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Summary of the dental effects of starch
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The objective was to review the literature on the cariogenicity of starches and
starch-based foods, comparing starch with other carbohydrates and examining the
effects of cooking, hydrolysis and other methods of processing on its dental caries
potential. The main findings were that starch in its natural state is not cariogenic or
of very low cariogenicity. Starch is not consumed in this form in Western diets,
however. Cooking and processing denature it and raise its potential cariogenicity.
Mixtures of processed starches and sugars are more highly cariogenic than starches
alone, providing the substrate for oral micro-organisms to generate acids that can
attack dental enamel. It has been suggested that dental caries attack may also be
promoted by processed starches contributing to the persistence or adherence of
fermentable foods at susceptible sites on the teeth. It is concluded that although
carbohydrates in general have similar nutritional and physiological properties, major
differences in dental caries potential exist between starches and common dietary
sugars, but the caries potential of the starches can be much altered by processing.

Introduction

Because dental caries levels were very high in
the early 1960s (see for example Holloway et
al., 1963; McHugh et al., 1964), there was
serious concern over the influence of different
constituents of the diet, particularly the carbo-
hydrates, on the prevalence of tooth decay.
Surveys of dental caries levels in relation to diet
did not adequately distinguish between different
types of carbohydrates, especially between
sugars and starches.

All carbohydrates were grouped together as
having the same nutritional and physiological
properties, and virtually no information existed
specifically on the dental effects of starch. From
about 1960 onwards, therefore, research on the
cariogenicity of individual carbohydrates was
intensified, and it has been continued since then.
with most of the main advances made over the
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next 30 years or so. This article reviews the
findings.

Data from four main experimental approa-
ches have been employed to try to differentiate
between food carbohydrates and to investigate
the cariogenicity of sugars and starches:

1. Epidemiological surveys of population
groups, attempting to relate their dental
condition to their diets and eating patterns.

- 2. Clinical studies of factors believed to be

important in the dental caries process in
man, relating them to specific constituents of
the diet.

3. Evaluation of the cariogenicity of purpose-
blended diets in specially bred strains of
caries-active laboratory rats under standar-
dized conditions.
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4. Experiments in vitro measuring factors that
play a part in the caries process, such as acid
development, dental plaque (polysaccharide)
formation, microbial growth and the attack
on dental enamel.

Most of the research on the dental properties
of starches has been carried out by methods 3 and
4. Surveys (Method 1) would not be capable of
identifying the specific dental effect of just one
single item of the diet, and clinical studies
(Method 2) are expensive to set up, require
ethical approval, and of course cannot be used to
study the degenerative disease of dental caries
directly, so that investigations have to be
confined to some (actor associated with caries.

Comparison of sugars and starches

In some of the earliest work on this the findings
were very clear: sugars (sucrose and glucose) in
the diet of caries-active laboratory rats were
cariogenic, whereas the level of caries was very
low on raw wheat starch (Grenby, 1963). This
was confirmed in later experiments and by other
waorkers, e.g. Green & Hartles (1967).

Caries activity levels in seven generations of
rats fed on sugar or cornstarch diets for 84 or 150
days were measured by Shaw & Ivimey in 1972,
A much higher incidence of oceclusal caries on
sucrose and glucose diets than on cornstarch was
observed, but the smooth-surface caries scores
did not show any consistent difference. One
factor that may have played a part in this is the
fineness of the cornstarch particles, as it has been
said that coarse corn particles may be hard
enough to initiate lesions by contributing to
fracturing of the teeth.

It has proved hard to extrapolate these
findings to man, since a normal mixed diet of
course contains both sugars and a variety of
starches, but in a survey of 405 children Rugg-
Gunn et al. (1987) observed a trend towards a
stronger relationship between sugar intake and
dental caries than between starch intake and
caries.

Effect of cooking on starch

Of course cooking and processing can be
carried out in various ways and under a range of
conditions, so that the products can vary widely
in the degree of denaturation, gelatinization and
retrogradation they have undergone. In one of

the first comparisons, in which 5 parts of wheat
starch were cooked with 4 parts of water in a
steam oven at 100°C for 90 min, then dried and
pulverized, the starch was non-cariogenic, no
matter whether cooked or raw. On 66% starch
regimes, the caries scores were all very low,
averaging 2.1 for raw starch and 2.6 for cooked
starch, but were not significantly apart (Grenby,
1965).

A few years later, Frostell & Baer (1971)
recorded the caries scores in groups of 23 or 24
rats fed on 66% starch diets for 30 days. Figures
for four types of unmodified starch were
uniformly low, whereas pregelatinized arrow-
root, potato, amioca, tapioca and wheat starches
all appeared to be more cariogenic. Their caries
potential was presumably related to the pregela-
tinization process they had been subjected to.
The authors believed that gelatinization liber-
ates more amylopectin (branched-chain starch
component) than amylose (straight-chain starch
component), and that amylopectin is the more
cariogenic of the two molecules.

One of the salivary hydrolysis products of

starch is maltose. Brudevold er al. (1985) noted
that cooked starch produced higher salivary
maltose concentrations than raw starch, and raw
starch had no demineralizing potential. The
demineralizing power of cooked starch was
related to its rapid hydrolysis but not to its
clearance time from the mouth. In later work
measuring dental enamel permeability, it was
found that the higher the concentration of
gelatinized starch in the mouth, the longer the
clearance time, and it was concluded that the
starch in baked or cooked foods may have
significant demineralization potential (Brude-
vold et al., 1988).
Heating dry wheat starch alters its molecular
structure so that it can be readily metabolized
by Streptococcus mutans, one of the oral micro-
organisms that participates in the dental caries
process (Thomson & Wills, 1976). Some further
views on cooked starch were given by Firestane
et al. (1982), whose time-controlled administra-
tion of carbohydrate diets to laboratory rats
indicated that cooked wheat starch was cario-
genic but less so than sucrose.

Dental properties of high-starch foods

Naturally interest in the dental properties of
pure starches has been very limited. Of greater
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practical significance are the effects of high-
starch foods which are dietary staples in various
parts of the world, e.g. bread. rice, potatoes,
pasta and other cereal foods.

There has been an unconfirmed assumption
that because they are initially low in sugars, they
will not be cariogenic, but of course the
possibility exists that cooking or gelatinizing the
starch can alter this (see preceding section).

Experiments on bread

One of the first high-starch staples to be
investigated for its cariogenicity was bread.
White and wholemeal flour and bread were
evaluated at a level of 66% in the diets of caries-
active laboratory rats, and then finally large
groups were fed on 100% dried bread diets for 11
weeks from weaning (Grenby, 1966). The
incidence of caries was related to the sucrose
content of the diet and not to the proportion of
flour or bread it contained. The levels of caries
were extremely low on both types of bread, with
no significant differences observed between
white and wholemeal. The findings on the low
cariogenicity of flour in the absence of sucrose
were corroborated by Konig & Grenby (1965).

Biscuits

Biscuits (cookies), including crackers, wafers
and crispbreads, with levels of starch generally
in the range of 40-70%, represent another
category of high-starch foods on which dental
information was lacking. In the first of a series of
experiments evaluating the effects of sweet
biscuits (approx. 40% sugars) in two strains of
caries-active laboratory rats. the biscuits
emerged as highly cariogenic, whereas control
diets containing the same amounts of sucrose
and starch but not baked into biscuits, had a
significantly lower caries potential (Grenby &
Paterson, 1972).

These findings were confirmed in later
experiments, and it was also shown that diges-
tive biscuits containing 48% starch and with
alternative sweeteners replacing sucrose were
significantly less cariogenic than conventional
digestive biscuits containing the same level of
starch (48%) but sweetened as normal with 15%
of sucrose (Grenby & Bull, 1977).

Children’s rusks

When six different types of cereal-based rusks,
total carbohydrate contents 69-79%, were stud-
ied in laboratory rats and in vitro (Grenby et al.,

1989), their cariogenicity generally correlated
well with their sucrose content, but it was
observed that cereal components in the rusks
could play a part in governing their adhesive-
ness to the tooth surface and their ferment-
ability. The dental health implications of these
findings are (a) that the more adhesive carbohy-
drate foods are to the teeth, the longer the
contact time for acids derived or formed from
the foods to advance the caries process; and (b)
the greater their fermentability, the higher the
risk of breakdown of short-chain carbohydrates
that can be metabolized by bacterial or salivary
enzymes to acids that can attack the mineral
matter of the teeth, as in caries. A sucrose-free
rusk formulation produced the lowest caries
levels of all.

Breakfast cereals

These are another example of high-starch cereal
products. The chief feature of interest in relation
to their starch content when their dental proper-
ties were studied in caries-active rats was the
low caries score on a diet formulated with a
whole-wheat cereal (81.3% carbohydrate) and
zero sucrose (Grenby & Bull, 1978). This was a
further indication that processed or cooked
starch products in the absence of sucrose have a
comparatively low caries potential, but the
study went on to show that the inclusion of as
little as 9.5% of sucrose in a presweetened
breakfast cereal increased caries levels by a
highly significant margin.

High-starch snack foods

Many very popular types of savoury snack
foods are also high in starches. Particular use is
made of cereal and potato starches which are
processed in various ways, sometimes under
highly disruptive conditions. Research on their
dental properties in laboratory animals has
shown wide variations in their cariogenic poten-
tial, depending partly on the severity of the
processing the starch has undergone (Grenby,
1990, 1991). In some cases the caries levels
associated with the savoury snacks were very
close to those from semi-sweet biscuits.

One stage in the production of the snacks is
extrusion cocking, in which a slurry of starch-
rich cereal or potato is subjected to conditions
of high temperature, high pressure, high mois-
ture and high shear forces. More harshly
processed varieties of snacks are double-extru-
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ded, gelatinized, expanded and fried. The infer-
ence is that all this can increase the susceptibil-
ity of the starch to attack by salivary or
microbial a-amylase in the mouth. This effect
has been studied in vitro, and a rise in free
maltose, which can be metabolized to cario-
genic acids by oral micro-organisms, has been
demonstrated (Grenby, 1991).

Intra-oral plaque pH changes were found to be
slower after starch snacks than after the con-
sumption of sucrose (Park et al., 1990). Finally,
Lingstréom et al. (1989) observed that all
processing methods, including extrusion cook-
ing, drum-drying. popping, bread making and
steam flaking, raised the fermentability of starch
in human dental plaque, and commented that
gelatinization was important in determining the
extent of hydrolysis of the starch by a-amylase.

Partial breakdown products of starches

One unresolved question that has been raised
repeatedly over the last few years is the
cariogenicity of maltodextrins and glucose syr-
ups, starch derivatives which have applications
in the formulation of a wide variety of foods
and drinks. There are many different kinds of
these food ingredients, depending on the extent
of degradation of the complex starch molecule,
and they are characterized by their dextrose
equivalent (DE), with a high DE indicating a
substantial degree of breakdown of the starch to
reducing sugars and a low DE showing less
breakdown, i.e. that the material contains a
relatively large proportion of higher saccharides
(glucose oligomers).

As expected, studies in vitro indicated that
the greater the proportion of higher saccharides,
the less acid developed on incubating them with
human dental plaque micro-organisms. Some of
the materials were high in trioses, which were
found to be readily fermentable by oral micro-
organisms. A surprising finding was that caries
scores in laboratory rats receiving diets contain-
ing maltodextrins or glucose syrups (11-36%
sugars) were significantly above those from
some common sugars fed at the same levels in
the diet (Grenby & Mistry, 1996).

Conclusions

Summarizing these findings, it is clear that
although sugars and starches may have similar

metabolic and physiological properties, they
show distinct differences in their dental effects.
It is well recognised by now that common,
casily fermentable sugars are cariogenic. This
includes monosaccharides such as glucose and
fructose, together with certain disaccharides
such as maltose and sucrose, but a more recent
finding is that maltotriose (a trisaccharide) is
easily fermentable and potantially cariogenic.

In contrast, non-processed wheat starch and
cornstarch are not cariogenic, but the complex
molecular structure of starch is much changed
and distorted by cooking, depending on the
severity of the degradative processes of dena-
turation, gelatinization and retrogradation to
which it is subjected. The general opinion from
the references cited seems to be that this can
raise its cariogenicity, but not to the same level
as that of sugars such as sucrose.

Hydrolytic processes liberating various sac-
charides from the starch to produce a range of
maltodextrins and glucose syrups are a different
matter. Although a DE 41 glucose syrup was
significantly less cariogenic than sucrose when
dissolved in the drinking-water of laboratory
rats (Grenby & Leer, 1974), the same difference
between them was not observed when the diets
contained glucose syrups and maltodextrins in
solid form (Grenby & Mistry, 1996).

These studies have concentrated on the
effects of changes in the saccharide profiles of
the starches and the fermentability of the
products, but do not give any specific informa-
tion on the possible physical action of the starch
products in influencing adherence to the teeth/
clearance times from the mouth. This is a matter
requiring further examination. Brudevoid et al.
(1985) commented that the demineralizing
power of cooked starch was related to its
hydrolysis rate but not to its clearance time,
although later it was shown that the higher the
concentration of gelatinized starch in the mouth,
the longer the clearance time (Brudevold er al.,
1988). Adherence can vary with the type of
starch and the processing it has undergone.
Significant differences in the retention times of
children’s rusks on the tooth surface were
believed to result from the nature of the cereals
they were formulated with and the type of
starch they contained (Grenby er al., 1989).

The effect of processing can also be seen in
experiments on the influence of various types
of snack foods on caries levels in laboratory
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rats. Extrusion cooking, mostly of potato,
maize and wheat starch, can be repeated twice
or more to yield second or third generation
prefabricated/fried, highly aerated products in
a wide variety of shapes, and in some cases
their cariogenic potential approaches that of
semi-sweet biscuits (Grenby, 1991). This is
most probably a consequence of partial amylo-
Iytic breakdown of the starch to fermentable
fragments under the severe conditions of
extrusion cooking, with the extruder operating
as a continuous chemical reactor. These views
were confirmed by Lingstrom et al., 1989,
who linked a number of different processing
methods to the raised fermentability of
starches.

The consensus {rom the research carried out
and the publications reviewed on this topic is
that starches in general are less cariogenic than
sugars, but that structural modification by
cooking or processing can increase their cario-
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