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Abstract

The effect of different processing stages of dark and milk chocolate samples on their thermal properties was investigated.
The ingredients of chocolates were investigated too. Thermal behavior was evaluated by means of thermogravimetry (TG)
and first-derivative thermogravimetry (DTG). The measurements were made at a temperature range of 50-700 °C with a
heating rate of 10 °C min~'. TG and DTG are thermal techniques, which have been taken advantage of research cocoa
liquor, sugar, and cocoa butter in chocolates during the different processing stages. The obtained results evidenced
possibility of indicating differences between milk fat and cocoa butter contribution and content of cocoa liquor and sugar

which differ for dark and milk chocolates.
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Introduction

In many processed foods, the product structure depends not
only on the ingredient formulation but also on the pro-
cessing history of the material. This is particularly true for
chocolate molding during which the fat component (cocoa
butter for dark chocolate and cocoa butter and milk fat for
milk chocolate) solidifies [1]. Confectionery products
consist of proteins, sugars, and fats. Since the fat accounts
for almost one-third for the weight of whole chocolate, its
nature significantly determines the properties of the final
product. Hence, fat phase is considered to be responsible,
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inter alia, for heat stability, mouth feel, flavor release, and
general consumer satisfaction [2].

There are different types of chocolates (dark, milk, and
white), according to their composition in terms of cocoa
solids, milk fat, and cocoa butter, and hence the final
products have different compositions [3]. Dark chocolates
are suspensions of sucrose and cocoa particles, coated in
phospholipids in a continuous fat phase, generally cocoa
butter, with total solid content of 65-75%. The outcome is
production of a smooth suspension of particulate solids in
cocoa butter [4]. Dark chocolate is a complex food product
in which sugar crystals and cocoa particles are surrounded
by a continuous phase of crystalline and liquid cocoa
butter. Due to the hydrophilic nature of the sugar crystals, a
small portion of emulsifier, e.g., soy lecithin or polyglyc-
erol polyricinoleate, is often added to improve compati-
bility with the hydrophobic cocoa butter [3, 5, 6]. During
chocolate manufacture, tempering—a technique of con-
trolled pre-crystallization, is used to induce a more ther-
modynamically stable polymorphic form of cocoa butter to
effect good product snap, contraction, gloss, and shelf-life
characteristics [7]. Important physical and functional
characteristics (i.e., texture, snap and gloss) of chocolate
products are dictated by the crystal network formed by its
constituent lipid during crystallization [8]. Quality and

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s10973-018-7091-4&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s10973-018-7091-4&amp;domain=pdf
https://doi.org/10.1007/s10973-018-7091-4

624

E. Ostrowska-Ligeza et al.

stability of final products are affected by a number of
factors, such as particle size, particle size distribution, and
interaction between them, and are strictly related to the raw
materials but also to the manufacture process [9-13]. The
different process steps (mixing, pre-refining, refining,
conching, and tempering) of chocolate manufacture and the
different adopted process parameters can affect chocolate
properties that, in turn, determine the behavior and the
characteristics of the final product. An effective control of
the technological parameters is required in order to achieve
a constant and desirable quality of the final product
[14, 15]. During chocolate manufacturing, mixtures of
sugar, cocoa, and fat are heated, cooled, pressurized, and
refined [6, 13]. Milk chocolate is a complex rheological
system having solid particles (cocoa, milk powder, and
sugar) dispersed in cocoa butter, which represents the fat
phase [16]. The processing of milk chocolate involves
during each single step (mixing, pre-refining, refining,
conching, and tempering), modifications in its final quality
and attributes, influencing in a strong way the
microstructure of the product (aggregation, de-aggregation,
reduction in particle size, immobilization of cocoa butter,
etc.) [17-20]. In particular, milk powder with its own
physical characteristics and inner porosity may have a
significant impact on the chocolate-processing conditions
and on the physical and organoleptic properties of the final
product [21]. A deep knowledge of the influence of single
processing stage on structural chocolate properties could be
very useful and is a starting point if it is necessary to
improve or modify final product characteristics [13].

Fast and sensitive methodologies of food analysis,
especially for industrial purposes, are useful tools to
determine the quality of final commercial products.
Moreover, the possibility to use always easier tools to
analyze the authenticity of the certificated food composi-
tion is a daily challenge. Thermal analysis is recognized as
instrumental method of food analysis able to give unique
information regarding the nature of the sample or the
modifications induced by industrial processing. Books and
reviews report the applications of thermoanalytical tech-
niques to the food science [22-28]. Thermal analysis has
been extensively applied to characterize the thermal,
structural, and rheological properties of the chocolates
[3, 8-10].

For this purpose, in the present work, the influence of
each process phase on thermal properties of dark and milk
chocolates and their ingredients were evaluated during the
overall manufacturing process.

The purpose of the study was to assess the thermal
properties of milk and dark chocolates, and ingredients
used in chocolates production by thermogravimetry (TG) at
nitrogen and oxygen flow.
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Materials and method
Materials

Dark and milk chocolate samples were produced in Polish
confectionery factory. Cocoa butter, milk fat, sugar, and
cocoa liquor have been provided by the chocolate manu-
facturer. The chocolates were produced in an industrial
plant provided of mixer, pre-refiner, refiner, conching, and
tempering machine. Dark and milk chocolate production
was made up by different steps: mixing, pre-refining,
refining, conching, tempering and cooling, demoulding,
and packing. The formulation employed for the recipe was
cocoa solids (64%) (cocoa liquor and fat-reduced cocoa
powder), sugar (35%), cocoa butter (32%), soy lecithin
(0.3%), sodium carbonate (0.02%), fiber (13%), and vanilla
extract (0.03%). The ingredients used in the milk chocolate
formulation were: sugar (58%), cocoa butter (30%), whole
milk powder (22%), whey milk powder (15%), sodium
carbonate (0.02%), fiber (2.5%), and cocoa solids (30%)
(cocoa liquor and fat-reduced cocoa powder). Experimental
samples were taken after following production phases:
refining, conching (before tempering), and packing. Sam-
ples were stored in plastic bucket (0.5 kg capacity) at room
temperature until the analytical determinations.

Method

The analyses were performed using a Discovery TGA (TA
Instruments) thermogravimetric analyzer. Measurements
were made under nitrogen and oxygen at a flow rate of
25 mL min~'. Samples were placed in platinum contain-
ers. The mass of the sample loaded to the thermobalance
was varied in the range of 6-9 mg. The range of operation
was from 50 to 1000 °C, and measurements were made at a
temperature range of 50-700 °C with heating rates of 2, 5,
10, and 15 °C min~!. TG curves were obtained for tem-
perature dependence on mass loss, and first-derivative data
(DTG) were calculated [3, 29]. All analyses were com-
pleted in triplicate.

The method has been validated on real samples at three
selected temperatures in triplicate. The experimental
extended uncertainty reached maximum 2%.

Results and discussion

Thermogravimetric curves were determined and the first
derivative for all samples was calculated. In Figs. 1,2 and 3,
TG and DTG curves of dark and milk chocolates of different
processing stages in nitrogen with different heating rates 2, 5,
and 15 °C min ' are presented. Heating rate of 10 °C min~"
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Fig. 1 TG (a) and DTG (a’) curves of dark and milk chocolates of
different processing stages in nitrogen with heating rate 2 °C min™"

was representative for analysis according to Materazzi et al.
[3]. Materazzi et al. [3] proved that heating rate of 10 min !
is the best resolution for such experiments. The results of
cocoa butter, milk fat, cocoa liquor, and sugar presented in
Fig. 4 were obtained from TG and DTG analyses in nitrogen
and oxygen. The TG curve of cocoa butter in nitrogen is
characterized by only one step of decomposition (Fig. 4a).
The peak in DTG curve at the temperature of 414 °C was
observed. On the TG curve for cocoa butter, one transition in
the range of 310-440 °C was detected. It was due to thermal
degradation of cocoa butter [3]. Cocoa butter TG curve in
oxygen is characterized by different course. The TG curve
can be divided into four stages. First stage ranged from 50 to
290 °C, second—from 290 to 335 °C, third—from 335 to
420 °C, and fourth—from 420 to 700 °C. Different poly-
morphic forms, which are typical for cocoa butter, have very
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Fig. 2 TG (a) and DTG (a’) curves of dark and milk chocolates of
different processing stages in nitrogen with heating rate 5 °C min~"'

different physical properties but, upon melting, give identi-
cal liquids. In 1966, a complete study of the polymorphic
states in cocoa butter was conducted, and the existence of the
following polymorphic forms in order of increasing stability:
I (sub-o or ), II (a), IIL, IV (), V (), and VI was deter-
mined. Form V (f§) makes that cocoa butter remains stable for
a very long period of time at the proper storage temperature
[30]. On the DTG curve, four peaks were observed (Fig. 4a’).
The first peak in DTG curve was detected at the temperature
of 286 °C. The TG and DTG curves of milk fat in nitrogen
and oxygen are presented in Fig. 4b, b’. The maximum
temperature of first-derivative peak of milk fat was 384 °Cin
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Fig. 3 TG (a) and DTG (a’) curves of dark and milk chocolates of
different processing stages in nitrogen with heating rate 15 °C min™"'

nitrogen. The course of milk fat curve was very similar to TG
curve of cocoa butter. The profiles of the TG and DTG curves
in oxygen showed five stages of decomposition of milk fat,
with maximum temperature at 95,296, 340,414,and 511 °C.
Sbihi et al. [31] obtained similar results by studying goat
milk fat under dry air atmosphere. Milk fat due to its structure
is polymorphic fat [32]. The fat in the liquid state reached by
rapid cooling proceeds in the form of o, slow heating, and
then solidifying causes the passage in the form of . Form
is more stable than form «. In an analogous manner, form f
from the mold /3 is created. Form f is the most stable form of
fat. There is also a fourth form y (sub-a); it is characterized by
a lower melting point than the form « and f’, and directly
converts in the form of f [31]. Milk fat may crystallize
taking on three different polymorphic forms: y, o, and f'. The
most stable form of the milk fat is a form of ’ and the least—
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form 7y [32-34]. Szabo et al. [35] reported that the tempera-
ture range corresponding to the first stage could be attributed
to the thermal decomposition of the unsaturated fatty acids.
The next stage phases represent the decompositions of trans
isomers of fatty acids and saturated fatty acids. The ther-
mogravimetric data TG and first-derivative data DTG of the
cocoa liquor under a nitrogen and oxygen are shown in
Fig. 4c, ¢’. The TG curves showed that cocoa liquor was
thermally unstable in nitrogen and in oxygen. The course of
the TG and DTG curves in nitrogen presented three stages of
decomposition for cocoa liquor. First stage ranged from 50 to
325 °C, second—from 325 to 400 °C, and third—from 400
to 700 °C. The maximum temperatures at 289 and 390 °C
were observed. Four stages of decomposition on TG and
DTG curves of cocoa liquor in oxygen at maximum tem-
perature: 253, 320, 447, and 491 °C were shown.
Materazzi et al. [3] studied cocoa liquor in air flow and
obtained similar results. The cocoa liquor is a mixture of
cocoa butter, cocoa powder, cocoa solid, antioxidant flavor,
and mineral compounds. The temperature of decomposition
was corresponding with thermal degradation of ingredients
of cocoa liquor. The thermogravimetric behavior of crystal
sugar is shown in Fig. 4d, d’. In the TG curve of sugar in
nitrogen, between 220 and 700 °C, continuous mass loss was
observed. In TG curve in oxygen, three stages were observed
that indicate changes in the rate of mass loss during ther-
mogravimetric drying. This result can be attributed to water
elimination from several sources. The type and degree of
binding are reflected by the temperature of mass loss [36].
According to Igbal et al. [37], the major weight loss
(18-36%) occurred in the range of 225-325 °C, which was
due to major degradation of the polysaccharide structure.
Igbal et al. [37] studied polysaccharides with the use of
thermal analysis (TG, DTG, and DSC) in nitrogen. The DTG
curves of sugar in nitrogen and in oxygen were characterized
by two peaks at similar temperature for both gases. The first
peaks with maximum temperatures of 225 and 228 °C in
nitrogen and oxygen, respectively, were followed by the
second—at 288 and 271 °C (Fig. 4d’). According to
Roos et al. [38], the first event was attributed to sucrose
melting and the second event was attributed to the elimina-
tion of volatile products (water, carbon monoxide, carbon
dioxide, and hydrogen) resulting from the degradation of
sucrose [36, 39]. Due to the complex behavior of sugars
when melted, thermal decomposition reactions can occur
before or close to the melting point, and in the literature a
range of values for sucrose melting varies between 185 and
190 °C, yet it never reaches 225 °C [36, 38, 40]. The sugar’s
origin may be responsible for the wide variation of melting
points, since there are different sources (e.g., cane and beet
sugar) and manufacturing methods. These findings of vari-
ation in sucrose melting peaks have mainly been related to
impurities or polymorphism [36, 38, 41]. The DTG curve in
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oxygen showed peak at maximum temperature of 518 °C,
which indicates the sugar sample decomposition.

The thermogravimetric data (TG) and first-derivative
data (DTG) of the three stages dark and milk chocolates
production under heating in nitrogen atmosphere are pre-
sented in Fig. 5. Milk/dark chocolate powders are the
products after refining process, milk/dark chocolate before
tempering are the products after conching process, and
dark/milk chocolates are the final chocolate bars. The TG
curves that characterize samples of dark and milk choco-
lates at different stages of production can be divided into
three steps. First stage ranged from 50 to 210 °C, second—

50 150 250 350 450 550 65
Temperature/°C

from 210 to 350 °C, and third—from 350 to 700 °C.
Materazzi et al. [3] stated that, by the analysis of the
starting materials (sugar, cocoa liquor, and cocoa butter), it
is very easy to assign each TG step in the dark chocolate
curve: The first one is related to the sugar contribution, the
second step is the release of the cocoa liquor, and the final
is related to the mass loss of cocoa butter (Figs. 4 and 5). In
the second step in TG curves of all production stages, the
differences between milk and dark chocolates were
observed (Fig. Sa—c). This phenomena indicated that
amount of cocoa liquor in dark chocolate (powder, before
tempering and chocolate bar) was higher. The dark
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Fig. 5 TG (a—c) and DTG (a'- (a)
¢) curves of dark and milk
chocolates of different
processing stages in nitrogen
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chocolate powder TG curve showed higher rate of mass
loss at third step than others TG curves. There were no
differences in TG curves courses for different stages of
dark/milk chocolates production, except of the TG course
of dark chocolate powder. The first derivatives designated
for fats and chocolates allowed identification of chocolate
ingredients (Fig. 5a’'—c’). In the case of the first peaks on
DTG curves, for all samples, a temperature ranged from
about 211-214 °C. The first peak proved sugar melting.
The first peaks were more distinct for samples of milk
chocolate at every production stage than for dark chocolate
samples. Milk chocolate was characterized by higher
amount of sugar in composition. In dark chocolate (for all
stages of production) at a temperature ranged from 241 to
348 °C, the first derivative exhibits the presence of cocoa
liquor, so no distinct peaks are observed for milk chocolate
in this temperature region (Fig. 5a’—c’). The third peaks on
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DTG curves for all samples can be observed at temperature
ranged from about 387-391 °C. The intensity of those
peaks was more distinct for dark chocolates at all of pro-
duction stages, because the content of cocoa butter was
much higher than in milk chocolate. Peaks characterizing
fat in milk chocolate do not have such a clear course.
The nitrogen-purging flow gives a clear qualitative
profile, but the quantitative interpretation of the analysis is
not allowed since inert flows depress the complete
decomposition, without a final constant mass value [3]. By
changing the atmosphere to oxygen, a final decomposition
is obtained. There were differences in the TG curves and
first derivatives for the chocolate powders, chocolate
before tempering, and the finished dark and milk chocolate,
in oxygen. The results of the samples analysis in oxygen
for the three stages of dark and milk chocolates production
are presented in Fig. 6. The shapes of TG curves showed
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three stages for dark and milk chocolates of different
processing stages. The first transition was observed in the
range of 50-230 °C (dark and milk chocolates), the sec-
ond—230-300 °C (dark chocolate) and 230-500 °C (milk
chocolate), and the third one—300-700 °C (dark choco-
late), 500-700 °C (milk chocolate). The mass loss occurred
with high rate for dark chocolate products than for milk
chocolate products (Fig. 6a—c). The first peaks maximum
temperature range corresponds to the thermal decomposi-
tion of sugar on all of DTG curves (Fig. 6a’—’). The sec-
ond transition was observed only for dark chocolates
products. The peaks course indicated that the cocoa butter
was oxidized. The DTG curves in oxygen for all dark
chocolate products showed peak at maximum temperature
range from 291 to 294 °C. Peaks characterizing fat in milk
chocolate were characterized by less intensity. The third
melting transition was observed on DTG curves of milk
chocolate products. The last peaks represent the

decomposition of sugar, like in Fig. 4d’. The maximum
temperatures were observed at 493 (milk chocolate pow-
der), 500 (milk chocolate before tempering), and 473 °C
(milk chocolate). According to Glicerina et al. [20], the
modifications in the microstructure of milk chocolate dur-
ing the different processing steps involve deep changes in
the rheological and colorimetric parameters of product.
Rheological, textural, and thermal properties of dark
chocolate are strictly related to the different steps of the
manufacturing process [42].

Conclusions

TG and DTG are thermal techniques, which have been
taken advantage of research cocoa liquor, sugar, and cocoa
butter in chocolates during the different processing stages.
The obtained results evidenced possibility of indicating
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differences between milk fat and cocoa butter and content
of cocoa liquor and sugar (differences between dark and
milk chocolates). TG and DTG investigations proved to be
useful for research showing an adulteration of chocolates,
especially fats’ adulteration.
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Commons Attribution 4.0 International License (http://creative
commons.org/licenses/by/4.0/), which permits unrestricted use, dis-
tribution, and reproduction in any medium, provided you give
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link to the Creative Commons license, and indicate if changes were
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