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The objective of this study was to evaluate the presence of Aspergillus section Flavi and A. section Nigri in
cashew nuts harvested in the Northern Guinea (NG) and Southern Sudanian (SS) agro-ecological zones of
Benin. Also, the presence of aﬂatoxins was investigated. For detection of fungal contamination, a total of
100 kernels/sample (with disinfection) and 40 kernels/sample (without disinfection) were plated. Seventy samples from fourteen villages were used. Aﬂatoxins occurrence was analysed on 84 samples by
ultraehigh performance liquid chromatography tandem mass spectrometry (UHPLC-MS/MS). The
average water content and the cashew nuts count were respectively 8.6% and 172 nuts/kg in NG and 8.7%
and 174 nuts/kg in SS. Signiﬁcant differences between villages in both zones were found for both water
content and nuts count. In disinfected samples, strains of Aspergillus section Nigri were predominant, in
NG and SS zones (90.2% and 87.2%) respectively. When non disinfected kernels were plated, A. section
Nigri was predominant in both NG and SS zones, with percentages of 89.7% and 93.4%, respectively. None
of the 84 nuts samples were positive for natural occurrence of aﬂatoxins with a detection limit of 0.05
e0.2 mg/kg.
© 2016 Elsevier Ltd. All rights reserved.
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1. Introduction
The cashew (Anacardium occidentale L., Anacardiaceae) originates from north-eastern Brazil and was introduced, in the
sixteenth century, in other tropical regions of the world. Its edible
part is one of the major agricultural export crops in Benin. In Benin,
in 2012 cashew nut trees were cultivated on about 468.000 ha. The
average production over the last 5 years was approximately 128
tons per year. In 2011, the annual turn-over for cashew exports was
estimated at 150 million US dollars (FAOSTAT, 2015). Beninese
cashew nuts account for 8% of national export revenues and 25% of
agricultural export revenues (ACi, 2010).
Nuts are susceptible to fungal growth according to their intrinsic
characteristics of water activity, moisture content, nutrient

* Corresponding author. Tel.: þ31 317482834.
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composition and pH which favour the growth of fungi (Tolosa, Font,
Manes, & Ferrer, 2013). According to Milhome et al. (2014), cashew
nuts are subject to pre and post-harvest fungal contamination
facilitating the production of mycotoxins.
Mycotoxins are secondary metabolites produced by certain type
of ﬁlamentous fungi. Aspergillus is one of the most important
genera including section Flavi with more than twenty species
(Varga, Frisvad, & Samson, 2011). The predominant fungi reported
on cashew nuts are Aspergillus niger, A. ﬂavus, Mucor spp. and
Rhizopus spp (Adebajo & Diyaolu, 2003; Freire, Kozakiewicz, &
Paterson, 1999). with A. ﬂavus and A. parasiticus being the main
producers of aﬂatoxins.
Around 20 chemically related compounds are called by the term
aﬂatoxins in which the most important are AfB1, AfB2, AfG1 and
AfG2. AfB1 is the most toxic variant and has been classiﬁed by the
International Agency for Research on Cancer as a group 1 carcinogen primarily affecting the liver (IARC, 1993). The European
commission's regulations set limits for AfB1 and total aﬂatoxins of 5
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and 10 mg/kg, respectively, for cashew nuts to be subject to sorting
or other physical treatment, and of 2 and 4 mg/kg respectively, for
processed nuts intended for direct human consumption (European
Commission, 2010).
Several authors have reported the presence of mycotoxigenic
fungi on cashew nuts and cashew products (Abdulla, 2013; Freire
et al., 1999; Lawal & Fagbohun, 2014). Detectable levels of aﬂatoxins on processed cashew nuts were reported in several countries
including Venezuela (Acevedo, Smith, Ana, & Villarroel, 2011), Iraq
(Abdulla, 2013) and Brazil (Milhome et al., 2014) but on raw cashew
nuts, there is few data about natural occurrence of aﬂatoxins.
The aim of this study is to evaluate the occurrence of Aspergillus
section Flavi and A. section Nigri on raw cashew nuts from northern
Benin, and to investigate the presence of aﬂatoxins in these kernels.
This is also the ﬁrst report to describe the incidence of fungal
contamination and presence of aﬂatoxins in raw cashew kernels
from Benin.

3 replicates of 1 kg.
The water content was determined using the oven-drying
method prescribed by ISO 665e2000 (UNECE, 2002). In duplicate,
10 g ± 1 mg of crushed kernels were placed in a metal box, dried at
103 ± 2  C for 6 h at atmospheric pressure, with further drying for
3 h until constant mass was reached. The mean water content was
calculated and expressed as percentage on wet weight basis.
2.5. Mycobiota isolation and identiﬁcation
2.5.1. Culture media
For mycobiota isolation, several media were used: Dichloran 18%
glycerol agar (DG18, Oxoid) (Pitt & Hocking, 1997) for growth of
spores present on cashew kernels; Czapek yeast autolysate (CYA)
agar (Frisvad & Samson, 2004), Malt extract agar (MEA, Oxoid)
(Samson, Houbraken, Kuijpers, Frank, & Frisvad, 2004), and Yeast
extract sucrose agar (YES) (Pitt & Hocking, 1997) for isolation,
morphological observation and identiﬁcation.

2. Materials and methods
2.1. Sampling area-geographic and climatic characterization
Cashew nuts were sampled in production areas covering two
agro-ecological zones of Benin in 2013: Northern Guinea (NG) and
Southern Sudanian (SS). NG lies within latitudes 8º10 and 10º60 N
whereas SS lies within latitudes 9º40 and 12º30 N. NG and SS are
covered by a unimodal rainfall distribution averaging 1000 mm
annually, and maximum temperatures varying from 28  C to 40  C.
Fourteen villages were selected for sampling: Alaﬁarou, Bante,
Ina, Kilibo, Tchaourou, Tchatchou and Toui (in NG) and Birni, Chabikouma, Kolokonde, Nagayile, Patargo, Penessoulou and Pira (in SS).
These villages were selected based on their accessibility (Fig. 1).
2.2. Sampling procedure
Sampling was done according to Whitaker, Slate, Doko,
Maestroni, and Cannavan (2010) and the European Regulation (EC
No. 401/2006) describing the methods of sampling and analysis
for the ofﬁcial control of the levels of mycotoxins in foodstuffs for
small lots. In each village, ten farmers, with cashew farm's area of
5 ha or more, were identiﬁed, and harvested cashew nuts were
sampled. Polyethylene bags, jute bags, plastic or metal basins and in
piles on the ground, are the most common storage systems used in
the study area. The available nuts, were thoroughly mixed and 10
different incremental samples were taken to approximately 3 kg
from each farmer. The samples were then labelled, placed in paper
bags and transported within the next 3 days to the laboratory. A
total of 140 samples were collected. To prevent postharvest
changes, samples were stored at 4  C for further analysis except
sub-samples for water content analysis.
2.3. Cashew kernels extraction
The water content, microbial contamination and the aﬂatoxins
content were evaluated on cashew kernels. From each nut, the shell
was cut in two pieces, using a sharp scalpel and the two cotyledons
were extracted. The extraction was done under aseptic conditions.
Cross contamination was prevented by disinfecting the scalpels
with 90% ethanol. The extracted kernels were put in plastic bags
and kept in a refrigerator at 4  C for further analysis.
2.4. Evaluation of nuts count and water content
The count is deﬁned as the number of nuts per kilogram (ACi,
2012). Evaluation was done by mixing each sample and counting

2.5.2. Surface disinfection plating
Seventy samples were used for surface disinfection. In order to
evaluate the presence of fungi on 100 cotyledons per village, 5
replicates of 4 cotyledons from 5 subsamples per village were
randomly picked and surface sterilized for 2 min in 0.4% aqueous
solution of sodium hypochlorite, followed by three subsequent
rinsings of 2 min with sterile ultrapure water (Millipore Synergy®
UV, Molsheim, France). With sterile forceps, the cotyledons were
plated together equi-spaced from each on DG18; two of the cotyledons having their inner surface turned up and the remaining two
having their outer surface turned up (Suppl. Fig. 1) according to
Adebajo & Diyaolu (2003). Plates were incubated in perforated
plastic bags at 25  C in the dark for 7 days. After the incubation
period, the number of cotyledons on which fungal growth was
noticed and which showed morphologies consistent with Aspergillus section Flavi and A. section Nigri, were counted separately.
These strains were isolated and inoculated at three points equidistant from the centre on CYA, MEA and YES and incubated at
25  C in the dark for 7 days for morphological observation and
identiﬁcation. The strains identiﬁed in Aspergillus Section Flavi
were A. ﬂavus, A. tamari, A. costaricaensis, A. minisclerotigenes and A.
nomius. Other species belonging to Eurotium and Rhizopus and
Mucor were also recorded.
2.5.3. Non-disinfection plating
The above mentioned plating method was used for direct
plating of cashew cotyledons on DG18 without any surface disinfection. A total of 40 cotyledons (2 replicates of 4 from 5 subsamples
per village) were plated and all the strains belonging to Aspergillus
section Flavi and A. section Nigri were transferred to CYA, MEA and
YES for identiﬁcation.
Colony morphology, spore characteristics, mycelium growth,
reverse plate observation and microscopic mounts were used for
the identiﬁcation of the strains according to taxonomic schemes
and illustrations in Pitt and Hocking (2009), Samson, Hoekstra,
Frisvad, and Filtenborg (2002; 2007; 2014) and Varga et al. (2011).
2.6. Statistical analysis
Simple descriptive analysis was used to evaluate the occurrence
and the percentage of fungi. The frequencies of fungi occurrence
were calculated as a percentage of cotyledons contaminated. Oneway ANOVA followed by Tukey HSD test (p  005) was used to
separate average means of water content and nuts counts. T-test
was used to separate means across the two agro-ecological zones.
In the case there was signiﬁcant difference between infection
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Fig. 1. Location of the sampling areas in two agro-ecological zones of Republic of Benin.
NG ¼ Northern Guinea.
SS ¼ Southern Sudanian (Map modiﬁed from Wezel, Bohlinger, & Bocker, 1999).

percentage of fungi within villages, Bonferroni and Holm multiple
comparison test was used to separate means.
2.7. Aﬂatoxin extraction and quantiﬁcation
Certiﬁed mixed aﬂatoxins standards with a concentration of
2.0 ng/ml for AfB1, 2.01 ng/ml for AfB2 and 0.5 ng/ml for AfG1 and
AfG2, purchased from Biopure, (Tulln, Austria), were used for
quantiﬁcation. Stock solutions were prepared in methanol and kept
at 20  C. All solvents used for chemical analysis were LC-MS
grade. Methanol, formic acid and acetonitrile were purchased
from Sigma Aldrich (Denmark).
Raw cashew kernels were analysed for determination of the
concentration of AfB1, AfB2, AfG1 and AfG2. In duplicate, 3 subsamples from the 14 villages were analysed, giving in total 84
samples. From each sample, 25 g of kernels were crushed until the

size of particles obtained was no greater than 3 mm. Next, 5 ml of
an acetonitrile:water (85:15, v/v) mixture was added to 1 g of
ground cashew kernels and extracted for 90 min using a GLF rotary
shaker (Microlab, Aarhus). Samples were then centrifuged for 5 min
at a speed of 4900 rpm. The extracts (80 ml þ 20 ml of internal
standard) were then transferred into glass vials and analysed by LCMS/MS without any further treatment. The internal standard used
was 13C labelled AfB1.
The analyses were performed using an UHPLC-MS/MS on an
Agilent 1290 Inﬁnity UHPLC with auto-sampler system coupled to
an Agilent 6490 iFunnel Triple quadrupole MS (Agilent Technologies, Santa Clara, CA, Denmark) equipped with electrospray ionization (ESI) source (Nielsen, Ngemela, Jensen, de Medeiros, &
Rasmussen, 2015) operating in both negative and positive ionization modes. The injection volume was 2 ml. Separation was performed by using an Agilent Poroshell 120 Phenyl Hexyl column
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(2.7 mm, 100  2.1 mm) operating at 40  C and a ﬂow of 0.4.
Linearity, limit of detection (LOD) and limit of quantiﬁcation
(LOQ) were determined to test the validity of the HPLC method
used. Linearity was estimated by construction of a ﬁve-point calibration curve using Aﬂatoxins standards of 1e50 mg/kg of each
aﬂatoxin. The recovery was ascertained by spiking 2 mg/kg of AfB1
and AfG1, and 1 mg/kg of AfB2 and AfG2 to the clean cashew nut
powder. The recoveries ranged from 84.2% to 102.9%. LOD and LOQ
were determined in spiked sample as 3 and 10 times the standard
deviation of the response over the slope of the calibration curve,
respectively (Nielsen et al., 2015).

In both NG and SS, strains of A. section Nigri were the most
commonly isolated followed by Eurotium, A. section Flavi, Rhizopus
and Mucor (Table 2). The total number of strains isolated varied
from 43 to 66 and from 47 to 70 in NG and SS, respectively. In NG,
the highest contamination level of A. section Flavi was noticed in
Bante (20.5%), whereas strains of A. section Nigri were homogeneously distributed across all locations. In SS, the highest
contamination level of A. section Flavi was noticed in Penessoulou
(9.5%) together with the lowest contamination level of A. section
Nigri (70.5%). In SS, there was a signiﬁcant difference between the
contamination levels by strains of both A. section Flavi and A. section Nigri (p ¼ 0.0281; p ¼ 0.0011) (Table 2).

3. Results
3.1. Cashew nuts count and water content of cashew kernels
In NG, the average cashew nuts count ranged from 160 nuts/kg
(Kilibo) to 185 nuts/kg (Bante) with a mean value of 172 nuts/kg
whereas in SS it ranged from 152 nuts/kg (Pira) to 189 nuts/kg
(Chabi-Kouma) with mean value of 174 nuts/kg (Table 1). Signiﬁcant differences were noticed between the average nuts counts in
both NG and SS with p-values of 0.0008 and 0.0002, respectively.
The average nuts count within the country was 171 nuts/kg.
The average water content ranged from 5.7% (Ina) to 10.8%
(Kilibo) in NG, with a mean value of 8.6%. In SS, it ranged from 6.3%
(Penessoulou) to 10.3% (Patargo), with mean value of 8.7% (Table 1).
There were signiﬁcant differences between the average water
contents both in NG and SS (p ¼ 0.0002; 0.0176). The average water
content within the country was 8.6%.
3.2. Occurrence and distribution of fungi
3.2.1. Surface disinfected samples
Using disinfected kernels, 14 and 17 of the 35 samples from
respectively NG and SS contained strains of A. section Flavi
(Table 2). The range of incidence of contamination varied in NG
from 2.0 to 20.5% with mean value of 6.7% whereas it varied in SS
from 0.5 to 9.5% with mean of 4.6%. Strains of A. section Nigri were
noticed in all 35 samples in both zones. In NG the incidence of A.
section Nigri varied from 82.5 to 96.0% with the mean of 90.2%. The
range and the mean in SS were 70.5e98.5% and 87.2%, respectively
(Table 2).

3.2.2. Non-disinfected samples
Two replications of 5 subsamples from the 14 locations were
directly plated on culture media. Eleven and 19 of the 35 samples
from respectively NG and SS contained strains of A. section Flavi
(Table 3). The range of incidence of contamination varied from 1.3
to 32.5% in NG, with mean value of 10.0%, whereas it varied in SS
from 0 to 35% with mean of 15.7%. All the samples from both zones
were contaminated with A. section Nigri. The incidence of
contamination varied from 75 to 98.8% (mean of 89.7%) and
83.8e100% (mean of 93.7%) in NG in SS, respectively (Table 3).
Aspergillus species belonging to section Nigri were isolated in all
locations in both the NG and the SS zones and they were the most
commonly occurring species (Table 3). They were followed by
Eurotium, Rhizopus, A. section Flavi and Mucor. The number of
strains isolated varied from 18 to 31 and 21 to 33 in both NG and SS,
respectively. The same trend as on surface disinfected samples was
noticed for the highest contaminated location in NG, being Bante
(32.5%). In SS, the highest contamination level of A. section Flavi
was recorded in Penessoulou (35.0%) with the lowest contamination of A. section Nigri (83.75%). There was a signiﬁcant difference
(p ¼ 0.0255) between levels of contamination of A. section Flavi in
NG. In SS, signiﬁcant differences were noticed between of
contamination levels by both A. section Flavi and A. section Nigri
(p ¼ 0.0238; p ¼ 0.0090) (Table 3).
3.3. Aﬂatoxins in cashew nuts
The aﬂatoxin content was investigated using UHPLC-MS/MS. For
AfB1, AfB2, AfG1 and AfG2, LOD were 0.2, 0.2, 0.05 and 0.3 mg/kg

Table 1
Averages nut count and water content of cashew nuts from sampling sites in Northern Guinea (NG) and Southern Sudanian (SS) agro-ecological zones of Benin in 2013.
Agro ecological zone

Village

Cashew nut count (Nuts/kg)b

Water content (%)c

Alaﬁaroub
Bante
Ina
Kilibo
Tchaourou
Tchatchou
Toui

178.3
184.7
179.9
160.1
166.4
169.8
163.0
171.7

ab
b
b
a
ab
ab
ab
± 9.3

9.2 ab
10.5 b
5.7 a
10.8 b
8.1 ab
8.5 ab
7.4 ab
8.61 ± 1.8

Birni
Chabi-Kouma
Kolokonde
Nagayile
Patargo
Penessoulou
Pira

177.8
188.6
179.3
180.5
172.8
165.4
152.5
174.8

ab
b
b
ab
ab
ab
a
± 11.8

8.5 ab
9.9 ab
8.5 ab
7.3 ab
10.3 b
6.3 a
9.9 ab
8.68 ± 1.5

a

NG

mean
SS

mean

NB: Cashew nut count and water content followed in the column by the same letter are not signiﬁcantly different from each other (One way ANOVA, Tukey HSD Test at
p  0.05).
a
¼NG ¼ Northern Guinea; SS ¼ Southern Sudanian.
b
¼Number of replication was 10 per village.
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Table 2
Relative frequency (%) of Aspergillus section Flavi and A. section Nigri and other species isolated from surface disinfected kernels in different locations in the two agroecological zones of Benin.
Agro-ecological zonea

Location

Contaminated nuts (%)

Number of strainsb

Flavi (%)

Nigri (%)

Eurotium (%)

Rhizopus (%)

Mucor (%)

NG

Alaﬁarou
Bante
Ina
Kilibo
Tchaourou
Tchatchou
Toui

100
99.5
99.5
100
100
100
100

43
62
53
55
66
56
53

2.5
5.5
2.0
4.0
14.5
7.0
1.5

0
1.5
1.5
0
0.5
1.5
1.0

47
58
61
53
56
70
51

92.5
96.0
91.5
91.5
88.0
89.5
82.5
90.2
91.5
35/35
633/700
88.7 ab
95.5 b
77.0 a
87.5 ab
98.5 b
70.5 a
93.0 ab
87.2
88.9
35/35
637/700

40.5
56.7
76.0
90.0
86.0
75.0
84.0

99.5
100
92.5
99.5
99.5
100
100

2.5
20.5
9.0
5.0
5.0
2.0
3.0
6.7
5.0
14/35
48/700
0.5 a
4.5 b
6.5 b
3.5 b
7.0 b
9.5 b
0.5 a
4.6
4.5
17/35
34/700

47.3
33.5
75.5
69.3
62.5
94.0
96.5

4.17
5.5
5.5
2.5
1.5
11.0
0.5

0.5
0.5
1.0
0
0.5
2.0
0

Mean
Median
Number of positive/total samples
Number of positive/total kernels
SS
Birni
Chabi-kouma
Kolokonde
Nagayile
Patargo
Penessoulou
Pira
Mean
Median
Number of positive/total samples
Number of positive/total kernels

NB: Means of contamination of cashew nuts by strains of A section Flavi and A. section Nigri followed by the same letter are not signiﬁcantly different from each other (One way
ANOVA, Tukey HSD Test at p  0.05).
a
¼NG ¼ Northern Guinea; SS ¼ Southern Sudanian.
b
¼on a total number of 100 kernels plated per village.

Table 3
Relative frequency (%) of Aspergillus section Flavi and A. section Nigri and other species isolated from non-disinfected kernels in different locations in the two agro-ecological
zones of Benin.
Agro-ecological zonea

Location

Contaminated nuts (%)

Number of strainsb

Flavi (%)

Nigri (%)

Eurotium (%)

Rhizopus (%)

Mucor (%)

NG

Alaﬁarou
Bante
Ina
Kilibo
Tchaourou
Tchatchou
Toui

100
100
100
100
100
100
100

21
31
22
18
29
26
20

7.5
28.8
10.0
0
15.0
17.5
1.3

1.3
2.5
0
0
3.8
2.5
0

28
28
31
26
22
33
21

95
96.30
98.8
75
91.3
93.8
78.8
89.7
93.8
35/35
253/280
93.8 ab
93.8 ab
92.5 ab
97.5 b
100 b
83.8 a
92.5 ab
93.4
93.8
35/35
263/280

52.5
60.0
62.5
92.5
88.8
73.8
91.3

100
100
100
100
100
100
100

6.5 ab
32.5 b
10.0 ab
10.0 ab
6.3 ab
1.3 a
3.8 a
10.0
6.5
11/35
30/280
25.0 ab
13.8 ab
17.5 ab
7.5 ab
11.3 ab
35.0 b
0a
15.7
13.8
19/35
43/280

42.5
45.0
41.3
58.8
67.5
93.8
97.5

15.0
22.5
3.0
12.5
1.3
27.50
2.5

0
2.5
1.5
1.3
0
2.5
0

Mean
Median
Number of positive/total samples
Number of positive/total kernels
SS
Birni
Chabi-kouma
Kolokonde
Nagayile
Patargo
Penessoulou
Pira
Mean
Median
Number of positive/total samples
Number of positive/total kernels

NB: Means of contamination of cashew nuts by strains of A section Flavi and A. section Nigri, followed in column by the same letter are not signiﬁcantly different from each
other (One way ANOVA, Tukey HSD Test at p  0.05).
a
¼NG ¼ Northern Guinea; SS¼ Southern Sudanian.
b
¼on a total number of 40 kernels plated per village.

whereas LOQ were 0.9, 0.7, 0.2 and 1.1 mg/kg, respectively. Linearity
of the measurements was checked for a standard solution of aﬂatoxins on spiked matrix. Calibration curves were yAfB1 ¼ 2Eþ06x þ
53.437, yAfB2 ¼ 335489x e 31.754, yAfG1 ¼ 4Eþ06 þ 26.496 and
yAfG2 ¼ 745588x þ 24.423 with correlation coefﬁcients (R2) of
0.9993, 0.9908, 0.9968 and 0.9994, respectively.
Among the 84 cashew nut samples analysed, no sample
revealed an aﬂatoxin content above the LOD.

4. Discussion
The international trade of cashew nuts is regulated based on
several quality parameters including water content, nuts count and
aﬂatoxin content (Cashew handbook, 2014). These parameters give
information about the quality of the product. Namdeo, Koulagi, and
Wader (2007) concluded that the water in Indian cashew nuts
inversely affected the price and the grade, and the higher the
number of nuts per kilogram, the poorer their quality. According to
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ACi (2012) the nuts counts are usually in the range of 150e210 nuts/
kg with 170 nuts/kg to 190 nuts/kg being nuts of excellent or very
good quality, and the recommended water content for storage is
12% or less. The cashew counts in our study were on average 172
nuts/kg and 174 nuts/kg in NG and SS, respectively. These values
agreed with those recently mentioned by Adeniyi and Adedeji
(2015) in a similar study in Nigeria.
The average water contents of cashew nuts measured in our
study were 8.6% and 8.7. These values were below the maximum
water level allowed for export, being 12% (ACi, 2012). Similar
studies carried out in Nigeria by Adeniyi and Adedeji (2015)
recorded water contents of 7.6% and 7.4% in NortheCentral region. This study area, regarding latitude, is similar to the Northern
Guinea and Southern Sudanian regions of Benin, with similar
temperature and relative humidity. The water content noticed
across both agro-ecological zones can also be explained by the fact
that our samples were collected directly from the farmers’ storage
structure, where harvested cashew nuts might have had time to
lose water since harvest.
The recommended harvesting practice for cashew nuts is to
collect the nuts when the fruits fall, ensuring that only ripe nuts are
collected; but it makes microbial contamination possible via the
soil (Cashew Handbook, 2014). Indeed, it is well known that microbial contamination of foodstuffs is mainly via contact during
harvesting, with spores present in the soil, but also via insect
infestation to damaged or cracked crops, and by crosscontamination during processing (De Saeger, 2011; Lamboni &
Hell, 2009).
In this study, the mycobiota encountered on raw cashew kernels
predominantly belonged to the Aspergillus genera, namely Flavi and
Nigri groups. The species of these genera are mainly post-harvest
fungi reported to be predominant in NG and SS of Benin
(Cardwell & Cotty, 2002). Our results showed that A. section Nigri,
Eurotium, A. section Flavi, Rhizopus and Mucor were present on
cashew nuts in both zones. Several studies on raw cashew kernels
showed similar results. Either at farmer's and retailer's gates (Freire
& Kozakiewicz, 2005) or in storehouses (Adeniyi & Adedeji, 2015;
Gyedu-Akoto, Lowor, Assuah, Kumi, & Dwomoh, 2014), Aspergillus
strains mainly A. niger followed by A. ﬂavus, and Penicillium were
predominantly recorded on raw cashew nuts.
Although several strains belonging to A. section Flavi were
recorded in our samples, the UHPLC-MS/MS analysis for aﬂatoxins
content revealed that all tested samples were below the detection
limit. Indeed, surface contamination with potentially toxigenic
fungi does not always mean the presence of mycotoxins. It is well
known that fungal growth and toxin production depend on several
factors including water activity, temperature, food substrate and
strain of the mould (Milhome et al., 2014).
Several studies reported the presence of mycotoxins on nuts and
nutty products including almonds and hazelnuts (El tawila et al.,
2013), pistachios (Dini, Khazeli, Roohbakhsh, Madadlou, &
Pourenmdari, 2013) and Brazil nuts (Reis et al., 2012) but there
are limited studies that investigated the natural occurrence of aflatoxins on raw cashew nuts. Freire et al. (1999) reported that
cashew nuts from Brazil were aﬂatoxin free. In Ghana, Gyedu-Akoto
et al. (2014) reported a maximum of 0.09 ppb as total aﬂatoxins on
raw kernels, which is far lower than the 20 ppb limit of Ghana
standards authority and the World Health Organisation (WHO), and
also the EU limits of 4 mg/kg (European Commission, 2010). Moreover, there were many studies on the occurrence of aﬂatoxins on
processed cashew nuts, but most of them reported also no presence
of aﬂatoxin, or aﬂatoxins levels lower than the EU limits. Leong,
Ismail, Latif, and Ahmad (2010) concluded that cashew nuts purchased from retail outlets in Malaysia were aﬂatoxins free. Abdulla
(2013) and Gyedu-Akoto et al. (2014) reported total aﬂatoxins

concentration to be only 0.185 ppb and 0.3 ppb on roasted kernels
from Iraq and Ghana, respectively.
In contrast, there were some reports on the presence of aﬂatoxins on processed cashew nuts that exceeded the EU limits
(Milhome et al., 2014; Acevedo et al., 2011). The presence of aﬂatoxin on processed nuts could be explained by possible fungi
growth during storage or shipment prior to processing.
Thus far, the overall ﬁndings presented in this paper show that
raw cashew nuts from Benin are within the limits of water content
and nuts count for export, and have aﬂatoxin levels below the limit
of detection. The absence of aﬂatoxin in cashew nut could be
explained by its thick shell that is the ﬁrst barrier for microbial
contamination (Lund, Baird-Parker, & Gould, 2000). Also, cashew
nuts are known to contain tannins, which potentially supress aflatoxins formation (Molyneux, Mahoney, Kim, & Campbell, 2007).
Despite the fact that freshly harvested cashew nuts from Benin
seem to be safe with regard to aﬂatoxins, it is highly and mainly
contaminated by strains of A. section Nigri from which A. niger is
known to produce ochratoxin A and fumonisin (Frisvad et al., 2011;
Gerez, Dallagnol, Ponsone, Chulze, & Font de Valdez, 2014; Nielsen,
Mogensen, Johansen, Larsen, & Frisvad, 2009). Due to the high level
of contamination by strains of A. section Nigri, further investigation
will focus on the screening of ochratoxin A and fumonisin in raw
nuts. Unfortunately, there is no EU and WHO regulations regarding
these mycotoxins, for raw or processed cashew nuts, that could
help ranging cashew nuts as good or bad quality. Nevertheless,
good agricultural practices need to be strengthened to ensure that
the quality is kept constant or improved based on known regulations, namely water content, nuts count and aﬂatoxin level.
5. Conclusion
The occurrence of Aspergillus section Flavi and A. section Nigri
was investigated together with the presence of aﬂatoxins in raw
cashew kernels. We conclude that Beninese cashew nuts are
contaminated by strains of A. section Nigri, while few with strains of
A. section Flavi where isolated. The presence of strains from the
Flavi group did not result in aﬂatoxin contamination since samples
were below the detection limit. Therefore, based on available regulations on water content, nuts count and aﬂatoxin level, Beninese
cashew nuts were in the range of good quality for export.
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