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ABSTRACT
Seeds of Irvingia gabonensis and Monodora myristica are essential part of Nigerian diet, due to
their calorific, medicinal and other nutritive values. Mycotoxin (particularly, aflatoxin)
contamination of agricultural products has always been a food safety concern globally,
especially, in developing countries where post-harvest processing is done with local materials.
Fungal species associated with the seeds of I. gabonensis and M. myristica, collected from
major markets in Ibadan, Oyo State, Nigeria, were isolated through direct plating on Potato
Dextrose Agar medium. Mycotoxin contamination of the seeds was detected using a low matrix
competitive enzyme-linked immunoassay. Rhizopus stolonifer, Fusarium species, Aspergillus
flavus, Aspergillus niger, Aspergillus ochraceus and Aspergillus fumigatus were isolated from I.
gabonensis and M. myristica seeds sold at Ojoo, Bodija, Sango and Oja-oba markets. The
occurrence of Aspergillus species in these seed samples ranged between 3.85 and 33.33%. M.
myristica seeds acquired from Oja-Oba market in Ibadan had the highest level of aflatoxin
contamination (9.00 µg/kg). This was followed by I. gabonensis seeds, with aflatoxin content of
7.15 µg/kg, while M. myristica seeds samples acquired from Bodija market had the lowest level
of aflatoxin (2.55 µg/kg). Seeds of I. gabonensis and M. myristica were all contaminated with
species of Aspergillus and varying concentrations of aflatoxin. However, Bodija market
appeared to be the safest retail location to acquire the seeds of these plants for consumption.
Hygienic processing and adequate regulatory measures are imperative to reduce the level of
mycotoxigenic contamination of calabash nutmeg and African mango seeds.
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INTRODUCTION
Irvingia gabonensis (Aubry-Lecomte ex
O'Rorke) Baill., commonly known as the
African mango or Dika nut (local names:
“ogbono” or “odika”) and Monodora myristica
(Gaertn.) Dunal, known as the African or
calabash nutmeg (local names: “ehuru” or
“Abolakoshe”) are two of the most commonly
consumed tree crops, used in the preparation
of several delicacies in Nigeria (Akinyede et

al., 2020; Arikekpar and Alade, 2020). Their
seeds, fruits and leaves are used in several
preparations such as in making local
delicacies, production of wine, jelly, jam, juice,
cloth dye, animal feed, thickening agents and
active pharmaceutical extracts (Nkwocha et
al., 2018; Arikekpar and Alade, 2020). I.
gabonensis is a highly nutritious plant; the
edible seeds (100 g portion) provide 697
calories and contain 67 g fat, 8.5 g Protein,
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120 mg calcium, as well as 2.4 mg iron. The
fruit pulp of this plant tastes juicy, sweet and
is sometimes eaten raw in Nigeria. Its flavor
components include cinnamic acid,
zingiberene, dodecanal and dodecanol, giving
it the characteristic spicy, earthy, fruity and
wine-yeast features (Arikekpar and Alade,
2020; Peter and Victor, 2020). M. myristica is
mainly used for seasoning, due to its aromatic
flavor. Essential oil from the seed is rich in
unsaturated fatty acids (linoleic and oleic
acids) and used as a flavoring agent for food,
particularly, soups, sauces and canned foods.
In addition to the taste and nutrient
composition, extracts of M. myristica have
been indicated in lowering plasma
cholesterol, with potentials to control coronary
heart disease (Nkwocha et al., 2018).

Fungi, due to their ubiquity, are the major
spoilage organisms of agricultural crops,
which results in the reduction of postharvest
quality and economic value of these crops. In
addition, poor handling and storage facilities
contribute to the occurrence of different
species of spoilage fungi in plant products.
Their presence in food poses potential health
hazards to consumers (humans and animals).
Some spoilage fungi secrete extracellular,
poisonous, secondary metabolites, such as
mycotoxins, which are not readily destroyed
by heat or freezing (Bahauddeen and Ibrahim,
2020). Aflatoxins, produced by species of
Aspergillus, are one the most important
groups of medically significant mycotoxins.
Aflatoxins can be ingested through infected
plant products, especially, locally processed
foods (Obong’o et al., 2020), including tree
and vegetable crops consumed raw or slightly
cooked, such as I. gabonensis and M.
myristica. The toxins could be carcinogenic,
immunotoxic and nephrotoxic; the clinical
manifestation results in acute to chronic
disorders of the central nervous system,
cardiovascular system, and in some cases,
death (Djeugap et al., 2019). In most
developing nations, such as Nigeria, there is

a limitation to the availability of facilities
required for monitoring the levels of aflatoxin
contamination in locally consumed food
products. This had in turn limited the ability of
unsuspecting consumers to choose from the
array of plant products available in the
markets. Consequently, this research work
was designed to establish the level of fungal
infection and aflatoxin contamination in seeds
of I. gabonensis and M. myristica from
selected markets in Ibadan, Oyo State,
Nigeria.

2.0. MATERIALS AND METHODS
2.1. Collection of samples
Samples of dry ‘Ogbono’ and calabash
nutmeg seeds were randomly collected from
four major foodstuff markets (Ojoo, Bodija,
Sango and Oja-oba) in Ibadan, Nigeria. A
total of thirty two (32) samples were collected
(8 samples from each market). The samples
were placed in pre-sterilised airtight
containers and transported to the
Phytopathology Laboratory of the Department
of Crop Protection and Environmental
Biology, University of Ibadan for fungal
isolation.
2.2. Isolation of fungi

Seeds obtained from each market were
surface sterilised with 2% sodium hypochlorite
for one minute, rinsed in sterile distilled water
(thrice) and air-dried. Using sterile forceps,
treated seeds were picked and transferred
onto the surface of freshly prepared Potato
Dextrose Agar medium (direct plating),
amended with streptomycin sulfate.
Thereafter, inoculated plates were incubated
at room temperature (25±2ºC) for three to five
days and observed daily for fungal growth.
Growing fungal cultures were subcultured, by
transferring young mycelia tips, onto fresh
agar plates to obtain pure cultures (Mukhtar
et al., 2019). Pure isolates were stored on
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agar slants at 4 ºC till they were required for
subsequent analysis.

2.3. Identification of fungi
Each of the isolates was identified
morphologically through their cultural
features, as well as microscopic
characteristics as described by Wanjiku et al.
(2020). The morphological parameters
observed included the shape and colour of
fungal species on Petri dishes, the conidia
and spore producing structures. Microscopic
slides were prepared by teasing out a little
mycelial portion of each isolate on to a glass
slide; this was stained with lactophenol
cotton-blue, covered by glass slip and
observed under a compound light
microscope. The photomicrographs were
thereafter compared with the descriptions
given by Barnett and Hunter (2010) for
identification.

2.4. Determination of percentage
occurrence of isolated fungi
Percentage occurrence of each species of
fungi was determined to establish the relative
frequency of occurrence of different fungal
isolates in relation to the overall fungal
species associated with I. gabonensis and M.
myristica seeds. Percentage occurrence was
calculated as described by Mukhtar et al.
(2019).

Where; Ti = Total number of individual
species in a sample and Tt = Total number of
the entire organisms isolated from each
sample.

2.5. Analysis of aflatoxin contamination of
Irvingia gabonensis and Monodora
myristica seeds

A Low Matrix Total Aflatoxin assay kit
(HELICA Biosystems Inc.) was used to
quantify the aflatoxin contents of I.
gabonensis and M. myristica seed samples.
The assay technique involved a competitive
enzyme-linked immunoassay (Nazhand et al.,
2020) in which aflatoxins in the samples and
control compete with enzyme-labelled
aflatoxin conjugate for the antibody binding
sites. Five grams grounded sample was
weighed and transfered into an extraction
bottle containing 25mL 80% methanol. The
mixture was shaken vigorously for five
minutes, allowed to settle and filtered using
Whatman no.1 filter paper. The filtrate was
then used for the aflatoxin analysis. All
reagents were brought to room temperature
and the phosphate buffered saline-Tween
packet was reconstituted by washing out the
contents with a gentle stream of distilled
water (one liter). Equal number of antibody
coated microtiter wells were set up for both
the sample and standard preparations, made
up to 200 µL, mixed well by priming pipettor
and incubated at room temperature for 30
minutes. Subsequently, 100 µL of aflatoxin
conjugate was added to each antibody coated
well and incubated at ambient temperature for
another 30 minutes. Thereafter, 100 µL of
stabilised tetramethylbenzidine (TMB) was
added to each microwell and incubated at
room temperature for 10 minutes. Stop
solution (100 µL acidic solution) was
subsequently added to the reaction mixture
and the optical density (OD) of each product
was read at 450 nm, using a microtiter plate
reader (LABTRON Microplate Reader LMPR-
A30, Labtron Equipment, United Kingdom) .
The corresponding quantity of aflatoxin (µg) in
the analysed plant samples was determined
by interpolation from a dose-response
standard curve (Nazhand et al., 2020; Zhang
and Banerjee, 2020).
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3.0. RESULTS AND DISCUSSION
3.1. Identification of isolated fungi
Based on their morphological (cultural and
microscopic) features, a total of six (6)
different fungi species were identified from the
seeds of I. gabonensis and M. myristica
obtained from selected markets in Ibadan.
These included Rhizopus stolonifer, Fusarium
species, Aspergillus flavus, Aspergillus niger,
Aspergillus ochraceus and Aspergillus
fumigatus (Plates 1-6). Their presence and
distribution varied from one selected market
to another. Equal percentage of fungal
occurrence (33.33%) was observed in M.
myristica and I. gabonensis seeds acquired
from Ojoo market (Figure 1). Similarly,
Rhizopus and Aspergillus species were also
observed on seeds of I. gabonensis acquired
from Sango market (Figure 2), while A.
ochraceus and A. fumigatus (3.85%) were the
least isolated species from M. myristica seeds
randomly collected from the market.
Aspergillus species were the most abundant
species of fungi associated with both I.
gabonensis and M. myristica seeds from
Bodija market (Figure 3); however, A.
fumigatus was the least isolated species from
both M. myristica and I. gabonensis seeds
(3.85% and 4.00% respectively). Similar
levels of culturable fungal diversity (33.33%)
were observed on samples of both plants sold
at Oja-Oba (Figure 4).
In a similar study, Duru et al. (2020)
conducted a sanitary survey on the kernels of
I. gabonensis sold within the four ecological
zones of Nigeria; they reported the presence
of A. flavus (17.61%), A. niger (14.38%), F.
moniliforme, (13.01%), Lasiodiplodia
theobromae (9.64%), Penicillium italicum
(5.00%) and Rhizopus stolonifer (11.00%)
associated with this plant. These isolates
were observed to degrade the lipid content of
I. gabonensis kernel, reducing the amount of
vegetable oil content recovered from infected

kernel. Aboloma and Ogunbusola (2012)
evaluated the relative abundance of fungi
species associated with I. gabonensis seeds
sold in Ado-Ekiti markets. The seeds were
cultured on potato dextrose agar at 25° C for
7 days. Fungi isolated from I. gabonensis in
their study included Rhizopus nigricans
(25%), Mucor mucedo (30%), Trichoderma
viride (30%) and Aspergillus flavus (15%).
Olusola-Makinde and Oluwafemi, (2020) also
documented the abundance of fungi species
associated with the seed cotyledons of
African mango subjected to solid state
fermentation for 96 hours at room
temperature. The fungi isolated were
Penicillium chrysogenum, Aspergillus flavus,
A. niger, Saccharomyces cerevisiae and
Trichoderma viride, with an overall fungal
count range between 8.0 and 15.0 x 103

cfu/mL.

Plate 1: Pure culture and photomicrograph (×
400) of Rhizopus stolonifera
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Plate 2: Pure culture and photomicrograph
(× 400) of Fusarium species

Plate 3: Pure culture and photomicrograph
(× 400) of Aspergillus flavus

Plate 4: Pure culture and photomicrograph
(× 400) of Aspergillus niger

Plate 5: Pure culture and photomicrograph
(× 400) of Aspergillus ochraceus

Plate 6: Pure culture and photomicrograph
(× 400) of Aspergillus fumigatus

In their work on the mycobiota and aflatoxin
contamination of M. myristica, Ezekiel et al.
(2013) equally reported the presence and
abundance of Aspergillus species associated
with this economically significant plant.
However, the isolation of fungal species from
M. myristica in this study was in contrast with
the observation of Akise et al. (2020), who
reported the in-vitro antimicrobial activities of
African nutmeg against Aspergillus and
Rhizopus species isolated from smoke-dried
catfish (Clarias gariepinus). The
contamination of I. gabonensis and M.
myristica seeds could have been as a result
of poor drying, handling and storage facilities.
These seeds were mostly dried on the ground
and stored or displayed in open spaces, using
locally made baskets.

3.2. Aflatoxin profile
Monodora myristica seeds acquired from Oja-
Oba market in Ibadan had the highest level of
aflatoxin contamination (9.00 µg/kg) (Table 1).
This was followed by I. gabonensis seeds,
with detected aflatoxin content of 7.15 µg/kg,
which was, however, not significantly different
from the aflatoxin level observed in I.
gabonensis seeds from Oja-Oba (6.35 µg/kg).
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Similar levels of aflatoxin contamination was
recorded for both M. myristica and I.
gabonensis seeds sold at Sango market. The
lowest level of aflatoxin (2.55 µg/kg) was
detected in M. myristica seeds samples
acquired from Bodija market. Low aflatoxin
content was also recorded in M. myristica
seeds sold at Ojoo, as well as I. gabonensis
seeds from Bodija market. Bodija market is

one of the largest retail markets in Oyo State
and the frequency of regulatory inspection at
this market could have influenced better
processing or handling of seeds displayed for
sale. Such practice would significantly reduce
the level of post-harvest contamination of
agricultural products, as observed in this
study.

33.33%

33.33%

33.33%

Rhizopus stolonifer

Aspergillus flavus

Aspergillus niger

A

33.33%

33.33%

33.33%

Fusarium species

Aspergillus flavus

Aspergillus niger

B
Figure 1: Occurrence of fungi species isolated from seeds of Irvingia gabonensis (A)
and Monodora myristica (B) from Ojoo market

A B

Figure 2: Occurrence of fungi species isolated from seeds of Irvingia gabonensis
(A) and Monodora myristica (B) from Sango market
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32.00%

32.00%

32.00%

4.00%

Rhizopus
stolonifer
Aspergillus flavus

Aspergillus niger

Aspergillus
fumigatus

A B

Figure 3: Occurrence of fungi species isolated from seeds of Irvingia gabonensis (A) and
Monodora myristica (B) from Bodija market

A B
Figure 4: Occurrence of fungi species isolated from seeds of Irvingia gabonensis (A) and
Monodora myristica (B) from Oja-Oba market
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Table 1: Aflatoxin contamination of
Irvingia gabonensis and Monodora
myristica seeds sold at selected markets
in Ibadan, Oyo State

Market
location Seeds

Aflatoxin
(µg/kg)

Ojoo
I. gabonensis 7.15b

M. myristica 3.71d

Bodija
I. gabonensis 4.10d

M. myristica 2.55e

Oja-Oba
I. gabonensis 6.35bc

M. myristica 9.00a

Sango
I. gabonensis 5.85c

M. myristica 5.45c
Aflatoxin contamination of I. gabonensis (as
observed in this study) was equally reported
by Williams et al. (2015) and Katnap et al.
(2017) in their investigations on the aflatoxin
contamination of I. gabonensis and other
food materials sold at different States within
Nigeria. The detection of aflatoxin in M.
myristica seed samples collected from
different markets in Ibadan could be linked to
the presence of Aspergillus species
associated with these seeds. Elenwo (2002)
also reported the presence of aflatoxin
producing fungal species, including
Aspergillus flavus, A. niger and A. tamari in
M. myristica seeds acquired from Rivers,
Ondo, Calabar, Lagos and Anambra States
in Nigeria. Fungi, such as Penicillium,
Fusarium and most importantly, Aspergillus
species have been reported to grow on food
materials; when conditions are suitable, they
produce extracellular enzymes to breakdown
the complex food nutrients and assimilate
the products. Subsequently, they release
secondary metabolites (such as mycotoxins)
at their stationary phase of growth, which
could in turn, compromise the health of

humans and animals consuming such
contaminated food (Nazhand et al., 2020).
The level of aflatoxin contamination detected
in all the seed samples, collected from
selected markets in Ibadan, were below the
maximum allowable limits (10 µg/kg) for
human consumption, as stipulated by the
European Commission, which is presently
adopted by the Nigerian National Agency for
Food and Drug Administration and Control
(Williams et al., 2015). However, persistent
consumption of contaminated food products
could lead to the accumulation of toxins and
the manifestation of associated clinical
symptoms. Seeds of I. gabonensis appeared
to be more susceptible to aflatoxin
contamination than M. myristica seeds. This
could have been as a result of the
antimycotic properties of M. myristica, as
reported by Akise et al. (2020) who identified
the presence of fungicidal monoterpene
hydrocarbons constituents, consisting of
limonene (17.6%), α-phellandrene (16.3%),
α-pinene (12.2%), βmyrcene (11.2%), 3-
Thujene and β-Linalool (7.3%) in essential
oils extracted from the plant.

4.0. CONCLUSION
Rhizopus stolonifer, Fusarium species,
Aspergillus flavus, Aspergillus niger,
Aspergillus ochraceus and Aspergillus
fumigatus were the isolated fungi associated
with the seeds of M. myristica and I.
gabonensis acquired from major markets in
Ibadan, Oyo State. The seeds were all
contaminated with varying concentrations of
aflatoxin; while higher level of contamination
was observed in I. gabonensis. However,
with the lowest level of aflatoxin
contamination, Bodija market appeared to be
the safest location to acquire seeds of these
plants. This may be attributed to the level of
food safety awareness of the retail marketers
and the frequency of regulatory inspection at
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this market. Hygienic processing, safe
storage techniques and adequate regulatory
measures are imperative to reduce the level
of mycotoxigenic contamination of calabash
nutmeg, African mango seeds, as well as
other agricultural products sold in Nigerian
markets.
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