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Abstract 
The introduction of organic materials into polymethyl methacrylate (PMMA) resin has been implemented to 
reinforce the antimicrobial properties in oral denture bases. A new drug delivery technique using polylactic acid 
(PLA) microcapsules infuses with organic ingredients such as tea tree oil (TTO). When incorporated into PMMA 
resin, these microcapsules will provide an effective antifungal effect on the denture surface. The objective is to 
investigate the antifungal interaction of PLA/TTO microcapsules in polymerised PMMA denture base resin against 
Candida albicans. An advanced encapsulation technique was performed to synthesise PLA microcapsules 
containing TTO. The TTO/PLA microcapsules were characterised using Ultraviolet-visible (UV-Vis), Fourier-
transform Infrared (FTIR), Gas chromatography-mass spectrometry (GCMS) and scanning electron microscope 
(SEM). Three different concentrations of prepared microcapsules (TTO: PLA (% w/w)), 10%, 50% and 100% were 
incorporated into polymerised PMMA denture resin. The tested materials were subsequently evaluated for 
antifungal activity for several weeks at intervals of 7, 14 and 30 days using the well diffusion test. Further 
observation through SEM was included to assess the attachment of oral microorganisms to the surface of the 
modified denture base. From the spectroscopic analysis, the microcapsules were successfully synthesised using a 
new drug delivery encapsulation method. The antifungal activity of polymerised PMMA denture incorporated 
with TTO/PLA microcapsules demonstrated a significant effect (p<0.05) against C. albicans, where the inhibition 
area increased as the concentration increased. The study demonstrated that organic TTO can be encapsulated 
with PLA, potentially serving as a drug delivery vehicle for controlling drug release. Incorporating TTO/PLA 
microcapsules into PMMA denture base can significantly enhance the antifungal effect on the denture surface, 
offering potential usefulness for denture users in the future. 
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Introduction 
The problem related to dentures is still considered 
high because of the high demand for patients 
wearing dentures and other oral prosthetics. 
However, denture hygiene issues for the aged 
population require high levels of care due to limited 
skills to handle regular oral hygiene regimens (1). 
Antibiotics or antifungal medication can be 
prescribed for patients with denture hygiene issues; 
however, concerns remain relating to healthcare 
costs and microbial antibiotic resistance (2). It would 

be preferable to choose a restorative material with 
antibacterial properties that prevent bacterial 
growth around the restoration (3). Denture base 
material fabricated by polymerised polymethyl 
methacrylate (PMMA) resin is commonly used due 
to its good physical properties, low cost, and ease of 
use (4). It remains a preferable material for 
removable complete and partial prostheses. Many 
researchers have studied the influence of denture 
cleansers and disinfectant solutions on oral microbial 
adhesion to denture base materials (5, 6). Recent 
approaches have been developed, such as 
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incorporating antimicrobial agents into denture 
materials. Cinnamon, Neem tree extract, and 
Melaleuca alternifolia oil (also known as TTO) have 
been established as potent antimicrobial agents that 
can be used safely (7). Tea tree essential oil was 
found to affect C. albicans significantly. According to 
Pachava et al. (8), adding tea tree oil to denture soft 
liners markedly showed the growth of C. albicans (8). 
Another study from Dalwai et al. (2) reported that 
tea tree oil had a substantial antifungal effect 
comparable to chlorhexidine gluconate 2%, 
indicating that C. albicans was suppressed up to the 
14th day. Similarly, Al-Mashhadane discovered that 
immersing the heat-polymerised denture base resin 
in tea tree oil effectively decreased the growth of C. 
albicans cells (9).  
 

However, the main components in TTO, such as 
terpien-4-ol, α-limonene, and carvacrol, are volatile 
and cannot be directly used in high concentration for 
actual situations of oral condition (10). According to 
a systematic review by An et al. (7), 
microencapsulation drug delivery technology would 
be a beneficial approach for medication delivery. 
Encapsulation technology protects the core (TTO) 
from external factors such as humidity, pH and 
temperature (11). One of the polymers commonly 
used for drug delivery systems is polylactic acid 
(PLA), which is widely used in the medical field to 
enhance patient compliance by reducing repeated 
administrations (12). Because of its biodegradable 
properties, non-toxicity and biocompatibility, 
polylactic acid has been successfully employed for 
drug encapsulation, tissue engineering, medical 
devices, and biomedical products. The capsules of 
PLA containing essential oil or the major isolated 
components promote the controlled release of the 
active compounds against targeted pathogens. 
However, because of its molecular structure, merely 
mixing polylactic acid microcapsules with active 
ingredients cannot fulfil the performance 
requirement. Unfortunately, there have been few 
publications on PLA microcapsules containing 
essential oils, which presents a tremendous 
opportunity to investigate the behaviour of this form 
of microcarrier (13). 
 

In this work, the synthesis and characterisation of 
the polylactic acid-containing tea tree oil (PLA/TTO) 
microcapsules utilising the double emulsion and 
solvent evaporation technique, which is the most 
extensively used for manufacturing PLA 
microcapsules (10). The performance of the 

antifungal effect was further explored after being 
incorporated with PMMA denture resin to 
determine the effectiveness of TTO release from PLA 
microcapsules to inhibit the growth of Candida using 
a well diffusion test and was inspected under SEM as 
well. 
 

Methodology 
 

Materials 
Materials used in this experiment were PLA pellets; 
Dichloromethane (DCM); Polyvinyl alcohol (PVA) 
powder; Melaleuca alternifolia (tea tree oil; TTO) 
from Thursday`s Plantation, Australia; polymerised 
PMMA acrylic resin type II, class 1; Sabouraud 
dextrose (SD) agar and broth powder from Oxoid; 
Candida albicans (C. albicans) from ATCC 10231.  
 

Preparation and synthesis of microcapsules 
The PLA/TTO microcapsules were synthesised using 
the emulsion and solvent evaporation (ESE) 
technique based on a study by our local researchers 
but with some modifications (12). PLA pellets were 
dissolved in DCM, followed by dispersion of 1 ml tea 
tree oil (TTO). This solution is subjected to vigorous 
homogenisation to yield the primary emulsion. The 
primary emulsion was immediately emulsified into 
PVA solution and stirred at 1,250 rpm for 5 minutes 
at room temperature to form a secondary emulsion. 
Then, the speed of the stirrer was decreased to 250 
rpm overnight to allow solvent evaporation. The 
PLA/TTO mixture formed at the bottom of the flask 
was filtered, washed, and dried overnight at room 
temperature before further use. Figure 1 shows the 
flow in the synthesis of PLA/TTO microcapsules. 
 

 
 

Figure 1: Schematic of double emulsion and solvent 
evaporation (ESE) technique to encapsulate tea tree 
oil (TTO) in polylactic acid (PLA) polymer.
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Characterisation of PLA/TTO microcapsules 
 

i) Ultraviolet-visible (UV-Vis) spectroscopy 
The encapsulation content of PLA/TTO 
microcapsules was determined by an ultraviolet 
visible (UV-Vis) spectrophotometer (LAMBDA 365). 
The wavelength for TTO UV-Vis analysis is performed 
at 268nm.  
 

ii) Fourier transform infrared (FTIR) spectroscopy  
Fourier transform infrared (FTIR) spectroscopy with 
ATR analyses of PLA/TTO microcapsules and the raw 
TTO were carried out using the transmission method 
using a Perkin-Elmer spectrophotometer (Spectrum 
400). Spectra were obtained at 4 cm-1 resolution 
between 400-4000 cm-1 of wavenumbers. 
 

iii) Gas-chromatography Mass spectroscopy (GCMS) 
The chemical components of PLA/TTO microcapsules 
were identified through gas chromatography-mass 
spectrometry (GCMS) machine. Elite 5 columns with 
hydrogen gas as a carrier were used for separation 
and analysis.  
 

iv) Scanning Electron Microscope (SEM) 
The microscopic morphology of PLA/TTO 
microcapsules was observed under a field emission 
scanning electron microscope (FESEM). The sample 
was coated with gold-palladium, and the 
microcapsules’ morphology was observed at 5.00kV 
at x2000 magnification. 
 

Incorporation of PLA/TTO microcapsules into 
PMMA denture resin 
The acrylic resin material of PMMA cold-cured 
powder (Interdent; Slovenia) was mixed according to 
the manufacturer’s recommended polymer: 
monomer ratio. Three different concentrations of 
prepared microcapsules (PLA: TTO (% w/w)), 10%, 
50%, and 100% were incorporated into the PMMA 
powder and liquid monomer. The mixture was then 
packed into a constructed disc-shaped steel mould. 
The finished samples (n=15): PMMA-PLA/TTO discs 
were stored in a labelled container containing 
distilled water and kept at 37°C for four weeks. At 
intervals of the 7th day, 14th day and 30th day of 
soaking modified PMMA, the solutions (elutes) will 
be checked for leaching behaviour.  
 

Well diffusion test 
The antifungal test of modified PMMA (containing 
PLA/TTO microcapsules) will be evaluated using the 
well-diffusion method. The turbidity of Candida 

inoculum was prepared and compared with 0.5 
McFarland standard. The inoculum was swabbed 
aseptically on the entire surface of the agar. Four 
wells were made on the plate (about 4 mm 
diameter), and an aliquot of 20 µL of molten SD agar 
and 50 µL of elute sample (leaching solution) from 
each test group were placed into each well 
accordingly. The plates were incubated at 37°C for 
24 hours. All tests were done at five times replicate 
(14). The negative control used is the unmodified 
PMMA, while fluconazole is the positive control. All 
the procedures were repeated for another week to 
evaluate the results.  
 
The antifungal activity was expressed by measuring 
the area of the zone of inhibition (mm

2
) using the 

Digimizer software application. All the data were 
collected, and statistical analysis of two-way ANOVA 
was performed using SPSS software. 
 

Attachment of C. albicans on the surface of 
modified PMMA denture 
One randomly selected disc for each concentration 
(n=5) was used to observe the attachment of C. 
albicans on the surface of PMMA denture. The 
treated PMMA denture (cultured in Candida’s broth) 
discs were gold sputter-coated after mounting on 
the metallic stub. The specimens were inspected 
under the FESEM instrument at 5.00kV at x2000 
magnification. 
 

Results  
 

Characterisation of PLA/TTO Microcapsules 
 

i) Ultraviolet-visible (UV-Vis) spectroscopy 
UV-Vis spectroscopy was used to determine the 
successful synthesis of the microcapsules. Table 1 
shows the encapsulation results of TTO in PLA 
microspheres. The encapsulation process revealed 
that about 70.91% of TTO can be released from 1g of 
microcapsules (Table 1). 
 
Table 1: The UV-Vis analysis of PLA/TTO 
microcapsules to determine the efficiency release of 
tea tree oil from the PLA microcapsules. 
 

PLA/TTO 
microcapsules 

(mg) 

Drug 
encapsulated 

(mg) 

Drug 
loading 

(%) 

Drug 
release 

(%) 

1000 0.00936 3.74 70.91 
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ii) Fourier-transform Infrared (FTIR) spectroscopy 
The infrared (IR) spectrum of TTO is displayed in 
Figure 2. According to the picture, the free TTO has 
vibrations at ca. 650-1000 cm-1 is caused by C-O-C 
aromatic rings. In addition, it possessed distinct 
characteristic vibrations such as C-O stretching (ca. 
1100 cm-1), C=C stretching (ca. 1400 cm-1), C-H 
stretching (ca. 2900 cm-1), and broad O-H stretching 
(ca. 3400 cm-1). 
 
The IR spectrum of PLA/TTO microcapsules revealed 
substantial bands at around ca. 3300 cm-1 (O-H 
stretching), ca. 2900 cm-1 (C-H stretching), ca. 1100 

cm-1 (C-O stretching), and ca. 1000 cm-1 (C-O-C 
stretching vibration). The stretching vibration peak 
of the wall material PLA, C=O was observed at 1750 
cm− 1. Meanwhile, the stretching vibration peak of 
C–O–C in the wall material PLA was 1093 cm− 1. 
Moreover, the stretching and bending vibration 
peaks of –CH3 in PLA were found around 1460 cm− 
1. 
 
iii) Gas Chromatography Mass Spectrometry 
(GCMS) 
The characteristics of major components of TTO 
(Terpinen-4-ol, Limonene) were found at an RT 
(retention time) peak of 9.06 (Figure 3). 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 

Figure 2: Infrared (IR) spectra of PLA/TTO microcapsules and tea tree oil (TTO) raw solution. The highlighted (circle) 
part demonstrated the crucial transmittance bands among the tested samples. 
 

  
 

Figure 3: Gas chromatography mass spectrometry (GCMS) of PLA/TTO microcapsules, where the terpinene-4-ol 
and limonene components are found at the 9.06 peak retention time.  
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iv) Field Emission Scanning Electron Microscope 
(FESEM) 
PLA/TTO microcapsules were uniformly (Figure 4) 
and normally distributed, with a diameter of 53.23 ± 
18.13 µm.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4: Scanning electron microscope of PLA/TTO 
microcapsules (freshly prepared) images at x2000 
magnification with average size of 53.23 ± 18.13 µm. 
 

Well-diffusion test 
Antifungal activity was evaluated by measuring the 
area zone of inhibition (Table 2). The mean zone of 
inhibition was compared using a pairwise 
comparison of two-way ANOVA. Table 2 also showed 
that the zone of inhibition of 10% w/w concentration 
of TTO reached a maximum antifungal effect on day 
14. Meanwhile, 50% w/w of TTO reached the 
maximum antifungal effect on day 7 and decreased 
on days 14 and 30. 100% w/w of TTO showed the 
highest antifungal effect at day 7. All concentrations 
give a good antifungal effect on day 14, possibly due 
to the controlled release of tea tree oil from the core 
of microspheres. 
 
Table 2: The mean zone of inhibition of modified 
PMMA denture base resin incorporated with 
PLA/TTO microcapsules in different concentrations. 
 

Zone of inhibition (mm
2
) (Mean ± SD) 

 10% 50% 100% 

Day 7 21.17 ± 3.49 43.03 ± 3.89 88.28 ± 5.27 

Day 14 24.22 ± 3.89 37.57 ± 2.63 58.24 ± 3.15 

Day 30 13.50 ± 4.80 23.06 ± 5.12 58.75 ± 4.38 

 
The post hoc test was applied through the 
Bonferroni procedure to obtain which pair is 

significantly different. Results from the post hoc 
tests indicate significant differences amongst the 
three tested materials on days 7, 14 and 30. From 
the results in Table 3, it was observed that there was 
a significant effect of antifungal activity among three 
different concentrations (10%, 50%, and 100% w/w) 
at p<0.05, [F (3,54) = 175.889, p = 0.000]. In 
comparison between the days, there was a 
significant effect of antifungal activity among three 
different time intervals (day 7, 14, 30) at p<0.05, [F 
(2,54) = 1052.4, p = 0.000]. 
 
Table 3: The statistical analysis of antifungal effect of 
tested materials where there is a significant 
difference among concentrations and days (p<0.05). 
 

Source df 
Mean 
square 

F p-value 

Concentration 3 11647.5 175.889 0.000 

Day 2 1052.4 15.893 0.000 

Error 54 66.221   

 

Attachment of C. albicans on the surface of 
modified PMMA 
From the microscopic view in Figure 5, C. albicans at 
the lowest concentration (10% w/w) disc is highly 
attached to the denture surface. In comparison, at 
50% and 100% w/w concentration, the attachment 
of Candida was less distributed and loosely attached 
to the denture surface. 
 

Discussion 
Different therapeutic strategies have been 
implemented to prevent and treat denture 
problems, ranging from using denture disinfectants 
and cleansers to administering oral and systemic 
antifungal medications (15). The incorporation of 
organic materials as antifungal agents has been 
reported in previous studies (10, 16, 17). Findings 
from Zhu et al. (10) revealed that antifungal agent 
such as TTO can be encapsulated with PLA 
microspheres by using ocetanyl succinic anhydride 
(OSA) modified chitosan to modify the polylactic acid 
where TTO is used as the core materials (10). A 
different study by Pérez-Limiñana et al. (16) noted 
that using natural polymers as an alternative way of 
shell-forming materials is now popular. Their work 
advocated the use of gelatin-based microcapsules as 
an emerging technology with the TTO microcapsules 
synthesised by complex coacervation process using 
biodegradable shell-forming polymers (type B 
gelatine and carboxylmethyl cellulose; CMC).
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Figure 5: Scanning electron microscope of cell attachment of C. albicans on denture base at different 
concentrations of 10%, 50% and 100% at days 7 ((a), (b), (c)), days 14 ((d), (e), (f)), and days 30 ((g), (h), (i)) 
respectively. All images were observed under 5000x magnification. 
 
 
Both papers have proved that the antimicrobial 
activity of encapsulated TTO gives a controlled 
release via the rupture of the microcapsules (10, 16). 
A recent research review by Hosseini and Jafari (18) 
established that the performance of encapsulated 
bioactive compounds over their free form and the 
significance of encapsulation techniques are listed 
where the type of encapsulants used are highly 
influence the release mechanism of the bioactive 
compound (18). Another study that used three 
different essential oils: peppermint, tea tree and 
thyme with oregano that were encapsulated in 
cellulose nanocrystal chitosan reinforced films, is 
reviewed in this paper. The encapsulation technique 
was found to increase the stability of the EOs while 
also having antifungal efficacy and a gradual release 
of active compounds (17, 18). However, this study 
only used polylactic acid polymer to stabilise the 

emulsion phase during the encapsulation, and 
polyvinyl alcohol was used as an emulsifying agent 
(12). 
  
Emulsion and solvent evaporation (ESE) is a well-
known method used for manufacturing drug-
encapsulated microcapsules. Microencapsulation 
using ESE process is chosen to manufacture PLA 
microsphere because it provides a drug carrier that 
may be released in a regulated manner within the 
therapeutic range for an extended period. 
Furthermore, ESE-produced microcapsules had a 
regular surface with no ruptures. This is because 
using an emulsifier with an ideal PVA concentration 
(3% w/v) stabilised the emulsion, reducing the 
surface and interfacial tension and preventing 
coalescence and agglomeration (12). ESE-prepared 
microcapsules have particle sizes ranging from 5 µm 
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to 100 µm, making them ideal for drug delivery and 
limiting the size distribution (19). 
 
The successful synthesis of microcapsules was 
determined by characterisation and morphologic 
analysis. Firstly, UV-Vis was done to determine the 
drug encapsulation, drug loading and the release 
profile of the drugs. The UV-Vis detection showed 
that 1g of microcapsules can release about 70.91% 
of tea tree oil from the PLA microspheres within a 
week, which can achieve the desired long-term 
release (10). Hence, the efficiency of the tea tree oil 
being encapsulated can be guaranteed. The 
determination of the entrapment efficiency of 
microspheres also could be improved by using FTIR 
(20). The graph shows that the IR spectrum of 
PLA/TTO resembles a few important bands as the 
raw tea tree oil. Our study observed several 
vibration peaks shifted from those of the standard 
TO due to the encapsulation process.  
 
The differences among the spectra of raw TTO and 
PLA/TTO microcapsules had more transmittance (%) 
at ca. 1700 cm

-1
 (C=O stretching), 1460 cm

-1 
(C=C 

stretching), and ca. 1100 cm
-1

 (C-O stretching) than 
the raw TTO. The discrepancies between the spectra 
of raw TTO and TTO/PLA microcapsules verified that 
TTO was effectively coated inside the shell of PLA 
(21). Likewise, the FTIR results from a previous study 
by Beşen (20) on the application of TTO in textiles 
showed that TTO could be encapsulated with 
polymeric wall materials (20).  
 
Analysis of gas chromatography (GCMS) was done to 
strengthen the evidence of the successful 
encapsulation process. GCMS helps detect the main 
component more precisely with the compound 
name present in the samples. The results found that 
the RT peak resembles the previous studies from 
Tranchida et al. (22) and Gafner and Dowell (23), 
which also showed that the major component of 
TTO, terpinene-4-ol and limonene, can be found at 
an RT peak from 9.06. Apart from that, the efficacy 
of a microencapsulation procedure may be directly 
evaluated by analysing the shape of the 
microcapsules since the structures with fractures or 
flaws might limit the carrying and protection of the 
microencapsulated active components (24). For the 
morphology analysis, the distribution of the 
microcapsules was observed using a scanning 
electron microscope (FESEM). The microcapsules 
were found to be regular in shape. It was discovered 
that the average size of microcapsules ranged from 

40-60 µm as previous studies of microencapsulation 
from Du et al. (25) and Dong et al. (26), which this 
size gives 70% to 90% efficiencies for drug-loaded 
microcapsules (25-27). Another study from Kong et 
al. (28) showed that the TTO microcapsules with 40% 
drug-loaded surpassed the encapsulation efficiency 
(28). Thus, they conclude that this size range has the 
potential for controlling drug release. 
 
The antifungal activity of the leaching solutions was 
evaluated by comparing the mean zone of inhibition, 
and it was observed that there was a significant 
difference among all the concentrations tested. The 
results show that the release of tea tree oil from the 
microcapsules began on day 7. At day 14, the 
antifungal effect of the tested sample showed the 
highest release of tea tree oil with a greater zone of 
inhibition. At this moment, it can be assumed that 
the tea tree oil reached a maximum release. 
However, the mean zone of inhibition (between day 
14 and day 30) showed a decreasing pattern in the 
antifungal effect. This can be attributed to the 
decrease in the release of TTO from the 
microcapsules; hence, there is a reduction of tea 
tree oil release, shown by the smaller zone of 
inhibition between the days.  
 
The slow diffusion release is most likely caused by 
the drug diffusing from the polymer’s core via water 
cluster formation around the drug particles, 
regulated by concentration-dependent diffusion 
(12). Tea tree oil’s inhibitory action was decreased 
after microencapsulation when compared to free tea 
tree oil, which may be due to the microcapsules’ 
wall. The barrier created may regulate the release of 
the essential oil and its bioactive compounds (24). 
Among the three tested samples, the highest 
concentration (100% w/w) gives a higher zone of 
inhibition, which may indicate that the samples are 
concentration-dependent. The mean inhibition 
zones corresponded to the elution of the antifungal 
agents.  
 
It was demonstrated that the modified PMMA can 
interact with the Candida cells according to different 
concentrations. Different doses of TTO release cause 
the disruption of the cell’s attachment (27). The 
effect of TTO was dose-dependent, at which the 
highest concentration (100% w/w) demonstrated 
the most prominent reduction in adherent Candida 
on the denture surface. Hence, the distribution of 
the fungal cells is less. Concentration of 50% w/w 
also reduced the adherence of the fungal cell as 
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compared to 10% w/w. These alterations may be 
due to bioactive compounds in the TTO affecting the 
fungal cell wall to adhere to the denture (10). 
Controlled drug delivery systems are currently being 
investigated to overcome the limitations in 
conventional dosage forms and improve the 
potential of the respective drug. However, this study 
only verifies the experimental performance of the 
incorporated antifungal agents in dentures. It is 
suggested that further tests need to be implemented 
to check the changes in chemical, drug interaction 
and physical properties of the denture base before 
clinical use. 
 

Conclusion 
The experimental study establishes that the 
antifungal agent, tea tree oil, can be encapsulated 
successfully by the simple coacervation of the ESE 
method using PLA polymer as the shell, potentially 
serving as a sustainable drug delivery vehicle for 
controlled release. Incorporating PLA/TTO 
microcapsules into PMMA denture base resin gives 
significant antifungal effects on the denture, offering 
a potential alternative for denture users in the 
future. Further studies of the effects on denture 
performance strength are required, including in vivo 
studies. 
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