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ABSTRACT

Background. Red palm olein (RPO) is known for its high carotenoid content. Dietary intake of foods rich in
carotenoids is important in combating vitamin A deficiency, which affects many children. Children are com-
monly fond of confectionery paste. However, most commercial confectionery pastes are made from solid fats
that do not contain carotenoids. RPO is liquid at room temperature and therefore requires modification into
a solid fat form through an oleogelation process — producing RPO oleogel — for application in confectionery
paste products. This research aims to determine the optimal formula of RPO oleogel-based confectionery
paste with physical characteristics resembling commercial products. It also aims to evaluate its Rate-All-
-That-Apply (RATA) sensory profile, child sensory preference, chemical composition, total carotenoid con-
tent, and contribution to recommended dietary allowance (RDA).

Material and methods. The research method involved optimization of RPO oleogel-based confectionery
paste formula using a D-optimal mixture design in the Design-Expert 13.0 program, and characterization
of the optimal formula using RATA sensory profiling, hedonic rating tests, proximate analysis, and RDA
estimation.

Results. Optimization of RPO oleogel-based confectionery paste using Mixture Design D-optimal in De-
sign-Expert 13.0 produced an optimal formula of 23.6% RPO oleogel and 17.4% CBS, with a viscosity value
of 7096.36 mPas, a total carotenoid content of 210.864 mg/kg, and an oiling-out value of 56.04 cm?, yield-
ing a desirability value of 0.760. The optimal formula has a sensory profile with low intensity of fatty flavor,
sticky mouthfeel, and oily aftertaste, and a child preference level of 62% rating it as “very liked”. Based on
the proximate analysis, the optimal formula contains 1.09% moisture, 1.75% ash, 44.29% total fat, 4.60%
protein, and 48.27% carbohydrates. A 10 g serving of optimal RPO oleogel-based confectionery paste pro-
vides 60 kcal total energy, 40 kcal from fat, 5% of daily fat, 0% of daily protein, 2% of daily carbohydrates,
and can meet 12.15% of the daily vitamin A requirement for children aged 7 to 12 years.

Conclusion. The optimal formula of RPO oleogel-based confectionery paste exhibits physical properties
such as viscosity and oiling-out behavior that are similar to those of commercial products. The Rate-All-
-That-Apply (RATA) sensory profile, child acceptability, chemical composition, total carotenoids, and RDA
contribution of the optimal formula have been successfully determined.
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INTRODUCTION

Vitamin A deficiency (VAD) is a major nutritional
problem affecting an estimated 333.95 million chil-
dren and adolescents in 165 low- and middle-income
countries (Song et al., 2023). VAD is a condition char-
acterized by health problems resulting from insuffi-
cient intake of vitamin A (Maryuningsih et al., 2021).
Current efforts to overcome VAD typically rely on
high-dose vitamin A supplementation for infants and
toddlers, as implemented in Indonesia. However, the
effectiveness of these programs has been questioned,
underscoring the need for alternative strategies. One
promising approach is to promote the consumption
of foods naturally rich in natural provitamin A, such
as carotenoids. Several types of carotenoids, such as
a-carotene and B-carotene, can act as pro-vitamin A
(Syukri, 2021). B-carotene is one of the carotenoids
with the highest provitamin A activity because it con-
tains two B-ionone rings, which are the structural com-
ponents of retinoids (vitamin A) (Wijaya and Afandi,
2021). One molecule of B-carotene in the gut can be
converted into two molecules of retinol (vitamin A) by
the B-carotene 15,15’-oxygenase 1 enzyme (Marzeda
and Luszczki, 2019).

In childhood, school snacks contribute signifi-
cantly to energy and nutrient adequacy. Since children
spend most of their day at school, the consumption of
school snacks contributes around 31.1% of total ener-
gy required (Nuryani and Rahmawati, 2018). Confec-
tionery products are among the most common types
of school snacks consumed by children, followed by
biscuits and chocolate (Mamengko et al., 2016). One
example of a confectionery product is confectionary
paste, which is similar to cream fillers made from fat
and sugar (Miele et al., 2015). Vitamin A and provi-
tamin A are lipophilic (fat-soluble) due to their non-
polar structure, making confectionery paste a suitable
product for delivering vitamin A.

So far, commercial confectionery paste products
have been made using cocoa butter substitutes (CBS).
CBS is a crude palm oil (CPO) derivative that does
not contain carotene. Efforts to substitute CBS with
other raw materials rich in carotenoids are expected
to create confectionery paste products that have the
potential to help overcome the problem of VAD in
children.
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Red palm olein (RPO) is a CPO-derived product
that contains high amounts of carotene (500—700 mg/
kg) with B-carotene accounting for 56.02% of the
total carotenoids (Robiansyah et al., 2017). Several
studies have reported that carotenoids act as antioxi-
dants, serve as anticancer agents, and help maintain
eye health (Maleta et al., 2017). In addition, RPO also
contains high levels of unsaturated fatty acids, namely
oleic acid. The function of oleic acid in the body is as
a source of energy and an antioxidant (Jacoeb et al.,
2014). RPO, which has many advantages, is liquid at
room temperature, so it cannot be directly used to sub-
stitute CBS, and the carotenoids it contains are easily
degraded by heating. Therefore, RPO must be modi-
fied into solid fat through an oleogelation process to
be applicable in confectionery paste products and to
preserve its carotenoid content.

Oleogelation is a technique used to convert liquid
oil into solid form without changing the unsaturated
fatty acid profile of the oil. In contrast to modification
through hydrogenation reactions that produce trans fat-
ty acids, oleogelation with RPO retains both the carot-
enoids and unsaturated fatty acids. The development
of oleogels is becoming widespread in food manufac-
turing because they have the potential to reduce the
use of saturated fats, which are considered detrimental
to health (Davidovich et al., 2016). Previous research
has reported that RPO oleogel with beeswax as an ole-
ogelator can substitute stearin by 60% in spreadable
products, with the showing the most favorable sen-
sory characteristics among all tested formulations and
a total carotenoid content of 462 mg/kg (Rachmawati
et al., 2024a). In a study by Kurniaditya et al. (2024)
The best RPO oleogel-based red chocolate spread was
obtained from a concentration of 9% beeswax oleo-
gelator and 1% cocoa butter, offering high pB-carotene
content, a desirable melting point, and compact crystal
morphology. However, despite its potential to address
VAD, the development of RPO oleogel in ready-to-eat
children’s snacks, such as confectionery paste, remains
largely unexplored. This research contributes valuable
insights into the formulation and development of RPO
oleogels in fat-based confectionery products.

The formula for confectionery paste products
made from RPO oleogel needs to be optimized in or-
der to produce physical properties, such as viscosity,
that resemble commercial products while maintaining
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high carotenoid content, sensory properties preferred
by children, and minimizing oiling out. The optimi-
zation of the RPO oleogel formula to substitute CBS
in confectionery paste products was carried out by
comparison with commercial products using Design-
-Expert 13 (DX13) software and the Mixture Design
D-Optimal method (Stat-Ease, Minneapolis, United
States). This study aims to obtain the optimal for-
mula for RPO oleogel-based confectionery paste with
physical characteristics that resemble commercial
products and to determine its Rate-All-That-Apply
(RATA) sensory profile, children’s sensory prefer-
ence, chemical composition, total carotenoid content,
and contribution to the recommended dietary allow-
ance (RDA).

MATERIALS AND METHODS

Materials

Materials used in this research include red palm olein
(RPO) (Carotino Sdn Bhd, Johor, Malaysia), food-
grade beeswax (www.beeswaxmurni.com, Jakarta,
Indonesia), cocoa butter substitute (CBS) (PT For-
tuna Pancaran Sakti, Jakarta, Indonesia), powdered
sugar, whey powder, full-cream milk powder, soy
lecithin, and vanilla flavoring. The chemical rea-
gent used in this analysis was isooctane (Smart Lab,
Indonesia).

Production and characterization of RPO oleogel
The production of RPO oleogel was initiated by mix-
ing the RPO and beeswax at a ratio of 9:1 until the
mixture was homogenized by heating at 65°C in a wa-
ter bath (Labtech LSB-015s, Indonesia) for 20 minutes
(Rachmawati et al., 2024a). The homogenized mixture
was then cooled to 5°C and stored for 24 hours. Carot-
enoid content and melting point of the RPO oleogel
were measured using a Uvmini-1240 UV-Vis Spectro-
photometer (Shimadzu, Japan). Approximately £0.1 g
of sample was diluted with isooctane in a 25 ml volu-
metric flask, then analyzed by UV-Vis spectrophotom-
eter at a wavelength of 446 nm (ISO..., 2011). The
melting point was analyzed using a Melting Point
SMP20. Samples were placed in capillary tubes,
which were then inserted into the melting point ap-
paratus (AOCS..., 2009). The temperature at the onset
of melting was recorded.
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Formula optimization of RPO oleogel-based
confectionery paste product

Formula design

The formula was designed using DX13 software,
with a D-optimal mixture design. The process began
by selecting variables and setting the boundaries.
The selected variables included both free and bound
types. The free variables were the concentrations of
RPO oleogel and CBS. The bound variables were
determined based on the desired responses, such as
viscosity, total carotenoids, and oiling out. Fat sub-
stitution in confectionery paste affects the rheologi-
cal characteristics of the product (Miele et al., 2020).
The addition of RPO oleogel is expected to increase
the total carotenoid content but may also affect the
viscosity and oiling out. The DX13 program gener-
ated several RPO oleogel-based confectionery paste
formulations.

Manufacturing process of confectionery paste
product and responses test

The manufacturing process followed a modified
method by Savitri et al. (2021) using formulations
generated by the DX13 program. RPO oleogel and
CBS were heated on a hotplate at 55°C for 10 min-
utes until melted. The melted RPO oleogel and
CBS were then mixed with other ingredients, such
as powdered sugar, full cream milk powder, whey
powder, soy lecithin and vanilla flavor, and heated at
75°C for 15 minutes on a hotplate. Subsequently, the
aging process was carried out at room temperature
for 3 hours. RPO oleogel-based confectionery paste
products were tested for viscosity response (Talve
et al., 2021), total carotenoids (ISO 17932:2011)
and oiling out. Viscosity analysis was performed
on a rotational rheometer (RheolabQC, Anton Paar,
Austria). Viscosity measurements were taken using
concentric cylinders (bob and cup geometry) (bob
diameter 40 mm, cup diameter 28 mm, bob length 40
mm) at shear rates of 1 to 300 s™! at 26°C. Viscosity
was recorded at a shear rate of 100 s™'. Oiling-out
analysis was conducted using a Kent manual plani-
meter (Indonesia). A 0.5 g sample was placed on
greaseproof paper (MGPE paper) with an area of 2
x 2 cm? and allowed to stand for 24 hours. The area
of oil spread on the greaseproof paper was measured
using the planimeter.
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Response analysis

Response data were analyzed using the DX13 program
and analysis of variance (ANOVA). The software gen-
erated a response model, 2D response graphs, adjusted
R?, predicted R? and the actual response equations.

Optimal formula determination

The optimal formula was determined by comparing test
results with those of commercial confectionery paste
products, which served as reference values for viscos-
ity and oiling out. The DX13 software recommended
the best-performing formula for each response. The
formula with the highest desirability value (closest
to 1) was selected for verification and characterization.

Optimal formula verification

The selected formula was tested to verify the accuracy
of the DX13 predictions. A result was considered veri-
fied if the actual test value fell within the 95% of the
prediction interval.

Optimal formula characterizations of RPO
oleogel-based confectionery paste product
Sensory test of optimal formula

by Rate-All-That-Apply (RATA) method

The RATA test involved two stages: a Focus Group
Discussion (FGD) and a RATA test (Adawiyah et al.,
2020). The FGD was conducted with 12 Food Science
Master’s students from the Faculty of Agricultural En-
gineering and Technology, IPB University (Bogor Ag-
ricultural University). Panelists tasted the product and
confirmed a list of relevant sensory attributes. These
attributes were used in a RATA test involving 50 adult
consumers (aged 17+), without allergies to nuts or
dairy. The panelists rated the intensity of each attribute
on a 5-point scale (0 = not perceived, 5 = very strong).

A B

Optimal formula hedonic rating sensory test for
children’s panelists

The hedonic test was conducted using the home-use
test technique (BSN..., 2006), involving 50 children
panelists aged 7—12 years old with no allergies to nuts
or dairy. Panelists rated the product on a 5-point scale
(1 = very dislike, 5 = very like).

Proximate analysis and calculation of nutritional
adequacy of optimal formula

A proximate test was performed on the verified opti-
mal formula following AOAC (2019) guidelines. Nu-
trient contributions (total energy, fat energy, protein,
carbohydrates, and vitamin A) were calculated using
recommended dietary allowances (RDA) values for
children aged 79 years and 10—12 years (Kementrian
Kesehatan, 2019) based on one serving.

RESULTS AND DISCUSSION

RPO oleogel characteristics

The oleogelation technique, used to modify RPO into
solid RPO oleogel, contributes to its characteristics.
The RPO oleogel produced using 10% beeswax as an
oleogelator had a melting point of 41°C £0,35°C. This
result is slightly lower compared to previous studies,
where the RPO with 10% beeswax as an oleogela-
tor had a melting point of 47°C (Rachmawati et al.,
2024b). The melting point refers to the temperature at
which the material transitions from solid to liquid. The
RPO oleogel with a melting point of 41°C was found
to be in liquid form at room temperature. In this study,
the melting points of the individual components — RPO
and beeswax — were at 25°C and 60.71°C, respectively
(Rachmawati et al., 2024b). Images of RPO, beeswax,
and RPO oleogel are shown in Figure 1.

C

Fig. 1. A —red palm olein (RPO); B — beeswax; C — red palm olein oleogel (RPO oleogel)
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The addition of beeswax as an oleogelator during
RPO oleogel production also reduced the carotenoid
content in the final content. The RPO oleogel produced
with 10% beeswax in this study had a total carotenoid
content of 525.88 mg/kg +2,46 mg/kg, whereas pure
RPO had a content of 592 mg/kg +1.18 mg/kg. The
addition of beeswax at concentrations above 1% sig-
nificantly decreases the carotenoid content in RPO
oleogel (Rachmawati et al., 2024b). One contributing
factor is the dilution effect caused by the reduced con-
centration of RPO in the mixture. However, this is not
considered substantial. In addition, the heating process
during oleogelation (65°C for 20 minutes) may also
contribute to the loss of carotenoids. Carotenoids are
known to degrade at temperatures above 60°C (Wah-
yuni and Widjanarko, 2015).

RPO oleogel-based confectionery paste product
formula optimization

Eight formula designs for RPO oleogel-based con-
fectionery paste products were generated using the
D-Optimal mixture design method in the DX13 soft-
ware. Runs 1 to Run 8 were designed by adjusting the
total concentrations of RPO oleogel and CBS. The
combined concentration of RPO and CBS in the total
mixture was fixed at 41%, with RPO oleogel ranging
from 8.2% to 41% and CBS from 0% to 32.8%. These
limits were determined based on previous studies and
trials. In general, the fat content in confectionery paste

products ranges from 30% to 45%. The formula de-
signs created in DX13, along with the corresponding
response values for viscosity, total carotenoids and oil-
ing out, are presented in Table 1.

The percentages of each component are interde-
pendent, meaning that increasing the percentage of
RPO oleogel component (A) automatically reduces the
percentage of the CBS component (B). Runs 1 to Run 8
include both unique combinations and repeated formu-
lations of RPO oleogel and CBS percentages to ensure
accuracy and reliability in the formulation of RPO ole-
ogel-based confectionery paste products. Images of the
confectionery paste products resulting from the DX13
program’s formula designs are presented in Figure 2.

The effect of RPO oleogel and CBS treatments on
viscosity response, total carotenoids, and oiling out is
explained through the variance analysis results. The
variance analysis results for viscosity response, total
carotenoids, and oiling out of RPO oleogel-based con-
fectionery paste products from the DX13 program are
presented in Table 2.

The variance analysis results for each response pro-
duced models with p-values <0,05. Hence, it can be
concluded that RPO and CBS treatments have a signif-
icant influence on viscosity response, total carotenoids,
and oiling out. The results indicate that all analyzed re-
sponses can be further optimized. Viscosity response,
total carotenoids, and oiling out of RPO oleogel-based
confectionery paste products are presented in Figure 3.

Table 1. Formula designs of RPO oleogel-based confectionery paste products from the DX 13 program, including viscosity

response, total carotenoids, and oiling out

Response
Run A: RPO oleogel, % B: CBS, %
Viscosity, mPa-s Total carotenoids, mg/kg Oiling out, cm?
1 24.6 16.4 6 444.50 230.13 70.90
2 41.0 0.0 5505.55 318.21 86.70
3 8.2 32.8 14 131.50 124.71 22.50
4 8.2 32.8 14 189.50 139.98 21.40
5 16.4 24.6 11 729.00 190.17 42.35
6 41.0 0.0 5583.25 320.80 88.65
7 24.6 16.4 6 809.20 234.84 65.15
8 32.8 8.2 5985.35 252.49 74.20
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Fig. 2. RPO oleogel-based confectionery paste products from the DX13 program’s formula design

Table 2. Variance analysis results of viscosity response, total carotenoids, and oiling out of RPO oleogel-based confection-
ery paste products from the DX13 programs

p-value
Response Model S R Adj. R Pred. R?
model (p <0.05)
Viscosity, mPa-s Quadratic <0.0001 sig 0.9665 0.9531 0.9347
Total carotenoids, mg/kg Linear <0.0001 sig 0.9814 0.9783 0.9689
Oiling out, cm? Quadratic <0.0001 sig 0.9859 0.9803 0.9711

Note: sig — significant; adj — adjusted; pred — predicted.

A B

Fig. 3. Graphs of: A — viscosity response; B — total carotenoids; C — oiling out
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Viscosity of RPO oleogel-based confectionery
paste product

Viscosity can be described as the thickness of a product.
Viscosity is part of a product’s rheological properties.
Rheological properties relate to the texture of a liquid
or semi-solid food product. Confectionery paste prod-
ucts are classified as semi-solid products. The results
of the viscosity response of RPO oleogel-based con-
fectionery paste products are shown in Equation 1:

Y=132.346694 + 486.855958 — 9.763054B (1)

This equation shows that the effect of CBS (B) is
greater than that of RPO oleogel (A) on the viscosity
of the confectionery paste. As shown in Figure 3, vis-
cosity increases as the concentration of CBS increas-
es. The viscosity of the product is influenced by its
constituent components. RPO and CBS oleogels have
different fatty acid compositions. The content of poly-
unsaturated fatty acids can reduce the viscosity value
of a product (Yalcin et al., 2012). RPO oleogel is made
from red palm olein and beeswax. Red palm olein con-
tains 9.64% polyunsaturated fatty acids (Rachmawati
et al., 2024b), while CBS does not contain polyunsatu-
rated fatty acids (Isyanti et al., 2017).

Total carotenoids of RPO oleogel-based
confectionery paste product

RPO oleogel is a product derived from red palm olein
that contains a high level of carotenoids. Substitut-
ing fat with RPO oleogel aims to increase total carot-
enoids in confectionery paste products. The results of
the total carotenoid response of RPO oleogel-based
confectionery paste products are shown in Equation 2:

Y ="7.720074 + 2.22576B )

The equation shows that the effect of RPO oleogel
(A) is greater than that of CBS (B) on the total carot-
enoids in the confectionery paste products. As illus-
trated in Figure 3, total carotenoids increased with the
increasing concentration of RPO oleogel. The total ca-
rotenoids in RPO oleogel used in the study were 525.88
mg/kg, while CBS did not contain any carotenoids.

Qiling out of RPO oleogel-based confectionery
paste product

Oiling out is a phenomenon involving oil discharge
or separation. It typically occurs during the storage
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of oil- or fat-based products and can affect consumer
acceptance. The results of the oiling out response of
RPO oleogel-based confectionery paste products are
shown in Equation 3:

Y=2.123344 - 0.199354B + 0.0397254B  (3)

The equation shows that RPO oleogel (A) contrib-
utes to an increase in the oiling out value of confec-
tionery paste products. As depicted in Figure 3, oiling
out increases as the concentration of RPO oleogel
increases. RPO oleogel is formed using a beeswax
oleogelator that creates a three-dimensional structure,
which binds together and traps the RPO (Rachmawati
et al., 2024b). The concentration of the oleogela-
tor used affects the strength of the beeswax structure
formed to entrap the oil (Rachmawati et al., 2024b).
A low concentration of beeswax oleogelator reduces
the stability of the RPO oleogel. This reduced stability
leads to deterioration of the beeswax structure, allow-
ing the trapped oil to escape.

Optimal formula of RPO oleogel-based
confectionery paste products

Formula optimization was conducted to obtain the
most desirable RPO oleogel-based confectionery
paste product by optimizing the analyzed responses,
based on commercial product benchmarking and tar-
get objectives. Product benchmarking is a key stage
in new product development that involves analyzing
competing products to determine desirable charac-
teristics. Commercial paste products typically have
physical properties such as a viscosity of approximate-
ly 6500—7000 mPa-s. and oiling out values of around
60 cm?. Target values were established by comparing
commercial product properties with the research ob-
jectives. The criteria for determining the optimal for-
mula are presented in Table 3.

The DX13 program produced one optimal formula
that balances all responses according to the optimiza-
tion target. The optimal formula solution consists of
23.597% RPO oleogel and 17.403% CBS, with a de-
sirability value of 0.760. A desirability value of 0.760
indicates that the formula meets 76% of the desired
characteristics set in the optimization objectives. The
optimal RPO oleogel-based confectionery paste for-
mula exhibits physical properties including a viscosity
of 7096.36 mPa-s, oiling out of 56.04 ¢cm?, and total
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Table 3. Criteria for determining the optimal formula of RPO oleogel-based confectionery paste products

Component’s name

Criteria

and responses

goal lower limit upper limit importance
Components
RPO oleogel, % in range 8.2 41.0 +++
CBS, % in range 0.0 32.8 +++
Responses
Viscosity, mPa-s target: 7000 5505.5 14 189.5 -+
Total carotenoids, mg/kg maximize 124.7 320.8 -+
Oiling out, cm? target: 60 21.4 88.6 -+

carotenoids content of 210.864 mg/kg, all of which
have been verified.

RPO oleogel-based confectionery paste products:
optimal formula characteristics

Sensory profile of optimal formula

by Rate-All-That-Apply (RATA) method

The results of the RATA test for the optimal formula of
RPO oleogel-based confectionery paste products are
shown in Figure 4. The optimal formula exhibits paste
a high intensity of sweet taste, milky flavor, sandy
mouthfeel, and yellow color. Conversely, confection-
ery paste products made from RPO oleogel show low
intensities of fatty flavor, sticky mouthfeel, and oily
aftertaste. According to Miele et al. (2020), fat content

Sweet taste

Yellow orange color Milky flavour

Yellow color Fatty flavour

Oily aftertaste Vanilla flavour

Sandy mouthfeel Milky scent

Sticky mouthfeel Fatty scent

Vanilla scent

Fig. 4. RATA test results of the optimal formula of RPO
oleogel-based confectionery paste products
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influences several sensory attributes, including cream-
iness, oiliness and thickness.

Hedonic rating of the optimal formula

The levels of children’s liking for the optimal for-
mula of RPO oleogel-based confectionery paste prod-
uct varied, ranging from neutral to very like. A “very
like” rating (5) was given by 62% of children, “like”
(4) by 34%, and “neutral” (3) by 4%. No responses
were recorded for “dislike” (2) or “very dislike” (1).
Children liked the RPO oleogel-based confectionery
paste product because it was sweet, savory, and had
a milky flavor. The sweetness comes from sucrose
sugar, which is the most widely used sugar in the man-
ufacture of confectionery paste products (Miele et al.,
2020). The savory taste is due to the fat content in the
RPO oleogel-based confectionery paste product. Fat
addition in food enhances palatability by contributing
to a rich and savory flavor (Sartika, 2018).

Chemical composition, carotenoid content and
nutritional adequacy of the optimal formula
The RPO oleogel-based confectionery paste product
contains 1.11% moisture, 1.78% ash, 45.27% total fat,
4.55% protein, and 47.30% carbohydrates. Therefore,
a 10 g serving of the optimal formula provides 61 kcal
of total energy, including 39 kcal from fat, as well as
5% of the daily value for fat, 0% for protein and 2%
for carbohydrates.

The optimal formula contains 210.864 mg/kg of
total carotenoids. Given that B-carotene makes up
56.02% of the total carotenoids in RPO (Robiansyah
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etal., 2017), this equates to 118.126 mg/kg or 118.126
ng/g B-carotene in the product. The bioavailability
of B-carotene in oil is approximately 37% (Shi et al.,
2023). Based on this, the amount of (-carotene that
can be absorbed by the body is estimated at 43.71
ug/g. Since 1 pg RE vitamin A is equivalent to 6 pg
B-carotene (BPOM, 2022), the product delivers 7.29
ng RE/g, or 72.9 ng RE per 10 g serving size. The
average recommended daily intake of vitamin A for
children aged 7 to 12 years is 500-600 RE (Kemen-
triam Kesehatan, 2019). Thus, a single serving of this
product can meet approximately 12.15% of a child’s
daily vitamin A requirement.

The high carotenoid content in the optimal for-
mula of the RPO oleoegel-based confectionery paste
product offers several advantages. According to Sy-
ukri (2021), carotenoids possess functional proper-
ties, such as antioxidant, anti-cancer, anti-obesity, and
bone-forming stimulant effects. Antioxidant activity,
in particular, helps mitigate a key drawback of fat-
based confectionery products — their susceptibility to
lipid oxidation due to high fat content. Lipid oxidation
can compromise product quality and safety, leading
to discoloration, nutrient degradation, and potential
foodborne hazards (Sari et al., 2019). The antioxidant
capacity of carotenoids in the RPO oleogel-based con-
fectionery paste product helps inhibit these oxidation
processes.

CONCLUSION

An optimal formula for RPO oleogel-based confec-
tionery paste has been developed, demonstrating
physical properties comparable to those of commercial
products while maintaining high carotenoid content.
The sensory profile, consumer acceptability among
child panelists, and chemical composition of this op-
timal formula have been comprehensively evaluated
and confirmed.
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