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Abstract

The European chickpea market raises concerns about health risks for consumers due to
contamination by mycotoxins. Contamination levels can vary depending on the farming
system, and rapid and reliable screening tools are desirable. In this study, marketed chick-
pea seed samples from organic and non-organic farming systems were analyzed for fungal
and mycotoxin contamination. Aspergillus and Penicillium were the most frequently identi-
fied mycotoxigenic genera. Significant differences in fungal detection were observed among
the three isolation methods used, whose combined application is proposed to enhance
detection efficiency. The number of Aspergillus and Penicillium colonies was significantly
higher in the organic samples. Molecular analysis identified different species within each
genus, including several not previously reported in chickpea, as well as potentially afla-
toxigenic species such as A. flavus/oryzae and A. parasiticus. LC-MS/MS analysis revealed
aflatoxin production only by A. parasiticus, which was present in low amounts. However,
the presence of potentially aflatoxigenic Aspergillus species suggests that chickpeas should
be monitored to detect their safety and subsequently protect consumer health. A gPCR pro-
tocol targeting the omt-1 gene, involved in aflatoxin biosynthesis, proved to be a promising
rapid tool for detecting potentially aflatoxigenic Aspergillus species.

Keywords: aflatoxins; mycobiota; mycotoxins; mycotoxigenic fungi; organic farming
system; post-harvest; pulses

1. Introduction

Chickpea (Cicer arietinum L.) is a legume of the Fabaceae family grown on all five
continents, with a global production of about 16.5 million tons of dry grain in 2023 [1].
World production is dominated by Asia, particularly India, which is the world’s leading
chickpea producer, with approximately 12.3 million tons in 2023. In Europe, chickpea
production has increased in recent years, rising from 67,000 tons in 2014 to approximately
540,000 tons in 2023. In Italy, chickpea production, which was around 40,000 tons in the
1960s, drastically declined over time, reaching a minimum of approximately 4000 tons in
the 1990s. However, production has begun to rise again, exceeding 33,000 tons in 2017 [1].
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Like other pulse crops, chickpea is considered an important food due to its nutritional
value, primarily linked to its high protein content (17-22% of dry mass) [2,3]. Chickpea
is also a good dietary source of carbohydrates (60-70% dry weight), fiber, minerals, and
vitamins [3]. Its consumption also provides a range of bioactive compounds with health
benefits, including antioxidant, anti-diabetic, anti-cancer, and anti-inflammatory effects,
which help slow the progression and reduce the incidence of chronic diseases [3-5].

Within C. arietinum species, two distinct types, Desi and Kabuli, can be distinguished
based on the morphological features of the seed, flower, and protein content [3,6]. The Desi
type is mainly cultivated in Africa and Asia, covering more than 80% of global chickpea
production. The remaining production corresponds to the Kabuli type, primarily cultivated
in Europe [3,7,8]. In Italy, the Kabuli type is the only one grown and distributed on a large
scale, while the Desi type is imported and available in small, specialized markets.

Chickpea is susceptible to numerous fungal pathogens that can compromise both
the quantity and quality of its production. These pathogens can infect chickpea plants
from the field to the post-harvest stage and can attack several parts of the plant, includ-
ing seeds [9]. Some of the most commonly associated fungi with chickpea seeds belong
to the mycotoxigenic genera Alternaria, Aspergillus, Cladosporium, Fusarium, and Penicil-
lium [10-14]. Mycotoxigenic fungi can start to colonize chickpea seeds in the field, and
improper harvesting, transportation, storage, and processing techniques can further in-
crease their presence [10]. Contamination by these fungi has also been detected in processed
chickpea products, such as chickpea flour [15]. As a result, mycotoxin contamination of
chickpea seeds and their derived products may pose a health risk to the final consumer.
Aflatoxins and ochratoxin A (OTA) are among the most frequently reported mycotoxins in
chickpea seeds and derived products, although Fusarium and Alternaria mycotoxins have
also been detected [10,13,14,16]. Contamination by mycotoxigenic fungi and mycotoxins is
poorly investigated in chickpeas grown in Europe, in which fungi of the mycotoxigenic
Aspergillus and Penicillium genera, their related mycotoxins, such as aflatoxins B1, B2, G1,
and G2, and OTA have been detected [10,17]. Currently, European legislation does not
establish limits on the presence of mycotoxins in chickpeas intended as raw material or
derived products [18,19]. However, the aforementioned evidence highlights the need to
closely examine mycotoxin levels in this pulse product.

In Europe, chickpea can be produced either through organic or integrated farming
systems, which differ, among others, also in the methods adopted for disease management,
with the organic system prohibiting the use of synthetic pesticides and the integrated
system allowing for their regulated use, along with the application of other protection
means [20,21]. On the other hand, in some extra-European chickpea-producing areas,
a conventional farming system, with pesticides as the main control means, is largely
adopted. As reported for other crops, such as cereals, farming systems can affect the level
of mycotoxin contamination [22].

In this context, and with the aim of verifying the impact of the farming system
on the infection by mycotoxigenic fungi and on mycotoxin contamination, commercial
chickpea seed samples from both organic and non-organic (integrated or conventional)
farming systems were used to (a) analyze the mycobiota associated with this matrix using
three different isolation methods; (b) molecularly identify the isolated Aspergillus and
Penicillium species; (c) monitor the possible presence of fungal secondary metabolites in
seeds; (d) assess secondary metabolite production in vitro by representative Aspergillus
isolates; and (e) apply a qPCR assay to quantify potentially aflatoxigenic Aspergillus species
in the seeds.
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2. Materials and Methods
2.1. Marketed Chickpea Seed Samples

Marketed dried Kabuli-type chickpea seed samples were analyzed in this study, as
this is the only variety cultivated and widely distributed on a large scale in Italy. A total
of 20 samples were purchased in 2019 from farms or grocery stores in the Perugia area
(Umbria, Central Italy) and initially selected only based on the farming system (organic,
non-organic) (Table 1). Within both organic and non-organic samples, further distinctions
emerged from the product label, relating to their geographical origin (Table 1). Specifically,
18 samples were from Europe (16 from Italy, 1 from Spain, and 1 from an unknown EU
location), 1 sample had an extra-EU origin, while another had no origin indication. Greater
homogeneity emerged regarding packaging. Indeed, all 20 samples weighed 500 g each and
were packed in sealed plastic bags, except for sample 5, which was packed in an unsealed
cardboard box (Table 1).

Table 1. Marketed dried chickpea seed samples collected in 2019 and analyzed in this study.

Sample Farming System Origin Packaging
1 Organic EU (Umbria, Italy) Sealed Plastic Bag
2 Organic EU (Umbria, Italy) Sealed Plastic Bag
3 Organic EU (Umbria, Italy) Sealed Plastic Bag
4 Organic Extra-EU Sealed Plastic Bag
5 Organic EU (Umbria, Italy) Unsealed Cardboard Box
6 Organic EU (Umbria, Italy) Sealed Plastic Bag
7 Organic EU (Umbria, Italy) Sealed Plastic Bag
8 Organic EU (Umbria, Italy) Sealed Plastic Bag
9 Organic EU (unspecified) Sealed Plastic Bag
10 Organic EU (Umbria, Italy) Sealed Plastic Bag
11 Non-Organic EU (Umbria, Italy) Sealed Plastic Bag
12 Non-Organic EU (Puglia, Italy) Sealed Plastic Bag
13 Non-Organic EU (Italy) Sealed Plastic Bag
14 Non-Organic EU (Umbria, Italy) Sealed Plastic Bag
15 Non-Organic EU (Umbria, Italy) Sealed Plastic Bag
16 Non-Organic EU (Umbria, Italy) Sealed Plastic Bag
17 Non-Organic EU (Spain) Sealed Plastic Bag
18 Non-Organic Unspecified Sealed Plastic Bag
19 Non-Organic EU (The Marche, Italy) Sealed Plastic Bag
20 Non-Organic EU (Umbria, Italy) Sealed Plastic Bag

2.2. Isolation and Molecular Identification of the Fungal Microorganisms Belonging to the
Aspergillus and Penicillium Genera Associated with the Marketed Chickpea Seed Samples

For each of the 20 chickpea seed samples, fungal isolation was carried out following
the applied analysis strategy previously described [23]. A total of 150 randomly selected
seeds (approximately 55 g) were used per sample. Fifty seeds were employed for the
deep-freezing blotter (DFB) test [24]. For this test, the chickpea seeds were placed in Petri
dishes (diameter 9 cm) on two sheets of sterile filter paper (Whatman N.1, Maidstone,
UK) wetted with 10 mL of sterile deionized water. The plates were incubated for 24 h at
21 + 2 °C in the dark for the following 24 h at —20 °C, then for 7 days at 21 &+ 2 °C in
the dark. Soaking and freezing allowed for the inhibition of seed germination, preventing
interference with the subsequent fungal isolation. The remaining 100 seeds were placed in
9 cm diameter Petri dishes (Nuova Aptaca, Canelli, Italy) containing Potato Dextrose Agar
(PDA, Biolife Italiana, Milan, Italy), pH 5.7. Of these, 50 seeds were placed on PDA without
surface disinfection (PDA ND) and the remaining 50 seeds were placed on PDA following
surface disinfection (PDA D). Surface disinfection was performed by immersing the seeds
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in a sterile aqueous solution containing 10% (v/v) ethanol (96%, Sigma-Aldrich, Saint Louis,
MO, USA) and 8% (v/v) sodium hypochlorite (7-9%, Carlo Erba Reagent, Milan, Italy) for
40 s, followed by a 40 s rinse in sterile deionized water [25]. For each sample and method
(DFB, PDA ND, and PDA D), five Petri dishes (replicates), each containing 10 seeds, were
used, for a total of 50 seeds per method per sample. After seven days of incubation at
21 £ 2 °C in the dark, the fungal colonies developed from the seeds were observed to assess
colony features. In addition, stereomicroscope (5ZX9, Olympus, Tokyo, Japan) and light
microscope (Axiophot, Zeiss, Jena, Germany) observations were performed to examine
fungal conidophores and/or conidia (if present) to morphologically identify the fungal
genera to which they belonged. Following a previously described method [23,26], each
colony selected as representative of a well-defined fungal “morphotype”, based on color,
morphology, growth, and microscopic features, was transferred onto new PDA plates and
incubated at 21 £ 2 °C in the dark for 7 days. From the fungal colonies obtained from
the 20 chickpea seed samples, this selection process resulted in 33 representative isolates,
each corresponding to a distinct morphotype within the genera Aspergillus and Penicillium.
Attention was focused on these two fungal genera because they were the most frequent
among the mycotoxigenic fungal genera collected from the analyzed samples.

Monosporic cultures of each of these 33 representative isolates (2, 6, 33bis, 43, 44, 62,
71, 85, 89,93, 95, 100, 112, 113, 114, 122, 126, 130, 135, 137, 141, 142, 145, 146, 148, 150, b10,
b40, b50, b60, b63, b71, b77) were obtained and cultured at 21 + 2 °C in the dark on an
orbital shaker at 130 rpm in Czapek Yeast Broth (CYB) medium. The CYB medium was
prepared by Czapek Dox Broth (Panrear Quimica SA, Barcelona, Spain) and Yeast Extract
(Difco, Bacton Dickinson and Company, Le Pont-de-Claix, France) [26-28]. After 14 days
of incubation, the mycelium of each fungal colony was collected by filtration through
sterile filter paper (Whatman N.1, Maidstone, UK), transferred to 0.5 mL plastic tubes
(Eppendorf, Hamburg, Germany), and used for DNA extraction. DNA was extracted from
0.01 g of freeze-dried (by Heto Power Dry LL3000, Thermo Fisher Scientific, Waltham, MA,
USA) mycelia as previously described [24]. The monosporic cultures of each representative
isolate were also stored in the mycological collection of the Plant Pathology Area, Research
Unit of Plant Protection, Department of Agricultural, Food and Environmental Sciences
of the University of Perugia (Perugia, Italy) and stored at —80 °C. To molecularly identify
the 33 representative isolates, a phylogenetic analysis was performed using the combined
sequences of the B-tubulin (BenA) and calmodulin (CaM) genes [23,29,30]. The sequences
were obtained with the following primer pairs:

e for BenA gene: Bt2a (Fw) 5-GGTAACCAAATCGGTGCTGCTTC-3' and Bt2b (Bw) 5'-
ACCCTCAGTGTAGTGACCCTTGGC-3' [31];

e for CaM gene: CMD5 (Fw) 5'-CCGAGTACAAGGARGCCTTC-3' and CMD6 (Bw)
5-CCGATRGAGGTCATRACGTGG-3' [32].

PCR reactions were carried out as previously described [23,26] with slight modifica-
tions. Specifically, these were performed in a volume of 50 uL, including 2 pL of a DNA
working solution (25 ng/uL), for a total of 50 ng of template per reaction.

The reactions were performed using a T100TM Thermal Cycler (Biorad, Foster City,
CA, USA) and the following cycling profiles [33]:

e  For BenA: initial denaturation at 95 °C for 4 min, followed by 35 cycles of 94 °C for
1 min, 65 °C for 1 min and 72 °C for 1 min, with a final extension at 72 °C for 8 min;

e  For CaM: initial denaturation at 95 °C for 4 min, followed by 35 cycles of 95 °C for
1 min, 55.5 °C for 1 min and 72 °C for 2 min, with a final extension at 72 °C for 8 min.

Amplification products were separated on a 2% agarose gel in 1 x TAE buffer with
RedSafe™ (4% v/v) (Chembio, Medford, NY, USA) at 110 V for 30 min and subsequently
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sent to Genewiz Europe (Azenta Life Sciences, Leipzig, Germany) for purification and
sequencing. Each consensus sequence was examined using the MEGA software version
7.0 [34] through the View Sequencer File (Trace Editor) functionality. The sequences
were then compared with those deposited in the National Centre for Biotechnology In-
formation (NCBI) Basic Local Alignment Search Tool (BLAST) database [35] and finally
deposited in GenBank (Tables S1 and S2). Phylogenetic analyses were performed using
the above-reported MEGA software version 7.0 and a combined dataset of BenA and CaM
gene sequences of the Aspergillus (Table S1) and Penicillium (Table S2) isolates obtained in
this study, along with representative isolates found in GenBank, including those of the
main species reported on C. arietinum (Table S3). According to a previously described
method [30], for a more precise identification of isolates that clustered in the Nigri section,
additional representative Aspergillus species belonging to this section were obtained from
GenBank and included in the analyses (Table S1). As outgroups, Talaromyces flavus CBS
310.38 and Talaromyces marneffei CBS 388.87 were included in the phylogenetic analyses
of Aspergillus [36,37] (Table S1) and Penicillium [38] (Table S2). Additionally, Talaromyces
purpurogenus CBS 286.36 was included as an outgroup for the phylogenetic analyses of Peni-
cillium [37] (Table S2). After concatenation, BenA plus CaM gene sequences were aligned,
and nucleotide gaps and missing data were removed. Phylogenetic trees were built using
the Neighbor-Joining method [39], with a bootstrap test based on 1000 replicates [40]. Evolu-
tionary distances were computed using the Maximum Composite Likelihood method [41].

2.3. Analysis of Fungal Secondary Metabolites in the Marketed Chickpea Seed Samples and
Determination of Secondary Metabolite Profile Produced In Vitro by Selected Fungal Isolates

For each sample, 50 g of seeds was finely ground using a GM200 mill (Retsch, Verder
Scientific srl, Pedrengo, Italy), and 5 g of the seed powder was subjected to analysis of fungal
secondary metabolites. The detection of fungal secondary metabolites was performed using
liquid chromatography-tandem mass spectrometry (LC-MS/MS) following a previously
described method [42], which enables the identification and quantification of a wide range
of fungal secondary metabolites (over 700, including main and emerging mycotoxins).
Confirmation of positive metabolite identification was obtained by acquiring two MS/MS
signals per analyte, which yields 4.0 identification points, according to the European
Commission [43]. In addition, retention time and ion ratio had to agree with the related
values of authentic standards within 0.03 min and 30%, respectively. The accuracy of the
method was verified continuously by participation in a proficiency-testing scheme (BIPEA,
Gennevilliers, France), with >96% of the 2400 results submitted so far (including chickpea
samples) exhibiting a z-score of —2 < z < 2. The analysis was carried out on a 5 g subsample
from each of the 20 marketed chickpea seed samples.

To assess the ability to produce aflatoxins of six potentially aflatoxigenic isolates, five
molecularly identified isolates belonging to the A. flavus/oryzae species and one molecularly
identified as A. parasiticus, their secondary metabolite profile was determined on 5 g of
freeze-dried (by Heto Power Dry LL3000, Thermo Fisher Scientific, Waltham, MA, USA)
cultures following a previously described method [42]. These seven isolates were previously
grown for 10 days at 21 £ 2 °C in the dark on Czapek Yeast Autolysate (CYA) agar medium
(HiMedia Laboratories, GmbH, Einhausen, Germany), as already described [23,44].

2.4. DNA Quantification of Aflatoxigenic Aspergillus Species in Chickpea Seed Samples by gPCR

To evaluate the DNA amounts of aflatoxigenic Aspergillus species in chickpea seed
samples, a qPCR method was used.

For the realization of the standard curve for the quantification of fungal DNA accu-
mulation, the aflatoxigenic strain A6 of A. flavus/oryzae, previously isolated from date
fruits and phylogenetically characterized, was used [26]. The A6 strain was grown on



Foods 2025, 14, 2610

6 of 26

sterile cellophane disks placed on PDA in Petri dishes (9 cm diameter) at 21 + 2 °C in
the dark. After seven days, the mycelium was scraped, freeze-dried by Heto Power Dry
LL3000 (Thermo Fischer Scientific, Waltham, MA, USA) and finely ground by a MM400
mill (Retsch, Verder Scientific srl, Pedrengo, Italy) at 25 Hz for 6 min.

For each chickpea sample, a sub-sample of 50 mg taken from the 50 g of seed powder
previously prepared for LC-MS/MS analysis was used for DNA extraction.

Genomic DNA isolation from isolate A6, as well as from 50 mg of each chickpea
sample, was performed using the ZR Fungal/Bacterial DNA Kit™ (Zymo Research, Irvine,
CA, USA), according to the manufacturer’s protocol. Quality and concentration of the DNA
were assessed by QubitTM 3.0 fluorometer (Thermo Fisher Scientific, Waltham, MA, USA).

A serial dilution ranging from 20 ng to 0.02 pg of A. flavus DNA and from 70 ng to
0.07 pg of chickpea seed DNA, with a 10-fold dilution factor, was used to plot standard
curves, performing two technical replicates per concentration, by using a CEX96 Opus 96
Real-Time PCR System (Bio-Rad, Hercules, CA, USA). The primer pairs used for DNA

quantification by qPCR were

e  For aflatoxigenic Aspergillus species, F-omt (5'-GGCCGCCGCTTTGATCTAGG-3') and
R-omt (5-ACCACGACCGCCGCC-3'), designed on the omt-1 gene coding for the
sterigamatocystin O-methyltransferase, a key enzyme in the aflatoxin biosynthetic
pathway, which generates an amplicon of 123 bp and has previously been used for the
detection of A. flavus and A. parasiticus [45,46];

e For chickpea DNA assay, Fw (5-CCAAGGTCAAGATCGGAATCA-3') and Rev
(5'-CAAAGCCACTCTAGCAACCAAA-3'), designed on the internal control gene
Glyceraldehyde-3-phosphate dehydrogenase (GADPH), generating an amplicon of 65 bp [47].

The qPCR cycle was composed of an initial step at 50 °C for 2 min and 95 °C for
10 min, followed by 40 cycles at 95 °C for 15 s, 61 °C for 1 min, heating at 95 °C for 10s,
cooling at 65 °C, and a final temperature increase to 95 °C at a rate of 0.5 °C every 5 s,
with the measurement of fluorescence. A dissociation curve was included at the end of the
qPCR program to detect potential primer-dimers and nonspecific amplification products.
Each reaction was performed in a total volume of 12.5 uL, containing 6 pL of SYBR™
Select Master Mix CFX (Thermo Fisher Scientific, Waltham, MA, USA), 1.5 uL of each
2 uM primer, 0.5 pL of sterile deionized water, and 2.5 pL of template DNA. Standard
curves were generated by plotting the logarithmic values of the above-reported fungal or
chickpea DNA amounts versus the corresponding cycles of threshold (Ct) values. The line
equations, R? values, reaction efficiencies, and limits of detection (LODs) were calculated.
The accumulation of Aspergillus DNA in chickpea was expressed as the ratio of the detected
DNA (pg) to the total chickpea seeds DNA (ng).

2.5. Statistical Analysis

The data on the isolation frequency of the different fungal genera obtained from
the 20 chickpea seed samples, included as a whole, were subject to one-way analysis of
variance (ANOVA) and the “isolation method” (PDA D, PDA ND or DFB) or the “farming
system” (organic or non-organic) were included as variables. Additionally, the data on
the frequency of different fungal genera obtained from each single chickpea seed sample
were subject to one-way ANOVA, including the “sample” as a variable. All statistical
analyses were realized using the extension for Excel® “DSAASTAT” version 1.514 [48]. In
the case of a significant ANOVA (p < 0.05), Tukey’s Honestly Significant Difference (HSD)
multiple-comparison test was performed to determine significant differences between the
means. Correlation between the amount of isolation of potentially aflatoxigenic Aspergillus
species and the quantification of their DNA level in the marketed chickpea seed samples
by qPCR was assessed by using the Pearson (r) correlation coefficient.
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3. Results
3.1. Fungal Microorganisms Associated with the Marketed Chickpea Seed Samples

After one week of incubation, fungal colonies developed from all chickpea samples
(100%), with a total of 1615 colonies obtained (considering all the isolation methods used
as a whole). Based on morphological features, 1005 colonies (62.2% of the total) were
identified as belonging to the Aspergillus genus, 231 colonies (14.3%) to the Rhizopus genus,
221 colonies (13.7%) to the Penicillium genus, 51 colonies (3.2%) to the Cladosporium genus,
and, finally, 16 colonies (1.0%) to the Alternaria genus. For the remaining 91 colonies (5.6%
of the total), it was impossible to identify a genus based on morphological characteristics
only, so these colonies were classified as “other”. Figure 1 summarizes the total number
of colonies of the different fungal genera obtained with all the isolation methods (PDA D,
PDA ND, and DFB) from the marketed chickpea seed samples.

1200

1000

800

600

Fungal colonies (total)

400

) II
; mm . B

Aspergillus Penicillium Rhizopus  Cladosporium  Alternaria Other

Fungal genera

Figure 1. Total number of fungal colonies developed from the total marketed chickpea seed samples
with all the isolation techniques used in this survey (Potato Dextrose Agar with surface disinfec-
tion, Potato Dextrose Agar without surface disinfection, deep-freezing blotter) and identified as
belonging to different genera or not assigned to any genus (other) based on the observation of
morphological features.

Aspergillus, Penicillium, Cladosporium, and Alternaria are well-known mycotoxigenic
genera. Among them, Aspergillus was the most widespread, being detected in 19 out
of the 20 samples (Aspergillus was not detected only in sample 14) (Table 2). Penicillium
was the second most frequently detected mycotoxigenic genus, present in 13 samples
(Table 2). Cladosporium was detected in four samples, while Alternaria was found in three
samples only (Table 2). The co-occurrence of Aspergillus, Penicillium, Cladosporium, and
Alternaria colonies was observed in two samples (Table 2). However, the co-presence of
three different mycotoxigenic genera was also detected. For instance, in two samples,
Aspergillus, Penicillium, and Cladosporium co-occurred, while in another sample, Aspergillus,
Penicillium, and Alternaria were detected simultaneously (Table 2).
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Table 2. Presence (X) of fungal colonies belonging to the genera Aspergillus, Penicillium, Cladosporium,
Alternaria, Rhizopus, or other genera in the marketed chickpea seed samples analyzed in this study.

Samples

Fungal Genera 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Aspergillus X X X X X X X X X X X X X X X X X X X
Penicillium X X X X X X X X X X X X X
Cladosporium X X X X

Alternaria X X X

Rhizopus X X X X X X X X X X X X X X
Other genera X X X X X X X X X X X X X

The three different isolation methods used in this study (PDA D, PDA ND, or DFB)
allowed us to obtain a significantly different number of total fungal colonies, as well as
of some fungal genera (Figure 2). In detail, the PDA ND method allowed us to obtain a
significantly (p < 0.05) higher number of total fungal colonies (6.69 + 0.32) compared to
those obtained using the PDA D (4.85 £ 0.41) and DFB (4.85 + 0.32) methods (Figure 2).
Similarly, the PDA ND method allowed us to obtain a significantly (p < 0.05) higher number
of Aspergillus (4.45 £ 0.3) and Rhizopus (1.56 £ 0.25) colonies than the PDA D (3.29 + 0.35
and 0.49 & 0.17, respectively) and DFB (2.31 4= 0.25 and 0.26 + 0.08, respectively) methods
(Figure 2). Conversely, the PDA ND method allowed us to obtain a significantly (p < 0.05)
lower number of Cladosporium colonies (0) compared to those obtained using the DFB
method (0.42 + 0.14) (Figure 2). No significant differences (p > 0.05) were observed among
the three isolation methods in the number of detected Penicillium or Alternaria colonies

(Figure 2).
10
o
g 8 b
[
@
E 6
5
§ 4
)
s 2 b
w
a a a ai.a
0 —
Total Aspergillus  Penicillium Cladosporium Alternaria Rhizopus

Fungal genera
EPDAD mPDAND mDFB

Figure 2. Average number of total fungal colonies or fungal colonies belonging to the Aspergillus,
Penicillium, Cladosporium, Alternaria, and Rhizopus genera developed from marketed chickpea seed
samples using three different isolation methods: Potato Dextrose Agar with surface disinfection (PDA
D), Potato Dextrose Agar without surface disinfection (PDA ND), and the deep-freezing blotter (DFB).
The genus of each fungal colony was morphologically identified. Each column represents the average
(fstandard error) of the 20 analyzed samples. Within each category (Total, Aspergillus, Penicillium,
Cladosporium, Alternaria, Rhizopus), different letters indicate significant differences (p < 0.05, Tukey’s
HSD test) among the three different isolation methods (PDA D, PDA ND, or DEB).

The farming system (organic or non-organic) adopted to produce the marketed chick-
pea seed samples also allowed us to obtain a significantly different number of total fungal
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colonies, as well as of some fungal genera (Figure 3). In detail, the marketed chickpea seed
samples obtained with the organic farming system showed a significantly (p < 0.05) higher
number of total fungal colonies, as well as of Aspergillus, Penicillium, and Cladosporium
colonies, than the samples obtained with the non-organic farming system. Conversely, the
marketed chickpea seed samples obtained with the non-organic farming system showed a
significantly (p < 0.05) higher number of Rhizopus colonies than the samples obtained with
the organic farming system. Finally, no significant differences were detected between the
two farming systems in the number of isolated Alternaria colonies (Figure 3). Supplemen-
tary Table 5S4 summarizes the average number of total fungal colonies or fungal colonies
belonging to the Aspergillus, Penicillium, Cladosporium, Alternaria, and Rhizopus genera or
other genera developed from each single marketed chickpea seed sample.

10
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|—1—|a b 4 2 a a|—1‘|
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Fungal genera
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Figure 3. Average number of total fungal colonies or fungal colonies belonging to the Aspergillus, Peni-
cillium, Cladosporium, Alternaria, and Rhizopus genera developed following the use of all three different
isolation methods (Potato Dextrose Agar with surface disinfection, Potato Dextrose Agar without
surface disinfection, and deep-freezing blotter) from marketed chickpea seed samples obtained with
organic or non-organic farming systems. The genus of each fungal colony was morphologically
identified. Each column represents the average (£standard error) of the 10 analyzed samples per each
farming system. Different letters indicate significant differences (p < 0.05, Tukey’s HSD test) between
the two different farming systems within each category (Total, Aspergillus, Penicillium, Cladosporium,
Alternaria, Rhizopus).

3.2. Molecular Identification of the Fungal Isolates Belonging to the Aspergillus and Penicillium
Genera Associated with the Marketed Chickpea Seed Samples

As explained in Section 2.2, 33 isolates within the genera Aspergillus and Penicillium
were selected as representative of the observed morphotypes. Fifteen isolates (44, 113, 114,
122,126, 141, 146, 150, b10, b40, b50, b60, b63, b71, b77) were morphologically identified as
Penicillium, whereas the remaining eighteen isolates (2, 6, 33bis, 43, 62, 85, 89, 93, 95, 100,
112, 130, 135, 137, 142, 145, 146, 148) were morphologically identified as Aspergillus. BLAST
analysis of BenA and CaM gene sequences confirmed the identification of the isolates, also
defining the species.

As reported previously [38,49], using the concatenated sequences of BenA and CaM
genes, 10 major clades emerged in the phylogram of both Aspergillus (Figure 4) and Penicil-
lium (Figure 5) species.
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Figure 4. Phylogeny of Aspergillus isolates obtained from the marketed chickpea seed samples
surveyed in this study. The evolutionary history of Aspergillus isolates was inferred using the
Neighbor-Joining method [39] and a combined dataset of BenA and CaM gene sequences. The optimal
tree with the sum of branch length = 1.35228509 is shown. The percentage of replicate trees in
which the associated taxa clustered together in the bootstrap test (1000 replicates) are shown next to
the branches [40]. The tree is drawn to scale, with branch lengths in the same units as those of the
evolutionary distances used to infer the phylogenetic tree. The evolutionary distances were computed
using the Maximum Composite Likelihood method [41] and are in the units of the number of base
substitutions per site. The analysis involved 46 nucleotide sequences. All positions containing gaps
and missing data were eliminated. There was a total of 451 positions in the final dataset. Evolutionary
analyses were conducted in MEGA software version 7.0 [34]. In the phylogram clade A included
species of the section Nigri, clade B of the section Fumigati, clade C of the section Flavi, clade D of
the section Usti, clade E of the section Nidulantes, clade F of the section Versicolores, clade G of the
sections Candidi/Circumdati, clade H of the section Flavipedes, clade I of the section Terrei, and clade ]
of the section Cremei.
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Figure 5. Phylogeny of Penicillium isolates obtained from marketed chickpea seed samples surveyed
in this study. The evolutionary history of Penicillium isolates was inferred using the Neighbor-Joining
method [39] and a combined dataset of BenA and CaM gene sequences. The optimal tree with the
sum of branch length = 2.10774471 is shown. The percentage of replicate trees in which the associated
taxa clustered together in the bootstrap test (1000 replicates) are shown next to the branches [40]. The
tree is drawn to scale, with branch lengths in the same units as those of the evolutionary distances
used to infer the phylogenetic tree. The evolutionary distances were computed using the Maximum
Composite Likelihood method [41] and are in the units of the number of base substitutions per site.
The analysis involved 40 nucleotide sequences. All positions containing gaps and missing data
were eliminated. There was a total of 161 positions in the final dataset. Evolutionary analyses were
conducted in MEGA software version 7 [34]. In the phylogram clade A included species of the section
Fasciculata, clade B of the section Penicillium, clade C of the section Digitata, clade D of the section
Chrysogena, clade E of the section Canescentia, clade F of the section Brevicompacta, clade G of the
section Aspergilloides, clade H of the section Exilicaulis, clade I of the section Lanata-Divaricata, and
clade J of the section Citrina.
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In the phylogram of the Aspergillus species (Figure 4), clade A included species of the
section Nigri, clade B of the section Fumigati, clade C of the section Flavi, clade D of the
section Usti, clade E of the section Nidulantes, clade F of the section Versicolores, clade G of
the sections Candidi/Circumdati, clade H of the section Flavipedes, clade I of the section Terrei,
and clade J of the section Cremei. In addition, within clade A, two subclades, here named
tubingensis and awamori/welwitschiae, were identified. Isolates 100, 112, 130, 135, 142, and
145 clustered in the subclade tubingensis, together with isolates NRRL 4875 and CBS 134.48
of A. tubingensis, while isolates 6, 85, and 95 clustered in the subclade awamori/welwitschiae
together with isolates CBS 557.65 of A. awamori and CBS 139.54 of A. welwitschiae. Isolates
2,43,62,71,89,137, and 148 clustered in clade C, with isolate 137 grouping with isolate
CBS 103.14 of A. tamarii, isolate 148 with isolate CBS 100926 of A. parasiticus, and isolates
2,43, 62,71, and 89 with isolates CBS 569.65 and CBS 100927 of A. flavus and CBS 102.07
of A. oryzae. Finally, isolate 93 clustered in clade D together with isolate CBS 756.74 of A.
pseudodeflectus, while isolate 33 bis clustered in clade F with isolate CBS 593.65 of A. sidowii.

In the phylogram of the Penicillium species (Figure 5), clade A included species of
the section Fasciculata, clade B of the section Penicillium, clade C of the section Digitata,
clade D of the section Chrysogena, clade E of the section Canescentia, clade F of the section
Brevicompacta, clade G of the section Aspergilloides, clade H of the section Exilicaulis, clade I
of the section Lanata-Divaricata, and clade J of the section Citrina. Isolates 113, 141, b60, b63,
and b77 clustered in clade A, with isolate 113 grouped with isolate IMI 92917 of P. crustosum,
isolate 141 with isolate CBS 222.28 of P. polonicum, isolate b60 with isolates F 759 and F 727
of P. cellarum, isolate b63 with isolate CV 1331 of P. melanoconidium, and isolate b77 with
isolate CBS 390.48 of P. viridicatum. Isolate 146 clustered in clade B, together with isolate
CBS 325.48 of P. expansum; isolates 122, b10, b40, and b60 clustered in clade D together with
isolate CBS 306.48 of P. chrysogenum; isolate 44 clustered in clade E together with isolate
CBS 300.48 of P. canescens. Within clade F, isolate 150 clustered with isolate CBS 232.60 of
P. olsonii, while isolate 114 clustered together with isolates NRRL 2011, NRRL 2012, and
CBS 257.29 of P. brevicompactum. Finally, isolate b71 clustered in clade G together with
isolates CBS 125543 and NRRL 35684 of P. glabrum, and isolate 126 clustered in clade H
together with isolates CBS 31248 and CBS 33070 of P. corylophilum.

Within the Aspergillus genus (Figure 6a), A. flavus/oryzae (533 colonies), and A. tubin-
gensis (289 colonies) were the most abundant species, followed by A. awamori/welwitschiae
(79 colonies), A. sidowii (45 colonies), A. pseudodeflectus (40 colonies), A. parasiticus
(17 colonies), and A. tamarii (2 colonies). Most of the detected Aspergillus species were ob-
tained using all the isolation methods (PDA D, PDA ND, and DFB), except for A. parasiticus
and A. tamarii, which were obtained only using the PDA ND method (Figure 6a).

Within the Penicillium genus (Figure 6b), P. brevicompactum (93 colonies) was the
most abundant species, followed by P. cellarum (43 colonies), P. corylophilum (21 colonies),
P. chrysogenum (19 colonies), P. crustosum (16 colonies), P. glabrum (11 colonies), P. melanoconi-
dium (8 colonies), P. viridicatum (6 colonies), P. expansum (2 colonies), and P. olsonii and
P. canescens (1 colony each). Only three of the eleven Penicillium species (P. brevicompactum,
P. corylophilum, and P. crustosum) were isolated using all three methods. P. crustosum and
P. cellarum were obtained with two of the three isolation methods, with P. crustosum detected
with PDA D and PDA ND and P. cellarum with PDA D and DFB. P. glabrum, P. melanoconi-
dium, and P. viridicatum were detected only by DFB, while P. expansum, P. canescens, and
P. olsonii were detected only using PDA D.
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Figure 6. Total number of fungal colonies of Aspergillus (a) and Penicillium (b) species obtained from
the marketed chickpea seed samples, as identified by phylogenetic analysis. The TOTAL category
shows the sum of colonies obtained using all three isolation methods (Potato Dextrose Agar with
seed surface disinfection, Potato Dextrose Agar without seed surface disinfection, and deep-freezing
blotter); the PDA D category shows the colonies obtained using the Potato Dextrose Agar method
with seed surface disinfection; the PDA ND category shows the colonies obtained using the Potato
Dextrose Agar method without seed disinfection; the DFB category shows the colonies obtained
using the deep-freezing blotter method.

Finally, focusing on the potential aflatoxigenic Aspergillus species (A. flavus/oryzae and
A. parasiticus), significant differences (p < 0.05) were observed comparing the presence of
these species between the two farming systems. In detail, a significantly (p < 0.05) higher
number of colonies belonging to potential aflatoxigenic species was isolated from marketed
chickpea seed samples obtained with the organic farming system than from those obtained
with the non-organic farming system (Figure 7).

w
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Aspergillus species (average)
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Figure 7. Average number of fungal colonies belonging to the potentially aflatoxigenic Aspergillus
species (A. flavus/oryzae and A. parasiticus) developed following the use of all three different isolation
methods (Potato Dextrose Agar with seed surface disinfection, Potato Dextrose Agar without seed
surface disinfection, and deep-freezing blotter) from the marketed chickpea seed samples obtained
with organic or non-organic farming systems. The species were phylogenetically identified. Each
column represents the average (+standard error) of the 10 analyzed samples per each farming system.
Different letters indicate significant differences (p < 0.05, Tukey’s HSD test) between the two different
farming systems.
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3.3. Fungal Secondary Metabolites in Marketed Chickpea Seed Samples and in In Vitro Cultures of
Potentially Aflatoxigenic Aspergillus Isolates

All the secondary metabolites detected by LC-MS/MS analysis in at least one mar-
keted chickpea seed sample are listed in Table 3. Among these, the Aspergillus metabolite
sydowinin B was detected (at levels ranging from 0.76 to 3.94 ng/g) in all samples. In
sample 6, sporogen AO, another Aspergillus metabolite, was identified at a concentration of
0.19 ng/g, as well as 3-nitropropionic acid in sample 13 at 0.88 ng/g. Tenuazonic acid (6.35
and 6.50 ng/g in samples 1 and 13, respectively) and tentoxin (0.30 ng/g in sample 3), both
produced by Alternaria spp., were also detected. In 19 out of the 20 samples, the Fusarium
metabolite enniatin B was detected in concentrations ranging from 0.01 to 0.72 ng/g. In
some samples, enniatin B showed co-occurrence with other Fusarium metabolites, such
as enniatin A (0.01 ng/g), enniatin A1 (0.01-0.04 ng/g), enniatin B1 (0.01-0.21 ng/g), de-
struxin B (0.01-0.42 ng/g), and W493 (0.11-0.29 ng/g). Other typical Fusarium secondary
metabolites, such as moniliformin and deoxynivalenol, were detected in samples 1, 2, 3,
and 4 (0.14-0.56 ng/g) and 1, 3, 4, and 5 (0.46-2.67 ng/g), respectively.

All the secondary metabolites produced in vitro by six potentially aflatoxigenic As-
pergillus isolates and detected by LC-MS/MS are listed in Table 4. Five out of the six
isolates analyzed (2, 43, 62, 71, and 89) were identified as A. flavus/oryzae, and one (148) as
A. parasiticus, based on the previous phylogenetic analysis. Only isolate 148 (A. parasiticus)
produced aflatoxins (aflatoxicol, aflatoxin B1, B2, G1, G2, and M1) and their precursors
O-methylsterigmatocystin and sterigmatocystin. Isolate 148 also produced averufin, nor-
solorinic acid, aspergillicin derivatives, helvolic acid, and the compounds versiconal acetate
and versicolorin C (Table 4). Kojic acid and 3-nitropropionic acid were produced by all
seven isolates, with higher amounts detected in isolate 148 (A. parasiticus) (Table 4). The
fungal metabolites asperfuran, heptelidic acid, gliocladic acid, penicillin G, sporogen AO,
cyclopiazonic acid, and NP 1243 were exclusively produced by isolates of A. flavus/oryzae
(Table 4). Aspergillicin derivatives were biosynthesized by isolate 2 (A. flavus/oryzae) and 148
(A. parasiticus) (Table 4). Finally, the isoacumarin dichlorodiaportin was produced by isolates
of A. flavus/oryzae, and A. parasiticus, while its methylated form, O-methyldichlorodiaportin,
was detected only in isolate 137 148 (A. parasiticus) (Table 4).

3.4. Potentially Aflatoxigenic Aspergillus Species Quantified by qPCR in the Marketed Chickpea
Seed Samples and Comparison of gPCR with Isolation Results

The R? value and the efficiency of qPCR reactions were 0.99 and 97% for chickpea seed
samples and 0.99 and 98% for A. flavus, respectively. For the quantification of potentially
aflatoxigenic Aspergillus DNA, the LOD was 0.5 pg.

By qPCR, variable amounts of potentially aflatoxigenic Aspergillus DNA were detected
in 15 out of 20 marketed chickpea seed samples. Among these, nine samples (1-5 and
7-10) were produced with the organic farming system, whereas the remaining six (11, 13,
15, 16, 18 and 19) with the non-organic farming system. The higher amount of potentially
aflatoxigenic Aspergillus DNA was detected in sample 1 (Figure 8a). Comparing these
qPCR results with those of the isolation and molecular identification of the fungal isolates,
potentially aflatoxigenic Aspergillus species were obtained from samples 1-7, 10-13, 15, 16,
18-20. Notably, sample 3 showed the highest presence of A. flavus/oryzae with the isolation
methods, while sample 19 was the only one positive for A. parasiticus with the isolation
methods (Table 5). In contrast, no aflatoxigenic species were detected neither by isolation
nor by qPCR in samples 14 and 17 (Figure 8a and Table 5). Interestingly, qPCR assays
detected variable amounts of Aspergillus DNA in samples 8, 9, and 10, but no potentially
aflatoxigenic Aspergillus species were isolated from these samples. Conversely, Aspergillus
DNA was not detected in samples 6, 12, and 20, despite the isolation of A. flavus/oryzae
colonies from them (Figure 8a and Table 5).
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Table 3. Fungal secondary metabolites (ng/g) detected by LC-MS/MS in the marketed chickpea seed samples analyzed in this study.
Samples from Organic Farming System Samples from Integrated Farming System
Secondary Metabolites * 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Cyclobutanediones
Moniliformin Fus 0.24 0.14 0.56 014 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD
Cyclodepsipeptides
Destruxin B Fus 0.42 <LOD 0.30 <LOD <LOD <LOD 0.01 <LOD <LOD <LOD <LOD <LOD 0.03 <LOD <LOD <LOD <LOD <LOD <LOD <LOD
Enniatin A Fus <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 0.001 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD
Enniatin A1 Fus 0.02 0.01 0.04 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 0.04 0.01 0.01 <LOD <LOD 0.1 <LOD <LOD <LOD
Enniatin B Fus 0.37 0.21 0.72 0.18 0.09 0.04 0.02 0.02 0.01 0.01 <LOD 0.14 0.02 0.03 0.02 0.02 0.02 0.01 0.01 0.01
Enniatin B1 s 0.07 0.05 0.21 0.05 0.03 0.01 0.01 0.01 <LOD 0.01 <LOD 0.09 0.01 0.02 0.01 0.01 0.01 <LOD 0.01 0.01
W493 Fus <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 0.29 <LOD <LOD <LOD <LOD 0.11 <LOD <LOD <LOD
Cyclopeptides
Tentoxins 4! <LOD <LOD  0.30 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD
Propionic acids
3-Nitropropionic acid A® <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD  0.88 <LOD <LOD <LOD <LOD <LOD <LOD <LOD
Sesquiterpenes
Sporogen AO A¢ <LOD <LOD <LOD <LOD <LOD 019 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD
Tetramic acids
Tenuazonic acid A! 635 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 650 <LOD <LOD <LOD <LOD <LOD <LOD <LOD
Trichothecenes
Deoxynivalenol Fus 1.61 N.D. 2.67 0.59 0.46 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD
Xanthone derivatives
Sydowinin B As 2.06 1.54 3.54 1.93 1.62 1.04 3.94 0.76 1.15 0.97 1.32 1.63 2.14 1.47 1.90 1.51 3.44 2.37 1.18 1.32

* The attribution of a compound to a specific chemical category was assessed according to [50-54]; Al Alteranaria secondary metabolites; 2 Aspergillus secondary metabolites; T Fusarium
secondary metabolites; LOD, limit of detection.
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Table 4. Secondary metabolites (ng/g) detected in the in vitro cultures of potentially aflatoxigenic

isolates belonging to the Aspergillus species isolated from the marketed chickpea seed samples and

grown on Czapek Yeast Autolysate agar medium.

Aspergillus flavus/oryzae Asp ergi.llus
Secondary Metabolites * parasiticus
2 43 62 71 89 148
Aflatoxins
Aflatoxicol <LOD <LOD <LOD <LOD <LOD 33.9
Aflatoxin Bl <LOD <LOD <LOD <LOD <LOD 18,100
Aflatoxin B2 <LOD <LOD <LOD <LOD <LOD 6640
Aflatoxin G1 <LOD <LOD <LOD <LOD <LOD 30,800
Aflatoxin G2 <LOD <LOD <LOD <LOD <LOD 6050
Aflatoxin M1 <LOD <LOD <LOD <LOD <LOD 752
O-Methylsterigmatocystin <LOD <LOD <LOD <LOD <LOD 214
Sterigmatocystin <LOD <LOD <LOD <LOD <LOD 72.5
Anthraquinoids
Averufin <LOD <LOD <LOD <LOD <LOD 962
Norsolorinic acid <LOD <LOD <LOD <LOD <LOD 210
Depsipeptides
Aspergillicin derivatives 441 <LOD <LOD <LOD <LOD 3730
Dihydrobenzofuran derivatives
Asperfuran 159 215 47.4 65.1 58 <LOD
Isocumarins
Dichlordiaportin 3.72 <LOD <LOD 0.94 0.59 187
O-Methyldichlordiaportin <LOD <LOD <LOD <LOD <LOD 43.7
Koningic acids
Heptelidic acid <LOD 683 1220 673 521 <LOD
Monoterpenoids
Gliocladic acid <LOD 4440 2750 3990 4190 <LOD
Penicillins
Penicillin G 123,000 1,390,000 1,850,000 961,000 373,000 <LOD
Propionic acids
3-Nitropropionic acid 2570 4960 26,200 10,100 12,200 463,000
Pyrones
Kojic acid 33.5 676 1010 687 77.5 401,000
Sesquiterpenes
Sporogea AO 152.5 67 55.4 19.9 <LOD
Steroids
Helvolic acid <LOD <LOD <LOD <LOD <LOD 169
Terpenes
Cyclopiazonic acid <LOD 62,600 <LOD 47,200 38,500 <LOD
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Table 4. Cont.

Aspergillus flavus/oryzae Asp ergi.llus

Secondary Metabolites * parasiticus
2 43 62 71 89 148

Versicolorins
Versiconal acetate <LOD <LOD <LOD <LOD <LOD 34.8
Versicolorin C <LOD <LOD <LOD <LOD <LOD 1060
Others
NP 1243 2.72 1.73 <LOD 1.39 1.37 <LOD

* The attribution of a compound to a specific chemical category was assessed according to [53,55,56]; LOD, limit
of detection.
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Figure 8. DNA amount of potentially aflatoxigenic Aspergillus species detected by gPCR in each of
the marketed chickpea seed samples (a). Average amount (ten samples + standard error) of DNA of

potentially aflatoxigenic Aspergillus species in the marketed chickpea seed samples from organic or
non-organic farming systems (b).

The correlation analysis between the amount of isolation of the aflatoxigenic Aspergillus
strains and the quantification of their DNA level in chickpea samples was positive with a
Pearson’s coefficient (r) value of 0.50.

Compared to the chickpea samples from the non-organic farming system, the chickpea
samples from organic farming not only gave positive results on qPCR for the presence
of DNA of potentially aflatoxigenic Aspergillus species in a greater number of cases but
also presented a higher amount of DNA of aflatoxigenic species, although no statistically
significant difference (p > 0.05) was found (Figure 8b).
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Table 5. Number of colonies of potentially aflatoxigenic Aspergillus species isolated and DNA amount of potentially aflatoxigenic Aspergillus species as detected and

quantified by qPCR from each marketed chickpea seed sample analyzed in this study.

Samples
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Potentially aflatoxigenic Aspergillus species detected by isolation methods (number of colonies)
A. flavus / oryzae 49 61 86 39 71 1 69 - - - 10 6 12 - 39 42 - 27 - 10
A. parasiticus - - - - - - - - - - - - - - - - - - 17 -
TOTAL 49 61 86 39 71 1 69 - - - 10 6 12 - 39 42 - 27 17 10
Potentially aflatoxigenic Aspergillus species detected by qPCR (pg Aspergillus DNA/ng chickpea seeds DNA)
TOTAL 0.031 0.015 0.012 0.008 0.009 <LOD 0.013 0.006 0.011 0.008 0.016 <LOD 0.013 <LOD 0.011 0.018 <LOD 0.006 0.014 <LOD

LOD, limit of detection.
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4. Discussion

The composition of macro- and micronutrients, along with bioactive compounds,
makes chickpea a healthy food with beneficial effects on humans [2,5]. However, from
farm to fork, contamination by mycotoxigenic fungi and their secondary metabolites can
negatively affect chickpea safety for final consumers. Indeed, fungal contamination by
mycotoxigenic genera such as Alternaria, Aspergillus, Cladosporium, Fusarium, and Penicillium
has been reported in chickpea and chickpea-derived products in several chickpea-growing
areas [9-12,15,57-68].

As shown in previous reports, contamination by fungal species belonging to well-
known mycotoxigenic genera such as Aspergillus, Penicillium, Cladosporium, and Alternaria
was also detected in the present survey. In detail, considering the three isolation methods
used, Aspergillus was the most frequently identified genus, detected in 19 out of 20 analyzed
samples. In some cases, multiple fungal isolates were obtained from chickpea seeds of a
single sample and occasionally also from the same seed. These isolates belonged to one
or more of the above-mentioned fungal genera, with Penicillium being the most common
genus, along with Aspergillus. The simultaneous infection of food matrices by different
mycotoxigenic fungi and the possible consequent simultaneous contamination with their
secondary metabolites is a long-standing concern that has been considered by both the
World Health Organization (WHO) and the European Food Safety Authority (EFSA) [69].

Among the two most widespread mycotoxigenic genera (Aspergillus and Penicillium)
detected in the analyzed samples, molecular and phylogenetic analyses allowed for the
identification of several species. Within the genus Aspergillus, seven species were identi-
fied: A. awamori/welwitschiae, A. flavus/oryzae, A. parasiticus, A. pseudoflectus, A. tamarii,
A. tubingensis, and A. sidowii. Within the Nigri section, the two cryptic phylogenetic
species A. awamori and A. welwitschiae, initially synonymized [70], have been recently
reclassified as synonyms of A. niger [71]. Similarly, within the Flavi section, comparative
pangenome analysis supports the hypothesis that A. flavus and A. oryzae are the same
species [72]. The species A. niger (including the synonym A. ficuum), A. flavus/oryzae, A.
parasiticus, and A. sydowii have been previously reported in chickpea seed and/or chickpea
flour [9,11,12,15,57,60-62,65,73-76]. Within the genus Penicillium, 11 species were identi-
fied: P. brevicompactum, P. canescens, P. cellarum, P. chrysogenum, P. corylophilum, P. crustosum,
P. expansum, P. glabrum, P. melanoconidium, P. olsonii, P. polonicum, and P. viridicatum. Among
these, P. canescens, P. chrysogenum, P. expansum, and P. viridicatum have been previously
reported in chickpea seeds [61,76]. To our knowledge, several Aspergillus and Penicil-
lium species identified in this study, such as A. pseudoflectus, A. tamarii, A. tubingensis, P.
brevicompactum, P. cellarum, P. corylophilum, P. crustosum, P. glabrum, P. melanoconidium, P.
olsonii, and P. polonicum, expand the range of fungal species that could be associated with
chickpea seeds.

As previously observed in studies on other plant species, the isolation method signifi-
cantly influences both the quantity of fungal colonies that develop from a given matrix and
their quality in terms of fungal genera/species, which may be promoted by the specific
method used for the mycological analysis [23,77,78]. In particular, in the present investi-
gation, the PDA ND method allowed for the isolation of a significantly higher number of
Aspergillus and Rhizopus colonies, whereas using the DFB method, a significantly higher
presence of Cladosporium colonies was detected. Instead, no significant differences emerged
among the three isolation methods regarding Penicillium or Alternaria colonies.

In addition, as previously shown [23], the differences among the isolation methods
were not only quantitative but also qualitative. Indeed, within the genus Aspergillus, only
the PDA D method allowed for the isolation of all seven identified species, whereas A.
parasiticus and A. tamarii were not detected using the PDA ND or DFB methods. Similarly,
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within the genus Penicillium, no single method allowed for the isolation of all 11 identified
species. Specifically, P. glabrum, P. melanoconidium, and P. viridicatum were detected only
using the DFB method, which, however, did not allow for the isolation of P. crustosum, P.
expansum, P. olsonii, and P. canescens. The latter three species, along with P. cellarum, were
also not obtained using the PDA ND method, which allowed us to obtain only four out of
the eleven identified Penicillium species. Therefore, as suggested by previous investigations
on other food matrixes [23,77,78] and confirmed by the present study, the combined use of
the three different isolation methods (PDA D, PDA ND, and DFB) is the strategy proposed
here to obtain the best representation, both quantitatively and qualitatively, of the various
fungal species that may be associated with a specific food matrix. This is because certain
methods involving surface disinfection of the seed (for example, PDA D) may prevent the
development of those fungal species that are located exclusively on the external part of the
seed. At the same time, surface disinfection may favor the growth of species located inside
the seed because the absence of external species allows them to develop without being
outcompeted. Finally, techniques that do not include the use of artificial growth substrates
rich in nutrients (for example, DFB) may allow for the development of slow-growing
species, which would otherwise be overgrown by fast-growing ones in the presence of
nutrient-rich media.

This study also showed a significant effect of the farming system on the number of
isolated fungi, with a significantly higher presence of total fungal colonies, as well as
those belonging to the genera Aspergillus, Penicillium, and Cladosporium, obtained from the
examined organic chickpea seed samples. In particular, potentially aflatoxigenic Aspergillus
species (such as A. flavus/oryzae, and A. parasiticus) were found in significantly higher
numbers in organic chickpea seed samples compared to those from the non-organic farming
system. A higher contamination risk by mycotoxigenic fungi and their metabolites in
organic samples has recently been reported in maize [79], where a greater number of
Aspergillus, Penicillium, and Fusarium colonies, as well as of their metabolites, mainly
aflatoxins B1, B2, G1, and G2, and fumonisin B1, were detected in comparison to non-
organic samples. Similarly, in a previous study [23], a higher number of Penicillium and
Cladosporium colonies was reported from organic quinoa seed samples in comparison to non-
organic ones. Analyzing flour samples, it has been reported that organic flour was more
prone to higher fungal and mycotoxin contamination compared to non-organic flours [80].
The growing demand for organic food is driven by consumers’ belief that it is healthier and
safer than food produced in non-organic farming systems, including integrated ones [81].
However, as already documented [82], this work, together with other studies from the
literature reported above, shows that consumers’ perception is not always supported by
experimental data.

The detection and quantification of potentially aflatoxigenic Aspergillus species, such
as A. flavus /oryzae and A. parasiticus, in the 20 chickpea seed samples were also performed
using a qPCR assay. The protocol was based on the use of the primer pair F-omt and R-omt,
designed on the omt-1 gene, which encodes for sterigmatocystin O-methyltransferase, a
key enzyme in the aflatoxin biosynthetic pathway [45,46]. The specificity of this primer
pair for potentially aflatoxigenic Aspergillus species and its inability to amplify DNA from
non-aflatoxigenic Aspergillus species has already been demonstrated [46]. A non-perfect
correspondence was observed between fungal isolation results and the detection of fungal
DNA by qPCR. In fact, the correlation between the DNA level of the aflatoxigenic Aspergillus
species and the isolation frequency of the aflatoxigenic strains was positive, albeit without
a high linearity.

The low presence of aflatoxigenic Aspergillus species isolated in the marketed chickpea
seed samples 6, 12, and 20 does not justify a negative qPCR result. In fact, in samples
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8,9, and 10, from which no colonies of potentially aflatoxigenic Aspergillus species were
isolated, qPCR yielded positive results. In these latter samples, the discrepancy between
the two detection methods can be attributed to the higher sensitivity of the molecular
approach, which amplifies specific genomic regions of the target organisms, allowing for
the detection of infections, even in the samples that were found to be negative on isolation.
However, it is important to note that, while a sub-sample of 150 dried chickpea seeds
was used for fungal isolation, only 100 mg of the sample was used for DNA extraction.
Reducing the sub-sample weight also decreased the probability of detecting fungal struc-
tures (spores/mycelium), explaining why the primer pair F-omt and R-omt was not able to
amplify DNA of potentially aflatoxigenic Aspergillus species in samples 6, 12, and 20.

The LC-MS/MS analysis carried out to evaluate the in vitro secondary metabolite
profile produced by selected isolates belonging to potentially aflatoxigenic Aspergillus
species (A. flavus/oryzae, A. parasiticus) showed results consistent with those reported for
the three species to which the isolates under investigation belonged [30,53,83-85]. However,
among the investigated isolates, only isolate 148 of A. parasiticus, obtained at low frequency
from sample 19, was able to produce aflatoxins in vitro. Specifically, it produced all the
main aflatoxins (B1, B2, G1, and G2), as well as aflatoxin M1 and other biosynthetically
related toxic compounds, such as aflatoxicol, sterigmatocystin and its methylated form, and
versicolorin, including versicolorin C. Consistently with the literature, the anthraquinoid
averufin and norsolorinic acid were detected among the metabolites of isolate 148 of A.
parasiticus [53].

Aspergillus parasiticus and A. flavus are the two main aflatoxigenic members of the
Aspergillus section Flavi, with A. parasiticus able to produce aflatoxins of both B- (including
aflatoxin M) and G- groups and A. flavus able to produce only those of group B [53,86].
Aflatoxins non-producing strains are uncommon in A. parasiticus. For example, in [87],
it was reported that only 11 of 185 A. parasiticus isolates obtained from soil, debris, and
peanut seeds in Argentina were not able to synthesize aflatoxins. Instead, within the
species A. flavus, both aflatoxin-producing and non-producing strains are included, with
the non-aflatoxigenic isolates that may be exploited for the biological control of aflatox-
igenic isolates [88,89]. The ability to synthesize aflatoxins was also considered a useful
characteristic to distinguish the toxigenic species A. flavus from the non-toxigenic species A.
oryzae [90,91]. However, as reported above, comparative pangenome analysis supports the
hypothesis that A. flavus and A. oryzae are the same species, with non-aflatoxigenic strains
widely distributed across the phylogenetic tree [72].

The inability to produce aflatoxins by the potentially aflatoxigenic Aspergillus iso-
lates obtained with the highest frequency (such as those belonging to the A. flavus/oryzae
species), along with the low isolation frequency of the only aflatoxin-producing strain,
justifies the absence of aflatoxins in the marketed chickpea seed samples surveyed in this
study. Nevertheless, the identification of these species initially raised the suspicion of afla-
toxin contamination. However, LC-MS/MS analysis conducted in the marketed chickpea
seed samples showed the presence of other secondary fungal metabolites, some of which
were related to Aspergillus contamination, such as 3-nitropropionic acid, sporogen AO,
and sydowinin B, while others were associated with contamination by Alternaria and/or
Fusarium species.

The absence of aflatoxins and of other major mycotoxins in the analyzed samples, 18
of which had a European origin (including 16 produced in Italy), could justify the lack of a
maximum mycotoxin limit for chickpeas in Commission Regulation (EC) 2024 /1756 [18],
as well as in Commission Regulation (EC) 1881/2006 [92]. However, due to the absence of
these legal limits, chickpeas are excluded from official mycotoxin contamination monitoring.
As a result, in a risk-based assessment of aflatoxin B and G contamination in food and
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commodities imported into Italy, chickpea samples were excluded because of the lack of
such regulatory limits [93]. Nonetheless, a past survey conducted by the Environmental
Regional Protection Agency (ARPA) in the Piedmont region (Northern Italy) as part of
a monitoring plan established by the European Food Security Authority (EFSA), which
included commodities not subject to mycotoxin content regulation, detected aflatoxins in
57% of the analyzed chickpea seed samples [94]. In addition, contamination of chickpeas
by aflatoxins has been reported in the literature [10]. Taken together, these data suggest
that chickpeas should be considered a matrix to be monitored, especially in light of their
increasing presence in the European diet, which may lead to greater human exposure
to chickpea-associated contaminants, including mycotoxins. Therefore, the growing use
of chickpeas should be accompanied by a higher attention to food safety through the
development of rapid and reliable screening tools. The combined application of three
isolation methods (PDA D, PDA ND, and deep-freezing blotter), along with a qPCR protocol
based on the F-omt and R-omt primer pair, is proposed here to reveal the broad variability
among Aspergillus and Penicillium species and to provide a preliminary assessment of the
risk of aflatoxin contamination in chickpea seeds, respectively.

Although for many crops, a positive correlation has been demonstrated between
environmental conditions, such as high temperatures and humidity, and contamination by
mycotoxigenic fungi and mycotoxins during cultivation and storage, limited information is
available for pulse crops, including chickpeas [16]. Moreover, growing practices, as well
as harvest and post-harvest conditions and operations, can significantly affect chickpeas’
safety [95]. The protocol proposed in this study, developed using marketed dry chickpea
samples and combined with LC-MS/MS analysis for fungal secondary metabolite detection,
could be applied in future research on chickpea seed samples collected at different stages of
the growing, drying, and storage cycles. This would allow for the assessment of the impact
of various factors, such as climatic conditions, crop practices (including plant genotype,
crop rotation, and phytosanitary treatments), and storage techniques (e.g., controlled
atmosphere), on fungal infections and mycotoxin contaminations to identify risk factors
and practices that reduce contamination levels.
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Author Contributions: Conceptualization, M.Q. and G.B.; methodology, M.Q., M.S. and G.B.; vali-
dation, M.Q. and L.C.; formal analysis, M.Q., ET. and M.S,; investigation, ET., E.B., E.Q. and M.E;
resources, M.Q., G.B. and L.C.; data curation, M.Q. and ET.; writing—original draft preparation,
M.Q.; writing—review and editing, ET., M.S., G.B. and L.C.; visualization, G.B.; supervision, M.Q.,
G.B. and L.C. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Data Availability Statement: The original contributions presented in the study are included in the
article/Supplementary Material, further inquiries can be directed to the corresponding author.

Conflicts of Interest: The authors declare no conflicts of interest.


https://www.mdpi.com/article/10.3390/foods14152610/s1
https://www.mdpi.com/article/10.3390/foods14152610/s1

Foods 2025, 14, 2610 23 of 26

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.
25.

FAOSTAT. 2025. Available online: https://www.fao.org/faostat/en/#data/QCL (accessed on 26 February 2025).

Merga, B.; Haji, ]. Economic importance of chickpea: Production, value, and world trade. Cogent. Food Agric. 2019, 5, 1615718.
[CrossRef]

Begum, N.; Khan, Q.U.; Liu, L.G.; Li, W,; Liu, D.; Haq, I.U. Nutritional composition, health benefits and bio-active compounds of
chickpea (Cicer arietinum L.). Front. Nutr. 2023, 10, 1218468. [CrossRef] [PubMed]

Cid-Gallegos, M.S.; Sanchez-Chino, X.M.; Alvarez-Gonzalez, 1.; Madrigal-Bujaidar, E.; Vasques-Garzén, V.R.; Baltiérrez-Hoyos, R;;
Villa-Trevifio, S.; Davila-Ortiz, G.; Jiménez-Martinéz, C. Modification of in vitro and in vivo antioxidant activity by consumption
of cooked chickpea in a colon cancer model. Nutrients 2020, 12, 2572. [CrossRef] [PubMed]

Mahbub, R.; Francis, N.; Blanchard, C.; Santhakumar, A. The anti-inflammatory and antioxidant properties of chickpea hull
phenolic extracts. Food Biosci. 2021, 40, 100850. [CrossRef]

Moreno, M.; Cubero, ].I. Variation in Cicer arietinum L. Euphytica 1978, 27, 465-485. [CrossRef]

Upadhyaya, H.D.; Dwivedi, S.L.; Baum, M.; Varshney, RK.; Udupa, S.M.; Godwa, C.L.L.; Hoisington, D.; Singh, S. Genetic
structure, diversity, and allelic richness in composite collection and reference set in chickpea (Cicer arietinum L.). BMC Plant Biol.
2008, 8, 106. [CrossRef] [PubMed]

Xu, Y.; Thomas, M.; Bhardwaj, H.L. Chemical composition, functional properties and microstructural characteristics of three
kabuli chickpea (Cicer arietinum L.) as affected by different cooking methods. Food Sci. Technol. 2014, 49, 1215-1223. [CrossRef]
Nene, Y.L; Sheila, Y.K.; Sharma, S.B. A World List of Chickpea and Pigeon Pea Pathogens, 5th ed.; International Crops Research
Institute for the Semi-Arid Tropics: Andhra Pradesh, India, 1996; Volume 502, p. 324.

Ramirez, M.L.; Candoya, E.; Nichea, M.].; Zachetti, V.G.L.; Chulze, S. Impact of toxigenic fungi and mycotoxins in chickpea: A
review. Curr. Opin. Food Sci. 2018, 23, 32-37. [CrossRef]

Shamsi, S.; Khatun, A. Prevalence of fungi in different varieties of chickpea (Cicer arietinum L.) seeds in storage. ]. Bangladesh Acad.
Sci. 2016, 40, 37-44. [CrossRef]

Agarwal, T.; Malhotra, A.; Trivedi, P.C. Fungi associated with chickpea, lentil and blackgram seeds of Rajasthan. Int. J. Pharma Bio
Sci. 2011, 2, 478-483.

Alemayehu, S.; Abera, FA.; Aymut, KM.; Harvey, J.; Mahroof, R.; Subramanyam, B.; Ulmer, J. Fungal infection and mycotoxins
contamination on farm-stored chickpea in major producing districts of Ethiopia. |. Biomed. Res. Environ. Sci. 2023, 4, 413-425.
[CrossRef]

Romero Donato, C.J.; Nichea, M.].; Cendoya, E.; Zachetti, V.G.L.; Ramirez, M.L. Interacting abiotic factors affect growth and
mycotoxin production profiles of Alternaria section Alternaria strains on chickpea-based media. Pathogens 2023, 12, 565. [CrossRef]
[PubMed]

Mushtagq, S.; Akram, A.; Hanif, N.Q.; Qureshi, R.; Akram, Z.; Akhund, S.; Nayyar, B.G. Natural incidence of aflatoxins, mycological
profile and molecular characterization of aflatoxigenic strains in chickpea flour. Pak. J. Bot. 2015, 47, 1153-1160.
Acuiia-Gutiérrez, C.; Jiménez, V.M.; Miiller, J. Occurrence of mycotoxins in pulses. Compr. Rev. Food Sci. Food Saf. 2022, 21,
4002—-4017. [CrossRef] [PubMed]

Pisuttu, C.; Risoli, S.; Moncini, L.; Nali, C.; Pellegrini, E.; Sarocco, S. Sustainable strategies to counteract mycotoxins contamination
and cowpea weevil in chickpea seeds during post-harvest. Toxins 2023, 15, 61. [CrossRef] [PubMed]

European Commission. Commission Regulation (EC) 2023/915 of 25 April 2023 on maximum levels for certain contaminants in
food and repealing Regulation (EC) 1881/2006. Off. J. Eur. Un. 2023, L119, 103-157.

European Commission. Commission Regulation (EC) 2024/1756 of 25 June 2024 amending and correcting Regulation (EU)
2023/915 on maximum levels for certain contaminants in food. Off. J. Eur. Un. 2024, L26.6, 1-9.

European Commission. Regulation (EU) 2018 /848 of the European Parliament and of the Council of 30 May 2018 on organic
production and labelling of organic products and repealing Council Regulation (EC) No 834/2007. Off. J. Eur. Un. 2018, L150,
1-92.

European Commission. Directive 2009/128/EC of the European Parliament and of the Council of 21 October 2009 establishing a
framework for Community action to achieve the sustainable use of pesticides. Off. J. Eur. Un. 2009, 309, 71-86.

Wang, J.; Sufar, E.K.; Bernhoft, A.; Seal, C.; Rempelos, L.; Hasanaliyeva, G.; Zhao, B.; Iversen, P.O.; Baranski, M.; Volakakis,
N.; et al. Mycotoxin contamination in organic and conventional cereal grain and products: A systematic literature review and
meta-analysis. Compr. Rev. Food Sci. Food Saf. 2024, 23, €13363. [CrossRef] [PubMed]

Quaglia, M.; Beccari, G.; Vella, G.F; Filippucci, R.; Buldini, D.; Onofri, A.; Sulyok, M.; Covarelli, L. Marketed quinoa (Chenopodium
quinoa Willd.) seeds: A mycotoxin-free matrix contaminated by mycotoxigenic fungi. Pathogens 2023, 12, 418. [CrossRef] [PubMed]
Limonard, T. A modified blotter test for seed health. Neth. |. Plant Pathol. 1966, 72, 319. [CrossRef]

Covarelli, L.; Beccari, G.; Prodi, A.; Generotti, S.; Etruschi, E; Jaun, C.; Ferrer, E.; Manes, ]J. Fusarium species chemotype
characterization and trichothecene contamination of durum and soft wheat in an area of central Italy. J. Sci. Food Agric. 2015, 95,
540-551. [CrossRef] [PubMed]


https://www.fao.org/faostat/en/#data/QCL
https://doi.org/10.1080/23311932.2019.1615718
https://doi.org/10.3389/fnut.2023.1218468
https://www.ncbi.nlm.nih.gov/pubmed/37854353
https://doi.org/10.3390/nu12092572
https://www.ncbi.nlm.nih.gov/pubmed/32854249
https://doi.org/10.1016/j.fbio.2020.100850
https://doi.org/10.1007/BF00043173
https://doi.org/10.1186/1471-2229-8-106
https://www.ncbi.nlm.nih.gov/pubmed/18922189
https://doi.org/10.1111/ijfs.12419
https://doi.org/10.1016/j.cofs.2018.05.003
https://doi.org/10.3329/jbas.v40i1.28323
https://doi.org/10.37871/jbres1690
https://doi.org/10.3390/pathogens12040565
https://www.ncbi.nlm.nih.gov/pubmed/37111449
https://doi.org/10.1111/1541-4337.13008
https://www.ncbi.nlm.nih.gov/pubmed/35876644
https://doi.org/10.3390/toxins15010061
https://www.ncbi.nlm.nih.gov/pubmed/36668881
https://doi.org/10.1111/1541-4337.13363
https://www.ncbi.nlm.nih.gov/pubmed/38720588
https://doi.org/10.3390/pathogens12030418
https://www.ncbi.nlm.nih.gov/pubmed/36986340
https://doi.org/10.1007/BF02650226
https://doi.org/10.1002/jsfa.6772
https://www.ncbi.nlm.nih.gov/pubmed/24909776

Foods 2025, 14, 2610 24 of 26

26.

27.
28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

Quaglia, M.; Santinelli, M.; Sulyok, M.; Onofri, A.; Covarelli, L.; Beccari, G. Aspergillus, Penicillium and Cladosporium species
associated with dried date fruits collected in the Perugia (Umbria, Central Italy) market. Int. ]. Food Microbiol. 2020, 322, 108585.
[CrossRef] [PubMed]

Castegnaro, M.; Wild, C.P. IARC activities in mycotoxins research. Nat. Toxins 1995, 3, 327-331. [CrossRef] [PubMed]

Perrone, G.; Mule, G.; Susca, A.; Battilani, P.; Pietri, A.; Logrieco, A. Ochratoxin A production and amplified fragment length
polymorphism analysis of Aspergillus carbonarius, Aspergillus tubingensis, and Aspergillus niger strains isolated from grapes in Italy.
Appl. Environ. Microbiol. 2006, 72, 680-685. [CrossRef] [PubMed]

Frisvad, ].C.; Hubka, V.; Ezekiel, C.N.; Hong, S.-B.; Novdkova, A.; Chen, A ]; Larsen, T.O.; Sklenér, F.; Mahakarnchanakul, W.;
Samson, R.A ; et al. Taxonomy of Aspergillus section Flavi and their production of aflatoxins, ochratoxins and other mycotoxins.
Stud. Mycol. 2019, 93, 1-63. [CrossRef] [PubMed]

Varga, J.; Frisvad, J.C.; Kocsubé, S.; Brankovics, B.; Té6th, B.; Samson, R.A. New and revised species in Aspergillus section Nigri.
Stud. Mycol. 2011, 69, 1-17. [CrossRef] [PubMed]

Glass, N.L.; Donaldson, G.C. Development of primer sets designed for use with the PCR to amplify conserved genes from
filamentous Ascomycetes. Appl. Environ. Microbiol. 1995, 61, 1323-1330. [CrossRef] [PubMed]

Hong, S.-B.; Cho, H.-S,; Shin, H.-D,; Frisvad, J.C.; Samson, R.A. Novel Neosartorya species isolated from soil in Korea. Int. J. Syst.
Evol. Microbiol. 2006, 2, 477-486. [CrossRef] [PubMed]

Varga, ].; Due, M,; Frisvad, J.C.; Samson, R.A. Taxonomic revision of Aspergillus section Clavati based on molecular, morphological
and physiological data. Stud. Mycol. 2007, 59, 89-106. [CrossRef] [PubMed]

Kumar, S.; Stecher, G.; Tamura, K. MEGA?7: Molecular Evolutionary Genetics Analysis version 7.0 for bigger dataset. Mol. Biol.
Evol. 2016, 33, 1870-1874. [CrossRef] [PubMed]

Altschul, S.F,; Gish, W.; Miller, W.; Myers, EW.; Lipman, D.]. Basic local alignment search tool. J. Mol. Biol. 1990, 3, 403—410.
[CrossRef] [PubMed]

Samson, R.A.; Visagie, C.M.; Houbraken, J.; Hong, S.B.; Hubka, V.; Klaassen, C.H.V.; Perrone, G.; Seifert, K.A.; Susca, A.; Tanney,
J.B.; et al. Phylogeny, identification and nomenclature of the genus Aspergillus. Stud. Mycol. 2014, 78, 141-173. [CrossRef]
[PubMed]

Steenwyk, J.L.; Shen, X.-X; Lind, A.L.; Goldman, G.H.; Rokas, A. A robust phylogenomic time tree for biotechnologically and
medically important fungi in the genera Aspergillus and Penicillium. mBio 2019, 10, e00925-19. [CrossRef] [PubMed]

Houbraken, J.; Kocsubé, S.; Visagie, C.M.; Yilmaz, N.; Wang, X.-C.; Meijer, M.; Kraak, B.; Hubka, V.; Bensch, K.; Samson, R.A.; et al.
Classification of Aspergillus, Penicillium, Talaromyces and related genera (Eurotiales): An overview of families, genera, subgenera,
sections, series and species. Stud. Mycol. 2020, 95, 5-169. [CrossRef] [PubMed]

Saitou, N.; Nei, M. The neighbor-joining method: A new method for reconstructing phylogenetic trees. Mol. Biol. Evol. 1987, 4,
406—425. [CrossRef] [PubMed]

Felsenstein, J. Confidence limits on phylogenies: An approach using the bootstrap. Evolution 1985, 39, 783-791. [CrossRef]
[PubMed]

Tamura, K.; Nei, M.; Kumar, S. Prospects for inferring very large phylogenies by using the neighbor-joining method. Proc. Natl.
Acad. Sci. USA 2004, 101, 11030-11035. [CrossRef] [PubMed]

Sulyok, M.; Suman, M.; Krska, R. Quantification of 700 mycotoxins and other secondary metabolites of fungi and plants in grain
products. NPJ Sci. Food 2024, 8, 49. [CrossRef] [PubMed]

European Commission. Decision 2002/657/EC of 12 August 2002 implementing Council Directive 96/23/EC concerning the
performance of analytical methods and the interpretation of results. Off. |. Eur. Un. 2002, 221, 8-36.

Salfinger, Y.; Tortorello, M.L. Compendium of Methods for the Microbiological Examination of Foods, 5th ed.; American Public Health
Association: Washington, DC, USA, 2001.

Shapira, R.; Paster, N.; Eyal, O.; Menasherov, M.; Mett, A.; Salomon, R. Detection of aflatoxigenic molds in grains by PCR. Appl.
Environ. Microbiol. 1996, 62, 3270-3273. [CrossRef] [PubMed]

Rodriguez, A.; Rodriguez, M.; Luque, ML.I.; Martin, A.; Cérdoba, J.J. Real-time PCR assay for detection and quantification of
aflatoxin-producing molds in foods. Food Microbiol. 2012, 31, 89-99. [CrossRef] [PubMed]

Rohini, G.; Sahoo, A.; Tyagi, A.K.; Jain, M. Validation of internal control genes for quantitative gene expression studies in chickpea
(Cicer arietinum L.). Biochem. Biophys. Res. Comm. 2010, 396, 283-288.

Onofri, A.; Pannacci, E. Spreadsheet tools for biometry classes in crop science programmes. Commun. Biometry Crop Sci. 2014, 9,
43-53.

Houbraken, J.; Samson, R.A. Phylogeny of Penicillium and segregation of Trichocomaceae into three families. Stud. Mycol. 2011, 70,
1-51. [CrossRef] [PubMed]

Hamasaki, T.; Sato, Y.; Hatsuda, Y. Structure of Sydowinin A, Sydowinin B, and Sydowinol, metabolites from Aspergillus sydowi.
Agric. Bio. Chem. 1975, 39, 2341-2345. [CrossRef]


https://doi.org/10.1016/j.ijfoodmicro.2020.108585
https://www.ncbi.nlm.nih.gov/pubmed/32179333
https://doi.org/10.1002/nt.2620030431
https://www.ncbi.nlm.nih.gov/pubmed/7582638
https://doi.org/10.1128/AEM.72.1.680-685.2006
https://www.ncbi.nlm.nih.gov/pubmed/16391107
https://doi.org/10.1016/j.simyco.2018.06.001
https://www.ncbi.nlm.nih.gov/pubmed/30108412
https://doi.org/10.3114/sim.2011.69.01
https://www.ncbi.nlm.nih.gov/pubmed/21892239
https://doi.org/10.1128/aem.61.4.1323-1330.1995
https://www.ncbi.nlm.nih.gov/pubmed/7747954
https://doi.org/10.1099/ijs.0.63980-0
https://www.ncbi.nlm.nih.gov/pubmed/16449461
https://doi.org/10.3114/sim.2007.59.11
https://www.ncbi.nlm.nih.gov/pubmed/18490946
https://doi.org/10.1093/molbev/msw054
https://www.ncbi.nlm.nih.gov/pubmed/27004904
https://doi.org/10.1016/S0022-2836(05)80360-2
https://www.ncbi.nlm.nih.gov/pubmed/2231712
https://doi.org/10.1016/j.simyco.2014.07.004
https://www.ncbi.nlm.nih.gov/pubmed/25492982
https://doi.org/10.1128/mBio.00925-19
https://www.ncbi.nlm.nih.gov/pubmed/31289177
https://doi.org/10.1016/j.simyco.2020.05.002
https://www.ncbi.nlm.nih.gov/pubmed/32855739
https://doi.org/10.1093/oxfordjournals.molbev.a040454
https://www.ncbi.nlm.nih.gov/pubmed/3447015
https://doi.org/10.2307/2408678
https://www.ncbi.nlm.nih.gov/pubmed/28561359
https://doi.org/10.1073/pnas.0404206101
https://www.ncbi.nlm.nih.gov/pubmed/15258291
https://doi.org/10.1038/s41538-024-00294-7
https://www.ncbi.nlm.nih.gov/pubmed/39097644
https://doi.org/10.1128/aem.62.9.3270-3273.1996
https://www.ncbi.nlm.nih.gov/pubmed/8795215
https://doi.org/10.1016/j.fm.2012.02.009
https://www.ncbi.nlm.nih.gov/pubmed/22475946
https://doi.org/10.3114/sim.2011.70.01
https://www.ncbi.nlm.nih.gov/pubmed/22308045
https://doi.org/10.1271/bbb1961.39.2341

Foods 2025, 14, 2610 25 of 26

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.
61.

62.
63.

64.

65.
66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

Bellis, D.; Fischer, H.P. Moniliformin and related cyclobutenediones. In Synthesis of Pesticides Chemical Structure and Biological
Activity Natural Products with Biological Activity; Geissbiihler, H., Ed.; Pergamon: Pergamon, Greece, 1979; pp. 373-381.

Nihei, K.; Itoh, H.; Hashimoto, K.; Miyairi, K.; Okuno, T. Antifungal cyclodepsipeptides, W493 A and B, from Fusarium sp.:
Isolation and structural determination. Biosci. Biotechnol. Biochem. 1998, 62, 858-863. [CrossRef] [PubMed]

Brise, S.; Encinas, A.; Keck, J.; Nising, C.E. Chemistry and biology of mycotoxins and related fungal metabolites. Chem. Rev. 2009,
109, 3903-3990. [CrossRef] [PubMed]

Chen, S.; Qiang, S. Recent advances in tenuazonic acid as a potential herbicide. Pest. Bio. Phys. 2017, 143, 252-257. [CrossRef]
[PubMed]

Ezekiel, C.N.; Oyedele, A.O.; Kraak, B.; Ayeni, K.I; Sulyok, M.; Houbraken, J.; Krska, R. Fungal diversity and mycotoxins in low
moisture content ready-to-eat foods in Nigeria. Front Microbiol. 2020, 11, 615. [CrossRef] [PubMed]

Uka, V,; Cary, ].W.; Lebar, M.D.; Puel, O.; De Saeger, S.; Di Mavungu, ].D. Chemical repertoire and biosynthetic machinery of the
Aspergillus flavus secondary metabolome: A review. Compr. Rev. Food Sci. Food Saf. 2020, 19, 2797-2842. [CrossRef] [PubMed]
Ahmad, S.K,; Singh, P.L. Mycofloral changes and aflatoxin contamination in stored chickpea seeds. Food Add. Contam. 1991, 8,
723-730. [CrossRef] [PubMed]

Ahmad, L; Iftikhar, S.; Bhutta, A.R. Seed Borne Microorganism In Pakistan; A checklist; Pakistan Agricultural Research Council:
Islamabad, Pakistan, 1993; p. 32.

Javaid, A.; Bajwa, R.; Javaid, A.; Anjum, T. Fungi associated with seeds of pulses collected from Lahore and their effect on seed
germination. Mycopath 2005, 3, 13-16.

Dawar, S.; Syed, F.; Ghaffar, A. Seed borne fungi associated with chickpea in Pakistan. Pak. |. Bot. 2007, 39, 637-643.

Youssef, M.E,; El-Mahmoudy, E.M.; Abubakr, M.A.S. Mesophilic fungi and mycotoxins contamination of Libyan cultivated four
Fabaceae seeds. Res. |. Microbiol. 2008, 3, 520-534. [CrossRef]

Patil, D.P,; Pawar, P.V.; Muley, S.M. Mycoflora associated with Pigeon pea and Chickpea. Int. Multidiscip. Res. ]. 2012, 2, 10-12.
Aguaysol, N.C.; Acosta, M.E.; Gonzélez, V.; Fogliata, G.; De Lisi, V. Patégenos detectados en semillas de garbanzo (Cicer arietinumn)
en Tucuman y dreas de influencia. Av. Agroind. 2013, 34, 28-30.

Singh, V.K. Detection of mycoflora associated with Cicer arietinum L. seeds by agar plate method with PDA. Weekly Sci. Res. ].
2014, 1, 1-4.

Sontakke, N.R.; Hedawoo, G.B. Mycoflora associated with seeds of chickpea. Int. J. Life Sci. 2014, A2, 27-30.

Kumar, N. Food seed health of chickpea (Cicer arietinum L.) at Panchgaon, Guargaon, India. Adv. Crop Sci. Technol. 2016, 4, 229.
[CrossRef]

Warunde, S.N.; Mane, S.S.; Giri, G.K. Detection of seedborne myco-flora associated with chickpea. Int. ]. Pure App. Biosci. 2016, 4,
309-315. [CrossRef]

Menon, G. Mycoflora associated with farmer stored seeds of chickpea and pigeon pea collected from Satara. Asian J. Sci. Technol.
2017, 8, 6187-6191.

Assungao, R.; Silva, M.].; Alvito, P. Challenges in risk assessment of multiple mycotoxins in food. World Mycotoxin ]. 2016, 9,
791-811. [CrossRef]

Hong, S.-B.; Lee, M.; Kim, D.-H.; Varga, J.; Frisvad, J.C.; Perrone, G.; Gomi, K.; Yamada, O.; Machida, M.; Houbraken, ].; et al.
Aspergillus luchuensis, an industrially important black Aspergillus in East Asia. PLoS ONE 2013, 8, e63769. [CrossRef] [PubMed]
Bian, C.; Kusuya, Y.; Sklenaf, F.; D’hooge, E.; Yaguchi, T.; Ban, S.; Visagie, C.M.; Houbraken, J.; Takahashi, H.; Hubka, V. Reducing
the number of accepted species in Aspergillus series Nigri. Stud. Mycol. 2022, 102, 95-132. [CrossRef] [PubMed]

Han, D.M.; Baek, J.H.; Choi, D.G,; Jeon, M.S.; Eyun, S.I; Jeon, C.O. Comparative pangenome analysis of Aspergillus flavus and
Aspergillus oryzae reveals their phylogenetic, genomic, and metabolic homogeneity. Food Microbiol. 2024, 119, 104435. [CrossRef]
[PubMed]

Dwivedi, S.N. Effect of fungal invasion on sugar of gram (Cicer arietinum L.) seed during storage. Indian |. Mycol. Plant Path. 1989,
19,10-13.

Singh, K.; Singh, A K,; Singh, R.P. Detection of seed mycoflora of chickpea (Cicer arietinum L.). Ann. Pl. Protec. Sci. 2005, 13,
167-171.

Amule, R;; Sinch, R.; Gupta, O.; Raipuriya, N.; Gupta, PK. Study to detect seed borne mycoflora associated with chickpea (Cicer
arietinum L.) seeds. Int. . Curr. Microbiol. App. Sci. 2019, 8, 424-428. [CrossRef]

Tania, A.; Akram, A.; Hanif, N.Q.; Ajmal, M.; Seerat, W.; Nijabat, A.; Mahak, A. Proximate composition, fungal isolation and
contamination of aflatoxin Bl in chickpea seeds from Punjab, Pakistan. Nat. Prod. Res. 2022, 37, 3314-3322. [CrossRef] [PubMed]
Beccari, G.; Prodi, A.; Senatore, M.T.; Balmas, V.; Tini, F.; Onofri, A.; Pedini, L.; Sulyok, M.; Brocca, L.; Covarelli, L. Cultivation
area affects the presence of fungal communities and secondary metabolites in Italian durum wheat grains. Toxins 2020, 12, 97.
[CrossRef] [PubMed]


https://doi.org/10.1271/bbb.62.858
https://www.ncbi.nlm.nih.gov/pubmed/27392585
https://doi.org/10.1021/cr050001f
https://www.ncbi.nlm.nih.gov/pubmed/19534495
https://doi.org/10.1016/j.pestbp.2017.01.003
https://www.ncbi.nlm.nih.gov/pubmed/29183600
https://doi.org/10.3389/fmicb.2020.00615
https://www.ncbi.nlm.nih.gov/pubmed/32328050
https://doi.org/10.1111/1541-4337.12638
https://www.ncbi.nlm.nih.gov/pubmed/33337039
https://doi.org/10.1080/02652039109374030
https://www.ncbi.nlm.nih.gov/pubmed/1812019
https://doi.org/10.3923/jm.2008.520.534
https://doi.org/10.4172/2329-8863.1000229
https://doi.org/10.18782/2320-7051.2354
https://doi.org/10.3920/WMJ2016.2039
https://doi.org/10.1371/journal.pone.0063769
https://www.ncbi.nlm.nih.gov/pubmed/23723998
https://doi.org/10.3114/sim.2022.102.03
https://www.ncbi.nlm.nih.gov/pubmed/36760462
https://doi.org/10.1016/j.fm.2023.104435
https://www.ncbi.nlm.nih.gov/pubmed/38225047
https://doi.org/10.20546/ijcmas.2019.811.052
https://doi.org/10.1080/14786419.2022.2065674
https://www.ncbi.nlm.nih.gov/pubmed/35428423
https://doi.org/10.3390/toxins12020097
https://www.ncbi.nlm.nih.gov/pubmed/32028570

Foods 2025, 14, 2610 26 of 26

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

Senatore, M.T.; Prodi, A.; Tini, F; Balmas, V.; Infantino, A.; Onofri, A.; Cappelletti, E.; Oufensou, S.; Sulyok, M.; Covarelli, L.; et al.
Different diagnostic approaches for the characterization of the fungal community and Fusarium species complex composition
of Italian durum wheat grain and correlation with secondary metabolite accumulation. J. Sci. Food Agric. 2023, 103, 4503—4521.
[CrossRef] [PubMed]

Gomes, A.L.; Sousa, R.L.M.; das Neves, L.A.V.; da Gloria, E.M.; Burbarelli, M.E.C.; Seno, L.O.; Petrus, R.R.; Fernandes, A.M.
Occurrence and co-exposure of aflatoxins and fumonisins in conventional and organic corn. Food Control. 2024, 165, 110628.
[CrossRef]

Sacco, C.; Donato, R.; Zanella, B.; Pini, G.; Pettini, L.; Marino, M.F,; Rookmin, A.D.; Marvasi, M. Mycotoxins and flours: Effect
of type crop, organic production, packaging type on the recovery of fungal genus and mycotoxins. Int. J. Food Microbiol. 2020,
334, 108808. [CrossRef] [PubMed]

Mascarello, G.; Pinto, A.; Parise, N.; Crovato, S.; Ravarotto, L. The perception of food quality. Profiling Italian consumers. Appetite
2015, 89, 175-182. [CrossRef] [PubMed]

Magkos, E; Arvaniti, F.; Zampelas, A. Organic food: Buying more safety or just peace of mind? A critical review of the literature.
Crit. Rev. Food Sci. Nutr. 2006, 46, 23-56. [CrossRef] [PubMed]

Bennett, ].W.; Rubin, P.L.; Lee, L.S.; Chen, PN. Influence of trace elements and nitrogen sources on versicolorin production by a
mutant strain of Aspergillus parasiticus. Mycopathologia 1979, 69, 161-166. [CrossRef] [PubMed]

Nakazato, M.; Morozumi, S.; Saito, K.; Fujinuma, K.; Nishima, T.; Kasai, N. Production of aflatoxins and aflatoxicols by Aspergillus
flavus and Aspergillus parasiticus and metabolism of Aflatoxin B1 by aflatoxin-non-producing Aspergillus flavus. Eisei Kagaku 1991,
37,107-116. [CrossRef]

Gegan, R.M.; Chuturgoon, A.A; Mulholland, D.A.; Dutton, M.F. Synthesis of sterigmatocystin derivatives and their biotransfor-
mation to aflatoxins by a blocked mutant of Aspergillus parasiticus. Mycopathologia 1999, 144, 115-122. [CrossRef] [PubMed]
Rahman, M.A.H.; Selamat, J.; Samsudin, N.I.P; Shaari, K.; Mahror, N.; John, ]. M. Antagonism of nonaflatoxigenic Aspergillus
flavus isolated from peanuts against aflatoxigenic A. flavus growth and aflatoxin B1 production in vitro. Food Sci. Nutr. 2022, 10,
3993-4002. [CrossRef] [PubMed]

Barros, G.; Chiotta, M.L.; Torres, A.; Chulze, S. Genetic diversity in Aspergillus parasiticus population from the peanut agroecosys-
tem in Argentina. Appl. Microbiol. 2006, 6, 560-566. [CrossRef] [PubMed]

Ehrlich, K.C. Non-aflatoxigenic Aspergillus flavus to prevent aflatoxin contamination in crops: Advantages and limitations. Front.
Microbiol. 2014, 10, 5-50. [CrossRef] [PubMed]

Khan, R.; Ghazali, EM.; Mahyudin, N.A.; Samsudin, N.I.P. Biocontrol of aflatoxins using non-aflatoxigenic Aspergillus flavus: A
literature review. J. Fungi. 2021, 7, 381. [CrossRef] [PubMed]

Chang, P-K.; Ehrlich, K.C.; Hua, S.-S5.T. Cladal relatedness among Aspergillus oryzae isolates and Aspergillus flavus S and L
morphotype isolates. Int. ]. Food Microbiol. 2006, 108, 172-177. [CrossRef] [PubMed]

Toyotome, T.; Hamada, S.; Yamaguchi, S.; Takahashi, H.; Kondoh, D.; Takino, M.; Kanesaki, Y.; Kamei, K. Comparative genome
analysis of Aspergillus flavus clinically isolated in Japan. DNA Res. 2019, 26, 95-103. [CrossRef] [PubMed]

European Commission. Commission Regulation (EC) 1881/2006 of 19 December 2006 setting maximum levels for certain
contaminants in foodstuffs. Off. J. Eur. Un. 2006, L364, 5-24.

Gallo, P,; Imbimbo, S.; Alvino, S.; Castellano, V.; Arace, O.; Soprano, V.; Esposito, M.; Serpe, EP,; Sansone, D. Contamination by
aflatoxins B/G in food and commodities imported in Southern Italy from 2017 to 2020: A risk-based evaluation. Toxins 2021, 13,
368. [CrossRef] [PubMed]

Agenzia Regionale per la Protezione Ambientale Piemonte. Il Rischio Micotossine in Piemonte. Available online: https:
/ /www.slideshare.net/slideshow /il-rischio-micotossine-in-piemonte/11157365#1 (accessed on 25 February 2025).
Kronenberg, K. The safety and regulation of chickpeas, lentils, and field peas in farming and post-harvest operations. Food Prot.
Trends 2022, 42, 22-37. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1002/jsfa.12526
https://www.ncbi.nlm.nih.gov/pubmed/36828788
https://doi.org/10.1016/j.foodcont.2024.110628
https://doi.org/10.1016/j.ijfoodmicro.2020.108808
https://www.ncbi.nlm.nih.gov/pubmed/32835995
https://doi.org/10.1016/j.appet.2015.02.014
https://www.ncbi.nlm.nih.gov/pubmed/25681654
https://doi.org/10.1080/10408690490911846
https://www.ncbi.nlm.nih.gov/pubmed/16403682
https://doi.org/10.1007/BF00452829
https://www.ncbi.nlm.nih.gov/pubmed/530298
https://doi.org/10.1248/jhs1956.37.107
https://doi.org/10.1023/A:1007064304292
https://www.ncbi.nlm.nih.gov/pubmed/10481291
https://doi.org/10.1002/fsn3.2995
https://www.ncbi.nlm.nih.gov/pubmed/36348788
https://doi.org/10.1111/j.1472-765X.2006.01878.x
https://www.ncbi.nlm.nih.gov/pubmed/16706892
https://doi.org/10.3389/fmicb.2014.00050
https://www.ncbi.nlm.nih.gov/pubmed/24575088
https://doi.org/10.3390/jof7050381
https://www.ncbi.nlm.nih.gov/pubmed/34066260
https://doi.org/10.1016/j.ijfoodmicro.2005.11.008
https://www.ncbi.nlm.nih.gov/pubmed/16430983
https://doi.org/10.1093/dnares/dsy041
https://www.ncbi.nlm.nih.gov/pubmed/30520983
https://doi.org/10.3390/toxins13060368
https://www.ncbi.nlm.nih.gov/pubmed/34067264
https://www.slideshare.net/slideshow/il-rischio-micotossine-in-piemonte/11157365#1
https://www.slideshare.net/slideshow/il-rischio-micotossine-in-piemonte/11157365#1
https://doi.org/10.4315/FPT-21-007

	Introduction 
	Materials and Methods 
	Marketed Chickpea Seed Samples 
	Isolation and Molecular Identification of the Fungal Microorganisms Belonging to the Aspergillus and Penicillium Genera Associated with the Marketed Chickpea Seed Samples 
	Analysis of Fungal Secondary Metabolites in the Marketed Chickpea Seed Samples and Determination of Secondary Metabolite Profile Produced In Vitro by Selected Fungal Isolates 
	DNA Quantification of Aflatoxigenic Aspergillus Species in Chickpea Seed Samples by qPCR 
	Statistical Analysis 

	Results 
	Fungal Microorganisms Associated with the Marketed Chickpea Seed Samples 
	Molecular Identification of the Fungal Isolates Belonging to the Aspergillus and Penicillium Genera Associated with the Marketed Chickpea Seed Samples 
	Fungal Secondary Metabolites in Marketed Chickpea Seed Samples and in In Vitro Cultures of Potentially Aflatoxigenic Aspergillus Isolates 
	Potentially Aflatoxigenic Aspergillus Species Quantified by qPCR in the Marketed Chickpea Seed Samples and Comparison of qPCR with Isolation Results 

	Discussion 
	References

