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ABSTRACT 
 

Introduction: Mahkota dewa (Phaleria macrocarpa) is an Indonesian fruit that contains 

antibacterial compounds, such as flavonoids, saponins, and tannins; it has been used as an 

alternative treatment for controlling infection. Objectives: This study aimed to examine the 

effect of mahkota dewa fruit extract on the formation of Porphyromonas gingivalis (P. 

gingivalis), Aggregatibacter actinomycetemcomitans (A. actinomycetemcomitans), and 

Treponema denticola (T. denticola) biofilms in vitro. Methods: God’s crown fruit was 

extracted using the maceration technique, and then diluted into different concentrations (25%, 

12.5%, 6.25%, 3.125%, and 1.56%) using phosphate buffered saline (PBS). P. gingivalis 

ATCC-33277, A. actinomycetemcomitans ATCC-29522, or T. denticola ATCC-35405 were 

cultured in brain heart infusion (BHI) broth, 24h (anaerobic-condition), and then each type of 

bacteria (108CFU/mL) was distributed into a 96-well microplate to form a biofilm. 

Subsequently, the fruit extracts were distributed into the biofilm-containing well plates and 

incubated for 1h, 6h, and 24h. A biofilm without the fruit extract and chlorhexidine-gluconate 

(0.2%) was used as the negative and positive control, respectively. Crystal violet (0.5%w/v) was 

used to determine the density of the remaining biofilm using a microplate spectrophotometer 

(600 nm). Data were statistically analyzed using one-way ANOVA, and p <0.05 was set as the 

level of significance. Results: The mahkota dewa fruit extracts significantly inhibited the 

formation of a biofilm for all three bacterial strains at all concentrations and for each 

incubation time (p <0.05) based on optical density (OD)±SD.  The best concentration of fruit 

extract to inhibit biofilm formation was 25% for P. gingivalis (OD=0.19±0.06), 12.5% for A. 

actinomycetemcomitans (OD=0.14 ± 0.16), and 25% for T. denticola (OD=1.17±0.19) in 

comparison to the biofilm mass of the negative control, which was 1.67±0.06, 1.17±0.34, 

2.66±0.38 for P. gingivalis, A. actinomycetemcomitans, and T. denticola, respectively. 

Conclusion: Based on these results, mahkota dewa fruit extract can inhibit the formation of 

biofilm on P. gingivalis, A. actinomycetemcomitans, and T. denticola, and it may potentially be 

used to prevent the infection associated with periodontal disease. 
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INTRODUCTION 

 

Oral and dental disease, especially periodontal 

disease, is one of the main diseases around the world.1 

According to Basic Health Research (RISKESDAS), in 

2003, the percentage of people with oral and dental 

disease increased from 23.2% to 25.9%, and the 

prevalence of periodontal disease is 96.58%.2 Periodontal 

disease is defined as an inflammation in the gingival 

tissue, periodontal ligament, and bone structure which 

support teeth.3 The main etiology of periodontal disease 

is dental biofilm and bacterial plaque.4 Porphyromonas 

gingivalis (P. gingivalis), Treponema denticola (T. 

denticola), Tannerella forsynthensis, Aggregatibacter 

actinomycetemcomitans (A. actinomycetemcomitans), 

Fusobacterium nucleatum, Eikenella corrodens, and 

Prevotella intermedia are the types of bacteria involved 

in periodontal disease.5    

 

P. gingivalis and T. denticola are Gram-negative 

bacteria in the oral cavity that are involved in the 

pathogenesis of periodontal disease, especially chronic 

periodontitis. The bacteria destroy the periodontal 

ligament, leading to tooth loss. A. actinomycetem-

comitans is a Gram-negative anaerobic bacteria involved 

in the pathogenesis of aggressive periodontitis.6  

Accumulated bacteria build a biofilm in the oral cavity, 

leading to inflammation in the periodontal tissue.7 A 

biofilm is defined as a microorganism aggregation that 

adheres to the surface of teeth and is enclosed in 

extracellular polymeric substances (EPS).8 While biofilm 

is irremovable, the pathogenesis of dental biofilm plaque 

can be reduced in the oral cavity by balancing normal 

oral flora with oral hygiene procedures, such as tooth 

brushing, flossing, and rinsing with antimicrobial 

mouthwash.7    

 

Bacterial growth and the pathogenesis of periodontal 

disease can be overcome using various therapies, 

including non-surgical procedures, such as scaling and 

root planning, and surgical procedures alongside 

antibiotic therapy. Tetracycline, clindamycin, penicillin, 

metronidazole, macrolides, minocycline, chlorhexidine, 

and doxycycline are the most commonly used antibiotics, 

systemically or locally. Research has shown that the 

increasing prevalence of periodontal disease makes this 

disease difficult to overcome, even with the therapies 

mentioned above.5 The side effect of antibiotic therapy 

can cause pathogens to have antibiotic resistance.   

 

Since ancient times, people have been using natural 

products to treat various diseases due to their potentials 

of bioactivity, that can lead to drug discovery and 

development.9 The pharmaceutical industry has begun to 

take an interest in herbal plants that have antibacterial, 

antioxidant, and anti-inflammation properties.10 The 

increasing incidence of disease around the world, 

pathogenic bacterial resistance against antibiotics, and 

increasing healthcare costs in developing countries are 

factors that support the use of herbal plants.1 Therefore, a 

new exploration of herbal plants is needed.11 God’s 

Crown (mahkota dewa) is a native Indonesian plant that 

has the potential as an alternative to treat some dieases.12 

 

God’s Crown (Phaleria macrocarpa) originated 

from Papua in Indonesia, and it grows in the tropics.11  

Traditionally, this fruit has been found to have clinical 

advantages, and it is usually used to treat cancer, 

impotence, hemorrhoids, diabetes mellitus, allergies, 

hepar diseases, heart disease, kidney disease, blood 

disorders, stroke, itchiness, and some skin diseases.12 

Research has demonstrated that flavonoid, the largest 

component in God’s Crown extract, can inhibit Gram-

positive and Gram-negative bacteria.11,13 Secondary 

metabolite components of this plant, such as saponin, 

tannin, alkaloid, terpenoids, falerin, mangiferin, and 

gallic acid, have been tested in vitro; they have shown 

antitumor, anti-hyperglycemic, anti-hyperlipidemic, anti-

inflammation, anti-diarrheal, vasodilator, antioxidant, 

anti-viral, antibacterial, and anti-fungal properties, and, 

when taken as a dietary supplement, God’s Crown has 

been found to increase fertility in males.14-16  

 

In dentistry, many research have been conducted to 

find potential alternative treatments from natural products 

against oral diseases.  For example, it has been reported 

that bromelain, an enzyme isolated from Indonesia’s 

pineapple hump, was effective against the growth of 

endodontic pathogen E. faecalis in vitro.17 Other fruits, 

such as strawberry, in the form of crude extracts also 

have antibacterial activity against several oral pathogens 

in vitro, including E. faecalis and P. gingivalis.18 

Although God’s Crown has been known for its promising 

health benefits and widely  used in the field of alternative 

medicine to treat various diseases, it has not been 

optimally applied in dentistry.19  The present study aimed  

to determine if God’s Crown extract could reduce the 

bacterial density in periodontal disease caused by 

biofilms formed by P. gingivalis, A.  Actinomycetem-

comitans, and T. denticola, as well as multispecies 

biofilm, in vitro. 

 

MATERIALS AND METHODS 

 

This experimental laboratory in vitro research study 

aimed to investigate the inhibition property of God’s 

Crown extract (Phaleria macrocarpa) against the biofilm 

density of P.  gingivalis, A.  actinomycetemcomitans, and 

T.  denticola, using a biofilm assay method with a post-

test only control design. 
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God’s Crown Extraction 

 

The God’s Crown extract was obtained from the 

Perkebunan Borobudur & Extraction Center, Semarang, 

Indonesia. The extraction was performed by drying the 

God’s Crown fruit, scaled with a scale (Kern & Sohn, 

Balingen), and then sorted, cleaned, and smashed into 

small fragments.  The fragments were soaked in 70% 

ethanol and evaporated, then dried, to obtain the 

extracts.11,12 The dried extracts were diluted with 

aquadest to create four different concentrations. 

 

Phytochemical Screening 

 

The  God’s Crown extracts were tested for the 

presence of flavonoids, triterpenoids, alkaloids, saponins, 

tannins, phenolics, and glycosides. The  results are 

expressed  as  positive  (+)  for the  presence and negative 

(-) for the absence of phytochemicals substances. 

 

Bacterial Cultures 

 

P. gingivalis ATCC 33277, A. actinomycetem-

comitans ATCC 33384, and T. denticola ATCC 354045 

were cultured in brain heart infusion (BHI) broth (Merck 

Millipore, Darmstadt), and then incubated for 48h 

(JISICO incubator, Seoul) in an anaerobic environment. 

Turbidity was measured using a microplate reader 

(SAFAS Monaco, Monaco) with a wave length of 600 

nm; the sample was diluted by adding BHI broth until the 

bacterial concentration was 3x108 CFU/mL (OD600 = 

0,25).20    

 

Biofilm Assay 

 

For each of the three bacterial cultures, 200 ml of P. 

gingivalis ATCC 33277, A. actinomycetemcomitans 

ATCC 33384, and T. denticola ATCC 354045, was 

inserted into 96-well microplates (Nest Biotechnology, 

Jiangsu) using a micropipette (Corning, New York) 

coated with artificial saliva and incubated for 48h to form 

the biofilm.21,22 Then, different concentrations of God’s 

Grown extract (3.125%, 6.25%, 12.5%, and 25%) were 

added to the bacterial cultures, which were then 

incubated for 1h, 6h, and 24h.  Moreover, the microplate 

was rinsed twice with phosphate buffer saline (PBS) 

(Biomatik, Cambridge) and dried. Then, 200 mL of 

0.05% crystal violet solution was added to each well for 

15 min; rinsed with PBS.  In the final step, 200 mL of 

99% ethanol was added to the cultures, and the biofilm 

density was measured using a microplate reader with a 

wavelength of 600 nm. 

 

The data were analyzed using Shapiro-Wilk’s 

normality test. A comparative analysis was conducting 

using one-way ANOVA. The post-hoc test was used to 

measure the statistical significance. which was set at 

p<0.05. 

 

RESULTS 

 

The phytochemical test confirmed that this plant has 

some active components, such as alkaloids, saponins, 

tannins, phenolics, and flavonoids.  The results are shown 

in Table 1. The data showed that God’s Crown extract 

can reduce the biofilm density of P. gingivalis, A. 

actinomycetemcomitans, and T. denticola, as well as the 

density of the multispecies biofilm. It was found that the 

25% concentration of God’s Crown extract (incubated at 

24h) was the most effective for reducing the biofilm 

density of P.  gingivalis and T. denticola (Fig. 1 and 2). 

The 12.5% concentration of God’s Crown extract 

(incubated for 6h) was the most effective for reducing the 

biofilm density of A. actinomycetem-comitans  (Fig. 3). 

The concentration of God’s Crown extract that was most 

effective for reducing the density of the multispecies 

biofilm was 25%, incubated for 1h (Fig. 4).  

 

The statistical analysis data showed that the data was 

normally distributed (p>0.05).  Comparative analysis of 

the data with one-way ANOVA showed that there was 

significant difference in all concentrations compared to 

negative control (p<0.05). A post-hoc test was used to 

determine the statistically significant difference.  The 

results showed that there was a significant difference in 

the biofilm formation between all of the God’s Crown 

extract concentrations (3.125%, 6.25%, 12.5%, and 25%) 

at all three incubations times (1h, 6h, and 24h) and the 

negative control (the biofilm without the fruit extract). 

 

DISCUSSION 

 

God’s crown extract contains many bioactive 

compounds. Some of the compounds found in God’s 

Crown extract, such as flavonoids, saponins, and tannins, 

have been proven to have antibacterial activity.16 

Flavonoids (including kaempferol, myricetin, naringin, 

quercetin, and rutin) are the major bioactive components 

in God’s crown fruit extract.11 Medicinal plants that 

contain flavonoids often possess high antimicrobial 

activity against pathogens. For example, pomegranate 

juice has been reported to be effective in eradicating 

periodontal pathogens consisted of T. denticola, P. 

gingivalis, and A. actinomycetemcomitans in vitro 

because pomegranate contains flavonoids in abundance.23

  

The antimicrobial activity against pathogenic 

microorganisms happens through several mechanisms, 

including disruption of cytoplasmic membrane function, 

inhibition of nucleic acid synthesis, and alteration of 

energy metabolism.24 Flavonoids in God’s Crown extract 

can  reduce  the  formation  and  attachment  of   pseudo- 
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monas aeruginosa biofilm. Flavonoids can inhibit 

quorum sensing mechanism, a signal or communication 

system between bacterial cells in the biofilm that results 

in virulence. Some recent studies have shown that 

flavonoid can disrupt the interaction between acyl-

homoserine lactones (a Gram-negative bacteria signaling 

molecule), leading to the inhibition of quorum sensing.25 

Other components like tannins can resist some bacterial 

virulence by inhibiting biofilm formation and 

neutralizing the bacterial toxin.26  

 

Table 1. The phytochemical test results for God’s Crown 

extract  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The present study found that God’s Crown extract 

effectively reduces multispecies biofilm density. 

Takasaki et al. reported that P. gingivalis has a 

competitive relationship with A.  actinomycetemcomitans 

in biofilm.27 Among the bacteria in sub-gingival plaque 

in a biofilm community, there are cooperative and 

competitive relationships between species when forming 

the biofilm. The formation of biofilm is initiated by the 

attachment of initial colonizers (early colonizers) to the 

tooth surface or surrounding tissue, continued with the 

bonding of late colonizing bacteria. Takasaki et al. also 

reported that P. gingivalis (a late colonizer) can release 

A.  actinomycetemcomitans (an initial colonizer) that is 

already attached to the tooth surface, so there was less 

multispecies biofilm formation than mono-species 

biofilm formation.27 

 

Study  found that the flavonoids in God’s Crown 

extract can inhibit the growth of other Gram-negative 

bacteria, such as Escherichia coli (E. coli), and Gram-

positive bacteria, such as Staphylococcus aureus (S. 

aureus). The inhibition was more effective in S. aureus 

than in E. coli, because, as a type of Gram-negative 

bacteria, most of the cell membrane of E. coli consists of 

lipopolysaccharides and 2% – 10% consists of pepti-

doglycans; in Gram-positive bacteria, 50% of the cell 

membrane consists of peptidoglycans; the membrane 

does not contain any lipopolysaccharides.28  The 

flavonoids  in  God’s  Crown leaves or fruit make it more 

difficult for bacteria to penetrate lipopolysaccharides 

than peptidoglycans. Therefore, higher concentration of 

God’s Crown extract is needed.29 The present study’s 

findings agree with the results reported by Suryani et al.28 

which is that the flavonoids in God’s Crown extract can 

significantly reduce the density of the biofilm formed by 

P. gingivalis, A. actinomycetemcomitans, and T. 

denticola.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Reduction of P. gingivalis biofilm (OD) after 

probiotic treatment with God’s Crown extract in different 

concentrations (3.125%, 6.25%, 12.5%, 25%) after 1h, 

6h, and 24h of incubation period 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Reduction of T. denticola  biofilm (OD) after 

probiotic treatment with God’s Crown extract in different 

concentrations (3.125%, 6.25%, 12.5%, 25%) after 1h, 

6h, and 24h of incubation period 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Reduction of A. actinomycetemcomintans 

biofilm (OD) after probiotic treatment with God’s Crown 

extract in different concentrations (3.125%, 6.25%, 

12.5%, 25%) after 1h, 6h, and 24h of incubation period 
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Extract Test Result Method 
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(Phaleria 

macrocarpa) 
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Figure 4. Reduction of multispecies  biofilm (OD) after 

probiotic treatment with God’s Crown extract in different 

concentrations (3.125%, 6.25%, 12.5%, 25%) after 1h, 

6h, and 24h of incubation period 

 

CONCLUSION  

 

God’s Crown extract can reduce the density of the 

biofilm formed by P. gingivalis, A. actinomycetem-

comitans, T.  denticola, and multispecies biofilms.  The 

extract has the potential to become an alternative therapy 

for preventing periodontal disease. However, in vivo 

research is needed to perform a toxicity test to verify the 

safety of God’s Crown extract for use as a long-term 

medicine.  
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