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ZRzE

L2 A
AFA BulEa Q= oluA emel pHS A HAE(tratable
acidity) & ZAste] Aol A WAl FHeAe olnaA ey 773
FAEA ARE AR L TAG § x

| 2
How WAste] T4 24 AEE Pud B 4EE B S48

A g,

electrodeE pH meter?} AZste] A8, 44 A%+ 20mle] =
£ 0.IM®¢ NaOH &9 o]&sto] pH7F 550 =2e wf 74#] Fold
35 71Este] SAHSAT. ATl A" §

Light-Induced Fluorescence (QLF, QLF Pro®, Inspektor Research
System BV, Amsteram, Netherlands)& °©]&3to] 74, 94, &2 t&
o'l WAk WAHA &2 AotE Adste] JPHJY HEE 19
n Al A7 SA 53 293.89-364.48 Vickers hardness number (VHN)
Hee vA BRE zZte 40709 EEo] AEEHAT. o= 107 F&
oz o]Fojxl 378 AFad 10709 HECo® o] Folxl 1749 thEa
o7 AR gyt 2

Foll 24 1027 o3y
o HEgd ave wAA

signed rank testE Al 33} o

Jo
lo,
oX,
é
)ﬁ
AN
o
o
1
-
XL

Z 3% YA &7 HF pHE 315 olga, AANEE gruio)

13.03 mLZ 7} =9ka, Heldl Ao A EE 1153 mL, a2~ A
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[Table 1] Drinks used in the experiments -« ewwweeeeeeeee 3
[Table 2] Mean initial pH and titratable acidity in the test and
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[Table 3] Comparisons of the surface microhardness for

different groups before treatment and after pH cycling of drinks
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2. 47 Ay H UH
21. 49 =8 AA
of ATl AREE olUA sR= F=elM AE= St A HEE,
HAJRAE o] &ttt =l dyuA 5= FH L7 62%=2 Ads A
33 Qe e d=Ro] 183%, WAHNAE 66%E 1 HE u

a ok Al e SE87F 3 Ay A S5 A 90%E Fetsta
= AgoR ANHL AUA &8 AL HES Felvt frkn o
bR, oleld ANF AHES vgow AF A, AAAe a9 5&
2ee) 99 37h4 SR AAHATG. mE gni AF AZRRY 1
W oolge] %715kl debalgitt
Table 1. Drinks used in the experiments
Groups Drinks Manufacturer
Energy drinks Hotsix Lottechilsung - Korea
Redbull Redbull GmbH - Austria
Burnintense Cocacola - Korea
Control Distilled water
2.2. 7] pH &3
zyzre] 219 pHE pH electrode (Orion ROSS™  8102BNUWP,

Beverly, USA)Z pH meter (Orion Star™, Beverly, USA)ol] <43}

=45 AL AAL ol gs) WY by AU WmL SR
frel WA 93 AMIUIE ol g8l Z4 Atelel 187 HolFek
Ao FR5E ol sl ZRANG AAFAY. o BRe Aze] on
— 3 —
o R ERG
Mo A = ':4'



ohrh 3 A9 E 2L,

Aae s ztzke] £ 8 20mLE #dE HAe ¥ & SAHAG 7
Zyol &5+ 37T incubatorel YXAIFTE o] % 0.1M NaOH &S pH
o

e W X 4G

s
a = .
NaOHe| %37} 7158 ek o #4e ztzhe] gejnlt; 34 iy

o] 913+ Quantitative Light-Induced Fluorescence (QLF,QLF Pro®,
Inspektor Research System BV, Amsterdam, Netherlands)Z ©]-&3}¢]

7loﬂ _\q.;d E_Q =N o1u1 HAaAT i Ag % oo dxy Ao =-4AE

o] g3sle] Pt T Smm A FHE BES I AHS A5
st 1.2x1.0x0.8 cm2 54 ¥ 594 epoxy resindl #a 3 AE|Z 11
A AT FEL silicone carbied paper (600-2,000 grid)& o] &3 %3

s Avkstdh RE BERES S 100% FEIA A3 Ak
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°ol-F g 0.021M NaHPO,/NaH.PO, (Sigma Aldrich, Switzerland)
3} 36 mM NaCl (Sigma Aldrich, USA), 0.96 mM CaCl, (Acros

Organics, USA), sodium carboxy methylcellulose 1.0% (Sigma Aldrich,
USA)E 92 pH 7.0 €4S oA v 5 YgcH?.

xEo wWHgd ¥ wAMZHXEE=  Vickers microhardness tester
(SHIMADZV, JP/HMV-2, Japan)< ©]-&3to] SAH A 981N, 40 Hj
& W=, 1023 golol=s o] &3 FAH 5719 dA=E 3 B
o A7 AELSY. HEE 3We mM ARt SAHF
293.89-364.48 Vickers hardness number (VHN) W& AlA Ax& 2zt
T 40709 ‘Eo] A HTE o5 107] FEOE o] Foxl 371 Al
A 10709 TR o2 o] Fofx e txve =z TR T
t}.

W A7 =+ pH cycling 92 7 WA AU 1¥W9 & 93
oA 5789 kP AF=o] FAH A

xR oyA Fxel "7l A3 Fo W{Ed xWo v AA
%= zZpol 7} folghx] Lolr 7] 93] Wilcoxon signed rank testE A| &
gt 94 dEAE P<O.05olth oy &5 JFYEE7]9 grouping ¥
=AE A E7] Y gsraEA g o2 Kruskal-Wallis tests A 3

— 5 —
2% M &Y



< Mann-Whitney U test& Als)stAtt. SPSS (Statistical Packages
for Social Science, Ver. 19.0, Chicago, IL., USA) A X =Z13]0] F 7

Aol ARE-E T
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A

3.1. 59 pHel A AA

—

[

3N EElA
(3.40), H=Eo]
pHe th2A vewt d=so] 7H 52 AA44 =
EbWla, Helel A7 7 AAAE (11.53 mL)
A% (693 mL)E YEFATH

Table 2. Mean initial pH and titratable acidity in the test and control

products
Brand name pH Titratable acidity”
Hotsix 3.40 (0.04) 6.93 (0.25)
Redbull 3.56 (0.02) 13.03 (0.25)
Burnintense 2.50 (0.03) 11.53 (0.15)
Distilled water 6.67 (0.08)
mL of 0.1 M NaOH.
Standard deviation in parentheses.
3.2. pH-cycling #A o3 ¥4 A% W3
pH-cycling 4 o] Ao 293.89-364.48 VHN ®HH e nA HAEE zt=
EETES A& HEES HEsE AJHA 7MY & HAE ¥W3sH2089
AVHN) S R, st 25 A gk A|Ho|A dHl=3d 4= ¥H3H(193.1
AVHN)E H Heldl A= 1 B e Ax W3 (1421 AVHN)
7} YElstth (Table 3).
_ 7 _
S Py
2 A=t



Table 3. Comparisons of the surface microhardness for different groups

before treatment and after the pH cycling of drinks

VHN"

Brand name N Before treatment After treatment AVHN
Hotsix 10 336.3 £ 12.7 1432 + 218 193.1 £ 28.6%
Redbull 10 3185 £ 17.3 109.6 £ 19.1 2089 = 18.8*
Burnintense 10 3065 £ 31.2 1644 + 214 142.1 + 22.4P
Distilled X

10 3079 + 19.0 300.8 £ 158 71 £ 10.0°
water

*Values are mean+SD.

AVHN=After treatment VHN - Before treatment VHN.

t AVHN is significatly different between drinks by Wilcoxon signed rank test (P=0.05).

abeThe different characters shows statistically significant differences between groups by
Mann-Whitney U test at P=0.05.



7
Njo

s o

KoR
=]

ERL RS B

A A A

2 By,
olu] A7t W FHAow o

©
T

-

A &5 A%

o] =7 ol A

-

-

A7

T

0]
RS

of i

Astes 2@t gl

e
AUA &
uA &

T

bt

AE# o] Ht}

fite)

=

= 1A =

|

Aol A o)

T

A5k AL

f=Ne]
21

2
thi dE A AHY. o] Aol A AL

o] pH #& 250-3.56°1At}. o] A2

A RE -2 rfEtol A

S

0 5 Ars} mAkEey ol

T

=28 o

o

Febal ®Woarsksint

°©

. Owens
=

Al

&7

glrh

PN
T

14

1A

1=}
32

[e)
Eh

w0

12 NaOHe H-y =
== 693 mL °o= eyt

-

9

1153 mL °]t}, A3 A 7= pHe)

76]/\

S|

Ay
L
e

3.40,

T

pH 55¢ =23k of 74%] 7}

¢l pH
356, 18]a 7FY =2 AAHAEQ 13.03 mL o2 UE}

= pH 250, 44

IR S B I e e o

T
AT =
Al A
5=

T

T

3,

d==2 pH

=

oj

)l

s
k=

2

s

o
=

A A" pH-cycling ¥4

°©

A

o

3}

<

= Ak pH-cycling o] AL&-#

701-

.?_

el

J_AO
B

N
g
S

1

-
T

ERE

s

7ol 284 107 e &2 A

)



r ﬂe X T ~o
- G ooy W oW T
T T W T T X
Mywsﬂ MawEmET TTATY SN BRTBTE .
o) o T M- R TR £ 2 T = A ur
= W N X N T _M B B W = ol B OON OBMOR 1ﬂrr
o M o W o T < T oo RT s o X5 ® oW
o < e © TR ., oo B N op
m_ﬁ.a T o8 ~ W T T B ol W A S = o o B ook % Ak i o
R NI T EOE BH i w R E < 3 - = O
N ooy omn X o EoE o 2 (S S - Rz o N gl
- PP o= Sl Bow o w PO .
X 53 NE Fol W .._,ma N w o) o#a Ea ™ Z.o @ O Emv ~ ~0 KH OE g ﬂ,._
T TR gV S Hgawﬂ%ar#_@%ﬂMTQ o d
= = x ofp = U < 5 pl = : | " Hog K W o Bo Nfo
= 5 Tewwy AT umalf i cre T w
B — o T BH o © A il E = 9 of 8 o 100 oo s o
B ™o N g a =R = s ™
& o oj = oo woop T w wr © W = b olp =3 iy
SR T e TR oo =T w2 gk _ T o
PrTwoe mwE R ﬁ&g}ﬂgmxﬁﬂ FR P L <2
T oo oo dlo = Wﬂﬁaéu_.mﬂﬁ & ° < 9
o H ' X ~ oF _ o © W 5 & = c T bl B
B X ) o 2 T TR = ok o B s r ofn
= % ¥ X N 3 Rz T cmﬂ%m}}IE =T
< 0 ~ gp o PR H(VMAﬁﬁPﬂiWo»oQ T X
%%Mﬂm& mﬂe%% Qvamgﬁﬂmm %‘?9_% T o
) E N . ]E ‘w- ~ ) *
ﬁﬂoeToLﬂw T oA AF g 0N mﬁiﬂ.m mwiﬂLmﬂ )
ML ST o P o 3 TEzmaEpTl 2%
"o : ! — —_ =t
&o . NrL mm.o ~ =o @M W_m MM HL gl m T~ ‘m—ﬂ .Drn_ ,:1_ w file) o 1 o_._ ‘Hoﬂ ME =
3 e A & = 0o W 3 o N % X0
%NEM A ?imﬂﬂ_@ﬂmfxﬂzkurﬂﬁ% o e &
— Ry g o= of B B w5 o TR
X e WL o o o i = ay = S o T T B %O 2] o
TR oo BT M g P EnT e ERN ek
R S I o M oL KW R oo o o N
o9 © B . X 7 Jﬂ =0 Lt o o ﬂl Hﬂ _lﬂ_,l X o o N
ol o - o ﬂ/,rA = X - o R T T o A mro S o oF Mo T o of ~ MM
%%WwEﬂW@%_ﬂﬂoﬂﬂ.W%E@% m;@o%ﬂomﬂlﬁmm
@ﬂﬂ%ia@%ur«?tﬂwyoﬁ g ET S g N aw " F
X AR KO N Mp Rl o, HA_I o oo o X o o o+ N e
7 o ~ o™ R % = I 2 9 o RN L
T o x Ao P

- 10 -



)

S

= e

T
G
o
_z.#o

=
S
9

A9
Meurman JHZO)

7}

of u}

=1
[

oy

o

7] 15-30%

ol
Jjo

—_

T

o}
b
ze]
B
<K

b=
m

2

b

TEIAT T olFol=

N
)

o

Tor

w850l ZH7Re] Atel o

T
T

o] el A

O 2 UEEH
A ekt

Ao}

(acuqgired pellicle)=

ululk
=

ol
ol

g}

o

A A

R

g Add =

=
=

}E}?&

S

—_
fite)

)

ol

il

el
o
B

W
o
Nfo
o
<

<
o

[e]
3

g 93

0 tEde gy

ow, ofo] ugt 2ke] Fite] d AgHolw WATE U W] PH A

Abgrel Hob mh

e

]

=

. $

B

)
M

371 ofelglon, QLFS

Fol7kA] & A

e

&

TR

22!

el
AL

del A QAh® ey

—_
fi%e)

Mo

—_
o

oF

_11_



ol A g

Fol e}

k<)
¢

= 71

—_
file)

ol

~I
o

K

ol

N
Nle

- o
=1

| .

HA Aok o] A

o] S7}ts

=X
[

ol H w32

gl

—(;51_

22!

sherh.

3

H, 52 pHe 44

)

—_
o

ol

p—

ok ey Al

0]
2R

SRR

=)

A

t}. Sanchez 9 Fernandez De Preliasco’d] =4

o

Sl Ao ® YEh

ox

JJo

7]

o
T

EERtE

(R B

SRk

=
=

_12_



ool weh Ao} ¥ o

0 GFE 2R A WEH] SR

f 3l ot

S

4 E7}

T

kel
pul

P

™

~
file)

o

i)

A, pHSH TA 744 290z

3

A

A S

A &

°
.

H7HA %

T

-

O
1l

1

|

2t v

)

Ll
(3

0%

+

o
o
o

)

o

ol
_Zrl
N

ol

)

oj

el

;OO
o

—

il
i

oy ¥t T3l in vitro o

-

5
e

o
Gl
o
el
i

K

ol

]
~

Aol =

]

o
R

Fol7b ®ol7] ufitol

S

o|
S

)

o=

=
)

el

—=
1o

FEsk A7 E gl 9

ol A

[€)

oM =

]

A
&

Ao} ¥

P2

[e)

T

=N
[}

| ft). e5o] pHe} A= Jensdottir

A Ve Jensdottir

S

A}

[e)

5

1
fx

aLgh

H

]

o

o

0%

¢
i

ol
;OO

7o

I

fyuze)

o)

—_

il

o[
i
R

0

puze]

o
50

o}
%
olp

_13_



)

ol

5]

4 = o oF

_14_



)

eyl

el

—=
i%e)

el
O

=
)

—_
fife)

0

_ZT!

p=1
AN E

ol
=

] pH-cycling 72 pH

o} &34}

7] =]

bl o,

)

o)
=

13.03

315 feom, =

T pH+

ﬁo

9/]

e
olp

3714

&

1.

== 693 mLZ 7}% ot}

)

S|
oS

i
s

ol

|

S
=

AE W3sH(2089 AVHN)

oM 7HE 2

_»?_:‘1_

]

SEEI

T

I R AE AE WE (1421 AVHN)ZF Yo (P<0.05).

=9 pHe 4

Ko
=]

_15_



} o =
T |

. Imfeld T. Dental erosion: Definition, classification and links. Eur J
Oral Sci 1996;104:151-155.

. Zero DT. Etiology of dental erosion-extrinsic factors. Eur ] Oral
Sci 1996;104:162-177.

Rogalla K, Finger W, Hanning M. Influence of buffered and
unbuffered acetylsalicylic acid on dental enamel and dentine in
human teeth: an in vitro pilot study. J Clin Pharmacol
1992;14:339-346.

. Scheutzel P. Etiology of dental erosion-intrinsic factors. Eur J Oral
Sci, 1996;104:178-190.

. Jarvien VK, Rytomaa II, Heinonen OP. Risk factors in dental
erosion. J] Dent Res 1991,;70:942-947.

. Heckman MA, Sherry K, Gonzalez de Mejia E. Energy drinks: An
assessment of their market size, consumer demographics, ingredient
profile, functionality, and regulations in the united states. Compr
Rev Food Sci Food saf 2010;9:303-317.

. Kitchens M, Owens BM. Effect of carbonated beverages, coffee,
sports and high energy drinks, and bottled water on the in vitro
erosion characteristics of dental enamel. J Clin Pediatr Dent
2007;31(3):153-1509.

. Owens BM, Kitchens M. The erosive potential of soft drinks on
enamel surface substrate: an invitro scanning electron microscopy
investigation. J Contemp Dent Pract 2007;8(7):11-20.

. Alford C, Cox H, Wescott R. The effects of red bull energy drink
on human performance and mood. J Amino Acids 2001;21:139-150.

10. Ehlen LA, Marshall TA, Qian F, Wefel JS, Warren JJ. Acidic

beverages increase the risk of in vitro tooth erosion. Nutr Res

_16_



2008;28:299-303.

11. Muller RF, Gortner RA. The influence of sugar content on pH in
vivo decalcification of rat molar teeth by acid beverages. Arch
Biochem Biophys 1949;20:153-158.

12. Johansson AK, Lingstrom P, Imfeld T, Birkhed D. Influence of
drinking method on tooth-surface of drinking method on
tooth-surface pH in relation to dental erosion. Eur J Oral Sci
2004;112:484-489.

13. Amaechi BT, Higham SM, Edgar WM. Factors influencing the
development of dental erosion in vitro: enamel type, temperature
and exposure time. J Oral Rehabil 1999;26:624-630.

14. Youn HJ, Jeong SS, Hong SJ, Choi CH. Surface microhardness
changes by commercial drinks on sund enamel of bovine teeth. ]
Korean Acad Oral Health 2006;30:23-36.

15. Grenby TH, Mistry M, Desai T. Potential dental effects of
infants’ fruit drinks studied in vitro. Brit J Nutr 1990;64:273-283.
16. Cairns AM, Watson M, Creanor SL, Foye RH. The pH and
titratable acidity of a range of diluting drinks and their potential

effect on dental erosion. J Dent 2002;30:313-317.

17. Bennick A, Cannon M. Quantitative study of the interaction of
salivary acidic proline-rich proteins with hydroxy apatite. Caries
Res 1978;12:159-1609.

18. Meurman JH, Ten Cate JM. Pathogenesis and modifying factors
of dental erosion. Eur J Oral Sci 1996;104:199-206.

19. A, Asd. vt A3 AHgre FaosrAsr ALY
o gk -7 2.2 8F 3] %] 1996;20:399-410.

20. Meurman JH, Frank RM. Progressive and surface ultrastructure of
in vitro caused erosive lesions in human and bovine enamel. Caries

Res 1991;25:81-87.

_17_



21. Ramalingam L, Messer LB, Reynolds EC. Adding casein
phosphopeptide—amorphous calcium phosphate to sports drinks to
eliminate in vitro erosion. Pediatr Dent 2005;27:61-67.

22. Rijkom HV, Ruben J, Vierira A, Huysmans MC, Truin GJ, Mulder
J.  Erosion-inhibiting effect of sodium fluoride and titanium
tetrafluoride tratment in vitro. Eur J Oral Sci 2003;111:253-257.

23. Attin T, Meyer K, Hellwig E, Buchalla W, Lennon AM. Effect of
mineral supplements to citric acid on enamel eorsion. Arch Oral
Biol 2003;48:753-759.

24. Sharpe AN. Influence of the crystal orientation in human enamel
on 1ts reactivity to acid as shown by high resolution
microradiolography. Arch Oral Biol 1967;12:583-592.

25. Rees ]S, Burford K, Loyn T. The erosive potential of the
alcoholic lemonade Hooch. Eur J Prosthodont Restor Dent
1998;6:161-4.

26. Nieuw Amerogen AV, Oderkerk CH, Driessen AA. Role of mucins
from human whole saliva in the protection of tooth enamel against
demineralization in vitro. Caries Res 1987;21:297-3009.

27. Arends J, Christofferesen J, Ruben J, Jongebloed WL.
Remineralisation of bovine dentine in vitro. Caries Res
1989;23:309-14.

28. Larsen M]J, Pearce EL. A computer program for correlation dental
plaque values, cH+, plaque titration, critical pH, resting pH and the
solubility of enamel apatite. Arch Oral Biol 1997;42:475-480.

29. West NX, Hughes JA, Addy M. Erosion of dentine and enamel in
vitro by dietary acids: the effect of temperature, acid character,
concentration and exposure time. ] Oral Rehabil 2000;27:875-80.

30. Johansson AK, Lingstrom P, Birkhed D. Comparison of factors

potnetially related to the occurrence of dental erosion in high—and

_18_



low-erosion groups. Eur J Oral Sci 2002;110:204-11.

31. Sanchez GA, Fernandez De Preliasco MV. Salivary pH changes
during soft drink consumption in children. Int J Pediatr Dent
2003;13:251-7.

32. Rios D, Honério HM, Magalhiaes AC, BuzalafMAR, et al. Influence
of toothbrushing on enamel softening and arasive wear of eroded
bovine enamel: an in situ study. Braz Oral Res 2006;20:148-54.

33. Jensdottir T, Bardow A, Holbrook P. Properties and modification
of soft drinks in relation to their erosive potential in vitro. J dent
2005;33;569-75.

— 19 —
2 N &)
=) 2



Abstract
Effects of pH and titratable

acidity on the erosive potential

of energy drinks

Jong—-bum Hong
School of Dentistry

Seoul National University

Objectives. The aim of this study was to evaluate possibility of
dental erosion by measuring pH and titratabe acidity of energy drinks
on the market. Experimental condition was designed similar to the
oral envrionment, and artificial enamel lesion formed on bovine tooth.
The degree of loss of minerals was measured by the enamel surface

microhardness.

Materials and methods. 3 energy drinks on the market remaining
more than one year validity period were selected, which were Hot six
(Lotte chilsung, Korea), Red bull (Redbull GmbH), and Burn intense
(Coca—Cola, Korea). The pH and titratable acidity were measured
using distilled water as a control at the same temperature condition.

The pH of each drink was measured using the pH electrode
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connected to a pH meter. the titrable acidity was measured by
recording the volume of 0.1M NaOH solution which was pipetted in
20ml of each drink until the pH reached 5.5. Bovine tooth used in the
study was selected without disinfection, cracks or any lesions under
Quantitative  Light-Induced Fluorescence (QLF). The surface
microhardness of the enamel specimens was determined, and 40
specimens with microhardness numbers in the ranged of 293.89-364.48
Vickers hardness number (VHN) were selected. They were randomly
allocated to 3 test groups of 10 specimens and 1 control group of 10
specimens. Each experimental drink and artificial saliva combination
was cycled for 10 minutes two times a day for & days.
Microhardness were analyzed twice, before and after pH cycling.
Differences in the microhardness of the enamel surface were analyzed
by a Wilcoxon signed rank test. The level of significance was
P<0.05.

Results. Total 3 drinks average pHs were 3.15, Redbull's titrable
acidity was the highest 13.03 mL, Burn intense’s titrable acidity was
1153 mL, and Hotsix’s titrable acidity was the lowest 6.03 mL. Red
bull had been eroded most (2089 AVHN), and Hot six had similar
surface hardness change (1931 AVHN). Burn intense had less
surface hardness change (142.1 AVHN, P<0.05).

By these results, to predict the erosion performance have limitation
using only pH and titrable acidity of the drink, and further studies
should be needed. In conclusion, Energy drinks on the market in the

experiment are likely to cause dental erosion.

keywords : Dental erosion, Energy drinks, Titratable acidity, pH
Student Number : 2010-22512
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2. 47 Ay H UH
21. 49 =8 AA
of ATl AREE olUA sR= F=elM AE= St A HEE,
HAJRAE o] &ttt =l dyuA 5= FH L7 62%=2 Ads A
33 Qe e d=Ro] 183%, WAHNAE 66%E 1 HE u

a ok Al e SE87F 3 Ay A S5 A 90%E Fetsta
= AgoR ANHL AUA &8 AL HES Felvt frkn o
bR, oleld ANF AHES vgow AF A, AAAe a9 5&
2ee) 99 37h4 SR AAHATG. mE gni AF AZRRY 1
W oolge] %715kl debalgitt
Table 1. Drinks used in the experiments
Groups Drinks Manufacturer
Energy drinks Hotsix Lottechilsung - Korea
Redbull Redbull GmbH - Austria
Burnintense Cocacola - Korea
Control Distilled water
2.2. 7] pH &3
zyzre] 219 pHE pH electrode (Orion ROSS™  8102BNUWP,

Beverly, USA)Z pH meter (Orion Star™, Beverly, USA)ol] <43}

=45 AL AAL ol gs) WY by AU WmL SR
frel WA 93 AMIUIE ol g8l Z4 Atelel 187 HolFek
Ao FR5E ol sl ZRANG AAFAY. o BRe Aze] on
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Aae s ztzke] £ 8 20mLE #dE HAe ¥ & SAHAG 7
Zyol &5+ 37T incubatorel YXAIFTE o] % 0.1M NaOH &S pH
o

e W X 4G

s
a = .
NaOHe| %37} 7158 ek o #4e ztzhe] gejnlt; 34 iy

o] 913+ Quantitative Light-Induced Fluorescence (QLF,QLF Pro®,
Inspektor Research System BV, Amsterdam, Netherlands)Z ©]-&3}¢]

7loﬂ _\q.;d E_Q =N o1u1 HAaAT i Ag % oo dxy Ao =-4AE

o] g3sle] Pt T Smm A FHE BES I AHS A5
st 1.2x1.0x0.8 cm2 54 ¥ 594 epoxy resindl #a 3 AE|Z 11
A AT FEL silicone carbied paper (600-2,000 grid)& o] &3 %3

s Avkstdh RE BERES S 100% FEIA A3 Ak
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°ol-F g 0.021M NaHPO,/NaH.PO, (Sigma Aldrich, Switzerland)
3} 36 mM NaCl (Sigma Aldrich, USA), 0.96 mM CaCl, (Acros

Organics, USA), sodium carboxy methylcellulose 1.0% (Sigma Aldrich,
USA)E 92 pH 7.0 €4S oA v 5 YgcH?.

xEo wWHgd ¥ wAMZHXEE=  Vickers microhardness tester
(SHIMADZV, JP/HMV-2, Japan)< ©]-&3to] SAH A 981N, 40 Hj
& W=, 1023 golol=s o] &3 FAH 5719 dA=E 3 B
o A7 AELSY. HEE 3We mM ARt SAHF
293.89-364.48 Vickers hardness number (VHN) W& AlA Ax& 2zt
T 40709 ‘Eo] A HTE o5 107] FEOE o] Foxl 371 Al
A 10709 TR o2 o] Fofx e txve =z TR T
t}.

W A7 =+ pH cycling 92 7 WA AU 1¥W9 & 93
oA 5789 kP AF=o] FAH A

xR oyA Fxel "7l A3 Fo W{Ed xWo v AA
%= zZpol 7} folghx] Lolr 7] 93] Wilcoxon signed rank testE A| &
gt 94 dEAE P<O.05olth oy &5 JFYEE7]9 grouping ¥
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< Mann-Whitney U test& Als)stAtt. SPSS (Statistical Packages
for Social Science, Ver. 19.0, Chicago, IL., USA) A X =Z13]0] F 7
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A

3.1. 59 pHel A AA

—

[

3N EElA
(3.40), H=Eo]
pHe th2A vewt d=so] 7H 52 AA44 =
EbWla, Helel A7 7 AAAE (11.53 mL)
A% (693 mL)E YEFATH

Table 2. Mean initial pH and titratable acidity in the test and control

products
Brand name pH Titratable acidity”
Hotsix 3.40 (0.04) 6.93 (0.25)
Redbull 3.56 (0.02) 13.03 (0.25)
Burnintense 2.50 (0.03) 11.53 (0.15)
Distilled water 6.67 (0.08)
mL of 0.1 M NaOH.
Standard deviation in parentheses.
3.2. pH-cycling #A o3 ¥4 A% W3
pH-cycling 4 o] Ao 293.89-364.48 VHN ®HH e nA HAEE zt=
EETES A& HEES HEsE AJHA 7MY & HAE ¥W3sH2089
AVHN) S R, st 25 A gk A|Ho|A dHl=3d 4= ¥H3H(193.1
AVHN)E H Heldl A= 1 B e Ax W3 (1421 AVHN)
7} YElstth (Table 3).
_ 7 _
S Py
2 A=t



Table 3. Comparisons of the surface microhardness for different groups

before treatment and after the pH cycling of drinks

VHN"

Brand name N Before treatment After treatment AVHN
Hotsix 10 336.3 £ 12.7 1432 + 218 193.1 £ 28.6%
Redbull 10 3185 £ 17.3 109.6 £ 19.1 2089 = 18.8*
Burnintense 10 3065 £ 31.2 1644 + 214 142.1 + 22.4P
Distilled X

10 3079 + 19.0 300.8 £ 158 71 £ 10.0°
water

*Values are mean+SD.

AVHN=After treatment VHN - Before treatment VHN.

t AVHN is significatly different between drinks by Wilcoxon signed rank test (P=0.05).

abeThe different characters shows statistically significant differences between groups by
Mann-Whitney U test at P=0.05.
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Abstract
Effects of pH and titratable

acidity on the erosive potential

of energy drinks

Jong—-bum Hong
School of Dentistry

Seoul National University

Objectives. The aim of this study was to evaluate possibility of
dental erosion by measuring pH and titratabe acidity of energy drinks
on the market. Experimental condition was designed similar to the
oral envrionment, and artificial enamel lesion formed on bovine tooth.
The degree of loss of minerals was measured by the enamel surface

microhardness.

Materials and methods. 3 energy drinks on the market remaining
more than one year validity period were selected, which were Hot six
(Lotte chilsung, Korea), Red bull (Redbull GmbH), and Burn intense
(Coca—Cola, Korea). The pH and titratable acidity were measured
using distilled water as a control at the same temperature condition.

The pH of each drink was measured using the pH electrode
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connected to a pH meter. the titrable acidity was measured by
recording the volume of 0.1M NaOH solution which was pipetted in
20ml of each drink until the pH reached 5.5. Bovine tooth used in the
study was selected without disinfection, cracks or any lesions under
Quantitative  Light-Induced Fluorescence (QLF). The surface
microhardness of the enamel specimens was determined, and 40
specimens with microhardness numbers in the ranged of 293.89-364.48
Vickers hardness number (VHN) were selected. They were randomly
allocated to 3 test groups of 10 specimens and 1 control group of 10
specimens. Each experimental drink and artificial saliva combination
was cycled for 10 minutes two times a day for & days.
Microhardness were analyzed twice, before and after pH cycling.
Differences in the microhardness of the enamel surface were analyzed
by a Wilcoxon signed rank test. The level of significance was
P<0.05.

Results. Total 3 drinks average pHs were 3.15, Redbull's titrable
acidity was the highest 13.03 mL, Burn intense’s titrable acidity was
1153 mL, and Hotsix’s titrable acidity was the lowest 6.03 mL. Red
bull had been eroded most (2089 AVHN), and Hot six had similar
surface hardness change (1931 AVHN). Burn intense had less
surface hardness change (142.1 AVHN, P<0.05).

By these results, to predict the erosion performance have limitation
using only pH and titrable acidity of the drink, and further studies
should be needed. In conclusion, Energy drinks on the market in the

experiment are likely to cause dental erosion.

keywords : Dental erosion, Energy drinks, Titratable acidity, pH
Student Number : 2010-22512
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