SABP

BIOCHIMICA
POLONICA

Vol. 62, No 4/2015
663-668
http://dx.doi.org/10.18388/abp.2015_1096

Regular paper

Hydrophobic properties of Candida spp. under the influence of

selected essential oils*

Katarzyna Rajkowska™, Alina Kunicka-Styczyriska and Marlena Peczek

Institute of Fermentation Technology and Microbiology, Lodz University of Technology, +6dz, Poland

Processes of colonization of biotic and abiotic surfaces
and biofilm formation depend inter alia on hydrophobic
properties of Candida spp. The aim of this research was
to determine the effect of tea tree, thyme and clove es-
sential oils on hydrophobic properties of environmental
and clinical Candida isolates. The relative cell surface
hydrophobicity of strains tested was high, and ranged
from 68.7% to 91.2%, with the highest value for a C. ru-
gosa food-borne strain. The effectiveness of essential oils
was diversified and depended on the type of essential
oil, concentration and yeast strain. Statistically signifi-
cant decrease of hydrophobicity indexes was observed
after application of tea tree oil for C. krusei, clove oil for
C. albicans reference strain, and all essential oils tested
for C. rugosa. Only in the case of C. famata food-borne
strain and C. albicans clinical isolate, solely used essen-
tial oils did not affect their hydrophobic properties. To
determine the interactions of essential oils, their mix-
tures (1 MIC:1 MIC, 1 MIC:2 MIC and 2 MIC:1 MIC) were
applied. Generally, essential oils used in combinations
influenced yeast’s hydrophobic properties much more
than applied separately. The essential oils’ mixtures re-
duced hydrophobicity of Candida yeasts in the range of
8.2 to 45.1%, depending on combination and strain. The
interaction indexes of essential oils used in combinations
predominantly indicate their additive effect. The applica-
tion of tea tree, thyme and clove essential oils, especially
in combinations, decreases hydrophobicity of the tested
Candida isolates with implications of a probable advan-
tageous limitation of their ability to colonize the food
production industry environment.
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INTRODUCTION

Candida spp. strains are characterized by their abil-
ity to form a biofilm structure on solid sutrfaces, which
causes significant problems in many industrial branches,
but is also threatening to human health (Kojic & Da-
rouiche, 2004; Stratford, 2006). Candida biofilm is a het-
erogeneous, spatially well-organized structure consisting
of planktonic and mycelial yeast forms which are inter-
dependent in the quorum sensing system and surround-
ed by an extracellular polysaccharide substance (Chan-
dra ez al, 2001; Donlan, 2001). The process of biofilm
formation can be divided into three stages: eatly, lasting
up to 11 hours; intermediate, lasting between 12 and 30
hours; and maturation, lasting from 38 to 72 hours. Dur-

ing the first two hours, floating planktonic cells of Can-
dida albicans, in blastospor forms, adhere to the materials’
surfaces and the first microcolonies are noticeable after
3—4 hours after inoculation. The development of extra-
cellular matrix with the cell wall polysaccharides contain-
ing mannose and glycosidic bonds, as the main compo-
nent, dominates in the intermediate stage (Chandra ef
al., 2001). A further increase of extracellular matrix until
complete surface covering by the colonies of Candida oc-
curs during maturation of the biofilm structure stage.

Biofilm-forming microorganisms are characterized by
high invasiveness, the ability to cause dangerous and dif-
ficult to treat infections (Donlan, 2001). Furthermore,
the cells in the biofilm, compated to planktonic forms,
showed reduced sensitivity to chemical compounds with
antifungal activity and increased survival under unfavora-
ble environmental conditions (Prazyfiska & Gospodarek,
2014; Douglas, 2003). Currently available biofilm con-
trolling methods rely on the prevention of surface con-
tamination by following the principles of hygiene, the
use of antifungal agents, the exchange of material, and
minimizing yeast adhesion to the abiotic surface by the
application of chemicals (Simoes e/ a/, 2010). Limita-
tion in the use of fungicides is caused by yeasts’ resist-
ance and potential risk to the humans exposed to the
products of fungicide degradation (Krisch et al, 2011).
Hence, a response to the increasingly sought after al-
ternative natural compounds may be the essential oils.
Essential oils (EOs) are plant-derived volatiles that can
consist of more than 50 compounds, of which 1-3 are
the main components representing 85-95% of the whole
volume (Burt, 2004). The chemical profiles of the oils
are crucial for their antimicrobial efficacy and the mech-
anism of action on the target organism. EOs are well
known for their broad spectrum of antifungal activity,
low toxicity, good biodegradability and safety (Kalemba
& Kunicka, 2003).

The process of candidal adhesion, a prerequisite stage
of the biofilm formation, is rather complex and involves
both, biological and non-biological factors. The relative
cell surface hydrophobicity of Candida, which is a prop-
erty of the cell wall, is widely considered as a non-bio-
logical factor of critical importance pertaining to candidal
adhesion (Ellepola & Samaranayake, 2001). In the light
of potential use of essential oils as natural anticandidal
agents, this study was undertaken to evaluate the effect
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of selected essential oils on hydrophobic properties of
Candida strains of various origin.

MATERIALS AND METHODS

Yeast. The study was carried out for environmental
and clinical Candida spp. isolates, namely C. rugosa fo/
BG/05 (isolated from sauetkraut), C. famata fo/L1/02
(herring salad), C. Arusei fo/MP/02 (sauetkraut) and
C. albicans c1/MP/08 (faeces). Reference strain C. albicans
ATCC 10231 was used for comparison. The strains were
maintained on Sabouraud dextrose agar (peptone 10 g/l
dextrose 20 g/1, agar 20 g/1) and activated through dou-
ble passaging in Sabouraud liquid medium at 37°C for
24 h.

Essential oils. The effect on C. albicans cells was esti-
mated for essential oils of Melalenca alternifolia (Maiden &
Betche) Cheel (tea tree oil), Thymus vulgaris L. (thyme oil)
and Sygygium aromaticum (1) Merr. & L.M. Perry (clove
oil), commercially produced and obtained from Pol-
lena Aroma S.A. (Warsaw, Poland). Essential oils (EOs)
were analyzed using Trace GC Ultra (Thermo Scientific)
equipment combined with DSQ II mass spectrometer
and with flame ionization detector (FID) and MS-FID
splitter. Analysis was provided using a nonpolar chro-

Table 1. Composition of examined essential oils (GC-MS analysis); Rl - reten-

tion index, - not detected.

matography column Rtx-1 ms (60 mXx0.25 mm, film
thickness 0.25 pm, Restek). The oven temperature was
progtammed as follows: 50-300°C at 4°C/min; injec-
tor temp. 280°C; carrier gas helium with regular pres-
sure 200 kPa, ionization energy 70 eV, ion source tem-
perature 200°C. Identification of components was based
on the comparison of their MS spectra with those of a
laboratory made MS library, commercial libraries (NIST
98.1 and Mass Finder 4) along with the retention indices
associated with a series of alkanes with linear interpola-
tion (C8-C26). A quantitative analysis (expressed as pet-
cent ages of each component) was carried out by peak
area normalization measurements without correction fac-
tors. The components of essential oils are presented in
Table 1.

Cell surface hydrophobicity (CSH). The hydropho-
bicity of Candida strains was determined by microbial ad-
hesion with a hydrocarbon method, according to Kana-
tiwela ef al. (2013). The tested isolates were grown over-
night in Sabouraud dextrose broth at 28°C and washed
with phosphate buffered saline (NaCl 8 g/1, KCI 0.2 g/1,
Na,HPO, 1.44 ¢/1, KH,PO, 0.24 ¢/1; pH 7.4). For adhe-
sion assay, 2.5 ml of the cell suspensions (OD.,, = 1.0)
were mixed with 0.5 ml of p-xylene (Sigma-Aldrich) in
an acid-washed glass tube. The samples were incubated
at 37°C for 10 min and vigorously mixed
for 30 sec. After 45 min of incubation at
37°C, the absorbance of aqueous phase was
measured at 520 nm. The percentage of

Tea tree oil  Thyme oil  Clove oil cells in the xylene layer was used to esti-
Compound RI Content (%) mate the hydrophobicity index, HI, accord-
ing to the formula:
a-Thujene 926 0.8 0.9 - &
a-Pinene 934 24 0.9 - HI = (A=A,/ A) x 100%,
Camphene 940 - 0.4 -
Sabinene 968 0.1 - - where: A, — absorbance of inoculum, A, —

E-K/ilnene ggg 82 ?g - absorbance of the aqueous phase.

-Myrcene : . - . .
a-Phellandrene 396 0 03 B The effect of essential oils on cell
Car-2-ene 1003 Z 01 _ sutface hydrophobicity of Candida spp.
Car-3-ene 1008 - 2.0 - Candida strains’ cell surface hydrophobic-
a—zerpinene 18}2 22 84 - ity was determined by incorporating es-
p-Cymene y ; - : Te s : :
B-Phellandrene 1019 ° 04 - sential oils in the inoculum, using the
1,8-Cineole 1020 4.4 _ _ above procedure. As reference, antifungal
Limonene 1025 1.8 0.9 - antibiotics caspofungin acetate (1-[(4R,5S)-
y-Terpinene 1055 17.8 8.8 - 5-[(2-aminoethyl)amino]-N2-[(10R,12S)-
o Terpinolene 1080 30 52 . 10,12-dimethyl-i-oxotetradecyl]-4-hydroxy-
trans-p-Menth-2-en-1-ol 1112 03 . _ L-ornithine]-5-(threo-3-hydroxy-L-ornithine
cis-p-Ment-2-en-1-ol 1130 0.2 - - pneumocandin B0 diacetate (Laboratories
Borneol 1155 - 0.7 - Merck Sharp & Dohme-Chibret, France) at
Terpinen-4-ol 1168 419 03 - the concentration of 5 ueg/ml and nystatin
a-Terpineol 178 38 03 - Mg Y
cis-Piperitol 1202 0.1 - - (IS,3R4R,7R,9R,11R,158,16R,17R,18S,19E,2
Ascaridol 1207 03 - - 1E,25E,27E,29E,31E,33R,35S,36R,37S)-33-
Carvgcrol methyl ether 1230 = 0.3 - [(3_amin0_3,6_dideoxy_E_D_mannopyranosyl)
Cumin alcohol 1271 - 0.1 - oxy]-1,3,4,7,9,11,17,37-octahydroxy-
Thymol 1281 - 486 - V1= 2525705 1505 10 17 lyaroxy
Carvacrol 1285 _ 55 _ 15,16,18-trimethyl-13-ox0-14,39-dioxabicyc-
Eugenol 1342 - - 85.2 lo-nonatriaconta-19,21,25,27,29,31-hexaene-

9
&C&p?ene | B;g 0.2 - 02 36-carboxylic acid (PPH Galfarm Sp z o.0.,

ethyleugeno - - ) :
a-Gurjunene 1206 03 B z Poland) at the concentration of 50 pg/
(E)-B-Caryophyllene 1421 03 23 9.9 ml were used. EOs were applied at their
Aromadendrene 1436 0.7 - - MIC concentrations, specific for a particu-
a-Humulene 1453 0.1 0.1 1.9 lar strain and oil (Table 2). Each essential
allo-Aromadendrene 1456 0.4 0.1 B oil was used solely and in combinations
y-Muurolene 1473 0.1 0.1 - Y

Y done a5 12 ? _ (1 MIC:1 MIC, 2 MIC:1 MIC and 1 MIC:2
Viridiflorene 1490 - 0.1 - MIC).
a—é/lu.:jgrolene Egg 0.2 o - In order to determine the interactions of
y-Cadinene - ) - 1 oaile s : 3
5 Cadinene 1513 08 02 04 essential oils in mixtures, the FIH (Frac
Spathulenol 1564 _ 0.1 - tional Influence on Hydrophobicity) were
(E)-B-Caryophyllene oxide 1573 - 0.4 0.4 calculated, analogously to FIC (Fractional
Globulol 1574 0.2 - -

Inhibitory Concentration) (Silva e# al., 2011).




Vol. 62

The effect of essential oils on hydrophobic properties of Candida spp. 665

Table 2. Minimal inhibitory concentrations (MICs) of examined
essential oils

Tea tree oil Thyme oil  Clove oil
Strain

Concentration (% v/v)
fo/BG/05 0.125 0.125 0.125
fo/LI1/02 0.25 0.03 0.03
fo/MP/02 0.25 0.03 0.06
cl/MP/08 0.125 0.25 0.125
ATCC 10231 2.0 0.25 0.25

FIH factors and FIH indexes (FIHi) were calculated, us-
ing the following formulas:

FIH of A oil = HI of mixture of oils/HI of A oil
FIH of B oil = HI of mixture of oils/HI of B oil
FIHi = FIH A + FIH B

Synergism was defined as FIHi<0.5; additivity as
FIHi>0.5 to <2; indifference as FIHi> 2 to <4, and
antagonism as FIHi=4 (Silva ef al., 2011).

Statistical analysis of the results. Statistical calcu-
lations were carried out with the use of Statistica 6.0
software package (StatSoft). All results are expressed as
the mean £S.D. of 3 independent experiments. In order
to compare the means, One-Way Anova test was per-
formed at p=0.05 significance level using the statistical
package of Origin version 6.1 (Originlab Corporation).

RESULTS AND DISCUSSION

This study was performed for five Candida isolates,
chosen conscientiously among several ones, each be-
ing a representative for their species (data unpublished).
The specific Candida species were selected according to
their different sensitivity to antibiotics and diverse bio-
chemical profiles (Maroszynska ef al., 2013). In addition,
among them there were both, food-borne and clinical
isolates. Collating such a heterogenic biological material,
we would also like to check the spectrum of the chosen
EOs anticandidal activity in the light of their use against
a variety of environmental strains. Four of the five
strains tested showed, according to the accepted classi-
fication (Nostro et al., 2004), high hydrophobic proper-
ties and their hydrophobicity indexes ranged from 76.4
to 91.2%. On the other hand, C. albicans clinical isolate
cl/MP/08 was characterized by a medium cell surface
hydrophobicity (68.7£6.0%). Previously, it has been
demonstrated that hydrophobic yeasts are more viru-
lent than their hydrophilic counterparts (Hazen & Ha-
zen, 1992). However, even among clinical Candida strains
their hydrophobic properties are diversified and may
vary from 40% to 99% (Noumi e/ al., 2011). Much lower
values of cell surface hydrophobicity, in the range from
2% to 41%, was obtained in a group of 50 C. albicans
clinical isolates by Raut e# a/. (2010). Furthermore, hydro-
phobicity seems to be a species-dependent feature, and
besides C. albicans, high values of hydrophobicity were
displayed by C. frgpicalis, both being the most clinically
relevant Candida species (Noumi ef al., 2011; Silva-Dias
¢t al., 2015).

In the present study, changes in cell surface hydro-
phobicity of Candida strains were evaluated under the in-
fluence of essential oils with regard to antifungal antibi-
otics, nystatin and caspofungin. The choice of antibiotics
resulted from the following reasons: nystatin is on the
World Health Organization’s List of Essential Medicines

(2015) as one of the most efficacious, safe and cost-ef-
fective medicines needed in a basic health care system,
and caspofungin is a valuable and fairly new generation
antibiotic with a broad spectrum of anticandidal activity
(Wieczorek ez al., 2008). The effect of essential oils and
antibiotics tested was diversified and depended on the
type of antimycotics, their concentration and the yeast
tested. This strain-dependent susceptibility to the essen-
tial oils’ action was also previously observed for the clin-
ical isolates within C. albicans species (Rajkowska ez al.,
2015). The range of hydrophobicity changes observed
for C. albicans isolates (Rajkowska ef al., 2015) were not
statistically different from those observed here by us for
the Candida species employed. The hydrophobic abilities
of Candida yeasts seem to be rather strain- than species-
dependent. For isolates of C. rugosa fo/BG/05, C. famata
fo/1.1/02, C. albicans cl/MP/08 and C. albicans ATCC
10231, statistically significant reduction in hydrophobic
properties in the presence of essential oils was found
(Fig. 1). Among these yeasts, the highest effect was ex-
ptessed for C. rugosa fo/BG/05, and decrease in hydro-
phobicity index by 14.3 to 45.1% was observed under
the influence of all the tested essential oils, used solely
and in combinations, except for the mixture of tea tree
and thyme oil (1 MIC: 2 MIC), as well as tea tree and
clove oil (2 MIC: 1 MIC).

The statistically significant reduction, ranged from
17.6 to 38.2%, in HI values of C. albicans ATCC 10231
was noted for all essential oils’ combinations, and ad-
ditionally, for clove oil used solely (Fig. 1). Cell surface
hydrophobicity of C. albicans cI/MP/08 clinical isolate
was affected by six mixtures of essential oils, i.ec. tea tree
and thyme oil (1 MIC: 1 MIC, 1 MIC:2 MIC, 2 MIC:
1 MIC), tea tree and clove oil (1 MIC: 1 MIC), and
thyme and clove oil (1 MIC:2 MIC, 2 MIC: 1 MIC), in
a statistically significant way. In the case of C. famata fo/
L1/02, only two combinations of tea tree and thyme oil
(1 MIC: 1 MIC and 2 MIC: 1 MIC) caused statistically
significant reduction in hydrophobicity of 21.6% and
24.0%, respectively. Only for C. krusei fo/MP/02, the ef-
fect of essential oils on the hydrophobicity was ambigu-
ous, and in the presence of tea tree oil, and combination
of thyme and clove oil (I MIC: 2 MIC), a statistically
significant decrease in hydrophobic properties of almost
9% was noted. Whereas, after treatment with thyme oil
and mixtures of tea tree and thyme oil (1 MIC: 2 MIC),
as well as tea tree and clove oil (1 MIC: 1 MIC), hydro-
phobicity increased by 3.1 to 7.2% (Fig. 1). Generally,
essential oils used solely, influenced the yeast hydropho-
bic properties less than when applied in combinations.

Among the tested antibiotics, nystatin reduced hydro-
phobicity of four yeasts (C. rugosa fo/BG/05, C. famata
fo/L.1/02, C. krusei fo/MP/02 and C. albicans cl/MP/08)
by 16.1 to 25.4%, depending on the strain (Fig. 1) in
a statistically significant way. The application of caspo-
fungin resulted in decrease in hydrophobic properties of
three isolates (fo/BG/05, fo/MP/02, cI/MP/08) in the
range of 14.7-6.3%. Interestingly, in our previous pub-
lication we have demonstrated that C. famata fo/1.1/02
and C. krusei fo/MP/02 expressed an intermediate sensi-
tivity to nystatin (Maroszyaska ez al., 2013), and the cur-
rent research indicates that even in those strains nystatin
may reduce their hydrophobicity. However, the primary
mechanisms of action of antibiotics tested are different
and involve an increase of the cell membrane permeabil-
ity by nystatin, and inhibition of the synthesis of 3-(1,3)-
D-glucan by caspofungin (Wieczorek ez al., 2008).

Hssential oils are complex mixtures of a wide diversity
of components and their antimicrobial activity and mode
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Figure 1. Changes in hydrophobic properties of C. rugosa fo/BG/05 (a), C. famata fo/LI/02 (b), C. krusei fo/MP/02 (c), C. albicans cl/
MP/08 (d), C. albicans ATCC 10231 (e) under the influence of tea tree (TTO), thyme (Th) and clove (Cl) oils, used solely and in combi-

nations (1 MIC:1 MIC, 1 MIC:2 MIC, 2 MIC:1 MIC), and antifungal antibiotics.
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Table 3. Fractional influence on hydrophobicity indexes (FIHi) of examined essential oils’ combinations; bold — additive effect.

C. rugosa fo/BG/05  C. famata fo/LI1/02

C. krusei fo/MP/02

C. albicans cl/MP/08  C. albicans ATCC 10231

EOs combinations

FIH index
tea tree:thyme
MIC:1 MIC 1.6 1.5 2.0 1.1 1.3
tea tree:thyme
MIC:2 MIC 23 1.7 22 1.5 1.3
tea tree:thyme
MIC:1 MIC 1.8 1.4 22 1.5 1.6
tea tree:clove
MIC:1 MIC 1.2 1.7 23 0.8 1.6
tea tree:clove
MIC:2 MIC 1.8 1.7 2.0 1.6 1.6
tea tree:clove
MIC:1 MIC 2.2 1.6 2.1 1.6 1.3
thyme:clove 1.9 14 17 . 6
1 MIC:1 MIC . ' . . .
thyme:clove 20 15 20 14 i
1 MIC:2 MIC ' . . . .
thyme:clove 1.7 15 20 13 1
2 MIC:1 MIC . . : . .

of action is therefore related to their composition, concen-
tration and their possible interactions (KKalemba & Kunic-
ka-Styczyniska 2003; Burt, 2004). In essential oil mixtures,
four effects of their interaction can be highlighted: addi-
tive, antagonist, indifferent and synergistic. In our study,
in the group of essential oil combinations, the additive
effect was dominant (Table 3), which occurs when the
combined effect of the components is equal to the sum
of the individual effects (Lis-Balchin e a/, 1998). Much
less frequently, the use of oils in mixtures resulted in an
indifferent effect, thus in these cases the activity of the
combined substances was equal to the individual activities.
The literature data are focused on antimicrobial activity
of essential oils and their components rather than on their
influence on hydrophobic properties. It has been reported
that EOs containing aldehydes or phenols, such as euge-
nol or thymol, as major compounds, showed the highest
antimicrobial activity, followed by EOs containing terpene
alcohols (Burt, 2004). Some studies have demonstrated
that whole EOs usually have higher bioactivity than the
mixtures of their major components, although interactions
between components may lead not only to synergistic ac-
tivity, but also to additive and antagonistic effects (L.am-
bert ez al., 2001; Burt, 2004; Bassolé & Juliani, 2012). Gen-
erally, compounds with similar structures exhibit additive
rather than synergistic effects, and the occurrence of ad-
ditive interactions of some EOs has been related to their
major phenolic compounds (Lambert ef 4/, 2001; Bassolé
& Juliani, 2012). These findings may explain the predomi-
nant additive effect of essential oils tested in our study.
The relative cell surface hydrophobicity, CSH, of Candida
spp. is considered to be a factor closely related to the adhe-
sion properties of yeast (Ellepola & Samaranayake, 2001).
The relationship between the hydrophobicity and enhanced
adhesion of Candida species to plastic surfaces has been re-
ported (Klotz ¢ al., 1985). Some previous studies described
a statistically significant positive correlation between CSH
and candidal adhesion to buccal epithelial cells and denture
acrylic surfaces (Samaranayake ¢f al., 1995; Panagoda e al,
2000). It has been also reported, that biofilm biomass and
biofilm formation has been associated with CSH (Blanco
et al., 2010; Silva e al., 2011). On the other hand, Candida
albicans is known to regulate cell surface hydrophobicity

according to growth phase, environmental and nutritional
conditions (Hazen e al., 19806).

Recently, a positive effect on Candida yeast cell surface
hydrophobicity, adhesion abilities and biofilm formation has
been demonstrated for vatiety of naturally derived substanc-
es or their constituents: eugenol (De Paula ¢ 4/, 2014), hu-
man serum (Ding e al., 2014), Lactobacillus-detived biosut-
factant (Ceresa ez al., 2015), tyrosol Monteiro et al., 2015),
magnolol and honokiol (Sun ez al., 2015), extracts of Brucea
Javanica and Piper betle (Nordin e al., 2013). Moreover, a pos-
itive correlation between the reduction in the CSH values
and reduction of adhesion abilities and biofilm formation
has been previously reported for Candida spp. (Borecka-
Melkusova & Bujddkova, 2008; Nordin e 4/, 2013; De
Paula ¢ al, 2014). A significant decrease in the hydropho-
bicity (>40%), resulted in reduction in the number of ad-
hered Candida cells to mammalian HEp-2 cells of up to
68.9% (De Paula e¢f al, 2014), and to salivary pellicle of up
to 86.0% (Nordin e al, 2013). Effectively reduced Candida
CSH may also be related to limitation of biofilm formation
by up to 66.7%. However, meaningfully reduced ability to
form biofilm has also been noted for yeasts, which did not
show changes in their hydrophobic properties (Borecka-
Melkusova & Bujdakova, 2008).

An important issue is also the safety of essential oils and
their components that are not orally administered. Iz vivo
studies have demonstrated the safety of the topical use of
eugenol and carvacrol, components of clove and thyme oils,
for the treatment of vaginal (Chami e al, 2004) and oral
(Chami ez al, 2005) candidosis in rats. Toxicity of essential
oils depends distinctly on concentration and the form of
application (Hammer ¢ al, 20006). It has been reported that
the irritant capacity of tea tree oil, tested at concentration
of 5% and 25% in cream, ointment and gel formulations,
and in patients, who were patch tested with 10% TTO, was
very low (Aspres & Freeman, 2003; Veien ¢f al., 2004). Ir-
ritant and contact allergy reactions may be usually avoided
through the use of lower concentrations of the irritant and
therefore the use of 100% essential oils is not recommend-
ed (Hammer ez a/., 20006).

Due to the fact, that surface hydrophobicity of Can-
dida spp. cells may affect cellular behavior and adhesion,
the reduction of yeasts’ hydrophobic properties may
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limit their colonization abilities. In this context, the ap-
plication of tea tree, thyme and clove essential oils, espe-
cially in combinations, may advantageously modulate the
invasiveness of Candida yeasts by lowering their hydro-
phobicity. The mixtures of tea tree and thyme oils seem
to be the promising agents with the spectrum of activity
against all the Candida representatives tested. The pre-
sented results, demonstrating a decrease in sutface hy-
drophobicity of food-borne strains, indicate a possibility
of application of essential oils as antifungal agents under
production conditions, notably in the food industry.
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