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Abstract 
Introduction:Ochratoxin A is a mycotoxin produced by Aspergillus and Penicilliumfungi. It is a food 

contaminant found in cereals, coffee, dried fruits, beer, wine, and cocoa. The aim of this study was to identify 

potentially ochratoxinogenic fungi and OTA contamination depending on pod quality and post-harvest 

operations of cocoa beans. 

Methodology: Collected and sorted cocoa pods were divided into four categories depending on their quality 

(intact, pricked, rotten, and injured). Cocoa bean samples were taken at different steps of production: pod-

opening, fermentation, and drying. The molds were identified after growing them on Malt Extract Agar medium. 

The ochratoxin A was extracted from samples using a mixture of methanol/3% sodium hydrogen carbonate in 

water (50/50), followed by purification using an immunoaffinity column and quantified by high performance 

liquid chromatography and fluorescence detection. 

Results: The average level of ochratoxin A contamination varied depending on the quality of the pods: 0.16 

µg/kg (intact pod); 1.10 µg/kg (rotted pod); 1.51 µg/kg (pricked pod), and 1.56 µg/kg (injured pod). We 

identified four genera offungi:Aspergillus(51.3%), Penicillium(13.01%), Alternaria(13.01%), and 

Fusarium(9.23%). There was a significant association between damaged cocoa pods and the presence of 

ochratoxinogenic fungi and the level of ochratoxinA contamination in cocoa beans. 

Conclusion: Properagricultural practices could reduce ochratoxinAcontaminationin cocoa. 
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I. INTRODUCTION 
OchratoxinA (OTA) is a mycotoxin produced mainly byfungi species of the genera Aspergillus and 

Penicillium
 [1].

 OTA contaminates a myriad of agricultural products, such as cereals, dried fruits, coffee, and 

cocoa, as well as manufactured agricultural products, including chocolate, wine, beer, andbread
 [2-6]

. The 

consumption of OTA-contaminated foods may lead to human and animal diseases. Indeed, OTA was involved 

in endemic nephropathy in the Balkan countries
 [7]

. It is genotoxic, immunotoxic, and carcinogenic
 [8-10]

. The 

health risk from consuming OTA-contaminated foods has led to worldwide preventive measures to protect 

consumer health. For example, foodstuffs in the European market are subject to directives and regulations. EU 

regulation 1881/2006
[11]

 sets maximum levels of OTA in foodstuffs: 5 µg/kg in cereals, 3 µg/kg in processed 

cereal-based products, 5 µg/kg in raisins, 5 µg/kg in roasted and ground coffee, 10 µg/kg in instant coffee, and 2 

µg/kg in wine and spices. The European Food Safety Authority (EFSA) established an acceptable weekly intake 

of OTA of 120 ng/kg body weight in 2006
[12]

. The European Commission has not set a maximum acceptable 

level for OTA in cocoa and cocoa-derived products because they do not significantly contribute to OTA 

exposure and high levels of OTA are rarely detected in these products
 [13]

.  

Nonetheless, cocoa-producing countries should develop post-harvest treatment guidelines to maximally 

reduce OTA contamination of cocoa. Indeed, the analysis of cocoa bean samples originating from various 

countries has revealed the presence of variable levels of OTA for samples collected from different regions and 

even within the same region 
[6,14-19]

. The contamination of cocoa beans with OTA occurs mostly during post-

harvest treatment: harvesting, pod-opening, fermentation, drying, storage, and transportation.Our study aimed to 

establish the relationship between the integrity of cocoa pods and OTA contamination of dry cocoa beans, 

according to the stage of post-harvest treatment, to identify potentially ochratoxinogenic fungi responsible for 

this contamination. 
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II. MATERIAL AND METHODS 
2.1. Collection of samples 

Cocoa is grown in Côte d'Ivoire in forested zones (13 zones). For this study, we collected samples from 

three different zones: east: Abengourou (YakasséFeyassé); central: Gagnoa (Tehiri); and south – west: San 

Pedro (Gabiadji). For each test, ripe cocoa pods were harvested, sorted, and classified depending on their 

quality: We defined four quality levels: (1) intact pods:  ripe pods (yellow or orange in color) with no defects 

(lesions, insect attacks) on the outer cortex which should have no colored spots orfungion the beans when they 

are opened; (2)  pricked pods:  ripe pods with lesions caused by insects, birds, or other pests; (3) rotten pods: 

adult pods with brown traces of rot, and (4) injured pods: adult pods with lesions due to machetes or sickles as 

well as lesions of the cortex due the falling of pods from the cocoa trees during harvesting. Various mixtures of 

different pod types were prepared to obtain five lots of 500 pods each (figure 1): 

lot 1: 500 intact pods  

lot 2: 250 intact pods + 250 pricked pods  

lot 3: 250 intact pods + 250 rotted pods   

lot 4: 250 intact pods + 250 injured pods  

lot 5: 500 unsorted pods (similar to those of the farmers).  

 

2.2. Pod-opening 

The cocoa pods were assembled for five days. Each pod was opened using a club and the beans manually 

removed. A 4-kg sample of fresh beans from each lot was collected and stored at −22°C at the site. 

 

2.3. Fermentation 

The beans from each lot were fermented for five days under banana leaves (Musa paradisiacaL). This step aids 

removal of the beans from the mucilaginous pulp which surrounds them and prevents their germination. A 4-kg 

sample of fermented beans from each lot was collected and stored at −22°C. 

 

2.4. Drying 

The beans were then dried in the sun. The fermented beans were spread on a tarpaulin and stirred from 

time to time. Drying lasted from 5 to 10 days, depending on the weather conditions. The aim of this stageis to 

reduce moisture or water content to less than or equalto8%. At the end of drying, a 4-kg sample of dried beans 

from each lot was collected and stored at −22°C. Eleven test batches, including the steps of cocoa harvesting, 

pod-opening, fermentation, and drying were prepared for each quality level (Abengourou:  n=3, Gagnoa:  n=4 

San Pedro:  n=4). In addition, 165 samples of cocoa beans were collected from the three sites. 

 

2.5 Treatment of samples in the laboratory 

Fresh samples (fresh and fermented beans) taken from the three sites were dried at 30°C to below 8% moisture 

content. All dried bean samples were crushed and homogenized. The final samples (200 g) were labeled and 

stored at -22°C until analysis. 

 

2.6. Quantification of OTA  

The method to quantify OTA has been previously described in Manda et al.
[20].

  Approximately 200 g 

of beans and nibs were thinly ground.  Fifteen grams of each sample were transferred to a Waring blender and 

150 ml aqueous solution (50:50, v/v) of methanol/sodium hydrogen carbonate 3% (m/v) added and the mixture 

blended for 2 min. After decanting and filtering through Whatman paper no. 4, 11 ml filtrate were added to an 

equivalent volume of PBS buffer. An immunoaffinity column was pre-conditioned with 10 ml PBS buffer at a 

flow-rate of 3 ml/min. Twenty milliliters of extract were loaded onto the immunoaffinity column at a flow-rate 

of 1–2 ml/min and the OTA present in the samples captured by antibodies contained in the agar suspension. The 

immunoaffinity column was washed with 20 ml PBS buffer to remove non-specific components. OTA was 

slowly eluted with 1.5 ml of a mixture of acetic acid/methanol (2:98, v/v) at a rate of 1–2 drops/s. The column 

was then washed with 1.5 ml distilled water to obtain a final volume of 2.8 ml. After stirring, the analysis was 

performed by HPLC. 

HPLC analysis was carried out in an isocratic mode using fluorimetric detection at excitation and 

emission wavelengths of 333 and 460 nm, respectively. The mobile phase consisted of a mixture of 

acetonitrile/water/glacial acetic acid (55:43:2, v/v) and the stationary phase a 2.5 mm (25 cm_4.6mm) C18 S5 

ODS column equipped with a pre-column. The injection volume was 100 µl. The retention time was 

approximately 8 to 9 min. The OTA peak in the samples was identified by comparison with standards. OTA was 

quantified by measuring the peak area, taking into account the dilution performed during OTA extraction and 

purification. 
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2.7. Fungiidentification 

The cocoa beans were sterilely soaked in a diluent (peptonal water 0.1%) at a ratio of 1:10 between 

sample and diluent for 10 min and successive 10-fold dilutions performed. The resulting solutions were cultured 

on PDA or DRBC medium (enumeration medium) at 25°C for five to seven days. Detected molds were then 

cultured on Czapek or MEA (identification media) at 25°C for five to seven days 
[12]

. One or more filaments 

were captured with a dissectingneedlefor glabrous cultures or with scotch tape for filamentous cultures and then 

placed in a drop of lactic blue between a slide and coverslip for microscopic examination. 

 

2.8. Statistical Analysis 

Statistical analysis of the OTA data was performed using STATA 11a software. A difference was considered to 

be significant if P < 0.05.Logistic regression was carried out using Eviews 7.1 software to evaluate the influence 

of the pod quality levels and post-harvest operations on the presence of the ochratoxinogenic fungi. Coefficients 

associated with an independent variable are significant at a threshold of 5% when the z-stat is greater than 1.95. 

 

III. RESULTS AND DISCUSSION 
3.1. OTA concentrations depending on quality levels of the pods and post-harvest operations   

 OTA concentrations were determined at all stages of post-harvest transformation (pod-opening, 

fermentation, and drying) for all pod quality levels (intact, pricked, rotten, or injured). The average OTA 

concentration depending on the quality level of the pods are reported in table 1 and ranged from 0.13 ± 0.1 

µg/kg (intact pod, fermentation) to 2.68 ±2 µg/kg (rotten pod, fermentation).The lowest OTA concentrations 

were observed in intact podsirrespective of the post-harvest transformation stage: pod-opening (0.16± 0.1 

µg/kg), fermentation (0.13 ± 0.1µg/kg), and drying (0.18 ±0.1 µg/kg). The average OTA concentrations for the 

pricked pods were from 1.34 ± 2 µg/kg at the pod-opening stage to 2.49 ± 2 µg/kg at the drying stage. The OTA 

concentrations in the other pod types varied. At the end of the drying process, there was a significant difference 

between the average OTA concentration in the intact pods (0.18 ± 0.2 µg/kg) and those of the cocoa podsof the 

other quality levels (rotten, pricked, injured, unsorted) where the average OTA concentrations were: 1.87 ± 2 

µg/kg for the rotten pods, 2.49 ± 2 µg/kg for the pricked pods, 2.32 ± 2 µg/kg for theinjured pods, and 1.16 ± 1 

µg/kg for the unsorted pods. 

Our results show that OTA is primarily found in damaged pods: rotten, injured, or pricked. Our results 

corroborate those of Bastide et al.
[22]

, Dembélé et al
[16]

and Mounjouenpou et al.
[23]

. These authors showed that 

OTA concentrations depended on the type of damage suffered by the pod. According to Bastideet al.
[22]

varying 

OTA concentrations also depended on the cocoa season and the type of damage suffered by the pods: healthy 

(2.3µg/kg), damaged by insects (4.2µg/kg), mutilated (19.8µg/kg), rotten (7.2 µg/kg), or mummified (3.4 

µg/kg). The OTA concentration at the end of drying is the most important because cocoa beans at this stage are 

destined for commercialization.  At the end of drying, the OTA concentrations varied from 0.18 ± 0.2 µg/kg 

(intact pods) to 2.49 ± 0,2 µg/kg (injured pods). Our results are in agreement with those of Adama et al.
[24]

. 

These authors analyzed 1895 cocoa bean samples collected in the ports and cocoa-producing zones of Côte 

d’Ivoire and reported that OTA contamination ranged from 0.19 ± 0.16 to 1.90 ± 1.87 µg/kg for an average of 

1.40 ± 1.32 µg/kg. These results show that OTA contamination of cocoa beans is mainly due to the condition of 

the pods.  Cacao farmers should apply good agricultural practices to produce cocoa with little OTA content. 

 

3.2. Fungiidentification  

We identified ten genera and 16 fungi species: 

-  Six species of Aspergillus:Aspergillusniger, Aspergillusflavus, Aspergillusfumigatus, Aspergillusterreus, 

Aspergilluscandidus, and Aspergillusglaucus; 

-  Two species of Fusarium:Fusariumsolaniand Fusariumoxysporum; 

-  Penicillium, Alternaria, Acremonium, Cladosporium, Exophiala, Bipolaris, Scytalidium,andAureobasidium 

genera. 

 

The frequency of the fungiisolated from the three study sites was almost equal: 35.2% in Gagnoa, 

33.9% in Abengourou, and 30.8 % in San Pedro. The most frequently isolated generafrom the three sites 

were:Aspergillus(51.3%), Penicillium(13.0%), Alternaria(13.0%), and Fusarium (9.2%).These results partly 

corroborate those of Mounjouenpou et al.
[24]

and Appiah et al.
[25]

. These authors isolated three of the four 

principal fungi that we isolated in our study from cocoa beans: Aspergillus, Penicillium, and 

Fusarium.Aspergillus (51.3%) was the most frequently isolated genus. We identified several fungi species from 

this genus: Aspergillusniger, Aspergillusflavus, Aspergillusfumigatus, Aspergillusglaucus, Aspergillusterreus, 

and Aspergilluscandidus. Among them, Aspergillusnigerwas the most frequently isolated at 22.9 %. Two of the 

identified fungi (Aspergillusnigerand Penicilliumsp)have been reported to be potentially ochratoxinogen
[26]

. We 

found these species in almost all the contaminated samples of our study with a frequency of 22.9% 
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forAspergillusnigerand 13.0%forPenicillium sp. (Table 2). Copetti et al.
[19]

 identified two species in cocoa beans 

from Brazil as ochratoxinogenic fungi:Aspergilluscarbonariusand Aspergillusniger. 

 

3.3. Influence of cocoa pod quality and post-harvest handling on the presence of ochratoxinogenic fungi 

 Ochratoxinogenic fungi were identified irrespective of cocoa pod quality (table 2).However, they were 

more abundant in rotten pods and in those of the unsorted lot than in intact pods (table 3). These results are in 

accordance with those of Mounjouenpou et al.
[24]

 who showed that the fungal microflora was qualitatively 

identical, irrespective of the quality of the treated pod and the type of post-harvest treatment. However, cocoa 

from damaged pods was more highly contaminated by toxic fungi. According to Bastide et al.
[22]

, rotten pods 

present the greatest risk of contamination by ochratoxinogenicfungi. In addition to the qualityof the pods, we 

also studied the dependence of the presence of fungi on the post-harvest operations of pod opening, 

fermentation, and drying. We found ochratoxinogenicfungi to be present, irrespective of the type of post-harvest 

treatment.  Logistic regression showed that drying did not further promote the proliferation of ochratoxinogenic 

fungi (z-Stat = -2.35; table 3). Indeed, most fungi prefer a water activity (wa) between 0.85 and 0.99 for their 

proliferation. The reduction in water activity of the fermented beans brought about by drying prevented 

proliferation of the fungi.Beuchat
[26]

 previously showed that there is a progressive reduction of water content to 

a water activity below 0.88 during the drying process that inhibited the growth of both bacteria and 

yeast.Kouadioet al.
[27]

showed that a temperature higher than 42°C and a water activity of 0.75 inhibited the 

proliferation of the ochratoxinogenic fungi, notably Aspergillusniger, Aspergillusochraceus, and 

Aspergilluscarbonarius. In contrast, Copettiet al.
[19]

showed the proliferation of Aspergillusniger 

andAspergillusflavus, fungithat produce ochratoxin and aflatoxin, respectively, during drying. 

 

IV. CONCLUSION 

The presence of these fungi in cocoa beans is due to the poor quality of the cocoa pods. All damaged pods 

(rotten, pricked, and injured) are contaminated by OTA. The application of good agricultural practices by the 

producer is a suitable measure to reduce OTA contamination of cocoa. 
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Figure 1: An intact pods, B: unsorted pods, C: unsorted pods, D: opened rotten pods, E: opened intact pods. 

 

Table 1: AverageOTA concentrations in µg/kg depending on cocoa pod quality and post-harvest treatment 
Cocoa pod quality levels  

 Intact  Pricked Rotten Injured Unsorted 

Podopening 0.16±0.16a 1.34±2.77a, b 1.15±1.87a, b 1.72±2.64a, b 1.34±1.34b 

Fermentation 0.13±0.10c 0.96±1.06d 2.68±2.85d 0.90±0.76c, d 1.37±0.88d 

Drying 0.18±0.21e 2.49±2.94f 1.77±2.41f 2.32±2.94f 1.16±1.25f 

Averageconcentration 0.15±0.16 1.6±2.43 1.87±2.42 1.65±2.32 1.29±1.14 

Median 0.09 0.69 0.83 1.20 1.06 

Extended LD-0.63 LD-9.54 LD-9.69 LD-9.09 LD-4.2 

 

Averages with the same letter in the same line are not significantly different at 5% risk. Cocoa beans from rotten 

and wounded pods were the most highly contaminated by OTA. 

 

Table 2: Molds according to post-harvest treatment 
Post-harvest treatment Isolated molds Total Frequency (%) 

Pod-opening 

Aspergillus niger 22 7.5 

Aspergillus flavus 10 3.4 

Aspergillus fumigatus 4 1.3 

Aspergillus terreus 4 1.3 

Aspergillus glaucus 3 1.0 

Aspergillus candidus 1 0.34 

Bipolarissp 4 1.3 

Penicillium sp 12 4.1 

Alternariasp 16 5.4 

Fusariumsolani 4 1.3 

Fusariumoxysporum 3 1.0 

Acremoniumsp 2 0.68 

Scytalidiumsp 1 0.34 

Cladosporiumsp 2 0.68 
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Fermentation 

Aspergillus niger 24 8.2 

Aspergillus flavus 13 4.4 

Aspergillus fumigatus 14 4.7 

Aspergillus glaucus 1 0.34 

Aspergillus candidus 1 0.34 

Aspergillus terreus 2 0.68 

Bipolarissp 4 1.3 

Penicillium sp 16 5.4 

Alternariasp 10 3.4 

Fusariumsolani 4 1.3 

Fusariumoxysporum 6 2.0 

Acremoniumsp 3 1.0 

Scytalidiumsp 1 0.34 

Cladosporiumsp 3 1.0 

Exophialasp 1 0.34 

Aureobasidiumpullulans 1 0.34 

Drying 

Aspergillus niger 15 5.1 

Aspergillus flavus 15 5.1 

Aspergillus fumigatus 11 3.7 

Aspergillus terreus 1 0.34 

Bipolarissp 9 3.0 

Penicillium sp 11 3.7 

Alternariasp 9 3.0 

Fusariumsolani 4 1.3 

Fusariumoxysporum 6 2.0 

Acremoniumsp 4 1.3 

Scytalidiumsp 1 0.34 

Cladosporiumsp 3 1.0 

 

Aspergillusniger and Penicillium sp. are two potentially ochratoxinogenic moldspresent in cocoa beans, 

irrespective of pod quality 

 

Table 3:Influenceof pod quality on the presence of ochratoxinogenicmolds 
Independent variables Coefficient z-Stat 

C* -0.26 -0.53 

Injuredpods 1.14 1.95 

Prickedpods 0.67 1.14 

Rottenpods 1.30 2.20 

Unsortedpods 1.30 2.20 

Fermentedbeans 0.86 1.94 

 Dry beans -1.06 -2.35 

 

* Comparisonswere made with beans from intact pods.There was a significant association between rotten or 

unsorted pods and the presence of ochratoxinogenic molds. 

 

 

 

 


