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Abstract: Hydroxyapatite is an inorganic material that is commonly used as a re-
mineralizing agent. Adding natural ingredients such as green betel leaf can increase the
antibacterial properties due to the presence of phenolic compounds, flavonoids, and
tannins. This study aims to determine the physical and chemical characteristics of the
formulation of hydroxyapatite-betel leaf extract and the antibacterial activity against
Streptococcus mutans. To characterize the combination of hydroxyapatite-betel leaf
extract, XRD, PSA and FTIR analyses were performed. Particle size analysis showed the
smallest results in the variation of betel 0.3 g, which is 690.08 nm. FTIR characterization
showed the presence of OH, PO/ and CO5* functional groups from hydroxyapatite and
C=0 derived from betel leaf extract. In addition, in vitro and in vivo analyses were
performed to assess the antibacterial activity of this formulation. The in vitro
antibacterial activity test against S. mutans showed strong inhibitory activity. Our
finding suggests that the formulation has the potential to be used as a medication or

prevention agent for dental caries.
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= INTRODUCTION

Dental caries is one of the most common oral health
problems in society which is caused by the interaction
between teeth, microbial biofilms, and acids from food
residues [1]. Another cause of dental caries is the
formation of plaque on the teeth, a structured and
organized multi-species biofilm caused by the presence of
complex microbes that grow, survive, and colonize the
tooth surface, such as Streptococcus mutans [2-5]. S.
mutans bacteria play a role in synthesizing extracellular
polymers of glucan from glucose by releasing
glucosyltransferase to produce glucan from sucrose [6].
Glucans can promote the development of tooth surface
biofilms by acting as binding intermediaries for other oral
bacteria [7]. One of the factors that can increase the

glucan synthesis ability of S. mutans is the sucrose-

dependent adhesion which causes the formation of
plaque ecology and triggers dental caries [8]. Caries
prevention can be done in various ways, one of which is
the application of hydroxyapatite (HAp) as a
remineralization agent [9].

HAp is the main inorganic mineral of bones and
teeth with the shape of calcium phosphate crystals [10].
HAp is widely used in the medical field because of its
biocompatibility, bioactivity, osteoconductivity, non-
toxic, and non-immunogenic properties [11-12]. HAp
can assist in the remineralization process of teeth,
especially in dental caries caused by S. mutans bacteria,
by acting as a source of calcium and phosphate ions [13].
Precursors that can be used to synthesize HAp include
eggshells, clamshells, limestone, and beef bones [14-17].

Betel leaves (Piper betle L.) is a glabrous climbing
vine that belongs to the Piperaceae family and can be
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found in countries throughout Asia. It has been used for
thousands of years in traditional medicine as a stimulant,
antifungal, antioxidant, and antimicrobial agent due to its
high phytochemical concentration [18]. Furthermore, it
has bioactivity potential due to metabolite compounds
such as phenols, flavonoids, and tannins that act as
antibacterial agents [19]. A previous study has shown that
betel leaf extract can inhibit gram-positive bacteria
Staphylococcus
Pseudomonas aeruginosa [20]. Combining HAp with betel

aureus and gram-negative bacteria
leaf extract can significantly increase antibacterial and
antimicrobial properties against S. aureus [21].

In this study, we aim to determine the physical and
chemical characteristics of the HAp-betel leaf extract
formulation and its antibacterial activity against S.
mutans in vitro. To address this, a formulation of HAp-
betel leaf extract in liquid and gel preparations was carried
out, which is expected to prevent tooth decay without any
toxic effects.

m EXPERIMENTAL SECTION
Materials

Green betel leaves (Piper betle L.) were obtained
from the Jombang area. Phosphoric acid (85% H;PO,)
and aquadest were purchased from PT. Brataco.
Hydroxyapatite was synthesized from beef bone,
according to [22]. Propylene glycol, NA, and NB medium
were purchased from Merck, while gentamicin, saline,
and Na-CMC were from PT. Gunacipta Multirasa.
Streptococcus mutans (ATCC 35668) bacteria used in in
vitro study were performed from the Microbiology Lab,
Faculty of Medicine, Airlangga University. Winstar rats
(Rattus norvegicus) used in in vivo study were performed
by the Faculty of Veterinary, Airlangga University.

Instrumentation

The functional groups of liquid and gel samples
were analyzed using a Perkin-Elmer Spectrum Two™ IR
spectrometer for frequencies ranging from 400 to
4000 cm™. The particle size analysis of the formulations
was analyzed using the Zetasizer Malvern series particle
size analyzer. The diameter of the inhibition zone for the
antibacterial activity test was measured using a digital
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caliper with the Sigmat Vernier Caliper with an accuracy
of £ 0.2 mm.

Procedure

Hydroxyapatite synthesis-green betel leaf extract

The thick extract of green betel leaf obtained from
the maceration of fresh green betel leaf with distilled
water was weighed as much as 0.1; 0.3; 0.5; 0.7; and 1 g.
Then put into a beaker, added 2 mL of 1% HAp solution
made of 0.2 g of HAp dissolved in 20 mL of H;PO, and
stirred until homogeneous [22]. The functional groups
of liquid and gel samples were analyzed using a IR
spectrometer.

Hydroxyapatite gel-green betel leaf extract

A total of 30 mL of distilled water was put into a
beaker and then heated at 100 °C on a stirrer until it
boiled. Then, 5mL of propylene glycol and 50 mL
mixture of HAp-green betel leaf extract were then added
while stirring with a magnetic stirrer. In order to form
gel consistency, 0.4 g of Na-CMC was stirred with a
magnetic stirrer while heated [23]. X-Ray Diffraction
(XRD) analysis was performed using the XRD Phillips
PW-1170 Diffractometer (Cu-Ka =1.5404 A). Next,
particle size analysis of the formulations was analyzed
using the Zetasizer Malvern series particle size analyzer.
The material in the form of powder is weighed
approximately 0.01 g then put into the beaker and mixed
with 1mL dispersant (Tween 20) while stirring
thoroughly. Aquadest was added up to 10 mL and stirred
until dissolved. Next, the sample was ultrasonicated for
5s, put into a 1 mL cuvette then measured in diameter
distribution using PSA.

Anti-bacterial activity test

Antibacterial activity was tested by the disc
diffusion method. NA medium (Merck) was heated by
autoclaving for 15min at 120°C. Next, 1mL of
suspension of S. mutans bacteria was taken, which had
been inoculated on NB media (Merck) under sterile
conditions and put into a petri dish. Solid media were
made by pouring 5 mL of NA medium under slightly hot
conditions into the petri dish. Furthermore, the petri
dish is shaken slowly until the suspension of S. mutans
bacteria, and NA media is homogeneous. Liquid and gel
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formulation of HAp-green betel leaf extract with
variations in the composition of green betel leaf extract
0.1;0.3;0.5; 0.7; and 1 g, positive control, negative control
and blank dish was prepared. Next, the blank dish is
dipped into the sample to be tested. Then put 3 blank
dishes that had been dipped in samples into a petri dish
containing NA media and S. mutans bacteria which
started to solidify. Samples were then incubated at 37 °C
for 24 h. After incubation, the petri dish was removed
from the incubator, and the clear zone around the blank
dish was measured using a digital caliper (Sigmat Vernier
Caliper) [24]. The diameter of the inhibition zone for the
antibacterial activity test was measured using a digital
caliper with the Sigmat Vernier Caliper with an accuracy
of £ 0.2 mm.

Spreadability test

A total of 0.5 g of HAp gel formulation-betel leaf
extract was placed in the center of the glass and then
covered with another glass. The measurement of
dispersion is based on the diameter of the distribution of
the preparation horizontally and vertically, with the
addition of a load of 50 g to a total weight of 150 g [25].

Adhesion test

A total of 0.25 g of the HAp-betel leaf extract gel
formulation was placed on a glass slide and then covered
with another glass slide until it was completely covered.
Next, a load weighing 1000 g is placed on top of the slide
for 5min. To remove the glass object from the gel
attachment, a load weighing 80 g is used. The time needed
for two glass slides is separated [26].

In vivo testing on rats

Rats. Male Wistar rats aged 10 weeks with an average
weight of 150-200 g were used as experimental animals.
The rats have received an animal certificate from the
Animal Husbandry Service and were handled in
accordance with the care guidelines of an in vivo ethical
clearance research issued by the Faculty of Medicine,
Universitas Airlangga (Decision no: 262/EC/KEPK/
FKUA/2021). Rats were placed in polypropylene cages at
a controlled temperature of 25+5°C and were
acclimatized for 7 days before the experiment was carried
out [27].
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Test animal treatment

A total of 9 male Wistar rats were divided into 3
groups, each consisting of 3 rats. Each group of Wistar
rats was infected with 0.1 mL (10° cfu/mL) of S. mutans
suspension intraperitoneally. After 24h, rats were
injected with the positive control, negative control, and
formulation of HAp gel-green betel leaf extract in each
group. The positive control group was injected with
0.1 mL of gentamicin, while the negative control group
was injected with 0.4 mL of saline solution. The
treatment group was injected with 1 mL of HAp-green
betel leaf extract via intraperitoneal. The injection was
done intraperitoneally for 3 d. After 24 h, the specimen
was removed from the intraperitoneal fluid. Then the
intraperitoneal was diluted using NaCl to 10* cfu/mL to
be tested for its antibacterial activity [28]. Next, 1 mL of
diluted intraperitoneal fluid was cultured on NA media
with the pouring agar method into a sterile petri dish
and then added 15 mL of NA agar medium at 40-45 °C.
After it solidified, plates were incubated at 37 °C for
24 h. Then, bacterial colonies were counted using the
total plate count (TPC) method [24,29].

m RESULTS AND DISCUSSION

Hydroxyapatite-Betel Leaf Extract Formulation
Characterization

HAp-betel leaf extract formulation is characterized
by conducting several analyses, such as XRD, PSA, and
FTIR. To determine the physical characteristics,
including chemical composition, crystallographic
structure, and physical properties, XRD was performed.
The results analysis shows that HAp calcined from
bovine bones has similarities with HAp from the Tissue
Bank, which has been applied in the medical field at Dr.
Soetomo Hospital. Both HAps are dominated by the
HAp phase, with the highest peak being at an angle of
20 =31.8023°, which corresponds to JCPDS data
number 09-0432. HAp (Ca;o(PO4)s(OH),) appears with
arelative intensity of 100% (Fig. 1). Other phases formed
in the two HAps are A-type carbonate apatite (AKA)
and B-type apatite  (AKB). AKA
(Ca(PO,)sCO;) is formed because carbonate ions

replace OH™ ions in the HAp structure, while AKB

carbonate
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(Ca;o(PO4);(CO;)(OH),) is formed because carbonate
ions replace PO, ions in the HAp structure. AKA
appears at an angle of 20 =26.0214° and 32.2708°
corresponding to JCPDS data number 35-0180. AKA
appeared with relative intensities of 40.69 and 63.24%,
respectively. AKB appears at 20=28.234°% this
corresponds to JCPDS data number 19-0272. AKB
appeared with a relative intensity of 7.54%. In this study,
the AKA phase is more dominant when compared to the
AKB phase because HAp compounds are produced from
the calcination process at high temperatures, namely
900 °C. However, if the synthesis of HAp is carried out at
low temperatures (60-100°C), the AKB phase will
dominate more. A combination of carbonates is not
harmful because it is also found in human bones as
carbonate apatite [30].

To determine the particle size and distribution of
liquid and gel formulations of HAp-green betel leaf
extract samples, PSA was conducted. The results show the
average particle size in the variation of the addition of
betel extract are 0.1; 0.3; 0.5; 0.7; and 1 g are 5956.00;
690.08; 306300; 5042.40; and 5832.20 nm, respectively
(Fig. 2).

Based on the results, the formulation of HAp and
green betel leaf extract with 0.3 g of betel can be
categorized in the nanoparticle group, while the variation
of betel extract is 0.1, 0.5, 0.7, and 1g is excluded.
Nanoparticles are materials with a particle size of less than
1 mm [31]. Variations that have not been optimal in nano
size are probably due to particle agglomeration. Thus, the
particles grow bigger and easily detached. The larger the
particle size, the greater the polarity and affinity [32]. The
smaller the particle size, the larger the surface area,
allowing for higher contact with microorganisms' cell
walls [33]. Therefore, based on our results, further
optimization is needed to prevent the agglomeration of
HAp.

The determination of the functional groups in the
sample was qualitatively analyzed using FTIR. Previously,
we analyzed HAp calcined from bovine bones compared
to HAp from the Tissue Bank. It can be seen that HAp
calcined from bovine bones is similar to HAp from the
Tissue Bank; this is evidenced by the typical functional

groups belonging to HAp that appear at almost the same
wavenumber (Fig. 3(al)). HAp from the analyzed bovine
bone showed an absorption band of the OH™ group at
wavenumber 3572.68; 1993.09; and 602.51 cm™', while
HAp from the Network Bank showed absorption bands
from the OH" group at wavenumber 3570.76; 2016.24;
and 604.44 cm™. It can be seen that the spectra of the
OH™ group look uncharacteristically pointed, which is
seen to be this ramp because the OH- group of HAp
binds to the metal Ca** (Fig. 3(a2)). The PO,’" the group
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Fig 1. Results of the XRD spectrum (a) beef bone

hydroxyapatite; (b) standard hydroxyapatite from the
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Fig 2. Graph of PSA analysis of the formulation of HAp-
betel leaf extract
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Fig 3. Results of the FTIR spectrum. (a) hydroxyapatite from beef bone (1) and Tissue bank (2); (b) HAp-betel leaf

extract formulation in gel (1) and liquid sample (2)

has 4 vibration modes, namely stretching symmetry
vibration (vl) with a wavenumber of about 956 cm™,
bending symmetry vibration (v2) with a wavenumber of
about 430-460 cm ', stretching asymmetry vibration (v3)
with a wavenumber of about 1040-1090 cm™, bending
asymmetric vibration (v4) with a wavenumber of about
571-610 cm™'. Calcined HAp from bovine bones showed
an absorption band of the carbonate group (COs*) at a
wavenumber of about 1400 cm™. The presence of a
carbonate group in the resulting HAp is caused by direct
contact between HAp samples and carbon dioxide (CO,)
in the air.

Meanwhile, the results of the FTIR analysis for the
liquid sample (Fig. 3(b2)) showed peaks at a wavenumber
of 3325.44, 1634.72, 1156.81, and 1075.29 cm ™' indicating
the presence of a hydroxyl group (OH), a carbonyl group
(C=0) and a carbonate group (CO;*") and a phosphate
group (PO4*), respectively.

In the gel sample (Fig. 3(b1)), the hydroxyl (OH)
group was detected at a wavenumber of 3279.84 cm™,
which was also previously observed by Liu et al. [34]. The
carbonyl group (C=0) was seen at a wave of 1639.49 cm™,
indicating the presence of one of the functional groups of
the metabolite compounds contained in the betel leaf. The
carbonate group (CO;*") was detected at a wavenumber of
1136.83 cm™. This finding is in line with the previous
finding, which states that the carbonate group in human
bone is detected at a wavenumber of ~1100.00 cm™ [35].

The detected carbonate group comes from CO; in the
air, which reacts with calcium to form a bond so that a
calcium carbonate phase appears during synthesis [36].
Furthermore, the phosphate group (PO,*") was detected
at a wave of 1078.69 cm™. Mondal et al. support the
detection of phosphate groups, which states that
wavenumbers between 1000-1100 cm™ indicate the
presence of a phosphate group with a stretching
vibration pattern [37].

The OH, PO, and CO;* functional groups are
functional groups derived from HAp, but the C=0
group is a functional group derived from green betel leaf
extract [38]. The existence of a shifting wavenumber
indicates that there has been a bond between HAp and
the metabolite compounds present in the green betel leaf
extract (Table 1).

Next, the gel preparation spreadability test was
carried out to determine the ability of the formulation of
HAp-green betel leaf extract gel to spread when applied
to the teeth (Table 2). Dispersibility is an important
characteristic in formulations, as it affects the transfer of
the active ingredient to the target area at the correct
dose, ease of use, the pressure required to exit the
package, and acceptance by the consumer. The dispersion
is related to water; the more water content, the wider the
dispersion [39]. The results of the tests showed that the
increase in the spreading area was accompanied by
adding a given load (Table 3). The formula found the best
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Table 1. Wavenumber data from FTIR

Functional HAp wavenumber (cm™)
groups Beef bone Tissue bank Liquid sample ~ Gel sample
OH 604.44 602.51 3325.44 3279.84
2016.24 1993.09 -
3570.76 3572.68 -
C=0 - 1634.72 1639.49
CO;™ 1414.49 1420.27 1156.81 1136.83
1462.70 1460.78
PO~ 961.25 961.25 1075.29 1078.69
471.36 473.29
1048.04 1049.97
1090.47 1092.40
571.65 571.65
961.25 961.25

Table 2. Test results of HAp gel-betel leaf extract
spreadability

Sample Horizontal (cm)  Vertical (cm)  Average
Betel 0.1 g 7.77 8.23 8.00
Betel 0.3 g 8.54 8.28 8.41
Betel 0.5 ¢ 8.82 9.12 8.97
Betel 0.7 g 8.53 8.67 8.60
Betel1g 8.84 8.82 8.83

Table 3. The results of the stickiness test of the HAp gel-
betel leaf extract

Sample Adhesion (s)
Betel 0.1 ¢ 1.83
Betel 0.3 g 1.03
Betel 0.5 g 0.78
Betel 0.7 g 1.07
Betel1 g 0.88

results by adding 0.1 g of betel leaf because it has a
spreading power close to the dispersion scale that meets
the standards. Good dispersion will provide the speed of
contact between the gel and the teeth. The viscosity value
of the preparation influences the difference in dispersion.
It has a low viscosity value (watery) which results in the
dispersion diameter becoming large because it is easier to
flow. While for preparations that have a high viscosity
value, the resulting dispersion diameter is small [40].
Preparations that are too spread or difficult to spread will
reduce the comfort and effectiveness of use, while

preparations that are too dilute will cause reduced
adhesion. Therefore, the contact time of active
substances with the application site will reduce [41].
Many factors affect the dispersion, one of which is the
amount and strength of the gel matrix. The dispersion
will decrease along with the more and the strength of the
gel matrix. In this case, what affects the formation of the
therefore, the

concentration of the gelling agent can increase and

gel matrix is the gelling agent,

strengthen the gel matrix [42].
of the
hydroxyapatite gel formulation-green betel leaf extract

To determine the adhesion time
to the tooth surface adhesive test was performed. Hence,
it will suggest whether the active substances in the
preparation were absorbed. The general characteristic of
gel preparations is the ability to adhere to the surface of
the application for a long time. The longer the
preparation time can be attached, and the additive can
be in contact with the application, the antibacterial effect
is expected to be optimal [43]. The data suggest that the
differences in the stickiness of each formulation are due
to differences in the composition of the green betel leaf
extract, which affects the viscosity and spreadability
(Table 4). Adhesion to toothpaste is related to the
absorption of the active substance into the teeth. Based
on the tested samples, the formula with the addition of
0.1; 0.3; and 0.7 betel leaf extract meet the standard of
adhesion test, which is above 1 s. Adhesion of semi-solid
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Table 4. Inhibition zone of HAp-betel leaf extract formulation

Sample Clear zone diameter (mm) Average
Liquid betel 0.1 g 22.6 22.5 20.1 21.73 £9.58
Liquid betel 0.3 g 17.3 16.1 16.6 16.67 + 14.27
Liquid betel 0.5 g 18.4 18.9 18.2 18.50 + 8.39
Liquid betel 0.7 g 20.0 20.6 17.8 19.47 +11.22
Liquid betel 1 g 18.4 18.9 20.5 19.27 £2.19
Gel betel 0.1 g 12.7 12.6 11.2 12.17 £ 20.07
Gel betel 0.3 g 13.6 14.8 13.9 14.10 + 14.59
Gel betel 0.5 g 9.2 7.7 10.6 9.17 +10.48
Gel betel 0.7 g 12.8 13.3 14.5 13.53 £20.58
Gelbetel 1 g 12.7 13.6 12.6 12.97 £13.13
Hydroxyapatite 14.7 11.2 9.1 11.67 £19.53
Aquadest 0 0 0 0

preparations should be more than 1 s [42]. In addition,
the addition of Na CMC in the gel system in excess can
interfere with the ionization process of the carboxyl group.

In Vitro Antibacterial Activity Test

HAp is widely studied as an excellent candidate for
bone repair and substitution. Recently, studies conducted
by Seyedmajidi et al. [44] have shown that HAp has an
antibacterial activity by killing S. mutans in different
concentrations. In addition, another study has shown that
the antimicrobial effect of piper betel leaf extract against
S. mutans formulation can inhibit the growth of S.
mutants [45]. To determine the antibacterial activity of
HAp-betel leaf extract in liquid and gel formulation
antibacterial activity test was conducted by disc diffusion
method in vitro. The results showed the ability to inhibit
the growth of S. mutans, as indicated by forming a clear
zone around the colony (Fig. 4). The data obtained were
analyzed by statistical tests, including a normality test,
one-way ANOVA and a follow-up test using Duncan.
One way ANOVA test with a confidence level of 5%
obtained results with a significant level of 0.000 (p < 0.05)
so that it can be seen that there is a significant difference
between one data and another. The normality test
received a significant value of 0.200 (p > 0.05), which
indicates that the variety of inhibition zones in the HAp-
green betel leaf extract formulation was normally
distributed. Furthermore, Duncan's test was carried out as
a follow-up test, which showed that the formulation of

HAp-green betel leaf extract had an inhibitory effect on
S. mutans. The clear zone was categorized based on its
diameter with a range below 5 mm as weak inhibition,
5-10 mm as moderate inhibition, 10-20 mm as strong
inhibition, and above 20 mm have very strong resistance
[38]. In liquid form, betel extract of 0.1 g has the most

Fig 4. Clear zone formation of HAp-green betel extract
against the growth of S. mutans in (a) Liquid
formulation, (b) gel formulation, (c) 1% hydroxyapatite
was used as a positive control, and (d) aquadest was used
as a negative control
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expansive clear zone with around 21.73 mm, while in gel
form is 14.10 mm (Table 4). This observation indicates
that the increasing concentration of betel leaf did not
dictate the size of clear zone formation. The data suggests
that there may be an optimum concentration of betel leaf
that will give the best effects in the growth inhibition of S.
mutants.

Overall, the formulation of HAp-green betel leaf
extract has strong inhibition against S. mutans bacteria. It
is caused by secondary metabolites activity of green betel
leaves, such as phenols, flavonoids, and tannins that
damage the bacterial cell membrane. Phenol compounds
can denature bacterial cells by disrupting the covalent
structure of gram-positive bacteria [46-47]. The presence
of carboxyl groups in aromatic hydrocarbons will form
complexes with extracellular proteins, which result in the
loss of the infection ability of bacteria. Flavonoid
compounds act as antibacterial agents that interfere with
the potassium concentration of gram-positive bacteria,
cause the malfunction of the cytoplasmic membrane and
inhibit the adhesion and biofilm formation [48]. In
addition, flavonoid compounds can cause damage to the
phospholipid bilayer and inhibit the respiratory chain or
ATP synthesis in gram-positive bacteria [49]. Tannins
work by destroying bacterial cell membranes by
inactivating the function of genetic material and
inactivating enzymes. It will inhibit the growth of bacteria
and inactivate the ability to stick to bacteria [50-51].

In Vivo Antibacterial Activity Test

In vivo test was conducted to determine the
antibacterial activity of the HAp formulation of green
betel leaf extract against rats infected with S. mutans
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bacteria. In this test, gentamicin was used as a positive
control, saline as a negative control, and the sample was
in the form of a gel formulation of HAp-betel leaf extract
with variations in the addition of 0.3 g of betel leaf
extract.

The results have shown that the number of
colonies in the gel formulation was greater than that of
the positive control and negative control (Fig. 5 and
Table 5). This could be due to the long storage of the
formulation and dilution needs to be conducted in order
to get a better analysis of the colony counts. However,
there were no toxic side effects to the rats after testing,
and the rats were in good health.

Fig 5. Colony test results (a) saline as negative controls;
(b) gentamicin as positive controls; (c) hydroxyapatite
gel formulation-green betel leaf extract

Table 5. Number of colonies after treatment on rats

Number of colonies

Group Average
Rat 1 Rat 2 Rat 3

Saline (-) 167 96 70 111.00 + 50.21

Gentamicin (+) 193 218 75 162.00 + 76.37

Betel 0.3 g 313 421 260 331.33 +£82.05

*The data were normally distributed with a significant value of 0.200 (p > 0.05).
Then a one-way ANOVA test was performed with a significant level of 5%, and a
significant value of 0.021 (p < 0.05) was performed, which indicated that there was
a difference from one data to another
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m CONCLUSION

Hydroxyapatite-betel leaf extract formulation
characterization has shown there is a bond between
hydroxyapatite and the metabolite compounds present in
the green betel leaf extract. In addition, the spreadability
of the formulation also already meets the standard of
toothpaste. Antibacterial in vitro test suggests that a
combination of hydroxyapatite and betel leaf extract gives
high antibacterial activity against S. mutans. Unfortunately,
our in vivo study failed to validate this due to the possibility
of improper storage of the formulation. However, it was
shown that there were no toxic effects of the formulation
on the test animal, which indicates the safe formulation
for caries prevention or treatment. Based on our results,
the hydroxyapatite-betel leaf extract formulation has
shown its high potential as an ingredient to prevent tooth
decay and the observed concentration already meets the
standard even though in vivo study needs to be repeated.
Furthermore, the potential of this formulation can be
explored further, especially in the demineralization
potential with its hydroxyapatite composition.
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