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Abstract

The methanol extract of Gardenia jasminoides Ellis showed antimicrobial activity against bacteria and yeasts.
The extract was successively purified with solvent fractionation, silica gel adsorption column chromatography,
Sephadex LH-20 column chromatography, octadecylsilane column chromatography. The purified active substance
was isolated by high performance liquid chromatography. The isolated compound was 3,4-dihydroxybenzoic acid
which was determined by mass spectrometer, gas chromatograph-mass spectrometer, 'H-nuclear magnetic
resonance, C-nuclear magnetic resonance and two-dimensional nuclear magnetic resonance. The content of 3,4-
dihydroxybenzoic acid was 32.7 pg/g in dried fruits of Gardenia jasminoides Ellis.
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Al A8 XA A-F(Gardenia jasminoides
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FAEAR] 52 XA} 1.8 kg homogenizer (BM-
2 Nissei bio-mixer, Nihonseiki Kaisha LTD, Tokyo,
Japan)® v}s| 3t ©h&- n-hexane, methanol(Z-2b 10 Lo
24717 AA)HE. £2F FE3kH.

Bl E2-E Ma 59 whell w2}, methanol 3%
E% cooling aspirator’} X% vacuum evaporator
(TYPE N-2N, Eyela, Tokyo, Japan)& Z}+3t5-% 3}
methanoks | #13}12, buffer$<¥ (0.2 M monobasic sodium
phosphate-0.2 M dibasic sodium phosphate, pH 7.5)3
ethyl acetateZ ©|-83ted PAEE(bufferd )@ T LE
(ethyl acetate-soluble neutral fraction)2 2. ¥2|s}eic}.
FAEE-L 1M HCIS o] 88l pH 3022 A3}
%, A ethyl acetate® Fullsle] 4841 2| H-(aqueous
fraction)?} AHA] EH-(ethyl acetate-soluble acidic fraction)
L2 R

Silica gel adsorption column chromatographyt Park
) el ohe}, SRR oF 10wkl Abdal
+ silica gel (110g, 63~200 um, Merck, Darmstadt,
Germany)S ethyl acetate®. slurryE 7HE-o] column
(3.0X40cmpel] FZ1A]7]1 F, ethyl acetate-methanol £
WA Z methanol FXE 0, 5, 10, 15, 20, 25, 100%
(FEHEE 1,100 mLA A DA 2 o8 F71AIF] step-
wise S-EH 22 R 39}t Hexane-ethyl acetate-
methanol 2A 2] chromatography= $U3} silica gel
45 g2 column (2.0x28cm)oll F2A]7] F. hexane-
ethyl acetate-methanol®] &v]A 2 ¥ E8|E 8:6:1,
6:8:1, 4:10: 154 HE 900 mLY IR DA AL
2 F7H7IEAM 45 2gsiidt

Sephadex LH-20 column chromatographys Park
Z@m9) whfol| wa}, Sephadex LH-20 (25-100 p,
Pharmacia, Uppsala, Sweden)S methanol-CHCL, (4:1,
viv) SeiAl 2 15 4411 F, column (4% 100 cm,
total volume 1,000 mL)e} %313}3l FEojAE 45
83l

Octadecylsilane (ODS) column chromatography= ¢F
2000 Foll AbE3hE ODS gel (26 g, 70~230 mesh,
YMC, Kyoto, Japan)2 methanolZ slurryE 9HE-o]

column(2.0x28 cm)efl %% 4)Z1 ¥, methanol-H,0 %
vl Al 2 methanol F%F 20, 30, 40. 50, 60, 70,
100%Cs=HEZ S0 mLE A A Heg Zrx)9d
A & 2E3kq.

High performance liquid chromatography(HPLC)+
uBondapak C,, column(0.39% 30 cm)& o]-§8}e] Ruk
I mL(Model 510 solvent delivery system, Millipore,
Milford, MA, USA)E £&3goer HEL UV
detector(254 nm, Model Waters 486 tunable absorbance
detector, Millipore, Milford, MA, US.A)S o]-&3}o},

HMEES X &0l

Mass spectrometer(MS) A2 Waters (Milford,
MA, U.S.A) IntergrityTM System®] Thermabeam™
Mass detector(Milford, MA, U.SA)E o] £8}e] o]&
3H70 eV), ion source temperature 20(°C2| 27 ol A
direct inlet 9422 EAMEQIT gas chromatograph-
mass spectrometer (GC-MS) $#4-2 gas chromatograph
{(Varian STAR 3400CX, Walnut Creek, CA, US.A)%}
mass spectrometer (Varian SATURN 4D, Walnut Creek,
CA, US.A)el Rix®-1 capillary column (30 mXx0.25
mm, Varian Instruments 2700, Walnut Creek, CA,
US.A)E #2383, ion source temperature 200°C,
jonizing voliage 70eV 722 FA3IHT). Trimeth-
yISilyl(TMS) §-EA 3= Park S9¢] whjoz Alg
10pug= A %k (pyridin : N,O-bis(trimethyisilyl)acetamide :
trimethylchlorosilane, 10:5:1, v/v)& 20uL 7}8lar
60°Col M 30% F<t ¥HEAIZTE 'H-nuclear magnetic
resonance ('H-NMR), "C-nuclear magnetic resonance
(“C-NMR) 7]7] #242 Fourier transform-nuclear
magnetic resonance (FT-NMR) 7]7](400 MHz, Varian
Unity Plus-300, Paloalto, CA, US.A)E A3l ow,
£l CD,OD, 18]l W #£F £ tetramethyl-
silaneg Z+2h AR8-3RAT)

SNME #Y 55

ol E Y HAHE 8 AME vAES 1F
) Gram %A H}i‘(Slaphylocn('cm aureis ATCC 6538,
S. epidermidis ATCC 12228, Bacillus subtilis ATCC
6633, Lactobacillus plantarum KCTC 3104, L. brevis
KCTC 3102, Leuconostoc mesenteroides KCTC 3100,
Pediococcus cerevisine KCTC 1628, Micrococcus luteus
ATCC 9341, Enterococcus faecalis KCTC 3195, Stre-
ptococcus  pyogenes KCTC 3096, S. mutans ATCC
25175y 4%2) Gram &4 MH(Escherichia coli ATCC
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10536, Vibrio vulnificus CDC C7184, Salmonella
typhimurium ATCC 19430, Pseudomonas aeruginosa
ATCC 9027) 283 &% 2%(Candida albicans ATCC
10231, Saccharomyces cerevisiae TFO 1850y AR&-3}
et

WA= S, mutanse BHI¥)A] (Difco, Detroit, MI,
US.A), V. vulnificuss LB} % (Difco), ZAHFS Lac-
tobacilli MRS¥iA] (Merck, Darmstadt, Germany), L 8}
2] M7 Nutrientl 2| (Merckys 2hzh AR89l Y, &
¥ YMHRR(Difcoyd AHE-EF )

e A - 37°C = 30°CelA 244)
7b gk, BRE 30°Ce| A 244)2F Fob 33) dbE-siod
AvFs A3 F HE3FFE M3

S| yE Ao HAL Zaika™9] paper disc(8
mm, WhatmanHPH o2 &8l v}. M4 Davidson®t
Parish 2] pour-plate methodel] <]8] 45°C2 A
H A 20mlel] A wFd 0.1 mLE FFHOE
4 A EZA F AFol 9.0cme] petri dishol] ¢
I 23 7)ol so0uL AxEe] Bl 3ol AlRE
Helste] BvlE AAZ paper discE 23 ¥ 085%
Az BAA Ald 37°C = 30°CelA 164]
7t 5ok, A¥A 30°CelM 16A7E wieFsted paper disc
312l clear zone®| =7|(mmE FA9) AEE 27
st

A2} e] s7EA] S el (bioassay guided purifi-
cationy2 S. awreuss AR 3k}

a3 W @

EMEZC| Ba

212418 kg, THF 10.5%%0.15)°] methanol 3%
EGN2g43 1,760 g)o) -F8AE Holx) A9
A3 FAEA A S setsluxl SujEgsle &
AR, FAEE AR B8 08, 7 Fi
of thate] X} | g e FEEE PP YA
< 7Askeeh 2 A3 (Table 1), ethyl acetate-soluble
acidic #5106 /2 Ak 1,757 g)oll A o] Ta=]o],
methanol F+&5-2] $a8A& sy L B oh
o} AMEAe o8 Ao UL 9o, o
T2 24, e Ad, 2=l ERE ¥
8t ¥l 3F spectra® vlEbATE AP E RS ethyl
acetate-methanol -2 A 9] silica gel adsorption column
chromatography®. 4-%& 233 v}-& Su|P&E PA-&
73748 A3}, ethyl acetate-methanol £} 100 O(v/
V)¢l £E8F @49 gAA 1,748 el M BAE el
v}, oo BulAle] FAE Fo] hexane-ethyl acetate-
methanol 87§41 8] silica gel adsorption column chro-
matography2. 8% F-3313 Y E IS HA3
Z 3}, hexane-ethyl acetate-methanol £o§4 8:6: 1(v/
vivi®l SEEE (118 AL 1741 giell M BA S ‘/}F/}

o A HARHE 92 4 et o BUREE
methanol-CHCL, (4: 1, viv) &9]4| & o] FAlo 2 5"}

Sephadex LH-20 column chromatographyol &8 83,

Table 1. Antimicrobial activities of the solvent fractionated fractions from fruits of Gardenia jasminoides Ellis

Clear Zone (mm)

Microorganisms

Aqueous fraction" Neutral fraction” Acidic fraction" B.AY
Staphylococcus aureus ATCC 6538 - - 12 9
Staphylococcus epidemidis ATCC 12228 - - 13 10
Escherichia coli ATCC 10536 - - 12 11
Salmonella typhimurium ATCC 19430 - - 12 12
Pseudomonas aeruginosa ATCC 9027 - - 12 11
Bacillus subtilis ATCC 6633 - - 15 12
Micrococcus luteus ATCC 9341 - - i4 9
Streptococcus mutans ATCC 25175 - - 1 9
Streptococcus pyogenes KCTC 3096 - - 12 10
Enterococcus faecalis KCTC 3195 - - 13 10
Lactobacillus plantarum KCTC 3104 - - 14 10
Lactobacillus brevis KCTC 3102 - - 15 10
Pediococcus cerevisiae KCTC 1628 - - 8 14
Saccharomyces cerevisiae IFO 1850 - - 15 9
Candida albicans ATCC 10231 - - 16 9
Leuconostoc mesenteroides KCTC 3100 - - 12 9
Vibrio vulnificus CDC C7184 - - 10 8

VExtract of | g weight equivalen/disc.
Y0.5 mg benzoic acid/disc.
-: No inhibition.
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Fig. 1. Antimicrobial activity after ODS column : LR Y N I l
chromato-graphy of the active fraction from Gardenia » m © o 20 150 A 1o
m/z

jasminoides Ellis fruits. Bioassay: paper disc method against
S. aureus.

I PrAE SA4S AR 29 total volume
off th&tk elution volume?] Bl(Ve/vyrd 1.07-1.129 &
2 429138 mg/AAE 1,710 gollA] A4S B )
52 AANEAE IE 5 UdS B oheh o] &
d BAlx FYE7]NAM 423 brassinolide, methyl-4-
chloro indole, 4-hydroxycinnamic acid %2 £%%
Aosnmg. yeje) o Bxpef 200 $29] AHEA EA
d Aoz FA=S ojojAM o] BAYE-S methanol-
H,0 4A & o] &4 22 3 ODS column chromato-
graphy®. 83 3313 J|AE BE HAT A,
Fig. 19] YJebd ®}e} 3Fe] methanol-H,0 £+iAl 30:
70(v/v)e) $-Z3F(80.2 mg/A AL 1,601 gyell Al EAd el
Yehd, vlma FAe] & A AL FAHHEY
o] TAIYEL 30% methanold ©]FALZ 8
uBondapak C,, column®] HPLCe] &J& 328%ol|A b
d peak® HE|Se], B BAE =2l (50.1 mgA AL
1,530 gt AFsieict 2el8 8L AZAA} ¢
2 327ue AE TR UMt

CliR|E #MEES| 70!

'H-NMR®] ¥4 ZA3, § 678 1HE2] doublet
(J=83 Hz, H-5), § 742(s)¢} 7.40(d, J=2.0Hz)°l
2HR-2] proton signale] THaE o] 3x]ghH|e] wiAl g -
=5 71 3FEYe] $55AT "C-NMR spectrum
o2 He]l 1F9] caboxyl”] frHe] = signal (8
170.3) W 659 sp* wkA F=H9] signal [8 151.5(C-4),
146.1(C-3), 123.9(C-6), 123.3(C-1), 117.7(C-2), 115.7
(C-5)]°] 22t #A=o] benzoic acids FH 22 3
38y 7FsAdel sl AlAkEgleh PC-'H COSY
(correlation spectroscopy)®] ¥4 A2 H-E] carboxyl
719] etAE EFEle] 4F2] 43} sl EAFES o

Fig. 2. MS spectrum of the active substance from fruits
of Gardenia jasminoides Ellis.
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Fig. 3. GC-MS spectrum of the trimethylsilylated active
substance from fruits of Gardenia jasminoides Elis.

stem, 4712 'H-NMR spectrum AtollA 235 2H
2] proton signal(d 7.42¢} 740y 7zt o 239
ehiol AH signalE[d 742 (IH, br. s, H-2), 7.40
(1H, dd, J=20, 83 Hz, H-6)]°o] MZ FA= Q&
< g F Aok ol 7 kel $4 signalE
9] A< I proton signats2] £9 F=el ofdled, MS
spectrum(Fig. 2)3.4-dihydroxybenzoic acid®] E34<]
B2} jon [msz 154(molecular ion, M*)]Z} fragment
ion [m/z 137(M-17, base peak), m/z 109 (M-45)]°]
#aslo] 3 4-dihydroxybenzoic acid®] 7FsAdol ElH
Aot =3 Lejd SAdEAL dF¥E TMS =3}
sled Z2AF  GC-MS  spectrum(Fig. 3)2  34-
dihydroxybenzoic acid®] &h}2] COOHZ|<} F 7]€
OH71o] TMS7} =4 trimethylsilyl estertrimethylsilyl
ether®] &(C,H,,0,51,, molecular weight 370} %
25l X EAl7) 3.4-dihydroxy-benzoic acid 714
o] v ¥lsIgl}. Hydroxyl”] ¥ carboxylZ]®] 2§
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Fig. 4. HMBC spectrum (A) and structure (B) of the
active substance from fruits of Gardenia jasminoides Elis.

=15 Agelslr] Y5 HMBCS ¥4 AaFig. 4),
2812} 6919 protonSEH-E] carboxyl”?] I 4%]9] Bl
o, 2] 29)2} 69 ArZ7he] shAel A7 cross
peak’} HAF G o, 29]19] proton-EF-E 39]9] &
2ol cross peak’}t TEAEF I, 5%9] proton EHE |
2], 39, 6%19] shAell 47t cross peakr} HAFo|, &
A #RjHEe] 23 34-dihydroxybenzoic acid® g
=it

3,4-Dihydroxybenzoic acid¥ F5(Aralia elata.) 53
of EAlsl= gulAE FAEAMR dd vt 91,
e Alus spp el E £A7b Held EF®E,
gaksl g0 So] BuEl wf glovt Xz} AnfjellA
34-dihydroxybenzoic acid’} ¥v]4E B2z ¥l - F
e AL Ao A=t Xz duis Fu|QE
g4 Balg zk= 3 4-dihydroxybenzoic acid?} 7 =]
A} FAAE EFste] AU S 2 71T A,
7154 AR ol4E 4 g o2 AfEsd

2 o

] AH(Gardenia jasminoides Ellis) 9] 2] methanol
F£E22 Gram¥A A, GramsA A, £ 59
ulEeo e Fu|YE AL F.of, solvent
fractionation, silica gel adsorption column chromato-

graphy, Sephadex LH-20 column chromatography, ODS
column chromatography, HPLC E<l o] doiz] &4
EAS MS, GC-MS, 'H-NMR, “"C-NMR 8|3l 2D-
NMR 59 717] BMel 98] 34-dihydroxybenzoic
acid2. FA43ldct. X2} dvlo|A] 3,4-dihydroxybenzoic
acidZ} IR E BHEAE Hel - FAE AE AL
o2 Az}, 3.4-dihydroxybenzoic acide ZE x|z}
dufjol] gF 32.7ug A= FHE At

#HAlR| &
o] A7 FEAEE AFA ATl e Adeg
@ gl Aol 9J3le] galE]l ARz A o]
HAER Y
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