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Box fermentation and solar
drying improve the nutrient
composition and organoleptic
quality of chocolate from cocoa
beans
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Chocolate is a well-liked and popular food product made from the cocoa bean.
The objective of this research was to evaluate the effects of box fermentation
and solar drying of cocoa bean on chocolate quality. Fermentation was carried
out in a perforated wooden box for 168 h with periodic turning after every 48 h.
The succession of microorganisms during fermentation and total microbial
count were monitored. Both the fermented and unfermented samples were
solar dried. During drying the change in weight of the beans, amount of
solar radiation, and ambient wind speed of the atmosphere were measured.
The approximate nutrient (crude protein, crude fat, total ash, crude fiber,
and carbohydrate) and phytochemical (phenol) contents of the dried cocoa
beans were evaluated. Sensory properties of chocolate, produced from the
two samples (box fermented and dried as well as unfermented and dried)
were compared. The initial temperature of the fermenting cocoa mash was
30°C. It rose to 46°C by the 96th h of fermentation and sharply declined to
38°C by the 120th h. Candida, Pseudomonas and Staphylococcus spp were
probable organisms identified with the fermenting mass at the initial stage of
the fermentation. Lactic acid bacteria dominated after 72 h. Bacillus spp was
also observed until the 168th h. Solar drying of unfermented bean lasted for 4
days, while that of fermented bean lasted for 3 days. Fermentation increased
the crude protein, total ash and carbohydrate contents of the cocoa beans. It
also improved the appearance, and aroma of chocolate from the cocoa beans.

KEYWORDS

cocoa beans (Theobroma cacao L.), box fermentation, solar drying, succession of
microorganisms, nutrient composition and phenolic content, sensory properties,
chocolate

Introduction

Chocolate is the most important universally popular product made from cocoa
(Theobroma cacao). Cocoa is produced in Ivory Coast, Ghana, Indonesia, Nigeria,
Cameroon, Brazil, Ecuador, and Mexico (Wood and Lass, 1985; ICCO, 2018). Ivory Coast
and Ghana are responsible for 60% of the global production. Seventy percent of the world
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GRAPHICAL ABSTRACT
Production of chocolate from the coco bean.

cocoa production is undertaken by small holder farmers in West
Africa (Wessel et al., 2015). Despite its enormous potentials
for improving the economy, the challenges facing the chocolate
industry are numerous and include: low production of cocoa
which is the main raw material (b) poor quality cocoa beans
due to non-standardized fermentation and drying processes (c)
infection by molds and other pests (d) long periods of natural
fermentation (5-7 days) (Gonzdlez-Rios et al., 2019), (e) cocoa
farming is still a small holder concern in many developing
countries and quality of the processed bean which is the raw
material for chocolate production is poor. During on-farm
processing, the pulp surrounding the seed naturally ferments
(referred to as sweating) to produce a running liquid pulp. The
methods of fermentation and drying determine the quality of the
finished product.

Efforts to improve cocoa processing into chocolate have
focused on (a) pulp reduction (Schwan and Wheals, 2004),
(b) addition of enzymes during fermentation (Ganda-Putra
etal., 2010) (c) optimizing the activities of intracellular enzymes
during the natural fermentation of cocoa seeds (Jinap et al,
2003) (d) use of inoculums (Batista et al., 2016). The aroma
of chocolate from cocoa bean depends on genotype (Qin
et al., 2017), geographic origin (Marseglia et al., 2020), and
postharvest processing (fermentation, drying, and roasting)
(Mota-Gutierrez et al.,, 2018). The fermentation of cocoa is
characterized by a microbial succession initiated by yeasts
(Ardhana and Fleet, 2003), followed by lactic acid bacteria
eventually, the acetic acid bacteria. Spore forming bacilli
and filamentous fungi also participate (Gonzdlez-Rios et al.,
2019). It is the balance in the activities of the endogenous
enzymes from these microorganisms (which include invertase,
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FIGURE 1
(A) Cocoa pods. (B) Cocoa pulp covering the seeds. Licensed by
the Creative Commons.

polyphenol oxidase, carboxypeptidase, a-galactosidase etc.) that
are responsible for flavor characteristics of the chocolate
produced. Despite the availability of many fermentation and
drying technologies, there is limited research on improving
the fermentation and drying methods of cocoa for good
quality chocolate production targeted for small scale farmers
who dominate the cocoa production industry in developing
countries. Many cocoa farmers in developing countries still
use fermentation and drying methods that do not encourage
proper development of cocoa quality. They may keep the cocoa
seeds in heaps on the ground and sundry the decorticated
seeds. Such inappropriate treatments lead to poor quality
cocoa products with decreased exportation rate and low
domestic income (GDI). Box fermentation and solar drying
have been selected for the present research since they are
processing methods and technologies that could be easily
adopted by small holder farmers in developing countries. The
present research will explore the combined effects of box
fermentation and solar drying of cocoa on chocolate quality.
Figure 1A shows the cocoa pods used for experiments and
Figure 1B shows the nature of the cocoa pulp that covers
the seeds.

Materials and methods

Procurement of materials

Freshly harvested ripe cocoa pods (mixed varieties of
Trinitario and Forastero commonly known as DK39 and DK47)
were purchased from a cocoa farm located at Umuariaga
village, Tkwuano Local Government Area, Umudike, Abia State,
Nigeria. Other materials used in the production and analysis
were obtained from Ariara International market Aba, Abia
State, Nigeria.
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Cocoa fermentation

Wholesome cocoa pods obtained from the market were cut
with a knife, weighed and poured into a wooden box (50 x
42 x 28) m. The box was covered with plantain leaves and
jute bag to prevent heat loss and was perforated at the bottom.
Fermentation of the cocoa beans took place for eight (8) days
during which the beans were turned at intervals of every two (2)
days to aid homogenization and distribution of heat within the
fermenting mass.

Physiochemical analysis

Temperature and pH determination

The temperature of the fermenting mass was determined
with a precision thermometer. The pH was determined
according to the method of Senanayake et al. (1997), using a
pH meter.

Microbial analysis

Microbial sampling

The method of Monica (2006) was used. Microbial sampling
(2.5g portions of the cocoa seed) was conducted on the
initial, first, third, fifth, and seventh days of fermentation.
Man Rogosa Sharpe (MRS) Agar, Nutrient Agar (NA) and
Sabouraud Dextrose Agar (SDA) were prepared according to the
manufacturer’s instructions.

Preparation of saline and extracts for microbial
analysis

A quantity of 0.85g of Sodium Chloride (NaCl) was put
in 1,000 ml of distilled water, mixed vigorously and sterilized
by autoclaving at 121°C for 15min and was used as the
saline solution. The stock solution for subsequent dilution was
prepared from 2.5g of the fermenting cocoa homogenized in
22.5ml of normal saline. It was serially diluted to a strength of
10~L. Further serial dilution was carried out: 1072, 1073, 104,
107°,107%,1077,1078, 1077,

Inoculation of samples (using the spread plate
method)

The prepared agars (Nutrient agar, Man Rogosa and Sharpe
and Sabouraud Dextrose Agar), were poured aseptically in petri
dishes, prepared in triplicates and labeled. One (1) ml of test
extract from the different dilutions was taken and inoculated
into each of the Petri dishes (containing the different types
of agars) and spread using an L- shaped glass. The plate was
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FIGURE 2
Locally fabricated solar dryer.

covered and incubated at 37°C for 24-48 h. The process was
repeated until the 8th fermentation day.

Determination of microbial load and colony
morphology

At the end of incubation each day, the number of
colonies of microbes growing in the plates was counted using
a colony counter. The morphological characteristics of the
organisms were recorded. Identified organisms were isolated by
sub culturing. Biochemical tests were carried out to confirm
the probable organism present in the fermenting mass. This
included the gram stain reaction; indole test; citrate test; catalase
test and carbohydrate fermentation test.

Drying

The unfermented and fermented cocoa beans were dried
using a solar dryer fabricated by the Department of Agricultural
Engineering, Michael Okpara University of Agriculture,
Umudike, Abia State, Nigeria (Eke, 2013) (Figure 2). The dryer
was fabricated with aluminum rails, extended stainless steel
sheets, air blower, solar panel, deep circle battery, marbles,
aluminum and black oil paints. It has a dimension of 600 x 400
x 250 mm for the solar collector and 600 x 400 mm for the
crop trays. The air plenum between the crop trays was 250 mm
except for the topmost tray which had an air plenum of 300 mm
between the blower and the tray. The dryer had a height of
1,500 mm and stood on a base 200 mm high (Figure 2).
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The cocoa bean portions were weighed and placed in
different layers in the drying chamber. The solar radiation was
measured using a solar photometer, ambient temperature and
wind speed were measured using an Anemometer, percentage
relative humidity, chamber temperature and humidity were
measured using an Arklon thermometer.

Atmospheric pressure and humidity were measured with a
barometer. The results and the sample weights were recorded at
2 hintervals.

Determination of proximate composition

Proximate analysis was carried out for fermented and
unfermented dried cocoa seeds using standard AOAC methods
[Association of Official Analytical Chemist (AOAC), 2012]. The
moisture content: crude protein, fat, crude fiber, total ash, and
carbohydrate contents were determined. Carbohydrate content
was determined by difference.

Carbohydrate = 100 — (%M + %P + %F% A)

Where: M = moisture; P = protein; F = fat; A = ash.

Determination of phytochemical content

Total phenolic content
The total phenolic content was analyzed using the Folin-
Ciocalteu colorimetric method (Chlopicka et al., 2012).

Production of chocolate

Chocolate was produced from cocoa, using the method of
Ndife et al. (2013) as shown in Figure 3. Cocoa bean seeds were
removed from the pod, sorted, fermented for 8 days, dried (3-
4h), and roasted (120-140°C), for 45-90 min. After roasting, the
beans were dehulled, and winnowed. The cotyledon was milled
with sugar, milk and nutmeg as additives. It was conched for
45 min at 80°C, tempered and put in a mold (see Figure 3).

Sensory evaluation

The prepared chocolate was evaluated using a 9-point
Hedonic scale (9 = like extremely; 1 = dislike extremely).
Twenty semi-trained panelists comprising of students from the
College of Applied Food Science and Tourism (CAFST), Michael
Okpara University of Agriculture, Umudike, were randomly
selected for the sensory evaluation. The appearance, flavor,
texture, taste and general acceptability of the chocolate samples
were evaluated. The samples were presented in a dish and labeled
with 3-digit number codes. Each judge was given a glass of water
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FIGURE 3
Production of chocolate bars from cocoa bean (Ndife et al.,
2013).

at room temperature (28-30°C) to rinse the mouth after tasting
to avoid interfering with the taste of the preceding product.

Experimental design

The design of the experiment was a Factorial in completely
randomized design.

Statistical analysis

All data generated in this study were subjected to statistical
analysis using the Statistical Package for Social Sciences (SPSS)

frontiersin.org


https://doi.org/10.3389/fsufs.2022.1023123
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org

Obinze et al.

version 21. The P-value was considered significant at 95%
confidence level using Duncan New Multiple Range Test.

Results and Discussion

Cocoa bean temperature during
fermentation

The highest mean temperature of the cocoa mass (46°C) was
observed at the 96th h (Figure 4). The initial temperature of the
fermenting mass was 30°C. There was a rise in temperature and
a sudden decline at the 120th h. The fermentation process lasted
for 168 h. This is in accordance with the work of Pedro et al.
(2016) on cocoa fermentation. These researchers noticed a final
fermentation temperature of 47-70°C after 168 h. Ganeswari
et al. (2015), observed that early in the fermentation process
the cocoa mass temperatures normally vary between 45 and
50°C. The steady increase in temperature is associated with
the release of heat from cocoa biomass throughout the process.
Initially, the yeasts were the dominant species that utilized the
available fermentable substrate (sugar) transforming them into
ethanol and eventually to acetic acid via microbial succession
(Ganeswari et al., 2015). This conversion of fermentable sugars
is exothermic and leads to increase of temperature (Schwan and
Wheals, 2004). The mean cocoa mass temperature decreased
after the 96th h due to inactivation of predominant bacteria at
temperatures greater than 40°C and embryonic death caused
by the penetration of acetic acid into the bean, favoring the
development of chocolate flavor precursors (Kongor et al., 2016).
This result was slightly different from that recorded by Liliane
et al. (2015). Generally, the turning increases the temperature
inside the bean mass during cocoa bean fermentation. The
beans fermented using box covered with leaves had the highest
temperature (48°C) due to the growth of microorganisms that
assisted the conversion of sugar into ethanol. This explains why
the temperature increases faster to optimum (48°C) for the
turned beans compared to those were not turned. The observed
result was in line to those reported by Guehi et al. (2010).

Microbiology of the fermenting cocoa
mass

Table 1a showed that yeasts, initiated fermentation and were
succeeded by lactic acid bacteria, followed by acetic acid bacteria.
These microorganisms are responsible for the synthesis of
related metabolites such as ethanol, lactate, acetate and volatile
precursors (Misnawi and Teguh, 2010). Five major groups of
micro-organisms have been observed to participate in cocoa
fermentation (Binh et al., 2017). They include filamentous fungi,
yeast, lactic acid bacteria, acetic acid bacteria and Bacillus
spp (Binh et al, 2017). Table 1b shows the morphological
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FIGURE 4
Changes in temperature during the box fermentation of cocoa.

characteristics of the microorganisms while Table Ic shows
results of the biochemical tests using sugars. At the initial stage
of fermentation yeast (Candida spp.), Pseudomonas spp. and
Staphylococcus spp. were the probable organisms found in the
fermenting mass. After 72h they were succeeded by Lactic
acid bacteria (e.g., Lactobacillus plantarum). Lactobacillus spp.
was seen up till 120h of fermentation, while Bacillus spp. was
observed from the third day till the end of the fermenting period
of 168h. Liliane et al. (2015) made similar observations but
did not detect Acetic Acid Bacteria (AAB) probably because
they are non-tolerant to high temperatures (Schwan, 1995). The
increase in population of Bacillus spp. is due to the increase
in aeration, pH value of cocoa pulp and a rise in temperature
to about 40°C in the cocoa mass during the later stages of
fermentation (Schwan and Wheals, 2004). Cocoa fermentation
removes mucilage and facilitates drying (Thompson et al., 2012).
Fermenting cocoa beans attract many flying insects such as
fruit flies (Drosophila melanogaster), beetles, bees, and wasps,
which are potential vectors of microorganisms. Studies of box
fermentations in Belize, Brazil, Cote d’Ivoire, Malaysia and
Indonesia have confirmed that the yeast community associated
with cocoa fermentations is complex involving several species
like Saccharomyces cerevisiae and various Candida species
(Ardhana and Fleet, 2003; Thompson et al., 2012). According
to Nielsen et al. (2005), Camu et al. (2008) microorganisms that
colonize the fermenting mass come from cocoa surface, hands
of workers, knives, and fermenting boxes. This indicates the
reason for the detection of Pseudomonas and Staphylococcus spp.
in the fermenting mass. Many strains of Lactic acid bacteria
and Bacillus species are generally regarded as safe (GRAS
substances) and would not constitute any problem to food safety.
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TABLE 1a Succession of microorganisms during cocoa bean fermentation.

10.3389/fsufs.2022.1023123

Medium Colony count Cfu/ml (-5, —6) Dayl Day3 Day5 Day7  Probably organisms
(_5, _6)
Day 1 SDA Tntc, 251 Tntc, 2.5 x 1072 A Candida spp.
MRS Tntc, 208 Tntc, 2.08 x 1072 C Pseudomonas spp.
NA 7,5 7x1073,5x 1073 D Staphylococcus spp.
Day 3 SDA 293,176 2.93 x 107}, 1.76 x 1072 A Candida spp.
MRS 261, 142 2.6 x 10',1.42 x 1072 Lactobacillus spp.
NA 171, 128 1.71 x 1071, 1.28 x 1072 CE Pseudomonas spp.
Bacillus spp.
Day5 SDA 293,261 2.93 x 1071, 2.61 x 1072 A Candida spp.
MRS Tntc, 288 2.88 x 1072 FC Lactobacillus spp.
Pseudomonas spp.
NA Tntc, 291 291 x 1072 DE Staphylococcus spp.
Bacillus spp.
Day7  SDA 299,279 2.99 x 1071, 2.79 x 1072 G Mould
MRS 154, 84 1.54 x 1071, 8.4 x 1072 D Staphylococcus spp.
NA 1,2 1.0 x 1071,2.0 x 1072 E Bacillus spp.

TNTC, too numerous to count; Cfu/ml, colony forming unit/ml; SDA, Sabouraud Dextrose agar; MRS, Man Rogosa Sharpe agar; NA, Nutrient agar.
Probable organisms: A = Candida spp; C = Pseudomonas spp; D = Staphylococcus spp; E = Bacillus spp; F = Lactobacillus spp; G = Moulds.

TABLE 1b Morphological characteristics of microorganisms.

Organisms Morphology

A Circular, light brown, small and slightly elevated.
C Circular, creamy, big and not elevated.

D Circular, light milk, medium and elevated.

E Irregular, dry, cream, big and not elevated

F Irregular, dry, milk color, small and not elevated.
G White, dry hairy growth, big and not elevated.

Staphylococcus aureus, Escherichia coli, Pseudomonas aeruginosa
and Candida albicans show pathogenicity of varying degrees.
These organisms would not survive the subsequent drying and
roasting treatments following the fermentation process. While
it would not be safe to consume the fermenting beans, the
end-product after roasting should be safe for consumption.
Quality checks should be carried out at all critical control
points to ensure microbial safety and wholesomeness of the
products.

Microorganisms found in Sabouraud Dextrose Agar (SDA)
and Rogosa Sharpe (MRS) Agar cultures, on the first day
of fermentation were too numerous to count. Phenotypic
identification showed that Candida and Pseudomonas species
were predominant. Staphylococcus species was detected only in

nutrient agar.
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Changes during solar drying

Figures 5, 6 show the graphs of time changes in relation
to the temperature, loss in weight, ambient wind speed and
relative humidity for unfermented and fermented cocoa beans.
The initial drying rate was faster for the unfermented cocoa bean
than the fermented one (within the first 1h), while the drying
rate was faster in the fermented cocoa beans within the 3rd and
4th h. Drying period of the fermented cocoa beans was shorter
than that of the unfermented beans. The initial weight of the
fermented cocoa was about 800 g and reduced to 500 g while that
of the unfermented reduced from 500 to 230g. Drying causes
heat transfer into the cocoa beans making water and acetic acid
to evaporate to the exterior of the seeds. By the time the moisture
content is reduced to about 7% browning reactions occur and
flavor compounds are developed (Irie et al., 2010). The solar
dryer enhances the drying process and improves hygiene when
compared with sun-drying.

The temperature, humidity and ambient wind speed of
the atmosphere affected the rate of drying. The highest mean
temperature of the cocoa mass (46°C) was observed at the 96th
h (Figure 4). The initial temperature of the fermenting mass was
30°C. The result shows that the higher the temperature, the
lower the relative humidity, the higher the ambient wind speed
and the faster the drying rate as shown in Figure 6 in which
the highest temperature of 51.5°C, observed at 12:00 noon had
the lowest relative humidity of 31%, the highest weight loss of
14% and the highest ambient wind speed of 4.6 m/s. This effect
of temperature, relative humidity and ambient wind speed on
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TABLE 1c Results from test with carbohydrates.

10.3389/fsufs.2022.1023123

Sample Gram stain Catalase Indole Citrate S X L Mn Ml Probable organism
A +ve +ve +ve +ve Candida spp.
C -ve +ve -ve +ve -ve -ve -ve +ve -ve Pseudomonas spp.
D +ve +ve -ve -ve +ve -ve +ve +ve +ve Staphylococcus spp.
E +ve +ve -ve +ve +ve +ve +ve +ve +ve Bacillus spp.
F +ve +ve -ve -ve +ve +ve -ve +ve +ve Lactobacillus spp.
G Mould
+ve, positive; —ve, negative.
S, sucrose; X, xylose; L, lactose; Mn, mannose; ML, maltose.
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Fermented and roasted
cocoa beans

FIGURE 7
Products from different stages of cocoa bean processing.

solar drying is in accordance with the findings of Ajadi and
Sanusi (2013) and has been shown to affect the drying efficiency.
Pictures of the cocoa beans at different processing stages are
shown in Figure 7.

pH and phenolic content of cocoa

The pH of unfermented cocoa bean (Sample A) was 5.64 and
was lower than that of the fermented sample (pH 6.59), showing
a transformation from acidic to neutral condition. According
to Guehi et al. (2010), an increase in pH (5.34-6.31) has been
observed in cocoa fermentation worldwide. However, the acid
pH at the beginning of fermentation depends primarily on the
presence of citric acid in cocoa beans mucilage (Lagunes-Galvez
et al., 2007). The alkaline pH reached at the end of process was
also reported by Ouattara et al. (2008).

The phenol content of fermented cocoa beans (2.765 mM
gallic acid equivalent) was lower than that of the unfermented
(4.61mM GAE) bean (Figure 8).
obtained by Djikeng et al. (2018). This decrease is because

Similar results were

of hydrolysis and oxidation by the enzyme polyphenol
oxidase during fermentation (Abdularmir et al, 2012). The
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European Food Safety Authority (EFSA) (2012) has opined
that “cocoa flavanols help maintain endothelium-dependent
vasodilation, thereby promoting normal blood flow when
consumed at 200 mg of cocoa daily [European Food Safety
Authority (EFSA), 2012].
antioxidant, antiradical and anti-carcinogenic properties
(Othman et al., 2007; Belscak et al., 2009). Cacao consumption
promotes heart health.

Cocoa polyphenols possess

Proximate composition of the
unfermented and box fermented, solar
dried cocoa bean seeds

The moisture contents of dried fermented and unfermented
cocoa beans are shown in Figure 9. Fermentation time affected
the moisture content of the processed cocoa beans. Asiedu
(1989) had observed that the moisture content of processed
cocoa beans fluctuates depending on the fermentation and
drying conditions. The moisture content was in line with
the acceptable limit of 6-7 % although sample B (dried box
fermented cocoa bean) was slightly higher. The crude protein
content of sample A (dried unfermented cocoa bean) (3.76%)
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was significantly lower than that of sample B (8.93%). Similar
results were recorded by Ndife et al. (2013) and this could be as
a result of fermentation.

The fat content of sample A (dried unfermented cocoa bean)
(20. 35%) was significantly higher than that of sample B (dried
box fermented cocoa bean) (11.54%) (Figure 9). This result was
in line with that observed by Ndife et al. (2013). The crude
fiber of sample A (dried unfermented cocoa bean) (14.83%) was
significantly higher than that of sample B (dried box fermented
cocoa bean) (1.97%), this was also observed by Adegunloye and
Famolu (2016). Carbohydrate content was significantly higher in
sample B (dried box fermented cocoa bean) (61.72%) compared
to sample A (48.29%). Similar results were given by Adegunloye
and Famolu (2016), indicating that fermentation increases the
carbohydrate content of cocoa beans. The ash content of sample
B was greater than that of sample A. These results agree with the
work of Adegunloye and Famolu (2016). The nutritional benefits
of cocoa and chocolate are numerous. It is a natural storehouse

phenol

sam'ﬂe a sarulueb
sample

FIGURE 8
Phenol content of fermented and unfermented cocoa.
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of nutrients, when compared with many other food items. The
cocoa fruit contains 40% pulp on fresh weight basis and is made
up of a spongy parenchymatous tissue containing cell sap, which
is rich in sugars (10-13% glucose + fructose; 0.7% sucrose), salts
(8-10%), pentosans (2-3% pectin), organic acids (1-2%) and
0.6% proteins (Schwan and Wheals, 2004).

Sensory attributes of chocolate from
solar dried fermented and unfermented
cocoa beans

The results in Table 2 show the sensory properties of
chocolate produced from solar dried box fermented (B) and
unfermented (A) cocoa beans. The result showed that sample
B was preferred in all the attributes. Sample B was “Liked
Very Much” on the 9-point hedonic scale while sample A was
“Neither Liked, Nor Disliked” Flavor compounds are often
properly developed during the turning of fermenting cocoa

M roisture Content
[E Protein

M Crude fiber
I Ash
|l Carbohydrate

60.00-

40.00-

Mean

20.007

000~
sample sample b

Sample

A= Unfermented sample, B= Box fermented sample.

FIGURE 9
Proximate composition of fermented and unfermented cocoa.

TABLE 2 Sensory attribute of chocolate.

Sample Aroma Appearance Mouth feel Texture Taste Overall
acceptability

Sample A 5.95 4 1.82° 5.90 4 1.74° 495+ 1.64° 5.20 4 1.58° 5.05 4 2.09° 548 +1.17°

Sample B 7.75 £ 1.25¢ 7.55 £ 1.19° 7.60 £ 1.04* 6.90 + 1.07° 7.55 +£1.32% 7.50 £ 0.80°

A = Unfermented sample for box fermentation, B = Solar dried box fermented chocolate sample.

Means not followed by the same letters are significantly different at p (<0.05).
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FIGURE 10
(A) Chocolate from solar-dried, box fermented cocoa beans. (B)
Chocolate from unfermented cocoa bean.

i

beans (Velasquez-Reyes et al., 2021). Figures 10A,B show that
the chocolate bars produced from properly fermented and dried
cocoa beans are darker in color, had a more appealing aroma and
were more homogenous in texture than those produced from
unfermented cocoa beans.

Conclusion

The effect of box fermentation and solar drying on the
quality of chocolate from cocoa beans were evaluated in
this research. The major microorganisms involved in cocoa
fermentation were fungi, lactic acid bacteria and bacillus spp.
Box fermented solar dried cocoa bean had better nutritional
attributes than unfermented cocoa beans and resulted in the
production of better-quality chocolate. Fermentation increased
the crude protein, carbohydrate and ash contents, but reduced
the crude fiber, fat and phenol contents of the cocoa beans.
Drying caused 37.5% reduction in weight of the unfermented
cocoa bean and 54% weight reduction in the fermented cocoa
bean. Chocolate produced from the fermented cocoa bean was
dark and had a strong aroma while that from unfermented
cocoa bean was lighter in color and had a less desirable flavor.
The use of wooden box fermentation, complemented with
solar drying (which is cost effective) should be adopted in
developing countries in order to produce good quality chocolate
from cocoa.
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