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Abstract: Phytopathogenic fungi have been responsible for
considerable economic losses in vineyards, and therefore,
more attention should be paid to the development and
implementation of preventative treatment that is environ-
mentally friendly. The aim of this study was to evaluate the
antifungal activity of ten essential oils (EOs) (viz. Lavandula
angustifolia Mill., Carum carvi L., Pinus mugo var. pumilio,
Mentha piperita L., Foeniculum vulgare L., Pinus sylvestris L.,
Satureja hortensis L., Origanum vulgare L., Pimpinella
anisum L. and Rosmarinus officinalis L.). For the antifungal
activity evaluation against Penicillium brevicompactum,
P. citrinum, P. crustosum, P. expansum, P. funiculosum,
P. glabrum, P. chrysogenum, P. oxalicum, P. polonicum and
Talaromyces purpurogenus a disc diffusion method was
used. The ten EOs exhibited different antifungal properties.
Three tested EOs (Carum cawvi L., Satureja hortensis L. and
Pimpinella anisum L.) at concentrations of 0.75, 0.50, 0.25
and 0.125 pL/mL showed antifungal activity, inhibiting the
mycelial growth. The Origanum vulgare L. EOs exhibited a
lower level of inhibition. Overall, Lavandula angustifolia
Mill., Pinus mugo var. pumilio, Mentha piperita L.,
Foeniculum vulgare L., Pinus sylvestris L., Satureja hortensis
L., Pimpinella anisum L. and Rosmarinus officinalis L. were
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effective as fungicidal agents but their efficiency varied
between the strains of fungi. Carum carvi L. showed strong
antifungal activity against all tested strains at both full
strength and reduced concentrations. These EOs could be
considered as potential sources of antifungal compounds
for treating plant fungal diseases.

Keywords: antimicrobial activity, disc diffusion method,
concentration of plant essential oils, fungi isolated from

grape

1 Introduction

Many Penicillium species are soil fungi, while others find
their habitat in decaying vegetables, seeds or fruits, which
are ecological niches that play a role in the food rotting
process. For example P. expansum causes decay of oranges
in the citrus industry or rot in grapes [1]. Moreover, these
species are known as the major producers of patulin and
many other toxic metabolites such as citrinin, roquefortine C
or chaetoglobosins among others [2]. Growth of Penicillium in
food products is entirely undesirable, especially as many
Penicillium species produce mycotoxins and volatile sec-
ondary metabolites that are regarded as health hazards and
off-flavors [3].

Medicinal plants are sometimes used by different ethnic
groups as a natural source of substances used as a cure for
diseases of both humans and domestic animals [1]. Some of
the plant natural products can have various biological
activities such as anti-inflammatory, anticarcinogenic, anti-
atherosclerotic, antibacterial, antifungal, antiviral, antimuta-
genic and antiallergic activities [4-12]. The antimicrobial
activities of plant extracts have many applications, including
raw and processed food preservation, as pharmaceuticals,
alternative medicines and natural therapies [13,14].

Essential oils (EOs) are secondary metabolites produced
by vascular plants, mostly different species of the labiate
family Lamiaceae, Apiaceae and Asteraceae, and other
families such as Rutaceae, Lauraceae and Myrtaceae [15].

EOs can be composed of more than 60 components.
Phenolic compounds are responsible for the antimicrobial
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activity of EOs [16]. The effect of EOs on molds can be
followed at the macromorphological level, as well as at
the cellular level. Some of the macromorphological
changes are the lack of sporulation or pigmentation,
change in the number of conidia, increased branching
of hyphae or change in their size. It has been proposed
that some of the mentioned changes are related to the
oil activities on enzymatic reactions of cell wall synth-
esis, which affect mold growth and morphogenesis,
and also cause the pulling back of the cytoplasm in
hyphae, whereby mycelium death occurs [17]. EOs can
inhibit the synthesis of DNA, RNA, proteins and
polysaccharides in fungi and bacterial cells, where they
can cause changes, similar to the mechanism of anti-
biotic activity [18,19].

Search for alternative antifungal substances shows the
possible use of EOs and extracts for food protection from
mycotoxigenic molds and their toxic products [20]. An
important role of EOs in nature is protection of plants by
acting as antifungal agents. The hypothesis is how different
volatile EOs in different concentrations influence different
plant fungal strains of Penicillium sp. The aim of this study
is to present the antifungal properties of ten EOs against ten
Penicillium strains isolated from plants.

2 Materials and methods
2.1 Plant EOs

The EOs used in this study were commercial samples from
Calendula a.s., Nova Luboviia, Slovakia (Lavandula angu-
stifolia Mill,, Carum carvi L., Pinus mugo var. pumilio,
Mentha piperita L., Foeniculum vulgare L., Pinus sylvestris L.,
Satureja hortensis L., Origanum vulgare L., Pimpinella
anisum L. and Rosmarinus officinalis L.). All samples were
stored at 4°C in a dark glass flask until analysis. Pure EOs
were dissolved in DMSO (dimethylsulfoxide; Penta, Czech
Republic) at different concentrations. The 0.75 pL/mL (mass
per volume) solutions thus prepared were diluted to 0.375,
0.1875 and 0.09375 pL/mL and immediately analyzed.

2.2 Fungal strains and media

The selected plant fungal strains P. brevicompactum, P.
citrinum, P. crustosum, P. expansum, P. funiculosum, P.
glabrum, P. chrysogenum, P. oxalicum, P. polonicum and
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Talaromyces purpurogenus (previously called Penicillium
purpurogenum) were obtained from the fungal culture
collection bank at the Department of Microbiology, Slovak
University of Agriculture in Nitra. Fungal strains were
maintained on Czapek yeast extract agar (CYA, HiMedia,
Bombay, India), and the cultures were stored at —21°C. Genus
Penicillium that was 7 days old was identified to the species
level based on macroscopic and microscopic characteristics
according to the manuals of Pitt [21], Samson and Frisvad
[22] and Samson et al. [23]. After microscopic identification,
strains of fungi were confirmed with a MALDI-TOF MS
Biotyper (Bruker Daltonics, Bremen, Germany).

2.3 Disc diffusion method

Seven-day-old cultures grown on agar plates (CYA) were
used for the preparation of the mold conidia suspensions.
Conidia suspensions were prepared in a sterile saline
solution. The turbidity of the suspension was adjusted
with a spectrophotometer — densilameter II (Erba-Lachema,
Brno, Czech Republic) at 530nm to obtain a final
concentration that matches that of a 0.5 McFarland
standard. Briefly, 100 pL of spore suspension (0.5 McF)
was spread thoroughly all over the surface of Sabouraud
dextrose agar (SDA; Hi-Media Laboratory, India) plates. The
plates were dried in an air-dry stiller at 60°C until
evaporation of residual water. Sterile paper discs (6 mm in
diameter; Oxoid, Cambridge, UK) were impregnated with
20 pL of EO containing the test compound at a desired
concentration (0.75, 0.50, 0.25 and 0.125 uL/mL/disc) and
deposited on the agar surface. The test for antifungal
properties of EOs was repeated three times, for each
microorganism and each concentration. The Petri dishes
were incubated at 25 + 1°C, for 24 h in a thermostat (Friocell,
MMM Medcenter Einrichtungen GmbH, Germany). After 24 h
of incubation period, the antifungal agent diffused into the
agar and inhibited the germination and growth of the tested
microorganism. The diameters of inhibition growth zones
were measured as semidiameter (in millimeters). Pure
DMSO was used as control for each tested fungus [24].

2.4 Chemical composition of EOs

The chemical composition of EOs (Lavandula angustifolia
Mill.,, Carum carvi L., Pinus mugo var. pumilio, Mentha
piperita L., Foeniculum vulgare L., Pinus sylvestris L.,
Satureja hortensis L., Origanum vulgare L., Pimpinella
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Table 1: Measured sizes of inhibition zones (in mm) for various EOs at different concentrations (mean + SD) against Penicillium

brevicompactum

EO Concentration of EO (pL/mL)

0.75 0.50 0.25 0.125
1. Lavandula angustifolia Mill. 19.67 + 0.82 15.67 + 2.94 13.50 + 1.38 10.33 + 3.67
2. Carum carvi L. 4.50 + 1.22 4.17 £ 0.75 3.50 +£ 0.84 3.00 + 0.63
3. Pinus mugo var. pumilio 14.33 + 1.75 9.33 + 3.50 3.50 + 0.55 1.33 + 0.52
4. Mentha piperita L. 4.50 £ 0.55 4.00 £ 0.89 2.50 + 0.55 1.67 + 0.82
5. Foeniculum vulgare L. 3.33 £ 1.03 2.50 + 0.55 1.50 + 0.55 1.00 + 0.00
6. Pinus sylvestris L. 3.17 £ 0.41 2.17 + 0.75 1.00 + 0.63 0.17 + 0.41
7. Satureja hortensis L. 2.67 + 0.52 2.00 + 0.00 1.33 + 0.52 0.67 + 0.52
8. Origanum vulgare L. 2.83 + 0.41 1.67 + 0.52 0.83 + 0.41 0.25 + 0.42
9. Pimpinella anisum L. 6.17 + 0.41 5.50 + 0.55 5.00 + 0,63 2.67 + 0.52
10. Rosmarinus officinalis L. 217 £1.17 1.67 + 0.82 1.67 + 0.74 1.33 + 0.52
DMSO (negative control) NE NE NE NE

NE - non-inhibitory effect.

anisum L. and Rosmarinus officinalis L.) was determined by
gas chromatography/mass spectrometry and is reported
elsewhere [25].

2.5 Statistical analysis

For calculating the average values and standard deviation
of the obtained data, MS Excel (Microsoft Office
Professional Plus 2010, Microsoft, USA) was used. The
reported values are the mean values from the tests repeated
three times.

3 Results and discussion

The chemical analyses by CG/MS revealed that the main
constituents of Lavandula angustifolia Mill. were linalool
(39.31%) and linalyl acetate (37.68%), for Carum carvi L.,
carvone (69.54%) and limonene (21.12%); for Pinus mugo
var. pumilio, o-pinene (21.26%); for Mentha piperita L.,
menthol (28.56%) and menthone (27.39%); for Foeniculum
vulgare L., anethole (24.98%); for Pinus sylvestris L.,
a-pinene (26.15%), camphene (15.51%) and bornyl acetate
(14.59%); for Satureja hortensis L., carvacrol (41.23%) and
y-terpinene (32.11%); for Origanum vulgare L., carvacrol
(43.26%); for Pimpinella anisum L., anethole (63.25%); and
for Rosmarinus officinalis L., 1,4-cineole (21.26%), a-pinene
(15.65%) and p-cymene (13.28%) [24].

The antifungal properties of different EOs against the
growth of Penicillium brevicompactum on SDA are presented
in Table 1. The EOs of Lavandula angustifolia Mill. showed

strong antifungal activity against Penicillium brevicom-
pactum with a zone of inhibition ranging from 10.33 +
3.67 to 19.67 + 0.82mm. The EOs of Pinus sylvestris L.,
Satureja hortensis L., Origanum vulgare L. and Rosmarinus
officinalis L. exhibited the least antifungal activity with an
inhibition zone from 0.17 + 0.41 to 3.17 + 0.41 mm against P.
brevicompactum. The EO concentration of 0.75pL/mL
showed the most effective inhibition of the growth of
Penicillium brevicompactum, followed by 0.50, 0.25 and
0.125 uL/mL concentrations. According to FelS6ciova et al.
[24], the EOs of Pimpinella anisum L. exhibited the highest
antifungal activity against P. brevicompactum at all
observed concentrations (0.75, 0.375, 0.1875 and
0.09375 pL/mL) after incubation for 24 h compared to the
control sample. However, the EOs of Pinus mugo var.
pumilio exhibited the least antifungal activity in the
concentration range from 0.25 + 0.50 to 3.00 + 2.16 mm
against all ten tested oils. The reported results do not
correspond with our observations. In our case, Pinus mugo
var. pumilio exhibited strong antifungal properties and
Pimpinella anisum L. showed a moderate activity limiting
the growth of the mentioned fungus. According to D’Auria
et al. [26], lavender oil showed both fungistatic and
fungicidal activities against Candida albicans strains.
Markovic et al. [27] studied the antifungal activity of thymol
and carvacrol on Aspergillus spp. and Penicillium spp., and
they found that both thymol and carvacrol have potential
antifungal activity, but the susceptibility of Aspergillus spp.
was more than that of Penicillium spp.

The antifungal activities of EOs against Penicillium
citrinum are shown in Table 2. The best antifungal activity
was found for the EO of Pinus sylvestris L. (from 1.17 + 0.75 to
9.50 + 1.41 mm) and the lowest was for Pimpinella anisum L.,
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Table 2: Measured sizes of inhibition zones (in mm) for various EOs at different concentrations (mean + SD) against Penicillium citrinum

EO Concentration of EO (pL/mL)
0.75 0.50 0.25 0.125

1. Lavandula angustifolia Mill. 4.17 + 0.98 2.67 + 0.82 2.00 + 1.26 1.17 + 0.75
2. Carum carvi L. 3.67 £ 0.82 3.17 + 0.75 1.83 + 0.75 1.50 + 0.55
3. Pinus mugo var. pumilio 3.50 + 1.38 3.67 + 1.63 1.50 + 1.64 0.50 + 1.26
4. Mentha piperita L. NE NE NE NE

5. Foeniculum vulgare L. NE NE NE NE

6. Pinus sylvestris L. 9.50 + 1.41 5.00 + 1.73 3.00 + 1.41 1.17 £ 0.75
7. Satureja hortensis L. 5.83 £ 1.03 5.33 + 0.82 2.67 + 0.82 1.33 £ 0.52
8. Origanum vulgare L. 1.67 + 0.52 1.17 + 0.41 1.00 + 0.00 1.00 + 0.00
9. Pimpinella anisum L. 2.17 + 0.98 2.00 + 1.10 2.00 + 1.10 1.50 + 0.98
10. Rosmarinus officinalis L. 1.83 + 0.98 2.17 + 1.47 1.50 + 0.55 1.00 + 1.26
DMSO (negative control) NE NE NE NE

NE - non-inhibitory effect.

Rosmarinus officinalis L. and Origanum vulgare L. with a zone
of inhibition from 1.00 + 0.00 to 2.17 + 0.98 mm. A non-
inhibitory effect was observed for Mentha piperita L. and
Foeniculum vulgare L. at all concentrations tested. FelS6ciova
et al. [24] reported that the EO of Pimpinella anisum L. was
very active against Penicillium citrinum, but the inhibition
zones were not measurable, and also the EO of Origanum
vulgare L. had a strong antifungal activity with an inhibition
zone ranging from 275 + 0.96 to 12.0 + 1.83mm (at
concentrations 0.75, 0.375, 0.1875 and 0.09375), which is in
contrast to our observations. The EOs of Pinus sylvestris L.,
Mentha piperita L. and Rosmarinus officinalis L. had the
lowest activities (from 0.75 + 0.50 to 3.25 + 1.26 mm). These
findings are in agreement with previous results except for
Pinus sylvestris L., for which the inhibition zone ranged from
1.17 + 0.75 to 9.50 + 1.41 mm. Scalas et al. [28] evaluated the
antifungal activity of Origanum vulgare (oregano), Pinus
sylvestris L. (pine) and Thymus vulgaris (thyme red) EOs
against Cryptococcus neoformans clinical strains. All EOs
displayed an antifungal activity against the C. neoformans
isolate, and the order from the most to the least effective EO
is as follows: oregano > pine > thyme EOs. Guynot et al. [29]
reported that the volatile fraction of five tested EOs
(cinnamon leaf, clove, bay, lemongrass and thyme) had
potential antifungal activity against the more common fungi
causing spoilage of bakery products (Eurotium amstelodami,
E. repens, E. rubrum, Aspergillus flavus, A. niger and
Penicillium corylophilum). The same effect was observed by
Rodriguez et al. [30], that is, the clove EO totally inhibited all
of the tested isolates including two Penicillium species (P.
nalgiovense and P. roqueforti). Lis-Balchin and Deans [15]
reported that strong antimicrobial activity could be corre-
lated with EOs containing high percentages of monoter-
penes, eugenol, cinnamic aldehyde and thymol.

EOs which showed the strongest antifungal activity
against Penicillium crustosum are Carum carvi L.,
Foeniculum vulgare L. and Satureja hortensis L. (from 6.17
+ 1.33 to 6.67 + 3.14 mm) at a concentration of 0.75 uL/mL.
Other EOs showed a moderate impact on the growth of the
mentioned fungus (Table 3). In our previous study, the best
antifungal activity against Penicillium crustosum was shown
by Pimpinella anisum L., and a strong inhibition effect was
also exhibited at a concentration of 0.75pL/mL by
Chamomilla recutita L. and Thymus vulgaris L. [24].
Origanum vulgare L. EOs showed an excellent antifungal
activity against the tested fungus P. crustosum for which the
zone of inhibition ranges from 3.00 + 0.82mm at a
concentration of 0.09375uL/mL to 12.50 + 1.73mm at the
highest concentration (0.75 pL/mL). A moderate antifungal
effect was shown by the oils of Carum carvi L. and Satureja
hortensis L. Similar studies have shown the antifungal
activity of some EOs including the study of Zyani et al. [31],
who reported the important activity of Origanum com-
pactum, Eugenia caryophyllata and Ocimum basilicum EOs
against Penicillium commune, Penicillium chrysogenum and
Penicillium expansum. Soidrou et al. [32] have found that
Comorian EOs isolated from Piper capense, Piper borbo-
nense and Vetiveria zizanoides have a strong fungicidal
activity against fungi decaying wood. Several authors have
attributed the antifungal activity of EOs to their major
phenolic components [33]. Hassan et al. [34] have shown
the important antifungal activity of carvacrol against P.
expansum. The antifungal activity of the same component
against A. niger, A. flavus, P. citrinum and P. chrysogenum
was studied [35].

The antifungal effects of the ten tested EOs against
Penicillium expansum are presented in Table 4. Penicil-
lium expansum was the most sensitive to the EO of
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Table 3: Measured sizes of inhibition zones (in mm) for various EOs at different concentrations (mean + SD) against Penicillium crustosum

EO Concentration of EO (pL/mL)
0.75 0.50 0.25 0.125

1. Lavandula angustifolia Mill. 4.83 + 1.17 4.67 +1.37 2.58 +1.28 1.17 + 0.41
2. Carum carvi L. 6.67 + 3.14 5.50 + 2.43 3.67 + 2.66 1.00 + 0.00
3. Pinus mugo var. pumilio 3.00 + 0.63 1.83 + 0.41 1.50 + 0.55 1.17 + 0.41
4. Mentha piperita L. 3.50 + 0.84 1.83 +£ 0.98 1.83 £ 0.41 1.00 + 0.00
5. Foeniculum vulgare L. 6.17 + 1.33 5.33 + 1.51 1.33 + 1.51 0.83 + 0.98
6. Pinus sylvestris L. 5.83 + 0.75 2.17 + 0.41 2.00 + 1.26 1.00 + 0.00
7. Satureja hortensis L. 6.33 + 3.14 3.50 £ 1.52 2.17 + 0.41 1.67 £ 0.52
8. Origanum vulgare L. 4.17 + 1.60 3.17 £ 0.41 2.17 £ 0.41 2.00 + 0.63
9. Pimpinella anisum L. 4.83 + 1.47 2.83 + 0.98 1.17 + 0.41 0.50 + 0.55
10. Rosmarinus officinalis L. 3.67 + 0.82 2.67 + 0.52 1.83 + 0.98 0.83 + 0.98
DMSO (negative control) NE NE NE NE

NE - non-inhibitory effect.

Mentha piperita L. at a concentration of 0.75 pL/mL (9.83
+ 2.56 mm). The weakest inhibitory effect was observed
for the EOs of Pinus sylvestris L. and Pinus mugo var.
pumilio, for which at a concentration of 0.125pL/mL
there was no inhibitory effect. PlavC¢ic et al. [16]
presented that the mint EO, in the case of the disc
diffusion method, exhibited antifungal activities against
eight tested molds. The largest inhibition for the quantity
of 0.5pL was measured against P. expansum growth
(14.33 + 0.58 mm), which is similar to our measurements.
A higher inhibition effect was noticed also against P.
expansum growth (15.33 + 0.58 mm). According to the
results of Fel$6ciova et al. [24], a high antagonistic effect
against P. expansum was found in Thymus vulgaris L.
and Origanum vulgare L. with an inhibition zone from
3.50 + 1.25 up to 12.00 + 1.63 mm, but the best antifungal

activity at all concentrations was shown by Pimpinella
anisum L. and Chamomilla recutita L. The activities of
EOs of Pinus sylvestris L. and Pinus mugo var. pumilio
were measured at all concentrations, but with a low zone
of inhibition from 0.25 + 0.50 to 1.75 + 0.50 mm, which is
similar to our studies. The concentration of oregano EO
required to inhibit the growth of P. expansum was found
to be from 3 to 5%, and the difference in required
concentrations might be attributed to the variations in
the chemical composition of the oregano EOs used and
also the use of different substrates and due to the
resisting mode of the fungi against various substances
present in EOs [36]. The obtained results in the study
demonstrated that three compounds (B-ionone, carvone
and 1,8-cineole) have real antifungal potential and they
could be used as antifungal agents as well as to

Table 4: Measured sizes of inhibition zones (in mm) for various EOs at different concentrations (mean + SD) against Penicillium expansum

EO Concentration of EO (pL/mL)
0.75 0.50 0.25 0.125

1. Lavandula angustifolia Mill. 6.50 + 1.22 3.83 £ 0.75 2.38 + 117 0.67 + 0.52
2. Carum carvi L. 4.50 + 2.43 5.00 + 2.28 3.00 + 0.63 1.67 + 0.82
3. Pinus mugo var. pumilio 1.67 + 0.82 1.17 + 0.68 0.33 + 0.52 NE

4. Mentha piperita L. 9.83 + 2.56 7.17 £ 2.14 3.67 + 1.37 0.83 + 0.40
5. Foeniculum vulgare L. 3.33 +1.51 3.67 + 2.25 2.00 + 1.26 0.50 + 0.55
6. Pinus sylvestris L. 1.67 + 0.82 2.50 + 1.38 1.67 + 0.82 0.67 + 0.52
7. Satureja hortensis L. 4.00 + 1.10 2.50 + 1.52 1.00 + 0.00 0.67 + 0.52
8. Origanum vulgare L. 3.83 +1.72 2.83 +1.72 2.50 + 1.76 0.50 + 0.55
9. Pimpinella anisum L. 3.50 + 1.38 4,50 + 2.17 2.67 + 0.82 0.33 + 0.52
10. Rosmarinus officinalis L. 3.00 + 1.26 217 + 117 1.50 + 0.84 1.00 + 0.89
DMSO (negative control) NE NE NE NE

NE — non-inhibitory effect.
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Table 5: Measured sizes of inhibition zones (in mm) for various EOs at different concentrations (mean + SD) against Penicillium

funiculosum

EO Concentration of EO (pL/mL)
0.75 0.50 0.25 0.125

1. Lavandula angustifolia Mill. 4.00 + 0.63 3.67 + 0.52 2.17 + 0.75 1.67 + 0.52
2. Carum carvi L. 3.50 £ 0.55 3.00 + 1.10 1.67 + 0.82 1.00 + 0.00
3. Pinus mugo var. pumilio 2.83 + 0.75 2.17 + 0.41 1.33 + 0.52 1.00 + 0.00
4. Mentha piperita L. 1.17 £ 0.41 2.00 + 0.00 2.18 + 0.40 0.17 + 0.41
5. Foeniculum vulgare L. 3.67 £ 0.52 2.50 + 0.55 1.83 + 0.41 1.00 + 0.00
6. Pinus sylvestris L. 2.33 + 0.82 2.00 + 0.89 1.83 + 0.98 0.83 + 0.41
7. Satureja hortensis L. 3.33 £ 0.52 3.17 £ 0.41 1.50 + 0.55 1.50 + 0.55
8. Origanum vulgare L. 1.00 + 0.00 0.83 + 0.41 0.83 + 0.41 NE

9. Pimpinella anisum L. 1.17 + 0.41 1.00 + 0.00 0.50 + 0.55 0.50 + 0.55
10. Rosmarinus officinalis L. 3.00 + 1.10 3.17 £ 1.33 1.83 + 0.98 1.33 + 0.52
DMSO (negative control) NE NE NE NE

NE - non-inhibitory effect.

significantly reduce (or completely eliminate) the growth
of Penicillium expansum during the storage of ap-
ples [37].

The highest antifungal activity against Penicillium
funiculosum was observed for the extracts of Lavandula
angustifolia Mill. with an inhibition zone from 1.67 + 0.52 to
4.00 + 0.63mm (Table 5). The lowest antifungal activity
was measured for the EOs of Pimpinella anisum L.
and Origanum vulgare L., for which at a concentration
0.125 uL/mL there was no inhibitory effect. Its oil (LEO) has
antimicrobial, antifungal, antioxidant, anti-inflammatory,
antidepressant, sedative, hypnotic, analgesic and anti-
cancer activity [38,39]. Its impact on reducing the amount
of Candida albicans fungus has been shown in in vitro [40]
and clinical studies [41]. Motiejiinaite and Peciulyte [42]
determined the fungistatic activity of the volatile fraction of
pine oil against fungus species: a strong inhibition effect on
the growth of Penicillium funiculosum and Trichoderma
viride was reported. The antifungal activity of 15 chemically
defined EOs, alone and in mixture, was checked by a
microdilution test against isolates of Penicillium funicu-
losum. Origanum vulgare yielded the lowest minimal
inhibition concentration (MIC) values, followed by Salvia
sclarea, Ocimum basilicum and Cymbopogon citratus, while
Citrus paradisi and Citrus limon were not active. All
mixtures showed antifungal activity at lower concentration
with respect to MIC values of each EO component, when
not in combination [43].

The screening results of the ten EOs for their activity
against the growth of Penicillium glabrum are shown in
Table 6. The EO of Lavandula angustifolia Mill. was very
active and the inhibition zone was 15.50 + 1.38 mm at
0.75 pL/mL concentration. On the other hand, low activity

was observed for EOs from Rosmarinus officinalis L.,
Foeniculum vulgare L., Pinus mugo var. pumilio, Mentha
piperita L., Pinus sylvestris L. and Origanum vulgare L.,
which at 0.125puL/mL concentration showed no zone of
inhibition. However, a number of studies report on a strong
antifungal activity of basil EO. Dube et al. [44], using the
agar plate method, showed that basil oil at a concentration
of 1.5 mL/L inhibited completely the growth of 22 species of
molds. The study performed by Lis-Balchin et al. [45] points
to a strong antifungal effect of an oil that contained
estragole as the main component on the growth of
Aspergillus niger, A. ochraceus and Fusarium culmorum.

As presented in Table 7, the EOs have strong to
moderate antimicrobial activities against the Penicillium
chrysogenum tested. In the present study, Pimpinella
anisum L., Satureja hortensis L. and lastly Mentha
piperita L. exhibit remarkable antifungal activity against
Penicillium chrysogenum. The EO of mint (Mentha
piperita L.) was used for the purpose of antifungal
activity testing against eight different fungi by Plavsic
et al. [16]. The inhibition zone was not observed only
when the smallest quantity of EO was applied (0.5 pL)
against P. expansum (14.33 + 0.58 mm). The quantity of
1puL showed inhibitory activity against all tested molds.
When the highest quantity of EO was applied (10 pL), the
complete inhibition of A. alternata and A. versicolor
growth occurred. The inhibition zone of other species
was in the range from 13.67 mm (P. chrysogenum) to
44.67 mm (P. aurantiogriseum). Plavsic et al. [16] con-
cluded that the mint EO had the strongest impact on
Eurotium herbariorum, and the weakest on P. chryso-
genum. According to Motiejunaite and Peciulyte [42],
P. chrysogenum was the least susceptible to pine oil.
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Table 6: Measured sizes of inhibition zones (in mm) for various EOs at different concentrations (mean + SD) against Penicillium glabrum

EO Concentration of EO (pL/mL)
0.75 0.50 0.25 0.125

1. Lavandula angustifolia Mill. 15.50 + 1.38 11.83 + 1.72 4.17 + 3.60 0.17 + 0.41
2. Carum carvi L. 7.50 £ 0.55 4.50 + 0.55 2.83 + 0.41 3.00 + 0.63
3. Pinus mugo var. pumilio 0.67 + 0.82 0.50 + 0.55 NE NE

4. Mentha piperita L. 0.83 £ 0.98 0.50 + 0.55 0.17 + 0.26 NE

5. Foeniculum vulgare L. 0.50 + 0.55 0.50 + 0.55 NE NE

6. Pinus sylvestris L. 1.00 + 0.00 0.33 + 0.52 0.25 + 0.27 NE

7. Satureja hortensis L. 2.17 +1.33 1.00 + 1.10 0.50 + 0.55 0.50 + 0.55
8. Origanum vulgare L. 1.33 + 0.52 0.67 + 0.32 NE NE

9. Pimpinella anisum L. 2.50 + 0.55 1.67 + 0.52 1.20 + 0.50 0.50 + 0.55
10. Rosmarinus officinalis L. 0.33 + 0.41 NE NE NE

DMSO (negative control) NE NE NE NE

NE - non-inhibitory effect.

Slight antifungal activity of pine oil was shown against
Aspergillus niger, A. versicolor and Stachybotrys char-
tarum. The EO from the plant Satureja hortensis L.
showed different antimicrobial activities against Asper-
gillus niger and Candida albicans [46]. Candida albicans
showed moderate sensitivity to the oil’s activity, and
Aspergillus niger manifested a strong resistance to this
oil. Other studies revealed a new biological activity for S.
hortensis L., which is the strong inhibition of aflatoxin
production by Aspergillus parasiticus. Carvacrol and
thymol, and the effective constituents of S. hortensis L.,
may be useful in controlling aflatoxin contamination
of susceptible crops in the field [47]. Kambiz et al.
[48] clearly demonstrate that the alcoholic extract of
S. hortensis contains compounds possessing antifungal
properties. The alcoholic extract of S. hortensis showed

antifungal activity against phytopathogenic fungi [49]
and against food spoilage fungi [50]. Therefore, on
the basis of the results in previous studies, S. hortensis
can be added as a protective agent to various food
products [47].

The obtained results from Tables 8 and 9 demon-
strate that the highest antifungal activities of Carum
carvi L. and Rosmarinus officinalis L. do not differ against
Penicillium oxalicum and P. polonicum. At a concentra-
tion of 0.125 uL/mL, Pinus mugo var. pumilio indicated no
zone of inhibition compared to the control sample for
both tested species, which is similar to Lavandula
angustifolia Mill. against P. oxalicum and Pinus sylvestris
L. against P. polonicum. The EO of Origanum vulgare L.
showed no activity at all against the growth of P.
polonicum for any of the used concentrations. The EO of

Table 7: Measured sizes of inhibition zones (in mm) for various EOs at different concentrations (mean + SD) against Penicillium

chrysogenum
EO Concentration of EO (pL/mL)

0.75 0.50 0.25 0.125
1. Lavandula angustifolia Mill. 2.50 + 0.55 1.33 + 0.52 1.17 + 0.41 1.00 + 0.00
2. Carum carvi L. 3.83 £ 0.75 2.83 +0.75 1.67 + 0.52 0.83 £ 0.98
3. Pinus mugo var. pumilio 3.50 + 0.55 2.83 + 0.75 1.83 + 0.75 0.83 + 0.41
4. Mentha piperita L. 5.50 + 1.52 4.17 + 1.47 3.17 £ 0.75 0.50 + 0.55
5. Foeniculum vulgare L. 4.00 + 0.89 5.50 + 2.17 2.00 + 1.10 1.33 + 1.63
6. Pinus sylvestris L. 4.00 + 0.63 3.33 £ 0.82 2.83 + 0.98 2.17 + 0.98
7. Satureja hortensis L. 6.50 + 2.07 2.00 + 0.00 1.67 + 0.52 0.17 + 0.41
8. Origanum vulgare L. 3.83 + 0.41 2.33 + 0.82 1.67 + 0.52 0.83 + 0.98
9. Pimpinella anisum L. 6.50 + 5.21 5.83 + 4.62 4,50 + 2.05 1.17 + 0.41
10. Rosmarinus officinalis L. 3.50 + 0.84 417 + 1.72 1.83 + 0.45 1.00 + 0.00
DMSO (negative control) NE NE NE NE

NE — non-inhibitory effect.
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Table 8: Measured sizes of inhibition zones (in mm) for various EOs at different concentrations (mean + SD) against Penicillium oxalicum

EO Concentration of EO (pL/mL)
0.75 0.50 0.25 0.125

1. Lavandula angustifolia Mill. 1.00 + 0.00 0.92 + 0.20 NE NE

2. Carum carvi L. 6.00 + 3.10 5.33 £ 3.78 2.17 + 1.47 1.33 + 0.52
3. Pinus mugo var. pumilio 1.00 + 0.00 0.42 + 0.49 NE NE

4. Mentha piperita L. 2.83 + 0.41 2.33 + 0.52 1.17 + 0.41 0.50 + 0.55
5. Foeniculum vulgare L. 3.83 +1.72 1.83 + 0.98 1.00 + 1.10 0.83 £ 0.98
6. Pinus sylvestris L. 3.67 +1.21 2.50 + 1.52 1.17 + 0.41 0.50 + 0.55
7. Satureja hortensis L. 2.58 + 0.49 1.67 £ 0.41 1.17 + 0.41 0.75 + 0.27
8. Origanum vulgare L. 0.50 + 0.55 0.50 + 0.55 0.50 + 0.55 0.50 + 0.55
9. Pimpinella anisum L. 2.33 + 2,58 1.83 + 2.04 1.17 + 1.33 0.33 + 0.52
10. Rosmarinus officinalis L. 4.67 +1.51 3.17 + 1.33 2.00 + 1.10 0.50 + 0.55
DMSO (negative control) NE NE NE NE

NE - non-inhibitory effect.

caraway (Carum carvi L.) has a wide application in
pharmaceutical and food industries as it possesses
antitumor, antiproliferative, antihyperglycemic and anti-
microbial activity [51]. The EO of caraway, in the case of
the disc diffusion method at concentrations of 0.5, 1, 5
and 10 pL, exhibited antifungal activity against eight
tested molds. Inhibitory activity using the smallest
quantity (0.5 pL) was recorded against all isolates, and
the highest inhibition zone was observed against P.
chrysogenum (33.67 mm). By using higher concentrations
of caraway EO (1 and 5pL), a greater antifungal effect
was observed on all of the tested molds. Total inhibition
was noticed against Eurotium herbariorum when using
the highest quantity of oil (10 pL), while the highest
inhibition zone was observed against A. versicolor
(52mm), and the lowest against A. niger (28 mm). Helal

et al. [52] reported that application of 50 uL of the
caraway EO, in the agar diffusion method, did not show
inhibition zones against A. flavus, while in the case of A.
niger, Penicillium digitatum and P. puberulum, the
inhibition zones were 22, 18 and 27 mm, respectively.
Baghlou et al. [53] detected in vitro the antifungal effect
of Rosmarinus officinalis L. (rosemary) EO against 16
fungal strains of A. niger contaminating various food
products and responsible for invasive fungal infection.
The colonies of the 16 tested strains of A. niger showed a
very weak growth at 0.25% concentration of the EO.
From a concentration of 0.50%, they noted complete
absence of growth of the 16 tested strains. The R.
officinalis L. EO also displayed powerful inhibitory and
fungicidal activity against specific Candida strains [54].
In the disc diffusion assay, Hendel et al. [55] tested the

Table 9: Measured sizes of inhibition zones (in mm) for various EOs at different concentrations (mean + SD) against Penicillium polonicum

EO Concentration of EO (pL/mL)
0.75 0.50 0.25 0.125

1. Lavandula angustifolia Mill. 2.67 +1.03 1.67 + 0.82 0.92 + 0.58 0.33 £ 0.52
2. Carum carvi L. 5.00 + 3.74 3.83 + 3.13 3.33 +3.13 1.50 + 1.76
3. Pinus mugo var. pumilio 2.67 + 0.52 1.67 + 0.52 1.17 + 0.41 NE

4. Mentha piperita L. 4.67 + 0.52 3.17 £ 0.41 2.50 + 0.55 1.00 + 0.00
5. Foeniculum vulgare L. 2.83 + 0.41 0.92 £ 0.58 0.50 + 0.55 0.33 + 0.52
6. Pinus sylvestris L. 1.67 + 0.82 1.00 + 0.55 0.33 + 0.52 NE

7. Satureja hortensis L. 2.50 + 0.55 1.67 + 0.82 1.17 + 0.75 0.67 + 0.52
8. Origanum vulgare L. NE NE NE NE

9. Pimpinella anisum L. 3.67 + 0.52 3.17 £ 0.41 3.00 + 0.00 0.50 + 0.55
10. Rosmarinus officinalis L. 5.67 + 1.03 3.00 + 0.63 233 +1.21 1.67 + 1.00
DMSO (negative control) NE NE NE NE

NE — non-inhibitory effect.
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Table 10: Measured sizes of inhibition zones (in mm) for various EOs at different concentrations (mean + SD) against Talaromyces

purpurogenus
EO Concentration of EO (uL/mL)

0.75 0.50 0.25 0.125
1. Lavandula angustifolia Mill. 2.83 +1.17 2.50 + 0.84 2.00 + 0.00 1.50 + 0.55
2. Carum carvi L. 3.67 +1.03 2.67 + 0.82 1.67 + 0.52 1.50 + 0.55
3. Pinus mugo var. pumilio 2.33 + 0.52 1.33 + 0.52 1.33 + 0.52 1.17 + 0.41
4. Mentha piperita L. 2.17 + 1.33 1.67 + 0.82 1.00 + 0.00 0.67 + 0.52
5. Foeniculum vulgare L. 3.00 + 0.89 2.50 + 0.55 1.67 + 0.82 1.00 + 0.00
6. Pinus sylvestris L. 417 + 1.83 4.67 + 1.37 2.00 + 0.89 1.50 + 0.55
7. Satureja hortensis L. 7.67 + 4.50 2.67 + 0.82 2.00 + 0.63 1.00 + 0.00
8. Origanum vulgare L. 3.00 + 0.00 2.50 + 0.55 0.83 + 0.41 NE
9. Pimpinella anisum L. 2.17 + 0.75 1.50 + 0.55 1.17 + 0.41 1.00 + 0.00
10. Rosmarinus officinalis L. 2.83 + 0.75 2.50 + 0.55 2.50 + 0.84 2.17 + 0.82
DMSO (negative control) NE NE NE NE

NE - non-inhibitory effect.

effect of rosemary extracts on the growth of the green
mold of citrus, Penicillium digitatum, under in vitro
conditions. The effect was very strong on spore
germination, and the diameter of the inhibition zone
was estimated to be 14, 20 and 32.5mm at the
concentrations of 15, 20 and 25pL/mL, respectively,
with the lack of sporulation and sparse mycelium
compared to the control. These results support the studies
on rosemary as a promising source of preservatives. The
antifungal activities of ethanolic extracts of Rosmarinus
officinalis and Thymus vulgaris were tested by Centeno et al.
[56] against strains of Aspergillus flavus and A. ochraceus,
since these two species are responsible for accumulating
mycotoxins that are common contaminants of cereals and
grains. These extracts used at low concentrations could
have significant potential for the biological control of fungi
in food products.

The antifungal activities of various EOs against the
growth of Talaromyces purpurogenus (previously Penicillium
purpurogenum) are presented in Table 10. The EOs of
Satureja hortensis L. and Pinus sylvestris L. are the most
effective against this fungus with a zone of inhibition
ranging from 1.00 + 0.00 to 7.67 + 4.50mm. The
antagonistic effect was not found at 0.125 pL/mL for the
oil of Origanum vulgare L. against the tested fungus.
The turpentine oil extracted from Pinus sylvestris L. showed
a significant antifungal effect on fungal plant pathogens
Sclerotinia sclerotiorum, Fusarium oxysporum, Botrytis
cinerea, Phytophthora capsici, Alternaria solani and Pythium
sp., respectively, but it was more active against bacteria and
yeast than fungi, and the antimicrobial activity of the oil
increased with an increase of oil concentration in the
medium [57].

4 Conclusion

The presented EOs obtained from the selected plants
showed different antifungal activities against Penicillium
species, depending on the concentration of the EO used, as
well as the type of microorganism. The highest antifungal
activity was observed for the Lavandula angustifolia Mill. EO
against Penicillium brevicompactum. The zone of inhibition
varied between 19.67 + 0.82 and 10.33 + 3.67 mm depending
on the concentration of the EO. The plant extract of
Origanum vulgare L. did not possess any strong antifungal
activity. At high doses, all tested oils were active against the
tested strains, except Mentha piperita L. and Foeniculum
vulgare L. against Penicillium citrinum and Origanum vulgare
L. against P. polonicum. Diluted oils proved to be less
effective and some of them were even inactive: Lavandula
angustifolia Mill., Pinus mugo var. pumilio, Mentha piperita
L., Foeniculum vulgare L., Pinus sylvestris L., Origanum
vulgare L. and Rosmarinus officinalis L.

Acknowledgments: This work was supported by the grant
APVV SK-BY-RD-19-0014 “The formulation of novel com-
positions and study of the properties of the polysaccharide
based edible films and coatings with antimicrobial and
antioxidant plant additives”.

Conflict of interest: The authors state no conflict of
interest.

Data availability statement: The datasets generated
during and/or analyzed during the current study are
available from the corresponding author on reasonable
request.



520 —— Sofia Fel36ciova et al.

References

(1]

(2]

(6]

(7]

(10]

(11]

(12]

(13]

[14]

Mahlo SM, Chauke HR, McGaw L, Eloff J. Antioxidant and
antifungal activity of selected medicinal plant extracts against
phytopathogenic fungi. Africa | Tradit Complement Altern Med.
2016;13(4):216-22. doi: 10.21010/ajtcam.v13i4.28.

Andersen B, Smedsgaard J, Frisvad JC. Penicillium expansum:
consistent production of patulin, chaetoglobosins, and other
secondary metabolites in culture and their natural occurrence in
fruit products. ) Agric Food Chem. 2004;52(8):2421-8.

doi: 10.1021/jf035406k.

Frisvad JC. Penicillium|Penicillium/Penicillia in food production.
In: Encyclopedia of Food Microbiology. London, UK: Elsevier;
2014. p. 14-8. doi: 10.1016/B978-0-12-384730-0.00249-4.
Ikken Y, Morales P, Martinez A, Marin ML, Haza Al, Cambero MI.
Antimutagenic effect of fruit and vegetable ethanolic extracts
against N-nitrosamines evaluated by the Ames test. ) Agric Food
Chem. 1999;47(8):3257—64. doi: 10.1021/jf990166n.

Noguchi Y, Fukuda K, Matsushima A, Haishi D, Hiroto M,
Kodera Y, et al. Inhibition of Df-protease associated with
allergic diseases by polyphenol. | Agric Food Chem.
1999;47(8):2969-72. doi: 10.1021/jf9812073.

Kowalczewski Pt, Olejnik A, Biatas W, Kubiak P, Siger A,
Nowicki M, et al. Effect of thermal processing on antioxidant
activity and cytotoxicity of waste potato juice. Open Life Sci
2019;14(1):150-7. doi: 10.1515/biol-2019-0017.

Kowalczewski Pt, Pauter P, Smarzyriski K, R6zafiska MB,
Jezowski P, Dwiecki K, et al. Thermal processing of pasta
enriched with black locust flowers affect quality, phenolics,
and antioxidant activity. | Food Process Preserv. July
2019;43:e14106. doi: 10.1111/jfpp.14106.

Kowalczewski Pt, Olejnik A, Biatas W, Rybicka I, Zielifiska-
Dawidziak M, Siger A, et al. The nutritional value and
biological activity of concentrated protein fraction of potato
juice. Nutrients. 2019;11(7):1523. doi: 10.3390/nu11071523.
Kowalczewski Pt, Radzikowska D, IvaniSova E, Szwengiel A,
Kacaniova M, Sawinska Z. Influence of abiotic stress factors
on the antioxidant properties and polyphenols profile
composition of green barley (Hordeum vulgare L.). Int ] Mol
Sci. 2020;21(2):397. doi: 10.3390/ijms21020397.

Kujawska M, Olejnik A, Lewandowicz G, Kowalczewski P, Forjasz R,
Jodynis-Liebert J. Spray-dried potato juice as a potential functional
food component with gastrointestinal protective effects. Nutrients.
2018;10(2):259. doi: 10.3390/nu10020259.

Razna K, Sawinska Z, IvaniSova E, Vukovic N, Terentjeva M,
Stricik M, et al. Properties of Ginkgo biloba L.: antioxidant
characterization, antimicrobial activities, and genomic
microRNA based marker fingerprints. Int ] Mol Sci.
2020;21(9):3087. doi: 10.3390/ijms21093087.

Rovna K, Ivaniova E, Ziarovska J, Ferus P, Terentjeva M,
Kowalczewski P, et al. Characterization of Rosa canina fruits
collected in urban areas of Slovakia. Genome size, iPBS profiles
and antioxidant and antimicrobial activities. Molecules.
2020;25(8):1888. doi: 10.3390/molecules25081888.

Lis-Balchin M, Deans SG. Bioactivity of selected plant essential oils
against listeria monocytogenes. ) Appl Microbiol.
1997;82(6):759-62. doi: 10.1046/j.1365-2672.1997.00153.x.
Miedzianka ], Peksa A, Nem$ A, Drzymata K, Zambrowicz A,
Kowalczewski P. Trypsin inhibitor, antioxidant and

(15]

(16]

(17]

(18]

(19]

(20]

(21]

(22]

(23]

[24

[25]

[26

(28]

DE GRUYTER

antimicrobial activities as well as chemical composition of
potato sprouts originating from yellow- and colored-fleshed
varieties. ] Environ Sci Heal Part B. 2020;55(1):42-51.

doi: 10.1080/03601234.2019.1657764.

Campolo O, Giunti G, Russo A, Palmeri V, Zappala L. Essential
oils in stored product insect pest control. )] Food Qual.
2018;2018:1-18. doi: 10.1155/2018/6906105.

Plavsic D, Dimic G, Psodorov DD, Psodorov DD, Saric L,
Cabarkapa I, et al. Antifungal activity of Mentha piperita and
Carum carvi essential oils. Zb Matice Srp za Prir Nauk.
2017;133:201-7. doi: 10.2298/ZMSPN1733201P.

Carmo ES, Lima EO, de Souza EL. The potential of Origanum
vulgare L. (Lamiaceae) essential oil in inhibiting the growth of
some food-related Aspergillus species. Brazilian | Microbiol
2008;39(2):362-7. doi: 10.1590/51517-83822008000200030.
Leja K, Drozdzynska A, Majcher M, Kowalczewski Pt,
Czaczyk K. Influence of sub-inhibitory concentration of
selected plant essential oils on the physical and biochemical
properties of Pseudomonas orientalis. Open Chem.
2019;17(1):492-505. doi: 10.1515/chem-2019-0066.

Leja K, Szudera-Koriczal K, Switata E, Juzwa W, Kowalczewski Pt,
Czaczyk K. The influence of selected plant essential oils on
morphological and physiological characteristics in pseudomonas
orientalis. Foods. 2019;8(7):277. doi: 10.3390/foods8070277.

da Cruz Cabral L, Fernandez Pinto V, Patriarca A. Application of
plant derived compounds to control fungal spoilage and
mycotoxin production in foods. Int ) Food Microbiol.
2013;166(1):1-14. doi: 10.1016/j.ijfoodmicro.2013.05.026.
Pitt JI. PENICILLIUM|Penicillium and Talaromyces. In:
Encyclopedia of Food Microbiology. London, UK: Elsevier;
2014. p. 6-13. doi: 10.1016/B978-0-12-384730-0.00248-2.
Samson RA, Frisvad JC. Penicillium subgenus Penicillium: new
taxonomic schemes and mycotoxins and other extrolites. Stud
Mycol. 2004;449:1-174.

Bhatnagar D. Book Review. In: Samson RA, Hoekstra ES,
Frisvad JC, Filtenborg O, editors. Introduction to food- and
airborne fungi (revised 6th Edition), 2002, Centraalbureau
voor Schimmelcultures - Utrecht, The Netherlands, 389 pp.
Distributed in the United States by A. Mycopathologia.
2005;159(4):609-609. doi: 10.1007/s11046-005-4201-1.
FelSociova S, Kacaniova M, Horska E, Vukovi¢ N, Hleba L,
Petrova J, et al. Antifungal activity of essential oils against
selected terverticillate penicillia. Ann Agric Environ Med.
2015;22(1):38-42. doi: 10.5604/12321966.1141367.
Kacaniova M, Terentjeva M, Vukovic N, Puchalski C,
Roychoudhury S, Kunova S, et al. The antioxidant and anti-
microbial activity of essential oils against Pseudomonas spp.
isolated from fish. Saudi Pharm ). 2017;25(8):1108-16.

doi: 10.1016/].jsps.2017.07.005.

D’Auria FD, Tecca M, Strippoli V, Salvatore G, Battinelli L,
Mazzanti G. Antifungal activity of Lavandula angustifolia essential
oil against Candida albicans yeast and mycelial form. Med Mycol.
2005;43(5):391-6. doi: 10.1080/13693780400004810.

Markovic T, Chatzopoulou P, Siljegovic J, Nikolic M,
Glamoclija J, Ciric A, et al. Chemical analysis and antimicrobial
activities of the essential oils of Satureja thymbra L. and
Thymbra spicata L. and their main components. Arch Biol Sci.
2011;63(2):457-64. doi: 10.2298/ABS1102457M.

Scalas D, Mandras N, Roana J, Tardugno R, Cuffini AM,
Ghisetti V, et al. Use of Pinus sylvestris L. (Pinaceae),



DE GRUYTER

(30]

(31]

(32]

(33]

(34]

(35]

(36]

(38]

(39]

(40]

(41]

(42]

Origanum vulgare L. (Lamiaceae), and Thymus vulgaris L.
(Lamiaceae) essential oils and their main components to
enhance itraconazole activity against azole susceptible/
not-susceptible Cryptococcus neoformans strains. BMC
Complement Altern Med. 2018;18(1):143. doi: 10.1186/
$12906-018-2219-4.

Guynot ME, Ramos AJ, Seto L, Purroy P, Sanchis V, Marin S.
Antifungal activity of volatile compounds generated by
essential oils against fungi commonly causing deterioration of
bakery products. ] Appl Microbiol. 2003;94(5):893-9.

doi: 10.1046/j.1365-2672.2003.01927..x.

Rodriguez A, Batlle R, Nerin C. The use of natural essential oils
as antimicrobial solutions in paper packaging. Part Il. Prog
Org Coat. 2007;60(1):33-8. doi: 10.1016/
j.porgcoat.2007.06.006.

Zyani M, Mortabit D, El Abed S, Remmal A, Ibnsouda S.
Antifungal activity of five plant essential oils against wood
decay fungi isolated from an old house at the Medina of Fez.
Int Res ] Microbiol 2011;2(3):104-8.

Soidrou SH, Farah A, Satrani B, Ghanmi M, Jennan S,
Hassane S, et al. Fungicidal activity of four essential oils from
Piper capense, Piper borbonense and Vetiveria zizanoides
growing in Comoros against fungi decay wood. ) Essent Oil Res.
2013;5(3):216-23.

Bakkali F, Averbeck S, Averbeck D, Idaomar M. Biological
effects of essential oils — a review. Food Chem Toxicol.
2008;46(2):446-75. doi: 10.1016/j.fct.2007.09.106.

Hassan B, Soumya E, Moulay S, Mounyr B, Saad IK. Antifungal
activity and physico-chemical surface properties of the momen-
taneously exposed Penicillium expansum Spores to Carvacrol. Res
J Microbiol 2016;11(6):178-85. doi: 10.3923/jm.2016.178.185.
Abbaszadeh S, Sharifzadeh A, Shokri H, Khosravi AR,
Abbaszadeh A. Antifungal efficacy of thymol, carvacrol,
eugenol and menthol as alternative agents to control the
growth of food-relevant fungi. ] Mycol Med. 2014;24(2):e51-6.
doi: 10.1016/j.mycmed.2014.01.063.

Soylu EM, Kurt S, Soylu S. In vitro and in vivo antifungal activities
of the essential oils of various plants against tomato grey mould
disease agent Botrytis cinerea. Int ) Food Microbiol.
2010;143(3):183-9. doi: 10.1016/j.ijfoodmicro.2010.08.015.
Hassan B, Soumya E, Sanae G, Saad IK. Evaluation of the
antifungal activities of three essential oil components against
Penicillium expansum spores. Int ) Pharm Pharm Sci.
2017;9(8):56. doi: 10.22159/ijpps.2017v9i8.17169.
Adaszyriska M, Swarcewicz M, Dzieciot M, Dobrowolska A.
Comparison of chemical composition and antibacterial activity
of lavender varieties from Poland. Nat Prod Res.
2013;27(16):1497-501. doi: 10.1080/14786419.2012.724408.
Carrasco A, Tomas V, Tudela ), Miguel MG. Comparative study of
GC-MS characterization, antioxidant activity and hyaluronidase
inhibition of different species of Lavandula and Thymus essential
oils. Flavour Fragr J. 2016;31(1):57-69. doi: 10.1002/ffj.3283.
Pasha H, Behmanesh F, Sefidgar AA, Moghaddamnia AA, Touri AE.
Comparison of the effect of Lavender and Clotrimazole on the
growth of the standard strains of Candida albicans, an in vitro
study. ) Babol Univ Med Sci. 2010;12(2):26-31.

Buckle J. Clinical aromatherapy and AIDS. ) Assoc Nurses AIDS
Care. 2002;13(3):81-99. doi: 10.1177/10529002013003006.
Motiejanaite O, Peciulyte D. Fungicidal properties of Pinus
sylvestris L. for improvement of air quality. Medicina.

Antifungal activity of selected volatile essential oils against Penicillium sp.

(43]

(44]

(45]

(46]

(47]

(48]

(49]

(50]

(51]

(52]

(53]

(54]

(55]

(56]

(571

— 521

2004;40(8):787-94. http://www.ncbi.nlm.nih.gov/pubmed/
15300001.

Nardoni S, D’Ascenzi C, Caracciolo |, Mannaioni G, Papini R,
Pistelli L, et al. Activity of selected essential oils on spoiling
fungi cultured from Marzolino cheese. Ann Agric Environ Med.
2018;25(2):280-4. doi: 10.26444/aaem/80907.

Dube S, Upadhyay PD, Tripathi SC. Antifungal, physicochemical,
and insect-repelling activity of the essential oil of Ocimum
basilicum. Can ) Bot. 1989;67(7):2085-7. doi: 10.1139/b89-264.
Lis-Balchin M, Deans SG, Eaglesham E. Relationship between
bioactivity and chemical composition of commercial essential
oils. Flavour Fragr J. 1998;13(2):98-104.

BlaZekovi¢ Dimovska D, Kakurinov V, Hristovski N, Stojanovski S.
Antifungal and anti-yeast activity of Satureja hortensis L.
(Lamiaceae) essential oil from pelagonian region. ] Hyg Eng Des.
2012;1:113-7.

Razzaghi-Abyaneh M, Shams-Ghahfarokhi M, Yoshinari T,
Rezaee M-B, Jaimand K, Nagasawa H, et al. Inhibitory effects
of Satureja hortensis L. essential oil on growth and aflatoxin
production by Aspergillus parasiticus. Int ) Food Microbiol.
2008;123(3):228-33. doi: 10.1016/j.ijfoodmicro.2008.02.003.
Kambiz D, Kamaleh G, Behnam H, Mitra S. Antifungal activity of
Satureja hortensis alcoholic extract against Aspergillus and
Candida species. | Med Plants Res. 2013;7(30):2271-4.

doi: 10.5897/JMPR12.659.

Boyraz N, Ozcan M. Inhibition of phytopathogenic fungi by essential
oil, hydrosol, ground material and extract of summer savory
(Satureja hortensis L.) growing wild in Turkey. Int ] Food Microbiol.
2006;107(3):238-42. doi: 10.1016/j.iffoodmicro.2005.10.002.
Adiguzel A, Ozer H, Kilic H, Cetin B. Screening of antimicrobial
activity of essential oil and methanol extract of Satureja
hortensis on foodborne bacteria and fungi. Czech ) Food Sci.
2008;25(2):81-9. doi: 10.17221/753-CJFS.

Agrahari P, Singh DK. A review on the pharmacological
aspects of Carum carvi. ) Biol earth Sci. 2014;4(1):M1-13.
Helal GA, Sarhan MM, Abu Shahla ANK, Abou El-Khair EK.
Antimicrobial activity of some essential oils against micro-
organisms deteriorating fruit juices. Mycobiology.
2006;34(4):219. doi: 10.4489/MYC0.2006.34.4.219.
Baghloul F, Mansori R, Djahoudi A. In vitro antifungal effect of
Rosmarinus officinalis essential oil on Aspergillus niger. Natl )
Physiol Pharm Pharmacol. 2017;7(3):1. doi: 10.5455/
njppp.2017.7.7021513102016.

Gauch LMR, Pedrosa SS, Esteves RA, Silveira-Gomes F,
Gurgel ESC, Arruda AC, et al. Antifungal activity of Rosmarinus
officinalis Linn. essential oil against Candida albicans,
Candida dubliniensis, Candida parapsilosis and Candida
krusei. Rev Pan-Amazdnica Salde. 2014;5(1):61-6.

doi: 10.5123/52176-62232014000100007.

Hendel N, Larous L, Belbey L. Antioxidant activity of rosemary
(Rosmarinus offcinalis L.) and its in vitro inhibitory effect on
Penicillium digitatum. Int Food Res J. 2016;23(4):1725-32.
Centeno S, Calvo MA, Adelantado C, Figueroa S. Antifungal
activity of extracts of Rosmarinus officinalis and Thymus
vulgaris against Aspergillus flavus and A. ochraceus. Pakistan
J Biol Sci. 2010;13(9):452-5. doi: 10.3923/pjbs.2010.452.455.
Basim E, Basim H. Chemical composition, antibacterial and
antifungal activities of turpentine oil of Pinus sylvestris L.
against plant bacterial and fungal pathogens. | Food Agric
Environ. 2013;11(3):2261-4.


http://www.ncbi.nlm.nih.gov/pubmed/15300001
http://www.ncbi.nlm.nih.gov/pubmed/15300001

	1 Introduction
	2 Materials and methods
	2.1 Plant EOs
	2.2 Fungal strains and media
	2.3 Disc diffusion method
	2.4 Chemical composition of EOs
	2.5 Statistical analysis

	3 Results and discussion
	4 Conclusion
	Acknowledgments
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /POL (Versita Adobe Distiller Settings for Adobe Acrobat v6)
    /ENU <FEFF0056006500720073006900740061002000410064006f00620065002000440069007300740069006c006c00650072002000530065007400740069006e0067007300200066006f0072002000410064006f006200650020004100630072006f006200610074002000760036>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


