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Inhibition of dental erosion through addition of
calcium to commercial plum beverages
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“Dental Science Research Institute, School of Dentistry, Chonnam National University, Gwangiju, Korea

Received: August 21, 2019 Objectives: We examined the effect of commercial plum beverages on dental erosion and whether
Revised: August 29, 2019 the addition of calcium to these beverages would inhibit dental erosion.
Accepted: September 2, 2019 Methods: We analyzed three groups as follows: Maesil 1 group (Chorok Maesil), Maesil 2 group

(Sunkist plum), both of which were selected from commercially-available plum beverages, and
Calcium—-added maesil group (addition of 3% calcium to Chorok Maesil). For negative and positive
control groups, Jeju Samdasoo and Coca Cola were selected, respectively. The characteristics of
the experimental beverages were analyzed, and the specimens were immersed in the experimental
beverage. The degree of erosion was measured by Vickers hardness number (VHN) and scanning
electron microscope images.

Results: Positive control group had the lowest pH (2.50+0.03), followed by Maesil 2 (pH 2.59+0.01),
Maesil 1 (pH 2.81+0.02), calcium-added maesil (pH 4.19+0.01), and negative control group (pH
7.57+0.06). Significant differences were found in surface microhardness between positive control,
Maesil 1, Maesil 2 and calcium—-added maesil group before immersion and at 30 minutes after im-
Corresponding Author: Choong—Ho Choi mersion (P<0.05), and change in VHN (positive control group, —80.94+20.63; Maesil 1 group,
Department of Preventive & Public Health —69.33+24.88; and Maesil 2 group, —78.49+18.60 in comparison with negative control group,
—6.57+26.73). There was no significant difference (P<0.05) in change in VHN between calcium-
added maesil (—13.02+17.33) and negative control group.

Conclusions: Plum beverages can potentially induce dental erosion due to their low pH. However,
adding calcium to these beverages can reduce the risk of dental erosion. Therefore, the risk of den—
tal erosion must be considered during consumption of plum beverages, and the addition of calcium
into plum beverages may be considered as a way to prevent dental erosion.
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Table 1. Test groups used in the experiment
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Duksan Pharmaceutical Co., Ltd., Ansan, Korea)& mjAlgteko]
=2 ISR Hrlsto] Ag(olst iAoz A
Aot Adof o] 5= & SAU R AlFA T} A
g2l Z7HEERE 2ot & 5702 Ao tHTable 1).
Alslo] o] 83t SR Fav|7to] 19 oA He A sk

AHg8tect.

2. AL
2.1 HY5Eo Y 24
(1) pH ¥ HYME 2H: 8L 647 A A2 X8 &
78 2 3ol a3k S

259 pH= pH meter (Orion 3-Star pH Benchtop, Ther-
mo Fisher Scientific, Chelmsford, MA, USA)E ©]-8-5}¢] pH 4.01
3} 7.009] L=H(Buffer, Thermo Fisher Scientific, Chelmsford,
MA, USA)CE BHA3E S 537 20 miE 53t v|A o Hol 24
oA, AAEE 250 1 M2 NaOH (Sodium hydroxide,
Sigma-Aldrich Co., St. Louis, MO, USA)Z 0.02 mI% % 7}s}o]
pH7} 5.5¢F 7.00l =2 wj7hA] 7k 1 M NaOH %= %735t
Act B 542 3904 ghEsto] Agstelt.

(2 F 52 5% 59 F sk o|&47|(Expand-
able ionAnalyzer 940, Thermo Orion, Beverly, MA, USA)Z
E4 0] 24 =(Orion ionplus Fluoride Electrode 9609, Orion
Research, Beverly, MA, USA)S o]-4-3}o] 24319t} 0.01,
0.1, 0.5, 1 ppmO.& 3|43t EARZ8-9Y(Fluoride Standard,
Thermo Electron Co., Beverly, MA, USA) 1 ml®} TISAB II (Total
Ionic Strength Adjustment Buffer II with CDTA, Thermo Fisher
Scientific, Chelmsford, MA, USA) £ 1 mIE 1:1 B]&& 29}
sho] gk A0k, 3 S o] 59 2hA] EjIstelet 11
T ATEE 1 mieF TISABII &4 1 mlE 101 Hj&& E3oto] gt
ZAk, 3 FAof it F w8 okt

(3) Ca¥™et P3™ 5k &Y. 589 Ca™e P~ ¥t f
AvrE e A ukE g% Al (Inductively Coupled Plasma Optical
Emission Spectrometer, ICP-OES, Optima 7300 DV, Perki-
nElmer, Waltham, MA, USA)E o]-&-3}o] 5.4 o] |3} ).

Group
Control (—)

Control (+)
Maesil 1

Maesil 2
Maesil+Ca?*

Brand name
Jeju Samdasoo

Coca Cola
Chorok Maesil

Sunkist Maesil
Chorok Maesil+3% Ca

Classification Manufacture
Mineral water Jeju Province
Development Corporation
Carbonated beverage Coca-Cola
Beverage Company
Fruit and vegetable Woongjin Co., Ltd.
beverage
Mixed drink Haitai Beverage Co., Ltd.




126
J Korean Acad Oral Health | 2019;43:124-130

2.2. A™ X &

x
Xolg-A1% ul el Fho| gl AHT $H2HE 47 5
mm YEY WAL ARE HEe] o= Bo) A7HEUH o

A& o] g-lo] Eufjskal, #60, #240, #600, #1,200 ¢IuFA|(Carbi-
Met, Buehler, IL, USA)E o]-&-3}o] Anfsleict.

2.3 EHDNIZE &%

Al PN R YA =7 (HMV-G21, Dong-
il SHIMADZU Corp, Tokyo, Japan)S ©]-&-3}o] 243}tk Ald
7P3ARE] oA 0.5 mm eHE5e] A - oF - 2 - $- 4591 200 gf SF
ZF0 7 10&7F ek, ¢FE =17]= Vickers hardness number
(o]5} VHN)Z Z4to], 452-912] Bt gk AlHe] xHuAlE =
2 ok, A 7 280-320 VHN H ol sldsh= 6074
O A HE A7gsto], ot & 12704 5719] Ho & wig sty

QR Ofof, [ ¥ BB SR 30k F 7T AlH B

2.5. S8 AX % 7t

(1) BEHOIMZE 5%: 8L S8 W% A
WOl A 571 ol gote] AlHe] ERnlAES 2AsHsc,
9 27 Aol 2goteE R olek QL 43 lo) A R
5 278t0] Bikg T,

(2) AHHXIB0O|Z4(Scanning Electron Microsopy, SEM)
B4 RE AL B 5 22 3 Q912 279 Aug Aol
ZFAPAFE ] 7 (JSM-7500F, JEOL, Tokyo, Japan)& o]-&-8to] 15
kVellAl 10,0008, 50,0004 ] Hil-&-= A|H ] 3H-S ¥HE8ESITH

Hu

o, AN

7 o ARl AR A3 HA] 30 5 Al o] Al

=)
Y
[e]
K
%
9,
i
=)
R
ok
N,
o,
el
O
=)
(@)
=
=2
Q
=
i
S~
>,
®
i

LE uwsl7] 9J8to] Repeated measures ANOVA
S ARgOlglom, AR A 0 & Tukey®] tHsH| WS AHESHATE

Table 2. The pH and titratable acidity of experimental groups (mean+
standard deviation)

Titratable acidity (ml)
Group pH
pH5.5 pH7.0

Control (—) 7.57+0.06 - -
Control (+) 2.50+0.03 0.10£0.00 0.14+0.00
Maesil 1 2.81£0.02 0.59+0.01 0.75+0.03
Maesil 2 2.59+0.01 0.56+0.02 0.75£0.02
Maesil+Ca* 4.19+0.01 0.71£0.01 0.79£0.01

FAIEAS- SPSS (Statistical Packages for Social Science 23.0,
IBM Co., Armonk, NY, USA) &4 Z=2 1582 o]-gst3ich
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1.1. pH Y MHYAME

o[t Ao AHEH 552 35 F FdiEto] pH 2.50+
0.032.8 7P Wekal, 24t Rko] 7.57+0.060.8 71 &7
UERHTHTable 2). 252 744 e+= pH 5.59] ¢ =+
(0.10+0.00 ml), WjA250.56+0.02 mD), #4117+0.59+0.01
ml), Z<=27FA0.71+£0.01 ml) <=2 & Yeltal, pH 7.0
Ao R F70.14£0.00 ml), HA127(0.75+0.02 mD), T
A130.75+0.03 mD, Z5A7F1AH0.794£0.01 mD) =02
EFCH(Table 2).
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ol AU F sEe oAdRTolA 0.06 ppm, ¥
2<% 0.05 ppm, A 15t 0.03 ppm, W42 0.02 ppm =05
UERED, Ca™ 9] 5ot A4 08 Zabas X713t 2427}
u Aol A 1 L 3,743.62 mg O & 74 =] Yelgow, pPro
SEE FAYRTNAM 1 L9 384.87 mgO & 714 =4 Lreldth
(Table 3).

2. 28 WX & YW EHOINE 3}
SR A7 A7 308 F BAVAFEE v TS o] Py
B4 §f3t o] 7

2, WA 1, WA, At
AAI(P<0.05), SRR 23 Hpol 7} A THP>0.05,
Table 4).

ZF 9] 308 &5 HA A - 3o VA EXHAVHN)
£ FANET(—80.94 +20.63)°] 7P =9k, uA2cH(—7849+
18.60), WA 175 —69.33 +24.88), ZH 7 A3 (—13.02+
17.33), SA R —6.57£26.73) 0. & Yehd=d], A=
o, WA, w2 S A Rt Hlef G-oJet Ko7} Lelg
0 1(P<0.05), Z3 7 AT St 2wt 23t Ao 7k L
EFLFA] 2EFTHP>0.05, Table 4).

KA A|7hof| w2 EHUIA A = HERs & 1Ao7 -2l sH|
UEPFE=H(P<0.05), St w0t 237 bl Altol] vlsf %A

Table 3. The concentration levels of F, Ca** and P*~ by group

Group F~ (ppm) Ca™ (mg/L) P’ (mg/L)
Control (—) 0.06 2.99 0.17
Control (+) 0.05 15.72 384.87
Maesil 1 0.03 7.39 16.33
Maesil 2 0.02 3.00 2.01
Maesil+Ca** - 3,743.62 14.20




Table 4. Difference in enamel surface microhardness after treatment for 30 minutes (mean +standard deviation)
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(Unit: Vickers hardness number)

Treatment
Group N - - AVickers hardness number "
Before (0 min) After 30 min)
Control (-) 12 291.65+1731 285.07+23.48 ~657+26.73"
Control (+)* 12 290.97+16.06 210.03+11.94 ~80.94+20.63"
Maesil 1* 12 291.03+15.44 221.70£12.75 —69.33+£24.88"
Maesil 2* 12 289.73+12.40 211.24+12.79 —78.49+18.60
Maesil+Ca*"* 12 289.72+£12.51 276.70+16.88 -13.02+17.33"

*P<0.05, by Paired t-test. "P<0.05, by One way ANOVA.
“"The same letter indicates no significant difference by Tukey test at a=0.05.

Table 5. Difference in enamel surface microhardness after treatment by treatment time (mean +standard deviation)

(Unit : Vickers hardness number)

Time (i) Group*
ime (min
Control (- Control (+) Maesil 1° Maesil 2° Maesil+Ca*™
0 291.65+17.31 290.97+16.06 291.03+15.44 289.73+12.40 289.72+12.51
1 288.51+19.65 275.79+19.16 274.97+13.45 258.78+16.22 274.98+16.66
3 279.79420.49 263.95+17.87 258.14+14.60 244.12+18.18 273.52+19.99
5 273.41+23.89 249.55+16.74 245.55+13.65 230.50+16.11 273.83£17.39
10 282.94+24.64 235.42+13.20 236.32+11.22 223.58+15.70 274.12+16.72
15 290.70+24.61 225.41+11.03 227.44+12.94 219.62+14.20 272.35+£17.98
30 285.07+23.48 210.03+11.94 221.70+£12.75 211.24+12.79 276.70+16.88

*P<0.05, by Repeated measures ANOVA.

“"The same letter indicates no significant difference by Tukey multiple comparison test.

Fig. 1. SEM images of enamel surface after beverage treatment for 30 minutes (1, Control (=); 2, Control (+); 3, Maesil 1; 4, Maesil 2; 5, Maesil+Ca™"; a,

x10,000; b, x50,000).
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0.02), Zr=47HilAHpH 4.19+0.01), AR THpH 7.57+
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o) 25-0.10£0.00 ml), #412740.56+0.02 ml), THA1154(0.59 +
0.01 mD), Z<=H 7 A0.71£0.01 ml) &0 & @A Uebda,
pH 7.09] 7% A 2540.14+0.00 ml), "42740.75+0.02
mbD), "4 1540.75+0.03 mb), Z3 71 A540.79+0.01 mD <=
© 2 g YRyt

2. USRS F w5 SAHRIAA 0.06 ppm, ST
2+ 0.05 ppm, WA 1 0.03 ppm, "A2 0.02 ppm =02
UERGTE Ca* 9] s 191 02 b8 271 24371
o Ao A 1 L 3,743.62 mgO & 7P =) Vel &4
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