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INTRODUCTION

Various laboratory and clinical tests as well as animal test systems have
been developed for evaluation of the cariogenic properties of foods and
beverages. These include tests based on acid production in suspensions of
oral microorganisms or in food-saliva mixtures as well as animal experiments
preferably on rats and hamsters. Small scale experiments have also been
perfomed which intend to elucidate the cariogenic properties of foods by
measuring the pH-changes developing in the dental plaques after ingestion
of foods.

The present communication deals with a method for determinations of
the acidogenic properties of foods in large scale experiments on the pH-
changes occurring in dental plagues after intake of various kinds of foods.

The pH-changes occurring in the dental plaques of a group of persons
after intake of a certain foodstuff or beverage were thus compared to those
occurring after a sucrose rinse or after intake of some other type of food
or beverage by the same persons.

Received for publication, February 2, 1970.



600 GORAN FROSTELL

MATERIAL AND METHODS

Persons preferably between 20 and 50 years of age having active caries and
a moderate to high tendency of accumulating dental plaque material were
chosen. Before an experiment the subject had to refrain from toothbrushing
for two days and appear in the laboratory in the morning of the third day
without having brushed his teeth or having eaten or drunk anything except
tap water. The subject was asked to rinse his mouth with tap water to remove
loose debris on the teeth. Dental plaque material was collected with a blunt
instrument from about 20 different spots on and between the teeth. The
material was pooled in one drop of distilled water on a Beckman one-drop
electrode connected to a Beckman Zeromatic or Expandomatic pH-meter,
and the pH was determined.

The person was then asked to eat a certain amount (usually 2—5 grams)
of the food to be tested or drink a certain amount (usually 10 ml) of a liquid
to be tested. After 2, 5, 10, 20 and 30 minutes, the pH of the pooled plaque
material from about 20 spots close to those tested at the first experiment
was determined as previously described. Each sampling took about 10—15
seconds. The subject was asked to remain in the chair in a relaxed position,
during the whole experiment. The experiments were usually performed
with 18 different persons.

A second experiment with the same material was performed a few days
later in exactly the same way.

During every experiment the pH-meter (which was calibrated against
a standard buffer pH 6.00) was tested against standard buffers, pH 6.00 and
5.00.

Two tables containing the results of the experiments with the patient
group were arranged (Tables II and III). In the tables the differences between
initial pH and the pH at a certain time point were also given.

The table may also contain the consumption times in minutes if this
information was considered to be of importance.

Determination of the error of the method. Ten identical experiments
were performed with one person during five weeks. For each experiment
the subject rinsed his mouth with a 50 per cent sucrose solution for 30 seconds.

The results are given in Table I and Fig. 1. The standard deviations of
the pH-values and the pH-changes at the different time intervals were
calculated. The standard error of the mean is also given for each time interval.

Statistical evaluation of the results. The pH-values read on the meter
were used directly for the determination of mean pH-values. The reason
for this is that it has been found that the pH-values were more evenly dis-
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Fig. 1. Standard deviations at the different time intervals determined by 10 identical
experiments.

5 10 15 20 25 30 Min.

Fig. 2. Changes in pH of the dental plaques after a mouth rinse for 30 seconds with a 50 per
cent sucrose solution (X —X) or a 50 per cent raw starch solution (0-—0). Mean of 18 subjects.

tributed around the mean pH than were the actual H*-concentration values
around the arithmetic mean of these values.

Since the object of the investigation was to determine the influence of
various factors on plaque pH and since the standard deviations of the pH-
decreases as expected were smaller than those of the pH-values (Table I),
the calculations were performed on the pH-decreases and not on the actual
pH-values. Thus the results will give the pH-decreases and the differences
between the pH-decreases (on comparison, for example, between the values
given in Table II and III) which can be expected if the experiments are
carried through with large series of persons.
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Fig. 3. Changes in pH of the dental plaques after a mouth rinse for 30 seconds with a 25 per
cent sucrose solution (X —X ) and a sucrose rinse followed after 3 minutes by a second rinse
with a (.5 per cent carbamide solution (0—0).

For the calculations Students’t-test was applied. In order to reduce ope-
rational work an Olivetti Programma computer was used, which was found
to be a great help.

FINDINGS

Comparison between a 50 per cent sucrose solution and a 50 per cent starch
solution. Mercks’soluble starch (50 g in 100 ml) without any additions was
dissolved or suspended in water. The solution was not heated. For comparison
experiments with a 50 per cent sucrose solution were performed.

The results are given in Tables II, III and 1V, and in Fig. 2.

The starch solution caused only slight pH-changes in the plaques, whereas
the sucrose solution caused considerable pH-decreases. The difference was
highly significant at all time intervals.

Effects of a mouth rinse with carbamide on the pH-changes in the dental
plaques after intake of sugar. In the first experiment every person rinsed
his mouth with a 25 per cent sucrose solution (10 ml for 30 seconds). In
the second experiment the person first rinsed his mouth for 30 seconds with
10 ml of a 25 per cent sucrose solution. After 3 minutes he rinsed again
for 30 seconds with a 0.5 per cent carbamide (NH, - NH, - CO) solution.
Experiments were performed with 18 persons.

The results are given in Fig. 3 and Tables IV, V and VI.

The carbamide solution significantly reduced the pH-decrease after 5,
10 and 20 minutes but not after 30 minutes.
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Table 11.

Changes in pH of the dental plaques after a mouth rinse with a 50 per cent sucrose solution
for 30 seconds

0 2 5 10 20 30 min
Pat. pH pH diff pH diff pH diff pH diff pH  diff
Q2 B.S. 671 623 048 571 100 562 109 569 102 621 0.50
? G.R. 673 609 064 581 092 542 131 58 090 613 0.60
? K.S. 653 582 071 567 086 563 090 598 055 623 030
3 D.C. 641 553 0.88 538 103 532 109 578 063 59 0.51

? AK.S. 636 592 044 583 053 561 075 581 055 6.08 028
? A-K.E. 642 601 041 569 073 558 084 603 039 628 0.14

? R.L. 631 563 068 551 080 547 084 578 053 595 0.36
d L.E. 6.77 558 119 540 137 500 177 510 1.67 555 1.22
d P-E.S. 653 543 1.10 502 151 523 130 542 111 591 0.62
d S.K. 6.67 582 085 553 114 549 118 563 1.04 573 094
3 O.E. 690 570 120 569 121 615 075 619 071 630 0.60
? S.8. 681 593 0.88 552 129 540 141 571 110 572 1.09
? E.E. 645 540 1.05 505 140 533 112 542 103 571 074
d B.K. 680 598 082 573 107 570 110 585 095 6.00 0.80
d R.E. 641 582 059 548 093 530 111 550 091 568 0.73
2 M.T. 6.10 588 022 530 080 575 035 525 085 510 1.00
¢ B.L. 710 580 130 580 130 542 168 598 112 640 0.70
? GK. 6.00 530 070 542 058 4.80 120 522 078 520 0.80

M: 6.56 577 079 553 1.03 546 110 568 0.88 589 0.67

DISCUSSION

This method will give information on pH-changes caused in superficial
dental plaques by contact with different types of foods and beverages and
other substances. The results would probably be different if interdental
plaque pH was measured. The investigations are continued in order to
compare the results of this method with those obtained with measurements
on interdental plaques, which cannot as easily be carried through on a large
scale.

The results indicate that a difference in mean pH exceeding 0.3 pH-units
was usually statistically significant at a 1 per cent level provided that experi-
ments were performed with 18 persons. A mean difference exceeding 0.5
pH-units was usually significant at a 0.1 per cent level.
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Table III.

Changes in pH of the dental plaques after a mouth rinse with a 50 per cent starch solution
for 30 seconds

0 2 5 10 20 30 min.
Pat. pH pH diff pH diff pH diff pH diff pH  diff
Q2 B.S. 640 650 +0.10 630 0.10 635 005 645 £0.05 6.60 +0.20
2 G.R. 620 6254005 590 030 605 015 615 005 620 0
2 K.S. 675 660 015 650 025 665 010 670 005 690 +0.15
gD.C 660 670 +0.10 6.80 4020 660 0 6.80 1020 6.90 -0.30

? A-K.S. 740 7.50 +0.10 690 0.50 7.80 4040 690 0.50 690 0.50
? A-K.E. 680 650 030 6.80 0 680 0 680 0 670 010

? R.L. 630 585 045 595 035 570 0.60 570 060 6.10 0.20
d L.E. 640 6.50 +0.10 630 010 6.00 040 610 030 620 020
d P-E.S. 6.70 6,50 020 6.60 010 640 030 6.70 0 6.75 +0.05
dS.K. 680 6.15 0.65 640 040 6.60 020 640 040 665 0.15
g O.E. 6.80 670 010 6.65 015 6.75 0.05 6.80 0 6,90 +0.10
Q@ S.S. 6.70 6.85 +0.15 6.70 0 6.70 0 660 010 690 +0.20
? E.E. 6.50 6.10 040 620 030 580 0.70 610 .040 635 015
d B.K. 670 6,75 +0.05 650 020 650 020 655 015 6.65 0.05
d R.E. 630 6.50 +0.20 6.30 0 590 040 6.00 030 610 020
2 M.T. 6.20 640 +020 6.10 0.10 600 020 6.10 010 610 010
? B.L. 6.60 6.75 +0.15 640 020 6.70 +0.10 6.60 0 6.80 +0.20
? G.K. 710 7.10 0 690 020 6.75 035 690 020 7.00 0.10

M: 6.63 6.57 006 646 0.17 645 018 646 0.17 6.59 0.04

Table 1V.

a) Comparison between sucrose (25 per cent) and sucrose followed by carbamide rinse
(0.5 per cent) at 3 minutes

2 5 10 20 30 min.
Sucrose 0.99 1.35 1.29 0.97 0.64
Sucrose + carbamide rinse 1.00 0.26 0.46 0.65 0.41
Difference 0.01 1.09 0.83 0.32 0.23
t-value 0.07 9.45 5.83 1.94 1.50
ok k sedok *

Level of significance — —

b) Comparison between a sucrose rinse (50 per cent) and a starch rinse (50 per cent.)

2 5 10 20 30 min.
Sucrose 0.79 1.03 1.10 0.88 0.67
Starch 0.06 0.17 0.18 0.17 0.04
Difference 0.73 0.86 0.92 0.71 0.63
t-value 8.44. 10.07 9.69 8.40 7.54

koK ook ook e Hokok

Level of significance
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Table V.

pH-changes in the dental plaques after a mouth rinse with a 25 per cent sucrose solution
for 30 seconds

0 2 5 10 20 30 min.
Pat. pH pH diff pH diff pH diff pH diff pH  diff
9 BS. 690 560 130 558 132 531 159 595 095 640 050
9 G.R. 650 590 060 540 110 539 111 578 072 6.00 0.50
2 K.S. 720 568 152 590 130 615 105 668 052 679 04l

? A-K.S. 680 570 110 571 109 6.05 075 6.00 080 645 035
? A-K.E. 682 575 1.07 530 152 568 114 650 032 6.65 0.17

? R.L. 660 568 092 510 150 515 145 530 130 590 0.70
d L.E. 660 590 070 545 115 530 130 520 140 560 1.00
d P-ES. 719 630 089 540 179 6.05 114 6.00 119 685 034
d O.E. 690 535 155 520 1.70 510 1.80 595 095 640 0.50
? S.8. 645 595 050 540 1.05 591 054 640 0.05 6.50 +0.05
? E.E. 6.57 510 147 480 177 48 175 560 097 598 0.59
d B.K. 672 579 093 490 1.8 511 161 530 142 560 112
d R.E. 691 642 049 575 116 530 161 549 142 591 1.00
d 1.0. 681 620 061 620 061 550 131 552 129 585 096
? M.T. 6.61 590 071 615 046 621 040 579 082 525 1.36
? Ch.S. 6.63 589 074 530 133 510 153 6.09 054 611 0.52
d R.F. 665 610 055 511 154 540 125 580 085 6.80+0.15
? B.L. 6.48 430 218 448 200 4.60 1.88 450 198 4.8 1.66

M: 6.74 575 099 540 1.35 545 129 5.77 097 6.0 0.64

The contact time between plaque and substrate has been kept constant
in most experiments. However, in many cases it may be more practical to
study the changes in pH after natural consumption of the food. Such experi-
ments have also been carried through (Frostell, 1965, 1969).

The results obtained with starch confirm the opinion that starch has
usually little influence on dental plaque pH.

The method presented probably gives information on the primary acid
attack caused by different foods on accessible tooth surfaces. It does not,
however, give complete information on the cariogenicity of a certain foodstuff,
since cariogenicity is determined by other factors also except the primary
acid attack demonstrated, for example, implantation and stimulation of
growth of caries-inducing micro-organisms, content of substrate for poly-
saccharide production and content of factors influencing mineralized tooth
substance solubility.
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Table VI.

pH-changes in the dental plaques in 18 subjects after a mouth rinse with sucrose (25 per cent)
Jfor 30 seconds followed after 3 minutes by a second rinse with 0.5 per cent carbamide

0 2 5 10 20 30 min.
Pat. oH ©pH diff pH diff pH diff pH diff pH  diff
9 B.S. 690 575 115 7.10+020 658 032 680 010 6.50 040
? G.R. 659 580 079 620 039 628 031 550 109 609 050
2 K.S. 556 505 051 622 4066 448 108 451 1.05 482 074

? A-K.S. 660 558 1.02 601 059 580 080 585 075 630 030
2 A-K.E. 710 560 150 6.58 0.52 6.80 030 670 040 6.65 045

2 R.L. 6.70 568 102 610 060 6.15 055 635 035 6.70 0
g LE. 6.51 572 079 650 001 6.09 042 591 060 615 036
d P-ES. 722 6.00 122 6.70 052 641 081 625 097 642 080
d O.E. 681 502 179 590 091 598 083 6.02 079 618 0.63
? S.S. 628 4.87 141 550 078 599 029 510 1.18 540 088
? EE. 618 555 0.63 582 036 680 -+062 641 +023 6.60+0.42
d B.K. 7.08 582 126 651 057 611 097 5.63 145 5.68 1.40
d R.E. 640 530 110 6.55+015 610 030 585 055 640 0
d J1.0. 6.80 555 125 6.58 022 568 112 570 110 6.10 0.70
@ M.T. 6.00 572 028 6154015 6.10+010 485 115 581 0.19
? Ch.S. 6.88 6.61 027 7.50 4062 691 +0.03 730 +042 7.15 40.27
d R.F. 721 632 089 675 046 691 030 6.68 053 697 024
2 B.L. 658 546 112 601 057 600 058 638 020 6.02 0.56

M: 6.63 563 1.00 637 026 618 046 599 0.65 622 041

SUMMARY

A method is described for the evaluation of the influence of foods and
beverages on the dental plaque pH in the post-consumption period. Double
experiments were performed, usually with 18 persons, with the two substances
which are to be compared. Dental plaque pH was determined after 2, 5, 10,
20 and 30 minutes and the values obtained were compared statistically. The
accuracy of the method was determined and its limitations were discussed.

RESUME
METHODE POUR L’EVALUATION DE L’ACIDITE POTENTIELLE DES ALIMENTS

Y

L’auteur décrit une méthode destinée 4 évaluer P'influence de certains
aliments et de certaines boissons sur le pH de la plaque microbienne dentaire
pendant la période suivant la consommation. Des expériences doubles ont
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été effectuées, en général sur 18 personnes, avec les deux substances devant
étre comparées. Le pH de la plaque microbienne dentaire a été déterminé
au bout de 2, 5, 10, 20 et 30 minutes, et les valeurs obtenues ont été com-
parées par méthode statistique. La précision de cette méthode a été déter-
minée et ses limites ont fait 'objet d’une discussion.

ZUSAMMENFASSUNG
EINE METHODE FUR BESTIMMUNG DER SAUREPOTENTIALE VON LEBENSMITTELN

Eine Methode fiir die Beurteilung von der Wirkung von Nahrungsmitteln
und Getrinken an der Plaque-pH wihrend der Postkonsumtionsperiode
wurde beschrieben. Doppelexperimente, gewdhnlich mit 18 Patienten,
wurden mit zwei Substanzen, die verglichen werden sollen, gemacht. Das
dentale Plaque-pH wurde nach 2, 5, 10, 20 und 30 Minuten bestimmt,
und die so bekommenen Werte wurden statistisch verglichen. Die Genauigkeit
der Methode und lhre Einschrinkungen wurden diskutiert.
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