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Abstract Many individuals are not only food insecure
but chronically exposed to high levels of mycotoxins
through their diets in many developing countries. Seventy
composite samples of stored maize grains were collected
from farmers’ storage structures in five agro-ecological
zones (AEZs) of Nigeria where maize is predominantly
produced between August 2011 and February 2012. The
grains were analysed for mycotoxin contamination with the
liquid chromatography tandem mass spectrometry method
and mycotoxin occurrence maps constructed from the database of the distribution of the toxins. A risk assessment
was also carried out in order to provide information on
the extent of human exposure to the toxins. Twelve regulated mycotoxins with negative economic and public health
consequences were detected in the maize grains across the
AEZs at concentrations exceeding the maximum allowable
limits including AFM1 that was detected for the first time

in Nigerian maize. There is a high risk of contamination
of the stored grains by Nigerian consumers especially in
the Derived and Southern Guinea Savannas, resulting in a
national burden of between 126.85 and 38,682.29 DALYs.
Intervention strategies are therefore needed across the
AEZs to ensure that safe and wholesome foods are made
available to the populace.
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Introduction
The safety of foods and feeds for human and animal consumption should be of topmost priority with regards to
the regulation of agricultural and food industries so that
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markets are not compromised by the sale of low quality or
unsafe foods [1]. Unfortunately, this is not the case in many
parts of Africa as the limited availability of food far outweighs other considerations such as food safety.
Mycotoxins: the toxic secondary metabolites of fungal
origin, when ingested or inhaled lead to lower performance,
sickness or death in humans and animals [2]. Mycotoxins
have attracted worldwide attention due to the significant
losses associated with their impact on human and animal
health, and consequent national economic implications [3].
They also compromise food safety in the most vulnerable
groups of people in Africa. Among the 300–400 known
mycotoxins, the most important and frequently occurring
ones in maize are the aflatoxins, deoxynivalenol (DON),
fumonisins and zearalenone (ZEA) [2].
Aflatoxins are a group of approximately 20 related fungal metabolites, and currently, more than 55 billion people
worldwide suffer from uncontrolled exposure to aflatoxin
[4]. Although aflatoxin contamination poses a global problem, the impact of the problem is higher in tropical climatic
regions, between 40° North and 40° South of the equator,
including the entire African continent [5]. In several Economic Community of West African States (ECOWAS)
member countries (Ghana, Gambia, Benin and Togo), more
than 95 % mothers and children have aflatoxin adducts in
blood, demonstrating high exposure to aflatoxins [5]. In
Sierra Leone, nearly 90 % mothers had aflatoxin in breast
milk, showing that not only the mothers but also the babies
are at risk [5]. Furthermore, aflatoxin B1 (AFB1) is the
most potent naturally occurring chemical liver carcinogen
known. They have been classified as a Group 1 carcinogen
in IARC Monographs on the Evaluation of Carcinogenic
Risks to Humans [6]. The exact burden of aflatoxin-related
hepatocellular carcinoma (HCC) or liver cancer is about
4.6–28.2 % of total annual HCC cases worldwide [4]. Aflatoxin exposure in food is therefore a significant risk factor
for HCC [7]. Specific P450 enzymes in the liver metabolise
aflatoxins into reactive oxygen species (aflatoxin-8, 9-epoxide) which may then bind to proteins and cause acute toxicity (aflatoxicosis) or to DNA to cause lesions that over time
increase the risk of HCC [4]. Nigeria has also recorded the
highest estimated annual global burden of HCC cases [4]
attributable to aflatoxin exposure (1,800–2,940 and 8,200–
13,400 for HBsAg-negative and HBsAg-positive population, respectively). DON, fumonisins and ZEA are Fusarium toxins that induce severe health conditions in man.
Fumonisin contamination levels in maize have been linked
to oesophageal cancer in Transkei region of South Africa
[8], while DON is associated with gastroenteritis, reduced
weight gain, immune toxicity and interference with nucleic
acid synthesis and neurological processes [9, 10]. Furthermore, ZEA is estrogenic [11].
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Moulds and aflatoxin contamination of maize have been
reported in Nigeria [2, 12, 13] including its distribution
[14], but there is a dearth of information on the distribution of other mycotoxins extracted from maize as well as
assessment of the risks associated with human exposure.
Most developed countries have mycotoxin occurrence
maps that inform government, researchers and policy makers about mycotoxin prevalence and exposure risks in different regions of their country to allow for formulation of
intervention strategies. Furthermore, Nigeria does not have
mycotoxin occurrence maps; thus, the Mycotoxicology
Society of Nigeria (MYCOTOXSON) has been a lead vanguard in the call for the construction of these maps.
This research work reports the result of surveys conducted on the distribution of some regulated mycotoxins in
stored maize grains from five AEZs of Nigeria, construction of mycotoxin occurrence maps from the database and
exposure risk assessment of maize consumers in the zones.

Materials and methods
Survey sites
Surveys were conducted between August 2011 and February 2012 in five AEZs of Nigeria where maize is predominantly produced [15]: Sudan Savanna (SS) (Kano and
Sokoto States), Northern Guinea Savanna (Kaduna State),
Southern Guinea Savanna (Niger State), Derived Savanna
(Ondo, Ekiti, Osun, Oyo and Nasarawa states) and Humid
Forest (Lagos and Ogun States).
The SS zone lies between latitudes 12°2′ and 13°8′ N
and longitudes 3°9′ and 13°9′ E with a unimodal annual
rainfall averaging between 650 and 1,000 mm and maximum temperatures varying from 30 to 40 °C [16]. The
Northern Guinea Savanna (NGS) zone lies within latitudes
9°10′ and 11°59′ N and longitudes 3°19′ and 13°37′ E and
has a unimodal rainfall distribution averaging between 900
and 1,000 mm annually and maximum temperatures varying from 28 to 40 °C [14]. The Southern Guinea Savannah
zone lies within latitudes 8°4′ and 11°3′ N and longitudes
2°41′ and 13°33′ E, with a bimodal rainfall averaging
between 1,000 and 1,300 mm per year and maximum temperatures varying from 26 to 38 °C. The Derived Savanna
(DS) lies within latitudes 6°8′ and 9°30′ N and longitudes
2°40′ and 12°15′ E and has a bimodal rainfall distribution
averaging between 1,300 mm and 1,500 mm annually and
maximum temperatures varying from 25 to 35 °C [14]. The
humid forest (HF) zone lies within latitudes 6°4′ and 7°5′
N and longitudes 3°5′ and 8°8′ E and has a bimodal annual
rainfall averaging between 1,300 and 2,000 mm and maximum temperatures ranging from 26–28 °C.

Author's personal copy
Eur Food Res Technol

Sampling and sample preparation
Sampling and sample preparation prior to mycotoxin analysis
were carried out as described by Adetunji et al. [15] and the
modified EU [17] method, respectively in order to reduce variability. Briefly, 70 composite samples (3 kg each) were collected across the five AEZs: HF–4, SS–11, NGS–11, SGS–11
and DS–33. The samples were hand-mixed, coarse grounded
and allowed to pass through a No. 14 mesh screen. Sub-samples of 500 g were taken from each lot, ground with a milling machine (Greiffenberger, Germany) and sieved with 1-mm
mesh. Sub-samples of 50 g were further taken from the lots
into zip-lock envelopes and stored at −20 °C prior to analyses.

concentrations in a Microsoft excel spread sheet. The resultant table was converted into Text Tab Delimited to enable
importation into the geographic information system (GIS)
environment. The file was added as an event theme to form
another layer in the base map (administrative boundaries of
Nigeria). Charts for mycotoxin concentrations were created
in an ArcView GIS 3.2 to produce the various thematic maps
of mycotoxin concentrations across the states and AEZs.
Estimation of risk assessment of Nigerian maize consumers
The risk assessment (magnitude and probability of harmful
effect of) consumption of contaminated grains was determined by:

Analysis of maize grains for mycotoxin contamination
Exposure risk of maize consumers
A total of 70 composite sample of maize grains were analysed for the presence of 12 regulated mycotoxins: aflatoxin
B1 (AFB1), AFB2, AFG1, AFG2, AFM1, AOH, DON, FB1,
FB2, FB3, OTA and ZEA, by liquid chromatography tandem
mass spectrometry (LC–MS/MS) method. Five grams of
each ground representative sample was weighed into a 50-ml
polypropylene tube (Sarstedt, Nümbrecht, Germany) and
extracted with 20 ml acetonitrile/water/acetic acid (79:20:1,
v/v/v) for 90 min on a GFL 3017 rotary shaker (GFL, Burgwedel, Germany). Extracts were diluted in same volume
of extraction solvent and injected into the LC system as
described in detail by Sulyok et al. [18]. Centrifugation was
not necessary due to sufficient sedimentation by gravity.
LC–MS/MS screening of target mycotoxins was performed
using a QTrap 5500 LC–MS/MS System (Applied Biosystems, Foster City, CA) equipped with TurboIonSpray electrospray ionization (ESI) source and a 1,290 Series HPLC
System (Agilent, Waldbronn, Germany). Chromatographic
separation was performed at 25 °C on a Gemini® C18-column, 150 × 4.6 mm i.d., 5-µm particle size, equipped with
a C18 4 × 3 mm i.d. security guard cartridge (Phenomenex,
Torrance, CA, US). Confirmation of positive analyte identification was obtained by the acquisition of two time-scheduled multiple reaction monitoring (MRMs) which yielded 4.0
identification points according to the European Commission
Decision 2002/657. 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 % rel., respectively. Further details on spiking, LC–MS/
MS parameters including limits of detection and apparent
recoveries of analytes are as reported by Adetunji et al. [15].
Distribution of mycotoxins and construction of mycotoxin
occurrence maps
The global positioning system (GPS) coordinates obtained
from the AEZs were tabulated against the mycotoxin

The exposure risk of maize consumers in Nigeria to the
seven groups of mycotoxins (total aflatoxin (∑AFB1,
AFB2, AFG1 and AFG2), AFM1, DON, total fumonisin
(∑FB1, FB2, FB3), OTA, ZEA and AOH) found to be predominant in the grains was determined according to the
method of Liu and Wu [4]. The average maize consumed
(57 g/person/day) in Nigeria as adapted from the WHO
global environment monitoring system (GEMS)/food consumption cluster diets database [19] was multiplied with
the concentration of aflatoxins in the stored grains in the
various AEZs, and the product was divided with the average body weight of the individuals which we assumed to be
60 kg as illustrated below:
Exposure (ng/kgbw/day)
=

Amount consumed (g/day) × aflatoxin concentration (ng/g)
.
body weight (kg)

Estimated liver cancer risk due to consumption of maize
grains
The estimated liver cancer risk in Nigeria due to consumption of the contaminated grains was calculated for aflatoxin
B1 only, as the ingestion of the toxin can be linked to the
development of liver cancer [22]. This involves estimating
the population cancer risk per 100,000, which is equal to the
aflatoxin exposure multiplied by the HCC potency (0.3 for
HBsAg-positive) which is an average of HBV status-specific
HCC potencies weighted by HBV prevalence in Nigeria [36].
Cancer incidence attributable to dietary aflatoxins
from consumption of maize grains
This was computed as reported by Liu and Wu [4] by
dividing the estimated liver cancer risk per 100,000 population by the incidence rate of liver cancer in Nigeria (6.5

13

Author's personal copy
Eur Food Res Technol

deaths/100,00 population) estimated for Nigeria by Global
Burden of Disease Project and multiplying by 100 % [19].
Disability adjusted life year (DALY) lost
DALY is an epidemiological measure of disease burden
expressed in number of healthy life years lost due to death
or disability caused by a disease. It is calculated by multiplying annual HCC cases (HBsAg-positive) per 100,000
populations by sex-specific HCC DALY estimate (13.05)
for both male and female population [36].
Data analyses
The levels of mycotoxin contamination of the maize grains
were analysed with statistical analysis software (SPSS* v. 16)
and correlated with Pearson’s analysis. The means were separated by the Fisher’s protected least significant difference
(LSD) test to determine significant differences between the
maize grains from the AEZs. The concentrations of individual aflatoxin and fumonisin types were summed up and analysed as total aflatoxin (∑AFB1, AFB2, AFG1 and AFG2)
and total fumonisin (∑FB1, FB2, FB3), respectively.
Results
Distribution of mycotoxins in contaminated maize grains
The distribution of the mycotoxins extracted from the
maize grains across the AEZs is captured in the mycotoxin
occurrence maps (Figs. 1, 2). The concentrations of total
aflatoxins and fumonisins in the stored grains in relation to
average rainfall pattern/state [20] are also shown in Fig. 1.
The maize grains were contaminated with high concentration of fumonisins, and aflatoxins and fumonisin contamination was more pronounced in the states than aflatoxin
contamination. In particular, Lagos state with a high mean
annual rainfall of 1,575 mm had the least aflatoxin contamination (26.50 μg/kg) and the highest fumonisin contamination levels (6,923.05 μg/kg), respectively. The level
of fumonisin contamination was followed by Nasarawa
state (3,058.76 μg/kg) and Kaduna state (2,978.49 μg/
kg). States in the humid parts of the country such as Ekiti
(1,136.73 μg/kg) and Osun (1,300.00 μg/kg) had lower
fumonisin concentration when compared with those
in the drier parts like Niger (2,235.06 μg/kg), Kaduna
(2,979.49 μg/kg) and Nasarawa (3,058.76 μg/kg) states;
thus, the fumonisin concentration decreased from the
NGS to the DS (Fig. 2). Figure 1 also showed that Sokoto,
Kaduna, Kano and Oyo states had low levels of aflatoxin
contamination (146.06, 196.38, 134.06 and 189.47 μg/
kg) contamination, respectively, in contrast to the high
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incidences observed in Niger (509.40 μg/kg), Nasarawa
(765.33 μg/kg) and Ondo (1,548.96 μg/kg) states. The
concentration of aflatoxin also increased from 137.33 μg/
kg in the SS zone to 596.85 μg/kg in the DS zone and snow
balled to 298.22 μg/kg in the HF zone (Fig. 1).
Figure 2 shows the distribution of other important regulated mycotoxins that were found in Nigerian maize. Aflatoxin M1 was found in maize grains from all the AEZs,
and the concentration ranged from 2.49 μg/kg (DS) to
12.86 μg/kg (NGS). DON was also found in all the AEZs
at concentration ranges of 51.22 µg/kg (DS) to 110.42 µg/
kg (NGS). The highest concentration of ZEA was found in
the DS zone (173.52 μg/kg), while it was not detected in
maize grains from SS and HF zones. In addition, the highest concentration of OTA was found in maize grains from
DS zone (128.44 μg/kg), the least concentration (21.03 μg/
kg) from SS zone and none from NGS and HF zones. The
concentration of AOH in the maize grains was highest
(20.96 μg/kg) in the SS zone and least (3.72 μg/kg) in the
SGS zone, while it was not detected in the HF zone.
Risk assessment of Nigerian maize consumers
Table 1 shows the exposure risk estimate of maize consumers to mycotoxins across the AEZs. The mean exposure
estimate of maize consumers to aflatoxins significantly
(p < 0.05) increased from the SS zone (130.46 ng/kg bw/
day) to the DS zone (567.01 ng/kg bw/day), while the mean
exposure estimate for fumonisin was highest in the NGS
zone (2,830.53 ng/kg bw/day) and significantly (p < 0.05)
decreased downwards to the DS zone (2,046.03 ng/kg bw/
day). The mean exposure estimate for DON was highest
in the NGS zone (104.90 ng/kg bw/day), and the exposure
risk significantly (p < 0.05) decreased from the NGS to the
DS zone (48.66 ng/kg bw/day). As with fumonisin exposure, the HF zone also had a higher mean exposure estimate for DON than the DS zone. Table 1 shows that consumers of maize grains in the DS zone are also exposed
to high risk of OTA and ZEA contamination in their diets
with mean values of 122.02 and 164.84 ng/kg bw/day,
respectively, as with consumers of the grains in the NGS
(12.22 ng/kg bw/day) and SGS zones (11.85 ng/kg bw/
day) to AFM1 contamination. The mean exposure estimate
of AOH was also highest in the SS zone (19.91 ng/kg bw/
day), while none was detected in the HF zone. In addition,
the DS zone recorded the maximum exposure estimate for
aflatoxins (7,011 ng/kg bw/day), fumonisins (13,889 ng/
kg bw/day), OTA (579 ng/kg bw/day), ZEA (1,940 ng/kg
bw/day), AOH (53.20 ng/kg bw/day) and AFM1 (114 ng/kg
bw/day), while the maximum exposure limit for DON was
found in the NGS zone (455 ng/kg bw/day).
The central exposure estimate of maize consumers to
dietary AFB1 (Table 2) ranged between 26.99–9,880.56 ng/
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Fig. 1  Aflatoxin and fumonisin contamination of stored maize in relation to average rainfall

kg bodyweight/day with the maximum exposure range in
the DS zone (0.64–6,401.1 ng/kg bodyweight/day) and
was followed by the HF zone (22.63–4, 90.57 ng/kg bodyweight/day), respectively.
The range of the estimated national liver cancer
risk attributable to aflatoxin contamination of stored
maize grains in Nigeria was between 8.10 and 2,964.16
cases/100,000 population/year with a maximum range of
0.02–1,920.33 cases/100,000 population/year in the DS
zone and was followed by the SGS zone (0.73–560.80
cases/100,000 population/year), respectively.
The range of cancer incidence attributable to dietary
aflatoxins was also maximum in the DS zone (2.93–
29,543.54 %) and was followed by the SGS zone (11.22–
8,627.78 %), respectively, while it was minimal in the SS
zone (4.21–2,147.63 %). Furthermore, the national range
was between 124.55 and 45,602.58 %.
The range of estimated healthy life years lost due
to death or disability caused by ingestion of aflatoxins
(DALY) in the contaminated grains was between 126.85
and 38,682.29 with maximum value of 2.61–25,060.31
in the DS zone and was followed by SGS zone (9.53–
7,318.44), respectively.

Discussion
Fumonisin is the most frequent toxin in maize [21], and
80 % of the maize grains [15] had fumonisin levels above
the recommended level of 1,000 μg/kg [11, 22]. The International Agency for Research on Cancer [23] has classified
FB1 as a Group 2B carcinogen; this toxin occurs mainly
as a result of Fusarium infection of the crop in the field
and may continue in the store if environmental conditions
are suitable [8]. Fumonisin contamination has also been
linked to upper gastrointestinal tract cancer in Northern
Italy and leukoencephalomalacia in horses and pulmonary
oedema syndrome in pigs [8]. Therefore, the frequent contamination of maize grains at very high concentrations by
this potent carcinogen and the consequent estimated high
mean exposure in consumers call for concern bearing
in mind that maize is widely consumed by both children
and adults in Nigeria and neighbouring sub-Saharan African countries. Kimanya et al. [24] postulated that infants
are at a high risk (up to 24 %) of exceeding the provisional
maximum tolerable daily intake (PMTDI) and that 15 and
13 % of male and female children, respectively, are at high
risk of fumonisin exposure in Tanzania. Kimanya et al. [25]
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Fig. 2  Distribution of other regulated mycotoxins in Nigerian maize

also corroborated the work of Oswald et al. [26] and Halloy
et al. [27] that fumonisins have growth retardation effects
on animals. He postulated that in order to prevent fumonisin exposure from exceeding the PMTDI in Tanzania, the
maximum allowable limit (MAL) for fumonisins in maize
should be set below 155 mg/kg and not the current limit of
1,000 mg/kg [28].
Although the concentration of DON in the maize grains
was below the EU limit of 1,750 μg/kg [22] for unprocessed maize, its 100 % occurrence in the grains [15] is a
source of concern as regular consumption of foods containing low levels of the toxin can lead to acute toxicity. This
finding also corroborates the work of Lombaert [29] that
though DON is among the least toxic of the trichothecenes,
it is the most frequently detected and its occurrence is considered to be an indicator of possible presence of other
more toxic trichothecenes. Consumption of such contaminated feeds by livestocks has also been associated with feed
refusal (mainly by swine) and emesis [30]. In addition, the
concentration of ZEA, the estrogenic Fusarium toxin isolated in the maize grains, was below the MAL of 1,000 μg/
kg [31].
The low amount of rainfall (650–1,000 mm) and long
period of dry season (6–9 months) in the SS and NGS
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zones may be responsible for the low concentration of
aflatoxins found in maize grains in these regions [15].
Atehnkeng et al. [14] also recorded the least level of aflatoxin contamination in the NGS zone. Furthermore, Udo
et al. [16] also did not detect aflatoxins in farmers store
in the NGS zone and attributed this to the fact that farmers usually store their grains in “rhumbu” (local granary).
Higher temperatures and drier conditions favour infection
by Aspergillus fungi, and the development of aflatoxin
in maize prior to harvest and aflatoxin contamination of
maize frequently accompany heat and water stress that may
be associated with drought [14]. Thus, aflatoxin may be
expected to be higher in maize grains collected in the NGS
zone with a relatively warm and dry climate as compared
with the DS and the SGS where crops are grown under
more moderate conditions with less water stress. However,
our results show more aflatoxin contamination in the SGS
zone compared to NGS zones, a trend common across West
Africa [14, 16].The low concentration of aflatoxin in the
HF zone as compared to the SGS and DS zones may be
due to the fact that farmers in the zone do not usually store
their maize for long periods as they usually sell their maize
in the fresh state because the zone is highly urbanized. The
grains are usually consumed by the populace as snacks and
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Table 1  Exposure risk assessment of maize consumers from five agro-ecological zones of Nigeria
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Table 2  Risk assessment of aflatoxin exposure in Nigerian maize grains
AEZ

a
Dietary AFB1 exposure
(ng/kg body weight/day)

b

c
d
Estimated liver
Cancer incidence
cancer risk (cases/100, attributable to dietary
HBsAg-negative HBsAg-positive 000 population/year)
aflatoxin (%)

SS
NGS
SGS
DS
HF

0.91–465.32
0.38–654.22
2.43–1,869.35
0.64–6,401.1
22.63–4,90.57

0.0091–4.65
0.0038–6.54
0.024–18.69
0.0064–64.01
0.226–4.91

0.27–139.60
0.11–196.26
0.73–560.80
0.20–1,920.33
6.79–1,47.17

0.27–139.60
0.11–196.26
0.73–560.80
0.02–1,920.33
6.79–147.17

4.21–2,147.63
1.75–3,019.46
11.22–8,627.78
2.93–29,543.54
104.44–2,264.17

3.52–1,821.78
1.44–2,561.19
9.53–7,318.44
2.61–25,060.31
88.61–1,920.57

NATIONAL 26.99–9,880.56

0.2693–98.80

1.62–592.83

8.10–2,964.16

124.55–45,602.58

126.85–38,682.29

Annual HCC cases

e

DALY

SS Sudan Savanna, NGS Northern Guinea Savanna, SGS Southern Guinea Savanna, DS derived Savanna, HF humid forest
a

The value was calculated as reported by Liu and Wu [4]—the average maize consumed (57 g/person/day) in Nigeria as adapted from the WHO
global environment monitoring system (GEMS)/food consumption cluster diets database [19] × concentration of aflatoxins in the stored grains
in the various AEZs
b
The value was calculated as reported by Abt Associates Incorporated [36]—dietary exposure × the HCC potency (0.01) for HBsAg-negative
and (0.3) for HBsAg-positive
c
d

Estimated liver cancer risk = HBsAg-positive

The value was calculated as reported by Liu and Wu [4]—–estimated liver cancer risk per 100,000 population/incidence rate of liver cancer in
Nigeria (6.5 per 100,000) estimated for Nigeria by Global Burden of Disease Project [19] × 100 %
e

DALYs–annual HCC cases (HBsAg-positive) per 100,000 population × sex-specific HCC DALY estimate (13.05) for both male and female
population using the WHO’s AFRD region data [36]

by local industries. Wild and Hall [32] also reported that
urban dwellers generally have lower levels of aflatoxin
exposure than rural population in developing countries
because urban populations typically consume more diversified diets than do rural dwellers and may have food that is
better controlled for contaminants. The high concentration
of aflatoxin observed in the DS zone especially in Ondo
and Nasarawa states is probably due to the high amount of
rainfall (1,300–1,500 mm) usually recorded in the zone in
collaboration with the various storage practices employed
by the farmers in the zone [15].
The high incidence of aflatoxin contamination also
observed in Niger State (SGS) could be due to the mixed
cropping systems practiced by farmers in the zone. Farmers in this zone are in the habit of planting crops like yam,
maize, cowpea, peanut and soybeans on the same piece of
land. This practice encourages cross-transfer of toxigenic
strains from one infected crop to another [33].
Cotty et al. [34] also postulated that planting maize with
a crop that is prone to aflatoxin contamination increases the
risk of the toxin formation. Akrobortu (2008, unpublished)
further reported a high concentration of aflatoxin contamination when maize was planted immediately after groundnut harvest. When AEZs are considered, we found higher
contamination of total aflatoxins in the DS zone followed
by SGS and NGS zones, while Atehnkeng et al. [14] found
higher contamination of aflatoxin B1 in the SGS zone followed by the DS and NGS zones. However, our findings
corroborate the report of the country-wide assessment
carried out in 2012 for Meridian Institute by Abt Associates Incorporated in collaboration with MYCOTOXSON
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in support of Partnership for Aflatoxin Control in Africa
(PACA). The assessment recorded a high level of aflatoxin contamination in Niger State (507 μg/kg) (SGS),
Kogi State (288 μg/kg) (DS) and Ondo State (14,477 μg/
kg) (DS). Bandyopadhyay [2013, personal communication]
also stated that 10–60 % of maize and groundnuts produced
annually in Nigeria are contaminated with mycotoxins. Due
to serious food safety risks, human exposure to aflatoxins
is limited by regulations. Regulatory limits for aflatoxins
exist in only 15 African countries, and the regulations vary
widely among these countries. The maximum concentrations of total aflatoxin permitted in foods for humans are
less than 20 μg/kg in the USA and less than 4 μg/kg in the
EU [5]. The National Agency for Food and Drug Administration and Control (NAFDAC) also recommends a limit
of 10 μg/kg for unprocessed food commodities in Nigeria
[35]. Furthermore, a recent review of published articles on
aflatoxin contamination of maize in Africa reveals that the
mean level of aflatoxin contamination is 300 μg/kg [36].
The Joint FAO/WHO Expert Committee on Food additives
(JEFCA) has not established a tolerable daily intake for
aflatoxins but strongly recommends that the level of aflatoxins be as low as possible [37]. Aflatoxins are teratogenic
and mutagenic and chronic exposures to aflatoxins have
resulted in reduced immune activities [38], malnutrition
[39] and growth impairment [40]. Consumption of foods
containing high levels of aflatoxins may produce acute aflatoxicosis with severe pathologies which in extreme cases
may lead to death [41].
The economic impact of aflatoxin therefore extends
beyond crop production and utilization and significantly

Author's personal copy
Eur Food Res Technol

hampers the profitability of the livestock industry; for
instance, 62 % of commercial poultry feeds sold in Nigerian
markets were found to be unsafe, greatly impacting productivity, increasing mortality and contaminating the gizzards
of chickens commonly consumed as a local delicacy [5].
Contamination therefore presents a barrier to cross-border
trade and economic growth as the presence of excessive aflatoxin levels causes grain exports to be rejected by importing countries [5]. The high rate of liver cancer and DALY
loss recorded for stored maize in this work corroborates the
national value of 7,761 liver cancer cases per year out of
10,130 total liver cancer cases due to aflatoxins attributable
to consumption of maize and groundnuts in Nigeria, resulting in a total burden of 100,965 DALYs [36]. At a prevalent
rate of 20 μg/kg, the monetized burden of aflatoxin in maize
and groundnut in Nigeria was calculated to be between $112
and $942 million which was about 0.5 % of Nigeria GDP
$197 billion in 2010 [36]. If all countries were to adopt EU
standards on aflatoxins, then global trade would decline by
$3 billion and aflatoxin contamination would lead to 64 %
reduction in food quality in Africa. This is a source of concern
as maize is one of the major staple foods of Nigerians and an
important constituent of weaning foods for many children.
This is the first documented evidence of AFM1 contamination of Nigerian maize. This mycotoxin is the main
monohydroxylate derivative of AFB1 and is usually present
in the milk of lactating animals and nursing mothers fed
with AFB1-contaminated feeds or foods. It is a genotoxic
carcinogen and is less toxic (about 10 times) than AFB1
[42]. The concentration of the toxin in Nigerian maize is
far higher than the EU recommended limit of 25 ng/l [22].
Only few countries like Malaysia, Burkina Faso, Cameroon and South Africa have reported the presence of OTA
in maize [8, 43, 44] although it is a common toxin in the
temperate regions of the world. It is mostly found in cocoa
bean, peanut, sorghum, rice, coffee and barley [8]. The recommended FDA/WHO safe limit for OTA in foods is 5μkg/
kg [45]; thus, the concentration of OTA in the contaminated
grains was far above the safe limit. Nigerians are therefore
faced with the risk of OTA contamination in their maize
diets. OTA has been experimentally shown to be teratogenic, a potent renal carcinogen and immunosuppressive. It
is also an enzyme inhibitor as it causes lipid peroxidation
and has been implicated in Balkan Endemic Nephropathy
(BEN) in humans [46]. The concentration of AOH in the
maize grains from the zones was generally low and not a
source of concern as the MALfor AOH is not known.

Conclusion
Nigerian maize is contaminated with high doses of mycotoxins at concentrations exceeding the MALs with the

exception of DON, AOH and ZEA with negative public
health consequences. Furthermore, there is a high risk of
contamination by Nigerian maize consumers to the toxins especially in the Derived and Southern Guinea Savannas. Intervention strategies are therefore needed across the
AEZs to ensure that safe and wholesome foods are made
available to the populace. Local farmers also need to be
trained on how to cultivate good agricultural and storage
practices in order to reduce the prevalence of these toxins.
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