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Abstract: Warm and humid climatic conditions coupled with poor agricultural practices in sub- 

Saharan Africa favor the contamination of food and feed by Aspergillus flavus and Fusarium verticil- 

lioides fungi, which subsequently may produce aflatoxins (AFs) and fumonisins (FBs), respectively. 

The growth of fungi and the production of mycotoxins are influenced by physical (temperature, pH, 

water activity, light and aeration), nutritional, and biological factors. This study aimed at optimizing 

the conditions for the laboratory production of large quantities of AFs and FBs for use in the animal 

experiments. A. flavus and F. verticillioides strains, previously isolated from maize in Kenya, were used. 

Levels of AFB1 and total FBs (FB1, FB2, and FB3) in different growth substrates were screened using 

ELISA methods. Maize kernels inoculated with three different strains of A. flavus simultaneously 

and incubated at 29 ◦C for 21 days had the highest AFB1 level of 12,550 ± 3397 µg/kg of substrate. 

The highest level of total FBs (386,533 ± 153,302 µg/kg of substrate) was detected in cracked maize 

inoculated with three different strains of F. verticillioides and incubated for 21 days at temperatures of 

22–25 ◦C in a growth chamber fitted with yellow light. These two methods are recommended for the 

mass production of AFB1 and FBs for animal feeding trials. 

 
Keywords: Aspergillus flavus; Fusarium verticillioides; aflatoxins production; fumonisin production; 

mycotoxins; food safety; feed safety 

 
 

 

1. Introduction 

Mycotoxins are secondary metabolites synthesized by some species of toxigenic fungi 
that contaminate food and feed while in the field, during transportation, processing, or 
while in storage. In Sub-Saharan Africa (SSA), aflatoxins (AFs) and fumonisins (FBs) are 
reported to be the major mycotoxins occurring in the food and feed commodities  [1,2]. 

Naturally, A. flavus produces AFB1 and AFB2, whereas A. parasiticus produces the four 

major aflatoxin types (AFB1, AFB2, AFG1, and AFG2) [3]. Aflatoxin-producing A. flavus 
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strains have been recovered in feed and feed ingredients such as maize, sunflower, and 

peanut from SSA [4–7]. In most of these studies, the contamination by A. flavus was cor- 

related with the levels of AFs in the feeds or feed ingredients. Aflatoxins are classified as 
group 1 carcinogens [8]. Aflatoxin B1 is the most prevalent of the AFs and in many animal 
species such as poultry, AFB1 has been reported to cause reduced growth, immunosuppres- 
sion, and increased mortality, causing great economical losses [9]. 

Fusarium verticillioides and F. proliferatum are the main producers of FBs and have been 
reported to be prevalent in feed and feed ingredients such as maize from SSA [ 10–13]. 

Fumonisin B1 (FB1) was reported as the most prevalent FBs in feeds from SSA [14]. It is 

structurally similar to sphingosine, which is a constituent of various sphingolipids such as 
sphingomyelins, ceramides, cerebrosides, glycolipids, and ganglioside compounds found 
in the cell membranes of certain organs, which are particularly dense in nervous system 
tissues. This structural similarity with sphingosine has been suggested to cause FB1 to 

compete with sphingosine in sphingolipid metabolism, resulting in its toxicity [15]. Toxicity 
due to FBs was linked with leukoencephalomalacia in horses, pulmonary edema in pigs, 
hepatotoxicity in rats, and esophageal cancer in humans [ 16,17]. 

The growth of fungi and their ability to produce mycotoxins have been shown to be 

complex processes regulated by genetic mechanisms and affected by various environmental 
stimuli such as pH, temperature, relative humidity of the atmosphere, moisture, water 
activity, light, aeration, level of atmospheric gases as well as nutritional and biological 

factors. The production of AFs by A. flavus was shown to be the highest at temperatures 

of 28 ◦C or 30 ◦C, depending on the strain [18,19], whereas F. verticillioides produced FB1 

at 15 ◦C in the soybean-based medium after 7 days of incubation [20]. The duration of 

inoculation for the maximum production of AFs by A. flavus was about 4 days in the coconut 
milk-derived liquid medium, between 4 and 8 days in yeast extract sucrose medium, and 

21 days in peanut meal extract agar [18,21,22]. For the production of FBs, one study showed 

that peak production was reached after 5 weeks of inoculation of cracked maize with the 

F. verticillioides strain [16]. The substrate used has been shown to affect fungal growth and 

mycotoxin production, and A. flavus cultured on potato dextrose agar produced more AFs 
than in potato dextrose broth [19]. Higher levels of FBs were produced in coarsely cracked 

maize when compared to whole maize kernels or maize flour inoculated with the same 
F. verticillioides strain [16]. Light conditions such as yellow and green light enhanced the 

production of FBs by F. verticillioides strains when compared to the dark [17,23]. A moisture 
content of 50% resulted in the high production of FBs in coarsely cracked corn inoculated 
with F. verticillioides [16]. Variability of growth and mycotoxin biosynthesis was found to 

be inherent to the A. flavus strain and under similar conditions, the strains produced a 
different range and levels of mycotoxins [22,24]. 

The high cost and large quantities of mycotoxins required to evaluate the effects 
of animal exposure have been a hindrance to study the in vivo toxicities of most myco - 

toxins, particularly in low-income countries where the burden is the highest. There is 

a need to be able to maximize the laboratory production of mycotoxins for use in rele- 
vant studies including the in vivo efficacy testing of candidate mycotoxin detoxifiers to be 
used as feed additives. Several studies have also evaluated the toxicological properties 
in animals using commercially available purified AFs or FBs, which may not accurately 

represent the naturally produced mycotoxins that are consumed by farm animals under 
field conditions [25–28]. 

The aim of this work was therefore to optimize the production of AFs and FBs under 
laboratory conditions using local fungal strains and to produce sufficient quantities that can be 
used in experimental exposure studies of farm animals. The influences of strain, substrate, and 
incubation time on the production of AFs and FBs were tested. Additionally, the production 

of FBs by F. verticillioides was examined under red, yellow, and white light conditions. 
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2. Materials and Methods 

2.1. Reagents and Chemicals 

Potato dextrose agar (PDA) (HIMEDIA®), yeast extract sucrose agar (YESA) (HIMEDIA®), 

glucose yeast peptone agar (GYPA) (HIMEDIA®), sucrose, yeast extract, potassium dihy- 
drogen phosphate (KH2PO4), calcium carbonate (CaCO3), magnesium sulfate (MgSO4), 
and HPLC-grade methanol (MeOH) were obtained from Sigma Aldrich (St. Louis, MO, 

USA). Direct competitive enzyme-linked immunosorbent assay (ELISA) kits (AgraQuant® 

Aflatoxin B1 and AgraQuant® Fumonisin) obtained from Romer Labs (Singapore) were 
used to quantify the toxins produced. Corn-based reference materials for AFs or FBs were 

from Biopure®, Romer Labs, Inc. (Tulln, Austria). 

2.2. Aspergillus flavus and Fusarium verticillioides Fungal Strains 

Known high AF producing fungal strains of A. flavus (17s, 121365s, and 86s) and FBs 
producing fungal strains of F. verticillioides (K52, K826, and K81C) were kindly provided by 

the Mycology and Mycotoxin Laboratory, University of Nairobi, Kenya. The reference codes 
in brackets are the codes of the fungal strains as held in the laboratory. The AF-producing 

strains were previously isolated from maize collected from farmers in the eastern and Rift 

Valley regions of Kenya [2]. The isolates were morphologically, culturally, and molecularly 
identified before being preserved on silica gel at the laboratory.  

2.3. Growth Media 

The PDA was used for the initial sub culturing of the fungi and was prepared according 

to the manufacturers’ instructions. 
Maize kernels, YESA, and yeast extract sucrose (YES) broth were used for the pro- 

duction of AFs, whereas cracked maize, GYPA, and V-8 juice broth were used for the 

production of FBs. 

2.4. Production Methods for Aflatoxins and Fumonisins 

The method described by Okoth et al. (2018) [29] for the production of AFs was used 

with some modifications. 

The different fungal strains were first grown on 9-mm PDA plates amended with 

2 mL/L lactic acid and the plates were incubated at 25 ◦C for seven days to obtain heavily 
sporulating cultures. 

2.4.1. Production Methods for Aflatoxins and Fumonisins in Agar Media 

For the production of AFs, the agar media were prepared by weighing 40.5 g of YESA 
into media bottles, 1000 mL of distilled water was added to each bottle, the mixtures were 

thoroughly shaken, and then autoclaved for 30 min at 121 ◦C. Twenty-five mL of the media 
were dispensed into 9-cm-diameter Petri plates, cooled, and inoculated with three fungal 

plugs from the A. flavus strain previously grown on 9-mm PDA plates or one plug from each 
A. flavus strain in the case of combined inoculations with all the strains. The agar cultures 

were incubated (Heraeus products, Minneapolis, MN, USA) at 29 ◦C for 21 days. After 
every seven days, fungal plugs were uniformly picked from three Petri plates, transferred 

to amber bottles, and kept at −20 ◦C until analysis. 
For the production of FBs, 50.0 g of GYPA was used instead and the media were 

inoculated with F. verticillioides strains, incubated at ambient temperatures (22–25 ◦C) in 
growth chambers fitted with white light. 

Controls for the production of AFs and FBs in agar media were treated the same way, 
except that they were inoculated with sterile distilled water instead of the fungal strains. 

2.4.2. Production Methods for Aflatoxins and Fumonisins in Maize Kernels 

Maize media were prepared as follows: 50 g of locally obtained white maize kernels 

were placed in 250 mL flasks and 20 mL of sterile distilled water was added to each flask. 
The flasks were then covered with cotton wool and aluminum foil. The maize kernels were 
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left to imbibe the water at room temperature overnight, autoclaved for 30 min at 121 ◦C, 

cooled, and then inoculated with three fungal plugs of the A. flavus strain previously grown 
on 9-mm PDA plates for the production of AFs. In flasks where the strains were combined, 

one plug from each A. flavus strain was used. The flasks were kept in the incubator operated 

at 29 ◦C for 21 days, mechanically shaken daily from the third day to uniformly distribute 
the inoculum and to prevent the maize kernels from clumping together.  

The same procedure described for the production of AFs in maize was used for the 
production of FBs. However, coarsely cracked maize kernels were used instead. The maize 

kernels were inoculated with F. verticillioides strains and the cultures incubated in growth 

chambers kept at ambient temperatures between 22 and 25 ◦C. The chambers were fitted 
with white, red, or yellow lights.  

After every seven days, three flasks were taken from each chamber and from the 

incubator, oven-dried at 60 ◦C overnight, and milled to a fine powder using a blender 
(Waring Products DIV., Torrington, CT, USA). The milled samples were transferred to 

amber bottles and kept at −20 ◦C until analysis. 

Controls for the production of AFs and FBs in maize media were treated the same way, 
except that they were inoculated with sterile distilled water instead of the fungal strains. 

2.4.3. Production Methods for Aflatoxins and Fumonisins in Broth Media 

Broth media (YES broth) for the production of AFs were prepared by weighing 4.0 g 

of yeast extract, 20.0 g of sucrose, 1.0 g of KH2PO4, and 0.5 g of MgSO4 into a media 

bottle. Distilled water (1000 mL) was added, the mixture thoroughly shaken, autoclaved 

for 30 min at 121 ◦C, cooled, and 100 mL of the media transferred into 250 mL flasks. The 

media were inoculated with three fungal plugs from each of the A. flavus strains previously 
grown on 9-mm PDA plates. In flasks where the strains were combined, one plug from 

each A. flavus strain was used. The cultures were incubated on a rotary shaker operated at 

150 rpm and at ambient temperatures (22–25 ◦C) for the 21 days of the experimental period. 

The flasks were covered with black polythene to avoid exposure to light and to provide 

dark conditions similar to those of the maize and agar cultures kept in the incubator.  
The same procedure was used for the production of FBs in broth media. However, the 

broth media were prepared using 1.0 g of yeast extract, 3.0 g of CaCO3, 1.0 g of glucose, and 

200 mL of V8 juice. The media were inoculated with F. verticillioides strains and incubated 

on the rotary shaker and were not covered with black polythene. 

After every seven days, three flasks were taken from each experiment, filtered using 
four layers of gauze, transferred to amber bottles, and kept at −20 ◦C until analysis [19]. 

Controls for the production of AFs and FBs in broth media were treated the same 
way, except that they were inoculated with sterile distilled water instead of the fungal 

strains. The levels of AFB1 and total FBs (FB1, FB2, FB3) in the different growth media 
were screened using ELISA methods. 

2.5. Experimental Design 

Experiment 1 involved the inoculation of maize, agar, and broth with three A. flavus 
strains (17s, 121365s, and 86s), alone or in combination for the production of AFs and the 

inoculation of maize, agar, and broth with three F. verticilliodes (K52, K826, and K81C), alone 

or in combination for the production of FBs (FB1, FB2, FB3). In experiment 2, the culture 
materials were sampled after every seven days for the determination of the production 
levels of AFB1 or FBs. Experiment 3 involved the production of FBs by inoculating maize 

with the three strains of F. verticilliodes, alone or in combination, and incubating the cultures 

in chambers with white, yellow, or red lights.  

2.6. Variables Evaluated 

Concentrations of AFB1 or total FBs were determined in the samples collected from the 

different media (agar, maize and broth) that were incubated with different fungal strains, 

alone or in combination. The samples were collected at different time points during the 
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experimental period to evaluate the time dependent production of the AFB1 or total FBs. 

Additionally, the total FBs were determined in the maize culture samples collected from 
the chambers with the three different light conditions (red, yellow, or white). 

2.7. Analysis of Different Culture Media for Aflatoxin B1 or Total Fumonisins Using ELISA Methods 

The sample preparation, extraction, and assay procedures were performed according 
to the protocol given by the manufacture of the ELISA kits (AgraQuant ® Aflatoxin B1 
and AgraQuant® Fumonisin, Romer Labs, Singapore). In brief, AFB1 and the total FBs 

were extracted from three replicates of a 5 g subsample of milled maize culture flour, 5 mL 

of filtered broth cultures, or 5 g YESA or GYPA plugs. The extraction solution (25 mL 
of 70/30 (v/v) methanol/water) was added to each sample and the mixture was shaken 

thoroughly on a rotary shaker for 3 min. The mixture was allowed to settle before filtering 

through Whatman No. 1 filter paper (Whatman International Ltd., Maidstone, UK). The 
filtrates for the analysis of the total FBs were diluted with distilled water in a ratio of 1:20 
before analysis, whereas for AFB1, the filtrates were analyzed without further dilutions. 

A microplate reader with a 450 nm filter was used for the analyses.  The quantitation 
range for AFB1 was 2 to 50 µg/kg with a limit of detection (LOD) of 2 µg/kg. For the 

total FBs, the quantitation range was 250 to 5000 µg/kg and the LOD was 200 µg/kg. For 

sample readings above the highest standards, the filtered extracts were further diluted 

with extraction solution (70% methanol 30% distilled water) for AFB1, whereas for the 

total FBs, the filtered extracts were further diluted with the extraction solution and diluted 

with distilled water and reanalyzed, taking the dilution factor into consideration. Quality 

control for each batch was assessed by the analysis of samples together with the corn-based 
reference materials for AFs or FBs. 

2.8. Data Analysis 

All statistical analyses were performed in the R software package [30]. The AFB1 or 

total FBs concentrations were presented as mean ± standard deviation (SD). Comparisons 
of AFB1 and the total FBs concentrations in the different media and light conditions (for 
total FBs) were conducted using a non-parametric Kruskal–Wallis test since according to 
the Shapiro–Wilk normality and Levene’s tests, the data did not meet the normality and 
homoscedasticity assumptions for the parametric analysis of variance (ANOVA). In cases 

where significant differences were observed (p values <0.05), post hoc Dunn tests were 

performed to observe where the differences were situated. 

3. Results and Discussion 

3.1. Analysis of Aflatoxin B1 in the Different Media 

Aflatoxin B1 production was influenced by the strain, duration of incubation, and 
the growth media used (Table 1). The highest AFB1 level of 12,550 ± 3396 µg/kg was 

detected in maize kernels inoculated with all the three strains of A. flavus for 21 days. 
Numerically higher AFB1 levels were detected in maize, agar, and broth cultures with 

the three A. flavus strains combined when compared to cultures with single strains. This 

study demonstrated that inoculation with more than one strain of fungi led to enhanced 

AFB1 production. Asurmendi et al. (2015) [31] also observed an increased production 

of AFB1 and reduced fungal growth when strains of A. flavus were inoculated with a 
pathogenic bacterium, Listeria monocytogenes, in Brewer’s grains meal medium. Intraspe- 
cific competition, however resulted into reduced levels of AFB1 produced in inoculums 

with both toxigenic and non-toxigenic A. flavus strains [32]. The ability of non-toxigenic 

fungi to outcompete toxigenic fungi has been used as a biocontrol to prevent mycotoxin 
production [33]. Diverse mycoflora usually present on plants and in growth medium may 

lead to complex interactions among species such as competition for nutrients and space to 

grow. In such scenarios, the production of secondary metabolites, especially mycotoxins, 

can be used as a chemical antagonist to outcompete other species, although there is still a 
lack of enough evidence to support this view [34,35]. 
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Table 1. Aflatoxin B1 production in the three media inoculated with various A. flavus strains. 
 

Aflatoxin B1 (µg/kg) (Mean ± SD), n = 3 
 

Isolate Media 
Day 7 Day 14 Day 21 

17s  799 ± 241 b 2945 ± 2066 bc 177 ± 217 d 

121365s  837 ± 439 b 4373 ± 348 ab 1767 ± 1915 bc 

86s Maize 725 ± 209 bc 4304 ± 2513 ab 10,255 ± 3763 a 

Combined  1477 ± 1630 a 5630 ± 1256 ab 12,550 ± 3397 a 

Control  ND ND ND 

17s  259 ± 449 c 642 ± 904 c 510 ± 884 c 

121365s  545 ± 239 bc 1786 ± 983 c 2606 ± 264 b 

86s Broth 560 ± 63 bc 1399 ± 125 c 2441 ± 877 b 

Combined  854 ± 30 b 2392 ± 1235 bc 2713 ± 3142 b 

Control  ND ND ND 

17s  560 ± 320 bc 2475 ± 1582 bc 6571 ± 5693 ab 

121365s  649 ± 222 bc 4090 ± 240 ab 6570 ± 5690 ab 

86s Agar 776 ± 83 bc 5588 ± 2673 ab 11,753 ± 9250 a 

Combined  1913 ± 756 a 8551 ± 6393 a 12,158 ± 6809 a 

Control  ND ND ND 

ND; Not detected (<2 µg/kg), Values are the means of three replicates ± standard deviation (SD). Values within the 
same column not sharing a common superscript differed significantly (p < 0.05) according to a post hoc Dunn test. 

 

In the present study, higher levels of AFB1 were detected in agar cultures inoculated 
with strain 86s and sampled after 7, 14, and 21 days, compared to maize and broth inocu- 

lated with the same A. flavus strain. After 21 days, significantly higher AFB1 productions 

were observed in agar cultures when compared to broth cultures (p = 0.002) (Table 1). These 

results agree with studies by Wang et al. (2017) [36] who reported a significantly higher 

production of AFs in potato dextrose agar (23 µg/kg) compared to potato dextrose broth 

(5 µg/kg) inoculated with the same A. flavus strain. In another study, A. flavus isolates 

produced more AFB1 in Czapek yeast agar (501 ± 81 µg/kg) compared to the corn extract 
media (3 ± 1 µg/kg) after 21 days of incubation at temperatures of 30 ◦C and water activity 

of 0.96 [37]. A. flavus produced more AFB1 in processed rice or shelled peanut kernels 

compared to rice paddy, commercial media, and peanut media [38–40]. Production of 

AFs by A. flavus was shown to be influenced by the source of carbon in the growth media, 
and sucrose resulted in the highest toxin levels compared to other carbon sources such 

as starch [41]. In the latter study, the high production of AFs in media with sucrose was 
attributed to sucrose being a simple sugar, thus capable of supporting growt h and the 
production of AFs. These studies imply that more than one substrate is required when 

evaluating the toxin-producing ability of a fungal strain in order to not miscalculate its 

toxin-producing ability. 
For all of the strains inoculated in the three media (maize, agar, and broth) the AFB1 

production increased with an increase in the incubation time, reaching peak production 

(12,550 ± 3397 µg/kg) after 21 days, with the exception of strain 17s inoculated in maize 
where peak production was after 14 days (Table 1). The first week was characterized by 

growth and colonization of the substrates by the different fungal strains and by the end 
of the second week, the substrates were fully colonized. In other studies, an AF yield 
of 436 µg/kg was detected after six days of inoculation of A. flavus isolates in modified 

YES medium and an AF yield of 866 µg/kg was seen after 30 days of inoculation in a rice 
paddy [18,42]. The mean AFB1 levels of 2115 ± 249 µg/kg were detected in potato dextrose 

agar cultures after 7 days of inoculation with the A. flavus strain isolated from maize 
grains [32]. Jamali et al. (2013) [43] reported AFB1 concentrations of up to 321,560 µg/kg 
in YES medium after seven days of inoculation with A. flavus strains isolated from the soils 

of pistachio orchards. Maximum AFs (53,710 ± 8790 µg/kg) were produced after three 

weeks of inoculation of peanut meal extract agar with the A. flavus strain isolated from raw 
peanuts [21]. The variations in the AF concentrations in the various studies were attributed 
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to differences in the incubation period, origin of the strains used, and the differences in the 

eco-physiological conditions used in the different experiments. 

3.2. Analysis of Total Fumonisins in Different Culture Materials Inoculated with F. verticillioides 
Strains and Incubated in Chambers with White Light or on a Rotary Shaker 

Maize, agar, and broth media inoculated with the three strains of F. verticillioides 

singly or combined under white light conditions and ambient temperatures of 22 to 25 ◦C 
resulted in the production of FBs with levels depending on the duration of incubation 

as well as the media used (Table 2). The highest total FBs (FB1 + FB2 + FB3) levels of 

117,496 ± 57,961 µg/kg substrate were detected in maize cultures inoculated with all the 
three strains of F. verticillioides for 21 days. Previous studies have shown that in addition 
to abiotic factors, biotic factors such as the presence of other microorganisms influenced 

the fungal growth and toxin production [31,32]. In the present study, after 21 days of 

inoculation with the strains of F. verticillioides, the mean FBs level was significantly higher 
in the cracked maize compared to broth (p = 0.003). Similarly, higher production of FBs in 

the maize patties compared to liquid cultures were reported [44–46]. The highest yields 
of FB1 (3,000,000 to 4,000,000 µg/kg of substrate) were obtained when highly toxigenic 

strains of F. verticillioides isolated from feeds were grown on coarsely cracked maize with 

50% water content at 21 ◦C for five weeks [16]. In the latter study, lower levels of FB1 were 
detected in maize flour, whole maize, and rice, which was attributed to the ease of the fungus to 

access nutrients in cracked maize compared to maize left intact or rice. In addition, oxygen was 

more available in cracked maize compared to maize flour. These results suggest that a given 

strain of toxigenic fungi may produce varied levels of mycotoxins depending on the substrate. 
 

Table 2. The total fumonisin levels in three media inoculated with various F. verticillioides strains and 

incubated in chambers fitted with white light or on a rotary shaker. 
 

Total Fumonisins (µg/kg) (Mean ± SD) n = 3 
 

Isolate Media 
Day 7 Day 14 Day 21 

K52  ND 10,253 ± 16,188 ab 48,735 ± 6473 ab 

K826  1855 ± 3213 a 19,932 ± 15,940 a 71,374 ± 31,338 ab 

K81C Maize ND 15,080 ± 23,671 ab 65,872 ± 26,719 ab 

Combined  ND 26,321 ± 14,004 a 117,496 ± 57,961 a 

Control  ND ND ND 

K52  729 ± 1262 a 4072 ± 7052 b 2786 ± 4010 d 

K826  ND 1855 ± 3213 bc 6533.50 ± 5121 c 

K81C Broth ND 4148 ± 3858 b 6590.33 ± 5911 c 

Combined  ND 5140 ± 1188 b 21,485 ± 3118 bc 

Control  ND ND ND 

K52  ND 921 ± 1596 c 39,395 ± 6463 b 

K826  ND 787 ± 1363 c 32,332 ± 15,355 bc 

K81C Agar ND 934 ± 1430 c 49,359 ± 84,423 ab 

Combined  ND 790 ± 1164 c 6686 ± 1057 c 

Control  ND ND ND 

ND; Not detected (<200 µg/kg). Values are the means of three replicates ± standard deviation (SD). Means within 
a column with different superscript are significantly different (p < 0.05) according to a post hoc Dunn test. 

 

There was an increase in the levels of total FBs in relation to the incubation time, 

reaching peak production after 21 days with the exception of strain K52 inoculated in 

broth media where peak production was after 14 days (Table 2). After 7 days, FBs were 
only detected in broth cultures with the K52 strain and maize cultures with the K826 

strain, whereas the agar cultures had no detectable FBs. Similar to the production of AFB1 

by A. flavus, the first 7 days were characterized by the growth and colonization of the 

various substrates by the different F. verticillioides strains and by the end of the 14 days, the 

substrates were fully colonized. Production of FB1 at 20 ◦C and 25 ◦C started after two 
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weeks of inoculation and continued during the stationary phase, reaching a maximum 

yield (17,900,000 µg/kg) after 13 weeks before starting to decrease [47]. The decrease in 
FB1 levels after 13 weeks was attributed to the probable enzymatic cleavage of the main 
compound or conversion to other related compounds or both. In another study, lower 
levels of FB1 were detected in a liquid medium with the production of FB1 beginning after 

3 days of inoculation and reaching a maximum (73 µg/mL) after 29 days [48]. 

3.3. Analysis of Total Fumonisins in Maize Culture Materials Inoculated with F. verticillioides 
Strains and Incubated in Chambers with White, Red, and Yellow Lights 

White, red, and yellow light conditions influenced the production of FBs by the 

different strains of F. verticillioides in maize cultures (Figure 1). After 21 days of inoculation, 
the mean FBs levels were significantly higher in maize incubated in growth chambers 

fitted with yellow light when compared to white light (p = 0.017). The highest FBs levels 

of 386,534 ± 153,303 µg/kg were observed in maize cultures inoculated with all three 
strains of F. verticillioides and kept under yellow light conditions for 21 days. Yellow light 
conditions also resulted in the highest FBs yield after 14 days (42,997 ± 1554 µg/kg) and 

7 days (6115 ± 833 µg/kg) of inoculation of maize cultures with the K826 strain. Red light 

conditions enhanced the production of FBs when compared to the white light conditions, 
and after 21 days, maize inoculated with the K826 strain under red light conditions had 

significantly higher levels of FBs compared to maize inoculated with the same strain 

under white light conditions (223,144 ± 182,031 µg/kg versus 114,604 ± 21,951 µg/kg, 

p = 0.040). Matic´ et al. (2013) [17] demonstrated that all light conditions enhanced the 

production of FBs by F. verticillioides strains when compared to darkness. In the study, the 

enhanced production of FBs under different light conditions was attributed to light being 
able to stimulate the secondary metabolism of fungi, especially mycotoxin production. 

Wavelengths from red to blue were observed to increase FBs biosynthesis in F. verticillioides 
strains by up to 150% and in F. proliferatum strains by 40% compared to darkness [23,49]. 

Fanelli et al. (2016) [50], in their review, noted that F. verticillioides and F. proliferatum grew 

better and produced more FBs under light conditions. 
 

Figure 1. Total fumonisin (FB1, FB2, FB3) production in maize media after 21 days of inoculation  

with different F. verticillioides strains and incubated in chambers fitted with white, red, or yellow 

lights. Values are the means of three replicates ± standard deviation. Means with different letters are 

significantly different (p < 0.05) according to the post hoc Dunn test. 
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Similar to the current study, white light conditions had the least influence on the 

production of FBs by F. proliferatum [49]. White light conditions increased FB1 and FB2 
productions by only 3-fold whereas red by 40-fold, blue by 35-fold, royal blue by 20-fold, 
green by 10-fold, and yellow by 5-fold when compared to incubation in the dark. Therefore, 
light conditions are important factors to consider when evaluating the production of FBs 

by different Fusarium strains. 

4. Conclusions 

This study demonstrated that high yields of aflatoxins and fumonisins can be obtained 

in maize cultures and these large quantities can be used for animal trials to evaluate the 
effects of these mycotoxins on animal health and productivity, their transfer to animal source 
foods, and to study the in vivo efficacy of candidate mycotoxin detoxifiers used as feed 

additives. The study also demonstrated that the substrate, strain of fungi, incubation time, 

and light conditions as well as their interactions significantly influenced the production 
of mycotoxins. For each experiment aiming for the production of large quantities of 
mycotoxins, the optimal conditions for the strains used need to be identified.  Further 

research should be conducted to evaluate the differential effects of environmental and 

biological conditions on the growth and production of mycotoxins by different fungal 
strains so as to not underreport the total mycotoxins produced.  

 
Author Contributions: Conceptualization, S.O., G.A., J.K.G. and J.F.L.; Writing—original draft 

preparation, P.E.O.; Writing—review and editing, P.E.O., S.O., M.-L.S., D.C.K., S.C., E.K., B.D., J.K.G., 

J.F.L. and G.A.; Supervision, S.O., G.A., M.-L.S., J.F.L., S.C., J.K.G., J.F.L. and E.K.; Project coordination, 

G.A. and S.C.; Funding acquisition, G.A., S.C., M.-L.S. and J.K.G. All authors have read and agreed to 

the published version of the manuscript.  

Funding: This research was conducted within the ERA-NET LEAP-Agri MycoSafe-South project 

(number LEAP-Agri-483) and was funded by the Kenyan Ministry of Education Science and Technol- 

ogy (MOEST), the Belgian F.R.S.-Fonds de la Recherche Scientifique (FNRS), and the Belgian Science 

Policy Office (BELSPO). 

Institutional Review Board Statement: Not applicable. 

Informed Consent Statement: Not applicable. 

Data Availability Statement: The data presented are available upon reasonable request. 

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

References 

1. Ochieng, P.E.; Scippo, M.-L.; Kemboi, D.C.; Croubels, S.; Okoth, S.; Kang’ethe, E.K.; Doupovec, B.; Gathumbi, J.K.; Lindahl, J.F.; 

Antonissen, G. Mycotoxins in Poultry Feed and Feed Ingredients from Sub-Saharan Africa and Their Impact on the Production of  
Broiler and Layer Chickens: A Review. Toxins 2021, 13, 633. [CrossRef] [PubMed] 

2. Okoth, S.; Nyongesa, B.; Ayugi, V.; Kang’ethe, E.; Korhonen, H.; Joutsjoki, V. Toxigenic Potential of Aspergillus Species Occurring 
on Maize Kernels from Two Agro-Ecological Zones in Kenya. Toxins 2012, 4, 991–1007. [CrossRef] [PubMed] 

3. Norlia, M.; Jinap, S.; Nor-Khaizura, M.A.R.; Radu, S.; Samsudin, N.I.P.; Azri, F.A. Aspergillus section Flavi and Aflatoxins: 

Occurrence, Detection, and Identification in Raw Peanuts and Peanut-Based Products Along the Supply Chain. Front. Microbiol. 

2019, 10, 2602. [CrossRef] [PubMed] 

4. Amakhobe, T.V.; Okoth, S.; Wachira, P. Mycoflora, aflatoxin, and fumonisin levels present in layer feed in Nairobi County. Afr. J. 

Biol. Sci. 2021, 3, 20. [CrossRef] 

5. Ezekiel, C.N.; Atehnkeng, J.; Odebode, A.C.; Bandyopadhyay, R. Distribution of aflatoxigenic Aspergillus section Flavi in 

commercial poultry feed in Nigeria. Int. J. Food Microbiol. 2014, 189, 18–25. [CrossRef] 

6. Kagot, V.; De Boevre, M.; Landschoot, S.; Obiero, G.; Okoth, S.; De Saeger, S. Comprehensive analysis of multiple mycotoxins and 
Aspergillus flavus metabolites in maize from Kenyan households. Int. J. Food Microbiol. 2022, 363, 109502. [CrossRef] 

7. Dooso Oloo, R.; Okoth, S.; Wachira, P.; Mutiga, S.; Ochieng, P.; Kago, L.; Nganga, F.; Domelevo Entfellner, J. -B.; Ghimire, S. 
Genetic Profiling of Aspergillus Isolates with Varying Aflatoxin Production Potential from Different Maize-Growing Regions of 

Kenya. Toxins 2019, 11, 467. [CrossRef] 

8. Baan, R.; Grosse, Y.; Straif, K.; Secretan, B.; El Ghissassi, F.; Bouvard, V.; Benbrahim-Tallaa, L.; Guha, N.; Freeman, C.; IARC 

(International Agency for Research on Cancer); et al. A Review of Human Carcinogens. Part F: Chemical Agents and Related 

Occupations, IARC Monographs on the Evaluation of Carcinogenic Risks to Humans. Lancet Oncol. 2009, 10, 1143–1144. [CrossRef] 

http://doi.org/10.3390/toxins13090633
http://www.ncbi.nlm.nih.gov/pubmed/34564637
http://doi.org/10.3390/toxins4110991
http://www.ncbi.nlm.nih.gov/pubmed/23202303
http://doi.org/10.3389/fmicb.2019.02602
http://www.ncbi.nlm.nih.gov/pubmed/31824445
http://doi.org/10.33472/AFJBS.3.4.2021.20-32
http://doi.org/10.1016/j.ijfoodmicro.2014.07.026
http://doi.org/10.1016/j.ijfoodmicro.2021.109502
http://doi.org/10.3390/toxins11080467
http://doi.org/10.1016/S1470-2045(09)70358-4


Microorganisms 2022, 10, 2385 10 of 11 
 

 

 

9. Monson, M.; Coulombe, R.; Reed, K. Aflatoxicosis: Lessons from Toxicity and Responses to Aflatoxin B1 in Poultry. Agriculture 

2015, 5, 742–777. [CrossRef] 
10. Boutigny, A.-L.; Beukes, I.; Small, I.; Zühlke, S.; Spiteller, M.; Van Rensburg, B.J.; Flett, B.; Viljoen, A. Quantitative detection of 

Fusarium pathogens and their mycotoxins in South African maize: Fusarium sp. and their mycotoxins in South African maize. 

Plant Pathol. 2012, 61 , 522–531. [CrossRef] 

11. Fandohan, P.; Gnonlonfin, B.; Hell, K.; Marasas, W.F.O.; Wingfield, M.J. Natural occurrence of Fusarium and subsequent fumonisin 

contamination in preharvest and stored maize in Benin, West Africa. Int. J. Food Microbiol. 2005, 99, 173–183. [CrossRef] [PubMed] 

12. Namulawa, V.T.; Mutiga, S.; Musimbi, F.; Akello, S.; Ngángá, F.; Kago, L.; Kyallo, M.; Harvey, J.; Ghimire, S. Assessment of Fungal 
Contamination in Fish Feed from the Lake Victoria Basin, Uganda. Toxins 2020, 12, 233. [CrossRef] [PubMed] 

13. Phoku, J.Z.; Dutton, M.F.; Njobeh, P.B.; Mwanza, M.; Egbuta, M.A.; Chilaka, C.A. Fusarium infection of maize and maize-based 

products and exposure of a rural population to fumonisin B1 in Limpopo Province, South Africa. Food Addit. Contam. Part A 2012, 

29, 1743–1751. [CrossRef] 

14. Kemboi, D.C.; Ochieng, P.E.; Antonissen, G.; Croubels, S.; Scippo, M.-L.; Okoth, S.; Kangethe, E.K.; Faas, J.; Doupovec, B.; 

Lindahl, J.F.; et al. Multi-Mycotoxin Occurrence in Dairy Cattle and Poultry Feeds and Feed Ingredients from Machakos Town, 

Kenya. Toxins 2020, 12, 762. [CrossRef] [PubMed] 

15. Wang, E.; Norred, W.P.; Bacon, C.W.; Riley, R.T.; Merrill, A.H. Inhibition of sphingolipid biosynthesis by fumonisins. Implications 

for diseases associated with Fusarium moniliforme. J. Biol. Chem. 1991, 266, 14486–14490. [CrossRef] 

16. Bailly, J.D.; Querin, A.; Tardieu, D.; Guerre, P. Production and purification of fumonisins from a highly toxigenic Fusarium 

verticilloides strain. Rev. Médecine Vét. 2005, 1, 547–554. 

17. Matic´, S.; Spadaro, D.; Prelle, A.; Gullino, M.L.; Garibaldi, A. Light affects fumonisin production in strains of Fusarium fujikuroi, 

Fusarium proliferatum, and Fusarium verticillioides isolated from rice. Int. J. Food Microbiol. 2013, 166, 515–523. [CrossRef] 
18. Garcia-Cela, E.; Verheecke-Vaessen, C.; Gutierrez-Pozo, M.; Kiaitsi, E.; Gasperini, A.M.; Magan, N.; Medina, A. Unveiling the 

effect of interacting forecasted abiotic factors on growth and aflatoxin B1 production kinetics by Aspergillus flavus. Fungal Biol. 

2021, 125, 89–94. [CrossRef] 

19. Wang, P.; Chang, P.-K.; Kong, Q.; Shan, S.; Wei, Q. Comparison of aflatoxin production of Aspergillus flavus at different temperatures 

and media: Proteome analysis based on TMT. Int. J. Food Microbiol. 2019, 310, 108313. [CrossRef] 

20. Garcia, D.; Barros, G.; Chulze, S.; Ramos, A.J.; Sanchis, V.; Marín, S. Impact of cycling temperatures on Fusarium verticillioides 

and Fusarium graminearum growth and mycotoxins production in soybean: Effect of isothermal and cycling temperature on 

Fusarium spp. in soybean. J. Sci. Food Agric. 2012, 92, 2952–2959. [CrossRef] 
21. Norlia, M.; Jinap, S.; Nor-Khaizura, M.A.R.; Radu, S.; John, J.M.; Rahman, M.A.H.; Peter, M.L.; Sharif, Z. Modelling the effect of 

temperature and water activity on the growth rate of Aspergillus flavus and aflatoxin production in peanut meal extract agar. Int. J. 

Food Microbiol. 2020, 335, 108836. [CrossRef] [PubMed] 
22. Degola, F.; Dall’Asta, C.; Restivo, F.M. Development of a simple and high-throughput method for detecting aflatoxins production 

in culture media: Aflatoxin detection in culture media. Lett. Appl. Microbiol. 2012, 55, 82–89. [CrossRef] [PubMed] 

23. Fanelli, F.; Schmidt-Heydt, M.; Haidukowski, M.; Susca, A.; Geisen, R.; Logrieco, A.; Mulè, G. Influence of light on growth, 

conidiation and fumonisin production by Fusarium verticillioides. Fungal Biol. 2012, 116, 241–248. [CrossRef] 

24. Casquete, R.; Benito, M.J.; Córdoba, M.d.G.; Ruiz-Moyano, S.; Martín, A. The growth and aflatoxin production of Aspergillus flavus 

strains on a cheese model system are influenced by physicochemical factors. J. Dairy Sci. 2017, 100, 6987–6996. [CrossRef] [PubMed] 

25. Del Bianchi, M.; Oliveira, C.A.F.; Albuquerque, R.; Guerra, J.L.; Correa, B. Effects of prolonged oral administration of aflatoxin B1 

and fumonisin B1 in broiler chickens. Poult. Sci. 2005, 84, 1835–1840. [CrossRef] [PubMed] 

26. Chang, J.; Wang, T.; Wang, P.; Yin, Q.; Liu, C.; Zhu, Q.; Lu, F.; Gao, T. Compound probiotics alleviating aflatoxin B1 and 

zearalenone toxic effects on broiler production performance and gut microbiota. Ecotoxicol. Environ. Saf. 2020, 194, 110420. 

[CrossRef] [PubMed] 

27. Chen, Y.; Cheng, Y.; Wen, C.; Wang, W.; Kang, Y.; Wang, A.; Zhou, Y. The protective effects of modified palygorsk ite on the 

broilers fed a purified zearalenone-contaminated diet. Poult. Sci. 2019, 98, 3802–3810. [CrossRef] 

28. Tardieu, D.; Travel, A.; Le Bourhis, C.; Metayer, J.-P.; Mika, A.; Cleva, D.; Boissieu, C.; Guerre, P. Fumonisins and zearalenone fed 
at low levels can persist several days in the liver of turkeys and broiler chickens after exposure to the contaminated diet w as 

stopped. Food Chem. Toxicol. 2021, 148, 111968. [CrossRef] 

29. Okoth, S.; De Boevre, M.; Vidal, A.; Diana Di Mavungu, J.; Landschoot, S.; Kyallo, M.; Njuguna, J.; Harvey, J.; De Saeger, S. 
Genetic and Toxigenic Variability within Aspergillus flavus Population Isolated from Maize in Two Diverse Environments in Kenya. 

Front. Microbiol. 2018, 9, 57. [CrossRef] 
30. R Core Team R: A Language and Environment for Statistical Computing. R Foundation for Statistical Computing, Vienna, Austria. 

2020. Available online: https://www.r-project.org/ (accessed on 15 July 2022). 

31. Asurmendi, P.; Barberis, C.; Pascual, L.; Dalcero, A.; Barberis, L. Influence of Listeria monocytogenes and environmental abiotic 

factors on growth parameters and aflatoxin B1 production by Aspergillus flavus. J. Stored Prod. Res. 2015, 60, 60–66. [CrossRef] 
32. Aldars-García, L.; Berman, M.; Ortiz, J.; Ramos, A.J.; Marín, S. Probability models for growth and aflatoxin B 1 production as 

affected by intraspecies variability in Aspergillus flavus. Food Microbiol. 2018, 72, 166–175. [CrossRef] [PubMed] 

http://doi.org/10.3390/agriculture5030742
http://doi.org/10.1111/j.1365-3059.2011.02544.x
http://doi.org/10.1016/j.ijfoodmicro.2004.08.012
http://www.ncbi.nlm.nih.gov/pubmed/15734565
http://doi.org/10.3390/toxins12040233
http://www.ncbi.nlm.nih.gov/pubmed/32272644
http://doi.org/10.1080/19440049.2012.708671
http://doi.org/10.3390/toxins12120762
http://www.ncbi.nlm.nih.gov/pubmed/33287105
http://doi.org/10.1016/S0021-9258(18)98712-0
http://doi.org/10.1016/j.ijfoodmicro.2013.07.026
http://doi.org/10.1016/j.funbio.2020.05.003
http://doi.org/10.1016/j.ijfoodmicro.2019.108313
http://doi.org/10.1002/jsfa.5707
http://doi.org/10.1016/j.ijfoodmicro.2020.108836
http://www.ncbi.nlm.nih.gov/pubmed/33065380
http://doi.org/10.1111/j.1472-765X.2012.03264.x
http://www.ncbi.nlm.nih.gov/pubmed/22568641
http://doi.org/10.1016/j.funbio.2011.11.007
http://doi.org/10.3168/jds.2017-12865
http://www.ncbi.nlm.nih.gov/pubmed/28711264
http://doi.org/10.1093/ps/84.12.1835
http://www.ncbi.nlm.nih.gov/pubmed/16479938
http://doi.org/10.1016/j.ecoenv.2020.110420
http://www.ncbi.nlm.nih.gov/pubmed/32151861
http://doi.org/10.3382/ps/pez085
http://doi.org/10.1016/j.fct.2021.111968
http://doi.org/10.3389/fmicb.2018.00057
https://www.r-project.org/
http://doi.org/10.1016/j.jspr.2014.09.008
http://doi.org/10.1016/j.fm.2017.11.015
http://www.ncbi.nlm.nih.gov/pubmed/29407394


Microorganisms 2022, 10, 2385 11 of 11 
 

 

 
33.  Agbetiameh, D.; Ortega-Beltran, A.; Awuah, R.T.; Atehnkeng, J.; Elzein, A.; Cotty, P.J.; Bandyopadhyay, R. Field efficacy of two 

atoxigenic biocontrol products for mitigation of aflatoxin contamination in maize and groundnut in Ghana. Biol. Control 2020, 

150, 104351. [CrossRef] [PubMed] 

34. Magan, N. Fusarium Mycotoxins: Chemistry, Genetics and Biology, by A.E. Desjardins. 260 pp. St Paul, MN, USA: American 

Phytopathology Society (2006). US$89 (hardback). J. Agric. Sci. 2007, 145, 539. [CrossRef] 

35. Marín, P.; Magan, N.; Vázquez, C.; González-Jaén, M.T. Differential effect of environmental conditions on the growth and reg - 
ulation of the fumonisin biosynthetic gene FUM1 in the maize pathogens and fumonisin producers Fusarium verticillioides and 

Fusarium proliferatum: Ecophysiology of F. verticillioides and F. proliferatum. FEMS Microbiol. Ecol. 2010, 73, 303–311. [CrossRef] [PubMed] 

36. Wang, B.; Han, X.; Bai, Y.; Lin, Z.; Qiu, M.; Nie, X.; Wang, S.; Zhang, F.; Zhuang, Z.; Yuan, J.; et al. Effects of nitrogen metabolism 
on growth and aflatoxin biosynthesis in Aspergillus flavus. J. Hazard. Mater. 2017, 324, 691–700. [CrossRef] 

37. Astoreca, A.; Vaamonde, G.; Dalcero, A.; Marin, S.; Ramos, A. Abiotic factors and their interactions influence on the co-production 

of aflatoxin B1 and cyclopiazonic acid by Aspergillus flavus isolated from corn. Food Microbiol. 2014, 38, 276–283. [CrossRef] 

38. Liu, X.; Guan, X.; Xing, F.; Lv, C.; Dai, X.; Liu, Y. Effect of water activity and temperature on the growth of Aspergillus flavus, the 

expression of aflatoxin biosynthetic genes and aflatoxin production in shelled peanuts. Food Control 2017, 82, 325–332. [CrossRef] 

39. Lv, C.; Jin, J.; Wang, P.; Dai, X.; Liu, Y.; Zheng, M.; Xing, F. Interaction of water activity and temperature on the growth, gene 

expression and aflatoxin production by Aspergillus flavus on paddy and polished rice. Food Chem. 2019, 293, 472–478. [CrossRef] 

40. Martín Castaño, S.; Medina, A.; Magan, N. Comparison of dry matter losses and aflatoxin B1 contamination of paddy and brown 

rice stored naturally or after inoculation with Aspergillus flavus at different environmental conditions. J. Stored Prod. Res. 2017, 73, 
47–53. [CrossRef] 

41. Lasram, S.; Hamdi, Z.; Chenenaoui, S.; Mliki, A.; Ghorbel, A. Comparative study of toxigenic potential of Aspergillus flavus and 

Aspergillus niger isolated from Barley as affected by temperature, water activity and carbon source.  J. Stored Prod. Res. 2016, 69,  
58–64. [CrossRef] 

42. Mousa, W.; Ghazali, F.; Jinap, S.; Ghazali, H.M.; Radu, S.; Salama, A.E.-R. Temperature, water activity and gas composition effects 

on the growth and aflatoxin production by Aspergillus flavus on paddy. J. Stored Prod. Res. 2016, 67, 49–55. [CrossRef] 

43. Jamali, M.; Karimipour, M.; Shams-Ghahfarokhi, M.; Amani, A.; Razzaghi-Abyaneh, M. Expression of aflatoxin genes aflO 
(omtB) and aflQ (ordA) differentiates levels of aflatoxin production by Aspergillus flavus strains from soils of pistachio orchards. 

Res. Microbiol. 2013, 164, 293–299. [CrossRef] [PubMed] 

44. Keller, S.E.; Sullivan, T.M. Liquid Culture Methods for the Production of Fumonisin. In Fumonisins in Food; Advances in 
Experimental medicine and Biology; Springer US: Boston, MA, USA, 1996; Volume 392, pp. 205–212, ISBN 978-1-4899-1381-4. 

45. Plattner, R.D.; Shackelford, D.D. Biosynthesis of labeled fumonisins in liquid cultures of Fusarium moniliforme. Mycopathologia 

1992, 117, 17–22. [CrossRef] [PubMed] 
46. Schoeman, A.; Flett, B.C.; Janse van Rensburg, B. Evaluating three commonly used growth media for assessing fumonisin analogues 

FB1, FB2 and FB3 production by nine Fusarium verticillioides isolates. Food Addit. Contam. Part A 2016, 34, 291–298. [CrossRef] 
47. Alberts, J.F.; Gelderblom, W.C.; Thiel, P.G.; Marasas, W.F.; Van Schalkwyk, D.J.; Behrend, Y. Effects of temperature and incubation  

period on production of fumonisin B1 by Fusarium moniliforme. Appl. Environ. Microbiol. 1990, 56, 1729–1733. [CrossRef] 

48. Jackson, M.A.; Bennett, G.A. Production of fumonisin B1 by Fusarium moniliforme NRRL 13616 in submerged culture. Appl. Environ. 

Microbiol. 1990, 56, 2296–2298. [CrossRef] 

49. Fanelli, F.; Schmidt-Heydt, M.; Haidukowski, M.; Geisen, R.; Logrieco, A.; Mulè, G. Influence of light on growth, fumonisin 

biosynthesis and FUM1 gene expression by Fusarium proliferatum . Int. J. Food Microbiol. 2012, 153, 148–153. [CrossRef] 

50. Fanelli, F.; Geisen, R.; Schmidt-Heydt, M.; Logrieco, A.F.; Mulè, G. Light regulation of mycotoxin biosynthesis: New perspectives 

for food safety. World Mycotoxin J. 2016, 9, 129–146. [CrossRef] 

http://doi.org/10.1016/j.biocontrol.2020.104351
http://www.ncbi.nlm.nih.gov/pubmed/33144821
http://doi.org/10.1017/S0021859607007162
http://doi.org/10.1111/j.1574-6941.2010.00894.x
http://www.ncbi.nlm.nih.gov/pubmed/20491926
http://doi.org/10.1016/j.jhazmat.2016.11.043
http://doi.org/10.1016/j.fm.2013.07.012
http://doi.org/10.1016/j.foodcont.2017.07.012
http://doi.org/10.1016/j.foodchem.2019.05.009
http://doi.org/10.1016/j.jspr.2017.06.004
http://doi.org/10.1016/j.jspr.2016.06.002
http://doi.org/10.1016/j.jspr.2016.01.003
http://doi.org/10.1016/j.resmic.2012.12.008
http://www.ncbi.nlm.nih.gov/pubmed/23275075
http://doi.org/10.1007/BF00497274
http://www.ncbi.nlm.nih.gov/pubmed/1513369
http://doi.org/10.1080/19440049.2016.1266397
http://doi.org/10.1128/aem.56.6.1729-1733.1990
http://doi.org/10.1128/aem.56.8.2296-2298.1990
http://doi.org/10.1016/j.ijfoodmicro.2011.10.031
http://doi.org/10.3920/WMJ2014.1860

	1. Introduction
	2. Materials and Methods
	3. Results and Discussion
	4. Conclusions
	References

