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ABSTRACT

Objectives: This study aims to evaluate carbonated drinks induced dental caries with qualitative analysis
and to compare with oral organic acids including lactate, acetate, propionate, formate, butyrate, pyruvate
and valerate which cause caries when taking either 10% sucrose drinks or carbonated drinks. Methods:
Saliva was collected from six study subjects before and after (start, 5, 10, 30 minutes) taking water intake
upon (A) 10% sucrose intake, (B) 10% sucrose intake, and (C) carbonated drink intake, then they were
centrifuged at 1,200 rpm followed by removing bacteria and enzymes with syringe filtering, performing a
qualitative analysis with HPLC conductivity detection (GP50 gradient pump, ED 50 detector) after saliva
pre-treatment under isocratic 100 mM NaOH mobile phase. Results: Higher risk of dental caries was
evaluated in order of C>B>A, with the results of total oral organic acids’ concentration, lactates of organic
acids and organic acids produced after 5 minutes from the 3 types of drinks intake. Conclusions:
Carbonated beverages were estimated to develop higher dental caries induction than beverages containing
10% sucrose because of the high organic acid concentration in the mouth after its intake.

Key Words: Carbonated beverage, Dental caries, HPLC, Organic acid, Saliva
Ael: HPLC, 9-7]4t, x|of-21= €l ERARS 2

NE

22 0] P ABAI ) e, ] WSl QAT Sl SRAHEFE

Al 1L A VO 85 3 S8 2) 441/} 2 At 19 412 clob 4
Z71ehvighe] 912 2l sy agie] it 9IRS 1 4 9 ATF v k2] F SRS X
J Korean Soc Dent Hyg 2017;17(3):381-94 https://doi.org/10.13065/jksdh.2017.17.03.381 pISSN : 2287-1705 eISSN : 2288-2294

Copyright © 2017 by Journal of Korean Society of Dental Hygiene. This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License
(http://creativecommons.org/licenses/by-nc/4.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



382 * J Korean Soc Dent Hyg 2017;17(3):381-94

A 2] SRS RS P, AETA W35 AN A7 olfeh3 4] 2 E HHA
=z =]

AFlske 7 W 28< HehA

N

°]’ﬂ[5 -9], oA 7173 Ul miA =2t A 3lo] 2teh4] B
A omfeitH10].

Eo] Fft Attt 22 B == pH 2-371 = AMdaE E s o] o o] A&
ghfo] glof 2ot B x2] o] A iRt ZAZF A=A QleH11-13].

kR ol H7he 72 4t sRbE-2 B4 Qi 22 B4t o @]of ke 572 COOH
£ 7HAAL Q= AEARe] ZhE R ko] EASH=HI[14], o] F7 1k Z|oke] A x2ofl 2154491 A
o] oJsto] o] S2sto] S4kelRle] A 0 2 K < W Q& -BalA] 7= 285 gl 15,16].
Tt ekt 2= Wofl 23k G714k Efet2 AKtartaric acid), ©F~F 2 H A ascorbic acid) 2!
Acitric acid) 5o] o] 9lom R Yol I8t tHk(carbonic acid) Z ¢4t
(phosphoric acid) 5°] Z&Eo] Qo] pH 2-3 ALo] W2 pHE ZAsHA Hrt T35 1.t
(glucose), T (fructose) & A (sucrose) 2t -2 o] Tk 2F 80-90 g/l A2 A= HH13],
7 e AR o= Qlsto] XJok-A] Bl RA O] it 732 7Ete] thE e THe W=

& Qlrk 223 0 2 Zim Uiofl kil el elste] 73 U Altel] ot ey S AR A &
H 77 W Alltel] ofet 7 14te] A/ =7] wihizel] o] = QIR Bl pH Ask= B< 71453} 2 4= Sl

Keyes[17]i= 2|o}-4] 2] 9191 & =831 sligoh= B o] A7, Ax5, oH52H8- 5 X[oks-
2] guto]| 2 Ik Fryl H 5}, AR R LA ok O g2 Ml S AA| St Yol A Al
v} Efo O] o] ool A= frlatell tigh A8 21Ql B Hesitial & 4=

718] Aol E S ol 22t F 7714k o] oFdat 4274 Wl pHE S745to] Z|oke-A]
TS Sk A7 AR AT 18,19]. Lot A2 e aE A5 5 73 U Al
OJel| A== 7 1 1A BA| 3 20HE T2m)(HPLC; high performance liquid chromatography)

& BAfslo] Z1710] §714hS AREE AR g AAsieh Wet vl okeA] S e
Bk 4= 9L Aol

g7 G771k B4 QI Wi o 2= mAlR X7]195(CE) [20,21], HPLC-MS/MS
[22,23], 7} AR20HE T=o]- AR 7|(GC-MS) [24] E AT HE7](conductivity detection)
[25] T°] o]-8E 11 Utk thRt EATRE FollM ke Bl A4 o] A-m2 o= vl A A
oA = F24 Z4of thet el o] =2 A A = HE7]E S-8oto] Hel Al AA

s
B A1) A= 10% sucrose = E oIS -2.3 oF A|THEo] EREL 22 A6l uf) AA 77t o)l
A AAEE Z]|ok-A] 5 R-7|4Kacetate, butyrate, formate, lactate, propionate, pyruvate,

valerate)= HPLC Conductivity detection=r ©]-8-0F0] HerEA1S AAJolal AvbA o 2 eikS T
o] 10194 Rs-& B SFTA} ST,
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Ao ALSH F714F EEE (acetate, butyrate formate, lactate, propionate pyruvate, valerate)

o O O
olEA A% W FEFEA J A7 5|40 /\F‘lﬂ gol24(2>18 MQ)~ Mllhpore/\}(Bedford MA,
ater system= ©]-25}o] H|Z5}F3t.
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2. EfoH 21|

AN IR XA, HERE, HAEE, G, 229 9 ARSI E AlQ)R 17R A
1 6789 A1 AAME o= ARSI 7t tvdatate} 3890] & A5, Bl A5 2 eflE
AE 63 s SASIGT: 2 e Tttt Aol 91d3] o] HolE AA S<I(No.
2016-09-005) - A F5tAct. A7-eigate] et 3= 20163 129 195 E 15U87HA] 5Lt Al
ZHRoll(7A 11A] 7)) S=3351AeE 30 mL 2] sucrose -224(10%, w/v) A3 &30 mLo] A-HHE
Q2T AS=, 30 mL«] sucrose —9-0“(10%, wiV)AAFHE HZE Ba=, 30 mL B RS AdT C
Smet XA} R o 2 BERTEACIB 252 A= 32 555 100 mLo]l 10 g2 sucrose S
A7 &2 ] Z7gsto “ioﬂ/ﬂ 3|45t ARSIl AT Ce=me W, WA, <l
Ato] 3HE 355 mLoll G 39 go] oH-H BMEEE 2 A AlFol TofE] 1 Q=S /\}ﬂo}%‘ﬂ}
Bl A F = 350 2 =5 56| At 59 E’r"“ = skl eH, A ol AL
N HF 1AIRE oo AEE H LA IEE S-S d=SIT 2 255 Y4Y lﬂ% *a‘?ﬂoﬂ 23
7¥sto] Bl S ZF 6ol 2t =5 AFIsk] V = HExTo= 7IFslloH, 255 4 W
6027+ 27 gt F oA oF SRE] ZA], 5K, 105 D 3020] H Aol A BIA=A] EflS A
Flsted 2t gl control, 0, 5, 10 12|37 3020 & AT} 2 At tigt A 2 e
<Fig. 1>} At

‘ Volunteers enrolled in study (n=6)

|
| |

A group (n=6) B group (n=6) C group (n=6)
‘Water intake after 10% sucrose Carbonated drink
10% sucrose intake intake

[ |
!

‘ Collection of the saliva sample ‘

!

‘ Saliva preparation ‘

!

‘ Detection of organic acid concentration ‘

Fig. 1. Flow chart of study design

https://doi.org/10.13065/jksdh.2017.17.03.381



384 » J Korean Soc Dent Hyg 2017;17(3):381-94

3. Efoy 2442

TR B Al g A8
M-S Z5Holl 200K —JM@ =2
size: 0.20 mm; Advantec MFS, Inc., Tokyo, Japan)Z}4 0 2 Alat @ § 45 A| A5ttt =44
= Bt A7 oF -2 A ]S 714 SAT HPLCOY T 5H 01, 10+ oV A-2of B2 Al

+ 7] A5k,

ol =351 1,200 rppm © 2 5E7F QA RS SH oW, A
El(hydrophobic polytetrafluoethylene (PTFE) membrane; pore

4. HPLC &AM

F714ES BA517] £13h 1|2+ Dionex ion chromatography system (GP50 gradient pump,
ED 50 conductivity detector)= AF86F.© ™, Chromeleon 6.8 version®] software S A-8-5131Tt.
H A of] AREH 3774 (column)-2 Dionex IonPac AG11-HG column (50 mm x 4 mm)= AF85}%
91, TonPac AS11-HG (250 mm x 4 mm)2] guard column ©.2 X S35}t ©]5/4-2 NaOH 100
mME o8] 80f9] 57t dAsH F-A] == 58082 (isocratic elution)S 2-8-515.0 ™

©4-9 (0.7 mL/min, 5% 10 wl, 25°CoA] B2t

5. Al= &AM

350 7t = tish At 782 $l9ll Kolmogorov-Smirnov test 73733 Shapiro wilks test
A= /‘]'Q“_Pﬂq S AT} Aol FrolohA] ot thxwto] 7 |4ke] ofdat 45 & 71
AFSFERS THE A4S 98l v 24 HAHL Wilcoxon Signed rank testE A AISHATE £ A

ol AAJgH 574]1 HEAE2 IBM SPSS Statistics for Windows, Version 23.0 (IBM Corp.,
Armonk, NY, USA) ©|-85t3 .2 f-o4d 1742 0.05 = 2ot

O

i |
1. 4 77kt BEEMo| HYZEat

W Licari) & S ARG A0 054-09995] W41 e oA 21 e
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2. 10% Sucrose S& 43| $ ‘44 2[5 20f|M 712 L X|0[RA FEd |7|Le] 5=

I'

L LR OJ%%W*OM AP 7)) ST <Table 29} e} 2H SIS % 8
ot *éﬁ?.? L A5 T RIS 1786 mM© 2 AT, 59 A 52

AH F 5 7Tt A ollA] propionate®} pyruvate 0] S7FFS FAA 02 Folgt zto]7} Q)3T
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Table 1. Linear range, linear equation and correlation coefficient (r) for organic acid

Compound Linear range (mM) Linear equation’ r

Acetate 0.25-1.25 y =0.0009x + 0.5401 0.9999
Butyrate 0.25-1.25 y=0.0014x +0.2571 0.9941
Formate 0.25-1.25 y=0.0031x + 0.2639 0.9989
Lactate 0.25-1.25 y =0.0024x +0.5513 0.9940
Propionate 0.25-1.25 y =0.0015x +0.3829 0.9995
Pyruvate 0.25-1.25 y =0.0009x + 0.0340 0.9895
Valerate 0.25-1.25 y =0.0010x +0.1532 0.9847

*y=ax+b y is the peak area and x is sample concentration

Table 2. Oral organic acids concentration produced after taking of 10% Sucrose solution and water

Acetate  Butyrate Formate Lactate Propionate Pyruvate Valerate  Total

Control 1914246 N.D. 035:0.44 145+146 0234030 0204044 N.D. 4.14+5.11
0 (MeantSD)  0.85+0.54 N.D. 0.03£0.04 1.17+1.23 0.16£0.18 046+0.71 N.D. 2.67+2.70
Amount* (%) -1.06 ) 032 -029 -0.07 0.26 )

(-55.45) (-90.57) (-19.70)  (-29.76)  (131.67)
r 0.600 - 0.068 0917 0.600 0.068 -
5(MeantSD) 1.76+1.06 N.D.  0.14+0.16 4.55+4.11 0474032 0.94+133 N.D. 7.86+6.98
Amount* (%) -0.15 ) 021 3.10 0.24 0.74 )

(-7.61) (-60.75) (213.73)  (105.85)  (370.00)
r 0.917 - 0225 0116 0.028 0043 -
10 (Mean+SD) 2.0940.94 N.D.  0.14+021 3.2642.59 0374024 0.65:0.62 N.D. 6.5146.20
Amount® (%) 0.18 ) 0.22 1.81 0.14 0.45 )

(9.60) (-60.94) (124.70)  (60.98)  (225.00)
P 0.917 - 0.138 0249 0.463 0.080 -
30 MeantSD) 2.8142.97 N.D. 0.55:1.13 1.10£1.51 0.54£0.59 0.0040.00 N.D. 5.00+6.20
Amount* (%) 0.90 ) 0.19 036 0.32 -0.20 )

47.31) (54.72) (-24.53)  (138.54) (-100.00)
r 0.600 - 0500 0249 0.225 0.180 -

Increment and decrement concentration of organic acid compared to controls
*Wilcoxon signed rank test (mM) p<0.05
N.D. not detected.

(p<0.05).

Butyrate®} valerate= 2= A+ OdAFElAIA HEEA]
B2AF T 5108 7 71 H5 FAsH S715he S
L7t S5

ettt T3t lactate 2 pyruvatet= =
= Holopr} 30 Fofl= AlA5] 11

3. 10% Sucrose U 2| = FHofM Adel= R el 5=

2t B w2 A5 delM A =Re 71419 F e <Table 3>3 2t 2 f7Ihks

https://doi.org/10.13065/jksdh.2017.17.03.381



386 * J Korean Soc Dent Hyg 2017;17(3):381-94

T eaE AT AL T AF 52 T F 71 B 71959 mMQl A 0 & LERGTE B &
=2 SE A3t A A propionate @] HL 7} 52124 0 2 F7F0H CH(p<0.05), butyrate
o} valerate S A2 UHA] -F714H2 0.11-4.49 mMo] S7Isk3iH 2=245] & fr7late] s=rt
S7Fohe P& Holt7} 304 Sl AA6] 1 57t lEE .

Table 3. Oral organic acids concentration produced after taking of 10% Sucrose solution

Acetate Butyrate Formate Lactate Propionate Pyruvate Valerate  Total

Control 1.6741.98  N.D.  0.03£0.06 1.29+1.25 021+036 0.15:024 N.D. 3.35+3.64
0 (MeantSD) 0.86+0.74 N.D.  0.0240.02 1.31+1.38 0.16+0.14 0.504047 N.D. 2.85+2.77
Amount® (%) -0.80 ] -0.01 0.02 -0.05 035 )

(-48.16) (-34.88)  (L.16)  (-25.65) (240.91)
r 0345 - 0498  0.753 0917 0225 -
5(MeantSD) 2.10+1.82 N.D.  0.14+0.16 5.79+4.41 0.63£0.44 093+0.81 ND. 9.59+3.94
Amount® (%) 0.43 ] 0.11 4.49 0.42 0.79 )

(25.98) (386.05) (347.42)  (196.86)  (536.36)
P 0.249 - 0.068  0.075 0.028 0080 -
10 (MeanSD) 1.03£0.79 N.D.  0.06£0.09 5681121 0.41+0.50 0.11+0.18 N.D. 7.28+12.77
Amount® (%) -0.63 ] 0.03 438 0.19 -0.04 )

(-38.03) (113.95) (338.92)  (9L.10) (-27.27)
r 0917 - 0593 0463 0463  1.000 -
30 (MeantSD) 1.98+2.59 N.D. 0214037 2.5742.67 0474044 0.0240.06 N.D. 524+6.12
Amount® (%) 031 ] 0.18 127 025 -0.12 )

(18.61) (625.58)  (9832) (11937) (-84.09)
r 0.600 - 0223 0345 0345 0180 -

“Increment and decrement concentration of organic acid compared to controls
"Wilcoxon signed rank test (mM) p<0.05
N.D. not detected.

4, SHIZR H2| = FZ0M W= Rl 55

AT C 2= AFTH & Aol B s G714 "5 ea= <Table 4>9F ATk 2t f7hk=
ZT RS 4R H1 s A4F SE T F 47K 5271 18.54 mM3l Ao 2 YRt C
s AF T 57 AR AlFolA lactate@} pyruvate 0] S E 7704 0 2 Z7151 31T (p<0.05).
=R T RN STt ST oks e Bolthrh 30+ Folls A1A6] skt SR ek

5. 10% Sucrose &2} ERESFO| L2 LY O|A AHMEl 87|40 =& H|

|

T

l

3% 2=E AT & B W RIS AR IR <Fig. 2> 2ot Tt Ao Hsto]

B 555 AFBHL 5-10:2737 5 lactate ] w7t 57| AEEL. AHd CERAAA 2452 7

7|rte] tHge 2 /A=) om, 53] lactate | pyruvate®] S710] FAH 2R frofgt Zlos 1t
ERtT

F
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Table 4. Oral organic acids concentration produced after taking of carbonated drinks

Coke Acetate Butyrate Formate  Lactate  Propionate Pyruvate Valerate  Total
Control 4394+6.56 N.D. 0.40+0.58 4.64£5.63 1.04+£2.16 0.69+1.51 N.D. 11.16+16.44
0 (MeantSD) 3.85+5.75 N.D. 0.54£1.27 5.29+6.48 1.07+1.39 2.10#2.29 N.D. 12.85+17.19
Amount” (%) -0.54 i 0.14 0.65 0.03 1.41 i

(-12.35) (36.53) (14.01) (2.67) (203.86)
P 0.600 - 0.715 0.917 0.917 0.116 -
5 (MeantSD) 2.68+2.96 N.D. 0.19£0.27 11.91+10.66 0.75+0.82 3.02+3.81 N.D. 18.54+18.52
Amount” (%) -1.71 i -0.21 7.27 -0.29 2.33 i

(-39.03) (-52.86) (156.69)  (-27.83) (337.20)
P 0.463 - 0.500 0.046 0.917 0.043 -
10 MeantSD) 3.78+3.89 N.D. 0.20+021 9.57+8.82 0.98+129 1.92+1.93 N.D. 16.45+16.14
Amount® (%) -0.61 i -0.20 4.93 -0.06 1.23 i

(-13.92) (-50.00) (106.25) (-6.08) (178.74)
P 0.463 - 0.500 0.173 0.917 0.028 -
30 (Mean+SD) 1.53+1.91 N.D. 0.24+0.43 6.224+5.10 1.33£1.85 0.53+0.65 N.D. 9.8449.94
Amount® (%) -2.87 i -0.15 1.58 0.29 -0.16

(-65.27) (-38.55) (34.02)  (27.72) (-23.67)
P 0.753 - 0.465 0.753 0.599 0.500 -

“Increment and decrement concentration of organic acid compared to controls
*Wilcoxon signed rank test (mM) p<0.05
N.D. not detected.

15 15 15

A) (B) . ©
-~ H
= .
E m Lactate
~ 10 10 10
£ ® ¥ * H Acetate
-2 MPropionate
‘E I OFormate
5 OButyrate
g 5 5 5 BPyruvate
6 Valerate
0 [ 0 - - . =
Control 0 5 10 30 Control 0 5 10 30 Control 0 5 10 30
Time * Wilcoxon signed rank test (mM) p<0.05
(A) Water intake after 10% sucrose (B) 10% sucrose intake (C) Carbonated drink intake

Fig. 2. Oral organic acids concentration after taking of three types of drinks

3%0 5= AF & 7 Hlelli AEE f714E 529 vzt Tk tiH] S22 Hl(ratio)=
<Table 5>, <Fig. 3>2} ZT}. <Table 5>} o] 2+ A%} B 255 H|WoHH F G714k 57t
A F5-1027387 § B 5204 Le6H] oY =& 2 o& Bt wl, A S&o Hsto] B 227t
ZokeA] A 714 A A 7 eral e 4= qlh

AT C E=5A =5 H|WSH AAFH 51027870 F f7l4tel 1L.9gHf oPF o2 C &=
ZH7 AR A7} =90 ™, E5] lactate 2 pyruvatet=2.34, 3.148[ 2] Z}o]E H YTt C 2=

https://doi.org/10.13065/jksdh.2017.17.03.381
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ot B =& HuwolH HH & sEHYL & =7 F f7140] 1198 E3k0H, lactate 2!
pyruvate=1.62, 2.964[12] 2}o] & Ho] Au}2 0 2 2ok GHEA Q74RO o= C>B>A 28

o= B RISkl

o

Table 5. Each increment and decrement rate ratio of organic acid compared to controls

:Z\I/);;;e Min!  Acetate Butyrate Formate Lactate Propionate Pyruvate Valerate  Total
B/A* 0 0.76 0.00° 0.03  -0.05 0.80 1.34 0.00° 0.34
-2.98 0.00° -0.52 1.45 1.73 1.06 0.00° 1.67

10 -3.45 0.00° -0.15 242 1.39 -0.09 0.00° 1.66

30 0.34 0.00° 093  -3.57 0.80 0.62 0.00° 2.19

C/A 0 0.51 0.00° -045 227 -0.41 5.34 0.00° -1.15
11.80 0.00° 0.98 2.34 -1.20 3.14 0.00° 1.98

10 -3.33 0.00° 0.92 2.72 -0.46 2.74 0.00° 224

30 -3.17 0.00° -0.79  -4.44 0.92 0.82 0.00° -1.54

C/B* 0 0.68 0.00° -1447 4333 -0.51 3.98 0.00° -3.34
-3.96 0.00° -1.89 1.62 -0.69 2.96 0.00° 1.19

10 0.97 0.00° -6.06 1.12 -033  -30.83 0.00° 1.35

30 -9.25 0.00° -0.85 1.24 1.14 1.32 0.00° -0.70

“The ratio of the organic acids concentration when control B group/ control A group.

"The ratio of the organic acids concentration when experimental C group/ control A group.
“The ratio of the organic acids concentration when experimental C group/ control B group.
dAfter (start, 5, 10, 30 minutes) taking A, B, and C drink.

°The number of “0.00” was not detected. So it is calculates as “0.00”. (Ref. table 2-4)

10.00

8.00
0.05

N A
/> °

\"q»

] --B
4.00
/ / d \\ -e-C
2.00
\
0.00

T 10 15 20 25 T 35
2.00

Min

’

e

Increment and decrement amount

Fig. 3. Increment and decrement in lactate concentration compared to controls, following the time
to the three types of drinks intake
(A) Water intake after 10% sucrose (B) 10% sucrose intake (C) Carbonated drink intake
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<Fig. 3>= 359 S=ollA AB4H Aoke-A] fdael a4l lactateQ] A]ﬂﬂﬂﬁﬂ] i}
2 et o] =7tk L}eRH Jeo|t}, Lactate Q] $ERS A%
™, 550 Z71ES C>B>A &7 40 2 UERdth AdT CSR oAM= 55o] 75‘?%@ *Vdow i3
AF o=z Fogt o2 Fhrt F7Iolh AR A S8 AAl6] 2715k = 3REgloL),
iz B eF AR C Sae LE|A 35E = S B

)
o
&
i)
B
;.
032
_Hl
32
o

L&% = Mw A Gt S0) B BAsHE B, QU 0] f7)4to] Zgsof

-

SEAO) e phE Aok, 417 5 77 ] o] Erazhge] ofsto] xjoteA] = 14
SN2 ek ol 2 S R A T A 7 Ui Al s
Z]o}-e-A] A G714 Lactate, acetate, propionate, formate, butyrate, pyruvate ¥ valerate)< &

2] RIS 2JokeA] fills-S P 0 2 Wlskarat stk

3= 4d%]5HH Embden-Meyerhof-Parnas (EMP)<=2HS 551 ol 2H4 2] A= pyruvate =
2t=]H, A pyruvate= @7]4 27 5ol A lactate, acetate, propionate, formate 2 butyrate 5-
VS et R 1hke 2 MG FIv}26-28]. o|FA A H {7 hEE n8E 0] g ol whet vhedst
Al yehts Ao s HAE Y Ql=t t324 0 & Jactatew Alwto] tirlell 7HE Z-57t Fata=A]
Streptococcus, Actinomyces and Lactobacillus7} Todoh= 7102 & 21.9™, propionater=
Propionibacterium, Clostridium propionicum 2 Lactobacillus buchneri®| 2Ja}| AAdHthal B

&)1 QIeH29-34]. A= Fak 73 Ul Aol SfeiA A == 714 773 U pH O] 51t TlEof
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