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A B S T R A C T 
 
Introduction: Candida albicans has a virulence factor, like biofilm formation. Biofilm 
is a three-dimensional structure that plays a role in antimicrobial resistance, thus 
requiring antibiofilm agents to address this problem. One of them is clove leaf (S. 
aromaticum). S. aromaticum has active phytochemicals (eugenol, β-caryophyllene, 
and others) that can inhibit biofilm formation in microorganisms, including fungi. This 
study aimed to prove the effect and to find a concentration of clove leaf essential oil 
that affects the biofilm formation of C. albicans isolate. 
 
Methods: This study used a microtiter plate with a two-fold dilution technique. The 
tested concentrations were 6.25%, 3.125%, and 1.5625%. The positive control was 
200 µL of C. albicans biofilm suspension, and the negative control was 200 µL of 
tryptic soy broth (TSB) media, and all were repeated four times. The biofilm was 
observed using crystal violet and evaluated using optical density (O.D.). The O.D. 
data was analyzed statistically using the International Business Machines 
Corporation (IBM) Statistical Package for the Social Sciences (SPSS) version 26. 
 
Results: The O.D. of the isolate was 2.039, while the negative control was 0.349, 
indicating that the isolate was a strong biofilm former. The concentrations of 6.25%, 
3.125%, and 1.5625% showed inhibition percentages of 8.533%, 17.214%, and 
8.484%, respectively. The O.D. was found to be normally distributed but not 
homogeneous. The Kruskal-Wallis’s test was significant, and the Mann-Whitney test 
was not significant between test groups and positive control. 
 
Conclusion: Clove leaf essential oil has inhibitory effects on C. albicans biofilm 
isolates. However, statistically, there was no significant difference between the test 
groups and the positive control. 
  
Highlights: 
1. Candida albicans is capable of forming biofilm, which can lead to resistance to 
antifungal treatments. 
2. Clove leaf essential oil contains eugenol, which can inhibit biofilm formation, 
making it a potential anti-biofilm agent.  
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Introduction 
 

Infection remains a problem in tropical and subtropical 
countries, including Indonesia. This country has high air 
temperature and humidity, as well as biodiversity and 
diseases, making it vulnerable to infection by 
microorganisms, whether caused by bacteria, viruses, or 
fungi that are part of the normal flora or pathogens.1,2 The 
human body contains normal flora, such as bacteria and 
fungi, but under certain conditions, they can become 
opportunistic infections due to immune system 
disturbances.3–5 Fungal infections are most often caused 
by Candida sp. and manifest as candidiasis, whether it is 
local/superficial or systemic (candidemia) to invasive 
candidiasis affecting internal organs.6,7 In Indonesia, 
around 2.89% of the population suffers from serious fungal 
infections each year,2 and the prevalence of candidiasis in 
Indonesia ranges from 20% to 25%. It affects locally (skin, 
nails, mucous membranes) and even systemically.1 
Candida albicans, Candida glabrata, Candida parapsilosis, 
Candida tropicalis, and Candida krusei are the most 
common etiologies of these fungal infections.1,8,9 Due to the 
virulence and pathogenicity factors of C. albicans, almost 
50% of cases can lead to resistance to some treatments, 
such as fluconazole, amphotericin B, and echinocandins.6 

The virulence factors of this species include its 
polymorphic ability, the presence of adhesion molecules 
and invasion to adhere to cell surfaces, biofilm formation, 
and phenotypic changes in releasing various hydrolytic 
enzymes.10 C. albicans is a polymorphic organism, 
meaning it can change its form/structure to yeast, hyphae, 
and pseudohyphae depending on its environment. A biofilm 
is an organized collection of microbes surrounded by 
matrices produced by the microbes, acting as a shield from 
the host's immune system.3 It is estimated that 80% of 
microbial infections in humans are due to biofilm 
formation.3,11 The presence of biofilm can increase the 
morbidity and mortality of individuals infected with C. 
albicans, as well as resistance to antimicrobial agents.3,9,10 
Some antifungal agents are resistant to biofilms formed by 
C. albicans, necessitating the discovery of new active 
substances/drugs to address this issue.3,9  

Approximately 80% of the world's population believes 
that traditional herbal medicine can be used in healthcare 
services.12 This is because herbal ingredients have 
activities such as fungicidal, bactericidal, and virucidal, 
which can treat various infectious diseases caused by 
fungi, bacteria, and viruses. Typically, these herbal 
ingredients contain several active compounds that can be 
used for treatment, such as terpenes, alkaloids, steroids, 
tannins, saponins, glycosides, flavonoids, and others.12 
Additionally, there are several plants with potential and 
activity as antifungals, such as cloves (S. aromaticum),13,14 
lemongrass (Cymbopogon citratus),15,16 lemon fruit (Citrus 
limon)17 and others. One natural substance found in 
Indonesia is the clove plant, or S. aromaticum, which is still 
limited in active ingredient testing for its leaf extract's effect 
on biofilm formation in C. albicans. However, the plant has 
numerous benefits, including anti-inflammatory, antifungal, 
and antibacterial.12 Based on gas chromatography-mass 

spectrometry analysis, the active potential antifungal 
compounds in S. aromaticum are eugenol, eugenol 
acetate, β-caryophyllene, and others.12,18 Additionally, 
clove leaf essential oil and its eugenol content have a more 
significant antifungal effect than fluconazole, as evidenced 
by a lower inhibition zone with clove leaf essential oil 
compared to the antifungal.18 The effectiveness of eugenol 
from clove plants as an antifungal can combat filamentous 
cells, yeast, and various human pathogenic fungi,12 which 
play a role in the formation of C. albicans biofilm. This study 
was conducted in response to the formation of biofilm by C. 
albicans, which can lead to resistance to antifungal agents. 
This situation presents an opportunity for herbal 
substances to be studied for their effects on biofilm 
formation. The results of this study are expected to provide 
insights and scientific evidence regarding the active 
ingredients in clove leaf essential oil that are capable of 
inhibiting biofilm formation by C. albicans.12,13,16 
 
Methods 
 

This was an experimental study and a post-test-only 
control group design. Post-test-only control group design is 
a data collection method and is conducted only at the end 
of the study period after administering treatments.19 This 
study was conducted in the Laboratory of Microbiology, 
Faculty of Medicine, Universitas Airlangga, Surabaya, and 
Universitas Airlangga Hospital, Surabaya, from September 
2022 to September 2023. The authors used one isolate of 
C. albicans biofilm, and the experiment was replicated four 
times. This study had received ethical clearance from the 
Ethics Committee for Health Research, Faculty of 
Medicine, Universitas Airlangga, Surabaya (no. 
184/EC/KEPK/FKUA/2022) on 24-10-2022. 
 
Production of Clove Leaf Essential Oil (S. aromaticum) 

In this study, the steam distillation process was used to 
obtain clove leaf essential oil. The distillate, consisting of 
water and essential oil, was then separated using a funnel. 
The resulting essential oil was tightly sealed and stored in 
a place that was not exposed to sunlight, or it could be 
stored in a refrigerator. To create various concentrations of 
clove leaf essential oil, starting from 6.25%, 3.125%, and 
1.5625%, it was dissolved in a dimethyl sulfoxide (DMSO) 
solvent. The highest concentration was first prepared using 
the two-fold dilution method by mixing the essential oil with 
the DMSO solvent at a 1:16 ratio. Subsequently, the next 
concentration levels were obtained from the initial 
concentration and homogenized using microtips, and so 
on, until the final concentration was discarded according to 
the initial volume taken. 
 
Production of C. albicans Suspension Isolate for 
Biofilm and Antibiofilm Test 

The C. albicans isolate was inoculated onto Sabouraud 
dextrose agar (SDA) medium using the streaking method 
on agar plates, followed by macroscopic observation. To 
create a C. albicans suspension, the fungus from the SDA 
medium was mixed into the tryptic soy broth (TSB) medium. 
Using a density check, the mixed suspension was 
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measured to be equivalent to 0.5 McFarland. Using the 
microtiter plate method, this suspension was then used to 
test the effect of clove leaf essential oil (S. aromaticum) in 
inhibiting biofilm formation in C. albicans isolate.  
 
Biofilm Test of C. albicans Isolate 

The biofilm detection test used the microtiter plate 
method, a quantitative method for determining biofilm 
production using an enzyme-linked immunosorbent assay 
(ELISA) microplate reader. The negative control was a well-
containing media that was used as the blank value. The 
optical density (O.D.) blank value was used to identify 
biofilm formation. The suspension from the sample dilution 
buffer (SDB) and the negative control were then measured 
for O.D. using an ELISA reader. If the microbial O.D. value 
was higher than the blank O.D. value, the microbe 
produced biofilm. The test was performed four times, and 
the results are grouped based on the following criteria 
(Table 1). 
 
 
Table 1. Classification of biofilm former20 
 

Average of Optical Density Biofilm Former 
O.D. Microbes ≤ O.D. Control Biofilm not produced 
O.D. Control < O.D. Microbes ≤ 2× O.D. 
Control Weak biofilm former 

2× O.D. Control < O.D. Microbes ≤ 4× O.D. 
Control 

Moderate biofilm 
former 

4× O.D. Control < O.D. Microbes Strong biofilm former 
Source: Research data, processed 
 
 
Antibiofilm Test of C. albicans Isolate 

The clove leaf essential oil antibiofilm test on C. 
albicans biofilm was conducted using a microtiter plate. The 
microtiter plate comprised 96 wells divided into 12 columns 
and 8 rows. The authors assigned codes, such as wells 
(D1-D4, E1-E4, and F1-F4) as treatment groups with 
various concentrations of clove leaf essential oil (6.25%, 
3.125%, and 1.5625%), wells (G1-G4) as the positive 
control (C. albicans biofilm isolate suspension), and wells 
(H1-H4) as the negative control (TSB only). A 100 µL of 
6.25% essential oil concentration was added to well D1. 
Wells E1 and F1 were supplemented with sterile distilled 
water. Then, 100 µL of essential oil from well D1 was 
transferred to well E1 and homogenized. Subsequently, 
100 µL of essential oil from well E1 was transferred to well 
F1. This process was repeated for D2-D4, E2-E4, and F2-
F4. Then, each well (D1-D4, E1-E4, and F1-F4) had 100 
µL of C. albicans biofilm isolate added to each well and 
homogenized. Meanwhile, wells G1-G4 were filled with 200 
µL of C. albicans biofilm isolate suspension, and wells H1-
H4 were filled with 200 µL of TSB media. Thus, the final 
volume of each well became 200 µL. The microplate was 
then incubated for 2 days at 37ºC. Then, flipping the 
microplate and washing it with phosphate-buffered saline 
(PBS) twice to prevent cell adhesion to the microplate. 
Then, 150 µL of methanol was added to fix the formed 
biofilm in the wells and incubated for 10-20 minutes. 
Subsequently, 150 µL of 0.5% crystal violet solution was 
added to each well and incubated for 10-15 minutes. The 
microplate was rewashed with distilled water three times. 

The final step was reading the microplate using an 
ELISA reader at a wavelength of 595 nm. Then, to 
determine the percentage inhibition of clove leaf essential 
oil (S. aromaticum) on the growth of C. albicans biofilm 
using the formula as follows: 

Inhibition percentage = 𝑂𝑂.𝐷𝐷.𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 (+)− 𝑂𝑂.𝐷𝐷.𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸
𝑂𝑂.𝐷𝐷.𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 (+) 

 × 100% 
 
Data Analysis 

The data collected from this study were analyzed using 
a normality test using the Shapiro-Wilk test, a homogeneity 
test using the Levene test, and a post-hoc test using the 
International Business Machines Corporation (IBM) 
Statistical Package for the Social Sciences (SPSS) version 
26 for Windows.20–22 If the result of the normality and 
homogeneity test were normal and homogenous, then it 
would be analyzed by the one-way analysis of variance 
(ANOVA) test to see the difference between groups.20 
Nevertheless, if there were no normal or homogenous 
results between the normality or homogeneity test, then the 
Kruskal Wallis test and Mann-Whitney would continue as 
the posthoc test. All of these tests used IBM SPSS version 
26 for Windows.20–22 
 
Results 
 

The isolate was sub-cultured using SDA media and 
incubated for 2 days. Subsequently, the isolate was 
transferred to TSB media, thoroughly mixed using a vortex 
to achieve a 0.5 McFarland standard, and evaluated using 
density-check. Next, 200 µL of the suspension was added 
to the wells of a microplate, and this process was replicated 
four times. The microplate was then incubated for 2 days, 
and the washing results are shown in Figure 1. Several 
wells absorbed crystal violet, indicating biofilm formation, 
while the negative control wells did, serving as a 
comparison with the positive control. However, to classify 
the biofilm formers, readings were taken using an ELISA 
reader to measure O.D. (Table 2).  
 
 

 
Figure 1. The result of biofilm former examination on C. 

albicans 
 
 

Based on Figure 1, there were four wells for positive 
control and negative control that indicated the replication. 
The positive control wells absorbed a crystal violet, 
indicating biofilm formation, while the negative control did 
not absorb a crystal violet, indicating that this study was 
under control. Table 2 shows the results of O.D. readings 
using an ELISA reader. 



 
 
 

JUXTA: Jurnal Ilmiah Mahasiswa Kedokteran Universitas Airlangga 2024 August, XV (02)                                               Page 73 
 

 

Table 2. Result of biofilm examination on C. albicans 
isolates 
 

Replication/Experimental Isolate Control (-) 
1st replication 1.268 0.337 
2st replication 1.810 0.352 
3st replication 2.686 0.311 
4st replication 2.390 0.396 
Average 2.039 0.349 
Biofilm former classification Strong  

Source: Research data, processed 
 
 
In this study, the test concentrations should start at 50%, 
25%, and 12.5%. However, preliminary research showed 
that at these concentrations, the essential oil could form a 
layer on the microplate well walls, leading to false-positive 
results in the crystal violet staining test shown in Figure 2. 
Therefore, the tested concentrations in this study were 
6.25%, 3.125%, and 1.5625%. 
 
 

 
Figure 2. Preliminary research using concentration 

starting 50% - 12.5% with a two-fold dilution technique 
 
 
Data about O.D. value was analyzed statistically using IBM 
SPSS version 26 for Windows, with the results showing that 
the normality test was normal (p-value > 0.05) and the 
homogeneity test was not homogenous (p-value < 0.05).22 
Then, the data was analyzed using the Kruskal Wallis test, 
which was significant (Asymp. Sig. 0.045), with a post-hoc 
test using Mann-Whitney in Table 4. 

 
 

Table 3. O.D. value on antibiofilm examination of clove 
leaf essential oil in biofilm former on C. albicans isolates 
 

Replication/ 
Experimental 

E6.25 
% 

E3.125 
% 

E1.5625 
% 

Control 
(+) 

Control  
(-) 

1st replication 1.887 1.361 1.532 1.268 0.337 
2st replication 2.031 1.933 1.608 1.810 0.352 
3st replication 1.737 1.597 1.880 2.686 0.311 
4st replication 1.805 1.861 2.442 2.390 0.396 
Average 1.865 1.688 1.866 2.039 0.349 
Inhibition 
percentage (%) 8.533 17.214 8.484   

Source: Research data, processed 
 
 

Based on Table 4, significant differences were found 
between the negative control group and all concentrations 
and the positive control group. However, there were no 
significant differences between the positive control and all 
concentrations or among the concentrations. 

 
 
 
 
 
 
 
 
 

Table 4. Mann-Whitney of O.D. value 
 

Group p-value of Mann-Whitney 
Control (+) Control (-) 0.021 

E1.5625% 0.773 
E3.125% 0.564 
E6.25% 

Control (-) E1.5625% 0.021 
E3.125% 
E6.25% 

E1.5625% E3.125% 0.564 
E6.25% 0.386 

Source: Research data, processed 
 
 
Discussion 

The clove leaf used in this study was sourced from 
Purwodadi. The essential oil of clove leaf (S. aromaticum) 
was characterized for its compound content using gas 
chromatography-mass spectroscopy at the Pharmacy 
Research Service Unit of Universitas Airlangga, Surabaya. 
The characterization results revealed the presence of 
isohexane, chavicol, α-Cubebene, 1,3,4-Eugenol, 4-Allyl-2-
methoxy-phenol, 2-Methoxy-4-formylphenol, β-
caryophyllene, (E)-isoeugenol, α-caryophyllene; 5-
Oxatricyclo[8.2.0.0(4,6)-]dodecane, 4,12,12-trimethyl-9-
methylene-, [1R-(1R*,4R*,6R*,10S*)], delta-Cadinene. 
Additionally, the eugenol content in the clove leaf essential 
oil was found to be 84%.18  

The average O.D. of C. albicans isolate was 2.039, and 
the negative control was 0.349, resulting in a strong biofilm-
former.23 Biofilm is a three-dimensional structure produced 
by a microorganism that attaches its cells to the host 
surface and is surrounded by an extracellular matrix.10 In 
C. albicans, there are several stages in biofilm formation, 
including the adhesion phase (attachment of yeast cells to 
the host substrate to form its basal layer), proliferation 
phase (adhered yeast cells forming hyphal filaments), 
maturation phase (hyphal production followed by 
extracellular polymeric substances (EPS) secretion related 
to antifungal resistance of the formed biofilm), and 
dispersion phase (farnesol production allowing yeast cells 
to spread and form new biofilms).3,10  

This study used clove leaf essential oil with an 84% 
eugenol content. This compound is known to have 
antifungal and antibiofilm effects on several species, one of 
which is C. albicans.14 This study dissolved the essential oil 
with DMSO solvent, obtaining an initial concentration of 
50%. However, concentrations of 50%, 25%, and 12.5% 
resulted in false positive effects as they could form a layer 
that absorbs crystal violet. Therefore, the study started with 
a concentration of 6.25%. Clove extract with ethyl acetate 
solvent exhibited the highest antifungal activity against C. 
albicans, C. glabrata, and C. tropicalis.13 The inhibition 
zone  against  yeast  and  fungi  ranged  from  8.22  to 18.56 
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mm.13 However, the inhibition zone for C. albicans was 
approximately 8.22 ± 1.53 mm, indicating weak 
antimicrobial activity as the inhibition zone fell within the 5-
10 mm range.24 Phytochemicals such as phenols and 
tannins can inhibit substrates, destroy cell walls, prevent 
adhesion, and reduce exopolysaccharide production in 
biofilm formation.25  

Additionally, antimicrobial peptides inhibit microbial 
biofilms by down-regulating quorum sensing, inhibiting 
surface attachment, and modulating the body's immune 
response.25 In this study, eugenol, the essential oil 
component of clove leaf (S. aromaticum), is a 
phytochemical compound whose mechanism of action as 
an anti-biofilm agent includes inhibiting substrates, 
destroying cell walls, preventing adhesion, and reducing 
exopolysaccharide production in biofilm formation.13,14,25,26 

The antibiofilm test using a microtiter plate was 
determined based on the turbidity of the wells and their 
O.D. values. An increase in turbidity after adding a dye 
such as crystal violet will result in a higher O.D., and higher 
O.D. values in the concentration groups will lead to lower 
inhibition percentage values.27 The inhibition percentages 
obtained from concentrations of 6.25%, 3.125%, and 
1.5625% were 8.533%, 17.214%, and 8.484%, 
respectively. In other studies, the antimicrobial activity of 
clove leaf essential oil against yeast C. albicans was at 
0.5%, leading to a decrease in morphotype mass in the C. 
albicans control group at a concentration of 0.25% and a 
change in its protein profile at concentrations of 0.125%-
0.25%.14,26 Meanwhile, in the biofilm of C. tropicalis, clove 
leaf essential oil can inhibit 50% of its inhibition, thus 
potentially serving as an anti-biofilm agent.26 In fact, this 
study also found that at concentrations of 12.5%, 25%, and 
50% in the preliminary study, after washing, the biofilm 
appeared to absorb purple color from crystal violet, forming 
a layer resembling a biofilm. This was evidenced by higher 
O.D. values compared to the control group, with some even 
reaching a value of (+) above 3.5, making it unreadable by 
the ELISA reader.28,29 

Several compounds can support biofilm formation, such 
as chitosan, a partially deacetylated form of chitin, which 
can mediate biofilm formation by initiating its formation 
phase.28 Fungi such as C. albicans can release compounds 
like prostaglandins from their host cell membranes, potent 
metabolites that induce biofilm formation, morphological 
changes, and colonization within the host's body. 
Furthermore, their production is higher compared to that of 
their planktonic counterparts.28 Meanwhile, research using 
the crystal violet parameter, based on the interaction of the 
dye with negative charges, shows false positives in biofilm 
mass after antibiotic administration, depolymerase 
treatment, and similar interventions. This occurs because 
antimicrobials increase negative charge residues, which 
form crystal violet complexes, potentially resulting in 
misleading interpretations of biofilm mass.29 

Based on the statistical analysis conducted using IBM 
SPSS version 26, it was found that the O.D. data in this 
study followed a normal distribution (p-value > 0.05) but 
was not homogenous (p-value < 0.05).22 The Mann-
Whitney test followed the Kruskal-Wallis’s test to determine 

the significant differences between groups. In this study, 
significant differences were observed between groups (p-
value < 0.05), but there were no significant differences 
between the test group and the positive control group.20,21  
 
Strength and Limitations 
 

The strength of this study lay in its novelty, as it 
investigates the effects of clove leaf essential oil on biofilm 
formation in C. albicans isolates. Furthermore, it was 
observed that even at low concentrations, essential oils 
could inhibit C. albicans biofilm formation. However, this 
study has limitations, such as testing only a single isolate, 
resulting in a limited and less diverse dataset. Additionally, 
the tested concentrations were limited. Therefore, the 
minimum concentration required to inhibit 50% of the 
biofilm formation was unknown. 
 
Conclusion 
 

Based on the results, it was concluded that clove leaf 
essential oil (S. aromaticum) has inhibitory effects on the 
biofilm formation of C. albicans. 
 
Acknowledgments 
 

The authors would like to thank the staff of the 
Laboratory of Microbiology, Faculty of Medicine, 
Universitas Airlangga, Surabaya, and Universitas 
Airlangga Hospital, Surabaya, for their assistance in 
conducting this study. 
 
Conflict of Interest 
 

The authors declared there is no conflict of interest. 
 
Funding 
 

This study did not receive any funding. 
 
Ethical Clearance 
 

This study had received ethical clearance from the 
Ethics Committee for Health Research, Universitas 
Airlangga, Surabaya (no. 184/EC/KEPK/FKUA/2022) on 
24-10-2022. 
 
Authors’ Contributions 
 

Designed the study and drafted the manuscript: AR and 
PDE. Collected data and performed background literature 
review: AR, PDE, and YS. Performed statistical analysis: 
AR. Supervised results and discussion: PDE, YS, and EBK. 
All authors reviewed and approved the final version of the 
manuscript.  
 
References 
 
1.  Puspitasari A, Kawilarang AP, Ervianty E, et al. Profil 

Pasien Baru Kandidiasis. Berk Ilmu Kesehat Kulit dan 
Kelamin 2019; 31: 24–34. [Journal] 

https://e-journal.unair.ac.id/BIKK/article/view/8809


 
 
 

JUXTA: Jurnal Ilmiah Mahasiswa Kedokteran Universitas Airlangga 2024 August, XV (02)                                               Page 75 
 

 

2.  Wahyuningsih R, Adawiyah R, Sjam R, et al. Serious 
Fungal Disease Incidence and Prevalence in 
Indonesia. Mycoses 2021; 64: 1203–1212. [PubMed] 

3.  Wall G, Montelongo-Jauregui D, Bonifacio BV, et al. 
Candida albicans Biofilm Growth and Dispersal: 
Contributions to Pathogenesis. Curr Opin Microbiol 
2019; 52: 1–6. [PubMed] 

4.  Prakoeswa F, Pramuningtyas R, Dimawan R. The 
Epidemiologic and Sociodemographic Features of 
Superficial Fungal Infection among Children in East 
Java Suburban Public Hospital. Berk Ilmu Kesehat 
Kulit dan Kelamin 2022; 34: 120–124. [Journal] 

5.  Femilian A, Masuku WDM, Ayuningtyas NF, et al. 
Clinical Appearance of Acute Pseudomembranous 
Candidiasis in Children and the Importance of Good 
Communication, Information and Education to 
Patients: A Case Report. Maj Kedokt Gigi 2022; 55: 
105–108. [Journal] 

6.  Quindós G, Marcos-Arias C, San-Millán R, et al. The 
Continuous Changes in the Aetiology and 
Epidemiology of Invasive Candidiasis: From Familiar 
Candida albicans to Multiresistant Candida auris. Int 
Microbiol 2018; 21: 107–119. [PubMed] 

7.  Jannah SN, Arfijanto MV, Rusli M, et al. Sepsis: 
Antibiotic Resistances of Gram-Positive and Gram-
Negative Bacterial in a Tertiary Care Hospital. JUXTA 
J Ilm Mhs Kedokt Univ Airlangga 2021; 12: 29–37. 
[Journal] 

8.  Nugraha A, Savitri ED, Parmadiati AE, et al. 
Prevalence of Candida Species in Oral Candidiasis 
and Correlation with CD4+ Count in HIV/AIDS Patients 
at Surabaya, Indonesia. J Int Dent Med Res 2018; 11: 
81–85. [ResearchGate] 

9.  Wardiana M, Astindari, Ervianti E, et al. Antifungal 
Activity of Rosemary (Rosmarinus officinalis L.) 
Emulsion Gel Compared to Nystatin on Candida 
albicans Stored Isolate from HIV/AIDS Patients with 
Oral Candidiasis. Berk Ilmu Kesehat Kulit dan Kelamin 
2023; 35: 88–92. [Journal] 

10.  Pereira R, Fontenelle RODS, de Brito EHS, et al. 
Biofilm of Candida albicans: Formation, Regulation 
and Resistance. J Appl Microbiol 2021; 131: 11–22. 
[PubMed] 

11.  Lohse MB, Gulati M, Johnson AD, et al. Development 
and Regulation of Single- and Multi-Species Candida 
albicans Biofilms. Nat Rev Microbiol 2018; 16: 19–31. 
[PubMed] 

12.  Batiha GE-S, Alkazmi LM, Wasef LG, et al. Syzygium 
aromaticum L. (Myrtaceae): Traditional Uses, 
Bioactive Chemical Constituents, Pharmacological 
and Toxicological Activities. Biomolecules; 10. 
January 2020. [PubMed] 

13.  Yassin MT, Mostafa AAF, Al-Askar AA. In Vitro 
Anticandidal Potency of Syzygium aromaticum (Clove) 
Extracts against Vaginal Candidiasis. BMC 
Complement Med Ther 2020; 20: 25. [Journal] 

14.  Haro-González JN, Castillo-Herrera GA, Martínez-
Velázquez M, et al. Clove Essential Oil (Syzygium 
aromaticum L. Myrtaceae): Extraction, Chemical 
Composition, Food Applications, and Essential 
Bioactivity for Human Health. Molecules; 26. October 
2021. [PubMed] 

15.  Mouta LFGL, Marques RS, Koga-Ito CY, et al. 
Cymbopogon citratus Essential Oil Increases the 
Effect of Digluconate Chlorhexidine on Microcosm 
Biofilms. Pathog (Basel, Switzerland); 11. September 
2022. [PubMed] 

16.  Sahal G, Woerdenbag HJ, Hinrichs WLJ, et al. 
Antifungal and Biofilm Inhibitory Effect of Cymbopogon 
citratus (Lemongrass) Essential Oil on Biofilm Forming 
by Candida tropicalis Isolates; An In Vitro Study. J 
Ethnopharmacol 2020; 246: 112188. [PubMed] 

17.  Rahman FHF, Alimsardjono L, Zakaria S. In Vitro 
Antimicrobial Potency of Lemon Fruit (Citrus limon) 
Extract on Salmonella typhi. JUXTA J Ilm Mhs Kedokt 
Univ Airlangga 2020; 11: 69–73. [Journal] 

18.  Harningtyas CD, Murtiastutik D, Citrashanty I, et al. 
Comparison of Antifungal Activity of Fluconazole and 
Clove Leaf Essential Oil on Candida Species Isolate in 
HIV/AIDS Patients with Oral Candidiasis. Int J Health 
Sci (Qassim) 2022; 6: 3067–3077. [Journal] 

19.  Hastjarjo TD. Rancangan Eksperimen-Kuasi. Bul 
Psikol 2019; 27: 187–203. [Journal] 

20.  Navarro P, Alemán I, Sandoval C, et al. Statistical 
Testing Methods for Data Analysis in Dental 
Morphology. International Journal of Morphology  
2020; 38: 1317–1324. [Journal] 

21.  Gosselin RD. Guidelines on Statistics for Researchers 
Using Laboratory Animals: The Essentials. Lab Anim 
2019; 53: 28–42. [PubMed] 

22.  Nie NH, Bent DH, Hull CH. Statistical Package for the 
Social Sciences (SPSS), (2018). [Website] 

23.  Rivani E, Arfijanto MV, Widodo ADW. Vancomycin for 
Methicillin-Resistant Staphylococcus aureus Biofilm 
Eradication is Associated with the Emergence of 
Heterogeneous Vancomycin Intermediate 
Staphylococcus aureus. Int J Health Sci (Qassim) 
2022; 6: 811–818. [Journal] 

24.  Kačániová M, Galovičová L, Borotová P, et al. 
Chemical Composition, In Vitro and In Situ 
Antimicrobial and Antibiofilm Activities of Syzygium 
aromaticum (Clove) Essential Oil. Plants (Basel, 
Switzerland); 10. October 2021. [PubMed] 

25.  Shamim A, Ali A, Iqbal Z, et al. Natural Medicine a 
Promising Candidate in Combating Microbial Biofilm. 
Antibiot (Basel, Switzerland); 12. February 2023. 
[PubMed] 

26.  Hamzah H, Yudhawan I, Rasdianah N, et al. Clove Oil 
Has the Activity to Inhibit Middle, Maturation and 
Degradation Phase of Candida tropicalis Biofilm 
Formation. Biointerface Res Appl Chem; 12. 
September 2021. [ResearchGate] 

27.  Pierantoni DC, Corte L, Casadevall A, et al. How Does 
Temperature Trigger Biofilm Adhesion and Growth in 
Candida albicans and Two Non-Candida albicans 
Candida Species? Mycoses 2021; 64: 1412–1421. 
[PubMed] 

28.  Motaung TE, Peremore C, Wingfield B, et al. Plant-
Associated Fungal Biofilms-Knowns and Unknowns. 
FEMS Microbiol Ecol; 96. November 2020. [PubMed] 

29.  Latka A, Drulis-Kawa Z. Advantages and Limitations of 
Microtiter Biofilm Assays in the Model of Antibiofilm 
Activity of Klebsiella phage KP34 and Its 
Depolymerase. Sci Rep 2020; 10: 20338. [PubMed] 

  
 
 
 

https://pubmed.ncbi.nlm.nih.gov/33971053/
https://pubmed.ncbi.nlm.nih.gov/31085405/
https://e-journal.unair.ac.id/BIKK/article/view/32245
https://e-journal.unair.ac.id/MKG/article/view/30996
https://pubmed.ncbi.nlm.nih.gov/30810955/
https://e-journal.unair.ac.id/JUXTA/article/view/23185#:%7E:text=The%20most%20sensitive%20antibiotics%20in,Piperacillin%2DTazobactam%20(84.1%25).
https://www.researchgate.net/publication/325111072_Prevalence_of_candida_species_in_oral_candidiasis_and_correlation_with_CD4_count_in_HIVAIDS_patients_at_surabaya_Indonesia
https://e-journal.unair.ac.id/BIKK/article/view/38529
https://pubmed.ncbi.nlm.nih.gov/33249681/
https://pubmed.ncbi.nlm.nih.gov/29062072/
https://pubmed.ncbi.nlm.nih.gov/32019140/
https://bmccomplementmedtherapies.biomedcentral.com/articles/10.1186/s12906-020-2818-8
https://pubmed.ncbi.nlm.nih.gov/34770801/
https://pubmed.ncbi.nlm.nih.gov/36297124/
https://pubmed.ncbi.nlm.nih.gov/31470085/#:%7E:text=Conclusion%3A%20Cymbopogon%20citratus%20oil%20has,shorter%20lifespan%20of%20the%20prosthesis.
https://e-journal.unair.ac.id/JUXTA/article/view/19645
https://sciencescholar.us/journal/index.php/ijhs/article/view/11207
https://journal.ugm.ac.id/buletinpsikologi/article/view/38619/pdf
http://www.scielo.cl/scielo.php?script=sci_abstract&pid=S0717-95022020000501317&lng=n&nrm=iso&tlng=en
https://pubmed.ncbi.nlm.nih.gov/29954248/
https://www.ibm.com/support/pages/downloading-ibm-spss-statistics-26
https://sciencescholar.us/journal/index.php/ijhs/article/view/12536
https://pubmed.ncbi.nlm.nih.gov/34685994/
https://pubmed.ncbi.nlm.nih.gov/36830210/
https://www.researchgate.net/publication/354313629_Clove_Oil_Has_the_Activity_to_Inhibit_Middle_Maturation_and_Degradation_Phase_of_Candida_Tropicalis_Biofilm_Formation
https://pubmed.ncbi.nlm.nih.gov/33894074/
https://pubmed.ncbi.nlm.nih.gov/33150944/
https://pubmed.ncbi.nlm.nih.gov/33230270/

