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ABSTRACT 
Dry fruits are the best source of minerals and vitamins and are essential for human health; they are exposed to microbial contamination 

at any stage of growth and processing. The current study aims to investigate and identify fungi associated with dried fruit available from 

local markets of Sulaimani City and also detect the aflatoxigenic strain of Aspergillus by various methods. Forty-eight samples of dried 

fruits were collected; the fungi were isolated by using the dilution plate method on dicloran rose bangle chloramphenicol agar medium. 

The isolated fungal species identified depend on morphological characters (macroscopic and microscopic features). Cultural (ammonium 

vapor and UV fluorescence); and molecular methods were used to detect the potential of aflatoxigenicity of Aspergillus spp. A total of 

(353 * 102) CFU/gm of dried fruit of fungal species were isolated, Aspergillus niger and Penicillium spp. are the predominant species 

isolated, and Aspergillus parasiticus was isolated on dry fig only; All of A. parasiticus isolates were toxigenic strains as indicated by 

cultural and molecular methods. In addition, some species of Penicillium and Aspergillus niger also produced ochratoxin. Therefore, 

the implementation of hygienic conditions is necessary during the process of harvesting, desiccating, and handling dry fruits.    

https://creativecommons.org/licenses/by-nc/4.0/ 
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1. Introduction 

Fruits contain significant substances beneficial for human well-

being, like vitamins, minerals, fiber, and antioxidants[1, 2]. Fresh 

fruit preservation through drying provides an alternative method 

for maintaining the fruits for long periods and concentrating their 

nutritional value, reducing the cost of packaging, handling, and 

transportation[1, 2, 3]. Traditional dried fruit (i.e., without added 

sugar) found in the Mediterranean and other regional diets are 

important dietary groups[2]. Dried fruits are essential for human 

health, as they reduce the possibility of obesity, cardiovascular 

disease, and the chance of diabetes[4].  

Dried fruits are exposed to microbial contamination at any stage 

of growth and processing. When the environmental condition is 

favorable, some of these organisms might start to grow before the 

fruits or nuts get to the processing facility; they might keep 

growing there until the products are dried, at which point workers 

and equipment might contaminate the final products[5], Mold has 

the potential to contaminate dry fruits and spread quickly as well 

as even when a small area of fruit peel is contaminated[6]. 

Microorganisms can cause food spoilage to a valuable food 

staff[3]; fungi are the most common organisms that spoil foods 

worldwide[3, 7]. The USDA-Economic Research Service reported 

that “18.9 billion pounds of fruits and vegetables are lost annually 

due to spoilage by fungi"[8].  The existence of some fungi in food, 

Alternaria, Aspergillus, Candida, Fusarium, Mucor, Rhizopus, 

Penicillium, etc. cause food deterioration, as well as the 

consumption of this food might lead to the emergence of a variety 

of health problems, and fungal diseases, ranging from moderate 

to severe clinical situations, especially in individuals with 

weakened immune systems[9]. Food contamination by fungi can 

cause a noticeable decline in the quality and even destruction of 

food. Deterioration of food and mycotoxin formation relies on 

several factors, such as the type of food and its constitution and 

handling and storage conditions[10]. The formation of mycotoxin 

by some species of fungi is compelling and more subtle to control 

their growth[11]. Mycotoxin is a toxic secondary metabolite 

produced naturally by some mold[12], having detrimental 

consequences that might be sudden or persisting, such as those 

that are oestrogenic, carcinogenic, mutagenic, teratogenic, and 

atherogenic in both people and animals[13]. Few molds produce 

mycotoxins, including Aspergillus, Fusarium, Penicillium, and 

Alternaria; however, chief mycotoxin-producer fungi belonging 

to Aspergillus spp. (produces aflatoxin), Penicillium spp. (makes 

ochratoxin) and Fusarium spp. (which forms T-2, HT-2 toxin, 

deoxynivalenol, nivalenol, zearalenone, and fumonisins)[14]. 
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Aspergillus flavus and Aspergillus parasiticus are particularly 

important for community health because they produce aflatoxin, 

a toxic mycotoxin that adversely affects human health[15]. The 

effects of aflatoxin on human health include impairing children's 

development, weakening the immune system, increasing the risk 

of cancer, and causing death in cases of severe acute exposure[16]. 

The dried fruit might be contaminated from the fields or spoiled 

during the drying and storage with some of the toxigenic fungal 

species in optimum environmental conditions (favorable 

temperature and moisture) these species produced mycotoxins 

such as aflatoxin and ochratoxin; ingestion of mycotoxin by 

humans cause mycotoxicosis[9, 17], continuous screening of food 

staffs for the possible occurrence of fungal contamination is 

necessary. The current study aims to investigate and identify 

fungi associated with dried fruits and screening mycotoxin 

production of Aspergillus spp. isolates from the dried fruit of 

local markets in Sulaimani city. 

2. Materials and methods 

2.1 Collection and processing of the samples 

Forty-eight samples of eight dried fruits with six replicates from 

each, as shown in Table (1), were purchased from different places 

in the Sulaimani market. Two hundred grams of each sample 

were placed in clean polyethylene bags; the bags were tightly 

closed, labeled, and stored in the refrigerator (4 oC) until use. 

Table 1: Number of samples of dried fruits and their scientific names. 

 

2.2 Isolation of fungi 

The dilution plate method was used to isolate fungal species. Two 

hundred grams of dried fruit were crushed with an electric blender 

(previously sterilized with alcohol) to powder. The homogenized 

suspension was prepared by mixing dried fruit powder with 

sterile distilled water with a ratio of (1:10) respectively[9, 18]. 

Triplicate plates containing Dichloran-Rose Bengal 

Chloramphenicol Agar (DRBCA) were inoculated with 1 ml of 

homogenized sample from appropriate dilution for each dried 

fruit sample and then incubated at 28°C for one week. The fungal 

colony on dichloran rose bengal chloramphenicol agar was 

enumerated and presented as a colony forming unit per gram 

(cfu/g)[19, 20]. 

2.3 Identification of isolated fungi 

Identification of fungal isolates was performed depending on 

macroscopic characteristics of fungal colony morphology 

(topography, pigmentation, and texture) and microscopic features 

of fungal strains, using the taxonomic keys[21-25]. A wet mount 

technique was used to prepare a slide[3]; a drop of lacto phenol 

cotton blue (LPCB) was deposited on the center of the slide and 

mixed well with a small amount of fungal growth with the help 

of a needle. A cover slip was positioned and inspected under a 

microscope[23, 26]. 

2.4 Identification of Aspergillus species 

The genus Aspergillus was identified at the species level 

according to the standardized procedure described by Pitt and 

Hocking, 2009; depending on the color and diameter of the 

colony and the microscopic features of the asexual reproduction 

structure. A pure colony was transferred to Czapek yeast extract 

agar, malt extract agar, and 25% glycerol nitrate agar 

supplemented with chloramphenicol to inhibit bacterial growth 

and incubated at three different temperatures (25 oC, 5 oC and 37 
oC) for one week[23, 26]. 

2.5 Screening for aflatoxin producer strain of Aspergillus 

Various methods are available for screening and detecting 

toxigenic strains of Aspergillus favus and A. parasiticus, such as 

analytical methods, cultural methods, and molecular techniques. 

In the current study, both (cultural and molecular) were applied 

to screen the potential of toxigenicity[4, 27]. 

2.5.1 Cultural techniques 

2.5.1.1 Ammonium vapor: 

In 1999, Saito and Machida introduced a sensitive and rapid 

method for detecting toxin-producing strains of A. flavus and A. 

parasiticus.  Isolates of A. flavus and A. parasiticus were grown 

on yeast extract sucrose agar and one or two drops of ammonium 

hydroxide were put on the edge of the inverted cover of the plate. 

The reverse side of the colony of the aflatoxin-producing strain 

rapidly turns to plum red, while the non-aflatoxin isolates 

retained the original color of the colonies[28]. 

2.5.1.2 Ultraviolet (UV) photography: 

This technique was used to detect toxin-producer strains of A. 

flavus and A. parasiticus. A fungus was grown on yeast 

sucrose agar, stored in a dark incubator at 28 oC for one week then 

exposed to Ultraviolet light at a wavelength of 365 nm. Under 

UV light, aflatoxigenic strains produced a fluorescence ring 

around the colony, and the absence of a fluorescence ring in non-

aflatoxin producer strains[28-30]. 

2.5.2 Molecular method 

2.5.2.1 DNA Extraction of Aspergillus 

The DNA was extracted from all isolated species of Aspergillus 

parasiticus. Isolates were grown on PDA media, and the mycelia 

were collected and ground in liquid nitrogen to powder[31]. DNA 

extraction was performed with the help of the Easy Pure Plant 

Genomic DNA Kit (South Korea) described in the manufacturing 

kit. 
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2.5.2.2 Amplification of aflatoxin genes by PCR 

Two genes (nor1(aflD) and omtA (aflP) of aflatoxin cluster genes 

were amplified by PCR to confirm the aflatoxin production by A. 

parasiticus strain primer pairs for each gene presented in Table 

(2) were used to amplify the particular region of the selected gene. 

The amplification mixture of 50 µl reaction contains 25 µl PCR 

master mix (add Taq Master (2X conc.), 2.5 µl of 10 mM of each 

gene-specific primer, 5 µl DNA template, and 15 µl nuclease-free 

water. The following cycling PCR programs were applied; initial 

temperature 95 oC for 1 min, 35 cycles, 95 oC for 30 sec, 

annealing temperature for nor1 of (67 oC), and omtA (61 oC) was 

used for 1 min, 72 oC, 1 min; then a final extension at 72 oC for 5 

min hold at 10 oC. The PCR products were visualized by gel 

electrophoresis.  

Table 2: Primers for amplification of nor1 and omtA aflatoxin genes. 

 

2.5.2.3 Gel Electrophoresis 

The PCR products run on an agarose gel. The agarose gels were 

prepared by dissolving (1.5 - 2%) agarose in Tris Borate EDTA 

(TBE) buffer. The ethidium bromide with a concentration of (0.2 

µg/ml) was added to the prepared agarose gel for visualizing 

DNA. PCR amplicons and DNA ladder were loaded into the 

wells, and electrophoresis was run at 100 V for 1 hour to separate 

PCR products. The UV transilluminator was used to visualize the 

DNA fragments. 

3. Results  

3.1 Isolation and Identification of Fungi 

Forty-eight dried fruit samples were collected from the Sulaimani 

city markets, and fungi were isolated using dilution plate 

methods. The data presented in Table (3) revealed that 353 * 102 

CFU/gm of dried fruit fungal isolates recovered; they belonged 

to seven genera. The predominant fungi associated with dried 

fruit are Aspergillus niger, followed by Penicillium spp. The most 

contaminated dried fruit is mulberry, while dried lime and raisin 

contain the fewest numbers of fungi. The Aspergillus parasiticus 

was isolated in the fig fruit only. 

Table 3: Occurrence and number of fungal species isolated in dried 

fruits. 

 

3.2 Screening of aflatoxin producer strain of Aspergillus spp. 

Toxigenic strains of Aspergillus spp. were identified using 

cultural and molecular techniques (conventional PCR).  

3.2.1. Cultural techniques 

3.2.1.1 Ammonium vapor test 

Twenty- five strains of A. parasiticus were tested to detect 

the potential of their toxigenicity.  The color of the reverse 

side of the colony of all of the tested isolates changed to 

plum red after exposure to ammonium hydroxide, as shown 

in Fig. (1).   

 
Figure 1: Representative picture of the detection of aflatoxin by using 

ammonium vapor.  

A. Reverse of the colony of A. parasiticus on Yeast extract sucrose agar 

before exposure to ammonium hydroxide.  B. Reverse of the colony of 

A. parasiticus on Yeast extract sucrose agar after exposure to ammonium 

hydroxide, the color of the colony turned to plum red or pink due to 

aflatoxin detection. 

3.2.1.2 Ultraviolet (UV) photography 

All isolated strains of A. parasiticus that grow on Yeast 

extract sucrose agar are exposed to UV translaminar at the 

wavelength of 365 nm to detect the aflatoxin production. 

As shown in Fig. (2 B), the toxigenic strain of A. parasiticus 

forms a fluorescence ring around the colony after exposure 

to UV light; in the present study, all Twenty- five isolates 

of A. parasiticus are toxigenic.  

A B
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Figure 2: Representative picture of aflatoxin detection using ultraviolet 

(UV) photography. A. Colony of A. parasiticus on YES agar before 

exposure to UV light.  B. Colony of A. parasiticus on YES agar after 

exposure to UV light, formation of fluorescence ring around the colony, 

indicate toxin production. 

3.2.2 Molecular method 

Two aflatoxin genes (aflP (omtA) and aflaD (nor1)) are selected 

to use as the markers to distinguish toxigenic A. parasiticus from 

non-toxigenic strains. The expected size of omtA is 1024 bp, and 

nor1 is 400 bp Fig. (3, 4) all isolates of A. parasiticus. 

 
Figure 3: Agarose gel of PCR amplification test of aflatoxin gene 

(omtA).  

M is 100 bp DNA ladder, (1, 2, 3 and 4) are the representative example 

of A. parasiticus isolates showing DNA fragments of omtA with 1024 

bp, and 5 is negative control. 

 
Figure 4: Agarose gel of PCR amplification test of aflatoxin gene 

(nor1).  

M is 100 bp DNA ladder, (1, 2, 3, and 4) are the representative example 

of A. parasiticus isolates showing DNA fragments of nor1 with 400 bp. 

4. Discussion 

Desiccation of food is one of the earliest techniques for 

preserving food[34, 35]. The shelf-life of fruits increases through 

drying, which decreases water contents and prevents enzymatic 

change and microbial growth. Dried fruits contain high amounts 

of sugar because of the reduced water activity of the drying 

process and become more acidic; all of these make dried fruit 

more resistant to microbial contamination[34]. Fungal organisms 

can survive in environments with low water activities; the water 

content of dry fruits is unstable and affected by environmental 

humidity during storage, which might create a suitable condition 

for fungal growth and deteriorate it[36]. The current study aims to 

screen some dry fruits available in the Sulaimani markets and 

identify the types of fungal species associated with dried fruits. 

As well as distinguishing the toxigenic strain of Aspergillus 

species using cultural and molecular methods.  

A standard dilution plate was used to isolate the fungi using 

dichloran rose bengal chloramphenicol agar (DRBC). It is a 

selective medium that supports the growth of fungi. The 

dichloran component of DRBC reduces the size of colony 

diameter; rose bengal restricts the overgrowth of fast-growing 

molds such as Mucor spp. and Rhizopus spp.[37].  The mycological 

study of dried fruits revealed a total of 358 isolates of fungi 

belonging to seven fungal genera, as shown in Table (3).   

Aspergillus spp. were the most prevalent fungi isolated from 

dried fruits, followed by Penicillium spp. A similar finding has 

been reported by Ramadan et al. (2021); they stated that the genus 

Aspergillus is the dominant fungi isolated in the dried fruit 

collected from Duhok and Mosul, Iraq[3]. Moreover, a study of 

fungal contamination of dried fruit in Hila-Iraq provided that 

Aspergillus spp. are the common fungi that contaminated the 

dried fruits[38]. Also, Abbas et al. (2019) reported that the most 

common fungal species associated with dried fruit belong to 

Aspergillus spp. and Penicillium spp.[4]. The high frequency of 

Aspergillus spp. in dried fruits might be because the genus 

Aspergillus can withstand low water activity and unfavorable 

environmental conditions, in addition to its ability to produce and 

secrete various enzymes[39]. Among Aspergilli, Aspergillus niger 

was the most abundant fungus isolated, as reported by[4, 9, 36, 37].  

In the current study, A. parasiticus was the only species isolated 

in dried figs, and it was found just in dried figs and not recovered 

in any other dry fruits Table (3). 

Some species of fungi produce mycotoxins, particularly 

Aspergillus spp., Penicillium spp., and Fusarium spp. are the 

leading mycotoxins producers[40, 41]. Various methods are 

available to differentiate the aflatoxin producer strain from the 

aflatoxin non-producer strain[25]. In the present study, twenty-five 

isolates of A. parasiticus were examined by cultural (ammonia 

vapor test and UV fluorescence) and molecular methods 

(amplification of both omtA and nor1 genes) to determine the 

potential of aflatoxin-producing strain. Detection of toxin 

formation by cultural method was performed by culturing the 

isolates of A. parasiticus on (YES) agar and incubating for one 

week before exposure to UV light and ammonium hydroxide.  

The YES media was selected because Fente et al. (2001) and 

Ritter et al. (2011) reported that the YES agar is superior to 

Czapek’s yeast extract gar (CYA) for aflatoxin production[42, 43].  

Also, Reddy et al. stated that YES media support aflatoxin B1 

(AFB1) production; they reported that only 65% and 53% of 

toxigenic A. flavus produce aflatoxin on CYA and potato dextrose 

agar compared to YES[44]. Ammonium Vapor and UV 
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fluorescence are rapid and easy methods, not necessitating special 

equipment, but are less sensitive to the detection of toxin 

production[4]; in the current study, all isolates of A. parasiticus 

are toxigenic Fig. (1, 2).  The results presented in Fig. (1) showed 

that the color of the reverse side of the toxigenic strain of A. 

parasiticus colonies turned to plum red after exposure to 

ammonium hydroxide, and no color change in the non-toxigenic 

one. The color change is due to an intermediate product of 

aflatoxin production, yellow anthraquinone, which acts as a pH 

indicator turned to red in alkaline pH[28]. UV fluorescence is a 

qualitative method to detect aflatoxin production Fig. (2). The 

aflatoxin producer strain emits a fluorescence ring around the 

colony under UV light with a wavelength of 365 nm due to the 

absorption of UV light by aflatoxin B1 and G1[45]. 

The conventional molecular method is another method used to 

test the potential of toxigenicity; it is a rapid and reliable method 

to discriminate the toxigenic strain from the non-toxigenic A. 

flavus and A. parasiticus. A study by Sohrabi and Taghizadeh 

(2018) reported that there is a correlation between the detection 

of some aflatoxin genes (aflP (omtA), aflD (nor1), and aflR) by 

PCR amplification and quantification of aflatoxin by using thin-

layer chromatography (TLC) and high-performance liquid 

chromatography (HPLC)[46]. In the present study, two structural 

genes (omtA and nor1) of the aflatoxin biosynthesis pathway are 

selected as a marker for potential aflatoxingenicity.  The nor1 

gene required at the early stage is responsible for converting 

norsolorinic acid to averantin, and omtA needed at the later stage 

of the aflatoxin biosynthesis pathway, converts sterigmatocystin 

to aflatoxin in the final steps[47, 48]. All isolates of A. parasiticus 

contained both genes, indicated by positive DNA fragments with 

sizes of 1024 bp and 400 bp for both genes omtA and nor1 Fig (4, 

5). In the current study, all isolates of A. parasiticus are toxigenic 

strains and produced aflatoxin, and there are no differences 

between the cultural and molecular methods for detecting the 

toxigenicity of the isolates. Considerable research provided that 

A. parasiticus is more toxigenic, and non-toxigenic strain was 

infrequent and occasionally reported[49-51].: 

As mentioned previously, the most predominant fungal species 

isolated from dried fruits belonging to Aspergillus niger and 

Penicillium spp. Some strains of these fungi produce a mycotoxin 

called ochratoxin, which has adverse effects on human and 

animal lives, such as nephrotoxicity and renal tumors in animals 

upon consumption of contaminated foods[52, 53]. Therefore, extra 

care should be applied to protect dried fruits and other foodstuff 

from fungal contamination during harvesting, drying, marketing, 

and maintaining proper environmental moisture and temperature 

during storage to prevent post-harvest contamination. 

Conclusion 

In conclusion, our study highlights the significant issue of fungal 

contaminations in dried fruits; Aspergillus spp. and Penicillium 

spp. emerging as the dominant fungi. Some species of these fungi 

produce mycotoxins, including the highly concerning aflatoxin 

and ochratoxin A, which pose severe health risks upon 

consumption. 

Our findings underscore the urgency of adopting strict hygienic 

practices during harvesting, drying, and handling of fruits, as well 

as maintaining proper storage conditions and monitoring 

environmental factors during storage is essential to prevent 

fungal growth and contaminations. 

To further advance our understanding of this critical issue, future 

research should focus on quantifying the extent of contamination, 

identifying specific fruits most susceptible to fungal 

contamination, and evaluating the effectiveness of different 

preventive measures. Additionally, studies should explore 

innovative methods for fungal control and assess the impact of 

various drying techniques on mycotoxin formation. 

The implications of our research extend beyond the laboratory, as 

they inform food safety regulations, consumer awareness, and 

international trade standards for dried fruits. By addressing this 

issue proactively, we can safeguard public health and ensure the 

quality and safety of dried fruit products in the market. 
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