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Methods: This was a laboratory-based study testing four different mouthwash formu-
lations: (1) 10% probiotic supernatant mouthwash, (2) 10% probiotic supernatant / 5%
propolis mouthwash, (3) 10% probiotic supernatant / 1% cannabidiol mouthwash, and
(4) 10% probiotic supernatant / 5% propolis / 1% cannabidiol mouthwash. A positive
control (chlorhexidine mouthwash) and a negative control (0.9% saline solution) were
also included. The inhibitory efficacy of these formulations was tested against two micro-
organisms: Candida albicans and Streptococcus mutans. Quantitative data were collected
by counting colonies before and after treatment (CFU/mL). Descriptive statistics and One
way ANOVA test were used for analysis (p<0.05).

Results: The results showed that each mouthwash formulation could inhibit both patho-
genic microorganisms to varying degrees, with a greater effect observed on Streptococcus
mutans than on Candida albicans. When the quantitative data from colony counts were
subjected to statistical analysis, no statistically significant differences were found among
the mouthwash formulations (p>0.05) in inhibiting both types of microorganisms. Notably,
the mouthwash containing 10% probiotic supernatant, 5% propolis and 1% cannabidiol

demonstrated a statistically significant inhibitory effect on Streptococcus mutans (p<0.05).

Conclusions: All four mouthwash formulations showed a tendency to inhibit both patho-
genic microorganisms, although this was not statistically significant in all cases. The
formulation containing 10% probiotic supernatant, 5% propolis, and 1% cannabidiol had

the most favorable effect in inhibiting the cariogenic bacterium Streptococcus mutans.
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Introduction

Microorganisms, tiny living entities, have long been
recognized as a cause of various human diseases. However,
it's crucial to understand that not all strains of these
microorganisms are problematic and solely responsible for
illness. A familiar example is the human oral cavity, which
harbors approximately 700 species of microorganisms!",
encompassing both pathogenic and non-pathogenic types.
The unique environmental factors within the oral cavity
create a distinct microbial community that interacts with
one another, collectively known as the oral microbiota.

Under normal circumstances, even in the presence
of potentially pathogenic strains, the oral microbiota does
not cause disease in healthy individuals. In a healthy state
(eubiosis), the oral microbiome is diverse and dominated
by commensal species that contribute to homeostasis,
maintain biofilm stability, and suppress the overgrowth
of pathogens. Pathogenic microorganisms are present
only in low numbers and are kept in check by microbial
competition and host immune responses. In contrast, in
disease-associated states (dysbiosis), microbial diversity
often decreases, with a relative increase in pathogenic or
opportunistic species, accompanied by metabolic changes
that favor inflammation and tissue destruction.

Multiple factors—including the integrity of oral
tissues, the composition of commensal microorganisms,
dietary habits, oral hygiene practices, and systemic
health—influence whether the oral microbiome remains
in eubiosis or shifts toward dysbiosis. When conditions
favor eubiosis, disease is unlikely to occur. However,
significant alterations in these factors can disrupt micro-
bial balance, leading to the proliferation of pathogenic
microorganisms. Dysbiosis can initiate disease processes
such as dental caries, periodontitis, cardiovascular disease,
and diabetes.?) While antibiotics are one way to manage
these issues, their use can lead to other problems, includ-
ing antibiotic resistance and a lack of specificity that may
eliminate beneficial microorganisms. This has spurred the
development of alternative approaches to combat patho-
genic microorganisms by replacing them with non-patho-
genic ones, a principle known as bacteriotherapy.®) These
non-pathogenic microorganisms, when consumed in suf-
ficient quantities, confer health benefits and are termed
probiotics.®

Probiotics have a wide range of applications in

medicine, including dentistry, due to their antimicrobial
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and immunomodulatory properties. In the oral cavity, they
can combat pathogens by interfering with biofilm forma-
tion, a key factor in the development of diseases such
as dental caries and periodontitis, through competition
for adhesion sites and nutrients.” Beyond their antimi-
crobial activity, probiotics also exert anti-inflammatory
effects®, which may help reduce undesirable post-surgi-
cal complications.”® A derivative product, the cell-free
supernatant containing bioactive compounds secreted by
probiotics, namely bacteriocins, and has demonstrated
benefits in reducing inflammation after oral surgery.®
This supernatant also exhibits antibacterial effects® can
inhibit Streptococcus mutans (S. mutans) by forming pores
in the cell membrane, disrupting cell wall biosynthesis,
and impairing biofilm development!!®!!) through reduced
glucan-mediated adhesion.

Another natural extract gaining significant attention
for its medicinal properties is cannabis extract, classi-
fied as cannabinoids. These compounds can stimulate the
endocannabinoid system (ECS) in the human body.(!?)
Plant-derived cannabinoids, introduced externally, are
referred to as exogenous cannabinoids and include various
types such as Tetrahydrocannabinol (THC), Cannabidiol
(CBD), and Cannabigerol (CBG). These substances can
act on cannabinoid receptors present in the human body,
including immune cells. Their effects on the body are
extensive, including pain reduction, anti-emetic proper-
ties, anticonvulsant effects, and anti-inflammatory actions
through mechanisms that reduce the production of various
pro-inflammatory cytokines.('®) In dentistry, they have
been incorporated into various forms, such as tablets,
capsules, topical oils, toothpastes, sprays, mouthwashes,
chewing gums, and even dental filling materials.(31)
This highlights the broad potential for developing these
extracts for dental applications. With these reasons,
Nisapa'®), incorporated CBD into mouthwash formu-
lations and study how they can enhance anti-inflam-
matory property of the mouthwash by comparing the
mouthwash containing 10% Lactobacillus paracasei
(L.paracasei) supernatant with and without CBD at
0.25% ,0.5% and 1%. The result shows that the mouthwash
with at least 0.5% CBD can significantly further reduce
TNF-a production in human monocytic cell com-
pared to the formular without CBD and the concen-
tration that shows the most reduction is the one with 1%
CBD.
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Propolis, a resinous substance produced by bees for
hive construction. It contains bioactive materials, flavo-
noids and phenolic acids, exhibits antibacterial, antivi-
ral, antifungal, antiparasitic, and antioxidant activities.
It also suppresses inflammation by inhibiting prostaglan-
din synthesis. These numerous properties have led to its
long-standing use in medicine.!”) In dentistry, propolis
has been investigated for use on post-surgical oral wounds
in the form of mouthwash. Results indicate that it pro-
motes epithelialization and possesses analgesic and an-
ti-inflammatory effects.'%!?) As propolis proved to be
medically beneficial, it was added to mouthwash and
had been studied by Suetrongtrakool®”, which the study
shows that with addition of propolis to the mouthwash
formulars, they can further reduce TNF-a production in
human monocytic cell compared to the mouthwash for-
mulars without propolis.

Building on the demonstrated anti-inflammatory
effects of L. paracasei supernatant, further research
has focused on developing novel mouthwash
formulations. An initial clinical study successfully
reduced inflammation and postoperative complica-
tions following impacted third molar extraction using
L. paracasei supernatant alone.® Subsequent develop-
ment aimed to enhance this anti-inflammatory potential
by incorporating additional bioactive components. For
example, studies by Nisapa!® and Suetrongtrakool®?
formulated mouthwashes containing varying con-
centrations of CBD and propolis. Both investigations
reported promising laboratory findings, showing that
addition of effectively inhibited TNF-a production.
Among the tested combinations, the most promising was
the formulation containing 10% L. paracasei supernatant,
1% CBD and 5% propolis.

However, beyond their anti-inflammatory properties,
these developed mouthwash formulations likely possess
another unexamined benefit, their ability to combat oral
microorganisms. This is because all the components of
the studied mouthwashes have demonstrated antibacterial,
and potentially antifungal activity. If further research con-
firms their ability to reduce the number of oral pathogens,
it will signify that these new mouthwash formulations
possess both anti-inflammatory and antibacterial pro-
perties. This would make them an attractive alternative
mouthwash for practical use in alleviating disease and

improving patients' quality of life. The objective of this
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research was to investigate the effect of various probiotic
mouthwash formulations on the quantity of oral patho-

genic microorganisms.

Materials and Methods

This study was a laboratory-based investigation test-
ing four mouthwash formulations. These formulations
were referenced from previous research by our group,
which demonstrated their efficacy in both laboratory and
clinical settings. A key component of these formulations

is 10% L. paracasei probiotic supernatant.

Independent variables

The independent variables in this study were the
different types of mouthwash formulations, which
included:

* Negative Control: 0.9% Sodium Chloride solution

* Probiotic Supernatant Mouthwash (10% L. para-
casei supernatants)

* Probiotic Supernatant Mouthwash with Propolis
(10% L. paracasei supernatants + 5% propolis)

* Probiotic Supernatant Mouthwash with CBD (10%
L. paracasei supernatants + 1% cannabidiol)

* Probiotic Supernatant Mouthwash with CBD and
Propolis (10% L. paracasei supernatants + 1% CBD + 5%
propolis)

Dependent variable
The dependent variable was the colony count of
oral pathogens observed after culturing with the various

mouthwash formulations.

Population and sample

The microorganisms used in this experiment were
S. mutans and Candida albicans. These two species were
selected based on a literature review which indicates that
S. mutans can produce insoluble polymers called glucans,
a crucial substance for biofilm adherence to tooth surfaces.
Thus, it plays a significant role in biofilm formation, which
acts as a reservoir for pathogens and can lead to various
oral diseases.?") Similarly, Candida albicans is a com-
mensal organism that, while normally non-pathogenic,
contributes to biofilm formation in conjunction with other
bacteria, leading to dysbiosis and various diseases.(?>2)
Therefore, in this study, both species were used as repre-

sentatives of an early colonizing bacterium and an oppor-
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tunistic oral fungus, respectively, to evaluate the antimi-

crobial efficacy of the mouthwash formulations.

Research procedures

The research process was divided into four main
parts:

Part I: Microbial isolation and standard growth
curve determination

Candida albicans were obtained from Department
of Microbiology, Faculty of Medicine, Srinakharinwirot
University and S. mutans were obtained from Department
of Stomatology, Faculty of Dentistry, Srinakharinwirot
University. Both microbial species were isolated, and their
standard growth curves were established to standardize
microbial concentrations prior to testing by adjusting their
optical density (OD) using a spectrophotometer. Initially,
both strains were stored at -80°C and cultured on solid
media: S. mutans was grown on BHI agar at 37°C in 5%
Co, for 24 hours, while Candida albicans was cultured
on SDA agar at 28°C for the same duration. Individual
colonies from these solid media were then inoculated into
liquid media, with S. mutans being transferred into BHI
broth and Candida albicans into SDB. The optical density
of the cultures was measured at a wavelength of 600 nm
and recorded hourly over a 12-hour period. These OD
readings over time were used to construct standard growth
curves (OD vs. time), which were subsequently analyzed
to determine the mid-logarithmic growth phase for use in
downstream experiments.

Part II: Microbial exposure and viability assessment

Colonies from the initial solid media were inoculated
into 50 mL Erlenmeyer flasks containing appropriate
liquid media and cultured until S. mutans and Candida
albicans reached their mid-logarithmic phase, as deter-
mined by previously established standard growth curves.
The cultures were adjusted using a spectrophotometer at
600 nm to match McFarland standard 0.5 for S. mutans
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(OD¢, = 0.07;~1.5 x 10® CFU/mL) and McFarland stan-
dard 2.0 for Candida albicans (OD,, = 0.5; ~2 x 107
CFU/mL). For the direct contact test, 500 pL of each
mouthwash formulation (Table 1), along with positive
and negative controls, was transferred into 1 mL cen-
trifuge tubes, followed by the addition of 500 pL of the
adjusted microbial suspensions. This 1:1 mixing resulted
in a final mouthwash concentration of 50% of the original
formulation. The mixtures were vortexed thoroughly and
incubated at 37°C for 1 minute to facilitate interaction.
Following incubation, the mixtures were subjected to six
10-fold serial dilutions, reaching up to 107. Aliquots of
100 pL from the 10, 107, and 107> dilutions for Candida
albicans and from the 10’3, 104, 107 ,and 107 dilutions
for S. mutans were spread onto solid culture media in
duplicate and incubated for 24 hours. Colony counting
was then performed to determine microbial viability under
each condition.

Part I1I: Time-Dependent Microbial Exposure and
Viability Assessment

This experiment further evaluated the antimicrobial
effect of the selected mouthwash formulation containing
10% probiotic supernatant, 5% propolis, and 1% CBD
against the pathogens that showed susceptibility in Part
II. Microbial suspensions were prepared and adjusted to
the same optical densities as described previously. 500
pL of mouthwash was mixed with 500 pL of microbial
suspension in centrifuge tubes and incubated at 37°C for
four exposure times: 0, 1, 2, and 3 minutes. Three replicate
tubes per time point were prepared, and after each expo-
sure, samples were serially diluted (up to 107), plated in
duplicate, and incubated for 24 hours. Colony-forming

units were counted to assess microbial viability over time

Data collection and statistical analysis
Colony counting was performed, and the number

of colonies in each sample was recorded. Counts with-

Table 1: Shows ingredients and volume of each mouthwash formular.

Ingredients

S

0.9% Sodium Saccharin 0.33
Lactobacillus paracasei supernatant 1
Propolis -
Cannabidiol -

0.9% Normal saline solution 8.67

Volume (mL) Function
SC Sp SCp
0.33 0.33 0.33 Taste modifier
1 1 1 Active ingredient
- 0.5 0.5 Active ingredient
0.1 - 0.1 Active ingredient
8.17 8.57 8.07 Solvent
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in the readable range (30-300 colonies) were selected
from all sets of duplicate plates prepared simultaneously.
These values were compiled and averaged to represent the
microbial load for each condition. Once all relevant data
had been collected, statistical analysis was performed as
described below:

Two preliminary assumptions for statistical analysis
were tested:

* Normality of distribution using the Kolmogor-
ov-Smirnov test.

* Homogeneity of variances using Levene's test.

If any of these tests yielded a p-value lower than
the significance level (0.05), it indicated a violation of
the assumption, necessitating the use of non-parametric
statistics, specifically the Kruskal-Wallis test. However, if
both tests yielded p-values higher than 0.05, then One-way
ANOVA could be used. Statistical analysis was performed
using GraphPad Prism version 10.4.2 (633)

Standard growth curve

1.5

ODgoo

Oral Sci Rep: Volume 47 Number 1 January-April 2026

Results

Based on experiments to establish the standard
growth curves for both microbial species (Figure 1), S.
mutans and Candida albicans reached their standard
growth phases at 6 and 7 hours, respectively. This indi-
cates that Candida albicans exhibits a slower growth rate
compared to S. mutans bacteria.

The second part of the direct contact test involved
evaluating the four mouthwash formulations against both
microbial species, along with positive and negative con-
trol groups. Experiments were performed duplicate, and
mouthwash concentrations were diluted 10-fold different-
ly in each experimental set, as depicted in the laboratory
testing framework image (Figure 2 and Figure 3).

The mouthwashes were mixed according to formular
shown in Table 1. Then, pH of each formular were mea-

sured and recorded as shown in Table 2

Candida albicans
— Streptococcus mutans

0.0 +——————17—
0 567 10

Time (hour)

Figure 1: Illustrates the standard growth curves of these two oral pathogens.

Mid-log phase *™

—

m—— ©
Candida afbicans M DOmbRE
- -y
= 6hr
T A
Streptococcus mutans ARl 0 A

qugﬂ' 0 Incubate

Figure 2: Shows laboratory investigation with direct contact technique.
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Laboratory Sequence
1.Pre-preparation :
2251 NSS to all wells

2.Transfer :
25l inoculated broth to 1t well

3.Mixing

4.Transfer :
25yl to next well

IIDDDDD
z@@@@

I_- -—-—--}

0

=N

Candida albicans
L

l__._o—J ———ml——

ReXeXe

Colony
counting

Streptococcus mutans

Figure 3: Shows laboratory investigation serial dilution (x10).

Table 2: Shows pH of each mouthwash formular.

Formular

S

SC
SP
SCP

Table 3: Shows the inhibitory effect of different mouthwash formulas against both pathogens.

Formular

Positive control
Negative control
S
SC
SP
SCP

pH
428
433
436
431
Mean colony (CFU/mL)

Candida albicans Streptococcus mutans
0 0
1.33 x 107 2.57 x 108
1.24 x 107 3.61 x 108
1.40 x 107 3.51 x 108
1.27 x 107 3.14 x 108
9.30 x 10° 1.95 x 108
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*Positive control: 0.12% Chlorhexidine mouthwash, Negative control: 0.9% Normal saline solution, S: Lactobacillus paracasei superna-

tant only, SC: Lactobacillus paracasei supernatant + cannabidiol, SP: Lactobacillus paracasei supernatant + propolis, SCP: Lactobacillus
paracasei supernatant + cannabidiol + propolis

CFU/ml

108_

107_

106

Candida albicans

1 1
+ve -ve S SC SP SCP

Formular

S : Supernatant
C:CBD
P : Propolis

Figure 4: Shows illustration of the test results of different mouthwash formulas on the inhibition of Candida albicans.
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The results from the direct contact test demonstrated
varying inhibitory effects of each mouthwash formulation
on the two tested pathogens. These findings are presented
in Table 1, which shows the inhibition values of different
mouthwash formulations on both pathogenic species.

When the obtained values were subjected to statis-
tical analysis, based on the established hypotheses (H,,:
The number of microbes cultured with various mouthwash
formulations does not differ from the negative control; H :
The number of microbes cultured with various mouthwash
formulations differs from the negative control).

As for Candida albicans (Table 3, Figure 4), despite
results of Kruskal-Wallis analysis yield p<0.05, no
statistically significant differences were found in Dunn’s
multiple comparison (p>0.05). (Table 4 and Table 5)

As for S. mutans (Table 3, Figure 5), despite Kruskal-
Wallis analysis yield p<0.05, statistically significant dif-
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ferences were found only in comparison between posi-
tive control to mouthwash containing supernatant with
cannabidiol and mouthwash containing supernatant and
propolis. (Table 6 and Table 7)

The results indicated that the mouthwash formu-
lations exhibited an inhibitory effect against S. mutans;
therefore, this pathogen was selected for time-dependent
exposure analysis

The final part of the study involved evaluating
the mouthwash formulation containing 10% probiotic
supernatant, 5% propolis, and 1% CBD against S. mutans
at various time points. Laboratory testing framework are
illustrated in Figures 6 and 7, and the results are shown
in Table 8 and Figure 8.

When the obtained values were subjected to statis-
tical analysis using one-way ANOVA, no statistically
significant differences were found (p>0.05). (Table 9)

Table 4: Shows result of statistical analysis with Kruskal-Wallis test of Candida albicans.

Kruskal-Wallis test
p value
Exact or approximate p value?
p value summary
Do the medians vary sig. (p<0.05)?
Number of groups

Kruskal-Wallis statistic

Table 5: Show Dunn’s multiple comparison of Candida albicans.

Dunn's multiple comparisons test Mean rank diff.
+ve vs. -ve -11.00
+ve vs. S -9.000
+ve vs. SC -11.00
+ve vs. SP -9.000
+ve vs. SCP -4.000
-ve vs. S 2.000
-ve vs. SC 0.000
-ve vs. SP 2.000
-ve vs. SCP 7.000
S vs. SC -2.000
S vs. SP 0.000
S vs. SCP 5.000
SC vs. SP 2.000
SC vs. SCP 7.000
SP vs. SCP 5.000

0.0209

Approximate

*

Yes

6

13.27

Significant? Summary Adjusted p value

No ns 0.1073
No ns 0.4164
No ns 0.1073
No ns 0.4164
No ns >0.9999
No ns >0.9999
No ns >0.9999
No ns >0.9999
No ns >0.9999
No ns >0.9999
No ns >0.9999
No ns >0.9999
No ns >0.9999
No ns >0.9999
No ns >0.9999
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Streptococcus mutans

109_
T S : Supernatant
S5 _— H C:CBD
cu3 P : Propolis
108 I | I 1 | 1
+ve -ve S SC SP SCP

Formular

Figure 5: Shows illustration of the test results of different mouthwash formulas on the inhibition of Streptococcus mutans.

Table 6: Shows result of statistical analysis with Kruskal-Wallis test of Streptococcus mutans.

Kruskal-Wallis test

p value 0.0030
Exact or approximate p value? Approximate
p value summary *

Do the medians vary sig. ( p<0.05)? Yes

Number of groups 6
Kruskal-Wallis statistic 17.93

Table 7: Shows Dunn’s multiple comparisons test of Streptococcus mutans.

Dunn's multiple comparisons test Mean rank diff. Significant? Summary Adjusted p value
+ve vs. -ve -9.125 No ns >0.9999
+ve vs. S -17.63 Yes R 0.0062
+ve vs. SC -14.75 Yes * 0.0466
+ve vs. SP -13.75 No ns 0.0876
+ve vs. SCP -4.750 No ns >0.9999
-ve vs. S -8.500 No ns >0.9999
-ve vs. SC -5.625 No ns >0.9999
-ve vs. SP -4.625 No ns >0.9999
-ve vs. SCP 4.375 No ns >0.9999
S vs. SC 2.875 No ns >0.9999
S vs. SP 3.875 No ns >0.9999
S vs. SCP 12.88 No ns 0.1477
SC vs. SP 1.000 No ns >0.9999
SC vs. SCP 10.00 No ns 0.6748

SP vs. SCP 9.000 No ns >0.9999
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@0 min ) 1

-~
D @1 min )
SCP/mutans SCP/mutans \ 0 k
(
Eppendorf 2ml m omin [ VO (
SCP 0.5ml + S.mutans 0.5ml
t SCP/mutans
Streptococcus mutans .
3 min
SCPimutans J J J

Figure 6: Shows laboratory sequences of various time-point tests.

Serial dilution (x10)

0~1‘l2ﬂ3~4~(;)~é~®
G" sl l=l el el

To To
- 0~ pO= (R
0~ [z O~ S RS

Figure 7: Shows laboratory sequences of serial dilution (x10) after various time-point tests.

Table 8: Shows the test results of different time of contact of mouthwash containing 10% probiotic supernatant, 5% propolis and 1% can-

nabidiol on the inhibition of Streptococcus mutans.

0 3.49x 10%
1 3.70 x 108
2 415 x 108
3 3.48 x 108
SCP + Streptococcus mutans
109_
E S : Supernatant
5 C:CBD
L P : Propolis
(%)
10” 1 1 1 1

0 1 2 3
Time (minute)

Figure 8: Show a declining trend of bacterial count after exposure to the mouthwash in longer time.
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Table 9: Show results of statistical analysis with one-way ANOVA test of Streptococcus mutans in various time-point experiments.

ANOVA summary
F
p value
p value summary
Significant diff. among means (p<0.05)?
R squared

Discussion

This study was a laboratory-based investigation
designed to address a research gap identified by our re-
search group, which aims to extend the findings from
the Center of Excellence in Medical Probiotics. Previous
research, both in vitro and clinical, has demonstrated the
anti-inflammatory benefits of L. paracasei MSMC39-1
probiotic supernatant.”-®) Building upon previously estab-
lished beneficial proportions, this study aimed to explore
additional advantages beyond inflammation reduction,
specifically focusing on the potential interference or inhi-
bition of oral pathogenic microorganisms. Two common
oral pathogens were selected for testing: S. mutans, a
bacterium associated with dental caries, and Candida
albicans, a fungal species.

Several interesting points emerged from the experi-
mental results. Firstly, a clear trend and distinctions were
observed when analyzing the raw data. For instance, the
probiotic supernatant mouthwash at 10%, cannabidiol at
1%, and propolis at 5% formulations showed the greatest
reduction in microbial load among the four tested formu-
lations. Furthermore, the positive control group exhibited
no growth of either microbial species. However, when
the same data set was subjected to statistical analysis,
the tests show non-normal distribution of data for both
pathogens, so non-parametric statistics were selected.
Even Kruskal Wallis test yield significant differences
in either pathogen (Candida albicans p-value:0.0209,
S. mutans p-value:0.0030) but when the data were sub-
jected Dunn’s to multiple comparison, Candida albicans
shows no pair of significant difference while S. mutans
shows two pair of significant difference, which are posi-
tive control to mouthwash with only probiotic supernatant
and positive control to mouthwash containing supernatant
and CBD. This discrepancy may be attributed to statisti-
cal reason, an insufficient sample size, precluding robust

statistical conclusions. Therefore, increasing the sample

0.3483
0.7907
ns

No
0.04965

size in future experiments could potentially normalize data
distribution, allowing for the application of more reliable
parametric statistical methods. Another possible reason is
short duration of the direct contact test, 1 minute, which
may be too short for any mechanism to occur biologically.
This duration was chosen based on manufacturer recom-
mendations for mouthwash rinsing, typically ranging from
30 seconds to 1 minute. However, in real-world prac-
tice, patients often rinse for less time than recommended.
% Therefore, even if longer exposures show significant
pathogen reduction, these findings may have limited prac-
tical relevance if the mouthwash is not retained in the
oral cavity long enough. Nonetheless, most commercial
mouthwashes are marketed as supplemental cleansing
products rather than long-term therapeutic agents, unlike
the mouthwash formulated in this study. In clinical use,
detailed instructions from dentists could help ensure ade-
quate rinsing time to maximize efficacy.

Another crucial aspect involves the numerous factors
influencing pathogen inhibition experiments, such as the
inherent characteristics of the microorganisms, the mech-
anisms of killing/inhibition, the environmental conditions
conducive to microbial growth, the duration of exposure
to the mouthwash, and the concentration of the different
mouthwash formulations. Nevertheless, the experimen-
tal design for this study was based on previous research
where these formulations were developed and shown to
reduce oral inflammation. This reliance on prior formu-
lations might be a limitation, as it does not encompass
scenarios where increasing the concentration of certain or
all active ingredients in the mouthwash could alter their
antimicrobial efficacy, especially at this short duration
of time. This observation also applies to the experimen-
tal duration, which might have been either sufficient or
insufficient for the active ingredients in the mouthwash
to exert their full effects on the pathogens. Consequently,

a subsequent experiment was designed to test the most
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promising formulations over three intervals of time to
investigate the trend of microbial reduction with increased
exposure time. Although the results of this extended test-
ing do not show district declining trend, the growth of the
mouthwash-treated bacteria is diminished compared to the
growth of bacteria in mid-logarithm phase which is shown
in first part of the studied. These results were subjected to
one-way ANOVA. The analysis yield p-value of 0.3483,
hence no significant differences were found.

An additional relevant factor is the pH of the various
mouthwash formulations. All our formulations contain
Lactobacillus probiotic supernatant, which retains some
acidity due to acid production by Lactobacillus bacteria.
Therefore, pH measurements were conducted to clarify
any relationship between pH and antimicrobial/antifungal
properties. The results shown in Table 2 indicate that the
pH values of all formulations were very similar, ranging
narrowly from 4.28 to 4.36. This suggests an insignificant
role of pH in the observed antimicrobial and antifungal ef-
fects. Our findings closely resemble those of Rossoni®®,
who evaluated the influence of acids produced by Lac-
tobacillus strains on S. mutans and found that all strains
exhibited similar acidogenic activity, with no significant
pH difference compared to the control, suggesting that pH
change may have no effect. Conversely, Lin®), found that
adjusting the pH of Lactobacillus supernatant removed the
inhibitory effect of some strains on S. mutans, suggesting
that growth and biofilm formation are likely inhibited by
low pH. Importantly, with the addition of key components
such as CBD and propolis, a reduction in colony counts
was observed. This indicates that other substances or
mechanisms are involved in creating an environment less
conducive to microbial growth.(12:13-16:18)

Our mouthwash has a pH below 4.5, which is lower
than the critical pH for enamel demineralization; however,
this value is comparable to that of several commercially
available mouthwashes. In a survey of 47 products,
B.W.M. van Swaaij et al.,*”) reported that 20 mouthwashes
(43%) had pH values below 5.5, including 10 that con-
tained fluoride. Some formulations may be intentionally
acidic, as a mildly low pH can facilitate the conversion
of hydroxyapatite (HA) to the more acid-resistant fluora-
patite (FA) in the presence of fluoride. In another word,
our mouthwash might be beneficial to the FA conversion

process if used in presence of fluoride which is typically
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abundantly retained in oral cavity after brushing with
fluoride-containing toothpaste.

Regarding the proposed mouthwash which shows
best performance, the one with all the ingredients, the
result is reasonable and predictable as the formular
contains most active ingredients, L. paracasei super-
natant, CBD and propolis. Although the study cannot
reveal what mechanism behind the result or whenever
the effect observed is increment of three substances
acting independently or synergically, the result shows
that they work best together. According to prior studies,
L. paracasei cell-free supernatant (CFS) contains various
bioactive compounds, including bacteriocins, organic
acids, and enzymes, which exert antimicrobial and
anti-inflammatory effects. The CFS has been sh
own to inhibit the growth and biofilm formation of
oral pathogens such as S. mutans by disrupting cell
membranes and interfering with adhesion mecha-
nisms.?>2®) When combined with propolis and canna-
bidiol, which also target microbial membranes and modulate
host inflammation!>!>1%:19) the supernatant may enhance
the overall antimicrobial efficacy of the formulation. This
multi-targeted approach could provide broader-spectrum
pathogen suppression while reducing potential cytotoxi-
city to beneficial oral microbiota. The complementary
actions of these agents suggest a potentially synergistic
effect that warrants further exploration in oral health
applications

Despite the lack of statistically significant differ-
ences, the raw data clearly indicate a trend of reduced
microbial load after a single exposure to mouthwash.
This information is highly valuable for the development
of mouthwash formulations, as it suggests the mouthwash
possesses antimicrobial properties. Continued use could
potentially reduce the oral microbial load, thereby con-
tributing to the prevention of pathogen-induced diseases.
Furthermore, unlike the positive control (0.12% chlor-
hexidine mouthwash, broad-spectrum antiseptic agent),
these novel mouthwash formulations do not eliminate
all microorganisms. Complete eradication, if used long-
term in real-world scenarios, could disrupt the delicate
balance of oral microbiota. Therefore, these new mouth-
wash formulations may offer a superior long-term option
for reducing oral inflammation without disturbing the oral

microbial balance.
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Conclusions

The four mouthwash formulations demonstrated

a trend towards inhibiting both tested pathogenic

microorganisms, although this trend was not statistically

significant. The formulation containing 10% probiotic

supernatant, 5% propolis, and 1% CBD showed the most

promising results in inhibiting the cariogenic bacterium

S. mutans.
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