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Abstract: In the last decade, with the rise in customer awareness about the quality of the food they
consume and its health benefits, new methods for producing food fat replacers have been developed.
Since then, significant progress has been made in enhancing these techniques. Methods such as
emulsion template, foam template, and solvent exchange are frequently employed for creating fat
replacers known as oleo- or emulsion gels, commonly used in food products. As the interest in
developing fat replacers continues to grow, it has become essential to explore and pursue new
materials suitable for producing protein-based fat replacers. Given the increasing food consumption,
food waste is on the rise. The goal is to maximize food utilization and create high-protein, nutritionally
rich foods with minimal waste. This involves using new materials, such as alternative proteins or
food by-products, and finding effective methods for their utilization. This review aims to provide
insights into the variety of materials and methods employed to prepare protein-based fat replacers as
documented in the available literature.
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1. Introduction

In the past two decades, high-protein diets have become increasingly popular. Due
to the rise in customer awareness regarding eating habits, the quality of foods, and most
importantly their impact on human health, consumers are being cautious about the ingre-
dients that are part of their diet [1]. In the literature, increasing numbers of studies show
the negative effect of overconsumption of saturated or trans-fatty acids on human wel-
fare [2-4]. The aforementioned fatty acids are commonly found in food products containing
hydrogenated fats, which are originally extracted from plants in the form of oil [5].

To create more solid fats, liquid vegetable oils undergo a common process called
hydrogenation. During hydrogenation, the double bonds in unsaturated fatty acids are
eliminated, and hydrogen is added to saturate their tri-, di-, or mono-acyl glycerol. This
process can be partial, where some bonds remain and undergo a cis/trans conversion and
positional shift in the fatty acid chain. Complete hydrogenation results in all unsaturated
fatty acids becoming saturated, yielding solid fat as a result. As a result of the chemical
changes brought about by hydrogenation, two important quality aspects are affected: the
melting range is shifted to higher temperatures, and the stability against oxidation and
flavor deterioration is improved. However, the hydrogenation process also brings about
the formation of trans-fatty acids, which can have negative impacts on individual health.
Industrial processing at elevated temperatures, such as physical refining, deodorization,
and partial hydrogenation of oils, can lead to the production of trans-isomers in oils
and fats from their cis forms [5-7]. Many studies [8-11] have examined the connection
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between the consumption of saturated and trans-fatty acids and the level of cholesterol,
mainly LDL in the blood. Based on the facts obtained from the previously mentioned
studies, saturated fatty acids (SFAs) can increase low-density lipoprotein (LDL) cholesterol
concentration, thus increasing the risk of cardiovascular disease [9,11]. SFAs, as well as
trans-fatty acids, are recognized as the dietary factor that has the greatest negative effect
on LDL cholesterol [12,13]. In a study conducted by Mensink and Katan [14], where the
influence of saturated and trans-fatty acids in the diet on human health was measured, it
was found that diets that contained trans-fatty acids at 10% of energy increased LDL and
decreased levels of high-density lipoprotein (HDL).

On the other hand, diets with saturated fats increased LDL but did not affect HDL. This
can be explained by the result of the measurement of apolipoproteins A and B, which are
the main proteins in the composition of HDL and LDL cholesterol, respectively. The results
indicated that the values of apolipoprotein A were significantly lower in consumers with
a trans-fatty acid diet, resulting in the lowering of HDL cholesterol. Additionally, higher
values were observed for apolipoprotein B regarding both diets, saturated- and trans-fatty-
acid-based, thus resulting in higher HDL [14]. In other studies, these results were confirmed
by conducting trials in which the diets consisted of 3% [15], 6% [15], and 7.8% [16] trans
fats [10]. In contrast, monounsaturated fatty acids (MUFAs) and polyunsaturated fatty acids
(PUFAs) have decreased the levels of cholesterol in clinical and animal trials [11,17-19].
The results of the study [20] showed that the replacement of 1% of total daily energy from
SFAs with MUFAs or PUFAs lowers the LDL cholesterol concentration by approximately
1.3, 1.6, and 2.1 mg/dL, respectively [19-21].

Although MUFAs and PUFAs positively impact human welfare, they are prone to
oxidation and do not have the desired physical and chemical properties, which makes them
inadequate for the replacement of saturated and trans-fatty acids in most food products [22].
Because of that, there was a need for alternatives that could replace unwanted fats and
include other materials with minimal influence on the properties of a final food product.
After comprehensive research, in 2012, the first oleogel system was developed [23].

Oleogels are fat replacers, defined as liquid oils that have been converted into semi-
solid systems with viscoelastic properties as well as a hydrophobic nature. Additionally,
emulsion gels are also recognized as potential fat substitutes in food matrices, because of
their gel-like network structure and textural properties similar to solid fats [24,25]. Proteins
and polysaccharides are gelling agents and can be used in the preparation of the above-
mentioned fat replacers [26—28]. The formation of the structure can be explained by the
presence of weak intermolecular forces—electrostatic and Van der Waals forces, hydrogen
bonds, and hydrophobic interactions—which hold the molecules together. Additionally,
cross-linkages are present between two or more polymers, forming structures known as
junction zones [28].

Protein is a nutrient needed to maintain body processes because of its structural and
functional role in the human organism. Proteins are made of amino acids, and in human
organisms, 20 of them are used as a base for protein synthesis. Only nine of them are
regarded as essential; in other words, the human organism cannot produce those amino
acids [29]. To formulate oleogels based on these biopolymers and hydrophilic components,
indirect methods such as the emulsion template method, the foam template method, and
the solvent exchange method are used [30].

This review seeks to offer an understanding of the utilization of conventional and,
recently, unconventional proteins, such as plant proteins or proteins derived from food
waste, as well as the techniques used to create protein-based fat substitutes, as evidenced
in the existing literature.

2. Techniques and Mechanisms for Manufacturing Protein-Based Oleogels

Techniques used for the preparation of oleogels can be direct and indirect. The direct
method is known to be used for the preparation of oleogels consisting of ethyl cellulose
(ES). Since proteins have a hydrophilic nature, it was necessary to develop a new method
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for oleogelation. The indirect methods are nonconventional, innovative methods designed
for the production of protein- and polysaccharide-based oleogels [31]. The next sections
will provide more information about the previously mentioned indirect methods such as
the emulsion template, foam template, and solvent exchange methods.

2.1. Emulsion Template Method

The emulsion template method has been recognized as an adequate method for prepar-
ing oleogel/emulsion gel. This method was first utilized by Romoscanu and Mazzenga
in 2006 [32]. The structures prepared using this technique have been used in various food
products, as a replacement for shortening in cakes and fats in sausages [28,33,34], because of
their properties, such as improving the stability and controlled release of selected bioactive
compounds [23]. Using oleogels as bakery fats instead of liquid oils significantly improved
the resulting batter and cake properties. The structure of the oleogel batter was similar to
that of commercial shortening batter, but it had a runny nature similar to oil batter. While
runny batter allows better homogenization and easier processing in large-scale manufactur-
ing, it can lead to denser cake products with low volume. Moreover, the appearance and
sensory properties of cakes prepared using oleogel were much better than those prepared
with oil and more similar to those prepared with shortening [33]. However, properties like
storage conditions and long-term effects on human health are yet to be examined. The
mechanism of this method can be explained in a few steps (Figure 1). First, it is necessary
to prepare concentrated O/W emulsion. At this point, it is crucial to obtain stabilization
and stiffness of the layer between the phases via cross-linking or particle adsorption. After
the successful stabilization, the next step includes drying, by evaporating the water phase.
Lastly, mild shearing of the dried product is needed to obtain oleogel. Mild shearing is
performed using an Ultraturrax at a low rotor speed [33]. In other words, this method
involves the addition of a polymer into an aqueous solvent or a continuous emulsion to
structure the oil into an emulsion gel, and then after the water is removed by freeze-drying
or heating-drying, to maintain the tightness of the produced gel. This structure is formed to
entrap high amounts of liquid oil without any oil leakage even after a long storage time [35].
This method provides the opportunity to produce oleogels with dissimilar characteristics
by selecting the portion of crucial compounds and differentiating processing conditions.
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Figure 1. Schematic view of the production of the oleogel step by step using the emulsion
template approach.

Ensuring the stability of the interface layer is crucial when producing oleogels using
this method. This stability can be increased by combining proteins and different polysac-
charides [35]. Patel et al. [36] used the emulsion template method to formulate oleogels
manufactured utilizing gelatin and xanthan gum. Their investigation resulted in stable
oleogels, with an interesting microstructure. The oil phase, in the form of droplets, was
tightly packed with a protein layer to protect it from the coalescence of oil droplets. Since
gelatin and xanthan gum have “GRAS” status (generally recognized as safe), oleogels
produced using this combination have the potential to be utilized in the food industry.
In addition, Qui et al. [37] produced oleogels using a combination of protein—gelatin and
polysaccharide—flaxseed gum and tannic acid. This combination (0.075% wt) with protein
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increased the strength of oleogels and insinuated that the addition of tannic acid and
flaxseed gum positively impacted the stability of the produced oleogels. Another study [38]
also indicated that the addition of polysaccharides like HPMC and pectin increased the
mechanical strength of the assembled oleogel.

2.2. Foam Template Method

Another common method for producing oleogels is the foam template method (Figure 2).
Oleogels obtained by this method are commonly used for cakes as a fat replacement because
they have mechanical properties similar to shortening used for the production of this type
of product. This method is similar to the previously mentioned method, but the main
difference is in the first step, where air is incorporated into a dispersion of water and protein.
After foaming and drying, the aerogel is formed. The next step includes the absorption of
edible oil into the aerogel and then mild shearing to obtain the oleogel. In this method,
oil is added after the drying step, or the template is placed into the oil to let the structure
fill the void in the formed structure [39—41]. The amount of absorbed oil depends on the
properties of the produced aerogel.
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Figure 2. Schematic diagram of the production of the oleogel step by step using the foam tem-
plate method.

This method was used in research by Abdollahi, Goli, and Soltanizadeh [40]. Their
study aimed to develop gelatin and gelatin—xanthan gum oleogels using the foam tem-
plate technique and determine the physicochemical properties of the produced samples.
Preparation of the samples included aeration with Ultraturrax at 13,000 rpm for 5 min and,
afterward, drying using the freeze-drying technique for 24 h. Lastly, canola oil was added
to produce cryogels, which were shredded after the oil absorption to obtain oleogels. The
obtained oleogels showed high gel strength, high values for oil binding capacity (OBC)
(more than 90%), and thixotropic behavior. Adding the xanthan gum increased the firm-
ness and network density but did not significantly impact the oil binding capacity. In
another study, by Chen and Zhang [41], the alginate/soy protein conjugates were used
to manufacture oleogels loaded with 5% thymol using this method. This research gave
excellent results regarding antimicrobial activity and OBC and agrees with the previously
mentioned research.

2.3. Solvent Exchange Template

Another innovative indirect method for achieving oleogelation is the solvent exchange
template. The first step includes the formation of a heat-set protein hydrogel in water as a
continual phase. Afterward, through the intermediate solvent, the exchange of the water
phase with oil, as a continual phase, occurs. In the second step, the solvent’s polarity was



Processes 2024, 12, 2208

50f 14

gradually adjusted to displace the surrounding water from the protein aggregates and
substitute it as the continuous phase for oil. This process is common in the production
of aerogels, where the water is replaced with alcohol or acetone and then removed by
supercritical CO, to produce aerogels. These aerogels are then mixed with oil to obtain
oleogel [42,43]. The properties of the obtained oleogels can be changed by adjusting the
protein concentration or by modifying the strength of interaction among the aggregates.
This can be achieved by adding the water phase to increase capillary interaction or by
heating to enhance van der Waals interactions [44]. The results of the study [43] showed
that the oil binding capacity and the structure of the obtained oleogels produced using this
method were highly dependent on the composition of the intermediate solvent and the
number of steps used for the solvent exchange. In another study [45], a solvent exchange
template was utilized to produce oleogels using various protein sources. This study
suggested that the oleogels with smaller particle size distribution and higher hydrophilicity
exhibited greater strength and suitability for use. This method does not have any food
application so far in the literature, which can be explained by the use of organic solvents
that are not favorable in food production. Additionally, this method is more complicated
than the previously mentioned methods.

3. Common and Innovative Solutions for Protein Sources of Organogelators

Proteins, as macronutrients, are vital in the human diet due to their structural and
functional role in human organisms. Proteins from animals are generally present in the
human diet, but in the last decade, proteins derived from plant sources have been attracting
growing attention. The increase in the need for protein production and consumption has
led to extensive research on new sources of proteins that could be utilized as organogelators.
The properties of plant-based proteins, such as gelling or foaming ability and solubility,
are often considered inadequate compared to animal-based proteins. Due to disparities in
their functional properties, it is generally challenging to directly substitute animal proteins
with plant proteins [46]. The difference among proteins of different origins lies in the
different structures which result from their native environment. Proteins like milk and egg
proteins are found in aqueous habitats and are therefore mostly hydrophilic. In contrast,
plant-derived proteins are generally considered storage proteins, possessing more compact
structures and exhibiting higher hydrophobicity [47].

3.1. Animal-Based Proteins

The increase in consumer awareness about protein intake and modern trends in
protein-based nutrition have led to an increase in the variety of products available over
the counter. The traditional proteins found in human diets come from animals, including
eggs, meat, milk, cheese, and yogurt. However, the protein market is changing due to
consumer demand for healthier, more sustainable, and ethically acceptable sources. Factors
like limited availability, economic concerns, and environmental considerations are directing
growing interest in nonconventional protein sources such as plants, food processing by-
products, insects, and microalgae [48]. Some of these are examined as potential oleogelators
(Table 1).

The protein content in meat ranges from 16 to 40%, varying according to the type
of tissue and the age of the animal. Meat also provides essential minerals such as zinc,
magnesium, copper, and iron [48]. This animal-based protein can be potentially replaced
with plant-based proteins because of the similar properties such as water and oil binding,
needed for products like sausages and burgers [49].

Milk, like meat, has varying protein content based on the type, age of the animal,
and environmental conditions on the farm. It is recognized for its high digestibility, at
approximately 95%, with a total protein utilization value of 74% [46,50]. Different milk
protein fractions, such as whey protein and casein (80:20 percent, respectively), are available
on the market, with varying levels of purity. Whey protein, obtained as a by-product during
cheese production, is an economical source of milk protein. Its nutritional composition
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makes it a useful functional ingredient in the food industry [51]. In studies [42,45,52],
whey protein isolates (WPIs) were used to produce oleogels using the solvent exchange
method. Small particle sizes of WPIs (~200 nm) were responsible for obtaining the gel
network in oil. Additionally, low protein concentrations (3—7%) were enough to achieve
gel-like behavior. Furthermore, the protein network structure was examined through the
values of fractal dimension. Crucial parameters for understanding this analysis are G/
(storage modulus) and y0 (limit of linearity), related to the volume fraction, ¢. Comparing
the relation between these parameters, we can understand the strength of the formed gel
network (weak or strong). A strong link is present when the value of y0 lowers with an
increase in the protein concentration and fractal flocs interaction [53]. Using WPIs as an
oleogelator resulted in a strong gel network. In another study [54] WPIs were used as an
organogelator by applying a foam template. Oleogels were prepared from aerogels, using
two different approaches, freeze-drying of hydrogels or drying with supercritical CO,.
After drying, the aerogels were dispersed into the oil phase to obtain protein-based oleogels.
The starting point, for aerogels produced either way, showed oil structuring properties,
which resulted from their capability to entrap the oil in pores through capillary forces.
Furthermore, it was demonstrated that the particle-particle interaction via hydrogen bonds
affects the gel strength [42]. The different physical appearances of oleogels were observed,
with a higher appeal for the products produced with the dispersion of CO,-dried particles
in oil. This research suggests that whey protein aerogel particles can potentially be used
as innovative food organogelators to prepare oleogels with tailored properties. Recent
trends use proteins combined with polysaccharides to formulate stable emulsions first, and
lastly oleogels. Pectin, combined with WPIs, was used in research [55] for producing an
emulsion with a high oil fraction. This combination is based on forming a complex between
biopolymers, which resulted in higher stability compared to the systems where only one
kind of biopolymer was used [55,56].

Eggs are a source of protein, containing about 13% protein, in addition to other
nutrients. They can be applied in solid (powdered), liquid, and frozen form. For the
formulation of various food products, eggs can be added by using only egg whites, only
yolks, or by adding them whole. Due to its amino acid composition (including essential
amino acids), as well as good functional properties such as gelling and emulsifying, and
excellent digestibility, egg white is considered a very valuable food ingredient [48,57]. Egg
protein has been used as a possible protein oleogelator in the production of oleogels [45].
The study showed that low protein concentrations were enough for gel formation (~4%),
but the particle size distribution analysis indicated that the presence of larger protein
aggregates (around 10-100 pm) weakened the formed gel network and the ability of oil
binding (7.3 g/g). Other studies involved a combination of egg protein and polysaccharides
and the exploration of properties of oleogels obtained from a foam template [58,59].

Collagen is a protein obtained from the connective tissue of mammals, such as bones,
cartilage, tendons, teeth, and skin. Gelatin, a hydrolyzed form of collagen, is widely used as
a gelling agent. In comparison to collagen, gelatin has better digestibility and is more easily
absorbed [48,60,61]. A recent study [34] mentioned collagen as a promising structuring
agent for oleogels and their utilization as fat replacers in meat products. According to
the results, authors indicate that the replacement of fat with oleogels positively affected
textural, sensory (with replacement no further than 50%), and oxidative stability properties.
A few studies [62] investigated gelatin, a form of collagen, as a potential protein source for
oleogelation using different methods like foam or emulsion templates.

3.2. Plant-Based Proteins

Recent developments in nutrition and evolving consumer preferences have led to
the emergence of numerous new alternative proteins. The first category of alternative
proteins comprises those derived from processing and refining plant-based raw materials.
Plant proteins are known for their high nutritional value, which is determined by the
amino acid composition and the presence of essential amino acids in the protein. Plant
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proteins can influence the texture, consistency, and sensory properties of food products
due to their physico-chemical characteristics. Furthermore, certain plant proteins exhibit
biological activity, making them suitable for use in functional foods, as well as in cosmetic
and pharmaceutical products [63-66]. Upon review of the literature, it was found plant
material obtained from pulses (peas, lentils, faba beans, and chickpeas) and cereals (rice),
which have high nutritional value, a positive effect on human health, and a low cost of
production, can be considered as suitable substitutes for animal-based protein oleogels
(refer to Table 1).

Soy protein is the most popular plan protein present in the human diet, and a major
component of animal feed. Soybeans contain 35-40% total protein with a well-balanced
amino acid composition. This property makes soy protein an important alternative to meat
and dairy proteins in human diets. Different soy protein derivatives are commercially
available, including flour, protein concentrate, and protein isolate. Soy protein concentrate
contains over 65% protein, while soy protein isolate is the most refined form, with over 90%
protein content [46,67]. There are many studies [45,68-70] involving soy protein isolate (SPI)
in the formulation of these structured networks, mostly combined with polysaccharides for
obtaining lasting stability. Oleogels were mostly prepared using the emulsion template ap-
proach with only protein or protein—polysaccharide complex. The two compound systems
reacted and formed a complex that provided a layer that is more resistant to destabiliza-
tion, thus simultaneously increasing the viscoelasticity of the samples by approximately
one amplitude, and the authors concluded that the addition of the polysaccharides was
justified. This can be explained by the adsorption of polysaccharides on the surface of a
single layer, thus increasing the negative charge. This resulted in forming a more compact
oleogel [68]. Additionally, the addition of polysaccharides increased the OBC (more than
97%) and oxidation stability, hence reducing the peroxide value. The results from other
studies were in agreement with the enhanced properties of oleogels formulated using
complex biopolymers.

Pea protein, with a content of around 25%, has gained interest because of its low
allergenicity and low cost but high nutritional value and availability [71,72]. It is the second
most important legume crop and is used in human diets worldwide because of its emulsifi-
cation and water- and fat-binding abilities. Peas and faba beans have been mentioned as
possible sources of plant protein in manufacturing protein-based fat replacers [73,74]. This
study aimed to compare the functionality of concentrates and isolates from both sources
of protein. Foams for aero- and then oleogels were prepared using different values of
pH, and the influence was observed. The OBC of pea and faba concentrate at pH 9 was
significantly (p < 0.05) higher (25.1 and 27.8 g/g) than the values for corresponding foams
of protein isolates (17.2 and 14.4 g/g). The maximum oil binding capacity (OBC) occurred
at pH 9 for protein concentrates and at pH 7 for protein isolates. This can be explained
by the significantly higher values of pores present in protein isolate foam microstructure.
Additionally, the number and connection between the pores play a significant role in oil
binding capacity.

Bamboo shoots are the newly expanded buds or meristems of bamboo, known for
their rapid growth and high nutritional value [75]. Based on the results of the study [76]
regarding the nutritional value of bamboo shoots, it was concluded that bamboo shoots can
be a potentially great source of protein. Because of its great nutritional value, [77] aimed to
determine the possibility of utilization of bamboo shoots for oleogelation. The template
used for oleogel production was emulsion, and it was based on obtaining the oleogels by
using bamboo shot/soy protein complex. The results indicated that the higher amounts of
protein increased the dominance of elastic solid-like behavior. The complex successfully
formed a gel network, which was weak, but notably had an OBC of more than 50% and
also had good thermal properties, which are desirable for food products. The conclusion of
this study indicated that bamboo shoots can be considered innovative organogelators for
obtaining new formulations of oleogels.
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3.3. Proteins Obtained from Food Waste as Potential Oleogelators

Increased demand for food production and hence, food consumption, have led to
generating enormous amounts of food waste, since the rejection of food waste follows the
entire food supply chain. Food waste comprises material suitable for a human diet that is
in due course degraded, polluted, or rejected. Additionally, industries that include food
processing generate food waste for many reasons such as damage as a consequence of inad-
equate transportation, storage conditions, and losses during production [78]. Those losses
can be rich in highly valuable nutrients such as proteins, carbohydrates, and dietary fiber.

Proteins can be extracted from by-products of various food production processes,
which helps to enhance the sustainability of the entire food supply chain and positively
impact the environmental problem caused by the disposal of food waste [79]. Increasing
efforts are being focused on finding and improving techniques that could help extract
valuable macro- and micro-nutrients from generated waste. Novel techniques such as
electrostatic separation, enzyme-assisted extraction, and subcritical water extraction can im-
prove the yield of extracted protein as well as their functional and nutritional characteristics.
Furthermore, those techniques are considered effective, economical, and environmentally
friendly, providing the clean label status of the extracted protein [79,80]. Extracted protein,
after the convenient degree of purification, can be added to the human diet as a highly valu-
able ingredient. Additionally, food waste can be used as a starting material for obtaining
the proteins and examining their abilities as potential oleogelators (Table 1).

In the meat industry, many by-products are discharged without any additional utiliza-
tion of the produced waste. Some of the animal by-products include blood, blood plasma,
large intestines, skin, lungs, testicles, and udders [81]. Blood consists of plasma and serum.
Liquid plasma is the largest fraction, made of albumin, globulin, and fibrinogen. Because
of its properties, it is utilized as an emulsifier, color additive, and stabilizer [82]. In a
study [83] dexydrated bovine blood plasma has been utilized to encapture flaxseed oil into
a form of oleogel. The advantages of using this material lie in its availability; gelation is
observed at low protein concentration (2%), and this oleogel is self-stabilizing. Additionally,
good oxidation stability for samples prepared both ways (at 60 and 80 °C) was presented
even after 18 days of storage. Gel strength was stronger for samples prepared at higher
temperatures, and that can be explained by stronger protein—protein interactions. Another
study [84] investigated the potential of plasma blood oleogels as a carrier for hem iron
and their possible application in food products as a prevention for anemia. The second
study [34] utilized another by-product, pig skin, as a source of collagen.

Besides animal by-products, plants can also be a source of exceedingly valuable
proteins. The agro-food industry produces a significant amount of plant by-products each
year as a result of cultivating and processing agricultural products [85]. One of the by-
products derived from plants was used as a potential organogelator combined with sodium
alginate to secure the formation of oleogels. Protein extracted from rice bran, a significant
by-product of rice processing, is known as rice bran protein (RBP). RBP is considered to be
a high-quality plant protein, containing a well-balanced composition of amino acids that
closely aligns with the pattern recommended by FAO/WHO. Notably, the lysine content
of RBP exceeds that of rice protein and most other grain proteins. The authors of [37]
provided a new approach for the development of oleogels by the Maillard reaction and
physical gelation. Ultrasound treatment can be used as a mild process to break up protein
aggregates and alter the tertiary structure of proteins while causing minimal changes to
the secondary structures. Additionally, ultrasound treatment can speed up the Maillard
reaction, leading to the formation of protein—polysaccharide conjugates in a shorter time
frame [37]. The first step enhanced properties like the structure and density of the pores,
and thus the OBC. The second step decreased the yield stress and compressive strength
of the gel but increased the OBC. This approach presents an improved foam template
method by double cross-linking and securing the stability of the formed levels. In another
study [86], the authors used rice bran protein as an organogelator to form oleogel using
the foam template method. They formed a stable oleogel but concluded that the pH value
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significantly impacted the foaming capacity and stability, which is explained by the change
in the secondary structure and surface hydrophobicity of the used protein. Higher values of
pH were more adequate for the production of more stable foams, later used for oleogelation.
The oleogels obtained from RBP foam templates exhibited robust mechanical properties
similar to shortening. This offers a potential alternative for replacing hard-stock fat in the

future, with lower levels of saturated fatty acids and without trans-fatty acids.

Table 1. Overview of protein sources and methods used for oleogelation.

Protein Source Oleogelation Method Results of the Study Reference
Animal Origin
Gel properties observed at low concentrations (3-5%).
High oil binding capacity is connected to the presence of
. small particle size.

Whey protein isolates Solvent exchange Similar fractal dimension (2.2-2.47) in o0il, compared to [42,45]
the value in aqueous solution.
High gel strength.
Gelation obtained at a concentration of 0.2% wt.

Whey protein isolate Foam template Oleogel produced by freeze-drying had rheological [52]
values similar to commercial fat.
Gelation at 4% wt.

Egg protein isolate Solvent exchange Larger particles (10-100 um) weakened the oleogel, [45]
OBC moderate (7.3%).
Oleogels prepared at higher temperatures were stronger

Bovine blood plasma Emulsion template and more stable, but with lower oxidative stability. [83,84]
Retained high value of OBC after 30 days of storage.

Pork skin protein—collagen =~ Emulsion template High protein content. Strong and stable oleogels. [34]

Plant Origin

Firm oleogels without oil leakage (G’ > 40,000 Pa).

Soy protein isolate Emulsion template Higher concentration of protein leads to a [68]
stronger network.
Low protein concentration—5% wrt.

Pea protein stabilized with OBC was higher for concentrate (27.8 & 1.2) compared

xanthan gum Foam template to protein isolate (14.4 £ 1.6) at pH 9. [73,74]
Highest OBC for isolates was obtained at pH 4.
Gel properties observed at concentrations of 8%.

Pea Solvent exchange High oil binding capacity is connected to the presence of [45]
small particle size.
Oleogel obtained at low concentrations (4%).

Potato Solvent exchange Homogenous protein network. [45]
Strong oleogel.
Low-porosity structure obtained, which resulted in low

Rice bran Foam template oil absorption. [86]
Formed oleogels had high gel strength.
OBC higher than 50%.
High viscosity recovered (more than 70%) for oleogels

Bamboo shoot/soy protein . obtained by 4:1 ratio.

complex Emulsion templated Good thermal stability. (771
Oleogels exhibited elastic-dominated
solid-like behavior.

. - Low protein concentration—5% wt.
Faba bean protein stabilized Foam template Highest OBC was obtained at pH 9 in the case of protein [73,74]

with xanthan gum

concentrates and pH 7 in the case of protein isolates.
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4. Applications of Protein Oleogels in Food Products

Recent trends in nutrition, eating habits, and the influence of food products on human
health have expanded the almost non-existent research regarding the possible implementa-
tion of protein-based oleogels in food. Table 2 presents the list of food products containing
oleogels. Fats can be linked to the onset of different health issues, including obesity, car-
diovascular diseases (CVDs), metabolic syndrome, and diabetes [87]. By implementing
oleogels into food systems, the aim is to reduce the content of saturated and trans-fats,
hence improving human well-being.

Table 2. Application of protein-based oleogels in food products.

Type of Food Product  Effect on Properties Reference

Cake Similar or lower hardness and chewiness, slightly higher springiness with control. [33,88,89]

Gummy bears High sensory acceptance regarding appearance and flavor. [90]

Cookies Enhanced taste and fractures, leading to softer and crispier cookies. [91]
Improved fatty acid profile and sensory properties (at 50% of replacement and

Sausages below). More than 50% of sausages were graded negatively regarding texture, [34]
chewiness, color, aroma, and flavor.

. Increased extensibility, cohesiveness, and robustness. Decreased free water mobility
Dumplings [69]

(inhibition of water migration).

The addition of oleogels impacted the properties of produced food products, mainly
by empowering them, nutritionally and physically. Even though there is a small number
of products enriched with protein oleogels as fat replacers, there is a growing interest
in utilizing and improving proteins and corresponding oleogels derived from different
sources, mainly originating from food waste.

5. Conclusions and Future Prospects

In recent years, a small number of studies have been focused on exploiting the pro-
teins extracted from different resources and investigating their functional and structural
properties for oleogelation. This process, either through direct or indirect methods, has
advantages in formulating a gel-like network to entrap the oil phase. This technique pro-
vides the opportunity to replace solid fats, comprising mostly saturated and/or trans-fatty
acids, which are known to have a negative effect on levels of cholesterol in the blood.
Additionally, it is proven that the overconsumption of these fats increases the risk of cardio-
vascular disease. Oleogelation can be a possible solution in replacing the saturated and
trans-fatty acids with structures comprising valuable compounds, such as proteins and
polyunsaturated fatty acids (PUFAs) famous for their positive impact on human health.
Another advantage of protein levels lies in their broad availability and low concentration
required for gelation and profitability. Additionally, future research can focus on finding
different solvents for solvent exchange methods that are safer and more adequate for the
food industry. Moreover, based on the obtained information, it is necessary to investigate
and find more resources for obtaining protein, i.e., by exploiting food waste, and different
alternative proteins such as plant, algae, or insect protein and to examine the possibility of
using them in the form of oleogel. Some of the proteins can be suitable for the production
of oleogels, but alone, they are not stable enough. Given this, it is necessary to find ways to
enhance their stability by improving the existing methods or by blending the protein with
other biopolymers. Furthermore, oleogels can be food structurants, and it is imperative
to conduct more studies such as clinical trials to examine their properties, such as sensory
and digestive characteristics including the influence on cholesterol levels and overall ef-
fect on human health during regular diet comprising food products containing oleogels.
Finally, it is necessary to assess the shelf life of the produced oleogels and food matrices
upon implementation.
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