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ARTICLE INFO ABSTRACT

Bacteria have a tendency to form multicellular biofilms, which adhere to surfaces and contain
extracellular polymeric substances (EPS). This tendency is accompanied by hydrophobic
interactions, which are vital in the biofilm attachment process. Oral biofilms contribute to a range
of oral health issues, including gingivitis, dental caries, and halitosis. Therefore, this research
aimed to investigate the correlation between oral biofilm growth inhibition and hydrophobicity
reduction in Streptococcus mutants, Streptococcus sanguinis, Lactobacillus acidophilus, and
Actinomyces viscosus. Essential oil-derived compounds, namely eugenol, C-10 massoia lactone,
thymol, cinnamaldehyde, and zerumbone, were applied in the experiment. A microdilution assay
using crystal violet staining evaluated the oral microbes' biofilm growth. The adhesion of microbes
to hexadecane was measured to assess hydrophobicity reduction, which was analyzed
correlatively using PAST (Paleontological Statistics) software and the Principal Component
Analysis (PCA) method. The results showed a positive correlation of the hydrophobicity reduction
towards the biofilm formation inhibition for all tested microbes (graphical angle <45°). The
Principal Component (PC) analysis, based on the eigene values, showed that PC1 and PC2
accounted for 54.149% and 25.652% of the total variation, respectively. These two components
explained 79.801% of the total variation, indicating a significant level of variability. This finding
supported the notion that a greater reduction in microbial hydrophobicity was associated with
stronger inhibitory activity against planktonic growth. The hydrophobicity reduction assay may
indicate a potential of bioactive compounds against biofilm growth inhibition of oral microbes.
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Introduction

Bacteria are naturally inclined to form complex and diverse
multicellular biofilms.! These biofilms are created when bacteria adhere
to a surface and bind together, surrounded by Extracellular Polymeric
Substances (EPS).? Several oral health issues, such as dental caries,
gingivitis, and halitosis, are attributed to oral biofilms.®* This process
occurs when facultative bacteria like Streptococcus sanguinis,
Streptococcus mutans, Streptococcus oralis, and Streptococcus mitis
attach to tooth surfaces coated with the acquired pellicle. The initial
colonization of these bacteria leads to their aggregation on the tooth
surface.
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Subsequently, other Gram-positive bacteria like Actinomyces viscosus,
Actinomyces israelii, and Actinomyces gerencseriae, as well as Gram-
negative bacteria like Veillonella parvula, join the biofilm community.
The supragingival dental plaque predominantly hosts oral bacterial
species such as Lactobacilli, Streptococci, and Bifidobacterial.&° These
bacteria and many other commensal species form a complex biofilm
community in the oral cavity. While most of these species are
commensal, some act as low-level opportunistic pathogens and
contribute to the development of dental caries. 514 Several factors
influence the composition and growth of the oral microbiota, including
drug treatment, dietary habits, systemic diseases, endogenous nutrients,
and the host's immune system.*!>-'7 Saliva plays a crucial role in
providing nutrients for the oral microbial ecosystem. However, a
decrease in saliva production can increase opportunistic pathogens,
such as fungi and non-pathogenic bacteria. Systemic diseases that
elevate glucose levels in saliva also affect bacterial nutrition. These
changes in the oral ecosystem directly impact the dysbiosis of bacterial
biofilms and contribute to dental deterioration.6:18

The ability of bacteria to adhere to a surface is crucial for forming
biofilms. In the case of oral bacteria, their attachment to the tooth
surface is determined by the interaction between bacterial cells and the
surface.’® This initial attachment is facilitated by hydrophobic
interactions, which play a significant role in the process. The success of
this interaction depends on factors such as the structure of the bacterial
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cell surface and the physicochemical properties of the substrate to
which they are attaching. 202

The effectiveness of mouthwash in controlling dental plaque
accumulation on the tooth surface is widely acknowledged. This is
attributed to several mechanisms, including the inhibition of bacterial
attachment, the disruption of bacteria colonization on the surface, and
the modification of the oral ecology. By targeting these processes,
mouthwash helps prevent the buildup of dental plaque and promotes
oral health.#?

Many essential oils derived compounds have been reported as potent
antibiofilm towards a wide range of microbes. Listerine is one of the
several compounds used in commercial and hygiene products. Other
include eugenol and thymol, which have been found effective against
biofilms of Streptococcus sanguinis, Lactobacillus acidophilus,
Actinomyces viscosus, and Streptococcus mutans, Pseudomonas
aeruginosa, Staphylococcus aureus, Escherichia coli, and Candida
albicans. 224 C-10 massoialactone can degrade polymicrobial biofilms
such as Streptococcus mutans, Lactobacillus acidophilus,
Streptococcus sanguinis and Actinomyces viscosus. In addition,
zerumbone showed an antibiofilm effect on Streptococcus sanguinis
and Lactobacillus acidophilus. %

The objective of this research was to investigate the relationship
between the inhibition of oral biofilm growth by essential oil
compounds and the reduction of hydrophobicity S. mutans, S.
sanguinis, L. acidophilus and A. viscosus assessed by the adhesion to
hexadecane method. The result is expected to widen the opportunity for
further research on oral biofilm inhibition by targeting bacterial
hydrophobicity reduction.

Materials and Methods

Materials

The essential oil compounds used in this research, including thymol,
cinnamaldehyde, C-10 massoialactone, and eugenol, were sourced from
Sigma Aldrich (Germany). The media utilized were Brain Heart
Infusion (BHI) from Oxoid and Muller Hinton Agar (MHA) from
Oxoid (UK). Furthermore, dimethyl sulfoxide (DMSO) (Merck,
Germany), hexadecane (Merck, Germany), Cristal violet (Himedia,
India), and 95% ethanol pro analyses (Merck, Germany) were used as
solvents for assay. A commercial mouthwash product, "L," was used as
a control. A commercial mouthwash product labelled as "L" served as
the control, containing Camelia Sinensis (Green tea) leaf extract,
thymol, menthol, methyl salicylate, and sodium fluoride. Other
materials used were 24 well flat-bottom polystyrene microplates and 96
well flat-bottom polystyrene microplates (Iwaki, Japan), anaerogen gas
pack (Oxoid, UK) and a coverslip.

Equipments

The equipments used in this research were Laminar air flow,
micropipette pipetman 20-200 pL (Gilson, France), micropippette
micropipettes with volumes of 2-10 pL, 20-200 pL, and 100-1000 puL
(Socorex, Swiss), autoclave (Sakura, Japan), multichannel micropipette
(Socorex, Swiss), Spectrophotometry (Geneys 10 UV Scanning,
335903) (Thermo Scientific, USA), microtiter plate reader (optic
Ivymen System 2100-C, Spain), and incubator (IF-2B) (Sakura, Japan).

Bacterial strains

Bacterial strains used in this research were obtained from A. viscosus
ATCC 15987, S. sanguinis ATCC 10566, S. mutans ATCC 25175, S.
mutans ATCC 25175, L. acidophillus ATCC 4356. They were re-
cultured from the stock culture in Brain Heart Infusion (BHI) medium
and incubated in an incubator at 37°C for 24h. The optical density
(ODsoo) of each microbial cultures was measured to achieve respective
values as follows, A. viscosus has OD A 600= 0.5 (1.3x108 CFU/mL) %,
S. mutans has OD A 600 = 0.2 (2 x 108), 2’ Streptococcus sanguinis has
OD X 600 = 0.1 (1.3x108 CFU/ml) (28), and L. acidophilus has OD A
600= 0.4 (3.3x108 CFU/mL) %

Biofilm Formation Inhibition Assay in vitro
In this experiment, four bacterial strains, namely Streptococcus mutans,
S. sanguinis, L. acidophilus, and A. viscosus, were inoculated into BHI
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broth media initially prepared in a 96 micro-well plate. 3 The test
compounds C-10 massoialactone, thymol, eugenol, cinnamaldehyde,
and zerumbone were prepared in dilution series of 1.0, 0.5, 0.25, and
0.125% v/v, respectively. In addition, the final volume in each well was
100 pL. Bacteria and BHI were used as negative controls, while a
commercial product labelled L with a concentration of 1% v/v served
as the positive control.

The following steps were used to evaluate the inhibition of biofilm
formation. First, a bacterial suspension was prepared in the Brain Heart
Infusion (BHI) medium. Subsequently, 2 % sucrose and the test
compound were added to each well of a microplate containing the
bacterial suspension. Furthermore, the mixtures were incubated under
anaerobic conditions at 37°C for 24h to promote biofilm formation and
for intermediate phase observation. Afterwards, the culture medium
was removed, and the attached biofilm was rinsed with sterile distilled
water. To visualize the biofilm, it was stained with 1% (v/v) crystal
violet solution and then rinsed with water. The formed biofilm was
quantified by adding 200 pL of 95% ethanol to each well, and the
absorbance was measured at 595 nm using a microplate reader. Finally,
the percentage of inhibition was calculated using a specific formula.
Each assay was performed at least in triplicates. (1)

R 0D growth control—0D sample
% inhibition= —Z L

0D growth control

Hydrophobicity assay

The hydrophobicity of the test compounds was determined by using the
following procedures. First, a sterile test tube filled with 600 pL aqua
dest sterile was used as a negative control. A series of dilutions of the
test compounds were prepared and added to the separate sterile test
tubes. Furthermore, each of these test tubes was then inoculated with
600 pL of bacterial suspension. The tubes were vigorously shaken and
vortexed for one minute and left undisturbed at room temperature for
15 minutes. After the incubation period, measurements were taken
using a UV-Vis spectrophotometer at a wavelength of 550 nm. The
initial absorbance value (At) was recorded for each test compound
without hexadecane. The bacterial suspension was returned to the test
tube, and 40 pL of hexadecane was added. The tubes were shaken
vigorously with a vortex for one minute and left at room temperature
for 15 minutes. Finally, the absorbance value (Au) was measured for
each test compound in the presence of hexadecane. The hydrophobicity

of hexadecane was calculated using the following formula: (2)
(At—Au)

Ab = ——x100%.......(31) (2)

Ab = hydrophobicity of bacterial cells to hexadecane

At = optical density absorbance against total bacterial cell
suspension before the addition of hexadecane

Au = optical density to total bacterial cell suspension after the

addition of hexadecane

Data Analysis

The present research used PAST (Paleontological Statistics) statistical
software, specifically version 14.10 for Windows 10, to conduct
correlation analysis between dependent variables. In addition,
multivariate analysis was carried out using the PCA (Principal
Component Analysis) method. This research mainly focused on
examining the antibiofilm effect of each tested compound against
different microbes and its hydrophobicity to hexadecane. The findings
indicated that eugenol, thymol, zerumbone, C-10 Massoialactone, and
cinnamaldehyde were responsible for reducing cell surface
hydrophobicity.

Results and Discussion

Cell surface hydrophobicity has a notable impact on bacterial adhesion
to various surfaces.®? In addition, the auto-aggregation of cell surface
hydrophobicity contributes to the topography, shape, and maturation of
the climax biofilm community.3® Based on the principles of
thermodynamics, thymol, eugenol, C-10 Massoialactone, zerumbone,
and cinnamaldehyde increases the tension between the cells and the
surrounding liquid medium.®* These compounds have the potential to
reduce intercellular surface tensions. %
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Table 1: Data multivariate analysis between hydrophobicity test
and 24-hr biofilm formation inhibitory activity

PA 24 PP 24 HD

CIONFSS  52.90 32.90 36.80
CIONFSM  61.60 40.00 26.50
CIONFLA  60.20 44.40 15.20
CIONFAV  55.30 38.40 42.70
EUGFSS 87.60 49,50 21.07
EUGFSM  93.00 82.30 17.73
EUGFLA  87.90 43.90 27.65
EUGFAV  73.90 40.30 25.40
TIMFSS 62.40 53.50 29.87
TIMFSM 51.80 87.30 50.14
TIMFLA 40.30 65.70 27.73
TIMFAV  59.80 45.90 47.40
SINNFSS  77.30 13.90 30.00
SINNFSM 8160 26.10 28.54
SINNFLA  60.90 7.60 27.13
SINNFAV ~ 91.90 57.40 33.92
ZERNFSS  50.20 24.50 34.26
ZERNFSM  25.10 21.10 2957
ZERNFLA 1830 24.40 26.38
ZERNFAV  19.70 26.00 8.77

Caption: PA 24 : planktonic growth inhibition test; PP 24: 24-hr biofilm
formation inhibition test; PP 48 : 48 hr biofilm formation inhibition test;
HD: hydrophobicity test; C1ONFSS : C-10 non-phenolic C-10
Massoialactone S. sanguinis; C1ONFSM : C-10 non-phenolic C-10
Massoialactone S. mutans; C1ONFLA : C-10 non-phenolic C-10
Massoialactone L. acidophilus; CLONFAV : C-10 non-phenolic C-10
Massoialactone A. viscosus; EUGFSS : S. sanguinis phenolic eugenol;
EUGFSM : S. mutans phenolic eugenol; EUGFLA: phenolic eugenol L.
acidophilus; EUGFAV : Eugenol phenolic A. viscosus; TIMFSS :
Phenolic thymol S. sanguinis; TIMFSM : thymol phenolic S. mutans;
TIMFLA : thymol phenolic L. acidophilus; TIMFAV : phenolic thymol
A. viscosus; SINNFSS : non-phenolic cinnamaldehyde S. sanguinis;
SINNFSM : non-phenolic cinnamaldehyde S. mutans; SINNFLA : non-
phenolic cinnamaldehyde L. acidophilus; SINNFAV : non-phenolic
cinnamaldehyde A. viscosus; ZERNFSS : non-phenolic zerumbone S.
sanguinis; ZERNFSM zerumbone non phenolic S. mutans;
ZERNFLA : zerumbon non phenolic L. acidophilus; ZERNFAV : non-
phenolic zerumbone A. viscosus

Table 2: PC summary data/eigenvalue

PC Eigenvalue % Variance
1 900.967 54.149

2 426.507 25.652

3 221.992 13.352

4 89.1222 5.3602

5 18.7282 1.1264

6 5.65865 0.34034

In addition to their impact on cell surface hydrophobicity, thymol,
eugenol, C-10 Massoialactone, zerumbone, and cinnamaldehyde were
observed to inhibit biofilm formation.®3% This suggests that the
phenolic contents, specifically in eugenol and thymol, were essential in
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inhibiting biofilm formation and Streptococcal aggregation. It was also
discovered that the cell surface hydrophobicity influenced the formation
of oral streptococci biofilms on hard surfaces.®> These findings
emphasized the multifaceted nature of cell surface hydrophobicity in
biofilm development as well as its potential as a target for addressing
biofilm-related challenges in oral health.

The outcome of the multivariate analysis conducted in this research is
shown in Table 1. The use of multivariate analysis was essential
because it allowed for the examination of multiple variables and their
collective influence on one another. The research specifically
investigated the effects of administering the test compound to oral
bacteria on both the 24-hour biofilm formation inhibition and
hydrophobicity tests.

The correlation analyses indicate a positive relationship between the
inhibition of biofilm growth and the reduction in hydrophobicity of the
tested microbes against hexadecane. This correlation was observed after
adding certain compounds shown in Figure 1. The result showed that
the angle formed between the hydrophobicity test and the biofilm
formation assay was less than 45°C. *° Based on the eigene values, PC1
and PC2 exhibited variable variation of as much as 54.149%; and
25.652%, respectively, as shown in Table 2. Therefore, these two
principal components collectively explained 79.801% of the variation
in the data.

The multivariate analysis using the PCA method showed that eugenol
exhibited the highest potential for inhibiting planktonic growth among
the tested compounds. On the other hand, thymol exhibited the greatest
potential for inhibiting biofilm formation across all mono-microbial
cultures. Previous research has also supported the strong antimicrobial
activity of eugenol and thymol against polymicrobial biofilm cultures
of oral microbes. 3 Both compounds belong to the phenolic group. It
has been previously established that the presence of the phenolic group
is essential for disrupting the extracellular polymeric substances (EPS)
forming the structural matrix of biofilms.?®

In this research, various physicochemical aspects were considered as
potential factors influencing the antibiofilm activity of the compounds.
These aspects included molecular weight, Log P (partition coefficient),
and the presence of a phenolic group. The essential oil compounds used
had relatively small molecular weights, less than 300 g/mol. This
characteristic facilitates its passage through the pores of the
extracellular polymeric substances (EPS) present in biofilms.
Furthermore, an increase in the Log P value makes it easier for the
compound to penetrate the bacterial membrane and access the
intracellular space, ultimately reducing the hydrophobicity of the cell
surface.** The compound zerumbone, with a Log P value of 3.9,
exhibited favorable characteristics when passing through the bacterial
membrane. The presence of a phenolic moiety was found to be relevant
for antibacterial and antibiofilm activities, as proven by the highest
activity observed in this research for the two phenolic-containing
compounds, eugenol and thymol. The results indicated that the more
active compounds belonged to the phenolic groups.

Conclusion

In conclusion, the positive correlation between the reduction in
hydrophobicity and the inhibition of biofilm formation in all tested
microbes provided strong evidence of a synergistic relationship. A
larger reduction in the hydrophobicity of the microbes was associated
with greater inhibitory activity against planktonic growth. Therefore,
the hydrophobicity assay indicated the effectiveness of bioactive
compounds in inhibiting the biofilm growth of oral microbes. This
finding holds significant value for further research to develop new
antibiofilm agents for oral hygiene products. Expanding the scope of
this research to include a wider range of compounds with different
structures would be an interesting approach. This aids in confirming the
correlation between the physicochemical properties of a compound and
its antibiofilm and antibacterial effects. Further research involving
clinical isolates associated with oral health problems would be valuable.
This would provide additional confirmation regarding the manipulation
of microbial hydrophobicity and its impact on the biofilm-forming
capability of oral microbes.
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Figure 1: Biplot graph of the hydrophobicity test and biofilm growth inhibition assay using PAST statistical software; HD: hydrophobicity assay; PA24:
planktonic growth inhibition assay 24h; PP24: biofilm growth inhibition assay 24h; PP48: biofilm growth inhibition assay 48h; DEG24: biofilm
degradation assay 24h; DEG48: biofilm degradation assay 48h; CLONFSS: C-10 Massoialactone against S. sanguinis; CLONFSM: C-10 Massoialactone
against S. mutans; C1ONFLA: C-10 Massoialactone against L. acidophilus; CLONFAV: C-10 Massoialactone against A. viscosus; EUGFSS: Eugenol
against S. sanguinis; EUGFSM: Eugenol against S. mutans; EUGFLA: Eugenol against L. acidophilus; EUGFAV: Eugenol against A. viscosus; TIMFSS:
Thymol against S. Sanguinis; TIMFSM: Thymol against S. mutans; TIMFAV: Thymol against A. viscosus; SINNFSS: Cinnamaldehyde against S.
sanguinis; SINNFSM: Cinnamaldehyde against S. mutans; SINNFLA: Cinnamaldehyde against L. acidophilus; SINNFAV: Cinnamaldehyde against A.
viscosus; ZERNFSS: Zerumbone against S. sanguinis; ZERNFSM: Zerumbone against S. mutans; ZERNFLA: Zerumbone against L. acidophilus;
ZERNFAV: Zerumbone against A. viscosus

Conflict of Interest

The authors declare no conflict of interest.

Authors’ Declaration

The authors hereby declare that the work presented in this article is
original and that any liability for claims relating to the content of this
article will be borne by them.

Acknowledgements

The authors are grateful to Penelitian Hibah Grup Riset (Penelitian
HGR-UNS) A (Research group grant, HGR-UNS Research HGR-UNS)
A, for supporting this research through Universitas Sebelas Maret
Research Project 2023 No. 228/UN27.22/PT.01.03/2023.

References

1.

Berlanga M, Guerrero R. Living together in biofilms: the
microbial cell factory and its biotechnological implications.
Microbial Cell Factories. 2016;15(1):165.

Di Martino P. Extracellular polymeric substances, a key
element in understanding biofilm phenotype. AIMS
Microbiol. 2018;4(2):274-88.

Featherstone J. The continuum of dental caries--evidence for
a dynamic disease process. Journal of dental research
[Internet]. 2004 [cited 2022 Jan 18];83 Spec No C. Available
from: https://pubmed.ncbi.nim.nih.gov/15286120/

Rath S, Bal SCB, Dubey D. Oral Biofilm: Development
Mechanism, Multidrug Resistance, and Their Effective
Management with Novel Techniques. Rambam Maimonides
Med J. 2021;12(1):e0004.

10.

11.

12.

Wake N, Asahi Y, Noiri Y, Hayashi M, Motooka D,
Nakamura S, et al. Temporal dynamics of bacterial
microbiota in the human oral cavity determined using an in
situ model of dental biofilms. NPJ Biofilms Microbiomes.
2016;2:16018.

Holgerson PL, Ohman C, Rénnlund A, Johansson I.
Maturation of Oral Microbiota in Children with or without
Dental Caries. PLOS ONE. 2015;10(5):e0128534.

Marsh PD, Head DA, Devine DA. Dental plaque as a biofilm
and a microbial community—Implications for treatment.
Journal of Oral Biosciences. 2015;57(4):185-91.

Eriksson L, Lif Holgerson P, Esberg A, Johansson I.
Microbial Complexes and Caries in 17-Year-Olds with and
without Streptococcus mutans. J Dent Res. 2018;97(3):275—
82.

Manome A, Abiko Y, Kawashima J, Washio J, Fukumoto S,
Takahashi N. Acidogenic Potential of Oral Bifidobacterium
and Its High Fluoride Tolerance. Frontiers in Microbiology
[Internet]. 2019 [cited 2023 Jul 13];10. Available from:
https://www.frontiersin.org/articles/10.3389/fmicb.2019.01
099

Johansson |, Witkowska E, Kaveh B, Lif Holgerson P,
Tanner ACR. The Microbiome in Populations with a Low
and High Prevalence of Caries. J Dent Res. 2016;95(1):80—
6.

Mira A, Simon-Soro A, Curtis MA. Role of microbial
communities in the pathogenesis of periodontal diseases and
caries. J Clin Periodontol. 2017;44 Suppl 18:523-38.
Ximenes M, Armas RD de, Triches TC, Cardoso M, Vieira
R de S. Structure of the Bacterial Community in Different
Stages of Early Childhood Caries. Oral Health Prev Dent.
2018;16(4):369-73.

4144

© 2023 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License



13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

Trop J Nat Prod Res, October 2023; 7(10):4141-4145

Sanchez MC, Velapatifio A, Llama-Palacios A, Valdés A,
Cifuentes A, Ciudad MJ, et al. Metataxonomic and
metabolomic evidence of biofilm homeostasis disruption
related to caries: An in vitro study. Molecular Oral
Microbiology. 2022;37(2):81-96.

Chen X, Daliri EBM, Kim N, Kim JR, Yoo D, Oh DH.
Microbial Etiology and Prevention of Dental Caries:
Exploiting Natural Products to Inhibit Cariogenic Biofilms.
Pathogens. 2020 14;9(7):569.

Haffajee AD, Teles RP, Patel MR, Song X, Veiga N,
Socransky SS. Factors affecting human supragingival
biofilm composition. I. Plague mass. J Periodontal Res. 2009
;44(4):511-9.

Radaic A, Kapila YL. The oralome and its dysbiosis: New
insights into oral microbiome-host interactions. Comput
Struct Biotechnol J. 2021;19:1335-60.

Hou K, Wu ZX, Chen XY, Wang JQ, Zhang D, Xiao C, et
al. Microbiota in health and diseases. Signal Transduct
Target Ther. 2022; 23;7:135.

1Nascimento MM. Approaches to Modulate Biofilm
Ecology. Dent Clin North Am. 2019 Oct;63(4):581-94.
Chawhuaveang DD, Yu OY, Yin IX, Lam WYH, Mei ML,
Chu CH. Acquired salivary pellicle and oral diseases: A
literature  review. Journal of Dental Sciences.
2021;16(1):523-9.

Tuson HH, Weibel DB. Bacteria-surface interactions. Soft
Matter. 2013 14;9(18):4368-80.

Pouran HM. Bacterial Cell-Mineral Interface, Its Impacts on
Biofilm Formation and Bioremediation. In: Hussain CM,
editor. Handbook of Environmental Materials Management
[Internet]. Cham: Springer International Publishing; 2019
[cited 2023 Jul 13]. p. 535-56. Available from:
https://doi.org/10.1007/978-3-319-73645-7_80

Jeon J, Rosalen P, Falsetta M. Natural products in caries
research: current (limited) knowledge, challenges and future
perspective. Caries research [Internet]. 2011 [cited 2022 Jan
18];45(3). Available from:
https://pubmed.ncbi.nIm.nih.gov/21576957/

Hamzah H, Tunjung Pratiwi SU, Hertiani T. Efficacy of
Thymol and Eugenol Against Polymicrobial Biofilm.
Indonesian J Pharm. 2018;29(4):214.

Utami D, Pratiwi ST, Haniastuti T, Hertiani T. Eugenol and
thymol as potential inhibitors for polymicrobial oral
biofilms: An in vitro study. J Int Oral Health. 2021;13(1):45.
Utami DT, Pratiwi SUT, Haniastuti T, Hertiani T.
Degradation of Oral Biofilms by Zerumbone from Zingiber
zerumbet (L.). Res. J. of Pharmacy and Technol. 2020
12;13(8):3559-64.

Sharma S, Khan I, Ali I, Ali F, Kumar M, Kumar F.
Evaluation of the antimicrobial, antioxidant, and anti-
inflammatory activities of hydroxychavicol for its potential
use as an oral care agent - PubMed. 2009;53:216-22.

Welch K, Cai Y, Stramme M. A method for quantitative
determination of biofilm viability. J Funct Biomater.
2012;3(2):418-31.

Arvidsson, A, Mattisson, |., Blom, K. Evaluation of In Vitro
Biofilm Formation on Titanium Nitride Specimens.
Biomaterials and Medical Applications. 2017;

29.

30.

3L

32.

33.

34.

35.

36.

3r7.

38.

39.

40.

41.

ISSN 2616-0684 (Print)
ISSN 2616-0692 (Electronic)

Urmann K, Arshavsky-Graham S, Walter J.G, Scheper T,
Segal E. Wholecell detection of live lactobacillus
acidophilus on aptamer-decorated porous silicon biosensors.
The Analyst. 2016;141:5432-40.

Hamzah H, Pratiwi SUT, Hertiani T. Efficacy of Thymol and
Eugenol Against Polymicrobial Biofilm. Indonesian Journal
of Pharmacy. 2018;29(4):214.

Razak FA, Othman RY, Rahim ZHA. The effect of Piper
betle and Psidium guajava extracts on the cell-surface
hydrophobicity of selected early settlers of dental plaque. J
Oral Sci. 2006;48(2):71-5.

Wang Y, Samaranayake LP, Dykes GA. Tea extracts
modulate oral biofilm development by altering bacterial
hydrophobicity and aggregation. Archives of Oral Biology.
2021;122:105032.

Couvigny B, Kulakauskas S, Pons N, Quinquis B, Abraham
AL, Meylheuc T, et al. Identification of New Factors
Modulating Adhesion Abilities of the Pioneer Commensal

Bacterium  Streptococcus  salivarius.  Frontiers in
Microbiology [Internet]. 2018 [cited 2022 Oct 6];9.
Available from:

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5826255/
Shen S, Zhang T, Yuan Y, Lin S, Xu J, Ye H. Effects of
cinnamaldehyde on Escherichia coli and Staphylococcus
aureus membrane. Food Control. 2015;47:196-202.
Gusnaniar N, van der Mei HC, Qu W, Nuryastuti T,
Hooymans JMM, Sjollema J, et al. Physico-chemistry of
bacterial transmission versus adhesion. Advances in Colloid
and Interface Science. 2017;250:15-24.

Utami DT, Pratiwi SUT, Haniastuti T, Hertiani T.
Degradation of Oral Biofilms by Zerumbone from Zingiber
zerumbet (L.). Res. J. of Pharmacy and Technol. 2020 Aug
12;13(8):3559-64.

Utami DT, Pratiwi SUT, Haniastuti T, Hertiani T.
Cinnamaldehyde’s Potential Inhibitory Effect towards
Planktonic and Biofilm of Oral Bacteria. 1JPR [Internet].
2020 Dec 2 [cited 2022 Oct 6];13(01). Available from:
http://www.ijpronline.com/ViewArticleDetail.aspx?ID=185
36

Utami DT, Tunjung Pratiwi SU, Spaink HP, Haniastuti T,
Hertiani T. Antibiofilm effect of C-10 massoia lactone
toward polymicrobial oral biofilms. J Adv Pharm Technol
Res. 2021;12(1):89-93.

Utami D, Pratiwi ST, Haniastuti T, Hertiani T. Eugenol and
thymol as potential inhibitors for polymicrobial oral
biofilms: An in vitro study. J Int Oral Health. 2021;13(1):45.
Widodo H, Sismindari S, Asmara W, Rohman A.
Antioxidant activity, total phenolic and flavonoid contents of
selected medicinal plants used for liver diseases and its
classification with chemometrics. J App Pharm Sci.
2019;9(6):99-105.

Neupane R, Boddu SHS, Renukuntla J, Babu RJ, Tiwari AK.
Alternatives to Biological Skin in Permeation Studies:
Current Trends and Possibilities. Pharmaceutics. 2020
13;12(2):152.

4145

© 2023 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License



