
Turku sugar studies 
IV. An intermediate report on the differentiation of polysaccharide- 
forming streptococci (S. mutans) 

F. GEHRING, K. K. MAKINEN, M. LARMAS & A. SCHEININ 
Department of Experimental Dentistry, University of Wiirzburg, 
Germany, and Institute of Dentistry, University of Turku, Finland 

Gehring, F., Miikinen, K., Larmas, M. & Scheinin, A. Turku sugar 
studies. IV. An intermediate report on the differentiation of poly- 
saccharide-forming streptococci (S.  mutans). Acta Odont. Scand. 

Colony count determinations were carried out in order to detect 
quantitative changes of Streptococcus mutans in the plaque samples 
of the test persons in the Turku sugar studies. The lyophilized plaque 
samples were homogenized and incubated under anaerobic conditions. 
In addition, the pH-values were measured after incubation in culture 
media containing various sugars. The 1-year results showed a 
significantly lower incidence of S. mutans in the xylitol group in 
comparison to the fructose and sucrose groups. The pH-measure- 
ments carried out a t  the 4 and 12 month phases showed that only 
in the presence of xylitol the mean values did not fall below the pH- 
limit of 5.5. No evidence was obtained of the involvement of micro- 
organisms capable of decomposing xylitol after one year of diet. 

Keywords: Streptococcus mutans; dental plaque; xylitol; fructose; 
sucrose; sorbitol 

F. Gehring, Department of Experimental Dentistry, University of 
Wiirzburg, 8700 Wurzburg, Pleichertorstrasse 32, Germany 

32, 435-444, 1974. 

Specific extracellular polysaccharide- 
producing streptococci, for example, the 
varieties of Streptococcus mutans, have 
been considered to possess potential 
cariogenic characteristics. A comprehen- 
sive review, covering i.a. the taxonomy, 
epidemiology, and ecology of this species 
has recently been presented (Fitzgerald 
et al., 1973). The potential cariogenic 
properties of S.  mutans are strongly 
connected with a supply of sucrose as a 
source of energy. These microorganisms 
produce organic acids as well as intra- 
cellular and extracellular polysaccharides 
from sucrose. The latter substances, which 
most frequently represent glucans, func- 

tion as a plaque matrix and have adhesive 
capacities holding bacteria on the surfaces 
of the teeth (Gibbons & Banghart, 1967; 
Guggenheim, 1970; Newbrun, 1972). 

An association between S. mutans and 
active human caries has been repeatedly 
shown (Krasse et al., 1968; de Stoppelaar 
et al., 1969; Jordan et al., 1969; Littleton 
et al., 1969, 1970; Duany et al., 1970; 
Schamschula & Charlton, 197 1 ; Woo&, 
1971; Ikeda et al., 1973; Schamschula & 
Barnes, 1970; Kozlowski et al., 1973). In 
these studies S. mutans was isolated more 
frequently in individuals with high than 
low caries experience. 

The growth and the quantitative 
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occurrence of these germs in the plaque 
at the site of a potential carious lesion 
may thus provide information of the local 
conditions. The break of the relationship 
between a high sucrose consumption, and 
increased occurrence of S. mutans may 
over a prolonged period of time be 
reflected in a decrease of caries activity. 
Substitution of sucrose through suitable 
products may thus result in a decrease of 
S. mutans. On the other hand, a frequent 
supply of sucrose may lead to large 
numbers of these microorganisms, at least 
at defined areas on tooth surfaces, 

The purpose of the present micro- 
biological study was to evaluate the 
eventual changes in the number of 
S. mutuns in dental plaque in relation to 
sucrose, fructose and xylitol consumption 
in man. In addition, the capability and 
adaptability of a mixed plaque flora to 
decompose various sugars was investigated 
in the trial. 

MATERIAL A N D  METHODS 

Colony count determinations of S. mutans 
were carried out to detect the quantitative 
changes in the plaque samples of the test 
persons divided into sucrose (S-), fructose 
(F-) and xylitol (X-) groups as reported for 
separately (Scheinin, Makinen & Ylitalo, 
1974). Out of the initial 125 participants, 
plaque samples for microbiological analy- 
ses were available in the vast majority of 
cases. Only in a few instances, as seen in 
the results section, negligible deviations 
occurred. 

The collection and treatment of the 
plaque samples was carried out as follows. 
Simultaneously with the clinical inspection 
and plaque collection for biochemical and 
microbiological analyses in Turku, special 
samples were obtained for the studies in 
Wiirzburg. The test persons refrained from 

all oral hygiene measures for 12-24 hours 
prior to the collection (overnight). The 
plaque samples in the first examination 
were collected from tooth surfaces where 
caries occurred or was likely to occur. 
In the second examination the samples 
were fractions of the total amount of 
plaque collected. The exact wet weight of 
the samples was determined (range 
approximately 0.5-1.5 mg). Each plaque 
sample was then suspended in 1.0 ml skim 
milk]); rehydration according the instruc- 
tion given by the supplier in 10 ml centri- 
fuge tubes. The mixtures were then 
sonicated for 5 sec with a MSE Ultrasonic 
Disintegratora) in cold with a probe with 
an end diameter of 3 mm. The mixtures 
were then freeze-dried, the solid samples 
stored at -20 "C, and were later sent 
by air to Wurzburg. The microbiological 
investigations were carried out within 
8-10 weeks after the collection of the 
samples, as indicated in Fig. 1. 

In the present study, the term 
))anaerobic)) implies that the incubation 
for the colony count determinations was 
carried out in BBL GasPak-jarsa) under 
anaerobic conditions. 

In order to find out whether a selection 
and adaptation of microorganisms capable 
of decomposing xylitol took place, the 
changes of the pH-values in culture media 
containing 1 yo xylitol, sorbitol, sucrose or 
fructose were measured after inoculation 
with the mixed plaque flora of the in- 
dividuals in the three sugar groups. 
Further comparison was carried out with 
corresponding sugar-free culture media as 
controls. The pH of the media was 
determined at + 25" C with glass and 
calomel electrodes. 

I) Difco Laboratories, Detroit, Michigan, U.S.A. 
*) Measuring & Scientific Equipment Ltd., 

London, England. 
a) Baltimore Biological Laboratories, Baltimore. 

Md., U.S.A. 
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Fig. 1. A scheme of the overall performance of 
the microbiological tests. The homogenization 
was performed in a solution containing 1.0 ml 
Bacto-NTH-Thioglycollate broth (Difco) and 
2.0 ml saline. The dilution ranges were from 
10-l to The cultivations were performed 
for 48 h in anaerobic jars a t  37' C on phenol 
red agar base (Difco) containing 5 %  sucrose. 
The identification comprised the following tests: 
Degradation of mannitol and sorbitol, and the 
growth in 4% NaCl and 40% sucrose. The 0.5 
ml aliquots were used in tests in which the pH 
of the medium containing either sorbitol, xylitol, 
sucrose, or fructose was determined after 
incubation for 1 or 7 days (when compared to a 
control medium). Other details occur in the text. 

RESULTS 

The first microbiological evaluation was 
carried out on plaque samples collected 
approximately 4 months after commence- 
ment of the respective sugar diets. The 
incidence of growth of S. mutans in the 
three sugar groups is shown in Table I. 
Application of the Xa-test proved the 
observed differences to be significant at 
the 5 yo level. 

In the F- and S-groups growth occurred 
in about half of the cases. In the X-group 
merely one fourth of the test persons 
displayed the presence of S. mutans. 

The absolute and relative frequencies 
of appearance of S. mutans after one year 
of the respective diets is shown in Table 11. 
When applying the Xa-test the difference 
was not significant, in contrast to the 
findings in Table I. 

The difference in the occurrence of 
S. mutans between the first and second 
examination was further reflected in the 

Table I. Incidence of anaerobic S. mutans after 4 months of sugar diets 

Xylitol Fructose Sucrose Total 
No. % No. % . No. % No. % 

Growth 13 25 17 44.7 17 48.6 41  37.6 
No growth 39 75 21 55.3 18 51.4 78 62.4 
Total 52 100 38 100 35 100 125 100 

2 = 6.32 P < 0.05 

Table 11. Incidence of anaerobic S. mutans after 12 months of sugar.diets 

X ylitol Fructose Sucrose Total 
No. % No. % No. % No. % 

Growth 1 1  21.6 9 24.3 1 1  31.4 31 38.2 
No growth 40 18.4 28 15.7 24 68.6 92 61.8 
Total 51 100 37 100 35 100 123 100 

= 1.09 P = n.s. 
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Table 111. Occurrence of anaerobic S .  mutans in 
plaque samples obtained after 4 and 12 months 

of sugar diets 

1st sample 2nd sample in both 
only only samples 

Xylitol 7 5 6 
Fructose 1 1  3 6 
Sucrose 9 3 8 

number of persons exhibiting growth in 
the first, but not in the second trial, and 
vice versa. Table I11 gives the number of 
the test persons in the sugar groups with 
regard to the presence of S. mutuns in the 
first, second or both examinations. 

The test of McNemar (Bradley, 1968) 
was applied in order to check for possible 
significant changes between the two deter- 
minations in the distribution of the test 
persons with respect to the incidence of 
S. mutans, and showed that no significant 
changes had occurred. The somewhat 
surprising result was further elucidated 
with regard to the frequencies of occur- 
rence of s. mutuns in the first and/or the 
second trial (Table IV). The percentages 
of persons in the F- and S-group 
harbouring S. mutuns were practically 
equal. When pooling these two groups and 
applying the exact test of Fisher (Bradley, 
1968), the value of a = 0.021 was obtained, 
demonstrating a significant difference in 
the proportion of persons with S. mutuns 
between the X-group and the pooled F- 
and S-groups. The Fisher-test gave a = 

Table V. Occurrence of S .  mutans in 1st and 2nd 
plaque samples 

1st sample 2nd sample 

Xylitol 25.0% 2 I .6% 
Fructose 44.7% 24.3% 
Sucrose 48.6% 3 1.4% 

~ 

0.037 when comparing the X- and S- 
groups, and a = 0.062 between the X- and 
F-groups. The former value was clearly 
significant, whereas the latter was close to 
the usual margin of 0.05. The two circle 
diagrams (Fig. 2) describe the correspond- 
ing situation between the X-group and the 
pooled F- and S-groups. 

A further analysis of the results showed 
a decline from the first to the second 
examination with regard to the number of 
persons exhibiting the presence of 
S. mutuns (Table V). Nevertheless the 
intermediate I-year results showed a 
significantly lower incidence of S. mutuns 
in the X-group in comparison to the F- and 
S-groups. 

In addition, also quantitative determina- 
tions of S. mutuns were carried out on the 
plaque samples. Table VI shows the 
results of anaerobic colony counts of 
S. mutans, and the total mixed counts in 
units of lo6 per mg plaque wet weight. The 
standard deviations of the colony counts 
varied highly. For this reason a logarith- 
mic transformation of the obtained data 
was applied. A comparison between the 
sugar groups (Table VI) showed that the 

Table IV. The incidence of S .  mutans in 1st andlor 2nd samples 

Xylitol Fructose Sucrose Total 
No. % No. % No. % No. % 

Growth 18 35 20 54 20 57 58 47 
No growth 33 65 17 46 15 43 65 53 
Total 51 100 37 100 35 100 125 100 
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XYLITOL FRUCTOSE + SUCROSE three sugar groups after approximately 
4 months after the onset of the respective 
diets. It was thus found that only in the 
presence of xylitol and in the controls pH 
values above 6 were recorded on the 7th 
day. All other corresponding values, 
measured in the presence of either sorbitol, 
sucrose or fructose, were between pH 

Fig. 2. Distribution of persons in the xylitol 
group and the pooled fructose and sucrose 
groups exhibiting growth of S. mutans in the 
first and/or second examination. 

approximate confidence intervals for 
S. mutans in the first trial were disjoint in 
the X- and F-groups. There was also a 
significant difference between the X- and 
S-groups, as further proved by applying 
the Mann-Whitney U-test (Bradley, 1968) 
between the X- and F-groups (a -- 0.0046), 
X- and S-groups (a = 0.073), and for the 
total colony count between the X- and 
S-groups (a = 0.0042). A similar situation 
occurred at the second examination with 
regard to the total colony count. 

The ability of the mixed plaque microbiota 
to ferment various carbohydrates 
An analysis of the eventual adaptation or 
mutation of the plaque flora to degradate 
xylitol through acid production was con- 
sidered to be of importance, particularly 
in view of the long duration of the study. 
Information was obtained through pH- 
measurements in culture media, as de- 
scribed in the material and methods 
section. The culture tubes containing the 
various sugars and the sugar-free controls 
were inoculated with samples of the mixed 

4 and 5. 

1. M Y  0-0 
7. DAY .--. 

XYL SOR Suc FRUC CONTR. 

FRUCTOK 
7 c 

XYL SOR Suc FRUC CONTR 

SUCROSE 
7 

plaque flora obtained from the test I I I I 
persons. The changes in the pH-values 
were measured after the 1st and 7th day 

XYL SOR SUC FRW: COMR. 
Fig. 3. Mean pH values after incubation for 
1 and 7 days in the Dresence of 1% xvlitol. .- . of inoculation. Table VII shows the sorbitol, suirose Of frcctose. Inoculation with 
individual plaque samples after 12 months of 
sugar diets. means and standard deviations in the 



440 F. CEHRING, K. MbiKINEN, M. LARMAS AND A. SCHELNIN 

Table Vl. Anaerobic colony counts of’s. mutans and total plaque microbiota in units of 10K/nig pluqiie 
after 4 and 12 months of sugar diets 

S. mutans Total colony count 
1st samples n 2nd samples n 1st samples n 2ndsamples n 

Md 0.00008 52 0.00004 51 19.25 52 22.73 51 
Min. 0.00002 0.00001 12.35 14.98 
Max. 0.00029 0.00017 30.01 34.49 Xylitol 95% interval 

Md 0.00233 38 0.00005 37 19.94 38 12.66 37 
Min. 0.00034 0.00001 12.74 12.65 

0.00025 31.19 23.49 Fructose 95% interval Max. o.01560 

Md 0.00155 35 0.00013 35 18.13 35 9.26 35 
Min. 0.00018 0.00002 9.44 5.35 

0.00077 34.81 16.00 Sucrose 95% interval Max. o,01279 

Kruskal- Wallis-test P = 0.0191 n s .  n.s. P = 0.043 

Table VII. Mean p H  values afier incubation for 1 and 7 days in the presence of various carbohydrates. 
The broths were inoculated with the mixed microbiota of the individiralplaque samples obtained 

after 4 months of sugar diets 

Sugar added Day Xylitol group Fructose group Sucrose group 
n = 38 n = 35 - n = 52 - 

X S.D.x x S.D.f x S.D.I 
~ ~~ ~ 

Xylitol 

Sorbitol 

Sucrose 

Fructose 

Control 

1 
7 
1 
7 
1 
7 
I 
7 
1 
7 

6.74 0.16 6.78 0.27 6.79 0.19 
6.28 0.50 6.42 0.50 6.19 0.53 
6.34 0.58 6.24 0.64 6.29 0.59 
4.87 0.64 4.74 0.75 4.89 0.78 
4.33 0.17 4.24 0.12 4.32 0.28 
4.27 0.14 4.24 0.21 4.23 0.16 
4.42 0.22 4.28 0.23 4.33 0.33 
4.37 0.18 4.22 0.21 4.31 0.18 
6.67 0.42 6.75 0.13 6.16 0.18 
6.51 0.62 6.47 0.33 6.54 0.53 

In the second series of examination after 
approximately 12 months of diet, the 
results of these pH measurements were 
almost the sanie. The results are shown 
in Fig. 3 with regard to the mean pH 
values on the 1st and 7th day of inocula- 
tion. The lowest pH levels were again 
registered in the presence of sucrose and 
fructose, whereas with sorbitol the values 
were below pH 5 after 7 days of inocula- 
tion. The mean pH value measured in the 
presence of xylitol was clearly above pH 6, 

but on the other hand, a few individual 
plaque samples yielded pH values below 
5.5. The number of these test persons and 
their sugar groups are given in Table VIII. 
The persons giving these lower pH values 
in the xylitol group at the 1st and 2nd 
examination were not the same, and the 
number of cases capable of reducing the 
pH value below 5.5 in the presence of 
xylitol was smaller in the second than in 
the first examination. On the basis of 
these experiments there was thus no 
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Table V111. Distriburion of individual plaque 
samples yielding values below pH 5.5 after 7 days 
of incubation in the presence of 1% xylitol 

Sample 
1st 2nd 

Xylitol group 3 2 
Fructose group 1 1 
Sucrose group 3 - 

evidence of the adaptation of micro- 
organisms to decompose xylitol in the 
conditions involved. 

DISCUSSION 

The observations indicated differing results 
at the 1 st and 2nd examination concerning 
the qualitative and quantitative occurrence 
of S. mutans in the plaque samples of the 
three sugar groups. This discrepancy 
seemed most likely to have been due to a 
difference in the method of plaque 
sampling. In the first examination plaque 
was collected specifically for the present 
study, from locations where caries was 
present or likely to occur. In the second 
examination the plaque samples re- 
presented aliquots of the total amount of 
plaque collected for other analyses as well. 
The second samples were thus deliberately 
obtained without attention to the location 
of plaque. 

Shkluir et al. (1974) in a study cf the 
distribution of S. mutans on the teeth of 
caries-free individuals (DMFT = 0) and a 
control group (DMFT = 1-27) of naval 
recruits, reported that in the control group 
the percentage of occurrence was higher 
than in the caries-free group. The authors 
also noted that in determining whether 
S. mutans may or may not be found, the 
differences seemed probably to have been 
due to the different methods of sampling 
on approximal surfaces, to the number of 

sites sampled, and possibly to age differ- 
ences of the test persons. 

Zkeda & Sandham (1971) found that in 
children the pits and fissures were the 
major sources of S. mutans; fewer germs of 
this species were found on the buccal and 
none on the approximal surfaces, In a 
further study Zkedu et al. (1973) showed 
that during the 12 subsequent months the 
mean number of S. mutans increased on 
all aforementioned surfaces, but not in all 
individuals. Wide fluctuations were noted 
in many persons over a period of time. It 
also appears from the present Tables 
111-VI that variations in the incidence of 
S. niutans occurred between individuals, 
between the sugar groups, and also 
between the two examinations. 

Gibbons (1973) pointed out the unusual 
ecology of S. mutans which colonizes in a 
localized manner, and which is not 
quickly transmitted from one tooth surface 
to another. Littleton et al. (1970) found 
S. mutans in all carious lesions sampled, 
but recovered the organism only oc- 
casionally from the plaque of intact teeth. 
Shklair et al. (1972) showed that the 
prevalence and isolation-frequency of 
S. mutans decreased when the plaque 
samples were obtained from sites distant 
from a carious lesion. Duany et al. (1972) 
found no significant differences in the 
prevalence of S. mutans on molar surfaces 
of caries-free and caries-active students. 
These authors indicated that the differ- 
ences in relative numbers, rather than the 
presence of S. niutans alone, may be a 
critical determinant in the initiation of 
caries at a specific tooth surface. 

The microbiological data of the present 
study showed a lower occurrence of 
S. mutans in the plaque samples of the test 
persons after one year of xylitol consump- 
tion in contrast to the sucrose and fructose 
groups. The results also emphasize, 
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fundamentally, the complex ecological 
system of potentially cariogenic plaque in 
relation to the consumption of sucrose, 
fructose and xylitol. The present findings 
should obviously be considered in view of 
the corresponding clinical, radiographical, 
biochemical and microbiological findings 
(Scheinin, Mukinen & Ylitalo, 1974; 
Makinen & Scheinin, 1974; Larmas, Maki- 
nen & Scheinin, 1974). In view of the 
intermediate nature of these findings, the 
present microbiological investigations 
being extended to cover a 2-year period, 
no detailed analysis between the oc- 
currence of S. mutuns and the incidence 
of dental caries is now carried out. 

Recently, the cariogenicity of fructose, 
sucrose, sorbitol and xylitol in chocolate 
was tested in rats (Karle & Gehring, 
1974a, 1974b). The sucrose diets exerted 
the highest and the xylitol diets the lowest 
caries increment rate. The plaque samples 
of the ))sucrose-rats)) harboured abundant 
S. mutans in contrast to the ))xylitol-rats>) 
in which these germs were not detected. 

The in vitro-studies on the pH-changes 
in various culture media with the mixed 
plaque microbiota yields no appreciable 
acid production from xylitol, in contrast 
to sucrose, fructose or sorbitol (Table VII, 
Fig. 3). Investigations with experimental 
animals have demonstrated the presence 
of oral microorganisms, which are capable 
of degrading xylitol to acids at a very low 
rate, as compared with other low- 
molecular carbohydrates (Gehring, 1974a, 
1974b). Animal experiments on the cario- 
genicity of xylitol have hitherto shown 
that this polyol was less cariogenic than 
sorbitol, although sorbitol may also 
display rather low cariogenic properties 
(MUhlemann et al., 1970; Karle & BUttner, 
1971; Grunberg et al., 1973; Karle & 
Gehring, 1974a). 

The results of the present paper can also 

be examined in light of experiments on the 
adaptability of oral microorganisms to 
utilize xylitol, or to tolerate its presence 
in the culture medium in vitro. The first 
report dealing with these phenomena 
(Mukinen, 1972) claimed that after four 
or five months continuous presence of 
xylitol, the cells of S. mutans (Ingbritt) 
became capable of utilizing xylitol. This 
argument was presented on the basis of 
the lowering of the pH and on the increase 
of turbidity of the growth media after the 
))adaptive)) period involved. The sub- 
sequent experiments, however, provided 
more detailed information about the 
actual reactions. The possibility suggested 
(Mukinen, 1972,1974) about an adaptation 
to utilize xylitol has likely turned out to be 
incorrect. 

Recent experiments indicate that the 
cells of S. mutans grow identically in the 
presence of xylitol as the only added 
carbohydrate, and without any added 
carbohydrate at all (Knuuttila & Maki- 
nen, 1975a). Radioactive ClCxylitol 
(universally labelled) was not incorporated 
into the cells of either >)adapted)) or man- 
adapted)) cells of S. mutans. The true 
adaptation of the cells involved synthesis 
of increased amounts of extracellular 
proteolytic enzymes which utilized the 
peptides and proteins of the medium as 
substrates for energy-requiring reactions 
of the cells. The action of these extra- 
cellular proteinases rendered the growth 
of the cells and the lowering of the external 
pH possible, thus explaining the results 
obtained originally (Mukinen, 1972). 
Consequently, the sucrose- or glucose- 
exploiting organism was converted to a 
protein-using type (Knuuttila & Makinen, 
1975b). Xylitol behavied in all these 
experiments as an inert compound. Similar 
findings were recently obtained with certain 
strains of oral Candida (Mukineti, Oja- 
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notko & Vidgren, 1975). Under the 
experimental conditions of the present 
study there are no indications of an 
adaptation or mutation of the plaque 
microbiota to degrade xylitol through acid 
production. 
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