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Did you know that chocolate is obtained from beans extracted from
the fruit of a tree called Theobroma cacao? The fruits are yellow
or deep red pods that contain beans covered with a sweet-bitter
pulp. Cacao originated in the Amazon region and, for this reason,
South America has the highest genetic diversity of the species. The
special flavor of each chocolate depends on genetics and the process
of transforming cacao seeds into chocolate bars. Cacao cultivation
has a fascinating story for which we have to travel through time.
The story begins way back with ancient indigenous civilizations that
consumed cacao as a drink, and for whom cacao beans were a
symbol of power. After the Spanish colonization of the Americas,
cacao pods were taken to Europe. In this article, we will learn
about the history and importance of cacao for some civilizations, the
genetic diversity of cacao species, and the transformation of cacao
beans to chocolate.
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FERMENTATION

A process that results in
chemical changes in
cacao beans through
the action of microbes,
including yeast

and bacteria.

GENOTYPE

Genetic makeup of any
organism that gives its
unique characteristics.
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WHERE DOES CHOCOLATE COME FROM?

Chocolate is obtained from the transformation process of beans
extracted from the fruit of a tree called Theobroma cacao. Cacao
beans are removed from yellow or deep red fruit pods harvested
from cacao trees and are transformed into chocolate through several
processes, such as fermentation, drying, and roasting. The chocolate
flavor is influenced by different factors: the cacao genotype, the
growing conditions of the cacao trees, and how the beans are treated
after harvest. Cacao originated in the Amazon region of South America
which has the highest genetic diversity of the species. Cacao played
an important role in the history of some pre-Hispanic indigenous
civilizations and was taken to Europe by the Spaniards who came to
the American continent.

WAS CACAO IMPORTANT FOR ANCIENT
CIVILIZATIONS?

Theobroma cacao played an important role in the social and political
organization of several pre-Hispanic indigenous civilizations from
Central Mexico through Belize, Guatemala, El Salvador, Honduras,
Nicaragua, and Northern Costa Rica, that used to live in the
Mesoamerican region before the arrival of Spanish explorers. In
pre-Hispanic Mesoamerica, cacao was a sign of wealth and power.
Archaeological studies have found some interesting things about the
consumption of chocolate in ancient societies. For instance, for the
indigenous people of the Late Classic Maya Period, drinking chocolate
was associated with important events, such as political alliances,
marriage arrangements, and civic agreements between individuals [1].
Cacao beans also became a precious form of currency for commercial
transactions. The evidence suggests that 7. cacao was used in funeral
rituals, to feed those who began their journey toward the afterlife.
This hypothesis is supported by cacao seeds found in burial caves. In
the case of the Aztec empire, drinking chocolate became a symbol
of political power and social prestige contributing to the birth of
the elites, a small group of people who held political and economic
power [2].

HOW DID CACAO ARRIVE IN EUROPE?

The Spaniards who came to the American continent enslaved the
people living there and demanded cacao beans as payment. Because
cacao was a symbol of wealth and social status in the Mesoamerican
indigenous civilizations, the Spaniards were attracted to the most
cacao-producing regions. After the arrival of the Spaniards, the
production of cacao continued for a long time in the hands of the
local people, who had to increase production to pay their tribute to
the Spaniards and still have enough cacao to sell [3].
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FLAVOR
PRECURSORS

Some chemical
compounds stored
inside the seed, such as
the carbohydrates and
proteins that are
transformed during
fermentation and play a
big role in the final
flavor formation

of chocolate.
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The first cacao trees grown outside the Americas were established in
Africa in 1590 by the Spaniards, in what is now known as Equatorial
Guinea, a former Spanish colony [3]. Chocolate consumption
expanded from Spain to Italy and later to France and England. Initially,
cacao was used to prepare a drink that was consumed in the great
aristocratic courts [3].

Cameroon and Ghana were the first cacao growers in mainland Africa,
from the late 1870s [3]. Today, the highest production of cacao occurs
in the Ivory Coast, Ghana, and Indonesia. Itis very interesting that, even
though cacao originated in the tropical area of the Americas and the
greatest diversity of cacao plants is found there, the main producers
of cacao today are the African countries!

IS ALL CACAO THE SAME?

Cacao originated in the Amazon region of South America. Since
its origin, cacao has evolved into different types as it has grown
in different geographical populations. Two populations of cacao,
with different origins, were initially thought to exist: one from
Central America and the other from South America. These two
groups were initially recognized as two subspecies, called cacao and
sphaerocarpum [4], which were also recognized as the two cacao
types most commonly known as Criollo and Forastero, respectively.
These subspecies differed not only in where they grew, but also
differed in some of their morphological features. The crossing
between Criollo and Forastero trees gave rise to a third type, known
as Trinitario. Now we know that Criollo, as well as other cacao types,
came from an ancestral population in South America, and only spread
into Central America when humans migrated there. We also now know
that cacao can be divided not only in two or three groups, but into
more than 10 different genetic groups [4] (Figure 1).

DOES THE FLAVOR DEPEND ON THE CACAO
GENOTYPE?

Chocolate flavor is influenced by different factors: the cacao variety
(called the genotype), the growing conditions of the cacao trees, how
the beans are treated post-harvest, the fermentation (which will be
described below) and drying processes, as well as the processing
of the beans into chocolate, in which roasting has a special effect
on flavor.

The cacao genotype determines the type and concentration of
chemical compounds stored inside the seed, known as flavor
precursors, such as the carbohydrates and proteins that are generated
during fermentation. The flavor precursors play a big role in the
final flavor and aroma of chocolate. The typical chocolate flavor is
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Figure 1

Geographical distribution
of cacao groups
differing in their genes
and morphological
features. Cacao
originated in the
Amazon region of
South America, so
there is a lot of diversity
of cacao plants in that
area, making it what is
called a diversity
hotspot.
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generated once the flavor precursors are transformed, during the
roasting of the cacao beans, into key compounds that, also depending
on the genotype can have flowery, chocolate, caramel, sweaty, nutty,
or fruity notes [5].

FROM FARM TO CHOCOLATE BAR: TRANSFORMATION OF
CACAO BEANS INTO CHOCOLATE

The transformation of cacao beans into chocolate includes several
processes, such as fermentation and drying, which are carried out by
the producer on the cacao farm after the ripe fruits are harvested.
Another process is roasting, which is done during processing to
transform cacao beans into chocolate.

Cacao Fermentation

Cacao bean fermentation is one of the fundamental processes for
the generation of the delicious flavor and aroma characteristic of
the chocolate [6]. Fermentation of cacao beans is performed using
equipment called fermenters. The most common fermenters are
wooden boxes that hold from 100 to 400 kg of beans. Fermentation
takes from 4 to 7 days, and the process is performed through the
activity of microbes, including yeast and bacteria.

The process starts when the cacao fruits are harvested and opened,
and the seeds are placed in the fermenter (Figure 2). Usually, the
farmers let the seeds sit without mixing for 24-48h. At this point,
the bacteria and yeast (same as the ones used to make pizza crust
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Figure 2

From trees to
chocolate: how cacao
beans are transformed.
1. Cacao harvest;

2. Opening of fruits to
remove beans;

3. Fermentation;

4. Drying; 5. Roasting;
and 6. Grinding.
Illustration by Rafael
Yockteng.

CONCHING

A process in which
liquid chocolate goes
through intense
heating and mixing,
which helps to improve
the final flavor and to
eliminate undesirable
flavors, such as acid,
bitter, or astringent.
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Figure 2

and bread) will start growing on the beans and eating the white pulp
surrounding them, transforming it into chemical compounds, such as
ethanol and breaking down other compounds that cause undesirable
tastes, like bitterness.

Approximately 48 h after the fermentation has started, the farmer will
start mixing the seeds, which introduces oxygen into the fermenter.
The introduction of oxygen favors the growth of other groups of
bacteria that use ethanol and produce acetic acid. The acetic acid
produced by these bacteria causes a chemical reaction that will
generate heat, up to 51°C. This heat will lead to the death of the seed
and the formation of the flavor precursors that will later generate the
characteristic chocolate flavor. Microbes are therefore fundamental
for cacao fermentation and, by controlling the organisms involved in
the fermentation, it might be possible in the future to produce distinct
and more delicious chocolate flavors!

Cacao Drying

Once the fermentation process is complete, cacao beans are dried in
order to reduce the moisture content to about 7.5%. Some farmers
spread cacao beans out on mats, wooden floors with sliding roofs,
trays, or directly on the floor under the sun (Figure 2).

From Cacao Beans Into Chocolate!

Once the cacao beans have been fermented and dried, they are ready
to be transformed into chocolate! This process includes roasting,
shelling, grinding, refining, and conching (Figure 2). Of all these steps,
roasting is the most important, because this is the process that most
influences the quality of the chocolate and forms the chocolate
flavor. During roasting, cacao beans are exposed to temperatures
from 110 to 160°C, for times between 5 and 120 min. Due to the
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high temperatures, the flavor precursors, formed during fermentation,
react with each other, resulting in new compounds that make the
chocolate taste more delicious and acquire its characteristic brown
color [5]!

After roasting the cacao beans, the husk that covers them is removed,
then they are ground. By a process called refining, the size of the solid
particles in the liquid chocolate is reduced to improve the texture, so
that when we eat the chocolate it feels softer in our mouths. Another
important step in the transformation is conching, a process in which
liquid chocolate goes through intense heating and mixing, which helps
to improve the final flavor and to eliminate undesirable flavors, such as
acid, bitter, or astringent [5].

CONCLUSION

Chocolate is obtained from the beans of a fruit of a tree called
Theobroma cacao, which originated in the Amazon region, explaining
why South America has the highest genetic diversity of the
species. Theobroma cacao played an important role in the social
and political structure of several indigenous civilizations. Spanish
colonizers of America took cacao pods to Europe, where cacao
became appreciated by social groups with political and economic
power. The transformation of cacao beans into chocolate has
three important steps: fermentation, drying, and roasting. Chocolate
flavor is influenced by several factors: the genotype of the cacao,
the growing conditions of the cacao trees, and the post-harvest
operations, including fermentation, drying, and the processing of
the beans into chocolate, in which roasting has a very important
effect on flavor. Cacao is an important source of income for several
families in some African and South American countries. Nowadays,
the transformation of cacao beans into chocolate represents a very
important industry worldwide.
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