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Antifungal and anti-adhesion activity of plant extracts
and essential oils against Candida spp. and Pichia spp.
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Summary

The use of natural antifungal agents has gained much attention to extend shelf-life, increase the safety of food products
in the food industry and inhibit disease-causing microorganisms. The objective of this study was to evaluate the anti-
fungal and anti-adhesion potential of 15 plant extract, essential oils and chemical compounds against Candida spp.
and Pichia spp. Susceptibility tests indicated that essential oils of Cinnamomum verum and Origanum vulgare had the
highest inhibitory effect. For most extracts and essential oils examined, Pichia membranifaciens ZIM 2417 was the most
sensitive yeast, while Candida glabrata ZIM 2369 proved to be the least sensitive one. Anti-adhesion ability of the plant
extracts and essential oils against C. glabrata ZIM 2369 was estimated by the standard crystal violet assay. The results
showed that the essential oils of C. verum, O.vulgare, Satureja montana and Thymus vulgaris possessed promising activ-
ity against the initial phase of biofilm formation and the pre-formed 24 h biofilm of C. glabrata. On the other hand,
Sedum roseum extract showed the strongest anti-adhesion effect. Results of this study support the use of plant extracts,

essential oils and their biologically active components against C. glabrata.
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The incidence of fungal infections, particularly
those caused by Candida species (candidiasis) has
increased significantly, causing high levels of mor-
bidity and mortality. This fact is mainly due to the
increase in antifungal resistance and due to limi-
tation in the number of efficient antifungal drugs,
which still have many side effects. Candida albi-
cans is the most frequent pathogen responsible for
Candida infections, followed by Candida glabrata
[1, 2]. Recent evidence suggests that majority of
infections caused by these pathogens is associated
with growth of biofilm and its role in human infec-
tions is increasingly recognized due to develop-
ment of resistant or phenotypic adaptation within
the biofilm [3, 4]. Biofilm is an additional problem
not only on host tissues but it is usually found in
medical devices, hindering eradication of e.g.

Candida infections [5, 6]. New, effective methods
are needed to solve this problem [2].

The capacity of yeasts to adhere and to form
biofilms has been studied fundamentally in spe-
cies of medical importance. The biofilm formation
by yeasts has gained an increasing importance in
the food industry. Of particular importance is that
some biofilm-forming species in food factory envi-
ronments are human pathogens. These pathogens
are able to develop biofilm structures on a variety
of artificial substrates common in the food indus-
try, leading to contamination of food products,
reducing their shelf-life and causing significant
economic losses, or resulting in human foodborne
diseases [7, 8]. Among them, Pichia, Candida,
Saccharomyces and Rhodotorula are the genera
mainly involved in spoilage of foods and beverages
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[9, 10]. Food preservation with natural antimicro-
bial products, such as plant extracts or essential
oils, is being popularly used in food industry due
to the growing consumer demand for natural food
additives and due to concerns regarding synthetic
chemical additives [11-13].

Plant extracts and essential oils have been
widely used in the food industry as natural anti-
microbial agents to control food-borne microor-
ganisms, owing to their chemical diversity [14, 15].
The oils of clove, oregano, rosemary, sage and
thyme were found to be most consistently effec-
tive against microorganisms [16-18]. While some
of the oils and extracts used on the basis of their
reputed antimicrobial properties have well docu-
mented to inhibit planktonic cell growth [19-21],
limited knowledge is available regarding activities
of plant extracts and essential oils against Can-
dida biofilms. Therefore, the aim of this study was
to examine the antifungal activity of 15 different
plant extracts, essential oils and their components
against Candida spp. and Pichia spp., as well as
their effect on adhesion of C. glabrata ZIM 2369 at
different times of exposure.

MATERIALS AND METHODS

Strains and growth conditions

Four Candida strains (C. albicans ATCC 10261,
two C. glabrata strains and one C. krusei strain iso-
lated from clinical samples) and two Pichia strains
(P membranifaciens ZIM 2417 isolated from white
cheese of cows’ milk and Pichia pijperi ZIM 1368
isolated from must of Refosk) were used to inves-
tigate the antifungal activity. The strains were pro-
vided from the Collection of Industrial Microor-
ganisms (ZIM) at Biotechnical Faculty, University
of Ljubljana (Ljubljana, Slovenia). Yeast cultures
were preserved in yeast peptone dextrose (YPD)
medium (Sigma-Aldrich, St. Louis, Missouri,
USA) supplemented with 40% glycerol at —80 °C
and revitalized from frozen stocks by cultiva-
tion on malt extract agar (MEA) plates (Merck,
Darmstadt, Germany) for 24 h at 37 °C (Candida
strains) or 27 °C (Pichia strains) before perform-
ing the assays.

Extracts and essential oils

Plant extracts tested in this study were from
herbal parts of Leontopodium nivale subsp. alpi-
num (Cass.) Greuter (Asteraceae), roots of Peu-
cedanum ostruthium (L.) W.D.J.Koch, and roots
and rhizomes of Sedum roseum (L.) Scop. (syn.
Rhodiola rosea L.). L. nivale subsp. alpinum was
the cultivated material provided by Wolfgang Ze-
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manek (Pollau, Styria, Austria). The roots of P. os-
truthium were purchased from Kottas (Vienna,
Austria) whereas the material from S. roseum was
collected by Dietmar Vogt (Klagenfurt, Austria),
with permission of the Regional Government
of Carinthia (decrees SP3-NS-2459/2014 and
FE3-NS-1921/2014) at Nockberge (at approxi-
mately 1900 m a.s.l.). Extracts were prepared
from the dried materials by accelerated solvent
extraction using Dionex ASE 200 (Thermo Fisher
Scientific, Waltham, Massachusetts, USA) with
successive extraction by hexane, dichloromethane
and 96% ethanol at 60 °C. For the microbiological
assays, the 96% ethanolic extracts were used. The
extraction yields were 1.9 % (Leontopodium ni-
vale), 10.3 % (Peucedanum ostruthium) and 30.8 %
(Sedum roseum), respectively. Essential oils of
cinnamon (Cinnamomum verum J.Presl), clove
(Syzygium aromaticum (L.) Merr. & L. M. Perry),
juniper (Juniperus communis L.), oregano (Origa-
num vulgare L.), red thyme (Thymus vulgaris L.),
rosemary (Rosmarinus officinalis L.), sage (Salvia
officinalis L.), clary sage (Salvia sclarea L.) and
winter savory (Satureja montana L.) were pur-
chased from companies Zuccari (Trento, Italy)
and Flora (Lorenzana, Italy), and were stored at
the temperature of 4-6 °C in dark conditions im-
mediately for a maximum of 5 days before testing.
The main components o-pinene, carvacrol and
thymol were purchased from Sigma-Aldrich. All
tested plant extracts were prepared at the Institute
of Pharmaceutical Sciences, (University of Graz,
Graz, Austria).

Minimal inhibitory concentrations

The minimal inhibitory concentrations (MIC)
of plant extracts, essential oils and compounds
were determined using the broth microdilution
method according to the M27-A3 protocol of
the Clinical and Laboratory Standards Institute
(CLSI) [22]. Briefly, the tested antifungal agents
were first dissolved in dimethyl sulfoxide (DMSO;
Sigma-Aldrich) and incorporated into malt extract
broth (MEB; Merck) to obtain a concentra-
tion of 3000 wgml-l. Serial dilutions were then
performed and extracts, essential oils and com-
pounds were tested at concentrations that varied
from 3000 ug'ml! to 5.9 ugml-l. To each well,
100 ul of inoculum (3 x 103 cells per millilitre) was
added. The final concentration of DMSO did not
exceed 0.5 %. After inoculation of yeast strains,
plates were incubated for 48 h at 35 °C for Can-
dida strains and 27 °C for Pichia strains. Then,
absorbance was measured at 650 nm using using
a microplate reader Safire 2 (Tecan, Méannedorf,
Switzerland). The MIC values were determined as
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the lowest concentration that inhibited the visible
growth of the test microorganisms. Negative con-
trol, growth control and DMSO control were in-
cluded. The experiments were performed with
four independent replicates.

Adhesion assay

Adhesion assays were performed as previously
described by ToMICIC et al. [2] with a few modi-
fications. Prior to testing, the selected C. glabrata
ZIM 2369 strain was grown on MEA plates at
37 °C for 48 h. After the incubation, a loopful of
actively growing cells was suspended in the MEB
medium. The concentration of cells was deter-
mined and adjusted to 1 x 107 cells per millilitre by
using the Biirker-Tiirk counting chamber (Brand,
Wertheim, Germany), a microscope with a camera
(Leica DFC290, Leica Microsystems, Wetzlar,
Germany) and image processing software Imagel
(National Institutes of Health, Bethesda, Mary-
land, USA) as described by ZupaN et al. [23]. The
assay was initiated by the addition of 200 ul cell
suspension, with or without the presence of plant
extracts, essential oils and compounds into wells
of a 96-well polystyrene microtiter plate (Nunc,
Roskilde, Denmark), which were then incubated
for 24 h at 37 °C. In the first part of the experi-
ment, C. glabrata ZIM 2369 cells were exposed to
various concentrations (3/4 x MIC and 1/4 x MIC;
average MIC and 2 x average MIC) of extracts, es-
sential oils and compounds during 24 h of adhe-
sion. In the second part of experiment, following
the biofilm formation after 24 h of incubation,
the medium was aspirated and non-adherent cells
were removed by washing three times with sterile
phosphate buffered saline (PBS, Oxoid, Basing-
stoke, England). Adherent cells were then ex-
posed to various concentrations (3/4 x MIC and
1/4 x MIC; average MIC and 2 x average MIC) of
extracts, essential oils and compounds for 3 h. The
experiments were performed with eight replicates.

The amount of yeast cells that adhered to the
polystyrene plates was measured using the crystal
violet (CV) staining method [2]. The amount of
adhered cells, that is, the concentration of the re-
leased crystal violet, was determined by measuring
absorbance at 584 nm using a microplate reader.

Statistical analysis

Descriptive statistical analyses were performed
using Microsoft Excel software (Microsoft Office
2013, Microsoft, Redmond, Washington, USA).
Results were expressed as mean =+ standard de-
viation (SD) of eight replicates for adhesion assay.
Analysis of variance (ANOVA) for comparison of
means was carried out using the software pack-

age StatSoft Statistica, ver. 10 (IBM, Armonk,
New York, USA). A p-value of 0.05 was used to
consider statistical significance.

RESULTS AND DISCUSSION

The resurgence of interest in natural therapies
and an increase in consumer demand for effective,
safe, natural products means that it is important
to investigate those plants that will be used in the
food industry and medicine as potential sources of
new antifungal agents. A survey of literature re-
veals that there are many plant extracts and essen-
tial oils which possess antifungal activity [14, 24,
25]. The species of yeasts used in this study were
selected primarily on the basis of their pathogenic-
ity and insufficient knowledge of their susceptibil-
ity to natural antifungal agents.

Antifungal activity

Fifteen plant extracts, essential oils and com-
pounds were screened for their antifungal activ-
ity against Candida spp. and Pichia spp. as shown
in Tab. 1. The results showed that the tested plant
extracts and essential oils exhibited quite different
degrees of antifungal activity against Candida spp.
and Pichia spp. For the most plant extracts and
essential oils examined, strain P membranifa-
ciens ZIM 2417 was the most sensitive yeast with
MIC values from 93.75 ug:ml-! to > 3000 pug'ml,
while C. glabrata ZIM 2369 proved to be the
least sensitive (MIC values of 187.5 ugml! to
>3000 pwgmll). The strongest antifungal activ-
ity was shown by C. verum essential oil. This was
in agreement with RANGEL et al. [26] who stated
that C. verum essential oil had powerful antifun-
gal activity on both reference and clinical Can-
dida strains. When the MIC is equal to or lower
than 500 wg-ml-1, natural products are considered
powerful inhibitors of microorganisms [27]. Con-
sistently, our results showed that essential oils of
J. communis, O. vulgare, S. montana, S. aromaticum
and T vulgaris possessed strong activity against all
the tested strains. However, Fu et al. [16] reported
that the essential oils of clove and rosemary were
effective to inhibit C. albicans, which is not con-
sistent with the results obtained in our study where
even the highest tested concentration of rosemary
did not exhibit an antifungal effect. The antifun-
gal effect of these oils and extracts correlated with
occurrence of compounds such as carvacrol, thy-
mol, cinnamic aldehyde, eugenol and o-pinene,
which are known to disrupt fungal cell membranes
[19, 24]. Previous studies corroborated the an-
tifungal activity of the main compounds used in
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Tab. 1. Minimum inhibitory concentrations of the plant extracts, essential oils and compounds against yeasts.

MIC [ug-ml-1]
Plant extracts Candida Candida Candida Candida Pichia Pichia
and essential oils albicans glabrata glabrata krusei membranifaciens pijperi
ATCC 10261 ZIM 2344 ZIM 2369 ZIM 548 ZIM 2417 ZIM 1368
Cinnamomum verum 93.75 187.5 187.5 93.75 93.75 93.75
Juniperus communis 1000 400 200 800 200 100
Leontopodium nivale* >1200 * >1200+ >1200+ >1200+ >1200+ >1200+
Origanum vulgare 375 375 375 375 187.5 187.5
Peucedanum ostruthium* >1200+ >1200+ >1200+ >1200+ >1200+ >1200+
Sedum roseum™ >1200+ >1200+ >1200+ >1200+ >1200+ >1200+
Rosmarinus officinalis >3000 * >3000 * >3000 + >3000 * >3000 + >3000 *
Salvia officinalis >3000 * >3000 * >3000 + >3000 * >3000 + >3000 *
Salvia sclarea >3000 * >3000 * >3000 * >3000* >3000 * >3000 *
Satureja montana 375 750 375 750 187.5 375
Syzygium aromaticum 375 750 750 750 187.5 375
Thymus vulgaris 750 375 375 750 750 187.5
Compounds
a-Pinene 750 375 375 750 187.5 375
Carvacrol 187.5 187.5 375 375 93.75 93.75
Thymol 100 100 100 200 100 50

MIC — minimum inhibitory concentration, * — plant extracts, (+) — no inhibition at the maximum concentration used.

the present study on Candida spp. and Pichia spp.
planktonic cells [17, 28, 29].

Anti-adhesion activity

In addition to the ability of the plant extracts,
essential oils and compounds to act on Candi-
da spp. planktonic cells, an interesting anti-adhe-
sion potential was detected relative to C. glabrata
ZIM 2369 strain at various exposure times. The
effect of plant extracts, essential oils and com-
pounds at different concentrations (1/4 x MIC and
3/4 x MIC; average MIC and 2 x average MIC) on
the initial phase of biofilm formation of C. glabra-
ta ZIM 2369 is shown in Tab. 2. The biofilm inhibi-
tion ability was estimated by the standard crystal
violet assay and calculated by their percentage of
biofilm inhibition. All tested plant extracts, essen-
tial oils and compounds had the ability to interfere
with the initial adhesion (Tab. 2.). The results indi-
cated that after 24 h of adhesion, the essential oils
of C. verum, O. vulgare, S. montana and T. vulgaris
significantly reduced the adhesion of C. glabrata
(p < 0.05) with an inhibition range of 30-45 %.
The best results concerning reduction of C. gla-
brata ZIM 2369 adhesion were observed after 24 h
exposure to S. roseum extract at concentrations of
average MIC and 2 x average MIC, despite the fact
that antifungal activity was not detected. These
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findings suggest that the potential of S. roseum ex-
tract to prevent initial phase of biofilm formation
is superior to its ability to inhibit the planktonic
growth. To our knowledge, we have shown for the
first time the effect of this extract on adhesion
of C. glabrata. The results also revealed a strong
anti-adhesive effect of carvacrol at a concentra-
tion of 3/4xMIC. Carvacrol is one of the main
compounds of the essential oil of O. vulgare and is
also present in the essential oils of 7. vulgaris and
S. montana [30], which showed equal and strong
anti-adhesive effect on C. glabrata ZIM 2369 in
our study. On the other hand, it is interesting to
note that in spite of the strong antifungal effect
of J. communis essential oil, adhesion of C. gla-
brata was significantly induced when compared to
control (p < 0.05). A similar effect was observed
with the P ostruthium extract. The mechanisms by
which biofilm cells have elevated antifungal toler-
ance are complex and likely multifactorial. These
include i) expression of resistance genes induced
by contact with a surface; ii) a decreased growth
rate or nutrient limitations and iii) the presence of
extracellular polymeric substances that impedes
penetration of agents into the biofilm [31-33].
Additionally, biofilm formation of C. glabrata was
resistant to the tested compounds despite of their
antifungal activity according to CLSI test. This
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Tab. 2. The effect of plant extracts, essential oils and compounds
on the initial phase of biofilm formation of Candida glabrata ZIM 2369.

Plant extract Anti-adhesion activity [%]

and essential oils 1/4 < MIC 3/4xMIC average MIC 2 xaverage MIC
Cinnamomum verum 5.45 +2.07 Aa 40.17 +7.26Ba - -
Juniperus communis -33.90 + 3.22Ab -35.78 + 2.42Ad - -
Leontopodium nivale* - - 8.12 = 2,52 Aacg 34.98 + 2.908Bd
Origanum vulgare 32.56 +2.91Ac 43.17 £ 4.05Ba - -
Peucedanum ostruthium™ - - -15.00 + 4.60Ad -14.86 + 3.84Ac
Sedum roseum* - - 73.89 = 10.06 Af 86.88 + 13.10Bf
Rosmarinus officinalis - - —4.69 + 3.23 Aadg —-12.38 £ 5.14 Aac
Salvia officinalis - - -12.37 +5.86Ad 6.62 + 4.25Bag
Salvia sclarea - - 26.52 £ 3.12A0 -51.53 +7.276Bb
Satureja montana 38.85 + 8.54 Ac 32.87 £6.73A¢ - -
Syzygium aromaticum 8.64 + 4.32Aa 9.00 = 3.57 Af - -
Thymus vulgaris 27.36 £ 6.06Ac 42,96 + 8.22Ba - -
Compounds
a-Pinene —-34.30 + 8.82AP -65.81 +9.718Bb - -
Carvacrol -30.59 = 10.11 AP 50.68 + 4.79 B9 - -
Thymol -57.38 + 7.44Ad -1.21 £5.64Bh - -

Anti-adhesion activities are presented as mean + standard deviation. Groups with different lowercase letters in superscript
within a column are significantly different (o < 0.05), and groups with different uppercase letters in superscript within a row are
significantly different (o < 0.05), with negative values included.

MIC — minimum inhibitory concentration, * — plant extracts, (-) — negative values indicate stimulant effects.

Tab. 3. The effect of plant extracts, essential oils and compounds
on the preformed 24h biofilm of Candida glabrata ZIM 2369 with 3 h of exposure.

Plant extract Anti-adhesion activity [%]

and essential oils 1/4xMIC 3/4 xMIC average MIC 2 x average MIC
Cinnamomum verum 46.20 £ 5.054Aa 42.70 + 5.93 Aae - -
Juniperus communis 56.21 £7.12Ad 56.23 + 5.88Bc - -
Leontopodium nivale* - - 11.98 = 4.04 Ac 7.95 + 3.54Aa
Origanum vulgare 33.94 + 4.80A¢ 57.80 + 6.94 Bc - -
Peucedanum ostruthium* - - 16.45 = 3.55A¢ 13.28 + 4.45Aad
Sedum roseum™ - - —42.55 +8.12Ae 23.91 + 5.87 Bed
Rosmarinus officinalis - - 53.61 + 10.13Ab 47.66 + 8.33Ae
Salvia officinalis - - -18.47 = 3.74Af -34.61 + 5.64Af
Salvia sclarea - - —-25.44 + 526 Af —4.55 + 4.60B9
Satureja montana 44.85 + 7.14 Aae 74.57 = 10.49 Bd - -
Syzygium aromaticum 34.43 £5.76A 47.02 + 6.20 Bee - -
Thymus vulgaris 37.91 £6.004 72.18 +7.058Bd - -
Compounds
a-Pinene 32.87 + 5.62A¢ 46.98 + 4.66Be - -
Carvacrol 11.83 = 3.10Abf 44.36 + 4.818Be - -
Thymol 17.37 £ 4.22Af 39.55 + 5.09 Bbe - -

Anti-adhesion activities are presented as mean =+ standard deviation. Groups with different lowercase letters in superscript
within a column are significantly different (o < 0.05), and groups with different uppercase letters in superscript within a row are
significantly different (p < 0.05), with negative values included.

MIC — minimum inhibitory concentration, * — plant extracts, (-) — negative values indicate stimulant effects.
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was in accordance with previous findings that the
concentrations of antimicrobial agents required to
reduce biofilms were up to 1000-fold higher than
the corresponding MIC values [2, 34, 35].

In the present study, for the four concentra-
tions assessed (1/4xMIC, 3/4AxMIC, average
MIC and 2 x average MIC), the effect of the plant
extract, essential oils and compounds on C. gla-
brata preformed biofilm was perceptible after 3 h
of exposure (Tab. 3). Notably, the essential oils of
S. montana and T vulgaris induced almost equal
and strong reduction of the preformed 24 h bio-
film at concentrations of 1/4 x MIC and 3/4 x MIC.
In addition, the percentage of adherent cells de-
creased from 10 % to 24 % after exposure to plant
extracts of L. nivale, P ostruthium and S. roseum. It
was been claimed that monoterepenes contained
in plant extracts and essential oils affect the bio-
film formation of Candida, since these compounds
interact with lipid components in the cellular
structure, thereby increasing permeability of the
membrane and cause electrolyte imbalance [31].
However, specific mechanisms involved in the an-
timicrobial action of monoterpenes remain poorly
characterized. In contrast, essential oils of S. offi-
cinalis and S. sclarea were inactive against C. gla-
brata biofilm. Our findings are consistent with the
recent work of PUSKAROVA et al. [36], who report-
ed that the low antimicrobial efficancy of essential
oils of Salvia species may be due to the relatively
low phenolics content of these oils. Moreover,
there was a significant anti-adhesion activity of
the tested compounds in the range of 11.8 % to
47.0 % (p < 0.05). Carvacrol was assessed in this
study for its ability to inhibit the initial phase of
biofilm formation of C. glabrata and to reduce the
previously formed 24 h biofilm by up to 50 % at
a concentration of 3/4 x MIC.

CONCLUSION

Our findings demonstrated the potential anti-
fungal and anti-adhesion activity of fifteen plant
extracts, essential oils and compounds against
Candida spp. and Pichia spp. Plant oils from
cinnammon, clove, oregano, red thyme and savory
showed significant inhibitory effects, while lower
activity was shown by other plant materials. Un-
derstanding more about the antifungal perform-
ance and possible mechanism of the tested plant
extracts and essential oils will be helpful for its
application against Candida spp. and Pichia spp. in
the food industry and medicine in the future.
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