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Abstract
Ochratoxin-A (OTA) is a mycotoxin that has nephrotoxic, tetragenic, immunotoxic and
carcinogenic effects in the human organism. It contaminates several foodstuffs, notably cocoa.
The purpose of our study was to compare the incidence of cocoa pod integrity on the fungal
microflora and ochratoxin- A production in Cameroon. Irrespective of pod condition,
fermented cocoa beans were contaminated by OTA. The maximum mould content was
obtained in beans from damaged pod. However, the fungal microflora was more diversified
for beans from pod damaged during harvesting than for beans from intact pods, throughout
the post-harvest process. The toxigenic strains isolated belonged to the genera Aspergillus.
Aspergillus carbonarius isolated from damaged pods, displayed the greatest OTA production
which was 110.7 ng.g-1 on cocoa medium and 2772,0 ng.g-1 on official medium. There was
a good correlation between OTA presence in the beans and isolated toxigenic strains.
Keywords: Cocoa, fungal microflora, ochratoxin A, A. carbonarius.
1. Introduction
Ochratoxin A (OTA) is a toxic secondary metabolite produced by several species of
Aspergillus and Penicillium genera. OTA is mainly produced by Aspergillus carbonarius, A.
niger and A. ochraceus in tropical zones, and by Penicillium verrucosum and P. nordicum in
temperate zones (Pitt et al., 2000; Abrunhosa et al., 2001; O’Callaghan et al., 2003).
OTA attracts particular attention due to the damage it causes in the human and animal
organism (Abarca et al., 1998). It has nephrotoxic (Mantle and McHugh, 1993),
immunotoxic, teratogenic and carcinogenic (Kuiper-Goodman and Scott, 1989;
Kuiper-Goodman, 1996; Höhler, 1998) effects in human and animal organisms.
OTA contaminates several foodstuffs and drinks, notably cocoa (Pittet et al., 1996; Blanc et
al., 1998; Hurst and Martin, 1998, Jorgensen, 1998; Skaug, 1999; Gareis and Scheuer, 2000;
Thirumala-Devi et al., 2001; WHO, 2001).
Fermentation is the main stage in cocoa post-harvest processing. It is generally carried out in
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a traditional manner under the action of natural microorganisms. Many studies have been
carried out on the influence of post-harvest processing on OTA contamination in coffee
(Suàrez-Quiroz et al., 2005, Durand, 2009; Duris et al., 2010) and cocoa (Mounjouenpou et
al., 2011).
The purpose of our study was to compare the incidence of cocoa pod integrity on the fungal
microflora and Ochratoxin- A production in Cameroon.
2. Material and Methods
2.1 Cocoa Post-harvest Treatments
Heap fermentation of cocoa pods (Theobroma cacao L.) from the Kumba region of
Cameroon was done either immediately after harvesting in the field with undamaged or
damaged pods, or 10 days later with damaged pods. Fermentation was carried out in each
case during 5 days, and using 50 kg of beans. In doing heap fermentation, the beans were
tipped into banana leaves placed on the ground. The heap was then covered with other banana
leaves. Natural drying (in the sun) was carried out for between 5 and 10 days. Cocoa samples
were taken at different stages of processing. This involved unfermented beans and fermented
sun-dried beans.
2.2 Microbiological Analyses
The inoculum was obtained by soaking 15 cocoa beans in 90 ml of a peptone water solution
(0.1% w/v) for 10 min (Hocking, 1991). The surface of PDA medium was inoculated and the
dishes were incubated at 25°C for 5 to 7 days. Isolated moulds were set apart according to the
identification key for common food-borne fungi (Samson et al., 1995). The identification of
Aspergillus and Penicillium moulds was confirmed using molecular techniques by the Fungi
and Yeasts Culture Collection at the Catholic University of Louvain in Belgium
(BCCMTM/MUCL Culture Collection).
2.3 Study of OTA Production by Isolated Strains
2.3.1 PDA Culture Medium
The study of OTA production in PDA culture medium was described by Sùarez-Quiroz et al.
(2004). For each strain isolated, a suspension of 3 x 106 of conidia.mL-1 was made up by
scraping a PDA culture dish with a saline solution containing 0.01% Tween 80. Five
microliters of the suspension was deposited in the centre of a dish of PDA medium which was
incubated at 25°C. After 20 days of incubation, direct extraction was carried out from 3 agar
discs taken from the centre of the colony. This extraction was done in 2.5 mL of solvent
(methanol/formic acid 25:1, v/v) for 15 min in an ultrasound bath.
2.3.2 Cocoa Culture Medium
The method used to study OTA in cocoa medium are described by Mounjouenpou et al.
(2008). In short, 50 g of cocoa beans (verified OTA-free) were inoculated with 8 mL of a
suspension of 50 x 106 conidia.mL-1 and incubated at 25°C for 20 days. Extraction was
carried out in an acetonitrile/water solution (60:40 v/v) for 40 min.
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2.3.3- Rice culture Medium (FDA method)
The FDA method is the official method to study the capacity to produce OTA by moulds.
This method is described by Tournas et al., (2001).
In all cases, OTA was quantified on extracts by HPLC with fluorimetric detection (Shimadzu
LC-10 ADVP, Japan) (Nakajima et al., 1997). The operating conditions were as follows :
100 µl injection loop, C18 reverse phase HPLC column, ODS 5 µm with an identical
pre-column thermostatically controlled at 35°C, an isocratic flow of 1ml/min, an excitation
wavelength of 333 nm and an emission wavelength of 460 nm. Contents were calculated
from a calibration curve established from the standard of 1µg.mL-1; ref PD 226 R. Biopharm
Rhône Ltd, Glasgow, UK.
2.4 OTA Quantification in Cocoa Beans
The dried cocoa bean samples were frozen at -80°C, then ground. Fifty grams of ground
beans were extracted in 200 ml of solvent (acetonitrile/water, 60/40, v/v). Four millilitres of
filtered extract were diluted in 44 mL of phosphate buffer. The mixture was purified on an
immunoaffinity column (Ochraprep, Rhône Diagnostics, Scotland). OTA was eluted by 3 ml
of methanol and evaporated till dry in a nitrogen stream at 70°C. The residue was
resuspended in 1 ml of the mobile phase (water/acetonitrile/acetic acid, 51:48:1, v/v).
Quantification was by HPLC using the previously described method.
3 Results
3.1- Fungal Microflora from Cocoa Beans
Identification of the total fungal microflora in samples from different cocoa fermentation is
given in Table 1. Independent of the type of post-harvest, cocoa beans are contaminated by
moulds. This contamination is greater when the pods were damaged. The strains mainly
belong to the genera Penicillium, Aspergillus, Scopulariopsis, Syncephalastrum, Mucor,
Geotrichum, Trichoderma, Rhizopus, Fusarium. Figure 1 shows the phenotypic appearance of
some isolated fungi. Pod integrity, and in a lesser degree, the deadline of pod - opening
affected quality and quantity diversity of isolated moulds. The genus Aspergillus represents
several different species which are black and correspond to the section Nigri, which contains
species known to produce OTA (Aspergillus niger agg and Aspergillus carbonarius)
(Amezqueta et al. 2008; Mounjouenpou et al., 2008). Wounded pods had high proliferation of
A. carbonarius, Fusarium spp and A. niger in the pod openings.
Moulds were found in all types of post-harvest treatment. Their number varied depending on
the sampling stage. When the pod is undamaged, the mould content of beans was not
detectable before fermentation, ie less than 10 CFU.g-1. With fermentation and sun drying,
the content was increased considerably to the value of 4.7 ± 0.6 x 106 CFU.g-1. Even when
pod was damaged and beans processed immediately, mould content was still less important.
The highest level of contamination was obtained with beans from damaged pods and deferred
pod-opening. The content obtained was 11.7 ± 0.9 x 106 CFU.g-1. After fermentation and sun
drying, this content was decreased to a value of 3.7 ± 0.5 x 106 CFU.g-1.
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Rhizopus nigricans

A. carbonarius

Scopulariopsis sp

A. fumigatus

A. tamarii

Fusarium sp

A. niger aggregate

A. versicolor

Mucor hiemalis

Figure 1. Phenotypic aspect of some isolated moulds
Table 1. Identification of the total fungal microflora in samples from different cocoa
fermentation
Post-harvest
conditions

Sampling
stage

Immediate
Before
fermentation with fermentation
undamaged pods
After
fermentation
and sun drying
Immediate
Before
fermentation with fermentation
damaged pods
After
fermentation
and sun drying

Delayed
fermentation with

Before
fermentation

Total
moulds
(CFU.g-1)
nd

Isolated strains

-

A. tamarii, A. fumigatus, Rhizopus
4.7 ± 0.6 x nigricans, A. niger agg
106
0.9 ± 0.1 x A. niger agg, Fusarium spp, A.
106
fumigatus, Geotrichum,
3.0 ± 0.2 x Rhizopus nigricans, A. niger agg; A.
106
flavus, Trichoderma virens
Scopulariopsis spp, A. niger agg,
Syncephalastrum
racemosum,
11.7 ± 0.9 Geotrichum spp, A. fumigatus, Rhizopus
x 106
nigricans, Mucor spp, P. crustosum, A.
carbonarius, Fusarium spp
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damaged pods
After
fermentation
and sun drying

P. crustosum,
P. sclerotiorum,
3.7 ± 0.5 x Fusarium spp, Scopulariopsis spp,
106
Rhizopus
nigricans,
A.
flavus,
Trichoderma virens, A. niger agg

nd: <10 CFU.g-1
3.2. OTA on Cocoa and Rice Medium from Producing Moulds Isolated from Cocoa Beans
The ability to produce OTA by isolated Aspergillus carbonarius and Aspergillus niger agg
were studied using official medium (rice medium) and cocoa medium.
All strains of Aspergillus carbonarius had a high ochratoxinogenic activity which varied
depending on the culture medium. OTA production was greater on rice medium with a
content of 573.4 to 2772.0 ng.g-1 after twenty-one days of culture. On cocoa medium, values
of 50.6 to 110.7 ng.g-1 was obtained (Table 2).
Compared to Aspergillus carbonarius, strains of Aspergillus niger agg were less toxinogenic
whatever the type of culture medium. OTA production ranged from undetectable
(<0.03ng.g-1) to a maximum content of 0.20 ng.g-1 on cocoa medium. On rice culture
medium, the content was from undetectable to 3.6 ng.g-1.
Table 2. OTA production by moulds
OTA production (ng.g-1)
Cocoa medium Rice medium (FDA)
A. carbonarius 1 50.6 ± 0.3
573.4 ± 1.6
A. carbonarius 2 110.7 ± 0.6
2772.0 ± 1.7
A. niger 1
nd
nd
A. niger 2
0.20 ± 0.01
3.5 ± 0.0
A. niger 3
0.05 ± 0.02
3.6 ± 0.0
Strains

3.3- OTA Quantification after Cocoa Fermentation and Sun Drying
Table 3 showed the OTA level, and toxinogenic microflora associated with cocoa beans
resulting from different post harvest treatments.
When the pod was undamaged, the toxinogenic microflora associated with cocoa bean was
mostly consisted of A. niger agg. The OTA content was in this case between nd (not
detectable: <0.03 ng.g-1) and 0.03 ng.g-1, which remained below 2 ng.g-1 (the European limit
defined for cocoa beans).
When pods are damaged, a maximum level of 12.14 ng.g-1 was observed prior to
fermentation: this content was much higher than the tolerable doses. Toxigenic species
associated with these beans are Aspergillus carbonarius and Aspergillus niger agg.
With fermentation and sun drying, there was a decrease of the OTA content of beans to a
value of 1.01 ng.g-1. Associated ochratoxigenic microflora was only A. niger agg.
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Table 3. OTA level on cocoa beans and associated toxigenic moulds
Post-harvest conditions

Sampling stage

Isolated
ochratoxigenic
strains
Immediate fermentation Before fermentation with undamaged pods
After fermentation A. niger agg
and sun drying
Immediate fermentation Before fermentation A. niger agg
with damaged pods
After fermentation A. niger agg
and sun drying
Delayed fermentation with Before fermentation
A. niger agg,
damaged pods
A. carbonarius,
After fermentation A. niger agg
and sun drying

OTA in cocoa
beans (ng.g-1)
nd*
0.03 ± 0.00
0.83 ± 0.02
1.33 ± 0.03
12.14 ± 0.10
1.01 ± 0.02

*: < 0.03 ng.g-1
4. Discussion
This study was conducted in the region of Kumba in Cameroon. The climate is equatorial. It
rains throughout the year and rainfall can reach 3000 mm / year. This rainfall implies high
humidity (~ 90%), which promotes growth of many microorganisms that can influence the
final quality of the cacao from that region.
Irrespective of pod condition and post harvest conditions, a large increase in fungal flora was
found after fermentation and sun drying (qualitatively and quantitatively). The main moulds
isolated in our study belonged to the genera Penicillium, Aspergillus, Mucor, Scopulariopsis,
Syncephalastrum, Geotricum, Trichoderma, Rhizopus, Fusarium with some species known to
produce OTA (Aspergillus niger, Aspergillus carbonarius). Similar moulds were founded by
Mounjouenpou et al (2008) when studying the filamentous fungi during cocoa processing in
Cameroon. Moulds belonging mainly to the species Rhizopus stolonifer (Ehrenb.) Lind., A.
niger aggregate, Aspergillus flavus Link, Penicillium citrinum Thom and A. carbonarius to a
minor extent were isolated from stored cocoa beans by Amezqueta et al. (2008).
Our results differed from those quoted in the literature for the fungal microflora associated
with fermented beans (Maravalhas, 1966) or dried beans (Buting, 1928; Dade, 1928; Ciferri,
1931). In those publications, Aspergillus fumigatus, Aspergillus glaucus, Mucor spp and
Penicillium spp were isolated.
During cocoa fermentation, there was competition between all the species present. Those
with high-speed growth (Mucor, Rhizopus spp) were able to colonize first the medium before
Aspergillus and Penicillium genera. Generally, drying contributed to reduce microflora.
During the solar drying, sensitive species disappeared in favor to soil moulds, and more
generally, environmental species. Aspergillus niger agg was found in all conditions: from
fresh beans to fermented and dried beans. Contamination by Aspergillus carbonarius was
mostly found in beans from the damaged pods and deferred pod - opening. This high
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contamination may come from the fact that when the pods were middle-open, cocoa beans
were in direct contact with air and soil, possible source of A. carbonarius. When the pods are
whole, strains of A. carbonarius could be less competitive to settle in the milieu. This
situation would change when the pods are damaged.
Our results showed that Aspergillus carbonarius (100% of strains) were able to produce OTA
in cocoa. Strains of Aspergillus carbonarius were more toxigenic than those of A. niger agg.
As in grapes (Belli et al., 2006), Aspergillus carbonarius is the main producing strain of OTA
in cocoa. This coincide with that of Sage et al. (2002), Bellı´ et al. (2005), Leong et al. (2006),
and Astoreca et al. (2007). Despite OTA being a stable metabolite, the mycotoxin content
decreased with incubation time. Other studies (Bellı´ et al. 2004; Esteban et al. 2006;
Astoreca et al. 2007; Romero et al. 2007) have also noted this phenomenon.
Some strains of A. niger agg (66.6%) were able to produce OTA in cocoa. The proportion of
OTA-producing strains of A. niger agg varied depending on the context: Taniwaki et al. (2003)
have shown that on coffee, 75% of Aspergillus ochraceus and 3% of A. niger agg produce
OTA. On cocoa, Amèzqueta et al. (2008) were found any isolated strains of A. niger agg was
ochratoxinogenic. Other authors (Taniwaki et al. 1999, 2003; Sùarez-Quiroz et al. 2004; Illic
et al. 2007; Leong et al. 2007) have reported that 1–9% of Aspergillus niger strains isolated
from coffee beans produce the toxin. This difference could be attributed to a natural selection
in the strain or to adverse environmental conditions.
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