
http://dx.doi.org/10.12775/EQ.2017.036Ecological Questions 28 (2017) 4:  31–39

Storage of raw materials and products is a critical step 
in food production. Inappropriate conditions during the 
storage process may promote the development of micro-
organisms present in warehouse environment. One of the 
most important issue is the presence and development 
of moulds, which may affect the quality of raw materi-
als. These microorganisms may decrease the nutrient value 
of stored food products and/or cause their contamination 
with mycotoxins. Consequently, such raw vegetables, ce-
reals and fruits can compromise a consumer health and 

that 25 to 40% of world cereal production is contaminated 
with fungal secondary metabolites (Pereira et al., 2014). 
To counteract the fungal contamination, especially in the 
agri-food industry, the chemical disinfectants are used 

become resistant to fungicides (Lima et al., 2015). Alterna-
tively, plant-derived compounds such as essential oils ex-

Essential oils are natural volatile aromatic compounds 
characterized by strong odour (Burt, 2004). They may in-
hibit mycelial growth and thereby prevent secretion of fun-
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Storage is a critical process of food production because incorrect conditions during this process lead to the growth of eco-
nomic costs caused by material loss. It is important to maintain adequate microbiological purity of storage areas. The development 
of microbes present in warehouses may lead to secondary contamination of stored materials and reduce their quality. The aim of the 
study was to evaluate the effect of essential oils on the growth of Acremonium strictum, Penicillium citrinum, Penicillium expan-
sum and Purpureocillium lilacinum
of phenolic substances were performed using three commercially available essential oils, namely rosewood, rosemary and thyme. 
Evaluation of antifungal activity of these essential oils was done by plate dilution method and expressed as inhibition rate of mycelial 

assays. Thyme oil showed the highest antifungal activity and inhibited growth of all fungal strains at the lowest tested concentration 
(1 μL mL-1). Penicillium expansum strain was found to be the most resistant to the tested essential oils.
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2015). Moreover, their proved antimicrobial properties 
make essential oils an alternative to chemical fungicides.

The aim of the study was to evaluate the effect of es-
sential oils on the growth of Acremonium strictum (W. 
Gams), Penicillium citrinum (Thom), Penicillium expan-
sum (Thom) and Purpureocillium lilacinum (Thom), which 
were, isolated from the warehouse environment.

using MAS-100 air sampler (Millipore) on the Perti plates 
with CYA medium. Thyme essential oil from Thymus vul-
garis herb, rosewood essential oil from Aniba rosaeodora 
and rosemary essential oil from rosemary herb (Rosmari-
nus officinalis), available in the Polish market, were ana-
lysed. According to the manufacturer’s declaration tested 
essential oils contained no additional synthetic chemicals 
or unnatural ingredients and were stored in dark glass bot-
tles at 4°C.

The composition of essential oils was determined by 
gas chromatography coupled with mass spectrometry  
(GC/MS). The analysis was performed using gas chroma-
tograph (HP 6890, Hewlett-Packard) coupled with Mass 
Spectrometer (HP 5973A, Hewlett-Packard). The non-polar 
capillary column HP-5MS (5% - diphenyl, 95% dimethyl-
polysiloxane) was used, with a length of 30 m, an internal 

-
lium was used as carrier gas. The analysis was performed 
at a temperature range of 60–280°C and the heating rate 
was 10°C min-1. The volume of the oil solution in dichlo-

The fungicidal and fungistatic activity of essential oils 
was determined for the filamentous fungi, viz. Acremo-
nium strictum, Penicillium citrinum, Penicillium expansum 
and Purpureocillium lilacinum. 

-
ing the agar dilution method described by Soliman and 

(CYA) was combined with proper essential oil at their final 
concentrations of 1, 5, 10, 15 and 20 μL mL-1. A positive 
control was the CYA medium containing a peracetic acid 
based disinfectant at a final concentration of 3 μL mL-1. 
Negative control was an unmodified CYA medium. The 
assay was performed in 4 replications, plates were incu-
bated at 25°C for 10 days. The diameter of fungal growth 
was measured once a day. Briefly, molted CYA medium 
was combined with essential oil to obtain its required final 
concentration. Agar medium was allowed to solidify. The 

discs (10 mm) of fungal growth were then placed on the 
surface of agar medium. Discs with fungal growth were 
cut with sterile cork borer from plated with fungal growth 
on Czapek Dox Agar (CYA) after incubation at at 25°C for 
10 days 
by calculation of percent of fungal growth inhibition using 
Abbott’s formula (Borecki, 1984): 

I = (C – M)/C x 100

M  –  fungal colony diameter on plate containing a tested 

Index of linear growth (T) was determined by measures 
of growth of fungal mycelium and is described by follow-

T = A/D +b1/d1 + bx/dx 

T  – index of linear growth,
A  –  average measurement value of diameter colo-

D  – duration of the experiment,

d1….dx  – number of days since last measurement.

Minimal inhibitory concentration were carried in trip-
licate and minimum fungicidal concentration of essential 
oils against moulds were also determined but in one repeat. 
MIC is defined as the lowest concentration of essential oil, 
which causes visual inhibition of mycelium growth when 

-
tration of essential oil, which causes 100% death of fun-

disc containing from the oil modified medium to a clean 
CYA medium without essential oil. Plates with a trans-
ferred disk were incubated at 25°C for 10 days. The growth 
of mycelium was considered as a result of the fungistatic 
activity of the oil, meanwhile the lack of mycelial growth 

et al., 2007).

The effect of the tested essential oils on the growth of se-
lected fungi was varied and depended on susceptibility 
of fungal strain and/or the concentration and type of es-
sential oil. The qualitative and quantitative composition 
of essential oils determined their disinfecting effect. Re-
sults of GC-MS analysis showed significant differences in 
composition of individual oils. All tested oils contained 
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compounds belonging to the terpene group. The com-
pounds were divided into groups based on their chemi-
cal structure. The content of aliphatic, mono-, bi-, tricyclic 
monoterpenes and sesquiterpenes in the essential oils is 
presented in Table 1. The content of oxygenated deriva-
tives of monoterpenes was shown in Table 2.

Rosewood oil had only oxygenated terpenes, and the 
main ingredient was linalool (80%). Thyme oil was charac-
terized by a high content of phenols belonging to monoter-
penes with thymol as the dominant substance (46% of the 
essential oil). Rosemary oil, unlike the rosemary and thyme 
oils, had high level of bi- and tri-cyclic monoterpenes 
(about 33%). The main ingredients were camphor (16%), 

Table 1. Content of mono- and sesquiterpens in the essential oils from rosewood, thyme and rosemary

  Rosemary  

0.00 2.44 1.69

Monocyclic monoterpenes

Limonene 0.00 15.15 0.00

0.00 2.32 0.05

0.00 8.10 2.18

Terpineol 0.00 0.00 0.70

0.00 0.87 0.11

Total 0.00 28.88 4.73

0.00 2.75 10.31

0.00 0.65 7.72

Camphene 0.00 1.93 8.22

0.00 0.00 3.71

0.00 0.00 0.15

0.00 0.00 0.14

0.00 0.00 0.07

ylangen 0.00 0.00 0.13

Copaen 0.00 0.00 0.58

Longifolen 0.00 0.00 0.56

(+)-aromadendrene 0.00 0.00 0.09

0.00 0.00 0.31

0.00 0.00 0.38

0.00 0.00 0.11

Tricyclene 0.00 0.17 0.47

Sesquiterpenes

0.00 4.71 9.01

Izocaryophyllene 0.00 0.00 0.04

Total 0.00 4.71 9.05
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As mentioned previously, the fungistatic activity of the 
tested oils depended on nature ans concentration of the oil, 
and on the susceptibility of the tested moulds (Table 3). 
Thyme essential oil showed the highest effective inhibi-
tion of mycelial growth, and at concentration of 1 μL mL-1 

showed a fungistatic effect on all tested isolates. Rosewood 
essential oil caused complete inhibition of Penicillium cit-
rinum growth at concentration of 1 μL mL-1, and isolates 
of Acremonium strictum and Purpureocillium lilacinum 
at concentration of 5 μL mL-1. Penicillium expansum was 
less susceptible to rosewood essential oil which inhibited 
its growth at concentration of 10 μL mL-1. The most var-
ied fungistic activity was shown by rosemary essential oil. 
This oil showed biocidal activity against Penicillium ex-
pansum in the highest tested concentration of 20μL mL-1. 
In contrast, the development of the mycelium of Purpureo-

cillium lilacinum was inhibited at a concentration of 15 μL 
mL-1, while Acremonium strictum at a concentration of  
10 μL mL-1. Disinfectant containing 3 μL mL-1 of peracetic 
acid inhibited growth of Acremonium strictum and Penicil-
lium citrinum (Table 3).

Compared to the negative control, all tested oils re-
duced the rate of mycelial growth. The thyme oil showed 
the most effective antifungal activity, regardless of the 
applied concentration of oil. Growth of all tested fungal 
strains was completely inhibited after treatment with that 
oil. The presence of rosewood oil at concentration of 1 μL 
mL-1 affect the decrease of mycelial growth of P. expan-
sum and P. lilacinum by about 60%. Rosemary essential 
oil in concentrations above 1 μL mL-1, had only decrease 
the growth of fungal mycelium for all tested strains. Disin-
fectant containing peracetic acid did not change the growth 
rate of fungal mycelium of following strains: P. expansum 
and P. lilacinum (Table 4).

Table 2. Content of oxygenated derivatives of mono- and sesquiterpens in the essential oils from rosewood, thyme and rosemary

  Rosemary  

Linalool 80.42 8.90 1.83

cis-Linalool oxide 4.51 0.00 0.00

trans-Linalool oxide 1.15 0.00 0.00

Dihydrolinalool 1.20 0.00 0.00

Linalyl acetate 4.07 0.00 0.00

Eucalyptol 7.42 15.15 15.75

Thymol 0.00 45.75 0.00

Camphor 0.00 0.00 16.13

Bergamol 0.00 0.93 0.00

Borneol 0.00 3.00 7.99

Bornyl acetate 0.00 0.00 3.46

0.00 0.00 0.08

0.00 0.00 0.54

1.23 2.33 5.64

1-Terpinen-4-ol 0.00 0.00 1.40

Total 100.00 76.06 51

Caryophyllene oxide 0.00 0.00 0.28

Total 0.00 0.00 0.28
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Concentration 
 

[μL · mL-1  
essential oil

 
essential oil

Rosemary  
essential oil

Acremonium strictum

1 - 100.00 ± 0.00 83.59 ± 0.90 45.94 ± 4.72

3 58.13 ± 4.12 - - -

5 - 100.00 ± 0.00 100.00 ± 0.00 51.88 ± 13.50

10 - 100.00 ± 0.00 100.00 ± 0.00 100.00 ± 0.00

15 - 100.00 ± 0.00 100.00 ± 0.00 100.00 ± 0.00

20 - 100.00 ± 0.00 100.00 ± 0.00 100.00 ± 0.00

Penicillium citrinum

1 - 100.00 ± 0.00 100 ± 0.00 63.86 ± 9.02

3 25.60 ± 3.32 - - -

5 - 100.00 ± 0.00 100.00 ± 0.00 100 ± 0.00

10 - 100.00 ± 0.00 100.00 ± 0.00 100 ± 0.00

15 - 100.00 ± 0.00 100.00 ± 0.00 100 ± 0.00

20 - 100.00 ± 0.00 100.00 ± 0.00 100 ± 0.00

Penicillium expansum

1 - 100.00 ± 0.00 61.66 ± 3.85 37.91 ± 4.24

3 0.00 ± 0.00 - - -

5 - 100.00 ± 0.00 92.73 ± 8.91 46.41 ± 1.07

10 - 100.00 ± 0.00 100.00 ± 0.00 65.34 ± 2.17

15 - 100.00 ± 0.00 100.00 ± 0.00 94.12 ± 2.63

20 - 100.00 ± 0.00 100.00 ± 0.00 100.00 ± 0.00

Purpureocillium lilacinum 

1 - 100.00 ± 0.00 59.38 ± 0.72 8.05± 0.00

3 0.00 ± 0.00 - - -

5 - 100.00 ± 0.00 100.00 ± 0.00 60.53 ± 1.74

10 - 100.00 ± 0.00 100.00 ± 0.00 84.67 ± 1.44

15 - 100.00 ± 0.00 100.00 ± 0.00 100.00 ± 0.00

20 - 100.00 ± 0.00 100.00 ± 0.00 100.00 ± 0.00
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-1

Concentration 
 

[μL · mL-1

-1

Control  
essential oil

 
essential oil

Rosemary  
essential oil

Acremonium strictum

88.00 ± 0.00 - - - -

1 - - 0.00± 0.00 14.43 ± 0.81 47.58 ± 4.15

3 - 36.85 ± 3.62 - - -

5 - - - - 42.35 ± 6.06

Penicillium citrinum

45.65 ± 0.78 - - - -

1 - - 0.00± 0.00 - 26.13 ± 2.98

3 - 33.96 ± 3.80 - - -

Penicillium expansum

21.04 ± 1.15 - - - -

1 - - 0.00± 0.00 8.07 ± 1.90 22.28 ± 0.89

3 - 21.04± 1.30 - - -

5 - - - - 11.28 ± 0.22

10 - - - - 7.29 ± 0.45

15 - - - - 1.24 ± 0.06

Purpureocillium lilacinum

35.89 ± 0.32 - - - -

1 - - 0.00± 0.00 14.58 ± 1.91 33.00 ± 0.00

3 - 35.89 ± 0.26 - - -

5 - - - - 14.16 ± 0.63

10 - - - - 5.50 ± 0.52
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found for thyme oil and were equal to 1 μL mL-1

were varied for all strains. The most sensitive to rosewood 
essential oil was P. citrinum strain (MIC = 1 μL mL-1

= 5 μL mL-1). In contrast, the highest resistance to rose-
wood oil was exhibited by P. expansum (MIC = 5 μL mL-1, 

-1 -
tive to rosemary oil was P. citrinum (MIC = 5 μL mL-1), 

while the most resistant P. expansum (MIC = 20 μL mL-1). 
Rosemary oil in the tested concentrations did not show 

A growth of microbial resistance to the disinfection chemi-
cals is the main reason for searching for alternative solu-

-
wood essential oil (B) and rosemary essential oil (C). *NCD-concentration was not estimated
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tions ensuring the sterility of the production environment. 

this natural substances as disinfectants. The essential oils 
were used during storage process to eliminate fungi of As-
pergillus and Penicillium species from raw fruits and veg-
etables (Passone et al., 2013), and during food production 
proccess to eliminate the moulds such as Alternaria, Acre-
monium, Fusarium and Trichoderma which were present 
in the production environment. Moulds through the myco-
toxins product may also adversely affect the quality of the 
stored raw materials and products and pose a health risk to 
workers (Gemeda et al., 2014b).

Biocidal activity of essential oils depends on their 
chemical composition, terpenes concentration and on 

& Walkowiak, 2014). Thyme and rosewood essential oils 
more effectively inhibited the mycelium growth of tested 
strains than rosemary essential oil. High activity of thyme 
oil may be associated with a high content of phenolic 
compounds as thymol (Abbaszadeh et al., 2014; Cam-
pos-Requena et al., 2015). Thymol is the main ingredi-
ent in thyme oil, and its content in essential oils depends 
on the quality of the raw material and growth conditions 
of thyme as well as from storage period (Jiang et al., 2011; 
Lemos et al., 2017). Some authors suggested that aromatic 
compounds containing polar functional groups exhibit an-
timicrobial activity (Lemos et al., 2017). Thymol has the 
phenolic hydroxyl groups which are highly reactive and 
form hydrogen bonds with active target enzymes leading 
to their inactivation (Ouattara et al., 1997).

The composition of thyme oil and rosemary oil was 
characterized by a high content of oxygeneganted monoter-
penes. These substances have high antimicrobial activity 

comprised of bi- and tricyclic monoterpenes (32.98%) 
when compared to rosewood (0.00%) and thyme (5.50%) 
essential oils, respectively. Hyldgaard et al. (2012) showed 
that such substances (monoterpenes) exhibited lower anti-
microbial activity than their oxidized derivatives. The main 
ingredient of rosemary oil was linalool, which comprised 
of 80.42% of the essential oil content. Linalool as thymol 
is a substance belonging to monoterpenes. However, lin-
alool was applied at higher concentrations than thymol for 
complete inhibition of fungal growth (Shin et al., 2014). 
There are reports of high fungicidal properties of linalool 
against Penicillium italicum (Shimada et al., 2014), as well 
as fungistatic activity of Penicillium ssp., Aspergillus ssp., 
and Fusarium ssp. (Marei et al., 2012). The various sus-
ceptibility of fungi to linalool can be resulted from their 
ability to biotransformation of this substance into other 
aromatic compounds (Molina et al., 2013).

There are some problems associated with the use of es-
sential oils in practice, namely lack of data on the tox-
icity of essential oils from individual plants (due to the 

fact that essential oils are a mixture of many biologically 
active substances), changes in the composition of the oil 
depending on maturity, growth conditions or quality of the 
raw material from which the essential oil was extracted, 
short duration of active substances in the oil due to their 
volatile nature, and limited water solubility of terpenes and 

2014).

The fungicidal and antifungal activity of the essential oils 
was dependent on the content of the active substances and 
the sensitivity of the fungal strains. The most effective in-
hibitor of fungal growth was the thyme essential oil and 
therefore it can be used as an active agent in a new gen-
eration of disinfectants. The most resistant to the tested 
essential oils was the Penicillium expansum strain, which 
suggest that it could be used as an indicator of the effec-
tiveness of the disinfection process.
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