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of that of sucrose. Changes in plaque pH
in the presence of maltitol showed only
a slight decrease from baseline pH
(about pH 6.9).

Birkhed et al. (Ref. 41) measured in
vivo pH changes in human dental
plaque after subjects consumed lozenges
sweetened with various sweeteners for 3
mo and then rinsed with a mouth rinse
sweetened with the same sweetener as
in the lozenge. A sucrose mouth rinse
was also used by each sweetener group.
Results with maltitol showed small, but
some significant, changes in plaque pH
compared to baseline pH (about pH 7.0)
over the 30-min test period. The lowest
plague pH recorded, however, was
about pH 6.8. In vitro acid production
with maltitol was found to be about 26
to 32 percent of glucose.

Havenaar et al. (Ref. 46) measured
changes in pH and acid production in
vitro in growing cultures of oral bacteria
obtained from caries active and caries
free subjects. Results showed that a 1
percent solution of maltitol was slowly
fermented to acid by plaque bacteria.
Cell suspensions of S. mutans in
maltitol showed pH decreased from a
baseline of about pH 7.0 to about pH
6.5. Adaptation of S. mutans by frequent
subculturing in maltitol showed a
marked increase in fermentation by S.
mutans. However, the ability to ferment
the sugar alcohol was lost after one
subculturing of the adapted strain in
glucose.

5. Lactitol

Havenaar et al. (Ref. 46) showed that
a 1 percent solution of lactitol was
fermented by S. mutans and
Actinomyces. Cell suspensions of S.
mutans in lactitol showed pH decreased
from a baseline of about pH 7.0 to about
pH 6.5 or above after a 2-h incubation
period. Adaptation of S. mutans by
frequent subculturing in lactitol showed
a marked increase in fermentation by S.
mutans to give a plaque pH of about 5.0.
However, the ability to ferment the
sugar alcohol was lost after one
subculturing of the adapted strain in
glucose. Grenby et al. (Ref. 76) showed
that a 1-percent solution of lactitol,
when incubated for 24 h with human
plague and pieces of a human molar
tooth, resulted in slight acid production
and a final pH of about 6.3 and almost
no loss of calcium and phosphorus from
tooth enamel.

Results of two animal studies (Refs.
73 and 77) showed that substitution of
lactitol for sucrose in laboratory chow
resulted in significantly fewer caries in
the lactitol group compared to the
sucrose group. The lactitol group (Ref.
73) experienced slightly, but not
significantly, more caries than the

xylitol group and the wheat flour
control group and fewer caries than the
sorbitol group. There was no significant
difference between the caries score in
animals fed lactitol-containing or
xylitol-containing chow (Ref. 77). There
were significantly fewer caries in
animals fed lactitol-containing biscuits
compared to the sucrose biscuit group
(Ref. 77). The average caries score in the
lactitol biscuit group was less than one
per animal.

6. Isomalt

Two studies investigated the effects
on plagque pH with isomalt (Refs. 38 and
45). Bibby and Fu (Ref. 38) measured pH
changes in fresh plaque from adult
volunteers with increasing
concentrations of isomalt. Results
showed that as the concentration of the
sugar alcohol increased, the pH of the
plaque decreased. The range of plaque
pH values reported for isomalt was from
6.6 (0.1 percent solution) to
approximately 5.7 (10-percent solution).
Gehring and Hufnagel (Ref. 45) reported
a minimum plaque pH of about 6.0 after
5 min with isomalt. This value
increased gradually over the next 27
min to about pH 6.3. As discussed
above, the methods and type of dental
plague must be considered when
comparing the results of these studies.

Results of animal studies with
concentrations of isomalt from 16 to 30
percent of the rat diet showed
significantly fewer caries compared to
sucrose diets (Refs. 57, 60, 62, 63, 65,
and 70). The caries incidence was high
in xerostomized rats consuming either
sucrose or isomalt (Ref. 57). The isomalt
group of nonxerostomized rats,
however, had significantly fewer caries
than the sucrose group.

7. HGS and HSH

Frostell et al. (Ref. 31) studied the
effect on caries increment in children of
substitution of HSH for sucrose in
candy. The results of this study are
confounded for a number of reasons (see
Table 2) and do not support a significant
dental benefit from the use of HSH
candies in place of sucrose-containing
candies.

Rundegren et al. (Ref. 36) measured
enamel hardness in the presence of
sucrose, sodium chloride, or HSH using
an ICT. The investigators reported
significantly less enamel
demineralization with HSH. The results
of the study were that only sucrose
promoted demineralization over and
above the effect of dietary
carbohydrates. The authors attributed
the demineralization measured in the
presence of HSH to the effect of dietary
carbohydrates.

Eight studies measured plaque pH
changes from exposure to HSH in
solutions (Refs. 38 and 46), rinses (Refs.
39, 41, 45, and 47), and candy (Refs. 42
and 43). Bibby and Fu (Ref. 38) showed
that as the concentration of HSH
increased, plaque pH decreased. The
lowest plaque pH value (10-percent
solution of HSH) obtained was about
5.0. Havenaar et al. (Ref. 46) showed
that a 1-percent solution of HSH was
fermented by S. mutans and
Actinomyces. Cell suspensions of S.
mutans in HSH showed a pH decrease
from a baseline of about pH 7.0 to about
pH 6.5. Adaptation of S. mutans by
frequent subculturing in HSH showed a
marked increase in fermentation by S.
mutans to give a plaque pH of slightly
below 6.0. However, the ability to
ferment the sugar alcohol was lost after
one subculturing of the adapted strain
in glucose.

Birkhed and Edwardsson (Ref. 39)
measured plaque pH in vitro following
the use of a mouth rinse containing
Swedish or French HSH. French HSH
appeared to have little effect on plaque
pH. Plaque pH values remained slightly
below or at 7.0. Swedish HSH showed
a decrease in plaque pH within 5 to 10
min to just less than pH 6.0. Over the
remaining 20 min, the pH increased to
just over 6.0. Birkhed et al. (Ref. 41)
measured pH changes in human dental
plaque after subjects consumed lozenges
sweetened with Swedish HSH for 3 mo
and then rinsed with a mouth rinse
sweetened with Swedish HSH. Plaque
pH was also measured after a sucrose
mouth rinse. The results of the study
showed that HSH resulted in a drop in
plaque pH in all tests; however, the
minimum pH values reached were
above 6.0. Gehring and Hufnagel (Ref.
45) reported an intraoral plaque pH
change with a HSH rinse (20 percent
solution) from about pH 6.6 to about 5.6.

Jensen (Ref. 47) showed interproximal
plague pH values from five different
HGS rinses were statistically
significantly different compared to the
sucrose control. Differences between the
HGS test solutions and a sorbitol control
were not significantly different. The
minimum pH values obtained with the
HGS solutions were above pH 6.0.
Composition of the HGS test substances
was not provided.

Frostell (Ref. 42) reported a slight
decrease in vitro plaque pH (from about
6.7 to about 6.5) after subjects consumed
HSH candy. After consuming a sucrose
lozenge, plague pH decreased to about
5.8. A sucrose solution resulted in a
minimum plagque pH of about 5.3. Toors
and Herczog (Ref. 43) showed that
plague pH is affected by more than the
sweetener component of a food. Results



