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ABSTRACT 

Tea tree oil (Melaleuca alternifolia) has been acknowledged for its antibacterial and antifungal properties. Previous publications 

revealed that the tea tree oil has antibacterial activity against Propionibacterium acnes, which is the leading cause of acne, 

Staphylococcus aureus that caused various skin infections, and antifungal activity against Candida albicans. In this work, we aim 

to investigate the effect of microemulsion preparations in various gelling agents to their antibacterial and antifungal properties. 

Microemulsions have smaller droplets size than conventional emulsions; thus, we hypothesized that there would be a different effect on their 

inhibitory properties. The tea tree oil is formulated into a microemulsion and conventional emulsion, followed by incorporation into different 

gelling agents: Carbopol 940, Hydroxy-propyl methylcellulose, and sodium alginate. Physicochemical properties, such as pH, viscosity, and 

physical stability, had also been tested. The antibacterial and antifungal properties were tested using agar well diffusion methods. The 

microemulsion size was (26.23 + 0.15) nm, the pH of the final gel formulations was 4 to 7, and all formulations were physically stable under 

room temperature. The diameter of inhibition zones against bacteria and fungus was statistically analyzed using the multifactorial ANOVA 

method. The factors significantly affecting antibacterial and antifungal activities are the species of fungus and bacteria (p <0.001), gelling 

agents in formulations (p <0.05), and emulsions preparations (p <0.001). It was also interesting to note that these factors were significant on 

the activities tested (p <0.05).  
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1. INTRODUCTION 

Tea Tree Oil (TTO) is an essential oil primarily derived 

from the Melaleuca alternifolia plant native to Australia. 

Mostly used as an antimicrobial and used as an active 

ingredient in topical preparation formulations used to treat 

skin infections in Australia, Europe, and North America.[1]. 

Terpinene-4-ol is the main component of tea tree oil, which 

has strong antimicrobial activity[2]. This research aims to 

optimize the activity of these active ingredients; it is 

necessary to carry out investigations to find out what factors 

influence it. This study aims to determine the effect of 

differences in gelling agents in gel microemulsion 

preparations containing TTO on several microbial species 

that cause skin infections, namely Propionibacterium acnes, 

Staphylococcus aureus, and the fungus Candida albicans. 

2. MATERIAL AND METHODS 

2.1. Materials  

The instruments used are Analytical Balance (Shimadzu), 

pH meter (SI Analytics Lab 845), Electric Homogenizer 

(Heidolph), Viscometer (Brookfield), Particle Size Analyzer 

(Horiba Scientific, Nano Particle Analyzer SZ-100). 

The materials used are Tea Tree Oil (Happy Green), 

Polysorbate 80 (Bratachem), propylene glycol (Dow 

Chemical Pacific), Carbopol 940 (Dow Chemical Pacific), 

Triethanolamine (TEA, Bratachem), Hydroxy-propyl 

methylcellulose (Dow Chemical Company), Na-Alginate 

(Yantai Sheli Hydrocolloids), CaCl2 (Bratachem), Na- 

EDTA (AkzoNobel), Methylparaben (Ueno Fine Chemicals), 

Propylparaben (Ueno Fine Chemicals), Purified water 

(Bratachem). 

2.2. Methods 

In this research, a tea tree oil microemulsion gel was 

prepared. This research was carried out by making three 

formulas for the Tea Tree Oil microemulsion gel preparation, 

which will then be carried out by organoleptic test, pH test, 

viscosity test, spread-ability test, homogeneity test, and 

stability test (real-time and freeze-thaw), continued by 

antibacterial and antifungal activity tests. 

The tea tree oil microemulsion prepared according to our 

previous publications [3]using 20% of Polysorbate 80 and 

10% of Propylene Glycol as surfactant and co-surfactants. 

The microemulsions were then formulated into gel 

Advances in Health Sciences Research, volume 33

Proceedings of the 4th International Conference on Sustainable Innovation 2020–Health

Science and Nursing (ICoSIHSN 2020)

Copyright © 2021 The Authors. Published by Atlantis Press B.V.
This is an open access article distributed under the CC BY-NC 4.0 license -http://creativecommons.org/licenses/by-nc/4.0/. 515

mailto:radityawn@umm.ac.id


  

 

preparations: 1%Carbopol 940, 5% HPMC, and 5% sodium 

alginate (Table 1). 

Table 1. Formulations of TTO Microemulsion Gel 

Preparations 

Materials Functions F1 F2 F3 

3.3% TTO 

microemulsions 

Active 

Ingredients 

75 75 75 

Carbopol ® 940 Gelling agent 1 - - 

TEA  Alkalizing agent To pH 

7 

- - 

HPMC Gelling agent - 5 - 

Na- Alginate Gelling agent - - 5 

CaCl2 Cross-linked 

agent 

- - 0.2 

Na EDTA Chelating agent 0.05 0.05 0.05 

Methylparaben Preservatives 0.18 0.18 0.18 

Propylparaben Preservatives 0.02 0.02 0.02 

Na- 

Metabisulfite 

Antioxidants 0.1 0.1 0.1 

Purified Water Solvents Ad 

100% 

Ad 

100% 

Ad 

100% 

 

According to previous reports, the antibacterial and 

antifungal activities of the preparations were evaluated using 

agar well diffusion methods [4]. Each plate of agar contained 

microemulsion and conventional emulsion — containing Tea 

Tree Oil and 3% Tween as a surfactant — preparations 

incorporated into different gelling agents to examine the 

activity of the preparations against Propionibacterium acnes, 

Staphylococcus aureus, and Candida albicans. The positive 

control used was Clindamycin Gel 1% as antibacterial agents 

and Ketoconazole 2% as antifungal agents.  

The inhibition zones' diameter against bacteria and fungi 

was statistically analyzed using the multifactorial ANOVA to 

understand the factors affecting in-vitro antibacterial and 

antifungal activities. Three factors have different levels and 

values in this experiment (Table 2). The software used in this 

analysis was Minitab® 17 Statistical Software. 

Table 2. Factors and Level Tested 

Factor Levels Values 

Microbial Species 3 C. Albicans, P. acnes, S. aureus 

Gelling Agents 3 Carbopol 940, HPMC, Na Alginate 

Preparations 2 Emulsion Gel, Microemulsion gel 

 

3. RESULTS AND DISCUSSIONS 

3.1. Physicochemical Evaluations 

The PSA test is carried out to determine the particle size 

of the preparation; this test is carried out because it is very 

important to determine that the preparation of a Tea Tree Oil 

microemulsion has met the specifications. Microemulsions 

consist of globules having a diameter of 10-200 nm[5]. The 

microemulsion preparation of Tea Tree Oil (TTO) size 

determinations was done using Particle Size Analyzer (PSA) 

in three replications. The average diameters obtained were 

26.23 nm (Table 3) and met the microemulsion preparation 

criteria [6]. According to the previous investigations, the most 

important factor that affects the formations of nano-emulsions 

is the packaging of the oil phase by the surfactants [7].  

Table 3. Particle size and Zeta Potential Measurements of 

TTO Microemulsions 

Replications Particle Size 

(nm) 

Zeta Potential 

(mV) 

1 26.1 nm -1.3 mV 

2 26.4 nm -1.3 mV 

3 26.2 nm -1.3 mV 

Average + SD 0.15+26.23 -1.3 mV 

 
The zeta potential is an electrical charge formed at the 

interface of a solid or colloidal surface with the liquid 

medium, which is measured in millivolts (mV). Zeta potential 

shows the potential difference between the dispersing 

medium and the liquid's stationary layer surrounding the 

dispersed particles [8].  The preparation's zeta potential is <-

30mV because the surfactant components used in the formula 

are non-ionic surfactants. The slightly negative results were 

probably caused by the interactions of OH- ions with the 

numerous ethylene oxide groups at the surfactant hydrophilic 

head groups, these results are in accordance with previous 

reference [9].  

The pH test results (Table 4) for all gel preparations were 

obtained in the range 4-7. The highest pH of the preparation 

is F1, which uses TEA as an alkalizing agent. A statistical test 

was carried out in the stability test using the paired sample t-

test method to compare the pH before and after storage. The 

significance value obtained was p = 0.199 < 0.05, which 

means that there is no significant difference between the 

preparation's pH before and after the stability test. 
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Table 4. Physicochemical evaluations of TTO 

Microemulsion Gel 

Formula pH Value Viscosity 

Measurements 

pH 

Differences in 

storage *) 

F1 7.2 ± 0.37 31667 ± 4252 (-)0.89 + 0.52 

F2 4.63 ± 0.25 1667 ± 1010 (-) 0.277 + 0.37 

F3 5.36 ± 0.31 37667 ± 10540 (+) 0.29 + 0.29 

*) storage conditions are 40⁰C for 30 days; (-) indicating a 

decrease in pH value, while (+) indicating an increase 

3.2. Antibacterial and Antifungal activity of TTO 

preparations 

The microemulsion is a thermodynamically stable system 

and is a dispersion of oil and water, which is stabilized by an 

amphiphilic molecular film layer formed by surfactants and 

cosurfactants.[5]. Microemulsion has high solubility with a 

small particle size to increase the effectiveness of the 

preparation. 

Tea tree oil is an essential oil extracted from the leaves of 

Melaleuca alternifolia by steam distillation, which has been 

shown to have antibacterial and fungal properties. Tea Tree 

Oil has activity against Propionibacterium acnes with 

Minimum Inhibitory Concentration (MIC) values ranging 

from 0.05% to 0.63% [1]. The results in Table 5 showed that 

the formulations gave inhibitions against microbes, indicating 

the formulations' efficacy.   

Table 5. The diameter of inhibitions against microbes 

Gelling 

Agents 
Preparations 

Microbial 

Species 

The diameter of 

Inhibition + SD 

(mm) 

Carbopol 

940 

Microemulsion 

gel 

S. aureus 14.45 + 1.27 

P. acnes 6.07 + 0.13 

C. Albicans 9.99 + 1.18 

Emulsion Gel 

S. aureus 7.75 + 0.46 

P. acnes 16.73 + 0.52 

C. Albicans 6.24 + 0.13 

HPMC 

Microemulsion 

gel 

S. aureus 15.31 + 0.78 

P. acnes 6.55 + 0.50 

C. Albicans 9.99 + 0.52 

Emulsion Gel 

S. aureus 9.45 + 0.20 

P. acnes 17.79 + 2.52 

C. Albicans 6.59 + 0.38 

S. aureus 11.16 + 0.27 

Na 

Alginate 

Microemulsion 

gel 

P. acnes 6.33 + 0.35 

C. albicans 6.24 + 0.17 

Emulsion Gel 

S. aureus 8.92 + 0.36 

P. acnes 18.28 + 0.89 

C. Albicans 10.35 + 0.55 

 

Based on the analysis in Table 4, it is known that the same 

preparation will cause growth inhibition, which is 

significantly different (p <0.001) depending on the microbial 

species being opposed. It is known that tea tree oil and its 

components compromise the cytoplasmic membrane. 

Consequent leakage of cytoplasmic material indicates gross 

and irreversible damage to the cytoplasmic membrane[10]. 

The cytoplasmic membrane of gram-positive bacteria is 

protected by peptidoglycan, while in fungi, there is an 

ergosterol component[11], [12]. It is this structural difference 

that allows the difference in sensitivity to the TTO 

microemulsion preparation. 

Table 6. The results of Multifactorial ANOVA 

Source F-Value p-Value 

Species     

Gelling Agents   

Preparations   

Species*Gelling Agents 

Species*Preparations 

Gelling Agents*Preparations 

Species*Gelling Agents * Preparations 

99.19  

4.66  

60.87  

4.62  

459.78 

39.07 

8.06 

0.000 * 

0.016 * 

0.000 * 

0.004 * 

0.000 * 

0.000 * 

0.000 * 

 

The test results in Table 6 show that there is an activity in 

all the samples tested. A further analysis was carried out using 

a multifactorial ANOVA to determine the influencing factors 

and their interactions. There should be a response as a 

dependent variable in the multi-factor model and one or more 

factors as the independent variables. This model is often used 

in designed experiments in which the experimenter sets the 

values for each factor variable and then measures the response 

variable[13].  

The gelling agents' differences also caused significant 

differences (P <0.05) in the antibacterial activity of the TTO 

microemulsion preparations. The difference in gelling agents 

affects the release of medicinal substances in the preparation. 

Different gelling agents will have different release 

profiles[14], thus causing differences in the Inhibition of the 

preparation against microbes. It was also interesting to note 

that previous research indicated the interaction of Carbopol® 

and Polysorbate affecting its diffusional behavior [15]. 

Meanwhile, the different dosage forms of microemulsion gel 

and conventional gel emulsion also gave different activity 

profiles. Previous research indicated that microemulsion 

Advances in Health Sciences Research, volume 33

517



  

 

treatment in alteration of permeability and surface features of 

the bacterial cell membrane leads to lysis and cell death[16].  

Figure 1. Interaction Plot between Bacteria Types and Form 

of Preparation 

Factors such as the form of preparation and type of 

bacteria also interacted significantly (P <0.001), which 

influenced their antimicrobial activity. This interactions were 

indicated by a line that is not parallel in Figure 1. With this 

interaction, it is necessary to consider the dosage form 

suitable for certain bacterial targets. 

4. CONCLUSIONS 

The formulation factors such as the preparation type and 

gelling agents used in the antibacterial topical dosage forms 

should be designed according to the microbial target as 

different species of microbes might have different responses. 

Further study should be done to investigate the results. 
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