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Abstract 

The purposes of this study were to compare the modalities of the post-harvest practices of these two groups and 

to statistically identify the modalities responsible of non-quality (under grade) on the basis of results of Pareto 

chart and proportion of successes calculated for each modality. A survey about of modalities of post-harvest 

processing methods and about the quality of the beans obtained was conducted among producers of the largest 

producing region of Côte d’Ivoire. The collected data were analyzed by the chi-square test of concordance and 

the Pareto chart. The results show that there is no correlation between practice of the individual farmers and the 

farmers in cooperatives. Highly significant differences (p-value < 0.001) were observed in the number of 

brewing; the fermentation time; the materials of fermentation and drying impacting the quality of merchantable 

cocoa. Samples collected from farmers into cooperatives have fewer defects than those of individual farmers. 

Regarding the modalities of the post-harvest practice responsible of the under-grades, the results showed that the 

samples of farmers in cooperatives had fewer defects than those of individual farmers. Thus, obtaining a good 

quality cocoa beans must take into account the best modality at each step of post-harvest practices. However 

certain modality should be avoided. These are: the time breaking pods of one day; the absence of brewing during 

the fermentation; the time of fermentation less than or equal to three days and the time of drying less than or 

equal to two days. 

Keywords: modalities, post-harvest practices, merchantable cocoa, Pareto chart, chi square test, proportion of 

successes 

1. Introduction 

The economy of some countries is largely based on the export of cocoa. This is the case of Côte d’Ivoire, the 

world's largest cocoa grower, with a production of the order of 1.78 million tons or 40% of world supply 

(Anonymous, 2015). Its production represents 15% of GDP (Gross Domestic Product) and 30% of export 

earnings (Koko, 2014). 

Although Côte d’Ivoire recorded spectacular results at the quantity level, the results are below expectations at the 

quality level. Indeed, in recent years, and following liberalization occurred in 1999, we noticed a recurring 

situation of bad quality cocoa from Côte d'Ivoire on the world market (Anonymous, 2006). The free fatty acid 

content from Côte d'Ivoire's cocoa exceeds standards allowed 1.75%, which has meant the decline in its quality 

(Guéhi et al., 2005). In addition, a portion of national production is stored poorly and has a humidity above the 

standard (more than 8%). This situation is growing and causes the discount of the cocoa from Côte d'Ivoire, what 

constitutes a financial loss for the producers. The causes for the decreasing of the quality of cocoa are not 

sufficiently identified. They appear to be multiple and complex and are at all levels of the collection and 

distribution chain, from producer to foreign markets (Anonymous, 2006). However, some causes have been 

mentioned for this decreasing. It comes to the inefficient system of quality control of the products; internal 

marketing system and external difficult to control; unprofessionalism of some producers and the deterioration of 

the products in farms (Anonymous , 2006; Anonymous , 2016). But of all these causes, the most significant are 
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the post-harvest practices because they are preliminary and decisive step in the transformation of the 

merchantable cocoa. A bad post-harvest treatment may rot or germinate cocoa beans, which reduces the quality 

of merchantable cocoa (Janny, Ritchie, & Flood, 2003). According Barel (2013), "Everything is happening in the 

post-harvest treatment of cocoa! Each cocoa has a potential intrinsic quality which depends on the variety of 

trees planted, the soil and the know-how of agricultural planter. But this potential can be valorized or 

deteriorated during the post-harvest pratices." 

In Côte d'Ivoire, all post-harvest practices are managed by two groups of producers: farmers organized in 

cooperatives since the cooperative law of 1997 and the small individual farmers. The farmers' cooperatives 

receive technical support from the Government, NGOs or Western chocolatiers.  

In these cooperatives, there are sometimes large farms whose area may approach 50 ha. The current tendency of 

producers is to increase acreage to compensate for falling prices (Banzio, 2003; N'Guessan, 2004). Some 

cooperatives also have many opportunities that can be the direct export of cocoa; guarantees in terms of 

marketing products; accessibility to additional services such as laboratory for quality control and computer 

equipment with software for managing. These cooperatives sell about 20 to 30% of national production. 

In addition to the cooperatives, there are about 3 to 4 million people working in the cocoa chain and coffee in 

Côte d'Ivoire. This is usually small independent cocoa farmers and coffee, with mostly family farms ranging in 

size from 4 to 5 ha on average. These deliver their produce to buyers or subcontractors and trackers. It is 

estimated that one hectare of cocoa plantation can naturally produce 1.5 tons of cocoa beans. For now in Côte 

d'Ivoire, one hectare of cocoa produces on average 400 to 500 kg (Anonymous, 2010). 

The responsibility of individual farmers and the farmers' cooperatives is significant in the search for the quality. 

Indeed, they must follow the cultural itinerary adapted and advised by farm advisors to appropriately perform the 

harvest and post-harvest practices namely fermentation and drying which are crucial steps that influence the final 

quality of the cocoa. However, at each step of post-harvest practices, several choices of modalities are available 

to both producer groups. Is there a significant difference between these two groups from the modalities of 

post-harvest practices? Many studies have shown the impact of the post-harvest processing methods on quality 

of merchantable cocoa (Cros & Jeanjean; 1995; Lainé, 2001; Mounjouenpou et al., 2011; Barel, 2013; Levai, 

Meriki, Adiobo, Awa-Mengi & Akoachere, 2015). However, none of them evaluated quantitatively the effects of 

each producer group on quality. And the quantitative influence of the modalities used by the producers is not 

known about the quality of cocoa. It is therefore with good reason this study was conducted.  

The main purposes of this work were firstly to compare the modalities of post-harvest processing methods of 

these two groups, and secondly to statistically identify the modalities responsible of non-quality (under grade) of 

merchantable cocoa on the basis of results of Pareto chart and proportion of successes calculated for each 

modality. 

2. Material and Methods 

2.1 Material 

The material was composed of 90 samples of merchantable cocoa of the Forastero variety. These samples were 

purchased from producers of seven production areas of the Soubré region which is also the first cocoa-producing 

among the regions in Côte d'Ivoire. The collection of samples was carried out during the great cocoa campaign 

2013. 

2.2 Methods 

2.2.1 Sampling for the Comparison of Post-harvest Practices 

Data collection was performed using a digital questionnaire which allowed to identify different forms of 

post-harvest practices of individual farmers and the farmers' cooperatives. A simple random sample of 30 

farmers was selected by area (Table 1). Using the direct questionnaire during individual interviews, each 

producer gave information about its post-harvest practices. In total, 210 cocoa farmers were surveyed in 31 

villages. 
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Table 1. Visited areas and number of farmers in the study 

Sub-prefectures of Soubré areas of production Number of village Number of farmers surveyed 

Oupoyo Petit Bondoukou 3 30 

Méagui 
Kragui 7 30 

Krohon 6 30 

Okrouyo Ottawa 4 30 

Guéyo 

Kouamékro 4 30 

Bobouo 3 30 

Djenandou 4 30 

Total 31 210 
 

2.2.2 Identification of Modalities of the Post-Harvest Practices Responsible for the Non-Quality (Under Grade)  

2.2.2.1 Sampling 

Taking into account the results of the survey, a stratified sampling plan based on the modalities of the 

fermentation equipment's (Banana Leaves; black plastic films; nylon tarps) allowed to classify the types of 

producer (Table 2).  

 

Table 2. Sampling plan 

Group of producers Modalities of the fermentation Number of samples Total 

Individual farmers  

Banana leaves;  15 

45 Black plastic films 15 

Nylon tarps 15 

Farmers in cooperatives 

Banana leaves;  15 

45 Black plastic films 15 

Nylon tarps 15 

General total 90 
 

At each group of producers 45 samples of 1 kg were taken because of 15 samples by fermentation method. Each 

sample was weighed with a dial dynamometer spring from Ducatillon brand and packaged in a food bag jute of 

size 30cm / 40cm. For each sample, the time for breaking cocoa pods, the number of brewing during 

fermentation, the fermentation time, the fermentation materials, the drying time and the drying materials were 

noted. 

2.2.2.2 Sample Classification Based on International Standard 

2.2.2.2.1 Humidity 

Post-harvest practices traceability of samples was carried out only for those whose average humidity level were 

less than 8%. The Humidity of the cocoa beans has been measured on the 90 samples with a moisture meter from 

Dickey John "mini GAC plus" brand. 

2.2.2.2.2 Cut Test 

The cocoa beans of each sample underwent a mixing. One hundred beans were counted then cut longitudinally 

with a bean guillotine (Barel, 2013). Examination of cocoa beans was done in the light of day when the weather 

was clear (International trade centre [UNCTAD/WTO], 2001). The cocoa beans with several defaults were 

classified in the same category of defects (moldy, moth-eaten or slate) according to the international standard for 

cocoa export. 

2.2.2.3 Construction of Pareto Chart for Under-Grades and Determination of Proportion of Successes (Grade I 

and Grade II) for Each Modality 

On the basis of surveys conducted, the traceability of the 90 samples (the modalities applied and quality 

obtained) according to the international standard was known. It was possible to construct Pareto chart for 

under-grades and to determine of proportion of successes (grade I and grade II) for each modalitiy. 

2.2.2.3.1 Construction of Pareto Chart 

The Pareto chart has allowed to better identify the modalities of post-harvest responsible for 80% of all 

non-quality observed. The construction of the Pareto chart was first to determine the modalities which have 

resulted in a non-quality samples. Then, for each post-harvest practice, the number of observations for the 
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modalities was ranked in descending order of their size by histogram. For the equal sizes, the modality unadvised 

according to experts or literature was chosen first. Finally, the modalities that cumulated size were more than 80% 

have been identified as responsible for the poor quality. 

2.2.2.3.2 Determination of Proportion of Successes 

The proportion of successes (PS) was determined for each modality. It is the percentage of each modality leading 

to the quality samples (grade I or grade II). It was determined as following:  

𝑃𝑆(%) =
𝑁𝑢𝑚𝑏𝑒𝑟𝑜𝑓𝑜𝑏𝑠𝑒𝑟𝑣𝑎𝑡𝑖𝑜𝑛𝑠𝑓𝑜𝑟𝑡𝑒𝑚𝑜𝑑𝑎𝑙𝑖𝑡𝑦𝑙𝑒𝑎𝑑𝑖𝑛𝑔𝑡𝑒𝑞𝑢𝑎𝑙𝑖𝑡𝑦𝑠𝑎𝑚𝑝𝑙𝑒𝑠 × 100

𝑇𝑜𝑡𝑎𝑙𝑛𝑢𝑚𝑏𝑒𝑟𝑜𝑓𝑜𝑏𝑠𝑒𝑟𝑣𝑎𝑡𝑖𝑜𝑛𝑠𝑓𝑜𝑟𝑡𝑒𝑚𝑜𝑑𝑎𝑙𝑖𝑡𝑦
 

2.3 Statistical Analyses 

Data analysis, figures and Pareto charts were done using the softwares Microsoft Office Excel 2010 and 

Statistica 7.1. The chi square test was performed to verify the similarity of post-harvest practices between the 

two groups of producers at significance levels of 0.05, 0.01 and 0.001.  

3. Results and Discussion 

3.1 Results 

3.1.1 Comparison of Post-harvest Practices 

3.1.1.1 Time for Breaking Pods 

The survey conducted among producers, shows that the time breaking pods varies between 1 and 15 days (figure 

1) with distributions of both producer groups significantly similar according the chi square test (p-value ˃ 0.05) 

( table 3). The modalities of the time for breaking pods change little from one type of group to another. The 

modalities for 2 to 7 are represented with 93% and 90% by most conditions individual farmers and farmers' 

cooperatives respectively. The other modalities are either absent or marginally represented. Furthermore, the area 

harvested seems to increase with the time breaking pods particularly between 1 and 7 day (Figure 1). 

 

Figure 1. Comparisons of Time breaking cocoa pods and area harvested 

 

Table 3. Chi-square tests of concordance for post-harvest practices 

Post-harvest 

practices 

Time 

breaking 

cocoa pods 

Number 

of 

brewing 

Fermentation 

time 

Equipment of 

fermentation 

Drying 

time 

Equipment 

of drying 

Quality 

(grades) 

p-value  0.659 0.000* 0.000* 0.000* 0.478 0.000* 0.028* 
 

p-value gives the probability of accepting the concordance in the post-harvest practices between the individual 

farmers and the farmers' cooperatives. An asterisk (*) indicates a significant difference (p˂0.05), a highly 

significant differences (p˂0.01) or a very highly significant differences (p˂0.001) among the modalities of the 

post-harvest practices. 

http://context.reverso.net/translation/english-french/survey+conducted
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3.1.1.2 Number of Brewing 

The analysis of figure 2 shows that the distributions of the brewing modalities between the two groups of 

producer are different. According the chi square test (Table 2) this difference is very highly significant (p value ˂ 

0.001). Also the number of brewing varies inversely from individual farmers to farmers' cooperative (Figure 2). 

The most brewing modalities applied by farmers' cooperative is 2 to 3 brewings which represents 69% and 0 

brewing for individual farmers which represents 26%. 

 

Figure 2. Comparisons of brewing during fermentation 

 

3.1.1.3 Fermentation Time 

The average time of fermentation for farmers' cooperative is higher than those for individual farmers. Indeed, 88% 

of farmers' cooperative conduct the fermentation in 6 or 7 days against 37% among farmers (Figure 3). These 

observations are confirmed statistically with a p-value less than 0.001 showing a very highly significant 

difference of distributions of the modalities of fermentation times between the two groups of producer (Table 2). 

The recommended fermentation times (4 and 7 days) are carried out at 99% in farmers in cooperatives and 85% 

in individual farmers. 

 
Figure 3. Comparisons of fermentation time 

 

3.1.1.4 Fermentation Materials 

The most commonly used fermentation materials are banana leaf, black plastic film and nylon tarp. They are 

used in 93% of cases by both groups of producers (Figure 4). However, 65% of farmers in cooperatives mainly 

use the banana leaves (Figure 4). Instead, individual farmers use all types of equipment with 40% for black 

plastic film, 27% for the banana leaf and 26% for the nylon tarp. The results of the chi square test show that 

there a very highly significant difference (p value ˂ 0.001) between the two groups of producer (Table 3). 



http://jfr.ccsenet.org Journal of Food Research Vol. 5, No. 6; 2016 

107 

 

 

Figure4. Comparisons of fermentation materials 

 

3.1.1.5 Drying Time 

The distributions of drying time are similar for the both groups of producer (Figures 5). This observation was 

confirmed using the chi square test (p-value ˃ 0.05) (Table 2). However the modalities of drying time vary from 

3 to 8 days for individual farmers and up to 10 days among farmers' cooperative. The predominant modality is 7 

days for both groups of producer which corresponds to 37% of individual farmers and 36% of farmers' 

cooperative. 

 
Figure 5. Comparisons of drying time 

 

3.1.1.6 Drying Materials 

The drying materials appear to be different for the both groups of producer (Figure 6). The proportion of using of 

the drying rack (recommended drying equipment) remains generally low among individual farmers (3%) against 

32% among farmers’ cooperative. The predominant modality is nylon tarp with a proportion of 50% and 39% 

among individual farmers and farmers’ cooperative respectively. The result of chi square test was very highly 

significant difference (Table 3). Thus Individual farmers use different drying equipment from those used by 

farmers in the cooperative. 

 

Figure 6. Comparison of drying equipment 
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3.1.2 Identification of Modalities of the Post-Harvest Practices Responsible for the Non-Quality (Under Grade) 

3.1.2.1 Comparison of Different Quality Levels According to International Standard 

The figure 7 gives the comparison of different quality levels according to international standard. It also gives the 

effects of each producer group on each level of merchantable cocoa quality after post-harvest processing 

methods. 

 
Figure7. Comparison of different quality levels according to international standard or effects of each producer 

group on cocoa quality 

 

The samples from the farmers in cooperative are better than those collected from individual farmers (Figure 7). 

The chi square test shows a significant difference (p-value ˂ 0.05) in the quality of cocoa beans between the two 

groups of producers. Only 2% of the samples coming from farmers in cooperative were under grades against 20% 

of the samples from individual farmers (Figure7). 

3.1.2.2 Identification of the Time Breaking Cocoa Pods Causing Non-Quality 

The survey conducted among producers, shows in order of importance that the modalities of time breaking cocoa 

pods of 1 day (30%); 3 days (20%); 4 days (20%) and 2 days (10%) represent 80% of samples coming from 

non-qualities (under grade). The modalities of time breaking cocoa pods for 5 and 7 days represent 20% of under 

grades. No samples from the modalities of 6; 8; 12 and 14 days were under grade. According Figure 8B, more 

than 80% of each modality applied have achieved the quality samples except the modality of 1 day (less than 

60%). Also the comparison of these two figures (figure 8A and 8B) seem to show a decreasing of the under grade 

(so the increasing of the quality) with the augmentation of time breaking cocoa pods. 

 
Figure 8. Time breaking cocoa pods (A: Pareto chart for modalities; B: Proportion of successes ) 

 

3.1.2.3 Identification of Number of Brewing Causing Non-quality 

Eighty percent of samples in under grade are from the modalities of 0 and 2 brewings (Figure 9A). The 

maximum under grade (60%) was observed for beans that have undergone no brewing (Figure 9A). This 

corresponding to the lowest proportion of successes (Figure 9B). Therefore, no brewing can apparently having a 

detrimental impact on the quality of merchantable cocoa. The highest proportion of successes is more than 96% 

which is obtained by one brewing. 

http://context.reverso.net/translation/english-french/survey+conducted


http://jfr.ccsenet.org Journal of Food Research Vol. 5, No. 6; 2016 

109 

 

 
Figure 9. Number of brewing (A: Pareto chart for modalities; B: Proportion of successes ) 

 

3.1.2.4 Identification of the Fermentation Time Causing Non-quality 

Fermentation times ranging from 2 to 5 days provide 80 % of the total of samples in under grade (Figure 10A). 

The proportions of successes for these modalities are 24%; 75%; 49% and 93% for 2; 3; 1 and 5 days 

respectively (Figure 10B). Among them, the fermentation times of 1, 2 and 3 days which have given the lowest 

percentages of success, help to lower the quality of merchantable cocoa. 

 
Figure 10. Fermentation time (A: Pareto chart for modalities; B: Proportion of successes ) 

 

3.1.2.5 Identification of Fermentation Materials Causing Non-quality 

Figure 11A shows that 90% of the total of samples in under grade were fermented with banana leaves (50%) and 

black plastic films (40%). However, the proportion of successes of each of these materials remains above 80 % 

(Figure 11B). Unlike the latter, nylon sheeting provide 10% of the total of samples in under grade with 97% 

success in his use. 

 

Figure 11. Fermentation mterials (A: Pareto chart for modalities; B: Proportion of successes ) 

 

3.1.2.6. Identification of the Drying Time Causing Non-quality 

The modalities of drying times less than or equal to 6 days provide 80% of the total of samples in under grade 

(Figure 12A). The other twenty percent of the total under grades are from modalities of 7 and 8 days. No 

samples in under grade was observed at 10 day. Apart from the modalities of drying times of 2 (0% success) and 

3 (74% success) days, all drying times applied have higher success to 80% (Figure 12B).  
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Figure 12. Drying time (A: Pareto chart for modalities; B: Proportion of successes ) 

 

3.1.2.7 Identification of Drying Materials Causing Non-quality 

Drying materials such as nylon tarp and black plastic film represent 80% of the total of samples in under grade 

against 20% from the cemented area and drying rack (Figure 13A). The lowest proportion of successes (88%) is 

observed in the use of black plastic. Drying rack and cemented area gave respectively 97% and 94% of success 

in their use. 

 

Figure 13. Drying materials (A: Pareto chart for modalities; B: Proportion of successes ) 

 

3.2 Discussion 

According to the chi square tests, the comparison of post-harvest practices shows that apart from the time of 

pods breaking and drying time, post-harvest practices are inconsistent significantly between individual farmers 

and farmers in cooperative. We can assume that within the modalities of breaking pods and drying time, the 

producers have similar reactions in the face of the constraints of such practices. At the level of time of pods 

breaking, these constraints could be due to the limited need for labour that is the same in all areas of production. 

Because harvest and breaking pods can not be achieve only by the farmer. Because harvest and breaking pods 

can not be achieve only by the farmer. At the level of drying time, the constraints are related to climatic factors 

(sunshine, humidity) that may adversely the drying, regardless of the action of producers. In this study the times 

collected have varied from 3 to 10 days. In some areas, drying may last up to three weeks (Barel, 2013). The 

influence of the seasons of year on the drying of cocoa beans Côte d'Ivoire was mentioned by Akmel (2010). 

Very high significant differences between the two groups of producers, were observed in the number of brewing; 

in the fermentation time; materials of fermentation and drying. Concerning the modalities of brewing, the most 

applied were 2 and 3 among farmers in cooperative (69%) and no brewing among individual farmers (52%). 

This could be due the fact that unlike farmers in cooperatives, individual farmers are not trained in good 

post-harvest practices and don't understand the usefulness of brewing during fermentation (Anonymous, 2006). 

Indeed, the brewing permit more air to get into the cocoa so that the rate of fermentation increase and 

temperatures will go up a few hours later (AusAid, 2010). This operation encourage the formation of a range of 

acetic bacteria which is crucial to ensure a good fermentation.(Cros, & Jeanjean, 1995). The lack of training is 

also observed on the recommended time of fermentation (4 and 7 days) (Cros, & Jeanjean, 1995). Individual 

farmers take less time in the fermentation that farmers in cooperatives. According Barel (2013) and others 

(Anonymous, 2000), to make a good cocoa, fermentation must stop between 5 and 7 days for the Forastero 

variety. This recommendation is followed by 95% of the farmers in cooperative against 66% of the individual 
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farmers. There may be a risk of insufficient fermentation in the case of individual farmers. Regarding 

fermentation materials, 65% of farmers in cooperative have used of the banana leaves against 27% among 

individual farmers. They prefer to use other materials (black plastic film and nylon tarp) due to lack of banana 

leaves that seem to be the most recommended material for fermentation (Cruz, Troude, Griffon & Hébert, 1988; 

Anonymous, 2000). 

Regarding the drying materials, individual farmers have used different materials from those used by the farmers 

in cooperative. Indeed the drying racks (recommended drying material) were used by 32% of the farmers in 

cooperative and have been increasingly abandoned among individual farmers (3%). However, the user rate of 

drying racks remains low (17.5%) of producers as a whole. This is due to the fact that according to the majority 

of farmers, it is very difficult to find the raffia bamboo (plant family Arecaceae) to manufacture the drying racks. 

For this reason, other materials were preferred over the drying racks.  

Regarding the modalities of the post-harvest practice responsible of the under-grades and their proportion of 

successes, the results showed that the samples of farmers in cooperatives had fewer defects than those of 

individual farmers. This is evidence that farmers in cooperatives are better trained and coordinate better the 

modalities of post-harvest practices for quality. In addition, the results showed that most of the modalities can 

lead to under-grade beans and they have different proportions of success. This is explained by the fact that 

quality can not depend on a single modality but it depends on a good combination of the modalities of the 

post-harvest practices. 

At the level of time breaking pods, the modality of one day must not to be encouraged because it gave poor 

results, unlike other methods, which the number of success remained above 80%. The tendency to decrease in 

under-grade with increasing of time breaking pods is consistent with the literature. Indeed, delay the time for the 

breaking of pods is always advantageous. Water loss during storage of pods reduces about 50% the quantity of 

juice and promotes better aeration during fermentation, which accelerates the temperature rise and thus 

fermentation (Barel, 1987). However, some authors recommend not to exceed 5 or 6 days to prevent the 

germination of beans, their decay or the appearance of foreign tastes (Mossu 1990; Barel, 2013). 

At the level of number of brewing, the maximum under-grade (60%) was observed for the cocoa beans which 

have not undergone any brewing. This result may be due to the lack of individual farmers awareness concerning 

the brewing. The modality with a single brewing is encouraging (96% success) especially for the heap 

fermentations. Indeed, for the fermentation most of ivorians farmers carry out the heap fermentations. This type 

of fermentation is simplest of all and does not require a farmer to have to construct fermentation boxes (AusAID, 

2010). According Barel (2013) under these conditions, the number of brewing can be reduced to one or two. But 

for box fermentations, two to three brewings are needed for proper fermentation. 

At the level of fermentation times, durations of less than five days must be not encouraged because they 

represented more than 70% of all the total of under- grades. These durations may be responsible for an 

insufficient fermentation. For the modalities longer than or equal 5 days there were over 90% of success on each 

modality. However for good fermentation 5 to 7 days are required depending on the size of the fermenting cocoa 

mass (Mossu, 1990; Anonymous, 2000; Barel 2013). At the level of fermentation materials, the fact that the 

banana leaves have the proportion of under-grade relatively high could be due to unavailability or a bad 

combination of this material with other modalities non-compliant. For indeed banana leaves are the most 

recommended (AusAID, 2010). Nylon tarps are very successful in their use it may due to good control of these 

farmers who find them more available. 

At the level of fermentation materials, the fact that the banana leaves have the proportion of under-grade 

relatively high could be due to unavailability or a bad combination of this material with other modalities 

non-compliant. For indeed banana leaves are the most used (Lainé, 2001; AusAID, 2010). Nylon tarps are 

becoming popular, the reason is the good control of this material by the farmers who find them more available. 

At the level of drying of materials, even if all the materials are very successful in their use, the drying rack and 

the cemented area is largely characterized by a relatively small proportion of under-grade. Among both materials, 

the drying rack has an advantage because air can flow horizontally and vertically through the cocoa beans that 

are spread on the rack out in the sun. There is at this level more convective heat exchange between the air and 

the product. Moreover, in the early hours of drying, the too wet beans (50-60% wb) can sometimes drip off 

through the racks without the retaining of the water on its surface, which does is not the case for non-perforated 

materials such as cemented area (Akmel, 2010; Barel, 2013). 
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4. Conclusion 

The comparison of post-harvest practices shows that there is no correlation between individual farmers and 

farmers in cooperative. Highly significant differences (p-value < 0.001) between the two groups of producers 

have been observed in the number of brewing; the time of fermentation; the materials of fermentation and drying. 

These differences have confirmed that post-harvest practices have an impact on the quality of merchantable 

cocoa. The samples collected from farmers in cooperative have under well defects than those of individual 

farmers. Regarding the modalities of post-harvest practice responsible of under-gade, the results show that most 

of conditions can lead to the under-grades. And these modalities have different proportions of success. Thus, in 

order to achieve a production of high quality cocoa, farmers must do a good combination of each recommended 

modality. However certain modality should be avoided. These are: the time breaking pods of one day; the 

absence of brewing during the fermentation; the time of fermentation less than or equal to three days and the 

time of drying less than or equal to two days. 
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