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Abstract

The methanol soluble fraction of the hot water extracts from Hovenia dulcis Thunb showed antioxidative and
antimicrobial activity. The methanol fraction was successively purified with solvent fractionation, silica gel
adsorption column chromatography, Sephadex LH-20 column chromatography, and octadecylsilane column
chromatography. The purified active substances were isolated by high performance liquid chromatography.
The isolated substances were identified as 3-methoxy-4-hydroxybenzoic acid (vanillic acid) and 3-methoxy-
4-hydroxycinnamic acid (ferulic acid) by LC-MS and GC-MS. Vanillic acid and ferulic acid showed
antimicrobial activity against Gram-positive bacteria, Gram-negative bacteria and yeast. The DPPH-radical
scavenging activity of ferulic acid appeared more active than that of vanillic acid. DPPH-radical scavenging
concentration of ferulic acid and vanillic acid were 14 pg/mL (SCy), 100 pug/mL (SC,g), respectively.
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B Algel A% 35 (Hovenia dulcis Thunbye
Hehd® BAFIA Al AEE, 640 o £V
2 @ & AFHs9 48 F, homogenizer
(BM-2 Nissei bio-mixer, Nihonseiki Kaiseiki LTD,
Tokyo, Japan)Z. ¥-4jsle] A|22 AME-3lgic).

BMEES &, TN # 22

FAEAL F22 TS o E77 23"
Y@ 8kgrE ¢ 5O el we}t IPFE95°C, 15
Bysted 4 2-2](959X g, 15 min; VS-30000MT, Vision,
Seoul, Korea)dt ¥, @deixl A5d& $HHZ(FDU-
500, Eyela, Tokyo, Japanysl] ¥43}d 5285 ¢
9}, o}2 methanolMeOH, 12 )& F&3l o9&
cooling aspirator”} #2HE vacuum evaporator (N-2N,
Eyela, Tokyo, Japan)2. 38°Celld Z19bs-%8le] MeOH
F2EE 49+

MeOH %52 ethyl acetate(EtOAc)$} buffer £
(02M glycine-02M HCL, pH 322 4 HE3}
EtOAc 7H: AHA - 4 2 E-(EtOAc-soluble acidic *
neutral fraction)2-2 H&83lgict. EtOAc 78 A - &
A #E-S buffer £29(0.2M Na,HPO,-0.2 M NaH,PO,,
pH 8)2.2 Hulsld EtOAc 7H 34 HE(EtOAc-
soluble neutral fractiom}®t $4 oz RHsgT,
oo}zl 44} EEe) 0.1 M HCIE 7}3le] pH 3.00%
48 ¥ EtOAcE Fulsled EtOAc 7HE: A &H¥E
(EtOAc-soluble acidic fraction)®} $AHE2.2 F-¥3}
A

Silica gel adsorption column chromatography+=
Cho £2] ¥l 2 gilica gel(86 g, 70~230 mesh,
column  chromatography-%, MerckA},  Darmstadt,
Germany)e EtOAcZ slumry® $HE<] column(2.8%33
cm)el] X471 ¥, EtOAc-MeOH $olAlE o] &4
2 8l MeOH ¥XZ 0, 10, 20, 30, 40, 50% (34
860 mLH A F7HA718AM step-wise W2 4
%3t}

Sephadex LH-20 column chromatographys Park
E0he] wl o=z  Sephadex LH-20(70~230 mesh,
Pharmacia, Uppsala, Swedeny2 MeOH-CHCL(4: 1, v/
v) $oiA 2 AFolM 24717 HEAIT] T, column

(2X86cm, bed volume 250mL%} 1.6X60cm, bed
volume 125 mL)ol| FAlsle 5 4vi42 25583}
A=

Octadecylsilane(ODS) column chromatographyy %
Z0n9] wlwod ODS(20g, 70~230 mesh, YMC,
Kyoto, Japan}2 H,0:MeOH3:7, viv)& sluryE
Eo] columnell #3417 ¥, H,0-MeOH £-viA 2]
MeOHF 5% 10%48 (7 24 40ml) $71A1A 42
3.

High performance liquid chromatography(HPLC)=
Senshu pak ODS column(0.8X25cm, Senshu pak,
Tokyo, Japan)S ©]43ke] 50% MeOH, 1.5 mL/min
(Model 510 solvent delivery system, Waters, USA)%
S FYsid e, &7 UV detector (290 nm,
Model 486 tunable absorbance detector, Waters,
USAYE AH8-3t .

EYEH| FZE0

Liquid chromatograph-mass spectrometry(LC-MS)
A2 LC-MS(Waters Intergrity™  system)e] LC
(Waters 2690 Separations Module Alliance, Nova-pak
C,, column, 2X150 mm, Millipore, MA, USA)S &
#3513 50% MeOHE % 025mLE £&3%on
Waters 996 photodiode array detectorZ Z &3}
ionizing voltageX= 70 eVE., ion source termnperaturey=
200°Col M A4 B

Gas chromatograph-mass spectrometry(GC-MS) £
2 GC-MS(Varian SATURN 4D, Walnut Creek, CA,
USA)l GC(Varian STAR 3400CX, Walnut Creek,
CA, USA)ell Rix-1 cappillary column(0.32 mmXx30
m, Varian Instuments 2700, Walnut Creek, CA,
USAYS #3383, ion source temperature 200°C, He
9] $<% 1mL/min, ionizing voltage 70 eV E°o=2

EA3lglT}. Trimethylsily(TMS) FEA13R= Park 5"

o} whgel o8 A& 10ugel Al<k(pyridine : N,O-bis
(trimethylsilyl)acetamide : trimethylchlorosilane, 10:5: 1,
viv) 20 uLE 713l vortex mixer® &3 F 60°ColM
304 B}t vhEAIFH

GC-MS #4484 EF A%2E 4-hydroxy-3-methoxy-
benzoic acid(Sigma, Louis, MO, USA)$} wans 4-
hydroxy-3-methoxycinnamic acid(Tokyo Kasei, Tokyo,
JapanyE AH8-3Ht.
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2] Gram 9A Ml (Bacillus subtilis ATCC 6633,
Enterococcus  faecalis KCTC 3195, Lactobacillus
brevis KCTC 3102, Lactobacillus plantarum KCTC
3104, Leuconostoc  mesenteroides KCTC 3100,
Micrococcus  luteus  ATCC 9341,  Pediococcus
damnosus KCTC 1628, Staphylococcus aureus KCTC
ATCC 12228,
Streptococcus  mutans ATCC 25175, Streptococcus
pyogenes KCTC 3096)% 3%2] Gram &4 A+
(Escherichia  coli ATCC 10536, Pseudomonas
aeruginosa ATCC 9027, Salmonella typhi ATCC
19214) 28|32 2%9 H X(Saccharomyces cerevisiae
IFO 1850, Candida albicans ATCC 10231)& AR&-3}
A+t

WA= HAFE Lactobacilli MRS ¥} A](Merck,
Darmstadt, Germany)$} E. feacalis, S. pyogenes, S.
mutans= Brain Heart Infusion W) X*](Difco, Detroit,
MI, USA), 2 42 A& Nutrient ¥§2](Merck), £X.
£ YMHIA(Difcoys AHEEIEE wiFEEE Ao
2% 37°C E== 300l 16417}, R = 30°CellA 16
AlZE F9t 33 whHEsle] AwiokE 3 F HFAF
2 A,

Py E Ao PAHL Zaka®] paper disc(o 6
mm, Advantec, Tokyo, Japamy(¥2.2 ZAs}lgic].
Davidson®} Parish®] uPg (%] o] 45°C2 2¥d 4
T WA 20mlell A WY 0.1 mLE FEHOE &
A 2 E F peri dishol]l ¥ ZH. o7 &
wlof] 23471 A BE H3)sle] BulE A A paper
disc® €9 ¥ 085%9] Ad5E YAA 7 g2
A 2=eM 1242 wioFEle] paper disc F914]
clear zone®] Z7](mm)2 YA A=F FAs)9on
H|XT2  benzoic acid(Hayashi Pure Chemical
Industries, Osaka, Japan)yE ARE-3lgich. AA) Aol AM
= 3oYE B AHFOR S aureusst E. colig A}
adTasd

1927,  Staphylococcus  epidermidis

st sy /Y

gAbst B4 HAL Sakaw] WPPLZ 11-
diphenyl-2-picrylhydrazyl(DPPH) 2}={gel W& £A%
22 Jepdls. 3, DPPH(Sigma, MO, USA)E
ethanol(EtOH)oll §-#3le] A 2 £-<4(100uM, 44
mg/L) 900 uL2}l A|8-49 100uLE test tubeol] ¥
voltexel| A &8} ohg il 1087 ¥k )12 F
517mmel M FEHEE 2Asiges vZTR o
tocopherol(Sigma, MO, USA)E A}&-3l9lem, SC

(DPPH-radical scavenging concentration)3t-> Sdbchez-
Moreno®] HpfU0e2 Falgch =3, Al o)A 3
A3} $4 AL A)BE TLC(Merck, silica gel, 0.2
mm, Germany)Z 77l (1-butanol-acetone-water, 91:7:
2, vv)8k T}, 200uM DPPH £4-g spraydte] =4
o] ¥ FAoz FAIAT

&2 % O

SUNLIF FEE0| S0ME ¥ EE &Y

AT 3 7] 3,800 oA PoiXl Baare] o
$%2E8(494 )% MeOHZ §3ls}e] MeOH 718 ¥
Fa Bg2noz BYsgo) olF YE-L E colist
S. aureusT AR FulAE FHS HAY A,
MeOH 7H-8 Bl ujAdE FA o] AFHUY. =
g, DPPH 499 &t gtz 2A%E A3 4
2, SR 43 £7)9] MeOH 738 84S
el 3 B33E9 MeOH 7H-8 8- 8]
AE 9 kst SHELE FhE

ojo], MeOH 7H33-& Suli¥gsle] ojzl EtOAc
78 A4 FHE, EOAc 7H¢ A4 YE, 02M
glycine buffer &G4 )& A2 E colis} S.
aureuss] W& 3| AE AL HAHE AF, EOAc
7Hg- A Yo BAe] AFsES 3l o) E §
£& dAeE DPPH AHrEEE A2A5S HAAT 2
7}, 50%2] DPPH AHretel# 47%(SCyrE EtOAc
71 A B3e] 93 pg/ml, EtOAc 7HE: 4 o)
86 ug/mL, T4 o] 546 ug/mL o2 eh} gAks}
YAEAL EtOAc 7H- Y24 I3

webr, EtOAc 7H8- A 52 3ol E 9 it
3l B4o] BF Yeht o] R ¥ A BA
9] ghelg A A=t

ENEEO B

ol E 9 kst 84E 2= EOAc 7HE A
HE(5.69g)E FEtOAc-MeOH HolA & silica gel
adsorption column chromatography2. -£3-¥-¥% #3},
Ak} 9 o) AE ¥A-L 100% EtOAc 828
A Aol Jelgtt ele] o] BAHHIABISgT
Sephadex LH-20 column chromatography(bed volume,
250mL)E Felgt s, JuidE 9 Ak g4
Ve/Vi(elution volume/bed volume) 0.96-1.062) $]=]e)]
A 423 gl AL et

o] #A122(226.7mg)E& ODS column chromato-
graphyZ ©|-83le] MeOH-H,0%] $vi4 2 &2353%
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Fig. 1. GC-MS spectrum of the trimethylsilylated active
substance 1 from water extracts of Hovenia dulcis Thunb.

A3, 50% MeOH £-&3¥#(79.7mg, BAEA 12 3
)y} 60% MeOH 4233 (61.5mg, BAEH 22 o
el 8BS "}F—}“H A EA ] FeiEde

F A Y LS Sephadex LH-20 column chromato-
graphy(bed volume, 125 mL)E AAA o5, BAE
A 12 Senshu pak ODS column(50% MeOH)E %
A48k HPLCe| 2)8ked retention time(zy) 7.35%olA W
A POyl 73mge] dEiEgled, BHEH 2
S HPLC A 6A 1, 8.378o|A] WA Bd3e]
2 55mge] 2elH%H.

H22lE #M4EEe Fxuel

2y WHEA 19 EAFEE 48, LC-MSel 9
3 A% ELMS ¥4 A3}, Mro]&o| base peak®A]
1689 FA=FG L, Eo]A<Ql fragment ion>E m/iz
"153, 138, 125, 108, 97¢)] o}-&-o] &5 o], CH,0,2
231414 zb= 4-hydroxy-3-methoxybenzoic  acid
(vanillic acid)®] EI-MS A#E#H3l dz)slg. o
golslital, BHEA 19 YHE TMSHEAE THE
oS, GC-MSe)| 2|8 EI-MS B4 ZAahFig. 1), M7}
31201 22]|3 fragment ion®|l m/z 297(base peak),
282, 267, 253, 2239 el vanillic acid®] COOH
719 OH7]o| TMS7} =% TMS ester TMS ether
F2(C,H,0S,, M* 31202 #3¢ Bt ohiel GC
9] 1(11.58%) =3 FF9 13 dA3le] BAJEA 1
9} FZ7} vanillic acidde] MFNFH%).

olo], BAEA 29 LC-MSel 93 A% EILMS
BARE, M* o] o] msz 1940 12|31l base peak®
A HAEG o, fragment ionSE miz 179, 133,
123, 107, 899l o]0} TH=e], C H,02 +HN&
ZH= 4-hydroxy-3-methoxycinnamic acid(ferulic acid)®]
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Fig. 2. GC-MS spectrum of the trimethylsilylated active
substance 2 from water extracts of Hovenia dulcis Thunb.

EI-MS spectra®} A3}, o] Flslazx}, S E
A 29] GR-E A7) W TMSHEAR Thel
GC-MSEAM 3l 9lojal EI-MS spectrum(Fig. 2} M'
o]-2-0] m/z 338 base peak® 3&%—5]%'1 2, fragment
ion®] m/z 323, 308, 293, 2499 °]-&-& el ferulic
acid®} COOH71$} OH7|¢ TMS7} 5%1% TMS ester
8} TMS ether +2(C,H,0,8i,, M* 338)2 #%d ¥
o ole}, GCY r(14.61%) =& FF 13 A8}
o BAEA 29 F27} ferulic aciddel A=

o] A2] LC-MS, GC-MSEA e ojs 37y AU
€709 3525 YnAE o A3 A F
Az Feid SAEA 15 BAHEA 2= 22 vanillic
acid®} ferulic acid® A

SR A 706 I SRR W 3Lt
YA EAL vanillic acid®} ferulic acid’} £ - T4HE
Ae Aoz AlEdd. T 43 2719
25 ]¥ vanillic acid®} ferulic acid:® Z+7}
19.2 mg/kg, 14.5 mg/kgolvt, LelAA M2 A 5
Tgci, SUHE 43 o )¢ R 7§
Ao} g oj¥id o ¥ 4FY Aoz A8l
o}, Ferulic acid= <A, H{E|"®, R Folx 7
A3t BAEAR, WESDON FulPE BHELR
4% vk olow, vanillic acide AN, AW, B
2|1 oA AR BHEAZ FHE ¥ AU =
3}, A Bl ferulic acid®] WPA HEFX tyrosine ¥
< phenylalanine®] ®olw|i3}, Als}, wiwlz HAS
AR AAHAAY ferulic acid: APAAL vanillic acid
9] A7-EA2 Eud v} g5,

cl|E 23| nj4E ay
A d3t 271248 22l vanillic acid$}
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Table 1. Antimicrobial activity of the isolated vanillic acid and ferulic acid from water extracts of Hovenia dulcis Thunb

against various microorganisms

Inhibition (Clear zone, mm)"

Microorganisms Vanillic acid” Ferulic acid® Benzoic acid?
500 ug 500 pug 250 ug

Staphylococcus aureus KCTC 1927 11.2+0.57 10.1£0.56 10.91+0.40
Staphylococcus epidermidis ATCC 12228 11.3+0.80 9.0+0.81 11.91+0.81
Bacillus subtilis ATCC 6633 10.1::0.82 9.1+046 12.0+0.36
Micrococcus luteus ATCC 9341 9.0+£0.44 - ) 9.8+0.38
Enterococcus faecalis KCTC 3195 - - -

Streptococcus mutans ATCC 25175 7.1x0.25 - -

Streptococcus pyogenes KCTC 3096 - - -

Lactobacillus plantarum KCTC 3104 7.1£0.36 - 8.810.32
Lactobacillus brevis KCTC 3102 8.1%£0.61 7.21t044 7.81+0.58
Leuconostoc mesenteroides KCTC 3100 9.9+0.83 11.3+04 11.0+0.71
Pediococcus damnosus KCTC 1628 13.0£0.65 12240.12 12.7+0.55
Escherichia coli ATCC 10536 7.9+0.68 7.240.67 8.910.53
Pseudomonas aeruginosa ATCC 9027 8.0£0.40 - 9.1+0.49
Salmonella typhi ATCC 19214 9.1+0.56 8.21+0.31 10.9+0.44
Saccharomyces cerevisiae IFO 1850 - - 8.01+0.44
Candida albicans ATCC 10231 11.1+0.57 12.1+0.55 129+0.38

YData are shown as the mean < $.D.(n=3)

Pug of each samples/6 mm paper disc.

-No inhibition.

Benzoic acid was used as a reference compound.

DPPH-free radical scavengering activity (%)

0 50 100 150 200 250
Concentraion (ug/mt.)

Fig. 3. Antioxidative activity of the isolated active
substances from water extracts of Hovenia dulcis Thunb.
o-Tocopherol was used as a reference compound. @-@: «-
tocopherol, O-O: ferulic acid, A-A : vanillic acid

ferulic acid®] FYAE 1430 AF3 289 AR
w8l paper disc method HPH 22 2A3l¢ict, F 3
AEA-E 500 ug =AM e oY Eel] A&
st 18 A AldRe 2 oA Al o
23t BAE B9l Vanillic acid¥E S aureus, S
epidermidis, B. sutilis, M. luteus, P damnosus 5
OYFAHE, E. coli, P aeruginosa, S. typhi 59 L
g Al Mol fenlic acidBv} 7ZHg BA3E R,

ferulic acidt> L. mesentervides®] AR} C. albicans
o] H2o) vanillic acid®e} o 78 $4E ¥k 2
vl ¥ BAEALE 500 ug XM E feacalis) .
pyogenesE A 3812 E3}%cH(Table 1).

CRIE SEo| st 8y

AT 4} F7]M @elA vanillic acide}
ferulic acid® DPPH AHrepld Axc2 jehd ¥
A3t A& A 23, 50% DPPH =-feiela
2A%(SCyy2 ferulic acidZ} 14 pg/ml, o-tocopherol
o} 8ugmLE &AH9.2v} vanillic acide 100 pug/mL
oM 8C, A= #AHELE e, ferulic acid2
vanillic acid®v} 748t 34b3} #AE Jehlon o
tocopherol 5= oFzZF W& FA3} ¥AS Yepdt)
(Fig. 3).

2 o

AT o €719 49 deFEEelA oA
MeOH 7H¢ 8o FojdE 9 i B4E 2
o, olF ¥ EAE Pk BAELE solvent
fractionation, silica gel adsorption column chromato-
graphy, Sephadex LH-20 column chromatography,
ODS column chromatography® x4 4] 513l, HPLC
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5o o3 £ Fo] VIEAL delsld LCMS, GC-
MS ¥Meoll 2|8 vanillic acid®} ferulic acid® 22 5
Aaget. F SN % A HNE H 2% &
A A azln 5 59 v)gEed 37 BHE B
e}, E3}, vanillic acide} ferulic acid®] &AM ¥A
2 vanillic acid®5} ferulic acid’} 748k ¥A-E& v
W, DPPH A5=ig £274%-& YRl 55 ferulic
acid7} 14 pg/mi(SCy)S, 22T vanillic acid?} 8pg/
mL(SC,p)°l%it.

HAle| =

o] 9FE SEART AFAPATAL ALl o
sled 49 A olo] FAR=PU
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