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ABSTRACT

Infestation of food crops by fungi has led to serious economic losses in the international market.
There is a paucity of information on the multi-mycotoxin profile of cashew nuts from different
geographical locations in Nigeria and South Africa. This work aims at comparing the fungal
metabolite profile of cashew nut from two African countries using HPLC-FLD and LC-MS/MS. The
differences in distribution of the fungal metabolites across the two countries were also examined.
A total of 75 (39; Nigeria, 36; South Africa) roasted cashew nuts were purchased from 14 different
locations in Nigeria and 10 major supermarkets in South Africa. The samples were subjected to
HPLC analysis for aflatoxin and zearalenone and LC-MS/MS analysis for multiple metabolite
profiling. Total aflatoxins (0.03-0.77 µg/kg and 0.01-0.28 µg/kg) and zearalenone (123.2 and
788.6 µg/kg) were quantified in nut samples from South Africa and Nigeria, respectively. In
contrast, LC-MS/MS analysis showed that none of the major fungi metabolites except for one
(citrinin) was present in detectable amount in Nigerian cashew nuts (31.3 μg/kg). Other microbial
metabolites present in the nuts were; Aspergillus metabolites (< LOD to 398 × 104 μg/kg and <
LOD to 1760 μg/kg); flavoglaucin (5.4-177.4 μg/kg and 45.5-18,368 μg/kg), 7-hydroxykaurenolide
(5.5-45.8 μg/kg and 3.5-33.7 μg/kg), chloramphenicol (0.3-4.5 μg/kg) for South African and
Nigerian cashew nuts, respectively. The incidence rate of the fusarium toxins beauvericin and
bikaverin were higher in Nigerian cashew nut (100% and 17%) than the South African nuts (8%
and 8%), 7-Hydroxykaurenolide and chloramphenicol were found in all the cashew nut samples.
A total of 15 unspecific metabolites (17-100%) were recorded in the nuts from both countries.
Information on the metabolite profile of cashew nuts will provide useful information for policy
makers, border agencies and other health-related Institutes.

Introduction

Mycotoxins are toxic secondary metabolites naturally produced by moulds (fungi) that may contaminate agricultural commodities by growing on
them (Rahmani et al. 2009). When the fungi has
infested the food crops, they release the synthesised toxins into the crops which when consumed
by human and animal could result in serious
health problems (Zinedine et al. 2007).
Despite efforts to control fungal contamination,
toxigenic fungi are everywhere in nature and they
can contaminate a wide range of agricultural products due to mould infestation both before and
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after harvest wherever humidity and temperature
are sufficient. Mycotoxins can be found in a wide
variety of matrices, ranging from cereals, peanuts,
spices, animal feeds, fruits and vegetables to meat,
milk, eggs and many other derived products.
The study and detection of mycotoxins in foods
and animal feed is becoming very important
because of their high level of toxicity and also due
to the increasing legislative demands concerning the
mycotoxins content of different products (Bunaciu
2010). The analysis of mycotoxins is tasking due to
the large number of compounds to be detected and
the wide differences in their physico chemical
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properties coupled with the complex nature of different food commodity matrices (Bunaciu 2010)
The current trend in mycotoxin analysis is the
development of a multi-mycotoxin methods based
on liquid chromatography coupled to tandem mass
spectrometry (LC-MS/MS) for their simultaneous
identification and quantification (De Girolamo
et al. 2013; Berthiller et al. 2014). Toxins detection
using LC-MS/MS is the most widely used detection
method for mycotoxins analysis due to its relatively
few and non-laborious sample treatment steps, high
selectivity, sensitivity and because it allows for
a high throughput of samples (Delmulle et al.
2006). However, despite these positive characteristic, there are some challenges associated with this
method. It is usually difficult to get suitable analytical condition for all mycotoxins included in
a method and, most importantly, this analytical
instrumentation is particularly prone to matrix
effect. Matrix effect is the suppression or enhancement of the signal of an analyte due to alteration of
ionisation efficiency as a result of the presence of co
eluting substances (Taylor et al. 2005). Matrix
effects can affect quantitative results because of the
different signal intensities of mycotoxins in
unknown samples compared with the calibration
solution in the solvent (Furey et al. 2013).
Cashew nuts are an esteemed and highly priced
food delicacy in many customs and cultures across
the globe because of their pleasant taste and flavour
(Irtwange and Oshodi 2009; Abdulla 2013). It is
estimated that 60% of cashew kernels are consumed
in the form of snacks while the remaining 40% are
included in confectionery (UNIDO 2011). The
cashew kernel, which is the edible part of the nut,
contains 47.8 g of crude fat, 29.9 g of carbohydrate,
16.8 g of protein and 574 kcal of energy per 100
g of intake (Brufau et al. 2006).
Africa produces around 40% of the estimated
2.6 million metric tons of raw cashew every year
(Intelligence 2017). The major cashew nut producing countries in Africa are Nigeria, Ghana,
Gambia, Mali, Côte d’Ivoire, and Benin. Less
than 10% of the raw cashew produced in the
region is processed locally. The local processing
industry consists of industrial processors, mainly
targeting the bulk export market and semiindustrial facilities that sell mainly in local markets and cottage processors.

Nigeria has become the fourth largest producer
of cashew in the world (NCAN 2018), the country
produced 220,000 metric tonnes of cashew nuts out
of the world total of 2.1 million tonnes in 2017 and
exported 120,000 metric tonnes in the same year
(NCAN 2018). The production of cashew nut in
South Africa is still on a small scale, the country is
not a large player in the international tree nut
market, but increase in the local demand for the
nut has outgrown production, hence the country
imports cashew nut to meet the high demand of
nut consumers (Erasmus 2013).
There are limited information on the multi
mycotoxin analysis of cashew nut from different
geographical locations in Nigeria; the available
information are limited to either a particular state
in the nation, single mycotoxin analysis especially
aflatoxin or the fungi occurrence in the cashew nut
(Adebajo and Diyaolu 2003; Oluwafemi et al. 2009;
Adeniyi and Adedeji 2015; Adetunji et al. 2018a).
Furthermore, literature is deplete in information
about the microbiological safety of cashew nut consumed in South Africa and to the best of our knowledge, there is no information on the multi fungal
metabolites in cashew nut consumed in South
Africa. Information on the multi mycotoxin content of cashew nut from both Countries is scarce,
hence it is expedient to fill this gap. Furthermore,
due to the high export value of cashew nut and its
high rate of local consumption as snacks, information on the microbial profile and fungal metabolites
of the nut will provide useful information for policy
makers, border agencies and other health-related
institution.
This work aims at comparing the fungal metabolites profile in cashew nut from selected locations in Nigeria and South Africa using two
different chromatographic methods (HPLC-FLD
and LC-MS/MS). The differences in the distribution of the fungal metabolites across the two countries was also examined.

Materials and methods
Study area

Samples were collected from fourteen (14) different locations in nine States in Nigeria. Eight (Abia,
Kogi, Oyo, Taraba, Enugu, Anambra, Delta and
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Benue) out of the nine States are among the major
cashew producing states in the country and Lagos
State (the largest commercial city in the country
and recipient of cashew nut from the different
producing States) was the ninth State. Nigeria is
located at the extreme inner corner of the Gulf of
Guinea on the West Coast of Africa. It occupies an
area of 923,768 km2, extending 1,127 km E–W
and 1,046 km N–S (https://www.nationsencyclope
dia.com/Africa/Nigeria-location-size-and-extent.
html) with seven major agricultural Zones as
reported by Adetunji et al. (2014). The average
annual temperature range in the country is
between 32°C (90°F) to 38°C (100°F) and annual
rainfall of between 508 and 3,810 mm with the
Northern and Southern part having the least and
highest record of rainfall annually, respectively.
South Africa occupies the Southern tip of
Africa, its coastline stretching more than 2,500
kilometres from the desert border with
Namibia on the Atlantic (western) coast southwards around the tip of Africa and then northeast to the border with Mozambique on the
Indian Ocean. The country stretches latitudinally from 22°S to 35°S and longitudinally from
17°E to 33°E, South Africa’s surface area covers
1219602 km2. Mafikeng; the capital city of the
North-West Province is located on the coordinate 25°51′S 25°38′E, close to South Africa’s
border with Botswana, 1,400 km (870 mi)
North East of Cape Town and 260 km
(160 mi) West of Johannesburg. It is built on
the open veld at an elevation of 1,500 m (4,921
feet), by the banks of the Upper Molopo River.
In 2011, it had a population of 15,117 with
population density of 620/km2. The town has
an average annual rainfall of 300 to 700 mm,
while the Summer temperatures range between
22 and 34°C with average winter temperature
of 16°C which could range from an average of
2 to 20°C in a single day.
Sampling

Samples of roasted cashew nuts were purchased
from street vendors from the aforementioned
cities in Nigeria between April and June 2017
and from 12 major supermarkets in Mafikeng,
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North West Province, South Africa in July 2017
(street vended cashew nut are not available in
this province). Cashew nuts were purchased
from a minimum of 3 sellers in a particular
location where the nuts were found and the
three samples mixed together to form
a composite sample for that location. The
method of Adetunji et al. (2019) was adopted
for sampling of cashew nut in Mafikeng; the
sampling plan was a function of the availability
of the cashew nut brands at the various
supermarkets.
A total number of 75 samples (39; Nigeria,
36; South Africa) of roasted cashew nut
(100 g each) were purchased and groups of
three samples (300 g) were pooled together to
a total of 25 samples for both countries. The
samples were repacked after compositing into
zip lock polyethylene bags and kept in a cool
dry place before analysis. The composited sample (300 g) was pulverised in a Waring blender
(IKA, Model M20, Germany) and stored in
a zip lock bag at −20 °C for the HPLC-FLD
and Multi metabolite LCMS/MS analysis.
Chemicals

Methanol (LC gradient grade) and glacial acetic acid
(p.a.) were purchased from Merck (Darmstadt,
Germany), acetonitrile (LC gradient grade) from
VWR (Leuven, Belgium) and ammonium acetate
(MS grade) from Sigma-Aldrich (Vienna, Austria).
Mycotoxin standards were obtained from various
research groups or purchased from various commercial sources (Romer Labs®Inc. (Tulln, Austria),
AnalytiCon Discovery (Potsdam, Germany), Bio
Australis (Smithfield, Australia), Fermentek Ltd.
(Jerusalem, Israel), AdipoGen Life Sciences (Liestal,
Switzrland),
BioViotica
Naturstoffe
GmbH
(Dransfeld, Germany), Cfm Oskar Tropitzsch
GmbH (Marktredwitz, Germany), Toronto Research
Chemicals (Toronto, Canada), Santa Cruz
Bioechnology Inc. (Dallas, TE, USA), Sigma-Aldrich
(Vienna, Austria), Iris Biotech GmbH (Marktredwitz,
Germany), Enzo Life Sciences (Lausen, Switzerland)).
Water was purified successively by reverse osmosis
and then an Elga Purelab ultra analytic system from
Veolia Water (Bucks, UK).
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Liquid chromatographic analysis of fungal
metabolites
High-performance liquid chromatography
parameters

The total aflatoxin and zearalenone contents of the
samples were quantified with a high-performance
liquid chromatography column, using a Shimadzu
Liquid Chromatograph (Kyoto, Japan) LC-20AB
equipped with CBM-20A communication bus module, LC-20AB degasser, CTO-20A column oven, SIL20A auto sampler, RF-10AxL fluorescence detector,
RID-10A refractive index detector and SPD-M20A
photodiode array detector linked to LC solutions version 1.22 Software Release. The operating conditions
for the HPLC-FLD system are as follows: The auto
sampler machine was set to 100 µl injection volume at
a pump flow rate of 1.0 ml/minute. Derivatisation was
done with a KOBRA cell at 100 µA setting, with an
Inertsil ODS-3 and Inertsil ODS-3V guard and analytical cartridge, respectively, and a 5 µm, 4.6 mm
x 150 mm (Hichrom) or of equivalent column. The
chromatographic separation of analytes and standards
was performed by passing through a reverse phase
Symmetry column C18 (Waters). The column heater
was maintained at 40°C. Peak areas and retention
times of mycotoxins were used to determine the
amount of specific mycotoxins per sample based on
those of standard mycotoxins using the calibration
curve.
For aflatoxin analysis, the mobile phase was water:
methanol 55:45 v/v with 119 mg potassium bromide
and 350 µl 4 M Nitric acid added to 1 L of the mobile
phase. Fluorescence excitation was at 362 nm and 274
nm with emission at 425 nm (B1 and B2) and 455 nm
(G1 and G2) with elution order of G2, G1, B2, B1.
The analysis of ZEA was done by fluorescent detection as described by previous authors (Abdulkadar
et al. 2004; Njobeh et al. 2009) with some modifications. The excitation and emission wavelengths were
optimised at 274 and 418 nm, respectively. The mobile
phase used was acetonitrile/water (45:55 v/v), pumped
at the rate of 1 ml/min. A 20 µl injection volume per
analyte or standard concentrations was used.
LC-MS/MS parameters

Screening of the microbial metabolites was performed with a QTrap 5500 LC-MS/MS System

(Applied Biosystem, Foster City, CA, USA) equipped
with Turbo Ion Spray Electron Spray Ionisation
(ESI) source and a 1290 Series HPLC System
(Agilent, Waldbronn, Germany). Chromatographic
separation was performed at 25°C on a Gemini® C18column, 150 × 4.6 mm2 i.d., 5 μm particle size,
equipped with a C18-column, 4 × 3 mm2 i.d. security
guard cartridge (Phenomenex, Torrance, CA, USA).
The chromatographic method, chromatographic
and mass spectrometric parameters are as described
by Malachová et al. (2014). ESI-MS/MS was performed in the time-scheduled MRM mode both in
positive and negative polarities in two separate chromatographic runs per sample by scanning two fragmentation reactions per analyte. The MRM
detection window of each analyte was set to its
expected retention time ±27 and ±48 s in the positive
and the negative modes, respectively. Confirmation
of positive analyte identification was obtained by the
acquisition of two MRMs per analyte. This yielded
4.0 identification points according to European
Commission decision 2002/657 (EU 2002). In addition, the LC retention time and the intensity ratio of
the two MRM transitions agreed with the related
values of an authentic standard within 0.1 min
and 30%.
Sample preparation for HPLC analysis

The extraction of toxins in the milled cashew samples was carried out with the EASI-EXTRACT aflatoxin and zearalenone (R-Biopharm Rhone Ltd.)
immunoaffinity columns kits for use in conjunction
with HPLC or LC-MS/MS. The aflatoxin standard
solution (25 µg/ml) was prepared in acetonitrilewater (98:2, v/v), while the zearalenone standard
(25 µg/ml) was prepared with 100% acetonitrile.
The working standard solution for each of the
toxin was prepared daily from the stock standard
solution as described previously (Stroka et al. 2000).
Extraction of aflatoxin from cashew nut

The extraction was carried out as described in the
product’s extraction kit. Fifty g from the pulverised
sample (300 g) with 5 g sodium chloride was weighed
into a 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,

FOOD ADDITIVES & CONTAMINANTS: PART A

which was again blended for another 2 min. The
mixture was then filtered through Whatman No. 4
filter paper and the pH adjusted to 7.4 using
2 M sodium hydroxide. A 5 ml aliquot of the filtrate
was diluted with 5 ml of phosphate buffered saline
(PBS) solution and the diluted filtrate (equivalent to 1
g of sample) was passed through the column at a flow
rate of 2 ml per min. The toxin was then eluted from
the column at a flow rate of 1 drop per sec with 1.5 ml
of 100% methanol (HPLC grade) and 1.5 ml of water
collected into an amber glass vial. Aliquots of 100 μl of
the eluent of each sample and aflatoxin standard (25,
2.5, 0.25. 0.025, 0.0025μg/ml) were injected subsequently into the HPLC system.
Extraction of zearalenone from cashew nut

The extraction was done by following the procedure
instructions manual in the kit. Twenty five gram of
blended cashew nut paste was weighed from the
pulverised composited mass (300 g) for each sample
into a 1 litre capacity jar and 125 ml of 75% acetonitrile was added and blended at high speed for 2–5
min. The mixture was filtered through a Whatman
No.4 filter paper. Twenty ml of the filtrate were
diluted with 80 ml of phosphate buffered saline
(PBS) solution and the pH adjusted to around 7.4
using 2 M NaOH, then 25 ml of the diluted filtrate
was passed through the column at a flow rate of 2 ml
per min. The column was washed by passing 20 ml
PBS through at a flow rate of approximately 5 ml per
min. The toxin was eluted from the column at a flow
rate of 1 drop per sec using 1.5 ml of 100% acetonitrile
and 1.5 ml of water through the column and a total of
3 ml eluent was collected into the amber glass vial.
A 100 μl of the eluent of each sample and zearalenone
standard (25, 2.5, 0.25. 0.025, 0.0025 μg/ml) subsequently were injected into the HPLC system at a flow
rate of 1.0 ml/min. Quantification of the toxins was
performed by measuring peak areas, the retention
time and by comparing them with the relevant standard calibration curves (AOAC 2007).
Method validation for HPLC

The HPLC method used was validated as
described by Adetunji et al. (2019) by evaluating
its linearity, accuracy and sensitivity. The calibration curves were built by spiking blank samples
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with selected aflatoxin and ZEA standards, calibration curves were constructed by plotting peak
areas against concentration and linear functions
were applied to the calibration curves. The sensitivity of the methodology or system used was
evaluated by limit of detection (LOD) and limit
of quantification (LOQ), which were estimated for
a signal-to-noise ratio (S/N) x 3 and x 10, respectively, from chromatograms of samples spiked at
the lowest level validated. The accuracy of the
method was also evaluated through recovery studies by spiking blank samples with each mycotoxin standard (100 µg/kg) in triplicate,
recoveries were obtained using the identical
extractions methods as for samples and the same
analysis techniques on HPLC-FLD and mean %
recovery was recorded for each of the toxins.

Extraction of metabolites and LC-MS/MS analysis

Twenty ml of acetonitrile/water/acetic acid 79:20:1
(v/v/v) was added to 5 g of the pulverised nut in
a 50 ml polypropylene tube (Sarstedt, Nümbrecht,
Germany) and homogenised. The mixture was
extracted for 90 min on a GFL 3017 rotary shaker
(GFL, Burgwedel, Germany) and the tube were left
in an upright position to sediment solid particles. An
aliquot of the extract was diluted 1 + 1 using dilution
solvent (acetonitrile/water/acetic acid 20:79:1, v/v/v)
and injected into the LC-MS/MS instrument (Sulyok
et al. 2007).

Method validation for LC-MS/MS analysis

Apparent recoveries of the analytes were determined by spiking five different samples of the
nuts that were not contaminated with mycotoxins
with a multi-analyte standard at one concentration.
For the spiking experiments, 0.25 g spiked samples
of each nut type were homogenised with 1 ml of
acetonitrile/water/acetic acid 79:20:1, v/v/v, then
extracted, diluted and injected into the instrument
as earlier described. Spiking concentrations were
partially adjusted to the sensitivities of the different
compounds in order to reduce the workload on
manual cross-check of automated peak integration.
The accuracy of the method was verified by participation in inter-laboratory comparison studies (De
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Girolamo et al. 2017), including a regular scheme
organised by BIPEA (Gennevilliers, France).
Statistical analyses

Statistical analyses were performed using SPSS for
windows 17.0 (SPSS Inc., Chicago, Illinois). One
way Analysis of Variance (ANOVA) was used to
analyse mycotoxins occurrence data and Tukey’s
HSD (Honest Significant Difference) test at 95%
significance level was used to compare the means
of mycotoxins concentration in the cashew nuts.

in South Africa has been presented elsewhere
(Adetunji et al. 2019).
In addition, zearalenone concentration ranged
from <LOD – 788.64 µg/kg (mean; 138.91 µg/kg)
and <LOD-123.23 µg/kg (Mean; 20.27 µg/kg) in
cashew nut from Nigeria and South Africa, respectively. Cashew nut from Jalingo, Uturu (Nigeria)
and Sample J (South Africa) have considerably
higher concentrations of zearalenone which are
statistically different from other locations in each
country (Table 1).
LC-MS/MS analysis

Results
Quantification of aflatoxins in cashew nuts
Validation of aflatoxins by HPLC

The Limit of Detection (LOD) and Limit of
Quantification (LOQ) of aflatoxin on the HPLC
machine were 0.01 and 0.1 µg/kg, respectively,
with 85% percentage 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.
HPLC analysis

The HPLC method detected some level of aflatoxin
concentration in the cashew nut from both countries. Total aflatoxins concentration ranging from
0.01 to 0.28 µg/kg (Figure 1) and 0.03–0.77 µg/kg
(data not shown) were detected in the nut samples
from Nigeria and South Africa, respectively. The
data for the aflatoxin concentration of cashew nut

The method performance for the LC-MS/MS
analysis of the fungal and bacterial metabolites
in the cashew nut is shown in Table 2. The
recoveries rate for all the metabolites ranged
from 27.04% to 113.75% with citrinin and asperglaucide having the least and highest recovery,
respectively, while the bacterial metabolite
chloramphenicol recorded the lowest limit of
quantification (0.03 μg/kg). The limit of detection for the metabolites ranged between 0.01
and 22 μg/kg. The regression coefficients of all
calibration curves were (r2) between 0.998 and
0.999, demonstrating a good linearity.
A graphical snapshot comparing the metabolites
found in cashew nut from South Africa and Nigeria is
presented in Figure 2. The results showed that cashew
nuts from Nigeria were contaminated with 28 out of
30 (93.3%) metabolites detected in the cashew nut
while South Africa cashew nuts had occurrence of

Total Aflatoxin(µg/kg)

0.3
0.25
0.2
0.15
0.1
0.05
0

Location

Figure 1. Detection of aflatoxin in cashew nut from different locations in Nigeria with high-performance liquid chromatographic
method.
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Table 1. Detection of zearalenone in cashew nut with highperformance liquid chromatographic method.
Nigeria
Sample
location
Awka
Badagry
Markurdi
Awoyaya
Kogi
Ibadan
Onitsha
Topo Badagry
Ikeja
Asaba
Enugu town
Uturu
Jalingo

South Africa
Zea (µg/kg)
0.07
<LOD
76.70
30.76
44.56
19.78
78.30
1.25
26.03
13.07
65.54
661.13
788.64

Sample Code
A
B
C
D
E
F
G
H
I
J
K
L
-

Zea (µg/kg)
31.01
1.00
<LOD
<LOD
0.05
<LOD
88.00
0.02
<LOD
123.23
0.00
0.01
-

Table 2. LCMS/MS performance characteristic for fungal and
bacterial metabolites in cashew nut.
c

Metabolites
Major toxin(s)
Citrinin
Aspergillus Metabolites
3-Nitropropionic acid
Kojic acid
Nigragilin
Aspulvinon
Orsellinic acid
Penicillium Metabolites
Andrastin A
Dihydrocitrinone
Quinolactacin A
Citreohybridinol
Flavoglaucin
Fusarium Metabolites
Beavericin
Bikaverin
7-Hydroxykaurenolide
Bacterial Metabolite
Bacterial
Chloramphenicol
Unspecific Metaboites
Asperglaucide
Asperphenamate
Brevianamid F
Citreorosein
cyclo(L-Pro-L-Tyr)
cyclo(L-Pro-L-Val)
Emodin
Endocrocin
Fallacinol
Fellutanine
Iso-Rhodoptilometrin
N-Benzoyl-Phenylalanine
Neoechinulin A
Rugulusovin
Tryptophol

a

R(%)+RSD

27.04 ± 2.77

b

LOQ (μg/kg)

LOD (μg/
kg)

1.00

0.30

82.85
73.90
100.00
100.00
79.79

±
±
±
±
±

3.69
0.00
0.00
0.00
3.10

2.40
67.00
30.00

0.70
21.00
10.00

69.12
101.45
96.18
47.35
100.00

±
±
±
±
±

1.70
1.20
1.47
2.80
0.00

0.80
3.80
0.04
0.31
0.10

0.25
1.20
0.01
0.09
0.03

92.86 ± 0.02
102.70 ± 2.26
100.00 ± 0.00

0.10
54.00
2.90

0.03
16.00
0.90

107.05 ± 1.34

0.03

0.09

0.06
1.30
7.00
2.10
3.00
3.00
0.20
73.00
1.50
9.00
0.09
0.40
0.90
1.50
11.00

0.22
0.40
2.00
0.60
1.00
1.00
0.06
22.00
0.50
2.70
0.03
0.13
0.28
0.50
3.00

113.75
113.00
100.00
102.87
51.27
100.00
93.55
63.15
92.24
100.00
105.05
104.35
101.10
114.90
100.00

±
±
±
±
±
±
±
±
±
±
±
±
±
±
±

9.26
0.00
0.00
9.09
3.05
0.00
0.190
0.54
5.11
0.00
0.49
2.47
0.00
1.90
0.00

a

% Recovery +Relative Standard Deviation.
Limit of Quantification.
Limit of Detetion.

b
c

21 out of 30 (70%) metabolites present. The
Penicillium toxin (citrinin) was the only major fungal
toxin detected in the cashew nut from both countries.
In South African nuts concentrations were lower than
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the detection limit (0.3 μg/kg) while an amount of
31.3 μg/kg was quantified in a single sample from
Nigeria (Figure 2).
Other microbial metabolites present in the nut
were grouped based on the name of the producing
organism; Aspergillus, Penicillium, Fusarium, bacterial, and unspecific metabolites. The concentration
of the Aspergillus metabolites ranged from < LOD
to 398 × 104 μg/kg and < LOD to 81760 μg/kg in
the South African and Nigerian cashew nut with
nigragilin and aspulvinon having the highest concentration in South African and Nigerian samples,
respectively (Figure 2). Flavoglaucin, a Penicillium
metabolite, was present in all the samples from
both countries with concentrations 5.44–18368 μg/
kg. In addition, the fusarium metabolites beauvericin and bikaverin were found in very few samples
and in negligible amount in the South African
cashew while beauvericin was present in all the
cashew nut from Nigeria in concentrations ranging
from 1.60 to 2.57 μg/kg (Table 3). On the contrary,
7-hydroxykaurenolide was present in 100% of the
samples from both countries with concentration
ranges of 5.47–45.78 μg/kg and 3.53–33.66 μg/kg
for South African and Nigerian cashew nuts
(Table 3).
Furthermore, a bacterial metabolite; chloramphenicol (0.28–4.54 μg/kg) was found in all the
cashew nut samples. A total of 15 unspecific metabolites were also recorded in the nuts with occurrence ranges of 17–100% and < LOD-100% for
South African and Nigerian cashew, respectively
(Table 3).
Discussion

This study provides information on the comparative assessment of fungal metabolites profile of
cashew nuts from two African countries in the
Western and Southern part of Africa (Nigeria
and South Africa). To the best of our knowledge,
this work presents for the first time the incidence
of zearalenone in cashew nut from South Africa
and specifically in Mafikeng.
Contrary to the result of LC-MS/MS analysis,
two major mycotoxins; aflatoxins and zearalenone
determined by HPLC coupled with a fluorescence
detector were detected in the cashew nuts. The
detection of a single metabolite per analysis
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Mean Conc. of metabolites log10 ( µg/kg)

Nigeria

South Africa

8.00
7.00
6.00
5.00
4.00
3.00
2.00
1.00
0.00
-1.00

Fungal Metabolites

Figure 2. Comparison of fungi metabolites in cashew nut from Nigeria and South Africa.

Table 3. Fungal metabolite profile of cashew nut from South Africa and Nigeria with LCMS/MS analytical method.
Country
Metabolites
Major toxin
Citrinin
Aspergillus Metabolites
3-Nitropropionic acid
Kojic acid
*Nigragilin
*Aspulvinon
Orsellinic acid
Penicillium Metabolites
Andrastin A
Dihydrocitrinone
Quinolactacin A
Citreohybridinol
Flavoglaucin
Fusarium Metabolites
Beavericin
Bikaverin
7-Hydroxykaurenolide
Bacterial Metabolite
Bacterial Chloramphenicol
Unspecific Metaboites
Asperglaucide
Asperphenamate
Brevianamid F
Citreorosein
cyclo(L-Pro-L-Tyr)
cyclo(L-Pro-L-Val)
Emodin
Endocrocin
Fallacinol
Fellutanine
Iso-Rhodoptilometrin
N-Benzoyl-Phenylalanine
Neoechinulin A
Rugulusovin
Tryptophol

South Africa
Npa
(n = 12)

%pb

-

-

4
11
2
-

Nigeria
Rangea
(μg/kg)

Npa
(n = 13)

%pb

< LOD

1

8

< LOD-31.33

33
92
17
-

< LOQ-5.13
< LOD-< LOQ
74464–81760
< LOD
< LOD

10
3
1

77
23
8

< LOD
< LOQ-96.30
< LOD
6,1712–3,980,000
< LOD-3,664.85

5
12

42
100

< LOD
< LOD
< LOQ-0.19
< LOD
5.44–177.44

1
1
2
1
13

8
8
15
8
100

< LOD-24.16
< LOD-19.86
< LOQ-4.62
< LOD-5.13
45.52–18,368

1
1
12

8
8
100

< LOD-0.61
< LOQ
5.47–45.78

13
2
13

100
15
100

1.60–2.57
103.68–540.53
3.53–33.66

12

100

0.29–1.04

13

100

0.28–4.54

12
11
12
12
12
9
5
12
8
11
12
12

100
92
100
100
100
75
42
100
67
92
100
100

0.88–16.66
< LOQ-1.90
17.78–67.62
< LOD-< LOQ
10.24–66.61
23.80–85.12
0.28–0.47
< LOD
< LOQ-< LOQ
< LOQ-16.13
< LOD
< LOQ-0.66
6.30–49.08
2.69–8.07
50.69–463.76

13
13
13
2
13
13
5
2
6
9
2
10
10
10
10

100
100
100
15
100
100
39
15
46
70
15
77
77.
77
77

0.56–1368.62
< LOQ −3898.76
8.38–59.28
2.40–43.12
6.96–50.09
< LOQ-72.07
0.24–15.43
75.48–816.66
< LOQ −341.79
< LOQ −15.00
0.16–0.38
1.20–570.54
2.86–3,061.52
< LOQ-6.17
< LOQ-473.52

Range
(μg/kg)

Npa:Number of positive samples.
%pb: Percentage of positive samples.
c
Only concentrations higher than LOQ are recorded and samples containing concentrations higher than LOD were considered positive/contaminated; %
+ve: percentage of positive sample*values denote peak area as no quantitative standard is available commercially.
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using the liquid chromatographic method coupled
with a fluorescence detector enhanced its sensitivity in detecting metabolites even at the lowest
concentration.
The concentration of aflatoxins in cashew nut
from South Africa; 0.03–0.77 μg/kg (Adetunji et al.
2019) is slightly higher than obtained in Nigeria
(0.01–0.28 μg/kg), though they are not significantly different (p ≤ 0.5). Even though the concentrations of aflatoxin in the cashew nut from
both countries were lower than the recommended
permissible limit (4 μg/kg); this still calls for concern due to the degree of severity of the toxin to
human when consumed in food (EC 2006; EFSA
2007). The incidence of aflatoxins in cashew nut
has been reported by several authors from Nigeria
(Adebajo and Diyaolu 2003; Oluwafemi et al.
2009; Ezekiel et al. 2012; Adetunji et al. 2018a)
and other countries (Acevedo et al. 2011; FreitasSilva et al. 2011; Yilmaz and Aluc 2014) but information on the incidence of aflatoxin in cashew nut
consumed in South Africa is scarce. To the best of
our knowledge, only the report of Adetunji et al.
(2019) is available in literature on aflatoxin contamination of cashew nut in South Africa especially in the North West Province. Hence, this
report with the report of Adetunji et al. (2019) is
filling the data gap on record of aflatoxin contamination of cashew nut consumed in Mafikeng; one
of the cities in South Africa.
Aflatoxin are confirmed carcinogens that specifically target the liver to cause cancer of the organ
(Adetunji et al. 2017). They have been implicated
in the aetiology of hepatocellular carcinoma
(HCC) which is reported to be increased up to
3.3-fold in people with detectable aflatoxin M1 in
their urine, and those who are chronically affected
with Hepatitis B Virus (Sun et al. 1999). The toxin
also cause reduced efficiency of immunisation in
children which could lead to enhanced risk of
infections (Kumar et al. 2017). However,
Adetunji et. al. (2018) reported that no or low
risk of exposure to aflatoxin was associated with
the consumption of cashew nut.
The Fusarium toxin zearalenone was also
detected in copious amount in the cashew nut
from both countries, with Nigeria recording
higher concentration of the toxin than South
Africa. Although the toxin has been regarded to
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be a cereal toxin especially in corn (Martos et al.
2010), our report shows that the toxin could also
be found in cashew nut. A total of 31% of the
Nigerian samples exceeded the maximum limit
(ML) of 75 μg/kg proposed by EC legislation No
1126/2007 (European Commission, 2011b) with
the maximum concentration (788 μg/kg) 10
times higher than the ML while only 17% of the
South Africa cashew nuts had concentration above
the ML.
The occurrence of zearalenone in the ready-toeat cashew nuts in concentrations higher than
the ML could be a threat to human health. This
mycotoxin produces oestrogenic effects in humans
and animals leading to hyperestrogenism.
Zearalenone can act as an oestrogen analog and
it has been recently considered in humans as
a triggering factor for central precocious puberty
at least in pre-pubertal girls (Vidal et al. 2013).
Zearalenone may induce problems with the reproduction function: lower fertility, foetal loss, and
lower hormone levels (Sirot et al. 2013). Despite
being a non-steroidal oestrogenic toxin, it was
categorised in the group 3 (not classifiable as to
its carcinogenicity to humans) by the
International Agency for Research on Cancer
(IARC et al. 2002).
The co-occurrence of multiple toxins in food
matrices and their possible synergistic effect in
humans has led to the quest and desire for
a method for multi-analyte detection of metabolites in food and agricultural products. Thus,
the use of LC–MS in the determination of low
molecular weight contaminants and multi analyte residues at trace levels has significantly
increased during the past two decades
(Malachová et al. 2018).
The non-detect of major mycotoxins in cashew
nut as reported previously (Abdel-Gawad and
Zohri 1993; Ezekiel et al. 2012; Sombie et al.
2018) corresponds with the findings of this
paper. The absence of major mycotoxins in the
cashew nut from both countries could be attributed to several factors such as the low moisture
content of the seed ranging between 3% and 9%
(Adebajo and Diyaolu 2003; Ubwa et al. 2014;
Lamboni et al. 2016), also the nut is embedded
in a hard shell under which is very difficult for
fungi to proliferate while in the field and in
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addition, the nuts do not have direct contact with
the soil which is a suitable habitation for most of
the mycotoxigenic fungi (Sombie et al. 2018). It
has also been reported that the presence of anarcadic acid in the nut has been a major deterrent to
the proliferation of fungi in the nut (Oluwafemi
et al. 2009; Adetunji et al., 2018). Furthermore, the
non-detect of major mycotoxins in the cashew nut
might also be implicated in the choice of instrumentation or method of detection used. Though
LCMS method has the advantage of detection of
targeted multi analytes in food by the mixture of
targeted metabolites standard, the major drawback
of this method is that analytes present in trace or
low amount are not detected or they are suppressed by metabolites with higher concentrations.
The sensitivity and selectivity of LC with Tandem
Mass Spectrometry is lower compared with LC
with the Fluorescence Detector (LC-FLD) which
analyses a single metabolite at a time (Rahmani
et al. 2009). Literature has shown that the quantification of detectable level of mycotoxins such as
aflatoxins and ochratoxin in cashew nut are
mostly done with HPLC coupled with
a fluorescence detector which enabled the detection of the toxins even at very low concentration
level (Ubwa et al. 2014; Yilmaz and Aluc 2014;
Adibian 2016; Adetunji et al. 2019).
Citrinin, a known nephrotoxic mycotoxin
produced by several genera of Aspergillus,
Penicillium and Monascus was detected in one
of the cashew nut from Nigeria while it was not
detected in any of the cashew nut from South
Africa. It has been reported that citrinin may
be implicated in human disease, such as “yellow rice” disease in Japan and Balkan Endemic
Nephropathy (BEN) when present with other
mycotoxins, in particular ochratoxin A (OTA),
though the effect of citrinin on human health
when it occur alone in food is not known
(EFSA P. 2012). Due to limitation and uncertainties in the database on citrinin contamination in foods, EFSA has not been able to set
a permissible level for citrinin in food, but
a level of no concern for nephrotoxicity of
0.2 μg/kg b.w. per day was determined. The
concentration of citrinin (31.33 μg/kg) detected
in the cashew nut falls within the concentration
level of 9 and 53 μg/kg set by the EFSA

CONTAM Panel in grains and grain-based products that would result in an exposure equal to
the level of no concern for nephrotoxicity
(0.2 μg/kg b.w. per day) in high-consuming
toddlers, older children and adults (EFSA
P 2012). However, López et al. (2017) reported
a legal limit of 2,000 μg/kg for citrinin in food.
LC-MS/MS for citrinin was reported for the
first time by Tuomi et al. (2001). Flavoglaucin
(Penicillium metabolite) was detected in all the
cashew nuts from South Africa (mean conc:
85.3 μg/kg, max: 77.4) and Nigeria (mean
conc: 1945 μg/kg, max: 18368 μg/kg).
Although the implication of the metabolite on
human health is not clearly understood and the
regulatory limit for the metabolite is yet to be
set, the presence of the metabolite in the nut in
copious amount calls for concern.
Reports on the incidence of beauvericin (BEA) in
cashew nut is scarce in the literature and information on the health implication is also not known.
However, the European Food Safety Authority
(EFSA, 2014) in a scientific opinion arrived at
a conclusion that acute exposure to BEA and enniatins ENNs is not a concern to human health, but no
conclusion could be drawn with respect to chronic
exposure due to the lack of relevant in vivo toxicity
data (Gruber-Dorninger et al. 2016). However, the
detection of the bacteria metabolite chloramphenicol in the nuts confirmed the findings of Sombie
et al. (2018) who also detected the metabolites in
58% of the groundnut samples from Sierra Leone,
although the concentration range of the metabolite
(mean conc; 24 μg/kg, max; 452 μg/kg) in the
groundnut samples was higher compared to the
concentration detected in cashew nus examined in
this study (Nigeria: mean conc. 1.74 μg/kg, max
conc. 4.5 μg/kg, South Africa; mean; 0.6 and max.
conc. 1.0 μg/kg); this should be compared with the
EU Minimum Required Performance Limit level of
0.3 μg/kg for chloramphenicol as a banned drug
residue in animal tissues for human consumption.
Several other authors have also reported the incidence of this metabolites in scores of other food
products such as in maize (Adetunji et al. 2014),
poultry feed (Ezekiel et al. 2014), and infant complimentary foods (Ojuri et al. 2018) among others.
Among the Aspergillus metabolites, kojic acid was
the most predominant, with prevalence of 92% and
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83% in samples from South Africa and Nigeria,
respectively, although its concentration in the South
African cashew nuts was lower than the specified
detection and quantification limit; 21 μg/kg and
67 μg/kg (Sombie et al. 2018). The occurrence of
kojic acid had been reported in cashew nuts and
other nuts from African and other nations of the
world (Freitas-Silva et al. 2011; Sombie et al. 2018).
Cashew nut from Nigeria had higher occurrence of
the unspecific metabolites with asperglaucide, asperphenamate, brevianamid F, cyclo(L-Pro-L-Tyr) and
cyclo (L-Pro-L-Val) having 100% occurrence in the
cashew nut from selected locations in Nigeria
(Table 3).
This paper provides for the first time a snapshot
of comparison of fungi toxins and their metabolites in roasted cashew nut between two African
countries and also fills the data gap of missing
information on fungi metabolite in cashew nut
sold in South Africa.
Conclusions

In conclusion, cashew nuts from Nigeria are more
contaminated with both minor and major mycotoxins than cashew nut from South Africa.
However, cashew nuts could be considered a safe
snack for consumption with respect to mycotoxin
exposure level.
In addition, the HPLC-FLD method proved to
be a better method for the detection of mycotoxins
in the nut than LC-MS/MS method as it was able
to detect major mycotoxins (aflatoxins and zearalenone) in the nut when separate standard was
used for each metabolite as compared with the
LC-MS/MS method where multimix standards
were used. The limiting influence of matrix effects
on the quantitative results of LC-MS/MS analysis
was experienced in this research work.
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