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ABSTRACT

Objectives: This study aims to test a mouthwash made with cashew bark and bay leaf extract, along with sodium
hexametaphosphate (SHMP) as stain removal and antimicrobial agent.

Materials and Methods: This in-vitro study uses 7% cashew bark extract and 10% bay leaf extract, both prepared
through maceration. The mouthwash was split into three groups (n=6): FA (multiherbal extract), FB (multiherbal
extract with SHMP), and FC (SHMP only). Bovine incisive teeth were stained in a tea solution made from a 2g
black tea bag in 100mL of water for seven days, refreshing the solution daily. After staining, the teeth were
soaked in each mouthwash for 90 minutes. Color changes were measured with a chromameter before and after
soaking, color difference (AE) was calculated. The antimicrobial ability was tested against Staphylococcus aureus
and Pseudomonas aeruginosa. The one-way ANOVA and post-hoc LSD test were used as statistical analysis (p =
0.05).

Results: FB exhibited the highest AE value for extrinsic stain removal (24.29 + 2.19). There are significant
differences in AE values among the three groups, with FB demonstrating the most pronounced effect (p = 0.01).
FB produced the largest inhibition zones for both S. aureus (20.25 + 0.5) and P. aeruginosa (11.25 + 0.5). The
one-way ANOVA and post-hoc LSD test confirmed that FB had the most significant inhibition zone diameter
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Conclusions: The multi-herbal extract containing cashew bark and bay leaf extract combined with SHMP showed
effectiveness in removing tea-extrinsic stained teeth and inhibiting the growth of S. aureus and P. aeruginosa.
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Introduction

The increasing demand for improved aesthetics,
particularly a brighter smile, has led to the widespread use of
teeth-whitening techniques and products in both developed
and developing countries. Mouthwash is among the
commonly used products that not only support dental and
periodontal health but also improve oral appearance and
breath freshness.'2 In addition to reducing unpleasant odors
and preventing caries, mouthwash has the ability to
eradicate microorganisms.3#

Naturally, enamel is covered by a pellicle layer, primarily
composed of salivary proteins such as glycoproteins, mucins,
proline-rich  proteins,  carbohydrates, lipids, and
glucosyltransferases derived from the oral microflora.> Once
colonized by bacteria, the pellicle develops into biofilm. Two
common biofilm-associated bacteria, Staphylococcus aureus
and Pseudomonas aeruginosa, are known to promote
colonization, increase pathogenicity, and contribute to oral
diseases.®

Pellicle also facilitates the adhesion of pigments or
chromogens, particularly in areas that are inaccessible to
toothbrushes. Under poor oral hygiene conditions, extrinsic
stains can develop as these pigments accumulate and
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become difficult to remove. Beverages and substances high
in tannins, including tea, coffee, red wine, and cigarette tar,
are the main contributors to extrinsic staining. Hydrogen
bonding between tannins and pellicle proteins is the principal
mechanism behind this process.” While professional
prophylaxis is effective in removing such stains, at-home
treatment with over-the-counter whitening products (e.g.,
toothpaste, mouthwash, whitening strips) is more commonly
sought.>™

Regular use of toothpaste can reduce tooth staining and
help prevent recurrence. However, whitening toothpastes
often contain higher concentrations of abrasives and
chemical agents such as silica, aluminum oxide, sodium
bicarbonate, carbamide peroxide, and hydrogen
peroxide.™? These may compromise tooth structure,
increasing the risk of enamel damage. To overcome these
limitations, peroxide-based whitening mouthwashes have
been introduced. Yet, their acidity poses additional risks,
including dentin hypersensitivity and the incorporation of
pigments into enamel, resulting in further discoloration.™

As alternatives, natural compounds with antioxidant and
antimicrobial properties are increasingly being explored.
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Cashew bark, for example, contains phenolic compounds
such as flavonoids, which exhibit strong antimicrobial activity
by denaturing bacterial cell wall proteins.”'® Previous studies
demonstrated that ethanol extracts of cashew bark contain
bioactive metabolites effective against a range of bacteria,
including Escherichia coli, S. aureus, Enterobacter spp.,
Streptococcus pneumoniae, Corynebacterium pyogenes,
Enterococcus  faecalis, Acinetobacter spp., and P.
aeruginosa.” Harsini et al.® further reported that a 7%
concentration of cashew bark extract was particularly
effective as an antibacterial agent.

Bay leaf extract also shows promise as an active
ingredient for oral care formulations, particularly in removing
extrinsic stains.™® Its efficacy is attributed to two main
mechanisms: (1) aldehyde derivatives that bind to tannins
and disrupt their interaction with pellicle proteins, and (2)
strong antioxidant activity, which enables bay leaf essential
oil to function as a reducing agent, degrading tannins into
colorless compounds.'®2°

Sodium hexametaphosphate (SHMP; Nag(POs)e) is
another compound widely recognized for its whitening
potential due to its strong affinity for calcium hydroxyapatite.
It can effectively remove the pellicle layer and reduce
extrinsic stains, while its ability to bind and remain on tooth
surfaces provides a protective barrier against new stain
deposition.?’ Pentapati et al.?? reported that combining
SHMP with herbal ingredients could produce an effective
stain-removing mouthwash without notable adverse effects.

Beyond their cosmetic role, mouthwashes also provide
therapeutic benefits through their antimicrobial properties,
serving as preventive agents for maintaining oral hygiene.?®

Therefore, the aim of this study was to evaluate the
effectiveness of a mouthwash formulation containing
cashew bark extract and bay leaf extract, with the addition of
sodium hexametaphosphate, as both an antibacterial agent
and an extrinsic stain remover.

Table 1. Formula of mouthwash in 100mL

Materials and Methods

Ethics statements

This experimental study was conducted with ethical
approval from the Ethics and Advocacy Unit, Faculty of
Dentistry, Universitas Gadjah Mada, Indonesia (Approval No.
50/UN1/KEP/FKG-RSGM/EC/2024).

Materials

The materials used in this study included a multi-herbal
extract consisting of a combination of cashew bark extract
and bay leaf extract. Cashew bark was obtained from
Prambanan, Yogyakarta, from cashew trees aged five years
or older. Bay leaves were collected from Bantul, Yogyakarta,
specifically mature leaves from bay trees with stem
diameters exceeding 10 cm, taken from the lower one-third
portion of the tree. Both cashew bark and bay leaves
underwent plant determination testing at the Laboratory of
Pharmaceutical Biology, Faculty of Pharmacy, Universitas
Gadjah Mada, Indonesia. Sodium hexametaphosphate
(SHMP) (Merck) was used either alone or in combination
with the multiherbal extract. Bovine teeth used in this
experiment were bovine incisive teeth obtained from the
Mancasan Abattoir, Yogyakarta, Indonesia.

Extraction of Cashew Bark and Bay Leaf

The extraction procedure was performed similarly for
both cashew bark and bay leaf samples at the Laboratory of
Pharmaceutical Biology, Faculty of Pharmacy, Universitas
Gadjah Mada. Each sample was extracted individually using
ethanol as the solvent. The raw materials were first cleaned,
cut into small pieces, and oven-dried at 50 °C for 24 hours.
The dried materials were then ground into powder using a
blender. Approximately 500 g of powder was macerated in
1500 mL of 70% ethanol for three days with stirring twice
daily. The mixture was subsequently filtered using a Buchner
funnel, and the filtrate was concentrated in a water bath until
a thick extract was obtained.”

Group Cashew bark extract (mg) Bay leaf extract (mg)  SHMP (mg) Distilled water (mL)
FA* 7 10 = 83
FB** 7 10 8 75
[FCH = = 8 92
*FA: multiherbal extract, **FB: multiherbal extract and sodium hexametaphosphate, ***FC: sodium hexametaphosphate
Formulation of Mouthwash Z%0?
The mouthwash formulation was prepared at the n=z d?

Laboratory of Microbiology, Faculty of Veterinary
Medicine, Universitas Gadjah Mada. Cashew bark extract,
bay leaf extract, and SHMP were weighed according to the
proportions listed in Table 1*. The ingredients were then
thoroughly mixed and diluted with distilled water to
obtain a final volume of 100 mL."

Sample Size Determination

The sample size for the extrinsic stain removal
evaluation using bovine teeth was determined based on
the sample size calculation formula.?* The minimum
required sample size per group was calculated using the
following equation:

where n represents the number of specimens per
group, Zis the Z value corresponding to the selected
significance level (a = 0.05, Z = 1.96), o is the estimated
standard deviation, and dis the tolerable error. In this
study, the tolerable error (d) was assumed to be equal to
the standard deviation (o), resulting ind? = o2
Accordingly, the equation was simplified ton > Z?2,
yielding a minimum sample size of n = 3.84, which was
rounded up to n =4 specimens per group. To increase the
reliability of the results, six specimens were included in
each experimental group.
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Evaluation of Extrinsic Stain Removal

Extrinsic stain removal evaluation was conducted at
the Laboratory of Agricultural Cultivation, Faculty of
Agriculture, Universitas Gadjah Mada.

Tooth Preparation

The tooth preparation process involved cleaning
bovine teeth with pumice and water. The cleaned teeth
were mounted in red wax, labeled, and arranged on a tray.
Only the labial surface of each tooth was exposed, with an
approximate dimension of 12 mm x 12 mm. %

Extrinsic Stain Induction

Extrinsic stain induction was carried out by immersing
bovine teeth in a tea solution prepared by steepinga 2 g
black tea bag in 100 mL of boiling water for 10 minutes.
The staining procedure was conducted over a 7-day
period, with the solution refreshed every 24 hours. After
stain induction, the L, a, and b color values were recorded
and designated as L;, a5, and b;.%®

Immersing Bovine Teeth in Mouthwash

The soaking procedure involved immersing bovine
teeth in the mouthwash solution for a continuous
duration of 90 minutes. This immersion time was designed
to simulate the cumulative exposure equivalent to regular
use of mouthwash twice daily for 30 seconds over a period
of 90 days. After soaking, the specimens were rinsed with
water and stored in containers. Following a two-week
storage period, the specimens were dried, and the final
tooth color was measured.??

Calculation of Final Color

The final color evaluation in the extrinsic stain removal
test was conducted on teeth immersed in mouthwash,
using the same chromameter-based methodology as the
baseline assessment. The CIELAB values (L, a, b) were
recorded for each specimen after the brushing process
and designated as L, a,, and b,.%®

Analysis of Extrinsic Stain Removal

The analysis of extrinsic stain removal was performed
by calculating the color change (AE) for each tooth
specimen, comparing the values after tea staining (L, a,,
b;) and after mouthwash immersion (L, a,, b,). The
calculation was carried out using the following formula:?2

v = /(L3 — Li)? + (a3 — af)? + (b§ — b1)?

Evaluation of Antimicrobial Activity

Antimicrobial evaluation was held at the Laboratory of
Microbiology, Faculty of Veterinary, Universitas Gadjah
Mada. Agar well diffusion assay was used to evaluate the
antimicrobial activity of Staphylococcus aureus and
Pseudomonas aeruginosa. One milliliter of bacterial
suspension (Brown Il standard turbidity) was applied to
the surface of Muller-Hinton Agar on a petri dish and
evenly distributed using a spreader. The agar medium was
perforated to create wells with a diameter of 6 mm using
a media punch. Each well contained 50 pul of mouthwash
formulations A, B, and C, with each petri dish including
four wells. Additionally, it was incubated for 24 hours at
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37°C. The clear zone surrounding the well was measured
with a caliper possessing an accuracy of 0.01 mm.%’

Statistical Analysis

The initial data collected included the diameter of the
inhibition zone (mm) for Staphylococcus aureus and
Pseudomonas aeruginosa when exposed to the three
mouthwashes utilized. The second data point was the AE
of extrinsic stain removal achieved by the three
mouthwashes employed.*®

The normality of all the data was assessed using the
Kolmogorov-Smirnov test, while homogeneity was
evaluated through Levene’s test. Following this, a one-
way analysis of variance was conducted for each dataset
to assess significance, accompanied by an LSD post-hoc
test at a significance level of 0.05.1518

Results

Extrinsic Stain Removal Evaluation of Mouthwash

Table 2** presents the mean and standard deviation
of color differences (AE) in bovine teeth following
immersion in three mouthwashes and after staining.

The color differences of bovine teeth following
immersion in multi-herbal extract + SHMP mouthwash
(FB) were the most pronounced, followed by SHMP
mouthwash (FC), while the least pronounced were
observed in the multi-herbal extract mouthwash (FA).

The one-way ANOVA test indicated a significant effect
of several mouthwash types on the removal of extrinsic
stains (p < 0.05). The LSD post-hoc test indicates that the
multi-herbal extract + SHMP mouthwash (FB) significantly
differs from the other mouthwash formulations (FA and
FC) (p = 0.001). Nonetheless, the FA and FC formulas
exhibited no significant differences (p = 0.412) (Figure 1).

Antimicrobial Activity of Mouthwash

Three mouthwash formulations (FA, FB, and FC, as
described in Table 1) were tested against Staphylococcus
aureus and Pseudomonas aeruginosa using the well
diffusion method. The mean inhibition zones with
standard deviations are presented in Table 3***,

Table 3*** shows that the FB formulation produced
the largest inhibition zones against both S. aureus and P.
aeruginosa, with mean diameters of 20.25 + 0.5 mm and
11.25 + 0.5 mm, respectively. One-way ANOVA revealed
significant differences in inhibition zone diameters among
the three groups for both bacterial strains (P = 0.001).
Post-hoc analysis indicated that FB was significantly
different from FC in inhibiting both S. aureus and P.
aeruginosa. However, for S. aureus, the inhibition zone of
FB was not significantly different from that of FA (Figure
2).

Figure 2 illustrates that the FB formulation produced
the highest inhibition zones against all tested bacteria. In
addition, all mouthwash groups showed larger inhibition
zones against S. aureus compared to P. aeruginosa. The
inhibition zones produced by each mouthwash group are
presented in Figure 3.
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Table 2. Color difference (AE) resulted from all tested mouthwashes (n = 6)

Mouthwash AE

FA* 14.86 + 2.82
FB** 2429 +2.19
FC*** 15.99 + 2.07

*FA: multiherbal extract, **FB: multiherbal extract and sodium hexametaphosphate, ***FC: sodium hexametaphosphate

Table 3. Mean and standard deviation of inhibition zones (mm) of Staphylococcus aureus and Pseudomonas aeruginosa
resulting from the tested mouthwashes.

Mouthwash Zone of inhibition S. aureus (mm) Zone of inhibition P. aeruginosa (mm)
FA* 19.5 £ 0.58 9.5+0.58

FB** 20.25+0.5 11.25+0.5

FCH** 16+0 10+0

*FA: multiherbal extract, **FB: multiherbal extract and sodium hexametaphosphate, ***FC: sodium hexametaphosphate

Color difference (AE) resulted from tested mouthwashes

30 1

FA (Multiherbal extract) F8 (Multiherbal extract + FC (SHMP)
SHMP)

Figure 1. Color difference (AE) of extrinsic stain removal among the tested mouthwash formulations. Data are
presented as mean + standard deviation. (*) indicates a statistically significant difference (p < 0.05) between the
indicated groups based on one-way ANOVA followed by LSD post-hoc test.

Antimicrobial activity of mouthwashes

25 '
20
15
10
0
FA(Multierbal extract]  FB (Multiherbal extract + FC (SHVP)
SHMP)

BZoneof inhibition S.aureus M Zone of inhibition P. aeruginosa

Figure 2. Antimicrobial activity of the tested mouthwash formulations against Staphylococcus aureus and
Pseudomonas aeruginosa. Data are presented as mean # standard deviation. (*) indicates a statistically significant
difference (P < 0.05) between the indicated groups based on one-way ANOVA followed by LSD post-hoc test.
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Figure 3. Representative zones of inhibition produced by (a) FA, (b) FB, and (c) FC against Staphylococcus aureus,
and by (d) FA, (e) FB, and (f) FC against Pseudomonas aeruginosa.
FA: multiherbal extract; FB: multiherbal extract combined with sodium hexametaphosphate; FC: sodium
hexametaphosphate.

Discussion

Based on the results, the FB formula, which consists of
multi-herbal extracts (cashew bark and bay leaf)
combined with sodium hexametaphosphate (SHMP),
demonstrated the highest AE value, indicating the
greatest efficacy in extrinsic stain removal. This was
evidenced by the marked difference in tooth color before
and after treatment with the mouthwash. Furthermore,
when compared with FA (multi-herbal extract only) and FC
(SHMP only), FB showed a statistically significant
difference in AE values (P = 0.009) (Figure 1), which may
be attributed to the synergistic interaction between the
herbal and chemical components. These findings are
consistent with those of Pentapati et al.?2, who reported
favorable outcomes when combining an herbal mouth
rinse containing aloe, clove, and menthol with SHMP.
Similarly, Tafazholi and Moghadam?” summarized several
randomized controlled trials (RCTs) that demonstrated
the synergistic effects of combining herbal components
with additional herbal or chemical agents in mouthwash
formulations. Such investigations highlight the potential
to develop more effective formulations while maintaining
acceptable safety profiles.

In the extrinsic stain removal process against tannin,
one potential mechanism involves antioxidant agents
acting as reductants that degrade tannins and convert
them into colorless compounds.?®2?® Cashew bark extract
is known to contain phenolic derivatives of flavonoids,
which  exhibit high antioxidant activity.”® The
comprehensive mode of action of flavonoids includes (1)
scavenging free radicals, (2) chelating metals, (3)
suppressing enzymes associated with free radical
generation, and (4) stimulating endogenous antioxidant
enzymes.3® When combined with bay leaf extract, which
also possesses strong antioxidant activity due to its high
aldehyde and flavonoid content, the efficacy is
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enhanced.?®3! These flavonoids serve as hydrogen donors
that interact with hydroxyapatite and tannin, induce
electron conjugation, and alter double bonds to form
simpler structures, thereby reducing tannins as the main
pigments responsible for discoloration.?®*° The addition
of sodium hexametaphosphate (SHMP) further
strengthens this mechanism. SHMP, which dissolves
rapidly in water, chemically interacts with stains through
its negatively charged molecules, exhibiting high affinity
to calcium and leaving a protective layer on the tooth
surface that prevents further stain adsorption.?>3? This
dual action allows SHMP to facilitate the antioxidant

activity of the herbal components, resulting in a
synergistic effect in tannin stain removal.
Regarding the antimicrobial evaluation,

Staphylococcus aureus and Pseudomonas aeruginosa
were selected as representatives of gram-positive and
gram-negative bacteria, respectively. All mouthwashes
exhibited higher inhibition activity against S. aureus than
P. aeruginosa. Among them, the FB formula (combination
of multi-herbal extract and SHMP) showed the strongest
effect against S. aureus, with a zone of inhibition
exceeding 15 mm (20.25 = 0.5 mm), which is interpreted
as high antibacterial activity (Table 3).3° This strong effect
may be attributed to the active agents. Cashew stem bark
ethanolic extract has been reported to induce cell leakage
in S. aureus by promoting the release of essential metal
ions, particularly potassium (K*) and calcium (Ca?*). K*
plays an important role in ribosomal function and
integrity, while Ca?* is a crucial component of the gram-
positive bacterial cell wall. Our preliminary study?
showed that at a concentration of 7%, cashew bark extract
exhibited greater antibacterial activity compared to other
groups, likely due to phenolic compounds with oxygen
atoms binding to hydrogen atoms in bacterial proteins,
thereby disrupting protein structures in both the cell wall
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and membrane. When combined with bay leaf extract,
which is also rich in phenolic compounds, the antibacterial
efficacy is further enhanced.3? Previous studies have
similarly reported that higher concentrations of phenolics
strengthen antibacterial effects, as increased phenolic
content leads to greater disruption of bacterial cell
structures through enhanced release of metal ions.?® In
addition to the herbal components, SHMP also
contributes to antibacterial action by inducing direct lysis
of S. aureus through chelation of structurally essential
metal ions in bacterial membranes. Thus, the combination
of cashew bark extract, bay leaf extract, and SHMP
produces a synergistic effect that effectively disrupts
bacterial cell walls and results in strong antibacterial
activity.

On the other hand, the FB formula also exhibited
effectiveness against the gram-negative bacterium P.
aeruginosa, although the activity was classified as
moderate, with an inhibition zone diameter of 10-15 mm.
This finding is consistent with the results of Yilmaz et al.33,
who reported that a propolis and xylitol mouthwash was
more effective against gram-positive bacteria. The
reduced susceptibility of gram-negative bacteria may be
attributed to differences in cell wall structure.3*
Specifically, the outer membrane of gram-negative
bacteria serves as a barrier to many antimicrobial agents.
This membrane contains lipopolysaccharides (LPS), which
are long sugar chains attached to the cell wall, and these
structures provide additional protection against
antibiotics and other antimicrobial compounds.®
Therefore, multiple mechanisms of action are required for
antimicrobial agents to effectively target gram-negative
bacteria. In contrast, the antibacterial activity of plant
flavonoids against gram-positive bacteria is primarily
attributed to their lipophilicity rather than mechanisms
such as DNA gyrase inhibition or enzyme-level
interference.®® This structural distinction explains the
comparatively lower activity of FB against P. aeruginosa
while maintaining high efficacy against S. aureus.

Considering that this study was designed as a
comparative preclinical investigation focusing on the
relative contribution of multiherbal extracts and sodium
hexametaphosphate (SHMP) within the formulated
mouthwashes, several limitations should be
acknowledged. First, the evaluation of extrinsic stain
removal was limited to tea-induced discoloration,
although extrinsic staining may arise from various other
dietary and environmental sources. In addition, the
antimicrobial assessment was restricted to one
representative gram-positive bacterium and one gram-
negative bacterium, and biofilm conditions were not
evaluated. The absence of conventional positive or
negative controls should also be noted; comparisons were
intentionally confined to formulations with and without
SHMP rather than benchmarking against commercial
mouthwashes, as the primary objective was to explore the
synergistic interaction between herbal components and
SHMP in this early-stage formulation study. Furthermore,
the pH values and physicochemical stability of the

formulations over time were not evaluated and should be
addressed in future investigations, particularly to ensure
long-term safety for enamel and oral soft tissues. This
study represents a preclinical in vitro investigation;
therefore, future in vivo studies are recommended to
evaluate the safety, biocompatibility, and clinical
effectiveness of the formulated mouthwash, including
assessments of oral mucosal tolerance, enamel integrity,
and long-term antimicrobial efficacy under dynamic oral
conditions. Bovine teeth were used instead of human
teeth due to methodological considerations, as color
change (AE) was measured using a chromameter with a
measurement head diameter of approximately 10 mm;
therefore, bovine teeth with dimensions more than 10mm
were selected to fully accommodate the measurement
area and ensure consistent color evaluation. Despite
these limitations, the present study highlights a novel
formulation that demonstrates the potential benefits of
combining herbal compounds with SHMP, providing both
cosmetic (stain removal) and therapeutic (antimicrobial)
effects. The mouthwash formulation containing 7%
cashew bark extract, 10% bay leaf extract, and 8% sodium
hexametaphosphate proved to be the most effective in
removing tea stains, exhibited strong antimicrobial
activity against S. aureus, and showed moderate activity
against P. aeruginosa.

Conclusions

This study demonstrated that a mouthwash
formulation containing 7% cashew bark extract, 10% bay
leaf extract, and 8% sodium hexametaphosphate (SHMP)
was the most effective among the tested groups. The
combination exhibited the highest extrinsic stain removal
efficacy, as evidenced by the AE value, and showed strong
antimicrobial activity against Staphylococcus aureus while
maintaining moderate activity against Pseudomonas
aeruginosa. The synergistic effect of the antioxidant-rich
herbal extracts with SHMP contributed to both cosmetic
and therapeutic benefits.
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