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ABSTRACT
Fat bloom, incorrect crystallization of cocoa butter on chocolates surface, has been reported by manufacturers as
the number one problem affecting filled chocolates and the use of oleogelation to structure lipid blends has shown
successful results. In this study, the potential of oleogelation to retard fat bloom formation was evaluated first
through the analysis of cocoa butter and hazelnut oil blends with different concentrations of waxes. The addition of
waxes led to higher amount of crystals formed and, in the case of wax 1, a wax network was formed. It was also
visualized that the addition of waxes led to a higher resistance to deformation and to an increase in the melting
and crystallization temperatures ranges. It was concluded that the solid fat content of the samples was not affected
significantly by the addition of waxes. In the hazelnut based fillings, the addition of waxes prevented the phenomena of post-crystallization. In general, wax containing samples showed higher viscosity behavior than control
samples and the wax 2 samples also revealed an altered melting behavior of the fillings. From the analysis on the
model systems, the wax samples showed lower amounts of oil migration until week 4 of the accelerated storage
tests, after which the wax 1 and control samples revealed similar levels of this parameter, and the wax 2 samples
presented higher oil migration levels. Through the fat bloom assessments in the filled chocolates all samples
showed similar fat bloom score until week 4, after which wax samples showed worse performance.
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1.

INTRODUCTION

The production of chocolate is a significant industry in
Europe, the annual production exceeding 3.5 million
metric tons and exporting chocolate for a value of more
than €3.3 billion1. Chocolate is a suspension mainly
composed of sugar, cocoa solids and fat: cocoa butter
and milk fat2. Cocoa butter forms the continuous fat
phase that supports the nonfat ingredients and gives
chocolate the quality attributes that consumer are used
to3. This component is characterized by its relatively
simple tricylglycerol (TAG) composition, the most abundant TAGs being: 1,3-dipalmitoyl-2-oleoyl-glycerol
(POP), rac-palmitoylstearoyl-2-oleoyl-glycerol (POSt)
and 1,3-stearoyl-2-oleoyl-glycerol (StOSt)4. Due to its
TAG composition, cocoa butter has six different polymorphic forms, its nomenclature being from I to VI, the latter
as the most stable form 5. Despite this, the most adequate
polyform for storage of processed chocolates is form V,
and therefore, during the production, chocolate must be
precrystallized or tempered6.
Due to the high complexity of the filled chocolates and
due to the interaction betwen the chocolate coating and
the filling fats, the number one quality problem in filled
chocolates is fat bloom 7. Fat bloom can be encountered
in the chocolate industry in two different types: oil migration induced fat bloom or polymorphic transition induced
fat bloom. The former relates to the migration of liquid oil
from nut-oil filled centers to the chocolate shell, leading
to the dissolution of solid cocoa butter crystals and inducing them to recrystallize into the βVI form. The latter relates to the polymorphic transition of cocoa butter, in the
solid state, from βV to βVI. Given that this polyform, βVI, is
characterized by the formation of needle-like crystals
which protrude above the chocolate surface, this will lead
to the scattering of the incident light and the perception
of a white-grayish haze8.
Considering that in products like filled chocolates there is
a high contrast between the composition of the chocolate
coating and the filling, the phenomenon of oil migration is
very common to happen. Since biologic systems always
tend to a chemical and thermodynamic balance, the oil in
the filling phase migrates to the chocolate shell to equa-

lize both the compositions9.The mechanisms through
which this movement happens are not completely understood but the most accepted theories are the migration through capillary movement and through diffusion,
said theory having been supported by numerous studies10,11,2. McCarthy and McCarthy (2008) studied oil migration in model systems composed of a two-layer peanut butter and chocolate model system and evaluated
mechanisms of movement, having compared them posteriorly to a Fickian-based mathematical model12. These
authors concluded that the fickian model was not enough
to predict the oil migration, fact that also led other researchers to sugest that capillary pressure was responsible
for oil migration13, 14. Capillary forces might also have an
influence on oil migration since the liquid fractions of the
fat are likely to move through defect structures such as
interparticle pores, crevices or cracks15. Another existing
theory is based on the fact that when cocoa butter melts,
since the density of the liquid cocoa butter is lower than
the density of the solid phase, there will be an increase in
volume. This increase will push the liquid through cracks
and pores towards the surface, which might lead to the
appearance of fat bloom 6. This theory is then based on
the principle of pressure driven convective flow.
Several factors might influence oil migration, one being
the presence of non-fat particles in the outside shell. This
influence was investigated by Dahlenborg (2014) 6 and
Motwani et al. (2011)16, both concluding that this addition
contributing to oil migation. Other factor that should be
taken into account is the size of the non-fat particles, as
a smaller particle size induces a higher oil migration rate
to the surface of filled chocolates17, 18.
Smith et. al (2007) has also reported that even small additions of nut oil have a significant impact on the rate of
transformation of cocoa butter crystals from βv to βVI9.
Ziegleder & Schwingshandl (1998) established a clear
correlation between oil migration and the trigger of fat
bloom, but not with the growth and development19. Sonwai and Rousseau (2006) verified that the polymorphic
transition of βv to βVI in CB tempered samples happened
1 week after storage at 25ºC while the surface structure
only changed after week 3, confirming the possibility that
fat bloom is not only dependent on the polymorphic tran1

sition but also on crystal development and growth20.
There are two different main approaches one can consider to inhibit bloom formation: by retarding oil migration
or by inhibiting polymorphic transitions. These approaches can be implemented by optimization or alteration of chocolate processing conditions, through the optimization of storage conditions or through the addition of
anti-bloom agents to the filling, thereby through the alteration of the composition of the same21,22. One of the
key points in the processing of chocolates stands in the
tempering of the chocolate, in order to pre-crystallize the
cocoa butter in the desired form, βv6,23,24. Another fulcral
stage of the process regards the cooling process, as a
too slow or too fast step can cause fat bloom 25. Finally,
finding the optimal storage conditions are crucial for the
chocolate to maintain its crystallization properties 26,27 and
some authors found that applying certain treatment prior
to storage could also increase resistance to fat bloom
and oil migration28, 29.
The alteration of the fillings and coatings composition is
also of major importance and this can be performed
through the addition of anti-blooming agents. Some emulsifiers have shown anti-bloom properties by affecting the
dynamics of crystallization and polymorphic transitions of
certain compounds. These are sugested to undergo cocrystallization with the fat in case of similarity between
the fatty acid chains. The composition and crystallization
pattern of the emulsifier would influence the crystallization of the fat TAGs as well30. According to Ribeiro et al.
(2015), the emulsifiers with the greatest potential for antibloom effects include natural lecithin and chemically modified lecithin, polyglycerol polyricinoleate, sorbitan esters
of fatty acids and sucrose esters. Some specific DAG’s
have showed similar behavior31, 32, 33. Milk fat , in specific
higher melting fractions of milk, have been reported to
inhibit fat bloom34. Specific TAGs from vegetable fats
have also been reported to inhibit bloom formation as
these may promote two effects associated with the control of crystallization: availability of numerous additional
nuclei and/or surfaces for crystal growth and induce crystallization of fats in the desirable polymorphic forms 6,8,35.
In that way, several patents were already filled claiming
anti-bloom potential of these components.
Oleogelation is an emerging technique that, through the
adittion of waxes allows the formation of a well-structured
and oil retaining matrix – an oleogel. This structure, besides having anti-bloom potential, also contributes to the
creation of healthier products, since it can substitute
some of the content of saturated fats present in food
grade products36. In the specific case of chocolate products there are only a few studies demonstrating the use
of oil structuring approaches. Patel et al. (2014) reported
the use of shellac wax as a new structuring agent capable of structuring oil at low concentrations and its possible applications in chocolate pastes37. Doan et al.
(2016) food-grade oleogels with palm oil to form a continuous fat phase with reduced content in saturated fatty
acids38. The authors aimed to include the product in lowsaturated fat confectionary fillings. Doan (2017) studied
the relationship between the structure and function of
wax-based oleogels prepared in rice bran oil, having analyzed the minimal concentration needed of the different
waxes in order to create an oleogel39. Öʇütcü and Yılmaz
(2014) also investigated the formation of oleogels of hazelnut oil by adding carnauba and sunflower wax, in the
concentrations of 3, 7 and 10% weight ratio, concluding
that the latter could be used in the productions of shortenings or similar products with success40. The same authors also reported the creation of emulsions based on
virgin olive oil-bees wax able to be used as alternative

materials to prepare margarine/spread type products41.
2. MATERIALS AND METHODS
2.1. Materials
The hazelnut oil was bought in a local supermarket. Cocoa butter was supplied by Belcolade (Erembodegem,
Belgium). The pre-broken sugar and 811NV dark chocolate were supplied by Barry-Callebaut (Lebbeke-Wieze,
Belgium) and the soy lecithin by Puratos-Belcolade
(Erembodegem, Belgium). The hazelnut mass was produced from a blend of Italian and Turkish hazelnuts.
For the fat extractions the petroleum ether and dichloromethane were purchased from Fischer Scientific
(Merelbeke, Belgium) and the acetonitrile from VWR
Chemicals (Leuven, Belgium).
2.2. Methods
2.2.1. Preparation of hazelnut oil and cocoa butter based
oleogels
Cocoa butter was completely melted and then mixed with
hazelnut oil in the same proportion as these components
would be present in 80:20, 70:30 and 60:40 (HP:DC) hazelnut filling to dark chocolate, Table 2.1.
Table 2.1. Base composition of the control fat blends

60:40
70:30
80:20

Cocoa butter
(wt%)
39.06
29.18
19.38

Hazelnut oil
(wt%)
60.94
70.82
80.62

After mixing the cocoa butter and hazelnut oil, wax 1 or 2
were added as replacers of some hazelnut oil, meaning
that for wax to be added, less hazelnut oil was in the mixture; and the temperature was elevated until 85°C to melt
the wax. The waxes were added in a concentration of a%
to h%, the former representing the lowest concentration
and the latter representing the highest concentration of
wax added to the mixtures. The mixture was stirred until
homogeneous and then weighed into different recipients.
2.2.2. Preparation of the hazelnut based fillings (HF)
Part of the hazelnut mass and the total amount of sugar,
reaching a fat content of 24%, were mixed for 10 min in
the velocity position 1 in a Vema mixer, type Sigma BW
30/20 (NV Machinery Verhoest, Izegem, Belgium). The
mixture was then refined on an EXAKT refiner type 80S,
with the rollers at the positions of 2 and 1 and a speed of
400 rpm, connected to a Julabo 300F waterbath placed
at 35°C. Afterwards the rest of the ingredients were added the missing amount of hazelnut mass, all the hazelnut oil and lecithin and mixed for 30 min in the same
mixer. The base composition of the control hazelnut
paste is present in Table 2.2.
Table 2.2. Base composition of the control hazelnut paste
Ingredient
Hazelnut mass
Hazelnut oil
Sugar
Lecithin

Composition (wt%)
40.59
9.16
49.75
0.50

The hazelnut base paste was mixed with tempered dark
chocolate in the proportions of 60:40 and 80:20 (HP:DC)
and the waxes were added to the fillings in different concentrations, as an hazelnut oil replacement percentage,
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for the first filling tests.

for 10 minutes. Posteriorly through a cooling rate of 1°C/
min the samples were cooled until 5°C and kept for 1
The wax was first added to the hazelnut base paste and hour at this temperature. As the last step, the samples
the temperature of this mixture was elevated until 85°C. were heated until 20°C at a rate of 1°C/min and kept isoThe mixtures were cooled down until 32°C through the thermally for one hour.
use of a Julabo 300F water bath, placed at 30°C. Afterwards the tempered dark chocolate, tempered by a 2.2.7. Solid fat content
temper unit Chocolate World type CW24, was added and
For the evaluation of the solid fat content of the samples,
the samples were mixed.
a Maran Ultra 23MHz pulsed Nuclear Magnetic Resonance (pNMR) equipment (Oxford Instruments, Abing2.2.3. Hardness measurements
don, UK) was used. The NMR tubes were first filled with
The hardness measurements were carried out with a 4ml of the different fat samples, left 1 hour at 85°C to
5942 Instron TA 500 Texture Analyzer and the analysis melt the wax, and afterwards at 0°C for 90 min. Next, the
was accomplished using an acrylic conical probe with an samples were placed at 26°C for 40h, before the analyinclination of 45°, which penetrated the sample at 2mm/s sis. The samples were then cooled in a water bath at 0°C
for 10mm of depth, starting with a trigger of 0.1N. All the for 90 min and further analysed every hour, after which
samples were analyzed at room temperature, 20°C.
the temperature was increased in 5°C and each time,
having been measured until the temperature of 40°C.
2.2.4. Rheological measurements
2.2.8. Production of filled chocolates
The rheological measurements were carried out using a
AR2000ex rheometer from TA Instruments along with a Chocolate shells were produced through the tempering of
Peltier system and Julabo 300F water bath. The gelling dark chocolate (the same as added to the filling) and filpoint of the samples was recorded during cooling from ling of the molds with this chocolate. The molds were fil85°C to 5°C at a cooling rate of 1.0°C/min. The following led and then turned upside down to drain the excess of
parameters were used for the measurement in the starch chocolate inside. Afterwards the chocolate shells cooled
pasting cell: shear rate factor=4.5/s, shear stress fac- at 11°C for 30 minutes and stabilized at 20°C for an extra
tor=48 600/m3, gap=5500µm. Afterwards the samples hour. After the stabilization of the shells they were filled
were kept at 5°C for 60 min and posteriorly at 20°C for 60 with the different fillings (around 7g per cup) produced in
min (a frequency of 1.0Hz and a strain value of 0.005 2.2.2. and left to cool down to 5°C for 1h30. Afterwards
were applied). The measurements were performed in the filled shells were covered with tempered dark chocolate, the excess was scrapped off, and the filled chocotriplicate for the lipid blends.
For the determination of the flow behavior of the ha- lates were let to stabilize at 11°C for 1h.
zelnut, the official ICA 46 method for chocolate was applied. In this procedure, the sample is pre-sheared and 2.2.9. Accelerated shelf life tests
brought to equilibrium temperature. The measurements
of flow behavior were carried out at 40°C applying shear The filled chocolates were stored at 23°C for 8 weeks.
rates over the range of 2 to 50s-1 in steps of 5s-1 (except Five replicates of each filling were taken out during the
for the transition of 2s-1 to 5s-1) and the flow behavior is first 4 weeks and at week 8 for fat bloom assessment and
measured throughout the shear rate range. The equip- color measurement. Pictures were also taken to the filled
ment used was the same as in the rheological mea- chocolates in the same weeks.
surements for the lipid blends.
2.2.9.1. Fat bloom assessment
2.2.5. Thermal behavior
The fat bloom assessment was performed in the first 3
The crystallization and melting profile of the lipid blends weeks by two trained persons, through the visual analysis
were measured in triplicate by a Q1000 DSC, differential of the shells of the filled chocolates. On week 4 and 8 the
scanning calorimetry, from TA Instruments, equipped with panel was constituted by 8 trained persons. For this,
a refrigerated cooling system. For crystalization, the three different parameters were evaluated by the pannel:
samples were first equilibrated at 85°C and then kept iso- percentage of the surface that showed no gloss (P1),
thermally for 10 min after which they were cooled to 5°C, intensity of the gloss decrease compared to a reference
at a cooling rate of 1°C/min, and again kept isothermally sample (P2) and percentage of the surface that showed
during 60 min. Posteriorly they were heated until 20°C at fat bloom (P3).
a heating rate of 5°C/min and maintained at the same
2.2.9.2. Color measurement
temperature for 60min. Finally, the temperature of the
sample was further increased until 85°C at the same rate. The color of the shells of the filled chocolates was evaFor the evaluation of the melting profile of the hazelnut luated by the collection of the parameters L, a and b
based fillings they were equilibrated for 10min at 20°C through a spectrophotometer CM 2500d from Minolta.
and then the temperature was increased to 85°C at a For each concentration of fillings 3 replicates were consiheating rate of 5°C/min.
dered.
2.2.6. Crystal morphology

2.2.9.3. Pictures

The morphology of the crystals was analyzed through
polarized light microscopy, PLM. A microscope Leica DM
2500 (Wetzlar, Germany) with a magnification objective of
20x was used, along with a Linkam water bath for temperature control and a nitrogen purge (EHEIM professionel
3). The electronic images were provided by the LAS V4.3
software. The samples were first heated until 85°C
through a heating step of 20°C/min and kept isothermally

Pictures of the filled chocolates and model systems were
taken after weeks 1, 2, 3, 4 and 8. For the filled chocolates, individual pictures to all the 5 replicates of each
concentration were taken. Afterwards, group pictures
were taken, showing 2 filled chocolates of each concentration aligned side by side. Regarding the model systems, group pictures of one model system and one filled
chocolate of each concentration side by side were also
3

taken.

tend to form smaller and more separated crystals. In the
wax 2 samples, small and round nuclei of aligned crystals are formed and in general it seems to be formed a
smaller amount of crystals.
In the wax 1 samples there was an increase in the
amount of crystals formed with an increase in the concentration of wax and, at the highest wax concentration,
the formation of a network between the crystals could be
identified. In the wax 2 samples, an increase in the
amount of crystals with concentration was also visible but
the formation of a network was not detected, even in the
highest wax concentration tested.
Even though the addition of the waxes in these concentrations did not lead to a full and strong crystal network, it
was hypothesized that the addition of the non-fat particles inherent to normal filling compositions (cocoa and
sugar particles) could increase the strength of the crystal
network formed. In that way, a formulation of wax 1 e%
with 15% of sugar, representing part of the non-fat particles present in a filling formulation, was produced and
analyzed through PLM. Through this sample it was possible to visualize that there was a decrease in the
amount of fat crystals after the sample was placed at 20°
C for 1 h, which was expected, as the same had happened for the other samples. This effect can be justified
since, with the increase in temperature, some crystals
might melt again, as 20°C is very close to the onset melting temperature (temperature at which the melting of the
sample starts to occur). After 1 h at 20°C, one could see
fat crystals in every zone together with sugar particles,
which might indicate that sugar crystals might act as a
support matrix for fat crystals development.

2.2.10. Production of model systems
Small cups were filled with around 9g of hazelnut filling
each, enough to cover a height of 1 cm in the recipient
and inserted into a cooling cabinet at 5°C for 1h30.
Meanwhile, chocolate disks of around 3mm of thickness
were produced from tempered dark chocolate and left to
set at 11°C for 30 min. After the stabilization of the two
parts, the disk was placed on top of the filling.
2.2.11. Oil migration
The model systems were also placed at 23°C for a 12
weeks period. After 3, 4, 8 and 12 weeks the chocolate
disks were removed and scraped of into sampling tubes,
dissolved with 10mL of petroleum ether and centrifuged
for 10min at 2500rpm in a Centrifuge Rotina 380R, from
Hettich Zentrifugen. The supernatant was then kept and
inserted in a water bath at 65°C to evaporate the solvent.
The evaporation tubes had been previously weighed and
were weighed again after this operation, so as to calculate the amount of fat in each sample.
Right before the HPLC analysis, 10 or 20mL of acetonitrile (if the amount of fat was lower or higher than 130mg,
respectively) was added to the samples and these were
vortexed. In the vials for analysis, 700µL of solvent 70/30
Acetonitrile/Dichloromethane (v/v) were added along with
300µL of the fat sample. In case of a very concentrated
solution a lower concentration of the fat sample was
needed. The vials were then placed in an AutoSampler
Surveyor, connected to the HPLC Detector, ELSD 2000
ES from Alltech and connected to a computer through
which the results were collected.
Oil migration evaluation was based on the HPLC method
for detection of triglycerides in the samples of chocolate
disks. For each sample chromatogram, the computer
software devolved the peak area, in percentage
regarding the total area, and the [OOO/StOSt] and [LOO/
StOSt] ratios were calculated.

3.1.2. Rheology behavior
From the rheology analysis performed in all the samples
a major conclusion was drawn: the increase in concentration of wax induced an earlier start of the crystallization. Therefore the increase in |G*| in the samples with
higher concentrations of wax happened first. This parmeter is associated with the resistance to deformation of
a specific product. In fact, through the statistical analysis
it was visible that the |G*| of the control sample, after the
cooling step, was significantly different from all the other
samples. The control sample presented a value of
2.88±0.08 Pa, while the closest sample, wax 1 b%, presented a |G*| of 104.61±6.00 Pa. The sample with
highest value of complex modulus was wax 1 g% with a
value of (2.57±0.44)x105 Pa, which was statistically similar to wax 1 e% and wax 2 h% with values of (1.55±0.32)
x105 Pa and (4.63±0.68)x104 Pa, respectively.
The value of |G*| after the isothermal period at 5°C did
not vary significantly among the samples, not being a
characterizing factor of the samples in this part of the
process. Instead, it was verified that the largest difference in |G*| happened during the transition from 5°C to
20°C, where the samples with lower wax content showed
a higher decrease in |G*|. The control sample showed a
value of 5.87±0.06 Pa, wax 1 a% a value of (1.51±0.05)
x103 Pa and wax 1 e% presented a value of (9.77±0.45)
x104 Pa. In the case of the wax 2 samples: the wax 2 b%
and wax 2 h% showed values of (3.34±0.13)x102 Pa and
(4.83±0.02)x104 Pa, respectively. The samples with intermediate concentration developed values in between
this range. In the transition of 5°C to 20°C, wax and cocoa butter crystals partially melt, lowering therefore the
resistance to deformation. The fact that some samples
have a higher content of wax leads the co-crystals to
have a higher percentage of the high-melting crystals
and therefore to be more resistant to deformation (in this

2.2.12. Statistical analysis
The experimental data are expressed as means ± standard deviation of three repetitions and were analyzed
through one factor analysis of variance (ANOVA). The
homogeneity of the variances was verified using Levene’s test prior to usage of Tukey’s test to compare the
mean values at p < 0.05 significance level. Dunnet T’3
post-hoc test was used to find the significant difference in
the ANOVA test when no homogeneity of variances was
found. The statistical tests were performed using IBM
SPSS (statistical package for the social sciences).
3. RESULTS
3.1. Lipid blends
3.1.1. Microstructure
As a first approach, it was visible that the wax samples
showed a much higher amount of crystals formed.
Through the control sample image, Figure 3.1, one can
conclude that the big crystal clusters that are formed and
are visible in every picture are due to the cocoa butter
present in the formulation and therefore, the smaller
crystals visible in the wax samples owe their appearance
to the presence of wax.
It is possible to verify that the crystals originated from
wax 1 and 2 have different morphologies. The wax 1
crystals, seem to have a more needle like shape and
4

Figure 3.1. Crystal morphology, under polarized light microscopy, of the wax 2 h% (on the left), wax 1 g% (in the middle) and
control sample (on the right).

case temperature deformation). This decrease in |G*|
reflects a decrease in the resistance of the sample to the
deformation and the resistance is directedly related to the
microstructure of the sample which, as seen before, was
stronger for higher concentrations of wax. From these
values it was also noticed that, for the same concentration of wax, the wax 1 samples were more resistant to
deformation than the wax 2, a concurrent fact with the
microstructure analysis.
Regarding the parameter tan(δ), it started by increasing
slightly until the start of the sample crystallization, during
which its value lowered to the smallest value during the
measurement. After the cooling step, the control sample
had the highest value of tan(δ), 5.28±0.18, revealing the
most viscous-like behavior. This fact makes sense, since
the control sample starts to crystallize later than the other
samples and therefore the tan(δ) only starts to lower to
the minimum value later as well. Similarly, there were no
significant differences in tan(δ) among all the samples
after 1h at 5°C. The value of tan(δ) of the control sample
after 1h at 20°C was 1.03±0.01, which is significantly different and higher than that of all the samples; wax
samples presented values in the range from 0.055±0.028
to 0.242±0.002 except for the case of wax 1 g%, confirming therefore that the wax samples presented a less
viscous like behavior than the control.

network formation, size and shape of the lipid crystals,
which in turn determine the functional and physical properties of the produced fat mixtures43.
It seems that the addition of the wax pushes the crystallization step to a higher temperature. This can be confirmed by the calculations of the onset temperatures
(Tonset), temperatures at which the mixtures start to crystallize, and maximum temperatures (T max), temperature at
which the peak of crystallization happens. Observed T onset
values show that a higher wax content in the sample
leads the crystallization to start earlier, at a higher temperature, and consequently the peak of crystallization also
happens earlier. This can be explained since pure waxes
are high melting point materials and have low solubility in
vegetable oils. Therefore, when used for developing a
structure with lower melting point ingredients like cocoa
butter they “push” the crystallization step to start at higher
temperatures, when compared to mixtures with only cocoa butter and hazelnut oil.
Analyzing the control crystallization curve, it is possible to
realize that no crystallization is happening, which could
be justified by the fact that due to the high amount of hazelnut oil, and therefore high content of liquid fat, most of
the possible cocoa butter crystals to be formed were dissolved in the fat mixture. In fact, through the PLM pictures, section 3.1.1., could be verified that big cocoa butter crystals are formed in the lipid blend mixtures but not
in great quantity, and therefore not enough to be detected
by the DSC.
Even though in the intermediary concentrations, significant differences were not always observed, by comparing
the extremes of concentrations in both waxes, there was
an increase in the melting enthalpy from the lowest to
highest concentration, from 1.2±0.1 J/g to 6.9±0.4 J/g in
the case of wax 1 and 1.7±0.3 J/g to 5.3±0.2 J/g in the
case of wax 2. The same happened for the onset temperature of crystallization, from 37.8±0.2°C to 43.7±0.5°C
for wax 1 samples and 37.5±0.2°C to 45.4±0.1°C for wax
2 samples. In the case of the temperature of the peak of
crystallization it was also possible to identify higher temperatures for this value in the wax 2 samples, the maximum being 44.2°C±0.8°C.

3.1.3. Crystallization and melting profile
3.1.3.1. Crystallization profile
The crystallization behavior of the samples depends on
their TAG composition, in this case of the cocoa butter
and hazelnut oil. Cocoa butter is composed mainly by
StOSt, POP and StOSt. In the composition of hazelnut
oil, TAGs such as OOO and LOO are the most abundant.
The hazelnut oil is in a pure liquid state during the whole
experiment and the cocoa butter has its melting point at
35°C. The crystallization behavior of a wax based fat mixture is said to be the crystallization of a mixed fat system
where both the low and high melting fractions are partially
crystalized42.The crystallization phase of the samples can
be seen through Figure 3.2.
By comparing the two graphs a first difference can be
pointed out: the wax 1 and wax 2 have different crystallization curves. In the case of wax 1, it can be noticed that
the crystallization behavior is characterized by two close
peaks, the second (from right to left) being the highest
point of the curve. In the case of the wax 2 fat mixtures, a
high peak can be noticed at first (when reading the graph
from right to the left) and a second one is visualized afterwards with a much smaller area. This difference in the
crystallization behavior is due to the fact that these waxes
have different chemical compositions. In specific, the
content and type of lipids will influence the lipid crystal

3.1.3.2. Melting profile
Regarding the melting profile, through the results it can
be concluded that the addition of an increasing concentration of wax also shifts the temperature of the melting
peak to a higher temperature, which complies with the
results seen for the crystallization profile. With the addition of the different waxes, and due to their high melting
point, the offset melting temperature (temperature at
which the intersection of the tangents of the shoulder with
the extrapolated baseline occurs) of the mixture will be
pushed to a higher temperature, when compared to the
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Figure 3.2. Crystallization and melting behavior of the wax 1 lipid blends (top row, from left to right) and of the wax 2 lipid
blends (bottom row, from left to right) followed by DSC - differential scanning calorimetry

reference mixture of CB and HO, indicating as well that
this factor can lead to a higher capacity of temperature
stability for the final product. It is possible to identify two
distinct melting peaks in the wax samples, the former
from 20°C to 60°C and the latter from around 45°C onwards, characterizing the concentration of wax, while
in the control sample only the first peak was identified.
Specifically for the wax 1 g% sample the effect of the
addition of the wax was so significant that the biggest
melting peak was moved into the zone of the 45-50°C
and not in the zone of the 25-30°C, where it is placed for
the rest of the samples. Most of the wax 2 samples
showed significantly higher melting enthalpies, the maximum being 8.3±0.9 J/g, than the control, 4.3±0.5 J/g.
The wax 1 samples showed lower values, the highest
being 6.5±0.6 J/g. The highest offset temperature was
observed for the wax 1 g%, 73.4±0.3°C, being significantly similar to wax 1 e%, wax 1 b% and wax 1 a%
samples, again very distant from the control sample.

It is relevant to mention that the samples with lower concentrations (until d% addition of wax) were completely
melted and had a clear aspect at 35°C but the samples
with a higher concentration, wax 2 f%/wax 1 e% and
wax 2 h%/wax 1 g%, only became melted at 40°C and
45°C, respectively. Despite this fact, none of the
samples presented a high value of SFC after 35°C giving the prediction that the samples might not present a
waxy taste. It can be speculated that the inclusion of this
component affects lightly this parameter, in the way that
the solid fat content values do not differ significantly between the samples. It is as well relevant to refer that,
after the experiment, the samples with wax maintained a
stronger structure than the reference, and the higher the
concentration of wax, the stronger the structure of the
same.

3.1.3.3. Solid fat content
The knowledge of solid fat content (SFC) is an important
parameter of quality control since it has been indicated
that the SFC values of fats or fat mixtures at specific
temperatures can indicate essential attributes of a product such as mastication quality and hardness44.
All the samples had an almost linear decrease in solid
fat content from 0°C to 25°C, after which temperature it
is assumed that the big majority of the fat crystals were
melted, and the SFC of each sample was close to 0. As
it can be perceived from the graphics 3.9 and 3.10, even
though the concentration of waxes varies in 4%, in both
types, from the lower to the higher value, no specific
trend can be established between wax concentration
and SFC from it. The SFC profile of these samples indicates therefore that the control and wax lipid blends
might present a similar behavior in terms of hardness,
resistance of the sample to heating and mouthfeel.

Figure 3.3. Solid fat content profile of the lipid blends containing wax 1.

3.2. Hazelnut based fillings
3.2.1. Hardness measurements
The control samples hardness, after 24h, did not show
any significant differences from the other samples. The
same did not happen after 7 days, when the control
6

sample hardness only showed similarity with wax 1 e%.
In the case of wax 1, after 24h, even though it is possible
to identify a slight increase in hardness with concentration, these values were not significantly different. After 7
days, it was already possible to verify a significant increase of hardness with concentration of wax 1. In the
case of wax 2, after 24h it is possible to note a slight increase in hardness with the increase in concentration but
after 7 days both concentrations showed the same hardness.
The control sample showed an increase in hardness from
24h to 7 days after production. This fact is likely to be due
to the phenomena of post-crystallization. Postcrystallization includes phenomena such as agglutination
of adjacent surfaces, sintering or spontaneous dissolution
of smaller particles into bigger ones, also known as Ostwald ripening. The process of sintering relates to the formation of solid bonds between the crystals of fat, leading
to the formation of a cohesive network having consequently an undesirable increase in the hardness of the
sample3.
This effect did not happen with the wax samples, as from
24h to 7 days after production, for the same concentration, the hardness measured was the same or lower. It is
then hypothesized that the waxes, after setting during the
cooling step might create a barrier between the fat crystals, not allowing them to establish bonds between each
other. The samples wax 1 c%, wax 1 e% and wax 2 d%
didn’t show significant difference between the two periods
considered.

higher hardness in the mouth leading to an unpleasant
mouthfeel for the consumer, but more assessments
would have to be performed in order to reach a conclusion. Regarding the Casson viscosity, a too high value
could also lead to a higher difficulty in the manufacturing
and processing of the confectionery products and a
higher energy consumption from the manufacturing side.
Table 3.1. Casson model parameters for the viscosity behavior
of the hazelnut based fillings

Casson yield (Pa)

Casson Viscosity (Pa.s)

a

2.27±0.02a

a

2.47±0.01b

b

2.77±0.05c

Wax 2 d%

bc

32.3±2.7

2.66±0.08c

Wax 2 f%

39.0±6.9c

3.16±0.11d

Control
Wax 1 c%
Wax 1 e%

26.2±0.4
25.4±1.2
27.4±0.6

b, c, d: Different letters, within the same column indicate significant
differences at p<0.05

a,

3.2.3. Melting behavior
Through the visualization of the melting behavior curves
of the different samples, it is possible to say that the difference between the shape of all of them is not very significant except for the case of the sample wax 2 d%. Other
difference can be pointed: the fact that the wax 2
samples showed a small peak at a high temperature,
showing the late melting phenomena of the wax happening. This peak had already been visualized in the melting behavior of the lipid blends, Chapter 3.1.3.2., but this
had appeared in all the wax samples except for control. It
is then possible to verify that this late melting phenomenon of the wax disappears when the wax 1 finds itself
dispersed in the full formulation of the fillings.
Regarding the maximum temperature of the crystallization peak, there was not a significant difference among all
the results in order to establish a general trend. The
samples wax 2 d% and wax 2 f% were significantly different, the latter having a higher temperature and the wax 2
d% was also significantly different from the control
sample, the latter having a higher temperature as well.
No significant differences were found in the melting enthalpies. It was therefore possible to conclude that when
dispersed in an environment with so many non-fat particles such as in these fillings, the waxes do not influence
significantly the maximum peak temperature and the melting enthalpy but do influence the offset temperature, in
the case of the wax 2.

3.2.2. Determination of the flow behavior at 40°C

The flow behavior of the fillings is an important parameter
to evaluate since it can give an idea on how the product
behaves during manufacturing and therefore influence
the processes and conditions for the manufacturing of the
product45.
As expected, the fillings presented a non-Newtonian and
pseudoplastic fluid behavior, as the viscosity was dependent on the shear rate applied, and in this case a decrease in the viscosity and an increase in shear stress
happen with the increase in shear rate, being the filling a
pseudoplastic fluid.
The control and wax 1 c% samples showed quite similar
viscosity evolution leading to the idea that the addition of
this concentration of wax does not lead to a significant
difference in the product. With the increase to wax 1 e% it
is already possible to notice a slight increase in the viscosity values of the filling. Both wax 2 fillings samples show
to be more viscous than the corresponding wax 1
samples, and also show an increase in viscosity with the
increase in wax concentration. The shear stress of the
samples increased with the shear rate applied, the wax 2
f% being the one which present the highest values of
shear stress. The control sample, on the other side, presents the lowest values.
According with the Casson Model two parameters were
extrapolated: the Casson yield value and Casson viscosity, present in Table 3.1. The Casson yield value is usually
defined as the minimum energy necessary to start the
chocolate flow. The Casson viscosity value is related with
the maintenance of the chocolate flow once it started14.
The wax 2 samples, in specific wax 2 f%, showed both
the highest values of thse parameters. A higher Casson
yield value could be an advantage in the manufacturing
Figure 3.4. Melting behavior of the hazelnut based fillings
of this filling since the tendency for the filling to run out
through the sides of the chocolate cup, once filled, would
be lower, avoiding leaking46. On the other hand, a too From a consumer’s point of view the fact that the melting
high value of Casson yield value could also mean a behavior is similar to the control sample is a positive fac7

man eye depending of the color and ΔE*>3, color differences are obvious for the human eye . These analyses
were performed after 1, 2, 3, 4 and 8 weeks storage. Between week 1 and 4 there were no significant alterations
in the parameters. Comparing week 1 with week 8 it was
visible that the lightness index, L*, showed the highest
difference, by increasing its value. With the increase in
3.3. Filled chocolates
storage time the samples developed more fat bloom, and
3.3.1. Color
therefore a whitish layer started to appear in the chocolate surface, justifying the lighter index of the chocolate.
3.3.1.1. Qualitative analysis
Only in week 8 the wax samples showed differences in
*
Throughout the weeks of fat bloom evaluation, pictures color, ΔE , visible to the human eye.
were taken to the filled chocolates and model systems of 3.3.2. Visual fat bloom assessment
hazelnut filling and tempered dark chocolate. Since not
many differences were visible during the first 4 weeks of For the visual fat bloom assessment, the score of each
evaluation, the only pictures presented here are from parameter was evaluated from 0 to 5, the former repreweek 1, week 4 and week 8 (Figure 3.5).
senting 0% of fat bloom, surface with no gloss or decrease in intensity and the latter 100% of the same parameters. For the case of week 4 onwards, since the differences in the chocolates aspects started to be significative, the fat bloom score was also calculated through the
tor since it indicates that the wax samples can be mimicking the melting behavior in the mouth. That can hint that
the wax fillings will not have a “waxy” behavior,
something that could lead to an unpleasant mouthfeel
and therefore be a bad consequence of using this kind of
food additives.

following equation, as a dependent factor from the result
of the three parameters evaluated.
For the case of week 4, all the fat bloom scores were
significantly similar (Table 3.2). In fact, this was partially
expected since the panel members agreed that all the
chocolates were still quite young and had an overall similar aspect.
The overall fat bloom score for week 8, (Table 3.2), demonstrated a very large difference between the control
and the wax samples, indicating that all the latter
samples had a higher development of fat bloom.
The hypothesis stating that the addition of the wax would
difficult the formation of bonds between the fat crystals
(as seen in the hardness measurements, where the control was the only sample having the post-crystallization
effect) and contribute to the disruption of a structure between these crystals and the non-fat particles might be
supported. In that way, the quantity of wax added seems
not to be enough to create a network formed by the wax
crystals and still disrupts the structure that could be
created between the fat crystals and non-fat particles in
the formulation, leading to the increase in oil leakage.
As it has been referred, in order for fat bloom to be visible
to the human eye, both oil migration of the filling to the
surface has to happen as well as melting of the fat crystals at the surface and development of new ones. In addition to the fact that the waxes might be interfering with
the filling structure, these could also possibly be partially
migrating with the oil onto the surface and induce the recrystallization of the crystals in the βVI polyform, despite
unlikely.

Figure 3.5. Evolution of the filled chocolates appearance with
time of storage at 23°C, for all the concentrations in study.

As a first remark it should be noted that in the first week,
there was no fat bloom yet, the whitish marks visible in
the filled chocolates are defects due to production (socalled cooling spots), due to the contact of the chocolate
with the filled chocolate molds. In week 4 the first traces
of fat bloom became visible, and despite the variation of
wax concentration in the samples, no differences in the
amount of fat bloom were detected. In week 8 the quantity of fat bloom was already considerable and it was visible that the control samples, in general, presented less
fat bloom development than the wax samples. This decrease in gloss and increase in fat bloom of the samples
was visualized, as expected, since with time the amount
of oil migrating to the surface increased, leading to the remelting of fat crystals on the outside shell and posterior
recrystallization in the βVI form.
3.3.1.2. Quantitative analysis

The evaluation of the color of the filled chocolates was
also performed in a quantitative manner, by the use of a Table 3.2. Fat bloom scores of all the samples for week 4 and 8
spectrophotometer which returned the values of L, the
Sample
FB score W4
FB score W8
lightness index; a, the red/green index; and b, the yellow/
Control
1.56±0.63a
1.83±0.24a
blue index; in SCI mode.
a
*
Wax 1 c%
1.50±0.71
4.70±0.68b
Through the values of L, a and b, the value of dE , chaa
Wax 1 e%
2.13±0.70
5.10±0.73b
racterizing the total change of color compared to the cona
Wax 2 d%
2.50±1.06
5.60±0.97b
trol, was calculated by:
Wax 2 f%

2.19±0.83a

4.00±0.95b

a, b: Different letters, within the same column indicate significant diffe-

The results of this factor are characterized through what
is obvious or not for the human eye47: ΔE* < 1, color diffe- rences at p<0.05
rences are not obvious for the human eye ;1 < ΔE* < 3,
minor color differences could be appreciated by the hu8

3.4. Model systems

migration and the onset of fat bloom but not with the
development of fat bloom. The same author reported that
the development of fat bloom was dependent on the composition of the fat phase, which consists of filling fats, liquid CB and dissolved CB. In that way, waxes could possibly be partially migrating with the oil onto the surface
and induce the re-crystallization of the crystals in the βVI
polyform, despite unlikely, as waxes are high melting
compounds.

3.4.1. Oil migration
The OOO and LOO TAGs, being characteristic from hazelnut oil, if found on the outside shell of the dark chocolate disks represent the oil migration. These can be analyzed through the calculation of the already mentioned
ratios, which present a relation between the oil migration
and cocoa butter percentage, being therefore a normalized value that can be correlated directly with oil migration. In week 3, for both the [OOO]/[StOSt] and [LOO]/
[StOSt] ratios, the control sample was the one with the
higher percentage measured, a [OOO]/[StOSt] ratio of
0.210±0.023 to the wax 1 c% ratio of 0.083±0.003, being
this an indicator that this sample was the least efficient
sample in entrapping the oil in the filling.
After week 4, the same tendency was maintained, the
control sample being the one having the highest percentages of OOO and LOO ratios, 0.283±0.019 and
0.057±0.005 respectively. The samples wax 1 c% and
wax 2 f% are the ones, after the control, that showed
higher migrations of oil to the outside surface, being
therefore the ones which seem to have a lower capacity
of entrapping the oil in the filling.
In the case of week 8, regarding both ratios, the control
and the wax 1 samples showed significantly similar values, while the wax 2 samples already presented a higher
value.
This is an indicator that the wax 2 in this sample not only
was not able to develop a denser network in the filling, as
it might have interfered with the formation of the network
between the cocoa butter crystals and the non-fat particles, leading to a higher oil migration from the filling to
the dark chocolate disk. Possibly, the addition of the wax
in this sample was not enough to create bonds between
the wax crystals and develop a wax network. Possibly by
adding a higher amount, the threshold of wax network
formation is achieved, allowing the filling to have a similar
behavior as the control one, something that seems to
have happened with the rest of samples. These samples
did not fit the purpose to retard the oil migration into the
chocolate surface either, as they presented similar values
of the TAGs percentage to the ones of the control
sample. In that way, possibly a higher amount of the wax
tested could already be enough to allow a stronger wax
network to be formed and be effective against oil migration. It is worth mentioning that both in week 3 and week
4, the wax samples had shown a better performance
against oil migration than the control sample, indicating
that to prevent smaller amounts of oil migration, this
structure was effective.
Comparing these results to the ones obtained in section
3.3.2., it is visible that the oil migration and fat bloom appearance did not show similar sample behavior. Through
the HPLC analysis the oil migration of the Control and
most of the samples did not show significant differences,
while in the fat bloom assessment tests after eight weeks
of storage at 23°C the final scores showed worst results
to wax samples, by far, than to the reference one. To
note that for fat bloom to be visible both oil migration and
crystal growth and development of these at the chocolate
surface must happen. In that way, despite oil migration
being a strong indicator and a precedent of fat bloom,
these two parameters might not always be linearly related, as there are other factors involved. As Smith et al.
(2007)9 concluded, even small amounts of oil migration
can lead to big differences in the transformation rate of βV
to βVI. In fact, as mentioned before, Ziegleder and
Schwingshand (1998)19 reported a clear correlation of oil

4. CONCLUSIONS AND FUTURE WORK
The wax-based lipid blends showed higher number of
crystals formed and a higher resistance to deformation.
The melting and crystallization behavior also confirmed
that the existence of more high melting crystals, from the
wax, led to a more stable product, due to the higher crystallization and melting temperature ranges. It was also
concluded that the solid fat content of the samples was
not affected by the addition of wax. The addition of the
waxes clearly altered the microstructure and behavior of
the lipid blend samples, turning them into more heat- and
deformation- resistant ones.
Through the hazelnut based fillings it was noticed that the
addition of waxes inhibited the phenomena of postcrystallization to happen. Through the flow and melting
behavior experiments it was concluded that the wax 1,
when dispersed in the full formulation, loses part of its
oleogelater capacities. In the case of the wax 2 samples,
the addition of this component influenced the melting behavior, increasing the offset temperature of melting, and
the flow behavior, leading to an increase in the viscosity
of the samples.
Finally, tests were done on filled chocolates and model
systems. Until the 4th week of tests the wax samples
showed lower oil migration than the control sample and
similar fat bloom scores. On the 8th week, the level of oil
migration was similar between the control and wax 1
samples, the wax 2 samples presenting higher values.
The wax samples showed worst performance regarding
the fat bloom appearance.
These factors led to the conclusions that the addition of
wax disrupts the network that would be formed between
the cocoa butter crystals and the non-fat particles in the
formulation. Possibly, not enough wax was added to the
samples and, therefore, for future experiments, increased
concentrations should be tested. Also would be important
to evaluate the sensory perception of the wax containing
filled chocolates through discriptive and/or comparative
tests.
Overall, this study confirmed the potential of both waxes
as oleogelators and emphasizes the interest for further
studies in this area.
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