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The possible qualitative and/or quantitative alterations in the pro- 
portions of cultivable groups of oral microorganisms were analysed 
during a clinical trial involving the consumption of fructose (F) 
or xylitol (X) in comparison to sucrose (S). Supragingival plaque 
samples and paraffin-stimulated saliva were collected from 11 5 
subjects. The samples were dispersed by sonication, diluted stepwise, 
plated on blood agar, Mac Leod agar, MacConcey agar, Rogosa 
S. L. agar, and Sabouraud agar plates and incubated anaerobically 
and/or aerobically. The number of the total colony forming units 
(CFU) on blood agar plates in anaerobic incubation was about 
1-3 x 10°/ml saliva and 1 4  x 10*/mg plaque and in aerobic 
respectively 5-18 x l@/ml saliva and 108/mg plaque. The total 
CFU on Mac Leod agar was of a similar order of magnitude. The 
variation between subjects and consecutive determinations was 
relatively large. The arithmetic mean of the total CFU on MacConcey 
agar was about 1-5 x lP/ml saliva, on Rogosa S.L. agar 6-130 x 
10a/ml saliva and on Sabouraud about 1-2 x 10*/ml saliva, all 
in aerobic incubations. Replacement of dietary sucrose with xylital 
did not affect the proportion of major microbial categories in saliva 
or dental plaque. The percentage of typical streptococcal colonies 
on blood agar was of a similar order of magnitude (about 60-70 %) 
during the diets. The arithmetic and geometric means of the total 
CFU values on Rogosa and Sabouraud agar plates were significantly 
lower in the X-group than in the S- or F-groups after a diet period 
of some months. It was thought that the reason for the reduction 
of acidogenic and aciduric oral flora in the X-group was partly 
due to the fact that xylitol is generally not metabolized by these 
microorganisms. 
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Diet has been listed among the most 
prominent environmental factors which 
may affect the composition of the oral 
flora (Hardie & Bowden, 1974; Geddes & 
Jenkins, 1974). A dietary change may 
thus lead to an alteration of the ecological 
balance of the microbial flora and the 
development of a new infection in the 
alimentary system. The changes may be 
either harmful to or desirable for the 
health of the individual. In the present 

study an attempt was made to analyse 
possible alterations in the oral flora 
during a clinical trial involving the con- 
sumption of fructose (F) or xylitol (X) 
in comparison to sucrose (S). 

Various methods have been employed 
to determine the microbial composition 
of the oral flora. These include direct 
microscopic examination, the use of 
selective culture media for the isolation 
and enumeration of specific organisms, 
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and the use of non-selective media and 
identification of various colony types 
(Gibbons et al., 1964). However, most of 
the culture methods reveal only a fraction 
of the total microflora (Strdlfors, 1950; 
Socransky et al., 1963; Gibbons et al., 
1964; Slack & Bowden, 1965; Handelman 
& Hess, 1969). 

When studying the oral flora it is 
important to select methods suited for 
the aims of the study. The present trial 
faced two main problems: (1) possible 
qualitative and/or quantitative alterations 
in the proportions of the predominant 
cultivable groups of microorganisms on 
non-selective media in highly diluted 
samples, using blood agar and Mac Leod 
chocolate agar plates as culture media 
and (2) the enumeration of specific 
organisms using selective MacConcey, 
Rogosa S.L. agar and Sabouraud agar 
culture media (Figs. 1, 2). The role of 
streptococci was thought to be so im- 
portant in the etiology of dental caries 
and the formation of plaque that findings 
concerning them have been studied sepa- 
rately (Gehring et al., 1975). It is well 
known that saliva contains large numbers 
of bacteria. These organisms have been 
thought to be dislodged from dental 
plaque or from gingival debris as well as 
from the dorsum of the tongue through 
the washing action of saliva (Gibbons et al., 
1964). Consequently, it was thought that 
saliva could be utilized as a substitute 
for the major ecosystems in the oral cavity 
and that major alterations would be 
reflected in it. In addition, changes in 
plaque microbiology were analysed, par- 
ticularly in view of the primary role of 
dental plaque in the etiology of dental 
caries and gingivitis. Dental plaque, main- 
ly from smooth tooth surfaces, was 
thought to be representative of the 
specific ecosystems in the mouth. 

MATERIAL A N D  METHODS 

Subjects. A detailed description of the 
subjects participitating in the Turku 
sugar trial as well as the general arrange- 
ment of the 2-year diet period has been 
given separately (Makinen & Scheinin, 
1975 a). The final material consisted of 
33 subjects in the S-, 35 in the F- and 47 
in the X-group. The caries incidence 
(Scheinin, Makinen & Ylitalo, 1975) as 
well as the development of the gingival 
conditions (Paunio et al., 1975) has been 
given separately. Oral biochemical findings 
including quantitations of plaque (Mliki- 
nen & Scheinin, 1975 b) as well as the 
results of the analyses of the parameters 
of general health have also been reported 
(Huttunen, Makinen & Scheinin, 1975; 
Makinen & Scheinin, 1975 c). 

Collection of samples. In connection 
with the clinical examinations supra- 
gingival plaque samples from the buccal 
and lingual surfaces of all teeth as well as 
from the approximal surfaces of upper 
and lower incisors were obtained using 
sterile periodontal curettes. The material 
was collected from the proximity of the 
cervical margin, not, however, including 
fillings or crowns, and also excluding the 
intracrevicular part of the gingival pockets. 
Areas where the development of caries 
could occur were especially included. 

The sample was collected on a sterile 
watch-glass. A constant amount about 
1 mg in weight of each plaque sample 
was taken with a sterile instrument with a 
circular depression, 1 mm in diameter, 
0.5 mm deep. The watch-glass with the 
plaque sample was weighed and reweighed 
after the removal of the sample and the 
exact weight of the sample was ,thus 
obtained. The collection of plaque was 
performed in five minutes and the weighing 
in one minute. 
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1 ML SALIVA 
SERIAL DILUTION 

1 1 :10 1 : 100 1:looO 1:looOO 1:100000 1:1oooooo 1:1oo0oooo 

ROGOSA S.L. Roc09 S.L. S.L. 

Fig. 1 .  Scheme for the serial dilution of saliva 

Fig. 2. Scheme for the serial dilution of dental 
plaque. 

After the plaque collection, paraffin- 
stimulated saliva samples (about 5 ml) 
were collected. Samples with blood con- 
tamination were discarded and in these 
few cases collection was started from the 
very beginning after the bleeding had 
ceased. 

The collections were performed between 
8.30 a.m. and 3.00 p.m. In duplicate 
determinations performed at the onset of 
the experiment, after one year’s diet, and 
after two years’ diet, the second sample 
was taken on the following day between 
8.00 and 8.30 a.m. The subjects came to 
the microbial sampling procedure without 
having brushed their teeth for 12-24 
hours. 

1 MG/ML PLAQUE 
SERIAL DILUTION 

1 : 10000 1 : 100000 1 : 1000000 : rE-1 

Sample dispersions. The plaque samples 
were dispersed by sonication with an 
ultrasonic disintegrator (100 W, Measuring 
& Scientific Equipment Ltd., London, 
England) using a microprobe with 3 mm 
end diameter. The sonication was per- 
formed for 30 sec with a amplitude of 
7 pm. Similar sonication was performed 
for 5 sec for 1 ml saliva samples. After 
these procedures, the sample suspensions 
(1 ml) were serially diluted stepwise to 
concentrations of 1 : 10, 1 : 100, 1 : 1O00, 
1:1oooO, 1:100OOO, and 1:1OOOOOO 
and/or 1 : 1OOOOOOO (Figs. 1 and 2). 

Growth media. The agar media tested 
were: 
1. Blood agar, 7 yo hemolyzed horse 
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2. 

3. 

4. 

5. 

blood (Orion Diagnostica, Helsinki, 
Finland) for non-selective total growth. 
Mac Leod chotolate agar (blood agar 
base) with 7 Yo heated, defibrinated 
horse blood (Orion Diagnostica) for 
nonselective total growth. 
MacConcey agar, a bile salt lactose 
agar (Orion Diagnostica) for Gram 
negative bacteria, especially for Entero- 
bacreriaceae pop u I at i o n . 
Rogosa S. L. agar (Orion Diagnostica) 
for the Lactobacillus population. 
Sabouraud dextrose agar with 12 mglml 
penicillin, 53 mg/ml Streptomycin and 
0.5 mg/ml actidione (Orion Diagnos- 
tics) selective for yeasts. 

Sample plating. One-tenth ml of the 
dilutions were plated on various growth 
media using three different dilutions for 
each media as indicated in Figs. 1 and 2. 
The time from sample collection to 
completion of spreading plates was main- 
tained at 2 h or less by the use of 3 
operators. Between inoculations the 
samples were stored in ice. 

Incubation. Blood agar and Mac Leod 
agar plates were incubated aerobically at 
37°C for three days, as well as anaerobical- 
ly in an atmosphere of nitrogen. MacCon- 
cey agar plates were incubated for two 
days, Rogosa S.L. agar plates for four 
days and Sabouraud antibiotic agar plates 
for seven days at +37"C aerobically. 

Direrential colony counts. The counts 
of the colonies on each of the plates were 
performed both in daylight without mag- 
nification and under 2.5 x magnification. 
The colonies on the most highly diluted 
samples of each series of media were 
identified and counted. These counts 
were then made for the two other dilitions, 
Total colony forming unit (CFU) values 
exceeding 100, however, were not counted 
for the entire sample, but estimated by 

counting the number of colonies on a 
constant area and then multiplying the 
result to represent the whole area of the 
medium. The principle used for obtaining 
the estimated mean value included the 
use of actual counts ranging from 20-100 
in the dilution rate, if possible. For 
example, when the CFU-values on three 
different dilutions were, 800 x 10' (esti- 
mate), 78 x lo7 and 9 x lo8, the value 
78 x 10' was selected to represent the 
mean value. 

Identification principles. The following 
criteria were used in the identification of 
various colony types on different media 
and thereafter in dividing the microbes 
roughly into the following categories: 

Blood agar: (1) Streptococcus a-hemo- 
lyticus, colonies 0.3-0.8 mm in diameter, 
dark, semi-transparent, convex colonies 
producing a zone of partial hemolysis with 
greenish discolouration surrounding the 
colonies. This group represented mainly 
Streptococcus viridans, but some Diplo- 
coccus pneumoniae strains were also in- 
cluded. 

(2) Streptococcus non-hemolyticus, 
colonies of 0.4-1.5 mm in diameter, 
circular, dark, low convex, no alteration 
in the medium. This group represented 
Streptococcus faecalis and various faculta- 
tive and anaerobic streptococci. 

(3) Streptococcus /?-hemolyticus, 0.6- 
1.0 mm in diameter, circular, dark, 
discrete, low-convex disks showing /?- 
hemolysis. These were considered to 
represent Streptococcus pyogenes species. 

(4) A group of greysh colonies, small 
0.5-2 mm in diameter, grey, round, 
opaque and dry colonies as well as grey 
transparent disks of smooth and rough 
form, were thought to represent Neisseria, 
Veillonella and Corynebacteria genera, 
but small Enterobacteria, and in anaerobic 
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cultivation Bacterioides colonies could be 
included. 

( 5 )  A group of white colonies, colonies 
of 1-3 mm in diameter, white or cream 
coloured, round, circular, transparent or 
opaque as well as dry were included. These 
were mainly without hemolysis but /?- 
hemolysis was allowed. This group was 
considered to include Lactobacillus, Staph- 
ylococcus and Candida genera in aerobic 
and also Actinomyces in anaerobic cultica- 
tion. 

(6) A group of unidentified colonies. 
In this group colony types of irregular 
morphology and colour (mainly large, 
often /?-hemolytic, grey, white or creamy 
as well as dark) were included. Genera 
which were morphologically classified and 
included in this group were, among 
others, Escherichia coli, Aerobacter, Pro- 
teus, Klebsiella, Pseudomonas, Lepto- 
thrichia and Clostridia. 

Mac h o d  agar: (1) Streptococcus 
hemolyticus colonies with green hemolysis, 
similar to those included on blood agar 
in group Streptococcus a-hemolyticus. 
This group included, among others, 
Streptococcus viridans, Streptococcus pyo- 
genes and Diplococcus pnemoniea. 

(2) Streptococcus non-hemolyticus, cri- 
teria similar to those on blood agar. 

(3) A group of greyish colonies, criteria 
as in group 4 on blood agar. This group 
also included Haemophilus strains. 

(5 )  A group of unidentified colonies; 
see group 6 on blood agar. 

(6) Total CFU-value on Mac Leod 
agar. 

MacConcey agar: (1) Escherichia coli, 
modertely large, rose-pink, thick, circular 
discs and smooth colonies. This group 
may include Klebsiella and Aerobacter 
strains, as well. 

(2) Neisseria and streptococci group, 

12 

minute, 0.5-1 mm in diameter, grey 
rough as well as dry colonies. 

(3) Klebsiella group, large (over 3 mm 
in diameter), raised, very viscous and 
pink colonies, probably representing Kleb- 
siella species. 

(4) A group of white colonies, opaque, 
1-2 mm in diameter, smooth and white 
colonies, probably representing Lacto- 
bacillus population, were occasionally 
observed. 

(5 )  Total CFU-value on MacConcey 
agar. 

Rogosa S. L. agar: (1) Lactobacillus, 
round 1-3 mm in diameter, colour 
ranging from opaque white to light yellow. 

(2) Streptococci and diphteroid colonies, 
minute, 0 . 2 4 . 9  mm in diameter, circular 
semi-transparent discs. 

(3) Candida, more than 3 mm in 
diameter, intensely white with a typical 
odour. 

(4) Total CFU on Rogosa agar. 
Sabouraud antibiotic agar: (1) Candida 

large, more than 2 mm in diameter, white 
and smooth colonies with a typical odour. 

(2) Other yeast species. 
(3) Total CFU on Sabouraud agar. 
Statistical treatment. In this study 

non-parametric tests for significance were 
performed. (1) The Wilcoxon test was 
used when the reproducibility of the 
microbial analyses on the basis of duplicate 
determinations carried out at the onset, 
at the 12-months phase, and at the end 
of the study was tested; these analyses were 
performed with all the subjects as a whole; 
(2) variations during the study within each 
sugar groups were tested with the Fried- 
man-test; (3) the significance of the 
differences between the sugar groups as 
tested with the Kruskal-Wallis test, as 
well as with the Mann-Whitney U-test 
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between the sugar group pairs at each 
examination period (Bradley, 1968; Sachs, 
1972). 

RESULTS 

Salivary microbial population on blood 
and Mac Leod agar plates. The overall 
predominant viable microbial composition 
in the saliva of all the subjects at the 
baseline examination before the onset 
of the experiment revealed that the 
magnitude of the total CFU on blood 
agar plates was about 1-2 x 10B/ml saliva 
in anaerobic and 5-15 x 108 in aerobic 
cultivation (Figs. 3-5, Tables I, 11). 
The range between subjects was, however, 

Fig. 3. The geometric means (A, B) 
and arithmetic means (C, D) of the 
total salivary CFU-values (n x loa) 
on aerobic (A, C) and anaerobic 
IB, D) incubations on,  blood agar 
plates at the onset (1972) and ter- 
mination (1974) of the sugar diet. 
S = sucrose; P = fructose; X = 
xylitol. 

relatively large; variations of the magni- 
tude of lO*-l(r could be observed 
(Tables I, 11). The mean counts between 
samples obtained on two consecutive days 
at the baseline examination differed in 
about 2/3 of the cases significantly (Tables 
I and 11). 

Similar results of the same magnitude 
were obtained with the Mac h o d  choco- 
late agar (about 1/2 of the cases differ&d 
significantly between the duplicate deter- 
minations). 

At the termination of the experiment, 
the difference between the samples taken 
on two consecutive days were generally no 
longer significant. On blood agar plates, 
only a few cases revealed significant 
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Fig. 4. The geometric means (A, 
B) and arithmetic means (C, D) of 
the salivary CFU-values of Strepto- 
coccus a-hemoltyicus (n x 103 on 
aerobic (A, C) and anaerobic in- 
cubations on blood agar plates 
at the onset (1972) and termina- 
tion (1974) of the sugar diet. 
S = sucrose; F = fructose; X = 
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differences (Tables 111 & IV) and on 
Mac Leod agar only one. 

In the calculations of the possible 
changes in the colony counts during the 
two year diets, the geometric means of the 
first and second duplicate tests at the 
onset and at the termination of the diet 
period were used. The arithmetic mean 
values tended to increase in all sugar 
groups. Geometric means in anaerobic 
incubations increased in the S- and F- 
groups and decreased in the x-group 
(Figs. 3-5, Tables V-VIII). These 
changes within the different sugar groups 
were occasionally statistically sigdficant 
as seen in Tables IX and X. 
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There were practically no significant 
differences between the sugar groups at  
the onset of the experiment. This situation 
remained practically unchanged during 
the experiment. Table XI shows an 
example of the statistical analyses per- 
formed and indicates that the differences 
between the sugar groups were significant 
in a few cases only. On blood agar, 
however, a statistically significant decrease 
was demonstrable in the CFU-values of 
Streptococcus a-hemolyticus, Neisseria 
and Lactobacillus groups as well as in 
total CFU in X-group in comparison 
to the S-group (Table XI). 

The streptococci predominated numeri- 
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Fig. 5. The geometric means (A, 
B) and arithmetic means (C, D) of 
the total salivary CFU-values (n 
x lo6) on aerobic (A, C) and 
anaerobic (B, D) incubations on 
Mac Leod agar at the onset (1972) 
and termination (1974) of the 
sugar diet. S = sucrose; F = 
fructose; X = xylitol. 

cally (70-80 yo of the total CFU) in 
arithmetic calculations both in aerobic and 
anaerobic cultivations on blood agar 
plates (Table XII). 

Microbial population of dental plaque on 
blood agar and Mac Leod agar plates. The 
arithmetic mean of the viable bacterial 
population both on blood and Mac Leod 
agar plates was of the magnitude of 
1 - 4  x lOe/mg plaque in anaerobic and 
about 10' in aerobic incubation (Figs. 
6-8, Tables XIII-XVI). Again the 
variation between individuals was rela- 
tively large; lo00 fold variations could be 
observed. The mean counts in the samples 

taken on two consecutive days at the 
baseline examination did not differ signifi- 
cantly (Tables XI11 & XIV) at the onset 
of the study, whereas at the termina- 
tion of the experiment significant diffe- 
rences were demonstrable (Tables XV 

In the calculations of the possible 
changes in the colony counts during the 
two year diet period, the mean values of 
the first and second duplicate tests at the 
onset and at the termination of the diet 
period were used. Both the arithmetic and 
geometric mean values tended to increase 
within the S- and F-groups, whereas in 

& XVI). 
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the X-group they decreased or remained 
on the same level (Figs. 6-8, Tables 
XVII-XX). The results of the Wilcoxon- 
test for these differences of geometric 
means were as presented in Tables XXI- 
XXII. 

No significant differences betyeen the 
different sugar groups were demonstrable 
in anaerobic cultivation at the onset of 
the experiment or at the termination of 
the diet period. After the diet period, 
significant differences between the groups 
are shown in Table XXIII. 

The proportion of streptococcal CFU 
of the total CFU was relatively constant 

(70-80 %) during the diet period (Table 

Microbial population on MacConcey 
plates. The arithmetic mean value of the 
total salivary CFU on MacConcey agar 
was 1-5x 106 during the whole diet 
period (Fig. 9, Table XXV). The main 
portion of the CFU was observed to be 
typical E. coli colonies (Fig. 10, Table 
XXVI). However, neisseria and some 
unidentified gram negative as well as 
gram positive bacterial colonies could 
also be seen (Table XXVII). Comparison 
between the duplicate determinations at 
the baseline examination, after one year’s, 

XXIV). 
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and two years’ diet period revealed 
significant differences in E. coli and total 
CFU in the F- and X-groups after one year, 
and in the X-group after two years’ diet 
period. The changes within the three 
sugar groups were generally statistically 
significant, as seen in Table XXVIII. 
No significant differences could be ob- 
served between the different sugar groups 
(the only exception being the total CFU 
on the second duplicate examination at 
the end of the diet period, Kruskal- 
Wallis a = 0.0348; U-tests between each 
sugar group, however, revealed no signifi- 
cant differences). 

Microbial populqtion on Rogosa S. L. 
agar. The arithmetic mean values of the 
total CFU on Rogosa S. L. agar varied 
from 6-130x 10’ per ml saliva (Fig. 11, 
Table XXIX). In this case no significant 
differences could be observed when the 
Wilcoxon-Wilcox-test was used in the 
comparison between the duplicate deter- 
minations at the beginning, after 1 year 
and after 2 years. During the diet period, 
the total colony count and the number of 
lactobacilli and streptococci increased in 
both the S- and F-groups, whereas these 
values decreased or remained at the initial 
level in the X-group (Figs. 12-13, Tables 
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XXIX-XXXII). These changes within 
the groups were statistically significant 
(Table XXXIII). The differences between 
the different sugar groups became sta- 
tistically significant after 4 to 12 months' 
diet period (Table XXXIV). 

The total CFU-value on Rogosa S. L. agar 
of one subject, (N:o 29) excluded from the study 
due to rampant caries and changed from 
fructose to xylitol consumption (not included 
in the X-group) decreased considerable a t  
the point of diet change (Fig. 14). Clinically 
and radiographically detected dentinal lesions 
as well as new filled surfaces are presented in 
the same figures (Fig. 14). 

Microbial population on Sabouraud 
dextrose agar. There were no statistically 
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significant differences in the numbers of 
salivary Candida (Table XXXV) id the S- 
and F-groups during the) diet period, 
whereas the decrease (Fig. 15) observed in 
the X-group was statistically significant 
(Friedman test, 0.0045). Generally there 
was a statistically significant difference 
between the X-group on one hand and 
the F- and S-groups on the other (Table 

Variations of the CFU-values on dii$rent 
media. Subjects with high counts on one 
medium generally had high counts on the 
others. This tendency was most marked 
for organisms cultured in large numbers. 

XXXVI). 
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Fig. 9. The geometric means (A) 
and arithmetic means (B) of the 
total salivary CFU-values on 
MacConcey agar plates as a func- 
tion of time and sugar group. 
S = sucrose; F = fructose; X = 
xylitol. 

Fig. 10. The geometric means (A) 
and arithmetic means (B) of the 
salivary CFU-values of E. CON on 
MacConcey agar as a function of 
time and sugar group. S = sucrose; 
F = fructose; X = xylitol. 

Fig. 11. The geometric means (A) 
and arithmetic means (B) of the 
total salivary CFU-values Rogosa 
S.L. agar as a function of time 
and sugar group. S = sucrose; F = 
fructose; X = xylitol. 
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Fig. 12. The geometric means (A) 
and arithmetic means (B) of the 
salivary CFU-values of lactobacilli 
on Rogosa S.L. agar, as a func- 
tion of time and sugar group. 
S .= sucrose; F = fructose; J( = 
xylitol. 

Fig. 13. The geometric means (A) 
and arithmetic means (B) of the 
salivary CFU-values of strepto- 
cocci and diphterioids on Rogosa 
S.L. agar as a function of time and 
sugar group. S = sucrose; F = 
fructose; X = xylitol. 

Fig. 14. The total salivary CFU- 
values on Rogosa S.L. agar in 
logarithmio scale (to the left) and 
clinically and radiographically de- 
tected dentinal lesions as well as 
new filled surfaces (to the right) 
of test person No. 29. excluded 
from the study due to rampant 
caries and changed from fructose 
to xylitol consumption. 

30 ';I 20 - 

l o  0 1 0 5 10 15 20 MONTHS 

60 

0 
5 0 10 15 20 MONTHS I 

5mo c 1 



298 MARKKU LARMAS, KAUKO K. t d K I N E N  A N D  ARJE SCHEININ 

0.10 

m 

006 

OOL 

OD2 

0 
0 

3 
8 2.0 

10 

0 

- s  
- F  A 

0 5 10 15 20 MONTHS 25 0 5 10 15 20 MONTHS 25 

However, the CFU-values for streptococci, 
for example, on blood agar and Rogosa 
S. L. agar differed from each other at least 
1000-fold. 

DISCUSSION 

The data obtained indicate that replacing 
dietary sucrose with xylitol or fructose did 
not affect the proportion of major microbi- 
al categories in highly diluted saliva or 
dental plaque samples. The percentage 
of typical streptococci colonies of the 
total CFU on blood agar, for example, 
was of a similar order of magnitude 
during the whole trial. On the other hand, 
the viable count-means on the highly 
selective Rogosa and Sabouraud media 
were significantly lower in the X-group 
than in the S- or F-groups. This decrease 
corresponds to the findings concerning 
the CFU-values of Streptococcus mutans 
in the same subjects (Gehring et al., 1975). 
The present microbial findings are to be 
interpreted as relative: the samples from 
each person in the different sugar groups 
were collected, treated, cultivated and 
counted in an identical way, and are thus 
comparable at least to each other. 

Fig. 15. The geometric means (A) 
and arithmetic means (B) of the to- 
tal salivary CFU-values on Sabou- 
raud antibiotic agar as a function 
of time and sugar group. S = 
sucrose; F = fructose; X = xylitol. 

This laboratory was not equipped to 
culture large numbers of saliva and 
plaque samples under continuous anaero- 
bic , conditions. Thus, the conventional 
anaerobic method (aerobic collection and 
plating followed by anaerobic incubation) 
with its obvious disadvantages (Syed & 
Loesche, 1973) was the only possibility 
for carrying out these cultivations. Prac- 
tical considerations did not allow the use 
of conventional anaerobic incubation for 
all of the media used, and thus the selec- 
tive media were incubated aerobically only. 

Originally an attempt was made to 
identify all the different colony types on 
both blood and Mac b o d  agar plates on 
the >)genera)) level, even on these un- 
selective media. In practice, however, this 
goal was not accomplished because of the 
huge amount of subcultivations necessary. 
Thus different colony types were roughly 
put into morphological categories, and the 
taxonomic exactness of this study is not 
absolute. On the other hand, the total 
CFU-values as well as the streptococcal 
classification on these media can be 
considered reliable. 

This study revealed that individual 
variation in the total CFU was unex- 
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pectedly large. Thus, the use of only three 
dilutions (lo", lo"+', 10"") was obser- 
ved not to be enough. The fact that 
streptococci were highly predominant on 
the nonselective media used evidently 
masked the formation of colonies of less 
common oral microorganisms on these 
media. The expression mot detected)) 
used in this study means that certain 
colony types could not be seen in the 
smallest dilution used. It does not neces- 
sarily mean that these microorganisms 
are not present, but that their number is 
smaller than the detection limit, which in 
certain cases was as high as 10' per ml 
saliva. When using selective media, diffi- 
culties due to large variations between the 
predominant and minor microbial cate- 
gories are not totally overcome. Evidently 
certain selective media have some un- 
desirable selectiviness, as well. Thus the 
plaque streptococcal CFU-values on blood 
agar reported here differ considerable 
from those obtained with phenol red agar 
(Gehring et al., 1974, 1975). This difference 
may be partly explained by the lyophiliza- 
tion procedure used in the latter study, 
but is partly due to the selectiviness of 
the phenol red agar. 

The large variation in the total CFU- 
values on blood agar and Mac Leod agar 
plates between the duplicate experiments 
revealed that the total number of oral 
microorganisms varies considerably. These 
findings are fully in agreement with those 
concerning the hour-to-hour variation 
during the day (Schiiitt et al., 1970) which 
indicate that variations of over 10 fold 
magnitude occur daily in the arithmetic 
means of total CFU's. This variation was 
probably one reason for the fact that the 
relative decrease in the total CFU-values 
in the X-group during the diet period 
was not always statistically significant. 
Because the absolute amount of dental 

plaque also decreased in the X-group 
(Mukinen & Scheinin, 1975 b) the total 
number of plaque microorganisms was 
reduced even more than reported here 
in the group. This decrease did not affect 
the inter-genera variation of the dental 
plaque. 

Streptococci represent a large part of 
the normal oral flora and the actual 
magnitude of the number of streptococci 
per mg plaque corresponds to that 
reported by Gibbons (1964). When the 
proportion of different groups of micro- 
organisms from the total CFU-values are 
reported, the present findings are not, 
however, identical to those reported 
earlier (Howell et al., 1965; Loesche, 
Hocket & Syed, 1972; Loesche & Syed, 
1973; Bowden & Hardie, 1971). The 
proportion of streptococcal CFU of the 
total CFU is higher in the present 
study. It is known that the proportion 
of different microorganisms differs in 
dental plaque taken from different sites 
on the teeth, and the present figures 
correspond relatively well to those ob- 
tained when experimental plaque develop 
ment is studied (Slack & Bowden, 1965), 
as well as to counts of fissure plaque 
(Theilade et al., 1974; Thott et al., 1974). 
These findings suggest that the plaque 
analysed in this trial represents a ))young)) 
plaque type. 

The total salivary CFU-values on blood 
agar plates are similar to those recently 
reported by Schiiitt et al. (1970), but 
are higher than those reported by Richard- 
son & Jones (1958). The present findings 
revealed a somewhat higher percentage 
of streptococcal CFU than reported by 
Gordon & Jong (1968), Slack & Bowden 
(1965) and Richardron & Jones (1958). 
The present figures are of a similar order 
of magnitude as those reported in infants 
and children (McCarthy et al., 1965). 
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The total CFU value in the beginning 
of the trial on Rogosa agar is somewhat 
lower than generally reported (Richardron 
&Jones, 1958; Handelman & Mills, 1965; 
Frostell & Nord, 1972; Klein, Guinard & 
Frank, 1973). The main cause of this 
difference is thought’ to be connected with 
dietary habits, most of the subjects being 
dental students and dental school person- 
nel. During the trial, however, the total 
CFU of Rogosa S. L. agar in the S- and 
F-groups significantly increased. This is 
thought to be connected with diet change 
in all sugar groups: although the subjects 
were advised not to change their normal 
dietary habits during the diet period, 
the possibility of getting various products 
free of charge for two years led to an 
increase in consumption. This was ob- 
served to be the cause of the increase in 
total CFU on Rogosa agar from zero to 
millions in at least some subjects, although 
this kind of diet change was not so com- 
mon that it affected the mean value of the 
amount or frequency of sugar consump- 
tion (Mikinen & Scheinin, 1975 b). It 
should be noted that this kind of rise in 
the total CFU values did not occur in 
the X-group, and the CFU values of the 
person who changed from F- to X- 
consumption during the trial decreased 
rapidly after the change. 

In conclusion, neither fructose nor 
xylitol affected the ecological balance of 
microbial flora in highly diluted samples; 
on the other hand, xylitol reduced the 
number of most microorganisms, especial- 
ly the acidogenic and aciduric flora 
representing a minor ecosystem in the 
oral cavity. 

The effect seems to be due to the 
irrelevancy of xylitol, and other five 
carbon polyols in general, for microbial 
metabolism. It also appears that the 
reduction of oral Candida is explained 

through findings (Mukinen et al., 1975) 
showing that certain yeast cells do not use 
xylitol for growth. Thus the reduction 
of the CFU of oral yeasts reported here 
has one natural explanation. 
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Table I. Colony forming unit values of microbial categories per ml saliva on blood agar plates ( n  x lo6) on aerobic 
cultivation at the baseline examination before the onset of the experiment in samples taken on two consecutive days 

as well as the comparison between the two examinations ( Wilcoxon-test) 

Microbial categories Sample N ' Min. Max. Med. j ;  arith S.D. a 

Streptococcus a-hemolyticus 
day 1 122 4 4000 350 439 469 
day 2 122 4 20000 450 851 2169 0'0065 

day 1 122 2 1400 100 190 249 
Streptococcus non-hemolyticus day 122 n.d, 5000 100 305 649 '." 

Streptococcus p-hemolyticus 
day 1 122 n.d. 70 0 5 15 

n.s. day 2 122 n.d. 70 0 4 

Veillonella-, Neisseria-, day 1 122 0.5 1000 48 93 132 
Corynebacteria-group day 2 122 n.d. 8000 70 203 

Actinomyces-, Lactobacillus-, day 1 122 n.d. 450 11 39 66 
Staphylococcus-, Candida-group day 2 122 n.d. 2000 30 85 

733 0.0016 

210 0.0001 

Not identified 

Total cultivable flora 

day 1 122 n.d. 110 6 16 24 
day 2 122 n.d. 400 10 23 

day 1 122 7 4096 610 783 709 
day 2 122 8 34400 807 1470 3 565 O*Oo3 

45 n.s. 

n.d. indicates values less than lo6 

Table 11. Colony forming unit values of microbial categories per ml saliva on blood agar plates ( n  x Iff) on anaerobic 
cultivation at the baseline examination before the onset of the experiment in samples taken on two consecutive days, 

as well as the comparison between the two examinations (Wilcoxon-test) 

Microbial categories Sample N Min. Max. Med. j ;  arith S.D. a 

day 1 122 4 8000 325 677 1049 
day 2 121 10 20000 600 1055 2123 0'0041 Streptococcus a-hemolyticus 

day 1 122 1 2000 120 259 380 
day 2 121 n.d. 6000 200 403 732 0.0077 Streptococcus non-hemolyticus 

day 1 122 n.d. 300 0 7 29 
25 n.s. day 2 121 n.d. 200 0 8 Streptococcus B-hemolyticus 

Veillonella, Neisseria-, day 1 122 n.d. 1400 40 100 195 
Corynebacteria-group day 2 121 n.d. 13000 100 272 1195 o*OOOo 

276 0.0048 
Actinomyces-, Lactobacillus-, day 1 122 n.d. 370 20 41 59 
Staphylococcus-, Candida-group day 2 121 n.d. 3000 30 81 

Not identified 

Total cultivable flora 

day 1 122 n.d. 600 4 22 59 
52 as. day 2 121 n.d. 400 10 29 

day 1 122 9 10110 640 1106 1515 
day 2 121 13 40400 1166 1847 3941 0.0009 

n.d. indicates values less than lo6 
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Table 111. Colony forming unit values of microbial categories per ml saliva on blood agar plates (n x 10') on aerobic 
cultivation at the termination of the experiment in samples taken on two consecutive days, as well as the comparison 

between the two examinations ( Wilcoxon-rest) 
~ 

Microbial categories Sample N Min. Max. Med. arith. S.D. 01 

1 115 10 loo00 200 715 1114 
2 101 20 20000 200 691 2017 

1 115 5 5000 100 400 708 
2 101 5 10000 100 424 1084 

1 115 n.d. 300 0 12 38 
2 101 n.d. 100 0 7 

Streptococcus a-hemolyticus 

Streptococcus non-hemolyticus 

Streptococcus b-hemolyticus 2o n.s. 

Veillonella-, Neisseria-, 
Corynebacteria-group 

1 115 1 1100 60 219 288 
2 101 n.d. 2000 70 216 317 

Actinomyces-, Lactobacillus-, 1 115 n.d. 800 30 97 139 
117 0.0422 Staphylococcus-, Candida-group 2 101 n.d. 800 30 79 

Not identified 
1 115 n.d. 220 10 30 48 
2 100 n.d. 600 12 50 99 n s .  

1 115 53 16254 580 1473 206 1 
2 100 27 30984 484 1450 3273 Total cultivable flora 

n.d. indicates values less than lo6 

Table IV. Colony forming unit values of microbial categories per ml saliva on blood agar plates (n x 10') on anaerobic 
cultivation at the termination of the experiment in samples taken on two consecutive days, as well as the comparison 

between the two examinations ( Wilcoxon-test) 

Microbial categories Sample N Min. Max. Med. 2 arith. S.D. a 

Streptococcus a-hemolyticus 

Streptococcus non-hemolyticus 

Streptococcus /?-hemolyticus 

Veillonella, Neisseria-, 
Corynebacteria-group 

Actinomyces-, Lactobacillus-, 
Staphylococcus-, Candida-group 

Not identified 

Total cultivable flora 

~~ ~ 

day 1 114 
day 2 100 

day 1 114 
day 2 100 

day 1 114 
day 2 100 

day 1 114 
day 2 100 

day 1 114 
day 2 100 

day 1 114 
day 2 100 

day 1 114 
day 2 100 

10 
10 

5 
5 

n.d. 
n.d. 

n.d. 
n.d. 

n.d. 
1 

n.d. 
n.d. 

44 
31 

20000 
20000 

20000 
10000 

300 
300 

3000 
2000 

2000 
1000 

600 
900 

41380 
32020 

800 1474 2925 
400 1074 

200 907 2704 
200 571 1250 

0 17 44 
0 12 

2800 0.0176 

39 n.s. 

100 271 402 
100 245 325 

50 151 235 n.s. 
40 121 172 

20 45 91 
18 74 148 

1550 2865 5774 
4263 0.0480 985 2096 

n.d. indicates values less than 10' 
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Table 1X. Significance level of diflerences in the salivary colony forming unit values on aerobic incubation on blood 
agar plates ( Wilcoxon-test) 

Blood agar Mac Leod agar 
Microbial categories S F X S F X 

Streptococcus a-hemolyticus Q, Q, ++ Q, Q, ++ 
Streptococcus non-hemolyticus + Q, Q, + 9 ++ 
Streptococcus /?-hemolyticus Q, Q, Q, 

Veillonella-, Neisseria-, Corynebacteria-group + + Q, Q, ++ + Q ,  

Q, Q, 
Actinomyces-, Lactobacillus-, Staphylococcus-, 
Candida-group +++ Q, Q, Q, 

Not identified 

Total cultivable flora 

+ + Q, Q, Q, Q, 

+ Q, ++ + Q, ++ 

Table X. Significance level of differences in the salivary colony forming unit values on anaerobic incubation on blood 
agar plates ( Wilcoxon-test) 

Blood agar Mac Leod agar 
Microbial categories S' F X S F X 

~ 

Streptococcus a-hemolyticus Q, Q, Q, Q, Q, Q, 

Streptococcus non-hemolyticus ++ Q, Q, + Q, Q, 

Streptococcus /?-hemolyticus Q, Q, Q, 

Veillonella-, Neisseria-, Corynebacteria-group + + + @ Q, +++ ++ ++ 
+++ + ++ + Q, Q, 

Actinomyces-, Lactobacillus-, Staphylococcus-. 
Candida-group 

Not identified 

Total cultivable flora 

++ ++ ++ ++ Q, Q, 

+ Q, @ ++ Q, Q, 



TURKU SUGAR STUDIES VIII 311 

Table XI. Significance level of differences in the salivary colony forming unit values on blood agar between the 
sugar groups at the onset (1972) and termination (1974) of the diet period (Kruskal- Wallis and Mann- Whitney- 

V-tests) 

1972 1974 
Kruskal- U-test Kruskal- U-test 

Microbial categories Wallis S/F S/X F/X Wallis S/F S/X F/X 

Streptococcus a-hemolytica n.s. n.s. n.s. n.s. 0.1027 n.s. 0.0429 n.s. 

Streptococcus non-hemolyticus n.s. n.s. n s .  n.s. n.s. n.s. n.s. n.s. 

Streptococcus p-hemolyticus n.s. ns .  n.s. n.s. n.s. n.s. n.s. n.s. 

Veillonella-, Neisseria-, Coryne- 
bac teria-group n.s. n.s. n.s. n.s. 0.0393 0.0687 0.0163 n.s. 

Actinomyces-, Lactobacillus-, 
Staphylococcus-, Candida-group 0.0647 0.0161 n.s. n.s. 0.0487 n.s. 0.0300 0.0773 

Not identified n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. 

Total cultivable flora n s .  n.s. n.s. n.s. 0.0857 n.s. 0.0366 n.s. 

Table XII. The colony forming unit values of salivary Streptococcus a-hemolyticus, Streptococcus non-hemolyticus, 
Streptocaccus @-hemolyticus and total streptococcal counts expressed as percentage of total viable counts on aerobic 

and anaerobic blood agar plates 

Aerobic Anaerobic 
Microorganism Sugar group 1972 1974 1972 1974 

Streptococcus a-hemolyticus 

Streptococcus non-hemolyticus 

Streptococcus 8-hemolyticus 

Total streptococci 

S 
F 
X 
S 
F 
X 

S 
F 
X 

S 
F 
X 

61.3 41.0 
55.0 52.6 
53.7 47.2 

20.0 28.4 
22.7 29.1 
23.7 29.2 

0.27 1.02 
0.72 0.46 
0.33 0.60 

81.7 71.8 
78.3 82.2 
77.9 78.3 

58.0 
56.4 
60.8 

15.9 
30.0 
22.8 

0.37 
0.68 
0.52 

74.3 
87.1 
84.1 

41.6 
53.8 
52.2 

29.9 
33.0 
30.7 

0.99 
0.57 
0.44 

72.4 
87.2 
83.4 
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Table XIII. Colony forming unit values of microbial categories per mg plaque on blood agar plates (n x lo6) 
on aerobic cultivation at the baseline examination before the onset of the experiment in samples taken on two 

consecutive days, as well as the comparison between the two examinations ( Wileoxon-test) 

Microbial categories Sample N Min. Max. Med. x arith S.D. a 

Streptococcus a-hemolyticus 
day 1 122 n.d. 1430 17 155 1293 
day 2 122 n.d. 620 21 51 87 n.s. 

day 1 122 n.d. 120 4 11 
230 3 11 Streptococcus non-hemolyticus day 122 n.d. 

21 
26 11.5. 

Streptococcus 1-hemolyticus 
day 1 122 n.d. 60 , n.d. 1 6 

n.s. day 2 122 n.d. 7 n.d. 0.3 1 

Veillonella-, Neisseria-, Coryne- day 1 122 n.d. 60 2 6 11 
bacteria-group day 2 122 . n.d. 90 3 6 11 n.s. 

Actinomyces-, Lactobacillus-, day 1 122 n.d. 130 1 6 18 
Staphylococcus-, Candida-group day 2 122 n.d. 270 1 9 28 n.s. 

Not identified 

Total cultivable flora 

day 1 122 n.d. 10 n.d. 0.5 1 
day 2 122 n.d. 30 n.d. 1 3 

day 1 122 n.d. 1437 30 180 1300 
124 day 2 122 n.d. 866 36 77 

n.s. 

n.s. 

n.d. indicates values less than 10' 

Table XIV. Colony forming unit values of microbial categories per mg plaque on blood agar plates (n x I @ )  on 
anaerobic cultivation at the baseline examination before the onset of the experiment in samples taken on two 

consecutive days, as well as the comparison between the two examinations ( Wilcoxon-test) 

Microbial categories Sample N Min. Max. Med. arith S.D. a 

day 1 122 n.d. 1140 24 86 157 
day 2 122 n.d. 1430 38 93 168 n.s. Streptococcus a-hemolyticus 

day 1 122 n.d. 400 5 17 45 
860 6 27 85 n.s. Streptococcus non-hemolyticus day 121 n.d. 

day 1 122 n.d. 70 0 1 6 
n.s. day 2 121 n.d. 9 0 0.5 1 Streptococcus 1-hemolyticus 

Veillonella, Neisseria-, Coryne- day 1 122 n.d. 500 3 25 68 n.s. bacteria-group day 2 121 n.d. 430 5 22 57 

Actinomyces-, Lactobacillus-, day 1 122 n.d. 240 1 9 26 
Staphylococcus-, Candida-group day 2 121 n.d. 330 1 14 41 n.s. 

Not identified 

Total cultivable flora 

day 1 122 n.d. 30 0 2 10 
day 2 121 n.d. 90 0 2 9 

day 1 122 n.d. 1467 45 141 249 
day 2 121 n.d. 2800 57 158 307 

n.s. 

n.s. 

n.d. indicates values less than 10' 
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Table XV. Colony forming unit values of microbial categories per mg plaque on blood agar plates (n x ID) on 
aerobic cultivation at the termination of the experiment in samples taken on two consecutive days, as well as 

the comparison between the two examinations ( Wilcoxon-test) 

Microbial categories 
~~~ ~ ~~ ~ 

Sample N Min. Max. Med. arith. S.D. a 

Streptococcus a-hemolyticus 

Streptococcus non-hemolyticus 

Streptococcus B-hemolyticus 

Veillonella-, Neisseria-, Coryne- 
bacteria-group 

Actinomyces-, Lactobacillus-, 
Staphylococcus-, Candida-group 

Not identified 

Total cultivable flora 

0.0024 
day 1 113 n.d. 570 12 52 
day 2 101 n.d. 1110 20 65 136 

day 1 113 n.d. 200 4 19 
day 2 101 n.d. 250 7 27 51 

day 1 113 n.d. 40 0 1 5 
day 2 101 n.d. 120 0 2 

day 1 113 n.d. 140 1 7 
day 2 101 n.d. 220 4 13 28 

day 1 113 n.d. 190 3 9 22 
day 2 101 n.d. 440 5 19 55 

day 1 113 n.d. 30 0 1 
day 2 101 n.d. 50 0 3 

day 1 113 n.d. 1006 24 90 
day 2 101 n.d. 2001 35 130 259 

38 0.0021 

12 n.s. 

l8 0.0025 

0.0002 

; o.oO01 

170 o.Ooo1 

n.d. indicates values less than lo* 

Table XVI. Colony forming unit values of microbial categories per mg plaque on blood agar plates ( n  x 10") an 
anaerobic cultivation at the termination of the experiment in samples taken on two consecutive days, as well as 

the comparison between the two examinations ( Wilcoxon-test) 

Microbial categories Sample N Min. Max. Med. arith. S.D. a 

Streptococcus a-hemolyticus 
day 1 115 1 1670 31 114 
day 2 100 n.d. 3330 50 183 

66 0.0014 
day 1 115 n.d. 380 9 34 

Streptococcus non-hemolyticus day n.d. 3330 19 80 344 

Streptococcus B-hemolyticus 
day 1 115 n.d. 80 n.d. 2 
day 2 100 n.d. 60 n.d. 2 

9 
0.0146 

34 0.0002 

53 0.0001 

Veillonella, Neisseria-, Coryne- day 1 115 n.d. 210 2 14 

Actinomyces-, Lactobacillus-, day 1 115 n.d. 500 3 18 
Staphylococcus-, Candida-group day 2 100 n.d. 440 10 29 56 

bacteria-group day 2 100 n.d. 440 8 24 55 

Not identified 

Total cultivable flora 

day 1 115 n.d. 30 n.d. 2 4 
day 2 100 n.d. 110 1 6 16 

day 1 115 1 1790 56 184 332 
day 2 100 1 4700 109 324 732 o'ooOo 

0.0001 

n.d. indicates values less than 10' 
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Table XXI. Significance level of differences in the colony forming unit values on aerobic incubation of dentalplaque 
on blood agar plates ( Wilcoxon-test) 

Blood agar Mac Leod agar 
Microbial categories S F X S F X 

Streptococcus a-hemolyticus + Q, 9 9 Q , +  

Streptococcus non-hemolyticus ++ + Q, + Q, Q, 

Streptococcus /?-hemolyticus Q, Q, Q, Q, Q, Q, 

Veillonella-, Neisseria-, Corynebacteria-group Q, Q, Q, Q, Q, Q, 

Actinomyces-, Lactobacillus-, Staphylococcus- 
Candida-group +++ + ++ + Q, 9 

Not identified + ++ + Q, 9 Q, 

Total cultivable flora + Q, Q, 9 Q, Q, 

Table XXII. Significance level of dwerences in the colony forming unit values on anaerobic incubationof dental 
plaques on blood agar plates ( Wilcoxon-test) 

Microbial categories 

Streptococcus a-hemolyticus 

Streptococcus non-hemolyticus 

Streptococcus /?-hemolyticus 

Veillonella-, Neisseria-, Corynebacteria-group 

Actinomyces-, Lactobacillus-. Staphylococcus-, 
Candida-group 

Not identified 

Blood agar 
S F 

+++ ++t 
++ +++ 
+++ +++ 
+++ +++ 
+ +++ 
++ +++ 

Mac Leod agar 
X S F X 

+++ Q, Q, Q, 

+++ Q, Q, Q, 

+++ Q, Q, Q, 

+++ Q, Q, Q, 

+++ + Q, Q, 

+++ 9 Q, Q, 

Total cultivable flora +++ +++ +++ Q, Q, Q, 
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Table XXIII. Significance level of diflerences in the colony forming unit values of dental plaque between the 
sugar groups at the onset (1972) and termination (1974) of the diet period on blood agar (KruskaEWallis and 

Mann- Whitney U-tests) 

I972 1974 
Kruskall- U-test Kruskall- U-test 

Microbial categories Wallis S/F S/X F/X Wallis S/F S/X F/X 

Streptococcus a-hemolyticus 

Streptococcus non-hemolyticus 

Streptococcus &hemolyticus 

Veillonella-, Neisseria-, 
Corynebacteria-group 

Actinomyces-, Lactobacillus-, 
Staphylococcus-, Candida-group 

Not identified 

Total cultivable flora 

n.s. n.s. n.s. n.s. 0.0090 

n.s. n.s. n.s. n.s. 0.0340 

n s .  n.s. n.s. n.s. n.s. 

n.s. n.s. n.s. n.s. n.s. 

n.s. n.s. n.s. n.s. 0.0004 

n.s. n.s. n.s. n.s. n.s. 

0.114 0.0389 n.s. n s .  0.0096 

n.s. 

n.s. 

n.s. 

n.s. 

n.s. 

n.s. 

n.s. 

~~~ 

0.0251 0.0053 

n.s. 0.0107 

n.s. n.s. 

n.s. n.s. 

0.0007 0.0014 

n.s. n.s. 

0.0219 0.0065 

Table XXIV. The colony forming unit values of Streptococcus a-hemolyticus, Streptococcus non-hemolyticus, 
Streptococcus 8-hemolyticus and total streptococci in dental plaque expressed as percentage of total viable counts 

on aerobic and anaerobic blood agar plates 

Aerobic Anaerobic 
Microorganism Sugar groups 1972 1974 1972 1974 

S 62.8 51.2 63.6 51.7 
Streptococcus a-hemolyticus F 66.0 51.2 59.2 65.0 

X 62.4 55.3 56.9 56.6 

Streptococcus non-hemolyticus 

Streptococcus B-hemolyticus 

S 11.8 20.1 8.8 29.9 
F 17.58 23.4 18.3 15.8 
X 15.3 20.4 15.6 21.8 

S 0.94 2.29 0.38 0.86 
F 0.54 1.51 0.86 1.08 
X 0.96 0.50 0.27 0.42 

S 74.6 74.1 72.8 82.38 
Total streptococci F 83.7 74.4 78.4 81.9 

X 78.6 78.9 72.8 78 8 
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Table XXV. Freqitency of occrirrence nnd torn1 colony forniiirg rrrrit values oir Mrtc Corrcey ngnr per rid rttlivn 
( n  x los) ns a fitirctioii of tinre arrd srignr diet 

Logarithmic scale Arithmetic scale 
N N- N+ ?log S.D.i,, Min. Max. Med. &om. 68 1:) interval jiarith. S.D.,,i,h. 

Sucrose 

0 )) 

4 month 

- I day 

I 2  )) ( I )  
I 2  )) (2) 
19 )) 

24 )) ( 1 )  
24 )) (2) 

Fructose 
- I day 

0 )) 

4 month 
I2 )) ( I )  
I 2  )) ( I )  
19 )) 

24 )) ( I )  
24 )) (2) 

33 0 33 
32 0 32 
33 0 33 
33 1 32 
33 4 29 
33 2 31 
32 1 31 
26 0 26 

35 0 35 
35 0 35 
35 0 35 
35 0 35 
35 1 34 
35 3 32 
33 1 32 
26 I 25 

X ylitol 
- I day 47 0 47 

0 )) 47 0 47 
4 month 47 0 47 

I 2  )) ( I )  47 1 46 
I 2  )) (2) 47 5 42 
19 )) 47 5 42 
24 )) ( I )  47 3 44 
24 )) (2) 44 1 43 

11.89 
11.88 
11.03 
11.58 
9.76 
9.70 

11.89 
11.72 

11.68 
11.55 
11.42 
11.98 
10.86 
9.87 

1 I .73 
11.42 

11.84 
12.06 
11.53 
11.45 
9.90 
9.37 

11.27 
11.36 

2.04 
2.09 
1.58 
2.60 
4.48 
3.35 
2.78 
1.64 

6.5 
6.0 
7.6 

-0.98 
-0.98 
-0.98 
-0.98 

8.8 

2.03 6.9 
1.61 8.5 
1.10 9.6 
1.41 8.0 
2.40 -0.98 
3.67 -0.98 
2.74 -0.98 
2.94 -0.98 

1-74 
1.66 
1.17 
2.5 I 
4.10 
3.84 
3.61 
2.55 

8.0 
5.7 
8.7 

-0.98 
-0.98 
-0.98 
-0.98 
-0.98 

14.5 12.6 146.4 
15.1 12.0 144.6 
13.1 11.4 62.0 
13.8 12.2 107.4 
13.3 11.3 17.4 
13.6 10.3 16.3 
14.7 12.5 145.8 
14.9 11.8 123.9 

14.7 12.1 
14.9 11.5 
13.1 11.3 
13.1 12.4 
13.3 11.2 
14.0 10.6 
14.7 11.9 
14.5 12.0 

14.7 12.2 
14.5 12.3 
13.1 11.5 
13.8 12.2 
13.6 11.0 
13.3 10.3 
14.5 12.4 
14.2 11.9 

118.5 
104.1 
91.6 

160.2 
52.2 
19.3 

124.2 
90.7 

138.7 
174.0 
102.2 
94.3 
20.0 
11.7 
78.7 
86.5 

19.0-1 131.6 
17.9-1 164.9 
12.7- 301.3 
8.0-1441.7 
0.2-1535.9 
0.6- 463.6 
9.0-2354.3 

24.0- 639.4 

15.5- 902.3 
20.8- 521.5 
30.4- 276.4 
39.0- 658.4 
4.7- 578.4 
0.5- 759.7 
8.1 - I  91 4.6 
4.8-1 720. I 

24.4- 789.5 
32.9- 919.6 
31.6- 329.8 

7.6-1 167.9 
0.3- I 208.6 
0.3- 546.3 
2.1-2922.8 
6.8-1 106.0 

492.3 
493.2 
136.4 
257.4 
187.8 
125.9 
492.9 
384.3 

487.6 
338.1 
156.3 
276.9 
140.0 
129.0 
427.6 
369.4 

440.7 
414.4 
169.2 
261.7 
165.6 
77.4 

404.4 
287.6 

557.7 
741.3 
130.4 
217.7 
206.5 
214.0 
625.2 
647. I 

709.5 
692.5 
150.3 
193.7 
165.5 
227.4 
589.3 
544.3 

645.4 
478.7 
138.0 
23 1 .O 
208.9 
113.7 
466.2 
324.6 
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Logarithmic scalc - Arithmetic scale - 
N N- N 1 lic,g S.D.lOg M i n .  Max.  Med. xgeom. 68 ',':, interval x , ~ ~ ~ ~ , S . D . ~ ~ ~ ~ ~ , .  

Sucrose 
- I day 33 0 33 

0 >) 33 0 33 
4 month 33 3 30 

I2 )) ( I )  33 I 32 
I 2  )) (2) 33 7 26 
19 )) 33 10 23 
24 )) ( I )  32 I 31 
24 )) (2) 26 0 26 

Fructose 
- 1 day 

0 )) 

4 month 
I 2  )) ( I )  
12 )) (2) 
19 )) 

24 >> ( I )  
24 )) (2) 

35 2 33 
35 I 34 
35 I 34 
35 2 33 
35 4 31 
35 9 26 
33 I 32 
26 I ::5 

Xylitol 
- 1 day 47 I 46 

0 )) 47 1 46 
4 month 47 0 47 

12 )) ( I )  47 2 45 
I2 )) (2) 47 10 37 
19 )) 47 I I  36 
24 )) ( I )  47 3 44 
24 )) (2) 44 I 43 

11.34 
10.94 
9.74 

11.35 
8.67 
6.57 

11 .51  
11.20 

10.02 
10.22 
10.94 
11.19 
9.43 
7.30 

11.16 
10.99 

11.10 
10.94 
11.20 
10.94 
8.62 
7.42 

10.93 
10.85 

2.39 5.7 
2.74 4.6 
3.76 -0.98 
2.56 -0.98 
5.32 -0.98 
5.30 -0.98 
2.80 -0.98 
1.87 6.9 

3.90 -0.98 
3.07 -0.98 
2.42 -0.98 
3.37 -0.98 
4.06 -0.98 
5 .15  -0.98 
2.90 -0.98 
3.04 -0.98 

2.66 -0.98 
3.01 -0.98 
1.38 8.0 
3.13 -0.98 
5.23 -0.98 
4.86 -0.98 
3.62 -0.98 
2.55 -0.98 

14.5 12.2 84.1 
14.9 11.5 56.6 
12.9 10.8 17.1 
13.7 12.2 85.0 
13.1 10.8 5.9 
12.9 8.5 0.7 
14.5 11.8 99.8 
14.8 10.9 73.4 

14.7 10.6 22.5 
14.9 10.6 27.5 
12.9 11.2 56.6 
13.1 12.2 72.2 
13.1 10.6 12.5 
13.8 9.2 1.5 
14.5 11.2 70.1 
14.5 11.8 59.1 

14.5 11.5 
14.4 11.3 
12.8 11.6 
13.7 12.2 
13.6 10.8 
13.1 9.2 
14.5 12.0 
14.2 11.4 

65.9 
56.4 
73.0 
56.3 

5.6 
1.7 

55.6 
51.3 

7.6 - 921.7 
3.6 - 381.0 
0.4 - 730.2 
6.6 -1095.6 
0.03-1201.6 
0.0 - 143.1 
6.1 -1636.6 

11.3 - 476.6 

0.5 - I  116.8 
1.3 - 593.9 
5.0 - 633.8 
2.5 -2104.3 
0.2 - 725.3 
0.0 - 254.1 
3.8 -128O.X 
2.8 -1237.6 

4.6 - 942.3 
2.8 - I  141.8 

18.3 - 290.7 
2.5 -1292.4 
0.03-1036.0 
0.01- 215.5 
1.5 -2079.3 
4.0 - 656.9 

389.4 
377.8 
100.8 
208.7 
147.6 
45.3 

390.0 
320.4 

405.0 
262.4 
141.3 
242.7 
107.9 
67.3 

323.7 
288.5 

332.5 
324.4 
132.6 
225.0 
132.7 
43.4 

345.4 
201 .6 

499.4 
649.8 
107.1 
193.2 
173.4 
83.6 

537.9 
61 7.7 

700. I 
638.3 
132. I 
179. I 
159.7 
173.0 
457. I 
440. I 

5 13.4 
464.6 
I Oh. I 
215.6 
178.4 

448.9 
289.9 

8s.x 

14 
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Table XXVII. Frequency of occurrence and total colony forming unit values of neisseria per ml saliva 
( n x  10:) on Mac Concey agar as a function of time and sugar diet 

Logarithmic scale Arithmetic scale 
N N- N+ TIog S.D.Iog Min. Max. Med. ymm. 68 % interval &rith.S.D.Uith. 

Sucrose 
- 1 day 

0 )) 

4 month 
12 )) (1) 
12 D (2) 
19 >) 

24 )) (1) 
24 >) (2) 

Fructose 
- 1 day 

0 )) 

4 month 
12 )) (1) 
12 )) (2) 
19 )) 

24 )) (1) 
24 )) (2) 

Xylitol 
- 1 day 

0 )) 

4 month 
12 >) (1) 
12 >) (2) 
19 )) 

24 )) (1) 
24 )) (2) 

33 10 23 
33 6 27 
32 10 22 
33 11 22 
33 9 24 
33 5 28 
30 8 22 
24 6 18 

35 11 24 
35 11 24 
35 6 29 
35 14 21 
35 11 24 
35 6 29 
32 7 25 
25 9 16 

46 10 36 
46 8 38 
46 9 37 
47 20 27 
47 13 34 
47 10 37 
42 23 19 
40 16 24 

6.83 5.44 
8.50 4.89 
6.68 5.33 
6.55 5.53 
7.00 5.12 
8.26 4.33 
7.79 5.55 
7.45 5.10 

6.53 5.38 
6.89 5.55 
7.99 4.29 
5.79 5.67 
6.44 5.20 
8.40 4.50 
8.24 5.16 
6.23 5.71 

-0.98 
-0.98 
-0.98 

-0.98 
4 - 9 8  
-0.98 
-0.98 

-0.98 

-0.98 
-0.98 
-0.98 
-0.98 
-0.98 
-0.98 
-0.98 
-0.98 

13.3 
13.1 
12.2 
11.8 
11.5 
13.1 
13.1 
12.4 

13.8 
13.3 
11.5 
11.5 
12.1 
12.9 
13.8 
13.8 

8.15 5.10 -0.98 13.8 
8.88 4.71 -0.98 13.6 

5.33 5.59 -0.98 12.2 
6.69 4.95 -0.98 12.2 

7.98 4.61 -0.98 11.5 

7.60 4.67 -0.98 12.0 

3.2 
10.8 
9.3 
9.9 
9.2 
9.2 

11.0 
9.9 

9.2 
9.2 
9.2 
8.9 
9.2 
9.9 

10.8 
8.5 

0.923 
4.900 
0.792 
0.699 
1.092 
3.876 
2.41 5 
1.719 

0.685 
0.987 
2.996 
0.326 
0.625 
4.450 
3.778 
0.507 

0.004-2 1 2.8 
0.037-654.1 
0.004-162.9 
0.003-176.7 
0.007-1 83.0 
0.051-292.9 
0.009-621.8 
0.010-281.7 

0.003-148.5 
0.004-254.8 
0.040-215.3 
0.001- 95.0 
0.003-1 13.9 
0.049-401.6 
0.021-656.5 
0.001-152.7 

9.9 3.460 0.021-567.3 
10.6 7.218 0.065-800.6 
9.9 2.944 0.029-295.5 
8.0 0.205 0.001- 55.2 
9.0 0.804 0.006-1 13.7 
9.3 1.999 0.019-212.4 

4.43 6.09 -0.98 13.3 - 0.98 0.984 0.000- 37.2 
6.25 6.06 -0.98 13.3 9.5 0.518 0.001-222.0 

56.2 114.9 
92.0 127.0 
32.1 51.1 
35.8 42.8 
30.1 35.4 
69.8 125.4 
89.6 120.4 
41.6 58.3 

58.2 164.8 
68.1 135.3 
28.2 33.9 
27.3 34.2 
23.8 37.0 
58.6 94.4 

100.9 192.9 
76.8 207.2 

110.1 195.6 
98.3 162.6 
35.9 37.5 
26.1 42.7 
24.6 39.5 
30.3 36.9 
51.0 109.7 
78.2 136.0 

Table XXVIII. Significance level of differences in the salivary colony forming unit values on Mac Concey agar 
within the sugar groups during the diet period (Friedman test) 

S 
E. Coli F 

X 

S 
Neisseria F 

X 

S 
Total F 

X 

c0.0001 
0.0003 

co.ooo 1 

n.s. 
n.s. 

c 0.000 1 

<0.0001 
0.0084 

co.0001 
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Table XXIX. Frequency of occurrence and total colony forming unit values on Rogosa S.  L. agar per ml 
saliva (n x 10") as a function of time and sugar diet 

Logarithmic scale Arithmetic scale - 
N N- N+ ~ ~ o p  S.D.lOg Min. Max. Med. 68 % interval Xdth.S.D.arith. 

Sucrose 
- 1 day 
0 )) 

1 month 
4 )> 

8 )) 

12 )) (1) 
12 )> (2) 
19 )) 

24 n (1) 
24 )) (2) 

Fructose 
- 1 day 

0 >) 

1 month 
4 )) 

8 )) 

12 )> (1) 
12 >) (2) 
19 )) 

24 )) (1) 
24 )) (2) 

Xylitol 
- 1 day 

0 >) 

1 month 
4 )) 

8 n 
12 )) (1) 
12 )> (2) 
19 w 
24 )) (1) 
24 )) (2) 

32 6 26 
32 6 26 
32 6 26 
32 10 22 
32 4 28 
33 4 29 
33 3 30 
33 6 27 
32 7 25 
26 1 25 

34 1 33 
34 1 33 
33 4 29 
34 1 33 
34 1 33 
35 2 33 
35 0 35 
35 3 32 
33 2 31 
26 1 25 

41 5 36 
41 4 37 
40 7 33 
40 13 27 
39 8 31 
47 15 32 
47 11 36 
47 17 30 
47 15 32 
44 14 30 

6.78 4.16 -0.98 
6.86 4.17 -0.98 
7.12 4.17 -0.98 
5.67 4.82 -0.98 
7.57 3.87 -0.98 
7.67 3.95 -0.98 
7.75 3.85 -0.98 
7.22 4.56 -0.98 
7.24 5.02 -0.98 

-0.98 

8.85 2.42 
8.83 2.56 
7.70 3.58 
8.30 2.46 
9.00 2.48 
9.52 3.10 
9.56 2.07 
8.30 3.55 
8.43 3.29 
9.01 3.05 

8.20 3.80 
8.18 3.48 
7.07 3.95 
5.52 4.77 
6.69 4.26 
5.42 4.62 
6.11 4.22 
4.41 4.33 
4.95 4.34 
5.02 4.44 

-0.98 
-0.98 
-0.98 

-0.98 
-0.98 
5.7 

-0.98 
-0.98 
-0.98 

-0.98 

-0.98 
-0.98 

-0.98 
-0.98 
-0.98 
-0.98 
-0.98 
-0.98 
-0.98 

-0.98 

11.6 
11.3 
11.4 
11.5 
12.2 
13.8 
14.5 
14.5 
14.4 

12.1 
12.4 
11.5 
11.8 
12.2 
13.6 
13.5 
12.9 
13.6 
13.2 

12.3 
12.6 
11.2 
11.3 
11.9 
11.5 
11.5 
12.0 
12.0 
12.1 

8.0 
8.3 
9.0 
7.3 
8.8 
8.3 
7.7 
7.8 
9.0 

9.2 
9.0 
9.0 
8.4 
9.3 
9.8 
9.9 
9.2 
8.8 
9.1 

9.3 
9.3 
8.6 
7.1 
8.3 
7.6 
7.4 
5.7 
7.0 
6.4 

0.884 
0.957 
1.232 
0.289 
1.945 
2.355 
2.318 
1.362 
1.399 
8.636 

7.009 
6.867 
2.212 
4.022 
8.137 
13.652 
14.161 
4.043 
4.583 
8.162 

3.629 
3.591 
1.172 
0.249 
0.802 
0.225 
0.450 
0.082 
0.141 
0.151 

0.013- 56.84 
0.014- 62.07 
0.19 - 79.66 
0.002- 35.93 
0.040- 93.39 
0.045-1 22.07 
0.049-1 08.94 
0,015-126.39 
0.009-213.06 
0.327-228.08 

0.623- 78.86 
0.532- 88.57 
0.061- 79.62 
0.345- 46.85 
0.679- 97.54 
0.614-303.1 5 
1.792-1 1 1.92 
0.1 16-140.59 
0.171-1 23.16 
0.387-172.11 

0.082-161.43 
0.111-116.56 
0.023- 60.79 
0.002- 29.41 
0.011- 56.95 
0.002- 22.92 
0,006- 30.65 
0.001- 6.24 
0.001- 10.89 
0.001- 12.82 

14.54 
14.26 
13.36 
14.48 
25.11 
56.30 
93.90 
35.13 
107.76 
131.88 

28.91 
35.67 
16.97 
21.43 
34.81 
78.40 
66.37 
49.05 
64.14 
79.82 

31.69 
29.68 
11.61 
11.27 
14.77 
9.68 
9.83 
6.31 
7.27 
10.33 

24.55 
20.85 
18.21 
27.54 
43.01 
175.55 
348.65 
349.55 
321.66 
309.08 

45.85 
61.83 
26.44 
36.85 
52.55 
144.97 
128.10 
92.58 
151.10 
150.48 

55.79 
5J.58 
17.70 
20.20 
28.93 
20.68 
19.49 
23.96 
24.42 
3 1.96 
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Table XXX. Frequency of occurrence and total colony forming unit values of lactobacilli per ml saliva 
(n x lo") on Rogosa S. L. agar as a function of time and sugar diet 

Logarithmic scale Arithmetic scale 
N N- N+ ;lo, S.D.1,, Min. Max. Med. zmm. 68 % interval F,,rith.S.D.arith. 

Sucrose 
- 1 day 
0 )) 

1 month 
4 )) 

8 >) 

12 )) (1) 
12 )) (2) 
19 )) 

24 N (1) 
24 )) (2) 

Fructose 
- 1 day 
0 )) 

1 month 
4 )> 

8 )) 

12 )) (1) 
12 >) (2) 
19 )) 

24 )) (1) 
24 )) (2) 

Xylitol 
- 1 day 
0 )) 

1 month 
4 )) 

8 >) 

12 )) (1) 
12 )) (2) 
19 )) 

24 1) (1) 
24 )) (2) 

31 12 19 
30 12 18 
33 11 22 
33 13 20 
33 7 26 
33 6 21 
33 4 29 
33 10 23 
32 8 24 
26 2 24 

35 13 22 
33 9 24 
34 15 19 
35 3 32 
35 1 34 
35 2 33 
35 1 34 
37 8 27 
33 4 29 
26 2 24 

47 23 24 
46 19 21 
41 19 28 
47 20 21 
46 16 30 
47 16 31 
41 13 34 
47 22 25 
47 15 32 
44 14 30 

4.10 4.33 
4.00 4.39 
4.55 4.20 
4.34 4.60 
6.15 4.16 
6.62 4.13 
7.06 3.83 
5.67 4.91 
6.55 4.89 
8.15 3.52 

4.42 4.56 
5.43 4.33 
3.10 3.95 
7.21 3.07 
8.25 2.33 
8.81 2.97 
8.47 2.10 
6.52 4.52 
7.65 3.85 
8.46 3.41 

3.39 4.51 
3.80 4.25 
3.46 3.85 
4.28 4.74 
4.79 4.46 
4.86 4.42 
5.51 4.23 
3.43 4.36 
4.69 4.15 
4.73 4.26 

-0.98 
-0.98 
-0.98 
-0.98 
-0.98 
4 . 9 8  
-0.98 
-0.98 
-0.98 
-0.98 

-0.98 
-0.98 
-0.98 
-0.98 
-0.98 
-0.98 
-0.98 
-0.98 
4 . 9 8  
-0.98 

-0.98 
4 . 9 8  
4 . 9 8  
-0.98 
-0.98 
-0.98 
-0.98 
-0.98 
-0.98 
-0.98 

10.6 
10.6 
10.8 
10.8 
11.5 
11.5 
13.8 
13.8 
12.9 
12.9 

11.0 
11.5 
10.6 
10.6 
11.5 
12.9 
12.6 
12.2 
12.9 
12.6 

11.5 
10.8 
10.1 
10.6 
10.8 
10.8 
10.8 
11.3 
11.3 
11.4 

5.3 
5.5 
6.0 
6.0 
7.1 
7.3 
7.7 
6.7 
8.3 
8.4 

4.6 
6.9 
4.6 
7.6 
8.3 
9.2 
8.3 
7.8 
8.7 
8.8 

4.6 
5.5 
4.6 
6.2 
6.6 
6.9 
7.3 
5.3 
6.4 
6.0 

0.060 
0.054 
0.094 
0.076 
0.470 
0.756 
1.169 
0.292 
0.702 
3.466 

0.083 
0.227 
0.022 
1.346 
3.812 
6.751 
4.791 
0.676 
2.109 
4.734 

0.001- 4.61 
0.001- 4.40 
0.001- 6.31 
0.001- 7.68 
0.007- 30.26 
0.012- 46.79 
0.025- 53.70 
0.002- 39.86 
0.005- 93.89 
0.102-1 17.23 

0.001- 7.97 
0.003- 17.32 
0.000- 1.16 
0.062- 29.09 
0.870- 39.32 
0.347-1 31.28 
0.321- 71.49 
0,007- 62.07 
0,044- 99.28 
0.1 55-144.70 

0.030 0.000- 2.11 
0.045 0.000- 3.14 
0.031 0.000- 1.48 
0.072 0.000- 8.28 
0.120 0.001- 10.45 
0.129 0.001- 10.72 
0.246 0.003- 17.02 
0.030 0.000- 2.42 
0.109 0.001- 6.96 
0.113 0.001- 8.03 

3.26 
4.02 
3.53 
6.20 

10.85 
15.69 
45.20 
46.42 
38.31 
50.03 

6.96 
9.22 
2.40 
8.95 

15.76 
41.06 
33.69 
24.99 
38.01 
45.30 

4.57 
3.12 
1.24 
5.57 
5.23 
4.55 
5.48 
3.68 
4.39 
6.49 

7.93 
8.85 
9.11 

13.27 
20.93 
27.10 

174.22 
174.69 
79.62 

107.53 

15.34 
20.91 
7.58 

12.99 
25.05 
76.50 
62.35 
50.63 
81.54 
76.93 

15.37 
9.13 
3.98 

10.39 
11.25 
9.15 

10.91 
12.31 
12.75 
18.50 



TURKU SUGAR STUDIES VllI 325 

Table XXXI. Frequency of occurrence and total colony forming unit values of streptococci per ml saliva 
(n x 103 on Rogosa S.  L. agar as a function of time and sugar diet 

Logarithmic scale Arithmetic scale 
N N- N+ ;lo* S.D.!,, Min. Max. Med. 68 % interval x,,ith.S.D.arith. 

Sucrose 
- 1 day 

0 >) 

1 month 
4 )) 

8 )> 

12 )> (1) 
12 >> (2) 
19 )) 

24 )) (1) 
24 )) (2) 

33 9 
31 10 
33 7 
33 16 
33 12 
33 12 
32 13 
33 12 
32 15 
26 7 

Fructose 
- 1 day 35 4 

0 )> 34 3 
1 month 34 6 
4 )) 35 14 
8 )) 35 9 

12 n (1) 35 7 
12 >) (2) 35 5 
19 )) 35 10 
24 )) (1) 33 9 
24 )) (2) 26 9 

Xylitol 
- 1 day 47 10 

0 )) 46 9 
1 month 47 12 
4 >) 47 33 
8 )) 46 21 

12 )) (1) 47 26 
12 )) (2) 47 26 
19 )) 47 26 
24 >) (1) 47 28 
24 )) (2) 44 23 

24 
21 
26 
17 
21 
21 
19 
21 
17 
19 

3 1  
31 
28 
21 
26 
28 
30 
25 
24 
17 

37 
3 1  
35 
14 
25 
21 
21 
21 
19 
21 

5.98 4.53 
5.55 4.73 
6.62 4.22 
4.07 5.09 
5.34 5.04 
5.57 5.22 
5.15 5.43 
5.35 5.20 
4.71 5.68 
6.58 5.14 

7.86 3.56 
7.89 3.38 
7.10 3.99 
4.60 4.84 
6.47 4.65 
7.61 4.55 
7.78 4.00 
6.21 4.84 
5.61 4.56 
5.63 5.17 

7.02 4.48 
7.04 4.30 
6.02 4.34 
1.89 4.52 
4.23 4.95 
3.17 4.79 
3.09 4.69 
2.57 4.13 

-0.98 
-0.98 
-0.98 
-0.98 
-0.98 
-0.98 
-0.98 
-0.98 
-0.98 
-0.98 

-0.98 
-4.98 
-0.98 
-0.98 
-0.98 
-0.98 
-0.98 
-0.98 
-0 .98  
-0.98 

-0.98 
-0.98 
-0.98 
-0.98 
-0.98 
-0.98 
-0.98 
-0.98 

11.5 
10.7 
10.6 
10.8 
11.5 
13.8 
13.8 
13.8 
14.2 
13.8 

11.5 
12.2 
11.5 
11.5 
11.5 
12.9 
12.9 
12.2 
12.9 
12.9 

12.3 
12.6 
10.8 
10.8 
11.5 
10.8 
10.8 
11.3 

7.6 
7.6 
8.3 
5.7 
7.6 
7.6 
6.7 
6.9 
6.1 
7.6 

9.2 
8.8 
8.4 
6.9 
8.0 
9.2 
9.2 
8.0 
6.6 
7.8 

8.6 
8.7 
7.3 

-0.98 
6.4 

-0.98 
-0.98 
-0.98 

0.395 0.004- 36.72 
0.256 0.002- 29.34 
0.752 0.011- 51.15 
0.059 0.000- 9.49 
0.208 0.001- 32.34 
0.263 0.001- 48.71 
0.172 0.001- 39.15 
0.211 0.001- 38.46 
0.1 11 0.000- 32.66 
0.719 0.004-122.9 

2.582 
2.687 
1.215 
0.099 
0.644 
2.026 
2.384 
0.498 
0.276 
0.280 

1.118 
1.137 
0.410 
0.006 
0.069 
0.024 
0.022 
0.013 

0.073- 91.01 
0.091- 79.29 
0.022- 65.88 
0.001- 12.49 
0.006- 67.13 
0.021-190.95 
0.044-1 29.86 
0.003- 63.12 
0.003- 26.28 
0.002- 48.99 

0.013- 98.75 
0.015- 84.20 
0.005- 31.45 
0.000- 0.61 
0.m- 9.73 
0.000- 2.87 
0.000- 2.40 
o.oO0- 0.81 

10.81 
8.53 
9.20 
7.76 

13.06 
42.81 
49.26 
48.34 
69.01 
81.73 

19.56 
24.40 
12.75 
9.43 

17.69 
36.02 
31.67 
22.47 
25.78 
34.38 

22.55 
22.53 
8.49 
3.95 
7.26 
5.02 
4.28 
2.59 

19.88 
12.64 
10.77 
14.68 
22.53 

173.25 
176.66 
174.90 
243.69 
208.91 

30.06 
45.09 
20.84 
20.99 
30.39 
72.24 
69.55 
44.30 
73.84 
87.37 

44.24 
50.23 
13.82 
10.44 
16.75 
11.97 
10.83 
11.91 

2.39 4.26 -0.98 11.3 - 0 . 9 8  0.010 0.000- 0.77 2.88 12.00 
2.92 4.31 -0.98 11.5 -0.98 0.019 0.000- 1.39 3.24 18.31 
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Table XXXII. Frequency of occurrence and total colony forming unit values of candida per ml saliva 
(n  x 10') on Rogosa S. L. agar as a function of time and sugar diet 

Logarithmic scale Arithmetic scale 

Sucrose 
- 1 day 33 18 

0 )) 33 18 
1 month 33 22 
4 )) 33 22 
8 )) 33 20 
12 )) (1) 33 21 
I2 )) (2) 33 21 
19 )) 33 20 
24 )) (1) 32 19 
24 )) (2) 26 18 

Fructose 
- I day 35 13 

0 )) 35 10 
I month 34 16 
4 )) 34 13 
8 )) 35 14 
12 )) (1) 35 12 
12 )) (2) 35 14 
19 )) 35 13 
24 )) (1) 33 12 
24 )) (2) 26 10 

Xylitol 
- 1 day 47 24 

0 )) 47 26 
1 month 47 32 
4 )) 47 40 
8 )) 44 36 
12 )) (1) 47 37 
12 )) (2) 47 34 
19 )) 47 40 
24 )) (I) 47 38 
24 )) (2) 44 36 

15 
15 
11  
1 1  
13 
12 
12 
13 
13 
8 

22 
25 
18 
21 
21 
23 
21 
22 
21 
16 

23 
21 
15 
7 
8 
10 
13 
7 
9 
8 

2.32 3.82 
2.49 3.98 
1.77 4.00 
1.55 3.71 
2.15 4.01 
1.96 4.03 
1.78 3.84 
1.97 3.78 
2.20 3.97 
1.29 3.53 

3.85 4.00 
4.49 3.81 
3.29 4.22 
3.73 3.96 
3.82 4.14 
4.24 4.05 
3.63 3.99 
4.05 4.10 
3.71 3.79 
3.32 3.65 

2.65 3.89 
2.33 3.89 
1.32 3.47 
0.03 2.47 
0.21 2.58 
0.55 3.02 
0.94 3.23 
0.04 2.49 
0.27 2.64 
0.23 2.63 

-0.98 
-0.98 
-0.98 
-0.98 
-0.98 
-0.98 
4.98 
-0.98 
-0.98 
-0.98 

-0.98 
-0.98 
-0.98 
-0.98 
-0.98 
-0.98 
-0.98 
-0.98 
-0.98 
-0.98 

-0.98 
-0.98 
-0.98 
-0.98 
-0.98 
-0.98 
-0.98 
-0.98 
-0.98 
-0.98 

8.9 -0.98 
8.9 -0.98 
9.0 -0.98 
9.0 -0.98 
8.7 -0.98 
8.7 -0.98 
9.7 -0.98 
8.0 -0.98 
8.6 -0.98 
8.5 -0.98 

10.8 5.3 
10.8 5.3 
9.9 5.0 
9.4 4.6 
9.6 5.3 
9.9 5.7 
8.9 4.6 
9.4 5.7 
9.0 4.6 
9.6 4.6 

9.5 
9.8 
9.5 
7.8 
7.2 
8.3 
9.0 
7.1 
7.5 
6.9 

-0.98 
-0.98 
-0.98 
-0.98 
-0.98 
-0.98 
-0.98 
-0.98 
-0.98 
-0.98 

0.010 
0.012 
0.006 
0.005 
0.009 
0.007 
0.006 
0.007 
0.009 
0.003 

0.047 
0.090 
0.027 
0.042 
0.046 
0.070 
0.038 
0.057 
0.041 
0.028 

0.014 
0.010 
0.004 
0.001 
0.001 
0.002 
0.003 
0.001 
0.001 
0.001 

0.000-0.463 
0.000-0.643 
0.000-0.320 

0.000-0.474 
0.000-0.399 
0.000-0.275 
0.000-0.311 
0.000-0.480 
0.000-0.124 

0.000-0.192 

0.001-2.556 
0.002-4.023 
0.000-1.829 
0.001 -2.202 
0.001-2.878 
0.0014.002 
0.001-2.048 
0.001-3.444 
0.001-1.822 
0.001-1.066 

0.000-0.690 
0.000-0.502 
0.000-0.120 
0.000-0.012 
0.000-0.016 
0.000-0.036 
0.000-0.065 
0.000-0.013 
0.000-0.017 
0.000-0.01 7 

0.71 1.61 
0.78 1.57 
0.84 1.88 
0.56 1.56 
0.78 1.61 
0.78 1.55 
0.95 3.10 
0.44 0.86 
0.62 1.16 
0.33 0.94 

2.67 8.84 
2.75 8.70 
1.66 4.01 
1.37 2.78 
1.61 3.04 
2.19 4.52 
1.18 2.06 
1.69 2.98 
0.99 1.82 
0.93 2.94 

0.95 2.55 
1.11 3.35 
0.46 1.92 
0.09 0.38 
0.07 0.23 
0.19 0.64 
0.37 1.35 
0.07 0.21 
0.09 0.30 
0.08 0.21 
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Table XXXIII. Significance level of differences in the salivary colony forming unit values on Rogosa S. L. agar 
within the sugar groups during the diet period (Friedman test) 

S 
Lacto bacilli F 

X 

S 
Streptococci F 

X 

S 
Total CFU F 

X 

O.OW4 
<0.0001 
<0.0001 

n.s. 
0.0004 

<0.0001 

0.0258 
< 0.000 1 
<0.0001 

Table XXXIV. Significance level on differences in the salivary colony forming unit values on Rogosa S. L. agar 
between the sugar groups during the diet period (Kruskal- Wallis and Mann- Whitney U-tests) 

(1) (2) (1) (2) 
-1 0 1 4 8 12 12 19 24 24 
day day month months months months months months months months 

Lacto- Kruskal- 
bacilli Wallis n.s. n.s. n.s. 0.0263 0.0000 0.0000 0.0081 0.0056 0.0041 0.0001 
SIF n.s. n.s. n.s. 0.0174 0.0513 0.0143 n.s. n.s. n.s. n.s. 
SIX U-test n.s. n.s. n.s. n.s. n.s. n.s. n.s. 0.0321 0.0297 0.0008 
FIX n.s. n.s. n.s. 0.0179 0.0006 0.0000 0.0021 0.0013 0.0010 0.0001 

Strepto- Kruskal- 
cocci Wallis n.s. n.s. n.s. n.s. n.s. 0.0002 0.0002 0.0011 0.0158 0.0043 
SIF n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. 
SIX U-test n.s. n.s. n.s. nus. n.s. 0.0284 n.s. (0.0638) 0.0101 0.0353 0.0019 
FIX n.s. n.s. n.s. n s .  n.s. O.OOO0 0.0002 0.0002 0.0033 0.0127 

Total Kruskal- 
CFU Wallis n.s. n.s. n.s. n s .  n.s. O.OOO0 0.0005 0.0001 0.0015 0.0000 
SIF n.s. n.s. n.s. n.s. n.s. 0.0190 0.0454 n.s. n.s. n.s. 
SIX U-test n.s. n.s. n.s. n.s. n.s. 0.0282 n s .  0.0042 0.0132 0.0002 
FIX n.s. n.s. n.s. n.s. ns .  0.0000 0.0001 0.0000 0.0005 0.0002 
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Table XXXV. Frequency of occurrence and total colony forming unit values on Sabouraud antibiotic agar 
per ml saliva (n  x 10') as a function of time and sugar diet 

Logarithmic scale Arithmetic scale 
N N- N+ GOu S.D.!,, Min. Max. Med. zgeo,. 68 %interval ji,,,ith.S.D.hth. 

Sucrose 
- I day 

0 )> 

1 month 
4 )) 

8 )) 

12 )) (1) 
12 )) (2) 
19 )) 

24 )) (1) 
24 )) (2) 

Fructose 
- 1 day 

0 )) 

1 month 
4 )) 

8 )) 

12 )) (1) 
12 )) (2) 
19 )) 

24 )) ~ (1) 
24 )) (2) 

Xylitol 
- 1 day 

0 )) 

1 month 
4 )) 

8 )) 

12 )) (1) 
12 )) (2) 
19 )) 

24 )) (1) 
24 n (2) 

33 18 15 
33 18 15 
33 22 11 
33 22 1 1  
33 20 13 
33 21 12 
33 21 12 
33 20 13 
32 19 13 
26 18 8 

35 13 22 
35 10 25 
34 16 18 
34 13 21 
35 14 21 
35 12 23 
35 14 21 
35 13 22 
33 12 21 
26 10 16 

47 24 23 
47 26 21 
47 32 15 
47 40 7 
44 36 8 
47 37 10 
47 34 13 
47 40 7 
47 38 9 
44 36 8 

2.32 3.82 -0.98 
2,49 3.98 -0.98 

1.55 3.71 -0.98 
2.15 4.01 -0.98 
1.96 4.03 -0.98 
1.78 3.84 -0.98 
1.97 3.78 -0.98 
2.20 3.97 -0.98 
1.29 3.53 -0.98 

1.77 4.00 -0.98 

3.85 4.00 
4.49 3.81 
3.29 4.22 
3.73 3.96 
3.82 4.14 
4.24 4.05 
3.63 3.99 
4.05 4.10 
3.71 3.79 
3.32 3.65 

2.65 3.89 
2.33 3.89 
1.32 3.47 
0.03 2.47 
0.21 2.58 
0.55 3.02 
0.94 3.23 
0.04 2.49 
0.27 2.64 
0.23 2.63 

-0.98 
-0.98 
-0.98 
-0.98 
-0.98 
-0.98 
-0.98 
-0.98 
-0.98 
-0.98 

8.9 -0.98 
8.9 -0.98 
9.0 -0.98 
9.0 -0.98 
8.7 -0.98 
8.7 -0.98 
9.7 -0.98 
8.0 -0.98 
8.6 -0.98 
8.5 -0.98 

-0.98 
-0.98 
-0.98 
-0.98 
-0.98 
-0.98 
-0.98 
-0.98 
-0.98 
-0.98 

10.8 5.3 
10.8 5.3 
9.9 5.0 
9.4 4.6 
9.6 5.3 
9.9 5.7 
8.9 4.6 
9.4 5.7 
9.0 4.6 
9.6 4.6 

9.5 
9.8 
9.5 
7.8 
7.2 
8.3 
9.0 
7.1 
7.5 
6.9 

-0.98 
-0.98 
-0.98 
-0.98 
-0.98 
-0.98 
-0.98 
-0.98 
-0.98 
-0.98 

0.010 
0.012 
0.006 
0,005 
0.009 
0.007 
0.006 
0.007 
0.009 
0.003 

0.047 
0.090 
0.027 
0.042 
0.046 
0.070 
0.038 
0.057 
0.041 
0.028 

0.014 
0.010 
0.004 
0.001 
0.001 
0.002 
0.003 
0.001 
0.001 
0.001 

0.000-0.468 
0.000-0.643 
0.000--0.320 
0.000-0.192 
0.000--0.474 
0.000-0.399 
0.000-0.275 
0.000-0.31 1 
0.000-0.480 
0.000-0.124 

0.001-2.556 
0.0024.023 
0.000-1.829 
0.001-2.202 
0.001-2.878 
0.0014.002 
0.001-2.048 
0.00 1-3.444 
0.001-1.822 
0.001-1.066 

0.000-0.690 
0.000-0.502 
0.000-0.120 
0.000-0.012 
0.000-0.016 
0.000-0.036 
0.000-0.065 
0.000-0.013 
0.000-0.018 
0.000--0.017 

0.71 
0.78 
0.84 
0.56 
0.78 
0.78 
0.95 
0.44 
0.62 
0.33 

2.67 
2.75 
1.66 
1.37 
1.61 
2.19 
1.18 
I .69 
0.99 
0.93 

6 0.95 
1.11 
0.46 
0.09 
0.07 
0.19 
0.37 
0.07 
0.09 
0.08 

1.61 
1.57 
1.88 
1.56 
1.61 
1 S 5  
3.10 
0.86 
1.16 
0.94 

8.84 
8.70 
4.01 
2.78 
3.04 
4.51 
2.06 
2.98 
1 .82 
2.94 

2.55 
3.35 
1.92 
0.33 
0.23 
0.64 
1.35 
0.21 
0.30 
0.21 

Table XXXVI. Significance level of differences in the salivary colony forming unit values on Sabouraud antibiotic 
agar between the sugar groups during the diet period (Kruskal- Wallis and Mann- Whitney W e s t s )  

(1) (2) (1) (2) 
-1 0 1 4 a 12 I2 19 24 24 

Kruskal-Wallis n.s. n.s. n.s. 0.0006 0.0011 0.0009 0.0163 0.0002 0.0012 0.0096 

Mann-Whitney U-test 
S/F n.s. n.s. n.s. 0.0272 n.9. 0.0419 n.s. 0.0319 n.s. n.s. 

n.s. n.s. n.s. 0.0335 0.0149 n.s. n.s. 0.0092 0.0128 n.s. SIX 
F I X  n.s. n.s. n.s. 0.0000 0.0000 0,0000 0.0014 O.oo00 O.oo00 0.0003 


