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Abstract

This study evaluates the antibacterial activity of Moringa oleifera leaf extract against
Streptococcus mutans ATCC® 25175™. Leaf extracts from mountainous and coastal areas were
tested using maceration with 96% ethanol, dilution for Minimum Inhibitory Concentration (MIC)
and Minimum Bactericidal Concentration (MBC), and disk diffusion for inhibition zones. Results
showed that the mountainous extract was more effective, with a maximum inhibition zone of 18.38
mm and MBC of 100%, compared to the coastal extract with an inhibition zone of 12.94 mm and
MBC of 75%. This study highlights the potential of Moringa oleifera leaf extract as a natural
antibacterial agent for mouthwash development.
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INTRODUCTION

Plants with medicinal potential offer numerous benefits to humans due to the presence of
various active compounds, making them valuable for therapeutic purposes (Marhaeni, 2021).
Utilizing plants as medicine is an alternative for disease prevention and treatment, as it is
considered to have fewer side effects and can help reduce antibiotic resistance (Savitri et al., 2018).
The rise in antibiotic resistance creates an opportunity to discover antibacterial compounds from
medicinal plants (Munirah, 2020; Adiyasa, 2021).

One such plant is Moringa oleifera, known for its antibacterial or antimicrobial properties
(Zubair, 2020). The active compounds responsible for these effects come from secondary
metabolites, which are influenced by the plant's growing environment (Zaffer., 2020). Savitri's
(2018) study demonstrated that the ethanol extract of Moringa leaves can inhibit the growth of
Staphylococcus aureus, while Tarigan (2020) found it effective against Streptococcus mutans, a
bacterium that causes dental infections. Similarly, Maghfiroh (2022) confirmed the inhibition of
Streptococcus mutans by Moringa leaf extract through in vitro testing.

Streptococcus mutans is an anaerobic gram-positive bacterium that contributes to dental
caries by producing acids that lead to tooth demineralization (Putra & Rahayu, 2017). The
bacterium is prevalent in the oral cavity and is classified into serotypes, with serotype c being the
most common at 70-80% (Matsumoto & Nakano, 2014; Annisa, 2015). Moringa leaf extract shows
promising potential as an antibacterial agent, particularly against Streptococcus mutans. In this
study, the Moringa leaves were sourced from the Seulawah Agam mountains in Aceh Besar to
examine the active compounds that influence their antibacterial activity. Despite its potential,
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Moringa leaf extract has not yet been utilized as an ingredient in mouthwash. Therefore, this
research aims to develop a mouthwash containing ethanol extract of Moringa leaves, with
antibacterial activity against Streptococcus mutans ATCC® 25175™ being tested in vitro.

LITERATURE REVIEW

Streptococcus mutans is a gram-positive facultative anaerobic bacterium in the S. mutans
group, including S. sobrinus and others. Serotype ¢ is most common in the oral cavity (70-80%),
followed by serotype e (20%), while serotypes f and k are less than 5%. These bacteria cause dental
caries (Matsumoto-Nakano, 2014). The oval shape and Gram stain results distinguish S. mutans.
This bacterium is nonmotile and grows optimally at 18°-40°C (Hurst, 2019).

The structure of S. mutans includes a cell wall of peptidoglycan and antigens such as
proteins, polysaccharides, and lipoteichoic acid. Its virulence includes the ability to produce
organic acids, survive in low pH, and form glucan from sucrose for colonization of dental biofilms
(Lemos et al., 2019). S. mutans produces glucosyltransferase (GtF) enzymes for attachment and
biofilm formation, including GtF B, GtF C, and GtF D that form glucan from sucrose, increasing
adhesion and proportion of dental plaque (Gao, 2021).

Biofilm formation starts from interactions between planktonic bacteria and oral surfaces in
response to environmental signals (Bjarnsholt et al., 2018). S. mutans metabolizes carbohydrates to
form biofilms on teeth, allowing tolerance to environmental fluctuations such as nutrient
availability and pH changes (Bedoya-Correa, 2019). Quorum sensing is used to regulate
physiological processes based on cell density, through two-component signal transduction systems
(TCSTS) (Junges et al., 2019). Dental plague formation as a biofilm is influenced by adhesion,
nutrient flow, and coaggregation, which affect biofilm growth, gene expression, and virulence. The
interaction between bacterial adhesins and receptors on the teeth initiates biofilm formation
(Bedoya-Correa, 2019).

S. mutans adheres to teeth via sucrose-independent adhesion to salivary components for
initial attachment, and sucrose-dependent adhesion for colonization. Sucrose consumption affects
bacterial colonization, and transmission from the mother is the main source of colonization in
infants. Glucan synthesis by S. mutans enhances adhesion and triggers dental caries (Bedoya-
Correa, Rodriguez, and Parada-Sanchez, 2019). S. mutans produces acid rapidly, which is
associated with dental caries. Acidity alters biofilm ecology, increasing S. mutans and other
acidogenic bacteria that are acid-tolerant, affecting biofilm virulence in causing dental caries (Li et
al., 2020).

Moringa (Moringa oleifera) leaves are known for their benefits in food, medicine, and
industry. Originating from the Himalayas, these leaves have antioxidant properties that protect cells
from free radical damage and prevent oxidative damage from a high-fat diet (EI-Shehawi et al.,
2021). Moringa seed extract shows anti-inflammatory and anti-microbial activity against bacteria
and fungi (Fouad, 2019; Bancessi et al., 2020). Research shows that moringa leaf methanol extract
is effective as an antibacterial agent against several pathogenic bacteria (Abadallah and Ali, 2019).

METHOD
Research Location and Time
This study was conducted in March 2022 at the Faculty of Veterinary Medicine laboratory,
Universitas Syiah Kuala.

Tools and Materials

Tools used include an analytical balance (Radwag/AS 220), rotary evaporator (Hidolph
Laborota 4003 Control), microscope (Olympus), incubator (Isuzu), Whatman No. 41 filter paper,
glassware (Pyrex), petri dishes, and other laboratory instruments. Materials include Streptococcus
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mutans ATCC 25175 bacteria, 96% ethanol, ethyl acetate, concentrated ammonia, methanol, and n-
hexane.
Sample Collection

Moringa leaves were collected from Seulawah Agam Mountain, Aceh Besar, totaling +5 kg.

Procedures

a) Moringa Leaf Preparation and Extraction
The leaves were cleaned, air-dried for seven days, and ground into powder. Then, 100g of
the powder was macerated in 1000 mL of 96% ethanol for three days, stirred daily, and
filtered. The extract was concentrated using a rotary evaporator for antibacterial testing
against Streptococcus mutans.

b) Antibacterial Activity Test
A gel formulation containing Moringa extract was prepared by combining a gelling agent,
preservatives, and penetration enhancers, then adding the extract.

c) Streptococcus mutans Growth Inhibition Test
Streptococcus mutans ATCC 25175 was cultured and standardized to McFarland 0.5
(1.5x10"8 CFU). Moringa extract was added to a 96-well plate with bacterial solution,
incubated for 24, 48, and 72 hours, and bacterial growth was measured using a
spectrophotometer at 620 nm.

RESULTS AND DISCUSSION
Antibacterial testing was performed using two common methods: the dilution method to
observe the Minimum Inhibitory Concentration (MIC) and Minimum Bactericidal Concentration
(MBC), and the disk diffusion method to observe inhibition zones. The antibacterial activity of the
ethanol extract of Moringa oleifera leaves from coastal and mountainous regions against
Streptococcus mutans was tested using the Kirby Bauer disk diffusion method with Streptococcus
mutans ATCC 25175 and a McFarland standard of 0.5. The results are shown in sub chapter 3.1.

Sub Chapter 3.1. Inhibition Zone Test Results

The ethanol extract from coastal regions, at concentrations of 6.25%, 12.5%, and 25%,
exhibited moderate activity with inhibition zones between 5-10 mm, while concentrations of 50%
and 75% showed strong activity with zones of 10-20 mm. The ethanol extract from the
mountainous region at 6.25% concentration showed moderate activity, while at 12.5% and above,
the results indicated strong activity. Overall, the ethanol extract from the mountainous region was
more effective against Streptococcus mutans than the coastal region extract.

The antibacterial inhibition of the Moringa oleifera leaf extract was further evaluated by
determining MIC and MBC against Streptococcus mutans. The results are presented in sub chapter
3.2.

Sub Chapter 3.2.
MIC and MBC Results
- Mountainous: MIC = 75%, MBC = 100%
- Coastal: MIC =50%, MBC = 75%

Sub Chapter 3.3 demonstrates that all concentrations of Moringa oleifera ethanol gel extract
(3.125%, 6.25%, 12.5%, 25%) reduced Streptococcus mutans growth. Incubation times of 24 and
48 hours showed the most significant reductions, with OD <0.1 (<300 CFU/mL). At 72 hours, only
the 6.25% and 3.125% concentrations had better effects compared to others. The positive control
(CHX) remained stable at both 24 and 48 hours.
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Sub Chapter 3.3. Distribution and Frequency of Streptococcus mutans Growth Post- Gel
Application

The Kruskal-Wallis analysis showed significant differences in Streptococcus mutans growth
influenced by the Moringa oleifera ethanol gel (p < 0.05, r = 0.653), depending on incubation time.
However, the concentration at each time point did not show significant differences. All
concentrations exhibited bacteriostatic effects for 24, 48, and 72 hours, indicating that the extract
could degrade Streptococcus mutans cell function during growth adaptation. This antibacterial
ability is linked to several compounds in Moringa oleifera leaves, such as quinic acid, which plays
arole in cell toxicity (Savitri et al., 2018; Soraya, 2022).

Recent studies by Gani (2022) also found that the antibacterial activity of Moringa oleifera
extract against Streptococcus mutans increased with incubation time, particularly up to 24 hours.
Additionally, incubation time can influence the extract's effect on the virulence of Streptococcus
mutans (Sivakami et al., 2021). Several studies suggest that Moringa oleifera extract significantly
inhibits the production of extracellular polysaccharides and reduces the expression of virulence-
related genes in Streptococcus mutans after 24 and 48 hours of incubation (Buyela, 2017; Sivakami
etal., 2021).

CLOSING
Conclusion

In this study, the results of the three inhibition zone tests against Streptococcus mutans
showed that the Moringa leaf extract from the mountainous region was more effective than the
extract from the coastal area. The minimum inhibitory concentration (MIC) and minimum
bactericidal concentration (MBC) results from the tables above also indicated that the Moringa leaf
extract from the mountains was superior to the coastal extract.

The antibacterial testing of Moringa leaf extract with various concentrations (3.125%,
6.25%, 12.5%, 25%) was able to reduce the growth of Streptococcus mutans. All concentrations
tested in this study exhibited excellent bacteriostatic effects over 24, 48, and 72 hours. This
phenomenon suggests that the Moringa leaf extract can degrade the function of Streptococcus
mutans cells during the adaptation phase, as supported by previous research mentioned in the
discussion above.

Suggestions and Acknowledgments

We would like to express our deepest gratitude to everyone who contributed to the
successful completion of this research. First and foremost, we extend our heartfelt thanks to the
research team members: Dr. Cut Soraya, Dr. Zaki Mubarak, and Dr. Syahrun Nur, for their
invaluable support, guidance, and expertise throughout the study.

We are also grateful to the Faculty of Dentistry and the Faculty of Mathematics and Natural
Sciences at Universitas Syiah Kuala for providing the necessary resources and facilities to conduct
this research.

Special thanks go to the laboratory staff at the Faculty of Veterinary Medicine, Universitas
Syiah Kuala, for their assistance and technical support during the experimental procedures. Finally,
we would like to thank our families and colleagues for their endless support and encouragement
throughout this project. Without their collective efforts, this research would not have been possible.

PT RADJA INTERCONTINENTAL PUBLISHING
https://medalionjournal.com/




BACTERIAL TESTING OF MORINGA OLEIFERA LEAF EXTRAC
'NST STREPTOCOCCUS MUTANS ATCC® 25175™

Muhammad Ichsan®”, Cut Soraya?®, Zaki Mubarak®, Syahrun Nur, M. Riza
Pahlevi®

REFERENCES

Abadallah, H. A., and Ali, A. Z. "Evaluation of the Antibacterial Efficacy of Moringa oleifera Leaf
Methanol Extract against Pathogenic Bacteria." International Journal of Phytomedicine 11,
no. 2 (2019): 153-160.

Bancessi, A., Dabo, T., and Mendes, S. "Evaluation of the Antimicrobial Activity of Moringa
oleifera Seeds Extract on Pathogenic Microorganisms.” African Journal of Microbiology
Research 14, no. 4 (2020): 123-128. https://doi.org/10.5897/AJMR2020.9254.

Bedoya-Correa, C. M., Rodriguez, R. J. R., and Parada-Sanchez, M. T. "Genomic and Phenotypic
Diversity of Streptococcus mutans.” Journal of Oral Biosciences 61, no. 1 (2019): 22-31.
https://doi.org/10.1016/j.job.2018.11.001.

Bjarnsholt, T., Buhlin, K., Dufréne, Y. F., Gomelsky, M., Moroni, A., Ramstedt, M., Rumbaugh,
K. P., Schulte, T., Sun, L., Akerlund, B., and Rémling, U. "Biofilm Formation — What We
Can Learn from Recent Developments.” Journal of Internal Medicine 284, no. 3 (2018): 332-
345. https://doi.org/10.1111/joim.12782.

Buyela, D. K. "Profiling and Pathogenicity of Ralstonia solanacearum Disease of Tomato and Its
Control Using Senna Didymobotrya and Moringa oleifera Plant Extracts in Maseno
(Kenya)." Maseno University, 2017.

Fouad, M. M. "Anti-inflammatory and Antimicrobial Activities of Moringa oleifera Seed Extract
against Bacteria and Fungi." Journal of Herbal Medicine 17 (2019): 100256.
https://doi.org/10.1016/j.hermed.2019.100256.

Gao, M., Franz, B. A., Knobelspiesse, K., Zhai, P.-W., Martins, V., Burton, S., Cairns, B., Ferrare,
R., Gales, J., Hasekamp, O., Hu, Y., Ibrahim, A., McBride, B., Puthukkudy, A., Werdell, P.
J., and Xu, X. "Efficient Multi-Angle Polarimetric Inversion of Aerosols and Ocean Color
Powered by a Deep Neural Network Forward Model." Atmospheric Measurement
Techniques 14, no. 6 (2021): 4083-4110. https://doi.org/10.5194/amt-14-4083-2021.

Hurst, M. Agile Machine Learning: Effective Machine Learning Inspired by the Agile Manifesto.
Apress, 2019.

Junges, A. H., Fontana, D. C., and Lampugnani, C. S. "Relationship between the Normalized
Difference Vegetation Index and Leaf Area in Vineyards." Agrometeorology 61, no. 4
(2019): 123-135. https://doi.org/10.1590/1678-4499.2018168.

Li, J., Wu, T., Peng, W., and Zhu, Y. "Effects of Resveratrol on Cariogenic Virulence Properties of
Streptococcus  mutans.” BMC  Microbiology 20, no. 1  (2020):  99.
https://doi.org/10.1186/s12866-020-01761-3.

Maghfiroh, K. "Uji Aktivitas Antibakteri Ekstrak Etanol Daun Kelor (Moringa oleifera Lam.)
Terhadap Bakteri Streptococcus mutans Secara In Vitro." Universitas Jenderal Soedirman,
2022.

Marhaeni, L. S. "Daun Kelor (Moringa oleifera) sebagai Sumber Pangan Fungsional dan
Antioksidan." AGRISIA-Jurnal llmu-Ilmu Pertanian 13, no. 2 (2021).

Matsumoto-Nakano, M. "Dental Caries." In Dental Caries, edited by M. B. T.-R. M. Matsumoto-
Nakano, 1-8. Elsevier, 2014. https://doi.org/10.1016/B978-0-12-801238-3.00001-5.

Munirah, C. P. "Isolasi dan Uji Aktivitas Jamur Endofit Asal Daun Afrika (Vernonia amygdalina
Dell.) Sebagai Antibakteri Multi Drugs Resistant (MDR) Escherichia coli.” UIN Ar-Raniry
Banda Aceh, 2020.

Putra, A. H., and Rahayu, Y. C. "Uji Aktivitas Antibakteri Ekstrak Etanol Daun Kamboja Putih
(Plumeria acuminata) Terhadap Pertumbuhan Streptococcus mutans." Pustaka Kesehatan 5,
no. 3 (2017): 449-453.

Savitri, E., et al. "Uji Antibakteri Ekstrak Daun Kelor (Moringa oleifera L.) Terhadap Pertumbuhan
Bakteri Staphylococcus aureus.” Jurnal llmiah Mahasiswa Veteriner 2, no. 3 (2018): 373—
379.

PT RADJA INTERCONTINENTAL PUBLISHING
https://medalionjournal.com/




BACTERIAL TESTING OF MORINGA OLEIFERA LEAF EXTRAC
'NST STREPTOCOCCUS MUTANS ATCC® 25175™

Muhammad Ichsan®”, Cut Soraya?®, Zaki Mubarak®, Syahrun Nur, M. Riza

Pahlevi®

Sivakami, P., et al. "Antimicrobial Efficacy of Moringa oleifera and Sesbania grandiflora Against
Streptococcus mutans and Candida Albicans: An In Vitro Study." Asian Journal of Dental
Sciences 4, no. 3 (2021): 33-39.

Soraya, C., Syafriza, D., and Gani, B. A. "Antibacterial Effect of Moringa Oleifera Gel to Prevent
the Growth, Biofilm Formation, and Cytotoxicity of Streptococcus mutans.” Journal of
International Dental and Medical Research 15, no. 3 (2022): 1053-1061.

Tarigan, R. C. P. "Efektivitas Ekstrak Daun Kelor (Moringa oleifera) Sebagai Antimikroba
Terhadap Bakteri Streptococcus mutans.” Universitas Sumatera Utara, 2020.

Zaffer, M., et al. "Antibacterial Activity of Bark Extracts of Moringa oleifera Lam. Against Some
Selected Bacteria." Pakistan Journal of Pharmaceutical Sciences 27, no. 6 (2014): 1857—
1862.

Zubair, M. "Antimicrobial and Anti-Biofilm Activities of Citrus Sinensis and Moringa oleifera
Against the Pathogenic Pseudomonas aeruginosa and Staphylococcus aureus.” Cureus 12,
no. 12 (2020): 1-12. https://doi.org/10.7759/cureus.12337.

PT RADJA INTERCONTINENTAL PUBLISHING
https://medalionjournal.com/




