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The species of the genus Aspergillus, A. flavus and A. parasiticus, are the most 

aflatoxin-producing fungi. All previous studies carried out under the production 

conditions of Serbia showed no presence of A. parasiticus on wheat kernel. On the basis 

of changes in climatic factors, such as occurrence of high temperatures and prolonged 

droughts, which favour increased frequency of Aspergillus spp., we assumed that this 

pathogen can also be present in Serbia. 

The significance of direct losses as a consequence of wheat kernel infection, as well as 

potential contamination with aflatoxins, have pointed out to the need to determine the 

presence of toxigenic potential of A. flavus and A. parasiticus isolates originating from 

Serbia. For that purpose, wheat kernel samples were collected in nine locations. 

According to morphological, toxicological and molecular traits of isolated fungi, the 

presence of A. flavus and A. parasiticus was confirmed. This is the first time that A. 

parasiticus was identified on wheat under climatic conditions in Serbia. 

This study indicates that these pathogens may be a potential danger in wheat production 

in the region of Serbia. This danger will be much more certain if global climatic 

changes continue as they will provide more intensive development of these pathogens.   
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INTRODUCTION 

Aflatoxins are mycotoxins produced mainly by fungal species Aspergillus flavus Link and 

Aspergillus parasiticus Speare, common saprophytes and opportunistic pathogens. These 

pathogens appear considerably in the tropical and semi-tropical regions on many agricultural 
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commodities and food matrices. Typical materials, susceptible to aflatoxin contamination, 

include maize, wheat, rice, groundnuts, pistachios, Brazil nuts, cottonseed, copra and spices 

(SHEPHARD, 2003). Aflatoxigenic Aspergillus species invade susceptible food and feed during 

pre-harvesting, processing, transportation or storage (DIENER et al., 1987). 

According to the International Agency for Research on Cancer, aflatoxins are secondary 

metabolites that are highly toxic and the most carcinogenic substances known (IARC, 2002). 

Although A. flavus and A. parasticus are closely related species, they express some 

physiological differences, even in the production of mycotoxins. Some of A. flavus isolates do 

not produce aflatoxin, and if they do, they predominantly produce just B aflatoxins. On the other 

hand, almost all A. parasticus isolates produce aflatoxin including B and G toxins (KLICH and 

PITT, 1988). In general, A. parasiticus produces high concentrations of aflatoxin and the majority 

of strains (over 90%) isolated from natural habitats are capable to synthesise aflatoxins. On the 

contrary, not more than 40-50% of A. flavus isolates have capacity to synthesize toxins (BENNETT 

and CHRISTNSEN, 1983). The following precise and sensitive methods are used in determination 

of the aflatoxin concentrations in both, goods and cultures: high-performance liquid 

chromatography (HPLC), enzyme-linked immunosorbent assay (ELISA), thin-layer 

chromatography (TLC), and fluorescence polarisation assay (SEITZ, 1975; TRUCKSESS et al., 

1994; WHITAKER et al., 1996; MARAGOS and THOMPSON, 1999; STROKA and ANKLAM, 2000; 

NASIR and JOLLEY, 2002; SOBOLEV and DORNER, 2002; ABBAS et al., 2004). 

Traditional methods applied in detection and identification of these fungi in foods are 

based on microscopic and culture techniques and therefore consume time and labour. The 

development of fast and sensitive methods for the detection and the differentiation of 

aflatoxigenic species in food are necessary for assessment of the potential health risk of any 

food. The DNA-based detection methods, such as PCR, are more sensitive, explicit and have 

been applied in the detection of aflatoxigenic fungi (SHAPIRA et al., 1996; FÄRBER et al., 1997; 

SWEENEY et al., 2000; CHEN et al., 2002). Polymerase chain reaction-restriction fragment length 

polymorphism (PCR-RFLP) is a simple technique that uses variations in a DNA sequence. It 

relates to minor differences in nucleotides that may not be expressed at the protein level. It is 

broadly applied in the detection and differentiation between mycotoxigenic species 

(SOMASHEKAR et al., 2004; MARTINEZ-CULEBRAS and RAMON, 2007). Due to the use of this 

technique A. flavus and A. parasiticus were successfully distinguished (KHOURY et al., 2011). In 

order to make the difference between these two species, gene-specific primers were designed to 

target the intergenic spacer (IGS) for aflR and aflJ genes of the AF biosynthetic cluster.  
The identification of Aspergillus species is difficult because of great morphological 

similarity of several species and their ability to cause aspergillosis. The objective of this study 

was to determine wheat samples containing aflatoxin produced by A. flavus and A. parasiticus, 

using morphological, biochemical and molecular criteria. The precise identification of 

Aspergillus spp. is of great importance for prevention and control strategies of fungi and 

aflatoxins in wheat kernels. 

 

MATERIALS AND METHODS 

 

Plant samples and isolation of Aspergillus strains 

The field trial was carried out in nine locations (Zemun Polje, Kraljevo, Šid, Orlovat, 

Nova Crnja, Bajmok, Srbobran, Bela Crkva and Kikinda). Wheat samples were collected from 
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field kernels after the harvest in 2015. The isolation of the fungus from wheat kernels was 

performed by direct plating of wheat kernels after surface sterilisation with bleach/distilled water 

1:3. Wheat kernels were placed on potato dextrose agar (PDA) in Petri dishes and incubated at 

room temperature for 5 days. One hundred kernels per sample (ten per Petri dish x ten 

replications) were incubated at PDA in order to analyse diversity of Aspergillus species. 

In the identification and morphological studies, fungi were cultured on PDA, Czapek 

yeast agar (CYA) and malt extract agar (MEA). A. flavus and A. parasiticus were identified by 

using the standard identification keys (RAPER et al., 1973; KLICH and PITT, 1988; SAMSON et al., 

2007; SAMSON et al., 2014). The obtained pure cultures of A. flavus and A. parasiticus have been 

maintained in the fungal collection of the Maize Research Institute, Zemun Polje, and used to 

obtain monospore cultures. Monosporial cultures were preserved on slants in the refregerator at 4 

°C. A total of 10 isolates of A. flavus (Af1 – Zemun Polje, Af2 – Šid, Af3 – Orlovat, Af4 – Nova 

Crnja, Af5 – Bajmok) and A. parasiticus (Ap1 – Zemun Polje, Ap2 – Kraljevo, Ap3 – Srbobran, 

Ap4 – Bela Crkva, Ap5 – Kikinda), used in our study were isolated from wheat varieties in 

Serbia. The isolate A. parasiticus CBS 100926 was used as positive control.  

 

Morphological identification 

Isolates were one point inoculated on the following media: PDA, CYA and MEA in 9-

cm plastic Petri dishes using a dense conidial suspension, and incubated in the dark. 

Macroscopic observations - colony appearance, pigmentation and reverse colouration, as well as 

microscopic measurements were recorded after a week of growth at 25°C on PDA. The isolates 

were also grown at 25°C on MEA and CYA. Four Petri dishes were inoculated per medium. 

Microscopic slides were prepared from 7-day old cultures grown on PDA and MEA. The 

morphology and diameter of conidia were evaluated. 

 

Sample preparation for the mycotoxin assessment 

For the determination of aflatoxins production, isolates were inoculated in the centre of 

Petri dish using a dense conidial suspension. Isolates were grown on PDA as single colonies in 

the 9-cm Petri dishes. Cultures were incubated at 28±1°C in the dark for 5 days (ABBAS et al., 

2004).  

 

HPLC, extraction and quantitation of aflatoxins 

According to ABBAS et al. (2004), PDA dishes were scraped into a tube to collect fungal 

biomass, which was placed in glass vials of known weight and weighed again. Fungal biomass 

was extracted with a solvent mixture acetonitrile-water (90:10, v/v) in the ratio of 100:1, v/m. 

The vials were shaken for 30 min at high speed using a reciprocal shaker. A 1-mL aliquot of 

extract was removed and centrifuged at 12 000g for 10 minutes. The presence of aflatoxin in the 

supernatant was assayed by HPLC with fluorescence detection to confirm the presence of 

aflatoxins (AOAC Official Method 994.08). Data are reported as the mean value of three 

independent injections.  
 

DNA extraction 

A fungal mycelium was obtained from isolates grown on CYA for 2 days at 25°C. DNA 

extraction from fungal strains was performed according to LUI et al. (2000). Total DNA was 

resuspended in 30 µl of deionised H2O and stored in the freezer at -20°C until use. 
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PCR amplification  

The intergenic spacer (IGS) for the AF biosynthesis genes aflJ and aflR was used as a 

target in order to distinguish A. flavus and A. parasiticus. The available published regions from 

the isolates were amplified by a designed primer pair IGS-F/IGS-R (EHRLICH et al., 2003, 2007) 

that corresponded to a PCR product of 674 bp (KHOURY et al., 2011). The sequences of the 

primers used were as follows: IGS-F, 5-AAGGAATTCAGGAATTCTCAATTG-3; IGS-R, 5-

GTCCACCGGCAAATCGCCGTGCG-3.  
Amplification of fungal DNA was performed in a total reaction volume of 50 µl, 

containing reaction buffer, 1.5 mM MgCl2, 0.8 mM each dNTP (dATP, dCTP, dGTP and dTTP), 

1 units Taq DNA polymerase, 100 ng template DNA and 0.5 µM of each primer. Amplifications 

were carried out with the following cycling parameters: initial denaturation at 94˚C for 4 min; 35 

cycles of denaturation at 94˚C for 40 s, annealing at 58˚C for 40 s and extension at 72˚C for 1 

min; and final extension at 72˚C for 10 min. The PCR products were separated by agarose gel 

electrophoresis and stained with ethidium bromide. PCR amplification of the IGS region yielded 

a 674 bp band. 

 

Restriction site analysis of PCR products 

The analysis of the IGS sequence indicated that the restriction enzyme BglII cleaved the 

PCR products into fragments that are useful tools for the detection of A. flavus and A. parasiticus 

(KHOURY et al., 2011). 

Following amplification, the PCR products were digested with the restriction enzyme 

BglII (Roche, Germany). The reactions were performed in a total volume of 40 µL containing 15 

units of enzyme, 4 µL of buffer, 15 µL of the PCR product, and Ultrapure water up to 40 µL. 

The reaction mixture was incubated at 37°C for 1 h. Then digested fragments were separated by 

electrophoresis on a 2% w/v agarose gel at 80V for 2.5 h and visualized under UV 

transillumination. The sizes of the resulting DNA fragments were estimated in comparison with 

a commercial 100-bp DNA ladder. 

 

 

RESULTS AND DISCUSSION 

 

Morphological characterisation 

Mycelia of the A. flavus isolates were yellow-green on PDA, in contrast to mycelia of A. 

parasiticus which were dark green (Figure 1). The reverse was pale yellow. After the 7-day 

incubation on PDA at 25°C the average colony diameter of A. flavus was 7.5 cm, while the 

corresponding value in the isolates of A. parasiticus was 6.5 cm. Isolates of A. parasiticus had 

spherical and rough conidia with thick walls. The A. flavus isolates differed by their microscopic 

traits, as they had thin walls and smooth to finely rough conidia (Figure 2). The average size of 

conidia of A. flavus and A. parasiticus was 3.4 µm and 4.4 µm, respectively. Colonies were 

floccose and thin on MEA and CYA. Mycelia were white, reverse uncoloured on MEA and 

uncoloured or brown on CYA. 

Because of interspecific similarities and intraspecific variability, only morphological 

differentiation of Aspergillus section Flavi isolates is not sufficient (RODRIGUES et al., 2009). 

Therefore, the polyphasic approach is recommended (SAMSON and VARGA, 2009), and it was 

used in our study. 
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Figure 1. Colony morphology on PDA: a – A. flavus, b – A. parasiticus 

 

 

 

 

 

 

 

 

 

 

Figure 2. Morphology of conidia on PDA: a – A. flavus (globose to ellipsoidal, with smooth to 

finely roughened walls), b – A. parasiticus (globose, distinctly rough-walled) 

 

 

 

Toxicological characterisation 

Differentiation of A. flavus from A. parasiticus is of a great importance, because of the 

differences in metabolite production. A. parasiticus synthesises B and G type toxins, whereas A. 

flavus produces only B type toxins (PITT and HOCKING, 2009). Aflatoxin production capability of 

all Aspergillus spp. used in this experiment was analysed with chromatographic technique, 

a b 
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HPLC-FLD. The MRIZP isolates (Af1-Af4) produced aflatoxins B1 and B2, whereas the 

MRIZP isolate Af5 produced only aflatoxins B1. Moreover, the MRIZP isolates (Ap1-Ap5) 

produced aflatoxins B1, B2, G1 and G2, except of the isolate Ap2 that did not produce aflatoxin 

G2 (Table1).  

 

Table 1. Production of aflatoxins by A. flavus and A. parasiticus 

ISOLATES 

HPLC 

B1 

(ng/g) 

B2 

(ng/g) 

G1 

(ng/g) 

G2 

(ng/g) 

1 Ap1 6.716,417 1.543,802 5.189,430 181.760 

2 Ap2 7.361,028 995.407 3.085,115 
 

3 Ap3 5.168,789 351.969 5.157,556 119.176 

4 Ap4 5.708,118 142.807 6.495,071 86.920 

5 Ap5 6.431,767 287.250 7.191,624 110.115 

6 Af1 6.029,335 302.562 nd nd 

7 Af2 5.698,470 259.575 nd nd 

8 Af3 4.859,150 229.106 nd nd 

9 Af4 5.181,379 318.298 nd nd 

10 Af5 6.460,451 nd nd nd 

nd - not detected 

 

Genetic characterisation 

In order to test the PCR specificity, all fungal strains were amplified using a primer pair 

IGS-F/IGS-R. Expected amplicons of 674 bp were obtained in all 10 tested isolates of A. flavus 

and A. parasiticus. The amplification was not obtained in a negative control (Figure 3). The 

primers were specific for the aflR-aflJ IGS gene fragment, while the size of amplicons 

corresponded to the expected size and no additional or non-specific bands were observed.  

 

 

Figure 3. A total of 2% of agarose gel electrophoresis of PCR products with IGSF/IGSR primers. -K – 

negative control; Lane 1 – A. flavus (Af1); Lane 2 – A. parasiticus (Ap1), Lane 3 – Ap2, Lane 4 – 

Ap3, Lane 5 – Ap4; Lane 6 – A. parasiticus CBS100926; Lane M – 100 bp DNA marker 
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The restriction enzyme BglII was able to cut the PCR product of A. flavus at two sites 

resulting in three fragments of 362, 210 and 102 bp. On the other hand, there was only one 

restriction site in the sequence of A. parasiticus yielding two fragments of 363 and 311 bp 

(Figure 4).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Electrophoretic analysis showing the restriction profiles of the aflR-aflJ intergenic spacer PCR 

product digested with BglII. Lane 1 – A. flavus (Af1); Lane 2 – A. parasiticus (Ap1) Lane 3 – 

Ap2, Lane 4 – Ap3; Lane 5 – A. parasiticus CBS100926; Lane M – 100 bp DNA marker 

 

 

The distinction between A. flavus and A. parasiticus is very important since they produce 

different secondary extrolites. It is well known that A. flavus strains produce aflatoxins, 

cyclopiazonic acid, versicolorin and sterigmatocystin, while A. parasiticus specifically produces 

aflatoxins (WILSON et al., 2002). The majority of studies cited in the literature encompass 

monomeric or multiplex PCR by which aflatoxigenic strains of A. flavus and A. parasiticus have 

been detected, but differentiation between them and between non-aflatoxigenic strains has not 

always been enabled (CRISEO et al., 2001). This method is good for the following two reasons: 1) 

the detection of aflatoxigenic fungi and 2) their differentiation at species level. 

 

CONCLUSIONS 

The results obtained have provided an important comparison of A. flavus and A. 

parasiticus isolates. The study shows that A. parasiticus strains, known as contaminants of maize 

in fields (STANKOVIĆ et al., 2015), were detected in wheat fields. To the best of our knowledge, 

this is the first report of A. parasiticus on wheat kernel not only in Serbia, but in Europe. 

DOVICICOVÁ et al. (2012) identified A. parasiticus from wheat kernel in Slovakia, based on 

morphological examination in conjunction with biochemical analyses, but without rapid and 

accurate molecular identification.  

In order to provide a more holistic approach based on morphological, biochemical and 

molecular properties of 10 isolates, the causal agents of aspergillosis detected in the wheat field 
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survey in nine locations in Serbia were identified as A. flavus and A. parasiticus. Having in mind 

that these fungi are capable to produce mycotoxins, further studies are necessary to improve 

strategies for prevention and control of these economically important pathogens. 
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Izvod 

Glavni proizvođači aflatoksina su vrste roda Aspergillus, A. flavus i A. parasiticus. U 

dosadašnjim istraživanjima, u proizvodnim uslovima Srbije nije zabeleženo prisustvo vrste A. 

parasiticus na zrnu pšenice. Usled promene klimatskih faktora, kao što je pojava visokih 

temperatura i dugotrajnih suša, koje pogoduju povećanoj učestalosti Aspergillus vrsta, 

pretpostavili smo da pomenuti patogen može biti prisutan i u Srbiji. Značajnost direktnih 

gubitaka kao posledica zaraza zrna pšenice, kao i potencijalne kontaminacije aflatoksinima, 

ukazali su na potrebu utvrđivanja prisustva i toksigenog potencijala izolata A. flavus i A. 

parasiticus poreklom iz Srbije. U tom cilju, prikupljeni su uzorci zrna pšenice sa šest lokacija. 

Na osnovu morfoloških, odgajivačkih, toksikoloških i molekularnih svojstava, dobijeni izolati su 

identifikovani kao A. flavus i po prvi put u klimatskim uslovima Srbije - A. parasiticus.  Ovo 

istraživanje ukazuje da ovi patogeni mogu biti potencijlna opasnost u proizvodnji pšenice na 

području Srbije. Ova opasnost bi bila još izvesnija ukoliko bi se globalne klimatske promene 

nastavile i time omogućile intenzivniji razvoj ovih patogena. 
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