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ABSTRACT
The incidence and spectrum of mycotoxins and other metabolites on guinea corn (Sorghum bicolor L. Moench) seeds
from the Federal Capital Territory (FCT) Abuja, Nigeria were investigated using Liquid Chromatography-Tandem
Mass Spectrometric (LC-MS/MS). A total of 49 mycotoxins and fungal metabolites were detected in the 23 samples.
Four mycotoxins addressed by regulatory limits in the European Union namely aflatoxin B1, aflatoxin B2, fumonisin B1

and fumonisin B2 were detected from the 23 locations. Among these mycotoxins, aflatoxin B1 was prevalent (22.00%)
in the samples from three of the six zones of the territory at a median of 11.50µgkg-1 which is about five folds the EU
regulatory limit. For the first time, the presence of 32 non-regulated fungal meta bolites on Sorghum seeds in Abuja,
Nigeria was reported. Moniliformin, bikaverin, macrosporin, monocerin, emodin and brevianamid F occurred in the
samples, 22, 22, 83, 61, 91, and 96 % respectively from all the six Area Councils in the FCT, Abuja. The presence of
aflatoxin B1 and B2 and the possible effect of co-occurrence of other non-regulated metabolites suggest that the
consumption of Sorghum grains in Nigeria may be a source of public health concern. This report could be a guide for
the production of mycotoxin map for sorghum in Nigeria.
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1.0 Introduction
Sorghum bicolor L. Moench commonly called guinea
corn in Nigeria is a member of Family Poaceae, is the
fifth most cultivated and consumed grain in the world
after maize, rice, wheat and barley (FAOSTAT, 2010).
Sorghum is a staple grain for over 750 million people
in Africa, Asia and Latin America (CAC - Codex
Alimentarius Commission, 2011). Four million
hectares of land in Nigeria are under Sorghum
cultivation making it the most cultivated and consumed
cereal in the country (Makun, et al., 2009). Nigeria is
the world highest Sorghum p roducer, accounting for
over 10% (7.5 million) of the about 60 million metric
tonnes of world Sorghum produced annually
(FAOSTAT, 2012). Sorghum is cultivated traditionally
for food energy supply for human beings and animals
as well as for production of alcoholic beverages and
subsequently biofuels (Nkwe et al., 2005). The
white/cream/yellow morphotypes are used mostly (up
to 75%) in Nigeria for human food; while the browns
are mostly used for indigenous beverages and drinks
after due processing (Taylor et al., 2006). Most
phytochemicals are concentrated in bran fractions

which can be easily separated from Sorghum grain and
then used for dietary supplementation, food quality
improvement and/or therapeutic applications (CAC -
Codex Alimentarius Commission, 2011). Regardless of
Sorghum inherent resistance to mould infestation due
to its high composition of fungicidal principles such as
phenols, phytosterols, policosanols and tannin
(Audilakshmi et al.,1999; Awika and Rooney, 2004)
fungal contamination constitutes a major biotic
constraint to Sorghum improvement and production
worldwide. Contamination of cereal, guinea corn
inclusive by fungi and their toxic metabolites
(mycotoxins) is capable of weighing down the
nutritional benefits expected from consuming it
(Suprasert and Chulamorakot, 1999). The FCT is one
of the major producers of Sorghum in Nigeria (Makun
et al., 2009). International Crops Research Institute for
the Semi-Arid Tropics (ICRISAT) (2008) gave the
volume of Sorghum and millet grains wasted by
mycotoxins each year worldwide, especially in
developing Asian and African countries to be 378,000
tonnes. In developing countries, the entire food
commodities obtained from local markets is often
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consumed irrespective of quality due to food scarcity
problems, export quality farm produce and shortage of
mycotoxin analysis (Negedu et al., 2011). Since
aflatoxins are not the only potentially toxic microbial
metabolites in grains (Shephard, 2008; Ghali, 2009;
Matumba,2011). There is a need to understand the
level of occurrence, distribution and concentrations of
regulatory and non-regulatory toxic metabolites in the
crop produce to enable the consumers and policy
makers to determine the potential risk of these
toxicants (Fapohunda, 2013) such as using LC-MS/MS
multi-method for mycotoxins analysis ( Sulyok, 2007;
ulyok, 2006) . Over the last decade, a LC-MS/MS
based-method which is a sophisticated state-of-the-art
instrumentation that allows for simultaneous analysis
of a high number of chemically different molecules,
has been developed at the IFA-Tulln that presently
includes 320 metabolites of primarily fungal origin
(Malachova et al., 2014;Vishwanath et al., 2009).
There are limited reports on a broader range of fungal
metabolites in guinea corn from Nigeria and the FCT
in particular. This study is therefore aimed at the
etection and the semi-quantitatively determination of
fungal and bacterial metabolites in Sorghum grains
produced in the FCT Abuja, Nigeria. The importance
of knowing the toxicological levels of crop produce by
the farmers, marketers and consumers cannot be over
emphasised. This work is a sort of a pilot study to
provide a base data of mycotoxin risk assessment in
guinea corn from the FCT, Abuja Nigeria for rapid
intervention and legislation purposes. In addition, the
mycotoxicity or long term possible synergistic effects
of multi-mycotoxins occurrence on the commodity is
unknown; this work should therefore provide a clue to
which compound and/or combinations should be
investigated in future.

2.0. Materials and Methods
2.1. Surveying and Experimental section
Surveys were conducted in the FCT, Abuja Nigeria
(between Lat. 9o 40’ N, Long. 7o 29’ E and Lat. 8º 83’N,
Long. 7º 17’ E, 388 - 566m asl.) between January and
February, 2013. The farmers’ stores were located in the
six Area Councils. A total of 23 Sorghum seeds
samples was collected from farmers in six area
councils of the FCT namely Abuja Municipal Area
Council (AMAC), Abaji, Bwari, Gwagwalada (GWA),
Kuje and Kwali. The sampled locations and number of
sample types collected from each district were uneven.
Only samples threshed/shelled and stored for less than
30 days after harvest were collected from farmers.
Each sample was collected as a bulk sample (1.8 - 2
kg) and comprised of four subsamples of 0.50 ± 0.05

kg each. The subsamples were obtained from random
points in farmer’s basins or other storage containers
and mixed to form the bulk. The samples were
comminuted and quartered such that 100-150 g of
representative samples was obtained from each bulk.
Representative samples were stored at 4ºC until they
were analyzed for multiple microbial metabolites. A
50-g portion of each sample was dispatched from
Lagos by courier to the Center for Analytical
Chemistry, Department of Agrobiotechnology (IFA-
Tulln, Tulln, Austria) where the multi-toxin analysis
was conducted. Following a 4-day transit period, the
samples were stored at 20oC in IFA-Tulln until
analysed.

2.2 Sampling Area
The sampling areas were 23 locations in the six Area
Councils of the Federal Capital Territory, Abuja,
Nigeria (Fig.6) i.e. Abaji: Abaji Central, Pandagi,
Sabongari; AMAC: Gwagwa, Kabusa, Karshi, Karu
and Orozo; Bwari: Bwari Central, Byazhin, Ushafa;
Gwagwalada: Gwako, Paiko and Tungan Maje; Kuje:
Chibiri, Gaube, Saaji, Chukuku, Kuje Central, and
Kwaku; and Kwali: Kilankwa, Kwali Central and
Yangoji.

Figure 1. Location of the 23 sampling sites (*) in the
Federal Capital Territory (FCT) Abuja. (Source: Dept.
of Planning & Survey, FCDA, Abuja, Nigeria).

3.3 Chemicals and Reagents
Methanol (LC gradient grade) and glacial acetic acid
(p.a.) were purchased from Merck (Darmstadt,
Germany); ace- tonitrile (LC gradient grade) from
VWR (Leuven, Bel- gium); and ammonium acetate
(MS grade) was obtained from Sigma-Aldrich (Vienna,
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Austria). Water was purified successively by reverse
osmosis, and an Elga Purelab ultra analytic system was
used from Veolia Water (Bucks, UK). Standards of
fungal metabolites were obtained as gifts either from
various research groups or from commercial sources.
Stock solutions of each analyte were prepared by
dissolving the solid substance in acetonitrile
(preferably), acetonitrile/water (1:1, v/v), methanol,
methanol/ water (1:1, v/v) or water. Thirty combined
working solutions were prepared prior to the spiking
experiments by mixing the stock solutions of the
corresponding analytes, followed by a further dilution
in neat solvent. All solutions were stored at 20oC and
were brought to room temperature before use.
Approximately one third of the fungal metabolite
reference standards (including all mycotoxins
addressed by regulations) were obtained as certified
reference solution from Romer Labs (Tulln, Austria).
Other sources were Sigma-Aldrich (Vienna, Austria),
Iris Biotech GmbH (Marktredwitz, Germany), Axxora
Europe (Lausen, Switzerland) and LGC Promochem
GmbH (Wesel, Germany). The purity of the solid
substances was ≥ 95%.

2.4. Sample Preparation and Estimation of Matrix
Effects
The grain samples were pulverized to powder in the
laboratory of Abuja Commodity Exchange Office in
Kumasi House, Central Area, Abuja Nigeria. The
representative, homogenized samples were weighed
into a 50 ml polypropylene tube (Sarstedt, Nümbrecht,
Germany) and covered by extraction solvent
(acetonitrile/water/acetic acid 79:20:1, v/v/v) in a ratio
of 4 ml solvent/g sample. For spiking experiments 0.25
g and for all other experiments 5 g sample were
applied for extraction. Samples were extracted for 90
min on a GFL 3017 rotary shaker (GFL, Burgwedel,
Germany), diluted with the same volume of dilution
solvent (acetonitrile/water/acetic acid 20:79:1, v/v/v)
and injected as described in detail by Sulyok et al.,
2007. Centrifugation was not necessary due to
sufficient sedimentation by gravity alone. For the
estimation of apparent recoveries, three different
individual samples expected not to be, or only to minor
extent, contaminated by mycotoxins were spiked using
a multi-analyte standard on one concentration level.
The spiked samples were stored overnight at room
temperature to allow evaporation of the solvent and to
establish equilibrium between the analytes and the
sample. Extraction, dilution and analysis were
performed as described above. The corresponding peak
areas of the spiked samples not containing the target
toxins were used for estimation of the apparent

recovery by comparison to a standard prepared and
diluted in neat solvent. Results were corrected by the
obtained calculated correction factor.

2.5 LC-MS/MS Analysis
LC–MS/MS screening of target fungal metabolites was
performed with a QTrap 5500 LC–MS/MS System
(Applied Biosystems, Foster City, CA) equipped with
a TurboIonSpray electrospray ionization (ESI) source
and an 1290 Series HPLC System (Agilent,
Waldbronn, Germany). Chromatographic separation
was performed at 25 ºC on a Gemini C18-column, 150
x 4.6 mm i.d., 5 lm particle size, equipped with a C18 4
x 3 mm i.d. security guard cartridge (all from
Phenomenex, Torrance, CA). The chromatographic
method as well as chromatographic and mass
spectrometric parameters for the investigated analytes
was as described by Sulyok, 2007. The ESI-MS/MS
was performed in the time-scheduled multiple reaction
monitoring (MRM) mode both in positive and negative
polarities in two separate chromatographic runs per
sample by scanning two fragmentation reactions per
analyte. The MRM detection window of each analyte
was set to its expected retention time ±27 and ±48s in
the positive and the negative mode, respectively.
Confirmation of positive analyte identification was
obtained by the acquisition of two MRMs per analyte
(with the exception of moniliformin (MON) and 3-
nitropropionic acid (3-NPA) that exhibit only one
fragment ion).

3.0 Results
3.1. Prevalence of the Metabolites in the Sorghum
Grain Samples
Out of the several metabolites analysed for in this
study, only a total of 49 fungal metabolites was
detected in the Sorghum samples (Table 1). Regulated
mycotoxin such as aflatoxin B1 was detected in the
samples from only 33.3% of the Area Councils.
Generally, regulated mycotoxins are more prevalent in
Guinea corn from Kwali areas more than in other areas
and least prevalent in Gwagwalada Area (Table 1,
Figure 1). Fumonisins B1 and B2 were detected in
samples from at least one Area Councils of the FCT.
None of the detected regulated toxins occurred in more
than 50% of the samples of Sorghum. The samples
from Abaji and Gwagwalada areas had the least
number of detected mycotoxins (Ghali et al., 2009)
while those from Kuje and Kwali had as many as 27
and 29 respectively (Figure 1). Aflatoxin M1 which is
commonly found in milk was interestingly detected
only in some samples from AMAC. It is currently
under discussion whether its occurrence in grain
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commodities is due to direct production by the related
Aspergillus species or whether it derives from the
metabolism of AFB1 by insects affecting the grains. Up
to 44.9% of the 49 metabolites were detected in
Sorghum grains from only two of the geographical
zones of the territory (Figure 2). Six out of the detected
metabolites in the samples were found in the samples
from the six zones of the FCT, Abuja. These were
moniliformin, bikaverin, macrosporin, monocerin,
emodin (EMOD) and brevianamid F (BVD-F)
Brevianamid F (an unspecified fungal metabolite) and
Bikaverin (a Fusarium metabolite) with the highest
frequency of occurrence (95.65%), In comparison with
the report of (Sulyok et al., 2010), out of a total of 84
metabolites detected using LC-MS/MS on 70 sorghum
samples in Ethiopia, brevianamid F had only 15.7%
positive samples with a maximum concentration of 120
µgkg-1) while bikaverin had as high as 41.4 % samples
but with the highest concentration (2326 µgkg-1). Jestoi
(2008) described these non-regulated metabolites
including enniatins, beauvericin and moniliformin as
‘emerging toxins’ which were the most prevalent
toxins and those occurring at the highest levels. So far,
only limited data is available on these metabolites in
Nigeria.

Figure 1. Number of positive fungal metabolites in
Sorghum grain samples in the six Area councils in the
FCT, Abuja, Nigeria

Figure 2. Prevalence of the metabolites in guinea corn
samples in the six zones in the FCT Abuja, Nigeria.

This is not only due to their late recognition but
especially the late understanding of their toxicological
role as fungal metabolites.

3.2 Mycotoxins for which Regulations Exist
In Nigeria, there is still no regulation for any
mycotoxin in cereals including guinea corn whereas
this is imperative and long overdue. Aflatoxin B1

contaminated only 21.74% of guinea corn samples
(Table 1) and at a mean concentration of 16 µgkg-1

(Table 2) while Aflatoxin B2 was detected in relatively
higher percentage of 26.08% of the samples and in 4
out of the 6 zones of the territory at a slightly higher
mean concentration of 16.7 µgkg-1 (Figure 3). It is
therefore imperative to note that the aflatoxin levels we
observed in the guinea corn were above the safe limits
of < 4 µgkg-1 MAL set by EU and so constitute food
safety hazard to consumers. (Makun et al., 2009)
reported that Aflatoxin B1 (AFB1) level in guinea corn
and millet stored for up to 6 months in Niger State,
Nigeria was in a range of 1,370 - 3,495 µgkg-1.
Mycotoxin profile in sorghum grains from Nigeria was
relatively lower than those reported in East Africa
(Chala et al., 2014). In order to safeguard consumers
from the hazards of mycotoxins, many countries
including 15 African countries (Sibanda, 1997;
Fellinger, 2006; Njobeh et al., 2010) have instituted
legislation against some mycotoxins notably aflatoxins.
According to these authors the maximum tolerable
limits for aflatoxins in human foods in Africa is
between 5-20 ppb while for animal feeds is from 5 to
300 ppb with infant foods having the least regulated
levels (0-10 ppb). Aflatoxins are the most problematic
toxins in Sorghum worldwide as they have been found
in four of five of the regions of the globe at
incriminating levels of up to 1164 µgkg-1 in mouldy
Sorghum from Nigeria (Makun et al., 2009) and should
therefore be accorded paramount attention. Aflatoxins
are naturally occurring carcinogens and have been
linked to high incidence of liver cancer in some parts
of the world where foods are frequently contaminated
with aflatoxins (Bankole, and Adebanjo, 2004).
Aflatoxins especially B1 type are primarily known
hepatotoxins and hepatocarcinogens leading to liver
failure, growth stunting, immune deficiency or
depression (ProMED, 2004; Liu and Wu, 2010).
Researchers have also shown that aflatoxin raises level
of AIDS virus by 400% in the blood, as it suppresses
cell-mediated immunity (Lane, 2005).
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Table 1. Natural incidence of mycotoxins and bacterial metabolites in Sorghum seeds in the six geographic regions of the FCT, Abuja, Nigeria.

Metabolite category

Aflatoxins

Analyte
Incidence (%) in each Area Council

PrevalenceAbaji
(Ns = 3)

AMAC(Ns=5) Bwari (Ns=3) Gwa (Ns=3) Kuje (Ns=6) Kwali (Ns=3)

Aflatoxin G1 (AFG1) - - - - - - -
Aflatoxin G2 (AFG2) - - - - - - -
Aflatoxin M1 (AFM1) - 20 - - - 33.3 2/6

Aflatoxin B1 precursor Averantin (AVRN) - - - - - 33.3 1/6
Averufin (AVER) - - 33.3 - 50 33.3 3/6
Averufanin (AVF) - - - - 16.7 33.3 2/6
Norsolorinic acid (NA) - - - - 33.3 33.3 2/6
Versicolorin C (VER-C) - - - - 16.7 33.3 2/6
Versicolorin A (VER-A) - - - - 16.7 33.3 2/6
Nidurufin (NID) - - - - 16.7 - 1/6

Fumonisins
(Fusarium toxins)

Fumonisin B1 (FB1) - - 33.3 - - 66.7 2/6
Fumonisin B2 (FB2) - - 33.3 - - 33.3 2/6
Fumonisin B3 (FB3) - - 33.3 - - - 1/6
Fumonisin B4 (FB4) - 40 33.3 - - - 2/6
Emodin (EMOD) 100 100 100 100 100 66.7 6/6
Viridicatin(VDC) - - - - - - -
Citrinin (CIT) - - - - - - -
Moniliformin (MON) 100 100 100 100 100 66.7 6/6
Cycloaspeptite A (CA-A) - - - - 16.7 - 1/6
Pestalotin (PEST) - - 33.3 33.3 83.3 - 3/6
Skyrin (SKR) - - - - 50 - 1/6
Andrastin A (AND-A) - - 33.3 33.3 100 - 3/6
Curvularin (CURV) - - - - - 33.3 1/6

Depsipeptides Beauvericin (BEAU) 100 100 66.7 100 - 100 5/6
Enniatin B1 (ENN-B1) - - - - 16.7 - 1/6

Trichothecenes Deoxynivalenol (DON) - - - - - - -
Diacetoxyscirpenol (DAS) 100 - - - 16.7 - 2/6
T-2 toxin (T2) - - - - - - -
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Table 1 Contd.: Natural incidence of mycotoxins and bacterial metabolites in Sorghum seeds in the six geographic regions of the FCT, Abuja, Nigeria
Aspergillus toxins Aspterric acid (A-A) - - 33.3 - 100 - 2/6

Kojic acid (KA) - - - - - - -
3-Nitropropionic acid (3-NPA) - - - - - 33.3 1/6
Terphenyllin (TEPH) - - - - - 33.3 1/6
Orsellinic acid (OR-A) - - - 33.3 33.3 - 2/6

Atpenin A5 (AA5) - - - - - - -
Tenuazonic acid (TEN-AC) - - - - - - -
Sterigmatocystin (STER) 33.3 - - - - 66.7 2/6
Methylsterigmatostin (MSTER) - - - - 50.0 33.3 2/6
Malformin C (MAL-C) - - - 33.3 - 33.3 2/6
Malformin A (MAL-A) - - - 33.3 - 33.3 2/6

Alternaria toxins Macrosporin (MAC-A) 50 100 100 100 83.3 100 6/6
Altertoxin-I (ATX-I) - - - - - - -
Altenuen(ALT) - - - - - - -
Tentoxin (TNTX) - - - - - - -
Alternariol (AOH) - - - - - - -
Alternariolmethylether (AME) - 100 - - 16.7 33.3 3/6

Cytochalasins

Cytochalasin D(CYT-D) - - - - - - -
Cytochalasin J(CYT-J) - - - - - - 1/6
Paspalin (PPL) - - - - 16.7 - 1/6
oxidized Elymoclavin
( o-ECV)

- - - - - - -

Physcion (PHYS) - 20 - - - - 1/6
Tryptophol (TRYP) 100 100 - - - - 2/6

Bacterial metabolites Monactin (MONC) - - - - - - -
Nonactin (NONC) - - - - - - -

Unspecified metabolite Brevianamid F (BVD-F) 100 100 66.7 100 100 100 6/6
Ns = No of investigated samples/area council; GWA= Gwagwalada, - = <LOD ( less than limit of detection)



Anjorin et al. (2015)/ Multi-mycotoxin contaminants in guinea corn (Sorghum bicolor L. Moench) seeds in
Abuja, Nigeria

7

Table 2. Natural occurrence and concentration levels of seven investigated regulated metabolites in Sorghum seeds
from the FCT, Abuja, Nigeria

Metabolite
No of positive

sample

% of positive
sample Concentration (µg kg-1)

Minimum Maximum Mean Median
Standard
deviation

Aflatoxin B1 5 22 0.03 55.82 16 11.5 27.5
Aflatoxin B2 6 26 1.73 32.52 16.69 9.76 12.0
Fumonisin B1 4 17 7.68 60.01 27.02 7.95 14.2
Fumonisin B2 2 9 2.34 2.34 2.34 6.9 10.2
Aflatoxin G1 0 0 - - - - -
Deoxynivalenol 0 0 - - - - -
Zearalenol 0 0 - - - - -

Apart from the acute form of aflatoxin poisoning,
many diseases and disorders are associated with
chronic intake of this toxin. In West African study,
High level of aflatoxin exposure upon weaning
impaired growth of children in Republic of Benin and
Togo (Gong et al., 2003; Gong et al., 2004; Leslie et
al., 2005). (Bandyopadhyay et al., 2007) reported that
there are anticipated 4 and 8 times reduction in risks of
AF related problems if a more mycotoxin-resistant
Sorghum and millet, respectively, replace maize as
primary staples. It is worth mentioning that there is
very high co-occurrence of different mycotoxigenic
fungi within the same grain sample (Chala, 2014)
particularly those that produce AF, OTA and FB,
which is likely to result in natural simultaneous
contamination of related and unrelated mycotoxins in
same food matrix. Interaction between AFB1 and FB1,
which is one of the combinations observed, had an
additive effect in mice, causing increased injuries to
liver and kidneys of the experimental animals
(Gelderblom, 2002). Other combinations which were
observed have been reported to exhibit synergistic
interactions include AFB1 and the trichothecenes
(Placinta et al., 1999), FB1 and OTA (Creppy et
al.,2004) and FB1 and ZEA (Luongo, 2008). The
simultaneous exposure of AFB1 and OTA to rabbits
demonstrated an antagonistic interaction between the
toxins with regards to teratogenic effects (Wangikar et
al., 2005 ; Sharma et al., 2011) . The complex and
varied nature of the effects of mixed mycotoxins is
obvious in the synergistic and additive growth
depression effects of DON and FB1 in pigs and broiler
chicks respectively (Placinta et al., 1999). Sulyok et al.
(2004) postulated that combined exposure to several
classes of mycotoxins generally results in an additive
effect with a few minor exceptions, indicating
synergistic interaction.

Next to aflatoxins in terms of prevalence was
fumonisins. Fumonisins B1 and B2 contaminated 13.04

and 8.7% of the samples respectively but occurred in
only 2 out of the 6 zones in the territory (Table 1;
Figure 2). Fumonisin B1 was detected in only four out
of the 23 samples of guinea corn, and the mean FB1

concentration level in one of the Sorghum grain sample
(60µgkg-1) which is below 1000 µgkg-1 maximum
allowable level by EU . Fumonisins B3 and B4

contaminated only 1 out of the 23 samples and
occurred in only 1/6 and 2/6 of the zones in the
territory respectively. Fumonisin is produced in corn,
wheat, sorghum, asparagus, rice, beer and beans
(Sharma et al., 2011) and the recommended maximum
level of fumonisins in human foods is 2-4 ppm
according to Food and Drug Administration (FDA)
(Creppy, 2002). Fumonisins were reported in the cereal
from Ethiopia (Ayalew et al., 2006) at low to moderate
concentrations of 0 - 2117 µgkg-1. Other minor
Fusarium mycotoxins were found at alarming
concentrations as high as 683,900 µgkg-1 in Tunisian
Sorghum and Sorghum-based products (Souheib et al.,
2011) . The moderate levels of this Fusarium toxin in
the studied samples may be of interest since FB1 is
considered to be a possible contributor to human
cervical cancer and the early development of pubertal
changes in children (6 month to 8 yrs) in Puerto Rico
(JECFA Joint FAO/WHO expert committee on food
additive, 2000). Fumonisins especially FB1 have been
implicated to have caused liver and kidney cancer, and
neural tube defects in rodents, leukoencephalomalacia
in equine and pulmonary oedema in pigs (Marasas,
2001). The International Agency for Research on
Cancer classifies fumonisins as possible human
carcinogens (category II-B) (IARC, 1993). The
association of FB1 with elevated incidence of human
oesophageal cancer in parts of South Africa, North
Eastern Iran and China, upper gastrointestinal tract
cancer in Northern Italy and neural tube defects in
children (Marasas, 2001) is a major public health
concern. All the fusariotoxins especially the
fumonisins and trichothecenes are of major health
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concern and have caused mycotoxicoses in animals
(Gbodi and Nwude, 1998; Biselli and Hummert, 2005;
Prelusky and Rotter, 1994 ). Trichothecenes such as
DON and T2- toxins are protein inhibitors with
consequent immunosuppressive effects causing severe
damage to digestive tract and death due to intestinal
haemorrhea (Miller, 1995). The levels of DON, AFG1,
OTA and ZEN in all the sampled guinea corns were
below LOD, thus these regulated mycotoxins may not
be an issue in the safety analysis of this commodity
(Table 3).

Figure 3. Scatter plots visualizing the distribution of
the median (green glow), mean (yellow glow) and
concentrations of detected regulated fungal
metabolites in guinea corn samples from the FCT,
Abuja Nigeria

Figure 4. Scatter plots visualizing co-occurrence of
fungal metabolites in the four highest contaminated
guinea corn samples from the FCT, Abuja Nigeria;
Different colour pattern represent each type of
metabolite.

3.3. Non-Regulated Metabolites Occurring Naturally
for the first Time in the Grains
The natural contamination of guinea corn by 32 non-
regulated fungal metabolites reported for the first time
in guinea corn in Abuja, Nigeria (Table 3). Enniatins
levels of up to 3600 mg/kg have been reported in
moldy food samples from Nigeria (Ezekiel, 2012) and
from Europe (Vishwanath, et al.,2009). (Chala et al.,
2014) however reported the occurrence of beauvericin,
and enniatins B, B1, A and A1 from sorghum and finger
millet in Ethiopia. Prominent among the metabolites
that occurred in more than 30% of the samples
investigated in this study were averufin with the range
of concentration of 0.13-4.07 µgkg-1 equisetin (0.3 -
3.3 µgkg-1), bikaverin (7.19 - 2652.8 µgkg-1),
monocerin (0.26 - 4.56 µgkg-1), aspterric acid (2.61 -
231.36 µgkg-1), (Figure 4), macrosporin 0.078 - 44.8
µgkg-1, pestalotin 0.59 - 42.24 µgkg-1, brevinamid F
(4.28 - 47.06 µgkg-1), and tryptophol (19.48 - 126.48
µgkg-1) (Tables 3 and 4; Figure 4). The lowest
maximum allowable concentrations by countries that
legislate against mycotoxin as recorded by (Council for
Agricultural Science and Technology- CAST 1995
CAST, (2003) are 5 µgkg-1for sterigmatocystin and
500,000 µgkg-1 for ergot alkaloids. Bacterial
metabolites such as monactin and nonactin were not
detected in the sample. In this study,
Diacetoxyscirpenol (DAS) occurred in only four out of
23 samples with a mean concentration of 1.53 µg kg-1

and median of 1.54µg kg-1 (Fig. 3). DAS is a
trichothecenes metabolite from fusarium, and they are
reported to be a common natural contaminant of wheat
and oat samples in Germany (Klötzel, 2005). Up to
95.7 % (22 out of the 23 samples) of the guinea corn
had a mean concentration of 8.12 µg kg-1 moniliformin
in it while it was 21 out of the 23 samples that had a
mean concentration of 1.61µg kg-1. (Jin et al., 2010)
reported frequent occurrence of moniliformin in corn
samples from China. Emodin (EMOD) was found in
all the guinea corn samples investigated in the FCT at
range concentrations of 0.28 - 14.03µg kg-1. The
depsipeptide, beauvericin (BEAU), occurred in all
guinea corn samples except those from Kuje. This
represented 69.57% of the samples investigated and
with a concentration range of 0.013 to 0.74 µg kg-1.
Although the concentrations of BEAU in our samples
may be low compared to the reports of (Sulyok et al.,
2006) (up to 800 mgkg-1 in maize samples), there is a
risk posed to the consumers due the potential toxicity
of this peptide to brine shrimps and genotoxicity to
human lymphocytes ( Celik et al., 2000 ; Moretti et al.,
2007; Kolpin et al., 2013) determined the prevalence
of mycotoxins in 32
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Table 3. Incidence and concentration of 32 non-regulated fungi metabolites naturally occurring for the first time in
Sorghum seeds in the FCT, Abuja, Nigeria

Metabolite
No. of

positive
samples

% of
positive
sample

Concentration (µg kg-1)

Minimum Maximum Mean Median
Standard
deviation

Methylsterigmatocystin 4 17 0.08 0.29 0.21 0.24 0.09
Averantin 1 4 0.44 0.44 0.44 0.44 -
Averufin 5 22 0.13 4.07 1.26 0.41 1.68
Averufanin 2 9 0.08 0.71 0.39 0.39 0.44
Norsolorinic acid 3 13 0.01 0.082 0.03 0.01 0.04
Versicolorin C 2 9 0.22 1.8 1.01 1.01 1.11
Versicolorin A 2 9 0.06 0.22 0.14 0.14 1.12
Nidurufin 1 4 0.05 0.05 0.05 0.05 -
Monoacetoxyscirpenol 5 22 1.49 5.78 3.36 2.93 1.94
Bikaverin 22 96 7.19 2653 534.2 159 1015
hydrolysed Fumonisin B1 3 13 0.77 1.11 0.94 0.95 0.17
Fusaric acid 2 9 21.74 27.78 24.76 24.8 4.27
Fusarinolic acid 2 9 61.13 84.12 73.13 73.13 16.3
Equisetin 11 48 0.3 3.3 1.99 1.09 3.2
Monocerin 14 61 0.26 4.56 1.25 0.61 1.24
Aspterric acid 7 30 2.61 231.4 88.56 58.5 90.3
Malformin C 2 9 0.07 0.26 0.17 0.16 0.14
Malformin A 2 9 0.10 0.79 0.44 0.44 0.48
Terphenyllin 1 4 2830 2830 2830 2830 -
Orsellinic acid 3 13 1642 9378 1208 1046 380
Andrastin A 8 34 1435 91740 28023 18560 33421
Macrosporin 19 83 0.08 44.8 10.9 2.78 0.29
Pestalotin 7 30 0.59 42.24 19.83 22.5 17.7
Chanoclavin 1 4 0.1 0.1 0.01 0.1 -
Agroclavin 4 17 0.14 0.50 0.39 0.38 0.24
Elymoclavin 3 13 0.1 0.18 0.15 0.17 0.05
Skyrin 3 13 0.31 1.07 0.94 0.37 8.87
Physcion 1 4 17.05 17.05 17.05 17.05 -
Brevinamid F 22 96 4.28 47.06 15.42 8.56 8.87
Tryptophol 14 61 19.48 126.5 40.9 38 10.9
Enniatin B1 1 4 0.04 0.04 0.04 0.04 -
Cycloaspeptide A 1 4 3.61 3.61 3.61 3.61 -
Paspalin 1 4 4521 4521 4521 4521 -

*Relatively higher concentration as there were no standard for them and the number denoted the peak area

streams in US and found that out of the 33 target fungi
metabolites measured, 43% of the samples contained
beauvericin. Shimada (2008) confirmed that Aspterric
acid as a metabolite of Aspergillus – a sesquiterpene
antibiotic that could act as plant growth regulator by
inhibiting pollen development at meiosis. Rasmussen
et al (2010) equally detected Andrastin A among other
metabolites in maize silage in Denmark using LC-
MS/MS. The two alternaria metabolites detected in the
Sorghum samples were macrosporin in the samples
from all the six zones and alternariolmethyether in
three out of the six sampling zones. The mean
concentration level of the former was 10.9µgkg-1 while
that of the latter was as low as 0.38 µgkg-1. The

occurrence of Alternaria toxins at significant
concentrations in Sorghum based food and feeds were
reported from South Africa (Sydenham et al., 1998),
India (Ansari et al., 1990) USA (Shimshoni et al.,
2013) and in Israel (Shimshoni et al., 2013) . There
seems to be no legislation against Alternaria toxins.
Hence the need for in-depth toxicity studies of the
fungi and subsequent enactment of regulatory limits.
Equisetin was detected in 48% of the samples
including all the samples from Abaji and just from
25% of the samples from AMAC. However, the mean
concentration level of this metabolite was as low as
1.99 µgkg-1. (Rai, 2009) described equisetin as an N-
methylserine-derived acyl tetramic acid produced by a
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number of Fusarium species with antibiotic and
cytotoxic activity. This is by specifically inhibiting the
substrate anion carriers of the inner membrane of
mitochondria while acts nonspecifically on protein
membranes and protein hydrophobic domains.
Tryptophol was detected in all the samples from Abaji
and AMAC. Tryptophol, an unspecified metabolite of
several fungal species and that could also be formed by
tryptophan was recently reported to be toxic to the
human A549 lung cell line, reducing cell viability by
nearly 100% and triggering up to 85% cell lysis
(Beardall et al., 1994). In view of this recent data, it is
speculated that the occurrence of Tryptophol in the
guinea corn samples may pose a threat to its
consumers. The concentration of EMOD observed in
both crops was much higher than previous reports of
EMOD contamination in peanut cake (3 µgkg-1) from
Nigeria but comparable with values reported by Celik
et al., 2000 for spoilt samples of vegetables and nuts.
In a rapid quantitative analysis of multiple fungi
metabolites isolated from wheat and maize in Czech
Republic by Vaclavik et al., 2010,
alternariolmethylether and diacetoxyscirpenol were
among the metabolites detected. According to Blaney
et al. (2010) there were over thirty anticipated fungi
metabolites found in Sorghum and its products world-
wide and the commonest ones include aflatoxins,
zearalenone and ochratoxins A, fumonisins,
moniliformin, deoxynivalenol and ergot alkaloids.
Alternariol, altenuene, tenuazonic acid, nivalenol,
patulin, sterigmatocystin and T-2 toxin have also been
isolated from the cereal. In this study, only 10 of the
detected mycotoxins were among the aforementioned
metabolites (Table 4).

3.4 Toxicological effects of some Metabolites Without
any Regulation

Considering the other non-regulated metabolites that
have been previously reported to contaminate Sorghum
world-wide, beauvericin, moniliformin,
alternariolmethylether, diacetoxyscirpenol (DAS) and
emodin (EMOD) are of major interest due to their
prevalence, high concentrations or previously
established toxicological data. In this study, the
producing species, toxicological effect of less well-
known metabolites but with high prevalence in
Sorghum grains from the six zones of the FCT, Abuja
Nigeria are shown in Table 5. Bhat et al. (2000);
Ominski et al. (1994); Abdalla et al. (1998); Ahmed et
al., (2010) adduced compelling factors that worsen the
fungi and mycotoxin burden in developing countries to
have included public ignorance of the existence of the
toxins; complete absence or lack of enforcement of
regulatory limits; and introduction of contaminated
food into the food chain which has become inevitable
due to shortage of food supply caused by drought, wars
and other socioeconomic and political insecurity. Best
agronomic practices and adoption of Hazard Analysis
and Critical Control Point (HACCP), a proactive
management system in which crop produce safety is
maintained through the analysis and control of
biological, chemical, and physical hazards during the
production, storage, distribution and consumption of
the produce could be a priceless tool for cont
mycotoxin-contamination in crop produce (Chulze,
2010; FDA, 2011).

4. Conclusion
This work is a sort of a pilot study to get an idea on the
mycotoxin situation in guinea corn in Nigeria. It is a
first report on the natural occurrence of the broad range
of microbial metabolites in guinea corn in the FCT,
Abuja Nigeria in which 32 new contaminating
metabolites were detected.

Table 4. Natural incidence of other 10 non-regulated mycotoxins in Sorghum seeds in the FCT, Abuja, Nigeria
that have been once reported in sorghum worldwide

Metabolite
No. of

positive
sample

% of
positive
sample

Concentration (µg kg-1)

Minimum Maximum Mean Median
Standard
deviation

Fumonisin B3 1 4 2.34 2.34 2.34 2.34 2.77
Fumonisin B4 3 13 6.12 7.34 8.83 6.12 -
Sterigmatocystin 3 13 0.4 1.4 0.75 0.45 0.56
Diacetoxyscirpenol 4 17 0.27 2.33 1.53 1.54 0.88
Beauvericin 16 68 0.013 0.74 0.11 0.15 0.14
Moniliformin 22 96 0.857 16.7 8.12 5.47 6.44
3-Nitropropionic acid 1 4 10.11 10.11 10.11 10.11 -
Curvularin 1 4 0.022 0.022 0.022 0.022 -
Alternariolmethylether 5 22 0.0126 0.727 0.38 0.2 0.29
Emodin 21 91 0.28 14.03 1.61 0.72 0.73
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Table 5. Producing species, toxicological effect of less well-known fungal metabolites detected in Sorghum grains from the six zones of the FCT, Abuja Nigeria

Metabolite Produced by Effects
Monili
formin

F. avenaceum
F. subglutinans
F. proliferatum
F. oxysporum
F. fusariodes

Broilers: 50 mg/kg feed toxic for broilers fed to market age, resulting in lower body weight gain, less efficient feed
converting rate, higher mortality (Broomhead et al., 2002); additive effects with aflatoxin (Kubena et al., 1997).
Turkeys: 37.5 mg/kg feed hepatotoxic; 25 mg/kg feed cardiotoxic Harvey et al., 2001
Swine:100 mg/kg feed for 28 days in growing barrows reduced body weight, body weight gain and feed consumption and
affected serum biochemical analytes; 50 mg/kg feed influence on haematologic values; additive effects with fumonisin B1

(Harvey et al., 2002)
Bikaverin* F. oxysporum f sp. vasinfectum;

Fusarium verticilliodes.
Bikaverin is a reddish pigment that can uncouple oxidative phosphorylation of mitochondria at 20µg/ml (Mohammed et
al., 2008).
Has antibiotic property against certain protozoa and fungi. The biological property of bikaverin includes antitumoral
activity against different cancer cell lines (Limón et al., 2010)

Monocerin Fusarium spp.
Exserohilum turcicum
Dreschslera spp.

Inhibit seedling growth as it is phytotoxic (Cuq et al., 1985).
Exhibit in vivo toxicity toward vertebrates (Speiger and  Speiger, 2008 )

Macrosporin Alternaria porri
A. solani

It is a quinone that has been found to exhibit a variety of biological activities such as phytotoxic, cytotoxic and
antimicrobial properties (Jingfeng et al., 2013).

Orsenillic
acid

Chaetomium sp. Orsellinic acid is a benzoic acid that has been shown to block PAF-mediated neuronal apoptosis. Orsellinic acid also
shows free radical scavenging activity.
It exhibits growth inhibitory activity on lettuce seedling (Onodera, 1996).
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The study further revealed that regulated mycotoxins
are more prevalent in sorghum from Kwali areas more
than in other areas and least prevalent in Gwagwalada
Area. Mycotoxin profile in sorghum from Nigeria was
relatively lower than those reported in East Africa. The
outcome of this study is to contribute to the production
of a long awaited crop produce mycotoxin map for
Nigeria. Knowledge regarding the commonly co-
occuring metabolites in grain can further provide the
basis for future toxicological studies on combined
effects.
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