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ABSTRACT 

The antifungal activities of 14 selected essential oils (at 
the concentrations of 0.5 %, 5 %, and 30 %) against the yeast 
Malassezia pachydermatis (18 isolates and one reference 
strain) were investigated. The isolates of M. pachydermatis 
were obtained from swabs of external ear canals of healthy 
dogs using sterile swabs. The determination of the effica-
cy was based on a modified disc diffusion method (CLSI 
M44-A2). The best antifungal efficacy (100 %) was shown 
by clove, cinnamon and oregano at the concentration of 
30 %; less significant efficacy was shown at the concen-
tration of 5 % (38 %, 33 % and 5 %, respectively). Satureja 
inhibited the growth of Malassezia (efficacy of 16 %) only 
at the concentration of 30 %. Bergamot, lavender, juniper, 
cedar, sage, tea-tree, grapefruit, pine, chamomile and yar-
row essential oils were not able to form inhibition zones 
as defined in the methodology used (greater or equal to 
15 mm) in all concentrations used. Therefore, according 
to the interpretation criterion, they were considered in-
effective. In all cases, the concentration of 0.5 % was not 
effective against the growth of Malassezia yeasts. 

Key words: dog; essential oil; disc diffusion method; 
Malassezia; sensitivity

INTRODUCTION 

Malassezia yeasts are eukaryotic microorganisms 
placed in the phylum Basidiomycota [12]. Currently, the 
genus Malassezia includes sixteen species, fifteen of which 
are lipid-dependent and are most frequently recovered 
from humans, ruminants, horses or parrots (Malasse
zia furfur, M. globosa, M. obtusa, M. restricta, M. slooffiae, 
M. sympodialis, M. dermatis, M. nana, M. japonica, M. yam
atoensis, M. equina, M. caprae, M. cuniculi, M. brasiliensis 
and M. psittaci). The only one non-lipid-dependent species, 
M. pachydermatis, is commonly recovered from dogs and 
cats [1, 2, 3, 4, 27].

M. pachydermatis is a saprophytic and lipophilic yeast, 
which is part of the normal cutaneous microflora of several 
warm-blooded animals [20]. It is often found in the ear ca-
nals and skin of dogs, cats and other species of domestic 
and wild animals [14, 15]. M. pachydermatis is frequently 
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involved as a secondary factor in canine otitis externa and 
skin infections, which are manifested by irregularly super-
ficial to interstitial dermatitis wherein hyperkeratosis and 
lymphocytic exocytosis are prominent [7, 19]. 

At the present, the therapy of malassezia-dermatitis is 
usually based on topical or systemic administration of anti-
fungals (mainly those of azoles) and direct topical applica-
tion of antiseptic substances. An alternative and attractive 
possibility of supportive therapy is the use of essential oils. 

Essential oils (EOs) are concentrated, hydrophobic sub-
stances containing volatile aroma compounds from differ-
ent parts of plants extracted by steam distillation and by 
various solvents [21, 22]. The main constituents of essential 
oils — mono- and sesquiterpenes including carbohydrates, 
alcohols, ethers, aldehydes and ketones — are responsible 
for the fragrant and biological properties of aromatic and 
medicinal plants. Various EOs produce pharmacological 
effects, demonstrating anti-inflammatory, antioxidant and 
anti-carcinogenic properties [16]. 

On the basis of the results obtained in the preliminary 
study [25], the main objective of this study was to deter-
mine the effectiveness of the selected EOs in three different 
concentrations (0.5 %, 5 % and 30 %) against M. pachyder
matis isolated from the external ear canals of healthy dogs. 

MATERIALS AND METHODS

Phenotypic and genotypic identification of Malassezia 
pachydermatis. 

Isolates (n = 18) of M. pachydermatis were obtained 
from swabs of external ear canals of healthy dogs. The iden-
tification of yeasts was performed on the basis of detailed 
phenotypic features according to Kaneko et al. [17] and 
confirmed by genotypic PCR methods according to Gai-
tanis  and Velegraki  [13]. 

Selection and composition of essential oils 
Essential oils of the following medicinal plants were 

tested: bergamot, cedar, chamomile, cinnamon, clove, 
grapefruit, juniper, lavender, oregano, pine, sage, satureja — 
winter savory, tea tree and common yarrow. The EOs were 
obtained from the Calendula company (Nová Ľubovňa, 
Slovakia) as pure substances (concentration of 100 %) and 
their composition is listed in Table 1. Three concentrations 
were used: 0.5 %, 5 % and 30 %. Mineral oil — liquid par-
affin (Merck KGaA, Darmstadt, Germany) was chosen to 
dilute the pure essential oils to the required concentrations. 
It was selected for its inertness so as to prevent the false 
positivity (antifungal activity of the diluent itself). Pure and 

Table 1. Composition of the essential oils according to the producer 
(Calendula company, Nová Ľubovňa, Slovakia)

Essential oil Plant of origin Content substances 

Bergamot Citrus bergamia limonene 36 %, linalool 15 %, linalyl acetate 23 % 

Cedar Cedrus spp. cineol 30 %, thujone 3 %, borneol 3 %

Chamomile Matricaria recucita bisabolol oxides 5 %, bisabolol 29 %, chamazulene 2.7 %

Cinnamon Cinnamonum aromaticum eugenol 77 % 

Clove Syzygium aromaticum eugenol 85 % 

Grapefruit Citrus paradisi limonene 87 % 

Juniper Juniperus communis α-pinene 45 %, sabinene 2 %, β-pinene 4 %, 
β-myrcene 3.5 %, α-phellandrene < 1 %, limonene 13 %, terpinen-4-ol 0.5 %, bornyl acetate < 1 %, 
β-karyophylene 2 %

Lavender Lavandula angustifolia linalool 43 % 

Oregano Origanum vulgare carvacrol 57 % 

Pine Pinus sylvestris α-pinene 43 %, camphene 1.5 %, β-pinene 19 %, car-3-ene 17 %, β-myrcene 2.2 %, limonene 8 %, 
β-phellandrene < 2.5 %, p-cymene < 2 %, terpinolene < 4 %, bornyl acetate 2.3 %, 
β-karyophylene 2.5 %

Sage Salvia officinalis cineol 15 %, thujone 24 %, borneol 18 % 

Satureja Satureja montana not established 

Tea-tree Melaleuca alternifolia terpinen-4-ol 33 %

Yarrow Achillea millefolium chamazulene 6 % 
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also diluted EOs were stored under standard laboratory 
conditions (18 °C) and without access of light (wrapped in 
aluminium foil).

Testing of sensitivity 
The sensitivity of 18 isolates and one reference strain 

of M. pachydermatis (CBS 1879, CBS-KNAW Fungal Bio-
diversity Centre, Utrecht, Netherlands) was evaluated by 
a modified disc diffusion method M44-A2 [9]. The method 
is based on pathogen growth inhibition, manifested by the 
development of diffusion zone due to the release of the an-
tifungal substances from impregnated paper discs. A refer-
ence strain of M. pachydermatis was used as a control.

In the experiment, 7-day old cultures of M. pachyder
matis passaged on Sabouraud dextrose agar with chloram-
phenicol — SCA (Himedia Laboratories Pvt. Ltd., India) 
were used. The yeast suspension was prepared in physio-
logic saline solution supplemented with 0.1 % of Tween 80 
(Merck KGaA, Darmstadt, Germany) at the final concen-
tration of 106 CFU.ml–1 corresponding to the standard 1 on 
a McFarland scale. The suspension was inoculated by us-
ing a sterile swab onto agar plates containing nutrient me-
dium — SCA, twice in three directions, 15 minutes apart. 
Paper discs (Oxoid Ltd., United Kingdom) were applied to 
the surface of the agar. Each disc (6 mm in diameter) was 
impregnated with 15 µl of the respective essential oil (con-
centration of 30 %, 5 % and 0.5 % in liquid paraffin). The 
cultivation took place at a  constant temperature of 32 °C 
for 96 hours. Subsequently, the size of the inhibitory zone 
was measured by using an Antibiotic zone scale (Himedia 
Laboratories Pvt. Ltd., India). Since the method M44-A2 
is intended for Candida species [9] and does not include 
interpretation criteria for Malassezia strains, isolates that 
showed an inhibition zone greater or equal to 15 mm (2.5-
fold larger than the disc diameter) were considered to be 
sensitive. 

The validity of testing was confirmed on the basis of 
the sensitivity of Candida albicans reference strain CCM 
8261 (Czech Collection of Microorganisms, Brno, Czech 
Republic) to itraconazole (10 mg per disc; Himedia Labo-
ratories Pvt. Ltd., India). The inhibition zone of 20 mm was 
detected, which is in agreement with interpretation criteria 
specified in the methodology (18—20 mm). 

The antifungal efficiency was expressed as a ratio of the 
number of sensitive isolates and the number of the isolates 
tested. 

RESULTS 

We evaluated the antifungal activity of the EOs at con-
centrations 0.5 %, 5 % and 30 %. The lowest tested concen-
tration (0.5 %) was not sufficient to inhibit the growth of 
Malassezia; all the inhibition zones were 0 mm (data not 
shown). 

Table 2 illustrates the antifungal activity of the EOs at 
a concentration of 5 % against isolates and reference strain 
of M. pachydermatis. Table 3 shows the effect of EOs at 
a concentration of 30 %. Essential oils obtained from clove, 
cinnamon and oregano exhibited an excellent effectiveness 
against M. pachydermatis growth at 30 % concentration. 
Clove and cinnamon EOs at a concentration of 5 % had an 
antifungal effect on less than half of the isolates tested (38 % 
and 33 %, respectively). The EOs of satureja, tea tree, berga-
mot, lavender, juniper, sage, grapefruit, cedar, pine, chamo-
mile and yarrow showed insufficient antifungal properties 
against M. pachydermatis in all concentrations. 

All essential oils at a  concentration of 0.5 % were not 
sufficient to inhibit the growth of both the isolates and the 
reference strain (all the inhibition zones were 0 mm), there-
fore these are not included in the table.

DISCUSSION

The essential oils can act as antibacterial agents against 
a wide spectrum of pathogenic bacterial strains including 
Listeria monocytogenes, L. innocua, Salmonella typhimuri
um, Escherichia coli, Shigella dysenteria, Bacillus cereus and 
Staphylococcus aureus. Plant extracts, especially EOs, may 
afford a  potential alternative to synthetic antiviral drugs: 
they have virocidal properties against Herpes simplex I [10]. 
Several EOs can act also on various microscopic fungi, e. g. 
Aspergillus niger, Geotrichum candidum [26], Trichophyton 
rubrum, T. mentagrophytes, Microsporum canis, Epidermo
phyton floccosum [8], Candida albicans and Malassezia fur
fur [11]. 

According to the results of our study, the essential oils 
of clove, cinnamon and oregano in concentration of 30 % 
showed excellent activity against M. pachydermatis. The 
formation of inhibition zones of cedar, chamomile, sage, 
grapefruit and tea-tree oil indicated their partial efficacy, 
however, based on the methodology they cannot be as-
sessed as effective. 
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Table 2. Effectiveness of essential oils at a concentration of 5 % against 
Malassezia pachydermatis

Essential oil

Isolates 
(n = 18)

Reference strain

Inhibition zones
[ø ± SD]

E (ss/n)
[%]

Inhibition zones
[mm]

Clove 16.94 ± 5.97 38 % (7/18) 18

Cinnamon 15.44 ± 5.73 33 % (6/18) 15

Oregano 13 ± 2.86 5 % (1/18) 14

Satureja 7.49 ± 1.87 0 % 0

Cedar 3.22 ± 3.02 0 % 8

Chamomile 3.61 ± 3.44 0 % 6

Bergamot 0 0 % 0

Lavender 0 0 % 0

Grapefruit 0 0 % 0

Sage 0 0 % 0

Tea tree 0 0 % 0

Juniper 0 0 % 0

Pine 0 0 % 0

Yarrow 0 0 % 0

ø — average size of the inhibition zone in mm; SD — standard deviation; E — Percentage of efficacy (number of sensitive strains/
number of samples tested); ss — sensitive strains; n — number of samples tested 

Table 3. Effectiveness of the essential oils at a concentration of 30 % against 
Malassezia pachydermatis

Essential oil

Isolates 
(n=18)

Reference strain

Inhibition zones
[ø ± SD]

E (ss/n)
[%]

Inhibition zones
[mm]

Clove 41.67 ± 4.81 100 % (18/18) 44

Cinnamon 40.14 ± 5.01 100 % (18/18) 50

Oregano 38.8 ± 4.45 100 % (18/18) 52

Satureja 23.26 ± 2.18 16 % (3/18) 12

Cedar 11.94 ± 1.89 0 % 12

Chamomile 11.17 ± 1.38 0 % 12

Bergamot 8.44 ± 1.67 0 % 10

Lavender 6.55 ± 4.32 0 % 8

Grapefruit 10.78 ± 2.39 0 % 10

Sage 10.06 ± 2.73 0 % 14

Tea tree 8.44 ± 4.87 0 % 10

Juniper 5.55 ± 3.26 0 % 8

Pine 4.44 ± 3.79 0 % 6

Yarrow 0 0% 0

ø — average size of the inhibition zone in mm; SD — standard deviation; E — percentage of efficacy (number of sensitive strains/
number of samples tested); ss — sensitive strains; n — number of samples tested 
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The antifungal effect of tea tree oil has also been report-
ed by Carson et al. [5]. Studies investigating the mecha-
nism of antifungal action have focused almost exclusively 
on Candida albicans as a model micro-organism. Similar to 
results found for bacteria, tea tree oil also alters the perme-
ability of C. albicans cells. 

Antifungal activity against M. pachydermatis was per-
formed by Kim et al. [18] using disc-diffusion assays and 
well diffusion tests. The essential oils inhibited the growth 
of M. pachydermatis in a  range from 0.5 % to 1.0 % con-
centrations. Thyme oil was found to be highly effective in 
inhibiting the growth of M. pachydermatis in a range from 
0.125 % to 0.0625 %, while marjoram and then tea tree oil 
exhibited lower inhibitory capacities [18]. Compared to 
our results, tea tree oil inhibited the growth of M. pachyder
matis only at higher concentration (30 %), while the lower 
one was not sufficient. 

In another study, the possible synergistic anti-Candida 
effect between tea tree, oregano and Pelargonium graveo
lens EOs and Amphotericin B was investigated. The anti-
fungal activity was assessed using the agar dilution method 
in eleven strains of C. albicans, C. glabrata, C. guillermondi, 
C. krusei, C. parapsilosis and C. tropicalis. The results ob-
tained indicated the occurrence of a synergistic interaction 
between the essential oils under study and Amphotericin B. 
P. graveolens essential oil appeared to be the most effective, 
inhibiting all the Candida species evaluated in their study 
[23]. Also, the results of our study demonstrated, that the 
efficiency of oregano EO was excellent (100 %) at higher 
concentration, 

In our results, 100 % efficiency was recorded by clove, 
cinnamon and these are comparable to the study of 
Rusenova and Par vanov [24]. In their study, twelve 
essential oils (thyme, clove, cinnamon, marjoram, tea tree, 
clary sage, peppermint, lemon, grapefruit, lemongrass, 
mandarin and oregano) were tested for inhibitory activity 
against some microorganisms of veterinary interest includ-
ing Candida spp. and M. pachydermatis using the disc dif-
fusion procedure. According to their results, the most po-
tent essential oils were cinnamon, oregano, lemongrass and 
thyme.

Essential oils of various Juniperus species were tested by 
Cavale iro  et al. [6] against selected yeasts — Candida al
bicans, C. krusei and C. parapsilosis, molds — Aspergillus fu
migatus and A. flavus and against dermatophytes — Micros
porum canis, M. gypseum, Trichophyton rubrum, T. menta

grophytes and Epidermophyton floccosum. All essential oils 
inhibited dermatophyte strains, C. krusei, C. glabrata and 
C. albicans. 

The antifungal action of various EOs against Aspergillus 
niger and Geotrichum candidum was also tested by Verma 
et al. [26]. By using different concentrations of EOs (5, 10, 
20, 30, 40 and 50 ppm), it was concluded that clove, lemon, 
orange and peppermint oil, already at the lowest concentra-
tion, had activity comparable to ketoconazole in the same 
concentration, whereas the effect of castor, olive and cedar 
oil was inadequate. 

CONCLUSIONS 

The enormous development of chemical drugs is cur-
rently associated with the increasing emergence of serious 
adverse effects including drug-resistance. Traditional me-
dicinal plants represent a  reservoir of pharmacologically 
active substances, which can also be used in the treatment 
of infectious diseases due to their antimicrobial effects. The 
results of our study have revealed that essential oils of clove, 
cinnamon and oregano at concentrations of 30 % inhibited 
the growth of Malassezia pachydermatis isolates (100 % ef-
ficiency), implying their potential use in the treatment of 
Malassezia infections in dogs. The confirmation of their 
potential antimicrobial effect indicates that these plants 
may be useful in combined therapy or creation of natural 
antifungal medications. 
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