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1. Introduction
Aflatoxins (AFs) are polyketide-derived metabolites produced by fungi on a 
wide range of crops (cereals, oilseeds, tree nuts, spices, dried fruits, etc.), both 
in the field and the post-harvest. As chemical stable molecules, resistant to 
conventional thermal or technological processes, they will pass through the 
whole food or feed supply chain to the final processed products (Kumar et al. 
2017, Pankaj et al. 2018). There are more than 20 known AFs and derivatives, 
yet the most hazardous AFs include the four naturally-occurring AFB1, AFB2, 
AFG1 and AFG2, and the hydroxylated metabolites of AFB1 and AFB2, and 
AFM1 and AFM2, which are produced through biotransformation in the liver 
and excreted in the milk of humans and mammals (Kumar et al. 2017). AFs are 
known for their high acute and chronic toxicity to both humans and animals, 
and are considered among the most dangerous mycotoxins with carcinogenic, 
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hepatotoxic, immunotoxic, teratogenic and mutagenic effects (Kowalska 
et al. 2017). AFB1 is the most prevalent and toxic aflatoxin, and is classified 
as a Group 1 human carcinogens (IARC 2012). The intake of high amounts 
of AFs can cause acute intoxication (aflatoxicosis) associated with jaundice, 
vomiting, hemorrhages, abdominal pain, acute liver failure, problems with 
absorption of nutrients, and can be lethal (IARC 2015). Reported outbreaks 
in western India (1974) and in Kenya (2004) caused the death of 106 and 125 
people, respectively (Lewis et al. 2005, Azziz-Baumgartner et al. 2005). Chronic 
exposure to low levels of AFs is associated with high risk of hepatocellular 
carcinoma (HCC), immunosuppression, teratogenic and mutagenic effects, 
reduction of nutrient absorption, child stunting, detrimental effects in the 
endocrinal system, and liver failure (Stack and Carlson 2003, Turner et al. 
2005, Bbosa et al. 2013). More than five billion people worldwide are at risk of 
chronic exposure to AFs through contaminated foods (Wu and Glucu 2012). 
Humans’ exposure to AFs mainly occurs by direct intake of contaminated 
foods of vegetal or animal origin (Bhat et al. 2010, IARC 2015). Hence, the 
presence of AFs in foodstuff and feedstuff is a public health issue associated 
with detrimental effects in economy. In addition, commodities are generally 
contaminated by several mycotoxins, and this co-occurrence may result in 
a greater toxicity to humans caused by the possible additive or synergistic 
effects of these compounds (Grenier and Oswald 2011). The main aflatoxin-
producing fungi belong to Aspergillus section Flavi of the Circumdati subgenus, 
and only five AF producers do not belong to this section, A. ochraceoroseus, A. 
rambellii (A. section Ochraceorosei), A. astellatus, A. olivicola, and A. venezuelensis 
(A. section Nidulantes) (Varga et al. 2015). The aim of the present chapter is to 
describe the characteristics of the aflatoxigenic Aspergillus section Flavi species 
isolated from food or feed, and to address the biodiversity according to food 
matrices and geographic areas. 

2. Characteristics of the Aflatoxigenic Aspergillus 
section Flavi Species

The major producers of AFs worldwide are Aspergillus flavus and A. parasiticus 
and for a while they were recognized as the only AF producers, and later, 
diversity surveys pointed A. nomius as the third main AF producer for its 
frequency in spoiled food (Kurtzman et al. 1987, Perrone et al. 2014). However, 
the implementation of polyphasic species identification showed a more 
complex story. Over the last two decades, this approach demonstrated a high 
biodiversity and plasticity within the section Flavi (Varga et al. 2011, Soares 
et al. 2012, Taniwaki et al. 2012, Frisvad et al. 2019). Currently this section 
encloses 34 species, from which 19 are aflatoxigenic (Frisvad et al. 2019). 

2.1 Morphological Characteristics
Macro- and micro-morphological characters of the 19 aflatoxigenic Aspergillus 
section Flavi species on Malt Extract Agar (MEA) and Czapek Yeast Agar 
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(CYA) after seven days of incubation, in the dark at 25°C are summarized in 
Table 1. These two media are recommended as standard for Aspergillus and 
commonly used in taxonomic studies on this genus (Samson et al. 2014). Most 
aflatoxigenic Aspergillus species grow well on MEA and CYA at 25°C attaining 
colony diameter of more than 50 mm after seven days; A. austwickii is the 
slowest growing species (colony diameter MEA: 45–47 mm, CYA: 4648 mm). 
Colony surface is mostly deep, floccose, rarely plane, velvety or powdery. 
Most species sporulate and produce sclerotia with the exception of A. pipericola 
(no sporulation) and A. arachidicola, A. luteovirescens, A. novoparasiticus, A. 
pseudocaelatus and A. pseudonomius (no sclerotia). Conidia are mainly in 
shades of (dark) yellow-green, but also in shades of brown. Conidial heads 
are uniseriate with smooth or rough conidia, biseriate with rough conidia, or 
uniseriate to biseriate with smooth or slightly rough, smooth to rough or rough 
conidia. Sclerotia size varies between large (400–2000 μm), intermediate (A. 
sergii: 513-551 μm) and small (< 400 μm). Sclerotia morphology can be globose 
to ellipsoidal, and they become dark brown or black with time (Varga et al. 
2011, Frisvad et al. 2019). Morphological characters are useful to differentiate 
some aflatoxigenic species within section Flavi, but for closely related species 
a proper description based only on these characters is a challenge. For this 
reason, a polyphasic approach that includes the morphological, chemical 
(mycotoxins and other extrolite production) and molecular characteristics 
is necessary to identify and characterize the Aspergillus section Flavi species 
(Varga et al. 2011).

2.2 Mycotoxins and Other Extrolites
Aflatoxigenic species from section Flavi produce an ample spectrum of 
secondary metabolites, besides of AFs some important and emergent 
mycotoxins include cyclopiazonic acid (CPA), tenuazonic acid and aflatrems 
(Table 2). From the nineteen aflatoxigenic species, three produce only AFB 
(AFB1 and AFB2: A. flavus, A. pseudotamarii; AFB1: A. togoensis), the other 
species produce both AFB (B1, B2) and AFG (G1, G2). A. flavus is the main 
AFB1 producer across the world and therefore the best known species from 
Flavi section, its AF production potential varies from non-aflatoxigenic to 
aflatoxigenic strains, with a high incidence of non-aflatoxigenic strains 
(60–70%) (Varga et al. 2011). AF production potential is not associated with 
virulence or competitive ability during crop infection. This plasticity and the 
lack of production of AFG are driven by several genetic differences, including 
single polymorphisms and large deletions in the AF biosynthesis gene cluster 
(Ehrlich 2004, Chang and Ehrlich 2010). A. flavus L-morphotype generally 
presents a 0.8 kb deletion in the CypA/NorB (AflU/AflF) region of the aflatoxin 
biosynthetic gene cluster (BGC), whereas A. flavus S-morphotype present of 
1.5 kb (Ehrlich and Yu 2010). The CYPA protein encoded by AflU is required 
for AFG production (Ehrlich et al. 2004). A third group, gathering the strains 
responsible of the lethal outbreak in Kenya, was highlighted with a 2.2 kb 
deletion (Probst et al. 2012). AF production by A. flavus L-morphotype isolates 
is variable, while A. flavus S-morphotype isolates produce high quantities 
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of AFs (Ehrlich 2004). Recently A. pseudotamarii genome was sequenced 
and BGC analysis showed it lacks the first 600 base pairs in the AflU gene 
encoding for CYPA protein (Kjaerbolling et al. 2020). A. parasiticus, the second 
main AF producer, also shows AF production plasticity, 3 to 6% of strains are 
considered non-aflatoxigenic (Chang et al. 2007). For the other AFBG species, 
the production seems to occur in all isolates. 

Besides of AFs, some of their biosynthetic intermediates, like versicolorins, 
3-O-methylsterigmatocystin and sterigmatocystin, are considered to be 
potentially toxic and reported in several aflatoxigenic species (Table 2). 
Though, these species are weak producers, as the intermediates are mainly 
transformed into AFs. Sterigmatocystin is considered an emerging mycotoxin 
and classified as 2B carcinogen for its potentially carcinogenic, mutagenic 
and teratogenic effects (IARC 2012, Bertuzzi et al. 2017). It is reported to be 
produced by A. korhogoensis, A. sergii and A. togoensis. The latter species is 
the only species from Flavi section capable to storage sterigmatocystin (Varga 
et al. 2015). Versicolorin A was shown as cytotoxic and genotoxic for lungs 
(Jakšić et al. 2012), renal and hepatic cells (Theumer et al. 2018). Recently, 
versicolorin A was reported as more cytotoxic than AFB1 for human intestinal 
cells. The toxic effects of 3-O-methylsterigmatocystin are less acute than AFs, 
sterigmatocystin and versicolorin A (Jakšić et al. 2012). 

Cyclopiazonic acid is an important mycotoxin from section Flavi that has a 
synergetic effect with AFs. It might play a role in niche adaptation, providing 
an advantage in fungal fitness under specific environmental conditions 
(Georgianna et al. 2010). It is produced by A. flavus and closely related species, 
as well as A. pseudocaelatus and A. pseudotamarii (Table 2). Some species 
from section Flavi unable to produce CPA are believed to have deletions of 
the biosynthetic pathway silencing its production, such as A. parasiticus, A. 
nomius and their closely related species (Moore et al. 2016). Tenuazonic acid 
is a non-mutagenic mycotoxin that causes tremors, diarrhea, vomiting and 
hemorrhages. In section Flavi, it is reported in the clades A. nomius and A. 
tamarii (Table 3) and some strains of A. novoparasiticus. Aflatrem is another 
emergent mycotoxin, classified as a potent tremorgenic compound that causes 
neurological disorders. It seems that it might interfere with the release of 
neurotransmitters by receptors in the central and peripheral nervous systems 
(Zhang et al. 2004). 

Two common extrolites produced by several aflatoxigenic species in 
section Flavi are kojic acid and aspergillic acid; the first organic acid is used 
in various industrial applications, especially in cosmetic and health care 
industries (Mohamad et al. 2010). Kojic acid is only not produced by A. togoensis 
and A. pipericola, whereas aspergillic acid is not produced by A. austwickii, A. 
pipericola, A. pseudocaelatus, A. transmontanesis, A. pseudotamarii and A. togoensis 
(Table 2). The lack of aspergillic acid production is characteristic of A. tamarii 
clade (Varga et al. 2011, Frisvad et al. 2019). Leporins are also found in several 
Flavi section species and are proven to have anti-insectan activity (Cary et 
al. 2015 a, b). Sclerotia extrolites include some mycelium extrolites and some 
unique extrolites; among them some reported in aflatoxigenic species are AFs 

Admin
Highlight

orocher
Note
As Kjærbølling , like in the references

Admin
Callout
AQ : or Kjærbølling as in references?



80 Mycotoxins in Food and Beverages: Innovations and Advances

and aflatrems (already mentioned above), aflavazole, aflavinines, aflavarins, 
anominine, aspernomine, and paspalines (Table 2) (Cary et al. 2015b, Frisvad 
et al. 2019). Aflavinines and aflavarins are frequently reported, especially in 
species closely related with A. flavus. They have anti-insectan activity (Gloer 
et al. 1988), and are suggested to have key ecological roles in species survival 
(TePaske and Gloer 1992, Cary et al. 2015b).

2.3 Molecular Markers and Phylogenetic Analyses 
The inclusion of molecular markers for species identification in Aspergillus 
section Flavi is proven to be advantageous, especially for cryptic species 
identification. It helped not only to unmask diversity but also to understand the 
relationships within Aspergillus section Flavi. Genes tested with fruitful results 
include benA, cmdA and RPB2. These markers are advantageous because they 
have conserved and variable regions and are widely described in literature 
(primers and sequences) (Varga et al. 2011, Frisvad et al. 2019). Phylogenetic 
studies showed that most aflatoxigenic species are derived species. A recent 
study performed by Frisvad et al. (2019) showed that aflatoxigenic species are 
grouped in three main clusters: A. flavus-clade, A. tamarii-clade and A. nomius-
clade (Table 3). A. togoensis is a basal species and is not considered as a food 
contaminant. 

Species from A. flavus-clade can be sub-divided in two main clusters, 
one that includes species with A. flavus overlapping traits and the other that 
includes species with A. parasiticus overlapping traits, and A. mottae as its basal 
species (Table 3). A. flavus sub-clade species number has increased dramatically 
over the last decade, and as aforementioned, it is composed of cryptic species 
(overlapping morphological, genetic and chemotype traits) (Frisvad et al. 
2005, 2019, Varga et al. 2011). Within this sub-group four clusters are formed: 
(1) A. flavus, (2) A. minisclerotigenes and A. texensis, (3) A. pipericola and (4) a 
cluster including A. aflatoxiformans, A. korhogoensis and A. austwickii (Varga et 
al. 2011, Carvajal-Campos et al. 2017, Singh et al. 2018, Frisvad et al. 2019). A. 
oryzae, considered as a domesticated variant of A. flavus for a long time, forms 
a subgroup based on the three above-mentioned genes. The origin of A. oryzae 
is controversial. A recent study based on 200 monocore genes supports an 
earlier hypothesis that it is closer to A. aflatoxiformans and A. minisclerotigenes 
(Kjaerbolling et al. 2020), thus, another study based on 82 genomes of A. oryzae 
strains used in the manufacture of Asian fermented foods confirmed that it 
formed a monophyletic cluster nested in A. flavus clade (Watarai et al. 2019). 
AFBG strains with small sclerotia are commonly misclassified as A. flavus SBG 
morphotype; however phylogenetic surveys revealed that this classification 
includes several cryptic species related to A. flavus: A. minisclerotigenes, A. 
texensis, A. aflatoxiformans, A. korhogoensis, A. pipericola and A. austwickii 
(Pildain et al. 2008, Frisvad et al. 2005, 2019, Varga et al. 2011, Soares et al. 
2012, Perrone et al. 2014, Carvajal-Campos et al. 2017, Singh et al. 2018, Singh 
and Cotty 2019). A. parasiticus sub-clade species are AFBG producers. Their 
phylogenetic relationships are more complicated to explain as they present 
slight differences depending on the molecular markers used. Anyhow, A. 
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parasiticus and A. sojae (domesticated species) cluster together. Both species 
are closely related to A. arachidicola and A. novoparasiticus, the latter being 
morphologically similar to A. parasiticus. A. sergii and A. transmontanensis are 
the basal species of this sub-clade. Finally, A. mottae sets as the basal species 
of the A. flavus and A. parasiticus sub-clades, though it resembles the species 
from the A. parasiticus sub-clade, sharing morphological, genetic and chemical 
traits (Varga et al. 2011, Soares et al. 2012, Carvajal-Campos et al. 2017, Frisvad 
et al. 2019). 

A. tamarii-clade species produce AFBG with the exception of A. tamarii 
and A. caelatus. Mature colonies of A. pseudotamarii resemble morphologically 
to the A. tamarii and A. pseudocaelatus overlap traits with its sister taxon, A. 
caelatus (Varga et al. 2011). 

A. nomius-clade is composed only by AFBG species. A. pseudonomius (Varga 
et al. 2011) is the sibling species of A. nomius, and both overlap traits, risking 
misidentification (Peterson et al. 2001, Moore et al. 2016). A. luteovirescens also 
share traits with species from its cluster (Peterson et al. 2001). Although A. 
luteovirescens produces AFBG, it is not considered as a pathogen for humans 
or animals as it occurs less frequently in food and feedstuff (Varga et al. 
2015, Moore et al. 2016). A. nomius, A. pseudonomius, and A. luteovirescens lack 
production of CPA, which has been suggested as a fixed trait in the cluster 
(Varga et al. 2011, Frisvad et al. 2015). 

3. Aflatoxigenic Aspergillus section Flavi Biodiversity 
According to Food Matrices, Production Chain Stage 
and Geographical Areas 

The presence of aflatoxigenic Aspergillus section Flavi species in various 
foodstuff (cereals, dried fruits, legumes, oilseeds, roots and tubers, spices, tree 
nuts, etc.) and on all continents (Africa, Asia, Oceania, Europe and America) 

Table 3: Main clades of aflatoxigenic Aspergillus section Flavi

Clade Sub-clade Species
A. flavus-clade Group of species closely 

related to A. flavus sensu 
stricto 

A. flavus, A. aflatoxiformans, A. 
austwickii, A. korhogoensis, A. 
minisclerotigenes, A. pipericola, A. texensis 

Group of species closely 
related to A. parasiticus 

A. parasiticus, A. arachidicola, 
A. novoparasiticus, A. sergii, A. 
transmontanensis

Basal species to the A. flavus 
and A. parasiticus groups

A. mottae

A. tamarii-clade - A. tamarii, A. caelatus, A. pseudocaelatus, 
A. pseudotamarii 

A. nomius-clade - A. nomius, A. luteovirensces, A. 
pseudonomius
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are highlighted by several studies (Table 4). Species distribution is not 
homogenous, a higher diversity is found in tropical and subtropical regions, as 
environmental conditions enhance their development (Schatzmayr and Streit 
2013), Aspergillus section Flavi species physiological requirements of moisture 
are around 0.85 to 0.99 aw, while optimal temperatures are between 28 and 42°C 
(Medina et al. 2015, Yogendrarajah et al. 2016). Aflatoxigenic species of section 
Flavi are mainly saprophytic and inhabit numerous ecological niches, like soil, 
decaying vegetation, hay and seeds, agricultural fields, and stored products. 
Fungal contamination of staples occurs during pre-harvest steps (crops and 
recollect) and/or in post-harvest steps (mainly storage and manufacturing 
production processes) (Rodrigues et al. 2012).

3.1 Biodiversity According to Food Matrices and Geographical 
Areas

The aflatoxigenic Aspergillus section Flavi species reported worldwide in 
the main food matrices are listed in Table 4. Species in this section were also 
reported in other food crops like A. flavus from acha in Nigeria, canola in 
Serbia, mustard seeds and chilgoza pine nuts in India (Tomar-Balhara et al. 
2006, Sharma et al. 2013, Škrinjar et al. 2013, Ezekiel et al. 2014). In sugarcane, 
besides of A. flavus, A. novoparasiticus was reported in Egypt, Brazil, Japan and 
USA while A. parasiticus and A. arachidicola only in Asian countries and Brazil, 
respectively (Takahashi et al. 2004, Kumeda et al. 2004, Ahmed et al. 2010, 
Garber and Cotty 2014, Iamanaka et al. 2019, Abdallah et al. 2020). A. flavus, 
A. parasiticus and A. nomius were isolated from cocoa beans in Brazil (Copetti 
et al. 2011) and A. aflatoxiformans from edible mushrooms in Nigeria (Ezekiel 
et al. 2013a).

3.2 Cereals

3.2.1 Maize

Worldwide, A. flavus is reported as the most common species from section 
Flavi through the maize production chain (field, storage, derived products) 
(Table 4), including aflatoxigenic and non-aflatoxigenic isolates (Probst et 
al. 2014, Kachapulula et al. 2017). Maize plants are sensitive to drought and 
temperature, by consequence prone to fungal infection under plant stress 
conditions. A. flavus is considered to have a commensal relationship with 
this crop (Kornher 2018, Taniwaki et al. 2018); nevertheless, it is not the only 
species from section Flavi contaminating maize, A. parasiticus is the second 
most important contaminant, and occasionally some other species are reported 
(Table 4). In Africa, the presence of aflatoxigenic species on maize are mainly 
reported at post-harvest steps, with A. flavus, A. parasiticus and SBG isolates as 
the most important contaminates. A. flavus L-morphotype strains are more 
common, including aflatoxigenic and non-aflatoxigenic strains (Probst et al. 
2014, Kachapulula et al. 2017). SBG isolates in the region are more probably 
A. aflatoxiformans and A. minisclerotigenes (in this order). A. minisclerotigenes 
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was properly identified in Kenya, Congo, Nigeria and Somalia, whereas A. 
korhogoensis was reported in Nigeria (Table 4). 

In Asia, A. flavus is the main contaminant but not all strains are AF 
producers; other species reported less frequently include A. parasiticus, A. 
arachidicola, A. novoparasiticus and A. pseudonomius (Table 4). Surveys in 
China and Vietnam may unmask diversity, as A. flavus isolates have been 
reported with atypical chemotypes and morphological traits (Gao et al. 
2008, Trung et al. 2008, Tran-Dinh et al. 2009). Rasheed et al. (2019) showed 
that diversity in the region is sub-estimated by reporting A. arachidicola, A. 
novoparasiticus and A. pseudonomius; whereas in Philippines, Balendres et al. 
(2019) reported A. flavus and A. parasiticus from maize and soil field samples. 
Similarly, in Pakistan, surveys from maize samples reported A. flavus and A. 
parasiticus (Table 4), while in Iran samples from maize soil fields showed A. 
flavus as the most frequent species, followed by A. parasiticus and A. nomius 
(Razzaghi-Abyaneh et al. 2006). In Central and South America, A. flavus and 
A. parasiticus are pointed as the major aflatoxigenic species infecting maize 
(Table 4). Ortega-Beltran et al. (2015) reported A. flavus S- and L-morphotypes 
and a SBG strain from maize soil in Sonora (Mexico). In Argentinean crops, A. 
flavus L-morphotype was frequent in pre-harvest steps, whereas A. parasiticus 
aflatoxigenic strains in pre-planted crops (soil with plant debris). Camiletti 
et al. (2017) suggested that infection by aflatoxigenic Aspergillus section Flavi 
species increases while the flowering period is hot in some Argentinean 
regions. It is highly possible that the SBG isolate reported in Argentina 
corresponds to A. minisclerotigenes because it has been isolated from the same 
region in other staples. In Europe, over the last decade, maize contamination 
by aflatoxigenic species from section Flavi has become an increasing issue. 
Climate change in Europe has a seasonal impact, as seasons are becoming 
hotter and drier, especially in the Southern, Central and Eastern regions, 
increasing the chances of A. Flavi species colonization (EFSA 2013, Battilani 
et al. 2016, Moretti et al. 2019). Despite the fact that Fusarium spp. such as 
F. verticillioides and F. graminearum are still the main contaminants of maize 
in Europe, the reports of AFs are rising (Giorni et al. 2007, Covarelli et al. 
2011, Gallo et al. 2012, Mauro et al. 2013, Dobolyi et al. 2013, Baranyi et al. 
2015a, Bailly et al. 2018, Kos et al. 2018). In European maize, A. flavus and A. 
parasiticus are the most frequent species (Table 4), yet A. parasiticus infection 
may be favored as cooler temperature suits its physiological requirements 
better (Horn 2007, Bailly et al. 2018). Also, Aspergillus section Flavi diversity 
seems to rise in storage conditions, at present A. flavus (non-aflatoxigenic 
and aflatoxigenic strains) and A. parasiticus (mainly aflatoxigenic strains) 
have been reported in fields and at harvesting steps while A. flavus (non-
aflatoxigenic and aflatoxigenic strains), A. parasiticus, A. pseudonomius and 
A. mottae in silos and storage samples (Table 4). In the USA, A. flavus is the 
main species recovered from maize fields (soil, debris and ears) and stored 
maize kernels, followed by A. parasiticus and less frequent A. texensis. A. flavus 
diversity in the region includes S- and L-morphotypes, and aflatoxigenic and 
non-aflatoxigenic strains (Bayman et al. 2002, Jaime-Garcia and Cotty 2004, 
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2010), being the S-morphotype more frequent and generally aflatoxigenic. In 
Australia, Fusarium spp. are prone to contaminate maize as environmental 
conditions favors its development, yet A. flavus has been reported to occur in 
soil and kernels (Egmond and Jonker 2004).

3.2.2 Rice

Globally, rice is the second most produced and consumed cereal after maize, 
and A. flavus the most frequent contaminant species from the section Flavi. In 
Asia, A. flavus is the most common species reported, followed by A. parasiticus 
(Table 4), yet its identification has been based principally in morphological 
characteristics. In Africa, Frisvad et al. (2019) reported the presence of A. 
aflatoxiformans and two rare species from Nigerian markets, A. korhogoensis 
and A. austwickii; while in South America, Katsurayama et al. (2018) reported 
A. novoparasiticus, A. arachidicola, A. pseudocaelatus and A. flavus from rice and 
rice plantation soil in Brazil (Table 4). The proportion of aflatoxigenic A. flavus 
strains reported was low (1.5% of the isolated A. flavus), yet most of the strains 
produced CPA (Katsurayama et al. 2018). In Europe, rice is produced in some 
southern regions, like Spain and France, and even though surveys targeting 
Aspergillus section Flavi diversity in this staple do not exist to our knowledge. 
A study by Suárez-Bonnet et al. (2013) isolated the four AFs B and G from 
Spanish rice samples and traces of AFGs from French rice samples, suggesting 
a contamination caused by other species than A. flavus.

3.2.3 Wheat and Barley

Wheat and barley are the third and fourth cereals more produced and 
consumed around the world. Both cereals are more prone to be infected by 
Fusarium spp. hence most studies target these species; despite some reports 
based on morphology include A. flavus and A. parasiticus (Table 4). 

3.2.4 Millet and Sorghum

Millet and sorghum are better adapted to harsh environments than other 
cereals and are common crops in Asia and Africa (FAO 1995). The main 
aflatoxigenic species from section Flavi reported to occur in these staples is 
A. flavus and A. parasiticus was identified only in stored sorghum grains from 
Ethiopia (Table 4), but reports of AFBG occurrence in grains and byproducts 
suggest species misidentification. 

3.3 Dried Fruits and Legumes
Contamination of these food matrices by aflatoxigenic species from Flavi section 
was reported from market samples. Based on morphological description, A. 
flavus is the most common identified species in dried apricot, figs, raisins and 
plums collected in North Africa and Asia, followed by A. parasiticus. Both A. 
flavus and A. parasiticus were reported in all dried beans and soybeans samples 
from Cameroon and Brazil (Table 4).
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3.4 Oilseeds

3.4.1 Peanuts

A. parasiticus and A. flavus are commonly reported in peanuts through the 
production chain (Table 4), both reported as commensal species of peanut 
plant (Pitt et al. 2012). The presence of fungal propagules in soil increases 
infection risk, notably if peanut crop suffers drought stress or related factors, 
raising the risk of high levels of AF production before harvest. Depending 
on the region, other species were also isolated in high frequencies (Table 4). 
In addition, the methods used for identification might fall to underestimate 
cryptic species and interesting populations, like SBG species (Table 4). In Africa, 
many studies indicated the presence of A. flavus and A. parasiticus in peanuts 
during pre- and post-harvest stages including manufactured products such 
as cake and butter. Other species reported to infect peanuts during post-
harvest include A. aflatoxiformans, A. korhogoensis and A. nomius (Table 4). Slow 
drying and poor storage conditions are a serious issue in the humid tropics, 
as moisture absorption might favor aflatoxigenic fungal infection after harvest 
(Pitt et al. 2012, Taniwaki et al. 2018). In Asia, A. flavus was found to be the 
most common species isolated from peanuts along the production chain and 
the most common mycotoxigenic component from the mycobiota (Table 4). 
In Malaysia, A. nomius and an atypical A. flavus L-morphotype were isolated 
in post-harvest steps (Table 4). In South America, studies are scarce though 
peanuts are widely consumed. In Argentina, the principal infectious species 
during pre-harvest from Aspergillus section Flavi were A. flavus (aflatoxigenic 
and non-aflatoxigenic strains) and A. parasiticus. Yet, A. arachidicola and A. 
minisclerotigenes were also present, whereas only A. flavus was identified 
during post-harvest (Table 4). In Brazil, throughout the peanut production 
chain, A. flavus was the most frequent species from section Flavi, followed 
by A. parasiticus (Martins et al. 2017). Nevertheless, species prevalence varied 
among the production chain stages. A. flavus prevalence was higher at sorting 
stage (78.3%), followed by drying (63.2%), threshing (54.5%), blanching 
(47.6%), field (40.7%) and ready-to-eat products (31.3%), while A. parasiticus 
was reported at drying (12.5%) and in ready-to-eat (1.3%) samples. This 
study also tested the aflatoxigenic potential of A. flavus strains, around 50% 
of samples were aflatoxigenic, and were isolated more frequently from fields 
than from processing plants (83% and 31%, respectively) (Martins et al. 2017). 
In northern USA, A. flavus and A. parasiticus were reported as the main peanut 
contaminants, both occurring in fields and after harvest (Table 4). A. flavus 
follows the same trend observed for other crops in USA, being S-morphotype 
more common. In Australia, studies on peanuts have reported the presence 
of A. flavus, A. parasiticus and A. minisclerotigenes (the latter especially in soil 
samples), during pre- and post-harvest steps (Pitt and Hocking 2006). 

3.4.2 Cotton and Sesame

Reports from these staples are poor, probably the best know from them is 
cotton from USA. Cotton is contaminated by A. flavus (Table 4), mainly by 
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A. flavus S-morphotype isolates (Cotty 1997). Sesame contamination during 
post-harvest steps in Africa are caused by A. flavus and SBG isolates (A. 
aflatoxiformans and the newly described species A. austwickii) (Table 4). 

3.5 Roots and Tubers
Cassava and yam are important staples in Africa. Cassava is ranked as the 
third most important food crop in tropical regions after rice and maize. The 
conditions of production and storage of cassava, yam, and their traditional 
derivatives favor contamination and development of fungi (Adjovi et al. 
2014). A. flavus is the most frequent species isolated, though A. aflatoxiformans, 
A. novaparasiticus, A. nomius and A. parasiticus were also reported from cassava 
chips (Table 4).

3.6 Spices
Post-harvest practices and environmental conditions during growth make 
spices susceptible to Aspergillus section Flavi fungal infection, principally 
by A. flavus and SBG species (Table 4). In Asia and South America (based on 
morphological identification), A. flavus is the only spice contaminant (pepper 
and curry); in Central America, A. pipericola was isolated from a Mexican 
pepper sample (Frisvad et al. 2019) whereas in Africa, besides this species, 
A. minisclerotigenes has been identified (pepper and cumin) (Table 4). Chili 
peppers (paprika and chili) are frequently reported to present AFs, among the 
aflatoxigenic species A. flavus is most reported, followed by A. minisclerotigenes, 
A. parasiticus and A. aflatoxiformans (Table 4). Singh and Cotty (2019) reported 
that the majority of aflatoxigenic fungi isolated from chili peppers in Nigeria 
were A. flavus L-morphotype (76.7%), followed by A. aflatoxiformans (8.3%), A. 
minisclerotigenes (8.0%), and a non-identified SBG lineage (2.8%).

3.7 Tree Nuts

3.7.1 Brazil Nuts

Brazil nuts are produced in the Amazon rainforest in Brazil, Bolivia and Peru 
and are vulnerable to the contamination of several aflatoxigenic, i.e. A. flavus, 
A. nomius, A. pseudonomius, A. parasiticus, A. luteovirescens, A. arachidicola, 
A. pseudocaelatus and A. pseudotamarii (Table 4). Incidence of Brazil nut 
contamination by these species can reach 100% (Calderari et al. 2013, Taniwaki 
et al. 2017). A. flavus and A. nomius are suggested to contaminate Brazil nuts 
before they are collected in dry seasons, while other Flavi species contaminate 
them during rainy season, drying processes, storage and markets (Taniwaki 
et al. 2017). 

3.7.2 Pistachios, Almonds, Hazelnuts and Nuts

The most common aflatoxigenic species identified in pistachios during pre- and 
post-harvest is A. flavus, both in Asia and USA. Only in the survey from Iran, 
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besides A. flavus, A. parasiticus, and an unknown AFBG strain were isolated 
(Table 4). Aspergillus section Flavi surveys on almonds showed higher diversity. 
In Europe (Portugal), the species reported are A. flavus, A. minisclerotigenes, A. 
parasiticus, A. sergii and A. transmontanensis; from these, A. transmontanesis was 
isolated only from plant processor environments (Table 4), while in USA and 
Algeria A. flavus and A. parasiticus have been identified in this crop (orchards 
and post-harvest steps). Hazelnuts in Europe (Italy) were contaminated by A. 
flavus, mostly non-aflatoxigenic strains, followed by A. parasiticus whereas A. 
flavus is the only section Flavi species reported from nuts in Europe (Table 4). 
Surveys showed differences between orchards and raw products in market 
outlets, the latter presented higher ratios of contamination, while considering 
the matrices pistachios are more sensitive, followed by walnuts and almonds 
(Bayman et al. 2002, Doster et al. 2014). 

3.8 Biodiversity According to Food Production Chain Stages
In crops and pre-harvest stages, fungal infection is favored under humid and 
hot environmental conditions. In addition, cropping system may increase the 
incidence of fungal propagules in soil, if plant debris is left or incorporated into 
soil it becomes a source of infection and favors spore inoculation into the next 
planting cycle. The increase of fungal propagule number from year to year is 
reported for section Flavi species (Nesci and Etcheverry 2002, Jaime-Garcia 
and Cotty 2004, 2010). Insects also facilitate fungal infection by dispersing 
spores and wounding kernels and plants (Rychlik et al. 2014, Aiko and Mehta 
2015). The main aflatoxigenic Aspergillus section Flavi species reported in the 
pre-harvest stages of the food production chain are A. flavus and A. parasiticus, 
which seem to have commensal relationships with certain crops (maize and 
peanuts) (Taniwaki et al. 2018). Some other species identified in these stages 
were A. arachidicola, A. minisclerotigenes, A. nomius, A. novoparasiticus, A. 
pseudocaelatus and A. sergii (Table 4).

In post-harvest a key step is the drying process, if the raw material is not 
properly dried, mold can easily develop. Moisture enhances Aspergillus section 
Flavi development, so its control is a delicate step in the food production 
chain to prevent AFs presence in final products. This control is easiest to be 
achieved in developed countries than in developing countries, especially for 
small producers (Marin et al. 2012, Gowda et al. 2013, Baranyi 2015b). The 
diversity of Flavi species is higher in post-harvest and first storage steps: A. 
flavus, A. parasiticus, A. minisclerotigenes, A. aflatoxiformans, A. korhogoensis, 
A. austwickii, A. transmontanensis, A. sergii, A. luteovirescens, A. mottae, A. 
nomius, A. pipericola, A. pseudonomius, A. arachidicola, A. pseudocaelatus, and A. 
pseudotamarii (Table 4).

A. flavus and A. parasiticus are the most frequent species found in 
commodities along the production chain, i.e. in pre- and post-harvest, and 
in a less extent A. nomius in Brazil nuts, A. minisclerotigenes in peanuts and 
almonds and A. sergii in almonds (Table 4).
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4. Biodiversity of Aflatoxigenic Aspergillus section Flavi 
Species and Climate Change 

Food security has become a very important issue across the globe and the 
potential effects of climate change on production and quality of food crops, 
including mycotoxins, is under scope, especially from a risk assessment 
perspective (Magan et al. 2011). Crop growth and its interaction with 
beneficiary and pathogenic and/or toxigenic microorganisms vary from year 
to year, mainly depending on local weather, making the agricultural sector 
particularly exposed to climate change (Moore and Lobell 2015). Climate change 
is a driver for distribution shifts in Aspergillus section Flavi, as it modifies the 
environmental conditions, resulting in new suitable niches favoring species 
development and also facilitating their colonization into temperate regions 
(Perrone et al. 2014); hence, climate change is an emerging issue worldwide 
for food and feed safety (Battilani et al. 2016). Projections of climate change 
suggest that in Africa and Oceania the suitable areas for agriculture will 
decrease, whereas some areas in Asia and Latin America tropical forest will 
become savanna (Paterson and Lima 2011). The possible change in patterns 
of AFs occurrence in crops due to climate change is a matter of concern that 
may require anticipatory actions, as these phenomena can lead to more health 
risk in affected areas (Battilani et al. 2016). However, it is difficult to create 
accurate projections as the knowledge of Aspergillus section Flavi diversity 
is poor (distribution, frequency and poor information of the life history and 
ecology). Although some species are found rarely, their total AF production is 
high and they produce other mycotoxins, like CPA that has additive effects. 
For instance, in Africa under climatic changing conditions there is a possibility 
that A. minisclerotigenes, A. aflatoxiformans and A. korhogoensis could expand 
their home ranges, as the scenarios of climate change suggest drier and 
warmer conditions, which may favor their frequency. The case of Africa is 
interesting, over the last three decades several studies performed in the region 
have increased the comprehension of the effects of AFs in human populations, 
unmasked species diversity of Aspergillus section Flavi, and helped to identify 
sensitive steps of production chain prone to mold contamination. These studies 
have shown a rapid diversification of species closely related to A. flavus (A. 
minisclerotigenes, A. aflatoxiformans, A. korhogoensis and A. austwickii). A. flavus, 
A. minisclerotigenes and A. aflatoxiformans contaminate staples in field, during 
harvesting and storage; whereas, A. korhogoensis and A. austwickii at storage 
steps (Cotty and Cardwell 1999, Carvajal-Campos et al. 2017, Frisvad et al. 
2019). Rapid radiation in Africa may be a unique phenomenon linked with 
environmental conditions and evolutive pressures; or it can be just an artifact 
caused by the diversity underestimation in other world regions, originated by 
the reduced number of diversity surveys in Asia, Oceania (Pacific Islands) and 
Central and South America. Lack of studies is caused mainly by two factors: (1) 
diversity surveys are costly, time consuming and need special skills; (2) several 
studies are performed with the a priori that the only aflatoxigenic species are 
A. flavus and A. parasiticus. Likewise, several species identification surveys 
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are based only on morphology and AF production, so misidentification of 
species occurs; as A. nomius in Brazil, which was considered to be the main 
contaminant of Brazil nuts, and later corrected by A. pseudonomius (Baquião et 
al. 2014, Massi et al. 2014).

References 
Abbas, A., Hussien, T. and Yli-Mattila, T. 2020. A polyphasic approach to compare 

the genomic profiles of aflatoxigenic and non-aflatoxigenic isolates of 
Aspergillus Section Flavi. Toxins 12(1): 56. DOI: 10.3390/toxins12010056.

Abdallah, M.F., Audenaert, K., Lust, L., Landschoot, S., Bekaert, B., Haesaert, 
G. et al. 2020. Risk characterization and quantification of mycotoxins and 
their producing fungi in sugarcane juice: A neglected problem in a widely-
consumed traditional beverage. Food Control 108: 106811. DOI: 10.1016/j.
foodcont.2019.106811.

Acuña, C.A., Díaz, G.J. and Espitia, M.E. 2005. Aflatoxinas en maíz: Reporte de 
caso en la costa atlántica colombiana. Revista de la Facultad de Medicina 
Veterinaria y Zootecnia 52(2): 156–162. DOI: 10.15446/rfmvz.

Adjovi, Y.C.S., Bailly, S., Gnonlonfin, B.J.G., Tadrist, S., Querin, A., Sanni, A. et 
al. 2014. Analysis of the contrast between natural occurrence of toxigenic 
Aspergilli of the Flavi section and aflatoxin B1 in cassava. Food Microbiology 
38: 151–159. DOI: 10.1016/j.fm.2013.08.005.

Adjou, E.S., Yehouenou, B., Sossou, C.M., Soumanou, M.M. and de Souza, C.A. 
2012. Occurrence of mycotoxins and associated mycoflora in peanut cake 
product (kulikuli) marketed in Benin. African Journal of Biotechnology 
11(78): 14354–14360. DOI: 10.5897/AJB12.324.

Agbetiameh, D., Ortega-Beltran, A., Awuah, R.T., Atehnkeng, J., Cotty, P.J. and 
Bandyopadhyay, R. 2018. Prevalence of aflatoxin contamination in maize and 
groundnut in Ghana: Population structure, distribution, and toxigenicity of 
the causal agents. Plant Disease 102(4): 764–772. DOI: 10.1094/PDIS-05-17-
0749-RE. 

Aiko, V. and Mehta, A. 2015. Occurrence, detection and detoxification of 
mycotoxins. Journal of Biosciences 40(5): 943–954. DOI: 10.1007/s12038-015-
9569-6.

Ait Mimoune, N., Arroyo-Manzanares, N., Gámiz-Gracia, L., García-Campaña, 
A.M., Bouti, K., Sabaou, N. et al. 2018. Aspergillus section Flavi and aflatoxins 
in dried figs and nuts in Algeria. Food Additives & Contaminants: Part B 
11(2): 119–125. DOI: 10.1080/19393210.2018.1438524.

Ahmed, A., Dawar, S. and Tariq, M. 2010. Mycoflora associated with sugar cane 
juice in Karachi city. Pakistan Journal of Botany 42(4): 2955–2962.

Al-Husnan, L., Al-Kahtani, M. and Farag, R.M. 2019. Bioinformatics analysis of 
aflatoxins produced by Aspergillus sp. in basic consumer grain (corn and rice) 
in Saudi Arabia. Potravinarstvo Slovak Journal of Food Sciences 13(1): 65–75. 
DOI: 10.5219/1020. 

Al-Wadai, A.S., Al-Othman, M.R., Mahmoud, M.A. and Abd El-Aziz, A.R.M. 2013. 
Molecular characterization of Aspergillus flavus and aflatoxin contamination 

Admin
Callout
Author: To maintain consistency throughout the book, we have standardized the reference section of all the chapters by listing up to six names followed by et al.



Biodiversity of Aflatoxigenic Aspergillus section Flavi Species According...  103

of wheat grains from Saudi Arabia. Genetics and Molecular Research 12(3): 
3335–3352. DOI: 10.4238/2013.September.3.10.

Amaike, S. and Keller, N.P. 2011. Aspergillus flavus. Annual Review of 
Phytopathology 49: 107–133. DOI: 10.1146/annurev-phyto-072910-095221.

Andersson, E. 2012. A small growth study of Aspergillus section Flavi, and 
potentially aflatoxigenic fungi and aflatoxin occurrence in Brazil nuts 
from local markets in Manaus, Brazil. M.S. Thesis, Swedish University of 
Agricultural Sciences, Upssala.

Arroyo-Manzanares, N., Di Mavungu, J.D., Uka, V., Malysheva, S.V., Cary, 
J.W., Ehrlich, K.C. et al. 2015. Use of UHPLC high-resolution Orbitrap mass 
spectrometry to investigate the genes involved in the production of secondary 
metabolites in Aspergillus flavus. Food Additives & Contaminants: Part A 32: 
1656–1673. DOI: 10.1080/19440049.2015.1071499.

Atehnkeng, J., Ojiambo, P.S., Donner, M., Ikotun, T., Sikora, R.A., Cotty, P.J. et al. 
2008. Distribution and toxigenicity of Aspergillus species isolated from maize 
kernels from three agro-ecological zones in Nigeria. International Journal of 
Food Microbiology 122(1): 74–84. DOI: 10.1016/j.ijfoodmicro.2007.11.062.

Azziz-Baumgartner, E., Lindblade, K., Gieseker, K., Rogers, H.S., Kieszak, S., 
Njapau, H. et al. 2005. Aflatoxin Investigative Group. Case-control study of an 
acute aflatoxicosis outbreak, Kenya, 2004. Environmental Health Perspectives 
113: 1779–1783. DOI: 10.1289/ehp.8384.

Bailly, S., Mahgubi, A.E., Carvajal-Campos, A., Lorber, S., Puel, O., Oswald, I.P. 
et al. 2018. Occurrence and identification of Aspergillus Section Flavi in the 
context of the emergence of aflatoxins in French maize. Toxins 10(12): 525. 
DOI: 10.3390/toxins10120525.

Balendres, M.A.O., Karlovsky, P. and Cumagun, C.J.R. 2019. Mycotoxigenic 
fungi and mycotoxins in agricultural crop commodities in the Philippines: A 
Review. Foods 8(7): 249. DOI: 10.3390/foods8070249.

Bankole, S.A. and Mabekoje, O.O. 2004. Mycoflora and occurrence of aflatoxin 
B1 in dried yam chips from markets in Ogun and Oyo States, Nigeria. 
Mycopathologia 157(1): 111–115. DOI: 10.1023/B:MYCO.0000012211.31618.18.

Baquião, A.C., De Oliveira, M.M., Reis, T.A., Zorzete, P., Danielle D.A. and Correa, 
B. 2013. Monitoring and determination of fungi and mycotoxins in stored 
Brazil nuts. Journal of Food Protection 76(8): 1414–1420. DOI: 10.4315/0362-
028X.JFP-13-005.

Baranyi, N., Jaksić, D.D., Palágyi, A., Kiss, N., Kocsubé, S., Szekeres, A. et al. 
J. 2015a. Identification of Aspergillus species in Central Europe able to 
produce G-type aflatoxins. Acta Biologica Hungarica 66: 339–347. DOI: 
10.1556/018.66.2015.3.9. 

Baranyi, N., Kocsubé, S. and Varga, J. 2015b. Aflatoxins: Climate change and 
biodegradation. Current Opinion in Food Science 5: 60–66. DOI: 10.1016/j.
cofs.2015.09.002.

Barros, G., Torres, A., Palacio, G. and Chulze, S. 2003. Aspergillus species from 
section Flavi isolated from soil at planting and harvest time in peanut-growing 
regions of Argentina. Journal of the Science of Food and Agriculture 83(13): 
1303–1307. DOI: 10.1002/jsfa.1539.

Battilani, P., Toscano, P., Van der Fels-Klerx, H.J., Moretti, A., Leggieri, M.C., 
Brera, C. et al. 2016. Aflatoxin B1 contamination in maize in Europe increases 
due to climate change. Scientific Reports 6: 24328. DOI: 10.1038/srep24328.



104 Mycotoxins in Food and Beverages: Innovations and Advances

Bayman, P., Baker, J.L. and Mahoney, N.E. 2002. Aspergillus on tree nuts: 
Incidence and associations. Mycopathologia 155(3): 161–169. DOI: 10.1023/A: 
1020419226146.

Bbosa, G., Kitya, D., Lubega, A., Ogwal-Okeng, J., Anokbonggo, W.W. and 
Kyegombe, D.B. 2013. Chapter 12: Review of the biological and health effects 
of aflatoxins on body organs and systems. pp. 240–265. In: M. Razzaghi-
Abyanedh (ed.). Aflatoxins – Recent Advances and Future Prospects. 
IntechOpen, Rijeka. 

Bertuzzi, T., Romani, M., Rastelli, S., Mulazzi, A. and Pietri, A. 2017. 
Sterigmatocystin occurrence in paddy and processed rice produced in Italy in 
the years 2014–2015 and distribution in milled rice fractions. Toxins 9(3): 86. 
DOI: 10.3390/toxins9030086.

Bhat, R., Rai, R.V. and Karim, A.A. 2010. Mycotoxins in food and feed: Present 
status and future concerns. Comprehensive Reviews in Food Science and 
Food Safety 9(1): 57–81. DOI: 10.1111/j.1541-4337.2009.00094.x.

Boli, Z.A., Zoue, L.T., Alloue-Boraud, W.M., Kakou, C.A. and Koffi-Nevry, R. 
2014. Proximate composition and mycological characterization of peanut 
butter sold in retail markets of Abidjan (Côte d’Ivoire). Journal of Applied 
Biosciences 72(1): 5822–5829. DOI: 10.4314/jab.v72i1.99667.

Calderari, T.O., Iamanaka, B.T., Frisvad, J.C., Pitt, J.I., Sartori, D., Pereira, J.L. 
et al. 2013. The biodiversity of Aspergillus section Flavi in Brazil nuts: From 
rainforest to consumer. International Journal of Food Microbiology 160(3): 
267–272. DOI: 10.1016/j.ijfoodmicro.2012.10.018.

Camiletti, B.X., Torrico, A.K., Maurino, M.F., Cristos, D., Magnoli, C., Lucini, E.I. 
et al. 2017. Fungal screening and aflatoxin production by Aspergillus section 
Flavi isolated from pre-harvest maize ears grown in two Argentine regions. 
Crop Protection 92: 41–48. DOI: 10.1016/j.cropro.2016.10.012.

Carvajal-Campos, A., Manizan, A.L., Tadrist, S., Akaki, D.K., Koffi-Nevry, R., 
Moore, G.G. et al. 2017. Aspergillus korhogoensis: A novel aflatoxin producing 
species from the Côte d’Ivoire. Toxins 9(11): 353. DOI: 10.3390/toxins9110353.

Cary, J.W., Uka, V., Han, Z., Buyst, D., Harris-Coward, P.Y., Ehrlich, K.C. et al. 
2015a. A secondary metabolic gene cluster containing a hybrid PKS–NRPS 
is necessary for synthesis of the 2-pyridones, leporins. Fungal Genetics and 
Biology 81: 88–97. DOI: 10.1016/j.fgb.2015.05.010.

Cary, J.W., Han, Z., Yin, Y., Lohmar, J.M., Shantappa, S., Harris-Coward, P.Y. et 
al. 2015b. Transcriptome analysis of Aspergillus flavus reveals veA-dependent 
regulation of secondary metabolite gene clusters, including the novel aflavarin 
cluster. Eukaryotic Cell 14: 983–997. DOI: 10.1128/EC.00092-15.

Chang, P.K., Matsushima, K., Takahashi, T., Yu, J., Abe, K., Bhatnagar, D. et al. 
2007. Understanding nonaflatoxigenicity of Aspergillus sojae: A windfall of 
aflatoxin biosynthesis research. Applied Microbiology and Biotechnology 
76(5): 977–984. DOI: 10.1007/s00253-007-1116-4.

Chang, P.K. and Ehrlich, K.C. 2010. What does genetic diversity of Aspergillus flavus 
tell us about Aspergillus oryzae? International Journal of Food Microbiology 
138(3): 189–199. DOI: 10.1016/j.ijfoodmicro.2010.01.033.

Chilaka, C.A., De Kock, S., Phoku, J.Z., Mulunda, M., Egbuta, M.A. and Dutton, 
M.F. 2012. Fungal and mycotoxin contamination of South African commercial 
maize. Journal of Food, Agriculture & Environment 10(2): 296–303.



Biodiversity of Aflatoxigenic Aspergillus section Flavi Species According...  105

Copetti, M.V., Iamanaka, B.T., Pereira, J.L., Fungaro, M.H. and Taniwaki, M.H. 
2011. Aflatoxigenic fungi and aflatoxin in cocoa. International Journal of Food 
Microbiology 148(2): 141–144. DOI: 10.1016/j.ijfoodmicro.2011.05.020 

Costa, L.L.F. and Scussel, V.M. 2002. Toxigenic fungi in beans (Phaseolus vulgaris 
L.) classes black and color cultivated in the state of Santa Catarina, Brazil. 
Brazilian Journal of Microbiology 33(2): 138–144. DOI: 10.1590/S1517-
83822002000200008. 

Cotty, P.J. 1997. Aflatoxin-producing potential of communities of Aspergillus 
section Flavi from cotton producing areas in the United States. Mycological 
Research 101(6): 698–704. DOI: 10.1017/S0953756296003139.

Cotty, P.J. and Cardwell, K.F. 1999. Divergence of West African and North American 
Communities of Aspergillus Section Flavi. Applied and Environmental 
Microbiology 65: 2264–2265.

Covarelli, L., Beccari, G. and Salvi, S. 2011. Infection by mycotoxigenic fungal 
species and mycotoxin contamination of maize grain in Umbria, central 
Italy. Food and Chemical Toxicology 49(9): 2365–2369. DOI: 10.1016/j.
fct.2011.06.047.

Dahab, N.F.A., Abdel-Hadi, A.M., Abdul-Raouf, U.M., El-Shanawany, R.A. and 
Hassane, A.M.A. 2016. Qualitative detection of aflatoxins and aflatoxigenic 
fungi in wheat flour from different regions of Egypt. IOSR Journal of 
Environmental Science, Toxicology and Food Technology 10(7): 20–26.

Diedhiou, P.M., Bandyopadhyay, R., Atehnkeng, J. and Ojiambo, P.S. 2011. 
Aspergillus colonization and aflatoxin contamination of maize and sesame 
kernels in two agro-ecological zones in Senegal. Journal Phytopathology 159: 
268–275. DOI: 10.1111/j.1439-0434.2010.01761.x.

Divakara, S.T., Aiyaz, M., Puttaswamy, H., Chandra, N.S. and Ramachandrappa, 
N.S. 2014. Aspergillus flavus infection and contamination in sorghum seeds 
and their biological management. Archives of Phytopathology and Plant 
Protection 47(17): 2141–2156. DOI: 10.1080/03235408.2013.869892

Dobolyi, C.S., Sebők, F., Varga, J., Kocsubé, S., Szigeti, G., Baranyi, N. et al. 2013. 
Occurrence of aflatoxin producing Aspergillus flavus isolates in maize kernel in 
Hungary. Acta Alimentaria 42(3): 451–459. DOI: 10.1556/AAlim.42.2013.3.18.

Doolotkeldieva, T.D. 2010. Microbiological control of flour-manufacture: 
Dissemination of mycotoxins producing fungi in cereal products. Microbiology 
Insights 3: 1–15. DOI: 10.4137/MBI.S3822.

Doster, M.A., Cotty, P.J. and Michailides, T.J. 2009. Description of a distinctive 
aflatoxin-producing strain of Aspergillus nomius that produces submerged 
sclerotia. Mycopathologia 168: 193–201. DOI: 10.1007/s11046-009-9214-8.

Doster, M.A., Cotty, P.J. and Michailides, T.J. 2014. Evaluation of the atoxigenic 
Aspergillus flavus strain AF36 in pistachio orchards. Plant Disease 98(7): 948–
956. DOI: 10.1094/PDIS-10-13-1053-RE

Dovičičová, M., Tančinová, D., Labuda, R. and Sulyok, M. 2012. Aspergillus 
parasiticus from wheat grain of Slovak origin and its toxigenic potency. Czech 
Journal of Food Sciences 30: 483–487.

EFSA Panel on Contaminants in the Food Chain (CONTAM). 2013. Scientific 
opinion on the risk for public and animal health related to the presence of 
sterigmatocystin in food and feed. EFSA Journal 11: 3254. DOI: 10.2903/j.
efsa.2013.3254.



106 Mycotoxins in Food and Beverages: Innovations and Advances

Egmond, H.P. and Jonker, M.A. 2004. Current situation on regulations for 
mycotoxins. JSM Mycotoxins 2003(Suppl 3): 1–15.

Ehrlich, K.C., Chang, P.K., Yu, J. and Cotty, P.J. 2004. Aflatoxin biosynthesis cluster 
gene cypA is required for G aflatoxin formation. Applied and Environmental 
Microbiology 70: 6518–6524. DOI: 10.1128/AEM.70.11.6518-6524.2004.

Ehrlich, K.C. and Yu, J. 2010. Aflatoxin-like gene clusters and how they evolved. 
pp. 65–75. In: M. Rai and A. Varma (eds.). Mycotoxins in the Food, Feed and 
Bioweapons. Berlin, Springer Verlag. 

Ekwomadu, T.I., Gopane, R.E. and Mwanza, M. 2018. Occurrence of filamentous 
fungi in maize destined for human consumption in South Africa. Food Science 
& Nutrition 6(4): 884–890. DOI: 10.1002/fsn3.561. 

El Mahgubi, A.E., Puel, O., Bailly, S., Tadrist, S., Querin, A., Ouadia, A. et al. 2013. 
Distribution and toxigenicity of Aspergillus section Flavi in spices marketed 
in Morocco. Food Control 32: 143–148. DOI: 10.1016/j.foodcont.2012.11.013.

El-Shanshoury, A.R., El-Sabbagh, S.M., Emara, H.A. and Saba, H.E. 2014. 
Occurrence of moulds, toxicogenic capability of Aspergillus flavus and levels 
of aflatoxins in maize, wheat, rice and peanut from markets in central delta 
provinces, Egypt. International Journal of Current Microbiology and Applied 
Sciences 3(3): 852–865.

Embaby, E.M. and Abdel-Galel, M.M. 2014. Detection of fungi and aflatoxins 
contaminated peanut samples (Arachis hypogaea L.). Journal of Agricultural 
Technology 10(2): 423–437.

Ennouari, A., Sanchis, V., Rahouti, M. and Zinedine, A. 2018. Isolation and 
molecular identification of mycotoxin producing fungi in durum wheat from 
Morocco. Journal of Materials and Environmental Sciences 9: 1470–1479. DOI: 
10.26872/jmes.2018.9.5.161.

Etcheverry, M., Nesci, A., Barros, G., Torres, A. and Chulze, S. 1999. Occurrence 
of Aspergillus section Flavi and aflatoxin B1 in corn genotypes and corn meal 
in Argentina. Mycopathologia 147(1): 37–41. DOI: 10.1023/A: 1007040123181.

Ezekiel, C.N., Sulyok, M., Frisvad, J.C., Somorin, Y.M., Warth, B., Houbraken, J. 
et al. 2013a. Fungal and mycotoxin assessment of dried edible mushroom in 
Nigeria. International Journal of Food Microbiology 162(3): 231–236. DOI: 
10.1016/j.ijfoodmicro.2013.01.025.

Ezekiel, C.N., Sulyok, M., Babalola, D.A., Warth, B., Ezekiel, V.C. and Krska, R. 
2013b. Incidence and consumer awareness of toxigenic Aspergillus section 
Flavi and aflatoxin B1 in peanut cake from Nigeria. Food Control 30(2): 596–
601. DOI: 10.1016/j.foodcont.2012.07.048.

Ezekiel, C.N., Udom, I.E., Frisvad, J.C., Adetunji, M.C., Houbraken, J., Fapohunda, 
S.O. et al. 2014. Assessment of aflatoxigenic Aspergillus and other fungi in 
millet and sesame from Plateau State, Nigeria. Mycology 5(1): 16–22. DOI: 
10.1080/21501203.2014.889769.

Ezekiel, C.N., Ortega-Beltran, A., Oyedeji, E.O., Atehnkeng, J., Kössler, P., Tairu, 
F. et al. 2019. Aflatoxin in chili peppers in Nigeria: Extent of contamination 
and control using atoxigenic Aspergillus flavus genotypes as biocontrol agents. 
Toxins 11(7): 429. DOI: 10.3390/toxins11070429.

Fakhrunnisa, M.H. and Ghaffar, A. 2006. Seed-borne mycoflora of wheat, sorghum 
and barley. Pakistan Journal of Botany 38(1): 185–192. 

FAO. 2003. Worldwide Regulations for Mycotoxins in Food and Feed in 2003. FAO 
Nutr. Pap. Rome, pp. 1–165. 



Biodiversity of Aflatoxigenic Aspergillus section Flavi Species According...  107

Freire, F.C., Kozakiewicz, Z. and Paterson, R.R. 2000. Mycoflora and mycotoxins in 
Brazilian black pepper, white pepper and Brazil nuts. Mycopathologia 149(1): 
13–19. DOI: 10.1023/a: 1007241827937.

Freitas-Silva, O., Teixeira, A., da Cunha, F.Q., de Oliveira Godoy, R.L. and 
Venâncio, A. 2011. Predominant mycobiota and aflatoxin content in Brazil 
nuts. Journal für Verbraucherschutz und Lebensmittelsicherheit 6(4): 465–
472. DOI: 10.1007/s00003-011-0703-6.

Frisvad, J.C., Skouboe, P. and Samson, R.A. 2005. Taxonomic comparison of 
three different groups of aflatoxin producers and a new efficient producer 
of aflatoxin B1, sterigmatocystin and 3-O-methylsterigmatocystin, Aspergillus 
rambellii sp. nov. Systematic and Applied Microbiology 28(5): 442–453. DOI: 
10.1016/j.syapm.2005.02.012.

Frisvad, J.C., Hubka, V., Ezekiel, C.N., Hong, S.B., Nováková, A., Chen, A.J. 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.simyco.2018.06.001.

Gachara, G.W., Nyamache, A.K., Harvey, J., Gnonlonfin, G.J.B. and Wainaina, 
J. 2018. Genetic diversity of Aspergillus flavus and occurrence of aflatoxin 
contamination in stored maize across three agro-ecological zones in Kenya. 
Agriculture & Food Security 7(1): 52. DOI: 10.1186/s40066-018-0202-4.

Gallo, A., Stea, G., Battilani, P., Logrieco, A.F. and Perrone, G. 2012. Molecular 
characterization of an Aspergillus flavus population isolated from maize 
during the first outbreak of aflatoxin contamination in Italy. Phytopathologia 
Mediterranea 51(1): 198–206.

Gao, J., Liu, Z. and Yu, J. 2007. Identification of Aspergillus section Flavi in maize 
in northeastern China. Mycopathologia 164(2): 91–95. DOI: 10.1007/s11046-
007-9029-4.

Garber, N.P. and Cotty, P.J. 2014. Aspergillus parasiticus communities associated 
with sugarcane in the Rio Grande Valley of Texas: Implications of global 
transport and host association within Aspergillus Section Flavi. Phytopathology 
104: 462–471. DOI: 10.1094/PHYTO-04-13-0108-R

Gauthier, T., Duarte-Hospital, C., Vignard, J., Boutet-Robinet, E., Sulyok, M., Snini, 
S.P. et al. 2020. Versicolorin A, a precursor in aflatoxins biosynthesis, is a food 
contaminant toxic for human intestinal cells. Environment International 137: 
105568. DOI: 10.1016/j.envint.2020.105568. 

Georgianna, D.R., Fedorova, N.D., Burroughs, J.L., Dolezal, A.L., Bok, J.W., 
Horowitz-Brown, S. et al. 2010. Beyond aflatoxin: Four distinct expression 
patterns and functional roles associated with Aspergillus flavus secondary 
metabolism gene clusters. Molecular Plant Pathology 11(2): 213–226. DOI: 
10.1111/j.1364-3703.2009.00594.x.

Giorni, P., Magan, N., Pietri, A., Bertuzzi, T. and Battilani, P. 2007. Studies 
on Aspergillus section Flavi isolated from maize in northern Italy. 
International Journal of Food Microbiology 113(3): 330–338. DOI: 10.1016/j.
ijfoodmicro.2006.09.007

Gloer, J.B., TePaske, M.R., Sima, J.S., Wicklow, D.T. and Dowd, P.F. 1988. 
Antiinsectan aflavinine derivative from sclerotia of Aspergillus flavus. Journal 
of Organic Chemistry 53: 5457–5460. DOI: 10.1021/jo00258a011.

Gnonlonfin, G.J.B., Adjovi, C.S.Y., Katerere, D.R., Shephard, G.S., Sanni, A. 
and Brimer, L. 2012. Mycoflora and absence of aflatoxin contamination of 

Admin
Highlight

Admin
Callout
AQ : 2008 missing see p 23

Admin
Highlight

Admin
Callout
AQ : Missing in author citations

Admin
Highlight

Admin
Callout
AQ : 2008 ?See p. 21



108 Mycotoxins in Food and Beverages: Innovations and Advances

commercialized cassava chips in Benin, West Africa. Food Control 23: 333–
337. DOI: 10.1016/j.foodcont.2011.07.026.

Gonçalves, J.S., Ferracin, L.M., Vieira, M.L.C., Iamanaka, B.T., Taniwaki, M.H. and 
Fungaro, M.H.P. 2012. Molecular analysis of Aspergillus section Flavi isolated 
from Brazil nuts. Journal of Microbiology and Biotechnology 28(4): 1817–1825. 
DOI: 10.1007/s11274-011-0956-3.

Gowda, N.K.S., Swamy, H.V.L.N. and Mahajan, P. 2013. Recent advances for 
control, counteraction and amelioration of potential aflatoxins in animal feeds. 
pp. 129–140. In: M. Razzaghi-Abyanedh (ed.). Aflatoxins – Recent Advances 
and Future Prospects. IntechOpen, Rijeka. 

González, H.H.L., Moltó, G.A., Pacin, A., Resnik, S.L., Zelaya, M.J., Masana, M. et 
al. 2008. Trichothecenes and mycoflora in wheat harvested in nine locations 
in Buenos Aires province, Argentina. Mycopathologia 165(2): 105–114. DOI: 
10.1007/s11046-007-9084-x.

Grenier, B. and Oswald, I. 2011. Mycotoxin co-contamination of food and feed: 
Meta-analysis of publications describing toxicological interactions. World 
Mycotoxin Journal 4(3): 285–313. DOI: 10.3920/WMJ2011.1281.

Guchi, E. 2015. Effect of storage time on occurrence of Aspergillus species in 
groundnut (Arachis hypogaea L.) in Eastern Ethiopia. Journal of Applied & 
Environmental Microbiology 3(1): 1–5. DOI: 10.12691/jaem-3-1-1

Hell, K., Gnonlonfin, B.G.J., Kodjogbe, G., Lamboni, Y. and Abdourhamane, I.K. 
2009. Mycoflora and occurrence of aflatoxin in dried vegetables in Benin, Mali 
and Togo, West Africa. International Journal of Food Microbiology 135(2): 
99–104. DOI: 10.1016/j.ijfoodmicro.2009.07.039.

Heperkan, D., Aran, N. and Ayfer, M. 1994. Mycoflora and aflatoxin contamination 
in shelled pistachio nuts. Journal of the Science of Food and Agriculture 66 (3): 
273–278. DOI: 10.1002/jsfa.2740660302. 

Horn, B.W. 2007 Biodiversity of Aspergillus section Flavi in the United States: 
A review. Food Additives and Contaminants 24(10): 1088–1101. DOI: 
10.1080/02652030701510012.

Hussain, M., Ghazanfar, M.U., Hamid, M.I. and Raza, M. 2013. Seed borne 
mycoflora of some commercial wheat (Triticum aestivum L.) cultivars in 
Punjab, Pakistan. International Journal of Phytopathology 2(2): 97–101. DOI: 
10.33687/phytopath.002.02.0198.

Iamanaka, B.T., de Souza Lopes, A., Martins, L.M., Frisvad, J.C., Medina, A., 
Magan, N. et al. 2019. Aspergillus section Flavi diversity and the role of A. 
novoparasiticus in aflatoxin contamination in the sugarcane production chain. 
International Journal of Food Microbiology 293: 17–23. DOI: 10.1016/j.
ijfoodmicro.2018.12.024

IARC. 2012. Monographs on the evaluation of carcinogenic risks to humans: 
Chemical agents and related occupations. A review of human carcinogens. 
Lyon, France. 2012. International Agency for Research on Cancer 100F: 224–
248.

IARC. 2015. Mycotoxin control in low- and middle-income countries. In: Wild, 
C.P., Miller, J.D. and Groopman, J.D. (Eds.). International Agency for Research 
on Cancer, Working Group Report Volume 9, pp. 56.

Ibrahim, F., Jalal, H., Khan, A.B., Asghar, M.A., Iqbal, J., Ahmed, A. et al. 2016. 
Prevalence of Aflatoxigenic Aspergillus in Food and Feed Samples from 



Biodiversity of Aflatoxigenic Aspergillus section Flavi Species According...  109

Karachi, Pakistan. Journal of Infection and Molecular Biology 4(1): 1–8. DOI: 
10.14737/journal.jimb/2016/4.1.1.8.

Ito, Y., Peterson, S.W., Wicklow, D.T. and Goto, T. 2001. Aspergillus pseudotamarii, 
a new aflatoxin producing species in Aspergillus section Flavi. Mycological 
Research 105: 233–239. DOI: 10.1017/S0953756200003385.

Jaime-Garcia, R. and Cotty, P.J. 2004. Aspergillus flavus in soils and corncobs in 
south Texas: Implications for management of aflatoxins in corn-cotton 
rotations. Plant Disease 88(12): 1366–1371. DOI: 10.1094/PDIS.2004.88.12.1366

Jaime-Garcia, R. and Cotty, P.J. 2010. Crop rotation and soil temperature influence 
the community structure of Aspergillus flavus in soil. Soil Biology and 
Biochemistry 42(10): 1842–1847. DOI: 10.1016/j.soilbio.2010.06.025.

Jakić-Dimić, D., Nešić, K. and Petrović, M. 2009. Contamination of cereals with 
aflatoxins, metabolites of fungi Aspergillus flavus. Biotechnol. Biotechnology 
in Animal Husbandry 25(5-6-2): 1203–1208.

Jakšić, D., Puel, O., Canlet, C., Kopjar, N., Kosalec, I. and Klarić M.Š. 2012. 
Cytotoxicity and genotoxicity of versicolorins and 5-methoxysterigmatocystin 
in A549 cells. Archives of Toxicology 86: 1583–1591. DOI: 10.1007/s00204-012-
0871-x. 

Javanmard, M. 2010. Occurrence of mould counts and Aspergillus species in 
Iranian dried figs at different stages of production and processing. Journal of 
Agricultural Science and Technology 12: 331–338.

Jayaraman, P. and Kalyanasundaram, I. 1990. Natural occurrence of toxigenic 
fungi and mycotoxins in rice bran. Mycopathologia 110: 81–85. DOI: 10.1007/
BF00446995.

Joshaghani, H., Namjoo, M., Rostami, M., Kohsar, F. and Niknejad, F. 2013. 
Mycoflora of fungal contamination in wheat storage (Silos) in Golestan 
Province, north of Iran. Jundishapur Journal of Microbiology 6(4): e6334. DOI: 
10.5812/jjm.6334. 

Kabirian, H.R., Afshari, H., Moghadam, M.M. and Hokmabadi, H. 2011. Evaluation 
of pistachio contamination to Aspergillus flavus in Semnan Province. Journal of 
Nuts 2(3): 01–06. DOI: 10.22034/jon.2011.515741.

Kachuei, R., Hossein, Y.M., Sasan, R., Abdolamir, A., Naser, S., Farideh, Z. et al. 
2009. Investigation of stored wheat mycoflora, reporting the Fusarium cf. 
langsethiae in three provinces of Iran during 2007. Annals of Microbiology 
59(2): 383. DOI: 10.1007/BF03178344.

Kachapulula, P.W., Akello, J., Bandyopadhyay, R. and Cotty, P.J. 2017. 
Aspergillus section Flavi community structure in Zambia influences aflatoxin 
contamination of maize and groundnut. International Journal of Food 
Microbiology 261: 49–56. DOI: 10.1016/j.ijfoodmicro.2017.08.014

Kamika, I., Mngqawa, P., Rheeder, J.P., Teffo, S.L. and Katerere, D.R. 2014. 
Mycological and aflatoxin contamination of peanuts sold at markets in Kinshasa, 
Democratic Republic of Congo, and Pretoria, South Africa. Food Additives & 
Contaminants: Part B 7(2): 120–126. DOI: 10.1080/19393210.2013.858187.

Katsurayama, A.M., Martins, L.M., Iamanaka, B.T., Fungaro, M.H.P., Silva, J.J., 
Frisvad, J.C. et al. 2018. Occurrence of Aspergillus section Flavi and aflatoxins 
in Brazilian rice: From field to market. International Journal of Food 
Microbiology 266: 213–221. DOI: 10.1016/j.ijfoodmicro.2017.12.008.

Kjærbølling, I., Vesth, T., Frisvad, J.C., Nybo, J.L., Theobald, S., Kildgaard, S. et al. 



110 Mycotoxins in Food and Beverages: Innovations and Advances

2020. A comparative genomics study of 23 Aspergillus species from Section 
Flavi. Nature Communications 11: 1106. DOI: 10.1038/s41467-019-14051-y.

Klich, M.A., Lee, L.S. and Huizar, H.E. 1986. The occurrence of Aspergillus 
flavus in vegetative tissue of cotton plants and its relation to seed infection. 
Mycopathologia 95(3): 171–174. DOI: 10.1007/BF00437123.

Kornher, L. 2018. Maize markets in Eastern and Southern Africa (ESA) in the 
context of climate change. The State of Agricultural Commodity Markets. 
(SOCO) 2018. Rome. FAO: p. 58. 

Kos, J., Janić Hajnal, E., Šarić, B., Jovanov, P., Mandić, A., Đuragić, O. et al. 2018. 
Aflatoxins in maize harvested in the Republic of Serbia over the period 
2012–2016. Food Additives & Contaminants: Part B 11(4): 246–255. DOI: 
10.1080/19393210.2018.1499675.

Kowalska, A., Walkiewicz, K., Kozieł, P. and Muc-Wierzgoń, M. 2017. Aflatoxins: 
Characteristics and impact on human health. Postepy higieny i medycyny 
doswiadczalnej 71: 315–327. DOI: 10.5604/01.3001.0010.3816.

Kumar, P., Mahato, D.K., Kamle, M., Mohanta, T.K. and Kang, S.G. 2017. Aflatoxins: 
A global concern for food safety, human health and their management. 
Frontiers in Microbiology 7: 2170. DOI: 10.3389/fmicb.2016.02170.

Kumeda, Y., Asao, T., Takahashi, H. and Ichinoe, M. 2003. High prevalence of B 
and G aflatoxin-producing fungi in sugarcane field soil in Japan: Heteroduplex 
panel analysis identifies a new genotype within Aspergillus section Flavi and 
Aspergillus nomius. FEMS Microbiology Ecology 45: 229–238 DOI: 10.1016/
S0168-6496(03)00154-5.

Kurtzman, C.P., Horn, B.W. and Hesseltine, C.W. 1987. Aspergillus nomius, a 
new aflatoxin-producing species related to Aspergillus flavus and Aspergillus 
tamarii. Antonie van Leeuwenhoek 53(3): 147–158. DOI: 10.1007/BF00393843.

Lewis, L., Onsongo, M., Njapau, H., Schurz-Rogers, H., Luber, G., Kieszak, S. 
et al. and the Kenya Aflatoxicosis Investigation Group. 2005. Aflatoxin 
contamination of commercial maize products during an outbreak of acute 
aflatoxicosis in eastern and central Kenya. Environmental Health Perspectives 
113: 1763–1767. DOI: 10.1289/ehp.7998.

Magan, N., Medina, A. and Aldred, D. 2011. Possible climate-change effects on 
mycotoxin contamination of food crops pre- and post-harvest: Mycotoxins 
and climate change. Plant Pathology 60(1): 150–163. DOI: 10.1111/j.1365-
3059.2010.02412.x.

Makhlouf, J., Carvajal-Campos, A., Querin, A., Tadrist, S., Puel, O., Lorber S. et al. 
2019. Morphologic, molecular and metabolic characterization of Aspergillus 
section Flavi in spices marketed in Lebanon. Scientific Reports 9(1): 5263. DOI: 
10.1038/s41598-019-41704-1.

Mamo, F.T., Shang, B., Selvaraj, J.N., Wang, Y. and Liu, Y. 2018. Isolation and 
characterization of Aspergillus flavus strains in China. Journal of Microbiology 
56(2): 119–127. DOI: 10.1007/s12275-018-7144-1.

Manizan, A.L. 2019. Evaluation de la contamination par les mycotoxines des 
céréales et oléagineux les plus consommes en Côte d’Ivoire: cas du circuit 
post-récolte de l’arachide (Arachis hypogea L.). Ph.D. Thesis, Université Nangui 
Abrogoua, Abidjan, Côte d’Ivoire.

Marin, S., Ramos, A.J. and Sanchis, V. 2012. Modelling Aspergillus flavus growth 
and aflatoxins production in pistachio nuts. Food Microbiology 32: 378–388. 
DOI: 10.1016/j.fm.2012.07.018

Admin
Highlight

Admin
Callout
AQ : or 2004 as cited within text above?



Biodiversity of Aflatoxigenic Aspergillus section Flavi Species According...  111

Martins, L.M., Sant’Ana, A.S., Fungaro, M.H.P., Silva, J.J., do Nascimento, 
M.D.S., Frisvad, J.C. et al. 2017. The biodiversity of Aspergillus section Flavi 
and aflatoxins in the Brazilian peanut production chain. Food Research 
International 94: 101–107. DOI: 10.1016/j.foodres.2017.02.006.

Massi, F.P., Vieira, M.L.C., Sartori, D., Penha, R.E.S., de Freitas Munhoz, C., 
Ferreira, J.M. et al. 2014. Brazil nuts are subject to infection with B and G 
aflatoxin-producing fungus, Aspergillus pseudonomius. International Journal of 
Food Microbiology 186: 14–21. DOI: 10.1016/j.ijfoodmicro.2014.06.006.

Mateo, E.M., Gil-Serna, J., Patiño, B. and Jiménez, M. 2011. Aflatoxins and 
ochratoxin A in stored barley grain in Spain and impact of PCR-based 
strategies to assess the occurrence of aflatoxigenic and ochratoxigenic 
Aspergillus spp. International Journal of Food Microbiology 149(2): 118–126. 
DOI: 10.1016/j.ijfoodmicro.2011.06.006.

Mauro, A., Battilani, P., Callicott, K.A., Giorni, P., Pietri, A. and Cotty, P.J. 2013. 
Structure of an Aspergillus flavus population from maize kernels in northern 
Italy. International Journal of Food Microbiology 162(1): 1–7. DOI: 10.1016/j.
ijfoodmicro.2012.12.021.

Mazzani, C., Luzón, O., Chavarri, M., Fernández, M. and Hernández, N. 2008. 
Fusarium verticillioides y fumonisinas en maíz cosechado en pequeñas 
explotaciones y conucos de algunos estados de Venezuela. Fitopatología 
Venezolana 21(1): 18–22.

Mazen, M.B., El-Kady, I.A. and Saber, S.M. 1990. Survey of the mycoflora and 
mycotoxins of cotton seeds and cotton seed products in Egypt. Mycopathologia 
110(3): 133–138. DOI: 10.1007/BF00437536.

Medina, A., Rodríguez, A., Sultan, Y. and Magan, N. 2015. Climate change 
factors and Aspergillus flavus: Effects on gene expression, growth and 
aflatoxin production. World Mycotoxin Journal 8 (2): 171–179. DOI: 10.3920/
WMJ2014.1726.

Mohamad, R., Mohamed, M.S., Suhaili, N., Salleh, M.M. and Ariff, A.B. 2010. Kojic 
acid: Applications and development of fermentation process for production. 
Biotechnology and Molecular Biology Reviews 5(2): 24–37.

Mohamed, A. and Chala, A. 2014. Incidence of Aspergillus contamination of 
groundnut (Arachis hypogaea L.) in Eastern Ethiopia. African Journal of 
Microbiology Research 8(8): 759–765. DOI: 10.5897/AJMR12.2078.

Moore, F.C. and Lobell, D.B. 2015. The fingerprint of climate trends on European 
crop yields. Proceedings of the National Academy of Sciences 112(9): 2670–
2675. DOI: 10.1073/pnas.1409606112.

Moore, G.G., Mack, B.M., Beltz, S.B. and Gilbert, M.K. 2016. Draft genome 
sequence of an aflatoxigenic Aspergillus species, A. bombycis. Genome Biology 
and Evolution 8: 3297–3300. DOI: 10.1093/gbe/evw238. DOI: 10.1093/gbe/
evw238.

Moretti, A., Pascale, M. and Logrieco, A.F. 2019. Mycotoxin risks under a climate 
change scenario in Europe. Trends in Food Science & Technology 84: 38–40. 
DOI: 10.1016/j.tifs.2018.03.008.

Mphande, F.A., Siame, B.A. and Taylor, J.E. 2004. Fungi, aflatoxins, and 
cyclopiazonic acid associated with peanut retailing in Botswana. Journal of 
Food Protection 67(1): 96–102. DOI: 10.4315/0362-028X-67.1.96.

Nesci, A. and Etcheverry, M. (2002). Aspergillus section Flavi populations from 



112 Mycotoxins in Food and Beverages: Innovations and Advances

field maize in Argentina. Letters in Applied Microbiology 34(5): 343–348. 
DOI: 10.1046/j.1472-765X.2002.01094.x.

Njobeh, P.B., Dutton, M.F., Koch, S.H., Chuturgoon, A., Stoev, S. and Seifert, K. 
2009. Contamination with storage fungi of human food from Cameroon. 
International Journal of Food Microbiology 135(3): 193–198. DOI: 10.1016/j.
ijfoodmicro.2009.08.001.

Norlia, M., Jinap, S., Nor-Khaizura, M.A.R., Son, R. and Chin, C.K. 2018. Polyphasic 
approach to the identification and characterization of aflatoxigenic strains of 
Aspergillus section Flavi isolated from peanuts and peanut-based products 
marketed in Malaysia. International Journal of Food Microbiology 282 (3): 
9–15. DOI: 10.1016/j.ijfoodmicro.2018.05.030

Okoth, S., De Boevre, M., Vidal, A., Di Mavungu, J.D. Landschoot, S., Kyallo, M. et 
al. 2018. Genetic and toxigenic variability within Aspergillus flavus population 
isolated from maize in two diverse environments in Kenya. Frontiers in 
Microbiology 9: 57. DOI: 10.3389/fmicb.2018.00057.

Onana, B., Essono, G., Bekolo, N., Ambang, Z. and Ayodele, M. 2013. Mycoflora 
associated with processed and stored cassava chips in rural areas of southern 
Cameroon. African Journal of Microbiology Research 7(43): 5036–5045. DOI: 
10.5897/AJMR2013.6081.

Ortega-Beltran, A., Jaime, R. and Cotty, P.J. 2015. Aflatoxin-producing fungi in 
maize field soils from sea level to over 2000 masl: A three-year study in Sonora, 
Mexico. Fungal Biology 119(4): 191–200. DOI: 10.1016/j.funbio.2014.12.006.

Osamwonyi, U.O. and Wakil, S.M. 2012. Isolation of fungal species from 
fermentating pearl millet gruel and determination of their antagonistic 
activities against indicator bacterial species. Nigerian Food Journal 30(1): 35–
42. DOI: 10.1016/S0189-7241(15)30011-4.

Pacheco, A.M., Lucas, A., Parente, R. and Pacheco, N. 2010. Association 
between aflatoxin and aflatoxigenic fungi in Brazil nut (Bertholletia excelsa 
HBK). Food Science and Technology 30(2): 330–334. DOI: 10.1590/S0101-
20612010000200007 

Pacin, A.M., Gonzalez, H.H.L., Etcheverry, M., Resnik, S.L., Vivas, L. and Espin, 
S. 2003. Fungi associated with food and feed commodities from Ecuador. 
Mycopathologia 156(2): 87–92. DOI: 10.1023/A: 1022941304447.

Pankaj, S.K., Shi, H. and Keener, K.M. 2018. A review of novel physical and 
chemical decontamination technologies for aflatoxin in food. Trends in Food 
Science & Technology 71: 73–83. DOI: 10.1016/j.tifs.2017.11.007.

Park, J.W., Choi, S.Y., Hwang, H.J. and Kim, Y.B. 2005. Fungal mycoflora and 
mycotoxins in Korean polished rice destined for humans. International Journal 
of Food Microbiology 103(3): 305–314. DOI: 10.1016/j.ijfoodmicro.2005.02.001.

Paterson, R.R.M. and Lima, N. 2011. Further mycotoxin effects from climate 
change. Food Res. Int. 44: 2555–2566. DOI: 10.1016/j.foodres.2011.05.038.

Perrone, G., Gallo, A. and Logrieco, A.F. 2014. Biodiversity of Aspergillus section 
Flavi in Europe in relation to the management of aflatoxin risk. Frontiers in 
Microbiology 5: 377. DOI: 10.3389/fmicb.2014.00377.

Peterson, S.W., Ito, Y., Horn, B.W. and Goto, T. 2001. Aspergillus bombycis, a new 
aflatoxigenic species and genetic variation in its sibling species, A. nomius. 
Mycologia 93: 689–703. DOI: 10.2307/3761823.



Biodiversity of Aflatoxigenic Aspergillus section Flavi Species According...  113

Pildain, M.B., Frisvad, J.C., Vaamonde, G., Cabral, D., Varga, J. and Samson, R.A. 
2008. Two novel aflatoxin-producing Aspergillus species from Argentinean 
peanuts. International Journal of Systematic and Evolutionary Microbiology 
58: 725–735. DOI: 10.1099/ijs.0.65123-0.

Pitt, J.I. and Hocking, A.D. 2006. Mycotoxins in Australia: Biocontrol of aflatoxin 
in peanuts. Mycopathologia 162(3): 233–243. DOI: 10.1007/s11046-006-0059-0.

Pitt, J.I. and Hocking, A.D. 2009. Fungi and Food Spoilage, 3rd ed., Springer US: 
New York, USA. ISBN 978-0-387-92206-5.

Pitt, J.I., Taniwaki, M.H. and Cole, M.B. 2012. Mycotoxin production in major crops 
as influenced by growing, harvesting, storage and processing, with emphasis 
on the achievement of Food Safety Objectives. Food Control 32(1): 205–215. 
DOI: 10.1016/j.foodcont.2012.11.023.

Prencipe, S., Siciliano, I., Contessa, C., Botta, R., Garibaldi, A., Gullino, M.L. et al. 
2018. Characterization of Aspergillus section Flavi isolated from fresh chestnuts 
and along the chestnut flour process. Food Microbiology 69: 159–169. DOI: 
10.1016/j.fm.2017.08.004.

Probst, C., Callicott, K.A. and Cotty, P.J. 2012. Deadly strains of Kenyan Aspergillus 
are distinct from other aflatoxin producers. European Journal of Plant 
Pathology 132: 419–429. DOI: 10.1007/s10658-011-9887-y 

Probst, C., Bandyopadhyay, R. and Cotty, P.J. 2014. Diversity of aflatoxin-
producing fungi and their impact on food safety in sub-Saharan Africa. 
International Journal of Food Microbiology 174: 113–122. DOI: 10.1016/j.
ijfoodmicro.2013.12.010.

Purcell, S.L., Phillips, D.J. and Mackey, B.E. 1980. Distribution of Aspergillus 
flavus and other fungi in several almond-growing areas of California. 
Phytopathology 70(9): 926–929.

Rahimi, P., Sharifnabi, B. and Bahar, M. 2007. Detection of aflatoxin in Aspergillus 
species isolated from pistachio in Iran. Journal Phytopathology 156(1): 15–20. 
DOI: 10.1111/j.1439-0434.2007.01312.x.

Rasheed, U., Wu, H., Wei, J., Ou, X., Qin, P., Yao, X. et al. 2019. A polyphasic study 
of Aspergillus section Flavi isolated from corn in Guangxi, China – a hot spot 
of aflatoxin contamination. International Journal of Food Microbiology 310: 
108307. DOI: 10.1016/j.ijfoodmicro.2019.108307.

Razzaghi-Abyaneh, M., Shams-Ghahfarokhi, M., Allameh, A., Kazeroon-Shiri, A., 
Ranjbar-Bahadori, S., Mirzahoseini, H. et al. 2006. A survey on distribution of 
Aspergillus section Flavi in corn field soils in Iran: Population patterns based 
on aflatoxins, cyclopiazonic acid and sclerotia production. Mycopathologia 
161(3): 183–192. DOI: 10.1007/s11046-005-0242-8.

Reddy, K.R.N., Farhana, N.I., Wardah, A.R. and Salleh, B. 2010. Morphological 
identification of foodborne pathogens colonizing rice grains in South Asia. 
Pakistan Journal of Biological Sciences 13(16): 794–801.

Reis, T.A.D., Oliveira, T.D., Baquião, A.C., Gonçalves, S.S., Zorzete, P. and Corrêa, 
B. 2012. Mycobiota and mycotoxins in Brazil nut samples from different states 
of the Brazilian Amazon region. International Journal of Food Microbiology 
159(2): 61–68. DOI: 10.1016/j.ijfoodmicro.2012.08.005.

Riba, A., Mokrane, S., Mathieu, F., Lebrihi, A. and Sabaou, N. 2008. Mycoflora 
and ochratoxin-A producing strains of Aspergillus in Algerian wheat. 
International Journal of Food Microbiology 122(1–2): 85–92. DOI: 10.1016/j.
ijfoodmicro.2007.11.057.



114 Mycotoxins in Food and Beverages: Innovations and Advances

Riba, A., Bouras, N., Mokrane, S., Mathieu, F., Lebrihi, A. and Sabaou, N. 2010. 
Aspergillus section Flavi and aflatoxins in Algerian wheat and derived 
products. Food and Chemical Toxicology 48(10): 2772–2777. DOI: 10.1016/j.
fct.2010.07.005.

Rodrigues, P., Venâncio, A., Kozakiewicz, Z. and Lima, N. 2009. A polyphasic 
approach to the identification of aflatoxigenic and non-aflatoxigenic 
strains of Aspergillus section Flavi isolated from Portuguese almonds. 
International Journal of Food Microbiology 129(2): 187–193. DOI: 10.1016/j.
ijfoodmicro.2008.11.023.

Rodrigues, P., Venâncio, A. and Lima, N. 2012. Aflatoxigenic fungi and aflatoxins 
in Portuguese almonds. The Scientific World Journal vol n pp DOI: 
10.1100/2012/471926.

Rychlik, M., Humpf, H.U., Marko, D., Dänicke, S., Mally, A., Berthiller, F. et al. 
2014. Proposal of a comprehensive definition of modified and other forms 
of mycotoxins including “masked” mycotoxins. Mycotoxin Research 30(4): 
197–205. DOI: 10.1007/s12550-014-0203-5.

Saadullah, A. and Abdullah, S. 2015. Mycobiota and incidence of toxigenic fungi 
in dried fruits from Duhok Markets, North Iraq. Egyptian Academic Journal 
of Biological Sciences, G. Microbiology 7(1): 61–68.

Saberi-Riseh, R., Javan-Nikkhah, M., Heidarian, R., Hosseini, S. and Soleimani, 
P. 2004. Detection of fungal infectious agent of wheat grains in store-pits 
of Markazi province, Iran. Communications in Agricultural and Applied 
Biological Sciences 69(4): 541–544.

Saleem, M.J., Hannan, A. and Qaisar, T.A. 2012. Occurrence of aflatoxins in maize 
seed under different conditions. International Journal of Agriculture & 
Biology 14(3): 473–476.

Sales, A.C. and Takumi, Y. 2005. Updated profile of aflatoxin and Aspergillus section 
Flavi contamination in rice and its byproducts from the Philippines. Food 
Additives & Contaminants 22(5): 429–436. DOI: 10.1080/02652030500058387.

Samson, R.A. and K.A. Seifert. 1985. The ascomycete genus Penicilliopsis and its 
anamorphs. pp. 397–426. In: R.A. Samson and J.I. Pitt (eds.). Advances in 
Penicillium and Aspergillus Systematics. Plenum Press, New York and London. 

Samson, R.A., Visagie, C.M., Houbraken, J., Hong, S.B., Hubka, V., Klaassen, C.H. et 
al. 2014. Phylogeny, identification and nomenclature of the genus Aspergillus. 
Studies in Mycology 78: 141–173. DOI: 10.1016/j.simyco.2014.07.004.

Savi, G.D., Piacentini, K.C., Tibola, C.S. and Scussel, V.M. 2014. Mycoflora 
and deoxynivalenol in whole wheat grains (Triticum aestivum L.) from 
Southern Brazil. Food Additives & Contaminants: Part B 7(3): 232–237. DOI: 
10.1080/19393210.2014.898337.

Schatzmayr, G. and Streit, E. 2013. Global occurrence of mycotoxins in the food 
and feed chain: Facts and figures. World Mycotoxin Journal 6(3): 213–222. 
DOI: 10.3920/WMJ2013.1572

Sebők, F., Dobolyi, C., Hartman, M., Risa, A., Kritafon, C., Szoboszlay, S. et al. 
2014. Occurrence of potentially aflatoxin producing Aspergillus species in 
maize fields of Abstract Book of the Meeting of the Hungarian Microbiological 
Society and the EU FP7 PROMISE Hungary. In: Regional Meeting, pp. 62–63.

Şenyuva, H., Gilbert, J., Samson, R.A., Özcan, S., Öztürkoğlu, Ş. and Önal, D. 2008. 
Occurrence of fungi and their mycotoxins in individual Turkish dried figs. 
World Mycotoxin Journal 1(1): 79–86. DOI: 10.3920/WMJ2008.x009

Admin
Highlight

Admin
Callout
AQ : SP ? Saadulah in Table 4 p



Biodiversity of Aflatoxigenic Aspergillus section Flavi Species According...  115

Sharfun-Nahar, S.N., Mushtaq, M. and Pathan, I.H. 2004. Seed-borne mycoflora 
of Capsicum annuum imported from India. Pakistan Journal of Botany 36(1): 
191–198.

Sharma, S., Gupta, D. and Sharma, Y.P. 2013. Aflatoxin contamination in chilgoza 
pine nuts (Pinus gerardiana wall.) commercially available in retail markets of 
Jammu, India. International Journal of Pharma and Bio. Sciences 4: 751–759.

Singh, P. and Cotty, P.J. 2019. Characterization of Aspergilli from dried red 
chilies (Capsicum spp.): Insights into the etiology of aflatoxin contamination. 
International Journal of Food Microbiology 289: 145–153. DOI: 10.1016/j.
ijfoodmicro.2018.08.025

Sinha, A.K. and Sinha, K.K. 1990. Insect pests, Aspergillus flavus and aflatoxin 
contamination in stored wheat: A survey at North Bihar (India). Journal of 
Stored Products Research 26(4): 223–226. DOI: 10.1016/0022-474X(90)90026–O.

Škrinjar, M.M., Miklič, V.J., Kocić-Tanackov, S.D., Jeromela-Marjanović, A.M., 
Maširević, S.N., Suturović, I.Z. et al. 2013. Xerophilic mycopopulations 
isolated from rapeseeds (Brassica napus). Acta Periodica Technologica 44: 115–
124. DOI: 10.2298/APT1344115S.

Soares, C., Rodrigues, P., Peterson, S.W., Lima, N. and Venâncio, A. 2012. Three 
new species of Aspergillus section Flavi isolated from almonds and maize in 
Portugal. Mycologia 104: 682–697. DOI: 10.3852/11–088.

Stack, J. and Carlson, M. 2003. NF571 Aspergillus flavus and Aflatoxins in Corn. 
Historical Materials from University of Nebraska-Lincoln Extension. 

Suárez-Bonnet, E., Carvajal, M., Méndez-Ramírez, I., Castillo-Urueta, P., Cortés-
Eslava, J., Gómez-Arroyo, S. et al. 2013. Aflatoxin (B1, B2, G1, and G2) 
contamination in rice of Mexico and Spain, from local sources or imported. J. 
Food Sci. 78(11): T1822-T1829.

Sultan, Y. and Magan, N. 2010. Mycotoxigenic fungi in peanuts from different 
geographic regions of Egypt. Mycotoxin Research 26: 133–140. DOI: 10.1007/
s12550-010-0048-5.

Takahashi, H., Kamimura, H. and Ichinoe, M. 2004. Distribution of aflatoxin-
producing Aspergillus flavus and Aspergillus parasiticus in sugarcane fields in 
the southernmost islands of Japan. Journal of Food Protection 67(1): 90–95. 
DOI: 10.4315/0362-028X-67.1.90.

Taniwaki, M.H., Pitt. J.I., Iamanaka, B.T., Sartori, D., Copetti, M.V., Balajee, A. et 
al. 2012. Aspergillus bertholletius sp. nov. from Brazil Nuts. PLoS ONE 7: 42480. 
DOI: 10.1371/journal.pone.0042480.

Taniwaki, M.H., Frisvad, J.C., Ferranti, L.S., de Souza Lopes, A., Larsen, T.O., 
Fungaro, M.H.P. et al. 2017. Biodiversity of mycobiota throughout the Brazil 
nut supply chain: From rainforest to consumer. Food Microbiology 61: 14–22. 
DOI: 10.1016/j.fm.2016.08.002

Taniwaki, M.H., Pitt, J.I. and Magan, N. 2018. Aspergillus species and mycotoxins: 
Occurrence and importance in major food commodities. Current Opinion in 
Food Science 23: 38–43. DOI: 10.1016/j.cofs.2018.05.008.

TePaske, M.R., Gloer, J.B., Wicklow, D.T. and Dowd, P.F. 1992. Aflavarin and 
beta-aflatrem: New anti-insectan metabolites from the sclerotia of Aspergillus 
flavus. Journal of Natural Products 55: 1080–1086. http://dx.doi.org/10.1021/
np50086a008.

Theumer, M.G., Henneb, Y., Khoury, L., Snini, S.P., Tadrist, S., Canlet, C. et al. 2018. 

orocher
Note
Singh, P., Orbach, M.J. and Cotty, P.J. 2018. Aspergillus texensis: A Novel Aflatoxin Producer with S Morphology from the United States. Toxins 10: 513. DOI:10.3390/toxins10120513



116 Mycotoxins in Food and Beverages: Innovations and Advances

Genotoxicity of aflatoxins and their precursors in human cells. Toxicology 
Letters 287: 100–107. DOI: 10.1016/j.toxlet.2018.02.007.

Tomar, D.S., Shastry, P.P., Nayak, M.K. and Sikarwar, P. 2012. Effect of seed borne 
mycoflora on cotton seed (JK 4) and their control. Journal Cotton Restitution 
of Developpment 26(1): 105–108.

Tran-Dinh, N., Kennedy, I., Bui, T. and Carter, D. 2009. Survey of Vietnamese 
peanuts, corn and soil for the presence of Aspergillus flavus and Aspergillus 
parasiticus. Mycopathologia 168(5): 257–268. DOI: 10.1007/s11046-009-9221-9.

Trung, T., Tabuc, C., Bailly, S., Querin, A., Guerre, P. and Bailly, J. 2008. Fungal 
mycoflora and contamination of maize from Vietnam with aflatoxin B1 and 
fumonisin B1. World Mycotoxin Journal 1(1): 87–94. DOI: 10.3920/WMJ2008.
x010.

Turgay, E.B. and Ünal, F. 2009. Detection of seed borne mycoflora of sorghum in 
Turkey. The Journal of Turkish Phytopathology 38(1-3): 9–20. DOI: 

Turner, P.C., Sylla, A., Gong, Y.Y., Diallo, M.S., Sutcliffe, A.E., Hall, A.J. et al. 2005. 
Reduction in exposure to carcinogenic aflatoxins by postharvest intervention 
measures in West Africa: A community based intervention study. Lancet 365: 
1950–1956. DOI: 10.1016/S0140-6736(05)66661-5.

Umemura, M., Koike, H., Nagano, N., Ishii, T., Kawano, J., Yamane, N. et al. 
2013. MIDDAS-M: Motif-independent de novo detection of secondary 
metabolite gene clusters through the integration of genome sequencing and 
transcriptome data. PLoS One 8: e84028. DOI: 10.1371/journal.pone.0084028.

Vaamonde, G., Patriarca, A., Pinto, V.F., Comerio, R. and Degrossi, C. 2003. 
Variability of aflatoxin and cyclopiazonic acid production by Aspergillus 
section Flavi from different substrates in Argentina. International Journal of 
Food Microbiology 88(1): 79–84. DOI: 10.1016/S0168-1605(03)00101-6.

Varga, J., Frisvad, J.C. and Samson, R.A. 2011. Two new aflatoxin producing 
species and an overview of Aspergillus section Flavi. Studies in Mycology 69: 
57–80. DOI: 10.3114/sim.2011.69.05.

Varga, J., Baranyi, N., Chandrasekaran, M., Vágvölgyi, C. and Kocsubé, S. 2015. 
Mycotoxin producers in the Aspergillus genus: An update. Acta Biologica 
Szegediensis 59: 151–167.

Wallace, H.A.H. and Sinha, R.N. 1962. Fungi associated with hot spots in farm 
stored grain. Canadian Journal of Plant Science 42(1): 130–141. DOI: 10.4141/
cjps62-016.

Wartu, J.R., Whong, C.M.Z., Umoh, V.J. and Diya, A.W. 2015. Occurrence of 
aflatoxin levels in harvest and stored groundnut kernels in Kaduna State, 
Nigeria. Journal of Environmental Science, Toxicology and Food Technology 
9(1): 62–66. DOI: 10.9790/2402-09126266.

Watarai, N., Yamamoto, N., Sawada, K. and Yamada, T. 2019. Evolution of 
Aspergillus Oryzae before and after domestication inferred by large-scale 
comparative genomic analysis. DNA Research 26: 465–472 DOI: 10.1093/
dnares/dsz024.

Weledesemaya, G.T., Gezmu, T.B., Woldegiorgis, A.Z. and Gemede H.F. 2016. 
Study on Aspergillus species and aflatoxin levels in sorghum (Sorghum bicolor 
L.) stored for different period and storage system in Kewet Districts, Northern 
Shewa, Ethiopia. JSOA Journal of Food Science and Nutrition 2(1): 1–8. DOI: 
10.24966/FSN-1076/100010.



Biodiversity of Aflatoxigenic Aspergillus section Flavi Species According...  117

Wu, F. and Guclu, H. 2012. Aflatoxin regulations in a network of global maize 
trade. PloS One 7(9): 45151. DOI: 10.1371/journal.pone.0045151.

Yogendrarajah, P., Vermeulen, A., Jacxsens, L., Mavromichali, E., De Saeger, S., 
De Meulenaer, B. et al. 2016. Mycotoxin production and predictive modelling 
kinetics on the growth of Aspergillus flavus and Aspergillus parasiticus isolates 
in whole black peppercorns (Piper nigrum L). International Journal of Food 
Microbiology 228: 44–57. DOI: 10.1016/j.ijfoodmicro.2016.03.015.

Zhang, S., Monahan, J.B., Tkacz, J.S. and Berry, S. 2004. Indole diterpene gene 
cluster from Aspergillus flavus. Applied and Environmental Microbiology 70: 
6875–6883. DOI: 10.1128/AEM.70.11.6875–6883.2004.

Zohri, A.A. and Abdel-Gawad, K.M. 1993. Survey of mycoflora and mycotoxins of 
some dried fruits in Egypt. Journal of Basic Microbiology 33(4): 279–288. DOI: 
10.1002/jobm.3620330413.




