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ABSTRACT

Biochemical changes in the cocoa pulp and swealings
during the traditional heap and sweal-box methods
of fermentation of cocoa beans were studied. Car-
bohydrate analysis showed the presence of fructose
(5.06%), glucose (3.58%) and sucrose (6.17%) as the
only free or fermentable sugars present in cocoa
sweatings. Changes in levels of the free sugars in
the sweatings were followed with fermeniation. time
over 48 hours. Sucrose was found to inver! rapidly
to glucose and fructose which were converted to al-
cohol and then acetic acid by yeast and acetic acid
bacteria. Alcohal production started after |2 hours
of fermentation and reached its peak at 30 hours and
then declined afier 30 hours. The pH of the cocoa
pulp gradually increased while that of the cotyledons
decreased simultaneously but both reached an ap-
proximate value at the end of fermentation by the tra-
ditional heap and sweat-box methods. A high buff-
ering power of the sweatings was observed.

Keywords: Cocoa Sweatings and pulp, fermentable
sugars, alcohol, acetic acid, pH, fermeniation.

INTRODUCTION

The so-called ‘fermentation’ of cocoa beans is possi-
bly the most important stage in the treatment of the
raw material in order to produce a stable product for
the manufacture of chocolate and other cocoa prod-
ucts, Various physical and chemical changes go on
in and around the cocoa beans during fermentation
and much work has been donc on the changes that
take place especially within the cotyledons of the
beans by Chatt (1) and others: these investigations
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have been reviewed in detail by Minifie (2) and
Dimick and Hoskin (3). However much work needs
to be done on the mucilaginous pulp around the beans
and the sweatings (the liquid that drains off from fresh
cocoa beans as a result of the breakdown of the pulp).
The pulp together with the microbial activity in the
fermenting mass must provide a medium at the cor-
rect temperature and pH for the enzymes to liquify
the pulp and to create the reactions within the cotyle-
don so vital to the production of chocolate flavour.
Howat gt al. (4) argued that the exothermic fermen-
tation of the sugars in the sweatings alone is not suf+
ficient to account for the temperatures observed dur-
ing normal fermentation and suggested that micro-
bial activity in the fermenting mass supplies heat to
the mass.

In Ghana and most other cocoa producing countries
the cocoa sweatings have been regarded as a useless
by-product of cocoa fermentation. Several workers
(5,2,6) have nvestigated the chemical constituents
of the cocoa sweatings and have produced on the labo-
ratory scale alcoholic beverages and other products
from the sweatings. Opeke and Jacob (7) and
Agyeman ¢t al. (8) have investigated the large-scale
cellection of cocoa sweatings and the processing of
cocoa sweatings.

MATERIALS AND METHODS

Fresh cocoa pods of Amazonia, Hybrid and
Amelonado varicties were harvested from the plan-
tation of Kwadaso Agriculture Station, Kumasi,
Ghana and used within one day of harvesting. Only
fresh and healthy beans from greenish-yellow pods
were used for the collection of the sweatings.

The traditional heap and sweat-box methods of fer-
mentation were done at Kwadaso Agriculture Station
while the thermostatically controlled oven fermenta-
tion and biochemical determinations were done at the
Biochemistry Department of the University of Sci-
cnce and Technology, Kumasi.

Heap Fermentation
A basket-full of fresh Forastero cocoa pods contain-

ing about 10.0-12.0 kg of fresh cocoa beans plus pulp
was laid on a foundation of plantain leaves and care-
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ﬁallyeovemdwidnhemmteﬁaltoexcludenin.
Mixingafthcbumwdmwonthezmm-uh
days of fermentation.

Sweat Box Fermentation

Twelve basket-full each containing about 10.0-12.0kg
of fresh Forastero cocoa beans plus pulp were put in
a 3 tier sweat-box of dimensioas 80 x 70 x 75 cm.
The beans were covered with plantain leaves and
wooden planks. The beans were mixed by transfer-
rinsthw:ﬁomthetopboxofﬂtehierm-box
symwtthndlowaboxnﬁﬂZdaysmthhe
3rd lowest box after 4 days. Fermentation of the
.bmbybotht}whﬂpmdm-boxmhodswok
6 days.

Oven Fermentation

A small sweat-box of dimensions 25 x 20 x 13 cm
was filled with 2.2 kg of fresh cocoa beans plus pulp
whi@hhadpreﬁouslybmacpmedtoﬁzammphcre
for two hours with intermittent mixing as to be uni-
formly contaminated with natural microbial flora.
The beans were covered with plantain leaves and the
box placed in a termostatically controlled oven.
ijingofthebeauwudmeonﬂrhdanduh
daysoffeunwwhﬁmdmlﬂﬁndbeakersm-
hhingmmadli:msoluﬁonwemplawdmthewm
to absorb any CO, that might be produced in the
course of the fermentation. Excess CO, in the atmo-
sphere surrounding the fermenting
aneﬂ'wtofpmdncimmwi:hunduimbleﬂww
(9).Meﬁculoulmmtakenindwmntmlofﬂw

ire never to allow the temperature of the fer-
mﬁumo&'hﬂnswcxoudw%ﬂ:cmm-
ture above which the nosmal fermentation process is
affected (10). The oven temperature was set at 35°C
for the first day and after mixing of the beans on the
second day of fermentation the oven temperature was
set at 45°C and this temperature was maintained for
the remaining fermentation period. The beans were
fermented for 5 days.

Cocoa sweatings were collected from the heap fer-
mentation method and the sweat-box fermentation
method as described by Agyeman et al.  (8) Cocoa
sweatings were also collected by a modification of a
laboratory apparatus designed by Maclean and
Wickens (11). The fermentable sugars in the
sweatings were identified by paper chromatographic
analysis on Whatman No. 1 papers using solvent sys-
tems of Patridge and Westall (12) and quantitatively
determined in the samples by a combination of chemi-
cal and enzymatic methods employing the techniques
of Johnson ¢t al (13).

Alcohol in the 048 hour samples of the sweatings

was determined as ethanol by volume from specific
gravity (14). An indirect method of determination
of volatile acidity (as acetic acid) described by Joslyn
(15) was used.

ThepHvalmofﬂwswmtings,pulpmdcotyledm
of the beans were measured by a pHmeter. A method
recommended by the Office Intemational du Cacao
et du Chocolat (16) was used in preparing the solu-
tions for measuring the pH values of the pulp and
cotyledons of the beans.

RESULTS AND DISCUSSION

Paper chromatographic analysis identified glucose,
fructose and sucrose as the only free sugars in cocos
sweatings from Amelonado, Amazonia and Hybrid
fermenting masses of cocoa beans. Chatt (1) also
reportedﬁndinggluoooe,ﬁ-umandmmuﬂn
mlyﬁ'eesngaminmptdpﬁmnwhichthem
sweatings are formed. The concentrations of the free
fcnnentahlcmgaminﬂle:wuﬁassﬂ)udninedaﬂ‘
from fermenting masses of Amelonado, Amazoaia
and Hybrid Cocoa beans are tabulated in Table 1. The
initial total fermentable sugars obtained for
Amelonado, 14.32%, Amazonia, 15.37% and Hybrid,
14.82% compare favourable with the pulp sugars re-
ported by Minifie (2) as 14.07%. As shown in Fig-
urelthemwasarapidfaﬂofmmbuwub»l!
hours and this was parallel by an equally sharp rise
of levels of glucose and fructose. This trend sug-
gests an inversion of sucrose to glucose and fructose
most likely by enzymatic hydrolysis. through prob-
ablythcenzymeimumeorbyuidb}dldytilorby
both processes. This negative correlation between
the sucrose on one hand and the and fructode
on the other was offset betwoen 18 hours to 36 hours
of the fermentation time during which time there was
a rapid drop in concentrations of glucose and fruc-
tose. This decrease of sugar levels with fermenta-
tion time could be attributed to their conversion to
alcohol by microorganisms.

Table II shows the results obtained for changes in ak
cohol, fermentable sugars and acetic acid concentra-
tions with fermentation time in the sweatings from
the fermenting mass of Hybrid cocoa beans. Alco-
hol production was observed in the sweatings afier
12 hours reaching its peak at 30 hours. After 30
hours a decrease in alcohol content was observed until
48 hours when the alcohol content decreased to
2.35%, The decrease in alcohol content was accom-
panied simultaneously by a gradual tise of volatile
acidity(mairdyaea'waeid)ﬁmn&ﬂ?%a&mhom
10 2.70% at 48 hours. Furthermore a rapid decrease
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of total fermentable sugars was observed after 18
hours (Figure 2). Roelofsen (17) studying the fer-
mentation of cocoa beans and pulp carlicr reported a
. rapid upsurge of yeasts between 12-30 hours of fer-
mentation of cocoa. The sugars therefore appear to
be converted into alcohol by yeasts rcaching the peak
at 30 hours. The decrease in alcohol content after 30
hours was due to the conversion of alcohol to acetic
acid by acetic acid bacteria the presence of which
has been reported by Roelofsen (i7) in the ferment-
ing mass of cocoa beans.

Changes occurred in the pH of the pulp and the coty-
ledons of the cocoa beans during fermentation (Table
- Il and Figures 3 and 4). Generally there was an
increase in the pulp pH except in the oven fermenta-
tion with a concomitant decrease n the pH of the
cotyledons. In both the heap and sweat-box meth-
ods of fermentation, the pulp and cotyledon pH
changed more rapidly in the surface layer but reached
approximately the same value of about pH 5 at the
end of the fermentation. Rohan (9) rcported that the
pH values for cocoa pulp and cotyledons usually come
between 4.5-5.0 at the end of fermentation. In the
oven method of fermentation, the pH of the pulp and
the cotyledons never reached an approximate value
after 5 days of fermeuntation even though ]i]:?lhe heap
and the sweat-box methods there was a decrease in
cotyledon pH (Figure 4) and a gradual increase in the
pulp pH after a decrease in pH after the first day (Fig-
ure 4). Roelofsen (18) reported a small increase of
pulp pH during fermentation of cocoa beans and at-
tributed this increase to the dissimulation of citric acid
content by ycasts and lactic acid bacteria and its re-
placement by less dissociated lactic acid and acetic
acid. The decrease in cotyledon pH is not so casily
accounted for but it may be partly explained on the
basis of diffusion of acetic acid from the pulp and
sweatings across the testa and partly on the basis of
production of organic acids through hydrolytic break-
down of cocoa polyphenols during fermentation.

-The small changes in pH values of the sweatings (3.62
to 3.72) with fermentation time even though there was
an increase in formentation products such as acetic
acid indicate a strong buffering capacity cxhibited by
the sweatings. The organic acids in the presence of
minerals as reported by Chatt (1) may scrve as an
efficient buffering system thus reducing any drastic
changes in pH towards acid condition,

The'chemical and physical changes that take place in
the course of cocoa fermentation and sweating play
important roles in the proper curing of the beans to
give the beans the required chocolate flavour.  The
maintenance of optimum conditions such ds tempera-
ture and pH are therefore of vital importance in the

fermentation and sweating of the beans. There is ¢
possibility of the passage of the products of pulp fer-
mentation through the testa to the cotyledon and this'
could nfluence chocolate flavour. The rise in tem-.
perature and changes in pH help to kill the bean and?
much of the development of chocolate flavour may
depend on this process. The exothermic fermenta-§
tion of the sugars in the sweatings to produce aicohd%
and acetic acid account for much of the increase in-
temperaturc observed in normal cocoa fermentation.§

The results give a picture of the high potentiality of;
cocoa sweatings to serve as a good natural medium:
for the production of alcohol and vinegar (acetic acid):
by pure cultures of microorganisms, The sweatings
contain suitablc amounts of fermentable sugars and

good natural conditions for the growth of microor
ganisms used in alcohol and vinegar production.:
Agyeman ct al. (3) observed that over 70% of the,
total sweatings could be collected during the first §%
hours of fermentation time using the sweat-boxi
method of fermentation. During the first 6 hours of b
fermentation time only a small amount of the ferment-§
able sugars are converted to alcohol and acetic acidﬁ
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YABLE 1: GUGAR ODMPOSTITION OF COCBA SWEATINGS FHOM DIFFERENT VARIKTIES OF COCOA

FERMEN - X FREE BUGARS TW cocon sumrhﬂs’

TATION 2

TIME 1 :

ROURS § { GLUCOSE FRUCTOSE SUCROSE SLRIAR -
[nve [ML aMZ (m'a Fams Emz (uvn (m‘. \
4

A 4 21{2.71({2.82[4.31[5 415 45(8.90|6 28

& §.63)%.32)4.85]5.22}5.51]5.40] 4.909| 3 30

12 6 Rala a5(5.92/5.41]5,91(5.62(3 A8 (2 .80

1A 7.99|8 44| &.87|7.76)7.32)8 90| 1.20]1.81

24 5.50{6.00(5. 54[6.43[6.11(6.01]8.90/0. 40

£ 3.2002.39|2.45]3.80)3,.49] 2.32| 1,00]@.31

36 2. 70(0.85(1.71(1.93]1 06{0 93/ e 97 6. 28

42 2.5518.25]@.89) 8. 73| 8.51] 0. 856,28} 9. 14

an ®.39({0.i6(6.41[98.35/0 42/0.33(8.11|0.87

54 3.23\8.1010.10|@.11]0.78) 0 . 11]8 . 84}0. 81

« HYE = HYBRID COCOA; AML - AMELONADO; AMZ = AMAZOWIA
Trhe fres sugars have baen combined to give total fermentabla sugars
_Each value above Lm an average of at lesat 12 detarainationsa.

TABLAE 11: nllnﬂu‘ OF TOTAL FERMENTABLE BUGARS. ALOOHDI, AMD
ACKTIC ACID WITH FKEMENTATION TIME

PREENTATION TOTAL ALOOHOL VOLATILE
TIME (HOURS) FERMENTABLE CONTENT (X} ACLDS
SUGARS (X} {ACETICHNO)
L] 14.82 L) 8.87
[ 14.85 8.09 @i
12 18,08 @,13 B 78
18 16. 08 1.29 @.22
24 12.13 3.81 8,57
38 7.20 4.1 .78
2,11 3.8 1,52
4z 1 2.79 2.69
. 48 .85 2.35 2.7e

Each value above im sm avedage of at least 12 detsrminstions.

TABIE I11: m:lmmmﬂmgummmlm
SWRAT-BOX, HEAP AND OVEN FERMENTATIONE

ugar [ EWEAT - BOX [ ovas
oF CORY- -
'{?.'&mm“" pH Ol rspﬂ LIDONS | gi OF PULP pd OF |gH DF
{HOURS) coTY- mLP coTY | PULP
LEDONE { GURFACE] CENT! | SURFACK] CENTRE] LEPONS |
sy T
7.8 |4.15 |7.98 7. 08 .15 J4.15 |6.95 1415
z: €40 (4.@) [8.18 |6 B¢ e (410 (512 [3.5%
48 £.88 |4.55 |5 .88 8.86 4.25 |4.40 470 |3.68
72 5.5 [4.80¢ |5.30 5. 0608 a 50 (a.65 [5.18 [3.7%
a6 5.25 |b.20 15.20 3.36 495 |4.90 .|5908 (39
12e (8.2 [5.15 [3.90 .32 s.2a (5.38 [5a8 [399
144 J.&N 5,18 |4.8% 5,20 & 5.38 |5 3@ N { =

Hach walub above in an averaga of 3 datarminaticns.

TARLE IV: CHANGES IN pH OF SWRATINGS DURING GWEAT - 08 FERWENTAT 10N

FERMENTATION TIME (HKR) PH OF CWEATINGE
o -
& a.52
12 .56
18 3.5l
24 3 =
» 3.85
L] 3.72

Bach valus abowe o an average of 3 determimaliona,
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