
Academic Editor: Hector M.

Mora-Montes

Received: 19 September 2024

Revised: 11 October 2024

Accepted: 15 October 2024

Published: 6 January 2025

Citation: Gherbawy, Y.A.; Abdel

Fattah, K.E.; Altalhi, A.; Ioan, P.;

Hussein, M.A. Detection of

Mycotoxins and Aflatoxigenic Fungi

Associated with Compound Poultry

Feedstuffs in Saudi Arabia. Microbiol.

Res. 2025, 16, 11. https://doi.org/

10.3390/microbiolres16010011

Copyright: © 2025 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license

(https://creativecommons.org/

licenses/by/4.0/).

Article

Detection of Mycotoxins and Aflatoxigenic Fungi Associated
with Compound Poultry Feedstuffs in Saudi Arabia
Youssuf A. Gherbawy 1,2,*, Karima E. Abdel Fattah 1,2, Abdullah Altalhi 3, Pet Ioan 4,*
and Mohamed A. Hussein 1,2

1 Botany and Microbiology Department, Faculty of Science, South Valley University, Qena 83523, Egypt;
karimaelsyed83@yahoo.com (K.E.A.F.); m.hussein@sci.svu.edu.eg (M.A.H.)

2 Applied and Environmental Microbiology Center, Faculty of Science, South Valley University,
Qena 83523, Egypt

3 Department of Biology, College of Science, Taif University, P.O. Box 11099, Taif 21944, Saudi Arabia;
altalhi@tu.edu.sa

4 Biotechnology Department, Faculty of Bioengineering and Animal Resources, University of Life Sciences
“King Mihai I” from Timisoara, Calea Aradului, No. 119, 300645 Timisoara, Romania

* Correspondence: youssuf.gherbawy@svu.edu.eg (Y.A.G.); ioanpet@usvt.ro (P.I.)

Abstract: Poultry feeds with cereal grain-based constituents are vulnerable to fungal con-
tamination during the processing and storage stages. A total of 100 samples of compound
poultry feedstuffs were collected from the cities of Riyadh, Alhassa, Qassim, and Jeddah
in Saudi Arabia. A quantitative enumeration of fungal colony-forming units (CFUs) was
performed on Dichloran Rose Bengal Chloramphenicol Agar (DRBC) and Czapek Iprodi-
one Dichloran Agar (CZID) media. Aspergillus flavus was the most predominant species,
accounting for 18.714 × 103 and 3.956 × 103 CFU/g, with frequencies of 84 and 42% in
the feed samples on DRBC and CZID media, respectively. The levels of different myco-
toxins were estimated by the HPLC technique. One hundred percent of the compound
poultry feedstuff samples were contaminated by mycotoxins such as AFB1, AFB2, AFG1,
AFG2, FB1, DON, T2, OTA, and ZEN. Aflatoxins were recorded in 84% of the tested sam-
ples, of which 70 samples were contaminated by AFB1, ranging from 0.03 to 0.40 µg/kg.
The aflatoxin analysis of the fungal species revealed that 89% and 100% of A. flavus and
A. parasiticus isolates were aflatoxigenic, and all of them exhibited the presence of the aflR,
omt-1, ver-1, and nor-1 genes. According to the PCR protocol based on FLA1, two primers
were successful in directly and rapidly detecting A. flavus in the poultry feedstuff samples.

Keywords: Aspergillus; aflatoxigenic; aflatoxin B1; genes; feed; poultry

1. Introduction
The major ingredients in poultry feed are cereals, cereal byproducts, oilseed meal, and

livestock feed. Cereals are added to poultry feed as a source of energy, while proteins may
originate from plant sources, such as soybean and peanut, or animal sources, such as fish
and bone meal [1]. Cereals and forage are more susceptible to fungal contamination in the
field and during processing, storage, and transportation when environmental conditions are
appropriate for fungal growth [2]. Fungal contamination affects the quality of feeds, causes
infectious diseases in birds, and reduces their ability to consume feed, resulting in a decline
in productivity [3]. Aspergillus, Eurotium, Fusarium, and Penicillium are considered the
main agents responsible for poultry feed contamination, which subsequently leads to the
presence of various mycotoxins [4]. Aflatoxins (AFs), fumonisins (FBs), and trichothecenes,
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mainly deoxynivalenol (DON), zearalenone (ZEN), ochratoxins (OTAs), and patulin, are
considered the most common mycotoxins found in feed and food [5,6].

Among Aspergillus sp., A. flavus and A. parasiticus receive significant attention in
relation to poultry contamination due to their potential for aflatoxin production [7,8].
Poultry are highly susceptible to mycotoxicoses caused by aflatoxins and ochratoxins [9].
Toxigenic Aspergillus flavus isolates generally produce aflatoxins B1 and B2 [10]. The major
AFs often detected in food and feed are AFB1, AFB2, AFG1, and AFG2. They are mainly
produced by A. flavus and A. parasiticus under poor storage conditions coupled with warm
and humid weather [11,12]. Aflatoxin B1 has been reported to be the most prevalent
AF in Kenyan poultry feeds [13]. Most mycotoxicosis cases in poultry are caused by the
intake of low concentrations of contaminants over a long period of time, which leads
to the typical chronic symptoms of poor growth, poor feed efficiency, and suboptimal
production [14]. Ochratoxins are another group of mycotoxins that are produced by several
species of Aspergillus and Penicillium; these include certain members of the Aspergillus niger
and Aspergillus ochraceus group and Penicillium verrucosum [15–17]. According to several
authors, other mycotoxins, such as zearalenone, T2-toxin, deoxynivalenol, fumonisins, and
patulin, can be considered commonly found in feed and food and are produced by fungal
species attributed to Fusarium, Aspergillus, and Penicillium [18–20].

A PCR-based protocol is the most accurate and rapid diagnostic method for fungal
detection [21]. Several attempts have been made at achieving the specific detection of
aflatoxigenic species in food and feed. Amplified fragment length polymorphism (RFLP)
has been successfully employed for the detection and differentiation of A. flavus and
A. parasiticus in contaminated peanuts [22]. However, a primer-specific technique remains
the best choice for fungal detection. To date, the sensitivity of different primer pairs has
been evaluated for the detection of A. flavus to determine the best primers for the specific
diagnosis of A. flavus [23,24].

Our work aimed to determine the fungal load and mycotoxin concentrations in com-
pound feed poultry samples collected from different areas in Saudi Arabia. The quantitative
exploration of the aflatoxin potential in aflatoxigenic species was conducted using molecu-
lar tools for the direct detection of A. flavus in feed samples.

2. Materials and Methods
2.1. Sample Collection and Handling Strategy

Qassim Province (25◦48′23′ ′ N 42◦52′24′ ′ E) accounts for about 33 percent of the total
Saudi chicken meat production, followed by Riyadh (24◦38′ N 46◦43′ E) at 15 percent and
Alhassa (25◦25′46′ ′ N 49◦37′19′ ′ E) and Jeddah (21◦32′36′ ′ N 39◦10′22′ ′ E) at less than 2%.
One hundred samples (each about 5 Kg) of compound poultry foodstuffs (domestically
produced) were gathered from feed factories and fodder markets in the Riyadh, Alhassa,
Qassim, and Jeddah regions, Saudi Arabia (25 samples from each region).

Each sample was homogenized, milled, and partitioned into 1 kg laboratory samples.
The analysis and identification of natural mycobiota were conducted the day after collection.
Another portion of the samples was stored at −20 ◦C for up to one week for mycotoxin
analysis [25].

2.2. Enumeration, Isolation, and Identification of Fungi

Quantitative enumeration of fungal colony-forming units (CFUs) was performed on
two different media by the surface-spread Twenty grams of ground sample was soaked in
100 mL of sterile saline water method [26,27]. (0.9%) containing 0.02% Tween 80 and shaken
for 30 min. From the serial dilutions (from 101 to 105), 100 µL aliquots were inoculated
onto three plates of Dichloran Rose Bengal Chloramphenicol Agar (DRBC) and Czapek
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Iprodione Dichloran Agar (CZID). The plates were then incubated at 28 ◦C for 7 days.
Plates with 10–100 CFU were used for enumeration, and the results are expressed as CFUs
per gram of sample. However, in samples with a low level of fungal contamination, plates
with less than 10 CFUs at the lowest tested dilution (10−1) were recorded.

Pure cultures were obtained by transferring hyphal tips to Malt extract agar with
penicillin G and chloramphenicol (MEApc, 75 mg/L MEA). Isolates were maintained on
MEApc at 4 ◦C and were identified by macroscopic and microscopic observations. For the
identification of the isolated fungi, the book by Pitt and Hoching [28] was used.

2.3. Molecular Identification of Fungal Isolates
2.3.1. DNA Isolation

Fungal inoculum was mixed in a tube with 2 mL of potato dextrose broth (PDB),
vortexed for spore dispersal, and used to inoculate flasks containing 100 mL PDB. Flasks
were incubated at room temperature without shaking for 2 to 3 days. The mycelium was
harvested by filtration, lyophilized, and stored at −80 ◦C. The mycelium was ground in
liquid nitrogen in a sterile mortar to obtain a mycelium powder. DNA was extracted from
20 mg of mycelium powder using a DNeasy plant mini kit, Qiagen Company (Hilden,
Germany). The quality and quantity of DNA were checked by electrophoresis on a 0.8%
agarose gel, revealed with ethidium bromide, and visualized by UV trans-illumination [29].

2.3.2. ITS Region Sequencing

To confirm morphological identity, representative strains belonging to Aspergilli and
its teleomorph species were subjected for molecular identification by amplifying the internal
transcribed spacer (ITS) region with the primers ITS1-F (CTTGGTCATTTAGAGGAAGTAA)
and ITS4 (TCCTCCGCTTATTGATATGC) [30,31]. PCRs were conducted in a final volume
of 50 µL by mixing 2 µL of DNA with 0.5 µM of each primer, 150 µM of dNTP, 1 U of
Taq DNA polymerase (Promega), and PCR buffer, and the final volume was completed
with PCR water. PCR was conducted with the following conditions; 3 min at 94 ◦C as
initial denaturation, followed by 35 cycles at 94 ◦C for 1 min, 50 ◦C for 1 min, 72 ◦C
for 1 min, and a final extension of 10 min at 72 ◦C. Electrophoresis with 1.2% agarose
gel revealed with ethidium bromide was used to check the PCR products. The PCR
products were purified by ExoSAP-IT (USB Corporation, under license from GE Healthcare,
Cleveland, OH, USA) based on the manufacturer’s instructions. The purified products
were sequenced using an automated DNA sequencer (ABI PRISM 3700) using the Big
Dye Deoxy Terminator cycle-sequencing kit (Applied Biosystems, Foster City, CA, USA)
following the manufacturer’s instructions.

To compare the resulting sequences, the obtained sequences were blasted against the
GenBank database using the BLAST software on the NCBI website (http://www.ncbi.nlm.
nih.gov/BLAST/, accessed on 15 October 2023). The sequences obtained in this study were
deposited in GenBank with the accession numbers indicated in Table 1.

Table 1. Mycotoxin potential of fungal species isolated from compound poultry feedstuff samples
collected from Riyadh, Alhassa, Qassim, and Jeddah areas.

Fungal
Species

Riyadh Alhassa Qassim Jeddah Accession
NumbersTS AF FB1 OTA TS AF FB1 OTA TS AF FB1 OTA TS AF FB1 OTA

A. candidus 14 7 0 0 10 5 0 0 13 6 0 0 13 7 0 0 HG964323

A. clavatus 6 0 0 0 4 0 0 0 0 0 0 0 2 0 0 0 HG964324

A. flavus 23 23 0 0 20 18 0 0 18 18 0 0 23 23 0 0 HG964325

A. fumigatus 6 0 0 0 3 0 0 0 0 0 0 0 3 0 0 0 HG964326

A. niger 17 2 3 7 12 3 2 8 9 3 3 9 15 0 5 10 HG964327

http://www.ncbi.nlm.nih.gov/BLAST/
http://www.ncbi.nlm.nih.gov/BLAST/
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Table 1. Cont.

Fungal
Species

Riyadh Alhassa Qassim Jeddah Accession
NumbersTS AF FB1 OTA TS AF FB1 OTA TS AF FB1 OTA TS AF FB1 OTA

A. ochraceus 2 0 0 2 0 0 0 0 1 0 0 1 4 0 0 4 HG964328

A. parasiticus 4 4 0 0 1 1 0 0 1 1 0 0 3 3 0 0 HG964329

A. sydowii 2 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 HG964330

A. terreus 3 2 0 0 1 0 0 0 2 2 0 0 3 0 0 0 HG964331

A.ustus 2 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 HG964332

A. versicolor 2 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 HG964333

E. nidulans 2 0 0 0 3 0 0 0 4 0 0 0 4 0 0 0 HG964343

E. amstelodami 8 5 0 0 9 3 0 0 11 6 0 0 19 10 0 0 HG964345

E. chevalieri 6 4 0 0 9 3 0 0 13 7 0 0 14 7 0 0 HG964346

E. repens 1 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 HG964347

E. rubrum 2 0 0 0 2 0 0 0 0 0 0 0 1 0 0 0 HG964348

TS, tested strain; AF, aflatoxin; FB1, fumonisin; OTA, ochratoxinA.

2.3.3. Determining Mycotoxins in the Collected Samples

All mycotoxin standards (>99% purity) were from Sigma Aldrich (St. Louis, MO, USA).
HPLC-grade water was obtained from water passed through a MilliQ water purification
system (Millipore Ltd., Bedford, MA, USA) [32]. Whole samples were thoroughly triturated
using a homogenizer. After that, 2.5 g of triturated samples was accurately weighed
(precision 0.1 mg) and transferred to centrifuge tubes (50 mL). Samples were extracted
by shaking with 10 mL ACN/water (80:20) on a mechanical shaker for 90 min and then
centrifuged at 4000 rpm for 10 min. Afterwards, the supernatant extract was diluted
two-fold with HPLC-grade water, taking an aliquot of 5 mL and diluting it to 10 mL. After
filtration through a 0.22 µm syringe nylon filter (Iso-disc, Supelco), 20 µL was directly
injected into the LC/ESI-MS system. Calibration was performed using matrix-matched
standards prepared from a two-fold diluted blank extract. Fortification of samples for
recovery experiments was performed by delivering 1 mL of 1.25, 5, 50, 500 µg/L mixture of
standard solutions to 2.5 g homogenized blank sample in order to yield fortification levels
of 0.5, 2, 20, and 200 µg/kg, respectively. These fortified samples were equilibrated for 1 h
prior to extraction [33]. A standard curve was constructed using HPLC absorbance readings
of the total aflatoxin standards (0, 2, 0.06, 0.2, 0.6, and 1.5 ng/mL) to determine aflatoxin
concentrations in ppb. Absorbance readings and concentrations of the standard solutions
were entered into a Microsoft Excel 2016 spreadsheet, and a standard curve was generated
(Supplementary Data). From this standard curve, concentrations of aflatoxins in the
corresponding samples were calculated using the equation of the line: y = 6.9843x − 18.03
(for B1), y = 3.6042x + 24.259 (B2), y = 6.0604x − 127.98 (G1), and y = 5.9011x + 14.716 (G2),
where y = optical density and x = aflatoxin concentration. The limit of detection (LOD) was
0.02 µg/kg.

2.4. Detection and Quantification of Mycotoxins in Fungal Isolates

All tested isolates were grown on SKMY medium (200 g sucrose, 0.5 g magnesium
sulfate, 3 g potassium nitrate, 7 g yeast extract, and 1 L of distilled water) for 10 days
at 25 ± 2 ◦C [34]. After incubation, the whole flask content was placed in a high-speed
blender containing 5 g sodium chloride, blended for 2–3 min, and then filtered through a
glass filter paper. A total of 100 mL of the filtered fungal isolate was centrifuged at 3500× g
for 10 min at 4 ◦C. The upper layer was removed and discarded samples were further
diluted 20 times (v/v) with deionized water. The suspension was filtered using a Millipore
(0.45 µm in diameter) and the filtrate was centrifuged at 2700× g for 15 min at 15 ◦C. The
upper layer was removed and the aqueous–methanol layer (100 µL) was added to 0.01 M
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PBS (900 µL, dilution 1:10). The content of aflatoxins was analytically determined by HPLC
using 100 µL of this solution.

2.5. Molecular Detection of Aflatoxin-Producing Genes in Aspergillus flavus

The isolation of DNA from mycelia was performed according to the method described
by [35]. Four published primer sets were used for the specific detection of the nor-1, ver-
1, omt-A, and aflR genes [36]. The 400, 537, 797, and 1032 bp fragments were amplified,
respectively. A typical PCR was carried out under the following conditions: 5 µL of genomic
DNA was used as template (2 µg ml−1) with 0.5U EuroTaq polymerase (Euroclone, Pero-
Milan, Italy), 1x reaction buffer, 2.5 mM MgCl2, 200 µM each dNTP, and 7.5 pmol each
primer in a total reaction volume of 50 µL. A total of 35 PCR cycles were performed, with
the following temperature regimen: 95 ◦C,1 min; 65 ◦C, 30 s; 72 ◦C, 30 s for the first cycle;
and 94 ◦C, 30 s; 65 ◦C, 30 s; 72 ◦C, 30 s for the 34 remaining cycles [36]. PCR products were
separated on a 1.3% (wt/vol) agarose gel stained with ethidium bromide.

2.6. Molecular Detection of Aspergillus flavus in Compound Poultry Foodstuff Samples

Fungal DNA was isolated from compound poultry foodstuff samples ready for feeding
by enrichment technique. One gram of the sample was cultured in Erlenmeyer flasks
containing 50 mL of Potato Dextrose Broth (PDB) tubes, which were incubated at 30 ◦C for
24 h in an orbital shaker (140 rpm). DNA extraction was carried out starting from 200 mg
of filtered culture frozen with liquid nitrogen and ground using a mortar and a pestle. All
extractions were carried out in triplicate [37]. Elution was carried out in one step by adding
100 µL of elution buffer (TE). Specific PCR assays were carried out using the primers FLA1
(5′-GTAGGGTTCCTAGCGAGCC-3′) and FLA2 (5′-GGAAAAAGATTGATTTGCGTTC-3′)
for A. flavus. The PCR amplification protocol for A. flavus was as follows: 1 cycle of 5 min at
95 ◦C, 26 cycles of 30 s at 95 ◦C, 30 s at 58 ◦C, 45 s at 72 ◦C and, finally, 1 cycle of 5 min at
72 ◦C. PCR products were separated on 1.3% (wt/vol) agarose gel stained with ethidium
bromide. Samples positive for Aspergillus flavus showed 500 bp size PCR products [38].

3. Results
3.1. Mycobiota of Various Compound Poultry Feedstuff Samples

The isolation of fungal species was carried on DRBC and CZID media. The isolated
fungi were identified based on morphological criteria and the identification was confirmed
molecularly by sequencing internal transcribed spacer (ITS) regions of representative sam-
ples of the collected fungal species. The resulting sequences were deposited in GenBank
with the accession numbers shown in Table 1. Samples from Riyadh were more contam-
inated than those from other regions on DRBC media (7.485 × 103 CFU/g) and Jeddah
samples on CZID media (1.421 × 103 CFU/g). Fifteen fungal species attributed to two
genera were recovered from 100 samples of compound poultry feedstuffs gathered from
four regions in Saudi Arabia. Aspergillus, represented by 11 species, was the most common
genus isolated from the different compound poultry feedstuff samples, with average total
counts of 18.714 × 103 and 3.956 × 103 CFU/g on DRBC and CZID media, respectively.
Aspergillus flavus was the predominant species isolated from 84% and 42% of the samples on
DRBC and CZID media, respectively. In the second place came A. niger, isolated from 44%
and 17% of the samples on the same media. The frequencies of A. candidus, E. amstelodami,
and E. chevalieri isolated from the tested samples fluctuated in the ranges of 42–50% and
5–12% on DRBC and CZID media, respectively. The remaining species were isolated in low
or rare frequencies of occurrence (Figures 1 and 2).
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3.2. Naturally Occurring Mycotoxins in Compound Poultry Feedstuff Samples

The contamination of poultry feedstuff samples with AFB1, AFB2, AFG1, AFG2,
FB1, DON, T-2, OTA, and ZEN mycotoxins was evaluated (Table 2). Data indicated that
100% of the tested feedstuff samples were contaminated with mycotoxins, and at least
two mycotoxins were detected in each sample. Also, the data clarified that aflatoxin (B1)
was the most frequent mycotoxin, followed by ochratoxin A and fumonisins (FB1), whereas
T-2 came in the last place (Figure 3).

Table 2. Mycotoxin analysis (µg/kg−1) in 100 compound poultry feedstuff samples collected from
Riyadh, Alhassa, Qassim, and Jeddah areas.

Mycotoxins Positive (%) Range (µg/kg−1) Mean (µg/kg−1)

Aflatoxin B1 70 (70%) 0.03–0.4 0.18

Aflatoxin B2 20 (20%) 0.33–0.55 0.42

Aflatoxin G1 17 (17%) 0.45–0.99 0.87

Aflatoxin G2 22 (22%) 2.43–4.88 4.12

Fumonisin (FB1) 56 (56%) 10.54–1043 461.75

Deoxynivalenol (DON) 38 (38%) 240–49,380 1751.36

Trichothecene (T-2) 6 (6%) 35.4–48.3 40.91

Ochratoxin (OTA) 62 (62%) 6.8–14.8 12.32

Zearalenone (ZEN) 41 (41%) 22–57 43.36
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Aflatoxins were recorded in 84% of feedstuff samples, of which seventy samples (70%)
were contaminated with AFB1, in amounts ranging from 0.03 to 0.40 µg/kg. Twenty sam-
ples contained AFB2, at levels of 0.33–0.55 µg/kg; on the other hand, seventeen samples
were contaminated with AFG1, at estimated levels of 0.45–0.99 µg/kg. AFG2 was de-
tected in twenty-two samples, with a concentration of 2.43–4.88 µg/kg. Ochratoxin A
and fumonisins (FB1) were identified in 62% and 56% samples, with average amounts of
12.32 and 461.75 µg/kg, respectively. In addition, 38 and 41 samples were contaminated
with deoxynivalenol and zearalenone, with levels ranging from 240 to 49,380 and 22 to
57 µg/kg, respectively. Further, T-2 was detected in six of the collected specimens, with
average amounts equal to 40.91 µg/kg−1 (Table 2).

3.3. Detection of Aflatoxin Potentials for Isolated Fungal Species

The mycotoxin potential of the collected isolates, belonging to 16 species of Aspergillus
and its teleomorph species, was studied (Table 1). The data indicated that the isolates
belonging to A. clavatus, A. fumigatus, A. sydowii, A.ustus, A. versicolor, E. nidulans, E. repens,
and E. rubrum failed to give any detectable amounts of the tested mycotoxins (Table 1).

Among the fungal isolates collected from the Riyadh area, 18 out of 23 Aspergillus
flavus isolates were aflatoxigenic (Table 3). Fourteen isolates were able to produce AFB1,
with levels ranging from 8.5 to 20.5 PPb. Eleven isolates showed AFB2 production abilities,
with levels ranging from 3.6 to 12.4 PPb. Only one isolate showed the ability to produce
AFG1 and AFG2. Among the tested A. parasiticus, 100% showed different aflatoxin (AFB1,2,
AFG1,2) potentials with amounts of 0.3–34.5 PPb. A total of 11.7–50% of A. candidus, A. niger,
A. terreus, E. amstelodami, and E. chevalieri isolates were AFB1 (1.1–0.4 PPb).

Among isolates collected from the Alhassa region, 18 isolates of Aspergillus flavus were
aflatoxigenic and produced AFB1, at levels ranging from 5.5 to 21.5 PPb, while only 4 of the
positive isolates were AFB2 producers (4.2–8.3 PPb). Aspergillus parasiticus was represented
by a single isolate; this isolate produced AFB1 (20.5 PPb), AFB2 (15.4), AFG1 (2.5), and
AFG2 (1.5). Half of the isolates belonging to Aspergillus candidus, 25% to A. niger, 33.3%
to Eurotium amstelodami, and 22.2% to E. chevalieri only produced AFB1 at very low levels
(Table 3).
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Table 3. Different aflatoxin potentials of fungal species isolated from compound poultry feedstuff
samples collected from Riyadh, Alhassa, Qassim, and Jeddah areas.

Region A. candidus A. flavus A. niger A. parasiticus A. terreus E.amstelodami E. chevalieri

Riyadh

TS(PS) 14 (7) 23 (18) 17 (2) 4 (4) 3 (2) 8 (4) 6 (3)

AFB1 7 (1.1) 15 (8.5–20.5) 2 (0.3–0.4) 4 (16.4–43.5) 2 (0.2–0.3) 4 (0.2–0.3) 3 (0.2–0.4)

AFB2 0 11 (3.6–12.4) 0 4 (13.6–18.5) 0 1 (0.2) 1 (0.2)

AFG1 0 1 (8.2) 0 4 (0.45–15.4) 0 0 1 (0.1)

AFG2 0 1 (5.5) 0 4 (0.3–13.5) 0 0 0

Alhassa

TS(PS) 10 (5) 20 (18) 12 (3) 1 (1) 0 9 (3) 9 (2)

AFB1 5 (0.1–0.4) 18 (5.5–21.5) 3 (0.2–0.4) 20.5 0 3 (0.1–0.3) 2 (0.2–0.3)

AFB2 0 4 (4.2–8.3) 0 15.4 0 0 0

AFG1 0 0 0 2.5 0 0 0

AFG2 0 0 0 1.5 0 0 0

Qassim

TS(PS) 13 (6) 18 (18) 9 (3) 1 (1) 2 (2) 11 (6) 13 (7)

AFB1 6 (0.1–0.5) 16 (10.5–20.4) 3 (0.1–0.4) 20.6 2 (0.1) 6 (0.1–0.6) 7 (0.1–0.3)

AFB2 0 7 (4.3–10.5) 0 15.5 0 0 0

AFG1 0 0 0 11.3 0 0 0

AFG2 0 0 0 18.4 0 0 0

Jeddah

TS(PS) 13 (7) 23 (23) 15 (4) 3 (3) 3 (2) 19 (9) 14 (7)

AFB1 7 (0.2–0.5) 20 (25.5–43.5) 4 (0.3–0.6) 3 (41.5–53.5) 2 (0.1) 9 (0.1–0.3) 7 (0.1–0.6)

AFB2 0 13 (8.5–15.6) 0 3 (18.5–24.5) 0 0 0

AFG1 0 0 0 3 (5.5–11.3) 0 0 0

AFG2 0 0 0 3 (4.3–8.5) 0 0 0

TS, tested strain; PS, positive strains.

Sixteen isolates of A. flavus collected from Qassim were able to produce AFB1 at levels
from 10.5 to 20.4 PPb, and seven isolates were AFB2 producers (4.3 to 10.5 PPb). The tested
isolates of A. parasiticus exhibited different aflatoxin potentials, with amounts of 20.6 PPb
for AFB1, 15.5 PPb for AFB2, 11.3 PPb for AFG1, and 18.4 PPb for AFG2. Six isolates of
Aspergillus candidus, three of A. niger, two of A. terreus, six of Eurotium amstelodami, and
seven of E. chevalieri showed a capacity for AFB1 production with amounts 0.1 to 0.6 PPb
(Table 3).

Concerning the fungal isolates belonging to the Jeddah region, 20 isolates of Aspergillus
flavus were aflatoxigenic and showed AFB1 potential, with amounts ranging from 25.5 to
43.5 PPb, while 13 isolates were AFB2 producers (8.5 to 15.6 PPb). A. parasiticus, represented
by three isolates, produced the four tested aflatoxins with the following amounts: AFB1
(41.5 to 53.5 PPb); AFB2 (18.5 to 24.5); AFG1 (5.5 to 11.3); and AFG2 (4.3 to 8.5). The re-
maining tested isolates—Aspergillus candidus (7 isolates), A. niger (4), A. terreus (2), Eurotium
amstelodami (9), and E. chevalieri (7)—exhibited AFB1 production abilities with quantities
ranging from 0.1 to 0.6 PPb (Table 3).

3.4. Survey of Aflatoxin Biosynthetis Genes

Eighty-three isolates of Aspergillus flavus and nine of Aspergillus parasiticus were iso-
lated from different feedstuff samples and tested for the presence of aflatoxin biosynthesis
genes (aflR, omt-A, ver-1, and nor-1) (Table 4). Out of the 83 isolates belonging to A. flavus,
74 (89%) were able to produce aflatoxins, while all Aspergillus parasiticus isolates were
aflatoxigenic. Polymerase chain reaction (PCR) was applied using four sets of primers for
different genes involved in the aflatoxin biosynthetic pathway. Bands of fragments of aflR,
omt-1, ver-1, and nor-1 genes were visualized at 1032, 797, 537, and 400 bp, respectively.
All aflatoxigenic producers among Aspergillus flavus and A. parasiticus isolates showed
the presence of the complete set of the examined aflatoxin biosynthesis genes, while the
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non-aflatoxigenic isolates showed different patterns of DNA, indicating that at least one
gene was missing (Table 4).

Table 4. Frequency of aflatoxin biosynthesis genes in Aspergillus flavus and Aspergillus parasiticus
isolated from different compound poultry feedstuff samples collected from Riyadh, Alhassa, Qassim,
and Jeddah areas.

Fungal
Species

Strains
Code

Source of
Isolation

Total
Aflatoxin

Aflatoxin Genes

aflR omt-A ver-1 nor-1

Aspergillus
flavus

AfR1-18 Riyadh + + + + +

AfR19 Riyadh − + + + +

AfR20 Riyadh − − + + +

AfR21 Riyadh − − − + +

AfR22 Riyadh − − − − +

AfR23 Riyadh − − − + −
AfA1-18 Alhassa + + + + +

AfA19 Alhassa − + + + +

AfA20 Alhassa − − + + +

AFQ1-16 Qassim + + + + +

AFQ17 Qassim − − − + +

AFQ18 Qassim − − + − −
AfJ1-20 Jeddah + + + + +

AfJ21 Jeddah − + + + +

AfJ22 Jeddah − − + + +

AfJ23 Jeddah − + − − −

A. parasiticus

ApR1-4 Riyadh + + + + +

ApA1 Alhassa + + + + +

ApQ1 Qassim + + + + +

ApJ1-3 Jeddah + + + + +

3.5. Molecular Detection of Aspergillus flavus in Compound Poultry Feedstuff Samples

The most heavily contaminated samples and some Aspergillus flavus-free samples were
subjected to enrichment techniques to isolate the total genomic DNA of contaminating
fungal species. The collected DNA samples were amplified by FLA1 and FLA2 primers to
detect the presence of Aspergillus flavus in the tested samples. The heavily contaminated
samples showed PCR products at 500 bp, indicating the presence of the tested fungus,
while no amplicon was scored for A. flavus-free samples (Figure 4).
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Figure 4. Agarose gel electrophoresis of PCR products of DNA fragments specific for Aspergillus
flavus using FLA1 and FLA2 primers. Lane 1: representative sample collected from Riyadh; lane 2:
representative sample from Alhassa; lane 3: positive control; lane 4: representative sample from
Qassim; lane 5: representative sample from Jeddah; lane 6: Aspergillus flavus-free sample; lane 7:
negative control. M: DNA marker.
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4. Discussion
Fifteen fungal species attributed to Aspergillus and its teleomorph species were isolated

from different compound poultry feedstuff samples collected from Riyadh, Alhassa, Qassim,
and Jeddah areas. Aspergillus was the most frequent genus, with counts of 1.8 × 103 and
3.9 × 102 CFU/g on DRBC and CZID media, respectively. Magnoli et al. [39] enumerated
Aspergillus groups in poultry feeds from Argentina. Their results showed that the mean
value counts of Aspergillus ranged from 1 × 103 to 9.5 × 104 CFU/g. Dalcero et al. [40]
isolated Apergillus from 85% of poultry feedstuff samples. In Spain, Accensi et al. [41]
reported that Aspergillus spp. (including teleomorphs) were isolated from 77.7% of poultry
feedstuff samples and ranged from non-detectable to 5.3 × 106 CFU/g, with a mean value
of 2.2 × 104 CFU/g. On average, Aspergillus spp. comprised 15.6% of the total fungal
population. Total counts of the genus Aspergillus were 4.05 × 105 CFU/g in poultry feedstuff
samples collected in Brazil [42]. Aspergillus’ occurrence in our compound feed samples is in
agreement with the results reported by other authors [40,43,44].

Aspergillus flavus, followed by A. niger, were the most prevalent species of aspergilli
and its teleomorph species in the investigated samples, and Jeddah samples were the
most contaminated with those species. Aspergillus candidus, Eurotium amstelodami, and
E. chevalieri were recovered with moderate frequencies, and other fungal species were
isolated with low or rare frequencies. This finding is agreement with Viegas et al. [45],
who indicated that A. flavus was recovered in 90% of samples from poultry farms and
feed manufacturers. In different countries, A. flavus was the most contaminating fungus
for poultry feed samples [42,46,47]. Magnoli et al. [39] reported that the predominant
species of Aspergillus isolated from poultry feeds were A. flavus and A. parasiticus, while
A. candidus, A. fumigatus, A. niger, A. orizae, A. parvulus, A. tamari, and A. terreus were less
frequently isolated. They showed that total counts for A. candidus, A. flavus, A. fumigates,
A. niger, A. parasiticus, and A. terreus ranged from 1 × 103–1.2 × 105. Accensi et al. [41]
isolated E. amstelodami and E. chevalieri from compound poultry feedstuff samples with
occurrences of 45.6 and 51.7%, respectively. In many other studies, Eurotium spp. were the
most abundant species in compound feed samples [39,43,47].

The contamination of agriculture commodities used in the preparation of poultry
feed with toxigenic fungi may lead to mycotoxins increasing and reaching harmful levels
for farm animals and consequently for humans. Poultry feed is frequently contaminated
by mycotoxins. For this reason, poultry could be subject to mycotoxicoses [18,48]. Our
results showed that all samples of compound poultry feedstuffs were contaminated by
mycotoxins and all the tested specimens contained at least two mycotoxins. The co-
occurrence of mycotoxins in feed was observed in the current study, with major and
regulated mycotoxins (AFs, FBs, DON, and ZEN). The contamination of agricultural
products by more than one mycotoxin has been reported in various studies conducted in
Sub-Saharan Africa [49,50]. Our results indicated that aflatoxins were also predominant
in poultry feed samples, occurring in 84% of the samples, with the most prevalent AF
being aflatoxin B1, occurring in 70% of poultry feed samples and ranging from 0.03 to
0.40 µg/kg−1. This was in agreement with studies conducted in Uganda, Rwanda, and
Cameroon, where high incidences of over 80% were reported [51–53]. In Saudi Arabia, the
limit of aflatoxins in grains and their products is 20 ppd, but in Hong Kong, it is equal
to 15 ppd [54]. Fumonisins (FB1) were detected in fifty-six of the collected samples at an
average concentration range between 10.34 and 1043 ppb. Ochieng et al. [55] noted in their
review that poultry feeds from Sub-Saharan Africa were frequently contaminated by more
than one mycotoxin, with AFs and FBs co-occurring the most. Mokubedi et al. [50] reported
the occurrence of FBs in all poultry feed samples from South Africa, with a maximum level
of FB1 (7.125 µg/kg). Ochratoxin A was present in sixty-two samples at a concentration
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ranging from 6.8 to 14.8 µg/kg−1. These results are in agreement with Schiavone et al. [56],
who found that OTA in poultry feed samples ranged between 0.04 and 6.5 µg/kg in Italy.
Also, Jaimez et al. [57] found that the level of OTA in feed samples in Spain was 1.53 µg/kg.
DON was detected in about 38% of the collected specimens at an average concentration
range from 240 to 49,380 µg/kg. In Sweden, the limit of ochratoxin A in feedstuff for
poultry is 15 ppd [54]. Many studies have been conducted worldwide on the level of DON
contamination in feeds. In a previous study in South Korea, Park et al. [58] monitored
653 feed samples collected from 2009 to 2016 and found that 79.7% had DON contamination,
ranging from 1 to 8480 µg/kg. Zhao et al. [59] analyzed 3507 feed samples collected from
2018 to 2020 and DON contamination was detected in 96.4% of the samples, with levels in
the range of 458–9186 µg/kg; they also detected ZEN in 96.9% of the samples, with levels
ranging from 31 to 1599 µg/kg. Bilal et al. [60] examined 106 feed samples sourced from
Turkey and confirmed that 43.4% of total feeds were contaminated with ZEN, at a range
from 3 to 97 µg/kg. Of a total of 100 samples, T-2 toxins were detected in 6 of the collected
specimens at an average concentration of 48.3 µg/kg. In a similar study, Ok et al. [61]
carried out an analysis on T-2 and HT-2 toxin levels in 214 grain feed samples obtained
from grocery markets in South Korea and found a contamination range of 6–207 µg/kg.
Kim et al. [62] analyzed 507 grain feed samples, and 2.0% was found to be contaminated
with T-2 and HT-2 toxins. The recommended mycotoxin limits for aflatoxin, ochratoxin
A, deoxynivalenol, and fumonisin B1 are 10, 5, 2000, and 1000 µg/kg [63]. The higher
incidence of fungi and mycotoxins in feed samples may be attributed to the difficulty in
achieving adequate control and good storage conditions [52,64]. The climatic conditions in
Saudi Arabia are characterized by high temperature and little aeration. These conditions
make the feed more susceptible to fungal contamination and mycotoxin biosynthesis.

In our results, out of 83 isolates, 74 (89%) A. falvus samples were able to produce afla-
toxins, while all Aspergillus parasiticus isolates were aflatoxigenic, and all of them showed
the presence of the aflR, omt-1, ver-1, and nor-1 genes. This result is in agreement with
Scherm et al. [65], who indicated the presence of a complete set of genes (aflR, omt-1, ver-1,
and nor-1 genes) in three isolates of A. parasiticus. Also regarding this, Oloo et al. [11]
reported that the aflotoxin potential of A. flavus and A. minisclerotigenes was associated
with the aflD and aflS genes. On the other hand, El-dawy et al. [12] indicated that 91.3% of
aflatoxin-producing strains were linked to the presence of the aflR1 and aflR2 genes. A mul-
tiplex polymerase chain reaction (PCR) strategy was established for the rapid identification
of mycotoxigenic fungi [66]. A number of studies have demonstrated the significance of
PCR-based techniques to detect the aflatoxigenic potential of Aspergillus strains [67,68].

In this work, the presence of A. flavus was detected in heavily contaminated samples.
PCR tests resulted in 500 bp amplicons indicating the presence of A. flavus. This result is
identical with that of Okayo et al. [24], who reported that 500 pb amplicons were obtained
from A. flavus by FLA1 and FLA2. PCR using FLA primers is an optimal choice for the
specific detection of A. flavus [23].

5. Conclusions
In conclusion, A. flavus was recovered from 84% of poultry feed samples, and 70% of

the samples were contaminated with AFB1, with amounts in the range of 0.03–0.4 µg/kg−1.
This heavy contamination could lead to a significant decrease in poultry production. The
success of the direct detection of A. flavus in feed samples using FLA1 and FLA2 primers
can be considered a crucial epidemiological step which will reduce the levels of aflatoxins
in poultry feeds.
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Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/microbiolres16010011/s1, Figure S1. From right to left: aflatoxins
G2, G1, B2 and B1 chromatogram obtained from a mixed standard solution at 5 ng of each toxin
per 1 mL of solvent that is injected as 1 µL with mobile phase flow rate of 0.2 mL per minute
with positive ionization mode and mass to charge ratio related to each toxin as show in the next
graph. Figure S2. Mass to charge ratio of the aflatoxins B1:313, B2:315, G2:329 and G1:331. Figure S3.
Standard calibration curves of B1, B2, G1 and G2 respectively.
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