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Abstract
In contemporary dental practice, the role of dental plaque fermentation in the dental caries disease process is well
understood, but difficult to assay for and to demonstrate to patients as an educational and motivational tool. This paper
provides an overview of the current concepts of dental plaque fermentation with reference to the health/unhealthy
biofilm concept of dental plaque. It explains the basis for chairside tests for plaque fermentation, and identifies measures
which can be targeted to address production of harmful organic acids by dental plaque.

Introduction

Fermentation and its effects

Dental caries is initiated by the process of fermentation, in
which the production of strong organic acids such as lactate,
formate and pyruvate cause demineralization of the tooth
surface. Stephan in his classic studies in the early 1940’s
showed that dental plaque exposed to sucrose could rapidly
produce acids, causing a rapid drop in pH followed by a
gradual recovery toward the baseline plaque pH1,2. Since that
time, a causal association between the production of strong
acids from plaque in response to sucrose and caries activity has
become well established.
Some plaque bacteria can produce only the pH fall of the
Stephan curve, whereas others (arginolytics) can produce both
the fall and the rise – the latter through degradation of
nitrogenous compounds, such as the peptide sialin and the
amino acid arginine, the end-products of which can raise
plaque pH3,4. The balance between these different metabolic
outcomes of bacterial activity dictates the shape of the Stephan
pH curve. In fact, analysis of plaque fluid samples taken at
intervals during the Stephan pH curve following a sucrose
mouth rinse has revealed that levels of lactate rise after the
rinse, then fall during the pH recovery phase. In contrast, levels
of acetate and propionate fall after sucrose rinsing, then rise
again5. As will be discussed further below, this latter group of
weak organic acids play a vital role in buffering pH changes in
plaque.

Many dental plaque bacteria can ferment carbohydrate
substrates, and a large number of organic acids (of varying
potency for demineralization) result from this process. For this
reason, it is logical to look at the plaque biomass and the net
result of fermentation, rather than to focus narrowly on just
one species or just one organic acid.
An assessment of acid production from carbohydrate by
dental plaque bacteria can be used to assess the cariogenicity
of dental plaque from a particular site. As fermentation
proceeds, the plaque pH decreases to approximately 4 within 5
minutes, and this state of lowered pH persists for up to several
hours, depending on the presence of salivary protection
factors. It is now well recognized that acid production
following a sucrose challenge differs both between patients
and between sites in the same patient.
Acid production within plaque affects the nature and
composition of the dental plaque microflora. Bacteria with a
high tolerance for acid (aciduric bacteria) which can also
produce large amounts of acid can selectively overgrow within
the microflora of supragingival plaque. This includes organisms
within the mutans streptococci grouping as well as lactobacilli.
In fact, the numerical emergence of mutans streptococci in
dental plaque is often preceded by other types of aciduric
bacteria. Many streptococci are relatively acid tolerant, while
highly aciduric bacterial species are few in number (Table 1).
When considering the role of supragingival dental plaque in
dental caries, the proportion of Gram-positive facultative acidproducing bacteria (particularly mutans streptococci and
lactobacilli), has direct relevance to the pathogenicity of the
plaque. These microorganisms tolerate a low pH environment,
and thrive when the diet is high in cariogenic substrates such
as table sugar (sucrose). Streptococcus mutans and
Streptococcus sobrinus produce insoluble extra-cellular
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Table 1. Examples of acid-tolerant oral bacteria
Acid tolerant

Acid tolerant

@ pH = 4

@ pH = 5

Streptococcus mutans

Streptococcus sanguis

Streptococcus sobrinus

Streptococcus oralis

Lactobacillus spp.

Streptococcus gordonii

Actinomyces odontolyticus

Streptococcus anginosus

Enterococcus faecalis

Streptococcus constellatus
Streptococcus intermedius
Streptococcus mitis
Streptococcus salivarius
Streptococcus vertibularis
Actinomyces viscosus

(based on data

)

79,14,80

polysaccharides from sugars, both as a means of forming a
dense protective biofilm, and as a means for storing surplus
substrate. Strains of mutans streptococci vary in terms of their
ability to synthesize water-insoluble glucans. These polymers
play an important role in initial caries development by
increasing the adherence of mutans streptococci and their
accumulation within dental plaque, particularly in young
children6,7.
There is an important influence of the resting pH of saliva on
the microbial ecology of dental plaque. Within the plaque
environment itself, the resting pH results from a delicate
balance between alkali and acid generation, which is in turn
dependent both on the bacterial composition of the plaque
and on the supply of substrates and buffers from, and
metabolite clearance into, flowing oral fluid8. Because of this,
the resting plaque pH varies regionally in the oral cavity
because of site-specific effects of saliva. It is generally lowest in
interproximal regions, which lack access to saliva once the
plaque biofilm has become sufficiently thick to occlude the
gingival embrasure beneath the contact points.
After a sucrose challenge, plaque acid production is greater
for patients with high levels of mutans streptococci (greater
than 1 million per mL) in their saliva and a greater proportion
of mutans streptococci in dental plaque than in patients with
low levels in either saliva or plaque. For this reason, direct
measurement of plaque acid production ex vivo provides a
surrogate measure of cariogenic fermentative bacteria,
without discriminating between the particular species which
may be present.

The balance of organic acids
In the process of fermentation by dental plaque, lactate is a
major product from the fermentation process, particularly
when sucrose is present in large quantities. Other acid by-

products of glucose metabolism by the mutans streptococci
include acetate, formate, and pyruvate. Within carious
dentine, additional acids derived from fermentation by
bacteria include propionate, butyrate, succinate, valerate, and
caproate. Depending on the supply of nutrients, Streptococcus
mutans can alter its patterns of acid production via the
glycolytic pathway. For example, when sucrose is present in
small amounts, the major metabolic products of the glucose
and fructose derived from this will be pyruvate, acetate and
formate, while a situation of excess results in the production of
mostly lactate with a lesser amount of pyruvate.
Because of the variety of organic acids, it is important to
consider the effect of different concentrations of these. For
example, dental plaque which has formed in a low cariogenic
environment and has limited fermentation capabilities will
produce primarily acetate, (with lesser quantities of
propionate and butyrate), weaker acids which can
effectively buffer plaque pH changes9,10. In contrast, plaque
which has formed in a highly cariogenic environment produces
large quantities of lactate, formate and pyruvate, stronger
organic acids that can more readily demineralize dental enamel
11-13
(Table 2).

The rationale behind assessing overall acid
production
Acid production at low pH is an important trait of cariogenic
bacteria. For this reason, an assessment of acid production by

Table 2. Selected acids and their acid dissociation
constants (Ka)
Destructive inorganic acids (etching action)
Phosphoric acid (710)
Hydrofluoric acid (67)
Destructive organic acids (demineralizing action)
Lactate (14.0)
Formate (17.7)
Pyruvate (320)
Protective organic acids (buffering action)
Acetate (1.75)
Propionate (1.62)
Butyrate (1.52)
Carbonic (0.044)
Acid dissociation constants are given in units of 10-5 X Ka
in mol/dm3. Higher Ka values indicate stronger acids. (Based
on data 81, 82)
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Figure 1: The Plaque-Check+pH kit for testing plaque fermentation (GC
Corporation, Japan) uses a colourimetric method to demonstrate the pH
drop of the Stephan curve when intact plaque is challenged with sucrose.

dental plaque bacteria can be a useful addition to the process
of caries risk assessment. There is considerable clinical evidence
that cariogenic conditions are associated with increased
proportions of microorganisms capable of acid production at a
low pH. With a highly cariogenic diet, shifts occur in the dental
plaque microflora, with increased numbers of specific
organisms, including mutans streptococci, lactobacilli, and
strains of Bifidobacterium and Actinomyces species, in the case
of root surface lesions14.
Numerous clinical studies have established that the
proportions of microorganisms designated as capable of acid
production at low pH conditions, are significantly increased in
plaque from patients with high caries risk15-20. Direct
comparative studies of dental plaque acid production in cariesresistant vs. caries-susceptible adult patients have shown the
usefulness of this approach. For example, both the amount and
rate of production of lactate are lower in caries resistant
patients, while the level of acetate is higher both before and
after exposure to sucrose 9. Caries-free subjects (based on past
experience) tend to show a higher plaque pH after a sucrose
challenge. Having said this, it needs to be remembered that in
an individual patient, the frequency of acidogenic episodes in
their lifestyle will be more important in caries progression than
the degree of acidogenicity during any one episode measured
ex vivo (at chairside) 21.

Methods to assess acid production
A number of tests have been developed to detect the presence
of acidogenic bacteria in dental plaque, using specific organic
acids such as lactate. The Clinpro Cario-L-Pop test from 3MEspe employs a biochemical method to assess lactic acid using
biofilm samples from the tongue. It utilizes the enzymatic
oxidation of lactic acid to pyruvate by lactate-dehydrogenase
coupled to a cascade of redox indicators to generate a purpleblue colour in 2 minutes, which is then scored against nine
fields on a colour chart.
36
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Colourimetric tests for chairside use provide a simple means
for assessing the pH-lowering potential of dental plaque,
without focussing on any one particular organic acid (Figs. 1
and 2). This method is based on the pH drop which occurs in
plaque samples when exposed to an excess supply of sucrose,
an effect which has been described in the literature numerous
times in the past 30 years. The addition of sucrose to a
cariogenic dental plaque markedly lowers the pH, with the
lowest value at 5 minutes, after which it slowly rises22.
Employing pH indicator dyes to measure dental plaque pH is
simpler than using pH microelectrodes, and thus is preferred as
a clinical technique. Using sucrose-exposed non-dispersed
plaque (intact on a sampling device) gives more lactate than
sucrose-exposed dispersed samples of plaque23, and thus
provides a closer parallel to the plaque biofilm configuration in
vivo. Assessing global plaque pH rather than lactate levels per
se addresses the potential for effects from five or more other
acids, and thus may be a more sensitive means to evaluate the
cariogenicity of the plaque.

Regional variations in the oral cavity
Caries risk status is linked causally with increasing plaque levels
of highly-acid-tolerant, acidogenic bacteria and an increasing
plaque-pH-lowering potential19. Thus, after a sucrose
challenge, pH values in dental plaque ex vivo will be lower in
caries-active patients or sites, compared with caries-free sites or
patients. Nevertheless, when selecting sites for sampling
supragingival plaque, it must be remembered that plaque pH
varies from site to site in the mouth, however there is a
consistent pattern of site distribution because of the extent of
contact with saliva, which can clear substrates and buffer
plaque acids24. Clearance of substrates by saliva is slowest in
the anterior region of the maxilla, and in the canine/premolar
region of the mandible. For this reason, sites in the anterior
maxilla, such as the labial cervical aspect of the maxillary incisor
and canine teeth (Fig. 3), consistently give lower pH (by 0.5-1.0
pH units) than similar sites in the mandible, as well as lower
plaque fluoride levels.16, 25 The rate of clearance of acids from
plaque into the overlying salivary film is greatly retarded at low
salivary film velocities. Because of this, plaque located in
regions of the mouth with a low salivary film velocity will
achieve pH values lower than those of plaque of identical
dimensions and microbial composition located in areas where
salivary film velocity is high 26. This explains why caries occurs
preferentially in sites in the dentition characterized by a
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relatively high exposure to carbohydrate and diminished
salivary clearance and buffering effects 27,28.
Similarly, the minimum pH in plaque at approximal sites is
lower than in plaque from buccal surfaces, and remains below
resting levels for up to 120 minutes after sucrose challenge 29.
Nevertheless, plaque from sites of active caries (either white
spot lesions or frank cavitations) will show a greater pH fall
after sucrose challenge, and a slower recovery than plaque
from sites without active caries 30, 31,19. As well as site-by-site
analysis, evaluation of pooled dental plaque samples for acid
production is also possible. Pooled samples of plaque obtained
from individual patients with clear differences in caries
experience would be expected to show differences which align
with caries susceptibility 32.

Clinical technique
Sites for sampling should include those sites most at risk for
development of dental caries. As noted above, plaque varies
regionally in the oral cavity because of site-specific effects of
saliva. It is generally more fermentative in regions which lack
access to the protective effects of saliva, e.g. cervical surfaces
of maxillary incisor teeth, mandibular canines and premolars,
and inter-proximal sites. Plaque samples can also be taken
from sites with white spot lesions or frank cavitations. Plaque
from sites of active caries will show a greater pH fall after
sucrose challenge than plaque from sites without active caries.
Aging of dental plaque (particularly if undisturbed for up to
2 days) gives a greater level of acid production than more
immature plaque. Thus, sites with “old” plaque should be
selected for assessment. It is only necessary to collect plaque
from one side of the mouth only as the fermentation ability
does not vary substantially from one side to the other.
A commercial kit to assess plaque fermentation has been
developed (Figures 1-4), which includes disposable plaque
collection instruments. Immediately prior to collecting the
plaque sample, an air syringe is used to lightly dry the site to
be sampled, to reduce the risk of contamination with saliva
(which may cause an inaccurate result). The plaque sample is
then dipped for 1 second into an indicator solution (which
contains sucrose and pH indicators), and then taken out and
observed after 5 minutes. In the Plaque–Check+pH kit, the
commencing colour of the solution (green) changes as acids
are produced, with the final plaque pH measured by checking
the colour against a chart (Fig. 2). In patients with a low caries
38
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Figure 2: Time lapse images showing changes in pH over time as
fermentation occurs on a plaque sample (bound onto the end of the
plaque collecting instrument). A pH scale has been superimposed on the
colour comparison chart

risk, there will be limited fermentation and buffering by weak
organic acids will limit pH changes in the plaque. A green
colour after 5 minutes indicates a normal pH around 7.2,
indicating that the plaque has a low fermentation ability and
the pH has been unaffected by the sucrose challenge. A yellow
or orange colour indicates a final pH of 6.0-6.6, while a pink or
red colour indicates a final pH of 5.0-5.8. Clearly, for samples
which score in the yellow or red region, preventive action is
recommended. This should include discussion with the patient
about the dangers of plaque acid production which can lead to
prolonged demineralization and possible cavitation from dental
caries. Repeating the test can be used to assess compliance
with advice regarding changes in diet and lifestyle.

Targeting acid production as part of a caries
prevention strategy
Preventive strategies which are based on the concept of
limiting fermentation by dental plaque include the following 33.
Dietary restriction of sucrose and other fermentable simple
sugars between meals. The classic Vipeholm study in the 1950’s
demonstrated that frequent intake of foods with high sucrose
concentrations increases caries activity, and the primary
mechanism for this is lactate production by cariogenic bacteria
rather than acetate, propionate, or butyrate 33.
Dietary replacement of sucrose by poorly fermentable or
non-fermentable materials such as maltose, xylitol, sorbitol,
sucralose, trehalose, and isomalt. In this context, it must be
remembered that there is no significant difference in the
acidogenic potential between sucrose and extrinsic sugars
derived from fruits35,36. In fact, virtually all foods which contain
carbohydrates cause the pH of plaque to fall below 5.537.
Dietary restriction of high starch foods between meals.
Particles of high-starch snack foods such as potato chips,
doughnuts, and salted crackers have been shown to remain
longer on the teeth than those of high-sucrose, low-starch
foods, due to slower clearance. During retention on the teeth
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Figure 3: Clinical example of a 55 year old patient who in the past year
had noticed a sudden increase in caries incidence. Deposits of plaque can
be seen on the cervical aspect of most teeth.

for up to 20 minutes, breakdown of starch by salivary amylase
releases a number of fermentable simple sugars, giving total
levels of fermentable sugars similar to high-sucrose
confectionery products. Fermentation of the accumulated
sugars occurs in retained food particles, releasing a range of
organic acids 38, 39. Moreover, some bacteria, such as
Actinomyces viscosus, can utilize starch for energy without the
requirement for amylase. For these reasons, high starch snack
foods are an important component of the caries risk profile.
Dietary restriction of highly acidic foods and drinks, which
encourage the development of an aciduric plaque microbiota.
This includes soft drinks, energy drinks, and fruit juices. Many
of these (including fruit drinks designed for infants) have a low
pH and a high titratable acidity. Clinical studies have revealed
that some drinks depressed the plaque pH to below 5.5 within
5 minutes of drinking and were as cariogenic as a 10% sucrose
solution 40.
Use of sorbitol- or xylitol-containing chewing gums, which
reduce the acidogenic potential of dental plaque and neutralize
lactate produced by dental plaque 41-44. Gum-chewing also
stimulates a protective salivary flow when used after an
acidogenic stimulus, and may enhance salivary function,
especially in subjects with low flow rates 45. Sorbitol and xylitol
gums can promote enamel remineralisation, but are less
effective than gums containing casein phosphopeptidesamorphous calcium phosphate (CPP-ACP) 46.
Use of milk-based foods, such as cheese, as snacks, since
these which can prevent or reduce acid production. Dairy
products, including cheese and milk, can reduce the
cariogenicity of fermentable substrates, and this has been
demonstrated in a variety of animal and in vitro systems.
Clinical studies have shown that processed cheese is hypoacidogenic, anti-acidogenic, and prevents demineralization as
well as enhancing remineralization 47, 48.
Application of products containing Recaldent ® (CPP-ACP),
40
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such as GC Tooth Mousse. These work by several mechanisms.
First, CPP-ACP binds well to plaque, providing a large calcium
reservoir within the plaque, which slows diffusion of free
calcium and reduces the ability of plaque fluid to dissolve the
underlying enamel when the pH falls during sugar exposure
[49]. The therapeutic importance of elevating dental plaque
calcium concentrations has been demonstrated by several
research studies 55, 51. Second, CPP-ACP provides a source of
calcium for remineralization 52. Third, CPP-ACP also maintains a
state of super saturation of phosphate ions with respect to
tooth enamel. These phosphate ions can help buffer plaque
pH. Finally, CPP-ACP inhibits the growth of Streptococcus
mutans and other odonto-pathogens. This may be due in part
to the increased pool of calcium ions in dental plaque 53.
Twice daily toothbrushing, to reduce the thickness of the
dental plaque biofilm. Aging of dental plaque (particularly if
undisturbed for up to 2 days) gives a greater level of acid
production than more immature plaque 54. As dental plaque
becomes mature, the non-mutans streptococci with high
acidogenicity and acid-tolerance will establish an acidic
environment. This environmental shift permits more acidogenic
and acid-tolerant bacteria such as mutans streptococci and
lactobacilli to enter the dental plaque ecosystem 55,56.
Use of high fluoride toothpastes, since fluoride impairs
energy utilization and thus acid production via the
fermentation process, because of its effects on the two
enzymes enolase and H+/ATPase57-60. High levels of fluoride
(0.16-0.3 mol/L) will kill bacteria, and these may be achieved
through topically applied professional products such as gels
and varnishes 58.
Use of fluoride-containing toothpastes with sodium
bicarbonate, which result in significantly less plaque acid
formation after a sucrose challenge than a conventional (adultstrength) fluoride toothpaste 61.
Rinsing with sodium bicarbonate solution, to both buffer
plaque acids and reduce the aciduric environment. Buffering
effects from saliva or mouthrinses may add to the buffer
systems already present in plaque, such as soluble proteins,
peptides, organic acids, and phosphate 62.

Dietary advice
Limitation of sucrose intake between meals is an important
lifestyle change to promote in patients with high caries activity.
The extent of acid production by dental plaque can be
monitored over time using chairside plaque acid tests, and the
information from this used for reinforcement and feedback at
recall visits. Sucrose is the most cariogenic substrate. The high
cariogenicity of dental plaque formed in the presence of
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sucrose can be explained by the high concentration of insoluble
glucan polymer material in its “sticky” matrix 63.
The acidogenic properties of dental plaque reflect both the
dietary habits and the caries status of the patient. Thus, a high
level of dental plaque acid production indicates that the diet
and lifestyle is conducive to the growth of aciduric, acidogenic
microorganisms. It may be high in fermentable substrates, acids
(particularly from fruit juices, softdrinks, and energy drinks),
and caffeine. Because of the conditioning effects of these
influences on the ecology of dental plaque, greater acid
production occurs in patients who have had a previously highsugar diet than in those with low-sugar diets, when the same
foods are ingested by both 64.
Patients may require education on the types and amounts of
“sugar” which are found in various types of foods. Sucrose is
commonly used in processed foods, drinks, and medicines as a
flavour enhancing agent. The levels can be surprisingly high,
for example softdrinks typically contain 12-14% sugar, thus 1
can (375 mL) of softdrink contains 45-50 grams of sucrose,
which is equivalent to 11-13 teaspoons. High levels of sucrose
are typically found in foods that have little nutritional value in
terms of fibre, vitamins or minerals, and these are termed
“empty calories”. Excessive sucrose consumption can lead to
weight gain, obesity, and non-insulin dependant (Type 2)
diabetes mellitus. As argued by Newbrun, better labelling of
foods and drinks which disclosed the actual concentration
(percentage by weight or volume) of sucrose and other sugars
would help consumers in choosing products which would be
less likely to contribute to dental caries 65.
“Natural” sugars found in fruits can contribute significantly
to plaque acid production, as can starchy products such as
sweetened and unsweetened breads, and potato chips. This is
because of the breakdown of starches within the salivary
environment by alpha amylase and other enzymes. As would
be expected, greater levels of starch hydrolysis cause greater
plaque acid production66,67. Regardless of the source of
fermentable substrate, in the caries-prone patient, a more rapid
decrease in plaque pH occurs when exposed to substrates
(from the production of lactate, formate, and pyruvate) than in
a caries-free patient, resulting in a lower final plaque pH 68. The
duration of the drop in plaque pH can be considerable. For
example, the period when the plaque pH is below 5.5 is 75
minutes after contact with sucrose in solution (such as a
softdrink), and 140 minutes after eating a roll with jam and
then drinking sweetened coffee 69.
A further issue to be considered is the use of sweeteners by
caries-prone individuals to reduce their intake of sucrose and
other fermentable sugars. Such substitution deprives dental
42
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Figure 4: A plaque sample taken from the labial aspect of the left
maxillary canine tooth (tooth 23) shows a pH drop to less than 5 at 5
minutes when challenged with sucrose, demonstrating the highly
acidogenic nature of the plaque. The inset (upper right) shows plaque
sampled from the same area 2 weeks after following a home care
program which included lifestyle changes.

plaque bacteria of the ability to use these as an energy source
in the process of fermentation 70. As noted above, a number of
sweeteners now exist which are effective replacements for
dietary sucrose. Materials such as sucralose, leucrose, trehalose,
palatinose and isomalt (which are chemically similar to sucrose)
are now being used in confectionery. A potential concern with
some of these “engineered” substitutes (i.e. chemically altered
forms of sucrose) is that they may undergo extracellular
cleavage by certain autochthonous micro-organisms such as
Stomatococcus mucilaginosus. The resulting cleavage products,
such as glucose and fructose, could then be used by cariogenic
bacteria 71. This emphasizes the importance of clinical trails with
microbiological and clinical parameters when assessing the
value of replacement sweeteners.
Polyols (hexitols) such as sorbitol, lactilol, mannitol, and
xylitol are now used in a variety of products such as chewing
gums and confectionery. Sorbitol is a “low cariogenic” sucrose
substitute which is used commonly in many “sugar-free”
health care products, such as toothpastes, lozenges, syrups and
medicines. Streptococcus mutans and Lactobacillus casei can
ferment mannitol and sorbitol, but are inactive towards
xylitol72. While frequent consumption of sorbitol may result in a
degree of metabolic adaptation by dental plaque bacteria, this
is probably of no clinical importance, at least for persons with
a normal salivary function and for people with a moderate
consumption of sorbitol-containing products 73.
Of all the current candidates for sucrose replacement, xylitol
has attracted the greatest interest, primarily because of its
potential to be an active rather than a passive anti-caries
agent74. The vast majority of plaque bacteria cannot ferment
xylitol into cariogenic acid end-products, nor can they adapt to
metabolise xylitol, despite frequent exposure to it 75. When it is

transported into and accumulates within mutans streptococci,
it inhibiting fermentation either by depleting the cell of highenergy phosphate or by poisoning the glycolytic system 76.
Through these pathways, xylitol inhibits plaque growth and
acid production, and reduces the number of mutans
streptococci. By doing this, xylitol prevents a shift of the dental
plaque bacterial community towards a more cariogenic
microflora 77,78.
Finally, patients can be advised to reduce their intake of
carbonated drinks between meals, and to reduce their habits of
adding sugar to tea, coffee or other drinks. They should drink
clean water, low fat milk or unsweetened juices. Cariesprotective snack foods such as low-fat cheese are a worthwhile
addition to the diet.

Conclusions
Acid production by dental plaque is a key factor in the caries
process. Using simple tests this process can be demonstrated to
patients and used to screen patients for pathogenic plaque
(Figures 3 and 4). Lifestyle changes which reduce plaque
acidogenesis for destructive acids, but permit the production of
weaker acids with buffering capabilities, can serve to maintain
a healthy balance between the plaque biofilm and the tooth
surface.

Disclosure
The author played a major role in developing the PlaqueCheck+pH diagnostic kit which was subsequently marketed by
the GC Corporation, Japan, and has a commercial interest in
this product.

References
1. Stephan RM. Changes in hydrogen ion concentrations on tooth
surfaces and in carious lesions. J Am Dent Assn 1940;27:718-723.
2. Stephan RM. Intra-oral hydrogen ion concentrations associated with
dental caries activity. J Dent Res 1944;23:257-266.
3. Casiano-Colon A, Marquis RE. Role of the arginine deiminase system
in protecting oral bacteria and an enzymatic basis for acid tolerance. Appl
Env Microbiol 1988;54:1318-1324.
4. Rogers AH. Utilization of nitrogenous compounds by oral bacteria.
Aust Dent J 1990;35:468-471.
5. Kleinberg I. A mixed-bacteria ecological approach to understanding
the role of the oral bacteria in dental caries causation: an alternative to
Streptococcus mutans and the specific-plaque hypothesis. Crit Rev Oral Biol
Med 2002;13:108-125.
6. Mattos-Graner RO, Smith DJ, King WF, Mayer MP. Water-insoluble
glucan synthesis by mutans streptococcal strains correlates with caries
incidence in 12- to 30-month-old children. J Dent Res 2000;79:1371-1377.
7. Banas JA. Virulence properties of Streptococcus mutans. Front Biosci
2004;9:1267-1277.
8. Sissons CH, Wong L, Shu M. Factors affecting the resting pH of in
vitro human microcosm dental plaque and Streptococcus mutans biofilms.
Arch Oral Biol 1998;43:93-102.
9. Vratsanos SM, Mandel ID. Comparative plaque acidogenesis of
caries-resistant vs. caries-susceptible adults. J Dent Res 1982;61:465-468.
10. Margolis HC, Moreno EC, Murphy BJ. Importance of high pKA acids
in cariogenic potential of plaque. J Dent Res 1985;64:786-792.
11. Margolis HC, Duckworth JH, Moreno EC. Composition and buffer
capacity of pooled starved plaque fluid from caries-free and caries-

40

INTERNATIONAL DENTISTRY SA VOL. 8, NO. 5

susceptible individuals. J Dent Res 1988;67:1476-1482.
12. Margolis HC, Moreno EC. Kinetics of hydroxyapatite dissolution in
acetic, lactic, and phosphoric acid solutions. Calcif Tissue Int 1992;50:137-143.
13. Coogan MM, Motlekar HB. Salivary and plaque acids in caries active
and caries free subjects. J Dent Assoc S Afr 1996;51:823-827.
14. van Houte J, Lopman J, Kent R. The final pH of bacteria comprising
the predominant flora on sound and carious human root and enamel
surfaces. J Dent Res 1996;75(4):1008-1014.
15. Firestone AR, Muhlemann HR. In vivo pH of plaque-covered and
plaque-free interdental surfaces in humans following a sucrose rinse. Clin
Prev Dent 1985;7:24-26.
16. van Houte J, Sansone C, Joshipura K, Kent R. Mutans streptococci
and non-mutans streptococci acidogenic at low pH, and in vitro acidogenic
potential of dental plaque in two different areas of the human dentition. J
Dent Res 1991;70:1503-1507.
17. Margolis HC, Zhang YP, van Houte J, Moreno EC. Effect of sucrose
concentration on the cariogenic potential of pooled plaque fluid from
caries-free and caries-positive individuals. Caries Res 1993(A);27:467-473.
18, Gao XJ, Fan Y, Kent RL Jr, Van Houte J, Margolis HC. Association of
caries activity with the composition of dental plaque fluid. J Dent Res
2001;80:1834-1839.
19. Lingstrom P, van Ruyven FO, van Houte J, Kent R. The pH of dental
plaque in its relation to early enamel caries and dental plaque flora in
humans. J Dent Res 2000;79:770-777.
20. Aranibar Quiroz EM, Lingstrom P, Birkhed D. Influence of short-term
sucrose exposure on plaque acidogenicity and cariogenic microflora in
individuals with different levels of mutans streptococci. Caries Res
2003;37:51-57.
21. Dong YM, Pearce EI, Yue L, Larsen MJ, Gao XJ, Wang JD. Plaque pH
and associated parameters in relation to caries. Caries Res 1999;33:428-436.
22. Ahlden ML, Frostell G. Variation in pH of plaque after a mouth rinse
with a saturated solution of mannitol. Odontol Revy 1975;26:1-5.
23. Minah GE, Chu N. Sucrose metabolism in situ by dental plaque in
appliance-borne bovine enamel tooth fissure inserts in man. Arch Oral Biol
1984;29:467-471.
24. Weatherell JA, Duggal MS, Robinson C, Curzon ME. Site-specific
differences in human dental plaque pH after sucrose rinsing. Arch Oral Biol
1988;33:871-873.
25. Arneberg P, Giertsen E, Emberland H, Ogaard B. Intra-oral variations
in total plaque fluoride related to plaque pH. A study in orthodontic
patients. Caries Res 1997;31:451-456.
26. Macpherson LM, Dawes C. Effects of salivary film velocity on pH
changes in an artificial plaque containing Streptococcus oralis, after
exposure to sucrose. J Dent Res 1991;70:1230-1234.
27. van Houte J. Role of micro-organisms in caries etiology. J Dent Res
1994;73:672-681.
28. Walsh LJ. Preventive dentistry for the general practitioner. Aust Dent
J 2000(A);45:76-82.
29. Jensen ME, Schachtele CF. Plaque pH measurements by different
methods on the buccal and approximal surfaces of human teeth after a
sucrose rinse. J Dent Res 1983;62:1058-1061.
30. Fejerskov O, Scheie AA, Manji F. The effect of sucrose on plaque pH
in the primary and permanent dentition of caries-inactive and -active
Kenyan children. J Dent Res 1992;71:25-31.
31. Sansone C, Van Houte J, Joshipura K, Kent R, Margolis HC. The
association of mutans streptococci and non-mutans streptococci capable of
acidogenesis at a low pH with dental caries on enamel and root surfaces. J
Dent Res 1993;72:508-516.
32. Margolis HC. An assessment of recent advances in the study of the
chemistry and biochemistry of dental plaque fluid. J Dent Res
1990;69:1337-1342.
33. Walsh LJ. Fifteen strategies for caries prevention: Towards target zero.
ADA News Bull 2000(B);278:17-20.
34. Carlsson J. Microbial aspects of frequent intake of products with high
sugar concentrations. Scand J Dent Res 1989;97:110-114.
35. Pollard MA. Potential cariogenicity of starches and fruits as assessed
by the plaque-sampling method and an intraoral cariogenicity test. Caries
Res 1995;29:68-74.

36. Hussein I, Pollard MA, Curzon ME. A comparison of the effects of
some extrinsic and intrinsic sugars on dental plaque pH. Int J Paediatr Dent
1996;6:81-86.
37. Krasse B. The cariogenic potential of foods - a critical review of
current methods. Int Dent J 1985;35:36-42.
38. Bibby BG, Mundorff SA. Enamel demineralization by snack foods. J
Dent Res 1975;54:461-470.
39. Kashket S, Zhang J, Van Houte J. Accumulation of fermentable sugars
and metabolic acids in food particles that become entrapped on the
dentition. J Dent Res 1996;75:1885-1891.
40. Duggal MS, Curzon ME. An evaluation of the cariogenic potential of
baby and infant fruit drinks. Br Dent J 1989;166:32-30.
41. Kashket S, Yaskell T, Lopez LR. Prevention of sucrose-induced
demineralization of tooth enamel by chewing sorbitol gum. J Dent Res
1989;68:460-462.
42. Aguirre-Zero O, Zero DT, Proskin HM. Effect of chewing xylitol
chewing gum on salivary flow rate and the acidogenic potential of dental
plaque. Caries Res 1993;27:55-59.
43. Park KK, Hernandez D, Schemehorn BR, Katz BP, Stookey GK,
Sanders PG, Butchko HH. Effect of chewing gums on plaque pH after a
sucrose challenge. ASDC J Dent Child 1995;62:180-186.
44. Imfeld T, Birkhed D, Lingstrom P. Effect of urea in sugar-free chewing
gums on pH recovery in human dental plaque evaluated with three different
methods. Caries Res 1995;29:172-180.
45. Edgar WM. Sugar substitutes, chewing gum and dental caries - a
review. Br Dent J 1998;184:29-32.
46. Shen P, Cai F, Vincent J, Reynolds EC. Remineralization of enamel
subsurface lesions by sugar-free chewing gum containing casein
phosphopeptide-amorphous calcium phosphate. J Dent Res
2001;80:2066-2070.
47. Rosen S, Min DB, Harper DS, Harper WJ, Beck EX, Beck FM. Effect of
cheese, with and without sucrose, on dental caries and recovery of
Streptococcus mutans in rats. J Dent Res 1984;63:894-896.
48. Jensen ME, Wefel JS. Effects of processed cheese on human plaque
pH and demineralization and remineralization. Am J Dent 1990;3:217-223.
49. Reynolds EC, Cai F, Shen P, Walker GD. Retention in plaque and
remineralization of enamel lesions by various forms of calcium in a
mouthrinse or sugar-free chewing gum. J Dent Res 2003;82:206-211.
50. Tanaka M, Matsunaga K, Kadoma Y. Effect of rinse with calcium
enriched milk on plaque fluid. J Med Dent Sci 1999;46:123-126.
51. Pearce EI, Sissons CH, Coleman M, Wang X, Anderson SA, Wong L.
The effect of sucrose application frequency and basal nutrient conditions on
the calcium and phosphate content of experimental dental plaque. Caries
Res 2002;36:87-92.
52. Rose RK. Effects of an anticariogenic casein phosphopeptide on
calcium diffusion in streptococcal model dental plaques. Arch Oral Biol
2000;45:569-575.
53. Aimutis WR. Bioactive properties of milk proteins with particular
focus on anticariogenesis. J Nutr 2004;134:989S-995S.
54. Igarashi K, Lee IK, Schachtele CF. Effect of dental plaque age and
bacterial composition on the pH of artificial fissures in human volunteers.
Caries Res 1990;24:52-58.
55. Dawes C, Dibdin GH. A theoretical analysis of the effects of plaque
thickness and initial salivary sucrose concentration on diffusion of sucrose
into dental plaque and its conversion to acid during salivary clearance. J
Dent Res 1986;65:89-94.
56. Takahashi N, Yamada T. Acid-induced acid tolerance and
acidogenicity of non-mutans streptococci. Oral Microbiol Immunol
1999;14:43-48.
57. Bradshaw DJ, McKee AS, Marsh PD. Prevention of population shifts
in oral microbial communities in vitro by low fluoride concentrations. J Dent
Res 1990;69:436-441.
58. Bowden GH. Effects of fluoride on the microbial ecology of dental
plaque. J Dent Res 1990;69 Spec Iss:653-959.

40

INTERNATIONAL DENTISTRY SA VOL. 8, NO. 5

59. Wahab FK, Shellis RP, Elderton RJ. Effects of low fluoride
concentrations on formation of caries-like lesions in human enamel in a
sequential-transfer bacterial system. Arch Oral Biol 1993;38:985-995.
60. van Loveren C, Buijs JF, Kippuw N, ten Cate JM. Plaque composition,
fluoride tolerance and acid production of mutans streptococci before and
after the suspension of the use of fluoride toothpastes. Caries Res
1995;29:442-448.
61. Blake-Haskins JC, Gaffar A, Volpe AR, Banoczy J, Gintner Z, Dombi C.
The effect of bicarbonate/fluoride dentifrices on human plaque pH. J Clin
Dent 1997;8:173-177.
62. Shellis RP, Dibdin GH. Analysis of the buffering systems in dental
plaque. J Dent Res 1988;67:438-446.
63. Cury JA, Rebelo MA, Del Bel Cury AA, Derbyshire MT, Tabchoury CP.
Biochemical composition and cariogenicity of dental plaque formed in the
presence of sucrose or glucose and fructose. Caries Res 2000;34:491-497.
64. Sgan-Cohen HD, Newbrun E, Huber R, Tenebaum G, Sela MN. The
effect of previous diet on plaque pH response to different foods. J Dent Res
1988;67:1434-1437.
65. Newbrun E. Sucrose in the dynamics of the carious process. Int Dent J
1982;32:13-23.
66. Lingstrom P, Birkhed D, Granfeldt Y, Bjorck I. pH measurements of
human dental plaque after consumption of starchy foods using the
microtouch and the sampling method. Caries Res 1993(A);27:394-401.
67. Lingstrom P, Imfeld T, Birkhed D. Comparison of three different
methods for measurement of plaque-pH in humans after consumption of
soft bread and potato chips. J Dent Res 1993(B);72:865-870.
68. Margolis HC, Zhang YP, Gewirtz A, Van Houte J, Moreno EC.
Cariogenic potential of pooled plaque fluid from exposed root surfaces in
humans. Arch Oral Biol 1993(B);38:131-138.
69. Maiwald HJ, Frohlich S, Stadtler P. Cariogenic potential of inbetween-meals - results of oral plaque-pH-telemetry. Dtsch Stomatol
1991;41:457-459.
70. Kleinberg I. Oral effects of sugars and sweeteners. Int Dent J
1985;35:180-189.
71. Peltroche-Llacsahuanga H, Hauk CJ, Kock R, Lampert F, Lutticken R,
Haagse G. Assessment of acid production by various human oral microorganisms when palatinose or leucrose is utilized. J Dent Res 2001;80:378-384.
72. Loesche WJ. The effect of sugar alcohols on plaque and saliva level of
Streptococcus mutans. Swed Dent J 1984;8:125-135.
73. Birkhed D, Edwardsson S, Kalfas S, Svensater G. Cariogenicity of
sorbitol. Swed Dent J 1984;8:147-154.
74. Bar A. Caries prevention with xylitol. A review of the scientific
evidence. World Rev Nutr Diet 1988;55:183-209.
75. Gehring F, Makinen KK, Larmas M, Scheinin A. Turku sugar studies X.
Occurrence of polysaccharide-forming streptococci and ability of the mixed
plaque microbiota to ferment various carbohydrates. Acta Odontol Scand
1976;34:329-343.
76. Sahni PS, Gillespie MJ, Botto RW, Otsuka A. In vitro testing of xylitol
as an anticariogenic agent. Gen Dent 2002;50:340-343.
77. Trahan L. Xylitol: a review of its action on mutans streptococci and
dental plaque - its clinical significance. Int Dent J 1995;45(Suppl 1):77-92.
78. Kakuta H, Iwami Y, Mayanagi H, Takahashi N. Xylitol inhibition of acid
production and growth of mutans Streptococci in the presence of various
dietary sugars under strictly anaerobic conditions. Caries Res 2003;37:404-409.
79. Harper DS, Loesche WJ. Growth and acid tolerance of human dental
plaque bacteria. J Dent Res 1988;67:438-446.
80. Svensater G, Borgstrom M, Bowden GH, Edwardsson S. The acidtolerant microbiota associated with plaque from initial caries and healthy
tooth surfaces. Caries Res 2003;37:395-403.
81. Silwood CJL, Lynch EJ, Seddon S, Sheerin A, Claxson AWD, Grootveld
MC. 1H-NMR analysis of microbial-derived organic acids in primary root
carious lesions and saliva. NMR Biomed 1999;12:345-356.
82. Parry RW, Steiner LE, Tellefsen RL, Dietz PM. Chemistry – experimental
foundations. Prentice Hall: Englewood Cliffs, New Jersey. 1970. pp.307-308.

transported into and accumulates within mutans streptococci,
it inhibiting fermentation either by depleting the cell of highenergy phosphate or by poisoning the glycolytic system 76.
Through these pathways, xylitol inhibits plaque growth and
acid production, and reduces the number of mutans
streptococci. By doing this, xylitol prevents a shift of the dental
plaque bacterial community towards a more cariogenic
microflora 77,78.
Finally, patients can be advised to reduce their intake of
carbonated drinks between meals, and to reduce their habits of
adding sugar to tea, coffee or other drinks. They should drink
clean water, low fat milk or unsweetened juices. Cariesprotective snack foods such as low-fat cheese are a worthwhile
addition to the diet.

Conclusions
Acid production by dental plaque is a key factor in the caries
process. Using simple tests this process can be demonstrated to
patients and used to screen patients for pathogenic plaque
(Figures 3 and 4). Lifestyle changes which reduce plaque
acidogenesis for destructive acids, but permit the production of
weaker acids with buffering capabilities, can serve to maintain
a healthy balance between the plaque biofilm and the tooth
surface.
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