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Abstract — There is growing concern about cross infection among the patients to patients, patients to staffs, and tools
to patients in healthcare facilities, especially in dentistry. In this study, the most widely used dental impression materials
were prepared and the synergy effect of Chlorhexidine and essential oil on antimicrobial activity was examined in the
impression materials. Chlorhexidine concentration of 0.1 wt% and 0.5 wt% showed no antimicrobial activity on Esch-
erichia coli (E. coli) and Candida albicans. At 1.0 wt% Chlorhexidine, 0% of E. coli and 34.7% of Candida albicans
were survived. Bergamot (Essential oil) concentration of 0.5 wt% and 1.0 wt% showed no antimicrobial activity on E.
coli. At 2.0 wt% Bergamot oil, 71.9% of E. coli were survived. Tea tree oil (Essential oil) of 0.5 wt% showed no anti-
microbial activity on E. coli. At 1.0 wt% Tea tree oil, 11.2% of E. coli was survived. At 2.0 wt% Tea tree oil, no E. coli
was survived. However, no E. coli was survived at the concentration of 0.8 wt% Bergamot with 0.3 wt% Chlorhexidine.
At the concentration of 0.8 wt% Tea Tree oil with 0.3 wt% Chlorhexidine, 1.3% of E. coli were survived. The experi-
mental results showed that the synergy effects between Chlorhexidine and essential oils on antimicrobial activity were

prominent.

Key words: Dental impression material, Chlorhexidine, Bergamot, Tea tree oil, E. coli, Candida albicans, Antimicrobial,

Synergy

1. M

rhu

A el o] wak 7del] thak #ado] ok m Qirk. X3}
oM o] Mg apgellr TS = = A3k FARKEAL FEAht
Sz, Fte} gk 7o) wapztedol thek -7 AT 1. A=

=

EALH, FAA R Tl AHEEE A=A A ’\-ﬂ}(water line,
== Taohs e dole mig- A, 29 AR v A7)
wltell kel Eol e <t FAE o A& Futell Sl el
Wi R Q1] x17del 1P A Q1 v ol ) whE A S S
T Arh2]. =g, X 7] B R EAl] Kot w9 ks
A= A5 A olA] ke 77 iellX 23 s 3 oA

SR Bl Sate) HHOR A% mAe] Bk ek ob
A3 9100, ool thet tho] 27513 ek,

B 2 XA E f7FTAY 4 FE=2IAd
(Chlorhexidine)® 1+ 524 5ol A&oko 2 AMgata Qlrt. &2

TTo whom correspondence should be addressed.

E-mail: krlee@kangwon.ac.kr

This is an Open-Access article distributed under the terms of the Creative Com-
mons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-
nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduc-
tion in any medium, provided the original work is properly cited.

240

AHEHS AU 9o, 7284, oFA 9l

EEREER TS e
obitoll 2H#eE Lehch, 7125480 g1, 717 34151
7] Wl 1% T8N sheAd 3, A e A, 715
Aol ARGSRAL QITH3]

5]:‘0113 AAFE50] Escherichia coli (E. coli), ZATI T} 2]

~(Candida albicans), %% iEAL‘_r"%L(Staphylococcus aureus),

=51t (Pseudomonas aeruginosa)®l|l tiste] 973t 3t &S
Btk A Bark Qlom(4)5), S zhs 9w
(Ampicillin) ¥} 2~ E Z Eulo] A (Streptomycin)= H7Vsko] A 238
HE gz @ 29} Zejuddas dFo] 224 73 E. colidl
gt e S vrEbdith= 7237t BaiE 3 Qleke]

B ATl s A RAIEA 2] U710l 2% iHE 7gel
A e ¢ Qe wA RS WAE flekod, 13l A
FQ FREINY, A EelA] A2 A eU w=rtRE

% (Bergamot oil) X B]E8] 2. U (Tea tree oil)= 212} A7} et

AR 5E QFAE ARt I8 AltS Eshs E
coli®t AU LS v Lz AT Lu)zkof gt o] 1AA)
o] FetEd ARE st o, SR 2ZAAITUT FAofdd 2

olo] gFar el wA|

F5 & (synergy effect)E ZAFSE] $15)



27 QA SR =FAHR oAl 2 A0 sl thst 7

o] ﬂf‘:’ Eﬁﬂ}\]d HEVIRE 99 3kE 1 F

29 ZalEo) agaa] A8S 3E9aT)
2.4 ¥
2-1. &2 XS I8 AR AlH HZ=
M| AEAL 60 wtte, E2] A AFAE 5.1 wit%, EE| T v

EAEAE 3.0 wt%, ZEFEE S 3.5 wi%, A/ A] 0.8 wive, QHs
0.1 wt%, FAl 23+ 9 YA g2 tjolEuto] E (diatomite)S}
A AgH Sio, FHAE EF3to] X|7H-g- AYAE AFEITt
ol g A Az3k AAANZ 27 18 mm, T 2 mm 712 A4FAY
NHEE AF3SI

2-2. O|ME0°| HYQ
At Aol ARES M ES TESA) M-S 3RS E colih
AW E-E g msh= AT Gu)EAE ARESISI) 272he] 1)

B gorz o} @R ulR)E AME-SEo (Table 1), 30 °CollA] Z1&
HjF71E o] g3l 244171 F2t vljeksSict. ke v AES 4
w25 34 6}7 0%71011 g QA g} S A E(10%)S

LO1F FHARES WA v WE 1

3 s e W EHEM —? ARG

£Jated QA AlE-E- 12 well plate (1 set)©l]
25 A3 12 well plate (1 set)ell Q1AF 9H5--8-<hof
E. coli, ZrE] Tk LR]ZEAE 1 set (6 well plate)el] 242 A5
30 °CellM 24ARF w5, A(wel)ell Q= Bt S
aksith. IS S575h] St vilY & B vEE <l
A esgol o A s4ste] gels 7t A(wel)oll 2 mLA
Qo= T, A 85 TS 2] QA g8 0 2 10ulY F]Algh
O3 1 mLE #H3F] petrifilmol] 25ko] 24417 wjoFsl3itt. 24
ARE ERE 2ol A A S ujFl S Blato] At E S7det
At FAAMEE 23l 330l AA BarE S8 oH, o5
Ak tato] A Haks SISt 1 WAk 35esk 0417

Aol A o] Aot 24A13E §- S gk At S-S (survival

Table 1. Culture media and conditions

e 241
ratey oI 3819) AES SAA ) NP FE AT B
RO A4 5224 FCIDEVE olgoicl 42 229
ek, 4 (1ol §5le] 2o 12 o] A2
Faieint.
AREFO) AR B
AJZBr(survival rate, %) = vl A B (1)

3-1. R7IERHIQl S22AITIL| E. colitl| LS SMS

SREINGLS T35 9 TR Bl ol o (fungi) T2
AR e ARSE A glom, vhegote] S Wl A,
MRS SFAAA AFEAITE o8-S Srg). SREIA LS

- T a2

B8 S BARA SUSHE i AL Bl AxAE el
A Blo AHFE8-S afaro]. Aol AEH ] o]
uko 31A

& A xﬂz@ e e Zsto] Al o] wEEIH 2o A
& TIAA AT ARG FES skl AlxE S dv AL
Lol A 971 A d szl g dr10).

Table 201 WFeRd nke} 2Fo], 71t ARl S22 T F57}
0.5 wt% olstell M= T39S Uehl= tE4el vjdEl E
colioll That vt/d& HERA] S0, 1.0 wt%eellA] E. coliZ}
B APkt

3-2. 77 [RITAIR S2=JACIO| ZICICH UH[Z A CHet eas
T7Foll A e] A48l 2o tl<s(candidiasis)2] Ul

2oyl 45k Witk ehulgkao] o8] g, B2 A}

FIAL AT AT T AIADS 9 Y= A 2 s

w591 ollololel ] £6] ek AR £ AL
sk 2w =aAe el de Aot AxAe] gehe

o4 MA3] WEstel el helzloht A o) £ 7]
A APANT I 45 e BrH. FEEAA 0] AR
oot 285 velelolel cie 20} ARSI AR A e

o1 1 O
EINAM AR WE=s FEAA A2 AFEAIRITE10].
Table 31| VFER wkel o], #7]8tA|3] aLﬁ‘A]EJO TE
7} 0.5 wt% olstoll A=tz 1 X3 v =l Trjrt el

Microbial strains Culture media

Cultivation condition

Viable counting

E. coli
Candida albicans

Nutrient broth
Yeast medium broth

30°C for24 h
30°C for24 h

3M™ Petrifilm™ Coliform Count Plate
3M™ Petrifilm™ Yeast and Mold Count Plate

Table 2. Antimicrobial activity of Chlorhexidine on E. coli

Concentration of Chlorhexidine (wt%)

Survival rate after 24 h culture (%)

Remark

0.1 100
0.5 100
1.0

No antimicrobial activity
No antimicrobial activity
100% of E. coli are dead

Table 3. Antimicrobial activity of Chlorhexidine on Candida albicans

Concentration of Chlorhexidine (wt%)

Survival rate after 24 h culture (%)

Remark

0.05
0.10
0.50
1.00

100
100
100
34.7

No antimicrobial activity

No antimicrobial activity

No antimicrobial activity
65.3% of microbial are dead
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Concentration of Bergamot (wWt%)

Survival rate after 24 h culture (%)

Remark

0.5
1.0
2.0

100
100
71.9

No antimicrobial activity
No antimicrobial activity
28.1% of E. coli are dead

Table 5. Antimicrobial activity of Tea Tree oil on E. coli

Concentration of Tea Tree oil (Wt%)

Survival rate after 24 h culture (%)

Remark

0.5 100
1.0 11.2
2.0 0

No antimicrobial activity
88.8% of E. coli are dead
100% of E. coli are dead

Table 6. Antimicrobial activity of Chlorhexidine-Bergamot on E. coli

Concentration of Mixtures (wWt%)

Survival rate after 24 h culture (%)

Remark

Bergamot (0.5 wt%) + Chlorhexidine (0.1 wt%)
Bergamot (0.8 wt%) + Chlorhexidine (0.3 wt%)
Bergamot (1.0 wt%) + Chlorhexidine (0.5 wt%)

0.7 99.3% of E. coli are dead
0 100% of E. coli are dead
0 100% of E. coli are dead
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Table 7. Antimicrobial activity of Chlorhexidine-Tea Tree oil on E. coli
Concentration of Mixture (wt%)

Survival rate after 24 h culture (%) Remark

Tea Tree 0il (0.5 wt%) + Chlorhexidine (0.1 wt%) 14.9 85.1% of E. coli are dead
Tea Tree 0il (0.8 wt%) + Chlorhexidine (0.3 wt%) 1.3 98.7% of E. coli are dead
Tea Tree oil (1.0 wt%) + Chlorhexidine (0.5 wt%) 1.3 98.7% of E. coli are dead
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