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Cocoa Fermentation : Study of Microbiological, Physical and
Chemical Changes during Cocoa Fermentation
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ABSTRACT

Studies on environmental change during cocoa fermentation were carried out in baskets and wooden
boxes, storing cocoa pods for 4 and 7 days after harvesting. During fermentation materials were sampled and ana-
lysed at intervals.

Beans fermented in boxes shiftly better cut test value than those kept in baskets. Fully fermented (F) bean
of 54-67% , and 28-45% of 3/4 fermented beans were found in boxes, 50-56% of fully fermented beans, 43—
499 of 3/4 fermented beans in baskets. All fermented batches showed slaty less than 3.

The proximate analysis showed that fat content in unfermented and fermented beans were similar, at 55%,
Ash and fiber in fermented beans was slightly less than in unfermented beans. The protein content decreased 1-
2% by the end of the fermentation. The temperature during fermentation reached 45°C, after storage of cocoa
pods for 4 days and 7 days, in 48 and 24 hours respectively. Mesophilic and thermophilic yeast and bacteria were
also found. The pH of the fermented cocoa both in baskets and boxes were at 4.7-6.7

Key words : cocoa fermentation, microorganism, physical and chemical changes.
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Table 1 Changes in number of microorganisms in cocoa bean during box fermentation of 4 day-

storage pods.
Fermentation Yeast Bacteria Acetic acid bacteria
(days) (x10* cell/g) (x10° cell/g) (x 10° cell/g)
30°C 37°C 45°C 30°C 37°C 45°C 30°C 37°C 45°C
0 17 5 - 2560 45 75 15.6 35 -
0.5 164 25 - 81 21 27 39.5 60 25
1.0 32 2.5 - 20 29 21.5 45 100 90
1.5 1 5 - 65 110 25 150 125 110
2.0 1.6 0.5 - 30 14 126 20 60 40
2.5 2.5 1.5 - 140 14.5 15 14.5 24 5.6
3.0 2 2.5 - 210 9 140 113 5 4
4.0 4 1.6 - 48 110 20 54 35 10
5.0 2.5 2.3 - 98 18 125 37.5 5 2
8.0 3.1 2.4 - 38 21 190 45 12.5 9

Table 2 Changes in number of microorganisms in cocoa bean during box fermentation of 7 day -

storage pods.
Fermentation Yeast Bacteria Acetic acid bacteria
(days) (x10* cell/g) (x10° cell/g) (x 10° cell/g)
30°C 37°C 45°C 30°C 37°C 45°C 30°C 37°C 45°C
0 160 - - 110 90 - 150 125 -
0.5 30 - - 90 29 - 180 4 -
1.0 14.5 20 - 30 7.5 14 210 23 -
1.5 33 15 - 30 25 30 75 80 -
2.0 5 40 - 7.5 7.6 27.5 4 5] -
2.5 15 20 - 20 5 15 9 - 5
3.0 18 b - 25 100 26 2 5 12.5
4.0 16 40 - 30 20 6 30 10 75
5.0 16.5 16.5 - 15 20 11 75 - 20
8.0 37.6 40 - 60 250 15 28 - 50
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Table 3 Changes in number of nicroorgamisms in cocoa bean during basket fermentation of 4 day-
storage cocoa pods.

Fermentation Yeast Bacteria Acetic acid bacteria
(days) (x10* cell/g) (x10° cell/g) (x 10° cell/ g)
30°C 37°C 45°C 30°C 37°C 45°C 30°C 37°C 45°C
0 30 - - 4 3 - 146 15 4 |
0.5 17.5 15 - 45 20 40 7.5 300 -
1.0 9 5 - 100 50 125 100 25 -
1.5 5 18 - 70 64 141 38.5 75 14
2.0 60 10 - 65 94 83 26 94 17.56
2.5 42.5 57.6 - 20 25 25 19 75 2
3.0 20 15 - 39 32.5 32.56 20 1 -
4.0 26 10 - 28 30 36 11 11 7
5.0 79 15 - - 40 40 1 18 15
6.0 9 12.5 - 150 30 30 18 3¢5 105

Table 4 Changes in number of microorganisns in cocoa bean during busket fermentation of 7 day-
storage cocoa pods.

Fermentation Yeast Bacteria Acetic acid bacteria
(days) (x10* cell/g) (x10° cell/g) (x 10° cell/g)
30°C 37°C 45°C 30°C 37°C 45°C 30°C 37°C 45°C

0 30 - - 4 3 - 145 15 4
0 42.5 - - 42,6 3 - 14.5 15 -
0.5 120 16 - 100 25 6 36 70 17.5
1.0 30 2.5 55 30 40 55 20 12
1.5 21 9 - 3.5 23 96 15.5 22.5 20
2.0 14 18 — 18 60 60 17.5 17.5 40
2.5 35 27.5 — 30 1560 150 27.5 5 125
3.0 15 30 - 42.5 4.5 140 77.5 17.5 32.6
4.0 22.5 19.5 - 21 19.5 48 35 9 1.5
5.0 77 12.5 - 30 42.5 18 42.5 9 18
6.0 29 95 - 20 36 28 14.5 4] 14
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Table 5 Changes of pH in cocoa beans during box fermentation.

Fermentation (days)

0 0.5 1.0 1.5 2.0 2.3 3.0 4.0 5.0 6.0
pH of pulp
batch 1 4.0 4.2 3.8 3.7 3.9 3.8 4.0 4.5 5.4 4.9
batch 2 4.0 4.0 3.8 3.6 3.5 3.8 3.8 4.5 4.2 4.5
batch 3 3.8 3.5 3.8 3.4 3.7 4.2 4.2 4.8 4.9 5.2
pH of bean
batch 1 6.3 7.3 6.9 5.9 5.0 4.8 4.7 5.2 4.8 5.0
batch 2 5.5 6.3 6.2 5.9 4.9 5.1 4.8 6.4 5.8 4.9
batch 3 6.2 6.0 5.4 5.1 4.9 5.2 5.9 5.2 5.5 6.7

Note: batch 1,2
batch 3

using 4 day-storage pods
using 7 day-storage pods

Table 8 Changes of pH in cocoa beans during basket fermentation.

Fermentation (days)

0 0.5 1.0 1.6 2.0 2.3 3.0 4.0 5.0 6.0
pH of pulp
batch 1 4.0 3.8 3.6 3.4 3.7 4.1 4.3 4.5 4.5 5.0
batch 2 4.0 3.5 3.4 3.4 3.5 3.9 4.2 4.5 4.5 5.2
batch 3 3.8 3.3 3.4 3.7 3.8 4.3 4.4 5.1 5.2 5.3
pH of bean ‘
batch 1 5.6 5.2 5.9 5.3 5.1 4.9 5.0 6.4 4.9 4.7
batch 2 5.6 6.1 6.0 5.6 5.2 4.8 5.0 6.4 5.3 5.1
batch 3 6.2 5.7 4.5 5.0 4.8 5.0 5.0 6.3 6.5 6.6

Note: batch 1,2
batch 3

using 4 day-storage pods

using 7 day-storage pods
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Table 7 Cut test determination in fermentation
of cocoa beans.

Ferment- Cut test
ation F(o%) 3/4 F(%) 1/2 F(%) 2/4 F(%) S%
Basket Fermentation

batch1 56 35 6 - 1
batch 2 586 43 1 - -
batch 3 50 49 1 - -
Box Fermentation
batch1 54 45 1 - -
batch 2 60 37 2 - 1
batch 3 67 28 2 1 2
Note: batch 1,2 = using 4 day-storage pods

batch 3 = using 7 day-storage pods

F = Fully fermented

3/4F = 3/4 Fermented

1/2F = 1/2 Fermented

2/4F = 2/4 Fermented
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Figure 1 Changes in temperature during basket fermentation.
O ——O0O top, 0——0O center, A——A_bottom
batch 1,2 = using 4 day-storage pods
batch 3 = using 7 day-storage pods
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Figure 2 Changes in temperature during box fermentation.
O —O top, 0——0 center, A A_bottom
batch 1,2 = using 4 day-storage pods
batch 3 = using 7 day-storage pods
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Table 8 Chamical composition of cocoa beans before and after fermentation (dry weight)

Moissture Fat Protein Fiber Ash

before after before after  before after  before after before after
Basket Fermentation
batch 1 6.9 6.9 54.9 11.6 9.0 0.4 0.3 3.3 2.6
batch 2 6.7 6.3 65.6 55.7 11.7 9.1 0.3 0.3 3.7 2.7
batch 3 6.8 6.6 656.1 556.1 10.6 9.1 0.3 0.3 3.4 2.7
Box Fermentation
batch 1 8.7 6.6 55.6 56.2 11.7 9.8 0.3 0.3 3.3 2.6
batch 2 6.7 8.5 55.6 556.56 11.7 9.2 0.3 0.3 3.3 2.6
batch 3 6.8 6.3 55.1 55.3 10.5 8.9 0.3 0.3 3.4 2.6
batch 4 6.8 8.6 55.1 556.7 10.5 9.1 0.3 0.2 3.4 2.6

Note: batch 1,2 = using 4 day-storage pods
batch 3 = using 7 day-storage pods
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