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ABSTRACT 
 
In this study the effect of garden time (Thymus vulgaris) extract on the growth of Aspergillus flavus, the major 
producer of aflatoxin, was evaluated in vitro. The assessment was done by conducting an experiment as a 
completely randomized design with six treatments and four replications. The treatments were four concentrations of 
garden time extract (150, 300, 450 and 600 mg/ml) and two controls (distilled water and fungicide solution). Each 
treatment was applied to the fungus by diffusing through a paper disc loaded with each treatment and placed in the 
center of a plate of PDA medium inoculated with spore suspension of the fungus. Measuring the average radius of 
A. flavus growth inhibition zone around the paper discs loaded with each of the treatments indicated that compared 
to the negative control, three concentrations of garden time (300, 450 and 600 mg/ml) could significantly inhibit 
mycelial growth of the fungus. After the treatment fungicide, the highest growth inhibition zone radiuses, 8mm and 
6.5mm, were those of 600 mg/ml and 450 mg/ml of garden time extracts, respectively. Moreover, the rate of growth 
inhibition was concentration dependent. Considering these results it seems that garden time extract is potentially a 
natural alternative for controlling A. flavus mold.  
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INTRODUCTION 
 

A. flavus is an opportunistic fungal pathogen of various crops. It is a common soil fungus and has a broad host 
range. The major concern with this fungus in agriculture is that it produces highly carcinogenic toxins called 
aflatoxins which are health hazards to animals and human. A. flavus spores are found in the air and in the soil. These 
spores thrive on any organic substance with little moisture. Products with moisture levels above 16% are capable of 
supporting the growth of A. flavus [1]. In addition, their large number of enzymes enables them to utilize a variety of 
substances for food. Hence, they are often found on exposed food stuffs, and cause decay. A. flavus is one of the 
storage fungi that develops on a wide variety of stored grains such as wheat, peanuts, soybeans, corn, and so on [2, 
3].  
 
Under improper storage conditions, A. flavus is capable of growing and forming aflatoxin in almost any crop seed. It 
is also a pathogen of animals and human. In human it is predominantly an opportunistic pathogen of immune-
suppressed patients that causes aspergillosis and it is the most common cause of superficial infection [4-6].  
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To prevent the fungus, a number of field control measures are being utilized or explored, including: modification of 
cultural practices; development of resistant crops; biological control, competitive exclusion using strains that do not 
produce aflatoxin; and the development of field treatments that would block aflatoxin production [7-10]. Chemical 
control of the fungus can be achieved by the application of synthetic fungicides [11]. Although efficient control of 
crop pests is generally achieved by the use of synthetic pesticides [12], due to increasing awareness on the risks 
associated with the use of pesticides including: the advent of pesticide resistant pests, ecological impact of pesticide 
application on the environment and particularly consumer concerns about pesticide residue in crops [13, 14], much 
attention is being focused on the alternative methods of pest control. Natural plant extracts have been recommended 
as suitable alternative choices to synthetic chemicals [15-21]. 
 
It has been shown that mycelial dry weight of A. flavus, grown on the medium with the extracts of lichens 
(Ramalina farinacea), was inhibited between 70% - 80% compared to unincorporated control medium [22]. The 
antifungal activity of the essential oil extracted from the bark of Cinnamomum jensenianum Hand.-Mazz was tested 
against A. flavus. It was found that the mycelial growth and spore germination of the fungus was inhibited by the 
essential oil in a dose-dependent manner [23]. 
 
The effect of Zataria multiflora essential oil on growth and spore production of A. flavus was studied. Growth of the 
fungus was significantly affected by all concentrations of the essential oil they used. Minimum inhibition 
concentration (MIC) and minimum fungistatic concentration (MFC) were 400 ppm and 1000 ppm, respectively. 
Moreover, scanning electron microscopy analysis showed excessive sporulation of the mold culture in the absence 
of essential oil while sporulation of culture containing essential oil was very sparse [24]. 
 
Irkin & Korukluoglu [25] investigated the antifungal activity of garlic (Allium sativum L.), onion (Allium cepa L.) 
and leek (Allium porrum L.) against A. niger. It was found that the ethanolic extract of onion (275 mg/ml) and 
aqueous extracts of garlic (325 mg/ml) and leek (900 mg/ml) were most inhibitory in controlling the growth of the 
fungus. 
 
The essential oil and methanol extract of Satureja hortensis could control A. flavus in vitro and in vivo [26]. Spray of 
methyleugenole (0.5%), a flavoring agent naturally occurring in many fruits and foods, on peanut pod and kernels 
prevent colonization of A. flavus and aflatoxin production [27]. Garden time (Thymus vulgaris L.) belongs to the 
plant family Lamiaceae. It is thought that the origin of this plant is Mediterranean region, north of America, and 
some parts of Asia [28]. Thyme is a perennial, short woody plant that has C3 metabolism system, the plant is grey in 
color and will grow up to 30-50cm high depending on the climate [29-31]. At present time, this plant is cultivated in 
large scale in Iran. Evidently, thyme continues to have an important place in the expanding medicinal plants world 
market. It has been reported  that the Thyme volatile phenolic oil to be among the top 10 essential oils  showing 
antibacterial, antifungal, antioxidative, natural food preservative, and mammalian age delaying properties [32, 33]. 
In this study the effect of alcoholic extract of garden time on inhibiting the mycelia growth of A. flavus, the main 
producer of aflatoxin was investigated in vitro.  
 

MATERIALS AND METHODS 
 
The plant materials 
The medicinal plant used in the experiment was garden time (Thymus vulgaris) collected from the experimental 
fields of the Agricultural and Natural Resources Research Centre of Hamadan (ANRRCH), Hamadan, Iran. The 
collected plants were then air dried in the shade.  
 
Preparation of plant extracts 
The alcoholic plant extract of garden time was prepared using maceration method described previously [34]. The 
extraction was done briefly as follows: some dried garden time (300 g) was ground and 1000 ml 70% ethanol was 
added to the resulting powder and mixed well. The mixture was stirred every day for three days. The resulting 
extract was clarified with filter paper. The clarified extract was then allowed to dry at 37°C in an incubator.  
 
The isolate of the fungus 
The fungus was an isolate of A .flavus that kindly provided by the dept. of plant protection, college of agriculture, 
Bu-Ali Sina University, Hamadan, Iran. The fungus was then sub-cultured on potato dextrose agar (PDA) medium.  
 
Preparation of spore suspension of the fungus 
Two weeks old purified cultures of the A. flavus (when mycelia had produced spores) were used for preparing spore 
suspension. The spore suspension was prepared by adding some sterilized distilled water (~ 1 ml) to each petri dish 
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containing the fungus culture to allow the spores to be suspended in the water. The spore suspension was then 
collected and using a spore counter, its concentration was adjusted to 1×106 spore/ml.   
 
Assessment of antifungal activity of the extract 
Using the paper disc diffusion method [35], the assessment was done by measuring the radius of the growth 
inhibition zone of the fungus on PDA medium. Different concentrations (150, 300, 450 and 600 mg/ml) of garden 
time extract were prepared by dissolving the required amounts of dried extract into one milliliter distilled water. To 
remove any microbial contamination, the extracts were filtrated by using two-micrometer filters (Millipore filter 2). 
Then some autoclaved paper discs (6 mm in diameter) were submerged in any of the prepared concentrations of 
garden time extract or in sterilized distilled water (as negative control) and/or in 0.2 percent fungicide 
carbendazim+iprodion 52%WP solution (as positive control). The discs were allowed to be saturated with the 
solutions. The submerged paper discs were then air dried. Petri dishes containing PDA medium were inoculated 
with A. flavus by transferring half a milliliter of spore suspension of the fungus (1×106 spore/ml) and evenly 
spreading it on the surface of the medium. Then one paper disc impregnated with each solution was placed in the 
center of each A. flavus inoculated petri dish. The experiment was conducted as a completely randomized design 
with six treatments and four replicates. The treatments were four concentrations of garden time extract, as 
mentioned above and two controls (sterilized distilled water as negative control and fungicide solution as positive 
control). The treated plates were then incubated at 26°C in the dark. The average radius of the mycelia growth 
inhibition zone around the paper discs impregnated with each treatment was measured seven days post inoculation 
(until the plates were completely covered with mycelia of the fungus). 
 
Statistical analysis of data 
The statistical analysis of the data and comparison of the means was done using the SAS software and the Duncan’s 
multiple range test, respectively.  
 

RESULTS AND DISCUSSION 
 
Statistical analysis of the data indicated that the growth inhibition rates for A. flavus treated with the various 
treatments were significantly different (table1). Comparison of the means of growth inhibition zone radius of the 
fungus around the discs impregnated with different treatments and their grouping have been shown in table 2.  
 
The highest growth inhibition radius (9.2 mm) was that of fungicide treatment and the lowest ones were those of 
sterilized distilled water and 150 mg/ml of garden time extract. Among various concentrations of garden time 
extract, the highest growth inhibition radius of A. flavus (8 mm) was that of the concentration 600 mg/ml. 
 
Moreover, the effect of garden time extract on the growth inhibition of A. flavus was concentration dependent, i.e. 
the higher the concentration the more growth inhibition of the fungus. However, no significant differences regarding 
to the fungus growth inhibition rates were seen between the treatments 450 mg/ml and 600 mg/ml of garden time 
extracts and the fungicide. 
 

Table 1.Statistical analysis of the data of growth inhibition rate of A. flavus by different concentrations of garden thyme extract 
 

Sources of variance  Degrees of freedom  Sam of squares Mean of squares F-value 
Treatment 
Error  
Total 

5 
18 
23 

317.07  
84.92 
401.99 

63.41 
4.71 

13.44* 
  
 

* p<.001 
cv: 4.63 

 
Table 2. Comparison of the means* of growth inhibition zone radius of A. flavus treated with different concentrations of garden thyme 

extract using Duncan’s multiple range test 
 

Growth inhibition zone 
 radius mean  (mm)  

Treatment 

8ab Garden thyme extract 600mg/ml 
6.5ab Garden thyme extract 450mg/ml 

5b  Garden thyme extract 300mg/ml 

0 c Garden thyme extract 150mg/ml 
9.2 a  Fungicide  
0 c  Sterilized distilled water  

*The means followed by different superscript letters are significantly different 
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Fig.1 In vitro growth Inhibition zone of A. flavus on PDA medium resulting from treatment of the fungus with 600 mg/ml of garden 

thyme extract (left), negative control, distilled water (middle) and positive control, fungicide (right) 
 

This report indicates that the extract of garden thyme has anti-pathogenic, in particular antifungal activity, the fact 
that has been reported previously [36, 37]. We found that the growth of A. flavus can be inhibited by the application 
of garden time extract as was found by using the extract of lichens (Ramalina farinacea) [22], or by using the 
essential oil extracted from the bark of Cinnamomum jensenianum [23] and by the application Zataria multiflora 
essential oil [24]. This preliminary study proved that the garden time extract could be used as an alternative for the 
control of A. flavus, in vitro. However, it needs to be tested under virtual conditions.  
 

CONCLUSION 
 

It was proved that the alcoholic extract of garden thyme was capable of bringing about the desired antifungal effect 
against A .flavus in a concentration dependent manner.   
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