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Abstract: Dental caries are caused by the Streptococcus mutans bacteria, which cause a food deposit
to harden and adhere to the tooth surface. Cavities will develop if food residue is not removed. Herbal
plants, specifically secang wood, can be used as an antibiotic. The purpose of this study was to
observe the secondary metabolite content of secang wood extract, antibacterial activity, and the
minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) of secang
wood extract against Streptococcus mutans bacteria. This research method includes the maceration of
secang wood extract with 96% ethanol solvent, phytochemical screening of secang wood extract,
inhibition zone test with paper disc method, and MIC and MBC tests. Qualitative testing revealed that
the secang wood extract contained alkaloids, flavonoids, tannins, and saponins. Flavonoids, tannins,
and saponins are all constituents of plants. Secang wood extract indicate antibacterial activity against
Streptococcus mutans, as evidenced by the formation of inhibition zones at concentrations of 20%,
40%, 60%, 80%, and 100%, namely 8.75+0.354; 11+1.41;, 12.75+0.354; 16.25+0.354; and
17.5£0.000 mm. Secang wood ethanol extract had a MIC of 12.5% against Streptococcus mutans and
an MBC of 25%.
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INTRODUCTION

Indonesians as a whole frequently experience issues with their teeth and mouth
(Maulanti & Laksono, 2021). According to Riskesdas data, 57.6% of Indonesians experience
these issues (Riskesdas, 2019). Dental caries is one of the most prevalent oral and dental
conditions. Dental caries are a condition that affects the teeth's hard tissues, including the
enamel, dentine, and cementum. It is conducted by the activity of microorganisms that break
down food particles in poorly cleaned teeth (Carrascosa et al., 2021). Dental caries are
primarily appeared by three factors: the host (teeth), the agent (microorganisms), and the
substrate (food residue on the teeth). Streptococcus mutans, Streptococcus sanuis,
Streptococcus mitis, and Streptococcus salivarius are examples of microorganisms that cause
dental caries. Streptococcus mutans is the dominant bacteria involved in the development of
dental caries (Mayasari & Sapitri, 2019).

Brushing and flossing on a regular basis can assist you overcome dental and oral
problems (Abdellatif et al., 2021; Loe, 2000). Furthermore, the use of antiseptic mouthwash
can inhibit the growth of bacteria that cause dental caries (Brookes et al., 2020). Commercial
antiseptic mouthwashes with a high alcohol content that are applied on a regular basis can
increase the risk of oral cancer (Aceves Argemi et al., 2020; Ustrell-Borras et al., 2020). As a
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result, it is necessary to investigate other natural active ingredients with antibacterial activity
against bacteria that cause dental caries.

Indonesia has a rich biodiversity, including plant species used as traditional medicinal
ingredients. The sappan tree is one of the plants applied in traditional medicine. Wood chips
or shavings are a traditional medicinal ingredient made from the sappan plant (Caesalpinia
sappan L). As they contain secondary metabolites, these plants can be applied as a source of
medicine (Vardhani. Afifah K, 2019). Secondary metabolites found in secang wood include
flavonoids, tannins, alkaloids, saponins, phenylpropane, and terpenoids. Secang wood
contains brazilin, which plays a role in providing a red color and is non-toxic to living
organisms, making it safe for daily use, the quantitative analysis test results reveal that the
concentration of brazilin in secang wood is measured at 8.54% w/w (N. K. Utami et al.,
2022). Secang wood is reported to exhibit a range of pharmacological activities such as
enzyme inhibition, antibacterial, antioxidant, anti-inflammatory, antifungal, anthelmintic,
hepatoprotective, cytotoxic, wound healing, analgesic, anticonvulsant, hypolipidemic,
insecticidal, antiplasmodial, and others due to its secondary metabolite content (Kekuda et
al., 2021). Streptococcus aureus growth has been shown to be inhibited by secang wood
(Cahyaningtyas et al., 2019).

Secang wood is a potential natural material to study and further investigate based on
the content of secondary metabolites in secang wood and previous research data regarding
secang wood's ability to inhibit bacterial growth. The purpose of this research is to determine
the secondary metabolite content of secang wood atanol extract and its antibacterial potential
against Streptococcus mutans.

RESEARCH METHODS
Materials and Tools

The materials applied in this study were secang wood, distilled water, Mc Farland's
solution, concentrated hydrochloric acid (HCI), concentrated sulfuric acid (H2SOs),
chloroform, FeCls;, NaCl powder, Streptococcus mutans bacteria, Nutrient Agar, Mueller
Hinton Agar (MHA), Brain Heart Infusion Borth (BHIB), and 96% ethanol.

The tools and materials used are rotary vacuum evaporator, analytical balance,
Beaker glass (pyrex), petri dish (Herma, Pyrex, Anumbra), test tube (Iwaki), hot plate,
bunsen, Erlenmeyer (pyrex), stir bar, measuring cup (Pyrex), aluminum foil, incubator, filter
paper, autoclave, loop needle, UV-Vis Spectrophotometer, LAF (Laminar Air Flow),
micropipette, tip, spatula spreader.

Procedures
Secang Wood Extract

The maceration method was used to create an ethanol extract from secang wood
samples. A 96% ethanol solvent was used to macerate secang wood powder. In a maserate
container, 100 g of sawdust was mixed with 1000 mL of 96% ethanol. After stirring for the
first 6 hours, the mixture was allowed to stand for 2x24 hours. To obtain an ethanol extract
of secang wood, the mixture was filtered through filter paper. To obtain a thick extract, the
extract was concentrated using a Rotary Vacuum Evaporator at 500°C. The yield value was
calculated after weighing the viscous extract (Cacique et al., 2020).
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Phytochemical Screening of Secang Wood Ethanol Extract (Rajkumar et al., 2022)

Alkaloids

To determine the alkaloid content, 1 g of the test sample was mixed with 2-3 drops
of Wagner's reagent. Such a brown precipitate forms, it indicates the presence of alkaloids.
Wagner's reagent can be made with 2 g of KI and 1 g of I2 dissolved in 50 mL of water.

Tannins

One gram of the test sample was put in a test tube, followed by 2-3 drops of 1%
FeCl3 solution. If the solution turns black-blue or black-green, it indicates the presence of
tannins.

Flavonoids

Flavonoids can be examined by taking 1 g of the test sample and adding magnesium
powder and 3 drops of concentrated hydrochloric acid. Flavonoids are present if the color
changes from orange to red-purple.

Saponins

One gram of sample was dissolved with 10 mL of distilled water and vigorously
shaken for 10 seconds, or until frothy. For 10 minutes, the tube is placed upright. If it is still
foaming, it is saponin positive. To ensure that the foam formed is the result of saponins, add
3 drops of 2N HCI solution and observe the foam's resistance; if the foam is stable, the
presence of saponins is confirmed.

Testing the Antimicrobial Potential of Secang Wood Ethanol Extract
Tool Sterilization

The tools are sterilized by first washing them with soap. It is dried in the open air
after washing. When the tool is dry, it is wrapped in paper. Cotton is used to plug the test
tube and Erlenmeyer flask's mouths. All tools should be sterilized in an autoclave at 121°C
for 15 minutes. Heat the loop in a Bunsen burner to sterilize it.

Preparation of Streptococcus mutans Bacterial Stock Culture (Syahrani et al., 2021)
MHA medium was poured into three reaction tubes. Bacterial colonies were streaked
on agar media. Bacterial culture stock was incubated at 290°C for 1x24 hours.

Preparation of Streptococcus mutans Bacterial Suspension (Aviany & Pujiyanto, 2020)

One ose of Streptococcus mutans bacterial culture stock was removed from the
slanted media and suspended in BHIB media solution. The bacterial suspension was
homogenized before being incubated at 370°C for 24 hours. This is conducted so that the
bacteria can regenerate. The turbidity of the suspension was adjusted to meet the McFarland
standard of 0.5. If the bacterial suspension appears turbid, gradually add 0.9% NaCl solution
until the turbidity matches the standard Mc Farland turbidity of 0.5.

Antibacterial Activity Test Using Paper Disc Diffusion Method (Kirby & Bauer)

Disc paper was used to test antibacterial activity. The concentrations used were
100%, 80%, 60%, 40%, and 20%, with sterile distilled water serving as the negative control
and chloramphenicol serving as the positive control. MHA agar medium was poured into a
petri dish and allowed to solidify. By immersing a sterile cotton bud in the bacterial
suspension, the test bacteria were spread on the solidified media. The surface of the agar
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medium is rubbed with a cotton bud that has been moistened with the bacterial suspension
and allowed to dry. The disc paper was then placed on the agar medium's surface, and 10 L
of the extract was dripped on top. Cover the cup and leave it at room temperature for 24
hours (Olivia, 2018). The formation of clear areas around the disc paper revealed
antibacterial activity. The diameter of the inhibition zone was measured twice on the
horizontal and vertical sides with a vernier caliper, then added up and averaged.
MIC Value Determination (Sieberi et al., 2020)

There were a total of 12 sterile test tubes prepared. Each test tube is labeled 1-10,
with tube 11 serving as a positive control, containing Streptococcus mutans equivalent to 0.5
McFarland turbidity. Tube 12 K(-) serves as the negative control, containing a 100% ethanol
extract of secang wood. The test solution was an ethanol extract of secang wood that had
been diluted in stages to achieve concentrations of 100, 50, 25, 12.5, 6.25, 3,12, 1.56, 0.78,
and 0.38%. Fill tubes 1-10 with 2 mL of the test solution and 1 mL of the bacterial
suspension that has been equated with the McFarland turbidity standard of 0.5. The mixture's
initial absorbance value was determined using a UV-Vis spectrophotometer, and it was then
incubated for 24 hours at 37°C. Following incubation, the mixture was visually examined for
turbidity and the absorbance value was determined using Uv-Vis spectrophotometry. If the
final absorbance value (after incubation) of each tube exceeds the initial absorbance value
(before incubation), it can be concluded that bacterial growth is still taking place. Bacterial
growth is inhibited if the final absorbance value does not differ from the initial absorbance
value, or if the final absorbance value is less than the initial absorbance value.

MBC test

The MBC value was determined by taking 100 L of the test solution, pouring the
prepared MHA media into a petri dish, and flattening it with a sterile spreader. The
concentration of the test solution used refers to the determined MIC value. The mixture was
then incubated at 370°C for 24 hours. The presence or absence of bacterial growth on the

agar media is determined by the presence or absence of white spots on the agar media
(Rollando et al., 2019)

RESULTS AND DISCUSSION

The ethanol extract of secang wood obtained is thick, brownish red in color, and has
a distinct secang wood aroma. A total of 10.47 g of condensed extract was obtained, with a
yield of 10.47%.

Results of Phytochemical Screening

A phytochemical screening was performed to identify the secondary metabolite
compounds. Secondary metabolite analysis includes alkaloids, tannins, flavonoids, and
saponins. Table 1 reveals the results of the phytochemical screening.

Antibacterial activity test results with the paper disc method

The paper disc method with MHA media was used to test antibacterial activity in
this study. The diameter of the clear zone around the disc paper after it has been dipped in
the test solution and measured with a vernier caliper is the parameter of this test. This
antibacterial test used concentrations of 20%, 40%, 60%, 80%, and 100%.
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Table 1. Phytochemical screening results

Secondary metabolites Analysis

Alkaloid + Brown precipitate

Flavonoid + Purplish red

Tanin + Blackish green

Saponin + Stable foam

Table 2. Antibacterial test

Concentration (%) Inhibition zone diameter (mm) Category (Sakul et al., 2020)

20 8.75+0.354 currently

40 11+1414 strong

60 12.75+£0.354 strong

80 16.25 + 0,354 strong

100 17.5 +0.000 strong
Negative Control 0+ 0.000 weak
Positive Control 50.25 +£2.475 very strong

Secang Wood Extract Control (+) Control (-)

According to the result of the study, secang wood extract has antibacterial activity
against S. mutans. The presence of inhibition zones that form around the disc paper at each
test concentration indicates the antibacterial activity (Figure 1). According to Table 1, the
growth inhibition zones of Streptococcus mutans produced from different concentrations of
secang wood extract, namely 20%, 40%, 60%, 80%, and 100%, have different diameter
values and antibacterial strength categories. The inhibition zone formed increased in size
from the lowest to the highest concentration. The inhibition zone formed by secang wood
extract falls into the moderate to strong inhibition category. According to the average data
obtained, the higher the concentration of the extract, the larger or wider the inhibition zone
formed. The antibacterial effect on bacterial growth is affected by increasing the
concentration of the extract (Fitriyanti et al., 2019; Parisa et al., 2019).

The presence of secondary metabolites in the extract that act as antimicrobials causes

the formation of a clear zone around the disc paper. Secang wood contains alkaloids,
flavonoids, tannins, and saponins as metabolites. Alkaloid compounds are heterocyclic
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nitrogen compounds found in many plants that are used as antimicrobial agents due to their
ability to kill bacteria by damaging their DNA (Oktirisma, 2018).

Saponins have an antibacterial effect by interfering with the stability of the bacterial
cell membrane, resulting in bactericidal action in the cell. Saponins work by inhibiting the
permeability of the bacterial cell membrane, resulting in cell membrane damage and,
ultimately, the inability of the bacterial cell to grow and develop (Armedita et al., 2018).

Secang wood also contains antibacterial flavonoid compounds. Flavonoids work by
damaging the cytoplasmic membrane. The bacterial cytoplasmic membrane controls input of
food components and nutrients. Bacterial metabolites are released when the cytoplasmic
membrane is damaged. Because nutrients cannot combine the energy formation process,
bacterial cells cannot grow, resulting in cell death (Mayasari & Sapitri, 2019).

Secondary metabolites, such as tannins, have also been shown to have antibacterial
properties. Tannin's antibacterial mechanism is that it can deactivate microbial cells on the
cell surface via enzymes associated with cell membranes and cell wall polypeptides. Tannins
can damage bacterial cell membranes, and astringent tannin compounds can induce the
formation of complex compounds against enzymes or microbial substrates, as well as the
formation of a tannin complex bond to metal ions, which can increase the tannin's toxicity
(Rahman et al., 2017).

Minimum Inhibitory Concentration Test Results for Streptococcus mutans

The MIC value was calculated using the liquid dilution method and Uv-Vis
spectrophotometry. The adsorption value before and after incubation are the parameters
used. The dilution method has the advantage of producing extremely homogeneous media,
test material, suspension, and bacteria. It can also save media and test materials due to less
usage (Mutammima, 2017).

In this MIC test, the concentrations of secang wood ethanol extract were 100%,
50%, 25%, 12.5%, 6.25%, 3.12%, 1.56%, 0.78%, 0.38%, and 0.19%. According to Table
4.4, the MIC value of the ethanol extract of secang wood is 12.5% because the absorbance
value after incubation decreased for the first time at this concentration. The absorbance value
decreases after incubation at a concentration of 100% -12.5%, indicating that this
concentration can inhibit the growth of Streptococcus mutans bacteria. Meanwhile, at a
concentration of 6.25% -0.19%, the absorbance value increased after incubation. This
indicates that bacterial growth is still occurring at these concentrations. Because secondary
metabolites are abundant in the extract, the higher the concentration of the extract used, the
greater the activity in inhibiting bacterial growth. These findings are in line with previous
research (E. R. Utami, 2021) The more concentrated the extract, the more active the
antibacterial compounds it contains, and the greater the ability to inhibit the growth of
microorganisms.

The MIC value provides a means to assess the capability of an extract in suppressing
a specific microorganism, enabling subsequent actions to be pursued. The research indicates
that the secang wood extract exhibits a MIC value of 12.5% against Streptococcus mutans
bacteria. These findings align with outcomes obtained through the employment of UV-Vis
spectrophotometry, a method known for its enhanced precision.
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Tabel 3. MIC test

Concentration (%) Before incubation After incubation Description
100 3.85+0.044 2.205 + 0.020 Down
50 2.789 £0.221 1.5045+ 0.278 Down
25 2.5175 +0.057 2.198 0,215 Down
12.5 1.6385 +0.233 1.149 £ 0,091 Down
6.25 0.7875 = 0.077 0.8505+ 0,128 Up
3.12 0.3765 + 0.004 0.4095+ 0,001 Up
1.56 0.352+0.011 0.736 0,143 Up
0.78 0.289 + 0.081 0.825 + 0,092 Up
0.36 0.274 + 0,085 0.817 £0,013 Up
0.19 0.2125 + 0,006 0.648 £0,014 Up
Control (-) 3.995 + 0,075 2.789 + 0,041 Down
Control (+) 0.144 + 0,007 0.5635 + 0,063 Up

Minimum Bactericidal Concentration Test Results for Streptococcus mutans

The MBC value was determined by testing the antibacterial activity in agar media
with different concentrations of the MIC results. The concentration of the test solution used
was varied, with concentrations of 100, 50, 25, and 12.5%. Because the MIC value of the
obtained ethanol extract is 12.5%, the MIC value is determined at MIC concentrations and
higher. The spread plate method is applied to determine the MBC, which involves taking a
sample that has been tested for MIC up to 100 and then pouring it into the agar media and
flattening it with a sterilized spatula spreader before incubating the plate for 24 hours at
37°CThe MBC value of the ethanol extract of secang wood is 25%, as shown in Table 3. The
media is still clean at a concentration of 100% -25%, indicating that no bacterial growth has
occurred. Meanwhile, bacterial growth is still detected at 12.5% -6.25% concentrations.
Because the MBC value is 25%, secang wood has the potential to kill Streptococcus mutans
bacteria because it contains antibacterial secondary metabolites

CONCLUSION

The secang wood ethanol extract obtained is red-brown in color, thick, and has a
distinct sappan odor. The yield was 10.47%. According to the phytochemical test, the
ethanol extract of secang wood contains secondary metabolites of alkaloids, tannins,
saponins, and flavonoids. The presence of an inhibition zone indicates that the ethanol
extract of secang wood has inhibitory activity against the growth of Streptococcus mutans.
The inhibition zones of the test results at 20%, 40%, 60%, 80%, and 100% concentrations
were 8.75 £ 0.354 mm, 11 £ 1.414 mm, 12.75 + 0.354 mm, 16.25 &+ 0.354 mm, 17.5+0.000
mm, respectively. The greater the inhibition, the higher the concentration of secang wood
extract used. Secang wood extract had MIC and MBC values of 12.5% and 25% against
Streptococcus mutans, respectively.
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