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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.
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=
+ 774K organic acid)l] 2J5t] X|o} A2 5Lt Q1 AJRo] Bofx|o] A7]= dAfo = A
SHH[5-9], AoFRARE 7 Ul nA s A glo] sfehA -BollE
7+ ouetti{10].

53] Zht Ale|etel 22 =
o] Qlof ZJo} ZF 2] o] Aol Tt A7 F A7 =4 QleH11-13].

EihEE ol M7be =8 4F SRk 't 3 QUi e BY)AF o @fefl & P57 = COOH
£ 7HAAL Q= AEARe] Zi2 R o] EAe=H|[14], o] f7 ik
Zof oJoto] o] F2oto] S4FelR1R]A 0 2 K s W Q1-& -BolA] 7= 28-S jiTl{15,16].
TSt ookt 2= Wofl ke G714k Efet2 ANtartaric acid), ©F~F 2 H A ascorbic acid) 2!
AxK(citric acid) 5©°] ESEo] Qlom BREST o= 14 EAKcarbonic acid) E 4t
(phosphoric acid) ‘5] EgE o] 9Jof pH 2-3 HEo] W pHE Z4sH Hct. E5F LTt
(glucose), T (fructose) H A (sucrose) 2t -2 o] 2 ©F80-90 g/ A2 A= v 13],
7Vt AR o = Qlste] Zjol-A] gl BALO] {715 02 7 Ete] thE SR H T 195
&Sk 2214 0 2 S Uio]l ki el ofsto] 7 Ul Alldol] o g g-S A2 A =
A 7 U Altol] olet 7 14to] A=) wize] o= QI9t Efell pH Aol B1% 7158} 2 4 itk

Keyes[17]:= A|oF-219] 3] F 5=a11e] sfdoh= Bfolo] A&, X, H52HE 5 Aok
Al el 2 GRS Tl Harstod, A= 94 A S5 AR & AA| A Ulell A Al
I} efel o] AJ-2o]| ool A== R 14l TRt A9l Wyt B e st £ 4 Qi

71E0] Aol M= S& ol 29HH F 714k o] ot 1174 Wl pHE S745t] Z|oke-A]
S S786ke A HAIREE IR 18,19]. 1eiv AA 2 SRS AR 5 74 Ul Al
OJel| A== F7 ik 1V s A 3 2rEE T2 3)(HPLC; high performance liquid chromatography)
= 2Asto] 2] fr ke AR RS AR Bop s 2ok e

o

O

AF7H] f71hEe B4 et e 2= BAIT H7]9E(CE) [20,21], HPLC-MS/MS
[22,23], 7tA A20tE T AR 7)(GC-MS) [24] 2 T T HE7](conductivity detection)
[25] 5ol o851 St thelRt EATHE FollM e BFY A 54 9] iAo & Hlw A A
oA = A4 Zdof tigt deiido] =2 ASUHQI A== HE7|E E-8oto] el iil= AA
stct

2 A A = 10% sucrose S EASH w2t ATEl ©AZE =S A5 oEolS o) AA| 77 ol
A A== Zoke-A] 52 7714 acetate, butyrate, formate, lactate, propionate, pyruvate,
valerate)= HPLC Conductivity detection= ©|-86t0] AoEA-S AAlstal AifA o7 eHike

o] Xob9A] - WrFskaLa sheict,
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Ao AR 57 |4F 522 (acetate, butyrate, formate, lactate, propionate, pyruvate, valerate)
3} B of] ARRE] 0]%AFNaOH 100 mM-2 Sigma Aldrich (St. Louis, MO, USA)ollA F+<151ich.
ol s Al W B Y A=) AFRH Eol24( =18 M#2)+= MilliporeAlBedford, MA,
ILLI- ater system= ©|-85}o] A X5t

c
7
Z
10
<
)
<

2. Ef 23|

AW IAR= ZorAlE, AETE, HAEE, iy, A2 2 tAFEeAE Alefet 17dst 4
Q1 H 6782 A HAME dld o &2 AAISHA AL ZF dl Attt 350] S A5, BHY A5 2 BfE
A& 63] BHE SASIGIT 2 dAe derdish g o9l o) HoE AA S<l(No.
2016-09-005) F AlfotaAct. At dAte] fl 23 =2016\1 12 1 HE] 15Y7HA] 5L A
2ol @A 114] 7)) 24510t 30 mL2] sucrose 22(10%, wiv) A% T30 mLo] A4S
fZ A-S=, 30 mL 2] sucrose -824(10%, w/iv)AFE 12+ B2=, 30 mL B 25 AdTC
Smet At 2o 2 RSt ARIB 252 A= 32 554 100 mLoll 10 g2 sucrose S
AZA &2 6] Z7gste] A2oflA slAste] ARgSIIT AEwt Caae Wdahg, WAdd, <l
4to] Z9FE 355 mLof| B39 go] ohre e ==A] A5l BjE] 1L Qe 555 ARSIl
Bt i F = 350 255 AFloh | At 9] BiollS 45kl om, A thdAbe S=45 9 B
M AR 1AIZE o Aol AEE 9 AYEE AFS Estltt. ZF 2=E AU 133 Aol &
7¥sto] BfelS ZFstGint. 2t F=E A5l ] ol de tixw o & VIEstglon, 2=E 7 U]
6027t HEA gt 5| WHoluA| 9 SE] ZA], 557, 108 9 3040] F Aol 4] HR=A] EflS- A
F5to] Z+ et control, 0, 5, 10 18] 30202 A5t B o] digh A 2 vge
<Fig. 1>} .
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‘ 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

[ |
v

‘ Collection of the saliva sample ‘

‘ Saliva preparation ‘

!

Detection of organic acid concentration

Fig. 1. Flow chart of study design
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3. Etef 24342

T He B A g 28710 3051e] 1,200 rppm 0 & 5327 AR E st oH, S
2 SF4roll 208 3143 F, ZE|(hydrophobic polytetrafluoethylene (PTFE) membrane; pore
size: 0.20 mm; Advantec MFS, Inc., Tokyo, Japan) 27 © 2 Alut W §AE A A 8H =2
£ Bt A7 oF -2 A =] gS 714 SAT HPLCOY F5H 21, 10+ o1 A-2of ®2|H Al
B+ 17| A2k

oH

=4

4. HPLC &M

F714S B4o17] 91_F #H| 2= Dionex ion chromatography system (GP50 gradient pump,
ED 50 conductivity detector)= AF8-5F%.2™, Chromeleon 6.8 version®] software S AF85HSICt.
B0 AR 314K (column)-2 Dionex IonPac AG11-HG column (50 mm x 4 mm)E A6
O, JonPac AS11-HG (250 mm x 4 mm)2] guard column ©.2 X 335}t o542 NaOH 100
mME o]-g5te] -8l 9] Fert A5 A1 El= 5-81H8-El(isocratic elution)= 285130

152 0.7 mL/min, FUF 10 wl, 25°CollA A 5HIT

5. A& 24

3%0] 7t = tigt At 2742 $l9ll Kolmogorov-Smirnov test 73733 Shapiro wilks test
A5 AREoElTt. ARt Atk A2kl frofekA] ot tiawto f714te] bt AF F f7]
A RS S EE 1S Qfal v HAH ) Wilcoxon Signed rank testS AA|FICE 2 AL
oAl AAIRE SAIE B2 IBM SPSS Statistics for Windows, Version 23.0 (IBM Corp.,
Armonk, NY, USA) ]85} 0™ 5214 A2 0.05 52 1251t

A2t
1. 4 77kt BEEMo| HY

Z+ Gt BEgo o] A A= <Table 1> I Zth 0.25-1.25 mM ‘55 $jof] tigh HakAl o]
21/9(Linearity )& S7¢H A R*%E 2151/8-20.984-0.9990] H 1S LR | whizof] 2} Ad&e] of
Poi7l 2] 5901 98-99%2] 2141 Jo] F/dHth= 2+ ofm’itt.

i

<
i
o
o
:{\z
ofr
H—l
ig
rL
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)
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2. 10% Sucrose & 13| = d4 2|5 20f|A 712 LH 2|0F2A 2 f7|4R] s

A 55 AAFRE T oA A= 714 F = <Table 2> 2t ZF R ibe 5 3 &
M AAF T 1 T = AF SE T F 714 571 7.86 mM O 2 BAE|QILE E5| A 32
AH T 55 A5 A4 propionate 2} pyruvate ] 5712 SAIHC 2 F-ol7t 2lo] 7} QSTh
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Table 1. Linear range, linear equation and correlation coefficient (r) for organic acid

Compound Linear range (mM) Linear equation’ r2

Acetate 025-1.25 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. 0.35:0.44 145+1.46 0233030 0204044 N.D. 4.14+5.11
0 (MeantSD)  0.85+0.54 N.D.  0.03£0.04 1.17£123 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)
7 0.600 - 0.068 0917 0.600 0.068 -
5(MeantSD)  1.76£1.06 N.D.  0.14+0.16 4.55t4.11 0474032 0.94+1.33 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 (MeanSD) 2.09+0.94 N.D.  0.14+0.21 3.26+2.59 0.37+024 0.65:0.62 ND. 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 0.00£0.00 N.D. 5.00+6.20
Amount® (%) 0.90 ) 0.19  -036 032 -0.20 )

(47.31) (54.72) (-24.53) (138.54) (-100.00)
P 0.600 - 0500  0.249 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®} valerater= 2= A ti 3Rl AIA AE= A
FAF] & 5-102 73 {71 Bt G A 7ok
7t o5 E ]l

rett T3t lactate 2 pyruvate= 2
NS
o=

Holtp7} 3042 Foll= 4] 1

T B SRS AT T T AR 571410 S <Table 3574tk 7 §7141S
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T ams A4t L see A 57 ST 17 55719.59 mMSl Ao & YERITE B &

SE ket A YA propionate @] H 7} 522 0 2 F7F01 ™ (p<0.05), butyrate
F valerate S A|2J5H U A] H714R2 0.11-4.49 mMe] S715k3iHh 5=245] 3 F7late] s=rt
27151 e Holthr} 308 ol A8 1 3} 5B Hc

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+125 021£036 0.15£024 N.D. 3.35+3.64
0 (Mean=SD) 0.86+0.74 N.D.  0.02+0.02 1.31£1.38 0.16+0.14 0504047 N.D. 2.85+2.77
Amount® (%) -0.80 ] -0.01 0.02 -0.05 0.35 )

(-48.16) (-34.88)  (1.16)  (-25.65) (240.91)
» 0345 - 0498  0.753 0917 0225 -
5(MeantSD) 2.10£1.82 N.D.  0.14£0.16 5.79+4.41 0.63£044 093+0.81 N.D. 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)
» 0.249 - 0.068  0.075 0.028 0080 -
10 (Mean=SD) 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)  (91.10)  (-27.27)
» 0917 - 0593 0463 0463 1000 -
30 (MeanSD) 1.98+2.59 N.D. 0212037 2.5742.67 047+044 0.0240.06 N.D. 524+6.12
Amount® (%) 031 ) 0.18 127 0.25 0.12 )

(18.61) (625.58)  (9832) (11937)  (-84.09)
» 0.600 - 0223 0345 0345  0.180 -

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

4. ERisR 83| ¥ T1Z0M ddsls 77lke S

Al 3t & Aol A== f714te] Fies <Table 4>9F 2t 7F R7 14
SRS ﬁi@%@%‘ﬂ VB A58 5 2 974k 22571 18,54 mM el 210 & UeRdt) C
225 A5 T 57 ARt A olA lactate @} pyruvate o] FE7F 7214 0 & 75T (p<0.05).
=T F 7 Tt ST ohs P HolthE 30+ Fofks 44| L 5ot 2l E )k

@)
mo
ol
o

o
:\&

5. 10% Sucrose 822} EHtZ=2| 717} Lf| of|M MM E F7|4e| s Hlw
359 SRE AT & B U] f714RS BAIRE = <Fi
B 5&E& A5k 5-10:278 7 - lactate @] 57t =7 AE= I AEw C

7)ol thgo 2 AJEI]LO ™, E5] lactate B pyruvate] 7o) FAIR = %946& Zog 1t

EPT.

S
[\®)
V
_ti_l,
[.TE
U]o Kut
PN
D>
E
E
s
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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 43946.56 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 (Mean£SD) 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£0.21 9.57+8.82 0.98+1.29 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 0917 0.028 -
30 (Mean£SD) 1.53+1.91 N.D. 0.24+0.43 6.22£5.10 1.33£1.85 0.53+0.65 N.D. 9.84+9.94
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

) (B) . ©
—~
= s
E m Lactate
~ 10 10 10
= . * * ® Acetate
-E H DPropionate
E OFormate
E OButyrate
g s 5 | )
= BPyruvate
6 Valerate
0 4 0 - :
Control 0 5 10 30 Control 0 5 10 30 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% Z= AR 4 Hold AR f7Iit w9 vt S tiE] Sa%C] H(ratio)=
<Table 5>, <Fig. 3>} ZT}. <Table 5>} o] thRw A} B S=5 H| WA & G714 57t
AFF5-102787 F B 520l 1L66H] oV =& A o0& HkS o, A Sl HIsld B =7t

2Jo}ox] QHEA o Fao] AT 7} vk e Tickst 2= 9lct

AT C F=20F A S5 st AF 5 5-10274T0 & & f714e] 1.984 oV o= C 5=
7t 14 ] A =7t =9k 0w, E5] lactate E pyruvate+=2.34, 3.148]2] Z}o|E BTt C 2=
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o} B SRS vlIohd AF 5 SEAY F 0L H71] 1109 H9EO0, lactate 2
pyruvatet 1.62, 2.9671] o2 Ho] Auka|0 2 okA] 4 £71419) Bl CoB-A &2
02 59ke2 Slelahgct

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

g:f:rz; 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 2.42 1.39 -0.09 0.00° 1.66

30 0.34 0.00° 093  -357 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
5 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° 2.24

30 -3.17 0.00° -0.79 444 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
/= °

)’\‘ —-B
4.00

/ / ( N -
2.00 \:
0.00

T 10 15 20 25 T 35
2.00

Min

\'u‘

/

)/

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>& 35| g=olM A/4H 2ok-4] sl ]l 2] lactate 2] AR ] wh
€50 SaFe Uehd T 2ot Lactate 0] 12 AH 5 5247 & o= AAH AL
™, 9 T712 C>B>A =& £ 08 Uit At CERollX= 5120l R Al &
AR = froRt pE o & Tt 7SI R A SRe AAS] 2715 = SEElo,
2 B eF AT C SEe LA S5 EE S Bt

g R Aok9A] $Ub T S20] B FsHE TR, A, Z50] 7 1to] eklol
9ol EAAC] e pHE AT, 47 F 774 ] Ahato] SR o] ofstel Ao}4) 5 54
27455} A1 5 ek ool 2 QTS SIS R 7] F A 77 ] A el gt
2]oF-2] ] 574K Lactate, acetate, propionate, formate, butyrate, pyruvate ¥ valerate)= =
] 2 4s1o] Aoh9-4] kg AT 0 2 heka sk

32 4515 Embden-Meyerhof-Parnas (EMP)<=2hS 531 sl 2 0] Aut2 pyruvate 2 71
ShelH, A E pyruvate= @714 27 Slof|A] lactate, acetate, propionate, formate 2 butyrate 5
T} 22 TRt 7140 2 M eIT26.28], o 8A| i 7IAkS o] 3ol et cleret
Al Uehbs Ao 3157 =t tiE2] 0 2 Jactate= Alat-2] TiAlol 718 Fheh RALEZ A

Streptococcus, Actinomyces and Lactobacillus7} Hofol= 72102 &2 9] 9™, propionatet=

-

Propionibacterium, Clostridium propionicum 9 Lactobacillus buchneri®l 213} AJE thal Bl
5] 91EH29-34], A= Sk 77 ) Al Ol AR -§714RE 77 W pH o] s} o]
T W rESl thet d/dell ofel 2okl wlst el dde € o e 8es
28517 gl

2 AelA AL S EE T Y 3] il
ATk Z[ete] e O] pH7F F 2.92 & A jlof A8 et =7t Bt Aok Al /o] Ath=
ZAA S}l HeSHA| EIATt EFF10%2] sucrose &&= Park 5{25]12] ¢ TlAF1S 2 x510] A
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