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This study is important because it provides information for obtaining a natural green compound to replace
the toxic fungicides used in our days in crop and grain protection. The aim of this research is to establish the
minimum concentration of essential oil (EO) extracted from Origanum vulgare L. which causes a fungi
static and fungicidal effect. Origanum vulgare L. was cultivated in a temperate climate zone in Timisoara,
Romania. The EO were obtained through hydrodistillation using Clevenger equipment. The chemical
composition of the EO was determined using gas chromatography/mass spectrometry (GC/MS) analysis.
The Microbiology Discipline from Horticulture and Forestry Faculty of Timisoara provided the fungal cultures
used in this study. To point out the inhibition of the mycelium we used the poisoned medium method. Fungi
plugs of  8 mm Ø from active mycelia were inoculated on CYGA medium amended with Origanum vulgare
L. EO at the following concentrations (v/v); 0.25 , 0.5 , 1 ; 5 ; 10  15 ; 20 mg· L-1. The growth of the mycelia was
measured after 5 days. The readings were reduced by 8 mm representing the initial plug diameter. The main
chemotypes identified were trans-Caryophyllene 30.729%, Sabinene-18.16%, Caryophyllene oxide-8.635%,
Germacrene-D-8.159%. The MIC of the Origanum vulgare L. essential oil for both species of fungi was 0.5
mg·L-1. The MFC of the Origanum vulgare L. EO for both species of fungi was 5 mg·L-1.  In the present
research work, we demonstrated that Origanum vulgare L. essential oil can be very effective in fungal
growth inhibition even at small concentrations like 0.5 mg·L-1.
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Nowadays there is a growing interest to replace
synthetic chemicals with natural products with bioactive
properties. Aromatic plants are excellent sources for
obtaining bioactive compounds that can be used as natural
antifungal agents. [17, 4]. Origanum vulgare L. is originated
from Mediterranean area and within the Lamiaceae family
and it is probably one of the most used aromatic plant. The
Origanum vulgare L. essential oil is rich in mono- and
sesquiterpenes. [14].

Verticillium dahliae and Penicillium aurantiogriseum are
very common in crop deposits because they are resilient
to drying and preservatives. They are responsible for the
degradation of the grains after the harvest. [10]. Big
economic damages take place because of food
deterioration caused by metabolic activity of fungi species.
[6].

Verticillium wilt is hard to control and current strategies
for the management of this disease are showing
unsatisfactory results. Most  of  the  synthetic compounds
used are  creating  several  side  effects  in  the  forms  of
residual   toxicity. That is why  biologically   active   antifungal
compounds  from  plant  origins  are   assumed  to  be  more
acceptable  than  synthetic  compounds and  represent  a
good  source  for  antifungal agents [18].

The aim of this research is to establish the minimum
concentration of the Origanum vulgare L. EO cultivated in
the western part of Romania wich causes a fungistatic
and fungicidal effect against Verticillium dahliae and
Penicillium aurantiogriseum fungi. For a good comparation
with other studies we will determine the chemical
composition of this tested EO.

Experimental part
Isolation of EOs

At the time of harvest Origanum vulgare L. was in the
4th year of vegetation. The harvest took place in June 2014
during the blooming phase after a sunny period of days
because the EO quantity is higher due to the influence of
the sun light [7]. Origanum vulgare L. was cultivated in a
temperate climate zone in Timisoara, Romania
(21013‘E longitude, 45045‘ N latitude). The fresh herb was
dried in a room at a temperature between 20 and 22 °C
with no sunlight access. We obtained the EO through
hydrodistillation using a volatile oil distilling Clevenger
equipment. The extracted EO was stored at +4°C until
analysis.

Gas chromatography-mass spectrometry identification
The chemical composition of the EO was determined

using gas chromatography/mass spectrometry (GC/MS)
analysis. Agilent Technology 7820A (AGILENT Scientific,
USA) coupled with mass spectrometer MSD 5975 and
equiped with a capillary column DB 5: (30 m X 250 µm X
0.25µm, AGILENT, USA) was used. The carrier gas was
helium with a mass flow of 1 mL· min”1. In order to separate
the compounds, the following GC oven program was used:
40 °C for 1 min, 5 °C min-1 to 210 °C for 5 min. The injector
and ion source temperatures were 250 and 150°C,
respectively. The injection volume was 1µL with a split
ratio 1:20. The NIST spectra library has been used to identify
the volatile compounds. 
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Antifungal avtivity
Microbiology Discipline from Horticulture and Forestry

Faculty of Timisoara provided the fungal cultures used in
this study. The Verticillium dahliae strain was isolated from
sea bucktorn plants infected with  Verticillium dahliae,
preserved at -4°C on PDA medium with Va 09-13 index [5].
The Penicillium aurantiogriseum strain was isolated  from
the fungal microbiota of the wheat seeds preserved on
PDA, at -40C, with the index Lv 07-11 [1].

The research method used was the poisoned medium
disc method.

The young fungi cultures were obtained on CYGA
(chloramphenicol - yeast- glucose agar, produced by
SIGMA) by spread techniques with a spore suspension in
melted agar 0.2% + TWEEN 80, 0.05% . After we stored
them for 4 days in dark at a constant temperature, we cut
plugs of  8 mm Ø from active mycelia and put them on
CYGA medium amended with Origanum vulgare L. EO at
the following concentrations (v/v); 0.25 mg·L-1, 0.5 mg·L-1,
1 mg·L-1; 5 mg·L-1; 10 mg·L-1; 15 mg·L-1 ; 20 mg·L-1 and 0 for
control. Thiophanate-methyl, a commercial agricultural
fungicide, has been used as negative control for Penicillium
and for Verticillium too.

Each Petri dish containing Origanum vulgare L. EO, at
different concentrations, was inoculated with two plugs
from young mycelia. After inoculations, dishes were kept
in dark at 22±2 °C. After 5 days the radial mycelia growth
was measured. The readings were reduced by 8 mm
representing the initial plug diameter [16].

MIC (minimal inhibitory concentration) is the lowest
concentration of oil where no visible fungal growth can be
observed. For the establishment of MFC (minimal fungicidal
concentration) we used Petri dishes with EOs which had
no mycelium radial growth after 5 days. The mycelial plugs
with no growth were re-inoculated on fresh CYGA medium
in Petri dishes which were sealed with parafilm and
incubated in the dark at 22±20C. The readings were made
on the 5th and the 14th day. In the dishes where no
mycelium plug growth was observed after 5 and 14 days
respectively we considered that the initial concentration
from which the reinoculated plug comes from has a
fungicidal effect, representing minimal fungicidal
concentration (MFC). For control and comparison we used
a control dish with thiophanate-methyl (in the
recommended dose for practical use).

Results and discussions
Chemical composition of  Origanum vulgare L. EO

In table 1 we can find the chemical composition of the
EO extracted from Origanum vulgare L. We took under
consideration the chemical compounds that were found
in a quantity over 0.2 % from the total amount. We identified
36 compounds, of which 33 major compounds (over 0.2%)
totalling over 99 % of the total compounds.

The main chemotypes identified were trans-
Caryophyllene 30.729%, Sabinene-18.16%, Caryophyllene
oxide-8.635% and Germacrene-D-8.159% (table 1). The
rest of the chemical compounds were found in a quantity
under 10% of the total amount.

Mockute in 2004 obtained a similar chemical
composition with our study: major compounds are
sabinene, 1,8-cineole, β-ocimene, β-caryophyllene,
germacrene D, bicylcogermacrene, β-bisabolene, and
spathulenol [11].

Radudiene in 2005 also obtained a similar chemical
composition regarding the major compounds: β-
caryophyllene (4.7–25.0% in inflorescences and 5.4–24.5%
in leaves), cis- and trans- β-ocimene (0.9–18.1% /

inflorescences and 1.1–22.6% / leaves), sabinene (0.3–
25.1% / inflorescences and 0.9– 18.3 / leaves) and
germacrene-D (2.1–20.1% in inflorescences and 1.5–13.2%
in leaves) [13].

Not all previous studies have shown the same
information regarding the chemical composition of
Origanum vulgare L. E.O.

 For example Teixeira in 2013 found carvacrol, β-fenchyl
alcohol, thymol, and γ-terpinene as major compounds [17].
Arslan found in 2012 carvacrol as the major component
[3].

The chemical composition diferences shown in more
than  one research paper  comfirm that the content of
volatile compounds and the dominant chemotype varies
with species, site of cultivation and the time of harvest
[12].

The minimum inhibitory concentration (MIC) and
minimum fungicidal concentration (MFC)

The inhibition of the mycelial growth of Verticillium
dahliae was obvious for Origanum vulgare L. EO even at
the concentrations of 0.25 mg·L-1 and 0.5 mg·L-1. After 9
days Verticillium dahliae grew 6 mm in diameter at the
concentration of 0.25 mg·L-1.  After 5, 7 and even after 14
days there was no growth of the fungus  at the concentration
of 0.5 mg·L-1. Therefore the minimum inhibitor y
concentration for Verticillium dahliae was 0.5 mg·L-1.

Penicillium aurantiogriseum grew only 2 mm in diameter
after 9 days from the inoculation on the medium at
concentration of 0.25 mg·L-1 but it had no visible growth at
the concentration of 0.5 mg·L-1. Therefore the minimum
inhibitory concentration for Penicillium aurantiogriseum
was also 0.5 mg·L-1.

Both fungus species shown a high sensitivity to the
Origanum vulgare L. EO. Even at small concentrations like
0.25 mg·L-1 the mycelial growth was strongly inhibited for
both species of fungi. The difference between Verticillium
dahliae and Penicillium aurantiogriseum was that
Verticillium dahliae managed to grow 6 mm in diameter
after 9 days at the concentration of 0.25 mg·L-1 while
Penicillium aurantiogriseum grew only 2 mm in diameter
at the same concentration of EO in 14 days.

We determined the MFC using the technique of
mycelium re-inoculation from poisoned environment to
fresh environment. In the dishes where no mycelium plug
growth was observed after 5 and 14 days respectively we
considered that the initial concentration from which the
reinoculated plug comes from has a fungicidal effect,
representing minimal fungicidal concentration (MFC). The
mycelial plugs from 0.25 mg, 0.5 mg and 1 mg·L-1

concentrations after the reinoculation on fresh medium
started to show hyphae revival after 5 days for both species
of fungi. Therefore the MFC for both Penicillium
aurantiogriseum and Verticillium dahliae was 5 mg·L-1.

There were not too many studies found regarding the
MIC value of Origanum vulgare L. EO  over Verticillium
dahliae and Penicillium aurantiogriseum.

One study [15], showed that the extract concentration
of 0.15-10 mg·L-1  exhibited a strong inhibitory effect against
P. aurantiogriseum (76.43%). At 0.25 mg·L-1, the growth of
P. aurantiogriseum was totally inhibited after 14 days of
incubation.

Another study [8] tested some Origanum spp. EO on
Penicillium aurantiogriseum fungi and determined a MIC
value ranging from 0.25 to 10 mg·L-1.

Two different research papers [9] and [2] proved the
strong antifungal effect of Origanum vulgare L. EO over
Verticillium dahliae fungi.
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Conclusions
This research showed that Origanum vulgare L. EO has

a strong anti-fungal capacity and can be used as ecological
fungicide against pathogen fungi or against spoilage fungi
like Verticillium dahliae and Penicillium aurantiogriseum.

The MIC value for both Verticillium dahliae and
Penicillium aurantiogriseum was 0.5 mg·L-1 Origanum
vulgare L. EO.

The MFC value for both Verticillium dahliae and
Penicillium aurantiogriseum was 5 mg·L-1 Origanum
majorana L. EO.

In vitro research has to be made to determine a the MIC
value of Origanum vulgare L. EO in normal deposit
conditions and also to create a stable compound or
emulssion that can be successfully used in grain deposites.
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