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RESEARCH ARTICLE
Abstract
In order to facilitate easy and rapid identification of aflatoxin-producing Aspergillus species, the phenotypic traits
of Aspergillus section Flavi isolates were examined on neutral red desiccated coconut agar (NRDCA). Phenotype
variations in colony morphology and the relationship between colour/intensity of fluorescence and aflatoxin
production were assessed. The isolates included 10 Aspergillus minisclerotigenes strains, 11 non-aflatoxigenic
Aspergillus flavus L strains, 29 aflatoxigenic A. flavus L strains and 20 strains each of Aspergillus parasiticus and
Aspergillus parvisclerotigenus. The NRDCA medium supported morphological differentiation of the four species
based on colony features, conidia type and colour. In particular, the two very closely related minisclerotial species,
A. minisclerotigenes and A. parvisclerotigenus, were clearly differentiated by their colony colour on NRDCA. All
toxigenic isolates produced aflatoxins in the culture medium in varying quantities. Plates of aflatoxigenic A. flavus
L strains fluoresced bluish purple/lavender around the colony on the obverse and pastel blue on the reverse side
due to aflatoxin B production while those of A. minisclerotigenes, A. parasiticus and A. parvisclerotigenus fluoresced
with a light blue or light turquoise ring around the colony on the obverse and light sky blue or cadet blue on the
reverse side depending on the amount of aflatoxin B and G produced. The colour of fluorescence significantly
correlated (r=0.95, P=0.001) with the type(s) of aflatoxins produced by the isolates. In addition, the concentration of
aflatoxins significantly (r=0.92; P=0.001) influenced the intensity of fluorescence in the aflatoxin-producing species.
NRDCA can therefore be used for the rapid identification of Aspergillus section Flavi species based on colonial
characteristics, and grouping of species into B and B+G aflatoxin producers within 5 days thus obviating the need
for chemical analysis of the culture.
Keywords: aflatoxin detection, NRDCA, Aspergillus, food safety, mycology

1. Introduction
Aflatoxins are among the many naturally occurring toxic
secondary metabolites produced on diverse agricultural
commodities by toxigenic species of Aspergillus section
Flavi. There are four main types of aflatoxins (aflatoxin B1
(AFB1), aflatoxin B2, aflatoxin G1 (AFG1) and aflatoxin G2
that contaminate foodstuffs. Aflatoxins B and G fluoresce
blue and green, respectively, during excitation with 365
nm wavelength UV light. These potent hepatotoxins

have been reported in a variety of foods, such as millet,
maize, nuts, rice, sesame and spices (Adetunji et al., 2014;
Bandyopadhyay et al., 2007; Diedhiou et al., 2011; Ezekiel et
al., 2012, 2013a). The notable aflatoxin-producing species
within the section Flavi that are reported to occur in West
Africa are Aspergillus flavus, Aspergillus minisclerotigenes,
Aspergillus parasiticus and Aspergillus parvisclerotigenus
(Ezekiel et al., 2013c; Pildain et al., 2008; Probst et al., 2014).
A. flavus isolates often produce few large sclerotia (average
diameter >400 µm) and may biosynthesise only B aflatoxins;
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therefore, they are considered as the L morphotype
(Cotty, 1989; Garber and Cotty, 1997). On the other hand,
isolates of A. parasiticus and the microsclerotial (average
diameter <400 µm) species (A. minisclerotigenes and A.
parvisclerotigenus) usually produce both aflatoxins B and
G, but are distinguished from each other by a combination
of cultural characteristics, such as colonial morphology,
extrolite profiles and molecular analysis (Frisvad et al.,
2005; Pildain et al., 2008; Varga et al., 2011).
Identification of aflatoxigenic species of Aspergillus through
routine methods involving assessment of morphological
characters on specialised media and extrolite profiles
through chemical analysis has become a major challenge
in the developing regions of the world including Africa.
This is due to species diversity and resemblance on media
and lack of instruments for chemical analysis of isolates
to accurately estimate extrolite patterns. To date, most
studies utilise at least two sets of mycological media
after the initial isolation of fungi from a substrate: the
first medium for a colony-based identification (e.g. malt
extract agar (MEA), 5/2 agar or Czapek-Dox agar) and the
second for aflatoxin production testing (e.g. yeast extract
sucrose agar, autoclaved maize) (Cotty, 1989; Diedhiou et
al., 2011; Pildain et al., 2008; Samson et al., 1995; Varga et
al., 2011). Both media are usually not used concurrently
because aflatoxigenicity testing serves as the confirmatory
test during phenotyping. These methods therefore require
many agar plates, incubator space and much time for the
analysis of the cultures; and this is expensive and laborious.
In sub-Saharan Africa, an aflatoxin endemic region
(Shephard, 2003; Williams et al., 2004) with less mycotoxin
detection infrastructures, optimising low cost protocols (e.g.
use of mycological media formulated from locally available
materials) for easy and rapid screening of aflatoxigenic
moulds is often necessary. Media that incorporate
desiccated coconut or palm kernel as substrates are efficient
for detection of aflatoxigenic moulds from mixed cultures
as well as the presence of aflatoxins without the need
for UV light (Atanda et al., 2006), but interference with
fluorescence (desiccated coconut agar) and a short shelf
life (palm kernel agar) necessitated an improved substrate.
Atanda et al. (2011) thus developed a neutral red desiccated
coconut agar (NRDCA) which does not interfere with
fluorescence and has a longer shelf life. To date, no studies
have utilised this medium for morphological differentiation
of fungal species thus we tested it as an alternative for
morphological identification of Aspergillus section Flavi
species and additionally determined the correlation
between fluorescence colour and aflatoxin production on
the medium.
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2. Materials and methods
Representative species tested
A total of 90 isolates representing four species from
Aspergillus section Flavi, were used in this study (Table 1).
The isolates were contaminants on mushrooms, peanut
cake, sesame, soils and spices in previous studies from
Nigeria (Ezekiel et al. 2013a,b,c, 2014 and unpublished
data), and included 10 A. minisclerotigenes isolates, 11
non-aflatoxigenic A. flavus L strains, 29 aflatoxigenic A.
flavus L strains and 20 strains each of A. parasiticus and A.
parvisclerotigenus (three of which were previously reported
as SBG unnamed taxon in Ezekiel et al. (2013b)). The isolates
were previously identified by a polyphasic approach that
combined phenotypic character assessment, extrolite
profiling, and molecular analysis involving the calmodulin
and β-tubulin genes as described by Houbraken et al. (2011,
2012). Isolates were maintained at 4 °C as agar plugs in
sterile distilled water in the Department of Biosciences
and Biotechnology, Babcock University, Ilishan Remo,
Nigeria, and at 25 °C on MEA slants at CBS-KNAW Fungal
Biodiversity Centre, Utrecht, the Netherlands and the
Technical University of Denmark, Kings Lyngby, Denmark.

Morphological differentiation on neutral red desiccated
coconut agar
NRDCA was prepared according to Atanda et al. (2011)
and each isolate was examined morphologically on a set of
triplicate 8.5 cm petri dishes per inoculation. Single-spore
cultures of each isolate were inoculated at the centre of
plates containing freshly prepared NRDCA supplemented
with 0.01% chloramphenicol. A three-point inoculation
was also performed for each isolate in order to examine
consistency in morphological characters. The inoculated
plates were incubated in the dark at 30 °C for 5 days. All
isolates were assessed macro-morphologically (colony
characteristics) and micro-morphologically (conidial
characteristics).

Assessment of aflatoxigenicity
Qualitative assessment
In order to assess aflatoxin production by the isolates, the
obverse and reverse sides of each single-point inoculated
plate were checked at 24 h intervals under long wave UV
light (365 nm) until the third day for maximum fluorescent
intensity (Atanda et al., 2011). Pigmentation, fluorescence
and characteristic colour of fluorescence (according to
the 500+ Named Colours with rgb and hex values; http://
cloford.com/resources/colours/500col.htm) were used as
indices to evaluate the ability of each isolate to produce
aflatoxins. About 10 g of agar content from each culture
was extracted and analysed by thin-layer chromatography
World Mycotoxin
World Mycotoxin
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Table 1. Details of Aspergillus section Flavi isolates used in this study.
Species

Source of isolate1

Isolate

Reported toxigenicity2

A. flavus L strain

Mushroom

CC 4-5 = CBS 133262
CC 4-8
CC 5-1
CC 6-15 = CBS 133263
LS 14-1
LS 14-8
LS 15-7
LS 14-11
PP 1-5
PP 3-1
INI 1-1
INI 2-4
INI 3-5 = IBT 32095
INI 4-7
INI 4-9
INO 2-2
INO 2-3
INO 4-1
INO 7-5
INO 7-7
IB 2-9 = CBS 133921
IB 2-20 = CBS 133922
KD 1-7
KD 2-18
LA 2-15
LA 3-10
LA 5-5
MN 5-15
MN 8-7
MN 12-20
BEN 2-3
BEN 3-1
BEN 3-7
BEN 10-1
BEN 10-3
BEN 12-3
BLD 6-6
BLD 6-11
KCV 7-1
KCV 10-6
CNE 3-2 = IBT 32094
CNE 3-10
CNE 5-6
CNE 5-12
CNE 5-20
FS 1-9
FS 3-1
FS 3-9 = IBT 32111
FS 6-4
FS 6-11

aflatoxin B
no aflatoxins
aflatoxin B
aflatoxin B
no aflatoxins
aflatoxin B
no aflatoxins
aflatoxin B
no aflatoxins
aflatoxin B
aflatoxin B
aflatoxin B
aflatoxin B
no aflatoxins
aflatoxin B
aflatoxin B
no aflatoxins
no aflatoxins
aflatoxin B
no aflatoxins
aflatoxin B
aflatoxin B
aflatoxin B
aflatoxin B
aflatoxin B
aflatoxin B
aflatoxin B
aflatoxin B
no aflatoxins
aflatoxin B
aflatoxin B
no aflatoxins
aflatoxin B
aflatoxin B
aflatoxin B
aflatoxin B
no aflatoxins
aflatoxin B
aflatoxin B
aflatoxin B
aflatoxins B and G
aflatoxins B and G
aflatoxins B and G
aflatoxins B and G
aflatoxins B and G
aflatoxins B and G
aflatoxins B and G
aflatoxins B and G
aflatoxins B and G
aflatoxins B and G

Nutmeg

Peanut cake

Sesame

A. minisclerotigenes

Soil
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Table 1. Continued
Species

Source of isolate1

Isolate

Reported toxigenicity2

A. parasiticus

Peanut cake

A. parvisclerotigenus

Mushroom

KD 2-2
KD 2-10
LA 3-4
LA 3-12
LA 3-17
LA 5-10
LA 5-20
LA 7-10
LA 7-15
LA 7-19
LA 7-20
LA 10-10
NG 1-7
NG 1-10
NG 2-8
NG 2-14
NG 2-18
NG 3-1
NG 4-1
NG 4-4
LS 5-3
LS 5-5
LS 7-1
LS 7-9
LS 15-2 = CBS 133264
LS 15-8 = CBS 133265
KD 18-18 = CBS 133925
MN 12-4 = CBS 133923
MN 12-18 = CBS 133924
BEN 1-15
BEN 1-19
BEN 2-9
BEN 3-14
BEN 4-5 = CBS 135589
BEN 6-2
BEN 6-5
BEN 6-6
BEN 8-5 = CBS 135406
BEN 10-5
BEN 10-11

aflatoxins B and G
aflatoxins B and G
aflatoxins B and G
aflatoxins B and G
aflatoxins B and G
aflatoxins B and G
aflatoxins B and G
aflatoxins B and G
aflatoxins B and G
aflatoxins B and G
aflatoxins B and G
aflatoxins B and G
aflatoxins B and G
aflatoxins B and G
aflatoxins B and G
aflatoxins B and G
aflatoxins B and G
aflatoxins B and G
aflatoxins B and G
aflatoxins B and G
aflatoxins B and G
aflatoxins B and G
aflatoxins B and G
aflatoxins B and G
aflatoxins B and G
aflatoxins B and G
aflatoxins B and G
aflatoxins B and G
aflatoxins B and G
aflatoxins B and G
aflatoxins B and G
aflatoxins B and G
aflatoxins B and G
aflatoxins B and G
aflatoxins B and G
aflatoxins B and G
aflatoxins B and G
aflatoxins B and G
aflatoxins B and G
aflatoxins B and G

Peanut cake

Sesame

1 All

isolates are from Nigeria.
reported in literature.

2 Toxigenicity

(TLC) as described by Ezekiel et al. (2013a) to qualitatively
determine the absence/presence and type(s) of aflatoxins
produced.
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Quantitative assessment
In order to correlate colour of fluorescence with type(s)
of aflatoxins produced, chemical analysis of the culture
medium was performed for each of the 90 isolates.
Agar plugs from four aflatoxigenic isolates of A. flavus
and five isolates of A. parvisclerotigenus were analysed
World Mycotoxin
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by liquid chromatography-tandem mass spectrometry
(LC-MS/MS). The remaining A. flavus (aflatoxigenic and
non-aflatoxigenic isolates) and A. parvisclerotigenus isolates
were assayed using high performance TLC (HPTLC) as well
as all of the A. minisclerotigenes and A. parasiticus isolates.
For LC-MS/MS analysis, five 3 mm diameter agar plugs of
cultures were extracted with 5 ml acetonitrile:water:acetic
acid (79:20:1, v/v/v) for 90 min on a GFL 3017 rotary
shaker (GFL, Burgwedel, Germany). Extracts were
diluted in extraction solvent and injected as described
in detail by Sulyok et al. (2007). LC-MS/MS screening
of AFB1 and AFG1 were performed using a QTrap 5500
LC-MS/MS System (Applied Biosystems, Foster city,
CA, USA) equipped with a TurboIonSpray electrospray
ionisation source and an 1290 Series HPLC System (Agilent,
Waldbronn, Germany). Chromatographic separation was
performed at 25 °C on a Gemini® C18-column, 150×4.6 mm
i.d., 5 µm particle size, equipped with a C18 4×3 mm i.d.
security guard cartridge (Phenomenex, Torrance, CA, USA).
Confirmation of positive analyte identification was obtained
by the acquisition of two multiple reaction monitorings
which yielded 4.0 identification points according to
Commission Decision 2002/657/EC (EC, 2002).
For HPTLC analysis, five 3 mm diameter agar plugs from
each culture was extracted with 5 ml of 80% methanol for
30 min in an orbital shaker. The mixture was allowed to
stand for 10 min and 4 µl aliquot of the supernatant were
spotted onto HPTLC pre-coated plates (Silica gels 60, F254;
20×10 cm; Merck, Darmstadt, Germany). Aflatoxin B and
G standards were spotted alongside the extracts and the
plates were developed in ethyl ether:methanol:water (96:3:1,
v/v/v). The plates were dried, visualised under UV (365
nm) and scanned for aflatoxins using the densitometer
(Camag TLC Scanner 3 with Win-CATS 1.4.2 software;
Camag AG, Muttenz, Switzerland). Chromatograms were
obtained and the concentration of aflatoxins in each extract
was estimated at a detection limit of 0.5 µg/kg.

A

B

C

Data analysis
The Statistical analysis software (SPSS® v. 14; SPSS Inc.,
Chicago, IL, USA) was used for data evaluation and analysis.
Means of aflatoxin levels produced by the isolates in culture
were calculated and separated by the Duncan’s Multiple
Range test, and tested for significance by analysis of variance
at α=0.05. Pearson’s correlation analysis was performed after
numerical ranking of variables to determine the relationship
between (1) colour of fluorescence and type(s) of aflatoxins
produced by each isolate, and (2) intensity of fluorescence
and aflatoxin concentrations in agar cultures.

3. Results
The colony diameters of all species on the NRDCA
plates reached 6 cm within 5 days of incubation except
for A. parasiticus which reached approximately 5 cm in
diameter. The colonies of A. flavus (Figure 1A and B) had
a characteristic yellow green colour with whitish immature
sclerotia (>400 µm in average diameter) when present
(Figure 1A). In contrast, A. parasiticus produced dark
green conidia (Figure 1C) with dark coloured sclerotia
(<400 µm in average diameter). The colony colour of A.
minisclerotigenes (Figure 1D) and A. parvisclerotigenus
(Figure 1E) was less pronounced due to poor sporulation
and both species produced chocolate-coloured small
sized sclerotia (<300 µm in average diam.). Colonies of A.
minisclerotigenes were characterised by off-white fluffy
mycelium, scanty production of forest green conidia and
numerous small sized sclerotia appearing as dark shades
around the inoculation area (older crust-like colonies)
(Figure 1D), while A. parvisclerotigenus colonies appeared
as greyish brown, dried and crust-like with sparse yellowgreen conidiophores (Figure 1E). Three of the 11 nonaflatoxigenic A. flavus isolates and all aflatoxigenic isolates
(A. flavus, A. minisclerotigenes, A. parasiticus and A.
parvisclerotigenus) produced yellow pigments diffusing in
the medium. Globose smooth-walled conidia were present
in A. flavus cultures while globose echinulate conidia were
observed in A. parasiticus cultures (Figure 2A and B). The
conidial ornamentation of A. minisclerotigenes and A.
parvisclerotigenus was very similar (globose and smooth

D

E

Figure 1. Colonies of species from Aspergillus section Flavi on neutral red desiccated coconut agar (5 days at 30 °C): (A)
aflatoxigenic A. flavus L strain INI 3-5 (IBT 32095), (B) non aflatoxigenic A. flavus L strain KCV 10-6, (C) A. parasiticus LA 5-10,
(D) A. minisclerotigenes CNE 3-2 (IBT 32094), (E) A. parvisclerotigenus BEN 8-5 (CBS 135406).
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A

B

C

D

Figure 2. Conidia of species of Aspergillus section Flavi: (A) A. flavus L strain, (B) A. parasiticus, (C) A. minisclerotigenes, (D)
A. parvisclerotigenus.

to echinulate (Figure 2C and D), however, the former
species were slightly smaller (4.0-4.4 µm) than those from
A. parvisclerotigenus (4.7-5.0 µm) (Table 2).
We used UV light (365 nm wavelength) to observe
fluorescence of the medium which should be indicative
of the presence of aflatoxins. Eleven out of the 90 isolates
were non-aflatoxigenic strains (Table 1). These strains
did not liberate any aflatoxin in the test medium (Table
3; Figure 3) neither was fluorescence observed on the
obverse and reverse sides of the plates (Figure 3A1 and
3A2). Furthermore, the obverse and reverse sides of the
plates of all toxigenic isolates fluoresced under UV (Table
3 and Figure 3). Media inoculated with the aflatoxigenic
isolates of A. flavus that produced only aflatoxin B (Table
3) showed a bluish purple (lavender) ring around the colony
on the obverse (Figure 3B1) and a pastel blue fluorescence
on the reverse of the culture medium (Figure 3B2). Cultures
of moderate aflatoxin B and G producers, depicted by plate
containing A. parasiticus LA 5-10, showed a light blue
fluorescent ring around the colony on the obverse (Figure
3C1) and a light sky blue fluorescence on the reverse of
the colony (Figure 3C2). Cultures of aflatoxin B and G
producers with relatively higher amounts of both toxins

or more of aflatoxin G than B, as depicted by plate of A.
parvisclerotigenus MN 12-18 (CBS 133924), fluoresced with
a light turquoise ring around the colony on the obverse
(Figure 3D1) and a cadet blue fluorescence on the reverse
of the culture medium (Figure 3D2).
The aflatoxin producing ability of the toxigenic isolates
varied. Isolates of A. minisclerotigenes (range=911.5
-1,038.1 µg/kg; mean=989.6 µg/kg), A. parasiticus
(range=453.2-943.1 µg/kg; mean=774.9 µg/kg) and
A. parvisclerotigenus (range=59.4-1,333.1 µg/kg;
mean=697.0 µg/kg) produced significantly (P<0.05) more
aflatoxin B than isolates of A. flavus (range=102.0-711.0
µg/kg; mean=379.7 µg/kg). However, significant (P>0.05)
differences were not observed between the aflatoxin G
levels produced by A. minisclerotigenes (range=651.1-764.3
µg/kg; mean=701.5 µg/kg), A. parasiticus (range=37.9-971.0
µg/kg; mean=685.1 µg/kg) and A. parvisclerotigenus isolates
(range=245.5-1,572.4 µg/kg; mean=676.30 µg/kg). The
A. parvisclerotigenus MN 12-18 (CBS 133924) isolate
produced a significantly (P<0.05) higher level of aflatoxin
G (1,572.4 µg/kg) than all other aflatoxins B and G
producing isolates of A. minisclerotigenes, A. parasiticus
and A. parvisclerotigenus. The colour of fluorescence under

Aspergillus species

Colony features

Sclerotia

Conidia

Yellow exudates/
pigmentation

Table 2. Macro- and micro-morphological characteristics of species from Aspergillus section Flavi on neutral red desiccated
coconut agar after 5 days of incubation at 30 °C.

Colour

Texture

Diameter
(cm)

Colour

Diameter
(µm)

Ornamentation Diameter
(µm)

A. flavus L strain
A. minisclerotigenes

yellowish green
off-white to
cream

6.7±0.1
6.7±0.1

white1
chocolate

>400
<300

smooth
smooth-toechinulate

6.2-7.0
4.0-4.4

+/+

A. parasiticus
A. parvisclerotigenus

dark green
greyish brown

granular or fluffy
fluffy colonies with
crust-like chocolate
centre
powdery to granular
crust-like colonies

5.3±0.1
6.5±0.1

black
chocolate

<400
<300

echinulate
smooth-toechinulate

6.0-7.0
4.7-5.0

+
+

1

Sclerotia were absent in cultures of some isolates but when present were immature and therefore lacked melanised pigment at day 5.
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Table 3. Fluorescent characteristics of cultures of Aspergillus section Flavi on neutral red desiccated coconut agar.
Aspergillus species

A. flavus L strain5
A. flavus L strain6
A. minisclerotigenes
A. parasiticus
A. parvisclerotigenus

Fluorescence colour at 365 nm UV1

Visual scores4

Obverse2

Reverse3

B aflatoxins

G aflatoxins

no fluorescence
bluish purple
light turquoise
light blue
light turquoise

no fluorescence
pastel blue
cadet blue
light sky blue
cadet blue

+
+
+
+

+
+
+

1

Colours are based on specifications in the 500+ named colours with rgb and hex values; http://cloford.com/resources/colours/500col.htm.
Obverse fluorescence refers to the colour of the fluorescent ring around the edge of colony.
3 Fluorescence observed on the reverse side of the colony.
4 Presence (+) or absence (-) of aflatoxins using thin layer chromatography.
5 Non-aflatoxigenic strains.
6 Aflatoxigenic strains.
2

A1

B1

C1

D1

A2

B2

C2

D2

Figure 3. Obverse (A1-D1) and reverse (A2-D2) plates of species of Aspergillus section Flavi grown in neutral red desiccated coconut
agar for 3 days at 31 °C and examined under UV wavelength of 365 nm for characteristic fluorescence. (A) Non-aflatoxigenic A.
flavus L strain KCV 10-6 isolate showing no fluorescence around colony on the obverse and the reverse. (B) Aflatoxigenic A.
flavus L strain INI 3-5 (IBT 32095) showing bluish purple ring around colony on the obverse and pastel blue fluorescence on the
reverse. (C) A. parasiticus LA 5-10 showing light blue ring around colony on the obverse and light sky blue fluorescence on the
reverse. (D) A. parvisclerotigenus MN 12-18 (CBS 133924) showing light turquoise ring around colony on the obverse and cadet
blue fluorescence on the reverse. Colours are based on specifications in the 500+ named colours with rgb and hex values; http://
cloford.com/resources/colours/500col.htm).

365 nm wavelength also correlated positively (r=0.95) and
significantly (P=0.001) with type(s) of aflatoxins produced
in culture by the isolates. A significant (P=0.001) positive
correlation (r=0.92) was also observed between the intensity
of fluorescence of aflatoxins in NRDCA and aflatoxin
concentrations in the cultures.
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4. Discussion and conclusion
Routine methods for identification of aflatoxigenic
Aspergillus spp. require both assessments of morphology
on specialised media as well as extrolite profiles through
chemical analysis. These have become major challenges
in developing regions such as Africa and Nigeria in
particular because of the many different species that
share resemblance on media and lack of equipment for
Please cite this article as 'in press'7
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chemical analysis to accurately determine extrolite profiles.
As earlier mentioned, the protocols are cumbersome
and methods expensive. This study therefore presents
a more rapid approach to identification and phenotype
characterisation of aflatoxigenic fungi using a low-cost and
easy-to-prepare aflatoxin-inducing medium (NRDCA).
The aflatoxin screening/profiling technique shown in this
study has the potential to group aflatoxigenic species based
on fluorescence characteristics of aflatoxins produced on
NRDCA. Here, we propose that single colony transfers be
performed from 3-day old isolation plates (e.g. modified rose
Bengal agar or potato dextrose agar) to NRDCA for 5 days
during which time the single developing colony should be
examined (1) under 365 nm UV illumination for aflatoxin
production and scored for type(s) of aflatoxins produced
based on colour of fluorescence by the 3rd day of incubation,
and (2) for macro- (colonial) and micro-morphological
characters at the 5 th day of incubation as against the
conventional media that takes 10-15 days (Diedhiou et al.,
2011; Samson et al., 1995; Varga et al., 2011).
In a previous study by Atanda et al. (2011) where A. flavus L
strain, A. parasiticus and a mini-sclerotial species (unnamed
taxon SBG) were evaluated for aflatoxin production; the
colonial/morphological features of these isolates were not
established. Therefore, this study presents distinguishing
features of A. flavus L strain and A. parasiticus in addition
to two mini-sclerotial species (A. parvisclerotigenus and
A. minisclerotigenes). In line with previous reports on the
colonial characteristics of these species, the A. flavus isolates
tested in this study appeared as yellowish-green colonies
with globose, smooth-walled conidia and some isolates
produced large sclerotia (>400 µm in diameter), while the
A. parasiticus isolates had dark greenish colonies and with
globose echinulate conidia (Cotty, 1989; Diedhiou et al.,
2011; Garber and Cotty, 1997; Klich and Pitt, 1988). The A.
flavus isolates from West Africa are known to biosynthesise
only aflatoxin B and thus have been ascribed to the L strain
(Atehnkeng et al., 2008; Garber and Cotty, 1997), while A.
minisclerotigenes, A. parasiticus and A. parvisclerotigenus
usually produce a combination of aflatoxins B and G, but
are distinguished from each other by a combination of
cultural characteristics, biochemistry (extrolite profiles)
and molecular studies (Frisvad et al., 2005; Pildain et
al., 2008). The A. minisclerotigenes, A. parasiticus and
A. parvisclerotigenus isolates in this study all produced
higher levels of aflatoxins B and G as compared to the A.
flavus isolates (Diedhiou et al., 2011; Donner et al., 2009;
Ezekiel et al., 2013c; Pildain et al., 2008). Furthermore, it
is interesting to note also that A. minisclerotigenes and A.
parvisclerotigenus were clearly distinguished on NRDCA
based on colonial colour and texture. Both species are very
difficult to distinguish on some mycological media, thus
previous attempts have combined media characteristics,
extrolite patterns and molecular studies (Varga et al., 2011).
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The observed secretion of yellow exudates by three of
the 11 non-aflatoxigenic isolates, and all aflatoxigenic
isolates, of A. flavus may not necessarily be a function of
the aflatoxin-producing ability of these isolates. This is
supported by previous findings of Abbas et al. (2004) and
Davis et al. (1987) who reported that some aflatoxigenic
isolates of A. flavus and A. parasiticus failed to produce
yellow pigments on aflatoxin-inducing media, including
coconut agar medium, while some non-aflatoxin producing
isolates of both species (e.g. A. flavus NRRL 5941 and A.
parasiticus NRRL 6109) produced yellow pigments. Horn
et al. (1996) also reported that certain Aspergillus species
that belong to the section Flavi, e.g. Aspergillus caelatus
(= Aspergillus tamarii type B), produce yellow pigments
while being non-aflatoxigenic.
It is important to note that the characteristic cadet blue
fluorescence produced in cultures of A. minisclerotigenes
and A. parvisclerotigenus isolates in this work is due to
the presence of aflatoxins B and G. Another presumptive
screening test for detection of aflatoxigenic strains is the
presence of a bright, greenish-yellow fluorescence excited
at 365 nm. However, this fluorescent compound is kojic
acid and not aflatoxin (Duncan and Hagler, 1986; Lee et
al., 1986). LC-MS/MS analysis showed that both A. flavus
and A. parvisclerotigenus produced kojic acids, though
only the latter species showed the characteristic cadet blue
fluorescence. Moreover, dikojic acid was not detected in
any of the cultures grown on NRDCA.
This study has therefore shown that NRDCA can serve a
dual purpose in the identification of Aspergillus section
Flavi isolates: (1) a differential medium for phenotypic
characterisation of the individual species based on colonial
characteristics, and (2) an assay medium for distinguishing
aflatoxin B producing species from aflatoxins B and G
producing species on the basis of specific colour of
fluorescence due to type(s) of aflatoxin(s) produced in
the medium. Both findings (colony features and extrolite
patterns on NRDCA) are complementary for proper
identification of the species. Our findings offer an effective
aflatoxin-research alternative, in resource scarce regions,
through rapid phenotypic characterisation of these
agriculturally important moulds prior to molecular studies.
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