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Abstract

Wheat stored under uncontrolled conditions is susceptible to contamination by various
ochratoxigenic Aspergillus species. Among the key environmental factors influencing the
proliferation of these fungi are water activity (aw) and temperature. In this study, three
ochratoxigenic Aspergillus isolates (Z1, Z11, and Z14) were isolated from stored wheat samples.
The combined effects of different aw levels (0.85, 0.90, 0.95, and 0.99) and temperatures (25, 30,
35, 40, and 45°C) on lag phases and growth rates were systematically examined. The ITS
nucleotide sequence analysis results identified isolate Z1 as Aspergillus westerdijkiae, while Z11
and Z14 were identified as A. alliaceus and A. carbonarius, respectively. The toxigenic potential of
these fungal strains, assessed on the CYA medium, showed a high capacity for Ochratoxin A
(OTA) production, with 3303.23 ng/g for A. westerdijkiae, 950.23 ng/g for A. alliaceus and 801.28
ng/g for A. carbonarius produced at 25°C. The shortest lag times prior to growth (< 24 h) were
observed at 0.95 aw/25°C for A. westerdijkiae (2.19 h), at 0.99 aw/35°C for A. alliaceus (0.75 h) and
at 0.99 aw/30°C for A. carbonarius (1.03 h). The maximum growth rates were recorded as follows:
A. westerdijkiae at 9.3 mm/day (25°C/0.99 aw), A. carbonarius at 11.1 mm/day, and A. alliaceus at
16.5 mm/day (both at 30°C/99 aw). In almost all compared pairs, the effects of varying aw and
temperatures on lag time before and after development rates were significantly different. These
findings provide valuable insights for designing effective wheat storage strategies and ultimately
improving food safety in Algeria.

Keywords — Aspergillus alliaceus — Aspergillus carbonarius — Aspergillus westerdijkiae —
ochratoxin A — stored wheat — temperature — water activity

Introduction
Ochratoxin A (OTA) is a toxic compound produced by various fungal strains belonging to
Aspergillus and Penicillium. It is known for its immunotoxic, nephrotoxic, and potentially
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carcinogenic effects in humans (IARC 1993, Xu et al. 2022, Wang et al. 2023). The presence of
OTA in stored wheat and wheat-based products is generally attributed to the growth of Aspergillus
alliaceus, A. carbonarius, A. ochraceus and A. westerdijkiae (Czerwiecki et al. 2002, Navale et al.
2021). These fungal species primarily originated from warm and tropical regions across the globe
(Riba et al. 2008, Patriarca & Fernandez Pinto 2017), where poor cereal storage practices often
facilitate mold development and OTA contamination (Mahdjoubi et al. 2020). Given the critical
role of wheat grain storage in food security, marketing, and distribution, it is essential to maintain
the highest standards of quality and safety. Fungal growth in stored grains not only serves as a clear
indicator of compromised quality but also negatively affects sensory attributes, nutritional value,
and food safety (Qiu et al. 2024).

Managing the storage environment by controlling ecophysiological factors is a fundamental
and effective strategy for preventing fungal infection in stored wheat (Mannaa & Kim 2017).
Among these factors, water activity (aw) and temperature are the most influential in determining the
growth of grain fungi and the production of mycotoxins (Medina et al. 2017, Zingales et al. 2022).
Water activity, which represents the amount of free water available for microbial activity, plays a
crucial role in spore germination and mycelial development (Nanguy et al. 2010). Stored wheat can
be highly susceptible to OTA contamination, especially when stored at an aw higher than 0.70
(Kebede et al. 2020).

Fungal species, including Aspergillus, exhibit varying growth behaviors depending on the
level of aw. Unlike bacteria, some fungal species can thrive at relatively low aw levels (Pitt &
Hocking 2009). The optimal range for mold development typically falls between 0.80 and 0.99 aw,
while growth rates decline significantly below this threshold (Belli et al. 2004).

Temperature is another crucial factor influencing fungal growth, with each species having a
specific temperature range for optimal development. Aspergillus species generally thrive in warm
environments, with ideal growth temperatures ranging from 25°C to 35°C. Deviations from these
optimal conditions can significantly reduce growth rates or even inhibit fungal proliferation entirely
(Magan & Aldred 2007).

The interplay between aw and temperature is complex, as both factors can either
synergistically or antagonistically influence fungal growth. For example, at lower aw, the growth
rate of Aspergillus species is more significantly affected by changes in temperature compared to
higher aw conditions (Mohapatra et al. 2017). This interaction is particularly important in storage
environments, where fluctuations in both aw and temperature can compromise the stability and
safety of stored wheat (Medina et al. 2015). Additionally, the activation of metabolic regulatory
genes and the production of mycotoxins by fungi can be influenced by variations in both aw and
temperature (Garcia-Cela et al. 2021).

The humid climate of Algeria, a North African country bordering the Mediterranean area,
promotes mold growth and mycotoxin production (Tantaoui-Elarak et al. 2018). Studies have
reported the presence of ochratoxigenic species of Aspergillus and OTA in stored wheat grains and
their derivatives in Algeria (Riba et al. 2008, Zebiri et al. 2018, Medjdoub et al. 2023, Belasli et al.
2023). According to Zebiri et al. (2018), 69.23% of wheat grains were contaminated with OTA,
with concentrations ranging from 210 to 27.310 ng/g. OTA was also detected in semolina and flour
during processing, with levels ranging from 160 to 34.750 ng/g (Zebiri et al. 2018). These findings
highlight a potentially high risk of OTA exposure for the Algerian population, especially since the
country currently lacks regulations on the permissible levels of OTA in raw materials or food
products. A recent study confirmed this exposure, detecting OTA in 83 (86.4%) of the 96 urine
samples collected from Algerian workers, with levels ranging from 0.3 to 3.5 pg/L (Mendes et al.
2023).

In Algeria, limited information is available regarding the effects of temperature and aw on the
propagation of ochratoxigenic Aspergillus species isolated from stored wheat. As far as we know,
this is the first study focusing on the impact of awand temperature on the ecophysiology of these
species. The objectives of this study are (1) to isolate and characterize Aspergillus species from
stored wheat, (2) to assess their potential for OTA production, and (3) to investigate the effect of
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varying aw levels and temperatures on the lag phase and development of three representative
strains: A. alliaceus, A. carbonarius and A. westerdijkiae on a Czapek Yeast Autolysate Agar
(CYA) medium.

Materials & Methods

Fungal isolates

Based on the previous study by Zebiri et al. (2018) investigating the presence and distribution
of mycotoxin-producing fungi in the country’s wheat supply, 200 samples were analyzed, from
which numerous fungal strains were isolated. Among them, three Aspergillus strains were selected
for their high production of OTA. The three isolates of Aspergillus, designated as Z1, Z11 and Z14,
were obtained from durum wheat grains stored for five months. The samples were obtained from
three provinces in Algeria, where durum wheat is cultivated: Sétif (northeastern Algeria), Blida
(located near the Mitidja plain) and Médea (located in the Tell Atlas region).

The direct culture technique, as outlined by Pitt & Hocking (2009), was employed to isolate
these fungi from wheat samples. A hundred grams of wheat seeds underwent a superficial
disinfection process by immersion in a 0.5% sodium hypochlorite solution for 1 min. After
disinfection, the seeds were washed at least thrice with sterile distilled water to remove any residual
disinfectant. Subsequently, ten kernels were plated on the surface of the Dichloran Rose Bengal
Chloramphenicol Agar medium (DRBC, King et al. 1979). The Petri dishes were then incubated at
a temperature of 25°C for five days. Following this incubation period, the plates were examined for
the presence and characteristics of fungal colonies, including colony color, conidial shape, vesicle
arrangement, the presence or absence of sclerotia, and their size.

Molecular characterization

The isolates were identified by sequencing the ITS1-5.8S-ITS2 regions of rDNA. The
genomic DNA of fungal strains was obtained using the procedure described by Liu et al. (2000). A
Nanodrop (Thermo Fisher Scientific, USA) was used to measure the quantity and quality of the
DNA samples. For DNA amplification in the ITS region, primer sets ITS1 (5'-
TCCGTAGGTGAACCTGCGG-3) and ITS4 (5-TCCTCCGCTTATTGATATGC-3') were used
(White et al. 1990). The sizes of the amplicons were assessed using a 1 kb DNA ladder (Promega
Corporation) after agarose gel electrophoresis. The same primer sets were used for sequencing as
for amplification at Genewiz (Beckman Coulter Genomics, UK).

A BLAST search was conducted on the sequences using a pairwise sequence alignment tool
available at the Westerdijk Fungal Biodiversity Institute (http://www.westerdijkinstitute.nl/). The
obtained ITS sequences of the three strains were compared to 13 reference sequences retrieved
from GenBank and aligned with many of the currently identified strains in Flavi, Circumdati, and
Nigri sections. In this phylogenetic study, Aspergillus terreus var. subfloccosus CBS 117.37
(accession number: NR 149331.1) was used as the outgroup. Alignments were accomplished with
MUSCLE (Edgar 2004) in MEGA 7 (Kumar et al. 2016). The sequences were deposited at the
National Center for Biotechnology Information (NCBI, http://www.ncbi.nlm.nih.gov/) with the
GeneBank accession numbers OR685294 (Z1), OR525539 (Z11) and OR525540 (Z14). The
phylogenetic tree was constructed using the maximum likelihood method with 1000 bootstrap
replicates following the Tamura-Nei model (Tamura & Nei, 1993).

Ochratoxin A quantification

For the screening of OTA production, our three strains were spot-inoculated at the center of
plates containing Czapek Yeast Autolysate Agar (CYA) medium and incubated at 25°C for seven
days (Pitt & Hocking 1997). Subsequently, three agar plugs were extracted from each plate,
weighed, and 1 mL of methanol was introduced (Bragulat et al. 2001). The obtained solutions were
centrifuged at 12000 rpm for 10 min after 1 h. The resulting supernatant was filtered through a 0.45
um Polytetrafluoroethylene (PTFE) hydrophilic filter. Each filtrate (10 pL) was then spotted on a
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Thin Layer Chromatography (TLC) plate and developed in toluene-ethyl acetate-formic acid (5:4:1,
v/vlv) as the mobile phase and finally, observed under UV light at 365 nm. Positive/negative
scoring was based on blue-green fluorescence under 365 nm UV light after five days of incubation.
The Limit of Detection (LOD) of this technique is 0.5 ng/g.

A reversed-phase High-Performance Liquid Chromatography (HPLC) system equipped with
a fluorescence detector (HPLC-FLD) was used to determine OTA levels. The system used was
Thermo Scientific™ Dionex™ UltiMate™ 3000 (Dionex, France). The excitation wavelength
(Aex) was established at 332 nm, whereas the emission wavelength (Aem) was established at 466
nm. Each sample was injected using an auto-injector at a volume of 100 pL. The analytical column
used was Prontosil C18, with dimensions of 150-4.6 mm, and it was preceded by a C18 guard
column with dimensions of 10-4.3 mm. The temperature of the column was 30°C. The mobile
phase consisted of a mixture of acetonitrile, water, and acetic acid in a ratio of 50:49.8:0.2, flowing
at a rate of 0.8 mL/min. OTA in the samples was identified by comparing it with a standard OTA,
which was injected under the same conditions and sourced from A. ochraceus (Sigma-Aldrich,
Steinheim, Germany). Data processing was conducted using Chromeleon software. The
concentration of OTA was determined by measuring absorbance at A = 330 nm, with identification
based on a retention time of approximately 7 min. Quantification was performed by analyzing the
peak area against a standard curve, and the detection limit was established at 0.020 ng/g.

Growth rate assessment

All the assays were conducted on the CYA medium. The water employed in medium
preparation was adjusted with glycerol to achieve the specified aw levels of 0.85, 0.90, 0.95, and
0.99 aw, as described in Marin et al. (1995).

The three Aspergillus strains were initially subcultured on CYA and incubated at 25°C for
seven days. Using a sterile spatula, the spores from each strain were carefully removed from the
colony surfaces and suspended in 10 mL of sterile distilled water containing 0.5% Tween 80
(Ramos DeSimone et al. 1999). The spore concentration was determined using a Thoma cell
hemocytometer (10° spores/mL). Subsequently, Petri dishes containing CYA medium with varying
aw were inoculated with spore suspension (5 pL) from each strain. Following this, they were
cultured at various temperatures (25, 30, 35, 40, and 45°C). Three replicates were conducted for
each treatment (aw x T° x isolate). Samples with equivalent aw levels were then enclosed in airtight
plastic boxes. The experiment lasted for twenty-one (21) days.

The growth of the three Aspergillus strains was monitored by measuring the diameter of the
fungal growth during incubation. The daily growth measurements were noted until the fungal
growth completely covered the Petri dishes (Aldred et al. 1999). For each Petri dish, two
measurements of the colony diameters were taken at two perpendicular angles. The colony radii
were plotted against time, and linear regression was used to determine the lag phase (1) and the
highest growth rate (u max) (Verheecke-Vaessen et al. 2019).

Statistical analysis

The non-parametric Wilcoxon test was chosen for each pair of data to evaluate the effect of
aw and temperature on fungal growth and lag time. The statistical analyses were performed using
JMP 14 software (JMP®, Version 14.0).

Results

Identification of fungal strains

The isolates Z1, Z11, and Z14 were obtained from wheat samples cultured on DRBC
medium. They were initially identified based on their morphological characteristics, each
presenting distinct attributes. For example, the colony of Z1 was powdery or granular, initially
white, then yellow or ochre-yellow. Furthermore, isolate Z11 exhibited a white color and smooth,
biseriate spores characterized by large dark sclerotia. The isolate Z14 is a black filamentous fungus
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arranged biseriately with very rough and black conidia. Comparison of the sequences of the three
strains with those of the closest type strains of Aspergillus gave percentages ranging from 99 to
100%. The phylogenetic tree generated from the ITS sequences of 13 representative fungal strains
from Aspergillus sections Flavi, Circumdati and Nigri is shown in Fig. 1. According to the findings
of the ITS nucleotide sequence analysis, strain Z11 was recognized as A. alliaceus and strains Z1
and Z14 were identified as A. westerdijkiae and A. carbonarius (biseraite cluster), respectively.

A. alliaceus NRRL 3157 (NR 121331.1)

100 Ia. albertensis NRRL 20602" (EF661548.1:1-539) section Flavi

—

98 Z11 (OR525539)

A. oryzae NRRL 4477 (NR 135395.1:16-576)

70 99L A flavus ATCC 168837 (NR 111041.1) —

o6| Z1 (OR685294)

A. westerdijkiae NRRL 31747 (NR 135389.1)

100| — A. pallidofulvus NRRL 47897 (NR 137468.1)[ Section Circumdai

g2| |A. ochraceus SHO701T (JX244861.1)

981 A. ochraceus NRRL 398" (NR 077150.1) -

I

g9 Z14 (OR525540)
A. carbonarius CBS 111.26" (FJ629325.1) Biseriate
cluster
41 A. welwitschiae CBS 139.54T (NR 137513.1)
981 A, niger ATCC 16888 (NR 111348.1) L section Nigri

100/ A. japonicus CBS 114.517 (NR 131268.1)] - Uniseriate
|A. aculeatus CBS 172,667 (NR 111412.1) |~ CIUSef

—— A. terreus var. subfloccosus CBS 117.377 (NR 149331.1)

—
0.01

Fig. 1 — Maximum likelihood phylogenetic tree for the ITS region of Aspergillus strains based on
the Tamura-Nei model. Bar 0.01 nucleotide substitutions per site.

Ochratoxin A production

The toxin-producing potential of the fungal strains, assessed on CYA medium after
incubation for seven days at a temperature of 25°C (Fig. 2). All isolates demonstrated significant
ochratoxin A (OTA) production, with A. westerdijkiae yielded a high concentration of OTA
(3303.23 ng/g), followed by A. alliaceus (950.23 ng/g) and A. carbonarius (801.28 ng/g).
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HPLC chromatograms of ochratoxin A (OTA) produced by A. alliaceus.
(@) A. carbonarius. (b) and A. westerdijkiae. (c) cultured on CYA medium compared to the
standard OTA. (d) Chromatograms were recorded at A = 332 nm.

Effects of aw and temperature on lag phase

The effects of aw and temperature on the lag phases prior to growth (1) of the studied strains
are presented in Fig. 3. The findings of A. alliaceus show that the lag times were contrasting; for
instance, between aw pairs of 0.85-0.90 at the different temperatures, the results were non-
significant. On the other hand, at 40°C, A. alliaceus lag times were significantly different between
0.95-0.99 aw. In the case of A. carbonarius, at all the tested aw, significant results were noticed for
the lag phase at the different temperatures except at 25°C, between 0.85-0.99 aw and at 35°C,



between 0.95-0.99 aw. For A. westerdijkiae, at 25°C, the lag times were significantly different
between 0.85-0.90 aw and 0.85-0.95 aw, while all tested conditions were significant at the different
temperatures.

A. alliaceus

) 25°C
30°C
@ i 35°C
@ o 40°C
£
)
]
-
0.85 0.9 0.95 0.99
Water activity
A. carbonarius
m 25°C
30°C
mEn 35°C
oo 40°C

Lag time (h)

0.85

Water activity

A. westerdijkiae
25°C
30°C

35°C
40°C

BE [ [

Lag time (h)

0.85

Water activity

Fig. 3 — Effects of water activity at different temperatures on the lag time of A. alliaceus,
A. carbonarius and A. westerdijkiae strains in the CYA medium. Bars indicate the standard errors
of the means. Different letters indicate statistical differences in water potentials at each
temperature, as determined by the Wilcoxon test (p < 0.05).

The lag phase is typically a period during which the cell adapts to its new surroundings
before entering the exponential growth phase. Our results showed that the shortest average lag
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times were under the conditions of 0.95 aw/25°C for A. westerdijkiae (1.19 h), 0.95 aw/35°C for
A. alliaceus (0.75 h) and at 0.99 aw/30°C for A. carbonarius (1.03 h).

The results of the joint effect of aw and temperature on the latency phases of the three studied
species are shown in Table 1. We noted that strain differences did not significantly impact the lag
time prior to growth (0.0748 > p). However, variation of temperature (p = 0.0001) and aw (p =
0.0001) significantly impacted the lag time prior to growth.

Table 1 Results of the Wilcoxon test with a ChiSquare test of the effects of temperature and aw on
lag time of the studied A. westerdijkiae, A. alliaceus and A. carbonarius strains compared two by
two.

Source FD Prob > ChiSq
Species 2 0.0748
Temperature 4 < 0.0001"
Water activity 3 < 0.0001"

* Denotes significant values, FD = functional dependency.

Table 2 shows that the lag time is significantly different between A. westerdijkiae and
A. alliaceus (p = 0.0275), while the other two combinations do not show significant differences.
Furthermore, the statistical results of the effect of aw are not significantly different between 0.85-
0.90 and 0.95-0.99 (p > 0.005); otherwise, the effect is significantly different in all the compared
conditions. The effect of temperature was significant on the lag phases before growth for all
conditions except 30-25°C, 35-25°C and 35-30°C for all tested strains.

Table 2 Overview of pairwise statistical analyses employing Wilcoxon with a ChiSquare test of the
influence of different variables on lag time data of A. alliaceus, A. carbonarius and A. westerdijkiae
strains.

Factor Parameter P-value
Species comparison A. westerdijkiae-A. carbonarius 0.0275"
A. carbonarius-A. alliaceus 0.1081
A. westerdijkiae-A. alliaceus 0.6165
Water activity 0.90-0.85 0.5153
0.99-0.95 0.6697
0.99-0.85 0.0105
0.99-0.90 0.0041"
0.95-0.90 0.0003"
0.95-0.85 0.0001"
Temperature (°C) 45-25 <0.0001"
45-30 < 0.0001"
45-35 <0.0001"
40-35 < 0.0001"
40-30 < 0.0001"
40-25 <0.0001"
45-40 < 0.0001"
30-35 0.5966
35-25 0.2011
35-30 0.1510

“ Statistically significant P-values.
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Influence of aw and temperature on mycelial growth

The joint effects of temperature and aw on the mycelial growth of the examined strains are
revealed in Fig. 4. The obtained maximum growth rate for A. westerdijkiae was 9.3 mm/day at
25°C and 0.99 aw, and the observed minimum growth rate was 3.1 mm/day at 30°C and 0.85 aw. At
25°C and 30°C, the growth rates of A. westerdijkiae were not significantly different between all the
tested aw values. In contrast, at 35°C, the growth rate was significantly different at the following aw
(0.85, 0.9 and 0.95).

A. alliaceus

25°C
30°C
35°C€
40°C

B0 0

Growth rate (mm/day)

Water activity

A. carbonarius

a fg

T = - T
0.95 0.99

25%C€
30°C
35%C
40°C

be €

5 \I
9

0.

a
&

Growth rate (mm/day)

Water activity

A. westerdijkiae
25°C
30°C

35°C
40°C

ARN

Growth rate (mm/day)

0.85 0.99

Water activity

Fig. 4 — Effects of water activity and temperature on the growth rates of A. alliaceus,
A. carbonarius and A. westerdijkiae strains. Different letters indicate statistical differences in water
potentials at each temperature, as determined by the Wilcoxon test (p < 0.05).

The maximum growth rate obtained for A. alliaceus during this study was 16.5 mm/day at
30°C and 0.99 aw, and the lowest growth rate was 5.91 mm/day at 25°C and 0.85 aw. Additionally,
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we observed a significant difference at 25°C for the tested aw whereas non-significant results were
obtained at 30°C for aw values of 0.85, 0.90 and 0.95. For all the awtested, a non-significant result
was noticed at 25°C for the growth rate of A. carbonarius, while contrasting results were found for
the other temperatures. The growth of A. westerdijkiae collected from durum wheat grains was
favoured by the lowest temperature of 25°C and by the highest aw (0.99). For A. carbonarius, the
observed minimum growth rate was 3.2 mm/day at 30°C/0.85 aw, and the maximum growth rate
(11.1 mm/day) was observed at 30°C and 0.99 aw.

Through our study, the first in Algeria, we have found that the growth of our strains is
enhanced and stimulated by high temperature and elevated aw. This was confirmed by comparing
the effects of the tested factors on the fungal growth of the three studied strains, as shown in Table
3. Temperature and aw are significant factors impacting fungal growth. Regarding the impacts of aw
and temperature on the rate of growth, our results showed that at 30°C and 0.99 aw, the growth rate
was significantly the highest, and with significant differences between 25°C, 40°C and 45°C at the
same aw level.

Table 3 Results of the Wilcoxon test with a ChiSquare test of the effects of temperature and aw on
growth rates of the studied A. westerdijkiae, A. alliaceus and A. carbonarius strains compared two
by two.

Source FD Prob > ChiSq
Species 2 0.0810
Temperature 4 <0.001"
Water activity 3 <0.001"

“Denotes significant values, FD = functional dependency.

Temperature (p = 0.001) and aw (p = 0.001) are significant factors that affect the growth of
fungi. The influence of strain variation on growth was almost significantly different. The overview
of the findings is shown in Table 4. The effect of temperature on the growth rates of the three
studied species was not significantly different between 35-30°C, 35-25°C and 30-25°C; otherwise,
the effect was significantly different in all compared temperature pairs. The effect of aw on the
growth rates of the three strains was not significantly different between 0.9 and 0.85 and between
0.99 and 0.95. Otherwise, the effect was significantly different in all of the compared pairs.

Table 4 Overview of pairwise statistical analyses employing Wilcoxon with a ChiSquare test of the
influence of different variables on the rate of growth data of A. alliaceus, A. carbonarius and
A. westerdijkiae strains.

Parameter Factor studied P-value
A. westerdijkiae-A. carbonarius Species comparison 0.9416
A. carbonarius-A. alliaceus 0.0568
A. westerdijkiae-A. alliaceus 0.0508
0.95-0.9 aw 0.0002"
0.99-0.9 0.0002"
0.99-0.85 0.0006"
0.95-0.85 0.0007"
0.99-0.95 0.4132
0.9-0.85 0.8089
35-30 Temperature 0.3889
35-25 0.4371
45-40 0.0115
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Table 4 Continued

Parameter Factor studied P-value

30-25 0.1747

40-30 < 0.0001"
40-35 < 0.0001"
40-25 < 0.0001"
45-25 < 0.0001"
45-30 < 0.0001"
45-35 < 0.0001"

“ Statistically significant P-values.

Discussion

Aspergillus species were isolated from wheat in temperate environments (Duarte et al. 2010,
Kebede et al. 2020). These fungal species invade cereals in the field during growth, collection, and
preservation and produce OTA if environmental conditions are favorable (Mannaa & Kim 2017).
The previous study by Riba et al. (2008) displayed the occurrence of these species in Algerian
wheat. Additionally, Tunisian wheat and barley were reported to be affected by A. flavus and
A. niger aggregate (Jedidi et al. 2017).

The three fungal isolates (Z11, Z14 and Z1) obtained from Algerian wheat samples were
conclusively identified as Aspergillus alliaceus (section Flavi), A. carbonarius (section Nigri), and
westerdijkiae (section Circumdati), respectively. Morphological characterization aligned with
established taxonomic criteria for these sections, with Z1 exhibiting powdery colonies transitioning
from white to ochre-yellow, with lavender-purple sclerotia (1 mm diameter), hallmark traits of
section Circumdati (Gil-Serna et al. 2020). In addition, Z11 displayed white, smooth colonies with
large dark sclerotia, consistent with the A. alliaceus-clade in section Flavi (Frisvad et al. 2019).
Finally, Z14 presented rough, black conidia and biseriate structures, typical of section Nigri
(Abarca et al. 2004). Molecular validation through ITS sequencing confirmed these identifications,
with 99-100% similarity to type strains. Phylogenetic analysis further resolved their placement
within the Aspergillus sections, corroborating the utility of ITS sequencing for distinguishing
closely related species (Abarca et al. 2004, Frisvad et al. 2019, Gil-Serna et al. 2020).

A. westerdijkiae produced a high concentration of OTA (3303.23 ng/g). Similar findings were
reported by Frisvad (2004), Samson et al. (2006), and Gil-Serna et al. (2020), indicating that most
strains of this species exhibited significant OTA production capacity. In addition, Gil-Serna et al.
(2015) reported that the primary species responsible for contaminating feed and food in warm
climates are A. steynii, A. westerdijkiae and A. ochraceus. This aligns with the high production
capacity of A. ochraceus and A. westerdijkiae identified in this study.

The strain from the flavi section, A. alliaceus, produced 950.23 ng/g. Incidents of this species
in food samples and its ochratoxigenic potential have been described in only a few reports (Hajjaji
et al. 2006, Demirel & Sariozlo 2014, Chuaysrinule et al. 2020). In Algeria, six isolates of
A. alliaceus were identified in flour samples (16%), and each isolate produced OTA at 230 to 11.50
ng/g (Riba et al. 2008).

The third strain, A. carbonarius, produced 801.28 ng/g. A. carbonarius was first described as
an OTA producer in 1996 (Teren et al. 1996), with a majority of strains (60-100%) subsequently
recognized as OTA producers (Tjamos et al. 2004, Esteban et al. 2005). The intensity of OTA
production varied between the strains (Bragulat et al. 2001). Medjdoub et al. (2023) extracted this
species from couscous prepared from wheat derivatives but did not test their OTA production
capability.

The shortest average lag periods were observed under the following conditions: 0.95 aw/25°C
for A. westerdijkiae (1.19 h), 0.95 aw/35°C for A. alliaceus (0.75 h), and 0.99 aw/30°C for
A. carbonarius (1.03 h). Romero et al. (2007) reported that the shortest lag phase (6.24 h) of
A. carbonarius obtained from Argentina dried vine fruits and was found at 0.92 aw and 35°C.
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Lahouar et al. (2017) reported that at temperatures of 25°C and 37°C, and high aw values (0.97 and
0.99), very short lag phases were observed for two toxinogenic isolates of A. tubingensis. In
contrast, Samapundo et al. (2007) reported that raising temperatures of 30 to 37°C resulted in a
reduction in colony growth rates and an extension of the lag phase for isolates of A. parasiticus and
A. flavus. However, Astoreca et al. (2007) observed very short latency phases (< 24 h) for the
growth of A. niger at 25-30°C when aw ranged from 0.94 to 0.99 aw. No growth occurred at 45°C
for the studied strains and also at 40°C for A. westerdijkiae and A. carbonarius across all tested aw
levels, with a lag time of more than 21 days. According to Medina & Magan (2010), lag time is
extended at marginal conditions of aw and temperature. It was also noted that in the presence of
high aw (0.99) at 35°C for the three strains and at 40°C for A. alliaceus, the lag phases were short.
This poses a very significant risk, especially considering that these fungi are high producers of
OTA, as we have previously demonstrated. It is also possible for these strains to produce toxins in
stored wheat consumed by humans under unmonitored conditions (Paterson & Lima 2010). These
conditions can also occur due to poor storage practices, which enhance the growth of strains and
their potential for OTA production (Yu & Pedroso 2023).

The impact of aw and temperature on the development and sporulation of A. westerdijkiae
was investigated by Abdel-Hadi & Magan (2009), who reported that maximum growth occurred at
30°C and 0.95 aw. Similar profiles of temperature and aw growth in CYA medium were obtained by
Gil-Serna et al. (2015). The growth was positively influenced by high temperatures and aw values,
suggesting that A. westerdijkiae may be found in warm climates or storage environments
(Wawrzyniak et al. 2013).

The aw was significantly affecting A. westerdijkiae growth. Therefore, by controlling aw
during storage of durum wheat grains, it is possible to limit the growth of this fungus and
consequently reduce OTA production (Casu et al. 2024).

A non-significant result was seen at 25°C for the growth rate of A. carbonarius, but divergent
findings were recorded at other temperatures. These results are lower than those reported by
Romero et al. (2007), where the highest growth rate of 17.46 mm/day was observed at 30°C and
0.95 aw, no growth was detected at aw below 0.85. These results are consistent with those reported
by Belli et al. (2004), who determined that the highest growth rate was 9.11 mm/day at 30°C and
0.98 aw for an A. carbonarius isolated from wine grapes, and by Belli et al. (2005), who reported a
maximum growth rate of 10.1 mm/day at 30°C and 0.99 aw for an A. carbonarius strain isolated
from Spanish grapes. Leong et al. (2006) reported that the fastest growth of A. carbonarius strains
obtained from Australian grapes occurred at 30°C and 0.96 aw, with a maximum recorded growth
rate of 7 mm/day. Abdel-Hadi (2017) confirmed the non-growth at 25°C and 0.85 aw for
A. carbonarius on Malt Extract Agar (MEA).

The ideal growth conditions for A. alliaceus were 30°C and 0.98 aw (Hajjaji et al. 2006). In
this study, the growth was observed at 40°C, but only at high water activity levels (0.95 and 0.99
aw), with corresponding growth rates of 7.2 mm/day and 8.4 mm/day, respectively. These findings
align with those of Frisvad et al. (2019) and Bouti et al. (2020), who reported that some strains of
A. alliaceus can grow on CYA at 42°C. This indicates a significant risk, as prolonged incubation at
elevated temperatures and high aw levels can lead to OTA production by heat-tolerant strains,
posing a potential threat to public health and food safety.

Conclusion

This study is the first to investigate the effect of water activity (aw) and temperature on the
ecophysiology of three ochratoxin A (OTA)-producing species—Aspergillus westerdijkiae,
A. alliaceus, and A. carbonarius—isolated from stored wheat in Algeria. The findings show that
each species has distinct optimal conditions for achieving the shortest lag times and highest growth
rates. Notably, high temperatures and elevated aw levels significantly enhance the growth of these
strains, leading to shorter lag phases. This is particularly concerning given that these fungi are
prominent OTA producers. Prolonged exposure to such favorable conditions can increase OTA
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production, underscoring the critical need for controlled storage environments to prevent fungal
contamination and improve food safety in Algeria.

Acknowledgements

The authors wish to thank Professor Angel Medina Vaya from Cranfield University for his
contributions to data curation. Our gratitude also extends to the late Prof. N. Sabaou, who
contributed to the success of this study. His work has been a source of inspiration and motivation.

Data availability
No data were utilized for the research outlined in this article.

Declaration of competing interest
The authors state that they have no recognized competing financial interests or personal
relationships that might have influenced the work presented in this paper.

References
Abarca M.L, Accensi F, Cano J, Cabafles FJ. 2004 - Taxonomy and
significance of Dblack aspergilli. Antonie Van Leeuwenhoek 86, 33-49.

Doi 10.1023/B:ANT0.0000024907.85688.05
Abdel-Hadi A, Magan N. 2009 — Influence of physiological factors on growth, sporulation and
ochratoxin A/B production of the new Aspergillus ochraceus grouping. World Mycotoxin
Journal 2(4), 429-434. Doi 10.3920/WMJ2009.1156
Abdel-Hadi A. 2017 — Comparative study for growth and sporulation of some mycotoxigenic fungi
in relation to water activity effects. African Journal of Microbiology Research 11, 613-619.
Doi 10.5897/AJMR2017.8497
Aldred D, Magan N, Lane BS. 1999 — Influence of water activity and nutrients on growth and
production of squalestatin S1 by a Phoma sp. Journal of Applied Microbiology 87, 842-848.
Doi 10.1046/].1365-2672.1999.00931.x
Astoreca A, Magnoli C, Ramirez ML, Combina M et al. 2007 — Water activity and temperature
effects on growth of Aspergillus niger, A. awamori and A. carbonarius isolated from
different substrates in Argentina. International Journal of Food Microbiology 119, 314-318.
Doi 10.1016/j.ijfoodmicro.2007.08.027
Belasli A, Herrera M, Arifio A, Djenane D. 2023 — Occurrence and exposure assessment of major
mycotoxins in foodstuffs from Algeria. Toxins 15, 449. Doi 10.3390/toxins15070449
Belli N, Marin S, Sanchis V, Ramos AJ. 2004 — Influence of water activity and temperature on
growth of isolates of Aspergillus section Nigri obtained from grapes. International Journal of
Food Microbiology 96, 19-27. Doi 10.1016/j.ijfoodmicro.2004.03.004
Belli N, Ramos AJ, Coronas I, Sanchis V et al. 2005 — Aspergillus carbonarius growth and
ochratoxin A production on a synthetic grape medium in relation to environmental factors.
Journal of Applied Microbiology 98, 839-844. Doi 10.1111/].1365-2672.2004.02469.x
Bouti K, Verheecke-Vaessen C, Mokrane S, Meklat A et al. 2020 — Polyphasic characterization of
Aspergillus section Flavi isolated from animal feeds in Algeria. Journal of Food Safety 40,
e12743. Doi 10.1111/jfs.12743
Bragulat MR, Abarca ML, Cabafies FJ. 2001 — An easy screening method for fungi producing
ochratoxin A in pure culture. International Journal of Food Microbiology 71, 139-144.
Doi 10.1016/S0168-1605(01)00581-5
Casu A, Camardo Leggieri M, Toscano P, Battilani P. 2024 — Changing climate, shifting
mycotoxins: A comprehensive review of climate change impact on mycotoxin
contamination. Comprehensive Reviews in Food Science and Food Safety 23, e13323.
Doi 10.1111/1541-4337.13323

244


https://doi.org/10.3920/WMJ2009.1156
https://doi.org/10.5897/AJMR2017.8497
https://doi.org/10.1046/j.1365-2672.1999.00931.x
https://doi.org/10.1016/j.ijfoodmicro.2007.08.027
https://doi.org/10.3390/toxins15070449
https://doi.org/10.1016/j.ijfoodmicro.2004.03.004
https://doi.org/10.1111/j.1365-2672.2004.02469.x
https://doi.org/10.1111/jfs.12743
https://doi.org/10.1016/S0168-1605(01)00581-5
https://doi.org/10.1111/1541-4337.13323

Chuaysrinule C, Maneeboon T, Roopkham C, Mahakarnchanakul W. 2020 — Occurrence of
aflatoxin- and ochratoxin A-producing Aspergillus species in Thai dried chilli. Journal of
Agriculture and Food Research 2, 100054. Doi 10.1016/j.jafr.2020.100054

Czerwiecki L, Czajkowska D, Witkowska-Gwiazdowska A. 2002 — On ochratoxin A and fungal
flora in Polish cereals from conventional and ecological farms - Part 1: Occurrence of
ochratoxin A and fungi in cereals in 1997. Food Additives and Contaminants 19, 470-477.
Doi 10.1080/02652030110113726

Demirel R, Sariozlu NY. 2014 — Mycotoxigenic moulds and mycotoxins in flours consumed in
Turkey: Mycotoxigenic moulds and mycotoxins in flours. Journal of the Science of Food
and Agriculture 94, 1577-1584. Doi 10.1002/jsfa.6460

Duarte SC, Pena A, Lino CM. 2010 — A review on ochratoxin A occurrence and effects of
processing of cereal and cereal derived food products. Food Microbiology 27, 187-198.
Doi 10.1016/j.fm.2009.11.016

Edgar RC. 2004 — MUSCLE: Multiple sequence alignment with high accuracy and high
throughput. Nucleic Acids Research 32(5), 1792-1797. Doi 10.1093/nar/gkh340

Esteban A, Abarca ML, Bragulat MR, Cabafies FJ. 2005 — Influence of pH and incubation time on
ochratoxin A production by Aspergillus carbonarius in culture media. Journal of Food
Protection 68, 1435-1440. Doi 10.4315/0362-028X-68.7.1435

Frisvad JC, Hubka V, Ezekiel CN, Hong S-B et al. 2019 — Taxonomy of Aspergillus section Flavi
and their production of aflatoxins, ochratoxins and other mycotoxins. Studies in Mycology
93, 1-63. Doi 10.1016/j.simyc0.2018.06.001

Frisvad JC. 2004 — New ochratoxin A producing species of Aspergillus section Circumdati. Studies
in Mycology 50, 23-43. Doi 10.1023/B:MY C0.0000012225.79969.29

Garcia-Cela E, Verheecke-Vaessen C, Gutierrez-Pozo M, Kiaitsi E et al. 2021 — Unveiling the
effect of interacting forecasted abiotic factors on growth and aflatoxin B:
production  kinetics by Aspergillus flavus. Fungal Biology 125(2), 89-94.
Doi 10.1016/j.funbio.2020.05.003

Gil-Serna J, Patifio B, Cortes L, Gonzalez-Jaen MT et al. 2015 — Aspergillus steynii and Aspergillus
westerdijkiae as potential risk of OTA contamination in food products in warm climates.
Food Microbiology 46, 168-175. Doi 10.1016/j.fm.2014.07.013

Gil-Serna J, Vazquez C, Patino B. 2020 — The genomic regions that contain ochratoxin A
biosynthetic genes widely differ in Aspergillus section Circumdati species. Toxins 12, 754.
Doi 10.3390/toxins12120754

Hajjaji A, ElI Otmani M, Bouya D, Bouseta A et al. 2006 — Occurrence of mycotoxins (ochratoxin
A, deoxynivalenol) and toxigenic fungi in Moroccan wheat grains: Impact of ecological
factors on the growth and ochratoxin A production. Molecular Nutrition and Food Research
50, 494-499. Doi 10.1002/mnfr.200500196

International Agency for Research on Cancer, International Agency for Research on Cancer (Eds.).
1993 — IARC, IARC monographs on the evaluation of carcinogenic risks to humans. Lyon.
https://iarc.who.int/

Jedidi I, Cruz A, Gonzalez-Jaén MT, Said S. 2017 — Aflatoxins and ochratoxin A and their
Aspergillus causal species in Tunisian cereals. Food Additives and Contaminants B 10, 51—
58. Doi 10.1080/19393210.2016.1247917

Kebede H, Liu X, Jin J, Xing F. 2020 — Current status of major mycotoxins contamination in food
and feed in Africa. Food Control 110, 106975. Doi 10.1016/j.foodcont.2019.106975

King AD, Hocking AD, Pitt JI. 1979 — Dichloran-rose Bengal medium for enumeration and
isolation of molds from foods. Applied and Environmental Microbiology 37(5), 959-964.
Doi 10.1128/aem.37.5.959-964.1979

Kumar S, Stecher G, Tamura K. 2016 — MEGATY: Molecular evolutionary genetics analysis version
7.0 for bigger datasets. Molecular Biology and Evolution 33, 1870-1874.
Doi 10.1093/molbev/msw054

245


https://doi.org/10.1016/j.jafr.2020.100054
https://doi.org/10.1080/02652030110113726
https://doi.org/10.1002/jsfa.6460
https://doi.org/10.1016/j.fm.2009.11.016
https://doi.org/10.1093/nar/gkh340
https://doi.org/10.4315/0362-028X-68.7.1435
https://doi.org/10.1016/j.simyco.2018.06.001
https://doi.org/10.1023/B:MYCO.0000012225.79969.29
https://doi.org/10.1016/j.funbio.2020.05.003
https://doi.org/10.1016/j.fm.2014.07.013
https://doi.org/10.3390/toxins12120754
https://doi.org/10.1002/mnfr.200500196
https://doi.org/10.1080/19393210.2016.1247917
https://doi.org/10.1016/j.foodcont.2019.106975
https://doi.org/10.1093/molbev/msw054

Lahouar A, Marin S, Crespo-Sempere A, Said S et al. 2017 — Influence of temperature, water
activity and incubation time on fungal growth and production of ochratoxin A and
zearalenone by toxigenic Aspergillus tubingensis and Fusarium incarnatum isolates in
sorghum seeds. International Journal of Food Microbiology 242, 53-60.
Doi 10.1016/j.ijfoodmicro.2016.11.015

Leong SL, Hocking AD, Pitt JI, Kazi BA et al. 2006 — Australian research on ochratoxigenic
fungi and ochratoxin A. International Journal of Food Microbiology 111, S10-S17.
Doi 10.1016/j.ijfoodmicro.2006.02.005

Liu D, Coloe S, Baird R, Pedersen J. 2000 — Rapid mini-preparation of fungal DNA for PCR.
Journal of Clinical Microbiology 38, 471. Doi 10.1128/jcm.38.1.471-471.2000

Magan N, Aldred D. 2007 - Post-harvest control strategies: Minimizing mycotoxins
in the food chain. International Journal of Food Microbiology 119, 131-139.
Doi 10.1016/j.ijfoodmicro.2007.07.034

Mahdjoubi CK, Arroyo-Manzanares N, Hamini-Kadar N, Garcia-Campafia AM et al. 2020 — Multi-
mycotoxin occurrence and exposure assessment approach in foodstuffs from Algeria. Toxins
12(3), 194. Doi 10.3390/toxins12030194

Mannaa M, Kim KD. 2017 — Influence of temperature and water activity on deleterious
fungi and mycotoxin production during grain storage. Mycobiology 45, 240-254.
Doi 10.5941/MYC0.2017.45.4.240

Marin S, Sanchis V, Magan N. 1995 — Water activity, temperature, and pH effects on growth of
Fusarium moniliforme and Fusarium proliferatum isolates from maize. Canadian Journal of
Microbiology 41, 1063-1070. Doi 10.1139/m95-149

Medina A, Akbar A, Baazeem A, Rodriguez A et al. 2017 — Climate change, food
security and mycotoxins: Do we know enough? Fungal Biology Reviews 31, 143-154.
Doi 10.1016/j.fbr.2017.04.002

Medina A, Magan N. 2010 — Comparisons of water activity and temperature impacts on growth of
Fusarium langsethiae strains from northern Europe on oat-based media. International
Journal of Food Microbiology 142, 365-369. Doi 10.1016/j.ijfoodmicro.2010.07.021

Medina A, Schmidt-Heydt M, Rodriguez A, Parra R et al. 2015 — Impacts of environmental stress
on growth, secondary metabolite biosynthetic gene clusters and metabolite production of
xerotolerant/xerophilic fungi. Current Genetics 61, 325-334. Doi 10.1007/s00294-014-
0455-9

Medjdoub A-R, Moussaoui A, Benmehdi H. 2023 — Toxigenic fungi and contamination by AFB1
in Algerian traditional foods markets. European Journal of Biological Research 13(2), 81—
93. Doi 10.5281/ZENODO.7860257

Mendes MI, Cunha SC, Rebai I, Fernandes JO. 2023 — Algerian workers’ exposure to
mycotoxins—A biomonitoring study. International Journal of Environmental Research and
Public Health 20, 6566. Doi 10.3390/ijerph20166566

Mohapatra D, Kumar S, Kotwaliwale N, Singh KK. 2017 — Critical factors responsible for fungi
growth in stored food grains and non-chemical approaches for their control. Industrial Crops
and Products 108, 162-182. Doi 10.1016/j.indcrop.2017.06.039

Nanguy SP-M, Perrier-Cornet J-M, Bensoussan M, Dantigny P. 2010 — Impact of water activity of
diverse media on spore germination of Aspergillus and Penicillium species. International
Journal of Food Microbiology 142, 273-276. Doi 10.1016/j.ijfoodmicro.2010.06.031

Navale V, Vamkudoth KR, Ajmera S, Dhuri V. 2021 — Aspergillus derived mycotoxins in food and
the environment: Prevalence, detection, and toxicity. Toxicology Reports 8, 1008-1030.
Doi 10.1016/j.toxrep.2021.04.013

Paterson RRM, Lima N. 2010 — Toxicology of mycotoxins, in: Luch, A. (Ed.), Molecular, clinical
and environmental toxicology, experientia supplementum. Birkhduser Basel pp. 31-63.
Doi 10.1007/978-3-7643-8338-1_2

Patriarca A, Fernandez Pinto V. 2017 — Prevalence of mycotoxins in foods and decontamination.
Current Opinion in Food Science 14, 50-60. Doi 10.1016/j.cofs.2017.01.011

246


https://doi.org/10.1016/j.ijfoodmicro.2016.11.015
https://doi.org/10.1016/j.ijfoodmicro.2006.02.005
https://doi.org/10.1128/jcm.38.1.471-471.2000
https://doi.org/10.1016/j.ijfoodmicro.2007.07.034
https://doi.org/10.3390/toxins12030194
https://doi.org/10.5941/MYCO.2017.45.4.240
https://doi.org/10.1139/m95-149
https://doi.org/10.1016/j.fbr.2017.04.002
https://doi.org/10.1016/j.ijfoodmicro.2010.07.021
https://doi.org/10.1007/s00294-014-0455-9
https://doi.org/10.1007/s00294-014-0455-9
https://doi.org/10.5281/ZENODO.7860257
https://doi.org/10.3390/ijerph20166566
https://doi.org/10.1016/j.indcrop.2017.06.039
https://doi.org/10.1016/j.ijfoodmicro.2010.06.031
https://doi.org/10.1016/j.toxrep.2021.04.013
https://doi.org/10.1007/978-3-7643-8338-1_2
https://doi.org/10.1016/j.cofs.2017.01.011

Pitt JI, Hocking AD. 1997 — Penicillium and related genera, in: Pitt, J.I., Hocking, A.D. (Eds.),
Fungi and food spoilage. Springer US, Boston, MA, pp. 203-338. Doi 10.1007/978-1-4615-
6391-4 7

Pitt JI, Hocking AD. 2009 — Fungi and food spoilage. Springer US, Boston, MA. Doi 10.1007/978-
0-387-92207-2

Qiu Z, Wu F, Hu H, Guo J et al. 2024 — Deciphering the microbiological mechanisms underlying
the impact of different storage conditions on rice grain quality. Foods 13(2), 266.
Doi 10.3390/foods13020266

Ramos-DeSimone N, Hahn-Dantona E, Sipley J, Nagase H et al. 1999 — Activation of matrix
metalloproteinase-9 (MMP-9) via a converging Plasmin/Stromelysin-1 cascade
enhances tumor cell invasion. Journal of Biological Chemistry 274, 13066-13076.
Doi 10.1074/jbc.274.19.13066

Riba A, Mokrane S, Mathieu F, Lebrihi A et al. 2008 — Mycoflora and ochratoxin A producing
strains of Aspergillus in Algerian wheat. International Journal of Food Microbiology 122:
85-92. Doi 10.1016/j.ijfoodmicro.2007.11.057

Romero S, Patriarca A, Fernandezpinto V, Vaamonde G. 2007 — Effect of water activity and
temperature on growth of ochratoxigenic strains of Aspergillus carbonarius isolated from
Argentinean dried vine fruits. International Journal of Food Microbiology 115, 140-143.
Doi 10.1016/j.ijfoodmicro.2006.10.014

Samapundo S, Devlieghere F, Geeraerd A, Demeulenaer B et al. 2007 — Modelling of the
individual and combined effects of water activity and temperature on the radial
growth of Aspergillus flavus and A. parasiticus on corn. Food Microbiology 24, 517-529.
Doi 10.1016/j.fm.2006.07.021

Samson RA, Hong SB, Frisvad JC. 2006 — OId and new concepts of species
differentiation in Aspergillus. Medical Mycology 44(Supplement 1), S133-S148.
Doi 10.1080/13693780600913224

Tamura K, Nei M. 1993 — Estimation of the number of nucleotide substitutions in the control
region of mitochondrial DNA in humans and chimpanzees. Molecular Biology and
Evolution 10(3), 512-526. Doi 10.1093/oxfordjournals.molbev.a040023

Tantaoui-Elaraki A, Riba A, Oueslati S, Zinedine A. 2018 — Toxigenic fungi and mycotoxin
occurrence and prevention in food and feed in northern Africa — a review. WMJ 11, 385—
400. Doi 10.3920/WMJ2017.2290

Téren J, Varga J, Hamari Z, Rinyu E et al. 1996 — Immunochemical detection of ochratoxin A in
black Aspergillus strains. Mycopathologia 134: 171-176. Doi 10.1007/BF00436726

Tjamos SE, Antoniou PP, Kazantzidou A, Antonopoulos DF. 2004 — Aspergillus niger and
Aspergillus carbonarius in Corinth raisin and wine-producing vineyards in Greece:
Population composition, ochratoxin A production and chemical control. Journal of
Phytopathology 152, 250-255. Doi 10.1111/j.1439-0434.2004.00838.x

Verheecke-Vaessen C, Diez-Gutierrez L, Renaud J, Sumarah M et al. 2019 — Interacting climate
change environmental factors effects on Fusarium langsethiae growth, expression of Tri
genes and T-2/HT-2 mycotoxin production on oat-based media and in stored oats. Fungal
Biology 123, 618-624. Doi 10.1016/j.funbio.2019.04.008

Wang G, Li E, Gallo A, Perrone G et al. 2023 — Impact of environmental factors on ochratoxin A:
From natural occurrence to control strategy. Environmental Pollution 317, 120767.
Doi 10.1016/j.envpol.2022.120767

Wawrzyniak J, Ryniecki A, Gawrysiak-Witulska M. 2013 — Kinetics of mould growth in the stored
barley ecosystem contaminated with Aspergillus westerdijkiae, Penicillium viridicatum and
Fusarium poae at 23-30°C. Journal of the Science of Food and Agriculture 93, 895-901.
Doi 10.1002/jsfa.5820

White TJ, Bruns TD, Lee SB, Taylor JW. 1990 — Amplification and direct sequencing of fungal
ribosomal RNA Genes for phylogenetics. PCR protocols: A guide to methods and
applications, Academic Press, Inc.

247


https://doi.org/10.1007/978-1-4615-6391-4_7
https://doi.org/10.1007/978-1-4615-6391-4_7
https://doi.org/10.1007/978-0-387-92207-2
https://doi.org/10.1007/978-0-387-92207-2
https://doi.org/10.3390/foods13020266
https://doi.org/10.1074/jbc.274.19.13066
https://doi.org/10.1016/j.ijfoodmicro.2007.11.057
https://doi.org/10.1016/j.ijfoodmicro.2006.10.014
https://doi.org/10.1016/j.fm.2006.07.021
https://doi/
https://doi.org/10.1093/oxfordjournals.molbev.a040023
https://doi.org/10.3920/WMJ2017.2290
https://doi.org/10.1007/BF00436726
https://doi.org/10.1111/j.1439-0434.2004.00838.x
https://doi.org/10.1016/j.funbio.2019.04.008
https://doi.org/10.1016/j.envpol.2022.120767
https://doi.org/10.1002/jsfa.5820

Xu R, Kiarie EG, Yiannikouris A, Sun L et al. 2022 — Nutritional impact of mycotoxins in food
animal production and strategies for mitigation. Journal of Animal Science and
Biotechnology 13, 69. Doi 10.1186/s40104-022-00714-2

Yu J, Pedroso IR. 2023 — Mycotoxins in cereal-based products and their impacts on the health of
humans, livestock animals and pets. Toxins 15, 480. Doi 10.3390/toxins15080480

Zebiri S, Mokrane S, Verheecke-Vaessen C, Choque E et al. 2018 — Occurrence of ochratoxin
A in Algerian wheat and its milling derivatives. Toxin Reviews 38, 206-211.
Doi 10.1080/15569543.2018.1438472

Zingales V, Taroncher M, Martino PA, Ruiz M-J et al. 2022 — Climate change and effects on molds
and mycotoxins. Toxins 14, 445. Doi 10.3390/toxins14070445

248


https://doi.org/10.1186/s40104-022-00714-2
https://doi.org/10.3390/toxins15080480
https://doi.org/10.1080/15569543.2018.1438472
https://doi.org/10.3390/toxins14070445

