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Abstract
For the investigation of micromycetes-contaminants in children foods and their toxigenic activity, 173 samples of children foods
traded in local markets in al-Hasakah governorate -northeastern Syria- were collected and tested during the period (2011-2012).
The tested samples were included in 4 food groups: oily seeds (35 samples), potato & maize chips (53 samples), biscuits (45 samples)
and powdered milk & sugars (40 samples).The Sample investigation was undertaken in the plant diseases laboratory in Al-Qamishli
Agricultural Research Center. The results of the analysis showed that most of the samples tested were contaminated with fungi in
varying degrees ranged between 1× 10² and 5×10⁷ spore / gram of food substance. Only 2.3% of the samples tested exceeded 10⁴
spore / gram of food substance. The results of the investigation also led to isolating and identifying 566 isolates to 21 different species
of fungi, belonging to 8 fungal genuses, 4 families, 3 orders & 2 classes of fungi (Zygomycetes & Hyphomycetes). The largest number
of fungal species belonged to the genuses: Aspergillus (7 species) & Penicillium (6 species), to a lesser extent the genus: Fusarium (3
species) and one species for each of the genuses: Alternaria, Rhizopus, Mucor, Stemphilium & Cladosporium. The species (A. niger, A.
flavus, P. cyclopium, R. stolonifer and A. alternate) were detected on all the tested samples. The toxicity test conducted by biological
methods for 82 pure fungal isolates: 28 of Aspergillus flavus, 10 of A.niger, 5 of A.ochraceus, 15 of Penicillium spp, 7 of A. alternate
and 17 of Fusarium spp. in laboratory conditions indicated that 26 isolates (31.7%) showed different rates of toxicity on germination
of chickpea and corn seeds and on activity of Bacillus sp. in lab conditions, which indicates that the tested isolates had produced
toxic substances. There is a need to undertake suitable actions to reduce fungi activity to prevent the potential health hazards of the
poisonous mycotoxins on the consumer.
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Introduction
Children foods are the foundation of their health and safety, therefore, preserving the quality and safety of these foods by keeping
them away from damage & corruption sources has become a priority at the present time, especially since a lot of organisms such
as fungi are active during processing & storage and are causing massive damage to those foods during the different stages of
preparation, production and storage. The danger of fungi doesn’t lie in their presence but in their toxic secretions through their
different stages of growth on foods, these toxins are called Mycotoxins [1,2].
The problems of Mycotoxins first appeared during world war II, when people in Russia and other places in the world consumed
rotten grains and caused them skin ulcers, bleeding, liver & kidney failure and in a lot of times it lead to death of both humans and
farm animals [3].
A lot of foods are exposed to fungal infections and consequently, to mycotoxin- contamination, which leads to their damage. It has
been shown that Peanuts, soybeans, wheat and maize are the most sensitive foods to contamination, in addition to milk, and most
likely meat & eggs but indirectly, when farm animals feed on aflatoxin- contaminated feed, they’re transferred to meat & eggs in
their original form or as other metabolites. Aflatoxins are mainly produced by isolates of two fungi: Aspergellus flavus & Aspergellus
parasticus, and most of Aspergellus flavus isolates produce aflatoxin B1 [4].
The growth and spread of fungi in foods depends basically on two factors, temperature and humidity as indicated by [5]. Many
studies have been done in order to determine the optimal growth conditions for the fungus Aspergellus flavus and have indicated
that the optimal relative humidity to produce aflatoxins is 85% and the minimum, optimal and maximum temperature for aflatoxin
production is 12 oC, 27 oC, and 42 oC respectively [6,7].
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A lot of references refer to the relation between aflatoxins and liver infections & cancers, it may also affect the sexual performance
and in some cases it can 118 cause skin & kidney diseases [8]. A great 119 evidence of liver infection in humans is what happened to
hundreds of people 120 in northwest India in 1974 as a result of consuming aflatoxin-contaminated 121 maize with concentrations
higher than 15 mg /kg. The presence of these toxins 122 in different concentrations in different kinds of foods especially grains and
grain-erived foods and a lot of poisoning cases were considered as an obstacle in trading these foods which made a lot of countries
and organizations set limits and thresholds regarding the presence of these toxins in foods and 126 feeds, and the limits varied
according to the type of material, its use and the 127 kind of toxins it holds. Generally, the maximum limit permitted for aflatoxins
128 is 5 mg /kg for foods and 20 mg/kg for feeds [3].
The extend of poisoning varies from one person to another according to dietary habits and according to the consumption of
aflatoxin-contaminated foods, and thus, children are the most exposed to contamination and consequently to poisoning since most
of children’s foods contain dried milk or maize. These materials are the most vulnerable to aflatoxin-contamination, on the other
hand, the lowest concentrations of aflatoxins might cause great poisoning effects on children because of their small body sizes as
they’re measured relatively to body weight [9,10].
In addition to aflatoxins, there is a group of fungal toxins mainly produced by various species of Fusarium which are the most
producers of these toxins. The history of these fungi’s toxicity goes back to 1916 when vomiting & poisoning symptoms appeared
on human after consuming a bread made of Fusarium graminearum-infected wheat, and also to 1928 when a large number of birds
got poisoned in the United States [11,12].
In 1930s, poisoning symptoms appeared on people in Russian and it happened again during world war II, when maize crops were
left in fields because of the lack of manpower and so, the crop was exposed to snow, moisture and fungi, the rate of infection among
population was 10% at that time, and in some places death rate reached 50% among the infected people [3,13].
The Fusarium fungi have a feature of adapting to different environments, they can be saprophytic or parasitic to different plant
tissues and cause different damages which made them gain a global importance, they can cause decomposition of roots and
rottenness to the stem, leaves, seeds and fruits, they may also stop the growing and fruiting of plants, in addition to the health
damages caused by the activity of these fungi in corps in fields and stores since they produce a lot of toxins that some of which have
an importance in some practical aspects like Zearalenons and Trichothecins [1]. The spread of fungal toxins in foods depends on
the existence of certain fungal isolates, environmental factors, geographical conditions, the conditions of production & storage, and
the type of the food substance especially that some of foods substances stimulate the growth of fungi more than others like grains
and their derivatives which form an essential part of the human’s diet and a key element of farm animal’s feed [14,15]. Zearalenons
are mainly and naturally produced by F.graminearum, while in laboratory conditions it was found in small quantities for the
species F.moniliforme, F.tricinctum, F.oxysporum, F.sporotrichioides and F.culmorum [16]. In natural conditions, Zearalenon mainly
contaminates seeds as it’s found in fair amounts in maize, wheat, oats, barley and in many foods and feeds in many European
countries as well as in America, Canada, Australia, India, Japan and South Africa [17. The rest of Zearalenon derivatives (13
components) were extracted from the pure cultures of these fungi in laboratory conditions.
The foods that include maize in their composition are the most vulnerable to be contaminated by Zearalenons which leads some
researchers to associate the basic substance (maize) with the presence of the fungus F.germinearum. Noting that most of children’s
foods include maize in their composition, it’s essential to keep inspecting these foods to prevent the contamination with fungi
and subsequently with their toxic secretions. In a study conducted in 1977, al-Hiti found that 27% of the grain stores in Iraq were
infected with Zearalenons [2]. Youssef (2000) [18] also indicated that 27.8% of the tested maize samples in Armenia in the period
of 1999 – 2000 were infected with Zearalenons and in different concentrations that exceeded the acceptable limits. Many cases of
farm animals’ poisoning which resulted from feeding on infected feeds were a real indication of producing contaminants by the
above mentioned fungi. Consuming foods that are infected with these contaminants results in various health hazards; they can
cause diseases called Mycotoxicoses. Aspergellus, Penicillium and Fusarium are the most significant genera that produce toxins. And
of these toxins we can mention: aflatoxins, which are considered the most serious, dangerous and widely spread, Trichothecins,
Zearalenons, Ochratoxins, Cittinin and Patulin [3,19].

Research objectives
Identifying the fungi species that infect children’s foods and determining their frequency degrees. Studying the toxic activity of the
main fungi isolated from children’s foods.

Materials & Methods
Sampling
The research was carried out in the laboratory of Plant Pathology at the Agricultural Research Center in Al-Qamishly during
the period 2011-2012, where 173 samples of children’s foods, traded in the local markets in Hasaka province northeast Syria,
were collected in the conditions of direct consumption. The samples were collected according to a special form that included
information about the type of the material, its source, the period of its storage and the date collected according to international
standards set by the International Seed Testing Association ISTA in 1976 [1] in addition to the French sampling standards [20]. The
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tested materials were included into 4 group sets of foods, the first is oily seeds (35 samples), the second is potato & maize chips (53
samples), the third is biscuits (45 samples) and the fourth is candy and dried milk (40 samples).

Fungi isolation
The serial dilution of the spores’ solution was carried out and followed by the direct planting of the food substances on the artificial
nutritional media to study their cultural characteristics like: speed of growth, color, color of the opposite surface, their secretions
as well as the morphological characteristics of the various fungi organisms under the optical microscope. To develop & isolate the
fungi, the following cultures were used: PDA (Potato – Dextrose – Agar), Agar Czapek, liquid Czapek environment with the addition of 10 mg of the antibiotic tetracycline per 1 liter of the nutritional environment. Prepared dishes were incubated to isolate &
develop fungi at the temperature (25-28) oC for 5-7 days [1,21].

Fungi classification
The fungi were classified according to the morphological characteristics of the various fungi organisms starting from the fungal
colony (the nature of growth, color, texture & the color of the opposite surface), if there are any secretions or stone objects on the
surface of the colony, the shape of the fungal carrier (texture & dimensions) the phialides (distribution & number of layers) and the
fungal spores (shape & dimensions) [22-25]. And then, calculating the number of the fungal spores per 1g of the studied material,
as well as the spore’s frequency according to famous equations in mycology [21,26].

Fungal toxicity tests
The fungal isolates were grown on the liquid Czapek environment in 250 mL glass flasks, and they were incubated for 20 days at
(25-28) oC. and then, the developing fungal mycelium was mixed on the nutritional media and was filtered through filtering papers
to test the fungal toxicity on the germination of the chickpeas & maize seeds by soaking the seeds in the fungal abstract after being
superficially sterilized with alcohol, and then, 15 seeds were put on sterile water-soaked filtering paper and placed in a 4cm petri
dishes by 4 dishes for each fungal extract. The ratio of germination, the length of the hypocotyl and the radicle were recorded every
day and compared to the witness sample (a non-infected nutritional environment). And also, the effect of toxicity on the activity of
the bacteria Bacillus sp. was tested by injecting the PDA environment with the bacteria before the hardening of agar at 45 °C and
then pouring the infected medium in petri dishes and placing 5 scrapes of 0.5 cm filtering paper soaked in fungal abstract, prepared
as previously, and also by 4 dishes for each fungal isolate, and then placing the dishes in an incubator at 30 oC for 24 hours and
recording the diameter of the circles around the scrapes to see the effect of the fungal abstract on the activity of the bacteria [19,21].

Results and Discussion
The results of the analysis during the period 2011 – 2012 demonstrated that most of the tested samples showed contamination with
fungi in different degrees ranging from 1 ×102 – 5 × 107 spore/gram food substance (Table 1). Results indicated that 100% of the
thyme & nuts samples showed fungal contamination that ranged from 7 × 102 - 5 × 107 , followed by potato & maize chips samples
with a contamination ratio of 79.2% and a degree ranged from 3 × 102 – 1.5 × 103 while it was 73.5% in biscuit samples and with a
degree of contamination ranged from 1 × 102 – 3.7 × 103 and finally came the candy & dried milk samples with a ratio of 42.5% and
a frequency ranged from 3× 102 – 3.6 × 102. Results showed that in spite of the high contamination ratios of the tested samples, the
overall levels of contamination were relatively low since only 2.3% of the tested samples exceeded a degree of 410 spore/gram substance of food. Noting that some countries don’t allow the import of materials with a degree of fungal contamination that exceeds
310 spore/1 gram seeds, and thus, it’s necessary to conduct periodic inspection on children’s foods traded in the local markets and
protect those foods from the contamination sources during all stages of manufacture & production, especially in the conditions of
direct consumption [3].
Food
substance

Number of
tested samples

Number of
contaminated
samples

The ratio of fungal
contamination in
the tested samples
(%)

The degree
of fungal
contamination
(spore / gram)

Thyme & nuts

35

35

100

7 × 10 – 5 × 10

A.flavus, A.niger,
A.carbonarius,
P.cyclopium, Alternaria
alternate, R.stolonifer

Biscuits

45

33

73.3

1 × 102– 3.7 × 103

A.flavus, A.niger,A.
carbonarius,
P.cyclopium, R.stolonifer

Potato &
maize chips

53

42

79.2

3× 102– 1.5 × 103

Candy &
Dried milk

40

17

42.5

3× 102 – 3.6 × 102

2

The dominant fungal
species

7

A.flavus, A.niger,
P.cyclopium, R.stolonifer
P.cyclopium,
A.alternate, M.
racemosus, R.stolonifer

Table 1: The degree of the fungal contamination of children’s foods and the dominant species. The period 2011-2012. Al-Hasaka province
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An Isolation & a classification has been done to 21 species belonged to 5 genera, 4 families, 3 orders & 2 classes of fungi which
are Hyphomycetes and Zygomycetes (Table 2), the largest number of the isolated fungal species belonged to the genus Aspergellus
(7 species) and Penicillium (6 species), a lesser number to the genus Fusarium (3 species) and a single species to each of the rest
genera: Alternaria, Cladosporium, Stemphilium, Mucor and Rhizopus.
Class

Order

Family
Moniliaceae

Hyphomycetes

Hyphomycetales
Dematiace343a e
Tuberculariales

Tuberculariaceae

Zygomycetes

Mucorales

Mucoraceae

2

3

4

Genus

Number of
species

Aspergillus

7

Penicillium

6

Alternaria

1

Cladosporium

1

Stemphilium

1

Fusarium

3

Mucor

1

Rhizopus

1

8

21

Table 2: Classification record of fungal species isolated from children’sfoods. The period 2011 – 2012. Al-Hasaka province

The frequency of the fungal species on all tested food samples was recorded. The frequency degrees varied according to the food
substance, 18 fungal species from thyme & nuts samples were isolated and classified, the species A.flavus , A.niger and P.cyclopium
showed high frequency, followed by A.carbonariusus, A.alternate and A.stolonifer with a moderate frequency whereas the rest of
the species showed the lowest frequency (Table 3). 13 fungal species were isolated and classified from the biscuits samples and the
same number from the potato & maize chips samples. A high frequency of the species A.niger was recorded on all the mentioned
samples, followed by the species A.flavus, P.cyclopium and R.stolonifer with a moderate frequency, while the rest of the species
showed a lower frequency. Also 10 fungal species were isolated and classified from the candy & dried milk samples with lesser
contamination degrees, as a moderate frequency was recorded for the species A.flavus, P.cyclopium, A.alternate, M.racemosus and
R.stolonifer while it was low for the rest of the species.
Genus

Aspergillus

Penicillium

Species

Thyme & nuts

Biscuits

Potato & maize
chips

Candy &
dried milk

A. candidus Link

+

+

+

-

A. carbonarius (Bainier)
Thom

++

+

-

-

A. flavus Link

+++

+

++

++

A. foetidus (Naka.)Thom et
Raper

+

-

+

-

A. fumigatus Fres.

+

-

-

-

A. niger v. Tiegh

+ ++

+++

+++

+

A. ochraceus Wilhelm

+

-

+

-

P. cyclopium Westl.

+++

++

++

++

P. citrinum Thom

+

+

-

-

P. martensii Biourge

+

-

+

-

P. veridicatum Westl.

+

-

-

-

P. Hordai Stolk

+

-

-

+

P. purpurogenum Stoll

-

+

-

-

Alternaria

A. alternate Nees et Neerg.

++

+

+

++

Cladiosporium

C.brevi-compactum Pidopl.
et Deniak

+

-

-

+

Stemphilium

S. botryosum Wallr.

+

+

+

-

F. avenaceum (Fr.) Saac.

+

+

+

-

F. moniliforme Sheld.

-

+

+

+

Fusarium

F. oxysporum Schlect.

-

+

+

+

Mucor

M. racemosus Fres.

+

-

-

++

Rhizopus

R.stolonifer (Her.) Vuill

++

++

++

++

18

13

13

10

Sum

Note: There is no toxicity + low toxicity, ++ moderate toxicity, +++ high toxicity (- = 0%, + = 1-25%, ++ = 26-50%, >50%)
Table 3: Record of the isolated fungal species and their frequency on children’s foods. The period 2011 – 2012. Al-Hasaka province
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Table 3 also indicates that the frequency has been recorded for the species A.flavus, A.niger, P.cyclopium, A.alternate and R.stolonifer
in all tested food samples. And the rest fungal species showed varied frequencies on the tested substances that some species were
isolated from only specific food substances and not the others as the species P.purpurogenum from the biscuits samples only, while
the species A.candidus, A.flavus, A.niger, P.cyclopium, A.alternate, S.botryosum, F.avenaceum and P.stolonifer showed frequency on
all substances except candy & dried milk samples. Toxicity tests for 82 fungal isolates belonged to the species A.flavus (28 isolates),
A.niger (10), A.ochraceus (5 isolates), Penicillium spp (15 isolates) A.alternate (7 isolates), and Fusarium spp (17 isolates) on the
vitality of chickpeas & maize seeds, and the activity of Bacillus spp bacteria in laboratory conditions, have indicated that 26 fungal
isolates, (31.7 %) of all the isolates, showed toxic properties in varying degrees (Table 4), which indicates that the tested isolates
have produced substances with toxic effects on the germination of chickpeas & maize seeds, as well as on the Bacillus spp bacteria
to the nutritional cultures.
Number of
tested
isolates

Number of
isolates with
Toxic properties

% of the toxic
isolate

A. flavus

28

12

A.niger

10

2

Fungal species

Level of toxicity
Chickenpeas
Seeds

Maize Seeds

Bacillus Sp

42.9

+

++

++

20

+

+

+

A. ochraceus

5

0

0

-

-

-

Penicillium spp

15

3

20

-

+

+

A.alternate

7

2

28.6

-

+

+

41.2

+
+

+++

+++

Fusarium spp

17

7

sum
82
26
31.7
Note: There is no toxicity + low toxicity, ++ moderate toxicity, +++ high toxicity 14
Table 4: Results of toxicity tests of some fungal isolates from children’s foods on the germination of chickpeas & maize seeds,
and Bacellus spp bacteria. The period 2011

We can conclude from the results of this study that, different kinds of children’s foods are affected by a wide variety of fungi which
were isolated for the first time in Syria. Those fungi often have toxic properties through their secretions during their stages of
growth and these toxic secretions are called Mycotoxins. The results of the biological tests have pointed to the toxic activity for
some fungal species, and thus, the issue of children’s foods contamination with fungi and their toxic secretions should be taken
into consideration because of their effect on first, the quality of food and second, the health of children, and that’s by taking all the
necessary precautions to prevent the growth & the activity of these fungi in foods. Also, worldwide must making efforts to regulate
toxins values to lower the risk of toxicity impacts on human health. Because human may exposure to pesticides from many ways,
such as ingestion, inhalation, and dermal contact, it is important to examine toxicity standards by considering all major exposure
pathways [27,28].
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