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ABSTRACT

The in vitro activity of Cinnamomum cassia, Mela­
leuca alternifolia, and Cymbopogon citratus essential 
oils and antimycotics clotrimazole, fluconazole, and ke- 
tokonazole against T. mentagrophytes was evaluated by 
the disc-diffusion method. The essential oils were test­
ed at 5, 10, 20, 30, 50, and 100 % concentration. It was 
found that Cymbopogon, commonly called lemongrass, 
and cinnamon show stable results independent of the 
concentration used, whereas the efficacy of tea tree 
oil, significantly decreases with the decreasing concen­
tration. When comparing the efficacy of antimycotics 
the largest zone of inhibition was obtained with clo­
trimazole, while fluconazole proved to be ineffective. 
We found that cinnamon and lemongrass are more ef­
fective than the antimycotics that we have used. Our 
study confirmed that some essential oils can be used for 
the treatment of dermatophytoses caused by Tricho­
phyton mentagrophytes and some of them are more ef­
fective than the commercial drugs.

Key words: antimycotics; Cinnamomi cassiae aeth- 
eroleum; Cymbopogon citratus aetheroleum; dermato- 
phytoses; Melaleucae aetheroleum

INTRODUCTION

Infectious diseases are regarded as a significant prob­
lem of health and are a major cause of morbidity and 
mortality worldwide. Dermatophytosis is quite common 
among infectious diseases [52].

Fungal infections of the skin are a common global 
problem. Pathogens responsible for skin mycoses are pri­
marily anthropophilic and zoophilic dermatophytes from 
the genera Trichophyton, Microsporum, and Epidermo- 
phyton. There appears to be considerable inter- and intra­
continental variability in the global incidence of these fun­
gal infections [22, 29].

Clinical signs of trichophytosis are easily observable 
in humans and other animals. There are circular lesions 
observed on the skin that may also bind together and form 
large irregular structures and can have an average of a few 
centimetres in length [26]. The clinical forms of animal 
diseases are most often determined by the animal species, 
the animal's age, health condition, and virulence process, 
and may also be determined by individual characteris­
tics of the animal [17, 44]. The presence of inflammation 
or redness of the infected area and the loss of hair show 
typical symptoms of the infection [7].

The antifungal drugs that are routinely used the for the
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treatment of deep mycoses include polyenes and azoles. 
An additional drug that sees infrequent use, primarily for 
life-threatening yeast infections, is flucytosine (5-fluoro- 
cytosine). For superficial mycoses, particularly infections 
caused by fungi, azoles, allylamines, and griseofulvin are 
most commonly used [23].

Many antifungal medications commonly used in the 
therapy of fungal diseases have poor efficacy indicating 
side effects, toxicity, and drug interaction and increasingly 
also appears the development of resistance to these med­
ications [31, 40]. Treatment of dermatophytosis is quite 
expensive and time-consuming. Therefore, it is necessary 
to develop new drugs with improved efficacy and safety 
or evolve an alternative or combating infections [51]. Nat­
ural products have proven to be a source of new alterna­
tive active molecules. In many countries, particularly in 
the developing countries, the plants were primarily used to 
provide basic medical treatment [32].

The objective of this study was to compare the antifun­
gal activity of essential oils (Cinnamomi cassiae aether- 
oleum, Cymbopogon citratus aetheroleum, Melaleucae 
aetheroleum) against T. mentagrophytes with activity 
of conventional antimycotics (clotrimazole, fluconazole, 
ketoconazole) used in clinical practice, using the disc-dif­
fusion method.

MATERIALS AND METHODS 

Essential oils
Antifungal activity was tested in vitro in three essen­

tial oils: cinnamon, tea tree, and lemongrass essential oils 
(Table 1) (HANUS -  Herbal preparations, Nitra, the Slo­
vak Republic) with a concentration of 100 %, 30 %, 20 %,

10 %, and 5 %. While diluting essential oils to the desired 
concentration, we proceeded exactly as in the prepara­
tion of emulsions. Gum Arabic was used as an emulsifier, 
which represented 30 % of the total concentration of the 
solution.

Antimycotics
The following commercial antifungal discs were used 

in the experiment (Biolab Slovakia s. r. o. Komarno, the 
Slovak Republic): clotrimazole 10 mcg; clotrimazole 
50 mcg; fluconazole 25 mcg; ketoconazole 10 mcg.

Tested strain
For testing, we used the reference strain Trichophyton 

mentagrophytes CCM 8377/ATCC 9533 (the Czech Col­
lection of Microorganisms, Brno, the Czech Republic).

Disc-diffusion method
The antifungal activity of essential oils and antimy- 

cotics were determined by the disc-diffusion method, ac­
cording to a standard methodology M44-A2 clinical and 
laboratory standard institute CLSI for antimicrobial sus­
ceptibility testing. The pure culture of the Trichophyton 
mentagrophytes strain was prepared by passaging on Sa- 
bouraud dextrose agar with the addition of chlorampheni­
col. After a 10-day incubation period at room temperature 
(21-23 °C), a suspension of spores with a sterile saline 
solution was prepared. The inoculum density was adjust­
ed using a densitometer (Denzi-Lameter, Pliva LaChema 
a. s., Brno, the Czech Republic) to the 0.5 McFarland-scale 
equivalent (i. e. 1 x 106 -  5 * 106 CFU.ml-1). Subsequently, 
the inoculum was applied with a sterile swab onto the 
surface of the nutrient medium twice in three directions, 
with 15 minutes between the two measurements. The discs

Table 1. The essential oils tested in  v itro  against T. m e n ta g ro p h y te s

Type of Latin name of Latin name of Latin name of
essential oil type the essential oil the mother plant the family

Cinnamon
C in n a m o m i c a ss ia e  

a e th e ro le u m
C in n a m o m u m  ca ssia Lauraceae

Tea tree M e la le u c a e  a e th e ro le u m M e la le u c a  a lte rn ifo lia Myrtaceae

Lemongrass
C y m b o p o g o n  

c itra tu s  a e th e ro le u m
C y m b o p o g o n  c itra tu s Poaceae
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associated with antimycotics, or essential oils at the ap­
propriate concentration were transferred onto the prepared 
medium. The plates were incubated at a laboratory temper­
ature for 10 days and then the results were counted. A zone 
of inhibition was created as the criterion for determining 
sensitivity, where the size reached at least twice the size 
of the disc. The experiment was repeated 3 times. When 
testing azole antimycotics, the sensitivity was evaluated 
based on the criteria in the manufacturer's instructions.

Statistical analysis
The statistical analysis was performed by regression 

analysis. To test the differences among medium values 
of multiple files, the method ANOVA and Tukey’s multiple 
comparison method were used. All statistical hypotheses 
were tested at a significance level of a  < 0.05.

RESULTS

The average values of the zones of inhibition against 
T. mentagrophytes are shown in Table 2. Lemongrass and 
cinnamon showed higher average values than the other 
tested substances. The median of the two essential oils 
reached even the highest possible value of 90 mm (i. e., the 
diameter of the Petri dish). We observed a decrease in the 
medium value of the lemongrass against cinnamon, which 
was caused by low values at 5 % concentration. Tea tree, 
fluconazole, and ketoconazole showed considerably low­
er values than the other tested substances. All of the sub­

stances, except the tea tree oil, resulted in very low values 
of the coefficient of variation, so their effects could be con­
sidered as stable.

Conventional antimycotics showed a stable effect since 
a low coefficient of variation was detected. Essential oils, 
cinnamon, and lemongrass reached the highest efficacy 
from the concentration of 10 %. The dose-dependent effi­
cacy of essential oils concentration was verified by regres­
sion analysis separately for each essential oil (Tables 3, 4).

From Table 3 it is evident that the efficacy level of 
lemongrass did not depend on the concentration. The 
p-value of the linear coefficient was greater than 0.05 
while that of the constant coefficient was very close to 
zero, thus the constant coefficient was significant.

From Table 4 it is evident that the efficacy value of the 
tea tree depends on the concentration. The p-value of the 
linear and constant coefficients was less than 0.05, and 
both coefficients were significant.

There was no statistical testing with the cinnamon, 
as the results of the measured values were equal to 90. 
Thus, a constant dependency was evident.

A one-way analysis by Tukey’s method was employed 
for the multiple comparison efficacies of each concentra­
tion of essential oils for the concentrations ranging from 
5 to 20 % (Table 5), 30 % (Table 6), and 100 %.

At a 100 % oil concentration it was impossible to find 
any differences among the substances since almost at every 
measurement the diameter of the inhibition zone reached 
90 mm.

Table 2. The average values (mm) of the zones of inhibition against T. m e n ta g ro p h y te s

Medium value Median Coefficient of 
variation

Susceptible/ 
resistant (S/R)

Lemongrass 78.53 90 0.3 S

Cinnamon 90 90 0 S

Tea tree 24.66 0 1.48 S

Clotrimazole 10 76.66 80 0.07 S

Clotrimazole 50 76.66 80 0.07 S

Fluconazole 0 0 0 R

Ketokonazole 28.66 29 0.08 S
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Table 3. Linear regression for lemongrass

Coefficients Medium value 
error t Stat P-value

Constant coefficient 69.13 8.53 8.1 3.302e-6*

Linear coefficient 0.30 0.20 1.48 0.163609

* -  P < 0.05

Table 4. Linear regression for tea tree

Coefficients Medium value 
error t Stat P-value

Constant coefficient -7.93 3.82 -2.07 0.0096019*

Linear coefficient 0.99 0.09 10.78 0.01581e-7*

* -  P < 0.05

Table 5. Analysis by Tukey's method of 5-20 % concentration of essential oils

Diameter difference
[mm]

Lower
estimate

Upper
estimate P-value

Lemongrass -  tea tree 69.77 50.04 89.51 0*

Cinnamon -  tea tree 88.88 69.15 108.62 0*

Cinnamon -  lemongrass 19.11 -0.62 38.84 0.05

P < 0.05

Table 6. Analysis by Tukey's method for 30 % concentration of essential oils

Diameter
difference

Lower
estimate

Upper
estimate P-value

Lemongrass -  tea tree 60 31.07 88.92 0.0017169*

Cinnamon -  tea tree 60 31.07 88.92 0.0017169*

Cinnamon -  lemongrass -1.421085E-14 -28.92 28.92 1.00

* -  P < 0.05

DISCUSSION

In vitro antimicrobial activity of essential oils of cinna­
mon was published in many studies [1, 5, 11, 12, 15, 18, 
19, 21, 30, 35, 39, 42, 43, 45]. The antifungal effects of 
essential oil from Cinnamomum longepaniculatum leaves 
were studied with special reference to minimal inhibito­
ry concentration (MIC), minimal fungicidal concentration 
(MFC), time-kill studies, and the mechanism of inhibition 
at an ultrastructural level against Trichophyton menta-

grophytes, Microsporum canis and Trichophyton gypse- 
um [47]. Our results also confirmed the antifungal effect 
of Cinnamomum cassia. In our experiment, the efficacy 
of Cinnamomum cassia against Trichophyton mentagro- 
phytes did not depend on concentration of the essential oil. 
The average values of the zones of inhibition were deter­
mined at all tested concentrations at 90 mm as the maxi­
mum possible value.

In vitro and in vivo studies conducted in different coun­
tries demonstrated numerous beneficial medicinal effects
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of Cinnamomum zeylanicum [41] and its anti-microbial 
activity [25]. T a o et al. confirmed that essential oil from 
Cinnamomum longepaniculatum showed a significant 
antifungal activity in vivo, weakening the virulence of 
three dermatophytes and killing fungi by destroying the 
cell membrane and organelles [47].

The aim of the study by C i s a r o v a et al. [9] was 
to assess the antifungal and anti-toxinogenic activity of 
15 essential oils against three fungi of the genus Aspergil­
lus. All essential oils exhibited activity against the tested 
strains of fungi.

G o z u b u y u k et al. [20] investigated the antifungal 
activity of L. inermis (henna) against six different derma­
tophyte species: Trichophyton rubrum, Trichophyton men- 
tagrophytes, Microsporum canis, Trichophyton tonsurans, 
Epidermophyton floccosum, and Trichophyton violace- 
um. The antifungal activity of L. inermis was determined 
by agar diffusion method and henna was used in paste 
form. Henna paste showed high antifungal activity against 
all dermatophytes species.

The antifungal potential of tea tree was investigated 
in vitro against Trichophyton rubrum and T. mentagro- 
phytes var. interdigitale, the most prevalent causes of tinea 
and onychomycosis infection in humans. There was ob­
served a clear antifungal action on these organisms grown 
in culture. B e n g e r et al. [3] and C a s s e l l a et al. [8] 
detected the activity of Melaleuca alternifolia against the 
dermatophyte Trichophyton rubrum. The studies also con­
firmed that the oil was a potent antifungal agent and that 
the inverse relationship between essential oil concentra­
tion and fungal growth was not influenced by random var­
iability. Our study showed that the efficacy of this essen­
tial oil against T. Mentagrophyte, was maximal at 100 % 
concentration (inhibition zone of 90 mm), but that the ef­
fectiveness was significantly decreased at a concentration 
of 30 %. The tea tree showed an inhibition zone diameter 
of 0 mm at concentrations ranging from 5 to 20 % at which 
it can be considered ineffective.

C o n c h a et al. [10] determined the activity of tea 
tree oil against 58 clinical isolates. This in vitro study 
indicated that tea tree oil may be useful in the treatment 
of yeast and fungal mucosal and skin infections.

Antimicrobial activities of methanol leaf extract 
of Leucas sp. were studied by B a b u et al. [2]. Antifun­
gal susceptibilities of clinically isolated dermatophytes to 
methanol extracts of Leucas aspera and Leucas zeylani-

ca leaves were investigated using the agar well diffusion 
method. The results obtained showed that all the extracts 
expressed remarkable antifungal activity. The maximum 
inhibition zone was recorded with Penicillium sp. while 
the minimum inhibition zone was recorded for Candida 
tropicalis. These results confirmed potential anti-dermato- 
phytic activity of Leucas spp.

The antimycobacterial activity of aerial parts and es­
sential oils of four Salvia species against Mycobacterium 
tuberculosis strains was analysed and the antifungal ac­
tivity against dermatophytes Microsporum gypseum and 
Trichophyton mentagrophytes and also Candida species 
was compared with by broth microdilution method. The 
essential oils showed high antimycobacterial and antifun­
gal activity [46].

The in vitro activity of twenty chemically defined 
essential oils against Microsporum canis, Trichophyton 
mentagrophytes, T. erinacei, T. terrestre and Microsporum 
gypseum Microsporum canis, Trichophyton mentagro- 
phytes, T. erinacei, T. terrestre and Microsporum gypseum 
was assayed. More effective essential oils were T. serpyl- 
lum, O. vulgare, and L. cubeba. F. vulgare showed mod­
erate efficacy against geophilic species such as M. gypse- 
um and T. terrestre [34].

D e s a m et al. [13] studied the antifungal activity 
of mentha and peppermint essential oils. They showed 
a significant antifungal activity against Alternaria alter- 
naria, Fusarium tabacinum, Penicillum spp. Fusarium 
oxyporum and Aspergillus fumigates.

The study conducted with south Indian medicinal 
plants involved their efficacy against three clinical fungal 
isolates Trichophyton mentagrophytes, Epidermophyton 

floccosum, and Candida albicans, using the agar well dif­
fusion method. The extract of twenty plants used in this 
study acted as a good source of antibiotics against various 
fungal pathogens tested and exhibited a broad spectrum 
of antifungal activity [49].

Several authors investigated the antibacterial prop­
erties of Cymbopogon citratus [24, 36, 37]. K h a n and 
A h m a d [28] evaluated in vitro the antifungal activity 
of Cymbopogon citratus oil against azole-resistant strains 
of Aspergillus spp. and Trichophyton spp. They observed 
that C. citratus exhibited promising antifungal activity 
(zone of inhibition from 24.66 to 42.00 mm) and the kill­
ing potency against Aspergillus fumigatus and Trichophy­
ton rubrum. Our results showed that the efficacy of Cym-
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bopogon citratus did not depend on the concentration. 
It showed the highest possible efficacy against T. menta- 
grophytes at concentrations ranging from 10 to 100 %. The 
efficacy decreased (32.6 mm) at 5 % concentration.

B i a s i - G a r b i n et al [4] evaluated the in vitro anti- 
dermatophytic activity of 23 crude extracts from nine 
plant species found in Brazil. The extracts were tested by 
broth microdilution assay against the reference strains of 
T rubrum and T. mentagrophytes and 33 clinical isolates 
of dermatophytes. All plants showed a fungicidal effect 
against both fungal species. Selected extracts of Eugen­
ia uniflora, Libidibia ferrea, and Persea americana also 
exhibited a fungicidal effect against all clinical isolates 
of T. rubrum and T. mentagrophytes complex. This is the 
first report of the antifungal activity of Schinus terebinthi- 
folius, Piptadenia colubrina, Parapiptadeniarigida, Mi­
mosa ophthalmocentra, and Persea americana against 
both dermatophyte species.

O r c h a r d et al. reported high susceptibility of fun­
gal pathogens, such as Trichophyton mentagrophytes, 
to combinations of essential oils. The potential combina­
tions containing Cinnamomum verum or Santalum aus- 
trocaledonicum were studied in a clinical settings with 
the goal to decrease the need for systemic or prolonged 
antifungal treatments that may result in a treatment fail­
ure or resistance [38]. Essential oil mixtures may provide 
a better outcome than monotherapy in terms of side effects 
and toxicity, as well as reducing the emergence of resistant 
strains. Based on their antifungal and anti-inflammatory 
properties, these combinatorial strategies may be use­
ful in supplementing conventional therapy by alleviating 
symptoms, promoting healing, and preventing spread of 
dermatophytosis [48].

Overall, we can summarize our findings that lemon- 
grass and cinnamon have significantly better efficacy than 
tea tree, except for the concentration of 100 %, and their 
effect did not dependent on the tested concentration. The 
efficacy was the highest possible and the zone inhibition 
diameter was 90 mm. The statistical comparison shows 
that there are significant differences between lemongrass 
and cinnamon compared to tea tree. Z e n g, C h e n and 
L i a n g [53] studied the antifungal effects of fennel seed 
essential oil against Trichophyton rubrum, Trichophyton 
tonsurans, Microsporum gypseum and Trichophyton men- 
tagrophytes. Fennel seed essential oil was investigated 
from various aspects, such as MIC and minimum fungicid­

al concentration, mycelia growth, spore germination, and 
biomass. The results indicated that this oil showed better 
antifungal activities than the commonly used antifungal 
agents fluconazole and amphotericin B.

Our experiments showed that the efficacy was less 
than 90 with each conventionally produced antifun­
gal agent tested in our study and the essential oils such 
as cinnamon and lemongrass were more effective as an- 
timycotics. D i o g o et al. [14] investigated the activity 
of different concentrations of terbinafine against T. menta­
grophytes using the disc-diffusion method. The diameter 
of the inhibition zone was 40 mm and did not depend on 
the concentration of terbinafine. Comparing the effective­
ness of conventional antimycotics, the largest inhibition 
zone was observed with clotrimazole (80 mm), but flu­
conazole proved ineffective against T. mentagrophytes 
and ketoconazole showed an inhibition zone of 29 mm in 
our experiment. The effectiveness of clotrimazole did not 
depend on concentration. K e y v a n et al. [27] conduct­
ed in vitro activity testing of six antifungal drugs against 
clinically important dermatophytes and reported that flu­
conazole exhibited the poorest activity while clotrimazole 
and terbinafine were the most effective antifungal drugs. 
E s t e b a n et al. [16] also tested by disc-diffusion meth­
od the antifungal susceptibility of six kinds of dermato­
phytes including T. mentagrophytes and confirmed the 
high efficiency of clotrimazole.

Despite promising results of recent studies [6, 33, 
50], we agree with their authors that the potential toxici­
ty of these products must be considered because EO have 
been shown to cause skin allergy and irritation. As a result, 
it is critical not only to investigate the effectiveness of es­
sential oils, but also pay attention to their safety (harmless­
ness) as well as the potential associated risks.

CONCLUSIONS

Essential oils have long been known to be in a centre of 
attention for their antimicrobial effects because of their po­
tential role as an alternative to antibiotics and antimycotics 
for therapeutic purposes. The in vitro experiment, based 
on descriptive statistics, indicated that lemongrass and 
cinnamon essential oils were effective against T. menta- 
grophytes, while the effectiveness of tea tree decreased 
significantly depending on concentration. When compar­
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ing the efficacy of commercial antimycotics, the greatest 
commercial inhibition zone was observed with clotrima­
zole, and fluconazole has proved ineffective.

The disc-diffusion method used in this study is a sim­
ple and valuable method for the evaluation of the antifun­
gal susceptibility of dermatophytes in in vitro experiments.

The antifungal effects of essential oils could be a very 
promising solution that can overcome the therapeutic 
shortcomings of antimycotic medication. More experi­
ments are needed to examine the properties of these oils 
in order to devise effective and nonaggressive therapies for 
the treatment of dermatophytosis.
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