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INTRODUCTION

In recent years, consumers’ demands regarding food 
production and food safety have changed dramatically. 
Consumers are more aware of the influence food has on their 
health [1]. Fruits and vegetables represent an important part 
in the human diet providing a significant amount of essential 

vitamins, minerals and dietary fibers. Subsequently, minimally 
processed food like fresh-cut fruits and vegetables has become 
an important part of the diet due to its high nutritional value, 
freshness and practical use [2]. While most food processing 
technologies involve the stabilization of products and 
methods for prolonging their shelf life, minimal processing 
actually reduces the shelf life of food, which represents a 
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ABSTRACT
Background: Essential oil components eugenol and carvacrol (ranging between 100 and 200 ppm for 
carvacrol and between 250 and 750 ppm for eugenol) were tested for antifungal activity against foodborne 
pathogenic fungal species Aspergillus carbonarius A1102 and Penicillium roqueforti PTFKK29 in in vitro and 
in situ conditions. Materials and Methods: In vitro antifungal activity of eugenol and carvacrol was evaluated 
by macrobroth method, while watermelon Citrullus lanatus L. Sorento slices were used for antifungal assays 
in situ. Results: Selected components, eugenol and carvacrol showed significant inhibitory effect against tested 
fungi (A. carbonarius A1102 and P. roqueforti PTFKK29) in yeast extract sucrose broth, as well as in in situ 
conditions. The minimal inhibitory concentration (MIC) of eugenol against A. carbonarius A1102 determined 
by macrobroth method was 2000 ppm, while against P. roqueforti PTFKK29 determined MIC was 1000 ppm. 
Carvacrol inhibited growth of A. carbonarius A1102 at minimal concentration of 500 ppm, while against 
P. roqueforti PTFKK29, MIC was 250 ppm. The assays in real food system  watermelon slices for eugenol and 
carvacrol show that the inhibitory effect against both selected fungal species was concentration dependent. 
Furthermore, our results showed that antifungal effect of carvacrol as well as eugenol applied on watermelon 
slices in all concentrations was a result of effective synergy between an active antifungal compound and 
lower incubation temperature (15°C) in inhibition of A. carbonarius A1102. Conclusion: The present study 
suggests that the use of eugenol and carvacrol is promising natural alternative to the use of food chemical 
preservatives, in order to improve safety and quality of fresh-cut and ready-to-eat fruits.
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potential microbiological risk for consumers, especially in 
case of improper hygienic conditions during distribution and 
processing [3].

Western society is facing a trend of “green” consumerism that 
sets a demand for food products preserved without synthetic 
additives, salt, as well as environmentally friendly food 
production technologies [4].

In order to follow this trend, one of the possible solutions 
in assuring food safety is the use of essential oils and their 
constituents as antimicrobial additives. Essential oils and their 
constituents like carvacrol and eugenol show antimicrobial 
activity against different toxicogenic and pathogenic 
microorganisms [5]. A number of studies have shown that 
they possess antibacterial [6,7], antiviral [8], antifungal 
[9-14], antiparasitic, insecticidal [15,16] and anticarcinogenic 
activity [17].

Constituents of essential oils like carvacrol and eugenol show 
antifungal activity against a wide range of fungi [18-20]. They 
could be used as a safer alternative to chemical fungicides in 
the food industry.

Carvacrol, (2-methyl-5-[1-methylethyl]-phenol), is a 
monoterpenoid phenol, a hydrophobic compound, soluble in 
ethanol, diethyl ether, carbon tetrachloride and acetone with a 
melting point at 1°C and boiling point at 237.7°C. It has been 
identified as the active constituent of essential oil of Origanum 
vulgare L. (oregano) and essential oil of Thymus vulgaris L. 
(thyme) that exhibits high antimicrobial and antioxidant 
activities [4].

Carvacrol has been shown to increase membrane fluidity and 
cause leakage of protons and potassium ions, resulting in a 
collapse of membrane potential and inhibition of adenosine 
triphosphate (ATP) synthesis [4]. Aside from the inhibition 
of the growth of vegetative bacterial cells, carvacrol is able to 
inhibit the production of diarrheal toxin by Bacillus cereus in 
broth and in real systems. Mode of action of toxin limitation 
includes two theories: If toxin excretion is an active process, 
there may be insufficient ATP or proton-motive force to export 
it from the cell. Alternatively, the lower specific growth rate 
may mean that the cells use all the available energy to sustain 
viability, leaving little over for toxin production [21].

Eugenol (2-methoxy-4-[2-propenyl]phenol) is an allyl chain 
substituted guaiacol, a major component of Syzygium aromaticum 
(clove) essential oil (approximately 85%), but also extracted from 
essential oils of Myristica fragrans Houtt. (nutmeg), Cinnamomum 
cassia Blume (cinnamon), Ocimum basilicum L. (basil) and Laurus 
nobilis L. (bay leaf). It is a clear to pale yellow oily liquid with a 
melting point at −7.5°C and boiling point at 254°C.

Sub-lethal concentrations of eugenol have been found to inhibit 
the production of amylase and proteases by B. cereus. Cell wall 
deterioration and a high-degree of cell lysis were also noted. 
The hydroxyl group on eugenol is thought to bind to proteins, 
preventing enzyme action in Enterobacter aerogenes [4].

Aspergillus carbonarius optimally grows at a temperature of 
30°C, but it can grow even at 10°C. Water activity growth 
range is between 0.96 and 0.98, while the pH growth range 
is from 2 to 10 [22]. It is usually found in grapes, grape juice, 
wine, raisins, and sometimes on raw coffee beans [23]. Grape 
contamination can occur before harvest, during harvest or 
during processing [24].

A. carbonarius is the main producer of ochratoxin A, a 
nephrotoxin which afflicts all tested animal species, while 
its impact on human health is not easily determined [25]. 
The connection between ochratoxin A and Balcan endemic 
nephropathy has been the subject of numerous studies but 
is, as yet, not completely established [26]. Food products that 
could potentially be contaminated with ochratoxin A are jams 
and grape vinegar [24].

Penicillium roqueforti is a psychrothrophic mold that can grow 
well in cold temperatures and cause spoilage of refrigerated 
food products. However, the optimal growth temperature of 
P. roqueforti lies between 20°C and 30°C for water activity of 
0.89-0.92. It can grow in a wide range of pH values (3-10) [22]. 
Furthermore, P. roqueforti is not susceptible to inhibiting 
activity of weak acids which are usually used as preservatives 
in the food industry [27].

Although known as a starter culture in “Roquefort” cheese 
production, P. roqueforti also produces certain toxins such as 
P. roquefortitoxin, roquefortin C, and mycophenolic acid. The 
latter two compounds have only limited toxicity [28].

The aim of this study was to determine the antifungal effect 
of essential oil constituents carvacrol and eugenol against 
the foodborne pathogenic molds A. carbonarius A1102 and 
P. roqueforti PTFKK29 in in vitro and in situ conditions on 
slices of watermelon Citrullus lanatus L. Sorento at different 
incubation temperatures.

MATERIALS AND METHODS

Fungal Cultures

Fungal cultures of A. carbonarius A1102 and P. roqueforti 
PTFKK29 species were obtained from the collection of fungi of 
the Faculty of Food Technology Osijek. Strains were maintained 
on slants of potato dextrose agar (PDA) (Biolife, Italy) at 4°C. 
Before experiments, cultures were grown on PDA slants at 25°C 
for 5 days. Spores were harvested and suspended homogeneously 
in sterile distilled water with 0.05% Tween 80. Afterwards, the 
spores in the suspension were counted (Bürker-Türk counting 
chamber) and their number was adjusted to 1 × 105 spores mL−1.

In vitro Antifungal Activity of Eugenol and Carvacrol

In vitro antifungal activity of eugenol and carvacrol was 
evaluated by macrobroth method [29] on fungal species of 
A. carbonarius A1102 and P. roqueforti PTFKK29.
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Eugenol (concentrations applied were: 250, 500, and 750 ppm) 
and carvacrol (concentrations applied were: 100, 150 and 
200 ppm) (Sigma, Germany) were dissolved in solution of 10% 
Tween 80 (Biolife, Italy), 96% ethanol (Kemika, Croatia) and 
distilled water, sterilized by filtration and used immediately.

Yeast extract sucrose broth (YESB) was used as growth 
medium for measurement of the inhibitory effect of eugenol 
and carvacrol. Medium was sterilized at 121°C for 15 min 
followed by cooling to 50°C in a water bath. After cooling, 
different concentrations of eugenol and carvacrol were added 
to sterile broth, homogenized and 5 mL of growth medium 
was dispensed in test tubes. Fungal spores were inoculated 
(105 CFU/mL) in YESB and incubated at 25 ± 1°C, and 
the minimal inhibitory concentration (MIC μg/mL) was 
recorded after 72 h of incubation. Suitable controls: Broth 
control (without fungal spores), growth controls (with fungal 
spores), solvent (Tween 80 and 96% ethanol) and eugenol 
or carvacrol controls were set under identical conditions. 
The last tube with no apparent growth of the organism 
represented the MIC of the compound. To test minimal 
fungicidal concentration (MFC), from last tube 100 μL was 
transferred to YESB without antifungal compounds. After 
72 h of incubation at 25°C if no growth was observed, MFC 
was detected. The experiment was performed in duplicates 
and repeated twice.

In situ Antifungal Activity of Eugenol and Carvacrol

Antifungal activity of eugenol and carvacrol was tested in in situ 
conditions on watermelon C. lanatus L. Sorento. Watermelon 
was washed in tap water and dried with paper towels followed 
by surface sterilization with 70% ethanol. Fruit was cut (with 
sterile knife) on 5 mm thick slices, and additionally slices 
of φ = 20 mm, were cut with sterile tube cap. Slices were 
transferred in Petri plates (5 slices/dish) and left in laminar 
hood with ultraviolet lamps turned on for 20 min. Each 
watermelon slice was inoculated with 5 μL of fungal spore 
suspension (1 × 105/mL) followed by 5 μL of tested component 
solution. Slices were incubated at 25°C and 15°C. Every second 
day, fungal colony radii were measured, in 2 perpendicular 

directions, until 6th day of the incubation period. Experiment 
was performed in duplicates in 2 independent replications. 
Experiments were performed in July 2012 and July 2013.

Statistical Analyses

Results were analyzed by Microsoft® Office Excel 2003 
(Microsoft Corporation, Redmond, USA) and GraphPad Prism 
version 5.0 for Windows (two-way ANOVA with multiple 
comparison and Bonferroni post-hoc test) (GraphPad Software, 
San Diego, USA).

RESULTS

The antifungal activity of eugenol and carvacrol against fungal 
species A. carbonarius A1102 and P. roqueforti PTFKK29 
expressed as MIC and MFC concentrations were presented in 
Table 1. Antifungal activity of tested compounds ranged from 
1000 (MIC) to >2000 ppm (MFC) of eugenol or 250 (MIC) 
to 2000 ppm (MFC) of carvacrol.

The activity of eugenol and carvacrol on watermelon slices (in situ 
conditions) at 25°C and 15°C was presented in Figures 1-4.

DISCUSSION

Essential oils or their components like eugenol or carvacrol 
used for antifungal testing are becoming more interesting in 
modern food technology, although their effect is well-known. 
Nowadays, consumers concerned about their health are 
more interested in food produced with minimal processing 

Table 1: Antifungal activity of eugenol and carvacrol on 
A. carbonarius and P. roqueforti
Species Eugenol Carvacrol

MIC MFC MIC MFC

A. carbonarius 2000 >2000 500 2000
P. roqueforti 1000 2000 250 1000

MIC: Minimal inhibitory concentration (ppm), MFC: Minimal fungicidal 
concentration (ppm), A. carbonarius: Aspergillus carbonarius
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Figure 1: Aspergillus carbonarius colony growth inhibition by eugenol on watermelon slices at 25 and 15°C. *Signifi cant difference compared to 
control (P ≤ 0.05). Letters (a, b, and ab): Signifi cant difference between tested treatments (P ≤ 0.05)
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or preservatives added. This represents a problem in food 
technology since food safety during the production process 
or storage is not easily attained. One of the most affected 
products is minimally processed food-fruit or vegetable salads. 
During processing minimally processed food, washing (with 
or without disinfectants), cutting and packaging are allowed. 
High temperature treatments are usually not permitted. 
These factors, together with cutting that cause cellular juice 

leakage, facilitate microbial growth. Fungi selected for this 
experimental study are important in the food industry for 
several reasons: A. carbonarius is widespread on fruits, produces 
a huge amount of contaminant conidia while P. roqueforti, 
although not common as a fruit detrimental fungus, is capable 
for growth at lower temperatures. Therefore, P. roqueforti goes 
in the group of important cold storage fungi. Watermelon, 
as well as other vegetables (melons, cantaloupes) and fruits 
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Figure 2: Aspergillus carbonarius colony growth inhibition by carvacrol on watermelon slices at 25 and 15°C. *Signifi cant difference compared 
to control (P ≤ 0.05). Letters (a, b, and ab): Signifi cant difference between tested treatments (P ≤ 0.05)
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(strawberries, apples, etc.) have become very popular ready-
to-eat minimally processed salads for consumers worldwide. 
However, the absence of more intensive preservation methods 
increases their susceptibility to fungal (or bacterial) growth 
and besides spoilage, minimally processed salads are widely 
known as serious safety issue.

The most sensitive fungal species tested was P. roqueforti 
PTFKK29 [Table 1], since eugenol acted fungicidally at 2000 
ppm on its growth. Carvacrol, at a concentration of 1000 
ppm, was even more effective in fungicidal activity on tested 
fungi. Furthermore, MIC of carvacrol was, four times lower 
compared to eugenol. Since fungicidal effect of carvacrol is 
well-known, compound, as well as oregano or thyme essential 
oils, can be used as efficient preservatives in food processing 
technology. Similarly, A. carbonarius A1102 was more susceptible 
to carvacrol (MIC value of 500 ppm compared to 2000 ppm 
of eugenol) although this species, compared to P. roqueforti 
PTFKK29 is more resistant to tested chemicals. Interpretation 
of results obtained from antimicrobial assays is demanding, due 
to different methodology or different strains applied. In a similar 
experiment [30] authors observed MIC activity of carvacrol and 
eugenol on Penicillium expansum at a concentration of 262 and 
500 ppm, respectively, while in our experiment (unpublished 
data) the same species was inhibited by 500 and 2000 ppm of 
antifungal compounds tested. Selection of different strains of 
the same species in antifungal assays is suggestible, since quite 
different results can be obtained.

The results of MIC activity of eugenol and carvacrol were 
used in in situ testing of antifungal efficacy of compounds 
against same species on watermelon slices incubated at 25°C 
and 15°C. The main idea of performing this assay on selected 
temperature regimes came from improper cold storage 
conditions, often observed in markets. Concentrations of 
compounds applied were ¼, ½, and ¾ of MIC of eugenol 
and carvacrol.

At a temperature of 25°C, A. carbonarius A1102 grew rapidly 
and at 4th day of incubation, all tested concentrations 
of eugenol, as well as control samples, reached 22 mm 
(diameter of watermelon slices). This species showed rapid 
growth on tested fruit slices, especially at higher storage 
temperature applied. Statistically significant difference, 
compared to control, was observed only at the highest 
concentration (750 ppm) applied at 2nd incubation day while 
among concentration of eugenol, 250 and 750 ppm were 
significantly different [Figure 1]. Lower growth rate at 15°C 
was observed where lag phase of fungal growth occurred even 
in the control sample until 2nd day, while 500 and 750 ppm 
prolonged this phase until 6th day (possibly even further, 
although this day was the final day of incubation). Higher 
concentrations applied, at 4th and 6th day were statistically 
significant. Carvacrol affected A. carbonarius growth in a 
similar way [Figure 2] where, at 25°C almost all samples 
reached the end of fruit slices. However, significant difference 
was observed between 200 ppm and 150 ppm, compared to 
control sample (2nd incubation day). At 15°C fungal growth 
was slower, reaching <6 mm at the end of the incubation 

period (control sample). Although almost no difference was 
observed at the start of incubation time, incubation at 4th 
and 6th day indicated a significant difference in activity of 
carvacrol, where 200 and 150 ppm were different compared 
to results obtained by 100 ppm, as well as a control sample. 
Both eugenol and carvacrol acted similarly on A. carbonarius 
during in situ experiments on watermelon slices.

Compared to A. carbonarius, P. roqueforti showed slower 
growth rate at both selected temperature intervals [Figures 3 
and 4]. Interestingly, this species grow faster at a lower 
temperature (15°C) which shows its psychrotrophic nature. 
Lag phase of fungal growth lasted until 4th incubation day 
for the control sample, while treatments prolonged this 
phase further to 6th day. Since the growth at 25°C was slow, 
differences between treatments and control are visible at 4th 
and 6th incubation day, although only difference between 
control and treatments was noticed. Further incubation would 
show differentiation between control and concentration of 
eugenol applied in this experimental setup. Higher growth 
rate with strong differentiation between concentrations 
applied was observed at 15°C incubation temperature where 
all treatments applied were significantly different compared to 
control sample. Although, considerably lower concentrations 
of carvacrol on slices were applied, similar results of fungal 
growth inhibition occurred at both temperatures applied 
[Figure 4]. Lag phase of P. roqueforti growth was shorter for 
2 days compared to eugenol [Figure 3]. Although the growth 
rate of P. roqueforti treated with 100 ppm of carvacrol was 
faster, compared to control, as suspected since, if fungi are 
treated with chemicals applied in concentrations below 
their inhibitory concentration, their growth rate (and even 
mycotoxin production) can be even more pronounced. 
Differences are also possible due to fruit surface structure. 
Watermelon surface has pronounced hollows that make 
colony diameter assessment more complicated. This problem 
can be successfully resolved by an increasing number of fruit 
slices tested and with experiment repetitions.

Potential disadvantage in the application of essential oils or their 
components in food systems is a modification of characteristic 
sensory profile of the food. In this experimental study, this 
specific issue was not detected, since small volume of tested 
compounds was applied (5 μL).

CONCLUSION

Both selected essential oil components, eugenol and carvacrol 
inhibited tested fungi (A. carbonarius A1102 and P. roqueforti 
PTFKK29) in YESB, as well as in in situ conditions (watermelon 
slices). Lag phase of the fungal colony growth on watermelon was 
prolonged in response to higher concentrations of components 
applied, for a longer period of time. Lower temperature (15°C) 
retarded the growth of A. carbonarius A1102, while this effect 
was not observed during the growth of P. roqueforti PTFKK29. 
Inhibitory effect of both tested compounds against fungal 
growth of selected fungal species on watermelon slices is 
concentration dependent.
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