirta d#x Uokie).

Ql HEAE-2 2 E curcumin(7), epigallocatechin gallate(8),
indole—3-carbinol(9), crocetin(10), 3—phenylpropyl isothio-
cyanate(11), xanthophylls, astaxanthin, canthaxanthin %
2] xanthin 33HE(12) ¥ protocatechuic acid(13) $-¢] ¢Jth.
SV (Ligustrum japonicum)= S8V B} 5-

AlE2A ATt A ot 2 AAW, d2y) g
Aol A EEEE AFTHAEOR, dL 5] 3

do] 3~10 cm, WH] 25~45 mmZ ¥ 13, 2%
7l et gel, Feo] gl FEE 7pEAelrh A 2
o] 7~10 cm®E 10| AFM o2 o w w 7§ Ao

i—;] offt Jb

—_

o shol, wlzrel AL U dbel s HE AL F7le
Bol71 % QTHI4). R, FF) A Sl FAAANN %
HE 9o gAel Hem So] gom, A9 T du
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i} Zol| EF AFR= AT Fxlol 4] acetyloleanolic
acid, oleanolic acid, ursolic acid, lupeole] &% Q&
el Ze] el (17), FF T HellA quercetin, erio-
dictyol, apigenin % 32| Zelrxol=9} 2% ZlE
ol E3HE(18), EFHUYVF- A lA coumarin glycoside,
esculin, cichoriin, scopolin, fraxin $= ¥2](19), 5y
7o) S3lo|A ligstoside?} oleuropein(20), ligstroside,
oleuropein, esculetin, esculin £2] A #(21)-¢ #=3}gic}
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At Aol FHAsHA Ak gl Fhy o
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Table 1. Profiles of Ligustrum japonicum leaves used in the
experiment

Sk

Table 2. Analytical condition of HPLC for the determination
of flavonoid in Ligustrum japonicum leaves

Characteristics
Sample Length Width Weight Col
(cm) (cm) (g/lead) oor
A <2 <1 <1 bright green
B >h >2 >2 green
C >6 >3 >2 dark green
ERET

XM=

E Ao ARSgE Iy 42 3G A AT AlE
ol9lE AU AKEHI Yv ol At o7 A
£(A), 7= A3 AB) 2 238" YO 64 AFH
stod WA BsHA HEA 3EE H 53 Bd 59
Ao ALt cH(Table 1). EatRr o]zl G218, o~
23 2 A¢y des4 AN EEREE TR
B)& MR AAHFt ALE-31d )

Algt gl 24 F|

Flavonoid, 31]“‘/‘4 338 5o TFEL Sigmait AF

£, 1A 515¥5 HPLC 49 23+ MerckAF AE-E, petro-
leum ether, ethyl ether, hexane 5 7|e} A4 Ak EF
o4& AMg-3lsl o, SR BIAFAS 18 me o4k
gk 5 AMERh 348 A 2% gas chromatograph
(GC, TRACE 2000, CE INSTRUMENT), gas chromato-
graph/mass spectrometer(GC/MS, HP-5973 MS, Agillent),
high pressure liquid chromatography(HPLC, SP 8800,
Spectra Physics), ZF%5%7] (Buchi RE 121 rotary evap-
orator, Buchi) 5 AF&-3lc).

Z =M SEE Y S8y etd g2 24
2 =4 3358 Purussian blued (22)¢)] Fslo] A3
st & A48 S 4 5 g & A E3] Eo) 70% etha—

nol 100 mL=E 2 32 homogenizer2 15,000 rpmell 4] 587k
%#%3%}e] Whatman No. 5 S #A 2 Fslz 71 A& 50
o) 3Ast ) 34 1 mLol 0.1 N B4k AFg-3le] 24
g 0.1 M FeCls 44 3 mL®} 0.008 M KsFe(CN)s 4 3
mLE 7]—5‘]—0:] ] 15;}-3] 105 EO]‘ HLQ—/K] 71 -_?—'— 730 nn'loﬂ/ﬂ —g—
Pe 2 24519t 2439 F4 L E tannic acidE AH-3H
of gl wpH e g 2% TE APA o RE AR F
WA S§E ek FH4akelgl

=33 Bd I SAE —?’li
Hwang(23)2] v & A1-8-3lsic), Al
g & A &3] o} 70% ethanol 100 mLS ¥ o] homogenizer
2 15,000 rpmol| 4] 587t 32313 Whatman No. 5 ¢]3}#]
2 o5 A& AgEd e siedcth A3 842 Jukunen-
Tiitto(24)9] W22 FFE S &, dFvF &

Column Lichrospher 100 RP-18 (4% 250 mm ID, 5 um)
Detector UV 350 nm
Mobile (A) Acetonitrile : DW (25:75) (pH 3.0)
phase (B) Acetonitrile : DW (75:25) (pH 3.0)
Gradient condition: 10 min (A: 95),
30 min (A: 30)
Flow rate - 1.0 mL/min
Chart speed 0.25 cm/min

Attenuation 32
Injection vol. 10 uL

oz xps3st ATl Adg-H 01 mLe} 4% vanillin meth-
anol A9 3 mLE 93 EE 11% % oA HCL 15 mLE

3 & E§sle] Aol A 2087 WA F 500 nmell A
=5 FAHch 349 F4=E cateching AHE-8h
olgh whyo g A7 E FAo 2N A8 5%
g whd §Eke g Fhabslglrt

ot ofl o offs
e
o

Flavonoid aglycones, flavonoid glycosides

O 2 FASAZ] AR 20 g& sl AFste TF
42 0]-23l9 microwave ovenl|4] 23 WHE &% F o
FA &2 oj3tstgdr}. o] 1 N HCIE 718 pH 2008 24
3 F ethyl acetate® 33] HFHE F&3to] 40°ColA 4 &
Z3lo] 2 A A Z ) FF-Eol methanols gl 433}
3 045 tm 9FA 2 A3z A& AP LY o= o] FAF
A H(Table 2). =3, G A S &aldlr] $31e] silicagel
column chromatography 2 A A slA ). &, silicagelS hex-
ane . 2 23131 A8l o] 558 Y3 chloroform £-7A <l
A ethyl acetated] ®]&& F7HA7|WA &&3te] £8S
Ak 72+ B8 Ak sS7E ol 43t 40°ColA S8
A38 ¥ AHFES methanolel] =< HPLCE ¥43}9ic}
ol flavonoid "M Z A2 FA =+ peak’} £8|d 22
dA k2 # 5] methanol2 £ AwAZ] F 0.1 N HCI#
1 N HCI& AHg3te] 28204 3027 7h2 33kt
71528 E-& ethyl acetate® FE3t 74t 558 ob-&
methanol] & HPLC$} GC/MSE #al3algict. GC/MS
E o] 83l 715322 &l Donor 5(25)2] WHE LR
trimethylsilyl(TMS) #2488 4 A8 3lc}. &, methanol
£ 500 uLE F 38l S AxAZ AFEo) 05 mL pyr-
idine® 0.45 mL 1,1,1,3,3,3-hexamethyl-disilazane(HMDS)
4 7tate] FdsA = 42 thS 50 pl trifluoroacetic
acid(TFA)E 7}38ted 70°Coll A o 3087} trimethylsilyl
ZAFAA GC/MSE £4 319t ojdl, A= total ion
chromatogram®] mass spectra® Wiley$} NIST library 2
gaslgon, GC/MS 4272 Table 37 Zth

M

R2/8, olAHZY, Zed Hiss AR =H I 24
AR A8 FUF 4o FHHER A AT o
(Table 19] B)& AF 3t A2 £ F 70°ClA A=
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Table 3. GC/MS condition for the identification of flavo—
noids in Ligustrum japonicum leaves

Instrument HP-5973 MS

Column HP-5 MS (0.25 mm x0.25 um X 60 m)

Oven temp. 200°C for 2 min, then 300°C at 5°C/min
and hold 15 min

Source temp. 250°C

Interface temp. 250°C

Injector temp. 230°C

Carrier gas (flow) He (1.2 ml/min)
Electronic voltage 70 EI

Mass range 40~600 m/z

Split ratio 1:20

Library NIST, Wiley

vk 8tdrt. $-4 hexane&® 423] @x|ste] Krygier 5

26)2] Wl Fal A= ste] )y, oladlE2d 9 Aty
|

SEAe) B ALgsteinl &, SR 20 g & 2R

300 mLE 33| &&she] oA % of7skodct. of oo I N

HCIZ pH 2022 &3 t}-& diethyl ether 100 mLZ 33)

W Elel fed w4 2o S sy o

AHe 553 ofolel] NaOH %57} 2 No| ¥ £ NaOH
3

o
N
-

a
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Aol A 4X 7} Fp R sk o). s
HCIZ pH 2022 =43 % 49% &4
Ho® FEdte] o v 23 wAl BHo g 5
o 23 AEAS A dA A FR 223 Al 2
NaOH 250 mLE& #H7FeE 3 Aol 7bpRs A7) 2 o
ZH 2 HAEats FAdd e g 39l 7 28

2)
557 S olg-sle] 40°Col A

oo
A

oL o

L

Z 3R ot o wu e
12
)

S ARAY & 5 &,
2H 2, AR sEiake) Agdgde s shgic g4
= A Aol L AN F FeHo)s BAHA

TUT WH2E TMS FEA3E AAshdA 108 5

l140°Cz 3]—031:}

benzoic acid,

&4k o} Azt
sahcyhc acid, rn*hydroxybenzmc acid,
homoveratric acid, gentisic acid, a-resocylic acid, syringic
acid, gallic acid, t-cinnamic acid, vanillic acid, tyrosol,
o~coumaric acid, umbelliferon, p—coumaric acid, ferulic
acid, caffeic acid, sinapinic acid, o—hydroxyacetophenone,
cinnamyl alcohol, homovanillic acid, protocatechuic acid,
4-hydroxy coumarin, scopoletin, esculetin, fraxetin, 4-
methylesculetin, esculin, catecol, p-hydroxyacetophenone,
pyrogallol, homovanillic alcohol, acetosyringone, B-re-
socylic acid, quinic acid, chlorogenic acid 5 36&<] =%
A REES AHEE vt 4 TR E 10 mg A%
s 343]-01 pyndme°ﬂ 433l A5t BUI} 2ho
=AsE g F GCMSe F9lste] RT(M 52 A7h9}
mass spectrum% golslgd o).
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Table 4. Total phenolic compounds and condensed tannin

in Ligustrum japonicum fresh leaves (%)
Sample Total phenolics Condensed tannin
A 1.29+0.08" 0.12+0.13
B 1.53+0.06 0.10+0.07
C 0.890%+0.12 0.13+0.04

"Mean=+SD (3 replicates).

o EASte & dAud s Fet
A3k A= Table 49 2t} & d%
89~153%2 F7HA =] (B)AA]
ghd o] hEe 0.10~0.13%2 A &
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gEodwiol, Astast 5o vhekd Ae| 84S vehy)

K=}
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g 1%
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ol oy % ARl E345} 5]

8 Al HEEe] @ el S glon,
Al A gl FfH ] 3l polyphenol® whild 9 alkaloid

o} AR 44 St ER Ao i) B3], shde =
A2 w23 2} 9] T Zalus AR T oeld gl

Jellwh, 8 sF o], Fofjo]=, a}t, 344k3} vl F 3}
o] vk &#A glth

B Agel Algg #»} 29 A=A gL 599

% e 1.25~2.89% 2 B 33 Kim(29)<]

Ao} wlare o ofx -1 < @=old L™ Chung 5(30)°]

Az Azxg dste] A Y Bl gebustE xa)

1) 29 A% 170~217%% eid

A 2w o Fh g0 $38 Bl Ao v

Flavonoid aglycones, flavonoid glycosides

Py e dp FEES g4ate® A4S pH 28 24
3le] ethyl acetate® F&3t7 -2 AAg T AE2L
dAzFe] dEtSo &sste] HPLCE BAs5tgich Zeln
rolx RFFEOF = isoquercetrin, quercetrin, luteolin,
quercetin, apigenin, keampferol 2 A}8-8}¢) 2 HPLC =
Evte 9L Fig. 1(A)¥ 2l 22rtE a9} 7o)
quercetin glycosideq! isoquercetrin® quercetrin& RT(H
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CHANNEL A

CHANNEL o INJECT ©@0/01/02 @6:16:45 STORED TO BIN £ 14

INJECT ©@/01/00 26:58:41 STORED TO BIN # 15

N Isoquercetrin
Quercetrin

R luteolin
Quercetin

Apigenin

Kaempferol

N

3 52

5.15

Fig. 1. HPLC chromatograms of flavonoid in Ligustrum japonicum fresh leaves. A: standard, B: sample.

F5 A7) 4.03%} RT 51889 Z+2} 3259 7 aglycones]
luteolin, quercetin, apigenin, keampferol-> RT 16.62, 18.01,
26.88, 30.28%-ol| 2tz Hejs o] o] A glycosideF&
AZutE 2] R aglyconeF e HEEolA La|d
£ & F ek FE el FRE Qe SR ol
o] mRwtE 2 Fig. 1(B)dl4l% aglycone?! luteolin®}
apigenin®] ¥ H Q2 A ZrtE 18 FHQ RT 5158
# RT 8.08%<ll flavonoid "% A & =A== T 709 peak
7} FelE g}

Al gellA E2]E gl A gelslr] 98t silica-
gel column chromatographys 33l 823} chloroform
E& oA aglycond! apigenin} luteoline] £ % ¢, 50%
ethyl acetate® 824171 A &3 (fraction DA Fig. 2(A)
o 4] vreld vle} o] RT 8.08%ol s3] Hefe] Exle]
FelH A o] E4E Fas] S5t EHES AP
#3ted 01 N HCI® &2 ellA] 3083t 7}833E 3 ethyl
acetate® F%F3}o] HPLCel 43 A3} RT 80854 *-2
A AL AR5 aglyconed! apigenin®] A&EH &=
Ae® Ho}l Fig. 2(A)9] RT 8084l 2|3 peak: apigenin
WAl Ao 2 FlE o HFig. 2(B)).

w3k, 50% ethyl acetate® €5 A7) T+ WA 23 (frac-
tion Mol A = Fig. 3(A)ol| X2} zte] RT 51354 sikaa

(A)

CHANNEL. A INJECT ©0/01/00 86:58:41 STORED TO BIN # 15

o

8.08

FAE= Edo] FEH ) o] £8L 01 N HCIA 4
3t 7hsl=lA) ekol 1 N HCIZ 7l&al st et 7ppd-
3 58 ethyl acetateZ $Z3}o] HPLCE #4138 A3} RT
51389 &% peak: 7FEahE o] aglycone?! luteolin
o] A& HehFig. 3(B)). ol=ldt A= % 9 Fig. 3(B)
RT 5.15% #2]5$1% peak luteolin®] #i=A & 2l
4 2l e luteolin® 8-C-glycosided! orientin® 2 3=
A=)

€A Romani £(31)2 B3 9] flavonoidol] #3F 4
T4l A secoiridoids, kaempferol glycosides, quercetin gly-
cosides 9] #3E-8 HPLCE #4319 3, Jeong(18)S ¥
9] A2 T Yol quercetin, eriodictyol, apigenin 5 3
T FetRxolre) 2% Felu ol EES FE3)
doiw Bwstgrl 28y B QT4+ Romani $(31)°]
1} Jeong(18)e] B.1& ZAvtelE 2] flavonolf7} o}t
flavone#2} apigenin® luteolin®] 7 &= ¢lc}. =35 Joo}
Jung(32)8] H3A Y4 Fol &5 flavonoid A A=
flavone7F &= AU A+ flavonol{F7F &= A ¢
st2.m flavonole] &€ ¥ vivie] o X flavonedi7t
AEHAA e A4S RFa o) o[ AL Falsr] st
o 7tpEd FEES 3087 TMS =483t GC/MS
2 ghlsledr}. =3} apigenin, luteolin, quercetin, kaempferol

®)

CHANNEL A

5

P

/f— apigenin

INJECT @U/@1/99 ©5:34:07 STORED TO BIN R 13

Fig. 2. HPLC chromatograms of flavonoid in Ligustrum japonicum fresh leaves.
A fraction I, B: fraction I after 0.1 N HCl hydrolysis.
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(B)

INJECT 0@/@1/0@ @5:34:@7 STORED TO BIN ¥ 13

luteolin

Fig. 3. HPLC chromatograms of flavonoid in Ligustrum japonicum fresh leaves.
A fraction I, B: fraction II after 1.0 N HCI hydrolysis.

FA22 TMS #2A3ste] GC/
MSe| —7“ slslge}. EE %1¢- mass spectrum3?} B] 3L
oA [M-CHsl' iondl m/z 471 ion® m/z 399,
281 228 ion & 7HA| & ap1gen1n , [M]” iongl m/z 559
ion®} m/z 471, 399, 369 ion 5 7}A|+= luteoling #alsle]
o} 18y m/z 575, 487, 281 ion 522 el quercetindt
m/z 559, 487, 272 ion % 2.5 Vel kaempferol-& 22l H
] &gkt wheba] Fuba 9l -5-% flavonoid: apigenin
3} luteolin 28|52 o] &2 MiFAdE FAF 5 ek
Flavonoidst thekdt Al 4 ofgj&AlS Ve Ao g
urs]x gt} E5], apigenin® luteolin 2 flavone&=
A7} g0l BarE gIek33).

0.||AE-||..='_81 716#35{ Eﬂ_L-::A]- | H A

[LE |

chemoprevention. & 24 &=

weld,

Tyrosol, p—cinnamic acid 5 #|&4F £5¥% 365< 47
o B4 A RelEE RT(HF-E A7 5% 283t
o 41502 pFe} TMS f-A3hsle] GC/MSE +
Ast o] & FFE2| RT, fragment ions 18| 3L 0| &7t 2=
Table 59F 32t} ~H ER o 4] vehdufe} 7Fo] #i54k 31g
EE2 A2 M9 MY ionel A CHs7b ey b7k
[M-151" ion, OTMS7} 2415l [M-89] ion, 7712 OTMS
7F &A" IM-177]" ion Fo] Beolxoz YAEglon,
[TMSO-CeHe~CH2-17F <= 352 m/z 179 ione| e}
i

18] 3 fragment ionZ oA A2 ¥ abundance® 7}
A& m/z 73 jone FrE=A 3w -OH7| <l ZA3sts TMS
7b st o el ionol 22, myz 1478 -0t el A gts}
£ TMS7F 7 Y = el ionelel, =8 TMS-
tyrosol®] mass spectrumel| 4 “}eEbst fragment ion- M1
ion?! m/z 282 ion, [M-CHs]" ion?l m/z 267 ion, [M-
OTMS] iongl m/z 193 ion, [M-CH2-OTMS]" iongl m/z
179 ion, [-Celli-OTMS] iond! m/z 103 ion So] B4 =3
t}. Esculetinel] glucose’} 233k esculin(6, 7-dihydroxy,
6-glycoside coumarin) t}2] -OH7} TMS2}= o] RT7}
41182 A ==z, m/z 361, 271 ion el = dubd o

frt

2 TMSEHE wo] A¢E iEelA £ = 3= m/z 217
ione] A= ¢ltl. Coumarind %+ p-coumaric acidel
A ne JFAE 3 2H-1-benzopyran—2-ones 7| EZ7H S
2 3e Ao & dEy 2559 vH7IAE M] ion
7} (M] ionell4] CHe7b A1l [M-15]" jon Gol A = siet.
2 esculetin(7,8-dihydroxy-6-methoxy-2H-benzopyran-
2-one)®} A% [M] ion?l m/z 322 ion} [M-15]" ion?] m/z
307 ion S-°] Yeh 3L fraxetin(7,8-dihydroxy—-6-methoxy—
2H-benzopyran—2one) = [M]" ion®] m/z 352 ion¥} [M-15]"
ion®l m/z 337 ion E-°] AAF} °H T AH= & o
#EAke] TMS 24 34382 [M-15]" ione] 5AA 2R
A= 3 0179 intensity7} AHA R AeA IS
ot = glalet, feld Ak tyrosole]| g xpx|3}kY]
31 trans—cinnamic acid, p~hydroxy benzoic acid, vanillic
acid, shikimic acid, protocatecuic acid 59 #|&4ko] ¥-§
wo] 9dgdr}) eyt AFEE 363 A=Ak EEe Wiley
¢} NIST library gelol X% %293 mass spectrum 7}
33hEo] glo] $Aol Brlsstd A w4t sHgEe &
A9l [M-15]" ion& 7HAl = vhe] {2l slszate] @-f-5
o] 9l AL & & Adddrh o2dH2Y slsakS trans-
cinnamic acid, tyrosol, hydroxytyrosol, p—coumaric acid,
ferulic acid, esculetin, caffeic acid £-°] &-f=] g1}
Kwon¥} Kim(19)-2 EFvHF- 312 A 3-d7-ol4 silicagel,
Sephadex LH-20 2 RP-18 ¢ #3 zmazvE a9 E
a8}o] esculin, cichoriin, scopolin, fraxin & ¥-2]8} 1L
Baes} Kim(21)E E3FH 32| 43 oA esculin, esculetin,
fraxetin $& ¥ Xasigich rejvh £ A3 2483
FupF oA = esculetin® HAEFHA 2 YA AES
2w A oetr) Kim 5342 1 A ¢} frely 23] o4
gallic acid, ellagic acid, salicylic acid, gentisic acidZ, <<~
Bl 23 E3 oA gallic acid, ellagic acid, protocatechuic
78] 23 o)A sinapinic acid® &3ttt
Hydroxytyrosol$ 213}7] 8|4
#3591 mol® 2] hydroxytyrosol, glucose, elenolic acid”}

acid 5=,

oleuropein-a 7}
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Table 5. Principal ions observed in the EI mass spectra of TMS derivatives of phenolic acid standards

RT Group Systematic name (common name) M.W. (1,\1\/[1'\%) (intenzirtirgzlser; 1g?sbasm£z peak)

6.91 1 benzencarboxylic acid (benzoic acid) 122 194  194(9) 179(100) 135(52) 105(78) 77 (53)

8.01 4 1,2-benzenediol (catecol) 110 254  254(30) 239(6) 166(4) 151 (8) 73 (100)

9.02 3 2-hydroxyacetophenone 136 208  208(0) 193(100) 175(32) 151(18) 89(12)
(o-hydroxyacetophenone)

989 3  3-phenyl 2-propen-1-ol (cinnamyl alcohol) 134 206 206(42) 191(42) 117 (100) 115(50) 73 (70)

1075 4 4-hyroxyacetophenone 136 208 208(28) 193(100) 151(13) 91(8)  73(18)
(p~hydroxyacetophenone)

1156 1  2-hydroxy benzoic acid (salicylic acid) 138 282 282(0) 267 (100) 209(7) 135(16) 73(82)

12.18 2 3-phenylpropanoic acid (t-cinnamic acid) 148 220 220(30) 205(100) 161 (85) 131(90) 103 (64)

12.28 4 2,3,4-benzentriol (pyrogallol) 126 342 342 (50) 239 (100) 211(8) 133(15) 73(92)

1255 1 3*hyd1)'oxy benzoic acid (m-hydroxybenzoic 138 282 282 (40) 267 (100) 223 (45) 193(48) 73 (50)
acid

1269 2 4-hydorxyphenyl ethanol (tyrosol) 138 282 282(18) 267(13) 193(14) 179(100) 103(13)

15657 4 4-hyroxy 3-methoxy benzyl alcohol 168 312 312(30) 297(10) 209 (100) 179 (25) 73 (45)
(homovanillic alcohol)

15.68 1 3,4—me)thyl phenyl acetic acid (homoveratric 196 268 268 (40) 253 (20) 209 (100) 151 (45) 73 (100)
acid

16.67 2 4*hyd(;rxy,3*methoxy benzoic acid (vanillic 168 312 312 (60) 297 (100) 267 (80) 253(53) 223 (67)
acid

1685 3 4-hydroxy 3-methoxy phenyl acetic acid 182 326 326(42) 267(28) 209(58) 179(38) 73 (100)
(homovanillic acid)

1691 4  4-hydroxy 3,5-methoxy acetophenone 196 268  268(54) 253(70) 238(97) 223(100) 73(40)
(acetosyringone)

1697 1  25-dihydroxy benzoic acid (gentisic acid) 154 370 370(4) 355(100) 267 (6) 223 (6) 73 (60)

17.62 2 2-hydorxy cinnamic acid (o-coumaric acid) 164 308 308 (26) 293(34) 161(28) 147 (100) 73 (100)

17.74 1 3,5-dihydroxy benzoic acid (a-resocylic acid) 154 370 370(100) 355(94) 311(35) 170(24) 73(86)

1778 4 24-dihydroxy benzoic acid (B-resocylic acid) 154 370 370(0) 355(100) 281(10) 223 (6) 73 (53)

1786 3 34-dihydroxy benzoic acid (protocatechuic acid) 154 370 370 (50) 355(25) 311(20) 193 (100) 73(68)

18.30 2 7-hydorxy coumarin (umbelliferon) 162 234 234(81) 219(100) 191 (15) 163(52) 73(31)

18.39 3 4-hydroxy coumarin 162 234 234 (40) 219 (100) 206 (40) 175(44) 73(32)

1896 4 1,345-tetrahydroxyhexanecarboxylic acid 192 556 345 (100) 255(44) 204 (16) 147 (50)  73(92)
(quinic acid)

19.39 1 4-hydroxy,3,5-dimethoxy benzoic acid 198 342 342(70) 327 (100) 312(70) 297(64) 73 (70)
(syringic acid) .

19.89 1 2,3,4-trihydroxy benzoic acid 170 458 443 (100) 355(14) 281 (40) 147 (12) 73 (60)

2014 2 4-hydorxy cinnamic acid (p-coumaric acid) 164 308 308(60) 293(80) 249(44) 219(100) 73(98)

20.65 1 3,4,5-trihydroxy benzoic acid (gallic acid) 170 458  458(83) 443(36) 281(100) 179 (22) 73 (80)

22.23 3 7-hydroxy,6-methoxy coumarin (scopoletin) 192 264 264 (50) 234(100) 206 (42) 176 (13) 73 (32)

23.01 2 4*hy.((ii(;rxy, 3-methoxy cinnamic acid (ferulic 180 338 338 (100) 323(57) 308(54) 293(37) 249(57)
aci

2341 3 6,7-dihydroxy coumarin (esculetin) 178 322 322(55) 307(43) 206(15) 175(8) 73 (100)

23.84 2 3,4-dihydorxy cinnamic acid (caffeic acid) 194 396  396(60) 381(15) 307(12) 219(100) 73(93)

24.25 3 7,8-dihydroxy,6-methoxy coumarin (fraxetin) 208 352 352(40) 337(100) 307 (4) 264 (3) 73 (74)

25.67 2 4-hydorxy,3,5-dimethoxy cinnamic acid 224 368 368 (100) 353(48) 338(94) 323(27) 73(94)
(sinapinic acid)

25,67 3 6,7-dihydroxy,4-methyl coumarin 192 336 336(78) 321(65) 248(6) 220018 73 (100)
(4-methylesculetin)

4049 4 3-(3,4-dihydroxycinnamoyl) quinic acid 354 78 345(60) 307(37) 255(42) 147(33) 73 (100)
(chlorogenic acid)

41.18 3 6,7-dihydroxy, 6-glycoside coumarin (esculin) 340 700 361(55) 271(12) 217(33) 147(32) 73 (100)

A2 = B 2 (35), Baes} Kim(21)0] #2138} oleuropeins &

ofrko} 3 N HCIZ 100°Col A 1087 7142318 5 A4

hydroxytyrosol®] RT$} mass spectrum< B|2Z3}glth 1
A7 4 RT9 [M] iondl m/z 370 ion, [M-OTMST'
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