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The fact that toxic species do not always produce toxins and that other species not known to produce
toxins were found to be toxic in some environments have been previously reported. However, different
fungal species behave unexpectedly in different ecosystems. That is why the main objective of this
work was to detect the toxicity of some fungal species existing in some environmentally important
ecosystem in Jeddah in order to find a correlation between some of these environmental factors and
the detected toxicity. The aim is to use some of the isolated non toxic strains that are capable of acting
upon some environmental pollutant as a bioremediation approach. Forty nine fungal isolates were
isolated from six different sources and ecosystems in both terrestrial and marine environment
(agricultural soil, wheat grain, sewage dump, oily sewage dump, soil around car oil dump and marine
fauna). Aflatoxins were detected in 18.4% of the total isolates. All the isolates from marine environment

were non toxic to brine shrimp.
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INTRODUCTION

Some filamentous fungi are capable of producing low
toxic molecular weight compounds referred to as myco-
toxins, which contaminate food and feeds. Mycotoxins
are unavoidably consumed or ingested by animals or
humans. Severe health problems and death have occurred
from mycotoxin consumption (Peraica et al., 1999;
Creppy, 2002) and agricultural and natural ecosystems of
plants are affected by climate change (Miraglia et al.,
2009). Mycotoxins are climate, plant and method of
storage dependent and are also influenced by non-
infectious factors (e.g. bioavailability of micro-nutrients,
insect damage and other pests attack) that are in turn
driven by climatic conditions. Climate represents the key
agro-ecosystem driving force of fungal colonization and
mycotoxin production (Magan et al.,, 2003). Global
warming and climate change certainly affect the occur-
rence of mycotoxins (Russell et al., 2009). Also, the
production of mycotoxins is mainly affected by the fungi
species and substrate type. Agricultural soil is an important

Abbreviations: PDA, Potato dextrose agar; YES, yeast extract
sucrose; TLC, thin layer chromatography.

substrate that researchers focus their attention on in
order to explore different mycoflora and their toxicity as
this is the first step to contaminating human food by myco-
toxins. Mycological survey of agricultural soil reported the
presence of six genera of filamentous fungi; Aspergillus,
Fusarium, Penicillium, Trichoderma, Cladosporium and
Alternaria. It is not only the type of agricultural soil but
also some of the agricultural practices that affect the
frequency of some fungal genera (Nesci et al., 2006).

A closely related substrate to the agricultural soil is
grain. It is harvested, dried and then stored on farm or in
silos for medium/long term storage. Interactions between
spoilage, mycotoxigenic fungi and insect pests occur in
stored grain ecosystems and this can further influence
contamination with mycotoxins. The key mycotoxigenic
moulds in partially dried grain are Penicillium verrucosum
(Ochratoxin) in damp cool climates of Northern Europe
and Aspergillus flavus (Aflatoxins), Aspergillus ochraceus
(Ochratoxin) and some Fusarium species (Fumonisins
and Trichothecenes) on temperate and tropical cereals.
Studies on the ecology of these species have resulted in
the modeling of germination, growth and mycotoxin minima
and prediction of fungal contamination levels which may
lead to mycotoxin contamination above the tolerable



legislative limits (Magan and Aldred, 2007). The sewage
environment is another ecosystem that contains different
mycoflora and mycotoxigenic profile. Fungi show capacity
to absorb significant amount of metals that exist in some
drainage system in their cell wall or by extracellular poly-
saccharide slime (Dasa et al., 2009). In cases where
fungi are used as a tool for bioremediation, the first step
of transferring the knowledge of the roles of fungi into
technology development would require selection of
species, followed by series of steps such as substrate
design, enzymatic processes and operational parameters
like temperature, flow rate, pressure, pH and residence
time. As a result, different fungal isolates were used, long
ago, for specific food, chemical and drug industries.
Since then, new fungal isolates in special environment
with high stress condition, that may produce novel fungal
strains with unique characteristics which could be useful
in biotechnology or bioremediation of environmental
pollutants, were under wide research interest. During a
project to explore the fungal diversity of microbial mats
growing in the benthic environment of Antarctic Lakes,
Brunati et al. (2009) reported that cold-tolerant cosmo-
politan hyphomycetes such as Penicillium, Aspergillus,
Beauveria and Cladosporium showed antimicrobial activity
against gram-positive Staphyloccus aureus, gram-negative
Escherichia coli and Candida albicans.

Another application is the use of these isolates, which
have biodegradation potential, as one of the strategies for
controlling environmental contamination using petroleum
and its derivatives (Atlas, 1995b). Bioremediation agents
have recently been applied to clean-up efforts after oil
spills. These agents may contain inorganic or organic
fertilizers, oil degradation microorganisms and/or seed
cultures of oil-degrading microorganisms (Hoff, 1993;
Atlas, 1995a; Swannell et al., 1996). Fungal isolates that
are capable of living in oily condition would be a good
candidate for such approach. Miranda et al. (2007) reported
that cultures identified as Rhodotorula aurantiaca and
Candida ernobii showed potential ability of these yeasts
in degrading diesel oil. Also, Bento and Gaylarde (2001)
reported that common fungal isolates from refineries and
distribution systems, Aspergillus niger and Aspergillus
fumigates as well as other fungal isolates, grew equally
well in laboratory diesel/water systems with or without a
chemical additive mixture. However, it is crucial to ensure
the safety of any organism that is used in biotechnology
even with those that will be used in open environment.
That is why the toxicity of fungal isolates that may be
used in biotechnology or biocontrol of environmental
pollutant should be monitored. Therefore, the objective of
the current study is to explore fungal communities that
occur in some environmentally important ecosystem in
Jeddah, to know whether such environment may trigger
the appearance of toxic strains and to explore some
important non toxic strains that are capable of acting
upon some environmental pollutant as a bioremediation
approach.
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MATERIALS AND METHODS
Sampling sources

Forty nine fungal isolates were isolated from six different substrate
sources and different ecosystems in both terrestrial and marine
environment of Jeddah, Saudi Arabia. Agricultural soil, wheat grain,
sewage dump, oily sewage dump, soil around car oil dump and
marine fauna were the different sources of the collected samples
(Tablet).

Mycotoxins standards

Sigma standards (Sigma, chemical company, USA) of aflatoxins
(B1, B2, Gi and Gy) (AF) were used to prepare a stock standard
solution according to the AOAC (2000) at concentration of 10 pg/ml
using benzene: acetonitrile (98:2, v/v). Stock standard solutions of
aflatoxins (AFB1, B2, G1, and G2) were prepared. The stock
solution was diluted as appropriate, to obtain a working standard
solution with a concentration of 1 pg/ml.

Culturing for fungal isolation and identification

Collected samples were cultured over Czapek (CZ), Potato Dextrose
Agar (PDA) and malt extract agar media to isolate the fungal
species that were present in these samples. The colors of these
isolates on the different media and their morphological features
under the light microscope were used to identify the different species
(Raper and Fennell, 1965; Von Arx, 1974; Nelson et al., 1983;
Mislivec et al., 1992; Nelson, 1992).

Preparation of spore suspensions

Purified fungal strains were regenerated on PDA slants at 28°C for
one week to obtain sufficient inoculums. Slants were shaken with 5
ml of sterile Tween 80 (0.05%) and 2.0 ml of the resulting suspension
of spores were used as inoculums.

Culturing for fungal toxicity

Yeast extract sucrose (YES) media as described by Tsubouchi et
al. (1987) was used to grow isolated cultures in order to encourage
them for toxin production. 100 ml portions of YES medium in
Erlenmeyer flasks were inoculated by 1 ml of spore suspension with
a concentration of 10° spores/ml and then incubated at 25 - 28°C
for two weeks.

Mycotoxins extraction

The liquid YES cultures were filtered and the mycotoxins were
extracted from both the cakes and the filtrates with chloroform.
Mycotoxin chloroform extracts were then evaporated to dryness on
steam bath. The residue was quantitatively transferred to a small
vial with chloroform, evaporated to dryness on steam bath under
nitrogen and reserved for brine shrimp bioassay and thin layer
chromatography (TLC) methods.

Detection of mycotoxicity by brine shrimp bioassay

Brine shrimp (Artemia salina Leach) bioassay (Kiviranta et al.,
1991) was used to detect any toxic activity in the fungal isolates
extracts. One day old shrimps were placed in vials containing 5 ml
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Table 1. The list of the fungal species isolated from the different sources in Jeddah.

Sample number

Sample source

Identification

0 N O~ WON =

Agricultural soil
Agricultural soil
Agricultural soil
Agricultural soil
Agricultural soil

Marine fauna

Marine fauna

Marine fauna

Marine fauna

Marine fauna

Sewage dump

Sewage dump

Sewage dump

Sewage dump

Sewage dump

Sewage dump

Sewage dump

Sewage dump

Sewage dump

Oily sewage dump

Oily sewage dump

Oily sewage dump

Soil around car oil dump
Soil around car oil dump
Soil around car oil dump
Soil around car oil dump
Soil around car oil dump
Soil around car oil dump
Soil around car oil dump
Soil around car oil dump
Wheat grain

Wheat grain

Wheat grain

Wheat grain

Wheat grain

Wheat grain

Wheat grain

Wheat grain

Wheat grain

Wheat grain

Wheat grain

Wheat grain

Wheat grain

Wheat grain

Wheat grain

Wheat grain

Wheat grain

Wheat grain

Wheat grain
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P. corylophilum
A. japonicas
P. corylophilum
A. versicolor

A. versicolor

A. japonicas

A. parasiticus

P. rubrum

A. niger

A. versicolor
P. citrinum
P. corylophilum

A. parasiticus

A. terreus
Trichoderma sp.

A. niger

A. flavus

A. parasiticus

P. citrinum
Penicillium sp.
. higer

. flavus

. nidulans
tamari
niger
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. nidulans
nidulans
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. versicolor
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. parasiticus
. canesens
. carneus

. parasiticus
. parasiticus
. flavus
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Acremonium sp.
A. flavus

E. chievalieri
A. niger

A. tamari

A. alternate
A. flavus
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A. flavus

A. carneus
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Table 2. Genera and species frequency within sample sources in Jeddah.

Genera (sample) Species No. of species within source Sample frequency

A. flavus 7

A. parasiticus 6

A. niger 6

. A. versicolor 4
Aspergillus A tamari 3 32

A. japonicas 2

A. terreus 2

A. carneus 2

P. corylophilum 3

P. citrinum 2
Penicillium P. rubrum 1 8

P. canesens 1

Penicillium sp 1
Emericella E. nidulans 4 4
Alternaria A. alternate 2 2
Trichoderma Trichoderma sp 1 1
Acremonium Acremonium sp 1 1
Eurotium E. chievalieri 1 1
Total 18 49 49

seawater (10 shrimps/vial). The dried extracts were dissolved in
seawater to give concentration of 1500 ppm in each vial containing
the 10 shrimps. The number of dead shrimps after 24 and 48 h was
counted and percent mortality calculated.

Aflatoxins and ochratoxin determination by TLC

Merck ready-made TLC plates (Merck, Darmstadt, Germany) of 0.2
mm thickness of silica gel G 60 (without fluorescent indicator)
supported by 20 x 20 cm? aluminum sheets were used for aflatoxins
determinations. Tested and standard spots were placed at 1 cm
intervals of 4 cm from bottom edge on an imaginary line (base line).
Samples residues were redissolved in 100 ul chloroform then 10 pl
of each sample and aflatoxins standard solution were spotted on
the same plate. The plate was developed in a developing system
(toluene: ethyl acetate: formic acid, 6:3:1 v/v/v) in saturated tank.
The plates were examined under long wave ultraviolet light (UV,
365 nm); AFB; and B had blue fluoresce, and Gy and G had green
fluoresce. Fluorescent spots resembling aflatoxins and those having
the same R¢ were confirmed by spraying the TLC plates with 20%
sulfuric acid; AFBs and B, had yellow fluoresce, while Gy and G
had yellow- blue (AOAC, 2000).

RESULTS AND DISCUSSION

The fact that some toxigenic fungal species are not toxic
or at least show low toxic profile in some substrates or
within some environmental factors always raise the
question of why they produce toxins and at what environ-
mental conditions they do that. That is why the objective
of this study is to see if the same fungal species that
occur in different ecosystem toxicologically respond
differently. A second objective was to explore non toxic

strains that may be used as a safe biocontrol on some
environmental pollutant. Out of the six different sources
(agriculture soil, wheat grains, sewage dump, oily sewage
dump, soil around car oil dump and marine fauna) that
were explored in this study, 49 fungal isolates were
identified as shown in Table 1. Also, Aspergillus and
Penicillium consist of all the mycoflora of oily sewage
dump, most of the sewage dump and soil around car oil
dump. Davies and Westlake (1979) reported that 28 out
of 34 fungi studied were capable of growing on a variety
of crude oils. Kacprzak et al. (2005) reported that the
most frequently occurring fungi in wastewater and
sewage sludge were the genus Penicillium and they
usually occupy about 50% of all studied communities.
Also, Aspergillus sp. and Penicillium sp. were found to be
the most frequent fungi among other fungal isolates in
wastewater and sewage sludge (Kacprzak et al., 2003).
The occurrence of mould fungi (Aspergillus, Fusarium,
Penicillium or Mucor) in wastewater and sewage sludge,
are probably connected with large amount of easily
fermenting sugars in wastewater and sewage sludge
(Kacprzak et al., 2005).

The highest frequency of the fungal isolates belonged
to the genus Aspergillus with a frequency percentage of
65.3% followed by the genus Penicilium which constitute
16.32% of the total isolates. Snellman et al. (1988)
showed that the species of Aspergillus and Penicillium
were made up of 33 and 39% of fungi on tar balls,
respectively (Table 2). The most frequent species within
the studied samples were the probable aflatoxins
producers; A. flavus and Aspergillus parasiticus with a
frequency percentage of 14.3 and 12.2%, respectively.
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This means that these two species constitute 26.5% of
the total isolates; however, most of their occurrences
(16.3% of the total isolates) were found in the wheat grain
samples (Table 2). These results were confirmed by
Boyd and Cotty (2001) who reported that much of the
organic matter in soils is colonized by A. flavus and
related fungi in warm semi-arid regions. On the contrary,
Russell et al. (2009) suggested that tropical countries
may become too inhospitable for conventional fungal
growth and mycotoxin production, which may lead to the
extinction of thermotolerant A. flavus.

The second most frequent species was A. niger with
12.2%, while A. japonicas constitute 4.1%. The increasing
frequency of black Aspergilli was confirmed by other
researchers who reported that high number of black
Aspergilli was detected during harvest in four European
regions in 2002 and 2003. The same trend was found in
sampling carried out in 2001. This suggests that late
ripening marks a profound change in the ecological factors
affecting fungal conidiation, dissemination of conidia and
fungal growth. In 2003, more black Aspergilli were
isolated than in the two previous years. Perhaps, this was
because 2003 was an extremely hot year in Spain. High
temperatures could also explain the higher number of
black Aspergilli found in Costers del Segre in 2002 and
2003 (Belli et al., 2005).

A. flavus and A. parasiticus were neither found in the
agricultural soil samples collected in this study nor in the
soil around car oil dump. However, most of these two
species were found in the wheat grain samples. This
means that wheat samples were contaminated with these
two species during storage for local samples or via
imported wheat samples. A. niger was found in all the
collected samples except in the agricultural soil samples.
This indicates the wide spreading character of this species.
The toxicity of the isolated fungal species was tested
using brine shrimp bioassay. Three doses of the fungal
extracts (500, 1500 and 3000 ppm) were used to detect
the fungal isolates toxicity. The use of the high doses
(1500 and 3000 ppm) was mainly to detect any traces of
minor toxicity that may present in the collected isolates.
Since the second objective of this study was to explore
non-toxic species that could be used in biocontrol treat-
ment of some pollutants, the use of such high doses of
fungal extracts (1500 and 3000 ppm) will ensure the
safety of these isolates. Table 3 show the mortality
percentage of the brine shrimp after been subjected to
the fungal extracts for 24 and 48 h. The toxic potency of
the isolates as well as the safe non toxic species is
clearly indicated in Table 3. All the isolates from the
sewage dump environment proved to be toxic to brine
shrimp in different percentage ranging from 60 -100%.
However, most of the mortality percentage was 100%.

Out of the studied samples within the wheat grains
source (at 3000 ppm), it was found that 16 out of 19
isolates (84.2%) were toxic to brine shrimp. In the case of
agricultural environment, most of the agricultural soil

isolates (80%) contained toxic species. Isolates that occur
in oily environment showed lower toxicity where the
toxicity ranged between 33.3% for oil sewage dump to
50% in the soil around car oil dump.

The toxicity to brine shrimp can detect the presence of
a toxic molecule that may exist in the fungal isolates.
However, this assay cannot detect which type of myco-
toxins is produced by a certain fungal species. Therefore,
levels of aflatoxins were detected by using the semi
quantitative TLC method. The sample source and the
fungal species along with aflatoxin concentration are
recorded in Table 4. From Table 3, 34 fungal species of
the studied samples were found to be toxic to brine
shrimp (100% toxic at 3000 ppm). 9 isolates (26.5%) out
of 34 toxic fungal species were capable of producing
aflatoxins (Table 4). Out of these 9 species, five species
were isolated from wheat grain source although Walsh
(2009) predicted that due to the effect of global warming,
mycotoxigenic moulds could become extinct. The result
indicated in this study denied such assumption as 69.4%
of the collected isolates were toxic. This means that
global warming is most likely to increase the occur-rence
of toxic fungi. Other reports confirmed such results where
increased quantities were reported in the myco-toxigenic
fungi of the tropical, warm, arid and semi-arid regions. A
good example of these mycotoxigenic fungi are the
aflatoxin producing fungi of which changes in climate
result in large alterations in the quantity of these fungi
(Bock et al., 2004; Shearer et al., 1992).

All isolates collected from the marine fauna showed no
toxicity to brine shrimp bioassay at 500 and 1500 ppm
after 24 h (Table 3). Although toxic species like A.
parasiticus (isolate number 7) exist, it seems that this
environment does not encourage mycotoxin production.
However, this particular strain showed 60% mortality in
brine shrimp after 48 h at 1500 ppm. This means that
minor toxicity exists even after the culturing enrichment
on YES medium. Also, the lowest level of recorded
aflatoxins (8 ppb) was detected in this strain (Table 4).
This means that the brine shrimp assay could not detect
such low level of toxicity by aflatoxins till the 48 h of 1500
ppm. The non toxicity of the fungal isolate from marine
environment was confirmed by Brunati et al. (2009), who
found no toxicity of the fungal isolates of the Antarctic
Lakes during his attempt to discover novel antibiotics
from such environment. Although Elshafie et al. (2007)
used 10 fungal isolates for potential use in oil pollution
removal, no attempt was made for those isolates to check
their toxicity. On the contrary, A. parasiticus showed
moderate toxicity at 500 ppm (20 - 60%) and maximum
toxicity at 1500 ppm (100%) after 24 h. Numbers 13 and
18 of the isolates were originally collected from the
sewage dump (Table 3). However, low level (2 ppb of
isolate 13) or no aflatoxins of isolate 18 were detected
(Table 4). This means that the toxicity detected by brine
shrimp was due to other mycotoxins rather than aflatoxins.
The same trend was observed in isolate number 33 (A.
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Table 3. Mycotoxicity detection of the isolated fungal species by brine shrimp bioassay.

500 ppm | 1500 ppm | 3000 ppm
Sample number Identification Sample source Mortality % after 24 and 48 h

24 48 24 48 24 48

Control 0.0 0.0 0.0 3.3 0.0 0.0
1 P. corylophilum Agricultural soil 0.0 20 0.0 60 30 70
2 A. japonicus Agricultural soil 40 50 100 100 100 100
3 P. corylophilum Agricultural soil 10 30 40 100 40 100
4 A. versicolor Agricultural soil 20 40 90 100 90 100
5 A. versicolor Agricultural soil 10 30 70 100 70 100
6 A. japonicus Marine fauna 0.0 30 0.0 50 10 60
7 A. parasiticus Marine fauna 0.0 0.0 0.0 40 20 80
8 P. rubrum Marine fauna 0.0 20 0.0 40 0.0 40
9 A. niger Marine fauna 0.0 20 0.0 30 10 40
10 A. versicolor Marine fauna 0.0 10 0.0 40 20 70
11 P. citrinum Sewage dump 30 60 100 100 100 100
12 P. corylophilum Sewage dump 20 50 100 100 100 100
13 A. parasiticus Sewage dump 30 50 100 100 100 100
14 A. terreus Sewage dump 20 40 70 100 70 100
15 Trichoderma sp. Sewage dump 30 40 100 100 100 100
16 A. niger Sewage dump 30 50 100 100 100 100
17 A. flavus Sewage dump 20 40 60 100 80 100
18 A. parasiticus Sewage dump 20 60 100 100 100 100
19 P. citrinum Sewage dump 30 50 100 100 100 100
20 Penicillium sp. Oily sewage dump 30 60 100 100 100 100
21 Aspergillus niger Oily sewage dump 0.0 0.0 0.0 20 30 50
22 Aspergillus flavus Oily sewage dump 10 30 30 60 50 80
23 E. nidulans Soil around car oil dump 80 100 100 100 100 100
24 A. tamari Soil around car oil dump 20 50 90 100 100 100
25 A. niger Soil around car oil dump 0.0 0.0 0.0 50 40 80
26 A. tamari Soil around car oil dump 30 60 100 100 100 100
27 A. terreus Soil around car oil dump 0.0 0.0 0.0 10 50 90
28 E. nidulans Soil around car oil dump 0.0 20 0.0 60 30 80
29 E. nidulans Soil around car oil dump 30 60 100 100 100 100
30 A. niger Soil around car oil dump 0.0 0.0 0.0 10 30 40
31 A. versicolor Wheat grain 30 50 70 100 100 100
32 A. alternata Wheat grain 20 50 70 90 70 100
33 A. parasiticus Wheat grain 30 60 100 100 100 100
34 P. canesens Wheat grain 40 60 100 100 100 100
35 A. carneus Wheat grain 30 50 80 100 100 100
36 A. parasiticus Wheat grain 50 80 100 100 100 100
37 A. parasiticus Wheat grain 60 80 100 100 100 100
38 A. flavus Wheat grain 0.0 0.0 0.0 0.0 0.0 0.0
39 A. flavus Wheat grain 10 30 50 70 70 100
40 Acremonium sp. Wheat grain 20 40 100 100 100 100
41 A. flavus Wheat grain 30 60 100 100 100 100
42 E. chievalieri Wheat grain 10 60 80 100 100 100
43 A. niger Wheat grain 20 40 80 90 100 100
44 A. tamari Wheat grain 20 50 100 100 100 100
45 A. alternata Wheat grain 30 60 100 100 100 100
46 A. flavus Wheat grain 40 60 100 100 100 100
47 E. nidulans Wheat grain 0.0 20 0.0 60 40 80
48 A. flavus Wheat grain 30 60 70 100 100 100
49 A. carneus Wheat grain 0.0 20 0.0 40 20 50
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Table 4. Aflatoxin level by TLC of the toxic isolates and their source of sampling.

Isolate humber Sample source Identification Aflatoxin (ppb) Total
B+ G B | G2
5 Agricultural soil A. versicolor 4 4
7 Marine fauna A. parasiticus 6 2 8
13 Sewage dump A. parasiticus 2 2
20 Oily sewage dump | Penicillium sp. 2 4 2 2 10
36 Wheat grain A. parasiticus 8 10 8 10 36
37 Wheat grain A. parasiticus 8 10 8 10 36
39 Wheat grain A. flavus 10 6 16
43 Wheat grain A. niger 8 8 10 4 30
48 Wheat grain A. flavus 6 10 16

parasiticus in wheat grain). Similarly, A. flavus (isolate
number 17, 22 and 41) showed toxicity by brine shrimp
assay in different potency where no aflatoxins were
detected in these isolates. This means that toxicity is due
to other mycotoxins. It should be noted that these strains
of A. flavus were isolated from different sources (sewage
dump, oily sewage dump and wheat grain, respectively).
However, they share the same characteristic of having
toxicity and no aflatoxins production. It should be noted
also that A. parasiticus and A. flavus of isolates number
13, 18, 17 and 22 that were originally collected from the
sewage dump showed the same trend. They showed
toxicity to brine shrimp without the presence of significant
concentration of aflatoxins. Also, among all the isolates
that produce aflatoxins, none of them was capable of
producing both of these toxins together (Table 4). The
effect of the substrate was clearly shown by the effect of
wheat grain matrix on the toxin production of all A. flavus
and A. parasiticus isolates except for one isolate (isolate
number 38) as well as the effect of sewage dump in the
toxicity of isolates number 13, 17, 18 and 22 (Table 3).
Although A. parasiticus is a probable toxigenic specie, in
marine ecosystem this species (isolate number 7) is non
toxic as well as all isolates of this particular ecosystem.
The same trend was observed for the toxic occurrence of
A. versicolor in agricultural soil (isolates number 4 and 5)
and in wheat grain (isolate number 31) where it was non
toxic in the marine ecosystem (isolate number 10). It is
not only the type of soil that affect the frequency of
toxigenic fungi but also some of the agricultural practices
as indicated by Nesci et al. (2006) who reported that the
isolation frequency of Aspergillus increased in the no
tillage and grazing practices treatments.

Although agricultural soil encourage the toxicity of
Asperygillus japonicas (Table 3) where marine ecosystem
suppress such toxicity, the same agricultural soil environ-
ment did not trigger the toxicity of Penicillium corylophilum
(isolate number 1) where the same species is toxic in
sewage dump ecosystem (isolate number 12). The
second objective of the current study is to explore the
presence of non toxic strains that can be used in the

removal of environmental pollutants in different ecosystems.
Compared with isolates of other fungi, Aspergillus and
Penicillium isolates were reported to be rich in hydro-
carbon assimilatory strains and were capable of crude oil
degradation (Fedorak et al., 1984; Hashem, 1995). The
results illustrated in Tables 3 and 4 show that fungi
isolates from marine ecosystem in general could be
considered as safe (Figure 1and 2). Moreover, A. nigerin
marine ecosystem (isolate number 9) showed the lowest
toxicity after 48 h for maximum concentration of 1500 and
3000 ppm in brine shrimp bioassay. This result made A.
niger a good candidate for biocontrol approach. The
safety of A. niger was confirmed in other ecosystem
where the isolate of A. niger in both the oily sewage
dump (isolate number 21) and the soil around car oil
dump (isolate number 25) showed no toxicity after 24 and
48 h with 20 and 50% mortality of 1500 and 3000 ppm
respectively. Also Penicillium rubrum in marine ecosystem
(isolate number 8) and Penicillium corylophilum in
agricultural soil (isolate number 1) could be a second
candidate for bioremediation. The fact that these strains
(isolates number 21 and 25) are non toxic even at high
concentrations of their extracts and were isolated from
oily ecosystem could direct their use in the biodegra-
dation of oil spills that may occur in some marine
ecosystem. Bento and Gaylarde (2001) proved the ability
of A. niger isolated from refineries and distribution systems
to grow well in laboratory diesel/water systems. Also
Elshafie et al. (2007) reported the abilities of A. niger, A.
ochraceus and P. chrysogenum isolated from tar balls
collected from the beaches of Oman to grow and degrade
n-alkanes (C13 - C18) and crude oil.

In conclusion, good knowledge of fungal communities’
structure has two important points. The first is the know-
ledge of long-term survival of human or animal toxigenic
and pathogenic fungi (Kacprzak et al., 2005). Therefore,
interactions with different ecosystems should be through
well defined scientific data to ensure the safety of such
interactions. The second is the potential use of some
fungal species in bioremediation approaches of oil spills,
wastewater from oil manufacturing plant (Chigusa et al.,
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Figure 1. Effects of substrates on fungal toxicity using brine shrimp bioassay after 24 h.
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Figure 2. Effect of substrates on fungal toxicity using brine shrimp bioassay after 48 h concentrations of fungal
extracts.

1996), municipal and industrial wastewater (Assadi and REFERENCES

Jahangm’ 20.01).as well as other environmental pollutant. Assadi MM, Jahangiri MR (2001). Textile wastewater treatment by
It is of crucial importance to ensure the safety of the Aspergillus niger, Desalination, 14: 1-6.

fungal isolates selected for such approach. Association of Official Analytical Chemists (AOAC) (2000). Methods of



5598 Afr. J. Biotechnol.

Analysis. Natural toxins, 17" edn., chapter 49. washington, D.C.

Atlas RM (1995b). Bioremediation of Petroleum Pollutants. Int.
Biodeterior. Biodegr. 35 (1-3): 317-327.

Atlas RM (1995a). Petroleum biodegradation and oil spill
bioremediation. Marine Pollut. Bull. 31: 178-182.

Belli N, Mitchell D, Marin S, Alegre I, Ramos AJ, Magan N, Sanchis V
(2005). Ochratoxin A-producing fungi in Spanish wine grapes and
their relationship with meteorological conditions. Eur. J. Plant Pathol.
113(3): 233-239.

Bento FM, Gaylarde CC (2001). Biodeterioration of stored diesel oil:
studies in Brazil. Internat. Biodeterior. Biodegr. 47(2): 107-112.

Bock CH, Mackey B, Cotty PJ (2004). Population dynamics of
Aspergillus flavus in the air of an intensively cultivated region of
south-west Arizona. Plant Pathol. 53: 422-433.

Boyd ML, Cotty PJ (2001). Aspergillus flavus and aflatoxin
contamination of leguminous trees of the Sonoran Desert in Arizona.
Phytopathology, 91(9): 913-919.

Brunati M, Rojas JL, Sponga F, Ciciliato I, Losi D, Géttlich E, de Hoog
S, Genilloud O, Marinelli F (2009). Diversity and pharmaceutical
screening of fungi from benthic mats of Antarctic lakes. Marine
Genomics, 2: 43-50.

Chigusa K, Hasegawa T, Yamamoto N, Watanabe Y (1996). Treatment
of wastewater from oil manufacturing plant by yeasts. Water Sci.
Technol. 34: 51-58.

Creppy EE (2002). Update of survey, regulation and toxic effects of
mycotoxins in Europe, Review article. Toxicol. Lett. 127: 19-28.

Dasa BK, Roya A, Koschorreckb M, Mandalc SM, Wendt-Potthoffb K,
Bhattacharyaa J (2009). Occurrence and role of algae and fungi in
acid mine drainage environment with special reference to metals and
sulfate immobilization. Water Res. 43: 883-894.

Davies JS, Westlake DWS (1979). Crude oil utilization by fungi. Can. J.
Microbiol. 25: 146-156.

Elshafie A, AlKindi AY, Al-Busaidi S, Bakheit C, Albahry SN (2007).
Biodegradation of crude oil and n-alkanes by fungi isolated from
Oman. Marine Pollut. Bull. 54: 1692-1696.

Fedorak PM, Semple KM, Westlake DWS (1984). Oil-degrading
capabilities of yeasts and fungi isolated from coastal marine
environments. Can. J. Microbiol. 30: 565-571.

Hashem AR (1995). Soil analyses and mycroflora of the Jubail Industrial
City in Saudi Arabia. J. Univ. Kuwait Sci. 22: 231-237.

Hoff RZ (1993). Bioremediation: an review of its development and use
for oil spill clean-up. Marine Pollut. Bull. 26: 476-481.

Kacprzak M, Neczaj E, Okoniewska E (2005). The comparative
mycological analysis of wastewater and sewage sludges from
selected wastewater treatment plants. Desalination, 185 (1-3): 363-
370.

Kacprzak M, Warchot M, Widawska U (2003). Microfungal species
composition in raw and treated waste waters from selected
wastewater treatment plant, Environmental Engineering Studies
Polish Research on the Way to EU Kluwer Academic/Plenum
Publishers. New York. pp. 167-173.

Kiviranta J, Sivonen K, Niemeld S| (1991). Detection and toxicity of
cyanobacteria by Artemia salina bioassay. Environ. Toxicol. Water
Qual. 6: 423-426.

Magan N, Aldred D (2007). Post-harvest control strategies: Minimizing
mycotoxins in the food chain. Int. J. Food Microbiol. 119: 131-139.
Magan N, Hope R, Cairns V, Aldred D (2003). Post-harvest fungal
ecology: Impact of fungal growth and mycotoxin accumulation in

stored grain. Eur. J. Plant Pathol. 109(7): 723-730.

Miraglia M, Marvin HJP, Kleter GA, Battilani P, Brera C, Coni E,
Cubadda F, Croci L, De Santis B, Dekkers S, Filippi L, Hutjes RWA,
Noordam MY, Pisante M, Piva G, Prandini A, Toti L, van den Born
GJ, Vespermann A (2009). Climate change and food safety: An
emerging issue with special focus on Europe. Food Chem. Toxicol.
47(5): 1009-1021.

Miranda RC, de Souza CS, Gomes EB, Lovaglio RB, Lopes CE, Sousa
MV (2007). Biodegradation of diesel oil by yeasts isolated from the
vicinity of Suape port in the state of Pernambuco-Brazil. Braz. Arch.
Biol. Technol. 50(1): 147-152.

Mislivec PB, Beuchat LR, Cousin MA (1992). Yeast and molds. In:
Vanderzant C, Splittoesser DS (Eds.), Compendium of Methods for
the Microbiological Examination of Foods. American Public Health
Association, New York, pp. 239-249.

Nelson PE (1992). Taxonomy and biology of Fusarium moniliforme.
Mycopathologia, 117: 29-36.

Nelson PE, Toussoun TA, Marasas WFO (1983). Fusarium species. An
illustrated manual for identification. The Pennsylvania State
University Press, University Park, PA.

Nesci A, Barros G, Castillo C, Etcheverry M (2006). Soil fungal
population in preharvest maize ecosystem in different tillage practices
in Argentina. Soil Tillage Res. 91: 143-149.

Peraica M, Radic B, Lucic A, Pavlovic M (1999). Toxic effects of
mycotoxins in humans. Bull. World Health Organ. 77(9): 754-766.

Raper KB, Fennell DI (1965). The genus Aspergillus. Wiliams &
Wilkins, Baltimore, MD.

Russell R, Paterson M, Lima N (2009). How will climate change affect
mycotoxins in food?. Food Res. Int. In Press.

Shearer JF, Sweets LE, Baker NK, Tiffany LH (1992). A Study of
Aspergillus flavus Aspergillus/parasiticus in lowa Crop Fields-1988-
1990. Plant Dis. 76: 19-22.

Snellman RP, Collins P, Cooke JC (1988). Utilization of fuel oils by fungi
isolated from oceanic tar balls. Lett. Appl. Microbiol. 6: 105-107.

Swannell RPJ, Lee K, Mc Donagh M (1996). Field evaluations of marine
oil spill bioremediation. Microbiol. Rev. 60: 342-365.

Tsubouchi H, Yamamoto K, Hisada K, Sakabe Y, Udagawa SI (1987).
Effect of roasting on ochratoxin A level in green coffee beans
inoculated with Aspergillus ochraceus. Mycopathologia, 97: 111-115.

Von Arx JA (1974). The genera of fungi sporulating in pure culture. In:
Cramer, J. (Ed.), The genera of fungi sporulating in pure culture. A.R.
Gantner Verlag Kommanditgesellschaft, Vaduz, Liechtenstein.

Walsh B (2009). The new age of extinction, Time, April 13: 31-37.



