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Introduction 

Oral diseases are among the most widespread global health issues, 

imposing substantial health and economic impacts that significantly 

diminish the quality of life of affected individuals (1). This global 

concern is reflected in The Global Burden of Disease Study in 2016, 

which reported that dental and oral health problems, particularly 

dental caries, affect nearly half of the worlds’ population. Similarly, 

data from the Basic Health Research Report in 2018 indicated that 

cavities and swollen gums are the most prevalent oral health issues 

in Indonesia (2). The main factor contributing to dental health 

problems is the formation and accumulation of dental plaque, 

which begins as a thin biofilm of bacteria adhering to the tooth 

surface (2). Over time, the bacterial colonies produce acids through 

carbohydrate metabolism, initiating enamel demineralisation that 

leads to dental caries and eventual tooth loss if left untreated. 

Continuous plaque accumulation may also result in gingivitis, 

characterised by inflammation of the gingival tissue, which can 

progress to periodontitis, a more severe condition that destroys 

connective tissue and alveolar bone (3). 

 Two major bacterial species are closely associated with oral 

infectious diseases. Streptococcus mutans Clarke plays a key role in 

dental plaque formation by producing acids that demineralise 

enamel and cause dental caries, while Pseudomonas aeruginosa 

(Schroeter) Migula, an opportunistic microorganism commonly 

found in subgingival plaque, increases the risk of periodontal 

infections and may also contribute to secondary respiratory 

complications (4, 5). To prevent these bacterial infections, 

maintaining oral hygiene through regular cleaning and the use of 

mouthwash is recommended. Although a 0.2 % chlorhexidine 

mouthwash effectively controls dental plaque, its long-term use may 

cause adverse effects such as tooth discolouration and salivary gland 

irritation. Therefore, herbal mouthwash formulations have been 

explored as safer and eco-friendly alternatives (6). 

 Sappan wood (Caesalpinia sappan L.), a member of the 

Leguminosae family, is widely used in traditional medicine and has 

shown potential as an active ingredient in herbal mouthwash 

formulations. This plant has long been utilised to treat various 

ailments such as malaria, tetanus, diarrhoea and dysentery (7). 

Several flavonoid compounds have been identified in sappan wood, 

including brazilin, protosappanin A, sappanone B and                                            

4-O-methylsappanol, all known for their antibacterial activity (8–10). 
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Abstract  

This study aimed to develop and evaluate a herbal mouthwash formulation containing an ethanolic extract of sappan wood                          
(Caesalpinia sappan L.) as a potential natural alternative to chlorhexidine-based products. The extract and derived mouthwash were assessed 

for antibacterial activity against Streptococcus mutans Clarke and Pseudomonas aeruginosa (Schroeter) Migula using the agar well diffusion 

and minimum inhibitory concentration (MIC) methods at concentrations of 1 %, 3 % and 5 %. Positive controls included 0.2 % chlorhexidine 

and a commercial mouthwash, while negative controls consisted of mouthwash without extract and 96 % ethanol. The stability of the 
mouthwash was evaluated through a six-cycle cycling test by monitoring organoleptic properties, homogeneity, pH, sedimentation and 

redispersion. The mouthwash exhibited a maximum inhibition zone of 21.5 mm and 15.2 mm against S. mutans and P. aeruginosa, 

respectively, with MIC values of 1 % and 3 %. It remained physically stable during six storage cycles with consistent pH (4.6–6.5) and 

homogeneous dispersion. These results demonstrate that sappan wood extract possesses strong antibacterial activity and good formulation 
stability, supporting its potential as a safe and effective herbal mouthwash. The study highlights the novelty of exploring a plant-based 

mouthwash as a promising natural alternative to chlorhexidine, showing comparable in vitro antibacterial activity with potentially fewer 

adverse effects. 
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Among these, brazilin is the predominant bioactive flavonoid 

responsible for inhibiting the growth of oral pathogenic microbes 

through multiple mechanisms, including interference with DNA and 

protein synthesis, disruption of bacterial membranes and inhibition 

of DNA gyrase activity (9, 11, 12). Previous studies have further 

substantiated the antibacterial potential of sappan wood extracts by 

demonstrating their effectiveness against both Gram-positive and 

Gram-negative oral pathogens. Research indicates that the ethanolic 

extract of sappan wood exhibited strong inhibitory activity against                    

S. mutans, while subsequent work identified brazilin as the major 

compound responsible for this activity (4, 11). Moreover, research 

confirms that the ethanolic extract also inhibited the growth of                     

P. aeruginosa, highlighting its broad-spectrum antibacterial 

potential relevant to oral health applications (13). 

 However, while several studies have investigated the 

antibacterial potential of sappan wood extracts, limited information 

is available regarding their formulation stability and comparative 

efficacy when developed into mouthwash preparations. This study 

presents a novel approach by formulating an ethanolic extract of 

sappan wood into a mouthwash and evaluating its antibacterial 

efficacy against S. mutans and P. aeruginosa. The main objectives 

were to determine the total flavonoid content, assess the 

antibacterial activity of the ethanolic extract and the formulated 

mouthwash and evaluate the product stability. For stability 

assessment, organoleptic parameters such as colour, aroma and 

appearance, along with pH, homogeneity, sedimentation volume 

and redispersion, were analysed to ensure the mouthwash 

maintained its effectiveness in inhibiting pathogenic bacterial 

growth and reducing the risk of dental caries.  

 

Materials and Methods 

Materials 

Sappan wood (C. sappan) was obtained and identified from the 

Centre for Research and Development of Medicinal Plants and 

Traditional Medicines in Tawangmangu, Indonesia, during                           

February-March, when the plants were in their mature growth 

phase. The plant was taxonomically identified under reference 

number KM.04.02/2/392/2022 and the authenticated herbarium 

specimen was deposited at the Teknobioindustri Laboratory, 

Faculty of Technobiology, Universitas Atma Jaya Yogyakarta.                      

S. mutans ATCC 25173 and P. aeruginosa ATCC 10145 bacterial 

isolates were obtained from the Integrated Research Laboratory, 

Faculty of Dentistry, Universitas Gadjah Mada. Subsequently, the 

substances used included 96 % ethanol, distilled water, nutrient agar 

(NA) medium, nutrient broth (NB) medium, commercial mouthwash 

containing 0.2 % Chlorhexidine, 0.2 % Chlorhexidine solution and 

other reagents that were of analytical grade. 

Samples preparation and simple standardisation  

Sappan wood was dried in a hot-air oven at 50 °C for 24 hr, ground 

into powder using a blender and grinder and then sieved through a 

61-mesh strainer to obtain fine simplicia powder (14, 15). 

Standardisation of sappan wood simplicia consisted of total ash, 

acid-insoluble ash, ethanol-soluble compound, water-soluble 

compound and water content, as well as the loss on drying. The 

results of simplicia standardisation were compared to the standard 

from Indonesian Herbal Pharmacopoeia 2nd Edition (16). 

 

Extraction of sappan wood 

The dried powdered sappan wood underwent extraction using the 

maceration method for 24 hr, followed by two additional 

remaceration cycles, each lasting 24 hr. Ethanol 96 % served as the 

solvent, with a sample-to-solvent ratio of 1:10. Subsequently, the 

samples were macerated in a shaker incubator at 30 °C and 150 rpm 

for 24 hr and the resulting filtrate was evaporated using a rotary 

evaporator set at 50 °C and 55 rpm. The weight of the thick extract 

was measured and the yield percentage was calculated (17). The 

extract concentrations of 1 %, 3 % and 5 % were selected based on 

preliminary evaluations and formulation feasibility, representing 

low, medium and high concentrations commonly applied in herbal 

mouthwash formulations to assess dose-dependent antibacterial 

effects (18).  

Formulation of mouthwash base 

The mouthwash base was prepared using a combination of safe and 

commonly used pharmaceutical excipients. The base formulation 

consisted of glycerin (15 %) as a humectant, propylene glycol (15 %) 

as a cosolvent, sorbitol (20 %) as a sweetening and flavouring agent, 

sodium benzoate (0.1 %) as a preservative and distilled water                   

(100 %) as a solvent. These ingredients were thoroughly mixed to 

obtain a homogeneous solution, which served as the vehicle for 

incorporating the ethanolic extract of C. sappan at concentrations of 

1 %, 3 % and 5 %.  

Determination of total flavonoid content (TFC) 

Determination of TFC was carried out using AlCl3 and CH3COOK 

reagents. The optimum wavelength was determined using a 

quercetin standard solution (15 ppm). Subsequently, the absorbance 

of the standard solution was measured in the wavelength range of              

405-450 nm to obtain an optimum wavelength of 435 nm (19). The 

quercetin standard curve was made by measuring quercetin standard 

solution in various concentrations of 3, 6, 9, 12 and 15 ppm. The total 

flavonoid content of sappan wood extract and the derived 

mouthwash was measured by adding 0.5 mL of the sample with                    

0.1 mL of AlCl3 10 %, 0.1 mL of CH3COOK and 4.3 mL of distilled water. 

The sample was incubated in a dark room for 30 min and the 

absorbance was measured at 435 nm. The total flavonoid content was 

determined by a linear equation from the quercetin standard curve 

and calculated by the following formula (19). 

 

 

 

where, c: Quercetin equivalent result (mg/mL); v: Sample volume 

(mL); fp: Dilution factor; m: Sample weight (mg) 

Evaluation of antibacterial activity  

The antibacterial activity of sappan wood ethanolic extract and the 

derived mouthwash was determined using the inhibition zone test 

with agar well diffusion method against S. mutans and P. aeruginosa 

(20). Subsequently, S. mutans and P. aeruginosa suspensions were 

inoculated on Nutrient Agar (NA) media and wells were made in the 

media. The wells were filled with 35 µL of the sample, which 

consisted of sappan wood ethanolic extract (1 %, 3 % and 5 %), a 

mouthwash of sappan wood extract (1 %, 3 % and 5 %), 

chlorhexidine 0.2 % and commercial mouthwash containing 

chlorhexidine 0.2 % as the positive control, including 96 % ethanol 

and mouthwash base as the negative control. The media were 

(Eqn. 1) 
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  incubated at 37 °C for 24 hr and the diameter of the inhibition zone 

formed was measured in triplicate for each treatment (20). 

Determination of MIC 

The MIC test was performed using the agar-dilution method. The 

test commenced by preparing S. mutans and P. aeruginosa starters, 

which were incubated at 37 °C for 24 hr. Subsequently, a 10 % stock 

solution was made for sappan wood extract and mouthwash with 

sappan wood extract. The MIC test solution consisted of a 

suspension of bacteria inoculated in a test tube containing 2 mL of 

nutrient broth (NB) media and the extract or mouthwash with a 

concentration series of 1 %, 3 % and 5 %. The positive controls used 

were 0.2 % chlorhexidine and commercial mouthwash containing 

0.2 % chlorhexidine, while the negative control was an untreated 

bacterial suspension (21). The sample solution inoculated with the 

bacteria and treated with the extract or mouthwash was incubated 

at 37 °C for 24 hr. The sample tube solution was inoculated into a 

petri dish containing NA media. Inoculation of S. mutans was carried 

out by the pour plate method, while P. aeruginosa was performed by 

the spread plate method. All inoculated plates were incubated for                 

24 hr at 37 °C and observed to assess bacterial growth in each 

treatment (21). 

Evaluation of mouthwash stability 

Evaluation of mouthwash stability was carried out using a cycling 

test. This test was conducted for six cycles by storing mouthwash at 

4 °C for 24 hr and continuing at 40 °C for another 24 hr. Meanwhile, 

one cycle was defined as 24 hr of storage at 4 °C, followed by 24 hr at 

40 °C. The organoleptic evaluation was carried out by visual 

examination of its appearance, flavour, form and scent. 

Homogeneity was assessed by observing two parameters, namely, 

before and after shaking. The homogeneity was evaluated before 

shaking by observing whether the mouthwash formed two layers. 

Homogeneity after shaking was assessed with one drop of 

mouthwash poured onto an object glass to examine for undispersed 

coarse granules. The pH value was observed using a pH meter 

calibrated at values of 4 and 7 (6, 22, 23).  

 The sedimentation and redispersion tests were carried out 

at room temperature. The sedimentation test was conducted by 

adding 10 mL of mouthwash into a measuring cup and the changes 

in the volume were observed and recorded every cycle without 

stirring. The initial volume (Vo) was the initial volume of the 

mouthwash filled, while the final volume (Vu) was the volume of 

mouthwash supernatant obtained after sedimentation occurred. 

The sedimentation volume (F) was determined by dividing Vu by Vo. 

The redispersion test was carried out by placing 5 mL of mouthwash 

in a test tube and rotating it at 180°. The time of rotations needed to 

redisperse the sediment was calculated using a stopwatch. The 

stability of the mouthwash is deemed satisfactory when there are no 

significant physical changes observed and it remains stable for at 

least three cycles during the stability test (6, 22, 23). 

Data analysis 

Quantitative data were statistically analysed using a completely 

randomised design (CRD). Differences between treatments were 

evaluated using analysis of variance (ANOVA) and significant 

differences were further tested using the Duncan multiple range test 

(DMRT) at a significance level of p < 0.05. All analyses were performed 

using SPSS Statistics, version 25.0.  

 

Results and Discussion  

Sappan wood simplicia standardisation 

The standardisation results in Table 1 showed that sappan wood 

simplicia fulfilled all the required parameters (24). These results 

indicated that sappan wood simplicia possessed good quality and 

can be used as an active component in the mouthwash formulation. 

Research indicates that the quality of heartwood material strongly 

influences the yield of secondary metabolites such as brazilin and 

total flavonoids, which determine antibacterial activity (9). 

 Extraction of sappan wood 

As presented in Table 2, the extract yield was 1.5 times higher than the 

average of 12.05 % (25). The higher yield was due to remaceration, 

which prevents solvent saturation and increases the yield percentage. 

Remaceration was also used to extract active compounds (26). 

Research indicates that stepwise ethanolic extraction enhances the 

content of brazilin, the principal bioactive compound of sappan wood, 

responsible for both antibacterial and anti-inflammatory effects (26). 

Total flavonoid content 

The TFC of sappan wood ethanolic extract in Table 3 showed a 

significant difference compared to the previous study. The result was 

3.8 times higher than that of previous researchers, who obtained a 

total flavonoid content of sappan wood ethanolic extract at                     

9.59 mg QE/g extract (27). This higher value was influenced by 

several factors, including the length of extraction time and the drying 

process of the simplicia used. Furthermore, a difference in the 

location of the growing sample used due to environmental 

influences can also affect the acquisition of total flavonoid levels (28). 

The high flavonoid level obtained in this study reinforces the 

hypothesis that these metabolites act as the main bioactive 

compounds responsible for the antibacterial activity. 

 The TFC was also determined in mouthwash formulations 

containing different concentrations of sappan wood extract                  

(Table 3), confirming the successful incorporation of flavonoids into 

the formulations. Although the measured flavonoid levels increased 

numerically with higher concentrations of sappan wood ethanolic 

extract, the differences were not statistically significant (p > 0.05). 

This suggests that beyond a certain concentration, the matrix effect 

of the formulation may limit the detectable increase in total 

Parameters Result (%) Standard (18) 

Total ash content 0.97 ± 0.08 ≤ 2 % 

Acid-insoluble ash content 0 ± 0.00 ≤ 0, 5 % 

Ethanol-soluble compound 
content 

10.05 ± 0.38 ≥ 6 % 

Water-soluble compound content 4.89 ± 0.02 ≥ 4 % 

Loss on drying 2.46 ± 0.12 ≤ 5 % 

Water content 6.35 ± 0.44 ≤ 10 % 

Table 1. Standardisation of sappan wood  

Sample Extraction yield ( %; Mean ± SD, n = 3) 

C. sappan ethanolic 
extract 19.17 ± 0.13 

Table 2. Yield percentage of sappan wood ethanolic extract 
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flavonoids. Research indicates that higher extract concentrations 

tend to enhance the presence of active compounds, although the 

magnitude of increase may not always be statistically significant due 

to formulation stability and interaction factors (29). The TFC of the 

sappan wood ethanolic extract mouthwash showed its potential 

antibacterial activity against the tested bacteria. The flavonoid 

content in the mouthwash formulation was higher than that of the 

extract, likely due to the presence of glycerin and propylene glycol as 

co-solvents that enhance flavonoid solubility and stability (30). 

Antibacterial activity of sappan wood ethanolic extract and 

mouthwash from sappan wood ethanolic extract 

The antibacterial activity of sappan wood ethanolic extract and the 

derived mouthwash was determined based on the diameter of the 

inhibition zone, which was repeated three times. Table 4 shows that 

the average inhibition zone diameter for S. mutans and P. aeruginosa 

increased consistently with higher extract concentrations, indicating a 

clear positive correlation between extract concentration and 

antibacterial efficacy. This trend agrees that increasing extract 

concentration enhanced inhibition zone diameter due to the higher 

abundance of active compounds (31). 

 The antibacterial activity of sappan wood ethanolic extract 

against S. mutans and P. aeruginosa increased with higher extract 

concentrations (1 %, 3 % and 5 %), as shown in Fig. 1 and 2. Although 

the extract concentrations differ from those of the positive control 

(chlorhexidine 0.2 %), the comparison was made to provide a 

practical reference for assessing the antibacterial potential of the 

extract under formulation-relevant conditions. These findings 

indicate that sappan wood ethanolic extract exhibits promising 

inhibitory activity against both S. mutans and P. aeruginosa, 

supporting its potential use as an alternative active ingredient in 

mouthwash formulations. The 96 % ethanol used as a negative 

control exhibited no inhibitory activity against S. mutans or                              

P. aeruginosa, confirming that the inhibition zones observed at the 

three extract concentrations were solely due to the antibacterial 

compounds present in the sappan wood ethanolic extract. This 

antibacterial effect is primarily attributed to brazilin and              

sappanone B, the major bioactive constituents of C. sappan, which 

function as natural antibacterial agents. Brazilin disrupts bacterial 

membrane permeability and inhibits DNA gyrase, while other 

flavonoids in the extract may deactivate cell-wall proteins through 

complex formation with sulfhydryl groups. These findings are 

Table 3. Total flavonoid content of sappan wood ethanolic extract 
and mouthwash with sappan wood ethanolic extract 

Sample Total flavonoid content                      
(mg QE/g extract) 

Sappan wood ethanolic extract 36.38 ± 1.81a 

Mouthwash with 1 % sappan wood extract 88.65 ± 0.41b 

Mouthwash with 3 % sappan wood extract 90.56 ± 1.20b 

Mouthwash with 5 % sappan wood extract 93.22 ± 0.72b 

Note: Values followed by the same letter are not significantly different in 
the Duncan test. *p < 0.05. Positive control: chlorhexidine 0.2 %; 

Negative control: ethanol 96 %. 

Sample 
Zone of Inhibition (mm) 

S. mutans P. aeruginosa 

Extract 1 % 17.00 ± 0.30c 12.50 ± 0.50c 

Extract 1 % 20.00 ± 0.50b 14.50 ± 0.50b 

Extract 5 % 23.30 ± 0.30a 16.70 ± 0.30a 

Chlorhexidine 0.2 % 20.20 ± 0.30b 11.80 ± 0.50c 

Ethanol 96 % 0 0 

Table 4. Zone of inhibition of sappan wood ethanolic extract 

Note: Values followed by the same letter are not significantly different in 
the Duncan test. *p < 0.05. Positive control: chlorhexidine 0.2 %; 
Negative control: ethanol 96 %. 

 

(A) (B) (C) 

c 

a b 

Fig. 1. Inhibition zones of S. mutans in the agar well diffusion assay. A. Sappan wood ethanolic extract at concentrations of (a) 1 %, (b) 3 % and 
(c) 5 %; B. Positive control, 0.2 % chlorhexidine; C. Negative control, 96 % ethanol. 

 

Fig. 2. Inhibition zones of P. aeruginosa in the agar well diffusion assay. A. Sappan wood ethanolic extract at concentrations of (a) 1 %, (b) 3 % 
and (c) 5 %; B. Positive control, 0.2 % chlorhexidine; C. Negative control, 96 % ethanol. 
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consistent with previous research that 96 % ethanol had no 

inhibitory effect on the growth of S. mutans and P. aeruginosa                   

(32, 33). 

 The strength of the inhibition can be divided into four 

categories based on the diameter of the inhibition zone  (34). These 

included weak, moderate, strong and very strong for diameters of      

5 mm, 5–10 mm, 10–20 mm and 20 mm, respectively. Based on the 

category of inhibitory power, sappan wood ethanolic extracts at 1 % 

and 3 % concentrations, along with a positive control, had a strong 

inhibitory power against S. mutans. However, at 5 % concentration, 

the extract had a very strong inhibitory power against S. mutans. The 

results showed that the sappan wood ethanolic extract at 1 %, 3 % 

and 5 % concentrations and the positive control produced a strong 

inhibition zone diameter against P. aeruginosa. The results in Table 5 

and Fig. 3 showed that the inhibition zone of the mouthwash 

containing 5 % sappan wood ethanolic extract against S. mutans 

was higher than that observed for lower extract concentrations, 

indicating a clear concentration-dependent antibacterial effect. 

Similarly, Fig. 4 demonstrates that the inhibition zone against                        

P. aeruginosa increased progressively with increasing extract 

concentration. Based on the inhibition power category, mouthwash 

formulations containing 1 % and 3 % extract exhibited strong 

antibacterial activity against S. mutans, while the 5 % extract 

formulation showed a very strong inhibitory effect. All extract-based 

mouthwash formulations demonstrated strong inhibition against   

P. aeruginosa. 

 In this study, the sappan wood ethanolic extract played an 

important role as an antibacterial agent in mouthwash preparations. 

This was supported by the absence of an inhibition zone in the 

mouthwash base without extract (negative control), confirming that 

the antibacterial activity originated solely from the sappan wood 

extract, while the base components served only as carriers that 

supported the stability of active compounds. The inhibition zone 

results also demonstrated that the ethanolic extract formulation 

exhibited comparable antibacterial potential to a commercial 

mouthwash containing 0.2 % chlorhexidine. Although this study 

demonstrated antibacterial activity of sappan wood extract, further 

 

Fig. 3. Inhibition zones of S. mutans in the agar well diffusion assay. A. Mouthwash formulated with sappan wood ethanolic extract at 
concentrations of (a) 1 %, (b) 3 % and (c) 5 %; B. Positive control, commercial mouthwash containing 0.2 % chlorhexidine; C. Negative control, 

mouthwash base without extract. 

 
c 

(A) 

a b 

(B) (C) 

Fig. 4. Inhibition zones of P. aeruginosa in the agar well diffusion assay. A. Mouthwash formulated with sappan wood ethanolic extract at 
concentrations of (a) 1 %, (b) 3 % and (c) 5 %; B. Positive control, commercial mouthwash containing 0.2 % chlorhexidine; C. Negative control, 
mouthwash base without extract. 

Table 5. Zone of inhibition of mouthwash from sappan wood 
ethanolic extract 

Sample 
Zone of inhibition (mm) 

S. mutans P. aeruginosa 

Mouthwash with 1 % sappan wood 
extract 

15.30 ± 0.30d 10.70 ± 0.30c 

Mouthwash with 3 % sappan wood 
extract 17.20 ± 0.30c 12.80 ± 0.30b 

Mouthwash with 5  % sappan wood 
extract 21.50 ± 0.50a 15.20 ± 0.30a 

Commercial mouthwash containing 
chlorhexidine 0.2 % 20.70 ± 0.30b 10.00 ± 0.00d 

Mouthwash base 0 0 

Note: Values followed by the same letter are not significantly different in 
the Duncan test. *p < 0.05. Positive control: Commercial mouthwash 

containing 0.2 % chlorhexidine; Negative control: Mouthwash base. 
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characterisation using HPLC-MS is recommended to identify the 

specific bioactive compounds responsible for the observed 

inhibition of pathogenic bacteria. 

MIC of sappan wood ethanolic extract and mouthwash from 

sappan wood ethanolic extract 

The results presented in Supplementary Table 1 and  Fig. 5, showed 

that the samples of sappan wood ethanolic extract at 1 %, 3 % and             

5 % concentrations, along with mouthwash formulations containing 

the same extract concentrations, exhibited no growth of S. mutans in 

the media. In contrast, bacterial growth of P. aeruginosa was still 

observed at the 1 % concentration. The results presented in  Fig. 6 

showed that P. aeruginosa growth was inhibited at 3 % and 5 % 

concentrations of sappan wood ethanolic extract and mouthwash. 

Based on these findings, the lowest concentrations of sappan                       

wood ethanolic extract and mouthwash that inhibited the growth of                

S. mutans and P. aeruginosa were 1 % and 3 %, respectively. The  

MIC results of the positive controls, 0.2 % chlorhexidine and 

commercial mouthwash containing 0.2 % chlorhexidine, showed no 

bacterial growth against S. mutans and P. aeruginosa, whereas the 

negative control (bacterial suspension without extract) exhibited 

bacterial growth. The results showed that lower MIC values for                  

S. mutans were similar to those obtained against the two types of 

pathogenic bacteria at a concentration of 1.56 %. Meanwhile, the 

MIC value for  P. aeruginosa obtained was greater than previous 

studies (35). The difference in the MIC between the two bacteria was 

influenced by the nature of each bacterium due to differences in the 

structure of their cell walls. 

 Pseudomonas aeruginosa is a Gram-negative bacterium 

whose cell envelope consists of an outer membrane bound directly 

to the inner membrane. The outer membrane, composed of 

phospholipids and selective porin proteins, restricts the entry of 

large or hydrophobic molecules, making antibacterial substances 

less effective in penetrating the cell. In addition, P. aeruginosa 

possesses multiple efflux pump systems that actively expel 

antimicrobial agents from the periplasmic space, further reducing 

their intracellular concentration. These structural and functional 

characteristics contribute to the intrinsic resistance of P. aeruginosa 

compared to Gram-positive bacteria. Therefore, due to differences in 

cell wall composition and permeability, P. aeruginosa exhibited 

higher MIC values than S. mutans (36, 37). 

Stability of mouthwash from sappan wood ethanolic extract 

Mouthwash is an antiseptic oral preparation used to treat bad breath 
and clean oral cavity disorders such as gingivitis (38). The stability 

test determines the durability and characteristics of products when 

subjected to the limits set during storage (39). In this study, the 

stability test was carried out on the ethanol extract of sappan wood 

mouthwash, namely the cycling test for six cycles. Cycling tests were 

used to determine product stability during storage in the presence of 

temperature fluctuations (40). These tests observed several 

parameters, such as organoleptic parameters, homogeneity and pH 

values, including sedimentation volume and redispersion ability at 

room temperature. Organoleptic testing involved observing or 

visualising the physical properties of mouthwash preparations 

based on colour, shape, aroma and taste. Six cycles of organoleptic 

observations were performed and the results presented in 

Supplementary Table 2 showed that Cycle 0 represented the initial 

characteristics of the mouthwash prepared from sappan wood 

ethanolic extract. An organoleptic test on mouthwash preparations 

of sappan wood ethanolic extract at a concentration of 1 % (F1), 3 % 

(F2) and 5 % (F3) showed that the preparation had a typical herbal 

scent and brown colour. There was also a slightly sweet taste in F1, 

slightly bitter in F2 and bitter in F3. The F1 preparation had a liquid 

solution form, while the F2 and F3 preparations formed a suspension, 

a liquid with a precipitate that forms when allowed to stand. 

Moreover, suspension is a liquid preparation with insoluble solid 

particles that can be dispersed in the liquid phase (41). 

Fig. 5. MIC test of sappan wood ethanolic extract and mouthwash 
against S. mutans. Bacterial growth inhibition was observed after 24 

hr of incubation at 37 °C. A–C. Sappan wood extract 1 %, 3 % and        
5 %; D–F. mouthwash with 1 %, 3 % and 5 % sappan wood extract;    

G. P. aeruginosa suspension; H. Chlorhexidine 0.2 %; I. Mouthwash 
with chlorhexidine 0.2 %. 

Fig. 6. MIC test of sappan wood ethanolic extract and mouthwash 
against P. aeruginosa. Bacterial growth inhibition was observed after 

24 hr incubation at 37 °C. A–C. Sappan wood extract 1 %, 3 % and        
5 %; D–F. Mouthwash with 1 %, 3 % and 5 % sappan wood extract;    

G. P. aeruginosa suspension; H. Chlorhexidine 0.2 %; I. Mouthwash 
with chlorhexidine 0.2 %. 
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 The organoleptic test results in Fig. 7 showed that 

mouthwash preparations of 1 % ethanolic extract of sappan wood 

(F1) were consistent with the reference standard established (23). 

The mouthwash had a distinctive extract scent, brown colour, in the 

form of a solution and a slightly sweet taste. The taste parameters of 

the mouthwash preparations of 3 % (F2) and 5 % (F3) sappan wood 

ethanolic extract were significantly different, with both preparations 

obtaining a slightly bitter and bitter taste, respectively. This 

bitterness can be attributed to the active compound of sappan 

wood from the flavonoid compounds group, activated by the bitter 

taste receptors of the tongue (42). Therefore, the higher the 

concentration of the extract, the more bitter the taste produced. A mild 

bitterness at higher extract concentrations may affect taste 

acceptability and user compliance; hence, future formulation 

development should consider natural sweeteners or flavour-masking 

agents to improve palatability without compromising stability. 

 A homogeneity test was performed with parameters before 

and after shaking due to the presence of sediment in the F2 and F3 

mouthwash preparations. This made it necessary to carry out 

shaking to determine whether the precipitate particles can be 

homogenised again after shaking. The mouthwash homogeneity 

after making was demonstrated in Cycle 0 and the results are 

presented in Supplementary Table 3. F0 and F1 mouthwash 

preparations had good homogeneity according to the reference 

standard (43). The F2 and F3 mouthwash preparations had 

sedimentation and were not homogeneous before shaking. 

However, both preparations produced homogeneous results after 

shaking because all particles were redispersed without any solidified 

sediment.  

 Research also examined the effects of sediments in F2 and F3 

mouthwash preparations (40). The results showed that sediment 

formation occurred when the cosolvent present in the base became 

saturated, preventing complete dissolution of the mouthwash 

preparation base. The incomplete solubility was caused by a small 

amount of cosolvent or solubility-enhancing agent that cannot 

dissolve all of the solutes in the extract, resulting in sedimentation. 

The pH test was used to determine the degree of acidity in a 

mouthwash preparation. In this study, the test was performed using 

a pH meter calibrated in a buffer solution with values of 4 and 7. The 

pH of the mouthwash was repeated three times for each cycle, with 

a total of six cycles. Based on the results, cycle 0 displayed the initial 

pH of the mouthwash preparation when it was made. The pH test 

results in Fig. 8 showed that all treatments for mouthwash 

preparations had a pH value ranging from 4.5 to 10.5 according to 

SNI No. 12-3524-1995. The observed pH fluctuation across cycles 

was minimal (SD < 0.2), indicating consistent acidity and good 

formulation stability throughout the six-cycle storage test. Several 

commercial mouthwashes exhibited pH values below the critical 

threshold for enamel dissolution (pH < 5.5), which may promote 

enamel erosion and increase the risk of dental sensitivity, 

discolouration and caries with prolonged use (44). 

 The sedimentation test is carried out to determine the 

precipitation ratio that occurred during preparation and storage 

over a particular time. The deposition ratio will be used to calculate 

the sedimentation volume (F) value, which indicates the solubility of 

suspended particles in the carrier base (45). In this study, the 

sedimentation test parameters observed were the initial volume (Vo) 

of the mouthwash preparation that was filled first, followed by the 

volume of the supernatant formed after sedimentation (Vu). The 

value of Vu was observed every cycle at a contact Vo of 10 mL until 

the sixth cycle. The sedimentation parameter of the mouthwash was 

determined by measuring the F value, which was calculated at the 

end of each cycle by dividing Vu by Vo. The sedimentation test 

results in Supplementary Table 4 showed that F0 and F did not have 

sediment, indicating a good sedimentation volume value, namely      

F = 1. These results were in accordance with the Indonesian 

pharmacopoeia  6th edition (46). Furthermore, F2 and F3 had an               

F-value that was approaching 1 during six cycles of observation. The 

variation of F values across cycles was minimal (SD < 0.03), 

confirming that the dispersion of suspended particles remained 

uniform and physically stable throughout storage. This indicated 

that the F value was in accordance with the Indonesian 

Pharmacopoeia 6th standards. 

 Based on the Indonesian Pharmacopoeia 6th standard, a 

good F value is F = 1 or close to 1. The F = 1 value indicates that the 

extract particles can be well dispersed on the carrier base, while the F 

value > 1 shows that the extract is not entirely dissolved in the base. 

Therefore, the volume of the sediment formed is greater than the 

volume of the supernatant. The redispersion test was carried out to 

determine the time required for the precipitate particles to be 

 

Fig. 7. Visual appearance of mouthwash formulations containing sappan wood ethanolic extract. F0: mouthwash base (without extract), F1: 
Formulation containing 1 % extract, F2: Formulation containing 3 % extract and F3: Formulation containing 5 % extract. The figure illustrates 

the colour and clarity differences among formulations observed after preparation. 
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redispersed after precipitation (41). In this study, the redispersion 

test was performed using the mouthwash that had been allowed to 

stand for one cycle and sedimentation was formed by shaking it and 

rotating the test tube 180 degrees. The time required for the 

sedimentation particles to be redispersed was calculated with a 

stopwatch. The dispersibility ability of the mouthwash preparation 

was observed at the end of each cycle throughout the six 

observation cycles. The redispersion test in Supplementary Table 5 

revealed that all mouthwash preparations, including those that 

experienced sedimentation, namely F2 and F3, had redispersion 

times less than 30 sec. These results were in line with the standards 

set by the Indonesian Ministry of Health (46). Mouthwash 

preparations with a redispersion time of less than 30 sec indicated 

the ability of the precipitate particle to be well dispersed and not 

compacted (41).  

 

Conclusion  

The ethanolic extract of C. sappan contained 36.38 mg QE/g extract 

of total flavonoids, while the formulated mouthwash contained 

88.65–93.22 mg QE/g extract. Both the extract and its mouthwash 

formulation exhibited strong antibacterial activity, with maximum 

inhibition zones of 23.30 mm and 16.70 mm against S. mutans and   

P. aeruginosa, respectively. The MIC values were 1 % for S. mutans 

and 3 % for P. aeruginosa. The mouthwash also showed good 

physical stability over six storage cycles, maintaining a pH of 4.6–6.5, 

homogeneous dispersion and no visible changes in colour, form, or 

odour. These results demonstrate the novelty and potential of                   

C. sappan ethanolic extract as a natural antibacterial component in 

herbal mouthwash formulations, showing comparable efficacy to 

synthetic products. However, as this study was limited to in vitro 

evaluation, further in vivo and clinical investigations are required to 

confirm its safety, long-term stability and effectiveness under                       

real-use conditions. 

Acknowledgements  

The authors extends their heartfelt gratitude to F R Sulistyowati for 

the invaluable support as a laboratory staff assistant.  

 

Authors' contributions 

MLMO designed and led the research, provided materials and tools, 

conducted statistical analysis and interpretation of the extraction, 

total flavonoid content, antibacterial activity and contributed to the 

writing process. EM designed and coordinated the research, 

supported statistical analysis, interpreted the findings on extraction, 

total flavonoid content, antibacterial activity and contributed to 

manuscript writing. SSW carried out the extraction procedures, 

analysed the results and contributed to discussions on total 

flavonoid content while assisting in the research and writing process. 

All authors reviewed and approved the final manuscript. 

 

Compliance with ethical standards 

Conflict of interest: The authors do not have any conflicts of 

interests to declare. 

Ethical issues: None 

 

References 

1. Peres MA, Macpherson LMD, Weyant RJ, Daly B, Venturelli R, Mathur 
MR, et al. Oral diseases: a global public health challenge. Lancet. 
2019;394(10194):249-60. https://doi.org/10.1016/S0140-6736(19)

31146-8  

2. Center for Data and Information, Ministry of Health of the Republic 
of Indonesia. InfoDATIN: National dental health. Jakarta: Ministry of 

Health of the Republic of Indonesia; 2019. 

3. Saputri D. Radiographic features of periodontal disease. J Syiah 
Kuala Dent Soc. 2018;3(1):16-21. 

 

Fig. 8. pH observations of mouthwash formulations containing sappan wood ethanolic extract (F0–F3) over six storage cycles. F0: mouthwash 
base (without extract), F1: Formulation with 1 % extract, F2: Formulation with 3 % extract and F3: Formulation with 5 % extract. The figure 

shows the stability of pH values across six observation cycles. 

https://plantsciencetoday.online
https://doi.org/10.1016/S0140-6736(19)31146-8
https://doi.org/10.1016/S0140-6736(19)31146-8


9 

Plant Science Today, ISSN 2348-1900 (online) 

4. Puttipan R, Chansakaow S, Khongkhunthian S, Okonogi S. 

Caesalpinia sappan: A  promising natural source of antimicrobial 
agent for inhibition of cariogenic bacteria. Drug Discov Ther. 

2018;12(4):197-205. https://doi.org/10.5582/ddt.2018.01035 

5. Hajardhini P, Susilowati H, Yulianto HDK. Oral cavity as a potential 
reservoir for Pseudomonas aeruginosa infection. Odonto Dent J. 

2020;7(2):125-33. https://doi.org/10.30659/odj.7.2.125-133 

6. Rasyadi Y. Mouthwash formulations from leaf extract of Artocarpus 
altilis (Parkinson ex F.A. Zorn) Fosberg breadfruit. Chempublish J. 

2018;3(2):76-84. https://doi.org/10.22437/chp.v3i2.5767 

7. Asfar AMIA, Yasser M. Qualitative phytochemical analysis of 
flavonoid content of secang wood (Caesalpinia sappan L.) extract 
from ultrasonic assisted solvent extraction method. J Chem. 

2018;19(2):15-25. https://doi.org/10.35580/chemica.v19i2.12772 

8. Batubara I, Mitsunaga T, Ohashi H. Brazilin from Caesalpinia sappan 
wood as an antiacne agent. J Wood Sci. 2010;56(1):77-81. https://

doi.org/10.1007/s10086-009-1046-0 

9. Nirmal NP, Rajput MS, Prasad RGSV, Ahmad M. Brazilin from 
Caesalpinia sappan heartwood and its pharmacological activities: a 

review. Asian Pac J Trop Med. 2015;8(6):421-30. https://
doi.org/10.1016/j.apjtm.2015.05.014 

10. Reddy VLN, Ravikanth V, Lakshmi VVNSJ, Murty US, Venkateswarlu 
Y. Inhibitory activity of homoisoflavonoids from Caesalpinia sappan 
against Beauveria bassiana. Fitoterapia. 2003;74(6):600-2. https://

doi.org/10.1016/S0367-326X(03)00153-9 

11. Puttipan R, Wanachantarak P, Khongkhuthian S, Okonogi S. Effects 
of Caesalpinia sappan on pathogenic bacteria causing dental caries 

and gingivitis. Drug Discov Ther. 2017;11(6):316-22. https://
doi.org/10.5582/ddt.2017.01055 

12. Seephonkai P, Sedlak S, Wongpakam K, Sangdee K, Sangdee A. 
Time-kill kinetics and mechanism of action of Caesalpinia sappan L. 
and Ochna integerrima (Lour.) Merr. water extracts against 

pathogenic bacteria. J Pharm Pharmacogn Res. 2021;9(6):813-23. 

https://doi.org/10.56499/jppres21.1095_9.6.813 

13. Kadchumsang S, Sirisard P, Sookkhee S, Chansakaow S. 
Antibacterial and antioxidant activities of Lanna medicinal plants 
used in mahoog formula. Int J Pharm Pharm Sci. 2015;7(9):366-70. 

14. Pattananandecha T, Apichai S, Julsrigival J, Ogata F, Kawasaki N, 
Saenjum C. Antibacterial activity against foodborne pathogens and 
inhibitory effect on anti-inflammatory mediators’ production of 

brazilin-enriched extract from Caesalpinia sappan Linn. Plants. 

2022;11:1698. https://doi.org/10.3390/plants11131698 

15. Sugiaman VK, Jeffrey J, Widowati W, Dewi NSM, Ferdiansyah R, 
Muchtar DM, et al. Anti-inflammatory activity of sappan wood 
extract cream (Caesalpinia sappan) in Porphyromonas gingivalis-

induced gingivitis rat models. Open Vet J. 2024;14(9):2224-36. 

https://doi.org/10.5455/OVJ.2024.v14.i9.10 

16. Ministry of Health of the Republic of Indonesia. Indonesian herbal 
pharmacopoeia. 2nd ed. Jakarta: Ministry of Health of the Republic 

of Indonesia; 2017. 

17. Arsiningtyas IS. Antioxidant profile of heartwood and sapanwood of 
Caesalpinia sappan L. trees’ part grown in Imogiri Nature Preserve, 
Yogyakarta. IOP Conf Ser Earth Environ Sci. 2021;810:012040. 

https://doi.org/10.1088/1755-1315/810/1/012040 

18. Organisation for Economic Co-operation and Development. Test 
No. 407: repeated dose 28-day oral toxicity study in rodents. Paris: 

OECD Publishing; 2014. 

19. Kumar T, Jain V. Appraisal of total phenol, flavonoid contents and 
antioxidant potential of folkloric Lannea coromandelica using in 

vitro and in vivo assays. Scientifica. 2015;203679:1-15. https://
doi.org/10.1155/2015/203679 

20. Barma MD, Kannan SD, Indiran MA, Rajeshkumar S, Kumar RP. 
Antibacterial activity of mouthwash incorporated with silica 
nanoparticles against Staphylococcus aureus, Streptococcus 

mutans, Enterococcus faecalis: an in vitro study. J Pharm Res Int. 

2020;32(16):25-33. https://doi.org/10.9734/jpri/2020/v32i1630646 

21. Wang X, Shen Y, Thakur K, Han J, Zhang JG, Hu F, et al. Antibacterial 
activity and mechanism of ginger essential oil against Escherichia 
coli and Staphylococcus aureus. Molecules. 2020;25(17):3955. 

https://doi.org/10.3390/molecules25173955 

22. Gurning D, Nathaniel D, Meila O, Sagala Z. Antibacterial activity test 
of mouthwash preparations from 70 % ethanol extract of life-

sustaining stems (Gynura procumbens (Lour.) Merr.) against 

Streptococcus mutans. Pharmacon. 2018;15(2):58-64. https://
doi.org/10.23917/pharmacon.v15i2.5880 

23. Suryani N, Adini S, Stiani SN, Indriatmoko DD. Herbal mouthwash 
containing ethyl acetate extract of bintaro bark (Cerbera odollam 

Gaertn.) as an antibacterial of Streptococcus mutans that causes 

dental plaque. J Farmaka. 2019;17(2):48-56. 

24. National Standardization Agency of Indonesia (BSN). Indonesian 
national standard (SNI) 12-3524-1995: toothpaste. Jakarta: BSN; 

1995. 

25. Nurul N, Indrayati A, Murrukmihadi M. Optimization of liquid soap 
(Caesalpinia sappan L.) ethanol extract using simplex lattice design 
and its antibacterial effect on Staphylococcus aureus ATCC 25259. 

Infokes. 2019;9(2):7-12. 

26. Amelinda E, Widarta IWR, Darmayanti LPT. Effect of maceration 
time on antioxidant activity of temulawak rhizome extract 

(Curcuma xanthorrhiza Roxb.). J Ilmu Teknol Pangan. 2018;7(4):165-

74. https://doi.org/10.24843/itepa.2018.v07.i04.p03 

27. Holidah D, Dewi IP, Christianty FM, Muhammadiya NS, Huda N. 
Antidiabetic and antidyslipidemic activity of secang (Caesalpinia 
sappan L.) wood extract on diabetic rat. Res J Pharm Technol. 

2021;14(5):2801-6. https://doi.org/10.52711/0974-360X.2021.00494 

28. Ayele DT, Akele ML, Melese AT. Analysis of total phenolic contents, 
flavonoids, antioxidant and antibacterial activities of Croton 

macrostachyus root extracts. BMC Chem. 2022;16(1):30. https://

doi.org/10.1186/s13065-022-00822-0 

29. Handayani F, Warnida H, Nur SJ. Formulation and test of 
antibacterial activity of Streptococcus mutans from the mouthwash 
preparation of bay leaf extract (Syzygium polyanthum (Wight) 

Walp.). Media Sains. 2016;9(1):74-84. 

30. Kao TT, Wang MC, Chen YH, Chung YT, Hwang PA. Propylene glycol 
improves stability of the anti-inflammatory compounds in 

Scutellaria baicalensis extract. Processes. 2021;9:894. https://

doi.org/10.3390/pr9050894 

31. Sumiati T, Masaenah E, Mustofa KN. Formulation of herbal 
mouthwash ethanol extract of pineapple peel (Ananas comosus (L.) 
Merr.) as antibacterial Streptococcus sanguinis. J Farmamedika. 

2021;6(1):15-23. https://doi.org/10.47219/ath.v6i1.112 

32. Bontjura S, Waworuntu OA, Siagian KV. Test of antibacterial effect 
of leilem leaf extract (Clerodendrum minahassae L.) against 

Streptococcus mutans. Pharmacon. 2015;4(4):96-101. 

33. Faradina AS, Mastra N, Karta IW. Antibacterial activity test of gout root 
(Plumbago zeylanica L.) ethanol extract on the growth of Pseudomonas 

aeruginosa in vitro. Meditory J Med Lab. 2019;7(2):110-18. 

34. Davis WW, Stout TR. Disc plate method of microbiological antibiotic 
assay. Appl Microbiol. 1971;22(4):659-65. https://doi.org/10.1128/

am.22.4.659-665.1971 

35. Budi HS, Soesilowati P, Wirasti MJ. Antibacterial activity of sappan 
wood (Caesalpinia sappan L.) against Aggregatibacter 

actinomycetemcomitans and Porphyromonas gingivalis. Syst Rev 
Pharm. 2020;11(3):349-53. https://doi.org/10.37506/v11/i2/2020/

ijphrd/194988 

36. Breijyeh Z, Jubeh B, Karaman R. Resistance of gram-negative 
bacteria to current antibacterial agents and approaches to resolve 

it. Molecules. 2020;25(6):1-23. https://doi.org/10.3390/
molecules25061340 

https://doi.org/10.5582/ddt.2018.01035
https://doi.org/10.30659/odj.7.2.125-133
https://doi.org/10.22437/chp.v3i2.5767
https://doi.org/10.35580/chemica.v19i2.12772
https://doi.org/10.1007/s10086-009-1046-0
https://doi.org/10.1007/s10086-009-1046-0
https://doi.org/10.1016/j.apjtm.2015.05.014
https://doi.org/10.1016/j.apjtm.2015.05.014
https://doi.org/10.1016/S0367-326X(03)00153-9
https://doi.org/10.1016/S0367-326X(03)00153-9
https://doi.org/10.5582/ddt.2017.01055
https://doi.org/10.5582/ddt.2017.01055
https://doi.org/10.56499/jppres21.1095_9.6.813
https://doi.org/10.3390/plants11131698
https://doi.org/10.5455/OVJ.2024.v14.i9.10
https://doi.org/10.1088/1755-1315/810/1/012040
https://doi.org/10.1155/2015/203679
https://doi.org/10.1155/2015/203679
https://doi.org/10.9734/jpri/2020/v32i1630646
https://doi.org/10.3390/molecules25173955
https://doi.org/10.23917/pharmacon.v15i2.5880
https://doi.org/10.23917/pharmacon.v15i2.5880
https://doi.org/10.24843/itepa.2018.v07.i04.p03
https://doi.org/10.52711/0974-360X.2021.00494
https://doi.org/10.1186/s13065-022-00822-0
https://doi.org/10.1186/s13065-022-00822-0
https://doi.org/10.3390/pr9050894
https://doi.org/10.3390/pr9050894
https://doi.org/10.47219/ath.v6i1.112
https://doi.org/10.1128/am.22.4.659-665.1971
https://doi.org/10.1128/am.22.4.659-665.1971
https://doi.org/10.37506/v11/i2/2020/ijphrd/194988
https://doi.org/10.37506/v11/i2/2020/ijphrd/194988
https://doi.org/10.3390/molecules25061340
https://doi.org/10.3390/molecules25061340


ONIBALA ET AL  10     

https://plantsciencetoday.online 

37. Giovagnorio F, Sepe L, Tosco A, Esposito C. Resistance in 

Pseudomonas aeruginosa: a narrative review of antibiogram 
interpretation and emerging treatments. Antibiotics. 2023;12

(11):1621. https://doi.org/10.3390/antibiotics12111621 

38. Halboub E, Al-Maweri SA, Al-Wesabi M, Al-Kamel A, Shamala A, Al-
Sharani A, et al. Efficacy of propolis-based mouthwashes on dental 

plaque and gingival inflammation: a systematic review. BMC Oral 
Health. 2020;20(1):198. https://doi.org/10.1186/s12903-020-01185-5  

39. Pokharana M, Vaishnav R, Goyal A, Shrivastava A. Stability testing 

guidelines of pharmaceutical products. J Drug Deliv Ther. 2018;8
(2):169-75. https://doi.org/10.22270/jddt.v8i2.1564 

40. Pramiastuti O, Agusetianti N. The formulation of mouthwash of 
starfruit leaf extract (Averrhoa bilimbi L.) by maceration method. J 

Farm Sains Indones. 2019;2(1):21-31. 

41. Wijaya HM, Lina RN. Formulation and physical evaluation of 
suspension preparations of papaya seed extract (Carica papaya L.) 

and teki grass tuber (Cyperus rotundus L.). Cendekia J Pharm. 

2021;5(2):166-76. https://doi.org/10.31596/cjp.v5i2.160 

42. Roland WSU, van Buren L, Gruppen H, Driesse M, Gouka RJ, Smith 
G, et al. Bitter taste receptor activation by flavonoids and 
isoflavonoids. J Agric Food Chem. 2013;61(44):10454-66. https://

doi.org/10.1021/jf403387p 

43. Djafar F, Yamlean PVY, Siampa JP. Mouthwash formulation of water 
hyacinth (Eichhornia crassipes (Mart.) Solms) extract as antibacterial 

of dental caries (Streptococcus mutans). Pharmacon. 2021;10

(4):1169-77. 

44. van Swaaij BWM, Slot DE, Van der Weijden GA, Timmerman MF, 

Ruben J. Fluoride, pH value and titratable acidity of commercially 
available mouthwashes. Int Dent J. 2024;74(2):260-67. https://

doi.org/10.1016/j.identj.2023.09.002  

45. Pratiwi RI, Amananti W. Utilization of carboxy methyl cellulose and 
cassava starch as suspending agents in pandan leaf suspension 

preparations. J Ilm Manuntung. 2021;7(1):111-19. 

46. Ministry of Health of the Republic of Indonesia. The Indonesian 
pharmacopoeia. 6th ed. Jakarta: Ministry of Health of the Republic 

of Indonesia; 2020. 

 

Additional information 

Peer review: Publisher  thanks Sectional Editor and the other anonymous 
reviewers for their contribution to the peer review of this work. 

Reprints & permissions information is available at https://
horizonepublishing.com/journals/index.php/PST/open_access_policy 

Publisher’s Note: Horizon e-Publishing Group remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations. 

Indexing: Plant Science Today, published by Horizon e-Publishing Group, is 
covered by Scopus, Web of Science, BIOSIS Previews, Clarivate Analytics, 
NAAS, UGC Care, etc 
See https://horizonepublishing.com/journals/index.php/PST/
indexing_abstracting 

Copyright: © The Author(s). This is an open-access article distributed under 
the terms of the Creative Commons Attribution License, which permits 
unrestricted use, distribution and reproduction in any medium, provided the 
original author and source are credited (https://creativecommons.org/
licenses/by/4.0/) 

Publisher information:  Plant Science Today is published by HORIZON e-
Publishing Group with support from Empirion Publishers Private Limited, 
Thiruvananthapuram, India. 

https://plantsciencetoday.online
https://doi.org/10.3390/antibiotics12111621
https://doi.org/10.1186/s12903-020-01185-5
https://doi.org/10.22270/jddt.v8i2.1564
https://doi.org/10.31596/cjp.v5i2.160
https://doi.org/10.1021/jf403387p
https://doi.org/10.1021/jf403387p
https://doi.org/10.1016/j.identj.2023.09.002
https://doi.org/10.1016/j.identj.2023.09.002
https://horizonepublishing.com/journals/index.php/PST/open_access_policy
https://horizonepublishing.com/journals/index.php/PST/open_access_policy
https://horizonepublishing.com/journals/index.php/PST/indexing_abstracting
https://horizonepublishing.com/journals/index.php/PST/indexing_abstracting
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

