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Abstract : To develop the cariogenicity test for sugar substitutes and foods in vitro, the growing
system of mutans streptococci was examined in this study. Four strains of mutans streptococci
were cultured under aerobic or anaerobic conditions, and the time course of changes in pH value,
cell growth and insoluble glucan synthesis were analysed. In all bacterial strains, either pH
decrement, cell growth and insoluble glucan synthesis showed slightly higher values under
anaerobic conditions compared with those under aerobic conditions after 5 to 7 hours of incubation.
However, a difference of oxygen conditions did not have remarkable effects on data after a long
incubations over 9 hours. After 23 hours of incubation, sorbitol was fermented by all strains of
mutans streptococci used in this study, especially by Streptococcus mutans. Yet, after 9 hours of
incubation, the fermentation was not very notable, but the difference in fermentability from
sucrose was shown clearly. These results suggest that the optimal incubation time for evaluation
might be approximately 9 hours under the conditions used in this study.

The time course of changes in pH and cell growth showed a similar pattern, so the capacity to
grow mutans streptococci in sugar substitutes and foods were evaluated directly and indirectly. In
addition, we analysed insoluble glucan synthesis in this test system. The capacity of sugar
substitutes and foods to form dental plaque were assessed by the integration of data from the three
ways of analysis in this test system.

Maltitol, xylitol and a food sample were tested by this system. The results suggested that either
two sugar substitutes or a food sample were non-cariogenic.
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Table 1. Composition of candy (weight/weight).

Raw materials name Content
Maltitol (liquid) 74.2%
Maltitol (powder) 22.6%

Reduction starch syrup 1.2%

Ginsen powder
Chinese quince extract
Chlorella flavor extract
B-carotene

Stevia

L-menthol

Peppermint

Arabic gum

Color (chlorophyll)

Carnauba wax Total 2%
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cultured medium

centrifuged at
15,000rpm , 20min.
sediment

I
washed twice with PBS (pH6.8)
I
suspended in 0.5M NaOH

given ultrasonic shock (20 W,5sec)
and Vortex treatment (20sec)

centrifuged at
15,000rpm , 20min.

sediment

I
suspended

in PBS (pH6.8)

supernatant

amount of saccharide
was measured
insoluble glucan
given ultrasonic shock
(20 W,5sec) three times

turbidity was measured
at OD500nm
bacterial cell

* All %rocedures were performed
at4 C or on ice .

Fig. 1. Fractionation and analysis of insoluble
glucan and bacterial cell.
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Fig. 2. Time course of changes in pH of cultured broth. The broth containing 2% sucrose or 2% sorbitol
was incubated under aerobic or anaerobic condition.

—O— sucrose, aerobic.
—&— sucrose, anaerobic.
—— sorbitol, aerobic.
—a— sorbitol, anaerobic.
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Fig. 3. Decrement of pH of cultured broth after 5 hours incubation (a, b) and 12 hours incubation (c, d)
under aerobic condition ([(]) or anaerobic condition (). Cultured broth contained 2% sucrose

(a, c) or 2% sorbitol (b, d).
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Fig. 4. Time course of changes in cell growth. Tie incubation mixture containing 2% sucrose or 2%
sorbitol was incubated under aerobic or anaerobic condition.
—O— sucrose, aerobic.
—— sucrose, anaerobic.
—~— sorbitol, aerobic.
—&— sorbitol, anaerobic.
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Fig. 5. Time course of changes in pH decrement of broth. The broth containing 2% sucrose or 2%
sorbitol was incubated under aerobic or anaerobic condition. Values of decrement were obtained
from the way to deduct pH after incubation from pH before incubation.

—O— sucrose, aerobic.
—@— sucrose, anaerobic.
—=~— sorbitol, aerobic.
—a— sorbitol, anaerobic.
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Fig. 6. Time course of changes in insoluble glucan synthesis by mutans streptococci. growth. The
incubation mixture containing 2% sucrose or 2% sorbitol was incubated under aerobic or
anaerobic condition.
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—e— sucrose, anaerobic.
—&— sorbitol, aerobic.
—— sorbitol, anaerobice
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Fig. 7. Amount of insoluble glucan synthesis by mutans streptococci after 5 hours and 12 hours
incubation under aerobic condition ([TJ) or anaerobic condition () in cultured broth containing
2% sucrose
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Fig. 8. Decrement of pH of cultured broth after 9 hours incubation and 23 hours incubation under
aerobic condition ((C]) or anaerobic condition (W).
Cultured broth contained 2% sucrose or sorbitol or maltitol or xylitol or canndy extract.
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Fig. 9. Cell growth of mutans streptococci after 9 hours incubation and 23 hours incubation under
aerobic condition ([]) or anaerobic condition (D).
Cultured broth contained 2% sucrose or sorbitol or maltitol or xylitol or candy extract.

DI EDORBBRTHEL T3 pH Z{LIZRT
BRCHEOHMEARL TWEHDEEL LN
too BRYET PH BIEED, T TREET ZEE
SN S AEEEFE L CESRIcELT S
BEAEL TV 301 L, AABREIH 28
BRIk b S BEE A FH L THRE S 5 1
EELBHELTVWAbDEELI OIS, T4
FERTIRMERICIEKEE 7V v ARE b EIE
LT, ARREN, ALCHEEOBIERM
& EDIHREERNORE5 2 T 2B8%ES

HTH BAEE AR S i,

B FTPpHAIE & TpHOE T L 5 W
negative control & L THWHh, ZOEKES
FHSECEDONTWVWE ™2y L b —
KOV T bFRARE TIIHY ORI LR
120 & L 1T Streptococcus mutans DIFERETIT WV
THOREKT b 23 R ERICT > 2 VER
IKOBER pH 55 £ FElD, oEERETR
3D v v E b — L% negative control & L
THOWR I EICREEBEL AR EL -1,



in vitro BRFERUFME LTD I a— ¥ v 2L v HHREEEAR 97
S.mutans MT8148
£ £l
“&h &b
B G
=08r =08
§ 0.7+ after 9 hours § 07+ after 23 hours
OIS wge | b
%06 % §06 %
%05— % %QS- %
20.4\ 2041 %
S03p| | 03} Z
502+ | g02f| |
3 _ 3 _
€01} j/% 201k %
E O L] /% \ \J \ 1 4 - %/// \ 1 \ ' \ 1 ]
& 1S ‘X0 TN (2 . . .
Sﬁp gﬁ& “@& $§$ C@“ gﬁ& gﬁwkwMQ $®@ Cﬁﬁ
. S.sobrinus /S\L—l
E E
&b b
: £
=14r after 9 hours =lar after 23 hours
[+ ]
S12} g1z}
o 1 o 1}
E So8l
5 0.8 = 0.8
206 Eo6|
5 g
= 0.4 = 04
202 202}
5 0 056 .\0\ 1 .\0\ ' "0\ L " ) 5 0 S A .\0\ 3 .\0\ X .\0\ ' ” |
R N R S MY G o g W e

Fig. 10. Amount of insoluble glucan synthesis by mutans streptococci after 9 hours incubation and 23
hours incubation under aerobic condition ((C]) or anaerobic condition () . Cultured broth
contained 2% sucrose or sorbitol or malititol or xylitol or candy extract.
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