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Wheat and its derivatives are a main staple food for the Algerian populations. The objective of this
study aims to analyze local and imported wheat grains for fungi particularly Fusarium graminearum chem-
otype DON and evaluate deoxynivalenol (DON) contaminated wheat collected from Bechar region, in
south-western Algeria. A total of 64 of wheat samples were examined for fungal contamination and fungal load
was determined by means of standard microbiological method. DON was detected using the ELISA technique.
The results revealed that 98.44% of analyzed samples showed positive results regarding fungal contamination.
More precisely, local wheat was dominated by Aspergillus and Penicillium and imported wheat was dominated
by Fusarium, Penicillium and Aspergillus species. Results showed that 62.5% of F. graminearum strains pro-
duced DON. Contamination levels of wheat with DON ranging from < 0.04 ppm to > 5ppm for soft wheat and
from <0.12ppm to > 15ppm for durum wheat. So, 62.96% of soft wheat grains and 55.56% of durum wheat
imported from France, and also 18.18% of local durum wheat exceed the permissible limit by far. This study
provides basic grounds in assessing the degree of fungal and potential DON contamination in Algerian wheat.

Keywords: Deoxynivalenol (DON), Fusarium graminearum, fungal load, wheat, Bechar district (Algeria).

Moulds play a significant role in wheat grains spoilage worldwide causing impor-
tant economic losses and lowering their quality (Pitt and Hocking, 2009; Saladino et al.,
2016; Luz et al., 2017; Kaktcham et al., 2018; Guimaraes et al., 2018a). Moreover, their
secondary metabolites are highly toxic chemical products. These compounds cause car-
cinogenic, mutagenic, teratogenic, neurotoxic, nephrotoxic, immunosuppressive and es-
trogenic diseases (Bennett and Klich, 2003; Pawlowska et al., 2012; Guimaraes et al.,
2018b).Thus, they are considered as sources of severe health risk for humans and animals.

Fusarium graminearum Schwab (teleomorph Gibberella zeae) (Kim et al., 2003)
is the primary phyto-agent of Fusarium head blight (FHB) or scab of small grain cereals
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around the world (Hornok, 2007; Yli-Mattila et al, 2009). Indeed, several researchers have
revealed that F. graminearum is the most prevalent species in North America (USA and
Canada), Australia, central southern Europe and China (Chen et al., 1982; Burgess et al.,
1987; Gilbert and Tekauz, 2000; Tan and Niessen, 2003). In France, F. graminearum is the
most common species associated with FHB on wheat and durum wheat causing serious
losses in crop revenues, bad quality of grains and toxins contamination such as deoxyniva-
lenol, nivalenol and fumonisin (Chehri et al., 2011; Korn et al., 2011; Orlando et al., 2019).
Moreover, this devastating agent can be found in fields and persists during the long years
of storage (Zhang et al., 2007). Deoxynivalenol or vomitoxin belongs to trichothecenes
type B (Malachova et al., 2015; Chilaka et al., 2018; James and Zikankuba, 2018) which
can cause several toxic effects including infertility and reproductive problems, mutagenic
and carcinogenic (Nelson et al., 1991; Thiel et al., 1991; Shephard et al., 2005), diarrhoea,
vomiting, leukopenia, haemorrhage and shock (Foroud and Eudes, 2009).

In Algeria, wheat is the most widespread staple crop which is consumed in the form
of couscous, pasta, macaroni, spaghetti, bread, and frik is a cultural tradition (Riba et al.,
2010). In spite of the production of more than a million and a half hectares of wheat on
average since 1961, grain yields stay below the demand of the national market. Conse-
quently, Algeria remains dependent on the importation of wheat grains. However, massive
importation and long-term storage promote fungal contamination, with damage ranging
from the loss of quality and sanitation of the grain (Djaaboub et al., 2018). Although many
studies about aflatoxigenic and ochratoxigenic contamination were carried out (Khalef et
al., 1993; Riba et al., 2008, 2010), there is no data either on the frequency of Fusarium
graminearum chemotype DON or about levels of DON in wheat grains. The aim of the
present study was to assess the safety of wheat consumed in Algeria, especially in Bechar
province with respect to fungal species particularly Fusarium graminearum chemotype
DON, and DON contamination.

Materials and Methods

Sampling

Local and imported wheat grains were collected from Bechar area, southwestern
Algeria (31°37°00” north, 2°13°00” south), from the local grain cooperative and dried
vegetable silos and the farmers (for local durum wheat) in sterile conditions. A total of 64
samples of 1kg were brought to the laboratory to be analyzed for fungal contamination,
especially for Fusarium graminearum chemotype deoxynivalenol (DON).The details of
each sample are provided in (Table 1).

Materials

Culture medium used for fungal isolation and enumeration was Potato Dextrose
Agar (PDA). Furthermore, various standard agar media have been used for the morpho-
logical and toxicological identification of fungi, Spezieller Nahrstof-farmer (SNA for mi-
croscopic identification), Czapek Yeast Extract (CYA), Dichloran Chloramphenicol Malt
Extract (DCMA for Alternaria species), Dichloran Chloramphenicol Pepton (DCPA a se-
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Table 1

Informative data on the samples of wheat

Sample Nbr Provenance

Imported soft wheat 27 France

Local soft wheat 6 Taghit. Bechar district. Algeria
Imported durum wheat 9 France

Local durum wheat 22 Oum Chegag. Bechar district. Algeria
Total 64

lective medium for Fusarium spp.), 25% Glycerol Nitrate (G25N), Malte Extract (MEA)
and Glucose Yeast Extract Pepton Broth (GYEP for screening F. graminearum chemotype
DON). Immunoaffinity columns for cleaning DON (I clean C+DON) and quantitative
ELISA kit for the detection DON (CelerDONV3) were procured from tecnalab (Italy) and
DON standard from Lbios (France).

Fungal isolation and identification

For fungal isolation, a dilution method was performed. Five grams of ground grains
were added to 45 ml sterile 9% physiological water (dilution 10™") and two drops of Tween
80.1ml of this dilution was diluted in 9 ml sterile 9% physiological water (dilution 107).
200 p1 of each dilution were inoculated onto PDA medium in duplicate by the spread plate
method. The plates were then incubated at 25 £ 2 °C for 7 days. The total fungal load (FL)
per genus was calculated as colony forming unit per gram (CFU/g) of the sample (Aiko
and Mehta, 2016), percent frequency (Fr %) and percent relative density (RD %) were
also, calculated using the following formula (Nagaraja et al., 2016):

Frequency %= Nbr of samples infected with fungi Genus <100

Nbr of samples analyzed

Nbr of fungi species isolated by Genus «
Total Nbr fungi isolated

Relative Density %= 100

After that, each fungal pure culture was identified macroscopically and microscop-
ically based on their cultural and morphological characteristics using fungi identification
keys and manuals of Leslie and Summerell, 2006; Pitt and Hocking, 2009. The origin of
each purified isolate was given in (Table 2).

Screening Fusarium graminearum chemotype DON

Spore suspension (107 spores/ml) of F. graminearum isolates were inoculated in
8 ml of GYES broth and further incubated at 25 °C for 10 days (Boutigny et al., 2009).
Afterwards, 4 ml of the culture medium was removed by centrifugation and added to 8 ml
of acetonitril for DON extraction. The extracts were further purified by immunoaffinity
columns (I Clean C + DON) as indicated in the instructions provided by the manufacturer.
DON was detected by TLC plate.20 ul of each extract and DON standard (100 mg/ml)
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Table 2
Origin of purified isolate
Sample Fungal purified isolate
Imported soft Alternaria infectoria, Alternaria alternata, F. graminearum, F. verticillioides, F. poae,
wheat F. solani, Aspergillus clavatus, A. niger, A. fumigatus, A. flavus, A. parasiticus, A. niveus,

A. nidulans, P. variabile, P. funiculosum, P. janthinellum, Cladosporium cladosporioides,
C. herbarum, P. italicum, P. chrysogenum,

Local soft wheat A. flavus, A. parasiticus, A. niger, Alternaria infectoria, Cladosporium cladosporioides,
P. Simplicissimum, P. Expansum, A. nidulans,

Imported durum  F. equiseti, F. solani, F. subglutinans, P. fellutanum, P. janthinellum, P. oxalicum, A. para-

wheat siticus, A. nidulans,
Local durum A. sydowi, A. oryzea, A. fischerianus, A. flavus, A. parasiticus, A. japonicus, A. nidulans,
wheat A. terreus, A. ustus, F. oxysporum, P. chrysogenum, P. italicum, P. paxilli, P. janthinellum,

P. expansum, P. thomii, P. citreonigrum, P. glandicola, P. digitatum, P. pinophilum, P. oxali-
cum, P. glabrum, Cladosporium cladosporioides, C. herbarum, Alternaria alternata, Ulo-
cladium botrytis.

were spotted on the TLC plate and reveled chemically by aluminum chloride after a heat-
ing at 120 °C for 10 mn (Balzer et al., 2004). The TLC plates were visualized under ultra
violet (UV) light at 365 nm and blue spots appeared.

Screening wheat grains for DON contamination

Quantitative analysis of DON from wheat grains was carried on, according to man-
ufacturer instructions of ELISA Kit for detection of DON (Celer DON V3. Code MD 101).

Statistical analysis

Three independent experiments were performed for all assays of fungal load and
mean values * standard deviation (SD) were calculated.

Results

Fungal contamination

In this study, fungal load in the samples was enumerated and given in (Table 3). The
results show that 98.44% of analyzed samples were positive for fungal contamination. Im-
ported soft wheat samples had the highest total fungal contamination (4342 x 10*+cfu/g)
which oscillated between a maximum of 1199.5x 10>+ 89.44 cfu/g (S13) and a mini-
mum of 1x 10°%1.41 cfu/g (S31), followed by local soft wheat (1066.5 x 10* cfu/g in
the range of 315X 10%+ 190.92 cfu/g for S6 to 69.5 x 10>+ 95.46 cfu/g for S1), and im-
ported durum wheat (672.5 x 10? cfu/g in the range of 583.5 x 10*+ 805.39 cfu/g for S60
to 7% 10>+ 1.41 % cfu/g for S63), and finally by local durum wheat which contains the

Acta Phytopathologica et Entomologica Hungarica

ht to you by Library and Information Centre of the Hungarian Academy of Sciences MTA | Unauthenticated | Downloaded 05/24/22 03:03 PM UTC



15

Djaaboub et al.: Mycoflora and Fusarium graminearum in wheat

in Bechar Province of South-Western Algeria

LOLFS / 9¢'SE+6C YSEFET LOLFS 96°SY +S°LE ¢S
IL0OFST YIvI+01 76'¢€ +81C / / 6061 F5'6CC €Cs
S8 VI +601 LOLFS 6061 +S°¢Y LOLFS / Y6'€€ Y9 s
/ / 1L°0+S0 PSEF6€C YS€+60¢ SL'LF+S VY 1S
/ IL0FS¢€S LO'LFST / PIvI+0¢ TO'1TF6°801 0cs
/ / Y1'¥1 +0CC / CITFS1 9T91 +6°1CC 61S
I1L0+S0 / / YSEFST / Yy +¢€ 8IS
/ / / / / sndoziyy %001 LIS
/ / / / / sndoziqy %001 9IS
LO'LF0ST 8%'8 F+S0¢ / 878 F091 / LOLFSIL SIS
90901 +6¢C¢ 1L°691 +08¢C 8CT8T +S01 66'86 + 081 / SEVEL +068 1S
€V'Cr +081 CL 18T +S¥C9 79°€9 +6v¢ Y1V +0S / 0868 FS6611 [N
CI'TF+¢T / 9SSI+11 8C'LTFETC / 06'6 +9¢ IS
YIvL+01 LL9E +88 LO'LFSS PSEFS8I / 6061 +S'ILI 11S
S8¥8+001 LS9S +0L ‘0F0I S8 Y8 +0L / LT9TT +0ST OIS
101V + 1€ / / eV +0L / Pre8 F1¢CI 6S
9€°CE+9¥ LOLFS LOLFST 9€'9 +6°9¢ / erey +67CCl 8S
/ / / / / sndoziy %001 LS yedys jjos pajaoduy
S'L6v 00 894 S'€CS 00 $9901 1ejoL,
SEYEl +SLI1 / / LS9S OV / 6061 FSI¢E 98
LTOST +S°011 / 8C8C+0¢ SEVIFS' Sy / 06'8YC+9LI SS
STYrI +111 / 1TICF61 0S°6v +9¢ / 96 VICT+T91 ¥S
8L'LFSSI / LOLFS 1I'6SI+S'LIT / 18°6S1 +8¢€¢C €S
8L'LLFSS / / CICLFIS / 16'6¥71 901 cS
cl'ey +6°0¢ / 8L'LFGSS SSYr +6ee w3/ 9%'C6 +5°69 IS JeIYM 3OS [B207]
“dds wnyporag “dds wniisn,y *dds wni.iodsopoy) *dds smpidaadsy  -dds viouiagy RIOL] [®10],
#(8/,01xDd0N) Peol [esuny ardureg 38y Jo ad4T,

sureI3 yeaym Jo od£) Juarayip woiy payoo[[od ojdwes 1od sesnuad [[e Jo peof [eSung

€ 9lqeL

Acta Phytopathologica et Entomologica Hungarica

ht to you by Library and Information Centre of the Hungarian Academy of Sciences MTA | Unauthenticated | Downloaded 05/24/22 03:03 PM UTC



Djaaboub et al.: Mycoflora and Fusarium graminearum in wheat

16

in Bechar Province of South-Western Algeria

/ Y11 +01 / / 1T1C+61 / 9€°CE+6C LYS
/ IL0FS0 / / / / IL0+S0 oS
/ P11 +01 / / / / PIvI+01 SYS
/ / / / / / / S
/ LOLFS / / / / LOLFS €S
/ 1T1T+¢5¢C / / / / 1T1T+SCT wSs
/ / / / 1TIC+SC / 1T1T+S¢C 1S
/ / / / LOLFS / LOLFS orS
/ 9€°CEF6C / / YE€C+91 LO'0OFS0 86'LS +S'1Y 6€S
/ LOLF6SC / / / LOLFS YIvI+0¢ 8¢S
/ PIvI+01 / / LOLFSI 0F1 LO'LF9C LES
/ 61'8 +91 / 90'9¢ +6°6¢ 0+11 / SSYy+67C9 9€S
/ IL0FS'1C 8L'LFSS LO'LFST 0+0I 0+0I 9¢° ST +CL SeS
/ VIVIFI11 / 9€9F69¢ LOLFS LOLFS SOYEFESLS YES  Jedaym wmnanp [ex0]
*dds wmipopooy)  dds wnypoma g *dds winiisn,y *dds wni.iodsopo]) “dds smypiSaadsy  -dds viwuiagy RIOL] [®10],
«(8/,01 X DAN) peo] [esung spdureg Jeay AL Jo adAT,
9201 STSPL €801 60L SIL wey 0L,
/ €V el +6°01 / S6V+S9 LOLFS 171 +¢7C €esS
0+0¢ LOLFS LOLFS LOLFS LO'L+S¢€ (43
/ / / / IW1+1 IWIT+1 1¢€S
PIvI+01 IVI+1 / / IL0FS0 9CI1 +6'11 0€sS
0+F1 / / / II+1 I 1+¢ 6CS
/ / / 8L'LFS'S / 8L'LFGSC 8¢S
/ / / LL9EF9C [ANES| SOYEFE'LT LTS
8¢8I +¢I / / / IL0FS0 6061 +S°¢€l 9CS
/ / LOLFS LOLFS / PIVI+01 SCS
“dds wnypoa g “dds winiisn,y *dds wini.iodsopo]) “dds smjpiSaadsy  -dds vuvuiagy BIO[] [BI0],
#(8/,01xDdN) Peol [esuny ardureg 3oy Jo 2d4T,

panunuod ¢ dqe],

Acta Phytopathologica et Entomologica Hungarica

ht to you by Library and Information Centre of the Hungarian Academy of Sciences MTA | Unauthenticated | Downloaded 05/24/22 03:03 PM UTC



17

Djaaboub et al.: Mycoflora and Fusarium graminearum in wheat

in Bechar Province of South-Western Algeria

‘ojdures poyeUIILIUOD ON» ‘S F ON[EA URIW SB UIAIS ST INSAY

00 L §'S6S 00 € 00 STL 8oL,
/ IV'T+L / / / / LOLFL ¥9S
/ / CI'c+59 / IL°0F+S0 / Iv1+L €98
/ 8C'8CF0S LOLFS / / / 1T1T+¢SS 98
/ / / / / / sndozrpy %001 19S
/ / 6£°S08 F+6°¢8¢ / / / 6£°S08 +6°¢€8¢ 09S
/ / / / / / sndozrpy %001 6SS
/ Yer+11 1L0FS0 / / / PeEFSII 8¢S
/ LOLF9 / / IL0F€T / 8L'LFS8 LSS

jeaym

/ / / / / / sndozrpy 2001 9¢S wmnanp pajrodury

€0 61 <'s STl SS1 €76 885 ®1oL,
/ / / / / / sndoziyy %001 S9N
/ €Ty +0¢ / 9¢'6E +6¢ 9¢'SE +6¢ 8C'8CF0C Y1Iv1 +001 S¢S
/ / / 8C'8C+0C 9¢'Se +6¢ IL°0LF0S SEVEL +66 €6S
/ / / / / IPT+1 Iv1+1 sS
/ / / / / / sndozrpy 2001 16S
/ €8TFT / / / / €8TFT 0¢sS
/ IL'0FS0 / / IL0FST / 71 +¢ 6vS
1L°0FS0 1L0FS0 / 1L0FS0 [ANES| / CIcFe 8¥S

“dds wnmipppooyy  -dds wnapomua g “dds wniisn,y “dds wni.iodsopn)) “dds smisiadsy  -dds vrvuiayy ®IO[] [®I0],
«(8/,0T X DAN) peoj [esung spdureg Jeay AL JO AdAT,

panunuod ¢ dqe],

Acta Phytopathologica et Entomologica Hungarica

ht to you by Library and Information Centre of the Hungarian Academy of Sciences MTA | Unauthenticated | Downloaded 05/24/22 03:03 PM UTC



18 Djaaboub et al.: Mycoflora and Fusarium graminearum in wheat
in Bechar Province of South-Western Algeria

least total fungal load (588 x 107 cfu/g in the range of 72X 10%+ 15.56 cfu/g for S35 to
0.5x 10°+0.71 % cfu/g for S46).

The different genus isolated from wheat grains samples and identified were As-
pergillus, Penicillium, Fusarium, Alternaria, Cladosporium, Ulocladium and Rhizopus.
Moreover, mycological analysis of different samples using plating technique revealed the
diversity and differences in frequency and relative density of each genus identified from
each type of wheat and each sample.

According to the results summarized in (Table 4), the higher percent frequency in
the imported soft wheat grains was 62.96% for Aspergillus spp. and 59.26% for Penicil-
lium spp. and the least was 40.74% for Fusarium spp and Alternaria spp. In comparison,
local soft wheat samples were 100% contaminated by Aspergillus and Penicillium species
and 66.67% were contaminated by Cladosporium spp. Higher frequency for imported
durum wheat was observed by Fusarium and Penicillium genus with 44.44% and the low-
est frequency was 2.22% for Aspergillus spp. the frequency percent for local durum wheat
samples revealed that Penicillium genus exhibited the higher rate (68.18%), followed
by Aspergillus genus (54.55%), Alternaria genus (36.36%) and Cladosporium genus
(27.27%) and the least amounts were shown by Fusarium and Ulocladium genus (4.55%).

Table 4

Frequency and Relative density of all genuses per type of wheat grains

Fungal Genus Type of Wheat

Imported Soft Wheat ~ Local Soft Wheat Imported Durum Wheat Local Durum Wheat

Fr % RD %**  Fr % RD % Fr % RD % Fr % RD %
Alternaria spp. 40.47 1.65 00 00 00 00 36.36 15.73
Aspergillus spp. 62.96 16.33 100 49.09 222 0.45 54.55 26.36
Cladosporium spp.  51.85 24.94 66.67 4.27 00 00 27.27 24.23
Fusarium spp. 40.70 33.45 00 00 44.44 88.55 4.55 0.94
Penicillium spp. 59.26 23.63 100 46.65 44.44 11 68.18 32.65
Ulocladium spp. 00 00 00 00 00 00 4.55 0.09

* Fr %: Percent frequency; ** RD%: percent of relative density.

On the other hand, the percent relative density was also calculated for different
genus. The results obtained show that the higher relative density observed in imported soft
wheat was for Fusarium spp. (33.45%), followed by Penicillium spp. (23.63%), Aspergil-
lus spp. (16.33%) and Cladosporium spp. (10.33%) and the lowest was for Alternaria spp.
(1.65%). On the contrary, in the case of local soft wheat, the highest relative density re-
corded was for Aspergillus and Penicillium species with 49.09 % and 46.65% respectively
and the least value was for Cladosporium spp. (4.27%). In imported durum wheat, the rate
of relative density observed was 88.55% for Fusarium spp. 11% for Penicillium spp. and
0.45% for Aspergillus spp. The higher relative density in local durum wheat was revealed
for Penicillium spp. (32.65%), Aspergillus spp. (26.36%), Cladosporium spp. (24.23%),
Alternaria spp. (15.73%) and the least was for Fusarium spp. (0.94%) and Ulocladium
spp. (0.09%).

235 purified isolates were represented by 42 species including: Alternaria alternata,
A. infectoria, Aspergillus clavatus, A. fischerianus, A. flavus, A. fumigatus, A. japonicus,
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Fig 1. Microscopic (Gx100) and macroscopic aspect on MEA plate of some fungi. A. Alternaria
alternata; B. Aspergillus clavatus; C. Aspergillus flavus; D. Aspergillus niger; E. Aspergillus terreus;
F. Cladosporium cladosporioides; G. Fusarium graminearum; H. Fusarium verticillioides;

H. Penicillium digitatum and J. Ulocladium botrytis

A. nidulans, A. niger, A. niveus, A. oryzea, A. parasiticus, A. sydowi, A. terreus, A. ustus,
Cladosporium cladosporioides, C. herbarum, Fusarium equiseti, F. oxysporum, F. poae,
F. solani, F. graminearum, F. subglutinans, F. verticillioides, Penicillium chrysogenum,
P. citreonigrum, P. digitatum, P. expansum, P. fellutanum, P. funiculosum, P. glabrum,
P. glandicola, P. italicum, P. janthinellum, P. oxalicum, P. paxilli, P. pinophilum, P. sim-

plicissimum, P. thomii, P. variabile and Ulocladium botrytis. (Fig. 1) presents some iden-
tified fungal species.
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Determination of F. graminearum chemotype DON

In our comparative study, we state that the imported wheat samples analyzed were
highly contaminated by Fusarium species, especially, by F. graminearum with 65%. Con-
sequently, eight of them were screened for their capacity to produce DON using TLC.
Accordingly, for the TLC plate given in (Fig. 2), five on eight isolates were positive for

Fgr27 Fgr22 Fgr25 Fgr7

Fgr3 Fgr23 Fgrl Fgr2

Fig. 2.

Fig 2. TLC analysis of F. graminearum chemotype DON. Std. standard (100 mg/ml);
Fgr. Different isolates of F. graminearum

the deoxynivalenol synthesis. Indeed, it clearly appears that Fgr 22 isolate produce the
higher quantity of DON which exceeds 100 pg/ml (in comparison with the control TLC
plate), followed by Fgr 27, Fgr23, Fgr 25 and then Fgrl. However, the isolates Fgr2, Fgr3
and Fgr7 showed negative chemotype DON. Therefore, the screening of imported wheat
grains contamination with DON was further conducted. It should be noted that local wheat
grains were contaminated by one species of Fusarium which was F. oxysporum.

DON contamination

The 64 wheat samples analyzed by quantitative ELISA kit expose the difference be-
tween the quantities of DON. The results revealed that the minimum of DON quantity was
inferior to 0.04 ppm (=40u g/Kg) and the maximum was superior to 5 ppm (=5000 u g/Kg)
on soft wheat grains. Furthermore, results on durum wheat grain, the quantities of DON
oscillate between 0.12 ppm and 15 ppm (Table 5). Therefore, 62.96% of soft wheat grains
and 55.56% of durum wheat imported from France, far exceed the limits required. In com-
parison, soft and durum wheat samples inspected respect the limits of DON required by
the regulation, except for samples n° 36, 37, 38 and 50 which exceed 15 ppm (18.18%).
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Discussion

The purpose of this study was, on the one hand, to evaluate the safety of consumed
wheat grains in Bechar, and on the other hand, to bring about the novel fungal species iso-
lated from imported wheat and their toxin. The present study revealed that most of local
and imported wheat grains samples were contaminated with the common genus of fungi:
Aspergillus, Penicillium, Fusarium, Alternaria and Cladosporium. Indeed, several sci-

Table 5
Quantity of deoxynivalenol (DON) in wheat grain by ELISA test
Type of Wheat Sample DON (ppm*)
Nb %o
Imported soft wheat 8 12.5 <0.04
1 1.56 0.852
1 1.56 0.970
1 1.56 1.358
1 1.56 1.456
1 1.56 1.498
1 1.56 1.584
1 1.56 1.952
1 1.56 1.963
1 1.56 2.102
1 1.56 2.265
1 1.56 2.365
1 1.56 2.658
1 1.56 3.596
1 1.56 4.267
5 7.81 >5
Local soft wheat 3 4.69 <0.04
1 1.56 0.154
1 1.56 0.698
1 1.56 0.949
Imported durum wheat 5 7.81 <0.12
1.56 3.657
3 4.69 >15
Local durum wheat 11 17.19 <0.12
1 1.56 0.178
1 1.56 0.356
1 1.56 0.532
1 1.56 0.548
1 1.56 0.835
1 1.56 1.320
1 1.56 1.528
4 6.25 >15

* 1ppm DON = 1ug DON/g = 1000 g/Kg.
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entific investigations in cereal fungal contamination were revealed around the world and
demonstrated that this contamination was caused especially by the cited genus and the re-
sults obtained were in agreement with the previous findings (Ferreira-Geraldo et al., 2006;
Pitt and Hocking, 2009; Chehri et al., 2010; Franco et al., 2011; Battilani et al., 2016; Na-
garaja et al., 2016; Al-Haik et al., 2017; Djaaboub et al., 2018). According to Klich (2002)
fungus propagules get on grain most often with dust from soil, from the surface of plant
remnants. Although molds take an important role of the balance of the ecosystem due to
the decomposition of plant residues and contribute to the soil fertility (Tan¢i¢ Zivanov et
al., 2017), they play a consequential part in the spoilage of strategic food. Thus, fungal
contamination is the cause of the loss of 5 to 10% of the world’s food production (Pitt
and Hocking, 2009; Guimaraes et al., 2018a and b). Additionally, several fungal species
can synthesize the toxic metabolites which have a harmful effect on animal and human
health. Deoxynivalenol is one of five agriculturally important mycotoxins ubiquitous on
grains around the world which is produced by Fusarium graminearum strains (Miller,
2016). In this context, the European commission declared in 2003 that this species is one
of the most frequently found Fusaria on European cereals. Moreover, in recent years,
F. graminearum chemotype DON was dominant in European cooler wheat-growing areas
(Xu et al., 2005; Van der Fels-Klerx et al., 2012). In the present study, the results of
fungal investigation demonstrate the dominance and the frequency of Fusarium species
especially of F. graminearum chemotype DON on imported wheat grains. It should be
noted that the threshold for DON required by regulation 856/2005 JOCE June, 6, 2005
in cereals intended for human consumption is 1250 pg/Kg and is 1750 pg/Kg for durum
wheat (Boutigny et al., 2009). Our data demonstrate that 62.5% of F. graminearum iso-
lates tested produce an average of 25 to 200 mg DON/ml. Thus, all of imported sam-
ples were contaminated by DON, and 62.96% of soft wheat grains and 55.56% of durum
wheat exceeded the maximum allowable limit. Obviously, this confirms results which
reported high levels of DON produced in European cereals (Langseth and Rundberget,
1999; Yazar and Omurtag, 2008; Foroud and Eudes, 2009; Boutigny et al., 2009; McCor-
mick et al., 2011). Mastanjevic et al. (2018) reported that mycotoxins, such as DON, can
resist high temperatures and lower pH values and they are also capable of surviving the
drying temperatures during cooking. Otherwise, local wheat grains were predominated by
Aspergillus and Penicillium species with 49.09% and 46.65% respectively on soft wheat
and 26.36% and 32.65% respectively on durum wheat. Several studies had reported that
these genera were the main contaminants of Algerian grains (Tahani et al., 2008; Riba et
al., 2010; Aoues et al., 2017) particularly in subtropical and warm temperate regions such
as Bechar district where it is very hot, there is low rainfall and dry conditions. The results
obtained were in accordance with those reported by several researchers for cereal grains
and seeds (Weidenborner et al., 2000; Berghofer et al., 2003). Moreover, different studies
had revealed the contamination of local grains with aflatoxin B1 and ochratoxin A, and
hence, there concentration in the samples is of high significance (Riba et al., 2008). Other
genera, such as Alternaria, Cladosporium and Rhizopus, were also reported as prevalent
fungi in cereal and wheat (Pitt and Hocking, 2009; Riba et al., 2008 and 2010). The rela-
tive density and frequency of different genera of molds and their associated toxins depend
to the geographical location, environmental factors (pH, Aw, temperature, substrate), in-
teraction with other microorganisms (bacteria, molds, yeast), cultural and storage prac-
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tices (Van der Fels-Klerx et al., 2012; Trabelsi et al., 2017; Chilaka et al., 2018; Vismera
et al., 2019). Besides, mycotoxins production depended of a combination of phenotypic
plasticity and genetic variation of different isolates of the same species.

In conclusion, we revealed in this study a high frequency and the dominance of
Fusarium on imported wheat grains. In comparison, with local wheat we note the occur-
rence of the genus Aspergillus and Penicillium. Although the percentage of F. gramin-
earum chemotype DON was not important, we detected high levels of DON content in
French wheat grains. Thus, there is a serious and persistent problem in the processing or
in the storage of wheat and its derivates. Consequently, additional investigations on the
evaluation of DON levels in imported cereal are necessary to provide more data and to
evaluate the exposure of the Algerian population to DON and health risks of this toxin.
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