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ABSTRACT 
 

      The results of this study revealed that the values of moisture contents 
significantly increased while ash and carbohydrate were significantly decreased with 
storage. The change in the crude protein, fat and fiber contents of wheat grain 
samples were not significantly affected. Alternaria alternata (45.3% of the total 
propagules) followed by Aspergillus (13.3%) with A. flavus and A. niger (5.42% each) 
are the most common in freshly harvested wheat grains. Rarely occurred aspergilla 
include A. candidus, A. fumigatus and A. ochraceus. Rhizopus (1 species, 16.26%) 
and Mucor (2, 11.82%) followed by Penicillium (1, 4.93%) and Fusarium (3, 3.45%) 
were also dominant. On the other hand, Aspergillus, Eurotium and Penicillium 
dominated in stored grains on almost both isolation media. A. flavus, A. niger, E. 
chevalieri, E. repens, E. rubrum, P. aurantiogriseum, P. chrysogenum and P. 
expansum were the most common species. With respect to maize grains, A. niger 
followed by A. flavus were common on both freshly harvested and stored kernels, 
while Eurotium represented by E. chevalieri and E. rubrum on stored maize only. Total 
aflatoxin level in all local and imported samples tested was ≤ 10 µg kg-1 using both 
analytical methods (HPLC and Kits) in both freshly and stored wheat and maize grain 
samples which is below the permissible limit. 
Keywords: Wheat, maize, aflatoxins, mycotoxins, fungi, nutritional values, storage.  

 

INTRODUCTION 
 

     Wheat is one of the world's most important food crops. Foods made 
with wheat are a major part of the diet for over a third of the world's people. 
Wheat can be found in some form at almost every meal such as: bread, 
cookie, cake, macaroni and spaghetti (Dastmalchi 2008). 

Colonization of cereal crops prior to harvest in the field (preharvest) by 
aflatoxigenic fungi often resulted in spoilage and aflatoxin accumulation in 
postharvest grains during storage (Resnik et al., 1996, Nesci et al., 2003). 
These fungi survive in a wide range of environments and can be found in soil, 
in plant and animal remains, and in grains and seeds such as maize, peanuts 
(Pitt 2000). These fungi are responsible for spoilage of stored grains around 
the world (Paster 1995). They contaminate various agriculturally important 
commodities including cereals and cereal products. 

The Food and Agriculture Organization of the United Nations (FAO) 
estimated that at least 25% of the world’s cereal grains are contaminated by 
mycotoxins, including aflatoxins (Dowling, 1997). Aflatoxins (AF) are highly 
toxic, mutagenic, carcinogenic and teratogenic metabolites and have been 
implicated as causative agents in human hepatic and extrahepatic 
carcinomas. They are produced by Aspergillus flavus and A. parasiticus with 
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A. flavus being the main cause of pre-harvest aflatoxin contamination in field 
crops (Bennett and Goldblatt 1973, Cleveland and Bhatnagar, 1992, Cotty, 
1997, and Yu et al., 2004). Aflatoxin B1 (AFB1) was evaluated as a Class 1 
human carcinogen (IARC 1993). The incidence of AF in foods and feeds is 
relatively high in tropical and subtropical regions, where the warm and humid 
climate provides optimal conditions for the growth of moulds (Rustom 1997). 
A number of surveys and monitoring programs have been conducted in 
several countries attempting to obtain an overall pattern of the extent of food 
and/or feed contamination by AF (Liu et al 2006). Nevertheless, most 
countries are known to have some regulations limiting the maximum 
allowable amount of AF and other mycotoxins in food and feed (Xiao 1988, 
Hansen 1993). All countries with mycotoxin regulations have tolerances for 
AF in food and/or feed. Accordingly, maximum tolerated levels for total 
aflatoxins (AFT) in food  e. g. cereal grains range from 4- 10 µg kg-1 
according to the European Commission maximum levels (Cheli et al., 2009) 
and in most developing counties which is up to 50 µg kg-1 (Dohlman 2003). 
Because of the food safety regulations, grains with higher level of aflatoxins 
are prohibited from trade domestically or internationally (Ellis et al., 1991). 
Economic losses are significant to farmers. Comprehensive surveys were 
carried out in many parts of the world on aflatoxins in grains (Liu et al., 1981, 
Ilago and Juliano 1982, Breckenridge et al., 1986,  

In Egypt, bread is a stable food and supplying people for energy, protein, 
minerals and vitamins. The purpose of this experimental study was to 
evaluate the nutritional value as well as the natural occurrence of fungi and 
aflatoxins in unstored and stored wheat and maize grains. 
 
 

MATERIALS AND METHODS 
 
Samples collection  

Sampling was done from one of canvas covered stores with 5000 ton 
capacity. 10 samples (≥ 2kg) of wheat grains from those locally produced in 
Egypt or imported for human consumption from American and Asian 
countries were taken from storage silos located in Nazlet-Abdella, Assiut 
Governorate, Egypt during the month of June 2007. Samples were divided 
into two lots of subsamples. The first group of subsamples were refrigerated 
upon arrival in the laboratory until analysis within few days. The second group 
was kept at room temperature (~ 30- 40 ˚c) for up to 6 month storage, 
thereafter were analyzed. 
Determination of grain moisture content 

The moisture content of the grain subsamples was determined. 
Three replicates of 50 g each were taken from each food sample and put on 
an aluminium foil dish. These were dried in an oven at 110 °C for 24 hours, 
and reweighed (Magan and Lacey 1985, Pitt and Hocking 1997). The 
moisture content of each subsample was expressed as the average 
percentage of weight loss of the three replicates. 
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Chemical composition 
Crude fat, ash, crude protein, crude fiber contents were determined 

according to the standard methods of AOAC (1990). The total carbohydrates 
were calculated by difference. 
Mycological analysis 

The direct plate method was used for enumeration and isolation of 
fungi from the samples. All samples were analysed on plates of dichloran 
rose bengal chloramphenicol agar, DRBC (King et al., 1979), and dichloran 
18 % glycerol agar DG18 (Hocking and Pitt, 1980). Four plates for each 
medium were used for each sample. The inoculated plates were incubated at 
25°C for 7–15 days. The growing fungi were enumerated, isolated and 
identified. The identification of fungi was carried out on the basis of their 
macroscopic and microscopic features using the keys by Raper and Fennell 
(1965), Booth (1971) Ellis (1971), Pitt (1979) and Pitt and Hocking (1997). 
The counts of fungi on both media were expressed as colony forming units 
(CFU/grains tested). 
Aflatoxin analysis by HPLC and RidaR Quick Aflatoxin test  

All samples were analyzed for aflatoxins before and after storage 
using High performance liquid chromatography (HPLC), Kenour model 64, 
Germany. A fluorescence detector at 365 nm was used. A reverse phase 
column, Bandclone 10 C18, was used and the flow rate was at 1.5 ml/min. 

RidaR Quick aflatoxin test is a qualitative immunochromotographic 
test in strip format (R5204), R-Biopharm AG., Darmstadt, Germany was also 
used for the detection of aflatoxin. The basis of the immunochromatographic 
assay in test strip format is an antigen-antibody reaction. A specific antibody 
against aflatoxin recognises the aflatoxin molecules in the samples. The 
results are read visually by observing the development of colored bands. 

 
Statistical analysis 

Data were statistically analysed using paired T-test according to 
Steel and Torrie (1987).  

 

RESULTS AND DISCUSSION 
 
Gross chemical composition of wheat and maize grain samples 

Moisture content of wheat samples was relatively low with the lowest 
value being recorded in the Russian wheat (3.58%) and the highest in the 
local (8.33%), however, the value was significantly increased with storage 
(9.29% to 11. 96% in the Russian). In maize samples, moisture content 
significantly increased with storage from 5.56% to 12.04% (Table 1). 

The change in the crude protein and fat contents of wheat grain 
samples were not significantly affected by storage, however, at the time that 
the most samples showed slight increase, others showed slight decrease with 
storage. Their values ranged from 8.63% to 10.11% before storage and from 
9.25% to 10.13% after storage for protein and from 0.67% to 1.33% before 
storage and from 0.96% to 3.41% after storage for crude fat.  
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In maize grains crude protein and fat increased by storage from 8.93% to 
9.22% for protein and from 3.21% to 3.85% for fat. Crude protein reported 
earlier were almost higher than those reported herein e, g. 11% in soft wheat 
and 13.5% in hard wheat (Ragaee et al., 2006), from 12-39-15.83% in 
different wheat varieties (Coskuntuna et al., 2008) or 19.8% (Widyaratne and 
Zijlstra 2007). Similar to the current results, crude fat in wheat analyzed by 
Widyaratne and Zijlstra (2007) was 1.8%, and in soft and hard wheat 
analyzed by Ragaee et al., (2006) were 0.86 and 0.98%, respectively. Also 
slight increase (Boyacioglu and Hettiarachchy 1995) or decrease (Wasonich 
1991, Boyacioglu and Hettiarachchy 1995) in protein and fat contents of 
wheat when infected with different fungi had been also reported. 

Crude fiber was not significantly affected by storage, however, only 3 
samples out of the ten analyzed showed increase in the fiber content with 
storage. Their values ranged from 2.25% in the USA wheat to 6.68% in the 
local wheat. Crude fiber content increased in maize from 2.77% before 
storage to 3.88% after storage. Nearly similar values were reported for wheat 
(Widyaratne and Zijlstra 2007, Coskuntuna et al., 2008), however higher level 
(15.8%) was reported in wheat kernels analysed by Boyacioglu and 
Hettiarachchy (1995). 

Ash content significantly decreased with storage with the lowest 
value being recorded in the USA wheat (2.14%) and the highest in Kasahstan 
wheat (5.32%) before storage, whil after storage the lowest in the local 
(0.6%) and the highest in the Russian (1.02%). In maize grains ash content 
significantly decreased with storage from 1.97% to 0.67%. In most previous 
reports, ash content was lower than that reported in the current study e.g. 
0.71% and 0.56% in soft and hard wheat ( Ragaee et al., 2006), 2.1% 
(Widyaratne and Zijlstra 2007) or 1.82-1.88% in different wheat varieties 
analysed by Coskuntuna et al. (2008).  

Carbohydrate contents of wheat grain samples (values ranged from 
71.29%-79.44% and 68.62%-75.74% before and after storage, respectively) 
were significantly increased with storage, however only 2 samples showed 
slight decrease in these contents with storage. Starch content in wheat 
analyzed by Ragaee et al. (2006) was within the range of 77.4-77.9%. 
Mycobiota associated with freshly harvested wheat grains (recovered 
on DRBC). 

From the results presented in Table (2), it is obvious that 18.4% of 
the total wheat grains tested were fungi-free. Alternaria alternata (45.3% of 
the total propagules) was found in all wheat samples tested. Aspergillus 
(13.3%) was found contaminating 90% of samples. A. flavus and A. niger 
(5.42% each) are the most common Aspergilli found in 60% of the samples. 
Rarely occurred aspergilla include A. candidus, A. fumigatus and A. 
ochraceus. In agreement with the current results, A. alternata was the most 
common field fungal species isolated from cereal grains including wheat in 
USA (Sauer et al., 1982, 1984), Argentina (Broggi et al., 2007), However, 
Aspergillus niger, A.flavus, A.fumigatus,  A.terreus and A. allernata followd by 
A. ochrceus and A.candidus were the most common in wheat grains in Egypt 
(Mazen et al., 1984).   
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Table  2. Fungal species found in wheat grain samples before and after   
storage on dichloran rose Bengal chlorampheical agar (DRBC)                 
and Dichloran glyceral 18 % agar (DG18) at 25 °C. 

*Figures are number of CFUs (Colony-Forming Units) calculated per 250 wheat grains. 
**%F: Frequency of occurrence out of 10 samples. 

 
Rhizopus (1 species, 16.26%) and Mucor (2 species, 11.82%) were 

also dominant where they found in 70% and 50% of the samples. R. oryzae 
and M. fuscus were the dominant. These mucoraceus fungi were abseut in 
wheat grains in the study of Mazen et al., (1984), however, other specis of 
these genra were detected but in low incidences and densities in the study of 
Broggi et al., (2007). 

 
Toxon 

DRBC DG18 
Freshly* 
harveste

d 
% F** Stored* 

(6 month ) % F** Stored* 
(6 month) % F** 

Absidia cylindrospora     2 10 
Acremonium sp.   1 01   
Alternaria alternata 92 100 40 60 36 50 
Aspergillus (Total) 27 90 107 100 69 70 
A . candidus 2 20   4 10 
A . flavus 11 60 54 90 26 40 
A . fumigatus 2 20 2 20   
A . niger 11 60 47 80 39 70 
A . ochraceus 1 10     
A . sydowii   4 10   
Cladosporium  (Total)   6 20 30 50 
C. cladosporioides   4 20   
C. sphaerospermun   2 10 25 50 
C. porophorum     5 20 
Cochliobolus spicifer   1 10   
Edyuilla athecia      47 70 
Epicoccum nigrum 1 10     
Eurotium (Total) 2  14 31 104 100 
E. amstelodami   3 01 1 01 
E. chevalieri 2 01 11 01 49 01 
E. repens   1 01 34 01 
E. rubrum     20 01 
Fusarium (Total) 7 01 85 60   
F. chlamydosporum   3 01   
F. nygamai 2 01 2 01   
F. proliferatum   94 01   
F. semitectum   2 01   
F. subglutinans 2 01     
F. verticillioides 3 01 2 01   
Geosmithia sp.     1 10 
Mucor (Total) 29 01 2 01   
M. circinelloides 2 01     
M. fuscus 22 01     
Mycocladus corymbiferus 1 10     
Nigrosprora oryzae 3 01     
Penicillium (Total) 10 60 67 100 85 60 
P. aurantiogriseum   28 90 24 50 
P. chrysogenum 10 60 25 30 16 10 
P. dudauxii   5 20   
P. expansum   5 30 2 10 
P. griseofulvum   2 20   
p. pinophilum   1 10 1 10 
P. spinulosum   1 10 2 10 
Rhizopus (Total) 33 70 47 80   
R. oryzae 33 70     
R. stolonifer   47 80   
Stemphylium botryosum     12 30 
Yeast 1 10 3 20   
White sterile mycelia 2 10     
Total CFUs /250 grains 203 100 346 100 000 110 
No.free  grains  (out of 250) 46 70 7 40 00 30 
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Table 3.  Fungal species found in maize grains on dichloran rose Bengal   
chlorampheical agar (DRBC) and Dichloran glycerol 18% agar at 
25°C. 

 
Penicillium (1 species, 4.93%) and Fusarium (3 species, 3.45%) 

occurred in 60% and 50% of the samples. They were represented by P. 
chrysogenum, F. verticillioides, F. subglutinans and F. nygamai. These 
species were also isolated from wheat grains in many studies but in different 
frequencies and densities in Egypt (Mazen et al., 1984) Argentina (Broggi et 
al., 2007), Iran (Gohari et al., 2007), Turkey (Askum 2007).  

Other fungi with rare incidence include Epicoccum nigrum, Eurotium 
chevalieri, Mycocladus corymbiferus, Nigrospora oryzae, yeast and white-
colored sterile mycelia.  
Mycobiota associated with stored wheat grains (recovered on DRBC 
and DG18). 

It is noted that 4.4% of the grains tested were fungi-free. Aspergillus 
(5 species) was common on both DRBC and DG18 (Table 2). It was isolated 
from 100% and 70% of the samlples, comprising 30.9% and 19.66% of total 
fungi, on both media, respectively. A. flavus (90% and 40% of the samples; 
and 15.61% and 6.4% of total fungi) and A. niger (80% and 70%; and 13.58% 
and 11.11%) were the most common on both media. Less common species 
were also recovered on DRBC (A. sydowii) and DG18 (A. candidus). 

Eurotium (4 species) was also common and was isolated from 30% 
and 100% of the samples, constituting 4.01% and 29.63% of total fungi, on 
both media, respectively. The four species were encountered on DG18 while 
only two on DRBC with E. chevalieri being the most common on both media 
while E. reperns and E. rubrum on DG18. 

Penicillium (7 species) was encountered in 100% and 60% of the 
samples, accounting for 19.36% and 14.25% of total fungi on both media, 
respectively. P. aurantiogriseum (90% and 50% of the samples) followed by 
P. chrysogenum and P. expansum (30% and 10% each) were the most 
common penicillia found in stored wheat, accounting for 8.1% and 8.3%; 
7.23% and 4.56%; and 1.45% and 0.57% of the total propagules on both 
media, respectively.The other four Penicillium species were less frequent 
(Table 2). 

Toxon Freshly harvested Stored (6 month) 

DRBC DRBC DG18 

Aspergillus (Total) 28 42 9 

A . flavvs 3 17  

A . niger 25 25 9 

Eurotium (Total)   26 

   E. chevalieri   25 

E. rubrum   1 

Mycocladus corymbiferus 2   

Penicillium (Total) 2 4  

P. oxalicum 1   

P. duclauxii 1 1  

P. pinophilum  3  

Rhizopus  stolonfer  10  

Gross total 32 56 35 
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Other common fungi were also isolated on either DG18 (the 
xerophilic species Edyuillia athecia), DRBC (Rhizopus stolonifer and 
Fusarium, 5 species with F. proliferatum being the most common), or both 
media (Alternaria alternata).  

Less frequently encountered fungi include Absidia cylindrospora, 
Cladosporium porophorum, Geosmithia sp. and Stemphylium botryosum on 
DG18; and Acremonium sp., Cladosporium cladosporioides, Cochliobolus 
spicifer, Mucor and yeast on DRBC; and C. sphaerospermum (Table 2). 
 
Table4. Aflatoxins, Aflatoxigenic species and total fungal propagules in 

wheat and maize grain samples before and after storage. 
 

*On dichloran rose Bengal chlorampheical agar (DRBC) and Dichloran glyceral 18 % agar     
(DG18) at 25 °C. 

 
Mycobiota associated with freshly harvested and stored maize. 

Five genera represented by 9 species were recovered from maize 
grains before (3 genera and 5 species) and after storage (4 and 7). 
Aspergillus (A. niger followed by A. flavus) was common on DRBC in both 
freshly harvested and stored maize. A. flavus was found frequently in U. S. 
export corn samples, Sauer et al.,1982, 1984) and Uganda (Ismail et al., 
2003). A.flavus can invade corn in the field, so our and the previous data 
reflect both preharvest and postharvest invasion (Ismail et al, 2003). Also in 
Nigeria, Amadi and Adeniyi (2009) found that Aspergillus (represented by A. 
terreus, A. flavus, A.niger and A. oryzae) was associated with maize in 
storage.   

Eurotium, with E. chevalieri followed by E. rubrum being the most 
commonly encountered, was isolated only from the stored maize grains and 
on DG18. Aspergillus glaucus (Teleomorph: Eurotium) was the most common 
fungus found in all ( Sauen et al., 1982) or 84% (Sauer et al., 1984) of the 
farm-stored corn samples in USA. 

Penicillium (3 species) was less common with P. daucluxii in both 
cases, P. oxalicum in fresh grains and P. pinophilum on stored ones. On the 
other hand, Mycocladus corymbifera was isolated only from fresh grains and 
Rhizopus stolonifer from only stored grains on DRBC.  Species of Penicillium 

 
Sample 
No. 

Freshly harvested Stored (6 month) 

Aflatoxins 
(µgkg-1) 

Aflatoxigenic (Total) * 
Aflatoxins 
( µgkg-1) 

Aflatoxigenic (Total) * 

HPLC KITS (DRBC)  HPLC KITS (DRBC)  (DG18)  

1 15 4 - (13) 8 8 2 (23) 1 (27) 

2 5 5 1 (24) 15 15 23 (85) 21 (64) 

3 6 6 - (25) 7 7 - (93) - (99) 

4 6 6 1 (18) 6 6 7 (94) 3 (37) 

5 4 4 9 (21) 7 7 5 (31) - (31) 

6 5 5 - (21) 8 6 2 (35) 1 (38) 

7 5 5 1 (12) 15 4 2 (14) - (15) 

8 7 6 - (26) 5 7 7  (95) - (91) 

9 7 6 3 (26) 5 5 1  (26) - (31) 

10 5 7 1 (12) 15 4 2 (14) - (15) 

11 4 4 3 (32) 9 9 17 (86) - (38) 
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and other fungi were also reported from freshly harvested or stored corn in 
Spain (Sanchis et al., 1982), USA (Sauer et al 1982, 1984), Uganda (Ismail et 
al., 2003), Cameroon (Ngoko et al., 2008), Nigeria (Amadi & Adenigi 2009). 
Aflatoxins in wheat and maize grains before and after storage 

However, all samples were contaminated with aflatoxis in range of 6-
10 µgkg-1 in freshly harvested and of 4-10 µgkg-1 in stored grains using both 
analytical methods (HPLC and Kits) in both wheat and maize grain, the total 
aflatoxin level in all local and imported samples tested was below the 
permitted limit according to the European Commission fixed maximum levels 
which is 10 µgkg-1 for total aflatoxins (Cheli et al., 2009) and in most 
developing counties which is up to 50 µg kg-1 (Dohlman 2003) .  Aflatoxin 
analysis of 10 maize grain samples in Uganda reveled that only 5 were 
naturally contaminated with aflatoxins in the range of 0-10 ppb (Ismail et al., 
2003); however, the study of Liu et al (2006) in china revealed only 0.84-1.17 
µg /kg aflatoxins in 69 out of 71 stored corn samples tested.  

The CFUs of aflatoxigenic species A. flavus were generally low in 
freshly harvested grain samples (found in 60% of the samples and with a 
range of 3.45%- 19.1% of the total fungal propagules on DRBC), however it 
was higher in stored samples (90% of the samples and with a range of 
3.85%-46.0% on DRBC, and 40% of the samples and with a range of 2.86%-
30.44% on DG18). 

  

REFERENCES 
 
Amadi, J. E. and D. O. Adeniyi (2009) Mycotoxin production by fungi isolated 

from stored grains.  African Journal of Biotechnology 8 (7): 1219-1221. 
AOAC (1990) Official Methods of Analysis. 14th ed. Association of Official 

Analytical Chemists.Washington, D.C. 
Askun T. (2007) Comparison of two medium according to mould enumeration 

and recovered species from wheat and feed. Journal of Applied 
Biological Sciences 1 (3): 37-42. 

Bennett, J.,and L.A. Goldblatt (1973) The isolation of mutants of Aspergillus 
flavus and A. parasiticus with altered aflatoxin producing ability. 
Sabouraudia 11, 235–241. 

Booth C. (1971) The genus Fusarium. – 237 p. Kew.  
Boyacloglu D. and N. S. Hettiarachchy (1995) Changes in some biochemical 

components of wheat grain that was infected with Fusarium 
graminearum. Journal of Cereal Science 21: 57-62.  

Breckenridge, C., U.Samarajeeua, and S.N.Arsecularatne, (1986) Aflatoxin 
contamination and moisture levels in Sri Lankan market rice. Journal 
of National Science Council, Sri Lanka 14, 173–180. 

Broggi L.E; H.H. González ;  L. S. Resnik  and   A. Pacin (2007) Alternaria 
alternata prevalence in cereal grains and soybean seeds from Entre 
Ríos, Argentina. Rev Iberoam Micol 24: 47-51. 

Cheli F.; A. Campagnoli; L.Pinotti; G.Savoini; and V. Dell’Orto (2009) 
Electronic nose for determination of aflatoxins in maize. Biotechnol. 
Agron. Soc. Environ. 13: 39-43. 

http://www.labmeeting.com/papers/author/broggi-le
http://www.labmeeting.com/papers/author/gonz%C3%A1lez-hh
http://www.labmeeting.com/papers/author/resnik-sl
http://www.labmeeting.com/papers/author/pacin-a
http://www.labmeeting.com/paper/27393289/broggi-2007-alternaria-alternata-prevalence-in-cereal-grains-and-soybean-seeds-from-entre-r%C3%ADos-argentina
http://www.labmeeting.com/paper/27393289/broggi-2007-alternaria-alternata-prevalence-in-cereal-grains-and-soybean-seeds-from-entre-r%C3%ADos-argentina
http://www.labmeeting.com/paper/27393289/broggi-2007-alternaria-alternata-prevalence-in-cereal-grains-and-soybean-seeds-from-entre-r%C3%ADos-argentina


Darwish, Soumia M. I.  and M. A.  Ismail   

 

 8858 

Cleveland, T.E., and D. Bhatnagar (1992) Molecular strategies for reducing 
aflatoxin levels in crops before harvest. In: Bhatnagar, D., Cleveland, 
T.E. (Eds.), Molecular Approaches to Improving Food Quality and 
Safety. Van Nostrand Reinhold, New York, pp. 205–228. 

Coskuntuna L; K, Fisun and C. Fatma (2008) Effect of chemical content and 
physical characteristics on nutritional value of wheat varieties collected 
from thrace region. Pakistan Journal of Nutrition, 7 (2): 218-221. 

Cotty, P.J. (1997) Aflatoxin-producing potential of communities of Aspergillus 
section Flavi from cotton producing areas in the United States. 
Mycological Research 101, 698–704. 

Dastmalchi  F. (2008) Survey and Determination of Afatoxins in Iranian 
Wheat of Canvas Covered Store and Variations of them after Storage. 
Journal of Biological Sciences 3 (8): 837 -840, ISSN: 1815-8846. 

Dohlman E. (2003) “Mycotoxin hazards and regulations, impacts on food and 
animal feed croptrade,” in Jean C. Buzby (Ed), International Trade and 
Food Safety, Economic Theory and Case Studies,Agricultural 
Economic Report No. 828, USDA, Chapter 6, pp.97-108. 

Dowling, F.S. (1997) Fumonisin and its toxic effects. Cereal Foods World 42, 
13–15.  

Ellis M. B. (1971) Dematiaceous Hyphomycetes. – 608 p. Kew. 
Ellis, W.O., J.P. Smith, and B.K. Simpson (1991) Aflatoxins in food: 

occurrence, biosynthesis, effects on organisms, detection and 
methods of control. Critical Reviews in Food Science and Nutrition 30, 
403–439. 

Gohari A. M.; N.Sedaghat; M. Javan-Nikkhah And R. Aberi-Riseh (2007) 
Mycoflora of wheat grains in the main production area in Kerman 
Province, Iran. International Journal of Agriculture & Biology. pp: 635-
637. 

Hansen, T.J., (1993) Quantitative testing for mycotoxins. American 
Association of Cereal Chemists 38, 346–348. 

Hoking A.D. and J. I. Pitt (1980) Dichloran glycerol medium for enumeration 
of xerophilic fungi from low moisture foods. Appl. Environ. Microbiol. 
39: 488-492 

Ilago, L.L., and B.O. Juliano, (1982) Colonization and aflatoxin formation by 
Aspergillus spp. on whole grain rice differing in endosperm properties. 
Journal of Science of Food and Agriculture 33, 97–102. 

International Agency for Research on Cancer (IARC) (1993) Monograph on 
the Evaluation of   Carcinogenic Risks to Humans. Lyon: IARC 56: 
359-62.   

Ismail M. A; H. K. Taligoola and E. K. Ssebukyu (2003) Mycobiota associated 
with maize grains in Uganda with special reference to aflatoxigenic 
Aspergilli. Journal of Tropical Microbiology 2:15–25. 

King A. D; Hocking  A. D. and J. I. Pitt (1979) Dichloran-rosebengal medium 
for enumeration and isolation of moulds from foods. Applied and 
Environmental Microbiology 37: 959–964.  

Liu Z.; and J.Gao; J. Yu (2006) Aflatoxins in stored maize and rice grains in 
Liaoning Province, China. Journal of Stored Products Research 42: 
468 – 479. 



J. Agric. Sci. Mansoura Univ., 34 (8), August, 2009 

 8859 

Liu, X.; X. Yin, Y. Li; and Z. Meng (1981) Investigation on toxic-producing of 
A. flavus in grains in different region, 

Magan N. and J. Lacey (1985) Interactions between field and storage fungi 
on wheat grains. Transactions of the British Mycological Society 85(1): 
29–37. 

Mazen M. B; S. I. I. Abdel-Hafez and G. M. M. Shaban (1984) Survey on the 
mycoflora of Egyptian wheat grains and their lemmae and paleae. 
Mycopathologia 85: 155–159. 

Nesci, A., M. Rodriguez, and M. Etcheverry (2003) Control of Aspergillus 
growth and aflatoxin productionusing antioxidants at different 
conditions of water activity and pH. Journal of Applied Microbiology 95, 
279–287. 

Ngoko Z.; Daoudou, H. Imele; P.T. Kamga; S. Mendi; M. Mwangi; R. 
Bandyopadhyay; and W.F.O Marasas (2008) Fungi and mycotoxins 
associated with food commodities in Cameroon.Journal of Applied 
Biosciences 6: 164 - 168. 

Paster, N. (1995) Fungi in stored grain and animal feeds: their occurrence 
and harm caused to animals. Israel Journal of Veterinary Medicine 50, 
49–53. 

Pitt J. I. (1979) The genus Penicillium and its teleomorphic states 
Eupenicillium and Talaromyces. 634 p. London. 

Pitt J. I. and A. D. Hocking (1997) Fungi and food spoilage. 593 p. Australia. 
Pitt J. I; A. D. Hocking and D. P. Glenn (1983) An improved medium for the 

detection of Aspergillus flavus and A. parasiticus. Journal of Applied 
Bacteriology 54: 109–114. 

Pitt, J.I., 2000. Toxigenic fungi and mycotoxins. British Medical Bulletin 56, 
184–192.  

Ragaee S., El-Sayed M. and Abdel-Aal, M. N. (2006) Antioxidant activity and 
nutrient composition of selected cereals for food use. Food Chemistry 
98: 32–38. 

Raper K. B. and D. I. Fennell (1965) The genus Aspergillus. 686 p. Baltimore. 
Resnik, S.; S. Neira; A. Pacin; E. Martinez; N. Apro; and S. Latreite, (1996) A 

survey of the natural occurrence of aflatoxins and zearalenone in 
Argentina field maize 1983–1994. Food Additives and Contaminants 
13, 115–120. 

Rustom I. (1997) Aflatoxin in food and feed: occurrence, legislation and 
inactivation by physical methods. Food Chem.; 59: 57-67.  

Sanchis V.; I. Viñas; M. Jimenez; M. A. Calvo and E. Hernandez (1982) 
Mycotoxin-producing fungi isolated from bin-stored corn. 
Mycopathologia 80: 89-93.  

Sauer D. B. ; C. L. Storey; and D. E. Walker (1984) Fungal populations in 
U.S. farm-stored grain and their relationship to moisture, storage time, 
regions, and insect infestation. Phytopathology 74: 1050-1053 

Sauer, D.B.; C.L. Storey; O. Ecker; and D.W Fulk (1982) Fungi in U.S. export 
wheat and corn. Phytopathology 72: 1449-1452. 

Steel R. D. H. and J. H. Torrie (1987) Principles and procedures of statistics. 
Mc Graw Hill Book Co. Inc., New York, USA. 



Darwish, Soumia M. I.  and M. A.  Ismail   

 

 8860 

Wasowich, E. (1991) Changes of chemical grain components, especially 
lipids, during their deterioration by fungi. In 'Cereal Grains. Mycotoxins, 
Fungi and Quality in Drying and Storage' (J. Chelkowski, ed.), Elsevier 
Amsterdam pp 259-280. 

Widyaratne, G. P. and R. T. Zijlstra (2007) Nutritional value of wheat and corn 
distiller’s dried grain with solubles: Digestibility and digestible contents 
of energy, amino acids and phosphorus, nutrient excretion and growth 
performance of grower-finisher pigs. Can. J. Anim. Sci. 87: 103–114. 

Xiao, D. (1988) Contamination research of aflatoxin in Chinese peanut. 
Chinese Oil Plants 2, 85–87. 

Yu, J.; D. Bhatnagar; and T.E. Cleveland (2004) Genetics and biochemistry 
of aflatoxin formation and genomics approach for eliminating aflatoxin 
contamination. In: Romeo, J.T. (Ed.), Recent Advances in 
Phytochemistry: Secondary Metabolism in Model Systems, vol. 38. 
Elsevier, Amsterdam, pp. 224–242.  

 
القيمة  الذاايية  دمةتو جدااةت الا ةدفا الاوفية  داسينجد فةيحبو يةل محةد  القمة  د 

 الافه
  2مبضل أممت أفمبعيل د 1فدميه مممت أحفاهيم تفديش

 مصف -ابمع  أفيدو  -  ي  الزفاع   -قفم ع دم دج حدلدايب الأغاي   -1
 مصف –ابمع  أفيدو  -  ي  الع دم  -قفم الححبو  -2
 

أشارت نتائج الدراسة الحالية على  حوى ا الح ىل ال حليىة  ال سىت ردت لكسىتدكى اند ى  عى   يىادت 
 عن ية في نسوه الرط وة أثناء ع لية التخ ي  وين ا كا  هناى انخفاض  عن ي ف  نسوة الر ىاد  الكرو هيىدرات 

خىام  الىده    ايليىاو م تىم عى ن الوىر تي  الأثناء ع لية التخ ي   لم تظدر اى اختكفات  عن يىة فى  كىن  ى  
 Aspergillus 3454, % 3.54 نسىوتة  Alternaria alternate .اجناس  ختلفة    الفطريات    اه دىا

فى  حوى ا الح ىل الطا جىة تىم عى ن  لكىن  % 535.ونسىوة ) A. flavus   A. niger ساد  ندىا كىن  ى , %
 .A.    candidus   A    أقىن سىيادت  ثىن   لكندا كانىت Aspergillus وعض اين اع ايخري    جنس  

fumigatus     A. ochraceus م  ك ىا سىاد اي ىا فطىر)Rhizopus31551   ىثك ونى ع  احىد  نسىوتة 
%     Mucor  فطىر % 33515)نى عي    نسىوتة   Penicillium  كىللى %3514)نى ع  احىد  نسىوته    

 Aspergillus حو ا ال خ نة تم ع ن كىن  ى     م     ال% 45.3 )ثكث ان اع  نسوته Fusariumفطر 
 Eurotium     Penicillium  ى  اينى اع الشىائعة التى  تىم ع لدىا  A. flavus      A. niger   E. 

chevalieri    E. repens   E. rubrum  P. aurantiogriseum   P. chrysogenum    
P. expansum الىلرت الطا جىة  ال خ نىة  كىا   أي ا  ى  اينى اع الشىائعة التىي تىم ع لدىا  ى  A. niger  

 .E. chevalieri    E  ى  اينى اع التى  تىم ع لدىا   Eurotium,  ك ىا تىم عى ن فطىر A. flavus يليه  
rubrum حو ا اللرت ال خ نة فحط م ك ا أظدر تحلين العينىات أ  ال سىت ى الكلى  للت كسىينات فىي العينىات   

 لليجرام/ كجم وطريحت  التحدير ال ستخد ي  فىي كىن  ى  الحوى ا الطا جىة  31 ≥ال حلية  ال ست ردت ال ختورت 
  ال خ نة  الت  تعتور ف  داخن الحد ال س  ح وت اجده ف  الغكن م
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Table   0 . Mean values (±SE ) of gross chemical composition  of the wheat and maize grain before (b) and after 
(a) storage    (6 month).  

** Highly Significance at P< 0.01 
   Figures are number of CFUs calculated per 20 maize grains. 

Carbohydrate 
% 

Ash 
% 

Crude fibre 
% 

Crude fat 
% 

Crude protein 
% 

Moisture 
% 

Source 
Sample 
No.             

a b a b a b a b a b a b 

74.54±0.01 76.3±0.02 5668±0.02 3681±0.03 3656±0.00 3671±0.02 1635±0.00 4965 ±0.01 4635±0.00 4628±0.01 11618±0.01 6624±0.02 
Local(Beni-
Suef) 

1 

72.77±0.02 74.45±0.01 5652±0.01 2665±0.01 9695±0.01 9655±0.01 1619±0.01 5652±0.01 4687±0.01 4628±0.00 11622±0.01 5633±0.01 Loca (Sids 1) 2 

74.42±0.01 75.80±0.01 5661±0.01 3619±0.01 2654±0.01 3647±0.01 1621±0.01 5675±0.01 4685±0.01 5657±0.01 11624±0.01 9682±0.01 Local (Durum) 3 

74.83±0.01 78.04±0.01 5673±0.01 2624±0.02 3633±0.01 3664±0.03 5653±0.02 5678±0.02 4684±0.01 15611±0.01 15664±0.01 8612±0.01 Local  4 

72.16±0.01 71635±0.03 5665±0.01 8652±0.01 8625±0.01 6665±0.01 5647±0.01 5664±0.01 4695±0.03 4637±0.01 11681±0.01 6656±0.02 
Local (Sakha 
93) 

5 

73.36±0.01 79.44±0.01 5671±0.01 2619±0.01 9614±0.02 3691±0.01 1612±0.01 1633±0.01 15613±0.01 5663±0.01 15694±0.01 8658±0.01 USA(White) 6 

74.03±0.01 77.28±0.01 5667±0.02 2622±0.01 3674±0.01 2628±0.01 5644±0.01 1635±0.01 4628±0.01 4628±0.00 11627±0.01 7675±0.01 USA(Red) 7 

68.72±0.01 74.54±0.01 1652±0.01 9618±0.01 8652±0.01 3641±0.01 3691±0.01 1631±0.01 4657±0.01 4625±0.01 11646±0.01 6654±0.01 Russian  8 

75.74±0.01 78.35±0.00 5661±0.03 2645±0.02 3641±0.01 3646±0.01 1659±0.01 1631±0.02 4691±0.01 4645±0.00 4624±0.01 3685±0.01 Russian (Red) 9 

72.70±0.01 71.29±0.01 5662±0.01 8632±0.01 8624±0.00 6685±0.01 5646±0.01 5667±0.01 4695±0.01 4638±0.01 611 31±0.01 66 76±0.01 
Kazahstan 
(Red)  

10 

70.34±0.01 77.56±0.01 5667±0.01 1647±0.01 3655±0.01 2677±0.00 3658±0.03 3621±0.02 4622±0.00 5643±0.01 12659±0.01 8686±0.00 Maize (Local) 11 

3.8** 7.07** 0.2 -1.73 -1.45 -14.6** T test  

http://www.marefa.org/index.php?title=%D8%B0%D8%B1%D8%A9_%D8%B5%D9%81%D8%B1%D8%A7%D8%A1&action=edit&redlink=1

