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The effect of the consumption of certain sugars and sugar mixtures on the formation of plaque 
and on the chemical composition of plaque and oral fluid was investigated using 72 dental 
students divided in six sugar groups; I, sucrose; 11, fructose-sorbitol, 1 : l ;  111, fructose-glu- 
cose, 1 :1; IV, fructose-xylitol, 1 :1, V, xylitol; VI, sucrose-maltose, 9:l. The sugars and the 
sugar mixtures were consumed in coffee, tea and rolls in addition to five daily mouth washings. 
The xylitol-based IV and V particularly reduced the formation of plaque when compared 
to the values obtained during a preceding sucrose intake period. The mixture of fructose- 
xylitol was less plaque-producing than fructose-sorbitol. The deliberately mild dietary regime 
produced the most distinct changes in the rate of plaque formation and less significant or 
undetectable changes in its chemical composition. 

In previous studies (Scheinin & Makinen, 1971; Makinen & Scheinin, 
1971 ; Paunio, Mukinen & Scheinin, 1972), conducted to explore the effects 
of certain simple carbohydrates on the formation and chemical composition 
of dental plaque and on the condition of the parodontium, as well as on the 
chemical composition of oral fluid, it was found that a short term sugar diet 
considerably affected the parameters thus investigated. 

The findings thus obtained led to a new and more extended investigation 
where the effect of different sugar mixtures on the variables mentioned above 
was determined. 

MATERIALS AND METHODS 

Test groups and diet. 72 dental students took part in the study, each adhering 
to a dietary regime during the test periods. The test persons were divided 
into six groups. The number of students in each sugar group is shown in 

Received for publication, December 15, 1971. 



236 MJE XHEININ AND KACKO K. MAKINEN 

Table I. 

The general urmngement of the study 
~ ~~ - _- ~- ~ ~~ _ _  

Group a Group b Group c Group d Group e Group f 
11 persons 11 persons 12 persons 13 persons 10 persons 15 persons 
~~- - - - ~  ~ ~~ ~~~ 

Period AO') Ziornial 

Period A2) Sucrose 
(5  days) diet 
Period BO Normal 
(4 weeks) diet 
Period RS) Sucrose 
(5 days) diet 

dirt 
Normal Normal 
diet diet 
Sucrose Sucrose 
diet diet 
Nornd  Normal 
diet diet 
Fructose- Fructose- 
Sorhitol Glucose 
diet diet 
(1: l )  (1:l) 

Normal 
diet 
Sucrose 
diet 
Normal 
diet 
Fructose- 
Xylitol 
diet 
(1:l)  

Normal 
diet 
Sucrose 
diet 
Normal 
diet 
Xi-litol 
diet 

Normal 
diet 
Sucrose 
diet 
Normal 
diet 
Sucrose- 
Maltose 
diet 
(9:l) 

l) Xormal diet and normal oral hygiene during the time preceding the whole study. 
2, Periods -4 and B started immediately after the clinical inspection and sample collecting 

of Periods -40 and BO, respectivel) . 

Table I, H hich also presents the overall arrangement of the investigation. 
According to this, the whole experimental cycle was composed of four separate 
perioda. Table I provides more detailed explanation of the test periods, but 
it may be mentioned that as an extension to the earlier study (Scheinin& 
-Mukinen, 1971; Mukznen & Scheinin, 1971) the clinical inspection and 
chemical analyses on saliva and plaque material were also carried out during 

period \\ith normal diet and oral hygiene. This was designated as Period 
AO. After these measures, the sucrose period was started: all 72 test persons 
in the six groups Here on a sucrose diet for 5 days. Clinical inspection and 
chemical analyses terminated this period (Period A). After a normalization 
period of approximately four weeks, a third clinical inspection and a control 
analysis of salivary p-fructofuranosidase activity were performed on the test 
persons, this period being designated as Period BO. Finally, the same test 
person\ here put on another sugar diet; one group consumed still sucrose, 
whereas the other fiye groups were on a diet containing different sugar mix- 
tures or xylitol (Table I). After the sugar diet of five days the whole investi- 
gation %as terminated by the fourth clinical inspection and chemical analyses 
of plaque and saliva (Period B). The time schedule of the investigation is 
presented in Fig. 1. 
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Carried out to determine baseline clinical and chemical values of the 
participants Normal diet 

I and hygiene 

1. Clinical inspection. Plaque index. Interview. Delivery of instructions 
2. Collecting of 10 oral fluid (paraffin stimulation) 
3. Measurement of the pH of the oral fluid at 37°C (glass and calomel electrodes) 
4. Lactobacillus count (1 ml was used) 
5. Cooling of the sample to i 4 " C  
6. Centrifugation (10 min at 12.000 rpm; 1 7 . 3 0 0 ~  g) at +4OC 

Supernatant fluid 
__ ~ 

Assay of 
7. Invertasc Carried out for 
8. Dextranase 1 [ each sample imme- 
9. Lactic acid diately after 

10. Protein (F-C) centrifugation 

11. Pooling of the samples into six pools 
representing the six sugar groups 

12. Freezing and storing at -25°C 

Assay of 
13. Total carbohyd- 

rates (sugars) 
(Anthrone) 

14. Total nitrogen 

Carried out 1-2 I months after col- 1 1 lecting 

4 
1 Pellet j 

7. All pellets were pooled to form six 
pools representing the six sugar 
groups 

8. Freezing of the pools and storing at 
-25 C 

9. Thawed after 2-6 weeks and sus- 
pended in cold (14°C) water (14 ml 
per material of the whole sugar 

10. Sonication (10 min; end diameter of 
the urobe. 9 mm: 4 microns am- 

group) 

plitide) ' 

11. Centrifugation (10 min at 19.000 
rpm; 43.300 x g) The pellet was 
discarded 

-4ssay of 
12. Invertase 
13. Dextranase 
14. Protein (F-C) 
15. Total nitrogen 
16. RNA 
17. DNA 
(12.--17. carried out 2 4  weeks after 

collecting) 

A 
1 Sucrose diet All participants were on sucrose diet of five days 

Steps 1. 4. as abobe 

.$ 

Supernatant fluid 
-~ ~ ___._ 

issay ol 
7. Iuvertasr Carried out for 
8. Dextranase I 
9. Lactic acid diately after 

10. Protein (F-C) I centrifugation 
11. Freezing and storing at -25°C 

each sample imme- 
7. Treated and analyzed exactly as 

above for period A 0  (i.e. the ana- 
lyses were made on six pools re- 
presenting the six sugar groups) 
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1 PERIOD BO 
' Normalization 
period (four I weeks) 

Assay of 
12. Aldolase 
13. GLDH 
14. MDH 
15. LDH 
16. GOT 
17. Pyruvate 
18. Total keto acids 
19. Pooling of the samples into six pools 

representing the six sugar groups 
20. Total nitrogen 
21. Total carbohydrates (Anthrone) 

Carried out to determine the normalization of the conditions in the oral 
cavity 

Carried out 2-6 weeks 
after collecting c 

Carried out 1-2 months 
after collecting c 

Steps l., 2., 5., and 6. as above 

1 Supernatant fluid I 
Assay of Discarded 

1. Invertase 
- This was exactly as period A, but the participants were on six different 
IPERIOD B 1 sugar diets for five days. Period B started immediately after the clinical 

___ inspection of period BO 

Fig. 2. The experimental procedure of the investigation concerning the study of oral fluid. 
F-C = Folin-Ciocalteu. 

(If not otherwise stated, all centrifugations and sonications were performed at +4"C) 

position of the meals, and in which way the predetermined regime was not 
possible to be followed. All answers were considered and in a few cases the 
contribution of a test person was rejected, actually on the basis of intake of 
antibiotics or traveling. Due to the participation of dental students only, 
the cooperation was very good. 

During the actual test periods the students refrained from brushing their 
teeth. Tooth brushing was allowed immediately after Period A, during the 
))normalization)) Period BO and after Period B. Brushing took place normally 
during the Period AO preceeding the actual test periods. 

All other details concerning the general performance of the study are 
mentioned in Figs. 1-3 and Table I. 

Preparation of samples and chemical assays. The preparation of the 
samples of plaque and oral fluid was in principle performed as earlier (Schei- 
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PERIOD A 
Sucrose diet 

1. Plaque collection (during exactly 3 min period) 

2. Weighing 
3. Pooling into six pools representing the six sugar groups 
4. Freezing and storing at -25°C 

2 . 4 .  werc 
carried out 
immediately 
after collection 

One month later 
(Samples stored at 
-25°C) 

5. Suspending in 3 ml cold 0.9 "4, NaCl ( + 4 C )  
6.  Centrifugation (10 min at 12.000 rprn; 1 7 . 3 0 0 ~  g) at - 4 C  

v 
~~ 

Supernatant fluid 
(representing plaque 
extracellular f b id)  , 
~. ~ _ _  

Pellet 

Assa) of 
7. InLertase Carried out one month 

t after collection (Samples 
8. Dextranase f stored at -25'C) diameter) 
9. Lactic acid 

7. Sonication (15 min in 3 ml of cold 
(+4"C) water; 9 mm probe end 

8. Centrifugation at  +4"C (12.000 rpm 
10 min; 1 7 . 3 0 0 ~  g). The super- 
natant fluid was analyzed for: I keto acids I after collection 

10. Pyrukate 

12. Total carbo- 

13. Protein (F-C) I -""') 12. Xylitol dehydrogenase 
14. Total nitrogen 1 13. Protein (F-C) 

Carried out 1-2 months 9. Invertase 
10. Dextranase 
11. Sorbitol dehydrogenase hydrates (Samples stored at (Anthrone) 

(7.-13. were carried out one month 
after collection; samples stored -25°C) 

'PERIOD B ~ 1 Different ' 1 sugar mixtures] This was exactly as for period A 
1 were wed 1 

Fig. 3. The experimental procedure of the investigation concerning the study of plaque. 

Plaque analysis was carried out for material obtained from period -4 and period B. For de- 
tails cf. Table 11. 

nin & Mukinen, 1971). The whole research plan including the treatment 
and analyses of the samples is presented in Figs. 2 and 3. The chemical 
methods are additionally listed in Table 11. All reagents were the same as 
mentioned earlier (Scheinin & Mukinen, 1971). Due to the simultaneous 
use of six laboratory technicians and one chairside assistant, most of the 
chemical assays were carried out within a short period, the bulk of them 
during the same day the samples were collected. Figs. 2 and 3. give thc con- 
ditions where cold storage of the samples before analysis was necessary. The 
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Table 11. 

Chemical and biochemical assay methods used in the study 
~~ ~~ 

Enzyme or compound Method 
to be assayed 

Reference 

Invertase The 3,5-dinitrosalisylic acid method Hostettler, Bore1 
(B-Fructofuranosidase) & DeveZ(1951); 

Scheinin &Ma-  
kinen (1971) 

Dextranase In principle as for invertase, but replacing SUC- As above 
rose with a 5 yo aqueous solution of dextran 
(Dextran T70, Mw < 70.000, light scattering; 
Pharmacia Fine Chemicals, Upsala, Sweden) 

Aldolase The spectrophotometric assay of Warburg p. 728*) 
(with enzymatic auxiliary and indicator reac- 
tions). Fructose 1,6-diphosphate was used as 
substrate 

Glutamate dehydro- The spectrophotometric assay using 2- p. 752*) 
genase oxoglutarate and NADH 

Malate dehydrogenase The spectrophotometric assay using L-malate p. 757*) 
and NADP 

Lactate dehydrogenase The spectrophotometric assay using lactate p. 736*) 
and NADP 

Glutamate oxalate The colorimetric method using 2,4- p. 84.2*) 
transaminase dinitrophenylhy drazine 

Sorbitol dehydrogenase The spectrophotometric method using p. 761*) 
fructose as substrate 

In principle as for SDH, but replacing 

~ ~. 
(SDW 

~ ~~ 

Xylitol dehydrogenase 
(XDW fructose with xylylose 

Pyruvatc Spectrophotometrically with LDH and NADPH p. 253*) 

])Total keto acids)) A colorimetric assay using 2,4-dinitro- Friedemann & 
phenylhydrazine Huugen (1943); 

Makinen (1968) 

Lactic acid The spectrophotometric method using LDH p. 266*) 
and NADP 

~~ . 

Protein Folin-Ciocalteu (Bovine serum albumin as Layne (1963) 
standard) 
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Nitrogen 

RNA 
- .  

DNA 

alotal zugarse 

Xlicro-Kjeldahl (ammonium sulphate as 
standard) 

~~ . . . - . 

B i d  (1902) ; 
Mejhaurn (1939) Orcinol method (D-ribose as standard) 

Diphenylamine method (2-desoxy-D-ribose Burton (1956) 
as standard) 

Anthrone method (glucose as standard) Dreywood (1946) ; 
Morris (1948) 

__ - - - _ ~ _ _  _ _  ____ ~ ~~ ~ 

”) The page numbers refer to: Bergmeyer, H. (1963) LOC. cit. 

lactobacillus count was made on Rogosa agar and the visual inspection of 
the colonies was performed after three days growth. 

The data obtained at various test periods were treated numerically for 
4gnificance by the t-test (95 per cent confidence), after having applied the 
F-test. 

RESULTS 

Formation of plaque 

The clinical condition (as plaque indes, P1 I) and salivary b-fructofurano- 
sidase activity were determined four times, and most other chemical or 
enzyme assays three times during the investigation. This was performed in 
order to determine the baseline condition and characteristics of the test 
persons. Due to better oral hygiene during the Period AO, the plaque index 
and the amount of various organic compounds and the enzyme activity in 
oral fluid and plaque increased considerably when transferring from Periods 
-10 and BO to Periods A and B, respectively. In Period BO the plaque index 
w-as as low as in Period AO. The plaque index value was not found to measure 
the variations in plaque development as well as the determination of the 
plaque fresh weight. HoM-ever, also the development of the plaque index 
during the periods of reduced oral hygiene showed that least plaque was 
developed in the sylitol group (Fig. 4). The results showed that the Period 
R O  of four weeks was long enough to rnormalize)) the conditions in the oral 
cavity after the sucrose period (Period A ) .  

The correlation between plaque index and plaque fresh weight was ap- 
proximately the same as in the previous study (Scheinin & Mdlcinen, 1971). 
The plaque i d e s  and plaque fresh weight of the test persons determined at 
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Fig. 4 The medians of plaque indexes in the different sugar groups determined at Periods 
AO, A, BO, and B. 

7 5  

c 50 
E 
v 

2 5  

0 

Fig. 5. Correlation between plaque index and the fresh weight of plaque. 

the end of Period B (the period of six different sugar diets) are presented 
in Fig. 5. The values recorded both for the xylitol and fructose-xylitol groups 
were generally located in the lower left part of the figure, whereas in the 
other test groups the values were located oabve or at the right side of the 
xylitol values. Fig. 6. shows the individual changes as well as the fact that 
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Fig. 6.  Individual changes in plaque fresh weight recorded at the end of Periods A (sucrose 
diet) and Period B (six different sugar diets). Sugar groups: I, sucrose; 11, fructose-sorbitol; 

111, fructose-glucose: IV, fructose-xylitol; V, xylitol; VI, sucrose-maltose. 
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A B  A B  A B  A B  A B  A B  
SUCROSE FRUCTOSE - FRUCTOSE- FRUCTOSE- XYLITOL SUCROSE- 

MALTOSE SORBITOL GLUCOSE XYLITOL 

Fig. 7. The means and standard deviations of plaque fresh weight in different sugar groups 
determined at the end of Period A and Period B. Comparison between various sugar groups 
at Period B: 
between sucrose and xylitol: **p<O.Ol; 
between fructose-sorbitol and xylitol: "p<O.l; 
between sucrose and fructose-sorbitol; **p<O.Ol; 
between sucrose and sucrose-maltose: *p<0.05; 
between sucrose and fructose-xylitol; **p<O.Ol. 
Comparison between Periods A and B : 
in fructose-xylitol group: **p<O.Ol; in xylitol group: **p<O.Ol. 

c PYRUVIC ACID 

g 1.0 ::I f. 0 

A B  
suc 

A B  A B  

SORB GLU 
FRU-  F R U  - 

T T  T 9 B 
A B  A B  A -  

FRU - XY L suc - 
XY L MAL 

Fig. 8. The means and standard deviations of the amount of pyruvic acid in centrifuged oral 
fluid in different sugar groups at the end of Period A and Period B. 
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i TOTAL KETO ACIDS 

i 
A B  
SUC 

T I 
~ B 

A B  A 
F R U -  FRU- 
SORB G LU 

T T  
A B  A B  
FRU-  XY L 
XY L 

A B  
suc- 
MAC 

Fig. 9. The means and standard deviations of the amount of atotal keto acida in centrifuged 
oral fluid in different wgar groups at the end of Period 4 and Period B. 

LACTIC ACID 

A0 A B A O A B  A O A B  A O A B  A O A  B A O A B  
SUC FRU- FRU- FRU- XY L suc- 

SORB GLU XYL MAL 

Fig. 10. The means and standard deviations of the amount of lactic acid in centrifuged oral 
fluid at the end of Period 40. Period A, and Period B. 

also in the sucrose-maltose group the values recorded at the end of Period 
B were generally lower than at Period ,4. In the three first test groups the 
change from A to B was expressed by an approximately equal number of 
increasing and decreasing values. The mean values and standard errors cal- 
culated for the plaque fresh weight values are show-n in Fig. 7. The lowering 
of the plaque weight was statistically sigiiificarit in the three last sugar groups 
(see legend to Fig. 7) .  
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75 7.5 

PH 

7.0 
T 

7.0 

6.5 6.5 

A O A  B j O A  B A O A  B A O A  B A O A  E A O A  B 

SOREITOL GLUCOSE XYLITOL MALTOSE 
SUCROSE FRUCTOSE- FRUCTOSE - FRUCTOSE- XYLITOL SUCROSE - 

Fig. 11. The means and standard deviations of pH of oral fluid in different sugar groups at 
the end of Period AO, Period A, and Period B. The measurement took place immediately 

after obtaining exactly 10 ml paraffin stimulated oral fluid from the test person. 

Formation of organic acids 

The amount of pyruvic acid in centrifuged oral fluid was approximately one 
tenth of the amount of ))total keto acids)) (Figs. 8 and 9). No statistically 
significant correlation between the type of carbohydrate consumed and the 
amount of pyruvic acid or total keto acids was found, although it may be 
mentioned that only in fructose-glucose group the amount of pyruvic acid 
had not decreased when transferring from Period A to Period B. This could 
be explained by the suitability of this sugar mixture for fermentation via 
several pathways available for oral micro-organisms. The amount of lactic 
acid of centrifuged oral fluid (Fig. 10) varied in this investigation almost to 
the same degree as earlier (Scheinin & Mckinen, 1971). The amount of lactic 
acid expressed in pmoles per ml oral fluid (centrifuged) was approximately 
the same or somewhat lower than the amount of pyruvic acid, an indication 
of a close metabolic relationship between these compounds. 

There were no pronounced differences in the amount of lactate between 
Period A and Period B in the different sugar groups. However, an inspection 
of Figs. 8 and 10 may still give an explanation why the fructose-glucose 
mixture did not prove to be effective in reducing plaque amount. Only in 
this sugar group the amount of pyruvate and lactate increased when trans- 
ferring from Period A to Period B. The increases were not statistically signif- 
icant, but in all other sugar groups the values were decreased from Period A 
to Period B. Hence a fructose-glucose mixture would be comparatively good 
energy source for oral mixed cultures. In the fructose-sorbitol group there 
was also a slight increase in lactic acid when transferring from Period A 
to Period B. 
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- !I 0 1' 
A 0  A B A 0  A 

PROTEIN 

B A 0  A 

1 
B A 0  A B A 0  A 

r: 
B A O A B  

SUCROSE FRUCTOSE- FRUCTOSE- FRUCTOSE- XYLITOL SUCROSE - 
SORBITOL GLUCOSE XYLITOL MALTOSE 

Fig. 12. The means and standard deiiations of the amount of protein (Folin-Ciocalteu) in 
centrifuged oral fluid on different sugar groups at the end of Period AO. Period A and Period B. 

Fig. 13. Change of the amount of ittotal sugarss (determined with the anthrone method) and 
total nitrogen (Micro-Kjeldahl) in pooled samples of centrifuged oral fluid between three 
stages of the investigation. Sugar groups: I, sucrose: 11, fructose-sorbitol; 111, fructose-glucose; 
IV. fructose-xylitol: V. xylitol: \'I. sucrose-maltose: All solid circles represent 10-15 persons. 

.Salivary pH 

The pH values determined immediatelj after the collection of the oral fluid 
are presented in Fig. 11. As expected, no substantial changes of the pH 
values were observed in any of the sugar groups when transferring from 
Period A to Period B. 
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FRUCTOSE- GLUCOSE 
SUCROSE - MALTOSE 
SUCRGSE 

FRUCTOSE- SORBITOL 

FRUCTOSE - XYLITOL 

3.0 

2.0 

XYLITOL 

1.0 

0 
A B 

Fig. 14. Change of the amount of protein (Folin-Ciocalteu) in pooled samples of plaque be- 
tween Periods A and B. The pooled plaque samples were sonicated and the supernatant fluid 

resulting was analyzed. 

Fig. 15. Change of the amount of protein (Folin-Ciocalteu), total nitrogen (Micro-Kjeldahl), 
and stotal sugarso (anthrone) in pooled plaque water extracts between Periods A and B. The 
plaque material in each sugar group was pooled and suspended in cold water containing 0.9 % 
NaCl (see Fig. 3). The suspension was centrifuged and the clear supernatant fluid was analyzed. 

0 I I I I I I 
A0 A B A0 A B 

Fig. 16. Change of the amount of protein (Folin-Ciocalteu) and total nitrogen (Micro-Kjel- 
dahl) in pooled sediment material obtained after centrifuging oral fluid samples between three 
stages of the investigation. The sediment material was suspended in cold water containing 
0.9 % NaCl (see Fig. 2). The suspension was conicated and the clear supernatant fluid was 

analyzed. 
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Protein and total nitrogen 

The protein and total nitrogen assays yielded results presented in Figs. 12-13 
for the supernatant fluid of oral fluid, in Fig. 14 for the supernatant fluid of 
sonicated plaque, in Fig. 15 for the supernatant fluid of plaque, and in Fig. 
16 for the supernatant fluid of pooled and sonicated oral fluid sediment 
(representing easily removable soft plaque). All the protein values increased 
in oral fluid (Fig. 12) and in its sonicated sediment preparation (Fig. 16) 
when transferring from Period A 0  to Period A. There was no clear correla- 
tion between the protein and nitrogen values. This may be due 1.0 the un- 
specificity of the colorimetric protein assay and to the fact that in the total 
nitrogen assays evidently all nitrogen containing compounds were involved. 
In Fig. 14 (sonicated plaque) the highest increase in protein took place in 
glucose-fructose group. In Fig. 15 this group displayed almost identical 
values at Periods h and B. In Fig. 14 the xylitol groups (IV and V) showed 
a slight decrease when transferring from Period A to Period B and the same 
groups were the moat decreasing in Fig. 15. Figs 14 and 15 show that when 
the amount of proteins in plaque w-ater extract decreased (Fig. 15), the amount 
of protein in the insoluble compartment, representing intact microbial cells 
etc., increased (Fig. 14), except for groups IV and V. There was in general 
least protein and total nitrogen at Period B in the xylitol groups. 

))Sugars)) 

The ))sugar)) determinations are presented in Fig. 13 for the supernatant 
fluid of oral fluid and in Fig. 15 for the supernatant fluid of plaque. In both 
rases the d u e s  w-ere decreasing when transferring from Period A to Period 
B (except for xylitol in Fig. 13). In Fig. 15 it is evident that the least decrease 
in the sugar amount betw-een Period A and B had taken place in the sucrose 
group (group I). It is known that this method to assay carbohydrates is not 
specific. Several compounds give coloured complexes with sulphuric acid, 
hut the sensitivity of the method merited its exploitation. 

Fig. 17 shows the results obtained in the nucleic acid assays. The transfer 
from Period A 0  to Period A naturally resulted in a considerable increase in 
the ainount of nucleic acids in the supernatant fluid of pooled and sonicated 
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A0 A B A0 A n 

Fig. 17. Change of the amount of RNA (ribonucleic acid) and DNA (deoxyribonucleic acid) 
in pooled sediment material after centrifuging oral fluid samples obtained at three 
stages of the investigation. The sediment material was suspended in cold water containing 
0.9 yL NaCl (see Fig. 2). The suspensions were sonicated and the clear supernatant fluid was 

analyzed. 

preparations of oral fluid sediment (material representing easily removable 
soft plaque). The transfer from Period A to Period B did not yield such large 
changes except in the fructose-glucose group (DNA) and in the sucrose- 
maltose group (RNA). 

Lactobacillus count 

Due to the use of dental students in the study, it was evident that there were 
only few individuals with high caries activity. Therefore, the lactobacillus 
counts generally yielded low values especially at Period AO, but a few rea- 
sonably low values were recorded at Periods A and B as well. The mean 
lactobacillus count obtained for all participants at Periods A 0  and A were 
7800-&9500, and 32800*29200, respectively. There was no statistically 
significant correlation between the type of sugar consumed and the lacto- 
bacillus index. Neither was a statistically significant correlation found be- 
tween the lactobacillus count and plaque fresh weight: high counts were 
recorded for persons with only moderate amount of plaque (20-30 mg) 
and large plaque fresh weights (up to 100mg) were obtained with persons 
with very low counts. Table I11 shows that only in the sucrose group at 
Period B no zero lactobacillus index values were recorded, an indication 
that sucrose had promoted the growth of lactobacilli. Table IV shows that 
the number of cases where Candida was detected increased at the end of 
the investigation. In three cases streptococci were found to grow on the 
Rogosa agar (2500-7500 cells/ml). There was a statistically significant cor- 
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Table 111. 

Otcurwnce of posrtrce and zero lactobacillus index values at Period B 
- - __ 

Sugar group Number of zero Number of 
values positive values 

Total 

Sucrose 
Fructose-sorbitol 
Fructose-glucose 
Fructose-xylitol 
Xylitol 
Sucrose-maltose 

_ ~ _  

0 11 
7 4 

3 10 
5 5 
2 13 

4 a 

~~~ ~~ ~~ 

11 
11 
12 
13 
10 
15 

Table IV. 

Candcda index values at different periods of the stud3 (cells per rnl salava) 
-~ ~~ 

Period A 0  Period A Period B 
(t\ro cases) (four cases) 

~ _ _ _ _ _  __ -_ -~ ~ - 

No case? 50 (sucrose) 2300 (xylitol) 

2600 (fru-xyl) 
100 (fru-glu) 

250 (sucrose) .500 (suc-mal) 

~ ~~ ~_ 

relation between the lactobacillus count and salivary b-fructofuranosidase 
activity: high counts were more frequently accompanied by high than low 
enzyme activity (for ,!I-fructofuranosidase activity, see Miikinen & Scheinin, 
1972). 

Mean values of the whole test material 

Table V presents the mean values and standard deviations of the chemical 
and other assays carried out with 72 test persons at Period AO and Period A, 
%hen all persons were on a similar diet. The plaque index was also determined 
at Period BO to show if this normalization period had led to a decrease of 
the index to the level of Period AO. The index was indeed seen to have 
decreased to the level of Period AO, an indication that a nnormalizationo in 
the oral conditions had taken place before Period B was started. The next 
paper will show that also the activity of B-fructofuranosidase was approxi- 
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mately the same at Periods A 0  and BO. The means and standard deviations 
of the enzyme assays are shown in the next paper (Mukinen c!k Scheinin, 
1972). 

DISCCSSION 

The results obtained in this investigation were basically the same as in the 
previous one (Scheinin 61- Mikinen,  1971). The use of mixtures of various 
carbohydrates in the present study evidently led to less profound differences 
in the amount of plaque and its constituents than earlier, when only one sugar 
compound \.-as used in a particular test group. One carbohydrate, xylitol, 
which even in the present investigation was used alone in one group, generally 
yielded the most profound differences in several analyses between the test 
periods. It can be stated that the dietary regime of the present study was 
made deliberately mild in the sense that all test persons were allowed to 
consume ordinary meals. One could expect rather convincing differences in 
the amount of plaque etc., if an even slightly more strict regime would be 
achievable in reality. It is, however, evident that people always would con- 
sume a wide variety of different carbohydrates in their meals, although cer- 
tain particular sugars, other than sucrose could form the main constituent. 
Hence the dietary regime used was evidently realistic also in this sense. The 
present investigation showed that the exploitation of a restricted regime will 
result in interesting findings concerning plaque formation and its chemical 
composition. 

One difficulty impossible to abolish in this type of study is the fact that a 
huge number of individual chemical determinations and velocity measure- 
ments would have to be carried out on fresh samples as soon as possible after 
tollection. In this investigation those parameter.; which, on the basis of the 
previous study, were considered important to determine immediately after 
the collection of the samples were, for example, plaque fresh weight, some 
enzyme activities and organic acids. All these are listed in Figs. 2-3 .  In 
cases where the sample had to be stored prior to the assays, they were ana- 
lysed after an equal time of storage, so that comparison between different 
periods and test groups would be possible. 

The individual variations in the lactobacillus index were quite high (Table 
111). Standard deviations of equal degree have been obtain elsewhere (Leh- 
nert, 1968). It is assumed that a more strict regime could result in a positive 
correlation. The micro-organisms appearing at Period A 0  on the Rogosa 
agar were almost exclusively lactobacilli, but at Periods A and B strepto- 
cocci and Candida were found in a few saliva samples. 
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The number of publications dealing with the effect of polyols on the growth 
of oral micro-organisms and on plaque pH and related subjects has been in- 
creasing. Most of the polyols studied with regard to their ,dentab effects, 
like sorbitol, are slowly fermented by oral micro-organisms (Grubb, 1945; 
Shaw, 1954; Shockley, Randels & Dodd, 1956; Crowley, Harner, Bennet & 
Juy, 1956). Several papers have shown more or less directly the low-cario- 
genicity of sorbitol (for example, Miihlemann, 1969; Miihlemann, 1970; 
GraL 1969; Larje & Larson, 1970; Dallmeier, Bestmann & Kroncke, 
1970). 

The first paper of this series of investigations (Scheinin & Mukinen, 1971) 
also suggested that fructose and xylitol would be less cariogenic than sucrose. 
There are numerous studies where this quality of fructose has been evoked. 
Charlton, Fitzgerald and Keyes (1971) have determined the hydrogen ion 
activity in dental plaques of hamsters during metabolism of various sugars. 
Fructose was fermented at a slightly lower rate than sucrose or glucose by 
the plaques. 

The present study revealed that xylitol and several sugar mixtures now 
investigated were less cariogenic than sucrose. It may be said that of all 
the clinical and chemical determinations performed in the present study, 
the amount of plaque fresh weight during a period of sugar intake and 
reduced oral hygiene can be considered to be most closely related to 
the caries activity. A significant drop in plaque fresh weight was observed 
also in the sucrose-maltose group (9:l). The reason the include this sugar 
mixture lays in the finding that maltose inhibited the synthesis of extra- 
cellular polysaccharides by a cariogenic streptococcus (Knuuttila & Maki- 
nen, 1972). In this study the sucrose-maltose mixture proved that it was able 
to reduce the plaque amount. 

The present paper showed that of the six different diets those containing 
xylitol were seen to be less cariogenic than the other diets, comprising either 
sucrose alone, a sucrose-maltose mixture, or mixtures containing either 
fructose and glucose, or fructose and sorbitol. 
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