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The antimicrobial activity of four different dental gel formulas was
evaluated on three microorganisms associated with cariogenesis:
Streptococcus mutans, Lactobacillus casei and Actinomyces
viscosus. The preliminary antimicrobial activity evaluation was
performed using an agar diffusion method. In addition, the formulas
were challenged using each microorganism with subsequent
determinations of survivors at time intervals of 1, 5, 10, 20 and 30
minutes. The decimal reduction time (D-value) calculated from
the obtained curves (logCFU/mL vs. time) was employed for the
antimicrobial activity comparison of the formulas. The selected
method for survivor enumeration was validated according to
official compendia. Results revealed intense bactericidal activity,
even at 1:2 dilution, on S. mutans and L. casei. The data concerning
A. viscosus showed the absence of microbial reduction in the
challenge employing diluted formulas at the selected time interval.
The obtained D-values were 0.21, 2.08, 1.93 and 5.79 minutes for
formulas 1, 2, 3 and 4, respectively. After comparing the obtained
results, formula 1 can be considered to have the highest
bactericidal activity.

INTRODUCTION

The incorporation of antimicrobial substances in
cosmetics and personal hygiene products can prevent
strong corporal malodor and slight cutaneous infections
that are originated from resident microbiota activity. Such
products are meant not only to clean, but also to perfume
or alter appearance, correct personal malodors and/or
protect or keep the skin in good condition as defined by

directive 93/35/EEC, the sixth amendment to the original
cosmetic directive of 1976 (CTPA, 2004).

According to Brazilian legislation (ANVISA - RDC
n° 79, 2000), antiseptics are defined as a product unto
which substances, destined to clean and/or protect the skin
mucosa are added, that prevent and fight malodors, caused
by microorganisms, by inhibiting their growth or by
destroying them.

Antiseptic compounds can be used in different
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cosmetics and personal hygiene products, such as: antiseptic
soap, anti-dandruff shampoos, conditioners and lotions, anti-
plaque, anti-cavity and anti-calculus dentifrices, antiseptic
oral rinses, antiseptic talc, antiacne products, and deodorants
(Wilkinson, Moore, 1990). Coal tar, triclosan, chlorhexidine,
quaternary ammonium compounds, and cetylpyridinium
chloride are some of the antimicrobials used in these
products. Some preservatives can also act as antiseptics,
depending on their concentration.

With regard to oral products, the use of formaldehyde
as a preservative, with a maximum concentration of 0.1%,
was regulated in Brazil by ANVISA - RDC nº 79, in spite
of its carcinogenicity (Soffritti et al., 2002).

Essential oils, such as eucalyptol, menthol and
thymol, frequently used for flavoring in oral products, can
also contribute to the antiseptic properties of these
products. The inhibitory properties of natural substances
such as hinokitiol, cinnamon bark oil, papua-mace extracts
and clove bud oil in spice extracts were previously
demonstrated against oral bacteria (Saeki et al., 1989).

When these substances are added to oral products,
they kill microorganisms by disrupting their cell walls and
inhibiting their enzymic activity. They prevent bacterial
aggregation, slow multiplication and release endotoxins
(Nascimento et al., 2000). These compounds, when added to
mouth rinse, have proved to be “at least as good as” dental
floss for the control of interproximal gingivitis. The essential
oil in mouth rinse was significantly more effective (Sharma
et al., 2002), although antimicrobial activity depended on the
type and the concentration of the oil, as well as the test’s
microbial strain (Mangena, Muyiam, 1999; Nostro et al.,
2002).

However, the use of these oils can adversely affect the
consumer. Acute stomatitis resulting from a popular
toothpaste containing cinnamon oil flavor has been
reported. This essential oil is known as a topical sensitizer
and was shown to be the offending allergen (Drake,
Maibach, 1976; Sainio, Kanerva, 1995).

The benefits of introducing antibacterial agents in
cosmetics and hygiene products have been seriously
quest ioned in recent  years.  As a consequence,
recommendations and even laws have been introduced
concerning the regulation of certain germicides being
used. In Brazil, cosmetics and hygiene products
containing antimicrobial substances are considered to be
a class 2 risk (potential risk) for safety (ANVISA -RDC
n° 79, 2000).

The oral cavity is a highly contaminated area. It has
approximately 108 bacteria/mL of saliva. Streptococcus
sp., Neisseria sp., Veillonella sp., Actinomyces sp., and
Lactobacillus sp. are more often related to cariogenesis

(Marchant, 2001; Zambom, Kasprzak, 1995), whose
incidence can be related to socioeconomic conditions
(Baldani, Narval, Antunes, 2002).

When evaluating the antimicrobial activity of
cosmetics and products containing antiseptics, the
resident and transient microorganisms should be used as
challenging microorganisms. Thus, an oral hygiene
product should be tested against microorganisms related
to root surface and enamel caries, such as Streptococcus
mutans, Lactobacillus sp., and Actinomyces viscosus.

Assays to test antimicrobial activity are generally
based on agar diffusion (Cooper et al., 1974; Barry,
Thornsberry, 1991) and on their minimum inhibitory
concentration (Candido, Azevedo, Ito, 1996; Pozzobon,
Bandeira, Pizzolitto, 2000). Although the diffusion method
is advantageous, as it allows for easy manipulation and
quick results, it may also be limited by the antimicrobial
agent’s solubility. The method’s limitation was
demonstrated by Pozzobon, Bandeira and Pizzolitto (2000)
and Bandeira et al. (1999), who tested six different
antiseptic solutions against S. mutans, L. acidophilus, A.
viscosus and mixed cultures. The results were not in
accordance with those obtained in the minimum inhibition
concentration (MIC) test, since the samples that presented
higher inhibition zones did not present lower MIC.

The MIC determination allows for the evaluation of
antimicrobial activity and can be used as a quantitative
parameter for comparison among different formulas.
However, this assay cannot provide the microbial death
profile (log CFU/mL vs. time), important data when
evaluating product behavior during the utilization period.

In 1979, in order to obtain the microbial death profile,
Orth proposed the linear regression method to evaluate
preservative systems in cosmetics. This evaluation was
performed by calculating the decimal reduction time (D-
value). The same mathematical model was employed to
evaluate the efficacy of preservative systems in sterile drugs
(Akers, Boand, Binkley, 1984) as well as in pharmaceutical
products with antibiotics (Mattie, 1981; Tsuji et al., 1984),
based on the dogma that microbes die following a first order
process.

The objective of this study was to evaluate the
antimicrobial activity of four different dental gel formulas
on S. mutans, L. casei and A. viscosus using the linear
regression method.

MATERIALS AND METHODS

The material of this study consisted of four different
dental gel formulas identified as formulas 1, 2, 3 and 4.
The four formulas presented the same base formula:
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sorbitol, silica, polyethylene glycol (PEG-32), sodium
lauryl sulfate, cellulose gum, sodium saccharin and
formaldehyde, as described on the package. Each formula
had different flavors described as original red (formula1),
eucalyptus mint (formula 2), menta mint (formula 3) and
lemon mint (formula 4) and different colorants.
Furthermore, formulas 1, 2 and 3 contained the same
active ingredient: sodium fluoride (NaF) 0.32% p/p
(1500 ppm of ion fluoride). Formula 4 contained sodium
monofluorophosphate (Na

2
PO

3
F) at a concentration equal

to 0.8% p/p (1000 ppm of ion fluoride).

Methods

Bacterial Inocula

The Actinomyces viscosus, Pennsylvania University,
Streptococcus mutans ATCC 25175 and Lactobacillus
casei ATCC 7469 strains were transferred into a tube
containing Brain Heart Infusion agar (BHIA) (Difco®). The
incubation conditions were as follows: 37 ºC, for 24 hours
in a microaerophillic environment (10% CO

2
), employing

a Probac® jar for the latter two microorganisms, and nor-
mal conditions for the first one. The cellular mass that was
obtained was recovered by transferring 5 mL of sterile
saline solution to the tube containing the microorganism on
the media surface and gentle shaking. Each microbial
suspension underwent the assay for determining viable
bacteria using a pour-plate technique (USP, 2000), with
BHIA. Plates were incubated at 37 ºC for 72 hours under
the same above mentioned conditions. After incubation,
bacterial growth was covered with 5 mL of 1% agar with
0.1% (w/v) of tryphenyl-tetrazolium chloride (TTC)
(Sigma®). After an additional hour of incubation, red
colonies were counted (CFU/mL) (Ohara, 1992). The
microbial suspensions were stocked for 24 hours under
refrigeration. Prior to their use in tests, the suspensions
were diluted to <100 CFU/mL.

Validation of the Method for Estimating the Number
of Viable Microorganisms

One mL aliquots of 1:2 and 1:10 dilutions of samples in
a sterile saline solution, and 0.5 mL of microbial suspension
containing less than 100 CFU were transferred to Petri dishes.
Then, the aliquots were mixed with 15 mL of BHIA. The assay
sequence was the same as the one described for determining
viable microorganisms. The assay was performed in triplicate
for each microorganism and dilution. The control assays were
also performed in parallel, by transferring 0.5 ml of each
microbial suspension to Petri dishes using 15 mL of BHIA.

Estimating the Number of Viable Microorganisms

The viable mesophile bacteria and fungi in the formu-
las were determined by the pour-plate method (USP, 2000).
One mL aliquots of 1:10 and 1:100 dilutions of the product
in saline solution were transferred to two series of Petri
dishes, in triplicate. The first set was homogenized with
15 mL of soybean-casein digest agar (TSA) and the other
with 15 mL of Sabouraud dextrose agar (SDA) (Difco®).
Plates were incubated at 32±2.5 ºC and 22±2.5 ºC for
bacteria and fungi, respectively. After incubation, growth
was covered with 5 mL of TTC gel over the surface
according to Ohara (1992). The plates were reincubated at
32±2.5 ºC for 60 minutes, with posterior counting of red
colonies (CFU/mL). The same procedures were also
performed using BHIA, and incubated at 37±0.5 ºC for 72
hours, under normal and microaerophillic environments
(10% CO

2
).

Preliminary Assay to Verify Antimicrobial Activity
Using the Agar Diffusion Method

Ten grams of each sample were transferred to a
flask containing 10 mL of sterile saline solution and
homogenized for 2 minutes using a vortex mixer. Fifteen
mL of BHIA were transferred to Petri dishes, and after
medium solidification, 5 mL of the same medium were
inoculated with a 0.5% (v/v) microbial suspension,
containing approximately 108 CFU/mL of the mentioned
microorganisms. After solidification, 100 µL of each
diluted sample (1:2) were applied to the medium surface
using a template containing six previously sterilized
wells. One Petri dish was used for each microorganism
and sample, for a total of 12 assays with 6 replicates,
contemplating four products and three microorganisms:
A. viscosus, S. mutans ATCC 25175, L. casei ATCC
7469. Plates were incubated at 37±0.5 ºC, for 24 hours,
in a microaerophillic atmosphere employing Probac®

jars, except for the assays related to A. viscosus, which
were incubated in a normal atmosphere. After this
period, 5mL of agar (1%) with 0.1% (v/v) TTC were
transferred to the plate. The plates were incubated for
additional 60 minutes before observation of the
inhibition zone (Ohara, 1992).

Evaluation of Antimicrobial Activity Using the Linear
Regression Method

Aliquots of 0.1 mL of the standardized microbial
suspensions (approximately 1010 CFU/mL) of each
microorganism were transferred in isolated fashion to two
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tubes, one with 10 g of undiluted sample and the other with
10 mL of diluted sample (1:2), for a total of 24 assays (four
undiluted samples, four diluted samples (1:2) for three
microorganisms).

After homogenization by manual stirring for 1
minute, the viable microorganisms were immediately
counted using the pour-plate method with 1 g for the
undiluted samples and 1 mL for the diluted samples. The
decimal dilution series were performed employing 9 mL
of the sterile saline solution. After 5, 10, 20 and 30
minutes the same procedures were repeated. The
incubation conditions and the procedures for enumerating
the colonies were the same as described above.

pH determination of the formulas

The pH was measured using a HANNA pH meter
and an ORION semi-micro pH electrode (Orion Research
Incorporated, Boston, MA). The pH levels for the four
dental gel formulas were taken after a 1:2 dilution using
sterile distilled water.

The pH meter was initially standardized using J.T.
Baker buffered solutions of pH 4 and 7 (Mallinckrodt Baker,
Inc., Phillipsburg, NJ). It was re-calibrated before testing
each new product. All products were tested in triplicate to

obtain mean pH values. The products were in contact with
the pH electrode for 10 minutes at a room temperature of
21 °C ± 2 °C to allow the pH value to stabilize.The electrode
was thoroughly washed between samples using a stream of
water to remove all traces of the previous sample. The
electrode was then rinsed with distilled water and dried with
a TX 612 wiper (Texwipe, Upper Saddle River, NJ).

RESULTS AND DISCUSSION

Validation of the viable microorganism enumeration
method

Table I shows a high recovery rate of micro-
organisms in the adopted condition. Data superior to 88%
were obtained in the lowest dilution (1:2). The rates from
a 1:10 dilution, when inferior to those obtained for the
lowest dilution could have resulted from variations of the
employed method.

According to the official recommendation (USP,
2000), a rate greater than a 75% recovery in micro-
biological validation tests shows the absence of
antimicrobial activity in the assay. Thus, the selected
method for enumerating challenging microorganisms can
be considered validated.

TABLE I - Recovery Rates of A. viscosus, L. casei, S. mutans in the Assay for Determining the Viable Microorganisms
Validation for the Formulas 1, 2, 3 and 4

Formulas Control Diluted Sample (1:2) Diluted Sample (1:10)
CFU/assay CFU/assay CFU/assay

Replicate Average Replicate Average R (%) Replicate Average R(%)

1
Actinomyces viscosus 51/48/46 48 47/47/48 47 97.9 48/44/45 45 93.8
Lactobacillus casei 42/41/43 42 46/46/42 44 100 35/40/38 37 77.1
Streptococcus mutans 41/46/48 45 45/44/45 45 100 35/36/46 39 86.7
2
Actinomyces viscosus 51/48/46 48 39/50/49 46 95.8 45/45/40 43 89.6
Lactobacillus casei 42/41/43 42 41/42/42 42 100 39/40/40 40 95.2
Streptococcus mutans 41/46/48 45 44/48/46 46 100 41/45/39 41 91.1
3
Actinomyces viscosus 51/48/46 48 49/50/48 49 100 50/50/48 49 100
Lactobacillus casei 42/41/43 42 49/44/40 44 100 40/40/39 40 90.9
Streptococcus mutans 41/46/48 45 42/39/44 41 91.1 37/45/44 42 95.5
4
Actinomyces viscosus 51/48/46 48 50/51/51 51 100 49/52/53 51 100
Lactobacillus casei 42/41/43 42 39/41/42 40 95.2 40/43/40 41 97.6
Streptococcus mutans 41/46/48 45 35/43/42 40 88.9 40/45/48 44 100

R (%): recovery percentage
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Estimating the Number of Viable Microorganisms

The evaluation revealed a bioburden < 10 CFU/mL
in all samples. Such data indicate adequate microbiological
quality of the tested products, according to official
recommendations (ANVISA - RDC n° 481, 1999).

Preliminary Evaluation of Antimicrobial Activity
Through the Agar Diffusion Method

The diffusion method can be used as a preliminary
test for detecting antimicrobial activity in substances or
products. Since the diffusion phenomenon depends on each
substance’s physical-chemical properties, as for example
its diffusion coefficient, as well as the medium where the
diffusion occurs (Barry, Thornsberry, 1991), it is possible
to obtain a qualitative indication of antimicrobial activity.

Therefore, the inhibition zone diameter
measurements cannot be considered to be a comparative
parameter when different formulations are tested, nor can
the absence of antimicrobial activity be assured when the
inhibition zone is not formed. The assays showed
antimicrobial activity in all tested samples with different
inhibition zone diameters (Figure 1). The dye (TTC)
employed for a better zone contrast in the assay was only
efficient for A. viscosus, showing a red color when reduced
to formazan in alkaline pH (Mattson, Jensen, Dutcher,
1947). The absence of a red color could be due to the assay
conditions or even some microorganism characteristics,
such as the absence of a specific enzymatic system (Rioux,
Bastide, Galzy, 1960) and medium acidification. Since S.
mutans and L. casei produce acid compounds from glucose
present in BHIA, the absence of color for a TTC reaction
was expected.

Evaluation of Antimicrobial Activity

Tables II and III, as well Figure 2, present data
related to A. viscosus. The non-diluted samples showed a
reduction in viable organisms, but activity was not
observed after 30 minutes when the samples diluted at 1:2
were tested.

The non-diluted samples of the 4 formulas showed
different activity. The decimal reduction time (D-value),
calculated for tests with a correlation coefficient higher or
equal to 0.800, showed the highest antimicrobial activity
(D-value equal to 0.21 minutes) in formula 1. Formulas 2
and 3 presented similar D-values: 2.08 and 1.93 minutes,
and formula 4 had the lowest activity against A. viscosus:
D-values equal to 5.79 minutes, according Table III. Figure
2 shows the behavior of the challenged formulas employing

A. viscosus. Since the 3 formulas have the same formula
base, differing only in flavor (information from the
producer), the greater antimicrobial activity of formula 1
can be due to the essential oil employed in it. This result
confirms that even products with the same base formula
should be tested, since they can present different activities
when any ingredient, such as flavor, is different.

Among the tested gels, formula 4 showed the lowest
activity against these bacteria. Besides the flavor, this for-
mula differs from the other 3 in relation to fluoride
concentration, which was 33.3% lower. NaF gels with a
fluoride concentration of 37,000 micrograms/mL were
bactericidal to S. mutans at pH 3.0. At pH 2.5 and 2.0,
approximately 12,000 and 1,100 micrograms of fluoride
per mL were bactericidal (Caufield, Wannemuehler, 1984),
respectively. In this study, pH determinations showed
values above 6.50 for all products tested: 6.64 ± 0.08; 6.54
± 0.07; 6.65 ± 0.06; 6.90 ± 0.07 for formulas 1, 2, 3 and
4, respectively. These results indicate that the observed
antimicrobial activity in this study may not be related to the
fluoride compound.

The data concerning L. casei and S. mutans revealed
intense antimicrobial activity of diluted and non-diluted
samples, with a reduction of 8 logarithmic cycles at 1
minute time intervals of the challenge (Table IV). Taking
into account that the method employed for determining
survivors was previously validated, according to official

FIGURE 1 - Inhibition Zone for Formulas 1, 2, 3 and 4.
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recommendations, the obtained data showed bactericide
activity of the challenged formulas on the tested
microaerophillic organisms.

All tested samples were active against these
microorganisms, but it was not possible to detect
differences among them since viable organisms were not
observed in all samples, diluted at 1:2, that underwent
counting after 1 minute. The activities of the 4 formulas
may be different, but this could not be verified in the tested
conditions. Differences could be obtained if the tests were
performed with more diluted samples.

The 4 formulas antimicrobial activity is a result of all
compounds, especially formaldehyde and sodium fluoride
or sodium monofluoride activities, despite the fact these
substances were added to the gels with the first aiming to
preserve the product and the fluoride to protect the teeth,
and not for activity against oral cavity organisms. The
obtained data shows that the flavors used in the formulas
also have antimicrobial activity, however, once again, the
purpose for these compounds in the formulas was to

improve taste.
Taking into account the data from L. casei and S.

mutans tests, the 4 formulas can be considered effective as
antimicrobial dentifrices, since they all showed high
activity against microorganisms present in the oral cavity,
after 1 minute of contact, even when diluted to 1:2, a
condition similar to the brushing of teeth. Analysis of the
data obtained from the tests with A. viscosus showed that
the 4 formulas are active against this microorganism, as per
agar diffusion data and linear regression methods of the
non-diluted samples. However, the 1:2 dilutions were not
effective after a 30-minute contact time, tested by the linear
regression method. These data show the importance of
analyzing the antimicrobial activity of products such as
(toothpaste) by applying linear regression, since this test
provides the profile for reducing the bioburden that may be
analyzed according to product use needs. With regard to the
obtained data, considering that the dental product will be
diluted with saliva during use, and the time the product is
kept inside the mouth is short, none of the tested formulas
are effective as antimicrobial dental agents against A.
viscosus.

On the other hand, data analysis should consider that
no antimicrobial showed high activity against all
microorganisms. Considering that the formulas were highly
active against L. casei and S. mutans, the latter is

TABLE II - Number of Survivors (Log CFU/mL) of A. viscosus of the Challenge Test for Formulas 1, 2, 3 and 4

LogCFU/mL

Time 1 2 3 4 Control

(minutes) ND D ND D ND D ND D

0 8.40 8.40 8.40 8.40 8.40 8.40 8.40 8.40 8.40
1 3.66 8.66 4.04 8.38 5.30 8.81 5.40 8.54 8.40
5 - 5.79 3.48 8.68 3.81 8.64 3.20 8.11 8.34

10 - 5.48 2.08 8.63 2.26 8.36 3.00 8.08 8.32
20 - 5.08 - 8.57 - 8.23 2.56 8.80 8.40
30 - 5.00 - 7.58 - 8.00 1.30 8.58 8.36

(-) non-calculated: < 10 UFC/mL. ND: non-diluted  D: diluted (1:2)

TABLE III - D-value, Equation, and Correlation Coefficient
for A. viscosus Challenge Test

Formulas D-value Equation Correlation
(minutes) Coefficient

1 0.21 Y= -4.7400x + 8.4000 1.0000
2 2.08 Y= -0.4800x + 6.4200 0.8000
3 1.93 Y= -0.5182x + 7.0154 0.8976
4 5.79 Y= - 0.1727x + 5.8759 0.8035

FIGURE 2 - Lethality Profile (LogCFU/mL x Minute) of
Actinomyces viscosus for formulas 1 ( ), 2 ( ), 3 ( ) , 4
( ) and Control ( ).
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considered to be the main organism responsible for caries,
and also showed activity against A.viscosus, the 4 formu-
las could be considered antimicrobial dental gels. For the
choice of the best formula, the linear regression data
indicated Formula 1, showing the usefulness of this method
for antimicrobial activity evaluation analysis of products
considering the conditions of use.

CONCLUSION

The tested samples showed remarkable bactericide
activity, in assay conditions, on S. mutans and L. casei.
Besides the inhibition zone, the microbial death rate
revealed a reduction of 8 logarithmic cycles at a time
interval of 1 minute for those microorganisms. On the other
hand, a decreased antibacterial activity was observed when
A. viscosus was used. The data from tested samples showed
that formulas with the same base, but different flavors, may
have different antimicrobial activity, indicating the inhibitor
properties of these compounds and the need for testing the
formula, even when only the flavor is changed. Linear
regression proved to be useful for testing products like
dental gels, since it allows microorganism’s behavior
observed in the formula over time. Such an approach is
important for analyzing products’ antimicrobial activity,
considering use conditions, especially in the pre-
formulation stage.

RESUMO

Atividade antimicrobiana de quatro formulações
diferentes de géis dentais em bactérias cariogênicas

avaliada pelo método de regressão linear

A atividade antimicrobiana de quatro diferentes fórmulas de
gel dental foi avaliada empregando três microrganismos
associados à cariogênese: Streptococcus mutans,
Lactobacillus casei e Actinomyces viscosus. A avaliação pre-

liminar foi efetuada utilizando método por difusão em ágar.
Além disso, as fórmulas foram desafiadas empregando cada
microrganismo e as determinações relativas aos sobreviven-
tes foram efetuadas após 1, 5, 10, 20 e 30 minutos do desa-
fio. O tempo de redução decimal (valor-D) foi calculado por
meio das curvas obtidas (UFC/mL x tempo), objetivando a
comparação da atividade antimicrobiana entre as fórmulas.
O método selecionado para a enumeração dos sobreviven-
tes foi validado de acordo com compêndio oficial. Os resul-
tados revelaram intensa atividade antimicrobiana, inclusive
na avaliação empregando diluição 1:2 dos produtos para os
microrganismos Streptococcus mutans e Lactobacillus casei.
Os dados relativos ao Actinomyces viscosus indicaram au-
sência de redução da população microbiana no desafio em-
pregando produto diluído (1:2). Os valores-D obtidos foram
0,21, 2,08, 1,93 e 5,79 minutos para as fórmulas 1, 2, 3 e 4
respectivamente. Após comparação dos resultados obtidos,
a fórmula 1 pode ser considerada aquela que apresentou
maior atividade antimicrobiana.

UNITERMOS: Atividade antimicrobiana. Gel dental.
Regressão linear. Validação.
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