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ABSTRACT 

Pest control is one of the important challenges of the agriculture and food commodity. The contamination of wheat 

and broad bean with aflatoxin produced by Aspergillus flavus and Aspergillus parasiticus is the main problem in the export of 

their product. The inhibition of growth and aflatoxin production by essential oils (EOs) of clove, black cumin, caster bean, 

opuntia and almond were investigated on both fungi. The antifungal effect of the EOs was observed by determination of 

growth-rate (mm/day) and antifungal index (%) using reversed Petri-dish method. Aflatoxin production was monitored by thin 

layer chromatography (TLC). The growth of A. flavus and A. parasiticus was significantly decreased (P<0,001) by clove and 

black cumin EOs. TLC results revealed only a highly effect on aflatoxin production: clove, black cumin and opuntia EOs 

found to decrease the amount of aflatoxin A. parasiticus showed almost similar response to the EOs. The EOs tested in this 

study may be potential antimicrobial compounds for use as food preservatives and anti-aflatoxin agents. 
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INTRODUCTION 

 Many fungal species produce mycotoxins 

contaminating various food and feed [1]. Among them, 

aflatoxin synthetized by several fungi species from which 

Aspergillus flavus and A. parasiticus are the most 

important ones and which are common in most soils and 

are usually involved in decay of plant materials. This toxin 

is produced during plant growth, harvest, storage and food 

processing. Aflatoxin is extremely hazardous: it has a 

hepatotoxic, carcinogenic and immunosuppressive effect. 

it has been classified as a class 1 human carcinogen by the 

Internal Agency for Research on Cancer [2]. The presence 

and growth of fungi may cause spoilage of food and 

mycotoxin production [3]. Therefore, the control of fungi 

and of aflatoxin biosynthesis is extremely important for 

agriculture and public health. 

Essential oils of aromatic plant were known since 

ancient times to have some preservative qualities. The 

essential oils and their constituents have been found 

effective as antifungal agent [4-6] volatile compounds and 

the composition of the oil quite often varies between 

species [7]. It seems that the antifungal and antimicrobial 

effects are the result of many compounds acting 

synergistically [8]. There would be negligible chance of 

development of resistant races of fungi after application of 

essential oils to fruit and vegetables. As a consequence 

essential oils are one of the most promising candidate 

groups of natural compounds for the development of safer 

antifungal agents [9]. The oil extract of Nigella sativa 

showed In vitro and In vivo antimicrobial effect against 

Candida albicans [10] and A. flavus, A. niger, Drechslera 

hawiinesis and Fusarium spp [11]. Several authors 

demonstrated that, most of the essential oils extracted from 

aromatic plants, have antimicrobial, antifungal effect 

and/or antioxidant properties. That means they have also a 

potential to act against mycotoxins-producing fungi [12-

14]. The present study was undertaken to investigate the 

bioactivity potential of some commercial essential oils 

against Aspergillus flavus and A. parasiticus isolated from 

wheat and broad bean at post-harvest in El-Beida- Libya.  

 

MATERIALS AND METHODS 

Source of isolations 

Associated fungi were isolated from stored wheat 

and broad bean seeds. The seeds were surface-sterilized in 

NaOCl for 2 min and rinsed in two changes of sterile 

distilled water. The seeds were blotted dry in between 

sterile Whatman No. 1 filter papers and plated on sterile 

potato Sucrose agar (PSA) at the rate of 10 seeds per plate. 

 Thirty seeds were plated per crop and incubated 

at room temperature of 25 ± 1
o
C. Sub-cultures were made 

from emerging colonies and pure cultures obtained for 

subsequent studies. 
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Pure cultures of fungi were examined 

macroscopically and microscopically, and their 

identification was carried out by using a taxonomic 

schemes primarily based on morphological characters 

using the methods given by Singh et al. [15], Filtenborg et 

al. [16], and Tabuc [17]. Isolates of A. flavus and A. 

parasiticus obtained from wheat and broad bean 

respectively. 

 

Essential oils 

Five essential oils- clove (Eugenia earyophllata), 

cumin black (Nigella sativa), caster bean (Ricinus 

communis), almond (Prunus amygdalus) and opuntia 

(Opuntia tuna) – were used in the experiments. They were 

purchased from Medicine Importation Company in my 

city- El-Beida, Libya. 

 

Antifungal activity of Eos 

Poisoned Food Technique 

Essential oils were subjected to antifungal assay 

by poisoned food technique following the procedure of 

Mohana et al. [18]. Potato Sucrose Agar (PSA) medium 

with 10% concentrations of EO were prepared by adding 

appropriate quantity of EO to melted medium, followed by 

manual rotation of Erlenmeyer to disperse the oil in the 

medium. About 20 ml of the medium were poured into 

glass Petri dishes (9 cm). The molds grown on PSA for 48 

h are transplanted (subculture), using a disc of 5 mm in 

diameter which carries spores from the anamorphic mold, 

on the surface of a Petri dish containing the former medium 

PSA and EO at 10% concentration. Control plates (without 

essential oil) were inoculated following the same 

procedure. Plates were incubated at 25°C for 8 days and 

the mycelial growth was appreciated every day by 

measuring the average of two perpendicular diameters 

passing by the middle of the disc [19]. The percentage 

inhibition (PI) of fungal growth was evaluated by the 

following equation: PI 0 [1- (d/dc)] × 100 [20], where d is 

the diameter of growth zone in the test plate, and dc the 

diameter of growth zone in the control plate (Petri dish 

without essential oil). 

 

On spores germination  

The spore germination test was conducted by 

using the same oil concentration with the synthetic SMKY 

broth [21]. A drop of about 0.5 ml was transferred from 

each solution onto a sterile glass slide and inoculated with 

0.1 ml spore suspension (1× 10
7 

spore/ml). The inoculated 

slides were placed in the sterile petri dishes lined with 

moisten sterile filter paper to attain the relative humidity 

90- 100% approximately at 28 °C for 20 h. 100 spores 

were examined and the extent of spore germination 

assessed by looking for germ tube emergence. The number 

of spores germinated was scored and reported as a 

percentage of spore germination. 

 

On mycelia dry weight and aflatoxin production 

100 ml of synthetic SMKY medium containing 

10% oils n conical flask were inoculated with 1.0 ml spore 

suspension as above and incubated at 25C˚. Seven days 

later, the mycelial mats were collected, dried and weighted. 

The resultant fluid was examined for aflatoxin production 

of both fungi was monitored by thin layer chromatography 

(TLC) according to method described by Dienner and 

Davis [22] and Jones [23].  

 

Statistical analysis 

All experiments were made in three replicates per 

treatment. One-way analysis variance (ANOVA) was 

performed on all the data and least significant differences 

(P = 0.05) between the control and treated samples were 

determined according to the Duncan’s multiple range tests. 

 

RESULTS AND DISCUSSION 

Cultural and morphological characteristics of the 

fungal isolates 
On PSA, the fungus formed radial colonies of 

white airy mycelia, and when the growing fungus is about 

1 inch in diameter, yellowish green spores are produced 

(Figure 1-A.). Conidiophore stipes are hyaline and coarsely 

roughened, often more noticeable near the vesicle. Conidia 

are globose to subglobose (3-6 μm in diameter), pale green 

and conspicuously echinulate. The vesicle, phialides, 

metulae and conidia form the conidial head (Figure 1- B.). 

The isolate was confirmed by morphological and cultural 

characters which were Colony: Colour, shape, margins and 

pigmentation; Mycelium: Colour, shape, septation, 

Conidia: Colour, shape, size and septation. Based on the 

cultural and morphological description the fungus was 

identified as A. flavus.  

Antifungal activity of clove (Eugenia 

earyophllata), cumin black (Nigella sativa ), caster bean 

(Ricinus communis), almond (Prunus amygdalus) and 

opuntia (Opuntia tuna) oils were determined against two 

fungi viz., , A. flavus, and A. parasiticus. These essential 

oils were tested by agar diffusion plate method caused 

significant reduction in the growth of above mentioned 

fungi. The rate of growth reduction was directly 

proportional to the concentration of tested material in the 

medium (Fig. 2). The results indicated that only four oils 

exhibited different degrees of antifungal activities against 

seed borne fungi. Clove oil showed significant inhibitory 

effect on fungal growth against all test fungi. It was 

completely inhibited the growth of both fungi, followed by 

Cumin oil which allowed to about 18% of growth for both 

fungi, while Almond and Opuntia oils were less effective, 

the Caster bean oil was non effective at all. Different 

studies agreed that Clove and Cumin oils have 

antimicrobial activities [11,24,25,26]. According to Merory 

[27] clove oil contain 95% eugenol, the most antimicrobial 

agent. Misra and Batra [28] found that eugenol was heat 

resistant, whether both autoclaved and non-autoclaved 

samples were similarly effective. 

Results of the effects of oil on spore germination 

of both fungi are shown in Figure 3. Clove oil was also the 

most effective one and gave completely inhibited of 

germination, followed by B. cumin, then Opuntia, Caster 

and finally Almond.  

Dry weight of mycelial growth and aflatoxin 

production in broth media containing different oil (10%) 
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Table 1. Effect of essential oils on aflatoxin production 

EO 
Aflatoxin concentration (ppm) 

A. flavus A. parasiticus 

Clove 0 c 0 b 

Black cumin 0 c 0 b 

Caster bean 0.05 c 0.5 b 

Opuntia 0 c 0 b 

Almond 1 b 0.5 b 

Control 100 a 150 a 

LSD at 0.05 0.81 0.77 

Values are mean 3 replicates. The means followed by same letter in the same column are not significantly different according to ANOVA and 

Duncan’s multiple range tests. 

 

Figure 1. (A) Culture and (B) Conidial head morphology 

in A. flavus. 

 

 

Figure 2. Average growth rate ± SD of A. flavus and A. 

parasiticus after treatment with different EOs (10% 

conc.). Different letters on the top of columns represent 

significantly different results (P<0.05). 

 
Figure 3. Average spore germination rate ± SD of A. flavus 

and A. parasiticus after treatment with different EOs (10% 

conc.). Different letters on the top of columns represent 

significantly different results (P<0.05). 

 

Figure 4. Average dry weight (mg) ± SD of A. flavus and 

A. parasiticus after treatment with different EOs (10% 

conc.). Different letters on the top of columns represent 

significantly different results (P<0.05). 
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concentration were showed in Figure 4. Reduction in 

mycelial dry weight follow the same pattern as that in 

radial growth and spore germination with Clove and B. 

cumin oil as the most effective.  

Results regarding aflatoxin production can be seen 

on Table 1. Results show that mycotoxin production of 

both fungi was highly influenced by the EOs. compared to 

the control samples there seems to be a difference 

concentration in aflatoxin ppm in the case of treatment 

with 10% clove, black cumin and opuntia although oil of 

opuntia have little effect on fungal growth, it inhibited 

aflatoxin production completely. 

Almond oil gave similar results. Different effect 

of oils on growth and aflatoxin production were also 

reported in other studies. El-Shayb and Mabrouk [29] and 

Osman [30] reported that the extracts of sweet pepper and 

hibiscus sp. inhibited aflatoxin completely while they are 

non-effective on fungal growth. This study has reported the 

antifungal properties of five oils tested against two fungi 

and mycotoxin production. Higher antifungal activity was 

found in the Eos from clove, black cumin and opuntia. 

From all essential oils evaluated, only one (Eugenia 

earyophllata essential oil) showed inhibitory activity on 

both assayed mold strains. In other words, all the mold 

strains were sensitive to the essential oils of cloves. This 

work agrees with the work of Pinto et al. [31], who also 

showed that clove essential oil has wide spectrum 

antifungal activity. Bonsod and Rai [32] also reported 

clove’s essential oil to have activity against A. fumigatus 

and A. niger. Also Shamsuddeen and Sheshe [33] recorded 

that the effective of clove oil against some molds isolated 

from foods. 

 

CONCLUSION 

The findings of this study, clearly show that the 

essential oil of clove has antifungal activity and can be 

used in practical application for the inhibition of mould 

growth and mycotoxin production in food spoilage fungi. It 

would be important to establish the actual bioactive 

component/s and the mode of action of the essential oil 

against the Aspergillus species. Of interest also would be to 

determine the effect of the oil on mycotoxin production 

ability of the moulds. 
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