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Abstract: Wheat seeds at harvest and during storage infected by different fungi, including toxin-
producer fungi that make important contributions to gastrointestinal diseases such as cancer in humans.
To determine the toxin producing fungi species in wheat seeds in store-pits Golestan province, the
seeds stored in the store-pits of Gonbad, Gorgan and Galikesh was sampled. fungi surface and internal
infected wheat seeds were isolated by Flotation method (FM) and freezing blotter (FB). In this study,
20 fungi  species were isolated, wihch belonging to 8 different genus. species of Cladosporium spp.
(86.4 to 70.4%) and Alternaria spp. (80 to 78.2%) including dominant fungi were identified as internal
mycoflora. Penicillium spp. (88.1 to 69.3%) and Aspergillus spp. (80 to 70.8%) genus as surface
mycoflora were most abundance among other species. Among species of Fusarium species, Fusarium
proliferatum (19.9%) had the highest frequency Aspergillus niger (24.03%) and Aspergillus flavus
(27.7%) most abundance were among species of Aspergillus as fungi major producers toxin. species
of A. flavus and F. prolifratum as major the toxin producer fungi were identified store-pits Golestan
that both the fungi infection rate in store-pits Galikeh was high compared with all other species
studied. In examining toxin producer fungi, FM method was better results than the FB and isolate and
identify the toxin-producing fungi FM method is more efficient.
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INTRODUCTION

Wheat is one of the most important and strategic products in all over the world, which can provide more
than 20% calories of daily foods intake (Wiese, 1987). Wheat is also the most strategic cereals in Iran, not
only as a popular plant in large cultivated lands, but also as main cereals source (FAO, 2001). Bread wheat
(Triticum aestivum) is chief wheat species in Iran which is utilized for supplying flour and baking bread. Grain
quality after harvest is influenced by a wide variety of biotic and abiotic factors and has been studied as a
stored grain ecosystem. The post-harvest, losses at the farm level have been estimated to be 3.28 kg/q in
wheat. The post-harvest, loss of wheat grain has been found to be highest during storage (Magan, 2003). Stored
grains can have losses in both quantity and quality. Losses occur when the grain is attacked by microorganisms
and other organisms including Fungi, insects, mites, rodents and birds (Neethirajan, 2007). The wheat grains
come in association with the fungi from the time of grain maturity and also at the time of storage. An
extensive mycoflora has been found to be associated with stored wheat grains (Christensen, 1956). Many fungi
species like Fusarium spp., Aspergillus spp. and Penicillium spp. are able to produce fatal mycotoxins which
are dangerous for human and animals. 

Moreover, these toxins are the main causes of digestive tract cancers (Magan, 2003). So it is necessary
to have enough information about fungi toxins such as mycotoxins and their effects on cereals seeds especially
wheat. Additionally there are many concerned reports based on the presence of mycoflora on wheat seeds in
national and international storages and also fields (Graves, 1967). Indeed, there is limited information about
wheat mycoflora in store-pit seeds compared with field. Aspergillus and Penicillium genus are the most
common fungi species that infect flour and wheat seeds in Australia, whereas Alternaria spp. and
Cladosporium spp. are reported as infective species in Russia, Poland, Brazil, India and Germany, (Adisa,
1994; Basu, 1974; Weidenboner, 1996). Unfortunately there is not enough information about mycoflora of
wheat seeds especially toxin producer fungi in wheat stores and their distribution in Iran. 
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Importance of mycoflora on wheat seeds is more related to toxic fungi species such as Aspergillus spp.
and Fusarium spp., which can damage flour and wheat because these species are able to produce lethal
mycotoxins such as Aflatoxin,  Fumonisin, Deoxynivalenole, Nivalenole and Zearalenone ,which are destructive
for human and animals. Results has been showed that wheat grain post-harvest of Markazi province in Iran
contaminated with Aspergillus spp., Alternaria spp., Cladosporium spp., Penecillium spp. and Ulocladium spp.
(Saberi-Riseh, 2004). Studies on wheat stores of Tehran province show that Alternaria spp. and Cladosporium
spp. are the main infective species fungi (Saberi-Riseh, 2004). Kachuei et al. (2009) showed that store wheat
mycoflora of three provinces of Iran contaminated with Fusarium spp, Aspergillus spp., Alternaria spp.,
Cladosporium spp., Penecillium spp. and Ulocladium spp. As expected, in Golestan province  infective fungi
of wheat seeds can grow and spread more easier than other places, indeed good weather conditions and also
too much rain during April, are two important reasons of this difference (Zare, 1997). Therefore, study on
mycoflora of seeds storages has important effects on both identification and control of toxin producer fungi
species. It is noticeable that Golestan and especially Gonbad has first grade of suffering from digestive tract
cancers which their large portions are completely related to contaminated wheat by harmful fungi (Islami,
2004). This study was designed to determine mycoflora of stacking wheat seeds in store-pits of Golestan
(Gonbad, Gorgan and Galikesh) and also identify toxin producer fungi by Flotation and Freeze Blotter methods

MATERIALS AND METHODS

Sampling Method:
In this study 97 wheat samples (one kg instead of 1000 ton) were collected from different parts of wheat

store-pits in Golestan province especially Gonbad, Gorgan and Galikesh cities in during 2009, which was done
based on the fungi contamination study's protocol (Cvetnic, 2005). Each single sample was a mix of ten
samples of one kg which were collected from different parts of store-pits. After recording information, samples
were packed in sterile paper bags and transferred to lab. For prevention of environmental interferer and
contamination, study had been started as soon as possible.

Fungi Isolation:
Fungi isolation was performed by two methods:

Flotation Method (FM):
This method was used to isolate surface mycoflora. In this method, Malachite Green Agar (MGA 0.25ppm)

without surface disinfections was utilized to determine surface mycoflora of wheat seeds. For this mean, four
hundred kernals (four series and each series contains on hundred seeds) per subsample were studied to
detection of surface mycoflora. One hundred kernals were soaked in sterile water, shaked manually. This
suspension was centrifuged in 4000 rpm for 5 min, and then supernatant was soaked with a 0.05% (V/V)
Tween 80 solution and finally incubated for one hour on shaker hereafter posed on fixed place for 15 to 30
minutes. Half-milliliter of this solution was spread on two plates which were container of MGA 0.25ppm
medium (Nash-Synder base containing 0.25 ppm of Malachite Green). After that plates were incubated in 28°
C in dark condition for 5 to 14 days.

Freeze Blotter (FB):
This method was used to isolate internal mycoflora. For isolation of internal mycoflora wheat grains,

surface of every single collected wheat kernel was disinfected by 1% Sodium-hypochlorite for one minute and
rinsed twice in sterile distilled water for 30 seconds. Four hundred wheat kernels (four series and each series
contained on hundred seeds). Per subsample, 25 kernels were planted in each plate based on FB method
(Singh, 1974). Fungi colonies obtained by these two methods counted and identified then the different fungi
species were subculture to Potato Dextrose Agar (PDA) medium culture.

Fungi Identification:
Aspergillus fungi species were identified by reliable identification keys of Raper and Fennell (1973), Pitt

and Hocking (1997). Fusarium isolates were purified by single spore method and then cultured on medium
culture which was included Carnation Leaf Agar (CLA), SNA (Spezieller Nahrstoffarmer Agar) and PDA in
25 ْC in 12 hours light and 12 hours darkness condition for 7 to 14 days. Fusarium isolates were identified
by both morphology and characteristic of colonies based on Nelson et al (Nelson, 1983) descriptions.
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Frequency and also Relative Density of fungi genera and species were counted by the following formulas
(Marasas, 1988):

Fr (%) = (ns/N) × 100
RD (%) = (ni/Ni) × 100

Which Fr is frequency , ns is the number of fungi genera or species in samples, N is the number of
samples, RD is Relative Density , ni is the number of isolated fungi genera or species and Ni is the number
of all fungi.

Statistical Analyses:
Relative Density analyses and determination of differences between frequency of fungi genera were done

by Chi Square test, Also a data statistical analysis was performed by SAS(Statistical Analysis System) software.

RESULTS AND DISCUSSION

From 97 samples were collected from Gonbad, Gorgan and Galikesh store-pits 182 and 208 fungi isolates
were detected by FB and FM methods respectively, which were belong to 8 genera and 20 species (Table 1).
Penicillium spp. (69.3- 88.1 %), Aspergillus spp. (70.8- 80%) and Fusarium spp. (26.2 - 49.1%) showed high
abundances based on FM method (Table 2). However, the highest abundances were possessed by other fungi
genera, such as Cladosporium spp. (70.4- 86.4 %) and Alternaria spp. (78.2- 80 %) by FB methods. The
significant difference was observed in all three store- pits between FB method and fungi isolated (P< 0.05, P
< 0.0001).

Isolation methods of Aspergillus spp. and Fusarium spp. are not so much important in wheat store-pits
of Gonbad (Table 2). Both surface and internal wheat seeds mycoflora were included Fusarium spp.,
Aspergillus spp., Penicillium spp. and Cladosporium spp., Alternaria spp. respectively which confirmed other
results in similar studies (Ghiasian, 2004; Kachuei, 2009; Saberi-Riseh, 2004). Seeds were highest infected by
Aspergillus spp. and Cladosporium spp. in Gonbad and Fusarium spp., Aspergillus spp., Penicillium spp.,
Alternaria spp. in Galikesh and Alternaria spp. and Cladosporium spp in Gorgan (P <0.05, P < 0.0001)(Table
2). Indeed Gonbad and Galikesh grain store- pits had the highest fungi infections diversity (especially toxin
producer fungi) in comparison with Gorgan grain  store-pits for both surface and internal fungi (P> 0.05)
(Table 2). Results of isolation by FM method confirmed that Frequency and Relative density of toxin producer
fungi especially Aspergillus spp. species such as A. niger (24.03, 4.2%) and A. flavus (27.7, 6.7%) had the
highest Frequency and also Relative density (Table 3). The significant difference between these two species,
A. niger and A. flavus  in all three store-pits was not observed (P > 0.05).  It means that FM method verified
that A. niger and A. flavus are the most infective toxin producer fungi species (Aspergillus spp.), while FB
method confirmed that Frequency  and Relative density of  A. flavus (31.3, 7.7%) and A. fumigatus
(15.03,3.3%) have higher Frequency  and Relative density  in comparison with A. niger (12.8,2%) (Table3).
No significant difference between A. fumigatus and A. niger and also between A. flavus and A. niger (P >
0.05).  Our results suggested that Aspergillus spp. and specifically A. flavus are the most common internal
infections of studied wheat seeds and flour storages that approve other studies results (Mathew, 2010). Wallace
and Sinha (1981) reported the presence of Aspergillus in stored wheat grains in Canada, Tsunada (1970) and
Tsuruta (1970) in Japan. However, from Canada reported A. niger stood second with respect to frequency of
occurrence of fungi in stored wheat grains. Conversely Aspergillus and Penicillium are more often considered
as ‘storage fungi’. They are known to form mycotoxins in stored grains and are usually not regarded as fungi
that can produce mycotoxins before harvest (Frisvad, 1995). The potential of A. flavus for production of
dangerous and carcinogen toxins makes it as the `most significant and widespread toxin producer fungi in
wheat and flour storages. Aflatoxin B1 is not only the destructive toxin for mammalian but also main cause
of suffering from different digestive tract cancers and genetic mutations (Shetty, 1997). Additionally, this study
confirmed that other Aspergillus spp. such as A. ochraceus and A. parasiticus have lower levels of abundances
in sample seeds. Studied have shown that prevalence of Aflatoxin and Ochratoxin A in consuming wheat and
red wheat respectively occur naturally (Karami-Osboo, 2010). In isolated Fusarium species, the highest
Frequency and Relative density were belonged to F. proliferatum (11.05, 20.8%) and F.verticilliodes (8.7,
4.3%) which was detected by FM method (Table 3). Based on this method high portions of studied seeds in
Galikesh were contaminated by F. proliferatum (19.9%) in comparison with Gonbad and Gorgan grain store-
pits (P>0.05) (Table 1). 



Aust. J. Basic & Appl. Sci., 5(6): 1070-1076, 2011

1073

Transmittal of Fusarium species such as F. proliferatum, F. culmorum and F. graminearum are very
considerable in grain store and bread wheat because these species are able to produce fatal mycotoxin like
Fumonisin, zearalenon, Deoxynivalenol and Nivalenol that can be some main reasons of entanglement in
different digestive cancers (Siassi, 2000). Scientists have been repetitively segregating mentioned Fusarium
species from north of Iran especially Golestan as well as that their toxins have been detected and studied too
(Karami-Osboo, 2010). As mentioned above, our results of this study verify other studies results which have
done in Iran such as, Golestan, Khuzestan, Azarbayjan gharbi, Tehran, Mazandaran and other parts of world
(Zare, 1997; Kachuei, 2009; Ghiasian, 2004). Based on these studied F. graminearum was dominant Fusarium
species in America, Canada and Argentina (Walker, 2001), whereas F. graminearum, F. culmorum, F.
avenaceum and F. poae were head species in Europe (Torp, 2004). During this project, we introduced other
Fusarium species such as F.graminearum, F. culmorum, F. acuminatum, F. equiseti, F. subglutina, F.
chlamydosporum and F. nygamai as infective species in studied cities. However their abundances were lower
in comparison with other species. Among internal  mycoflora, significant abundances were belonged to
Alternaria spp. ( 80 %) and Cladosporium spp.( 86.4%) were isolated by FB method which were blamed on
high level of infections in Gorgan and Gonbad grain  store-pit studied respectively (P >0.05) (table 2).
Additionally, we could detect some other fungi species such as Ulocladium spp., Rhizopus spp. and  Mucor
spp. that had lower abundances in comparison with mentioned fungi in collected seeds from three important
grain  store-pits of Golestan which Rhizopus spp. with 31.2% was the most infective species (Table 3). Result
of this study suggested that FM method is much more efficient than FB method for both segregation and
identification of toxin producer fungi such as Aspergillus spp., Fusarium spp. and Penicillium spp. Our study
also confirmed A. flavus had maximum infection in Galikesh store- pits than other Aspergillus species.
Furthermore, these results approved wheat seeds infection of Galikesh store-pits were much more diversified
(both external and internal fungi) especially in toxin producer fungi, (Aspergillus spp., Fusarium spp. and
Penicillium spp.) than two others studied store-pits. About toxin producer Fusarium species in Galikesh store-
pits, F. graminearum, F. culmorum and F. prolifratum had the highest contaminated portions. As consequence,
A. flavus and F. prolifratum were known as the most important toxin producer species fungi in store-pits of
Golestan which had higher infections compared to above species. In Gonbad store-pits, Cladosporium spp. had
high level of infection as an internal mycoflora, while in Gorgan, Alternaria spp. was dominated species that
both of them were detected by FB method.

Table 1: Fungal genus isolated from wheat kernels by the FM and FB methods in store –pits  Golestan province.
Isolated fungi Gorgan Galikesh Gonbad

-------------------- --------------------- ------------------- ------------------ ---------------------- ------------------------
FB FM FB FM FB FM
-------------------- -------------------- ------------------- ------------------ ------------------------ ------------------------
RD (%) Fr (%) RD(%) Fr (%) RD (%)F ( r%) RD (%)Fr (%) RD (%) Fr (%) RD (%) Fr (%)

Fusarium sp.
F.graminearum nd nd 0.9 5.2 nd nd 1.3 8.1 nd nd 1 8.4
F.culmorum    1.8 8.2 nd nd nd nd nd nd 0.7 1.9 nd nd
F.acuminatum 1 3.8 0.5 3.4 nd nd nd nd nd nd nd nd
F.equiseti nd nd nd nd nd nd nd nd nd nd 0.3 1.5
F.proliferatum nd nd 1.8 1.1 2.9 13.4 3.6 19.9 1.1 7.2 36.2 1.1
F.subglutinans nd nd 0.2 3.9 nd nd 1 6.5 1 3.5 1.2 8.9
F.verticillioides 1.8 8.7 1.9 12.6 1 6.3 2.6 12.9 0.1 1 8.6 0.6
F. nygamai nd nd nd nd nd nd nd nd nd nd 1 6.9
F.chlamydosporium nd nd nd nd nd nd 0.4 1.7 nd nd nd nd

Aspergillus sp.
A.fumigatus 4.4 19.3 5.2 19.9 1.8 8 2.9 19 3.8 17.8 3.1 21.6
A.ochraceusnd nd 0.3 1 nd nd nd nd nd nd nd nd nd
A.parasiticus 0.4 1 0.2 0.6 nd nd nd nd nd nd nd nd
A.flavus                        7.8 30.1 7.4 31.5 11.4 45.1 5.8 21 4 18.9 7

30.7
A.niger 2.2 16.6 5.3 17.8 1.8 9 3.3 40 nd nd 4 14.3
Cladosporium spp. 24.2 86.4 12 54.3 12.4 55.1 5 16.6 26.4 70.4 10.4 60
Alternaria spp. 18.2 68.4 6.3 29.4 15.9 78.2 3.1 16.6 25.9 80 nd nd
Penicillium spp. 10.4 49.5 12.6 69.9 5.3 23.7 29.6 88.1 10.2 48.6 16.7 69.3
Mucor spp 2.9 12.9 0.6 3.6 nd nd 16 8.4 1.5 5.9 3 14.2
Rhizopus spp. 2.9 12.9 3.2 21.9 nd nd 6.9 32.8 1.8 10.9 5.9 38.9
Ulocladium spp. 0.6 3.2 0.5 3.4 8.1 37.9 nd nd 5.7 24.6 0.1 1
Total isolates 54 43 41 53 87 112
Total samples 30 17 50
FB: Freeze Blotter, FM: Flotation method, RD: relative density, Fr: frequency of isolation, nd: not detected
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Table 2: Major Fungal genus isolated from wheat kernels by the FM and FB methods in store –pits Golestan  province.
Isolated fungi Gorgan Galikesh Gonbad

-------------------- --------------------- ------------------- ------------------ ---------------------- ------------------------
FB FM FB FM FB FM
-------------------- -------------------- ------------------- ------------------ ------------------------ ------------------------
RD (%) Fr (%) RD(%) Fr (%) RD (%)F ( r%) RD (%)Fr (%) RD (%) Fr (%) RD (%) Fr (%)

Fusarium spp. 4.6 20.7 5.3 26.2 3.9 19.7 8.9 49.1 2.9 13.6 48.3 27.4
Aspergillus  spp. 14.8 68 18.4 70.8  15 62.1 12 80 7.8 36.7  14.1 66.6
Penicillium spp. 10.4 49.5 12.6 62.9 5.3 23.7 29.6 88.1 10.2  48.6 86.7 69.3
Cladosporium spp. 24.2 86.4 12 54.3 12.4 55.1 5 16.6 26.4 70.4 10.4 60
Alternaria spp. 18.2 68.3 6.3 29.4 15.9 78.2 3.1 16.6 25.9 80 nd nd
Total isolates 54 73 41 53 87 112
Total samples 30 17 50
FB: Freeze Blotter, FM: Flotation method, RD: relative density, Fr: frequency of isolation, nd: not detected.

Table 3: total means Frequency  and relative density of fungi isolated by the FM and FB methods in store –pits  Golestan province.
Isolated fungi Total means 

FB FM
------------------------------------------------------ ------------------------------------------------------------
RD (%) Fr (%) RD (%) Fr (%)

F.graminearum 1.06 7.2 nd nd
F.culmorum 1.25 5.05 nd nd
F.acumiatum 1 3.8 0.5 3.4
F.equiesti nd nd 0.3 1.5
F. proliferatum 2 10.3 20.8 11.05
F. subglutinans 1 3.5 0.8 6.4
F. chlamydosporium nd nd 0.4 1.7
F. nygamai nd nd 1 6.9
F. verticillioides 0.9 5.3 4.3 8.7
A. fumigatus 3.3 15.03 3.7 20.1
A. ochraceus nd nd 0.3 1
A. niger 21 2.8 4.2 24.03
A. flavus 7.7 31.3 6.7 27.7
A. parasiticus 0.4 1 0.2 0.6
Cladosporium spp. 21 70.6 9.1 43.6
Alternaria spp. 20 75.5 4.7 23
Penicillium spp. 8.6 40.6 19.6 75.7
Ulocladium spp. 4.9 21.9 0.3 2.2
Rhizopus spp. 2.3 11.9 5.3 31.2
Mucor spp 2.2 9.4 1.7 8.7
FB: Freeze Blotter, FM: Flotation method, RD: relative density, Fr: frequency of isolation, nd: not detected.

Conclusion:
In this study we attempted to determine different fungi species with wheat grain and also their frequency.

Present of fungi with mycotoxin activity will be announced by this research to prevent of these grains to use
in human and animal. So, wheat seeds of Galikesh store-pits which are more infected by harmful toxin
producer fungi are not recommended for baking bread, feeding nourishing cattle and poultry. Therefore, main
standard executions must be done with them. 
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