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INTRODUCTION 

 

Peanuts (Arachis hypogaea) are an inexpensive, nutritionally powerful food 

source for people worldwide (Reese and Lehrer, 1999). On the other hand 

peanut is one of the eight most common food allergens (Wild and Gong, 2010). 
After soybeans, peanut is a major oil seed crop of global significance for 

processing and consumption of peanuts is about 30.5 million tones (CREA, 

2011). Peanuts are often invaded before harvest by Aspergillus flavus, A. 
parasiticus and Penicillium species, which produce mycotoxins (Lisker et al., 

1993; Horn et al., 2000). Mycotoxins are secondary metabolites of certain 

filamentous fungi that can be produce in foods as a result of fungal growth 
(Sweeney and Dobson, 1998). Aflatoxins have  been identified as the most toxic 

mycotoxins associated with peanuts. In addition to alfatoxins, another commonly 

occurring natural contaminant of peanut is the mycotoxin cyclopiazonic acid, 
produced by several species of Aspergillus and Penicillium (Lansden and 

Davidson, 1983),  zearelenone (El-Maghraby and El-Maghraby, 1987; 

Kishore et al., 2002) and trichothecene toxins (Bhavanishankar and Shantha, 

2006), both produced by Fusarium sp., citrinin (El-Maghraby and El-

Maghraby, 1987) produced mby Penicillium sp., Aspergillus sp. and ochratoxin 
A (Magnoli et al., 2007) produced by Aspergillus sp.. The growing awareness of 

customers concerning the relation between food and health is revolutionizing 

food industry. New techniques such as high pressure, nanotechnology, 
irradiation, etc., are increasingly used to maximize the nutritional properties of 

foods, while new ingredients with functional properties contribute to improving 

health (Martos et al., 2008). Currently, there is a strong debate about the safety 
aspects of chemical preservatives since they are considered responsible for many 

carcinogenic and teratogenic attributes as well as residual toxicity (Skandamis et 

al., 2001). The elimination of additives use in a wide variety of foods is 
demanded, while natural additives are seen as a benefit for both quality and 

safety (Martos et al., 2008). A renewed interest in natural preservation appears 

to be stimulated by present food safety concerns, growing problems with 
microbial resistance, and rice in production of minimally processed food, 

together with green image policies of food industry. Numerous studies have 

documented the antifungal (Aligiannis et al., 2001; Thompson, 1989) and 
antibacterial (Canillac and Mourey, 2001; Lachowicz et al., 1998) effects of 

plant essential oils. Although there have been many reports of the antibacterial 

and antifungal effects of EOs against fungi (Al-Burtami et al., 2005; Holley and 

Patel, 2005), but less of essential oil vapors. In general, vapors are more effective 

than oils against fungi (Lopez et al., 2005; Tulio et al., 2007). The vapor phase 

appears to be promising as a control protocol and could be applied in active 
packing and creating of protective atmosphere with a minimum organoleptic 

alternation of the packaged foodstuffs (Rodriguez et al., 2007). This way, 

antimicrobial concentrate at the surface of the products where noxious organisms 
grow and the interference with the food is avoided (Tyagi et al., 2012). 

The objective of our study was evaluation of the antifungal activity of 5 EOs by 

vapor contact against the selected fungal species of the genus Penicillium isolated 
from peanuts and their ability to affect production of selected mycotoxins. 

 

MATERIAL AND METHODS 

 

Fungal isolates 

 

A total of six isolates, concretely two isolates of Penicillium citrinum (P1 – P2), 

two isolates of P. crustosum (P3 – P4) and two isolates of P. expansum (P5 – P6) 
isolated from peanuts were used. These isolates belong to the collection of 

microorganisms at the Department of Microbiology of the Slovak Agricultural 

University in Nitra. They were inoculated on Czapek Yeast Autolysate Agar 
(CYA) (Samson et al., 2002) dishes. 

 

Essential plant oils 

 

The essential oils used in this study were extracts of thyme (Thymus vulgaris L.), 

clove (Syzygnium aromaticus L.), basil (Ocinum basilicum L.), jasmine 
(Jasminum officinale L.) and rosemary (Rosmarinus officinalis L.). They were all 

The aim of this study was evaluation of the antifungal activity of 5 essential oils (EOs). We used concretely thyme, clove, basil, jasmine 
and rosemary EOs by vapor contact against the fungal species, namely Penicillium citrinum (P1 – P2), P. crustosum (P3 – P4) and 

P. expansum (P5 – P6) and their ability to affect production of mycotoxins.  Each fungus was inoculated in the center on Czapek Yeast 

Autolysate Agar (CYA) dishes. Dishes were tightly sealed with parafilm and incubated for fourteen days at 25 ± 1 °C (three replicates 
were used for each treatment). Volatile phase effect of 50 µl of the essential oils was found to inhibit on growth of Penicillium spp.. 

Fungicidal and fungistatic concentracions (MFC) were determined by microathmosphere method. Complete growth inhibition of the 

isolates by EOs of thyme and clove was observed. The most sensitive isolate was P. crustosum (P4) (P < 0.05) The essential oils (EOs) 
of basil and rosemary had antifungal effect on growth of P. citrinum (P1 – P2) after 3 day of the incubation at concentration 100 % of 

EOs. The most resistant isolates were P. expansum (P5 – P6). Growth of these isolates was inhibited by thyme and clove EOs (100 %), 

like each other tested isolates, but with effective MFC concentration of 30 % (30/70; v/v) after all days of cultivation. Data were 
evaluated statistically by 95.0 % Tukey HSD test. In this stud, we also tested potential effect of EOs to affect production of mycotoxins 

of tested Penicillium isolates which are potential toxigenic fungi. After 14 days of incubation with EOs (100 %) with control sets, they 

were screened for a production of mycotoxins by TLC chromatography. Oils exhibited a various spectrum of fungal toxicity inhibit all 
tested species except the jasmine EO.  

The present study demonstrated the potential food preservative ability of the thyme, clove, basil, jasmine and rosemary EOs. The 

jasmine EO has none antifungal or anti – toxic activity. 
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supplied by Calendula company a.s. (Nová Ľubovňa, 238 A, Slovakia). The gas 
chromatography analyze of main components of each essential oils were 

determined by Calendula company a.s. (Tab. 1). Essential oils were extracted by 

hydro distillation and its quality and stability were certified by suppliers.  

 

Table 1 The major constituents of essential oils analyzed by Calendula company 

a.s.  

 

Antifungal activity of essential oils 

 

The antifungal activity of selected EOs was investigated by microatmosphere 
method. The following method allows the effect a volatile fraction of the EOs to 

be studied. The test was performed in sterile Petri dishes (Ø 90 mm) containing 

15 ml of CYA. Isolates of potential toxigenic fungi were used for toxigenic 
analyze by thin layer chromatography (TLC) method adapted from Samson et al 

(2002), modified by Labuda and Tančinová (2006). 

 

Microatmosphere method 

 

Evaluation by filter paper was made by the method adapted from Guynot et al. 

(2003). Dishes were kept in an inverted position. A sterilized filter paper (square 

of 1 x1 cm) was placed in the center of the lid and 50 μl of pure EOs (100/0; v/v; 
oil/diluent) were added on it. Filter paper disks impregnated with dimethyl 

sulfoxide (DMSO) (50 μl) were only used as a control to confirm no solvent 

effect of bioactivity. Each fungus was inoculated in the center on Petri dishes 
with needle–inoculated. Dishes were tightly sealed with parafilm and incubated 

for fourteen days at 25 ± 1 °C (three replicates were used for each treatment).  

Diameters (Ø mm) of the growing colonies were measured at the 3rd, 7th, 11th and 
14th day with a ruler. Essential oils able to inhibit each fungus (visible inhibition 

– non growth of fungus) were used in the following test.  

 

Minimum fungicidal concentration (MFC) 

 

The minimum fungicidal concentration (MFC) of the essential oils with the most 
significant activity was determined by method of graded concentration of oils. 

The essential oils dissolved in DMSO (dimethyl sulfoxide) were prepared at 

concentration of 90/10, 80/20, 70/30, 60/40, 50/50, 40/60, 30/70, 20/80 and 10/90 
(v/v; oil/diluent). Cultivation was carried out the same way as before (at 25 ± 1 

°C for 14 days, measured at the 3rd, 7th, 11th and 14th day).The test were 

performed in triplicate. The MFC was regarded as the lowest concentration of the 
oil that did not permit any visible growth in comparison with control sets. Data 

from both methods were statistically evaluated by 95.0 % Tukey HSD test. 

 

Mycotoxins screening by modified agar plug method 

 

After microatmosphere method of 14 days of cultivation with EOs (antifungal 
activity of 100 % of each tested essential oil with a control sets), all toxigenic 

isolates of the genus Penicillium were screened for potential production of 

citrinin, patulin and roquefortin C by TLC method.  Three small pieces (each 5x5 

mm) were cut from the colony growing on CYA and placed into 1.5 ml 
Eppendorf vials. Then 500 µl of extraction solvent (chloroform:methanol, 2:1, 

v/v) was added to vials containing the agar plugs and shaken on a vortex at least 

2 minutes. Extracts (30 – 50 µl) were applied afterwards as spots to the TLC 
plate (Silicagel 60, Merck, Germany) 1 cm apart. Consequently, spots were dried 

and the plates were developed in toluene:ethylacetate:formic acid (6:3:1, v/v/v) 

solvent system that gave an average Rf value of 0–1.46 for citrinin, 0.98 patulin 
and 0.19 for roqurefortin C. Mycotoxin visualization was directly detectable as a 

coloured spots under UV- light (365 nm) for citrinin (yellowgreen tailed). Patulin 

was visualized by spraying 0.5 % methylbenzothiazolone hydrochloride (MBTH, 
Merc, Germany) in methanol, heated at 130 ºC for 8 min, and then was detected a 

yellow-orange spot. Roquefortin C was visualized by spraying Ce(SO)4 and after 
drying detected as an orange spot in daylight. Mycotoxins standard, with the 

exception of patulin (Calbiochem, USA), were obtained from Sigma – Aldrich 

(Germany). 

 

RESULTS AND DISCUSSION 

 

In the food industry, after several decades of synthetics antimicrobials dominion, 

essential oils are once again being proposed as food preservatives (Tiwari et al., 

2009). Screened experiment with 13 – 52 essential oils and major active 
components against 5 – 25 microorganisms (Conner and Beuchat, 1984; 

Dorman and Deans, 2000) have reported thyme, clove, cinnamon, bay, oregano, 

garlic and lemongrass to be some of the best broad spectrum candidates for 
inhibition of food – borne pathogens and spoilage organisms. Biological activity 

of essential oils depends on their chemical composition which is determined by 

the genotype and influenced by environmental and agronomic condition (Marotti 

et al., 1992). The major components of EOs are listed in Table 1.  

This study was realized in two steps: firstly, antifungal activity of thyme, basil, 

clove, jasmine and rosemary oils were evaluated, using the microatmosphere 
method against two isolates of P. citrinum (P1 – P2), P. crustosum (P3 – P4) and 

P. expansum (P5 – P6). All tested EOs, except of jasmine EO, had potential 

ability to affect growth of tested isolates P1 – P6, but inhibition of growth depend 
on the concentrations of EOs, days of incubation and tested isolates.   

The most effective tested EOs were thyme and clove oils, which totally inhibited 

all tested isolates for all days of incubation at 100 % concentration. Eugenol (the 

main component of clove oil) and thymol (from thyme oil), that are two of the 

most important representatives, their antifungal and antibacterial properties are 

well known (Kim et al., 1995; Mansour et al., 1996; Outtara et al., 1997; 

Abbaszadeh et al., 2014). Markovic et al. (2011) studied thymol and carvacrol 

antifungal activity on Aspergillus spp. and Penicillium spp, and they found that 

both, thymol and carvacrol have potential antifungal activity, but with more 
susceptibility of Aspergillus spp. than Penicillium spp.  

The most sensitive isolate was P. crustosum (P4) (Table 2). This isolate was 

inhibited completely by thyme and clove EOs at concentration 100 % as same as 
isolate P. crustosum (P3). Additionally, in comparison with isolate P. crustosum 

(P3), the growth of P. crustosum (P4) (P < 0.05) was completely inhibited by 

rosemary EO (100 %) after 7 days of cultivation, over (Table 2). The second 
sensitive isolate was P. citrinum (P1) (P < 0.05) which was inhibited completely 

by thyme and clove EOs, as same as each tested isolate. On the other hand, the 

comparison with other tested isolates P. crustosum (P3 – P4) and P. expansum 
(P5 – P6), P. citrinum (P2) and control sets, its growth was lower inhibited by 

basil and rosemary EOs (100 %) after 3 days of cultivation (Table 2). The most 

resistant isolates were P. expansum (P5 – P6). Growth of these isolates was 
inhibited only by thyme and clove EOs with the concentration at 100 %. 

In this study, the minimum fungicidal concentration (MFC) of the essential oils 

with the most significant activity was determined by method of graded 
concentration of oils. MFC value of clove and thyme essential oils was between 

30 % (30/70; v/v) and 10 % (10/90; v/v) for all tested isolates. Isolates P. 

crustosum (P4 – P5) have MFC of thyme and clove EOs at concentration of 10 % 
after 7 days of cultivation (Fig. 1, Fig. 2). MFC values of thyme and clove EOs 

for P. citrinum (P1 –P2) were 10 % of tested EOs after 7 days of cultivation (Fig. 

1, Fig. 2). The effective MFC concentration of thyme and clove EOs for the most 
resistance isolates P. expansum (P4 –  P5) was 30 % after all days of cultivation. 

Concentration of 20 % of tested thyme and clove oil was not effective (P < 0.05). 
 

 

 

Table 2  The antifungal activity of pure of tested essential oils (100 %) to Penicillium spp. 

Isolates Days 
Essential oils (mean colony diameter in mm ± SD) 

Control 
Thyme Basil Clove Jasmine Rosemary 

P. citrinum 

(P1) 

3rd 0a ± 0 1.00a ± 0 0a ± 0 5.17c ± 1.15 2.67b ± 0.76 8.50d ± 0.50 

7th 0a ± 0 6.83b ± 1.04 0a ± 0 22.83c ± 2.84 9.00b ± 3.46 21.00c ± 1.00 

11th 0a ± 0 16.33b ± 7.08 0a ± 0 45.67c ± 4.25 20.67b ± 4.37 47.33c ± 2.52 

14st 0a ± 0 21.00b ± 11.17 0a ± 0 45.67c ± 4.25 29.83b ± 4.54 50.50c ± 2.50 

Essential oils Compound Amount (%) 

Thyme 
ρ-cimene 
thymol 

40±3 
32±2 

Clove eugenol 85±3 

Basil metylchavicol 75±2 

Jasmine – – 

Rosemary 

α-pinene 

campfene 
β-pinene 

cineol 

ρ-cimene 

campher 

α-terpineol 

bornylacetate 
borneol 

19±1 

9±1 
5±1 

25±1 

17±1 

19±1 

2.5±0.2 

0 – 2.0 
2.0±0.5 
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P. citrinum 

(P2) 

3rd 0a ± 0 1.33b ± 0.76 0a ± 0 17.17c ± 0.29 1.50b ± 0.50 19.00d ± 1.00 

7th 0a  ± 0 32.67b ± 9.83 0a ± 0 35.00b ± 3.97 29.67b ± 20.93 29.50b ± 2.50 

11th 0a  ± 0 45.67b  ± 5,48 0a ± 0 37.00b ± 6.08 38.33b ± 16.07 31.50b ± 2.50 

14th 0a  ± 0 52.83c ± 5.86 0a  ± 0 38.00bc ± 3.00 38.33bc ± 16.07 33.00b ± 3.00 

P. crustosum 

(P3) 

3rd 0a ± 0 7.00b ± 0 0a ± 0 16.17c ± 1.00 6.50b ± 1.30 17.50c ± 2.50 

7th 0a  ± 0 29.33c  ± 4.01 0a ± 0 27.00c ± 0.50 18.50b  ± 1.50 42.50d ± 2.50 

11th 0a ± 0 36.17d ± 1.04 0a ± 0 28.00c ± 0.50 24.33b ± 1.26 51.50e ± 1.50 

14th 0a ± 0 39.67bd ± 4.51 0a ± 0 34.50b ±10.04 30.67b ± 2.93 51.50c ± 1.50 

P. crustosum 

(P4) 

3rd 0a ± 0 7.50b ± 0.87 0a ± 0 16.67c ± 0.29 0a ± 0 18.00c ± 2.00 

7th 0a ± 0 29.17c ± 3.06 0a ± 0 29.17c ± 1.89 0a ± 0 22.50b ± 5.50 

11th 0a ± 0 42.83c ± 4.75 0a ± 0 36.33bc ± 2.84 28.67b ± 5.80 34.50bc ± 14.50 

14th 0a ± 0 47.67b ± 1.44 0a ± 0 42.50b ± 5.57 47.50b ± 5.50 38.00b ± 18.00 

P. expansum 

(P5) 

3rd 0a ± 0 16.50a ± 18.62 0a ± 0 16.00a ± 6.61 17.33a ± 15.37 90.00b ± 0 

7th 0a ± 0 23.67ac ± 12.77 0a ± 0 25.50b ± 10.76 20.33ac ± 13.90 90.00c ± 0 

11th 0a ± 0 25,83b ± 10.54 0a ± 0 27.50b ± 11.03 23.83b ± 13.81 90.00c ± 0 

14th 0a ± 0 26,33b ± 10.15 0a ± 0 31.33b ± 7.97 23.50b ± 12.03 90.00c ± 0 

P. expansum 

(P6) 

3rd 0a ± 0 10.60b ± 1.53 0a ± 0 18.83c ± 3.75 11.17b ± 3.75 90.00d ± 0 

7th 0a ± 0 20.83b ± 1.26 0a ± 0 26.00c ± 2.29 19.00b ± 3.12 90.00d ± 0 

11th 0a ± 0 23.50c ± 2.29 0a ± 0 32.50d ± 2.00 25.17c ± 2.36 90.00e ± 0 

14th 0a ± 0 25.17b ± 3.75 0a ± 0 35.83c ± 3.79 29.17b ± 2.08 90.00d ± 0 

Data in the column followed by different letters are significantly different in 95.0 % Tukey HSD test, P < 0.05, P. – Penicillium, SD – standard 

deviation 
 

Our result accorded with results of other authors, where tested thyme and clove 

EOs, and found that they are the most effective oils. The antifungal activity of 

Cymbopogon citratus, Ocinum gratissimum and Thymus vulgaris EOs was tested 
in studies by Nguefack et al. (2009) against Aspergillus ochraceus, Penicillium 

expansum and P. verrucosum. Their results showed that all tested EOs have 

antifungal activity, but T. vulgaris and C. citratus were less active against tested 
Penicillium species and A. ochraceus.  Similarly, these authors Nguefack et al. 

(2012) investigated the same EOs latter, and results showed that O. gratissimum 

was significantly (P < 0.05) more active against P. expansum than C. citratus and 
T. vulgaris. Zabka et al. (2009) studied antifungal effect of EOs from 25 species 

of medical plants against Fusarium oxysporum, F. verticillioides, Penicillium 

expansum, P. brevicompactum and some species of Aspergillus. Results showed 
that all of tested essential oils evidently affected growth of these fungi. In the 

study of Silva et al. (2012) the antifungal activity of fennel, ginger, mint and 

thyme was evaluated against Aspergillus flavus and A. parasiticus. All tested EOs 
showed antifungal activity, but the highest activity had EO of thyme. Matan el 

al. (2011) studied the antifungal activity of cinnamon, clove, anise and 

peppermint EOs against Mucor dimorphosporus, Penicillium sp., Aspergillus 

niger and Rhizopus sp. They reported than 100 and 450 µg.ml-1 respectively, 

MICs of clove oil, anise oil and peppermint oil were higher than that for 
cinnamon oil, which had the strongest inhibitory effect. But Daniel et al. (2015) 

also studied antifungal activity of clove EO and garlic extract against postharvest 

decay by Botrytis cinerea and Penicillium expansum, and found that all 
treatments significantly reduced decay. Clove oils antimicrobial capacity has 

been demonstrated on bacterial and fungal pathogens (Huang and Lakshman, 

2010; Combric et al., 2011).  
The present study confirmed the antifungal activity of thyme and clove essential 

oils. Although, by applying of jasmine EO no growth inhibition was observed. 

Rosemary and basil EOs were found to delay fungal growth by vapor contact.  
Dubey and Nundy (1983) also demonstrated that volatile fraction of Rosmarinus 

officinalis strongly inhibited mycelial growth of all tested fungi isolated from 

apple (Mortierella hyaline, Penicillium roqueforti and Phoma exigua).  
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Figure 1 Minimum fungicidal concentration (MFC) of thyme essential oil to Penicillium spp. 

  

 
Figure 2 Minimum fungicidal concentration (MFC) of clove essential oil to Penicillium spp. 
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In the second step we tested potentially effect of EOs to affect mycotoxins 
production of tested Penicillium isolates which are potential toxigenic fungi. 

After 14 days of cultivation with EOs (100 %) with a control sets, isolates P. 

citrinum (P1 – P2) for citirnin, P. crustosum (P3 – P4) for roquefortin C and P. 
expansum (P5 – P6) for patulin and roquefortin C were tested for a  mycotoxins 

production by TLC chromatography. Oils exhibited a various spectrum of fungal 

toxicity inhibit all tested species except the jasmine EO (Table 3). Citrinin, 
roquefortin C and patulin were not detected only in the samples treated with 

thyme and clove EOs, because they completely inhibited mycelial growth of 

fungi. In treatments with jasmine EO, all tested mycotoxins, in comparison with 
controls, were produced. Treatments with rosemary and basil EOs showed some 

potential of fungal toxic inhibiting. Production of C produced by P. citrinum (P1) 
was completely inhibited by basil and rosemary EOs in all repetitions. Isolate P. 

citrinum (P2) did not produce citrinin only with treatments by basil EO in two 

repetitions and rosemary inhibited their production in one screened repetition. 
Production of citrinin by P. expansum (P5) was inhibited in one repetition by 

basil EO, but production of roquefortin C was inhibited completely. In case of 

isolate P. expansum (P6), production of citrinin was inhibited by basil EO in two 
repetitions, as same as production of roquefortin C.  Rosemary EO did not have 

anti – toxic effect on isolates P. expansum (P5 – P6). Production of patulin was 
not affected by basil and rosemary EOs. Rasooli and Owlia (2005) also studied 

essential oils from Thymus erioxalix and Thymus X-porlock fir its inhibition of 

growth of Aspergillus parasiticus and aflatoxins production. They found that 
aflatoxins production was inhibited at 250 ppm of both oils. Kedia et al. (2014) 

tested potential of Cuminum cuminum EO to affect aflatoxins production and 

their results showed that minimum aflatoxin inhibitory concentration of EO were 
0.6 and 0.5 µl.ml-1. Essential oils from boldo, poleo, clove, anise and thyme were 

evaluated for their effect against Asperigillus niger, A. carbonarius and their 

accumulation of ochratoxin A (OTA) by Passone et al. (2012).  Their results 
suggest that boldo, poleo and clove oils affect the OTA biosynthesis pathway of 

both Aspergillus species. These authors, Passone et al. (2013) also reported the 
antifungal activity and antiaflatoxinogenic properties of same EO expect thyme 

EO (boldo, poleo and clove EOs) by vapor contact. The antifungal and 

antiaflatoxigenic effects of poleo and clove EOs were highly depended on aw, but 
boldo and poleo volatile fractions can be used as effective non – toxic 

biopreservatives. 

 

 

Table 3 Inhibitory effect of tested essential oils (100 %) on mycotoxins production by Penicillium sp.  

Fungi Screened 

mycotoxins 

Essential oils (100%) 

Thyme Basil Clove Jasmine Rosemary 

Rep. Control Rep. Control Rep. Control Rep. Control Rep. Control 

P. citrinum (P1) C NS* 11/12 31/02 11/12 NS* 11/12 31/32 11/12 31/02 11/12 

P. citrinum (P2) C NS* 11/12 31/12 11/12 NS* 11/12 31/32 11/12 31/22 11/12 

P. crustosum (P3) RC NS* 11/12 31/32 11/12 NS* 11/12 31/32 11/12 31/02 11/12 

P. crustosum (P4) RC NS* 11/12 31/32 11/12 NS* 11/12 31/32 11/12 31/22 11/12 

P. expansum (P5) 

C 

P 

RC 

NS* 

11/12 

11/12 

11/12 

31/22 

31/32 

31/02 

11/12 

11/12 

11/12 

NS* 

11/12 

11/12 

11/12 

31/32 

31/32 

31/32 

11/12 

11/12 

11/12 

31/32 

31/32 

31/32 

11/12 

11/12 

11/12 

P. expansum (P6) 

C 

P 

RC 

NS* 

11/12 

11/12 

11/12 

31/12 

31/32 

31/12 

11/12 

11/12 

11/12 

NS* 

11/12 

11/12 

11/12 

31/32 

31/32 

31/32 

11/12 

11/12 

11/12 

31/32 

31/32 

31/32 

11/12 

11/12 

11/12 

P. – Penicillium, Rep. – repetition, * – no screened isolates (no visible growth), 1 – number of screened isolates, 2 – number of positive isolates, RC – 

roquefortin C, C – citrinin, P - patulin 

 

The difference between the antifungal activities of essential oils studied in this 

study against Penicillium spp. Is permanence of the inhibitory effect over time 
and potential of EOs to inhibit fungal toxicity is directly related to chemical 

composition of the EO, microbial species, the mechanism of action and the 

method used to analyze the antifungal activity of EOs. 
 

CONCLUSION 

 
The present study demonstrated the potential food preservative ability of thyme, 

clove, basil, jasmine and rosemary EOs. We tested the antifungal activity of EOs 

against Penicillium spp. isolated from peanuts for 14 days with addition of pure 

EOs (100 %). These aromatic plants commonly used as spices or in beverage 

formulation are considered as to be safe. Our results suggest that the thyme and 

clove EOs might be a good natural fungicide, because of their MFC values, 
which were up to 20 % (20/80; v/v) for all tested isolates, except P. expasum (P5 

–  P6) with MFC 30 % (30/70; v/v).  Jasmine EO have none antifungal or anti-

toxic activity.  Even though that EOs such as basil and rosemary had not 
antifungal activity like thyme and clove EOs, they should find a practical 

application in the inhibition of the fungal mycelia growth or mycotoxins 

production of fungi. These effects against food spoilage and mycotoxins 
producing fungi indicated the possible ability of each essential oil to be a food 

preservative. However, consumer sensory tests will be needed to determine 

concentrations of essential oils suitable for specific products. 
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