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Antimicrobial potential of
essential oils mouthrinses
with and without alcohol:
a randomized clinical trial
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Aim: This study aimed to compare the microbiological
potential and gustatory perception of essential oils (EO)
mouthrinses containing and not containing alcohol. Methods:
Twenty healthy adult volunteers rinsed with 10mL of the
following test solutions: EO with alcohol, EO without alcohol,
or a control solution (saline solution with mint essence).
A washout period of at least seven days was adopted after a
single-use protocol of the respective solution. All participants
used all three tested substances. Antimicrobial potential was
assessed by counting salivary total viable bacteria both before
and after each rinse. Gustatory perception was evaluated
using the Visual Analogue Scale (VAS). Multiple comparisons
were performed with the Wilcoxon test, using Bonferroni
correction. Results: Both EO solutions presented a higher
antimicrobial potential in comparison to the control solution
(p<0.017). However, no significant difference in antimicrobial
potential was observed between EO containing or not
containing alcohol (p=0.218). VAS of EO with alcohol (median:
2.7) was similar to control solution (median: 1.6) (p=0.287).
A better gustatory perception was observed of the EO without
alcohol (median 7.6) when compared to the control solution
(p<0.0001). When EO groups were compared, EQ without
alcohol also demonstrated a significantly better gustatory
perception (p=0.001). Conclusion: Mouthrinse containing
EO without alcohol presented a better taste perception when
compared to the EO with alcohol, but no difference was
observed in the antimicrobial potential of both EO solutions
after a single rinse protocol.
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Introduction

The control of supragingival biofilm is essential for preventing the development of
several oral diseases, including gingivitis, periodontitis, and caries. To accomplish
this, the most common strategy is the mechanical removal of biofilm with tooth-
brushes'. However, the sole use of toothbrushes may not be sufficient to maintain
healthy conditions in all individuals. Patients with motor or cognitive problems, lack
of motivation, those undergoing post-surgical phases, and those with orthodontic
devices may require the use of antimicrobial-containing mouthrinses in order to
achieve effective biofilm control??.

Several antimicrobial substances are available on the general market, among which
essential oils (EQ) present the most favorable results for gingivitis and dental plaque
control in the long term. The literature constantly demonstrates better results using
EO mouthrinse as an adjunct to the mechanical control of biofilm when compared
to other oral hygiene regimens*®. One study showed that EO presented 36.1% and
24.1% higher antiplaque and antigingivitis effects, respectively, when compared to a
placebo solution®.

Alcohol is present in the composition of several mouthrinses as a vehicle solu-
tion, despite the fact that it does not demonstrate important effects on gingivitis or
plague control®. Moreover, the flavor of mouthrinses is critical, as flavor may inter-
fere with patients’ adherence to treatment, especially when prescribed for long-term
use’. Alcohol is likely responsible for the notoriously strong flavors of such solutions,
which may be unpleasant for most individuals. As a result, over the last few years the
industry has developed mouthrinses without alcohol. Recently, a randomized clini-
cal trial demonstrated no significant difference in the antiplaque and antigingivitis
effects of EO with or without alcohol®. However, at the moment, no published study
has evaluated the impact of alcohol on the gustatory perception of mouthrinses
containing EO. Therefore, the aim of the present study is to compare the microbi-
ological potential and gustatory perception of EO mouthrinses containing and not
containing alcohol.

Materials and Methods

Ethical aspects and study design

This is a crossover, randomized, double-blind, clinical trial that followed the Consoli-
dated Standards of Reporting Trials (CONSORT) statement. The study was approved
by the Ethical Committee of the Associacdo dos Funcionarios do Estado do Rio
Grande do Sul (protocol #1.020.949). All volunteers signed an informed consent form
prior to the beginning of the study.

Sample selection

Twenty participants were included in this study (17 women and three men). This study
was conducted between April and June of 2015, at the Dental Faculty of the Federal
University of Rio Grande do Sul. All participants answered a questionnaire and were
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clinically examined to verify the following eligibility criteria: at least 18 years of age,
nonsmokers, with at least 24 natural teeth.

The study criteria excluded individuals with a presence or history of periodontitis,
active dental caries, pregnant or lactating women, users of removable partial den-
tures, those with fixed dental prostheses or orthodontic appliances, both alcohol
abstainers and alcoholics, and those who had used antibiotics within three months
prior to the start of the study.

Interventions and gustatory perception assessment

All participants used all three tested substances, with a washout period of at least
seven days between tests. The solutions were as follows:

EO+ group: Essential oils in an alcoholic solution (Listerine®, Johnson & Johnson,
S&o Paulo, Brazil). Ingredients: Aqua, Sorbitol, Alcohol, Poloxamer 407, Benzoic
Acid, Sodium Saccharin, Eucalyptol, Aroma (d-limonene), Thymol, Methyl Salicy-
late, Sodium Benzoate, Menthol and Cl 42053.

EO- group: Essential oils in an aqueous solution (Listerine Zero®, Johnson & John-
son, S&o Paulo, Brazil). Ingredients: Aqua, Sorbitol, Propylene Glycol, Sodium Lau-
ryl Sulfate, Poloxamer 407, Eucalyptol, Benzoic Acid, Aroma (d-limonene), Thy-
mol, Methyl Salicylate, Sodium Benzoate, Menthol and Cl 42053.

Control group: Saline solution with mint essence.

All participants were instructed not to drink, eat or perform any control of biofilm,
either chemical or mechanical, within one hour of the experimental procedure.
Each participant rinsed for one minute using 10 mL of the predetermined solution.
In order to assure blindness, all mouthrinses were stored in opaque bottles and coded
accordingly by an external researcher not involved in any other study process.

The order in which participants used the mouthrinses was randomly determined by
a researcher not involved in data collection (FWMGM), using a randomizing website
(randomization.com). The sequence was kept in an opaque envelope until the end
of all experimental procedures to assure allocation concealment. During this period,
only the researchers responsible for the randomization had contact with these enve-
lopes. The participants were not aware of which solutions they used at any experi-
mental period.

Immediately after the rinse was performed, participants’ gustatory perceptions were
evaluated using a Visual Analogue Scale (VAS). The VAS was composed of a straight
line of T0cm. Markers on the left indicated the most unpleasant taste, while markers
on the right indicated the most pleasant taste. The participants were instructed to
mark at any point on the line based on this scale. Using a ruler, the distance between
the beginning of the line and the participant’'s mark was measured by one researcher
who was blind to the group allocation (RC).

Microbiological analysis

In order to assess the antimicrobial potential of the test solutions, stimulated saliva
was collected from all participants both before and after the use of each solution.
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All participants were asked to chew a piece of unflavored and inert gum to stimulate
salivary flow. Saliva produced during the first minute was spat out and discarded.
Participants chewed the gum for an additional five minutes, with the saliva produced
during this period of time collected in proper sterile and coded bottles. All pre- and
post-rinse codified saliva samples were stored on ice and processed within two hours
of their collection. Pre- and post-rinse saliva samples were kept on ice. Saliva sam-
ples were serially diluted in sterile 0.89% NaCl solution, and aliquots of 25 ul of each
dilution were plated using the drop technique on the surface of Brain Heart Infusion
Agar (BHI) supplemented with 5% sheep blood. Plates were incubated aerobically
at 37°C for 48 hours®. Saliva was collected and analyzed only once. Colony-forming
units (CFU) were counted on each drop by one blinded researcher (RC) under a ste-
reomicroscope, and were expressed as CFU/ml of saliva according to the formula
described below:

CFU/ml saliva = (CFU x 1000/25) x 10° ©)

"= dilution factor from serially diluted samples.

Sample size calculation

The primary outcome of the present study was the microbiological potential.
Therefore, the sample size estimation was based on data from a previously pub-
lished study™. It considered a mean (xstandard deviation) of aerobic bacteria
levels in the essential oil and placebo groups of 11.35+13.11 and 56.41+38.72,
respectively. When it was considered a power of 90%, an alpha of 5%, and a total
of 16 individuals were necessary. An attrition rate of 20% was expected, totaling
20 participants.

Statistical analysis

For each individual, the percentage of reduction in salivary total bacterial viability was
calculated considering pre- and post-rinse saliva samples. The differences in the
antimicrobial potential and gustatory perception were analyzed using the Friedman
test, as a non-normal distribution was detected in both outcomes. We analyzed data
distribution using the Shapiro-Wilk test. As a p-value <0.001 was detected in the Sha-
piro-Wilk test, multiple pair-wise comparisons were performed using the Wilcoxon
test. A Bonferroni correction was established, and the new p-value for statistical sig-
nificance was <0.017.

Results

Twenty-four individuals were recruited for the present study, among whom four were
excluded because they did not fit the inclusion criteria. Reasons for exclusion are
reported in Figure 1. Among the included individuals, the response rates were 100%
for all follow-up periods. Furthermore, no adverse events were reported throughout
the study.
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24 subjects screened

4 excluded
Diagnosis of periodontitis = 1
Taken antibiotics 3 months
prior the study = 3

20 subjects randomized (sequence of mouthwash used was randomized)

l l l

20 subjects in the 20 subjects in the : .
D S 20 subjects in
essential oil with essential oil without
the control group
alcohol group alcohol group
20 subjects analyzed 20 subjects analyzed 20 subjects analyzed

Figure 1. Flowchart of the participants in the study.

During microbiological analysis, no differences were found regarding counts of sali-
vary viable bacteria among groups by the pre-rinsing analysis (p=0.387). Table 1 shows
the mean percentage reduction of the total viable bacteria of all three groups. By com-
paring the percentage of reduction in counts of viable bacteria before and after each
rinse, a significant reduction was found (p<0.05), with 60.33429.33, 62.61+39.25 and
4.16+156.55 in the EO with alcohol, EO without alcohol and control groups, respec-
tively. The antimicrobial potential of both EO mouthrinses was significantly higher
than that of the control group (p=0.007 for EO with alcohol and p=0.005 for EO with-
out alcohol). However, when both EO groups were compared, no significant difference
was demonstrated (p=0.218).

Table 1. MeantStandard deviation values for each time point and groups of the colony forming-units of
total aerobes.

Group MeantSD P-value

Mean percent Between groups

Before rinsing After rinsing reduction Within groups (percen_tage
reduction)

EO + 1.87x10%+1.62x10%  0.71x10%+1.06x10®  60.33+29.33 <0.001# 0.2180
EO - 3.73x108+12.5x108  0.52x108+1.31x10®  62.61+39.25 <0.001# 0.007y
Control 6.46x10%+11.66x10% 5.29x108+12.99x10% 4.16+156.55 0.029# 0.005c
P-value

between 0.387* 0.074* 0.017*

groups

Legend: SD: standard deviation; *Friedman test; #Wilcoxon test for the comparison within groups; Q Wilcoxon
test for the comparison between EO+ and EO- groups; pWilcoxon test for the comparison between control and
EO+ groups; oo Wilcoxon test for the comparison between control and EO- groups.

The gustatory perceptions of all tested solutions are reported in Table 2. These results
demonstrated a statistically significant difference in gustatory perception among
groups. The control group reported the worst flavor (median 1.6), the EO- group
reported the most pleasant gustatory perception (median 7.6), and the EO+ group pre-
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sented an intermediate perception (median 2.7). When groups EO+ and control were
compared, no statistically significant difference was detected (P=0.287). However, in
the comparison between EO- and control groups, a statistically significance differ-
ence was detected, showing a better gustatory preference for the EO- mouthrinse
(P<0.001). Regarding the comparison between EO groups, a significantly better gus-
tatory preference was observed for the EO- mouthrinse (P=0.001).

Table 2. Gustatory perception after a single rinse with essential oils with alcohol, without alcohol, and
control substance.

Control EO+ EO- P-value

Median (min./max.) 1.6 (0.0 - 8.4) 2.7 (0.1 - 10.0) 7.6 (0.5 -19.9) <0.001* o
0.001Q
Mean+SD 2.81+2.72 3.55+2.95 6.90+2.25 0301#

Legend: EO+: essential oil with alcohol; EO-: essential oil without alcohol; *Friedman test; #Wilcoxon test for
the comparison between control and EO+ groups; a. Wilcoxon test for the comparison between control and EO-
groups; Q Wilcoxon test for the comparison between EO+ and EO- groups.

Discussion

The present study aimed to compare the microbiological potential and gustatory
perceptions of EO mouthrinses containing and not containing alcohol. Overall, it was
observed that both solutions presented a significantly higher antimicrobial poten-
tial when compared to a negative control solution. However, both EO solutions pre-
sented similar antimicrobial potential. Regarding the gustatory potential, participants
reported the EO without alcohol as having the most pleasant taste.

The chemical control of supragingival biofilm may be performed with mouth-
rinses. Among these, chlorhexidine is considered the gold standard substance, as
it demonstrates a good antiplaque effect and long substantivity; however, several
adverse events may be detected after long periods of use' 8. Other mouthrinses
also demonstrate antiplaque and antigingivitis effects with fewer reported adverse
events, and these substances may be used for longer periods™. However, a strong,
unpleasant flavor and a burning sensation have been reported by the patients who
use these mouthrinses.

Among other available mouthrinses, EO may be the most important one for patient
outcomes®. In low concentrations, EO may inactivate bacterial enzymes, interfering
with growth velocity and biofilm maturation. Additionally, its utilization may be an
encouraging factor to enhance patient adherence to this method of supragingival
biofilm control™. Traditionally, mouthrinses containing EO also contain alcohol in their
composition. The alcohol is used to dilute or solubilize the oils, and it is also used
to extend the product's expire date. One study has shown that alcohol may pres-
ent some antimicrobial effects’®, but a systematic review showed that an alcoholic
vehicle demonstrated very limited effects in terms of antiplaque and antigingivitis
efficacy®. In addition, short-"” and long-term?® clinical trials have demonstrated no
statically significant difference in the antiplaque and/or antigingivitis efficacy of EO
with or without alcohol.

These results are in accordance with the present study, which demonstrated no sig-
nificant difference in the antimicrobial potential of the two EQ solutions. However, fur-
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ther long-term clinical trials are necessary to determine the clinical efficacy of both
EO mouthrinses. The mechanical process of chewing an inert piece of gum detaches
microorganisms from mucosal and tooth sites. Using this method, microbial diversity
found on stimulated saliva is representative of other oral niches. Moreover, stimulated
saliva has the advantage of carrying a greater microbial diversity than unstimulated
saliva’®. Considering that one of the outcomes of this study was to assess the anti-
microbial effects of EO-containing mouthrinses, it was decided that this study would
use stimulated saliva to evaluate this effect on a broad load and diversity of microor-
ganisms (which could not be found by using unstimulated saliva).

The presence of alcohol can also negatively affect the gustatory perception of some
individuals due to the strong flavor?, although a previously published study demon-
strated that alcohol was not capable of interfering in the taste perception of chlorhex-
idine solutions®. The literature reports that the flavor of mouthrinses is an important
factor in their usage, and it is part of the criteria used by patients when choosing a
mouthrinse’. It must be highlighted that several mouthrinses are sold on the general
market. A prescription may or may not be necessary to buy these products, depend-
ing on the laws of different countries. Additionally, as many of these products are
designed for continuous usage, a pleasant flavor is a pivotal factor for the ongoing
use of the mouthrinse and adherence to the recommended treatment.

A VAS was used in order to measure participants’ gustatory perceptions. This is a
valid method for quantifying the taste'?. In the present study, participants performed
the evaluation immediately after rinsing, without having access to their previous eval-
uations, which did not allow comparisons. It was found that the most pleasant gus-
tatory perception was reported for the EO not containing alcohol. Therefore, these
results must be taken into consideration when prescribing an EO mouthrinse, as indi-
viduals with alcohol restrictions and those with higher sensitivity to alcohol should
not receive an EO mouthrinse with alcohol.

The present study used commercially available solutions with essential oils.
Additionally, a saline solution with mint essence was used. This was a double-blind
and cross-over study, which reduced the chance of any interference from knowledge of
which substance was tested. Furthermore, the washout period of at least seven days
allowed a decrease in any potential residual effects during the study. The order of the
tested solutions was determined randomly, avoiding any adaptation among the indi-
viduals throughout the study. In the present study, twenty individuals were included.
Although this number may seem small, previous studies regarding the chemical con-
trol of biofilm have used similarly sized and valid samples?'??. Regarding the study
participants, it is important to highlight that no dropouts occurred and no adverse
events were reported.

Some limitations to the present study must be acknowledged, such as the fact that
each rinsing was performed only once. Additionally, the included individuals were
young and some of them were students of the School of Dentistry of the Federal
University of Rio Grande do Sul. In this sense, these characteristics may have inter-
fered with the study results, decreasing the external validity of the present study?.
Therefore, further clinical trials involving only non-health professionals are warranted.
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In addition, the present study included a higher number of female participants, and a
lower internal validity might be expected for male individuals.

In conclusion, no significant difference was observed in the antimicrobial potential of
EO with and without alcohol. However, it was concluded that the mouthrinse contain-
ing EO without alcohol was widely evaluated as having a more pleasant taste when
compared to the flavor of an EO mouthrinse with alcohol.
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