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ABSTRACT

Objectives: The aim of this study is to investigate the mechanical properties and antibacterial
effects on Streptococcus mutans of composite resins containing phytoncide. Methods:
Phytoncide was mixed with commercial composite resins at 0 (control), 1.25, 2.5, 3.75, and
5.0 weight percentage (wt%). Mechanical properties related to composite resins such as
surface hardness, depth of cure, and flexural strength were measured. Antibacterial effects of
composite resins were analyzed by using Streptococcus mutans (ATCC 25175). The results were
analyzed by one-way analysis of variance followed by Tukey’s test (p<0.05). Results: Composite
resins that contain low wt% of phytoncide demonstrated no significant difference in surface
hardness, depth of cure, and flexural strength (p>0.05). However, composite resins that contain
high wt% of phytoncide had significantly decreased mechanical properties (p<0.05). In terms of
antibacterial effects, composite resins containing phytoncide inhibited the growth of S. mutans.
Conclusions: Our findings suggest that novel composite resins containing phytoncide have
effective antibacterial properties while maintaining the originally important mechanical features
of composite resins.

Key Words : Antibacterial agent, Composite resins, Streptococcus mutans

J Korean Soc Dent Hyg 2019;19(4):467-77 https://doi.org/10.13065/jksdh.20190042 pISSN : 2287-1705 eISSN :2288-2294

Copyright © 2019 by Journal of Korean Society of Dental Hygiene. This is an Open Access article distributed under the terms of the Creative
Commons Attribution Non-Commercial License(http://creativecommons.org/licenses/by-nc/4.0) which permits unrestricted non-commercial use,
distribution, and reproduction in any medium, provided the original work is properly cited.



468 - J Korean Soc Dent Hyg 2019;19(4):466-76

Mol : REtAR, =3 2z, A
ME

s3Il tig Aol 71sn whe WS o] 291elE A U AlEol o)t ol 394l
W o}ds] BAIH0R 2|25 1 YTHL2). o R9ALL 48 Fao] EAfsh SV WHo R 48
2 Mujo] F9110]7] Lol 0|94 OJAIT 4 U 4B Ake] L ThS: F R4l Fefob
ol @i, 2R 59| 2EASS G4 HIH Qe A0 UefA AT BekelAle Baid Ae
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Aol B4 FEo] 9l ¥ OME}, e 01%5}021 ks il H2 2t

S Al S Zashr] f1gh A=t ‘01%5}[3,6,7]. 3P7<IUP °F¥Rﬂe 247}°Li’5‘1 S5, A=)
Astet A/ dEol FFE PlXlE 5 ¢ B 2/ oM o= 2AlEC] AN webA,
sk st Aol #2182 FE6HA oM 2445 A7 e FdAIE A
o] 7I5h= 2] S 2sHHH8l.

o AlE el wet 2A| 2R 71712 7 1A= U A AL 57 1A @Al ket dE
T HAR7 =2 L ol Rt ekl dF-2 A #stal 2/4o] T AshH tigitto] 7RssHAIRt 1ol =

1 51 ), EQilo] 50| 7h54o] 7153 QIeHO). 67| 2-& 20|t 4ol Az 710 2}
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rUlo
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e AR o] QAT TR=Ag B B0l A2 Aol UTH10,11]. Auol] F21-8-2 25k gl
telo] fpt LRk, {2, mlEX| Eot 2 AR =] 7S] WE Al 9lom, o] F &
o HE =0 FatArgol Ee] dEA|H 7|th7t ok AL 9= FAlleltH12,13].

HEXEE ASAHE $F7I2 SRt D A R Bl gt Al EolM 252 |
B DEXEE A R A 22 Ul"H of FatAtgol Atk A AqsolM 27 FARE
(Staphylococcus epidermidis), 1% &/dAw(Vibrio parahaemolyticus), %23 +%5o°|(Candida
albicans), AVgd MO](AspergllIus nidulas) % ofe}t 2|ok-A1Z YolF(Streptococcus mutans),
B4 2159 T3 FHActinobacillus actinomycetemcomitans) 501l a7} U8 & op]zt #o
A A S ol = Hahe she 21 02 YA 2 QItH13-15]. £3], S. mutans= glucosyltransferase
£ wH|oto] Ao 2R E] glucansS /T 2M X|ofeAl5-g Filthe U 02 Bk 11 §lo]
o] wtofl a7} Atk A2 FA o= uie F 25 AR olTH1,6]. 2L, of2feh W EX|E0] £/

EeRRlol A-8A1A HetelRle] @t aakE #olaat She A oFAZHA] mIEE Aok R,
13- 71t A 2.0) 7390l A o] E4do] AT 4= 7] Weell 2782 AsHAI71A] e H 9
AP /el B8 7hs/gol A Alol2tal Az shA|rt A T-5o] A At ofek wed

i

ool £ 7ol 712 Y o) 2015 9l Hgello] HEAEE 485101 /A4 £
= o8 71214) ghoriA xjobg-Alze] 1R S, mutansoll B FHE 2= BRI 7 THs
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72| 7|A1S E4 8 Streptococcus mutansol| CH3t St 23t 469

B o] ARgH B3t 712 Ajgt 501 #|7(3M ESPE FilteK™Z350XT, St. Paul, MN, USA)-2 A1eis}
AL, AFARS] A XA el et ZHelstgl on F5hE 2ol J*ZAM(?)M Elipar Free Light 2, St.Paul,
MN, USA, 650 mW/cim?) & AL T EX| = A 2o] T SRS Aast7] sl Eate<lol
Z7}o] stof wet EX| = AH(FARIAEY, 5, tighRl=) 0, 1.25, 2.5, 3.75, 5% -R-sto]
high-speed mixer(SpeedMixer, Hauschild, Hamm, Germany) S AF&-511 2,000 rpm o2 5827+ &35t
stof AlHS FH]SIGI & Atol|A] Tl EX EE PTCERL HHstgon, AT o] EX| 29| ko
w2} Control(B1&+8), 1.25% PTC, 2.5% PTC, 3.75% PTC, 5% PTC-C & A&}l ti<Table 1>.

2,

1) 3 A= &4

2210 mm, 7 1 mme] E-Eoj| A2 4-Ex9] 7 == H|AHA A EAIF 7| (micro hardness tester,
Dmh-2; Matuzawa Seiki, Tokyo, Japan)& 08510 Z43IIcH2]. AlH-& 2star ozt 136°9] th
ojohZE mjEtn| & ARURFE 0.09 MPa 5h5-2 2027+ A-85f0] &g RHEITE. AJHo| 3/d % tholof
2 ko] AEolE S7gste] ¥ HLg Alkteilt. 2 & 5719] AlE-E AlReigl o, 7t
Al G PRI 2 217} 2 B9l S S4ofo] Botak ZEHAkE :110} TS el

rU]o

IS0 40499} Ao wte} o] 10 mm, 474 4 mme] YEF 2G| HLE BEof Z2}o) o

S B S BE 92 oRlo) HEWE A %, BelolAH BET} SejolE 2

eRAT gPuslo] 9ol g AASISICHIG). o] o, Zekie] AntEelE ol§ste] 7|Et 1K) RES

Folaiet. AErt ksl A9l 2 BR1G 3 Aol HEA R0 42]o] BES (027 BN
a1

Atk 93T A28 BEOIA Rolola 3 Folne] 2345248 ol ojol 3=/ o2 A8 A

=

Agh & 2214 HMOP“ﬂni 23 A 20 o) 2 ZH5}r) ZH L 2 57)0] AJHS A|ztelyl o
™, Z}7} 55|14 k= 3lo] 15 &% A3
3)IF AT A

IS0 4049] Al rol] w2t 2 2l& (25£2) mm X (2.0£0.1) mm X (2010.1) mm2| EEE 0|85}
AlHE ARFSHATHI6). Z0] 20 mmel Z|A |t 9ol AlHS E11 THsA1¥ 7] (Rheometer Compac-10011,
Sin Scientific CO., LTD, Tokyo, Japan)E AF&-510] (0.754-0.25) mm/min®] cross-head speed 2 34 &
YA ARSI old 7 2o 5l 242 715sto] of2|2] Alof] tiiste] 233 =E MPate]

Table 1. Composition of materials in the control and experimental groups

Groups Resin, wt% Phytoncide, wt% N(total)
Control 100 0 25
1.25% PTC 98.75 1.25 25
2.5% PTC 97.5 2.5 25
3.75% PTC 96.25 3.75 25
5% PTC 95.0 5 25
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2 Alteid

=473 (0)=3FL/2bh?

o]7]ol|A] F: Aol 7}sliAl= 2o 5FE(N), L: 5 712 Z|Z]e) Abele] 2] (20 mm), b: AlE A Z4
AJTHE] Z (mm), h: AlE 230l 24E AlEe] F7] (mm) o]t ZF HH 2 5702] AlE-E Al&sto] gk
Z7g5Il o ZF ARdTtol| A At 2t skt 22 SAIA 2ol A AlLfEkiT.

4) tJ23 gt ZAKInhibition zone test)

A2 10 mm, $7 1 mme] =5 o]-85}0] A|#H-S A|2l5131tt. Broth Heart Infusion(BHI, Becton
Dickinson and Co., Sparkd, MD, USA) brothE ©|-83} Streptococcus mutans(S.mutans, ATCC
25175)32 37°CellA] 16X17H Hlote] B/data] 7 AL3I AR 2 o] 85t vkl o] 47 1X10%/mlo]
B = 5|45, 100 uls BHI A uA]of] =2y, 1 9ol gt 2+H(PC), /3 th=+H(NC), Control,
1.25% PTC, 2.5% PTC, 3.75% PTC, 5% PTCS] AlHa AG35t 1H4 0 = JAHl#] 9fof] 28 Fof 37°C
incubatoreilA] 24417t BiFAIZACE. o] wf YAt 20 ule] NaOClS 4! paper disk(Filter paper
disc, Toyo Roshi Kaisha Ltd. Japan)S A5} 1, SA 272 Ha-H paper diskS AF&5}1ch 2+
THE 572 AlHS AReH o, et e AH e Seriol] A87]= 437 #18) 2 (zone of inhibition) 3
7| & sl oW Al e] 27|17t 245 o] & AR THEsiQit

5) #3234 H7KHCFU; Colony forming units)

A5 10 mm, £ 1 mm2] ZEE o]-&5to] AlHE A4l o, Ht-H Al 9ol 2/d3te 1X10%/
ml 2] S. mutans Al 1 mlE- g0 37°C incubator 4] BiYSIATE 24A17F &, AJH-S- A BHI 24
2| & o]-&5to] 281 A5k, 1 mle] BHI A Hiz|of| ‘o] Z22u} Mjsle] 2|4 0= AlwHoj -zt
= M-S 22519t 229 Al 100 ulS BHI 224 BiR]of] Hojrma Eatslo] 24417 vl 5 o
9] Z 7 (CFU)E ERlsto] 7ttt 2 = 5700] AlE-S Alaste] 9] 28 whastar, 3
Ta BEHAE Folgich

6) Statistical analysis

ZF At Abol 9] -3-2]/d-2 IBM SPSS Statistics 20 program(International Business Machines Corp,
Newyork, NY, USA)-2 0]-85}0] one-way ANOVAZ £4] & 5069] -3-2]4>Z0]| A Tukey TestS E5}0]

2Astect.

[ i

J

B A= =74 AvH= <Table 2>,<Fig. 1>3 2Th 5% PTCERo] th2 Xt} vl wsto] g2l oA &
HH =70 (p<0.05), 5% PTCH(39.1+2.4) A 2131 1.25% PTC(51.214-8.8), 2.5% PTC(51.15134),
3.75% PTC(49.9+4.3)= Control(50.9+7.7)3} 5-2]5F EHH T x}o| 2 Holz] 2K p>0.05).

2. 5¢ 70| 1}

TEXEE VIR B3] S5z o] ahE 2413 Aake <Table 2>,<Fig. 2>9 2t} S EX =5
71514 9F2 Control(3.44-0.1)T T Ex| =2 H7Fst 1.25%(3.40.3), 2.5%(3.3+10.1)7- v w32 uf
BE 3 mm oo FolE fofFt Aol7t Qe Ao® UEHAITHp0.05) 3.75%(2.610.2),
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Fig. 1. Comparison of the mean surface microhardness between groups. Different letters above
bars indicate significant differences(p<0.05).
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Fig. 2. Comparison of the mean depth of cure between groups. Different letters above bars
indicate significant differences(p<0.05).

Table 2. Results of mechanical tests Unit: Mean£SD
Groups Surface microhardness Depth of cure Flexural strength
(VHN) (mm) (MPa)

Control 50.9+7.7 3.4+0.1° 84.5+7.7°

1.25% PTC 51.2+8.8" 3.440.3" 82.04+9.0°

2.5% PTC 51.1+£3.4% 3.3%+0.1° 80.31+9.9®

3.75% PTC 49.9+4.3" 2.640.2° 68.81+5.9"

5% PTC 39.14+2.4° 2.440.1° 63.6+7.8

®Values in the same row with different superscript small letters are significantly different at
p<0.05.
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59%(2.4+0.1)x-& WA 37 B ge o= 3 mm ofate] F8kzlo] 3he Holw RolshA HAstltt
(p<0.05).

237% 57 Z1h= <Table 2>,<Fig. 3>1} 2t 1.25% PTC(82+9), 2.5% PTC(80.3+ 1) Control
(845:5.9)2-F2f7k 2ol 7} 1211 (p>0.05), 3.75% PTC(E88+5.9), 5% PTC(63.67.8)2-2 Controlef ¥]
3 2RI} FolsP) sk AT BATHp<0.05).

1001
a ab ab
T T T

. 80 1 be

s L .

S I T

£ a0l

g 6o L

c

g

®

5 40

-

»

o

18 20

0

T T T T T
Control 1.25% 2.5% 3.75% 5%
PTC PTC PTC PTC

Fig. 3. Comparison of the mean flexural strength between groups. Different letters above bars
indicate significant differences(p<0.05).

(A) (B)

|

Control

/
3.75% PTC . 128% P16 /.

2.5% PTC

Diameter of inhibition zone (mm)
~N
|

b b

(-]

T T I T T T T
PC NC Control 1.25% 2.5% 3.75% 5%
PTC PTC PTC PTC

Fig. 4. Comparison of antibacterial properties between groups. (A) Inhibition zone test using
composite resin with different concentrations of phytonchide on agar plates with spread S.
mutans for 24h. (B) The diameters of the zone of inhibition on the agar plate were measured.
Different letters above bars indicate significant differences(p<0.05).
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4, C|A3 gt AL (Inhibition zone test) 23}

LEX| o] =rof w2 S, mutans?] F#E4dS Inhibition zone testE E3l A5 1 A1tE
<Fig. 4> ol RN vl 24417t & S, mutansol]l thet @ ] EX|E9] 57} =242 =
ZJ=] 2™, Negative control, Control, 1.25% PTC-2 AdA a7 9] 3710 g-2Jgt xtol7} ¢l
(p>0.05). 2.5% PTC-5-El= Control GHET}H F-2lsHA| S7F81 AL, 2.5% PTCEET} 3.75% PTC, 5%
PTC-2 H 37Foke 43 EATHp<0.05).

5. 22 4 W7t (CFU; Colony forming units) Zat

A 9le] 52kl S mutans Al#e] ©9) #2745 AAteto] <Fig. 5> o LIEFIRIEE. 1.25%PTC
Controla} u2s5F Q48 Bo|m, 12k 4] §2]3k 2ol 2 Ho|x] kT (p>0.05), 2.5%PTCERE]
Al Aet o) folah 74 B ATHp<0.05). TEA| E0] 527} oA A Alge] il 2ol
He 32012 o] mlEx] =7} Zajske Arke} EAja}x) ob e 7ke] o4 Qe Aol B9l

1ACHp<0.05).

i)

e
1 o

¢

[
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>
;:O
32
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T
E74|m
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be

400 | T
200 l L
[ [ ]

I I I I
Control 1.25% 2.5% 3.75% 5%
PTC PTC PTC PTC

Mutans streptococci CFU (108 per disk)

o

(B)

Control 1.26% PTC 2.5% PTC 3.75% PTC 5% PTC

Fig. 5. (A) CFU counts derived from S. mutans attaced on the surface of samples. Different
letters above bars indicate significant differences(p<0.05). (B) Agar plates with CFU of S. mutans.
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o 2)20) FHS £ 9lo] 12 Bato) Anjx

Oﬂ s J&’E‘OI 57}0}‘31 ’“Ul #XHJL Rl Eekix

of AL Z71E T QICHLT). BEAAL AAxlolet o] 1A 4G HER 943 AL hT
17, Aol We, X1 AR Has 5 ofe] 7 S /A gl ARoleHIS). S, B3

ellzlo] Algial, EUTHA 5 WASHE $5.02 9lgt o]3}-94lo] thdo 2 A4 QIrH19.20].

582 7h1 Biteixle] Aol Wastel o|2 sjstel ole] d5o] o olgA e A WAk
FZAS ST 7 AR o] HshAZ 4 U, s H A R R 20 gEe Aae] 24
& RISt Zofchs 2ok e o gy 1,] o), $Yeile) Yasiel vltiel £40) 9
2} Taj7} w @sie23). 3, S iAo AHgoR BAA WE BAle) H7Hd 9 setiiel =
X So] o Qlsl FFaEabt gl WekE o) 8840 ik olalrt Ho X3 g o 2 o] 83l
L ofe] A7} glofgieHio,13]

13 SIS Al A2 5 S5 o)l el 3 ol sasll sloo2425), 73] 2 2
FA%0] g 2182 slo] PAH O E A ET} gl Ao ek 5], siAle HEAE
N S P
ezl HEAES TR B3] 24 9 xlokeAlze] 29119 S, mutans 2o thet St
£ 7psfat sk o

DEEERE

Az ol 2 1M kx| P A
] 2] B Hof| 2857 2JsiA
S| HA] FHA 7] FFFE vlR= A
Aol vt A S Heltk. 2543 EXol| &o] Zleizls o vE
n|5-E-g Eata Woj 288 4= Q= 2A|1F-A< IS0 40490014 77 Lﬂoﬂ*i
£ 23xe] 24 247
QJgt #50] o] & 553
shet] Fe7h gl Ao = o
(84.515.9)0l HI3H Fl5HA] Wk
MPa} 5|25} Control, 1.25% PTC, 2,5% PTC=

e

[t

mO

Q7S FE.

oM §E== F 2ol

z—o‘]-o] 9_]—E

oz A o] Umpik
Bt 7121 = Controlt 213 2jo] 7}
ojee]A] = Ao g SR} & Az Fozlols sk, 2.5%2) 1 EX
17102 Holx|gt 1 o] o] Follrf= FZle
€ 7ldol Beg Ao = Y718 26]. E512]
et At ATkl B s, 2 Aol = o] Ex] =0] Fgo] wobda
2102 HOITH7). Al WAz 2573 —i— d A=

Je 2 80 MPaZ A5k 1=t 3.75%, 5%2] 1] & ot =

FCH7). 2.5%7HA|1 9] sl EX| E5 gt SRRl *} "2 ¢ Ao RE ARG
HA

(p<0.05). SO 404991141 xﬂAlé}— =2 l o] Ha 22w

H7kel7] Q5o A’ A2 S. mutans®] inhibition zone testS

Zloll PSR A oS Zshe HOR,11) 7 2o AHE L
2 5 5. mutans?} BIE]o] 9= TAIAIo] ofAck 125%¢) W EX =S} FRE ZolH

32 24T 4+ Ak go=
Qo] ERAEE 27 ©
=2 3Rt 27t

|9} 7o) g

Ao} EHAEL F

= ZqzolH 4
F37ol 24

S =g ojnjsed, A
Bl chRole 2Y4

2

ol-g3lI3itt. o] ’g2- A=

+= Control2} Negative control2} /g g 15l 9] -§-2J5k 2to]7} @l= 212 Eeld 4= /Iglem, 2.5% o]

] EXEAH R Tl Rl BYR sl TS B

l
oz 85 40| Fat/de 2 ol sk n27]. &3t CFU 7}

=
%ic. oS 53l Alw %

T} Inhibition zone test
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o] Aot nE7 A 2 2.5% o)de] mlEX| =7 g wollA S. mutans A2 47+ -2loHA| A E S
TESHH T EX| E0] HE7t oA E S mutans®] /7S AAlsHe B 571 & 4= AATE A
& Aol A T EX =7h M-S oFstA| ThEo] A|aEute] mkajof wh2 Alte] 27 HEsE o7 s
Mlate] SEiatoll FFFE n| CEM et atE WR|oke Aoletal 25513icH14,15]. &

B3 A1 S. mutans= x|oF-A] Yo Qlo] 717 F 3t Q1T O & o] Altol| ot Fantr} Tk
+ 2 Ao e F a3k Aot} el thE SRR EjeR 9o 4]
o] t] o] Yoldttiar By vl Qlo] fEX =5 EHiet 582Xl S. mutansell el - E Tt Eel

£
ps)
>
i
A

£ AP 159 Ao th26,28,29].

B olLo] Ants E5) u|Ex| =t Bate| 7o) 2.5% E3HE 1S 79 227 wgt glo] &7 ks U
EPS2 WS 4 AR o] ATE o] &5to] o|xfe-A] A E 915 Al 22 BRI S At 4 QL
Zoleta 2=, e HAEH o] g SRR NS 918 712 Ak=0] 28 7HsAdo] it E A
HolM mEX =2 T Bale AdEt 2/ e EAS 7RI Al g =AY 7 d e EES)
AUAIT P AHE 71730-& BF61A] ZolRla, 2R A7 5o dHA Sl ek 8, AR vl AdAl
SHA| FHEstal AR B atol ke Bk W 4= Qle SEA7HE 99 Aoleh /A 82 Slste B
o Rt AR 71 D 7149 Gt 5] A&l A7 e g Zlo 7 AlgHn
28

2 Aolae 2| 2Hg ERteidlel ut A& EXEE et BRI L, SRzl 254, &

=

A S AAleto] Thaat 22 Ak ARl

1. FHZ T+ 5% PTCE-2 A2k Control, 1.25% PTG, 2.5% PTC, 3.75% PTC 7+e] 505
zto] 7} ATHp>0.05).

2. Z53H7o]= Control, 1.25% PTCH, 2.5% PTG -F-2]st 2k2) 7} 911 3(p>0.05), 3.75% PTC, 5%
PTG Controlol] H]3l g2t 7k HATHp<0.05).

3. 257 %= Control, 1.25% PTCH, 2.5% PTCZ-2 -g-2]st 2k2) 7} QI 3(p>0.05), 3.75% PTC, 5%
PTC Controlol] BJ&H 3213t 7H45 B THp<0.05).

4. Inhibition zone test 23}, 1.25% PTC-2 Control#} -f-2J3 2to|7} 1131 (p>0.05), 5% PTCHE,
3.75% PTC, 2.5% PTCH =02 A% #aliteo] Z7k=] .

5.CFU &% 23}, 1.25% PTC-2 Control 2 -3-2]5F 2}o] 7} gl31 11(p>0.05), 2.5% PTCt, 3.75% PTC
T, 5% PTCH =0 & FlEX| E9] 57} Z71ske5 A=2krt At ]t

o}

oge] At Atz Egtefilol wlEA =5 H7F 739 2/ 2 sl Al o m o] ek wiE
=
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