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Summary
Introduction: Cinnamomum genus (family Lauraceae) is one of tropical plants widely inhabiting the Earth. 
Their form can be shrub or tree and its bark and leaves are used to obtain essential oils. Numerous studies 
confirm the high effectiveness of these oils in inhibiting the development of fungi human pathogens. 
Therefore, such oils may become an alternative for pharmaceuticals used to fight fungal infections in future.

Objective: The purpose of this study was to assess the fungicidal activity of cinnamon oils made from bark 
and leaves of various Cinnamomum species available on the market against strains of dermatotrophic fungi 
and yeast-like fungi. Also, the chemical composition of aforementioned oils and the activity of individual 
ingredients against the selected fungi causing skin infections was determined.

Method: In the analyses performed, the values of minimum inhibitory concentrations (MIC) and minimum 
fungicidal concentrations (MFC) were determined for all tested oils and their ingredients. The chemical 
composition of each oil was analysed by GC/MS and the cinnamaldehyde content determined by GC.

Results: Among the oils tested, C. camphora bark oil had the weakest antifungal activity, concentration 
of inhibition (MIC) and fungicidal (MFC) amounts 5≥10 µg/µl. The other tested oils had a comparatively 
high antifungal activity against dermatophytes; the MIC was at the level of 0.078–0.625 µg/µl, while the 
MFC  was  in the range of 0.156–0.625 µg/µl. The development of yeast-like fungi was inhibited more 
effectively by bark oils rather than leaves oils; the MIC and MFC for Cinnamomum oils amounted respectively: 
MIC/MFC=0.156–0.625 µg/µl (bark) and MIC=0.313–2.5 µg/µl, MFC=0.625–2.5 µg/µl (leaves). Among the 
examined oils ingredients: cinnamaldehyde, methoxycinnamaldehyde and eugenol were characterised by 
the highest activity.

Conclusion: The high fungicidal potential of cinnamon oils and their ingredients may result in their future 
use as a natural alternative in the production of antifungal pharmacological preparations.
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INTRODUCTION 

Over 250 species of Cinnamomum genus belonging 
to the family of laurel plants (Lauraceae) has been 
distinguished. Originally, Cinnamomum species 
inhabited East and South-East Asia. They are 
currently grown in the entire subtropical climate 
zone, e.g. in Sri Lanka, Ceylon, China, Indonesia, 
Japan and Taiwan [1]. They can be found in 
tropical forests and grow at different heights, from 
lowlands to mountain slopes, both in wetlands and 
well-drained soils [2]. They take the form of green 
shrubs or trees of various sizes, reaching even 15 
m of height. Their ovoid-oblong leaves are from 7 
to 18 cm long. The flowers are arranged in panicles 
and the fruits are small (1cm) purple berries 
with one seed [3, 4]. The most famous species of 
Cinnamomum include Ceylon cinnamon tree (C. 
verum), Chinese cinnamon (C. cassia), Indonesian 
cinnamon (C. burmannii) and Camphor laurel 
(Cinnamomum camphora) [5].
	 Both bark and leaves of this tree can be used to 
obtain cinnamon oil in the form of yellow volatile 
liquid turning to a darker brown colour during storage 
and when exposed to air. The traditional procedures 
of obtaining essential oils are based on distillation and 
extraction with organic solvents, while the advanced 
methods include several innovative techniques, such 
as supercritical fluid extraction (SFE), ionic liquid 
extraction, ultrasound-assisted extraction, hydro-
diffusion and microwave gravity, microwave steam 
distillation (MSD) [6]. However, steam distillation 
is still the most popular physical method used to 
isolate oils. First, the plant material is dried and then 
properly ground to break the oil sacs and expose 
the surface increasing the efficiency of oil leakage 
as much as possible [7]. Owing to the characteristic 
aromatic and spicy scent and taste, cinnamon oils 
are used in the food industry for the production of 
food and beverages and in the cosmetic industry as a 
fragrance in creams and perfumes [8, 9].
	 The chemical composition of oil depends on 
numerous factors, including the origin of the raw 
material, species, and part of the plant from which it 
is obtained [10]. It was found that oil obtained from 
cinnamon bark contains more cinnamaldehyde than 
the oil obtained from the leaves. Cinnamaldehyde 
also is one of the most common bioactive substances 

contained in it [11, 12]. This component is widely 
known for its anti-inflammatory, antimicrobial, 
antioxidant, antitumour, cholesterol-lowering, and 
immunomodulatory properties [13-16].
	 The essential oil obtained from Cinnamomum 
leaves contains much more eugenol (70–80%) 
compared to the oil obtained from C. bark (7–18%). 
Eugenol is also known for its antiseptic properties. 
However, its use is significantly limited due to its 
high toxicity [17]. 
	 Oils derived from various species of Cinnamo­
mum, apart from cinnamaldehyde and eugenol, 
also contain small amounts of compounds 
belonging to terpenes and terpenoids, such as 
cinnamaldehyde acetate, benzyl benzoate, linalool, 
limonene, p-cymene, α- and β-pinene, 1,8-cineole, 
1,4-terpinen-4-ol, safrole and camphor [3, 18-21]. 
According to literature, most of above mentioned 
compounds have strong bactericidal and fungicidal 
properties [22-24].
	 Cinnamomum oils and extracts have beneficial 
healing properties, both in preparations used 
externally and internally. They have, among others, 
anti-inflammatory and antioxidant, antiviral, anti
bacterial and antifungal effect [25-28]. 
	 In recent years, there has been an increased 
interest of scientists in research related to evaluation 
of the effects of plant extracts and essential oils and 
their individual ingredients on the development 
of fungi causing skin infections in humans [26, 
29, 30]. The research carried out so far provides 
information on the high efficiency of inhibiting the 
development of dermatotrophic fungi (Trichophyton, 
Microsporum) and yeast-like fungi (Candida sp.) 
exposed to cinnamon oils. Some examples include 
Tao et al. [31], who point to the high effectiveness 
of the oil derived from C. longepaniculatum 
leaves having inhibitory and biocidal effect at the 
concentration of 3.125 µl/ml against fungal strains 
Microsporum canis, Microsporum gypseum and 
Trichophyton mentagrophytes. Moreover, the papers 
by Maciel et al. [32] confirm that C. amoenum 
leaves oil effectively inhibits the development of 
T. rubrum, T. mentagrophytes, M. canis and M. 
gypseum strains in the range of concentrations 
0.125≥0.5 µg/µl (MIC). According to Mariappan et 
al. [33], strains of fungi of the genus Malassezia (M. 
globosa, M.  sympodialis, M. furfur) are effectively 
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inhibited by exposure to cinnamon oil from C. 
verum bark in the range of concentrations 0.5 µg/µl 
≥ 2 µg/µl (MIC) and according to Shahina et al. 
[34], C. zeylenicum bark oil in the concentration 
of 62.5  µg/ml, significantly inhibits the growth of 
clinical isolates of the genus Candida. 
	 Although the chemical constituents and the 
antifungal activity of the essential oils of various 
Cinnamomum species have been reported, there was 
little attempt to correlate their constituents and their 
antifungal activity.
	 The purpose of this study was to assess the fungi
cidal activity of cinnamon oils obtained from bark 
and leaves of various Cinnamomum species available 
in the market against strains of dermatotrophic 
fungi (Microsporum canis, Microsporum gypseum, 
Trichophyton mentagrophytes and Trichophyton 
violaceum) and yeast-like fungi (Candida albicans, 
Candida glabrata, Candida lipolytica and Candida 
tropicalis). Moreover, the chemical composition of 
the aforementioned oils and the activity of individual 
ingredients against the selected fungi causing skin 
infections was determined. 

MATERIALS AND METHODS 

Reagents

In this study, the antifungal properties of 7 com
mercial essential oils obtained from bark and leaves 
of various species of Cinnamomum sp. purchased 
in Poland at chemist’s or oriental products shops 
were tested. The oils used in the study were derived 
from bark of (1) C. zeylanicum (Pollena Aroma), 
(2) C. burmannii (Instytut Aroma), (3) C. camphora 
(NatVita), (4) C. cassia (Now Foods), (5) C. zeyle­
nicum (Ecospa) and leaves of (6) C. zeylanicum 
(Optima Natura), (7) C. zeylanicum (Zielony Klub). 
Ingredients of essential oils (trans-cinnamaldehyde, 
p-cymene, α-pinene, β-pinene, terpinene, terpino
lene, sabinene, limonene, caryophyllene, cinnamyl 
acetate, methoxycinnamaldehyde, eugenol, camphor) 
and the reference substance – ketoconazole were 
purchased from Sigma-Aldrich (Poland).

Microorganisms 

The tests were performed using 4 strains of derma
totrophic fungi: Microsporum canis ATCC 26919, 
Microsporum gypseum ATCC 6231, Trichophyton 
mentagrophytes ATCC 9533 and Trichophyton 
violaceum ATCC 11902 and 4 yeast strains: Candi­
da albicans ATCC 10231, Candida glabrata PCM 

2703, Candida lipolytica PCM 2680 and Candida 
tropicalis PCM 2709 from American Type Culture 
Collection (USA) and from Polish Collection of 
Microorganisms (Poland). The test fungi strains 
were stored in the form of slants on Sabouraud 
Dextrose Agar substrate (SDA) (Oxoid, UK), 
pH 5.6, in a refrigerator at 4°C and inoculated every 
6–8 weeks onto a fresh medium. 

Determination of activity of cinnamon oils and their 
components against dermatophytes

The tests of the activity of essential oils and their 
compounds against dermatophytes were carried out 
based on cylinder agar dilution method [26, 35]. 
The tests were aimed at determining the values of 
inhibitory concentrations – MIC (Minimal Inhi­
bitory Concentration) and biocidal concentrations 
– MFC (Minimal Fungicidal Concentration) for all 
cinnamon oils, their individual ingredients (trans-
cinnamaldehyde, p-cymene, α-pinene,  β-pinene, 
terpinene, terpinolene, sabinene, limonene,  caryo
phyllene, cinnamyl acetate, methoxycinnamal
dehyde, eugenol, camphor) and the reference 
substance – ketoconazole against the test fungi. 
The oils and other test substances were dissolved in 
Tween 20 solution (5 µg/µl) by preparing samples 
of appropriate starting concentration which were 
diluted 10 times after adding them to liquefied 
Sabouraud Dextrose Agar medium (Oxoid, UK). 
The range of concentrations of the tested essential 
oils, their ingredients and the reference substance 
amounted to 0.039–10 µg/µl. 
	 The test was carried out according to the metho
dology described by Wawrzykiewicz et al. [35], 
Michalczyk and Ostrowska [26]. As the value of 
minimum inhibitory concentration (MIC) the 
concentration of a compound limiting the fungus 
colony growth to 7 mm, i.e. 2  mm beyond the 
diameter of the incorporated inoculum, was adopted. 
Fungal inocula considered as negative (no growth) 
in the MIC test were incorporated into Sabouraud 
Dextrose Agar medium without the addition of the 
test compounds and were incubated at the optimum 
temperature (25°C) and time for the growth of the 
test fungi (5–7 days). As a value of the minimum 
fungicidal concentration (MFC), the concentration 
of compound causing total lack of growth of a fungus 
(macroscopic evaluation) was adopted.

Determination of activity of cinnamon oils and their 
components against yeast-like fungi

The test was performed by serial dilutions in 
liquid medium [36, 37]. The aim of the study 
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was to determine the minimum concentration 
of tested substances (cinnamon oils, their ingre
dients:  trans-cinnamaldehyde, p-cymene, α-pine
ne,  β-pinene, terpinene, terpinolene, sabinene, 
limonene, caryophyllene, cinnamyl acetate, metho
xycinnamaldehyde, eugenol, camphor and the 
reference substance – ketoconazole) which inhibits 
the growth of yeast in the medium (MIC) or kills 
the microorganisms (MFC). The study was carried 
out on a liquid medium in tubes on 4 yeast strains 
in the concentration range of 0.039–10 µg/µl. The 
test was performed on Sabouraud Dextrose Agar 
medium (Oxoid, UK). The prepared solutions of 
test substances were poured aseptically into sterile 
tubes and then infected with yeast. A 48-hour yeast 
culture grown on slant with Sabouraud medium 
was used for inoculation at 29°C. Yeast was washed 
from the slants with saline and the resulting density 
of the suspension was adjusted to 106 CFU/ml. 
Inoculated samples were incubated for 48 hours at 
29°C for yeasts. After the incubation, the samples 
were evaluated visually for the growth of strains. 
The lowest concentration at which turbidity was not 
observed was evaluated as the minimum inhibitory 
concentration (MIC). In order to determine the 
minimum fungicidal concentration (MFC) of the 
test preparation, the contents of each test tube 
was transplanted to solid Sabouraud medium 
supplemented with inactivators (0.3% lecithin, 3% 
polysorbate 80 and 0.1% L-cysteine) and incubated 
for 48 hours at a temperature of 29°C. The minimum 
fungicidal concentration (MFC) was assumed to be 
the lowest concentration of the product in which, 
after the incubation period, no growth of yeast was 
observed. 

GC analysis

The GC analysis of cinnamon oils was performed 
with a gas chromatograph Agilent 7890 (Agilent, 
USA) equipped with a flame ionization detector 
and  a HP-5 capillary column (30 m × 0.25 mm × 
0.25  μm; Hewlett Packard, Waldbronn, Germany). 
The carrier gas was nitrogen at a flow rate of 
5  ml/min. Injections (2 μl) were made in the split 
mode 20:1 at an injector temperature of 250°C. 
The detector temperature was set at 270°C. The 
temperature program employed was: initial oven 
temperature at 50°C (held for 3 min.) increasing 
at 10°C/min up to 250°C and kept constant for 
2 min. The percentage composition of EO was 
calculated using the peak normalization method. 
The percentage of cinnamaldehyde in the oils was 
determined by external standard method.

GC-MS analysis

The GC/MS analysis of cinnamon oils was carried 
out  on a Agilent 6890N gas chromatograph 
coupled with a mass detector Agilent 5975C mass 
spectrometer. An Rxi-5MS capillary column (30 m 
× 0.25 mm × 0.25 µm; Agilent, USA) was used for 
separation. The dosing volume amounted to 1 ml 
with the split mode 1:10 ratio. Helium was used 
as carrier gas at flow rate of 1 ml/min. The inlet 
temperature was 250°C. The oven temperature 
program initiated at 50°C, held for 3 min, then an 
increased by 10–250°C/min, and held for 2 min. 
Mass spectra were measured with an electron 
ionization (EI) mass spectrometer. The electron 
energy was 70 eV. The ion source temperature was 
250°C and the transfer line was 280°C. 
	 Ions of test compounds were detected in the 
range from 40 to 400 m/z at the scanning speed of 
0.8 s/scan. The delay time of ion source switching 
on was 180s. Identification of compounds was 
based on comparisons of their mass spectra 
with those recorded in the National Institute of 
Standards and Technology database. Quantitative 
analysis of each essential oil component (expressed 
as  area percentage) was carried out by peak area 
normalization measurement. 

Statistical analysis

The experiments on dermatotrophic fungi were 
performed in triplicate. The MIC and MFC values 
were expressed as geometric mean. The data were 
compared statistically using the unpaired t‐test. The 
values were considered significantly different when 
p<0.05. The data on Candida strains were expressed 
as mean of triplicate. The results were analysed using 
two-way analysis of variance (ANOVA) followed 
by the Tukey test and the results were considered 
statistically significant when p<0.05.

	 Ethical approval: The conducted research is not re­
lated to either human or animal use.

RESULTS AND DISCUSSION 

In order to assess the antifungal activity of 
commercial leaves and bark oils of various species 
of Cinnamomum and their individual ingredients, 
the minimum inhibitory concentration (MIC) and 
the minimum fungicidal concentration (MFC) 
values were determined against human pathogens. 
The tests were performed in the concentration range 
of 0.039–10 µg/µl. The conducted study indicates 

A. Michalczyk, P. Ostrowska, M. Wołoszynowska

https://en.wikipedia.org/wiki/Caryophyllene
https://en.wikipedia.org/wiki/Caryophyllene
https://en.wikipedia.org/wiki/Caryophyllene
https://en.wikipedia.org/wiki/Caryophyllene
https://en.wikipedia.org/wiki/Caryophyllene
https://en.wikipedia.org/wiki/Caryophyllene
https://en.wikipedia.org/wiki/Caryophyllene
https://en.wikipedia.org/wiki/Caryophyllene
https://en.wikipedia.org/wiki/Caryophyllene
https://en.wikipedia.org/wiki/Caryophyllene
https://en.wikipedia.org/wiki/Caryophyllene
https://en.wikipedia.org/wiki/Caryophyllene
https://en.wikipedia.org/wiki/Caryophyllene
https://en.wikipedia.org/wiki/Caryophyllene
https://en.wikipedia.org/wiki/Caryophyllene
https://en.wikipedia.org/wiki/Caryophyllene
https://en.wikipedia.org/wiki/Caryophyllene
https://en.wikipedia.org/wiki/Caryophyllene
https://en.wikipedia.org/wiki/Caryophyllene
https://en.wikipedia.org/wiki/Caryophyllene
https://en.wikipedia.org/wiki/Caryophyllene
https://en.wikipedia.org/wiki/Caryophyllene
https://en.wikipedia.org/wiki/Caryophyllene
https://en.wikipedia.org/wiki/Caryophyllene
https://en.wikipedia.org/wiki/Caryophyllene
https://en.wikipedia.org/wiki/Caryophyllene
https://en.wikipedia.org/wiki/Caryophyllene
https://en.wikipedia.org/wiki/Caryophyllene
https://en.wikipedia.org/wiki/Caryophyllene
https://en.wikipedia.org/wiki/Caryophyllene
https://en.wikipedia.org/wiki/Caryophyllene


Vol. 69 No. 1 2023

5Use of Cinnamomum sp. bark and leaf essential oils in combating human pathogen yeast-like and dermatotrophic fungi

Essential 
oil/Reference substance

Microsporum 
gypseum

Microsporum 
canis

Trichophyton 
mentagrophytes

Trichophyton 
violaceum

MIC MFC MIC MFC MIC MFC MIC MFC
1 0.156 0.156 0.625 0.625 0.313 0.313 0.156 0.313
2 0.156 0.156 0.625 0.625 0.156 0.156 0.156 0.156
3 >10 >10 >10 >10 5 >10 10 >10
4 0.078 0.313 0.625 0.625 0.313 0.313 0.156 0.156
5 0.078 0.156 0.625 0.625 0.313 0.313 0.156 0.156
6 0.156 0.156 0.625 0.625 0.078 0.156 0.078 0.156
7 0.156 0.156 0.625 0.625 0.078 0.156 0.078 0.156

Ketoconazole 1.25 2.5 2.5 2.5 1.25 1.25 2.5 2.5

Table 1.

	 MIC and MFC values of cinnamon essential oils in relation to test dermatophytes

Bark oils; (1) C. zeylanicum (Pollena Aroma), (2) C. burmannii (Instytut Aroma), (3) C. camphora (NatVita), (4) C. cassia (Now Foods), (5) C. zeylanicum 
(Ecospa) and from leaves; (6 ) C. zeylanicum (Optima Natura), (7) C. zeylanicum (Zielony Klub). MIC – Minimum Inhibitory Concentration (μg/μl), 
MFC – Minimum Fungicidal Concentration (μg/μl)

Essential oil/Reference 
substance

Candida 
albicans 

Candida 
glabrata 

Candida 
lipolytica 

Candida
tropicalis

MIC MFC MIC MFC MIC MFC MIC MFC
1 0.625 0.625 0.625 0.625 0.625 0.625 0.625 1.25
2 0.313 0.313 0.625 0.625 0.156 0.156 0.625 0.625

3 5 5 10 10 10 >10 10 >10
4 0.313 0.313 0.625 0.625 0.156 0.156 0.313 0.313
5 0.313 0.313 0.625 0.625 0.313 0.313 0.625 0.625
6 0.625 0.625 2.5 2.5 0.313 0.625 0.625 0.625
7 0.625 0.625 2.5 2.5 0.313 0.625 2.5 2.5

Ketoconazole 0.625 1.25 0.625 1.25 0.625 1.25 0.625 1.25

Table 2.

	 MIC and MFC values of cinnamon essential oils in relation to test yeast-like fungi

Bark oils; (1) C. zeylanicum (Pollena Aroma), (2) C. burmannii (Instytut Aroma), (3) C. camphora (NatVita), (4) C. cassia (Now Foods), (5) C. zeylanicum 
(Ecospa) and from leaves; (6) C. zeylanicum (Optima Natura), (7) C. zeylanicum (Zielony Klub). MIC – Minimum Inhibitory Concentration (μg/μl), 
MFC – Minimum Fungicidal Concentration (μg/μl)

varied antifungal activity of tested essential oils 
against dermatotrophic fungi (M. canis, M. gypseum, 
T. mentagrophytes, T. violaceum) and yeast-like fungi 
(C. albicans, C. glabrata, C. lipolytica, C. tropicalis). 
Growth inhibition and the biocidal activity of the test 
microorganisms are both induced by oils obtained 
from the bark and leaves of Cinnamomum (tab. 1, 2).
	 Among all the tested oils, the weakest antifungal 
activity was of C. camphora (3) bark oil, with inhi

bitory (MIC) and biocidal (MFC) effect at the level 
of 5≥10 µg/µl (MIC) and >10 µg/µl (MFC) for der
matophytes and 5–10 µg/µl (MIC) and 5≥10 µg/µl 
(MFC) for yeast-like fungi. Other bark oils, from 
C. zeylanicum (1,5), C. burmannii (2) and C. cassia 
(4) were characterised by a similar, high effecti
veness in relation to tested fungal strains. The range 
of concentration values that inhibit the growth 
of  strains of dermatotrophic fungi MIC for the 
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above-mentioned oils (1, 2, 4, 5) was in the range 
of 0.078–0.625 µg/µl and biocidal concentrations 
(MFC) in the range of 0.156–0.625 µg/µl (tab. 1). 
In turn, the MIC and MFC values of oils 1, 2, 4, 5 
against yeast-like fungi were in the range of 0.156–
0.625 µg/µl (MIC=MFC) (tab. 2). 
	 Cinnamomum leaves oils from C. zeylanicum 
(6, 7) has a similar effect on dermatophytes 
compared to Cinnamomum bark oils (1, 2, 4, 5). 
The MIC values for oils 6 and 7 were in the range 
0.078–0.625 µg/µl and the MFC values in the range 
0.156–0.625 µg/µl (tab. 1). Yeasts proved to be 
more resistant to the leaves cinnamon oils than 
dermatotrophic fungi. The range of concentrations 
that inhibit growth of yeasts (MIC) was 0.313–
2.5 µg/µl, while the range of biocidal concentrations 
(MFC) was 0.625-2.5 µg/µl (tab. 2).
	 M. canis strain, for which the MIC and 
MFC values of the tested oils were within the 
range of 0.625≥10 µg/µl, turned out to be the 
dermatotrophic strain most resistant to all tested 
oils from Cinnamomum bark and leaves. The 
weakest activity against this strain was of C. 
camphora (3) bark oil (MIC=MFC≤ 10 µg/µl). The 
remaining oils demonstrated an inhibitory and 
biocidal effect on M. canis in the concentration 
of 0.625 µg/µl (MIC=MFC). Strains of the 
remaining test dermatotrophic fungi: T. men­
tagrophytes,  T. violaceum, M. gypseum proved to 
be more sensitive to most of the tested cinnamon 
oils. C. camphora (3) bark oil was the only one 
to inhibit and kill dermatophytes in higher con
centrations; M.  gypseum (MIC=MFC≥10 µg/µl), 
T.  mentagrophytes (MIC=5 µg/µl, MFC≥10 µg/µl) 
and T. violaceum (MIC=MFC≥10 µg/µl) (tab.  1). 
C. cassia (4) bark oil inhibited the growth and 
had  a  biocidal effect in the following concentra
tions:  M. gypseum (MIC=0.078 µg/µl, MFC= 
0.313 µg/µl), T. mentagrophytes (MIC=MFC= 
0.313  µg/µl) and T.  violaceum (MIC=MFC= 
0.156 µg/µl). C. zeylanicum (1) bark oil turned out 
to be equally effective when used in the range of 
concentrations similar to the preceding oil. C. 
burmanni (2) bark oil had identical effectiveness 
in relation to M. gypseum, T. mentagrophytes and 
T. violaceum, causing inhibition of mycelium 
development and biocidal effect in the concentration 
of 0.156 µg/µl (MIC=MFC) (tab. 1). C. zeylanicum 
(6, 7) leaves oils were also found to be highly active 
against fungi of the species T. mentagrophytes and 
T. violaceum (MIC=0.078 µg/µl, MFC=0.156 µg/µl) 
and M. gypseum (MIC=MFC=0.156 µg/µl) (tab. 1). 
	 Among the tested yeast species, the C. glabrata 
strain showed the greatest resistance to leaves and 

bark cinnamon oils 1–7, for which the effective 
inhibitory and biocidal concentration values 
of oils 1–7 were at the level of 0.625–10 µg/µl 
(MIC=MFC) (tab. 2). The weakest activity against 
the strain C. glabrata was of C. camphora (3) bark 
oil (MIC=MFC=10 µg/µl). A slightly higher activity 
on this strain was found in the case of C. zeylanicum 
(6, 7) leaves oils (MIC=MFC=2.5µg/µl). The most 
effective fungistatic and fungicidal action against C. 
glabrata strain was found in the case of C. burmannii 
(2), C. cassia (4) and C. zeylanicum (1, 5) bark oils 
(MIC=MFC=0.625 µg/µl) (tab. 2). The remaining 
yeast strains were more sensitive to cinnamon oils. 
C. cassia (4) bark oil was active at the following con
centrations: C. albicans (MIC=MFC=0.313 µg/µl), C. 
lipolytica (MIC=MFC=0.156 µg/µl) and C. tropicalis 
(MIC=MFC=0.313 µg/µl). C. burmannii (2) bark 
oil had an effect similar to oil (4) and the obtained 
MIC and MFC values for the individual strains were 
as follows: C. albicans (MIC=MFC=0.313µg/µl), C. 
lipolytica (MIC=MFC=0.156 µg/µl) and C. tropicalis 
(MIC=MFC=0.625 µg/µl). C. zeylanicum (1, 5) 
bark oils effectively inhibited the development of C. 
albicans, C. lipolytica and C. tropicalis strains and at 
the same time had a biocidal effect on them in the 
concentration range of 0.313–0.625 µg/µl. In case 
of C. zeylanicum (6, 7) leaves oils, the static effect 
(MIC) against the above-mentioned pathogens was 
observed at concentrations in the range of 0.313–
2.5 µg/µl, while the biocidal effect was observed at 
concentrations in the range of 0.625–2.5 µg/µl (tab. 
2). 
	 Moreover, the fungicidal effect of 14 standard 
compounds (p-cymene, α-pinene, β-pinene, ter-
pinene, terpinolene, sabinene, limonene, caryophyl-
lene, cinnamyl acetate, linalool, cinnamaldehyde, 
methoxycinnamaldehyde, eugenol and camphor), 
which are commonly known as ingredients of cin-
namon oils, was evaluated (tab. 3, 4). 
	 The tested compounds showed varying efficacy 
in relation to the test pathogenic microorganisms. 
The MIC and MFC values for these compounds 
amounted to 0.039≥10 µg/µl. Cinnamaldehyde 
and methoxycinnamaldehyde demonstrated the 
strongest fungicidal activity, inhibiting the growth 
of yeasts in the concentration range of 0.078–
0.625 µg/‌µl (MIC) and of dermatophytes in the 
concentration range of 0.039–1.25 µg/µl (MIC). 
The biocidal effect of the above compounds was 
observed in the range of 0.156–0.625 µg/µl (MFC) 
against yeasts and 0.078–1.25 µg/µl (MFC) against 
dermatophytes. 
	 Eugenol, linalool and cinnamyl acetate also 
demonstrated strong effect on the tested fungi. They 
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Compound

Microsporum 
gypseum

Microsporum 
canis

Trichophyton 
mentagrophytes

Trichophyton 
violaceum

MIC MFC MIC MFC MFC MFC MIC MFC

Cinnamaldehyde 0.039 0.078 1.25 1.25 0.078 0.078 0.078 0.078
Eugenol 2.5 5 1.25 2.5 2.5 2.5 0.156 0.156
Camphor 5 10 10 10 10 10 5 10
α-caryophyllene >10 >10 >10 >10 10 >10 10 >10
Limonene >10 >10 >10 >10 10 >10 10 >10
Linalool 2.5 5.0 5.0 10 1.25 2.5 1.25 2.5
Methoxycinnamaldehyde 0.078 0.156 0.313 0.625 0.078 0.156 0.078 0.078
Cinnamyl acetate 2.5 5.0 2.5 5.0 2.5 5.0 2.5 2.5
p-cymene >10 >10 >10 >10 >10 >10 >10 >10
Sabinene >10 >10 >10 >10 >10 >10 10 >10
Terpinene 10 >10 >10 >10 10 >10 >10 >10
Terpinolene 10 >10 10 >10 10 >10 10 10
α-pinene 10 >10 >10 >10 10 >10 10 10
β-pinene 10 >10 >10 >10 10 >10 10 >10
Ketoconazole 1.25 2.5 2.5 2.5 1.25 1.25 2.5 2.5

MIC – Minimum Inhibitory Concentration (μg/μl), MFC – Minimum Fungicidal Concentration (μg/μl)

Table 3.

	 MIC and MFC values of compounds contained in cinnamon essential oils in relation to test dermatophytes

MIC – Minimum Inhibitory Concentration (μg/μl), MFC – Minimum Fungicidal Concentration (μg/μl)

Table 4.

	 MIC and MFC values of compounds contained in cinnamon essential oils in relation to test yeast-like fungi

Compound
Candida 
albicans

Candida 
glabrata

Candida 
lipolytica

Candida 
tropicalis

MIC MFC MIC MFC MFC MFC MIC MFC

Cinnamaldehyde 0.313 0.313 0.625 0.625 0.156 0.313 0.313 0.313
Eugenol 1.25 2.5 1.25 1.25 0.625 1.25 1.25 1.25
Camphor 5.0 10 2.5 5.0 2.5 2.5 5.0 5.0
α-caryophyllene >10 >10 >10 >10 >10 >10 >10 >10
Limonene 10 10 10 10 10 10 10 10
Linalool 2.5 5.0 5.0 5.0 1.25 5.0 2.5 5.0
Methoxycinnamaldehyde 0.625 0.625 0.313 0.625 0.313 0.625 0.078 0.156
Cinnamyl acetate 1.25 10 5.0 5.0 0.625 1.25 1.25 10
p-cymene 5 10 5 10 10 10 10 10
Sabinene >10 >10 5 >10 5 10 >10 >10
Terpinene 10 >10 10 10 5 10 10 10
Terpinolene 10 >10 10 >10 10 10 10 >10
α-pinene >10 >10 10 >10 5 >10 >10 >10
β-pinene 2.5 5 5 5 1.25 10 5 5
Ketoconazole 0.625 1.25 0.625 1.25 0.625 1.25 0.625 1.25
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inhibited the development of dermatophytes and 
yeasts in the concentration range of 0.156–2.5 µg/‌µl 
(MIC) and the biocidal activity was showed in the 
concentration range of 0.078-10 µg/µl (MFC). 
Other compounds (p-cymene, α-pinene, β-pinene, 
terpinene, terpinolene, sabinene, limonene, caryo
phyllene, camphor) showed weak or no inhibitory 
and biocidal effect against the test strains in the 
concentration range tested. Moreover, it was fur
ther found that ketoconazole used as a reference 
substance showed less fungistatic and fungicidal 
effect on the tested yeasts and dermatophytes than 
most of the tested cinnamon essential oils and 
their ingredients, such as cinnamaldehyde and 
methoxycinnamaldehyde. Ketoconazole effectively 
inhibited and had biocidal activity against all tested 
strains of dermatophytes in the concentration 
range of 1.25–2.5 µg/µl. The inhibitory effect of 
ketoconazole on all the tested yeast-like fungi was 
observed for the concentration of 0.625 µg/µl and 
the biocidal effect was observed for the concentra
tion of 1.25 µg/µl. 
	 In order to correlate the fungicidal activity 
with the chemical composition of the examined 
oils, they were analysed by GC-MS and GC. The 
list of ingredients identified in individual oils 
during the GC-MS analysis is presented in Table 5 
and the cinnamaldehyde content determined by 
GC is presented in Table 6. The GC-MS analysis 
demonstrated significant differences in the com
position and contents of ingredients identified in oils 
from bark and leaves from various Cinnamomum 
species. The richest composition was found in C. 
zeylenicum (7, 6) leaves oil, C. camphora (3) bark 
oil, C. burmanii (2) bark oil with 15, 11, 13 and 10 
ingredients, respectively. The simplest composition 
was found, in turn, in the case of C.  cassia (4) 
bark oil and C. zeylenicum (5) bark oil, both with 
5 ingredients. Cinnamaldehyde was the main 
ingredient of oils 1, 2, 4, 5 the percentage content of 
which in the above-mentioned oils was at the level 
of 84.3–87.75%. The following ingredients were also 
present in smaller amounts: caryophyllene (oil 1, 
2, 5) (0.31–5.91%), eugenol (oil 2, 5) (3.71–6.56%), 
linalool (oil 1, 2, 5) (2.01–4.59%), limonene (oils 
1, 2, 5) (0.68–3.54%), o-cymene (oils 1, 2) (1.47–
2.06%) as well as cinnamyl acetate (oil 2, 4) (2.85–
3.56%). Camphor prevailed in C. camphora (3) 
bark oil (40.15%). The oil also contained limonene 
(14.41%), o-cymene (7.18%), α-pinene (5.22%), 
β-pinene (5.85%), sabinene (10.72%), γ-terpinene 
(5.57%) and β-myrcene (3.92%). Eugenol was the 
prevailing ingredient of C.  zeylenicum (6, 7) leaves 
oil (82.48–89.46%). Other  essential ingredients 

include caryophyllene (3.31–3.9%), linalool (1.1–
3.58%), α-pinene (0.46–1.64%) and eugenyl acetate 
(1.83–2.04%).
	 The GC analysis aimed at examining the content 
of cinnamaldehyde in oils indicates its highest 
amount in oils 5, 2, 1, 4 and amounted to 78.07%, 
75.64%, 74.94%, 70.65%, respectively. In turn, the 
smallest amount of cinnamaldehyde was detected in 
oil 7, 6, 3 and amounted to 1.38%, 1.3% and 0.07%, 
respectively.
	 Our research showed that strong antifungal 
activity of oils from C. zeylanicum (1, 5), C. burmanii 
(2) and C. cassia (4) bark are mainly associated 
with high concentrations of cinnamaldehyde. 
This is evidenced by the MIC and MFC values 
of Cinnamomum bark oils (oils 1, 2, 4 and 5) 
specified against a broad spectrum of test fungi 
which are nearly equivalent to the MIC and MFC 
values of their  main ingredient, cinnamaldehyde. 
This confirms the results of research conducted 
by Ooi et al. [38] and Jantan et al. [3]. According 
to the literature data, cinnamaldehyde causes the 
damage to fungal cell membranes by inhibiting 
the biosynthetic pathway of ergosterol [39, 40]. 
Moreover, it interacts with membrane by binding 
ergosterol [41]. Cinnamaldehyde has also a strong 
inhibitory effect on plasma membrane ATPase 
(PM-ATPase) [39]. According to Kaur et al. [42], 
PM-ATPase plays a regulatory role in dimorphism 
of C. albicans and is involved in the secretion of 
hydrolytic enzymes.
	 In case of C. zeylanicum (6, 7) leaves oil, eugenol is 
the factor that determines its antifungal activity. The 
antifungal properties of eugenol and its mechanism 
of action are known and widely described in other 
studies [43, 44].
	 The MIC and MFC values obtained for oil 6 and 
7 prove that both oils have a stronger fungicidal 
effect on tested fungi than pure eugenol. This may 
result from the presence of small amounts of other 
compounds, e.g. oxygenated and hydrocarbon 
terpenes (e.g. p-cymene, α-pinene, β-pinene, lina
lool and 4-terpineole) in oils that can enhance the 
fungicidal activity of eugenol through a synergistic 
effect [45-47]. C. camphora (3) bark oil had the 
weakest fungistatic and fungicidal properties. 
This is most likely owing to the presence of its 
main ingredient – camphor, which, compared to 
cinnamaldehyde and eugenol, has weaker anti
fungal  activity as already reported by Jantan et al. 
[3].
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Compounds RT/min
Percentage composition of essential oils

1 2 3 4 5 6 7

α-pinene   8.4 -   0.65   5.22 - -   1.64   0.46
Camphene   8.9 - -   1.76 - -   0.31   0.14
Sabinene   9.65 - - 10.72 - - -   0.11
β-pinene   9.76 - -   5.85 - - -   0.36
β-myrcene 10.2 - -   3.92 - - - -
α-phellandrene 10.62   0.53 -   2.31 - - -   0.39
Terpinolene 11.0 - -   3.11 - - - -
m-cymene 11.22 - - - - - -   0.66
o-cymene 11.24   2.06   1.47   7.18 - -   1.1 -
Limonene 11.38   0.68   1.24 14.41 -   3.54   0.68   0.25
Camphor 11.45 -   2.06 40.15 - - - -
γ-terpinene 12.32 - -   5.57 - - - -
Linalool 13.6   2.91   2.01 - -   4.59   3.58   1.1
α-terpineol 16.3 -   0.69 - - - -   0.1
o-anisaldehyde 17.8 - - -   0.31 - - -
2-phenethyl acetate 18.2 - - -   0.4 - - -
Cinnamaldehyde 18.6 86.6 84.3   0.1 87.75 84.69   0.31   0.71
Safrole 19.1 - - - - - -   0.56
Eugenol 20.96 -   3.71   0.89 -   6.56 82.48 89.46
Copaene 21.5   1.31 - - - -   1.05   0.56
Caryophyllene 22.7   5.91   0.31 - -   0.63   3.9   3.31
Cinnamyl acetate 23.2 -   3.56 -   2.85 - - -
Eugenyl acetate 25.2 - - - - -   2.04   1.83
2-Methoxycinnamaldehyde 25.3 - - -   8.69 - - -
Benzyl benzoate 30.7 - - - - -   2.91 -

Table 5.

	 Percentage content of individual ingredients in Cinnamomum bark and leaves oils determined by GC-MS

Use of Cinnamomum sp. bark and leaf essential oils in combating human pathogen yeast-like and dermatotrophic fungi

Bark oils; (1) C. zeylanicum (Pollena Aroma), (2) C. burmannii (Instytut Aroma), (3) C. camphora (NatVita), (4) C. cassia (Now Foods), (5) C. 
zeylanicum (Ecospa) and from leaves; (6) C. zeylanicum (Optima Natura), (7) C. zeylanicum (Zielony Klub)

Essential oil Cinnamaldehyde [%] 

1 74.94
2 75.64
3   0.07
4 70.65
5 78.07
6 1.3
7   1.38

Table 6. 

	 The percentage content of cinnamaldehyde in Cinna­
momum bark and leaves oils determined by GC

Bark oils; (1) C. zeylanicum (Pollena Aroma), (2) C. burmannii (Instytut 
Aroma), (3) C. camphora (NatVita), (4) C. cassia (Now Foods,), (5) 
C.  zeylanicum (Ecospa) and from leaves; (6) C. zeylanicum (Optima 
Natura), (7) C. zeylanicum (Zielony Klub)

CONCLUSION

In our study, we proved that Cinnamomum bark and 
leaves oils and their individual components have 
a strong activity against a wide range of species of 
dermatotrophic and yeast-like fungi. The obtained 
results prompt further work related to in vivo 
evaluation of possible uses of these natural products 
in the treatment of dermatoses and candidiasis of 
the skin and mucous membranes in order to provide 
effective and safe therapeutic options.
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