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Introduction

Abstract

The aim of this research was to evaluate four different cacao (Theobroma cacao
L.) fermentation conditions and their effect on fermented bean quality, in order
to be able to recommend the most suitable condition to producers in the
municipality of Huimanguillo, Tabasco, Mexico. Fermentations were carried out
in square wooden boxes with capacity for 1000, 300, and 100 kg of fresh beans,
as well as a rotary drum with capacity for 500 kg thereof. The fermentation
process was carried out for 7 days, and the response variables measured were
mass temperature, total soluble solids (TSS), pH, and acidity. The TSS were
totally depleted after 2 days, during which time the yeasts transformed them
into ethanol at temperatures of 25-35°C. The most notable temperature increase
in the four treatments was 49°C on the third day, corresponding to a decrease
in pH from 6.31 £ 0.40 to 4.76 £ 0.03 and an increase in acidity from 0.38 £ 0.04
to 1.17 + 0.25 g kg™!, due to the formation of organic acids. There were no
significant differences among the four treatments (Tukey o = 0.05). The cut
test showed that fermentation in 300- and 100-kg boxes and in the 500-kg
rotary drum produced the same effect on fermentation quality, but the 1000-kg
boxes exhibited lower quality (Tukey oo = 0.05).

The yeasts, of which S. cerevisiae is the most important,
dominate the mass during the first 24 h. They are respon-

In cocoa, the precursor compounds that give rise to the
flavor and aroma attributes develop during the bean fer-
mentation, drying, and roasting stages Rohan and Stewart
1966;. Fermentation is a very important step in which
the successive action of yeasts, acetic acid bacteria, and
lactic acid bacteria are involved Ardhana and Fleet 2003;
Camu et al. 2007; Biehl et al. 1985; Sandhya et al. 2016;.
These microorganisms act on sugars and acids in the
cocoa pulp, triggering intense enzymatic activity to hydro-
lyze sugars, organic acids, proteins, and polyphenols present
in the beans Ardhana and Fleet 2003; Lehrian and Patterson
1983;. This microbial load is directly related to the condi-
tions prevailing in the fermentation mass such as pH,
temperature, and the presence of oxygen Camu et al.
2007; Sandhya et al. 2016.

sible for converting the pulp sugars into ethanol under
anaerobic conditions Camu et al. 2007; Puziah et al. 1998;.
In a Mexican research about yeasts predomination, the results
showed that Pichia kudriavzevii, S. cerevisiae, Saccharomycopsis
crataegensis, and Hanseniaspora guilliermondii were the pre-
dominant yeasts Arana-Sanchez et al. 2015;. The subsequent
total depletion of the mucilage substrates, which are sugars
and acids, leads to the next phase of the process which is
lactic acid fermentation, which is favored by manual removal
of the fermentation mass done to facilitate greater oxygen
penetration, thereby causing the aerobic condition which
leads to the presence of lactic acid and acetic acid bacteria,
which oxidize ethanol to lactic and acetic acid, respectively
Schwan and Wheals 2004; however, the later studies had
demonstrated that there are acetic acid production without
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ethanol production during fermentation process, suggesting
acid acetic production from lactic acid bacteria Ho et al.
2014;. In addition, citric, oxalic, phosphoric, succinic, and
malic acids are also produced Camu et al. 2007; Puziah
et al. 1998;. Due to the exothermic nature of the above
reactions, the temperature within the boxes rises up to 50°C;
under this condition, cotyledon cracking, and embryo death
occur due to the penetration of ethanol and organic acids,
resulting in a decrease in internal pH and internal damage
to the structure of the cocoa bean Lehrian and Patterson
1983; Schwan and Wheals 2004; Hii et al. 2006;. During
this phase, flavor and aroma precursors develop and pig-
ments are degraded by the activity of endogenous enzymes
such as invertases, glycosidases, proteases, and polyphenol
oxidases Biehl et al. 1985; Brito et al. 2000; Hansen et al.
1998; Misnawi et al. 2003;. Other microbial metabolites such
as esters and pyrazines may enter the bean cotyledon and
act as flavor precursors or directly as flavor compounds
Puziah et al. 1998;. As a result of these biochemical reac-
tions, numerous compounds such as reducing sugars, pep-
tides, and amino acids, which are subsequently modified
by Strecker degradation and Maillard reactions during the
drying and roasting of the beans, are also produced Hansen
et al. 1998; Misnawi et al. 2003, 2004; Crafack et al. 2014.
Fermentation is influenced by several factors, among which
the most important are the state of maturity in which the
pod is harvested, time that it is left stored prior to fer-
mentation, De Bertorelli et al. 2009 type of cocoa, Lemus
et al. 2002 fermentation method, Contreras et al. 2004; de
Farifias et al. 2003; Portillo et al. 2005; Vargas et al. 1989
and bean removal frequency, as a higher frequency enables
better fermentation.Puziah et al. 1998; Portillo et al. 2005;
Schwan et al. 1990; Senanayake et al. 1997 In a study con-
ducted to compare fermentation masses ranging from 10
to 100 kg, fermentation with 60-kg masses was recommended
because it provides the highest concentration of flavor pre-
cursors, such as total reducing sugars Puziah et al. 1998.
In the cocoa-growing region of the state of Tabasco,
Mexico, cocoa fermenting, and drying is carried out in
collection plants using wooden containers with capacity
to ferment approximately one ton of fresh beans. In order
to propose fermentation methods that could be used at
the level of individual producers, we assessed the efficiency
of fermentation in 1000-, 300-, and 100-kg boxes, as well
as a 500-kg rotary drum. The relationship between each
treatment and bean quality was also determined.

Materials and Methods

Plant material

A mixture of cocoa (Theobroma cacao L.) beans from the
2010-2011 crop production cycle was used. The beans
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were acquired from the local cocoa producers’ association
in Huimanguillo, located in the state of Tabasco, Mexico.

Cocoa bean fermentation

Fermentation was carried out at the fermentation facilities
of the local cocoa producers’ association in Huimanguillo,
located in the state of Tabasco, Mexico. Pods were har-
vested and immediately opened, then beans were extracted
and fermentation was started. The fermentation process
was conducted in square boxes and a rotary drum built
with melina wood. Each treatment was carried out simul-
taneously with three replications. The dimensions of the
boxes for 100 kg of beans were 50 X 50 x 50 cm, the
dimensions of the boxes for 300 kg were 75 X 75 X 75 cm
and those of the boxes for 1000 kg were
100 x 100 x 120 cm. The wooden rotary drum was a
cylinder designed with a capacity for 500 kg; its dimen-
sions were 97 cm in diameter and 150 cm in length. The
wooden boards that form the cylinder have 20 cm width
and 2.5 cm thick. The containers were filled with fresh
beans and once draining stopped, they were removed every
24 h from that time on. Boxes were kept covered with
a jute lid to prevent heat escape. Fermentation lasted a
total of 7 days.

Sampling

1 kg samples of each treatment were taken every 24 h and
dried to an approximate moisture content of 7%. Drying
was carried out in the sun with removals every 2 h to
promote aeration and prevent molding on the beans. The
variables evaluated were fermentation mass temperature,
pH, and titratable acidity of the cotyledon of the dried
beans using the modified Helrich (1990) method for cocoa
beans and cut test (% of purple, slaty, and brown beans).

Temperature monitoring

The temperature of the fermentation mass and the sur-
rounding temperature were recorded during the 7 days
of fermentation using a Hanna Instruments temperature
monitor.

Ph and titratable acidity

pH and titratable acidity were determined in cotyledon
according to the methods established by the Helrich (1990).
The pH reading was taken with a potentiometer at 22°C.
For the determination of titratable acidity, a 50-mL solu-
tion of homogenized sample was taken and titrated at
pH 8.3 with a NaOH 0.1 N solution. Data are reported
in % acetic acid.
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Cut test

To determine the degree of fermentation, the cut test
was performed with a Magra cutting unit (Model 12,
TESERBA Technischer Service, Herrliberg, Switzerland),
with which the violet, slaty, and brown beans were clas-
sified. The percentage was calculated using the cut test
score (CTS) as shown belowPuziah et al. 1998; Hii et al.
2006, 2011:

Cut test score = (10X % brown)
+ (5% % partly purple/brown)
+ (0% % purple and slaty)

Data analysis

A completely randomized experimental design with three
replications was used. Statistical analyzes were performed
by analysis of variance and comparison of means with
Tukey’s test (o0 = 0.05) using SAS version 9.2 software
for Windows (Cary, NC, USA).

Results and Discussion

Figure 1A shows the surrounding temperature of the four
treatments, which ranged between 25 and 35°C, whereas
Figure 1B shows the progress of the temperature at five
points inside the containers throughout the fermentation
process. During the first 2 days the mass temperature
ranged between 25 and 40°C; by the third day the tem-
perature rose to 48 £ 1.054°C, remaining constant until
the end of the process without significant differences
among treatments (ot = 0.05). This behavior indicates
that in the fermentation process the temperature of the
mass is not affected by increasing the amount of cocoa
or by the rotation. The temperature rise is caused by the
energy released in the exothermic reaction of the conver-
sion of ethanol into acetic acid by acetic acid bacteria
Nielsen et al. 2007; this causes, in addition to the death
of the embryo, changes in the tissue structure of the
cotyledon Camu et al. 2007, 2008; Samah et al. 1993;
Senanayake et al. 1995;. In some studies, simultaneous
development of yeasts, lactic acid bacteria, and acetic acid
bacteria has been found Camu et al. 2007.

Figure 2 shows the recorded changes in pH, TSS, and
the acidity of the cotyledon in the dried beans during
the fermentation process. The TSS are a way to quantify
the total sugars of the samples. During the first 2 days
of fermentation, their total depletion due to the action
of the yeasts that convert these pulp solids into ethanol
is observed (Fig. 2A). In this first phase of fermentation,
acidity and pH are constant and temperatures are below
40°C. The second phase of fermentation involves the
transformation of the ethanol into organic acids (acetic
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Figure 1. (A) Surrounding temperature (S.T.) in the four treatments. (B)
Changes in temperature during the fermentation of the four treatments
without significant differences (o0 = 0.05). F.T. (Fermentation
temperature) S. T. (Surrounding temperature in the four treatments).

and lactic) due to the activity of lactic acid and acetic
acid bacteria; Camu et al. 2007; Biehl et al. 1985; Misnawi
et al. 2003; Camu et al. 2008 as a result of this, on the
third day of fermentation the titratable acidity increases
from 0.38 + 0.04 to 1.17 £ 0.25 g kg™! (Fig. 2B) and
the pH decreases from 6.31 + 0.40 to 4.76 + 0.03 (Fig. 2C).
This exothermic reaction is what causes the increase in
temperature on the third day Nielsen et al. 2007. The
TSS, pH, and titratable acidity showed no significant dif-
ferences among the treatments (Tukey o = 0.05).
Acidification due to the presence of acetic acid during
fermentation leads to several biochemical changes such
as generation of peptides and amino acids from reserve
proteins by action of proteases of the seed and reducing
sugars, precursor compounds of the Maillard reactions
which occur during drying and roasting of the beans
Rohan and Stewart 1966;. According to Jinap et al. (2008),
during the first 3 days of fermentation there is high pro-
teolytic activity which increases the amount of free amino
acids. Biehl and Passern (1982) have reported that the
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Figure 2. Behavior of total soluble solids, pH and titratable acidity
during fermentation in the four treatments.

optimum protease activity of cocoa is from ph 4.5 to
5.5, a condition favored from day two of fermentation
in this study (Fig. 2).

One of the fermentation degree used to determine the
final price of cocoa is the cut test. This is a measure of
the oxidation of anthocyanins in cocoa beans in which
gray and purple beans are characteristic of a poorly fer-
mented bean and brown beans are typical of good

© 2016 The Authors. Food Science & Nutrition published by Wiley Periodicals, Inc.
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Figure 3. Final fermentation quality in beans of the different treatments.
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Figure 4. Cut test score in the different treatments.

fermentation. At the time fermentation was stopped (day
seven), 68% brown beans were obtained in 1000-kg boxes,
85.33% in 300-kg boxes, 79.33% in 100-kg boxes, and
82.66% in the rotary drum (Fig. 3). These changes in
the degree of fermentation during the process are the
result of reductions in the concentration of polyphenols
due to their spread outward from the beans, and their
subsequent oxidation and condensation. Polyphenol oxi-
dase is responsible for catalyzing o-difenol to o-quinon
oxidation reactions; o-quinones are responsible for the
brown color of the beans. The optimum temperature for
polyphenol oxidase activity is from 42 to 45°C Misnawi
et al. 2002, temperatures which correspond to those reached
on day three of the fermentation process.

The cut test score (Fig. 4) showed that by day seven
the treatments involving 300-kg boxes, 100-kg boxes, and
the 500-kg rotary drum produced the same effect on the
degree of fermentation, as no significant differences (Tukey
o = 0.05) were found among them; however, in 1000-kg
boxes the cut test score is lower than in the other
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treatments. Lower values obtained in 1000 kg boxes could
be that in some parts of the box farthest from the center
the temperature and pH conditions were not suitable for
optimal fermentation. The cut test values were 681.13,
853.76, 794.03, and 827.15 in 1000-, 300-, and 100-kg boxes,
and in the 500-kg rotary drum, respectively. These cut test
values are acceptable; Hii et al. Hii et al. 2011 obtained
values from 333.3 to 950 in different cocoa samples.

Conclusions

According to the parameters evaluated in this research,
the fermentation conditions are conducive to obtaining
good physicochemical fermented bean quality in both
1000-kg, 300-kg, and 100-kg square wooden boxes and
a 500-kg rotary drum. The cut test score showed that
fermentation in 300-kg boxes provides the best final fer-
mented bean.

Acknowledgments

The authors thank the local cocoa producers’ association
in Huimanguillo (known by the Spanish acronym
ALAPCH) for the use of their facilities during the study’s
experimental phase.

Conflict of Interest

None declared.

References

Arana-Sénchez, A., L. E. Segura-Garcia, M. Kirchmayr, I
Orozco-Avila, E. Lugo-Cervantes, and A. Gschaedler-
Mathis. 2015. Identification of predominant yeast
associated with artisan Mexican cocoa fermentations
using culture-dependent and culture-independent
approaches. World J. Microbiol. Biotechnol. 31:359-369.

Ardhana, M., and G. Fleet. 2003. The microbial ecology of
cocoa bean fermentations in Indonesia. Int. J. Food
Microbiol. 86:87-99.

Biehl, B., E. Brunner, D. Passern, L. Quesnel, and D.
Adomako. 1985. Acidification, Proteolysis and flavour
potential in fermenting cocoa beans. J. Sc. Food Agric.
36:583-598.

Brito, E. D., N. Garcia, M. Gallao, and A. Cortelazzo. 2000.
Structural and chemical change in cocoa (Theobroma
cacao L.) during fermentation, drying and roasting. J. Sci.
Food Agric. 81:281-288.

Camu, N., T. Winter, K. Verbrugghe, I. Cleenwerck, P.
Vandamme, ]. Takrama, et al. 2007. Dynamics and
Biodiversity of populations of Lactic Acid Bacteria
involved in spontaneous heap fermentation of cocoa
beans in Ghana. Appl. Environ. Microbiol. 73:1809-1824.

694

C. Hernandez- Hernandez et al.

Camu, N., T. Winter, S. Addo, J. Takrama, H. Bernaert,
and L. Vuyst. 2008. Fermentation of cocoa beans:
influence of microbial activities and polyphenol
concentrations on the flavor of chocolate. J. Sci. Food
Agric. 88:2228-2297.

Contreras, C., L. O. de Bertorelli, L. G. de Farinas, and P.
Parra. 2004. Fermentadores para cacao usados por los
productores de la localidad de Cumboto Venezuela.
Agronomia Trop. 54:219-232.

Crafack, M., H. Keul, C. E. Eskildsen, M. A. Petersen, S.
Saerens, A. Blennow, et al. 2014. Impact of starter cultures
and fermentation techniques on the volatile aroma and
sensory profile of chocolate. Food Res. Int. 63:306-316.

Bertorelli, De L. O., G. Rovedas, and L. G. De Farifa.
2009. Influencia de varios factores sobre indices fisicos
del grano de cacao en fermentacién. Agronomia Trop.
59:81-88.

de Farifias, L. G. , L. O. de Bertorelli, N. Alvarez, and T.
de Leal. 2003. Fermentacién del cacao en dos disefios de
cajas de madera. Agronomia Trop. 53:175-187.

Hansen, C., M. del Olmo, and C. Burri. 1998. Enzyme
activities in cocoa beans during fermentation. J. Sci. Food
Agric. 77:273-281.

Helrich, K., ed. 1990. Official methods of analysis of AOAC
International. 15th ed. Vol. 1. Association of official
Analytical Chemist, Inc., Arlington, VA, USA.

Hii, C. L., R. A. Rahman, S. Jinap, and Y. C. Man. 2006.
Quality of cocoa beans dried using a direct solar dryer at
different loadings. J. Sci. Food Agric. 86:1237-1243.

Hii, C. L., C. L. Law, M. Clokea, and S. Sharifb. 2011.
Improving Malaysian cocoa quality through the use of
dehumidified air under mild drying conditions. J. Sci.
Food Agric. 91:239-246.

Ho, V. T. T., J. Zhao, and G. Fleet. 2014. Yeast are
essential for cocoa bean fermentation. Int. J. Food
Microbiol. 174:72-87.

Lehrian, D., and G. Patterson. 1983. Cocoa fermentation.
Pp. 529-575, Vol. 5, in G. Reed, ed. Food and feed
production with microorganism. Biotechnology, Verlag
Chemie, Weinheim.

Lemus, M., L. G. de Farifas, L. O. de Bertorelli, and A. T.
de Leal. 2002. Efecto del mezclado de cacaos tipo criollo
y forastero de la localidad de cumboto sobre algunas
caracteristicas fisicas de los granos durante la
fermentacion. Agronomia Trop. 52:45-58.

Misnawi, S., S. Nazamid, and B. Jamilah. 2002. Activation
of remaining key enzymes in dried under-fermented
cocoa beans and its effects on aroma precursors
formation. Food Chem. 78:407-417.

Misnawi, S., B. Jamilah, and S. Nazamid. 2003. Effects of
incubation and polyphenol oxidase enrichment on colour,
fermentation index, procyanidins and astringency of
unfermented and partly fermented cocoa beans. Int. J.
Food Sci. Tech. 38:285-295.

© 2016 The Authors. Food Science & Nutrition published by Wiley Periodicals, Inc.



C. Hernandez- Hernandez et al.

Misnawi, S., B. Jamilah, and S. Nazamid. 2004. Sensory
properties of cocoa liquor as affected by polyphenol
concentration and duration of roasting. Food Qual. Pref.
15:403—409.

Nielsen, D., O. Teniola, L. Ban-Koffi, M. Owusu, T.
Anderson, and W. Holzapfel. 2007. The microbiology of
Ghanaian cocoa fermentations analysed using culture-
dependent and culture-independent methods. Int. J. Food
Microbiol. 114:168-186.

Portillo, E., L. G. D. Farifias, and E. Betancourt. 2005.
Efecto de los tratamientos post-cosecha sobre la
temperatura y el indice de fermentacion en la calidad del
cacao criollo Porcelana (Theobroma cacao L) en el sur
del Lago de Maracaibo. Rev. Fac. Agron.. 22, 394-406.

Puziah, H., S. Jinap, K. Sharifah, and A. Asbi. 1998. Effect
of mass and turning time on free amino acid, peptide-N,
sugar and pyrazine concentration during cocoa
fermentation. J. Sci. Food Agric. 78:543-550.

Rohan, T., and T. Stewart. 1966. The precursors of
chocolate aroma: changes in the sugars during the
roasting of cocoa beans. J. Food Sci. 31:206-215.

Samah, O., N. Ibrahim, and U. A. Karim. 1993.
Comparative studies on fermentation products of cocoa
beans. World J Microbiol. Biotechn. 9:381-382.

Sandhya, M. V. S., B. S. Yallappa, M. C. Varadaraj, and J.
Puranaik. 2016. Jaganmohan Rao. Inoculum of the starter
consortia and interactive metabolic process in enhancing

© 2016 The Authors. Food Science & Nutrition published by Wiley Periodicals, Inc.

Fermentation of Cocoa Beans on Wood Boxes

quality of cocoa bean (Theobroma cacao) fermentation.
Food Sci and Tech 65, 731-738.

Schwan, R., and A. Wheals. 2004. The microbiology of
cocoa fermentation and its role in chocolate quality. Crit.
Rev. Food Sci. Nutr. 44:205-221.

Schwan, R., A. Lopez, D. Silva, and M. Vanetti. 1990.
Influéncia da freqiiencia e intervalos de revolvimentos
sobre a fermentacdo do cacau e qualidade do chocolate.
Agrotrépica 2:22-31.

Senanayake, M., E. R. Janz, and K. A. Buckle. 1995. Effect
of variety and location on optimum fermentation
requirements of cocoa beans: an aid to fermentation on
a cottage scale. J. Sci. Food Agric. 69:461-465.

Senanayake, M., E. Jansz, and K. Buckle. 1997. Effect of
different mixing intervals on the fermentation of cocoa
beans. J. Sci. Food Agric. 74:42—48.

Vargas, V., J. Soto, and G. Enriquez. 1989. Métodos de
fermentacién de cacao para pequenios productores en seis
localidades de Costa Rica. Pruebas de calidad, Memoria.
Seminario regional sobre tecnologia postcosecha y calidad
mejorada del cacao.Turrialba Costa Rica: 147-161.

Supporting Information

Additional supporting information may be found in the
online version of this article at http://onlinelibrary.wiley.
com/doi/10.1002/fsn3.333/suppinfo

695


http://onlinelibrary.wiley.com/doi/10.1002/fsn3.333/suppinfo
http://onlinelibrary.wiley.com/doi/10.1002/fsn3.333/suppinfo

