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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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FAE Azl uheh A ERSIEH F7 AL P2 AR U A AL, §71A] FAlell= sttt dE
T HAR7IEE L ol SRRl dF2 A Fstal /o] HdshH tigirto] 7R3HAIRE QA ol =
/g Bl S0l {1 52 7hs g0l A1 =L QITHI). MRV 1E-2 2/ olu Aol Alxzzdo) 2
e AR o] QAT TR=Ag B F2RE0] A2 Aol UTH10,11]. Auol] F21-8-2 fE5HA] gl
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B DEXEE Al 9 a2 Ul*“ of ol Atk Ad AFsolM 27 FAIT

(Staphylococcus epidermidis), 1% &/dAlw(Vibrio parahaemolyticus), 23 +%5o°|(Candida
albicans), AVdd 3ol (Asperglllus nidulas) % ofUg} 2|ok-A1Z olw(Streptococcus mutans),
B4 2159 T FHActinobacillus actinomycetemcomitans) 501l a7} U8 & opi]zt 7o
A A S ol = ahe she 21 02 AR 2 QITH13-15]. £3], S. mutans= glucosyltransferase
£ Bulslo] 2150 2R E] glucansS $AIEH0 B4 X]|oF9-A1Z-S Quksh 32919170 2 B T1E] T 9lo]
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B o] ARRH B3l 712 Ajgt 501 #|7(3M ESPE FilteK™Z350XT, St. Paul, MN, USA)-2 A1eis}
AL, AFARS] A XA el whet Zelstgl on F5hE ol J*ZAM(?)M Elipar Free Light 2, St.Paul,
MN, USA, 650 mW/cm?) & AT T EX| = 2ol T S|zl Alast7| sl Eatz<lol
Z7}o] ‘stof wet EX| = AH(FARIAEY, 5, tishRl=) 0, 1.25, 2.5, 3.75, 5% -R-sto]
high-speed mixer(SpeedMixer, Hauschild, Hamm, Germany) S AF&-511 2,000 rpm 2.2 5827+ &35t
stof AlHS FH]SIGI 2 Atol|A] T EX EE PTCERL HHstgon, Add o] EX| 29| ko
w2} Control(H1E+8), 1.25% PTC, 2.5% PTC, 3.75% PTC, 5% PTC-C & A4l ti<Table 1>.
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1) TH AT =2A

A 10 mm, 57 1 mme] ZEof A 25 $E 29| 7 == H|FAHA = AIF 7| (micro hardness tester,
Dmh-2; Matuzawa Seiki, Tokyo, Japan)& ©]-8-5to] Z7g5t{tH2]. Al 2letar ozt 136°9] ot
oJoRZE uhn| = AUALR 0.09 MPa 552 2023t A-§5t0] &2 TSI AlHHol| F/4dH tolof
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5 HUEIIS B FIF ORI S UE AT 7, ElolAT B3 dejol 3

2AZ Yupsto] Yoi2g ASHICHIE. o nf, Berre) AnEeS o|gslel 7| Ert 41X s

Fofghck, AR/ WA 29T 22 Heldt 3 Aol YAlHo] S2o] H|= 60 YA
al

Atk 93T A28 BEOIA Polola 3 Folne] 234524 ol ojol 3= o2 A8 A

st & ZxpA] My o H A Z S3HE A 50] 0|2 =75I9ith 2 R 2 570 AJHES AlA5190
o, 72} 539)4) HkESlo] 1 B %A% AFESIQICE
3) X A=A

1S0 4049] Al rol] w2t 2 2l& (25+2) mm X (2.0£0.1) mm X (2010.1) mm2| EEE 0|85}
AlHE AAFSHATHI6). Z0] 20 mmel Z|A |t 9ol AlHS E11 THs-A1 7] (Rheometer Compac-10011,
Sin Scientific CO., LTD, Tokyo, Japan)E A8-519] (0.754-0.25) mm/min®] cross-head speed 2 34 &
YA ARSI old 7 o 5l% 42 715sto] of22] Alof] tiiste] 23 =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 At

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

o]7]ol|A] F: Aol ZFsliAl= 2o 5FE(N), L: 5 712 Z|Z]e) Abole] A2](20 mm), b: AJE A Z4
AJTHE] Z (mm), h: AlE 230l 24E AlHe] F7] (mm) o]tk ZF THH 2 57]2] AlE-E Al&sto] gk
S22l o ZF ARdTtol| A At 2t skt 22 SAIA 2ol A Al LfEkiT.

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 0|83} Streptococcus mutans(S.mutans, ATCC
25175)32 37°CellA 16X17H Hi5te] B/data| 7 AL3| AR S o] 85t vkl o] 47 1X10%/mlo]
B = 5|45, 100 uls BHI A uA]of] =iy, 1 9ol gt 2+(PC), /3 th=+H(NC), Control,
1.25% PTC, 2.5% PTC, 3.75% PTC, 5% PTCS] AlHa 2G5t 1FA 0 = JAulA] 9fof] 2 Fof 37°C
incubatoreilA 24417t B FAIZACE. o] uf YAt 20 ule] NaOClS 4! paper disk(Filter paper
disc, Toyo Roshi Kaisha Ltd. Japan)S A5} 1, SAJ 272 HaH paper diskS AF&5}ich 2+
THE 5712 AlHS ARYeH o, et e AHC] Seriol) A87]= 4372182 (zone of inhibition) 3
7| & Wil o Al e] 27|17 245 o] & AR THsiQith

5) #3234 H7KHCFU; Colony forming units)

A5 10 mm, £ 1 mm2] ZEE o]-&5to] AlHE A&l o Ht-H Al 2ol 2/d3te 1X10%/
ml 2] S. mutans Al 1 ml2- g0 37°C incubator 4] BiYSISATE 24A17F &, AJH-S- A BHI 24
2| & o]-&5to] 281 A5k, 1 mle] BHI A Hiz|of| ‘o] Z22u} Mj{sie] 2|4 0= AlHoj F2t
= M-S 22519t 229 Al 100 ulS BHI 224 BijR]of] Hojrea Eatslo] 24417 vl 5 o
9] F 7 (CFU)E ERlsto] 7ttt 2 = 5700] AlE-S Alaste] 9] 28 whastar, 3
Ta BEHAE Folgich

6) Statistical analysis

ZF At Abol 9] -5-2]/d-2 IBM SPSS Statistics 20 program(International Business Machines Corp,
Newyork, NY, USA)-2 0]-85}0] one-way ANOVAZ £4] & 5049] -3-2]4=Z0]| A Tukey TestS E5}0]

2stect.

[ i

J

B A= =74 AvH= <Table 2>,<Fig. 1>3F 2Th 5% PTCERo] th2 Xt} vl wsto] g2l oA &
HA =70 M (p<0.05), 5% PTCH(39.1+2.4) A 213t 1.25% PTC(51.2148.8), 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, & 2ol Z2
S} =5 715 B2 00] F87lo) ishE B8 ATHe <Table 2>,<Fig. 294 2t} T B4 =

H7151A] 92 Control(3.410.1)3} o] EX| =2 4718t 1.250%(3.440.3), 2.5%(3.3£0.1)7-S B] g2 uf
HE 3 mm olde] FEZoIR foldt Ajol7t gl ACE YERIATHp>0.05) 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" 82.0+9.0°

2.5% PTC 51.1+3.4% 3.34+0.1° 80.3+9.9®

3.75% PTC 49.9+4.3" 2.64+0.2° 68.8+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%(2.40.1)x-& WA 37 B ghe whi= 3 mm ofate] FeHzlo] 3he Holw RolshA HAstltt
(p<0.05).

237% 57 21k <Table 2>,<Fig. 3>1} 2t 1.25% PTC(82+9), 2.5% PTC(80.3+ 1) Control
(8455.9)2-F2f7k 2ol 7} Q1211 (p>0.05), 3.75% PTC(E88+5.9), 5% PTC(63.67.8)-2 Controlef ¥]
3 2RI} s sk AT BATHp<0.05).

1001
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Control 1.25% 2.5% 3.75% 5%
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Fig. 3. Comparison of the mean flexural strength between groups. Different letters above bars
indicate significant differences(p<0.05).
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~N
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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 gk AL (Inhibition zone test) 23}

LEX| o] =rof w2 S, mutans?] F#-E4dS Inhibition zone testE E3l Ad51 1 1 A1}E
<Fig. 4> ol JFERAIATE. vl 24417t & S, mutansol] thet @3 ] EX| 5] 57} =242 =
4= 2™, Negative control, Control, 1.25% PTCw-2 AdA a7 9] 3710 g-2Jgt 2to]7} ¢l
(p>0.05). 2.5% PTC-5-El= Control GHETH F-2lsHA| S7F81 AL, 2.5% PTCEET} 3.75% PTC, 5%
PTCH2 o 37Foke 43 EATHp<0.05).

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

A 9le) 52kl S mutans Al#e] ©9] & #2245 AAteto] <Fig. 5> o LIEFIRIEE. 1.25%PTC
Control u2s3+ Q48 Bo|m, 12 4] §2J3k 2ol 2 Ho|x] kT (p>0.05), 2.5%PTCERE]
Al Aet o) folah 742 B ATHp<0.05). TEA| 0] 527} ol A Alge] il 2ol
He 32012 oju] mlEx] =7} Eajske Arke} EAja}x) ok e 7ke] ol Qe Aol B9l

12ACHp<0.05).

i)

e
1 o

¢

[

4

[¢]

1
;:O
32

mk o

1000

o

800

T
E74|m

600

be

400 | T
200 l L
[ [ ]

I I I I
Control 1.25% 2.5% 3.75% 5%
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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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3.75% PTC, 2.5% PTCH =02 A% #faliteo] Z71=]dr.
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