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Abstract
The invasion of food by toxigenic fungi is a threat to public health. This study aimed at enumerating the microbial profile, 
detection of aflatoxin producing genes and quantification of the levels of aflatoxin contamination of cashew nuts meant 
for human consumption. A polyphasic method of analysis using newly formulated β-Cyclodextrin Neutral Red Desiccated 
coconut agar (β-CDNRDCA) and Yeast Extract Sucrose agar (YES) with Thin Layer Chromatography (TLC), Polymerase 
Chain Reaction (PCR) and High Performance Liquid Chromatographic (HPLC) method was adopted in determining the 
aflatoxigenic potential of the isolates, the presence of aflatoxin biosynthetic gene (aflM, aflD, aflR, aflJ omt-A) and estimation 
of the total aflatoxin content of the nuts. The fungal counts ranged from 2.0 to 2.4  log10cfu/g and sixty-three fungal isolates 
belonging to 18 genera and 34 species were isolated. The Aspergillus spp. were the most frequently isolated (50.79%) while 
Trichoderma spp. (1.59%) were the least. and fluorescence production was enhanced on the newly formulated β-CDNRDCA 
by the aflatoxigenic species. The aflD gene was amplified in all the isolates while aflM, aflR and aflJ gene were each ampli-
fied in 77.77% of the isolates and omt-A gene in 70.37%. The aflatoxin content of the nuts ranged from 0.03 to 0.77 µg/kg 
and were below the 4 µg/kg EU recommended limit for total aflatoxins. The present work confirms that a single method of 
analysis may not be sufficient to screen for the presence of aflatoxins in foods, as with a combination of different methods.
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Introduction

Fungi are ubiquitous organisms whose spores may be dis-
persed by wind, insects and floods (Egan et al. 2014). They 
are capable of growing on simple and complex food prod-
ucts producing various metabolites. Recently, more than 
hundreds of thousands of fungal species were classified 
as natural contaminants of agricultural and food products 
(Nleya et al. 2018).

Aspergillus spp., which is one of the most important 
genera of micro-fungi play important roles in various 
fields of concern such as human, plants, and animals as 
spoilage agents of food commodities or as producers of 
toxic secondary metabolites. In addition, they are used for 
food fermentations and in industrial bioprocesses (Ghorai 
et al. 2009).

Among the Aspergillus spp. the section Flavi has been 
a major concern to the industry in the last five decades, as 
it contains species that produce a group of highly toxigenic 
compounds; the aflatoxins (Rodrigues et al. 2011).

Aflatoxin contamination of crops is a serious food and 
feed safety issue worldwide and causes significant economic 
losses yearly. Aflatoxins  (B1,  B2,  G1, and  G2) are second-
ary metabolites of fungal origin produced mainly by the 
closely related fungi, A. flavus, A. parasiticus and A. nomius 
(Nleya et al. 2018). As a result of the toxicity and impact 
of aflatoxins on health as potential liver toxins and carcino-
gens, the tolerated amount of aflatoxins in foods and feeds 
is closely monitored and regulated in several countries. In 
most countries, the maximum tolerated levels for aflatoxin 
 B1 in foods ranged from 0 to 20 µg/kg (Ojuri et al. 2018; 
Onyeke et al. 2017). It is therefore expedient to monitor the 
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level and presence of aflatoxigenic fungi and aflatoxins in 
food and feeds.

The analytical equipment required to accurately detect 
toxins in food commodities are expensive and also require 
expertise which precludes its use in developing nations. 
Hence, the need for the adoption of inexpensive, readily 
available and reliable cultural methods for detection of afla-
toxins in commodities (Atanda et al. 2011). Furthermore, the 
application of molecular techniques to distinguish between 
aflatoxin producing and non-producing strains of A. flavus 
and related species, through the correlation of the presence 
or absence of one or more genes involved in the AF bio-
synthetic pathway and the ability/inability to produce AFs 
is fast replacing the conventional cultural methods in most 
modern laboratories of the world (Rodrigues 2011). Thus the 
the combination of cultural, chromatographic and molecular 
methods for the detection of aflatoxigenic fungi is a better 
approach as the cultural method can be useful in pre-screen-
ing large number of Aspergillus spp. This minimizes wast-
age of resources and also helps to identify non-aflatoxigenic 
spp. which can be used as potential bio-control agents in 
agricultural fields.

Due to the high nutrient profile of cashew nuts it is highly 
susceptible to microbial attack at pre/post harvest level (Ade-
tunji et al. 2018) thus the incidence of aflatoxigenic fungi 
and aflatoxins have been reported from different countries; 
Nigeria (Adebajo and Diyaolu 2003; Ezekiel et al. 2012; 
Sombie et al. 2018), Brazil (Milhome et al. 2014), Kenya 
(Ndung’u et al. 2013), Turkey (Yilmaz and Aluc 2014a) but 
information on the microbial profile, aflatoxigenic potential 
of Aspergilli spp. and aflatoxin contamination of cashew 
nuts sold in South Africa is not available in literature.

Thus this work aimed to enumerate the microbial profile, 
identify and characterize the aflatoxigenic fungi isolated 
from roasted cashew nuts, detect the aflatoxin producing 
genes and quantify the levels of aflatoxin contamination of 
the nuts in Mafikeng, South Africa through a polyphasic 
approach in order to know the risk level of the cashew nut 
consumers in the province.

Materials and methods

Sample location

Sampling of the nuts was carried out in Mafikeng, North 
West Province, South Africa in July, 2017.

Mafikeng is the capital city of the North-West Province 
of South Africa. It is located on the coordinate 25°51′S 
25°38′E, close to South Africa’s border with Botswana and 
is 1400 km (870 mi) Northeast of Cape Town and 260 km 
(160 mi) West of Johannesburg. It is built on the open veld 
at an elevation of 1500 m (4921 ft), by the banks of the 

Upper Molopo River. In 2011, it has a population of 15,117 
with population density of 620/km2. The town has an aver-
age annual rainfall of 300–700 mm, while the summer tem-
peratures ranges between 22 and 34 °C with average winter 
temperature of 16 °C (range 2–20 °C) in a single day.

Sampling and sample preparation

One hundred grams of 12 different brands of cashew nuts; 
roasted and salted (n = 8), roasted and non salted (n = 3) and 
raw (n = 1) were purchased in triplicates from each of the 
supermarkets in Mafikeng town, to make a total of 36 sam-
ples (100 g each). The sampling plan was a function of the 
availability of the cashew nut brands at the various super 
markets. The triplicates of each brand of sample (300 g) 
were pooled together to form 12 homogenized composite 
samples. The composited nuts were further divided by the 
processes of quartering and each of the quartered samples 
further subdivided into two equal parts; one-part of the sam-
ple was direct plated while the remaining part was milled in 
a Waring blender (IKA, Model M20, Germany) and stored 
at 4 °C for further analyses.

Reagents and chemicals

Methanol, Potassium bromide, Nitric acid, sodium hydrox-
ide were purchased from local dealers in South Africa while 
Aflatoxin Standards (B1, B2, G1, G2 and Total Aflatoxins) 
were purchased in crystalline form from Sigma (Sigma, St. 
Louis, MO, USA).

Fungal colony counts

Moulds incident in the milled samples were isolated by the 
direct plate technique as reported by Ezekiel et al. (2014). 
One gram of each sample was suspended in 9 ml of sterile 
distilled water and mixed for 2 min by hand inversion. A, 
0.1 ml aliquot of the suspension was spread plated in tripli-
cates on Potato Dextrose Agar (PDA) and incubated at 28 °C 
for 48 h after which the colonies in each plate were counted 
and recorded as the fungal load per sample and the Colony 
Forming Unit (CFU/g) calculated for each sample.

Isolation of sample‑borne mycoflora

The direct seed plating method as described by Adetunji 
et al. (2018) was adopted for the isolation of the endophytic 
fungi in the cashew nuts. Three-four seeds of the nut sam-
ples (10–15 g) were surface sterilized by 2% (V/V) sodium 
hypochlorite solution in a sterile conical flask for 1 min and 
then washed with three changes of sterile distilled water for 
2 min to remove the toxic activity of chemical agents on 
the samples. Four half cotyledons of the cashew nuts were 
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placed aseptically at equidistance in Petri dishes contain-
ing molten PDA incorporated with 0.01% (W/V) chloram-
phenicol to inhibit bacteria growth. Three replicates were 
made and the plates were incubated in the dark at 25 °C for 
7 days. Each fungal colony was again carefully transferred 
into sterile solid PDA plates for final purification at 25 °C 
for 5 days prior to DNA extraction of the fungal isolates. 
The fungal colonies were identified molecularly by PCR 
analysis and subsequent sequencing. Due to the high fre-
quency of the black Aspergilli in the isolated organisms, 
they were grouped into ten classes based on their morpho-
logical appearances on PDA plates prior to DNA extraction.

The isolation frequency and relative density of each spe-
cies was calculated as described by (Saleemi et al. 2012):

Molecular characterization of fungal isolates

Extraction of genomic DNA

The extraction of the genomic DNA of the fungal isolates 
was done with the Zymo Research kit (Zymo-Research fun-
gal/Bacterial Soil Microbe DNA, D6005, USA) supplied 
by Bio lab, South Africa, according to the manufacturer’s 
instructions.

Briefly; a loopful of fungal spores from 5-day old cultures 
was scooped into the Bashing Bead™ lysis tubes and 750 µl of 
the lysis solution added to the tubes. The tubes containing the 
cultures were beaten in a bead beater (Inqaba Biotech mode 
No, SI D258, USA) at the maximum speed for 14 min and 
centrifuged in a micro-centrifuge at 10,000×g for 1 min. Four 
hundred microlitre of the supernatant was transferred into a 
collection filter tube which was centrifuged at 10,000×g for 
1 min after which 1200 µl of the binding buffer was added 
to enhance the binding of the DNA to the filter column. The 
mixture was further centrifuged in the column in the collection 
tube and the flow through discarded. About 200 µl and 500 µl 
of pre-washed and washed buffers were added separately to 
each column respectively and centrifuged at the same condi-
tions. Thereafter, 100 µl of the DNA elution buffer was added 
to the column after washing and centrifuged to elute the DNA.

PCR amplification of genomic DNA

The amplification of the Internal Transcribed Spacer Region 
(ITS rDNA) of the fungal isolates from the cashew nuts was 
carried out with the Polymerase Chain Reaction (PCR) using 

Frequency (%) =
Number of samples contaminated with a specie or genus

Total number of samples
× 100

Relative Density(%) =
Number of isolates of species or genus

Total number of isolates
× 100

the universal ITS 1 (TCC GTA GGT GAA CCT GCG G) and 
ITS 4 region primers (TCC TCC GCT TAT TGA TAT GC). 
These primers were commercially synthesized by Inqaba bio-
technical Industrial (Pty) Ltd (Pretoria, South Africa).

The PCR amplicons were analyzed by electrophoresis on 
1% (w/v) agarose gel to confirm the expected size of the 
amplicons (670 bp) and visualized using Chemi Doc Image 
Analyzer (Sambrook and Russell 2001).

DNA sequencing

The sequencing of the purified PCR products were done 
at Inqaba Biotechnical Industrial (Pty) Ltd, Pretoria, South 
Africa with PRISM™ Ready Reaction Dye Terminator 

Cycle Sequencing Kit using the dideoxy chain termination 
method and electrophoresed with a model ABI PRISM® 
3500XL DNA Sequencer (Applied Biosystems, Foster City, 
CA, USA) by following the manufacturer’s instructions.

Sequence analysis

Finch TV software version 1.4.0 was used for the analysis 
of Chromatograms, (sense and antisense) resulting from 
sequencing reaction for good quality sequence assurance. 
The resulting chromatographs were edited using BioEdit 
Sequence Alignment Editor (Hall 2004) after which, the 
resulting consensus ITSrDNA sequences obtained were 
Blasted in the NCBI database (http://www.ncbi.nlm.nih.gov) 
with the Basic Local Alignment Search Tool (BLASTn) 
for homology in order to identify the probable organisms 
in question (Altschul and Koonin 1998). The sequences 
were later deposited in the GenBank for accession number 
allocation.

Aflatoxigenicity test of fungal isolates

Determination of aflatoxigenic potential of Aspergillus 
isolates in culture media

The culture media used in these assays were Yeast Extract 
Sucrose Agar (yeast extract; 20 g, sucrose; 150 g, agar; 
20  g and  MgSO4; 0.5  g) as reported by Criseo (2001) 
and β-Cyclodextrin Neutral Red Desiccated coconut agar 
(β-CDNRDCA). The Neutral Red Desiccated coconut agar 
(NRDCA) was prepared as described by Atanda et al. (2011) 
and enhanced with 0.3% β-cyclodextrin (W/V) following 
the method of previous authors (Abbas et al. 2004; Fente 
et al. 2001; Ordaz et al. 2003) who recommended the addi-
tion of 0.3–3% (W/V) cyclodextrin to agar to enhance their 

http://www.ncbi.nlm.nih.gov
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fluorescence production. A preliminary test by us had shown 
that there was no significant difference in the intensity of 
fluorescence between the 0.3 and 3% (W/V) β-cyclo-dextrins 
respectively (data not shown). Mycelia plugs (6 mm diam-
eter) of the Aspergillus isolates were inoculated unto the 
centre of 9 mm Petri dishes containing different test media 
in triplicates and the isolates incubated unilluminated at 
28 °C for 3–14 days. The isolates from the supplemented 
NRDCA plates were examined between the 3rd and 5th 
day (Atanda et al. 2011) for the presence of fluorescence 
of agar surrounding the growing Aspergilla colonies under 
UV light (365 nm), which was expressed by positive or 
negative signs, while the YES agar plates were checked on 
the 7th and 14th day for aflatoxin producing ability by the 
ammonium hydroxide vapour-induced colour change test as 
described previously (Jefremova et al. 2016). Briefly, 2 ml 
of concentrated ammonium hydroxide solution (W/V, 25%, 
17.03 m) was placed on the inside of the lid of the inverted 
Petri dish containing the isolate on YES agar and left for 
5–10 min to observe the color change at the reverse side of 
the agar. Plates that tested negative were re-examined on the 
14th day for colour change.

Detection of aflatoxin producing genes of Aspergilla

The DNA of suspected Aspergilla were examined for the 
presence of five important aflatoxin producing genes (aflR, 
aflJ, aflM, aflD and omt-A) present in the aflatoxin biosyn-
thesis pathway by PCR using previously reported primer 
sets (Rashid et al. 2009). The genes, their primer sequences 
and their product sizes (Table 1) were selected from already 
reported data (Rashid et al. 2009). The PCR reagents and 
primers were supplied by Inqaba Biotechnical Industrial 
(Pty) Ltd, Pretoria, South Africa and the polymer chain 
reactions were carried out in PCR Thermal Cycler (Applied 
Biosystems).

Optimization of  polymerase chain reaction Polymerase 
Chain Reaction conditions were optimized separately for 
the target genes. A reaction volume of 25  µl, containing: 
8.5 µl nuclease-free water, 12.5 µl PCR Master Mix, 1 µl 
of oligonucleotide forward and reverse primers (10  µm) 
and 2 µL template DNA mixed in the PCR tubes (Montso 
et al. 2014) were used. The thermal cycle conditions are also 
shown in Table 1 with varying annealing temperatures rang-
ing from 58 to 75  °C for the five genes respectively. The 
PCR amplified products were checked on 1% gel by elec-
trophoresis and visualized under Gel documentation system 
for electrophoretic bands at the various base pair regions for 
each gene.

Qualitative determination of aflatoxin producing 
ability of isolates by thin layer chromatographic 
method

The extraction of aflatoxin from the isolates was carried out 
according to Midorikawa et al (Midorikawa et al. 2008; Yin 
et al. 2009) with some modifications: the 7-day old Aspergil-
lus isolates on YES agar were divided into two equal halves 
using sterile surgical blades (one-half for the ammonia test 
and the other half for TLC analysis), the first half of the agar 
containing the isolates were scooped into 50 ml centrifuge 
tubes and 15–20 ml of 70% methanol–water (70:30) added 
and kept on a shaker for 30 min, after which they was cen-
trifuged at 5000 rpm for 5 min and the extracts decanted 
into clean tubes. The extracts were evaporated to dryness 
by air blowing in the dark evolution chamber. The residues 
were reconstituted with 500 µl of 100% methanol. A, 20 µl 
volume of each of the reconstituted extract was spotted on 
a 20 × 20 glass backed 250 µm thick silica gel coated TLC 
plates (Merck KGaA, Darmstadt Germany) and developed in 
the TLC tank containing the mobile phase; chloroform–ethyl 
acetate–propane-2-ol (90:5:5, v/v/v). The presence of afla-
toxins was determined by viewing the plates under the UV 
light at 365 nm for the presence of a bright blue or blue 
green fluorescence at the same migration level with the total 
aflatoxin standard (Sigma Aldrich) on the silica plate.

Quantitative determination of aflatoxins by high 
performance liquid chromatography

Extraction of aflatoxins from the nuts

The extraction of the milled cashew samples was carried out 
with the EASI-EXTRACT AFLATOXIN (R-BIOPHARM 
RHONE LTD) immunoaffinity column kits. The aflatoxin 
standard solution (25  µg/ml) was prepared in acetoni-
trile–water (98:2 V/V). The working standard solution was 
prepared daily from the aflatoxin standard solution (Stroka 
et al. 2000).

The extraction was carried out as described in the prod-
uct’s extraction kit. Briefly; 5 g sodium chloride was added 
to 50 g of each sample in a 500 ml beaker and 100 ml of 
distilled water added and blended at high speed for 1 min, 
followed by the addition of 150 ml of 100% methanol to the 
mixture, which was blended for another 2 min. The mix-
ture was then filtered through Whatman No. 4 filter paper 
for 10 min in order to ensure that the toxins in the mixture 
are completely eluted and the pH adjusted to 7.4 using 2 M 
sodium hydroxide solution. A, 5 ml aliquot of the filtrate 
was diluted with 5 ml of phosphate buffered saline (PBS) 
solution and 20 ml of the diluted filtrate (equivalent to 1 g 
of sample) was passed through the column at a flow rate of 
2 ml/min. The toxin was then eluted from the column at a 
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flow rate of 1 drop per sec with 1.5 ml of 100% methanol 
(HPLC grade) and 1.5 ml of water collected unto an amber 
glass vial. A, 100 µl of the eluent of each sample and afla-
toxin standards (25, 2.5, 0.25. 0.0025, 0.00025 µg/ml) were 
subsequently injected into the HPLC system.

Method validation for HPLC analysis for aflatoxin 
determination

The total aflatoxin content of the samples was quantified 
with a high-performance liquid chromatography column, 
using a Shimadzu liquid chromatograph (Kyoto, Japan) fitted 
with a fluorescence detector. The operating conditions for 
the HPLC system are shown in Table 2. The HPLC method 

used was validated by determining its linearity, accuracy and 
sensitivity. The linearity was determined by construction of 
calibration curves from standards of AFB1, AFB2, AFG2, 
AFG1, total aflatoxin  (AFtot) and from extract of blank sam-
ples of previously analysed cashew nuts that did not contain 
any of the aflatoxins. Linear range was examined at 5 dif-
ferent concentrations of each standard from 0.0025 µg/ml 
to 25 µg/ml. The matrix-matched calibration curves were 
built by spiking blank samples with selected aflatoxin stand-
ards after the extraction process. Calibration curves were 
constructed by plotting peak areas against concentration 
and linear functions were applied to the calibration curves. 
Matrix effect (ME) was calculated for each analyte by com-
paring the slope of the standard calibration curve with the 

Table 1  Optimization conditions for polymerase chain reaction

Primer name Target gene Sequence 5′–3′ PCR conditions

Product size Pre-denatur-
ation

Denaturation Annealing Elongation Final elongation

Nor 1 Nor (aflD) ACC GCT ACG 
CCG GCA 
CTC TCG 
GCA C

400 bp 94 °C—10 min 94 °C—1 min 65 °C—1 min 72 °C—2 min 
(33 cycles)

72 °C—5 min (1 
cycle)

Nor 2 GTT GGC CGC 
CAG CTT 
CGA CAC 
TCC G

Ver1 Ver (aflM) GCC GCA GGC 
CGC GGA 
GAA AGT 
GGT 

537 bp 95 °C—4 mins 95 °C—1 min 58 °C—1 min 72°C—30 s (30 
cycles)

72°C—10 mins 
(1 cycle)

Ver 2 GGG GAT ATA 
CTC CCG 
CGA CAC 
AGC C

Omt1 Omt-A GTG GAC GGA 
CCT AGT 
CCG ACA 
TCA C

797 bp 94 °C—5 min 94 °C—1 min 75 °C—2 mins 72 °C—2 min 
(33 cycles)

10 min (1 cycle)

Omt 2 GTC GGC GCC 
ACG CAC 
TGG GTT 
GGG G

AflR 1 AflR TAT CTC CCC 
CCG GGC 
ATC TCC 
CGG 

1032 bp 95 °C—4 min 95 °C—1 min 60 °C—1 min 72°C—30 s (30 
cycles)

72°C—10 mins 
(1 cycle)

AflR 2 CCG TCA GAC 
AGC CAC 
TGG ACA 
CGG 

AflJ F  AflJ TGA ATC CGT 
ACC CTT 
TGA GG-

737 95 °C—10 min 95 °C—50 s 58 °C—50 s 72 °C—2 min 
(30 cycles)

72 °C—10 min 
(1 cycle)

AflJ R GGA ATG GGA 
TGG AGA 
TGA GA
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matrix-matched calibration curve for the same concentration 
levels.

The sensitivity of the methodology or system used was 
evaluated by limit of detection (LOD) and limit of quanti-
fication (LOQ), which were estimated for a signal-to-noise 
ratio (S/N) × 3 and × 10, respectively, from chromatograms 
of samples spiked at the lowest level validated.

Accuracy was evaluated through recovery studies and was 
determined by calculating the ratio of the peak areas for each 
aflatoxin by analyzing the samples spiked before and after 
extraction at three additional levels of 25, 50, and 100 µg/
kg for all aflatoxins analyzed (AFB1, AFB2, AFG1, AFG2 
AFtot).

Quantification of the toxins was performed by measuring 
peak areas, the retention time and comparing them with the 
relevant standard calibration curves (AOAC 2007).

Statistical analyses

Statistical Analyses were performed using SPSS for win-
dows version 26 (SPSS Inc., Chicago, Illinois). One way 
Analysis of Variance (ANOVA) and Tukey’s HSD test at 5% 
significance level was used to compare the means for fungal 
counts, the frequency of organisms in the cashew nuts and 
the aflatoxin concentration of the cashew nuts.

Results

Fungal counts and distribution of fungal isolates 
in cashew nuts

Seventy-five percent (75%) of the cashew nuts assayed on 
Potato Dextrose Agar were contaminated with fungi and 
the fungal counts ranged from 2.0 to 2.4  log10cfu/g with 

a mean of 2.2  log10cfu/g (Table 3). A total of 63 Isolates 
were identified by amplification of the ITS region of the 
fungi isolates and sequencing of the PCR amplicons of the 
isolates (Table 4). The sequenced isolates were submitted 
to the Genbank for allocation of accession number to the 
organisms (Table 4). The isolated fungi were categorized to 
five major genera (Aspergillus, Penicillium, Alternaria, Cur-
vularia, Trichoderma) and other minor fungal genera. The 
Aspergilla were the most frequently isolated (50.79%), spp. 
followed by the summation of other minor fungi (33.33%) 
and Penicillia (6.34) while the Trichoderma spp.(1.59%) 
were the least frequent organisms. The Aspergillus genera 
had the highest relative density (50.79) based on the total 
no of fungal isolates contaminating the cashew nuts and A. 

Table 2  Optimization 
conditions for high performance 
liquid chromatographic analysis

Apparatus/activity Condition

Derivatisation KOBRA Cell at 100 µA setting
Guard Catridge Inertsil ODS-3
Analytical Inertsil ODS-3V
Column 5 µm, 4.6 mm × 150 mm (Hichrom) or equivqlent
Mobile Water:methanol (60:40 v/v; modified to 55:45 v/v). Add 119 mg 

of potassium bromide and 350 µl 4 M nitric acid to 1 l of mobile 
phase

Pump flow rate 1.0 ml/min
Florescence
Detector

Excitation: 362 nm
Emission: 425 nm  (B1 and  B2)
 455 nm  (G1 and  G2)

Column heater Maintain guard and analytical columns at 40 °C
Injector Auto sampler/reodyne valve
Injector Volume 100 µl
Elution order G2,  G1,  B2,  B1

Table 3  Fungal contamination of cashew nuts

a Samples with no fungal growth were excluded from the mean calcu-
lation

Sample code Sample description Fungal count
Log10(cfu/g)

A Roasted and non-salted –a

B Roasted and salted 2.3
C Roasted and salted 2.2
D Roasted and salted 2.0
E Roasted and salted 2.0
F Roasted and salted 2.3
G Roasted and salted 0
H Roasted and non-salted 0
I Roasted and salted 2.0
J Roasted and Salted 2.3
K Raw cashew nut 2.4
L Roasted and non-salted 2.3
Mean fungal count 2.2
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Table 4  Fungal profile of 
cashew nuts

Sample identity Fungal identity Accession No. % Similarity with 
other Isolate at gene 
bank

Seq01A Aspergillus nomius MG596623 99
Seq02A Aspergillus flavus MG596624 99
Seq03A Aspergillus oryzae MG596625 99
Seq04A Aspergillus flavus MG576092 99
Seq05A Aspergillus flavus MG596660 100
Seq06A Aspergillus flavus MG576093 99
Seq07A Aspergillus nomius MG576094 99
Seq08A Aspergillus oryzae MG596626 99
Seq09A Aspergillus flavus MG576095 99
Seq10A Aspergillus nomius MG596627 99
Seq11A Aspergillus oryzae MG576096 99
Seq12A Aspergillus oryzae MG576097 99
Seq13A Aspergillus oryzae MG596628 99
Seq14A Aspergillus parvisclerotigenus MG576098 99
Seq15A Aspergillus oryzae MG596629 99
Seq16A Aspergillus flavus MG596630 99
Seq17A Aspergillus flavus MG576099 99
Seq18A Byssochlamys spectabilis MG596631 99
Seq19A Byssochlamys spectabilis MG576100 99
Seq20A Aspergillus fumigatus MG576101 99
Seq21A Aspergillus fumigatus MG576101 99
Seq22A Aspergillus fumigatus MG596632 99
Seq23A Aspergillus fumigatus MG596633 99
Seq24A Aspergillus fumigatus MG576101 99
Seq25A Penicillium guanacastense MG576102 99
Seq26A Penicillium meleagrinum NA 99
Seq27A Aspergillus sydowii MG596634 99
Seq28A Penicillium crustosum MG596635 99
Seq29A Talaromyces funiculosus MG576103 99
Seq30A Curvularia australiensis MG596636 99
Seq31A Trichoderma longibrachiatum MG596637 100
Seq32A Talaromyces funiculosus MG576103 99
Seq33A Rhizopus stolonifer NA 99
Seq34A Aspergillus ochraceus MG576104 100
Seq35A Aspergillus awamori MG576105 99
Seq36A Aspergillus niger MG596641 100
Seq37A Aspergillus niger MG596638 100
Seq38A Aspergillus tubingensis MG596639 99
Seq39A Alternaria alternata MG596640 100
Seq40A Aspergillus niger MG596641 100
Seq42A Aspergillus awamori MG576106 99
Seq43A Aspergillus niger MG576107 99
Seq44A Aspergillus niger MG596642 99
Seq45A Aspergillus niger MG596643 99
Seq46A Alternaria alternata MG576108 99
Seq47A Cochliobolus lunatus MG596644 99
Seq48A Curvularia lunata MG576109 99
Seq49A Alternaria alternata MG596645 99
Seq50A Curvularia lunata MG576110 99
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niger and A. fumigatus had the highest (21.87) and least 
densities (6.25%) when considering the total number of 
Aspergillus isolates (Table 5).

Aflatoxigenicity test of fungal isolates

Aflatoxigenic potential of Aspergillus isolates in culture 
media

Only 14.8% (4 out of 27) of the tested Aspergillus isolates 
were positive on both the enhanced β-cyclodextrin NRDCA 
and the ammonium hydroxide vapour-induced colour change 
on the YES medium (Table 6). The positive isolates on the 
NRDCA showed yellow pigmentation at the reverse side of 
the plates with blue or blue-green ring of fluorescence of 

agar around the isolates on the obverse and reverse side of 
plates under the long wave UV light (365 nm). The aflatoxin 
production potential of the isolates were also confirmed on 
YES agar by colour change of the agar from golden yellow 
to pink, deep brown, or plum red colouration depending on 
the intensity of the aflatoxins produced. The non-Aspergilli 
isolates such as Trichoderma, Talaromyces and Curvularia. 
spp. were negative indicating the specificity of the test for 
aflatoxins (Table 6).

Aflatoxin producing genes of Aspergilla

The molecular pattern of the Aspergilla are shown in 
Fig.  1a–e and Table  6. Deoxyribonucleic acid (DNA) 
fragments of aflR, aflJ, omt-A, aflM and aflD genes were 

NA Not Assigned Accession Number yet

Table 4  (continued) Sample identity Fungal identity Accession No. % Similarity with 
other Isolate at gene 
bank

Seq51A Exserohilum rostratum MG596646 99
Seq52A Epicoccum sorghinum MG576111 99
Seq53A Ovatospora unipora MG576112 99
Seq56A Periconia macrospinosa MG576113 99
Seq57A Aspergillus ochraceus MG596647 99
Seq58A Chaetomium globosum MG576114 99
Seq60A Aspergillus terreus MG576115 99
Seq61A Lecanicillium aphanocladii MG596648 99
Seq62A Monascus purpureus MG576116 99
Seq64A Arthrinium hyphopodii NA 92
Seq74A Aspergillus terreus MG596654 99
Seq77A Aspergillus minisclerotigenes MG596655 99
Seq78A Pithomyces sacchari MG596656 99
Seq79A Aspergillus fumigatus MG596657 100
Seq80A Penicillium citrinum MG596658 99

Table 5  Distribution of fungal isolates of cashew nuts

Fungi isolate No of sample 
infected

Isolation frequency (%) based on 
total no of samples (n = 12)

No. of isolate %Relative density of 
total isolate (n = 63)

%Relative density of 
Aspergilla (n = 32)

Aspergillus spp. 32 50.79
A. flavus 6 50 9 14.28 18.75
A. fumigates 2 16.66 2 3.17 6.25
A. oryzea 3 25 3 4.76 9.37
A. niger 7 58.33 13 20.63 21.87
Other Aspergillus spp. 4 33.33 5 7.9 12.5
Penicillium spp. 4 33.33 4 6.34
Alternaria spp. 2 16.66 2 3.17
Curvularia spp. 3 25 3 4.76
Trichoderma spp. 1 8.33 1 1.59
Other fungi 8 66.66 21 33.33
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visualized at 1032, 737, 797, 537 and 400 bp respectively. 
However, some unexpected genes with band sizes of below 
500 bp and 1000 bp as against the expected 537 bp of aflM 
gene were detected in two isolates (Seq 20A and 32A) 
when the genes were amplified with the Ver-A primer. 
The Nor-1 (aflD) gene was also amplified in all the iso-
lates of both Aspergilla and the non Aspergilla (100%) 
while Ver (aflM), aflR and aflJ gene were each amplified 
in only 77.77% of the organisms and omt-A gene in 70.37% 
(Table 6).

All the Aspergilla with the exception of Aspergillus 
fumigatus, Aspergillus oryzea and Aspergillus nomius 
contained the five aflatoxin biosynthetic genes tested. The 
aflatoxin biosynthetic genes were also found in all the Bys-
sochlamys spectabilis isolates (Table 6).

Detection of aflatoxin production by TLC

The Thin Layer Chromatographic (TLC) test revealed that 
18.52% (5 of 27) of the fungal isolates on both the sup-
plemented NRDCA and YES agar tested positive for the 
presence of aflatoxins on TLC plates (Merck KGaA, Darm-
stadt Germany). The positive isolates for the TLC analysis 
produced a bright blue fluorescence on TLC plates under 
365 nm long wave UV light.

Aflatoxin content of cashew nuts

The operating conditions for the HPLC system are shown 
in Table 2. The standard calibration curves showed good 
linearity with  R2 values ranging from 0.9994 to 1 and the 

Table 6  Aflatoxigenicity test of fungal isolates

β-CDNRDCA beta cyclo dextrin neutral red desiccated coconut agar
a +++ yellow pigment and deep blue fluorescence under UV, a++ yellow pigment and blue fluorescence under UV, aX no pigment, no fluores-
cence, b+ reddish brown coloration, bX no color change, c+ positive for aflatoxin production, cX negative for aflatoxin production, d+ gene is 
present, dX gene is absent

S/No. Aspergilla Name of isolate Conventional method Aflatoxin biosynthetic  gened

β-CDNRDCA 
(3rd day)a

Ammonium 
vapor  testb

TLC  testc aflR aflJ aflM aflD omt-A

1 1A Aspergillus nomius +++ + + + + + + +
2 3A Aspergillus oryzae X X X + + + + X
3 4A Aspergillus flavus X X X + + + + +
4 5A Aspergillus flavus +++ + + + + + + +
5 6A Aspergillus flavus X X X + + + + +
6 7A Aspergillus nomius X X X + + + + X
7 8A Aspergillus oryzae ++ + + + + + + +
8 9A Aspergillus flavus X X X + + + + +
9 10A Aspergillus nomius X X + + + + + +
10 11A Aspergillus oryzae X X X + + + + +
11 12A Aspergillus oryzae X X X + + + + +
12 13A Aspergillus oryzae X X X + + + + +
13 14A Aspergillus parvisclerotigenus X X X + + + + +
14 15A Aspergillus oryzae X X X + + + + +
15 16A Aspergillus flavus X X X + + + + +
16 17A Aspergillus flavus X X X + + + + +
17 18A Byssochlamys spectabilis X X X + + + + +
18 19A Paecilomyces variotii X X X + + + + +
19 20A Aspergillus fumigatus X X X X X X + X
20 22A Aspergillus fumigatus X X X + + + + +
21 30A Curvularia australiensis X X X X X X + X
22 31A Trichoderma longibrachiatum X X X X X X + X
23 32A Talaromyces funiculosus X X X X X X + X
24 37A Aspergillus niger X X X X X X + X
25 38A Aspergillus tubingensis X X X X X X + X
26 61A Lecanicillium aphanocladii X X X + + + + +
27 77A Aspergillus minisclerotigenes +++ + + + + + + +



World Journal of Microbiology and Biotechnology           (2019) 35:15  

1 3

Page 11 of 15    15 

limit of detection (LOD) and limit of quantification (LOQ) 
were 0.01 and 0.02 µg/kg respectively with 85% percent-
age recovery. The toxins  (G2,  G1,  B2 and  B1) were eluted at 
5.5–6.5, 6.5–8.0, 8.0–9.5 and 10.0–11.5 min respectively.

The aflatoxin content of the nuts were not significantly 
different (p ≤ 0.5) and ranged from 0.03 to 0.77 µg/kg with 
roasted and salted cashew nuts from location B and G hav-
ing the least (0.03 µg/kg) and highest (0.77 µg/kg) aflatoxin 
concentrations respectively (Table 7).

Discussion

The low fungal counts of the nuts may be due to the pres-
ence of anacardic acid in the nuts which suppressed the 
growth of microorganisms (Oluwafemi et al. 2009) in the 
nuts. A similar report of low fungal count (1–9 × 103 and 
1–4.5 × 102 cfu/g) was reported for plain and salted roasted 
cashew nuts from Erbil market in Iraq (Abdulla 2013) and 
selected locations in Lagos, Nigeria (Adetunji et al. 2018). 
The authors further reported that salted and roasted cashew 
nuts from Iraq recorded the least fungal count of 3 × 103, in 
contrast, no significant differences were recorded in the fun-
gal counts of salted and non-salted cashew nuts in this report. 
Furthermore, higher fungal counts of 1.8–163 × 102 cfu/g 
(Adebajo and Diyaolu 2003), 1.0–52.0 × 105 cfu/g (Adeniyi 
and Adedeji 2015) 1.0–14 × 104 cfu/g (Oluwafemi et al. 
2009) and were previously reported for cashew nuts from 
various locations of Nigeria. The geographical and climatic 
variations across the different countries may be responsible 
for the differences in the microbial counts.

The predominance of A. niger, A. flavus and Penicillium 
spp. in the cashew nuts corroborated the report of previous 
authors who reported the prevalence of the afore mentioned 
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Fig. 1  a Gel Electrophoretic pattern for PCR products expressing aflR 
Gene at 1032 bp region. M: 1 kb DNA ladder; Lane 3, 11, 18: nega-
tive isolates, lane 19: negative control, lane 1, 2, 4, 6–10, 12–17: pos-
itive isolates. b Gel electrophoretic pattern for PCR products express-
ing aflJ gene at 737 bp region. M: 1 kb DNA ladder; Lane 3, 18, 24: 
negative isolates, Lane 19: negative control, Lane 1, 2, 4–17, 20–23, 
25: positive isolates. c gel electrophoretic pattern for PCR products 
expressing omt-A gene at 797 bp. M: 1 kb DNA ladder; Lane 4, 11, 
16, 18: negative isolates, Lane 19: negative control, Lane 1–3, 5–10, 
12–15, 17: amplification of omt-A gene in positive isolates. d Gel 
electrophoretic pattern for PCR products expressing aflM gene (Ver) 
at 537  bp. M: 1  kb DNA ladder; Lane 3, 11, 18: amplification not 
at expected band size, Lane 19: negative control, Lane 1–2, 4–10, 
12–17: positive isolates. e Gel electrophoretic pattern for PCR prod-
ucts expressing aflD Gene (Nor-1) at 400 bp region. M: 1 kb DNA 
ladder; Lane 19: negative control, Lane 1–18: amplification of aflR 
gene in positive isolates

Table 7  Aflatoxin contamination of cashew nuts

Sample code Sample description Total afla-
toxins (µg/
kg)

A Roasted and non-salted 0.15
B Roasted and salted 0.03
C Roasted and salted 0.14
D Roasted and salted 0.25
E Roasted and salted 0.15
F Roasted and salted 0.15
G Roasted and salted 0.77
H Roasted and non-salted 0.21
I Roasted and salted 0.38
J Roasted and salted 0.18
K Raw cashew nut 0.14
L Roasted and non-salted 0.21
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organisms in their cashew nuts (Adebajo and Diyaolu 2003; 
El-Samawaty et al. 2014). In addition, Adeniyi and Adedeji 
(2015) reported on the presence of Fusarium spp. in cashew 
nuts from Nigeria, El-Samawaty et al. (2014) also docu-
mented the presence of Fusarium spp. from cashew nuts 
from Saudi Arabia. However, we did not isolate Fusarium 
species in our present study as with Adetunji et al. (2018), 
Adebajo and Diyaolu (2003) and Abdulla (2013).

Some fungal isolates such as Exserohilum rostratum, 
Epicoccum sorghinum, Ovatospora unipora, Periconia 
macrospinosa, Lecanicillium aphanocladii, Monascus pur-
pureus, Arthrinium hyphopodii, Chaetomium globosum that 
are not commonly isolated from foods were found in the 
cashew nuts. Exserohilum is a dematiaceous fungi, mostly 
found in the upper surface of the soil, commonly associated 
with foliar plant diseases and rarely with human and ani-
mal phaeohyphomycosis (Sharma et al. 2014). Though E. 
rostratum is a rare cause of infection in people, the species 
can cause a spectrum of diseases including allergic fungal 
sinusitis, skin and subcutaneous infections, invasive dis-
eases and occasionally keratomycosis; an inflammation of 
the cornea (Joseph et al. 2012). The fungus was implicated 
in the 2012 nationwide outbreak of fungal meningitis in the 
United States caused by contaminated corticosteroid injec-
tions from the New England Compounding Center (NECC) 
in Framingham, Massachusetts (Sharma et al. 2014). Epico-
ccum sorghinum (Sacc.) also known as Phoma sorghina is a 
fungus associated with spoilage of sorghum. The presence of 
this pathogen in sorghum leads to reduced crop yield, seed 
viability and kernel weight loss and on the long run signifi-
cant economic losses (Forbes et al. 1992). The fungus pro-
duces tenuazonic acid (TA), a mycotoxin that causes acute 
toxicity to organisms and therefore prevents the consumption 
of sorghum grains as food and feed (Åkesson et al. 2014). 
The draft genome of this fungus has genes involved in the 
TA pathway. The presence of this fungus in cashew nuts 
might be as a result of cross contamination from the fields.

This report further corroborate the suitability of NRDCA 
and YES media for the screening of aflatoxigenic fungi in 
foods and agricultural products (Atanda et al. 2006, 2011), 
Davis et al. (1987), Abbas et al. (2004) and Ezekiel et al. 
(2014) as all positive isolates of both media with the excep-
tion of A. nomius tested positive for aflatoxin production on 
TLC. Slow growth kinetics or environmental factors such 
as relative humidity, incubating temperature among other 
factors might influence aflatoxin producing ability of the iso-
late on the media. In addition, the concentration of aflatoxin 
released into the medium might be too low for the ammonia 
vapor reaction or fluorescence production under UV light In 
contrast to the higher sensitivity of the TLC. The addition of 
β-cyclodextrin to the NRDCA further enhanced the produc-
tion of fluorescence on the agar (Degola et al. 2012; Suzuki 
and Iwahashi 2016). The bright blue fluorescence of  AFB1 is 

produced by a complex reaction between the toxin released 
by the fungi into the growth medium and the hydrophobic 
pocket of β-cyclodextrin (Degola et al. 2012). The cyclo-
dextrins have the unique feature of trapping fluorescences in 
their cavities (Del Valle 2004) while the yellow pigmenta-
tion and ammonium hydroxide vapour tests are based on the 
production of yellow anthraquinone biosynthetic intermedi-
ates in the aflatoxin pathway (Maragos et al. 2008; Sudini 
et al. 2015).

It was earlier reported that the production of yellow pig-
mentation, fluorescence and aflatoxin production were com-
plimentary (Atanda et al. 2006, 2011), in agreement, our 
findings showed a direct correlation between the cultural 
methods and aflatoxin production. Previous authors had 
linked the production of yellow pigments by aflatoxigenic 
fungi to Averufin; an intermediate substrate in the aflatoxin 
biosynthetic pathway between norsoloniric acid (NOR) and 
Versicolorin A (Abbas et al. 2004; Sudini et al. 2015). In 
addition, our work complimented the recommendation of 
Yazdani et al. (2010) and Fani et al. (2014) that the ammo-
nium vapour test should be combined with pigmentation and 
fluorescence production test in screening for aflatoxigenic 
fungi as production of yellow pigmentation alone is not a 
reliable indicator of aflatoxin production. The authors also 
suggested the addition of chromatographic and molecular 
analysis to confirm the aflatoxin producing ability of these 
fungi.

The combination of these three analytical methods could 
therefore be a reliable and confirmatory test for presence of 
aflatoxins in organism or food substrates in developing or 
underdeveloped countries where access to molecular ana-
lytical tools are scarce or unaffordable. The utilization of 
TLC for detection of mycotoxins in foods or organisms had 
been reported by several authors (Atanda et al. 2011; Ezekiel 
et al. 2013) and this method still remains a reliable method 
of screening for mycotoxins in the laboratory, although its 
laborious and time consuming.

The presence of two aflatoxin biosynthetic regulatory 
genes (aflR and aflJ) and three other important genes (omt-A, 
aflD and aflM) located in the aflatoxin biosynthetic pathway 
were detected in 70% of the isolates, but the genes were only 
expressed in 18.57% of the isolates. The presence of these 
genes in the isolates calls for concern as the unexpressed 
fungal species are also capable of producing aflatoxins under 
favourable conditions. It has been reported that aflR,omt-A, 
aflD and aflM are the four most important genes among the 
25 genes in the aflatoxin biosynthetic cluster that determine 
aflatoxin production (Davari et al. 2015). However, our find-
ings revealed that the presence of these four genes with aflJ 
does not confirm aflatoxin production by the isolates. The 
aflR gene regulates the activation of the transcript of path-
way genes and aflatoxin biosynthesis (Woloshuk et al. 1994) 
but its presence in the isolates might not necessarily lead 
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to aflatoxin production, as the AF pathway is regulated by 
many mechanisms (Bok and Keller 2004; Perrin et al. 2007). 
Similarly, aflJ is also an aflatoxin biosynthetic regulatory 
gene like the aflR, the two genes are divergently transcribed 
but with individual promoters. It is necessary for expression 
of other genes in the aflatoxin cluster and also involved in 
the conversion of pathway intermediate products to aflatox-
ins (Georgianna et al. 2008). The presence of the aflatoxin 
regulatory (aflR) gene was reported in the non- aflatoxin 
producing A. oryzea and A. sojae species (Kusumoto et al. 
1998; Lee et al. 2006), both A. flavus and A. oryzea are 
morphologically very similar and A. oryzea is the domesti-
cated form of A.flavus (Payne et al. 2006), the morphologi-
cal similarity might be responsible for the presence of the 
aflatoxin biosynthetic genes in the two organisms. Despite 
the presence of aflatoxin biosynthetic genes in all Aspergil-
lus oryzea (except Isolate A8) they were found to be non-
aflatoxins producers. Lee et al. (2006) further postulated that 
when some A. flavus strains possess the A. oryzea aflR gene, 
they are non-toxigenic. A. oryzae also have the aflatoxin 
biosynthetic cluster but it does not appear to be functional, 
this might be as a result of gene deletion, addition, muta-
tion or frame shift which might have occurred in A. oryzea 
during domestication over the years (Tominaga et al. 2006). 
As A. spergillus oryzea is utilized in the food industry for 
production of fermented foods, the presence of the aflR gene 
signifies a future treat to food industries as this organism 
has the tendency of expressing the gene in future. The aflR 
protein can bind the pro-moter region of each aflatoxin syn-
thesis gene and activate gene expression (Woloshuk et al. 
1994; Trail et al. 1995; Ehrlich et al. 1999). In addition, AF 
biosynthesis, is controlled by many environmental factors 
such as light (Calvo et al. 2002), carbon source, temperature, 
and pH (O’Brian et al. 2007; Price 2006).

The omt-A gene was found to be involved in the conver-
sion of sterigmatocystin (ST) to o-methylsterigmatocystin 
in the aflatoxin biosynthetic pathway but its presence does 
not indicate the production of aflatoxins. For instance, A. 
nidulans does not produce AF but possess all the genes and 
enzymatic steps preceding the production of sterigmato-
cystin (Georgianna et al. 2008). The AF and ST pathways 
appear to have a common biosynthetic scheme up to the 
formation of ST, and thus information gained from both 
pathways has been used to study AF regulation (Hicks et al. 
2002; Yu et al. 2004). Changes in the expression of genes 
within the AF cluster occurs in response to environmental 
conditions which may be favourable or not favourable for AF 
biosynthesis (Georgianna et al. 2008). The Nor-A gene helps 
in conversion of norsoloniric acid [the first stable product in 
the aflatoxin biosynthesis pathway to averufanin (AVNN)] 
through the activity of the ketoreductase enzyme while Ver-
A is the gene responsible for the conversion of Averatin 
(AVN) to Versicolorin A (Ryan et al. 2009; Yu et al. 2004).

All the five aflatoxin biosynthetic and regulatory genes 
were amplified in the non Aspergillus isolate—B. spectabi-
lis. The sequence of the isolate was blasted and identified in 
two different fungal databse (NCBI and CBS-KNAW) as B. 
spectabilis with 99% similarity with other B. spectabilis at 
the GenBank and also 99% similarity with only one Asper-
gillus spp (Accession No:KJ584845). However, B. specta-
bilis had a higher total score and maximum score (1002) as 
compared with the Aspergillus strain. Bacillus spectabilis 
belongs to the Ascomycota, Eurotiomycetes, Eurotiales and 
Trichocomaceae group just as the Aspergillus, this might 
explain the reason for the presence of the aflatoxin biosyn-
thetic gene in this isolate. Furthermore, the phylogenetic 
neighbor-joining tree analysis showed a 30% evolutionary 
relationship between the Aspergillus spp. and the B. specta-
bilis (Data not shown).

The low concentrations of aflatoxins reported for cashew 
nuts in this work corroborates the findings of previous work-
ers; 0.3 ng/g for cashew nuts from Iraq (Abdulla 2013), 
0.1–6.8 ng/g and 0.1–0.4 ng/g for cashew nuts from Nigeria 
(Adetunji et al. 2018; Ubwa et al. 2014) and 0.5–0.84 ng/g 
for cashew nuts from Turkey (Yilmaz and Aluc 2014b). 
However, higher aflatoxin concentrations were reported for 
other nuts such as peanuts (17.99 ng/g) and pistachio nuts 
(22.02 ng/g) from Iran (Ostadrahimi et al. 2014). Aflatoxin 
 B1 which is the most potent and toxigenic of the aflatoxins 
is a carcinogen, mutagen and immune suppressant (Ade-
tunji et al. 2018; Nleya et al. 2018). Aflatoxin  B1 had also 
been primarily linked to human primary liver cancer and 
acts synergistically with hepatitis B virus (HBV) infection 
(Liu and Wu 2010).

The aflatoxin concentration of the nuts were lower than 
the EU recommended permissible limit of 4 µg/kg for total 
aflatoxins (EU 2006). Despite the low concentrations of the 
aflatoxins, consumers of cashew nuts could be at risk of afla-
toxicoses as continual consumption of foods contaminated 
with low doses of toxins could lead to chronic toxicities.

In conclusion, we report for the first time the microbial 
profile and aflatoxigenicity of fungal isolates from cashew 
nuts consumed in North West Province, South Africa. An 
improved form of NRDCA (β-cyclodextrin NRDCA) which 
enhanced fluorescence was also developed for the first time 
in this study.

We further corroborate earlier report that a single method 
may not be adequate to screen for the presence of aflatoxins 
in foods or isolates, but that a combination of polyphasic 
methods such as cultural, analytical, chromatographic (TLC) 
and molecular methods (PCR) is much better. A combined 
approach provides a more accurate, and sensitive method 
for detection of aflatoxigenic species and aflatoxins in the 
nuts. The results also showed a strong correlation between 
the presence of aflatoxin biosynthetic genes as analyzed 
by molecular PCR and aflatoxin detection by TLC. The 
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presence of aflatoxin producing genes in the Aspergillus 
isolates is an indication that the organisms are potential 
aflatoxin producers when favourable conditions are avail-
able. This could pose a future risk of exposure to aflatoxins 
by the consumers of cashew nuts.

However we were not able to ascertain conclusively the 
aflatoxin biosynthetic genes that were responsible for afla-
toxin production, as majority of the isolates that did not 
produce aflatoxins on TLC plates possess the aflatoxin bio-
synthetic genes and this calls for further research including 
the presence of aflatoxin biosynthetic gene in B. spectabilis.

Acknowledgements M. C. is grateful to National Research Foundation 
(NRF), South Africa and Food Safety Niche Area, North West Univer-
sity, Mafikeng Campus for financing this project. We also acknowledge 
the technical team of Animal Health Department, North West Univer-
sity for the technical assistance.

Funding This work was supported by the National Research Founda-
tion South Africa (Grant No.: 105882).

Compliance with ethical standards 

Conflict of interest The authors declare no conflict of interest.

References

Abbas HK, Zablotowicz R, Weaver M, Horn B, Xie W, Shier W (2004) 
Comparison of cultural and analytical methods for determination 
of aflatoxin production by Mississippi Delta Aspergillus isolates. 
Can J Microbiol 50:193–199

Abdulla NQF (2013) Evaluation of fungal flora and mycotoxin in some 
important nut products in Erbil local markets. Res J Environ Earth 
Sci 5:330–336

Adebajo L, Diyaolu S (2003) Mycology and spoilage of retail cashew 
nuts. Afr J Biotechnol 2:369–373

Adeniyi D, Adedeji A (2015) Evaluation of fungal flora and mycotoxin 
potential associated with postharvest handlings of Cashew Nut. 
Arch Appl Sci Res 7:30–33

Adetunji MC, Alika OP, Awa NP, Atanda OO, Mulunda M (2018) 
Microbiological quality and risk assessment for aflatoxins in 
groundnuts and roasted cashew nuts meant for human consump-
tion. J Toxicol. https ://doi.org/10.1155/2018/13087 48

Åkesson MT, Point CC, di Caracalla VdT (2014) Proposed draft revi-
sion of the code of practice for the prevention and reduction of 
mycotoxin contamination in cereals (CAC/RCP 51-2003)

Altschul SF, Koonin EV (1998) Iterated profile searches with PSI-
BLAST—a tool for discovery in protein databases. Trends Bio-
chem Sci 23:444–447

AOAC (2007) (AOAC) Official methods of analysis, 18th edn. Associa-
tion of Official Analytical Chemists. Washington DC

Atanda O, Akpan I, Enikuomehin O (2006) Palm kernel agar: an alter-
native culture medium for rapid detection of aflatoxins in agricul-
tural commodities African J Biotechnol 5

Atanda O, Ogunrinu M, Olorunfemi F (2011) A neutral red desiccated 
coconut agar for rapid detection of aflatoxigenic fungi and visual 
determination of aflatoxins. World Mycotoxin J 4:147–155

Bok JW, Keller NP (2004) LaeA, a regulator of secondary metabolism 
in Aspergillus spp. Eukaryot Cell 3:527–535

Calvo AM, Wilson RA, Bok JW, Keller NP (2002) Relationship 
between secondary metabolism and fungal development. Micro-
biol Mol Biol Rev 66:447–459

Criseo G, Bagnara A, Bisignano G (2001) Differentiation of aflatoxin-
producing and non-producing strains of Aspergillus flavus group. 
Lett Appl Microbiol 33:291–295

Davari E, Mohsenzadeh M, Mohammadi G, Rezaeian-Doloei R (2015) 
Characterization of aflatoxigenic Aspergillus flavus and A. para-
siticus strain isolates from animal feedstuffs in northeastern Iran. 
Iran J Vet Res 16:150

Davis N, Iyer S, Diener U (1987) Improved method of screening for 
aflatoxin with a coconut agar medium. Appl Environ Microbiol 
53:1593–1595

Degola F, Dall’Asta C, Restivo F (2012) Development of a simple 
and high-throughput method for detecting aflatoxins production 
in culture media. Lett Appl Microbiol 55:82–89

Del Valle EM (2004) Cyclodextrins and their uses: a review. Process 
Biochem 39:1033–1046

Egan C, Li D-W, Klironomos J (2014) Detection of arbuscular mycor-
rhizal fungal spores in the air across different biomes and ecore-
gions. Fungal Ecol 12:26–31

Ehrlich KC, Montalbano BG, Cary JW (1999) Binding of the C6- zinc 
cluster protein, AFLR, to the promoters of aflatoxin pathway bio-
synthesis genes in Aspergillus parasiticus. Gene 230:249–257

El-Samawaty AE-RM, Moslem MA, Yassin MA, Al-Arfaj AA (2014) 
Contamination of cashew nut with myco-toxigenic fungi

EU (2006) Setting maximum levels for certain contaminants in food-
stuffs Official Journal of the European Union L 364

Ezekiel CN, Kayode FO, Fapohunda SO, Olorunfemi MF, Kponi 
BT (2012) Aflatoxigenic moulds and aflatoxins in street-vended 
snacks in Lagos, Nigeria. Int J Food Saf 14:83–88

Ezekiel C, Fapohunda S, Olorunfemi M, Oyebanji A, Obi I (2013) 
Mycobiota and aflatoxin B1 contamination of Piper guineense 
(Ashanti pepper), P. nigrum L.(black pepper) and Monodora 
myristica (calabash nutmeg) from Lagos, Nigeria. Int Food Res 
J 20(1):111–116

Ezekiel C et al (2014) Assessment of aflatoxigenic Aspergillus and 
other fungi in millet and sesame from Plateau State, Nigeria. 
Mycology 5:16–22

Fani SR, Moradi M, Probst C, Zamanizadeh HR, Mirabolfathy M, 
Haidukowski M, Logrieco AF (2014) A critical evaluation of 
cultural methods for the identification of atoxigenic Aspergillus 
flavus isolates for aflatoxin mitigation in pistachio orchards of 
Iran. Eur J Plant Pathol 140:631–642

Fente C, Ordaz JJ, Vazquez B, Franco C, Cepeda A (2001) New addi-
tive for culture media for rapid identification of aflatoxin-produc-
ing Aspergillus strains. Appl Environ Microbiol 67:4858–4862

Forbes G, Bandyopadhyay R, Garcia G (1992) A review of sorghum 
grain mold

Georgianna DR, Hawkridge AM, Muddiman DC, Payne GA (2008) 
Temperature-dependent regulation of proteins in Aspergillus fla-
vus: whole organism stable isotope labeling by amino acids. J 
Proteome Res 7:2973–2979

Ghorai S, Banik SP, Verma D, Chowdhury S, Mukherjee S, Khowala 
S (2009) Fungal biotechnology in food and feed processing. Food 
Res Int 42:577–587

Hall T (2004) BioEdit. Ibis Therapeutics, Carlsbad
Hicks JK, Shimizu K, Keller NP (2002) Genetics and biosynthesis of 

aflatoxins and sterigmatocystin. In: Kempken F (ed) Agricultural 
applications. Springer, Berlin, pp 55–69

Jefremova M, Ostrý V, Malíř F, Ruprich J (2016) Rapid diagnostic 
testing of toxigenic microfungi isolated from foodstuffs. Acta Vet 
Brno 85:151–156

Joseph NM, Kumar MA, Stephen S, Kumar S (2012) Keratomyco-
sis caused by Exserohilum rostratum. Indian J Pathol Microbiol 
55:248

https://doi.org/10.1155/2018/1308748


World Journal of Microbiology and Biotechnology           (2019) 35:15  

1 3

Page 15 of 15    15 

Kusumoto K-I, Yabe K, Nogata Y, Ohta H (1998) Aspergillus oryzae 
with and without a homolog of aflatoxin biosynthetic gene ver-1. 
Appl Microbiol Biotechnol 50:98–104

Lee C-Z, Liou G-Y, Yuan G-F (2006) Comparison of the aflR gene 
sequences of strains in Aspergillus section Flavi. Microbiology 
152:161–170

Liu Y, Wu F (2010) Global burden of aflatoxin-induced hepatocellular 
carcinoma: a risk assessment. Environ Health Perspect 118:818

Maragos C, Appell M, Lippolis V, Visconti A, Catucci L, Pascale M 
(2008) Use of cyclodextrins as modifiers of fluorescence in the 
detection of mycotoxins. Food Addit Contam 25:164–171

Midorikawa G et al (2008) Characterization of Aspergillus flavus 
strains from Brazilian Brazil nuts and cashew by RAPD and ribo-
somal DNA analysis. Lett Appl Microbiol 47:12–18

Milhome M, Lima C, De Lima L, Lima F, Sousa D, Nascimento R 
(2014) Occurrence of aflatoxins in cashew nuts produced in north-
eastern. Brazil Food control 42:34–37

Montso KP, Ateba CN (2014) Molecular detection of clostridium spe-
cies in beef obtained from retail shops in North West Province, 
South Africa. J Food Nutr Res 2:236–243

Ndung’u J, Makokha A, Onyango C, Mutegi C, Wagacha J, Christie M, 
Wanjoya A (2013) Prevalence and potential for aflatoxin contami-
nation in groundnuts and peanut butter from farmers and traders 
in Nairobi and Nyanza provinces of Kenya. J Appl Biosci. https 
://doi.org/10.4314/jab.v65i0 .89579 

Nleya N, Adetunji M, Mwanza M (2018) Current status of mycotoxin 
contamination of food commodities in Zimbabwe. Toxins 10:89

O’Brian GR, Georgianna DR, Wilkinson JR, Yu J, Abbas HK et al 
(2007) The effect of elevated temperature on gene transcription 
and aflatoxin biosynthesis. Mycologia 99:232–239

Ojuri OT et al (2018) Assessing the mycotoxicological risk from con-
sumption of complementary foods by infants and young children. 
Niger Food Chem Toxicol 121:37–50

Oluwafemi F, Ewelukwa U, Okuwa G (2009) Outbreak of E. coli 0157: 
H7 infections associated with ready-to eat cashew nuts in a Nige-
rian University Community. Afr J Biomed Res 12:113–119

Onyeke CC et al (2017) Aflatoxins composition of maize (Zea mays 
L.), guinea corn (Sorghum bicolor L.) cold paps and peanut (Ara-
chis hypogea L.) butter in Nsukka. Niger J Basic Pharmacol Toxi-
col 1:18–22

Ordaz JJ, Fente C, Vázquez B, Franco C, Cepeda A (2003) Devel-
opment of a method for direct visual determination of aflatoxin 
production by colonies of the Aspergillus flavus group. Int J Food 
Microbiol 83:219–225

Ostadrahimi A, Ashrafnejad F, Kazemi A, Sargheini N, Mahdavi R, 
Farshchian M, Mahluji S (2014) Aflatoxin in raw and salt-roasted 
nuts (pistachios, peanuts and walnuts) sold in markets of tabriz, 
iran. Jundishapur J Microbiol 7(1):e8674

Payne G et al (2006) Whole genome comparison of Aspergillus flavus 
and A. oryzae. Med Mycol 44:S9–S11

Perrin RM et al (2007) Transcriptional regulation of chemical diversity 
in Aspergillus fumigatus by LaeA. PLoS Pathog 3:e50

Price MS (2006) Classical and modern genetic approaches reveal new 
gene associations with aflatoxin biosynthesis in Aspergillus para-
siticus and A. flavus. Dissertation submitted to the GraduateFac-
ulty of North Carolina State University in partial fulfillment of the 
requirements for the Degree of Doctor ofPhilosophy, Department 
of Plant Pathology

Rashid M, Khalil S, Ayub N, Ahmed W, Khan AG (2009) Categoriza-
tion of Aspergillus flavus and Aspergillus parasiticus isolates of 
stored wheat grains into aflatoxinogenics and non-aflatoxinogen-
ics. Pak J Bot 40:2177–2192

Rodrigues P (2011) Mycobiota and aflatoxigenic profile of Portuguese 
almonds and chestnuts from production to commercialisation 

Mycobiota and aflatoxigenic profile of Portuguese almonds and 
chestnuts from production to commercialisation. Biblioteca Digi-
tal do IPB. http://hdl.handl e.net/10198 /3618

Rodrigues P, Santos C, Venâncio A, Lima N (2011) Species identifica-
tion of Aspergillus section Flavi isolates from Portuguese almonds 
using phenotypic, including MALDI-TOF ICMS, and molecular 
approaches. J Appl Microbiol 111:877–892

Ryan LA, Dal Bello F, Arendt EK, Koehler P (2009) Detection and 
quantitation of 2, 5-diketopiperazines in wheat sourdough and 
bread. J Agri Food Chem 57:9563–9568

Saleemi MK et al (2012) Occurrence of toxigenic fungi in maize and 
maize-gluten meal from Pak Phytopathol Mediterr 51(1):219–224

Sambrook J, Russell DW (2001) Molecular cloning: a laboratory man-
ual. Third Cold pring Harbor Laboratory Press, New York

Sharma R, Mishra B, Runge F, Thines M (2014) Gene loss rather than 
gene gain is associated with a host jump from monocots to dicots 
in the smut fungus Melanopsichium pennsylvanicum. Genome 
Biol Evol 6:2034–2049

Sombie JI, Ezekiel CN, Sulyok M, Ayeni KI, Jonsyn-Ellis F, Krska R 
(2018) Survey of roasted street-vended nuts in Sierra Leone for 
toxic metabolites of fungal origin. Food Addit Contam Part A. 
https ://doi.org/10.1080/19440 049.2018.14757 53

Stroka AE, Jörissen U, Gilbert J (2000) Immino-affinity column 
clean up with liquid chromotography post column bromination 
for determination of aflatoxins in peanut butter, pistachio paste, 
fig paste and paprika powder; collaborative study. J AOAC Int 
83(2):320–340

Sudini H, Srilakshmi P, Vijay Krishna Kumar K, Njoroge SM, Osiru 
M, Anitha S, Waliyar F (2015) Detection of aflatoxigenic Asper-
gillus strains by cultural and molecular methods: a critical review 
African. J Microbiol Res 9:484–491

Suzuki T, Iwahashi Y (2016) Addition of carbon to the culture medium 
improves the detection efficiency of aflatoxin. Synth Fungi Toxins 
8:338

Trail F, Mahanti N, Rarick M, Mehigh R, Liang S, Zhou R, Linz J 
(1995) Physical and transcriptional map of an aflatoxin gene clus-
ter in Aspergillus parasiticus and functional disruption of a gene 
involved early in the aflatoxin pathway. Appl Environ Microbiol 
61:2665–2673

Tominaga M et al (2006) Molecular analysis of an inactive aflatoxin 
biosynthesis gene cluster in Aspergillus oryzae RIB strains. Appl 
Environ Microbiol 72:484–490

Ubwa S, Abah J, Atu B, Tyohemba R, Yande J (2014) Assessment 
of total aflatoxins level of two major nuts consumed in Makurdi 
Benue State. Nigeria Int J Nutr Food Sci 3:397–403

Woloshuk C, Foutz K, Brewer J, Bhatnagar D, Cleveland T, Payne G 
(1994) Molecular characterization of aflR, a regulatory locus for 
aflatoxin biosynthesis. Appl Environ Microbiol 60:2408–2414

Yazdani D, Zainal Abidin MA, Tan YH, Kamaruzaman S (2010) 
Evaluation of the detection techniques of toxigenic Aspergillus 
isolates. Afr J Biotechnol 9:7654–7659

Yilmaz I, Aluc M (2014a) Determination of aflatoxin levels in cash-
ews on Turkish markets. In: Proceedings of the 9th Baltic Con-
ference on Food Science and Technology “Food for Consumer 
Well-Being”

Yilmaz I, Aluc M (2014b) Determination of aflatoxin levels in cashews 
on Turkish markets. In: 9th Baltic Conference on Food Science 
and Technology “Food for Consumer Well-Being”

Yin Y, Lou T, Yan L, Michailides T, Ma Z (2009) Molecular char-
acterization of toxigenic and atoxigenic Aspergillus flavus iso-
lates, collected from peanut fields in China. J Appl Microbiol 
107:1857–1865

Yu J et al (2004) Clustered pathway genes in aflatoxin biosynthesis. 
Appl Environ Microbiol 70:1253–1262

https://doi.org/10.4314/jab.v65i0.89579
https://doi.org/10.4314/jab.v65i0.89579
http://hdl.handle.net/10198/3618
https://doi.org/10.1080/19440049.2018.1475753

	A polyphasic method for the identification of aflatoxigenic Aspergilla from cashew nuts
	Abstract
	Graphical abstract 
	Introduction
	Materials and methods
	Sample location
	Sampling and sample preparation
	Reagents and chemicals
	Fungal colony counts
	Isolation of sample-borne mycoflora
	Molecular characterization of fungal isolates
	Extraction of genomic DNA
	PCR amplification of genomic DNA
	DNA sequencing
	Sequence analysis

	Aflatoxigenicity test of fungal isolates
	Determination of aflatoxigenic potential of Aspergillus isolates in culture media
	Detection of aflatoxin producing genes of Aspergilla
	Optimization of polymerase chain reaction 


	Qualitative determination of aflatoxin producing ability of isolates by thin layer chromatographic method
	Quantitative determination of aflatoxins by high performance liquid chromatography
	Extraction of aflatoxins from the nuts
	Method validation for HPLC analysis for aflatoxin determination

	Statistical analyses

	Results
	Fungal counts and distribution of fungal isolates in cashew nuts
	Aflatoxigenicity test of fungal isolates
	Aflatoxigenic potential of Aspergillus isolates in culture media
	Aflatoxin producing genes of Aspergilla
	Detection of aflatoxin production by TLC

	Aflatoxin content of cashew nuts

	Discussion
	Acknowledgements 
	References


