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ABSTRACT

Red palm oil (RPO) is a product obtained from crude palm oil with a high carotenoid content. Despite the
potential, the susceptibility of the constituent B-carotene to degradation and liquid state at room temperature
poses a significant challenge to its use by affecting the texture of the final chocolate spread. Several studies have
proposed using the oleo gelation technique to overcome this challenge, which regulates the structure of oil and
fats mixture using an oleo gelator. Therefore, this study aims to evaluate the physicochemical characteristics of
RPO oleogel produced using an oleo gelator from a beeswax and cocoa butter blend. The best product obtained
was then applied to produce a red chocolate spread. The results showed that RPO oleogel obtained at a high
beeswax-cocoa butter ratio had higher hardness values, 3-carotene content, and melting points. In addition, the
crystal microstructure of the product was needle-form with larger crystal sizes, leading to a significant increase
in the oil binding capacity. Combining 9% beeswax and 1% cocoa butter (BW9-LK1) was the best formula for
producing a chocolate spread. The characteristics of the red chocolate spread obtained from the best oleogel
were 61.47 brightness level (L*), 5.81 red intensity (a*), and 57.81 yellowish (b*), with an oil binding capacity
of 99.95%. The melting temperature was 31.89-41.67 °C, indicating that it could melt at body temperature and
was stable at room temperature. During 5 weeks of storage, the hardness and -carotene content were 6.01-
6.21 N and 469.07-302.67 ppm, respectively. Based on these results, the oleo gelator from beeswax and cocoa
butter blend improved the hardness, melting points, and B-carotene content of RPO oleogel. This indicated that it
potentially could be used as an alternative to produce a carotenoid-rich chocolate spread.
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INTRODUCTION

Red palm oil (RPO) is a product derived from crude
palm oil without a deodorization process. Consequently,
most components, such as tocopherols, tocopherols,
and unsaturated fatty acids, still remain. Several studies
have also shown that RPO has a high concentration
of carotenoids, primarily B-carotene, which produces
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a distinctive red color (Hasibuan and Ijah, 2018).
B-carotene concentration in RPO is typically 15-30
times greater (600-1000 ppm) compared to other
vegetable oils, such as olive, maize, and soybean oil.
(Purnama et al., 2020; Sumarna, 2014). RPO is more
suitable for consumption because it contains high
levels of phytochemicals and B-carotene as provitamin
A. A previous study found that it could be used as a
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functional ingredient in oil or fat-based products,
including margarine, shortening, and spreads. In this
context, chocolate spread is generally used as a filling
for bakery and confectionery commodities in semi-solid
(paste) form. This filling often consists of refined sugar,
skim milk, and other components dispersed into a fat
phase, such as margarine, butter, and vegetable oil. The
semi-solid chocolate spread comprises 55 parts solids
and 45 parts slurry until the dissolved solid content has
a paste-like thickness (Wibisono et al., 2015).

According to previous studies, RPO cannot be
directly applied to chocolate spread because it is liquid at
room temperature, thus affecting the texture’s stability.
The liquid nature is primarily due to the presence of
unsaturated fatty acids in the form of oleic acid, linoleic
acid, and linolenic acid (Ayustaningwarno, 2012). Several
studies on the use of RPO oleogel have proposed to
overcome the limitations associated with its application.
The oleo gelation technique organizes the structure of oil
and fats to improve their functional characteristics, such
as color, texture, and nutritional content, when applied
to food products (Risanti et al., 2018). Oleogel is a semi-
solid material with a mixture of liquid oil and oleo gelator,
which can trap liquid oil by forming a matrix (Huang et
al., 2018). In addition, the benefits of the material are
its simplicity, ease of use, inability to chemically alter
the fatty acid components, quick preparation time, and
ability to effectively lower the amounts of saturated fatty
acid in chocolate spread (Chaves et al., 2018).

In line with these findings, oleogel is typically
formed through the oleo gelation process using an
oleo gelator. RPO tends to be liquid, necessitating its
combination with an oleo gelator to achieve more stability
(Samuditha et al., 2012). In this context, cocoa butter
(CB) and beeswax (BW) can also be used in oleogel and
are safe to apply to chocolate spread (food grade). The
advantage of using CB is that it can provide a dense
structure and improve the color (Ramlah et al., 2019).

According to Doan et al. (2016), BW is a low-
calorie wax with superior adhesion and compactness
properties to carnauba and candelilla wax. Fayaz et
al. (2017) also reported that BW has the advantage
of high oil binding capacity compared to propolis wax
and monoglycerides in pomegranate seed oil oleogel.
Despite the potential, it has been shown to have
several limitations, such as providing a hard texture
when applied to chocolate spread. The use of CB as
an oleo gelator in the oleo gelation process can be
an alternative to maintaining elasticity (Ramlah et al.,
2019). Based on the physical properties of BW and
CB, their combination is expected to complement each
other in strengthening the formation of the RPO oleogel
network structure. The chocolate spread product is also
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expected to have paste-like characteristics in stable
conditions. Therefore, this study aims to evaluate
the characteristics of RPO oleogel produced by a
combination of BW and CB as well as its application
in red chocolate spread. The characteristics examined
include crystalline microstructure, melting point,
hardness, oil binding capacity, and B-carotene content.
The color and oil binding capacity of fresh red chocolate
spread were analyzed, followed by an assessment of its
hardness and B-carotene levels during storage.

METHODS

Materials

Refined sugar and skimmed milk powder of the
“Point” brand was obtained from Pondasi Inti Sejahtera
Limited Company, Bantul, Yogyakarta. “Dolphin” fine
salt was produced by Susanti Megah Limited Company,
Surabaya, and food-grade CB (cocoa butter) was produced
by Darjeeling Sembrani Limited Company, Bandung,
Indonesia. Food-grade “Anugerah Kebun Ku” red palm oil
was obtained from the Palm Oil Farmers Group from Metro
City, Lampung, Indonesia, and food-grade BW (beeswax)
was obtained from CV. Asli Madu Dokter Lebah, Makassar.
Additionally, hexane and B-carotene were obtained from
Merck KGaA (Darmstadt, Germany).

Red Palm Oil Oleogel

Oil oleogels were prepared according to Loppies et
al. (2019) with modifications. BW and CB were weighed
and mixed in a ratio of 5:5, 6:4, 7:3, 8:2, 9:1, and
10:0. The Oleo gelator mixture was heated at 90 °C
until melted and stirred for 15 minutes using a magnetic
stirrer at a speed of 500 rpm. The next stage of the
process was adding 90% RPO to each formula. The
mixture was stirred using a magnetic stirrer at a speed
of 500 rpm and maintained at a temperature of 60 °C for
30 minutes, and temperature conditions were controlled
with a thermometer. Moreover, the mixture was poured
into a 175 mL glass jar and left for 15 minutes. The final
stage was cooling and storage at 11 °C for 24 hours in
a showcase until RPO oleogel was formed.

Preparation and Storage of Red Chocolate Spread

Red chocolate spread was performed according to
Fayaz et al. (2017) with modifications. A total of 30 g of
refined sugar, 29.8 g of skimmed milk powder, 20 mL
of water, and 0.2 g of salt in a beaker were weighed
and heated at 90 °C until melted for 15 minutes using
a magnetic stirrer at a speed of 500 rpm. The next was
the addition of 20 g of RPO oleogel to each formula.
The mixture was stirred using a magnetic stirrer
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at 700 rpm and maintained at 60 °C for 30 minutes
until homogeneous or evenly distributed like a paste.
Moreover, the mixture was transferred into a 175 mL
glass jar and left for 15 minutes. The sample was
stored at room temperature for 24 hours to produce a
red chocolate spread product, and this was stored and
analyzed at weeks 0, 1, 2, 3, 4, and 5.

Observation Parameters

The parameters observed in this study included
crystal microstructure (Biswas et al., 2017) analyzed
using the polarized light microscope (PLM) method,

melting point using the slip melting point (SMP) method
(Kumar et al., 2016), hardness using the universal
testing machine (UTM) method (Godoi et al., 2020), oil
binding capacity using the centrifugation method (Meng
et al., 2018), B-carotene using the spectrophotometric
method (Ulumietal., 2021), color using the chromameter
method (Oh et al., 2017) and texture using a texture
analyzer (Kumar et al., 2016).

Statistic Analysis

Statistical analysis used the SPSS version 19
software program with experiments carried out in 3

(d)

()

Figure 1. Crystal microstructure of RPO oleogel with varying concentrations of BW
and cocoa butter. BW: beeswax, CB: cocoa butter, 90% RPO, (a) RPO oleogel with
oleo gelator BW 5% and CB 5%, (b) RPO oleogel with oleo gelator BW 6% and CB
4%, (c) RPO oleogel with oleo gelator BW 7% and 3% CB, (d) RPO oleogel with
oleo gelator BW 8% and CB 2%, (e) RPO oleogel with oleo gelator BW 9% and CB
1%, and (f) RPO oleogel with oleo gelator BW 10% without CB.

333



V. H. Kurniaditya et al. / agriTECH, 44 (4) 2024, 331-340

replications, and then the data were statistically analyzed
using Analysis of Variance (ANOVA). When a significant
difference was found (p<0.05), it then proceeded with
Duncan’s Multiple Range Test (DMRT).

RESULTS AND DISCUSSION

Physicochemical Characteristics of Red Palm Oil
Oleogel

Effect of the beeswax and cocoa butter ratio on the
crystalline microstructure of red palm oil oleogel

Red palm oil (RPO) oleogel BW5- CB5 (Figure
1.a), BW6-CB4 (Figure 1.b), and BW7-CB3 (Figure 1.c)
samples showed the appearance of shorter crystals in
small amounts in the form of needles. Sample BW8-CB2
(Figure 1.d) had a needle-shaped crystal microstructure
with a greater number of crystals than BW5-CB5 (Figure
1.a), BW6-CB4 (Figure 1.b), and BW7-CB3 (Figure 1.d).
BW9-CB1 (Figure 1.e) and BW10-CBO (Figure 1.f) had
needle-shaped crystals with a longer size and greater
number than other oleogels. The results showed that
increasing the BW concentration in the oleo gelator
mixture resulted in denser needle crystals, longer
crystal sizes, and even distribution (Giacomozzi et al.,
2019). Similar results were obtained by Winkler-Moser
et al. (2019) in soybean oil oleogel at a lower BW
concentration, the number of crystals was found to be
fewer and shorter.

An increase in BW caused an increase in needle
crystals with a tighter arrangement, and a more solid
gel was produced because the crystals formed had a
spherulite pattern with strong cross-links (Huang et al.,
2018). Loppies et al. (2019) reported that the addition
of more than 3% CB mixed into the wax reduced the
intensity of the crystals formed in soybean oil oleogel.
Increasing the concentration of CB caused the matrix
space to swell. Hence, the formed crystal network
decreased, and therefore, it became less dense and less

stable (Domingues et al., 2018). As a result, fat migrated
and came out on the oleogel surface. Therefore, it
reduced the basic crystalline structure that had formed
(Lombardo et al., 2017).

Effect of the beeswax and cocoa butter ratio on
the melting point of red palm oil oleogel

The combination of BW and CB concentrations
influenced the slip melting point and melting point of
RPO oleogel (p<0.05) (Table 1). Slip melting point
and melting point increased with increasing BW
concentration with CB mixing at low concentrations,
and these results were similar to those of Loppies et al.
(2019). The melting point of palm oil and soybean oil
oleogel using BW 9% and CB 1% had the highest melting
point compared to BW 7% and CB 3%, and this was
because BW had a high melting point. Increasing the
CB concentration caused the melting point of the oleo
gelator mixture to decrease; therefore, the interaction
between crystal particles decreased and allowed more
oil to be released. Additionally, fat migration and a
decrease in the slip melting point and melting point
could reduce the solidity of the oleogel (Domingues et
al., 2018; Martins et al., 2017).

When the BW concentration increased, the
melting point increased, and BW had dendritic crystals
with strong gel structure formation ability. However,
interactions in the form of cross-links in the gel and
nucleation were formed in the form of a crystallization
process, which formed a matrix to trap liquid oil into the
gel properly. BW had a high melting point and formed
a strong gel structure. Hence, the ability to trap oil in
the oleogel network was more than 90% (Doan, 2016;
Rochmah, 2019).

Description. Values followed by different letters in
the same column indicated a significant difference at
the 0.05 significance level namely BW: Beeswax, CB:
Cocoa Butter, 90% RPO, BW5-CB5: RPO oleogel with
oleo gelator BW 5% and CB 5%, BW6-CB4: RPO oleogel
with oleo gelator BW 6% and CB 4%, BW7-CB3: RPO

Table 1. Melting point of red palm oil oleogel with varying concentrations of beeswax and cocoa butter

Sample code Slip melting point (°C) Melting point (°C)
BW5-CB5 28,67+1,322 30,89+0,78°
BW6-CB4 30,22+0,67° 31,78+0,83°
BW7-CB3 33,11+0,93¢ 35,67+0,87¢
BW8-CB2 34,44+0,88¢ 39,56+0,88¢
BW9-CB1 36,67+0,70¢ 41,67+0,50°
BW10-CBO 40,56+0,73f 43,33+0,50f
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Figure 2. Hardness of RPO oleogel with varying
concentrations of beeswax and cocoa butter. Values
followed by different letters in the same column
indicated a difference at the 0.05 significance level
namely BW: BW, CB: Cocoa Butter, 90% RPO, BW5-
CB5: RPO oleogel with oleo gelator BW 5% and CB
5%, BW6-CB4: RPO oleogel with oleo gelator BW 6%
and CB 4%, BW7-CB3: RPO oleogel with oleo gelator
BW 7% and CB 3%, BW8-CB2: RPO oleogel with oleo
gelator BW 8% and CB 2%, BW9-CB1: RPO oleogel
with oleo gelator BW 9% and CB 1%, and BW10-CBO:
RPO oleogel with oleo gelator BW 10% without CB.

oleogel with oleo gelator BW 7% and CB 3%, BW8-CB2:
RPO oleogel with oleo gelator BW 8% and CB 2%, BW9-
CB1: RPO oleogel with oleo gelator BW 9% and CB 1%,
and BW10-CBO: RPO oleogel with oleo gelator BW 10%
without CB.

Effect of the beeswax and cocoa butter ratio on
the hardness of red palm oil oleogel

The combination of BW and CB concentrations
influenced the hardness level of RPO oleogel (p<0.05).
Figure 2 presents the increase in hardness values in
RPO oleogel. A high BW ratio in the oleo gelator mixture
could increase hardness. Ristanti et al. (2018) showed
a similar thing where increasing the concentration of
BW combined with CB at a low concentration resulted
in an increase in hardness in “Tropical” cooking oil
oleogel. Increasing BW produced larger crystal sizes,
which could induce crystal nucleation. As a result of
the low CB concentration, there was no increase in
volume. Therefore, the BW crystal spherulites (needles)
could interact with hydrogen bonds and van der Walls
interactions between oil and BW, which could encourage
the formation of a stronger gel and increase hardness
(Winkler-Moser et al., 2019; Lupi et al., 2016).

Increasing the concentration of CB in the mixture
reduced the hardness of the RPO oleogel. This

occurred due to incompatibility between CB and other
fats in RPO when mixed, namely lauric acid, which
caused eutectic symptoms. This caused the formed
fat crystal structure in the mixture to become unstable
and could not be distributed evenly, resulting in fat
migration and separation. This separation made the
texture less solid and could reduce the hardness of
the RPO oleogel (Limbardo et al., 2017; Ristanti et
al., 2018).

Effect of the beeswax and cocoa butter ratio on
the oil binding capacity of red palm oil oleogel

The combination of BW and CB concentrations as
oleo gelator did not affect the oil binding capacity of RPO
oleogel (p>0.05), and similar results were also obtained
by Fayaz et al. (2017). The use of BW and propolis wax
at different concentrations did not affect the binding
capacity of pomegranate seed oil oleogel. Pomegranate
seed oil oleogel had an oil binding capacity ranging from
98.22% - 99.96%. Meng et al. (2018) reported that
increasing BW caused an increase in oil binding capacity,
which made the oleogel stable because the oil loss value
was low. The oil binding capacity was not significantly
different because BW had strong adhesion (Ogutchu et
al., 2014).

The binding capacity of oil was related to the number
of crystals contained. According to Fayaz et al. (2017),
this was because BW had a crystal structure resembling a
needle, where the higher the concentration, the more and
longer the crystals that were formed; therefore, it could

Table 2. Oil binding capacity of red palm oil oleogel with
varying concentrations of beeswax and cocoa

butter
Sample code Oil binding capacity (%)
BW5-CB5 99,78+0,172
BW6-CB4 99,79+0,332
BW7-CB3 99,89+0,02°
BW8-CB2 99,92+0,052
BW9-CB1 99,98+0,012
BW10-CBO 99,98+0,012

Description. Values followed by different letters in the same
column indicated a significant difference at the 0.05 significance
level including BW: Beeswax, CB: Cocoa Butter, 90% RPO, BW5-
CB5: RPO oleogel with oleo gelator BW 5% and CB 5%, BW6-CB4:
RPO oleogel with oleo gelator BW 6% and CB 4%, BW7-CB3: RPO
oleogel with oleo gelator BW 7% and CB 3%, BW8-CB2: RPO
oleogel with oleo gelator BW 8% and CB 2%, BW9-CB1: RPO
oleogel with oleo gelator BW 9% and CB 1%, and BW10-CBO:
RPO oleogel with oleo gelator BW 10% without CB.
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trap more than 90% of the oil into the oleogel network.
A high BW concentration could induce crystal nucleation
in the form of an increased number of crystals formed.
Therefore, it could encourage the formation of a stronger
gel and hold or bind oil well, consequently reducing the
percentage of oil loss (Tavernier et al., 2017; Wijaya et
al., 2019).

Effect of the beeswax and cocoa butter ratio on
the B-carotene content of red palm oil oleogel

The combination of BW and CB concentrations
influenced B-carotene levels in RPO oleogel (p<0.05), and
Figure 3 shows the increase in B-carotene levels. Chen
et al. (2016) found similar results where increasing the
wax concentration in zein-based oil oleogels could inhibit
the degradation of B-carotene. High BW concentrations
with CB mixing at low concentrations could maintain
B-carotene. The content obtained was related to the
crystal microstructural characteristics of the oleogel
system. Additionally, increasing the BW concentration
caused the number of crystals to increase. Mixing CB in
low concentrations did not cause an increase in volume.
Therefore, the interaction between crystal particles
became stronger in a limited space and increased
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Figure 3. B-carotene content of RPO oleogel with
varying concentrations of beeswax and cocoa butter.
Values followed by different letters in the same
column indicated a significant difference at the 0.05
significance level namely BW: Beeswax, CB: Cocoa
Butter, 90% RPO, BW5-CB5: RPO oleogel with oleo
gelator BW 5% and CB 5%, BW6-CB4: RPO oleogel
with oleo gelator BW 6% and CB 4%, BW7-CB3: RPO
oleogel with oleo gelator BW 7% and CB 3%, BWS-
CB2: RPO oleogel with oleo gelator BW 8% and CB
2%, BW9-CB1: RPO oleogel with oleo gelator BW 9%
and CB 1%, and BW10-CBO: RPO oleogel with oleo
gelator BW 10% without CB.
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protective mobility in trapping oil in the gel matrix. This
could prevent singlet oxygen and reactive radical species
in the surrounding environment. Therefore, it inhibits
the degradation of B-carotene (Chen et al., 2016).

The initial level of B-carotene in RPO was 905.27
ppm, which decreased in oleogel. This was due to
heating at 90 °C for 45 minutes when making the
oleogel. Azarine (2019) reported that heating RPO for
120 minutes at 50 °C caused a decrease in B-carotene
of 3% and continued to increase with increasing
temperature and heating time. According to Mursalin
(2018), the decrease in B-carotene content was caused
by oxidation of carotene during heating. Hydroperoxide
compounds (the main product of fat oxidation) triggered
the oxidation of carotene in RPO oleogel. Sugiyono et
al. (2012) reported that other factors that caused a
decrease in B-carotene were exposure to oxygen, light,
and heat, which could catalyze the oxidation of carotene
in RPO oleogel.

Physicochemical Characteristics of Red Chocolate
Spread

As a control, the red chocolate spread was made
using RPO oleogel from the best treatment, namely BW9-
CB1 and BW10-CBO. This was based on BW9-CB1 having
a characteristic crystal microstructure with a larger
number of crystals, long and homogeneous, having a
high melting point (36.67—41.67 °C) with a denser and
denser texture (hardness) and the highest oil binding
capacity. The product was expected to have the lowest
oil loss with the highest B-carotene. The parameters
for assessing the quality of red chocolate spread fresh
products were color and oil binding capacity. At the same
time, during 5 weeks of storage, the level of hardness
and B-carotene content were evaluated.

Effect of the beeswax and cocoa butter ratio in
oleogel on the color of red chocolate spread

The combination of BW and CB concentrations
in RPO oleogel influenced the brightness level (L*) of
the red chocolate spread (p<0.05). Table 3 showed
that red chocolate spread with the addition of BW-
based oleogel combined with CB (BW9-CB1) had
a higher brightness level than red chocolate spread
with only BW (BW10-CB0). Commercial chocolate
spread without adding oleogel (SC-K) had the lowest
brightness level compared to oleogel (BW9-CB1 and
BW10-CBO). Similar results were found in Sampebarra
et al. (2019), that chocolate spread with the addition
of soybean oil oleogel with a combination of CB and
BW produced a higher level of brightness and shine.
Ramlah and Alfrida (2019) stated that CB underwent
a deodorization process, resulting in a bright CB color
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Table 3. Color analysis of red chocolate spread based on red palm oil oleogel

Sample Code Color
Brightness (L*) Redness (a*)  Yellowish (b*)  Color difference (AE)
BW9-CB1 61,47+0,30¢ 5,81£0,20° 57,81+0,60° 2,42
BW10-CBO 59,31+0,27° 5,81+0,31° 57,80+0,41° 1,78
SC-K 34,80+0,512 3,18+0,09° 0,67+0,072 -

Description. Values followed by different letters in the same column indicated a significant difference at
the 0.05 significance level, including BW: Beeswax, CB: Cocoa Butter, BW9-CB1: RPO oleogel with oleo
gelator BW 9% and CB 1%, BW10-CB0: RPO oleogel with 10% BW oleo gelator without CB, and SC-K:

Commercial Chocolate Spread.

and increasing the brightness of the resulting chocolate
spread product.

The addition of oleo gelator-based RPO oleogel from
a combination of BW and CB applied to the red chocolate
spread resulted in red (a*) and yellow (b*) color intensities
that were significantly different from the commercial
chocolate spread (SC-K). The total color difference (AE)
in the oleogel-based chocolate jam sample (BW9-CB1)
compared to commercial chocolate spread (SC-K) was
very high. This was because the AE value ranged from
1.5 to 3 (Oh et al., 2017). The color difference was due
to the presence of pigment in the material, namely RPO
oleogel. The addition of RPO oleogel produced a higher
yellowish-red color intensity compared to chocolate jam
without the addition. This was because RPO had natural
pigments in the form of carotenoids, which produce red
to yellowish colors (Sumarna, 2014).

The effect of the beeswax and cocoa butter
ratio in oleogel on the oil binding capacity of red
chocolate spread

The combination of BW and CB concentrations as
an oleo gelator had no significant effect on the oil binding
capacity of red chocolate spread (P>0.05). According to
Fayaz et al. (2017), BW had a spherulite crystal pattern
structure with high binding strength. Therefore, it
could trap oil in the chocolate spread network of more
than 90%. Similar results were obtained by Fayaz et
al. (2017), and the use of BW in pomegranate seed
oil oleogel had an oil binding capacity that was not
significantly different, with a value reaching 99.96%.
The use of oleogel could induce crystal nucleation. The
increased number of crystals helped form a stronger gel
structure. It trapped the oil well because its capacity in
the chocolate spread increased (Wijaya et al., 2019).

Chocolate spreads based on RPO oleogel (BW9S-
CB1 and BW10-CBO0) had oil binding capacity values that
were significantly different (p<0.05) from commercial
chocolate spread without the addition of oleogel (SC-K).

Commercial chocolate spread (SC-K) had the lowest oil
binding capacity compared to BW9-CB1 and BW10-CB0O
(Table 4). Similar results were also obtained by Doan
et al. (2016), where hazelnut filling with the addition
of BW-based oleogel had the most effective oil binding
capacity compared to the addition of oleogel. The results
showed that the addition of oleogel was proven to help
network restructuring and increase the oil-binding
capacity of the resulting chocolate spread.

Effect of the beeswax and cocoa butter ratio in
oleogel on the hardness of red chocolate spread
during storage

The combination of BW and CB concentrations as
an oleo gelator had a significant effect on the hardness
of red chocolate spread (p<0.05). Based on the results,
it was known that chocolate spread with BW-based
RPO oleogel combined with CB (BW9-CB1) had a lower
hardness than without the addition of CB (BW10-CB0)).
Sutrisno (2018) reported that chocolate spread with
cashew filling and the addition of CB emulsion could
reduce its hardness. This was because the hardness
was influenced by the constituent fatty acids and the
characteristics of the fat crystals. A decrease in the

Table 4. The oil binding capacity of red chocolate spread
based on red palm oil oleogel

Sample Oil binding capacity (%)
BW9-CB1 99,95+0,052
BW10-CBO 99,93+0,052
SC-K 99,14+0,08°

Description. Values followed by different letters in the same
column indicated a significant difference at the 0.05 significance
level, namely BW: Beeswax, CB: Cocoa Butter, BW9-CB1: RPO
oleogel with oleo gelator BW 9% and CB 1%, BW10-CBO:
RPO oleogel with oleo gelator BW 10% without CB, and SC-K:
Commercial Chocolate Spread.
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hardness of chocolate products due to fat incompatibility
occurred through the formation of imperfect crystal
lattices, which could increase the mobility of molecular
movements, change the polymorphic structure, and
change the crystallization rate.

Samples BW9-CB1 and BW10-CBO did not
experience changes in hardness during storage. Marzelly
et al. (2017) stated that the stable hardness value
during storage was caused by cross-linking in the gel,
hence forming a 3-dimensional structure bound to each
other. Furthermore, the tissue captured water in the
gel and then formed a stable structure. This caused the
hardness of the chocolate spread to become stable like
paste, and adding sugar could also affect the hardness of
the chocolate spread. According to Marsigit et al. (2018),
this could be influenced by the fact that sugar could
bind water during the heating process in the chocolate
spread, producing a texture with stable hardness.

Effect of the beeswax and cocoa butter ratio
in oleogel on the B-carotene content of red
chocolate spread during storage

Red chocolate spread BW9-CB1 and BW10-CBO
showed a significantly different decrease in B-carotene
concentrations every week during 5 weeks of storage.
This was because making red chocolate spread
involved 2 stages of the heating process. The first
heating process was when the RPO and oleo gelator
were heated at 90 °C for 45 minutes, and the second
heating was when making the chocolate spread at a
temperature of 60 °C for 45 minutes, which allowed
damage to B-carotene. According to Mursalin (2018), the
decrease in B-carotene was caused by heating, which
initiated carotene oxidation. This caused hydroperoxide
compounds, the main product of fat oxidation, and
triggered carotene oxidation. Another factor causing the
decrease in B-carotene was exposure to oxygen, light,
and heat, which could catalyze the oxidation of carotene
in red chocolate spread (Sugiyono et al., 2012).

The combination of BW and CB concentrations
in RPO oleogel had a significant effect (p<0.05) on
the B-carotene content of red chocolate spread. The
oleo gelation technique using a double oleo gelator (a
mixture of BW and CB) obtained better carotene stability
than a single oleo gelator when applied to chocolate
spread for 5 weeks of storage. This was because the
combination of BW and CB as oleo gelators easily
interacted and restructured to strengthen the formation
of the chocolate spread network structure to trap oil
and prevent oil migration, thereby preventing damage
to B-carotene. According to Chen et al. (2016), carotene
degradation could be slowed and stabilized by emulgel.
The network in emulgel could protect B-carotene
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Table 5. Physicochemistry of red chocolate spread
based on red palm oil oleogel during 5 weeks
of storage

B-carotene

Sample Code content (ppm)

Hardness (N)

BW9-CB1MO 6.01£0.22%A 469.07+0.30%F
BW9-CB1M1 6.02+0.14%A 444.50+0.91%
BW9-CB1M2 6.07+0.21* 356.56+0.53°
BW9-CB1M3 6.12+0.23* 330.05+0.80
BW9-CB1M4 6.17+0.90* 306.35+0.61%
BW9-CB1M5 6.21+0.62* 302.67+0.30
BW10-CBOMO 7.04+0.02% 457.31+0.30°"
BW10-CBOM1 7.06+0.48 396.93+0.80%
BW10-CBOM2 7.14+0.40% 349.36+0.61°
BW10-CBOM3 7.35+0.06" 330.23+0.53
BW10-CBOM4 7.38+0.54% 281.60+0.30%8
BW10-CBOM5 7.40+0.16 258.08+0.91%

Description. Values followed by the same lowercase letter in
the same column and the same uppercase letter in the same
column were not significantly different at the 0.05 significance
level, namely MO: week 0, M1: week 1, M2: week 2, M3: week 3,
M4: week 4, and M5: week 5. Others included BW: Beeswax, CB:
Cocoa Butter, BW9-CB1: RPO oleogel with oleo gelator BW 9%
and CB 1%, and BW10-CBO: RPO oleogel with oleo gelator BW
10% without CB.

by trapping and isolating it in a gel matrix that could
protect against singlet oxygen compounds. The results
of B-carotene levels indicated that the combination of
BW and CB in RPO oleogel, when applied to chocolate
spread, could contribute to vitamin A intake in the body.

CONCLUSION

In conclusion, the combination of BW and CB as
oleo gelator affected its crystal shape. Increasing the
concentration of BW causes more needle-shaped crystals,
denser crystals with a longer size, evenly distributed,
and the obtained RPO oleogel is more stable. Hardness,
B-carotene content, and melting point of RPO oleogel
increased with increasing BW concentration in the oleo
gelator. The best RPO oleogel was obtained from a
combination of 9% BW and 1% CB (BW9-CB1), where
the hardness, B-carotene content, and melting point
were high, and the crystal morphology was compact.
The best RPO oleogel-based red chocolate spread had
a better color (brightness) and oil binding capacity
compared to oleogel-based red chocolate spread without
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CB (BW10-CBO) or commercial chocolate spread (SC-
K). The red chocolate spread had a brightness (L*) of
61.47, red color intensity (a*) of 5.81, and yellowness
(b*) of 57.81, with an oil binding capacity of 99.95%.
The melting point of the red chocolate spread was 31.89-
41.67 °C, which indicated that the product melts at body
temperature and is stable at room temperature. The
hardness of the Red chocolate spread was 6.01-6.21
N, and the carotene content was 469.07-302.67 ppm
during 5 weeks of storage. Therefore, the use of RPO
oleogel with a combination of BW and CB could improve
physicochemical properties, including color, hardness
level, and B-carotene content, and could be an alternative
for making chocolate spreads rich in B-carotene.
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