
This article was downloaded by: [41.58.24.65]
On: 13 November 2014, At: 15:22
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House,
37-41 Mortimer Street, London W1T 3JH, UK

Food Additives & Contaminants: Part B: Surveillance
Publication details, including instructions for authors and subscription information:
http://www.tandfonline.com/loi/tfab20

Mycotoxins and fungal metabolites in groundnut- and
maize-based snacks from Nigeria
O.F. Kayodea, M. Sulyokb, S.O. Fapohundac, C.N. Ezekielc, R. Krskab & C.R.B. Oguntonad

a Department of Food and Analytical Services, Federal Institute of Industrial Research,
Oshodi, Ikeja, Lagos, Nigeria
b Department of Agrobiotechnology (IFA-Tulln), Center for Analytical Chemistry, University
of Natural Resources and Life Sciences Vienna, Tulln, Austria
c Mycology/Mycotoxicology Research Unit, Department of Biosciences and Biotechnology,
Babcock University, Ilishan Remo, Ogun State, Nigeria
d Department of Nutrition, Federal University of Agriculture, Abeokuta, Nigeria
Accepted author version posted online: 15 Jul 2013.Published online: 16 Aug 2013.

To cite this article: O.F. Kayode, M. Sulyok, S.O. Fapohunda, C.N. Ezekiel, R. Krska & C.R.B. Oguntona (2013) Mycotoxins and
fungal metabolites in groundnut- and maize-based snacks from Nigeria, Food Additives & Contaminants: Part B: Surveillance,
6:4, 294-300, DOI: 10.1080/19393210.2013.823626

To link to this article:  http://dx.doi.org/10.1080/19393210.2013.823626

PLEASE SCROLL DOWN FOR ARTICLE

Taylor & Francis makes every effort to ensure the accuracy of all the information (the “Content”) contained
in the publications on our platform. However, Taylor & Francis, our agents, and our licensors make no
representations or warranties whatsoever as to the accuracy, completeness, or suitability for any purpose of the
Content. Any opinions and views expressed in this publication are the opinions and views of the authors, and
are not the views of or endorsed by Taylor & Francis. The accuracy of the Content should not be relied upon and
should be independently verified with primary sources of information. Taylor and Francis shall not be liable for
any losses, actions, claims, proceedings, demands, costs, expenses, damages, and other liabilities whatsoever
or howsoever caused arising directly or indirectly in connection with, in relation to or arising out of the use of
the Content.

This article may be used for research, teaching, and private study purposes. Any substantial or systematic
reproduction, redistribution, reselling, loan, sub-licensing, systematic supply, or distribution in any
form to anyone is expressly forbidden. Terms & Conditions of access and use can be found at http://
www.tandfonline.com/page/terms-and-conditions

http://www.tandfonline.com/loi/tfab20
http://www.tandfonline.com/action/showCitFormats?doi=10.1080/19393210.2013.823626
http://dx.doi.org/10.1080/19393210.2013.823626
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions


Mycotoxins and fungal metabolites in groundnut- and maize-based snacks from Nigeria

O.F. Kayodea, M. Sulyokb, S.O. Fapohundac*, C.N. Ezekielc, R. Krskab and C.R.B. Oguntonad

aDepartment of Food and Analytical Services, Federal Institute of Industrial Research, Oshodi, Ikeja, Lagos, Nigeria; bDepartment of
Agrobiotechnology (IFA-Tulln), Center for Analytical Chemistry, University of Natural Resources and Life Sciences Vienna, Tulln,
Austria; cMycology/Mycotoxicology Research Unit, Department of Biosciences and Biotechnology, Babcock University, Ilishan Remo,
Ogun State, Nigeria; dDepartment of Nutrition, Federal University of Agriculture, Abeokuta, Nigeria
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This exploratory study was aimed at investigating the spectrum of fungal metabolites in the processed food and snacks.
Twenty types of snacks made separately from groundnut (n = 10), maize (n = 8) and a combination of groundnut and maize
(n = 2) were analysed for naturally occurring mycotoxins and other fungal metabolites by a liquid chromatography-tandem
mass spectrometric multi-mycotoxin method. A total of 18, 21 and 32 metabolites were detected and quantified in the
groundnut-, groundnut/maize- and maize-based snacks, respectively. Aflatoxins contaminated 2, 3 and 5 of the groundnut/
maize-, groundnut- and maize-based snacks at concentrations up to 14, 1041 and 74 µg kg−1, respectively. Thus, the
National Agency for Food and Drug Administration and Control (NAFDAC) recommended limit of 20 µg kg−1 for
aflatoxins was exceeded in 6 of the 20 snacks. Fumonisins contaminated all the maize- and groundnut/maize-based snacks
with higher concentrations in the maize-based snacks (mean = 218.7 µg kg−1) compared with the groundnut/maize-based
snacks (mean = 178.5 µg kg−1). Up to 26 different metabolites were found to co-occur in the same samples, thus posing an
additional threat to the consumers due to possible additive and/or synergistic effects.

Keywords: aflatoxin; food safety; fumonisin; groundnut; maize; multi-mycotoxin; snacks

Introduction

The quality of staples and their products (e.g. snacks and
street foods) that are consumed by humans is imperative
considering the global efforts towards increasing food
safety, especially in the areas where climatic, poor post-
harvest and processing conditions tend to promote myco-
toxin contamination of foods. Snacks are quick, portable,
less perishable and satisfying foods served commercially
as small chops at parties, schools, offices, or as domestic
refreshment at home. Usually, snacks are eaten between
meals and can be consumed to stave off hunger prior to
eating regular meals. In most cases, snacks serve as a meal
(especially late hour breakfast) for low income earners
who live in high-cost urban/metropolitan cities due to
their affordable prices. In Nigeria and across the majority
of other African countries, the major groups of snacks are
processed from staples such as cassava, groundnut, maize
and wheat (Okoruwa 1997; Alabi 2007). In this study, the
safety of a variety of snacks processed from maize and
groundnut with respect to the presence of chemical con-
taminants produced by fungi was considered.

Groundnut (also called peanut) is an oil-rich crop
which provides high-quality cooking oil and protein-
based diets for many households. The high protein and
omega-6 fatty acid contents of groundnut make it an
ingredient of choice together with cereals (such as
sorghum, corn and millets) in the formulation of weaning

foods (Iro et al. 1995). Groundnut and its products also
serve as important protein sources in animal rations. In
sub-Saharan Africa, groundnut cultivation and its uses in
snacks production are second to maize cultivation (Ezekiel
et al. 2013). Groundnut and its derivatives such as boiled,
roasted, candy, cake and ball are often hawked as snacks
on the streets of urban cities in Nigeria (Kayode et al.
2011). Raw and processed groundnuts may be prone to
mycotoxin contamination resulting from fungal manifesta-
tion on this food due to the presence of the numerous vital
nutrients it possesses (Jimoh & Kolapo 2008; Ezekiel
et al. 2011). In Nigeria, several reports on groundnut and
its products have focused on the microbiological aspects
of food safety (Jimoh & Kolapo 2008; Ezekiel et al. 2011,
2013) with just a few that have considered safety in terms
of chemical food contaminants (Akano & Atanda 1990;
Ezekiel, Sulyok, et al. 2012; Ezekiel et al. 2013).
Available reports are limited to groundnut cake (kulikuli).

In Africa, maize is the largest cereal crop cultivated for
human consumption (mostly as staple food), animal feed
and industrial purposes. Maize is highly nutritious and can
be processed in various ways (e.g. roasting, boiling,
milling, cooking, fermentation or a combination of
these). In Nigeria, snacks derived from maize include
roasted and boiled corn, popcorn, corn fritter (kokoro)
and corn cake (aadun), as well as donkwa which is made
by combining maize and groundnut (Okoruwa 1997;
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Ocheme 2009). Regardless of the numerous available
maize-based snacks sold across the country, only very
few studies have reported the presence of fungal chemical
contaminants in these snacks and their parent material
(maize) (Udoh et al. 2000; Atehnkeng et al. 2008;
Ezekiel, Kayode, et al. 2012).

There is scanty data on the spectrum of fungal meta-
bolites in snacks in Nigeria, especially with respect to the
maize-based snacks. This is in contrast to the need to
routinely monitor the quality of food available to consu-
mers especially those lacking money to buy high-quality
industrial food. In order to bridge this gap, this pilot study
was carried out to determine the qualitative and quantita-
tive spectrum of natural chemical contaminants of fungal
origin present in routinely consumed ready-to-eat snacks
sold in Lagos, Nigeria.

Materials and methods

Chemicals and reagents

Methanol (liquid chromatography (LC) gradient grade)
and glacial acetic acid (pro analysis) were purchased
from Merck (Darmstadt, Germany), acetonitrile (LC
gradient grade) from VWR (Leuven, Belgium) and
ammonium acetate (mass spectrometer (MS) grade)
from Sigma-Aldrich (Vienna, Austria). Standards of
fungal metabolites were obtained either as gifts from
various research groups or from commercial sources.
Water was purified successively by reverse osmosis
and an Elga Purelab ultra analytic system was used
from Veolia Water (Bucks, UK).

Samples

Twenty snack samples were purchased from street-traders
in Lagos, Nigeria. The snacks included boiled groundnut,
burger peanut, corn cake, donkwa, kokoro, kulikuli, peanut
candy, popcorn, raw groundnut and roasted groundnut.
These snacks were made from either groundnut or maize
except for donkwa which was produced by combining
groundnut and maize. Each sample was collected from
several points of trader’s trays as three sub-samples
(100 g) and mixed together to form a 300-g bulk sample.
For samples such as burger peanut and peanut candy
which were sold in sealed packs, three parts were pur-
chased and combined to make a bulk sample. The bulky
samples were comminuted and 50 g representative sample
was obtained from each bulk, and stored at 4°C until
analysed.

Sample extraction and determination of matrix effects

Five grams of each representative sample were weighed
into a 50-ml polypropylene tube (Sarstedt, Nümbrecht,

Germany) and covered by an extraction solvent (acet-
onitrile/water/acetic acid 79:20:1, v/v/v) in a ratio of
4 ml solvent/g sample. For spiking experiments,
0.25 g sample was extracted. Samples were extracted
for 90 min on a GFL 3017 rotary shaker (GFL,
Burgwedel, Germany) and diluted with the same
volume of dilution solvent (acetonitrile/water/acetic
acid 20:79:1, v/v/v). The diluted extracts were injected
as described in detail by Sulyok et al. (2007).
Centrifugation was not necessary due to sufficient sedi-
mentation by gravity alone. All concentrations of the
naturally contaminated samples were corrected by a
correction factor (reciprocal of apparent recovery of
each analyte). Quantitative standards for averufin
(AVER), nidurufin (NID), norsolorinic acid (NOR-AC)
and versicolorins A (VER-A) and C (VER-C) were not
available. Their identity was unambiguously identified
by performing product ion scans and comparing the
spectra as well as the retention times to literature data
(Shier et al. 2005; Nielsen et al. 2011). Therefore, these
compounds were semi-quantitatively determined, using
the response factor of averantin (AVRT), a structurally
related compound.

LC-MS/MS parameters

Liquid chromatography-tandem mass spectrometric (LC-
MS/MS) screening of target microbial metabolites was
performed with a QTrap 5500 LC-MS/MS System
(Applied Biosystems, Foster City, CA) equipped with
a Turbo IonSpray electrospray ionisation (ESI) source
and a 1290 Series HPLC System (Agilent, Waldbronn,
Germany). Chromatographic separation was performed
at 25°C on a Gemini® C18-column, 150 × 4.6 mm i.d.,
5 µm particle size, equipped with a C18 4 × 3 mm i.d.
security guard cartridge (all from Phenomenex,
Torrance, CA, US). The chromatographic method, chro-
matographic and MS parameters for 186 of the investi-
gated analytes are as described by Vishwanath et al.
(2009). At present, this method has been transferred to
another instrument and further expanded to cover 320
metabolites.

ESI-MS/MS was performed both in positive and nega-
tive polarities in two separate chromatographic runs per
sample by scanning two fragmentation reactions per ana-
lyte. The detection window of each analyte was set to its
expected retention time ±27 seconds and ±48 seconds in
the positive and the negative mode, respectively.
Confirmation of positive analyte identification was
obtained by the acquisition of two MS/MS transitions
per analyte (with the exception of moniliformin (MON)
and 3-nitropropionic acid (3-NPA) that exhibit only one
fragment ion), which gave 4.0 identification points accord-
ing to commission decision 2002/657/EC. In addition, LC
retention time as well as the intensity ratio of both
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monitored MS/MS transitions agreed with the related
values of an authentic relative standard within 0.1 min
and 30%, respectively.

Results and discussion

Quality assurance of the LC-MS/MS method

The performance characteristics of the analytical method
obtained from spiked blank samples are presented in
Table 1. The limits of detection (LODs) ranged between
0.01 µg kg−1 for beauvericin (BEAU) and 20 µg kg−1 for
kojic acid (KA) in both matrices (groundnut and maize).
Apparent recoveries were high as expected (Abia et al.
2013) and unlike previous studies performed on another
LC-MS/MS instrument where the recoveries of aflatoxins
and fumonisins were significantly affected by matrix
effects (Ezekiel, Sulyok, et al. 2012; Warth et al. 2012)

recoveries of both toxins were >70%. The accuracy of the
method was further verified by participating in a profi-
ciency testing scheme that included (amongst other
matrices) maize, maize-based baby food, and peanut
cake and paste. Z-scores were in the acceptable range
(between –2 and 2) with exception of only one result
each for fumonisin B1 (FB1) and ochratoxin A.
However, in these cases an unusually high dispersion of
results submitted by the participants was reported.

Overview of determined fungal metabolites

A total of 32 fungal metabolites were detected in the
snacks at concentrations ranging up to 5357 µg kg−1

(Table 2). Five of the metabolites were mycotoxins
addressed by regulations (aflatoxin B1 (AFB1), aflatoxin
B2 (AFB2), aflatoxin G1 (AFG1), FB1 and fumonisin B2

Table 1. Performance characteristics of the analytical method for 32 analytes found in groundnut and maize from Lagos, Nigeria.

Analyte

Standard Groundnut Maize

LODa

(µg kg−1)
LODa

(µg kg−1)
Apparent recoveryb

(%)
LODa

(µg kg−1)
Apparent recoveryb

(%)

3-Nitropropionic acid (3-NPA) 0.15 1.5 77.6 1.5 83.2
Aflatoxin B1 (AFB1) 0.02 0.2 86.0 0.15 76.0
Aflatoxin B2 (AFB2) 0.03 0.3 80.0 0.3 78.0
Aflatoxin G1 (AFG1) 0.03 0.3 70.0 0.3 75.0
Aflatoxin M1 (AFM1) 0.04 0.4 77.2 0.4 78.2
Alternariol (AOH) 0.04 0.4 88.4 0.4 82.6
Alternariolmethylether (AME) 0.03 0.3 87.0 0.2 116.0
Averufin (AVER) −c −c 56.0 −c 66.0
Beauvericin (BEAU) 0.001 0.01 74.0 0.01 70.0
Brevianamide F (BVD-F) 0.06 0.6 85.0 0.6 85.0
Butenolid (BUT) 0.5 10.0 44.0 6.0 65.0
Chrysophanol (CHRY) 0.2 3.0 54.4 2.0 83.2
Curvularin (CURV) 0.05 0.4 115.0 0.4 113.0
Emodin (EMOD) 0.03 0.2 101.0 0.2 97.0
Enniatin B2 (ENN-B2) 0.01 0.1 66.4 0.1 67.5
Equisetin (EQUS) 0.03 0.2 156.0 0.15 184.0
Fumonisin B1 (FB1) 0.4 4.0 82.0 4.5 72.0
Fumonisin B2 (FB2) 0.2 2.0 74.0 2.0 77.0
Fumonisin B3 (FB3) 0.3 3.0 75.0 3.0 86.0
Kojic acid (KA) 2.0 20.0 88.0 20.0 84.0
Macrosporin A (MAC-A) 0.06 0.4 118.0 0.4 111.0
Moniliformin (MON) 0.1 0.7 112.2 0.9 87.6
Monocerin (MONO) 0.01 0.1 87.0 0.1 88.0
Nidurufin (NID) −c −c 115.5 −c 88.8
Nivalenol (NIV) 0.1 1.0 84.0 0.8 102.0
Norsolorinic acid (NOR-AC) −c −c 82.9 −c 90.4
O-Methylsterigmatocystin (O-STER) 0.01 0.06 77.6 0.05 91.8
Pestalotin (PEST) 0.07 0.7 90.6 0.7 87.4
Radicicol (RAD) 0.05 0.2 221.0 0.2 222.0
Tryptophol (TRPH) 1.2 10.0 93.0 10.0 90.0
Versicolorin A (VER-A) −c −c 177.0 −c 161.0
Versicolorin C (VER-C) −c −c 95.0 −c 78.0

Notes: aLimit of detection (signal-to-noise (S/N) = 3:1) expressed as µg kg−1 sample.
bCalculated from spiking a single sample.
cNo standard available; estimation of concentration based on response and recovery of averantin.
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(FB2)) in cereals and nuts in the European Union (EU),
while the other 27 were either regulated in other food
commodities or had no existing regulations for their con-
centration levels in any food commodity. Aflatoxin G2
(AFG2) was not found in any of the snacks. When con-
sidering the occurrence of metabolites in the three snack
types, 18 metabolites including two regulated mycotoxins
contaminated the groundnut-based snacks while 21 meta-
bolites (including four regulated mycotoxins) were found
in snacks made from the combination of groundnut and
maize. In addition, 32 metabolites including five regulated
mycotoxins were detected in the maize-based snacks. The
higher occurrence of fungal metabolites in the snacks
made from maize, rather than those from groundnut,
agrees with recent reports of Warth et al. (2012) and
Abia et al. (2013), which have shown that maize is more

prone than groundnuts to contamination by a wide range
of fungal metabolites. The concentration levels of meta-
bolites in the snacks reached 218 and 5357 µg kg−1 in the
case of KA for groundnut/maize- and maize-based snacks,
respectively, and 1892 for brevianamide F (BVD-F) in the
groundnut-based snacks (Table 2). The distribution of
metabolites in the snacks indicated the following order
of contamination: Aspergillus > Fusarium >
Penicillium = other fungal metabolites > Alternaria.

Occurrence of regulated mycotoxins and their
derivatives

Regulated mycotoxins that have previously been found to
contaminate groundnut, maize and their products include
aflatoxins, fumonisins and type B trichothecenes (Kpodo

Table 2. Overview of the prevalence of 32 fungal metabolites in the three snack types.

Groundnut (nb = 10) Maize (nb = 8) Groundnut–maize (nb = 2)

Concentration
(µg kg−1)

Concentration
(µg kg−1)

Concentration
(µg kg−1)

Analytea Npc Ranged Median Npc Ranged Median Npc Ranged Median

3-NPA 3 104–150 133 5 2–148 62.4 2 2.9–4.8 4
AFB1 3 52–362 211 5 1–69.5 45 2 9.3–12 11
AFB2 2 559–679 619 3 4.1–5 4.5 2 0.8–1.7 1.3
AFG1 0 <0.3 n.d. 1 3 3 0 <0.3 n.d.
AFM1 2 256–410 333 3 2–2.2 2 0 <0.4 n.d.
AME 1 47 47 8 0.4–45 1 0 n.d. n.d.
AOH 0 <0.4 n.d. 2 4.8–5.4 5 0 <0.4 n.d.
AVER 5 15–524 73 6 0.8–15 6 2 5.2–6.7 6
BEAU 6 2–84 5 8 0.6–5.2 1.3 2 1.8–1.9 2
BUT 0 <10 n.d. 1 10 10 0 n.d. n.d.
BVD-F 10 1.1–1892 61 8 10.4–28 21 2 21–22 21
CHRY 0 <3 n.d. 4 4.8–34 15 0 n.d. n.d.
CURV 0 <0.4 n.d. 2 2.8–6.7 5 0 <0.4 n.d.
EMOD 7 0.4–27 15.5 8 3–52 5.5 2 5–5.5 5.3
ENN-B2 0 <0.1 n.d. 1 0.1 0.1 0 <0.1 n.d.
EQUS 10 1.2–681 20 8 3.1–15 12 2 83–110.4 97
FB1 0 <4 n.d. 8 44–339 124 2 124–130 127
FB2 0 <2 n.d. 8 18–86 37 2 35–40 38
FB3 0 <3 n.d. 8 4.8–23 11.5 2 12.5–14.4 13.5
KA 6 23–485 54 8 109–5357 345.5 2 194.4–218 206
MAC-A 3 0.6–60 20 8 0.7–9 4 2 5.6–8.6 7.1
MON 0 <0.7 n.d. 6 1.9–11 7 2 68–72 70
MONO 0 <0.1 n.d. 6 1.5–96 4 2 0.7–1.2 1
NID 1 331 331 2 0.2–0.3 0.2 2 0.18–0.23 0.2
NIV 0 <1 n.d. 2 1.8–2.5 2 0 n.d. n.d.
NOR-AC 2 90–705 397 4 0.03–0.2 0.1 2 0.04–0.07 0.1
O-STER 4 101–1355 878 4 0.1–0.3 0.3 2 0.13–0.19 0.2
PEST 0 <0.7 n.d. 4 0.2–2.3 0.3 2 0.5–0.7 0.6
RAD 0 <0.2 n.d. 2 3.8–12 8 0 <0.2 n.d.
TRPH 4 30–955 45 4 0.5–21 9.4 0 <10 n.d.
VER-A 2 507–872.5 690 3 0.5–0.8 0.6 2 0.4–0.6 0.5
VER-C 4 14–623 214 5 0.4–3.3 2 2 0.6–1.3 1

Notes: n.d., not determined.
aSee Table 1 for full names.
bNumber of analysed samples.
cNumber of positive samples.
dRange of positive values.
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et al. 2000; Adejumo et al. 2007; Bandyopadhyay et al.
2007; Kpodo & Bankole 2008). Among these, aflatoxins
predominate in groundnuts and groundnut-based products
(Kpodo et al. 2000; Mutegi et al. 2009; Oliveira et al.
2009; Ediage et al. 2011; Ezekiel, Sulyok, et al. 2012),
while maize are more susceptible to fumonisin contamina-
tion (Marasas, 2001; Bandyopadhyay et al. 2007; Kpodo &
Bankole 2008). In the present study, AFB1 contaminated 2, 3
and 5 of the groundnut/maize-, groundnut- and maize-based
snacks at concentrations reaching 362 µg kg−1 (Table 2). In
this small set of samples that were tested, total aflatoxin
(AFtot = ∑AFB1, B2, G1 and G2) concentration was much
higher in groundnut-based snacks (mean = 620.9 µg kg−1)
than in maize-based (mean = 40.9 µg kg−1) and groundnut/
maize-based snacks (mean = 12 µg kg−1). Highest aflatoxin
concentrations were observed in kulikuli (1041 µg kg−1),
brown kokoro (74 µg kg−1) and donkwa (14 µg kg−1) sam-
ples, respectively. The present findings of high aflatoxin
occurrence in groundnut-based snacks especially groundnut
cake (kulikuli) agrees well with reports of Ediage et al. (2011)
and Ezekiel et al. (2013).

On the other hand, total fumonisins (TF = ∑FB1, B2
and B3) contaminated all maize-based snacks at higher
concentrations (mean = 218.7 µg kg−1) than the ground-
nut/maize- snacks (mean = 178.5 µg kg−1). As expected,
fumonisins were not detected in any of the groundnut-
based snacks. Concentration levels of AFtot reached 183
and 448 µg kg−1 in donkwa (groundnut/maize-based) and
corn cake (maize-based) samples, respectively. Nivalenol
(NIV), a Fusarium toxin, was found in two samples of
kokoro (maize-based) at minor levels of 1.8 and
2.5 µg kg−1. The absence of deoxynivalenol and other
trichothecenes in the snacks, especially in the maize-
based snacks, contradicts the findings of Adejumo et al.
(2007), Warth et al. (2012) and Abia et al. (2013), which
reported this Fusarium toxin in contaminated maize from
Nigeria (n = 40), Cameroon (n = 37) and Mozambique
(n = 2) up to 745, 435 and 124 µg kg−1, respectively.

Occurrence of other fungal metabolites

Further metabolites found include those produced by sev-
eral species of Alternaria, Aspergillus, Chaetomium,
Fusarium, Penicillium and other fungi. This indicates a
widespread contamination of snacks and their ingredients
by these moulds. All additional fungal metabolites found in
the snacks have previously been reported to contaminate a
wide range of food including cereals, nuts and their products
(Sulyok et al. 2010; Ezekiel, Sulyok, et al. 2012;Warth et al.
2012; Abia et al. 2013). In terms of prevalence, equisetin
(EQUS) and BVD-F occurred in all 20 snacks (Table 2). The
concentrations of EQUS ranged from 1.2 µg kg−1 in raw and
roasted groundnuts to 681 µg kg−1 in kulikuli, while BVD-F
occurred at 1.1 µg kg−1 in raw groundnut to 1892 µg kg−1 in
roasted groundnut. Although toxicity of these two

metabolites is not yet established in humans, a public health
threat cannot completely be ruled out due to their wide-
spread co-occurrence with other mycotoxins and fungal
metabolites in the snacks.

Further consideration is given to metabolites without
any existing regulation despite their established toxicity.
These include alternariolmethylether (AME), BEAU,
emodin (EMOD), Enniatin B2 (ENN-B2) and MON.
BEAU, Enniatins and MON, which are regarded as
emerging Fusarium mycotoxins (Jestoi 2008). In this
study, BEAU was the most prevalent emerging myco-
toxin, occurring in 16 out of the 20 snacks
(mean = 8.9 µg kg−1), followed by MON which con-
taminated 8 of 20 samples (mean = 22.3 µg kg−1). ENN-
B2 was detected in the kokoro sample at 0.1 µg kg−1.
The genotoxic EMOD occurred in 17 of 20 snacks
(mean = 13.2 µg kg−1), while AME was found in 10
of 20 (range = 0.4–47 µg kg−1; mean = 14.1 µg kg−1)
samples. The concentrations found in this study were
significantly lower than those found to be toxic in the
above-mentioned study. Though reports are not yet avail-
able for the synergistic interactions of these
non-regulated metabolites, effects of independent admin-
istrations have been reported. For example, BEAU is
genotoxic to human lymphocytes (Celik et al. 2010)
while MON and the enniatins can induce cytotoxicity
in many mammalian systems (Jestoi 2008; Tan et al.
2011). AME, a notable Alternaria toxin, is fetotoxic
and teratogenic in mammals (Barkai-Golan 2008;
European Food Safety Authority 2011). Therefore, this
study may provide useful data for future toxicological
studies focusing on interactive effects of multiple fungal
metabolites.

Impact of mycotoxins in the snacks on public health

Public health concern raised by food contaminants is
usually due to occurrence of toxins in food (regulated by
limits or non-regulated) and co-occurrence with other
fungal metabolites, so it is therefore imperative to consider
the compliance of snacks to the maximum limits (MLs) of
NAFDAC, coupled with existing data on the toxicology.
In Nigeria, only AFB1 and AFtot are regulated in food
and the limits are 10 and 20 µg kg−1 respectively, thus 7
and 6 of 20 snacks samples exceeded the MLs. Snacks
with AFtot levels above the ML were boiled groundnut
(n = 1), brown kokoro (n = 2), kulikuli (n = 2) and white
kokoro (n = 1), which corresponded to 60% and 100% of
maize- and groundnut-based snacks, respectively.
Considering the highly toxic potency of AFB1 and its
classification as a Group 1 human carcinogen
(International Agency for Research on Cancer 2002;
Wild & Turner 2002) as well as its co-occurrence with
other aflatoxins and regulated toxins in the snacks, con-
sumers of these, who are mostly school-aged children and
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young adults, may be at risk to mycotoxicoses (Whitlow
et al. 2000; Ezekiel et al. 2013).

Noteworthy also is the co-occurrence of 3–15, 11–26
and 21 metabolites in the groundnut-, maize- and ground-
nut/maize-based snacks, respectively. Donkwa, kulikuli
and all maize-based snacks contained cocktails of more
than 10 metabolites. Several metabolite combinations of
toxicological importance in the snacks include: (1) AFB1/
AFB2/FB1/FB2/FB3/MON/BEAU/EMOD in donkwa, (2)
AFB1/AFB2/AFM1/BEAU/EMOD in kulikuli and (3)
FB1/FB2/FB3/BEAU/AME/EMOD in all maize-based
snacks, mostly additional to AFB1/AFB2/MON in this
type of snack. Regardless the concentrations of the indi-
vidual metabolites in the snacks, it should be emphasised
that synergistic or additive damaging effects may be
induced in vital organs of consumers who ingest these
snacks. Also chronic intoxication might be possible due
to constant daily exposures to low doses over a longer
period of time, which is likely in case of these snacks.

Conclusion

Because of the very small number of samples investigated
in this study, conclusions can only be drawn with much
uncertainty. This study indicates the usefulness of further
studies to generate a large set of data. This study also
shows the presence of a wide range of fungal metabolites
in routinely consumed snacks at concentrations capable of
inducing toxic effects to humans. The variety of fungal
metabolites quantified may point to deficiencies in good
agricultural practices employed for the raw materials
(maize and groundnut) and processing conditions of
these snacks. Co-occurrence of metabolites in various
snacks may pose additional threats due to possible addi-
tive and/or synergistic effects.
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