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Antioxidant and antifungal properties of essential oils of oregano (Origanum vulgare)
and mint (Mentha arvensis) against Aspergillus flavus and Penicillium commune for use
in food preservation
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Abstract

This study determined the chemical composition and evaluated the antioxidant activity and antifungal properties of essential
oils of oregano (Origanum vulgare) and mint (Mentha arvensis) against the fungi Aspergillus flavus and Penicillium commune
as possible alternatives for food preservation. The antimicrobial activity of both oils is shown by their minimum inhibitory
concentration (4 mg/mL) for oregano oil, and (8 mg/mL) for mint oil, and minimum inhibitory dose (< 110 pl/L) for oregano
oil, and (< 1500 pL/L) for mint oil. In addition, both oils presented antioxidant activity superior to 70% at the concentrations of
0.5 mg/mL for oregano oil and 30 mg/mL for mint oil after 360 min of reaction. As a control, the oils were evaluated for their
cytotoxic potential using cells in culture and the method based on mitochondrial activity. Both oils were cytotoxic to both cell
lines tested, with cells’ survival rates less than 20% when in contact with 25 pg/mL of oils concentrations. Overall, the essential
oils have activity against Aspergillus flavus and Penicillium commune, and their volatile components expressed high antifungal
activity that expands their use for situations in which direct contact with the liquid is undesired. However, both essential oils
showed high cytotoxicity.
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Practical Application: antioxidants and antifungal additives for food preservation. Their correct use will help reduce synthetic
additives, as demanded by most consumers. On the other hand, this use of the essential oils of oregano and mint can increase

the agricultural production of these plants and their processing to extract their essential oils.

1. Introduction

Synthetic additives commonly used in food conservation
have been essential in large-scale production. However, some
substances’ daily intake has been a concern to researchers and
government agencies. Consumers are also concerned about
the excessive use of synthetic preservatives and demand new
natural preservation methods (Polénio & Peres, 2009; Ayala-
Zavala et al., 2008). This concern has driven the food industry
to create ‘green’ policies.

The consumer demand for natural, green, and preservative-
free foods, along with tightened inspection legislation regarding
current synthetic or chemical preservatives, has challenged the
food industry to increase research into incorporating “naturally
derived” antimicrobials into food packaging. As a result, recent
years have witnessed an enormous increase in the number of
studies focusing on utilizing essential oils (Zhang et al., 2021),
whose properties such as antioxidants, antimicrobial (Yuan et al.,
2016), and eco-friendly food preservatives (Falleh et al., 2020)
have been reported. Furthermore, as an essential source of
natural preservatives, it has been shown that essential oils have
broad-spectrum antibacterial activity, further extending their
application prospects (Ju et al., 2018a,b).

Products from herbs, such as essential oils, represent a
feasible alternative to synthetic additives (Belletti et al., 2004;
Ju et al., 2018a). Scientific reports indicate that potentially
bioactive compounds present in herbs, spices, and derivatives have
antimicrobial, antioxidant, and anticancer activities (Kaefer &
Milner, 2008; Yuan et al., 2016). Essential oils, also called volatile
or ethereal oils, are natural volatile compounds resulting from
aromatic plants’ secondary metabolism (Burt, 2004). They are
complex mixtures characterized by two or three main compounds
in relatively high concentrations (20-70%) (Bakkali et al., 2008).
These oils’ compositions are strongly related to the origin of the
raw material, the development stage, and the plant’s specific part
for their extraction, growing conditions, and extraction process
(Kalemba & Kunicka, 2003; Simdes & Spitzer, 2003). Although
the natural variability, essential oils contain 85-95% volatiles
and 15% non-volatiles (Bakkali et al., 2008).

The chemical structures and the concentrations of the
components present in their compositions explain the essential
oils’ properties (Fisher & Phillips, 2008). Some of the oil’s
components have shown a high antimicrobial activity and have
been considered actual inhibitors of pathogenic microorganisms
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in foods and humans (Burt, 2004; Bakkali et al., 2008; Falleh et al.,
2020). As the essential oils are volatiles, their potential use is
in active packaging, whose free space atmosphere will contain
the oil vapor. According to Zhang et al. (2021), antimicrobial
activity is closely related to the ability of essential oil-active
components to be released and volatilized into the atmosphere.

Regarding fungi, the growing demand for natural antifungals
results from recognizing the importance of fungal infections
and difficulties to control. The development of resistance
to antifungal agents, the significant drug interactions, and
insufficient bioavailability of conventional antifungals have also
been considered (Cavaleiro et al., 2006). Some fungi species
are common food contaminants or pathogens that belong to
the genus Aspergillus ssp. and Penicillium ssp. Industrially,
Aspergillus species are applied for enzyme and organic acid
production and food fermentation, but they are also frequently
isolated as food contaminants. Pathogenic species are the
most harmful because of their respective toxigenic secondary
metabolites (Scheidegger & Payne, 2003). Aspergillus flavus is
an aerobic fungus species that contaminate grains and other
foods, producing aflatoxin B1, a carcinogenic and highly toxic
mycotoxin (Espinel-Ingroff et al., 2005). Some Penicillium
species can be used in biocontrol situations or as sources of
industrial enzymes and new drugs for the pharmaceutical
industry. However, further studies on food contamination
are necessary because the Penicillium genre is among the
most critical food spoilage causes, producing mycotoxins.
For instance, Penicillium commune’s species is the ancestor
of Penicillium camembert and a producer of the mycotoxin
cyclopiazonic acid (CPA) (Pitt et al., 1986).

Essential oils have been considered a good alternative for
food preservation, even for fungal contamination control (Burt,
2004; Bakkali et al., 2008; Yuan et al., 2016). The consumption
of natural products is based on the argument that plants and
their respective derivatives are safe. Nevertheless, some plant
derivatives contain potentially hazardous compounds with
toxicological risks (Veiga Junior et al., 2005). The literature has
linked the degree of toxicity of plant extracts to the dose and
administration frequency. In some cases, even low dosages cause
poisoning because of individual sensitivity (De Vincenzi et al.,
2004; Veiga Junior et al., 2005). Overall, essential oils are very
concentrated and have higher toxicity than the original plant,
hence the need for toxicological studies to support these
products’ safe use (Simoes & Spitzer, 2003; Veiga Junior et al.,
2005). Among the several aromatic plants with antimicrobial
activity, those of the family Lamiaceae, such as Origanum vulgare
(oregano) and Mentha arvensis (mint), has a particular interest
in food preservation. The high antimicrobial activity of the
essential oil of oregano has been recognized and linked to
many monoterpenes present in its composition (Lambert et al.,
2001). On the other hand, Mentha arvensis contains 90% mint
oil divided into monoterpenes, sesquiterpenes, flavonoids,
phenolic acids, among others (Liest, 1998). Some Mentha
species’ essential oils, including Mentha arvensis, are potential
candidates for antimicrobial, antioxidant, radical-scavenging,
and anticarcinogenic activities. Such multiple biological activities
might be ascribed to the presence of some chemical components,

such as menthol, menthone, camphor, and linalool, among others
(Gulluce et al., 2007; Pandey et al., 2003).

The objective of this study was the chemical characterization,
including Gas Chromatography coupled to Mass Spectrometry
(GC-MS) and Gas Chromatography with Flame Ionization
Detector (GC-FID), and evaluation of biological effects by the
antioxidant potential and antifungal properties of the essential
oils of oregano (Origanum vulgare) and mint (Mentha arvensis)
against Aspergillus flavus and Penicillium commune fungi, as well
as evaluation of the oils’ cytotoxicity in two cell lines.

2. Materials and methods

2.1 Materials

Essential oils of oregano (Origanum vulgare) and mint
(Mentha arvensis) were purchased from Ferquima Company
(Sdo Paulo, Brazil). The oregano oil was from the Republic of
Moldova (Eastern Europe), while the mint oil came from China.
Both oils were extracted by steam distillation of the plants’
leaves. According to the company report, the concentration
of carvacrol in the essential oregano oil was about 71%, while
menthol was present in the concentration of 50% in the mint
essential oil.

2.2 Chemical composition

The chemical compositions of oregano and mint essential
oils were determined by Gas Chromatography coupled to
Mass Spectrometry (GC-MS) and Gas Chromatography
with Flame Ionization Detector (GC-FID). GC-MS
analysis was carried out with a QP2010 Plus Shimadzu gas
chromatograph equipped with an RTx-5MS capillary column
(30 m x 0.25 mm x 0.25 um). Helium gas (He) was used as
carrier gas at a constant flow rate of 1 mL min™'. The initial
oven temperature was set at 60 °C (held for 5 min), raised
to 240 °C at 3 °C min" and kept for 5 min. Diluted samples
(1/100 v/v, in ethyl ether) of 1 uL were injected at 250 °C.
The constituents’ identification was made by comparing
the recorded mass spectral fragmentation patterns with
data published in the literature and reference spectra in the
computer libraries (NIST - National Institute of Standards and
Technology - 2008). The GC-FID analysis was performed at
a Shimadzu GC-FID 2010 chromatograph equipped with an
OV-5 capillary column (30 m x 0.25 mm x 0.25 um) under
the same conditions of GC-MS analysis. Quantification was
computed by the electronic integration of the FID peak areas.

2.3 Antimicrobial activity

The antimicrobial activity of oregano and mint essential
oils was determined by the minimum inhibitory concentration
(MIC) and the minimum inhibitory dose (MID), according to
NCCLS (National Committee Clinical Laboratory Standards,
2002) and Loépez et al. (2005) methods, respectively. Pure and
active cultures of Aspergillus flavus and Penicillium commune
were used to perform the evaluation. The strains were purchased
from the Tropical Research and Technology Foundation André
Tosello (Campinas — SP, Brazil).

Food Sci. Technol, Campinas, 42, 64921, 2022



Almeida et al.

Determination of Minimum Inhibitory Concentration (MIC)

The minimum inhibitory concentrations (MIC) of the essential
oils of oregano and mint were assessed by the microdilution broth
method, based on M38-A standard (National Committee Clinical
Laboratory Standards, 2002), with modifications. The 96-well
microtiter plates containing the samples and controls were composed
of Potato Dextrose Broth (PDB) (Difco™ - USA), oregano and
mint essential oils dilutions, and the inoculum suspension of
Aspergillus flavus and Penicillium commune (10* CFU/well).
The oils were diluted in DMSO, and the tested concentrations
ranged from 0.1 pig/mL - 4.0 mg/mL to oregano oil and 0.1 pg/mL
- 8.0 mg/mL to mint oil. The oregano oil tested concentrations
were specifically 0.1 pg/mL; 0.5 pg/mL; 1.0 ug/mL; 5.0 pg/mL;
10 pg/mL; 25 pg/mL; 50 pg/mL; 100 pg/mL; 200 pg/mlL; 300 pg/mL;
400 ug/mkL; 500 ug/mL; 750 pg/mkL; 1.0 mg/mL; 2.0 mg/mL;
3.0 mg/mL and 4.0 mg/mL. The mint oil tested concentrations
were the same, besides 5.0 mg/mL; 6.0 mg/mL; 7.0 mg/mL and
8.0 mg/mL. The microplates were incubated at 28 °C in a BOD
incubator chamber (ET-371 Tecnal - SP - Brazil) for 24, 48, and
72 hours. A plate reader (BioTek EL 800 - USA) at a wavelength
of 660 nm was used to determine the absorbances. The MIC
was considered the lowest concentration able to inhibit 100%
of the microorganism’s growth. The minimum concentration
capable of inhibiting 50% (IC, ), 70% (IC, ), and 90% (IC, ) of
the expected growths were calculated using the GraphPad Prism
5 software (La Jolla, CA, USA).

Determination of Minimum Inhibitory Dose (MID)

The disk volatilization test assessed the minimum inhibitory
doses (MID) of the essential oils of oregano and mint (Lopez et al.,,
2005). MID was considered the concentration in pL oil/L
headspace (microliters of essential oil per volume unit of air
above the microorganisms growing on the agar surface) to
inhibit the fungal growth completely.

Sterile Potato Dextrose Agar (PDA) (Difco™ - USA) culture
medium was increased by 0.1% of a 5% (w/v) Rose Bengal
solution and added to sterile Petri dishes (90 mm). The solidified
medium was inoculated with 100 pL of the inoculum suspension
of Aspergillus flavus and Penicillium commune (10° CFU/mL,
approximately). Each pure essential oil was diluted in ethyl
acetate and added to sterile blank filter disks placed on the Petri
dishes” cover. The Petri dishes were sealed with sealing film
(Parafilm M - WI, USA) and incubated in a BOD incubator
chamber (TE 391-1 Tecnal - SP - Brazil) at 30 °C for 96 hours.
According to the literature and considering fungi growth time, a
time of incubation of 48 hs minimum is recommended. Blanks
were prepared by adding ethyl acetate to the filter disks. After
the incubation period, the MID that caused apparent growth
inhibition by comparison with the control was measured.

Following these measurements, the dishes were incubated
for a further 21 days under the same temperature. Unchanged
Petri dishes (without removing the antimicrobial atmosphere
generated) were followed to check whether the protective
effects were temporary or prolonged. Besides, the antimicrobial
atmosphere was broken for other Petri dishes by removing the
filter disk to check whether the antimicrobial effects were static
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or cidal. If microorganisms start to grow after removal, there is
a static effect, whereas if no growth occurs, the effect is cidal.
The plates were checked every 7 days.

2.4 Antioxidant activity

The antioxidant activity of the oregano and mint essential oils
was determined by the DPPH (2,2-diphenyl-1-picrylhydrazyl),
as described by Brand-Williams et al. (1995). The traditional
method has been adapted to 96-well microplates. The essential
oils were tested in concentrations ranging from 0.05 to 10 mg/mL
to oregano oil and 5 to 500 mg/mL for mint oil. An ethanolic
solution of DPPH was added to the samples, and the solutions were
gently mixed and incubated in the dark for 30, 180, and 360 min
at room temperature. The absorbance readings were performed
in a microplate reader (Infinite M200 TECAN - Switzerland) at
517 nm. The antioxidant activities of the compounds (DDPH
scavenging activity (%) or AA (%)) were expressed according
to Equation 1, in which Abs, is the absorbance of the sample
and Abs_, is the absorbance of the control.

(AbSCr - AbSAm)

AA(%) - AbSC
"

-100 )

The IC,  values, defined as the amount of essential oil required to
reduce the initial concentration of DPPH to 50%, were calculated
with the GraphPad Prism 5 software (La Jolla, CA, USA).

2.5 Cytotoxicity

Cell viability assays assessed the cytotoxicity of oregano and
mint essential oils. Human melanocytes and murine fibroblasts
were selected according to the available cells and the study’s
objectives.

Cell culture

Murine fibroblast (NIH-3T3) and human melanocyte (NGM)
cells were obtained from the Rio de Janeiro Cell Bank (Rio de
Janeiro-R]J, Brazil). The NIH-3T3 cells were cultured in DMEM
(Dulbecco’s Modified Eagle’s medium) supplemented with 10%
of fetal bovine serum, 100 U/mL of penicillin, 100 pg/mL of
streptomycin, and 10 mM of HEPES (4-(2-hydroxyethyl)-1-
piperazineethanesulfonic acid). The NGM cells were cultured in
HAM-F12/DMEM (1:1) supplemented with 20% of fetal bovine
serum, 100 U/mL of penicillin, 100 pg/mL of streptomycin, 10 mM
of HEPES, 1.4 uM of hydrocortisone, 1 nM of triiodothyronine,
10 pg/mL of insulin, 10 pg/mL of transferring and 10 ng/mL of
epidermal growth factor (EGF). Cells were maintained at 37 °C
ina 5% CO, humidified atmosphere and pH 7.4. Cell stocks were
maintained in DMEM with 10% of dimethyl sulfoxide (DMSO)
at -180 °C in a liquid nitrogen reservoir.

Cell viability

The cytotoxicity of oregano and mint essential oils was
evaluated by the colorimetric MTT (3- (4,5-dimethylthiazol-
2-yl) -2,5-diphenyltetrazolium bromide) method. MTT is a
tetrazolium salt, reduced by metabolically active cells (Mosmann,
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1983). Briefly, the oregano and mint essential oils were previously
dissolved in DMSO in concentrations ranging from 0.1 to
200 pg/mL. The cells NIH-3T3 and NGM were seeded in 96-
well microplates and incubated with the oil samples for 24, 48,
and 72 h. The supernatant was replaced by the MTT solution
(5 mg/mL), and the plates were incubated at 37 °C for 2 h. DMSO
then replaced the supernatant to dissolve the formazan crystals.
The absorbance was read on a microplate reader (BIOTEK
EL800) using a 540 nm wavelength. The concentration required
to reduce the cell number by 50% (IC, ) was calculated using
the GraphPad Prism 5 software (La Jolla, CA, USA).

2.6 Statistical analysis

The statistical analysis was performed by analyzing variance
(ANOVA) and Tukey’s multiple comparison test with the
significance of the difference set at P < 0.05, using Statistica
8 software (STATSOFT, Inc., USA).

3. Results and discussion

3.1 Chemical composition

The chemical composition of the essential oils of oregano and
mint are presented in Tables 1 and 2, respectively. The oregano
oil composition analysis identified and quantified more than
20 compounds, amounting to 98.5% and 94.9% of the total oil
components obtained by GC-FID and GC-MS analysis, respectively.
Despite differences in relative concentrations determined by both
analytical techniques, Carvacrol was the main compound. Carvacrol
is presented in Figure 1A as a phenolic monoterpene, common in
essential oils of different oregano species. The antimicrobial activity
of oregano oil is related to carvacrol’s mechanism, which produces
harmful effects on the microbial cell membrane (Lambert et al.,
2001). With a hydroxyl group attached to the phenolic ring, its
structure is probably responsible for the component’s activity
(Dorman & Deans, 2000).

The mint oil composition analysis allowed the identification
and quantification of 15 compounds, amounting to 99.2% and
96.7% of total oil components, obtained by GC-FID and GC-MS
analysis, respectively. The antibacterial, antiviral, and antifungal
activities of the essential oil of Mentha arvensis are associated with
the majority compounds menthol, menthone, and isomenthone,
mainly (Singh et al., 2011). The major compound, menthol,
presented in Figure 1B, is cyclic terpene alcohol of high volatility
and partially soluble in water (Soottitantawat et al., 2005). Widely
used in food and pharmaceutical industries, menthol is considered
the main antifungal compound of mint species (Pandey et al.,
2003). The menthone exists as two isomers: menthone and
isomenthone, the second and third main compounds.

3.2 Antimicrobial activity

Determination of the Minimum Inhibitory Concentration
(MIC)

Figure 2 presents the concentration-response of each
essential oil in the inhibition of fungal growth. According to the

Table 1. Composition of the essential oil of oregano (Origanum vulgare),
retention time (min) and relative concentration (%).

- Relative Relative

Compound Reter(llt:l(i):)tlme concentration  concentration

(%) (GC-ME) (%) (GC-FID)
a-tujeno 6.67 0.40 0.19
a-pinene 6.93 0.69 0.33
canfeno 7.49 0.33 0.17
B-pinene 8.62 1.73 1.00
myrcene 9.25 0.70 0.42
a-phellandrene 9.81 0.38 0.14
a-terpinene 10.36 1.28 0.47
0-cymene 10.73 5.55 3.82
limonene 10.91 1.75 0.78
1,8 cineole 11.01 1.84 0.85
Y-terpinene 12.33 5.25 3.60
linalool 14.31 3.21 1.93
camphor 16.34 1.53 0.38
borneol 17.40 2.13 0.88
4-terpineol 17.96 1.68 0.67
a-terpineol 18.63 0.51 0.15
thymol 23.50 5.66 2.32
carvacrol 24.22 53.76 76.10
B-caryophyllene 28.83 6.32 3.83
B-bisabolene 32.53 0.24 0.10
caryophyllene oxide 35.43 0.85 0.35

Table 2. Composition of the essential oil of mint (Mentha arvensis),
retention time (min), and relative concentration (%).

L Relative Relative

Compound Reter(?l?rrll)tlme concentration  concentration

(%) (GC-ME) (%) (GC-FID)
a-pinene 6.93 2.67 1.85
sabinene 8.49 0.73 0.36
B-pinene 8.62 2.38 1.63
3-octanol 9.47 0.82 0.44
limonene 10.92 4.98 4.25
isopulegol 16.48 3.46 5.33
menthone 16.98 18.18 18.56
isomentona 17.45 15.47 16.25
menthol 18.09 35.15 44.65
isomenthol 18.36 2.03 0.53
a-terpineol 18.67 0.97 0.06
pulegone 20.89 2.46 1.54
menthyl acetate 23.43 5.59 3.44
a-ylangene 26.75 0.58 0.19
a-copaene 27.03 1.24 0.10

preliminary tests results and the limitations and requirements of
the reference method (microdilution broth method) used, both
essential oils were tested in different concentrations for 24 hs of
incubation. Considering the MIC as the lowest concentration
capable of inhibiting 100% of the fungal growth, the MIC
values found for the oregano oil were 1 mg/mL for A. flavus
and 4 mg/mL for P. commune (Figure 2A). The MIC values were
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Figure 1. Chemical structure of carvacrol (A) and menthol (B).

A Oregano EO:
(al) 0 - 4 mg/mL

]
]
e

S
8
5
£
= 404
£ t
% 207 - Aspergillus flavus
G ; = Penicillium commune

0+ . i : .

0 1 2 3 4
Concentration (mg/mL)
B Mint EO:
(b1)0 - 8 mg/mL
100

-~ Aspergillus flavus

HzC
CH; OH

(a2) Detail: 0 - 1 mg/mL

Growth inhibition (%)

100
=
— 80
c
-]
R
5 60
£ f
— 40 /
= /
g 5 % -e- Aspergillus flavus
& | = Penicillium commune
0 e -I- T T T T 1
0.0 0.2 0.4 0.6 0.8 1.0
Concentration (mg/mL)
(b2) Detail: 0 - 2 mg/mL
100+
a_?
~— 80+
=
L
-
5 601
._E
= 404
=
g 204 | -e- Aspergillus flavus
o 4 -# Penicillium commune
0 1

20 o
) -#- Penicillium commune
0% T T T T T T T 1
o 1 2 3 4 5 6 T 8
Concentragdo (mg/mL)

0.0 05 10 15 20
Concentragao (mg/mL)

Figure 2. Growth inhibition (%) of Aspergillus flavus and Penicillium commune by essential oils (EO) of oregano (A) and mint (B).

two-fold higher for mint oil, 2 mg/mL for A. flavus, and 8 mg/mL
for P commune (Figure 2B). With a higher MIC we concluded
that P. commune is more resistant to the effects of the essential
oils than the A. flavus. The inhibition profile of the microbial
growth is shown in Figures al and b1. The results demonstrate
that 1 mg/ml of oregano oil concentration inhibited 100% of the
A. flavus growth and 94.5% of the P commune growth. Likewise,
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2 mg/mL of mint oil inhibited 100% of the A. flavus growth
and 86.4% of the P commune growth. These results confirm
that oregano oil is more effective against fungal growth than
mint oil. According to Koci¢-Tanackov et al. (2012), numerous
studies have shown that the antifungal activity of the oregano’s
plant, extracts, and essential oils active molecules is considered
potent inhibitors of mold growth and mycotoxin biosynthesis.
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Table 3 shows the IC,, IC, and IC  values for oregano
and mint essential oils. These results corroborate the higher

antifungal activity of the oregano oil.

Some compounds’ action mechanisms are determined
by the morphological changes caused in the treated cells (de
Billerberk et al., 2001; Rasooli & Abyaneh, 2004). The amphiphilic
character of certain compounds allows the molecules to migrate
through an aqueous extracellular environment, causing damage
to microbial lipid membranes, whose barrier functions are
damaged (Turina et al., 2006; Ju et al., 2018b; Khaneghah et al.,
2018; Guo et al., 2020). The lipophilic compounds accumulate
in the cell membrane and affect its physicochemical properties
and operation (Weber & De Bont, 1996; Salehi et al., 2020).

Results show that oregano and mint essential oils achieved
100% fungi inhibition growth, depending on the concentration.
In their study, Sdnchez-Gonzalez et al. (2010) showed that
chitosan-bergamot essential oil films significantly inhibited
the growth of Penicillium italicum according to the essential
oil concentration. The antimicrobial mechanism of essential
oils depends mainly on the type and concentration of their
chemicals. Different chemical components can act through
different mechanisms, and the same chemical composition
may also have different effects when applied to different types
of microorganisms because the composition and thickness of
the cell membranes of different microbial species are different
(Ju et al,, 2019). Despite that, regarding future applications,
analyses of different concentrations’ effects should be time-tested
to use essential oils in lower concentrations.

The dilution methods used to determine MIC are of frequent
use, but the expression of the results of antimicrobial tests of
natural products does not follow a pattern (Ostrosky et al., 2008).
These results are influenced by the culture medium composition,
pH, inoculum size, time and temperature of incubation
(Barchiesi etal., 1993), the method of analysis, microorganisms,
and selected samples. In terms of essential oils, physical and
chemical properties such as solubility and volatility have a
considerable effect on these compounds’ in vitro antimicrobial
activity (Dorman & Deans, 2000; Inouye et al., 2001). This fact
justifies the importance of evaluating the antimicrobial properties
of essential oils by both methods (MIC and MID).

Aspergillus flavus

Penicillium commune

Determination of Minimum Inhibitory Dose (MID)

The MID of oregano and mint essential oils was considered
the lowest concentration of volatile compounds in the headspace
capable of completely inhibiting the fungal growth after 96 h of
incubation. Figure 3 presents the plating result to determine MID
(presence or absence of fungal growth), and Table 4 presents
the MID values for oregano and mint essential oils. These
results have shown a potent antimicrobial activity of the volatile
compounds of the essential oils. The MID analysis results
suggested that A. flavus is more resistant to the effect of the
oils’ volatile compounds than P. commune. Again, the oregano
oil compounds showed a higher inhibitory effect, as observed
in the MIC analysis.

Kloucek et al. (2012) evaluated the antimicrobial activity of the
volatile compounds of the essential oils of Origanum vulgare and

Table 3. ICs values (pug/mL) of the oregano and mint essential oils for
Aspergillus flavus and Penicillium commune.

Oregano oil

IC (ug/mL) IC,, IC,, IC,,

A. flavus 35.7 £3.8° 77.5 £ 2.6 235719
Pcommune 81.6 +2.7° 175.8 £2.1° 523.0 +2.0°
Mint oil

IC (ug/mL) IC,, IC, IC,,
A. flavus 261.2 +2.8° 5358 £1.2° 1305.3 £ 0.5*
Pcommune 399.9 +2.7° 972.6 +0.1° 4776.9 + 3.1°

Different letters in the same column indicate significant differences (p < 0.05).

Table 4. MID values (uL/L) for oregano and mint essential oils against
Aspergillus flavus and Penicillium commune.

. . MID (pL/L)
Microorganism - - -
Oregano oil Mint oil
Aspergillus flavus 107.3 1418.0
Penicillium commune 53.7 11344

No growth

Figure 3. Visual evaluation of MID of essential oils of oregano and mint against A. flavus and P. commune fungi.
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Mentha spicata against Aspergillus niger and Penicillium digitatum.
They also reported that the oregano oil showed better potential
for inhibiting fungal growth than the mint oil. However, the
Penicillium appeared more resistant to the treatment with the
volatiles than the Aspergillus, unlike the present study.

The mechanism of action of the essential oils” volatile
compounds is related to the induced effects on the fungal life
cycle’s different stages. Dao & Dantigny (2011) studied ethanol’s
effect on germination and fungal growth and reported that
the culture medium absorbed part of the ethanol present in
the headspace. According to the authors, the effect of ethanol
vapor in inactivating spores depends upon the temperature,
the compound concentration, and water activity. Regarding the
essential oils, the volatile compounds’ vapor pressure hinders
the spores’ breathing (Inouye et al., 1998). Therefore, when
vegetative hyphae are exposed to these essential oil vapors, they
undergo a segmentation to a more stable situation, probably as
a survival strategy (Inouye, 2003).

The mode of action of volatile compounds in essential oils
is represented by the deleterious effects caused to the fungi.
According to Dao & Dantigny (2011), fungi can grow on a wide
variety of substrates and over a wide pH range, a_and temperature.
In one of their studies, Inouye et al. (1998) demonstrated that the
formation of spores of four species of filamentous fungi, including
the genera Aspergillus and Penicillium were suppressed by some
essential oils. The differences in fungi behavior and composition
suggest the reason for their differences in resistances to the
essential oils, according to the evaluating method used; that is
why it is essential to use complementary evaluating methods of
antimicrobial activity. Furthermore, the antimicrobial capacity
of essential oils depends on the source, composition, structure,
and concentration (Barrera-Ruiz et al., 2020).

The effects of the essential oil vapors showed that the oregano
oil has a prolonged impact on both fungi, unlike the mint oil,
which had a temporary effect on the same microorganisms.
Moreover, both oils had a static effect for both organisms, i.e.,
both essential oils’ volatile compounds have a fungistatic impact
on oil concentration and inoculum size. However, other factors
interfere with antifungal activity. According to Inouye (2003),
the actual vapor concentration is much less than the nominal
concentration calculated from the MID values, suggesting
that only a part of the vaporized oil may be effective against
microorganisms.

The antimicrobial mechanism of essential oils has been
widely investigated, although it remains controversial and
not completely understood (Zhang et al., 2021). According to
some authors, the hydrophobic essential oils could improve
the cell membranes’ permeability by disrupting them, leading
to the leakage of cellular substances and eventually cell death
(Guo et al., 2020), besides DNA damage (Salehi et al., 2020)
and the release of lipopolysaccharides, inhibition of protein
expression, or interfering with glucose uptake (Cho et al., 2020).
On the other hand, their hydrophobicity allows them to interact
with the lipids of the microbial cell membrane and mitochondria,
making the structures less organized and thus more permeable,
causing the outflow of ions and other cell contents, leading to
cell death (Ju et al., 2018b; Khaneghah et al., 2018). The action
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route of the essential oil antimicrobial mechanism is not single,
and two or more routes exist simultaneously (Ju et al., 2019).

3.3 Antioxidant activity

The antioxidant activity of both essential oils, evaluated
by the DPPH method, are shown in Figure 4. According to
Hassimotto et al. (2005), antioxidant activity values above
70% indicate an excellent antioxidant effect. The results show
that the minimum concentrations of oregano oil and reaction
times resulting in an antioxidant activity higher than 70%
were 2.5 mg/ml after 30 min, 0.75 mg/ml after 180 min, and
0.5 mg/ml after 360 min of reaction (Figure 3A). On the other
hand, the minimum concentrations of mint oil and reaction
times that resulted in an antioxidant activity higher than 70%
were 400 mg/ml after 30 min, 50 mg/ml after 180 min, and
30 mg/ml after 360 min of reaction (Figure 3B). These results
suggest that the reaction time interferes with the oil’s antioxidant
ability since lower concentrations for an antioxidant activity > 70%
were necessary as the reaction time increased. The results also
showed that oregano’s essential oil presents higher antioxidant
potential than the mint essential oil.

Table 5 presents the IC, values of the essential oils for
antioxidant activity. The results suggest once more that oregano
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Figure 4. Antioxidant activity (%) of oregano (A) and mint (B) essential
oils (EO). Data magnifications were inserted into the figures to show the
almost-linear behavior of the antioxidant activity with the concentration.
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oil has a higher antioxidant capacity than mint oil. Furthermore,
statistical analysis (p < 0.05) showed that the reaction time
influences the essential oil’s antioxidant power.

Henn et al. (2010) evaluated the antioxidant power of the
essential oil of Origanum vulgare by the DPPH method. They
found an IC, value (IC, = 174,2 mg/mL) higher than the
value found in this study after 30 min of reaction. According
to Kaurinovic et al. (2011), antioxidant activity depends on the
quantity and quality of the compounds present in the extracts.

Carvacrol and menthol found in oregano and mint essential
oils, respectively, are the main compounds in both oils, according
to the chemical composition evaluation. Both structures have

Table 5. IC_  (mg/mL) values of essential oils of oregano and mint.

IC,, (mg/mL)

Reaction time (min)

Oregano oil Mint oil

30 0.5+0.0* 88.2+£0.1°
180 0.2 +0.0° 17.6 £ 0.1°
360 0.1 +0.0° 11.1 £0.0¢

Different letters in the same column indicate significant differences (p < 0.05).
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hydroxyl (OH) groups attached to the aromatic ring, responsible
for their antimicrobial and antioxidant activities (Velluti et al.,
2003). However, essential oils present a high chemical complexity
due to compounds with different functional groups, polarity,
and chemical behavior. Thus, these essays’ results may reflect
only a part of its antioxidant capacity (Sacchetti et al., 2005).

3.4 Cytotoxicity

The FDA (Food and Drug Administration-USA) recognizes
many essential oils as GRAS (Generally Recognized as Safe).
However, adverse reactions to specific compounds are commonly
reported, manifested as irritations and toxic effects. Therefore,
toxicological studies, including cell viability assays, are necessary
(Burt, 2004). Figure 5 presents NGM and NIH-3T3 cells’ viability
incubated with oregano and mint essential oils for 24,48, and 72 h.

The cytotoxicity of the essential oils of oregano and mint
was investigated with a maximum concentration of 200 pg/mL.
Above 25 pg/mL, the survival rate of NGM cells was < 20%,
the rate obtained with both oils (Figure 4A and B). For NIH-
3T3 cells, the rate was <10% for both oils (Figure 5C and D).
The statistical analysis (P < 0.05) proved that increasing sample
concentrations above 25 pug/mL did not significantly differ in cell
viability. Cytotoxicity results are closely related to the analysis
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Figure 5. Effect of the concentrations (ug/mL) of the essential oils (EO) of oregano and mint and incubation periods (h) on the viability of NGM

(A, B) and NIH-3T3 (C, D) cells.
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method, besides the type, origin, and composition of the oil and
cells selected for the study, as shown by Vimalanathan & Hudson
(2012), Hussain et al. (2010a), and Yamaguchi et al. (2013).

Most studies on the cytotoxicity of essential oils are developed
with tumor cells due to their antitumor properties. Grbovi¢ et al.
(2013), Hussain et al. (2010b), and Weecharangsan et al. (2014)
evaluated the cytotoxicity of oregano and mint oils in human
tumoral cells. They proved that tumoral cells are less sensitive to
the treatment than non-tumoral cells. According to the authors,
the high concentration of phenols, especially carvacrol, explains
the cytotoxic activity of oregano oil. Vimalanathan & Hudson
(2012) found that carvacrol showed high antiviral activity alone
and high cytotoxicity. According to these authors, oregano
essential oils with minor cytotoxicity present components with
protective properties that neutralize carvacrol’s substantial toxic
effect. The compound responsible for the cytotoxicity in the mint
oil is menthol mainly. Overall, the main components determine
the biological properties of the essential oils (Bakkali et al., 2008).
However, research reports have suggested that minor components
may also play a considerable role in these activities. Thus, an
antagonistic or synergistic effect of minority compounds must
also be considered (Lambert et al., 2001).

Table 6 presents the IC_ values of the essential oils of oregano
and mint. The statistical analysis (P < 0.05) showed that higher
incubation times did not significantly differ in the IC_| values.

Substances are classified in more or less toxic potential according
to the IC_  value: i) IC_ <10 ug/mL is a very toxic substance, i)
IC,,=10-100 pg/mL is a toxic substance, iii) IC_ = 100-1000 ug /mL
is a harmful substance, and iv) IC,,> 1000 ug/mL is a non-toxic
substance (Gad-Shayne, 2009). According to this classification,
oregano and mint oils might be considered potentially toxic to
human cells (NGM) and potentially very toxic to murine cells
(NIH-3T3) in the conditions tested.

The in vitro assessment of oregano and mint oils’ cytotoxicity
aimed to establish a reference to these compounds’ use, whose
primary purpose was its application as antimicrobial agents
in food preservation. However, most studies have focused on
the pharmaceutical and medical fields for treating tumor cells.
Nowadays, little published research on essential oils’ cytotoxicity for
enforcement purposes as commercial antimicrobial agents (Laird
& Phillips, 2012). The degree of toxicity of an extract depends on

Table 6. IC_ values of oregano and mint essential oils for NGM and
NIH-3T3 cells in different incubation periods.

Essential oil Inc1.1bati0n [Cy (bg/mb)
period (h) NGM NIH-3T3
oregano 24 16.3 £4.2° 7.6+ 1.7
48 162 £1.8° 9.1 +3.8
72 17.7 £0.3* 104 £2.9°
mint 24 21.6 £ 4.8* 9.8 +3.1*
48 222+£39° 7.5+24"
72 21.2+£6.7° 6.9 £ 0.6

Different letters in the same column indicate significant differences (p < 0.05).
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several factors, including the dose and administration frequency.
In some cases, lower dosages lead to poisoning because of the
individual sensitivity, resulting from sensitization and allergy to
more severe problems. The dose-dependent factor of oils associated
with the individual sensitivity to different components makes
it difficult to set a safety limit for the compounds’ applicability.
Due to these factors, the use of plants derived products requires
previous studies on various aspects, such as their toxic effect on
animal organisms (Cleff et al., 2008).

Cleff et al. (2008) developed an in vivo study of the cytotoxicity
of the essential oil of Origanum vulgare in adult Wistar rats.
The rats received 3% (v/v) of the oil orally and intravaginally
for 30 days. The results showed no toxic effects during the
observation period. None of the experimental animals showed
clinical, behavioral changes or death. The addition of 1000 ppm
of the essential oil in swine diets did not result in any negative
changes; contrarywise, positive effects were observed in the
animals’ health and production. The antioxidant probably
explains these results, the antibacterial and anti-inflammatory
action of the essential oil of oregano with monophenols, such as
carvacrol and thymol in its composition (Allan & Bilkei, 2005).

In recent years, there has been increasing realization that
many essential oils from various plants have been reported to
be safe and possess strong antimicrobial effects (Zhang et al.,
2017). Although synthetic antimicrobial agents’ antimicrobial
mode of action has been reviewed to some extent, there is
still a lack of determining the mode of action of plant-based
natural compounds, including essential oils, against pathogenic
microorganisms (Bajpai et al., 2013). In this way, the relatively
low cost (given the need for small concentrations) opens exciting
possibilities for using these essential oils as antimicrobial agents.
The results of the in vitro studies, associated with the in vivo
studies, are essential references for establishing safe limits for
using essential oils in food.

4 Conclusion

Origanum vulgare and Mentha arvensis essential oils present
great antioxidant potential as a sign of more potential bioactivity.
In addition, these oils have antifungal activity against Aspergillus
flavus and Penicillium commune, and the antifungal activity of
the respective volatile compounds is even greater. All tests show
that oregano’s essential oil presents higher biological potentials
than the essential oil of mint. The results of in vitro cytotoxicity
of oregano and mint essential oils are dependent on the oil
composition and cell lines, being the results presented helpful
as a reference to further studies.

Overall, essential oils have potential activity against Aspergillus
flavus and Penicillium commune, but further in vivo studies are
necessary to ensure their safe use in food preservation.
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