@@ Agricultural Biotechnology Journal :

Shahid Bahonar Tranian
University of Kerman Biotechnology Society
Print ISSN: 2228-6705 Online ISSN: 2228-6500

Isolation and identification of fungi associated with cotton seeds and

investigation of aflatoxigenic Aspergillus flavus

Janan K. Al-Tarjuman
College of Agricultural Technology, Northern Technical University, Mosul, Iraq. E-mail:
janankhorshed@ntu.edu.iq

Maha M. Taha Al-Nuaimy
*Corresponding author, Polytechnic College, Northern Technical University, Mosul, Iraq. E-

mail: maha.mohammed@ntu.edu.iq

Yaseen N.M. Al-Shekhany
Department of Biology, Faculty of Science and Health, and Department of Science and Health
Research Center, Koya University, Koya 44023, Kurdistan Region, Iraq. E-mail:

yasin.nori@koyauniversity.org

Abstract

Objective
This investigation targeted to isolate and identify fungi contaminating seeds of two long-term
stored cotton cultivars and to identify which isolate generated the greatest level of aflatoxin,

thereby evaluating potential risks to seed safety.

Materials and methods

Two cotton cultivars, Ashura and Lashta, stored for almost three years, were gathered in sterile
bags, transported to the laboratory, and stored at 4 °C until analysis. Fungal isolation was carried
out by surface plating on potato dextrose agar and malt extract agar with incubation at 25-28 °C.
Colonies were described by macroscopic morphology and microscopic examination applying
lactophenol cotton blue staining. Ammonia vapor exposure acted as a fast qualitative experiment
for aflatoxigenic Aspergillus strains. Aflatoxin making by isolates was quantified applying an
enzyme-linked immunosorbent assay (ELISA). Molecular identifying of the greatest aflatoxin-
generating isolate was carried out by PCR amplification of the ITS region applying standard

primers and genomic DNA extracted based on producer protocols.
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Results

A total of 285 fungal isolates demonstrating multiple genera were regained from the two
cottonseed samples. The Ashura sample produced 150 isolates, while Lashta produced 135. The
dispensation of recognized taxa was Aspergillus niger (48.00%), Rhizopus spp. (44.56%),
Aspergillus flavus (7.01%), and Penicillium spp. (0.35%). Three A. flavus isolates generated
measurable aflatoxin under culture situations, with concentrations ranging from 27.0 ng-mL™" to
42.0 ng'mL™". The isolate with the greatest aflatoxin product (42.0 ng-mL™") was affirmed as
Aspergillus flavus by PCR and was in line with morphological identifying; this isolate has been

deposited with a unique accession in GenBank.

Conclusions

Extended storage of cotton seeds can favor colonization by diverse fungal communities,
containing aflatoxigenic A. flavus strains. Routine surveillance of stored seed lots, progressed
storage hygiene, and aimed mitigation strategies are recommended to ensure seed safety and to
reduce related health and economic risks.
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Introduction

Cotton (Gossypium hirsutum L.) is one of the most momentous agricultural and fiber crops
worldwide, belonging to the family Malvaceae (Al-Zubaidi, 2021; Salih et al., 2019). Fungal
pollution is a great reason of seed and grain deterioration through storage, consequencing in
meaningful losses in product and quality (Abdullah et al., 2025). Between these pollutants, storage

fungi, exclusively Aspergillus flavus and A. parasiticus, are of great worry because of their
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capability to generate aflatoxins, highly toxic and carcinogenic secondary metabolites liable for
the damaging reactions of moldy feed and food (EI-Naghy et al., 1991). Different genera of fungi,
containing Aspergillus, Alternaria, Fusarium, and Penicillium, are well-known mycotoxin
generaters. Mycotoxins are secondary metabolites that can adversely influence on animal and
human health even at low concentrations. Based on the Food and Agriculture Organization
(FAO), mycotoxin pollution influences on almost 25% of the world’s food supply (Al- Nuaimy,
2024; Nazhand et al., 2020; Gbashi et al., 2020; Areo et al., 2023). Other reports estimate that
between 60% and 80% of crops are damaged globally because of mycotoxin pollution.
Environmental factors like temperature, humidity, and substrate conformation perform a key role
in fungal growth and toxin biosynthesis (Eskola et al., 2020). Climate change has further
expanded the geographic range of Aspergillus species, by growing the risk of pollution in regions
previously attended safe (IARC, 2015). While numerous investigations have studied aflatoxin
pollution in laboratory patterns, humans, and livestock (Magnussen et al., 2013; Zhang et al.,
2017), study on fungal pollution of Iraqi cotton varieties stays restricted. Previous investigations
in Iraq have firstly centralizeed on wheat and other cereals. Traditional biochemical procedures
cannot reliably distinguish between closely related microorganisms like bacteria, fungi, and
viruses (Ahsani et al., 2010; Mohammadabadi et al., 2004; Khabiri et al., 2025). In contrast,
polymerase chain reaction (PCR) proposes a fast, sensitive, and particular molecular approach
(Shahdadnejad et al. 2016; Mohammadabadi et al. 2024) for microbial identifying, supplying
outcomes within hours (Mohammadabadi et al., 2011; Khabiri et al., 2023; Mohammadabadi et
al., 2025). Therefore, the present investigation targeted to isolate and identify seedborne fungi
from two long-term stored cotton cultivars, quantify aflatoxin levels generated by toxigenic
isolates, identify the most potent aflatoxigenic strain, and evaluate potential risks to the safety of

stored cotton seeds.

Materials and methods

Sample collection: Cotton seed samples were derived from the Cotton Research Unit of the
Northern Technical University (Mosul, Iraq), which supplied seeds from two broadly cultivated
varieties, Ashur and Lashta. The seeds had been stored for almost three years under standard
storage situations. Samples were without delay placed in sterile plastic bags, labeled, and
transported to the laboratory for mycological analysis. Upon arrival, the samples were kept at 4
°C until further examining to prevent additional microbial growth or deterioration.

Seed safety testing: Two representative seed samples of the Ashur variety were applied to
evaluate seed viability and fungal pollution. Amoxicillin was applied as an antibacterial agent to

suppress bacterial growth. Ten seeds were put on each plate including Potato Dextrose Agar
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(PDA) medium, with a total of 100 seeds examined. The plates were incubated at 25 + 2 °C for
seven days under alternating 12-hour light and dark cycles. After incubation, fungal colonies
emerging from the seeds were tested and documented based on their growth traits and phenotype.

Determination of fungal occurrence: The percentage occurrence of each fungal species
was determined to identify the prevalence of infection applying the subsequent formula:

Frequency (%) = (Total number of isolates of each species + Total number of fungal isolates) x 100

This analysis aimed clarify which fungi were most often related to the cotton seed varieties
and evaluate their relative levels of pollution.

Diagnosis of fungal isolates: Fungal isolates were subcultured on weak aqueous agar
medium to obtain clear microscopic images of sporophores and spores. A 7 mm diameter disc of
each pure colony was aseptically transferred applying a cork borer sterilized by immersion in 70%
ethanol, flaming, and cooling. The discs were placed on the surface of glass plates containing the
same weak agar medium. After suitable growth, a small square section of agar containing a
expanding colony was removed and mounted on a glass slide with a drop of lactophenol cotton
blue stain (HiMedia, India). The slide was gently heated to partially liquefy the agar, permiting
the hyphae and spores to spread evenly. The cover slip was carefully pressed to remove air
bubbles and raise microscopic visibility. Slides were examined under a combination microscope
to observe conidial structures and spore morphology for species-level identifying.

Identification of toxigenic Aspergillus flavus applying ammonia vapor: Twenty isolates
of A. flavus derived from the cotton seeds were screened for aflatoxin making applying the
ammonia vapor procedure as characterized by Abd-Elsalam et al. (2023). Mycelial plugs (5 mm
diameter) from actively growing colonies were inoculated onto Coconut Agar Medium (CAM)
and incubated at 28 °C in darkness for seven days. After incubation, the plates were inverted, and
one to two drops of concentrated sodium hydroxide (NaOH) were applied to the inner surface of
the Petri dish lid. Within five minutes, aflatoxigenic colonies expanded a pink to red coloration,
whereas atoxigenic isolates stayed unchanged.

Purification of fungal isolates: Fungal isolates were purified applying the single-spore
isolation technique. A loopful of each fungal colony was suspended in 10 mL of sterile distilled
water containing one drop of Tween 80 to disperse the spores evenly. The suspension was
vortexed thoroughly, and tenfold serial dilutions (107! and 107?) were prepared. One milliliter of
the diluted suspension was spread dropwise onto the surface of water agar plates, with each drop
positioned within a 1 cm? marked grid. Plates were incubated for 2-3 hours to permit individual
spores to germinate. Germinating single spores were seen under a stereomicroscope and

aseptically transferred to PDA plates to establish pure colonies for further analysis.
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Screening of isolates for toxigenicity applying ELISA: Dried mycelial mats (almost 250
mg) from purified fungal cultures were gathered for toxin quantification. Samples were stored
under dry, dark, and low-temperature situations to prevent degradation. The samples were finely
ground to obtain a homogeneous powder. Almost 200 mg of each sample was isolated with 20
mL of 70% methanol subsequent the protocol supplied with the ELISA kit (Sunlong Biotech Co.,
China). The mixture was shaken vigorously, and the extractive was filtered to remove particulate
matter. Aflatoxin concentrations were quantified applying the ELISA procedure (Rayto
Instruments, Germany) based on the producer’s instructions (Li et al., 2016). Optical density was
calculated at 450 nm applying a microplate reader. Standard curves were generated from known
aflatoxin concentrations to identify toxin levels in the examined samples.

Molecular identification of the most toxigenic Aspergillus flavus: Molecular confirmation
of the most toxigenic 4. flavus isolate was managed at the Technical Research Center (TRC),
Northern Technical University. Genomic DNA was isolated applying the Wizard Genomic DNA
Purification Kit (Genesis, Taiwan) subsequent the producer’s protocol, with minor optimization
for fungal samples. The Internal Transcribed Spacer (ITS) region of the ribosomal DNA was
amplified applying universal fungal primers ITS-1 (5-TCC GTA GAA CCT GCG G-3') and ITS-
4 (5'-TCC TCC GCT TAT TGA TAT GC-3').

Polymerase Chain Reaction (PCR) was carried out in a 25 pL reaction mixture containing
template DNA, primers, deoxynucleotide triphosphates, buffer, MgCl., and Taq DNA
polymerase. Amplification was carried out in a thermocycler under the subsequent situations:
initial denaturation at 95 °C for 5 min; 30 cycles of denaturation at 95 °C for 30 s, annealing at
52 °C for 30 s, and extension at 72 °C for 1 min; followed by a terminal extension at 72 °C for 7
min. Amplified DNA fragments were separated by electrophoresis on 1.5% agarose gel stained
with ethidium bromide and visualized under ultraviolet (UV) illumination applying a
transilluminator. Gel images were captured with a Canon digital imaging system (USA). The
derived ITS sequences were in comparison to reference sequences in the NCBI GenBank database

to affirm species identity.

Results

Isolation and identification of fungi: The safety of cotton seed samples from two cultivars,
Ashur and Lashta, was evaluated applying the agar plate procedure on Potato Dextrose Agar
(PDA) medium. A total of 285 fungal isolates belonging to different genera and species were

regained (Table 1; Figures 1 and 2).
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Table 1. Fungi extracted from the two cotton seed varieties on PDA medium

Fungal
frequency Isolation % Isolated fungal species  Seed samples/cultivar

66.66 100 Rhizopus spp. Ashur

33.33 50 Aspergillus niger

- - Total = 150
6.44 87 Aspergillus niger Lashta
20 27 Rhizopus spp.
14.81 20 Aspergillus flavus
0.74 1

Penicillium spp.

Total = 135

Figure 1. Macroscopic appearance of fungi related to cotton seeds on PDA medium: (A)

Lashta seeds showing mixed fungal growth; (B) colonies of A. flavus, A. niger, and Rhizopus

spp-; (C) fungal growth from Ashur seeds
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Figure 2. Microscopic examination (40x magnification): (A) A. niger; (B) Rhizopus spp.; (C)

A. flavus extracted from cotton seeds

Frequency of fungal infection: The frequency of fungal occurrence was calculated to
evaluate the susceptibility of the two cotton cultivars to seed-borne fungi. The Ashur variety
exhibited the greatest level of pollution, yielding 150 fungal isolates (52.63%), while Lashta
generated 135 isolates (47.36%) (Table 2).

Table 2. Total number and frequency of fungi isolated from the two cotton seed varieties

Cotton variety  Total number of isolates Frequency %

Ashur 150 52.63
Lashta 135 47.36

Between the extracted species, Aspergillus niger was the most frequent fungus, accounting
for 48.07% of the total isolates. Rhizopus spp. ranked second (44.56%), followed by A. flavus
(7.01%) and Penicillium spp. (0.35%) (Table 3).
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Table 3. Frequency of fungi extracted from cotton seeds on PDA medium

Isolated fungi Total number of isolates Frequency %
Aspergillus niger 137 48.07
Rhizopus spp. 127 44.56
A. flavus 20 7.01
Penicillium spp. 1 0.35

Incidence of toxigenic isolates (Ammonia vapor test): The ammonia vapor assay disclosed
that out of twenty A. flavus isolates derived from the Lashta variety, only three strains exhibited
a positive color change, denoting aflatoxin making potential. The staying seventeen isolates were
classified as atoxigenic, as no color reaction occurred upon exposure to ammonia vapor.

Aflatoxin concentration identified by ELISA: Quantitative estimation of aflatoxin making
was carried out applying enzyme-linked immunosorbent assay (ELISA). The three 4. flavus
isolates that examined positive in the ammonia vapor assay showed aflatoxin concentrations of
42.0, 34.0, and 27.0 ng mL™", respectively (Figure 3). These results affirm variable toxigenic

potential between the isolates, with one strain generating markedly higher levels of aflatoxin.

45
40
35
30
25
20
15
10

Aflatoxin (ng/ml)

A. flavus (1) A. flavus (2) A. flavus (3)

Figure 3. Concentrations of aflatoxin (ng mL™) found by ELISA in the three 4. flavus

isolates derived from cotton seeds

Molecular diagnosis of Aspergillus flavus isolate 3 applying PCR: Polymerase chain

reaction (PCR) analysis was employed to affirm the molecular identity of the most toxigenic A.
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flavus isolate. The internal transcribed spacer (ITS) region was amplified applying universal
fungal primers ITS1 and I'TS4, which target the ITS1-5.8S-ITS2 region of ribosomal DNA. The
amplification generated a separate band in line with 4. flavus when visualized on 1.5% agarose
gel under ultraviolet illumination. Sequence analysis of the amplified fragment affirmed that the
isolate was Aspergillus flavus and showed high similarity to known reference sequences in the
NCBI GenBank database. The strain was designated Aspergillus flavus J-K-AL-Turjuman and
assigned the unique accession number PV114988.1. This identifying validates the morphological

and microscopic results and affirms the purity and genetic separateiveness of the isolate.

Discussion

The variation in fungal frequency seen between the examined cotton seed varieties may be
attributed to differences in seed moisture content, seed coat integrity, and varietal susceptibility
to fungal infection, as well as to variations in environmental situations through storage (Al-
Abdalall, 2008). The activity and proliferation of storage fungi generally improve with higher
grain temperatures and longer storage phases. Abdel Salam et al. (2023) announced that
Penicillium sp. (16.74%), A. niger (36.02%), and A. flavus (19.29%) were the predominant fungi
contaminating cotton seeds, results that are equivalent to the outcomes of the present
investigation. Similarly, Aly et al. (2008) documented that non-surface-sterilized cotton seeds
were often colonized by A. flavus, A. niger, Aspergillus sp., Chaetomium sp., Cladosporium sp.,
Fusarium moniliforme, F. oxysporum, Nigrospora sp., Penicillium sp., Rhizopus stolonifer,
Stemphylium botryosum, Trichoderma sp., and Alternaria alternata. These outcomes collectively
demonstrate the diverse fungal flora related to stored cotton seeds and emboss the dominant role
of Aspergillus and Rhizopus species. Mohana et al. (2011) analyzed 30 seed samples and
recognized 12 fungal species from 8 genera, containing A4. flavus, A. niger, Rhizopus spp.,
Penicillium spp., Fusarium moniliforme, F. oxysporum, F. pallidoroseum, Phoma exigua,
Stagonospora nodorum, Bipolaris spicifera, and Cladosporium herbarum. The most prevalent
species were A. flavus and F. moniliforme. These outcomes are in line with the present results,
affirming 4. flavus and A. niger as great pollutants of stored cotton seeds. Variability in aflatoxin
making between 4. flavus isolates has been broadly documented and is firstly attributed to genetic
diversity within the species (Al-Nuaimy and Abed, 2021 and 2024; Saadallah et al., 2023;
Abdullah et al., 2024; Al-Rejaboo, 2025). Not all isolates contain a complete aflatoxin
biosynthetic gene cluster, and some harbor mutations that render the pathway nonfunctional
(Adhikari et al., 2016). Consequently, the presence of 4. flavus does not necessarily illustrate
aflatoxin pollution. Environmental situations further impression toxin making, high temperatures

and moderately dry air promote aflatoxin biosynthesis, while high humidity favors fungal growth
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but often suppresses toxin agglomeration (Kumar et al., 2021). The reactions of climate change,
containing rising global temperatures and extended droughts, have participated to the northward
expansion of A. flavus and improved aflatoxin pollution in previously unaffected regions (Al-
Tamimi et al., 2022). Therefore, perception environmental and genetic factors affecting aflatoxin
making is crucial for expanding effective control strategies. Aflatoxin biosynthesis involves a
compound cluster of over 25 genes, containing key regulatory genes (afIR and af1S) and different
constructional genes like afID, afiM, and afIP. Full activation and functionality of these genes are
necessary for toxin making. Mutations or deletions, exclusively in the afIR regulatory gene—can
result in atoxigenic phenotypes even when fungal growth stays robust (Demirev et al., 2006).
Some isolates may carry quiescent or transcriptionally inactive biosynthetic genes, preventing
toxin expression in spite of the presence of the genetic framework (Matsushima et al., 2001).
Environmental parameters like temperature, substrate conformation, and oxygen availability
further modulate the regulation of aflatoxin biosynthetic genes. Even under ideal laboratory
situations, only isolates with complete and functional gene clusters can synthesize aflatoxins
(Amaike and Keller, 2011). For instance, Mohankumar et al. (2010) announced that seventeen A.
flavus isolates from maize grown across numerous agroecological zones in Tamil Nadu, India,
exhibited a broad range of aflatoxin B: making (1.9-206.6 ng/mL) when analyzed applying
indirect competitive ELISA. This variability underscores the combined impression of genetic
potential and environmental situations on toxin biosynthesis. Overall, the current results align
with previous reports, denoting that 4. niger and Rhizopus spp. are the most common seed-borne
fungi in cotton, while A. flavus represents a smaller yet critical portion because of its toxigenic
potential. The identifying of only a few aflatoxigenic 4. flavus isolates proposes that toxin making
is not ubiquitous within the species but rather strain-dependent, necessitating molecular and

biochemical verification in risk evaluation investigations.

Conclusion: The isolation of multiple fungal species from both Ashur and Lashta cotton
seed varieties embosses the susceptibility of stored seeds to fungal colonization. The low
frequency of aflatoxigenic 4. flavus isolates, together with their genetic diversity, emphasizes the
requirement for direct aflatoxin screening rather than assuming toxicity based on fungal presence
alone. These results stress the importance of routine monitoring of stored cotton seeds to detect
potential mycotoxin pollution, thereby ensuring seed safety and minimizing health and economic
risks. Furthermore, implementing best practices in seed drying, storage, and handling—along
with expanding resistant cultivars via breeding or genetic engineering—could meaningfully

reduce fungal infection and aflatoxin pollution in cotton seed storage systems.

356



o S,

Al-Tarjuman et al., 2025

o

Author contributions

Conceptualization: Y.N.M.A.; Methodology: M.M.T.A. and J.K.A.-T.; Investigation:
M.M.T.A.; Formal Analysis: J.K.A.-T.; Resources: M.M.T.A.; Writing—Original Draft
Preparation: Y.N.M.A.; Writing—Review and Editing: Y.N.M.A.; Supervision and Project
Administration: Y.N.M.A. All authors have read and approved the terminal version of the

manuscript.

Data availability statement
The data supporting the results of this investigation are available from the corresponding

author upon reasonable request.

Acknowledgments

The authors gratefully acknowledge the Northern Technical University, Technical
Agricultural College/Mosul, for supplying technical assistance and access to laboratory facilities.
The authors also express sincere appreciation to colleagues who participated to the fungal

isolation and identifying processes.

Ethical considerations

This investigation did not involve humans or animals. All experimental procedures were
managed in accordance with institutional biosafety regulations and good laboratory practice
(GLP) guidelines.

Funding
This study obtained no external funding.

Conflict of interest

The authors declare that they have no conflicts of interest relevant to this work.

References

Abd-Elsalam, K. A., Habeeb, M. M., & Asran, A. A. (2023). Efeitos de cultivar, periodo de
armazenamento e fungos transmitidos por sementes no teor de aflatoxina em sementes de
algoddo. Summa Phytopathologica, 49, Article €257388. https://doi.org/10.1590/0100-
5405/257388

Abdullah, A. A., Al-Tarjuman, J. K., & Al-Mamar, H. A. S. (2024). Detection of seed-borne
fungal pathogens associated with barley (Hordeum vulgare) seeds and their bio-control
under laboratory conditions. /OP Conference Series: Earth and Environmental Science,
1371(3), Article 032042. https://doi.org/10.1088/1755-1315/1371/3/032042

Abdullah, A. A., Al-Tarjuman, J. K., & Al-Mamar, H. A. S. (2025). Biological and chemical
control of Fusarium graminearum contaminating barley seeds under greenhouse
conditions. NTU Journal of Agricultural and Veterinary Sciences, 5(2), 144-150.
https://doi.org/10.56286/ep9ey944

357


https://doi.org/10.1590/0100-5405/257388
https://doi.org/10.1590/0100-5405/257388
https://doi.org/10.1088/1755-1315/1371/3/032042
https://doi.org/10.56286/ep9ey944

o S,

Agricultural Biotechnology Journal, 2025, 17(4)

o

Adhikari, B. N., Bandyopadhyay, R., & Cotty, P. J. (2016). Degeneration of aflatoxin gene
clusters in Aspergillus flavus from Africa and North America. AMB Express, 6(1), Article
62. https://doi.org/10.1186/s13568-016-0228-6

Ahsani, M. R., Mohammadabadi, M. R., & Shamsaddini, M. B. (2010). Clostridium perfringens
isolate typing by multiplex PCR. Journal of Venomous Animals and Toxins Including
Tropical Diseases, 16(4), 573-578. https://doi.org/10.1590/S1678-91992010000400006

Al-Abdalall, A. H. A. (2008). Pathological studies of fungi associated with pulse seed during
storage in Dammam Province, Kingdom of Saudi Arabia. Middle Eastern and Russian
Journal of Plant Science and Biotechnology, 2(2), 71-77.
http://www.globalsciencebooks.info/Online/GSBOnline/OnlineMERJPSB 2 1 2.html

Al-Nuaimy, M. M., & Abed, F. N. (2021). Isolation and identification of Phytophthora infestans
from some citrus trees by using polymerase chain reaction (PCR) and DNA sequencing
technique in Iraq. Biochemia Medica, 21(1), 769-776.
https://www.connectjournals.com/toc/CJ-033216/21/2021/01/April

Al-Nuaimy, M. M., & Abed, F. N. (2024). Zearalenone toxins produced by some species of
Fusarium. NTU Journal of Agriculture and Veterinary Science, 4(4).
https://doi.org/10.56286/bb44th80

Al-Rejaboo, M. A., Al-Tarjuman, J. K., Al-Dulaimi, F. K. Y., & Al-Sumaidaiea, B. Z. (2025).
Fungi isolated from soils adjacent to olive trees in Nineveh Governorate. Regulatory
Mechanisms in Biosystems, 16(1), Article €25017. https://doi.org/10.15421/0225017

Al-Tamimi, M. J., & Al-Zobaidy, B. M. (2022). Phenotypic and molecular diagnosis using
polymerase chain reaction (PCR) technology for some aflatoxin-producing fungi isolated
from food. [International Journal of Health Sciences, 6(S5), 11228-11237.
https://doi.org/10.53730/ijhs.v6nS5.10986

Aly, A., Omar, M., El-Abbasi, 1., & El-Samawaty, A. (2008). Effect of seed mycoflora on
incidence of Fusarium wilt disease in cotton genotypes. Journal of Plant Production,
33(10), 7243-7251. https://doi.org/10.21608/jpp.2008.171237

Al-Zubaidi, A. S. M. A. (2022). The effect of some elements of climate and its relationship to the
cultivation of the cotton crop in the central governorates of Iraq. Journal of the College of
Basic Education, 3(SD), 94-112.
https://cbej.uomustansiriyah.edu.ig/index.php/cbej/article/view/5592

Amaike, S., & Keller, N. P. (2011). Aspergillus flavus. Annual Review of Phytopathology, 49(1),
107-133. https://doi.org/10.1146/annurev-phyto-072910-095221

Areo, O. M., Abafe, O. A., Gbashi, S., & Njobeh, P. B. (2023). Detection of multi-mycotoxins in
rooibos and other consumed teas in South Africa by a modified QUEChERS method and
ultra-high performance liquid chromatography tandem mass spectrometry. Food Control,
143, Article 109255. https://doi.org/10.1016/j.foodcont.2022.109255

Demirev, A. V., Lee, C. H., Jaishy, B. P, Nam, D. H., & Ryu, D. D. Y. (2006). Substrate
specificity of nonribosomal peptide synthetase modules liable for the biosynthesis of the
oligopeptide moiety of cephabacin in Lysobacter lactamgenus. FEMS Microbiology
Letters, 255(1), 121-128. https://doi.org/10.1111/j.1574-6968.2005.00067.x

358


https://doi.org/10.1186/s13568-016-0228-6
https://doi.org/10.1590/S1678-91992010000400006
http://www.globalsciencebooks.info/Online/GSBOnline/OnlineMERJPSB_2_1_2.html
https://www.connectjournals.com/toc/CJ-033216/21/2021/01/April
https://doi.org/10.56286/bb44fh80
https://doi.org/10.15421/0225017
https://doi.org/10.53730/ijhs.v6nS5.10986
https://doi.org/10.21608/jpp.2008.171237
https://cbej.uomustansiriyah.edu.iq/index.php/cbej/article/view/5592
https://doi.org/10.1146/annurev-phyto-072910-095221
https://doi.org/10.1016/j.foodcont.2022.109255
https://doi.org/10.1111/j.1574-6968.2005.00067.x

o S,

Al-Tarjuman et al., 2025

o

El-Naghy, M. A., Mazen, M. B., & Fadl-Allah, E. M. (1991). Studies on the fungus flora and
aflatoxin production of cotton seeds in Egypt. Medical Journal of Islamic World Academy
of Sciences, 4(2), 141-145. https://medicaljournal-
ias.org/jvi.aspx?pdir=ias&plng=eng&volume=4&issue=2

Eskola, M., Kos, G., Elliott, C. T., Hajslova, J., Mayar, S., & Krska, R. (2020). Worldwide
contamination of food-crops with mycotoxins: Validity of the widely cited ‘FAO estimate’
of 25%. Critical Reviews in Food Science and Nutrition, 60(16), 2773-27809.
https://doi.org/10.1080/10408398.2019.1658570

Gbashi, S., Njobeh, P. B., Madala, N. E., De Boevre, M., Kagot, V., & De Saeger, S. (2020).
Parallel validation of a green-solvent extraction method and quantitative estimation of
multi-mycotoxins in staple cereals using LC-MS/MS. Scientific Reports, 10(1), Article
10334. https://doi.org/10.1038/s41598-020-66787-z

International Agency for Research on Cancer. (2012). Aflatoxins (IARC Monographs on the
Evaluation of Carcinogenic Risks to Humans, Vol. 100F). World Health Organization.
https://publications.iarc.fr/120 (Original work published 2012)

Khabiri, A., Toroghi, R., Mohammadabadi, M., & Tabatabaeizadeh, S. E. (2023). Introduction of
a Newcastle disease virus challenge strain (sub-genotype VIIL.1.1) isolated in Iran.
Veterinary Research Forum, 14(4), 221-227.
https://doi.org/10.30466/vrf.2022.548152.3373

Khabiri, A., Toroghi, R., Mohammadabadi, M., & Tabatabaeizadeh, S. E. (2025). Whole genome
sequencing and phylogenetic relative of a pure virulent Newcastle disease virus isolated
from an outbreak in northeast Iran. Letters in Applied Microbiology, 78(4), Article ovaf049.
https://doi.org/10.1093/lambio/ovat049

Kumar, A., Pathak, H., Bhadauria, S., & Sudan, J. (2021). Aflatoxin contamination in food crops:
Causes, detection, and management: A review. Food Production, Processing and
Nutrition, 3(1), Article 17. https://doi.org/10.1186/s43014-021-00064-y

Li, P., Zhou, Q., Wang, T., Zhou, H., Zhang, W., Ding, X., Zhang, Z., Chang, P.-K., & Zhang, Q.
(2016). Development of an enzyme-linked immunosorbent assay method specific for the
detection of G-group aflatoxins. Toxins, 8(1), Article 5.
https://doi.org/10.3390/toxins8010005

Magnussen, A., & Parsi, M. A. (2013). Aflatoxins, hepatocellular carcinoma and public health.
World Journal of Gastroenterology, 19(10), 1508-1513.
https://doi.org/10.3748/wjg.v19.110.1508

Matsushima, K., Chang, P. K., Yu, J., Abe, K., Bhatnagar, D., & Cleveland, T. E. (2001). Pre-
termination in afIR of Aspergillus sojae inhibits aflatoxin biosynthesis. Applied
Microbiology and Biotechnology, 55(5), 585-589. https://doi.org/10.1007/s002530100607

Mohammadabadi, M. R., Shaikhaev, G. O., Sulimova, G. E., & Rahman, O. (2004). Detection of
bovine leukemia virus proviral DNA in Yaroslavl, Mongolian, and Black Pied cattle by
PCR. Cellular and Molecular Biology Letters, 9(4A), 766-768.

359


https://medicaljournal-ias.org/jvi.aspx?pdir=ias&plng=eng&volume=4&issue=2
https://medicaljournal-ias.org/jvi.aspx?pdir=ias&plng=eng&volume=4&issue=2
https://doi.org/10.1080/10408398.2019.1658570
https://doi.org/10.1038/s41598-020-66787-z
https://publications.iarc.fr/120
https://doi.org/10.30466/vrf.2022.548152.3373
https://doi.org/10.1093/lambio/ovaf049
https://doi.org/10.1186/s43014-021-00064-y
https://doi.org/10.3390/toxins8010005
https://doi.org/10.3748/wjg.v19.i10.1508
https://doi.org/10.1007/s002530100607

o S,

Agricultural Biotechnology Journal, 2025, 17(4)

o

Mohammadabadi, M. R., Soflaei, M., Mostafavi, H., & Honarmand, M. (2011). Using PCR for
early diagnosis of bovine leukemia virus infection in some native cattle. Genetics and
Molecular Research, 10(4), 2658-2663. https://doi.org/10.4238/2011.0October.27.2

Mohammadabadi, M., Afsharmanesh, M., Khezri, A., Kheyrodin, H., Babenko, O. 1., Borshch,
0., Kalashnyk, O., Nechyporenko, O., Afanasenko, V., Slynko, V., & Usenko, S. (2025).
Effect of mealworm on GBP4L gene expression in the spleen tissue of Ross broiler
chickens. Agricultural Biotechnology Journal, 17(2), 343-360.
https://doi.org/10.22103/jab.2025.25277.1714

Mohammadabadi, M., Babenko, O. I., Borshch, O., Kalashnyk, O., Ievstafiieva, Y., &
Buchkovska, V. (2024). Measuring the relative expression pattern of the UCP2 gene in
different tissues of the Raini Cashmere goat. Agricultural Biotechnology Journal, 16(3),
317-332. https://doi.org/10.22103/jab.2024.24337.1627

Mohana, D., Prasad, P., Vijaykumar, V., & Raveesha, K. (2011). Plant extract effect on seed-
borne pathogenic fungi from seeds of paddy grown in Southern India. Journal of Plant
Protection Research, 51(2), 136-143. https://doi.org/10.2478/v10045-011-0018-8

Mohankumar, M. M., Vijayasamundeeswari, A. V., Karthikeyan, M. K., Mathiyazhagan, S. M.,
Paranidharan, V. P., & Velazhahan, R. V. (2010). Analysis of molecular variability among
isolates of Aspergillus flavus by PCR-RFLP of the ITS regions of rDNA. Journal of Plant
Protection Research, 50(4), 425-431. https://doi.org/10.2478/v10045-010-0075-4

Nazhand, A., Durazzo, A., Lucarini, M., Souto, E. B., & Santini, A. (2020). Characteristics,
occurrence, detection and detoxification of aflatoxins in foods and feeds. Foods, 9(5),
Article 644. https://doi.org/10.3390/fo0ods9050644

Saadallah, H. A., Al-Tarjuman, J. K., & Sultan, F. 1. (2023). Isolation and identification of
phenolic compounds from Eugenia caryophyllus and study on its biological effect against
Macrophomina phaseolina. Journal of Applied & Natural Science, 15(4), 1432-1440.
https://doi.org/10.31018/jans.v1514.4880

Salih, R. F., Osman, G. A., & Aziz, L. H. (2019). Growth and yield response of flax (Linum
usitatissimum L.) to different rates of charcoal and potassium fertilizer in Erbil, Kurdistan
region—Iragq. Journal of Duhok University, 22(2), 71-80.
https://doi.org/10.26682/AJUOD.2019.22.2.6

Shahdadnejad, N., Mohammadabadi, M. R., & Shamsadini, M. (2016). Typing of Clostridium
perfringens isolated from broiler chickens using multiplex PCR. Genetics in the 3rd
Millennium, 14(4), 4368-4374.

Zhang, W., He, H., Zang, M., Wu, Q., Zhao, H., Lu, L. L., & Jiao, Y. (2017). Genetic features of
aflatoxin-associated hepatocellular carcinoma. Gastroenterology, 153(1), 249-262.e2.
https://doi.org/10.1053/j.gastro.2017.03.024

360


https://doi.org/10.4238/2011.October.27.2
https://doi.org/10.22103/jab.2025.25277.1714
https://doi.org/10.22103/jab.2024.24337.1627
https://doi.org/10.2478/v10045-011-0018-8
https://doi.org/10.2478/v10045-010-0075-4
https://doi.org/10.3390/foods9050644
https://doi.org/10.31018/jans.v15i4.4880
https://doi.org/10.26682/AJUOD.2019.22.2.6
https://doi.org/10.1053/j.gastro.2017.03.024

C,/ . S350 5599 9o g lxo @@
Wy o) /.g,:«,eﬁn

YYYA-FBee 1Sy S5 LS YYYA-$Y+8 il bls

.
C/”/_'v'

S5 CrmnS BT )8 Lo 31 9 aiy yis b b o (Sl )8 (o Luolind g (5Ll

Aspergillus flavus

olea Bl .S ol

janankhorshed@ntu.edu.iq : ! . 5lys «Joso ¢ Jloss (18 ol&uiils o5 jyslisS (5,5ld 25l

ol db .o Lo

maha.mohammed@ntu.edu.iq : sl . 5lye « ogo ¢ Jloss (18 ol&Kuiils «SuST L 00Kild ¢ fafuco obiuwoi #
Sl 0.0y by

Blye e ybuwd )3 walBl FF VY a4y 58 ey o5 olSuiily oMo g pole liuiod 3 10 g oMo g pole 0uSiild ¢ ol Cangj i
yasin.nori@koyauniversity.org : .|

VF AN sk Gl VEELVIY s Sl od oMol BB il gyl VEROYE sl Gl

s

SRS HLl 1 SVob e 4 45 Ay 18y 93 slayly (coriSodgll slag, BB Slulis 5 (ojlulis Ban b jiagh opl il
2 ol sl ogilly St b 0 plowl S oo 5 1) ST (e yiin o il sl (ien 5 didgy 003
Db ()l

@5 osleer el claansS )3 cidgy 015 (5SS Jls aws d9 a5 diBY g sile ay o8y 93 (B sy, g dlgo
2 o cuiS Gyb il g B ojlulis 503,5 0,85 35 e 400 ¥ clad (o islejl los B g s Jizie olSis Lol
plool 3,5 ol a2 > YA B YO (slod )3 oy5ubsSSl L Malt Extract Agar 4 Potato Dextrose Agar (slalose g,
5 5l Lactophenol Cotton Blue (¢5lc55) 3l o3litl b s 9 Cogs (o9Swg,Sle slo Sig wlol p b oIS 0
g (iS Qlls ly gm oilel Glisar Slogel Jou (om0 > (658 Ggoil Wb oy (55w09)See
b (6350561 ELISA gy ) o3l b ladslis buwgs S Ml Wgs l5e by )8 4 Aspergillus (gl pms el

S ST 65,54 s PCR (o9, LITS (sanb 1SS 515k ) S Ml a5 ity )b sl JoS0s0 (ololis

28,5 plool 00iS0g Jaallygiuss olisl s ol el ogis DNA 3l


https://orcid.org/0000-0002-9744-3574
https://orcid.org/0000-0002-3735-6903

BN,

(YE+€ ylimo € o lowd VY 2y95) (6559WiS (559! 958 gt dlo

s,

oh) (905 Ldg) il (pin (plix 4 lxie 45 Lol Cawnddy Al H1 (Siges 93 5 (2B s> YAD ggeme p> gl
(Lo YA) Aspergillus niger Jolis osis olwlis sladisS w55 5, Mg alis WO LY o8, 5 alis V0« |jsile
Gals dw g (Moys +/Y0) Penicillium spp. g (s VI \) Aspergillus flavus (so)> ¥¥/05) Rhizopus spp.
PS5l EY VY oy byl e 45 15,8 W55 S $MT (g, Sojlul B ppolis alSitslojl cutS Loyl 5 A, flavus
Ssie & PCR oo 5 o8 355 1y (e 5 550 ¥7) S 5T lin st  liglin 9 it 5l e
13 39y aw i (50,led b ailis ol iy Cillas jo So3eleyee olulid b g 3 ol Aspergillus flavus
)5 s GenBank +50

oty Jolid cgite (2)B Slelatzl buogi o (b o05igls cage Wl o ay )y Se Vgl (51455 35 S Al
odinls clad pnly (clynl g Lol Loyl cudligs Sgag c0ddo pdd Hh (i yetume Lol 390 A. flavis gl cpms Mol
Dgd s dpogs basye (olall il Slhlad el g )k el (e sl Madan

Aspergillus flavus s )3 (25 (5391 da S Mo 1 guWlS OlalS

gy Wlie £oi

ay o b ke clag)B ol g gilulis (VFF) il gy ool commndl db 1 g oz all S i 23Uk
YEY-YYY ()WY ()yolisS 558/5iSign dloo Aspergillus flavus (ol s oMl z )5 oy

Publisher: Shahid Bahonar University of Kerman & Iranian

@ @ @ Biotechnology Society.
© the authors

362



