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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.
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G AE Aol wet 2A| EFeEH F7 AR F7IAIR Ul R] AL, f71A] Aol ekt d &
I HAR7IER U ol aletel A F-2 A skl /o] F st tig gAto] 7RsshA|RE QlAlof =
73 B, ERo] 2 2] 7Rs/dol A7 1= AL ATHIL AR =2 2/doluAdEe] Alzxzdol 2
S = A o] QAN REREA Bl BARRo] A2 A o] ATH10,11]. Auel] F2H8-2 fdstA] edat

o] L3 gk, f2be], o] EX| B0t 22 HAR7E9] A7t s MgE| 1 }loH, o] F X
= T EX| 29| Aol de] dHA|M 7|7} oA AL = FAlloIHH12,13].
HEXEx AEAIE 572 S0t D S WHd 2 Do) thdet Al gollM =2 o
3 HEXEE At B At 22 nldEe] Aol Ak A AFSolM O FAl
(Staphylococcus epidermidis), 1% 3/dAlH(Vibrio parahaemolyticus), £%2% &%50°|(Candida
albicans), A% 580l(Aspergillus nidulas) # of2} XJo}2-4]5 2]l (Streptococcus mutans),
74 257 B T(Actinobacillus actinomycetemcomitans) 5 S &3}7} 1S ¥ op 2} 72
YA 2420 & ole g ahe she 2l o2 A A2 QItH13-15]. £3], S. mutans= glucosyltransferase
5] Ao 2R glucansS /g =M X|okeAl S-S ke Qo R Halk 1 Qlo]
o Fa7t Arhe A2 gz mie F 23t AbdoltLel. 12fu, ol2iet wjEX| =] £/
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H od710f| ARG Bt 218 Almk 201 2 21(3M ESPE Filtek™Z350XT, St. Paul, MN, USA)2- Aleis}
AL, AZAR] R AJALRdl| whet 2FdEte) o 3k 95l gEA1(3M Elipar Free Light 2, StPaul,
MN, USA, 650 mW/cm?)E A+&-5131ct. T &2 = Ad&o] g3 Sate|7le Al2kst7] sl Eateilol
7}7}o] s of| me} mEX T PHN(FITAHE, B hshil) 0, 1.25, 2.5, 3.75, 5%2 3510
high-speed mixer(SpeedMixer, Hauschild, Hamm, Germany)E A8-5t 2,000 rpm Q.2 5823+ <
Sto] AJHES FHIEIRIT 2 AollA] T EX =S PTC2RL HrHsiglom, AT o) X 59| kol
w2} Control(B]3-8), 1.25% PTC, 2.5% PTC, 3.75% PTC, 5% PTCT-C2 A5}tk Table 1>.
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t
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1) ZH A= A

A& 10 mm, F7| 1 mme] EE0 Al2H 572 7 = H|# A 3 E A 7] (micro hardness tester,
Dmh-2; Matuzawa Seiki, Tokyo, Japan)S ©|-&3}0] Z7351tH2]. AlHS A&slar izt 136°2] o
ofol2E ujgtu] = YRIALR 0.09 MPa 5158 2027t 2-8510] Y&& THE2]ch. AlHol F/dH tholo}
TEY YS9 AEZolE S7dsto] U B Akt 2 = 5709 Ale Alkstl o, 7}
ANH o 22Eeo) 2 7z} ) Hols =A5to] Wtk TS Jsto] v)wskeith

2) F3 2ol 34

1SO 40492 Aol wtet o] 10 mm, 217 4 mmo] 453 Eou HIZ Erof Zkzke] ko
e T EX 5 S EeleiilE 25 9= o] S A7) 7, ol AE e SRlolE 2
2RAR QElsto] Joli2 A|AsISIEH16]. o] w, SefAE AukEetE ofgsto] 7|7t A7 |A] s
Folgtt). Aerh ekolA AelRl 2le ERIeH 5 oA FrApHo] 2]o] BHEE 6023t FAkst
Ak FEH T ARE STolM B2l SA| EekaY AukEehs o] 8ot SEEA] 2 AHEE A
715 & 2P HuojZiz| s A s SRk A F 0| ol 5 SAsklth 2 B = 5719 AlHS AlAtskl e
™, Z¥2} 58)4) HhEsto] 1 et ghe AHE st

I SF A=A

1SO 40492] A&kl whe} 2] 1S (254-2) mm X (2.040.1) mm X (2.040.1) mme] E=& o835}
Al EE ARsITHI6]. 2] 20 mm<! A2 e flofl AlHE: E11 BHs-A18 7] (Rheometer Compac-10011,
Sin Scientific CO., LTD, Tokyo, Japan)E AF&-519] (0.75+0.25) mm/min®] cross-head speed= 34 &
A Astit. ol S o 5l% ¢h2 7155to] ol2je] Alofl tilste] 23 =E MPat]

El

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

https://doi.org/10.13065/jksdh.20190042



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

2 Akl

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

o}7]ol|A] F: Aol 72l = 2o 5FEN), L: 5 712] Z|A]T) Atole] A2](20 mm), b: A1 A S
AlEe] 2 (mm), hi A1E 2ol 249 Al £ (mm) o]t} ZF FHE 5712 AlHE Al2teto] Bhs:

Z7oIlom 7} Add ol A ARt 2l skt 22 S A 2loll A Al elakict.

4) 23 24+ ZAAHInhibition zone test)

A5 10 mm, 7 1 mme] EEE o]-85}o] AJH-S A5t Broth Heart Infusion(BHI, Becton
Dickinson and Co., Sparkd, MD, USA) brothE °|-&3l| Streptococcus mutans(S.mutans, ATCC
25175)7+2 37°CollA] 16A17H Hlgsto] E/datA|A 43514 & o] §sto] uljkle] #4711 X 10°/ml°]
=2 5|45 S 100 ulS BHI Ao =25t} 11 9]0 A Z27H(PC), A3t Z-(NC), Control,
1.25% PTC, 2.5% PTC, 3.75% PTC, 5% PTCS] AJ3H-E Aget 7HA 02 nAui=] fjofl &2 Fof 37°C
incubatorof|A] 24417k BFAIZLE, o] wf AT 20 ule] NaOClS A1 paper disk(Filter paper
disc, Toyo Roshi Kaisha Ltd. Japan)Z A8, S/ th2T-2 HtH paper diskE AF&-5HT) 2+
R 5700] AHS AlAsl ol on, Pt Al 2] SRiol] A7 = 43718172 (zone of inhibition)
7|2 19 o sl o] 2717F 245 o] & 0% S,

5) #32 ¥4 7HCFU; Colony forming units)

A5 10 mm, F7 1 mm2] ZEE o]-&5to] Al A2l o, HatE Al 2of /g2 1X10%/
ml 2] S. mutans Al 1 ml&- o] 37°C incubator ol BiJ5ISATE 24A17F & A& A BHI 244
2|5 o]-&5to] 281 AlAd5aL, 1 mle] BHI A Hi&|of] ‘o] 233} Alxsto] E2]4 o= AlHof 2z}
= Alt-g 225k 2alE Al 100 ulS BHI 24 vizjofl Wojra] =2sto] 24417k vt 7 o
9l G 22+t 4(CFU)E &elsto] H7tsiqint. 7 2 5709) Aldg Ajateto] 9] 1y whEstal, 1
T EEHARE 5ot

6) Statistical analysis

Z} A g Ato] 9] 5-2]4d-2 IBM SPSS Statistics 20 program(International Business Machines Corp,
Newyork, NY, USA)2 ©]-&3}9] one-way ANOVAZ £4 &, 5042] 3-2]pZ0f|A] Tukey TestS £35}0]

ZAgsleict.
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T A& =% Avk= <Table 2>,<Fig. 1>3} 24t} 5% PTCZTHo] th2 Foh} vl wsto] G014 QA &
7 =7 S9k0 m(p<0.05), 5% PTCTH(39.1+2.4)2 #1215 1.25% PTC(51.21+8.8), 2.5% PTC(51.15+3.4),
3.75% PTC(49.914.3)+= Control(50.947.7)3} R-2J&t EHA T 20| 5 Ho| ] prHp>0.05).
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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 3.440.1° 84.5+7.7°

1.25% PTC 51.2+8.8% 3.440.3° 82.049.0°

2.5% PTC 51.143.4% 3.3+0.1° 80.34+9.9%

3.75% PTC 49.9+4.3" 2.6+0.2° 68.84+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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506(2.40.1)2-2 Lol 2] 323} 8] 32 1t 3 mum ol5te] F:3t710] 2H2 Boln] Rejab Ztastaich
(p<0.05).

2374 27 Ai}= <Table 2> <Fig. 3> 2T 1.25% PTC(82+9), 2.5% PTC(80.3+ 1)~ Control
5.9)x+-g-2Jgt 2to] 7} QAT (p>0.05), 3.75% PTC(68.8+5.9), 5% PTC(63.67.8)7-2 Controlo] H]
3 2=t ol Zhadshe e BATHp<0.05).

100
a ab ab
T T T
= 80 J— J_ bc
o i T ¢
S ]
£ 60 1
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®
E 40
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>
2
s 20—

(=]

| | | | |
Control  1.25% 2.5% 3.75% 9%
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)

H|_,

3.75% PTC . 128% p1C /

2.5% PTC

b

Diameter of inhibition zone (mm)
s
+ a

b b

=]

PIC NIC Cor;ll'ol 1.2|5% Z.fl)% 3.7I5% 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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T EX|E0] o i S mutans®] T2l Inhibition zone testS £ AFI L 1L ATt
<Fig. 4> of| FERRATh vl 24417 & S. mutansel] thst 22 D] EX| 20 57t =545 =7
4]l 2™, Negative control, Control, 1.25% PTCi-2 AJgA a9 3710 §-2Jgt xtel7t gllck
(p>0.05). 2.5% PTC-5E{+= Control ZHET G285t Z7F611aL, 2.5% PTCEEL} 3.75% PTC, 5%
PTCE-R tf S715He %2 BATHp<0.05).

5. B2t #4 L7} (CFU; Colony forming units) Zt

A 9le) 22kl S, mutans Mide] ©9) 22 F 55 Atelo] <Fig. 5> ofl LEEFUIRITE. 1.25%PTC
T Controla} |53t QS 10| o, 22t o] f:oJ3t 2jol5: Kol BT (p0.05), 25%PTCEHE
W W2t o) fofat 2448 BIITHp<0.05). SHEX 29} 527k ok AA Al oAl eo]
Z71oHe 3018 Bolm BEX| =7} EAlehs uat EAlsA) Qe WE 2ke] ol Qe AolE gl

3 % QIITHp<0.05).
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Mutans streptococci CFU (108 per disk)
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o

(B)

Control 1.25% 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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P DB 20| 557} =0l A4E 5 mutans®] AH-S Aok BT Z71eHe o 4 Qgich A
3 Aol M= T EX =7} MRS ofs}A| Tkso] AlEate] mialo] mhe Al@e) A71Ea|E oplaiALt
=N

8841291 5. mutansi= 11094 WAl 9o} 71 F 2 3 elo @ o] Aol et e i} Ak
£ AL QKo R vhe 23 Arolrk. £, T2 HE R BYe|A F9lo) X5 9 Ale] F4
5 o] Qlojtrha ¥ 18 u} glo] 1 EX| =2 3h3t Batel o] S, mutansol tiel B ETHE HQ)

Che AP 1172191 Axto]oH26,28,29].

B olto] Avts Ea) u)E x| =r} B3t Rlo)] 2.5% ESHE S 759 224 Wl glo] I aks U
ERle2 o 4= i o] ZatE o] 85to o]xk9A] A E Sl A2 Bt S 7 4~ e
Aol YZE], e HAEH o] ghad B3Rl S 5t 7|1 x 2k5e] &8 7HsAdo] Qi A
oA Tl EXES T Baleltle AAg BT 5 S 7R A R Q) 7Hs S EE5t
QAT Gt 2Rg 7140 U6 A] ol A2 AR7 IRt 5] SHA o] Sl Fgl AdE HlES AdAl
SHA| kL AL 7ol M2 EabE PR 4 9l SEAT7FE QT Zlojet A 8-S Fistol B
o ot gt Ak 71 W A71AR] &t 5] A1G5AR] A7 H g Zlo ' AR
ZE

2 Aol A= 2| 2Hg Ede|Rlo] I BAR EAEE sl UL, T80l 2545,

=

TARS AAlsto] thaah 22 ks A

1. EHA T 5% PTCT-2 A2]5k1 Control, 1.25% PTCE, 2.5% PTC, 3.75% PTC 7+e] f-0)5h
2ol 7+ HATH p>0.05).

2. 5gZlo]= Control, 1.25% PTCH, 2.5% PTCE-2 -g-2]gt 2k2) 7t QI3 a(p>0.05), 3.75% PTC, 5%
PTC Controlell H]&H -2]3t ZHAE B ATHp<0.05).

3. F37 == Control, 1.25% PTG, 2.5% PTCE-2 3-2J3t ko) 7} 11 31(p>0.05), 3.75% PTC, 5%
PTC Controlol] H]sl f-2J&t 45 EATHp>0.05).

4. Inhibition zone test 2%}, 1.25% PTC~2 Control¥} f-2]3t 207} 91131(p>0.05), 5% PTCH,
3.75% PTC, 2.5% PTC =0 & A7 Asli7t<o] 7= ATk

5.CFU &% 21}, 1.25% PTCa~2 Control¥}-f-23t ko] 7} 191 31(p>0.05), 2.5% PTC, 3.75% PTC
T, 5% PTCH 0 & HEX 9] 527} S7Fte5 H2t4rt HAs et

ol/ge] A+ Atz EsteXlol T A =5 71 9 B/ alx]A] gtor o] e ufE
of| T EX| ot Adet 2R o2 Fe-AlS AR 4= 9= 7heAdo] QLo HlEo] ARl EE s
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