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1. Essential oil

B 23 oA AFE-3F essential oil TFFEF WEEA 2] Sl A
T2 SHRAER AFHAHAT], F)AFLEA essen-
tial oil®] Ao A& 9 ol whet 2A1E 559 essential
0ilZ AFE3IATE. ©]E essential 0il®] YRERZE ZZule
(Rosemary-R), #@l&28~(Lemon grass-LG), £
(Floral-FR), 2#1#](Orange-O) Z12]iL d(Neem-NM) &
ojlm, o]l E3EY F8 HJEOZE citral, pineole,

linalool, eugenol, limonene, pinene S°|tH(Fig. 1).

2. ASaF

g el Grke feto] AHeE dFe ?l'19] Tl A
Esto] thekdt FAASS opylshe HRA 7F] BT
AHEBIGlom | WX ET O 2 Escherichia co]l—é AH&-8k
THTable 1).

3. ASHIX| W 7|7

A 5 vl Fel] A3 vl A = Brain Heart Infusion(BHI
- Difco, Detroit, USA)elH, 121CollA 1583 nE w3l
AT 718 #FES 37T anaerobic chamber(Coy
Lab, USA)elA 714 wikz21g fA]ste] wjekstaion, 1
9lo] #&F& 37C, 5% CO2 incubatoroll A v %slsitt.



eugenol linalool
Fig. 1. Chemical structures of major components used several plant

essential oils.

Table 1. List of microorganisms used for antibacterial activity test
Bacterial strains
Gram positive bacteria

Streptococcus mutans GS-5
Staphylococcus aureus ATCC 29213
Streptococcus sanguis KCTC 3284
Streptococcus anginosus ATCC 33397
Stapylococcus epidermidis ATCC 12228
Streptococcus sobrinus KCTC 3308
Gram negative bacteria
Actinobacillus ATCC 43717
actinomycetemcomitans
Escherichia coli ATCC 25922
4. aefet 3 Uz A
ARG RE T stock TFE 23] o] Al v et A
gl ALgeiTh. MATFE Z2tel FFEAC] et H44
BARVESE SAANZ T G d ol Agsisinh A e
Ttz el HeAZE Aeletel o9& WAsta #7114
7 54S fAES Sk, 24 well plated] Z HA
800 WA ¥F% thg vle) FAlG FUFAL 1x107
cfu/mle] F== 100 44 7zt wellell %3t} Essential oil

o] TE& stock oils HAIAHe 9Jal FH]st] 0.018,
0.039, 0.078, 0.156, 0.313, 0.625, 1.250, 2.500, 5.000,
10.000 mg/ml 9 s=7} =5 242 100 WA A3 o
37T, anaerobic chamber ¥ COz incubatorelA B s}
o},

GHaA e FEE essential oilS AT A e T3 es-
sential oil& TEHE AT AdwS U v FE= A
U A THERLE v Fste] Aol SAFEE vl s

5. & £H
1) Minimal Inhibitory Concentration (MIC) test

Z} essential oildl gt w3 A QA )R] 3] A H
(broth dilution method)& ©]-&3te] %3ttt 7t essen-
tial oile] A== H 1% E 10 mg/mlolA S8 244 3] A
sted HA 5= 0.018 mg/ml7HA 2 &4},

~
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Anaerobic chamber % COz2 incubatorelA] overnight i

%t & plateS Aol 247 welle] TEEE {9to 2 #ol3)
ATt oluf wiA]of essential oils A lskA] &x, AT HE
o wello| A Kol EE ol H]gte] essential oils FEH
2 A2 et well T o] 7ol JAl=o] Eatx] ¥ Feh
3248 YeRll= A% o]u9] essential 0il®] FEE HANA

== (MIC)Z A3ttt

2) Minimal Bactericidal Concentration (MBC) test

MICZ #H¥ essential oil F=ZHE I o] Fxo &
Tt welle] MFH 100 48 aAfA] 25 =2atad
t}. 37T, anaerobic chamber ¥ CO2z incubatorelA
overnight Bl¥gt & plate JollAl S22 #HZE = colony
FE2 AR AFaArt. ol o)A = colony 7t oA ul

o 2HE HEF 27] AT 99.9%5 APEAI7I= &

ZIE Y E 742 "Jlﬂoﬁl 739 o]u] 9] essential oil *
ZEEE HAMNtsE, MBCE 3ttt

6. EAIXZ

RE A8 33] o]/ HkEsl @eroﬂ th&te] SPSS =23

AGFATF 752 BAA BT 152 38t % 8% &
Aol et 2154 essential oil (R, LG, FR, O, NM %
BHE S A, A AMEE iR T
o ti&l R, LG, FR, O 4%< essentlal oill& A& F=7t F7F
g5 7ol T2 J‘iﬂrzq oz JgAES #EL F 0. 1
U AP FFo] W essential oile] it AP EE
oil®] TFER 25X b A& YEeH, NM oil& E&
Aol EH3H BiTs -‘Jr~ YR A] Fate] HAAsE 3
A TH Table 2).

Table 2. Antibacterial effect of several plant essential oils
MIC (mg/ml)
R LG FR [0)
0.156 0.156 0.156 0.156 (a)

Streptococcus mutans
GS-5
Staphylococcus aureus 1.250 0.625 0.625 1.250 (a)
ATCC29213

Streptococcus sanguis 0.156 0.078 0.078 0.156 (a)
KCTC3284

Streptococcus anginosus 0.156 0.156 0.156 0.313 (a)
ATCC33397

Actinobacillus 0.078 0.078 0.078 0.313 (a)
actinomycetemcomitans

ATCC43717

Streptococcus sobrinus 0.156 0.156 0.078 0.313 (a)
KCTC3308

Staphylococcus epidermidis (a) 5 (a) 10 (a)
ATCC12228

Escherichia coli (a) 5 (a) (a) (a)
ATCC25922

(a): No inhibition of growth.
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1. Essential oil2] Streptococcus mutans ol thst &
%jl_l.

20b9-2 fgez & dHA e Streptococcus mu-
tansel W3l R, LG, FR, O oil &F HAY9AF=(MIC)=
0.156 mg/mlelct. o wjgAS 4 HHXM] =l
colony & AlFste] ERlgt A3}k R, LG, FR oile] & A&AT
FE=(MBC)E 0.156 mg/mlE 1=, O oile 1.250
mg/mlollA] & AFEAIZIE As ER1E & UATH(Table
3)(Fig. 2).

Table 3. Effect of various concentrations of several plant essential oils on
Streptococcus mutans
Concentrations Inhibition of growth
(mg/ml) R LG FR [0)
10,000 -
5,000 - - - -
2,500 - - - -
1,250 - - - -
0.625 - - - -
0.313 - - - -
0.156 - - - -
0.078 + + + +
+; No inhibition of growth.

++++++++§

utans - R oil 0.156 mg/ml
£ / \
\’ " ;
Rreptococeus mutans - FR oil 0.156 mg/ml - O cil -1.250 mg/ml
600
=
= 500 |
2
= 400 |
£
2=
é& 300 |
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=2 200 |
2
% 100 F
o L= . : i ;
R LG FR f¢)

Fig. 2. Minimal bactericidal concentration for plant essential oils against
Streptococcus mutans.

2. Essential oil2| Staphylococcus aureus Of Tt &

l%oob‘é 19l Staphylococcus aureus®ll ™3l essential oil
is 7.—-_3:_-‘4' LG, FR oil®] HAJAFE=MIC)= 0.625

3, R, O oildl t3lME 1.250 mg/mIict. bzt

9] essential 0il®] Staphylococcus aureus®l] W3t AT
FEv O oile 1.250 mg/ml, LG oil& 2.500 mg/ml, FR
2 R oil 5.000 mg/ml .= YebgttH(Table 4) (Fig. 3).

Table 4. Effect of various concentrations of several plant essential oils on
Staphylococcus aureus
Concentrations Inhibition of growth
(mg/ml) R LG FR [0}
10,000 - - - -
5,000 - - - -
2,500 - - - -
1,250 -
0.625 +
0.313 +
+
+

0.156
0.078

+; No inhibition of growth.

++++++++§

rews - R oil -5.000 mg/ml Sreptococcus aureus - LG oll 2.500 mg/ml

eus - FR oil -5.000 mg/ml Sreptococcus aureus - O oil -1.250 mg/ml

70 r
a0

(CFU/Plate)
- 28888

Inhibition of bacterial growth

R LG IR (0]

Fig. 3. Minimal bactericidal concentration for plant essential oils against
Staphylococcus aureus.
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3. Essential oil@| Streptococcus sanguis Ol CHEt

=1}

Streptococcus sanguisll WalA FaeE AAMS
LG, FR oil9] #&As=MIC)E 0.078 mg/mlo]om
LG oil€ 0.156 mg/ml oA, FR oil& 0.078 mg/mlelA
= AFEAF S 1% £ SIQlTh R, O oile] HAYAFE
(MIC)= 0.156 mg/mlZ &1 on HiidFs=(MBC)
£ R oil& 0.156 mg/ml, O oil2 0.313 mg/ml= Yelstth
(Table 5)(Fig. 4).
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Table 5. Effect of various concentrations of several plant essential oils on
Streptococcus sanguis

Concentrations Inhibition of growth
(mg/ml) R LG FR 0
10,000 - - - -
5,000 - - - -
2,500 - - - -
1,250 - - - -
0.625 - - - -
0.313 - - - -
0.156 - - - -
0.078 + - - +

+; No inhibition of growth.

++++++++§

@

FR0il 0,078 mg/ml -00-0313 mg/ml

350
300 f
250

150 f
100 |
50 F
0 | PR\ 1

R LG FR (0]
Fig. 4. Minimal bactericidal concentration for plant essential oils against

Streptococcus sanguis.

Inhibition of bacterial growth
(CFU/Plate)

4. Essential oil2| Streptococcus anginosus o tist &
TEn
a9l Streptococcus anginosus © tal R, LG, FR
0il®] HAGAFE=MIC)= 0.156 mg/mla, O oile] H4a
AAEEE 0.313 mg/mlE YERTE R oil# FR oil®] 7
25 =(MBC)E 0.156 mg/ml, LG oil# O oil& 2+2}
0.313 mg/ml, 0.625 mg/ml .= Yehdt}(Table 6) (Fig. 5).

Table 6. Effect of various concentrations of several plant essential oils on
Streptococcus anginosus
Concentrations Inhibition of growth
(mg/ml) R LG FR [0)
10,000 - - - -
5,000 - - - -
2,500 - - - -
1,250 - - - -
0.625 - - - -
0.313 - - - -
0.156 - - - +
0.078 + + + +
+; No inhibition of growth.

++++++++§
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5 angunosus - R.oil 0,156 mg/ml s angmosus- LG ol -0.313 mg/ml

cus angimosus FR oil 0.156 mg/ml Sreptococcus ange

Inhibition of bacterial growth
(CFU/Plate)

R IG FR (0]
Fig. 5. Minimal bactericidal concentration for plant essential oils against

Streptococcus anginosus

5. Essential oil@| Actinobacillus actinomycetemcomi-

tansof| cist S =1}

Actinobacillus actinomycetemcomitansel W34 R, LG,
FR oil& 0.078 mg/ml7} H&9A5=(MIC) 2 HAdHs
Z(MBC)Z Yeht v e sEox 7y o] 4= A
g ¥ ol FHH 0B F#E AMEHAT = AS 1T 4 9
o} O oilel tsire HiqAse ¢ HaddFwE7 0.31
mg/mlZ YERgo  uA wjx] vty HEE Aldes &%
3] AFEAIA colonyE &A1& 4= §1tH(Table 7) (Fig. 6).

2o 32

Table 7. Effect of various concentrations of several plant essential oils on
Actinobacillus actinomycetemcomitans
Concentrations Inhibition of growth
(mg/ml) R LG FR (0)
10,000 -
5,000 - - - -
2,500 - - - -
1,250 - - - -
0.625 - - - -
0313 - - - -
0.156 - - - +
0.078 - - - +

+; No inhibition of growth.

++++++++§
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Actinobacillus actinomycetemcomitans

Roil 0,078 mgim!

LG oil -0.078 mg/ml

Inhibition of bacterial growth
(CFU/Plate)

R LG FR O
Fig. 6. Minimal bactericidal concentration for plant essential oils against
Actinobacillus actinomycetemcomitans.

6. Essential oil2| Streptococcus sobrinus ol Chst &
k=l

Streptococcus sobrinus ©l ™3l essential oil& A 2]3t &

300

(CFU/Plate)
— N
W [ W
(=1 == =
 ; L) L

—_
j=3
S

wn
S

Inhibition of bacterial growth

Fig. 7. Minimal bactericidal concentration for plant essential oils against
Streptococcus sobrinus.

7. Essential oil2| Staphylococcus epidermidis off CHst
A

Staphylococcus epidermidis © thallA = Zxkg oz o]
A AARTIA Edhe Ao R YT LG oile] 75l
AolA 5 mg/mldllA] HAAAFEE B oM, 10 mg/ml &
oA & AFEAITIE BHE 91 F d[JTh O oil 10
mg/mlelA Alite] A4S AAAZ oY At E e #EE 5
AAcH(Table 9) (Fig. 8).

Table 9. Effect of various concentration of several plant essential oils on
Staphylococcus epidermidis

7 FRoil 0.078 mg/mlel A Algte] 44782 <A] Bt APRA Concentrations Inhibition of growth
28 #EE £ AT R oilF LG oil2 0.156 mg/ml F% (mg/ml) R LG IR 0 M
AM HaelAsE 2 HadHsEs HIow, 0 oile o oot
0.313 mg/ml =AM A4l o4 2 AdEARE BA 2,500 S T
; 1,250 + + + + +
tH(Table 8) (Fig. 7). by . ! N : N
0313 + + + + +
Table 8. Effect of various concentrations of several plant essential oils on 0.156 + + + + +
Streptococcus sobrinus 0.078 + + + + +
Concentrations Inhibition of growth +; No inhibition of growth.
(mg/ml) R LG FR [0) NM

10,000 - - - - +

5,000 - - - - + - .

2,500 - - - - + ’ -

1,250 - - + 4 5™

0.625 - - - - + [ g™

0.313 - - - - + \ §§ e

0.156 - - - + + \ g O 4000

0.078 + o+ - + + i 2 e
+; No inhibition of growth. PR £ 0

R LG

LG il 0.156 mg/ml

\

//

Streptococcus sobrinus FR oil 0.078 mg/ml  Streptoc itz sobrinus - O oil -0.313 mg/ml

Fig. 8. Minimal bactericidal concentration for plant essential oils against
Staphylococcus epidermidis.

8. Essential oil@| Escherichia coli o] thét &= 1}
Escherichia coli o ™3l essential oilS 23 23, R,

FR, O, NM oil ;—Cr G EHE YERRA
oil 5 mg/ml F=AAE

w3} 22 LG

T GAs] APFEAA A AN

A8 colonys &1&  gldcH(Table 10) (Fig. 9).



Table 10. Effect of various concentrations of several plant essential oils
on Escherichia coli
Concentrations
(mg/ml)

10,000

5,000

2,500

1,250

0.625

0.313

0.156

0.078
+; No inhibition of growth.

Inhibition of growth
LG

e e
4+ 4+ + +
+++++++ +O
++++++++§

+ o+

Escherichia coli - LG oil -5.000 mg/ml

Inhibition of bacterial growth
(CFU/Plate)

R LG FR o

Fig. 9. Minimal bactericidal concentration for plant essential oils against
Escherichia coli.

Table 11°l= AdwdFo| digt
SE=(MBC)E A2l

7} essential o0il9] #49A|

Table 11. List of Minimal Bactericidal Concentration(MBC) of several plant
essential oils on tested bacteria

MBCs (mg/ml)

R LG FR [0)
Streptococcus mutans 0.156 0.156  0.156 1.250 (a)
GS-5
Staphylococcus aureus 5.000 2500 5.000 1250 (a)
ATCC29213
Streptococcus sanguis 0.156 0.156  0.078 0313 (a)
KCTC3284
Streptococcus anginosus ~ 0.156 0313 0.156  0.625 (a)
ATCC33397
Actinobacillus 0.078 0.078  0.078 0313 (a)
actinomycetemcomitans
ATCC43717
Streptococcus sobrinus 0.156 0.156  0.078 0313 (a)
KCTC3308

Staphylococcus epidermidis (a)  10.000 (a) (a) (a)
ATCC12228
Escherichia coli (@)  5.000 (a) (a) (a)
ATCC25922

(a): No inhibition of growth.
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ol B 112} 8F2] FATF| sk R, LG, FR, O, NM 5%
©] essential oil& A glste] o] F2ldl| W|x]= T tfate]
Sro}H gttt

Essential oil AE5-& Al Az gasta, Ao
FagAe Welete A AFEATIE AoR deA it
T3 essential oil& A8l Q] 7] WA
T 9, AT EAE =5, 19 TS
25wl X eje] S Ao EA H %
HaE up dop . 2 Ao A AHE-E essential oil 9
77 W vlAE tiste] ERAR g 7 US
3}

Streptococcus mutanse 1924'd Clarkell &J3l Akl %]
ol oA W Bl A] WAEo] WuE kTR ThRe ¥}
£ Talste] 714k Asakste] Xofe] €3] & 8, X|of
1= WA= dFeln Ao ® 2] SdA AAks
gre] AYaksto] xolg-241E fikslhe T8 dATo s A
A2, B AFoA essential oile S. mutans©l T3l NM<
AL R, LG, FR, O oil A 58 AFAA Fd= Jebd
. 2 % R, LG, FR 3% oil A% = 0.156 mg/mlelA],
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Abstract

ANTIMICROBIAL EFFECT OF ESSENTIAL OILS ON ORAL BACTERIA

Sun-Young Lee, Jae-Gon Kim, Byeong-Ju Baik, Yeon-Mi Yang, Kyung-Yeol Lee, Yong-Hoon Lee, Mi-A Kim

Department of Pediatric Dentistry and Institute of Oral Bioscience, School of Dentistry, Chonbuk National University

Essential oils are mixture of volatile, lipophilic compounds originating from plants. Essential oils have poten-
tial biological effects, i.e., antibacterial, antifungal, spasmolytic and antiplasmodial activities and insect-repel-
lent property. In this study, five essential oils, namely R, LG, FR, O, and NM, extracted from various aromatic
plants were used to test their antimicrobial activity against the oral microorganisms. The effects of essential oils
were investigated against eight important bacteria, Streptococcus mutans (S. mutans), Staphylococcus aureus
(S. aureus), Streptococcus sanguis (S. sanguis), Streptococcus anginosus (S. anginosus), Actinobacillus actino-
mycetemcomitans (A. actinomycetemcomitans), Streptococcus sobrinus (S. sobrinus), Staphylococcus epider-
midis (S. epidermidis), and Escherichia coli (E. coli).

Essential oils, except NM, effectively inhibited the growth of tested oral pathogenic microorganisms dose-de-
pendently. However, the essential oils didn t show a significant inhibitory effect against E. coli and S. epider-
midis. Consequently, these results represented that essential oil-mediated anti-microbial activity was prominent
against the oral pathogenic bacteria. For example, minimum bactericidal concentration(MBC) of R, LG, FR oil
against A. actinomycetemcomitans was very low as 0.078 mg/mL. In addition, minimum inhibitory concentra-
tion (MIC) of R, LG, FR, O oil against S. mutans was low as 0.156 mg/mL in vitro.

Key words : Essential oil, Minimal Inhibitory Concentration(MIC), Minimal Bactericidal
Concentration(MBC)
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