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Abstract. Mycotoxicogenous fungi Fusarium graminearum and Aspergillus flavus are 

producing mycotoxins in the cereal grains, that through the nutritive value and the increase of the toxicity 

of the plant products, these cannot guarantee health and they will not provide the security of the life. 

From this reason these two fungi are in the attention of the researchers and cereals cultivators from the 

worldwide. The antifungal action of the thyme essential oil on these two fungi was tested through 

diffusion in the culture medium Sabouraud with chloramfenicol in Petri plates in three doses: 1 μl, 5 μl 

and 10 μl. The obtained results in the framework of this research are evidencing the great capacity the 

thyme oil on the inhibition of the development of the two fungi. On the media treated with essential oil in 

different doses the number of the colonies was very low (between 1 and 7) in comparison with the control 

tester were growth between 31 and 38 mycelian colonies. Inhibitory capacity of the thyme on the two 

mycotoxicogenous fungi was proved to be very good, the growth speed being very low in all variants in 

comparison with the non-treated testers. The present researches show that in the antifungal activity are 

implied the fenolic compounds carvacrole and thymole. The very good antifungal capacity of the thyme 

volatile oil recommends it for the use in the control of some storage pathogens that cannot be kept under 

control through other methods. 
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INTRODUCTION 

Antifungal action of the thyme essential oil presents great interest in the control of 

some pathogens from the cereal crops, mainly for fungi from the genus Aspergillus and 

Fusarium. The main compounds from the thyme oil that have proved to have great antifungal 

activity are the following:  thymol, P - cymene, Y - terpinene, carvacrole. MOGHTADER M. ET 

AL. (2012) show that the antifungal activity of the thyme oil against the Aspergillus niger 

fungus is stronger than in the case of streptomycin and gentamycine antibiotics.  The great 

inhibition percentage of the fungi growth can be assumed to the thymol that is the main 

compound of the thyme oil. There was noticed that the antifungal effect depends a lot by the oil 

concentration, by the target pathogen and by the action of the natural compounds. 

In the last years the antifungal capacity of the thyme oil was tested on the pathogenic 

fungi Aspergillus flavus and Fusarium graminearum. With the thyme essential oil there were 

tested other essential oils too, respectively fennel oil (Foeniculum vulgare Mill.), mint oil 

(Mentha piperita L.), ginger oil (Zingibir officinale Roscoe) - SILVA FERNANDA C. DA ET AL., 

2012. The use of the plants essential oils is attractive at this moment because they can replace 

the chemical treatments (REDDY ET AL., 2010a).  

Aspergillus flavus is a major producer of aflatoxins in field and in store. The 

prevention of contamination with mycotoxins regards the use of strategies that doesn’t let the 
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pathogen to develop in the cereal crops and later in store. Many researches confirm the 

antifungal effect of the thyme oil on the fungus Aspergillus flavus. The experimental results 

obtained show at concentrations of 200 ppm the fungus growth was diminished with 81% and 

over 500 ppm was completely inhibited (SOLIMAN & BADEA, 2002; RAZZAGHI - ABYANEH ET 

AL., 2009; NGUEFACK ET AL., 2004). 

In a research from 2004, Zambonelli et al. show that thymole actions on the fungal 

cell producing changes at the level of mitochondria and endoplasmic reticulum together with 

the accumulation of the lipid drops. Other authors have noticed in the case of the fungus 

Aspergillus niger the collapse of the hyphae, broke of the plasmatic membrane, damaging of 

the mitochondria (RASOOLI ET AL., 2006). Due to the great antifungal activity, the thyme oil is 

intense studied having in view the application in practice (RAHIMIFARD N. ET AL., 2008). 

Fusarium graminearum is a fungus that appears in the cereal crops and is spreading 

when are meet the optimal development conditions (high humidity and low temperatures). The 

fungus is often found both inside and outside the cereal grain (KOCIĆ-TANACKOV D. S., DIMIĆ 

R. G., 2013). Its presence in the cereal mass is highly correlated with the formation of the 

mycotoxins (DON, zearalenone, nivalenole).  This pathogen is causing important loses in 

cereal crops all over the world (STARKEY ET AL., 2007). The losses appear both in the case of 

the yield per hectare and in its quality due to the contamination with mycotoxins (ZHANG H. et 

al., 2012). In Romania, fusarium root is a disease with great economic importance, mainly in 

the years when the climatic conditions are favourable to the fungus growth and spread. 

At worldwide level are developing alternatives to the chemical fungicides used 

nowadays because in the case of many of them Fusarium graminearum have developed a great 

resistance. Practically there is no variety resistant to the attack of this pathogen. Other aspects 

are the problems created by fungicides residues with high toxicity for the human health and for 

the environment (LIU N. ET AL., 2013; SUN H. Y. ET AL., 2014). 

As in the case of the fungus Aspergillus flavus the studies are showing that the 

thymole has proved to be very efficient also in the inhibition of the fungus Fusarium 

graminearum. The antifungal mechanism of the thymole on the plant pathogen fungi isn’t yet 

fully elucidated. Recent researches highlight the capacity of this component of the thyme oil in 

the inhibition of the conidia formation and the hyphae growth in the case of F. graminearum 

determining the deterioration of the cell membrane. The thymole compound acts on fungi 

through the initiation of an osmotic stress. The typical indicator for the osmotic stress in fungi 

is the accumulation of glycerol. The strong antifungal action of the thymole recommends it in 

the control the fusarium root disease in cereals (TAO GAO ET AL., 2016). 

Fusarium graminearum and Aspergillus flavus are pathogens difficult to be 

controlled; respectively the control of the first one is a priority at worldwide level (MORCIA ET 

AL., 2011; BECHER R. ET AL., 2013). 

In this research the antifungal action of the thyme essential oil on the two fungi was 

tested by diffusion in the culture medium in different doses. The obtained results are 

highlighting the very good capacity of inhibition of the thyme oil on the growth of the two 

pathogens. 

 
MATERIAL AND METHOD 

The isolation of the Fusarium graminearum and Aspergillus flavus was done from the 

surface of maize grains, where the mycelia where developed during the period when they have 

been kept in the wet chamber in incubator for 7 days at a temperature of 23±2 ⁰C. The culture 



Research Journal of Agricultural Science, 48 (4), 2016 

121 

 

medium used was Sabouraud Agar 4% with chloramphenicol. This medium has a high 

concentration of  glucose, favourable to the fungi growth (stable from osmotic point of view), 

while most of the bacteria doesn’t tolerate high sugar concentration. Also, the reduced value of 

the pH is optimal for fungi, but not for many bacteria. 

The antifungal capacity of the thyme oil was tested by diffusion in the semisolid 

Sabouraud culture medium in Petri plates. The essential oil was applied by incorporation in 

niches realised on the surface of the environment in three doses 1μl, 5 μl and 10 μl. The 

inoculation of the culture media treated with essential oil was done by the placing of mycelium 

fragments in several points using an inoculation needle previously sterilized in flame, the after 

the solidification of the culture medium. The incubation of the Petri plates was done at the 

temperature of 25°C for 5 days. The Petri plates without essential oil were considered control 

variants. There were obtained eight variants: 4 for the fungus Aspergillus flavus and 4 for 

Fusarium graminearum. 

The growing speed of the mycelium was calculated with the following formula: 

                                                              t

dc
V 

 
      where V = mycelium growth speed; dc = colony diameter; t = time in hours. 

Inhibition rate = {(C-T)/C} x 100 

      where: C is the diameter of the control colony and T is the diameter of the colony 

growth on the treated medium. 

The thyme essential oil tested in this experience was obtained in the laboratory of the 

discipline Crop Science. The thyme was cultivated in the Didactic Station of Banat’s 

University of the Agricultural Sciences and Veterinary Medicine “King Michael I of Romania” 

from Timisoara. The vegetal material used for the oil extraction was harvested at the flowering 

phase, when the oils accumulation is intense. The essential oil was obtained by hydro-

distillation.  

 

RESULTS AND DISCUTIONS 

The results obtained in this research are highlighting the great capacity of inhibition of 

the thyme essential oil on the development of the two pathogens. In comparison with the non-

treated controls, where have growth among 31 and 38 mycelia colonies (figure 1), on the 

cultivation media treated with essential oil in different doses, the colonies number was very 

small (among 1 and 7). The inhibition capacity of the thyme oil on the two mycotoxigenous 

fungi was proved to be very good, the growing rate being very small in all the variants in 

comparison with the non-treated controls. 

 A  B 
Figure 1. Mycelia colonies developed on the culture media from the control 

variants: A - Aspergillus flavus; B - Fusarium graminearum (Photo: Otilia Cotuna, 

2016) 
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Thus, in the case of the fungus Aspergillus flavus, in the control variant the mycelium 

had started to grow rapidly. In all the four inoculated spots have been formed among 4, 7, 10 

and 17 mycelium islands after 5 days. The diameter of the mycelium islands varied among 9 

and 36 mm. on the culture medium from the variant treated with 1 µl thyme essential oil were 

grown among 1 and 2 mycelium islands in all the four inoculated spots with a diameter of 

about 1 mm. The second variant treated with 5 µl essential oil has favoured the growth of 2 

mycelium islands with a diameter of 2 mm. in two spots from the four haven’t grown fungal 

colonies. In the third variant treated with 10 µl essential oil the fungus almost hasn’t growth, 

there being formed only one mycelium island with a diameter of about 1 mm (table 1). 

The growing rate of the mycelium in the control variant was 0.214 mm/h, and in the 

variants 1 and 2 of 0.0059 mm/h. The lowest growing rate was registered in the case of the 

third variant (0.0047 mm/h). 

 

  

 
Figure 2. Mycelium colonies with very small size, developed on the culture media treated with 

thyme oil in different doses: A - Aspergillus flavus; B și C - Fusarium graminearum (Photo: 

Otilia Cotuna, 2016) 
 

 

Table 1 

Antifungal action of the thyme oil on the fungus Aspergillus flavus 
Variant No. of formed mycelium 

islands 

Colonies diametre Mycelium growing rate mm/h 

(168 h) 

Control 7/17/ 10/ 4 

Total 38 

9 - 36 mm 0.214 

V1  - 1µl 2/2/2/1 
7 

1 mm 0.0059 

V2  - 5µl 1/1/0/0 

2 

2 mm 0.0059 

V3  - 10µl 1/0/0/0 
1 

0,8 mm 0.0047 

 
  Regarding the fungus Fusarium graminearum, in the control variant the mycelium 

was developed very fast. After 5 days inn all the four inoculated points were developed 3, 6, 10 
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and 12 mycelium islands. The diameter of the mycelium islands has oscillated between 8 and 

45 mm. on the culture medium treated with 1 µl thyme essential oil has grown only one 

mycelium island with 3 mm diameter. In the second variant treated with 5 µl essential oil have 

grown 2 mycelium islands of 2 mm diameter. In two points from all four weren’t developed 

colonies. In the third variant treated with 10 µl essential oil, the fungus has formed 2 mycelium 

colonies with the diameter of about 2 mm. the growing rate of the mycelium was 0.267 mm/h. 

in the variant 1 the fungus growing rate has reached 0.017 mm/h. in the variants treated with 5 

and 10 µl essential oil the growing rate was 0.0059 mm/h (table 2).  

 
Table 2 

 

Antifungal action of the thyme oil on the fungus Fusarium graminearum 
Variant No. of formed mycelium 

islands 

Colonies diametre Mycelium growing rate 

mm/h (168 h) 

Control 31 8 - 45 mm 0,267 

V1  - 1µl 1 3 mm 0,017 

V2  - 5µl 2 2 mm 0,0059 

V3  - 10µl 1 2 mm 0,0059 

 

 
 

Figure 3. Inhibitor capacity of the thyme oil on the growth of the mycelium of the fungus 

Aspergillus flavus 

 
 

Figure 4. Inhibitor capacity of the thyme oil on the growth of the mycelium of the fungus 

Fusarium graminearum 



Research Journal of Agricultural Science, 48 (4), 2016 

124 

 

The inhibition rate of the mycelium growth was the supposed one, passing over 90% 

in the case of both pathogens. Thus, the inhibition rate was comprised between 94 - 97% in the 

case of the fungus Aspergillus flavus (figure 3). In the case of Fusarium graminearum the 

inhibition rate was comprised between 92 - 95% (figure 4). The obtained results following this 

research are coming in the completion of the other from literature and highlight the great 

antifungal features of the thyme oil, that are making it attractive for the use in the control of 

some pathogens.   

 
CONCLUSIONS 

The thyme oil used in this research has a great inhibition capacity of the growth of the 

fungi Aspergillus flavus and Fusarium graminearum. In comparison with the non-treated 

control where have grown mycelium colonies with great diameter, on the culture media treated 

with essential oil in different doses the number of the developed colonies was very low and the 

diameter hasn’t growth bigger than 3 mm. 

 Thus, there was noticed that on the treated media the fungi have stopped their growth, 

the mycelium remaining at the same size. 

The inhibition rate of the mycelium growth was great, passing over 90%, thus in the 

treated variants the inhibition rate was comprised among 92% and 97%.  
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