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Streptococcus mutans (S. mutans) is one of the most microscopy (SEM) and safranin staining. We observed that
important bacteria in the formation of dental plaque and dental the extract of propolis had an inhibitory effect on the formation
caries. S. mutans adheres to an acquired pellicle formed on the of S. mutans biofilms at concentrations higher than 0.2 mg/ml.
tooth surface, and aggregates with many oral bacteria. It Real-time PCR analysis showed that the gene expression of
initiates plaque formation by synthesizing glucan from biofilm formation, such as ghpB, spaP, brpA, rel4 and vicR of
sucrose, which is catalyzed by glucosyltransferases. Propolis S. mutans, was significantly decreased in a dose dependent
is a resinous mixture produced by honeybees, by mixing saliva manner. The ethanol extract of propolis showed concentration
and beeswax with secretions gathered from wood sap and dependent growth inhibition of S. mutans, and significant
flower pollen. Bees prevent pathogenic invasions by coating inhibition of acid production at concentrations of 0.025, 0.05,
the propolis to the outer and inner surface of the honeycomb. 0.1 and 0.2 mg/ml, compared to the control group. These
Propolis has traditionally been used for the treatment of results suggest that the ethanol extract of propolis inhibits gene
allergic rhinitis, asthma and dermatitis. We investigated the expression related to biofilm formation in S. mutans.
inhibitory effects of propolis ethanol extract on biofilm
formation and gene expression of S. mutans. The biofilm Key words: propolis, dental caries, Streptococcus mutans,
formation of S. mutans was determined by scanning electron dental biofilm
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Aob-AE Ao A YA Streptococcus
mutans (S. mutans)= 77 Uloll A8 X|o} x|
2 St AFEte 2wl YULRE olgstod]
Arkay 2 {714 A A AA AokeATE F
Wl Aoz A QITHS5-8]. S mutansi= X 2] E
Syute] F2ste] B84 glucand> AEZLATHRE
s, AR AES TP RE Aok e Al
Teds] Agsto] no] @8 E(biofilm)e] AF1 A At
o FAsh o] W AW gucanS S mutans?)
glucan T&A ¢t AE3to], S mutans7t o} x| F
Zsh= 2 ATk A HATe e S mutans
v BrskEe dxhds Bete] ol U1k A

gato] Ao} mHOZNE QA AHS AL
23A7 7] HobeAF WAT wED,
o wA, F24 % et

HHA O] PA e Ao

;go AXA, AEZATGFFE Fsks dAZ o] FoH
2, AWM gAsk] 9e

A 7ol gt A7) wol s qlom, Alet
Fzkol z7|dAlel Altel & 53] "H(acquired
pellicle)Ato] 9] ZdF2H-g-of thgh Ao} F-2tel] Fhofsh=
52212} (virulence factor)®] & o %}'5} A7 AlEE]
ATHO-11]. =3k, Aol AlEelthds 34, viole
5 349 2 A diAbel 404’3& =gz} e
A5 Al Qlu12].
%F/V\(pmpohs)” Aok Al 7S
2 TE5E 24EA, wHo] Avy, HEWT &
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evaporator(N-1000, EYELA, Tokyo, Japan)'&= 3FITE Al
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2 Age) A8 #F= S mutans ATCC 251755
Brain heart infusion (BHI, Difco, USA) HAu]j#]¢] 1-2%}
AceF $ 22 wix|e] 2tste] 37T F27]0lA
24A7E wjeFsto] ARgstqitt wloleAE FAAS fE
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71 3, 37C incubatorol| A 24417k vjoF3t T A AS 7
T AAS ST 2429 dishel THTE 1.5 mY dolA
washing 3} T} 0.1%2] safranin© 2 30% 59 A &
THTE 7 W A Axste] AR Y-S S ok,
30% acetic acid® safranin staine 231 A7 96well plate]]
100 0 = % ELISA reader (Molecular Devices Co.,
CF., US.A)E °]&43l4 530 nmoA] S35 543519
ol x2S AldEds 94 42 s dRTe R 3§t
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QAFX FHE vlo]eAE FA nX&= I SH
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incubator®l| A 24A17F Wi&F - A NS B A AT
2y7k 9] disholl 57 1.5 ml® ¥ olA| washing 3F3IT} 1
U2 2.5% glutaraldehyde 2<% (in 0.IM sodium cacodylate
buffer, pH 7.2, 4C)olA] 24A17F 59k LG AIFATE ol k2
70%5 ANZEOR 80%, 95%, 100%E EEE s wds)
o M, &583ltt 54 7133 £ gold® coatingdted,
Scanning Electron Microscopy (SEM)= ©]-8-sfo] #4235}
P33

AR 7F 3 498 (Real—time PCR) ¥4
BHI A H|A] o] T2 EZ A FE2E5S FEHEE kst

o Tt

rpm, 4T, 103 A4E2] SF3ith A5< w2l PBS®
A3 3 Trizol(Gibco-BRL, NY USA) Iml2 Yo] wk-3
A1Zt. Chloroform 29 20005 23 HXEH-E 7

sto] Ao 10iE7F RESAIZTE AT
4°C, 108)3to] A AE MEL tubeoll &7
FO R isopropanolE Yol - Aol 15 :
ChA]l 2 22](12000mpm, 4T, 15931 NS AA
0% olerES 1 ml Yol f4E2)(10000 rpm,
47T, 7ih)ste] oekE-S AAgE £ DEPC waters Y ol5
o] RNAE #3271 ¥, Biospce-nano(Shimadzu, Japan).
i RNAE A Falqlth. %3 RNA°) Revertaid premium
first stand ¢cDNA Synthesis Kit(Life science, EU)E ©]|-&3}
o] ¢DNAE 39531t M Shemesh 52519 A4+l
w2} Step one Plus Real-Time PCR system (AB Appplied
biosystems, USA)= ©]-§-3t°] PCR& T333ict Aol
A% primeri= Table. 17} 2t} WEg-Z712 95TolA] 15

AN
9%
S
3
3
5

%3t %7] denaturation ¥ 60CeA] 1%} annealing¥}
extensionZHd S AXE= }a1, 72°CollA 3037} extension
S 319tk DNAZZS SYBR green &35 o] gsto] =
33127 SYBR green®] =74k critical threshold cycle
(CHZ A3k S mutans®] 16S rRNAS} H] w5} nomailzation
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1%2] glucose”} S°] 3= BHI NAujA|o]] T&ZZa]A
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Skeltk 37C 2] 7] llA 24A17F kst 5 BHI A9
A& 7|52 7 ELISA reader (Molecular Devices Co., CF.,
US.A)E o]&3t 550 nmolH T35S 33 on,
pH meter (HANNA instrument, philippines)& ©]-&3F1 pH
5 Z45)e] 4 A4 oAl w3 DR, dETe

TREYA FEES A 4o AeeIth

&7 #|°o]#] ¥v])7 (Confocal Laser Scanning Microscopy;
CLSM) #&

IZ2EYA FEEY TR WE S mutans®] At
s PEE] $)8Hod(Bacterial Live/Dead kit) CLSM
o] galo] BFEULE TREZYA FEES FEEE
17Vek &, S mutanss 5x10° CFUMIE &3 & A&
A 5% Bt WAS § PBS(pH 7.2)= 33] Al
Aol = MEE TESH7] 98] SYTO(green color)
9f 2 M¥E AE37] Yall Propidium lodide; red
color (PNZ FA& AlFsleh HelA CLSM= ©]&
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Table 1. Nucleotide sequences of primer used for Real-time PCR in this study

Primer sequences (5°-3”)

Gene Gene description
Forward Reverse
16s rRNA  Normalizing internal standard CCTACGGGAGGCAGCAGTAG CAACAGAGCTTTACGATCCGAAA

gtfB Glucosyltransferase B (gtfB) AGCAATGCAGCCAATCTACAAAT ACGAACTTTGCCGTTATTGTCA
atfC Glucosyltransferase C (gtfC) ,?S(EETAACGTCAAAATTAGCTGTAT CTCAACCAACCGCCACTGTT

gtfD Glucosyltransferase D (gtfD) ACAGCAGACAGCAGCCAAGA ACTGGGTTTGCTGCGTTTG

brpA Biofilm-regulation protein GGAGGAGCTGCATCAGGATTC AACTCCAGCACATCCAGCAAG
gbpB GBP ATGGCGGTTATGGACACGTT TTTGGCCACCTTGAACACCT

reld Guanosine fetra (penta)- ) - A A\AAAGGGTATCGTCCGTACAT AATCACGCTTGGTATTGCTAATTG

phosphate synthetase
spaP Cell surface antigen, SpaP

vicR  Two-component regulatory system TGACACGATTACAGCCTTTGATG

GACTTTGGTAATGGTTATGCATCAA TTTGTATCAGCCGGATCAAGTG

CGTCTAGTTCTGGTAACATTAAGTC
CAATA

*Based on the NCBI S. mutans genome database.
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Z2Ee)n 23R F FUY YEEAS A9 g
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chromatograph(GC)= HPA| 6890 seriesE A3} 3L, gas
chromatography-mass spectrometry(GC-MS)< 2010 plus GC-
QP-2010 mass selective detector(Shimadzu Co., Kyoto, Japan)
& ARgste] A8l GC 2 GC-MS 415 98 2
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25 747} 250°C, carrier gasi= helium (1.2ml%) S AHE-
skelet 7F A4l 42 GC-MS tAle] oal] dofxl
mass spectrum} n-paraffin mixture(Cs - C3) 5 A3k
St retention index(RI)E NIST/NBSS] mass spectral library 2}
retention index(RI)9} H] ko] 573k T

HPLCE °|$3 ZEFIE FFE HF ¥4

IR EA TR A2l phenoic acidsE w4351
st T2 ZEA FEFE 1ge F5H] 70% methanol
aqueous solution (v/v) 5 ml 3 7}eto] 20 min &<t =3
FEoAH 7 AEE AR & AHAE 70%
methanol aqueous solution. (v/v)= ©|-& A& 345}
Aoz AFE3ISITE o] T 15 ulE High Perforfotmance
Liquid Chromatography; Agilent 1200 series (HPLC)°ll 5]
st 45 A dyes ZREIAY FQ
phenolic acids ¥=2 Q1 caffeic acid, p-coumaric acid,
salicylic acid$} trans-cinnamic acidE- retention time¥} H] 3}
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Fig. 1. The biofilms that formed on the dish surface were
measured by staining with 0.1% safranin. the bound safranin
was released from the stained cells with 30% acetic acid, and
the absorbance of the solution was measured at 530 nm.

1}, 0.025 mg/ml FEo)A 2.584+0.079 &35S YERAS
3L, 0.05mg/ml &= oA 1.855£0.025, 0.1mg/ml 55 ol1A]
= 0.954+0.008, 0.2 mg/ml & Lo+ 0.116£0.003 4%
= vehggdek 0.025, 0.05, 0.1, 0.2 mg/ml2] FEol|A of
Zo ¥l3l S mutans ¥WFo] @25 A AL T} 0.8%,
27.6%, 62.8%, 95.5%% FEFNS12H, 0.05 mg/ml ©]d &
oA thzell viEte] BAH R {2t 2jo)E e
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Fig. 2. S. mutans biofilms on resin tooth surface, which were
incubated in propolis. (A) Control (B) 0.025 mg/ml (C) 0.05
mg/ml (D) 0.1 mg/ml (E) 0.2 mg/ml (F) Positive control (0.1%
NaF)
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Tt HoMTE S mutans vlol 5 FAo] A
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Fig. 3. Scanning electron microscopy of S. mutans biofilms
grown in propolis. A) Control (B) 0.025 mg/ml (C) 0.05 mg/ml
(D) 0.1 mg/ml (E) 0.2 mg/ml (F) Positive control (0.1% NaF),
Bar=50 um
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Fig. 4. Real time-PCR analysis of genes expresssions related to biofilm formation. S. mutans was cultured and treated with various
concentration of propoils and real time-PCR analysis were performed as descrived in the Materials and Methods. values are expressed
as the mean =+ SD. Significance was determined at *P < 0.05 When compared with control.
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AR 7F FEA4HES (Real—time PCR) #A

2R EY A F%E-S sub-minimal inhibitory concentration
(sub-MIC)°]3}] 5%(0.025 - 0.2 mgml)ZE #2]e+ & S
mutans®] vro] 5 FA Az dHS ISt A
sub-MIC 72 ZEEZE A FE50] gsto] F-2te] o
o= AL gbpBE 2 d Al A48l AL, spaPl] B
T ek Ade Beloy fo4dE Slsld (Fig. 4). S.
mutans®] glucose uptake system?! glscose phpsphotransferase
system(PTS)¢] 4 2 acid tolerenceol| = 7]y 8k= 4}
relA7} sub-MIC oA ashs AadS Bl acid
tolerence®l| = 7]13H= -2} brpA S sub-MIC =l A 7+
223181, ghpB, gifB, gfCS} gD TS 3= vicR'™
2Elo] sub-MIC ol Zastlvt T2, T2 Ee|A
FEE2 GTfase B, C2} DE &A= AL gfB, gfC
o} gDl HAe= a7 ATk

ZREYUXA FEEY S mutans A7 v = £
At/ ‘”xﬂ:i:v"— #2317 915te] BHI iﬂuﬂxl o

ZYN FEE 0025 0.05, 0.1, 0.2 mg/ml2
A7V %, S mutanss 3E50] 37C F=7]A 24}\]7}
Hjekel & A s '—@6} A3= Fig 53 #tf 22 %7
A FEES YA 9 xRN 030740004 SHEES
5 0400
r
< 0300 |
2
2 0200 -
()
a
T 0.100 1
I
© 0000

co 0025 NaF(O 1%)
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Fig. 5. The growth of S. mutans under various concetrations of
ethanol extract of propolis. *p < 0.05 was statistically
significant as determined by independent sample t-test for the
mean value different form the control group.

urE}LHo%D} T13d), 0,025 mg/ml FEOM ZTR2EEA 5
< 0.260+0.007 355 HERAL 0.05 mgml s oA =
0.23310.006, 0.1 mg/ml -&%=4= 0.07120.038, 0.2 mg/ml
s o= 0.017+0.001 35S YehyQde) =2 e A
FEES HUMs A9 0D 32 txTY 0D #el
HJ3l| &% o]E2 0% {3t Ajo]E Holn] A7 oA &}
= Wtk ATE 77| FolA] tizdtel nlste] zhzt
15.2%, 24%, 76.9% 2 100%2] J 4 A g 2= HeRHSIch

Z2EA F2EY S mutans A AR n X = &3
IREAA FE2E A7V WE S mutansoll 23t
Z1AE A QA a3E Lolrr] {8 0.025, 0.05, 0.1,
0.2 mg/ml 52 A5l S mutanss “JE5F0] 24417+
ek d, $ pH meter= pHE =743+ A3}= Table 2
7} ﬂu‘r A=t vk A pHE 7.36~7.372 A pHE
AZo ARt v & Z2EYA FEES BA %kf:
oA pHE 5.39+£0.0065 YERJQILE L2 ZA
FEEL 0025 mgml SEoIA 538+0.006, 0.05 mg/ml
FLolME 5.40£0.01, 0.1 mgml FEAME 6.68+0.115,
02 mgml FEo)HE 734400062 YERNQILE T2 %
ﬂé FEEAYTE gzl vlE sk fEFow
atehs Alekl oM (p<0.05), 53] 0.1 mgml &=
O]*POML A pH (pH 5.5 - 5.6) °]4= YeRTh

F27 Holx dn|F & o] &3} A e AF

CLSM$ o] -g-3fo] #ast A} (Flg 6) TEEYX FF
e 7R EET EobdFE Aolglis AlF(SYTO stain;
green color)®] H|3}0] =01Q)& AM|T(PI stain; rea color)®]
s7kshs o] #AE o] T ETA FEE0] Atat
AUTH= Zlo] &R om 0.2 mgml FEol el = A2
B Algto] AatEE Zlow RISt

=2 ge)oe) GC-MSE o] 83 AR EA
seFe|ne] FoARS FH] SIste] GOMSEA

Table 2. The pH of S. mutans culture after treated with the various concentrations of ethanol extract of propolis

Conc.(mg/ml) pH(before incubation) pH(after incubation)
Control 7.36+0.00 5.39+0.00"
0.025 7.36+0.00 5.38+0.00
0.05 7.37+0.00 5.40+0.01
0.1 7.37+0.00 6.68+0.11
0.2 7.36+0.00 7.34+0.00
NaF (0.1%) 7.374+0.00 7.36+0.00"

D Value represent the Mean+SE obtained from triplicate experiment

“p <0.05 was statistically significant as determined by independent sample t-test for the mean values different from the control group.
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PI SYTO

Merge

Fig. 6. Scanning confocal laser microscopy of S. mutans
treated with propolis extract. (A) Control, (B) 0.2 mg/ml, (C)
0.4 mg/ml, (D) 0.8 mg/ml, (E) Positive control (0.1% NaF),
Bar=50 um

Table 3. Compounds identified in ethanol extract of propolis

S A& A3} 2,3-Butanediol 2! 71 ©]d A(52.05%), Ethyl
hydrocinnamate(9.67%), 1,3-Di-tert-butylbenzene(7.95%),
5-(2,5-dimethylhenyl)-2(3H)-furanone(7.44%) 2 allyl 3-
prenylcinnamate(4.11%)7} QA0 2 &HFFo] a8
3l & 4= QISITH(Table 3).

HPLCE °] &% Z2Ee & 259 AEAYE 4
E2EYA FE2EC A %A P(caffeic acid, p-coumaric
acid, salicylic acid®} #rans-cinnamic acid)®] 4] HPLCE
0]-2-5}%1 © 1 standard solution %! sample extracts| Al &
H 29 chromatogram 4 2b= o}l 2} 2t} (Fig. 7).
e FAH oJsto] 7F R EYAL A RAES &
Ql A3}, caffeic acid (1)2] peak retention time (RT)< 13.1
min®| 3111, p-coumaric acid (2)% 18.1 min, salicylic acid

tR(min) Retention index Components Peak area(%)
6.990 1018 a-Pinene 0.63
8.867 1093 Sabinene 0.05
10.832 1148 1-(1-Ethoxyethoxy)propane 1.27
13.276 1210 1-(1-Ethoxyethoxy)propane 1.95
16.975 1288 Unknown 1.24
25.740 1452 1,3-Di-tert-butylbenzene 7.95
30.257 1533 2,3-Butanediol 30.91
30.808 1543 2,3-Butanediol (isomer) 8.57
32.893 1581 2,3-Butanediol (isomer) 12.57
36.329 1645 Acetophenone 0.14
37.650 1669 [3-Cedrene 0.17
48.346 1877 Ethyl hydrocinnamate 9.67
52.301 1960 Caryophyllene oxide 0.17
55.791 2034 trans-Nerolidol 1.00
56.780 2056 Globulol 0.15
59.082 2106 Spathulenol 0.67
64.993 2141 Ethyl palmitate 0.45
57.778 2177 2,6-Di-tert-butyl phenol 0.15
70.935 2385 2,3-Dihydrobenzofuran 0.39
73.360 2447 Ethyl stearate 0.10
74.107 2466 Ethyl oleate 0.74
75.988 2514 Ethyl linoleate 0.72
78.571 2582 Ethyl linolenate 0.42
79.663 2611 5-(2,5-Dimethylphenyl)-2(3H)-furanone 7.44
87.285 2823 Allyl 3-prenylcinnamate 4.11
89.841 2898 Palmitic acid 1.25

Total

92.88
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Fig. 7. HPLC chromatograms of standard mixtures and EtOH
extracts of propolis. (A) Standard mixtures detected at 320 nm; 1.
caffeic acid, 2. p-coumaric acid, 3. salicylic acid, 4. trans-
cinnamic acid. (B) EtOH extracts of propolis; 1. caffeic acid
(245.57pug/ml), 2. p-coumaric acid (2477.47ug/ml), 3. salicylic
acid (80.91pg/ml), 4. trans-cinnamic acid (80.91pg/ml).

(3) 26.2 min, trans-cinnamic acid (4)= 31.4 min®©] T}
AEARE ol gfo] ZeEYs Fo HREY P
=435 A3} caffeic acid 245.57pug/ml, p-coumaric acid
247747 pg/ml, salicylic acid 80.91pg/ml®} trans-cinnamic
acid 87.68 pg/mlzE 21w},

FH o= Xop-25 oS fl8to] ofg] o] Al
Ha ok HAES BARE el GaEet oFER
o7 ol ddelT Alepte] o] i gl X &
Zelae ok go] thet At A o] oA &
abel g Sty SuEd Tl #e A B H
I Qo Xop-AF oAAR s sl o]Fo
23 QI B AFoa s T2 g Av) de vlo] 9 E
el v TS S5k, violedF FA 0 A=

B A el vlA)

[*

GC-MS$} HPLCE ©|&-3at] Fo/45& 4 a13ith
olof & oM LRZYAS T FEI &
7y s ZEEEA FEFE 0.025 005, 0.1, 0.2 mg/ml
9 5 Aol thet S mutans BlO) 25 A oA
e ZolA S mutans vFo] @S0 Wo] A
H RE B oy, 22 EYA FEE Tt =0t

>,
oo
=2
R
=

A5 S muans VIO B F o] AAEE S
A0k 53], 02 mgml FENME 01%S] ZIVYEF

(NaF)Z} SAFet a9k At 5= Q19low, S mutans vl
oledF A IA It HoldE & F AUSTh =g,
7y FrEE IgEgs FEE0] X|oF XU S mutans
AL A HARE Lolrr] fdll, AFA| A S

215t
i ztel nlste] TR EgA FEE0 TRt FoldSs
= S mutans VO] 2 BF Ado] AAEHUNES
AUth. SEM= o]g-afo] vhadh Ay} ZrEe|s
S5} o TE S mutans Vo] 28F FA A
7F 0.lmg/ml o]’39] sEelA= nlo]ledEdAe] |
sHA QA E A= & AT olHs ATATE =
EEYUAE T FAAE ool EolA ARES
5 S mutans®] T7F AR tHE AT} AR A4
I BSITH26).

Real-time PCR #45 53t S mutans®] vlo] 25
d Az HEs A A7) sub-MIC 58] ZEE
2 FEEO Yot} Fae Holeks FAA ghpBE
VAl HA8I81AL, spaP] WA FHAske ZA3kE Bl
S. mutans®] glucos upkake system?! glscose phpsphotransferase
system (PTS)e] x4 9 AF YAolw 7|ofst= F4xt
relA7} sub-MIC TFolA 7hAadhs 43S B, AF Ul
AAE 71osk= 5812} brpdE sub-MIC G0l A4
A 43T, ghpB, gifB, gifC, gD, fif] LA S
A3= vieRE T 0] sub-MIC ===ollA 94 U0A %
SHitE 18y 22 EYA FEES GTfase B, C, D&
ek FAAL gfB, gifC, gyD2 T l= HAE NI}
A3ATE o]l Ag Ayl= TR EZgA FEEO| ulo]Q
HAE A a5°] TE spaPs} ghpBe] HAE oA
2 Uehlls Zleg e 22 Eeie A ty
FEAol Foldhs FHAR T B2 dodehs 53
ko] WS oAsh= o7 YERt) olels Ardyt
= X2 ZZA polyphenol-rich FZ2°] gifB, gtfC, gtfD2)
s arFvke AT d el &b ATH27
olglgt Apoli= AR FEHY | i AR T
of Zpo] wiTol] LA st Ao] opdr} sttt e, o]
ot AR S 9817 S 70 A AldE o
of stz]e} AlR ¥

IREYAN FEES 0025 0.05, 0.1, 02 mgml] &
S AIRE ARSI S mutans©l st A AAENE
A5t A} S mutans®) Ad7EEC] T2l BISkY] o
S FEE 0.025 005, 0.1, 02 mgml FxoA Z}7]
2%, 24%, 76.9%, 100% 2] ‘34 a5 e
o EF, ZREYA FEES YA 42 dixTelA

]

lo
AC)

9
=
2

O oMo
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pHE 5.3940.005 WERASIARE Z2EE A F2E 0.025,
0.05, 0.1, 0.2 mg/ml F%olA, Z+7} 5.38+0.05, 5.40+0.01,
6.68+0.11, 7.34+0.009] F2ZA, 0.1 mgml EXEo]do]
A Aokg-AselA 7714 g3)7 dojub= YA pH
o%& Yehllth Z2EYA FEE9] FE7F S
W} pH7b F7EHE AOR Hol ZgEals FEEol
S. mutans©ll 2|3t F71AF AAS AEte] A olg-AF
A w23 veRd F l5e ovgith

x4 HolA drA(CLSM)= o] &3 AT A7}
S TREYA FEE Tt oSS S mutans P}
o|dE A O**ﬂ §ﬂ+ 9 At g3 BEEgloH,
AolQl= Axs #Esl] $18l SYTO(green color) 9} =
% 517] 140]] propidium iodide; red color (PI)

0.2 mg/ml ©]%¢2] FrelA= AR

TREZYN FEFES GC Y GC-MSE #4890t 1
A3 F 2759 IR AESCl AEHJSH 23-
butanediol % I ©]’JA| (52.05%), ethyl hydrocinnamate
(9.67%), 1,3-di-tert-butylbenzene (7.95%), 5-(2,5-dimethylhenyl)-
2(3H)-furanone (7.44%) %! allyl 3-prenylcinnamate (4.11%)
7F FAAFECE SHrEo] Ilth HPLC ¥4l ¢Jsi= =
ZZg] Ao % phenolic acidi5 w43 A3}, caffeic
acid (1)= 18132,
salicylic acid (3)& 26.2<, trans-cinnamic acid (4)i= 31.4%

A HEEHUTE BFFS ol &sto] TR Ze o)
¥l 9 phenolic acid=2] ¥F= 5743 A¥ caffeic acid
245.57ug/ml, p-coumaric acid 2477.47 pg/ml, salicylic acid
80.91pg/ml 2 trans-cinnamic acid 87.68 pg/ml®] &%
&-a50] 9o}

oo diE EURE st &
= S, mutans Vo] LAF FA HX}J s AAskod
S. mutans V| 2FE WAL AAAHOH, S mutans2)
A7 oA D fTIARe] B A a3t lee ¢

RT 13.13%, pcoumaric acid (2)&
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