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Summary

Introduction: The present study aims to determine the contamination of eighteen samples from different
nuts and dried fruits from the markets of Mosul and Duhok city.

Materials and Methods: This study included samples of local and imported nuts and dried fruits.

Results: The study showed different genera of contaminant fungi such as Alternaria, Penicillium,
and Aspergillus species which are very common fungi associated with samples. The most fungal
contamination was found in pistachio and black raisins, followed by balahsisi, taffy raisins, yellow raisins,
dried apricot and peanut with shell. A total of nine species of Aspergillus were isolated on (potato dextrose
agar, malt extract agar and dichloran rose bengal agar) media A. niger, A. flavus, A. fumigatus, A. tamarii,
A. aculeatus, A. parasiticus, A. oryzae, A. japonicus, A. ochraceus were detected from all types of nuts
and dried fruits samples. The most frequent species were A. niger followed by A. flavus and A. fumigates
with percentage frequencies of 45.2%, 20.3% and 13.9% respectively. The ability of toxicogenic fungi
to produce AflatoxinB1 by ELISA test of Sunlong corporation in nuts and dried fruits samples ranged
from 94.8 to 136.4 pg/kg, with the highest levels of ability to produce AflatoxinB1 in nuts samples (peanut
with shell, sunflower seeds and walnut) at levels 135.8, 129.0, and 128.9 pg/kg respectively, while in dried
fruits samples the highest ability to produce AflatoxinBlin dried apricot, taffy raisins and yellow raisins
was at levels136.4,123.1 and 118.0 pg/kg, respectively.

Conclusion: we conducted the fungal contamination and quantitative content of aflatoxin B1 in nuts
and dried fruits notably those sold openly in food shops.
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Introduction

Fungi are an exceptional group of organisms, different from all others in their behaviour and cellular
organization. The exceptionality of fungi is reflected in the fact that they have the status of a kingdom, like a plant
and animal kingdom. Hence, fungi represent one of the three major evolutionary branches of multicellular
organisms (1).
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Fungi can grow on both simple and complex food products and produce different metabolites. These microorganisms
are found in the environment and can spread by the wind, insects, and rain (2). More than 100000 fungal species
have been identified as natural contaminants of agricultural and food products (3). The common poisonous species
are found in the genera Aspergillus, Penicillium, and Fusarium (4). Nuts and dried fruits are measured as the best source
of "essential nutrients" as they provide "protein, fatty acids, potassium, dietary fibres, and bioactive compounds".
They also promote human health by lowering the risk of "obesity, cardiovascular disease, and diabetes" (5).

Nuts and dried fruits have a longer shelf life than "fresh fruits"; they are the best alternative to fresh fruits
for long-term storage (6). The production of toxic secondary metabolites is the main problem associated with fungal
attacks in nuts and dried fruits, particularly aflatoxin. Fumonisin and Zearalenone are produced by 4. flavus,
F. verticillioides, and F. graminearum respectively (7). They had been contaminated through or after harvesting,
storage and transition (8). "The International Agency for Research on Cancer (IARC) classifies aflatoxins (AFs)
as Group I carcinogens" produced by Aspergillus flavus and A. parasiticus, Aflatoxin is the most commonly known
mycotoxin associated with storage development, however, a variety of other mycotoxins can also cause problems
(9). the storage temperature, presence of oxygen, humidity, and gaseous composition is the major important factors
influencing the development of fungi during storage (10).

Unfortunately, microorganisms can contaminate and spoiled valuable foodstuffs. As reported by "USDA-Economic
Research Service, 18.9 billion pounds of fruits and vegetables are lost annually due to spoilage by fungi" (11), such as
Alternaria, Aspergillus, Candida, Fusarium, Mucor, Rhizopus and Penicilliumetc. Ingestion of food-contaminated
with fungi may contribute to the formation of many health-related concerns, such as mycoses, which can vary
from moderate to life-threatening clinical diseases, notably in immunocompromised people (12). Among "1.5 million
species of fungi" that may cause disease in humans and animals, roughly 300 are fungal. These illnesses can vary
from minor allergic responses to life-threatening invasive infections (13). With the dangers of fungal development
in products in mind, notably those sold openly in food shops, this study was conducted to assess the fungal content
in nuts and dried fruits distributed by local suppliers in various regions of Mosul and Duhok city.

Materials and methods
Sampling: A total sample of nuts and dried fruits (150g) were collected randomly in clean paper bags from local

markets in Mosul and Duhok city, from 28/1/2021 to 21/3/2021 (As shown in table 1). The bags were properly labelled,
sealed and kept in the laboratory for isolation of fungi in the Ararat Private Technical Institute / Duhok city.

Table 1. Source and amount of samples of nuts and dried fruits.

Samples Source Amount
Cashew Mosul/ imported 150g
Hazelnut Mosul/ imported 150g
walnut Duhok/ local 150g
Almond Duhok/ local 150g
Pistachio Mosul/ imported 150g
Peanut Mosul/ imported 150g
Peanut with shell Mosul/ imported 150g
Sunflower seeds Mosul/ imported 150g
Pumpkin seeds Mosul/ imported 150g
Melon seeds Mosul/ imported 150g
Chickpeas nuts Mosul/ imported 150g
Balahsisi Mosul/ imported 150g
Yellow raisins Duhok/ local 150g
Black raisins Duhok/ local 150g
Taffy raisins Duhok/ local 150g
Fig Duhok/ local 150g
Dried apricot Mosul/ imported 150g
Dried apples Duhok/ local 150g
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Culture Media
Preparation and ingredients for all below media were according to Pitt and Hocking, 1997 (14):
Potato Dextrose Agar PDA Medium

This medium was prepared as following steps:

First of all, 39 g of PDA powder was added to 1 litre of distilled water at pH 5.6. Then, it was sterilized by using
autoclave at 121 °C, 15 psi for 20 minutes. After finishing the sterilization process, an antibiotic (Chloramphenicol
at a concentration of 50 mg/litre) was added to the liquid of PDA at 45 °C. The steps mentioned above were followed
as per manufacturer instructions. This medium was used to process the isolation and diagnose of fungi.

Malt Extract Agar MEA Medium

This medium was prepared as following steps:

To begin with, 50 g of medium powder was added to 1 litre of distilled water at pH 5.6. After that, it was sterilized
by using an autoclave at 121 °C, 15 psi for 20 minutes. After finishing the sterilization process, an antibiotic
(chloramphenicol a concentration of 50 mg/l) was added to a liquid medium at 45 °C. The steps mentioned above
were followed as per manufacturer instructions. This medium was also used to process isolation and diagnose fungi.

Dichloran Rose Bengal Agar DRBC Medium

This medium was prepared as following steps:

To begin with, 15.75 g of medium powder was added to 500 ml distilled water at pH 5.6. After that, it was
sterilized by using autoclave at 121 °C, 15 psi for 20 minutes. After finishing the sterilization process, an antibiotic
(chloramphenicol at a concentration of 50 mg/1) was added to a liquid medium at 45 °C. The steps mentioned above
were followed as per manufacturer instructions. This medium is for selective isolation and enumeration of fungi.

Isolation of fungi from samples:

Isolation of fungi associated with nuts and dried fruits samples according to previously described method (15)
on PDA, MEA and DRBC media, used for isolation and enumeration of fungi from nuts and dried fruits (16). The media
were supplemented with chloramphenicol (50 mg/L), Thirty specimens were taken randomly from each sample,
were treated with 2 % sodium hypochlorite for 2 min, then rinsed in sterile water and dried on filter papers. Next,
raisins were aseptically placed on plates (10 per plate), all plates were incubated in darkness for 7 days at 25 °C (17).

Identification of isolated fungi:

The isolated fungal genera were identified by macroscopic based on morphological and cultural characteristics
(Color, texture, pigmentation and reverse of the colony) and microscopic characteristics and microscopic
Characteristics, the wet mount technique was used to examine fungal strains under the microscope. In this technique,
a drop of "lactophenol cotton blue" (LPCB) was placed on a "clean grease-free slide", then with the help of a sterile
fungus needle, a tiny piece of fungal growth was transferred into the LPCB drop on the slide. A coverslip was placed
and finally examined under the microscope at 10x and 40x magnification (18). Developing fungi were purified and
maintained in a slanted PDA medium.

Frequency Proportion %:
The isolation frequency of genera from samples was calculated by the following formula.

Isolation frequency 0 = Number of Colonies on which a fungus appeared x 100

Total number of Colonies

Species identifications were according to the keys and descriptions provided by Pitt and Hocking (19, 20).
Detection of aflatoxin B1:

An enzyme-linked immunosorbent assay (ELISA) test was used to determine the quantitative level of AFBI.
The aflatoxin B1 assay was carried out according to the manufacturer's instructions (Sunlong corporation kit).
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The amount of AFB1 generated by isolates was determined using a standard curve constructed from aflatoxin B1
standards and expressed in parts per billion (21).

Results and discussion

Different genera of contaminant fungi were detected in our samples (see Tables 2, 3, 4), these mainly include
Aspergillus, Alternaria and Penicillium species. The Aspergillus species are very common fungi associated
with nuts and dried fruits. About nine Aspergillus species have been isolated and identified such as A. niger,
A. flavus, A. fumigatus, A. tamarii, A. aculeatus, A. parasiticus, A. oryzae, A. japonicus, A. ochraceus as shown
in (Figurel).

The highest percentage of Aspergillus appeared in pistachio and black raisins, followed by balahsisi, taffy
raisins, yellow raisins, dried apricot and peanut with shell.

The most predominant of the isolated species were members of Aspergillus section Nigri, followed by Aspergillus
section Flavi. This is consistent with the findings of a study conducted by Ozer et al. (22) and Heperkan et al. (23).
In the study of the four types of dried fruits, nine Aspergillus species were found to be frequent. These include A. niger,
A. flavus, A. fumigatus, A. awamori, A. carbonarius, A. japonicas, A. ochraceus, A. parasiticus and A. tubingensis.
These results are similar to the findings of a study published by Khosravi et al. (24). The most frequent isolated
fungi from different nuts were Aspergillus and Penicillium.

Among all isolated fungal strains from eighty-four samples of dried fruits and nuts, Abbas ef al. (25) has
confirmed that Aspergillus niger was isolated and reported as the most predominant species followed by Aspergillus
flavus. Many fungal contaminants that belong to different genera were obtained in this survey with the predominance
of A. niger. The presence of such fungi could be attributed to the high nutrition value of nuts and dried fruits as well
as inappropriate marketing and storage conditions (26).

Figure 1. Some fungal isolation from nuts and dried fruits samples.
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Table 2. Total counts of isolated fungal from samples of nuts and dried fruits on PDA medium.
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Aspergillus niger 5 4 4 17 4 35 30 | 34 32 3 17 17
A. flavus 8 2 3 4 12 3 15 8 5 5 2 2 3 2 5 9 5
A. fumigatus 3 7 13 13 16 3 2 8
A. tamarii 3 8 4 3 2 2
A. aculeatus 8 4
A. parasiticus 4 4 3
A. oryzae 3 3 3
A. japonicus 4 2
A. ochraceus 2 2
Alternaria sp. 3 12
Rhizopus sp. 3 3 7
Penicillium 3
Table 3. Total counts of isolated fungal from samples of nuts and dried fruits on MEA medium.
No. of Frequency
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Aspergillus niger 3 8 6 25 4 10 25 10 | 38 | 37 19 | 25
A. flavus 10 3 4 6 18 3 6 10 6 7 4 2 4 3 8 12 3
A. fumigatus 8 3 23 17 20 3 1 2 8
A. tamarii 2 10 2 7 3 5
A. aculeatus 6 4
A. parasiticus 2 3 3
A. oryzae 2 2 6
A. japonicus 4 4
A. ochraceus 2 4
Alternaria sp. 8
Rhizopus sp. 5 3 5 3
Penicillium 2

The frequency occurrence of fungal species from nuts and dried fruits samples:

The highest frequently occurrence of isolated genera of Aspergillus in tables (5, 6, 7) was Aspergillus niger
followed by 4. flavus and then 4. fumigatus with percentage frequencies of 45.2 %, 20.3 %, and 13.9 % respectively
(table 5). While the lowest percentage of occurrence was found in genera of Alternaria followed by Rhizopus
and then Penicillium with percentage frequencies of 3.2 %, 2.7 %, and 0.6 % respectively (table 5).
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Table 4. Total counts of isolated fungal from samples of nuts and dried fruits on DRBC medium.

No. of Frequency
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Aspergillus niger 2 2 3 9 2 20 24 | 23 26 2 13
A. flavus 3 1 1 1 5 1 6 5 3 4 2 2 1 5 5 4 3
A. fumigatus 1 3 7 8 9 1 3 5
A. tamarii 1 5 3 2 1 2
A. aculeatus 4 4
A. parasiticus 2 3 3
A. oryzae 1 2 2
A. japonicus 2 1
A. ochraceus 2 2
Alternaria sp. 1 7
Rhizopus sp. 1 2 4
Penicillium 1

Aspergillus flavus and Aspergillus niger were reported as being the most common species on dried fruits (27),
in another study, which included 60 samples of dried fruits such as raisins, fig and dates, showed the genus
Aspergillus as the higher rate of frequency than other genera (28), also Sultan and Magan (29) showed
that Aspergillus was consistently the most frequent genus in seed and in-shell peanuts similarly (30) on mycobiota
of almonds and chestnuts make it clear that Aspergillus species are frequent, sections flavi and niger being

the predominant aspergilla.

In Argentina, by (31) six species of Aspergillus section Nigri were found in dried vine fruits samples, while
the chief species were 4. niger, A. awamori, and A. carbonarius. In general Aspergillus niger, A. flavus and A. fumigatus
showed the highest percentage frequency of occurrence on the tested 18 types of "nuts and dried fruits" samples.

Table 5. Frequency of isolated fungi on PDA medium.

Fungi Total Frequency % Frequency
Aspergillus niger 211 45.2
A. flavus 95 20.3
A.fumigatus 65 13.9
A. tamarii 22 4.7
A. aculeatus 12 2.5
A. parasiticus 11 2.3
A. oryzae 9 1.9
A. japonicus 6 1.2
A. ochraceus 4 0.8
Alternaria sp. 15 3.2
Rhizopus sp. 13 2.7
Penicillium 3 0.6

Total 466 -
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Table 6. Frequency of Isolated fungi on MEA medium.

Fungi Total Frequency % Frequency
Aspergillus niger 210 41.7
A. flavus 111 22.0
A. fumigatus 85 16.8
A. tamarii 29 5.7
A. aculeatus 10 1.9
A. parasiticus 8 15
A. oryzae 10 1.9
A. japonicus 8 15
A. ochraceus 6 1.1
Alternaria sp. 8 1.5
Rhizopus sp. 16 31
Penicillium 2 0.3

Total 503 -

Table 7. Frequency of Isolated fungi on DRBC medium.

Fungi Total Frequency % Frequency
Aspergillus niger 142 48.7
A. flavus 54 18.5
A. fumigatus 37 12.7
A. tamarii 14 4.8
A. aculeatus 8 2.7
A. parasiticus 8 2.7
A. oryzae 5 1.7
A. japonicus 3 1.0
A. ochraceus 4 1.3
Alternaria sp. 8 2.7
Rhizopus sp. 7 2.4
Penicillium 1 0.3

Total 291 -

Detection of AFB1 naturally contaminated nuts and dried fruits by ELISA:

Aflatoxigenic potentiate of samples were detected by Enzyme-linked immunosorbent assay (ELISA) technique
as in the table 8, showed that AFB1 potentiate was found at levels from 94.8 ng/kg - 136.4 pg/kg for nuts and dried
fruits samples as shown in Figure 2. Peanut with shell, Sunflower seeds and Walnut showed the highest abilities
to produce AFB1 at levels 135.8, 129.0 and 128.9 pg/kg respectively in nuts samples, while in dried fruits samples
the highest ability to produce AFB1lin dried apricot, taffy raisins and yellow raisins was at levels of 136.4, 123.1
and 118.0 pug/kg respectively.

This is due to nuts and dried fruits containing rich nutrients and is thus highly vulnerable to contamination
with toxigenic fungi and aflatoxins because of poor weather, processing and storage conditions (32). This is has been
linked to climate changes in Iraq, including high humidity and low temperatures, particularly in the winter, which
increase toxigenic fungal infection. The lowest abilities to produce AFB1 in dried apples, figs and almonds showed
levels 0f 94.8, 99.1 and 99.4 pg/kg respectively in nuts and dried fruits samples. In a study conducted in Pakistan (33),
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total aflatoxins were measured in 180 dried fruits and nuts samples. The highest aflatoxins contamination levels
were found in peanut samples 14.5 g/kg and pistachio samples 14 g/kg, while the lowest contamination levels were
established in dried apricot, dried fig, raisins, walnuts with shell, walnuts without shell, and dried apricot, dried
fig, raisins, walnuts with shell, walnuts without shell, all of which were the recommended limit for the full amount
of aflatoxins 4 g/kg set by EU regulations.

A study by Asia and Samir (34) showed apricot and fig as the highest abilities to produce aflatoxin. Similarly,
another study (35) found the highest concentration of AFB1 in apricot and fig (138.28 ug/kg, 46.18 ng/kg) respectively.
Another study showed 18 strains of 4. flavus obtained from sunflower seeds of positive aflatoxigenic activity (36).
In a recent study in Iraq, Alhamadani (37) had reported the results of ELISA examination for 60 samples chosen
from grains and nuts which showed 49 samples were contaminated with aflatoxin in a range (0.5 pg/kg - 41.2 pug/kg).
According to some studies, not all A. flavus strains can produce aflatoxins and the ratio of non-aflatoxigenic strains
to aflatoxin produce different strains according to the source and location of the isolates (38).

Table 8. Aflatoxin B1 potentiate in nuts and dried fruits samples of Mosul and Duhok city.

Samples Aflatoxin B1(pg/kg)
Dried apricot 136.4
Peanut with shell 135.8
Sunflower seeds 129.0
Walnut 128.9
Taffy raisins 123.1
Yellow raisins 118.0
Black raisins 114.8
Balahsisi 111.6
Chickpeas nuts 109.5
Cashew 108.9
Melon seeds 107.6
Peanut 105.7
Pistachio 105.4
Hazelnut 105.2
Pumpkin seeds 100.1
Almond 99.4
Fig 99.1
Dried apples 94.8
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Taffy raisins
Walnut
Sunflower seeds
Peanut with shell
Dried apricot

Figure 2. The concentration of AFBlin nuts and dried fruits samples was collected from Mosul and Duhok city.
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The limitation of the study

In order to estimate fungal contamination as well as determine the level of aflatoxin in samples, a survey research
was done for nuts and dried fruits available in local markets and widely traded in these areas. We do suggest
to conduct a study on how to control the amount of fungal contamination, and thus the amount of mycotoxins.

Conclusion

Contamination with fungal and aflatoxin B1 in various nuts and dried fruits are a major problem and is mainly
related to an improper condition of storage after harvest. Good post-harvest manufacturing practice such as drying,
cleaning and packing reduces fungal infection and prevents the formation of mycotoxins to ensure that the nuts
and the dried fruits are safe for consumers.
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