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Abstract:

he present study aims to investigate the occurrence of aflatoxin Bj, the most

important mycotoxins and potent natural carcinogen known, in wheat grains

samples stored in Egyptian homes. Wheat (Triticum vulgare L.) grains samples
were collected from different villages in two Egyptian Governorates, Shargia and
Minia, during the period (2017-2018) and used immediately for Aflatoxin B; (AFB;),
moisture and fat determination. AFB; in samples were varied from 0.89 to 3.12 and 1.01
to 3.79 pg.kg™t in Shargia and Minia governorates samples, respectively. Also, the
moisture and fat contents were varied from 12.67 to 16.02 and 1.28 to 1.93 g.100g™ (in
Shargia) and 12.79 to 15.79 and 1.42 to 1.94 g.100g™* (In Minia) Governorates samples,
respectively. Samples with the higher AFB; concentration are the samples of higher
moisture and fat content. A percent of 33.33 and 41.66% of the tested wheat grains
samples recorded AFB; concentration more than the maximum permissible limits for
human consumption (2 pug/kg AFB;) in Shargia and Minia Governorates, respectively.
When all wheat samples were included in the statistical analysis, there was a positive
significant (p< 0.05) relationship between moisture content (r* = 0.6878), fat content (r®
= 0.6373) and AFB1 concentration. These correlations confirm that moisture content is
mainly participate for the AFB; concentration of the tested wheat grain samples while
fat content are partially participated. Significant variations in AFB; were observed
amongst the samples tested which clearly indicated seasonality and regional factors
affected. In conclusion, consumption of some wheat sampled storage by traditional
methods can pose a potential risk of development of various diseases in human as the
result of such wheat grains with high levels of AFB;. Also, for the proper storage of
wheat grains, environmental factors such as moisture content and temperature must be
controlled.

Keywords: Wheat grains, AFB; moisture, fat, Minia Governorate, Shargia
Governorate, correlation analysis.

Introduction

Wheat is among the important cereal crops of Egypt and are
nsumed in various ways by almost the entire population of the country.
t is exclusively cultivated as a winter crop in 3,378,659 Fadden with a
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production of 9  millions tones in the year 2015
(http://www.masrawy.com/News/News_Egypt/details/ 2016/1/4/726778/).
Harvested grains are stored by farmers for considerable periods in various
types of storage structures, usually made of mud, open shads, in canvas or
plastic sacks. Earthenware containers (Swmaa) of different shapes and
sizes are also used frequently to store grains including wheat. Such as
mentioned by Nasr (1998), Shapira, (2004) and Suleiman et al., (2013)
these traditional storage methods inevitably provides suitable conditions for
the growth and metabolism of the insects, rodents and microorganisms
responsible for quality loss in stored grains.

A number of microorganisms including fungi have been reported to be
associated with stored wheat and their products causing losses of food
intended for human and animal consumption (Abdullah et al., 2000;
Shapira, 2004; Algirdas et al.,, 2006; Laca et al.,2006; Balazs and
Schepers,2007; Binder et al.,2007; Agnieszka and Krzysztof, 2013).
Indeed, four major species of fungi have been discovered belonging to the
species of Aspergillus, Fusarium, Penicillium, and Claviceps that produced
some major mycotoxins such as aflatoxin, ochratoxin A, fumonisim, and
zearalenone (Paterson and Lima 2010; Mohd-Redzwan et al., 2013; and
Blake and Mustafa, 2019). Aflatoxin can cause both acute and chronic
toxicity in animals (Bennett and Klich, 2003; Barrett, 2005 ; Wu and
Tritscher, 2011; Bommakanti and Waliyar, 2012). Effects such as acute
liver damage, liver cirrhosis, liver cancers, induction of tumors and
teratogenic and other genetic effects are well documented (Wu and
Khlangwiset, 2010; Wu and Tritscher, 2011;Thrasher, 2012; USAID, 2012;
Chu et al., 2018). Aflatoxin B1 (AFB1), the most toxic aflatoxin, is the
most potent naturally occurring chemical liver carcinogen known. For
people who are chronically infected with hepatitis B virus (HBV), aflatoxin
consumption raises the risk of hepatocellular carcinoma (HCC; liver
cancer) (Groopman et al., 2005 Chun et al., 2018). Acute aflatoxicosis,
characterized by hemorrhage, acute liver damage, edema, and death, can
result from extremely high doses of aflatoxin (Jiang et al. 2005, 2008,
Turner et al. 2007; Khlangwiseta and Wua, 2011; and Blake and Mustafa,
2019).

Aflatoxin B1 (AFB1)

168
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Therefore, the present work is a limited survey for determination the
AFB; concentration in wheat grain samples collected from the Egyptian
local markets. In line with recommended by the previous studies, the
occurrence of stored grain AFB; is very much influenced by geographical
and climatic conditions as well as environmental factors (Oyekale et al.,
2012; Agnieszka and Krzysztof, 2013 and Suleiman et al., 2013; and
Nikolett et al., 2015), moisture and fat content will be determined in these
wheat grain samples to investigate their relationship with the grain AFB;
concentration detected.

Material and Methods

Materials

Wheat samples (1000 g) were collected from different villages in three
Centers, Al-Bagour, Tala and Shebin EI-Kom of Minoufiya Governorate,
Egypt during the period (2013-2014). The collected samples were taken out
randomly, transported to the laboratory and used immediately for analysis.
Plastic polyethylene pages, one kilogram volume, used in samples
collection were purchased from the local markets, Port Said City, Port Said,

Egypt.

Chemicals and reagents: Aflatoxin B; from Aspergillus flavus and
trifluoroacetic acid (TFA) were purchased from Sigma Chemical Co., St.
Luis, MO. All other reagents and solvent were of analytical or HPLC grade
were purchased from (Fisher, UK). De-ionized water (Milli-Q 18.2 MQ)
was used in the preparation of the mobile phases, reagent solutions and
standards.
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Methods
Determination of moisture and fat content

Wheat samples were analyzed for moisture and fat (Soxhelt mini-
automatic apparatus Velp Company, lItaly, petroleum ether solvent) were
determined using the methods described in the A.O.A.C. (1995).

Determination of AFB; by HPLC

Sample extraction: Weigh 50g sample with 10g salt sodium chloride
and place in blender jar (Al-Araby, Toshiba, Benha, Egypt). Add to jar 200
ml methanol: water (80:20). Cover blender jar and blend at high speed for 1
minute. Remove cover from jar and pour extract into fluted filter paper.
Collect filtrate in a clean vessel.

Extract dilution: Pour 10 ml filtered extract into a clean vessel. Dilute
extract with 40 mL of purified water and mix well. Filters dilute extract
through glass microfiber filter into a glass syringe barrel using markings on
barrel to measure 4 ml.

Sample elution: Pass 4 ml filtered diluted extract (4 ml= 0.2g sample
equivalent) completely through AflaTest ®-P affinity column (VICAM ,
Watertown, MA) at a rate of about 1-2 drops/second until air comes
through column. Pass 5 ml of purified water through the column at a rate of
about 2 drops/second. Elute affinity column by passing 1.0 ml HPLC grade
methanol through column at a rate of 1-2 drops/second and collecting all of
the sample eluate (1ml) in a glass vial. Evaporated to dryness under stream
of nitrogen and was determination of HPLC.

AFB; Derivatization: The derivatives of samples and standard were
done as follow:100 pl of trifluoroacetic acid (TFA) was added to samples
and mixed well for 30 s and the mixture stand for 15 min. 900 ul of water:
acetonitrile (9:1 v/v) were added and mixed well by vortex for 30s .and the

mixture was used for HPLC analysis.
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HPLC analysis: Throughout this study a SP Thermo Separation
Products Liquid Chromatography (Thermo Separation products, San Jose,
CA) was used with a Consta Metvic 4100 pump, a Spectra Series AS100,
Spectra System UV 1000 UV/Visible Spectrophotometer Detector, Spectra
System FL 3000 and a PC 1000 system software. The columns used
(PerkinElmer, Inc., Waltham, MA) were a C18 (3 pum, 100 x 4.6 mm 1.d.)
for AFB;. An isocratic system mentioned by Troiano and Reuter (2007)
was used for AFB1 separation as follow: Mobile Phase: Isocratic: 60:10:30
Water/ACN/MeOH, with 119-mg potassium bromide and 350-uL 4M
HNO; , Flow rate: 1.2 mL/min, Temperature: Ambient, Fluorescence
Detector: Exszs; nm and Emyzs nm and Injection Volume: 100 pL.

Statistical Analysis

All measurements were done in triplicate and recorded as mean+SD.
Statistical analysis was performed with the Student t-test and MINITAB 12
computer program (Minitab Inc., State College, PA).
Results and Discussion

AFB; concentration of wheat grain samples collected from the
Egyptian local markets
Data in Table (1) and Figure (1) showed the AFB; concentration, in
wheat grain samples collected from the Egyptian local markets during the
period (2017-2018). From such data it could be noticed that the AFB;
concentrations were varied from 0.89 to 3.12 and 1.01 to 3.79 pg.kg™ in
Shargia and Minia governorates samples, respectively. Significant (p<0.05)
variations in AFB; were observed amongst the samples tested which clearly
indicated seasonality and regionally factors affected. Seasonality and
regionally factors could be included the differentiation of temperature,
relative humidity, pest activity etc. The European Union has enacted a very
stringent aflatoxin tolerance threshold of 2 pg/kg aflatoxin B; and 4 ug/kg
total aflatoxins for nuts and cereals for human consumption (Bankole and
Adebanjo, 2003 and Blake and Mustafa, 2019). Therefore, 33.33 and
41.66% of the tested wheat grains samples recorded AFB; concentration
more than the maximum permissible limits for human consumption (2
ug/kg AFB;) in Shargia and Minia governorates samples, respectively.
Consumption of such aflatoxin-contaminated samples can pose a risk of
development of various diseases in human and animals. Previous
estigations showed that grains including wheat could be contaminated

Lo gl Ay ) c¥laa A & gad) Ala A e A1 Sl A . Ao S -
(k) pgle 9 4343) 2019 55z 22 ¢ Al il gl dday Ay |, (S ol anladl) 1 AN A gal) jaiigall

ISSN-1687-3424/2001 Leial) dsala - e gl Ay ) 405



Occurrence of Aflatoxin B1 in wheat

grains samples stored in Egyptian homes:
seasonal and regional studies

Ahdab A. Elmaadawy & Eman B. Mehram

Yousif A. Elhassaneen

by aflatoxins above the limits that may be critical for health. For example,
Vargas et al., (2001) reported that 38.3% of maize samples were
contaminated with aflatoxin B; with a mean of 9.4 ug/kg and a maximum
of 129 pg/kg. High aflatoxin levels in maize, in some other African
countries, notably Benin and Togo have been reported and one third of the
household grain, contained aflatoxins in the range of five-fold the safe limit
(Wagacha and Muthomi, 2008).

The largest and the most severe documented aflatoxin poisoning has
been reported at a level as high as 8,000 pg/kg in Kenya in 2004, causing
125 deaths out of 317 case-patients (Wagacha and Muthomi, 2008).
Finally, fifty-one maize samples, intended for animal feed and human
consumption, were collected from the four main maize production
provinces in Iran and analyzed for aflatoxins. AFB; was detected in 58.3%,
and 80% of the maize samples obtained from Kermanshah and Mazandaran
provinces, respectively (Yazdanpanah, 2006 and Ghiasian et al., 2011).

Table 1. AFB; concentration (ug.kg™) of wheat grain samples collected from the
Egyptian local markets during the period (2017-2018)

Wheat sample (n-3) Shargia Governorate Minia governorate
Batch 1 (May, 2017) 089 + 011 ¢ 1.00 + 051 ¢
Batch 2 (June, 2017) 146 + 06 ° 185 + 071 °
Batch 3 (July, 2017) 269 + 056 ° 301 £ 099 °
Batch 4 (August, 2017) 254 + 051 °?° 261 + 056 *°
Batch 5 (September, 2017) 224 + 048 ° 242 + 077 °
Batch 6 (October, 2017) 312 + 099 °* 378 + 101 @
Batch 7 (November, 2017) 193 + 026 ° 183 + 0.64 °
Batch 8 (December, 2017) 198 + 034 ° 231 + 018 *°
Batch 9 (January, 2018) 113 + 017 ¢ 1.14 + 029 °
Batch 10 (February, 2018) 128 + 03 ° 139 + 054 °
Batch 11 (March, 2018) 119 + 041 “ 1.25 + 062 °©
Batch 12 (April, 2018) 1.01 + 025 ¢ 1.04 + 043 °

* Each value represents the mean of three replicates +SD. Values with the different superscript letters in
the same column are significant at level p<0.05
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Figure 1. AFB; concentration (ug.kg™) of wheat grain samples collected from the
Egyptian local markets during the period (2017-2018). a) Shargia Governorate b) Minia
Governorate. Each value represents the mean of three replicates +SD

Moisture and fat content of wheat grain samples collected from the
Egyptian local markets during

Data in Tables (2-3) and Figures (2-3) showed the moisture and fat
contents in wheat grain samples collected from the Egyptian local markets
during the period (2017-2018). From such data it could be noticed that the
isture and fat contents were varied from 12.67 to 16.02 and 1.28 to 1.93
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9.100g™ (in Shargia) and 12.79 to 15.79 and 1.42 to 1.94 g.100g™ (In
Minia) Governorates samples, respectively. Significant (p<0.05) variations
in moisture and fat content; were observed amongst the samples tested
which clearly confirmed the seasonality and regionally factors affected.
Also, samples with the higher AFB; concentration are the samples of
higher moisture and fat content. By other meaning, data of the present
study indicated that a significant (p<0.05) variation in AFB; concentrations
detected in wheat grain samples. Such variations could be attributed to the
effect of AFs production factors behind each sample. Previous studies
indicated that AFs production is the consequence of a combination of
species, substrate and environment. The factors affecting AFs production
include temperature, pH, relative humidity of the atmosphere, water
activity, moisture, light, aeration and level of atmospheric gases (Abramson
et al., 1998; Mehrdad et al., 2011 and Felizardo and Cémara, 2013; and
Blake and Mustafa, 2019).

AFs production in the substrate can happen in the field and in storage
conditions between 20 and 40 °C with a 10- 20% of moisture and 70-90%
of relative humidity in the air (Raila et al., 2006). Delayed drying as well as
high moisture content and crop storage can cause postharvest
contamination. High levels of aflatoxin B; contamination in rain-affected
maize and rice at a level of 15600 and 1130 pg/kg respectively, was
reported (Vasanthi and Bhat, 1998 and Mehrdad et al., 2011). The
development of the fungus producing AFs is favored if the grains are
damaged by insects or rodents. Same spores of the substrate bud and grow
as mycelia generators of AFs because, when breathing, they produce water
increasing the humidity of the grains (Frisvad, 1995; Mehrdad et al., 2011,
Cimmarusti et al., 2017; and Chu et al., 2018).
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Table 2. Moisture content (g.100g™") of wheat grain samples collected from the
Egyptian local markets during the period (2017-2018)

Whe?rt]_za)mple Shargia Governorate Minia governorate
Batch 1 (May, 2017) 1267 + 123 1362 + 078
Batch 2 (June, 2017) 1401 + 067 °© 1430 + 193 °
Batch 3 (July, 2017) 1499 + 088 ° 1537 + 235 °@
Batch 4 (August, 2017) 1473 + 211 ° 1510 + 1.86 °
Batch 5 (September, 2017) 1361 + 1.04 ° 1395 + 210 °
Batch 6 (October, 2017) 16.02 + 245 ° 1579 + 225 °
Batch 7 (November, 2017) 1347 + 098 °© 1381 + 106 °
Batch 8 (December, 2017) 1364 + 156 °© 1399 + 207 °
Batch 9 (January, 2018) 1167 £ 215 ° 1361 + 045 °
Batch 10 (February, 2018) 1370 + 145 ° 1404 + 099 °
Batch 11 (March, 2018) 1327 + 209 ° 1360 + 063 °
Batch 12 (April, 2018) 13.78 + 158 °© 1279 + 0.67 °

* Each value represents the mean of three replicates £SD. Values with the different superscript letters in
the same column are significant at level p<0.05

20 - a

Moisture content (g.100g7)
e

Moisture content (g.100g")
[
=]
|

Wheat sample

Figure 2. Moisture content (g.100g™) of wheat grain samples collected from the
Egyptian local markets during the period (2017-2018). a) Shargia Governorate b) Minia
ernorate. Each value represents the mean of three replicates +SD.
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Table 3. Fat content (g.100g™) of wheat grain samples collected from the Egyptian
local markets during the period (2017-2018)

Whe?rt]_za)mple Shargia Governorate Minia governorate
Batch 1 (May, 2017) 128 + 023 °© 149 + 010 °©
Batch 2 (June, 2017) 149 + 034 ° 171 + 017 °
Batch 3 (July, 2017) 1.90 + 011 @ 1.94 + 013 °
Batch 4 (August, 2017) 156 + 032 ° 165 + 023 °
Batch 5 (September, 2017) 1.72 + 022 ™ 164 + 016 °
Batch 6 (October, 2017) 193 + 020 ° 189 + 022 @
Batch 7 (November, 2017) 152 + 024 156 + 034 ™
Batch 8 (December, 2017) 162 + 024 ® 179 + 017 @
Batch 9 (January, 2018) 1.67 + 024 ° 165 + 013 °
Batch 10 (February, 2018) 150 + 019 158 + 022 ™
Batch 11 (March, 2018) 158 + 026 ™ 1.62 + 018 ™
Batch 12 (April, 2018) 139 + 031 °© 142 + 019 °©

* Each value represents the mean of three replicates £SD. Values with the different superscript letters in
the same column are significant at level p<0.05.
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Figure 3. Fat content (g.100g™) of wheat grain samples collected from the
tian local markets during the period (2017-2018). a) Shargia Governorate b) Minia
orate. Each value represents the mean of three replicates £SD
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Correlation analysis

In the correlation analysis, important differences were found between
moisture and fat content and AFB1 detected in wheat grain samples
collected from the Egyptian local markets (Figures 4). When all wheat
samples (two Governorates) were included in the statistical analysis, there
was a positive significant (p< 0.05) relationship between moisture content
(r* = 0.6878), fat content (r* = 0.6373) and AFB1 concentration. These
correlations confirm that moisture content is mainly participate for the
AFB; concentration of the tested wheat grain samples while fat content are
partially participated. Also, these data indicates that many other
environmental factors beside moisture and fat content including relative
humidity, temperature, growth of microorganisms and insects infestation in
the grains (Oyekale et al., 2012; Agnieszka and Krzysztof, 2013 and
Suleiman et al., 2013; Nikolett et al., 2015; and Blake and Mustafa, 2019).
Our data was confirmed by Chang and Markakis (1982), in the event of AF
contamination, moisture content of 16% or higher are hazardous in the
storage of grains at temperatures near 25°C. Also, Agnieszka and Krzysztof
(2013) stated that harvesting high moisture grain including wheat has
become, however, common practice to protect the grain from wet weather
conditions which can cause weathering and mould infection of grain in the
field. High moisture grain is susceptible to deterioration by microorganisms
including fungi produced AF and hence should be dried before
unacceptable quality loss occurs. About 13 % moisture content is
considered to be the maximum value for the storage of different grains
including wheat, corn, barley and rice during short periods, to avoid
spoilage of grain with fungi (Laca et al., 2006). Regarding the relationship
between the grain fat content and AFB; formation, dearth information is
available. To interpret such relationship further studies in the future are
required. In addition to the grain moisture and fat content, Oyekale et al.,
(2012) confirmed that to maintain high quality maize during storage, maize
should been protected from weather (including relative humidity and
temperature), growth of microorganisms and insects.
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Figure 4. Correlation between moisture content, fat content and AFB1 concentration
detected in wheat grain samples collected from the Egyptian local markets during the
period (2017-2018). a) moisture content vs. AFB1 concentration, and b) fat content vs.
AFBL1 concentration.

Conclusion

In conclusion, for the proper storage of wheat grains, environmental
factors such as moisture content and temperature must be controlled. Such
factors are the major influences of wheat deterioration, because they affect
fungi growth and produce toxin such as Aflatoxin B; (AFB;). Relationship
was observed between grains initial fat content and AFB; formation, but
interpretation of such point will require further studies. Finally,
consumption of some wheat sampled storage by traditional methods i.e. in
open shounas and/or shades can pose a potential risk of development of
various diseases in human as the result of such wheat grains with high

vels of AFB;.
Ao i) Ay ) ¥l B G gad) Aaa

(arksl agle 3 4335) 2019 sle57 22 ¢ Ll Caillagll dday )39 .. (& i) anladl) 1 AU A gal) saiigall
ISSN-1687-3424/2001 Lt Al - A gill Ay ) 4418




Occurrence of Aflatoxin B1 in wheat

grains samples stored in Egyptian homes:
seasonal and regional studies

Ahdab A. Elmaadawy & Eman B. Mehram

Yousif A. Elhassaneen

Acknowledgements

Part of the work was financially supported by Research Supporting
Fund, Minoufiya University, Shebin EI-Kom, Egypt. Sincere thanks are
extended to Prof. Dr. Waheed Ragab, Research Institute of Food
Technology, Giza, Egypt for samples preparation and lab assistance.

References

A.O0.A.C. (1995). “Official Methods of the Association of Official analytical Chemists”
16 ™ Ed. Published by the Association of Official Analytical Chemists. Arlington,
Virginia, VA.

Abdullah, N., Nawawi, A. and Othman, 1., (2000). Fungal spoilage of starch-based
foods in relation to its water activity (aw). Journal of Stored Products Research.
Vol. 36, No. 1, (January 2000), pp. 47-54 , ISSN 0022-474X.

Abramson, D., Hulasare, R., White, N. D. G.; Jayas, D. S. and Marquardt, R. R., (1998).
Mycotoxin formation in hulless barley during granary storage at 15 and 19%
moisture content. Journal Stored Products Research. 35(3), 297-305.

Agnieszka K.a and Krzysztof G. (2013). Agricultural and Biological Sciences »
"Advances in Agrophysical Research”, book edited by Stanislaw Grundas and
Andrzej Stepniewski, ISBN 978-953-51-1184-9.Chapter 12, Criteria of
Determination of Safe Grain Storage Time — A Review.

Algirdas R., Albinas L., Dainius S., Marija R., Ausra S. and Egidijus Z. (20006).
Application of ozone for reduction of mycological infection in wheat grain. Ann
Agric Environ Med , 13, 287-294

Balazs, E. and Schepers, J.S. (2007). The mycotoxin threat to food safety. International
Journal of Food Microbiology 119,1-2.

Bankole, S. A., and Adebanjo, A. (2003). Mycotoxins in food in West Africa: Current
situation and possibilities of controlling it. African Journal of Biotechnology, 2,
254-263.

Barrett. Julia R (2005). Liver Cancer and Aflatoxin: New Information from the Kenyan
Outbreak. Environmental Health Perspectives, December; 113(12): A837—A838.

Bennett J.W and Klich, M. (2003). Mycotoxins. Clinical Microbiology Reviews;16 (3),
497-516.

Binder E.M. Tan L.M. Chin L.J. Handl J. and Richard J. 2007. Worldwide occurence of
mycotoxins in commodieties, feeds and feeds ingredients. Anim. Feed Sci.
Technol. 137: 265-282.

Blake R. and Mustafa I. (2019). Aflatoxin B1l: A review on metabolism, toxicity,
occurrence in food, occupational exposure, and detoxification methods. Food and
Chemical Toxicology 124: 81-100

Lo gl Ly 3 ¥l (8 & gal) Al — N e »
(arksl agle 3 4335) 2019 sle57 22 ¢ Al il gl dday Ay |, (S ol anladl) 1 AN A gal) jaiigall
ISSN-1687-3424/2001 Lt Al - A gill Ay ) 4418



https://scholar.google.com.eg/citations?user=WHkeM9oAAAAJ&hl=ar&oi=sra
http://www.sciencedirect.com/science/article/pii/S0022474X99000260
http://www.sciencedirect.com/science/article/pii/S0022474X99000260
http://www.aaem.pl/pdf/13287.pdf
http://www.ncbi.nlm.nih.gov/pubmed/?term=Barrett%20JR%5Bauth%5D

Occurrence of Aflatoxin B1 in wheat

grains samples stored in Egyptian homes:
seasonal and regional studies

Ahdab A. Elmaadawy & Eman B. Mehram

Yousif A. Elhassaneen

Bommakanti, A. S. and Waliyar, F. (2012). Importance of aflatoxis in human and
livestock health. Aflatoxin, http://www.icrisat.org/ aflatoxin/ health.asp,
(Accessed on 8th June 2012).

Chang,H., and P. Markakis (1982). Effect of gamma irradiation on aflatoxin production
in barley, J.Sci. Fd. Agric., 33:559-564.

Chu, Y.J.; Yang, H.l.; Wu, H.C.; Lee, M.H.; Liu, J.,, Wang, L.Y.; Lu, S.N.; Jen, C.L.,
You, S.L.; Santella, R.M.; Chen, C.J., (2018). Aflatoxin Blexposure increases the
risk of hepatocellular carcinoma associated with hepatitis C virus infection or
alcohol consumption. Eur. J. Canc. 94: 37-46.

Cimmarusti, M.T., Haidukowski, M., Logrieco, A.F., Altomare, C., (2017).
Bioremediation of aflatoxin Bl-contaminated maize by king oyster mushroom
(Pleurotus eryngii). PLoS One 12: 1-14.

Felizardo Raphael J.F. and Camara Niels OS (2013). Hepatocellular carcinoma and food
contamination: Aflatoxins and ochratoxin A as great prompter. World J
Gastroenterol; June 28; 19(24): 3723-3725.

Frisvad, J. C., (1995). Mycotoxins and mycotoxigenic fungi in storage. In: Jayas, D.,
White, N. D. G., Muir, W. E. (Eds.), Stored-Grain Ecosystems. Marcel
Dekker,New York, NY, pp: 251-288.

Ghiasian S.A., Shephard G.S. and Yazdanpanah H. (2011). Natural occurrence
of aflatoxins from maize in Iran. Mycopathologia. Aug;172(2):153-60

Groopman JD, Johnson D and Kensler TW (2005). Aflatoxin and hepatitis B virus
biomarkers: a paradigm for complex environmental exposures and risk. Cancer
Biomark;1:5-14.

Jiang Y., Jolly P.E., Ellis W.O., Wang J.S., Phillips T.D., and Williams J.H. (2005).
Aflatoxin B1 albumin adduct levels and cellular immune status in Ghanaians. Int
Immunol;17:807-814.

Jiang Y., Jolly P.E., Preko P., Wang J.S., Ellis W.O., Phillips T.D. and Williams J.H.
(2008). Aflatoxin-related immune dysfunction in health and in human
immunodeficiency virus disease. Clin Dev Immunol 1-12.

Kaleta A. and Gérnicki K. (2013). Criteria of Determination of Safe Grain Storage Time
— A Review , In: Advances in Agrophysical Research, InTech Open Science. pp.
295-318 (http://creativecommons.org/licenses/by/3.0).

Khlangwiseta P. and Wua F. (2011). Costs and efficacy of public health interventions to
reduce aflatoxin—induced human disease. Published in final edited form as: Food
Addit Contam Part A Chem Anal Control Expo Risk Assess. Author manuscript;
available in PMC.

Laca, A., Mousia, Z., Diaz, M., Webb, C., Pandiella, S. S. (2006). Distribution of
microbial contamination within cereal grains. Journal of Food Engineering, 72
(4): 332-338.

Lo gl Ly 3 ¥l (8 & gal) Al — N e »
(arksl agle 3 4335) 2019 sle57 22 ¢ Al il gl dday Ay |, (S ol anladl) 1 AN A gal) jaiigall
ISSN-1687-3424/2001 Lt Al - A gill Ay ) 4418



http://www.icrisat.org/
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ghiasian%20SA%5BAuthor%5D&cauthor=true&cauthor_uid=21373903
http://www.ncbi.nlm.nih.gov/pubmed/?term=Shephard%20GS%5BAuthor%5D&cauthor=true&cauthor_uid=21373903
http://www.ncbi.nlm.nih.gov/pubmed/?term=Yazdanpanah%20H%5BAuthor%5D&cauthor=true&cauthor_uid=21373903
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ghiasian+et+al.%2C+2011+%26aflatoxin
http://creativecommons.org/licenses/by/3.0

Occurrence of Aflatoxin B1 in wheat

grains samples stored in Egyptian homes:
seasonal and regional studies

Ahdab A. Elmaadawy & Eman B. Mehram

Yousif A. Elhassaneen

Mehrdad T., Mohammad H., Hassan Y. and Salam A. (2011). Aflatoxin in Agricultural
Commodities and Herbal Medicine. In: Aflatoxins — Biochemistry and Molecular
Biology, Edited by Ram:n Gerardo Guevara-Gonzlez, Published by InTech,
Rijeka, Croatia

Mohd Redzwan- S, Rosita J.,, Mohd S. and Zuraini A. (2013). Amini review on
aflatoxin exposure in Malaysia: past, present and future. Front Microbiol. 4: 334.

Nasr, S. M. (1998). Evaluation of statistical methods for determining the relative
contribution of yield factors in wheat. Egypt. J. Agric. Res., 76(4): 1733-1749.

Nikolett, AR., Borbéla, H., Viola, T., Marta,ML., Edina, T., and Andrés, F., (2015).
Improvement of the agronomic traits of a wheat-barley centric fusion by
introgressing the 3HS.3BL translocation into a modern wheat cultivar. J. Genome
/ National Research Council Canada .

Oyekale, K. O., I. O. Daniel, M. O. Ajala, and L. O. Sanni. 2012. Potential longevity of
maize seeds under storage in humid tropical seed stores. Nature and Science
10(8): 114-124.

Paterson R.R. and Lima N (2010). How will climate change affect mycotoxins in food?
Food Res Int 43 : 1902-1914.

Raila, A.; Lugauskas, A.; Steponavicius, D.; Railiene, M.; Steponaviciene, A. and
Zvicevicius, E., (2006). Application of ozone for reduction of mycological
infection in wheat grain, Annals of Agricultural and Environmental Medicine.,
13(2), 287-294.

Shapira, R. (2004). Control of mycotoxins in storage and techniques for their
Decontamination, In: Mycotoxins in food, Detection and control, Edited by N.
Magan and M. Olsen, Woodhead Publishing Ltd, Cambridge, England

Suleiman, R.; Rosentrater, K. and Bern, C. (2013). Effects of Deterioration Parameters
on Storage of Maize, Proceeding of the ASABE Annual International Meeting,
Sponsored by ASABE (July 21 — 24, 2013), pp. 1-51, Kansas City, Missouri.

Thrasher, J. D. (2012). Aflatoxicosis in animals. Aflatoxins and Health, www.
alphaboost juice. com/ Aflatoxicosis — in - Animals.pdf.
Troiano T and Reuter A. (2007). Rapid Quantitation of Aflatoxins in Corn by HPLC

with Kobra Cell™ Derivatization without Concentration with ImmunoaffI- nity
Columns (AFLAPREP™), PerkinElmer, Inc.

Turner P.C., Collinson A.C., Cheung Y.B., Gong Y., Hall A.J., Prentice A.M. and Wild
C.P. (2007). Aflatoxin exposure in utero causes growth faltering in Gambian
infants. Int J Epidemiol ;36 (5):1119-1125.

USAID (2012). Aflatoxin: A Synthesis of the Research in Health, Agriculture and
Trade. Feed the Future: The Office of Regional Economic Integration USAID East
Africa Regional Mission Nairobi, Kenya, www. Eastafrica. usaid. gov/
esearch_inHealth_Agriculture_andTrade/pdf, 10-15.

Vargas E.A., Preis R.A., Castro L. and Silva C.M .(2001). Co-occurrence of aflatoxins

B1, B2, G1, G2, zearalenone and fumonisin Bl in Brazilian corn. Food Addit

ontam. Nov;18(11):981-6.

Lo 5l Ay Al il (8 G ganl) Alaa

(arksl agle 3 4335) 2019 sle57 22 ¢ Aldiaal) caillagl dday A g .. & oill astal) 1 AGH A gall jaiigall
ISSN-1687-3424/2001 Lt Al - A gill Ay ) 4418


http://www.eastafrica.usaid.gov/
http://www.ncbi.nlm.nih.gov/pubmed/11665739
http://www.ncbi.nlm.nih.gov/pubmed/11665739

Occurrence of Aflatoxin B1 in wheat

grains samples stored in Egyptian homes:
seasonal and regional studies

Ahdab A. Elmaadawy & Eman B. Mehram

Yousif A. Elhassaneen

Vasanthi S. and Bhat R.V (1998). Mycotoxins in foods--occurrence, health & economic
significance & food control measures. Indian J Med Res. Nov;108:212-24

Wagacha J.M. and Muthomi J.W. (2008). Mycotoxin problem in Africa: current status,
implications to food safety and health and possible management strategies. Int J
Food Microbiol. May 10;124(1):1-12

Wu, F., and Khlangwiset, P. (2010). Health economic impacts and cost-effectiveness of
aflatoxin reduction strategies in Africa: Case studies in biocontrol and postharvest
interventions. Food Additives & Contamina- nts, 27, 496-509.

Wu, F. and Tritscher, A. (2011). Aflatoxins a global public health problem:
Aflatoxinshealth  impact. World  Health  Organization,  http://www.
Agriskmanagement forum.org/farmd/sites/WHO — Aflatoxin - public health issue.
pdf, 1-18.

Yazdanpanah, H. (2006). Mycotoxin contamination of foodstuffs and feedstuffs in Iran.
Iran. J. Res. 5:9-16.

Zuzana, S.; Edita, G. and Ernest S. (2009). Chemical composition and nutritional
quality of wheat grain. Acta Chimica Slovaca, 2(1):115 — 138.

Lo gil) A ) cilana b G ganl) Alaa
(Rarkal pgle 9 4,355) 2019 57 22 &
ISSN-1687-3424/2001 Lial) daaly - A gal) Ay 20 Als

liial) il ) Ay g . 8 5l el 38 A gall yasal



http://www.ncbi.nlm.nih.gov/pubmed/?term=Vasanthi%20S%5BAuthor%5D&cauthor=true&cauthor_uid=9863277
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bhat%20RV%5BAuthor%5D&cauthor=true&cauthor_uid=9863277
http://www.ncbi.nlm.nih.gov/pubmed/?term=Vasanthi%2C+1998++%26aflatoxin
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wagacha%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=18258326
http://www.ncbi.nlm.nih.gov/pubmed/?term=Muthomi%20JW%5BAuthor%5D&cauthor=true&cauthor_uid=18258326
http://www.ncbi.nlm.nih.gov/pubmed/18258326
http://www.ncbi.nlm.nih.gov/pubmed/18258326
http://www/

Occurrence of Aflatoxin B1 in wheat

grains samples stored in Egyptian homes:
seasonal and regional studies

Ahdab A. Elmaadawy & Eman B. Mehram

Yousif A. Elhassaneen

1 peaadl Jliall 8 A58 maill s e 81 @ S aalg
AlSas dpanse Gl
Soslaall Sl se iug Cama dana gan Olad L gglad) sae Gl

e =G 180 — (330 Al - e il B ) AIS il LY !
e — e — Loy Anala - e il A ) B - Y 3l ALY
o= o5 (- giall Al - Y il ALY A~ aalaY o sle 5 A3 o3
s paldliad)

ST e sanly axd Ally 1 o S eDIEY) aalg caliin) ) ddlal) dufyall Caags
o Olbyad) laa) e 5yadl) uld Apegadall Alledll Mgall aaf SIS A el Ay yladll o ga
@ABe o malll Cgs Gl pes o5 A puadl) JHliall & Al malll s Gl
a3 235 (2018-2017) 555l S cdppall yame dyyseens Liially 3350 ildlaay daliss
aalg L Agshyll (gyimay oaall Ay 1 S gD 585 A pafil Hadll o Lgalaatil
3,79 I 1.01 ¢ 3.12 (1 0.89 G sy 85 1 €Y 585 o gilial) el
sina Ja L) L sl e Laally 48,00 cillilae Glial il aaS faha 5%
b 100 /aya 1,93 (01,28 « 16,02 12,67 o ol Lok aadly Al
i) alya 100 [aba 1,94 0 1,42 < 15,79 () 12,79 «(id il ddailaa cilin))
28 1o S e e el 50l il o s LS L Vsl e (Liial) dladlas
Gl e %41.61 33,33 (e ST of g LS L gaalls dshall (e adipe (s5ins 4pabia
o S T Sl e S o B Lisally 480 Silidlaey 5y0aal) adl) igan
Sl il cyedal LS L (ahasdS faliag 5Sie 2) Glasty) DU gy 7 samsall 250l
(" = 0.6878) Lyshyll s5ine o (P 0.05) inge Lysine ABle Slia of Llan)
55 e AL (500 ramsy Loyl 1y . T S sl 38555 (P = 0.6373) caalls
caill s lise o QSO S5 Jame e ) IS g (3 Akl
O WS o oS 385 Jane o Wisa bl i aaal (ssiaae o) can 8 508l
faamsall Jalgally Lasale JS8 il T puS oY) 35 o iasi lle Juaniiall it
I Apadial) 3l Al madll e Blginl of ) blaass 28 0% el Al
e Leilsiny gl s o ddbide bl Hsels (o 5phd JalaSy 338 55k
Csal) (gsinas AushallS Al cinall 38T iy S LS (e Andline s
el gl sl Gpadll vie HlaeY) e Had) A3y
Adailae o Liial) Adailaa ¢ caall ¢ Ayshyl o Sl ¢ madl) g dpalibal) cilall)
LY didas A8,

Lo gil) A ) cilana b G ganl) Alaa =

(arksl agle 3 4335) 2019 sle57 22 ¢ Ll Caillagll dday )39 .. (& i) anladl) 1 AU A gal) saiigall
ISSN-1687-3424/2001 Lt Al - A gill Ay ) 4418




