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	Caesalpinia sappan L. has great potential as a natural-based mouthwash that can be an excellent option to replace synthetic mouthwash. However, continuous studies on the active ingredients contained in Caesalpinia sappan L. are required to confirm its effectiveness and safety for use as mouthwash. This study aims to evaluate the potential of secang wood (Caesalpinia sappan L.) as an antimicrobial agent in inhibiting the growth of Streptococcus mutans, a type of bacteria that plays a role in the formation of dental plaque and the development of dental caries. Phytochemical screening was carried out using the TLC method to determine the bioactive compounds in secang wood. The bacteria inhibitory activity of the plant extract was done using the Mueller Hinton agar well diffusion method. Results of the study showed that secang wood contains polyphenolic compounds. However, other phytochemicals (alkaloids, saponins, flavonoids, and terpenoids) were not detected. The inhibition tests reveal the potential of secang wood extract in inhibiting the growth of Streptococcus mutans with a Minimum Inhibitory Concentration (MIC) of 17%. There was a significant difference in the inhibitory activity at concentrations of 20%, 25%, 50%, and 75% (p<.0.05). The extract at a concentration of 20% exhibits very low inhibitory activity against Streptococcus mutans growth (p=0.003) compared to other concentrations. Also, there were no significant differences between the 50% and the other concentrations. These findings prove that secang wood has the potential to be an effective antimicrobial agent in inhibiting the growth of Streptococcus mutans.
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Introduction 
Oral health is an essential aspect of general health that is often overlooked. Various oral diseases, such as dental caries and periodontitis, can significantly impact a person’s quality of life. Streptococcus mutans is the primary bacteria responsible for the development of dental caries. It produces lactic acid from carbohydrate fermentation, which causes demineralization of tooth enamel and eventually results in caries.1–3 Gum diseases can be caused by poor oral hygiene, ineffective dental plaque removal, smoking habits, and genetic factors. Consumption of foods and beverages high in sugar, lack of awareness of the importance of maintaining oral hygiene by having regular tooth brushing habits, and limited access to affordable and quality dental care contribute to high dental caries and gum diseases in Indonesia.3–5 
Streptococcus mutans produce acid by metabolizing sugars in food, especially simple sugars such as glucose and fructose. The acid produced by these bacteria can damage the tooth structure and lead to the formation of holes or damage to tooth enamel.
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Streptococcus mutans bacteria stick to the surface of the teeth and form plaque, a sticky layer consisting of bacteria, food debris, and saliva. When food debris containing sugar is trapped in plaque, Staphylococcus mutans bacteria will convert the sugar into acid through a fermentation process. The acid erodes the outer layer of the teeth, forming small holes called dental caries.6,7 In addition to producing acid, these bacteria can also release compounds called glucosyltransferase enzymes that play a significant role in the formation of dextran polysaccharides, which form a sticky layer on the surface of the teeth, strengthen the adhesion of bacteria to teeth and facilitate plaque formation. Various efforts can be made to maintain oral hygiene and prevent tooth decay due to Streptococcus mutans and other bacteria.
Medicinal plants, including secang wood (Caesalpinia sappan L.), have gained significant attention due to their potential health benefits and affordability, especially in the context of increasing healthcare costs and the growing interest in natural remedies. In Indonesia, the government has recognized the importance of medicinal plants and has implemented laws and regulations to support their development and use. Secang wood has been traditionally used for centuries to treat oral health issues, such as gingivitis, laryngitis, and oral bacterial and fungal infections.8
Previous studies have identified compounds in secang wood, such as flavonoids, tannins, and lignin, which exhibit high antimicrobial and anti-inflammatory activities.9 These properties make secang wood a promising natural ingredient for maintaining oral health and hygiene by reducing the growth of microorganisms in the mouth and alleviating inflammation. The phytochemical composition of secang wood has been extensively studied, revealing its rich content of bioactive compounds, including flavonoids, phenolic acids, and anthraquinones. These compounds have been associated with various health benefits, such as anti-inflammation, anticancer, and antioxidant characteristics.10,11 The major metabolites recognized from Caesalpinia sappan L., including brazilin, xanthone, coumarin, chalcones, flavones, and homo isoflavonoids, have been linked to several health benefits, including lowering inflammation, enhancing blood circulation, and exhibiting antioxidative properties.11
In vitro and in vivo studies have explored the use of secang wood extract as a mouthwash, focusing on its antimicrobial and antiplaque activities and its effects on gingivitis.12 These studies confirm the potential of secang wood as a natural ingredient for inhibiting the growth of bacteria and fungi in the mouth. Additionally, secang wood extract has been shown to help reduce gum inflammation and improve the general condition of the oral cavity.13,14 Nevertheless, the use of secang wood extract as a mouthwash still needs to be examined to confirm its effectiveness. Although several studies show the antimicrobial potential of secang wood, studies specifically evaluating the effect of secang wood on Streptococcus mutans are limited. Most previous studies focused more on general antimicrobial effects than specifically on oral pathogens such as Streptococcus mutans. Therefore, this study aims to fill the gap by evaluating the effectiveness of sappan wood extract in inhibiting the growth of Streptococcus mutans.
 
Materials and Methods 
Study design
The tests were done in several stages, from screening the ingredients to testing the inhibitory power against Streptococcus mutans bacteria with concentrations of 25%, 50%, and 75%, with 4 replications for each concentration (Figure 1). Meanwhile, determination of the Minimum Inhibition Concentrate (MIC) was conducted in various concentrations of 2.5%, 5%, 10%, 11.5%, 12%, 13%, 14%, 15%, 16%, 17%, 18%, 19%, and 20%, with 3 replications for each concentration (Figure 2). All tests were conducted in the Faculty of Pharmacy, Airlangga University laboratory.
 
Extraction and Phytochemical screening
The plant material was dried at room temperature, crushed into powder, and subjected to extraction in a Soxhlet apparatus at 55–85 °C for 12–24 hours using different solvents. The extracts were then dried using a rotavapor drier at 55°C, and the solid extract was kept in a refrigerator for further analysis.15,16
The extract was screened for secondary plant metabolites (polyphenolic compounds, alkaloids, saponins, flavonoids, and terpenoids) using standard methods.15 
 
Antibacterial Screening
The Streptococcus mutans inoculum was prepared using normal saline, and the transmittance was measured on a spectrophotometer at a wavelength of 580 nm until a transmittance of 25% was obtained. Mueller Hinton agar media were prepared as a base layer (12 mL) and a sheet layer (10 mL) and then sterilized in a test tube with a volume of 10 mL at 121°C for 15 minutes. The base layer medium was poured into a Petri dish to cool and solidify. Next, 10 µL of Streptococcus mutans inoculum solution was added to the sheet layer using an inoculation needle. This was then poured on top of the base layer medium. The process was repeated on three different Petri dishes. This process attempted to form as many wells or holes as possible. Each Petri dish was filled with 50 mL Caesalpinia sappan L. extract solution at a predetermined concentration. Then, 50 mL of a 100 ppm Kanamycin standard solution was transferred into one of the wells as a positive control, and sterile distilled water into another well as a negative control. The medium was incubated at 36°C for 24 hours under anaerobic conditions. Following incubation, the Petri dishes were removed, and the inhibition zones were measured with a caliper.17
 
 
 
Result and Discussion
The findings in this study showed that the phytochemical screening of secang wood extract revealed the presence of polyphenolic compounds (Table 1). This assay did not detect alkaloids, saponins, flavonoids, and terpenoids. This suggests that the antimicrobial activity of secang wood extract is most likely due to its polyphenolic compounds. Polyphenolic compounds are very effective at killing microbes because they can damage the cell membranes of bacteria and stop enzyme activities.18
Polyphenols are a diverse group of naturally occurring compounds found abundantly in plants, and they have been extensively studied for their antimicrobial properties. These compounds can inhibit bacterial growth by various mechanisms, including disrupting cell wall integrity, altering cell membrane permeability, and inhibiting nucleic acid synthesis.19 Previous research has supported these findings, showing that polyphenol-rich plant extracts often have significant antimicrobial potential. For example, research by Scalbert et al. (2005) showed that polyphenols can inhibit the growth of various pathogenic bacteria through mechanisms such as protein binding and interaction with lipid membranes.20 In addition, research by Nohynek et al. (2006) indicated that polyphenols have synergistic effects that can enhance antimicrobial effectiveness when used in conjunction with other antimicrobial agents.21
The identification of polyphenolic compounds in this plant extract may suggest that its antimicrobial activity may be attributed to these secondary metabolites. The zone of inhibition with a diameter of 15.58 mm at a concentration of 25% indicates that secang wood extract has the potential to inhibit the growth of Streptococcus mutans (Table 2). While this moderate inhibitory activity suggests that the extract inhibits the growth of bacteria, it may take a higher concentration or a mix of other antimicrobial agents to obtain a more noticeable effect. These findings are relevant to using natural antimicrobial agents to prevent dental caries. Despite not reaching the MIC, the resulting zone of inhibition indicates the extract’s potential as a prophylactic agent in dental care products like mouthwash or toothpaste, aimed at reducing the population of Streptococcus mutans in the oral cavity. In addition, previous research has demonstrated that polyphenolic chemicals found in plant extracts have antibacterial properties. Polyphenol extracts from green tea, for instance, were shown to successfully inhibit the growth of Streptococcus mutans in a study conducted by Yang et al. (2018). However, the extracts did not always reach the minimum inhibitory concentration (MIC) at the examined concentrations.22 Similarly, a study conducted by Koo et al. (2017) demonstrated that combining polyphenols with other antimicrobial agents can enhance these agents’ effectiveness in reducing bacterial biofilm growth.23
Table 3 presents the minimum inhibition zone of secang wood extract against Streptococcus mutans at various concentrations. The results indicate that the MIC was achieved at a concentration of 17%, with a diameter zone of 8.03 mm (Figure 2). This concentration showed significant inhibitory activity against the bacteria. MIC is the lowest concentration of antimicrobial agents that can inhibit bacterial growth. In this study, the 17% concentration of sappan wood extract successfully inhibited Streptococcus mutans, indicating that the extract can significantly stop bacterial growth at this concentration.
 
Table 1: Phytochemical content of secang wood (Caesalpinia sappan L.)
	Active ingredient compounds
	Results

	Polyphenol
	Positive

	Alkaloids
	Negative

	Saponins
	Negative

	Flavonoids
	Negative

	Terpenoids
	Negative


 
 
 
Table 2: Zone of inhibition of secang wood extract against Streptococcus mutans
 
	Secang extract concentration
	 
	Diameter zone (mm)

	S1
	S2
	S3
	S4
	x̄
	Control (+)
	Control (-)

	75 %
	27.25
	26.25
	29.50
	29.50
	28.12
	24.45
	7.15

	50 %
	26.90
	28.35
	26.20
	25.30
	26.69
	26.25
	7.50

	25 %
	16.25
	13.60
	16.35
	16.10
	15.58
	24.20
	7.35


 
Table 3: Zone of inhibition of secang wood extract against Streptococcus mutans in the determination of the minimum inhibition concentrate (MIC)
 
	Secang extract concentration
	 
	Diameter zone (mm)

	S1
	S2
	S3
	x̄
	Control (+)
	Control (-)

	20 %
	10.15
	10.25
	10.80
	10.51
	11.50
	7.60

	19 %
	9.65
	9.35
	8.75
	9.25

	18 %
	8.85
	8.85
	8.65
	8.78

	17%
	8.30
	8.10
	7.70
	8.03

	16%
	7.60
	7.60
	7.60
	7.60

	15%
	7.60
	7.60
	7.60
	7.60

	14%
	7.60
	7.60
	7.60
	7.60

	13%
	7.60
	7.60
	7.60
	7.60

	12%
	7.60
	7.60
	7.60
	7.60

	11%
	7.60
	7.60
	7.60
	7.60

	10%
	7.60
	7.60
	7.60
	7.60

	5 %
	7.60
	7.60
	7.60
	7.60

	2.5 %
	7.60
	7.60
	7.60
	7.60
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Figure 1: Activity test results of secang extract samples at different concentrations against Streptococcus mutans on Muller Hinton agar media
 
 
The 8.03 mm inhibition zone indicates the extract has good potential as a natural antimicrobial agent. Polyphenolic compounds have been shown to kill bacteria through different mechanisms, including the inhibition of enzymes that play a significant role in the metabolism of bacteria and the damage to the integrity of bacterial cell membranes.19 Polyphenols efficiently suppress bacterial biofilms, the primary mechanism of Streptococcus mutans producing caries.23 Recent studies have provided further evidence that polyphenols are effective.
Table 4 displays the differences in the inhibitory power of secang wood extract (Caesalpinia sappan L.) against the growth of Streptococcus mutans bacteria at various concentrations. The extract at 20% concentration showed inhibitory potential at p= 0.003, indicating that this concentration significantly inhibits the growth of Streptococcus mutans bacteria compared to other concentrations. Furthermore, the 50% concentration also gave a p-value of 0.000, signifying that the 50% concentration also significantly inhibits the growth of Streptococcus mutans bacteria. These findings confirm that the 20% and 50% concentrations of secang wood extract potentially inhibit the growth of Streptococcus mutans bacteria significantly. This can be valuable information in the context of medical or pharmacological applications.
Based on the results of this study, secang wood is proven to contain polyphenolic compounds. It has the potential as an antimicrobial agent that can inhibit the growth of Streptococcus mutans bacteria with A Minimum Inhibitory Concentration (MIC) of 17%. 
 
 
Figure 2: Minimum inhibition test results of secang extract samples against Streptococcus mutans using Mueller Hinton agar media
Polyphenolic compounds found in secang wood are believed to be closely related to the plant’s antimicrobial activity. These findings support previous studies which found that secang wood has antimicrobial activity against Staphylococcus aureus bacteria.13,24.
Several prior studies have been conducted to investigate the antimicrobial properties of Caesalpinia sappan L. against these bacteria. Safitri et al. (2022) found that secang wood extract (SWE) shows antimicrobial activity against Streptococcus pneumoniae, a pathogen closely related to Staphylococcus mutans.25 The study also found that SWE acts as an iron chelator, an essential factor in the growth of Streptococcus pneumoniae. The study concluded that SWE can be an alternative antimicrobial agent because of its antimicrobial activity and ability to bind iron needed by pathogenic bacteria.25
Another study by Rukayadi et al. (2012) investigated the antimicrobial activity of Caesalpinia sappan L. against various bacteria, including Staphylococcus aureus, another pathogen closely related to Staphylococcus mutans.14 The study found that the methanol extract of Caesalpinia sappan L. shows significant antimicrobial activity against Staphylococcus aureus. In addition, the study revealed that the extract shows synergistic activity when combined with antibiotics such as ampicillin and tetracycline. Rukayadi et al. (2012) concluded that Caesalpinia sappan L. could be a potential source of a natural antimicrobial agent that can be used with antibiotics to treat bacterial infections.14
Previous studies have observed the antibacterial properties of Caesalpinia sappan L. extracts against specific bacterial strains. One of them examined how well Caesalpinia sappan L. heartwood extracts kill bacteria found in food, i.e., Escherichia coli, Staphylococcus aureus, Salmonella Typhimurium, and Listeria monocytogenes.26 A prior study has reported the inhibitory effects of secang wood extract against these bacteria, indicating potential antibacterial activity.27 Meanwhile, another study has also investigated the antibacterial activity of Caesalpinia sappan L. extract against methicillin-resistant Staphylococcus aureus (MRSA) strains and found that the extract has a moderate inhibitory effect against MRSA, signifying its potential as an antibacterial agent.28 However, it is crucial to interpret these findings carefully as these studies were conducted in vitro. Therefore, further studies, including in vivo studies and clinical trials on humans, are still required to determine the effectiveness of Caesalpinia sappan L. as an antibacterial agent in a clinical context. 
 
 
Table 4: Differences in the inhibitory power of secang wood (Caesalpinia sappan L.) extract against the growth of Streptococcus mutans
	(I) Concentration
	(J) Concentration
	Mean Difference (I-J)
	Std. Error
	Sig.
	95% Confidence Interval

	Lower Bound
	Upper Bound

	16%
	17%
	-.43333
	.81961
	.603
	-2.1488
	1.2821

	18%
	-1.18333
	.81961
	.165
	-2.8988
	.5321

	19%
	-1.65000
	.81961
	.058
	-3.3655
	.0655

	20%
	-2.80000*
	.81961
	.003
	-4.5155
	-1.0845

	25%
	-7.97500*
	.76668
	.000
	-9.5797
	-6.3703

	50%
	-19.08750*
	.76668
	.000
	-20.6922
	-17.4828

	75%
	-20.52500*
	.76668
	.000
	-22.1297
	-18.9203

	17%
	18%
	-.75000
	.81961
	.372
	-2.4655
	.9655

	19%
	-1.21667
	.81961
	.154
	-2.9321
	.4988

	20%
	-2.36667*
	.81961
	.009
	-4.0821
	-.6512

	25%
	-7.54167*
	.76668
	.000
	-9.1463
	-5.9370

	50%
	-18.65417*
	.76668
	.000
	-20.2588
	-17.0495

	75%
	-20.09167*
	.76668
	.000
	-21.6963
	-18.4870

	18%
	19%
	-.46667
	.81961
	.576
	-2.1821
	1.2488

	20%
	-1.61667
	.81961
	.063
	-3.3321
	.0988

	25%
	-6.79167*
	.76668
	.000
	-8.3963
	-5.1870

	50%
	-17.90417*
	.76668
	.000
	-19.5088
	-16.2995

	75%
	-19.34167*
	.76668
	.000
	-20.9463
	-17.7370

	19%
	20%
	-1.15000
	.81961
	.177
	-2.8655
	.5655

	25%
	-6.32500*
	.76668
	.000
	-7.9297
	-4.7203

	50%
	-17.43750*
	.76668
	.000
	-19.0422
	-15.8328

	75%
	-18.87500*
	.76668
	.000
	-20.4797
	-17.2703

	20%
	25%
	-5.17500*
	.76668
	.000
	-6.7797
	-3.5703

	50%
	-16.28750*
	.76668
	.000
	-17.8922
	-14.6828

	75%
	-17.72500*
	.76668
	.000
	-19.3297
	-16.1203

	50%
	50%
	-11.11250*
	.70980
	.000
	-12.5981
	-9.6269

	75%
	-12.55000*
	.70980
	.000
	-14.0356
	-11.0644


*. The mean difference is significant at the 0.05 level.
 
 
 
 
Conclusion
Secang wood (Caesalpinia sappan L.) shows great potential as an effective antimicrobial agent in inhibiting the growth of Streptococcus mutans bacteria with a MIC of 17%. Polyphenolic compounds in secang wood play a significant role in its antimicrobial activity. Thus, secang wood can be a prospective natural ingredient for the development of mouthwash that can help maintain oral health and hygiene. Nonetheless, further studies, including in vivo studies and human clinical trials, are still vital to evaluate the effectiveness of secang wood as an antimicrobial agent in a clinical context. 
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