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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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Fof| AREH 7714 2 (acetate, butyrate, formate, lactate, propionate, pyruvate, valerate)
ol AFREl 0]%54F NaOH 100 mM-2 Sigma Aldrich (St. Louis, MO, USA)ol|A 7915} tt

ol sA Alx 2 BFEH 9 AR No AEH Fo]24( =18 M#2)+= MilliporeAKBedford, MA,
USA)2] MILLI-Q Water system=- ©]-85}0] A| 55}t
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48 63] 41 2gich B AT Bl dT-gelolgiasle] OIS AH 2N
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el 114] ) = sEATh 30 mL2] sucrose -8H(10%, wiv) A5 T30 mL| ATAHFHE
HZ2TASH, 30 mL—J sucrose -2-2H(10%, w/v)23F= QL_—TL B2&, 30 mL B RE A C
Smet A ekt g2 o 2 BRoEAQIB 252 A= 32 554 100 mLoll 10 g2] sucrose S
A2 &= 4 Eo] é@é}‘q A-20]|x] 3]st /‘]'33}/“‘:} AT CEme W, WA, Q1
4to] 223FE 355 mLof| B39 go] okl St EEA] AlSol BHjE] 1 Qe 5= E ARSSIIT
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<Fig. 1>}t

‘ 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
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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£0.44 145:146 023£030 020+044 ND. 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. 2.6742.70
Amount® (%) -1.06 ) 032 -029 -0.07 0.26 ]

(-55.45) (:90.57)  (-1970)  (-29.76)  (131.67)
P 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 0.47+0.32 0.94£133 N.D. 7.86+6.98
Amount® (%) -0.15 ) -0.21 3.10 0.24 0.74 )

(-7.61) (-60.75) (213.73)  (105.85)  (370.00)
P 0.917 - 0225  0.116 0.028 0.043 -
10 (Mean=SD) 2.0940.94 N.D.  0.14+0.21 3.26+2.59 0.37£024 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)
» 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 0.32 -0.20 ]

47.31) (5472) (2453)  (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+ tIAFEONAIA AZSEA] 230Th T3t lactate 2 pyruvater= =
245§ 5102 7 F7 4] Bt S AsH STk e Holrh 302 Solle= Al41s] 1
STt o= 5 o

3. 10% Sucrose MU S M| = AL0j|M MHdzl= f7|4e] =

izt B w2 A5 & olM A Ehe 71419 E e <Table 3>3 Et. 2t {7k
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F SRS UG T AT SR A 52 T E 571U F 719,50 mMel A0 Uekdrh B &
= 435 & 5% 737t A1-elA propionate 2] ‘E=7t 3214 0 &2 Z71519] 07 (p<0.05), butyrate
9} valerate S A|&Jgt U 2] G714R2 0.11-4.49 mMo| Z7}sat S8AF 3 G714H] 7t
S5he P Holth} 308 Folle AATE] 1 357} S gl

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.  0.02£0.02 131138 0.16£0.14 0.50£047 ND. 2.85+2.77
Amount* (%) -0.80 ) -0.01 0.02 -0.05 035 ]

(-48.16) (-34.88)  (1.16)  (-25.65) (240.91)
P 0.345 - 0498  0.753 0917 0225 -
5(MeantSD) 2.10£1.82 N.D.  0.1420.16 5.79+4.41 0.63+0.44 0.93+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)
P 0.249 - 0.068  0.075 0.028 0080 -
10 (Mean=SD) 1.03£0.79 N.D.  0.06+0.09 568+1121 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)
P 0.917 - 0593 0.463 0463 1000 -
30 (MeantSD) 1.98+2.59 N.D. 0212037 2.5742.67 0474044 0.02+0.06 N.D. 5.24+6.12
Amount* (%) 031 ) 0.18 127 0.25 -0.12 )

(18.61) (625.58)  (9832) (119.37)  (-84.09)
P 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. ERHSR 443] 3 T2OIM WNEl Q7N &

A C 253 A5 & 70IM A=l 7110 ‘s Ie= <Table 4>0F A 2 77 Iibs
% we AR AL s A 5 F K] B 18.54 mMRI AL 2 UERTH. €
wis HH T 52 73Rt AlRollA lactate®} pyruvate o] SV 214 0 & F7ISHATHp<0.05).
wEAH F AN st 78k P Bl 30+ Follke AAE] 1 st ol 3l

5. 10% Sucrose S22} EHISE2| 712 LH OfiM el 77|Lte] S Hlw

3%0] SR2 HHT T 9 ) §7140 BT TR <Fig. 257} ek i Aol Hlsted

B =55 5okl 5-10:278 2 T lactate ] s =7 =7 HFE . Aot CERoAA 2459] #

Z|Ato] tefFo 2 AAE|Q] 0 EF] Jactate H pyruvate 2] F7FFo] SAIK O R Fojt o7 1}
Ehiet,
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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 439+£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 (Mean£SD) 3.85+£5.75 N.D. 0.54+1.27 5.294+6.48 1.07+1.39 2.10£2.29 N.D. 12.85t17.19
Amount® (%) -0.54 0.14 0.65 0.03 1.41
(-12.35) (36.53) (14.01) (2.67) (203.86)
P 0.600 - 0.715 0.917 0.917 0.116 -
5 (MeantSD) 2.6842.96 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 -0.21 7.27 -0.29 2.33
(-39.03) (-52.86) (156.69)  (-27.83) (337.20)
P 0.463 - 0.500 0.046 0.917 0.043 -
10 (Mean=SD) 3.7843.89 N.D. 0.20+0.21 9.57+8.82 0.98+1.29 1.92+1.93 N.D. 1645+16.14
Amount® (%) -0.61 i -0.20 4.93 -0.06 1.23
(-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 6.22+5.10 1.33+1.85 0.53£0.65 N.D. 9.84+9.94
Amount® (%) -2.87 -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) ®) : ©
é 10 10 10 u Lactate
= x * * ® Acetate
é O Propionate
E OFormate
g I OButyrate
: s 5 s | B Pyruvate
8 IVI:| I"] L B Valerate
0 | 0 Y B B I]L . E i A
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
350 & AF F 7 el BAE 714t S50 tixat w5 tiv] S22 Hl(ratio)+=
<Table 5>, <Fig. 3>2} 2T} <Table 5>2} o] 2 ASIB 225 H|WohH & /714 57t
A3 F 5-1012787 & B =4 1e6H] o =2 o7 Hek |, A &&of BIsto] B =7}
Z|o}A] GHEA] G FALO] A A T 7} =)l TS 4 Q)

AT C SR A =S Yo AF & 5- 102747 5 & f71tte] 1.984] o[ o= C 5=
THR7 AR A =90 ™, 5] lactate B pyruvate’=2.34, 3.148]2] 20|12 Btk C 37
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o} B SRS LSt 4F 5 SEAN F CLR7F 5 S7I0] 119v) R9EO0, lactate
pyruvatel= 162, 2.9671] ol 2 Bo] Auka|0 2 AokA] G £71410) Bl CoBoA S7
&0 ke Selalgict

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

ng:r;);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
5 -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 -0.46 274 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 -0.33  -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

" p$0.05

N }
N

-
=
=
S
£
=
-
=
g
o .\:\ —-B
§ 4.00 / I~
e =} —-o-C
= e \
2 2.00 \
~— ! 5
5 —~
£
[y L
1=
g 0.00
— 10 15 2 25 k1) 35
2.00
Min

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 =4 A4 AokeA] sl thEa Q1 3221 lactate 2] AlXFE o w}
2 5o SRS VERH el zolct Lactate @] SRS ’é%ﬂ T5EAN T HFo R QPR
™, L0 Z7HEFE C>B>A &= 0= UEYITh Ao CaRollk= 520l ARt AldolA &
AH o2 ot O 2 Fhrt FUek. EH7<?LA S AAS] 275k SlEE]loH,
2 B F AT C 5= A 8 s S B

SREEES ilohﬂ QP a2 E0] B AR B, QL 50] §714T] Zgtelo]
SEAPe] e pHE Ao, 44 5 ;L g o) Alle] W kg ofste] 2jofg-A 8l 2.4

gﬂi@rﬁlé‘#%  o]o]] 2 AR E-2 BRRke & A T AR 17 U] Altol] o)el s
Z]o}e-A] -] 5714 H(Lactate, acetate, propionate, formate, butyrate, pyruvate % valerate)= =
2] ZAI5t0] 2|okA] fHls-S A o 2 gkslarat oFirk

32 4135 Embden-Meyerhof-Parnas (EMP)s=2HS 55t sl 24 9] A= pyruvate 2 Z
2te]m, AAAH pyruvate= @714 71 SollA] lactate, acetate, propionate, formate 2 butyrate 5
T} - TR f714 0 B W Er26-28]. o] A G 1ARe vPgE ] o] wtat oheys)
A Yebt= A o2 HAE|A 9=t i34 0 2 Jactate= Allw2] thAtel] 71 SHF BAEE A
Streptococcus, Actinomyces and Lactobacillus7} Hodol= 721082 &2 99, propionatet=
Propionibacterium, Clostridium propionicum 2 Lactobacillus buchneri®l] 2Jsl] AJd¥Hctal B 11
&3 QIeh29-34]. A= Bk 7 i Allatell SlsiA A Eh= 7714 7+ W pH | s B2
77 O EE] i Aol Sjef Aok Azt BRIg AT JFE E 4 g aglo
apgap) sk

2 AolA Agst eikgaE B Qlito 2 JAJE SR 2 A, pHe2.34%0 Ao = S5
St 71Efe] BHAHS R 9] pH7E k2,92 A1gel 28| BAEG 27} 1} o}9-4) o] STt
ZAAetel] AestA = Act E2F10%2] sucrose 2-=4= Park 5{25]19] A tARRIE F=xste] A9
2 CAR1GI90 0, B R U] ekl M2 ] o) atlol 2lo] 10%] sucroses} 7]
etk Bk HeS AooA] fUS WeH 4 918 A0 AREI
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