


RESULTS AND DISCUSSION

IV- RESULTS AND DISCUSSION

4.1. Isolation and Identification of fungi (Mold):
4.1.1. From soybean seeds (variety Crawford):

Table (1) shows the total counts and percentage of incidence of
(mold) fungi isolated from soybean (Glycine max L., variety Crawford)

seeds on different media.

4.1.1.1. Firstly from finely ground soybean seeds:

Results in table (1) indicate that 74 fungal isolates were obtained
from seeds of soybean (finely ground) on three different media , of
which 23 isolate on Dox medium , 22 isolate on sabouraud medium and

29 isolate on potato-dextrose agar (PDA) medium.

Aspergillus niger was the most dominant fungus in the Dox
medium, it was represented by (39.13%) of the isolated fungi, then
followed by Penicillium corlophifum (34.78) and Aspergillus flavuys
(26.08) in a decreasing order. While in the sabouraud medium, the
dominant fungus is Aspergillus niger, it was represented by (63.63%) of
the isolated fungi, then followed by penicillium corylophilum (27.27%)

and Aspergillus flavus (9.09%) in a decreasing order.

In PDA medium, the dominant fungus is Aspergillus niger, it was
represented by (51.72%) of the isolated fungi, followed by Penicillium
corylophilum (37.93%) and Aspergillus flavus (10.34%) in a decreasine

order.
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RESULTS AND DISCUSSION

4.1.1.2. Secondly From whole soybean seeds:

The results showed that 46 fungal isolates were obtained from
seed of soybean (whole seed) on three different media, of which 17
isolate on Dox. medium, 9 isolate on sabouraud and 20 isolate on PDA
medium. |

Aspergillus niger was the dominant fungus in the Dox.*.medium, it
was tepresented by (82.35%) of the isolated fungi, following by
Aspergillus flavus (11.76%) and Penicillium corylophilum (5.88%) in a

decreasing order.

While in sabouraud medium, the Aspergillus niger was the
dominant fungus, it was represented by (66.66%) of the isolated fungi,
then followed by Aspergillus flavus (22.22%) and Mucor racemosus

(11.11%) in a decreasing order.

In PDA medium, the Aspergillus niger was the most dominant
fungus, it was represented by (75%), then followed by Aspergiltus flavus
(25%) in a decreasing order.

The obtained data, with the line of Kennedy (1964), he found that
predominant genera of fungi isolated from soybean seeds were

Aspergillus, Alternaria, Fusarium and Penicillium.
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RESULTS AND DISCUSSION

4.1.2. From sorghum (low tannin, variety Dorado) grains:
Table (2) showSthe total counts and percentage of incidence of
(mold) fungi isolated from sorghum (sorghum bicolor, low tannin,

variety Dorado) grains on different media.

4.1.2.1. Firstly from finely ground low sorghum grains:

Results in table (2) indicate that 63 fungal isolates were obtained
from grains of sorghum (finely ground) on three different media of
which 20 isolate on Dox. medium, |8 isolate on sabouraud medium and
25 isolate on PDA.,

Alternaria alternatia was the most dominant fungus in the Dox
media, it was represented by (50%) of the isolated fungi then followed
by Aspergillus niger (25%), then followed by Aspergillus flavus &
Penicillium corylophilum (10%) and Fusarium solani (5%) in a
decreasing order,

While in the sabouraud medium, the dominant fungus is
Alternaria alternatia, it was represented by (66.66%) of the isolated
fungi, then followed by Aspergillus niger & Fusarium solani (11.11%)
and Aspergilius flavus & Penicillum corylophilum (5.55%) in a
decreasing order. In PDA medium, the dominant fungus is Alternaria
alternatia, it was represented by (88%) of the isolated fungi, then
followed by Aspergillus niger,  Fusarium solani and Penicillium

corylophilum (4%) in a decreasing order.
4.1.2.2. Secondly from whole low sorghum grains:

The results showed that 55 fungal isolates were obtained from

grains of sorghum (whole grain) on three different media, of which 15
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1solate on Dox. medium, 20 isolate on sabouraud medium and 20 isolate
on PDA medium,

Alternaria alternatia was the dominant fungus in the Dox
medium, it was represented by (33.33%) of the isolated fungi, then
followed by Aspergillus niger (26.66%) and Aspergillus flavus,
Frusarium solani, Stemphylium hotryosum (6.66%) in a decreasin g order,

While in the sabouraud medium, the dominant fungus is
Alternaria alternatia, it was represented by (70%) of the isolated fungi,
then followed by Aspergillus  niger  (10%), then followed by
Cladosporium cladosporiods, Curvularia spicifera; Fusarium solani and
Stemphylium botryosum (5%) in a decreasing order. Whereas in PDA,
the dominant fungus is Alternaria alternatia, it was represented by
(100%) of the isolated fungi,

~-85-
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RESULTS AND DISCUSSION

4.1.3. From sorghum (high tannins, variety Framida) grains:
Table (3) shows the total counts and percentage of incidence of
(mold) fungi isolated from sorghum (sorghum bicolor, high tannins,

variety Framida) grains on different media.

4.1.3.1. Firstly from finely ground high sorghum grains:

Results in table (3)indicate that 16 fungal isolates were obtained
from grains of sorghum (finely ground) on three different media of
which 3 isolate on Dox. medium, 6 isolate on sabouraud and 7 isolate on
PDA. Penicillium corylophilum was the most dominant fungus in the
Dox medium, it was represented by (66.66%), of the isolated fungi, then

followed by Alternaria alternatia (33.33%) in a decreasing order.

While in Sab., medium, the dominant fungus is Pencillium
corylophilum, it was represented by (50%) of the isolated fungi, then
followed by Aspergillus niger (33.33%) and Penicillium funculosum

(16.66%) in a decreasing order.

In PDA medium, the dominant fungus is  Penicillium
corylophilum, it was represented by (57.14%), then followed by
Aspergillus niger (28.57%), and Alternaria alternatia (14.28%) in a

decreasing order.

4.1.3.2. Secondly from whole high sorghum grains:
The results showed that 27 fungal isolates were obtained frorm
grains of sorghum (whole seed) on three different media, of which 6

isolate on Dox. medium, 9 isolate on Sab., and 12 isolate on PDA.
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A.niger is the dominant fungus is Dox medium, it was represented
by (50%), then followed by Alternaria alternatia (33.33%) and A flavus

(16.66%) in a decreasing order.

While in Sab., medium, the dominant fungus is A.niger, it was
represented by (55.55%), then followed by Stemphylium botryosum
(22.22%), Aflavus and Cladosporium cladosprodies (11.11%) in a

decreasing order.

In PDA, the .dominant fungus is Alternaria alternatia, it was
represented by (41.66%) , then followed by (Aspergillus niger and
Stemphylium botryosum), its were represented by (25%), and followed
by Fusarium solani (8.33%)).

The obtained da'ta, in tables (3&4) with the line of those Amein
(1970) and D’ercole and Nipoti (1979). Amein (1970) stated that the
seed borne fungi of sorghum grains consist of Alternaria alternatia,
Aspergillus niger, Curvularia spp and Fusarium spp. while, D’ercole
and Nipoti (1979), reported that from surface sterilized sorghum grains,
Penicillium spp., Alternaria spp., Rhizopus and Trichoderma spp., were

most oftenly encountered followed by Fusarium spp.
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Fig. (5 ):Non infected germinated (healthy) soybean seed (variety
Crawford) 5 days at 25°

Fig. (6 ):An infected germinated soybean seed (variety Crawford) 5 days
at 25°c by Asperyillus flavus Note the discoloration (brownish) of the
infected seed.




Fig. (7 ): An infected germinated soybean seed (variety Crawford) 3 days
at 25°c by Aspergillus niger. Note the appearance of small radical, the
cracks of the seed coat and the slight discoloration of the seed

Fig. (8 ): An infected non germinated soybean seed (variety Crawford) 4
days at 25°c by Aspergillus niger Note the cracks of seed coat.




Fig. (9 ):An infected non germinated soybean seed (variety Crawford) 5
days at 25°c infected by Aspergillus fiavus Note the discoloration of the
infected seed and the vigorous growth of invading fungus on the seed
surface .

Fig. (10 ): An infected non germinated soybean seed (variety Crawford)
infected by Aspergilius flavus (left) and Aspergillus niger (right) 5 days at
259¢ Note the brown discoloration of the infected seed




Fig. (11 ): Non infected germinated sorghum grain(healthy) sorghum grain
(high tannin variety Framida) 2 days at 25°c.

Fig. (12 ): Non infected germinated(heaithy) sorghum grain (high tannin
variety Framida) 4 days at 25°c.Note the elongated radical and the initiation

of the hypocotyl formation




Fig. ( 13 ): Non infected germinated(healthy} sorghum grain (high tannin
variety Framida), 5 days at 25°c. Note further of the hypocotyl as compared

with fig (12).

Fig. (14 ): An infected, germinated sorghum grain (high tannin variety
Framida) by the {mold) fungus Aspergillus niger, 5 days at 25°c.Note the
difference between the radical growth shown in figs 13 and 14.




Fig. (15 ): An infected germinated sorghum grain (low tannin variety Dorado) by
two species of the(mold) fungus Aspergillusi.e niger (top right) and A. favus(left),
5 days at 25°c.Note the white “colony” mycelium associated with the fungal spores
and the discoloration of the small radical.

Fig. { 16): An infected slightly germinated sorghum grain (low tannin variety
Dorado) by Alternaria alfernata, 5 days at 25°c. Note the:pattem of fungat
colonies (rosette shape) on the grain coat and the brown discoloration of
the radical and the grain coat.




Fig. (17 ): Aspergillus niger grow on Dox medium 7 days at 25°c.Note,
mycelium white at the margins, but black centrally. Tested using the

finely ground soybean (variety Crawford) .

Fig. (18 ): Aspergillus niger grow on sabouraud medium, 7 days at 25°c.
Tested using the finely ground soybean . Note, mycelium white at the

margins, but black centrally




----------- - RESULTS AND DISCUSSION

4.2. Chemical composition of plant commodities (soybean &
sorghum).

4.2.1. Chemical composition of soybean seeds and sorghum
grains, stored under different gaseous conditions.

4.2.1.1. Soybean

Table (4) shows the chemical composition of soybean seeds
(variety Crawford) stored under atmospheric air, carbon dioxide and
nitrogen gases for 3 and 6 months at room temperature. The freshly
harvested soybean seeds characterized with 34.23% protein content,
22.12% total lipids, 6.10% crude fiber, 5.15% ash, 32.40% total
carbohydrates, 6.2% total soluble sugars, 3.50% reducing sugars and
2.70% non reducing sugars on dry basis. When soybean seeds were
stored under atmospheric air, CO, or N, for 3 and 6 months, protein
content showed a slight increase ranged from 0.41 to 3.56%. Total lipids
increased also in the range of 0.8 to 7.60%. Crude fiber showed similar
trend which increased in the range of 1.97 to 11.64%. Ash increment
ranged from 0.5 to 4.27%.

The maximum increment of protein, total lipids, crude fiber and
ash were found in the stored soybean seeds under air followed by CO,
and N, compared with control. Total soluble sugars and reducing sugars
showed similar trend as the abovementioned chemicél composition. An
opposite trend was found due to total carbohydrates and non reducing
sugars compared with control. The decrease in total carbohydrates
ranged from 1 .23% to 13.83% which is parallel with the increasing with
the other chemical composition. From the above mentioned data, it could
be concluded that storage under atmospheric air caused some

deterioration in the chemical composition of soybean seeds especially




RESULTS AND DISCUSSION

carbohydrates due to the seed respiration, followed by CO,. Meanwhiie,
storage under N; keep the quality of soybean seeds.

The obtained data were in the line with the findings of El-Habbal
et al, (1991), found that, crude protein concentration was increased in
the inoculated seeds while the oil and carbohydrates concentrations
decreased. And Glass et al, (1959), found that, storage grains In

nitrogen prevented mold growth at all moisture level.

4.2.2. Chemical composition of soybean seeds.and sorghum
grains, inoculated with Aspergillus flavus and Penicillium
corylophylium and stored under different gaseous
conditions.

4.2.2.1. Soybean (inoculated with A4, flavus).

Table (4) shows also the chemical composition of soybean seeds
inoculated with A.flovus and stored under atmospheric air, CO; and N,
gases for 3 and 6 months at room temperature compared with the freshly
harvested seeds. The protein content increased by about 9.73% and
13.5% when the seeds stored under air for 3 and 6 months, respectively.
While it was 5.05% and 5.76% respectively for the same periods of
storage under N,. Crude fiber, ash, total soluble sugars and reducing
sugars showed similar trend as that of protein and it could be explained
as follows. The increment of crude fiber was 18.03% and 25.74% under
air, 12.3% and 18.85% under CO,, 4.1% and 6.88 under N, for 3 and 6
months of storage respectively.

Ash resulted in 10.29% and 15.15% under air, 4.27 and 5.83%
under CO,, 0.97% and 3.3% under N,, respectively after the storage

periods.
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Total soluble sugars showed an increment by about 21.77% and
28.4% under air; 0.65% and 12.9% under CO,, 0.81% and 9.2% under
N, for storage periods, respectively.

Reducing sugars showed also an increment by about 37.1% and
70.86% under air, 20.3% and 68% under CO, ; 20.57 and 32.3% under
N, for the above mentioned storage periods, respectively.

An opposite trend was found concerning total carbohydrates,
lipids and non-reducing sugars, which showed a decrease in its amounts
due to inoculation with A flavus and storage conditions. The decrease in
total carbohydrates' was 8.77% and 13.83% under air, 5.96% and 7.41%
under CO,, 1.23% and 2.72% under N, respectively for storage periods.

Total lipids decreased also by 9.04% and 11.26% under air, 3.48%
and 4.61 under CO,, 1.22% and 1.65 under N, , respectively for the
storage periods .

Non reducing sugars showed a decrease by about 0.0% and 26.7%
under air, 24.8% and 36.3% under CO,, 24.8% and 20.74 under N, for
the storage periods, respecti vely.

From the above mentioned data it could be observed that the
toculation  with A.flavus  deteriorated soybean seeds and this
deterioration can be arranged in the following descending order.

Storage under air >COy> N,. The deterioration was slight because
of the fungal growth depends on temperature, relative humidity and
available nutrients of which the storage conditions were at room
temperature and the atmospheric relative humidity.

The obtained data were in the line with those of Robertson et al,
(1973), found that, there was a small decrease in total oil content of the
field damaged sample and the protein content was higher in the damaged

beans than in the undamaged ones.
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RESULTS AND DISCUSSION

4.2.2.1.1. Soybean (inoculated with Penicillium corylophylium).

Table (5) shows the chemical composition of soybean seeds
inoculated with Penicillium corylophilum and stored for 3 and 6 months
under atmospheric air, CO,, or N; compared with the freshly harvested
seeds. The obtained results revealed an increase in crude protein, crude
fiber, ash, total soluble sugars and reducing sugars and a decrease in total
lipids, total carbohydrate and non reducing sugars during storage
periods. The increment was 10.43% and 13.67% ; 7.9% and 9.38%: 2.83
and 3.16% for protein: 13.93% and 23.6%; 11.8 and 18.36% , 3.6% and
4.9% for crude fiber; 11.06% and 13.4% 3 7.77% and 10.1%, 1.17 and
9% for ash , 11.45 and 19.03%, 7.26 and 18.9% , 3.55 and 6.77% for
total soluble sugars, and 39.14 and 68.57% , 26.86 and 67.43%, 25.14
and 46.86% for reducing sugars when the soybean seeds stored under air,
CO; and N; for 3 and 6 months respectively compared with the freshly
harvested seeds. The decrease in total lipids was 10.44 and 15.24%, 814
and 9.13% , 1.31 and 1.54% when the seeds was stored under air, CO»

and N, for 3 and 6 months respectively.

The decrease in total carbohydrates was 8.27 and 10.27% , 6.33
and 8.73% , 2.96 and 3.52 % while non reducing sugars showed a
decrease by about 22.44 and 52.60% , 18.15 and 44.10% , 24.44 and
45.20% when the soybean seeds stored under the abovementioned
conditions, respectively.

From the above mentioned data, it could be observed that
inoculation with Penicillium corylophilum resulted in some deterioration
of soybean seeds and this may be due to the unsuitable conditions for
fungal growth such as temperature, relative humidity and available
nutrients. |
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RESULTS AND DISCUSSION

The obtained data with the line of James and Phillip (]989)/
found that both the moisture content of the grain sample and relative
humidity of the surrounding air affect microbial growth and grain

spoilage.

El-Gendy (1982) revealed that storage of cereals for long periods
of time caused increase of ash content by increasing the storage period
due to the decrease in carbohydrates because of its use in respiration and

consumption.
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AAAAA RESULTS AND DISCUSSION

4.2.1.2. Sorghum

4.2.1.2.1. Low tannin, variety Dordao :
Table (6) shows the effect of storage under atmospheric air,

carbon dioxide or nitrogen gases for 3 and 6 months compared with
unstored ones (control). The data revealed that the freshly harvested
grains were characterized by protein content of 1 1.45%, total lipids
2.93%, crude fiber 2.61%, ash 2.54%. total carbohydrates 80.47%. total
soluble sugars 1.03%, reducing sugars 0.3% and non reducing sugars
0.73%. When the grains stored under atmospheric air for 3 and 6 months,
the above mentioned chemical composition were 11.93%, 3.46%, 2.88%,
3.0%, 78.73%, 1.25%, 0.42% and 0.83%, respectively after 3 months of
storage while it was 13.58%, 3.85%, 2.9%, 3.53%, 76.14%, 1.73% |

0.81% and 0.92%, respectively after, 6 months of storage.

The chemical composition of sorghum grains stored under CO, for
3 and 6 months, resulted in crude protein 11.8 and 11.88%, total lipids
3.32 and 3.63%, crude fiber 2.73 and 2.78%., ash 2.58 and 2.67%, total
carbohydrates 79.57 and 79.04%, total soluble sugars 1.07 and 1.1%,
reducing sugars 0.35 and 0.4% and non reducing sugars 0.7 and 0.69%.

When the sorghum grains were stored under nitrogen gas for 3 and
6 months, crude protem amounted in 11.76 and 11.8%, total lipids 3.16
and 3.24%, crude fiber 2.62 and 2.63%, ash 255 and 2.60%, total
carbohydrates 79.91 and 79.73%, total soluble sugars 1.06 and 1.07%,
reducing sugars 0.37 and 0.42% and non reducing sugars 0.69 and
0.65%. From the above mentioned data, it could concluded that storage
under atmospher_ic air increased protein content by about 4.2% and

18.6% after 3 and ¢ months of storage while total carbohydrates
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..................... ~RESULTS AND DISCUSSION

decreased by about 22 and 5.7% for the same storage periods,
respectively. Meanwhile, storage under CO; or Nj resulted in a slight

increase or decrease in protein and total carbohydrates respectively.

It could be mentioned that respiration of the grains consumed
some of total carbohydrates. The slight increase and decrease in protein
and carbohydrates content during storage under CO, or N, reflect the
inhibition of the respiration enzymes of the grains which need oxygen.
Generally, storage under N, resulted in hgh quality grains as that of
freshly harvested followed by CO,. The obtained data are in the line with
the findings of Saker (1 995) who found that ash and protein contents of
stored sorghum grains increased with Increasing storage period (6

months). This may be partially due to the carbohydrates decrement.
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4.2.2.2. Sorghum
4.2.2.2.1. Low tannin content, variety Dorado, inoculated with
A flavus.

Table (6) shows also the chemical composition of sorghum grains
moculated with 4, flavus and stored under atmosphere air, carbon dioxide
or nitrogen gases for 3 and 6 months compared with uninoculated grains
at zero time (control). The inoculated grains showed protein content of
13.35% and 14.65% when stored under atmospheric air for 3 and 6
months, respectively. Storage under CO, or N, resulted in protein
content of 12.74%, 13.86% and 11 98 and 12.2% after 3 and 6 months,

respectively.

Total lipids reached about one half as a result of inoculation with
A.flavus under atmospheric air while it slightly decreased under either
(:Cb OTrJ}

It is found that crude fiber of inoculated grains reached its
maximum values being 8.21% and 10.33% when the grains stored under
air for 3and 6 months, respectively, meanwhile a slight increment was
found due to storage under CO, or N,. Ash showed a similar, trend as
that of fiber. On the contrary, total carbohydrates reached its minimum
value after 6 months of storage under air followed by 3 months. (68.04
and 72.33%, respectively). A great increase in total soluble sugars was
found under atmospheric air being 4.6 and 6.17% after 3 and 6 months,
respectively. On the other hand, a slight increase or decrease was found
in the chemical composition of inoculated sorgﬁum grains stored under
CO; or N, compared with the uninoculated control. From the

aforementioned data, it could be concluded that inoculation with 4.
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~RESULTS AND DISCUSSION

Havus  caused conclusive effect on the chemical composition of sorghum
grains stored under atmospheric air. Meanwhile, storage under either
CO; or N; of the inoculated grains resulted in slight effect. It is worth
mentioning that storage under atmospheric air encourage to some extent
the grains respiration which resulted in degradation the polysaccharides
o monosaccharides. The later is considered as suitable medium for
fungal growth, then the fun gal enzymes degraded the grain components
to simple ones for fungal utilization. This mechanizm did or very slight
occur regarding storage under CO; or N..

The obtained data are in agreement with those of Parster et al
(1991) found that the fat content of moistened grains (16%) after
storage of 80 and 96 days was not changed after 80 days but decreased
after 96 days. And with Baran et al, (1992), they observed a decrease in
nitrogenous substances and fat content and an increase in fiber content
due to contaminate the maize by fungi and the effect of different

concentration CO, on maize grain during storage.
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RESULTS AND DISCUSSION

4.2.2.2.1.1. Low tannin content, variety Dorado, inoculated with
Penicillium corylophilum. |

Table (7) shows the chemical composition of sorghum grains
inoculated with Penicillium corylophilum and stored under atmospheric
air, carbon dioxide or nitrogen gases for 3 and 6 months compared with

uninoculated grains at zero time.

The inoculated grains showed protein content of 13.28% and
14.60% when stored under atmospheric air for 3 and 6 months,
respectively. Storage under either CO; or N; resulted in protein content
of 12.70 and 13.82%; 11.95 and 12.16% after 3 and 6 months storage
periods, respectively. Total lipid content showed its minimum values
under atmospheric air (1.54% and 1.18%) which was about 50% and
40% of the control, meanwhile a slight effect was found due to storage

under either CO, or Ns.

Crude fiber resulted in about 2.8 and 3.6'fold as that of control,
while storage under other gases resulted in slight increase in fiber
content. Ash showed an increase by about 1.8 and 2.7 times as high as
that of control when the inoculated grains stored under atmospheric air.
Concerning the total carbohydrates, the inoculated grains with
Penicilliunm corylophilum and stored under atmospheric air showed a
greatest reduction after 6 months of storage (68.04%). The total
carbohydrates content of sorghum grains inoculated with Penicillium
corylophilum and stored under CO, or N, for 3 and 6 months ranged
from 77.02 to 79.39% which showed a slight effect due to inoculation
compared with control (80.47%). Total soluble sugars amounted in 4.66

and 7.22% for the inoculated grains and stored under atmospheric air for
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-------- RESULTS AND DISCUSSION

3 and 6 months, respectively which was about 4.52 and 7 times as high
as control, while it was 2.5 and 3.1 times as control when stored under

CO; for 3 and 6 months, respectively.

Meanwhile, storage under N, showed a slight effect on total
soluble sugars. As mentioned before, the fungal needed carbon source to
stimulate growth. Therefore, fungal enzymes play an important role in
the degradation of the grain components to produce easy compounds for
its consumption. The first easy compounds were total soluble sugars
followed by other carbohydrates.

For this reason, a decrease in total carbohydrates was found
especially under atmospheric air which encourage the fungal growth
because of the presence of oxygen which enhance enzyme activities.

The obtained data were in the line with those of Farag (1990),
reported that the activities of amylase, lipase and protease enzymes were
much higher in infected seeds than healthy ones. And Farag etal,
(1985). Found that, the fungi produced lipase besides the seeds lipase,
which hydrolyzed the triglycerides to glycerol and fatty acids, the
glycerol was consumed at first, and the fungrt utilize_d the lipids as a

source of energy besides the carbohydrates.
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RESULTS AND DISCUSSION

4.2.1.2. Sorghum
4.2.1.2.2, High tannin content, variety Framida:

Sorghum grains (variety Framida) were stored under atmospheric
air, CO; and N; for 3 and 6 months. The stored grains and freshly
harvested ones were subjected to the chemical analysis and the data
presented in table (8). The freshly harvested sorghum grains contained
protein in the amount of 13.95%, total Lipid 3.9%, crude fiber 2.7%, ash
3.3%, total carbohydrates 76.15%, total soluble sugars 1.53%, reducing
sugars 0.86%, and non reducing sugars 0.67%. The sorghum grains
stored under atmospheric air for 3 months showed the following
chemical cdmposition percentage: crude protein 14.24%, total lipids
4.22%, crude fiber 2.97%, ash 3.4, total carbohydrates 75.17, total -
soluble sugars 1.92, reducing sugars 1.26 and non reducing sugars 0.66,
meanwhile, the above mentioned chemical composition were 15.43,
4.56, 3.33, 3.50, 73.16,2.3,1.82 and 0.48, respectively when the grains
stored for 6 months. Concerning storage under either CO; or N, a slight

change were found in the chemical composition of sorghum grains.

It could be concluded that the respiration of grains consumed
some of carbohydrates under atmospheric air, which lead to decrease
carbohydrates content and increase other ‘components. Storage under
CO; or N, inhibit enzyme activities responsible for respiration and in

subsequently carbohydrates consumption.

The obtained data were in the line with the findings of Sakr

(1995) who found that ash and protein content of stored sorghum grains
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RESULTS AND DISCUSSION

increased with increasing storage period (6 months). This may be

partially due to the carbohydrate decrement.

4.2.2.2. Sorghum
4.2.2.2.2. High tannin coﬁntent, variety Framida, inoculated with
A flavus: |

The inoculated sorghum grains (variety Framida) with A. flavus
were stored under atmospheric air, CO; or N, for 3 and 6 months. The
stored grains were analyzed to its chemical composition and the data
presented in table (8) the freshly harvested grains (uninoculated) showed
protein content of 13.95%, total lipid 3.9%, crude fiber 2.7% , ash 3.3%,
total carbohydrates 76.15%, total soluble sugars 1.53%, reducing sugars
0.86% and non- reducing sugars 0.67%. The inoculated grains with
A.flavus and stored for 3 months showed protein content of 15.38%,
14.25% and 13.97% under air, CO, and N, respectively, while it showed
15.85%, 14.33% and 14.0% under the same c_onditions but for 6 months
of storage. It could noticed that the protein content increased under air by
about 10.25% and 13.62% after 3 and émonths of storage, meanwhile it
was 2.15 and 2.72%. Under CO, compared with the freshly harvested
grains. Storége under nitrogen showed a ‘slight increase in protein
content at the end of storage period. Total lipids resulted in decreasing of
its amounts due to the inoculation with A.flavus. For instance, the
inoculated grains when stored under air for 3 and 6 months showed a
decrease in the total lipids by about 10.26% and 14.36%, respectively
while under CO, its decreased by about 7.7% and 8.97%, respectively.
On the other hand, storage under N, showed a slight decrease in oil
content due to inoculation with A. flavus. Concerning carbohydrates, it

showed a slight decrease due to inoculation and storage being 3.33 and
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~RESULTS AND DISCUSSION

'3.93% under air, while under either CO, or N, the loss in carbohydrates
showed no valuable variation compared with control which in parallel
with the total soluble and reducing sugars. Crude fiber and ash showed a

similar trend as that of protein.

From the above mentioned data, it could be concluded that storage
under air for the sorghum grains inoculated with A. flavus resulted in
some deterioration of the grains and this depends upon the temperature
and relative humidity which encourage the fungal growth. On the
contrary, storage under either CO, or N, slightly affected grains
deterioration, which may be due to the inhibition of fungal growth. The
obtained data were in the line with those obtained by Glueck et al.,
(1977) stated that, in deteriorated sorghum grains, the content of
carbohydrates is reduced because they are utilized to provide energy for

the growth and development of the fungi and respiration of grain.

Whereas Glass et al, (1959) found that storage grains in nitrogen

prevented mold growth.
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RESULTS AND DISCUSSION

4.2.2.2.2.1.High tannin, variety Framida, inoculated with Penicillium
corylophilum:

Table (9) shows the chemical composition of sorghum grains
(variety Framida) inoculated with Penicillium corylophilum and stored
for 3 and 6 months under atmospheric air, CO, or N; compared with
[reshly harvested grains. The data revealed that the protein contenit
mcreased by about 7.17% and 12.9% when the inoculated grains stored
under air for 3 and 6 months, respectively, while the increment
- percentage was 7.1 and 10.4 due to storage under CO, for the same
periods, respectively, than the control. Concerning, storage under N,
protein content of the inoculated grains resulted in the same amount as
compared with control (freshly harvested grains), crude fiber and ash
showed similar trend as that of protein, crude fiber showed 1.9 and 2.02
fold as that of control when the inoculated grains stored under air for 3
and 6 months, respectively while it represented 1.52and 1.64 fold as
control when stored under CO, for the same periods. A slight increase
was found in crude fiber due to storage under N,. Ash content resulted in
remarkable increase due to storage conditions. It could be observed also
that total soluble sugars, reducing and non reducing sugars, increased in
large amounts due to inoculation and storage under air followed by CO;

while under N, it showed no valuable change compared with control.

On the contrary, total lipids and total carbohydrates decreased

depending on the storage conditions.
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From the above mentioned data, it could be concluded that the
inoculated sorghum grains showed the maximum deterioration when
stored under air followed by CO, while storage under N, resulted in
stability of the chemical composition of the grains. This may be due to
the fact that the presence of N, may be reduced or prevent the fungal
growth and therefore no enzymatic activity was found. The obtained data
were in the line with the findings of Glueck et al., (1977) and Glass et
al., (1959).
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RESULTS AND DISCUSSION

4.3. Tannin content of sorghum grains (variety Dorado and

Framida) inoculated with Aspergillus flavus or Penicillium

corylophilum and stored under different gases.

Table (10) shows the effect of inoculation with either 4. flavus or
Penicillium  corylophilum on the tannin content of sorghum grains
(variety Dorado or Framida) stored for 3 and 6 months under air, CO; or
N,. Firstly, it could be. mentioned that Dorado variety characterized with
low tannin content while other variety namely Framida characterized
with high tannin content. The sorghum grains (variety Dorado)
contained 0.06% tannins while Framida variety contained 2.92 % at
zero time .  Storage of the uninoculated grains of Dorado variety
showed slight reduction in tannin content due to storage conditions
when  the grains inoculated with Aspergillus flavus and stored under
air, a slight increase in tannin content was found while under
CO, , tannin content decreased by about 46 . 6% and 58. 3% than
that of control.  Storage under N, resulted inthe same amount of
tannin as that of control. Concerning inoculation with Penicilliuim
corylophilum., it could be observed that tannin content increased by
about 18.3 and 33.3%, due to storage under air for 3 and 6 months,

respectively, compared with control.

An opposite trend was found due to storage under CO, which
resulted in decrement by about 20% and 43.3% after the same periods
compared with control. Storage under N, showed no variation in tannin
content than the freshly harvested sorghum grains. Regarding to Framida
variety, tannins content showed a slight increase being 1.3 and 6.16%

when stored under air for 3 and 6 months, respectively. Storage under
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CO; resulted in 11.6 and 27.4% decreasing than control when stored for
3 and 6 months, respectively. Meanwhile storage under N, showed no

variation in tannin content compared with control.

Inoculation with Aspergillus flavus showed the highest tannin
content when the grains stored under air fof 3 and 6 months. The
increment was about 19.2% and 24.66% more than control, respectively.
Meanwhile, storage under CO, resulted in 26.71% and 29.45%
decreasing than control after 3 and 6 months storage periods. The tannin
content of inoculated grains and stored under N, showed almost the

same amount’ as that of control.

Inoculatidn with Penicillium corylophilum. showed the highest
Imcrease  in tannin content being 1.22 and 1.26 fold as that of control
when stored for 3 and 6 months under air. A reduction in tannin
content was found under CO, being 23.3% and 253 % than the

control after the same periods of storage , respéctively.

Storage of the inoculated grains with Penicillium corylophilum
under N, resulted in almost the same amounts of tannin as that of

control.

From the above mentioned data , it could be concluded that
storage under air increased tannin content while storage under CQO,
decreased it, while storage under N, showed no variation in its
amounts. And from the obtained data, the storage under nitrogen on the
tannin content, show there are no change between the control and that

stored under nitrogen for 3 and 6 months. As a conclusion, storage under
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RESULTS AND DISCUSSION

nitrogen is considered a very suitable inert gas which prevent
deterioration or infection. The data were in agreement with that of
Waichungo and Holt (1994) which illustrated that ideally tannin level
should remain high during plant growth and be reduced during

processing,

The increase in the tannin content of grains may be due to that the
fung: used endosperm as a feed and resulted in high fiber which contains
most of tannins. In this respect, Reichert et al., (1980) found that, 81.6%
the considered tannins was located in the pericarp and 3.3% in the

endosperm plus germ.
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RESULTS AND DISCUSSION

4.4. Fatty acids composition of soybean seeds and sorghum
grains inoculated with A.flauvs and P.corylophilum and

stored under different gaseous conditions.

4.4.1. Soybean seeds:

Table (11) shows the fatty acids composition extracted from
soybean oil either freshly harvested or inoculated with Aspergillus flavus
or Penicllium corylophilum and stored under air, CO, or N, for 3 and 6
months at room temperature. The freshly harvested soybean contained
Cian, Ci60, Cigo, Crgit, Ciga, Cigs and Cagy in the amounts of 2.71, 10.05,
3.84, 28.79, 4991, 4.61 and 2.19% , respectively. When the seeds
moculated by Aspergillus flavus and stored under air, Cisoand Ciog
decreased besides all unsaturated fatty acids such as C,g.;, C)s. and Cig.1.
On the contrary, Ciso aﬁd Cigo increased after 3 or 6 months of storage.
Similar trend was found regarding storage under CO,. Meanwhile,
storage under Njresulted in slight increase and decrease in the saturated
and unsaturated fatty acids. These results can be explained by the ratio
between Tu/Ts which amounted in 4.327 for the freshly harvested
soybean while it was 3.26 and 2.865 under air, 3.38 and 2.97 under CO,
and 3.33 under N, after storage periods of 3 and 6 months, respectively.
Concerning soybean seeds inoculated by Pencillium corylophilum, the
results showed an increase in C,qq due storage under either air or CQO.
while it slightly decreased under N,. It is also found that Cis0 increased
by about 50% than the control when stored under air or CO; while the
increment was about 10% under Nj . Cigo shdwed én increase by about
30-68% according to the storage condition. On the contrary, the
unsaturated fatty acids decreased as a result of infection treatment-

depending upon the storage condition. For instance, Cig slightly
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RESULTS AND DISCUSSION

affected by infection and storage conditions, meanwhile a remarkable
decreased was found in the amounts of Cig, and C,g3. Tw/Ts ratio
showed a values of 2.97 and 2.72 under air, 2.997 and 2.76 under CO,
and 3.9 and 3.738 under N,. From the above mentioned data, it could be
concluded that Pencillium corylophilum affected soybean oil more than
Aspergillus flavus under the investigated conditions. this may be due to
the enzymes produced by Pencillium corylophilum , which deteriorate
the soybean oil more than that of Aspergilius flavus. The obtained data
were in the line with the finding of Robertson et al. (1 973) found that
there was a decrease in the linolenic acid content of the oil extracted
from all storage damaged soybean, whereas there was only a small
decrease in the linoleic acid content and no apparent change in the oleic
acid content. The decrease in the polyunsaturated fatty acids indicate that
oxidative deterioration took place during storage and 1s reflected in the
lower total oil content of the storage damaged beans. -

Whereas Farag et al. (1985) found that the pattern of free fatty
acids of soybean oil extracted from healthy seeds showed that lipases
hydrolysed the esterified fatty acids having different carbon atoms both
saturated and unsaturated species. The most frequent free saturated and
unsaturated acids were 16:0, 18:1 and 18:2 and these acids comprised
over 70% of the total amount of free acids. Free fatty acid compositions
of soybean oils infected with A. favus are quite different than that of
healthy oil, and the fungi caused an appearance, disappearance and
changed the concentration of certain fatty acids. And the obvious effect
of fungi on the bound fatty acids was found in 16:0 (the most
predominant saturated acid), 18:land 18:2 (the most prevalent
unsaturated acids). The ratios between the total unsaturated fatty acids to
the total saturated acids (TU/TS) and the degree of unsaturation (DU)

indicated that fungal infection lowered these parameters compared to
control oil.
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RESULTS AND DISCUSSION

4.4.2. Sorghum grains:
4.4.2.1. Low tannin content, variety Dorado :

Table (12) shows the fatty acids composition of sorghum grains ,
(low tannin, variety Dorado) inoculated with Aspergillus flavus and
Penicillium corylophilum and stored under air, CO, and N; for 3 and 6
months at room temperature. The oil of freshly harvested sorghuin grains
contained Cis0, Ciso, Cigo, Cig1. Cizz and Cig;5 in the amounts of 2,27
11.6, 0.82, 26.97, 53.91 and 4.48%, respectively. When the grains
moculated by Aspergillus flavus and stored under air, a decrease in C)qu,
Cis1 , Cig2 and Cyg3 was found depending upon the storage periods. For
instance, Cqq decreased from 2.23% at zero time to 1.74 and 1.38, Cig
from 26.97 to 23.34 and 22.15% , C s from 53.91 to 52.57 and 51.33%
and Cig; from 4.48 to 3.12 and 2.82% after storage for 3 and 6 months,

respectively,

Meanwhile, the saturated fatty acids like Cje0 and Cjg0 increased
from 11.60 to 14.9 and 17.38 and from 0.82 to 1.85 and 2.9% after
storage periods, respectively. Storage under CO, showed similar trend as
that of air. When the iﬁoculated grains with Aspergillus flavus under N
a shight decrease and increase in the unsaturated fatty acids and saturated
ones were found. For instance, Cg.; decreased from 26.97% to 24 7%
after 6 months of storage, while C,g, increased from 0.82% to 1.61%.
Caoo appeared in amounts ranged from 2.04 to 3.25% due to infection of
Aspergillus flavus. The ratio between total unsaturated fatty acids and
total saturated ones (Tw/Ts) was 5.83:1 for the freshly harvested grains
while it decreased to 3.77:1 and 3.27:1; 3.84:1 and 3.31:1 for the

infected grains stored under air and CO, for 3 and 6 months respectively.
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RESULTS AND DISCUSSION

Meanwhile storage under N, showed slight decreased in the ratio. When
the grains inoculated by Penicillium corylophilum, Ci4 decreased than

the control according to the storage condition and period.

The unsaturated fatty acids slightly affected due to Penicillium
corylophilum inoculation. The Tu/Ts revealed the action of Peinicillium
which showed 4.22 and 3.4 under air, 4.35 and 3.54 under CO; and 5.15
and 4.82 under N, when stored for 3 and 6 months respectively. From
the above mentioned data, it could be concluded that infected sorghum
grains showed no variable change in its fatty acids when stored under N,
at room temperature. The obtained results are in agreement with the

finding of Robertson et ’al.,- (1973) and Farag et al., (1985).
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RESULTS AND DISCUSSION

4.4.2.2. High tannin content, variety Framida:

Table (13) shows the fatty acids composition of sorghum grains
(high tannin) inoculated by Aspergillus flavus and Penicillium
corylophilum and stored at room temperature for 3 and 6 months, The
freshly harvested grains showed the following fatty acids Cis0, Cigo,
Cisn, Ciga, Ciga and Cygyg in the amounts of 14.33, 1.04,25.95,51.3,4.3
and 3.1% respectively. When the inoculated grains stored fer 3 and 6
months, Ciyo appeared in the amounts ranged from 1.03 to 1.26 except
that of the grains inoculated with Penicillium corylophilum and stored
under N, which showed to be as control. All inoculated grains resulted in
Increasing Cm_.n under air and CO; but slightly increased under N,.
Similar trend was found due to C,sy which showed increment by about
2-3 fold as that of control under all treatments. Cigz,, Cigaand Cg3
decreased as result of inoculation bylA.spergi/lu.s' flavus and Penicillium
corylophilum during storage. Meanwhile Cygo increased slightly
according to the fungi infection and storage period. Concerning Tu/Ts,
the freshly harvested sorghum grains showed a value of 4.415 while it
decreased to 3.486 and 3.13 under air, 3.75 and 3.2 under CQ, and 3.88
and 3.72 under N, when the grains inoculated by Aspergillus flavus and
stored for 3 and 6 months, respectively. Inoculation with Penicillium
corylophilum resulted in 3.58 and 3.29 under air, 3.63 and 3.34 under
CO; and 4.14, and 3.92 under N, after storage periods of 3 and 6 months,
réspectively. From the above mentioned data it could be concluded that
the high tannin sorghum grains affected with-the Aspergillus flavus and
Penicillium corylophilum infection during storage at room temperature.
The obtained data were in the line with these of

From the data presented in table (13 and 14), it could be

concluded that the deterioration of sorghum grains dependent upon the
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------- RESULTS AND DISCUSSION

storage conditions and not in the high tannin content. It could be
recommended to use modified atmosphere to delay or prevent fungal
growth and therefore, delay the deterioration of seeds Robertson et al
(1973) and Farag et al. (1985).
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Fatty acids analysis profile of soybean seeds
(variety Crawford) at zero time.
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RESULTS AND DISCUSSION

4.5. Aflatoxin production and accumulation :
4.5.1. Chemical and Physical properties of aflatoxin

Table (14) shows the chemical and physical properties of aflatoxin
standards. The Ry values and colours of autl{entic aflatoxins B, B,, G,
and G, were chromatographed on silica gel DC-60 aluminum sheets, and
viewed under w.v. light (366n1h3 and presented in table 14 The Ry
determined by two solvent Systems was as shown in the same table. In
addition this table shows, the contain molecular formula, molecular

weight and melting point of the aflatoxins (B, B2, G, and G,).
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RESULTS AND DISCUSSION

4.5:22.2.Quantitative determination of aflatoxins by HPLC with
fluorescence detector:-

Table (15):shows aflatoxin production by toxigenic isolate of
Aspergillus flavus in soybean seeds (variety Crawford), the aflatoxin
levels quantified by high performance liquid chromatography (HPLC).

The seeds of healthy soybean inoculated by the toxigenic isolate
of Aspergillus flavus , divided into three groups, each of three groups
stored separately under the atmospheric air, CO, and N,.

The results in table (24) indicated that, when soybean inoculated
with Aspergillus flavus and stored under atmospheric air, for three
months, the concentration of aflatoxin production (B, B, & G;) were
33.82, 0.46 and 1.59. Whereas the total production 35.87. Note the
absent of G, and the absent of all types of aflatoxin at zero time.

When soybean inoculated with Aspergillus flavus and stored under
CO; , for three months, the concentration of aflatoxin production (B, B,
& Gy) were 1422, 0.42 and 0.89. Whereas the total production 15.54.
Note the absent of G, and the absent of all types of aflatoxin at zero time.

While, when the soybéan inoculated with Aspergillus flavus and
stored under N, for three months, the concentration of aflatoxin
production (B, & G;) were 0.79 and 1.41. Whereas the total production
2.20. Note the absent of B; & G, and the absent of all types of aflatoxin
at zero time. |

From the above data, it is clear that, the concentration of
production of aflatoxin(s) produced is higher in atmospheric air than in
CO; and N,. And the production of aflatoxin(s) is higher in CO, than N,,

because, N, may be, inhibit the fungal growth.
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" Figure (31)

HPLC profile of : a , traces for aflatoxin
standards, gradients as described in text. Times
for By, By, Gy and G, ; b, aflatoxin extract from
inoculated soybean (Glycine maxL., variety
Crawford) by Aspergillus flavus and stored
under CO, for 3 months and ¢ , aflatoxin extract
from inoculated soybean (Glycine maxlL.,
variety Crawford) by Aspergillus flavus and
stored under N, for 3 months '
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Figure (32)

"HPLC profile .o-f ©a

[
10!00 15.00

Minutas

_ , traces for aflatoxin
standards, gradients as described in text. Tunes

for B, B,, Gy and G, ;b, aflatoxin extract from
soybean  seeds (Glycine  maxi,., variety
Crawford),  uninoculated. at the time of
incubation at room temperature 25° ¢ and c,
aflatoxin extract from inoculated soybean seeds

L., wvariety Crawford) by
Aspergillus flavus and stored under atmospheric |
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RESULTS AND DISCUSSION

4.5. Aflatoxin production and accumulation:

4.5.2. Screening of aflatoxin produced by the isolated molds in

soybean and sorghum

4.5.2.1. In vitro
4.5.2.1.1.Soybean seeds

Table (16) shows, screening for aflatoxin produced by various
isolates of fungi isolated from soybean seeds, (variety Crawford), grown
in yeast-extract-sucrose medium.

Therefore it can be concluded that the thin layer chromatographic
analysis of the purified chloroform extracts of the fermentation medium
of each of the aflatoxins-positive isolates stﬁdied revealed that one or
more fluoréscing spots with Ry values identical to those of standards

aflatoxins were visible .

Table (16) showed that, a total of (26) isolates of Aspergillus

flavus; Aspergillus niger and Penicillium Junciculosum were the studied

isolates which have been screened for aflatoxins production. Among the
26 isolates, (14) represent the genus  A.flavus; (5) represent the
Aspergillus species (A.niger) while (7) represent the fungal mold
Penicillivm funiculosum, |

In additiofl, in case of Aspergillus Sfavus, (4) isolates produced
aflatoxin B; (No.1; No.4, No.6 and No.14), the isolates (No.1 and No.4)
produce low detection level of aflatoxin and isolates (No.6 and No.14)
produce very low detection level of aflatoxin , (6) isolates produced
aflatoxin B; (No.l1 , No.2 , No.3, No. 4, No.6 and No. 9), the isolates
(No.9, No.3 and No.1) produce moderate detection lcvel of aflatoxin B, |

while the isolates (No. 2 and No.6) produce low detection level of

-149-




RESULTS AND DISCUSSION

aflatoxin B, and the isolate (No.4) produce high level detection of
aflatoxin B, ; (7) isolates produced G; (No.7, No.9, No.10, No.11, No.12,
No.13 and No.14).

The isolates (No.9, No.10, No.11, No.12, No.13 and No.14 )
produce very low detection level aflatoxin G, and the isolate (No.7)
produce moderate detection level of G,. And (2) isolates produce G; (No.
8 and No.14), the isolate No.8 produce low detection level of G,, while

the isolate No.14 produce very low detection level of G,

There are (5) isolates only produced more than one aflatoxin,
(No.1, No.4, No.6, No.9 and No.14).

The (5) isolates which produced more than one aflatoxin were
classified as follows. (3) isolates produced B; & B; (No.l, No.4 and
No.6); one isolate (No0.9) produced B; & G, and one isolate (No.14)
produced B, , G; and G,.

While one isolate (No.5) showed no aflatoxins production in YES
medium.

In case of Aspergillus niger | all the (5) isolates of Aspergilli.~
niger failed to produce aflatoxins in YES medium. While with
Penicillium funiculosum , (7) isolates of Penicillium funiculosum were
screened for aflatoxin production and classified as follow, (3) isolates
(No. 20, No.24 and No. 25) show no aflatoxin production in (YES)
medium; the isolate (No.21) produces aflatoxin at low detection level of
B, and very low detection level of (G, and G;); the isolates {(No.22 and
No.23) produce very low detectioﬁ level of G; annd'the sevenths isolate

(No.26) produces very low detection level of B,.




Table (16): Screening for aflatoxin produced by various isolates of (mold)
fungi, isolated from soybean seeds. (variety Crawford), grown in
the liquid (YES) medium.

Aflatoxin form. (type) . . .

B, B, G
Aspergillus spp. : . + ) .
A. flavus link:Fr. l N INCON I O G I T I Gt B I CER)
. 2 + - -
A. flavus link:Fr,
(-} () (-) () | (HFY | () | (i) ) ()
. 3 - + -
A flavus link:Fr.
(-) (++) ) () (F45) | (HH4) | (Hr4) | (H41)
. 4 + + - -
A. flavus link:Fr.
&G {-) () | (FH) | (+4) [ (+4)
A. flavus link:Fr. > ) ) )
) (= ) (-) | () | () | (R | ()
. 6 ¥ + -
A. flavus link:Fr. :
(-+) +) -} ¢} | G| () | () | ()
7 . - + -
A. flavus link:Fr.
Q) ) + 1 G (HH) | (HHF) | (HH) | (+4)
- 8 - - - ¥
A flevss link:Fr, '
) (=) ) () | (FH) | (HH) | (#+4) | (+H)
9 - + + -
A. flavus link:Fr,
(- (++) (-+) ) (FH) | (+H) | () | (7o)
A. flavus link:Fr, 10 ) ¥ ) :
) ) (-+) - (FAb) (it ey |
A. flavus link:Fr., 1 ) ) ¥ )
) (-} (-+) () | (FER) | (HH) ] () | ()
A. flavies link:Fr., 12 ) ’ ¥ ) A
' (-} ) (-+) () { (FHR) | () | () | ()
A. flavus link:Fr. 13 ) * )
{-) ) (-+) (-} ] (HHE) | (FH) | (k) | (R
A. flavus link:Fr, 14 ¥ ) * ¥
(-+) - (-+) () A () | () | () |
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Continued Table (16)

Aflatoxin'form (type) " Aflatoxin'standard (ng/ml)"
V B1 Bz G] B[ . ‘Bz Gl G:
Aspergillus spp.
. — 15 ) ) ) .
A. niger Van Tleghem ) o “ ) () | ey | (0 | o0
A. niger Van Tieghem 6 )
) ) ) () | (F) [ () ] () | (HH)
A.niger Van Tieghem 17 ) ) )
' -) ) ) ()} (HHR) | (HHE) | (B | ()
A. niger Van Tieghem 18 ) ) ) ) ' |
HEer Y ghem 1o ) ) O NGO N N CaEO B ERED
A. niger Van Tieghem 19 ) ) ) ) '
e 8 G e[ o[ o lem|em]en]en
Penicillium spp.
1 £y rpaip ‘ 20
P puniculosum Thom ) 4 o “ @+ | @) | @ | e
21 - + + +
P. funiculosum Thom
' ) ) -+ () | (PR | () | () | (HH)
. 22 - - +
P. funiculosum Thom
’ ) (-) ) (=) | (HH) | (B | (HHR) | ()
23 - - - +
P.funiculosum Thom
) () () (-4) | () | (FHH) | () | ()
P. funicilosum Thom 24
' ) ] ] 8] (Hbt) L) ey ey
. 25 - - - -
P. funiculosum Thom
() ) () () () | () | (PH) | ()
P. funiculosum Thom 26 ) v ) ’ '
() {-1) () ) Gty p oy i oo

YES, yeast extract sucrose medium; a, level of standard typé of aflatoxin as detected
on TLC plates under U.V. light (365nm); known quantities of standard aflatoxins was ng/ml;
-, T represent negative and positive response of atlatoxin production (forms, By, B;. G, and
Ga); (-+) represents very low detection level of aflatoxin (ng/ml); (+), low (ng/ml) ; (++),
moderate (ng/mi) and (+++), high (ng/ml) based on comparable levels with aflatoxin
standards. |
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RESULTS AND DISCUSSION

4.5.2.1.2. Sorghum grains
4.5.2.1.2.1. Sorghum, low tannin content

Table (17) shows screening for aflatoxin produced by various
isolates of (mold) fungi, isolated from sorghum grains, (low tannin,

variety Dorado), grown in the liquid (YES) medium.

The results obtained from 'Ta-b]e (17) revealed that (3) isolates of
Aspergillus flavus; (2) isolates of Aspergillus niger and (7)isolates of

Alternaria alternatia which were screened for aflatoxins production,

Of the isolates of Aspergillus flavus, tested one isolate (No.31)
produces very low detection level of aflatoxin B ; a second isolate
(No.32) produce B, and B, (low level and_ very low detection level of

aflatoxin), respectively.

In adaition, there is one isolate '(No.30) produce low detection level

of aflatoxin B;.

However all the isolates of Aspergillus niger and Alternaria

alternatia failed to produce aflatoxins in the used YES medium.
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Table (17): Screening for aflatoxin produced by various isolates of (mold)
fungi, isolated from sorghum grains, (low tannin, variety Dorado),

grown in the liquid (YES) medium.

Aspergillus spp. 30 +
A flavus link:Fr. G OO @ [ e | e | | e
. 31 |+ | - -
A. flavus link:Fr. :
CON NG ) () | ) | () | (RE) ()
372 + +
A flavus link:Fr,
H 1 G G} | () | ) | () | (HH)
. . 33 - - -
A.niger Van Tieghem
(-} (-} () () | (HHR) | (B | (H) [ (FH)
. s 4 - -
A niger Van Tieghem _ :
() () ) () | (b)) | () | (B | ()
Alternaria spp. 35 - - - -
A.alternatia (Fries) keissler OO O[] e e e
Ao ediernatic (Kries) keissler 10
(- () (-} (-} | | () | () | ()
A. alternatia (Fries) keissler 37 ’ ’
) ) -} (=) | (HHR) | (F) | (H) | (HH)
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Continued Table (17);

; ”'""@I#Fd@('"-glml)“

{genera & species) B, B G G
A. alternatia (Fries) keiss| o ) ) )
. alternatia (Fries) keissler o o o o | e | e | e | e
39 - . - -
A. alternatia (Fries) keissler _
(-) () =) () (F++) | (F-E) | () (1)
40 - - - -
A. alternatia (Fries) keissler
) (-) (-) () (H-H) | (HEY ] (R | ()
41 - - - -
A. alternatia (Fries) keissler
(-) (-) () -) 7 () | (AR [ (EREY |y

YES, yeast extract sucrose medium; a, level of standard type of aflatoxin as detected

on TLC plates under U.V. light (365nm); known quantities of standard aflatoxins was ng/ml; -

, * represent negative and positive response of aflatoxin production (forms B, B2, G, and

Gz}, (-1) represents very low detection level ol aflatoxin (ng/ml); (+), low (ng/mi) ; (1 1),

moderate (ng/ml) and (+++), high (ng/ml) based on comparable levels with aflatoxin

standards.
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RESULTS AND DISCUSSION

4.5.2.1.2.2. Sorghum, high tannin, content
Table (18) shows the screening for aflatoxins produced by various
isolates of (mold) fungi, isolated from sorghum grains, (high tannin,

variety Framida), grown in the liquid (YES) medium.

The results from table (18) revealed that (3) isolates of Aspergillus
niger, (4) isolates of Alternaria alternatia, (3)isolates of Penicillinum
oxalium and (2) isolates of Penicillium funiculosum were screened for

aflatoxins production.

Of the isolates of Aspergillus niger, one isolate (No. 50) did not
produce aflatoxin in YES medium; one isolate (No. 51) produced very
low detection level of aflatoxin B, and one isolate (No.52) produce B,

and B; (low level and very low detection level of aflatoxin), respectively.
While all isolates of Alternaria alternatia, Penicillium oxalium

and Penicillium funiculosum did not produce these aflatoxins in the YES

medium.

-156-




Table (18): Screcning for aflatoxin produced by various isolates of (mold)
fungi, 1isolated from sorghum grains, (high tannin, variety
Framida), grown in the liquid (YES) medium.

o Fungal

| nr(g:é‘rié'ra & species)

Aflatoxin form (type).

Aflatoxm standard (ng/ml)*

3, B. (S Gs. i3 3. (i (.
Aspergillus spp. 50 - i :
A.niger Van Tieghem © e ) Gy ) | () [ ) | (e
: . 51 + - -
A.niger Van Tieghem
(=) (-) ) () (bb) | (Rb) ey e
. - 52 + + i B
A. nger VYanl lcgllem (+) (..+) (-) () (F++) | (HH) | (Y | ()
Alternaria spp. 53 - - - -
A.alternatia (Fries) Keissler ) ) ) N A S NS RS
. . , 54 - - - -
A.alternatia (Fries) keissler
) () (-) () | (HHF) | () | () | ()
o . 55 - - - -
A.alternatia (Fries) keissler
(-) ) ) () () CFEDY Py ] ()
. . . 56 - - - -
A.alternatia (Fries) keissler
' (-} ) ) (=) | (P () | (H) | (R4




Continued Table (18):

(zenera & species)

| Aflatoxin standard (ng/ml)y”

| B[ B | G ] G | B 8B ]G LG
Penicillium spp. 57 - - - -
P.oaxalicinm Currie & Thom ) ) () ) (i) P ek ey o
. . 58 - - - -
P.oxaliciem Currie & Thom
{-) (-} () (-) (Fb) | (FARY | () ] (i)
. . | 59 - - - -
P. oxalicum Currie & Thom
(-) -) (- (-) (k) | (HEE) | () ] ()
P funiculosum Thom 60 ) ) ) )
(-} (-) (- -) (rry vy Ly [ g1
. 61 - - -
P. funiculosum Thom
{-) {-) (-) {-) (HH¥) | () [ () | (F 1)

YES, yeast extract sucrose medivmg a, level of standard type of allatosin as detecied

on TLC plates under U.V, light (365nm}; known quantities of standard aflatoxins was ng/ml,

-, + represent negative and positive response of aflatoxin production (forms B;, B3, G, and

Gz), (-+) represents very low detection level of aflatoxin (ng/ml); (+), low (ng/ml} ; (++).

moderate  (ng/ml) and

standards.

(rey,

high (nu/ml) based on comparable Tevels with allatoxin




RESULTS AND DISCUSSION

4.5.2.2." Production of aflatoxins by the isolated toxigenic

mold isolates in vivo under different gaseous conditions.
4.5.2.2.1. Semiquantitative determination by T.L.C.
4.5.2.2.1.1. In soybean
4.5.2.2.1.1.1.For three months after inoculation and storage
Table (19) shows the semiquantitative analysis of aflatoxin in

seeds of soybean (variety Crawford) inoculated by isolates of aflatoxin
producing mold, and there are three groups, each of the three groups
stored separately under normal atmospheric air, carbon dioxide and
nitrogen, then incubated at room temperature at 25°C, for three months.

Group (I): which was stored under atmospheric air for 3 months
and divided into three sub groups.

The first sub group contains healthy soybean (variety Crawford)
which were inoculated by Aspergillus flavus. The results indicated that,
there are (high level) of B, after three months and (very low level) of G
three months of storage after inoculation. Note the aflatoxin (B, By, G,
and G;) were absent at zero time.

The second sub group, contains healthy soybean (variety
Crawford) which were inoculated by Penicillium corylophilum. The
results indicated that B, produced at moderate level after three months
and (very low detection level) of G, after three months. Note the
aflatoxin (B,, B, G; and G;) were absent at zero time. While the third
sub group, contains only healthy soybean (variety Crawford) which non
inoculated (control). The results indicated that the absent of any type of
aflatoxins (B, B2, Gy and G,), in YES m um used in this study , before
and after the storage months.

Group (II): which was stored under carbon dioxide for 3 months

and divided into three subgroups.




RESULTS AND DISCUSSION

The first subgroup contains soybean (variety Crawford) which was
inoculated by Aspergillus flavus and incubated at (25°C) for 3 months,
the results indicate that there are (moderate detection level) of By and
(very low detection level) of G, after 3 months. Note the absent of
aflatoxin (B, By, G; and G») at zero time.

The second subgroup contains soybean (variety Crawford) which
was oculated by Penicillium corylophifum and stored under CO, for 3
months at (25°C). The results indicate that, there are (very low level of
Bi) and (very low level) of G,. Note the aflatoxin (B, B,, G, and G;)
were absent at zero time. The third subgroup contains healthy soybean
(vartety Crawford), non inoculated (control). The results indicated the
absent of aflatoxins (B, By, G, and G;) when stored under the same
condition for 3 months.

Group (III): which was stored under nitrogen for three months
and divided nto three subgroups.

The first subgroup contains healthy soybean (variety Crawford)
which inoculated by Aspergillus flavus and stored under N, for three
months at room temperature (25°C). The resuits indicate that, the
presence of (very low detection level) of B, and (low detection level) of
G, after 3 months. ‘

The second subgroup contains healthy soybean (variety Crawford)
which was inoculated by Penicillium vorylophilum and stored under N,
for 3 months. The results indicate that, the presence of very low level of
(B,‘ & Gy) after three months. Whereas the third subgroup contains
healthy soybean (variety Cranord), non moculated (control). The results
indicate the absent of aflatoxins (B, B,, G, and G;) when stored under

the same condition for 3 months.




Tabie (19): Semiquantitative analysis" of aflatoxin produced in seeds of soybean
(variety Crawford) seeds inoculated by isolates of aflatoxin producing
mold, isolated in this study, divided into three groups, subsequently
each of the three groups stored separately under normal atmospheric
air, CO, and N,, respectively and were incubated at room temperature

(25 °C), for three months.

Levels® of aflatoxin types (months) after inoculation
Jost/cultivar-aflatoxin® [ 3
G oo oo clstorage: o
roducing moid species S
conditions B, 13, G, G,
. Interaction TR
i [ - f zero 3 Zero 3 Zero 3 ZCro 2
“Group I”
Soybean (Glycine maxi.., - s - - - - - -t
variety Crawford) + (+++)* (+++)*
Aspergillus flavus £
Soybean (Glycine maxt.., . '%
i = - +F - - - - - -+
variety Crawford) + &
g (++F)* (+++)*
Penicillium corylophitum 2
Soybean (Glycine maxl/..,
variety Crawford) only, - X - | x - X - X
non inoculated {(control)*
“Group II”
Soybean (Glycine maxl.., - o+ - - - - - »
variety Crawtord) + (+++)* (#++)*
Aspergillus flavus 8
Soybean (Glycine maxL., ,5
© - -+ - - - - - I
variety Crawlord) 3 5
TY . e~ (F+)* ' ‘ (++1)*
Penicillium corylophitum S
Soybean (Glycine maxi..,
variety Crawford) only, - X - X - X - N
non ingculated {control)*




Continued Table (19).

Levels® of aflatoxin types (smonths) after inaculation

Host/cultivar ul‘laluxin"

prod

B, | B, G G

]

7Zero 3 7L10 3 7€r0 3 Zero

“we . "
Group 11 ) _ : + _ . - +

Soybean ((ilycine maxi.., (rrrye .

variety Crawford) +

Aspergillus flervis

Soybean (Glycine maxL.,

variety Crawford) + - - - -+

Nitrogen -
1
1
]
[]

i F4)*
Penicitlium (+++)* (

corviophiltum

Soybean (Glycine maxL.,

variety Crawford) only, - ¥ X X

non inoculated (control)*

'a, analysis was done on samples of the three month-old seeds of each of the three
inoculated  groups; b, soybean derived isolate; ¢, levels are evaluated
semiquantitatively based on the arbitrary grading scores for the aflatoxin standards
concentrations which were determined under UV (363nm) as compared té the
equivalent levels of the aflatoxin in the observed tested samples; note, (-), absent :
(-+), very low level ; (+), low level v {++) moderate level and (+++), high level :

(+++)* The parentheses with asterese represent the level of the developed standard

type of aflatoxin and x , no data.




~RESULTS AND DISCUSSION

4.5.2.2.1.1.1.1. For six months after inoculation and storage

Table (20) shows the semiquantitative analysis of aflatoxin
produced in seeds of soybean (variety Crawford) inoculated by isolates
of aflatoxin producing mold, and there are three groups, each of the three
groups stored separately under normal atmospheric air, CO, and N,,
respectively and were incubated at room temperature (25°C), for six

months.

Group (I): which was stored under atmospheric air for six months
and divided into three sub groups.

The first sub group contains healthy soybean, (variety Crawford)
which inoculated by Aspergilluy - flavus. The results in sub group
indicated that, there are high detection level of aflatoxin B, after six
months of inoculation,

The second sub groups contains healthy soybean (variety Craw-
ford) which was inoculated by Penicillium corylophilum. The results in
sub group showed that, the presence of very low detection level of
aflatoxins (B, and G,) after 6 months. Whereas the third sub group
contains healthy soybean (variety Crawford), which non inoculated, the
data, in this section, showed that, absent of aflatoxin before and after of
storage for 6 months. '

Group (II): which was stored under carbon dioxide for six
months and divided into three sub groups.

The first sub group include, healthy soybean (variety Crawford)
which inoculated by Aspergillus flavus. The results in sub group showed
that, the presence of very low detection level of aflatoxin (Byand G»)

after storage for 6 months.
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The second sub group contains healthy soybean (variety
Crawford) which was inoculated by Penicillium corylophium. The
results indicate that, the presence of very low detection level of
aflatoxins (B; and G,) after 6 months of storage. Whereas the third sub
group include, healthy soybean (variety Crawford) which non
inoculated, and storage for 6 months, the data, show that, absent of

aflatoxins before and after storage.

Group (IIT): which was stored under nitrogen for six months and
divided into three sub groups.

The first sub group contains healthy soybean (variety Crawford)
which was inoculated by Aspergillus flavus. The results showed that the
presence of very low detection level of aflatoxin (B; and G,) after
storage for six months.

The second sub group include healthy soybean (variety Crawford)
which inoculated by Penicillium corylophilum, the results, indicate that,
the presence of very low detection level of aflatoxin G, after storage for
six months. Whereas the third sub group contains healthy soybean
(variety Crawford) which was non inoculated, the data showed that,

absent of aflatoxin, before and after storage for 6 months.




Table ( 20 ): Semiquantitative analysis® of aflatoxin produced in seeds of soybean
(variety Crawford) inoculated by isolates of aflatoxin producing mold,
isolated in this study, divided into three groups, subsequently cach of
the three groups stored separately under normal atmospheric air, CQ,
and N, respectively and were incubated at room temperature (25 °C),
for six months.

__Levels* of aflatoxin types (months) alter inoculation
B] Bz G] Gz
zer 6 Zero 6 7€ro ] Zcro O
T RIIT 0
“Group I”
Soybean (Glycine maxi.., - +t - - - - - -
variety Crawford) -+ (+++)*
Aspergillus flavuys .=
[
Soybean (Glycine max/.. 5 - o+ - - R . R i
= B
variety Crawford) + %}- (+++)* ' (+++)*
Penicillium corylophilum 5
Soybean (Glycine maxL.,
variety Crawford), only - X - X - X - X
non inoculated {controf)* -
“Group II”
. - -+ - - - - - -
Soybean (Glycine maxl..
. (+++)* (+-1)*
varety Crawflord) +
Aspergillus flavuy .'g_JJ
Soybean (Glycine maxl. 3
- A '.U - -+ - - - - - --'.
variety Crawford) + 5
-2 (H++)* (11iy*
Penicillinm corviopiulinm S
Soybean (Glycine maxi..,
variety Crawford), only - X - X - X - N
non inoculated (control)*
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Continued Table (20).

oo con
mteraction £CT0 O 7L10 G ZCro 6 ero

O

“Group 1117
Soybean (Glycine maxi.., - - - —+ - . .
variety Crawford) + (HH+)*

Aspergillus flavus

(+++)*

Soybean (Glycine max]..,

Nitrogen

variety Crawford) +

Penicillium corylophitim

-

(F+++)*

Soybean (Glycine maxi...
variety Crawford), only - X - X - X -

non inoculated (control)*

a, analysis was done on samples of the three'month-old seeds of each of the three
inoculated groups, b, soybean derived isolate; ¢, levels are evaluated
semiquantitatively based on the arbitrary grading scores for the aflatoxin standards
concentrations which were determined under UV (363nm) as compared to the
equivalent levels of the aflatoxin in the observed tested samples; note, (-), absent ;
(-+), very low level | (+), low level ; (-i-+) moderate Je?el and (+++), high leve] :
(+++)* The parentheses with asterese. represent the level of the developed standard

type of aflatoxin and x , no data,




o RESULTS AND DISCUSSION

4.5.1.2.1.2. In Sorghum:

4.5.2.2.1.2.1. Low tannin, variety Dorado (for three months after
inoculation and storage

Table (2 1) shows the semiquantitative analysis of aflatoxin
produced in grains of sorghum (low tannin, variety Dorado) inoculated
by isolates of aflatoxin producing mold, and divided into three groups,
each ofthe three groups stored separately uﬁder normal atmospheric air,
carbon dioxide and nitrogen, respectively  and were incubated at room
temperature (25°C), for three months.

Group (I): which was stored under atmospheric air, and divided
into three sub groups. -

The first sub group contains healthy sorghum (low tannin, variety
Dorado) which wasg inoculated by Aspergillus flavus. The results,
showed that, there are moderate detection leve] of B after three months
and low detection level of aflatoxin G, after three months of storage of
inoculation.

The second sub group contains, healthy sorghum (variety Dorado)
which inoculated by Penicillium corvlophilum. The results indicated
that, the presence of very low detection leve] of aflatoxins (B, and G,)
after storage for 3 months, Whereas the third sub group contains healthy
sorghum (variety Dorado) which was noi inoculated, the data, indicate
that, absent of aflatoxins, after and before storage.

Group (II): which was stored under carbon dioxide for 3 months
and divided into three sub groups.

The first sub gfoup contains healthy sorghum (low tannin, variety
Dorado) which was inoculated by Aspergillus flavus, the results show
that, there are Jow detection level of aflatoxin B, and very low detection

level of aflatoxins (Bz and G;) when storage for 3 months.
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The second sub group contains, healthy sorghum (low tannin,
variety Dorado) which was inoculated Penicillium corylophilum. The
results indicated that, presence of low detection level of (B) and G,) after
storage for 3 months of inoculation. Whereas the third sub group
contains, healthy sorghum (low tannin, variety Dorado), which was nou
inoculated, the results, indicate that, absent of aflatoxin after and before

storage.

Group (I1I); which was stored under nitrogen, and divided into
three sub groups.

The first sub group contains, healthy sorghum (variety Dorado)
which was inoculated by Aspergilltus flavus. The results indicated that,
aflatoxin B, at very low detection level and low detection level of G,
when storage for 3 months.

The second sub group contains healthy sorghum (variety Dorado)
which was inoculated by Penicillium corylophilum. The results show
that, presence of very low detection level of aflatoxin B: when storage
for 3 months. Whereas the third sub group contains healthy sorghum,
non noculated, the data show that, absent of aflatoxin of any type, when

storage for three months.




Table (21): Sémiquantitative analysis® of aflatoxin produced in grains of sorghum
(low tannin, varitey Dorado) inoculated by isolates of aflatoxin
producing mold, isolated in this study, divided into three groups,
subsequently each of the three groups stored separately under normal

atmospheric air, CO, and N,, respectively and were incubated at

room temperature (25 °C), for three months.

.types(months) after inoculation

B, Gy G

wd

3 ZLro 3 7Cro 3 7ero

“Group 17

Sorghum (low tannin, - ++ - - - - - i
varitey Dorado) + (+4++)* (1)
Aspergillus flavus

Sorghum (low tannin,
varitey Dorado) +
Penicillium
corviophilim

- 4+ - - - - - i
(#++)* {4 0y*

Atmospheric air

Sorghum {low tannin,
sorghum bicolor,
variety Dorado), only - X - X - X - X
non inoculated
control)*

“CGroup H"
Sorghum (low tannin, - + - -+ - - - -+

variety Dorado) + (+H)* (+++)* (+++)*
Aspergillus flavus

Sorghum (low tannin,
variety Dorado)
Penicillium
corylophilum

- + - - - - - |
(+++)* (+++)*

Carbon dioxide

Sorghum (low tannin,
sorghum bicolor,
variety Dorado), only - X - X - X - X
non inoculated
control)*
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4.5.2.2.1.2.2.Low tannin, variety Dorado (for six months after
inoculation and storage)

"Table (22). shows the semiquantitative analysis of aflatoxin
produced in grains of sorghum (low tannin, variety Dorado) inoculated
by isolates of aflatoxin producirig mold, and divided into three group,
each of the three groups, stored separately under normal atmospheric air,
carbon dioxide and nitrogen, respectively and were incubated at room
temperature (25°C), for six months,

Group (I): which was stored under atimospheric air, and divided
into three sub groups.

The first sub group contains healthy sorghum (low tannin, variety
Dorado) which was inoculated by Aspergillus flavus. The results indicate
that, presence of very low detection level of aflatoxin (B, and G3), when
storage for six months,

The second sub group contain healthy sorghum (low tannin,
variety Dorado) which was inoculated by Penicillium corylophilum. The
results, indicated that, presence of very low detection leve] of aflatoxin
G,, after six months of storage. Whereas the third section, cdntain,
healthy sorghum (variety Dorado) which non inoculated, the data, show
that, absent of aflatoxin before and after storage for 6 months,

Group (II): which was stored under carbon dioxide, for 6 months
and divided into three sub groups. '

The first sub group contains, healthy sorghum (variety Dorado)
which was inoculated by Aspergillus Havus. The results indicated that
there are very low detection leve] of aflatoxins (B), B, and G,), after
storage for 6 months.

The second sub group contains healthy sorghum (variety Dorado)

which inoculated by Penicillium corvlophilum. The results indicated

~-17].




.......... s RE‘S’UL TS AND DLS‘CUS’S’]ON

that, presence of very low detection level of aflatoxins (B, and G2), when
storage for 6 months.whereas the third sub group contains, healthy
sorghum (variety Dorado) which non inoculated, the dataJ, showed thatj,
absent of aflatoxin before and after storage for 6 months. |

Group (IID: which was stored under nitrogen}, for 6 months and
divided into three sub groups.

The first sub group contains healthy sorghum (variety Dorado)
which was inoculated by Aspergiltus flavus. The resultsj, indicated that,
there are very low detection level of (B, and Gy), after storage for 6
months.

The second sub group contains, healthy sorghum (variety Dorado)
which was inoculated by Penicillium corylophilum. The results, indicate
that, presence of very low detection level of aflatoxin B[? after storage
for 6 months. Whereas the third sub group contains, healthy sorghum
(variety Dorado) which was nonp inoculated, the data, showed that_ absent

of any type of aflatoxin before and after storage for 6 months.
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Table (22 ): Semiqﬁantitative analysis® of aflatoxin

(low tannin,

producing mold, isolated in this study,
subsequently each of the three groups stor
atmospheric air, CQO, and N,,

produced in grains of sorghum
variety Dorado) inoculated by isolates of aflatoxin
divided into three groups,
ed separately under normal

respectively and were incubated at
room temperature (25 °C), for six months.

. Host/cultivar-aflatoxin®
‘ibraducing mold speciés |

-Storage
Coni

Levels' of aflatoxin types months) after inoculation |
YP

B,

B,

G,

G2

] ZCro

6

ZCro

6

7Cro

O

/Lro i{

“Group I”
Sorghum (low tannin,

variety Dorado) +
Aspergilius flavuy

Sorghum (low tannin,
varicty Dorado) *
Penicillinm

corylophitium

Sorghum (fow tannin,
sorghum hicolor,
variety Dorado), only
non inoculated
(control)*

Atmospheric air

(HH++)*

(A ¥

(tiny¥

“Group 117
Sorghum (low tannin,
variety Dorado) +

Aspergillus flavus

Sorghum (low tannin,
variely Dorado) 1
Penicitlin

corylophilum

Sorghum (low tannin,
sorghim hicolor,
variety Dorado), only

non inoculated

{(control)*

Carbon dioxide

(+++)*

(+++)*

(+1+)*

(g
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Contim;ed Table (22).

“Host/culti var-aflatoxin® | o

Lévelsc'bffﬁﬂﬁtbi;iﬁ'ttj'f?iiés"ffi“libﬁ;t'ﬁ‘s)' after inoculation

. Storape
producing mold species -

B,

B;

G,

G

. . tion S
__intemction | Conditions

6

ZEro

6

2810

6

ZEBIo 0

e | zero
“Group ITI”

Sorghum (low tannin, -
variety Dorado) +

Aspergillus flavus

(+++)*

(At y*

Sorghum (low tannin,
variety Dorado)-+ -

Penicillivm

Nitrogen

corylophitum

-+

(+++)*

Sorghum (low tannin,
sorghtm bicolor,
variety Dorado), only -

non inoculated

{control)*

a, analysis was done on samples of the three month-old seeds of each of the three
inoculated groups; b, soybean derived isolate; ¢, levels are evaluated
semiquantitatively based on the arbitrary grading scores for the aflatoxin standards
concentrations which were determined under UV (363nm) as compared to the
equivalent levels of the aflatoxin in the observed tested samples; note, (-), absent :
-+), very lo"\;/ level ; (+), low level ; (-i-+) moderate level and (+++), high levei :
(+++)* The parentheses with asterese. represent the level of the developed standard

type of aflatoxin and x , no data.
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4.5.2.2.1.2.2.1. Righ tannin, variety Framida (for three months after
inoculation and storage)

"Table (23) shows the semiquantitative analysis of aflatoxin
produced in grains of sorghum (high tannins, variety Framida)
inoculated by isolates of aflatoxin producing 1ﬁold, and divided into
three groups, each of the three groups stored separately under normal
atmospheric air, CO, and N,, respectively and were incubated at room
temperature (25°C)), for three months.

Group (I): which was stored under atmospheric air, for 3 months
and divided into three sub groups.

The first sub group contains healthy sorghum (high tannins,
variety Framida), which was inoculated by Aspergillus flavus. The
results, indicated that, presence of low detection level of B, after 3
months, ’

The second sub group contains healthy sorghum (variety
Framida), which was inoculated by Penicillium corylophilum. The
results, showed that, there are very low level of aflatoxins (B, and B;)
after 3 months of storage. Whereas the third sub group contains healthy
sorghum (variety Framida) which was nop mnoculated, the results,
indicated that, absent of aflatoxin before and after 3 months of storage.

Group (II): which was stored under carbon dioxide, for 3 months
and divided into three sub groups.

The first sub group contains healthy sorghum (variéty Framida)
which was inoculated by Aspergiltus flavus. The results, indicated that,
there are very low detection level of aflatoxins (Bi and G,) when storage
for 3 months.

The second sub group contains heaithy sorghum (variety

Framida), which was inoculated by Penicillium corylophilum. The
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results indicated that, presence of very low level of B, and low leve] of
G>. Whereas the third sub group contains healthy sorghum (variety
Framida) which was non inoculated, The results, indicated that, absent of
any type of aflatoxin before and after 3 months of storage.

Group (II): which was stored under nitrogen for 3 months, and
divided into three sub groups. -

The first sub group contains healthy sorghum (high tannins,
variety Framida)' which was inoculated by Aspergillus flavus. The results
indicated that, presence of very low detection leve] of B, after storage for
3 months.

The second sub group contains healthy sorghum (variety Framida)
which was inoculated by Penicillium corylophilum. The results, showed
that, there are very low level of B, after storage for 3 months. Whereas
the third sub group contains healthy sorghum (variety Framida) which
was non inoculated. The results, indicate that, absent of aflatoxin before

and after 3 months of storage.




Table ( 23 ): Semiquantitative analysis® of aflatoxin produced i grains ol
sorghum (high tannins, variety Framida) inoculated by isolates
of aflatoxin producing mold, isolated in this study, divided into
three groups, subsequently each of the three groups stored
separately under normal atmospheric air, CO,; and N,
respectively and were incubated at room temperature (25 °C),
for three months.

Hmt/uultnu-aﬂnmm" “ml“ Levels® of aflatoxin types (months‘) after inm‘.ullzllinu
ST st ol otrs th s ZE10 3 £EI0 3 £CT0 3 #C10 3
“Group I”
Sorghum (high tannins, - + - - - - - -
variety Framida)+ (H44)*
Aspergillus flavis 5
Sorghum (high tannins, S
variety Framida)+ _g - -+ - -+ - - - -
Penicillinm corylophilum é (++-k)y* {+++)*
Sorghum (high tannins, <
sorghum hicolor, variety
- X - X - X - X

Framida), only non
inoculated (control)*
“Group 117
Sorghum (high tannins, - -+ - - - . . —+
variety Framida)+ (+H+)* (1)
Aspergillus flavus
Sorghum (high tannins, ';é:
variety Framida)+ "§ - -+ - - - - . +
Penicillinm corylophitum -(% ()% (riry
Sorghum (high tannins, ©
sorghm bicolor, variety

_ - X - X X - X
Framida), only non
inoculated (conu-'o[)”‘
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Continued Table (23).

R Levels® of aflatoxin’types (months) after inoculation

B _
. : - storage Bl Bz GI (,2

-
]

producmg_ ‘?'ﬂ'?'d spcdes onditions

eractio .| zero 3 zero 3 ZEro 3 Zero

“Group I1”
Sorghum (high tannins, - -+ - - - - -
variety Framida)+ (+h)*

Aspergillus flavus

Sorghum (high tannins,

variety Framida)+ -+ - - - - - -

(+.|..|.)ll

Nitrogen

Penicillium corylophitum

Sorghum (high tannins,
sorghum hicolor,  variet y
Framida), only  non ’

inoculated (control)*

a, analysis was done on samples of the three month-old seeds of each of the three
inoculated groups; b, soybean derived isolate; ¢, levels are evaluated
semiquantitatively based on the arbitrary grading scores for the aflatoxin standards
concentrations which were determined under UV (363nm) as compared to the
equivalent levels of the aflatoxin in the observed tested samples; note, (<), absent ;
(-+), very low level ; (1), low level - (++) moderate level and (+++), high level ;
(+++)* The parentheses with asterese represent the level of the developed standard
type of aflatoxin and x , no data, . ' |
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4.5:2.72.1.2,2,2_ High tannin va riety Framida (for six months after
inoculation and storage)

Table (24) shows semiquantitative analysis of aflatoxin produced
in grains of sorghum (high tannins, variety Framida) which was
inoculated by isolates of aflatoxin producing mold and divided into three
groups; each of the three groups were stored separately under normal
atmospheric air, carbon dioxide and nitrogen, respecti vely and were
incubated at room temperature (25°C) for six months,

Group (I): which was stored under atmospheric air for 6 months
and was divided into three sub groups.

The first sub group, contains healthy sorghum (variety Framda)
which was inoculated by Aspergillus flavus. The results indicated that
presence of very low level of B, when storage proceeds for 6 months.

The second sub group contains healthy sorghum (variety Frami da)
which  was inoculated by Penicillium corylophilum. The results,
indicated that presence of very low level of B,, after storage for 6
months. Whereas the third sub group contains healthy sorghum (variety
Framida), which was non inoculated, The results indicated that, absent of
any type of aflatoxins before and after storage for 6 months,

Group (I): which was stored under carbon dioxide, for 6 months,
and was divided into three sub groups.

The first sub group contains healthy sorghum (variety Framida),
which was inoculated by Asperigitus flavus. The results indicated that,
presence of very low level of Q..

The second sub group contains healthy sorghum (variety F ramida)
which was inoculated by Penicillium corylophilum. The results showed
that, presence of very low level of (B, and G,) after 6 months of storage.

Whereas the third sub group contains healthy sorghum (variety
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Framida), which was non inoculated. The results indicated that, absent of
any type of aflatoxins before and after storage for 6 months.

‘Group (II): which was stored under nitrogen, for 6 months, and
divided into three sub groups.

The first sub group contain healthy sorghum (high tannin, variety
Framida) which was inoculated by Aspergillus flavus. The results
indicated that, absent of any type of aflatoxins, after storage for 6
months.

The second sub group contains healthy sorghum (variety
Framida), which was inoculated by Penicillium corylophilum. The
results, indicated that, presence of very low detection level of B,.
Whéreas the third sub group contains healthy sorghum (variety
Framida), which was non inoculated, the results indicated that, absent of

any type of aflatoxins before and after storage for 6 months.




Table ( 24 ): Semiquantitative analysis® of aflatoxin produced in grains of
sorghum  (high tannins, variety l'ramida) inoculated by isolates
of aflatoxin producing mold, isolated in this study, divided into
three groups, subsequently each of the three groups stored

normal atmospheric air, CQ, and N,,

separately

under

respectively and were incubated at room temperature (25 °C),

for six months.

| :Levels® of aflatoxin types (months) after inoculation

B,

B,

G

2Cr0

(

7210

6

FCr0

O

7ero

“Group I”
sorghum (high tannins,
variety Framida)+

Aspergillus flavus

Sorghum (high tannins,
variety Framida)+
Penicillium

corylophilum

Sorghum (high tannins,
sorghum bicolor, variety
Framida), only non

inoculated (control)*

Atmospheric air

(F+4)*

-

(H+)*

“Group 1I” _
Sorghum (high tannins,
variety Framida)+

Aspergillus flavus

Sorghum (high tannins,
variety Framida)+
Penicillium

corylophilium

Sorghum (high tannins,
sorghum bicolor, variety
Framida), only non

inoculated (control)*

‘Carbon dioxide

-+

(+H++)*

{+++)*
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Continued Table (24).

- - ] R A T S = R S R e T —
R R R T R S LR E SR S . oxin t es mOllthS ﬂftcr I"OC“L[[I()"
Host/cultivar-aflatoxin® Levels® of aflatoxi typ )

storage B, B, G, G

producing mold species conditions

_interaction ) T - .| zero 6 2ero 6 “Er0 G ZCro 6

r‘l‘dr‘bup 100 4
Sorghum (high tannins,
variety Framida)+

Aspergillus flavus

Sorghum (high tannins,
variety Framida)+ - -+ - - - , - .

‘il IEERL
Penicillinm (

Nitrogen

corylophilum .

Sorghum (high tannins,
sorghum bicolor, variety
Framida), only  non

inoculated (control)*

a, analysis was done on samples of the three month-old seeds of each of the three
inoculated groups; b, soybean derived isolate; ¢, levels are evaluated
semiquantitatively based on the arbitrary grading scores for the aflatoxin standards
concentrations which were determined under UV (363nm) as compared to the
equivalent levels of the aflatoxin in the observed tested samples; note, (-), absent :
(-+), very lo'i;r level ; (+), low level '; (4-+) ‘modera-te level and (+++), high level ;
(+++)* The parentheses with asterese. represent the level of the developed standard
type of aflatoxin and x , no data, '
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The results from tables (19-24) indicate that, when the grains and
seeds of sorghum and soybean, stored under atmospheric air, the
concentration of aflatoxin production is higher than storage under CO, or
N, because the atmospheric air, stimulate the growth of the tested fungi
(strains producing aflatoxin), while, storage under CO; inhibit, the
growth of fungi and when the storage period increase, the rate of
aflatoxin production decreased. The obtained data with the line of Glass
et al, (1959) who have found that storage grains in nitrogen prevented
mold growth at all moisture levels. Also with the line of Dukes and
Apple (1965) who has been reported the need to reduce oxygen
atmosphere to loﬁ level up to 1% or less to achieve a striking

suppression of fungal growth.

Ciegler et al .(1966) reported that production and peak yields of
aflatoxins were usually obtained in 72 hours after which the aflatoxin
concentration  declined rapidly. Degradation of aflatoxins depend

primarily on mycelial lysis, and high aeration conditions.

Landers et al, (1967) studied the influence of atmospheric gases
on aflatoxin production by Aspergillus flavus in peanut. It was found no
reduction in growth and sporulation of the fungus occurred when the
CO; concentration was increased from 0.03% (air) to 20%, but they
were reduced with 20% increase in CO, from 20 to 80%. Striking
reductions occurred when 0, was reduced frmﬁ 5to 1% with 0, 20, or
80% CO,.




RESULTS AND DISCUSSION

Aflatoxin production in peanut kernels decreased with mcreasing
concentrations of CO,. Aflatoxin was lower in peanut stored at 15°C
under 20% CO, for 6 weeks when O, was reduced from 20 to 5%.

The amount of oxygen required for Spore germination, vegetable
growth and sporulation might be hi ghly variable, Mateles and Wogan,
(1967). Likewise, fungi are available in their tolerance for high
concentrations of carbon dioxide, Stozky and Goos, (1965). Diener and
Davis (1968) reported that fungus growth, sporulation and aflatoxin were
reduced with each successive 20% increase in CO; from 20% to 100%,
No growth or aflatoxin production occurred in 100% CO,. However, in
general, reducing the oxygen concentration decreased aflatoxin

production. Especially when O, was reduced from 5 to 1%,

Sauer, (1987) found that the aflatoxin producing fungus;
Aspergillus flavus grow in maize in the field and also in stored grain
after harvest. The most important factors affecting fungal growth and
toxin production are moisture content and temperature, drying and
cooling of the grain are the principal means of control. Other factors that
affect, Aspergillus flavus growth are oxygen and carbon dioxide
concentration, physical damage to the grain, initial levels of mold

contamination, insect activity and genetic differences.




V-Summary

The present work included the results achieved from storing
soybean seeds (variety Crawford) and two varieties of sorghum grains
(variety Dorado and variety Framida) which characterized by low tannin

content and high tannin content, respectively.

The .inoculated soybean seeds and sorghum grains stored under
atmospheric air, carbon dioxide and nitrogen for 3 and 6 months. The
isolates of aflatoxin-producing fungi have been chosén to moculate the
tested samples of soybean seeds and sorghum grains. They were isolated
from the soybean seeds and sorghum grains which have been used in this
study. The aim of this work is to study the effect of storage conditions
under different gaseous condition on the chemical composition of

soybean and sorghum and on the production of afl atoxins.

The --obtained data for soybean seeds and sorghum grains are

summarized as follows:

1- Soybean seeds:

|- Aspergillus niger was the dominant fungus from fungi which were
isolated from soybean (variety Crawford).

2-Chemical composition of soybean seeds has been determined before
and after storage under carbon dioxide and nitrogen in the presence of
fungi compared with storage of seeds under atmospheric air. Total
carbohydrate was decreased under atmospheric air.

3-The percentage of oil is high under atmospheric air.

4-Each of proteins, total soluble sugars were increased.

-185-




5-Each of ash and fiber were increased directly with increase storage

periods.

Conclusion: storage under N; is best than storage under CO, and

atmospheric air.

6-The separation, identification and determination of fatty acids extracted
from soybean seeds before and after storage under air, CO; and N, in
the presence of fungi for 3 and 6 months were determined and the

results revealed the following points.

When soybean seeds stored under air for 3 and 6 months, short
chain fatty acids were appeared and each of oleic, linoleic and linolenic
were decreased but palmitic, and stearic acids increased under these

conditions.

Storage of soybean seeds under CO, for 3 and 6 months showed an
increment in palmitic and stearic acid. Showed an increment after 3
months of .storage and it decreased after 6 months of storage, also oleic
acid decreased when soybean s_e;ds stored under CO; months, each of

linoleic and linolenic remained constant.
Storage of soybean seeds under N; for 3 and 6 months caused an

increase in palmitic and stearic acids, but there is a slight decrease in

oleic acid. On other hand, each of linoleic and linolenic remain constant.
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2- Sorghum grains

1- Alternaria alternatia is the dominant fungus in case of sorghum (low
tannins, variety Dorado). Penicillium corylophilum: Aspergillus niger
and Alternaria alternatia were the most dominant fungi, in case of

sorghum (high tannins, variety Framida).

2- Chemical composition of sorghum grains has been determined before
and after storage under carbon dioxide and nitrogen, in the presence of
fungi, compared with storage of seeds under atmospheric air. Total, a
carbohydrate was decreased under atmospheric air.

3- The percentage of oil is high under atmospheric air.

4- Each of proteins, total soluble sugars were increased.

5-Each of ash and fiber were increased directly with increase storage

periods.w

Conclusion: storage under N, is best than storage under CO; an i

atmospheric air.

6- The separation, identification and determination of fatty acids
extracted from sorghum grains before and after storage under air, CO;
and N, in the presence of inoculated fungi for 3 and 6 months were

determined and the results revealed the following points.

When sorghum grains stored under air for 3 and 6 months, short
chain fatty acids were appeared and each of oleic, linoleic and linolenic
were decreased but palmitic, and stearic acids increased under these

conditions.

Storage of sorghum grains under CO; for 3 and 6 months showed

an increment in palmitic and stearic acid. Showed an increment after 3
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months of storage and it decreased after 6 months of storage, also oleic
acid decreased when sorghum grains stored under CO; months, each of

linoleic and linolenic remained constant.

Storage of sorghum grains under N; for 3 and 6 months caused an
increase in palmitic and stearic acids, but there isa slight decrease in
oleic acid. On other hand, each of linoleic and linolenic remained

constant,

7-The tannin content when sorghum grains were stored under nitrogen,
showed no variation compared with the control and the percentage of
tannin content, remained constant, (because N, may be inhibit fungal

or prevent fungal growth).

While the content of tannins increased in sorghum grains which
were stored under atmospheric ‘air, the tannins content decreased in

sorghum grains which were stored under CO,
Conclusion: The storage under N, is best than storage under CO; for
the content of grains for tannins.

8-The isolates of fungi which were screened for the production of -
aflatoxins in the yeast-extract sucrose-medium (YES) showed

variation for the response of aflatoxin production.
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9- Analysis of aflatoxms which produccd by the isolated fungi, which

was performed by thin layer chromatoglaphy or high pertormance-
liquid-chromatography (HPLC), showed that nitrogen prevents the
production of aflatoxins and that the type of fungus involved affects

the type and amount of aflatoxins produced.

~189-




