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Wheat is one of the most important cereals produced and consumed in Mediterranean countries. A 
mycological survey was carried out on freshly harvested wheat grains from the main production 
regions at the Northern part of Tunisia, namely Jendouba, Beja and Bizerte, during the crop year of 
2009. A total of 88 samples were analysed. The incidences, isolation frequencies and relative densities 
of fungi were determined. The results showed the presence of several genera among them, in which 
both of the field fungi, Fusarium and Alternaria, were present in the Tunisian wheat with dominance for 
the genus Alternaria. The most predominant mycotoxigenic species were Fusarium culmorum among 
Fusarium species and Alternaria alternata among Alternaria species. They were detected in about 66 
and 95.5% of fields, respectively. These species are known to decrease the food quality indirectly by the 
biosynthesis of several hazardous compounds. 
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INTRODUCTION  
 
Wheat (Triticum turgidum ssp. durum) is one of the most 
important cereal crops in the world and the main staple 
food in Tunisian homes. Indeed, it represents about 61% 
of the cultivated cereal area and the most important 
income for the Tunisian economy. Most of the production 
is for human consumption, chiefly related with pasta-
making and many other traditional foods, such as 
“Couscous” and “Borghol”. In this regard, a high quality of 
wheat and its products is needed.  

In Tunisia, the quality assessment, usually performed 
as a routine analysis by the cereal collecting centers, is 
based mostly on visual examination of the overall 
appearance of the entire grain sample such as discolo-
ration, weighing  and  shrivelling  of  kernels:  an  analysis 
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that is essentially in relation with the price range 
assessment. Nevertheless, until now, there are no 
available data about fungal contamination of wheat which 
can lead directly to economic losses (Nganje et al., 2004; 
Windels, 2000). Hence, the identification of wheat 
mycoflora is becoming essential in order to control food 
contamination by fungi, be it pathogenic or saprophytic 
species.  

Mould contamination of grains can occur during the 
harvest and the post-harvest periods under suitable 
conditions of temperature and humidity (Doohan et al., 
2003), which play an important role in the growth and 
geographical distribution of fungi (Kosiak et al., 2004). A 
number of fungal species have been associated with 
wheat, belonging mainly to the genera Fusarium and 
Alternaria, known as field fungi and the so-called storage 
fungi, such as Penicillium, Aspergillus and Rhizopus 
(Bottalico and Perrone, 2002; Gohari et al., 2007; Juan et 
al., 2008).  Among  these  genera,  some  species  are  of  



 

 
 
 
 
major concern because of their toxigenic properties. They 
have the potential to produce a range of toxic secondary 
metabolites known as mycotoxins (Betina, 1984; Saberi 
et al., 2004). Such contamination can lead to reducing 
and downgrading of the grain quality, making it unsafe for 
human and livestock consumption (Goswami and Kistler, 
2004; Osborne and Stein, 2007). Mycotoxins are often 
unavoidable and of a worldwide preoccupation (Bennett 
and Klich, 2003). 

These hazardous compounds that occur 
simultaneously in food or unprocessed materials can 
cause acute or chronic intoxication to humans and 
animals (Wild and Hall, 1996; Placinta et al., 1999). 
Mainly due to the diversity of their chemical structures, 
several classes of mycotoxins have been identified as 
important contaminants in foodstuffs (Steyn, 1995; Meky 
et al., 2001), including Aflatoxins and Ochratoxins from 
Aspergillus spp. and Penicillium spp. (Payne, 1998; 
Frisvad and Samson, 2004), Trichothecenes, 
Zearalenone and fumonisins from Fusarium spp. 
(Langseth and Rundberget, 1999; Bakan et al., 2002 ; 
Edwards, 2004), Alternaria toxins from Alternaria spp. 
(Woody and Chu, 1992) and many other toxic com-
pounds. The ingestion of mycotoxin contaminated grains 
may lead to a wide array of biological effects being geno-
toxic, carcinogenic, embryotoxic and teratogenic (IARC, 
1993; Smith et al., 1995; Bennett and Klich, 2003). 

In this paper, the significance of the internal mycoflora 
of freshly harvested wheat grains intended for human 
consumption is considered. The aims of this survey are to 
identify the fungi associated with wheat grains harvested 
in the Northern part of Tunisia during the crop year of 
2009, to determine the species distribution of the genera 
of mycotoxicological interest, and to compare the 
mycobiota at different cropping areas in Tunisia. 
 
 
MATERIALS AND METHODS  

 
Chemicals and reagents 

 
The components of the culture medium were purchased from 
Biomatik Corporation Company (Cambridge, Ontario, Canada), 
while the sodium hypochlorite solution (NaOCl), the sterile water 
and Petri dishes were supplied by Sigma Aldrich Company (St. 
Louis, MO). 

 
 
Sampling  

 
Wheat grains for human consumption without visible signs of 
moulds contamination were collected during the 2009 crop year 
from the major cropping regions in Tunisia, including Jendouba, 
Beja and Bizerte. A total of 88 grain samples were taken directly 
from farmers fields immediately after the harvest. The number of 
samples collected from each area depends on the importance of 
the region in the national production of wheat: 35, 29 and 24 
samples were harvested from Jendouba, Beja and Bizerte, 
respectively. The total weight of the composite sample was 3 kg. 
After homogenisation, a subsample of approximately 1 kg was used  
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prior to mycoflora identification. The harvested grain samples were 
at a moisture content that is lower than 16%. Samples were kept 
refrigerated in sterile dry containers till analysis. 
 
 
Mycological analysis 

 
Following homogenization, 100 grains were taken from each 
subsample. They were surface-disinfected with 1% NaOCl solution 
for 10 min followed by rinsing twice with sterile water then dried 
over a filter paper in a sterile laminar flow cabinet. Grains were 
plated on potato dextrose agar (PDA), ten kernels per plate and 
incubated at 25°C for 7 days in darkness. The experiment was 
carried out three times separately. The developing fungal colonies 
were subcultured onto PDA and identified based on their macro- 
and microscopic features (Nelson et al., 1983; Simmons, 1986, 
2000; Pitt and Hocking, 1997). Isolates not fitting the description 
were recorded as Alternaria and Fusarium sp. 

The fungi of primary interest in this study were Fusarium and 
Alternaria species because of their known ability to alter food 
quality firstly in the field and to produce mycotoxins. All isolated 
fungi were recorded according to Gonzalez et al. (1995). The 
isolation frequency (Fr), relative density (Rd) and incidence (In) of 
species were recorded respectively, as follows:  
 
Fr (%) = (ns/N) × 100  
Rd (%) = (ni/Ni) × 100  
In (%) = (ng/Ng) × 100 
 
where ns = the number of samples in which a genus/species 
occurred; N = the total number of samples; ni = the number of 
isolates of a genus/species; Ni = the total number of fungal isolates 
obtained; ng = the number of grains infected by a genus/species; 
Ng = the total number of grains. 
 
 
Statistical analysis 
 
The statistical analysis was performed with the SPSS 13.0 program. 
The different data (Rd, Fr and In) were expressed as percentage, 
while significant differences were compared using non-parametric 
χ

2
 test. Differences were considered to be significant at p< 0.05.  

 
 
RESULTS AND DISCUSSION 
 
Wheat is mainly cultivated in Northern Tunisia, and this is 
related chiefly with climatic conditions suitable for the 
development of cereals. Nevertheless, these same 
conditions failed, almost all the time, in offering a compro-
mise between a high productivity and a good quality. 
Indeed, Northern Tunisia is an ecosystem favourable for 
fungal invasion in the field which results generally in yield 
loss and quality reduction.  

The data presented in this study gave detailed infor-
mation on the mycobiota of wheat from a Mediterranean 
country. The results indicated that the grains harvested in 
the main cropping regions in Tunisia were heavily 
contaminated with micromycetes as presented in Figure 
1. Indeed, the percentage of uncontaminated grains was 
lower for about 4 times than the percentage of infected 
grains in the prospected regions (p< 0.01). The most 
recovered genera, in terms of frequency from wheat 
samples were Alternaria and  Fusarium. Many other  moulds
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Figure 1. Fungal invasion of wheat grains in the main cropping regions in Northern Tunisia. 
Data are expressed as percentage ± S.D. 

 
 
 
Table 1. Frequency, relative density and incidence of fungal species in wheat from the major cropping regions in Northern Tunisia. 
 

Fungal isolates 
Jendouba  Beja  Bizerte 

Fr (%) Rd (%) In (%)  Fr (%) Rd (%) In (%)  Fr (%) Rd (%) In (%) 

Fusarium culmorum 62.86 2.7 2.29  62.07 2.41 1.93  75 3.38 2.92 

F. pseudograminearum 34.29 0.84 0.69  20.69 0.43 0.34  45.83 0.63 0.54 

F. avenaceum 31.43 0.78 0.66  27.59 0.82 0.66  37.5 1.4 1.21 

Fusarium sp. 97.14 9.67 8.2  82.76 8.23 6.59  87.5 8.2 7.08 

Michrodochium nivale 100 26.15 22.17  100 29.87 23.9  100 20.42 17.63 

Alternaria alternata 94.29 21.27 18.03  93.1 19.7 15.76  100 25.82 22.29 

A. tenuissima 91.43 13.41 11.37  89.66 9.7 7.76  91.67 15.06 13 

Alternaria sp. 97.14 9.06 7.69  72.41 4.91 3.93  95.83 9.02 7.79 

Epicoccum nigrum 31.43 1.35 1.14  17.24 0.52 0.41  29.17 1.11 0.96 

Trichotecium spp. 25.7 2.39 2.03  37.93 3.8 3.04  33.33 2.8 2.42 

Rhizopus spp. 14.29 4.45 3.77  24.14 6.85 5.48  29.17 7 6.04 

Penicillium spp. 8.57 0.54 0.46  13.79 0.91 0.72  12.5 0.58 0.5 

Aspergillus spp. 5.71 0.81 0.69  17.24 1.38 1.1  8.33 1.4 1.2 

Other fungi  82.86 6.58 5.58  82.75 10.47 8.38  79.16 3.18 2.75 

Total samples 35  29  24 
 

Fr = frequency; Rd = relative density; In = incidence.  

 
 
 
moulds were also isolated in 100% of fields with a density 
of approximately 19%, including mainly Rhizopus and 
Trichothecium and in low levels for Aspergillus, 
Penicillium, Epiccocum nigrum and other unknown 
species (Table 1).  

As shown in Figure 2a, the most frequent fungus was 
Alternaria, which was higher about 3 times than the 
genus Fusarium. A similar study conducted  in  Argentina 

showed that Alternaria was present in 100% of samples 
with a density of 85% (Patriarca et al., 2007). The same 
situation was observed in China (Li and Yoshizawa, 
2000). Species of the genus Alternaria are common field 
fungi contaminating cereal grains including both plant 
pathogenic and saprophytic species (Logrieco et al., 
1990; Saberi et al., 2004). Besides, some Alternaria 
species have been reported as mycodeteriogens in some  
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Figure 2. Occurrence of the most dominant fungi in Northern Tunisia; (a) with a specific concern for the genus 
Fusarium in (b). 

 
 
 
cereals in the field (Ilhan and Asan, 2001). Alternaria 
species can cause serious problems in agriculture by 
reducing crop yield in the field and causing spoilage in 
storage (Andersen et al., 2001). The majority of Alternaria 
isolates belonged to A. alternata and A. tenuissima with 
A. alternata being the most predominant (Rd = 22% in 
northern Tunisia) (Table 1). A. alternata is known to be 
the causative agent of black point in wheat grains (Rana 
and Gupta, 1982), and also the most frequent species in 
Argentinean and Iranian wheat (Gonzalez et al., 1999; 
Gohari et al., 2007), as well as in Tunisian wheat 
(Bensassi et al., 2009). 

In this survey, we noted also the dominance of 
Microdochium nivale, formerly known as Fusarium nivale 
detected in all prospected wheat samples with a density 
of about 26% (Figure 2a). M. nivale is one of the 
predominant causal organisms associated with Fusarium 
Head Blight (FHB) (Parry et al., 1995), a devastating 
disease of wheat and other small-grain cereals, 
representing a sporadic threat to wheat production 
throughout the world (Bai and Shaner, 1994; McMullen et 
al., 1997; Windels, 2000). Several studies have shown 
the pathogenicity of Microdochium nivale and Fusarium 
species in cereals (Simpson et al., 2004; Brennan et al., 
2005). In fact, a competitive interaction has been usually 
suggested between M. nivale and species of Fusarium 
(Doohan et al., 1998; Simpson et al., 2001). The most 
frequently isolated Fusarium species were: F. culmorum 
(66%), F. pseudograminearum (31%) and F. avenaceum 
(28%). These species were commonly associated with 
FHB   (Bottalico,   1998;   Osborne  and  Stein,  2007).  In 

France, a recent study showed that FHB symptoms on 
durum wheat were associated in the field with F. 
graminearum, F. culmorum and M. nivale (Ioos et al., 
2004). In Tunisia, Kammoun et al. (2010) reported the 
occurrence of FHB disease on harvested durum wheat 
caused chiefly by F. culmorum, even though F. 
pseudograminearum and M. nivale contributed well in the 
spread of the disease. The results of this study clearly 
showed the dominance of F. culmorum among Fusarium 
species, it represents 2.8% of the total obtained isolates 
(Figure 2b). This finding is in agreement with the results 
of F. culmorum occurrence in North European countries 
(Bottalico, 1998; Kosiak et al., 2003). The prevalence of 
F. culmorum on wheat kernels under Tunisian climate 
may be explained by the suitable climatic conditions 
occurring during the most susceptible stage to FHB 
infection, that is, the flowering. Previous investigations 
reported that Fusarium infection was appreciably 
influenced by environmental conditions, especially 
temperature, rainfall and moisture during heading and 
flowering periods of cereals (Doohan et al., 2003; Xu, 
2003). In the crop year 2009, a homogenous situation 
was observed concerning fungal infection in the 3 
prospected regions under study. Wheat grains, from 
these regions, were invaded to different degrees with 
moulds. This difference can be chiefly attributed to 
weather conditions, throughout the growing season, 
which influence the distribution of the infecting fungal 
species and lead to geographical variation in the species 
distribution. Table 2 represents the total rainfall and 
temperatures   registered   in   the  three  major  cropping 
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Table 2.  Average meteorological data
a 

for the period of March to May 2009 in the main cropping regions in Northern Tunisia.
 a

 data 
provided by the National Institute of Meteorology (Tunisia). 
 

Regions Total rainfall (mm) Minimum temperature (°C) Maximum temperature (°C) 

Jendouba 80.4 8.9 21.9 

Beja  126.9 9.1 22.6 

Bizerte  106 11.2 21.3 
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Figure 3. Relative densities of the dominant toxigenic genera of wheat grains from the 
major cropping regions in Tunisia. 

 
 
regions in Tunisia during the flowering period and kernel 
development of wheat which is also a critical period for 
fungal infestation. The grains obtained from Bizerte were 
more contaminated by F. culmorum and F. avenaceum 
than the other regions, but those isolated from Jendouba 
were the most infested with F. pseudograminearum 
(Table 1). Although considerable deviations were seen 
between regions on average, F. culmorum contamination 
of wheat was the highest and this observation agreed 
with those from other cereals producing regions 
worldwide (Andersen et al., 1996; Eskola et al., 2001; 
Kosiak et al., 2003). Wheat grains, from the growing 
region of Bizerte, were also the most susceptible to A. 
alternaria and A. tenuissima infection (Table 1).  

A specific concern was attributed to mycotoxigenic 
contaminating field fungi as Fusarium and Alternaria in 
this survey. Figure 3 summarized the distribution of 
Fusarium and Alternaria among the isolated fungi in 
wheat grains of the 3 growing regions. Slight differences 
were observed between the prospected regions mainly 
between Bizerte and Jendouba (p< 0.05). Concerning 
wheat, from Beja, it appeared to be the least 
contaminated either with Alternaria or Fusarium; it was 
more invaded with other fungi including M. nivale, 
Trichothecium spp., Penicillium spp. and many other 
unidentified moulds (Table 1). There is no doubt  that  the 

climate is the principal factor triggering the fungal attacks, 
but several other factors may intervene and consequently 
affect the incidence of the fungal infection in cereal crops 
over the regions such as the impact of location, cultivar 
properties and agricultural practices (crop rotation and 
management) (Langseth et al., 1995; Dill-Macky and 
Jones, 2000; Guerif et al., 2001; Krstanovic´ et al., 2005). 
Moreover, the spread of fungal infections in Tunisian 
cereal crops may be favored by the relatively low use of 
fungicides. Indeed, only fungicides anti-septoria and anti- 
rust are used by Tunisian farmers (Fakhfakh et al., 1999; 
ATPP, 2009).   

In addition to causing yield losses, many of the fungi 
isolated from wheat grains are of greater importance 
because they are known to produce mycotoxins which 
alter the cereal grain quality (Lessard, 2003). Indeed, the 
FHB associated pathogens are capable of producing a 
number of trichothecene mycotoxins, as well as non-
trichothecene compounds (Thrane, 2001) as 
Zearalenone, Beauvericin and Moniliformin (Desjardins, 
2006; Leslie and Summerell, 2006; Glenn, 2007). Several 
trichothecenes are of concern, including Deoxynivalenol, 
Nivalenol, Diacetoxyscirpenol and T-2 toxin. A recent 
survey conducted in Tunisia has shown that harvested 
wheat grains in 2005 were infested chiefly with F. 
culmorum and the majority of  the  strains  were  of   DON  



 

 
 
 
 
genotype (Kammoun et al., 2010). This result was 
confirmed by Bensassi et al. (2010), who reported high 
con-tamination of durum wheat with DON in the 2007 
crop year. Unfortunately, DON exposure can lead to 
acute and long term chronic effects, resulting in terato-
genic, neurotoxic, embryotoxic and immunosuppressive 
effects (Rotter et al., 1996; Desjardins, 2006). In contrast 
to other FHB pathogens, M. nivale does not have any 
great effect on grain quality (Humphreys et al., 1995; 
Brennan et al., 2005) and it is thought that M. nivale does 
not produce mycotoxins (Logrieco et al., 1991; Edwards, 
2004). In such a crop, it is possible that freshly harvested 
wheat grains in northern Tunisia might be contaminated 
by Alternaria toxins which are implicated in several 
human toxicosis as oesophageal cancer and in many 
digestive complications (Liu et al., 1992; Zureik et al., 
2002). Furthermore, in the light of the mycological ana-
lysis, there is also a probability of a low ochratoxin and 
aflatoxins occurrence in the wheat harvested in 2009. 
Since a low infestation by the associated fungi was no-
ticed in the samples, this situation may evolve in storage.  

Based on the fungal contamination, the following 
possible mycotoxins might occur in Tunisian wheat, such 
as Alternaria toxins, Trichothecenes, Zearalenone, 
Ochratoxins and Aflatoxins, and can negatively affect the 
quality of the end products based on wheat. In such a 
case, humans can be exposed to this cocktail of toxins 
which may lead to significant toxic effects.  
 
 

Conclusion  
 
In Tunisia, little information is available on the fungal 
species associated with cereal grains and their 
distribution in the main production areas. To the best of 
the authors’ knowledge, this is the first survey giving 
detailed data regarding the mycobiota of freshly 
harvested wheat in Northern Tunisia. The 2009 crop year 
seemed to have provided suitable conditions for fungal 
invasion. Although there was no visible mould damage, 
the mycological survey indicated high levels of field fungi 
as Fusarium and Alternaria that should be of concern 
because of their toxigenic potential. Such a situation may 
pose a potential health hazard to consumers. Therefore, 
further studies should focus on the natural occurrence of 
mycotoxins in wheat based products. From the current 
survey, Tunisian authorities should soon monitor fungal 
infection and mycotoxin contamination at grain 
laboratories in order to ensure product quality.  
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