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1. INTRODUCTION

Tea Tree Oil (TTO), primarily obtained through steam distillation of the leaves of Melaleuca alternifolia,
a plant native to Australia, is among the most widely used essential oils (Savla et al., 2020). Its
disinfectant properties have been well-documented in scientific literature, showing effectiveness against a
broad spectrum of microorganisms. These include both aerobic and anaerobic bacteria (Dzia, 2016;
Hayley & Palombo, 2009; Carson et al., 2006; Wilkinson & Cavanagh, 2005; Salari et al., 2006), various
fungal species (Hammer et al., 2000; Oliva et al., 2003; Li et al., 2016), and even viruses (Schnitzler et
al., 2001; Cermelli et al., 2008; Garozzo et al., 2011, Pyankov et al., 2012).

Tea Tree Oil (TTO) is a complex and heterogeneous essential oil, with its chemical composition
varying significantly depending on factors such as cultivation conditions, geographic origin, and
harvesting methods (Moudachirou et al., 1999; Linge et al., 2024). These variations can directly influence
the oil’s efficacy, especially when used for antimicrobial purposes. The primary bioactive compound
responsible for its antimicrobial properties is terpinen-4-ol, typically comprising 35-45% of the oil (ISO
4730: 2017). Another key constituent, 1,8-cineole, is generally present at lower concentrations (1-6%)
but can also impact the oil’s effectiveness and potential for irritation. In addition, components such as a-
terpineol, terpinolene, and both a- and y-terpinene are frequently detected and may act synergistically to
enhance the overall antimicrobial activity of the oil (May et al., 2000; Li et al., 2021).

This complex composition contributes to TTO’s broad-spectrum antimicrobial properties, enabling it
to act against a wide range of bacteria, fungi, and viruses. As such, TTO has found growing use in
healthcare settings, personal care products, and even in agricultural and veterinary applications. Its natural
origin aligns well with increasing public demand for non-toxic, environmentally sustainable alternatives
to synthetic disinfectants. Moreover, as global concern mounts regarding antimicrobial resistance (AMR),
naturally derived substances like TTO offer a promising route for reducing reliance on conventional
antibiotics and disinfectants, particularly in non-clinical environments.

In summary, TTO’s potent antimicrobial activity, coupled with its renewable nature and growing
societal interest in green alternatives, positions it as a promising candidate in the fight against microbial
threats. Nevertheless, careful consideration of its chemical variability, potential toxicity

challenges is essential to fully harness its potential across diverse applications.
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agreed, the research has been focused on the investigation of inactivation of the Influenza A strain Puerto
Rico/8/34 (PR/8) in aerosolised form when treated by vapour released by Gelair™ Air Conditioning
Blocks (Gelair™ ABs) . All experimental procedures and virological analyses were conducted in Physical
Containment Level 2 (PC2) laboratories by Professor Mahalingam’s research group at the Institute for

Glycomics, Griffith University.

2. MATERIALS AND METHODS

2.1. Microorganisms

The Influenza A strain Puerto Rico/8/34 (PR/8) was kindly provided by Professor Carl Feng, Faculty of
Medicine and Health, University of Sydney. To prepare the viral suspension for aerosolization, the PR/8
strain was propagated in Madin-Darby Canine Kidney (MDCK) cells using maintenance medium
comprising Eagle’s Minimum Essential Medium (EMEM; ATCC), supplemented with 5% foetal calf
serum (Bovogen Biologicals), 100 U/mL penicillin, 100 pg/mL streptomycin, and 1 pg/mL TPCK-treated
trypsin (Merck), and incubated at 37°C with 5% CO..

MDCK cells, obtained from ATCC, were cultured in EMEM supplemented with 10% foetal calf
serum, 100 U/mL penicillin, 100 pg/mL streptomycin, and 1 pg/mL TPCK-treated trypsin, under the
same incubation conditions. On completion, the final suspension was added to the nebulizer for following
aerosolization to the rotational aerosol chamber used in all experiments (see description below). All viral
preparations and experimental procedures were conducted within a Class Il biological safety cabinet
(Model BH 2000, Biolab, Australia) to ensure containment and prevent the release of viral aerosols into

the laboratory environment.

2.2. Gelair product

Gelair™ Air Conditioning Blocks (Gelair™ ABs) were used in the experiments. Gelair™ ABs consist of
a specially formulated and patented gel matrix block impregnated with Tea Tree Oil which delivers
controlled and sustained release of high quality Australian Tea Tree Oil vapour for up to 12 weeks

depending on air-conditioner use.

Tea tree oil is extracted from Melaleuca alternifolia strains by steam distillatiog

TTO contain more than 100 separate components, mostly monoterpenes, sesquiterg
alcohols, and while some components may induce allergic effects when applig
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regarded as semi-volatile, however accurate volatility information is difficult to obtain, based on the

variable multicomponent nature of TTO. TTO has a boiling range boiling range of about 100°C to 220°C.

2.3. Experimental setup

The laboratory setup used for this series of experiments is shown in Fig 1. A rotational toroid shaped 141
liters aluminium aerosol chamber (600mm diameter and 500mm long) was designed to keep materials in
airborne form over extended periods of time (Pyankov et al. 2012). The optimal rotation speed was found
to be around 7 rpm. The axis was designed to be stationary enabling to host pipelines used for aerosol
charging and monitoring.

Sampling
Pump
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Filer | |BH H
Compressed Air t
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HEPA
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Figure 1. Laboratory setup

To eliminate any possibility of contamination of the laboratory space, the aerosol chamber along
with all other parts of the laboratory setup was placed into the Class Il biological safety.
BH 2000, Biolab, Australia), as is seen in Fig. 2.

A small piece of AB gel of 0.25 kg with the product cloth covering wag
stationary shelf installed inside a rotating aerosol chamber (Fig. 3). The chg
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the internal airspace, ensuring uniform exposure conditions for subsequent experiments. Then, the viral
suspension, prepared according to the procedures described above, was aerosolised by the Collison
nebuliser. The aerosol was supplied into the
chamber over approximately 2 minutes
achieving concentration equilibrium, and then
the generator was stopped.

The aerosol samples were collected by
the 99.9% efficient wettable filter after 0, 30
® and 60 min at the sample flow rate of 2.0
* L/min over 120 seconds of sampling time. To

minimise viral inactivation due to desiccation,

the collecting filter media was wetted by
Figure 2. Placement of the laboratory setup in the BSC EMEM and the sampling time shortened to 2
minutes. The temperature and RH were kept at levels of 25°C and 50 to 55%, respectively throughout all

experimental runs.

Figure 3. Location of Gelair™ AB inside rotational aerosol chamber

Upon completion of sampling, the collecting filter was removed, placed into 5 m he EMEM

media and sonicated in the sonic bath over 5 min ensuring all collected viruses to be
liquid. Then, 200uL aliquot of the collected virus suspension was used for Plaqug
Considering that at each sampling point approximately 4 litres of air

chamber (200 litres) and replaced with HEPA filtered air of the same q ‘ ' G equation wa
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used to correct each particular result to account for such dilution:

C, = Cpyp X 1.0317, (1)

where C¢ is corrected microbial concentration at time t, Cwmt is the actually measured microbial
concentration at time t, and n is the time related point number (at 0 min, n=0; at 30 min, n=1; etc.).

To isolate the specific effect of the product on viral inactivation and eliminate potential
confounding factors, the entire experimental procedure was conducted under two controlled conditions:
(1) in the presence of the product (4 repeats) and (2) in its absence (4 repeats). By comparing the
outcomes from these two scenarios, any observed differences in viral inactivation could be attributed

solely to the activity of Tea Tree Oil (TTO) vapour released by the product.

2.4. Plaque Assay of Influenza A strain in the Samples Collected from Aerosol Chamber

MDCK cells were grown to a density of 2.5x10° cells per in 12-well tissue culture plates and incubated
overnight at 37°C in a humidified atmosphere with 5% CO.. Following incubation, the culture medium
was aspirated, and cells were washed twice with sterile phosphate-buffered saline (PBS). Each well was
then inoculated with 200 pL of virus suspension containing 1 pg/mL TPCK-treated trypsin, applied in
serial dilutions. Plates were incubated for 1 hour at 37°C with 5% CO., with gentle rocking every 20
minutes to ensure even distribution and adsorption of the virus.

After viral adsorption, 1 mL of overlay medium was added to each well. The overlay consisted of
serum-free EMEM supplemented with 1% bovine serum albumin (BSA), 100 U/mL penicillin, 100
pug/mL streptomycin, 1 pg/mL TPCK-treated trypsin, and 1% low-melting-point (LMP) agarose. The
plates were then incubated for 3 days at 37°C with 5% CO: to allow for plaque development.

On day 3, the overlay was carefully removed, and each well was stained with 1 mL of 0.1%
crystal violet in 3.7% formaldehyde for 20 minutes at room temperature. The stain was then aspirated,
and wells were rinsed thoroughly under running tap water and left to air dry. Plaques were counted to
determine viral titre, expressed as plaque-forming units per millilitre (PFU/mL), calculated using the

following formula:
PFU N
c (5)= 5.
ml DXV
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where N is the number of plaques counted, D is the dilution factor, and V is the volume of the viral

suspension (ml) added to the wells.

3. RESULTS

The results for microbial inactivation of Influenza A strain Puerto Rico/8/34 (PR/8) aerosols are shown in
Figure 4. All results were normalised according to Equation (1). The error bars show standard deviation

of 4 experimental runs.
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Figure 4. Microbial inactivation of Influenza virus.

As illustrated in the results, the natural inactivation of the virus under the “No Treatment” condition
was relatively slow, with only 4.5% and 12.3% viral reduction observed after 30 and 60 migutes of the

process run, respectively. In contrast, a significantly faster rate of viral inactivation wa ad under

the “With Treatment” condition, where the product containing Tea Tree Oil (TTO)
case, only 78.12% of the virus remained viable after 30 minutes, and 55.7% rep

minutes, indicating a notable enhancement in antiviral activity due to TTQ,
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To quantify the sole contribution of TTO to viral inactivation, the efficiency (E%) was calculated

using the standard inactivation efficiency formula:

E(%) =1 -2, @

NT

where Cwr is the viral concentration obtained for “With Treatment” scenario and Cnr is the concentration
of virus in absence of the TTO. Using this approach, the calculated TTO-specific inactivation efficiencies
were 18.2% after 30 minutes and 36.5% after 60 minutes. These findings indicate that TTO vapour
markedly improves the rate of viral inactivation, highlighting its strong potential for use in air sanitation.
Moreover, the findings align well with existing literature, which supports TTO’s effectiveness against
viruses such as Influenza A and B, SARS (including SARS-CoV-2/COVID-19), RSV, and herpes (Wong
and Strappe, 2024). The Gelair™ ABs typically release TTO vapour over several weeks, which suggests
they may provide sustained inactivation of the Influenza A virus.

4. CONCLUSIONS AND RECOMMENDATIONS

This study assessed the efficiency of Gelair™ Air Conditioning Blocks (Gelair™ ABs) in inactivation of
airborne Influenza A (PR/8) virus aerosols. Under untreated conditions, the virus exhibited only modest
levels of natural decay over time, however the application of TTO vapour significantly accelerated viral
inactivation. After 30 minutes of exposure to the TTO-containing product, the viable viral concentration
decreased to 78.12% and further dropped to 55.7% after 60 minutes. These figures indicate that TTO
vapour contributes meaningfully to disrupting viral integrity or viability in airborne form.

By applying a standard inactivation efficiency calculation, the TTO-specific contributions to viral
inactivation were quantified as 18.2% at 30 minutes and 36.5% at 60 minutes. This analysis underscores
that the antiviral activity observed is not solely due to natural decay but can be directly attributed to the
presence of TTO vapour in the environment.

Overall, these findings suggest that TTO vapour holds significant promise as a natural antiviral

agent capable of reducing the viability of aerosolised influenza virus in indoor air. This g

practical implications for public health, particularly in the context of airborne disease
prevention in enclosed or poorly ventilated environments. The integration of T

air purification systems or surface sprays may offer a complementary apprg
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control measures, especially during seasonal influenza outbreaks or pandemics involving airborne

respiratory viruses.
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