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Abstract - A mycological survey was carried out at the Northern part of Tunisia on freshly 
harvested durum wheat in 2007, as wheat is the basic staple food for the Tunisian 
population. A total of 65 samples was analysed for their contamination with pathogenic and 
saprophytic fungal species and isolation frequencies and relative densities of the fungal 
species were recorded. Our results showed that Alternaria species were observed in all the 
prospected samples and Fusarium spp. were present in about 70% of fields whereas the 
incidence of the genus Penicillium was low. In the light of the mycological analysis, we 
evaluated the cytotoxicity of the possible occurring mycotoxins in such crops using the MTT 
bioassay. For this purpose, four mycotoxins - Deoxynivalenol (DON), Alternariol (AOH), 
Ochratoxin A (OTA) and Citrinin (CTN) - were screened for their toxicity in human colon 
carcinoma cell line HT 29. The viability assay showed significant variation in ICso 
concentrations between the tested mycotoxins. 
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INTRODUCTION 

Mycotoxins are natural contaminants produced by numerous fungal 
species. The worldwide contamination of food and feed with these secondary 
metabolites starts with the infestation of plant materials by the toxigenic fungi 
either in the field or during storage under suitable conditions (Petzinger & 
Weindenbach, 2002; Lanier et al., 2009). The accumulation of mycotoxins poses a 
significant environmental and health problem for both animals and humans 
(Hussein & Brasel, 2001; Garon et al., 2006; Lanier et al., 2010). 

In Tunisia, the agricultural system is based mostly on cereals which are 
frequently infested by various toxigenic pathogens given the suitable Mediterranean 
climate of the country. Durum wheat is the most important cereal cultivated in 
Tunisia and the main source of food for the population. Several fungi are associated 
with wheat and the common (most important) ones among these that have been 
reported to produce mycotoxins (Gonzalez et al., 1996, 1999; Saberi et al., 2004) are 
Fusarium, Alternaria, Penicillium and Aspergillus (Desjardins et al., 1996; Desclaux 
et al., 2000; Bensassi et al., 2009; Lund & Frisvad, 2003; Bayman et al., 2002). 

Fusarium species frequently infect small grain cereals (Doko et al., 1995; 
Bakan et al., 2002; Bottalico & Perrone, 2002; Westhuizen et al., 2003; Hammond et al., 
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2004; Zinedine et al., 2006) in the field and cause cereal diseases across the world. The 
most significant disease in wheat is Fusarium head blight (FHB) (Xu et al., 2005) 
which is predominantly caused by Fusarium graminearum, F. culmorum, 
F. avenaceum and Microdochium nivale (Edwards, 2004; Glynn et al., 2005). Many of 
these Fusarium pathogens may produce mycotoxins (Joffe, 1986; Cirillo et al., 2003; 
Jestoi et al., 2004; Desjardins, 2006), and among these especially the trichothecenes 
have been related to chronic and severe mycotoxicosis of humans and animals 
(Desjardins & Proctor 2007). Trichothecene deoxynivalenol (DON) or vomitoxin is 
the most widespread mycotoxin of the fusariotoxin group (Pepeljnjak et al., 1992; 
Tutelyan, 2004). Exposure to DON can lead to acute and long-term chronic effects 
resulting in teratogenic, neurotoxic, embryotoxic and immunosuppressive effects 
(Rotter et al., 1996; Desjardins, 2006). 

Species of the genus Alternaria are common field fungi that include both 
plant pathogenic and saprophytic species that may cause extensive spoilage of 
crops pre or post harvest (Logrieco et al., 1990; Ilhan and Asan, 2001). Some 
Alternaria species have a high toxigenic potential, producing mycotoxins (Woody 
& Chu, 1992; Logrieco et al., 2003) such as alternariol (AOH), alternariol 
monomethyl ether (AME), altenuene (ALT), altertoxins and tenuazonic acid 
(Bottalico & Logrieco, 1998; Kosiak et al., 2004). These mycotoxins are implicated 
in several human toxicoses such as hepatocarcinogenicity, oesophageal cancer as 
well as many digestive complications (Liu et al., 1992; Zureik et al., 2002). 

Penicillium and Aspergillus species are more commonly found during 
drying and storage than in the field. They are widespread contaminants of 
commodities and foods and in particular cereals (Juan et al., 2008). Some species, 
such as A. ochraceus and P. verrucosum, are known to produce Ochratoxin A 
(OTA) (Van der Merwe et al., 1965; Frisvad & Samson, 2004; Peterson, 2008; 
Zinedine et al., 2006; Amezqueta et al., 2009). This mycotoxin is carcinogenic, 
nephrotoxic, immunotoxic, genotoxic and teratogenic in all animal species (IARC, 
1993; Sava et al., 2006; Pfohl-Leszkowicz et al., 2007). OTA often co-occurs with 
another mycotoxin Citrinin (CTN) in wheat, barley or oat (Wolff, 2000; Molinie 
et al., 2005) which is produced chiefly by P. citrinum and other species of 
Penicillium, Aspergillus and Monascus (Hetherington and Raistrick, 1931; Blanc 
et al., 2001). Citrinin is also nephrotoxic, embryotoxic, teratogenic and genotoxic 
(Frisvad & Thrane, 2000; Scott, 2004). 

Depending on climatic conditions, all of these fungal toxins can contaminate 
food and feedstuffs simultaneously. In such a case, humans and animals can be exposed 
to a cocktail of toxins which may lead to severe toxic effects (Barceloux, 2008). 

Numerous in vitro cytotoxicity tests can be used for a rapid preliminary 
screening of mycotoxins in food. In vitro MTT cell culture assay is one of the most 
widely used tests for a preliminary cytotoxicological evaluation (Dombrink
Kurtzman et al., 1994). This colorimetric cell viability assay shows the ability of 
viable cells to convert MTT tetrazolium salt by mitochondrial succino
dehydrogenase enzyme to formazan. In this study, we have performed our 
experiments on HT 29 cells, derived from a human colon carcinoma especially 
that the intestine is the primary target for alimentary intoxications and ingestion 
of contaminated foods is the main route of exposure to mycotoxins (Shephard et 
al., 1995; Prelusky et al., 1996; Bouhet & Oswald, 2005). 

The aim of this study was to determine the mycoflora associated with 
wheat grains in the Northern part of Tunisia during the crop year 2007, in order 
to use this data to evaluate and predict possible effects of the most commonly 
elaborated mycotoxins by the corresponding isolated fungi towards the human 
colon carcinoma cells. 
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MATERIALS AND METHODS 

- Sampling: During the July 2007 harvest, a total of 65 samples of durum 
wheat grains were arbitrarily collected from different areas located in the main 
regions for cereal production in Northern Tunisia. Samples of at least 2 kg in size 
were taken directly from the fields immediately after the harvest. Samples were 
packed in sterile hermetic containers and immediately stored at +4'C awaiting 
analyses. 

- Mycological survey: From each sample, 200 kernels 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. 
Kernels were plated on potato dextrose agar (PDA), ten kernels per plate and 
incubated at 25°C for 7 days in darkness. The resulting fungal colonies were 
subcultured onto PDA and identified based on their macro- and microscopic 
features (Nelson et al., 1988; Simmons, 1986; Pitt & Hocking, 1997). All isolated 
fungi were recorded according to Gonzalez et al. (1995). The isolation frequency 
(Fr) and relative density (RD) of species were recorded as follows: Fr(%) = (ns/ 
N) x 100 and RD(%)= (ni/Ni) x 100, with Ns standing for the number of samples 
where a genus or species was detected, ni for the number of isolates of a genus or 
species, N for the total number of samples and Ni the number of the total fungal 
isolates obtained. 

- In vitro MIT assay: DON, AOH, OTA and CTN were purchased from 
Sigma Chemical Company (St. Louis, MO). Dulbecco's modified eagle medium
F12 (DMEM-F12), foetal bovine serum (FBS), phosphate buffer saline (PBS), 
trypsin-EDTA, penicillin and streptomycin mixture were from GIBCO-BCL 

. (UK), 3-4,5-dimethylthiazol-2-yl, 2,5-diphenyltetrazolium bromide (MTT) was 
from Sigma-Aldrich, France. All other chemicals used were of analytical grade. 

Human colon carcinoma cells (HT 29) were maintained as monolayer 
culture in DMEM-F12, supplemented with 10% foetal bovine serum (FBS), 1 % 
1-glutamine (200 mM), 1 % of mixture penicillin (100 IU/ml) and streptomycin 
(100 µg/ml), in a humidified incubator at 37°C in an air atmosphere of 5% CO2 . 

DON, OTA and CTN were dissolved in pure ethanol whereas AOH was dissolved 
in pure DMSO (dimethylsulfoxide). To obtain the studied concentrations in the 
cell culture media, the mycotoxin treatment volume was negligible and 
represented about 0.025% of the total medium volume. In these conditions, 
untreated cells and cells receiving this low vehicle volume responded in the same 
manner. For this reason, we have chosen untreated cells as control. 

The cell viability was performed using MTT assay according to Mosmann 
(Mosmann, 1983) in order to determine the cytotoxicity of DON, AOH, OTA and 
CTN in HT 29 cells. At 50% confluence, cells were seeded on 96-well culture 
plates (Polylabo, France). After 24 h of incubation at 37°C in an atmosphere of 
5% CO2!95% air mixture, cells were treated separately with increasing 
concentrations of DON, AOH, OTA or CTN for 24 h. Then, the MTT test was 
carried out by discarding the medium and replacing it by 200 µl of medium 
containing 0.5 mg/ml MTT in PBS. After 3 h of incubation at 37°C, the medium 
was removed and 100 µl of DMSO was added in each well to ensure total 
solubility of formazan crystals. Measurement of the absorbance was performed 
with an ELISA-Reader (Stat Fax 3200-Awareness Technology) at a wavelength 
of 545 nm. Cell viability was expressed as the relative formazan formation in 
treated samples in comparison with control cells [(A545 treated cells/A545 control 
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cells) 100%]. The concentrations inhibiting growth by 50% (IC50) were derived 
from the plotted data by linear extrapolation. 

- Statistical analyses: The statistical analysis was performed with the 
program SPSS 13.0. The different data (RD and Fr) were expressed as percentage 
and significant differences were compared using non-parametric x2 test. 
Differences were considered significant at p< 0.05. Experiments on the cell 
viability were carried out at least three times separately (in triplicate). Data are 
expressed as means ± standard deviation (S.D.). 

RESULTS 

Mycological survey: The results of the mycological analysis showed that 
the freshly harvested wheat grains in Northern Tunisia during the 2007 harvest 
were strongly infested by numerous fungal species (Table 1). Although grains 
were surface-disinfected, we noted a considerable internal fungal invasion. The 
predominant genus was Alternaria, being detected in all samples with a high 
density of 90% RD. The second most abundant genus in terms of percentage of 
infested samples was Fusarium, which was isolated in about 71 % Fr of samples 
(p< 0.05), although the infection level of grains did not exceed 2% (1.8% RD). 
F. culmorum was the most toxigenic species isolated among the Fusarium species. 
The predominance of Microdochium nivale, formerly known as F. nivale, was also 
shown. Indeed, it was detected in about 94 % Fr of samples with a low relative 
density compared to Alternaria spp. (p< 0.05). 11 % Fr of wheat samples were 
positive for the genus Penicillium, known to be a storage fungus, with a low 

Table 1. Relative density (RD) and isolation frequency (Fr) of the toxigenic fungi isolated in 
freshy durum wheat grains, collected in 2007 in Northern Tunisia. 

Species 

Alternaria spp. 

Fusarium culmorum 

Fusarium avenaceum 

Fusarium pseudograminearum 

Fusarium sp. 

Total Fusarium 

Microdochium nivale 

Penicillium spp. 

Other fungi 

Durum wheat 2007 

RD(%) 

90 

1.1 

0.2 

0.1 

0.4 

1.8 

7.6 

0.2 

0.4 

Fr(%) 

100 

41.5 

21.5 

13.9 

30.8 

70.8 

94 

10.8 

12.3 
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incidence. Some other molds were also isolated in 12 % of fields including 
Rhizopus, Mucor, Eurotium and Epiccocum. 

Cytotoxicity assay: Cytotoxic effects of DON, AOH, OTA or CTN on HT 
29 cells after 24 h incubation were measured by MTT assay. The results clearly 
showed a dose-dependent inhibition of cell viability at increasing concentrations of 
the tested mycotoxins (Figs 1-4). Different cytotoxicities were observed from one 
mycotoxin to another. The IC50 values, in a decreasing order, as estimated after 24 h 
of cell treatment from the viability curves were about 10 µM, 12 µM, 60 µM and 
100 µM for DON, OTA, CTN and AOH respectively (Table 2). AOH was the less 
toxic mycotoxin, whereas DON was the most toxic one. 

DISCUSSION 

Tunisia is a Mediterranean country with a warm and humid climate 
suitable for fungal invasion of crops which are consequently subject to mycotoxin 
contaminations in the field and during storage. The meteorological conditions of 
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Fig. 1. Cytotoxic effect of DON on HT 29 cells. Cells were treated with DON at the indicated 
concentrations for 24 h. Cell viability was determined using the MTT assay and expressed as 
percentages of control. Control value was taken as 100%. Data are expressed as the mean± S.D. 
Values are significantly different (p<0.05) from control. 
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Fig. 2. Cytotoxic effect of AOH on HT 29 cells. Cells were treated with AOH at the indicated 
concentrations for 24 h. Cell viability was determined using the MTT assay and expressed as 
percentages of control. Control value was taken as 100%. Data are expressed as the mean± S.D. 
Values are significantly different (p<0.05) from control. 
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Fig. 3. Cytotoxic effect of OTA on HT 29 cells. Cells were treated with OTA at the indicated 
concentrations for 24 h. Cell viability was determined using the MTT assay and expressed as 
percentages of control. Control value was taken as 100%. Data are expressed as the mean± S.D. 
Values are significantly different (p<0.05) from control. 
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Fig. 4. Cytotoxic effect of CTN on HT 29 cells. Cells were treated with CTN at the indicated 
concentrations for 24 h. Cell viability was determined using the MTT assay and expressed as 
percentages of control. Control value was taken as 100%. Data are expressed as the mean± S.D. 
Values are significantly different (p<0.05) from control. 

Table 2. IC50 values of DON, AOH, OTA and CTN as 
assessed by MTT assay on HT 29 cells after 24 h of incubation. 

DON 

OTA 

CTN 

AOH 

10 

12 

60 

100 

the crop year 2007, i.e. favourable temperature and long rains during the harvest, 
allowed the growth of several fungal species in durum wheat heads. All grain 
samples from the Northern part of the country were invaded at different degrees 
with various moulds. Our results clearly showed that the genus Alternaria was the 
main component of the wheat mycobiota. A similar study in Argentina showed 
that Alternaria was also present in all samples with a density of 85% (Patriarca et 
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al., 2007); the same situation was again observed in China (Li & Yoshizawa, 2000). 
Recently, Bensassi et al. (2009) reported that the most predominant Alternaria 
species recovered from Tunisian wheat kernels was A. alternata causing 
particularly black point in Tunisian wheat grains. Gonzalez et al. (1999) found that 
A. alternata was also the most frequent species in Argentinean durum wheat. This 
species is probably the major mycotoxin-producing species (Li et al., 2001) and 
possible mycotoxins such as AOH should be considered for toxicity. 

In this study, we showed the presence of the fungal complex associated with 
FHB. In fact, we noted the presence of F culmorum and F pseudograminearum 
primarily producers of DON (Sudakin, 2003). The incidence of Microdochium nivale 
(94 % ), a non-toxigenic fungal pathogen of cereals causing FHB, was higher than 
those observed for Fusarium (70,8% ), a difference (p< 0.05) likely explained by a 
competitive interaction (Simpson et al., 2001). Bensassi et al. (2010) reported that 
durum wheat harvested in 2007 in Tunisia was target to high amounts of DON. This 
was chiefly subordinated to the geographic position but owing to this mycological 
analysis we can assume that DON production is stimulated by the interaction between 
M. nivale and Fusarium (Velluti et al., 2000). As previously pointed out, wheat is the 
main source of food in Tunisia and contamination with high levels of DON presents 
a potential hazard to both animal and human health. 

The detection of Penicillium spp. in freshly harvested wheat, even at a 
low density, was unexpected because this fungus is known to affect mainly stored 
foods and cereals. Our results corroborated with those obtained in Argentina 
(Gonzalez et al., 1999; Broggi et al., 2007). A previous study conducted in Tunisia 
showed that cereals were contaminated essentially by OT A, at levels higher than 
the usual norms established by the European commission (Zaied et al., 2009), and 
also by other mycotoxins such as citrinin (Bacha et al., 1988; Hadidane et al., 
1985). Crop contamination by these fungi will be amplified in the post harvest 
especially when unsuitable storage conditions are employed. In such a case, 
human contamination by OT A and CTN is very common (Miller & Trenholm, 
1994; Frisvad & Samson, 2004; Frisvad et al., 2004; Bragulat et al., 2008). 

Results of the mycological survey allowed us to evaluate the individual 
effect of the discovered mycotoxins. The inclusion of an in vitro cytotoxicity test 
can be used for the preliminary screening of toxicity of mycotoxins in order to 
elucidate the modes of action. The MTT bioassay for mammalian cells is used on 
a large scale in a mycotoxin screening assay (Langseth et al., 1999). 

The cytotoxicity of DON, AOH, OTA and CTN has been studied in 
different cell lines and the IC50 values weren't similar because of their different 
sensitivities toward tissues. The cellular model used herein, HT 29 cells, showed 
a difference in the IC50 between the four mycotoxins. It can be stated that DON 
was the most cytotoxic one among them for intestines. Our result was in 
accordance with a previous study showing DON's toxicity on Caco-2 cells; another 
human intestinal cell line; became statistically significant at 10 µM and the IC50 
was 25 µM at 24 h (Kouadio et al., 2005). Our findings are also in line with what 
is commonly known about this fusariotoxin concerning gastrointestinal illness (Li 
et al., 1999; Pestka & Smolinski, 2005). Additionally, DON can cause feed refusal, 
emesis and vomiting (Prelusky & Trenholm, 1993; Hussein & Brasel, 2001). A 
similar toxicity was also obtained with the OT A, essentially known to be 
nephrotoxic. The IC50 obtained on HT 29 cells with OTA was lower than the 
estimated IC50 obtained using the same viability assay and at the same exposure 
time on kidney Vero cells, which was about 37 µM (Bouslimi et al., 2008). This 
finding may be related to the absorption within the gastrointestinal tract which is 
the first step directing the entry of OT A in bloodstream and its tissue distribution 
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(Berger et al., 2003). With respect to OTA, it is clear from our study that its 
toxicity to HT 29 cells is similar to this observed on Caco-2 cells (Berger et al., 
2003). The obtained result with the second nephrotoxic fungal toxin CTN also 
showed that it's a potent toxin to human intestinal cells comparatively to kidney 
Vero cells. In fact, Bouslimi et al. (2008) reported that the decrease of cell viability 
with CTN on Vero cells was observed with an IC50 value around 220 µM. Another 
study concerning CTN cytotoxicity has reported the existence of a dose
dependant decrease in Human embryonic kidney cell lines (HEK293) (Chang et 
al., 2009) treated with 0- 100 µM CTN for 24 h with about 92 % of viable cells at 
100 µM of CTN treatment. Our findings are consistent with previous studies in 
which OT A was more toxic than CTN to numerous cell lines such as Vero cells, 
swine kidney cells (SK-6) cells, murine and bovine embryonic cells (Bouslimi et 
al., 2008; Stec et al., 2007; Terse et al., 1993). 

The potency of AOH at a dose inhibiting the viability of HT 29 cells was 
found to be 10 times lower than that of DON. AOH was found less cytotoxic to 
all tested mycotoxins, it caused 50% inhibition of proliferation of HT 29 cell line 
at high concentrations of 100 µM. Lehmann et al. (2006), reported that the 
treatment of Ishikawa cells (an endometrial adenocarcinoma cells), with AOH for 
48 or 72 h, generated more than 50% reduction of the cell viability with 10 µM 
AOH. Our investigation suggests that AOH doesn't target chiefly the intestinal 
cells. According to the data presented in Table 2, AOH was not the most potent 
mycotoxin in our studies. This low cytotoxicity was probably due to the fact that 
AOH was converted to its conjugates which are less toxic than intact AOH form. 
This finding may correlate with the genotoxic effect of AOH. Indeed, a previous 
study showed that cells treatment for 24 h, at AOH concentrations ranging from 
5 to 50 µM caused a concentration-dependent induction of DNA strand breaks in 
HepG2 but not HT 29 cells (Pfeiffer et al., 2007). Pfeiffer et al. (2007) further 
indicated that the strand breaking activity resides in the parent toxin and is 
abolished by conjugation. According to that data, it implies that HT 29 cells are 
more active for conjugating AOH than other toxins. The genotoxic effect of AOH 
in HT 29 cells was confirmed by other works which identified this Alternaria toxin 
as a topoisomerase I- and II-poison (Fehr et al., 2007). 

Our in vitro findings indicate that the HT 29 cell line was found to be very 
sensitive to the cytotoxic effect of DON, followed by OTA, CTN and AOH after 
24 h exposure. This difference may be chiefly explained by the response of the 
target cell towards the toxins which vary according to the amount of target enzymes, 

• the amount of metabolic enzymes and the efficiency of detoxification mechanisms 
(Shier et al., 1991). This study highlights that the use of an in vitro model may give 
a more scientific basis to the health risk assessment of mycotoxins in food products. 
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