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SUMMARY: This study investigates the storage properties and sensory evaluation of palm-based chocolate spreads formulated with
sunflower wax (SFW) and carnauba wax (CW) in a wide range of temperatures. Hardness, spreadability and stability assessments of
chocolate spreads with 3.5% SFW and 3.5% CW were made over a 24-week storage period. The hardness, spreadability and stability
of the chocolate spreads were analyzed by means of Texture Analyzer, observation and LUMiFuge Stability Analyzer, respectively. A
sensory evaluation of these chocolate spreads was conducted using a 7-point hedonic scale. The hardness of both chocolate spreads was
influenced by low temperatures of 5-10 °C during the storage study. Decreasing and increasing trends were observed for samples stored
at 5 and 10 °C, respectively. However, both palm-based chocolate spreads remained spreadable at 5 °C even after 24 weeks of storage.
Both chocolate spreads demonstrated stability at 40 °C after 24 weeks of storage. The sensory evaluation revealed that chocolate spread
with 3.5% CW was the most widely accepted by sensory panelists. Therefore, chocolate spread with 3.5% CW has the potential to be
utilized over a wide range of temperature applications of 5-40 °C.
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RESUMEN: Efecto de las ceras de girasol y de carnauba sobre la estabilidad durante el almacenamiento y la evaluacion sensorial de
la crema de chocolate a base de palma. Este estudio investiga las propiedades durante el almacenamiento y la evaluacion sensorial de
las cremas de chocolate a base de palma formuladas con cera de girasol (SFW) y cera de carnauba (CW) para lograr una amplia aplicabi-
lidad de temperatura. La dureza, la capacidad de untar y la estabilidad de las cremas de chocolate con 3,5 % de SFW y 3,5 % de CW se
llevaron a cabo durante un periodo de almacenamiento de 24 semanas. La dureza, la capacidad de untar y la estabilidad de las cremas de
chocolate se analizaron utilizando el Analizador de Textura, la observacion y el Analizador de Estabilidad LUMiFuge, respectivamente.
La evaluacion sensorial de estas cremas de chocolate se realizo utilizando una escala hedoénica de 7 puntos. La dureza de ambas cremas
de chocolate se vio influenciada por la baja temperatura de 5 °C-10 °C durante el almacenamiento. Se observaron tendencias decrecientes
y crecientes para las muestras almacenadas a 5 °C y 10 °C, respectivamente. Sin embargo, ambas cremas de chocolate a base de palma
siguieron siendo untables a la temperatura de 5 °C, incluso después de 24 semanas de almacenamiento. Ademas, ambas cremas de choco-
late demostraron estabilidad a 40 °C después de 24 semanas de almacenamiento. La evaluacion sensorial reveld que la crema de chocolate
con 3,5 % de agua destilada fue la mas aceptada por los expertos en analisis sensorial. Por lo tanto, la crema de chocolate con 3,5 % de
agua destilada tiene el potencial de ser utilizada para aplicaciones en un amplio rango de temperaturas de 5 a 40 °C.

PALABRAS CLAVE: Cera de carnauba; Cera de girasol; Crema de chocolate a base de palma; Estudio de almacenamiento; Evaluacion
sensorial.
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1. INTRODUCTION

Chocolate spread is a product commonly used
in confectionery. Its desirability is largely attrib-
uted to properties imparted by oils and fats, which
contribute to its ability to be spread smoothly and
maintain stability. The desirable physical properties
dependent on the oils and fats’ chemical structure
are related to the fatty acid composition (FAC) and
consequently, triacylglycerol (TAG) composition.
A common criterion for chocolate spread is that it
should be stable for 6-12 months at room temper-
ature of about 25-28°C (Shamsudin, 2004). During
this period, phase separation (oiling out) should not
occur at room temperature and the chocolate spread
should be readily spreadable without difficulty.

In order to obtain a chocolate spread that is sta-
ble and spreadable at a wide range of temperature
(between 5 and 45 °C), the incorporation of oils and
fats without modification may not work. At 45 °C,
chocolate spread will experience phase separation
(oiling out), while at a low temperature of 5 °C, the
chocolate spread will solidify. These scenarios of
phase separation and solidification are usually seen
in temperate countries. Phase separation at higher
temperatures of 35 °C and above is normally seen
in tropical countries. In this regard, the oleogelation
method might be the solution to these undesirable
occurrences. Oleogelation is a method in which the
gelling agent traps liquid vegetable oils to form a
three-dimensional (3D) network system to structure
food products. Ogiitcii and Yilmaz (2014) reported
that by employing oleogelation, the saturation level
of the products’ fatty acids remains unchanged.
Oleogelation addresses temperature-related stability
concerns.

The production of chocolate spreads with a wide-
range temperature stability using the oleogelation
method, facilitated by the direct dispersion of waxes,
has gained attention in recent research. Wax consists
of wax ester, fatty acid, fatty alcohol and n-alkane.
Sunflower wax (SFW) for example, consists of 75.0
-85.0% wax ester (Endlein and Peleikis, 2011) while
carnauba wax (CW) consists of 96.0 -97.0% wax
ester (Doan et al., 2017). Wax with a higher percent-
age of wax ester is suitable as a gelling agent to trap
oil in a three-dimensional (3D) network to behave
like a solid fat (Manzocco et al., 2017). The FDA has
approved natural waxes as ingredients and additives

in food (Rocha et al., 2013). The approved limit for
carnauba wax is 5000 mg/kg (Codex A., 2024).

Despite advancements in production techniques,
comprehensive storage studies evaluating the
spreadability and stability of such chocolate spreads
remain limited in the literature. Limited information
could be obtained from a literature review on storage
studies of chocolate spread using the oleogelation
method from wax. Fayaz et al. (2017) reported that
the firmness of chocolate spread with beeswax (BW)
and propolis wax which replace part of the palm
fraction in these products showed an increasing trend
during a 23-day storage period at 20 °C. However,
the firmness of monoglyceride-containing chocolate
spread in a similar study by Fayaz et al. (2017) was
slightly reduced during the storage study under sim-
ilar temperature and storage conditions. It was also
reported that chocolate paste containing shellac wax
to replace part of the palm fraction did not undergo
phase separation during a 30-day storage study at
30 °C (Patel et al., 2014). On the contrary, Said et
al. (2019) produced three types of chocolate spread
(without oleogelation process) each using palm olein
(POo), corn oil and olive oil in addition to the palm
fraction found in the basic chocolate bars used. It
was reported that the firmness of the three chocolate
spreads stored at 28 °C for 28 days was significantly
reduced compared to chocolate spread stored at 10
°C. Nevertheless, chocolate spread with olive oil
showed a significant change during the storage study
at 28 °C, while chocolate spread with POo showed a
significant change at 10 °C.

While sensory evaluation is important in assess-
ing the overall quality of food products, limited
research exists on the sensory attributes of chocolate
spreads containing wax-based oleogels. In a sensory
evaluation for chocolate spread consisting of differ-
ent fat systems, 50% hydroxypropylmethyl cellu-
lose-based oleogels (HPMC), xanthan gum, olive oil
and sunflower oil (SFO), the spread was acceptable
according to panelists compared to the control choc-
olate spread (without oleogels). Chocolate spread
with this oleogel had a creamy texture and appear-
ance as well as imported cocoa flavor (Bascuas et
al., 2021). Scores for sensory evaluation other than
the chocolate spread, such as sausages containing
rice bran wax oleogels, could not match the prop-
erties of normal sausages (control sample) in terms
of firmness and elasticity. Nevertheless, the oleogel
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sausages were able to match the adhesion, cohesive-
ness and elasticity properties of the control sausages
(Wolfer et al., 2018).

In this study, palm-based chocolate spreads con-
taining 3.5% sunflower wax (SFW) and 3.5% car-
nauba wax (CW) were selected for a storage study
over six months as they were found to be stable at
40 and 45 °C after 24 h of storage. Hardness, spread-
ability and stability tests of the chocolate spreads
were conducted every two weeks for six months.
Sensory evaluation was also performed on the choc-
olate spreads containing 3.5% SFW and 3.5% CW
at 25 °C.

2. MATERIALS AND METHODS
2.1. Materials

POOo (Fry-O) was manufactured by Mewah Oils
Sdn. Bhd. (Selangor, Malaysia), SFO (Naturel) was
manufactured by Lam Soon Edible Oils Sdn. Bhd.
(Selangor, Malaysia), SFW was manufactured by
Shri Balaji Driers (Karnataka, India) and CW was
distributed by Anizz Legacy Resources (Selangor,
Malaysia).

Sugar (Prai) was manufactured by Malayan
Sugar MFG. Co. Bhd. (Pulau Pinang, Malaysia)
while cocoa powder was manufactured by K.L Kris
Food Industries Sdn. Bhd. (Selangor, Malaysia).
Soy protein, emulsifier and flavoring were manufac-
tured by LLC Co. (Missouri, United States of Amer-
ica), EvaChem Sdn. Bhd. (Selangor, Malaysia) and
Guangdong Huana Chemistry Co. Ltd. (Guangdong,
China) as well as Matrix Flavors Fragrances Sdn.
Bhd. (Selangor, Malaysia). Vanillin was bought from
Yummy Bakery Sdn. Bhd. (Selangor, Malaysia) and
milk powder was bought from Promac Enterprises
Sdn. Bhd. (Selangor, Malaysia).

2.2. Methods
2.2.1. Preparation of chocolate spread

Chocolate spread was produced according to
the method by Shamsudin (2004). An oil blend of
50% PO00:50% SFO was selected as the base oil to
be blended with 3.5% SFW and 3.5% CW, respec-
tively, to form an oleogel structure. The base oil of
50% POO00:50% SFO was selected as this oil blend
showed 0.0% SFC at the temperature range of 5-45
°C. Base oil comprising 50% P0O00:50% SFO as

well as 3.5% SFW and 3.5% CW was chosen based
on the study by Norazura Aila ef al. (2022). The stor-
age study of chocolate spreads with 3.5% SFW and
3.5% CW was conducted at 5, 10, 25, 40 and 45 °C for
six months. Chocolate spreads with 3.5% SFW and
3.5% CW at 5, 10 and 25 °C were stored in an incu-
bator, while at 40 °C and the samples were stored in
an oven. Stability, spreadability and hardness tests of
the stored samples were conducted every two weeks.

2.2.2. Hardness of chocolate spread

Chocolate spreads of 110 g containing oleogela-
tors were placed in a 6 cm (diameter) x 6 cm (height)
container. These chocolate spreads were stabilized at
25 °C for 24 hr. The samples were then stored at 5 °C
(incubator, Sanyo), 10 °C (incubator, Sanyo), 25 °C
(incubator, Protech SD350), 40 °C (oven, Memmert
UF110) and 45 °C (oven, Memmert, UF40) for six
months and were tested every two weeks. The hard-
ness of these chocolate spreads was measured using
Texture Analyzer (TA.XT Plus, Stable Micro Sys-
tem, England) following the method from the library
of texture analyzer regarding chocolate spreads with
modification. Chocolate spreads were penetrated
with a 5-mm cylinder probe to a depth of 23 mm and
rate of 1 mm/sec. The maximum force (g,) used was
recorded as the hardness value. Three replicates were
conducted for hardness.

2.2.3. Kinetic model for hardness of chocolate spread

Changes in the quality or deteriorative parameter
can be represented by a general mathematical model
as below:

- dA/dt =kAn

in which dA/dt is the change in response A with time,
A is the quality or deteriotive parameter measured, t
is the time, k is rate constant and n is the power fac-
tor or order of reaction.

Following this, the derivatization of the Arrhe-
nius model to fit various orders of reaction were used
to fit with the hardness data as follows:

1) t, = (A, — A,)/k (Zero-order reaction)
2) t,;= (In A ~In A )/k (First-order reaction)

3)t, = (1/A, — 1/A)/k (Second-order reaction)
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in which t_ is shelf life, A, is exceed hardness (in
this case, 2105 g, based on unspreadable hardness of
commercial chocolate spread), A, is initial hardness
and k is rate constant.

2.2.4. Spreadability of chocolate spread (by
observation)

Chocolate spreads of 110 g containing oleogela-
tors were placed in a 6 cm (diameter) x 6 cm (height)
container. These chocolate spreads were stabilized at
25 °C for 24 hr. The samples were stored at 5 °C for
six months and were tested every two weeks. The
spreadability of the chocolate spreads was observed
according to their ability to spread on white paper
using a butter knife before 30 sec. Three replicates
were conducted for spreadability.

2.2.5. Stability test of chocolate spread

The stability of the chocolate spreads with oleo-
gelators during storage was analyzed using a cen-
trifugal stability analyzer according to Sivaruby et
al. (2013) with slight modification. These chocolate
spreads were tempered until 24 weeks at 25, 40 and
45 °C. Stability measurements were taken every two
weeks using LUMiFuge Model LF111 LUM (LUM
Ltd., Berlin, Germany). The samples were gen-
tly filled into rectangular polycarbonate cells using
syringes with needles to prevent any air pockets. The
loaded cells were placed horizontally in the centri-
fuge. The selected centrifugal analysis parameters
were rotational speed of 500 rpm for a period of 50
min at experimental temperatures of 25, 40 and 45
°C. This system measures near infrared (NIR) trans-
mission profiles continuously during centrifugation.
LUMiFuge software, SEPView 5.1 was used to cal-
culate the integral of every transmission curve over a
chosen length (the sample length). Zero transmission
indicates stable samples.

2.2.6. Sensory evaluation of chocolate spread

An acceptance test was conducted using 30
untrained panelists (Handiati et al. 2019) and a
7-point structured hedonic scale for the attributes of
glossiness, spreadability, color, smoothness, sweet-
ness, oily taste and overall acceptability.

2.3. Statistical analyses

The results of the hardness, spreadability and
stability test were analyzed with Minitab version
16.0 (Pennsylvania, USA) using two-way Analysis
of Variance (ANOVA) with factors of duration and
temperature. All tests were carried out in triplicate.
For sensory evaluation, one-way ANOVA was con-
ducted with 30 panelists. Significant differences (p <
0.05) among the samples were determined using the
Tukey’s post-hoc test.

3. RESULTS AND DISCUSSION
3.1. Hardness of chocolate spread

The hardness of chocolate spreads with different
oleogelators during the storage study on day 1 (Week
0) to week 24 is shown in Figures 1 and 2, while the
predicted shelf life of chocolate spreads at 5, 10 and
25 °C based on the unspreadable condition is shown
in Table 1. Based on 2-way ANOVA, statistically, a
storage period of 0-24 weeks was not a significant
factor (p > 0.05), storage temperature of 5-45 °C was
a significant factor (p < 0.05), whilst the interaction
between time and temperature was also a significant
factor (p <0.05) for both chocolate spreads with 3.5%
SFW and 3.5% CW. In general, at 5 °C, the hardness
of chocolate spread containing 3.5% SFW showed
a decreasing trend. Even so, they were statistically
similar (p > 0.05) upon storage at week 4 until week
24. Significant differences (p < 0.05) for Week 0 and
week 2 compared to week 4 until week 24 might be
due to the stabilization period. Doan et al., 2016 and
Toro-Vazquez et al., 2007 reported that microplatelet
crystalline particles of the oleogel re-organized their
molecular packing within their network and caused
structural changes during storage. On the other hand,
a study by Ogiitcii and Yilmaz (2015) reported that
the hardness of an oleogel containing 3% SFW in
hazelnut oil showed an increased hardness after stor-
age of 30 days, plateau upon storage from day 31 to
day 60 and decreased after storage of 90 days at 4
°C. However, similar oleogels containing 7 and 10%
SFW showed fluctuating as well as increasing trends,
respectively, for the same storage period at 4 °C. All
of these trends showed that there might not be a spe-
cific trend for the oleogel studied by Ogiitcii and Yil-
maz (2015), which depended on the percentage of
wax incorporation and temperature.
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FiGure 1. Hardness of chocolate spread with 3.5% sunflower wax (SFW) at a) 5 °C b) 10 °C ¢) 25 °C d) 40 °C and e) 45 °C during storage
study of week 0 (day 1) — week 24. The results are expressed as mean =+ standard deviation (n = 3).

FiGure 2. Hardness of chocolate spread with 3.5% carnauba wax (CW) at a) 5 °C b) 10 °C c) 25 °C d) 40 °C and e) 45 °C during storage
study for week 0 (day 1) — week 24. The results are expressed as mean + standard deviation (n = 3).
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TaBLE 1. Predicted shelf life of chocolate spread containing 3.5% SFW and 3.5% CW at 5, 10 and 25 °C

Sample Tem{)oecr;lture Reaction Order R2 (:% (:ie) k (Y:gis)
5 1 0.6775 1722.20 2105 0.0118 13.16
3.5% SFW 10 1 0.9160 515.18 2105 0.0206 6.32
25 0 0.6674 58.04 2105 0.8147 5234
5 1 0.8799 1896.80 2105 0.0251 6.26
3.5% CW 10 1 0.8856 471.50 2105 0.0303 423
25 0 0.5604 3227 2105 0.8085 53.40

SFW: Sunflower wax, CW: Carnauba wax, R2: R-squared, A : Initial hardness, A : Exceed hardness, k: Constant, t: Shelf life

* Based on unspreadable condition.

The hardness of chocolate spread with 3.5% SFW
showed no clear trend at all storage temperatures. In
general, the initial hardness of the sample (week 0)
was higher at lower temperatures. For storage temper-
atures of 25, 40 and 45 °C, no significant changes (p
> 0.05) were recorded from week 0 to week 24. The
hardness of this chocolate spread during storage for
24 weeks at all experimental temperatures was lower
than that of the unspreadable condition of commercial
chocolate spread at 5 °C, with a value of 2105 g..

Similar to the hardness of chocolate spread with
3.5% SFW, the hardness of chocolate spread with
3.5% CW showed no clear trend at all storage tem-
peratures. Generally, this hardness was not significant
from week 0 to week 24 for temperatures of 25, 40
and 45 °C. Chocolate spread with 3.5% CW at the
low temperature of 5 °C showed a significant change
(p < 0.05) during the storage at week 0, although this
chocolate spread showed a non-significant decrease
(p > 0.05) starting at week 2 until week 18. The hard-
ness for chocolate spread with 3.5% CW decreased
slightly at week 20 and remained without signifi-
cant differences (p > 0.05) until week 24. A similar
explanation can be found for this storage trend when
the oleogel re-arranged the molecular packing of its
network, which produced structural changes. At 10
°C, there was a significant change (p < 0.05) in the
hardness of the chocolate spread with 3.5% CW from
week 0 to week 8. However, there was a non-signifi-
cant increase (p > 0.05) starting at week 10 until the
end of the storage test. In general, the hardness of the
chocolate spread with 3.5% CW at temperatures of 5
and 10 °C at each week of storage was significant (p
< 0.05) compared to the hardness at temperatures of

25, 40 and 45 °C at each week of storage. A study by
Ogiitcii and Yilmaz (2015) reported that the firmness
of oleogels consisting of 3, 7 and 10% CW in hazel-
nut oil showed decreasing, increasing and fluctuating
trends, respectively, during 90 days of storage at 4
°C. However, oleogels containing 3, 7 and 10% CW
with virgin olive oil showed unchanged, fluctuating
and fluctuating trends, respectively at 4 °C during 90
days of storage (Ogiitcii and Yilmaz 2014). Similar
to the chocolate spread containing 3.5% SFW, the
hardness of chocolate spread with 3.5% CW at 25, 40
and 45 °C is less than 60 g.and can be considered as
no hardness. The hardness of this chocolate spread at
24 weeks of storage, at all experimental temperatures
was lower than that of the unspreadable condition of
commercial chocolate spread at 5 °C with a value of
2105 g..

The potential shelf life of chocolate spreads with
different oleogelators at 5, 10 and 25 °C was also
calculated using kinetic modelling (Zable I) based
on unacceptable commercial chocolate spread hard-
ness of 2105 g at 5 °C. The shelf life based on the
unspreadable hardness of commercial chocolate
spread was not conducted for 40 or 45 °C, as hard-
ness was not deemed the appropriate quality parame-
ter at these temperatures. The best reaction order was
selected based on the R?value, which was close to 1.
The shelf life of chocolate spread containing 3.5%
SFW at 5, 10 and 25 °C based on hardness kinetic are
13.16 years, 6.32 years and 52.34 years with the best
reaction order of 1, 1 and 0, respectively. This means
that chocolate spread containing 3.5% SFW will be
unspreadable only after 13.16 years when stored at 5
°C, unspreadable after 6.32 years when stored at 10
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°C and unspreadable after 52.34 years when stored at
25 °C. The shelf life of chocolate spreads contain-
ing 3.5% CW at 5, 10 and 25 °C based on hardness
kinetic were calculated to be 6.26 years, 4.23 years
and 53.41 years with reaction order of 1, 1 and O,
respectively. Both of the chocolate spreads (contain-
ing 3.5% SFW and 3.5% CW) had similar reaction
orders at 5, 10 and 25 °C.

3.2. Spreadability of chocolate spread

Figures 3 and 4 show the spreadability of choco-
late spreads with different oleogelators at a temper-
ature of 5 °C (low temperature). The spreadability
test was not performed at other experimental tem-
peratures, namely at 10, 25, 40 or 45 °C, as chocolate
spread at these temperatures are easily spreadable.
According to Norazura Aila et al. (2023), significant
changes were observed in the crystal structure of
SFW oleogel when the percentage of wax increased
to 3.5% from 0.5% at 10 °C, when the densest struc-
ture was found in the oleogel with 3.5% SFW. Based
on this trend, 3.5% SFW oleogel at 5 °C will present
a denser structure compared to that at 10 °C. Choco-
late spreads containing 3.5% SFW and 3.5% CW at 5
°C showed solid behavior but they can still be spread
within 30 seconds at all weeks of storage, from day

1 to week 24. By using similar chocolate spread for-
mulation, the base oil of 50% POOo and 50% SFO
without wax was able to be spread easily at 5 °C after
24 h of storage (Norazura Aila et al. 2022). This indi-
cated that the base oil might interfere less with fat
crystallization at 5 °C. Chocolate spread containing
3.5% SFW showed a rougher texture after storage
for 4 weeks and above compared to day 1 and week
2. This might be due to aggregation and clustering
among the microplatelet particles and consequently,
reinforced structure of the oleogels over storage time
as reported by Doan ef al. (2016). The same trend
can be observed for chocolate spread containing
3.5% CW in terms of texture at 5 °C. Upon cooling,
the precipitation of oleogels resulted in the formation
of solid nuclei (Doan et al. 2018) and subsequently
in strong interactions of crystals as well as supra-
molecular entities that trap liquid oil in a three-di-
mensional network when the onset of crystal growth
occurs (Yuping ef al. 2005). Although the texture
was slightly rougher, this chocolate spread can still
be spreadable at 5 °C compared to the commercial
chocolate spread.

3.3. Stability of chocolate spread

Table 2 shows the stability of chocolate spreads
with different oleogelators in a storage study of

TaBLE 2. Stability of chocolate spread with 3.5% SFW and 3.5% CW during the six-month storage study at 25, 40 and 45 °C

Week/ 25°C 40 °C 45°C

;r:::l[)’leerature and 3.5% SFW 3C5\://° 3.5% SFW 3C5\://° 3.5% SFW 3C5\://°
zgﬁ;e; 10) Stable Stable Stable Stable Stable Stable
Week 2 Stable Stable Stable Stable Stable Stable
Week 4 Stable Stable Stable Stable Stable Stable
Week 6 Stable Stable Stable Stable Stable Stable
Week 8 Stable Stable Stable Stable Stable Stable
Week 10 Stable Stable Stable Stable Stable Stable
Week 12 Stable Stable Stable Stable Stable Stable
Week 14 Stable Stable Stable Stable Stable <2.0%
Week 16 Stable Stable Stable Stable <2.0% Stable
Week 18 Stable Stable <2.0% Stable <2.0% Stable
Week 20 Stable Stable Stable Stable <2.0% Stable
Week 22 Stable Stable Stable Stable Stable Stable
Week 24 Stable Stable Stable Stable <5.0% <2.0%

CW: Carnauba wax, SFW: Sunflower wax.
The results are expressed with n = 3.
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Week 0 (Day 1) Week 2 Week 4 Week 6
Week 8 Week 10 Week 12 Week 14
Week 16 Week 18 Week 20 Week 22
Week 24

FiGure 3. Spreadability of chocolate spread containing 3.5% sunflower wax (SFW) at 5°C during storage study for Week 0 - Week 24.

Grasas y Aceites 75 (3), July-September 2024, 2193. ISSN-L: 0017-3495. https://doi.org/10.3989/gya.0651241.2193



The effect of sunflower wax and carnauba wax on the storage stability and sensory evaluation of palm-based chocolate spread * 9

Week 0 (Day 1) Week 2 Week 4 Week 6
Week 8 Week 10 Week 12 Week 14
Week 16 Week 18 Week 20 Week 22
Week 24

FiGurE 4. Spreadability of chocolate spread containing 3.5% carnauba wax (CW) at 5°C during storage study for Week 0 - Week 24.
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six months at temperatures of 25, 40 and 45 °C.
Chocolate spreads with 3.5% SFW and 3.5% CW
were stable for six months at 25 °C. This showed
that 3.5% SFW and 3.5% CW can hold oil at 25
°C for six months and were able to prevent phase
separation. Figure 5a is an example of a graph that
has a stable chocolate spread. No peak was pres-
ent throughout the graph, indicating that there was
no oil transmission signal nor was phase separa-
tion found. The high peak at the beginning of the
graph indicated the beginning of the measurement.
At 40 °C, chocolate spreads with 3.5% SFW and
3.5% CW were found to be stable for six months
with only a slight phase separation of less than 2.0%
at week 18 for chocolate spread with 3.5% SFW.
Chocolate spread with 3.5% CW that was stable at
40 °C at week 22 is shown in Figure 5a. Patel et al.
(2014) reported that chocolate spread with shellac
wax to replace all existing oil binders and 27% palm
oil (PO) showed no phase separation at 30 °C for 30
days. This showed that chocolate spreads with 3.5%
SFW and 3.5% CW were more stable than choco-
late spread with shellac wax at a higher temperature
and centrifugal speed.

At a temperature of 45 °C, chocolate spread con-
taining 3.5% SFW started to experience continuous
oil separation from week 16, which was after 3.75
months. This phase separation can be measured by
observing whether there is a peak along the trans-
mission graph by not including the initial peak. The
percentage of transmission (oiling out) can be meas-
ured based on the area of the peak. Nevertheless, the

a)

transmission peak along the total length of the sam-
ple is not large. The maximum amount of oil detected
was less than 5% at week 24 (Figure 5b). Fayaz et al.
(2017) reported that their chocolate spread contain-
ing 5% beeswax, propolis wax and monoglyceride
with pomegranate oil was stable at 30 days of stor-
age with less than 6% oiling out at 20 °C at 10000
rpm centrifuge for 15 min. Oiling out indicates the
separation of the liquid phase from the solid phase
of the chocolate spread. Chocolate spread with 3.5%
CW was relatively stable, with the only oiling out
observed at week 24 at a value of less than 2.0%.
This showed that chocolate spread with 3.5% CW
was more stable, as oiling out occurred in the last
week of the storage study at week 24.

3.4. Sensory evaluation of chocolate spread

The results from the sensory evaluation of choc-
olate spreads with different oleogelators (freshly
prepared sample (day 7)) as well as commercial
chocolate spread at temperature of 25 °C are shown
in Figure 6. Chocolate spreads with 3.5% CW and
3.5% SFW were newly produced samples. The sen-
sory attributes evaluated were glossiness, spreada-
bility, color, smoothness, sweetness, oily taste, and
overall acceptability using a 7-point hedonic scale.
Statistically, glossiness, spreadability, color and
smoothness attributes were similar (p > 0.05) to one
another with scores ranging from 3.23-4.27, 5.50—
6.10, 4.63-5.47 and 4.50-4.93, respectively. The
score for the oily taste was the highest for chocolate

b)

Ficure 5. Example of a) stable chocolate spread (chocolate spread containing 3.5% carnauba wax (CW), 40 °C, week 22 and b) unstable
chocolate spread (chocolate spread containing 3.5% sunflower wax (SFW), 45 °C, week 24).
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FiGURE 6. Sensory mean scores for glossiness, spreadability, color, smoothness, sweetness, oily taste and overall acceptability of chocolate
spread containing 3.5% carnauba wax (CW) and 3.5% sunflower wax (SFW) compared to commercial chocolate spread at 25 °C using the
7-point hedonic scale. The results are expressed with n = 30

spread with 3.5% SFW, with a score value of 4.63 or
equivalent to 66.1%.

Statistically, commercial chocolate spread and
chocolate spread containing 3.5% CW received sim-
ilar scores for overall acceptability with values of
5.50 (78.6%) and 4.80 (68.6%), respectively. There-
fore, chocolate spread containing 3.5% CW was
acceptable and comparable to commercial chocolate
spread without wax. In term of sweetness, sensory
panelists preferred commercial products compared
to chocolate spread with oleogels. The commercial
product contains 37% sugar while chocolate spread
with oleogels contains 38.9% sugar. The color of
chocolate spread with oleogels were preferred com-
pared to commercial chocolate spread due to its
lighter color. Sensory panelists preferred the glossi-
ness of chocolate spread with oleogels as the waxes
enhance glossiness compared to the dull surface
of commercial chocolate spread. No sensory eval-
uation was found for chocolate spread, chocolate
paste or chocolate filling for studies using wax oleo-
gel. However, in general, products that use oleogel
have several shortcomings related to the taste of the
product, especially the waxy taste (Abdollahi et al.
2020). A waxy taste was also reported by Yilmaz
and Ogiitcii (2015) for their fat spread products that
used wax oleogel. However, Blake and Marangoni
(2015) found that their final product, a bakery prod-
uct such as croissant using fat containing oleogel

with 7.5% rice bran wax did not have a waxy taste.
Chocolate spread with 3.5% CW statistically had the
same oiliness and mouthfeel (p > 0.05) compared to
commercial chocolate spread. This indicates that the
amount of wax used does not impart a prominent
waxy taste. This result will probably give an advan-
tage to chocolate spread with 3.5% CW in terms of
commercial value.

4. CONCLUSIONS

Low temperatures of 5 and 10 °C affected the
hardness of the chocolate spreads with 3.5% SFW
and 3.5% CW from day 1 (week 0) to week 24 of
storage. However, the hardness of the chocolate
spreads at temperatures of 25, 40 and 45 °C in weeks
0-24 were not affected by temperature or time (p >
0.05). Both chocolate spreads with 3.5% SFW and
3.5% CW can be applied at 5 °C during the stor-
age period (week 0 — week 24). These chocolate
spreads were stable throughout the storage study
from week 1 — week 24 at 25 °C. Chocolate spreads
with 3.5% SFW and 3.5% CW were also stable at
40 °C throughout the storage study. However, at 45
°C, chocolate spread with 3.5% SFW showed early
phase separation compared to chocolate spread with
3.5% CW. Therefore, it can be concluded that choc-
olate spread with 3.5% CW was more stable than
chocolate spread with 3.5% SFW. The sensory eval-
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uation also showed that chocolate spread with 3.5%
CW was more acceptable by sensory panelists com-
pared to chocolate spread with 3.5% SFW.
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