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INTRODUCTION

ATea Tree Oil (TTO) is extracted from the tree Melaleuca alternifolia, found in Australia
(Hammer et al., 2006). When used topically, TTO has exhibited antimicrobial and antifungal
effects and is an antiseptic to treat wounds (Low et al., 2017). The presence of household mold
exposure has previously been linked to various respiratory issues, such as asthma in
children (Zhang et al., 2021). Thus, there is a need for antifungals that are safe to use in
household settings, and TTO is a natural alternative to harsher chemical agents that are
currently being used. Moreover, the use of tea tree oil as a film coating over computer
keyboards has been shown to significantly decrease bacterial loads in hospital settings
(Melegari et al., 2021). This indicates potential unexplored applications of TTO, especially as
an eco-friendly alternative to chemical cleaners.

Most common household microbes are mold that grows under high humidity and
temperature (Vagelas et al., 2011) and commonly belong to the genera Aspergillus, Mucor,
Fusarium, and Rhizopus (Garcia & Copetti, 2019). TTO has previously been tested as an
effective antifungal that can completely inhibit A. fumigatus indoors, in both liquid and
vapour forms via direct contact (Rogawansamy et al., 2015). However, its properties as a
potential household cleaning oil have not been thoroughly evaluated.

TTO is made up of multiple phytochemicals. The most active component is terpinen-4-ol,
which causes the membrane of the target organisms to become more
permeable (Rogawansamy et al., 2015). This causes irreversible damage to the bacterial cell
membranes, resulting in the loss of essential cell constituents and eventually death (Shi et al.,
2018). Theminimum inhibitory concentration of TTO against a wide range of fungi was found
to be 0.004% to 0.25% (Hammer et al., 2002).

Due to COVID-19 restrictions on lab activities, we devised a method to test out the efficacy of
TTO on bread mold and yeast under controlled conditions in situ. White bread was used as a
growth media for growing mold and testing the inhibitory properties of varying
concentrations of TTO in four separate experiments. The efficacies of the TTO concentrations
were further evaluated on gas production by Saccharomyces cerevisiae, as a measure of
toxicity.

ABSTRACT Tea tree oil (TTO) is a naturally-occurring chemical extracted from the leaves of the
narrow-leaved paperbark tree. It is well known as an antiseptic, but its potential as a natural
household cleaning agent has not been thoroughly examined. We were interested in examin-
ing the anti-fungal properties of TTO, especially on common bread mold, spores of which are
common to households. This study used fresh-baked white bread as media to observe the
effects of TTO at 0.06% and 0.24% concentrations on mold spore formation and 0.25% TTO
on yeast fermentation. It was concluded that TTO can inhibit mold growth at 0.06% concen-
tration but did not reduce (p=0.07) yeast CO₂ production even at 0.25% concentration. The
data highlights the efficacy of TTO against household mold and, based on our yeast results,
is potentially non-toxic at low concentrations. More studies are required with a variety of
mold species and concentrations of TTO to better understand its use as a cleaning agent.
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METHODS

TTO Effect on Mold Growth
The effect of TTO on the growth and spread of mold spores
was analyzed. In-store (Fortinos) baked white bread was
used as growth media and placed under conditions that will
promote the growth of common bread mold, further explained
below.

The number of Colony Forming Units (CFU) was compared in the
presence of TTO.

TTO (Holista brand, 50mL bottle) media was diluted to 0.06% and
0.24% (v/v) and dissolved using water to obtain a total volume of
10 mL. Ziplock bags were labeled, and the bread was cut into
approximately 8 cm × 5 cm × 1.25 cm slices and placed in
each bag. A 100 mL refillable plastic spray bottle was used to spray
10 mL of each TTO concentration onto separate bread slices inside
the Ziplock bags, which were then sealed. Two negative
controls were prepared by spraying 10mL of water onto one slice
of bread, while another slice was placed in a bag without any
liquids. The positive control was the bread sprayed with 0.24%
TTO, as this was previously shown to be the highest concentration
that inhibits mold (Hammer et al., 2002). All samples were sealed
in Ziplock bags and placed in a dark room at ~25°C which was

maintained by monitoring house thermostats. The growth
of mold was observed every day for 7 days.

TTO Effect onYeast Growth
The effect of 0.25% TTO as a toxicant was tested on S. cerevisiae. A
solution of yeast (Fleischmann’s quick-rise instant yeast) + sucrose
(table sugar) was prepared to allow fermentation to occur, and the
amount of gas produced was measured. In the presence of 0.25%
TTO, the gas production was compared with yeast + sugar
solution without TTO to see the effects of TTO on yeasts’ ability to
produce measurable gas. More details are described below.

The yeast solutions were prepared using 100mL of water and 2%
(w/v) of yeast and 2% (w/v) of sugar. The test
samples were placed in bottles and were prepared by adding 5
drops of TTO to make 0.25% TTO. This method of dilution
was found to be simpler, as 20 drops were measured to equal
1mL, therefore 5 drops were used to make 0.25% (v/v) TTO in
100mL of water. The controls were set up alongside the test
samples with the same 100mL volume. Negative controls were
bottles with water + sugar, water + yeast, water + sugar + TTO,
and water + yeast + TTO. The positive control was water + sugar
+ yeast. All samples were then mixed, and the bottle opening was
covered with a balloon to collect any gas produced from the
mixture. The bottles were placed in a hot water bath for 40 minutes

Figure 1 White bread exposed to different treatments after 7 days when
placed in dark, humid environment at ~25°C. A = no treatment; B = water;
C = 0.06% TTO; D = 0.24% TTO.

Figure 2 Bars represent the average balloon diameter ± standard error
mean (SEM). Amount of gas produced by Saccharomyces cerevisiae
(yeast), captured in the balloon, was unaffected by 0.25% TTO (p=0.07) as
determined by unpaired Student’s t-test. The data is the average of three
independent replicates. The diameter of the balloon for all associated neg-
ative controls (water + sugar, water + yeast, water + sugar + 0.25% TTO,
water + yeast + 0.25% TTO) was 0 cm.

Treatment Average number of CFU ± SEM

Bread alone 12 ± 0.6

Bread + water 17 ± 0.8

0.06% TTO NG

0.24% TTO NG

Table 1 Average number of CFU on white bread when exposed to 0.06% and 0.24% TTO after
7 days under dark, humid conditions at ~25°C. Colony Forming Units (CFU) are reported as an
average ± standard error mean (SEM) of 4 replicates. TTO = Tea Tree Oil; NG = no growth.
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to maintain an average temperature of 45°C. The diameters of the
balloon after 40 minutes were recorded to analyze the amount of
gas produced in the fermentation process.

Statistical Analysis
The effect of TTO concentration on gas production by S. cerevisiae,
grown in sugar water, was analyzed using an unpaired Student’s
t-test with GraphPad Prism 9.0.

RESULTS

Mold CFU on bread shown in Figure 1 were counted following 7
days of exposure to various treatments, listed in Table 1. TTO
concentrations affected the amount of mold growth on white
bread. Average CFU of bread mold dropped from 12 ± 0.6 and 17
± 0.8 CFU on the negative controls to 0 CFU on bread treated with
0.06% and 0.24% TTO. Thus, tea tree oil inhibited the growth of
mold.

To further verify the toxicity effect of TTO on eukaryotic cells, we
hypothesized that 0.25% TTO will inhibit yeast growth which
leads to decreased CO₂ production. The results of the experiment
are shown in Figure 2. It was expected that as yeast used sugar as
an energy source for fermentation, the balloons would increase in
diameter from CO₂ production. The first column representing the
positive control of the experiment showed that the diameter of the
balloon increased by an average of 12 ± 3 cm, after approximately
40 minutes. The second column represents the results with the
addition of 0.25% TTO, where the diameter of the balloon
increased by an average of 6.67 ± 2.1 cm. Due to a small sample
size (n=3), an unpaired Student’s t-test was performed. Since
p=0.07, the addition of 0.25% TTO did not significantly affect sugar
utilization of S. cerevisiae, indicating TTO at 0.25% concentration is
potentially non-toxic. The negative control bottles showed no gas
production.

DISCUSSION

Tea Tree Oil is a potential natural alternative to household
chemical cleaners that is still under-studied. This study tested the
efficacy of TTO in reducing mold growth by using bread as a
growth medium, and by evaluating its toxicity to eukaryotic cells
by measuring the reduction of CO₂ production by S. cerevisiae.

In the first experiment, the bread sprayed with water had more
mold colonies than just bread that was not sprayed. This was
expected because previous research has shown that higher
moisture content or humidity offers better growth conditions for
mold (Axel et al., 2017). It has also been previously shown that
TTO can inhibit grey mold Botrytis cinerea that forms on fruit, but
the mechanism of how the growth is affected is still unclear (Shao
et al., 2013). We found that 0.06% and 0.24% TTO concentrations
inhibit visible colony formation at room temperature in
humid and dark environments. Our results are similar to
previously published data at these minimum inhibitory
concentrations (MIC) against fungi (Hammer et al., 2002).

In the second experiment, it was found that 0.25% TTO did not
significantly inhibit yeast growth as gas production in the

treatment sample was not significantly different to those observed
in the negative controls, suggesting a lack of toxicity at this
concentration. Although, TTO has previously been shown to have
antifungal effects against yeast such as Candida species (D’Auria
et al., 2001). Given that the MIC values we used in the study were
based on filamentous fungi and dermatophytes but not baker’s
yeast S. cerevisiae (Hammer et. al., 2002), further studies evaluating
the toxicity effects of TTO using S. cerevisiaewould help determine
the safety limits of TTO.

Methods described in the study were used due to
COVID-19 restrictions on in-person lab attendance, leading to a
more ‘citizen-science’ approach. Thus, these results would need to
be re-examined in a controlled laboratory setting to determine the
effect of TTO on microbes.

There were some limitations in the experiment. 1) pH of media
was not measured; it could not be ruled out as a factor affecting the
growth of mold or yeast. 2) There could be volume inaccuracies
between our replicates since our measuring techniques were not as
precise as they would have been if we used calibrated pipettes. 3)
We did not have access to various mold species, which would help
establish the range of TTO concentrations required to inhibit them.
In addition, future experiments can be performed to test the
efficacy of TTO concentrations on surfaces using RODAC plate or
the swab method. Another avenue of testing is to evaluate the
microbial load with a microbial air sampler before and after
spraying TTO.

CONCLUSIONS

In conclusion, it was found that TTO can inhibit visible common
bread mold growth at the lowest concentration of 0.06%, but does
not significantly reduce yeast viability even at 0.25%. This shows
that tea tree oil can potentially be used as an antifungal in home
settings, especially because it is a natural oil, and because it is
efficient at low concentrations.

This research article is derived from the Winter 2021 semester course BI206
(Microbiology Project 2) taught by Dr. Padmaja Shastri in the Department
of Applied Biological and Environmental Sciences at Centennial College,
Toronto, Canada.
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SUPPLEMENTARY INFORMATION

Dataset for Figure 2. Diameter of balloons placed on the lip of the positive
control and 0.25% TTO concentration bottles placed in a 45℃-water bath
for 45 minutes.

Bottle contents
Balloon diameter (cm)

Trial 1 Trial 2 Average STDEVLovleen Jenisha Lovleen
Positive control (100
mL water, 2g sugar, 2g

yeast)
15 9 12 12 3

100 mL water, 2g sugar,
2g yeast, 0.25% TTO 9 6 5 6.6667 2.0817

Supplementary Figure 1 White bread from an additional trial exposed to
different treatments after 7 days when placed in a dark, humid environ-
ment at ~25°C. A = no treatment; B = water; C = 0.06% TTO; D =
0.24% TTO.


