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The effect of storage period on mold and Aflatoxin production were investigated in
wheat grains imported from Argentine, Germany, Ukrainian, Australia and U.S.A and
Egyptian wheat grains (Gamaza 7). Moreover, the redaction the grade of wheat grains
from grade (1) to grade (3), sample grade, insect infested and growth of Aspergillus flavus.
Cylinders of milling are sources of increases fungal species pollution, total mould count and
Aflatoxin production. The results suggest that must be use good storage for wheat grains
and cleaning Cylinders before milling.
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Introduction

Unavoidable, natural contaminants in foods may have either
chemical or biological origin. Mycotoxins, secondary metabolites of
fungi are biological contaminants. Despite efforts to control fungal
contamination, toxigenic fungi are ubiquitous in nature and occur
regularly in worldwide food supplies due to mold infestation of
susceptible agricultural products, such as grains, cereal, nuts, and
fruits. Thousands of mycotoxins exist, but only a few represent
significantfood safety challenges. The natural fungal floraassociated
with foods is dominated by three genera Aspergillus, Fusarium, and
Penicillium may include commensals as well as pathogens. The
chemical structures of mycotoxins produced by these fungi are
very diverse, as are the characteristics of the mycotoxicoses they
can cause ICMSF [1].

Aflatoxins may contaminate many cropsincluding corn, peanuts,
cottonseed, Brazil nuts, pistachios, spices, copra (dried coconut),
and figs with widespread contamination in hot and humid regions
of the world. Human aflatoxicoses continue to be an occasional,
serious problem. For example, a severe outbreak was reported in
Kenya in 2002 CDC (2004). Half of the maize food samples tested in
districts associated with this outbreak had Aflatoxins B1 levels >20
ppb. This outbreak had at leasta 39% incidence of death (317 cases
with 125 deaths) resulting from acute hepatotoxicity [2].

The first line of defense against the introduction of aflatoxins
is at the farm level and starts with implementation of Good

Agricultural Practices (GAP) to prevent infection. Preventive
strategies should be implemented from pre- through postharvest.
Preharvest strategies include maintenance of proper planting/
growing condition, antifungal chemical treatments and adequate
insect and weed prevention. Postharvest measures include use
of drying as dictated by moisture content of the harvested grain,
appropriate storage conditions, and use of transport vehicles
that are dry and free of visible fungal growth CAC (2003) [3].
While implementation of these precautions go a long way toward
reducing aflatoxin contamination of foods, they alone do not solve
the problem and should be an integral part of an integrated HACCP-

based management system [4].

Wheat grains are often harvested at a moisture content which
can allow the growth of molds and mycotoxin production. If the
grains dried to safe moisture content (14-16%), the fungal growth is
delayed or inhibited and the toxin production will be inhibited too.
Therefore temperature and humidity during wheat storage must be
controlled during storage to maintain the grain healthy and prevent
food poisoning. Therefore, different strategies have been developed
to prevent fungal growth on food, one of which is supplementation
with ozone gas [5]. Thus, the objective of the present work was to
investigate the effectiveness of ozone as preservatives to control
the fungal pollution in the imported wheat grains and to determine
the effective dose which can be used as fungicide for wheat grains

during storage.
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Materials and Methods

Materials

Five imported wheat grains (Triticum aestivum) different
cultivars imported from Argentine, Germany, Ukrainian, Australia
and U.S.A were obtained from five locations (Alexandria, Domiata,
El-Suwas, El-Sokhna and Cairo) governorate and Egyptian wheat
grains (Gemmiza 7) were obtained from El-Gharbia governorate.
They were taken from six different Companies since 2009.

Media and Reagents

The following solutions and media were used for mold
enumeration and identification: Peptone water, Rose Bengal
chloramphenical agar (Biolife, Italy).

Aflatoxins

(B1, B2, G1 and G2) were obtained from Sigma chemical
company (St. Louis, MO USA). Precoated TLC plates (0.2mm thick,
20x20 cm) coated with Silica gel/60, were obtained from Merck
(Darmstadt, Germany).

Methods

Sampling and grain quality testing were carried out according
to USDA [6]. Measurement of the temperature, moisture, air
conduction and humidity in silos under investigation were carried
out according to USDA [7]. Estimation of infested wheat was
investigated according to USDA [8].

Experiment

a. Experiment 1: Physical and Chemical quality, grading,
Determination of minerals and microbiology contamination of
imported wheat before storing. Study quality of wheat grains
by physical analyses such as grading, color and hardness and
heavy metals contamination percentage and to determination
of fulling number (FN), microbial load and Aflatoxin before

storage

b. Experiment 2: Isolated fungal species, Mold count
development, quality of imported wheat and aflatoxins
production at the beginning of storage. Study microbial load
contamination and it's count on wheat grains during storage
for 90 days periodically weekly for 3 months at 250C room
temperature to determined moisture content, protein content
percentage, fat percentage, enzyme activity and aflatoxin after
21 days of the storage and also grading after 90 days of the
storage.

C. Experiment 3: Determination of minerals, chemical
quality of flour, isolated fungal species from imported wheat
after storing 90 days and milling in some mills. Study the
evaluation of the degree of contamination of the produced
flour in some mills for import wheat grains in Egypt in order

to estimate the effect of processing steps on the quality of
final produced flour after 90 days of the storage at 25c¢® room
temperature by determination of microbial, heavy metals and
aflatoxin contamination in flour.

Analytical Methods: Total mold count & Fungal identification
were carried out using Rose Bengal chloramphenical agar and
incubated for 5-7 days at 250C. Fungal identification was performed
for isolated fungi in Food Safety Lab, Regional Center for Food &
Feed, Agriculture Research Center and identified according to [9]
Estimation of Aflatoxins content was determined using the method
of A.0.A.C [10,11]. Moisture, current protein, lipids, current fiber
and ash were determined the stander procedure described in AOAC
method [12], the Nitrogen Free Extract (N.FE) was calculated by
difference. Minerals content (Mg, Zn, Mo, Cr, Cu, Mn, Se, Hg, Pb, As,
Cd, Li, Ni, Ba) were determined after aching of different samples
according to A.0.A.C [10]. Maggerments were carrying out using
Atomic absorption spectrophotometer model 3300 Perken for

element. The data were calculated as mg metal / 100gm dry sample
Results and Discussion

Quality of Six Different Wheat Kernels Before Storage

Mean value of physical properties of six different wheat kernel
cultivars are presented in (Table 1). Moisture content among all
samples which was ranged from 8.6 to 9.8%. the highest moisture
content noticed for Australian stander white wheat while the lowest
moisture content noticed for Egyptian soft white wheat (Gamaza?7).
It can be concluded that the test weight for all samples which ranged
from 58.03 to 63.6 pound per bushel. The same trend was observed
in test weight where Argentine soft red winter wheat the highest
and followed by Australian stander white wheat, Germany hard red
wheat, Egyptian soft white wheat, American soft red winter wheat
and Ukrainian hard red wheat. More ever the foreign material
among all samples ranged from 0.05 to 0.19%, either Argentine soft
red winter wheat has highest percentage of shrunken and broken
kernels followed by Australian stander white wheat. For damage
kernels which contest of heat damage and total damage, especially
Argentine soft red winter wheat and Ukrainian hard red wheat
which have highest total damage kernels percentage (2.0%) while
Egyptian soft white wheat (Gamaza7) have lowest percentage of
total damage kernels (0.93%). It can be noticed that the American
soft red winter wheat, Australian stander white wheat and
Egyptian soft white wheat haven’t heat damage. More ever from
the same table noticed that all sample are free from insect and ok
odor. The Egyptian stander no. 1601/1986 and its modification on
23/4/2002 has obligation that the dockage % (first separated from
sample) not exceed 1%, foreign material % not exceed 1%, total
damage kernels % (heat damage, sprout damage, insect damage
and mould damage kernels) not exceed than 4%. However, that
difference between wheat samples, all wheat samples had grade
one according to U.S department of agriculture, (2006 D).
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Table 1: Grading of six different wheat kernel cultivars.

Wheat Arw GeW UkW AmW AuW ESW
M.C% 9.0+0.5 8.70+0.1 9.40+0.1 9.60£0.1 9.80£0.07 8.60+0.1
TWp/b 63.14+0.01 61.95+0.01 58.03+0.01 60.30+0.1 62.6+0.07 61.55+0.01
FM% 0.05+0.01 0.16+0.01 0.19+0.01 0.13+0.01 0.08+0.01 0.10+0.01
Sh.& B.N% 1.76+0.01 0.72+0.01 0.36+0.01 0.52+0.01 0.75+0.07 0.48+0.01
D.K% H.D 0.10+0.1 0.20+0.2 0.10£0.7 Zero Zero Zero
T.D 2.0£1.0 1.50+0.1 2.0£1.0 1.60+0.1 1.30+0.1 0.93+0.01
Odor Ok Ok Ok Ok Ok Ok
Insect Free Free Free Free Free Free
Grade 1 1 1 1 1 1

Note: T.W = Test weight, p/b= Pound per Bushel (American unit), M.c = Moisture Content, F.M = Foreign Material, Sh. & B.N =
Shrunken &Broken kernels, D.K = Damage Kernels, H.D = Heat Damage, T.D = Total Damage, ArW =Argentine Soft Red winter
Wheat, GeW =Germany Soft Red Wheat, UkW =Ukrainian Hard Red Wheat, AmW =American Soft Red Winter Wheat, AuW
=Australian Stander White Wheat, ESW=Egyptian soft White Wheat (gamaza 7).

Results in Table 2 showed that 1000 kernels wheat ranged from
33.5 to 45.2 gm. Argentine soft red winter wheat have highest value
(45.2gm) while Ukrainian hard red wheat has lowest value(33.5gm).
for addition the kernel colour in all samples are red wheat whereas
Australian stander white wheat and Egyptian soft white wheat are
white wheat. Additionally, it showed that wet, dry gluten, hydration
ratio and gluten index ranged from (18.3 to 25.3%), (8.1 to 12.7%),
(1.57 to 2.12%) and (57.5 to 84.5%) receptivity. From same table
thesis results showed that the highest wet and dry gluten was
observed in Australian stander white wheat (33.1% and 12.7%)

whereas lowest value was observed in Egyptian soft white wheat

Table 2: Physical properties of six different wheat kernels.

(Gamaza?7) samples. On the other hand, American soft red winter
wheat have highest gluten index moreover the other samples
are different between that Australian stander white wheat and
American soft red winter for the gluten properties. Falling which
indicted enzyme activity of Alfa amylase. In case of falling number,
Australian stander white wheat highest falling number (445 sec.)
and lowest enzyme activity. From Table 2 it can be concluded that
Australian stander white wheat have the good quality for physical
properties in all different wheat samples followed by Argentine soft
red winter wheat, American soft red winter wheat, Ukrainian hard

red wheat and Germany hard red wheat.

Wheat Arw GeW UkW AmW AuW ESW
Weigh per 1000 kernels gm 45.20+0.1 39.50+0.1 33.50£0.1 33.60£0.1 42.50+0.1 34.80+0.1

Hardness% 60+1.0 57+1.0 61£1.0 65+1.0 57+1.0 63+1.0

Colour red red Red red white White
Wet gluten % 25.30+0.1 27.80+0.1 26.70+0.1 23.70+0.1 33.10+0.1 18.30+0.1
Dry gluten % 8.10+0.1 10.80+0.1 10.17+0.1 10.10+0.1 12.70+0.1 4.42+0.1
Hydration ratio 212+0.1 157+0.1 162+0.1 134+0.1 160+0.1 314+0.1
Gluten index % 84.10+0.1 59.70+0.1 57.50+0.1 95.50+0.1 64.60+0.1 70.50+0.1
Falling Number sec 427+1.0 376£1.0 442+1.0 400+1.0 445+1.0 198+£1.0

Note: ArW =Argentine Soft Red winter Wheat, GeW =Germany Soft Red Wheat, UkW =Ukrainian Hard Red Wheat, AmW =American
Soft Red Winter Wheat, AuW =Australian Stander White Wheat, ESW=Egyptian soft White Wheat (gamaza 7).

Macro, Micro and Heavy Metals for Six Different Wheat
Kernels

Data in Table 3 showed that macro, micro and heavy metals,
it can be noticed that macro element ranged from (Mg) 281.3 to
470.8mg for all samples, where American soft red winter wheat had
the highest Mg followed by Ukrainian hard red wheat, Egyptian soft
white wheat Argentine soft red winter wheat, Australian stander
white wheat, and Germany hard red wheat which have the lowest
Mg. Additionally for micro element it can be noticed no have trend
for micro element which range between highest and lowest for all
micro element. More ever it can be observed some micro element

have the highest range for Zn, Mo, Cu and Mn than those stander
minerals. The same trend are noticed in heavy metals for all samples
of wheat kernels with the highest Pb, Li and Cd than stander in all
samples whereas Germany hard red wheat while Australian stander
white wheat and Egyptian soft white wheat have lowest than the
stander in heavy metals for Pb in Germany hard red wheat and Cd
in Australian stander white wheat and Egyptian soft white wheat
(0.38), (0.01) and (0.02) receptivity. Anther heavy metals have
lowest results than the stander rang excepted American soft red
winter wheat and Egyptian soft white wheat which had Ni higher
than stander.
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Table 3: Macro, Micro and Heavy metals for six different wheat kernels (wet basis).

Wheat Arw GeW UkW AmW AuW ESW
Macro element mg Mg 307.7 281.3 443.2 470.8 286.8 403.1
Zn 24.54 13.43 23.86 27.44 15.64 1891
Mo 0.4 0.49 0.89 0.71 0.37 0.31
Co 0.07 0.07 0.02 0.11 0.11 0.19
Micro element Ppm Cr 1.49 0.41 0.56 0.63 0.58 0.74
Cu 4.57 2.53 439 4.45 2.26 3.79
Mn 40.81 21.16 35 50.53 27.58 31.29
Se 0.01 0.01 0.09 0.06 0.02 0.03
Total 71.89 38.09 64.81 83.93 46.56 50.54
Hg 0.019 0.004 0.003 0.004 0.004 0.015
Pb 0.58 0.38 0.93 0.71 0.88 0.82
As 0.78 1 1.24 1.57 1.08 0.98
Heavy metals Ppm Cd 0.07 0.07 0.06 0.11 0.01 0.02
Li 0.74 0.97 2.21 2.35 1.74 0.63
Ni 0.49 0.33 0.45 0.9 0.53 0.55
Ba 8.37 3.47 458 9.25 3.86 3.6
Total 11.049 6.224 9.473 14.894 8.104 6.615
Total Micro element and heavy metals Ppm 82.939 44314 74.283 98.824 54.664 61.875

Note: ArW =Argentine Soft Red winter Wheat, GeW =Germany Soft Red Wheat, UkW Ukrainian Hard Red Wheat, AmW =American
Soft Red Winter Wheat, AuW =Australian Stander White Wheat, ESW=Egyptian soft White Wheat (gamaza 7).

From (Table 3) it can be that total micro element and heavy
material followed by American soft red winter wheat , Argentine
soft red winter wheat ,Ukrainian hard red wheat Egyptian soft
white wheat ,Australian stander white wheat and Germany hard
red wheat (98.824), (82.939), (74.283), (61.875), (54.664) and
(44.314) receptivity. This Standard is applied to the grain of soft
and durum wheat to be used for food and non-food purposes, and
for export. Wheat division into types which represented indices,
characteristics, and quality norms of wheat according to classes;
obligatory requirements for wheat grain, which guarantee human,
animal, and environmental safety and health (condition, odour,
and colour of grain, infectiousness), (toxic elements, mycotoxins,
and pesticides), (safety and industrial sanitation requirements)

and (natural environment protection) approved by the Ministry

Table 4: Aflatoxin content for six different wheat kernels.

of Health of Ukraine, [13]. No. 137. These results agree with result
obtained by Nagarajan, [14].

Aflatoxin Content for Six Different Wheat Kernels

Results in Table 4 show that aflatoxin content in six different
wheatkernels. It can be noticed thatall samples had lowest aflatoxin
content before storing under detection limit (0.5ppb) for aflatoxin,
ochratoxin, zearalenone, fumonisin. More ever it can be concluded
that all sample (Australian stander white wheat, Germany hard red
wheat, Egyptian soft white wheat, American soft red winter wheat,
Argentine soft red winter wheat and Ukrainian hard red wheat)
under detection limit (0.5ppb) of the stander Egyptian maximum
(B1=10ppb and total aflatoxin =20 ppb). Aflatoxin content was
valet within the safe limit 50ml/kg recommended by FAO.

Wheat Arw GeW UkwW AmW AuW ESW
Ochratoxin ppb * * * * * *
Zearalenone ppb * * * * * *
Fumonisin ppb * * * * * *
B1 * * * * * *
B2 * * * * * *
Aflatoxin ppb G1 * * * * * *
G2 * * * * * «
Total * * * * * %

Note: *= Under detection limit (0.50ppb), ArW =Argentine Soft Red winter Wheat, GeW =Germany Soft Red Wheat, UkW Ukrainian
Hard Red Wheat, AmW =American Soft Red Winter Wheat, AuW =Australian Stander White Wheat, ESW=Egyptian soft White

Wheat (gamaza 7).
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Isolated Fungal Species for Six Different Wheat Kernels

Result of isolated fungal species for imported kernels
(Australian stander white wheat, Germany hard red wheat,
American soft red winter wheat, Argentine soft red winter wheat
and Ukrainian hard red wheat) and Egyptian soft white wheat
before storing are present in Table 5. Data show that total mould
count ranged between 1.9 to 2.48 log cfu/g. Ukrainian hard red
wheat had highest total mould count and Australian stander white
wheat had lowest total mould count total mould count. Egyptian
soft white wheat had total mould count between Australian stander

white wheat and Ukrainian hard red wheat. From the same table,

Table 5: Isolated fungal species for six different wheat kernels.

it can be noticed that isolated fungal species are different between
all samples which some of isolated fungal species found in some
samples and no found in other. Riba et al. [15] which reported that
the dominant genus was Aspergillus, predominantly A. flavus, A.
niger and A. versicolor. The other isolated species were A. ochraceus,
A. alliaceus, A. carbonarius, A. terreus, A. fumigatus, A. candidus
and Aspergillus spp. The occurrence and the levels of the genus
Penicillium, Fusarium, Alternaria and Mucor were substantially
lower than those of Aspergillus. The storage in silos shows high
levels of Aspergillus (66 to 84%), especially A. flavus, but A. niger

and other fungi were isolated at relatively low percentages.

Isolated Species Wheat
Arw GeW UKW AmW AuW ESW
Mucor hiemalis + + + + +
Rhizopus oryzae + + - + -
Asp. candidus + - - - -
Asp. flavus + + + + +
Asp. ochraceus + - - R +
Asp. terrus + - - - R
Asp. ustus + - - - -
Fus. proliferatum + + + + -
Asp. niger - - - R +
Pen. citrinum - + + + ¥
Acremonium butyri - + - + -
Alternaria allesnara - + - - -
Asp. parasiticus - - - - R
Cladosporium . i i ) )
macrocarpum
Emericella nidulans - - - - -
Fus. oxysporum - - + - R
Pen. variale - - + - -
Total Mold count
log cfu/g 2.2 2 2.48 2.36 1.9 2.2

Note: ArW =Argentine Soft Red winter Wheat, GeW =Germany Soft Red Wheat, UkW Ukrainian Hard Red Wheat, AmW =American
Soft Red Winter Wheat, AuW =Australian Stander White Wheat, ESW=Egyptian soft White Wheat (gamaza 7).

Effect of Storage on Six Different Wheat Kernels After 90
days

Aflatoxins Content: Table 6 shows toxin production of aflatoxin
determination (B1,B2,G1,G2 and total )after 90 days of storage at
250C were determined for five important wheat kernels (Australian
stander white wheat, Germany hard red wheat, American soft red
winter wheat, Argentine soft red winter wheat and Ukrainian hard
red wheat) and Egyptian soft white wheat. All samples were under
detection limit (0.5ppb) Egyptian soft white wheat, at zero time
then increasing slowly all samples during the first 21 days, then
it determined after 90 days and result show more increased in all
samples which ranged between 2.5 and 12.6ppb for total aflatoxin

and B1 ranged between 0.8 and 5.1ppb. the Ukrainian hard red
wheat had highest value 12.6ppb for (total) and 5.1ppb for (B1)
,while the Argentine soft red winter wheat had the lowest value
2.5ppb for (total) and 0.8ppb for (B1). these results agreement
with those Hussein et al. (2001) who reported that some molds
are capable of producing more than one mycotoxin and some
mycotoxins are produced by more than one fungal species. These
results are agree with Antonia et al. [16,17] who reported that
the wheat which is susceptible to these fungi infections through
its growth, harvest, transport, and storage, is the most important
staple food in Turkey. Therefore, this study has been undertaken to
determine the AFB1, AFB2, AFG1, AFG2 levels by HPLC in forty-one
wheat samples grown and consumed in some regions of Turkey.
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Table 6: Aflatoxins content for six different wheat kernels after 90 days of storage at 25°C.

Aflatox b Storage period (days)
atoxin pp
Wheat 0 7 14 21 30 36 42 49 60 66 72 84 90
B1 * - 0.5 - - - - - - - 0.8
B2 * - 0.5 - - - - - - - 0.7
Arw G1 * - - * - - - - - - 0.5
G2 * - - * - - - - - - 0.5
Total * - 1.7 - - - - - - 2.5
B1 * - 1.3 - - - - - - 4.2
B2 * - - 1 - - - - - - 3.1
GeW
G1 * - - 1 - - - - - - 21
G2 * - - 1 - - - - - - 1.4
Total * - 4.3 - - - - - - 10.8
B1 * - 1.6 - - - - - - 5.1
B2 * - 1.1 - - - - - - 4
UKW G1 * - - 1 - - - - - - 2
G2 * - - 1 - - - - - - 1.5
Total * - 4.7 - - - - - - 12.6
B1 * - - 1 - - - - - - 2.5
B2 * - 0.7 - - - - - - 2.1
AmW G1 * - 0.6 - - - - - - 1.5
G2 * - 0.7 - - - - - - 1.3
Total * - - 3 - - - - - - 7.4
B1 * - 0.6 - - - - - - 1.1
B2 * - - * - - - - - - 0.6
AuwW G1 * - 0.5 - - - - - - - 1
G2 * - - * - - - - - - 1.1
Total * - 1.6 - - - - - - 3.8
B1 * - 1.8 - - - - - - 3.1
B2 * - 0.6 - - - - - - 2.5
ESW G1 * - 0.9 - - - - - - 2.4
G2 * - 0.7 - - - - - - - 1.1
Total * - - 4 - - - - - - - 9.1

Note: (*) = Under detection limit (0.5ppb), ( -) = Not determined, ArW =Argentine Soft Red winter Wheat, GeW =Germany Soft
Red Wheat, UKW Ukrainian Hard Red Wheat, AmW =American Soft Red Winter Wheat, AuW =Australian Stander White Wheat,

ESW=Egyptian soft White Wheat (gamaza 7).

Mould Count Quality: (Table 7) illustrates the effect of storage
on the mould development for six different wheat kernels during
storage for 90 days at 250C. In the beginning of the storage period
Data showed that the total mould count ranged between 2.48
to 1.9 log cfu/g and the highest total mould count was Ukrainian
hard red wheat and the lowest Australian stander white wheat.
after 21 days of storage at 250C total mould count decreased and
ranged between 2.3 to 1.4 log cfu/g for (Egyptian soft white wheat
and Argentine soft red winter wheat) and (Australian stander
white wheat) respectively. Generally there were increasing in

total mould count by long time of the storage period for among of
different wheat kernels so after 90 days it ranged between 4.0 to
3.0 log cfu/g for (Argentine soft red winter wheat and Australian
stander white wheat) to (Ukrainian hard red wheat and Germany
hard red wheat). These results is agree with Reed et al. [18] who
reported that the mold growth caused heating and aggregation was
observed at higher temperatures when pellets remained moist, but
the species of molds predominating were not those associated with
the production of aflatoxin [19].

Copyright@ El-Sisy Tt | Biomed ] Sci & Tech Res | BJSTR. MS.ID.003461.

15089


http://dx.doi.org/10.26717/BJSTR.2019.20.003461

Volume 20- Issue 3

DOI: 10.26717/BJSTR.2019.20.003461

Table 7: Mould count quality for six different wheat kernels after 90 days of storage at 25°C.

Storage period (days)
Wheat
0 7 14 21 30 36 42 49 60 66 72 84 90
Arw 2.2 23 2.4 2.3 23 2.4 2.5 3 3 3 35 3.6 4
Mold
GeW count 2 2 21 1.8 1.8 1.8 21 23 2.8 2.7 3 3
UkW }og 2.48 2.85 1.48 1.48 1.7 1.7 2 2.5 2.6 3 3 3.1 3
cfu
AmW /8 2.36 1.7 1.7 1.7 2 2.1 2.3 2.3 2.5 3 3 3.5 3.5
AuW 1.9 2.73 2 1.4 1 2.8 3 3 3 3.1 3.8 4 4
ESW 2.2 23 2.4 2.3 23 2.4 2.5 29 3 3 3 35 35

Note: ArW =Argentine Soft Red winter Wheat, GeW =Germany Soft Red Wheat, UkW Ukrainian Hard Red Wheat, AmW =American
Soft Red Winter Wheat, AuW =Australian Stander White Wheat, ESW=Egyptian soft White Wheat (gamaza 7).

Physical Properties: Comparison physical properties of six
different wheat kernels before and after 90 days storage at 250C
(Table 1) and (Table 8) result showed that all physical properties
were increases test weight, foreign material, shrunken and broken
kernels and damage kernels in all samples of wheat kernels after
90 days storage except the moisture content had redacted in all

samples too [20]. the increase in all physical properties may be

due to the redaction in the moisture content ,it can be concluded
that the increases in physical properties (foreign material and
total damage) for Argentine Soft Red winter Wheat and Australian
Stander White Wheat while Germany Soft Red Wheat increases in
(Shrunken & Broken kernels and total damage) which cause that
redaction the grade of wheat kernels from grade (1) to grade (3).
Moreover, the other wheat samples are sample grade [21].

Table 8: Physical properties of six different wheat kernels after 90 days storage at 25°C.

Wheat Arw GeW UKW AmW AuwW ESW
M.c % 8.10£0.1 7.50+0.1 8.40+0.1 8.60+0.1 8.80+0.1 7.70+0.1
TWp/b 63.50£0.1 62.30+0.1 58.20+0.1 60.70+0.1 63.10+0.1 62+1.0
FM% 1.0+0.1 0.70+0.1 1.30+0.1 1.0£0.5 1.25+0.01 0.50+0.1
Sh.& B.N% 5.0£1.0 8.0£1.0 11.70£0.1 6.50+0.1 4.70£0.1 4.40+0.1
) H.D 0.20+0.1 0.50+0.1 1.0+0.5 0.40+0.1 0.20+0.1 0.10+0.1
DK% T.D 6.0+1.0 5.30£0.1 20.0+1.0 8.0£1.0 4.60+0.1 3.70+0.1
Odor ok ok musty musty ok musty
Insect Free Free Infested Infested Free Infested
Grade 3 3 Sample grade Sample grade 3 Sample grade

Note: T.W = Test weight, p/b= Pound per Bushel (American unit), M.c = Moisture Content, F.M = Foreign Material, Sh. & B.N =
Shrunken &Broken kernels, D.K = Damage Kernels, H.D = Heat Damage, T.D = Total Damage, ArW =Argentine Soft Red winter
Wheat, GeW =Germany Soft Red Wheat, UkW Ukrainian Hard Red Wheat, AmW =American Soft Red Winter Wheat, AuW
=Australian Stander White Wheat, ESW=Egyptian soft White Wheat (gamaza 7).

Chemical Composition

(Figure 1) illustrates the effect of storage on the mould
development for six different wheat kernels during storage for 90
days at 250C. In the beginning of the storage period Data showed
that the total mould count ranged between 2.48 to 1.9 log cfu/g and
the highest total mould count was Ukrainian hard red wheat and the
lowest Australian stander white wheat [22]. after 21 days of storage
at 250C total mould count decreased and ranged between 2.3 to
1.4 log cfu/g for (Egyptian soft white wheat and Argentine soft red
winter wheat) and (Australian stander white wheat) respectively.
Generally there were increasing in total mould count by long time of
the storage period for among of different wheat kernels so after 90
days it ranged between 4.0 to 3.0 log cfu/g for (Argentine soft red
winter wheat and Australian stander white wheat) to (Ukrainian
hard red wheat and Germany hard red wheat) [23].

Mold count
5 -
o 4 —e—Argentine
S 3 —=— Egyptian
o2
i Deutsche
o1 _
b+ Ukrawan
0 14 30 42 60 72 90 —x—American
Days —a— Australian

Figure 1: The mold development during storage for 90
days at 25°c.
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Effect of Milling Processes for Six Different Wheat
Kernels (wet basis) After Storing 90 Days:

Macro, Micro and Heavy Metals : (Table 9) showed that
milling six different wheat kernels (wet basis) after storing 90 days
to produce wheat flour of 72% extraction were reduced in metal
pollution than the wheat metal, so the other parts produced from

milling coarse bran, fine bran and semolina have highest percentage

of metal pollution [24]. Data showed that metal pollution in all
samples have arrange less than metal stander except Cu, Mn and Pb
which had highest range than the range of stander metal pollution
in all samples with some highest in some wheat kernels metal
stander [25]. The decreases of metal pollution due to the milling
process cause to fibers from wheat kernels which is the most metal
pollution found in the layer bran and aleurone of inner wheat
kernels (Figures 2 & 3) [26].

Table 9: Macro, Micro and Heavy metals for six different wheat kernels (wet basis) after storing 90 days and milling in some mills in

Egypt during year 2009.
Wheat Arw GeW UkwW AmW AuW ESW
Macro element mg Mg 185.7 199.4 178.6 299.4 311.3 138.9
Zn 11.83 9.6 9.61 11.32 15.66 7.18
Mo 0.17 0.12 0.28 0.57 0.35 0.16
Co 0.023 0.081 0.023 0.001 0.02 0.034
Cr 0.92 0.57 0.33 0.47 0.24 0.22
Micro element Ppm Cu 3.25 1.85 1.27 4.6 2.2 2.14
Mn 22.4 17.59 11.35 18.95 27.37 15.51
Se 0.002 0.012 0.003 0.003 0.001 0.001
Total 38.595 29.823 21.593 35.914 45.841 25.245
Hg 0.024 0.018 0.018 0.008 0.006 0.006
Pb 0.69 0.92 0.92 1.05 0.83 0.98
As 0.23 0.57 0.57 0.64 0.7 0.4
cd 0.011 0.002 0.023 0.011 0.048 0.002
Heavy metals Ppm
Li 0.29 0.3 0.52 1.15 1.21 0.94
Ni 0.25 0.26 0.13 0.21 0.44 0.24
Ba 4.87 2.22 2.09 2.42 5.22 1.89
Total 6.365 4.29 4.271 5.489 8.454 4.512
Total Micro element and heavy metals Ppm 44.96 34.113 25.864 41.403 54.295 29.757

Note: ArW =Argentine Soft Red winter Wheat, GeW =Germany Soft Red Wheat, UkW Ukrainian Hard Red Wheat, AmW =American
Soft Red Winter Wheat, AuW =Australian Stander White Wheat, ESW=Egyptian soft White Wheat (gamaza 7).

Falling Number
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Figure 2: The Enzyme activity of different wheat during storage for 90 days at 25°c.
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Moisture content
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Figure 3: The Moisture content during storage for 90 days
at 25°c.

Isolated Fungal Species: Isolated fungal species from wheat
flour mill (Australian stander white wheat, Germany hard red
wheat, Egyptian soft white wheat, American soft red winter wheat,
Argentine soft red winter wheat and Ukrainian hard red wheat)
after storage 90 days presented that all among of samples are same
isolated fungal species in (Table 5) but there are a new isolated
fungal Asp. Niger at Argentine soft red winter wheat, Acremonium
butyric at American soft red winter wheat and Ukrainian hard red
wheat, Rhizopus oryzae at Egyptian soft white wheat, Emericella
nidulans Australian stander white wheat. Data showed that all
among of samples total count were between 3.2 to 5.0 log cfu/g
for the Argentine soft red winter wheat flour had the highest value
5.0 log cfu/g while the Germany hard red wheat flour had lowest
3.2 log fu/g. so the results concluded that cylinders of milling are
sources of increases fungal species pollution and total mould count
because there are new isolated fungal species in some sample not
found before and total mould count was increasing after milling
than the total mould count had in (Table 10) [27]. These results are
agreement with Weidenborner et al. (2000) who reported that from
milling showed no differences in the fungal contamination between
the unclean wheat intended for milling and the clean wheat grain
[28]. This may be explained by the contamination of the warehouse
area by fungal spores and by the contact with contaminated
equipment and machinery of the clean wheat (Figure 4).

Protein content
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Figure 4: The Protein content during storage for 90 days
at 25°c.

Table 10: Isolated fungal species for six different wheat kernels
after storing 90 days and milling in some mills in Egypt during
year 2009.

Isolated Species Wheat
ArW | GeW | UKW | AmW | AuW | ESW
Mucor hiemalis + + + + + +
Rhizopus oryzae + + + - + +
Asp. candidus + - + - - ¥
Asp. Flavus + + + + + +
Asp. ochraceus + - + - - +
Asp. Terrus + - - - -
Asp. Ustus + - - - - R
Fus. proliferatum + + - + + -
Asp. Niger + - - - - +
Pen. Citrinum - + + + + +
Acremonium butyri - + + + + _
Alternaria allesnara - + - - - -
Asp. parasiticus - - + - - -
Cladosporium ) ) . i i )
macrocarpum
Emericella nidulans - + + - . -
Fus. oxysporum - - - + - -
Pen. Variable - - - + + -
Total Mold count
5 3.2 3.5 3.8 4.6 4.1
log cfu/g

Note: ArW =Argentine Soft Red winter Wheat, GeW =Germany
Soft Red Wheat, UKW Ukrainian Hard Red Wheat, AmW
=American Soft Red Winter Wheat, AuW =Australian Stander

White Wheat, ESW=Egyptian soft White Wheat (gamaza 7).

Aflatoxin Content: Data showed Table 11 that toxin production
of aflatoxin determination (B1, B2, G1, G2 and total) after milling
were increased that the results which determined after 90 days
storage in Table (6) in all among of samples [29]. So, cylinders of
milling are sources of increasing aflatoxin determination (B1, B2,
G1, G2 and total) in all among of samples (Figure 5).

Table 11: Aflatoxin content of different wheat flour obtained

from six different wheat kernels after milling in Egypt during
year 2009.

Wheat Flour
Aflatoxin ppb | ArW | GeW | UKW | AmW AuWw ESW
B1 1.6 41 49 3 1.7 5.4
B2 1.3 2.9 3.1 2 1.5 2
G1 1 3.1 3 2 1 2.6
G2 1.1 2.9 3 2 1 2
Total 5 13 14 9 5 12

Note: ArW =Argentine Soft Red winter Wheat, GeW =Germany
Soft Red Wheat, UKW Ukrainian Hard Red Wheat, AmW
=American Soft Red Winter Wheat, AuW =Australian Stander

White Wheat, ESW=Egyptian soft White Wheat (gamaza 7).
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Figure 5: The Fat % during storage for 90 days at 25°c.
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