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ABSTRACT

Objectives: Frequent consumption of sugars-containing carbonated beverages has been associated with caries, but the
consequences on the dental biofilm remain unclear. The aim was to evaluate the effect of commercial carbonated beverages
and their sugar-free version on enamel and dentine demineralization and on the cariogenic properties of Streptococcus mutans
biofilms. Materials and Methods: Biofilms of S. mutans UA159 were grown on enamel and dentin slabs and exposed 3 times/
day for 5 min, to a commercial cola or orange-flavored carbonated beverage or to their sugar-free version. Biofilms/slabs were
recovered to assess biomass, viable microorganisms, protein content and polysaccharides. Demineralization was estimated by
the variation of Knoop surface microhardness. Results: Exposures to the biofilm with sugars-containing carbonated beverages
resulted in similar biomass, viable microorganisms, proteins, and polysaccharides than sucrose (P < 0.05). The sugar-free cola
and orange-flavored drink showed lower effect on the biofilm, as compared with sucrose or their sugared version (P < 0.05).
All of the products tested, included the sugar-free, showed higher demineralization than the negative control (P < 0.05).
Conclusions: Sugars-containing carbonated beverages enhance cariogenic activity of S. mutans biofilms, comparable with
sucrose. Sugar-free carbonated beverages also have a high demineralizing potential, without affecting biofilm properties.
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INTRODUCTION

According to the most recent conceptualization of
its pathogenesis, dental caries may be considered as
an ecological sugars-dependent dysbiosis caused by
pathobionts.!"! The frequent presence of dietary sugars
causes an imbalance in the ecological equilibrium of the
resident microorganisms of the dental biofilm leading
to a pH drop and the subsequent demineralization of
the hard dental tissues.? In this scenario, sugars must
be considered as the main causative factor of caries.
Indeed, the essential role of sugars in caries etiology has
been recently emphasized, stating that “sugars is the
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only crucial factor that determines the caries process in
practice.”?! This research focuses on sugars-containing
carbonated beverages and their cariogenic potential,
including their “sugar-free” versions. These products
are also thought to be important contributors for
chronic diseases, such as overweight and obesity, !
diabetes,! and cardiovascular diseases.l’! In a time of
spiking rates of obesity and diabetes worldwide, at
an alarming level, sugars consumption is a matter of
high concern for many disciplines, not only dentistry.
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Carbon dioxide-containing beverages, named as
soft drinks, carbonated beverages, among many
others, are one of the chief contributors to the
increased sugars daily intake.”! A high and increasing
consumption of carbonated beverages has been
reported worldwide. Between 1970 and 1996, per
capita consumption of soft drinks increased 23 % in the
USA,® which represents an increase of 13.2%-15.8%
in the total amount of calories.! It has been reported
that soft drink consumption per person/year is
162 L. Since soft drinks typically contain a high
concentration of sucrose, glucose or fructose, all of
them biofilm-fermentable carbohydrates, analyzing
these beverages in terms of their cariogenic potential
becomes relevant.

Although there is an irrefutable association
between carbonated drink consumption and a
high caries experience, reported in several clinical
and epidemiological studies,!""" there is a lack of
clarity on the effect of soft drink consumption on the
dental biofilm. A study reported some biochemical
characteristics of human whole saliva and dental
plaque resulting from the daily consumption of
commercial sugary beverages.!'™ The results indicated
that moderate consumption of a cola drink failed
to produce distinct changes related with caries.
Adding to the confusion, a milestone study from
the 50s in hamsters showed that soda had the lowest
decalcification potential, when compared with the rest
of the foodstuffs under study.!

As a way to palliate the deleterious effect of sucrose
in the diet and in particular in soft drinks, many
commercial products have replaced sucrose for natural
or artificial sweeteners. Thus, carbonated beverages
without sugars or “sugar-free” are widely considered
caries safe. Although some sweeteners, including
some of those contained in sugar-free soft drinks could
be non- or anticariogenic by themselves,!'”! in practice,
these products are usually combined with other
fermentable polysaccharides, such as maltodextrins
or starches. It has been reported that commercial
sweeteners would be less cariogenic than sucrose, ™!
but still retaining some considerable demineralization
potential.

Given the scarce information available on the effect
of carbonated beverages with or without sucrose
on demineralization and on the dental biofilm, the
purpose of this study was to determine the cariogenic
potential of two of the most highly consumed
commercial carbonated beverages in the world.

28

Likewise, we aimed to compare, side-by-side, the
cariogenic potential of the sugars-containing with the
sugar-free commercial versions of both products, in a
relevant experimental caries model with Streptococcus
mutans biofilms.

MATERIALS AND METHODS

Experimental design

A previously validated!” and modified!"
experimental caries model with S. mutans biofilms
was used for these experiments. Bovine enamel and
dentin slabs served as substrates for S. mutans biofilm
formation. To estimate demineralization, initial
Knoop surface microhardness (SH,) was assessed
on each enamel and dentin slab to compare with
the values by the end of the experimental phase.
Slabs were randomly arranged in seven treatment
groups, as described below. Biofilms were exposed
to the different treatments for 5 min, 3 times/day.
Culture medium was changed twice per day. At
the end of the experimental phase of 4 days for
enamel and three for dentin, biofilms were separated
from the slabs to assess the following dependent
variables: Biofilm biomass, viable bacterial, extra- and
intra-polysaccharide production and the total amount
of soluble proteins within the biofilms. Slabs were
retrieved to evaluate demineralization occurred
throughout the experiment. Biofilm acidogenicity
was estimated by pH variations in the culture
medium, before each medium replacement. The entire
experiment was repeated twice with each condition
in triplicate (n = 6).

Enamel and dentin slab preparation

Bovine incisors were obtained and disinfected with 5%
NaOCl and thenstored in 0.9% NaCl, for no longer than
30 days until being used. Slabs (4 mm X 7 mm % 1 mm)
of enamel, from the middle part of the crown, and of
dentin, from the root portion, were prepared with
a cutting machine (LECO VC50 Diamond Saw,
Michigan, USA) and polished thoroughly polished.
SH, was obtained by a row of three indentations on
the slabs, 100 wm apart from each other, with a Knoop
microindenter with a microhardness tester (402 MVD,
Wolpert Wilson Instruments, Norwood, USA) at
50 g for 5 s in enamel and 10 g for 5 s in dentin.
To start the experiments in similar conditions and
avoid variability, only enamel slabs with SH. of
364.19 £ 36.4 kg/mm? (n = 42) and dentin slabs with
SH. 58.51 £5.8 kg/mm? (n = 42) were included. Dentin
slabs were sterilized with ethylene oxide?"! and enamel
slabs in autoclave at 121°C for 15 min.
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Streptococcus mutans biofilm formation

Two healthy young volunteers donated saliva in the
morning of the 1°* day of the experiments. Pooled
saliva was sterilized through ultrafiltration with filters
of 0.22 um and treated for 30 min with a protease
inhibitor cocktail. To enable S. mutans adhesion to
the dental tissue for biofilm formation, slabs were
covered with the sterile saliva, thus creating an
acquired pellicle-like structure.” Once treated with
the saliva, slabs were placed in individual wells
of a 24-well culture plate (Corning Costar, Lowell
MA, USA) by a specially designed hanger made of
orthodontic wire. Frozen samples of S. mutans UA159
were reactivated in brain heart infusion (BHI) agar
with 1% glucose (Merck, Darmstadt, Germany) at
37°Cand 10% CO, for 18 h. Culture optical density was
adjusted at 0.8-1.0 (600 nm) and an aliquot of 100 uLL
was transferred to 50 mL of 1% sucrose-supplemented
BHI broth, homogenized and 2 mL of the inoculated
medium transferred to each well of the 24-well
plate. Slabs were placed in the wells to form the
sucrose-induced biofilm at 37°C and 10% CO, for
8 h.®! After the initial biofilm formation, samples
were transferred to wells containing 0.1 mM glucose
to allow biofilm maturation under a physiological
basal glucose concentration™! for 16 h to complete
24 h of growth and maturation. Enamel and dentin
slabs were exposed to the carbonated beverages and
to the controls under study.

Treatments

Each slab and the biofilm associated was
randomly allocated to one of the following
treatments: 0.9% NaCl (negative caries control),
soda water (negative caries control), cola soft
drink (Coca-Cola® The Coca-Cola Company, Atlanta,
USA), a sugar-free cola soft drink (Coca-Cola Zero®),
orange soft drink (Fanta®), a sugar-free orange soft
drink (Fanta Zero®) and 10% sucrose (caries-positive
control). The choice of using Coca-Cola® and Fanta®
was made because both are among the top 10 most sold
soft drinks in the world, present in every country and
represent 31% of the market in the USA.['% Products
tested here were those available in the Chilean market.
To simulate a moderate ingestion pattern of soft
drinks, treatments were applied 3 times/day (9:00 AM,
1:00 PM and 5:00 PM) for 5 min on each occasion by
immersion in a well of a new 24-well plate containing
2 mL of the treatment, washed with 0.9% NaCl 3 times
and relocated in the BHI medium supplemented with
0.1 mM glucose. To simulate pH-cycling conditions,
like in the mouth, culture medium was changed twice
per day, before the first and after the last treatment.
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Treatment cycles were repeated until completion of
the experiment.

Biofilm acidogenicity

The pH-cycling model led to a lower pH in the spent
medium by the end of the day, after the series of
three beverage exposures, and a higher pH values
after overnight culture in glucose-containing
medium. These variations were registered to estimate
acidogenicity from the S. mutans biofilms in response
to the treatments. Thus, pH was measured twice
daily in the triplicate wells using a microelectrode
(HI 1083B, Hanna Instruments, Rumania) coupled to
a portable pH meter (HI 9126-02, Hanna Instruments).

Slab demineralization

Loss of surface hardness (SH) has been extensively
used as a reliable methodology to evaluate
demineralization.*! Given that dentin is more prone to
acid dissolution, the length of the experimental phase
for dentin was shortened 24 h. Slabs/biofilms were
washed 3 times with 0.9% NaCl and vortexed (Maxi
Mix II tipo 37600 Mixer, Thermolyne, Iowa, USA)
for 30 s to separate biofilms from the dental
substrate. The resulting biofilm suspension was kept
for further biofilm analysis. Final SH (SH,) of the
slabs was measured, in the same way as the SH, to
estimate demineralization produced throughout the
experimental period. A new set of three indentations
was used to calculate the variation of SH occurred
during the experiment. Mean values from the SH,
and SH, were used to obtain the percentage of SH
loss (%SHL) calculated as: (mean SH, — mean SH,) x
100/SH..

Characterization of the Streptococcus mutans biofilm
exposed to the carbonated beverages

Biofilm suspensions separated from the slabs were
analyzed for biomass, viable bacteria, soluble proteins
and extra and intracellular polysaccharide (IPS)
production, as briefly described.

Biomass

Sample dry weights were used to assess biomass.*
200 pL from the biofilm suspension was transferred
to preweighted tubes and incubated in 100% ethanol
at —20°C for 15 min. The resulting suspension was
centrifuged for 10 min at 10,000 xg and 4°C (Heraeus
Megafuge 16R, Thermo Fisher Scientific, Waltham,
MA, USA). The pellet was washed with 500 uL of
75% ethanol and centrifuged again. Biofilms were
desiccated to obtain the dry weight in an incubator at
37°C for 24 h (MCO-19M, Panasonic, Osaka, Japan).
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To obtain biomass values, final weight was subtracted
from the initial weight of each tube and expressed as
mg per mL of biofilm suspension.

Viable bacteria

Serial dilutions in 0.9% NaCl (v/v) of the biofilm
suspension were prepared and three drops (20 uL
each) were seeded onto BHI agar culture medium,
in duplicate.! Plates were incubated anaerobically
for 24 h at 37°C (MCO-19M, Panasonic) and colonies
counted from the dilution that allowed better
visualization of isolated colonies. Counting was made
under a magnification lens (x4), in the dilution that
had at least 20 separated colonies. The number of
individual colonies from each plate was corrected
by the dilution factor and expressed as CFU/mg of
biofilm dry weight.!*’!

Biofilm soluble proteins

An aliquot of 50 uL of the biofilm suspension was
treated with 2M NaOH and incubated at 100°C for
15 min. Final suspension was centrifuged at 10,000 xg
for 10 min at 4°C and the supernatant was used to
determine total protein concentration through the
Bradford method.?! Protein concentration in each
biofilm sample was assessed by a microplate reader
at 595 nm (Biotek, ELx800, Winooski, Vermont, USA)
and the results expressed as ug/mg of biomass.

Intra- and extra-polysaccharides

The procedures to assess polysaccharide concentration
in the biofilms were taken from previous reports.l”! In
brief, three polysaccharide fractions were analyzed:
soluble extracellular polysaccharides (SEPS), insoluble
extracellular polysaccharides (IEPS), and IPS. A 200 uL
aliquot from the biofilm suspension was centrifuged
at 10,000 xg for 5 min at 4°C (Heraeus Megafuge
16R, Thermo Fisher Scientific) to determine SEPS
from the supernatant.’”™ The remaining pellet was
treated with 200 uL 1 M NaOH, homogenized and
centrifuged to acquire IEPS from the supernatant.
The pellet from the previous steps containing the IPS
was incubated with 200 uL. 1M NaOH for 15 min at
100°C and centrifuged (10,000 xg for 5 min at 4°C).
The three supernatant fractions from each extraction
step were separately treated with 3 volumes of cold
100% ethanol and incubated for 30 min at —20°C.
Samples were immediately centrifuged and the
resulting pellet was washed with cold 70% ethanol
and centrifuged again (10,000 xg for 5 min at 4°C).
The resulting pellet of each fraction was resuspended
in 1M NaOH and total carbohydrate concentration
was estimated by the sulfuric phenol method,*!
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using a microplate reader (ELx800, Biotek) and the
results were standardized by dry weight of biofilm
and expressed as % polysaccharide/mg of biomass.

Statistical analysis

Normal distribution of the data was verified and values
obtained from the different treatment groups were
compared by one-way analysis of variance followed
by the post hoc Tukey test, using the Statistical Package
for Social Sciences 15.0 software for Windows (IBM
Corporation, NY, USA). Differences were considered
significant at a 95% confidence level.

RESULTS

Biofilm acidogenicity induced by the carbonated
beverages and measured by medium pH after each
medium change is illustrated in Figure 1A and B,
for enamel and dentin, respectively. At 32 h, pH
dropped notoriously in the biofilms treated with the
sugary carbonated beverages Coca-Cola® and Fanta®
(P < 0.0001), in enamel and dentin, similar to the
caries-positive control. From this time-point onward,
pH kept decreasing throughout the experiment.
Acidogenicity induced by Soda water, Fanta Zero®,
and Coca-Cola Zero® remained similar to 0.9% NaCl,
above 5.5.

Demineralization induced by all carbonated beverages
and tested through % SHL was higher than the
negative control (P < 0.0001) [Figure 2-IA and B].
Fanta led to the highest demineralization among
the treatments, higher than sucrose (P < 0.0001), but
similar to Coca-Cola® [Figure 2-IA]. Sugar-free version
of the beverages showed lower values than their
sugars-containing counterparts (P < 0.05), but higher
than soda water [Figure 2-IA]. Interestingly, soda water
induced approximately 5% more demineralization
than 0.9% NaCl on enamel (P = 0.025) and 30% on
dentin (P = 0.001). Dentin showed high levels of
demineralization with all the treatments assayed
[Figure 2-1B], regardless of the sugars content of the
soft drinks.

Similar to 10% sucrose, biofilms exposed to Fanta®
and Coca-Cola® with sugars showed more biomass
formation (P < 0.0001) than the other treatments
[Figure 2-IIA and B]. In this regard, no differences were
detected among sugar-free commercial carbonated
beverages, soda water, and 0.9% NaCl in either tissue.

The amount of viable bacteria within the biofilms after
the experimental phase was assessed and compared
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Figure 1: Acidogenicity from Streptococcus mutans biofilms formed on enamel (A) and dentin (B), exposed to tested carbonated beverages. Plot
shows pH of the culture medium. Each point in the plot represents mean pH of 2 independent experiments in triplicate wells (1 = 6). Error bars
represent standard deviation. Different letters represent statistically significant differences among treatments (P < 0.05)

among the different treatments. Exposure to the
carbonated beverages Fanta® and Coca-Cola® induced
the formation of biofilms with similar quantities of viable
S. mutans cells to 10% sucrose and higher (P < 0.0001)
than the other treatments. The sugar-free beverages
were unable to induce bacterial proliferation, at least,
at the level showed by the other commercial drinks.
The same trend was observed in enamel [Figure 2-1IIA]
and in dentin biofilms [Figure 2-I1IB].

Extracellular polysaccharide production by the
biofilm in response to the carbonated beverages
revealed that sugary drinks induced higher IEPS
[Figure 2-IVA and B], SEPS, and total proteins (data not
shown) than the sugar-free version, in a comparable
level to that induced by sucrose. The same trend was
verifiable in biofilms formed on enamel and dentin. In
the case of the IPS, there was not a difference among
any of the treatments in either dental tissue (data not
shown), suggesting a lack of regulatory activity on
this fraction induced by the nature of the beverage.

DISCUSSION

One of the most important sources of sucrose in
the population is the consumption of carbonated
beverages.*! In this context, the role of sugary foods,

highly consumed by the population, is key to first
understand the process and more importantly and to
control its very high prevalence. A dose-dependent
association between soft drink consumption and caries
has been recently proposed.” How these products
modify the dynamic of the dental biofilm is less clear.
This research, therefore, aimed to shed light on the
mechanisms involved in the cariogenicity of some
of the most consumed sugary drinks, included their
sugar-free version. Our findings clearly showed that
commercial carbonated beverages containing sucrose
and presented to the biofilm at least 3 times/day
were more cariogenic than those exposed to the
sugar-free version. The choice of three daily exposures
to the biofilm of soft drinks was based on a study
that showed that daily between-meal consumption
of at least 3 times associated with a 179% increase in
the probability of having high caries experience.!
Furthermore, a prospective 4-year study indicated that
there may be a dose-response relationship between
frequency of soft drink intake and increasing caries
rates in adults, with 3 or more exposures representing
a 33% higher decayed, missing, or filled teeth as
compared to those that reported no consumption.!”

Sucrose concentration in the commercial carbonated
beverages Coca-Cola® and Fanta®is 10.8% and 12.1%,
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Figure 2: Effect of the different beverages tested on the outcomes of the study: Demineralization on enamel (A) and dentin (B). Bars represent
mean percentage of surface hardness loss of the slabs. (II) Biomass induced by each experimental condition. Enamel (A) and dentin (B).
Bars represent mean biomass (mg) obtained after exposure to each experimental condition. (III) Viable Streptococcus mutans cells in the
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respectively. Given that both products contain a
similar sucrose content to the caries-positive
control (10%), it was expected that both acted like
sucrose control, in terms of cariogenicity. How can
it be explained, then, that a commercial product that
is labeled as containing no sugar added is capable
to exhibit an important demineralizing potential? In
fact, both Zero versions (sugar-free) of the commercial
carbonated beverages showed significantly higher
demineralization than the 0.9% NaCl negative
control [Figure 2-I]. The reason may arise from the
acidity of the sugar-free soft drinks. Besides carbon
dioxide, both products contain phosphoric and citric
acids, according to the manufacturer [Table 1]. We
measured the pH of the drinks before exposure to
the biofilms and all of them had a pH below 3.5.
Interestingly, the effect of the sugar-free carbonated
beverages was only on the demineralization, without
affecting the biomass, the number of bacteria, or
the polysaccharide production. The latter strongly
suggests a rather erosive potential of these acidic
beverages. Once in contact with the dental biofilm,
acid-containing soft drinks entail two different risks;
first, sugars may lead to caries by acid production
by the acidogenic microbiota with subsequent
demineralization. On the other hand, acid content
and low pH in the drink may cause erosion on the hard
dental tissues. Erosion caused by acidic beverages has
been widely discussed*! and it is still a growing field
of study. Moreover, erosion derived from frequent
acidic soft drink consumption has been associated with
dentin hypersensitivity.* Thus, sugar-free carbonated
beverages must not be considered cariogenic, in the
sense that they mediate the biological process of
caries, but dangerous, as they can induce erosion and
produce dentin hypersensitivity.

Sucrose promotes biofilm growth and proliferation,
mainly through polysaccharide production.? Given
the sucrose content of the carbonated beverages

assayed, it was reasonable to retrieve biofilms with
similar values of total biomass, viable bacteria and
polysaccharide formation, than those elicited with
sucrose control. As expected, a carbonated sugar-free
soft drink may exert its deleterious activity chemically,
without interfering with the properties of the biofilm,
like we reported here. In an in vivo situation, the
effect of the sugar-free carbonated beverage may
include alternative mechanisms, nonetheless. When
the actual clinical biofilm is exposed to acidic soft
drinks without sugars, many species may find hostile
environmental conditions due to the low pH, as shown
here. Commensal microbiota may be impaired to
outcompete aciduric microbiota, like S. mutans and
others. These aciduric and acidophilic microorganism
are endowed with a powerful regulatory machinery
to withstand stressful and demanding conditions.!

One interesting finding was that Fanta® induced higher
demineralization than sucrose on enamel [Figure 2-IA].
We believe that the explanation may be 2-fold.
First, Fanta® contains more sucrose (12.1%) than the
caries-positive control (10%), hence, an increased
production of acids. On the other hand, and according
to the manufacturer, Fanta® is made with modified
starches as thickeners, unlike Coca-Cola®. Those
components may create a more viscous solution that
is metabolized by the biofilm. It has been reported that
starches enhance cariogenicity of sucrose, when both
are combined and exposed to the biofilm.” When
starch derivatives, such as maltodextrins, are added
to products containing noncariogenic sweeteners,
the biofilm is yet capable to ferment and induce acid
production.8!

It is generally accepted that sparkling soda or soda
water is harmless in terms of dental health and many
dentists actually prescribe it as an alternative to
sugars-containing carbonated beverages. We decided
to use soda water as a control, so the sugar-free
carbonated beverages could be compared with a

Table 1: Test groups and their characteristics. Type of product and commercial name, sucrose and acid

content and pH of the solution.

Group Treatment Identification or Sucrose Acid contained pH*
commercial name (g9/100 mL)

1 Caries-negative control 0.9% NaCl 0 None 7.08
2 Soda water Soda water 0 Carbon dioxide 4.84
3 Cola soft drink Coca-Cola, Coke® 10.8 Carbon dioxide, Phosphoric acid, Citric acid  3.02
4 Sugar-free cola soft drink Coca-Cola Zero, Coke Zero® 0 Carbon dioxide, Phosphoric acid, Citricacid  3.39
5 Orange soft drink Fanta® 121 Carbon dioxide, Phosphoric acid, Citric acid  2.48
6 Sugar-free orange soft drink  Fanta Zero® 0 Carbon dioxide, Phosphoric acid, Citricacid  3.14
7 Caries-positive control 10% Sucrose 10 None 5.80

*pH measured with the products just opened or the solutions prepared
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noncariogenic carbonated control and to estimate the
demineralizing potential of carbon dioxide. Although
demineralization induced by soda water in enamel
was slightly higher than the negative control and
lower than the Zero drinks [Figure 2-IA], in dentin, the
demineralization was much higher than 0.9% NaCl and
similar to the sugar-free soft drinks [Figure 2-IB]. This
result remarks the lower demineralization threshold
of dentin (pH 6.5) with regard to enamel (pH 5.5).%
Based on the fact that the world is aging at a very high
rate, root caries in this more susceptible population
must be a concern. Gingival recession is common
in older adults and is a risk factor for root caries.?”!
Hence, dietary counseling to older adults must take
into account the higher susceptibility to root caries
of this population and the hazard imposed by the
consumption of carbonated soft drinks, including
sugar-free versions and the erosive potential of soda
water on root surfaces.

The high protein and polysaccharide [Figure 2-1V]
production by the biofilms exposed to the carbonated
beverages with sucrose is no surprise. Sucrose induces
a mature biofilm by production of polysaccharides
in a dose-dependent manner.®! The fact that the
IPS did not show variation across the experimental
groups suggests that these molecules are used only
when bacterial cells are under severe starvation, as a
reservoir for carbohydrates.*!

We acknowledge the limitations of this in vitro
approach. Alternative methodologies to assess
demineralization may be used for further experiments,
though microhardness has been extensively used to
estimate demineralization in caries. A single-species
biofilm, the absence of salivary proteins and salivary
remineralizing ions, restrict drawing final conclusions.
Yet, this methodological approach to test carbonated
beverages overcomes obvious ethical limitations of
an in vivo study and allows a better control of the
variables, so commercial products can be compared in
aside-by-side fashion. Further studies can contribute to
expand these findings with alternative methodological
strategies.

These results highlight the importance of
controlling sugars consumption, especially due to
the availability of sugars-containing soft drinks,
their low prices, and their increasingly bigger
volumes. For example, just one sugary drink
contributes 295 kcal/day, which represent about
35% of the sugars needed per day.*! Consumption
of carbonated beverages has not decreased. A highly
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frequent consumption of these beverages create an
ecological imbalance within the dental biofilm with
loss of ecological balance leading to caries.*” On
the other hand, it has been claimed that reducing
consumption of free sugars below a threshold of
15-20 kg/person/year or 40-55 g/day or 10% of
total energy intake) seems to result in a lower risk
of caries.*!l Unfortunately, most processed foods
contain important amounts of added sugars and
achieving this goal is not an easy task. Data between
1988 and 1994 from the “Third National Health
and Nutrition Examination Survey” showed that
carbonated beverages may have an cumulative
effect after years of consumption.!

The multifactorial nature of the disease actually is
under scrutiny, as the other involved factors, i.e.,
saliva, fluoride, tooth structure, socioeconomic
status, among others, are not necessary factors for
caries causation, but modifiers of the relationship
of sugars and the dental biofilm. Hence, preventive
measures should mainly consider the causative
factors and secondarily the modifiers. In general,
most of the energy is used to tackle the modifiers
rather than the causative ones. Caries prevention
must be oriented to control sugars consumption.
Emphasizing on fluoride exposure or toothbrushing
as the sole mechanisms to prevent caries will continue
to fail, as the burden of disease clearly indicates.*
The dental profession, therefore, has an opportunity
to integrate the multidisciplinary efforts to control
diseases directly linked with sugars consumption,
such as obesity and diabetes. Furthermore, other
deleterious implications of sugar consumption are
being considered. For example, sugars consumption
has been associated with reduced white blood cell
phagocytosis and inflammatory cytokine markers.[*!

CONCLUSION

Commercial sugary carbonated beverages seem to
be as cariogenic as sucrose. The sugar-free versions
may be less cariogenic than their sucrose-containing
counterpart, albeit preserving a dangerous cariogenic
and erosive potential. The cariogenic effect of these
beverages on the biofilm appears to derive from
both, the stimulating activity of sucrose on biofilm
proliferation and also from the acidity of this type
of soft drink, which increases demineralization
of the hard tissues, particularly root dentin. This
harmful activity may be enhanced by the common
consumption pattern of high quantities and high
frequency of the carbonated drinks. Preventive caries
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measures should take into account this risk and
include recommendations on avoiding consumption,
especially those containing sucrose.
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