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Abstract

Plant essential oils have the potential to replace the synthetic fungicides in the management of postharvest diseases of fruit and 
vegetables.The aim of this study was to access the in vitro and in vivo activity of essential oil obtained from oregano (Origanum vulgare 
L. ssp. hirtum), thyme (Thymus vulgaris L.) and lemon (Citrus limon L.) plants, against some important postharvest pathogens (Botrytis 
cinerea, Penicillium italicum and P. digitatum). In vitro experiments indicated that P. italicum did not show any mycelium growth in 
presence of thyme essential oils at concentration of 0.13 μl/ml. Moreover, B. cinerea did not show any mycelium growth in presence of 
lemon and oregano essential oils at concentration of 17 μl/ml and 0.02 μl/ml, respectively. Moreover, the essential oils from three species 
were effective in reducing the spore germination. The in vivo experiments confirmed the strong efficacy shown in vitro by essential oils. 
These oregano and lemon oils were very effective in controlling disease severity of infected fruit by B. cinera in tomatoes, strawberries 
and cucumbers. In tomatoes, grey mould due to B. cinerea was completed inhibited by oregano essential oils at 0.30 μl/ml. Moreover, 
lemon essential oils induced a significant reduction of grey mould disease severity. In strawberries, grey mould was completed inhibited 
by lemon essential oils at 0.05 μl/ml. In addition, lemon essential oils at 0.05 μl/ml showed 39% reduction of infected cucumber fruits by 
B. cinerea. These results indicate that essential oils after suitable formulation could be used for the control of postharvest diseases caused 
by Botrytis and Penicillium pathogens.   
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Introduction

Fungal infections are the main cause of postharvest rots 
of fresh fruit and vegetables during storage, transport and 
cause significant economic losses in the commercialization 
phase (Gatto et al., 2011). Infections caused during post-
harvest conditions lowers the shelf life and adversely affect 
the market value of fruits (Tripathy et al., 2008). Moreover, 
mycotoxins the secondary metabolites produced by molds 
have adverse effects on humans and animals (Zain, 2011). 
The contamination of fruits with mycotoxins has not only 
caused health hazards but also resulted in economic losses, 
especially for exporting countries (Fernandez-Cruz et al., 
2010).

Grey mould, blue mould and green mould caused by 
Botrytis cinerea, Penicillium italicum, Penicillium digi-
tatum, respectively, are common postharvest diseases of 
fruits and vegetables (Gatto et al., 2011; Solaimani et al., 
2009; Tripathi et al., 2008). Chemical fungicides provide 
the primary means for controlling postharvest fungal de-
cay of fruit and vegetables. Continuous use of fungicides 

has faced two major obstacles; increasing public concern 
regarding contamination of fruits and vegetables with 
fungicidal residues, and proliferation of resistance in the 
pathogen populations (Tripathi and Dubey, 2004). 

Food safety is one of the major issues related to fresh 
fruit and vegetables (Antunes and Cavaco, 2010). The de-
velopment of natural crop protective products as alterna-
tives to synthetic fungicides is currently in the spotlight 
(Combrinck et al., 2011). The natural and bio-control fun-
gicides might be a good alternative to the use of synthetic 
fungicides, and in turn to fulfil consumer requirements for 
more natural and healthy foods (Gachango et al., 2012; 
Martinez-Romero et al., 2008). The use of plant extracts 
could be a useful alternative to synthetic fungicides in the 
management of rot fungi during postharvest handling of 
fruit and vegetables (Gatto et al., 2011). 

A new approach to the control of postharvest patho-
gens, while maintaining fruit quality, has been implement-
ed by the application of essential oils. This approach elimi-
nates the need for synthetic fungicides, thereby complying 
with consumer preferences, organic requirements and 
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porated into the PDA and poured into petri dishes. Agar 
discs (0.3 cm in diameter) covered with germinated fungal 
conidia, served as a source of inoculums. These agar discs 
were placed in the center of petri dishes containing PDA 
with the corresponding essential oil at different concentra-
tions. Petri dishes were sealed with parafilm to prevent the 
leak of test oils. The plates without the essential oils were 
used as control. The plates were incubated for 5-7 days (Al-
Reza et al., 2010). The mycelium growth was measured. 

For spore germination assays, spore suspensions of 
each fungus (103 conidia/ml counted with a hemocytom-
eter) were prepared in sterile water. 0.1 ml of each suspen-
sion was added to Petri dishes containing PDA with and 
without the test essential oil. The germinated spores were 
counted after 24 hr of incubation at 22°C (B. cinerea) or 
at 25°C (P. italicum and P. digitatum) and percentage of 
spore germination was calculated. Three replicates were 
used for each concentration of essential oils. The experi-
ment was repeated twice.

Evaluation of antifungal activity of plant essential oils in 
vivo
Tomatoes, strawberries and cucumbers were used in 

vivo experiments. All the fruits were disinfected (Lopez-
Reyes et al., 2010) in with sodium hypochlorite solution 
(2.5%) for 2 min. After abundant washing with distilled 
water (× 3) the fruits were placed in sterile commercial 
packages. 

Strawberry and tomato fruits were used. These fruits 
were obtained from commercial market. A number of 25 
tomato and 30 strawberry fruits were randomly distrib-
uted into five replicates. Fruits were arranged by groups 
in plastic package having three layers of moistened blot-
ters at the bottom. Conidia of B. cinerea were recovered 
from 2-week old cultures by adding 10 ml of sterile water 
to each plate. The conidia suspension was filtered through 

reducing environmental pollution (du Plooy et al., 2009). 
Moreover, Camele et al. (2010) reported that the essential 
oil of Thymus vulgaris controlled fruit rot by Botrytis ci-
nerea, Phytophthora citrophthora, and Rhizopus stolonifer, 
but was ineffective against Penicillium italicum. Moreover, 
essential oils of Verbena officinalis and Origanum vulgare 
inhibited infection by the first two fungi and only by P. cit-
rophthora, respectively. The objective of the present study 
was to evaluate the in vitro activity of plant essential oils 
against postharvest fungal pathogens. The antifungal ac-
tivity of essential oils was also tested on artificially inocu-
lated fruit and vegetables. 

Materials and methods

Fungal pathogens
The fungi used throughout the present study were 

Botrytis cinerea, the causal agent of grey mould, Peni-
cillium italicum, causing blue mould of citrus fruit and 
Penicillium digitatum, causing green mould of citrus fruit. 
They were provided by the laboratory of the Agricultural 
University of Athens and cultured on potato dextrose agar 
(PDA) at 22°C (Botrytis cinerea) and 25°C (Penicillium 
italicum, Penicillium digitatum).

Natural products-essential oils
Oregano (Origanum vulgare L.), thyme (Thymus vul-

garis L.) and lemon (Citrus limon L.) oils were used in 
vitro and in vivo experiments at different rates. They were 
a kindly offer by “Bioryl” S.A and stored at 4°C. Appropri-
ate dilutions were in ethanol on the day of use. 

Evaluation of antifungal activity of plant essential oils in 
vitro
To determine the inhibitory effects of essential oils, 

selected concentrations of the essential oils were incor-

Fig. 1. Effects of thyme oil on radial growth and spore germination of Penicillium italicum. 
Treatments followed by the same letters are not significant different according to LSD test 
at p=0.05
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three layers of sterile cheesecloth. The concentration of 
the conidial suspension was adjusted to 105 conidia per ml 
and a drop of Tween 80 was added to the suspension. Each 
fruit was inoculated and stored at 22°C. 

Cucumbers were wounded (1.2 cm deep and 1.5 cm 
diameter-three wounds per fruit) with a cork borer. The 
wounds were inoculated with spore suspension (Lopez-
Reyes et al., 2010) containing 105 spores/ml of B. cinerea. 
Thereafter, different concentrations of essential oils were 
placed in small glass containers placed in the bottom of 
the package. The fruits were held at 22°C. A number of 
30 fruits were randomly distributed into five replicates. 
The experiments were repeated twice. The results of two 
experiments were averaged.

Statistical analysis
For calculating of analysis of variance and comparisons 

of means, Statistica software (StatSoft Inc., Tulsa, OK, 
USA) was used. The LSD test was used to compare the 
means. Data expressed as percentages were transformed 
into arcsin square root values to normalize distributions 
before analysis of variance; the percentages are shown as 
untransformed data. 

Results and discussion

Inhibitory effects of plant essential oils on in vitro radial 
growth of pathogens
The in vitro activity of the tested essential oils against 

the three postharvest pathogens is summarised in Fig. 1-3. 
The inhibitory effects of plant essential oils were tested at 
different concentrations. 

Essential oils from thyme plants showed a significant 
activity against Penicillium italicum and P. digitatum. In 
particular, P. italicum did not show any mycelium growth 

in presence of thyme essential oils at concentration of 0.13 
μl/ml (Fig. 1.). Azizi et al. (2008) observed that radial 
growth of P. italicum was completely inhibited by thyme 
(500 mg/L), Saturega hortensis and Thrachryspermum cop-
ticum (1000 mg/L). Moreover, Abdolahi et al. (2010) re-
ported that thyme essential oils exhibited strong antifungal 
activity against Botrytis cinerea and Mucor piriformis. Ac-
cording to Šegvić Klarić et al. (2007) the thyme essential 
oil, which contains p-cymene (36.5%), thymol (33.0%) 
and 1,8-cineole (11.3%) as main components, and pure 
thymol exhibited antifungal activities. Pure thymol exhib-
ited approximately three-times stronger inhibition than 
essential oil of thyme. 

Oregano and lemon essential oils showed a signifi-
cant activity against B. cinerea (Fig. 2. and 3.). The MIC 
(minimum inhibitory concentrations) value was lowest at 
oregano treatment (Tab. 1). In particular, B. cinerea did 
not show any mycelium growth in presence of lemon and 
oregano essential oils at concentration of 17 μl/ml and 
0.02 μl/ml, respectively. The ED50 values (Tab. 1), the 
concentration causing 50% inhibition of radial growth of 
mycelium, was lowest at oregano treatment followed by 
thyme treatment. 

The most active oils were found to be those of thyme 
and oregano, while the activity of lemon oil was less effec-
tive. According to Fisher and Phillips (2006), essential oils 
of lemon (Citrus limon), sweet orange (Citrus sinensis) and 
bergamot (Citrus bergamia) and their components could 
be used against a number of common foodborne patho-
gens. The Citrus essential oils consist mainly in monot-
erpene hydrocarbons (97.59-99.3%), with limonene 
(92.52-97.3%) and β-pinene (1.37-1.82) being the major 
constituents (Hosni et al., 2010). Di Vaio et al. (2010) 
reported that the main component in the lemon essential 
oil was limonene, accounting for 72.5-76.4%, followed 

Fig. 2. Effects of oregano oil on radial growth and spore germination of Botrytis cinerea. 
Treatments followed by the same letters are not significant different according to LSD test 
at p=0.05
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ported that carvacrol had the highest antibacterial activity 
among the tested components.

Inhibitory effects of plant essential oils on in vitro spore 
germination of pathogens
Essential oils from thyme plants showed a significant 

activity against spore germination of Penicillium italicum 
and P. digitatum. In particular, P. italicum did not show 
any spore germination in presence of thyme essential oils 
at concentration of 0.5 μl/ml (Fig. 1.). Moreover, orega-
no and lemon essential oils showed a significant activity 
against spore germination of Botrytis cinera (Fig. 2. and 
3). 

According to Liu et al. (2009) thyme oil may provide 
an alternative means of controlling postharvest sour rot 
(Geotrichum citri-aurantii) on citrus fruit. At 600 μl/L, 

by β-pinene (11.6-18.7%). Moreover, Marei et al. (2012) 
reported that three monoterpenes (thymol, (S)-limonene 
and 1,8-cineole) are potent antifungal compounds. Citrus 
oils are generally recognised as safe (GRAS) and have been 
found to be inhibitory both in direct oil and vapour form 
against a range of both Gram-positive and Gram-negative 
bacteria (Fisher and Phillips, 2008). Moreover, Chuah et 
al. (2010) reported that essential oils from lemon (Citrus 
limon) exhibited antifungal activity against Fusarium ox-
ysporum and Glomerella cingulata. According to Ozkan et 
al. (2009) the main components of oregano oil were car-
vacrol, thymol, γ-terpinene,  p-cymene, α-terpinene and 
α-pinene. Camele et al. (2012) observed that carvacrol 
at 250 ppm and thymol at 150 and 250 ppm stopped the 
growth of B. cinerea. Moreover, Soković et al. (2010) re-

Tab. 1. Minimum inhibitory concentrations (MIC) and ED50 values (the concentration causing 50% inhibition) of the plant 
essential oils against mycelium growth of postharvest pathogens (Botrytis cinerea, Penicillium italicum and P. digitatum) 

Botrytis cinerea  Penicillium italicum Penicillium digitatum
Plant ED50 MIC ED50 MIC ED50 MIC

Essential Oils (μl/ml) (μl/ml) (μl/ml)
Thyme - - 0.075 0.13 0.075 0.13

Oregano 0.0075 0.02 - - - -
Lemon 11 17 - - - -

Fig. 3. Effects of lemon oil on radial growth and spore germination of Botrytis cinerea. Treat-
ments followed by the same letters are not significant different according to LSD test at 
p=0.05

Tab. 2. Minimum inhibitory concentrations (MIC) and ED50 values of the plant essential oils against spore germination of 
postharvest pathogens (Botrytis cinerea, Penicillium italicum and P. digitatum) 

Botrytis cinerea  Penicillium italicum Penicillium digitatum
Plant ED50 MIC ED50 MIC ED50 MIC

Essential Oils (μl/ml) (μl/ml) (μl/ml)
Thyme - - 0.075 0.50 0.075 0.50

Oregano 0.0075 0.02 - - - -
Lemon 13 22 - - - -
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Moreover, Lopez-Reyes et al. (2010) reported that es-
sential oils from oregano, savory (Saturega montana) and 
thyme showed significant efficacy against postharvest 
pathogens B. cinerea and Penicillium expansum. Phillips et 
al. (2012) observed that citrus essential oils reduced spore 
germination of pathogens Penicillium chrysogeum, Asper-
gilus niger and Alternaria alternata.

Plant essential oils showed different activity in inhib-
iting disease development in tomatoes, strawberries and 
cucumbers. In tomatoes, grey mould due to B. cinerea was 
completed inhibited by oregano essential oils at 0.30 μl/
ml. Moreover, lemon essential oils induced a significant 
reduction of grey mould disease severity. In addition, the 
thyme essential oils were ineffective in reducing the infec-
tion caused by Β. cinerea. In strawberries, grey mould was 
completed inhibited by lemon essential oils at 0.05 μl/
ml. In addition, lemon essential oils at 0.05 μl/ml showed 
39% reduction of infected cucumber fruits by B. cinerea. 
Fungal infection was noticed after 5 days with oregano oil 
treatment and 6 days with lemon oil treatment, while in 
the control the infections were evident after 48 h of stor-
age at 22°C. 

thyme oil it inhibited the germination of about 94% of the 
arthroconidia and the germ tube length was only 4.32 ± 
0.28 μm. Moreover, Šegvić Klarić et al. (2007) reported 
that the vaporous phase of the thyme essential oil (82 μg 
l−1) in glass chambers strongly suppressed the sporulation 
of moulds during 60 days of exposure.

Botrytis cinerea did not show spore germination in 
presence of lemon and oregano essential oils at concentra-
tion of 22 μl/ml and 0.02 μl/ml, respectively. The ED50 
values (Tab. 2), the concentration causing 50% inhibition 
of spore germination, was lowest at oregano treatment 
followed by thyme treatment. The most active oils were 
found to be those of thyme and oregano, while the activity 
of lemon oil was less effective.

Evaluation of essential oils antifungal activity in vivo
The effects of oregano, thyme and lemon essential oils 

on the fungal growth of Botrytis cinerea in inoculated to-
matoes, strawberries and cucumbers (Fig. 4.) were evalu-
ated. The oregano and lemon essential oils were highly ef-
fective in reducing the infection caused by B. cinerea on 
tomatoes, strawberries and cucumbers (Tab. 3.) 

Tab. 3. Activity of oregano and lemon essential oils in reducing the development of Botrytis cinerea on tomatoes, strawberries and 
cucumbers

Tomatoes Strawberries Cucumbers
Oregano oils

(μl/ml)
Infected fruits

%
Lemon oils

(μl/ml)
Infected fruits

%
Lemon oils

(μl/ml)
Infected fruits

%
0 100a 0 100a 0 100a

0.08 62.5b 0.01 75b 0.01 80b

0.12 45.6c 0.025 32.5c 0.025 54.8c

0.22 18.7d 0.035 25c 0.05 39.6c

0.30 0e 0.05 0d 0.075 18.3d

0.125 2.3e

In each column, values followed by the same letters are not significant different according to LSD test at p=0.05

Fig. 4. In vivo antifungal activity of lemon essential oils (μl/ml) against Botrytis cinerea caus-
ing grey mould in cucumber 
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Valverde JM, Castillo S, Fuetes M, Valero D (2008). The use 
of a natural fungicide as an alternative to preharvest synthet-
ic fungicide treatments to control lettuce deterioration dur-
ing postharvest storage. Postharvest Biol Technol 47:54-60.

Ozkan G, Baydar H, Erbas S (2010). The influence of harvest 
time on essential oil composition, phenolic constituents and 
antioxidant properties of Turkish oregano (Origanum onites 
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An antimicrobial citrus essential oil vapour for the control 
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Conclusions

The results obtained from both in vitro and in vivo 
experiments indicated that lemon, thyme and oregano es-
sential oils inhibited the mycelium growth and spore ger-
mination of postharvest pathogens (B. cinerea, P italicum, 
P digitatum). In both experiments, a dose effect was ob-
served, with an increase of antifungal as the essential oils 
concentration increased. Therefore, essential oils could be 
used in treatment of fruits and vegetables against posthar-
vest pathogens.
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