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INTRODUCTION 

A number of authors have demonstrated a fall of the pH in the dental plaques 
following consumption of sugars and other carbohydrate products (La. 
Stephan, 1940, 1944; Straljors, 1950; Miirch, 1961; Frostell, 1963). This 
fall is more pronounced in cariesactive persons than in cariesresistant, and 
it is more pronounced after consumption of food products considered caries 
promoting than after noncariogenic foods. It is generally considered that 
a foodstuff containing large amounts of fermentable carbohydrates is more 
cariogenic than a foodstuff containing only minute amounts of such sub- 
stances. Consequently, it is believed that foods causing a considerable pH- 
decrease in the dental plaques for a long time after consumption are generally 
more cariogenic than a foodstuff giving no or only a slight pH-decrease, or 
a decrease for only a short period of time. Other factors, however, may also 
influence the cariogenicity of a foodstuff (Jenkins, 1965). 

Kleinberg (1961) studied the effect of continuous addition of different 
concentrations of glucose on the pH of the dental plaques. He found that 
increasing the glucose concentration resulted in a corresponding decrease 
in the pH level until a maximum decrease and a steady state was obtained 
with a concentration of 5 per cent. With a glucose concentration of 50 per 
cent, the pH level of the steady state was raised. 
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The aim of the present investigation was to study the effect of different 
physical and chemical factors on the pH-changes in the dental plaques after 
intake of sugar solutions and different types of candies and foods. I t  was 
the hope of the author that the knowledge so obtained could be of some value 
for the production of less cariogenic sweets and other foods. 

MATERIAL AND METHODS 

Patients having a tendency of accumulating dental plaque material were 
preferably chosen for these experiments. They were between 15 and 50 
years of age, all having at least 20 teeth and average to high dental caries 
activity. All of them had fillings or other restorations. 

The patients were told not to brush their teeth for two days before the 
experiment and to appear in the morning in the laboratory without having 
eaten or drunk anything with the possible exception of tap water. Dental 
plaque materials was collected with a blunt instrument from the buccal sur- 
faces and from between the teeth at approximately 20 different spots, the 
material was pooled in a drop of distilled water and pH was determined im- 
mediately in a Beckman Zeroniatic pII-meter. Only minute amounts of 
material were taken from each spot. The patient was then asked to rinse his 
mouth for 30 seconds with 10 ml of the solution to be tested or to eat and 
swallow a piece of the candy or food to be tested. 

After 2, 5, 10, 20 and 30 minutes new samples were taken from about 
twenty spots near those tested before. The material was pooled and the pH 
was determined immediately. After each determination the pH-meter was 
tested against a buffer pH 6.00. At each experiment a test was also performed 
with a 5.00 standard buffer. Standard deviation at pH 6.00 calculated on 
200 such determinations was & 0.032 pH-units. Standard deviation of the 
meter, at pH 5.00 when calibrated at pII 6.00, was f 0.025. 

Since it was found that an appreciable pH-decrease of long duration gen- 
erally occurred after a 30 seconds mouth rinse with a 50 per cent sucrose 
solution, which was to some extent characteristic of the patient, such a test 
was performed at least once with every patient. 

Experiments were performed with either 18, 13 or 10 patients in each 
experimental group. All comparisons are made on experiments with groups 
containing the same patients. 

The statistical evaluations showed that the differences between the original 
pH-value obtained before consumption and those obtained at a certain time 
point on the curves for a series of patients were distributed according to the 
normal curve and were more representative than the actual corresponding 
figures. Thus, the differenees between pH at a certain time point and original 
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pH were used directly for statistical determinations. The pH-mean given for 
each time point is the arithmetical mean of the actual pH-values found, and 
the statistical deviations given are those within the limits of which the pH- 
values may be expected to fall in a large series of experiments. An Olivetti 
Programma Computer has been used for the calculations. Standard deviation 
of the method was determined at 0.13-0.26 (different for the H-different 
time points, Frostell, in preparation). 

EXPERIMENTS AND RESULTS 

1. Effect of different sucrose concentrations 

Experiments were performed with a group consisting of 18 patients. Each 
patient rinsed his mouth with 10 ml of a sucrose solution. The concentrations 
used were: 

5.00.. 

0,o 5 "I. 
0,5 8 ,  
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50 8 .  

5 10 15 20 25 30 Min. 
Fig. 1 a. Changes in the pH of the dental plaques of a person after a mouth rinse (30 seconds) 

with different concentrations of sucrose. 

zoo '1" 

5 10 15 20 25 30 
Fig. 1 b. Changes in the pH of the dental plaques after a mouth rinse (30 seconds) with dif- 

ferent concentrations of sucrose. Mean of experiments with 18 persons. 
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Table I. 
Composition of the different products 

Approximate figures as given by the manufacturers - - 

a) Gum Arabic - sorbitol tablets (US)  
Gum Arabic 54 gram 

Sorbitol 
Essence, artificial colour, sweetener 

45 !J 

1 n  
100 n 

b) Cum Arabic -- sugar tablets (Tenor) 
50 gram 
38 * 
6.6 * 

Essence, artificial d o u r  0.4 9 

loo * 

Gum Arabic 
Glucose 
Sucrose 
Extract glyz. 5 *  

~ ~ _ _  - 

c) Hydrogenated potato starch candy (A-plus) 
Product 6563 97 gram 

Citric acid 
Essence, artificial colour, sweetener 

2 n  
l a  

100 Y - -~ 

d) nConoentionn1 candy* 
Sucrose 55 gram 

Dextrines 
Dextrose, maltose 

26 
18 Q 

Essence, artificial colour 1 n  
100 n 

--___-- ____ -~ 

c) Sponge-cukes 
Sucrose (or product 6563 + sodium cyclaniate) 112 gram 
Margarine 100 * 

150 * Oat meal 
Baking powder 8 *  

1 n  Vanilline 
2 eggs 

f )  Ginger-cakes 
Sucrose (or product 6563 t sodium cyclamate) 
Margarine 
Oat n m l  
Sodium bicarbonate 
Cinnamon 
Ginger 
Clove 
Water 

260 gram 
200 8 

500 a 
1/2 teasponfull 

2 1/2 * 
1 n  
1 *  

00 gram 
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g) Marshmallows 
Srtcrose 300 gram 

75 I) 

35 0 

12 u 
Gelntin 
Crystallized hens egg white 
Water 175 u 
Flavors 

(or product 6563, 375 gram + sodium cyclaniate) 

Glucose 1 

11) Chocolutes 
Weight per cent (approximate) and a-ditives in gram per ilogram 

Dark Dark Light Light 
*sugarfree# with sugar rsugarfreen with sugar 

Cocoa-pulp*) 100 45 16.25 10 
Cocoa-butter - 10 33.75 20 
Milk powder**) - - 50 ***) 30 

40 Sucrose - 45 - 

Lecithin g/kg 3 3 3 3 
Na-cyclamate g/kg 5 
Vanilline g/kg 0.2 0.2 0.2 0.2 

- 5 - 

*) contains 54. % cocoa-butter 
**) 8) 

***) corresponds to 19% milk sugar in the final product 
25 % butter fat and 38 % milk sugar 

0.05 per cent; below the lowest concentration that gives optimal acid 
production in suspensions of dental plaque material (Frostell, 1964) : 

0.5 per cent; a concentration which gives optimal acid production in 
suspensions of dental plaque material and which is often found in the saliva 
after consumption of fruits and other snatural)) foods (Lundquist, 1952) ; 

5 per cent; a concentration at which acid production in suspensions of 
dental plaque material is still optimal. Salivary concentration of sugar is very 
often around 5-10 per cent immediately after consumption of candy or 
sugar-rich foodstuffs ; 

50 per cent; at this concentration acid production in suspensions of dental 
plaque material is inhibited. Filled candies, marmalades and marshmallows 
coming in direct contact with the teeth often contain concentrations of sugar 
of this magnitude or more. 

The results are given in Fig. 1 a and b. The 0.05 per cent sucrose solution 
often gave a moderate pH-increase in the plaques whereas the other con- 
centrations gave pH-decreases of increasing strength and duration with in- 
creasing sugar concentration. 
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Table 11. 
Comparison between the results of the different experimental series 

Tab. 5 and 6*) 2 5 10 20 30 min 

SO yo tiiirrnqe 0.82 1.07 1.14 0.99 0.71 
50% sucrose pl i  7.8 0.35 0.74 0.78 0.68 0.49 
Difference 0.47 0.33 0.37 0.31 0.22 
t-value 5,17 3.04 3.76 4.37 3.33 
Significanre lekel 

-~ - .__ _. . - 

***  * *  ** ***  * *  

Tab. 5 and 7 

50% sucrose 0.82 1.07 1.14 0.99 0.71 
50% sucrose pH 6.5 0.64 1.00 1.07 0.93 0.69 
Difference 0.18 0.07 0.07 0.06 0.02 
t-value 1.94 0.81 0.85 0.61. 0.26 
Significance level - __ _ - - 

Tab. 5 and 8 

SOYo sucrose 0.82 1.07 1.14 0.99 0.71 
SO?, sucrose pH 4,.9 0.65 0.89 0.91 0.75 0.55 
Difference 0.17 0.18 0.23 0.24 0.16 
t-value 2.42 2.65 3.53 2.61 2.09 
Significance level * * ** * - 
~ 

Tab. 5 and 9 

50% sucrose 0.82 1.07 1.14 0.99 0.71 
50% sucrose pH 3.5 0.77 1.01 1.07 0.84 0.70 
Difference 0.05 0.06 0.07 0.15 0.01 
t-value 0.64 0.60 0.74 1.58 0. Is, 
Significance level - -~ - - ~ 

-~ 
Tab. 10 and 11 

SOq: sucrose 0.79 1.10 1.11 0.91 0.66 
3 yo citric acid 1.30 1.15 0.86 0.63 0.35 

Difference + 0.51 + 0.05 0.25 0.28 0.31 
t-value 3.59 --0.36 1.85 2.14 3.07 
Significance level * *  - * * *  - 

Tab. 12 and 13 

50% aucroSe 0.76 0.97 1.07 1 .oo 0.72 

Difference 0.27 0.18 0.32 0.44 0.28 
t-value 3.09 1.27 2.36 4.37 3.15 
Significance level 

*) These tables may be requested from the author. 

50 yo sucrose in fat 0.49 0.79 0.75 0.56 0.44, 

** * ***  * *  - 
~ - 
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~- 
Tab. 14 and 15 

5 %  sucrose 0.76 0.89 0.70 0.51 0 . 4  
5 yi sucrose in fat 0.10 0.10 0.15 0.08 0.07 
Difference 0.66 0.79 0.55 0.43 0.33 
t-value 7.05 7.20 4.04 3.73 1.87 
Significnnce level 

Tab. 16 and 17 

- *** ***  *** ** 
_- .- 

50% sucrose 0.85 1.09 1.19 1.06 0.77 
Menthol + eucalypthol 0.57 0.87 0.91 0.78 0.54 
Difference 0.28 0.22 0.28 0.28 0.23 
t-value 3.71 2.03 2.68 2.99 3.05 
Significance level I* * * ** ** 

Tab. 18 and 19 

50% sucrose 0.82 1.06 1.15 1.01 0.71 
45 yo sucrose + 
Difference 0.96 1.08 1.05 0.74 0.51 
t-value 11.11 12.81 19.18 9.52 7.13 
Significance level 

5 yo carhamide 4 0.14 4-0.02 0.10 0.27 0.20 

tt* *** *** *** *t* 

Tab. 21 and 22 

Sucrose tablets 0.26 0.55 0.57 0.48 0.26 
Carbamide tablets + 0.13 + 0.07 0.09 0.17 0.19 
Difference 0.39 0.62 0.48 0.31 0.07 
t-value 5.03 7.25 8.30 4.72 1.46 
Significance level ***  * * *  **I *** - 

Frostell 1965, Tah. 1 and 2 
~ ~~ -~ -~ ~ 

Sucrose tablets 0.46 0.53 0.54 0.36 0.19 
Sorbitol tablets + 0.36 -!-0.39 +0.29 +0.11 + 0.04 
Difference 0.82 0.92 0.83 0.47 0.23 
t-value 10.66 9.97 7.15 5.21 5.07 
Significanre level ***  * * *  ***  *** ***  

Tab. 25 and 26 

Marshmallow, sucrose 0.62 2.00 1.10 0.85 0.49 
L) 6563 0.27 0.30 0.22 0.19 0.10 

Difference 0.35 0.70 0.88 0.66 0.39 
t-value 4.71 Y.@7 10.75 9.75 5.01 

___-- ___ ____- ~- 

Significance level ***  ***  * f *  * * *  ***  
_____ ________~  ___ 
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2. Effect of buffer capacity and p H  of a sugur solution 

Sucrose-phosphate buffer solutions containing 0.1 M phosphate buffer and 
50 per cent (weight to volume) sucrose were used. The buffers were prepared 
according to directions given in ))Handbook of Chemistry and Physics)) 
(Hodgman, 1948). 

The experimental group consisted of 18 people which on different occasions 
were given 10 ml of each sugar-buffer solution as a mouth rinse. 

The results are given in Fig. 2 and Table 11. There were only small dif- 
ferences between the buffers pH 3.5, 6.5 and the nonbuffered solution, 
whereas the pH 7.8 buffer gave significantly less pH-decrease in the plaques 
than the other three. The pH 4.9 buffer also gave less pH-decrease than the 
pure sucrose solution. 

3. Effect of citric acid 

Citric acid is often used in sour sweets and occurs in high concentration in 
citrus fruits. A solution containing 50 per cent sucrose and 3 per cent citric 

pH 7.8 
d o  3.5 

5 0 '1. s uc rose -5o1Uli on 
DH 4.9 

6.00 

. , I  6.5 
5.001 

L :  
5 10 15 20 25 30 Min  

Fig. 2. Changes in tp pH of the dental plaques after a mouth rinse (30 secoiids) with a 50 
per cent sucrose solution and different buffered phosphate-sucrose solutions. Only the results 
with the alkaline solution differs highly significant from the non-buffered solution. Each 

curve gives the mean of experiments with 18 persons. 
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5 10 15 20 25 30 Min. 
Fig. 3. Changes in the pH of the dental plaques after a mouth rinse (30 seconds) with a 50 
per cent sucrose solution ( 0 - 0 )  and a 50 per cent sucrose solution containing 3 per cent 

citric acid. Each curve gives the mean of experiments with 18 persons. 

acid, pH 3.7, was prepared. Experiments were performed with 18 persons 
and the results were compared with those obtained when the same persons 
rinsed their mouths with a solution containing 50 per cent sucrose only. 

The results are given in Fig. 3 and Table 11. 
The presence of citric acid in the solution resulted in a significantly deeper 

pH-decrease in the plaques after 2 minutes but at 10, 20 and 30 minutes 
the pH was significantly higher. 

4. Effect of fat 
Sucrose-peanut butter mixtures (5 and 50 per cent, weight per volume) were 
prepared. The patients were asked to take a 10 ml quantity in the mouth, 
tochew it and to spit it out after the standard time. Experiments were per- 
formed with 10 patients and the results were compared with those of the 
same persons partaking in the experiments described under 1. 

The results are given in Fig. 4 a and b and Table 11. 
The pH-decrease found after consumption o i  5 or 50 per cent sucrose in 

fat was significantly less than thoge found after a rinse with the correspond- 
ing sucrose concentration iri water. 

5. Effect of flavors (menthol and eucalypthol) 
Many sweets are flavored with menthol or eucalypthol or both. These are 
believed to be antibacterial and laymen often think that they would make 
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~ 1 - - -  1 

!i 10 15 20 2 5  30 M i n .  

Fig. 4 a. 5 per cent sucrose in fat compared to 5 per cent sucrose in water. 0-0 sucrose 
in fat. Mean of experiments with 10 persons. 

5 10 15 20 25 30 Min. 

Fig. 4 b. 50 per cent sucrose in fat compared to 50 per cent sucrose in water. 0-0 sucroee 
in fat. Mean of experiments with 10 persons. 

sweets noncariogenic. Experiments were performed with a 50 per cent sucrose 
solution containing 2 per cent menthol and 2 per cent eucalypthol. These 
concentrations are approximately the maximum of those used in sweets and 
the taste was so strong that it was hard to tolerate. The patients were given 
a 10 ml mouth rinse with this solution and the results were compared with 
those obtained with a pure 50 per cent sucrose solution (see under 1). A group 
of 18 persons was tested. 

The results are given in Fig. 5 and Table 11. 



DENTAL PLAQUE PH IN RELATION TO INTAKE OF CARBOHYDRATE PRODUCTS 13 

5 10 15 20 25 30 Min 
Fig. 5. 50 per cent sucrose plus menthol and eucalypthol compared to 50 per cent sucrose 

only. Mean of 18 experiments. 0-0 sucrose plus menthol and eucalypthol. 

There was a significantly smaller pH-decrease at 2, 20 and 30 minutes 
when the flavors were used compared to the pure sucrose solution whereas 
the differences at 5 and 10 minutes were statistically probable. 

6. Repeated intake of sugar 
A study of the effect of repeated intake of sugar was performed with two 
patients using either a 5 per cent or a 50 per cent sucrose solution. These 
sugar solutions contained nothing but sucrose and water. 

The experiment was started as usual with a mouth rinse and the pH of the 
pooled plaques was determined at the usual time intervals. Eight minutes 
after the start of the experiment the patient was given a second mouth rinse 
with a sugar solution of the same strength as the first one and the pH of the 
pooled plaque material was determined 2, 5, 10, 20 and 30 minutes after the 
start of this rinse. 

A representative result of these experiments is given in Fig. 6. 
There was no additional pH-decrease caused by the second sucrose rinse 

but the period in which the pH was below the initial value was probably 
prolonged. 

7.  Effect of addition of carbamide 
Pilot experiments have shown (Frostell and Erickson, 1963) that addition of 
carbamide (urea) to concentrated sucrose solutions influence the pH-changes 
in the dental plaques after consumption of such solutions. I t  was found that 



14 GORAN FROSTELL 

500- 

70 'i 0 

A. 8. 

approriniately 5 per cent carbumitle was required in order to prevent the 
pH from dropping appreciably (Fig. 7). The authors suggested that carb- 
omide might be added to sweets and other carbohydrate-rich foods in order 
t o  niake thein less cariogenic. 

Experiments were performed with 18 persons using a 45 per cent sucrose 
solution containing 5 per cent carbarnide (weight per volume). The results 
were compared with t h e  obtained with the same group of patients given 
ii 50 per cent siicrose rinse (see undcr 1). 

Thc results ;ire giver1 in Fig. 8 and 'l'alde 11. 
The atlditioii of cnr1)niiiida (5 pcr ccnt) prevented t o  a great extant the 

p€I from (lropping in the deiitiil pliiqiit:~. TIie difference was statistically 
significant nt d l  time points up to ,30 minuter;. 

8. I<ffi*(.t of cultlit ion of rtrrbani.idc to tc&/iht.s 

corrttsin irrg j h r i c v i ~ t d ~ l c *  srrgws 
In S w r h i  tlierc? is an iipi)reciuble consiiinpt.ion of Iiiird or guminy sugar 
tal)lets, wliich is lielievctl t o  be onc of the many ciiiises of the high prevalcrice 
of dental caries in the country. It. has h e n  proved that in a number of in- 
stances niisuse of siicli candy has been associatetl with a very rapid tooth 
decay (Bricsson,, 1054). 

Experiments were performed with 18 persons who were given 2 sucrose 
tablets (c;i 2 gram) at one experiment and 2 siicrose tablets containing 5 per 
cent carbamide at another experiment. The recipes for these tablets are given 
in Table I a and b. 
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The results are given in Fig. 9 and Table 11. 
The carbamide usually prevented the initial pH-decrease conipletely. 

After 10-20 minutes a slight pHdecrease was foiind. 

5 10 15 20 25 30 Min 

Fig. 7. Effect of uddition of different concentrations of carliamicle t o  a 50 per cent suc:row 
solution used for a mouth rinse. Experinients with nne peroon. 

5 10 15 20 25 30 M i n  

Fig. 8. Effect of addition of 5 per cent carbamide to a 45 per cent sucrnse solution used for 
a mouth rinne. Means of 18 experiments. 
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5 10 15 20 25 30 Min. 

Fig. 9. Changes in the pH of the dental plaques after consumption of sucrose tablets con- 
taining 5 per cent rarbamide. x--x sucrose-carbamide tablets. 0--0 sucrose tablets 

9. Substitution of fermentable sugars by sorbitol in tablets 
Sorhitol is widely recommended as a substitute for fermentable sugars in 
sweets in order to make them less cariogenic. A group of 18 persons was 
given 2 gummy tablets containing fermentable sugars at one experiment 
and 2 tablets containing sorbitol at another. Recipes are given in Table 11. 

The results, which have been published previously (Tables 1 and 2 Frostell, 
1965), are given in Fig. 10. 

The consumption of sorbitol tablets was usually followed by an increase 
in the pH of the plaques. The difference between the results with sorbitol 
tablets and those containing fermentable sugars was significant at all time 
points (Table 11). 

10. Substitution of fermentable sugars by hydrogemateti 
dextrines in lozenges 
In 1963 a new type of raw product for the candy and food industry - -  a 
hydrogenated starch hydrolysate was developed (Product 6563 or Lyca- 
sin, Lyckeby Starch Refining Co, Lyckeby, Sweden), which was believed 
to be less cariogenic than ordinary sugars. This claim was to some extent 
supported by results of pilot experiments by Frostell (1963, 1965). Bio- 
chemical and nutritional studies on the product were carried out by Dahl- 
quist and Tclenius (1965). Frostell, Keyes and Larson (1967) showed that 
it was less cariogenic in experiments with hamsters and rats than sucrose, 
glucose, fructose and maltose. 
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5 10 15 20 25 30 Min. 
Fig. 10. Changes in the pH of the dental plaques after consumption of sorbitol tablets. Means 

of experiments with 18 persons. 
X-x 

0-0 conventional tahlets containing sucrose 
sorbitol tablets, 2 x 1 gram 

A group consisting of 18 persons were given a lozenge ))conventional candy)) 
(weight 4.5 gram, recipe given in Table I d) containing fermentable sugars 
in one experiment and a lozenge containing hydrogenated dextrines in an- 
other. (Table I c. 

The results are given in Fig. 11 (and Tables 4 and 5, Frostell 1965). 
No or only a very moderate pHdecrease occurred in the plaque material 

after consuniption of the hydrogenated dextrine candy, whereas consump- 
tion of conventional candy was followed by an appreciable pH-decrease. 
The difference was statistically significant at all time points (Table 11). These 
results have been published in Swedish previously (Frostell, 1965). 

11. Substitution of fermentable sugars by hydrogenated dextrines 
in different types of candy and foods 
Experiments were performed with two or three persons in each group. They 
were given a conventional candy or food at one experiment and an experi- 
mental candy or food at the next in which the fermentable sugars had been 
substituted by hydrogenated dextriiies (Product 6563). 

a) Orange marmalade, semisolid substance containing strips of orange 
peel (Findus, Sweden) and an experimental marmalade containing approxi- 
mately 60 per cent hydrogenated dextrines. The persons were given 10 
grams of the marmalade. 
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COIO 0 1 tOlO 2 

5 10 15 20 25 30 Min. 

Fig. 11. Changes in the pH of the dental plaques after consumption of candy containing 
a hydrogenated starch hydrolyzate or sucrose. For comparison the results after rinsing with 

a 50 per cent sucrose solution are given. 
x-x hydrogenated starch hydrolysate 
__ sucrose lozenges 

A ~ A sucrose solution, 30 seconds 
The figure under and above the curves give the levels of significance of the difference between 
the top curve and the middle curve and the bottom curve and the middle curve, respectively. 

A151 
*, 160 

5.00 1 

L 5 10 15 20 25 30 Min. 

Fig. 12. Changes in the pH of the dental plaques of a person after consumption of marmalade. 
o---o hydrogenated starch hydrolysate marmalade 
0-0 sucrose marmalade 



DENTAL PLAQUE PH I N  RELATION TO INTAKE OF CARBOHYDRATE PRODUCTS 19 

PH 

2001 

D.C 

5 10 15 20 25 30 Min.  

Fig. 13. Change3 in the pH of the dental plaques after consumption of sponge-cake. 

A representative result is given in Fig. 12. 
Consumption of both marmalades was followed by a pH-decrease in the 

plaque material, the pH-decrease following consumption of the Conventional 
product being more pronounced than that following the experimental product. 

b) Sponge-cakr containing fermentable sugars (recipes given in Table I e) 
was compared to a similar cake containing hydrogenated dextrines. Experi- 
ments were performed with two persons. 

A representative result is given in Fig. 13. 
The sponge-cake containing sucrose gave an appreciable pH-decrease in 

the plaque material whereas the substituted product gave no or only a very 
moderate pH-decrease. 

c) Ginger-cakes (hard) containing sucrose were compared to similar cakes 
in which the sucrose was substituted by hydrogenated dextrines. Experi- 
ments were performcd with 3 persons. Each person consumed 5 grammes. 
Recipes are given in Table I f. 

A representative result is given in Fig. 14. 
The changes in pII caused by consumption of ginger-cakes were rather 

slight. The experimental cake gave a less pronounced pH-decrease than the 
conventional product. The difference between the curves was, however, 
small, with exception for the results at 2 and 5 minutes. 

d) Marshmallows containing fermentable sugars were compared to an 
experimental product containing hydrogenated dextrines. Experiments were 
performed with 13 persons. The conventional product is believed to  give 
a high concentration of sugar on the plaque surfaces on the teeth. Recipe 
is given in Table I g. 
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The results are given in Fig. 15 and Table 11. 
The conventional product gave an appreciable pHdecrease in the plaque 

mat.eria1 whereas the substituted product gave only a slight pH-decrease. 

A-K.E. qH 

5 10 15 20 25 30 Min. 

Fig. 14. Changes in the pH of the dental plaques of a person after consumption of ginger- 
cakes. 

0--0 hydrogenated starch hydrolysate cakes 
x-x siicrose rakes 

700 9" 

5 10 15 20 25 30 Min 

Fig. 15. Changes in the pII of the dental p1aqut.s after consumption of marshmallows. 
0-0 hydrogenated starch hydrolysate 

-- sucrose marshmallows. 
Mean of experiments with 13 persons. 
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12. Experiments with different types of chocolate 
In the Vipeholm study it was found that milk chocolate containing 50 per 
cent fermentable sugars was cariogenic in persons under 30 years of 
age but not in older persons. On the other hand frequent consumption 
of toffees containing sugar increased caries activity much more. However, 
no direct comparison between chocolate and toffee may he made since the 
experimental conditions of the groups were not the same. 

A number of authors have studied the presence of modifying or caries- 
inhibiting substances in chocolate and cocoa (Frostell, 1967). Such sub- 
stances are believed to be fat, polyphenols, theobromin, tannic derivatives 
and perhaps others (Strtiilfors, 1967). It has been suggested that the com- 
paratively low cariogenicity of cocoa and cocoa products would depend on 
the presence of substances which inhibit the acid production in the plaques. 
A more likely explanation is that the substances mentioned above influence 
the solubility of the enamel surface (StrBlfors, 1967; Frostell, 1967). The 
high fat content may also be of significance. 

Experinients were performed with 4 types of experimentally produced 
milk chocolates, the compositions of which are given in Table I h. For prac- 
tical reasons the composition of the different chocolates differ from each 
other also in other respects than in sucrose concentration. Two types were 
intended to contain low concentrations of cocoa substances while the two 

5 10 15 20 25 30 Min. 
Fig. 16. Changes in the pH of the dental plaques after consumption of different types of 
chocolate. For comparison the results after rinsing with a 50 per cent sucrose solution are 

also given. Each curve gives the means of experiments with 18 persons. 
0-0 dark sugar-free chocolate 

A-A light wugar-freea chocolate (containing 18 per cent lactose) 
0-0 dark chocolate containing sucrose 
A light chocolate containing sucrose 
x--x 50 per cent sucrose solution 
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others should be rich in such substances. Two types contained approximately 
45 per cent of fermentable sugars whereas the two others contained only 
lactose,' which is known to be less rapidly fermented by the oral micro- 
organisms than sucrose, dextrose and fructose (Frostell 1964). 

Experiments were performed with 18 persons, who were all given the 
4 different chocolates at 4 different experimental occasions. Each piece of 
chocolate (4A grammes) was consumed as usual. 

The result of this experimental series has been published elsewhere (Fros- 
te l l ,  1967) and is only briefly summarized here in Fig. 16. The tables may 
be requested from the author. The chocolate rich in cocoa and poor in fer- 
mentable sugars usually gave a pH-increase in the plaques whereas the cocoa- 
rich, sucrose-rich chocolate and the cocoa-poor, sucrose-rich chocolate gave 
curves which did not significantly differ from each other. The cocoa-poor, 
sucrose-poor chocolate (which contained 18 per cent of lactose) gave a less 
pronounced pH-decrease than the sucrose-rich chocolates. 

DISCUSSION 

The method used does not give the accurate pH of any special spot on the 
teeth or in the oral cavity. It will only give an indication in general of what 
is happening in the dental plaques. However, this method makes it possible 
to make comparisons between different kinds of carbohydrate foods provided 
the comparisons are made on it sufficient number of persons on which the 
foods to be compared are both tested. The results are valid for buccal and 
lingual plaques and superficial interproximal plaques but probably not to 
the same extent for plaques around the contact points or in the fissures. 

Statistical evaluations based on several thousands of plaque pH-measure- 
nients have shown that a mean difference exceeding 0.3 pH-units (provided 
double experiments have been performed on 18 persons) is usually statisti- 
cally significant at the one per cent level, whereas those exceeding 0.5 pH- 
units usually are significant at the 0.1 per cent level. 

The experiments with different sucrose concentrations show .- contrary 
to results of in vitro experiments on suspensions of oral microorganisms 
(Frostell, 1964.) -- that acid production in the plaques increased with in- 
creasing sucrose concentrations up to concentrations which are inhibitory 
in the in vitro experiments. The reason for this probably is the fact that in 
the in vivo experiments the substrate has to diffuse into the plaques. The 
results indicate that sugar concentration in the food is a factor of great 
importance for the initial acid attack in dental caries. 

The experiments with different phosphate buffers must be evaluated with 
caution. The buffering action of the different buffers - although the total 
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phosphate concentration was the same in the different solutions .- is widely 
different in the different pH-regions. Only in one pH-region - over pH 7 
where the buffering action of the phosphate is appreciable -- is there an 
extensive and highly significant effect of the buffer on the resulting plaque- 
pH. However, when experiments were performed with citric acid which buf- 
fers strongly at pH 3.7, a significant effect on plaque-pH reduction through 
a 50 per cent sucrose solution could be demonstrated after 2 minutes. After 
10, 20 and 30 minutes the plaque-pH was significantly higher in the exper- 
iment with citric acid than with the pure sucrosz solution. This is believed 
to be due to a stimulation of the production of alkaline, strongly buffering 
saliva caused by the citric acid. This belief is supported by the results of 
experiments with lemon juice and orange juice, which will be published 
later on. 

Thus, it seems that in order to try to reduce the pH-drop in the plaques 
after consumption of foods containing fermentable sugars by use of buffers, 
the foods should contain a buffer with its maximum effect in the alkaline 
range. Acid buffers may, however, have a demonstrable effect on enamel 
surfaces not covered by plaque material. These views are in good agreement 
with clinical and experimental observations that acids taken with foods do 
not increase caries activity but result in erosion and abrasion (Buonocore 
and Johunsen, 1958, Dalderup, 1960, and others). 

The results of the experiments with sugar in fat are in good agreement 
with those of Swenander-Lanke (1965) and Gustufson et al. (1955). When 
sugar is mixed with fat it is not as easily released and cannot as easily diffuse 
into the plaque as when it i s  dissolved in water. 

The results with flavors may be due to stimulatirio of saliva or to an 
antibacterial effect in the plaques. Since there was still a significant differ- 
ence after 30 minutes an antibacterial effect seems probable. 

The results of experiments with repeated intake of sugar indicate that 
plaque-pH decrease is mainly a function of sugar concentration and not of 
consumption time. When the consumption time is prolonged, the period of 
pH-decrease in the plaque material is increased but not the pHdecrease 
itself. 

The results with carbamide show that a significant reduction of pH-decrease 
in the plaques after consumption of foods containing fermentable sugars 
may be achieved. Experiments on hamsters and rats with sugar-rich diets 
containing carbamide have given some favourable results, which will be 
published in the future. 

The results with sorbitol tablets are in good agreement with the results of 
Fosdick et al. (1957). 
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Sorbitol acts as a laxative when taken in large doses. It is very hydroscopic, 
a fact which reduces its use in candy industry. For these reasons a hydro- 
genated potato strach hydrolysate has been developed which is believed to 
be less cariogenic than sucrose and which is less hygroscopic and laxative 
than sorbitol. Since 1963, when it first appeared, this product has continri- 
ously been developed in order to reduce its content of sorbitol and to increase 
the content of low molecular dextrines and sac char id:^. A reduction of the 
sorbitol content reduces the laxative effect of the prodiict and makes it less 
hygroscopic. Experiments on hamsters, rats and pigs indicate that the 
cariogenicity of the product is low compared to sucrose (Frostell, K e y s  and 
Idarson 1967, Frostrll, unpublished results). 

A number of pilot experiments have been carried out in order to  study 
the possible usefulness of the prodiict as a substitute for sugar in different 
kinds of sweets, foods, beverages and medicines. The present results indicate 
that it is worth while to continue the research in this field. 

An important question is whether results obtained by measuring plaqiie- 
pH after consumption of various kinds of foods are relevant for judging the 
cariogenic properties of the foods. It is quite obvious that plaque measure- 
ments performect on sufficiently large groups of persons will give an in- 
formation as to whether a food will provohe an intense initial acid attack or 
not. A number of other properties of a foodstuff, however, may be of im- 
portance for its cariogenicity such as its capacity to stimulate plaque forma- 
tion ant1 implantation of caries-inducing microorganisms, its tendency to 
accumulate on and between the teeth and its content of caries inhillitirig 
or solubility reducing substances such as fibers, polyphenols, phytates, 
theophyllamin, theobromin and perhaps others. The present results with 
chocolate show that chocolates containing large amounts of fermentable 
sugars will provoke an appreciable pH-decrease in the dental plaques. In 
spite of this fact milk chocolate of the same type was not very cariogenic as 
shown in the Vipeholm study. Since acid production in the plaques was not 
inhihited even in esperiments with the cocoa-rich black chocolate (provided 
it contained 50 per cent sugar), it is believed that its low cariogenicity is due 
to its content of substances causing a reduction of enamel surface solubility 
(StrKlfors, 1967) and not to an effect on the acid production in the dental 
plaques (Frostell, 1967). 

SUMMARY 

The changes in pH of the dental plaques after rinsing (30 seconds) with 
various sugar solutions or consumption of different sweets were determined 
according to a method elaborated by the author. The plaque pH was de- 
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termined 2, 5, 10, 20 arid 30 minutes after the beginning of the test. The 
influence of the following factors was studied: sugar concentration (50,5, 
0.5 and 0.05 per cent), buffer capacity and pH of the sugar solution (0.1 M 
phosphate buffer, pH 3.5, 4.9, 6.5 and 7.8 in a 50 per cent sucrose solution), 
citric acid (3 per cent in a 50 per cent sucrose solution), fat ( 5 per cent or 
50 per cent sucrose in peanut butter was compared to 5 per cent and 50 
per cent sucrose in water), flavors (menthol and eucalypthol, 2 per cent of 
each in 50 per cent sucrose), carbamide (5 per cent carbamide in 45 per cent 
sucrose was compared to a 50 per cent sucrose solution), substitution of 
sucrose by sorbitol or hydrogenated starch hydrolysate (Product 6563, 
Lycasin) in tablets, lozenges and different types of candy and foods. Further, 
some experiments with four different types of chocolate were carried out. 

Rinsing with 0.05 per cent sucrose for 30 seconds generally resulted in 
an increase in pH of the dental plaque whereas the more concentrated solu- 
tions induced a decrease in pH of increasing strength and duration with in- 
creasing concentration. Addition of 0.1 M phosphate solutions pH 3.5, 4.9 
or 6.5 to a 50 per cent sucrose solution had little infhence on plaque-pH 
compared to a noiibuffered solution whereas phosphate buffer pH 7.8 sig- 
nificantly reduced the influence of the sugar on plaque pH. 

Addition of citric acid (3 per cent) caused an increased pH-fall in the 
plaques after 2 minutes but after 10, 20 and 30 minutes the pH was slightly 
higher than in the control experiments. Flavors (menthol and eucalypthol, 
2 per cent of each) caused a significant reduction of the decrease in s u p s -  
ficirl plaque-pH induced by a 50 per cent sucrose solution. 

Five or 50 per cent sucrose in peanut butter fat gave significantly less 
changes in pH than the Sam: concentrations of sucrose in water. 

By addition of 5 per cent carbamide to a 45 per cent sucrose solution or 
to candies containing sucrose the pH of the dental plaques could be kept 
almost unchanged in the post-consumption period, i.e. decreases in super- 
ficiol plaque pH could be almost completely prevented. 

Substitution of sucrose by sorbitol in tablets generally resulted in pH- 
increases in the dental plaque. Substitution of sucrose by hydrogenated 
starch hydrolysates generally resulted in no or only slight pH-changes in 
the dental plaques, i.e. the post-consumption decrease in plaque-pH could 
be practically completely prevented by these substitutions. 

Experiments with four types of chocolate showed that the pH-changes 
in the plaques after consumption was dependent mainly on the sugar con- 
centration whereas the concentration of cocoa did not significantly influence 
the results. 

In the discussiori it is pointed out that although the experiments (plaque- 
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pH measurements) give information as to the extent to which a foodstuff 
or a solution induces an initial acid attack on the enamel surfaces, it does 
not give complete information concerning the cariogenicity of the product 
since this may be dependent on other factors also, for example influence 
on enamel surface solubility and influence on the oral flora. 

R ~ S U M ~  

RAPPORTS ENTRE LE PH DE LA PLAQUE BACTBRIENNE SUR LES DENTS ET LA 

CONSOMMATION DE PRODUITS A BASE D’HYDRATES DE CARBONE 

Les modifications du pH de la plaque bactkrienne sur les dents aprbs rinqages 
(30 secondes) avec diffkrentes solutions sucrCes ou aprCs ingestion de diver- 
ses sucreries ont CtC dCtermin6es suivant une mCthode ClaborCe par l’auteur. 
Le pH de la plaque a CtC dCtermin6 au bout de 2, de 5, de 10, de 20, et de 
30 minutes apr&s le dCbut du test. L’influence des facteurs suivants a CtC 
CtudiCe: concentration du sucre (50 yo, 5 yo, 0,5 yo et 0,05 yo), pouvoir 
tampon et pH de la solution sucrCe (tampon de phosphate de 0,l M p. litre, 
pH 3,5, 4’9, 6,5 et 7’8, dans une solution de saccharose b 50 yo), acide citri- 
que (3 yo dans une solution de saccharose b 50 yo), matibres grasses (com- 
paraison entre 5 yo et 50 yo de saccharose dans du beurre de cacahubte 
d’une part et 5 o/o et 50 yo de saccharose en solution aqueuse d’autre part), 
parfums (menthol et eucalyptol 2 raison de 2 yo chacun dans 50 % de 
saccharose), urCe (cornparaison eritre 5 d’urCe dans 45 yo de saccharose 
d’une part et une solution de saccharose 21 50 yo d’autre part), remplace- 
merit du saccharose par le sorbitol ou par un hydrolysat d’amidon hydro- 
gEnC (produit 6563, Lycasin) dans des tablettes, des pastilles et dans dif- 
fCrents types de bonbons et d’aliments. Enfin, quelques expkriences ont 
CtC effectuCes avec quatre sortes diffbrentes de chocolat. 

Les rin ages pendant 30 secondes avec le saccharose B 0’05 yo dCtermi- 
naient gCnCralement une ClCvation du pH dans les plaques, tandis que les 
solutions plus concentrCes causaient un abaissement du pI-I d’autant plus 
prononcC et d’autant plus prolong6 que la concentration Ctait plus forte. 
L‘addition de solutions de phosphate de 0,l M p. litre, de pH 3,5, 4,9, ou 
6,s 1 une solution de 50 % de saccharose influait peu sur le pH de la plaque 
par cornparaison avec une solution non tampon, alors qu’un tampon au 
phosphate de pH 7,8 rbduisait de manihre significative l’influence du sucre 
sur le pH de la plaque. 

L’addition d’acide citrique (3 yo) causait une accentuation de l’abais- 
sement du pH dans les plaques au bout de 2 minutes, mais au bout de 10, 
de 20 et de 30 minutes, le pH Ctait 1Cghrement plus ClevC que dam les ex- 
periences t6moins. Les parfums (menthol et eucalyptol, & 2 Yo chacun) 
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rkduisaient de manibre significative l’abaissement du pH produit dans la 
plaque par une solution de saccharose & 50 yo. 

Les concentrations de 5 yo et de 50 yo de saccharose dans le beurre de 
cacahubte causaient des changements du pH significativement moins im- 
portants que ces m&mes concentrations de saccharose en solutions aqueuses. 

En ajoutant 5 yo d’urhe h une solution de 45 Yo de saccharose ou & des 
bonbons contenant du saccharose, le pH de la plaque bactkrienne pouvait 
&tre gard6 presque inchangk pendant la pCriode suivant l’ingestion, c’est- 
h-dire que l’abaissement du pH dans la plaque pouvait &re presque entib- 
rement CvitC. 

Le remplacement du saccharose par le sorbitol dans des tablettes dkter- 
minait en gCn6ral une augmentation du pH dans la plaque bactkrienne. Le 
remplacement du saccharose par des hydrolysats d’amidon hydrogen& ne 
dCterminait en gCnCral que peu ou pas de changement du pH dans la plaque, 
c’est-&-dire que l’abaissement du pH dans la plaque pendant la pCriode sui- 
vant l’ingestion pouvait en pratique Ctre totalement kvitk par ces substi- 
tutions. 

Les expbriences effectukes avec quatre types de chocolat ont rCvClk que 
les changements du pH dans la plaque aprks l’ingestion dkpendaient prin- 
cipalement de la concentration du sucre, tandis que la concentration du 
cacao n’avait pas d’influence significative sur les rksultats. 

Dans la discussion, l’auteur souligne que, bien que les expkriences (mesures 
du pH des plaques) donnent des renseignements sur la mesure dans laquelle 
un aliment ou une solution cause une attaque acide initiale sur lessurfaces 
d’Cmail, on ne peut y trouver de renseignements Cclairant & fond le pouvoir 
cariogkne du produit, puisque ce puuvoir peut dependre aussi d’autres 
facteurs, tels que l’influence sur la solubilitk de la surface de l’kmail et I’in- 
fluence sur la flore microbienne buccale. 

ZUSAMMENFASSUNG 

DENTALE PLAQUE-PH IN RELATION ZUR KOHLENAYDRATEZUFUHR 

Die pH-Veranderungen in den dentalen Plaques nach Mundspiihlungen 
(30 Sekunden) mit verschiedenen Zuckerlosungen oder nach Konsumtion 
von verschiedenen Siissigkeiten wurden nach einer Methode ausgearbeitet 
von dem Verfasser bestimmt. Das Plaque-pH wurde nach 2, 5, 10, 20 und 
30 Minuten bestimmt. Man studierte den Effekt von den folgenden Fakto- 
ren: Zuckerkoneentration (50,5,0,5 und 0.05 Prozent), Pufferkapacitat 
und pH der Zuckerlosung (0.1 M Phosphatpuffer, pH 3,5, 5,9, 6,5 und 7,8 
in 50 Prozent Zucker), Zitronensaure (3 Prozent in 50 Prozent Zucker- 
losung), Fett (5 oder 50 Prozent Zucker in Fett), Menthol und Eucalypt01 
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(2 Prozent in 50 Prozent Zuckerlosung), Karbamid (5 Prozent Karbamid 
in 45 Prozent Zuckerlosung), Substitution von Zucker durch Sorbitol oder 
einem hydrogenierten Starkehydrolysat (Produkt 6563, Lycasin) in Tablet- 
ten und Bonbons. Ausserdem wurden einige Experimente mit vier ver- 
schiedenen Schokladesorten gemacht. 

Mundspiihlung mit 0.05 Prozent Zucker gab gewohnlich eine pH-Steige- 
rung wahrend die mehr koncentrierte Losungen eine pH-Senkung verur- 
sachten, die mit znnehmender Koncentration zunahm. Zusatz von 0.1 M 
Phosphatpuffer mit pH 3.5, 4.9 oder 6.5 zu einer 50-prozentigen Zucker- 
losung beeinflusste wenig die resultierende pH-Veranderungen wahrend 
ein pH 7.8 Puffer die pH-Senkungen signifikant reducierte. 

Zusatz von 3 Prozent Zitronensaure verursachte eine vermehrte pH- 
Senkung nach 2 Minuten aber nach 10,20 und 30 Minuten war das pH etwas 
hoher als in den Kontrollexperimenten. Menthol und Eucalypt01 verur- 
sachten eine signifikante Reduktion der pH-Senkung verursacht von der 
Zuckerltisung. 

Funf oder 50 Prozent Zucker in Fett verursachte signifikant wenige pH- 
Veranderungen als dieselben Koncentrationen von Zucker in Wasser. 

Durch Zusatz von 5 Prozent Karbamid zu einer 50-prozentigen Zucker- 
losung konnte man das pH beinahe unverandert behalten, also die pH- 
Veranderungen wurden beinahe vollstandig verhindert. 

Substitution von Zucker niit Sorbitol in Tabletten resultierte gewohnlich 
in pH-Steigerungen in den Plaques. Substitution von Zucker mit einem 
hydrogenierteri Starkehydrolysat gab nur wenige oder gar keine pH-Ver- 
anderungen wahrend der Postkonsumtionsperiode, also die pH-Veranderun- 
gen wurden beinahe vollstindig gehebt. 

Experimente mit vier verschiedenen Schokoladesorten zeigten dass die 
pH-Veranderungen nach der Konsumtion von Zuckerkoncentratiori ab- 
hangig waren aber nicht von der KakaokoriceIitratioii. 

In der Diskussion wird vorgehalten, dass obwohl die pH-Messungen eine 
Information der initialen Saureattacke, die von einem Nahrungsmittel verur- 
sacht w i d ,  geben, geben sie jedoch keine kompletten Informationen uber 
die Kariogenitat dieses Nahrungsmittels. Die Kariogenitiit eines Nahrungs- 
mittels ist auch von anderen Faktoren abhangig, z.B. von Einfluss auf die 
Losligkeit der Emaljoberflache und von Einwirkung auf die Mundflora. 
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