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Abstract:
Chocolate spread, as a high-fat product, is a candidate for reformulation due to health concerns associated with
its high saturated fat content. The used fat significantly influences the sensory attributes, texture, spreadability,
and stability properties of spreads. This study introduces a novel bigel-based fat replacer, developed from walnut
oil, rice bran wax (oleogel phase), and guar gum (hydrogel phase), to replace palm oil in low-fat chocolate
spread formulations. Low-fat spread formulations were developed using 25, 50, 75, and 100% bigel replacement
with palm oil. This study investigated the physicochemical properties (oxidative stability, oil binding capacity,
spreadability, texture, and color), sensory evaluation, and consumer test of the developed spread. The results
demonstrated that the incorporation of bigel in the spread resulted in higher oxidative stability (6.32 meq/kg) and
better oil binding capacity (99.91%). The spread containing higher content of bigel showed lower hardness and
higher cohesiveness and adhesiveness. The samples containing 25% bigel had spreadability and firmness close to
the control sample containing 100% palm oil. The substitution of bigel led to higher brightness values in spreads.
The spreads with 75% bigel were evaluated as the most accepted sensory characteristics regarding creamy
texture and flavor. Overall, the results indicate that the developed bigel-based replacer successfully mimics the
rheological and sensory properties of traditional fat and could be recommended for use in the formulation of
low-fat chocolate spread.
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1. Introduction

Chocolate spreads are an affordable alternative to chocolate,
and their sensory and physicochemical properties are sig-
nificantly affected by their fat content (Acan et al., 2022;
Marra et al., 2023). Generally, full-fat spreads typically
contain 80% fat, while reduced-fat and low-fat spreads con-
tain 60% and 40% fat, respectively (Manzocco et al., 2014;
Baltuonyte et al., 2022). In chocolate spread, the oil phase
could be composed of Cocoa butter or plastic fats such as
lauric acid, coconut oil, and palm oil. These fats influence

the stability and spreadability of spreads through the par-
tial crystallization of high-melting triglycerides (Puscas and
Chende, 2020; Fernandes Almeida et al., 2024; Trapp et
al., 2024). Palm oil, due to its low cost and availability, is
often substituted for cocoa butter (Manzocco et al., 2014).
However, its high levels of saturated and trans fats increase
the risk of coronary artery disease (Li et al., 2024). To
reduce these risks, oils rich in unsaturated fats (UFAs) are
chosen for use in healthy spreads (Fernandes Almeida et al.,
2024). Unsaturated fats negatively affect the sensory and
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physicochemical properties, stability, and spreadability of
chocolate products (Baltuonyte et al., 2022; Marra et al.,
2023). However, innovative approaches, such as the devel-
opment of hydrogels, oleogels, emulsion gels, and bigels
have been proposed to structure unsaturated fats to mimic
semi-solid saturated fats (Quilaqueo et al., 2022). Natural
gums as substitutes for solid fats, offer easy spreadability
and miscibility but lack the same nutritional properties as
solid fats (Silva et al., 2023; Martins et al., 2019). The
use of agar hydrocolloid as a fat replacer in chocolate has
been reported to reduce fat content in the chocolate by up
to 80% (Skelhon et al., 2013). Gelatin from chicken by-
product can replace up to 75% of the fat in chocolate spread
while maintaining satisfactory spreadability (Almeida and
Lannes, 2017). Espert et al. (2020) investigated the use of
cellulose ether-based emulsion gels containing 20% fat, as
a fat replacer in cocoa cream. However, these gels lacked
the necessary plasticity and spreadability for fatty products,
and they reduced aroma and flavor release. The limitations
of using hydrogels have spurred interest in alternative fat-
replacement structures with enhanced properties. In this
regard, oleogels are designed to mimic the characteristics
of solid fats and offer a desirable texture and structure (Li
et al., 2024; Banas et al., 2024; Francavilla et al., 2023).
Bigels, a semi-solid system, can overcome drawbacks asso-
ciated with their biphasic nature (Francavilla et al., 2023;
Fernandes Almeida et al., 2024; Shakouri et al., 2024a).
Developed Bigels have been widely applied not only in the
cosmetic and pharmaceutical industries but also in the food
industry (Shakouri et al., 2024b). Li et al. (2024) incorpo-
rated bigels into spread formulations, Cui et al. (2022) used
bigels as cream analogs, in Nutter et al. (2023) study plant-
based bigels introduced as commercial solid-fat substitutes
in short-dough bakery products. Their unique structural
properties and their polyunsaturated fatty acids contribute
to reducing overall and harmful fat content (Vershkov and
Davidovich-Pinhas, 2023; Chao et al., 2024). The spreading
ability of bigel makes them an attractive choice for healthy
formulations and cream analogs (Baltuonyte et al., 2022;
Cui et al., 2022). Additionally, bigels can improve mechan-
ical properties such as flexibility, structural stability, and
shelf life (Silva et al., 2022). Bigels have lower fat content
than traditional fats, thereby allowing them to reduce the
total fat content of the finished product (Silva et al., 2022).
Additionally, bigels, which are made from unsaturated fats,
are considered healthy fat replacers and are expected to
provide desired physicochemical and organoleptic proper-
ties (Francavilla et al., 2023). So, the combination of the
structural stability, low fat content, and the biphasic design
in bigel makes it directly applicable to the formulation of
fat-continuous foods such as chocolate spreads (Li et al.,
2024). The objective of the present study was to investigate
the use of a developed bigel containing walnut oil-based
oleogel and a guar gum-based hydrogel as a fat replacer
to replace palm oil in a chocolate spread formulation. The
physicochemical, sensory evaluation, and consumer test
were conducted on spread samples.

2. Material and methods

2.1 Materials

Guar gum was procured by Merck Company (India), palm
oil (melting point 32.34 ± 0.10 °C) was purchased from
(Cargill, Malaysia), Rice bran wax was obtained by Distribu-
tion GmbH. Inc (Hamburg, Germany). Extra virgin walnut
oil with peroxide values ranging from 0.23 to 0.36 meq
O2/kg oil (Kamjed, Iran), sugar (Golha, Iran), and cocoa
powder (Farmand, Iran) were procured from a local market
in Shahrood, Iran. All chemicals used in the study were
of analytical grade and purchased from Merck (Darmstadt,
Germany).

2.2 Bigel preparation

The cold emulsification method was used to prepare the
bigels. The oleogel phase made using rice bran wax (9%,
w/w) dissolving in walnut oil at 500 rpm for 15 min at 80
°C to obtain complete solubilization (Saffold and Acevedo,
2021). A 9% concentration is optimal, as lower levels hin-
der network formation and higher levels cause excessive
hardness or instability. The hydrogel phase was prepared
using guar gum (1.8%) was dispersion in water by stirring
at 1000 rpm for 60 min at 70 °C (Singh et al., 2014). Then
the bigel was prepared by mixing the hydrogels and oleogel
phases at ratio of 70:30 at room temperature (25 °C) us-
ing an overhead stirrer (Heidolph, Germany) at 600 rpm
for three minutes. The final bigel (a homogeneous white
mixture) was stored in a refrigerator (4 °C) for 24 h.

2.3 Spread preparation

The spread was prepared according to method of Tirgarian
et al. (2023) containing sugar (50%), fat (palm oil or bigel)
(36%), cocoa powder (14%), and vanillin (0.1%). Melanger
(Premium, China) was used to mix and reduce the size of
the powdered ingredients. At first, palm oil was heated at 55
°C to obtain a homogenous fat phase. The spread samples
prepared by adding bigel based on walnut oil–rice bran wax
oleogel and a guar gum hydrogel to the chocolate spread
mixture at ratio of 25%(SB4), 50% (SB3), 75% (SB2), and
100% (SB1) replacement by palm oil phase (Table 1). All
the samples were mixed in a mixer (IKA, Germany) for
2 min at 150 rpm without temperature selection to ensure
a uniform and homogeneous spread texture. All spread
samples were stored in a cool and dry condition for 48 h.

Table 1. The formulation of chocolate spread samples.

Sample
Fat (36%)

Sugar % Cocoa powder %
Bigel % Palm oil%

SB1 100 0 50 14

SB2 75 25 50 14

SB3 50 50 50 14

SB4 25 75 50 14

control 0 100 50 14
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2.4 Oxidative stability
The process of measuring peroxide values was carried out at
intervals from zero time until 6 months using the procedure
outlined by Quilaqueo et al. (2022) and Samui et al. (2021).
Firstly, Fat was extracted of samples, and the peroxide value
(PV) was measured on the clear oil phase. To begin, a 30
mL mixture of acetic acid and chloroform in a 3:2 ratios
was used to dissolve five grams of the sample. The mixture
was stirred for about half a minute to dissolve the oil in the
solvent. Next, by adding 0.5 mL of KI the mixture placed
in a dark environment for about a minute for the reaction
to take place. After that 30 mL of distilled water added
to sample and titrated with sodium thiosulphate solution
using 1% starch as indicator. Finally, the peroxide value
was determined using the following equation:

Peroxide value =
N × (V −V0)

W
×100 (1)

N: The normality (meq/mL) of sodium thiosulphate., V :
The volume (mL) of the solution used for titration., V0: The
volume (mL) of sodium thiosulphate., and W : the weight
(g) of the sample. To ensure precise results, each titration
was carried out twice expressed as meq/kg butters.

2.5 Oil binding capacity
The oil binding capacity (OBC) of spread samples was in-
vestigated according to the method of Marra et al. (2023).
About 1 g of sample was deposited into a microtube and cen-
trifuged by benchtop centrifuge (1−15, Sigma, Germany)
at 5000 rpm for 15 min and the content of the separated oil
was calculated as follows:

OBC(%) =

(
1− M0 −M

M0

)
×100 (2)

M0: The initial mass of sample., and M: The mass of sample
after centrifugation.

2.6 Spreadability analysis
The spreadability of the samples was evaluated using a
TA Plus Texture Analyzer (Lloyd Instruments, England)
equipped with a conical rig, comprising sample-containing
female cones and a 90° male cone probe according toMarra
et al. (2023). The spread samples placed in female cone,
and the male cone probe was penetrated 22.5 mm into the
sample at 1 mm/s. The spreadability firmness (N) was

determined based on the maximum force needed to the
most level of penetration, and the area under the curve was
considered as the spreadability in which smaller area values
reflected greater spreadability.

2.7 Texture analysis
The Texture Profile Analyzer TA Plus (Lloyd Instruments,
England) was used to measure texture properties like hard-
ness, adhesiveness, and cohesiveness. The samples were
placed in a cylindrical plastic pot (43 mm height, 35 mm
diameter) and prob penetrated twice the sample to a depth
of 20 mm at 1 mm/s and returned. A 5-second recovery
period was applied between the penetrations. This setup
follows the methods by Golodnizky and Davidovich-Pinhas
(2020) and Habibi et al. (2022). In the recorded curve, the
maximum force obtained during the first compression cycle
(or first bite), representing hardness in Newtons. In addition,
the cohesiveness was determined by calculating the ratio
of the area under the second compression curve to the area
under the first compression curve during the second com-
pression cycle. Adhesiveness was measured by calculating
the area under the curve in the negative region.

2.8 Color analysis
A 500-d Series scanner (Minolta, Japan) (Cano Scan, LiDE
120 Scanner, Canon) was used to record the surface color
of the SCs at a resolution of 600 dpi. The resulting images
were converted from the RGB space to the LAB space using
the plugin of the color-space converter in ImageJ software
version 1.4. The color parameters measured were L*, a*,
and b* (Ghorghi et al., 2023).

2.9 Sensory evaluation
2.9.1 Panel training
Quantitative Descriptive Analysis (QDA) was performed
for the control and four SCs bigel samples based on walnut
oil–rice bran wax oleogel and a guar gum hydrogel (Sar-
farazi and Mohebbi, 2020; Yılmaz and Öğütcü, 2015). Ten
trained assessors, aged 27−34 years, comprising five men
and five women, were chosen for their sensory acuity, and
ability to identify sensory attributes (Shakerardekani, 2017).
The panel members underwented at least 2 hours of training
to familiarize themselves with the sensory terms, defini-
tions, and corresponding references listed in Table 2. A
list of sensory descriptive terms was prepared based on the
QDA tables that collected by Chu and Resurreccion (2005);

Table 2. Texture profile analysis and spreadability of chocolate spread samples containing different bigel ratio as a fat replacer (mean ± standard
deviation).

Sample
Hardness

(N)
Adhesiveness

(N·mm)
Cohesiveness

Firmness
(N)

Spread ability
(N·mm)

SB1 1.18 ± 0.1d* 0.80 ± 0.05b 0.65 ± 0.1ab 9.06 ± 0.11e 51.56 ± 0.07a

SB2 1.82 ± 0.11c 0.89 ± 0.1a 0.52 ± 0.06b 12.39 ± 0.08d 45.20 ± 0.10b

SB3 2.94 ± 0.1a 0.71 ± 0.01c 0.34 ± 0.04c 19.04 ± 0.11a 31.22 ± 1.33d

SB4 2.37 ± 0.09b 0.73 ± 0.01c 0.22 ± 0.04c 16.28 ± 0.14b 37.91 ± 0.44c

control 2.24 ± 0.14b 0.92 ± 0.02a 0.73 ± 0.01a 14.03 ± 0.09c 39.97 ± 1.20c

* Different superscripts within each row indicate significant differences between mean values at (p < 0.05) according to the Duncan multiple range test.
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Martı́nez-Cervera et al. (2011); Sarfarazi and Mohebbi
(2020); Shakerardekani (2017); Yılmaz and Öğütcü (2015),
and samples were given as standards with specific charac-
teristics for each characteristic presented in the table. A line
scale with a length of 10 cm was used to measure sensory
attributesYılmaz and Öğütcü (2015).

2.9.2 Sample assessment
Before each test, 20 g of different spreads were placed in
labeled containers with three-digit random codes (Shak-
erardekani, 2017; Yılmaz and Öğütcü, 2015). The study
involved evaluating 15 chocolate spread samples in trip-
licate by having participants press the samples with their
tongues (Brown et al., 2023; Shakerardekani, 2017). Above
each line scale on the ballot, the name of the attribute to be
rated and the assessors were asked to quantify each sensory
attribute by marking a vertical line on a 10-cm unstructured
scale to indicate the desired feature. Plain crackers were pro-
vided to assess the sample’s spreadability (Shakerardekani,
2017). The relative intensity of the property was determined
by measuring the distance between the low level and score
using a ruler (Sarfarazi and Mohebbi, 2020).

2.9.3 Consumer test
The study assessed the overall acceptability of spreads re-
garding appearance, aroma, flavor, and spreadability, by 30
volunteers aged 18−45 (15 males and 15 females) using
5-Point hedonic scale. Ten g of spread was presented with a
three-digit number and were served together with slices of
bread by each consumer. To determine their willingness to
buy, they were given three options: buying, not buying, and
maybe buying. Score sheets were collected and evaluated
(Ghorghi et al., 2023; Yılmaz and Öğütcü, 2015).

2.10 Statistical analysis
One-way analysis of variance (ANOVA) was used to study
the effect of bigel as a replacer on the textural or sensory
characteristics of the spreads. The means were compared
using Duncan’s multiple range test (DMRT) at 95% confi-
dence level with SAS software (9.1.3 Service Pack 4, SAS
Institute Inc., Cary, NC, USA). The results were reported in
mean ± standard deviation.

3. Results and discussion

3.1 Oxidative stability
Peroxide value (PV) indicates the primary oxidation of oil
and the oxidation stability of its products during production
and storage (Samui et al., 2021). The PV of the spread
samples was assayed by controlling peroxide levels over
180 days (Fig. 1). In general, the PV of the SB4 and control
samples reached 6.25 and 6.32 meq/kg after 180 days of
storage. In contrast, replacing 50% of the palm oil with a
bigel based on walnut oil–rice bran wax oleogel and a guar
gum hydrogel reduced PV. Lower oxidation was observed
in the SB1 and SB2 samples, which were significantly lower
than those of the other samples (P < 0.05), associated with
a decrease in total fat content. However, the PV values of
all SBs were within the range allowed by international stan-
dards (1−10 meq/kg), which is accepted as the threshold

Figure 1. Trends in Peroxide values of chocolate spread samples contain-
ing bigel ratio as a fat replacer for 6 months.

for rancid oil (Park et al., 2018; Samui et al., 2021). It was
expected that the PV of the SB1 and SB2 samples would
increase and then decrease due to the high concentration of
unsaturated fatty acids in walnut oil, which are susceptible
to lipid oxidation (Cho et al., 2023). These results showed
that using a bigel based on walnut oil, rice bran wax oleogel,
and a guar gum hydrogel instead of palm oil had a positive
preventive effect on oxidation in spread samples. In fact,
the structured lipid in bigel could inhibit the migration of
free radicals toward double bonds and the subsequent lipid
oxidation. This finding is in agreement with Baltuonyte
et al. (2022), Kim and Oh (2022), Lim et al. (2016), Cho
et al. (2023). On the other hand, plant polysaccharide struc-
tures, such as guar gum, can scavenge free radicals and
entrap water molecules, resulting in a limitation of reactive
radical species’ movement (Hamdani et al., 2018; Mum-
taz Hamdani and Ahmed Wani, 2017; Cho et al., 2023).
According to Quilaqueo et al. (2022) it was confirmed that
gelling agents, used in sodium alginate and carboxymethyl-
cellulose hydrogels, result in the increase of viscosity and
enhance emulsion stability, while the final bigel contains
lower fat content. It was found that palm oil has greater
potential for oxidative reactions due to its higher fat con-
tent, suggesting a higher oxidation risk on the surface of
spread samples (Peterson, 2013). Peterson (2013) reported
that the addition of 5% water to lipid systems could react
with polar peroxide molecules, prevent further oxidative
reactions, lower free radicals, and result in a lower PV over
time. Unlike the results obtained in this study, Siachou
et al. (2023) reported that sausages formulated with bigels
based on olive oil monoglycerides oleogel and gelatin, and
κ-carrageenan, showed an increase in oxidation values, but
within acceptable limits.

3.2 Oil binding capacity (OBC)

The oil-binding capacity (OBC) is a crucial index for deter-
mining oil migration and investigating the stability during
storage of fat-containing products (Marra et al., 2023; Ver-
shkov and Davidovich-Pinhas, 2023). As shown in Table 3,
the OBC of the spreadable chocolates was above 90%. The
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Table 3. Color analysis and oil binding capacity (OBC) of chocolate spread samples containing different bigel ratio as a fat replacer (mean ± standard
deviation).

Sample L* value a* value b* value OBC (%)

SB1 23.34 ± 0.01a* 15.14 ± 0.06a 17.99 ± 0.14a 99.91 ± 0.02a

SB2 22.08 ± 0.01b 14.69 ± 0.03b 17.10 ± 0.15b 99.89 ± 0.04a

SB3 21.87 ± 0.01c 11.59 ± 0.06c 17.83 ± 0.07a 99.82 ± 0.09a

SB4 21.34 ± 0.01d 11.38 ± 0.07c 9.49 ± 0.07c 98.45 ± 0.65b

control 21.26 ± 0.02e 11.36 ± 0.06c 9.43 ± 0.07c 96.12 ± 0.14c

* Different superscripts within each row indicate significant differences between mean values at (p ¡ 0.05) according to the Duncan multiple range test.

OBC of SB1 and SB2 proved the effect of bigel as a fat
replacer on the OBC of the samples. The obtained results
indicated that the strong gel properties of bigel result in a
perceptible impact on the OBC of the SB. he spread sam-
ples (SB1 and SB2) containing 100% and 75% replacement
of palm oil with bigel showed the highest OBC values of
99.91% and 99.89% respectively; also, the control spread
sample containing 100% palm oil had the lowest OBC of
96.12%. Oba and Yıldırım (2024) reported that the oil-
binding capacity of chocolate spreads prepared with bigels
increased with higher bigel concentration, showing OBC
values ranging from 92.73% to 99.54%. Obviously, replac-
ing bigel in the spread formulation resulted in greater oil
retention in the spread samples. These findings highlighted
the desired oil-retention potential of bigel-based chocolate
spread, along with improved physical stability during stor-
age.

3.3 Texture

Texture is considered an essential feature of spread associ-
ated with sensory attributes during consumption (Ghorghi
et al., 2023). The results of the hardness, adhesiveness, and
cohesiveness analysis of the samples are given in Table 2.
As shown, the hardness of SB3 and SB4 was 2.94 and 2.37
N, respectively, and was significantly higher than that of
the CO sample, which could be due to poor emulsification
between palm oil and bigel. Replacing 100% of the palm
oil with bigel in the SB1 sample resulted in significantly
lower hardness than in the other samples (P < 0.05). Oba
and Yıldırım (2024) reported that the control sample exhib-
ited higher hardness than chocolate spreads prepared with
bigels, which may be attributed to its lower moisture or oil
content and indicates greater stability.
The adhesiveness of SB4 and SB3 was significantly lower
than that of the CO sample, whereas SB1 and SB2 had
the highest adhesiveness (P < 0.05). The decrease in fat
content (palm oil) and the increase in bigel ratio increased
the adhesiveness of the spread texture. The adhesiveness of
SB2 was comparable to that of the CO sample, which was
more suitable for use as a spread. The network structure of
bigel and the interaction between fat and bigel are in favor
of the adhesion of bigel-based spread samples. Unlike our
result, Li et al. (2024) found that the adhesiveness of bigels
based on a walnut oil oleogel and a chitosan hydrogel was
significantly lower than that of commercial spreads, which

was attributed to an increase in the Candelilla wax/span 65
oleogel proportion in the bigel.
Cohesiveness is the tendency of a product to cohere or stick
together. It describes how well a food maintains its form
between the 1st and 2nd chews, which is directly related to
its tensile and compressive strength. This feature of spread
is involved in having desired spreadability on surfaces, such
as bread (2019). In general, the cohesiveness of the SB3
and SB4 samples was significantly higher than that of the
other samples (P < 0.05). Based on the result, it is clear
that the incorporation of bigel into palm oil (75:25) influ-
enced the cohesiveness of the spread samples. These results
indicated that SB2 with a glossy surface is more accepted
by consumers as a spreadable chocolate. Li et al. (2024)
indicated that higher cohesiveness results in the formation
of impact spread, which is beneficial for packaging and
storage practices.

3.4 Spreadability

Spreadability is an essential physical characteristic of
spreads to sensory acceptance by consumers (Tirgarian et
al., 2023). Small, uniform fat crystals lead to a smooth, soft
texture, with oil well retained within the matrix. In fact,
spreadability can be considered an indirect indicator of fat
system stability; products that spread easily and uniformly
typically exhibit minimal oil separation. The hardness and
spreadability of the spreadable chocolates containing differ-
ent bigel ratios are reported in Table 2. The results showed
that SB1 had lower hardness and spreadability than other
SBs (p < 0.05), and its texture was 1.5 times softer than
that of palm oil spreadable chocolate. found that hazelnut-
based spreads had lower hardness and spreadability when
the palm oil ratio was decreased. As observed, the SB2
sample had firmness similar to that of the palm oil samples,
with a higher spreadability value. (Oba and Yıldırım, 2024)
showed that an increased proportion of bigel in chocolate
spread enhanced spreadability, likely due to a reduction in
saturated fat from palm oil and a corresponding increase
in unsaturated fat content. Replacing 75% of the bigel in
the produced chocolate spread (SB2) resulted in a more
complex texture (p < 0.05) compared with SB1. Tirgarian
et al. (2023) reported that as aw increased in the sample,
the water-to-corn oil-glycerol monostearate oleogel ratio
(55:45), the firmness, and spreadability of chocolates de-
creased due to the softening effect of free water. In Gli-
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bowski et al. (2008) study, samples containing lower fat
showed better spreadability. However, the content of solids,
the polymorphic indices, and the crystal dimensions have
influenced the hardness. As shown in Table 1, SB3 and
SB4 had the highest hardness and stiffer texture with lower
spreadability. Generally, the amount of solid fat has a key
role in the firmness of spreads (Fayaz et al., 2017). There-
fore, our result is expected regarding the solid fat content
of the spread samples. Previous studies have shown that
bigel-based doughs, composed of an alginate/k-carrageenan
hydrogel and a rice bran wax/soybean oil oleogel, have firm-
ness that increases with higher solid fat content, resulting in
greater rigidity (Nutter et al., 2023). These findings could
be considered to discuss the highest and lowest firmness
and spreadability in the SB3 and SB1 samples.

3.5 Color
Color is a physical parameter and crucial for quality con-
trol in products like chocolate spread (Fig. 2). The results
of color analysis are given in Table 3, including L* (light-
ness), a* (The position between red and green), and b* (The
position between yellow and blue) values. The L* of the
analyzed samples was low, ranging from 21.26 to 23.34,
which is typically expected for a dark chocolate spread. The
L* or lightness followed a descending trend in spread sam-
ples as the bigel ratio decreased in the spread formulation.
Regarding bigel, which had a light yellowish, creamy ap-
pearance, increasing its substitution in SB1 and SB2 led to
a higher brightness value. The obtained results for a* and
b* of samples contributing to the “brown” color, which is a
combination of red (+a*) and yellow (+b*). Besides, these
results prove that the products made from chocolate (Salama
and Hashim, 2022; Oba and Yıldırım, 2024). The spread

samples containing the highest level of bigel (SB1, SB2)
presented the highest a* values (15.14 and 14.69, respec-
tively) (p < 0.05), which indicates a potential to red color,
as reported by Tirgarian et al. (2023). Oba and Yıldırım
(2024) reported that replacing palm oil with hydrogel due
to increased beeswax and carnauba wax content led to an
increase in the a* and b* values. Tirgarian et al. (2023), Oba
and Yıldırım (2024) reported that higher light and smooth
appearance affected consumer acceptance. Generally, Oba
and Yıldırım (2024) stated that hydrogel/oleogel containing
plant oil changed the lightness of spreads, as wheat oil re-
sulted in the highest brightness, and the lowest brightness
was observed in pistachio oil. Tirgarian et al. (2023) found
that replacing water with corn oil- glycerol monostearate
oleogel in water-in-oleogel emulsions led to a lighter color
in spread chocolate. Therefore, increasing the percentage
of bigel, which is accompanied by a higher proportion of
hydrogel in the product, leads to increased color intensity
and brightness.

3.6 Sensory evaluation
Sensory evaluation is crucial for understanding how fat vari-
ation impacts the perception of chocolate spread. A trained
panel conducted a test evaluating five samples of choco-
late spread using Sensory Quantitative Descriptive Analysis
(QDA). The obtained data are summarized in Table 4. In
this regard, some descriptive indices (Table 2) used by the
panel to evaluate the prepared chocolate spread include ap-
pearance (Oiliness, Smoothness, color), texture (Hardness,
Adhesiveness, Spreadability), taste (Chocolate taste), and
mouth-feeling properties (Mouth coating). According to
the results, all sensory characteristics changed significantly
with changes in bigel content, indicating that the incorpora-

Figure 2. Spreadability of chocolate spread samples containing bigel ratio as a fat replacer.
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Table 4. List of sensory descriptive terms, definitions, and evaluation methods used in the quantitative descriptive analysis of chocolate spread samples
containing bigel ratio as a fat replacer.

Attributes Definition
Assessment method

(min 0: max 10)

Appearance

Take off lid from the cup and look at the sample

Brown color Typical chocolate color intensity in the spread Chocolate Mousse– Chocolate syrup

oiliness The amount of oiliness on the surface Mayonnaise–Walnut oil

Glossy Degree of surface reflectance of light from the product Marshmallows–Glazed Donuts

Manual
Cut and spread 5 g of sample on a piece of toast bread by a knife.

texture
Hardness Force required to push a knife into sample Mayonnaise – Peanut butter

spreadability The simplicity of spreading the sample thinly over a surface Peanut butter – Mayonnaise

Oral texture

Place 1/4 tsp of a sample in the mouth and evaluate for feeling factor

Adhesiveness Force required to remove sample adhered to the roof of the mouth Mayonnaise – Peanut butter

using the tongue

Smoothness Lack of surface particles between the tongue and the palate Peanut butter– Chocolate syrup

Mouth coating Perception of a fatty layer in the mouth (on the teeth and upper jaw) Full fat milk–Peanut butter

Creaminess Perception of a soft and comprehensive feeling Skim milk – Cream

Flavor Chocolate taste Typical strength of chocolate taste 60% Dark Chocolate - Chocolate Mousse

tion of bigel affected product sensory perception (Fig. 3).
Color affects the panel members’ acceptance decisions. The
panelists generally liked the color of the chocolate spread
containing high bigel; it might be related to the dark choco-
late color rather than the control spread chocolate. The
highest color rating was for the SB2 and SB1 Samples at
9.6 cm and 9.1 cm, respectively. The intensity of brown
color can be attributed to the dissolution of pigments such as
flavonoids and tannins of Cocoa powder within the hydrogel
phase, resulting in a stronger chocolate color in the sample.
Tirgarian et al. (2023) reported that color and brightness
attributes increased in chocolate spreads as the fat content
decreased. In Pourfarzad and Derakhshan (2021) study, the
incorporation of hydrocolloids improves the visual charac-
teristics of hazelnut sauce. Moreover, the score for spread
oiliness decreased with increasing the bigel ratio, with the

Figure 3. Radar chart of the sensory attributes of chocolate spread samples.

control sample having the most significant impact on sur-
face oiliness evaluation. The use of walnut oil in the bigel
structure creates an oily feeling among panelists. Analo-
gous to the previous attributes, the samples SB1 and SB2
received high smoothness scores (Table 3). The addition of
bigel, a novel structured fat system (Quilaqueo et al., 2022),
has been shown to cause smoother surfaces, creaminess, and
a glossy appearance, which are attributed to gelling agents.
These gelling agents can also be used as fat substitutes. The
creamy mouthfeel is achieved by increasing in-mouth co-
alescence of fat droplets. Besides, the fat melting in the
oral cavity results in a better mouthfeel. On the other hand,
polysaccharides play a significant role in the creamy mouth-
feel of low-fat products as they maintain higher softness
and creaminess.
Regarding hardness, the lowest and highest hardness scores
were observed in SB1 (100% bigel) and SB4 (25% bigel),
respectively (Table 3). With increasing bigel incorporation
in the spreadable chocolate, the trend in hardness decreased.
This sensory finding is according to the sensory analysis
results (Table 1).
Adhesiveness refers to the force required to remove sticki-
ness from the mouth during eating (Sanders et al., 2014). As
shown in Table 4, substituting palm oil with bigel increased
the adhesiveness of the spreadable chocolate, likely due
to the higher surface area of the gel structure used, which
allows greater interaction between the materials (Abdullah
Liu et al., 2022). Likewise, the higher adhesiveness of SB2
(6.27) can be attributed to its lower palm oil content. Addi-
tionally, gels can form a network structure that traps other
materials, such as water, within the product, thereby increas-
ing adhesion and soft texture (Chandra and Shamasundar,
2015). The sensory attributes of the chocolate spread were
determined by spreading a quantity of each sample onto
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toast with a knife. The ratings of spreadability across dif-
ferent bigel ratios were SB1 > SB2 ≥ Co > SB3 ≥ SB4,
consistent with the instrumental spreadability parameter
(Table 1).
The assessors distinguished between the taste and aftertaste
of chocolate, which increased as bigel content increased.
The taste is determined by the main ingredients, such as
sugar and cocoa powder, distributed throughout the final
spread structure. However, this phenomenon has been re-
ported in similar studies. In SB3 and SB4 samples, an
increase in the fat phase led to a more distinct melting pro-
file and a lower chocolate aftertaste. Brown et al. (2023)
also reported that higher fat content was associated with
higher bitterness and lower coca odor (Brown et al., 2023).
Mouth coating is an unwanted attribute in chocolate spread
and is defined as the deposition of a thin layer of fat on the
palate (Zhou et al., 2022). As illustrated in Table 3, there is
a significant difference among spreads containing different
bigel ratios. In the 25% and 50% Bigel ratios, the ratings
for mouth coating were increased, which could be owing to
the simultaneous presence of wax oleogels in Bigel, which
strengthened their effects. In SB3, bigel substitution in-
creased the sample’s solid fat content, melting points, and
mouthfeel. These findings are in line with the study by
Zhou et al. (2022), who observed that higher solid fat con-
tent evokes fat-based perception. Similar results have also
been observed in reduced-fat chocolate spreads, in which
greater water incorporation led to a lower mouth-coating
sensation (Yılmaz and Öğütcü, 2015). Furthermore, the

emulsion’s oral smoothness and mouth-coating attributes
were most strongly correlated with overall creaminess per-
ception Zhou et al. (2022).

3.7 Consumer test
The results of the acceptance test of the chocolate spreads
developed by bigel, compared with the control sample using
a hedonic test, are illustrated in Fig. 4. As shown, the ap-
pearance, flavor, spreadability, and overall acceptance of the
SB2 sample were higher than 3.5, indicating higher accep-
tance than average (2.5) moreover, since color affected the
appearance of the product and consumers’ acceptance. The
observed differences in the color samples indicate that 75%
replacement enhanced the appearance indexes. These re-
sults are consistent with the color measurements. We found
that the spreadability of samples containing 25% and 75%
fat replacement had the lowest and highest acceptability,
respectively. The obtained spreadability score of > 4.0 for
SB2 indicates high acceptance. Yılmaz and Öğütcü (2015)
also found that the chocolate spread samples based on bigel
had higher spreadability scores than the control one. Flavor
characterizes the sweetness and bitterness, as well as the
product’s smell. The flavor scores of the SB2 were higher
than those of the SB3 and SB4 (p < 0.05), and had stronger,
more intense flavor than the control sample, confirming
the finding from the QDA analysis (Table 5). The lowest
flavor acceptance was observed for SB4 (2.39), and the
highest and lowest overall acceptance scores were for SB2
and SB4, respectively. It means that consumers discrimi-
nated against chocolate spreads that were slightly disliked

Table 5. Quantitative descriptive analysis evaluation scores of spreadable chocolates prepared with increasing quantities of bigel as a fat replacer.

Samples
Chocolate

color
Oiliness Glossy Hardness Spreadability Adhesiveness Smoothness

Mouth
coating

Creaminess
Chocolate

taste

SB1 8.53 ± 1.16a 2.19 ± 1.09d 9.04 ± 1.18a 3.19 ± 1.05e 9.36 ± 1.70b 6.20 ± 1.05a 9.66 ± 1.42a 5.85 ± 1.14c 7.50 ± 1.32b 8.68 ± 1.16b

SB2 8.22 ± 1.10b 2.21 ± 1.74d 8.88 ± 1.13b 4.16 ± 1.05d 9.78 ± 1.48a 6.27 ± 1.31a 9.68 ± 1.11a 5.8 ± 1.33c 8.62 ± 1.25a 9.28 ± 1.13a

SB3 7.72 ± 1.08c 3.27 ± 1.17c 5.49 ± 0.2d 8.72 ± 1.10a 5.36 ± 1.26e 5.48 ± 1.18b 5.82 ± 1.29c 8.28 ± 1.94a 5.73 ± 1.16c 7.27 ± 1.08d

SB4 7.39 ± 0.11d 5.32 ± 1.35b 5.22 ± 1.12e 7.19 ± 1.44b 5.75 ± 1.51d 4.37 ± 1.80c 5.97 ± 0.55c 8.48 ± 1.39a 5.66 ± 1.16c 7.71 ± 1.99c

Control 7.19 ± 1.10d 5.57 ± 1.86a 6.32 ± 0.88c 6.95 ± 0.18c 6.00 ± 1.16c 6.04 ± 1.18a 6.27 ± 0.97b 7.41 ± 1.26b 5.87 ± 1.19c 7.74 ± 1.52c

* Different superscripts within each row indicate significant differences between mean values at (p < 0.05) according to the Duncan multiple range test
(n = 3).

Figure 4. Results of Hedonic scores of acceptability test (a), and consumer buying decision (b) of chocolate spreads (n = 60).
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(SB4) and those that were liked very much (SB2). This
study revealed that replacing palm oil with bigel at 75%
significantly enhanced acceptance (Fig. 4).
In the completed consumer test, consumers reported that
they tend to buy developed spread products (Fig. 4). Ap-
proximately 97% of the consumers stated that they certainly
buy SB2. At the same time, the percentages for SB1, SB3,
SB4, and CO were 56.67%, 10%, 1.66%, and 41.67%, re-
spectively. This was consistent with the overall acceptability
scores (Fig. 4). The buying decision data indicate that con-
sumers usually accept and would buy, especially the SB2
samples. In this study, the consumers were not provided
with any knowledge about the samples.

4. Conclusion
Incorporating walnut oil–based bigel as a fat replacer in
chocolate spread resulted in a stable product with a higher
unsaturated fat content. Replacing palm oil with bigel
decreased hardness and increased spreadability in SB1 and
SB2. A 75% substitution with bigel led to improvements
in quality parameters and yielded a structure comparable
to that of the control samples. Furthermore, 100%
replacement formed higher-homogeneous spreads with very
smooth textures that can be associated with bigel structure.
Taken together, the use of bigel enhanced the technological
properties of the chocolate spread, including its nutritional
value, while reducing its fat content. From a sensory
perspective, the spreads with 75% bigel were rated as more
acceptable. They showed sensory evaluations similar to the
control spread in terms of acceptance of creamy texture and
flavor. Consequently, the hydrogel/oleogel structure of the
developed bigel can be recommended as a safe alternative
for incorporating into chocolate spread formulation.
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