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Abstract 
Samples of maize, rice, cocoa and cocoa-based powder beverage) collected from different stores and markets in 
south-western Nigeria were screened for filamentous fungi contamination using conventional and molecular 
methods. Samples were cultured aseptically on potato dextrose agar (PDA), ohio agricultural experimental agar 
(OEASA), Malt Extract Agar (MEA) and Czapek Yeast Agar (CYA) prior to fungi isolation. Conventional 
methods comprising of macroscopic and microscopic evaluation of isolated fungi species were implemented in 
the analysis for identification of fungi species. Molecular method of identification involved DNA extraction, 
Polymerase chain Reaction (PCR) using ITS-1/ITS-4 primer pair and nucleotide sequencing. Results obtained 
indicated a range of filamentous fungi genus including Aspergillus, Penicillium, Fusarium, Alternaria, 
Cladosporium and Rhizopus contaminating the food commodities with Aspergillus and Penicillium species 
dominating most of the samples. High incidences were recorded for Aspergillus flavus, Aspergillus niger and 
Aspergillus fumigatus in most of the samples screened. The occurrence of these filamentous fungal species pose 
a reason for concern as most of these fungal species are known producers of toxic substances. This study was 
carried out to contribute to mycological screening of different Nigerian food commodities for a variety of 
filamentous fungi species.  
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1. Introduction 
Filamentous fungi Aspergillus, Penicillium, Fusarium, Alternaria, Acremonium, Cladosporium and Curvularia 
are common micro-organisms in the environment found in the soil, air and contaminated food 
(Gołofit-Szymczak & Górny, 2010; Pitt & Hocking, 1997) due to their ubiquitous nature and because fungi can 
grow on any substrate under favourable conditions (Klein & Paschke, 2004). Filamentous fungi are also known 
producers of secondary metabolites mycotoxins which have been investigated to have adverse health effects on 
both humans and animals when exposed to them (Meerdink, 2002; Muri, van der Voet, Boon, van Klaveren, & 
Brüschweiler, 2009; Wagacha & Muthomi, 2008). Aflatoxin B1 produced by A. flavus and A. parasiticus has 
been classified by the International Agency for Research on Cancer (IARC) as a Group 1 carcinogen and has 
been reported as one of the aetiologies of liver cancer (IARC, 2002, 2012).  

Nigeria being the most populous nation in Africa with a population of over 130 million people has its domestic 
economy dominated by agriculture, which accounts for about 40% of the Gross Domestic Product (GDP) and 
two-thirds of the labour force. Agriculture supplies food, raw materials and generates household income for the 
majority of the people especially in the rural areas. Farming is often of the subsistence variety, characterized by 
simple tools and shifting cultivation as well as improper methods of storage and transportation of agricultural 
products. Large scale agriculture is not so common with few large scale farmers in the country. These small 
farms produce about 80% of the total food consumed (Akande, 2010).  
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Agricultural products of Nigeria can be divided into two main groups: food crops, produced for home 
consumption and export crops. Subsistence food crops include sorghum, maize, yam, cassava, rice and millet 
whereas, cash crops consist of palm kernel, cotton, cocoa, rubber and groundnuts. Most of these agricultural 
products are sometimes processed into different types of food for consumption. An example is the preparation of 
“Ogi” and “pop corn” from maize and “fufu” from cassava. Agricultural products are usually cultivated by 
seasons and stored for availability all year round. As a result of the simple method of cultivation and improper 
storage of these agricultural products, there is the tendency for the agricultural products to be contaminated with 
fungi and mycotoxins. 

Apart from being one of the important sources of revenue for Nigeria, cocoa is a raw material for the production 
of a range of food commodities such as chocolates, sweets, coffee, cocoa powder, cocoa beverages, biscuits etc. 
(Sánchez-Hervás, Gil, Bisbal, Ramón, & Martínez-Culebras, 2008). Cultivated mainly in western and central 
Africa (Cocoa-growing; Cocoastory) as well as some parts of South America and Europe (Amézqueta, 
González-Peñas, Murillo, & López de Cerain, 2005; Ardhana & Fleet, 2003; Brera et al., 2011; Copetti, 
Iamanaka, Pereira, Fungaro, & Taniwaki, 2011), cocoa has become a very essential part of human lives because 
of the forms in which it is consumed. Rice is also considered a staple food in Nigeria because it is consumed in 
most households on a daily basis with the consumption of rice growing annually by 10% since the 1970s 
(Akande, 2010). Maize is consumed as well in many households in Nigeria in various forms.  

With the growing awareness of food safety worldwide, it is of essence that the safety and quality of food 
consumed on a daily basis in Nigeria be continually evaluated. This study was therefore conducted in other to 
determine the occurrence and population of filamentous fungi species in different food commodities from 
Nigeria in order to assess the possible health dangers consumers are exposed to. 

2. Materials and Methods 
All chemicals and reagents used in this study were at least of analytical grade, unless otherwise specified.  

2.1 Sampling and Sample Preparation 

One hundred and forty-four (144) samples consisting of maize (39), rice (41), cocoa seeds (17), processed cocoa 
(22) and cocoa-based powder beverage each weighing about 200g were collected from different stores and 
markets in south-west and south-east Nigeria. Representative samples were collected in plastic bags and sealed 
for transportation to the Food, Environment and Health Research laboratory, University of Johannesburg, South 
Africa following all necessary custom duty protocols. All samples collected were destined for human 
consumption. On arrival at the laboratory, seed samples were ground using a laboratory mill (IKA M20, Merck, 
Darmstadt, Germany) for further analysis. 

2.2 Mycological Screening of Samples 

To determine fungal population in samples following the method of (Njobeh, Dutton, Koch, Chuturgoon, Stoev, 
& Seifert, 2009) with slight modifications, potato dextrose agar (PDA) and ohio agricultural experimental agar 
(OAESA) were used. Ohio agricultural experimental agar was prepared by dissolving glucose (5 g), yeast extract 
(2 g), sodium nitrite (1 g), magnesium sulphate (0.5 g), di-potassium hydrogen phosphate (1 g), oxbile (1 g) 
sodium propionate (1 g) and Nutrient agar (20 g) in 900 ml distilled water and was made up to 1 litre. Potato 
dextrose agar was prepared by dissolving PDA (39 g) in 1 litre of distilled water. Both agar were autoclaved at 
121 ºC and 15 psi for 15 mins, cooled in a 50 ºC water bath and eight (8) millilitre (ml) each of 1% 
chloramphenicol/ 1% streptomycin antibiotic solution added to agar before pouring into sterile petri dishes.  

One (1) gram of each sample was weighed after thorough mixing using sterile weighing boats and transferred to 
sterile test-tubes containing 9 ml sterile ringer’s solution, vortexed and serially diluted to make six dilutions (10-6) 
per sample. Ringers solution was prepared by dissolving two ringers tablets in 1 litre of distilled water and 
autoclaved at 121 oC and 15psi for 15mins. One ml of sample was pipetted from each test tube unto PDA and 
OAESA and incubated for 4-7days at 25 oC. Fungal colonies were determined using a colony counter and 
number of fungal colonies per gram of sample calculated and expressed in colony forming units per gram of 
sample (Cfu/g) as: Cfu/g ൌ Number	of	colonies	x	reciprocal	of	the	dilution	factorPlating	volume	ሺ1	mlሻ  
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2.3 Fungal Isolation From Sample Cultures 

Isolation of fungi was done using PDA, malt extract agar (MEA) and (CYA). Czapek yeast agar was prepared by 
dissolving di-potassium hydrogen phosphate (1 g), yeast extract (5 g), sucrose (30 g), agar powder (15 g) and 
czapek concentrate (10 ml) in 1 L of distilled water. Malt extract agar was prepared by dissolving 50 grams of 
malt extract in 1 litre of distilled water. The different agar were autoclaved at 121 ºC and 15 psi for 15 mins, 
cooled to 50 ºC using a water bath and poured into sterile petri dishes. Fungal colonies were isolated using a 
sterile wire loop onto agar in sterile petri dishes and incubated at 25 oC for 7 days for macroscopic and 
microscopic identification. 

2.4 Molecular Identification of Fungal Identification 

2.4.1 DNA Extraction 

Deoxyribonuleotide (DNA) extraction was done using a Fungal/Bacterial DNA extraction kit (Zymo Research 
Corporation, Southern California, USA). Fungal isolates were cultured on PDA at 25 oC for 2-4 days, mycelium 
freeze-dried and about 60mg of mycelium mixed with 750 μl of DNA lysing solution in a 1.5 ml ZR Bashing 
BeadTM lysis tube. This was followed by lysing of the fungal cells using a disruptor genie bead beater fitted 
with a 2 ml tube holder assembly (Scientific industries inc., USA) and processed at maximum speed for 5 mins. 
Lysed samples were centrifuged at 10,000 rpm for 1 minute and supernatant transferred to a zymo-spin IV spin 
filter in a collection tube and centrifuged at 7,000 rpm for 1 minute. The filtrate was added to fungal DNA 
binding buffer and centrifuged in a Zymo-spin IIc column placed in a collection tube at 10,000 × g for 1 minute. 
This was followed by washing of DNA in the column using a pre-wash buffer and wash buffer. Fungal DNA 
was finally eluted with 100 μl of DNA elution buffer and centrifuged at 10,000× g for 30 mins. Eluted DNA was 
stored at -20 ºC for further analysis.  

2.4.2 Agarose Gel DNA Electrophoresis 

Deoxyribonucleotide acid (DNA) gel electrophoresis was done by preparation of 2% agarose gel (2 g of agarose 
(Fermentas Life Science, Lithuania) in 98 ml 1x TAE buffer (Fermentas Life Science, Lithuania) which was 
boiled in a microwave and cooled to approximately 60 oC. This was followed by the addition of seven (7) ml of 
ethidium bromide (Sigma-Aldrich, ST Louis, MO, USA) to the agarose solution. The agarose solution was 
poured into a casting chamber (Bio-Rad Laboratories, California, USA) and allowed to set. Casting chamber 
containing the solid agarose was further inserted into the electrophoresis tank (Bio-Rad Laboratories, California, 
USA) filled with 1× TAE buffer. Fungal DNA (5 μl) was mixed with 3 μl of 6X orange loading dye (Fermentas 
Life Science, Lithuania) and loaded into the wells. The chamber was closed and run at 450 V and 70 mA for 30 
minutes and DNA viewed using the ChemiDoc gel imaging system (Bio-Rad Laboratories, California, USA). 

2.4.3 Polymerase Chain Reaction (PCR) 

Amplification of extracted DNA was done using ITS-1/ITS-4 primer pairs for forward and reverse amplification 
as described by (O'Donnell & Cigelnik, 1997). Primers were designed in conserved 5’ and 3’ regions which 
resulted in the amplification of a 450bp elongation factor product. Synthesis of primers was done at a 0.01 μM 
scale and purified using reverse-phase cartridge purification (Inqaba Biotechnical Industries (Pty) Ltd, South 
Africa). 

The final PCR solution for each sample consisted of 25 μl of 2 × PCR master mix, 1 μl of each 2 μM primer, 1 μl 
of DNA (final concentration of 10 μM), and constituted to a final volume of 50 μl with nuclease free water. 
Polymerase chain reaction was performed using an eppendorf 96-well Thermocycler (Eppendorf, USA) and 
cycling conditions set as: Pre-dwelling at 95 ºC for 3 mins, 35 cycles denaturation at 95 ºC for 1 min, annealing 
at 58 ºC for 45 secs, extension at 72 ºC for 1 min 30 seconds, post-dwelling at 72 ºC for 10 minutes and held at 4 
ºC until samples were retrieved.  

2.4.4 Sequencing of PCR Products and Data Analysis 

Products from PCR analysis were cleaned using shrimp alkaline phosphatase and E. coli exonuclease I 
(Fermentas Life Sciences, Lithuania). Agarose Gel electrophoresis was done as initially described to confirm 
DNA amplification using a DNA ladder (marker) (Fermentas Life Science, Lithuania). Automated DNA 
sequencing was performed at Inqaba Biotechnical Industries (Pty) Ltd (Pretoria, RSA) using the SpectruMedix 
model SCE 2410 automated DNA sequencer (SpectruMedix, State College, PA). Sequencing reaction mixture 
(prepared by Inqaba Biotechnical Industries (Pty) Ltd, South Africa) included the ABI BigDye Terminator Cycle 
Sequencing kit version 3.1 dye (Applied Biosystems, Foster City, CA) and the same primers used in the original 
PCR reaction. For analysis of fungal sequences, reference sequences for the TEF 1 α coding region were used 
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and these sequences, in FASTA format were obtained from EMBL databases (National Center for Biotechnology 
Information, U.S. National Institute of Health, Bethesda, MD). 

3. Results 
Mycological analysis in this study showed a wide range of filamentous fungal species belonging to the genera 
Aspergillus, Penicillium and Fusarium contaminating food commodities with varying colony forming units (Cfu) 
indicated in Table 1. Cocoa and cocoa- based powder beverages were contaminated mainly with a range of 
Aspergillus species dominated by the prevalence of Aspergillus flavus (82.4%), Aspergillus fumigatus (76.5%), 
Aspergillus niger (82.4%), Aspergillus parasiticus (54.6%) and Aspergillus ochraceus (52.9%) with lesser 
incidences of Penicillium and Fusarium species.  

 

Table 1. Colony formation unit per gram (Cfu/g) of fungal species recovered per sample from rice, maize, 
unprocessed cocoa, processed cocoa and cocoa-based powder beverages 

Fungi 

Cfu/g of fungi in different commodities 

Rice Maize 
Cocoa 

Unprocessed
Cocoa 

Processed 

Cocoa 
Powder 

Beverages
Alternaria 12.3 × 104 - - - - 

Aspergillus auricomus 6.2 × 103 - - - - 

Aspergillus awamori 4.6 x 105 - - - - 

Aspergillus caespitosus - - - 3.0 × 104 5.8 × 104 

Aspergillus candidus 6.2 × 104 6.2 × 105 - - - 

Aspergillus carbonarius 14.1 × 105 - 6.8 × 106 14.3 × 105 - 

Aspergillus flavus 39.7 × 106 25.4 × 105 20.9 × 106 27.6 × 106 7.2 × 105 

Aspergillus foetidus 3.8 × 105 - - - - 

Aspergillus fumigatus 22.3 × 106 16.7 × 106 18.6 × 106 32.1 × 106 10.7 × 104 

Aspergillus japonicus - - 4.2 x 106 - - 

Aspergillus melleus - - - - - 

Aspergillus niger 18.3 × 106 29.4 × 106 19.2 × 106 30.5 × 106 - 

Aspergillus niveus 3.6 × 104 - - - - 

Aspergillus ochraceus - - 12.3 × 106 - - 

Aspergillus oryzae 21.6 × 106 12.4 × 105 - 10.4 × 105 - 

Aspergillus paradoxus 8.4 × 105 - - - - 

Aspergillus parasiticus - 21.6 × 105 9.7 × 106 24.0 × 106 8.6 × 105 

Aspergillus penicilliodes 3.5 × 104 - - - - 

Aspergillus versicolor  - - - 2.0 × 104 - 

Cladosporium 19.8 × 106 6.2 × 104 - - 8.8 × 105 

Emericella nidulans - - - 4.0 × 104 - 

Fusarium - - 5.1 × 105 6.5 × 104 - 

Fusarium chlamydosporum 5.4 × 104 - - - - 

Fusarium graminearum 14.7 × 106 30.6 × 106 - - - 

Fusarium oxysporum 14.9 × 105 24.8 × 106 - - - 

Fusarium proliferatum 17.8 × 106 29.8 × 106 - - - 

Fusarium sambucinum 2.1 × 104 - - - - 

Fusarium semitectum 7.2 × 104 - - - - 
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Fusarium solani - 21.3 × 104 - - - 

Fusarium sporotrichiodes 17.8 × 106 18.6 × 105 - - - 

Fusarium subglutinans 13.2 × 105 - - - - 

Paecilomyces fulvus - - 6.3 × 104 - 4.7 × 104 

Penicillium aethiopicum 1.7 × 104 18.7 × 105 - - - 

Penicillium aurantiogriseum 1.7 × 104 - 5.4 × 104 - - 

Penicillium crustosum 2.2 × 103 17.7 × 106 - - - 

Penicillium digitatum 3.6 × 104 24.8 × 106 - - - 

Penicillium expansum - - - - 5.9 × 104 

Penicillium hirsutum 15.3 × 106 22.5 × 106 - - 6.3 × 104 

Penicillium islandicum - 15.9 × 105 - - - 

Penicillium olsonii 16.8 × 106 - - - - 

Penicillium polonicum 2.4 × 104 13.8 × 105 - - - 

Penicillium purpurogenum 6.2 × 104 - - - - 

Penicillium solitum 8.7 × 105 - - - - 

Penicillium thomii 11.7 × 105 - - - - 

Penicillium viridicatum 2.3 × 104 - - - - 

Rhizopus 11.8 × 105 - 13.5 × 105 16.7 × 105 4.4 × 105 

 

Rice samples analysed showed a prevalence of different Aspergillus, Penicillium, Fusarium, Alternaria and 
Cladosporium species contaminating them with A. flavus and A. fumigatus dominating and having 65.9% and 
53.7% incidences respectively. Maize samples were contaminated with fungal genera Aspergillus, Penicillium, 
Fusarium and Cladosporium with high incidences of F. verticillioides (76.9%), A. fumigatus (73.4%) and A. 
flavus (66.7%). Incidences of filamentous fungi species illustrated in Table 2 indicated less contamination of 
cocoa-based powder beverages by the same fungi species which were contaminating cocoa seeds.  

 

Table 2. Incidence (%) of fungal species recovered from rice, maize, unprocessed cocoa, processed cocoa and 
cocoa-based powder beverages 

Fungi 

Incidence(%) of fungi in different commodities 

Rice Maize 
Cocoa 

Unprocessed
Cocoa 

Processed 

Cocoa 
Powder 

Beverages
Alternaria 12.2 - - - - 

Aspergillus auricomus 7.3 - - - - 

Aspergillus awamori 7.3 - - - - 

Aspergillus caespitosus - - - 4.6 8.0 

Aspergillus candidus 7.3 18.0 - - - 

Aspergillus carbonarius 17.1 - 29.4 18.2 - 

Aspergillus flavus 65.9 66.7 82.4 72.7 24.0 

Aspergillus foetidus 7.3 - - - - 

Aspergillus fumigatus 53.7 73.4 76.5 40.9 16.0 

Aspergillus japonicus - - 11.8 - - 

Aspergillus melleus - - - - - 
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Aspergillus niger 41.0 46.2 82.4 45.5 - 

Aspergillus niveus 2.4 - - - - 

Aspergillus ochraceus - - 52.9 - - 

Aspergillus oryzae 46.2 15.4 - 18.2 - 

Aspergillus paradoxus 9.8 - - - - 

Aspergillus parasiticus - 25.6 29.4 54.6 16.0 

Aspergillus penicilliodes 4.9 - - - - 

Aspergillus versicolor     4.6 - 

Cladosporium 22.0 12.8 - - 32.0 

Emericella nidulans    9.1 - 

Fusarium - - 17.6 9.1 - 

Fusarium chlamydosporum 4.9 - - - - 

Fusarium graminearum 17.1 25.6 - - - 

Fusarium oxysporum 22.0 35.9 - - - 

Fusarium proliferatum 24.4 64.1 - - - 

Fusarium sambucinum 2.4 - - - - 

Fusarium semitectum 9.8 - - - - 

Fusarium solani - 20.5 - - - 

Fusarium sporotrichiodes 19.5 25.6 - - - 

Fusarium subglutinans 17.1 - - - - 

Paecilomyces fulvus - - 29.1 - 8.0 

Penicillium aethiopicum 4.9 10.3 - - - 

Penicillium aurantiogriseum 2.4 - 17.7 - - 

Penicillium crustosum 4.9 20.5 - - - 

Penicillium digitatum 7.3 30.8 - - - 

Penicillium expansum - - - - 8.0 

Penicillium hirsutum 22.0 33.3 - - 8.0 

Penicillium islandicum - 15.4 - - - 

Penicillium olsonii 14.6 - - - - 

Penicillium polonicum 4.9 15.4 - - - 

Penicillium purpurogenum 7.3 - - - - 

Penicillium solitum 9.8 - - - - 

Penicillium thomii 12.2 - - - - 

Penicillium viridicatum 2.4 - - - - 

Rhizopus 14.6 - 52.9 31.8 12.0 

 

A comparison of the fungal population of food commodities from the two collection areas (stores and markets) 
as indicated in (Figures 1-4) showed slight differences in rice and cocoa samples and remarkable differences in 
maize samples. This comparison was based on incidences of filamentous fungi contaminating food samples 
collected from stores and markets. Although rice samples from markets had higher incidences of Aspergillus, 
Penicillium and Fusarium, lower incidences were reported for Cladosporium and Alternaria species in rice 
samples from markets. Maize samples had higher incidences of Aspergillus and Penicillium species 
contaminating samples from stores compared to those from markets. Cocoa samples from both collection areas 
were contaminated by Aspergillus and Penicillium species while samples form stores were not contaminated by 



www.ccsen

 

Fusarium 
powder be

 

Fig

Figu

 

Figu

 

net.org/jfr 

species. Figur
everage sample

gure 1. Inciden

ure 2. Incidenc

ure 3. Incidenc

re 4 also show
es. 

nce in percenta

ce in percentag

ce in percentag

Journal 

wed the non-oc

age of different
from ma

ge of different f
from ma

ge of different f
from ma

of Food Researc

44 

currence of Fu

t filamentous f
arkets and stor

filamentous fu
arkets and stor

filamentous fu
arkets and stor

ch

usarium and A

fungi genera co
res 

ungi genera con
res 

ungi genera con
res 

Alternaria spec

 

ontaminating r

ntaminating m

 
ntaminating co

Vol. 4, No. 1;

cies in cocoa-b

rice samples 

 

maize samples 

ocoa samples 

2015 

based 

      

     

      



www.ccsen

 

Figure 4

 
4. Discuss
Fungal an
samples o
the human
(Kumar, B
Martínez-C
and agricu
Salako, & 

Mycologic
genera con
Aspergillu
flavus, A. o
of fungi sp
(indicated 
processed 
45.5% of 
processed 
conditions
not proper
Also, trans
trucks that
climatic co

The findin
of the pro
mycotoxin
et al., 200
cocoa sam
practices, 
from both
(Brazil an
Taniwaki, 
Ramón, &
most occu
producing 
aflatoxins 

Cocoa-bas
(24%), A. 
values for
attributed 
sinnowing

net.org/jfr 

4. Incidence in

sion 
alysis in this 
f food commo

n food chain as
Basu, & Rajen
Culebras, 2008
ultural based pr

Ogbadu, 2009

cal screening 
ntaminating th
us (100%) and 
ochraceus, A. 
pecies of the m
in Table 2) w
cocoa sample
A. niger, 76.
cocoa sample

s such as stora
rly ventilated a
sportation of m
t are not alway
onditions (Wag

ng that fungal c
ocess of drying
n occurrence in
05). Also, data
mples (54.6%) 

open air displ
h categories of
d Spain) to be
2010; de Ma

& Martínez-Cu
urring species

ochratoxin A
in cocoa seeds

sed powder be
fumigatus (16

r colony forma
to the proces

g, dehulling, 

n percentage of

study showed 
odity analysed
s a result of the
ndran, 2008; P
8). Occurrence
roducts in Nig
9).  

of the differen
em. Cocoa sam
less by Rhizop
parasiticus an
mentioned gen

with high Cfu/
es. This could 
5% and 40.9%
s respectively

age and mode 
and sanitized w
most crops and
ys cleaned. Oth
gacha & Muth

contamination
g, dehulling, m
n food commo
a from this stu
in comparison

lay of wares b
f cocoa sampl
e associated w
agalhães, Sodr
lebras, 2008) 
. These speci

A (Mounjouen
s and cocoa pr

everages were 
6%) and A. p
ation of fungi 
ses involved i
washing, mill

Journal 

f different filam
samples from

a prevalence 
d. These funga
eir prevalence 
Petzinger & W
es of some of t
geria (Jonathan

nt food comm
mples were con
pus (42.9%) an
nd A. fumigatu
nera were dete
/g of samples 
be explained 
% of A. fumig
. Fungal conta
of transportati
with cocoa see
d food commo
her reasons su

homi, 2008) wh

n in processed 
milling and fe
odities (Fando
udy showed a
n to cocoa see
y sellers in th
es have been 

with cocoa see
ré, Viscogliosi
with specific 

ies have been
npou, Gueule,
roducts. 

less contamin
parasiticus (16

species per u
in manufactur
ling, roasting

of Food Researc

45 

mentous fungi 
m markets and

of the genera
al species are 
in grains, nuts

Weidenbach, 2
these species o
n & Esho, 2010

modities analyz
ntaminated ma
nd Fusarium (

us were most p
ected in proce
were recorded
by incidences

igatus, 52.9% 
amination of c
ion. Most of t
eds packed in 
odities in the c
uggested for fu
hich in the cas

cocoa was les
ermentation wh
han, Gnonlonf

an increase in 
ed samples (29
e market and 
reported in o

eds and cocoa 
i, & Grenier-L
reference to A

n reported to 
, Fontana-Tac

nated by fungi
6%) in compar
unit gram of c
ring of these c
, pasteurisatio

ch

genera contam
d stores 

a Aspergillus, 
common myco

s, seeds, fruits,
2002; Sánchez
of fungi have b
0; Makun et al

zed showed a 
ainly by funga
(30%). Asperg

prevalent in all 
ssed cocoa sa
d in the cocoa
 of 82.4% and
and 31.8% o

cocoa samples 
the storage hou
old sacks and 
collection area

ungal contamin
e of the collec

s compared to
hich have bee
fin, Hell, Mara
contamination
9.4%) which c
mode of trans
ther studies fr
products (Co

Loustalot, 201
A. niger, A. oc

be sources of
chon, Guyot, 

i species with 
rison to cocoa

cocoa-based sa
cocoa-based p
on and use o

 

minating cocoa

Penicillium an
otoxigenic fun
 tubers, grain-
-Hervás, Gil, 

been reported in
l., 2010; Maku

variation of 
al species belon
gillus species s

cocoa sample
amples; though
a seed samples
d 72.7% of A. 
of Rhizopus in
can be attribu

uses in the co
d stacked one o
as is usually in
nation of cocoa
ction areas was

o cocoa seeds c
en reported to 
asas, & Wingf
n by A. paras
can be as a re
sportation. Fun
rom different 

opetti, Pereira, 
11; Sánchez-H
hraceus and A
f mycotoxins 
Tondje, & G

reduced incid
a samples. Th
amples analyse
powder bevera
of additives 

Vol. 4, No. 1;

a-based bevera

nd Fusarium i
ngi associated 
based product
Bisbal, Ramó
n other agricul
un, Gbodi, Aka

filamentous fu
nging to the ge
such as A. nige
es. Also, incide
h higher incide
s in compariso
flavus, 82.4%

n cocoa seeds
uted to post-ha
llection areas 
on top of the o
n open Lorries
a samples cou
s hot and humi

could be as a r
reduce fungal

field, 2005; Tu
iticus in proce

esult of the sto
ngi species iso
parts of the w
Iamanaka, Pi

Hervás, Gil, Bi
A. flavus speci

in cocoa sam
Guiraud, 2008)

dences of A. fl
here were also
ed which coul

ages which inc
(Cocoastory). 

2015 

age 

in all 
with 

s, etc 
ón, & 
ltural 
anya, 

ungal 
enera 
er, A. 
ences 
ences 
on to 

% and 
s and 
arvest 
were 

other. 
s and 
ld be 
d.  

result 
l and 
urner 
essed 
orage 
olated 
world 
itt, & 
isbal, 
es as 

mples 
 and 

flavus 
o less 
ld be 
clude 

The 



www.ccsenet.org/jfr Journal of Food Research Vol. 4, No. 1; 2015 

46 
 

prevalence of Aspergillus species in cocoa and cocoa-based samples analysed corresponds with the high 
occurrence of Aspergillus species in areas of high temperatures and humidity (Fassatiova, 1986) as regards to the 
climatic conditions of the collection areas (Nigeria). Also, the fact that Aspergillus species are commonly 
isolated from soil and indoor environments (Klich, 2002); and are the most frequently isolated fungi species 
from cocoa-based beverages in Nigeria (Oyetunji, 2006) corroborates results obtained from this study. 

Maize samples analysed showed contamination by mainly Aspergillus, Fusarium, Penicillium species and less 
by Cladosporium species; with a prevalence of Aspergillus flavus (66.7%), Aspergillus fumigatus (73.4%), 
Fusarium verticillioides (76.9%) and Fusarium proliferatum (64.1%). Other species of less incidences found to 
occur included A.niger, F. graminearum, A. candidus, A. parasiticus, F. oxysporum and P. digitatum amongst 
others. This confirms several other reports from Nigeria in recent years which have shown high incidences of 
these fungi species in maize seeds from different parts of the country with special reference to A. flavus, A. 
parasiticus, A. niger, F. verticillioides and F. proliferatum (Adejumo, Hettwer, & Karlovsky, 2007; Atehnkeng 
et al., 2008; Makun et al., 2010). Reports from other parts of Africa and the world also show high incidences of 
these fungal species aforementioned in maize seeds at different stages of cultivation/production with F. 
verticillioides commonly isolated from maize seeds in South Africa (Chilaka, De Kock, Phoku, Mwanza, Egbuta, 
& Dutton, 2012; Dutton, 1996, 2003; Marasas, 2001; Sydenham, Thiel, Marasas, Shephard, van Schalkwyk, & 
Koch, 1990). Fusarium verticillioides was also reported to contaminate maize and maize-based products in the 
Republic of Benin in West Africa (Fandohan, Gnonlonfin, Hell, Marasas, & Wingfield, 2005) in combination 
with Aspergillus species and Penicillium species even at different harvest timings (Borgemeister et al., 1998). 
Studies by Adejumo, Hettwer, and Karlovsky (2007) also showed an incidence of F. verticillioides of 71% in 
maize from four different states in south-western Nigeria, followed by F. sporotrichioides (64%) and F. 
graminearum (32%).  

Fungal species isolated from maize samples in this study are reported to be producers of major mycotoxins i.e., 
aflatoxins, ochratoxin A, fumonisins, zearalenone and deoxynivalenol; which are contributory causes of different 
forms of health implications in both man and animals (Chu & Li, 1994; Dutton, & Michael, 1996; Hussein & 
Brasel, 2001). There was a difference in concentration in colony formation and fungal contamination in maize 
samples bought from the market compared to those collected from stores. Incidence of Aspergillus and 
Penicillium species was higher in maize samples collected from the store houses (78.9% and 57.9%) in 
comparison to Fusarium species (47.4%) whereas, Fusarium species (70%) and Penicillium species (55%) had 
higher incidences compared to Aspergillus species (40%) in maize samples collected from the markets. This 
could be attributed to the report that Aspergillus and Penicillium species are storage fungi which contaminate 
most food commodities in storage (Pitt & Hocking, 1997). 

Rice samples screened for fungal contamination indicated a wide range of species belonging to the genera 
Aspergillus, Penicillium, Fusarium, Alternaria, Rhizopus and Cladosporium with A. flavus contaminating most 
of the samples (percentage incidence of 65.9%). Samples were highly contaminated with Aspergillus species in 
comparison to other genera. The prevalence of Aspergillus species could be attributed to high temperatures (up 
to 30 oC and over) of the collection areas and improper storage practices. This is because rice is normally dried 
after harvesting prior to storage, but, inappropriate storage conditions could cause rice seeds to be suitable 
substrates for fungal growth (Reiter, Vouk, Bohm, & Razzazi-Fazeli, 2010). Also, it has been reported that crops 
grown in cool climate areas are usually less contaminated with Aspergillus species than those in warmer climate 
areas due to the nature of the species that belong to the genus Aspergillus (Reiter, E., Zentek, & Razzazi, 2009; 
Reiter, Vouk, Bohm, & Razzazi-Fazeli, 2010). It is known that fungal contamination of rice usually occurs in 
two phases; crop developmental (pre-harvest) and contamination of mature grains (post-harvest) (Juliano, 2003; 
Usha, Patkar, Shetty, Kennedy, & Lacey, 1993). 

Data obtained from fungal analysis of rice showed a variation in fungal genera contaminating samples from the 
markets and stores. The variation in degree of fungal contamination could be attributed to conditions earlier 
mentioned of inappropriate storage conditions of high temperature and humidity. Reports from other studies in 
rice from northern Nigerian has shown contamination by Aspergillus species, Fusarium species, Penicillium 
species, Cladosporium species, Trichoderma and Rhizopus species (Makun, Hussaini Anthony, Dutton, Njobeh, 
Phoku, & Yah, 2011; Makun, Gbodi, Akanya, Salako, & Ogbadu, 2009). Studies from other parts of the world 
have also shown a prevalence of aflatoxigenic fungi (A. flavus) in rice crops (Reiter, Vouk, Bohm, & 
Razzazi-Fazeli, 2010; Zuoxin, Junxia, & Jiujiang, 2006). The presence of these fungal species was an indication 
of possible mycotoxin occurrence as some of these fungal species produce major mycotoxins (Sweeney & 
Dobson, 1998). Some examples are A. flavus and A. parasiticus, which produce aflatoxins and are reportedly 
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principal producers of aflatoxins in rice (Makun, Gbodi, Akanya, Salako, & Ogbadu, 2009; Reiter, Vouk, Bohm, 
& Razzazi-Fazeli, 2010; Zuoxin, Junxia, & Jiujiang, 2006). 

The study showed the same fungal genera occurring in food commodities from the two collection areas at almost 
the same incidence rate. The figures showed minimal contamination of some food commodities by 
Cladosporium, Rhizopus and Alternaria species from both collection areas which could be explained by the fact 
that these fungal genera are less occurring in the environment compared to other genera of the filamentous fungi 
family. It is usually common practice to find inappropriate food storage houses in Nigeria which are sometimes 
not properly ventilated and cleaned, since a higher population of farmers practice subsistence farming (Akande, 
2010). These inappropriate storage practices could contribute or favour fungal growth on food commodities. The 
mode of transportation of these food commodities could also be a contributing factor to further contamination by 
these fungi species since most of the food commodities are not usually transported properly due to inadequate 
finances. The occurrence of these filamentous fungi species in the food commodities is a significance of the 
possible health risks consumers of the food commodities are exposed to. This is because of the negative health 
effects of metabolites of these filamentous fungi species which include immune suppressive, carcinogenic, 
mutagenic, teratogenic and genotoxic effects (Hussein & Brasel, 2001; Richard, 2007). Also, contamination of 
these food commodities by filamentous fungi could result in reduction of food quality. 

5. Conclusion 
This study showed an almost equal distribution in fungal populations between food commodities collected from 
stores and markets because of the little difference in fungal populations from the two areas. We were able to 
determine the degree of contamination and prevalence of a wide range of filamentous fungal species in these 
food commodities from the south-western and south-eastern parts of Nigeria. The novelty of the study was 
determining a wide range of fungal populations contaminating some Nigerian food commodities especially 
cocoa and cocoa-based powder beverages. The presence of these fungal species is a reason for concern because 
most of the species isolated are producers of mycotoxins which have harmful health effects. 
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