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Cottonseed borne fungi were isolated from five cotton (Gossypium barbadense
L.) cultivars; Giza-80, Giza-86, Giza-88, Giza-90 and Giza-92. Alternaria spp., Aspergillus
flavus, A. niger, Aspergillus spp. Fusarium spp., Penicillium spp., Rhizopus stolonifer
and Trichoderma spp. were occurred in both non-strilized and sterilized seeds. A. niger
was generally the most predominant fungus with isolation frequency range of 20.95% to
73.17%. Mycotoxin analysis were performed by high performance liquid chromatography
(HPLC). HPLC analysis of cottonseed revealed the presence of mycotoxins that were varied
according to storage periods and genotypes. Significant correlations between the frequency
of isolated fungi and the mycotoxin production was recorded in this study. Seven models
were constructed using the predictors supplied by stepwise regression with R2 values
ranged from 0.433 to 0.578%. Since the stepwise multiple regression was effectively
constructed 7 predictive models; this study suggested that the contents of some mycotoxins
in cotton seeds could be predicated depending on the fungal isolation frequencies.
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Cotton seeds (GossypiumbarbadenseL.)
are extensively used as a raw material in oil
production aswell asin animal feed manufacturing.
Those seeds are vulnerable to the fungal attack
duetothe high levelsof fat and protein content?-2.
Cotton seed infection with mycotoxigenic fungi
could be occurred at pre and/or post-harvest
stages®. During these periods, the mycoflora
contamination and whole conditionswill determine
the further injuries and mycotoxin occurrence*®.

Numerous fungi could be isolated from
cotton seeds during the different stages.
Aspergillus, Penicillium, Fusarium and other fungal
generamay beinvolved in cotton seed spoilage®’.
Asper gillusflavuswas generally the most dominant
fungus, capable of deteriorating seeds, reducing

* To whom all correspondence should be addressed.
E-mail: myassin@ksu.edu.sa

seed viability, and seedling growth®®. In addition
to previousinjuries this mould has a capability of
producing aflatoxins, which are harmful toxins,
carcinogenic and mutagenic agentst®!,

Fungal contamination of stored cotton
seeds, particularly those used for oil manufacturing,
isthe main factor affecting the taste and flavor of
the oil produced. In addition to the reduction of
fine product quality dueto the probable mycotoxin
accumulation®*2,

Natural co-occurrence of mycotoxinsin
stored cotton seeds, particularly those produced
by Aspergillus and Fusarium species had
previously been reported4,

The present study aimed to investigate
the natural occurrence of mycotoxigenic fungi in
the stored cotton seeds and the effect of storage
periodson the mycotoxin accumul ation in the stored
seeds.
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MATERIALS AND METHODS

Mycological analysis

Seed borne fungi were isolated from
cotton seed samplesof fivecultivars, Giza-80, Giza-
86, Giza-88, Giza-90 and Giza-92 obtained from
Cotton Research Institute, Agri. Rec. Center, Giza
Egypt. Subsamples of 100 cotton seeds/cultivar
were randomly selected for fungal isolation. Such
cotton seeds were surface sterilized using 5.2%
sodium hypochlorite solution for 3 minutes then
washed several timesin sterilized water and blotted
between filter paper. Ten seeds of surface sterilized
or non-sterilized for each treatment and cultivars
were seeded on the surface of petri dishesin 10
replicates for each cultivar *°. Petri dishes were
incubated at 28+2°C for 7 daysafter which growing
fungal colonies were examined counted and
purified. The isolated fungi was identified
according to Mycological Center, Assiut
University, Egypt and then fungi occurrence
percentage was cal culated for each cultivars.
Mycotoxinsassays
Aflatoxin

One hundred grams of random
representative samples were blended for 2 min
using a high speed homogenizer and filtered
though Whatman's filter paper. Aflatoxins were
extracted from the homogenized filtrates using
methanol solution (80:20 methanal/isolatefiltrate).
Solvents were evaporated under vacuum at 35°C;
dried residues containing aflatoxin were dissolved
in 1 ml of the same liquid mobile phase solution
which contained methanol: acetic acid: water and
stored in dark vials. The method of Christian
(1990)*¢ was used to detect and determine aflatoxin
production. The extract was passed through a0.45
%am micro-filter. Analysis of compounds was
performed on HPLC model PerkinElmer®
Brownlee™ validated C18, 100 mmx4.6 mm, 3
micron. The HPLC was equipped with an UV
detector and the wave length in the UV detector
was 365 nm. The mobile phase consisting of
methanol: acetic acid: water (20.0/20.0/60.0 v/iV/Iv).
The total run time for the separation was
approximately 25 min at aflow rate of 1 ml/min.
Ochratoxin A analysis

One hundred grams of random
representative samples were extracted with a
solution of methanol: sodium bicarbonate at 1%
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(50:50, v/v) and blended at high speed for one
minute. The pure extract was filtered to remove
particulate matter, and 20 ml of extract was taken
and diluted with 20 ml of PBS containing 0.01%
Tween 20. Thediluted extract wasfiltered through
amicrofibrefilter. A ten-milliliter portion wastaken
and added to an immunoaffinity column
(OchraTest™, Vicam, DigenLtd., Oxford, UK), and
allowed to elute under gravity. The column was
washed with 10 ml PBS containing 0.01% Tween
20 and then with 10 ml double-distilled water. OTA
was el uted from the column with methanol (HPLC
grade), at a flow rate of one to two drops per
second. OTA detection was performed by HPLC,
following the methodology proposed by
Scudamore and McDonald (1998)Y", with some
modifications. The HPL C apparatus used for OTA
determination was a Hewlett Packard
chromatography with aloop of 100 ¥4, equipped
with aspectrofluorescence detector (excitation, 330
nm; emission, 460 nm) and aC18 column (Supel cosl|
LC-ABZ, Supelco; 150x4.6 mm, 5¥am particlesize),
connected to a precolumn (Supelguard LC-ABZ,
Supelco; 20x4.6 mm, 5¥4m particlesize). Themobile
phase was pumped at one ml/min and consisted of
an isocratic system as follows: 57% acetonitrile,
41% water, and 2% acetic acid. OTA wasquantified
on the basis of HPLC fluorometric response
compared with OTA standard (SigmaAldrich Co.,
S Louis, MO, USA, purity >99%). Thelowest limit
of detection was 1.0 ng/g.
Fusarium toxins

Fumonisin toxins were determined
according to the method described by Mazzani et
al. (2001)*®. One hundred grams of random
representative samples were blended with 5 g
sodium chloride and 100 ml of methanol: water
(80:20) solution at a high speed for one min, then
filtered through glass microfiber filter paper. Ten
ml of the filtrate was diluted with 40 ml of wash
buffer and filtered again through 1 %am micro-fiber
filter. Ten ml of the diluted extract were passed
through a fumontest column (VICAM Company)
and the column was washed using 10 ml of the
samedilute solution. Thefumonisin was eluted by
passing one ml of HPL C grade methanol through
the column and then eluteswerere-collected. One
ml of each of developer A (VICAM product No.
G5005) and developer B (VICAM product No.
G5004) were added to the elute and placed in a

J PURE APPL MICROBIO, 8(SPL. EDN.), NOVEMBER 2014.



EL-SAMAWATY et a.: STUDY OF COTTONSEED BORNE FUNGI

calibrated fluorometer (Series-4/VICAM). The
zearalenone and vomitoxin concentration was
determined as described above for fumonisin, but
the dilution was made with 49 ml distilled water,
which were passed through a Zearatest and/or
vomitoxin column (VICAM Company) and then
measured in acalibrated fluorometer model (Series-
4N ICAM).
Statistical analysis

ANOVA, correlation, regression and
cluster analyses of the collected data were
performed with SPSS 16 statistical package. The
least significant difference (LSD) was used to
compare isolate means. Linear correlation
coefficient (r) was cal cul ated to evaluate the degree
of association between frequencies of theisolated
fungi. Stepwiseregression technique with greatest
increase in R? as the decision criteriawas used to
describe the effect of frequencies of the isolated
fungi on mycotoxin production.

RESULTS

Mycological analysis

Analysis of variance of the fungal
isolation frequency (Table 1) revealed that fungus
and cultivar x fungus interaction were highly
significant sources of variation in frequencies of
isolated fungi from both sterilized and non-sterilized
cotton seeds after, 3 months storage, and those
isolated from only serialized seeds after 6 months
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storage. Five fungal genera included several
species were obtained from the tested samples.
Alternaria spp., Aspergillus flavus, A. niger,
Aspergillus spp. Fusarium spp., Penicillium spp.,
Rhizopus stolonifer and Trichoderma spp. were
occurred in both non-strilized and sterilized seeds.
A. niger was generally the most predominant
fungus with isolation frequency range of 10.48%
to 73.17% (Table 2). The highly significant
interaction (Cultivar x fungus) refers to variant
association of fungal genera with cotton seeds
according to the tested cultivars.

Significant positive and negative
associations were observed between the
incidences of somefungal specieswhen compared
with the frequency of the others. In the case of
non-sterilized seeds; highly significant negative
correlation wasfound among A. niger & Fusarium
spp. and significant negative correlations were
among Alternaria spp. & A. flavus and among
Penicillium spp. & Trichoderma spp. These
resultsreferred to different colonization condition
of these fungi (Table 3). In the case of sterilized
seeds significant positive correlation only was
found among R. stolonifer & Trichoderma spp.
(Table4).

Similar patterns of fungal distribution;
based on average linkage cluster analysis of
isolation frequencies (%); were obtained in both
sterilized and non-sterilized seeds. | solated fungi
appear to form main distinct group including all

Table 1. ANOVA of theisolation frequencies of mycotoxigenic fungi in cotton seeds

Source D.f Mean Square F Sg.
After Non sterilized Cultivar 4 146.069 0.825 0.511
3 months Fungi 7 5337.455 30.150 0.000
storage Cultivar x Fungi 28 525.978 2971 0.000
Error 200 177.029
sterilized Cultivar 4 253.445 2.119 0.080
Fungi 7 1904.508 15.925 0.000
Cultivar x Fungi 28 393.027 3.286 0.000
Error 200 119.596
After Non sterilized Cultivar 4 131.080 0.719 0.580
6 months Fungi 7 10927.639 59.910 0.000
storage Cultivar x Fungi 28 222.992 1.223 0.214
Error 200 182.399
sterilized Cultivar 4 216.846 1.847 0.121
Fungi 7 8698.106 74.091 0.000
Cultivar x Fungi 28 311.614 2.654 0.000
Error 200 117.397
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fungi while, A. niger was in the separate group
(Figure1). Within the particular group, fungi were
associated strongly and positively in their
distribution patterns over samples, whereas
between groups, they were associated weakly or
negatively. This result implies the potential
existence of sample (environment) related fungi.
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Mycotoxin analysis

High performanceliquid chromatography
revealed that all stored cotton seeds found to be
contaminated with aflatoxins, ochratoxins,
fumonisin (Fum), deoxynivalenol (DON) and
zearalenone (Zen). The quantities of toxin
contamination in the cotton seed samples were

Table 3. Correlation among frequencies of fungi isolated from non-sterilized cotton seeds

Fungi F1 F2 F3 F4 F5 F6 F7 F8
F1 1 -0.892 -0.677 -0.486 0.514 -0.143 0.793 0.318
F2 1 0.796 0.403 -0.611 -0.082 -0.538 0.003
F3 1 0.751 -0.965™ -0.403 -0.134 0.307
F4 1 -0.811 -0.596 -0.222 0.370
F5 1 0.471 -0.042 -0.375
F6 1 -0.307 -0.955
F7 1 0.515
F8 1

F1=Alternaria spp., F2 =A. flavus, F3=A. niger, F4=Aspergillus spp., F5=Fusarium spp., F6= Penicillium spp., F7=

R. stolonifer, F8=Trichoderma spp

Table 4. Correlation among frequencies of fungi isolated from sterilized cotton seeds

Fungi F1 F2 F3 F4 F5 F6 F7 F8
F1 1 0.190 -0.770 -0.594 0.800 -0.024 0.225 0.264
F2 1 -0.164 0.495 0.591 0.386 -0.329 -0.517
F3 1 0.704 -0.876 0.344 -0.724 -0.684
F4 1 -0.340 0.711 -0.786 -0.809
F5 1 -0.004 0.344 0.260
F6 1 -0.765 -0.598
F7 1 0.941*
F8 1

Fl=Alternaria spp., F2 =A. flavus, F3=A. niger, FA=Aspergillus spp., F5=Fusarium spp., F6= Penicillium spp., F7=

R. stolonifer, F8=Trichoderma spp.

Table 5. Mycotoxins content (Lg/kg) of stored cotton seeds at 3 & 6 months
after storage under ordinary condition.

Toxins After 3 months storage

After 6 months storage

Giza-80 Giza-86 Giza-88 Giza90 Giza-92 Giza-80 Giza-86 Giza-88 Giza90 Giza-92

B1 3.0 1.0 4.0 9.0 25
B2 4.0 - 4.0 2.0 10
Gl 5.0 2.0 2.0 1.0 15
G2 25 - 35 25 25
OTA 2.0 0.5 14.0 35 5.0
FUM 861.0 171.0 15.0 205.0 11.0
DON 13630 1673.0 703.0 13130 1750.0
ZEN 318.0 121.0 331.0 118.0 312.0

7.0 35 6.0 21.5 11.0
5.0 2.0 85 55 75
85 3.0 6.0 4.0 9.0
4.0 15 5.0 - 35
1.0 - 9.5 1.0 2.0
134.5 27.0 - 30.0 2.0
524.0 614.0 270.0 502.0 673.0
84.0 32.0 79.0 31.0 88.0
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cotton seeds: F1=Alternaria spp., F2 =A. flavus, F3=A.
niger, F4=Aspergillus spp., F5=Fusarium spp., F6=
Penicillium spp., F7= R. stolonifer, F8=Trichoderma spp.
Fig. 1. Phenogram based on average linkage cluster
analysisof frequenciesfungi isolated from non-sterilized
and sterilized

STUDY OF COTTONSEED BORNE FUNGI

varied among and/or within storage periods. An
amount of 2 ug/kg and 1.5 pg/kg of B2 and G2
aflatoxins were recorded in Giza-86 samples 6
months after storage although, no detectable
amount of both were found in 3 months after
storage. Giza-90 had no detectable amounts of
aflatoxins G2, Giza-86 had no ochratoxin and Giza-
88 had no fumonisin 6 months after storage (Table
5).

Significant and highly significant positive
correlations were observed between zearalenone
(Zen) production and the frequencies of Fusarium
spp. isolated from non-sterilized, sterilized cotton
seeds and their mean respectively. Highly
significant positive correlation of the frequency of
A. flavusisol ated from non-sterilized cotton seeds
and the production of B2 & G1 aflatoxins (Table6).

Stepwise multiple regression analysis
(Table 7) using the frequencies of fungi isolated
from cotton seeds and contents of toxins produced
by mycotoxigenic fungi, shows the contribution

Table 6. Correlations between mycrotoxin content of cotton seeds (ys) and
frequency of fungi (Xs) isolated from these seeds.

Frequency of fungusisolated from

Fungi Mycotoxin Non-sterilized Sterilized Mean
content seeds (X1) seeds (X2) (X3)
Zen(Y) 0.761*2 0.698** 0.777**
Fusarium spp Fum (Y,) 0.594 0.296 0.495
Don (Y,) 0.222 0.314 0.276
A. niger OTA (Y) 0.519 0.327 0.420
B1(Y)) 0.454 0.365 0.453
A. flavus B2 (Y,) 0.880** 0.362 0.658*
G1(Y,) 0.897** 0.626 0.834**
G2(Y,) 0.489 0.164 0.342

a pearson’s correlation coefficient( r ) is significant at p< 0.01 (**) or p < 0.05 (*) .

Table 7. Regression equations that describe the effect of frequency of fungi isolated from non-sterilized
seeds (X1), sterilized seeds (X2), and their means ( X3) on cottonseed content of mycotoxins (y,) .

Fungus Mycotoxin Regression equation r2 R2® F. value P>F
Zen(Y,) Y1=-197.061+30.192 X1 0.760 0.578 10.940 0.011
Fusariumspp ~ Fum (Y,) Y1=-128.099+37.382 X 2 0.698 0.487 7.594 0.025
Don (Y,) Y1=-205.446+37.570 X 3 0.777 0.604 12.200 0.008
A. niger OTA (Y) Y2=-0.739+0.235 X 1 0.880 0.774 27.465 0.001
B1(Y) Y2=0.730+0.171 X 3 0.658 0.433 6.098 0.039
A. flavus B2 (Y,) Y3=-0.765+0.249 X1 0.897 0.805 33.075 0.000
G2(Y) Y3=-0.039 +0.225 X 3 0.834 0.695 18.269 0.003

a correlation coefficient.; b coefficient of determination.
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of isolation frequenciesinthe R2. Inthisanalysis;
factors with little or no predictive value in the R2
were eliminated and only the significant contributed
factors were incorporated. The addition of
predictorsinto the model by the stepwise multiple
regression resulted in 7 predictive models.

DISCUSSION

This study indicated that A. niger was
the most predominant fungus and could be found
inall stored cotton seeds up to 6 months followed
by A. flvaus. This result is consistent with the
documents demonstrated that A. niger wasamong
the dominant fungi of cotton seeds'®’. Recovering
of variant fungal genera could be attributed to the
fat and protein contents of the oil seeds, aswell as
inappropriate post-harvest and storage conditions,
which may lead to increasing fungal popul ation®*°.
Theexistence of mycaotoxigenic fungi in the cotton
seeds could be found at the pre and/or post-
harvest stages; leading to seed deterioration and
mycotoxin contamination®32,

Aflatoxins B, B,, G, and G, secreted by
some different species of Aspergillusfungi as A.
flavus and A. parasiticus®. Aflatoxin B, and G,
were found in all tested varieties under different
storage conditions on the contrary of another
aflatoxins B,, and G, and this may be due to the
Aflatoxin B2 and G2 are dihydro derivatives of the
parent compounds B, and G,*.

Aflatoxins contamination increased their
ratesin seeds stored for a period of 6 monthsthan
the seeds stored for 3 months which can be
explained that Aspergillus which detachment of
these toxins considered storage fungi and have
ability to survive and adapt with the hard and
different storage conditions®.

The ochratoxin produced by some
species of Aspergillus and Penicillium®. The
concentration of thistoxin was decreased with the
length of storage period with all tested cultivars;
meanwhile the concentrations of ochratoxin for al
treatment were under the regulation limit?
(European Commission No 123/2005). Fusarium
toxins concentration (Fumonisin, Deoxynivalenol
and Zearalenone) decreased after increased seed
storage period to 6 months compared with seeds
stored for 3 months only. This may be due to
Fusariumisone of field fungi which can’t bear the
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difficult storage conditions. All concentrations of
Fumonisin and Zearalenone were under regulation
limit (1250 ppb) while the deoxynivalenol was out
of thislimitswith verieties Giza80, Giza86, Giza 90,
Giza92 after 3 months storage according to CAC?.
The significant correlations between the
frequency of isolated fungi and the mycotoxin
production was recorded in this study. Thisresult
could be attributed to the importance of the seed
oilsand lipid-richtissuesin supporting of the fungal
growth, sporulation and mycotoxin production®27,
Cotton seed content of G1 and B2 aflatoxinswere
significantly correlated with fungal isolation
frequency because the Cotton seed oils is
important to aflatoxin production by Aspergillus.
Moreover, extracting the lipids from cottonseed
meal had been reported to reduce aflatoxin
production by A. flavus approximately 1000-fol d.
Since the stepwise multiple regression
was effectively constructed 7 predictive models
using the factors that made a statistically
significant contribution to the R2 values; isolation
frequencies of some cotton seed fungi could be
used to predict the mycotoxin content in those
seeds. In this respect; good relationship had
previously been found between the fungal
development and secondary metabolism?t®2,

ACKNOWLEDGEMENTS

The authors would like to extend their
sincere appreciation to the Deanship of Scientific
Research at King Saud University for its funding
of thisresearch through the Research Group Project
No. RGP-VPP-298.

REFERENCES

1. Aly,A.A., Hussein E.M., Omar M.R. and Abd-
Elsalam K.A. Effect of amino acid content on
the level of cottonseed colonization by
mycoflora. Int. J. Agric. Biol., 2011; 13: 71-76.

2. Eisa(Nawal) A., El-Habbaa, G.M., Aboul-Ella,
M.F. and Hassan, S.R. Associated fungi with
seeds of some Egyptian cotton cultivars and
their effect on the plant mortality, mycotoxin
production and oil content. Annalsof Agric. ci.,
Moshtohor, 2007; 45: 651-665.

3. M.R. Mirzaeea, A. Heydarib, R. Zareb, L.
Naraghib, F. Sabzalic and M. Hasheminasabc.
Fungi associated with boll and lint rot of cotton

J PURE APPL MICROBIO, 8(SPL. EDN.), NOVEMBER 2014.



290

10.

11.

12.

13.

14.

15.

EL-SAMAWATY et a.: STUDY OF COTTONSEED BORNE FUNGI

in Southern Khorasan province of Iran. Archives
of Phytopathology and Plant Protection,
2013http://dx.doi.org/10.1080/
03235408.2013.765135

Jeffrey W. Cary, Kanniah Rajasekaran, Robert
L. Brown, Meng Luo, Zhi-Yuan Chen and
Deepak Bhatnagar Developing Resistance to
Aflatoxin in Maize and Cottonseed. Toxins,
2011; 3: 678-696.

Rajasekaran, K.; Cary, JW.; Cleveland, T.E.
Prevention of preharvest aflatoxin contamination
through genetic engineering of crops. Mycotoxin
Res., 2006; 22: 118-124.

Aly, A.A., Mansour M.T.M., El-Abbasi I.H.,
El-Wakil A.A. and Zayed S.M.E. Cotton seed
bornefungi and their effect onincidence of cotton
seedling disease. J. Agric. Sci., 2004; 29: 4781-
4800.

El-Samawaty, A.M.A., Omar M.R., El-Naggar
M.A., Yassin M.A., and Amer O.E. Pathological
Assessment of Seed Borne Fungi Involved in
Cotton Seedlings Damping-off. J. Plant <ci.,
2012; 7(3):85-95.

Aly, A.A., M.R. Omar, El-Abbasi I.H., El-
Samawaty, A.M.A.and A. A. Amal. Effect of
seed mycoflora on incidence of Fusarium wilt
diseasein cotton genotypes. J. Agric. <ci., 2008;
33: 7243-7251.

Costa, M.L.N, Dhingra O.D. and Da-SilvaJ.L.
Influence of internal seed borne Fusarium
semitectum on cotton seedlings. Fitopat. Brasil .,
2005; 30: 183-186.

Calvo, A.M., Wilson, R.A., Bok, JW. and
Keller, N.P. Relationship between secondary
metabolism and fungal development. Microbiol.
Mol. Biol. Rev., 2002; 66: 447-459.
Krishnamurthy Y. L., ShashikalaJand Naik B.
S. Antifungal Potential of Some Natural Products
gainst Aspergillusflavusin Soybean Seedsduring
Storage. J. of Stored Prod. Res., 2008; 44(4):
305-9.

Rajasekaran, K.; Cary, J.W.; Cotty, P.J;
Cleveland, T.E. Development of a GFP-
expressing Aspergillus flavus strain to study
fungal invasion, colonization, and resistancein
cottonseed. Mycopathol., 2008; 165: 89-97.
Cotty, P.J., Cottonseed losses and mycotoxins.
In: Kirkpatrick, T.L., Rothrock, C.S. (Eds.),
Compendium of Cotton Diseases. Am.
Phytopathol. Soc. Minnesota, 2001; pp. 9-13.
Jaime-Garcia, R., and Cotty, P. J. Aflatoxin
contamination of commercial cottonseed in
South Texas. Phytopathol ., 2003; 93:1190-1200.
Yassin M. A., El-Samawaty A., Bahkali A.,
Moslem M., Abd-Elsalam K. A. and Hyde K.
D. Mycotoxin-producing fungi occurring in

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

J PURE APPL MICROBIO, 8(SPL. EDN.), NOVEMBER 2014.

sorghum grains from Saudi Arabia. Fungal
Diversity, 2010; 44:45-52

Christian G. HPLC tipsand tricks. Great Britain
at the Iden Press, Oxford, 1990; p 608.
ScudamoreK.A., MacDonald S.J. A collaborative
study of an HPLC method for determination of
ochratoxin A in wheat using immunoaffinity
column clean-up. Food Addit. Contam. 1998; 15:
401-410.

Mazzani C, Borges O, Luzon O, Barrientos V,
Quijada P Occurrence of Fusariummoniliforme
and fumonisins in kernels of maize hybrids in
Venezuela. Braz. J. Microbiol., 2001; 32: 345—
349

Yassin M.A, El-Samawaty A.M.A., Moslem
M.A, El-Naggar M.A. Mycobiota of Almond
Seeds and the Toxigenicity of Some Involved
Genera. Life Sci J 2013; 10(4):1088-1093.
YuJ., 2012. Current understanding on Aflatoxin
biosynthesis and future perspective in reducing
Aflatoxin contamination. Toxins, 2012; 4: 1024-
1057.

Pitt JI, Tomaska L. Are mycotoxins a health
hazard in Australia? Food Austr., 2001; 53(12):
545-559.

Amadi, J. E. and Adeniyi D. O. Mycotoxin
production by fungi isolated from stored grains.
Afric. J. Biotechnol., 2009; 8(7): 1219-1221.
Abbott, S.P. Mycotoxins and Indoor Molds.
Indoor Environ. Connec., 2002; 3(4):14-24.
European Commission. Commission Regulation
(EC) No 123/2005 of 26 January 2005amending
Regulation (EC) No 466/2001 as regards
ochratoxin A. Official Journal of the European
Union No. L25, 3-5.

Codex alimentarius commission. Position Paper
on Ochratoxin A. CCFAC Agenda item 14(a)
CX/FAC 99/14. November 1998

Brodhagen M. and Keller N. Signalling pathways
connecting mycotoxin production and
sporulation. Molec. Plant Pathol., 2006;
7(4):285-301.

Calvo, A.M., Gardner, H.W. and Keller, N.P.
Genetic connection between fatty acid
metabolism and sporulation in Aspergillus
nidulans. J. Biol. Chem., 2001; 276: 25766—
25774.

Mellon, J.E., Cotty, P.J. and Dowd, M .K.
Influence of lipids with and without other
cottonseed reserve materials on aflatoxin B (1)
production by Aspergillus flavus. J. Arg. Food
Chem. 2000; 48: 3611-3615.
Aly,A.A.,HusseinE., Omar M., El-Abbasi |.H.,
Abd-elsalam K. Effect of fatty acid content on
the level of cottonseed colonization by fungi.
Biol. Lett. 2011, 48(2): 125-137



