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Keywords

vulgaris essential oils against an isolate of ochratoxin A producer, Aspergillus
carbonarius, isolated from Bozcaada Cavus grape, were evaluated in three steps.
By GC-MS of M. piperita and T. vulgaris essential oils, the main components
were determined to be menthol (39.911%) and carvacrol (49.042%). Antifungal
activity was first evaluated by the agar well diffusion method, and it was

determined that the tested essential oils completely inhibited the growth of 4.

Anti-ochratoxigenic, carbonarius and were as effective as fluconazole antifungal. In the second step,

Antifungal activity, the MIC and MFC values of the tested essential oils were determined; both values
Aspergillus carbonarius, were 1 uL. mL!. Finally, it was determined that M. piperita and T. vulgaris
Mentha piperita,

essential oils completely inhibited the radial growth of A. carbonarius at the MIC
value. These results show that M. piperita and T. vulgaris essential oils may be a
good strategy to control ochratoxigenic A. carbonarius contamination.

Thymus vulgaris
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Aspergillus carbonarius Isolated from Bozcaada Cavus Grape. Yuzuncu Yil University Journal of Agricultural Sciences, 34(1): 166-175.
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1. Introduction

Mycotoxins are harmful substances produced by certain moulds that grow in various agricultural
products (Dammak et al., 2018; Nurtjahja et al., 2022). These toxins have been causing significant health
and economic problems since their discovery. So far, around 300-400 different mycotoxins have been
identified. Aspergillus, a genus of mould, produces several mycotoxins, such as aflatoxins, fumonisins,
gliotoxin, ochratoxins, patulin, sterigmatocystin, etc., that can have adverse effects on human health
(Pocsi et al., 2020; Raduly et al., 2020). When humans or animals consume food or feed contaminated
with mycotoxins, it can lead to acute and chronic toxicity. According to the Food and Agriculture
Organization (FAO), approximately 25% of food products are contaminated by mycotoxins. The World
Health Organization (WHO) and FAO have set guidelines and restrictions to address the problem of
mycotoxin contamination in feeds and foods (Navale et al., 2021).

Recently, researchers have identified at least 20 analogues of ochratoxin, one of the most
important mycotoxins. Ochratoxin A (OTA) is the most toxic and common among these analogues.
OTA is immunosuppressive, immunotoxic, embryotoxic, genotoxic, neurotoxic, and teratogenic and is
rated as a potential carcinogen (group 2B) by the International Agency for Research on Cancer (IARC,
1993). The European Union and China have recommended a maximum tolerable OTA level in cereal
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grains of 5 ug kg'. OTA is produced by some species such as Aspergillus niger, Aspergillus
carbonarius, Aspergillus ochraceus, Aspergillus westerdijkiae, Penicillium verrucosum, and
Penicillium nordicum. A. ochraceus is responsible for producing OTA in rice, oats, wheat, coffee, and
other beverages. On the other hand, A. niger and A. carbonarius also produce OTA in grapes, raisins,
and wine (Chiotta et al., 2013; Hua et al., 2014; Pantelides et al., 2017). A. carbonarius is the primary
ochratoxigenic fungus found on grapes, especially in Mediterranean countries, and contaminates grapes
during ripening (Pantelides et al., 2017; Dammak et al., 2018; Ozcan Ates and Zorba, 2020).

With global climate change, the spread of mycotoxigenic Aspergillus species has increased and
is expected to continue to do so, leading to a greater possibility of mycotoxin contamination in the food
and feed supply chain. Currently, measures are taken to ensure food safety and prevent the development
of moulds, mycotoxin accumulation, and mycotoxin formation in the food chain (Raduly et al., 2020).
Chemical-based control is a standard method used to minimize post-harvest contamination in different
types of food. This involves using antifungal chemicals, for example, aromatic hydrocarbons,
benzimidazoles, and sterol biosynthesis inhibitors. However, applying these chemicals enhances the risk
of toxic residues in foods and can have side effects, such as carcinogenic and teratogenic effects and
producing residual toxicity. Due to these concerns, researchers are exploring natural alternatives to
synthetic fungicides. The aim of current research is to find effective natural preservatives to limit the
need for chemical fungicides. One area of focus is the use of natural antibacterial and antifungal agents.
Essential oils (EO) and their components are being extensively researched for their antifungal and anti-
toxigenic effects (Hua et al., 2014; Thippeswamy et al., 2014; Boukaew et al., 2017; Dammak et al.,
2018 and 2019; Kapetanakou et al., 2019; Rodrigues et al., 2019; Achar et al., 2020; Bouderba et al.,
2020; Kalagatur et al., 2020; Nerilo et al., 2020; Laaziz et al., 2022). Therefore, the study evaluated the
antifungal activity of Mentha piperita and Thymus vulgaris EOs against the 4. carbonarius isolate,
which is known to produce ochratoxin.

2. Material and Methods

2.1. Culture and essential oil

A. carbonarius PP264185 (NCBI gen bank number) (closely related species accession number
MK778845.1), isolated from grape samples taken from the Cavus vineyard in Bozcaada Cayir location
in 2015, was used in the study (Ozcan Ates and Zorba, 2020; Ozcan Ates et al., 2024). It was determined
through HPLC analysis that the isolate produced 49.448 + 0.354 ppm of OTA in the medium (Ozcan
Ates et al., 2024).

M. piperita (MPEO) and T. vulgaris (TVEO) EOs were obtained from Altin Toroslar A.S.
(Adana, Tiirkiye).

2.2. Preparation of spore suspension

The stock culture was first revived in the Potato Dextrose Agar (PDA) medium (Biolife, Italy).
Then, it was planted in Malt Extract Agar (MEA) (Oxoid, England) medium and incubated at 25°C for
7-10 days for sporulation. Sterilized Tween 80 (Merck, Germany) solution (0.1%, v v'') was added to
the MEA, and spores were collected. The spore solution was vortexed for 15-30 seconds for a
homogeneous mixture and adjusted to 0.5 McFarland density (Ozcan Ates, 2023).

2.3. Agar well diffusion method

To determine the antifungal activity of MPEO and TVEQO, a modified version of the NCCLS
M44-A method was used (NCCLS, 2004; Ozcan Ates, 2023). A spore solution was prepared to 0.5
McFarland density and inoculated on the PDA medium using the spreading plate method. A well with
a diameter of 6 mm was created on a PDA medium using a cork borer set instead of a disc. Then, 20 pL
of MPEQO and TVEO were added to the well. Plates were incubated at 25°C for 3-5 days, and zone
diameters were measured.

As a positive control, amphotericin B (AMB, 20U) (Bioanalyse, Tiirkiye) and fluconazole
(FLU, 25 mcg) (SD232-5CT, Himedia, India) antifungal disks were used. Amphotericin B is a polyene
produced by Streptomyces nodosus and binds to ergosterols in the fungal cell wall, disrupting wall
permeability (Erdem et al., 2018). Conversely, fluconazole is effective against some species of the
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Aspergillus genus and inhibits the synthesis of ergosterol in the fungal cell wall (Oncel and Keceli,
2018).

2.4. Minimum inhibitory concentration (MIC) and minimum fungicidal concentration (MFC)

The MIC value was determined with a minor modification by the method in NCCLS M38-A2
(NCCLS, 2008; Ozcan Ates, 2023). An RPMI 1640 medium (Himedia, India) containing 0.165 M
MOPS was prepared to determine the MIC value. To ensure a homogeneous mixture of EOs in the
medium, dimethylsulfoxide (DMSO) (Merck, Germany) was added to a final concentration of 3%. A
double-content RPMI 1640 medium containing EO and DMSO was distributed as 100 uL into each well
of 96-well U-bottom microplates, with decreasing concentrations in rows B and G. Then, 100 pL of the
spore solution adjusted to 0.5 McFarland and diluted 1:10 was added to each well, and the microplates
were incubated at 25°C for 24-48 hours. The final concentration of EOs in the study was 40, 20, 10, 5,
2.5,and 1 pl ml". It was used as a positive control, and 200 uL of RPMI 1640 medium containing 40
ul mI”' EO and 3% DMSO was added to row A of the microplates. In the H row of the microplates, 100
pL of RPMI 1640 medium containing 3% DMSO and 100 pL of culture were added and used as a
negative control. After incubation, the MIC value was determined as the first well in which no growth
was observed by visual evaluation. The well was defined as the MIC value, and the subsequent two
wells were inoculated into PDA medium using the drip seeding method and incubated at 25°C for 24-
48 hours. The MFC value was determined as the lowest concentration at which no growth was observed
after incubation.

2.5. Effect of EOs on A. carbonarius mycelium radial growth

The effect of EOs on the radial growth of mould mycelium was carried out according to the
method specified in Ozcan Ates (2023). PDA media were prepared to contain EO at different
concentrations (1/(4) x MIC, 1(2) x MIC, MIC, 2 x MIC, 4 x MIC) and 3% DMSO. A 7-10-day-old 4.
carbonarius isolate was grown in a PDA medium and inoculated in a single spot in the middle of the
petri dish using a needle loop. A PDA medium containing 3% DMSO was used as a control. Plates then
incubated at 25°C for 7 days. After incubation, the colony diameters were measured, and radial growth
inhibition was calculated using the equation (1).

C—T
1% = ——+100 (1)

C: the growth diameter in the control petri dish (mm), T: the growth diameter in the petri dish
containing EOs (mm), and I: inhibition (%).

2.6. Determination of M. piperita and T. vulgaris EOs volatile chemical composition by GC-MS

MPEQ and TVEO volatile component compositions were determined according to Ozcan Ates
and Kanbur (2023). In the study, a gas chromatograph 7890 A coupled to the mass spectrometer series
MSD 5975 C (Agilent Technologies) was used, and the integrations were made with MSDCHEM
software.

2.7. Statistical analysis

Microbiological analysis was carried out in three parallel; the results were evaluated using the
SPSS (v23.0, IBM Corp., Armonk, NY, USA) program and presenting the results as mean (M) +
standard deviation (sd).

3. Results

The antifungal activity of MPEO and TVEO against the OTA producer A. carbonarius isolated
from the Bozcaada Cavus grape was first evaluated by the agar well diffusion method, and the results
of the inhibition zone diameters are given in Table 1. It was determined that MPEO and TVEO were as
effective as the positive control fluconazole, and the inhibition zone diameter was 90.00 + 0.01.
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Table 1. Inhibition zone diameters (in mm), MIC (uL mL™"), MFC (uL mL™"), and MFC/MIC ratio of

MPEO and TVEO
Aspergillus carbonarius PP264185
Zone diameter (in mm) MIC MFC MFC/MIC
MPEO 90.00 +0.01 1 pL mL! 1 pL mL! 1
TVEO 90.00 +0.01 1 pL mL! 1 pL mL! 1
FLU 90.00 +0.01 -k - -
AMP 1472+ 1.21 - - -

-*: not determined.

MIC and MFC methods were used to evaluate the fungistatic and fungicidal properties of MPEO
and TVEO against the ochratoxigenic A. carbonarius isolate. The MIC and MFC values (Table 2) of
MPEOQ and TVEO were determined to be 1 pL mL™". It was found that the tested EOs had an MFC/MIC
ratio of 1; therefore, they were fungicidal (MFC/MIC < 4) (Snoussi et al., 2018; Mseddi et al., 2020).

The effect of MPEO and TVEO on the radial growth of ochratoxigenic A. carbonarius was also
evaluated. While determining the effect on radial growth, the radial growth inhibition of EOs at 1(4) x
MIC, 11(2) x MIC, MIC, 2 x MIC, and 4 x MIC concentrations was examined. Results are given in Table
2. It was determined that TVEO completely inhibited the radial growth of the tested A.carbonarius
isolate starting from 1/(2) x MIC concentration, and MPEQO inhibited the radial growth of the isolate at
the MIC value and all concentrations thereafter.

Table 2. A. carbonarius radial growth inhibition rate of tested EOs (in %)

EO Concentration MPEO TVEO

14) x MIC 72.49 +3.72 100.00 + 0.01
112) x MIC 91.05+0.10 100.00 + 0.01
MIC 100.00 £ 0.01 100.00 + 0.01
2 x MIC 100.00 £ 0.01 100.00 + 0.01
4 x MIC 100.00 + 0.01 100.00 + 0.01

GC-MS analyses of MPEO and TVEO identified 51 and 41 different components, respectively,
and the volatile chemical composition in the EOs is given in Table 3. The main components of MPEO
are menthol (39.911%), menthone (17.933%), isomenthone (8.986%), neomenthol (5.942%) and
limonene (5.644%), while TVEQ is carvacrol (49.042%), p. -cymene (11.681%), gamma-terpinene
(11.607%) and linalool (7.084%).

Table 3. Volatile chemical compositions of MPEO and TVEO

MPEO TVEO

Components Abul:)dan RT Abul})dan RT

ce % ce %
1,3,8-p-Menthatriene - - 0.007 26.430
1,5,8-p-Menthatriene - - 0.038 34.327
1,8-Cineole 0.629 11.584 - -
1-[1-Methyl-1-(4-methyl-cyclohex-3-enyl)-ethyl]- ) ) 0.065 27451
1H-pyrrole
1-C42Nonen-3-o0l 0.034 23.178 - -
1-okten-3-ol - - 0.324 23.12
1-terpinen-4-ol - - 0.804 31.512
2-Cyclohexen-1-ol, 1-methyl-4-(1-methylethyl)-, cis - - 0.041 32914
2-Hexen-1-ol, (E)- - - 0.013 20.776
3-(I’Isopropenyl-2°,2’-dimethyl cyclopentyl)-1- 0.03 44.089 i i
propanol

-*: not determined.
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Table 3. Volatile chemical compositions of MPEO and TVEO (continued)

MPEO TVEO
Components Abul:)dan RT Abul})dan RT
ce % ce %
3-Decyne 0.01 19.098 - -
3-Octanol 0.884 20.064 - -
3-Octanone 0.023 13.43 - -
4-Hexen-1-ol, 5-methyl-2-(1-methylethenyl)-, (R)- 0.54 35.738 - -
Alcanfor 0.018 42.048 - -
Alpha-amorphene - - 0.019 35.996
Alpha-cadinol - - 0.135 60.227
Alpha-humulene - - 0.031 34.877
Alpha-pinene 1.725 6.605 3.875 6.633
Alpha-terpinene - - 2.757 10.594
Alpha terpineol 0.974 36.783 0.121 39.731
Alpha-terpinolene 0.01 14.667 0.525 14.679
Amorphane 0.031 20.591 - -
Benzene, methyl(1-methylethenyl) - - 0.022 22.416
Beta-bisabolene - - 0.616 38.194
Beta Bourbonene 0.116 26.714 0.033 26.685
Beta-myrcene 0.426 9.96 2.841 9.972
Beta-phellandrene - - 0.036 22.578
Beta-pinene 2.899 8.47 0.269 8.448
Bicyclo[4.1.0]heptane, 3,7,7-trimethyl- Carane 0.073 28.445 - -
Borneol - - 1.414 36.919
Camphene - - 0.651 7.473
Camphor - - 0.015 26.572
Carane, trans 0.072 27.405 - -
Carvacrol - - 49.042 62.72
Carvacrol methyl ether - - 0.599 31.638
Carveol 0.047 39.719 - -
Caryophyllene - - 1.124 31.022
Caryophyllene oxide 0.077 51.027 - -
Cis-2-alpha-methylbicyc[4.3.0]nonan-1 beta-ol 0.034 43.515 - -
0Clise-3a-methyl-3 a,4,5,6,7,7a-hexahydro-1H-inden-1- 0016 21.000 ) )
. 0.055 28.575
Citronella 0502 31.699 - ]
Cyclohexanol, 3-methyl0 0.009 22.316 - -
Cyclohexanol, 3-methyl-2-(1-methylethyl)-,
(1.alpha.,2.alpha.,3.alpha.) 0.603 32339 i i
Cyclohexanol, 5-methyl-2-(1-methylethyl)-,
(1.alpha.,2.beta.,5.alpha.)- 1.035 33.018 i i
Cyclohexanol, 5-methyl-2-(1-methylethyl)-, [IR-
(1.alpha.,2.beta.,5.alpha.)]- 0.963 35.146 i i
Cyclohexanone, 2-methyl-5-(1-methylethyl)-, trans 0.048 40.332 - -
Cyclohexanone, 3-methyl-, (R)- 0.286 16.839 - -
Delta-3-carene 0.016 13.252 0.156 9.58
Dihydro-neoclovene 0.027 20.78 - -
Ethyl amyl carbinol - - 0.023 20.024
Gamma-terpinene - - 11.607 13.171
Isomenthone 8.986 25431 - -
Isopulegol 1.309 29.731 - -
Isopulegone 0.295 30.474 - -
Leaf alcohol 0.011 19.599 - -
Ledene - - 0.027 36.331
Limonen-6-ol, pivalate - - 0.025 26.864

-*: not determined.
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Table 3. Volatile chemical compositions of MPEO and TVEO (continued)

MPEO TVEO
Components Abul:)dan RT Abul:)dan RT
ce % ce %

. 0.408 11.245
Limonene 5.644 11.302 0.034 24159
Linalool - - 7.084 28.67
Linalyl acetate - - 0.431 29.032
Menthol 39.911 33.872 - -
Menthone 17.933 23.973 - -
Menthyl acetate 3.727 29.318 - -
Naphthalene, decohydro-2-methyl 0.015 41.788 - -
Naphthalene, 1-isocyano 0.034 47.288 - -
Neomenthol 5.942 31.312 - -
p-Cymen-8-ol 0.028 44.875 - -
p-Cymene 0.234 14.14 11.681 14.225
Pentane, 3-methyl- 0.019 17.949 - -
Phellandrene - - 0.652 10.102
Piperitenone 0.083 48.158 - -
Piperitone 0.705 38.127 - -
Piperitone-oxide 0.039 50.025 - -
Pulegone 2.245 34.258 - -
Sabinene - - 0.508 11.608
Salvene 0.012 22.597 - -
Spathulenol - - 0.124 58.015
Terpineol, Z-.beta.- - - 0.910 23.902
Trans-3-Methylcyclohexanol 0.041 23.286 - -
Trans-Caryophyllene 0.422 31.005 - -
Thymol - - 0.572 61.35
Zingiberene - - 0.056 25.266

-*: not determined.
4. Discussion

A. carbonarius contamination, found during the ripening process of grapes in vineyards in
Mediterranean countries, is still a critical problem. Because 4. carbonarius produces OTA, especially
in grapes and products, it endangers human health and causes economic losses to producers. Synthetic
pesticides with different chemical structures control this mould type and other OTA producers.
However, these synthetic chemical fungicides negatively affect human and environmental health.
Therefore, their use becomes limited (Dammak et al., 2019). In addition, fungal infection agents are
increasing and becoming resistant to synthetic chemicals. This makes it difficult to control and treat. For
this reason, researchers have focused on the antifungal activities of natural substances for various
reasons, such as identifying natural and safe products as alternatives to synthetic chemical fungicides.
EOs from plants have important biological (antibacterial and antifungal) activities and are a potentially
helpful source of antifungal compounds (Moghaddam and Mehdizadeh, 2020). The study aimed to
explore the potential of MPEQO and TVEO as natural alternatives to synthetic fungicides for controlling
A. carbonarius, a fungus that produces OTA.

The composition of EO is affected by numerous factors, such as the geographical conditions
where the plant grows, abiotic and biotic factors during the growing phase, the age of the plant, the
condition of the plant, which part of the plant is collected, the genotype of the plant, and the method of
obtaining the EO. Therefore, before recommending an EO as a food preservative or alternative to drugs,
issues such as the composition of EOs and the concentration of active ingredients need to be
standardized. As a result, the chemical composition of the EO and the change in the concentration of the
active ingredient will affect its biological activities. Thus, synergistic effects can be seen, as well as
antagonistic effects (Dammak et al., 2019). In this study, MPEO's main components were menthol
(39.911%) and menthone (17.933%). In the literature, Moghaddam et al. (2013) reported that the main
components of MPEQ obtained from Tehran, Iran, were menthone (30.63%), menthol (25.16%), and
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Beigi et al. (2018) also reported that the main components of MPEO obtained from Isfahan in Southwest
Iran were found to be menthol (44.39%), menthone (15.36%). In addition, Camele et al. (2021)
determined that the main components of MPEQO obtained in Slovakia were menthol (70.08%) and
menthone (14.49%). As a result, it was determined that the main components were the same as in the
literature, but the percentage of presence changed. Also, the main component of 7VEO was determined
to be carvacrol (49.042%). It has a series of multicomponent chemotypes, including (1)linalool,
(2)borneol, (3)geraniol, (4) sabinene hydrate, (5)thymol, (6)carvacrol based on the main components of
TVEO (Satyal et al., 2016). Even Satyal et al. (2016) stated that 7VEO has 20 different chemotypes
through a cluster analysis based on 85 different TVEO compositions. Therefore, TVEQO's main
components vary widely.

Kostik et al. (2015) reported that MPEOQ, the main component of which is 34.3% menthol, gave
20 + 2 and 28 + 1 mm inhibition zones against Aspergillus flavus and A. niger isolates, and the MIC
values were 115.4 + 3.9 and 65.4 + 3.1 ug ml”, respectively. Ambindei et al. (2017) reported that the
main components of MPEO and TVEO were menthol (33.59%) and thymol (35.12%), respectively, and
the MIC values against the Aspergillus tamarii isolate were 0.13 ul ml™" and 0.33 ul ml”, respectively.
Cisarova et al. (2016) stated that TVEO, whose main component is 40+3% p-cymene, completely
inhibited the growth of 4. niger and Aspergillus tubingensis at a concentration of 0.625 ul cm™. The
study determined that MPEO and TVEO gave an inhibition zone of 90.00 £ 0.01 mm for the
ochratoxigenic A.carbonarius isolate, and the MIC and MFC values were 1 ul ml™'. Additionally, MPEO
and TVEO were found to completely inhibit radial growth at MIC, 2xMIC, and 4xMIC concentrations.
Our study results are similar to the data in the literature. It is important to measure the antifungal activity
of plant extracts, especially MIC. A lower MIC value means that a lower dose is needed to control the
growth of foodborne fungi. This means that extracts with a lower MIC are more effective as antifungal
agents. As a result, plant essential oil can be applied to both fields and stored crops to control fungal
growth and mycotoxin production as a potential alternative to synthetic chemicals. Thus, food safety
can be ensured to a large extent.

Conclusion

In conclusion, it is clearly seen from this study that the radial growth of the ochratoxigenic 4.
carbonarius isolate is completely inhibited at concentrations as low as 1 ul ml", and accordingly, it
provides inhibition of ochratoxin production. Mould species contaminated with foods and the
mycotoxins they produce cause economic losses and endanger human and animal health. Therefore, it
can be concluded that it can be used as an alternative and therapeutic agent to pesticides and synthetic
food preservatives to limit mould contamination and mycotoxin formation in foods. In addition, there
are a few limited studies in the literature on the growth of ochratoxigenic moulds and ochratoxin
production inhibition. Therefore, the study will contribute to developing safer natural products and an
effective strategy to control the growth of ochratoxigenic moulds and ochratoxin contamination,
especially in foods.
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