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ABSTRACT

The Indonesian community recognizes eucalyptus oil as one of the traditional medicines. Eucalyptus oil is known for its 

antimicrobial properties, which are antibacterial, antivirus, and antifungal. This study aimed to determine the antifungal 

effect as an antimicrobial of eucalyptus oil (Melaleuca leucadendra) produced by MSME Sendang Arum Lamongan in 

inhibiting the growth of Candida albicans. There search used a true experimental post-test-only control group design with 

the antifungal diffusion test method. Sampling was done by simple random sampling with eucalyptus oil concentrations of 

20%, 40%, 60%, 80%, and 90%. The data obtained was inhibition zone diameter, which was analyzed using IBM SPSS 

statistics 26 software. In this study, the diameter of the inhibition zone of positive control, negative control, 40% 

concentration, 60% concentration, 80% concentration, and 90% concentration was 19.63 mm, 0.00 mm, 26.36 mm, 41.15 

mm, 49.69 mm, 56.09 mm, 61.36 mm, respectively. Non-parametric statistical analysis using the Kruskal-Wallis test obtained 

p<0.05, indicating an effect between eucalyptus oil (M.leucadendra) on the ability to inhibit the growth of Candida albicans. 

The post-hoc test with Dunnet T3 found that the concentration of eucalyptus oil 40%, 60%, 80%, and 90% had significant 

differences from the positive control (Nystatin 100 IU). Eucalyptus oil (M. leucadendra) can inhibit the growth of Candida 

albicans. Therefore, eucalyptus oil has great potential as an alternative or adjunctive therapy for treating candidiasis caused 

by Candida albicans.
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INTRODUCTION

(Melaleuca leucadendra) as a traditional medicine 
1for addressing various health complaints.  Melaleuca 

leucadendra, is a tropical plant, can grow well in 
2Indonesia, including Lamongan.  Eucalyptus oil has a 

potent antimicrobial ability, proven by being able to 

inhibit the growth of Pseudomonas aeruginosa, 

Candida albicans, Escherichia coli, Staphylococcus 
3-6aureus and Salmonella typhi.  Eucalyptus oil 

contains 45 active compounds, with the most 

significant proportion being the compound         
7,81.8-cineole, as much as 72.30%.  The compound can 

9destroy the cell walls of bacteria and fungi.  

Compared to drugs, herbal compounds have the 

advantages of low toxicity, diverse mechanisms of 
10action, and rarely cause side effects.  Therefore, 

eucalyptus oil is widely researched as an alternative 

treatment, one of which is to overcome Candida 

albicans infection.

People have recognized eucalyptus oil 

Candida albicans can cause mild skin infections to 

life-threatening systemic infections, especially in 

immuno compromised patients, and is the most 

common organism causing oral candidiasis (51%) 
11-14and vulvovaginal candidiasis (42%).  The 

increasing incidence of opportunistic infections 

needs attention to reduce the risk of morbidity and 
15mortality in immunocompromised patients.  In 

recent decades, the incidence of resistance of 

Candida sp. to several antifungal therapies has 
16become a concern for health workers.  antifungal 

treatment generally uses four main classes of drugs: 

polyenes, pyrimidine analogs, echinocandins, and 
17triazoles.  Azole group drugs, such as Fluconazole, 

have a high % resistance to Candida albicans of 
1835.3%, while Nystatin has a resistance of 5.33%.

In the research of Keereedach et al., eucalyptus oil 

can potently inhibit the growth of Candida albicans 

through the mechanism of damaging membrane 

integrity and inhibiting biofilm formation. The study 

also found the ability of eucalyptus oil to reduce 

1 2 3Wiwin Retnowati , Ichsan Abdillah , Ardiansah Bayu Nugroho

PAGE 280



Candida albicans resistance to Fluconazole 

expression of the MDR1 gene, which plays a role in 
19-21Candida albicans  resistance to Fluconazole.

Research on the antifungal ability as an 

antimicrobial of eucalyptus oil needs to be 

developed to explore the potential of eucalyptus oil 

as an alternative medicine or additional compound 

in overcoming Candida albicans infection. In this 

study, the eucalyptus oil used came from MSME 

Sendang Arum Lamongan, Indonesia. Sendang 

Arum MSME's is one of the eucalyptus oil producers 

in Lamongan, managed by the local village 

community. Eucalyptus oil from MSME Sendang 

Arum was tested for antibacterial properties and 

found to be effective in inhibiting the growth of 

Pseudomonas aeruginosa, Escherichia coli, and 
3-6Salmonella typhi.  This research is expected to drive 

the local community's economy and improve the 

Indonesian people's health level in accordance with 

SDG's points 3 and 8.

METHODS

This study was an experimental study that tested 

the antifungal activity as an antimicrobial of 

eucalyptus oil against the growth of Candida albicans 

fungus at several concentration variations: 20%, 40%, 

60%, 80%, and 90%. This study employs variations in 

concentration, utilizing five distinct levels ranging 

from lowest to highest, to identify the particular 

concentration of eucalyptus oil that exhibits 

antifungal properties. The selection of concentration 

was informed by prior research conducted by 

Targanski et al., which employed various 

concentrations. This research was conducted at the 

Microbiology Laboratory, Department of Medical 

Microbiology and Parasitology, Faculty of Medicine, 

Universitas Airlangga, Surabaya, Indonesia.

In this study, samples were used in the form of 

Candida albicans clinical isolates obtained from the 

Microbiology Laboratory, Department of Medical 

Microbiology and Parasitology, Faculty of Medicine, 

Universitas Airlangga. Clinical isolates were taken as 

much as 1 Ose to be mixed in Phosphate-Buffered 

Saline (PBS) solution, then homogenizing this 

solution using a vortex at 120 rpm. The fungal 

suspension that has been made equalized turbidity 
8with 0.5 Mc Farland standard solution (1.5x10  

CFU/mL) (Biosan DEN-1B Mc Farland Densitometer, 

No cat. BS-050104-AAF, Latvia).

The eucalyptus oil used in this study is produced 

by Sendang Arum MSMEs in Sambeng District, 

Lamongan Regency, East Java, Indonesia. The 

process of making eucalyptus oil is done through a 

distillation process. The Herbal Materia Medica 

Laboratory, Batu, Indonesia, identified the 

eucalyptus species used in this study. PERHUTANI 

Laboratory has tested the cineole content (73%) in 

eucalyptus oil. The eucalyptus oil will be dissolved in 

ethyl acetate and divided into five different dilution 

concentrations: 20%, 40%, 60%, 80%, and 90%.

The well diffusion method was used in this study 

to determine the inhibitory ability of eucalyptus oil 

against Candida albicans growth. Beginning with the 

preparation of Candida albicans suspension and 

preparation of eucalyptus oil. Candida albicans 

suspension was streaked in solid Sabouraud 

Dextrose Agar (SDA) media (Oxoid CM0041) using a 

sterile Ose. It made wells with a diameter of 6 mm on 

SDA media using a corkborer produced by the 

Microbiology Laboratory. One hundred µL of 

eacheucalyptus oil concentration was taken, put in 

the wells, and labeled. This study was repeated three 

times.

The positive control used was Nystatin antifungal 

disc (Liofilchem 9078) 100 IU, and the negative 

control was ethylacetate. The results were read by 

measuring the inhibition zone formed with a caliper 

after incubation for 2x24 hours at 37°C. Then, the 

diameter of  the inhibition zone was measured.

The research permit has been approved by the 

Health Research Ethics Committee of the Faculty of 

Medicine, Universitas Airlangga, Surabaya with 

article number No. 175/EC/KEPK/FKUA/2023.
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Table 1. Diameter of zone of inhibition of eucalyptus oil against Candida albicans

Intervention  R1 (mm) R2(mm) R3(mm) 
AverageZone 

of Inhibition(mm) 

Control+ 19.63 19.63 19.63 19.63 

Control- 0 0 0 0 

20% 28.08 26.23 24.77 26.36 

40% 39.65 43.77 40.02 41.15 

60% 50.04 47.33 51.71 49.69 

80% 56.05 57.24 54.98 56.09 

90% 62.04 58.33 63.71 61.36 
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Table 2. Diameter of inhibitory of Nystatin based on the CLSI

Antifungal
 

Species
 

Category Interpretation and Zone Diameter Limits

Sensitive Intermediate  Resistant 

Nystatin 100 IU Candida albicans  ≥ 15 10-14 ≥ 10 

RESULTS AND DISCUSSIONS

In this study, the inhibition ability as an 

antimicrobialof eucalyptus oil against Candida 

albicans can be seen in Table 1.

According to the Clinical and Laboratory 

Standards Institute (CLSI) (Table 2), Nystatin 100 IU 

positive control has a sensitive interpretation if an 

inhibition zone of ≥ 15 mm is formed, intermediate if 

an inhibition zone of 10-14 mm is obtained, and 
22,23resistant if the inhibition zone formed is ≤ 10 mm.  

In this study, the average diameter of the inhibition 

zone of the 100 IU Nystatin disk was 19.3 mm. 

Therefore, the Candida albicans specimen used in this 

study can be considered sensitive to Nystatin, so the 

positive control in this study can be reliable. In this 

study, all concentrations had a higher inhibition 

diameter than Nystatin 100 IU.

Table 3. Dunnet T3 test of the zone of inhibition produced by several concentrations of eucalyptus oil against 

the growth of Candida albicans

Intervention  Control + Control-    20% 40% 60% 80% 90% 

Control+ -       

Control- - -      

20% 0.95 0.007 -     

40% 0.018 0.005 0.011 -    

60% 0.009 0.003 0.002 0.084 -   

80% 0.002 0.001 0.000 0.016 0.142 -  

90% 0.007 0.003 0.002 0.007 0.047 0.349 - 

 

Table 4. Results of laboratory analysis of eucalyptus oil of MSME Sendang Arum Lamongan

 

Parameter  Indonesia 

National Standard

 

Result Measuring Device 

Specific gravity in 25 oC  (g/mL)  0.900-0.930 0.911 Pycnometer  

The refractive indexin 20
o
C  1.450-1.470 1.465 Refractometer  

Optical rotation (  )
o
 

 - 4
o
until 0

o
 

-
 

Polarimeter
 

Solubility in ethanol  Clear Clear Ethanol 80% 

1.8-cineol concentration (%) 

 

Super : >60% 

Major : 55% - 60% 

Primary : 50% -<55%  

72.30 Gas chromatography  

Color 
 

 

Colourless,  
greenish/yellowish and

clear 

 

Clear and greenish

 

Visual 

Odor Typical  eucalyptus odor Sense of smetlTypical  eucalyptus odor

The results of the obtained inhibition zone 

diameters were processed using IBM SPSS statistics 

26 software. The first statistical test employed was the 

Shapiro-Wilk test for normality and homogeneity. 

The normality test obtained a p-value greater than 

0.05, indicating that the data were normally 

distributed. However, a p-value less than 0.05 was 

obtained in the homogeneity test, indicating that the 

data was not homogeneous. Since data was not 

normally distributed, the analysis continued using 

the Kruskal-Wallis non-parametric test. In the 

Kruskal-Wallis test, a p-value less than 0.05 was 

obtained. These results indicate that the different 

concentrations of eucalyptus oil produced by MSMEs 

in Lamongan inhibit Candida albicans' growth. 

Further post-hoc test was required using the 

Dunnet T3 test to determine the significant 

difference in the average diameter of the inhibition 
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zone between positive and negative control 

variables against several concentrations of 

eucalyptus oil. There was a significant difference 

(p<0.05) in the negative control against eucalyptus 

oil concentrations of 20%, 40%, 60%, 80%, and 90%. 

In the positive control, there was a significant 

difference (p<0.05) in the concentration of 

eucalyptus oil 40%, 60%, 80%, and 90%.

Based on several previous studies, eucalyptus oil 

of Sendang Arum MSMEs can inhibit the growth of 

Escherichia coli. In this study, the content of          

1.8-cineole in eucalyptus oil amounted to 

72.30%. The identification results obtained from the 

PERHUTANI Laboratory can be seen in Table 4.

Eucalyptus oil is a herbal plant spread across 
23various islands in Indonesia.  Eucalyptus oil contains 

32 active compounds, with the main compound 
8,23being 1.8-cineole, which has antifungal abilities.  

The compound 1.8-cineole contained in    

eucalyptus oil at high concentrations can induce 

ROS-dependent cell death and inhibit hyphal 

morphogenesis; at lower concentrations, the 

compound 1.8-cineole can inhibit biofilm formation 
20of Candida albicans.  Eucalyptus oil also can increase 

the effectiveness of the drug Fluconazole against 
24Candida albicans.

Candida albicans is highly resistant to the 
24,25antifungal drug Fluconazole at 25-35.3%.  This 

resistance is caused by genetic and phenotypic 
26mutations.  Genetic mutations occur in several 

27genes, such as the MDR1, ERG11, and CDR1 genes.  

Over expression of the MDR1 gene disrupts 
28membrane transport in Candida albicans.  

Meanwhile, mutation of the ERG11 gene causes 

failure in ergosterol biosynthesis in the Candida 
29albicans cell wall.  In the research of Keereedach     

et al., the mixture of eucalyptus oil with Fluconazole 

was able to reduce the Minimum Inhibitory 

Concentration (MIC) of Fluconazole-resistant 

Candida albicans by 8 times the MIC of Fluconazole 
21by decreasing the expression of the MDR1 gene.

In this study, eucalyptus oil demonstrated 

antifungal activity as an antimicrobial against 

Candida albicans. At a concentration of 20%, 

eucalyptus oil had an average inhibition zone 

diameter of 26.36 mm, greater than the inhibition 

zone produced by Nystatin (19.63 mm), the positive 

control. Additionally, other concentrations also 

exhibited larger inhibition zone diameters. This 

result indicates that eucalyptus oil produced by 

Lamongan MSMEs was more effective than Nystatin 

100 IU disks at concentrations above 20% in 

inhibiting the growth of Candida albicans.

The results of non-parametric data analysis 

through the Kruskall-Wallis test showed the effect 

(p<0.05) of eucalyptus oil in inhibiting the growth of 

Candida albicans. In the Dunnet T3 follow-up test, 

there was no significant difference (p>0.05) between 

100 IU Nystatin disk and 20% concentration of 

eucalyptus oil in the ability to inhibit the growth of 

Candida albicans. However, 40%, 60%, 80%, and 90% 

at higher concentrations had significant differences 

(p<0.05) against the positive control Nystatin 100 IU. 

This finding could be due to increased levels of the 

active compound 1.8-cineole, which potently inhibits 

the growth of Candida albicans. Therefore, 

eucalyptus oil at this concentration effectively 

inhibited the growth of Candida albicans.

This study's results align with the research of 

Naomi et al., which found an inhibition zone of 26.33 
30mm at a concentration of 100% eucalyptus oil.  The 

differences in results may be attributed to variations in 

the subspecies of eucalyptus used and the geological 

factors influencing eucalyptus plant growth, which 

can cause differences in the content of eucalyptus oil. 

The content of the 1.8-cineole compound in 

eucalyptus oil produced by MSME Sendang Arum 

Lamongan is 72.30%, higher than the 1.8-cineole 

content of 5.2% reported in Naomi's research. 

In the research conducted by Zhang et al., the 

results showed eucalyptus oil's inhibitory ability 

(MIC) at a concentration of 62.5 g/mL. This study 

used a positive control (Fluconazole) with a MIC of 

6.25 g/mL. Zhang's study used an antifungal 

dilution test, while this study employed an antifungal 

diffusion test. Additionally, the positive control used 

in Zhang's study differed from the positive control in 

this study. Therefore, the inhibitory ability of 

eucalyptus oil against Candida albicans between the 

two studies cannot be compared significantly. 

Zhang's study stated that terpinene-4-ol (36.85%) 

was the main compound in eucalyptus oil, while the 

content of 1.8-cineole was 4.61%. In contrast, this 

study found that 1.8-cineole (72.30%) was the main 
19compound present in eucalyptus oil.

The differences in the content of compounds in 

eucalyptus oil can be influenced by the climate and 

soil conditions in which eucalyptus plants grow. The 

growth of eucalyptus plants is affected by the 

phosphates and cation exchange capacity levels in 

the growing media used. Eucalyptus thrives in 

tropical areas with high rainfall (1.300-1.750 mm) 

and is well-suited to grumosol, latosol, and regosol 
31soil types.  However, the compound 1.8-cineole with 

terpinen-4-ol has similarities as a class of oxide 

monoterpene compounds commonly found in 

μ

μ
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32various essential oils.  Several compounds in 

eucalyptus oil as an antimicrobial exhibit 

antibacterial and antifungal properties. Among 

them, 1.8-cineole has the strongest ability to 

damage cell walls by disrupting membrane 

permeability, while terpinen-4-ol is the most 

effective in inhibiting Candida albicans biofilm 
33,34formation.

CONCLUSIONS AND SUGGESTIONS

Eucalyptus oil produced by MSME Sendang Arum 

Lamongan can inhibit the growth of Candida 

albicans. Therefore, eucalyptus oil has great 

potential as an alternative or adjunctive therapy for 

treating candidiasis caused by Candida albicans. In 

addition, using eucalyptus oil is expected to reduce 

Candida albicans' resistance rate to other antifungal 

drugs.

This study was only conducted to determine the 

antifungal effect of eucalyptus oil against Candida 

albicans, and it is suggested that future studies could 

conduct antifungal tests of eucalyptus oil against 

several other pathogenic fungi or bacteria.
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