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Abstract
This research assessed the incidence and levels of contamination of peanuts, maize and rice
consumed in Anyigba, Nigeria by major mycotoxins (Total aflatoxin [AFT], Ochratoxin A [OTA]
and Fumonisins [FB1+FB2]). Questionnaires were administered to households and individual to
determine the consumption of the staples. Ten samples each of peanut, maize and rice were
analyzed for the mycotoxins using the Enzyme-Linked Immunosorbent Assay (ELISA)
technique after extraction.  The interviewed indicated that 99 %, 94 % and 100 % of the
population consumed peanut, maize and rice respectively. Further analyses showed that an
adult consumes 0.294 kg of peanut /day, 0.463 kg of maize/day and 0.197 kg of rice/day. There
were no detectable levels of AFT and FBs, but 10% of the rice samples had OTA. The peanut
samples had no detectable levels of FBs but had 20% AFT and 100% OTA contamination.
Maize samples had the highest contamination incidence having 80%, 90% and 100% of all
samples contaminated by FBs, AFT and OTA respectively. The estimated dietary intake of
OTA, AFT and FBs from rice, maize and peanut includes: OTA (0.0078 μg/kg bw/day, 0.0025
μg/kg bw/day and 0.0003 μg/kg Bw/day) AFT (0.00 μg/kg bw/day, 0.0074 μg/kg bw/day and
0.0130 μg/kg bw/day), FBs (0.00 μg/kg bw/day, 0.0122 μg/kg bw/day and 0.00 μg/kg bw/day)
respectively. The work has estimated the dietary intake of major mycotoxins in three staples in
Anyigba, Kogi State and quantified its potential implications.
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1.0. Introduction
Staples are foods which are major
constituents of regular diets, are consumed in
large quantity and supply the daily nutritional
requirements. Usually, staple foods are
grown because of their adaptability to
environmental conditions in their source
areas. The world most important staples
include rice, wheat, corn, millet, plantain,
sorghum, soybeans, animal products and
roots and tubers, and of the world most
important staples, rice and maize alone
constitute 16.5% and 19.5% global caloric
intake respectively (Amber, 2019). The
common staples in Anyigba Nigeria include;
maize, cassava, beans, rice and peanut.
Theses staples are all cultivated with the
exception of rice which usually comes from
neighboring towns such as Idah and Bagana,
all in Kogi East.

Mycotoxins are secondary metabolic pathway
products of molds belonging to the
Aspergillus, Penicillium and/or Fusarium
genera. They are low molecular weight (1000
Daltons) compounds and can enter our food

chain either directly via contaminated plant-
based products or indirectly from the growth
of toxigenic molds on foods. They can
accumulate in maize, peanuts, wheat, barley,
rice and other cereals on field and in storage,
during transportation or handling. The major
mycotoxins which are given extensive
attention as a result of their toxigenicity are
aflatoxins (AFs), ochratoxin A (OTA),
fumonisins and patulin (Miraglia and Brera,
2000). Aflatoxins are produced by strains of
Aspergillus parasiticus, A. flavus and A.
nomius (Kurtzman et al., 1987). These fungal
strains produce different types of aflatoxins.
While A. flavus only produce B aflatoxins
(AFB1 and AFB2), A. parasiticus and A.
nomius produce both B and G aflatoxins. M
(M1 and M2) aflatoxins which are usually
found in milk and milk products are
metabolites of B aflatoxins. Acute and
chronic toxicological effects of aflatoxin
contamination include mutation,
carcinogenicity, teratogenicity, neural
dysfunction and organ dysfunction such as
nephropathy, liver damage, brain dysfunction
and immunosuppressive activity (Eaton and
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Gallagher, 1994). Aflatoxin B1 (AFB1) is a
highly potent liver toxin with several biological
effects especially carcinogenesis. AFB1 been
has classified by the International Agency of
Research on Cancer as a Group 1
carcinogen (IARC, 1993). The incidence of
aflatoxins in food is higher in tropical areas
where there are favorable climatic conditions
for the growth and activity of fungi (Rustom,
1997). There is a correlation between the
dietary occurrence of aflatoxins and the
incidence of liver cancer in humans based on
studies carried out in Asia and Africa (Hill et
al., 1986).

Ochratoxins are harmful fungal metabolites
produced mainly by A. ochraceus, Penicillium
verucosium (Bennett and Klich, 2003; Duarte
et al., 2010) and other species of the
Aspergillus and Penicillium genera (Maja et
al., 2007). Ochratoxin A is the most potent
ochratoxin and has been given the most
attention as a result of its toxigenicity. OTA
has been classified as a carcinogenic,
nephrotoxic, immunotoxic and teratogenic
substance (Creppy, 2002) and as a Group 2B
carcinogen (IARC, 1999). High
concentrations of OTA were frequently found
in the blood of people living in Balkan
Countries who were suffering from a disease
referred to as Balkan Endemic Nephropathy
(Pfohl-Leszkowicz et al., 2002). A number of
fusarium moulds produce a variety of toxins
including trichothecenes (T-2 and HT-2
toxins, deoxynivalenol and nivalenol),
zearalenone (ZEA) and fumonisins (FBs =
FB1 + FB2). The evidenced toxicological
effect of these toxins has prompted
regulatory bodies to put forward maximum
permissible levels (MPL) in foods and feeds.
Some of these metabolites have been shown
to bind to oestrogen receptors in a
competitive manner and are classified by
IARC under Group 3 carcinogens (IARC,
1999), while toxicological effects of
Fumonisin

B1 include horse leukoencephalomalacia,
renal lesions in rats, and a probable
relationship with human oesophageal cancer.
Fumonisin B1 is classified in Group 2B by
IARC (1999).

In order to ascertain the exposure of
residents of Anyigba to three of the major
mycotoxins, peanut, maize and rice samples
were analysed for AFT, OTA and FBs and
food consumption data was used to estimate
the dietary exposure.

2.0. Materials and Methodology

2.1. Study Area

Anyigba is a fast growing town which hosts
Kogi State University in Dekina Local
Government Area of Kogi State, Nigeria
(Figure 1). It is Located on Latitude 7˚15'' -
7˚29''N and Longitude 7˚11'' - 7˚32''E and on
an altitude of 420 m above sea level. Major
lakes and streams found in Anyigba include
Oganeji River, Lake Abuja in Ojofu, and
Ofejiji River (Yaro et al., 2017).

2.2. Sample Collection and processing
In all, 30 samples of raw food, ten each of
peanut, maize and rice to be analysed were
collected from different shops and markets
within Anyigba. 1 kg of each sample was
bought. The samples (200g) were
homogenized into powder using a kitchen
blender.

2.3. Extraction and Quantification of Total
Aflatoxins, Ochratoxin A and Fumonisins
The method employed for extraction of
mycotoxins and their quantification had
earlier been described in Onyedum et al.
(2020) and Apeh et al. (2021). The
AgraQuant® kit products for Aflatoxin,
Ochratoxin, and Fumonisin from Romer
Labs, Getzersdorf Austria were used for
reaction while a microplate reader (STAT
FAX Elisa Reader MODEL: 303 PLUS) was
employed in quantification.

2.4. Determination of dietary exposure and
percentage tolerable daily intake
A calibrated weight scale was used to take
the weight of participants in households
where the interviews were conducted. In
order to estimate the daily intake (EDI) of
total aflatoxin, ochratoxin A and fumonisins
the formula suggested by Saladino et al.
(2017) was employed:

EDI (mg/kg.bw/day) for staple =

Percentage tolerable daily intake (% TDI)
was calculated by dividing the estimated daily
intake of the toxins by already established
Tolerable Daily (TDI/PMTDI) or weekly
(PTWI) intake (in the case of Ochratoxin A),
multiplied by 100.
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Fig 4: Map of the study Area (adopted from Yaro et al., 2017)

2.5. Data analyses
Data were aggregated and analysed using
Microsoft Excel 2013 version, in order to
determine mean and standard deviation. In
order to test for significance, some data were
analysed by IBM SPSS version 20 using
Duncan method. Thereafter, results were
presented in tables and figures.

3.0. Results and Discussion
3.1. Determination of food consumption
In the current study, the data showed that of
the total individuals interviewed, 99%
consume peanut, 94% consume maize as
tuwo or pap, and rice had the highest
consumption of up 100%.

Figure 2: Consumption of major staples in
Anyigba

Table 1 shows the daily intake of major
staples per individual from the study area. All
the staples considered in this study are
reported to be consumed once a day on
average with peanut consumed up to three
times per day. Maize however, had the
highest mean daily consumption value of
0.463 kg/day compared to other staples
consumed in the study area.

Table 1: Food consumption pattern of major staples in Anyigba, Nigeria
Parameter Peanut Maize Rice

Number of times consumed daily (average) 1 1 1
Maximum number of times consumed/day 3 1 2
Average daily serving size (wraps / cups)/
individual 2.16 2.95 2.77
Weight of food (kg) 0.136 0.157 0.071
Daily consumption (kg) 0.294 0.463 0.197
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Table 2: Ochratoxin A (OTA) levels (µg/kg) in major staples in Anyigba, Nigeria
Parameter Peanut Maize Rice
Total Samples (N) 10 10 10
Number of contaminated
Samples (n)

2 10 1

OTA Contamination (%) 20 100 10
Range (µg/kg) 0.0887-0.3906 0.0068 -10.6279 0-2.6974
Mean ± SD (µg/kg) 0.2397 ± 0.2135 5.4148 ± 5.4348 2.6974

3.2. Mycotoxin concentrations in food
samples
Ochratoxin A
Table 2 shows the incidence and
concentration of ochratoxin A in peanut,
maize and rice sampled in Anyigba, Kogi
State, Nigeria. Based on the food
consumption data reported in Table 1, rice is
a major food product consumed in Anyigba,
Kogi State as a result of its ready availability
and affordability. Ochratoxin A contamination
in rice was very low (Table 2). Only 10% of
the analysed samples were contaminated,
and the values were lower than the maximum
permissible level (MPL) of 5 µg/kg. The low
level of ochratoxin A in rice can be attributed
to its low water activity. Rice has a water
activity of 0.80 – 0.87 which is less than the
optimal water activity of 0.95 – 0.99 that
favours the production of ochratoxins as
described by Moss (1996). Maize is also a
highly consumed food product in the study
area. It has a high consumption rate as it
makes up part of other meals that are
regularly consumed in this location. Maize is
made into pap, grinded into powder and used
with cassava flour to make swallow. Fresh
maize is also boiled and eaten and a variety
of dry maize is popped into flakes consumed
as snack. This large consumption of maize
would lead to increased risk of toxicity among

consumer should it be highly contaminated.
All the analysed samples of maize were
found to be contaminated by ochratoxin A
with 60% containing levels above maximum
permissible level (MPL). The high level of
contamination could be associated with its
high-water activity which is 0.85 as proposed
by Tsuruta and Arai (1992) which falls within

the optimal range of water activity for
ochratoxin A contamination (Moss, 1996).
The need for peanut testing results from its
large consumption with garri. Out of the
analysed peanut samples, 20% were found
to be contaminated by ochratoxin A.
However, the contamination level was seen
to be low. Intake of ochratoxin A in foods
increases human and animal toxicity (Simon,
1996) liver toxicity (Petzinger and
Weidenbach, 2002), carcinogenesis (Palma
et al., 2007) and other diseases such as
nephropathy, and inhibition of the mitotic
pathway (Pfohl-Leszkowicz et al., 2009).

3.3. Total Aflatoxins
Table 3 presents the incidence and
concentrations of AFT in peanut, maize and
rice. Consumption of aflatoxin-contaminated
foods can increase exposure risk to this toxin
in the human body resulting in acute or
chronic toxicity. Acute aflatoxicosis causes
symptoms such as oedema, profound
lethargy and necrosis of the liver, while the
chronic effects are growth retardation,
immune suppression, and cancer (Cotty and
Jaime-Garcia, 2007).

Aflatoxins possess mutagenic properties
which make them potent carcinogens and
can result in hepatocellular carcinoma (Iqbal
et al., 2014). Increased concentrations of
aflatoxin increase the risk of teratogenicity,
nephropathy, brain disorders and
neurological imbalances (Qureshi et al.,
2015). The European Union (EU) Maximum
Permissible Limits (MPLs) for total aflatoxin
in rice, maize and peanut intended to
undergo processing before consumption are
10μg/kg, 10 μg/kg and 15 μg/kg respectively.

Table 3: Total Aflatoxins (AFs) levels (µg/kg) in major staples in Anyigba, Nigeria
Parameter Maize Rice Peanut
Total Samples 10 10 10
Contaminated Samples 9 0 10
AFs Contamination (%) 90 0 100
Range 0.1446-4.2462 0 0.3477-3.7399
Mean ± SD (µg/kg) 2.3176 ± 1.3527 0 1.7412 ± 1.0904
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Total Aflatoxin concentration in all analysed
rice samples was probably below the
minimum detectable limits, this deviates from
the finding of Makun et al. (2011) in which
100% of analyzed rice samples contained
aflatoxin. This variation may have resulted
from the difference in the storage conditions,
handling and processing methods in the
different rice samples. The estimated daily
intake of total aflatoxin in rice is zero which
shows low risk level for aflatoxin-induced
ailments in Anyigba.
There was a 90% contamination level of total
aflatoxin in the maize samples. An analysis
carried out by Atehnkeng et al. (2008)
suggested 0% contamination of maize by
AFB1. Although maize contains AFT, the
AFT levels of the maize samples were below
EU’s MPL which implies that its consumption
may not result in acute toxicity except when
there is high rate of consumption over a long
period of time resulting in the accumulation of
AFT. All the peanut samples were found to
contain AFT. This agrees with the findings of
Odoemelam and Osu (2009) who reported
high incidence of aflatoxins. However,
toxicity-related ailments may barely result
from its consumption as none of the

contaminated samples contained AFT in
concentrations above the MPL.
The toxicological guidance of AFT in staples
states that the level of AFT be kept as
minimal as possible (Benkerroum, 2020) and
there is no stipulated provisional maximum
tolerable daily intake (PMTDI) or provisional
tolerable weekly intake (PTWI) for AFT in
staples. Therefore, though the estimated
daily intake of AFT in rice, maize and peanut
are very low, (0.0000, 0.0074 and
0.0130µg/kg bw/day respectively),
continuous consumption of contaminated
maize and peanut over a long period of time
may result in accumulation of AFT resulting
in chronic toxicity.
Fumonisins (B1+B2)
Table 4 presents the incidence and
concentrations of FBs in peanut, maize and
rice. Fumonisins contamination was not
found in the rice, suggesting that exposure to
the toxin from rice is insignificant. The
estimated daily intake of fumonisins (B1+B2)
in rice from the study is 0.00 µg/kg bw/day
and being less than the stipulated PMTDI of
2.0 µg/kg bw/day, it suggests that the
consumption of rice is safe from the risk of
fumonisins-induced diseases.

Table 4: Fumonisins (B1+B2) levels (µg/kg) in major staples in Anyigba, Nigeria
Parameter Maize Rice Peanut

Total Samples 10 10 10
Contaminated Samples 8 0 0
FB1 + FB2 Contamination (%) 80 0 0
Range 0.47-8.74 0 0
Mean ± SD (µg/kg) 3.85±2.94 0 0

Eighty percent (80 %) of the maize samples
were contaminated by fumonisins which
ranged from 0.47 - 8.74 µg/kg with a mean
concentration of 3.85 ± 2.94 µg/kg. This
agrees with the work of Mwalmayo et al.
(2016), who also found maize samples to be
contaminated with fumonisins. The
fumonisins contamination in maize could be
associated with its high-water activity which
is 0.85 as proposed by Tsuruta and Arai
(1992) which falls within the optimal range of
water activity for fungal activities. Although
the frequency of occurrence is high, none of
the samples had fumonisins levels greater
than the Codex MPL of 4000 µg/kg for raw
maize samples.

Fumonisins presence in high levels in foods
can cause a variety of diseases.  In humans,
fumonisins consumption has been associated
with neural tube defects (NTDs) and cancer,
notably oesophageal and hepatocellular
cancer as described by Samir et al. (2018).
Intake of fumonisins in foods increases
human toxicity as well as animal toxicity (Van
der Westhuizen et al., 2011), liver toxicity
(Petzinger and Weidenbach, 2002),
carcinogenesis (Palma et al., 2007) and other
diseases such as nephropathy, and inhibition
of the mitotic pathway (Pfohl-Leszkowicz et
al., 2009).The estimated daily intake is about
0.0122 µg/kg bw/day which is lower than the
PMTDI of 2.0 µg/kg bw/day proposed by
CODEX (2018). This means that the
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propensity of an individual in this location to
have fumonisins related diseases from maize
consumption is very low. None of the peanut
samples were found to be contaminated by
fumonisins, this is similar to the report of
Kayode et al. (2013).

3.4. Determination of dietary exposure
Dietary exposure to major mycotoxins such
as aflatoxins, fumonisins and ochratoxins is
among the leading contemporary health
concerns. Exposure through diet to lethal
doses of these mycotoxins can trigger acute
toxicities in humans and animals, which can

have grave health impact, or even result in
death. Long term exposures are also
significant; chronic toxicities experienced in
many victims results from long term
exposures to mycotoxins through diet. To
curtail the menace, several regulatory bodies,
including the EU and JECFA, have been
involved in risk assessment exercises to set
safe limits or end points (e.g., Acceptable
daily intake (ADI), tolerable daily intake (TDI),
etc.) below which dietary exposures may not
cause any toxicity throughout one’s lifetime
(Speijers, 1999).

Table 5: Dietary exposure to major mycotoxins from consumption of some major staples
in Anyigba, Nigeria

Food
Sample Mycotoxin Mean total of mycotoxin

(µg/kg)
Estimated Daily Intake
(µg/kg.bw/day) %TDI

Peanut AFT 1.741 0.013
OTA 0.240 0.0003* 0.26
FBs 0 0.000 0.00

Maize AFT 2.318 0.007
OTA 5.435 0.003* 2.47
FBs 3.850 0.012 0.61

Rice AFT 0 0.000
OTA 2.697 0.002* 1.82
FBs 0 0.000 0.00

The PTWI for Ochratoxin A in maize, peanut and rice is 0.1 µg/kg.bw/week. The EDI of
Ochratoxin A on the table is starred because it was measured based on weekly intake instead
of daily intake. The PMTDI for fumonisins is 2.0 µg/kg.bw/day

Aflatoxins are categorized as group 1
carcinogens by IARC because of their
capacity to initiate hepatocellular carcinoma
in humans. It is assumed that there is no
threshold of exposure and tolerable daily
intake (TDI) have been established for
aflatoxins. Although total elimination of the
aflatoxins from foodstuffs may be very
difficult, reduced exposure to aflatoxins can
be achieved by keeping contamination levels
to as low as reasonably achievable (ALARA);
this is very critical (Herrera et al., 2019).
Estimated daily intake of total aflatoxins,
ochratoxin A and fumonisins from maize, rice
and peanut are given in table 5. Our study
shows less tendency to get exposed to
aflatoxins through consumption of rice, Kortei
et al. (2018) reported and EDI of 0.0013
µg/kg.bw/day from consumption of rice
among Ghanaian population. Kuhumba et al.
(2018) evaluated the exposures to aflatoxins
from peanut-enriched complementary flours
from selected urban markets in Tanzania and
reported EDIs of 0.00270 - 0.5540, 0.00370 –

0.7600, 0.00470 - 0.9510, 0.00480- 0.9710
µg/kg bw/day within 5-12, >12-24, >24-48
and >48-65 age groups, respectively.

Ochratoxin A (OTA) has been reported as the
etiologic agent during an outbreak of
oesophageal cancer in South Africa and
China and was classified by International
Agency for Cancer Research (IARC) in 1993
as a potent human carcinogen (group 2B).
The PTWI for Ochratoxin A in maize, peanut
and rice is 0.1 µg/kg bw/week. The current
study shows that dietary exposure to
Ochratoxin A through maize consumption
(with EDI of 0.0025 µg/kg.bw/week) present
highest tendency to predispose Anyigba
residents to Ochratoxin A poisoning
compared to that from rice (EDI= 0.0018
µg/kg bw/week), and peanut (EDI= 0.0003
µg/kg bw/week). For all the food items, very
low tendencies of fumonisins poisoning
through consumption of all the staples was
observed. Although the levels are low, maize
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consumption showed higher risk compared to
other staples.

4.0. Conclusion
The findings of this research show that
Anyigba residents may be prone to
toxicological consequences of mycotoxin
contamination in the food samples. This is
because there is a high and continuous
consumption rate of the studied foods in the
area. Hence, accumulation of mycotoxins to
levels of public health concern can be quick
and have mild to deleterious effects.
Consumers of maize in the region are prone
to higher risks of contamination as all the
maize samples contained alarming rates of
mycotoxins. Good processing and handling
practices may result in better condition of
maize and maize products before
consumption. Processing of maize into its
driest form to reduce its moisture content and
water activity would hinder fungal activities
and make it safe from mycotoxins.

The peanut and rice samples contained no
significant levels of fumonisins. However, the
maize samples had detectable levels of
fumonisins but none of them was above
MPL. Generally, the rice samples from this
region were completely free from AFT, OTA
and FBs. Although the peanut samples
contained some levels of OTA, we cannot tell
if they are of public health concerns. This is
because there has been no regulations and
stipulations of MPLs or PTDI for this toxin in
peanuts. It is therefore important for more
researches to be carried out in other to
determine the levels of such mycotoxins in
peanut that have toxicological consequences
on the consumers as well as providing data
relevant for regulatory decision making.
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