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Toothbrush Sterilization Method Using Sodium Bicarbonate and Vinegar
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ABSTRACT

This study was conducted to compare the effect of toothbrush sterilization using sodium
bicarbonate and vinegar. The concentrations of the sodium bicarbonate were set to 1%, 3%,
and 5% and the sterilization times were set to 10, 30, and 60 minutes. Additionally, the concentration
of vinegar was set to 0.5%, 1%, and 2%, while the sterilization time was set to 5, 15, and
30 minutes. The test bacteria used were Streptococcus mutans, which cause cavities, and
Staphylococcus aureus and Escherichia coli; which cause food poisoning and hygiene problems.
The mean value and the significance of the number of bacteria remaining on the toothbrush
were examined using the SPSS program and the optimal conditions were identified using Design
expert. The results revealed that sodium bicarbonate effectively sterilized the samples when applied
at 3% or 5% for 30 minutes, as did 1% or 2% vinegar applied for 30. However, the sterilization
rate of sodium bicarbonate was 86 —89%, which was more effective than the vinegar sterilization
rate of 76—79%. In addition, considering the discomfort caused by the smell of vinegar, the
most suitable method for application in child care facilities is sterilization in 3% or 5% solution
of sodium bicarbonate for 30 minutes.
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Table 1. Experimental design for preparation of sodium bicarbonate solution and vinegar

Sodium bicarbonate Vinegar
Sample? No. Concentration(%) Time(Min) Sample No. Concentration(%)  Time(Min)

C 0 0 C 0 0
S11 1 10 V11 0.5 5
S21 3 10 V21 1 5
S31 5 10 V31 2 5
S12 1 30 V12 0.5 15
S22 3 30 V22 1 15
S32 5 30 V32 2 15
S13 1 60 V13 0.5 30
S23 3 60 V23 1 30
S33 5 60 V33 2 30

D C: control, S11-533: sodium bicarbonate, V11 -V33: vinegar
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2 desirability= Table 29} 2t} o] 5 0.80]°4¢]
desirability2 UEFA R $32, S22, $33 & 0|3t}

714 #-2 desirability’E UERH S32% 8.28 £ 0.55
X 100 CFU/mLE Z& #7773 vgken
87.7%2] At&-& JERATE S22+ 9.02 £ 0.86
X 10’ CFU/mL, $33 9,32 + (.23 X10° CFU/mL
2 i giv] 2 157} 7Rasshe] 247) 86.11%,
85.92009] A& YERISITE o]ibe] A¥= Kim
et al. (2014)9] 3087t Hlo]A AT AZES A



Table 2. Sterilization effect of sodium bicarbonate on Streptococcus mutans
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Sample No. Number of remaining bacteria” Sterilization rate(%)? Desirability®
C 66.33 + 1.76 - -
S32 8.28 + 0.55 87.70 0.967
S22 9.02 = 0.86 86.11 0.929
S33 9.32 + 0.23 85.92 0.914
S23 10.50 = 1.13 83.74 0.853
S21 12.30 + 1.21 81.58 0.760
S31 1533 + 1.57 76.45 0.603
S13 2227 £ 0.67 66.26 0.245
S12 25.07 £ 0.12 62.11 0.100
S11 26.00 £ 0.87 60.38 0.052

p—value 0.000""" - -
Y Units: Mean % SD (n=3)x10° CFU/mL. " "p<0.001

Each sample was repeated three times
2 Sterilization rate (%)=[(Number of Bacteria for Control)~(Number of Bacteria for Sample)]/(Number of Bacteria

for Control)x 100

% Desirability reflects the desirable ranges (0—1) for each response(di)

D=(d, Xd, X Xd )" :(

Table 3. Sterilization effect of sodium bicarbonate in Staphylococcus aureus

i=1

L
H dl ) n

Sample No. Number of remaining bacteria” Sterilization rate(%)” Desirability”

C 67.50 £ 0.50 - -
S22 8.02 £ 0.31 88.07 0.984
S32 8.47 £ 0.50 87.41 0.957
S33 9.07 £ 0.38 86.44 0.922
S23 10.70 £ 1.21 83.63 0.825
S12 11.07 £+ 0.86 83.48 0.803
S31 11.07 £ 0.38 83.48 0.803
S21 11.60 £+ 0.60 82.81 0.772
S13 12.20 £ 1.15 82.00 0.736
S11 23.03 + 1.38 65.88 0.093

p-value 0.000""" - -

D Unit: Mean + SD(n=3)x10° CFU/mL. =" "p<0.001

Each sample was repeated three times
2 Sterilization rate (%)=[(Number of Bacteria for Control)~(Number of Bacteria for Sample)]/(Number of Bacteria

for Control)x 100

3 Desirability reflects the desirable ranges (0—1) for each response(di)

D=(d, Xd, X... Xd, )" =(

i=1

ﬂcﬁ)i
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X 100 CFU/mLE ®&E w57 7P sgken
88.93%°] A& YERHAT 332 7.65 £ 0.33
X 10° CFU/mL, $23-2 8.20 £ 0.49 X10° CFU/mL
2 iz div] = w7k hAske] 72 88.24%,
87.55%°] ARt&S UERITE ol Ao w=
Sl& ANt71E AREate] S AT AS o 89.8%
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Table 4. Sterilization effect of sodium bicarbonate of Escherichia coli

Sample No. Number of remaining bacteria” Sterilization rate(%)? Desirability®
C 65.83 + 4.37 - -
S32 7.22 £ 0.08 88.93 0.997
S33 7.65 + 0.33 88.24 0.976
S23 8.20 + 0.49 87.55 0.950
S22 8.57 + 0.53 86.86 0.932
S31 10.70 £ 0.10 83.60 0.831
S12 20.90 + 0.98 68.25 0.347
S13 21.17 £ 0.58 67.84 0.334
S21 21.23 + 1.48 67.75 0.331
S11 26.30 £ 3.12 61.00 0.090

p—value 0.000""" - -

ok

Y Unit: Mean + SD(n=3)x10° CFU/mL.
Each sample was repeated three times

p<0.001

2 Sterilization rate (%)=[(Number of Bacteria for Control)~(Number of Bacteria for Sample)]/(Number of Bacteria

for Control)x 100

% Desirability reflects the desirable ranges (0—1) for each response(di)

D= (dy Xdy X xd, )" =(ﬁdi);

i=1
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92 desirabilitys Table 63} 2t} o] Z 0.80]4+9]
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0.76 X 10° CFU/mL, V32& 16,70 + 0.89 X10°
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76.25%, 75.22%2] &S YERIIT. o]/4d2]
I Kim et al.(2003)2] 2% 1% F=ol4] 1083k
HAE 3t3S Wl Staphylococcus aureus7} A3
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Table 5. Sterilization effect of vinegar on Streptococcus mutans

Sample No. Number of remaining bacteria” Sterilization rate(%)” Desirability”

C 67.00 £ 5.29 - -
V33 13.57 £ 0.35 79.47 0.977
V23 14.73 + 0.38 77.80 0.905
V32 16.10 £ 0.20 75.61 0.820
V13 1880 + 0.75 71.59 0.652
V22 18.87 £ 0.15 71.44 0.648
V12 19.07 £ 0.40 71.06 0.636
V31 20.20 + 0.62 69.24 0.565
V21 2097 + 0.87 68.41 0.517
V11 28.47 + 0.80 56.82 0.052

p—value 0.000""" - -

Y Unit: Mean + SD(n=3)x10° CFU/mL. ~ p<0.001

Each sample was repeated three times

2 Sterilization rate (%)=[(Number of Bacteria for Control)~(Number of Bacteria for Sample)]/(Number of Bacteria

for Control) X 100

9 Desirability reflects the desirable ranges (0—1) for each response(di)

D = (dy Xdy X xd, )" =(f[dj)7

i=1
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Table 6. Sterilization effect of vinegar on Staphylococcus aureus

Sample No. Number of remaining bacteria” Sterilization rate(%)® Desirability”
C 68.17 + 1.04 - -
V33 15.63 + 0.40 77.06 0.972
V23 16.07 £ 0.76 76.25 0.943
V32 16.70 + 0.89 75.22 0.902
V22 18.87 + 0.31 72.21 0.760
V13 19.90 £ 0.53 70.59 0.693
V12 20.63 + 0.45 69.63 0.645
V31 2770 + 0.46 59.19 0.183
V21 29.33 + 0.57 56.99 0.076
V11 2993 + 0.51 55.88 0.037
p—value 0.000""" - -

kk

Y Unit: Mean + SD(n=3)x10° CFU/mL.
Each sample was repeated three times
2 Sterilization rate (%)=[(Number of Bacteria for Control)~(Number of Bacteria for Sample)]/(Number of Bacteria

for Control) x 100
9 Desirability reflects the desirable ranges (0—1) for each response(di)

p<0.001

D=(d, Xd, X... Xd, )" :(ﬁdi)z

i=1

Table 7. Sterilization effect of vinegar on Escherichia coli

Sample No. Number of remaining bacteria” Sterilization rate(%)” Desirability”

C 62.67 £ 1.26 - -
V33 13.53 £ 0.72 78.73 0.942
V23 15.00 £ 0.10 76.1 0.840
V13 16.17 £ 0.21 74.18 0.759
V32 19.20 + 0.56 69.48 0.549
V22 19.47 + 0.32 69.08 0.530
V12 21.57 £ 0.81 65.34 0.384
V3l 26.30 + 0.36 58.01 0.056
V21 26.50 + 0.44 57.93 0.042
V11 26.73 £+ 0.35 57.37 0.025
p-value 0.000""" - -

ok

U Unit: Mean + SD(n=3)x10° CFU/mL.

Each sample was repeated three times

p<0.001

2 Sterilization rate (%)=[(Number of Bacteria for Control)-(Number of Bacteria for Sample)]/(Number of Bacteria
for Control) x 100

9 Desirability reflects the desirable ranges (0—1) for each response(di)
1

D=(d, Xd, X Xd )" =(ﬁdj

i=1
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