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Abstract

Aflatoxin in foods and feeds need adequate monitoring on account of their severe toxicity and
carcinogenicity to both humans and animals. This review was aimed at examining the public
health risks attributed to chronic exposure of aflatoxins in foods within Nigeria. Both the
reported cases of aflatoxins in foods and biomarkers in Nigeria signified increase in dietary
exposure. Aflatoxins contamination levels ranges from 1.3 ng/g to 51,192ng/g in foods with an
estimated dietary exposure of 0.00017 ng/kgbw/day to 9, 880.56 ng/kgbw/day. The
percentage incidence of primary liver cancer cases (PLCC) attributable to the dietary aflatoxin
exposure for every 100,000 Nigerians per year ranges from 0.0024 to 708.13% between 1998 to
2008 which increases to 0.0046 to 45,602% between 2009 to 2018. The percentage incidence of
PLCC signified by urine aflatoxin M1 (AFM1) levels in adults was around 0.23 - 1.29% per
100,000 population per year. In children, the estimated PLCC and stunting due to aflatoxin
exposure via breast milk were 0.0019 to 237.71 cancers per 100,000 populations per year and
mild to severe stunting with height-for-age z-score (HAZ) value above -3 HAZ reductions.
Hence, there is need for additional monitoring of the marketed foods and implementing more
stringent control and prevention strategies that reduce dietary exposure levels in Nigeria.
Keywords: Aflatoxins, Immuno-suppression, Stunting, Liver cancer

INTRODUCTION

Aflatoxins are a group of low molecular weight
toxic proteins compounds produced as
secondary metabolites by fungi of the genera
Aspergillus. Specie of A. flavus that grow under
favourable conditions are excellent source of
Aflatoxins(Salisu and Almajir, 2020). Several
fungi were known to contaminate foods/feeds
and consequently produce wide array of toxic
metabolites and mycotoxins (Oliveira et al.,
2017; Reddy et al., 2010; Uhlig et al., 2013;
(Zaki, Shaheen and Rizzi, 2012; Berthiller et
al., 2013; Alshannag and Yu, 2017). Such
metabolites and mycotoxins causes cancer,
encephalopathy, pulmonary haemorrhage,
central nervous system(CNS) depression, as well
as hematologic and immunologic suppression
(Andrea, 2013; Magnussen and Parsi, 2013;
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Moreno, 2015; Liew and Mohd-Redzwan, 2018;
Negash, 2018).

Globally, aflatoxins contaminate about 25% of
the worlds food supply (EAC Policy, 2018b). An
estimated 4.5 billion of the world’s population
is exposed to aflatoxins which accounted for
one-sixth of the global deaths annually as
Africa recorded more than half-billion cases
(CDC, 2012). Increased exposure to aflatoxins is
generally associated with acute or chronic
toxicities depending on the amount and length
of exposure, and often death in humans, other
mammals, birds, and fishes (Volkel et al.,
2011). Being highly lipophilic, the primary
target organ of aflatoxins is the liver which may
spread to other organs like kidneys, lungs,
heart, and brain (Gurav and Medhe, 2018).
Generally, aflatoxicosis lead to hepatocellular
carcinoma (liver cancer), chronic hepatitis,
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cirrhosis, jaundice, and deficient nutrient
It can also lead to genotoxicity, birth defects,
and stunted growth in children (EAC Policy,
2018a; JECFA, 2018). The cases are more likely
to occur in African countries due to hot and
humid climatic conditions coupled with poor
storage practices (eg. Use of stores with leaky
roofs and /or with poor ventilation) which
promote the proliferation of aflatoxigenic fungi
(Gong et al., 2016). This lead to the serious
contamination of foods and feeds accordingly.
Globally, Africa has the highest record of liver
cancer (40% out of the estimated 25,200-
155,000 annually) attributed to aflatoxins
contamination (Liu and Wu, 2010). This,
therefore, called for intensive reviews that
summarize the past and present aflatoxins risks
in Africa. This review will analyze the primary
liver cancer cases (PLCC) and stunting
attributed to chronic exposure to aflatoxins in
foods and feeds within Nigeria.

AFLATOXICOSES IN NIGERIA

In Nigeria, several cases of aflatoxicosis have
been occurring but only a few were
documented (Atanda et al., 2013). One of the
most serious outbreaks of acute aflatoxicosis
occurred in the late 1900s in which 40 children
reportedly died at the Obafemi Awolowo
Teaching Hospital complex, Ile-Ife, Nigeria
(Oyelamiet al., 1995; 1997). Aflatoxins were
detected in 81% (30 out of the 40 children)
following the autopsy of the brain tissues of the
children (Oyelami et al., 1995). Among the 30
aflatoxin positive children, 15 have kwashiorkor
which is a sign of chronic aflatoxicosis while the
remaining showed other symptoms (Oyelami et
al., 1995). Aflatoxins were also detected in the
lung and kidney specimens of another set of 32
children during autopsyamong which 18
suffered from kwashiorkor (Oyelami et al.,
1997).. It was concluded that kidney and
cardiac failures were the major cause of death
among such children(Oyelami et al., 1997,
1998).  Many other deaths due to acute
aflatoxicosis have been occurring in various
parts of Nigeria(Atanda et al., 2013). Aflatoxins
were found in various tissues and biological
fluids such as semen, blood, and urine of liver
cancer patients in Nigeria (Atanda et al., 2013).
According to a report from National Hospital,
Abuja, many post mortem examinations on liver
cancer were linked to aflatoxins effects(Atanda
et al., 2013). In addition, according to reports
from many specialist hospitals in Nigeria,
several cases of aflatoxicosis and other
mycotoxicoses have been recorded (Atanda et
al., 2013).

The effect of chronic exposure to aflatoxins is
aflatoxin-induced hepatocellular carcinoma
(HCC) which is mostly associated with hepatitis
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conversion(Wild and Gong, 2010).

B or C virus (Lizarraga-Paulinet al.,2012).
Generally, aflatoxin exposure is the second
largest environmental risk factor for cancer
development worldwide (McCullough and Lloyd,
2019). In Nigeria, an estimated 7,761 out of
10,130 annual liver cancer cases are attributed
to Aflatoxin contaminated maize and
groundnuts (Adetuniji et al., 2014). This has led
to the loss of about 5,000 lives and $155 million
(Olayinka, 2018) This therefore signifies the
need for more preventive interventions and
control strategies to reduce the exposure
levels.

Another debilitating exposure effect to
aflatoxins is their ability to devitalize the

immune system through ~modulation of
cytokines, cell-mediated immune suppression,
T-cells, B- cells and natural killer cells

activities suppression (Bammleret al., 2000;
Sayo, 2015). Many studies in Africa showed
strong association between exposure to
aflatoxins and a high risk of HCC,
immunodeficiency, and development of
infectious diseases, and as vaccine failure (Qazi
and Fayyaz, 2006; Ogodo and Ugbogu, 2016;
Mupunga, Mnggawa and Katerere, 2017). It has
been shown that there is a strong association
between unsafe sex and development of
aflatoxicosis in HIV endemic areas (Lizarraga-
Paulin, Moreno-Martinez and Miranda-Castro,
2012).This suggestedpossible role of aflatoxins
in AIDS-related immunosuppression and deaths
which might be the reason for higher
prevalence of aflatoxicosis. In Nigeria, HIV
prevalence is 1.4%, accounting for about 1.9
million people living with HIV with about 160,
000 AIDS-related deaths in 2016 alone(UNAIDS,
2017, 2019). These data suggest a possible
correlation between aflatoxin exposure and the
AIDS.

Many studies have shown strong affiliation
between aflatoxin exposure and stunting in
children (Turner et al., 2007; Shuaib et al.,
2010; Watson et al., 2018).Generally, aflatoxin
exposure is more common in low-income
families who cannot afford good quality food
(Ahlberg et al., 2018). According to the 2019
global child malnutrition estimate, about 149
million children under the age of five are
stunted and the majority of which are found in
Africa and Asia (UNICEF/WHO/World Bank
Group, 2019). A study on exposure to aflatoxins
among children with severe acute malnutrition
was recently conducted in Nigeria (McMillan et
al., 2018). The median concentration of AFB1-
lysin adducts detected in the serum samples
was 2.6 pg/mg albumin with values ranging
from 0.2pg/mg to 59.2 pg/mg albumin
(McMillan et al., 2018). Such AFB1-lysine was
significantly higher in stunted children
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(4.6 pg/mg albumin) and children with severe
acute malnutrition (4.3pg/mg) when compared
to non-stunted (1.2 pg/mg albumin) and the
controls (0.8 pg/mg). This AFB1-lysine was also
found to be significantly higher in kwashiorkor
children (median = 6.3 pg/mg albumin)
compared to children with severe marasmus
(median = 0.9 pg/mg). Several studies have
established a strong link between aflatoxin
exposure and kwashiorkor which is a severe
form of protein-energy malnutrition (PEM), as
well as increased morbidity in children. As
observed by (McMillan et al., 2018), the highest
level of the serum aflatoxin was found in
children with kwashiorkor. Similarly,
significantly higher levels of aflatoxins were
detected from the autopsy of liver specimens of
some Nigerian and South African kwashiorkor
children (Lamplugh and Hendrickse, 1982).

A cross-sectional study of aflatoxins in the food

plates, serum and urine samples of 36
kwashiorkor children (KC), 29 marasmic
kwashiorkor children (MKC), 13 marasmic

children (MC) and 33 healthy age-matched
control subjects from the 3 agroecological
zones of Nigeria was conducted (Ogbadu and
Onyemelukwe, 2012). Aflatoxins were detected
in 93.1% of MKC, 88.9% of KC, 76.9% of MC, and
63.6% of the healthy controls, with the
corresponding levels of AFB1 in the food plates
as 82.4%, 69.4%, 53.8%, and 42.4% respectively.
The median concentration of aflatoxins in the 3
groups of malnourished children is significantly
higher than those in the control subjects for
both serum/urine (p=0.013) and food plates
(p=0.007), indicating that children in Nigeria
are continuously being exposed.

BIOMARKERS OF AFLATOXIN EXPOSURE IN
NIGERIA AND THEIR HEALTH SIGNIFICANCE
Biomarkers of aflatoxin exposure include both
the aflatoxins and their metabolites that can be
detected in the body tissues and fluids or
excretory products (Polychronaki et al., 2008).
The major validated aflatoxin biomarkers
include hydroxylated aflatoxin M (AFM) found in
milk and often in urine and faeces(Wild and
Turner, 2002). Others are serum aflatoxin
protein adducts (Af-albumin, AF-lysine) and
excretory metabolites such as aflatoxin-DNA
adduct (AFB1- N7-guanine) and AFM1 found in
urine (Wild and Turner, 2002; Jager et al.,
2014).

Summary of some major reported biomarkers
from the body fluids of Nigerians for the last 2
decades (1998 - 2018) is shown in Table 1.From
the table, most of the biomarkers reported
before the beginning of the 21°* century were
detected in lower quantities and the overall
percentages of positive samples in each study
were less than 50%. This may probably be due
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to the type of detection techniques used in
those periods which are generally characterized
by less sensitivity and precision compared to
modern techniques such as HPLC-FD (Bhanot,
2015; Patil, 2018a, 2018b; Smith, 2018). In the
recent reports, from 2012 to 2018, both the
percentage of positive samples and the rate of
detection of biomarkers from the samples were
very high. In most of the studies, biomarkers
were detected in more than 80% of the samples
tested at higher levels ranging from 0.00349 to
149 ng/ml of samples and up to 361ng/ml in
kwashiorkor children (Table 1).

Inferencially, the higher levels of biomarkers,
signifies high dietary exposure to AFB1 in
Nigeria. As can be seen from Table 1, multiple
studies have reported these aflatoxin
biomarkers in maternal blood, babies cord
blood, jaundiced neonates and mothers, breast
milk of lactating mothers, urine and serum of
malnourished children, as well as urine samples
of healthy adults. This is a strong indication of
the extent to which Nigerians are exposed to
dietary aflatoxins and the manifestations of the
chronic effects of the aflatoxins in Nigeria.
Apart from the apparent health effects in
children, other chronic effects of aflatoxin
exposure such as stunting and hepatocellular
carcinoma can also be hypothetically estimated
from the levels of the most recently reported
biomarkers.

The summary of the hypothetical health
implications represented by the most recently
reported biomarkers of aflatoxin exposure in
Nigeria is provided in Table 2. Given that AFM1
is 10 times less carcinogenic than AFB1 (Ahlberg
et al., 2018). The primary liver cancer cases
signifies by the reported levels of AFM1 in
breast milk ranges from 0.0019 to 237.71
cancers per 100,000 population of children per
year with an estimated percentage incidence of
0.014 to 1,694.87 liver cancers per 100,000
population per year out of the estimated
12,047 total primary liver cancer cases in males
and female Nigerians (WHO, 2014). Similarly,
the hypothetical estimate of stunting that could
result based on the level of AFM1 consumption
in breast milk by the children will range from
mild to highly severe stunting with height-for-

age z-score (HAZ) value above -3 HAZ
reduction, given that AFM1 in milk
(ng/kgbw/day) has a significant reduction

effect (B = -0.3, at p = 0.01) on height-for-age
z-score of childhood growth provided all other
growth determinant factors are disregarded
(Mahdavi et al., 2010; Ahlberg et al., 2018).
This further explains the numerous reports of
severe childhood malnutrition in Nigeria
(Onyemelukwe et al., 2012b; McMillan et al.,
2018).
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On the other hand, the primary liver cancer  regression equation of Zhu et al., (1987), AFM1
cases signified by the reported urine AFM1 level  in Urine = -0.042 + 0.0026AFB1 (R?> = 0.65),
ranges from 0.036 to 0.18 cancers per 100,000 thereby contributing to an estimated 0.23 to
population per year as calculated using the 1.29% of liver cancers per 100,000 population

Table 1: Biomarkers of Aflatoxin Exposures in Nigeria

. % of Level of
Place Number and Type of Type of Aflatoxin Positive contamination Reference
Subjects Tested Biomarker S
amples (ng/ml)
Enugu 78 Healthy Men TAF NS R=10.02 - 3.1 (Denning et
State al., 1988)
Jos / 77 maternal blood Serum Aflatoxins  21% NS (Lamplugh
Plateau 78 babies cord blood 12% et al., 1988)
Ibadan/ 625 babies cord blood Serum 14.6% NS (Maxwell et
Oyo State Aflatoxins al., 1994)
Ibadan/ 320 jaundiced neonates (jn) Serum Aflatoxins - 27.4% of jn NS (Sodeinde et
Oyo State 80 mothers of jn (mjn) - 17% of mjn al., 1995)
60 control neonates (cn) - 16.6% of cn
7 mothers of controls (mc) - 14.4% of
mc
Zaria / Cord blood of 37 jaundiced Serum Aflatoxins 37.8% NS (Ahmed et
Kaduna neonates (jn) 22.5% al.,1995)
State Cord blood of 40 non-jn >50%
Serum of 64 jn 0%
Serum of 60 control babies
Ogun State Breast milk from 50 Mycotoxins AFM1 -M=0.0159 (Raiola,
lactating mothers obtained in 2012)
82%
South- Breast milk from 120 AFM1 14.1% R=2-187 (Oluwafemi
western lactating mothers , 2012)
Nigeria
Three AEZs 36 kwashiorkor children (kc)  Total Serum 88.9% MD =0.1656 (Onyemeluk
of Nigeria 29 Marasmic kc Aflatoxins 93.1% MD =0.2284 we et al.,
13 arasmus 76.9% MD =0.2343 2012b)
33 controls 63.6% MD = 0.0207
Three AEZs 13 kwashiorkor children (kc)  Total Urine 84.6% MD =79 (Onyemeluk
of Nigeria 20 Marasmic kc Aflatoxins 60% MD = 43.8) we et al.,
11 arasmus 81.8% MD = 14.4 2012b)
31 controls 90.9% MD =42.6
Ogun State Breast milk from 50 AFM1 82% M =0.015 (Adejumo
lactating mothers etal.,
2013)
Northern 120  subjects from eight  -Urine Mycotoxins - 50.8% Mean AFM1 = (Ezekiel et
Nigeria rural communities -AFM1 (61/120) 0.3;SD=0.4 al., 2014)
-14.2%
(17/120)
Ogun State 84 rural and Semi-urban Urine AFM1 99% (83/84) (M =0.027) (Ezekiel et
Subjects al., 2018)
Nigeria children suffering from Serum aflatoxin-  100% *R=0.2-59.2 (McMillan
severe acute malnutrition lysine (MD= 2.6) etal.,
2018)

9Concentration expressed in pg/mg albumin
AEZs = Agro-ecological Zones; NS = Not stated; M = Mean; MD = Median; R = Range; AFM1 = Aflatoxin M1
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per year out of the estimated 12,047 total
primary liver cancer cases in males and female
Nigerians as reported by (WHO, 2014), (Table
3). As a matter of fact, the same value was
obtained, when the estimated cancer risk
calculated using the regression equation of (Zhu
et al., 1987) was compared with the cancer risk
calculated using the direct level of AFB1
reported in the food consumed by the subjects.
i.e.

ISSN: 2616 - 0668

(2.4pg/kg) x 57g/person/day (average food
consumed per day per person) devided by
weight of average adult Nigeria (60.0kg)
(Adetunji et al., 2017) = 2.28 ng/kgbw/day.
- And, the primary liver cancer =
exposure (ng/kgbw/day) of AFB1 (2.28)
X average potency (0.0825) =0.188 per
100,000 population/year
The above value (0.188) is equal to the
estimated value calculated from the mean

-Mean AFB1 in the food obtained from the
subjects = 2.4pg/kg (Ezekiel et al., 2014), thus,
estimated exposure in ng/kgbw/day = AFB1

AFM1 (0.3) in the urine of subjects as shown in
Table 2.

Table 2: Hypothetical Health Effects of Aflatoxin reported biomarkers from Nigeria between
2012 to 2018

Type Level Estimated AFM1 Estimated ¢ EHCC "% g Estimated Reference
of of Exposure Via Dietary AFB1 (Cases per Incidence Growth
sample AFM1 Breast Milk Exposure 100, 000 of HCC/ Reduction
inthe  °ng Png/ ‘ng 9ng/kg population 100, 000 (Stunting)
sample per KgBW per bw/ /year) population  (0.1cm)
(ng/ml) day per day day /year
day
Breast M= 2.40 0.25 - - 0.0021 0.015 -0.075 (Raiola,
Milk 0.0159 2012)
Breast R= 302to  30.82to - - 0.25 to 1.78 - -9.246 - (Oluwafemi
milk 2 to 28,237  2,881.3 237.71 1,694.87 864.40 , 2012)
187
Breast = 2.27 0.23 - - 0.0019 0.014 -0.069 (Adejumo
Milk 0.015 etal.,
2013)
Urine M=0.30 - - 131.54 2.19 0.18 1.29 (Ezekiel et
al., 2014)
Urine M= - - 26.54 0.44 0.036 0.23 (Ezekiel et
0.027 al., 2018)

Note: HCC = Hepatocellular carcinoma, EHCC = Estimated HCC, M = Mean, R= Range

*Values were calculated by multiplying the AFM1 (ng/ml of breast milk) with the average daily intake of breast

milk by Nigerian infants (151ml/kgbw) (Marko et al., 2018).

Pvalues were calculated by dividing the daily exposure with the average body weight of Nigerian children aged 12-

24 months, 9.8Kg (Ojuri et al., 2018).

“Values were calculated using the regression equation of Zhu et al., (1987), AFM1 in Urine = -0.042 + 0.0026AFB1,
R2 = 0.65

dvalues were calculated by dividing the daily exposure with the average body weight of adult Nigerian population,

60.0Kg (Adetunji et al., 2017)

®Calculated based on the average Nigerian population potency estimate of 0.0825 cancers/100,000

population/year per ng/kg bw/day(Adetunji, Atanda and Ezekiel, 2017): EHCC = exposure (ng/kgbw/day) of AFB1

X average potency. In case of AFM1 which is 10 times less carcinogenic than AFB1 (Ahlberg et al., 2018), the

estimated HCC was calculated as EHCC = exposure to AFM1 (ng/kgbw/day)+10 X average potency.

f Values were calculated by multiplying the average liver cancer incidence in Nigeria =

population/year (WHO, 2014) with EHCC.

SEstimated growth reduction (stunting) to the nearest 0.1cm values were calculated by multiplying the AFM1

exposure (ng/kgbw/day) by the growth reduction effect (B = -0.3) on height-for-age z-score as reported by

Mahdavi et al., (2010) and (Ahlberg et al., 2018).

7.13/100,000
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AFLATOXIN CONTAMINATION OF STAPLE
FOODS IN NIGERIA ANDTHE ESTIMATED LIVER
CANCER RISKS

The levels of aflatoxins in Nigerian staple foods
and their attributed cancer risks for the last 2
decades (1998 - 2018) were summarised in
Table 3. According to the various literature
cited in this review, family cereals have the
highest level of contamination by aflatoxins
ranging from 1.3 ng/g - 51,192ng/g. This is
followed by maize (0.002 - 15,489.6 ng/g),
sweet potatoes (2,180 - 2,208 ng/g), meat (2.9
- 1,464), tomatoes (0.57 - 1,430 ng/g), Peanuts
and their products (0.9 - 646.0 ng/g), rice (0.01
- 372 ng/g), spices (0.7 - 156.0 ng/g), edible
mushroom (5.0- 100.1 ng/g), Bread (14.0 -
48.59 ng/g), millet (<4.0 - 40.30), fish (0.0 -
40.0 ng/g), sorghum (2.7 - 36.13 ng/g),
Vegetables (2.41 - 33.49), yam (0.4 - 30ng/g),
Cassava (0.0 - 29.4 ng/g), Wheat (17.01 - 20.53
ng/g), and milk and other dairy products that
have the least contamination level (2.04 - 4.0
ng/g).

On the other hand, the dietary exposure risks
to aflatoxins (ng/kgbw/day) per 100, 000
Nigerian population showed that maize
consumption has the highest attributable
dietary exposure risk having an estimated
dieatary exposure levels ranging from 0.00017
ng/kgbw/day to 9, 880.56 ng/kgbw/day;
followed by family cereals (8.65 - 4, 223.34
ng/kgbw/day), rice (1.28 -  628.49
ng/kgbw/day), sweet potato (428.04 - 433.53
ng/kgbw/day), peanuts and their products
(0.55 - 396.75 ng/kgbw/day), tomatoes (1.57 -

259.78 ng/kgbw/day), yam (1.54 - 110.72
ng/kgbw/day), cassava (0.0 - 104.74
ng/kgbw/day), vegetables (6.63 - 73.4
ng/kgbw/day), sorghum (4.93 - 65.99
ng/kgbw/day), meat (1.11 - 56.1
ng/kgbw/day), millet (<5.84 - 58.89
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ng/kgbw/day), fish (0.0 - 31.23 ng/kgbw/day),
wheat (1.53 - 18.75 ng/kgbw/day), spices
(0.035 - 7.8 ng/kgbw/day), bread (1.39 - 5.05
ng/kgbw/day), edible mushroom (0.029 - 0.58
ng/kgbw/day), and milk and other dairy
products having the least dietary exposure
levels (0.075 - 0.15 ng/kgbw/day).
Consequently, these exposure values could
account for an estimated % incidence of
primary liver cancer cases per 100,000
population in Nigeria ranging from 0.087 to
0.17% , 0.034 to 0.67%, 1.54 to 5.89%, 0.035 to
8.97%, 17.95 to 21.74%, 0.0 to 36.19%, 1.29 to
64.945% <6.13 to 68.16%, 5.75 to 76.30%, 7.71
to 84.99%, 0.0 to 121.18%, 1.82 to 128.05%,
1.82 to 300.59%, 0.65 to 459.05%, 495.23 to
501.68%, 9.96 to 4,233.39% and up to 0.0024%
to 45,602% due to consumption of milk and
dairy products, edible mushroom, bread,
spices, wheat, fish, meat, millet, sorghum,
Vegetables, cassava, yam, tomatoes, peanuts
and their products, sweet potato, rice, family
cereals, and maize respectively. Overall, the
estimated percentage incidence of primary
liver cancer cases attributable to dietary
aflatoxin  exposure per 100,000 Nigerian
population ranges from 0.0024 to 708.13%
between 1998 to 2008 and 0.0046 to 45,602%
between 2009 to 2018 with a mean range of
160.60 to 176.44% and 84.03 to 1,052.50%
respectively; indicating a significant increase in
the level of dietary exposure to aflatoxins in
Nigeria. Hence, there is need for
implementation of more stringent control and
prevention strategies to reduce the high dietary
exposure level of Nigerians to aflatoxins in
staple foods and feeds because of their serious
negative effects on health and the economy of
the nation. Recently, over 120 Nigerian food
products were rejected by the European Union
from 2013 to 2016 due to their poor quality
(Sokefun, Ayepola and Olasehinde, 2018).
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Table 3: Cancer Risks Attributable to Dietary Aflatoxin Exposure in Nigeria

ISSN: 2616 - 0668

Place Number and Type of % of Positive Level of Aflatoxins T Estimated ZAttributable 3 % Incidence of the
Food Samples Samples (ng/g) Dietary Exposure Primary Liver HCC per 100,000
to AFB1 Cancer
Ref
(ng/kgbw/day)  (HCC)/100,000 eterence
people/year
Ilisha, Nigeria 48 Maize-based gruel NS R=0.002 - 19.716 €0.002 - 19.72 0.00017 - 0.13 0.0024 - 1.82 (Oyelami et
al.,1996)
Ogun and Oyo 77 dried yam chips AFB1 - 22% 9R=5-30 919.27 - 110.72 1.59-9.13 22.3-128.05 (Bankole and
States Mabekoje, 2004)
Lagos, Ibadan 150 brown breads TAF = 11 R=14 - 41 €1.39 - 4.071 0.11-0.34 1.54 - 4.77 (Efuntoye, 2004)
&0Ogbomosho samples
Southwestern 106 dry roasted ground AFB1 = 64.2% 9 M=25.5 f15 1.24 17.39 (Bankole et al.,
Nigeria nuts 2005)
Niger State 196 mouldy rice AFB1- 49.49% M+SD =200.19 + 320.98  2323.91 26.72 374.75 (Makun et al.,
2007)
Ogun State human and cow milk, AFM1 P R=2.040 to 4.0 "0.075-0.15 0.0062 - 0.012 0.087 - 0.17 (Atanda et
yoghurt, "wara", ice al.,2007)
cream and "nono”
Three AEZs of Maize samples AFB1 H= 612 €612 50.49 708.13 (Atehnkeng et al.,
Nigeria AFB2 H= 193 2008)
Seven Southern Wheat AFB1= 100% in R=17.01-20.530 71.53-18.75 -1.28 - 1.55 -17.95 - 21.74 (Odoemelam and
Nigerian States Millet all samples R=34-40.3 k31.05 - 58.89 -2.56 - 4.86 -35.90 - 68.16 Osu, 2009)
Guinea corn R=27.22-36.13 L 49.72 - 65.99 -4.10 - 5.44 - 57.50 - 76.30
Breadfruit R=40.060-48.59 €4.15-5.05 -0.34-0.42 -4.77 - 5.89
Groundnut R=74.030-82.12 f45.47 - 50.44 -3.75-4.16 - 52.59 - 58.35
Oyo State/ Nigeria 40 fresh meat TAF = 100% -R=2.9 to 85.2 ™1.11 - 32.66 0.092 - 2.69 1.29 - 37.73 (Olufunmilayo et
40 dried meat TAF =100% -R= 3.1 to 74.1 al., 2010)
Bayelsa State Edible Mushroom AFB1 M=5.0 " 0.029 0.0024 0.034 (Jonathan et
al.,2011)
Niger State 21 rice samples TAF= 100% R=28 - 372 €47.31-628.49 3.90 - 51.85 54.70 - 727.21 (Makun et al.,2011)
South-Western and 41 rice TAF = 87.8% M=0.76, SD=3.1 £1.28 0.11 1.54 (Augustina, 2011)
South-Eastern 39 Maize TAF = 94.9% M=10.24SD=24.9 €10.24 0.84 11.78
Nigeria 17 Cocoa Seeds TAF = 88.2% M=1.12,SD = 1.7
22 processed cocoa TAF =72.7% M=6.05, SD =4.98
25 Cocoa Powder TAF = 44% M=2.99; SD =2.63
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Table 3 continue 16 fonio millet AFs = 81% <4.0 K<5.84 <0.48 <6.73 (Ezekiel et al.,
Plateau State, 17 sesame samples 0.0% 2012)
Nigeria
Southwestern 100 samples of yam flour - AFB1 -M =0.4 91.54 0.13 1.82 (Somorin et al.,
Nigeria - AFB2 -R=<LOD - 3.5 2012)
5Nigerian Markets 29 peanut cake samples AFB1 & AFB2 = -H=2.82 f1.73 0.143 2.01 (Ezekiel et al.,
86% 2012)
Oyo State 12 Maize samples AFB1= 58% 2 R=4.1 - 19.407 ©4.1-19.407 0.34 4.77 (Onilude et al.,
AFB2 = 41.66%  ® R=1.46 -7.67 2012)
Lagos 47 Peanut cakes AFB1= 100% M=385.1 1236.52 -19.51 -273.63 (Warth et al.,
Ogun, M=1428 877.28 -72.38 -1015.15 2012)
Oyo, M=588.4 7361.38 -29.81 -407.8
Niger M=557.3 7342.28 -28.23 -395.93
Kaduna M=151 192.74 -7.65 -107.29
Lagos State 34 dried edible - AFB1 M =100 "0.58 0.048 0.67 (Samson et al.,
Mushroom - AFB2 M=96.9 2013)
5 AEZs Nigeria 70 samples of stored AFB1 26.5 - 15,489.6 " 26.99-9,880.56 *8.10 - 2,964.16  *124.62 - 45,602 (Adetuniji et al.,
maize 2014)
Ogun State 34 breakfast cereals and  TAF 9R=0.8-3.5 ©8.65 0.71 9.96 (Ezekiel and Sombie,
pastas (M=1.3) 2014)
Kaduna State 260 peanut kernels 28.84% R=6 -28.75 '3.69 0.30 4.21 (Wartu et al.,
2015)
Ibadan/ Nigeria Stockfish samples NS 0.0 to 40 P31.23 2.58 36.19 (Ogunleye and
Olaiya, 2015)
Nigerian Markets Sweet Potatoes Tubers NS M=2,208 9433.53 - 35.77 - 501.68 (Oyewale, 2015)
and leaves M=2,180 ppb 9428.04 - 35.31 - 495.23
6 Geopolitical Maize, Bitter, cocumber, 100% MR= 3.2 + 0.12 to 63.4 ©21.28 -421.61 1.76 - 34.78 24.68 - 487.80 (Williams et al.,

Zones of Nigeria

Pepper, Bush mango and
peanut

+1.79

2015)
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Table 3 continue
5 AEZ, Nigeria

3 southwestern
Nigerian States

Katsina

Port Harcourt

Sokoto State
Three AEZs,
Nigeria

Ibadan / Nigeria

Minna

9Northern
States,Nigeria

Ibadan / Nigeria

Nsukka

Minna (Niger
State)/ Nigeria
Three AEZs,
Nigeria

Minna (Niger
State)/ Nigeria

Minna /Niger

38composite local rice

24 Raw peanuts
24 Roasted Peanuts

Spices and condiments

wheat, groundnut and

their products

63 peanut kernels
110 sorghum

87 millet samples

Dried Okra

72 cow liver
50 goatliver

78 ear rot infected maize

samples

Dried Tomatoes

cold paps of maize and

guinea corn, peanut
butter

50 Pumpkin

373 processed cassava

products

25 Dried Bitter Leaf

25 Fresh Bitter leaf

-AFB1 = 18.5%
-TAF=36.9%
89.6%

57%

TAF

TAF= 82.5%
AFB1 - 3%
AFB1 - 7%

AFB1 - 100%
AFB2 - 100%

AFM1=83.3%
AFM=58%

AFB1 = 63%

AFB1 - 100%
AFB2 - 100%

AFB1 = 100%
AFB2 = 100%

AFB1 - 12%
AFB2 - 2%
TAF

AFB1 - 40%
AFB2 - 44%

AFG1 - 20%

M=5
-AFB1: M = 60.2
-TAF:M = 112.9

0.7 to > 20ppb

M=1.7320.09 to
37.23+3.66
0.9-646

MSD = 2.7 + 253
MSD =11 + 55.4

R=26.69-33.49
R=0.7 - 3.73

M=1,464
M= 425

M=0.8

R=853 - 1,430
R=472 -878

MR=1.48 + 0.24 to
2.31+0.6

R=2.48 - 10.66
R=0.00 - 3.44
-R=0.00-29.4

-R=2.41-9.51
-R=1.45-16.45

-R=0.00 - 3.86

€8.45

36.97

10.035 to >1

°11.50 - 247.58
-'0.55 - 396.75

L 4.93
k16.07

$73.4

™ 56.1
™16.29

€0.8

£154.96 - 259.78

-29.84-15.36
-°9.44 - 14.43

-°6.82-29.32

70.00 - 104.74

-%6.63-126.15

-°0.00- 10.62

0.70

3.05

0.0029 to
>0.0825

0.95 - 20.43

- 0.046 - 32.73
-0.41
-1.33

6.06

12.78 - 21.43

-0.81-1.27
-0.78-1.19

- 0.56 - 2.42

- 0.00 - 8.64

-0.55-2.16

-0.00-0.88

9.82

42.78

0.041 to >1.16

13.32 - 286.54

- 0.65 - 459.05
-5.75
- 18.65

84.99

64.94
18.85

0.93

179.24 - 300.59

-11.36 - 17.81
-10.94 - 16.69

-7.85-33.94

-0.00 - 121.18

-7.71-30.29

-0.00 - 12.34

(Rofiat et al.,
2015)

(Afolabi et al.,
2015)

(Haruna et al.,
2016)
(Felagha I, 2016)

(Salau et al., 2016)
(Hertveldt, 2016)

(Okigbo and Anene
, 2017)

(Shamsudin et al.,
2017)

(Ogara et al.,
2017)

(Okigbo and Anene,
2017)

(Onyeke et al.,
2017)

(Suleiman et al.,
2017)
(Abass et al., 2017)

(Suleiman et al.,
2017)

(Suleiman et al.,
2017)
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Table 3 continue

Lagos 31 dry and - AFS = 46% -M=3.13 -i0.16 -0.013 -0.18 (Lippolis et al.,
89 rainy season ginger - AFs = 89% -M=1.18 -10.059 - 0.0014 -0.02 2017)
Nigerian Markets 55 dried chilli sample -AFB1= 96% -H =156 -17.8 0.64 8.97 (Singh and Cotty,
2017)
Minna (Niger State) 25 Dried Tomato -AFB2 - 20% -R=0.72-8 -1.98-22 0.0014 - 1.82 0.02 - 25.53 (Suleiman et al.,
2017)
Kaduna State 40 dried vegetables -TAF -R=6.5-31.6 -517.88 - 86.9 1.47 - 7.17 20.62 - 100.56 (Nafisa et al.,
2017)
Minna /Niger 25 Fresh Tomato -AFB2 - 24% -R=0.57-7.13 -£1.57 - 19.61 0.13-1.62 1.82-22.72 (Suleiman et al.,
2017)
Four AZEs 84 peanuts AFs = 39% H=2.076; M= 216 -1132.66 10.94 153.44 (Oyedele et al., 2017)
Minna (Niger 25 Spinach AFB1 - 10% -R=0.08 - 1.49 -'0.004 - 0.075 0.00033 - 0.0046 - 0.087 (Suleiman et al.,
State)/ Nigeria AFB2 - 14% -R=0.07-7.32 0.0062 2017)
Lagos/ Nigeria -27 roasted cashew nut 70.37% (19/27) R=0.1t06.8 '17.81 - 57.60 1.47 - 4.75 20.62 - 66.62 (Modupeade et
-15 peanut samples 100% R=29 - 33.78 al.,2018)
Lagos and Ogun family cereal, peanut AFB1 MR =2.4- 83.4 *2.5-51,192 0.21 - 4,223.34  2.95- 4,886.75 (Ojuri et al., 2018)
states butter, Tom bran, ogi AFM1 MR=9 - 5.4
and infant formula
Nigeria 53 household formulated, 69.8% -M£SD=72 +14.4 * 641 52.88 741.65 (Ojuri et al.,
84 industrial-processed 36.9% -M£SD=4.1+3.5) 2019)

complementary foods

Note: Reported levels of AFB1 in foods (Mean or range) were used in computing the estimated primary cancer attributable to aflatoxins exposure/100,000 population. Where the
level of AFB1 was not given, the levels of total aflatoxins or AFM1 were used. However, places where AFM1 was used, the values were divided by 10 since AFM1 is 10 times less
carcinogenic than AFB1 (Ahlberg et al., 2018).

Where: AFB1 = Aflatoxin B1; AFB2 = Aflatoxin B2; AFG1 = Aflatoxin G1; AFG2 = Aflatoxin G2; AFM1 = Aflatoxin M1; AFP1 = Aflatoxin P1; H= Highest contamination value; M = Mean;
MD = Median; MR = Mean Range; NC = Information of specific consumption data of the stated food per capita was not obtained; NS = Not stated; R = Range; SD = Standard
deviation; TAF = Total aflatoxins;

! Estimated Level of dietary Exposure to AFB1 (ng/kgbw/day) = [ level of contamination in food (ng/g) x Daily amount of food consumed perperson (g/day)] + (Average Body
weight (kg-bw)

2Attributable Primary Liver Cancer (HCC) per 100,000/year = Estimated Level of dietary Exposure to AFB1 (ng/kgbw/day) x the average Nigerian population  potency estimate of
0.0825 cancers/100,000 population/year per ng/kg b.w./day (Adetunji, Atanda and Ezekiel, 2017)

3% Incidence of the HCC per 100,000 = Attributable Primary Liver Cancer (HCC) per 100,000/year X average liver cancer incidence in Nigeria = 7.13/100,000 population/year
(WHO, 2014).

* Exposure data was provided by the author; ® Concentration expressed in ng/L; ® Concentration expressed in ng/mg albumin

€ to " represent information of average population’s daily consumption of the stated food item per person (g/person/day) as follows:

¢ maize = 60g (Ranum et al.,2014);% Yam = 231.23g (Felix, & Aidoo, 2013);° Bread = 6.22g (Kilby);’ Peanut = 36.85g (World Atlas, 2018);2 Rice = 101.37 (Nzeka, 2018);h Milk = 22g
(Knoema, 2019c¢);iSpices = 3g (Knoema, 2019d);j Wheat = 54.79g (USDA Foreign Agricultural Services, 2012); k Millet = 87.67g (FAOSTAT, 2015);" Guinea corn (Sorghum) = 109.58g
(FAOSTAT, 2015);™ Meat = 23g (Knoema, 2019b);" Mushroom = 0.35g (Adedokun and Okomadu, 2017);° Cereals = 23.8g (Knoema, 2019a);P Fish = 46.85¢g (Helgilibrary, 2013a);9
potato = 11.78¢g (Helgilibrary, 2013b);" Cassava = 213.76g (FAO, 2004);° Vegetable = 165g (Knoema, 2019¢e);* Tomatoes = 10.9g (Adeoye et al., 2017).
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CONCLUSION

Both the dietary aflatoxins and aflatoxin
biomarkers from Nigeria signifies an increase in
dietary exposure to aflatoxins. Hence, there is
need for additional monitoring of marketed

REFERENCES

Abass, A. B., Awoyale, W., Sulyok, M. and
Alamu, E. O. (2017) ‘Occurrence of
regulated mycotoxins and other
microbial metabolites in dried cassava
products from nigeria’, Toxins, 9(7), 1-
15. doi: 10.3390/toxins9070207.

Adedokun, O. M. and Okomadu, C. A. (2017)
‘Wild and domesticated mushroom
consumption in Nigeria’, African Crop
Science Journal, 25(1), 123. doi:
10.4314/acsj.v25i1.9.

Adejumo, O., Atanda, O., Raiola, A., Somorin,
Y., Bandyopadhyay, R. and Ritieni, A.
(2013) ‘Correlation between aflatoxin
M1 content of breast milk, dietary
exposure to aflatoxin B1 and
socioeconomic  status of lactating
mothers in Ogun State, Nigeria’, Food
and Chemical Toxicology. Elsevier Ltd,

56, 171-177. doi:
10.1016/j.fct.2013.02.027.

Adeoye, I., Aderibigbe, O., Amao, I,
Egbekunle, F. and Bala, I. (2017)
‘Tomato Products’ Market Potential and
Consumer  Preference in Ibadan,
Nigeria’, Scientific Papers Series

Management, Economic Engineering in
Agriculture and Rural Development,
17(4), 9-16.

Adetuniji, M. C., Atanda, O. O., Ezekiel, C. N.,
Dipeolu, A. O., Uzochukwu, S. V. A.,
Oyedepo, J. and Chilaka, C. A. (2014)
‘Distribution of mycotoxins and risk
assessment of maize consumers in five

agro-ecological zones of Nigeria’,
European Food Research and
Technology, 239(2), 287-296. doi:

10.1007/s00217-014-2221-0.

Adetunji, M. C., Alika, O. P., Awa, N. P,
Atanda, O. 0. and Mwanza, M. (2018)
‘Microbiological  quality and risk
assessment for aflatoxins in groundnuts
and roasted cashew nuts meant for
human  consumption’, Journal of
Toxicology, 2018, 1-11. doi:
10.1155/2018/1308748.

Adetunji, M. C., Atanda, O. O. and Ezekiel, C.

N. (2017) ‘Risk  Assessment of
Mycotoxins in Stored Maize Grains
Consumed by Infants and Young

Children in Nigeria.’, Children (Basel,
Switzerland). Multidisciplinary Digital
Publishing Institute (MDPI), 4(7). doi:
10.3390/children4070058.

UMYU Journal of Microbiology Research

43

ISSN: 2616 - 0668

foods and the implementation of more stringent
control and prevention strategies to reduce the
high dietary exposure level to aflatoxins in the
country.

Afolabi, C. G., Ezekiel, C. N., Kehinde, I. A,
Olaolu, A. W. and Ogunsanya, O. M.
(2015) ‘Contamination of Groundnut in
South-Western Nigeria by Aflatoxigenic
Fungi and Aflatoxins in Relation to
Processing’, Journal of Phytopathology.
John Wiley & Sons, Ltd (10.1111),
163(4), 279-286. doi:
10.1111/jph.12317.

Ahlberg, S., Grace, D., Kiarie, G., Kirino, Y.
and Lindahl, J. (2018) ‘A Risk
Assessment of Aflatoxin M1 Exposure in
Low and Mid-Income Dairy Consumers in
Kenya’, Toxins, 10(348), 1-15. doi:
10.3390/toxins10090348.

Ahmed, H., Hendrickse, R. G., Maxwell, S. M.
and Yakubu, A. M. (1995) ‘Neonatal
jaundice with reference to aflatoxins:
an aetiological study in Zaria, northern
Nigeria.’, Annals of tropical
paediatrics, 15(1), 11-20.

Alshannaqg, A. and Yu, J. (2017) ‘Occurrence ,

Toxicity , and Analysis of Major

Mycotoxins in Food’, International

Journal of Environmental Research and

public Health, 14(632), 1-20. doi:

10.3390/ijerph14060632.

D. (2013) Masked mycotoxins:
occurrence, metabolism and role in
planta. University of Parma.

0., Oguntubo, A., Adejumo, O.,
lkeorah, J. and Akpan, I. (2007)
‘Aflatoxin M1 contamination of milk and
ice cream in Abeokuta and Odeda local
governments of Ogun State, Nigeria’,
Chemosphere. Department of Food
Science and Technology, University of
Agriculture, P.M.B. 2240, Abeokuta,
Ogun State, Nigeria, 68(8), 1455-1458.
doi:
10.1016/j.chemosphere.2007.03.038.
Atanda, O. et al. (2013) ‘Fungal and Mycotoxin

Contamination of Nigerian Foods and
Feeds’, in Makun, H. A. (ed.) Mycotoxin
and Food Safety in Developing
Countries. Nigeria: InTech, 3-38. doi:
10.5772/55664.

Atehnkeng, J., Ojiambo, P. S., Donner, M.,
lkotun, T., Sikora, R. A., Cotty, P. J.
and Bandyopadhyay, R. (2008)
‘Distribution and  toxigenicity of
Aspergillus species isolated from maize
kernels from three agro-ecological
zones in Nigeria’, International Journal
of Food Microbiology. International

www.ujmr.umyu.edu.ng

Andrea,

Atanda,



UJMR, Volume 5 Number 2, December, 2020, pp 33 - 49

Institute of Tropical Agriculture (lITA),
PMB 5320, Ibadan, Nigeria, 122(1-2),
74-84. doi:
10.1016/j.ijfoodmicro.2007.11.062.

Augustina, M. (2011) Occurrence of Mycotoxins
in Nigerian Food Commodities and.
University of Johannesburg, South
Africa.

B.C, O., Felix, N. and Aidoo, R. (2013) Yam
Consumption Patterns in West Africa.
doi: 10.13140/RG.2.2.18917.50401.

Bammler, T. K., Slone, D. H. and Eaton, D. L.
(2000) ‘Effects of dietary oltipraz and
ethoxyquin on aflatoxin B1
biotransformation in non-human
primates.’, Toxicological sciences: an
official journal of the Society of
Toxicology, 54(1), 30-41.

Bankole, S. A. and Mabekoje, O. 0. (2004)
‘Mycoflora and Occurrence of Aflatoxin
B 1 in Dried Yam Chips from Markets in
Ogun and Oyo States, Nigeria’,
Mycopathologia, 157(1), 111-115. doi:
10.1023/B:MYCO.0000012211.31618.18.

Bankole, S. A., Ogunsanwo, B. M. and Eseigbe,
D. A. (2005) ‘Aflatoxins in Nigerian dry-
roasted groundnuts’, Food Chemistry.
Elsevier, 89(4), 503-506. doi:
10.1016/J.FOODCHEM.2004.03.004.

Berthiller, F. et al. (2013) ‘Masked mycotoxins:
A review’, Molecular Nutrition and
Food Research, 57(1), 165-186. doi:
10.1002/mnfr.201100764.

Bhanot, D. (2015) Advantages of HPLC over
Thin Layer Chromatography (TLC), Lab-
training. Available at: http://lab-
training.com/2015/09/30/advantages-
of-hplc-over-thin-layer-
chromatography-tlc/ (Accessed: 5 June
2019).

CDC (2012) C€DC - Health Studies Program:
Chemical Exposures -  Aflatoxin,
Centers for Disease Control and
Prevention. Available at:
https: //www.cdc.gov/nceh/hsb/chemi
cals/aflatoxin.htm (Accessed: 14
January 2019).

Denning, D. W., Onwubalili, J. K., Wilkinson, A.
P. and Morgan, M. R. A. (1988)
‘Measurement of aflatoxin in Nigerian
sera by enzyme-linked immunosorbent

assay’, Transactions of the Royal
Society of Tropical Medicine and
Hygiene, 82(1), 169-171. doi:

10.1016/0035-9203(88)90299-4.

EAC Policy (2018a) ‘Impact of Aflatoxin
Exposure to Children during the first
1000 Days of Life’.

EAC Policy (2018b) ‘Use of Biocontrol for
Aflatoxin Prevention and Control in the
EAC’. USAID East Africa Regional

UMYU Journal of Microbiology Research

44

ISSN: 2616 - 0668

Economic Integration Office with
technical backstopping from the
International Institute of Tropical

Agriculture (lITA).

Efuntoye, M. O. (2004) ‘Natural Occurence of
Aflatoxins in Bread in Nigeria’, SINET:
Ethiop. J. Sci, 27(1), 69-70.

Ezekiel, C. N., Sulyok, M., Warth, B. and Krska,
R. (2012) ‘Multi-microbial metabolites
in fonio millet (acha) and sesame seeds
in Plateau State, Nigeria’, European
Food Research and Technology.
Springer-Verlag, 235(2), 285-293. doi:
10.1007/s00217-012-1755-2.

Ezekiel, C.N., Sulyok, M., Warth, B., Odebode,
A. C. and Krska, R. (2012) ‘Natural
occurrence of mycotoxins in peanut
cake from Nigeria’, Food Control,
27(2), 338-342. doi:
10.1016/j.foodcont.2012.04.010.

Ezekiel, C. N. et al. (2014) ‘Mycotoxin exposure
in rural residents in northern Nigeria: A
pilot  study  using multi-urinary
biomarkers’, Environment
International. Pergamon, 66, 138-145.
doi: 10.1016/J.ENVINT.2014.02.003.

Ezekiel, C. N., Oyeyemi, O. T., Oyedele, O. A.,
Ayeni, K. I., Oyeyemi, I. T., Nabofa,
W., Nwozichi, C. U. and Dada, A. (2018)
‘Urinary aflatoxin exposure monitoring
in rural and semi-urban populations in
Ogun state, Nigeria’, Food Additives &
Contaminants: Part A. Taylor & Francis,
35(8), 1565-1572. doi:
10.1080/19440049.2018.1475752.

Ezekiel, C. N. and Sombie (2014) Survey of
aflatoxins and  fungi in  some
commercial breakfast cereals and
pastas retailed in Ogun State, Nigeria,
Nature and Science.

FAO (2004) A cassava industrial revolution in

Nigeria, Food and  Agriculture
Organization of the United Nations.
Available at:

http://www.fao.org/3/y5548e/y5548e0
8.htm (Accessed: 11 June 2019).
FAOSTAT (2015) Food consumption time series

data, Food and Agriculture
Organization of the United Nations.
Available at:

http://www.fao.org/faostat/en/#data
(Accessed: 10 June 2019).

Felagha | (2016) ‘Total Aflatoxin Contamination
of Wheat, Groundnut and Their
Products Sold in Three Markets within
Port-Harcourt  Metropolis, Nigeria’,
Journal of Environment and Earth
Science, 6(8), 45-49.

Gong, Y. Y., Watson, S. and Routledge, M. N.
(2016) ‘Aflatoxin ~ Exposure  and
Associated Human Health Effects, a

www.ujmr.umyu.edu.ng



UJMR, Volume 5 Number 2, December, 2020, pp 33 - 49

Review of Epidemiological Studies’,
Food Safety. Food Safety Commission,
Cabinet Office, Government of Japan,
4(1), 14-27. doi:
10.14252/foodsafetyfscj.2015026.

Gurav, N. P. and Medhe, S. (2018) ‘Analysis of
Aflatoxins B1, B2, G1 and G2 in
Peanuts: Validation Study’, Analytical
Chemistry: An Indian Journal, 17(2),
126.

Haruna, M. ., Dangora, D. B. ., Khan, A. U. and
and A, S. (2016) ‘Mycobiota and
Aflatoxin  Contaminations of Some
Spices and Condiments Sold in Katsina
Central Market, Nigeria’, UMYU Journal
of Microbiology Research(UJMR), 1(1),
143-151.

Helgilibrary (2013a) Fish Consumption Per
Capita | Helgi Library. Available at:
https: //www.helgilibrary.com/indicato
rs/fish-consumption-per-capita/
(Accessed: 11 June 2019).

Helgilibrary (2013b) Potato Consumption Per
Capita | Helgi Library. Available at:
https: //www.helgilibrary.com/indicato
rs/potato-consumption-per-capita/
(Accessed: 11 June 2019).

Hertveldt, K. (2016) Mycotoxins occurrence in
Nigerian cereal crops (sorghum and
millet). GHENT UNIVERSITY.

Jager, A. V, Tonin, F. G., Souto, P. C. M. C.,
Privatti, R. T. and Oliveira, C. A. F.
(2014)  ‘Determination of wurinary
biomarkers for assessment of short-
term human exposure to aflatoxins in
Sao Paulo, Brazil.’, Toxins.
Multidisciplinary ~ Digital  Publishing
Institute (MDPI), 6(7), 1996-2007. doi:
10.3390/toxins6071996.

JECFA, J. F. E. C. on F. A. (2018) Aflatoxins.
doi: WHO/NHM/FOS/RAM/18.1.
Jonathan, S. G., Amos-Tautua, B. M. W. and
Olawuyi, O. J. (2011) ‘Food values,
heavy metal accumulation, aflatoxin
contamination and detection of exo-

polysaccharrides in Lentinus
Squarrosulus Berk, a Nigerian
mushroom’,  African  Journal  of

Agricultural Research. Department of
Botany and Microbiology, University of
Ibadan, Oyo State, Nigeria, 6(13), 3007-
3012.

Kilby, P. (2012) Patterns of Bread Consumption
in Nigeria.

Knoema (2019a) Nigeria - Cereals consumption
1992-2007, World Atlas. Available at:
https://knoema.com/atlas/Nigeria/top
ics/Food-Security/Food-
Consumption/Cereals-consumption.

Knoema (2019b) Nigeria - Meat consumption
1992-2007, World Atlas. Available at:

UMYU Journal of Microbiology Research

ISSN: 2616 - 0668
https://knoema.com/atlas/Nigeria/top
ics/Food-Security/Food-
Consumption/Meat-consumption.

Knoema (2019c) Nigeria - Milk consumption
1992-2007, World Atlas. Available at:
https://knoema.com/atlas/Nigeria/top
ics/Food-Security/Food-
Consumption/Milk-consumption
(Accessed: 10 June 2019).

Knoema (2019d) Nigeria - Spices consumption
1992-2007, World Atlas. Available at:
https://knoema.com/atlas/Nigeria/top
ics/Food-Security/Food-
Consumption/Spices-consumption
(Accessed: 11 June 2019).

Knoema (2019e) Nigeria Vegetables
consumption 1992-2007, World Atlas.
Available at:

https://knoema.com/atlas/Nigeria/top
ics/Food-Security/Food-
Consumption/Vegetables-consumption
(Accessed: 11 June 2019).

Lamplugh, S. M., Hendrickse, R. G., Apeagyei,
F. and Mwanmut, D. D. (1988)
‘Aflatoxins in breast milk, neonatal
cord blood, and serum of pregnant
women.’, British medical journal
(Clinical research ed.), 296(6627), 968.
doi: 10.1136/bmj.296.6627.968.

Lamplugh, S. M. and Hendrickse, R. G. (1982)
‘Aflatoxins in the livers of children with
kwashiorkor’,  Annals of Tropical
Paediatrics. Taylor & Francis, 2(3), 101-
104. doi:
10.1080/02724936.1982.11748238.

Liew, W.-P.-P. and Mohd-Redzwan, S. (2018)
‘Mycotoxin: Its Impact on Gut Health
and Microbiota’, Frontiers in Cellular
and Infection Microbiology. Frontiers,
8, 60. doi: 10.3389/fcimb.2018.00060.

Lippolis, V., Irurhe, O., Porricelli, A. C. R,
Cortese, M., Schena, R., Imafidon, T.,
Oluwadun, A. and Pascale, M. (2017)
‘Natural co-occurrence of aflatoxins
and ochratoxin A in ginger (Zingiber
officinale) from Nigeria’, Food Control,
73, 1061-1067. doi:
10.1016/j.foodcont.2016.10.026.

Liu, Y. and Wu, F. (2010) ‘Global Burden of
Aflatoxin-Induced Hepatocellular
Carcinoma: A Risk Assessment’,
Environmental health perspectives.
National Institute of Environmental
Health Science, 118(6), 818-824. doi:
10.1289/ehp.0901388.

Lizarraga-Paulin, E. G., Moreno-Martinez, E.
and Miranda-Castro, S. P. (2012)
‘Aflatoxins and their Impact on Human
and Animal Health: An Emerging
Problem’, in Aflatoxins - Biochemistry
and Molecular Biology. InTech, 255-

45 www.ujmr.umyu.edu.ng



UJMR, Volume 5 Number 2, December, 2020, pp 33 - 49

282. doi: 10.5772/26196.

Magnussen, A. and Parsi, M. A. (2013)
‘Aflatoxins, hepatocellular carcinoma
and public health’, World Journal of
Gastroenterology : WJG, 19(10), 1508.
doi: 10.3748/wjg.v19.i10.1508.

Mahdavi, R., Nikniaz, L., Arefhosseini, S. R. and
Vahed Jabbari, M. (2010)
‘Determination of aflatoxin M1 in
breast milk samples in Tabriz-lran’,
Maternal and Child Health Journal,
14(1), 141-145. doi: 10.1007/510995-
008-0439-9.

Makun, A., Gbodi, A., Akanya, H., Salako, A.
and Ogbadu, H. (2007) ‘Fungi and some
mycotoxins contaminating rice (Oryza
Sativa) in Niger State, Nigeria’, African
Journal of Biotechnology, 6(2), 99-108.

Makun, H. A., Dutton, M. F., Njobeh, P. B.,
Mwanza, M. and Kabiru, A. Y. (2011)
‘Natural multi-occurrence of
mycotoxins in rice from Niger State,
Nigeria’, Mycotoxin Research. Springer-
Verlag, 27(2), 97-104. doi:
10.1007/512550-010-0080-5.

Marko, D., Turner, P. C., Degen, G. H., Wisgrill,
L., Abia, W. A., Warth, B., Ezekiel, C.
N. and Braun, D. (2018) ‘Monitoring
Early Life Mycotoxin Exposures via LC-
MS/MS Breast Milk Analysis’, Analytical
Chemistry. American Chemical Society,
90(24), 14569-14577. doi:
10.1021/acs.analchem.8b04576.

Maxwell, S. M., Familusi, J. B., Sodeinde, O.,
Chan, M. C. and Hendrickse, R. G.
(1994) ‘Detection of naphthols and
aflatoxins in Nigerian cord blood.’,
Annals of tropical paediatrics, 14(1), 3-
5.

McCullough, A. K. and Lloyd, R. S. (2019)
‘Mechanisms  Underlying  Aflatoxin-
associated Mutagenesis - Implications in
Carcinogenesis’, DNA Repair, 77, 76-86.
doi: 10.1016/j.dnarep.2019.03.004.

McMillan, A., Renaud, J. B., Burgess, K. M. N.,
Orimadegun, A. E., Akinyinka, O. O.,
Allen, S. J., Miller, J. D., Reid, G. and
Sumarah, M. W. (2018) ‘Aflatoxin
exposure in Nigerian children with
severe acute malnutrition’, Food and
Chemical Toxicology. Pergamon, 111,
356-362. doi:
10.1016/J.FCT.2017.11.030.

Moreno, M. C. (2015) ‘Mycotoxins that Affect
the Human Cardiovascular System’,
Pharmaceutica Analytica Acta. OMICS
International,  06(05), 1-7.  doi:
10.4172/2153-2435.1000365.

Mupunga, I., Mnggawa, P. and Katerere, D. R.
(2017)  ‘Peanuts, aflatoxins and
undernutrition in children in Sub-

UMYU Journal of Microbiology Research 46

ISSN: 2616 - 0668

Saharan Africa’, Nutrients.
Multidisciplinary ~ Digital  Publishing
Institute (MDPI), 9(12), 1-12. doi:

10.3390/nu9121287.
Nafisa, A., Sani, M., Datsugwai, S. and Zakari,
L. (2017) ‘Assessment of Aflatoxigenic
Fungi Associated with Dried Vegetables
from Selected Markets Within Kaduna
Metropolis’, Industrial Engineering,
1(2), 68-73. doi:
10.11648/j.ie.20170102.14.
Negash, D. (2018) ‘A Review of Aflatoxin:
Occurrence, Prevention, and Gapsin
Both Food and Feed Safety’, Journal of
Applied Microbiological Research, 1(1),
1-35. doi:
10.15406/jnhfe.2018.08.00268.
Nzeka, U. M. (2018) Grain and Feed Update
2018: Wheat and Rice Imports Up, with
Rice Still Crossing the Land Border
Despite Restrictions.
Odoemelam, S. A. and Osu, C. I. (2009)
‘Aflatoxin B1 contamination of some
edible grains marketed in Nigeria’, E-
Journal of Chemistry, 6(2), 308-314.
doi: 10.1155/2009/708160.
Ogara, I. M., Zarafi, A. B., Alabi, O., Banwo,
0., Ezekiel, C. N., Warth, B., Sulyok,
M. and Krska, R. (2017) ‘Mycotoxin
patterns in ear rot infected maize: A
comprehensive case study in Nigeria’,
Food Control, 73, 1159-1168. doi:
10.1016/j.foodcont.2016.10.034.
Ogodo, A. C. and Ugbogu, O. C. (2016) ‘Public
Health Significance of Aflatoxin in Food
Industry-A Review’, European Journal
of Clinical and Biomedical Sciences,
2(5), 51-58. doi:
10.11648/j.ejcbs.20160205.14.
Ogunleye, A. O. and Olaiya, G. A. (2015)
‘Isolation, identification and mycotoxin
production of some mycoflora of dried
stockfish (Gadus morhua)’, Academic
Journal of Science., 04(01), 345-363.
Ojuri, O. T., Ezekiel, C. N., Eskola, M. K.,
Sarkanj, B., Babalola, A. D., Sulyok, M.,
Hajslova, J., Elliott, C. T. and Krska, R.
(2019)  ‘Mycotoxin co-exposures in
infants and young children consuming
household- and industrially-processed
complementary foods in Nigeria and
risk ~management advice’, Food
Control, 98, 312-322. doi:
10.1016/j.foodcont.2018.11.049.
O T et al. (2018) ‘Assessing the
mycotoxicological risk from
consumption of complementary foods
by infants and young children in
Nigeria’, Food and Chemical
Toxicology. Pergamon, 121, 37-50.
Okigbo RN and Anene CM (2017) ‘Prevalence of

www.ujmr.umyu.edu.ng

Ojuri,



UJMR, Volume 5 Number 2, December, 2020, pp 33 - 49

aflatoxin in dried okra (Abelmoschus
esculentus) and tomatoes
(Lycoperisicon esculentum)
commercialized in Ibadan metropolis’,
Integrative  Food, Nutrition and
Metabolism, 5(1), 1-4. doi:
10.15761/1FNM.1000206.

Olayinka, C. (2018) ‘Nigeria loses 5, 000 lives ,
$ 155m yearly to afatoxin , says PACA’,
The Gurdian Nigeria, 3 January, web
page.

Oliveira, M. S., Rocha, A., Sulyok, M., Krska, R.
and Mallmann, C. A. (2017) ‘Natural
mycotoxin contamination of maize (
Zea mays L .) in the South region of
Brazil’, Food Control. Elsevier Ltd, 73,
127-132. doi:
10.1016/j.foodcont.2016.07.033.

Olufunmilayo, G. O., Oyefolu, A. B., Oyero, O.
G., Oyefolu, A. B., Olufunmilayo, G. O.
and Oyefolu, A. B. (2010) ‘Natural
occurrence of aflatoxin residues in
fresh and sun-dried meat in nigeria’,

Pan African Medical Journal.
Department of Biology, The
Polytechnic, Ibadan, Nigeria: African

Field Epidemiology Network, 7, 14.

Oluwafemi, F. T. (2012) ‘Aflatoxin M1 levels in
lactating mothers in two Nigerian
cities’, Archives of Clinical
Microbiology. Department of
Microbiology, Federal University of
Agriculture, Abeokuta, Nigeria, 3(4).
doi: 10.3823/257.

Onilude, A. A., Wakil, S. M., Odeniyi, A. O.,
Fawole, 0., Garuba, E. O. and Ja’afaru,
I. M. (2012) ‘Distribution of aflatoxin
and aflatoxigenic, and other toxigenic
fungi in maize samples marketed in
IBadan, Oyo state, Nigeria’, Electronic
Journal of Environmental, Agricultural

and Food  Chemistry. Microbial
physiology and Biotechnology
Laboratory, Department of
Microbiology, University of Ibadan,

Nigeria, 11(2), 148-155.

Onyeke, C. C., Obasi, E. J., Ajuziogu, G. C.,
Onoja, U. S., Osibe, D. A., Nweze, E. I.,
Ikwuagwu, O. E. and Eyo, J. E. (2017)
‘Aflatoxins composition of maize ( Zea
mays L .), guinea corn ( Sorghum
bicolor L .) cold paps and peanut (
Arachis hypogea L .) butter in Nsukka ,
Nigeria’, Journal of Basic Pharmacology
and Toxicology, 1(3), 18-22. doi:
10.1109/19.377824.

Onyemelukwe, G., Ogoina, D., Ibiam, G. and
Ogbadu, G. (2012a) ‘Aflatoxins in Body
Fluids and Food of Nigerian Children
with  Protein-Energy ~ Malnutrition’,
African Journal of Food Agriculture

UMYU Journal of Microbiology Research

ISSN: 2616 - 0668
Nutrition and Development,
6553-6566.

Onyemelukwe, G., Ogoina, D., Ibiam, G. and
Ogbadu, G. (2012b) ‘Aflatoxins in Body
Fluids and Food of Nigerian Children
with  Protein-Energy = Malnutrition’,
African Journal of Food, Agriculture,
Nutrition and Development, 12(5),
6553-6566.

Oyedele, O. A., Ezekiel, C. N., Sulyok, M.,
Adetunji, M. C., Warth, B., Atanda, O.
0. and Krska, R. (2017) ‘Mycotoxin risk
assessment for consumers of groundnut

12(5),

in domestic markets in Nigeria’,
International Journal of Food
Microbiology, 251, 24-32. doi:

10.1016/j.ijfoodmicro.2017.03.020.

Oyelami, O. A., Maxwell, S. M., Adelusola, K.
A., Aladekoma, T. A. and Oyelese, A.
0. (1995) ‘Aflatoxins in the autopsy
brain tissue of children in Nigeria’,
Mycopathologia.  Kluwer  Academic
Publishers, 132(1), 35-38. doi:
10.1007/BF01138602.

Oyelami, O. A., Maxwell, S. M., Adelusola, K.
A., Aladekoma, T. A. and Oyelese, A.
0. (1997) ‘Aflatoxins in the lungs of
children with kwashiorkor and children
with miscellaneous diseases in nigeria’,
Journal of Toxicology and
Environmental Health, 51(6), 623-628.
doi: 10.1080/00984109708984048.

Oyelami, O. A., Maxwell, S. M., Adelusola, K.
A., Aladekoma, T. A. and Oyelese, A.
0. (1998) ‘Aflatoxins in autopsy kidney
specimens from children in nigeria’,

Journal of Toxicology and
Environmental Health - Part A, 55(5),
317-323. doi:

10.1080/009841098158368.

Oyelami, O. A., Maxwell, S. M. and Adeoba, E.
(1996) ‘Aflatoxins and ochratoxin A in
the weaning food of Nigerian children’,
Annals of Tropical Paediatrics. Taylor &

Francis, 16(2), 137-140. doi:
10.1080/02724936.1996.11747816.
Oyewale, M. O. (2015) ‘Aspergillosis and

aflatoxicosis associated with tubers and
leaves of sweet potatoes (Ipomoea
batatas) in Osun state, Southern
Western Nigeria’, Journal of
Environmental Biology. Department of
Applied Science, Osun State
Polytechnic, P.M.B. 301, Iree, Osun
state, Nigeria: Triveni Enterprises,
36(3), 655-660.

Patil, M. (2018a) Chrominfo:  Various
advantages of HPTLC over HPLC,
Chlominfo. Available at:
https://chrominfo.blogspot.com/2018/
10/various-advantages-of-hptlc-over-

www.ujmr.umyu.edu.ng

47



UJMR, Volume 5 Number 2, December, 2020, pp 33 - 49

hplc.html (Accessed: 5 June 2019).

Patil, M. (2018b) Chrominfo: What are the
advantages of HPLC over TLC,
Chlorominfo. Available at:

https: //chrominfo.blogspot.com/2018/
10/what-are-advantages-of-hplc-over-
tlc.html (Accessed: 5 June 2019).

Polychronaki, N., Wild, C. P., Mykkanen, H.,
Amra, H., Abdel-Wahhab, M., Sylla, A.,
Diallo, M., El-Nezami, H. and Turner, P.
C. (2008) ‘Urinary biomarkers of
aflatoxin exposure in young children
from Egypt and Guinea’, Food and
Chemical Toxicology. Pergamon, 46(2),
519-526. doi:
10.1016/J.FCT.2007.08.034.

Qazi, J. |. and Fayyaz, Z. (2006) ‘Aflatoxin
contaminated foods and health risk
perspective for Pakistani population’,
Mycopath, 4(2), 27-34.

Raiola, A. (2012) Risk analysis of the main
mycotoxins from food in children:
Doctoral Program in Science and
Technology of Production Agro-Food
XXIV cycle. University of Naples.

Ranum, P., Peha-Rosas, J. P. and Garcia-Casal,
M. N. (2014) ‘Global maize production,
utilization, and consumption’, Annals
of the New York Academy of Sciences.
John Wiley & Sons, Ltd (10.1111),
1312(1), 105-112. doi:
10.1111/nyas.12396.

Reddy, K. R. N. et al. (2010) ‘An overview of
mycotoxin contamination in foods and
its implications for human health An
overview of mycotoxin contamination in
foods and its implications for human
health’, Toxin Reviews, 29(1), 3-26.
doi: 10.3109/15569541003598553.

Rofiat, A.-S., Fanelli, F., Atanda, O., Sulyok,
M., Cozzi, G., Bavaro, S., Krska, R.,
Logrieco, A. F. and Ezekiel, C. N.
(2015) ‘Fungal and bacterial
metabolites associated with natural
contamination of locally processed rice
(Oryza sativa L.) in Nigeria’, Food
Additives & Contaminants: Part A,
32(6), 950-959. doi:
10.1080/19440049.2015.1027880.

Salau, I., Shehu, K., Muhammad, S. and Umar,
R. (2016) ‘Aflatoxin Contamination of
Stored Groundnut Kernel in Sokoto
State, Nigeria’, Greener Journal of
Agricultural Sciences, 6(10), 285-293.
doi: 10.15580/gjas.2016.10.092316144.

Salisu, B. D. and Almajir, I. R. (2020)
‘Aflatoxins and aflatoxigenic fungal
contamination of common poultry feed

products in Katsina State, Nigeria’,
Novel Research in  Microbiology
Journal, 4(1), 653-665. doi:

UMYU Journal of Microbiology Research

ISSN: 2616 - 0668
10.21608/nrmj.2020.73438.

Samson, R. A., Odebode, A. C., Warth, B.,
Ezekiel, C. N., Somorin, Y. M,
Houbraken, J., Sulyok, M., Krska, R.
and Frisvad, J. C. (2013) ‘Fungal and
mycotoxin assessment of dried edible
mushroom in Nigeria’, International
Journal of Food Microbiology. Elsevier
B.vV.,, 162(3), 231-236. doi:
10.1016/j.ijfoodmicro.2013.01.025.

Sayo, E. (2015) ‘Aflatoxicosis Mini Round’.

Shamsudin, O., Apeh, D. O., lheanacho, H.,
Njeakor, C., Mohammed, Y.,
Abdulrahim, S., Mwanza, M., Jamiu, S.
and Makun, H. A. (2017) ‘Comparative
Study of Aflatoxin M1 in Livestock
Livers from Minna, Nigeria’, Journal of
Liver, 06(01), 1-5. doi: 10.4172/2167-
0889.1000205.

Shuaib, F. M. B. et al. (2010) ‘Association
between birth outcomes and aflatoxin B
1 biomarker blood levels in pregnant
women in Kumasi, Ghana’, Tropical
Medicine & International Health, 15(2),
160-167. doi: 10.1111/j.1365-
3156.2009.02435.x.

Singh, P. and Cotty, P. J. (2017) ‘Aflatoxin
contamination of dried red chilies:
Contrasts between the United States
and Nigeria, two markets differing in
regulation enforcement’, Food Control.
Elsevier Ltd, 80, 374-379. doi:
10.1016/j.foodcont.2017.05.014.

Smith, C. (2018) Disadvantages &amp;
Advantages of an HPLC | Sciencing,
Sciencing. Available at:

https://sciencing.com/disadvantages-
advantages-hplc-5911530.html
(Accessed: 5 June 2019).
Sodeinde, 0., Chan, M. C. K., Maxwell, S. M.,
Familusi, J. B. and Hendrickse, R. G.
(1995) ‘Neonatal jaundice, aflatoxins
and naphthols: report of a study in
Ibadan, Nigeria’, Annals of Tropical
Paediatrics. Taylor & Francis, 15(2),
107-113. doi:
10.1080/02724936.1995.11747757.
Sokefun, E., Ayepola, O. 0. 0. and Olasehinde,
G. I. I. (2018) ‘Mycotoxins: Food
Production and Exportation in Nigeria’,
IOP Conference Series: Earth and
Environmental Science, 210(1), 012018.
doi: 10.1088/1755-1315/210/1/012018.
Somorin, Y. M., Bertuzzi, T., Battilani, P. and
Pietri, A. (2012) ‘Aflatoxin and
fumonisin contamination of yam flour
from markets in Nigeria’, Food Control,
25(1), 53-58. doi:
10.1016/j.foodcont.2011.10.007.
Suleiman MS et al. (2017) ‘Fungi and Aflatoxin
Occurrence in  Fresh and Dried

48 www.ujmr.umyu.edu.ng



UJMR, Volume 5 Number 2, December, 2020, pp 33 - 49

Vegetables Marketed in Minna, Niger
State, Nigeria’, Journal of Plant
Biochemistry & Physiology. OMICS
International, 05(01), 1-4. doi:
10.4172/2329-9029.1000176.

Turner, P. C., Collinson, A. C., Cheung, Y. B.,
Gong, Y., Hall, A. J., Prentice, A. M.

and Wild, C. P. (2007) ‘Aflatoxin
exposure in utero causes growth
faltering in Gambian infants’,

International Journal of Epidemiology.
Narnia, 36(5), 1119-1125. doi:
10.1093/ije/dym122.

Uhlig, S., Eriksen, G., Hofgaard, I. S., Krska, R.,
Beltran, E., Sulyok, M., Health, B. P.
and Protection, P. (2013) ‘Faces of a
Changing Climate: Semi-Quantitative
Multi-Mycotoxin Analysis of Grain Grown
in Exceptional Climatic Conditions in
Norway’, Toxins, 5(10), 1682-1697. doi:
10.3390/toxins5101682.

UNAIDS (2017) Nigeria | UNAIDS. Available at:
http: //www.unaids.org/en/regionscoun
tries/countries/nigeria (Accessed: 23
April 2019).

UNAIDS (2019) New survey results indicate that
Nigeria has an HIV prevalence of 1.4% -
Nigeria | ReliefWeb. Available at:
https://reliefweb.int/report/nigeria/n
ew-survey-results-indicate-nigeria-has-
hiv-prevalence-14 (Accessed: 23 April
2019).

UNICEF / WHO / World Bank Group (2019) Joint
child malnutrition estimates - Levels
and trends (2019 edition).

USDA Foreign Agricultural Services (2012) Gain
Report Nigeria: Grain and feed
annual. Available at:
https: //www.nigerianseminarsandtraini
ngs.com/articlespg/35-gain-report--
nigeria-grain-and-feed-annual
(Accessed: 10 June 2019).

Volkel, I., Schroer-Merker, E. and Czerny, C.-P.
(2011) ‘The Carry-Over of Mycotoxins in
Products of Animal Origin with Special
Regard to Its Implications for the
European Food Safety Legislation’,
Food and Nutrition Sciences, 02(08),
852-867. doi: 10.4236/fns.2011.28117.

Warth, B., Ezekiel, C. N. N., Sulyok, M.,
Ezekiel, V. C. C., Babalola, D. A. A.,
Krska, R., Warth, B., Ezekiel, V. C. C.
and Krska, R. (2012) ‘Incidence and

UMYU Journal of Microbiology Research

ISSN: 2616 - 0668
consumer awareness of toxigenic
Aspergillus section Flavi and aflatoxin
B1 in peanut cake from Nigeria’, Food
Control. Elsevier Ltd, 30(2), 596-601.
doi: 10.1016/j.foodcont.2012.07.048.

Wartu, J. R., Whong, C. M. Z., Umoh, V. J. and
Diya, A. W. (2015) ‘Occurrence of
Aflatoxin Levels in Harvest and Stored
Groundnut Kernels in Kaduna State,
Nigeria’, IOSR Journal of Environmental
Science, 9(1), 62-66. doi:
10.9790/2402-09126266.

Watson, S. et al. (2018) ‘Impaired growth in

rural Gambian infants exposed to

aflatoxin: a prospective cohort study’,

BMC Public Health. BioMed Central,

18(1), 1247. doi: 10.1186/512889-018-

6164-4.

(2014) WHO International Cancer

Estimate/Country-profile/Nigeria.

Wild, C. P. and Gong, Y. Y. (2010) ‘Mycotoxins
and human disease: A largely ignored
global health issue.’, Carcinogenesis.
Oxford University Press, 31(1), 71-82.
doi: 10.1093/carcin/bgp264.

wild, C. P. and Turner, P. C. (2002) ‘The
toxicology of aflatoxins as a basis for
public health decisions’, Mutagenesis,
17(6), 471-481. doi:
10.1093/mutage/17.6.471.

Williams, I. O., Ugbaje, S. A., lgile, G. O. and
Ekpe, O. O. (2015) ‘Occurrence of
Aflatoxin in Some Food Commodities
Commonly Consumed in Nigeria’,
Journal of Food Research, 4(5), 81. doi:
10.5539/jfr.v4n5p81.

World Atlas (2018) Top Peanut (Groundnut)
Consuming Countries - WorldAtlas.com,
Worl Atlas. Available at:
https://www.worldatlas.com/articles/t
op-peanut-groundnut-consuming-
countries.html (Accessed: 10 June
2019).

Zaki, M. M., Shaheen, H. M. and Rizzi, L. (2012)
‘Mycotoxins in animals: Occurrence ,
effects , prevention and management’,
4(1), 13-28. doi: 10.5897/JTEHS11.072.

Zhu, Q. J., Zhang, S. L., Hu, X., Xiao, Y., S
Chen, J., Xu, Y. C., Fremy, J. and Chu,
F. (1987) Correlation of dietary
aflatoxin B1 levels with excretion of
aflatoxin M1 in human urine, Cancer
research.

WHO

49

www.ujmr.umyu.edu.ng



