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Abstract

This review aims to reveal a modality for transforming liquid vegetable oils into semi-solid forms as their mechanical
properties can vary from viscous and thick liquids to hard and elastic solids. The edible oleogels are an alternative
replacer of undesirable trans and saturated fats. They are porous materials with self-assembled and three-dimensional
gel network. Large amount of a continuous edible liquid-oil phase can be entrapped physically and stored in this gel
structure. The bigels are a variety of oleogels and they represent two-phase emulsions, containing both oil-based
oleogels and water-based hydrogels. The edible oleogels are composed by a structurant substance of food grade in a
low concentration, below 10 %. Some of their featured properties are: (i) improved viscosity, spreadability and some
of them are semisolid, translucent with semi-crystalline structure; (ii) high physical and structural stability combined
with high oil binding capacity; (iii) high-temperature stability, but some of them are thermo-reversible; (iv) higher
oxidative stability of oil and the chemical stability of active lipophilic compounds incorporated; (v) microbiological
stability. Their more remarkable food applications are chocolates, processed meat products, margarine spreads and
shortening. Their combination with other promising techniques raises up new perspectives for structural engineering
of foods. There are also outlined other applications of oleogels in cosmetic and pharmaceutical formulations; for
engineering purposes and environmental protection. The general limitations, some challenges in the development of
new products, their commercialization are also divulged.
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Introduction

There is much proven evidence for negative meta-
bolic effects of trans-fatty acids (TFAs) and the
strong relationship between the coronary heart dis-
ease and the increased intake of TFAs (Mozaffarian
et al. 2006, 2009; Nishida and Uauy 2009) and sat-
urated fat (Nettleton et al. 2017). On this base of this
evidence, the World Health Organization (WHO
2004) have recommended the consumption of trans
and saturated fats to be reduced and shifted to mon-
ounsaturated or polyunsaturated fats and carbohy-
drates from whole grains. In addition to that, WHO
dietary guidelines (WHO 2018a; Astrup et al. 2019)
recommend strongly the intake of TFAS to be to less
than 1% of total energy intake. The action package
of WHO (2018b) have paved a roadmap towards the
sustained elimination of industrial TFAs from the
food supply. They recommend a preliminary limita-
tion of these TFAs up to 2 g in 100 g of total oils
and fats in all foods. Within existing food regula-
tions, some countries like Canada and USA classi-
fied the fats industrially hydrogenated as unsafe. EU
(2019) has introduced a mandatory regulation for
limiting the contents of TFAs in the total fats up to
2 %. This regulation refers to the foods intended for
the final consumer and it does not concern to TFAs
naturally occurring in fat of animal origin.

There are various alternatives (Temkov and Mure-
san 2021) for reducing TFAs like applying chemical
and enzymatic esterification, using traditional fat re-
placers from lipid or non-lipid origin, employing
oleogelation, applying genetic modification of the
lipid in situ, using algae oil (Xue et al. 2020). How-
ever, each of the forenamed approaches has specific
limitations. The traditional fat replacer represents a
carbohydrate-, protein-, or lipid-based compound
that replaces one or more of the functions of fats to
reduce calories in foods (Chavan et al. 2016). Ex-
amples of lipid-based replacers are the low-calorie
synthetic triglyceride caprenin (composed of
caprylic C8:0, capric C10:0, and behenic C22:0
fatty acids), the synthetic triglyceride salatrim
(composed of a random distribution of short-chain
fatty acids C2:0, C3:0, C4:0 and long-chain fatty ac-
ids C18:0) and the non-caloric olestra (synthetic su-
crose fatty acid polyester). The caprenin and
salatrim simulate the properties of cocoa butter
(Roller and Jones 1996). These fat replacers are
widely commercialized. However, they have many
limitations such as their applicability in low fat sys-
tems, they cannot expose at high temperature (as

cooking, frying), they cannot meet all functional
and sensorial requirements (Temkov and Muresan
2021).

The gel stricture of oleogels is analogous to this of
hydrogel. The latter was introduced by Bemmelen
(1896). Hydrogels can absorb and store large
amounts of water in their volume. These gels are
mainly polymeric products in which cross-linked
polymer chains form a three-dimensional network
structure (Pal and Banerjee 2018). Nowadays, the
hydrogels are employed widely in various food,
pharmaceutical, cosmetic and other applications.

This review aims to present the oleogels as a modal-
ity for transforming liquid vegetable oils into alter-
native fat replacers (in semi-solid forms at room
temperature), their types and specific properties.
The second goal is the potential applications of
oleogels in food formulations and in other non-food
products to be outlined.

Oleogels, their types and specific properties

The first attempts for convenient applications of or-
ganogels in drug delivery started in the last years of
the 20th century. The organogels consist of a solid
three-dimensional, cross-linked gel network that
spans a non-polar liquid organic phase such as veg-
etable and mineral oils including medium-chain tri-
glyceride oil as well, ethyl oleate and ethylhexyl-
phosphonic acid. There is current interest in their
application in pharmaceutical, cosmetic, food and
petrochemical industries. To distinguish the gels in-
cluding vegetable oils from the traditional “organo-
gels”, applied in chemical engineering, these edible-
oil gels have been named oleogels (Marangoni and
Garti 2011).

Heretofore, the Scopus database have registered
3615 documents with keywords oleogel or organo-
gel. They comprise 3214 research articles, 180 re-
views, 66 books and their chapters. Their growth
trend is stable. (Fig. 1). The documents registered in
the subarea of Agricultural and biological science
are 527, including 438 research articles, 56 reviews
and — 56 book chapters. If these documents in the
food area were 18 for the first decade of the present
century, their number in the second decade reached
to 394 or the growth is more than 20 times. The
breakdown by countries is as follows: China with
111 articles published, Canada - 69, USA - 65, Bra-
zil - 39, Italy - 35, Spain - 34, Mexico - 31, Belgium
- 25, Iran - 23, Portugal - 23, etc.
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Figure 1. Evolution of the number of publications (scholarly articles and books, and patents) in the
21%century, registered in the Scopus database including the keywords oleogel or organigel

The edible oleogels are semisolid gel systems in-
cluding a continuous edible liquid phase (like vege-
table oil) that is entrapped physically in a self-as-
sembled, three-dimensional, gel network composed
by a structurant substance (organogelator in a low
concentration, below 10 %) of food grade (Martins
et al. 2018; Siraj et al. 2015). Some of these gels are
thermo-reversible. The featured publication for
these oleogels is the review of Co and Marangoni
(2012).

The bigels represent two-phase emulsions, contain-
ing both oil-based oleogels and water-based hydro-
gels (Singh et al. 2018). Their investigation started
in the second decade of the 21th century. Their gen-
eral advantages are (Shakeel et al. 2019): the ability
to deliver both hydrophilic and hydro-phobic com-
ponents. The bigels draw attention for cosmetic,
pharmaceutical and food applications as the interest
to oleogel-in-hydrogel type of bigel is higher. A bi-
continuous type with matrix-in-matrix arrangement
was firstly reported by Lupi et al. (2016).

Three general routes were developed for liquid-oil
structuring by employing different structurants (ge-
lators). For the first route a gel network of crystal-
line particles is formed from low-molecular mass

gelators like wax esters, fatty acids, fatty alcohols
and monoglycerides. Fibrillar network structures
are  employed for the second route.
A representative structurant for this route is the
combination of sitosterol and oryzanol. The third
route uses self-assembled gel structure from cross-
linked polymer chains of macromolecules. A typical
structurant is ethyl cellulose (Davidovich-Pinhas et
al. 2016; Floter et al. 2021).

The most promising food grade structurants are
ethyl cellulose, natural waxes, phytosterols & orza-
nol, fatty acid derivatives and lecithin.

Ethyl cellulose (EC). It is a semisynthetic polysac-
charide derived from cellulose as some hydroxyl
end groups are replaced with more hydrophobic
ethyl groups. It has been introduced in the early
1990s and extensively explored since then. For in-
ducing the gelation process high temperatures (up to
150 °C) should be applied. The EC oleogels have
semi-crystalline structure. For that reason, the ob-
tained oleogels remain stable at high temperatures.
However, the rate of oil oxidation at these condi-
tions also increases (Gravelle et al. 2018).

Natural waxes (of plant and animal origin) have
food grade status and low cost. Candellilla wax,
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Carnauba wax, Rice Bran wax, Beeswax, Sun-
flower wax and plant shellac wax/resin represent the
biggest interest for food applications. The concen-
tration of sunflower wax for oil structuring is in the
range of 0.5-10 % (Blake et al. 2018). The melting
point of natural waxes is commonly between 50-
80°C (Scharfe and Floter 2020).

Phytosterols and oryzanol. The mixtures of plant
sterol B-sitosterol and plant sterol ester y-oryzanol
form helical ribbon nanotubules. So, they self-as-
semble in a fine fibrillar network. The structured
oleogels are firm, resembling a fat block, stable and
translucent. These two phytosterol compounds oc-
cur as minor components in various vegetable oils.
Both compounds foster for decreasing cholesterol
absorption. y-Oryzanol also acts as a natural antiox-
idant. A typical concentration of these structurants
is about 10 %, in a proportion 40 % sitosterol and
60% oryzanol (Bot and Floter 2018).

Fatty acid derivatives like monoglycerides and sor-
bitan monostearate. Higher amounts of monoglycer-
ides in oleogels result in higher gelation temperature
and a higher density network. Some of these crystals
can form a rosette-like shape. Sorbitan monos-
tearate is responsible for forming opaque ther-
moreversible gels as the critical gelation concentra-
tion is about 10% (Chen and Terentjev 2018).

Lecithin in a combination of sorbitan tristearate or
glyceryl monostearate can promote the formation of
crystals, with a length of 10 um, and stable oleogels.

Biodegradable low-molecular-weight gelators (up
to 2 kDa). Renewable plant resources as noncalo-
rific open-chain sugars are used in this green ap-
proach. Enzymes as lipases and proteases can be
employed as biocatalysts in GRAS organic solvents
for achieving an oleogelation via some self-assem-
bly of low-molecular-weight gelators. A typical ex-
ample is the regioselective acylation of carbohy-
drates by biocatalyst in vegetable oils for obtaining
sugar-derived fatty acyl esters (Samateh et al 2011,
2020).

Applications

The number of patents issued is an indicator for the
commercial interest to each new product. According
to the Scopus database there are 5587 published pa-
tents related to oleogels or organogels. The trend of
their growing is stable (Fig. 1). If their number in

the last decade of the 20the century was 191, the pa-
tents for the first decade of the present century grew
to 1153 and they reached to 2867 for the second dec-
ade. The breakdown of these patents by the territo-
rial patent offices is as follows: United States -
3709, Japan - 823, Europe - 610, World WIPO -
479, United Kingdom - 99, etc.

The general areas of oleogels’ application (Table 1)
are in food, cosmetic, pharmaceutical formulations,
in chemical engineering, environmental protection
and their combining with other promising tech-
niques.

Applications in the Food Systems. The existing
applications of oleogels are mainly related to choc-
olate, dough & pastry, spreads, processed meat
products, ice cream, margarine spreads, and short-
ening. Their general intention is a partial replace-
ment of undesired trans and saturated fats in food
systems with oleogels — structured unsaturated edi-
ble oils. Their properties like higher thermal re-
sistance, desirable texture, structural stability, high
physical and oxidative stability, and high oil binding
capacity are very attractive for the potential food ap-
plications (Park and Maleky 2020).

Some challenges of chocolate manufacturing are
higher thermal stability and less undesirable oil mi-
gration during storage. Adding EC dissolved in eth-
anol as a structurant polymer binding the fat phase
can increase the thermal stability of chocolate. The
added lecithin adsorbs onto the surface of sucrose
crystals thereby it prevents the undesirable interac-
tions between EC and sucrose. Mars Co. patented
some applications of EC oleogels for heat-resistant
chocolate (Stortz and Marangoni 2011). David et al.
(2021) demonstrated the applicability of mercerized
cellulose fiber powder as a structurant for oleogelat-
ing without any prior thermal treatment. The best
results were obtained when bamboo fibers shorter
than 120 pum had been employed. Finally, a disper-
sion of 30 % cellulose fibers in rapeseed oil was
proffered for preparing a chocolate spread in place
of saturated palm oil. The proposed formulation has
a high thermal stability at 38°C, longer shelf life,
very low oil clearance index after storage at 38°C
for three weeks and on the other hand healthier nu-
tritional quality due to the lower content of saturated
fat and the higher content of unsaturated fat, and
plant fibers.
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Pastry products and cookies. Wax oleogels have
been used for (i) partial fat replacement, (ii) pre-
venting the gluten stands, (iii) obtaining the desired
characteristics such as smoothness and uniform
shape, gas-incorporation, moisture barrier, shelf life
and tender mouthfeel. These oleogels have been
prepared with virgin olive oil, flaxseed oil and soy-
bean oil, structured using different types of waxes
(like rice bran wax, sunflower wax, beeswax, can-

delilla wax) (Hwang et al. 2016). Oleogels with re-
fined canola oil and ethylcellulose as structurant
have been used in laminated pastries composed of
many layers (Martins et al. 2018). For decreasing oil
leakage during the storage of cookies, EC powder is
added to the dough recipe. EC is dissolved in the oil
phase during baking (usually at 175°C). After cool-
ing, EC transforms the oil phase into oleogel (Stortz
etal. 2012).

Table 1. Principle applications of oleogels and organogels

General areas of application

Particular examples

o heat-resistant chocolate (Stortz and Marangoni 2011; Patel et al,
2014; David et al. 2021)

e pastry products and cookies with partial fat replacement (Stortz et al.
2012; Patel et al, 2014; Hwang et al. 2016; Martins et al. 2018)

Food formulations

¢ low-fat ice cream (Zulim Botega et al. 2013; Moriano and Alamprese

2017; Silva-Avellaneda et al. 2021)

¢ processed meat products with partial fat replacement (Barbut et al.
2016; Panagiotopoulou et al. 2016)

e margarine spreads and shortening (Patel et al, 2014; Lopez-Martinez
et al. 2015; Gravelle et al. 2017)

e topical and dermal applications (Almeida et al 2008; Balasubrama-

Cosmetic formulations

nian et al. 2012; Shakeel et al. 2019; Lupi et al. 2013)

e lipsticks (Heldermann 2016; Esposito and Kirilov 2021)

o topical and dermal applications (Prausnitz et al. 2004; Kumar and
Katare 2005; Shaikh et al 2009; Balasubramanian et al. 2012)

Pharmaceutical formulations
2019)

e oral applications of lipophilic active components (Masotta et al.

¢ ophthalmic drugs (Hasda et al. 2020; Macoon and Chauhan 2021)

e |ubricating greases (Sanchez et al. 2011a, 2011b, 2011c, 2011d)

Chemical engineering
2000)

e solidifying flammable liquid organic solvents (Abdallah and Weiss

Environmental protection

e removing heavy-metals from aqueous solutions (Niia et al. 2010)
e absorbing petrol oil spills (Bhattacharya et al. 2001)

Combining with other
promising techniques

e oleogel-in-water Pickering emulsions (Qi et al. 2021)
e extrusion 3D printing (Cotabarrena et al. 2019)

For manufacturing low-fat ice cream, the milk
cream was substituted by sunflower-oil based oleo-
gels with a structurant based on phytosterols and y-
oryzanol (Moriano and Alamprese 2017) or rice
bran wax oleogels combined with glycerol mono-
oleate (Zulim Botega et al. 2013). Silva- Avellaneda
et al. (2021) developed a new technology for mak-
ing low-fat ice cream as this product consists of 46%
whey protein and 7 % high oleic palm oil. For mi-
crofluidization this fluid mixture is forced through

microchannels at high pressure of 121 MPa in order
to the whey proteins to be fragmented into smaller
particles. The latter increase the hydrophobic nature
of these proteins that promotes self-assembling in a
gel structure and obtaining stable oleogel. However,
these technologies still remains in a laboratory
stage.

Processed meat products like sausages and frank-
furters. A particular substitution of pork fat has been
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done by incorporating different types of oleogels: (i)
canola oil combined with ethyl cellulose (Barbut et
al. 2016) and (ii) sunflower-oil oleogels employing
v-oryzanol and phytosterols as structurant (Panag-
iotopoulou et al. 2016). The latter can also contain
rosemary oleoresin in the oil phase acting as antiox-
idant. The results show that the sausages with incor-
porated oleogels have similar texture, mouthfeel,
juiciness, appearance, but not similar sensory per-
ception by panelists.

Oleogel formulations can act as margarine spreads
and shortening. There are reported wax formula-
tions, EC oleogel combined with stearyl alcohol-
stearic acid molecules or with monoacylglycerol for
improving viscoelastic properties and stability
(Gravelle et al. 2017; Lopez-Martinez et al. 2015).
Oleogels based on shellac wax have been used for
preparing low-fat spreads with desired consistency
and mouthfeel (Patel et al. 2014).

Bhattacharya et al. (2001) demonstrated the usage
of organogelators for the transformation of used ed-
ible oils wasted from kitchens with a view to their
easy disposal and waste management.

Cosmetic Applications. The general advantages of
oleogels for cosmetic applications are higher phys-
ical stableness of their formulations and chemical
stability of active molecules, improved rheological
properties, lower-cost composition and manufactur-
ing preparation processes, the enhanced and versa-
tile delivery of lipophilic compounds through skin
(Martinez et al. 2019). Additional advantages of
oleogels consisting mainly lipids are (i) the reduc-
tion of transepidermal water loss; (ii) improving wa-
ter resistance of some products for lip care and sun
protection for instance; (iii) a proper reduction of
skin roughness for dry and cracked foot skin. Other
their specific applications are used for decorative
cosmetics like makeup, eye shadows, mascara; and
for supportive care of diabetic skin, perianal skin
disorders, and decubitus (Balasubramanian et al.
2012). Food grade structurants like lecithin, glyc-
eryl fatty acid esters, sorbitan-derived esters, fatty
acids, fatty alcohol, ethylcellulose and vegetable
waxes have been wildly employed in cosmetic oleo-
gels. Vegetable and some mineral oils are used in
cosmetic olegels as the vegetable ones are preferred
due to ‘green’ demands.

The oleogels based on plant waxes have been em-
ployed for formulating lipsticks (Heldermann 2016)

whose basic ingredients are vegetable oil, pigments
and waxes. The ration oil-to-wax should provide as
(i) temperature stability and hardness even in sum-
mer or for the conditions of hot climate; (ii)
smoothly spreading to lips; so too (iii) high oil-bind-
ing capacity for preventing unwanted surface oil
bleeding at elevated temperature. The waxes of sun-
flower seeds and carnauba (obtained from the Bra-
zilian palm Copernicia prunifera) represent the
greatest interest for manufacturing lipsticks. The
melting point of the first wax is approximately
78°C. Even at a low concentration of 2-3 %, this
wax enables for obtaining high oil-binding capacity.
It has no tendency to crystallize. For the lipsticks
with this wax the plasticity and hardness of are well-
balanced. They have long-lasting shine and glossi-
ness. On another hand, the carnauba is the hardest
natural wax used in cosmetics. Its melting point is
approximately 84°C as its melting curve rises
steeply. It provides a high degree of crystallization.
For that, this wax allows to improve the temperature
stability of lipsticks. However, this wax with high
crystallinity reduces notably the glossiness of lip-
stick formulations. For a partial replacement of
waxes in lipstick formulations Esposito and Kirilov
(2021) employed low-molecular-weight organo-
gelators (LMOGs): 12-Hydroxyoctadecanoic acid
(12-HSA) and 1,3: 2,4 - 1,3: 2,4-DibenzylideneD-
sorbitol (DBS) with molecular masses 300 and 358
Da, respectively. 12-HAS is derived from naturally
occurring ricinoleic acid presents at 90 % in castor
oil after the fractional distillation of this hydrolyzed
hydrogenated oil. 12-HSA can form a self-assem-
bled crystalline fibrillary network. The melting
points are 82°C and 225°C, respectively for 12-
HSA and DBS. These LMOGs entrap oil phase in-
cluding a mixture of vegetable (as castor and al-
mond oils) and mineral oils (as vaseline oil and
white petrolatum). The gelling concentrations used
are up to 1.5 and 10 %, respectively for DBS and
12-HSA. These researchers found that the sun pro-
tection factor of DBS-based lipsticks is significantly
higher in a comparison with the traditional wax-
based formulations; 12-HSA-based lipsticks are
more heat stable; the firmness of lipsticks rises with
the increase of LMOGs concentration. These au-
thors concluded that LMOG-based formulations of-
fer opportunities for fine-tuning the textural param-
eters of lipsticks.
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The additional advantages of bigels are improved
the permeability through the skin, moisturizing and
cooling effects, better spreadability on the skin, bet-
ter stability at room temperature, and good water
washability (Shakeel et al. 2019). Almeida et al
(2008) fist employed oleogel-in-hydrogel type of bi-
gel for enhancing the moisturizing effect of cos-
metic formulations. They revealed that this effect of
bigels is higher than the effect of alone hydrogel.
Another example of hydrogel-in-oleogel is the de-
velopment of Lupi et al. (2013) that can be used as
a cosmetic matrix for delivering both hydrophilic
and lipophilic active molecules.

Other Applications. Oleoges and organogels have
been also employed as a drug delivery system in
transdermal, semisolid pharmaceutical formula-
tions (Balasubramanian et al. 2012). Their ad-
vantages are (i) better viscosity, spreadability and
higher physical stability; (ii) higher chemical stabil-
ity of components; (iii) improved microbiological
stability due to the lack of water in their formula-
tions; (iv) better in vivo efficacy; (v) the simplicity
in manufacturing. The oleogels are very convenient
for topical applications. Lipids and oleogels respec-
tively enhance the permeability of drug and reduce
the side effects (Prausnitz et al. 2004). Kumar and
Katare (2005) investigated the application of oleo-
gel with a lecithin structurant for dermal formula-
tions. Shaikh et al (2009) employed organogels
based on lipophilic ethyl oleate as solvent and leci-
thin as a gelling agent for topical delivery of aceclo-
fenac - nonsteroidal anti-inflammatory drug analog
of diclofenac. They have found that the organogel
formulation is more effective than the conventional
hydrogels. There are also reported and other phar-
maceutical applications as follow: Masotta et al.
(2019) introduced an oleogel formulation for the
oral application of lipophilic coenzyme Q1o in a high
dosage drag. They employed oleogel with medium-
chain triglyceride oil structured by ethyl cellulose
and sorbitan monostearate. The active component in
this formulation remains soluble and thermostable
for 12 months of storage at room temperature. For
delivering hydrophilic ophthalmic drugs to the eye,
Macoon and Chauhan (2021) used oleogels based
on soybean oil and structured by 10% ethyl cellu-
lose as drug vehicle. They incorporated particles di-
rectly in the liquid oily phase of drag. For improving
the corneal permeation of ocular drugs, Hasda et al.
(2020) developed nano-composite oleogel based on

organic cold-pressed virgin groundnut oil by using
stearic acid as a structuring agent. For improving the
cumulative permeation of the ocular drug delivery,
graphene oxide in a concentration up to 0.05 % was
added as filling agent. The corneal permeation of
this oleogel formulation was investigated on the
base of the employed antibacterial drug Ciprofloxa-
cin HCI.

Lubricating greases are one of engineering appli-
cations of oleogels. Their advantages are higher
thermal, mechanical and chemical stability, biodeg-
radability and environmentally friendly. Oleogels
based on chitin & chitosan, ethyl cellulose and other
cellulose derivatives, sorbitan and glyceryl mono-
stearates have been employed as structurantes for
entrapping vegetable oils such as rapeseed, soybean
and castor oil (Sanchez et al. 2011a, 2011b, 2011c,
2011d). Abdallah and Weiss (2000) applied the
oleogel approach for the gelation of flammable lig-
uid organic solvents.

Applications for environmental protection. Niia et
al. (2010) employed organogels using dodecyl acry-
late and divinyl benzene as gelators for entrapping
di-2-ethylhexyl phosphoric acid or ethylhexyl-
phosphonic acid. They demonstrated the possibility
of these organogels to act as metal extractants for
absorbing metal ions (Zn and Cu) from their hydro-
chloric acid solutions. After five cycles of sorption/
desorption the performance of the extractant was re-
tained more than 98%. Their results show the poten-
tial of organogel with relevant extractant to remove
heavy-metal ions from their aqueous solutions. Or-
ganogelators can be also employed for the treatment
of petrol oil spills and for absorbing the oil (Bhatta-
charya et al. 2001).

The combination of oleogelation with other prom-
ising techniques can reveal new perspectives for
structural engineering of foods. The first example is
related to oleogel-in-water Pickering emulsions sta-
bilized by cellulose nanocrystals (Qi et al. 2021).
The researchers employed beeswax oleogel struc-
tured soybean oil. Such emulsions could be used as
delivery systems for nutrients, bioactive and flavor
compounds, or semisolid ingredients for reduced fat
foods. Extrusion 3D printing using oleogels (Co-
tabarrena et al. 2019) is the second example. The
employed oleogel consisted of a structurant mixture
of monoglycerides and phytosterols for structuring
high oleic sunflower oil. The extrusion-based 3D
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printer formed nutraceutical oral tablets with incor-
porated liposoluble active ingredients.

Conclusion and Future Perspectives

The oleogelation is powerful and flexible technique
for structural engineering. The oleogels based on
vegetable and marine oils act as an alternative re-
placer of trans- and saturated fats in food products.
It has been displayed that a large amount of food-
grade compounds in small concentrations are capa-
ble to promote oil gelation as structurants. The oleo-
gels have been incorporated in various food sys-
tems. They can be a flexible tool for developing new
tailored foods. The latter could meet the require-
ments of consumers with special needs (e.g. elderly
people) and specific nutritional requirements (e.g.
the delivery of proteins, microelements and some
biologically active components).

However, there are many challenges for elaborat-
ing successful commercial applications and for scal-
ing-up from a laboratory bench to industrial tech-
nology. For that, the further studies should reveal a
clearer understanding of the involved metabolic
processes and the overall impact of oleogels on hu-
man digestion (Park and Maleky 2020). Additional
research on the physical behavior and chemical sta-
bility of oleogels should be completed depending on
the presence of other ingredients in food systems.
Nowadays, the price of structured oils is not com-
petitive in a comparison of palm oil (500 USD per
t). In economic aspect, the structured oils using
waxes (such as sunflower, rice bran and sugarcane
waxes) and ethylcellulose as gelators would be
more reasonable for further commercialization. The
price of such types of structured oils was evaluated
at around 901-915 USD per t. Taking also this into
account, it is considered that the oileogels based on
the waxes and ethylcellulose, are the most promis-
ing for application in food formulations (Scharfe
and Floter 2020). However, the main challenge of
developing new foods with incorporated oleogels is
their ability to mimic better the mouthfeel, the taste
and the texture of commonly used fats. The con-
sumer acceptance of food products including oleo-
gels could be also increased by flavor, aroma and
texture development of new food products. This ac-
ceptance should be evaluated by proper sensory
panels. Finally, the consumer acceptance remains
the most critical factor for further successful large-
scale industrial manufacturing of food products with

oleogels employed. Therefore, the present affords
are mainly directed to a partial replacement of satu-
rated fats in food formulations.

The present cosmetic and pharmaceutical applica-
tions demonstrate that the oleogels are a versatile
form for enhanced delivering both hydrophilic and
lipophilic biologically active compounds to skin and
not only. Their additional advantages are higher
chemical stability of active components, improved
physical stability and viscosity of formulations,
low-cost composition used and preparation pro-
cesses employed. However, for the large-scale pro-
duction of oleogel-based cosmetic formulations,
there are still some challenges and limitations. Fur-
ther studies on the long-term skin compatibility of
oleogels, their efficacy and the lack of unacceptable
toxicological effects should guarantee the safety of
final products (Martinez et al. 2019).

There are also some general difficulties (Martinez et
al. 2019) for predicting the successful gelation pro-
cess due to the present of contaminations in ingredi-
ents and the unrefined control of process variables
(e.g. temperature, pH); the swelling of oleogel
formed as well. For further successful commercial-
ization of oleogel applications, the methods for
characterizing their structure and evaluating their
functional properties should be extended and so-
phisticated as well (Floter et al. 2021).
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