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ABSTRACT A total of sixty-four (64) samples consisting of cocoa (processed and non-processed) and cocoa based
powder beverages were collected from fields, stores and markets in different areas in south-western Nigeria and screened
for the five major mycotoxins- aflatoxins (AFs), ochratoxin A (OTA), zearalenone (ZEA), deoxynivalenol (DON) and
fumonisins (FBs). Mycotoxins analyses were done after extraction by high performance liquid chromatography (HPLC),
which showed contamination of the food commodities by major mycotoxins (AFs, OTA, DON, ZEA and FBs) at different
incidences and concentration ranges. Results from HPLC analysis showed concentration of AFs, OTA, fumonisin B

1

(FB
1
), fumonisin B

2 
(FB

2
), ZEA and DON up to 16.01µg/kg, 884.8µg/kg, 440µg/kg, 20.2µg/kg, 2364.7µg/kg and 8.5µg/

kg respectively in the different food samples analysed. The contamination and co-contamination of these food commodities
by some of these mycotoxins at concentrations above the different set regulatory limits by the EU and other countries is of
concern with attendant health risks, particularly for Nigerians who consume these contaminated cocoa and cocoa products
as part of their diets.
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I.  INTRODUCTION

Mycotoxins commonly occur in a wide range
of fungal contaminated food commodities (V
Kumar et al. 2008) of which cocoa is one of
them (Copetti et al. 2010, 2011). Cocoa is pre-
dominantly cultivated in West and Central Af-
rica regions where temperatures are high and
humid thereby encouraging the growth of fungal
populations and subsequent production of myc-
otoxins. Aspergillus species and their metabo-
lites are common contaminants of cocoa and
cocoa based products especially from these re-
gions of Africa (Oyetunji 2006;  Sanchez-Hervas
2008) particularly in Nigeria (Oyetunji 2006).
Cocoa is one of the major food commodities
exported from Nigeria and is an important rev-
enue source for the country with Nigeria being
the fourth largest producer of cocoa in the world
behind Cote d’Ivoire, Ghana and Indonesia (Co-
coa growing). These raw cocoa produces are
usually used in the production of other finished
foods such as biscuits, coffee, chocolate, cocoa
powder and sweets (Sanchez-Hervas 2008)
within the country and outside. Cocoa is also
consumed in various forms by the populace of
Nigeria such cocoa beverages, biscuits, and
chocolate drinks.

Mycotoxins, which are secondary metabolites
produced by certain fungal group (filamentous
fungi) under certain environmental conditions,
have continued to be a reason for concern in food
safety globally (Jouany 2007; Krska et al. 2007;
Wagacha and Muthomi 2008). The reason for
the increasing concern can be attributed to the
toxigenic, mutagenic, teratogenic, genotoxic and
carcinogenic properties of these chemical sub-
stances, when ingested or inhaled by humans and
animals (Richard 2007). Out of over 300 myc-
otoxins reported worldwide (Brasel and  Hussein
2001), aflatoxins, ochratoxins, fumonisins, zear-
alenone and the trichothecenes are known to be
of greater interests as these mycotoxins do not
only occur commonly in the environment but
have adverse health effects when exposed to them
in large doses and over a long period of time
(Richard 2007).

In this study, the occurrence of mycotoxins in
cocoa seeds, processed cocoa and cocoa based
powder beverage samples from Nigeria was de-
termined in order to assess the potential health
dangers for consumers, in particular population
groups within Nigeria.

II. METHODOLOGY

2.1 Chemicals

All chemicals and reagents used in this study
were at least of analytical grade, unless other-
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wise specified and purchased from Sigma-
Aldrich chemical company.

2.2 Sampling

Sixty-four samples (about 200g) of cocoa (39)
and cocoa-based powder beverages (25) were
collected from different fields, stores and mar-
ket places in south western Nigeria by thorough
mixing. Cocoa samples consisted of cocoa seeds
(collected from the growing fields and stores)
and blended processed cocoa (collected from
markets). Cocoa-based beverage samples were
collected from various markets. All samples col-
lected were destined for human consumption and
were visibly in sound condition.

2.3 Sample Preparation

Representative samples were collected in plas-
tic bags and sealed for transportation to the Food,
Environment and Health Research laboratory,
University of Johannesburg, South Africa  fol-
lowing all necessary custom duty protocols.. All
cocoa seed samples were ground using a labora-
tory mill (IKA M20, Merck, Darmstadt, Ger-
many) and collected in plastic bags for analysis.
These samples were screened for mycotoxin con-
tamination implementing various analytical
methods.

2.4 Mycotoxin Standards

Aflatoxin B
1
 (AFB

1
), aflatoxin B

2 
(AFB

2
),

aflatoxin G
1 
(AFG

1
), aflatoxin G

2
 (AFG

2
), och-

ratoxin A (OTA), zearalenone (ZEA) and de-
oxynivalenol (DON) were obtained from Sigma
Aldrich Co., South Africa. Whereas, FB

1
 and FB

2
,

standards were obtained from the Programme on
Mycotoxins and Experimental Carcinogenesis
(PROMEC) MRC Unit, South Africa. Standard
solutions of AFs, OTA, ZEA and DON were pre-
pared by dissolving the pure standards in HPLC
grade acetonitrile to give concentrations 1µg/ml
each for OTA, AFs, ZEA, and 5µg/ml for DON.
Standard solutions of the fumonisins were pre-
pared by dissolving in HPLC grade methanol to
give concentrations of 1µg/ml each for FB

1 
and

FB
2
.

2.5. Mycotoxin Extraction and Clean-up
from Food Samples

The method of multi-mycotoxin extraction
procedure devised by D.S. Patterson and B.A.

Roberts (1979) was implored for extraction and
clean-up of ZEA, AFs, OTA and DON, Strong
anion exchange (SAX) columns were used for
FUM extraction and clean-up following the
method of Shephard and Sewram (2004) with
some modifications. Also, immuno-affinity col-
umns were used for extraction and clean-up of
some of the mycotoxins (aflatoxins, fumonisins
and Ochratoxin A) following the manufacturer’s
instruction manual (VICAM Ltd. Watertown,
USA) for confirmation of results obtained from
multi-mycotoxin extraction procedure and SAX
column extraction procedure.

2.5.1 Multi-mycotoxin Extraction
and Clean-up

Twenty five grams of milled samples were
weighed into 250ml conical flasks containing
100ml of acetonitrile/4% potassium chloride
(KCL) (90/10 v/v) and placed on a shaker for
one hour to homogenise. After shaking, samples
were filtered using a Whatmann no. 1 filter pa-
per and the filtrate collected in a beaker. The fil-
trate was then transferred to a 250 ml separating
funnels for further clean-up and extraction. The
filtrate was de-fatted twice using equal volumes
of isooctane after which, 30ml of saturated
NaHCO

3
 made up to 50ml with distilled water

was added to the aqueous filtrate to separate the
neutral and acid parts of the filtrate. 50ml of DCM
was then added to the aqueous filtrate, shaken
slightly and the bottom part extracted through a
bed of anhydrous sodium sulphate bed (5-10g)
into a round bottom flask retaining the aqueous
part in the separating funnel and the sodium sul-
phate bed. Three portions of 25ml DCM was
further added to the aqueous extract and the bot-
tom part (DCM) extracted through the sodium
sulphate bed into the round bottom flask con-
taining the previously collected DCM retaining
the aqueous extract in the separating funnel. The
total DCM solution collected was then evapo-
rated using a rotary vacuum evaporator (Buchi
Laboratory-Techniques Ltd., Flawil, Switzer-
land). The dry extract was reconstituted with 2ml
acetonitrile and using a pipette, transferred to
25cm dialysis tubing previously soaked in dis-
tilled water for more than one hour before use.
The dialysis tubing is knotted at the bottom twice
to prevent any leaks and the reconstituted ex-
tract in acetonitrile transferred to the dialysis tub-
ing. 1ml of acetonitrile was added to the round
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bottom flask to further dilute any remaining ex-
tract and transferred to the dialysis tubing. The
dialysis tubing was knotted at the top, put into a
boiling test tube and 50ml of 30%acetone added
to the test tube, which was then sealed with a foil
and rubber band or parafilm. The test tube was
then placed on a shaker to shake overnight to
dialyze. After dialysis, the extract was put into a
separating funnel and extracted three times with
25ml DCM and the lower part (DCM) was passed
through an anhydrous sodium sulphate bed into
a round bottom flask. The DCM was evaporated
using the rotary vacuum evaporator and the dried
extract reconstituted with 2ml of DCM and us-
ing a sterile Pasteur pipette transferred to a 1 dram
screw cap vial. 1 ml of DCM was used to dilute
any remaining extract in the round bottom flask,
pipetted into the same 1 dram screw cap vial and
evaporated under a stream of nitrogen gas at
60oC. This constituted the Neutral Fraction (N.F)
of the extract.

The previously remaining aqueous extract in
the separating funnel was acidified with 50ml 1M
Na

2
SO

4
 and extracted with three 25ml portions

of DCM through an anhydrous sodium sulphate
bed into a round bottom flask. The DCM was
dried using the rotary vacuum evaporator and the
dry extract reconstituted with DCM and pipette
using a sterile pipette transferred to 1 dram screw
cap vial. 1ml of DCM was added to dissolve any
remaining extract, transferred to the same vial
and evaporated at 60oC under a stream of nitro-
gen gas. This part constituted the Acid Fraction
(A.F) of the extract.

Both fractions of extracts (acid and neutral)
were stored at 4oC in refrigerator until analysis
by HPLC.

2.5.2 Fumonisins Extraction and Clean-up

The extraction of fumonisins required a dif-
ferent method because of the solubility of
fumonisins in lower alcohols especially metha-
nol and water. Ten grams of milled samples were
mixed in 100ml methanol/water (70/30, v/v) and
shaken for one hour. Extract was filtered through
Whatmann no. 1 filtered paper. The pH of fil-
tered samples extract (2ml) was adjusted to be-
tween 5.9 and 6.5 with 1M acetic acid or 1M
sodium hydroxide and extracts further diluted
with 4ml methanol-water (70/30, v/v). Columns
were pre-conditioned with 5ml methanol and
washed with 5ml methanol-water (70/30, v/v).

Diluted sample extracts were then loaded onto
the SAX columns assembled on a Waters vacuum
manifold from Milford Massachusetts, USA fit-
ted to an air compressor. Flow rate was main-
tained at 1 ml per minute. After diluted sample
extracts had run through, columns were further
washed with 5ml methanol-water (70/30, v/v) and
5ml methanol. Fumonisins were then eluted with
5ml methanol-acetic acid (99/1, v/v) and the elute
evaporated to dryness at 50oC under a stream of
nitrogen. The dry extract was stored at 4oC until
required for HPLC analysis.

2.5.3 Immuno-affinity (VICAM)
Columns Extraction and Clean-up

As was stated earlier, clean-up and extraction
using immune-affinity columns was done follow-
ing the procedure of the manufacturers (VICAM
Ltd. Watertown, USA). Due to economic reasons,
some mycotoxins were not screened for using
this method. Only mycotoxins OTA, AFs and
FUMs were analysed. Since different food
samples were screened, different solvents were
used for the procedure including methanol/wa-
ter (80/20), methanol/1% sodium bicarbonate
(70/30) and 1% sodium bicarbonate solution. The
extracts were applied to the columns and the
mycotoxins acted as antigens binding to the an-
tibodies present in the column. The mycotoxins
were then eluted with an eluting solution (HPLC
grade methanol) which was passed through the
column while concentration of the different my-
cotoxins was determined using the HPLC appa-
ratus.

2.6. High Performance Liquid
Chromatography  Analyses of Extracts

High Performance Liquid Chromatography
analyses was carried out using a HPLC Spectra
Physics SCM400 SYSTEM (Waters, Milford,
MA, USA), Shimadzu Corporation (Kyoto, Ja-
pan) LC-20AB liquid chromatograph equipped
with CBM-20A communication bus module, LC-
20AB degasser, CTO-20A column oven, Nova-
Pak 4mm C18 reversed phase analytical column
(250×4.6 mm, 5µm), SIL-20A auto sampler, RF-
10AxL fluorescence detector, RID-10A refrac-
tive index detector and SPD-M20A photodiode
array detector linked to LC solutions version 1.22
Software Release.

Dry extracts from multi-mycotoxin extraction
procedure and immuno-affinity columns were re-
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dissolved in 500ul of acetonitrile for AFs, OTA,
DON and ZEA analysis, transferred into blue cap
HPLC vials for analysis. For FBs, extracts were
dissolved in 1ml methanol and 50µl transferred
into a HPLC vial mixed with 250µl of o-
pthaldialdehyde (OPA) reagent prepared by dis-
solving 40 mg of OPA in 1 ml CH

3
OH and di-

luted with 5 ml 0.1M sodium tetraborate
(Na

2
B

2
O

4) 
and 50µl mercapthoethanol. Samples

were run at 1ml per minute (min-1) recording re-
tention times against standards of known con-
centrations. The analysis of the different myc-
otoxins involved the use of specific mobile
phases and methods of detection following the
methods of Abdulkadar et al. (2004) and Reiter
et al. (2009).

2.7 Recoveries

To confirm the efficacy of the methods imple-
mented for extraction of mycotoxins from
samples, different concentrations of mycotoxins
were used to spike negative samples in triplicates
and extracted using the methods of multimy-
cotoxin extraction, SAX columns and immuno-
affinity columns. 100µg/ml, 50µg/ml, 100µg/ml,
50µg/ml and 50µg/ml of AFs, OTA, FBs, ZEA,
and DON were respectively spiked on samples
and mixed thoroughly before extraction using the
different methods. Extracts were analyzed using
the HPLC apparatus.

2.8 Statistical analysis

A one-way analysis of variance (ANOVA) was
performed to derive mean values, which were
compared by least significant differences using
all pairwise multiple comparison procedures
(Holm-Sidak method) and further, a linear re-
gression analysis was done on SigmaStat 3.5 for
Windows (Systat Inc 2006a). Data was further
graphically represented using SigmaPlot for
Windows Version 10.0 (Systat Inc, 2006b). Mean
values among treatment groups were deemed to
be different if the level of probability was <0.05.

III. RESULTS

3.1 High Performance Liquid
Chromatography Results

Mycotoxin analysis and quantification by
HPLC from multi-mycotoxin procedure and SAX

columns showed incidences of the different my-
cotoxins in all extracts of food samples at differ-
ent concentration ranges as indicated in Tables
1, 2 and 3. Extracts from cocoa seeds, processed
cocoa and cocoa-based powder beverages
showed varying incidences of AFs, OTA, FBs,
ZEA and DON. In cocoa seed extracts, inci-
dences of 88.2%, 88.2%, 0%, 23.5%, 100% and
0% were detected for AFs, OTA, DON, ZEA,
FB

1
 and FB

2
 respectively. Extracts from pro-

cessed cocoa samples showed percentage inci-
dence rates of 72.7%, 72.7%, 59.1%, 68.2%,
86.4% and 0% detected for AFs, OTA, DON,
ZEA, FB

1
 and FB

2
 respectively, whereas, inci-

dences of 44%, 56%, 32%, 72%, 84% and 4%
were detected for AFs, OTA, DON, ZEA, FB

1

and FB
2
 respectively in cocoa-based powder

beverage extracts. Concentration ranges in µg/
kg of 0.03-4.97, 0.7-525.4, 18.7-206 and 24.2-
83.6 for AFs, OTA, FB

1 
and ZEA respectively

was determined in cocoa seed samples; whereas,
concentrations of 0.59-16.01, 0.3-884.8, 7.6-440,
10.4-531.9 and 0.2-8.5 in µg/kg for AFs, OTA,
FB

1
, ZEA and DON respectively was measured

in processed cocoa samples. Concentration
ranges in µg/kg for cocoa-based samples for AFs,
OTA, FB

1
, FB

2
, ZEA and DON were 0.06-9.8,

0.3-72.6, 5.1-208.7, n.d-20.2, 34.4-2364.7 and
0.1-7.6 respectively.

Table 1: Analyses of mycotoxins in cocoa seed samples
as determined by high performance liquid
chromatography

Mycotoxins % inci- Range Mean* Std.
dence dev.

Aflatoxins   88.2   0.03-4.97     1.12     1.70
Ochratoxin A   88.2   0.7-525.4   88.8 168.7
Fumonisin B

1
100 18.7-206 123.6   61.1

Fumonisin B
2

n.d n.d n.d n.d
Zearalenone   23.5 24.2-83.6   49.9   25.5
Deoxynivalenol n.d n.d n.d n.d

Mean*- mean of positive samples. Concentrations of AFs,
DON, FBs, OTA and ZEA in samples are in µg/kg. %
incidence- no. of positive samples in percentage. Std. Dev.
– standard deviation.

Results for the extracts of selected samples
using immuno-affinity columns also showed
varying mycotoxin concentration ranges, which
were much higher in comparison to concentra-
tion of mycotoxins from the multi-mycotoxin
procedure and SAX columns. This could be at-
tributed to the high specificity of the immune-
affinity columns whereby the reaction involved
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Table 2: Analyses of mycotoxins in processed cocoa
samples as determined by high performance liquid
chromatography

Mycotoxins % inci- Range Mean* Std.
dence dev.

Aflatoxins 72.7 0.59-16.01     6.05     4.98
Ochratoxin A 72.7 0.3-884.8   80.8 185.5
Fumonisin B

1
86.4 7.6-440 238.2 167.2

Fumonisin B
2

n.d n.d n.d n.d
Zearalenone 68.2 10.4-531.9 208.2 156.1
Deoxynivalenol 59.1 0.2-8.5     3.3     2.4

Mean*- mean of positive samples. Concentrations of AFs,
DON, FBs, OTA and ZEA in samples are in µg/kg. %
incidence- no. of positive samples in percentage. Std. Dev.
- Standard deviation

Table 3: High performance liquid chromatography
detection in cocoa-based powder beverage samples

Mycotoxins % inci- Range Mean* Std.
dence dev.

Aflatoxins 44   0.06-9.8 2.99 2.63
Ochratoxin A 56   0.3-72.6 14.0 17.0
Fumonisin B

1
84   5.1-208.7 45.2 54.3

Fumonisin B
2

4 n.d- 20.2 20.2 4.0
Zearalenone 72 34.4-2364.7 998.8 724.4
Deoxynivalenol 32   0.1-7.6 2.2 1.8

antigen-antibody reaction. Tables 4, 5 and 6 show
the comparison of mycotoxin concentrations.

Table 4: High performance liquid chromatography
detection of aflatoxins from multi-mycotoxin and
VICAM extraction

Samples Multi-mycotoxin VICAM
(µg/kg) (µg/kg)

Cocoa-3 0 0
Cocoa-6 0.24 0.37
Cocoa-2 4.97 4.62
Cocoa-31 0 0
Cocoa-32 16.01 17.12
Cocoa-25 7.07 6.2
Cocoa beverage-19 0 0
Cocoa beverage-25 9.38 18.15
Cocoa beverage-14 3.30 4.75
Cocoa beverage-9 0 0
Cocoa beverage-20 1.58 1.23
Cocoa beverage-11 0 0

Table 5: High performance liquid chromatography
detection of ochratoxin A from multi-mycotoxin and
VICAM extraction

Samples Multi-mycotoxin VICAM
(µg/kg) (µg/kg)

Cocoa-36 0 0
Cocoa-5 0 0
Cocoa-11 8.6 10.7
Cocoa-9 0 0
Cocoa-1 52.1 64.0
Cocoa-21 56.3 59.3
Cocoa-19 48.9 61.8
Cocoa-17 66.8 72.1
Cocoa-16 43.7 49.0
Cocoa-29 884.8 946.7
Cocoa-26 0 0
Cocoa beverage-18 29.7 36.8
Cocoa beverage-10 0 0
Cocoa beverage-4 72.6 68.2
Cocoa beverage-3 0 0
Cocoa beverage-5 45.4 56.1
Cocoa beverage-15 9.8 7.6
Cocoa beverage-13 0 0

Table 6: High performance liquid chromatography
detection of fumonisin B

1
 and fumonisin B

2
 from Strong

Anion Exchange columns and VICAM extraction

SAX columns VICAM
(µg/kg) (µg/kg)

Samples FB
1

FB
2

FB
1

FB
2

Cocoa-1 109.6 0 135.3 0
Cocoa-5 92.1 0 110.0 0
Cocoa-6 20.7 0 48.3 0
Cocoa-7 206.0 0 264.6 0
Cocoa-15 80.9 0 92.7 0
Cocoa-26 0 0 0 0
Cocoa-33 440.0 0 672.8 0
Cocoa beverage-2 5.1 0 7.7 0
Cocoa beverge-10 21.7 0 32.8 0
Cocoa beverage-14 54.0 0 59.0 0
Cocoa beverage-19 23.4 0 48.5 0
Cocoa beverage-23 208.7 20.2 238.9 29.0
Cocoa beverage-25 0 0 0 0

3.2 Statistical Analysis

Statistical analysis of results from mycotoxin
analysis of cocoa and cocoa-based powder bev-
erage samples showed a significant difference of
(P<0.001) for all samples in groups with five (5)
degrees of freedom. Pairwise multiple compari-
son of individual mycotoxins analysed against
the other indicated YES for P<0.05 for a major-

ity of samples analyzed. Also, statistical analy-
sis to determine the degree of correlation between
the concentration of mycotoxins detected from
multi-mycotoxin extraction and SAX column
extraction in relation to that detected from
VICAM extraction was carried out and is indi-
cated in Table 7.

3.3 Recoveries

Recoveries of up to 89% ± 1.1% and 82% ±
2.1% were recorded for mycotoxins extracted
from cocoa and cocoa-based powder samples
respectively via multi-mycotoxin procedure
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Table 7: Correlation co-efficient (r) for mycotoxins
detected from multi-mycotoxin procedure and SAX
columns in comparison with VICAM extraction

Food samples Correlation co-efficient (r)

AFs OTA FB
1

FB
2

Cocoa 0.996 1.0 0.991 -
Cocoa beverage 0.992 0.984 0.990 -

whereas 79% ± 2.1% and 65% ± 1.0% of recov-
ery rates were recorded for fumonisin extraction
using SAX columns from cocoa and cocoa-based
samples respectively. Percentage recoveries us-
ing immune-affinity columns were found to be
93% ± 1.0% and 90% ± 2.0% for mycotoxins
extracted from cocoa and cocoa based powder
samples respectively.

IV. DISCUSSION

4.1 Mycotoxin Contamination of Samples

Mycotoxin screening by HPLC following the
different methods of extraction showed contami-
nation of both cocoa seeds, processed cocoa and
cocoa-based powder beverages by the major
mycotoxins analysed in this study at different
concentrations with OTA occurring at highest
concentration.

Data showed an increased concentration of
the mycotoxins in processed cocoa samples in
comparison to raw cocoa samples and subsequent
reduction in cocoa-based beverages. This in-
crease in mycotoxins contamination in processed
cocoa samples could be attributed to the improper
post- harvest practices while the reduction in
mycotoxins concentration in cocoa-based pow-
der beverages could be attributed to the produc-
tion processes (Wagacha and Muthomi 2008).
Concentrations of OTA, ZEA and AFs were
above the set regulatory limits in some of the
samples with OTA values way above the set lim-
its of 3-50ppb. Other mycotoxins- FBs and DON
had concentrations below the set regulatory lim-
its.

Ochratoxin A, which is produced by Aspergil-
lus ochraceus, Penicillium viridicatum and in
some cases by Aspergillus niger and Aspergillus
carbonarius (Bragulat et al. 2001) was detected
in all food samples analyzed, though at different
concentrations. Ochratoxin A occurred in cocoa
samples screened during the study at very high
concentrations and at lower concentrations in
cocoa-based  powder beverages. The high con-

centration of OTA in cocoa samples correlates
with other studies on OTA in cocoa from other
African countries and other countries worldwide
(de Magalhães et al. 2011; Mounjouenpou et al.
2008).   Dongo et al. (2008) reported OTA in 54
out of 56 Nigerian cocoa samples ready to be
sold at concentration levels of 1.0-277.5ppb. In
Cote d’ Ivoire and Brazil, 23 out of 147 and 10
out of 151samples of cocoa from Abidjan and
San Pedro respectively had over 2.0ppb of OTA
contaminating them (Codex Alimentarius Com-
mission 2008). Also in Spain, M. Sanchez-Hervas
et al, (2008) isolated black Aspergillus species
producing OTA from cocoa beans producing up
to 90µg/g of OTA. Also, in Cameroun
Mounjouenpou et al. (2008) isolated A. niger and
A. carbonarius producing OTA in fermented
cocoa seeds.

Lower levels of fumonisins were recorded in
cocoa-based powder beverages in comparison to
cocoa samples which could be attributed to the
different production processes of cocoa-based
powder beverage manufacture. Data showed a
difference in incidence up to 16% of FB

1
 con-

tamination of cocoa seeds and cocoa-based pow-
der beverages. One of the steps in cocoa-based
powder manufacture is fermentation of cocoa
seeds, followed by drying, cleaning, dehulling
(husk removal), heat treatment, roasting and fi-
nally grinding (Cocoa story). These different
steps and conventional methods of dehulling,
drying and sorting have been reported to reduce
mycotoxin contamination in food and are increas-
ingly investigated as an approach in controlling
mycotoxin problem in agriculture (Amezqueta
et. al. 2009; Van Schothorst and Brooymans
1982). Also, the remarkable contamination of
some cocoa-based powder beverage samples
with high concentrations of ZEA above the set
regulatory limit of 50- 1,000ppb could be attrib-
uted to improper production and post-produc-
tion practices during the manufacture of cocoa-
based powder beverages.

These mycotoxins occurring in the food com-
modities screened have been mentioned in asso-
ciation with a wide range of disease conditions
inducing immune suppression, toxigenic effects,
carcinogenic effects, mutagenic effects and car-
cinogenic effects in both humans and animals
(Bünger et al. 2004; Richard 2007). The kidney
and liver among other organs of the body are
major targets of mycotoxins and have been re-
ported in association with some kidney and liver
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diseases and infections (Chu 1991; Meerdink
2002). In Nigeria, kidney and liver infections are
quite common with liver cancer being one of the
six most common cancers in the country
(Abdulkareem 2009, Jedy-Agba et al. 2012) and
aflatoxins were mentioned amongst other prob-
able aetiological factors for the prevalence. In a
survey by (Chijioke et al. 2010), there was a
yearly progressive increased prevalence of dif-
ferent cystic kidney diseases in renal patients over
a ten-year period. The occurrence of these my-
cotoxins at high concentrations is a cause for
concern especially to the consumers of these food
commodities as these mycotoxins sometimes
withstand high temperatures and pressure and are
likely to contribute to disease progression in in-
dividuals exposed to them.

V. CONCLUSION

Screening of samples showed a degree of con-
tamination by almost all five major occurring
mycotoxins in samples exceeding regulatory lim-
its which should be a reason for concern because
of the health implications. Also the fact that more
than one mycotoxin was found occurring in the
food commodities contribute to the increased
concern because of the probable synergistic ef-
fects of the mycotoxins. A prolonged exposure
to these mycotoxins over time could be detri-
mental to the health of individuals consuming
these food commodities.

ACKNOWLEDGEMENTS

We wish to acknowledge the University of
Johannesburg, Doornfontein campus for giving
me the opportunity to carry out this research
within the institution, the University Research
council of the University of Johannesburg for
their financial support and North-West Univer-
sity, Mafikeng campus for the privilege to pub-
lish this article.

REFERENCES

Abdulkadar AHW, Al-Ali AA, Al-Kildi M,  Al-Jedah JH
2004. Mycotoxins in food products available in Qatar.
Food Control, 15: 543-548.

Abdulkareem F 2009. Epidemiology and incidence of
common cancers in Nigeria. Paper presented at
Cancer Reg. and Epid. workshop, In Institute of
human virology, Nigeria, 12th July , 2009.

Amezqueta S, Gonzalez-Penas E, Murillo-Arbizu M,
Lopez de Cerain A 2009. Ochratoxin A decontami-
nation: A review. Food Control, 20: 326-333.

Bragulat MR, Abarca ML and Cabanes FJ 2001. An easy
screening method for fungi producing ochratoxin A
in pure culture. International Journal of Food
Microbiology, 71: 139-144.

Bünger J, Westphal G, Monnich A, Hinnendahl B, Hallier
E, Muller M 2004. Cytotoxicity of occupationally and
environmentally relevant mycotoxins. Toxicology,
202(3): 199-211.

Chijioke A, Aderibigbe A, Olarenwaju TO, Makusidi AM,
Oguntoyinbo AE 2010. Prevalence and pattern of cystic
kidney diseases in Ilorin, Nigeria. Saudi Journal of
Kidney Diseases and Transplantation, 21(6): 1172-
1178.

Chu FS 1991. Mycotoxins: food contamination,
mechanism, carcinogenic potential and preventive
measures. Mutation Research, 259: 291-306.

Cocoagrowing. Official home page of Corporate Nigeria
Retreived 12th March, 2013 From <http://www.
corporate-nigeria.com/index/agriculture/cocoa-
growing.html.> (Retreived on 12 March  2013).

Cocoastory. Official home page of European Cocoa
Association. From <http://www.eurococoa.com.>
(Retreived  on 26 July 2011).

Commission CA 2008. Discussion paper on ochratoxin A
in cocoa presented in Joint FAO/WHO food standard
programme codex committee on contaminants in
foods at the Hague, Netherlands, 31 March- 4 April,
2008.

Copetti MV, Iamanaka BT, Pereira JS, Fungaro MH,
Taniwaki MH 2011. Aflatoxigenic fungi and aflatoxin
in cocoa. International Journal of Food Microbiology,
148(2): 141-4.

Copetti MV, Pereira JL, Iamanaka BT, Pitt JI,  Taniwaki
MH 2010. Ochratoxigenic fungi and ochratoxin A in
cocoa during farm processing. International Journal
of Food Microbiology, 143(1–2): 67-70.

de Magalhães JT, Sodré GA, Viscogliosi H,  Grenier-
Loustalot M-F 2011. Occurrence of Ochratoxin A in
Brazilian cocoa beans. Food Control, 22(5): 744-748.

Dongo L, Kumar M, Ojiambo PS,  Bandyopadhyay R 2008.
Occurrence of ochratoxin A in Nigerian ready for sale
cocoa beans. Agricultural Journal, 3: 4-9.

Fouzia B, Samajpati N 2000. Mycotoxin production on
rice, pulses and oilseeds. Natuwissenschaften, 87:
275-277.

Hussein HS,  Brasel JM 2001. Toxicity, metabolism, and
impact of mycotoxins on humans and animals.
Toxicology, 167(2): 101-134.

Jeddy-Agba E, Curado MP, Ogunbiyi O, Oga E, Fabowale
T, Igbinoba F, Osubor G, Otu T, Kumai H, Koechlin A,
Osinubi P, Dakum P, Blattner W, Adebamowo CA
2012. Cancer incidence in Nigeria: A report from
population-based cancer registries. International
Journal of Cancer Epidemiology, Detection and
Prevention, 36: 271-278.

Jouany JP 2007. Methods for preventing, decontaminating
and minimizing the toxicity of mycotoxins in feeds.
Animal Feed Science and Technology, 137: 342-362.

Krska R, Welzig E,  Boudra H 2007. Analysis of Fusarium
toxins in feed. Animal Feed Science and Technology,
137: 241-264.

Kumar V, Basu MS, Rajendran TP 2008. Mycotoxin research
and mycoflora in some commercially important agri-
cultural commodities. Crop Protection, 27: 891-905.

Makun HA, Gbodi TA, Akanya OH, Salako AE,  Ogbadu
GH 2009. Health implications of toxigenic fungi

CO-CONTAMINATION OF NIGERIAN COCOA AND COCOA-BASED POWDER BEVERAGES 193



found in two Nigerian staples: guinea corn and rice.
African Journal of Food and Science, 3: 250-256.

Meerdink GL 2002. Mycotoxins. Clinical Techniques in
Equine Practice, 1(2): 89-93.

Mounjouenpou P, Gueule D, Fontana-Tachon A, Guyot B,
Tondje PR, Guiraud JP 2008. Filamentous fungi
producing ochratoxin a during cocoa processing in
Cameroon. International Journal of Food
Microbiology, 121(2): 234-241.

Oyetunji TO 2006. Mycological evaluation of a ground
cocoa-based beverage. African Journal of
Biotechnology, 5: 2073-2076.

Patterson DS, Roberts BA 1979. Mycotoxins in animal
feedstuffs: sensitive thin layer chromatographic
detection of aflatoxin, ochratoxin A, sterigmatocystin,
zearalenone and T-2 toxin. Journal of the Association
of Official Analytical Chemists, 62: 1265-1267.

Reiter E, Zentek J, Razzazi E 2009. Review on sample
preparation strategies and methods used for the
analysis of aflatoxins in food and feed. Molecular
Nutrition and Food Research, 53: 508-524.

Richard JL 2007. Some major mycotoxins and their
mycotoxicoses- an overview. International Journal
of Food Microbiology, 119: 3-10.

Richard JL 2007. Some major mycotoxins and their
mycotoxicoses—An overview. International Journal
of Food Microbiology, 119(1–2): 3-10.

Sánchez-Hervás M, Gil JV, Bisbal F, Ramón D, Martínez-
Culebras PV 2008. Mycobiota and mycotoxin
producing fungi from cocoa beans. International
Journal of Food Microbiology, 125(3): 336-340.

Shephard GS,  Sewram VS 2004. Determination of the
mycotoxin fumonisin B1 in maize by reversed-phase
thin-layer chromatography: a collaborative study.
Food Additives and Contaminants, 21: 498-505.

SystatInc 2006a. SigmaStat 3.5 for Windows. Systat
Software, Inc., Point Richmond, CA, 94804-2028,
USA.

SystatInc 2006b. SigmaPlot 10.0 for Windows. Systat Soft-
ware, Inc., Point Richmond, CA, 94804-2028, USA.

Van Schothorst M, Brooymans AW 1982. Effect of
processing on microbial contamination in feeds. In:
R Miloslav (Ed.): Handbook of Nutritive Value of
Processing Foods. Animal Feedstuffs, 3: 371-385.

Wagacha JM, Muthomi JW 2008. Mycotoxin problem in
Africa: Current status, implications to food safety and
health and possible management strategies. Inter-
national Journal of Food Microbiology, 124(1): 1-12.

194 MARY  A. EGBUTA, CYNTHIA A. CHILAKA, JUDITH Z. PHOKU. ET AL.




