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Summary

The effects of essential oil and hydrosol extracted from dried aerial parts of wrinkled-leaf
mint (Mentha crispa L.), were determined against Aspergillus fumigatus, Aspergillus parasiti-
cus, Botrytis cinerea, Cladosporium herbarum, Fusarium oxysporum and Penicillium cyclopium
growth. The influence of oil was estimated by disc diffusion agar method and expressed
(in mm) as inhibition growth zones of tested strains. Furthermore, the minimal inhibitory
concentration (MIC) and minimal fungicidal concentration (MFC) of oil were determined by
microdilution method in liquid medium. Chromatography analysis showed that the main
components of oil were: piperitenone (29.9%), pulegone (13.9%) and 1,8-cineole (10.5%).
The oil proved the highest inhibitory action against B. cinerea (MFC<0.32 ul-ml", inhibition
zone 50.0 mm)and C. herbarum (MFC=0.63 ul-ml", inhibition zone 59.3mm), and the least
— against A. parasiticus and E oxysporum, (inhibition zones respectively 7.0 and 12.7 mm,
MIC=5.0 ul'ml', and MFC=10.0 ul-ml"). Activity of hydrosol was expressed as a percent
of inhibition growth of fungi which was calculated on the ground of diameters of colonies
growing on agar medium with addition of 10 and 15% hydrosol and diameters of colonies
on control medium. Data showed that antifungal activity of hydrosol was weak. It in higher
amounts inhibited the growth of A. fumigatus (by 8.7 and 15.9%, respectively, at a concen-
tration in medium of 10 and 15%) and stimulated growth of B. cinerea and P. cyclopium.
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INTRODUCTION

Wrinkled-leaf mint (Mentha crispa L.) is an aromatic medicinal plant of the family
Lamiaceae. It has probably come into existence as a result of multiple crossbreed-
ing of different mint species. At present, it is being showed in nomenclature as a
separate species — Mentha crispa L. [1], or as a variety of spearmint — Mentha spicata
L. var. crispa L. [2].

Wrinkled-leaf mint demonstrates antioxidative activity 3, 4] as well as antimi-
crobiological activity [4]. These properties are connected with the presence of
different active components which, first of all, are present in essential oil. Its main
components are carvone, limonene, 1,8-cyneol and trans-sabinene hydrate [5],
whereas menthol occurs in trace amounts, similarly as in the essential oil of spear-
mint (Mentha spicata L.) |2, 4, 6]. Furthermore, polyphenolic compounds (mainly
flavonoids) and carotenoids |2, 3] are to be found in wrinkled-leaf mint leaves and
shoots, as well as tannins and bitters [2, 6].

Hydrosol is a by-product obtained during hydro-distillation of the plant materi-
als essential oils. It is a complex mixture of water-soluble compounds, containing
trace amounts of essential oils. Hydrosols, called aromatic or floral water, are used
in cosmetic preparations and drinks. Attention has been attracted by their inhibit-
ing impact on the growth of bacteria |7, 8] and fungi [9-11].

In recent years, research has been conducted on the subject of different mint
species, varieties and hybrids as well as their antibacterial [12-15] and antifun-
gal activity [13-16]. The effectiveness of peppermint (M. piperita L.) [14, 16-21],
spearmint (M. spicata L.) [8, 14, 16, 22-24], wild mint (M. arvensis L.) [25-27]
and pennyroyal (M. pulegium L.) [15, 25, 28] against microorganisms has been
proved. The antimicrobial effect of mint essential oils has been evaluated more
frequently [12, 13, 16, 29] whereas there are only few studies illustrating the
effect of mint hydrosols (8, 10]. There are no reports in the available literature
referring to antimicrobiological activity of both wrinkled-leaf mint essential oil
and hydrosol. In this study, research was undertaken which aimed at evaluation
of the antifungal activity of essential oil and hydrosol obtained from wrinkled-
leaf mint.

MATERIALS AND METHODS

The experimental materials were essential oil and hydrosol gained from aerial
part of wrinkled-leaf mint (Mentha crispa L.). The plants were cultivated in 2010
at the Vegetable Experimental Station in Dotuje (West Pomeranian University of
Technology, Szczecin, Poland). The oil was extracted from the dried and ground
herb in Deryng’s apparatus [30] by hydro-distillation, while maintaining the ratio
of plant material and distillated water 1:10 (w/v) [31]. Hydrosol was identified as
by-product of hydro-distillation. It was filtered through filter paper (Whatman No
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1) and sterilized, using membrane filter (pores size 0.45 um) |7, 9]. The oil and
hydrosol were stored in sterile dark containers at 4°C before use [7, 9].

The composition of oil was analyzed by gas chromatography (chromatograph
Varian Chrompack CP-3800). Conditions of analysis were as follows: temperature
of 50°C (held for 1 min.), gradually increasing (by 4°C/min.) to 250°C (held for
10 min.), column — VF-5ms, carrier gas — helium, flow rate 0.5 ml/min., injector —
temperature 250°C, split ratio 1:100, injection — 1 ul of sample, detector — Vatran
4000 MS/MS.

The antifungal activity of oil and hydrosol was tested against six strains of
potentially pathogenic and toxigenic fungi: Aspergillus fumigatus, Aspergillus para-
siticus, Botrytis cinerea, Cladosporium herbarum, Fusarium oxysporum and Penicillium
cyclopium. They can cause diseases and decay of plants and crops. Some of them
are pathogenic for human (eg. A. fumigatus) and can raise allergic reactions (eg.
Cladopsporium, Botrytis). The strains originated from the collection of Institute of
Fermentation, Technical University, 1.6dz, Poland. They were stored in cool condi-
tions (4% 1°C), at slants with Malt Extract Agar (MEA).

The estimation of oil on the growth of filamentous fungi was determined with
the disc diffusion agar method. The sterile culture medium (MEA) was poured
into Petri dishes (@ 90 mm) and after solidification 100 ul of fungal spores were
spread. The suspensions of spores were prepared using colonies of the tested fun-
gi which were incubated on slants at 25°C for 7 days. The colonies were flooded
with 10 ml of sterile peptone water with 0.05% Tween 20 and agitated for 10 min.
(shaker MS 3 Digital, 700 rpm/min.). The suspension of spores was adjusted to the
concentration of 10° CFU-ml". A sterile paper disc (6 mm in diameter) was soaked
with 10 ul of oil and placed on a surface of inoculated plates. Distillation water
(10 ul/disc) was used as a negative control. After 5 days of incubation at 25°C the
diameters of inhibition growth zones were measured (including the disc diam-
eter) and expressed in millimeters [32, 33].

In order to the delimitate MIC and MFC of oil microdilution method (with 96
well microplates) was used [33, 34]. Into the well 95 ul of broth medium (Malt
Extract Broth — MEB), 5 ul of spores suspension and 100 ul of oil (at determined
concentration from 20 to 0.32 ul-ml') were added. The first dilution of oil (at con-
centration 40 ul-ml'), was prepared with using 10% DMSO - dimethyl sulfoxide.
The next dilutions, in MEB medium, were obtained by two-fold dilutions method.
Negative control included: 95 ul of MEB, 100 ul distillation water and 5 pul of inoc-
ulum. The microplates were incubated at 25°C for 72-120 h, Turbidity of medium
was evidence of fungi development. The contents of wells, in which the growth
of fungi was not observed, were sifted on the Petri plates with the MEA, focused
on verifying the results. The MIC was defined as the lowest concentration of oil
inhibiting the growth of fungi and MFC — the concentration, which caused total
inhibition of mycelium growth [34].

The antifungal activity of hydrosol was estimated by the plate method, using
the MEA medium with addition of 10 and 15% (v/v) of hydrosol (8, 9]. The medium
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without hydrosol was a control. The plates were inoculated on the middle of
surface by mycelium (square, the side about 2 mm) cutting with peripheral zone
of fungi colony. Incubation was kept at 25°C for 5 days, and then diameters of
colonies were measured (in mm). Inhibition of mycelium growth was calculated
in percents according to the following formula published by Sagdi¢c and Ozcan
(2003) [8] as well as Boyraz and Ozcan (2005) [9]:

I =[(C-T)C]x 100

where: | —inhibition of growth [%]
C - colony diameter of control Petri plate [mm]
T — colony diameter of practice Petri plate [mm]

The experiments were performed in triplicate with the same conditions. The
obtained results were submitted to analysis of variance. Significant differences
between means were assessed using Tuckey’s test at significance level p=0.05.

RESULTS

Table 1 presents the chemical composition of essential oil isolated from wrin-
kled-leaf mint. Its basic component was piperitenone (29.86%). Moreover, it was
distinguished by pulegone (13.85%) and 1,8-cyneol (10.48%) contents. Other iden-
tified components of this essential oil, arranged according to the descending per-
centage (from 6.92 to 2.17%) are as follows: isopiperitenone, E-caryophyllene, lim-
onene, D germecrene, terpinene-4-ol, menthol, myrcene and sabinene hydrate.
Carvone occurring in minute amounted to 0.12%.

Data characterising the antifungal activity of essential oil obtained from wrin-
kled-leaf mint are presented in table 2. The obtained results show that its essen-
tial oil inhibits the growth of all tested filamentous fungi. Growth inhibition zone
diameters as well as MIC and MFC were within a range of 7.0 to 59.3 mm as well
as <0.32 to 5.0 ul'ml" and <0.32 to 10.0 ul-ml?, respectively.

The size of fungal growth inhibition zones was significantly diversified de-
pending on fungi species towards which the essential oil had been used. The
essential oil had the strongest inhibiting effect on the growth of C. herbarum (in-
hibition zone of 59.3 mm), followed by B. cinerea (inhibition zone of 50.0 mm),
whereas the smallest one on the development of A. parasiticus (mean growth
inhibition zone of 7.0 mm). The abovementioned results were confirmed by the
MIC and MFC values for the examined essential oil determined for these fungi
species. They were <0.32 and <0.32 ul-ml', respectively, for B. cinerea while
0.32 and 0.63 ul-ml, respectively, for C. herbarum. On the other hand, A. para-
siticus and F oxysporum required the highest concentrations of essential oil to
obtain the inhibiting and cidal effect for which MIC amounted to 5.0 and MFC
to 10 ul-ml".
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Table 1.
Chemical composition of wrinkled-leaf mint essential oil
No. Component Retention time Yield [%]
1 Piperitenone 22.87 29.86
2 Pulegone 19.34 13.85
3 1,8-Cineole 11.83 10.48
4 2-Cyclohexen-1-one,3-methyl-6-1(methylethenyl), (S) 20.47 6.92
(isopiperitenone)

5 E-caryophyllene 25.29 4.18
6 Limonene 11.69 3.99
7 D Germacrene 27.22 3.56
8 Terpinen-4-ol 17.26 3.41
9 Menthol 17.12 2.73
10 Myrcene 10.25 2.31
11 cis-Sabinene hydrate 13.25 2.17
12 cis-Muurola-4 (14),5-diene 26.63 1.44
13 beta-Pinene 9.74 1.24
14 gamma-Terpinene 12.75 1.04
15 Bicyclogermacrene 27.68 0.99
16 Carvone 19.66 0.12

Total: 88.29

Table 2.

Antifungal activity of wrinkled-leaf mint essential oil

The inhibition growth

Tungi zones (mm) MIC (ul*ml-1) # MFC (ul*ml-1) ®
Aspergillus fumigatus 16.7+1.0 2.5 5.0
Aspergillus parasiticus 7.0+0.0 5.0 10.0
Botrytis cinerea 50.0+0.0 Lower than 0.32 0.32 or lower
Cladosporium herbarum 59.3+1.2 0.32 0.63
Fusarium oxysporum 12.7£0.6 5.0 10.0
Penicillium cyclopium 18.7x1.2 2.5 5.0
Mean 27.4x0.7

LSD 0,05 2.045
2 MIC — minimal inhibitory concentration of growth of fungi
> MFC — minimal fungicidal concentration
negative control — water — no inhibition effect
kerba poloniea
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Table 3 presents the results illustrating the effect of wrinkled-leaf mint hy-
drosol on the colony growth of the examined fungi. The statistical analysis of
results demonstrated that the hydrosol effect significantly depended on its con-
centration in the medium and the examined strain. In general, hydrosol applied
in a 15% dose demonstrated stronger effect on the growth of fungi. However,
it was found that its effect on the development of the examined fungi differed.
Hydrosol stimulated the growth of B. cinerea and P. cyclopium colonies in both
applied doses, whereas it demonstrated a weak inhibiting effect in relation to
other strains. The highest colony growth inhibition (8.7% and 15.9% at a hydro-
sol concentration in the medium of 10% and 15%, respectively) was characteris-
tic for A. fumigatus.

Table 3.
Percentage inhibition of fungi growth by wrinkled-leaf mint hydrosol
Concentration of hydrosol
Fungi in culture medium Mean
10% 15%
Aspergillus fumigatus 8.7x0.0° 159=+1.3 12.3%£0.7
Aspergillus parasiticus 5.5*1.6 6.4*+1.6 6.0=1.6
Botrytis cinerea -68.9+0.0" -68.9+0.0 -68.9+0.0
Cladosporium herbarum 6.3x0.0 0.0+0.0 3.2+0.0
Fusarium oxysporum 3.3x1.2 3.3x1.2 33x1.2
Penicillium cyclopium -9.9+0.0 -19.6%x2.1 -14.8%+1.1
Mean -9.2+0.5 -10.5+1.0
LSD, ; for 1 — concentration 0.759
2 — strain 1.969
1 x 2 interaction 1.858

2 mean value * standard deviation (n=3)
> minus before value marks stimulation function

DISCUSSION

The antifungal activity of wrinkled-leaf mint essential oil demonstrated in this

study corresponds to the results of studies showing that essential oils of other
mint species have also an inhibiting effect on the colony growth of filamentous
fungi [13, 14, 17, 22, 28, 35]. It was proved that peppermint essential oil had
an inhibiting effect on the fungi species such as A. flavus, A. niger, Mucor rouxii,
Mucor spp. and T. rubrum [18, 36], spearmint essential oil on A. flavus, A. niger, A.
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ochraceus and Fusarium moniliforme |22, 37], whereas wild mint essential oil on A.
flavus, A. vericolor, Fusarium nivale, F. roseum, Alternaria alternata, Trichoderma viride
and Monilia sp. [27].

It was demonstrated in the experiment that wrinkled-leaf mint essential oil
inhibited the growth of Cladosporium herbarum, Botrytis cinerea, Penicillium cyclo-
pium, Aspergillus fumigatus, Fusarium oxysporum and Aspergillus parasiticus (in the
descending order depending on the size of inhibition zone). Bansod and Rai [22]
proved that the growth of A. fumigatus was also inhibited by spearmint essential
oil. Depending on a dose of the examined essential oil, they obtained growth inhi-
bition zones being within a range of 10.0 to 16.0 mm (thus being similar to those
obtained in this study), whereas the MIC value for the essential oil towards that
strain amounted to 0.5 % (v/v) and 0.12 % (v/v), depending on the research method
applied. Khan and Ahmad [36] demonstrated the susceptibility of A. fumigatus
and E oxysporum to peppermint essential oil obtaining inhibition zone diameters
for their growth amounting to 37.33 and 19.66 mm, respectively. Kumar et al.
[27] found that inhibition of the growth of E oxysporum by wild mint essential oil
amounted to 89.1%. On the other hand, this essential oil inhibited completely A.
fumigatus and Penicillium sp. development.

Researches show that particular strains within a species may demonstrate dif-
ferent resistance to the effect of essential oil. This results from the properties
of both microorganism itself and essential oil, including in particular its chemi-
cal composition [37]. In the chemical composition of the essential oil used in
the experiment, piperitenone percentage was the highest, followed by that of
pulegone and 1,8-cyneol. Limonene and sabinene hydrate were also present in
it. Gherman et al. [5] report that 1,8-cyneol, limonene and sabinene are char-
acteristic components of wrinkled-leaf mint essential oil but its predominant
component is carvone which was found in a minute amount in the essential oil
examined in this study. In the opinion of Kokkini et al. [38] as well as Wyk and
Vink [2] wrinkled-leaf mint essential oil should contain a considerable amount
of carvone, similarly as the essential oil obtained from spearmint. On the other
hand, Kumar et al. [39] report that high carvone content in the essential oil is
characteristic, as a rule, of three mint species, i.e. the above-mentioned spear-
mint (M. spicata L.), horse mint (M. longifolia (L.) Huds.) and apple mint (M. sua-
veolens Ehrh.). It should be also stressed that researches of many authors show
the chemical composition of the essential oil obtained from the same plant
species to undergo significant quantitative and qualitative changes under the
effect of diversified geographical and agrotechnical conditions and vegetation
conditions [39-42].

It can be stated that all components found in the examined essential oil were
identified in the essential oils of plants of the family Mentha L., including penny-
royal [15], peppermint [2, 4, 18, 43, 44|, spearmint [42] and round leaf mint (M.
rotundifolia (L.) Huds.) [12].

The demonstrated antifungal activity of the examined essential oil may be
combined with a considerable percentage of such components like pulegone
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(menthone derivative) and 1,8-cyneol. Gulluce et al. [13] proved a strong antimy-
cological effect of horse mint essential oil which, in the opinion of these authors,
was connected with high content of pulegone (15.5%). Sokovi¢ et al. [16] demon-
strated a considerable effect of 1,8-cyneol and limonene on fungal growth reduc-
tion. However, attention should be put to the fact that essential oil properties are
being also developed by secondary substances with a smaller percentage in the
general profile of its components [25].

The hydrosol obtained from wrinkled-leaf mint was characterised by weaker
antifungal activity than that of essential oil, which probably results from dif-
ferences in the chemical composition of these two derivatives. Usually, other
predominant components are being found in hydrosols than in essential oils,
with lower percentages [45]. The examined hydrosol showed, depending on
the strain, both the stimulating and the inhibiting effect of the fungal growth.
Boyraz and Ozcan [9] and Ozcan [11] reported a similar diverse effect (inhibit-
ing and stimulating) of hydrosols from different herbs of the family Lamiaceae.
The inhibition of fungal growth by the hydrosol evaluated in this study may be
defined as low. Inouye et al. (2009) [10] also found a weak inhibiting effect of
peppermint hydrosol, as well as a moderate one of spearmint hydrosol, on the
growth of Candida albicans. Other researches show that mint hydrosol induced
inhibition of the growth of filamentous fungi [11] but sometimes did not show
any microbiological activity [8].

In the examinations of antimicrobial activity shown by plant substances, a po-
tential opportunity of using them in the role of natural preservatives or botanical
pesticide is being noticed [29]. The obtained results point to the possibility of
wrinkled-leaf mint essential oil application as a natural fungicide, in particular be-
ing effective towards such harmful fungi as B. cinerea and C. herbarum.

CONCLUSIONS

1. The wrinkled-leaf mint essential oil has the higher antifungal activity than hy-
drosol extracted from this plant. Piperitenone, pulegone and 1,8-cineole were
the main components of the oil.

2. The oil inhibited and ceased the growth of all the tested strains, but its ac-
tivity was varied significantly depending on a species of a fungi. B. cinerea
and C. herbarum were the most sensitive to the oil, whereas A. parasiticus and
E oxysporum were most resistant to it.

3. Activity of hydrosol depended significantly on a dose and its influence on the
fungi was differentiated — it inhibited the growth of A. fumigatus, A. parasiti-
cus, C. herbarum and E oxysporum and stimulated the growth of B. cinerea and
P. cyclopium.
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Streszczenie

Okreslono dziatanie olejku eterycznego i hydrozolu, otrzymanych z wysuszonych, nad-
ziemnych pedéw miety kedzierzawej (Mentha crispa L.), na wzrost grzybow: Aspergillus fu-
migatus, Aspergillus parasiticus, Botrytis cinerea, Cladosporium herbarum, Fusarium oxysporum
i Penicillium cyclopium. Wplyw olejku zbadano metodq krazkowa, mierzac (w mm) stre-
fy zahamowania wzrostu grzybow. Ponadto wyznaczono dla olejku minimalne stezenie
hamujace (MIC) oraz grzybobdjcze (MFC), stosujac metode mikrorozcienczen w podtozu
plynnym. Analiza chromatograficzna wykazata, ze gtéwnymi sktadnikami olejku byly: pipe-
rytenon (29,9%), pulegon (13,9%) i 1,8-cyneol (10,5%). Olejek wykazywat najwyzsza aktyw-
nos¢ wobec B. cinerea (MFC <0,32 ul-ml, strefa zahamowania 50,0 mm) oraz C. herbarum
(MFC=0,63 ul-ml", strefa zahamowania 59,3 mm), natomiast najmniej ograniczat wzrost
A. parasiticus i E oxysporum (strefy zahamowania odpowiednio 7,0 i 12,7 mm, MIC=5,0
ul-ml'; a MFC=10,0 ul-ml"). Aktywno$¢ hydrozolu wyrazano jako procent zahamowania
wzrostu grzybow, ktéry obliczano na podstawie wielkosci Srednic kolonii rosnacych na
podtozu agarowym z dodatkiem 10 i 15% hydrozolu oraz $rednic kolonii na podtozu kon-
trolnym. Badania wykazaly, ze dziatanie przeciwgrzybicze hydrozolu bylo stabe. Najbar-
dziej hamowat on wzrost A. fumigatus (o 8,7 i 15,9%, odpowiednio przy stezeniu w podtozu
10 i 15%), a stymulowat wzrost B. cinerea i P. cyclopium.

Stowa kluczowe: Mentha crispa L., olejek eteryczny, hydrozol, aktywnosc przeciwgrzybicza

kerba poloniea

Vol. 58 No. 12012





