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EXECUTIVE SUMMARY 

 

Samoa’s cocoa has the potential to compete in premium quality, low – volume markets if it can 

strengthen its value chain through improved productivity and quality. This study investigated the 

use of trays (L90cm x W57cm x H11.5cm, 50 kg capacity) for fermentation to improve farmer process 

efficiency and bean quality attributes. The fermentation levels, temperature profiles, pH, and other 

quality characteristics of the resultant beans were assessed and compared to those produced using 

box fermentation. The beans were also tested for lead (Pb) and cadmium (Cd) as well as the 

occurrence of ochratoxin A (OTA) to determine the safety of cocoa beans. 

The tray fermentation approach has yet to be widely adopted in the Pacific by cocoa farmers and 

so the study investigated the efficiency of the method and confirm how it can be applied to improve 

the fermentation practices of farmers in Samoa. The analysis of Pb, Cd and OTA will determine if 

contamination exists along the value chain so appropriate interventions can be employed to 

improve the quality of fermented, dried beans produced in the country. 

 The data confirmed that using any number of stacked trays (one to five) for fermentation, produces 

high quality beans (>80 % brown beans) when fermented for five days, similar to the box method. 

The temperature profiles, physicochemical and cut test results indicate that high temperatures and 

consequently high levels of fermentation are possible with trays. Trays allow flexibility for farmers 

by using only the number suitable for their capacities at any given time, with consistent batches 

given their predetermined size. A further study is needed to determine if reducing the fermentation 

period is possible with trays, so the process is shortened for farmers. 

For OTA analysis, 18% (26/145) of tested samples had detectable levels of which 92% were above 

the regulatory limit (0.002 mg/kg), indicating a problem with a possible health risk for consumers. 

However the study also proved that employing good agricultural practices including washing of 

beans after fermentation can greatly reduce or eliminate the contaminants. For heavy metals, the 

cadmium levels for analysed samples were very low (≤ 0.2981 mg/kg) and within the established 

limits (0.5 mg/kg). Similarly for lead, all samples tested contained levels below 0.0543 mg/kg, 

much lower than the European Union regulatory limit of 1mg/kg. These results indicate Samoa’s 

cocoa beans contain very low levels for these two heavy metals. 

This study has provided evidence to support and promote the use of tray fermentation in Samoa, 

built the capacity of SROS to test for OTA, as well as determine the levels of Cd and Pb, which 

now are baseline data for these heavy metals for cocoa in Samoa. 
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1 INTRODUCTION 

 

The declining contribution of traditional crops like coconut, bananas and cocoa for export earnings, 

is a treand the Government of Samoa’s (GoS) has been trying to address through its Agricultural 

Sector Plans implemented in the past ten years. Cocoa continues to be one of the priority crops 

given it’s cultural importance as well as its contribution to the earning capacities of women and 

families. For this reason development activities for the crop continues to attract donor funding 

support particuarly from the Australian and New Zealand governments.  

The future for Samoa’s cocoa industry lies in building a sustainable export market. This requires 

a focus on not just supply issues for consistent production but also quality for fine flavour and the 

premium high value market opportunities. This project HORT/2014/078 –Aligning genetic 

reources, poduction and post-harvest systems to market opportunities for Pacific island and 

Australian cocoa, aims to strengthen the cocoa value chains in Samoa through collaborative work 

with communities via data collection for genetic material, and fermentation and drying trials.  

Samoa’s cocoa industry is unique in that it has a highly successful traditional value added product 

sold in the local and export market, in addition to the fermented beans exported for chocolate. This 

is the Koko Samoa, or cocoa mass for making the traditional hot beverage sought out by Samoans 

residing on island and especially those overseas. Around two thirds of families grow cocoa of 

which 97% are subsistence, and this is a significant source of income for women and smallholders 

at the local market.  

The SROS through the Australian funded Pacific Horticultural & Agricultural Market Access 

(PHAMA) program carried out two comparative studies on local fermentation practices (Asora - 

Finau et al.; 2016 and Asora-Finau et al.; 2018). This new work introduces the use of trays for 

fermentation as it is promoted to be more efficient, involves less work and produces superior 

quality beans, demanded by the chocolate industry. The effect of using the tray approach on 

fermentation levels, the temperature profiles, pH, and other quality characteristics of the resultant 

beans were assessed. The regular occurrence of food–borne diseases and poisoning due to 

pathogens, toxins and chemicals continue to impact food regulations and so the beans were also 

tested for lead (Pb), cadmium (Cd) and ochratoxin A (OTA). Lead and cadmium are heavy metals 

of concern for cocoa and food in general while toxin producing moulds are becoming a major 

concern with numerous studies indicating OTA to be possibly carcinogenic to humans  . 

The SROS’s initial project componment focus was to compare the quality of beans fermented 

using the tray and box fermentation methods. The study later included an investigation on the level 

of fermentation when using different number ofstacked 
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 trays (one to five) ) in addition to establishing the levels of OTA, cadmium and lead in various 

sources of cocoa. The project has established the baseline data for tray fermentation as well as 

OTA, Pd and Cd levels for Samoa’s cocoa. 

2 BACKGROUND 

 

The compounds responsible for flavor, aroma and color formation in cocoa beans and the resultant 

chocolate are generated by three sources, intrinsic to the bean (genetics, location and growing 

environment) postharvest treatment (fermentation and drying) and during chocolate processing 

(roasting and conching) (Alayo et al.; 2019, Moreira et al.; 2018, Khairul, 2014). The postharvest 

treatment particularly fermentation plays a substantial role in flavor development and is where 

farmers have most control over and contribute to produce quality cocoa The main indicators of 

well-fermented, dried beans are a good brown colour, low astringency, bitterness and acidity with 

no off-flavours. These qualities are confirmed through various tests but the cut test is the most 

widely used method for visually assessing the quality of beans. 

Mycotoxins are secondary metabolites of fungi produced by Aspergillus and Penicillium species. 

OTA is a mycotoxin mainly found in grains, dried fruits, meats, fruit beverages and cocoa and 

derived products. It is formed during the drying and storage stages and is increasingly becoming a 

concern due to its presence in many consumed products as well as human milk. The ability to test 

for such toxins in addition to lead and cadmium in food is very important for consumer health. 

 

2.1 FERMENTATION PROCESS 

 

Fermentation practices vary widely amongst cocoa farmers and even for individual farmers 

themselves. This arises from the differences in methods used and farmer practices, like pod holding 

time, size of fermented mass, frequency of turning, and duration of fermentation in addition to 

varietal differences (Schwan and Pereira, 2014).  

Basket and heap fermentation are the widely used methods by smallholder farmers in Samoa with 

box a more common method used by the few commercial farmers. Fermentation is considered the 

most crucial process of the value chain because it is where the flavor and aroma precursors are 

developed via enzymatic reactions. The various fermentation approaches implemented for 3-7 

days, have been extensively studied to understand the effects on the microbiological activities and 

physicochemical changes affecting the beans (Ganeswari et al.; 2015; Kongor et al.; 2013, Racine 

et al.; 2019, Miguel et al.; 2016) as well the influence of genetics on the resultant end quality 

(Moreira et al.; 2018, De Vuyst and Weckx 2016, Alayo et al.; 2019).  

A plethora of studies have proven the sequential microbial activities of yeasts, lactic acid bacteria 

(LAB), acetic acid bacteria (AAB) and Bacillus spp, to be responsible for the production of well 
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fermented beans. The initial 48hours is dominated by yeasts which feed on the sugar- rich 

mucilaginous pulp of the beans and produces ethanol and CO2 (Hart, 2019, Dircks, 2009). The 

citric acid metabolized at this stage increases the pH resulting in favorable conditions for LAB and 

AAB to grow. The AAB under aerobic conditions then oxidizes ethanol into acetic acid an 

exothermic reaction, which increases the temperature of the fermentation mass. Concurrently the 

acetic acid diffuses into the cotyledon and decreases the pH of the beans and numerous 

biochemical processes occur leading to the breakdown of protein to peptides and amino acids 

(Sandris, 2006; Alayo et al., 2019). A series of oxidative reactions at this stage lead to noticeable 

browning on the surface of cotyledons (Afoakwa, 2018; Wood & Lass, 1985).  

The use of the tray fermentation method in West Africa dates back to 1963 whereby shallow boxes 

were used to contain the beans (Dircks, 2009). To circumvent the tedious task of turning the mass, 

the tray system was trialed which allows more air circulation to reach the fermenting mass. To 

date, the method is only used in Ghana and recently Australia, and is reported as being more 

efficient compared to box and heap, as it eliminates the need for turning throughout the whole 

fermentation period. Controlling the fermentation process employed (turning, fermentation 

duration etc) is important for consistency of the quality of beans produced by a farm.  

 

2.2 DRYING PROCESS 

 

Drying is the second most important step for flavor development and reduces the moisture content 

of beans from 60% to 5 – 8%. This stage promotes the outward flow of volatile acids which 

diffuses into the cotyledon during fermentation. Many of the biochemical changes initiated earlier 

is promoted here for further flavor development and the final color of the dried beans (Hart, 2019; 

Khairul, 2014).  

Direct or natural sun drying is mostly employed in Samoa with only a few farmers utilizing 

partially enclosed greenhouses or structures, also known as, solar dyers. Stirring and turning during 

this stage is important to ensure even drying and separate aggregates. This process is another 

important factor to control to avoid negative impacts on the quality of beans. Slow drying leads to 

mould development and possibly mycotoxin production while fast drying through artificial means 

may result in acid flavors as well as smoke contamination (Sandris, 2006). Direct sun drying is 

still popular as it is inexpensive and has been proven through many studies to produce the best 

quality beans.  

The farmers’ normal drying processes will be used for this study. The cut test and other standard 

tests will confirm the quality of both processes as carried out. 
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2.3 OCHRATOXIN A TOXICITY AND OCCURRENCE IN COCOA BEANS 

 

Ochratoxin A (OTA) is a toxic fungal secondary metabolite that contaminates many food 

commodities available in the market. This mycotoxin is produced by a number of fungal species 

from the genera, Aspergillus and Pencillium which can colonise a range of food products (Pitt & 

Hocking, 2009). Previous studies have shown that OTA has nephrotoxic, immunotoxic, 

teratogenic, carcinogenic and possibly neurotoxic and genotoxic properties (Miraglia and Brera, 

2002). Some of the well-known diseases that have been associated with OTA are human Balkan 

Endemic Nephropathy (BEN), which occurred in Bulgaria and Yugoslavia, and endemic kidney 

disease (Danish pig nephropathy) in pigs (Stoev et al., 1989). Increased incidence of urinary tract 

tumors have also been linked to OTA (Fink and Gremmels, 2005). Therefore, the monitoring of 

OTA contamination on products is important due to the high risk for consumers. 

The OTA is believed to be found in various foods of animal and plant origins. Some studies 

reported OTA contamination in pork blood products, pork kidney, pork liver, and pork meat. The 

pigs were thought to be exposed to OTA through their contaminated feed (Pietri et al. 2006). As 

for plant derived foods, incidences of OTA contaminants were indicated in cereals and cereal 

derived products (Duarte et al., 2009), corn (Magnoli et al., 2007), coffee (Lombaert et al., 2002) 

as well as cocoa and cocoa products (Copetti et al., 2011).  

To date, only a few studies have been done to determine the levels of OTA contamination found 

on cocoa and cocoa products. One study conducted in Brazil reported an OTA contamination of 

cocoa beans and highlighted a strong positive correlation between the presence of A. carbonarius 

and contamination. 

 

2.4 CADMIUM AND LEAD RESIDUES IN COCOA BEANS 

 

Cadmium (Cd) and lead (Pb) are heavy metals that are generally regarded as environmental 

contaminants and their presence in foods can have some toxic effects on human. Chronic exposure 

to Cd can cause kidney, liver, and bone damage. Children are more susceptible to the effects of 

exposure to low doses of Cd over time. There is also a link of Cd to the cause of developmental 

problems, such as decreased birth weight, harm to neurobehavioral development, and male 

reproductive toxicity, all of which have been observed in animal studies (ASTDR, 2012)  

High levels of Pb in food may lead to food poisoning in humans. Pb exposure has been a significant 

public health issue for decades and is associated with neurological impairment such as learning 

disabilities and lower IQ, even when ingested at low levels (ASTDR, 2007). 

Due to toxicities in human, Cd and Pb are now highly regulated and monitored in various foods 

including cocoa. One significant source of Cd and Pb contamination is manmade pollution created 

by industrial processes. Once in the environment, these heavy metals can fall onto cacao leaves or 

beans, depose into soil and are up-taken by roots, or contaminated water that is used to grow cacao. 

Another source is through direct application of pesticides, phosphate fertilizers, as well as sewage 
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sludge disposal. The levels of Cd and Pb contamination may depend on the cacao growing, 

fermentation, processing, manufacturing, shipping, and packaging practices. 

The tray fermentation approach has yet to be widely adopted in the Pacific by cocoa farmers. This 

study will determine the efficiency of this method and confirm how it can be applied to improve 

the fermentation practices of farmers in Samoa. The OTA, Pb and Cd analysis will determine if 

contamination exists along the value chain so appropriate interventions can be employed to 

improve the quality of fermented, dried beans produced in the country. 
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3 OBJECTIVES 

 

The Pacific Community (SPC) contracted the SROS to conduct the following activities for cocoa 

research and development; 

i. Undertake fermentation trials using trays and boxes, 

ii. Test fermented beans for quality. 

The specific objectives of the study were to: 

i. Evaluate the efficiency and quality of fermentation using different number of trays, from 

one to five in comparison to the boxes and; 

ii. Evaluate the quality of resultant fermented beans using physicochemical parameters and 

cut test, and determine the levels of lead, cadmium, and ochratoxin A. 
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4 METHODOLOGY & RESEARCH DESIGN 

 

The field experiments were conducted on farms during fruiting seasons from October 2019 to 

August 2021. The tray design was adopted from a study in Ghana, by a farmer who produces his 

own Chocolate branded Tom’s ESKTA. The box and tray fermentation processes are outlined 

below. 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

Figure 1: Flowchart design for Tray versus Box fermentation trial. 

 

 
HARVEST 

 Only ripe pods (reject diseased pods) 

 

                  FERMENTATION 
Type: Box  

Bean Quantity: 50, 100, 150, 200 kg 

Duration: 5- 6 Days 

Temp Monitor:  Daily  

Fermentation temp:   45°C - 50°C 

Stirring: daily 

                   FERMENTATION 
Type: Tray  

Bean Quantity: 50 kg per tray 

Duration: 5- 6-Days 

Temp Monitor:  Daily  

Fermentation temp:   45°C - 50°C 

Stirring:   No turning  

                   STORAGE 
  1.   Store Pods (2 days or more) 

  2.   Break Pods, remove beans 

WEIGH & WASHING 
Weigh, wash by soaking beans in buckets 

            DRYING  
Solar or sun drying -Beans turned as 

needed 
Moisture content: Meter (5-7%) 

 Send bean to Queensland Department of Agriculture and Fisheries 

(QDAF) 

Sensory evaluation DRIED 

BEANS 

Quality Test – Physical & Chemical  
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Samples for OTA, Cd and Pb analysis were taken from various points of the fermentation process 

but only in the second lot of trials (Section 6). The lockdowns due to the pandemic has made the 

sensory evaluation training and sample analysis by QDAF difficult so this part of the work was 

not implemented. The initial results from the above trials led to minor changes to the work with 

the remaining trials investigating the efficiency and quality of fermentation using one, two, three, 

four and five trays respectively.  

 

5 TRAY & BOX FERMENTATION TRIALS 2019 

 

5.1 COLLECTION, FERMENTATION & DRYING 

 

In October 2019, 7,200 pods of mixed varieties were harvested from Saena Penaia’s farm at Malie. 

The pods were collected in sacks and transported by truck to the farmer’s fermentary site and 

stored for up to two nights until there were sufficient pods for the trials. 

The trays and box with the following dimensions were used for fermentation: 

 Tray : Dimensions: L 90 cm x W 57 cm x H 11.5 cm, Holding capacity 50 kg (5 trays, 

250 kg) 

 Box : Dimensions: L 90 cm x W 57 cm  x H 60 cm, Holding capacity 250 kg 

        

a) Pods collection        b) Beans weighing  c) Five trays fermentation 
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       d) Drying beans using solar dryer  

Figure 2 (a – d): Pictures of fermentation trials at Malie (Saena’s farm). 

 

The pods were cut open and weighed to ensure 50 kg for each tray and 250 kg mass for the box. 

Temperature data loggers were placed in all trays and one in the middle of the box, before the top 

was covered with banana leaves. The beans were fermented for six days before they were washed 

by soaking for an hour, and subsequently dried in the solar dryer.  

The second trial was implemented at SROS site using pods collected from Magiagi village from 

Mr Luafau’s plantation. The amount of pods collected (3,768) was enough for three trays and the 

box, fermenting 150 kg of wet beans each for six days. The same procedure was used for 

preparation pre- and post-fermentation, except this lot was sun dried. 

 

   

a) Cocoa pods collection b) 3 trays and box fermentation c) Fermentation completed 

 

d) Sun drying trays and box fermented beans separately 

Figure 3 (a – d): Pictures of fermentation trials for Magiagi sourced pods conducted at SROS compound. 



10 | P a g e  

 

  

5.2 TEST METHODS 

 

The below tests were implemented on dried, fermented beans randomly selected from the box and 

blended samples for the tray fermented beans. 

 

5.2.1 TEMPERATURE  
Temperature was measured using data loggers, S0111458 (Temprecord International Ltd, New 

Zealand). The loggers were placed in the center of the fermenting mass and continuous readings 

were taken every hour throughout the fermentation period. 

 

5.2.2 BEAN COUNT  
This test indicates the weight of beans and reflects their size. A portion of randomly selected beans 

were weighed to get 100g and recorded as the bean count. Three different portions were weighed 

to get the average bean count recorded. This test is important for genetic/ planting material 

selection. 

 

5.2.3 WASTE AND SHELL CONTENT PERCENTAGE  
Waste is simply the percentage of debris, foreign matter and flat beans within a known sample 

portion. Shell content on the other hand is the percentage of shell found in a known amount of 

whole beans. These two tests are also important tests for genetic improvement but are greatly 

affected by the screening process during washing after fermentation, and after drying. 

 

5.2.4 MOISTURE TEST 
The moisture was tested using the portable electronic moisture meter HE 50 (Pfeuffer Mess- und 

Prufgerate) introduced under the PHAMA funded cocoa work. Randomly selected beans were put 

through the meter at ambient temperature, with moisture readings taken. Readings from five 

different parts of the dried lot need to have ≤ 7% moisture content before drying is stopped. The 

meter’s performance was previously tested against the SROS laboratory international accredited 

standard method (AOAC International, 2005) for moisture and found it to be accurate and suitable 

for its intended purpose, both for use in the laboratory and field. 
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5.2.5 PH TEST  
100 g beans were roasted in the oven at 135oC for 35 minutes. A 10 g sample portion was de-

shelled then grounded using a mortar and pestle before it was suspended in 90 ml of warm distilled 

water. The mixture was cooled to ambient temperature and filtered with Whatman No 4 filter paper 

before the filtrate was tested using the pH meter (Metler Toledo MP120). This parameter tends to 

change with changes in fermentation and drying methods employed. 

 

5.2.6 FAT TEST  
The determination of fat was performed according to the methodology by AOAC- Association of 

Official Analytical Chemistry (AOAC, Ba3-38, 2003) using the soxhlet extractor setup for solid 

foods. Samples were run in triplicates. 

 

5.2.7 CUT TEST MEASUREMENT  
The cut test was performed to evaluate the level of fermentation and check for visible defects using 

the method described by Kongor et al.; (2013). The dried fermented beans were cut lengthwise 

through the middle to expose the maximum surface of the cotyledons. The two halves were visually 

examined under normal laboratory lighting using the cut test chart suggested by ISO 2451 (ISO, 

2017). The categories for examination include dark brown, brown, partly brown, purple, slaty, 

insect damage, mouldy, and germinated.  

 

5.2.8 OTA TEST 
One hundred and forty five (145) fermented cocoa bean samples of approximately 1kg each were 

collected from the same cocoa plantations used for fermentations trials. Some samples were 

collected as fresh (prior fermentation, Day 0) while most were collected throughout the six days 

of fermentation for box method. In contrast, the samples collected for the tray fermentation method 

were randomly sampled from different trays and it was done only at Day 0 and at the end of 

fermentation (Day 6) so as not to disturb the fermentation process. All samples were transported 

on dry ice and stored at -20oC until analysis. 

5.2.8.1 OTA EXTRACTION AND HPLC ANALYSIS 
The AOAC Official Method 2000.09, with minor modifications, was used to analyze the OTA 

levels in bean samples. The method used analytical grade solvents for quantification using the 

High Performance Liquid Chromatography (HPLC). The Shimadzu Prominence Series Liquid 

Chromatographs with an Ultra Aqueous C18 column (250 x 4.6 mm, 5 μm, Restek, USA) was 

used for analysis. 

The samples (fresh unfermented, wet fermented and sun dried fermented) were firstly blended 

(wet) and ground (dry) to fine powder. A 15 g sample was weighed into a 500 ml conical flask and 

150 ml of extraction solvent (3% of 50:50 sodium bicarbonate and methanol) was added. The flask 

was thoroughly shaken for at least 15 minutes and left standing for extraction overnight. The 
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solution was then filtered with Whatmann #4 filter paper and an aliquot of the filtrate (10 ml) was 

filtered using 0.45 μm (nylon membrane) filter discs (Grace Davison Discovery Sciences) into the 

HPLC vial for subsequent analysis. A set of standards- 20, 10, 5 and 1 ng of OTA /ml were used 

to prepare the standard curve. Samples and standards (5 μl) were injected into the HPLC system. 

A fluorescence detector set at excitation and emission wavelengths of 333 nm and 460 nm, 

respectively was used for detection and quantification of OTA.  

 

5.2.9 CADMIUM AND LEAD ANALYSIS 

The cocoa samples collected for OTA analysis, were also used for cadmium (Cd) and lead (Pb) 

analyses. 

For Cd and Pb analyses, SROS standing operation procedure C5 (SOP C5) for the determination 

of elements in food materials by acid digestion and Atomic Absorption Spectrophotometer (AAS) 

was used (AOAC 2005 Official Methods of Analysis 999.10). The samples were blended (wet 

sample) and ground (dry sample) respectively using the blender and ceramic mortar. Sample 

weights of 0.5 g (dry sample) or 1 g (wet sample) of samples were weighed into 50 ml digestion 

vessels before 3 mL of concentrated nitric acid (HNO3) was added and the solution left to pre-

digest. Digestion followed using the heating block at 80oC for 60 minutes. Samples were then 

cooled to room temperature and made up to 50 mL volume mark with deionized water, mixed and 

left standing overnight. Approximately 10 ml of supernatant was sampled and analysed for Cd and 

Pb levels using the AAS (Shimadzu, AA-7000) at wavelengths of 228.8 nm and 248.3 nm 

respectively. 
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5.3 RESULTS 

 

5.3.1 FERMENTATION TEMPERATURE PROFILES  
The first obvious difference between box and tray fermented beans was the color as seen in Figure 

3 (d) above. The beans fermented in the box were a darker brown color compared to the lighter 

brown observed for those fermented in trays. This may be attributed to a difference in air 

circulation or difference in masses, 50 kg in one tray versus 150 kg in the box. Pelaez (2016) also 

reported on differences in color for beans that were thoroughly turned using equipment (semi- 

mechanized) which were darker brown upon drying compared to beans turned by hand that were 

lighter.  

Table 1: Daily log of maximum temperature recorded in oC reached for trays and boxes. 
 

 

 

The daily log for temperature indicates that apart from the bottom tray for 5-trays, all the other 

trays (1 to 4) and all trays for the 3-tray treatment reached 45oC. The trays and box for the 5-tray 

treatment (250 kg) reached higher temperatures faster on day two, while the trays and box 

fermenting 150 kg of beans reached it on day three. The consistent temperature reached by all trays 

Box

T1-Top T2 T3 T4 T5-Bottom

Day 0 28.7 28.7 27.8 27.1 26 26.6

1 42.1 43 40.4 39.2 32.2 32.1

2 45.9 46.8 47 45.1 39.9 46.3

3 44.8 46.2 46.5 44.3 41.8 47.3

4 46.8 45.1 44.8 44.8 42.3 47.5

5 46.3 45 44.9 44.9 42.1 45.5

6 46.5 45.1 44.9 44.9 39.7 44.7

Box

T1-Top T2 T3

Day 0 27 27.9 27.1 27.2

1 31 33.2 32.5 29.9

2 34.2 44.1 43.4 43.9

3 45 45.4 45.3 47.5

4 45.1 45.3 45.3 47.3

5 37 44.2 44.6 44.8

6 36.2 44.5 44.7 42.9

3 Trays 150kg

5 Trays 250kg

Daily Temperature (max)
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in both treatments (except bottom tray for 5-tray treatment) was very promising as this indicates 

the ability of trays to achieve consistent levels of fermentation using smaller masses. 

 

Table 2: Cut test result of fermented beans for the box and tray fermentation trials – 250 Kg and 

150 Kg. 

 

 

The cut test results in Table 2, showed a difference in percentage of fermented beans between the 

two trials ie the 250 kg and 150 kg lots. The beans fermented in 250 kg lots for both tray and box 

had higher percentage of fully fermented beans compared to those in the 150 kg box and trays. 

This indicates a possible effect of weight or amount of wet beans used, with heavier lots generating 

more heat resulting in higher fermentation levels, regardless of fermentation method used. 

Tables 3a and 3b details the physicochemical results of the fermented beans and the results in both 

tables show the resultant beans to fall within the desired levels for each parameter. Previous work 

under the PHAMA program also showed similar results for the same parameters. 

 

Table 3a: Physicochemical results for 150 kg trial. 

 

 

 

 

 

 

 
 

 

 

Malie Box 

(250 kg)

Malie Tray 

(250 kg)

Maagiagi Box 

(150 kg)

Maagiagi 

Tray (150 kg)

No. Dark brown/ Blackish 1  2  2  0 Over fermented

No. of Brown  94  92  88  89 Fully Fermented

No. of Partly Brown/ purple  1  3  8  9 Half/ Partially Fermented

No. of Purple 0   0  0  1 Under Fermented

No. of Slaty  0 0  0  0 Not Fermented

No. of Insect damage  0 0  0  0 Defective Beans

No. of Mould  0 0  0  0 Defective Beans

No. of Germinated beans  4 3   2  1 Defective Beans

Test 
Physicochemical tests 

Target 
Box (150kg)  Tray (3- 150kg) 

Waste Content < 3% < 3% <5% 

Bean Count 90 beans / 100 g 81 beans / 100 g < 110 beans/100 g 

Shell Content 13 % 12.1 % 11-15% 

Moisture  5.9 % 4.9 % ≤ 7% 

Fat 54.4 54.2 50-56 % 

pH 5.4 5.3 5.3 - 6 
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Table 3b: Physicochemical results for 250 kg trial. 

 

Test 
Physicochemical tests 

Target 
Box (250 kg) Tray (5 – 250 kg) 

Waste Content < 3% < 3% <5% 

Bean Count 84 beans / 100 g 84 beans / 100 g < 110 beans/100 g 

Shell Content 17.5 % 12.6 % 11-15% 

Moisture 6.8 6.1 ≤ 7% 

Fat 52.04 51.7 50 -56% 

pH 5.7 5.6 5.3  – 6 

 

These initial results specifically the cut test, lead to modifications of the research plan to investigate 

the use of different number of trays for fermentation, from one, two, three, four and five trays 

separately. To introduce trays to cocoa farmers we need concrete evidence of their fermentation 

efficiency and ability to produce quality fermented beans. The box fermentation method has been 

extensively studied with numerous papers detailing the results. This change was considered more 

relevant going forward given the limited data on tray fermentation with information gained being 

more useful for cocoa farmers at any scale of production.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



16 | P a g e  

 

6 TRAY FERMENTATION, OTA ANALYSIS & HEAVY METAL 

ANALYSIS -  USING 1, 2, 3, 4 & 5 TRAYS & BOXES 

 

6.1 COLLECTION AND FERMENTATION  

 

The second fermentation trial was implemented using seven different cocoa farms in Savaii and 

the same two farms in Upolu. The number of trays used at the various farms depended on the 

number of cocoa pods collected as the farms had varying supply capacities. The process detailed 

in Figure 1 was followed.  

The pods were collected during the major harvesting seasons from May – August and October – 

November from 2020 to 2021.  They were harvested during the day at ambient temperatures (28-

31oC) and transported to the fermentary sites where they were stored and processed after two days 

storage, when sufficient pods were collected. The pods were split, weighed into 50kg lots and 

fermented in the trays and boxes for at least five days. The top of the trays were covered with 

banana leaves. 

 

Table 4: Trials and sites used for tray and box fermentations. 

 

 

 

Each tray holds 50kg of wet beans and depending on the size and weight of pods collected, around 

310 - 360 pods provided beans for one tray.  

The one tray fermentation trials were conducted on the same day using one farm only. The two, 

three, four and five trays fermentation were either two separate trials carried out on different farms 

or separate trials on the same farm. Table 1 shows the sites used for the different trials and the 

month, which indicates the fruiting period, some in 2019, most in in 2020 and a few repeats in 

2021.  

Trial 1 Trial 2

Repeats 2021 

(August)

One Tray Fermentation Malie, (November) Malie (November) Papa 

Two tray Vaisala (November) Maagiagi (November) Papa 

Three tray Falealupo (July) Vaisala (November) Papa 

Four Malie (November) Vaisala (November)

Five Papa (July) Vaisala (November)

50kg Box Sataua & Papa

100kg Box Vaisala 

150kg Box Sataua 

200kg Box Papa  
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During the repeat runs in 2021, the 250 kg capacity boxes were used to ferment 50 kg, 100 kg, 150 

kg and 200 kg wet beans to compare with data for trays one, two, three and four fermenting the 

same weights. The boxes were either turned once or not at all throughout the whole fermentation 

periods. 

Samples for OTA, Pb and Cd were collected from various points of the fermentation process for boxes 

while tray fermented beans were only sampled before and after fermentation. 

 

6.1.1 DRYING AND STORING  
 

At the end of fermentation, beans were weighed, washed by soaking in water buckets for an hour 

before they were spread out on tarpaulins and sun dried to ≤ 7% moisture. Stirring was done to 

promote even drying and 10-20 kg of dried samples were bought from each farm, packed in new 

flour sacks and stored in the laboratory. Samples for each treatment were subjected to 

physicochemical analysis to determine the quality of beans.  

 

6.1.2 METHODS FOR STANDARD TESTS 
 

All the test methods detailed in 5.2.1 – 5.2.7 were used for testing. For the repeat trials in 2021, 

the pH and titratable acidity (TA) for the fresh, fermented, washed and dried beans were also 

tested. 

 

6.1.3 PH AND TA FOR WET BEANS (FRESH, FERMENTED AND WASHED) 
 

A10 g sample of beans with pulp were suspended in 90 ml hot distilled water and stirred for 30 

seconds. The mixture was then filtered using Whatman filter paper No. 4 before cooling to ambient 

temperature. The Orion T910 pH titrator (Thermo Scientific) was used to determine firstly the pH 

followed by the TA through automatic titrations. From the solution filtrate, 25 ml (V2) was titrated 

with 0.1N NaOH and the pH electrode determined the end point at pH 8.3. Once the end point was 

reached the total titrant volume (V1) was displayed and the TA (%) was determined using the 

following formula. 

 

% 𝑜𝑓 𝑎𝑐𝑖𝑑 =  
𝑁 ×  𝑉1  × 𝐸𝑞. 𝑤𝑡

𝑉2  × 10
 

 

Equivalent weight (Eq wt) of predominant acid (90.08 g for lactic acid, 60 for acetic acid). 
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6.2 RESULTS 

  

6.2.1 FERMENTATION TEMPERATURE PROFILES  
 

The daily maximum temperatures reached by each tray (one to five) for the different trials 

implemented in 2019, and 2020 are listed in Table 4 with two trials each. It showed that when 

beans were fermented using any number of trays from one to five, the maximum temperature 

reached by each tray mass was always 41oC and above. All trays, except the single fermentation 

trays and the bottom trays for the 5-tray trials reached 45oC and higher, the targeted minimum 

temperature. This target however was based on box fermentation data which has been proven by 

many studies to have cold spots when turning is not properly implemented (Pelaez et al.; 2016,). 

Other studies targeted lower temperatures like 43.5oC which was discussed by Hart (2019) as the 

critical temperature which must be reached. The temperatures reached were similar to those 

detailed in Table 1 for three and five stacked trays. 

For the initial trials (2019- 2020) the trays did not have an empty tray placed at the bottom with 

all trays holding 50 kg of wet beans. Given the little experience with the use of trays, it was 

assumed all the lost moisture and mucilage lost by the top trays will accumulate on the bottom 

tray. So the repeat runs in 2021 for trays 1, 2, 3 were implemented with empty trays placed at the 

bottom to assess if it made a difference to temperature and fermentation results. As observed for 

the temperature data (Table 5), the temperatures were slightly lower with two trays (single and 

third tray for triplicate trays) not reaching 40oC throughout the whole fermentation period and most 

trays not reaching 45oC, even for three stacked trays. Thus the addition of the empty bottom tray 

appear to be providing room for aeration and keeping the temperatures slightly lower, although 

more trials are needed to confirm this. 

Table 6 shows the maximum temperatures reached by the fermentation masses using boxes holding 

50, 100, 150 and 200 kg wet beans. Trials 3 and 4 for the 50 kg masses were the only boxes turned 

daily, the 200 kg turned only once and the rest were not turned throughout the whole fermentation 

period. The results show five boxes out of eight reached 45oC while three were below but still 

above 40oC. The probes were placed in the middle of the fermented masses and even with no 

turning the temperatures reached can still be high but with uneven fermentation for the beans.  

The study by Ganeswari et al., (2015) using shallow boxes (42 cm (w) x (L)  x 32 cm (H)) proved 

regular turning for aeration was required for even fermentation, the same as bigger boxes. The 

effect of turning intervals on temperature found turning every 24 hours reached higher 
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temperatures faster and consistently throughout the fermented mass (Hart, 2019). Sandris (2006) 

reported that 62% of Ghanaian farmers do not turn their heaps simply because of the work involved 

and as a result produce product of variable fermentation quality. 
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Table 5: Daily maximum temperature logs for 1, 2, 3, 4 and 5 tray fermentations in 2019 & 2020 

trials and repeats in 2021 for 1, 2 and 3 trays. 

 

 

 

 

Temperature (oC max)

One tray 

fermentation Trial 1 Trial 2 Repeat 1 Repeat 2 Colour Temperature (oC)

Day 0 37.9 36.8 28.9 27.1 40 - 44.9

1 38.7 36.4 30 27.2 >45

2 42.7 41.3 31.3 28.1

3 43.9 42.5 36 31.4

4 44.8 43.8 39 32.6

5 43.2 44.1 41.1 35.8

6 43.5 43.9 42.4 39.9

Avg 42.8 42

Two tray 

fermentation Trial 1 Trial 2 Trial 1 Trial 2

Tray Top 1 Top 1 Tray 2 2 Tray 1 2 1 2

Day 0 28.7 27.2 Day 0 28.3 24.7 Day 0 27.1 27.6 27.5 28.5

1 32.4 35.3 1 29.6 35.2 1 30.9 30.9 30.9 31.1

2 38.9 44 2 33.8 45.9 2 34.6 36.2 33.4 35.5

3 42.5 44.1 3 38.8 46.1 3 39.7 41.8 38.6 37.2

4 44.9 44.9 4 41.8 44.2 4 40.7 42.9 38.3 38.4

5 44.5 44.9 5 41.7 45.3 5 41.8 42 40.4 39.4

6 42.6 44.5 6 40 45.3 6 41.3 42.1 40.9 40.9

Avg 41.0 43.0 37.6 43.7 3.5 36.6 37.6 35.7 35.9

Three tray 

fermentation Trial 1 Trial 2 Trial 1 Trial 2 Trial 1 Trial 2

Tray Top 1 Top 1 Tray 2 2 Tray 3 3 Tray 1 2 3 1 2 3

Day 0 30.3 27.3 Day 0 29.7 28.5 Day 0 28.4 29.4 Day 0 26.5 26.7 33.8 26.9 26.3 26.3

1 45.8 38 1 45.1 36.3 1 40.2 32.6 1 31.4 29.5 37.4 29.7 28.7 28

2 47.3 44.9 2 47.2 46.2 2 44.9 36.1 2 36.3 37.1 43.1 36.2 34.2 31.3

3 45.1 44.9 3 45.8 46.5 3 45.7 44.7 3 39 40.7 46.6 42.8 41.8 36.2

4 45.7 44 4 45.4 45.1 4 45.5 44.8 4 40.6 42.7 47.8 43.3 43.9 38.9

5 45.9 46.6 5 45.4 46.3 5 43.7 45.6 5 41.2 43.2 48.2 43.3 44.3 39.1

6 45.9 46.3 46.3 6 41.2 43.2 48.6 42.4 43.2 39.3

Avg 46.0 44.1 45.8 44.5 44 41.7 36.6 37.6 43.6 37.8 37.5 34.2

Four tray 

fermentation Trial 1 Trial 2 Trial 1 Trial 2 Trial 1 Trial 2 Trial 1 Trial 2

Tray Top 1 Top 1 Tray 2 2 Tray 3 3 Tray 4 4

Day 0 29.4 27.5 Day 0 29.9 28.2 Day 0 30 27.7 Day 0 28.1 28.4

1 37 35.3 1 38.1 32.2 1 35.8 32.9 1 32.2 33.6

2 45.9 47 2 46.8 44.6 2 43.9 46.3 2 40.1 44.2

3 45.7 47 3 46.7 47 3 43.9 47 3 44.6 45.2

4 45.5 44.2 4 45.3 46.6 4 44.5 46.5 4 45.5 45.2

5 45.5 45.1 5 45.6 45.7 5 45.3 45.4 5 45.1 44.9

6 44.7 45.1 6 45.4 45.6 6 44.7 45.6 6 44.3 44.6

Avg 44.1 44.0 44.7 43.6 43.0 44.0 42.0 43.0

Five tray 

fermentation Trial 1 Trial 2 Trial 1 Trial 2 Trial 1 Trial 2 Trial 1 Trial 2 Trial 1 Trial 2

Tray Top 1 Top 1 Tray 2 2 Tray 3 3 Tray 4 4 Tray 5 5

Day 0 28.1 27.6 Day 0 28 27.8 Day 0 28.5 27.5 Day  0 29 27.4 Day 0 28.7 27.5

1 37.8 33.5 1 37 32.5 1 34.2 30.7 1 33.6 30.6 1 32.3 31.2

2 45.8 45.6 2 45.8 44.5 2 44.8 42.6 2 44.5 39.7 2 44.1 39.5

3 45.1 45.5 3 45.8 46.7 3 45.5 46.7 3 45.2 45.3 3 44.1 42.6

4 43.7 44.6 4 44.6 46.5 4 44.8 46.7 4 44.1 45.4 4 43.9 43.2

5 43.6 47.4 5 44.1 46.2 5 43.9 45.8 5 43.8 44.7 5 44.1 44.8

6 46.4 46.2 45.4 44.8 44.9

Avg 43.2 43.8 43.5 43.8 42.6 43.0 42.2 41.8 41.7 41.0

Repeats

Repeats
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Table 6: Daily maximum temperatures reached for 50, 100, 150 & 200 kg beans fermented in 

boxes. 
 

 

 

Table 7 shows the average weight loss for beans fermented using the different trays as well as 

boxes. The results clearly indicate using one tray for fermentation results in higher moisture/ 

weight loss for the fermented beans compared to stacked trays. This is due to the immediate 

outflow of moisture and mucilage through the bottom of the single tray being used. All other trays 

from two to five stacks have similar percentage of weight loss for individual trays within a tray 

treatment. There was no obvious treand for weight loss according to the tray position ie, top, 

middle or bottom for the stacked trays. For boxes, the 50 and 100 kg masses appear to have a 

higher weight loss than the 150 and 200 kg but this can be affected by various factors. 

 

Table 7: Average weight loss for beans after fermentation. 

 

Number of trays Average weight loss % Repeats 2021 

1 36.5 21.2 

2 18.5 18.4 

3 21 18.0 

4 18.5  

5 22.2  

Box (kg)   

50  28.2 

100  28.5 

150  19.7 

200  19.1 

 

The percentage weight loss is affected by the ripeness of pods and the holding or storage time 

before cutting. Observations from previous studies showed that very ripe pods and those stored for 

150 kg Box 100 Box 200 Box

Day 1 2

3 (turned 

daily)

4 (turned 

daily) 1 2 1 1

0 28.6 28.81 29.48 30.55 29.03 29.8 29.57 29.72

1 35.33 33.93 29.94 31.01 28.9 38.2 29.27 33.52

2 39.01 35.28 36.93 39.81 30.66 49.7 36.54 45.59

3 42.82 42.67 42.81 46.45 33.82 48.3 42.49 45.48

4 43.1 42.88 47.87 47.25 38.7 45.3 42.83 44.51

5 44.75 48.63 44.3 47.91 40.37 46.5 42.8 44.71

6 44.75 46.21 41.4 47.49 40.37 46.6 43.25 43.11

39.8 39.8 39.0 41.5 34.6 43.5 38.1 40.9

50 kg Box
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more nights tend to have less moisture upon opening. They are also lighter compared to those 

which are not so ripe and used with no, or little holding time. Kongor et al.; (2013) and Dircks 

(2009) reported the same observations with stored beans having reduced pulp volume per seed due 

to water evaporation and sucrose inversion.  

The above results indicate weight loss after fermentation is very much dependent on all the listed 

variable factors. 

 

6.2.2 CUT TEST RESULTS  
 

The cut test results for the two initial trials for each tray treatment is tabulated below. Beans from 

all trays within a tray treatment were mixed and randomly selected for cutting which is more 

representative of actual practice in the field. 

 

Table 8: Cut test results of composite samples for each tray treatment for trials implemented in 2019 – 

2020. 

 

 

 

Fermentation is considered successful if the cut test show more than 70% brown beans.  The results 

indicate very good fermentation levels with four and five tray treatments having higher percentages 

(> 90 %) of fermented beans while the single, double and three stacked trays have similar but 

slightly lower percentages. (< 90 %). All tray treatments show fermentation percentages higher 

than 80% which prove that even single trays can be used to produce beans with high fermentation 

levels  

 

 
 
 

 

Observations/Samples Interpretation

No. Dark brown/ Blackish 9 13 5 12 4 3 8 0 10 0 Over fermented

No. of Brown 85 81 82 83 88 86 90 93 90 91 Fully Fermented

No. of Partly Brown/ purple 1 4 7 4 5 6 0 4 0 4 Half/ Partially Fermented

No. of Purple 0 0 6 0 3 0 0 3 0 2 Under Fermented

No. of Slaty 0 1 0 1 0 3 0 0 0 0 Not Fermented

No. of Insect damage 0 0 0 0 0 0 0 0 0 0 Defective Beans

No. of Mould 5 1 0 0 0 2 0 0 0 0 Defective Beans

No. of Germinated beans 0 0 0 0 0 0 1 0 0 0 Defective Beans

One Two Three Four Five
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Table 9: Cut test results for repeat trials of beans fermented using single, double and triplicate trays and 

50, 100, 150 and 200 kg in boxes.   

 

 

 

Table 9 shows the results for the beans from the repeat runs for trays (1, 2, 3) with empty trays 

placed at the bottom, achieve higher fermentation levels (> 90%) than those observed in the initial 

trials (Table 5). The beans from the box heap fermentations for 50 kg, 100 kg, 150 kg and 200 kg 

had slightly lower fermentation levels (83 – 89.7%). This is attributed to the little (two times or 

less) or no turning during the whole fermentation period which proved the need for consistent 

turning when using boxes for fermentation. Farmers in Samoa who use boxes have inconsistent 

turning practices (from three to one) while most who use baskets do not turn at all.  

Tables 8 and 9 results confirm the use of trays from single to five stacked do produce high levels 

of fermentation similar to the box fermented beans without the need for regular turning. 

 

 

 

 

 

 

 

 

 

 

 

 

Observations/Samples Single Tray
Duplicate 

Tray

Triplicate 

Tray

50kg Box 

Rep 1

50 kg Box 

Rep 2
100 kg Box

150kg Box 

rep 1

150kg Box 

rep 2
200kg Box

No. Dark Brown/ Blackish 0.3 3.7 0.3 7.0 7.7 6.3 7.7 4.7 0.0

No. of Brown 91.7 92.7 93.7 89.0 83.0 85.7 86.0 89.7 92.7

No. of Party Brown/ Purple 0.0 0.0 0.0 3.7 3.3 0.7 0.0 5.7 0.0

No. of Purple 8.0 3.7 6.0 0.3 6.0 7.3 6.3 0.0 7.3

No. of Slaty 0 0 0 0 0 0 0 0 0.0

No. of Insect Damage 0 0 0 0 0 0 0 0 0

No. of Mould 0 0 0 0 0 0 0 0 0

No. of Germinated Beans 0 0 0 0 0 0 0 0 0

Cut Test Results Reruns 2021
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6.2.3 PHYSICOCHEMICAL RESULTS  
 

The physicochemical results below (Table 10) represent the average of three separate analyses for 

all the parameters shown. The beans were randomly sampled from the aggregate where all beans 

within a tray treatment were mixed together.  

Table 10:  Physicochemical results for composite bean samples of tray trials, 2019 -2020 

 

 

All beans were well dried and all other basic physical qualities were within the ideal values. The 

bean counts for all were below 100 and can be classified as large beans. The average pH values 

for all tray treatments were similar and comparable results were reported by Hart (2019) for 

fermented, sun dried beans (pH 5.6). 

Coco bean pH changes from 7.0 ± 0.2 for fresh beans, to 4.6 ± 0.2 for fermented beans, to 5.3 ± 

0.4 after drying were reported by Pelaez et al.; (2016). Appendix 1 lists the pH and titratable acidity 

for beans from fresh, fermented, after wash and dried for the repeat trials. The pH for fresh beans 

were all lower than 5 while the fermented and dried beans had similar pH values to those reported 

above. It should be noted that the pulp and cotyledon were not separated but tested together as a 

whole bean which explains why the fresh bean values were low for this trial. The data showed pH 

at its lowest for fermented beans, followed by washed beans, and highest for dried beans as they 

become less acidic. For TA however the washed beans had the lowest TA, followed by fermented 

beans and highest for dried beans. This was the trend for both box and tray fermented beans. 

 

6.2.4   OTA ANALYSIS RESULTS 
 

Out of the total number of samples (145), approximately 18% (26/145) were found to be 

contaminated with OTA at the quantifiable level (Figure 4 & Appendix 2). The OTA contents 

ranged from the minimum amount detected at 0.0004 mg/kg to a maximum value of 0.2 mg/kg. 

The average OTA determined on the samples was 0.0911 mg/kg. Of the OTA contaminated 

samples, only two fermented cocoa samples met the European Union regulatory limit of 0.002 

mg/kg for cocoa and cocoa products. Although the percentage of contaminated samples is small, 

the high values observed are a cause for concern considering the effects of OTA on human health.  

TEST Standard

Trials 1 2 1 2 1 2 1 2 1 2

Waste Content <3 % <3 <3 <3 <3 <3 < 3% <3 <3 < 3% <5%

Bean Count 81 84 95 89 93 98 88 89 87 90 < 110 beans/100 g

Shel l  Content 12.4 13 13% 13% 15% 12% 17% 12% 14% 13% 11-15%

Moisture 5.1 5.6 5.5 5.4 6.1 5.5 6.8 5.8 6.1 5.8 ≤ 7%

Fat 52 53 52 51 50 52 52 50 54 53 50- 56%

pH  5.3 5.4 5.2 5.2 5.5 5.4 5.3 5.3 5.3 5.4 5.3 - 6

Four trays Five traysOne tray Two trays Three trays
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  Figure 4. Incidence of OTA contamination on fermented cocoa beans 

 

Of all OTA contaminated samples (26), 53.5% (14/26) of those were collected from boxes and 

46.15% (12/26) were from trays (Figure 5 & Appendix 3). There was no significant difference 

between the two fermentation methods with regards to the prevalence of OTA contamination so 

using the tray method does not prevent or lower the incidence of OTA contamination. Both box 

and tray fermentation methods are susceptible to OTA contamination if general hygiene and 

sanitation practices are overlooked. It was also noticed that the highest OTA contamination was 

found on Day 6 or the last day of fermentation.  

  

 

Figure 5. Incidence of OTA contamination on samples from box and tray methods 

 

The effect of washing beans after fermentation on OTA levels was also investigated for both 

fermentation methods. Approximately 83.3% of the OTA contaminated bean samples were found 

on those collected prior to washing while only 17% was detected on beans sampled after washing 

(Figure 6). The average content of OTA found on beans after washing was 0.0006 mg/kg (Table 

11), which was lower than the European regulatory limit of 0.002 mg/kg.  The cross contamination 

of the beans on the preparation sites is perhaps one of the causes for OTA contamination after 

washing for both methods.  
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Figure 6. Incidences of OTA contamination before and after the washing process 

 

Table 11: Results for OTA analysis of cocoa samples from tray fermentation before and after 

washing 

 

ND = Not detectable; T1 = Tray 1; T3 = Tray 3; T4 = Tray 4 

For box fermentation, OTA contamination was detected on fresh and fermented bean samples. The 

OTA level detected on the fresh cocoa samples were approximately 0.003 and 0.009 mg/kg and 

fermented cocoa beans was 0.198 mg/kg (Table 12). The pool sample of fermented cocoa beans 

was collected from all the boxes on the last day (Day 6) of fermentation. The contamination of 

fresh cocoa beans with OTA indicates the sanitary status of the processing area or facilities. 

Furthermore the OTA content detected on fermented cocoa beans from the box method was higher 

than the content found on samples from the trays. This may be a coincidence or due to the volume 

of cocoa beans used in the two methods, where the box (250 kg) holds five times more cocoa beans 

than the tray (50 kg). No OTA was detected on the washed samples for boxes. 

 

 

 

Table 12: Summary of results for OTA analysis of cocoa samples from box fermentation 
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40%

60%

80%

100%
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83.33%

16.67%
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ND = Not detectable 

 

6.2.5 CADMIUM AND LEAD RESULTS 
 

The average cadmium (Cd) content found in all cocoa beans samples analyzed was 0.1763 mg/kg. 

The maximum and minimum contents for this heavy metal contaminant were 0.2981 mg/kg and 

0.0649 mg/kg respectively. The European Union has set a maximum residue limit of 0.5 mg/kg 

for Cd in cocoa powder. The values obtained for Cd in all the analyzed cocoa beans show that, 

cadmium residue in all samples collected from the farms is well below the European Union’s 

maximum residue limit (Table 13). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4 5 6

Box 1 Box 2 Box 3 Box (pool) Box (pool) Box (pool)

ND 0.0028 ND ND ND 0.198

ND 0.0089 ND ND ND 0.198

0

mg/kg

subsample 2

SAMPLES

subsample 1

Day

Units
Farm

Vaisala
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Table 13: Cadmium contents in fresh and fermented cocoa beans from tray and box fermentation 

methods 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

There was no significant difference in Cd content in cocoa beans collected from box and trays 

fermentation (Appendix 3) indicating the methods used has no impacts on the Cd levels in cocoa 

beans during the fermentation method. Data on Cd residue in cocoa beans is scarce probably due 

to the fact that, Cd contamination in agricultural soil is rare. 

 

 

 

 

 

 

Table 14. Lead contents in fresh and fermented cocoa beans from tray and box fermentation methods 
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Table 14 details the lead contents found in the various cocoa bean samples collected from selected 

farms. The samples were fresh and fermented beans from tray and box fermentation methods. The 

average lead content was 0.0345 mg/kg, where the maximum and minimum levels found were 

0.0543 and 0.0110 mg/kg, respectively. All beans collected from the different stages of 

fermentation had Pb residues lower than the maximum limit (1 mg/kg) set by the European Union. 

0.0475

0.0345

0.0543

0.0110

T3 Middle Rep2

average

maxmium

minimum

0.0266

0.0288

0.0249

0.0245

0.0240

0.0259

0.0226

0.0245

0.0509

0.0524

0.0434

0.0464

Pb (mg/kg)Cocoa bean samples

Vaisala Fresh Box 1

Vaisala Fresh Box 3

Vaisala Box D4 unturned 1

Vaisala Box D4 Bottom 1

Vaisala Box D5 Top 1

Vaisala Box D5 Bottom 1

Vaisala Box Day 6-2-2

Vaisala Box AW-1

Vaisala -2 Box-100

Vaisala -2 Box 100kg right

Vaisala -2 Vaai #3

T2 Bottom left

T2 Bottom right

T3 AW1

T3 Middle Rep2

T3 Top -4B

0.0420

0.0543

0.0487

0.0475

0.0323

T3 Bottom rep1

T1 left 

T2 Top Right

T3 Top Rep2

T3 Bottom Rep1

0.0386

0.0427

0.0431

0.0487

0.0393

T3 Top Rep1

T1 -14B

T3 Middle

T3 after wash

T1 AW

0.0405

0.0404

0.0446

0.0487

0.0509

Saena Tray 1 D7-1

Saena Tray 2 D7-1

150/100 AW Kolone

200kg Rep1 BW Vaimaila

Tray Pool sample-1

0.0219

0.0234

0.0378

0.0360

0.0408

Sataua-2 Box 150kg

Maagiagi Fresh Tray 1-1

Maagiagi Fresh Tray 2-1

Maagiagi Tray 1 D6-1

Maagiagi Tray 2 D6-1

0.0429

0.0137

0.0139

0.0204

0.0161

Satua -1 50kg Rep2

Sataua -1 Box 150kg

Sataua 

Sataua 150kg 

Sataua 50kg 

0.0345

0.0461

0.0427

0.0479

0.0412

Sataua -1 50kg Rep2 BW

Sataua -1 AW 200kg Rep1

Sataua -1 150kg AW Rep 2

Sataua -2 150kg BW Rep 2

Sataua -1 150kg AW 

0.0412

0.0412

0.0405

0.0543

0.0531

Sataua Tray 3 BW1-1

Sataua Tray 4 BW-1

Sataua Tray Pool AW-1

Sataua Tray D0-1

Sataua -1  50kg Rep1 BW

0.0163

0.0118

0.0143

0.0371

0.0431

Vaisala Tray 5 D6-1

Vaisala Trays (Pooled)-2

Vaisala Dried Cocoa-1

Sataua 150kg Rep 2

Sataua Tray 1 BW1-1

0.0298

0.0122

0.0305

0.0404

0.0134

Vaisala Fresh Tray 5-1

Vaisala Tray 1 Day 6-2

Vaisala Tray 2 D6-1

Vaisala Tray 3 D6-1

VaisalaTray 4 Day 6 BW-1

0.0346

0.0246

0.0359

0.0110

0.0122

Vaisala -2 Box 100

Vaisala Fresh Tray 2-1

Vaisala Fresh Tray 3-1

0.0312

0.0298
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7 DISCUSSION OF RESULTS  

 

The primary objective of the study was to determine the efficiency, and compare the effects of tray 

fermentation method on the quality of resultant cocoa beans compared to the conventional box 

method. The determination of quality for cocoa beans for the two methods was based on the levels 

of fermentation and physicochemical results. 

The results for the cut test from all trials indicate the use of trays (one to five) produce beans with 

high levels of fermentation similar to boxes. The initial trials in 2019 – 2020 indicated trays one 

to three, had slightly lower levels of brown beans or fermentation levels (81 – 88%) compared to 

four and five stacked trays (> 90%) but the repeat trials in 2021 (trays 1, 2, 3) proved all trays are 

capable of the same high levels of fermentation. The changes in pH and TA from fresh bean, to 

fermented, to washed and dried are the same for both methods, further proves the similarity in 

quality of beans produced. The use of an empty tray at the bottom appears to improve the results 

for fermentation and should be investigated further. The tedious task of turning beans when using 

boxes is not needed to produce even fermentation when using trays confirming method efficiency. 

The minimum amount of days or standard practice recommended for complete fermentation is five 

days. This was supported by earlier studies conducted by SROS (Asora- Finau et al.; 2018) for 

boxes and using temperature (45oC) and cut test as indicators, and is also evident in Table 5 with 

some trays reaching 45oC on day five, later than others. Alayo et al.; (2019) discussed for Criollo 

variety, the flavor need a lot less days (2- 4) because the compounds responsible for aromas and 

flavor are already present in unfermented beans compared to Forastero.  Khairul (2014) also 

confirmed the high fermentation levels based on the cut test (> 80%), equivalent percent fully 

brown score (94.6) and fermentation index (1.409) after five days fermentation compared to four 

and three days when using shallow boxes. Khairul (2014) was trying to determine if the standard 

fermentation period of five days could be reduced so the process is shortened and farmers can get 

their returns quicker. He found that just after three days of fermentation, the fermentation index 

and equivalent fully brown score were quite high. The data from this study indicates the target 

temperature can be lowered to 40 - 41oC considering the high levels of fermentation achieved by 

masses fermented in trays even without turning.  

Box fermentation is widely used by local commercial farmers while baskets are still common 

amongst the small to medium scale farmers but have inconsistent batch sizes. The experienced 

farmers have their established practices which they modify from time to time depending on the 

market requirements and personal situation. The lucrative local Koko Samoa market highly 

favours unfermented fresh beans, requires less work and have quicker returns, further adds to the 

variable practices when fermentation is implemented. Thus future studies should investigate if 
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reducing the fermentation period when using trays, can still produce the desired fermentation 

levels.  

For OTA analysis, only 18% (26/145) of samples tested had detectable levels for the toxin, and all 

except for two samples, were above the allowable limits set by the European Union (0.002 mg/kg). 

The OTA contamination on cocoa beans was significantly reduced and detected below the 

European regulatory limit after washing for  both trays and box methods. This indicates the 

importance of washing after fermentation as well as maintaining a clean environment for drying 

and storage to minimize and avoid OTA contamination. The high levels of the toxin detected for 

positive samples are a concern and must be addressed through proper farm management practices. 

This indicates washing must be made mandatory for all fermented beans to ensure the safety of 

consumers. 

The Cd levels detected for tested beans were all low (≤ 0.2981 mg/kg) and within the 

recommended limits (0.5 mg/kg).  Similarly the Pd the results for all tested beans, from fresh, 

fermented to dry, were well below the established limit of 1mg/kg (≤ 0.0543 mg/kg). These values 

for Cd and Pb, show that the cocoa beans produced from all the selected farms have no issues with 

heavy metal contamination.  

  



32 | P a g e  

 

 

8 CONCLUSION 

 

Cocoa will always be one of the priority crops for Samoa given it’s cultural importance and 

contribution to the earning capacities of women and families. Any development activity which 

improves productivity and quality for the crop will assist not just farmers but all the value chain 

players. 

This research has confirmed that using trays (L90cm x W57cm x H11.5cm, 50 kg capacity) either 

singular or stacked (up to five) for fermentation, produces high quality beans (>80 % brown beans) 

when fermented for five days, similar to the box method. The temperature profiles, 

physicochemical and cut test results indicate that high temperatures and good levels of 

fermentation are possible with the use of trays. Trays allow flexibility for farmers by using only 

the number (one to five) suitable for their capacities at any given time, but are still consistent given 

their predetermined size. A further study is needed to confirm if the same level of fermentation is 

achieved if the process duration is shortened (less than 5 days) by using an empty tray at the 

bottom, for a faster process allowing for early returns for farmers. 

Contamination of 18% (26/145) of tested samples with OTA, with 92% of those above the 

regulatory limit of 0.002 mg/kg, indicate a problem and possible health risk for consumers. The 

study however also proved that employing good agricultural practices including washing after 

fermentation can greatly reduce or eliminate the contaminants from the beans. Farmers need to be 

informed of this risk so they can amend and improve their current practices accordingly. 

The cadmium levels in all analysed samples were very low (≤ 0.2981 mg/kg) and below the set 

limits (0.5 mg/kg). The same results were observed for lead, with all tested beans from fresh, 

fermented to dry, to be well below the established limit of 1mg/kg (≤ 0.0543 mg/kg). These 

preliminary results indicate Samoa’s cocoa has safe levels for these two heavy metals.  

All things considered, this study has provided evidence to support and promote the use of tray 

fermentation in Samoa, built the capacity of SROS to test for OTA, as well as determine the levels 

of Cd and Pb in cocoa for the country. 
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APPENDICES  

 

APPENDIX 1: Table for pH and titratable acidity for cocoa beans fermented in trays and 

boxes (repeat trials in 2021) 

Farmer: Treatment: Stages: pH 

(pH) 

Total Acidity 

(%) 

Tupa'I 

Faleolo 

50/50 BOX R1 Fresh Beans 3.9 0.7 

    R1 After Fermentation 4.6 0.4 

    R1 After Wash 3.9 0.4 

    R1 Dried Beans 5.8 1.5 

    R1 Fresh Beans 3.9 0.7 

    R2 After Fermentation 4.6 0.3 

    R2 After Wash 4.2 0.3 

    R1 Dried Beans 5.8 1.5 

  150kg BOX Fresh Beans 3.9 0.7 

    After Fermentation 5 0.3 

    After Wash 4.9 0.1 

    Dried Beans 5.2 1.7 

Kolone 100kg BOX R1 Fresh Beans 4.2 0.3 

    R1 After fermentation 4.8 0.2 

    R1 After Wash 4.7 0.2 

    R1 Dried Beans 5.2 1.2 

    R2 Fresh Beans 3.6 0.5 

    R2 After Fermentation 4.6 0.2 

    R2 After Wash 4.8 0.2 

    R2 Dried Beans 5.2 1.2 

Taua'i Single Tray R1 Fresh Beans 4.3 0.4 

    R1 After Fermentation 4.4 0.5 

    R1 After Wash 4.3 0.2 

    R1 Dried Beans 5.3 2.4 

    R2 Fresh Beans 4.3 0.4 

    R2 After Fermentation 4.6 0.4 

    R2 After Wash 4.4 0.2 

    R2 Dried Beans 5.3 2.4 

  Duplicate 

Tray 

Top R1 Fresh Beans 4.3 0.4 

    Top R1 After Fermentation 4.2 0.5 

    Top R1 After Wash 4.3 0.4 

    Top R1 Dried Beans 5.2 1.7 

    Bottom R1 Fresh Beans 4.3 0.4 
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    Bottom R1 After 

Fermentation 

3.5 0.8 

    Bottom R1 After Wash 4.3 0.4 

    Bottom R1 Dried Beans 5.2 1.7 

    Top R2 Fresh Beans 4.3 0.4 

    Top R2 After Fermentation 4.1 0.6 

    Top R2 After Wash 4.3 0.4 

    Top R2 Dried Beans 5.2 1.7 

    Bottom R2 Fresh Beans 4.3 0.4 

    Bottom R2 After 

Fermentation 

4.3 0.6 

    Bottom R2 After Wash 4.3 0.4 

    Bottom R2 Dried Beans 5.2 1.7 

  Triplicate 

Tray 

Top R1 Fresh Beans 4.2 0.4 

    Top R1 After Fermentation 4 0.8 

    Top R1 After Wash 4.7 0.2 

    Top R1 Dried Beans 5 3.2 

    Middle R1 Fresh Beans 4.2 0.4 

    Middle R1 After 

Fermentation 

4.4 0.4 

    Middle R1 After Wash 4.7 0.2 

    Middle R1 Dried Beans 5 3.2 

    Bottom R1 Fresh Beans 4.2 0.4 

    Bottom R1 After 

Fermentation 

4.3 0.5 

    Bottom R1 After Wash 4.7 0.2 

    Bottom R1 Dried Beans 5 3.2 

    Top R2 Fresh Beans 4.2 0.4 

    Top R2 After Fermentation 4 1.2 

    Top R2 After Wash 4.7 0.2 

    Top R2 Dried Beans 5 3.2 

    Middle R2 Fresh Beans 4.2 0.4 

    Middle R2 After 

Fermentation 

4 1.2 

    Middle R2 After Wash 4.7 0.2 

    Middle R2 Dried Beans 5 3.2 

    Bottom R2 Fresh Beans 4.2 0.4 

    Bottom R2 After 

Fermentation 

4.1 1.1 

    Bottom R2 After Wash 4.7 0.2 

    Bottom R2 Dried Beans 5 3.2 
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Vai Pasi 50kg BOX R1 Fresh Beans 4.7 0.2 

    R1 After Fermentation 5.7 0.1 

    R1 After Wash 5 0.2 

    R1 Dried Beans 5.1 1.9 

    R2 Fresh Beans 4.6 0.2 

    R2 After Fermentation 5.7 0.1 

    R2 After Wash 5.5 0.2 

    R2 Dried Beans 5.1 1.9 

Faitala 150kg BOX R1 fresh Beans 4.8 0.3 

    R1 After Fermentation 4.2 1.1 

    R1 After Wash 4.6 0.5 

    R1 Dried Beans 4.9 2.3 

    R2 Fresh Beans 3.5 0.6 

    R2 After Fermentation 4.5 0.2 

    R2 After Wash 4.9 0.3 

    R2 Dried Beans 4.9 2.3 

  200kg BOX Fresh Beans 4.8 0.1 

    After Fermentation 4.7 0.5 

    After Wash 4.5 0.5 

    Dried Beans 5 2.1 

 

APPENDIX  2 :  OTA contaminated cocoa beans from various sites and two 

fermentation methods 

 

Cocoa bean samples OTA (mg/kg) 

Vaisala Fresh Box 1-1 0.0028 

Vaisala Fresh Box 2-2 0.0089 

Vaisala Tray (Pooled)-1 0.0007 

Vaisala Trays (Pooled)-2 0.0004 

Vaisala Box Day 6-2-1 0.1979 

Vaisala Box Day 6-2-2 0.1979 

Vaisala Tray 1 Day 6-1 0.1754 

Vaisala Tray 1 Day 6-2 0.1754 

Maagiagi Tray 3 (14/1/21) 0.1967 

Sataua - 1A 0.08125 

Sataua - 1B 0.09515 

Sataua - 2A 0.08054 

Sataua - 2B 0.09515 

T3 Top -4B 0.13111 

Sataua 150kg Rep 2 0.07091 



38 | P a g e  

 

Vaisala Box-100 0.0775 

Sataua 150kg  0.1013 

T1 -14B 0.0775 

Sataua 50kg  0.0215 

T3 Middle 0.07 

T3 Middle 0.07 

Sataua Box 150kg 0.07175 

Sataua Box 150kg 0.15549 

Vaisala Box 100kg 0.0737 

T3 after wash 0.0691 

T3 after wash 0.07091 
 

 

APPENDIX 3:   Cadmium contents in cocoa beans collected from box and tray methods 

 

 


