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Changes in Cocoa Proteins during Ripening of Fruit,
Fermentation, and Further Processing of Cocoa Beans

Dennis L. Zak! and Philip G. Keeney”

During ripening of cocoa fruit the protein content of seeds decreased 25%, but consistent qualitative
trends were not apparent. Most of the protein of unfermented beans could be solubilized and recovered.
However, at the conclusion of fermentation only about one-third of the protein could be extracted from
beans. The extractable protein fractions became progressively less pure during fermentation and at
the end were only 40% protein. Fewer, more diffuse protein bands were evident on disc gels as fer-
mentation advanced. Most of these changes are believed to involve protein interaction with polyphenols.
Somewhat similar trends were noted during roasting and conching.

A recent study (Zak and Keeney, 1976) revealed protein
differences between the two fundamental types of cacao,
white Criollo and purple, pigmented Forastero. Compared
to the latter, less than half as much protein could be
solubilized and extracted from Criollo cocoa beans and,
after a series of steps to remove contaminants from the
extract, the protein content of the final dehydrated ma-
terial was only about one-half that obtained from Forastero
varieties. Moreover, electrophoresis of Criollo material
yielded fewer protein bands and distinct differences were
found when classified according to solubility character-
istics. These differences relate to both genetically derived
protein variations and the effects of post harvest events,
especially phenolic tanning reactions.

This presentation is a complement to the above study.
Using almost identical procedures, information was col-
lected concerning protein changes during ripening of cocoa
fruit, post harvest fermentation of cocoa beans, and key
processing steps in the chocolate factory, namely, roasting
and conching.

Cocoa fruit (pods) require 4-5 months to grow to full
size following pollination (Seeschaaf, 1971). At this time
the beans contained therein have also reached near
maximum development. The pods are then left on trees
to ripen for about a month before being harvested. During
ripening the mucilaginous pulp surrounding the beans
undergoes changes critical to a successful fermentation,
primarily an increase in fermentable carbohydrate (Rohan,
1963).

After harvesting, the seeds and mucilaginous pulp from
opened pods are fermented several days before the beans
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are dehydrated. Fermentation results in the formation of
precursors of essential aroma compounds eventually
generated by roasting in the chocolate factory. Fer-
mentation also brings about a suppression of astringency
and bitterness. Proteolysis, enzymatic and nonenzymatic
browning, and tanning are important sequences in the
development of chocolate flavor and other characterizing
properties identified with chocolate.

Birch (1941) reported a significant loss of protein ni-
trogen during fermentation, only a portion of which would
be accountable to proteolysis or diffusion through the testa.
As suggested by DeWitt (1957), a more imporant con-
tributor would be protein insolubilization caused by ox-
idation and tanning reactions involving polyphenols and
polyphenol oxidase. Forsyth et al. (1958) showed that
protein—polyphenol interactions do occur during fer-
mentation to reduce protein solubility.

Polyphenols combine with proteins in a manner anal-
ogous to tannins converting animal hides to leather
(Forsyth and Quesnel, 1963). This involves reversible
complexing through hydrogen bonds, and irreversible
oxidation of polyphenols to quinones followed by covalent
condensation of quinones with reactive groups of amino
acids, peptides, and proteins (Loomis, 1969). The latter
most probably is the cause of the limited solubility of
protein in fermented cocoa beans. A detrimental result
of tanning is the poor biological value reported for cocoa
beans (Lanteaume et al., 1972).

Tanning does, however, have effects on chocolate which
are advantageous. The burnt feather taste of roasted
protein is depressed as is the astringency associated with
polyphenols (Forsyth and Quesnel, 1963). Thus, from the
standpoint of flavor these interactions are desirable to a
certain extent.

The processing of cocoa beans in the chocolate factory
involves roasting followed by grinding of the cotyledon or
nib portion to yield chocolate liquor, which may be sep-
arated into cocoa butter and cocoa fractions. Chocolate
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