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I Abstract
The aim of this study was to screen 15 essential oils of selected plant species, viz. Lavandula angustifolia, Carum carvi, Pinus
mungo var. pulmilio, Mentha piperita, Chamomilla recutita L., Pinus sylvestris, Satureia hortensis L., Origanum vulgare L., Pimpinella
anisum, Rosmarinus officinalis L., Salvia officinalis L., Abietis albia etheroleum, Chamomilla recutita L. Rausch, Thymus vulgaris L.,
Origanum vulgare L. for antifungal activity against five Penicillium species: Penicillium brevicompactum, Penicillium citrinum,
Penicillium crustosum, Penicillium expansum and Penicillium griseofulvum. The method used for screening included the disc
diffusion method. The study points out the wide spectrum of antifungal activity of essential oils against Penicillium fungi.
There were five essential oils of the 15 mentioned above which showed a hopeful antifungal activity: Pimpinella anisum,
Chamomilla recutita L., Thymus vulgaris, Origanum vulgare L. The most hopeful antifungal activity and killing effect against
all tested penicillia was found to be Origanum vulgare L. and Pimpinella anisum. The lowest level of antifungal activity was
demonstrated by the oils Pinus mungo var. pulmilio, Salvia officinalis L., Abietis albia etheroleum, Chamomilla recutita L. Rausch,

Rosmarinus officinalis.
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INTRODUCTION

The terverticillate penicillia are among the most frequently
encountered filamentous fungi and they influence the
everyday life of many people. These penicillia have given
us penicillin, mycophenolic acid, compactin, fungal steroid
transformations, white and blue mould cheeses, fermented
sausages and extra cellular enzymes, but they have also
been cause of severe mycotoxicoses, allergy and indoor air
problems [1]. The species in Penicillium subgenus Penicillium
have terverticillate penicilli and are related to the ascomycete
genus Eupenicillium series Crustacea. Many of its species are
very common and associated with stored foods of human
beings and animals, but also with animal dung and building
materials, indoor air, and several types of habitat [2].

Most of the species produce mycotoxins which can often
have some pharmacologically interesting characteristics. The
important antibiotic penicillin, which has made Penicillium
famous, occurs only in several species of Penicillium [2].

The essential oils are aromatic oily liquids obtained from
some plant material (flowers, buds, seeds, leaves, twigs, bark,
herbs, wood, fruits and roots). They can be obtained by
expression, fermentation, enfleurage or extraction, but the
method of steam distillation is most commonly used for the
commercial production of essential oils. There are about
3,000 essential oils and about 300 of them are commercially
important — destined chiefly for the flavours and fragrances
market in medicine to be beneficial in the treatment of fungal
problems in humans [3].
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Many studies have documented the antifungal properties
of plant essential oils. Most essential oil extracts completely
inhibit the growth of all tested mould at the concentration
of 1% w/v on nutrient medium [4]. The essential oils of spices
and herbs (thyme, origanum, mint, cinnamon, salvia and
clove) were found to possess the strongest antimicrobial
properties among the many tested microscopic fungi [5].
The natural plant extracts can provide an alternative way to
protect foods or feeds from fungal contamination [6].

However, there is only sparse knowledge about the
antifungal activity of essential oils against terverticillate
penicillia. Because of this, the aim of this study was to
examine the inhibitory effect of Slovak essential oils against
fungi of the genus Penicillium.

MATERIALS AND METHOD

Plant essential oils. The samples of plant essential oils were
obtained from Calendula a.s., Nova Lubovna, Slovakia
(Lavandula angustifolia, Carum carvi, Pinus mungo var.
pulmilio, Mentha piperita, Chamomilla recutita L., Pinus
sylvestris, Satureia hortensis L., Origanum vulgare L.,
Pimpinella anisum, Rosmarinus officinalis L., Salvia
officinalis L., Abietis albia etheroleum, Chamomilla recutita L.
Rausch, Thymus vulgaris L., Origanum vulgare L.). All
tested samples were stored at 4°C in a dark glass flask until
analyzed. An aliquot of dimethylsulfoxide (DMSO, Sigma-
Aldrich) was added to the essential oils in order to obtain a
0.09375-0.75 pl/ml of concentration range.

Fungal strains and media. The strains Penicillium
brevicompactum, Penicillium citrinum, Penicillium crustosum,
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Penicillium expansum and Penicillium griseofulvum were
included in this study. These strains were isolated from
different honey samples kept in the fungal culture collection
bank of the Department of Microbiology at the University
of Agriculture in Nitra, Slovakia. Fungal isolates were
maintained on Czapek yeast extract agar (CYA, HiMedia,
Bombay, India) and the cultures were stored at refrigerator
temperature (4°C). Genus Penicillium identified to species
level based on morphological characteristics according to the
manuals of Pitt and Hocking [7], Samson et al. [8].

Disc diffusion method. The disc diffusion test was performed
using Sabouraud dextrose agar (SDA, Hi Media, Bombay,
India). The inoculum was prepared using the fungi from
seven days culture on CYA and the suspension was made in
a sterile saline solution. The turbidity of the suspension was
adjusted with a spectrophotometer — densilameter II (Erba-
Lachema, Brno, Czech Republic) at 530 nm to obtain a final
concentration to match that of the 0.5 McFarland standard.
Briefly, 100 pL of spore suspension (0.5 McF) was spread
thoroughly all over the surface onto Sabouraud dextrose
agar plates. The plates were dried in an air-dry stiller at
60°C until evaporation of residual water. Blank disk 6 mm
in diameter (Oxoid, Cambridge, UK) impregnated with
20 uL of pure essential oil suspensions, resulting in final
concentrations of 0.75,0.375, 0.1875 and 0.09375 ul/ml/disk.
The quadruplicate plates were cultivated for each isolate. The
plates were incubated at 25 + 1°Cin a thermostat. The zones
of inhibition of the growth of the fungi were measured as
semi-diameter (in millimeters) after 24 h of incubation. Pure
DMSO was used as a control for each tested fungi.

Statistical analysis. The basic variation - statistical values
including means and standard deviation from the obtained
data were calculated using statistical programme SAS (one-
factorial variance analysis ANOVA) at p<0.05; p<0.01;
p<0.001 level of significance.

RESULTS AND DISCUSSION

The antifungal activity of various essential oils on the
growth of Penicillium brevicompactum on SDA is presented
in Table 1. The essential oils of Chamomilla recutita L. and
Pimpinella anisum showed the highest antifungal activity
of all observed concentrations after incubation of 24 h as
compared to control. These oils had the great inhibitory
effect, but the zone around the entire surface of the dish
could not be measured. It was found that Origanum vulgare L.
and Thymus vulgaris L. showed a strong and wide spectrum
of activity against Penicillium brevicompactum with a zone
of inhibition ranging from 3.00 + 1.41 - 10.75 + 1.75 mm.
However, the essential oils of Pinus mungo var. pulmilio
showed the least antifungal activity from 0.25 + 0.50 - 2.75
+ 0.96 mm against all 15 tested oils.

Statistical differences were found (p<0.05) between
Pimpinella anisum and other essential oils, and Thymus
vulgaris and others essential oils at Penicillium brevicom-
pactum

The essential oils of Syzygium aromaticum, Citrus limon
and Mentha piperita, according to Verma et al. [9], exhibited
the highest antifungal activity on the growth of Aspergillus
niger and Geotrichum candidum, which are commonly

Table 1.Inhibition zones in mm of essential oils at different concentration
(mean + SD) against Penicillium brevicompactum

Concentration of essential oil in pl/ml

Essential oil 0.75 0.375 0.1875 0.09375

1. Lavandula angustifolia 250+£1.29 1.25+0.50 0.50+0.58 0.50+0.58
2. Carum carvi 3.00+£0.82 200+0.00 0.75+050 1.00+0.82
3. Pinus mungo var. pulmilio 2.75+0.96 0.75+0.96 0.25+0.50 0.25+0.50
4. Mentha piperita 400+082 3.00£0.82 225+096 1.50%0.58
5. Chamomilla recutita L. SE SE SE SE

6. Pinus sylvestris 375+£250 150+1.00 1.25+050 1.25+0.50
7. Satureia hortensis L. 550+1.29 3.75+096 225+0.50 2.00+0.82
8. Origanum vulgare L. 10.75+1.50 7.25+222 450+1.29 3.00+1.41
9. Pimpinella anisum SE SE SE SE

10. Rosmarinus officinalis L.  2.25+1.26 1.50+0.58 0.75+0.50 0.75+0.96
11. Salvia officinalis L. 275126 225126 125+126 0.75+£050
12. Abietis albi aetheroleum 3.00+1.41 2.75%+1.50 2.00+0.82 1.75+0.96
;Z'ui?;’momma recutital. 54050 1504129 1504100 3.00+2.16
14. Thymus vulgaris L. 9.00+4.69 875+150 7.00+294 475+222
15. Origanum vulgare L. 450+526 400+490 7.25+386 525+442
DMSO (negative control) NE NE NE NE

SE - strong inhibition effect; NE - non inhibitory effect

found in buildings and their indoor environment. In the
presented case, Mentha piperita showed moderate activity
on the growth of Penicillium brevicompactum. Many
scientists have isolated the main components of essential
oils exhibiting antimicrobial activity, and it appears that there
is a relationship between the chemical structures of the most
abundant compounds in the essential oils and the antifungal
effect [10]. The composition, structure, as well as functional
groups of the oils play an important role in determining their
antimicrobial activity, with the compounds with phenolic
groups usually being the most effective [11]. Chamomile oil at
3,000 ppm exhibited the highest inhibition against Aspergillus
flavus, Aspergillus parasiticus and Fusarium moniliforme [12].
Its major components, chamazulene, a-bisabolol, flavonoids
and umbelliferone, displayed antifungal properties against
Trichophyton mentagrophytes, T. rubrum and Candida
albicans [13, 14]. Pimpinella anisum L. fruits, known as
aniseed, contain around 1.5-5.0% essential oil, mainly
composed of volatile phenylpropanoids, such as trans-
anethole with around 90% [15]. In addition, the essential
oil of the anise fruit also contains a small proportion of
estragol, anisaldehyde, y-himachalene and cis-anethole [16].
The fruits, as well as the essential oils, are characterized by
antispasmodic, antioxidant, antimicrobial, insecticidal and
antifungal effects [17]. Because anise favours warm climatic
conditions throughout the growing season, it is cultivated
primarily in subtropical regions [18, 19]. Anise (Pimpinella
anisum L.), which belongs to the family Apiaceae, is an
important spice and medicinal plant used for pharmaceutics
and the perfumery and food industries.

The study on the plants from Iran indicated that menthanol
(36.24%) and menthone (32.42%) were the major compounds
of the Mentha piperita essential oil [20] with antimicrobial
activity. Other studies revealed the higher antimicrobial
property of Mentha piperita essential oil with menthol
concentration as low as 3.6% [21].
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The screening results of the 15 essential oils for their
activity against the growth of Penicillium citrinumin are
shown in Table 2. The essential oil Pimpinella anisum was
very active against Penicillium citrinum; the inhibition zones

Table 3. Inhibition zones in mm of essential oils at different concentration
(mean + SD) against Penicillium crustosum

Concentration of essential oil in pl/ml

o . Essential oil 0.75 0375 0.1875 0.09375
were not measurable. Statistical differences were found
(P<0~05) betweenPimpinella anisum and other essential oils, 1. Lavandula angustifolia ~ 3.50+1.29 2.25+0.50 1.25+0.50 0.75+0.96
and Thymus vulgaris and others essential oils. 2. Carum carvi 350£0.58 275+096 125+0.50 1.50+0.58
3. Pinus mungo var.
Table 2. Inhibition zones in mm of essential oils at different concentration ~ pulmilio ’ 1752036 1255050 1255050 100000
(mean =+ SD) against Penicillium citrinum 4. Mentha piperita 500+245 350+129 250+058 2.00%+0.82
Concentration of essential oil in pl/ml 5. Chamomilla recutita L. SE 11.75+3.95 9.25+ 6.65 875+7.23
Essential oil 075 0375 0.1875 0.09375 6. Pinus sylvestris 400+163 150£100 075+050 0.50+0.58
1. Lavandula angustifolia 1.50+0.58 0.75+0.96 2.00+1.83 0.25+0.50 7.Satureia hortensis L. 525+1.26 3.00+0.82 200+082 1.75+0.50
2. Carum carvi 2254050 1754096 025+050 050+058 8 OriganumvulgareL. 11504129 550+058 4.00+0.82 3.25+0.50
3. Pinus mungo var. pulmilio  0.50+0.58 0.75 +0.50 NE NE 9. Pimpinella anisum SE SE SE SE
4. Mentha piperita 250+£0.58 1.50+0.58 1.75+0.96 1.75+0.96 10. Rosmarinus officinalis L. 2.25+0.96 1.25+0.50 0.75+0.50 1.25+0.50
5.Chamomillarecutital.  9.50+6.40 1400+141 600+141 3.50+058  11.Salvia officinalis L. 1004000 1.00+082 0.50+058 0.250.50
6. Pinus sylvestris 325+1.26 1.00+0.82 1.00+0.82 1.00+0.00 12. Abietis albi aetheroleum  2.00+£0.82 1.75+0.50 1.50+1.00 0.25+0.50
7. Satureia hortensis L. 7.00+0.82 4.00+1.15 2.00+0.82 1.00+0.00 Z%’kgzirzomilla recutita 0754050 2004082 125+050 150 0.58
8. Origanum vulgare L. 120+1.83 825+330 475126 275+096
o Pimpinella anisam p o p o 14. Thymus vulgaris L. SE 1000+3.16 6.50+238 500+ 0.82
10. Rosmarinus officinalis L. 2754126 1.5+058 100£000 075+050  |>-Ofganumwulgarel.  125+173 575096 450+058 300082
11. Salvia officinalis L. 125£050 0.5+0.58 NE  025:050  DMSO(negative control) NE NE NE NE
12. Abietis albi aetheroleum 350 £191 1.25+1.26 NE 2504173  SE-stronginhibition effect;NE - non inhibitory effect
;j'ui'c’:mom”’“ recutital. 754050 0254050 050058 1.50+129 ' )
concentration reduced mycelium growth (by 57%), total
14. Thymus vulgaris L. SE 145100 950+404 475:096  inhibition beingachieved with the 4,6 and 8 ul/18 ml culture
15. Origanum vulgare L. 125+173 775+556 425+150 500+294 mMmedium concentrations. Oregano essential oil was a more
DMSO (negative control) NE NE NE NE potential inhibitor of growth than the other essential oils

SE - strong inhibition effect; NE - non inhibitory effect

Similar results were obtained by Kosalec et al. [22] who
tested in vitro on clinical isolates of seven species of yeasts
and four species of dermatophytes the antifungal activities
of fluid extract and essential oil obtained from anise
fruits Pimpinella anisum L. (Apiaceae). Anise essential oil
showed stronger antifungal activities against yeasts and
dermatophytes. Chamomilla recutita L. and two Origanum
vulgare L. had a strong and wide spectrum of activity with
the zone of inhibition ranging from 2.75 + 0.96 - 14.00 +
1.41 mm. On the other hand, Pinus mungo var. pulmilio,
Salvia officinalis L. and Abietis albia etheroleum had low
activity, and indicated no zone of inhibition, compared to
the control at concentration 0.1875 ul/ml.

The antifungal activity of various essential oils on the
growth of Penicillium crustosum on SDA is presented in
Table 3. The best antifungal activity in all concentrations
against Penicillium crustosum was shown by Pimpinella
anisum and at 0.75 ul/ml Chamomilla recutita L. and Thymus
vulgaris L. Two Origanum vulgare L. showed an excellent wide
spectrum of antifungal activities at the highest concentration,
with a zone of inhibition ranging from 3.00 + 0.50 - 12.50 +
1.73 mm against tested fungus.

Statistical differences were found (p<0.05) between
Pimpinella anisum and other essential oils, Thymus vulgaris
and other essential oils, and Chamomilla recutita L. and other
essential oils against Penicillium crustosum.

When oregano essential oil was used against Aspergillus
niger and A. flavus by Viuda-Martos et al. [6] the 2 yL

studied - clove and thyme. In the present study, the lowest
antifungal activity on the growth of Penicillium crustosum
was shown by Salvia officinalis L., with a zone of inhibition
from 0.25 £ 0.50 - 1.00 £ 0.00 mm. Low antifungal effect was
also shown by the oil of Salvia officinallis against postharvest
pathogenic fungi — Rhizopus stolonifer, Penicillium digitatum,
Aspergillus niger and Botrytis cinerea [22]. The antifungal
effect of the 15 tested essential oils against Penicillium
expansum show Table 4. A high antagonistic effect was found
in Thymus vulgaris L. and Origanum vulgare L. with a zone
from 3.50 + 1.25 - 12.00 + 1.63 mm. Statistical differences
(p<0.05) were found between Pimpinella anisum and other
essential oils, Thymus vulgaris and others essential oils,
and Chamomilla recutita L. and other essential oils against
Penicillium expansum.

Akqiil and Kivang [23] also studied the inhibitory effects of
oregano essential oil, thymol and carvacrol towards growth
of nine foodborne fungi. Concentrations of 0.025% and
0.05% completely inhibited the growth of all fungi. In the
presented study, the lowest activity was recorded for oil of
Pinus mungo var. pulmilio and Rosmarinus officinalis L. No
antagonistic effect was found with 0.75 pl/ml against the test
fungus. Chamomilla recutita L. and Pimpinella anisum were
the most efficient against this fungus.

The antifungal activity of various essential oils on the
growth of Penicillium griseofulvum on SDA is presented in
Table 5.1n this case, Pimpinella anisum showed strong activity
against tested fungus. The same strong inhibition effect was
recorded for Thymus vulgaris L. but only at 0.75 pl/ml and
0.375 pl/ml concentration. Both Origanum vulgare L. also
had a high and wide spectrum of antifungal activity with



Annals of Agricultural and Environmental Medicine 2015, Vol 22, No 1

41

Sona Felsociova, Miroslava Kacaniova, Elena Horskd, Nenad Vukovic, Lukas Hleba, Jana Petrova et al. Antifungal activity of essential oils against selected...

Table 4. Inhibition zones in mm of essential oils at different concentration
(mean + SD) against Penicillium expansum

Concentration of essential oil in pl/ml

Essential oil 0.75 0.375 0.1875 0.09375
1. Lavandula angustifolia 3.00£231 250+0.58 1.00+0.82 0.50+1.00
2. Carum carvi 425+126 325+£126 175+050 1.25+0.50
3. Pinus mungo var. pulmilio  1.50+0.58 0.75+0.50 0.75+0.96 0.25+0.50
4. Mentha piperita 350+1.00 1.75+050 1.50+0.58 2.00+0.82
5. Chamomilla recutita L. SE SE SE SE

6. Pinus sylvestris 175+ 050 0.75+ 050 0.50+0.58 1.00+0.82
7. Satureia hortensis L. 350£1.29 325+050 1.75+096 1.25+0.50
8. Origanum vulgare L. 11.75+3.77 7.00+1.83 525+1.50 3.50+1.29
9. Pimpinella anisum SE SE SE SE

10. Rosmarinus officinalis L. NE 0.75+0.50 0.20+0.50 0.25+0.50
11. Salvia officinalis L. 1.75£096 0.75+£050 1.25+0.50 0.50%0.58
12. Abietis albi aetheroleum 250+ 238 1.75%£2.06 3.00+1.41 0.75+0.50
;z‘uii’gmomma recutital. 1504058 2004082 0254050 075050
14. Thymus vulgaris L. 120+1.63 750+238 7.00+216 350+1.29
15. Origanum vulgare L. 6.50+1.29 4.50+238 NE 425+1.71
DMSO (negative control) NE NE NE NE

SE - strong inhibition effect; NE - non inhibitory effect

Table 5. Inhibition zones in mm of essential oils at different concentration
(mean = SD) against Penicillium griseofulvum

Concentration of essential oil in pl/ml

Essential oil 0.75 0.375 0.1875 0.09375
1. Lavandula angustifolia 325+0.50 1.75+050 1.00+0.82 0.75+0.50
2. Carum carvi 275+1.71 375+£096 1.25+050 0.75+0.50
3. Pinus mungo var. pulmilio  0.75+0.50 0.50+0.58 0.25+0.50 NE

4. Mentha piperita 1.75+096 1.50+058 1.75+096 2.00+£1.15
5. Chamomilla recutita L. 9.25+6.65 875+7.23 875+723 825+7.80
6. Pinus sylvestris 200+0.82 150+0.58 0.75+096 0.50+0.58
7. Satureia hortensis L. 325+£096 2.00+0.00 1.00+0.00 0.50+0.58
8. Origanum vulgare L. 10.00+3.56 650+1.29 575+096 3.50+0.58
9. Pimpinella anisum SE SE SE SE

10. Rosmarinus officinalis L. 2.25+0.96 1.75+0.96 1.50+0.58 0.50+0.58
11. Salvia officinalis L. 1.75+0.96 1.50+0.58 0.75+0.50 0.50+0.58
12. Abietis albi aetheroleum 2.25+0.96 1.75+0.50 1.25+1.26 1.25+0.96
;Z'uii’gmom”’“ recutital. 5004141 1754096 175+096 1.00+000
14. Thymus vulgaris L. SE SE 5.25+0.96  3.00+1.41
15. Origanum vulgare L. 1225+3.77 7.50+866 725+250 6.25+4.35
DMSO (negative control) NE NE NE NE

SE - strong inhibition effect; NE - non inhibitory effect

a zone of inhibition ranging from 3.50 + 0.58 - 12.25 %
3.77 mm. Pinus mungo var. pulmilio was the least active
against Penicillium griseofulvum. No zone of inhibition was
indicated at 0.1875 ul/ml concentration. Statistical differences
(p<0.05) were found between Pimpinella anisum and others
essential oils, and Thymus vulgaris and other essential oils
against Penicillium griseofulvum.

CONCLUSION

The aim of the presented study was to examine the inhibitory
effect of 15 essential oils against Penicillium brevicompactum,
Penicillium citrinum, Penicillium crustosum, Penicillium
expansum and Penicillium griseofulvum. The inhibitory
effects of these oils on five fungi were examined using the
disk diffusion method. All tested oils exhibited inhibition
over activity relative to controls. However, a number of
them exhibited weak inhibition against the penicillia tested:
Pinus mungo var. pulmilio, Salvia officinalis L., Abietis albi
aetheroleum, Chamomilla recutita L. Rausch and Rosmarinus
officinalis L. The inhibitory effect against all tested fungi was
shown by Pimpinella anisum and Thymus vulgaris essential
oils. The majority of the essential oils inhibited the growth
of all tested mould at the concentration of 0.75 ul/ml.
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