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ing bacteria.

Objectives: This study aimed to assess the antibacterial, bactericidal, and mouth freshener effects
of lysozyme hydrochloride 0.01%, sodium fluoride 0.02%, and cetylpyridinium chloride 0.05%.
Methods: Eight oral disease-related bacteria were cultivated anaerobically. Four samples were
prepared with or without 0.5% cetylpyridinium chloride, 0.2% sodium fluoride, and 0.1% lysozyme
hydrochloride. Antimicrobial activity was tested in 96-well microplates. After assessing the bacterial
count, the bacterial suspension was mixed with samples and spread on agar. The bactericidal rate
was calculated by counting and comparing treated and untreated colonies.

Results: Lysozyme hydrochloride 0.01%, sodium fluoride 0.02%, and cetylpyridinium chloride 0.05%
mouth fresheners sterilized 99.99% of 8 oral bacteria, including Streprococcus mutans. Lysozyme
hydrochloride 0.01%, sodium fluoride 0.02%, and cetylpyridinium chloride 0.05% mouth fresheners
showed 99.97% bactericidal activity against Lactobacillus acidophilus.

Conclusions: Lysozyme hydrochloride 0.01%, sodium fluoride 0.02%, and cetylpyridinium chloride
0.05% mouth fresheners confirmed the sterilization and antibacterial effects on oral disease—caus—
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Table 1. Preparation of experiment samples

Group Components

1 CPC 0%, NaF 0%, Lysozyme hydrochloride 0%

2 CPC 0%, NaF 0%, Lysozyme hydrochloride 0.01%

3 CPC 0.05%, NaF 0.02%, Lysozyme hydrochloride 0%

4 CPC 0.05%, NaF 0.02%, Lysozyme hydrochloride 0.01%

CPC: cetylpyridinium chloride.
NaF: sodium fluoride.
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SASH 524 HAR= IBM SPSS Statistics 24.0 (IBM Inc.,
Armonk, New York, USA)E ARE-5t0] 7k H| W= 2-sample t-test
9 Mann-Whitney test= £-45192H, 7+ H]WE paired t-test,
Wilcoxon's signed rank test® 45ttt 49422 0.052 sttt

Al
=

oo

F< il
1. S. mutansOi| CH3t A|E
1.1. S. mutansOi| CHSH A2 ZA}
S. mutans©l 03t AFAIE A, 279 WA E 013 o] Ae]

Shar wjekst Al [1.01 x 10° CFU/mll&2 23 E|9lom A3 |
o A% [0.52x 10° CFU/mlIE 48.51%2] AFgFelo] Uepgon Alg

Table 2. S. mutans sterilizing effect experiment result  (Unit: CFU/ml)

Control After
Group Base
group treatment
Experimental group 1~ 1.0x10°  1.01x10°  0.52x10° (48.51%)
Experimental group 2 0.41x10° (59.41%)
Experimental group 3 <10 (over 99.99%)
Experimental group 4 <10 (over 99.99%)

Experimental group 1: CPC 0%, NaF 0%, Lysozyme hydrochloride 0%.
Experimental group 2: CPC 0%, NaF 0%, Lysozyme hydrochloride 0.01%.
Experimental group 3: CPC 0.05%, NaF 0.02%, Lysozyme hydrochloride 0%.
Experimental group 4: CPC 0.05%, NaF 0.02%, Lysozyme hydrochloride 0.01%.

= 29041= [0.41 x 10° CFU/ml]E 59.41%2] AFd2lo] Uehitth A
A 3 @ AF 4o gisiAE [10< (10W]9H CFU/mIE #4ago]
99.99%014F2] AHted H HTHTable 2).
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oAl Alate] A4S s] AAAH 2, 1,0248) 3|48 AlzofA]
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2.1. S. sobrinus0i| CHSt A2 HAL

S. sobrinus©l|l tigt AFAIE A3k, tjxQl #jAIE o]-85to] A
25kl ket AlES [1.03x10° CFU/mlE 23Eglon, A9
T 1914% 0.77x10° CFU/mlZE 34.95%2] Afelo] Uehgton,
AgTF 204 [0.54x 10° CFU/mlZ 47.57%2] AktElo] Lrelyd
ot A% 3 9 A 400 dhefiAl= [10< (107]9h) CFU/mIZE 74
%0} 99,99% o]4+9] At S B HrHTable 3).

2.2. S. sobrinusOi| CH$t &3 ZAt
e Aol A 13 AP
A Alte] Aol ds] A= 2‘11
o] 9= A0= YTt AP 3 E 4
oAl Alete] 444 s] AN,
A2 A4 Z3HE B THFig. 2).
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Fig. 1. Antibacterial test results for S. mutans. Bacterial growth was
measured by inoculating bacteria in a medium in which the solution of
each experimental group was serially diluted 2 times using a medium
and measuring absorbance at a wavelength of 660 nm. (*) indicates a
statistically significant difference between experimental group 1 and
experimental group 2 and experimental group 3 and experimental
group 4 (P<0.05).
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Table 3. S. sobrinus sterilizing effect experiment result  (Unit: CFU/ml)

ZELH 0.01%, EZRLESIE

& 0.02%, MEI2|Cisests 0.06% 715 M g ¥ &S

Table 4. L. acidophilus sterilizing effect experiment result (Unit: CFU/ml)

Control After
Group Base
group treatment
Experimental group 1~ 1.0x10°  1.03x10°  0.77x10° (34.95%)
Experimental group 2 0.54x 10° (47.57%)
Experimental group 3 <10 (over 99.99%)
Experimental group 4 <10 (over 99.99%)

Control After
Group Base
group treatment
Experimental group 1~ 1.0x10°  0.95x10° 0.72x10° (24.21%)
Experimental group 2 0.71x10° (25.26%)
Experimental group 3 3.25%10" (99.65%)
Experimental group 4 2468 (99.97%)

Experimental group 1: CPC 0%, NaF 0%, Lysozyme hydrochloride 0%.
Experimental group 2: CPC 0%, NaF 0%, Lysozyme hydrochloride 0.01%.
Experimental group 3: CPC 0.05%, NaF 0.02%, Lysozyme hydrochloride 0%.
Experimental group 4: CPC 0.05%, NaF 0.02%, Lysozyme hydrochloride 0.01%.
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Fig. 2. Antibacterial test results for S. sobrinus. Bacterial growth was
measured by inoculating bacteria in a medium in which the solution of
each experimental group was serially diluted 2 times using a medium
and measuring absorbance at a wavelength of 660 nm. (*) indicates a
statistically significant difference between experimental group 1 and
experimental group 2 and experimental group 3 and experimental
group 4 (P<0.05).

3. L. acidophilus®i| CHgt A|&

3.1. L. acidophilusOf| CHSH A2 ZAL

L. acidophilus®] tgt AHAE 23}, 221 HiA|E o]-&5to]
Azt Bjekst Alds [0.95% 10° CFU/mllE 23E9oH, A
Y 1914% [0.72x10° CFU/mlZ 24.21%2] Atglo] YeRto.
o, AT 20145 [0.71 % 10° CFU/mlE 25.26%2] Ar#elo] Lre}
k. A 3904% [3.25%10° CFU/mIZE 99.65% D A3l 40
oAl [2468 CFU/mllZ 99.97%2] Akt 8-S B tHTable 4).

3.2. L. acidophilusOi| CH3t &2 ZHAL

Tt Aol AT 13 AFE 2004 E 28] 345 Al 20
A Aol /7ol s AR =9l om, 48 |45 A|BoA] PutE
o] l= A& Uehgtth AdT 3 9 AR 4= 648 345 A=
A Al 43S 5] dAXFH o, 1284 43t Al m oA Al
o] AgolA a7tE HAKFig. 3).

Experimental group 1: CPC 0%, NaF 0%, Lysozyme hydrochloride 0%.
Experimental group 2: CPC 0%, NaF 0%, Lysozyme hydrochloride 0.01%.
Experimental group 3: CPC 0.05%, NaF 0.02%, Lysozyme hydrochloride 0%.
Experimental group 4: CPC 0.05%, NaF 0.02%, Lysozyme hydrochloride 0.01%.
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Fig. 3. Antibacterial test results for L. acidophilus. Bacterial growth
was measured by inoculating bacteria in a medium in which the solu-
tion of each experimental group was serially diluted 2 times using a
medium and measuring absorbance at a wavelength of 660 nm. (¥)
indicates a statistically significant difference between experimental
group 1 and experimental group 2 and experimental group 3 and ex—
perimental group 4 (P<0.05).

4. E. faecalisOi| st Al

4.1. E. faecalisOf| LSt A2 ZAL

E. faecalis®l tfgt AtATE A3}, ti2t2l #iAE o5t A
25k vjdet Al [0.92x 10° CFU/mllZ &A= oH, Al
19145 [0.91 x 10° CFU/mllE 1.08%2] Arelo] Yehton Al
Y 20914+ [0.73x 10° CFU/mlE 20.65%2] AH2lo] ettt
Al 3 @ AYF 4] disfale= [10< (109]9H) CFU/mIZ Z4aE
0] 99.99% o1<] AtE& HTHTable 5).

4.2. E. faecalisOf CH3t 8= Z{At

e AloA A 13 AR 200141 24 343 A=
A Alete] Aol o] A= oH, 48 SlAgE AlgollA Fte
o] 9= A0 YT AR 3 Y A 4= 1284 SAg Al
oA Alte] S LAs] AAXH 0m, 2568 345 Az oflA] A
9] 44AA ZIHE HHHFig. 4).
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Table 5. E. faecalis sterilizing effect experiment result  (Unit: CFU/ml)

Table 6. A. israelii sterilizing effect experiment result ~ (Unit: CFU/ml)

Control After
Group Base
group treatment
Experimental group 1~ 1.0x10°  0.92x10°  0.91x10° (1.08%)
Experimental group 2 0.73x10° (20.65%)
Experimental group 3 <10 (over 99.99%)
Experimental group 4 <10 (over 99.99%)

Experimental group 1: CPC 0%, NaF 0%, Lysozyme hydrochloride 0%.
Experimental group 2: CPC 0%, NaF 0%, Lysozyme hydrochloride 0.01%.
Experimental group 3: CPC 0.05%, NaF 0.02%, Lysozyme hydrochloride 0%.
Experimental group 4: CPC 0.05%, NaF 0.02%, Lysozyme hydrochloride 0.01%.
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Bacterial growth (O.D660 nm)

Fig. 4. Antibacterial test results for E. faecalis. Bacterial growth was
measured by inoculating bacteria in a medium in which the solution of
each experimental group was serially diluted 2 times using a medium
and measuring absorbance at a wavelength of 660 nm.

5. A. israelii®l] CHst Al

5.1. A. israeliiof CHgt At

A. israeliio] EH"?‘l’ AFAY A3 2R HiAE o]8oto] AE
ShaL Bt Al [0.87 x 10° CFU/mIZ 24 E9lon, A% 1
A= [0.57x 10° CFU/mlZ 34.48%2] Awtelo] YeRton, A3
7 2904 [0.62x 10° CFU/mllE 28.73%2] Aglo] Uesitt Al
St 3 U A 49 gl [10< (107]9H CFU/mIZ Z4E o]
99.99% o2l At S B AHTable 6).

M7 24t

5.2. A. israelii0f CHt &2 ZAL

A. israeliicll i3 e AlFollA AT 13 A 2004 2
v 343k AlEoflA] Aol Ad7go] L] A= oH, 48] 314
3k A|olA] ghgEo] 9= Ao g UeRith AgZ 3 T AT 4=
2568 B1Ag Aol Alete] A3 5] JAXFeH, 5128
3|Ag Al BoflA Alte] A BE HIrKFig. 5).

Control After
Group Base
group treatment
Experimental group 1 1.0x10°  0.87x10°  0.57x10° (34.48%)
Experimental group 2 0.62x10° (28.73%)
Experimental group 3 <10 (over 99.99%)
Experimental group 4 <10 (over 99.99%)

Experimental group 1: CPC 0%, NaF 0%, Lysozyme hydrochloride 0%.
Experimental group 2: CPC 0%, NaF 0%, Lysozyme hydrochloride 0.01%.
Experimental group 3: CPC 0.05%, NaF 0.02%, Lysozyme hydrochloride 0%.
Experimental group 4: CPC 0.05%, NaF 0.02%, Lysozyme hydrochloride 0.01%.
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Fig. 5. Antibacterial test results for A. israelii. Bacterial growth was
measured by inoculating bacteria in a medium in which the solution of
each experimental group was serially diluted 2 times using a medium
and measuring absorbance at a wavelength of 660 nm.

6. A. actinomycetemcomitansOi| L8t A|&
6.1. A. actinomycetemcomitansOi| LSt A2 ZiAL

A. actinomycetemcomitans©l| EHO]'* A A3, 279 HY
AE ol &sto] Aesta viet Al [1.21x10° CFU/mllZ &
AEon, A 194%E [1.19x10° CFU/mZ 1.65%2] A
o] Yepton, AFE 20]4%= [1.11x10° CFU/mIZ 8.26%2]
Aol Yergth A3l 33 A3 40 ﬂﬁﬁ/ﬂh 10< (10m]%h
CFU/ml1Z 7H4&5]0] 99.99% o] AtedE& H K Table 7).

6.2. A. actinomycetemcomitansOf| Lt &2l ZAL
Pt Aol AT 13 AP 2004 24 3J43E A&
A Aol “g7o] eds] AA=|9l o, 41 3|45 Al BoA] PutE
| S A& Uesith A% 3 9 AR 4= 2568 343 A=
oA Alate] 472 ] JAXFoH, 5128 A5 AlEofA] Al
T2 A E3HE ErKFig. 6).
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Table 7. A. actinomycetemcomitans sterilizing effect experiment result
(Unit: CFU/ml)

ZELH 0.01%, EZRLESIE

Control After
Group Base
group treatment
Experimental group 1~ 1.0x10°  1.21x10°  1.19x10° (1.65%)

1.11x10° (8.26%)
<10 (over 99.99%)
<10 (over 99.99%)

Experimental group 2
Experimental group 3
Experimental group 4

Experimental group 1: CPC 0%, NaF 0%, Lysozyme hydrochloride 0%.
Experimental group 2: CPC 0%, NaF 0%, Lysozyme hydrochloride 0.01%.
Experimental group 3: CPC 0.05%, NaF 0.02%, Lysozyme hydrochloride 0%.
Experimental group 4: CPC 0.05%, NaF 0.02%, Lysozyme hydrochloride 0.01%.

0.6
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€
c
o
S 04
g o
<}
g 0.3 4
8 -e— Control group
&) =0= Experimental group 1
_TEB 0.2 -&- Experimental group 2
% == Experimental group 3
® —&— Experimental group 4
m 0.1

O T T T T T T T T T T 1

None 2,048 1,024 512 256 128 64 32 16 8 4 2
Dilution factor

Fig. 6. Antibacterial test results for A. actinomycetemcomitans. Bac—
terial growth was measured by inoculating bacteria in a medium in
which the solution of each experimental group was serially diluted 2
times using a medium and measuring absorbance at a wavelength of
660 nm.

7. P. intermedia®i| i3t Al

7.1. P. intermedia® Ligt A2 ZIAL

P. intermedia®)| ti3t AtAIE A, 29 viA|E 0|85t
A3l vkt Al [1.21x10° CFU/mll2 Z4E9lon, 4
Y 1914% [1.01x 10° CFU/mIZE 16.53%2] A-tlo] YeRto.
o, Al 20141 [1.08x 10° CFU/mlI2 10.74%2] AF#elo] L}
Wit} AR 3 9 AR 4 EHoHHh [10< (107]9h) CFU/mll& ¥
A%]0] 99.99% oJAte] AtelS H Y tHTable 8).

7.2. P. intermedia®f| CHSt &l a] ZAL
et Aol A 13 A
A Alate] /7ol eds| AA =]l
o] 9= A 0= Uepdth AT 3
W *ﬂ-—nbl "é%}a LS| AAAF

T 2004 28 B4R AlRO]

48Y 3|A3t Alzol|A Fatd
g ’3=_‘ T 4= 2568 B4R A=
o, 5128 ARk AlmolA Al

& 0.02%, MEI2|Cisests 0.06% 715 M g ¥ &S

Table 8. P. intermedia sterilizing effect experiment result  (Unit: CFU/ml)

Control After
Group Base
group treatment
Experimental group 1~ 1.0x10°  1.21x10°  1.01x10° (16.53%)
Experimental group 2 1.08x10° (10.74%)
Experimental group 3 <10 (over 99.99%)
Experimental group 4 <10 (over 99.99%)

Experimental group 1: CPC 0%, NaF 0%, Lysozyme hydrochloride 0%.
Experimental group 2: CPC 0%, NaF 0%, Lysozyme hydrochloride 0.01%.
Experimental group 3: CPC 0.05%, NaF 0.02%, Lysozyme hydrochloride 0%.
Experimental group 4: CPC 0.05%, NaF 0.02%, Lysozyme hydrochloride 0.01%.
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Fig. 7. Antibacterial test results for P. intermedia. Bacterial growth
was measured by inoculating bacteria in a medium in which the solu-
tion of each experimental group was serially diluted 2 times using a
medium and measuring absorbance at a wavelength of 660 nm.
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Table 9. P. nigrescens sterilizing effect experiment result  (Unit: CFU/ml)

Table 10. P. gingivalis sterilizing effect experiment result ~ (Unit: CFU/ml)

Control After
Group Base
group treatment
Experimental group 1~ 1.0x10°  0.94x10°  0.84x10° (10.64%)
Experimental group 2 0.83x10° (11.70%)
Experimental group 3 <10 (over 99.99%)
Experimental group 4 <10 (over 99.99%)

Control After
Group Base
group treatment
Experimental group 1~ 1.0x10°  0.73x10°  0.45x10° (38.35%)
Experimental group 2 0.47x10° (35.61%)
Experimental group 3 <10 (over 99.99%)
Experimental group 4 <10 (over 99.99%)

Experimental group 1: CPC 0%, NaF 0%, Lysozyme hydrochloride 0%.
Experimental group 2: CPC 0%, NaF 0%, Lysozyme hydrochloride 0.01%.
Experimental group 3: CPC 0.05%, NaF 0.02%, Lysozyme hydrochloride 0%.
Experimental group 4: CPC 0.05%, NaF 0.02%, Lysozyme hydrochloride 0.01%.
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Fig. 8. Antibacterial test results for P. nigrescens. Bacterial growth
was measured by inoculating bacteria in a medium in which the solu—
tion of each experimental group was serially diluted 2 times using a
medium and measuring absorbance at a wavelength of 660 nm.
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Experimental group 1: CPC 0%, NaF 0%, Lysozyme hydrochloride 0%.
Experimental group 2: CPC 0%, NaF 0%, Lysozyme hydrochloride 0.01%.
Experimental group 3: CPC 0.05%, NaF 0.02%, Lysozyme hydrochloride 0%.
Experimental group 4: CPC 0.05%, NaF 0.02%, Lysozyme hydrochloride 0.01%.
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Fig. 9. Antibacterial test results for P. gingivalis. Bacterial growth was
measured by inoculating bacteria in a medium in which the solution of
each experimental group was serially diluted 2 times using a medium
and measuring absorbance at a wavelength of 660 nm.
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