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ABSTRACT

Introduction: Gingivitis is inflammation of the gingiva associated with bacterial activity in dental plaque.
The combination of bay leaves and betel leaves infusion has been used as a toothbrush disinfectant. The
purpose of this study was to obtain a stable and effective mouthwash formulation from the combination
of both infusions to prevent and relieve gingivitis. Methods: Five mouthwash formulas were made by
mixing the active ingredients which is a combination of bay leaves and betel leaves infusion, with
additives. The combination namely F-I (100% : 0%); F-1l (75% : 25%); F-IIl (50% : 50%); F-1IV (25% : 75%)
and F-V (0%: 100%). Antibacterial activity tests against Streptococcus mutans, Streptococcus sanguis,
and Porphyromonas gingivalis and physical stability tests were carried out. Stability test was carried out
by storing the formula at room temperature (28°C), hot temperature (40°C) and cold temperature (4°C)
for 3 storage cycles (6 weeks) and observing changes in the physical indicators of the solution, namely
pH, specific gravity, viscosity and organoleptic conditions, namely homogeneity, clarity, color, aroma and
taste at the end of every 2™ week. Results: F-I to F-V had no inhibitory activity against Streptococcus
mutans and Streptococcus sanguis, but had inhibitory activity against Porphyromonas gingivalis in the
range (7.19+0.48) to (8.29 +0.82) mm (ANOVA with a significance value of 0.237 > 0.05). The 5 formulas
were more stable at cold storage, with organoleptic observations at the end of the 3" cycle showing a
slight precipitate (+), clear solution, light brown color, mint aroma and sweet taste. F-1l formulas showed
better physical indicators values because they were closer to the standard values. Conclusion: The F-Il
formula is recommended as a mouthwash for gingivitis because significant for antibacterial effect and
showed better physical indicators values as the standard values for herbal medicines.
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INTRODUCTION symptoms in the form of swelling at the gingival

margin, the redder color of the gingiva, excess
Gingivitis, an inflammatory condition of the gingival fluid from the gum pocket, and bleeding
gingiva due to plaque, is indicated by clinical when brushing teeth. This inflammation of the
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gingiva is associated with bacterial activity in
plaque in conditions where the composition of
dental plaque which was previously dominated by
Gram-positive bacteria turns into dental plaque
which is starting to be dominated by anaerobic
Gram-negative bacteria.! Mouthwashes from
herbal plants can help prevent or relieve gingivitis
because of their metabolite compounds that are
antibacterial, anti-inflammatory and palliative, or
pain relievers.? Bay leaf (Eugenia polyantha Wight)
as an active herbal ingredients for mouthwash has
chemical contents, namely tannins, flavonoids,
and 0.05% essential oil consisting of citral and
eugenol function as anesthetics and antiseptics.
Tannins cause protein denaturation by forming
protein complexes.

The formation of protein complexes through
nonspecific forces such as hydrogen bonding and
hydrophobic effects as well as the formation of
covalent bonds, inactivates bacterial adhesion
(molecules to adhere to host cells) and stimulates
phagocytic cells that play a role in cellular immune
responses.? Flavonoids denature protein and
nucleic acid molecules causing protein coagulation
which will eventually occur metabolism and
physiological function of bacteria.?42

Mechanism of phenol toxicity in essential oils
causes denaturation of proteins on the germ cell
wall by forming a tertiary protein structure with
nonspecific bonds or disulfide bonds.2 Acombination
of the active compounds will accelerate the death
of bacteria.The betel plant (P. betle L) comes from
the Piperaceae family. Piperaceae family has 13
genus that are commonly known to the primary
as medicinal plants.’ In dental health, betel leaf
extract has long been known as a mouthwash to
remove dental plaque.

There are four main chemical compounds
contained in essential oils and plant extracts/betel
leaf, namely phenolic compounds, terpenoids,
flavonoids, and alkaloids, and of the four main
compounds, 56 active compounds have been
found. With a strong antiseptic power from its
essential oil content, for example, the presence of
catechins, which are one of the phenolic contents
of betel leaf, the betel leaf extract is bactericidal,
antiprotozoal and antifungal. Mouth rinsing with
betel leaf extract can relieve aphthous stomatitis
and other oral lesions caused by fungi, viruses, and
bacteria.®”%° Research conducted by Nurjanah et
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al'®, regarding the use of a combination of bay leaf-
betel leaf infusion as a toothbrush disinfectant
concluded that the combined infusion of bay
leaf (65%) and betel leaf (35%) has bactericidal
properties against toothbrush contaminants,
which are mixed bacteria from the oral cavity
originating from plaque, saliva, and water carried
by toothbrushes after use.

This infusion combination is better than
single-use. Meanwhile, this combination has never
been used in mouthwash formula. Utilization of
bay leaf combined with betel leaf expects the
synergism of the antibacterial power of the active
compounds of the two ingredients so that the
antibacterial effect of the combination of bay leaf
and betel leaf decoction is greater than the single
effect. In addition, the purpose of mixing several
herbs is to make mouthwash more effective to
prevent microorganisms resistance.'

Several studies have shown that natural
extracts mixed in proper proportion affect
pathogenic oral bacteria thus not have impact
on nonpathogenic oral bacteria. It is assumed
that naturally derived extracts that have been
properly formulated can preserve a healthy
oral environment and even replace commercial
mouthwash made of chemical compound mixtures.
2,324 |n this study, we will develop a mouthwash
based on a combination of bay leaf and betel leaf
infusion by proposing 5 combination formulas,
and further testing the antibacterial activity
against 3 test bacteria that cause gingivitis,
namely Streptococcus mutans, Streptococcus
sanguis, and Porphyromonas gingivalis, followed
by stability physical testing of the five mouthwash
formulas.The purpose of this study was to obtain
a stable and effective mouthwash formulation
from a combination of bay leaves and betel leaves
infusion to prevent and relieve gingivitis.

METHODS

The method used in this study started with
making a mouthwash formulation with an active
combination of bay leaf and betel leaf infusion,
followed by carrying out anti-bacterial activity
tests on Streptococcus mutans, Streptococcus
sanguis, and Porphyromonas gingivalis. After that,
the physical stability test was carried out. The
design of this study was an experimental study
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with a laboratory scale. Variations of mouthwash
formulas based on active substances from an

infusion of bay leaves and betel leaf are proposed
as shown in table 1 below:

Table 1. Variations of mouthwash formulas based on active substances from infusion of bay leaves and betel leaf

Ingredients Formula

| Il [} v v
Bay leaves (%) 100 75 50 25 0
Betel leaf (%) 0 25 50 75 100
Tween 80 (%) 10 10 10 10 10
Peppermint (%) 1 1 1 1 1
Na-benzoate (%) 0.4 0.4 0.4 0.4 0.4
Na-saccharin (%) 6 6 6 6 6
Dyes (%) 0.2 0.2 0.2 0.2 0.2
fauadest acd 100 100 100 100 100

The five formulas of the mouthwash
formula were then tested for their antibacterial
activity against three bacteria that cause
gingivitis, namely Streptococcus mutans (ATCC
25175), Streptococcus sanguis (ATCC 10556),
and Porphyromonas gingivalis (ATCC BAA-308). S
mutans and S. sanguis are Gram-positive bacteria,
while P. gingivalis are Gram-negative anaerobic
bacteria.

Bacterial Culture Method and Antibacterial
Activity of Mouthwash Preparations Test

The bacteria test S. mutans and S. sanguis were
cultured by taking one oase of each bacterium
from stock culture, inoculated on blood agar
media, and incubated for 24-48 hours at 37°C
under aerobe conditions. The bacteria test
S.mutans and Pgingivalis were cultured by
suctioning 0.5-1.0 ml from the test tube (5-6 ml)
with a 1.0-mL Pasteur pipette, then moistening
the cotton pellet. Aseptically, transfer this
bacterial liquid to a tube containing Brain Heart
Infusion Broth (BHIB) medium supplemented with
2% glucose for testing S. mutans and S. sanguis.
Meanwhile, for P. gingivalis, BHIB supplemented
with vitamin K and hemin. Additional broth tubes
can be inoculated with 0.5 ml each suspension.
Furthermore, from the broth medium that has
been inoculated with bacteria, 0.2 mL was taken
and inoculated on slanted. Then instill in several
bred blood to purify the bred and observe colony
morphology. Furthermore, the tubes and culture
plates were incubated anaerobe, at 37°C for 48
hours. The broth culture will look cloudy after
incubation in the incubator for 48 hours. In order

to recommended for culture, P gingivalis is the
PRAS Brucella Blood Agar Plate from the anaerobic
system (AS-111)'2'45 To test the antibacterial
activity of mouthwash preparations, there are
9 paper disks were prepared, each 3-paper disk
was dipped in a) each mouthwash formula, b)
standard solution infusion to the combination
of betel leaf, bay leaf, and c) negative control
(that was additives without the active of infusion
were bay leaf and betel leaf) d) positive control
(chlorhexidine). Solutions a), b), c) and d) were
provided as much as 20 mL each. All paper disks
were dyed for 1 hour, and then each paper disk
was implanted in a petri dish containing blood agar
medium, and the bacterial culture of P. gingivalis
was incubated for 1 x 24 hours at 37°C, then the
inhibition zone of bacterial growth was measured.

Stability test of mouthwash preparations

This test was intended to assess the stability of
mouthwash by measuring several parameters
before and after storage. The mouthwash formulas
were stored at 4°C, room temperature, and 40°
C for 3 cycles each, the range between cycles
was 2 weeks. The parameters measured were
organoleptic observations, which were assessed
through physical observation by expert panelists.
The second parameter is viscosity measurements
(cSt). This parameter is measured with an Ostwald
viscometer at Chemistry Lab. Third parameter was
pH measurements. This parameter is measured with
a pH meter at Chemistry Lab. The last parameter
is specific gravity measurements(g/cm?3), this
parameter is measured with a pycnometer at the
Chemistry lab.
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RESULTS

The antibacterial activity results

The antibacterial tests were carried out for the 5
combination solutions (marked by L-1 - L-V) of bay
leaf and betel leaf infusion (without additives)
and for the 5 mouthwash formulas (marked by F-I -
F-V). The results of the antibacterial activity test
are shown in the table 2. Table 2 showed that the
L-1 and L-ll solutions have antibacterial activity
against Streptococcus mutans, but in combination
with the same composition (L-11l) or composition

containing more infusion of betel leaf (L-1V) and
(L-V), the formula could not inhibit the growth of
S. mutans. The results of the antibacterial activity
test of the combination solution of bay leaf and
betel leaf infusion against Streptococcus sanguis
showed slightly different results, namely the
compositions L-1, L-Il, L-1V, and L-V had inhibitory
power against S. sanguis with an average inhibition
zone varying between 6 .95 - 11.72 mm, and
the composition with the largest inhibition zone

Table 2. The average diameter of zone of inhibition of the mixture of bay leaf and betel leaf infusion without additives*

Diameter of zone inhibition the mixture of bay leaf and betel leaf

infusion towards

S. mutans S. sanguinis P. gingivalis
Sample Mean + SD Mean = SD Mean + SD
(cm) (cm) (cm)
L-1 7.55 +0.16 8.07 £ 0.13 NA
L-1 6.96 + 0.35 6.95+0.11 7.96 +0.77
L-11 NG NG 8.25 +0.45
L-IvV NG 8.44 +1.16 8.35+0.66
L-V NG 11.72 £ 0.49 11.92 £ 0.86
Controt (%) 18.82 + 0.27 18.51 £ 0.72 24.14

Chlorhexidine

*NG = no bacterial growth

Additives* are ingredients that are added so that the mouthwash formula is stable, the active
substance is well dissolved so that it is not easy to precipitate (Tween-80), has a good taste, aroma
and color (Na-Saccharin, Peppermint and dyes) and the formula can inhibit the growth of bacteria

and fungi (Na-Benzoate).

was the L-V formula (0% bay leaf infusion: 100%
betel leaf infusion). P.gingivalis is sensitive to the
combination formula, the sensitivity increases
with the increase in the concentration of betel
leaf infusion, but in this study, betel leaf infusion
alone did not have antibacterial activity against
these bacteria.

The results of the antibacterial test of the
5 mouthwash formulas, namely the combination
of betel leaf bay leaf infusion with the addition of
additives can be seen in Table 3

Table 3 shows that the additive (negative
Control) did not have antibacterial activity
against the three bacteria test. The formula
from F-1 - F-V did not have antibacterial activity
against Streptococcus mutans and Streptococcus
sanguis (NA) but had antibacterial activity against
Porphyromonas gingivalis.

The results of the homogeneity of variance
test followed by the ANOVA Test on Inhibitory
Zones between groups and within groups are
written in table 4 and 5.

Table 3. The average diameter of zone of inhibition of bay leaf infusion-based mouthwash and betel leaf

Samples S. r‘r:rlrt:?ns S. st(l:f:\nms P. gl‘rgrll\)/ahs
F-1 NG NG 7.19 +0.48
F-1 NG NG 7.25+0.22
F-11l NG NG 8.06 + 0.84
F-Iv NG NG 8.09 + 0.81
F-v NG NG 8.29+0.82
Control (+): Chlorhexidine 23.55
Control (-): (additive without infusion) NG NG NG

*NG = no bacterial growth
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Table 4 regarding the Test of Homogeneity
of Variances from the Based on Mean results
obtained a significant result of 0.189 > 0.05
which can be concluded that Inhibition zone
data variance in samples 1-5 is homogeneous.
Table 5, ANOVA with a significance value of 0.237

> 0.05 show no significant variation in the zone
of inhibition based on the five samples. In the
sense that each mouthwash formula has the same
opportunity to be determined as the selected
formula, for the implementation of further tests
in the development of mouthwash manufacture.

Table 4. The variance homogeneity test for Mouthwash Formula (F)

Levene Statistics dFli dFll Sig.
Based on Mean 1.887 4 10 .189
Inhibition Based on Median .330 4 10 .852
zone gised on Median and with adjusted 330 4 7.191.850
Based on trimmed mean 1.674 4 10 232

Source: SPSS Output

Table 5. ANOVA test for Mouthwash Formula (F)

Inhibition zone

Sum of Squares Df Mean Square F Sig.
Between Groups 3.205 4 .801 1.652 .237
Within Groups 4.850 10 .485
Total 8.056 14

Source: SPSS Output

Determination of the Formula’s Physical
Properties

The mouthwash’s physical properties such as pH,
specific gravity, and viscosity were determined
because these parameters could affect the
mouthwash’s quality. The results of measuring
the physical properties of the mouthwash formula
are listed in Figure 1.The pH of Formula solution
[-V ranged from 4.47-4.59 as shown in figure 1,

while the infusion of bay leaf and betel leaf was
4.48 and 4.33, respectively. The graph of specific
gravity of the mouthwash formula (FI-FV) ranged
from 1.0126-1.0155 g/cm3, while the infusion
of the bay leaf and betel leaf were 1.0085 and
1.0103 g/cm?. The viscosity values for the infusion
of bay leaf and betel leaf are 1.0988 and 1.0155
CST, respectively. This value is close to the value
of water viscosity, which is 1 cSt. However, when
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Figure 1. Results of Observation of Physical Properties of Mouthwash Formula | - V

additives are added, the value of each viscosity
increases. The viscosity value of bay leaf from
1.0988 cSt increased to 1.9430 cSt (F-I), while that
of betel leaf from 1.0155 cSt increased to 2.2022
cSt (FV), this indicates each infusion’s viscosity
was increased by the addition of additives. The
increase in viscosity was further increased when
the two infusions were mixed

Results of Stability Testing of Mouthwash
Preparations Based on Organoleptic
Observations

Organoleptic tests included pH, homogeneity,
clarity, color, aroma, and taste of the mouthwash
formula before the storage cycle and after
storage cycles 1, 2, and 3 in a storage room at
room temperature (28°C), hot (40°C) and cold
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Table 6. The results of the stability test for the combination mouthwash formula infusion of Salam and Betel leaf for Formula Il

Stability at room temperature

Period of time pH Homogeneity Clarity Color Aroma Taste
4.52 \' \' Light Brown Mint Sweet
Before 4.57 \' \' Light Brown Mint Sweet
4.59 \' \' Light Brown Mint Sweet
Average 4.56+0.03
4.52 Precipitation + \' Light Brown Mint Sweet
Cycle 1 4.50 Precipitation + \' Light Brown Mint Sweet
4.49 Precipitation + \'% Light Brown Mint Sweet
Average
3.88 Precipitation ++ \'% Dark Brown Mint Sweet
Cycle 2 3.87 Precipitation ++ \" Dark Brown Mint Sweet
3.86 Precipitation ++ \" Dark Brown Mint Sweet
Average
5.25 Precipitation ++ \' Dark Brown + Mint Sweet
Cycle 3 5.23 Precipitation ++ \" Dark Brown + Mint Sweet
5.20 Precipitation ++ \' Dark Brown + Mint Sweet
Average 5.22+0.03
Stability at 40°c
4.47 Precipitation + \' Light Brown Mint Sweet
Cycle 1 4.46 Precipitation + \' Light Brown Mint Sweet
4.46 Precipitation + \'% Light Brown Mint Sweet
Average
3.77 Precipitation ++ \Y Dark Brown Mint Sweet
Cycle 2 3.76 Precipitation ++ \" Dark Brown Mint Sweet
3.78 Precipitation ++ \" Dark Brown Mint Sweet
Average
3.72 Precipitation ++ \' Dark Brown + Mint Sweet
Cycle 3 3.71 Precipitation ++ \' Dark Brown + Mint Sweet
3.70 Precipitation ++ \' Dark Brown + Mint Sweet
Average 3.71 £0.01
Stability at 4°c
4.52 Precipitation + \' Light Brown Mint Sweet
Cycle 1 4.52 Precipitation + \' Light Brown Mint Sweet
4.51 Precipitation + \'% Light Brown Mint Sweet
Average
3.94 Precipitation + \' Light Brown Mint Sweet
Cycle 2 3.94 Precipitation + \" Light Brown Mint Sweet
3.92 Precipitation + \" Light Brown Mint Sweet
Average
4.05 Precipitation + \' Light Brown Mint Sweet
Cycle 3 4.08 Precipitation + \' Light Brown Mint Sweet
3.98 Precipitation + \' Light Brown Mint Sweet
Average 4.03+0.03

temperature (4°C). Duration per cycle was 2
weeks. Before entering the cycle, organoleptic
test was carried out in the chemistry lab by
expert panelists. The results of the organoleptic
test of the mouthwash regarding homogeneity,
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clarity, color, aroma, and taste, for all formulas
and controls gave the same results, namely, the
mouthwash solution was homogeneous, clear, and
did not cause deposits or cloudiness. This light
brown color came from bay leaf and betel leaf
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infusion which is a dark brown color so being a
light brown because of the addition of additive
substance.” The dominant aroma of mint comes
from the mint flavor and sweet taste from the
added saccharin.

Compared to the 5 proposed mouthwash
formulas, we chose Formula Il, which is a formula
with a combination of 75% Salam leaf infusion
and 25% Betel leaf infusion to be developed as a
mouthwash. This is based on the consideration of a
more favorable pH value when compared to other
combinations. The results of the stability test for
the combination mouthwash formula infusion of
Salam and Betel leaf for Formula Il can be seen
in Table 6.

In the table, it can be seen that before
stability testing the average pH of the Formula Il
mouthwashwas4.56, the solution was homogenous,
clear, light brown in color, with a mint aroma,
and sweet taste. At room temperature storage
after completion of the third cycle, the clarity,
aroma, and taste did not change, but the pH rose
to 5.22 and was within the standard pH range, the
solution became non homogenous, precipitated
++, and the color changed to dark brown +, and
a precipitate increased with increasing storage
time. This indicates that Formula Il is unstable at
room temperature storage.

Storage of Formula Il at 40°C, after the
third cycle ended the clarity, aroma, and taste
did not change, but the pH dropped to 3.71, the
solution became non homogenous, precipitated
++, and the color became dark brown+. In cold
storage at 4°C, the clarity, color, aroma, and taste
did not change but the pH increased to 4.03,
and the solution became non homogeneous with
a slight + precipitate. Storage conditions at cold
temperatures were better than storage at room
temperature and 40°C.

DISCUSSION

Antibacterial Test

Regarding the antibacterial test of the
combination of bay leaf and betel leaf infusion
without additives listed in table 2, it can be
seen that the solution with a higher composition
of bay infusion has antibacterial activity against
S. mutans and S. sanguis. Aldhaher’s research
(2017) stated that the aqueous extract of bay

leaves had a good antibacterial effect against S.
mutans, and the best 8inhibition was obtained at
an infusion concentration of 60% (20.4 mm) even
when compared to 0.2% Chlorhexidine gluconate
as a mouthwash golden standard (16 mm)'®",
However, if both infusions equally combined or
betel leaf infusion proportion higher than bay
leaf, the antibacterial effect is inactive.

The sensitivity of S. sanguis and S.mutans
to the infusion of the bay leaves and betel leaves
mixture can occur due to the content of tannins,
flavonoids, and essential oils. These results are in
line with research that concluded that gargling with
bay leaf infusion (Eugenia polyantha Wight) with
concentrations of 100%, 75%, and 50% can reduce
the number of colonies Streptococcus spp.'®'®
Infusion and bay leaf extract contains chemical
compounds, namely tannins, flavonoids, and
essential oils (0.05%) consisting of citric acid and
eugenol. Tannins are glycoside solutions derived
from polypeptides and ester polymers which can
be hydrolyzed by bile (3, 4, 5 trihydroxide benzoic
acids) and glucose. Flavonoid is a term for oxygen
heterocyclic aromatic compounds derived from
2 phenyl benzopyran. Flavonoids are one of the
naturally occurring phenolic compounds found in
many plants.

Tannins, one of the compounds contained
in bay leaves, are included in the phenol group,
which can inhibit the growth of various bacteria
through precipitation and denaturation of bacterial
proteins. Flavonoids also have antibacterial
properties because these compounds are able to
interact directly with bacterial DNA. The structure
of DNA plays an important role in the process
of transcription and replication of bacteria.
Flavonoids are considered capable of disrupting
the stability of the DNA double helix structure,
which results in disruption of the growth process
and bacterial metabolism.

Flavonoid interaction with bacterial DNA
Flavonoids can also produce energy transduction
which also affects the cytoplasm of bacteria
and weakens its movement. The hydroxyl ions
resulting from the energy transduction can
inhibit bacterial growth through the mechanism
of precipitation and denaturation of bacterial
proteins.'”? Presumably, this mechanism also
causes the combination to have antibacterial
activity against Pgingivalis.Phenolic compounds,
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terpenoids, flavonoids, and alkaloids are also
found in betel leaf plants, so it is hoped that the
combination of the two infusions can increase the
antibacterial effect against the three bacteria
tests. But the results of this study provide data
that L-1ll (50% bay leaf and 50% betel leaf), L -IV
(25% bay leaf and 75% betel leaf), and L-V (100%
bay leaf and 0% betel leaf) have no antibacterial
activity against S. mutans. The explanation for
this is the possibility of an antagonistic effect
between the active compounds present in both
infusion solutions. 224

Table 3 shows the antibacterial power of 5
different mouthwash formula variants. The results
showed that F-1 to F-V did not have antibacterial
activity against S. mutans and S. sanguis, but
had antibacterial activity against P. gingivalis,
although relatively weak compared to standard
Chlorhexidine  mouthwash. In  comparison,
Streptococcus sp is a Gram-positive bacterium with
the characteristic of having a thick peptidoglycan
layer on its cell wall, while P.gingivalis is a Gram-
negative bacterium with a thin peptidoglycan.
Tannins and flavonoids are compounds contained
in bay leaves and betel leaves. The mechanism of
action of tannins as an antibacterial is to interfere
with the synthesis of peptidoglycan so that the
formation of cell walls becomes less than perfect.
This situation will cause bacterial cells to become
lysed due to osmotic and physical pressure so that
bacterial cells die.

The mechanism action of flavonoids as an
antibacterial is to form complex compounds with
extracellular and soluble proteins which result
in phospholipids not being able to maintain the
shape of the bacterial cell membrane, as a result,
the cell membrane will leak and the bacteria will
be inhibited in growth and even death.?%?' |t is
possible that in this study, it is necessary to carry
out phytochemical tests on tannins and flavonoids
as the most active ingredients in the formula. The
tannins and flavonoids contained in the infusion of
deep leaves and betel leaf were affected by the
heating process in the manufacture of the infusion,
so that their antibacterial activity, especially
against the test bacteria S. mutans and S. sanguis
which were Gram positive, was reduced. However,
P.gingivalis, which has a thinner peptidoglycan
layer, is still sensitive to the tannins and flavonoids
contained in the combined infusion.
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Physical Properties of Mouthwash Formula

The physical properties of the mouthwash formula
are determined by the pH value, specific gravity
and viscosity of the solution. The pH of Formula
solution I-V ranged from 4.47- 4.59 as shown in
figure 1, while the infusion of bay leaf and betel
leaf was 4.48 and 4.33, respectively. This pH value
is still below the standard range of oral pH which
is between 5.5-7.9", while based on the Herbal
Medicine Standard Quality, the pH of mouthwash
is required to be between 5-6. For this matter,
there needs to be an effort to increase the pH
value, by adding an alkaline material, so that
when the preparation is consumed it does not
cause irritation to the oral mucosa. The pH of the
formula close to the oral pH can also prevent the
growth of bacteria and fungi. Bacteria will grow
easily in an acidic solution, while fungi will grow
easily in an alkaline solution.

Betel leaf infusion has a slightly lower pH
value than bay leaf infusion. In the graph, it can be
seen that as the ratio of betel leaf concentration
increases in the formula, the pH of the formula
decreases. Meanwhile, the addition of additives
seems to raise the pH value. This is indicated by
the previous pH value of the bay leaf infusion of
4.48, after being in the form of formula (F-1) pH
value change to 4.59. In addition, it is shown by
the changing of pH of the betel leaf infusion which
was originally 4.33 becomes 4.47 when it is in the
form of Formula (F-V).

The specific gravity values of all samples
met the standard of 1 g/cm3, approaching the
water density value of 1 g/cm3. The viscosity of
liquid indicates the level of resistance to flow.
The greater the viscosity, the slower the flow.
The results in the diagram Figure 1 show that the
addition of additives increases the viscosity of
each infusion. The increase in viscosity was further
increased when the two infusions were mixed. It
becomes necessary to think about rearranging the
formula’s composition.

The specific gravity and viscosity of the
formula with the composition of the higher bay
leaf infusion content (F-1 and F-Il) were relatively
more advantageous when compared to F-IV
and F-V. Since the results of this study showed
that there were no significant differences in
antibacterial power, further research is needed to
make more effective mouthwash formulations.
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CONCLUSION

The F-Il formula is recommended as a mouthwash
for gingivitis because it has antibacterial effect
and showed better pH, specific gravity, and
viscosity values as the standard values for herbal
medicines.
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