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ABSTRACT 

Background: Porphyromonas gingivalis is an oppoturnistic microorganism in 
periodontal disease that is formed at the stage maturation of biofilm formation. 
One of the natural materials biofilm reduction is the Phaleria macrocarpa. 
Phaleria macrocarpa’s leaf contains chemical compounds such as flavonoids, 
tannins, alkaloids, saponins that function as antibacterials.The aim of this 
research is to determine the effectiveness of the nanoemulsion of the gel 
Phaleria macrocarpa’s leaf  on the thickness of the P. gingivalis bacterial biofilm. 
Method: The research design was carried out with a post test only with a total of 
28 samples, then divided into 4 groups of treatment of Phaleria macrocarpa’s 
leaf extract nanoemulsion gel preparations with variations in concentrations of 
30%, 40%, and 50%, as well as a control group of 25% metronidazole gel. The 
reading of the anti-biofilm thickness test results was measured by OD (Optical 
density) using an ELISA-reader.  
Results: Oneway Anova parametric test among obtained p<0.000 results 
showing the effect of Phaleria macrocarpa’ leaf gel nanoemulsion extract on the 
decrease in the thickness of the Porphyromonas gingivalis bacterial biofilm. 
Conclusion: It can be concluded that the nanoemulsion gel formulation of 
Phaleria macrocarpa’s leaf extract concentrations of 30%, 40%, and 50% is 
effective, with a concentration 50% was most effective against reducing the 
thickness of the bacterial biofilm Porphyromonas gingivalis. 
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INTRODUCTION 

 Periodontitis is an inflammatory condition present in the periodontium affecting soft tissue and 

supportive structures of the teeth. Periodontal disease is the most common oral health condition, but 

it often goes undiagnosed because it is painless. It caused by microorganisms, resulting in progressive 

damage to the periodontal ligament, cementum, and alveolar bone.1,2,3 Periodontal disease can have 

serious consequences if not treated immediately, such as difficulty chewing, speaking and tooth loss.4 

 According to Riset Kesehatan Dasar (RISKESDAS) report in 2018 showed a high 

predominance of periodontitis (74.1%), with the highest rate in premature patients (77.8%) and 

decreased slowly in elderly patients (66.0%).5 The World Health Organization (WHO) reports a 

prevalence of periodontal disease ranging from 40% to 75% in the population aged 35 to 44 years, 

with the highest prevalence among young and middle-aged adults.4  

 In response to new scientific evidence, the classification of periodontitis has been revised 

several times over the past 30 years. In 2017, the American Academy of Periodontology (AAP) 

published an updated classification of periodontal and peri-implant diseases and conditions.6 The 

distinction between chronic periodontitis and aggressive periodontitis has been abandoned on the 

basis that there is little evidence from biological studies to suggest that chronic periodontitis and 

aggressive periodontitis are distinct entities, rather than variants of the same disease process.7 

 The etiology of periodontitis is primarily attributed to plaque accumulation, where plaque 

serves as the main etiological factor, and the presence of Porphyromonas gingivalis bacteria.8 These 

bacteria release various pathogenic factors that invade the periodontal tissues and cause damage to 

the surrounding tissues.9  

Among the bacteria considered to cause periodontal disease, P. gingivalis has been 

extensively studied due to its unique ability to evade the immune response. P.gingivalis is an oral 

anaerobic gram-negative bacterium considered a major pathogen causing periodontal disease due to 

the production of several virulence factors and extracellular proteases such as lipopolysaccharide, 

fimbria, gingipain, etc. leading to destruction of periodontal tissues. The different surface compositions 

of P. gingivalis allow the bacteria to interact with the external environment and simplify growth, nutrient 

supply, bacterial colonization, and protective biofilm formation. protect bacteria from host defenses.10  

 One of pharmacotherapeutic therapy for periodontal treatment is metronidazole gel, which can 

be employed as an adjunctive therapy to maximize treatment efficacy in the non-surgical phase.11 

However, the use of metronidazole gel is associated with side effects and is considered effective only 

against anaerobic bacteria when combined with amoxicillin as a broad-spectrum antibacterial agent to 

inhibit gram-negative anaerobic bacteria, the causative agents of periodontitis.12 Therefore, the 

treatment approach for periodontal disease can be optimized through the utilization of herbal or natural 

herbs containing antibacterial properties.13 

 Natural substances playing a role as an antibiofilm agent is the leaf of Phaleria macrocarpa or 

“mahkota dewa”.14 Phaleria macrocarpa’s leaf contains chemicals such as flavonoids, tannins, 
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alkaloids, and saponins. Flavonoids are phenols that possess antimicrobial properties and inhibit the 

enzymatic activity of microorganisms disrupting metabolic processes.15 

METHODS 

 The following study was a laboratory experimental research conducted using a post-test only 

group design. The sample size consisted of 28 samples divided into 3 treatment groups, nanoemulsion 

gel formulations of Phaleria macrocarpa’s leaf extract with concentrations of 30%, 40%, and 50%, and 

1 positive control group, which utilized 25% metronidazole gel. Each group comprised 7 samples, 

calculated using the Federer formula.  

The research process commenced with the submission of ethical clearance to the Dental 

Ethics committee of Sultan Agung Islamic University, and this study received ethical approval with 

reference number 483/B.1-KEPK/SA-FKG/IX/2023.  

The extract of Phaleria macrocarpa’s leaf was made using maceration method. A total of 250 

grams of Phaleria macrocarpa’s leaf that have been cleaned using running water are cut into small 

pieces and then dried. The dried leaves were mashed using a blender. The leaf powder was soaked 

in 1000 ml in a 96% ethanol solution until completely submerged for 24 hours with shanker. 

The extract of Phaleria macrocarpa’s leaf was filtered to separate the pulp and filtrate. 

Furthermore, the filtrate was evaporated using a rotary evaporator at a temperature of 50 C to 

evaporate all the ethanol to obtain extract of Phaleria macrocarpa’s leaf. The extract then made into 

nanoemulsion by mixing the Phaleria macrocarpa’s leaf extract with 3.6 grams of Tween 80 with 100 

grams of aquadest until homogeneous using a homogenizer at a speed of 1000 rpm for 30 minutes.  

Dissolve 0.1 grams of methyl paraben and 0.02 grams of propyl paraben into 10 grams of 

propylene glycol along with palm oil then add it to the previous mixture of ingredients and re-

homogenize it using an over stirrer. Then unite the oil and water phases until homogeneous using an 

over stirrer at 1000 rpm for 1 hour.  

The preparation of the gel base begins by mixing HMPC 4000 with aquadest until completely 

dispersed and homogeneous in the mortar. Let the mixture sit for 1 hour until a gel mass forms. After 

the gel mass was formed, 0.1 grams of methyl paraben, 2 grams were added. Propyl paraben and 2 

grams of glycerin were then stirred until homogeneous. Mix the gel        

base with the entire formulation of Phaleria macrocarpa’s leaf gel nanoemulsion at room temperature 

using a homogenizer at 3000 rpm for 15 minutes.  

The nanoemulsion gel formulations of Phaleria macrocarpa’s leaf extract were divided into 3 

concentration groups, and then biofilm thickness testing was conducted. Biofilm thickness testing 

involved the inoculation of bacterial stock onto reaction tubes, followed by incubation at 37°C for 15 

minutes. Subsequently, Porphyromonas gingivalis solution was added to each well of the microplate. 

Each solution in the microplate was then tested with Phaleria macrocarpa’s leaf extract compounds at 

concentrations of 30%, 40%, and 50%, as well as 25% metronidazole gel, followed by incubation at 

37°C for 24 hours. Afterward, the samples were rinsed with PBS, stained with 1% crystal violet, and 

treated with 98% alcohol. Biofilm thickness was measured using Optical Density readings obtained 

from an ELISA reader. 
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RESULTS 

 The results of biofilm thickness readings obtained from this study were presented in Table 1. 

Based on Table 1, the mean value of the 50% concentration group was the lowest, with an average 

value of 1.88 compared to the other groups. The optical density values for the 50% concentration 

group indicate the lowest value, 1.88. The 50% concentration group showed highest effectiveness in 

inhibiting the thickness of Porphyromonas gingivalis bacterial biofilm.  

 The results of this research data were then subjected to statistical analysis between the 

treatment groups, comprising concentrations of 30%, 40%, 50%, and the positive control group. The 

results of these statistical tests were presented in Table 2. 

The normality test results using the Shapiro-Wilk method indicate that p > 0.05, thus allowing 

the conclusion that the data for all groups are normally distributed. Subsequent data analysis 

proceeded with the parametric One-Way ANOVA test.  

The results of the Bonferroni Post Hoc test showed significance between the positive control 

and the 30%, 40%, and 50% concentrations, with values of .016, .011, and .010 (p < 0.05) respectively. 

This signifies a significant difference between the positive control and the 30%, 40%, and 50% 

concentrations.  

Table 1. Biofilm Thickness Results (nm) 

Group Sample Mean   

Treatment Nanoemulsion gel of god’s crown plant of 30% 1.91 

Nanoemulsion gel of god’s crown plant of 40% 1.89 

Nanoemulsion gel of god’s crown plant of 50% 1.88 

Control Gel Metronidazole 25% 2.50  

 

Table 2. Results of Normality and Homogeneity Tests 

        

              Group 

Shapiro-Wilk  

Levene’s Test 

Sig. Notes 

25% Metronidazole gel 0.720* Normal   

 

0,553* 

30% concentration 0.974* Normal 

40% concentration 0.684* Normal 

50% concentration 0.381* Normal 
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Table 3. Post Hoc Test Results 

 

DISCUSSION 

The use of natural herbs as therapeutic agents has increased rapidly in recent years. One of 

the natural herbs that commonly used is the Phaleria macrocarpa’s. This plant can be used for both 

fruits and leaves. Previous studies have shown that this plant can be beneficial as an anti-bacterial, 

anti-inflammatory, antioxidant and an ingredient as an anti-cancer. The results of the toxicity test 

showed that the extract of Phaleria macrocarpa’s leaf is relatively safe.12 

 

 

Side effects of using the Phaleria macrocarpa’s leaf as a local therapeutic agent have hardly been 

found.13 

The results of the biofilm thickness test indicated that the nanoemulsion gel with a 50% 

concentration showed lowest biofilm thickness. It means 50% concentration group had the greatest 

antibacterial effect and exhibited a brighter color intensity compared to the 30% and 40% concentration 

groups in inhibiting Porphyromonas gingivalis bacterial biofilm. 

According to Pratiwi in 2018 research, showed that a 30% concentration of Phaleria 

macrocarpa’s leaf extract had antibacterial properties in inhibiting the growth of Staphylococcus aureus 

bacteria, compared with 10% and 20% concentration. Furthermore, Radita in 2019 explained that 

Phaleria macrocarpa’s leaf extract was effective in inhibiting the growth of gram-negative bacteria. 

This is because, at high concentrations, Phaleria macrocarpa’s leaf extract demonstrates significant 

inhibition of the growth of biofilm-forming bacteria. The greater concentration of Phaleria macrocarpa’s 

leaf extract has more effective in inhibiting the growth of biofilm formation bacteria.16 

Previous research was known to use the form of extract formulation, while in this study it used 

the form of gel nanoemulsion formulation.17 Advances in science and technology and along with the 

development of the times introduced the stabilization of production in the form of gel nanoemulsions. 

Gel nanoemulsion is a gel-shaped preparation and has a relatively small size ranging from 50-1000 

nm. Nanoemulsions gel have a very small size and have the advantage of facilitating the rate of 

absorption of drugs into the body.14  

Group 25% 

Metronidazole 

gel  

 30% 

concentration 

40% 

concentration 

50% 

concentration 

25% Metronidazole gel  - .016* .011* .010* 

30% concentration .016* - 1.000 1.000 

40% concentration .011* 1.000 - 1.000 

50% concentration .010* 1.000 1.000 - 
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Gel nanoemulsion preparations are said to be better because they can increase absorption, 

helping to dissolve drugs which is lipophilic so as to increase bioavailability. Previous research stated 

that gel nanoemulsions are best used for topical administration of drugs.18 Gel nanoemulsion is form 

of small particles which is effective to increase the stability of the active ingredient and easy to apply.17 

Phaleria macrocarpa’s leaf contains antibacterial compounds, such as flavonoids, tannins, 

alkaloids, triterpenoids, saponins, and polyphenols. Flavonoids, tannins, alkaloids, and saponins are 

antibacterial substances in Phaleria macrocarpa’s leaf. The antibacterial compound can bind proteins 

in the formation of bacterial cell walls, interfere with the arrangement of peptidoglycan bacterial cells, 

damage the cytoplasmic membrane which causes the permeability of the bacterial wall to be disturbed 

so that the bacterial cell wall is not formed completely and the bacteria is lysis. Several factors can 

inhibit the growth of Porphyromonas gingivalis bacteria, including variations in extract concentrations 

and the constituents present in Phaleria macrocarpa’s leaf.19, 20 

CONCLUSION 

Based on the conducted research, it can be concluded that Phaleria macrocarpa’s contain 

various chemical compounds with antibacterial properties. The results of the biofilm thickness test 

reveal differences in antibacterial effectiveness among the 30%, 40%, and 50% concentrations, with 

the 50% concentration being the most effective as an antibacterial agent. 
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