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Abstract

The origin of the planting genetic material (Criollo, Forastero, and Trinitario) and post-
harvest system of the cocoa (Theobroma cacao L.) are the two determining factors of the
raw material quality that producers offer to the market. Processing includes fermentation
and drying. The purpose of this study was to examine the processing system used by
producers on their farms (both technified and traditional) and to establish quality indicators
such as the degree of fermentation, based on the bean cut test and sensory analysis, in
the Uraba and North-east regions of the department of Antioquia, Colombia. In Uraba,
the percentage of well-fermented beans ranged between 66.6% to 84.6%, meeting the
manufacturers’ minimum standard of 65%. Sensory analysis demonstrated that farms
with advanced technology met the organoleptic characteristics desired by manufacturers
like good taste and aroma and, while traditional farms yielded inconsistent organoleptic
characteristics because the fermentation process was not always followed regularly. In the
North-east region, the percentage of well-fermented beans on traditional farms was 53.6%,
while on farms with advanced technology it ranged between 66.6% and 69.3%.

Sensory analysis also show that on farms with a high number of trees of the CCN-51 clone,
a characteristic acidic flavor was detected in the beans associated with this clone. To avoid
this, it is recommended to ferment the CCN-51 clone pods separately using a specific
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Introduction

The flavor and aroma of cocoa (Theobroma cacao L.) depend
primarily on the origin of the planting genetic material (Criollo,
Forastero, or Trinitario) and the post-harvest processing or curing of
the bean, which includes fermentation and drying.

The post-harvest cocoa processing begins with the harvesting of
ripe and healthy fruits, an operation that is carried out at different time
frequencies in accord with the size of the harvest and the cultivation
area.

After harvesting, the pods are opened by hand, and the beans are
extracted and piled up, either covered with banana leaves or burlap
sacks, or placed in various containers (wooden boxes, sacks, baskets,
etc.) where they are left to ferment for several days.

During this process, various microorganisms transferred from
workers’ hands, the surface of the cocoa pods, transport containers,
fermentation vessels, and fruit flies degrade the cells of the mucilage
coating the beans. This collective microbial activity resulting from the
accidental inoculation of a multitude of microorganisms is known as
fermentation.! The microbiota involved in the natural fermentation of
cocoa beans reflects the effect of environmental factors (temperature,
pH, and oxygen tension) and the metabolism of substrates in the cocoa
bean pulp.?

Fermentation is one of the post-harvest processing stages that has
the greatest impact on the final product quality. Proper fermentation
and drying of the cocoa are crucial processes for the final flavor of
the chocolate. Acidification problems can arise, as well as a lack of
flavor in the case of incomplete fermentation, or undesirable flavors if
the beans are over-fermented. Because fermentations take place in the
field under uncontrolled conditions, bean quality is highly variable,
and consequently, so is the final quality of the chocolate.

Despite its importance, fermentation remains largely empirical,
does not produce beans of consistent quality, and forces processors to
make continuous changes to their formulations.

This situation motivated a study of the cacao processing in two
important regions of the Antioquia department, Colombia, with the
aim of establishing and defining technical procedures that would allow
producers to standardize the process and offer good and consistent
quality to the raw material processing industry.

Materials and methods
Representative regions and farm selection

The study was conducted in two regions of the department
of Antioquia considered important for their contribution to the
department’s cocoa production: Uraba (50-70 meters of altitud)
and North-east (700-1,000 meters of altitud). In each region, the
most representative municipalities were identified, and four farms
were selected from each: in Urab4, two farms used traditional (non-
technified) processing methods, and the other two used technological
processing methods (technified); in the North-east region, also two
technified farms and two traditional farms were selected (Table 1).
The tree population in sampled farms from Uraba region corresponds
to hybrids of different crosses like SCA-6 X IMC-67, PA-121 X ICS-
6, PA-150 X ICS-6, TSA-644 X IMC-67 within others, except in the
farm Villa Leidy whose planting material was composed of diferent
clones. In the North-east region the tree population was clones
specially of CCN-51, TSH-565, TSH-812, EET-62, EET-96, IMC-67,
ICS-1, ICS-6.

Degree of fermentation

The fermentation degree, specially based on the internal color
change of the grain, is the standard value used to determine if the
grains underwent an adequate fermentation process. To determine
this, the cut test must be performed.?
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Table | Regions, municipalities, farms and model of post-harvest processing selected in the Antioquia department

. L Altitud .
Region Municipality = Farm (m.asl.) Model of processing
Uraba Apartadd I(IIE_T (r:r;anos Causil 30-50 Technified

La Marina (LM) 30-50 Traditional

Chigorodé Villa Leidy (VL) 50-70 Technified
El Mandarino -

(EM) 50-70 Traditional

North-east Maceo Villa Elena (VE) 970 Traditional
Tierradentro .

(TA) 950 Technified

El Danubio (ED) 950 Traditional

Finca Pascuitas (FP) 750 Technified

After the fermentation and drying processes are complete,
samples of 100 grains are taken and cut lengthwise in half (cut test)
to expose the maximum surface area of the cotyledons. Both halves
are examined in full daylight and assigned the following categories:
well fermented, partially fermented, and slate-colored (unfermented).
The percentage of these grains indicates the degree of fermentation of
the sample (Figure 1).

-_— -
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Figure | Cut test of cocoa beans indicating the degree of fermentation of the
sample. Kidney-shaped and brown nibs show a good fermentation.

Organoleptic evaluation

500-gram samples were taken from the fermented and dried beans
to make chocolate. A panel of experts from the National Chocolate
Company’s quality control team performed the sensory evaluation
using standard organoleptic descriptions.

Results and discussion
Uraba region

Fermentation and drying times, yields, and conversion rates of
the sampling farms: Table 2 presents the harvest data, fermentation
times, number and frequency of turnings or stirrings, and drying times
of the fermentation masses recorded for each of the three sampling
events conducted on the farms.

The fermentation time was 4 days, except at La Marina farm, whose
owner used to it every 3 days. The only farm with a regular number of
stirrings was Hermanos Causil, with two. El Mandarino did not have
stirrings, as the mass of beans was kept in sealed polyethylene bags
outdoors, covered with a black plastic sheet.

The yield in grams of dry cacao per fruit ranged from 44.5 (La
Marina farm) to 52.3 (Villa Leidy farm). However, it was found
that the low yield at La Marina was partly due to the substraction
of dry beans before weighing. The highest yield was recorded at
the Hermanos Causil and Villa Leidy farms, at 48.0 and 52.3 grams
respectively (technified processing), likely explained by the larger
bean size of the planting material for these two farms. The average
weight of 100 beans from the farms in this region was 129.2 grams.

Table 2 Number of fruits, weight of wet and dried grain, days of fermentation and drying and number of turns in each of farms monitored in the Uraba

region.

Technified model

Hermanos causil farm

Repetition No.' Kgs. Kg.s. Gn:ls. Dried / \I/rvl:::o dried No. Fermentation No. No. Dried
Fruits  Wet Dried fruit 92 days Turns days

| 821 115 43,7 53,2 38,0 4 2 6

1l 590 70,0 25,0 42,3 31,9 4 2 4

1 585 76,5 28,5 48,7 37,2 4 2 5

Mean 665,3 87,2 32,4 48,0 357 4 2 5
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Villa leidy farm

Repetition No. Kgs. Kgs. Gms. Dried Index I';le(:mentation No. No. Dried
P Fruits  Wet Dried  /fruit wet to dried % days Turns days

| 330 63,0 17,2 52,1 27,0 4 0 4,5

I 500 87,5 26,25 52,5 32,5 4 | 6

1] 500 74,0 26,2 52,4 354 4 2 5

Mean 443,3 74,8 23,2 52,3 31,6 4 | 5,1

Traditional model

La marina farm

. No. .

Repetition No. Kgs. Kgs. Gms. Dried Index Fermentation No. No. Dried
petiti Fruits  Wet Dried  /fruit wet to dried days ! Turns days

| 343 48,0 12,0 35.0*% 25,0 3 5 3,5

I 400 48,5 18,25 45.6* 37,6 3 3 4

1] 700 80,5 37.0 52,8 45,9 3 3 4

El mandarino farm

Repetition No. Kgs. Kgs. Gms. Dried Index I';le(:mentat'on No. No. Dried
petiti Fruits  Wet Dried  /fruit wet to dried % days ! Turns days

| 900 80,0 30,7 34,1 38,0 4 0 5

I 500 68,0 26,0 52,0 38,2 4 0 6

1] 500 64,0 27,0 54,0 42,1 4 0 6

The wet-to-dry cacao conversion rate ranged from 31.6% (Villa
Leidy farm) to 39.4% (El Mandarino farm). It appears that the low
rate at the Villa Leidy farm may have been due to an error in the
weight of the wet cacao in the first test, since the normal rate fluctuates
between 35% and 40%.

Degree of fermentation

Figure 2 shows the fermentation levels of the four farms monitored
in the Uraba region.

% mean of grain good fermented. Uraba

region
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Figure 2 Degree of fermentation of the grain from the farms of Uraba: La
Marina (LM), El Mandarino (EM), Hermanos Causil (HC) and Villa Leidy (VL).

All meet the minimum standard of 65% well-fermented
beans established by the various chocolate factories. The order
of fermentation degree for the farms was as follows: Villa Leidy
with 84.7% (Technified), El Mandarino with 78% (Traditional),
Hermanos Causil with 71.3% (Technified), and La Marina with 66.7%

(Traditional). Although La Marina achieved the standard degree, it
registered the lowest percentage of well-fermented beans.

Sensory analysis

In general, the three samples of commercial cocoa beans from the
farms with the technified system, Villa Leidy and Hermanos Causil,
met the organoleptic characteristics established by the Compaiiia
Nacional de Chocolates laboratory, namely: a predominantly normal
flavor, medium-high chocolate flavor, mild-very mild acidity, mild
bitterness, mild-very mild astringency, mild-very mild floral flavor,
mild-very mild fruitiness, absence-slight greenness, and absence of
off-flavors.

However, in the farms with the traditional system, El Mandarino
and La Marina, it was found that the sensory characteristics of the
harvested lots were not consistent. For example, the beans from the
second sample from the El Mandarino farm had a predominantly
bitter flavor, medium chocolate flavor, high bitterness, and medium
astringency. Similarly, the beans from the third sample from
the La Marina farm had a predominantly bitter flavor, medium
chocolate flavor, medium bitterness, and medium astringency. These
inconsistencies, in the case of the La Marina farm, are mainly due to
the fact that the same path is not always followed in the fermentation
process, and in the case of the El Mandarino farm, to the doubts that
arise about fermentation in polyethylene bags.

North-east region

Fermentation, drying, yield, and conversion rates for sampled
farms: Table 3 presents the harvest data, fermentation times,
number and frequency of turnings or stirrings, and drying times of
the fermentation masses recorded for each one of the three sampling
events conducted on the farms.
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Table 3 Number of fruits, weight of wet and dry grain, days of fermentation and drying and number of turns in each of the farms monitored in the Northeast

region.

Technified model

Pascuitas farm

Repetition No. Kgs. Kgs. Grs. Dried Lr:;;x wet to t":::nen tation No. No. Dried
Fruits Wet Dry [ fruit Days Turns Days
I 500 67,5 29,0 58,0 42,9 4 2 6
I 500 102,0 38,3 76,6 375 4 2 9
1] 500 89,5 355 71,0 39,6 4 2 8
Mean 500 86,3 34,3 68,5 40,0 4,0 2,0 77
Tierradentro farm
. No. .
Repetition No. Fruits 55; gﬁ; ﬁ::ilt)"ed 1:d::)':/:et Fermentation  No.Turns zla:;'sD”ed
days
| 500 85,5 32,5 65,0 38,0 5 3 6,0
I 500 76,0 29,5 59,0 38,8 5 3 35
n 500 79,0 31,0 62,0 39,2 5 3 4,0
Mean 500 80,2 31,0 62,0 38,7 5 3 4,5
Traditional model
Villa elena farm
. No. .
Repetition No. Fruits 55; gﬁ; I(f;::| tDned Ed::)';:et Fermentation  No.Turns z:;'sD”ed
days
| 384 57,5 20,2 52,6 35,1 4 2 8
I 427 55,0 19,0 44,4 34,5 4 2 6
1 346 48,5 16,0 46,2 33,0 4 2 7
Mean 385,7 53,7 18,4 47,7 342 4 2 7
El Danubio farm
. No. .
Repetition No. Fruits 55; gﬁ:, I(;f::i?"ed ::r;d::y;:et Fermentation  No.Turns ‘l;l:y.sDrled
days
| 500 57,5 27,0 54,0 46,9 4 2 4
I 500 62,7 20,7 41,4 33,0 4 2 4
n 500 61,5 25,0 50,0 40,6 4 2 4
Mean 500 60,6 24,2 48,5 40,2 4 2 4

The planting material on the Pascuitas, Tierradentro, and Villa
Elena farms consists primarily of the clones CCN-51, ICS-1, ICS-
95, IMC-67, TSH-565, TSH-812, EETT-62, EET-96 and SCC-61
principally. CCN-51 is a significant component of the cocoa tree
population on the Pascuitas and Tierradentro farms. The trees on El
Danubio are hybrids no specified.

On all four sampled farms, the fermentation process was carried
out in wooden crates (Figure 3), and drying was done in the sun on
wooden platforms. At the Tierradentro farm, the drying platform was
located inside a chamber covered with a transparent plastic sheet
(Figure 4).

The fermentation process lasted 4 days, with two turnings of the
mass during the process and an average drying time of between 4
and 7.5 days, except at the Tierradentro farm, which had 5 days of
fermentation, three turnings of the mass, and 4.5 days of drying (Table
3).

Figure 3 Wooden crates for the fermentattion of cocoa grains.
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Figure 4 Platform of drying of the farm Tierradentro.

The yield in grams of dry cocoa per fruit ranged from 47.7
(Villa Elena farm) to 68.5 (Pascuitas farm). The highest yields were
recorded at the Pascuitas and Tierradentro farms (technified system).
The average weight in grams of 100 beans from the 4 sampled farms
was 153.4.

The wet-to-dry cacao conversion rate ranged from 34.2% (Villa
Elena farm) to 40.2% (El Danubio farm). This index is considered to
be within normal values (35% - 40%).

Degree of fermentation

Figure 5 shows that, in general, all farms presented a well-
fermented grain index (above 65%), except for El Danubio (ED),
whose index was 56.3%.

% OF GOOD FERMENTED BEAN

60
50
40
30
20
10

0

VILLA ELENA TIERRADENTRO PASCUITAS

THE DANUBE
TRADITIONAL TECHNIFIED
Figure 5 Degree of fermentation of the sampled farms in the North-east

region.
Sensory analysis

The Villa Elena and El Danubio farms (traditional processing)
exhibited better sensory performance in all samples than the Pascuitas
and Tierradentro farms. The first sample from Tierradentro had the
following characteristics: predominantly acidic, medium chocolate,
high acidity, and medium astringency. The acidic flavor is related
to the low pH (4.6) detected in the dried beans. This characteristic
acidic flavor is apparently due to the fact that the largest volume of
fruits processed for the sample came from the CCN-51 clone. The

Copyright:
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first sample from the Pascuitas farm had the following characteristics:
predominantly bitter, medium chocolate, high bitterness, and medium
astringency. The predominantly bitter flavor may be a consequence
of a short fermentation time (4 days). This same farm, in the second
sample, had a predominantly acidic flavor, a medium chocolate flavor,
and a medium acidic flavor. This result can be associated with a high
proportion of processed pods in the CCN-51 origin sample and is
consistent with the findings in the first sample from the Tierradentro
farm.

The initial purpose of the study was to understand in detail how
cocoa producers in two regions of the Antioquia department carried
out the post-harvest process and, based on the analysis of the degree of
fermentation and organoleptic properties, to determine the quality of
the commercial bean. However, due to the large number of variables
involved in the study, it was not possible to precisely explain the
factors responsible for the cocoa quality in the two regions studied.

Conclusions and recommendations

The results allow us to draw some conclusions and make general
considerations that can be taken into account when recommending
to farmers the processing structure and how this process should be
carried out.

In terms of flavor and aroma, the CCN-51 clone produces a bean
with an acidic character. The way to mitigate this acidity is to separate
the fermentation of the pods from the CCN-51clone, providing this
clone with a specific fermentation protocol.

The high degree of humidity recorded in the cacao samples at
the farms using dome-type drying (El Mandarino and Tierradentro)
indicates that this drying system is not functional. To improve it, it is
recommended to introduce a ventilation system that allows the escape
of humid air and the entry of dry air. This would simply involve
opening a space along the entire length of the canopy’s dome and
attaching a roof to prevent rain.

No significant and consistent differences were found between the
processing systems designated as technified and traditional. However,
fermentation in polyethylene bags (El Mandarino farm, Urabd) is
not advisable because aerobic fermentation is restricted, altering the
microbial succession and the production of the metabolites (alcohol,
lactic acid, acetic acid) essential in the natural process to get the better
organoleptic cocoa properties. It all comes down to the farmer taking
the necessary care to properly carry out the processing practices, such
as:

I. Harvesting the ripe fruits at appropriate periods (two, three, or
four weeks) to avoid over-ripening and the resulting problems.

II. Separating healthy beans from those that are diseased or
damaged for different causes.

III. The beans used for fermentation should come from fruits opened
on the same day, not from different days.

IV. The fermentation time should be adjusted according to the
ambient temperature of the location and region. For example, in
Uraba, fermentation should last 3—4 days, and in the Northeast,
4-5 days.

V. The fermentation equipment’s should be placed under structures
that protect them from external environmental conditions.

VI. The fermentable mass should be covered with fique sacks to
help retain heat.
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VII. The turns or stirrings of the fermentation mass is done according
to the fermentation time. On farms with 3—4 days of fermentation,
the first turn is done after 24 hours and then every 24 hours until
complete. On farms with 5 days of fermentation, the first turn
is done after 48 hours and then every 24 hours until complete.

VIII. The fermented mass of beans is spread out in the sun, preferably
on wooden platforms, raised off the ground if possible to prevent
damage from domestic animals such as dogs and chickens.

IX. Storing cacao on the farms is not advisable since they do not
have suitable conditions and, furthermore, it would pose security
risks.

X. It is important that the dried grain retains the appropriate
moisture content (7-8%). This allows for its storage and prevents
contamination by fungi and insects.
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