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ABSTRACT

Objectives: The antibacterial activity of Coffea canephora extract was evaluated in vitro against
Streptococcus mutans and Streptococcus sobrinus. The viability of planktonic cells was analysed
by susceptibility tests (MIC and MBC) and time-kill assays. The effect of the extract on dental
demineralisation was also investigated.
Methods: Primary 1st molar fragments (n=24) were inoculated with a saliva pool and
sustained in a multiple plaque growth system for 10 days to form biofilm. The biofilm was
treated with light roasted C. canephora extract at 20%, Milli-Q water (negative control) and
chlorhexidine (positive control) once a day, during a week. Blank controls comprised frag-
ments without treatment. Biofilm pH was monitored in the last day of treatment. Changes in
tooth mineralisation were assessed by cross-sectional microhardness (CSMH) test.
Results: MIC and MBC for S. mutans were 7 + 2 mg/mL and 160 + 0 mg/mL, respectively,
showing no activity for S. sobrinus. The extract produced a 4-log reduction in the number of
colonies of S. mutans after 3-h treatment (p < 0.05) with undiluted extract (20%) and MBC
concentration (16%). There was no difference among negative/blank controls and coffee
plaque pH. Differences between CSMH values of dental fragments subjected to the coffee
extract and to chlorhexidine were not significant. At depths up to 30 um from the enamel
surface, coffee extract and chlorhexidine promoted higher CSMH values when compared to
blank/negative controls (p < 0.05).
Conclusion: Our data suggest that light roasted C. canephora extract is beneficial as an
anticariogenic substance.

© 2010 Elsevier Ltd. All rights reserved.

1. Introduction

loss of minerals from the tooth when pH drops, or a gain of
minerals when pH increases.? The cumulative result of these

Dental biofilm is defined as the diverse microbial community
found on tooth surface embedded in a matrix of polymers of
bacterial and host origin. From a biochemical point of view,
the bacteria in the biofilm are always metabolically active,
causing fluctuations in pH. These fluctuations may cause a

de- and re-mineralisation processes may be a net loss of
minerals, leading to dissolution of the dental hard tissues and
the formation of a caries lesion.' Therefore, an important
strategy for the prevention of dental caries is to reverse or halt
the mineral loss.?
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Over the past two decades, the anti-caries potential of
polyphenols extracted from different types of natural pro-
ducts such as propolis, tea, cocoa, cranberry, has been
reported.*® These substances have been proven to be
potential agents in the prevention of oral disease, particularly
biofilm-related diseases.”®

In the plant kingdom, the sources of polyphenols are
numerous.® Coffee is not only the most popular and widely
consumed beverage throughout the world, but also rich in
polyphenols as well.° Studies have shown the possibility of
dental caries prevention by coffee’s antibacterial activity
against Streptococcus mutans,'®'* which is a member of the
endogenous oral microflora and also a contributor to biofilm
formation in the oral cavity.'?

The antibacterial activity of coffee against S. mutans
changes according to its chemical composition that is
influenced by species and processing such as roasting and
decaffeination. Previously, we observed that Coffea canephora
extracts presented better performance as an antibacterial
agent compared to Coffea arabica.'* However, there is no
evidence that C. canephora extracts exert the same activity
against cariogenic bacteria other than S. mutans. Another
important aspect that has not been investigated is the effect of
coffee on the de-remineralisation process of caries disease.
Exploring these themes would result in a more direct and
realistic picture of coffee anticaries effect.

Therefore, in the present study, we first evaluated, in vitro,
the antibacterial effect of a C. canephora extract against S.
mutans and S. sobrinus. Following, we investigated the
demineralisation effect of the extract on deciduous teeth
after ex vivo treatment of mixed biofilm.

2. Materials and methods
2.1.  Coffea canephora extract and controls

Regular C. canephora cv. Conillon beans were roasted in a
commercial spouted bed roaster (I-Roast, Gumee, IL, USA),
operating at a max. temperature of 220°C, for 6 min, to
produce a light roasting degree (SCAA, USA). Roasting coffee
beans were ground in a laboratory-scale mill to pass through a
0.46 mm sieve. An aqueous coffee extract at 20% (pH 5.28 + 0.8)
was obtained by a coffee brewing procedure, percolating
100 mL of pre-boiling (95 °C) Milli-Q purified water through
20 g of ground roast coffee. Chlorhexidine at 0.05% and at
0.12% (pH 5.10 +0) were used for the Killing kinetics and
biofilm assays, respectively, as positive controls, whereas
Milli-Q purified water (pH 5.75 £ 0.6) was used as the negative
control for both experiments.

2.2. Characterisation of phenolic compounds from Coffea
canephora extract

The contents of caffeic and chlorogenic acids (3-, 4- and 5-
caffeoylquinic acids - 3-, 4- and 5-CQA; 3-, 4- and 5-
feruloylquinic acids - 3-, 4- and 5-FQA and 3,4-; 3,5- and 4,5-
dicaffeoylquinic acids - 3,4-, 3,5- and 4,5-diCQA) were
determined by gradient LC-DAD-ESI-MS according to Farah
et al.,® using a Magic C30 column (150 mm x 2.0 mm, 5 pm,

100 A, Michrom Bioresources Inc., Auburn, CA). The contents
of caffeine were determined by LC-ESI-MS according to
Antonio et al."*

The liquid chromatograph equipment (Shimadzu, Kyoto,
Japan) comprised a LC-10ADup quaternary pump, a CTO-
10ASup column oven, a 8125 manual injector (Rheodyne) with
a5 pLloop and a SPD-M10Avp diode array detector. This liquid
chromatograph system was interfaced with a LC-MS 2010
mass spectrometer (Shimadzu, Kyoto, Japan). For sample
clarification prior to the chromatographic analyses of phenolic
compounds, 500 pL of each coffee extract was mixed with
500 pL of Carrez solutions and the volume was made up to
50 mL with Milli-Q water. The mixtures were shaken, allowed
to rest for 10 min and filtered through a Whatman #1
qualitative filter paper and through a 0.22 pm membrane
(Millipore). The filtrates were used directly for chromatogra-
phy. Chemical analyses were performed in triplicate.

2.3. Bacterial strains and culture to evaluate the
Minimum Inhibitory Concentration (MIC)

The bacterial strains used were from the American Type
Culture Collection (ATCC): S. mutans ATCC 25175 and Strepto-
coccus sobrinus ATCC 33478. Bacteria were kept at —20°C in
Tryptic Soy Broth (Oxoid, Hampshire, England) with 20%
glycerol and activated by transfer into blood agar. The plates
were incubated at 37 °C during 48 h, in a candle jar. Bacterial
cells were suspended in saline solution to produce a
suspension of about 1.5 x 10® CFU/mL. 300 uL of this suspen-
sion were mixed with 9.7 mL of Mueller-Hinton bacterial Broth
medium (Difco, Sparks, USA), resulting in an inoculum with 4-
5 x 10° CFU/mL.

2.4.  MIC and Minimum Bactericide Concentration (MBC)
determination

MIC was evaluated by the dilution method in Mueller-Hinton
Broth medium (Difco, Sparks, USA) according to Antonio
et al.," with concentrations ranging from 5 to 160 mg/mL of
the 20% aqueous coffee extracts. 100 pL of the inoculum was
added to each tube and the MIC value was evaluated after 24 h
incubation at 37 °C, as the lowest coffee solution concentra-
tion inhibiting observable growth. Samples from tubes where
the MIC results showed no bacterial growth were removed
with a loop, inoculated onto a blood agar plate, and incubated
at 37 °C, for 48h. MBC was considered to be the lowest
concentration at which microorganisms were totally unable to
grow. The controls included an inoculated Mueller-Hinton
Broth medium (Difco, Sparks, USA) without the test coffee
extracts and also tubes with no inoculated Mueller-Hinton
Broth medium (Difco, Sparks, USA), but with the test extracts,
in all concentrations tested. Experiments were performed
three times in duplicate.

2.5.  Killing kinetics assays

The experiment of bacterial killing kinetics of the coffee
extract was described by Alviano et al."® Only S. mutans ATCC
25175 was used in this study because we did not find the MIC
and the MBC of the tested coffee extract against S. sobrinus.
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Accordingly, 0.4 mL aliquots of the bacterial strain culture,
after adjustment to 0.5 McFarland scale, which were grown for
10 h in Mteller-Hinton Broth medium (Difco, Sparks, USA) at
37 °C under microaerofilia, were added to 1.6 mL of the extract
at25% to give a final concentration of 20%. Also, coffee extracts
at 1% and 16% were tested. After the inoculum addition, 100 pL
aliquots of each system were collected at 30 min intervals up
to 3 h, to enumerate viable cells by serial dilution (103 to 10~8)
in sterile saline and spreading of 100 pL of each dilution in
blood agar plates. Two more tubes containing 2 mL of Miieller—
Hinton Broth medium (Difco, Sparks, USA) were used as
controls; one without bacteria for a sterility control and the
second with bacteria for a growth control. Chlorhexidine at
0.05% (positive control) and Milli-Q water (negative control)
were also tested. The blood agar plates were incubated during
48 h at 37 °C in microaerofilia to determine the CFU/ml. The
killing kinetics curve for S. mutans strain with the coffee
extract and the controls were obtained comparing the
bacterial population at the beginning of the experiment
(time = 0 min) and at each 30 min interval after the addition
of the tested substances.

2.6.  Tooth selection and sample preparation for biofilm
plate assay

The naturally exfoliated primary first molars used in this
investigation were collected from children living in Rio de
Janeiro, Brazil, in conformity with the rules of the Local
Ethics Committee of the Institute of Studies in Public Health,
Federal University of Rio de Janeiro, Brazil (Process No. 43/
2007). Twelve teeth were inspected using a light microscope
(40 X), and none of them was found to have structural
alterations. All teeth were stored in physiological solution
(changed every week) until the beginning of the experiment.
The teeth were sectioned mesiodistally by using a cutting
machine (Isomet, Buehler, Lake Bluff, IL, USA), resulting in
24 fragments. Each fragment was coated with an acid-
resistant nail varnish leaving a window (4.5 mm x 4.5 mm)
of exposed tooth. All fragments were submitted to ethylene
oxide sterilisation (Bioxxi, Brazil) prior to the experiment

(Fig. 1).
2.7.  Inoculum to form biofilm on tooth fragments

The inoculum comprised unstimulated whole mixed saliva,
collected from three volunteers (1 man and 2 women) aged 25-
36 years (mean 29 years), who spit into a graduated collection
tube. The subjects were in good general and oral health, and
had all natural teeth. None of the subjects was on any
medication and they gave their informed consent. Subjects
were instructed not to consume food or beverages except
water for 1 h before saliva collection. Moreover, none of them
consumed coffee habitually. The saliva produced in the first
30 s was discarded and then, it was collected for exactly 5 min.
Their mean DMFT (4.6) and mean whole saliva flow rate
(0.83 mL/min) were registered.

The saliva (1 mL) from each volunteer was placed into a
tube, which was mixed using a vortex, resulting in an
inoculum with 2 x 108 CFU/mL (dilution of 1:200). From this
suspension, 0.6 x 10® CFU/mL of S. mutans were identified.

2.8.  Biofilm plate assay

The biofilm model (Fig. 1) employed in this study was able to
form stable and reproducible biofilm with human saliva. It was
conducted in polystyrene 24-well tissue-culture plates (TPP,
Zellkultur Testplatte 24 F). The tooth fragments were fixed
inside the wells with 400 L of agar at 2% (Noble agar, Difco,
USA). First, each fragment was placed inside a well and then
the agar was carefully added in its bottom, leaving the teeth
surface exposed for treatment. After the agar had become
solid in order to fix the referred tooth fragments, the wells
were completed with Brain-Heart Infusion growth media (BHI,
Difco, 1485 pL/well) already containing the inoculum (15 pL/
well). The system was incubated in microaerofilia for 10 days
at 37 °C so as to produce biofilm.

After biofilm formation on the teeth, three different types
of treatment were performed (six teeth for each treatment): (1)
50 pL of C. canephora extract at 20%,; (2) 50 pL of Milli-Q purified
water (negative control); and (3) 50 pL of chlorhexidine at
0.12% (positive control). Six biofilm-covered teeth, which did
not receive any treatment, were considered the blank control.
Before substances’ application on dental biofilm for 1 min, the
medium from each well was removed. After each treatment,
dental fragments were rinsed twice with 1500 pL of distilled
water (neutral pH) and a new Brain-Heart Infusion growth
media (BHI, Difco, Sparks, USA; 1500 pL/well) was inserted into
the wells. The treatment procedure was performed once a day,
at the same hour, during a week.

2.9. Plaque pH measurements

The plaque pH measurements (Fig. 1) were performed with a
touch microelectrode (Beetrode MEPH-3L, WPI, New Haven,
CT, USA) and with a reference electrode connected to a pH
metre (Orion Res Inc., Cambridge, MA, USA). The electrode was
calibrated using pH 4.0 and pH 7.0 buffers before the beginning
of each test and also after every plaque pH determination. A
group of three teeth from the six treated with each substance
and also from the six blank controls had their biofilm
evaluated. The microelectrode was inserted into the biofilm
on each teeth and the plaque pH was measured on 7th day of
treatment at time intervals of 0 (immediately after) and 5 min
after substances’ application. The pH analyses were blind.

2.10. Cross-sectional microhardness test of teeth
fragments

At the end of the experimental phase, the tooth fragments
were removed from the wells, and longitudinally sectioned in
the middle of the fragment resulting in two halves (Fig. 1). Each
half was included in stubs and the cut surfaces were exposed
and polished. The cross-sectional microhardness (CSMH) was
performed according to Hara et al.’* Two sequences of 14
indentations were made at 10, 20, 30, 40, 50, 60, 70, 80, 90, 100,
120, 150, 200 and 300 um from the outer enamel surface,
150 pm apart. The means were calculated for each distance.
CSMH values were measured using a Digital Microhardness
Tester (HVS-1000, Time Group Inc., China), with aload of 25 g
for 10 s. The data were expressed as Knoop hardness number
(kg/mm?). Afterwards, the hardness of the untreated enamel
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Fig. 1 - The biofilm model and the tests used to identify the anticariogenic property of Coffea canephora extract.

that was covered with the nail varnish was used as control.
The examiner was blind during the experiment.

2.11. Mineral contents of the C. canephora extract

An aliquot of 3 mL from C. canephora extract at 20% and from
BHI growth media was sampled and centrifuged (3000 x g,
3 min., 4 °C). The supernatant was treated with 250 pL of 65%
of HNOs. The solutions were analysed by atomic absorption
spectroscopy (Analyst 300 - Perkin Elmer, Germany) in order to
calculate the contents of Zinc, Strontium, Silicon, Sulphur,
Phosphorus, Sodium, Manganese, Magnesium, Potassium,

Iron, Copper, Calcium, Barium, Boron and Aluminium in the
coffee and in the media where the teeth were submitted to
treatments.

In relation to fluoride contents, it was also analysed in
samples of C. canephora and BHI, in duplicate, according to
Lima and Cury.” Fluoride was analysed using an ion specific
electrode (Orion - 96-09) after buffering with the same volume
of TISAB II (acetate buffer 1.0 M, pH 5.0 containing NaCl 1.0 M
and 1,2-cyclohexanediaminetetracetic 0.4%). The electrode
was calibrated with five standard solutions ranging from 0.125
to 2.0 pg F/mL. The calibration curve (r=0.909) was tested
against fluoride standard solutions (Orion) and blanks.
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Analyses were performed in duplicate.
2.12. Statistical analysis

The Kruskal-Wallis test was used for statistical comparison of
killing kinetics assays results and also for the effect of C.
canephora extract on acidogenicity of biofilm. For analyses of
CSMH values, the assumptions of equality of variances and
normal distribution of errors were respectively checked with
the Shapiro-Wilk test for all response variables. ANOVA and
Tukey test were used to detect differences among treatments.
SSPS software, version 17.0 was used for all statistical
analyses. Differences between means were considered signif-
icantly different when values of p < 0.05 were obtained.

3. Results

The phenolic compounds, caffeine and minerals concentra-
tions in the C. canephora aqueous extract at 20% are presented
in Tables 1 and 2, respectively.

3.1.  Antibacterial and bactericidal activities of coffee
extract

The C. canephora extract was tested for its antibacterial activity
towards S. mutans and S. sobrinus. MIC and MBC values, 7 £+ 2
(mg/mL) and 160 + 0 (mg/mL), respectively, showed that the
coffee extractis active against S. mutans. No antibacterial (MIC)
and bactericidal (MBC) activities were found against S. sobrinus
at tested concentrations.

3.2 Killing kinetics results

The different concentrations of coffee extract (1%, 16% and
20%) acted differently on S. mutans when compared to the
controls and one to another (Fig. 2). C. canephora aqueous
extract at 16% and 20% (p > 0.05) demonstrated a 4-log

Table 1 - Contents of cinnamic acid derivatives (phenolic

compounds) and caffeine in Coffea canephora extract at
20%.>°

Chemical compounds

Mean + SD

Cinnamic acid derivatives 3650.78 + 74.0

3-CQA 808.6 +16.8
5-CQA 1342.2 +52.7
3-FQA 136.6+7.0
4-CQA 863.4 +£22.3
5-FQA 78.7 £6.5
4-FQA 181.08 £ 7.4
3,4-diCQA 12530 +4.4
3,5-diCQA 4275+ 0.4
4,5-diCQA 72.14 + 1.1
CA 87.33 +35.0
Caffeine 2110 + 0.4

@ Results are shown as mean of triplicate analysis, expressed in
pg/mL.

b CA, caffeic acid; CQA, cafeoylquinic acids; FQA, feruloylquinic
acids; diCQA, dicaffeoylquinic acids; CGA, chlorogenic acids.

Table 2 - Mineral contents of Coffea canephora extract at

20% and BHI medium.?

Minerals Coffea canephora BHI medium
extract (20%) (mean + SD)
(mean + SD)
Zinc 0.52+0.03 1.57 £0.02
Strontium 1.114+0.05 0.04 +0.01
Silicon 6.66 + 0 4.05 +0.04
Sulphur 314.66 +£ 9.6 243.73 £3.2
Phosphorus 491.67 + 22.77 294.82 + 10.54
Sodium 26.66 + 1.67 2714.8 £ 97
Manganese 1.94 +£0.03 0.04 +0.01
Magnesium 589.69 =+ 18.32 14.04 +2.12
Potassium 10173.58 + 182 759.35 +19.43
Iron 3.22+0.15 0.8 +£0.01
Copper 0.46 £ 0.02 02+0
Calcium 216.71 £ 11.93 10.8 £3.2
Barium 0.14+0 0.04 +0.01
Boron 4.23+0.16 0.10+0
Aluminium 0.083 +0.08 0.3+0
Fluoride 0.018 £ 0 0.044 + 0.003

@ Results are shown as mean of duplicate analysis, expressed in
pg/mL.

reduction in the growth of S. mutans after 3h treatment,
compared to the untreated control (p < 0.05). Chlorhexidine at
0.05% could reduce the CFU count of S. mutans ATCC 25175
below the detection limit (50 CFU/ml) from 30min on
(p <0.05). C. canephora extract at 1% was not able to reduce
the initial bacterial population after 3 h treatment in the same
proportion of the extracts with the highest concentrations
(p <0.05).

3.3.  Effect of C. canephora extract on acidogenicity of
biofilm

Although we observed a small raise (from 4.81+0.10 to
4.95 + 0.05) of biofilm pH 5 min. after the last treatment (7th
day of treatment) with the C. canephora aqueous extract at 20%,
it was not significant (p>0.05) when compared to the
treatment with negative control (from 4.89+0.11 to
4.84 + 0.13) and to blank control (4.83 & 0.14 to 4.85 + 0.16).

It was not possible to evaluate the pH of the biofilm treated
with the positive control (chlorhexidine at 0.12%), since these
tooth fragments showed no biofilm accumulation after 7 days
of treatment.

3.4. Cross-sectional microhardness results

For the CMSH analysis (Fig. 3), C. canephora aqueous extract
significantly (p < 0.05) inhibited demineralisation at depths up
to 30 pm from the enamel surface when compared to blank
and negative controls. Also, at depths up to 20 pm, fragments
subjected to chlorhexidine (0.12%) presented less loss of
hardness than coffee extract, but the difference between both
treatments was not significant for all distances.

The hardness values of the tooth fragments’ areas
subjected to coffee extract and chlorhexidine (0.12%) did not
differ statistically from the adjacent areas that were previous-
ly protected with acid-resistant varnish.
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Fig. 2 - Bacterial killing kinetics of a C. canephora extract and controls for 180 min. The S. mutans CFU was determined at
30 min intervals after the contact with the following treatments: (1) C. canephora aqueous extracts at different
concentrations (1%, 16% and 20%), (2) chlorhexidine (0.05%) - positive control and (3) Milli-Q water - negative control.
Bacterial growth without the extracts and control solutions was also monitored. Significant differences (p < 0.05) were
found between controls and coffee extracts at 16% and 20% from 150 min onwards and also between chlorhexidine (0.05%)

and all other treatments, in all moments.

4, Discussion

The use of plant extracts with medicinal properties represents
a concrete alternative for the treatment of different diseases.
This includes the use of natural products as antimicrobial
agents,>*'® even though in the absence of scientific basis
such practices may generate serious adverse effects.'®

4007
350
'E 300
‘&b
=
w
w
g 2507
]
=
& Treatments:
5 200 < Mul-Q water
* Blank control
4 Coffee extract (20%)
® Chlothexidine (0.12%)
150+ ¥ Control (protected teeth's areas)
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Fig. 3 - Means of enamel Knoop hardness (kg/mm?) after
treatments with coffee extracts and controls, considering
the distance (um) from the enamel surface. A significant
difference was found among the coffee extract and blank/
negative controls at depths up to 30 um (p < 0.05). No
significant difference was observed between this extract
and chlorhexidine (p > 0.05).

Regarding the use of coffee extracts, it could not be
disapproved, since this beverage is part of the habitual diet
for many people, except for those who are very sensitive to
caffeine.

There is no doubt that coffee is the most consumed
beverage in the world after mineral water. In addition to its
pleasant flavour, it has been considered as a potential
functional food for its biopharmacological properties demon-
strated in clinical and epidemiological researches.'”*® In the
last decade, a series of studies have been performed exploring
the anti-infective properties of coffee on different micro-
organisms,'¢%?% which can generate a significant improve-
ment in managing several kinds of health disorders. The main
compounds responsible for such activity in roasted coffee
extracts are chlorogenic acids, caffeic acid and caffeine. Other
minor compounds described in the literature are trigonelline,
a-dycarbonil compounds and protocatechuic acid.****°

Anila Namboodiripad and Kori ?* observed that subjects
who consumed coffee daily without sugar and milk showed
Decayed Missing and Filled Surface (DMFS) scores of 2.9,
whereas in subjects who did not consume coffee, the DMFS
score was 4.0, demonstrating the anti-caries properties of
coffee. The anti-caries effect of a substance has been related
to: (1) its physicochemical effects, by inhibiting demineralisa-
tion and enhancing remineralisation processes® (2) its
antibacterial effects, by inhibiting the critical metabolic
processes of mutans streptococci'?; and (3) by preventing
the development of favourable low pH environments for
cariogenic bacteria in the biofilm."? In the present study, these
three effects were evaluated in C. canephora extract.

Included in the group of bacteria associated with carious
lesions is the group of mutans streptococci, which contains
seven species, although two of them, S. mutans and S. sobrinus,
are the main bacteria associated with caries in humans.?? In
the present study, we selected both bacteria to be evaluated.
Nevertheless, mutans streptococci species are not considered
to be one of the early or primary colonizers of teeth, but rather
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colonize at later stages of plaque development, after other
species have adhered on the tooth surface. Acquisition of
these bacteria, and their final proportions in plaque, may be
related in part to the presence of other plaque species and in
part to the environmental conditions.?®> Therefore, in the
present study, an in vitro biofilm/caries model using a saliva
pool — where mixed species were controlled by in vitro
environmental and nutrient conditions - was applied to
simulate an in vivo situation. According to Fontana et al.?® a
bacterial system is the best in vitro caries model to accurately
mimic an oral environment.

Still considering the methodology, different concentrations
of chlorhexidine were used as positive controls. For time-kill
experiment with strains of ATCC, the positive control was
chlorhexidine at 0.05%, while for the biofilm assay it was
chlorhexidine at 0.12%. Studies''** have been using chlorhex-
idine at 0.05% as the positive control for biofilm models formed
by only one ATCC microorganism strain. According to Filoche
et al,” single-species biofilms were more susceptible to
treatment with chlorhexidine than a biofilm provided by
different species of microorganisms. In the present work, the
biofilm formed on teeth surface should be considered as a
complex net of different species of bacteria, thus the authors
opted for a higher concentration of chlorhexidine (0.12%) as
the positive control, just as it is prescribed for the oral cavities.

Regarding the biofilm assay, despite the difficulty to
fragment primary teeth due to their small size, such teeth
were used as hosts for microorganism biofilm growth because
they are physiologically exfoliated, being easier to be obtained
than permanent teeth. Additionally, primary teeth are more
susceptible to mineral loss than permanent teeth. According
to Attin et al.,?® primary teeth contain higher concentrations of
carbonate ion comparing to permanent teeth, being also
differently placed in the hydroxyapatite structure of decid-
uous teeth when compared to permanent teeth. Such
characteristic is responsible for a higher susceptibility of
primary enamel to loose minerals when exposed to a
cariogenic challenge than permanent enamel.?® Therefore,
since primary teeth are more susceptible to caries disease, we
found appropriate to use them in our model instead of
permanent teeth.

In the current study, C. canephora extract did not show
bacteriostatic activity against S. sobrinus at tested concentra-
tions. Although it might be possible at higher concentrations,
this test was not performed because we opted for testing
concentrations that still could be normally consumed by
people (up to 20%). This concentration has already shown
antibacterial properties against enterobacteria.*®

According to our results, the minimum concentration of
the coffee extract that inhibited the growth of S. mutans was
7 £2 (mg/mL). A similar result (MIC=5mg/mL) has been
previously observed by Antonio et al.,'* when evaluating the
antibacterial activity of C. arabica and C. canephora. Regarding
the minimum bactericidal concentration (160 mg/mL) of this
extract against S. mutans, it was higher than MIC in from 4 to 5
dilutions. Comparable results were demonstrated by a similar
study with natural product.?’

The outcome of the time-kill assay showed that the C.
canephora extract exhibited a time- and concentration-depen-
dent killing effect against S. mutans ATCC 25175. This means

that after 3 h contact between S. mutans and the extract, the
number of viable cells reduced significantly. Our data suggests
that the consumption of coffee can prevent the colonization of
S. mutans, since coffee has been widely and safely consumed
as a beverage for a long period of time. Signoretto et al.?®
observed, in an ex vivo study, a positive correlation between
the consumption of coffee and oral health in terms of
reduction of plaque deposition and lower counts of odonto-
pathogens, such as S. mutans.

Considering the results of the cross-sectional microhard-
ness test, it showed that the C. canephora extract at 20%
inhibited the demineralisation of enamel at depths up to
30 pm from the enamel surface. Despite the similar inhibitory
effect of the coffee extract at 16% and at 20% on killing kinetics
experiment with planktonic cells of S. mutans, we opted to
conduct the biofim plate assay testing the extract at 20% since
we used mixed biofilm formed by human saliva, which tend to
be more resistant than planktonic cells.™

The process of enamel demineralisation involves the
dissolution of enamel apatite crystals, and the diffusion of
ions, such as calcium, phosphate, and hydrogen, into and out
of the enamel microstructures. It has been suggested that the
ion diffusion pathway in enamel is controlled by the organic
matrix network, which occupies the enamel tissue.’® The
changes on enamel organic matrix can affect the deminer-
alisation process through the control of the diffusion pathway
in tooth structures.® In the present study, the chemical
analyses of the coffee extract showed a large amount of
calcium and phosphorus in the referred extract. So, the
authors supposed that the C. canephora extract could interact
with the enamel organic matrix through its mineral contents,
inhibiting the decomposition of the organic matrix during the
acid attack by the microorganisms.

Furthermore, Zhang et al.’® avowed that interactions
between polyphenols and organic matrixes seem to also inhibit
the demineralisation process. According to them, the referred
interaction involves covalent, ionic, hydrogen bonding or
hydrophobic processes, which induces the metamorphism of
enamel organic matrix. The metamorphic organic matrix is
precipitated in the enamel, resultingin a slow down of the speed
of mineral ions loss, and consequently, enamel demineralisa-
tion is inhibited. In our study, the C. canephora extract was
extremely rich in polyphenol compounds, which should have
inhibited the demineralisation process of the fragments
submitted to the artificial caries/biofilm model. A grape seed
extract, another natural substance containing polyphenols,
exerted a similar effect on the tooth hard tissue.®*

Another point should be emphasized. Since BHI medium
contained some minerals like calcium and phosphorus, one
could say that these minerals could have exerted an effect on
teeth remineralisation process. However, all tooth fragments,
including blank and negative controls, were equally kept with
BHI medium in the wells. A significant difference between the
hardness of dental biofilm that received the coffee treatment
and the negative and blank controls led us to believe that the
amount of the referred chemical compounds in the coffee
extract was responsible for such result.

C. canephora extract demonstrated a significant inhibitory
effect of demineralisation even after applying a small amount
of the extract (50 pL) on the biolfim and for a short period of
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time. Aspiras et al.>® stated that the biofilm acts as a storage
reservoir for ions such as calcium, fluoride and phosphate,
causing a raise in retention and an exchange between these
ions and tooth enamel. In addition, dental plaques on enamel
tooth have been shown to consist of microbial “stacks”
surrounded by voids and channels, exhibiting an open and
fragmented architecture with a high surface-area in the
outermost layers.’® The void-and-channel system in plaque
would serve as a route for the distribution of antimicrobial
compounds. This would increase the time needed for
remineralisation and thus delaying the caries combat. In
the present study, even though the biofilm was washed after
treatment, the coffee compounds were probably retained in
the biofilm netting, being released over time to the tooth and
allowing the constant ion exchange.

We know that small amounts of calcium and phosphorus
lost by enamel during the pH drop throughout the de-
remineralisation process can be more efficiently recovered if
fluoride is present in the oral environment.*® In a recent
study?® the authors reported that the coffee fraction tested
against oral biofilm contained fluoride, which is understood
by us that the anticaries action of coffee aqueous extract
should be also enhanced by the presence of fluoride in
coffee. However, in the present study, the fluoride contents
of C. canephora and of BHI were lower than the limits needed
(0,1 g F/mL) to raise the pH of biofilm *' and consequently
favour the ionic exchanges during the de-remineralisation
process.

In this study, although the coffee extract penetrated
through the biofilm net pathways, inhibiting the deminer-
alisation process, it was not able to increase the biofilm pH.
The C. canephora extract studied was made from a light roasted
ground coffee with weak acidic properties (pH 5.28 & 0.8).
Although it prevented the rising of dental biofilm pH, it
contained a large amount of phenolic compounds and caffeine
that favours its antimicrobial action.!* The authors believe
that both the inhibition of demineralisation and the antibac-
terial properties of this coffee extract against S. mutans were
more important caries-preventive factors than its influence on
the biofilm acidogenecity.

Analysis of data from our CSMH experiment indicates no
significant difference between the fragments with biofilm
which was treated with the coffee extract and those treated
with chlorhexidine (0.12%). However, the hardness values of
fragments submitted to chlorhexidine at depths under 20 pm
from enamel surface were lower than the same values of
fragments/biofilm treated with the coffee extract. It is well
documented that chlorhexidine is a classic anticaries agent
due to its properties in killing both Gram-negative and Gram-
positive bacteria by damaging their cell wall. Its antiplaque
action is superior to other antiseptics with greater antibacte-
rial activity.*? Probably, the effect of this potent antimicrobial
agent reduced a great number of viable cells, thus preventing
the acid production by the current oral bacteria and
consequently the loss of mineral. So, its anticaries action
was only due to its antibacterial properties, since it does not
contain chemical compounds that are able to interfere with
the organic matrix of enamel, enhance the remineralisation of
tooth enamel, and consequently elevate the hardness of the
present enamel fragments.

In view of the presented data, a light roasted C. canephora
aqueous extract can be considered as a potential anticariogenic
substance due to its capacity of preventing the growth of S.
mutans and of inhibiting dental demineralisation. However, as
much as we have tried to mimic a real situation, these results
were obtained in an in vitro environment. Further ex vivo/in vivo
studies should be elaborated with the aim of investigating new
approaches for caries management such as the benefits of the
retention of this anticariogenic agent into dental biofilms.
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