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INTRODUCTION

Red palm olein (RPO) contains higher carotenoids, 
especially 85% of β-carotene, than other palm oil 
products (Eze et al., 2021; Nainggolan and Sinaga, 
2021). RPO is produced from crude palm oil 
containing 500-700 ppm of carotenoids through 
degumming, deacidification, and fractionation. 
Technically, its processing is conducted without 
bleaching or deodorisation, enabling the retention 
of carotenoids in crude palm oil (Dewi et al., 2023; 

Purnama et al., 2020). Carotenoids in RPO increase 
retinol levels in the blood serum, which justifies 
their use in cases of vitamin A deficiency (Harlen 
et al., 2018; Loganathan et al., 2017). Treatment of 
vitamin A deficiency is important because it causes 
metabolic disorders, metaplasia (changes in cell 
function), infectious diseases, immunoglobulin 
dysregulation, anaemia, promyelocytic leukaemia, 
xerophthalmia (failure to produce tears), cancer 
development, and death (Carazo et al., 2021; Surman 
et al., 2020).

RPO consists of 42.23% palmitic acid (C:16-1), 
41.58% oleic acid (C:18-1), and 10.71% linoleic acid 
(C:18-2), and for this reason, it is liquid at room 
temperature (Marliyati et al., 2021; Nainggolan 
and Sinaga, 2021). The carotenoids in RPO begin 
to degrade significantly at 60°C, leading to its 
limited application in food products (Sarah, 2018). 
Therefore, it is necessary to modify RPO to make 
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it solid at room temperature while maintaining 
its carotenoid content. A modified RPO, which is 
in solid form, can be formulated for several food 
products that require raw fat materials, such as 
margarine, spread, and shortening (Hasibuan et al., 
2019; Wang et al., 2021). 

Oleogelation is an alternative to the 
conventional method that facilitates the mixing 
of oil and oleogelator through heating, followed 
by crystallisation through cooling to produce an 
oleogel. This process can minimise changes in the 
fatty acid composition and the formation of trans 
fatty acids by selecting an effective oleogelator 
(Samateh et al., 2018). Natural waxes can form fat 
crystal networks at concentrations of less than 
10% (Morales et al., 2023; Sena et al., 2022). Among 
natural wax, beeswax is often used in oleogelation, 
considering that Indonesia is among the world’s 
top 20 largest beeswax-exporting countries. In 
addition, the beeswax market has experienced 
a significant growth in the last five years and is 
predicted to continue to grow until 2029 (SEAIR, 
2023).

Oleogels are viscoelastic mixtures of liquid and 
solid lipids that possess specific properties that 
change owing to certain forces or disturbances (Han 
et al., 2022; Naeli et al., 2021; Pang et al., 2020; Xu et 
al., 2022). This has provoked research interests in 
the rheological analysis of viscoelastic materials. 
However, the profiles and rheological characteristics 
of RPO oleogels remain unknown. Therefore, this 
study aimed to identify the rheological properties 
of RPO oleogels using a beeswax oleogelator. 
The rheological properties were confirmed by 
morphological analysis and solid fat content (SFC). 
Morphological analyses were performed to observe 
the crystal morphology and formation of the oleogel. 
SFC is one of the parameters commonly used by 
the food industry in developing fat-based foods. In 
addition, considering the high carotenoid contents in 
RPO, this study determined the carotenoid content 
and colour of RPO oleogels at different beeswax 
concentrations. 

MATERIALS AND METHODS

Samples

RPO was obtained from Carotino Sdn. Bhd. 
(Johor, Malaysia), and the beeswax was obtained 
from Babybees (Jakarta, Indonesia). The RPO is 
liquid at room temperature. It contained 60.93% 
unsaturated fatty acids mainly oleic and linoleic 
acids and 0.04% free fatty acids. The beeswax is 
solid at room temperature. It had 5.55 mg KOH/g 
of acid value, 97.55 mg KOH/g of ester value, 
61°C slip melting point, and 110.04 mg KOH/g of 
saponification value. 

Reagents

Wijs reagent, potassium iodate (≥99.5%), 
potassium iodide (≥99.5%), sodium thiosulfate 
(99.5%-101.0%), glacial acetic acid (≥99.8%), ethanol 
(≥99.5%), sodium hydroxide (≥97.0%), cyclohexane 
(≥99.5%), phenolphthalein (≥99.9%), amylum 
indicator (≥99.9%) and ethanol (95.1%-96.9%) were 
purchased from Merck (Darmstadt, Germany). 
Isooctane (≥99.0%) was purchased from SmartLab 
Indonesia (Jakarta, Indonesia), while distilled 
water was procured from a laboratory in the 
Department of Food Science and Technology at IPB 
University (Bogor, Indonesia). Demineralised water 
was procured by PT Laboratorindo Jaya Perkasa 
(Sidoarjo, Indonesia).

RPO Characterisation

RPO characterisation followed the standard 
method of the Indonesian National Standard 
9098:2022 for Red Cooking Oil (BSN, 2022), 
concerning colour by Model F Lovibond 
Tintometer (England), odour and taste with 
organoleptic test, moisture content and volatile 
matter by UN55 Memmert Oven (Germany), 
iodine number, peroxide value, free fatty acid 
content, and total carotenoids by Uvmini-1240 
Shimadzu UV-Vis spectrophotometer (Germany), 
and pelican oil. Pelican oil contains minerals that 
cannot be saponified in an alkaline alcohol-water  
solution.

Oleogelation

RPO and beeswax with a total mass of 10 g 
were heated at 65°C for 20 min in a LabTech LSB-
015S shaking water bath (Indonesia). Subsequently, 
the mixture was cooled to 5°C for 24 hrs (Kamali 
et al, 2019). The beeswax concentrations were 0%, 
1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, and 10% in 
duplicates.

Critical Gelling Concentration

Determination of critical gelling concentration 
was carried out visually by inverting the oleogel 
test tube at 25°C. The formation of a solid phase in 
the oleogel was indicated by a non-flowing oleogel 
(Flöter et al., 2021).

Morphology Analysis

Melted oleogels were dropped onto a preheated 
slide and immediately covered with a cover slip. It 
was stored at 5°C for 24 hrs. The crystal morphology 
of the RPO oleogels was observed using a CX31-P 
Olympus polarised microscope (Japan), at 1000× 
magnifications (Pang et al., 2020).
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Rheology

The rheological properties were analysed 
using Anton Paar MCR 92 rheometers (Austria). 
Rheological analysis consisted of amplitude, 
frequency, and temperature sweep. An amplitude 
sweep was carried out at a strain of 0.01%-
100.00%, with angular frequency of 10 rad/s at 
25°C. A frequency sweep was performed in the 
linear viscoelastic region (LVR) with a frequency 
of 0.1-100.0 rad/s and a temperature of 25°C. The 
temperature sweep was carried out 25°C-90°C with 
5°C/min and an angular frequency of 10 rad/s at 
linear viscoelastic region (LVR) (Barroso et al., 2022). 
This analysis was performed using PP50/S (beeswax 
and oleogel 1%-10% beeswax) and CP50-1 (RPO and 
oleogel 0% beeswax) geometries.

Melting Point

The melting point was determined from the 
result of the temperature sweep in rheology analysis. 
This melting point is an estimated melting point that 
was determined by the crossover point of G’ and G’’, 
affected by temperature (Atik et al., 2022).

Solid Fat Content

Solid fat content (SFC) was analysed by MQ20 
Minispec nuclear magnetic resonance (NMR) 
analyser (Germany). The sample was heated at 100°C 
for 15 min in a water bath. The water bath was then 
turned off, and the sample was left in the water bath 
for 30 min. They were re-heated in a water bath at 
60°C for 5 min and transferred to a water bath at 0°C 
for 60 min. Samples were analysed at temperatures 
of 0°C, 10°C, 20°C, 30°C, 40°C, 50°C, 60°C, 70°C, and 
80°C or until the sample showed SFC of 0% (AOCS 
Official Method Cd 16b-93, 2022).

Total Carotenoid

The total carotenoid content was analysed using 
a UVmini-1240 Shimadzu UV-Vis spectrophotometer 
(Germany). Samples (0.1-0.5 g) were diluted with 
isooctane in a 25 mL volumetric flask, then analysed 
in a UV-Vis spectrophotometer at a wavelength of  
446 nm (ISO 17932, 2011).

Colour Characterisation

The colour was analysed using a Minolta  
CR-400 chromameter. The chromameter was 
calibrated on standard white and black plates. 
Colour analysis was performed by placing a 
homogeneous sample in a cylindrical tube with a 
diameter of 2 cm and a height of 1 cm (Papadaki et al.,  
2020).

Statistical Analysis

The experimental design of this study was a 
completely randomised design (CRD) with two 
treatment replicates, and all tests were repeated 
in duplicate. Data were analysed by analysis of 
variance (ANOVA) using the IBM SPSS Statistics  
25 software with an alpha of 5%.

RESULTS AND DISCUSSION

Characteristics of Red Palm Olein 

Table 1 shows that the RPO samples fully 
complied with the quality requirements of 
Indonesian National Standard (SNI 9098:2022) for 
Red Cooking Oil. The samples were of high quality 
and were made from high-quality raw materials; 
thus, they could be used as food ingredients. 

TABLE 1.  RPO CHARACTERISTICS BASED ON INDONESIA NATIONAL STANDARD (SNI 9098:2022)

Parameter Quality requirements on 
SNI 9098:2022 Analysis results

Colour (Lovibond unit)

Red ≥10 15.07 ± 0.06

Yellow ≥10 10.03 ± 0.06

Odor Normal Normal

Taste Normal Normal

Moisture content and volatile matter (%) ≤0.15 0.06 ± 0.02

Iodine number (g iod/100 g) ≥56.00 60.93 ± 0.52

Peroxide value (meq O2/kg) ≤10.00 7.85 ± 0.32

Free fatty acid content (%) ≤0.50 0.04 ± 0.00

Total carotenoids (mg/kg) ≥400.00 657.24 ± 15.67

Pelican oil Negative Negative
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Critical Gelling Concentration

As shown in Figure 1, the RPO oleogels with 
0%, 1%, and 2% beeswax flowed to the bottom of 
the tube due to gravity, indicating that the oleogels 
were liquid and could flow without additional force. 
However, the control sample (without beeswax) 
moved completely to the bottom of the tube, and no 
oleogel remained at the top. Intriguingly, the RPO 
oleogel with 1% beeswax left residual oleogel on the 
inner tube wall. Visually, the remaining sample left 
in the tube appeared orange at the top of the test tube 
of the sample containing 2% beeswax, indicating 
it contained more residue than that containing 
1% beeswax. A slower flow time indicated higher 
viscosity and higher resistance because it has more 
friction (Jia et al., 2022).

In contrast, RPO oleogel with 3% to 10% beeswax 
did not flow to the tube bottom after inversion. 
This indicated that the sample was solid at room 
temperature. Higher beeswax concentrations 
resulted in more solid oleogels (Han et al., 2022; 
Pang et al., 2020; Zbikowska et al., 2022). About 
3% beeswax is the minimum amount required to 
make the RPO oleogel solid at room temperature. 
Therefore, the critical gelling concentration of the 
RPO oleogel with beeswax as oleogelator is 3%.

Figure 1. Critical gelling concentration of RPO oleogel.

Critical gelling concentration

Morphology Analysis

Figure 2 shows that the RPO oleogels had 
needle-shaped crystals. Its crystal morphology is 
characteristic of an oleogel that uses beeswax as the 
oleogelator (Chen et al., 2021; Gómez-Estaca et al., 
2019; Pang et al., 2020). RPO oleogel with 3%-10% 
beeswax has a compact crystal structure. Higher 
beeswax concentration resulted in denser crystal 
structures. Our results are consistent with that 
of Pang et al. (2020) in that the crystals are denser 
with higher concentration of beeswax in oleogels, 
either with camellia oil, sunflower oil, flaxseed 

oil or soybean oil. RPO oleogel with 10% beeswax 
is known to contain fluorescent molecules in the 
beeswax. 

In contrast, RPO and RPO oleogel with 0% 
beeswax (control) had no crystal structure, therefore 
they were liquid at room temperature. Notably, 
the control oleogel (with 0% beeswax) was an RPO 
which underwent an oleogelation process without 
adding the beeswax. The RPO oleogels with 1% and 
2% beeswax had needle-like crystals but did not 
have a compact structure. This result is consistent 
with the observations of the critical gelation 
concentrations, which indicated that the transition 
concentration was 3%. When viewed through a 
polarised microscope, compact crystal structures 
were formed at the transition concentrations. The 
crystal structure of beeswax had trapped the RPO 
into a solid form.

Rheology

Amplitude sweep results. The linear viscoelastic 
region (LVR) and yield stress were determined using 
an amplitude sweep. The maximum shear strain 
value at the LVR (LVR limit) was determined based 
on the shear strain value at the storage modulus 
(G’), loss modulus (G”), or complex modulus (G*) 
with a 5% difference from the shear strain value 
using a horizontal line plot (ISO 6721-10, 2015). The 
LVR is the range in which at a given disturbance 
(shear strain or shear stress) on the sample, it does 
not damage the structure of the samples (Mezger, 
2021). In this study, it was evident that beeswax 
had significantly affected the LVR (Figure 3). Higher 
levels of beeswax resulted in a wider range of LVR. 
A wider LVR indicates that the sample is more 
resistant to disturbances in the form of shear strain. 
Beeswax increases the strength and stability of 
the three-dimensional bonds to stabilise the RPO 
structure against shear strain treatment (Chai et al., 
2022; Espert et al., 2022). However, the LVR for the 
RPO oleogels with 0% and 1% beeswax could not 
be identified because they were Newtonian fluids. 
The viscosity of a Newtonian fluid is not affected by 
the force applied to the flow, and a very small shear 
strain can cause sample deformation (Alexander, 
2017; Gagliardi, 2020; Hariyadi et al., 2019).

The yield stress is the minimum force required 
to flow a material, such as a liquid generally 
possessed by non-Newtonian fluids (Hariyadi 
et al., 2019). This analysis revealed that increased 
beeswax oleogelator levels increased the yield stress  
(Figure 4). The yield stress is associated with the 
length of the saturated fatty acid chains in the 
beeswax and the crystal structure of the oleogel. 
Beeswax mainly contains C24 to C36 fatty acids, most 
of which are saturated fatty acids (approximately 
85%). However, the dominant saturated fatty acids 
chain length was C14-C31, with a long-chain of 
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Figure 2. Needle-shaped crystal of beeswax, RPO, and RPO oleogels.

even-numbered palmitate wax esters and fatty 
acids (Chasan et al., 2021; Doan et al., 2017; Szulc et 
al., 2020). As explained in the morphology analysis 
section, the higher beeswax concentration caused a 
denser crystal structure. A denser crystal structure 
resulted in a higher elastic modulus value; therefore, 
a stronger force was required to destroy the oleogel 
structure. Therefore, the yield stress increased as 
the beeswax concentration increased.

Frequency sweep results. Changes in the frequency 
given to the sample markedly alter storage 
modulus (G’) and loss modulus (G”). Values are 
specific to each sample and frequency. In addition, 
the G’ and G” have the same value at the crossover 
point. The crossover point is indicated by the 
angular frequency required to achieve a loss factor 
of 1 (Sivakanthan et al., 2023). The loss factor is 
the ratio of loss modulus to storage modulus. In 
the case of RPO oleogels with 0%-3% beeswax, 
the higher concentration of beeswax resulted 
in a higher crossover point (Figure 5). A higher 
crossover point indicates that a higher frequency 
is required to change the RPO oleogel phase, from 
the solid to the liquid phase. In addition, the higher 
the concentration of beeswax, the more stable the 
RPO oleogel structure (Doan et al., 2017; Kwon and 
Chang, 2022; Sivakanthan et al., 2023).

Moreover, G’ is higher than G” at frequency 
below the crossover point, suggesting that the 
sample is solid. Conversely, above the crossover 
point, G’ was lower than G”, indicating that the 

sample was liquid. Previous studies have discovered 
different types of oleogels, including walnut oleogels 
with monoglycerides, sunflower seed oleogels with 
carnauba wax, hazelnut oleogels with carnauba wax 
and olive oleogels with carnauba wax, with similar 
results (Pehlivanoglu et al., 2021; Sun et al., 2022).

In addition, the higher concentration of beeswax 
had increased G’ and G”. However, the crossover 
points of the RPO oleogel with 4%-10% beeswax 
could not be identified. Oleogels with 4%-10% 
beeswax had a crossover point of more than 100 
rad/s, exceeding the detection limit of the rheometer 
used. Thus, they were not analysed further in this 
study. However, these results demonstrated that the 
angular frequency range of 0.10-100.00 rad/s was 
unable to change the 4%-10% oleogel phase from 
solid to liquid.

Temperature Sweep Results. The addition of the 
beeswax oleogelator to the formulation of the RPO 
oleogel was aimed at increasing the melting point of 
RPO. Beeswax, which has elevated long-chain fatty 
acids, immobilises RPO fatty acid molecules in a 
three-dimensional matrix, formed from the beeswax 
needle crystals. Beeswax can transform RPO from 
liquid to solid at room temperature. In this study, 
the melting point of RPO had increased significantly 
with the addition of beeswax (Table 2). 

The RPO oleogels with 0% and 1% beeswax had 
melting points of less than the room temperatures 
(<25°C). It indicated that the oleogels were liquid 
at room temperature. The RPO oleogel with 
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Figure 3. Linear viscoelastic region (LVR) limit of red palm olein 
oleogels. Distinct letters show significant differences between the LVR 
limit of the samples (two-way ANOVA; Duncan test: p-value ≤0.05).

Figure 4. Yield stress of red palm olein oleogels. Distinct letters show 
significant differences between the yield stress of the samples (two-way 
ANOVA; Duncan test: p-value ≤0.05).

TABLE 2.  MELTING POINT OF RED PALM OLEIN OLEOGELS

Beeswax concentration (%) Melting point (°C)
0 <25.00
1 <25.00
2 26.94 ± 1.87 a

3 40.61 ± 1.73 bc

4 39.83 ± 1.49 b

5 41.87 ± 2.04 bc

6 42.90 ± 0.34 c

7 45.65 ± 1.87 d

8 46.26 ± 1.51 d

9 46.82 ± 1.45 d

10 47.29 ± 1.56 d

Note:	Values are the mean ± standard deviation (n=4). Distinct superscript 
letters indicate significant differences between the melting points of the 
samples (two-way ANOVA; Duncan’s test: p≤0.05).
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2% beeswax had a melting point around room 
temperatures (26.94°C ± 1.87°C). RPO oleogels with 
0% beeswax (control) and 1%-2% beeswax did not 
form a three-dimensional matrix that firmly trapped 
the oil molecules. On the other hand, RPO oleogels 
with 3%-10% beeswax had melting points higher 
than 25°C, so they were solid at room temperature. 
This indicated that a minimum of 3% beeswax in the 
RPO oleogel was in solid form at room temperature.

This melting point of the RPO oleogel was 
comparable to the results of visual analysis of critical 
gelation concentrations. RPO oleogel with a melting 
point above room temperatures (about 25°C) is 
in solid form at room temperatures, which can be 
visually identified from the RPO oleogel that was 
motionless after tube inversion. Oleogel with 3% 
beeswax had the lowest concentration of beeswax, 
whose melting point was above 25°C, with a critical 
gelling concentration of RPO oleogel at 3%. The 
melting point indicates the temperature limits at 
which the gel structure can be maintained during 
heating. These are important for making decisions 
and controlling the texture, emulsion stability, 
homogeneity, and other qualities of food during 
processing. 

Solid Fat Content

RPO showed solid fat content (SFC) of 58.89% 
± 0.46% at 0°C, but it turned to 0% at 20°C. This 
suggests that at a temperature of 20°C, the RPO was 
entirely in the liquid phase. In contrast, beeswax 
had a higher SFC than the RPO samples and all RPO 
oleogel samples at all temperature levels. The SFC of 
beeswax was 92.21% ± 0.04% at 0°C and reached 0% 
at 60°C. The SFC value is directly proportional to the 
melting point of the sample. A higher melting point 
corresponds to a higher temperature for 0% of SFC. 

The melting point profile changed markedly 
owing to the addition of beeswax to the RPO 
oleogels. A higher beeswax concentration shifted 
the SFC chart pattern to the right (Figure 6). 

However, the RPO oleogel had a similar pattern of 
SFC reduction with temperature as the RPO SFC. 
The increase in the SFC of oleogels resulted from the 
3-dimensional structure of the oleogelator, which 
can trap oils, enhancing the content of saturated 
fatty acids in the oleogel (Pehlivanoglu et al., 2021). 
Another study revealed that the SFC of a crude 
palm oil oleogel with 5% beeswax was higher than 
that of a cooking oil oleogel with 5% beeswax at all 
temperatures. It is clearly understandable that CPO 
has a higher saturated fatty acid content than palm 
cooking oil, even though it comes from a similar 
source, that is palm oil (Suriaini et al., 2023). In our 
experiment, the SFC results were consistent with 
the results of the melting point analysis during the 
temperature sweep. When the SFC reached 0%, the 
temperature was aligned with the melting point of 
the RPO oleogel. This indicated that the melting 
point had represented at solid-to-liquid phase 
transition. A SFC of 0% indicates that the sample is 
completely liquid.

The temperature range required to achieve a SFC 
of 0% was close to the melting point analysis results, 
based on the temperature sweep. RPO oleogel with 
2% beeswax had SFC 0% at 30°C, while the melting 
point of this oleogel was 26.94 ± 1.87°C. The SFC 0% 
was achieved by RPO oleogel with 3%-5% beeswax 
at 40°C, while RPO oleogel with 6%-10% beeswax 
reached SFC 0% at 50°C. Therefore, the rheological 
properties obtained by temperature sweep analysis 
can replace SFC in determining the transition 
temperature between the solid and liquid phases at 
a more specific temperature.

Total Carotenoid

The total carotenoid in RPO and beeswax 
reached 670.77 ± 1.81 ppm and 94.18 ± 1.69 ppm, 
respectively. The combination of RPO and beeswax in 
RPO oleogels at a particular ratio contained various 
levels of total carotenoids. The results showed that 
beeswax reduced the total carotenoids contents of the 

Figure 6. Solid fat content of red palm olein oleogels.
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RPO oleogels. In this study, the carotenoid content 
in the RPO oleogel with 1% beeswax was higher 
than that in the RPO with 0% beeswax (control). 
However, the addition of beeswax exceeding 1% 
significantly increased the total carotenoid content of 
the RPO oleogels (Figure 7). The increase in the total 
carotenoid content caused by oleogelation protects 
specific carotenoid compounds (Puscas et al., 2022). 
Although increasing the beeswax concentration 
decreased the total carotenoid levels, adding up to 
10% beeswax resulted in high total carotenoid levels 
of 483.27 ± 2.53 ppm. Thus, RPO oleogels can be used 
as food ingredients and sources of provitamin A.

Colour Attributes

Colour analysis showed that all the oleogel 
samples were orange. The beeswax colour was 
pale yellow and the RPO colour was orange-red. 
The lightness of the control samples was higher 
than that of the RPO samples. Noticeably, the 

orange colour of the RPO oleogels darkened up 
to a beeswax concentration of 2%. The lightness 
of the oleogel containing 3% beeswax was higher 
than that of the oleogel containing 2% beeswax. At 
beeswax concentration of 3% onward, the colour 
pattern (L, a*, b*) was similar, but they differed 
compared with 0%-2% beeswax samples (Figure 
8), highlighting the impact of the transition phase 
(liquid at <3% beeswax; solid at ≥3% beeswax) on the 
physical appearance of samples. A higher beeswax 
concentration resulted in a higher lightness level 
of the RPO oleogels. This is due to the reduced 
proportion of RPO. The RPO oleogel, a solid at 
room temperature, had a paler colour than the 
liquid RPO oleogel. Therefore, the lightest oleogel 
sample was the RPO oleogel with 10% beeswax. 
RPO has the most significant colour effects on 
oleogel, primarily towing to the carotenoids, which 
produce a yellow to red colour, due to the presence 
of conjugated double bonds in the polyene chain 
(Cvetkovic and Nikolic, 2017; Maoka, 2020).

CONCLUSION

An RPO oleogel was successfully prepared from 
RPO by adding beeswax as an oleogelator. We 
found that a minimum concentration of 3% 
beeswax is needed to produce a solid oleogel 
at room temperatures, which is critical in 
gelling concentration. The oleogelation process 
induced remarkable changes in the rheological 
characteristics, SFC, total carotenoids and colour. 
The results showed that a higher concentration of 
beeswax produced a more compact needle crystal 
structure, a wider LVR, a higher yield stress, a 
higher crossover point, a higher melting point 
and a higher temperature of SFC 0%. RPO oleogel 
with 3% beeswax showed a significant parameter 

Figure 7. Total carotenoid of red palm olein oleogels. Distinct letters 
show significant differences between the LVR limit of the samples  
(two-way ANOVA; Duncan test: p ≤0.05).
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transition, resulting in compact crystal structures 
that immobilised the RPO, with an LVR limit of 
0.02% ± 0.04%, yield stress of 38.3675 ± 8.1864 Pa, 
and a melting point of 40.61°C ± 1.73°C. However, 
a higher concentration of beeswax yielded a lower 
total carotenoid content in the RPO oleogels. The 
decrease in the total carotenoids content correlated 
with the resulting colour. The lower total carotenoid 
content also corresponded to a lighter colour of 
the RPO oleogels, which tended to be yellowish. 
These RPO oleogels can be used as alternative raw 
materials as sources of provitamin A for fat-based 
food products, such as margarine, spreadable 
products, and shortening.
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