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INTRODUCTION 

Vegetables are important preventive foods and are very 

useful for maintaining health and preventing diseases. 

It provides a variety of pharmacological and therapeutic 

substances in addition to significant nutritional compo-

nents that are necessary for the normal function of the 

body; minerals and vitamins content in high percentage 

differs with the differentiation of its types: leaves, 

stems, roots, seeds and fruits, possibly edible of them 

and every group makes a unique contribution to the 

diet (Jinajali, 2017; Cecilia et al., 2017).  

Many people are realizing how important vegetables 

are to food security and nutrition, and vegetable con-

sumption is linked to a reduced risk of many diseases 

(Salvin, 2013). Annual reports in Basra city/Iraq mar-

kets showed that 20% of vegetables produced are 

spoiled, especially during the post-harvest stages. This 

has been associated with spoilage fungi that can be 

toxic or pathogenic. The toxin-producing fungi  such as 

Aspergillus flavus, Aspergillus niger , Penicillium spp.  

and Alternaria alternaria have been identified and iso-

lated from spoiled vegetables (Ali et al., 2023). One of 

the limiting factors affecting the economic value of fruits 

and vegetables is the relatively short shelf life resulting 

from attack by pathogens (Mula Abed and  Al-Ameri, 

2022; Nji et al., 2023). 

The consumption of vegetable products has increased 

by more than 30% globally in the previous few decades 

(Odelade and Oladeji, 2020). Especially fresh, as the 
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percentage of consumption of fresh vegetables and 

fruits reached 32.6% and 25.8%, respectively, and 

greatly outpaced the rise in manufactured products 

(Srilakshmi and  Venkata Reddy, 2022).Consumption 

of raw vegetables without any exposure to processes 

that can be relied upon to eliminate contamination with 

pathogens. Although it can lower fungal levels, washing 

vegetables and fruits with water chlorinated does not 

guarantee the removal of pathogens (Odelade and 

Oladeji, 2020; Gera et al., 2023). 

Food is contaminated with different microorganisms 

(viruses, parasites and bacteria). Consequently, there 

are numerous varieties of food-borne infections. Ac-

cording to estimates of microbial deterioration, 20% of 

vegetables in the local government area of Kankara, 

Katsina state, grown for human consumption are lost. 

The yeasts, mold and bacteria are the first causative 

agents of microbial spoilage (Yaradua et al., 2018). 

Microorganisms that cause spoiling can enter a crop on 

the seed itself, during the crop's growth in the field, 

during harvest and handling post-harvest or during dis-

tribution and storage (Sani et al., 2018). 

There is no doubt that microorganisms have led to an 

increase in the number of documented outbreaks 

(Mailafia et al., 2017). When raw vegetables are treated 

with disinfectants or cleaned, pathogenic microorgan-

isms can be eliminated, lowering the disease risk

(Gerke et al., 2022; Ibrahim et al., 2022). However, the 

hydrophobic cutin, variable abrasions and surface mor-

phology in the skin of vegetables and fruits limit the 

effectiveness of the treatment (Jinajali, 2017 ). 

Fungi can produce enzymes inside and outside cells, 

depending on other organisms' carbon sources. Mole-

cules such as monosaccharides or disaccharides, ami-

no acids and fatty acids can break down larger complex 

compounds such as cellulose, amylase, pectinase and 

protease, and fungi secrete extracellular enzymes. 

Fungal extracellular enzyme production facilitates deg-

radation (Vinayachandran et al., 2020). 

Some previous studies have focused on many fungi, 

such as Penicillium spp., Aspergillus spp., and  Fusari-

um spp. grown on vegetables (Nji et al., 2023), Espe-

cially A. flavus, A. niger, A. parasiticus, P. digitatum. 

and P. citrinum (Srilakshmi and Venkata reddy, 2022), 

Syncephalastrum racemosum, Rhizopus stolonifer and 

Mucor spp. (Vinayachandran et al., 2022). 

The study aimed to isolate and identify fungi contami-

nating different types of vegetables infected with rot 

collected from local markets of Duhok City, Iraq, and 

molecular identification of A. nidulans using Polymer-

ase Chain Reactions (PCR).    

MATERIALS AND METHODS 

Sample collection 

Vegetables samples such as Green bell pepper 

(Capsicum annuum), Red bell pepper 

(Capsicum annuum), Beans (Phaseolus vulgaris), Cow-

pea (Vigna sinensis), Tomato (Solanum lycopersicum), 

Eggplant (Solanum melongena), Cucumber (Cucumis 

sativus), Pumpkin (Cucurbita moschata), Zucchini 

(Cucurbita  pepo) and Cauliflower (Brassica oleracea 

var. botrytis) infected with rot were collected from local 

markets of Duhok city/Iraq. They were transported to 

the Biology Department/College of Science/Mosul Uni-

versity laboratory in separate sterile polyethylene bags 

for fungal isolation.  

Isolation and identification  

Sterilized the surface of vegetables by exposing them 

to sodium hypochlorite for 3 minutes with a concentra-

tion of 1% and wished it with sterile distilled water three 

times. Small pieces of sample tissues (3 cm-5cm) were 

placed on Potato Dextrose Agar (PDA) media contain-

ing streptomycin in 0.005 mg/ml and incubated at 25± 

2o C for 7 days, were by sub-cultured transplanting to a 

new set using PDA to purification of fungal isolates . 

The primary identification of colonies that appeared 

was made using morphological and microscopical fea-

tures using fungal identification keys (Nelson  et al., 

1983; Domsch et al., 1993; Pitt and Hooking, 2009). To 

save fungal samples, they were cultured on the slant. 

Determination of percentage frequency of occur-

rence  

The frequency of occurrences of different types of iso-

lated fungal contaminants associated with vegetable 

spoilage was determined using the formula (Al-Ameri, 

2022).  
  The number of fungus colonies in the samples 

 % Frequency = ——————————————   Eq. 1 
  Total number of colonies  

 

Molecular identification of Aspergillus spp. using 

Polymerase Chain Reactions (PCR)  

Design of the primer  

ITS1 (5’ TCCGTAGGTGAACCTGCGG 3’) and ITS4 (5’ 

TCCTCCGCTTATTGATATGC 3’) were used to amplify 

the internal transcribed spacers in Aspergillus spp. 

PCR was conducted in a 20 µL volume reaction using 

GoTaq G2 Green Master Mix (2X) supplied by 

Promega (USA). The master mix was used in 1X con-

centration and the primers were used in 1µM. The final 

volume was completed to 20 µL using nuclease-free 

water. 

The conditions used were: 1 cycle at 95°C for 5 min, 

followed by 35 cycles with a denaturation step at 95°C 

for 30 s, an annealing step at 55°C for 1 min, and an 

extension step at 72°C for 1 min, followed by 1 cycle at 

72°C for 6 mins.  PCR products were run on agarose 

gel 2% containing the Redsafe DNA stain (Intron, Chi-

na). The size of the amplicon was determined by com-

https://pubmed.ncbi.nlm.nih.gov/?term=Mailafia%20S%5BAuthor%5D
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paring the band's location with the bands of the 100bp 

DNA ladder (Transgene, Taiwan). 

The primer was obtained from Macrogene Company 

(Korea), which specialized in primer synthesising and 

sequencing. 

Extraction of DNA 

DNA was extracted using the Geneaid DNA Isolation 

Kit (Yeast) according to the steps recommended by the 

company. DNA concentration was measured using a 

nanodrop device at the College of Science/ University 

of Mosul. 

Nucleotide sequencing of amplified pieces using 

DNA sequencing 

Sanger sequencing was done at Psomagene sequenc-

ing company (Maryland/ USA). 

Phylogenetic tree  

The Nucleotide Basic Local Alignment Search Tool 

(BLASTn) program (Altschul et al., 1990) was used to 

search for homology to the input sequence against en-

tire sequences available on the sequence National 

Centre for Biotechnology Information (NCBI) GenBank 

database (https://www.ncbi.nlm.nih.gov/genbank/). The 

phylogenetic tree was constructed by bootstrap (100X) 

analysis using the MEGA-11 software (Tamura et al., 

2021). 

Ethical approval 

The local Ethical Committee at the University of Mosul/

College of Science approved the project (Approval No. 

450 dated 19 September 2023).   

RESULTS AND DISCUSSION 

Isolation of fungi  

Table 1 shows 5 species of fungi isolated from green 

bell pepper: R. stolonifer, Mucus spp. , A. parasiticus, 

P. citrinum and P. digitatum with percentage frequency 

43.2%, 15.6%, 12.7%, 10% and 18.5%, respectively. A. 

nidulans was isolated from red bell pepper in 19.2%, 

while it was the most frequent isolate from eggplant, 

Table 1. Fungi isolated from different vegetables and their percentage of frequency 

% Frequency Fungal isolates Vegetables samples 

43.2 
15.6 
12.7 
10.0 
18.5 

Rhizopus  stolonifer 
Mucus spp. 
Aspergillus parasiticus 
Penicillium  citrinum 
Penicillium  digitatum 

Green bell pepper 
(Capsicum  annuum) 

58.1 
10.2 
12.5 
19.2 

Rhizopus stolonifer 
Aspergillus parasiticus 
Aspergillus  niger 
Aspergillus nidulans 

Red bell pepper 
(Capsicum  annuum) 

22.2 
30.4 
14.9 
32.5 

Curvularia spp. 
Alternaria  alternata 
Aspergillus  dimatatus 
Aspergillus  nidulans 

Beans 
(Phaseolus vulgaris) 

22.6 
39.9 
37.5 

Rhizopus  stolonifer 
Aspergillus parasiticus 
Geotrichum  candidum 

Cowpea 
(Vigna sinensis) 

67.4 
24.7 
7.9 

Geotrichum  candidum 
Aspergillus  parasiticus 
Rhizopus  stolonifer 

Tomato 
(Solanum lycopersicum) 

25.1 
28.9 
2.7 
43.3 

Helminthosporium spp. 
Alternaria  alternata 
Stemphylium spp. 
Aspergillus  nidulans 

Eggplant 
(Solanum  melongena) 

22.1 
29.9 
31.5 
11.5 
5.0 

Rhizopus  stolonifer 
Aspergillus  parasiticus 
Aspergillus  nidulans 
Aspergillus  flavus 
Aspergillus  fumigatus 

Cucumber 
(Cucumis  sativus) 

41.2 
46.8 
12.0 

Penicillium  digitatum 
Aspergillus  nidulans 
Aspergillus  fumigatus 

Pumpkin 
(Cucurbita moschata) 

44.3 
29.9 
25.8 

Aspergillus  flavus 
Aspergillus  parasiticus 
Alternaria  alternata 

Zucchini 
(Cucurbita pepo) 

3.5 
11.7 
25.9 
58.9 

Mucus spp. 
Penicillium  digitatum 
Aspergillus  parasiticus 
Aspergillus  nidulans 

Cauliflower 
(Brassica oleracea var.  
botrytis) 
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pumpkin, cucumber and cauliflower with 43.3%, 46.8%, 

31.5% and 58.9%, respectively, but in tomato, the most 

frequent fungi isolated were Geotrichum candidum in 

67.3% .Five fungi isolated from cucumber, the highest 

frequented was A. nidulans at 31.5%, the lowest fre-

quented isolate was A. fumigatus 5%, while A. flavus 

was the most frequent isolate from zucchini, with 

44.3%. Alternaria alternata was isolated from beans 

and eggplant only in percentages 32.4% and 28.9%, 

respectively. Aspergillus nidulans was chosen for mo-

lecular study because of its high frequency in most veg-

etable samples. 

Molecular identification of Aspergillus nidulans us-

ing 18 S rRNA  

A. nidulans was identified using PCR technology. The 

ITS gene was detected and the ability of the primers to 

bind to specific sites in the fungus  DNA was tested. A 

pair of specialized primers, Forward (ITS1) and Re-

verse (ITS2), were adopted, and the amplification prod-

ucts were used. The electrophoresis results on agarose 

gel at a concentration of 2% showed a package with a 

size 600 bp. belonging to A. nidulans (Fig. 1 ). This indi-

cated that the designed primers bind to the target gene 

present within the genetic sequence of the fungus men-

tioned in the methodology. 

Analysis of the nucleotide  base sequence of  

chromosomal DNA 

The results of the polymerase chain reaction were sent 

to (Psomagene sequencing company, USA), and it was 

shown that the isolate belongs to the genus Aspergillus, 

specifically A. nidulans. The sequences of the isolate’s 

nitrogenous bases were compared with the isolates 

registered in NCBI. The isolate was found to be 100% 

genetically identical to the isolates registered interna-

tionally (Fig. 2), and identical results were obtained for 

the isolate with the standard isolates installed in Basic 

Local Alignment Search Tool (BLAST) program data-

base. Sample H1 was 100% identical to Aspergillus 

nidulans strain AS27.  

Aspergillus nidulans isolate was registered in the Gene 

Bank and given a special serial number, shown in 

Fig.3.  

As a result of the nitrogen base sequence analysis sent 

to the NCBI, the study registered it as a new strain us-

ing the code HAA78 (Fig. 4).  

600 bp 

Fig. 2. Sequence analysis of isolate HAA78 based on the 18S rRNA gene 

Fig. 1. Showing separate PCR amplification products from 

Aspergillus spp. isolates using 2% agarose gel electrophoresis 
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Phylogenetic tree 

BLASTn program was used to obtain the tree diagram. 

The sequence of the nitrogenous bases obtained using 

the 18S rRNA gene was searched for homology to con-

firm the diagnosis of the A. nidulans isolate with its cor-

responding strains registered in the NCBI Gene Bank 

database.  The phylogenetic tree of A. nidulans was 

constructed using bootstrap analysis (100X) using 

MEGA software. 

It was observed through the evolutionary tree diagram 

shown in Table 2 and Fig. 5 that there is an evolution-

ary relationship between the local isolate in this study 

and registered in NCBI under the name Aspergillus 

nidulans HAA78. The isolate Aspergillus nidulans 

HAA78 was 100% identical to the isolate Aspergillus 

nidulans strain ATCC 10074 (NG 064803.1).  

There are several connections between microorgan-

isms and the food eaten, which may affect our food's 

quantity, quality, and availability. Naturally occurring 

foods, like fruits and vegetables, typically include some 

microorganisms and can pick up more during handling 

(Al-Ameri, 2023). It is also estimated that about 20% of 

all vegetables and fruits are lost yearly due to contami-

nation that causes an annual loss of 20% or so of all 

fruits and vegetables (Chaudhary, 2019). It is known 

that microorganisms, especially fungi, destroy vegeta-

bles, reducing the amount allocated for consumption 

and the profits obtained from vegetable sales. There-

fore, It is necessary to identify these microorganisms, 

especially human disease causative agents, to reduce 

the risks of infection and contamination arising from 

Fig. 3. Ratio of nitrogenous base sequence similarity between Aspergillus nidulans and the standard strain previous-

ly recorded at NCBI 

Fig. 4. Genebank of the National Center for Biotechnolo-

gy Information isolate code Aspergillus nidulans, Nation-

al Ceter for Biotechnology Information 
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  Species name Query Coverage% E-value Identity % Accession No. 

1 Aspergillus nidulans strain ATCC 10074 100 0.0 100 NG_064803.1 

2 Aspergillus keveii strain AUMC 14299 100 0.0 99.48 MF004311.1 

3 Aspergillus ustus strain NRRL 275 100 0.0 99.48 AB008410.1 

4 Aspergillus puulaauensis strain MK2 100 0.0 99.37 AP024448.1 

5 Aspergillus sp. strain Y31-2 100 0.0 99.31 KP872504.1 

6 Aspergillus versicolor strain NRRL 238 100 0.0 99.08 NG_067623.1 

7 Aspergillus unguis strain F3000054 99 0.0 99,36 EF067336.1 

8 Aspergillus flavipes strain NRRL 302 100 0.0 98.96 NG_063230.1 

9 Aspergillus oryzae strain RIB40 100 0.0 98.85 AP007172.1 

10 Aspergillus alliaceus strain NRRL 4181 100 0.0 98.85 AB002071.1 

11 Aspergillus flavus strain AK24 99 0.0 98.84 MW426208.1 

12 Aspergillus terreus strain CB10 100 0.0 98.73 OM250078.1 

13 Aspergillus felis strain FM324 100 0.0 98.67 CP066505.1 

14 Aspergillus fumigatus strain EF2 100 0.0 98.62 MZ067241.1 

15 Aspergillus luchuensis strain RIB2601 100 0.0 98.56 AP024437.1 

Table 2. Most related Aspergillus species with their accession numbers showing homology with Aspergillus nidulans 
HAA78 strain retrieved from the NCBI database. 

Fig. 5. Neighbor-Joining phylogenetic trees showing the relationship between the strain Aspergillus nidulans HAA78 
(indicated in black circle) and the related species of Aspergillus based on ITS sequences using MEGA-11 software; Per-
centage of replicate trees in which the associated strains clustered together in the bootstrap test (100 replicates) shown 
next to the branches 
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dealing with fruits and their consumption (Yaradua et 

al., 2018). 

The results in Table 1 include different vegetables 

( Green bell pepper, Red bell pepper, Beans, Cowpea, 

Tomato, Eggplant, Cucumber and Pumpkin).  It was 

found that different fungi contaminated vegetables in 

different proportions as well, and these results are simi-

lar to Srilakshmi and Venkata Reddy (2022) refer to 

when examining samples of vegetables (infected and 

healthy) to isolate and identify the developing species 

of fungi present. The vegetables are tomatoes, pepper, 

cucumber and onion collected from local farms around 

Guntur market area. All samples showed contamination 

with fungi, spatially Rhizopus stolonifer, Aspergillus 

flavus, A. parasiticus, A. niger, Penicillium citrinum, P. 

digitatum, Mucor spp., highest occurrence rate was A. 

parasiticus then P. digitatum and A. flavus while Rhizo-

pus stolonifer, Mucor spp. was the lowest and also sim-

ilar with the study of Sani et al.(2018) which was con-

ducted to the isolation of fungal contamination, espe-

cially cabbage, tomatoes, onions spoilage sold at the 

Dutse-Ultra Modern Market in Dutse Metropolis, Jigawa 

State, Nigeria. Thirty fungal isolates were obtained from 

tomato, onion and cabbage samples R. stolonifer 

(27.27%), A. niger (36.36%), A. flavus (18.18%),  Peni-

cillium spp. and (9.10%) Mucor spp. (9.10%). In tomato 

contamination, it has been noted that fungi can cause 

perishable foods like onions, cabbage and tomatoes to 

deteriorate, perhaps because these organisms' spores 

are easily spread through the air, which could cause 

these vegetables' spoilage. 

 Vinayachandran et al. (2022), when investigating fungi 

associated with some vegetables in Mattancherry Mar-

ket, India, indicated the presence of Aspergillus flavus, 

Aspergillus niger, Curvularia, Fusarium, Mucor, Mucor 

mucedo, Pencillum, Rhizopus, Rhizomucor, Syncepha-

lastrum acemosum was found.  

Culture-based methods, in addition to various molecu-

lar techniques, were used to identify Aspergillus nidu-

lans. Manual methods are not sufficient for the identifi-

cation of fungal species.  Thus, a molecular technique 

is necessary to identify fungi accurately (Assis et 

al.,2015; Mustafa and Rostam, 2021). ITS regions are 

most often used to identify the broadest range of fungi. 

In fact, the ITS region offers a probability of correct 

identification in the highest percentage and large num-

ber of strains of fungi (6, 7, 8, 9). The regions ITS1 and 

ITS2 were selected as a universal DNA marker suitable 

for fungal detection at species level (Stefanie et al., 

2021).  

Isolates in this research showed similarity to Aspergil-

lus nidulans present in the GenBank database, with a 

percentage of 100% (Table 2). At the same time, all 

isolates revealed similarity (100%) to other species of 

the same genus, such as Aspergillus variecolor, A. ru-

gulosus,  A. ruglovalvus and Emericella dentate, Asper-

gillus nidulans differentiate strains with the closely relat-

ed species mentioned mainly rely on microscopic char-

acteristics like smooth-walled ascospores bearing two 

parallel equatorial crests with a width of 0.5 to 1.0 μm 

used to distinguish them (Purkan  et al., 2016; Yunasfi 

and Budi, 2020; Bastos et al, 2020 ).    

Conclusion 

All vegetables (Green bell pepper, Red bell pepper, 

Beans, Cowpea, Tomato, Eggplant, Cucumber, Pump-

kin, Zucchini and Cauliflower) samples in the present 

study were contaminated with different fungi, especially 

Aspergillus spp. with different frequent percentages. 

Molecular identification of Aspergillus nidulans using 18 

S rRNA and PCR technology showed a package of 600 

bp that was sent to the Psomagene sequencing com-

pany. The sequences of the isolate’s nitrogenous ba-

ses were compared with those registered in NCBI. The 

isolate was found to be 100% genetically identical to 

the isolates registered internationally due to the nitro-

gen base sequence analysis sent to NCBI. The study 

was able to register it as a new strain using the code 

HAA78, and the isolate Aspergillus nidulans HAA78 

was 100% identical to the isolate Aspergillus nidulans 

strain ATCC 10074 (NG 064803.1). 
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