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ABSTRACT

Objectives: The present study aimed to evaluate the preventive effects of exposure to liquid fermented milk
containing various concentrations of added calcium on dental erosion, and to investigate the optimal
concentration of calcium effective in reducing dental erosion. Methods: The present study consisted of a
total of 6 experimental groups: a mineral water group, a fermented milk with no added calcium (0%) group,
and four fermented milk with various concentrations of added calcium (0.1%, 0.5%, 1%, and 2%) groups.
Twelve specimens were immersed for 1, 3, 5 and 10 minutes in each experimental drink and the change in
surface microhardness was measured. Additionally, the surface was observed using a scanning electron
microscope. Results: The difference in surface microhardness before and after 10 minutes of immersion in
the experimental drink was the highest in the Ca 0% group, followed by the Ca 0.1%, 0.5%, 1%, 2% group
and the mineral water group, in that order. The groups with a calcium concentration of more than 0.5%
showed statistically significant differences in surface microhardness compared to the Ca 0% group. In
addition, when the surface morphology of enamel was observed under a scanning electron microscope, the
results showed that the highest level of surface damage was observed in the Ca 0% group, followed by the
Ca0.1%, 0.5%, 1%, 2% group, in that order. Conclusions: The present study confirms that a higher calcium
concentration in fermented milk is associated with a higher possibility of preventing dental erosion. The
addition of 0.5% calcium, which is a relatively low concentration, did not completely prevent dental
erosion, but significantly inhibited dental erosion compared to fermented milk without any added calcium.
Therefore, it is suggested that consumers should be educated and provided with guidance to consider the
calcium content when choosing fermented milk.
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1) }J'{g_Q_ﬂ
2 Aol A o] 8]t ARlZEa [14]9] Sl 7HE =2 Z[oMtAIE 7Fs & YERA 4t
o YERE Aol & FINET 2 Akt HERE o] 8oy, AHET o= TS

AFESHAH<Table 1>.

Table 1. Drinks used in the experiment

Classification Brand name Manufacture
Mineral water (negative control)  Jeju SamDaSoo Jeju Special Self-Govering
Province Development Corp
Fermented milk (positive control) Enyo Applecarrot Maeil
2) 4w

2 AoA A Ea-fol 7= Za2 A7 S she] 24EEE(Calcium Lactate
Pentahydrate, Junsei Chemical CO, Ltd. Japan: —‘:7(]'/—‘4 CeH,0CaOs - SH,0, #4155 308.30).0.2 A
Askack

2. AYE

1) AJEEH]

4-0] ZgetollA] A2 E LA & Aol o] 8 wi7EA] 70% ethanolol] sttt AlH-2 A&t
S17] 1ol Bkt 4-0] M 2] & He ol o255 v ho] §le Ae AEsiylom 52+
ol AAsIITt. 1811 217 5 mm O] e EE-S AR St g A HE FStt S ol &
o o3 ™ HF& o]gste] ZuiE 512 60, 240, 600, 1200 grite] sand paper (Carbimet,
Buehler, Illinois, USA)Z Arfsto] A|H-S $HJ51 a1 ARE- Z712] uf22] oA 539t A= Bt
Sttt & AHO] 5 AA5H ] 9ol o]t fAFRE AH8]E G*power 3.1.3 program®l] 2-8-5131
O 7 12700] A& o855 737 power 410l 100%2 LFERE719]l & 67112] Zo] 2.2 7270
9] A1 H-S FH|st

2) it aRo e 7L

At R 100 mlof] 242 71210.1,0.5, 1, 2 g& 3715191 0.1, 0.5, 1, 2%2] Zgo] &
e Ade-e FAISHIT<Table 2>, ittt 'a-froll 242 7Rt Sofl= wiisie] ¢47ds]
gl 2 9SSk
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Table 2. Treatment group used in the experiment

Group Treatment
1 Mineral water (negative control) Mineral water
2 Ca 0% (positive control) Fermented milk
3 Ca0.1% Fermented milk + Ca 0.1%
4 Ca 0.5% Fermented milk + Ca 0.5%
5 Ca 1% Fermented milk + Ca 1%
6 Ca2% Fermented milk + Ca 2%

3) Al 27 AR E S

H7H T A|(Fm-7, Future-tech Corp, Tokyo, Japan)©l] 191 ®aFe] 2]7}o] | & 92| A|
7131 Vickers diamond indenterE 200 g 2] 51502 AJHo|| 1027+ ARIAZ1 - 40011 2] HE-&of|A]
U A& ASSto] W o RUnNAEEE SASIIE ZE AR 4 - of - 2 489191 &
An A S SAoto] WahS Totlem o] - 280~320 VHN W] A|H 72718 7t Y 5
AlA o & Frofet afol7t Qle= 127114 vtk

4) /K]‘E‘J_Q_E_g] pH ol Z—]Z /}l—E _i__?g
Aot de w7t ke 2 fatet a5 20 mlE pH
CA, USA)E o]85te] pHE 45191, 29 Ad3= 1 M NaOHE 0.05 mlI4] 7}t
A pH oS 2151 pH 5.59FpH 7.0 =2 w712 ©] F o2 AAA I o] gk o1t 54
Sh= 521200 rpm @] £ = Al WHISHIA 35] HHE S7g5to] Htgle S=513ih

_|_4
r+ 1
o

-

It

meter (3-Star; Thermo Orion, Beverly,

5) deE=2 AlEHA|

YR © Ad SR AHESE] 6ARE ol Aol AR & ARSI w1 20 mI 371€]
8710 251t 5 ZF 87190 Al 4704 AT HAARES 14, 342, 52, 104222 31911
AAHEE 22 12 59t &S BHUNA RS SA 510 1 5 A|HE 287 37 &5 3
o] YAAZRG g vh 0 2 2 08 7k2] Alsgetgitt. 7] A] A& a0l ko] JAwi= A
= 45171 21l 200 rpm 2] £ W St Z1egs i,

= d A5l 27] 2] 1]75‘5
S75IAE IRt ol BTN =S A S5l BTG E jelRfo 2 A|opAS
Hrlotodet. ot e o] 2ie Ysh] ffdl 2 2HnlE E S48 nhd PTli

15

HeElsto] FEAPARFA D)7 (JSM-7500F, JEOL, Tokyo, Japan) 0.2

olN mfE i
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7) A= 2

FAEA]-2 SPSS (Statistical Package for Social Science 21.0, Chicago, USA) A2 1582
ARgSEAE

A A oot T & Zis VIR A HER 7] pHeF A4 gHo] ZfolE dofH 1l
Z} 8| 4= {9l Kruskal-Wallis testS ?F - Mann-Whitney test= AREAA-2 1T} THO|A|

H
Aol Fr2 A AR ik 544 AAS wSSto] = WP paired t-test@} one way
ANOVAE o853t} 712 7 1~10871] A7 Zuto]| m2 EHA L H5} QA 2Jol+=
repeated measures ANOVA-S AF8-0F301 BAREA O] AL HA-2 Tukey testE ©-8-5H3ITE.

1. Algg R0 pH Y HYME &

Jx

2 Aol AREE 6w0] A== 0] pHE Ae]7t UERdT<Table 3>. ©] 5 Za =7 HE 5
0] GAk BHE-G Fo| A Ca 0% (3.48+0.02)0] 7F8 pH7F 4T Ca 2% (3.95+0.01 )0 7F3
pH7} =9ko Zhs =) lco]-ZL,_E pHZ} 25| =A] HERATHp<0.05).

A4t pH 5.59] %2 E7} TFE 579 ikt af- 1ol fol7t vepdz] edetont
(p>0.05), AT pH 7.02] 751 557} Ca 0.5% OVdHE] Ca 0%wtol Blal BAK o2
S-o51A =751 t<Table 3>.

Table 3. The pH and titratable acidity of experiment drinks Unit: Mean=SD

Group o Titratable acidity (ml) :

pH 5.5 pH7.0
Mineral water (negative control) 7.57+0.03° - -
Ca 0% (positive control) 3.48+0.02° 1.25+0.00 1.52+0.03°
Ca0.1% 3.52+0.01° 1.27+0.03 1.55+0.00*
Ca0.5% 3.68+0.01° 1.27+0.03 1.62+0.03°
Cal% 3.80+0.01°¢ 1.28+0.03 1.65+0.05°
Ca2% 3.95+0.01¢ 1.30+0.00 1.68+0.03"

"p<0.05 by Kruskal-Wallis test
bedeThe same letter indicates no significant difference by Mann-Whitney test at 2=0.05

2, YA EHONZ L Hat

i

102 A2 & 7t = W BHnNE ee Apa Ca 2% Al skl A 557t ohe
410] FAH Aol 4] A 2] Mol Hal 2451 %{Tt<Table 4>,
v A] 102 42] & ek B EE71215.58~297.11 VHN .2 LRt om EA1A
£ H3tHp<0.001). Z =7t TR 570 bt Haf FollA BHEEAH A VAN,

oM,
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Difference of Vickers hardness number):= Ca 0%(81.17+11.94)°] 7F4 %3t ™, Ca 2%t
(1.6622.78)°] 71 W7 LFEFtti<Table 4>. Ca 2% -2 -SAI T 20l Aokt A = 2]of 2}
O7FLFERAA] AL O U (p>0.05), THE 40| it F 8= S/d Tkl v ERZ =22
Al e THp<0.05). T3 4 FE7F0.5% OWH E] Ca 0%ol] H|3l SAA 2 FoJgh 2}o]
7} WP S H(p<0.05), Ca 0.1%2 -From[shA] ZoRtAlES e 4 gl SRlstat
<Table 4>. 0~102 Ato| 2] A7t Zxtfo]| whg Frn|A|7E &= HIE TSt A7t Ca 2% =dH]
Ztat AU HRlof 2o |7F uehtA] OPO}OUF(IPO 05), e 45] ikt Haf= 54
ozttt AR & HSlo]] f-ofRt Zfol S LT (p<0.05)<Fig. 1>.

Table 4. Differences in enamel surface microhardness after treatment for 10 minutes
Unit : Mean=SD, VHN

Group N - Time - Difference”
Before (0 min) After (10 min)
Mineral water (negative control) 12 297.15£9.23 297.11+ 8.98 0.33+ 1.16
Ca 0% (positive control)” 12 296.75+8.44 215.58+10.64 81.17+11.94
Ca0.1% 12 296.78+8.38 220.18+ 9.41 76.59+13.30¢
Ca0.5% 12 297.13+9.00 265.56+ 8.89 31.57+ 7.19¢
Cal% 12 296.96+9.63 283.45+ 8.60 13.52+ 6.91°
Ca2% 12 297.24+9.24 295.57+ 9.24 1.66+ 2.78°

"p<0.05 by paired t-test
“p<0.05, by one-way ANOVA
2b<IThe same letter indicates no significant difference by Tukey test at @=0.05

350
$300 s ‘
5 w ~—Mineral water
j 250 e
T i [
& 200 Ca 0.1%
2 —=Ca 0.5%
£ 150 ~Ca 1%

Ca 2%
100

0 1 3 5 10

Time(min)

Fig. 1. Changes in enamel surface microhardness (VHN) over exposure time to the experiment drinks.
The comparision between groups was performed using the repeated measures ANOVA * p<0.05

3. FARIAIEIO[Z0| O[3t X HHHE)

—

ATERE 102 5t = 2AR & o] RS

2 oY}, 2 -SA R 9O E Ca %0 7P o
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[}

o531, 71 RSO = Ca 0.1%+t, Ca 0.5%
2% 10,0008 9] vik&ell A= HE
THEket Aa Agetof| vlaf mlAe #E

C I I R B R B B

C-Negative 15.0kV 11.9mm x10.0k SE(U 5.00um

Ll | Ll | | | 1 1 1 1 1
C-Positive 15.0kV 12.1mm x10.0k SE(U 5.00um

I I‘ | 1 1 1 1 1 | 1 | : N ‘I I“’ 1 Ll 1 1 FI 1 ‘I | |
Ca-0.1% 15.0kV 11.9mm x10.0k SE(U 5.00um -0.1% Ok 4 ) 1.00um

[ 8 | | I | | 1 1 1 1 1
Ca-0.5% 15.0kV 12.1mm x10.0k SE(U) 5.00um Ca-0.5% 15.0kV 12.1mm x50.0k SE(U)

Fig. 2. SEM image of enamel surface after treatment for 10 minutes (1: Mineral water, 2: Ca 0%, 3: Ca
0.1%, 4: Ca 0.5%, 5: Ca 1%, 6: Ca 2% A: x10,000, B: x50,000)
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Ca-1% 15.0kV 12.0mm x10.0k SE(V)

[ e e B B I B |

Ca-2% 15.0kV 11.9mm x10.0k SE(V) A Ca-2% 15.0kV 11.9mm x50.0k SE(V) 1.00um

Fig. 2. To be continued
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