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ABSTRACT

The first archaeological mentions of cacao date back nearly 4,000 years and were discovered
by researchers in Central America and Mexico. Chocolate is a compound that contains milk powder,
cocoa, sugar, vanilla sugar and water. This article presents two rheological equations determined
by the method of least squares and whose coefficients depend on the chocolate concentration and
temperature. We used a DV-3P Anton Paar digital rotational viscometer.
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INTRODUCTION

The first archaeological mentions of cacao
date back nearly 4,000 years and were discovered
by researchers in Central America and Mexico. Of
course, it wasn't about chocolate as we know it. For
example, on the west coast of Mexico, archaeologists
have discovered stone vessels dating to around
1900 before Christ. Before Christ, which contained
residues of some cocoa drinks'®.

It was not until a thousand years later
that the Olmec civilization began to cultivate
the cocoa tree at a sustained rate. The Olmecs
used cocoa beans and beverages made from
these beans for medicinal purposes and in
religious rituals. It is not known, however, how
they prepared these drinks.

The first to leave written evidence of cocoa
consumption were the Mayans, who even had a god
dedicated to this tree in their pantheon. The cocoa
drink was prepared as follows: the cocoa beans
were left to ferment for several days. Once dried, the
beans were roasted, ground, and the powder was
then mixed with hot water and other ingredients such
as hot pepper and oil.

Unlike the Mayans, the Aztecs consumed
cold chocolate and believed it to have aphrodisiac
properties and to give consumers energy and
strength. The Aztecs were the first to use cacao
beans as money: the Spanish conquistadors
discovered that 100 cacao beans were the price of
a canoe full of drinking water or a turkey.

The Aztecs were also the ones who gave
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the drink the name chocolate. Well, they called it
"xocolatl", from the words "xocol"-bitter and "atl",
which means water.

The first European to learn about chocolate
was Christopher Columbus in 1502. On his fourth
voyage to the Americas, Columbus captured a
canoe with goods for trade that included cocoa
beans. The explorer did not know what they were
used for, and it was another 17 years before the
conquistador Fernando Cortes observed the Aztec
king Montezuma drinking cacao at his court in
Tenochtitlan®.

Spanish priests were the ones who first
brought cocoa beans to Europe, and they were also
the ones who introduced them to the court of the
King of Spain, around the middle of the 16™ century.

In the beginning, Europeans also consumed
cocoa as a drink and even tried to recreate the Aztec
recipes, with hot peppers and other spices. The
Spanish believed cacao to have medicinal properties
due to its bitter taste and used it to treat certain
conditions such as abdominal pain.

It wasn't until the early 17" century that
Europeans began adding honey or other sweeteners
to coffee, and the history of chocolate changed
completely.

Today's chocolate makers use mostly the
same basic ingredients to make it: chocolate liquor,
cocoa powder, cocoa butter, milk powder, sugar,
lecithin, and flavorings or creams. The differences
between the recipes are given by the specific
ingredients for each producer and the amount of
cocoa used. Each ingredient in chocolate has a
well-established role: more milk powder makes the
chocolate creamier, less sugar makes it more bitter-
and more close to its natural taste.

. After being harvested, the cocoa beans are
fermented, then dried and ground.
. Cocoa liquor is obtained from ground cocoa.

It looks like a paste and does not contain
alcohol. This paste has an intensely bitter
taste and can be poured into moulds, where
it solidifies and forms a raw chocolate.

. Cocoa liquor is further processed and cocoa
butter and cocoa powder are extracted from

it. Both products are later used in chocolate
making, but processing is necessary because
it allows the composition to be changed for
different chocolate recipes.

J Cocoa powder consists of particles of fiber,
protein and starch
. Cocoa butter consists of vegetable fats with

huge beneficial properties. It is the ingredient
that gives chocolate the taste, color and
texture we all know.

. Cocoa butter is also the most expensive
ingredient of chocolate, because it is also
used in the cosmetics industry, for the
manufacture of body lotions and creams.

. The amount of sugar and milk powder added
to the chocolate determines how sweet or
bitter it is. White and milk chocolate contain
the highest amount of sugar and are also
among the most sought-after varieties of
chocolate. The black or bitter one contains
less sugar and is obviously bitter, but it is
more suitable for cooking.

. Another ingredient found in chocolate is
lecithin, which everyone associates with its
effect on memory. Lecithin is, however, a very
good emulsifier, which reduces the viscosity
of chocolate when melted and makes it
easier to use.

Last, but not least, of the ingredients
added to chocolate are the flavors and cream
fillings. At the moment there are countless varieties
of chocolate on the market, from the one with hot
peppers to the dark chocolate Isa or the one filled
with vanilla cream. It all depends on everyone's taste.
The rheological models found in the specialized
literature do not completely describe the behavior
of all fluids, including chocolate. That is why it was
necessary to find new models that faithfully describe
the rheological behavior of chocolate using the least
squares method.

The specialized literature contains four
rheological models obtained by studying different
types of chocolate.'"®

o=ky" (1)

o=u,(y)+o, (2)
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o=ky" +o, (3)
(0)" = (K)" ()" + ()" @)
Where: o, x, 1, Mo O K, and nhave known

meanings’s-23.
MATERIAL AND METHODS

For the study of the rheological behavior, we
used pure BIO chocolate (100% cocoa) that does not
contain lecithin or traces of milk (Puratos Belcolade,
Belgium). As the original chocolate sample, the
one in the form of chocolate chips was used. Thus
the chocolate samples were heated using a water
bath with a digital controllable thermostat TC-650
(Brookfield, USA).

To determine the rheological behavior of
chocolate, we used the Brookfield DV-1lI+ rheometer
to measure the parameters of the sample.

This rheometer drives a spring into
the sample and the deformation of the spring is
measured with a transducer at t=36-42°C and shear
rates between 0.1s™" and 68s'.

RESULTS AND DISCUSSION

Figures 1 and 4 show chocolate rheogram
(black curve) and polynomial regression (red curve)
at temperatures between 36 and 40°C. The studied
chocolate has a non-Newtonian behavior in the
temperature range at which it was studied.
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Fig. 1. Chocolate rheogram (black curve) and polynomial
regression (red curve) at a temperature of 36°C
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Figures 2, 3 and 5 show chocolate
rheogram (black curve) and exponential regression
(red curve) at a temperatures 38, 40 and 42°C. After
fitting the experimental data obtained for chocolate,
we found new rheological equations (5) and (6).
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Fig. 2. Chocolate rheogram (black curve) and exponential
regression (red curve) at a temperature of 38°C
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Fig. 3. Chocolate rheogram (black curve) and exponential
regression (red curve) at a temperature of 40°C
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Fig. 4. Chocolate rheogram (black curve) and
polynomial regression (red curve) t=42°C
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Fig. 5. Chocolate rheogram (black curve) and
exponential regression (red curve) at a t=42°C
For regression, we determined coefficients
of equation (5) for chocolate at a temperature of
36°C.

c=0,+ay- by (5)

Where: ¢ — shear stress (Pa) and y — shear
rate (s™).

Through polynomial regression, we
determined the coefficients of equation (5) for
chocolate at a temperature of 36 °C. The polynomial
coefficients a and b are given in Table 1.

Table 1: Values of coefficients for equation (5)

Temperature,°C Coefficients equations (5) r2
G, a b
36 12.29371 2.5251 -0.01664  0.99435
38 11.72995 2.18439  -0.01241 0.99452
40 11.65785  1.89279  -0.00775  0.99554
42 11.24701 1.77372  -0.00739  0.99529
44 11.02237 1.67435 -0.00716  0.99478

The value of the parameter ¢ is maximum
at a temperature of 36°C, after which it remains
constant as we increase the temperature. The
parameter decreases with increasing temperature.
The same happens with parameter b. The
correlation coefficients have values close to unity,
which proves that the polynomial equation found
faithfully describes the rheological behavior of the
studied chocolate.

Through exponential regression, we
determined the coefficients of equation (6) for
chocolate at a temperature of 36°C.

865
c - c,-Aexp(-y/B) (6)

Where: ¢ — shear stress (Pa) and y—shear
rate (s™).

Table 2 includes the coefficients of
equation (6) obtained by exponential regression the
temperature 36-44°C. The exponential coefficients
A and B are given in Table 2.

Table 2: Values of coefficients for the equation (6)

Temperature,°C Coefficients equations (6) r2
G, A B
36 143.7769 -131.77566 48.59911 0.99534
38 149.19144 -137.66725 59.65072 0.99527
40 179.8364 -168.37923 84.66939 0.99611
42 165.33904 -154.28669 82.63652 0.99589
44 151.3752 -140.54913 79.46577 0.99545

The coefficients of equations (5) and
(6) were obtained by linear and exponential
regression of the experimental data and depend
on the chocolate concentration and temperature.
The correlation coefficients in this case also
have values close to unity. The values of the
coefficients of the equations found using the
least squares method depend on the chocolate
concentration, i.e. the cocoa percentage, and on
the temperature range at which the determination
is made. At temperatures higher than 44°C, the
chocolate becomes fluid.

CONCLUSION

The article proposes two equations in
which the coefficients were obtained by linear and
exponential regression of the experimental data
and depend on the chocolate concentration and
temperature. The correlation coefficients have values
close to unity.
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