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EFFECT OF OC/IMUM ESSENTIAL OIL
ON MOLD ISOLATED FROM VIETNAMESE SWIMMERS

ABSTRACT

Introduction: Mold contamination poses a
significant threat to various sectors, including
food safety, infrastructure, and human health.
The increasing resistance of fungi to synthetic
antifungal agents necessitates the exploration of
natural alternatives. Ocimum gratissimum (L.)
essential oil has shown promising antifungal
activity. Objective: This study investigated the
antifungal properties of Ocimum gratissimum
(L.) essential oil on various mold strains.
Subjects and methods: The antifungal
effectiveness of Ocimum gratissimum (L.)
essential oil was evaluated against pathogenic
mold strains collected from clinical samples,
utilizing a broth dilution technique. Results:
Ocimum gratissimum essential oil displayed
excellent in vitro antifungal efficacy against the
tested pathogenic mold strains. A concentration
of 0.6 pL/mL of essential oil completely
inhibited 100% fungal isolates. Furthermore, a
two-fold dilution (0.3 pL/mL) of Ocimum

gratissimum oil was still inhibit
Phaeohyphomycetes group. Conclusion: In
conclusion, O. gratissimum essential oil
demonstrates significant potential for

development into novel formulations for the
treatment of mold-related diseases.

Keywords: Ocimum gratissimum  (L.)
essential oil, mold

I. INTRODUCTION
Mold contamination is a widespread
problem affecting various sectors, including
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agriculture, food storage, healthcare, and
indoor environments. Fungi such as
Aspergillus, Penicillium, and Fusarium are
known for causing food spoilage, structural
damage, and adverse health effects, including
allergic reactions and respiratory diseases.
Additionally, some mold species produce
mycotoxins, which can lead to severe
toxicological consequences, including
immunosuppression and carcinogenesis [1].
Traditional antifungal agents such as
synthetic ~ fungicides  and chemical
preservatives have been commonly used for
mold control. However, concerns regarding
fungal resistance, environmental toxicity, and

health hazards have led to an increased
demand for natural and eco-friendly
alternatives [2].

Ocimum essential oil, extracted from

plants of the Ocimum genus (e.g., Ocimum
basilicum, Ocimum sanctum, and Ocimum
gratissimum), has gained attention due to its
strong antifungal properties. Rich in
biologically active compounds such as
eugenol, linalool, and methyl chavicol, this
essential oil has demonstrated inhibitory
effects against a wide range of mold species
[3]. These bioactive constituents exhibit
multiple antifungal mechanisms, including

cell membrane disruption, inhibition of
ergosterol  biosynthesis, oxidative stress
induction, and prevention of biofilm

formation. Given these properties, Ocimum
essential oil presents a promising natural
alternative for mold prevention and control in
various applications.
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One of the primary antifungal
mechanisms of Ocimum essential oil is the
disruption of fungal cell membranes.
Eugenol and linalool, the major constituents,
interact with membrane lipids, increasing
permeability and leading to the leakage of
vital intracellular contents such as potassium
ions, ATP, and proteins [4]. This membrane
disruption  severely =~ compromises the
structural integrity and viability of mold
cells. Research on Aspergillus flavus has
shown that exposure to Ocimum oil leads to
significant morphological alterations,
including membrane rupture, cytoplasmic
disintegration, and cell death [5].

Another crucial mode of action is the
inhibition of ergosterol biosynthesis, a key
sterol responsible for maintaining fungal cell
membrane integrity. Ergosterol plays a vital
role in fungal growth, and its inhibition
results in structural instability and impaired
cellular function [6]. Compounds such as
methyl chavicol present in Ocimum essential
oil interfere with ergosterol synthesis
pathways, making fungal membranes more
susceptible to osmotic stress and external
antifungal agents [7]. This effect is
particularly useful in controlling molds that
exhibit resistance to conventional antifungal
drugs.

In addition to disrupting cell membranes,
Ocimum essential oil also induces oxidative
stress in mold cells. The production of
reactive oxygen species (ROS) leads to lipid
peroxidation,  protein  oxidation, and
mitochondrial dysfunction, ultimately
triggering programmed cell death (apoptosis)
[8].Study on Alternaria tenuissima has
demonstrated that exposure to essential oil
significantly increases ROS levels, resulting

in cellular damage and fungal inhibition [9]..
This oxidative stress mechanism enhances
the overall antifungal efficacy of Ocimum
essential oil.

Beyond direct fungicidal effects, Ocimum
essential oil also plays a crucial role in
preventing mold spore germination and

biofilm formation. Mold spores are
responsible for fungal colonization and
proliferation, while  biofilms  provide

protection against antifungal agents, making
eradication more difficult. Research has
indicated that Ocimum essential oil
effectively reduces spore germination rates
and inhibits biofilm formation in pathogenic
mold species such as Aspergillus niger and
Penicillium spp. [3]. This preventive action is
particularly useful in food preservation and
medical  applications  where  fungal
contamination needs to be controlled before
it spreads.

Due to its strong antifungal properties,
Ocimum  essential oil has potential
applications across multiple industries. In
food preservation, Ocimum oil has been
tested as a natural food preservative to
prevent fungal contamination in grains,
fruits, and dairy products [10]. In agriculture,
it serves as a biopesticide against fungal
pathogens like Fusarium and Alternaria,
reducing crop losses and minimizing the use
of synthetic fungicides [4]. Additionally, in
pharmaceutical and medical applications,
Ocimum oil is being explored as a natural
antifungal agent for treating skin infections
and respiratory diseases caused by mold
exposure [11]. Furthermore, it can be used in
environmental settings as an air purifier or
natural disinfectant to reduce mold spores in
humid indoor environments.
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In conclusion, Ocimum essential oil is a
promising natural antifungal agent with
multiple mechanisms of action against mold,
including cell ~membrane  disruption,
ergosterol biosynthesis inhibition, oxidative
stress induction, and biofilm prevention. Its
broad-spectrum antifungal activity, low
toxicity, and eco-friendly nature make it a
viable alternative to synthetic antifungal
agents. Future research should focus on
optimizing formulation stability, exploring
synergistic effects with other natural
compounds, and conducting clinical trials to
enhance its commercial application in mold
prevention and control.

II. MATERIAL AND METHODS

The Ocimum gratissimum essential oil,
with an eugenol content of 75.52% (w/w),
was procured from Sarona company.

339 fungal strains utilized in this study
were isolated from 109 swimmers diagnosed
with otomycosis.

Quantification of Fungal Spores with a
Neubauer Hemocytometer [12]:

To quantify fungal spores, we first
activated mold cultures on PDA and
incubated them at room temperature for five
days. Following incubation, a suspension of
the fungal spores was created in a
physiological saline solution (0.85% NacCl,
0.05% Tween 80) and vortexed briefly. Next,
a Neubauer hemocytometer was used to
determine spore density. Specifically, a 10
pL aliquot of the suspension was loaded onto
the chamber. After a 1-2 minute settling
period, the spores were counted in five large
squares (four corners and the center), with
only those spores touching the top and left
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borders of these squares included in the
count. Finally, the spore concentration was
adjusted to be within the range of 1 to 5 x 10°
CFU/mL.

Peparing stock solution:

We prepared stock solutions of Ocimum
gratissimum essential oil at a 10% (w/w)
concentration in dimethyl sulfoxide (DMSO).
We then serially diluted these stock solutions
in a suitable solvent to achieve the desired
test concentrations for subsequent assays.

Determination of Minimum Inhibitory
Concentration (MIC) by Agar Dilution
Method

We determined the minimum inhibitory
concentration (MIC) using the agar dilution
method, adapted from Karaca [13]. First, we
prepared two-fold serial dilutions of the
acetic acid and Ocimum gratissimum
essential oil stock solutions in 1.5 mL
eppendorf tubes, creating a series of five
decreasing concentrations. These dilutions
were then further diluted 1:10 in molten
potato dextrose agar (PDA) to achieve the
final test concentrations, with the highest
concentrations being 1.2 pL/mL for Ocimum
gratissimum  essential oil. The PDA
containing each test concentration was
poured into sterile Petri dishes. After the agar
solidified and the surface dried for 15
minutes, we spotted 2 pL of each fungal
suspension (prepared as described
previously) onto the agar surface. The plates
were incubated at room temperature for 3-5
days, and the MIC was defined as the lowest
concentration of the test substance that
visibly inhibited fungal growth. Each
experiment was performed in triplicate.
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III. RESULT
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Figure 11. Minimum inhibitory concentration of Ocimum gratissimum essential oil against

isolated fungal strains

Figure 1 illustrates the in vitro antifungal activity of Ocimum gratissimum essential oil
against mold strains isolated from clinical specimens. The essential oil exhibited a minimum
inhibitory concentration (MIC) of 0.6 pL/mL against the majority of isolates (n = 241,
representing approximately 71% of the 339 total isolates). A substantial number of isolates (n
= 85) were also inhibited at an MIC of 0.3 uL/mL. Fewer isolates showed sensitivity at MICs
of 1.2 pL/mL (n = 6) and 0.15 pL/mL (n = 7). No inhibition was observed at the lowest tested
concentration of 0.075 pL/mL.
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Figure 12. Antifungal activity of Ocimum gratissimum essential oil on Aspergillus sp.

Figure 2 presents the distribution of minimun inhibitory concentrations (MIC) of Ocimum
gratissimum essential oil on six Aspergillus species (A. flavus, A. fumigatus, A. japonicus, A.
nidulans, A. niger, and A. terreus), as indicated by the distribution of minimum inhibitory
concentrations (MICs). The results indicate that a concentration of 0.6 pL/mL effectively
inhibits the growth of all isolated Aspergillus species. However, four strains of A. terreus
exhibited a MIC of 1.2 pL/mL.
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Figure 13. Antifungal activity of Ocimum gratissimum essential oil on
Hyalohyphomycetes group
Figure 3 illustrates the antifungal activity of Ocimum gratissimum essential oil on the other
Hyalohyphomycetes group. Penicillium sp. was the most prevalent genus isolated (n = 69).
Penicillium sp. was the most frequently isolated genus (n = 69), with the majority of strains
exhibiting MICs of either 0.6 pL/mL (n = 35, 50.72%) or 0.3 pL/mL (n = 31, 44.93%). All
Fusarium sp. isolates (n = 13) demonstrated an MIC of 0.6 pL/mL. Additionally, a
concentration of 0.3 pL/mL of Ocimum gratissimum essential oil represented the MIC for all
isolated strains of Chrysosporium sp. (n = 4), Paecilomyces sp. (n = 1), and Cytospora sp. (n

- 1).
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Figure 14. Antifungal activity of Ocimum gratissimum essential oil on
Phaeohyphomycetes group
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The analysis of the minimum inhibitory concentration (MIC) of Ocimum gratissimum
essential oil against the Phaeohyphomycetes fungal group, as shown in Figure 4, reveals that
strains belonging to this group exhibit lower MIC values compared to the Hyalohyphomycetes
group (Figure 2 and Figure 3). Specifically, the isolated strains demonstrated MIC values

ranging from 0.3 pL/mL to 0.15 pL/mL.
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Figure 15. Antifungal activity of Ocimum gratissimum essential oil on
Zygomycetes group

Figure 5 illustrates the antifungal activity
of Ocimum gratissimum essential oil against
isolated Zygomycetes. The results indicate
that Rhizopus sp. (n = 8) exhibited a
minimum inhibitory concentration (MIC) of
0.6 pL/mL, whereas Cunninghamella sp. (n
= 10) were inhibited at a lower concentration
of 0.3 pL/mL. These findings demonstrate
the potent activity of Ocimum gratissimum
essential oil against this fungal group.

IV. DISCUSSION

A concentration of 0.6 pL/mL exhibited
activity against all fungal strains isolated
from external auditory canal wet samples.
The growth of isolates belonging to the
genera Aspergillus and Penicillium was
inhibited at this concentration (0.6 puL/mL).
Notably, A. niger and A. terreus, species
implicated as etiological agents of

otomycosis, were susceptible at this
concentration (0.6 pL/mL). Furthermore,
essential oil of Ocimum gratissimum also
demonstrated potent activity against strains
belonging to the Phaeohyphomycetes and
Zygomycetes groups. These finding align
with previous research on the antifungal
properties of Ocimum gratissimum essential
oil. Bhanu Prakash (2011) reported a similar
minimum inhibitory concentration (MIC) of
0.7 upL/mL [14]. Adjou et al. (2013)
demonstrated the efficacy of Ocimum
gratissimum essential oil against peanut-
contaminating fungi, with A. flavus and A.
parasiticus inhibited at 7.5 pL/mL, and A.
ochraceus and F. oxysporium at 5.5 pL/mL
[15]. Beyond antifungal activity, Ocimum
gratissimum essential oil also possesses
antibacterial properties; Adebolu (2005)
observed complete inhibition of
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Staphylococcus aureus growth at a
concentration of 0.1% (w/w) [16]. The
primary bioactive component of Ocimum
gratissimum  essential  oil,  eugenol,
contributes to its suitability for topical
application in the external ear. Eugenol's
higher density than water and non-volatile
nature at room temperature allow for
sustained contact with the affected area,
potentially enhancing its therapeutic efficacy
[17].

V. CONCLUSION

In conclusion, Ocimum gratissimum
essential oil holds significant promise for the
development of natural product-based
formulations for the treatment of otomycosis,
owing to its potent antifungal activity.

REFERENCES

1. Pitt JI, Hocking AD. Fungi and food
spoilage: Springer; 20009.

2. Sil A, Pramanik K, Samantaray P, Firoz
M, Yadav VJIEZS. Essential oils: A boon
towards  eco-friendly  management  of
phytopathogenic fungi. 2020;8(4):1884-91.

3. Mishra AK, Dubey NK. Evaluation of some
essential oils for their toxicity against fungi
causing deterioration of stored food
commodities. Applied and environmental

microbiology.  1994;60(4):1101-5. Epub
1994/04/01. doi: 10.1128/aem.60.4.1101-
1105.1994. PubMed PMID: 8017906;

PubMed Central PMCID: PMCPMC201445.
4. Sharma N, Tripathi A. Effects of Citrus
sinensis (L.) Osbeck epicarp essential oil on
growth and morphogenesis of Aspergillus
niger (L.) Van Tieghem. Microbiological

research. 2008;163(3):337-44. Epub
2006/07/28. doi:
10.1016/j.micres.2006.06.0009. PubMed

PMID: 16870411.

5. Kumar P, Mahato DK, Gupta A, Pandhi
S, Mishra S, Barua S, et al. Use of essential
oils and phytochemicals against the

234

10.

11.

mycotoxins producing fungi for shelf-life
enhancement and food  preservation.
International Journal of Food Science and
Technology.  2022;57(4):2171-84.  doi:
10.1111/ijfs.15563 %J International Journal
of Food Science and Technology.

Shahina Z, Dahms TES. A Comparative
Review of Eugenol and Citral Anticandidal
Mechanisms: Partners in Crimes Against
Fungi. 2024;29(23):5536. PubMed PMID:
doi:10.3390/molecules29235536.

Khan A, Ahmad A, Akhtar F, Yousuf S,
Xess I, Khan LA, et al. Ocimum sanctum
essential oil and its active principles exert

their antifungal activity by disrupting
ergosterol  biosynthesis and membrane
integrity.  Research  in  microbiology.

2010;161(10):816-23. Epub 2010/09/28. doi:
10.1016/j.resmic.2010.09.008. PubMed
PMID: 20868749.

Kaur M, Tandon R, Kalia A, Chander
Mahajan BV, Kairam N. ROS-mediated
antifungal activity of Ocimum essential oil-
loaded nanoemulsions against postharvest
fungal pathogens of Kinnow. Food
Bioscience. 2024;57:103429. doi:
https://doi.org/10.1016/j.fbi0.2023.103429.
Singh K, Deepa N, Chauhan S, Tandon S,
Verma RS, Singh A. Antifungal action of
1,8 cineole, a major component of
Eucalyptus globulus essential oil against
Alternaria tenuissima via overproduction of
reactive oxygen species and downregulation
of virulence and ergosterol biosynthetic
genes. Industrial Crops and Products.
2024;214:118580. doi:
https://doi.org/10.1016/j.indcrop.2024.118580.
Adjou E, Zossoungbo M, Totcheme O,
Mohamed S. Essential Oil of Ocimum
gratissimum L. (Lamiaceae) as
Biopreservative of Peanuts in Post-harvest:
Application Model and Effects on Quality of
Derived Products. International Journal of
Biochemistry Research & Review. 2022:22-
8. doi: 10.9734/ijbcrr/2022/v31i830343.
Antonescu A-I, Miere F, Fritea L, Ganea
M, Zdrinca M, Dobjanschi L, et al.
Perspectives on the Combined Effects of


https://doi.org/10.1016/j.fbio.2023.103429
https://doi.org/10.1016/j.indcrop.2024.118580

VL EVIRT S (RIS Vol. 550 No. 1/2025

12.

13.

14.

Ocimum basilicum and Trifolium pratense
Extracts in Terms of Phytochemical Profile
and Pharmacological Effects.
2021;10(7):1390. PubMed PMID:
doi:10.3390/plants10071390.

Phelan MC, Lawler G. Cell counting.

Current protocols in cytometry.
2001;Appendix  3:Appendix 3A. Epub
2008/09/05. doi:
10.1002/0471142956.cya03as00.  PubMed

PMID: 18770655.

Karaca N, Ko¢ AN. In vitro susceptibility
testing of dermatophytes: comparison of disk
diffusion and reference broth dilution
methods. Diagnostic microbiology and
infectious disease. 2004;48(4):259-64. Epub
2004/04/06. doi:
10.1016/j.diagmicrobio.2003.10.012.
PubMed PMID: 15062918.

Prakash B, Shukla R, Singh P, Mishra PK,
Dubey NK, Kharwar RN. Efficacy of
chemically characterized Ocimum
gratissimum L. essential oil as an antioxidant

15.

16.

17.

and a safe plant based antimicrobial against
fungal and aflatoxin Bl contamination of
spices. Food Research International.
2011;44(1):385-90. doi:
https://doi.org/10.1016/j.foodres.2010.10.002
Adjou ES, Kouton S, Dahouenon-Ahoussi
E, Soumanou MM, Sohounhloue DC.
Effect of essential oil from fresh leaves of
Ocimum gratissimum L. on mycoflora during
storage of peanuts in Benin. Mycotoxin
research. 2013;29(1):29-38. Epub
2013/01/22. doi: 10.1007/s12550-012-0150-
y. PubMed PMID: 23334722.

Adebolu T, Oladimeji  SAJAJOB.
Antimicrobial activity of leaf extracts of
Ocimum gratissimum on selected diarrhoea
causing bacteria in southwestern Nigeria.
2005;4(7):682-4.

Marchese A, Barbieri R, Coppo E, Orhan
IE, Daglia M, Nabavi SF, et al
Antimicrobial activity of eugenol and
essential  oils containing eugenol: A
mechanistic viewpoint. 2017;43(6):668-89.

235


https://doi.org/10.1016/j.foodres.2010.10.002

