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Abstract

Tea tree oil, extracted from the leaves of Melaleuca alternifolia, is
known for its antibacterial and antioxidant properties. This study aimed
to investigate its chemical composition, antifungal activity against
Candida tropicalis and Cryptococcus neoformans, and free radical
scavenging capacity. Evaluating the inhibitory activity of tea tree
essential oil . Essential oil was obtained via steam distillation from air-
dried leaves. Chemical constituents were analyzed using Gas
chromatography-mass spectrum analysis. Antifungal activity was
assessed by agar dilution assays at concentrations of 200-2,000 pg/ml.
Antioxidant activity was determined using the DPPH assay within the
12.5-200 pL range. GC-MS analysis identified terpinen-4-ol (18.3%), y-
terpinene (11.2%), a-pinene (7.2%), terpinolene (4.0%), sabinene (3.2%),
and camphene (1.1%) as major components. Complete inhibition of both
yeast species occurred at 500 ppm, establishing the minimum inhibitory
concentration. Determination of antioxidant activity by 2,2-Diphenyl-1-
picrylhydrazyl radical (DPPH) free radical scavenging assay revealed a
dose-dependent increase in radical scavenging, with 50% inhibition
achieved at approximately 22 uL of oil. Tea tree oil rich in terpinen-4-ol

exhibits moderate antifungal activity and notable antioxidant potential.
These findings support its potential use as a natural preservative or
adjunct therapeutic agent. Further work is required to optimize
formulations and evaluate safety for clinical and industrial applications.
Keywords: Cryptococcus neoformans, Candida tropicalis, essential oil ,
Melaleuca alternifolia.
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1. Introduction

Cryptococcus neoformans is an encapsulated opportunistic yeast that primarily causes life-
threatening infections such as meningitis in immunocompromised individuals, especially people
living with HIV. It has evolved virulence factors like a polysaccharide capsule and melanin
production that help it evade host immunity and persist in the body*. On the other hand, Candida
tropicalis is a non-albicans Candida species increasingly implicated in invasive candidiasis,
particularly in hospitalized or immunosuppressed patients?. This species is notable for its
capacity to form biofilms and develop antifungal resistance, making infections difficult to treat 2.
Melaleuca alternifolia, which is often known as tea tree, has been used for medicinal purposes.
However, this informal name is also used for other species in the Leptospermum and Melaleuca
genera. A small tree that grows to a height of up to 5 meters and has papery bark and thin,
tapering leaves that can be up to 20 millimeters long, it blooms in the summer. Tea tree oil, or
Melaleuca alternifolia, has become more popular as a medicine in the last few years. It is a pale,
yellow, and thick liquid with a strong smell that is made up of a mix of monoterpenes, 1-
terpinen- 4-ol, cineole, and other hydrocarbons. People know that tea tree oil (TTO) Kills
bacteria, stops infections, and kills germs®®. Tea tree oil (TTO), derived from the leaves
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of Melaleuca alternifolia, has been extensively researched for its antifungal -efficacy.
Antifungal activity is often measured by the minimum inhibitory concentration (MIC) the lowest
concentration that inhibits apparent growth, and the minimum fungicidal concentration (MFC)—
the lowest concentration that eradicates > 99.9% of the inoculum’. Besides the entire oil,
terpinen-4-ol, its primary active constituent, is frequently assessed independently due to its
significant role in antifungal effectiveness and its application as a benchmark for tea tree oil
quality management ®°. These properties are primarily due to thymol, terpinen-4-ol, and
sabinene found within it. Melaleuca alternifolia, also known as tea tree, is the most renowned
of the species belonging to the Myrtaceae family, which is native to Australia ***3. Tea tree oil
primarily consists of monoterpenes and monoterpenoid alcohols; specifically, a limited group of
eight constituents—predominantly  terpinen-4-ol, y-terpinene, a-terpinene, 1,8-cineole,
terpinolene, p-cymene, a-pinene, and o-terpineol—can comprise approximately 90% of the oil,
although the precise composition differs based on chemotype and source. Camphor is often not a
predominant component in Melaleuca alternifolia oil according to ISO-compliant evaluations.
The oil’s lipophilic terpenes integrate into microbial membranes, enhancing permeability,
inducing K*/H* leakage, and dissipating the proton motive force, which disrupts respiration and
diminishes the functional activity of the F;F,-ATPase. This pattern aligns with membrane-
targeted lethality and a reduced likelihood of developing classical antibiotic resistance; certain
terpenes may also inhibit efflux pumps ***°. Direct exposure to pure tea tree oil has been
associated with allergic reactions and irritations in some people. When applied topically, tea tree
oil is generally considered safe, although side effects may include rashes, redness, burning
sensations, itching, and stinging. Injuries to the mucosa may occur when tea tree oil is applied in
an undiluted state. Therefore, diluted tea tree oil products are advised for application in sensitive
areas such as the face, vagina, or around the eyes. The systemic absorption of tea tree oil is noted
following topical applications and is dose-dependent. In children, tea tree oil poisoning has been
related to the inappropriate use of tea tree oil products, accidental oral ingestion, or an excessive
amount of tea tree oil that was applied topically. In children, tea tree oil poisoning should raise
suspicion for preexisting exposure to erogenous hormones or plant extracts with estrogenic
properties as well as developmental concerns regarding the adequacy of the educational level of
the caregiver *” *®. The aim of the current research is to evaluate the efficacy of essential oils
from tea tree plants as anti-pathogenic yeasts against the viability of two strains, Candida
tropicalis (Reference Number: ATCC 66029) and Cryptococcus neoformans (Reference
Number: ATCC14116). in addition to their efficacy as antioxidants through DPPH radical
scavenging.

2. Materials and method

2.1. Collection and extraction of tea tree plant

Melaleuca alternifolia, widely referred to as tea tree, was gathered from the gardens of Baghdad
University in March and April of 2024. Subsequent to collecting, the plants were sanitized,
rinsed with tap water, air-dried at ambient temperature, and thereafter stored under hygienic
conditions until utilization. The essential oils from these plants were extracted from the
desiccated leaves of the tea tree. 250 grams of the ground leaves were then placed in a Clevenger
(steam distillation apparatus) to obtain the essential oil of the tea tree. The plant material with
distilled water (1.2L) was cooked for three hours; the essential oil was stored at 4°C until
utilized. **?° . To create the stock solution, the concentrated oil extract was combined with
Dimethyl sulfoxide (DMSO) and diluted. Subsequently, various concentrations (200-2000
pg/ml ) were prepared by mixing specific volumes of the stock solution with specific volumes
of DMSO.

2.2.Yeast used in the study

Fungal isolates obtained from the American company Microbiologics, Candida tropicalis
(Reference  Number: ATCC 66029) and Cryptococcus neoformans (Reference Number:
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ATCC14116), were cultured using the spread plate technique on Sabouraud Dextrose Agar
(SDA). The culture plates were prepared using sterile Petri dishes containing freshly poured
SDA medium under aseptic conditions.

2.3. Antifungal assays

Evaluation of Minimum Inhibitory Concentration by Agar Dilution Method: The agar dilution
technique was used to find the Minimum Inhibitory Concentration (MIC) of the essential oils.
We produced the agar plates by adding different amounts of plant essential oils (200 to 2000
pg/ml) to Sabouraud Dextrose agar (SDA) (20 ml per petri dish). A cell suspension of Candida
tropicalis (ATCC 66029) and Cryptococcus neoformans (ATCC 14116) was put on the plates.
At 32.5°C for 48 hours, all plates were incubated three times at each dose. The control group
consisted of plates that did not have any plant essential oil. Fungal growth on the plates was
noted every 24 hours over a 48-hour incubation period. The MIC values were determined as the
minimal concentration of essential oil that inhibits the visible growth of Candida tropicalis and
Cryptococcus neoformans .

2.4. Quantitative and qualitative estimation of chemical components in tea tree essential
oils

The Chemical Analysis Center in Iraq scientific laboratories conducted Gas Chromatography-
Mass (GC-MS) analysis on Melaleuca alternifolia essential oil using a Shimadzu gas
chromatograph. The procedure for this analysis was performed in the same manner as outlined
by 2°. The DB-5 capillary column, measuring 30 meters in length with an inner diameter of 0.2
mm and a thickness of 0.25um, was the type of column employed. The GC apparatus received an
injection of two microliters of plant samples. The GC apparatus was initially set to a temperature
of 60°C for a duration of four minutes. It was then raised to 150°C for another four minutes
before being further increased to 250°C. The sample material was transported from the injector
to the detector by the carrier gas, helium, with a flow ratio of 1.35 ml/min. The mass
spectrometry (MS) technique utilized the electron impact (EI) mode %.

2.5. Antioxidant Activity Solutions

These solutions were formulated in accordance with #.

Mixture of Methanol and DMSO (9:1 v/v ) Solution: A methanol-DMSO mixture (9:1 v/v) was
prepared by mixing 9 volumes of methanol with 1 volume of DMSO.

DPPH Solution: To make it, 0.01g of DPPH radical was dissolved in a combination of methanol
and DMSO in a 9:1 (v/v) ratio. Ascorbic acid Solution: To make it, 0.01g of ascorbic acid was
dissolved in a mixture of methanol and DMSO at a 9:1 (v/v) ratio.

Antioxidant Activity protocol:

The antioxidant properties of several isolated components from the crude extract of Melaleuca
alternifolia leaves were assessed using the DPPH radical scavenging assay, following the
outlined technique %, as follows:

1. Twofold serial dilutions of Cymbopogon flexuosus crude extracts and ascorbic acid (12.5, 25,
50, and 100 pg/ml ) were added to the test tubes in 0.5 ml aliquots.

2. At the same time, 3 ml of a methanol-DMSO combination and 0.3 ml of a DPPH solution
were added to each concentration.

3. The samples were kept at 37°C for an hour.

4. The ELISA reader was used to measure the samples' ability to scavenge radicals against the
stable DPPH radical. When DPPH reduction was detected at 517 nm, the colorimetric altered
from deep violet to pale yellow.

5. The algorithm below was used to figure out the percentage of radical that the samples stopped:

Inhibition% = Absorbance of -ve control — Absorbance ofsample % 100 (l)
Absorbance of - ve control
The negative control consisted of methanol-DMSO mixture and DPPH solution, while ascorbic
acid was used as a reference.
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2.6.Replicates and statistical analysis

All antifungal and DPPH experiments were conducted in triplicate over three separate days (n =
9 per concentration). Data are presented as mean + standard deviation. Statistical significance
across treatment groups was evaluated using one-way ANOVA, followed by Tukey’s post hoc
test, with p < 0.05 deemed significant.

3. Results

3.1. GC-MS

Six principal components were discovered in the steam-distilled essential oil of Melaleuca
alternifolia via GC-MS. Table 1 indicates that the primary components were terpinen-4-ol
(18.34%), y-terpinene (11.24%), a-pinene (7.15%), terpinolene (3.97%), sabinene (3.21%), and

camphene (1.09%).
Table 1. Main Compounds present in the oil extract of Melaleuca alternifolia using GC-MS analysis.
NO. Main Components Area% Structures
1. Terpinen-4-ol 18.34 C
2. gamma-Terpinen 11.24 L\P
3. alpha-Pinene 7.15 ﬁ\j
-
4, Terpinolene 3.97 d?
5. Sabinen 3.21 $

N
6. Camphene 1.09 W

3.2.The antifungal activity

The efficacy of Melaleuca alternifolia (tea tree oil) against C. tropicalis and C. neoformans, as
shown in Table 2, was evaluated using an agar dilution method throughout a concentration
spectrum of 200-2000 pg/ml. At 200 pg/ml, both organisms exhibited normal growth, as
evidenced by observed turbidity. At 250 pg/ml, partial suppression occurred; however, growth
remained detectable. Complete inhibition (minimum inhibitory concentration, MIC) for both C.
tropicalis and C. neoformans was seen at 500 pg/ml, as evidenced by the absence of turbidity (-)
in all replicate wells. No regrowth was seen at elevated concentrations (550-2000 pg/ml), so
demonstrating that 500 pg/ml is the minimum inhibitory concentration (MIC) for both species.
Figures 1 and 2.
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Table 2. the concentration of Melaleuca alternifolia the C. tropicalis and Cryptococcus neoformans.

Concentration( pug/ml) Candida tropicalis Cryptococcus neoformans
+ +

200 + +
+ +
+ (MIC)

250 + (MIC)
+ (MIC)
(MIC) -

500 (MIC) -
(MIC) -

550 - -

600 - -

625 - -

1000 - -

2000 - -

Tea C. tropicals|

Figure 1. Antifungal effects of tea tree essential oil in different concentrations on Candida tropicalis.
a: control ; b : 200 pg/ml ; ¢ : 500 pg/ml ; d : 2000 pg/mi
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Tea C. newformans

Figure 2. Antifungal effects of tea tree essential oil in different concentrations on Cryptococcus neoformans.
a : control ; b : 200 pg/ml ; ¢ : 250 pg/ml ; d : 2000 pg/ml

3.3. The Antioxidant activity of tea tree
The free-radical scavenging activity of Melaleuca alternifolia (tea tree oil) was compared to
ascorbic acid using the DPPH assay over a concentration range of 12.5-200 uL. All values are

presented as mean + SD, as in Table 3.
Table 3. Antioxidant activity of tea tree using DPPH free radical scavenging assay

| Ascorbic acid Tea tree

conc(pl) mean SD mean SD

200 85.64833 1.517818 77.16067 2.601527
100 79.591 0.770839 71.10333 1.771683
50 63.00167 1.159286 62.38433 2.865219
25 54.28233 1.632872 52.31467 2.55387
125 40.278 0.530597 40.66367 2.445124

4. Discussion

Terpinen-4-ol comprised 18.34% of the oil, establishing it as the principal component. This is
slightly lower than the 30-40% generally documented for commercial tea tree oils, although it
falls within the range (15-25%) observed for wild-grown Australian chemotypes under
comparable distillation circumstances®* %. Given that terpinen-4-ol predominantly contributes to
the oil's antibacterial properties, its relative concentration indicates a moderate potential for
bioactivity in the sample examined in this investigation. y-Terpinene (11.24%) and a-Pinene
(7.15%) are acknowledged precursors in the biosynthetic pathway of terpinen-4-ol. Their
aggregate g)roportion (=18.4%) signifies active monoterpene oxidation pathways in this plant
material *°. Terpinolene (3.97%) and sabinene (3.21%) have been associated with insect-
repellent characteristics in other Myrtaceae species, indicating possible supplementary

95



IHIPAS. 2026, 39(1): 90-98

applications. Camphene (1.09%), although a minor component, can influence the distinctive
scent profile and may exhibit synergistic effects in antioxidant assays %°. The variability in the
relative percentages, particularly of terpinen-4-ol and y-terpinene, frequently indicates disparities
in geographical origin, harvest timing, and drying methods 2’.

C. neoformans was entirely inhibited at 250 ppm, but C. tropicalis necessitated 500 ppm for
complete inhibition, demonstrating an approximate twofold disparity in sensitivity under the
same assay conditions. A study by ?® documented minimum inhibitory concentrations (MICs) of
0.03-0.2% (300—2000 ppm) for C. neoformans and 0.06-0.4% for other Candida species, with
C. tropicalis frequently positioned at the upper limit of this spectrum. A study that evaluated tea
tree oil against oral Candida spp. (including C. tropicalis) and found MICs between 250 and 500
pg/mL, with the majority of isolates suppressed at 500 pg/mL ?°. A comprehensive test of 82
essential oils revealed that C. neoformans was one of the most vulnerable species, with more
than one-third of the oils (including tea tree oil) demonstrating MICs < 160 pg/ml **. These
concordant results confirm that our 500 pg/ml MIC is well within the expected susceptibility
window for these opportunistic yeasts. Recent mechanistic studies have identified terpinen-4-ol,
the primary component of tea tree oil, as the key antifungal agent. It was employed flow
cytometry and electron microscopy to demonstrate that terpinen-4-ol swiftly enhances fungal cell
membrane permeability, resulting in cytoplasmic leakage and cell mortality; analogous effects
were noted for both Candida spp. and C. neoformans *. These findings support a conserved,
membrane-targeting mode of action across diverse yeast pathogens.

It was documented an ECs, of 2323.8 mg/L for crude tea tree oil in a DPPH assay, much higher
(i.e., less active) than o-tocopherol or terpinen-4-ol alone (ECso, = 9.16 and 480.56 mg/L,
respectively) *2. Although units differ (UL vs. mg/L), their work confirms that whole tea tree oil
is moderately active, in line with our finding that it achieves 50% scavenging at ~22 uL per
assay well. The antioxidant properties of tea tree oil are primarily due to its substantial terpinen-
4-ol concentration (generally 30-50% of the oil), supplemented by the synergistic effects of a-
terpineol and 1,8-cineole *. Terpinen-4-ol Nano emulsions have demonstrated a reduction in
ECso V%LUBS by fifty percent compared to bulk oil, suggesting that formulation may augment
efficacy™.

5. Conclusion

This study emphasizes the dual bioactivity of tea tree oil: a strong antifungal action against
opportunistic yeasts at 500 pg/ml and notable antioxidant capacity through DPPH radical
scavenging. The prevalence of terpinen-4-ol highlights its essential function in both fungistatic
and free-radical neutralization processes. These findings support the integration of tea tree oil in
antifungal treatments and as a natural antioxidant component; however, formulation approaches
to improve stability and reduce irritation should be investigated. The study collectively endorses
the formulation of terpinen-4-ol standardized formulations for medicinal and preservation
purposes.
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