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Abstract: Tsolation and identification of fungi associated with food grains were carried out on 20 food
gramns including cereals: wheat, barley, corn, sorghum, fenugreek, millet, legumes: pea, peanut, chickpea,
faba bean, lkidney bean, cowpea, red and green lentil; oil-producing seeds, walmut, almond, hazelnut,
sesame, pistachio and two ammal feeds: diet and ration obtained from local markets during 2003 to 2006 in
Al-Bayda, Libya. Blotter test technique and Agar plate technique were used to germinate the samples.
Potate Dextrose Agar (PDA), Malt Extract Agar (MEA), Yeast Extract Agar (YEA) and Sabrand’s Dextrose
Agar (SDA) media were used for fimgal isolation. Twenty fungi species belonging to 10 genera were
identified. These include Aspergillus flavus, A. ochraceus, A. terreus, A. niger, A. candidus, 4. fumigates,
Peunicillium chrysogenum, P. canescens, P. waksmanii, Fusarium oxysporum, F. graminearum, F.
sporotrichioides, Rhizopus stolownifer, Mucor piriformis, Alternaria tunuissima, Rhizoctoria solani, Pythium
ultinnim, Phyllactinia rigida and Sccharomyces cerevisiae. Among the cereals, sorghum grains exhibited the
highest fungal contamination (45%), while barley was the least contaminated (11.17%). Among the legumes,
peanut seeds had the highest contamination (37.94%) followed by pea (37.50%), while and the least was in lentil
(6%). Among the fatty seeds, walnut had the highest degree of contamination (71.17%), followed by almond
(48.07%), while the least contaminated was hazelnut (15.48%). Of the ammal feeds, ration (35%) was more
contaminated than the diet (30.63%). PDA media using the Blotting test technique exhibited more Aspergillus
and Rhizopus colonies compared to the same media using agar plate techmque. The highest number of
mycotoxin-producing fungus Aspergillus was 1solated from peanut seeds (49.38%) followed by hazelnut
(19.20%) and the laest in wheat (7.67%). Penicillium was isolated from all samples of walnut seeds and least
isolated from hazelnut (6.34%). The highest contamination with S. cerevisiae was found in walnut seed samples
(98%), while the least was in pea (10%).
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INTRODUCTION wheat, barley, rice and sorghum are the main cereals
corsumed m Libya [2].
Nine crops are of major importance namely wheat, Major groups of the fimgal pathogens are seed

rice, maize, barley, sorghum, sugar beet, common
phaseolus  bean, soybean and groundnut, which
contribute to the greater part of food production
worldwide. All these crops are attacked by devastating
seed-borne fungi and cause losses of cereal grains which
differ widely, amounting to about 10% worldwide, but may
reach up to 50% 1 tropical countries [1]. Maize, soybean,

borne and seed transmitted. Besides saprophytism and
parasitism, fungi are also known to form other inherent
associations with seeds of some members of Cistaceae,
Ericaceae and Orchidaceae [3]. Fungal penetration of
peanut seeds can occur through the central cavity of the
exotesta cells, through the space between cells and
through cracks m seed coat [4]. The effects of fungal
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invasion include a reduced germination potential,
development of wisible moldiness, discolouration,
unpleasant odour, loss of dry matter, heating, chemical
and nutritional changes, loss of quality and production
of mycotoxins [5, 2].

Many treatments such as drying in sun or treating
with lime have been applied to exclude fung: from food
seeds. Peanut seeds dried in the field and in shade had
high levels of Pericillium spp. and Aspergillus flavus
infection regardless of lime treatment. However, the
effect of lime and drying method on Rhizopus spp.
growth was evident [6]. After harvest, a longer
exposure to the environment (field- and shade-drying)
resulted in more fungal infection because of low rate
of water loss [7]. The activity of F. moniliforme and
F. proliferatum m gram reduced the presence of
Aspergillus  flavus, Aspergillus  niger, Aspergillus
ochraceus to some extent particularly at 15°C and
high water availabilities (0.95-0.98 aw) [8]. Christenisen and
Kaufmann [9], working with the fungi associated with
seeds, classified them into two groups, iLe., “field fung1,”
which contaminate seeds in the field before and during
harvest including transit and “storage fungi” which
contaminate seeds during transit and storage. Fungi are
significant destrovers of foodstuffs and grains during
storage, rendering them unfit for human consumption by
retarding their nutritive value and often by producing
mycotoxins 1n the foods [10, 11]. Fung:i of the genera
Rhizopus, Aspergillus, Fusarium and Penicillium  are
commonly present in peanut (drachis hvpogea L.)
seeds [12] and 4. flavus 1s the main species occurring in
peanut [13, 14]. A number of fungi that have been
assoclated with cereal grains and soybean seeds include
species of the genera Fusarium, Aspergillus and
Penicillizom [15]. Stored grain 1s commonly colomzed by
a range of different fungi, especially by species of
Aspergillus, Penicillium and Fusariwm and at high
water activities (aw), by yeasts [16, 17].

Estimation of fungal contamination of barley grain is
important as fungi can proliferate during storage and the
4-5 day malting process [18, 19]. Soil fungi are likely to be
a major cause of mortality for buried seed. A few
ecological studies have examined the role of these
pathogens in natural systems. Invasion of seed by fungi
before harvest 1s governed primarily by plant host-fungus
and other biological interactions (e.g. insects), while
growth of post-harvest fungi is governed by crop
nutrients, abiotic factors (temperature, moisture, light
etc) and biotic factors (insects, interference, competition,
etc) [20].

Maize (Zea mays1..) is one of three major cereal crops
that dominate world agriculture [2]. Maize gram is a good
substrate for mould infection and production of
dangerous mycotoxins which s potentially hazardous to
the health of both humans and animals [21]. Maize kernels
are processed primarily for livestock feed (78%) and to
some extent for human consumption (13%) [22]. Hence,
the potential for mycotoxing to be found in foods and
ammal feeds 1s high. Effects of mycotoxins m ammals
include allergic reactions, reproductive failure and
unthriftiness, loss of appetite, feed
suppression of the immune system, decreased feed
efficiency and mortality.

refusal and

Numerous mvestigations have been carried out on
cereals seed borne fungi all over the world [23-30].
However for Libya, no published studies, except a few,
exist on mycoflora contamination of cereals seeds. The
purpose of this research was to isolate and identify the
mycoflora of cereals, legumes, o1l producing seeds and
animal feeds obtained from local markets in Al-Bayda
Governote, Libya. This was aimed at providing insight
into the presence or absence of fungi with public health
implications whose presence could have been introduced
as a result of processing or storage. The results might be
helpful to both consumers, food processing factories and
govermment regulatory agencies.

MATERIALS AND METHODS

Collection of Seed Samples: Commercial grains from
different plant families, Poaceae: wheat (Triticum aestivum
L)), barley (Hordeum vulgare L.), fermgreek (Trigonella
Joenum-graecum L.), maize (Zea mays L.), sorghum
(Sorghum vulgare 1..) and millet (Pennesitum glayicum 1..),
Leguminosae: pea (Pisum sativum L.), chickpea (Cicer
arietimem 1..), kidney bean (Phaseolus vulgaris 1..),
faba bean (Vicia faba 1..), peanut (drachis hypogea 1..),
cow pea (Vigna sinensis L)), red lentil and green
lentil (Lens culinaris Medic L.), Rosaceae: almond
(Prunus amygdalus L.), Tuglandaceae: walnut (Juglans
regia 1..), Pedaliaceae: sesame (Sesamum indicum 1..),
Corylaceae: hazelnut (Coryius avellana L.) and
Anacardiaceae: green almond (Pistacia vera L.) were
obtained randomly between 2003 and 2006 from local
markets in Al-Bayda city, Libya. Two types of ammal feed
(ration and diet) were also included. Each sample was put
i a sterile polyethylene bag which was subsequently
sealed. The bags were transferred to the mycological
laboratory and kept in a refrigerator at 3-5°C until fungal
1solation and 1dentification were completed.
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Determination of Moisture Content of Seeds: Twenty
grams of each seed sample were milled and dried m an
oven at 105°C for 24 h, then cooled in desiccators and
re-welghed to a constant weight. The moisture content
was calculated as percentage of the dry weight according
to the techmique
Association (1966).

of International Seed Testing

Determination of Germinability of Seeds: One hundred
seeds of each sample were incubated at 25°C over a pad
of moist sterile Whatman No. 1 filter paper placed 1 sterile
petri dishes for 7 days. The seeds with healthy roots and
plumules were counted and the counts were expressed as
percentages of the numbers of tested seeds.

Determination of Seed-Borne Fungi

Blotter Test: The blotter test [31, 32] was used to isolate
the fungal pathogens associated with the sample seeds
as well as to determme the viability of seeds after the
storage periods. Modified Potato Dextrose Agar (PDA)
media, Malt Extract Agar (MEA) media, Yeast Extract
Dextrose Chloramphenicol Agar (YEDC) media, Sabrand's
Dextrose Agar (SDA) media were used. Sterile Whatman
filter papers were placed in sterile 9@ ecm petri dishes and
moistened with sterile distilled water to provide moist
condition. Ten grams of each plant species were placed in
each petri dish lined with the filter papers. Seeds of plant
species were replicated four times and incubated at room
temperature for seven days. Daily observations were
made to count the mumber of germinated seeds and fungal
colonies that appeared. The resulting fungi were 1solated
and pure cultures were prepared to identify them.

Agar Plate Technique: The grains were external sterilized
by 4% sodium hypochlorite to 1 minute then washed by
sterilized distilled water and placed in petri dishes on
Potato Dextrose Agar (PDA), Malt Extract Agar (MEA),
Yeast BExtract Agar (YEA) and Sabrand's Dextrose Agar
(SDA) and spaced properly. They were incubated for a
fixed period of time (7days) at 25°C. The growing fungi on
contaminated grains were photographed using camera
and were 1solated on plate agar media (PDA, MEA, YEA
and SDA). The isolated fungi were 1dentified using light
microscope after slides were stained by Lactephenol
(20g of Phenol in a mixture of 20g of Lactic Acid, 40g of
Glycerol and 20 ml of water) by Anon. [33], Henselov and
Hudecov [34] and Gwary ef al. [35].

Tdentification of Fungi: The taxonomic identification of
fungi (based on morphological macro- and microscopic
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characteristics) was carried out according to Booth
[36, 37], Raper and Fennell [38], Pitt [39, 40], Moubasher
[41], Samson [42] and Summerell [43].

Statistical Analysis: Analysis of variance (ANOVA)
of collected data and tests of significance were carried
out using SAS statistical package [44] and Duncan’s test
was used to adjudge the differences between treatment
means.

RESULTS AND DISCUSSION

Ten fungal genera were isolated, which were related
to four fungal classes namely Comycetes, Zygomycetes,
Ascomycetes and Deuteromycetes. Among these fungal
genera, 20 species and two strains of Saccharomyces
cerevisiae were isolated and identified. These species
were Aspergillus  flavus, A. ochraceus, A. terreus,

A. wnmiger, A.candidus, A. clavatus, A. fumigatus,
Penicillium chrysogenum, P. canescens, P.waksmanii,
Fusarium OXVSPOrum, F. graminearum,
F. sporotrichioides, Rhizopus stolonifer, Mucor
piriformis, Alternaria temuissima, Rhizoctonia solani,
Pythium ultimum, — Phyllactinia rigida and

Saccharomyces cerevisiae (Table 1). The findings are in
agreement with the outcome of El-Maghraby and EI-
Maraghy [45], who isolated Aspergillies, Penicillitim and
Fusarium from feedstuffs collected from different farms in
the Beida Governorate, Libya.

Among the cereals, the percentages (%) of
contamination of sorghum grain was the highest
(about 45%) and it differed significantly (P<0.05) from
other grains such as maize (29.09%), wheat (12.44%),
barley (11.17%) as shown in Table 2. This result is related
to that of Fakhrunmisa [46] who isolated seed-borne
mycoflora from 27 samples of sorghum, 19 samples of
wheat and 14 samples of barley in Pakistan. Seed-borne
mycoflora previously reported from other parts of the
world include Alternaria alternata, Aspergillus flavus,
A. fumigatus, A. niger, Cladosporium sp., Fusarium
moniliforme, F. oxysporum, F. pallidorosewm, Drechslera
tetramera, Nigrospora sp., Phoma sp. and Rhizopus sp.
[47, 48].

Percentage fungal contamination of peanut seeds
were the highest amongst the legumes (37.94%), followed
by pea (37.50%) and lentil was with least infection (6%)
{(Table 3). Freshly harvested peanut seeds have also been
reported to be contaminated with moulds and the
dominant genera comprised of Aspergillus, Penicilliim
and Fusarium [49, 50, 51].
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Table 1: Fungi which were associated with the examined commnercials grains and animal feed and their relative distribution

Warne of plant

Poaceae
Farnily

Fabaceae { Leguminosae)

Fungus ‘Wheat  Barley  Corn  Sorghum  Fenugreek

MMillet

Pea

Chike pea  Kidney beans  Faba bean Cow pea  Red lentil Green lentil  Peanut

+
+

+
+
+

Aspergillus niger
Aspergitlus flaviis
Aspergillus ochracts
FPenicill tum canescens
Rhzopus stolonger
FYsariam aysporm
Saccharomyces cerevisiae
Alternariz tertissima
Penicillivm chrysogermun
Mucar piriformis
Saccharomyces cerevisiae 1
Pythum Wi
Phyllactinig rigida
Frsarivm gropminaren
Aspergitlus fismigates
Aspergillus terreus
Aspergillus clavans
Rhzoctonia soloni
Penicill tum waksmanii

+

o+
o+

+

+ + + +

+

Name of plant

Rosaceae
Almond

Juglandaceae
Walnut

Farnily
Fungu

Corylaceae (Animal feed)
Pedaliaceae
Sesamum

Hazelnut Diet

+
+
+

Aspergillus niger
Aspergiblus flavis
Aspergillus ochractis
Penicilltum canescens
Rhizopus stolonifer
RSP woysp onim
Saccharomyces cerevisiae
Alternaria terussima
Penicillivm chrysogermumn
Muicar piriormis
Saccharomyces cerevisiae 1
Pytham wiimun
Phyllactinia rigida
FUsarivm gropmiaren
Aspergillus fiumigates
Aspergillus ferreus
Aspergillus clavaius
Rhzactania solan
Penicill tim waksmanii

+ o+

+
+
+

+

+

+ o+ o+ o+

+ o+ o+ o+

Table 2: Percentages of contaminated cereal samples indicated by different
isolation techniques/media

Table 4: Percentage of contaminated oil seeds (mits) samples indicated by
different isolation technique

Cereals Fatty seeds
Used technique Wheat Barley Com Sorghum Used technique Walnut Almond Hazelnut
Blotter test technique 12.00 04.00 17.33 14.33 Blotter test technique 69.00 48.13 22.78
Agar Plate (PDA) 04.00 10.00 09.67¢ 37.00b Agar plate (PDA) 73.33 50.00 10.67
Agar Plate (SDA) 75.00a  32.00 58.00 Agar plate (MEA) 36.07 08.00
Level of significance n.s. n.s. * ns. Agar plate (YEA)
n.s.: not significant at p< 0.05, *: differ significantly at p < 0.05 Level of significance n.s. ns. n.s
a, b, ¢: Means with different letters are differed significantly at p < 0.05 n.s.: not significant at p< 0.05, ....: not included in the analysis

Table 3: Percentage of contaminated legume seed samples indicated by
ditferent isolation technique
Legume seeds

Used technique Lentil Pea Peanut
Blotter test technique 7.00 45.00 35.69
Agar plate (PDA) 5.00 30.00 40.19
Agar plate (MEA)

Agar plate (YEA)
Level of significance n.s. n.s n.s.
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Table 5: Percentage of contaminated animal feed samples indicated by
different isolation technique

Animal feeds

Used technique Diet Ration
Blotter 21.25 07.50b
Agar Plate (PDA) 40 62.50 a
Level of significance n.s. *

n.s.: not significant at p= 0.05, *: differ significantly at p < 0.05, a, b:
Means with different letters differ significantly at p < 0.05
..... nat included in the anatysis
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Table 6 Isolated fungi from different kinds of legumes using different isolation techniques.

Cormnycetes Zygormycetes Ascormycetes Deuteromycetes  Number of detected fing by

Fungal groups

Seed kind Technique Fhr Pyu. Mp. Rhz Ac Afl Afi An Ao At Pc Fhs Sc Bcl Altt Fg Fo Tedinique Total

Cowpea BLO * 1 3
PDA * * * 3

Chickpea BLO * 1 3
PDA * * * 3

Green lentil ELO * * 3 4
PDA * * * 3

Fababean BLO * 1 4
DA * * * * 4

Kidney bean BLO 0 1
PDA * 1

Fed lentil BLO * 1 3
PDA * * * 3

Pea BLO * * 2 4
DA * * * * 4

Peanut BLO * * * * 4 8
DA * * * * * * 8
MEA * * * 3
TEA * * * * * 5

Total fungi isolated 0 &) 2 9 &) 3 &) 13 1 &) 9 0 9 1 &) 0 &) 43

Murnber of contarnmnated o] o] 1 5 o] 1 o] [ 1 o] 5 o] 8 1 o] o] o] 9

seeds kind

The percentages of fungal mfection m o1l seed
samples were highest in walnut seed (71.17%), followed
by almond seed (48.07%) and the lowest in hazelnut seed
(15.48%) as shown in Table 4. These results are in
agreement with those reported by Abdel-Gawad and Zohri
[52] that found a wide range of moulds representing
several genera and species from 5 seed samples, but the
highest fungal count was also recorded in walnut.
Percentages of contarmination m ammal feeds were 35% in
ration seed and 30.63% in diet (Table 5). The results in
thus study are similar to Kriyaja [53] that ammal feeds are
contaminated with Fusaritm spp., Aspergillis spp. and
Penicillivm spp.

Isolation Technique: The number of different seed-bormne
fungi 1solated in various media clearly showed that there
were differences in contamination for each kind of fungus
on the different media used. The highest percentage of
contaminations with Aspergillus wiger was shown by
wheat, barley, maize, sorghum, peanut, clickpea, faba
bean, green lentil, peanut, almond, hazelnut and ration
PDA media using Blotter test technique, while the highest
percentage of contaminations with Rhizopus stolonifer
was also shown by sorghum, fenugreek, pea, green lentil,
peanut, almond, walnut, sesame, hazelnut and diet on
PDA using Blotter test technique. Results differed using
other media such as MEA, YEA, SDA and Agar plate
technique, as shown mn Table 6. This indicates that there
are sensitivity differences in the wvarious isolation
methods used and also varying with organism and media.
On the other hand, the high percentage of contaminations
with Saccharomyces cerevisiae was shown by sorghum,
fenugreek, millet, pea, chickpea, kidney beans, faba bear,

750

maize, green lentil, peanut, walnut, sesame and hazelnut in
PDA media in Agar plate technique as shown in Table 6.
The finding of this study was different from that of
Embaby and Abdel-Galil [54]. Agar plate (PDA medium)
was better for seed testing than Blotter test method and
gave higher numbers of colony of fungi with all tested
legume seed samples.

Contaminations With Main Genera of Fungi That Affect
Human Health: Mycotoxing are secondary metabolites
mainly produced by the four genera of fungi -Fusarium,
Claviceps, Aspergillus and Pepicillium, which grow on
almost every kind of nourishing medium [55, 56].
Aspergillus flavus was isolated from tested seeds of
different plants, with the highest contamination in peanut
seeds (49.38%) and it differed significantly with other
seeds such as hazelnut (19.2%), ration ({18.75%), wheat
(7.67%), as shown m Fig. 1. Association of varieties of
fungi including species of Aspergillis causing significant
losses n seed quality and nutritional quality of grains
have been reported [57]. The study 1s in agreement with
results from similar studies [58, 59, 60]. In these studies,
peanut had the highest contammation by 4. flavus.
Vaamonde [6] ] noted that contamination by 4. flavus was
more m salted peanut (69%) and less in pure peanut
samples in Argentina. The highest contamination of
A. niger was in pea seeds (60%) and it differed
sigmificantly with other seeds such as peanut (56.5%),
maize (32.44%), sorghum (20%), almond (18.67%), wheat
(12%), barley (11.94%) and lentil (5%), as shown in Fig. 2.
The findings were closely related to the observation of
Ahmad and Singh [62]; El-Kady [63]; Tseng [64];
Tseng and Tu [24]; Saber ef al. [65] and Ciccarese [66].
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Fig. 3: Ranking the studied stuff according to their contamination with Saccharomyces cerevisiae
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Penicillium spp. was also isolated from the tested
seeds samples. observed that the highest
contamination of Penicillitm spp. was in walnut seeds
(about 100%) and 1t differed significantly with other seeds
such as maize (48.67%), wheat (13.67%), lentil (7%),
hazelnut (6.34%), as shown on Figure 3. The study
corroborates the report of Gurses [67] who collected 24
walnuts and found Aspergillus and Penicillium species
m all the samples. Sing and Shukla [68] remarked on
fungal infection and mycotoxin contamination in fresh

It was

and stored kemels of walnut collected from different
localities of Uttaranchal (India). He emphasized that
fresh samples carried a combination of field and storage
fungi, mainly species of Permicillium, Aspergillus and
Alternaria.

Saccharomyces cerevisiae was 1solated from the
tested seeds samples. Walnut seeds had the highest
contaminated samples (98%). This differed significantly
from other seeds such as almond (70%), sorghum (68%),
peanut (31%0), hazelnut (11%), pea (10%), as shown in
Figure 8. Sing and Shukla [68] found more or less sunilar
results in their study.

The frequencies of growth of Rhizopus stolonifer,
Aspergillus niger and Penicillium canescens on barley
and wheat are in agreement with those obtained by
Sagir and Yildiz [69]. Sorghum grain, pea seed, walnut
seed and ration seed were with the highest level of
contammation because of moisture content of seeds or
may be due to mechanical injury during harvesting and
unfavourable storage conditions which affected the
enzymes metabolism. Grain crops harbour a microbial
community (e.g., filamentous fungi, yeast, bacteria), which
1s influenced by cultivar, clinate and agronomic practices
[70]. Growth of fungi and bacteria typically occurs for
only a short period during imitial stages of fermentation
of plant material, after which lactic acid production and
alcoholic fermentation pre-dominate [71]. The ability of
301l borne pathogens to parasitize seeds 15 mfluenced by
the structure and condition of the seeds as well as by
cultural and climatic factors [72]. Moisture can influence
the distribution and spread of many pathogens affecting
ther development, longevity, germnation
mfectiveness of fungal spores [73]. Pathogemc and
spoilage organisms may be inhibited by production
of orgamic acids, hydrogen peroxide, carbon dioxide
and/or antimicrobial substances and also by lowering
the pH [74]. Crist and Friese [75] studied five shrub-
steppe species in Wyoming and found that fungal
pathogens were responsible for up to 35% of seed
mortality.

and
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Robin and Chiou [76] showed a negative linear
relationship between logarithms of mternal fimgal
populations and logarithms of free glutamic acid content
of peanut kernels. Determination of free glutamic acid
content in peanut kernels in the initial stages of infection
appears to have potential as an index to estimate fungal
contamination. Horn [77] suggested that soil 1s a source
of primary inoculum for Adspergillus flavus and A.
parasiticus that produce highly carcinogenic aflatoximns
in peanuts. Aflatoxigenic fungi commonly invade peanut
seeds during maturation and the lnghest concentrations
of aflatoxing are found in damaged seed. The testa
protects the highly nutritious seed contents, but it is
clear from observation and experiments that at least
some seeds of some species are susceptible to attack by
microorganisms. Small seeds may be more vulnerable to
pathogens [75].

The highest levels of A. flavus and A. parasiticus
infection and aflatoxin contamination are associated
with seed damage [77-82]. Gurses [67] showed that
aflatoxin Bl may be found at lugh levels m hazelnuts,
walnuts,  peanuts  and  almonds-except roasted
chickpeas. This 13 a major public health concern and it
requires investigations into the reasons for these high
levels and means of minimizing or eliminating them. On
the other hand, this situation may be a result of
adverse pre-harvest conditions of temperature and
humidity mn the field and improper post-harvest handling
and storage. Therefore, the prevention of contamination
with toxigenic fungi of foods during harvest, processing
and storage 1s the best way to control aflatoxin formation.
In addition, the mold growth and toxin formation
may significantly be himited by packaging, removing of
the damaged and moldy fruits and mechanical drying
prior to storage.

ACKNOWLEDGEMENTS

We gratefully acknowledge Professor Dr. Lennart
Johnsson (MASE laboratory, Uppsala, Sweden), for
help with the statistical analyses, Professor Dr.
Baharuddin Salleh (Universiti Sains Malaysia, School
of Biological Sciences, Malaysia) for assistance in
interpreting the data, for critical reading and refining of
the manuscript; Mohd Kamarudin Bin  Mohd
Maidin, (Universiti Sains Malaysia, School of Biological
Sciences Malaysia), for excellent technical support;
Universiti  Sains Malaysia, (Malaysia) and Omar
Al-Mukhtar University, Al-Bayda, (Libya) for the financial
support.



10.

11.

12.

13.

World Appl. Sci. J., 9 (7): 746-756, 2010

REFERENCES

Arora, D.D., K.G. Mukerji and E.H. Marth, 1991.
Handbook of applied mycology. Banaras Hind
University. India, 3: 499-539.
Youssef, M.S., 2009. Natural
mycotoxins and mycotoxigenic fungi on Libyan com
with special reference to mycotoxin control. Res. T.
Toxins, 1(1): 8-22.

Singh, D. and S.B. Mathur, 2004. Histopathology of
Seed-Borme Infections. CRC Press, Washington DC.
Zambettakis, CH., 1975. Etude de la contamination de
quelques varietés d'arachide par Aspergillus flavus.
Oleagineux, 30. 161-167.

Christenser, CM. and HH. Kaufinaim, 1969.
Grain storage. The Role of fungi in Quality Loss.
University of Minnesota Press. Minneapolis, pp: 153.
Fernandez, E M., C.A. Rosolem, A.C. Maringom and
DM.T. Oliverra, 1997. Fungus incidence on peanut
grains as affected by drying method and Ca nutrition.
Field Crops Res., 52: 9-15.

Hag-Elamin, N.H., A M. AndelRahim and A E. Khalid,
1988. Aflatoxin contamination of groundnuts in
Sudan. Mycopathologia, 104: 25-31.

Marin, S., V. Sanchis, F. Rull, A.J. Ramos and
N. Magan, 1998 Colomzation of maize gram by
Fusarium moniliforme and Fusarium proliferatum in
the presence of competing fungi and their impact on
fumonisin production. J. Food Prot., 61: 1489-1496.
Christensen, C.M. and HH. Kaufmann, 1965.
Deterioration of stored grains by fungi. Amm. Rev.
Phytopathol., 3: 69-84.

Marm, S., V.Homedes, V. Sanchis, A.J. Ramos and
N. Magan, 1999. Impact of Fusarium moniliforme
and F. proliferatum colonization of maize on calorific
logses and fumonisin production under different
environmental conditions. J. Stored Product Res.,
35:15-26.

Janardhana, G R., KA. Raveesha and H.S. Shetty,
1998, Modified atmosphere storage to prevent
mould-induced nutritional loss in maize. I. Science
Food and Agriculture, 76: 573-578.

Mariotto, PR, AP Silveira, P. Figueiredo, D.A.
Oliveira and I B.M. Araujo, 1982. Efeito do tratamento
de sementes de amendoim com fungicides. Biologico,
48: 53-60, In; EM. Fernandez, C.A. Rosolem, A.C.
Marmgomi and D.M.T. Olivewra, 1997. Fungus
incidence on peanut grains as affected by drying
method and Ca nutrition. Field Crops Res., 52: 9-15.
McDonald, D., 1969. Groundnut pod diseases. Rev.
Appl. Mycol., 48: 465-475.

occurrence of

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24.

25.

26.

Sultan, Y. and N. Magan, 2010. Mycotoxigenic fungi
in peanuts from different geographic regions of
Egypt. Mycotoxin Res., 26: 133-140.

Sinha, K.K. and D. Bhatnagar, 1998. Mycotoxins in
agriculture and food safety. New York, Marcel
Dekker, Inc., pp: 511.

Clarke, TH. and S.T. Hill, 1981. Mycofloras of
moist stored barley during sealed storage in farm
and laboratory silos. Trans. Br. Mycol. Sot., 77:
557-565.

Logrieco, A, A. Bottalico, G. Mul'e, A. Moretti and
G. Perrone, 2003. Epidemiology of toxigenic fungi
and their associated mycotoxins
Mediterranean crops. Buropean J. Plant Pathol,
108: 645-667.

Hill, R.A. and T. Laceq, 1983. Factors determined the
microflora of stored barley grain. Ann. Appl. Biol,
102: 467-483.

Petters, H.I., B. Flanmgan and B. Austin, 1988.
Quantitative  and  qualitative studies of the
microflora of barley malt production. T. Appl
Bacteriol., 65: 279-297.

Miller, I.D., 1995. Fungi and Mycotoxins mn Grain:
Implications for Stored Product Research. J. stored
Prod. Res., 31(1): 1-16.

WHO, 2006, Mycotoxins 1n  African foods:
Implications to food safety and health. AFRO Food
Safety Newsletter, World Health Organization Food
Safety, Issue No. JTuly, http://www.afro.who.int/des.
Igawa, T., N. Takahashi-Ando, N. Ochiai, 5. Ohsato,
T. Shimizu, T. Kudo, I. Yamaguchi and M. Kimura,
2007. Reduced contamination by Fusarium
mycotoxin zearalenone in maize kernels through

for some

genetic modification with a detoxification gene.
Long-Form Paper, American Society Microbiology.
Applied Environ. Microbiol., 10: 1128-1142.
El-Kady, T.A. and M.S. Youssef, 1993. Survey of
mycoflora and mycotoxins m Egyptian soybean
seeds. J. Basic Microbiol., 33: 371-378.

Tseng, T.C. and 1.C. Tu, 1997. Mycoflora and
mycotoxing in adzuki and mung beans produced in
Ontario, Canada. Microbioes., 90 87-95.

Costa LL.F. and V.M. Scussel, 1998. Ocormrénela
de micotoxinas em  produtos
comercializados em Floriandpolis-Estado de Santa

alimenticios

Catarina. IX Encontro Nacional de Micotoxinas,
FlorianopolisBrazil, 130: 18-21.

Costa, L.L.F. and V.M. Scussel, 2002. Toxigenic fungi
in beans (phaseolus vulgaris 1.) classes black and
color cultivated in the state of Santa Catharina, Brazil.
Brazilian I. Microbiol., 33: 138-144.



27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

World Appl. Sci. J., 9 (7): 746-756, 2010

Youssef, M.S., M.B. Aboel-Naser and N.F. Abo-
Dahab, 2002. Mycoflora and mycotoxing of roasted
cicer (Cicer arietinum 1..) in Egypt. In: Proceedings
of the 3 International Conference on Fungi: Hopes
and Challenges, Oct. 30™ Nov. 1, AL-Azhar
University, Cairo, Egypt, pp: 75-89.

Ibrahim, M.E.M., 2007. Impact of mtrogen levels on
growth and yield of sugar beet intercropped with
faba bean and wheat. M.Sc. Thesis, Fac. of Agric.
Mansoura Univ.,

Gonzalez, HHL., G.A. Molto, A. Pacin, 3.L. Resnik,
M.J. Zelaya, M. Masana and E.J. Martinez, 2008.
Trichothecenes and mycoflora in wheat harvested in
nine location in Buenos Aires Province, Argentina.
Mycopathologia, 165: 105-114.

Kumar, V., M.8. Basu and T.P. Rajendran, 2008.
Mycotoxin research and mycoflora
commercially important agricultural commodities.
Crop Prot., 27: 891-905.

Limenard, T., 1966. A modified blotter test for seed
health. Neth. I. P1. Path., 72: 319-321.

Lantos F., J. Lantos and E. Lantes, 2002. An Unusual
Twist to the Blotter TestThe Lantos Method.
Practicing O1l Analysis, pp: 7.

Anon., 1994, The microbiology of water 1994, Part 1-
drinking water. Methods for the examination of
waters and associated materials. Report on public
health and medical subjects no. 71. Her Majesty’s
Stationery Office, London.

Henselov, M. and D. Hudecov, 2001. Differences in
the microflora of scarified and unscarified seeds
of karwinskia humboldtiana (rthamnaceae). Folia
Microbiol., 46(6); 543-548.

Gwary, D.M,, D.M. Mailafiya and T.J. Tibrin, 2006.
Survival of Colletotrichum sublineolum and other
seed-borme fungi m sorghum seeds after twenty
months of storage. Int. J. Agri. Biol., 8(5): 676-679.
Booth, C., 1971. The Genus Fusarium. 1% ed.,
Commonwealth Mycological Institute, Kew, Surrey,
England, pp: 237.

Booth, C., 1977, Fusarium Laboratory Guide to the
Tdentification of the Major Species. 1% ed,
Commonwealth Mycological Institute, England,
pPp: 38.

Raper, KB. and D.I Fennel, 1977. The Genus
Aspergillus. Knieger R E. Publishing Co., Huntington,
New York, USA., pp: 686.

Patt, JI., 1979. The Genus Penicillium and its
Teleomorphic States, Eupenicillium and
Talaromyces. 1% edn., Common. Sci. Ind. Res. Org.,
Div. Food Res., North Ryde, NSW Australia,
Academic Press, Inc. Ltd. London, pp: 634.

>

in some

754

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Pitt, I1., 1991. A Laboratory Guide to Common
Penicillium Species. Commonwealth Scientific and
Industrial Research Organization. North Ryde,
Australia: Division of Food Processing.

Moubasher, A H., 1993. Soil Fungi in Qatar and other
Arab Countries. Center of Scientific and Applied
Research, Umiversity of Qatar, Qatar, pp: 566.
Samson, R.A., V.R. Hoeckstra, J.C. Frisvad and
O. Filtenborg, 2002. Introduction to Food and
Awrborne Fungi. 6th Edn Centraalbureau voor
Schimmelcultures, Utrecht Netherlands, pp: 64.
Summerell, B.A., B. Salleh and JF. Leslie, 2003.
A utilitarian approach to Fusariwm identification.
Plant Dis., 87: 117-128.

SAS Institute Tnc., 1988. SAS/STAT user's guide
release 6.03.Cary NC: SAS Institute Inc., pp: 623.
El-Maghraby, O.M.0O. and S.S. El-Maraghy, 1987.
Mycoflora  and mycotoxing of peanut
(Arachis hypogaea L.) seeds m Egypt: sugar fungi
and  natural  occurrence  of  mycotoxins.
Mycopathologia, 98: 165-170.

Fakhrunmsa, Hashmi, M.H. and A. Ghaffar, 2006.
Seed-bome mycoflora of wheat, sorghum and barley.
Pakastan J. Botany, 38(1): 185-192.

Abdullah, SK. and S.A. Kadhum, 1987. Seed
mycoflora of Serghum bicolor inTraq. Art Gulf T. Sci.
Res., 5(3): 401-410.

Ahmed, 1., S. Iftikhar and AR. Bhutta, 1992.
Seed-borne microorganism in Pakistan Checklist.
PARC, Islamabad.

Pettit, RE. and R.A. Taber, 1968. Factors mfluencing
m peanut kemels and
Appl. Microbiol.,

aflatoxin  accumulation
the associated mycoflora.
16: 1230-1234,

Joffe, A.Z., 1969. The mycoflora of fresh and stored
groundnut kemmels m Israel. Mycopathol. Mycol.
Appl., 39: 255-264.

Hanlin, R.T., 1973. The distribution of peanut fungi in
the southeastern United States. Mycopathol. Mycol.
Appl., 49: 227-241.

Abdel-Gawad, K M. and A.A. Zohri, 1993. Fungal
flora and mycotoxing of six kinds of nut seeds for
human  consumption 1 Saudi  Arabia.
Mycopathologia, 124: 55-64.

Krmyaja, V., I. Levie and S. Stankoviee, 2009, Ubiquity
of toxigenic fungi and mycotoxins in ammal feeds
m republic of Serbia. Biotechnology in Animal
Husbandry, 25(5-6); 477-491.

Embaby, EM. and MM. Abdel-Galil, 2006.
Seed borne fungi and mycotoxins associated
with some legume seeds in Egypt. . Appl. Sci. Res.,
2: 1064-1071.



55.

56.

57.

58.

59.

60.

61.

62.

63.

64,

65.

66.

World Appl. Sci. J., 9 (7): 746-756, 2010

Petzinger, E. and A. Weidenbach, 2002. Mycotoxins
in the food cham: The role of ochratoxins. Livest.
Prod. Sci., 76: 245-250.

Alghalilbi, SM.S. and ARM. Shater, 2004
Mycoflora and mycotoxin contamination of some
dried fruits m yemen republic. Ass. Umv. Bull.
Environ. Res., 7(2): 19-27.

P BK. Yadar and
K.C. Premarajan, 2005. Occurrence of Aflatoxin in
some of the food and feed in Nepal. Indian T. Medical
Sci., 59: 331-336.

Diener, UL., R.I. Cole, T.H. Sanders, G.A. Payne,
1.5, Lee and M.A. Klich, 1987. Epidemiology of
aflatoxin formation by Aspergillus flavus. Ann. Rev.
Phytopathol., 25: 249-270.

Boyd, M.L. and P.I. Cotty, 2001. Aspergillus flavus
and aflatoxin contamination of leguminous trees
of the Soncran Desert in Arizona. Phytopathol.,
81: 913-919.

Payne, G.A., 1998. Process of contamination by

Koirala, » S Kumar,

aflatoxin-producing fungi and their impact on crops.
In: K.K. Sinha and D. Bhatnagar, eds. Mycotoxins in
agriculture and food safety. New York: Marcel
Dekker., pp: 279-306.

Vaamonde, G., A. Patriarca, V.F. Pinto, R. Comerio
and 3. Degrossi, 2003, Variability of aflatoxin
and cyclopiazomc acid production by Aspergilfus
section flavi from different substrates 1
Argentina. International . Food Microbiol., 88(1):
79-84.

Ahmad, SK. and PL. Singh, 1991. Mycofloral
changes and aflatoxin contamination in stored
chickpea seeds. Food Addit. Contam., 8: 723-730.
El-Kady, T.A., 8.8.M. El-Maraghy and A.A. Zohri,
1991. Mycotoxin production on different cultivars
and lines of broad bean (Vicia faba 1..) seeds in
Egypt. Mycopathologia., 113: 165-169.

Tseng, T.C., J.C. Tu and L.C. Soo, 1995. Natural
occurrenice of mycotoxins m Fusarivm infected
beans. Microbios., 84: 21-28.

Saber, S.M., MB. Aboul-Nasr
El-Maghraby, 1998.
(Pisum sativim L.) seeds by fungi and mycotoxins.
African I. Mycol. and Biotechnol., 6: 53-64.
Ciccarese, F., N. Sasanelli, A. Ciccarese, T. Ziadi,
A, Ambrico and L. Mancini, 2007. Seed disinfestation
by ozone treatments. TOA Conference and Exhibition
Valencia, Spain, pp: 29-31.

and OM.O.

Contamination  of pea

755

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

Gurses, M., 2006. Mycoflora and aflatoxin content of
hazelnuts, walnuts, peanuts, almonds and roasted
chickpeas (leblebi) sold m turkey. International J.
Food Properties, 9: 395-399.

Singh, PK. and AN. Shukla, 2008. Survey of
mycoflora counts, aflatoxin production and induced
biochemical changes in walnut kernels. J. Stored
Products Res., 44: 169-172.

Sagir, A. and A. Yildiz, 2004. Growth of mycelium of
Pleurotus spp. On different grains and determination
of their competition with some contaminant fungi.
Acta. Alimentaria, 33: 249-257.

Olstorpe, M., T. Schntirer and V. Passoth, 2010.
Microbial changes during storage of moist crimped
cereal barley grain under Swedish farm conditions.
Animal Feed Science and Technol., 156: 37-46.
Salovaara, H., 1998. Lactic acid bacteria in cereal
based products. I: 3. Salminen, A. Von Wright,
(Eds.), Lactic Acid Bacteria Microbiology and
Functional Aspects. Marcel Deklcer Tnc., New Yorl,
NY, USA, pp: 115-137,

McGee, D.C., 1995, Epidemiological approach to
disease management through seed technology.
Anmu. Rev. Phytopathol., 33: 445-66.

Agrios, G N., 2005. Plant Pathology. 5* ed. Academic
Press, Leondon.

Ouwehand, A.C., 1998. Antimicrobial components
from lactic acid bacteria. In: 5. Salmimen and A. Von
Wright, (Eds.), Lactic Acid Bacteria Microbiology
and Functional Aspects. Marcel Dekker Inc.,
New York, NY, USA, pp: 139-159.

Crist, T.O. and C.F. Friese, 1993. The impact of fungi
on soil seeds: implications for plants and granivores
in a semiarid shrub-steppe. Ecol., 74: 2231-2239.
Robin, Y. and Y. Chiou, 1997. Estimation of fungal
infection of peanut kernels by determination of free
glutamic acid content. Applied and Environmental
Microbiol., pp: 1083-1087.

Hom, B.W., 2005. Colenization
peanut seeds by soil fungi selectivity for species

of wounded

from Aspergillus section Flavi.
202-217.
Blankenship, P.D., RJ. Cole, T.H. Sanders and

R.A. Hill, 1984. Effect of geocarposphere temperature

Mycologia, 97:

on pre-harvest colonization of drought stressed
peanuts by Aspergillus flavus and subsequent
85:

aflatoxin  contamination.

69-74.

Mycopathologia,



79.

80.

World Appl. Sci. J., 9 (7): 746-756, 2010

Dowell, FE., JW.Daorner, R.]. Cole and I I. Davidson,
Jr., 1990. Aflatoxin reduction by screening farmers
stock peanuts. Peanut Sci., 17: 6-8.

Hill, RA., PD. Blankenship, RJ. Cole and
T.H. Sanders, 1983. Effects of soil moisture and
temperature on preharvest invasion of Peanuts by
the Aspergillus flavus group and subsequent
Aflatoxin development. Applied and Environmental
Microbiol., 45(2): 628-633.

81.

82.

756

Sanders, T.H., R.J. Cole, P.D. Blankenship and
R.A. Hill 1985. Relation of environmental stress
duration to Aspergillus flavus invasion and aflatoxin
production in preharvest peanuts. Peanut Sci,
12: 90-93,

El-Maraghy, S5.S.M., 1996,
Aflatoxin Contamination of Feedstuff Samples 1n

Fungal Flora and
Beida Governorate, Libya. Folia Microbiologica,

41(1): 53-60.



