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APRESENTAÇÃO
A presente obra ‘’Alimentos, Nutrição e Saúde’’ publicada no formato e-book, traduz 

o olhar multidisciplinar e intersetorial da Alimentação e Nutrição. Os volumes abordarão de 
forma categorizada e interdisciplinar trabalhos, pesquisas, relatos de casos e revisões que 
transitam nos diversos caminhos da Nutrição e Saúde. O principal objetivo desse e-book foi 
apresentar de forma categorizada e clara estudos desenvolvidos em diversas instituições 
de ensino e pesquisa do país em quatro volumes. Em todos esses trabalhos a linha 
condutora foi o aspecto relacionado à avaliação antropométrica da população brasileira; 
padrões alimentares; avaliações físico-químicas e sensoriais de alimentos e preparações, 
determinação e caracterização de alimentos e de compostos bioativos; desenvolvimento de 
novos produtos alimentícios e áreas correlatas.

Temas diversos e interessantes são, deste modo, discutidos nestes volumes com a 
proposta de fundamentar o conhecimento de acadêmicos, mestres e todos aqueles que de 
alguma forma se interessam pela área da Alimentação, Nutrição, Saúde e seus aspectos. 
A Nutrição é uma ciência relativamente nova, mas a dimensão de sua importância se 
traduz na amplitude de áreas com as quais dialoga. Portanto, possuir um material cientifico 
que demonstre com dados substanciais de regiões específicas do país é muito relevante, 
assim como abordar temas atuais e de interesse direto da sociedade. Deste modo a obra 
‟Alimentos, Nutrição e Saúde’’ se constitui em uma interessante ferramenta para que o 
leitor, seja ele um profissional, acadêmico ou apenas um interessado pelo campo das 
ciências da nutrição, tenha acesso a um panorama do que tem sido construído na área em 
nosso país.

Uma ótima leitura a todos(as)!

Carla Cristina Bauermann Brasil
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ABSTRACT: The understanding of the chocolate’s 
productive process is of great importance. The 
aim of this work was to corelate the processing 
time with the rheological data of the chocolate 
produced in ball mill universal equipment. The 
dark chocolate was prepared in a pilot plant 
with different processing time. Rheological tests 
were conducted in a rheometer using controlled 
rate test. Casson’s equation was used to fit the 
obtained data. The experiments revealed that the 
Casson’s Viscosity increased 8.6% to 2 and 4 
hours chocolate process, and 19.1% to 2 and 6 
hours of chocolate process. Moreover, it shows 
that an increase of process time causes a raise 

of Casson Yield Value. Therefore, it is possible 
to set up the initial relation and the understanding 
the mechanism of time in ball mill process with 
rheology, the sensorial and structural chocolate 
characteristics proving the good quality of 
obtained products.
KEYWORDS: microstructure, ball mill, flow 
properties, cocoa products.

INFLUÊNCIA DO PROCESSAMENTO NA 
ESTRUTURA DE CHOCOLATE AMARGO

RESUMO: A compreensão do processo produtivo 
do chocolate é de grande importância. O objetivo 
deste trabalho foi correlacionar o tempo de 
processamento com os dados reológicos do 
chocolate produzido em equipamento universal 
de moinho de bolas. O chocolate amargo foi 
preparado em planta piloto com diferentes 
tempos de processamento. Os testes reológicos 
foram realizados em um reômetro usando 
teste de taxa controlada. A equação de Casson 
foi usada para ajustar os dados obtidos. Os 
experimentos revelaram que a viscosidade 
Casson aumentou 8,6% para 2 e 4 horas de 
processo de chocolate e 19,1% para 2 e 6 horas 
de processo de chocolate. Além disso, mostra 
que um aumento no tempo de processo causa 
um aumento no valor de rendimento de Casson. 
Portanto, é possível estabelecer a relação inicial 
e o entendimento do mecanismo do tempo no 
processo de moinho de bolas com a reologia, 
as características sensoriais e estruturais do 
chocolate comprovando a boa qualidade dos 
produtos obtidos.
PALAVRAS - CHAVE: microestrutura, moinho de 
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bolas, propriedades de fluxo, produtos de cacau.

1 |  INTRODUCTION
Chocolate is a suspension of fine solid particles (sugar and cocoa) dispersed in 

fat (cocoa butter) with a complex rheological system. The manly triacyclglycerols in the 
lipidic phase is saturated fatty acids- stearic, palmitic and oleic and it is essential for melting 
proprieties of the chocolate. (Beckett, 2000; Whitefield, 2005).

In general, the chocolate can be dark, milk and white - it depends on the quantities 
of cocoa, milk, and cocoa butter. The dark chocolate is the one of high percentage of cocoa 
solids and sugar, which gives an intense flavor. It is known that chocolate can contribute 
for human nutrition, providing antioxidants (Afoakwa et al., 2007; Lannes, 2016) such 
as flavonoids and minerals - potassium, magnesium, copper, and silver. The production 
process of chocolate is an important factor for sensorial differences between chocolates 
because it can influence the rheology of the product. Chocolates with high viscosity, for 
example, have a pasty feeling on the mouth (Beckett, 2000).

The traditional production of chocolate can be divided in 5 steps: mixture, refining, 
conching, tempering, modeling and formed. All of them are important to determine the 
chocolate characteristics. The mixture is made in continuous and batch mixers in controlled 
time and temperature until a homogeneous mixture. The refining is carried out in roll refiners, 
essential for the texture. After that, the product goes to conching - this step contributes for final 
viscosity, texture and flavor, because it decreases the moisture, removes volatile substances 
like acetic acid and promotes better interaction between disperse and continuous phase.

For determine the quality of the chocolate it can be done by sensorial or rheological 
analyses. The rheological properties are determined by ingredient composition, fat content, 
choice of emulsifier, processing conditions, temperature, solid particle size distribution and 
the method of particle packing. The Rheology can influence the efficiency of the mixture, 
bombing and transportation of the product during its fabrication (Pajin, 2013; Servais et. al, 
2004).

Besides being important for mixing and pumping, the rheology of chocolate is also 
fundamental for applications such as enrobing, shell formation and molding processes. 
(Graef, 2011). The chocolate behaves as a non-Newtonian fluid, which means that the 
shear stress is not directly proportional to shear rate. Besides that, the chocolate shows 
a thixotropic and rheopectic proprieties. Casson’s model (Eq.1) is used for adjusting the 
plastic behavior and it was also adopted by the International Office of Cocoa, to be as the 
default rheological equation with the use of rotational viscometers with concentric cylinders 
(Pajin, 2013; Afowaka,2009).
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(τ, shear stress; τ CA, yield stress of Casson; η CA, viscosity of Casson or plastic 
viscosity; γ, shear rate)

The flow proprieties of chocolate are important to the quality control, since when the 
viscosity is lower, the mass of chocolate coating a food is lower too. If there is a high viscosity, 
the bubbles formed during the molding it are hard to goes. (Beckett, 2000). Those are two 
examples of how the rheology study is important to determination of quality of chocolate. 
The aim of this work was to correlate the processing time with the rheological data of the 
dark chocolate produced in ball mill universal equipment.

2 |  MATERIAL AND METHODS

2.1 Chocolate processing
For the preparation of dark chocolates (3 batches), Table 1 describes the components 

and respective quantities. The production of chocolates was done in a pilot plant of ball mill 
process- WA-FA 20, 220-60, SERIE 2872 – Mazzetti (Italy) – capacity of 5 kg. It was used 
different process time – 2 h, 4 h and 6 h, considering that in each batch, it was produced 3 
kg of chocolate and repeated in duplicate.

The prepared masses were tempered in Temperchoco (Universal, Brasil) that 
was regulated for melting point of 45ºC followed by cooling until 31 ºC, with stirring in all 
the process. The chocolate masses were modeled, cooled, and uninformed. The color, 
brightness and texture were acceptable.

Ingredients Manufacturer

Sugar 43.30% União(Brazil)

Cocoa liquor 46.10% Cargill(Brazil)

Cocoa butter 9.80% Cargill(Brazil)

Soy lecithin 0.50% Tovani(Brazil)

Vanillin 0.30% Duas Rodas(Brazil)

Table 1: Chocolate formulation

2.2 Rheology
In the day of the production or in maximum of 12 hours after production, it was done 

the rheology test. All analysis used equipment Rheotest 3.1 + Rheowin program (Rheotest, 
German) with thermostatically bath at 40ªC and probe S1, rotational test with controlled rate 
(CR). Parameters: Flow-curve with shear rate of 60 s-1 and ramp in 120 s with shear rate 
200 s-1.



 
Alimentos, Nutrição e Saúde 3 Capítulo 24 232

2.3 Texture
For each sample of chocolate, it was produced a chocolate bar with dimensions- 9,0 

cm x 2,5 cm x 1,3 cm. After uninformed, the bars were stored for 24 hours in 20ºC. The 
breaking strength determination was done with probe HDP/3PB (three-point bend test) in 
a Texture Analyzer + Texture Expert Exceed Program - version 2.64 (Stable Micro System, 
UK). Parameters: speeds pre-test, test and post-test: 2,0 mm/s; distance: 10 mm; charge cell 
25 kg; Trigger Force: 0,05 N; compression strength – return to start.

2.4 Particle size
The particle size was measured only in the with the last batch produced from 

each different time of process, in triplicate with Digimatic Mitutoyo (EUA) serie 293. The 
determination was done without paraffin.

2.5 Statistic
The results were analyzed by ANOVA, one way, p ≤ 0.05, by GraphPad Prism 5 

(USA).

3 |  RESULTS AND DISCUSSION
In chocolate manufacture the refinement is an extreme important step, because it 

is linked with flavor and texture of the final product. These characteristics are considered 
important because they are mainly responsible for the acceptability of the product by the 
consumer (Bolenz, 2014; Martins, 2007).

An alternative found for the refinement process is the ball mill, consisting of ceramic 
or stainless-steel balls with sizes between 2 and 15 mm in diameter that fill about 60 to 80% 
of the volume of the tank, which has a double function of refine and do the conching at 
the same time. With the combination of these two processes the production line becomes 
leaner and cheaper, since a smaller amount of equipment reduces the space required for 
the production line and is thus adhered to by small chocolate producers.

With an equipment that performs two different functions at the same time, consequently 
one has the reduction of expenses with electric energy and time, in addition the ball mill is 
a closed system, thus preventing particles of the environment contaminate the chocolate 
that is being produced, on the other hand as the system is closed, there is a difficulty in 
removing moisture and unwanted volatile products (Afoakwa, 2009; Becket, 2000; Bolenz, 
2014; Toker, 2017)

Particle Size
The influence of refining on the organoleptic characteristics of chocolate occurs due 

to the reduction of the size of the chocolate particles, where they reach a desired value of 15 
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to 30 μm. In cases where the particles exceed this value, the chocolate ends up generating 
a gritty sensation, on the other hand, when the value is lower than desired, the chocolate 
ends up becoming more fluid and viscous, making it difficult to handle. (Bolenz, 2014; 
Martins, 2007; Mongia, Ziegler, 2000). The test of particle size was performed in triplicate 
with only the last batch of chocolate produced for each processing time. The results are 
indicated in Table 2.

Table 2: Particle size for chocolates processed by 2 h, 4 h and 6 h

The results show a tendency, which is that the increase of processing time produces 
particle with smaller size. All the particle size found in the present work were in agree with 
described in literature, it is known that these lower values may indicated a good mouthfeel, 
improving sensorial proprieties (Afowaka, 2007). However, it is indicated to analyze 
the distribution of particle size in chocolate, because it can interfere on the rheological 
characteristics (Becket, 2000).

The common process of chocolate refinement is done with the use of 2 to 5 rolls 
followed by conching, but this conventional method has some disadvantages such as 
the possibility of producing much finer particles, excessive energy and time expenditure 
because they are delayed processes, besides this being more exposed process, thus being 
able to contaminate the working environment. The excess of fine particles reduces the 
viscosity of the product, since the friction generated between the particles will be smaller and 
the space between them will be bigger, this factor is determinant for the choice of the tubing 
of a factory, since the more viscous the product, the larger your tubing should be to avoid 
clogging (Bolenz, 2014; Toker, 2017; Glicerina, 2016)

Rheology
The flow proprieties of chocolate are important to the quality control, since when the 

viscosity is lower, the mass of chocolate coating a food is lower too. If there is a high viscosity, 
the bubbles formed during the molding it are hard to goes. (Beckett, 2000). Those are two 
examples of how the rheology study is important to determination of quality of chocolate. The 
results obtained in analyses of rheology are demonstrated on Table 3 and Figures 1 and 2.



 
Alimentos, Nutrição e Saúde 3 Capítulo 24 234

Table 3: Casson Viscosity and Casson Yield Value for chocolates processed by 2 h, 4 h and 6 h

Figure 1: Casson’s viscosity for 2 h, 4 h, and 6 h of chocolates processes (*p<0.05 vs 2 h)

 

Figure 2: Casson Yield Value for 2 h, 4 h, and 6 h chocolate processes (*p<0.05 vs 2 h)

As can be seen, as the chocolate processing time increases, there is a decrease 
in Casson viscosity. This decrease corresponds to approximately 8.6% and 19.1%, 
respectively, when comparing chocolate of 2 h with 4 h and comparing chocolate of 2 h with 
6 h.
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When the processing time of the chocolate is increased, it is noticed an increase 
in the initial tension of Casson of 198.6% and 223.7%, when comparing, respectively, the 
chocolate of 2 h with 4 h and chocolate of 2 h with 6 h.

It is known that the decreasing of particle size causes the increase of Casson viscosity. 
However, the present study shows the opposite – the smaller particle size corresponds to a 
higher value of viscosity. This can be explained by the fact that the increase in processing 
time resulted in a decrease of the moisture of the mass of chocolate. Moisture is known to 
thicken the molten chocolate, since water increases the interactions between the particles 
of sugar, increasing the viscosity.

It is desirable a value of 2,1 Pa to 3,8 Pa of Casson viscosity for dark chocolate. The 
4 hours chocolate and 6 hours chocolate reached approximate values; however the 2 hours 
is 3,9% higher than the maximum value of 3.8 Pa. Nevertheless, in all cases the chocolates 
were in good aspect for consumption. It is also known that the shear rate tends to increase 
with lower values of particle size. This work confirms this hypothesis.

Texture
The texture is an important organoleptic characteristic present on the foods, together 

with appearance.
and flavor is one of the principal responsible for the public acceptability, because 

he includes more than one human sense how touch, kinesthetic, sight and sound. Texture 
depends also on the tempering of the chocolate, which is nothing more than the cooling of 
the molten chocolate slowly and gradually under stirring, is where the fat crystals will form. 
This step is necessary since cocoa butter is a polymorphic fat and has crystals with different 
characteristics, melting point and stability. Among many types of crystals formed in chocolate, 
which has the best organoleptic characteristics and stability is crystal ß (Chandan, 2007). 
The ß form is used for the manufacture of chocolate. Cocoa butter can crystalize in different 
polymorphic forms, depending on the fatty acids’ composition. It is known 6 polymorphic 
forms - I to VI, formed by crystals manly α, β e β’. The V form is composed by β crystals, 
which are the nuclei for the others to crystalize, being the most desirable form for the 
chocolate because it is stable (Becket, 2000). The results obtained in analyses of texture is 
demonstrated on Table 4 and Figures 3 and 4.

Table 4: Hardness for chocolates processed by 2 h, 4 h and 6 h.
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Figure 3: maximum force obtained in the texture test for chocolates processed by 2 h, 4 h and 6 h 
(*p<0.05 vc 4 h)

Figure 4: distance obtained in the texture test for chocolates processed by 2 h, 4 h and 6 h

With the values obtained in this work, it is not possible to observe any predictable 
behavior, or that it was related to the processing time. Therefore, the test of break strength, 
defined no difference between the samples.

It is known that values of hardness can be modify depending on the temper, 
ingredients of formulation, conching process and fat content. The quantities of lecithin can 
also modify the hardness; however, the more important parameter is the fat quantities, 
which is inversely related to hardness (Afowaka, 2009) The microstructure of chocolates 
with different quantities of fat are distinct, mainly because the interaction between particles 
(Glicerina et al, 2016).

This theory may explain why it was found high values of hardness for the dark 
chocolate. The formulation shows that it was added a low portion of cocoa butter, which 
probably impacts on the final fat content. The breaking strength analysis for chocolate are 
very correlated with sensorial analysis (Andrae- Nightgale, 2009). This indicated that the 
difference between the processing time probably will not be perceived.
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4 |  CONCLUSIONS

• The rheology test showed that the increase of time process entails the decrease 
of Casson viscosity and increase of Casson yield value.

• There was no significant statistic difference (p<0.05) between 4 h and 6 h results 
of texture.

• The decrease of particle size corresponds to an increase of process time.
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