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Introduction  

Periodontal disease (PD) is a prevalent and persistent 

inflammatory condition impacting the periodontium, comprising the 

gingiva, periodontal ligament, and alveolar bone.1,2 PD, a non-

communicable disease, poses a substantial global health challenge, with 

severe manifestations affecting approximately 10% of the global adult 

population.3 If left untreated, PD can result in irreversible damage to the 

periodontal attachment, alveolar bone loss, tooth mobility, and eventual 

tooth loss.4 The etiology of periodontitis involves the overgrowth of oral 

bacteria, with around 600-700 identified species contributing to tissue 

damage, inflammation, and potential tooth loss if not promptly 

addressed.5-7 

Among the myriad oral bacteria, Staphylococcus aureus (SA) is 

naturally present in the oral microbiota.8,9  
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Research indicates that this particular species is often found in the 

biological flora of teeth, forming biofilm formations, particularly in 

dysbiotic flora associated with PD and peri-implantitis.10 

Moreover, various studies highlight the common isolation of SA from 

conditions such as angular cheilitis, jaw osteomyelitis, parotitis, 

endodontic infections, and mucositis.11 These findings underscore the 

potential role of the oral disease-associated microbiota as a reservoir for 

diverse clinically significant pathogens, including multidrug-resistant 

Staphylococcus.12 

Eliminating biofilms poses a considerable challenge due to the 

protective polysaccharide matrix that enhances antimicrobial resistance, 

impeding the penetration of drugs. This difficulty is particularly 

pronounced in combating dental plaque biofilm, a persistent issue 

linked to potential tooth loss.13,14 The formidable nature of biofilms 

necessitates antibiotic doses up to 1000 times higher than those effective 

against suspended bacteria.15 In the United States, biofilms are a 

predominant cause of microbial infections, contributing to 80% of 

cases. Within the oral environment, biofilms serve as a conducive 

habitat for bacteria, such as Staphylococcus aureus (SA), fostering their 

growth and providing a shield against external threats. Moreover, 

biofilms facilitate bacterial attachment and invasion of host tissues, 

resulting in various deleterious effects. Addressing infections stemming 

from biofilms emerges as a substantial challenge.16,17 The resilience of 

oral biofilms, encapsulated within a polysaccharide matrix, further 

complicates their elimination. The exploration of novel drugs is 

imperative in this context.18 This study specifically investigates the 
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The Ternate Blue Pea, renowned for its antibacterial properties and native to the northern Maluku 

islands, has been a subject of scientific investigation. Despite previous studies on this plant, its 

potential antibiofilm activity against Staphylococcus aureus (SA) has remained unexplored. This 

research aimed to assess the efficacy of Ternate Blue Pea flower extract (TBPE) in inhibiting and 

eradicating SA biofilm activity. Antibiofilm activity was evaluated using the microtiter broth 

method, with the minimum biofilm inhibitory concentration (MBIC50) and minimum biofilm 

eradication concentration (MBEC50) values serving as determinants. The antibiofilm mechanism 

was elucidated through scanning electron microscopy (SEM). Statistical analysis was conducted 

using ANOVA (p<0.05). Results revealed that TBPE inhibited SA growth by 85.20% ± 0.01, 

slightly lower than the control activity of Vancomycin at 88.00% ± 0.01. In the antibiofilm test, 

TBPE exhibited significant efficacy in inhibiting biofilm during the mid-phase (81.40% ± 0.01) 

and preventing biofilm formation in the maturation phase (78.14% ± 0.01) of biofilm, whereas 

Vancomycin demonstrated slightly higher inhibitory activity in both the mid-phase (85.40% ± 

0.01) and maturation phase (82.00% ± 0.01) of biofilm. TBPE disrupted the SA biofilm formation 

by 74.44% ± 0.01, while Vancomycin was marginally more effective with the disruption value of 

77.00% ± 0.01. SEM analysis confirmed that TBPE could inhibit and breakdown SA biofilm by 

damaged the extracellular polymer (EPS) matrix in biofilms. In conclusion, TBPE exhibits 

promising antibiofilm activity against SA. 
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efficacy of telang ternate extract against SA biofilm, a pivotal factor in 

the development of Periodontal disease. 

Indonesia, celebrated for its extraordinary plant diversity, second only 

to Brazil, boasts a documented array of 20,000 plant species. Despite 

this wealth, a substantial fraction of Indonesia's plant resources remains 

undiscovered, and a mere 300 species find application in traditional 

medicine. One standout among these is Clitoria ternatea, a member of 

the Fabaceae family, recognized as a highly esteemed medicinal plant 

in Ternate island in North Maluku Indonesia. This annual herbaceous 

plant is distinguished by its captivating deep blue flowers, with both the 

flowers and leaves serving as commonly utilized medicinal 

components.19 Clitoria ternatea (Ternate Blue Pea) plant demonstrate 

efficacy in addressing various conditions, including red eyes, fatigue, 

throat and skin ailments, urinary tract disorders, and toxins. Pounded 

leaves of the telang flower are employed in treating festering wounds, 

while when boiled and combined with other plants, it proves beneficial 

in addressing vaginal discharge, as documented by Febrianti in 2022.20 

Febrianti et al. (2022) observed that ternate Blue Pea plant extract 

(TBPE) is rich in secondary metabolites such as flavonoids, phenols, 

saponins, alkaloids, and tannins. These compounds confer antibacterial 

properties and offer additional benefits, including antifungal, 

antioxidant, anticancer, analgesic, and wound healing effects.20 The 

antibacterial potential of the Ternate Blue Pea plant prompts further 

exploration, particularly in the context of the native Ternate island in 

North Maluku plants, specifically as an antibacterial and antibiofilm 

agent. While research on the Ternate Blue Pea bioactivity is extensive, 

there remains a significant gap, particularly in its role as an antibacterial 

and antibiofilm agent against Staphylococcus aureus (SA), one of a 

causative agent of periodontal disease (PD). Recognizing the vast 

potential of the Ternate Blue Pea flower, this study aims to investigate 

its antibacterial and antibiofilm activity against SA biofilm during the 

mid-phase, maturation, and degradation stages of biofilm formation. 

 

Materials and Methods 

Materials 

Laminar Air Flow, Ternate Blue Pea flower, Standard biofilm-forming 

Staphylococcus aureus ATCC 25923, Vancomycin, DMSO 1%, NaCl, 

McFarland 0.5 standard, sterile aquadest, Brain-heart Infusion (BHI) 

(Merck, Germany), Mueller-Hinton Broth liquid medium (Merck, 

Germany), PBS (Phosphate Buffer Saline) solution, crystal violet 1% 

(Merck, Germany), incubator (IF-2B) (Sakura, Japan), micropipette 

pipetman (Gilson, France), microplate flat-bottom polystyrene 96 well 

(Iwaki, Japan), microtiter plate reader (Optic Ivymen System 2100-C, 

Spain), autoclave (Sakura, Japan), Scanning Electron Microscopy, and 

analytic scales (AB204 -5, Switzerland), multichannel micropipette 

(Socorex, Swiss). 

 

Plant Collection and Preparation 

The plant materials were obtained from local areas in Dufa-Dufa, 

Ternate, Indonesia. Clitoria ternatea were collected in June 2023. Plant 

determination was carried out by Prof. Dr. Ir Paulus Matius, at the 

Mulawarman Herbarium, Laboratory of Tropical Forest Ecology and 

Biodiversity Conservation, Faculty of Forestry, Mulawarman 

University with voucher number: 127/UN17.4.08/LL/2023. The 

Ternate Blue Pea plants were washed and drained. The kernel parts were 

separated from the shell, cut, dried in an oven (40oC for 6-8 hours), and 

blended. 

 

Extraction of Plant material 

The powdered plant material (750 g) was macerated in 5.000 mL n-

hexane, ethyl-acetate, ethanol, and water for 24 hours each, filtered, and 

to dryness. This process was repeated with the dregs and the next 

solvent in sequence.21 

 

Preparation of Bacteria Test 

The SA bacteria was cultured in a BHI medium for a day at 37°C. The 

bacterial density was verified using a spectrophotometer and adjusted 

to the McFarland 0.1 standard. If the density did not meet the standard 

range of 0.5-1.5×108 CFU/mL, the media was diluted accordingly. After 

completing the standard, the bacteria were ready for testing.22 

Antibacterial Activity Screening Test Of Telang Ternate Extract 

Test bacteria were grown on BHI Medium, incubated (37oC for 24 

hours), pre-cultured in Mueller-Hinton Broth liquid medium, and re-

incubated at 37oC for 24 hours. Turbidity density was adjusted to Mc-

Farland standard. The positive control used was vancomycin.22 

Inhibition Test of Biofilm Formation Mid-Phase (24 H) And Maturation 

Phase (48 H) Using The Microbroth Dilution Method 

To examine the biofilm inhibition activity of the extract tested, the 

microtiter plates were washed with distilled water to eliminate non-

adherent cells, followed by air drying at room temperature for 5 

minutes. Subsequently, a 125 µL of 1% crystal violet solution was 

added into each well to stain the living and dead cells, and any other 

biofilm constituents. After incubation at room temperature for 15 

minutes, the plate then rinsed with running water to remove the purple 

colour. As much as 200 µL of 96% ethanol were added to each wells 

and the Optical Density (OD) was measured using a microplate reader 

at a wavelength of 595 nm. 

The OD results are then used to calculate the percentage inhibition in 

the following equation: 
( 𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑂𝐷 𝑜𝑓 𝑛𝑒𝑔𝑎𝑡𝑖𝑣𝑒 𝑐𝑜𝑛𝑡𝑟𝑜𝑙 − 𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑂𝐷 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒)

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑂𝐷 𝑜𝑓 𝑛𝑒𝑔𝑎𝑡𝑖𝑣𝑒 𝑐𝑜𝑛𝑡𝑟𝑜𝑙
× 100% 

The concentration that can inhibit at least 50% of biofilm formation is 

considered Minimum biofilm inhibitory concentration (MBIC50).23 

 

Biofilm Eradication Test 

The method for eliminating biofilm is comparable to that of preventing 

the formation of biofilm, but it takes more time. Biofilm degradation 

takes five days, whereas biofilm inhibition usually takes one to two 

days, depending on the desired level of inhibition. In this procedure, a 

microtiter plate was loaded with the biofilm, followed by an incubation 

period of 48 hours at 37°C. To remove non-adherent cells, the plates 

undergo a thorough cleansing three times with sterile distilled water. 

Subsequently, each well then filled with a medium containing various 

concentrations of TBPE, and the mixture undergoes another 48-hour 

incubation at 37°C. As a positive control, 1% w/v vancomycin was 

employed. Post-incubation, adhering cells were eliminated through 

washes with sterile PBS. The biofilm eradication rate was quantified by 

adding 125 μL of 1% crystal violet solution to each well, allowing it to 

stand at room temperature for 15 minutes. Following a PBS wash of the 

microplate, the formed biofilm in each well was dissolved by adding 

200 μL of 96% ethanol. Optical density (OD) readings were then 

acquired at a wavelength of 595 nm using a microplate reader.24 

 

Scanning Electron Microscopy (SEM) Observation 

The TBPE with bacterial test suspension was placed in a microtiter plate 

with coverslips and incubated at 37°C for 24-48 hours to perform 

biofilm. The coverslip was washed with sterile distilled water and fixed 

with glutaraldehyde. Methanol was used to reduce water and the test 

was observed using SEM with a voltage of 10 kV.25 

 

Data Analysis 

Data from the study was subjected to statistical analysis using ANOVA 

normality test, which utilized the Shapiro-Wilk method. The normality 

level for the test was p < 0.05, and the data were evaluated with the 

Statistical Package for The Social Sciences (SPSS) (version 20). 

 

Results and Discussion 

Antibacterial Effect Of Telang Ternate of TBPE Extract Against 

Staphylococcus aureus 

This study found that telang ternate extract at a concentration of 1% w/v 

effectively inhibited SA growth, with %inhibition of 85.20% ± 0.01 

which was not significantly different (p>0.05) from drug control with 

%inhibition of 88.00% ± 0.01, indicating that the antibacterial activity 

of telang ternate extract against SA growth was able to match the 

antibacterial activity of drug control. Figure 1 shows that the 

effectiveness of the extract depends on its concentration, with higher 

concentrations resulting in greater inhibition of SA growth. 

This study revealed that TBPE, at a concentration of 1% w/v, effectively 

impeded the growth of Staphylococcus aureus (SA), demonstrating a % 
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inhibition of 85.20% ± 0.01. Importantly, this inhibition was not 

significantly different (p>0.05) from the drug control at a concentration 

of 1% w/v, which exhibited a % inhibition of 88.00% ± 0.01. This 

suggests that the antibacterial efficacy of TBPE against SA growth is 

comparable to that of the drug control. Figure 1 illustrates a 

concentration-dependent effectiveness of the extract, indicating that 

higher concentrations lead to greater inhibition of SA growth. 

The antibacterial activity of TBPE against SA is intricately linked to the 

presence of secondary metabolite compounds, including alkaloids, 

flavonoids, saponins, terpenoids, tannins, steroids, and anthocyanins. 

Alkaloids, as demonstrated,26 predominantly exhibit antibacterial 

activity through cell wall depolarization, interaction with bacterial 

DNA, and inhibition of mRNA transcription.26 Similarly, the activity of 

flavonoids, as described by Shamsudin et al. (2022), involves the 

suppression of nucleic acid synthesis, cytoplasmic membrane function, 

and energy metabolism, resulting in the inhibition of bacterial growth.27 

The mechanism of antibacterial action of saponins, as explained by 

Tagousop et al. (2021), is rooted in the disruption of the cell membrane, 

leading to the formation of pores that cause leakage of cell proteins and 

enzymes.28 This is further supported by Ashraf et al.29, who stated that 

phytochemical compounds can either directly eliminate bacteria or 

collaborate with conventional antibiotics to restrain factors that 

contribute to bacterial resistance. Alternatively, these compounds 

inhibit the molecular targets crucial for bacterial growth and division.29 

 

Inhibitory Activity of TBPE Against Mid-Phase (24 hours) 

Staphylococcus aureus Biofilms 

The extract derived from the Ternate Blue Pea flower, at a concentration 

of 1% w/v, exhibited robust antibiofilm activity against Staphylococcus 

aureus (SA) during the mid-phase biofilm, showcasing a % inhibition 

of 81.40% ± 0.01. Notably, this inhibition was not significantly different 

(p>0.05) from the drug control at a concentration of 1% w/v, which 

demonstrated a % inhibition of 85.40% ± 0.01, as depicted in Figure 2. 

Additionally, the telang ternate extract, even at the lowest concentration 

of 0.125%, demonstrated a substantial inhibition of 65.30% ± 0.01. 

These findings suggest that inhibiting bacteria in biofilm formation is 

more challenging, as the % inhibition decreases when compared to 

bacteria in planktonic form. TBPE exhibited a robust inhibition of 

bacteria in the planktonic form by 85.20% ± 0.01, whereas the inhibition 

was slightly lower at 81.40% ± 0.01 for bacteria that had formed 

biofilms during the mid-phase. 

This observation aligns with the assertion of Sharma et al. (2019), which 

highlights that microbial cells in biofilm form tend to develop antibiotic 

resistance compared to their planktonic counterparts.30 The resistance is 

attributed to the presence of extracellular polymeric substances (EPS), 

which enhance protection against antimicrobial agents, thus increasing 

drug tolerance. EPS acts as both a physical barrier and a diffusion 

hindrance to various antimicrobial agents, thereby restricting drug 

access to the deeper layers of the biofilm.31 

 

Inhibitory Activity of TBPE Against Maturation Phase (48 hours) 

Staphylococcus aureus biofilms 

During this phase, there was a notable decline in the inhibitory efficacy 

of TBPE against Staphylococcus aureus (SA) biofilms compared to the 

planktonic form and mid-phase biofilm. This decline can be attributed 

to the complete formation of SA biofilms during this stage, resulting in 

heightened protection. The increased production of extracellular 

polymeric substances (EPS) in this biofilm stage acted as a formidable 

shield and nutrient source for the sustained survival of SA biofilms. 

Consequently, the antibiofilm activity diminished in comparison to the 

mid-stage biofilm and the planktonic form.32 

At a concentration of 1% w/v, TBPE showed a 78.14% ± 0.01 inhibitory 

activity during the maturation phase biofilm. Importantly, this outcome 

did not exhibit a significant difference (p>0.05) from the inhibitory 

activity of the drug control, which displayed a superior inhibitory 

activity of 82.00% ± 0.01. 

These findings substantiate the notion that as biofilm growth time 

prolongs, an increase in matrix arrays occurs, resulting in a stronger and 

more intricate biofilm structure. This structural complexity, in turn, 

diminishes the effectiveness of both the test compound and drug control 

in inhibiting biofilms. Hamzah (2018) corroborates these observations 

by asserting that antimicrobial agents face greater challenges in 

penetrating biofilm defenses during the maturation phase.33 

 

Staphylococcus aureus Biofilm Eradication Activity from TBPE 

The efficacy of TBPE in eradicating Staphylococcus aureus (SA) 

biofilm was assessed, revealing that at concentration of 1% w/v TBPE 

could inhibited biofilm formation by 74.44% ± 0.01. 

 
Figure 1: Antibacterial Activity Of Telang Ternate Extract 

Against Staphylococcus aureus 
 

 
Figure 2: Percentage of Inhibitory Activity Of Telang Ternate 

Extract Against Mid-Phase (24 hours) Staphylococcus aureus 

Biofilms 
 

 
Figure 3: Percentage Inhibitory Activity of Telang Ternate 

Extract Against Maturation Phase (48 Hours) Staphylococcus 

aureus Biofilms 
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As depicted in Figure 4, the drug control exhibited a slightly higher 

effectiveness than the TBPE at the tested concentration, achieving a 

reduction of SA biofilm by 77.00% ± 0.01. 

During this biofilm stage, there was a noticeable decrease in the 

inhibitory activity compared to the mid-stage of biofilm (81.40 ± 0.01) 

and the maturation stage (78.14% ± 0.03). The prolonged development 

of the biofilm during this stage led to the formation of more intricate 

and stable structures in the Staphylococcus aureus (SA) biofilm. This 

increased complexity prompted a higher production of extracellular 

polymeric substances (EPS) designed to shield SA, thereby playing a 

role in the noted reduction of inhibitory activity during the degradation 

phase. Biofilm microbes in the degradation phase established structured 

cell communication and synergized with one another to form highly 

complete and thick compositions of EPS and nutrients. The dense EPS 

matrix observed in the microbial biofilm slime within the 96-well 

microplate during the degradation phase further indicates the 

formidable defense against antimicrobial compounds. Consequently, 

destroying biofilms in this phase becomes considerably challenging 

compared to other phases. This outcome aligns with Pratiwi's statement 

(2020) that the biofilm degradation phase, being the longest stage of 

biofilm formation, is distinguished by the formation of a more extensive 

and complex EPS structure, fortifying SA's defense against 

antimicrobial agents and antibiofilms.34 

 

Scanning Electron Microscopy (SEM) Observation 

SEM analysis, as depicted in Figure 5, demonstrated that TBPE 

effectively hinders and disintegrates the Staphylococcus aureus (SA) 

biofilm (Figure 5b). Additionally, the SEM observation indicated that 

untreated SA exhibited a densely populated cellular structure within the 

extracellular polymeric substances (EPS) matrix, providing a protective 

environment for the organism (Figure 5a). 

The SEM analysis unveiled that untreated biofilm possesses a densely 

packed structure with high cell density and the capacity to produce EPS. 

Biofilms are formed through the cooperative efforts of various bacterial 

species, resulting in the development of robust physical and 

physiological structures. Biofilms treated with telang ternate extract at 

a concentration of 1% w/v exhibited cell lysis, damage to the EPS 

matrix, and contraction. This phenomenon may be associated with the 

presence of secondary metabolites that enhance cell membrane 

permeability and disrupt mature biofilms. Increased membrane 

permeability enables antibacterial components to penetrate cells, 

leading to cellular damage.35,36 

 

Conclusion 

In conclusion, this study evaluated the inhibitory activity of Ternate 

Blue Pea extract against the formation of Staphylococcus aureus 

biofilm. The extract demonstrated robust inhibitory effects during the 

mid-phase of Staphylococcus aureus biofilm formation. However, a 

decline in inhibitory activity was observed during the maturation and 

degradation phases. Subsequent investigations should focus on 

elucidating the extract's mechanism of action, exploring its 

effectiveness across various biofilm phases, and conducting dose-

response studies to optimize its potential as an antibiofilm agent. 
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Figure 4: Percentage of Staphylococcus aureus Biofilm 

eradication activity from telang ternate extract 
 

 

Figure 5: Figure 5a Result of Scanning Electron Microscopy 

Biofilm with No Treatment, Figure 5b Result of Scanning 

Electron Microscopy Biofilm with administration of telang 

ternate extract 1% b/v 
 

Acknowledgments  

Our grateful thanks to the Direktorat Riset, Teknologi, dan Pengabdian 

kepada Masyarakat (DRTPM) for research funding assistance with 

contract number: 187/E5/PG02.00.PL/2023. 

 

References 

1. Martínez-García M, Hernández-Lemus E. Periodontal 

Inflammation and Systemic Diseases: An Overview. Front 

Physiol 2021; 12: 709438. 

2. Paul O, Arora P, Mayer M, Chatterjee S. Inflammation in 

Periodontal Disease: Possible Link to Vascular Disease. 

Front Physiol 2021; 11: 609614. 

3. Janakiram C, Dye BA. A public health approach for 

prevention of periodontal disease. Periodontol 2000 2020; 

84(1): 202–214. 

4. Ko T-J, Byrd KM, Kim SA. The Chairside Periodontal 

Diagnostic Toolkit: Past, Present, and Future. Diagn Basel 

Switz 2021; 11(6): 932. 

5. Gholami L, Shahabi S, Jazaeri M, Hadilou M, Fekrazad R. 

Clinical applications of antimicrobial photodynamic therapy 

in dentistry. Front Microbiol 2022; 13: 1020995. 

6. Abdulkareem AA, Al-Taweel FB, Al-Sharqi AJB,  Gul SS, 

Sha A, Chapple ILC. Current concepts in the pathogenesis of 



                               Trop J Nat Prod Res, January 2024; 8(1):5992-5996                 ISSN 2616-0684 (Print) 

                                                                                                                                                  ISSN 2616-0692 (Electronic)  
 

5996 

 © 2024 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License 

 

periodontitis: from symbiosis to dysbiosis. J Oral Microbiol 

2023; 15(1): 2197779. 

7. Bhuyan R, Bhuyan SK, Mohanty JN, Das S, Juliana N, 

Juliana IF. Periodontitis and Its Inflammatory Changes 

Linked to Various Systemic Diseases: A Review of Its 

Underlying Mechanisms. Biomedicines 2022; 10(10): 2659. 

8. Raineri EJM, Altulea D, van Dijl JM. Staphylococcal 

trafficking and infection-from ‘nose to gut’ and back. FEMS 

Microbiol Rev 2022; 46(1): fuab041. 

9. Campos J, Pires MF, Sousa M, Campos C, da Costa CFFA, 

Sampaio-Maia B. Unveiling the Relevance of the Oral Cavity 

as a Staphylococcus aureus Colonization Site and Potential 

Source of Antimicrobial Resistance. Pathog Basel Switz 

2023; 12(6): 765. 

10. Bertolini M, Costa RC, Barão VAR, Villar CC, Retamal-

Valdes B, Feres M, Silva Souza JG. Oral Microorganisms 

and Biofilms: New Insights to Defeat the Main Etiologic 

Factor of Oral Diseases. Microorganisms 2022; 10(12): 

2413. 

11. Colombo APV, do Souto RM, Araújo LL, Espíndola LCP, 

Hartenbach FARR, Magalhães CB, da Silva Oliveira Alves 

G, Lourenço TGB, da Silva-Boghossian CM. Antimicrobial 

resistance and virulence of subgingival staphylococci 

isolated from periodontal health and diseases. Sci Rep 2023; 

13(1): 11613. 

12. Zaatout N. Presence of non-oral bacteria in the oral cavity. 

Arch Microbiol 2021; 203(6): 2747–2760. 

13. Uruén C, Chopo-Escuin G, Tommassen J, Mainar-Jaime RC, 

Arenas J. Biofilms as Promoters of Bacterial Antibiotic 

Resistance and Tolerance. Antibiot Basel Switz 2020; 10(1): 

3. 

14. Chen X, Daliri EB, Kim N, Kim JR, Yoo D, Oh DH. 

Microbial Etiology and Prevention of Dental Caries: 

Exploiting Natural Products to Inhibit Cariogenic Biofilms. 

Pathogens 2020; 9(7): 569. 

15. Tuon FF, Suss PH, Telles JP, Dantas LR, Borges NH, Ribeiro 

VST. Antimicrobial Treatment of Staphylococcus aureus 

Biofilms. Antibiotics 2023; 12(1): 87. 

16. Liu X, Yao H, Zhao X, Ge C. Biofilm Formation and Control 

of Foodborne Pathogenic Bacteria. Molecules 2023; 28(6): 

2432. 

17. Schulze A, Mitterer F, Pombo JP, Schild S. Biofilms by 

bacterial human pathogens: Clinical relevance - 

development, composition and regulation - therapeutical 

strategies. Microb Cell Graz Austria 2021; 8(2): 28–56. 

18. Samrot AV, Abubakar Mohamed A, Faradjeva E, Si Jie L, 

Hooi Sze C, Arif A, Chuan Sean T, Norbert Michael E, Yeok 

Mun C, Xiao Qi N, Ling Mok P, Kumar SS. Mechanisms and 

Impact of Biofilms and Targeting of Biofilms Using 

Bioactive Compounds—A Review. Medicina (Kaunas) 

2021; 57(8): 839. 

19. Rizkawati M, Rizkita LD. Potensi Aktivitas Antibakterial 

Ekstrak Bunga Telang (Clitoria Ternatea): Potential 

Antibacterial Activity of Telang Flower Extract (Clitoria 

Ternatea). J Sains Dan Kesehat 2023; 5 (1): 70–77. 

20. Febrianti F, Widyasanti A, Nurhasanah S. Aktivitas 

Antibakteri Ekstrak Bunga Telang (Clitoria ternatea L.) 

terhadap Bakteri Patogen: Antibacterial Activity of Telang 

Flower Extract (Clitoria ternatea L.) against Pathogenic 

Bacteria. ALCHEMY J Penelit Kim 2022; 18(2): 234–241. 

21. Cahyaningsih E, Yuda PESK, Santoso P. Skrining Fitokimia 

Dan Uji Aktivitas Antioksidan Ekstrak Etanol Bunga Telang 

(Clitoria Ternatea L.) Dengan Metode Spektrofotometri Uv-

vis: Phytochemical Screening and Antioxidant Activity Test 

of Ethanol Extract of Telang Flower (Clitoria Ternatea L.) 

by Uv-vis Spectrophotometric Method. J Ilm Medicam 2019; 

5(1): 51–57. 

22. Chabib L, Hamzah H, Rahmah W, Sammulia SF, Setyowati 

E, Nurfitriani A. Tracking of the Antibiofilm Activities of 

Lakum Leaf Extract (Causonis trifolia Linn.) Against 

Staphylococcus aureus. Pak J Biol Sci. 2023; 26(2): 91–100. 

23. Hamzah H, Siregar KAAK, Suffiana Y, Yudhawan I, 

Nurwijayanto A. Antibacterial and antibiofilm activity of 

Begonia multangula Blume. leaf extract against Candida 

albicans. Food Res 2022; 6 (1): 260–268. 

24. Nuraini P, Puteri MM, Pramesty E. Anti-biofilm Activity of 

Epigallocatechin gallate (EGCG) against Streptococcus 

mutans bacteria. Res J Pharm Technol 2021; 14(9): 5019–

5023. 

25. Hamzah H, Ukhti Nabilah T, Yudhawan I, Siregar KAAK, 

Sammulia SF, Fitriani. Investigation And Development Of 

Anti Polymicrobial Biofilm From Several Essential Oils: A 

Review. Biointerface Res Appl Chem 2022; 13(2): 103. 

26. Jafaar HJ, Isbilen O, Volkan E, Sariyar G. Alkaloid profiling 

and antimicrobial activities of Papaver glaucum and P. 

decaisnei. BMC Res Notes 2021; 14(1): 348. 

27. Shamsudin NF, Ahmed QU, Mahmood S, Ali Shah SA, 

Khatib A, Mukhtar S, Alsharif MA, Parveen H, Zakaria ZA. 

Antibacterial Effects of Flavonoids and Their Structure-

Activity Relationship Study: A Comparative Interpretation. 

Molecules 2022; 27(4): 1149. 

28. Tagousop CN, Tamokou J-D-D, Feugap LDT, Harakat D, 

Voutquenne-Nazabadioko L, Ngnokam D. New 

Hemisynthetic Oleanane Saponin with Antimicrobial 

Activities. Adv Biol Chem 2021; 11(1): 1–11. 

29. Ashraf MV, Pant S, Khan MAH, Shah AA, Siddiqui S, Jeridi 

M, Alhamdi HWS, Ahmad S. Phytochemicals as 

Antimicrobials: Prospecting Himalayan Medicinal Plants as 

Source of Alternate Medicine to Combat Antimicrobial 

Resistance. Pharmaceuticals 2023; 16(6): 881. 

30. Sharma D, Misba L, Khan AU. Antibiotics versus biofilm: 

an emerging battleground in microbial communities. 

Antimicrob Resist Infect Control 2019; 8: 76. 

31. Karygianni L, Ren Z, Koo H, Thurnheer T. Biofilm 

Matrixome: Extracellular Components in Structured 

Microbial Communities. Trends Microbiol 2020; 28(8): 668–

681. 

32. Hamzah H, Nuryastuti T, Rahmah W, Chabib L, Syamsul ES, 

Lestari D, Jabbar A, Pratiwi SUT. Molecular Docking Study 

of the C-10 Massoia Lactone Compound as an Antimicrobial 

and Antibiofilm Agent against Candida tropicalis. Sci World 

J 2023; 2023: 1-10. 

33. Hamzah H, Pratiwi SUT, Hertiani T. Efficacy of Thymol and 

Eugenol Against Polymicrobial Biofilm. Indones J Pharm 

2018; 29(4): 214. 

34. Pratiwi SUT, Hamzah H. Inhibition and Degradation 

Activity of (Sapindus rarak seeds) ethanol extract against 

polymicrobial biofilm. Res J Pharm Technol 2020; 13 (11): 

5425–5430. 

35. Muhammad MH, Idris AL, Fan X, Guo Y, Yu Y, Jin X, Qiu 

J, Guan X, Huang T. Beyond Risk: Bacterial Biofilms and 

Their Regulating Approaches. Front Microbiol 2020; 11: 

928. 

36. Nikolic P, Mudgil P. The Cell Wall, Cell Membrane and 

Virulence Factors of Staphylococcus aureus and Their Role 

in Antibiotic Resistance. Microorganisms 2023; 11(2): 259. 

 

    

 

 


