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UNDERSTANDING BIOCHEMISTRY OF COCOA FERMENTATION TO
ARREST BEAN ACIDITY IN PAPUA NEW GUINEA COCOA

Noel Y. .Kuman

ABSTRACT

The dominant microbial species observed in a commercial fermentation of Papua New Guinea cocca
were Yeast, Acetobacter, Lactobacillus and Baciflus species. Maximum growth of different species of
ricrobial was observed starting from day 2 of the fermentation. The microbial activifies and their rate
of metabolism during the fermentation correlated fo total acid production, rate of pulp sugar utiliza-
tion, oxygen concentration and temperature regime. Befter understanding of cocoa biochemistry
would enable devising of better interventions to arrest acid production during the fermentation to re-
duce residual bean acidity to improve the overall cocoa flavour.
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INTRODUCTION

Cocoa beans are essential raw material in
chocolate production. They are produced as
seeds in pods of the plant Theobroma cacao.
The first stage in processing of the bean is fer-
mentation. The beans are removed from pods
and placed in mass in heaps or boxes where
fermentation developed naturally. Fermentation
is regarded as being essential for initiating the
reaction that leads to the formation of substance
that confer characteristic of chocolate flavour
(Lehvian and Patterson, 1883).
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ing bitter taste and lacking chocolate strength
{Shepherd and Yap, 1984).

To understand the relationship between the mi-
crobial ecology and biochemistry of fermenta-
tion, it is important to have quantitative informa-
tion about the growth of individual species of
microorganism throughout fermentation, as well
as some knowledge about their biochemical
proprieties. The concentration of metabolites
and potential chocolate flavour precursors pro-
duced by individual microbial species during the
fermentation will depend upon the quantitative
extent of their growth (Ardhana, 1990).

Many variables are considered to affect the con-
tent of cocoa bean fermentation. These include
the scale and physical conditions of fermenta-
tion, sanitation of fermentation containers and
surrounding environment, degree of bean mix-
ing during fermentation, maturity of beans at
harvest and cultivar of the beans (Rohan 1963;
Minifie 1980). The literature suggested the par-
ticipation of a range of microbial species in the
fermentation including yeast, fungi and bacteria,
which is influence by different factors including
environment, location and country and fermen-
tation practices.

Cocoa is an important export commodity of
Papua New Guinea, however some quality at-
tributes of the bean are considered inferior to
those produced in some other countries and
thare is an urgent need to address these prob-
fems. One such initiative involved cbtaining
more knowledge about the farmentation process
and practices and understanding the involve-
ment and influence of microbial activities and its
effect on cocoa flavour. This would lead to de-
velopment of improved processing techniques
to improve the guality of PNG cocoa. This pa-
per intends to identify the general ecclegy of

. miprobdal. specias. present. in formentafion .of .

PNG cocoa and its influsnce on general cocos
biochemistry, in particular, bean acidity and to
make recommendations on how the rasidual
acidity can be reduced to improve overall cocoa
flavour.

OBJECTIVES

Identify general profile of microbial species in
commercial fermentation of Papua New Guinea
cocoa, and its influence on fermentation pattern
and cocoa biochemistry; with an attempt to ar-
rest acid production to reduce residual acidity of

the bean to improve overall flavor attributes of
cocoa.

MATERIAL & METHODS

Experimental Design
Fermentation process

Cocoa pods of mixed cultivar were harvested in
the field and their pods were removed and
bagged before they were transported to the fer-
mentry. The wet beans were fermented inside a
standard commercial fermentation box (120 x
90 x 90) cm and dried on a conventional com-
mercial dryer. The dried beans from each of the
25 fermentation replicates conducted were col-
lected, bagged for quality assessment.

Sample collection and preparation

The bean acidity, sugar concentration of the
pulp, and sample for flavour assessment were
prepared following the standard cocoa quality
laboratory procedure (PNGCCRI, 1995). The
oxygen concentration was measured using an
oxygen logger. The laboratory mercury ther-
mometer was used to measure temperatures of
the fermenting mass inside the fermenting box.

Flavour assessment

Organocleptic evaluation was conducted by the
trained tasie panel following the procedurs de-
soribed by BCCCA (1996); Sukha (2001).

ficrobial analyses

Microbial isclation and enumeration was deter-
mined following procedures described by Carr

and Passmore, (1879)

RESULTS

Figure 1, shows that all microbial activities
reached their maximum level during day 2 of
fermentation, before decreasing afterwards. The
Yeast population increased between days 2-3
before decreasing sharply until it disappeared at
day 4 of fermentation. The Acetobacter followed
a similar pattern as Yeast, but continuo to main-
tain its population at a low level towards the end
of the fermentation. As for Lactobacillus spe-
cies, its population decreased after day 2 of fer-
mentation, but maintained a relatively high
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Figure 1: Profile of average microbial population of commercial cocoa fermentation
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population toward the end of fermentation unlike
Yeast and Acetcbacter. The Bacillus population
decreased after day 2 of fermentation, before
increasing from day 3 onwards and maintained
a large population throughout the rest of fer-
mentation.

Figure 2 a, shows the average total acid
(Oxalic, Citric, Ethanol, Succinic, Lactic and
Acetic) concentrations produced during the fer-
mentation. The individual concentration of minor
organic acids is shown in Figure 3. The total
acid concentration began to increase from days
1 — 6, with a sharp increase between days 2 - 3
coincided to the increase microbial population
and activities (Figure 1). Among the acids pro-
duced, acetic (range 0.6 - 18.5 mg/g wet beans)
and lactic acid (range 0.5 - 8 mg/g wet beans)
were dominant throughout the fermentaticn,
thus become the potential candidates responsi-
ble for high level of residual acids found in the
beans. Acetic acid was produced in large quan-
tity than lactic acid, showing a sharp increase

e Total acid Mg/g : me/g 8
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from day 3 - 4 (range 0.7 - 16.5 mg/g wet
beans) before decreasing (8.5 g /mg wet beans)
in day 5, and increased afterwards to reach its
maximum level (18.5mg /g wet beans) at the
end of the fermentation. As for Lactic acid, it
shows a gradual increase in concentration, but
remains at a lower level than acetic acid
throughout the fermentation.

For average minor organic acid concentration
{Fig. 2); Succinic and Oxalic acids were present
in smali quantities with an average concentra-
tion ranging from 0.1 - 2mg/g wet beans. Etha-
noi was present in large guantity with an aver-
age concentration ranging from 0.1 - 17.5 mg/g
wet beans during the fermentation. However, its
concentration fluctuated at each day of the fer-
mentation and this can be related to the acid
being used mainly for microbial activities. The
citric acid concentration decreased starting from
days 1 - 3 ( from 10 to 1 mg/g) before increas-
ing towards the end of the fermentation with
acid concentration of 3 mg/g wet beans.
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Note: Higher the Titratable acidity (TA) value,
the higher the bean acidity.

The average acid profile of the fermenting
beans ranged from 0.05 - 0.26 mg/g beans.
From the start, this was gradual, followed by a
sharp decrease in pulp TA after day 3 of fer-
mentation; corresponding to a sharp build up of
acid concentration in the bean kernel; an indica-
tion of acid migration from the pulp to the kernel.

production as the result of microbial activities
(Fig.5)

The oxygen concentration during the fermenta-
tion (Fig. 6) ranged from 18 - 75 % saturation.
At day 1, the oxygen concentration was high
(70 % saturation) for fresh beans placed inside
the fermentation box, but decreased as the fer-
mentation condition becomes anaerobic at day
2-4 of fermentation. However, the oxygen con-

Flgure 3 Average minor organic acid concentration in a commercial fermentation

Minor organic acids concentration found in a commercial
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The pulp sugar production decreased during
fermentation with the highest concentration
(82mg/g wet beans) at the beginning of the
fermentation and reached the lowest concen-
tration (7mg/g wet beans) on day 3, before
showing a slight increase towards the end of
the fermentation; indicating a possible sugar

Days

Relationship between average pulp and kernel TA (a) and rate of acid diffusion between bean

Rate of acid diffusion (pulp-kernel)

ate of acid diffusion
‘t Ng

centration increased after day 4, reaching the
maximum concentration (75 %) at the end of the
fermentation as the result of maceration
(physical solubilisation of pulp) and daily turn-
ings of beans, introducing aeration into the fer-
mentation box. Aeration is required for oxidation
reactions to take place to produces acids that is
required to cause the death of the bean.
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Figure §: Profile of Pulp sugar production during the fermentation

Pattern of total pulp sugar concentration during fermentation
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The average flavor attributes of commercial fer-
mented beans generated was compared against
Ghana cocoa, which is considered as universal
standard. PNG cocoa produced low level of
chocolate flavour intensity with pronounced
acidity, bitterness and astringency (Table 7).
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Yeast

Yeast population was predominant from day 0O -
2 of fermentation with a population range of 10’-
0“‘ cells/g, before decreasing to a population of
10 cells/g at the end of the fermentation. Simi-
lar results were obtained by Ostava and Keeney
(1973). The proliferation of yeast population
(Figure 1) corresponded to decrease in pulp
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Table 1: Average sensory assessment result of commercial fermented beans

Sample Chocolate Acidity Bitterness Astringency
Commercial fermented Beans 6.0 3 1.0 23
Ghana (Control) 8.4 7 1.6 1.0

The flavour intensity was estimated using 0-10 scale, with 0 being weak and 10 being strong. The lower the
acidity value, the higher the acidic taste in flavor scoring or vice versa.

sugar concentration (Figure 3a). High popula-
tion of yeast was observed during the period
when the pulp sugar concentration was high,
but decreased as the pulp sugar being utilized.
The dominant of yeast population in the early
stage of the fermentation could be responsible
for converting pulp sugar primarily into ethanol
that appears to be used in the later part of the
fermentation to produce carboxylic acids as well
as enzymes to aid pulp maceration. The initial
low temperature, high pH and aerobic condition
favour yeast proliferation. The presences of
high yeast population in the beginning of the
fermentation could be the result of pulp being
cross contaminated with remnant of yeast pre-
sent inside the fermentation box from previous
fermentations. Yeast is- also responsible for
loosening physical structure of the puip and to
some extend metabolize citric acid to give a
slight increase in pH. In figure 3, it shows con-
centration of citric acid decreasing, coincided to
the same period when the yeast population was
highest. Sequence of different yeast species
identified to be present at different stages of
fermentation (Carr and Passmore, 1979). The
pulp sugar or its metabolites are used by Aceto-
bactor and Lactobacillus species to produce
acetic and lactic acid respectively.

Lactobaciflus

out the duration of the fermentation. The maxi-
mum population was reached in day 2 of fer-

mentation with a population range of 10*10 ®

cells/g. They are responsible for high acetic
acid production, which eventually migrate into
bean, hence increasing the acid concentration
of the kernel (Figure 2 & 3). Similar results were
obtained by Carr and Davies, (1980 ) for Malay-
sian cocoa. Qualitative and quantitative analy-
ses of volatile and non-volatile low molecular
acids have indicated that acetic and lactic acid
are primarily responsible for the excessive acid-
ity of beans. Individual species of Lactobacillus
varies through out the course of fermentation of

which some play predominant role than others.
Both acids are products of fermentation of pulp
sugar.

Acetobacter

The Acetobacter growth started in day 1 of the
fermentation, with a population range of 10* -
10° cells/g. The maximum population was
reached in day 2, before decreasing and repre-
sents less than 1 % of the total microflora popu-
lation during rest of the fermentation (Figure 1).
Acetic acid was prominent during fermentation
of cocoa beans at estates in Ghana and Malay-
sia by days 3-5 and present at a population of
10°-10° cells/g. They were present at the com-
mencement of the fermentation being more
prevalent on the beans in Ghana than those in
Malaysia (Carr and Davies, 1980). Their growth
coincide with conversion of ethanol into acetic
acid, aeration of the bean mass by turning and
collapse of the physical structure of the puip,
which also promoted aerobic condition. The
oxygen concentration in the fermenting mass
fluctuated due to daily turning of the beans as
well as being utilized for oxidative reaction. The
oxygen concentration started to increase in day
2, reaching a maximum concentration of 75 %
saturation at day 5 and remain at relatively high
concentration throughout the rest of the fermen-
tation (Figure 5 a). The diminished of Acetobac-

ter population towards the end of the fermenta-

tion could be attributed to their inability to toler-
ate the increasing temperature, which in-
creased to 47-53 °C by days 4-5 (Figure 5b).
Similar result was reported by Forsyth and
Rombouts (1951). Acetic acid bacteria appears
to make significant contribution to cocoa bean
fermentation involving different species ac-
counting for high concentration of acid, though
lower than lactic acid (Figure 2b).

Bacillus

The Bacillus species appears on day 2 of fer-
mentation with an initial population of 10° cells/
g, and continuo to increase and reached a
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maximum population of 10° cells/g in day 2, be-
fore decreasing, and maintained reasonably

" high population of 108107 ‘célls/g towards the’

end of fermentation (Figure 1). Similar profile of
Bacillus population was observed by others
studies during the fermentation (Ostavar, K.,
1971; Ostavar and Keeney, 1973). The contri-
bution of Bacillus to quality of bean is not fully
understood, but their contribution may not be
significant. However, with an increase of Bacil-
lus population towards the end of the fermenta-
tion that coincided to high acid production
(Figure 2), their role needs to be further investi-
gated.

Pattern of acid production

The initial decrease in pulp acidity between day
0-1 (Figure 3a) could be resuit of pulp sweating;
acid in the pulp are lost through sweating. Bean
acidity started to increase from day 1 of fermen-
tation and this is when acid migration from pulp
to kernel started (Figure 3 a & b). Large amount
of total acids and acetic and lactic acids (9-10
mgl/g) were produced towards the end of the
fermentation (Figure 2 a & b shown by arrows),
which may be an ideal period {o arrest the acid
production to reduce residual acid in the bean.

Acid migration

Tetal acid concentrations bulld up from day 1
and continue lo increase during the fermenta-
fion with a sharp Increase between days 2 and
3. The conceniration of minor acids (Figure 3)
may nct contribute significantly (o total acidity as
they wers presented in low  concen mi;cn
ihroughout the fermentulion except for Ethanal,
The acid migration from the nulp o the kemel
';tasrT::d al day 1 of the anmen,utim, showing a

©oincrease after day 2 and reached the
maximum rate at day a:’f, before  decreasi
shahtly and remaing at 2 reasonably hig
towards the end of the fermantation. The impor-
fance of acid preduction is, 1t contributes lo-
wards causing death of the beans.

Fulp sugaer concentration

The puip sugar started 1o decres 5 from day 4
of fermentation concided to yeast activity. In tha
initial stage of *nw ferm !i«':u(/‘"l 1(‘ ay G-1), the
yeast was responsible for metabolising the pul
sugar o ethancl, 'W‘um is then utilized by
Lactobacilius and Acetobacter species te pm»
duce mainly large quantity of lactic and acidic
acid respectively. Besides yeast, the other mi-
crobial activities started from day 1 of the fer-

mentation and this is when the acid production
commenced.

Oxygen and temperature regime

The initial aerobic condition of the fermenting
mass could be the result of freshly harvested
beans been saturated with oxygen. The aerobic
condition changes to anaerobic from days 2-4 of
fermentation, as the result of rigid compact
structure of the fermenting mass formed inside
the confinement of the fermentation box after
the collapse of pulp, which limit oxygen flow into
the fermenting mass. The fermentation condition
changes to aerobic after day 4 of the fermenta-
tion as the result of physical solubilisation of
pulp. The slight increase in oxygen concentra-
tion between days 3-4, could be the result of
daily turning of the beans. Under aerabic condi-
ticn, it favours proliferation of Acetobacter re-
sulting in high acetic acid production, while l.ac-
tobacillus population is not being affected since
it favours aeraobic condition.

Temperature regime

The temperature of the fermenting mass can be
related to the microbial activity, as fermentation
is an exothermic reaction. Higher temperature
was measured for all sides (top and sides) of

“the fermentation mass belween days 3-5 coin-

cided with proliferation of Acetobacter popula-
don. The temparature gt the centre of the fer-
menting mass increased steadily throughout the
ferme ﬂu?ash Lower temperalures were meas-
zt the sides and top of the farmenting mass
4] 'ma'w exp yﬂc’ to the extormal environ-
ment, Slowsr ten ‘{L“”_ ineres !
chserved

con pﬁred

g in Nm gre sh U"’l!n‘-
sitation could be the resul
f(us I\f bean turng

CONCLUSBION

The resulls of this study indicated that masimum
microbial population were observed from days 1
- 3, which coincidad with sharp increase in acid
production and migration of aoid produce from
the pulp into the kernsl, During the same period,
there was a sharp decrease in {otal pulp sugar
indicating the conversion of pulp sugar by yeast
to ethanct or other metabolites which was used
by other microbial population to produce acids
as the main byproducts. Besides, yeast also
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produced enzyme to aid pulp maceration. The
study highlighted several important aspects of
fermentation process that can be manipulated
to reduce residual bean acidity, while retaining
the overall flavor attributes of cocoa. The acid
production can be arrested by reducing the fer-
mentation days from 7 to 5 days. On average,
iarge quantity of total acids (84 %) were pro-
duced from day 3-7 of which (45 %) was pro-
duced between day 5-7 (Figure 2 a & b). From
the total acid produced, large amount (66 %)
migrated from the pulp into the kernel (Figure 4
a & b) as the result of high level of microbial
activities. The high temperature and oxygen
concentration in the fermenting mass (Figure 6
a & b) correlated to increase microbial activities;
converting ethano! and other metabalites (by
products of pulp sugar) into organic acids. Heat
and acid produced during the fermentation com-
bined to kill the bean. The bean death causes
loss of cell membrane and integrity of intercellu-
lar compartments resulting intra and intercellular
mixing of water-solubie compartment. This reac-
tion is a prerequisite to development of flavor
precursors, which develop into the chocolate
flavor plus other ancillary flavours. Therefore,
the fermentation process can only be arrested
towards the end of the fermentation and the
most ideal time would be at day 5. This is when
fermentation can be siopped to.reduce residual
bean acidity by preventing further migration of
acid into the bean kernel. At that point, fermen-
tation process is complete and the large amount
of volatile acids produce is expected to remain
i1 the pulp that can sasily be removed by drying
as compared to acids locked insids the kernel.
in the later case, it will be difficult to remove
most of the acids especially the none-volatile
acid. The 5 days fermentation has shown to
proceduce similar quality attributes as 7 days
fermentation (Hollywood, 1994). The fermenting
mass also needs to be turned and mixed prop-
erty daily during the fermentation to maintain
homogeneity. This will aflow all beans to be

variaticn observed at different sides of the fer-
mentation mass. Similarly, adequate mixing and
turning weuld: be required to ensure adsquate
aeration inside the fermenting mass especially
during the anaerobic phase (before day 4) to
facilitate oxidative reactions to generate suffi-
cient heat and acid to kil all the beans to reach
full fermentation status. Maximum temperature
of 48-50 °C is required to cause the death of the
beans. The temperature range between 47 - 53
%C was reached for all sides of the commercial
fermentation, which is sufficient to cause the
death of the bean.

Furthermore, residuai acidity can be further
reduced by applying slow drying initially to give
sufficient time for acids within the kernel to
make its way out to the bean pulp to be re-
moved before the shell hardens. Commercial
dryer temperature can easily be adjusted to
meet this requirement, while initial slow drying
can be applied for klin dryers used by majority
of smallholder farmers. This requirement suits
the solar dryers. This process adjusiments |
would improve chocolate flavour and reduce
bean acidity to reach quality attributes near to
Ghana cocoa (Table 1) since high level of bean
acidity usually tainted chocolate flavour.
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