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Abstract: Clove oil is one of the natural antibacterial ingredients that is easily obtained because of its 

abundant amounts in nature. Various researches have been conducted, but the antibiofilm activity 

against Candida tropicalis has never been done. This study evaluates the effectiveness of clove oil in 

inhibiting and degrading C. tropicalis JFM 1541 biofilm activity. The research was conducted using the 

microtiter broth method. The antibiofilm activity was determined as the minimum biofilm inhibitory 

concentration (MBIC50),  the minimum value of biofilm eradication concentration (MBEC50). 

Antibiofilm mechanism was elucidated using scanning electron microscopy (SEM). Statistical analyzes 

were performed using ANOVA (p <0.05). Showed that clove oil could inhibit biofilm formation at the 

middle phase by 65% (65.21 ± 0.01) and at the maturation phase by 56% (56.11 ± 0.01). Clove oil with 

a concentration of 1% v/v has been shown to have activity in degrading 41% of C. tropicalis biofilms 

(41.87 ± 0.01). SEM shows that clove oil can cause damage in the extracellular polymeric matrix (EPS) 

of C. tropicalis biofilm. In conclusion, clove oil acts as a potential antibiofilm activity against C. 

tropicalis (compared to nystatin as control drugs) and further developed a new antibiofilm agent. 
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1. Introduction 

Biofilms are heterogeneous communities of microorganisms that attach to abiotic or 

biotic surfaces. Some cells will be bonded and attached to a substrate and encased in an 

extracellular polymeric substance (EPS) matrix to form a complex structure[1,2]. Biofilms 

communities of microbes adhere to a surface and are embedded within an extracellular matrix 

comprised of polysaccharides, proteins, and extracellular DNA [3]. Biofilm communities can 

be formed by one type of microorganism, but biofilms found in nature tend to be in the form 

of a mixture of various species of bacteria, fungi, algae, and yeast, along with foreign 
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substances [4,5].  The specific structure and nature of biofilms stimulate a constant up-and 

down-regulation of certain genes, followed by metabolism reduction and diversification of 

bacterial cells functioning [6]. 

Biofilm is one of many factors that is often causing a problem in the treatment of 

infections. Biofilm-related problems are often found in cases of infected chronic wounds and 

the use of implanted medical devices such as catheters and endotracheal tubes [7,8]. The 

characteristic of all these infections caused by bacteria-resistant bacteria is the antibiotics’ 

inability to penetrate the pathogen due to the biofilm structure [9]. Microbes in biofilm states 

are a major concern since they are much more tolerant to antibiotics and disinfectants in this 

conformation than in a planktonic state [10].  

Candida species are the 2nd most common causative specialists of parasitic diseases 

worldwide and positioned 5th among hospital-acquired pathogens [11]. C. tropicalis is one of 

the types/variants of Candida that is commonly found as a cause of human disease in tropical 

countries. C. tropicalis is very virulent in neutropenic hosts with hematogenous seeding to 

peripheral organs [12]. C. tropicalis is exceedingly predominant in tropical nations and mindful 

for lifted mortality rates due to candidiasis [13] A few routine antimicrobial hold potent 

antibiofilm activity on early-biofilm formation but fail to inhibit mature biofilm on C. tropicalis 

[14]. C. tropicalis has been shown to cause biofilms and is often found on some abiotic 

surfaces, including medical devices [15]. The structure and composition of Candida biofilm 

can vary according to various environmental conditions [16]. However, biofilms of Candida 

species normally comprise matrix-enclosed microcolonies of yeasts and hyphae and are safe to 

a few of the antifungal specialists as of now in clinical utilize [17]. Although species of this 

genus may live as members of the microbiota in healthy individuals, they may cause life-

threatening infections in hospitalized [18] 

Indonesia has a high diversity and many plant sources. People often use their 

knowledge to use medicinal plants instead of modern medicines to maintain health and treat 

diseases [19]. Clove (SyzygiumAromaticum or Eugenia Aromatucum) is among the plants 

which are popular in Indonesia. It is a scented dried flower stalk from the tree family 

Myrtaceae. The activity of basic oils, due to their complexity, is as a rule considered as a 

synergistic impact of several fundamental compounds [20]. Clove oil has many biological 

activities, including antibacterial [21,22], antifungal [23], antioxidant [24,25], antipathogenic 

[26], antiviral, anticarcinogenic [27], antitumor agent [28] and traditionally used as a flavouring 

agent and also and food preservative [23]. Clove oil mainly consisted of eugenol as its main 

component (60-90%) [29-31]. In some cases related to bud maturity, eugenol content can reach 

up to 90-94% [32]. 

Research on clove oil as an antibacterial has not been done a lot. Mainly, the research 

focus on its main component, eugenol. Eugenol has proven to have a wide range of antibacterial 

activities, including activities against Escherichia coli, Staphylococcus aureus, Pseudomonas 

aeruginosa [33], Listeria monocytogenes [34], Salmonella typhi [35], Streptococcus mutans 

[36].In addition to the genus Candida, eugenol has activity against C. albicans, C. dubliniensis, 

C. glabrata, C. guilliermondii, C. krusei, C. parapsilosis, and C. tropicalis cells [37-39]. 

Several studies have shown that eugenol has antibiofilm activity against S. maltophilia [40], P. 

gingivalis [41], S. enteritidis, S. typhimurium [42] 

The activity of clove oil in inhibiting the formation of biofilms caused by C. Tropicalis 

bacteria was not fully known. This study evaluates the antibiofilm activity of clove oil against 

C. Tropicalis bacteria in the middle, maturation, and degradation phase of biofilm formations. 
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2. Materials and Methods 

2.1. Instruments. 

Laminar Discuss Stream, hatchery (IF-2B) (Sakura, Japan), micropipette pipetman 

(Gilson, France), multichannel micropipette (Socorex, Swiss), microplate flat-bottom 

polystyrene 96 well (Iwaki, Japan), microtiter plate peruser (Optic Ivymen Framework 2100-

C, Spain), spectrophotometer (Genesys 10 UV Filtering, 335903) (Thermo Logical Spectronic, 

USA), autoclave (Sakura, Japan), expository scale (AB204 -5, Switzerland). 

2.2. Materials. 

The materials used in this study were clove oil, isolates of C. tropicalis which form 

biofilm standards (C. tropicalis JFM 1541) from microbiology laboratory collections of UGM 

Faculty of Medicine, Nystatin, DMSO 1%, NaCl, Mc Farland Standard 0.5, sterile distilled 

water, SDA (Sabaroud Dextrose Agar) media, RPMI media, PBS solution (Phosphate Buffer 

Saline), violet crystal 1 %, disposable gloves and mask. 

2.3. Preparation of fungi for assay. 

The isolate tested in the study was C. tropicalis JFM 1541. Several fungal colonies 

were inoculated from the SDA media into 15 mL of YPD medium and then incubated at room 

temperature while in the shaker overnight. It centrifuged for 15 minutes at 3000 rpm and 

washed with PBS. The pellets obtained were resuspended with RPMI medium, and a 1x108 

CFU / mL C. tropicalis suspension was made in 5 mL RPMI medium (likened to the Mc 

Farland standard 0.5). 1 mL was taken from this suspension and added to 9 mL of RPMI 

medium to obtain a C. tropicalis colony suspension of 1x107 CFU / mL as a stock solution. 

The working solution was made with a 1:10 dilution to obtain a 1 x 106 CFU / mL C. tropicalis 

suspension [43]. 

2.4. Determination of minimum biofilm inhibitory concentration (MBIC) using microbroth 

dilution method. 

The effects of clove oil were examined on the strain C. tropicalis JFM 1541 biofilm. 

The biofilm was inoculated in a 96-well flat-bottom polystyrene flat plate microtiter. A total of 

200 µL of C. tropicalis suspension (106CFU/mL) was added to each microtiter plate wells then 

incubated at ± 37°C for 90 minutes [44]. After the incubation period, the plates are washed 

with PBS. A total of 200 µL of media containing pure isolates with a series of concentrations 

(1% v/v - 0.125% v / v), were added to each well that had been washed. Media containing 1% 

DMSO were used as solvent control, and the microbial suspension was used as a negative 

control. The microbial suspension was added with antifungal nystatin levels of 1% v / v as a 

positive control, and media control was media without added microbial [45].  

The plates were then incubated at 37°C for 24 hours for biofilm formation in the mid-

phase and 48 hours for the maturation phase [46,47]. Then the plate is washed using PBS. A 

total of 125 μL of 1% violet crystal solution was added to each well. Then it was incubated at 

room temperature for 15 minutes. After incubation, the microplate was washed with PBS and 

added 200 µL of 96% ethanol to each well to dissolve the biofilm formed. Optical Density 

(OD) readings are carried out with a microplate reader at a wavelength of 595 nm. 
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2.5. Determination of minimum biofilm reduction concentration (MBRC). 

The effects of clove oil were also examined on the strain C. tropicalis JFM 1541 biofilm 

using the earlier method [48]. Biofilms are inoculated in microtiter like those described above. 

After brooding at 37° C for 48 hours, the culture supernatant from each well was tapped, and 

the planktonic cells were evacuated by washing with PBS. Biofilm cells were exposed to 

various concentrations of clove oil, ranging from 1% v / v to 0.125% v / v, and then incubated 

at 37° C for 48 hours. Nystatin at a concentration of 1% v / v was used as a positive control. 

After incubation, the plates are washed three times with 200 mL of sterile PBS to remove the 

attached cells. Biofilm degradation was quantified with 125 µL of 1% violet crystal solution 

into each well, subsequently incubated at room temperature for 15 minutes. After incubation, 

the microplate was washed with PBS and added 200 µL of 96% ethanol to each well to dissolve 

the biofilm formed. Optical Density (OD) readings are carried out with a microplate reader at 

a wavelength of 595 nm [49].  

2.6. Scanning electron microscopy (SEM). 

The coverslip was embedded interior the microtiter plate circular foot polystyrene 24 

well that contained testing suspension that had been given a comparable treatment with biofilm 

restraint test. The coverslips were at that point hatched at 37°C for 24-48 hours, continued to 

the careful washing of the coverslip for three-time with sterile aqua dest, then fixated with 0.5 

% (v/v) glutaraldehyde interior cacodylate buffer for ± 24 hours with the point of cell's passing 

without changing the cell's structure that will be watched. Another, a lack of hydration handle 

utilizing methanol was done for 30 minutes to play down the water sum so that the watching 

preparation seemed not hindered. The test at that point watched using SEM with a voltage of 

10 kV [50]  

2.7. Statistical methods. 

Statistical analysis was performed using ANOVA and Normality test performed using 

the Shapiro – Wilk, with p values of 0.05 or less. The data were analyzed using the Statistical 

Package for the Social Sciences (SPSS). 

3. Results and Discussion 

Table 1. MBIC50 value of clove oil against mono-species C. tropicalis at all biofilm growth phase (ANOVA 

with p <0.05). 

Compound 
MBIC50% v/v 

Middle phase (24h) 

MBIC50% v/v 

Maturationphase (48h) 

MBEC50% v/v 

Degradationphase 

Clove Oil 0.25%* 0.5%* 1%* 

3.1. Effect of clove oil against biofilms of mono-species C. tropicalis at the middle phase 

(24h). 

We evaluate the antibiofilm potency of clove oil against biofilm of mono-species C. 

tropicalis. Our finding showed that clove oil has an inhibitory activity of 50% against C. 

tropicalis biofilm in the middle phase (Figure 1).  
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Figure 1. Inhibition percentage of clove oil on C. tropicalis mono-species biofilm. (red bar: middle-phase, blue 

bar: maturation-phase, ANOVA with p <0.05). 

The biofilm inhibition from clove oil was 65.21 ± 0,01, and the effect is similar to the 

nystatin as the control groups (75.17 ± 0.01). MBIC50 activity of clove oil is around 0.25% v/v 

(*P<0.05). This result proves that clove oil could inhibit biofilm formation before C. tropicalis 

entering phase-3 on biofilm formation (Table 1). 

3.2. Effect of clove oil against biofilms of mono-species C. tropicalis at maturation phase 

(48h). 

The results showed that, at the maturation phase, clove oil has an inhibitory activity of 

56.11 ± 0.01 while nystatin was 68.29 ± 0.01 (Figure 1) at 1% v/v concentration. The reduction 

of nystatin and clove oil inhibitory activity against C. tropicalis, compared to the middle phase, 

is due to the formation of C. tropicalis biofilms with a more complex structure. In this phase, 

the growth time of C. tropicalis biofilm is longer than in the middle phase. Also, normally a 

thick EPS matrix has formed, and inter-cell communication (quorum sensing) has occurred.  

Even though the clove oil activity had decreased at the maturation phase, the MBIC50 

activity of clove oil was at 0.5% v/v (*P<0.05) (Table 1). This shows that clove oil still has 

sufficient potential to be developed as an antibiofilm agent for the maturation phase of biofilms. 

3.3. Effect of clove oil against biofilms of mono-species C. tropicalis at degradation phase. 

The results showed that at the degradation phase, clove oil with a concentration of 1% 

v/v gave the inhibitory activity of the biofilms of 41.87 ± 0.01, while nystatin was 56.10 ± 0.01. 

There was a decrease in biofilm inhibitory activity compared to the middle phase (65.21 ± 0.01) 

and maturation phase (50.11 ± 0.01) (*P<0.05) (Figure 2). 
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Figure 2. Inhibitory effect of clove oil against C. tropicalis biofilm at degradation phase (ANOVA with p 

<0.05). 

The Biofilm degradation phase is the longest phase in biofilm formation. This phase is 

different from the middle phase and maturation. In this phase, EPS biofilm structure is well-

formed, thicker, and very complex so that the protection of bacteria from antimicrobial agents 

and antibiofilm becomes stronger [5].  

3.4. Scanning electron micrograph (SEM) result of untreated C. tropicalis biofilm. 

The result showed that untreated C. tropicalis has a high cell density on the EPS Matrix 

which is protected C. tropicalis (Figure 3). This indicated that biofilm was formed. 

Biofilms matrix serves as a link between adhesive and cohesive interactions providing 

mechanical stability to biofilms, control cell dispersion from biofilms, and could also act as 

providers of nutritional sources for cell communication [51]. The biofilm matrix of C. albicans 

is also acted as a protective biofilm cell and as a major barrier protecting biofilm cells during 

the attack from the immune system and treatment of antifungal drugs. 

According to Al Fattani and Douglas (2006), the matrix from C. tropicalis biofilm 

mostly composed of hexosamine (27.4%) with some smaller carbohydrate (3.3%, including 

0.5% glucose), protein (3.3%), and phosphor (0.2%) [52] 

3.5. Scanning electron microscopy (SEM) result of C. tropicalis administrated by 0.5% v/v 

clove oil.  

Clove oil 0.5% v/v can cause C. tropicalis biofilms cells to become lysis and cell 

density decreases (Figure 3).  

The picture from SEM (figure 3) shows that the administration of clove oil is proven to 

be able to damage the bacteria because the active compound can attack the EPS matrix of C. 

tropicalis. The findings show that clove oil can damage the cells and preventing C. tropicalis 

from forming the hyphae. On the other hand, a decline of the cell attachment, cell density, and 

lysis of the cell were observed. 
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(a) 

    
(b) 

Figure 3. Scanning Electron Microscopy (SEM) picture of C. tropicalis treated with 0.5% v/v clove oil, (a) 

before treatment; (b) after treatment. 

3.6. Discussions. 

This study aims to evaluate the inhibitory activity of clove oil against C. tropicalis 

biofilm formation. The biofilm formation process consists of 5 stages 37. First, bacteria cells 

stick to the surface of the substrate because of the influence of Van der Walls forces. In this 

step, the cell adhesion process is still temporary. Second, bacterial cells have permanently 

attached to the surface of the substrate because of the formation of exopolymer material which 

is a stronger adhesive compound. Third, a stage marked by the formation of microcolonies and 

biofilm begins to form. Fourth, the biofilm formed becomes more abundant and forms a three-

dimensional structure containing covered cells in several groups connected to each other. Fifth, 

the last stage, is the development of biofilm structure results in cell dispersion and causing the 

cell to separate from biofilm, attached to a new substrate and forming a new biofilm, followed 

by microcolony formation and subsequent growth into mature biofilms with self-production of 

extracellular polymeric substances (EPS) [53]. 

The results showed that, in the middle phase, clove oil inhibited 50% of C. tropicalis 

biofilm formation (Figure1). The inhibition of clove oil against mid-tropical C. tropicalis was 

65.21 ± 0.01 and had a similar activity with nystatin as drug control (75.17 ± 0.01). MBIC50 

activity of clove oil is 0.25% v / v. This proves that clove oil has the activity to inhibit biofilm 

formation before entering phase 3 in biofilm formation (Table 1). 

The process of a compound inhibits the biofilm phase’s growth by inhibiting the 

attachment of microbes to the surface to disrupt the development of biofilms. If the 

development of biofilms is disrupted, this will affect the biofilm structure to increase its defense 

against antimicrobials [49]. Bacteria in biofilm forms are different from planktonic bacteria in 

various ways of growth. One of the consequences is that bacteria in biofilms have been shown 

to be more resistant to antibiotics and antimicrobials [52]. Increased Candida infections on 
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biofilms cause and contribute to high antifungal resistance and escape from host defenses, 

resulting in persistent infection [54]. 

Inhibitory activity in the maturation phase was decreased (56.11 ± 0.01), while the 

control of nystatin was 68.29 ± 0.01. The same thing was also seen in the degradation phase, 

where clove oil with a concentration of 1% v/v has activity in the degradation phase of 41.87 

± 0.01, while nystatin was 56.10 ± 0.01. There was a decrease in biofilm inhibitory activity 

compared to the middle phase (65.21 ± 0.01) and maturation phase (56.11 ± 0.01) (*P<0.05) 

(Figure 2). 

This statement is in line with Hamzah's proposal that in the maturation phase, 

antimicrobial agents will have more difficulty penetrating the biofilm defenses [55]. Mature 

biofilms consist of yeast with hyphal elements forming complex tissues encased in the EPS 

matrix and away from the surface [56]. 

The degradation phase has a stronger biofilm defense than the maturation phase. In this 

phase, the EPS matrix composition is very thick and very difficult to be penetrated by 

antibiofilm agent compounds due to a long time in biofilm growth, so bacteria can meet their 

nutritional needs. 

Microbes that form biofilms in the degradation phase are more difficult to destruct than 

in the middle and inhibitory phases. This is because the biofilm has grown long enough so that 

complex biofilm defenses have formed, embedded deeper, and more EPS is produced so that 

antibiotics are difficult to penetrate. Besides, microbes have also formed quorum sensing 

communication [45]. This is also consistent with the fact that resistance to antifungals in 

biofilms is primarily attributed to the extracellular matrix acting as a shield that delays or 

prevents drug spread to individual cells located deep within the microcolony, thereby reducing 

adsorption and or neutralizing the effect of the drug [57] 

The results showed that clove oil has activity as a middle phase, maturation, and 

degradation-phase antibiofilm, although the effect decreases along with the longer time/higher 

phase of biofilm formation. This study doesn’t give much information about the mechanism of 

action of clove oil as antibiofilm. Various works of literature state that the mechanisms of 

action mediated by clove oil are still being studied. There was not much information known 

related to the mechanism of clove oil as antibiofilm. Mainly, other researches related to clove 

oil are conducted based on eugenol as its main component. 

Recent research showed that clove essential oil could kill numerous bacteria and fungi, 

and the antimicrobial activity is attributable to eugenol, oleic acids, and lipids found in its 

essential oils [58]. Clove fundamental oil (CEO) speaks to one of the EOs with recognized 

antibacterial movement and wide pertinence in restorative hone for the complementary 

treatment of contaminations caused by bacteria [59]. Eugenol, the major component of 

Syzygium aromaticum (clove) oil [60]. There are several mechanisms of eugenol as 

antibiofilm. Eugenol (and thymol and carvacrol) can inhibit the activity of H+-ATPase and 

efflux pump. A substantial decrease in C. albicans cell adherence was also observed due to the 

administration of eugenol [39]. Eugenol can disrupt cell connections, detect existing biofilms, 

and eradicate bacteria on biofilms, MRSA and MSSA (having the same effectiveness). Eugenol 

significantly reduced the expression of biofilms and enterotoxin-related genes and decreased 

bacterial colonization of the middle ear [61]. Eugenol affects suppressing P. gingivalis 

antibiofilm and decreases the expression of genes that encode virulence factors [62]. Eugenol 

can cause major changes in the morphology of planktonic cells and leakage of cytoplasmic 

constituents in candida spp., indicating that the mechanism is related to the cell membrane. 

https://doi.org/10.33263/BRIAC122.15071519
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Although the mechanism in eradicating the candida spp. is not yet fully known [63]. Besides, 

cell membrane damage is also possible due to Reactive Oxygen Species [39].  

This finding showed that clove oil is very potential to be developed into an antibiofilm 

agent. Further research can be conducted in elucidating the composition of clove oil 

components and the mechanism of action of clove oil or its component as antibiofilm, 

especially eugenol. Other research can be carried out, including conducting research using 

other microbial strains or developing more potent clove oil either by finding, isolating, studying 

and modifying its active component or through formulation with nanomolecular technology to 

overcome limitations on EPS membranes. 

4. Conclusions 

Clove oil could inhibit the formation of C. tropicalis biofilms. Therefore, clove oil is 

very potential to be developed as C. tropicalis antibiofilm. Further research can be carried out, 

especially in research using other bacterial strains, elucidating the mechanism of action, 

evaluating its active component, and improvement by formulation in nanomolecular 

preparation. 
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