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ABSTRACT

Oils and fats are widely used in the food formulations in order to improve nutritional and some quality
characteristics of food products. Solid fats produced from oils by hydrogenization, interesterification, and
fractionation processes are widely used in different foodstuffs for these aims. In recent years, consumer
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awareness of relation between diet and health has increased which can cause worry about solid fat
including products in terms of their high saturated fatty acid and trans fatty acid contents. Therefore,
different attempts have been carried out to find alternative ways to produce solid fat with low saturated
fatty acid content. One of the promising ways is using oleogels, structuring oils with oleogelators. In this
review, history, raw materials and production methods of the oleogels and their functions in oleogel
quality were mentioned. Moreover, studies related with oleogel usage in different products were
summarized and positive and negative aspects of oleogel were also mentioned. Considering the results of
the related studies, it can be concluded that oleogels can be used in the formulation of bakery products,
breakfast spreads, margarines, chocolates and chocolate-derived products and some of the meat products.

Introduction

Fats and oils are indispensible part of our diet due to the several
reasons like being energy source, solvent for some valuable
nutrients (vitamins and vitamin precursors) and bioactive com-
pounds and flavor carriers. Fats bring processed foods in flavor,
mouth feel, palatability, texture and aroma. Vaclavik and
Christian (2014) stated the functions of fat as follows: improving
or modification of flavor and texture, leavening batters and
doughs, contributing flakiness and tenderness, emulsification,
transferring of heat such as in frying, prevent sticking and pro-
viding satiety. Therefore, fats play an important role in produc-
tion of the product with desired quality, determining
attractiveness of the corresponding food material. After under-
standing the technological importance in the food industry,
researchers and research development experts in the industry
have tended towards to investigate the ways for the cheaply pro-
duction of solid fats with vegetable oil. Different methods have
been improved so far. Hydrogenization, interesterification and
fractionation methods are widely used for transforming oils to
fats. The fabricated solid fats are widely used as margarine and
breakfast spreads in our breakfast, bakery products, chocolate
products etc. Usage of these solid fats in food products give con-
sumers, aware of relation between diet and health, worry in two
aspects. The former is associated with higher saturated fatty acid
content of such solid fats. Consumption of saturated fatty acids
at higher amount increases the risk of cardiovascular diseases,

obesity and diabetes (Muguerza et al., 2002). Therefore, it is sug-
gested by The World Health Organization (WHO) that 10% of
required energy is supplied from saturated fats (World Health
Organization, 2002). The latter main problem is resulted from
trans fatty acids content, formed as a result of interesterification
process, which have adverse effects on coronary heart disease,
cancer, diabetes and blood lipoprotein profiles (Mozaffarain
et al, 2009; Uauy et al, 2009; Brouwer et al, 2010). Regarding
those adverse effects of both saturated and trans fatty acids,
efforts have been exerted to decrease their content for a long
time in the food industry.

One of the up-and-coming ways to decrease saturated fatty
acid content is using oleogels in the formulations. Oloegels are
the structured oils prepared by oleogelation of liquid oil using
oleogelators such as vegetable waxes, monodiglycerides, alco-
hols or esters of fatty acids, phospholipids and phytosterols
(Pérez-Monterroza et al., 2014). The findings of oleogel-related
studies showed that oleogel can be used in the formulations of
cake, cookies, meat products, chocolate and ice cream to
decrease saturated fatty acid contents. However, further studies
are needed to obtain detailed information in terms of usage
possibilities of them. According to results of previous studies,
the quality characteristics of the oleogel-including samples
have been found as at acceptable limits. Oleogel can be also
used to eliminate some quality defects such as preventing or
decreasing fat migration substantial for fat bloom and
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increasing melting temperature of the chocolate or chocolate-
derived products as well as reducing saturated fatty acid con-
tent of the corresponding products (Hughes et al., 2009).

By considering those positive impacts of oleogels on the
quality of food products, it seems as promising ingredient
which could have industrial applications in the future. There-
fore, in the present study, we reviewed the oleogel in the follow-
ing aspects: (i) history of oleogel, (ii) production methods of
oleogel, and (iii) applications of oleogel. This review has poten-
tial in directing of future studies related with oleogel and appli-
cations of them in the food industry. Understanding the
functions of raw materials used in the oleogel and production
steps in the quality of oleogels can enable to fabricate the
healthier products with desired quality and with lower cost,
which is very important in food industry.

History, production and applications

Why oleogel?

For children %35-40, for young people %30-35 and for adults
%25-40 of their daily calorie need is supplied by fats in devel-
oped countries; but this rate is almost %5 in undeveloped coun-
tries (Basoglu, 2014). Both FAO and WHO reported that %15-
30 of total calorie needs to be taken by fats and also significant
amount of these fats should be vegetable liquid oils. Addition-
ally, Demirci (2003) indicated that consumption of saturated
fatty acid should not exceed % 10 of total calorie in a diet in
terms of healthy life. When considering the human diet, con-
sumption of the fast and snacks foods like cakes, chocolates,
biscuits, pastries etc. have been increased in a recent years.
Saturated fats have important role in improving of the some
quality attributes such as mouth feel and textural properties.
Formulation of the vegetable oil in these product have attracted
due to their nutritional and health benefit, and economic
advantage. On the other hand, using of the unsaturated oils
instead of saturated fats in these type products cause technical
problems like textural weakness and oil leakage. Therefore satu-
rated fat produced from vegetable source has gain importance
recently (Stortz et al., 2012).

Solid like lipids is preferred in a processing of some indus-
trial products like pasta, patty and cake due to their some
specific characteristics such as better oxidative stability, solid
lipid functionality and alternative usage to butter. Because such
characteristics affect the texture, spreadability, snap, the shelf
life, and flavor of the final product, applications of solid lipid in
food industry are important. As known there are widely used
three methods to transform vegetable oils into solid fat due to
economical purposes and technological function of solid fats in
the food industry. These are hydrogenation, interesterefication
and fractionation (Basoglu, 2014).

Hydrogenation process is divided into three groups which
include full hydrogenation (full saturation of whole double
bounds in fatty acid chains), partial hydrogenation (to set melt-
ing point of fats below body temperature), and selective hydro-
genation (reacting fatty acids according to their double bound
number from 3 double bounds to 1 double bound). Hydrogena-
tion includes three reactions which are saturation of double
bonds between carbons, changing cis geometric isomers into
trans formation and the formation of new positional isomers in
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fatty acid chains. Melting point of fats increase by saturation
and isomerization (cis to trans). In cooling hydrogenated fats
below their melting point will pave the way for an initial effect
to crystallization of the material. Final semisolid fat system has
trapping effect for liquid oil (Narine and Marangoni, 1999a;
Marangoni, 2000; Marangoni and Rogers, 2003). Interesterefi-
cation technique based on that replacement of fatty acid radi-
cals as intermolecular or intramolecular in glyceride molecules
without any isomer transform. Interesterefication has two
types, these are enzymatic and chemical interesterefication.
Fractioning process is separated components of liquid or solid
oils which have high melting points using low melting points
and has three types; chromatography, friction crystallization
and liquid/liquid extraction (Basoglu, 2014).

Although saturated and trans fats have positive effects on
the quality properties of foods, they have negative attributes to
people’s health (Mensink et al., 2003). Excessive consumption
of saturated fats can increase obesity risk as well as cardiovascu-
lar health problems (American Heart Association Statistics
Committee and Stroke Statistics Subcommittee, 2012). While
these fatty acids increase the amount of LDL cholesterol, on the
other hand decrease the amount of HDL cholesterol in metabo-
lism (Stauffer, 1996; O’Brien, 2004; Vandana et al., 2011).
Intake of high amounts of trans and saturated fat has negative
effect on metabolic order (Riccardi et al.,, 2004; Micha and
Mozaffarian, 2009; Lakmali et al., 2011; Ambrosini, 2014).

Another known method to transform liquid oils into solid
fats is by either adding saturated fat or trans fats. Most signifi-
cant disadvantage of this method is that the end product con-
tains high amount of saturated or trans fats (Marangoni and
Garti, 2011). When considering the fact that many food products
include solid fats fabricated by one of such methods, those
widely consumed products are rich in saturated fatty acids and
some of them include trans fatty acids depending on the fat type
in the formulation and production methods of the corresponding
product. Therefore, the development of novel methods to struc-
ture oil with different ways to fabricate solid fats with low satu-
rated fatty acids and no trans fatty acids has drawn attention.
That is the reason of why oleogels are promising subject in
recent years. Nowadays, oleogels have been studied to determine
possible alternative usages of them in the food industry.

What is oleogel and its history?

Organogelation or oleogelation is a novel definition for forming
liquid oils into a gel-like structure. In other words, oleogelation
which recently has been of great interest in many areas like
pharmaceutic, food, cosmetic and petro chemistry etc. (Terech
and Weiss, 1997; Dassanayake et al, 2011; Marangoni and
Garti, 2011) is transformation of a liquid oils into a gel like
structure which has features (rheological properties, viscoelas-
ticity, spreadibility, and firmness etc.) of a solid fat without con-
taining large amount of saturated fats (Rogers et al., 2009;
Botege, 2012; Co and Marangoni, 2012; Stortz et al., 2012; Patel
et al,, 2014a). The gels fabricated as a result of oleogelation are
called as oleogels.

Oleogels can be described as a complex microstructured sys-
tem where an organic liquid is entrapped within a thermo-
reversible, 3-dimensional gel-network (Hinze et al., 1996;



1332 (&) H.PEHLIVANOGLU ET AL.

Sanchez et al., 2008; Stortz et al., 2014). This system provides to
obtain oleogels with solid-like properties (Patel, 2015) by ability
of entrapping liquid oils (Van Esch and Feringa, 2000; Maran-
goni, 2004) in a three-dimensional, thermo-reversible gel net-
work with a gelling agent (Marangoni, 2012).

After brief description of oleogels, history of oleogels was
mentioned in this section. Historical development of oleo-
gels is based on the term of gel defined by Thomas Graham
in 1861. After 65 years, Jordan Lloyd made a definition ‘the
colloid condition or ‘gel’, and now that is also widely used.
According to Lloyd’s gel definition, all gels must be have at
least two major components, a liquid phase and a gelling
agent and that system has similar mechanical properties
with a solid. After Lloyd, Herman and Ferry developed the
definition but major feature like two components-including
system (liquid phase and gelling agent) was also the same
(Weiss, 2006; Marangoni and Garti, 2011). Hermans offered
that gels display mechanical properties of a solid like mate-
rial and both phase of system (dispersion and dispersed
phase) must extend throughout the whole system. On the
other hand, Ferry came up with an illustrative definition of
a gel which was a system showing unstable flow.

Emergence of the importance of the solid fats in the food
industry has induced researchers to seek alternative ways to
produce solid phase from liquid. For the food industry, struc-
turing liquids into solid-like materials were successfully used
since 1903 when Wilhelm Norman produced a solid fat using
liquid animal fat by hydrogenation. After that in a company,
designed by Norman, where solid fats were fabricated by using
whale liquid oils. But first production of solid fat from vegetable
based liquid oil dated to be 1911, which was accepted as first
description for shortening. An American company named by
Procter and Gamble achieved solid like oils by using cotton oil
with hydrogenation technology (Marangoni and Garti, 2011).
Between 1920 and 1940 many researches had been carried out
to produce margarines and shortenings with desired properties
such as melting point, softness and easy machinability
(Bagoglu, 2014). Thus hydrogenation technology-based prod-
ucts resulted in new approaches for the production of struc-
tured special products containing vegetable oils (O’Brien,
2003). Hydrogenated oils are also widely produced in our times
for fabrication of the different products such as margarine,
shortenings, coating fats and frying oils (Basoglu, 2014).

Application of the hydrogenation caused some health prob-
lem related to cardiovascular diseases due to high consumption
of the saturated and trans fatty acid although it overcome tech-
nical problems related to using of the vegetable oil in some
food products. Formulated of the animal and vegetable satu-
rated fat was not recommended by American Heart Associa-
tion. For this reason, new methods in structuring of the
vegetable oil were required. Scientists have focused on new
techniques to develop unsaturated fat alternatives for overcom-
ing of health and technical problems. From these techniques,
oleogelation have gained importance because liquid oil is con-
verted into gel like structure without changing of the chemical
properties of the vegetable oil by oleogelation. A few studies
related to oleogels were performed by the end of the nineties.
Interest in oleogels in food application has increased for last
ten years (since 2006).

Oleogel production methods

Oloegels are formed with three different systems which are (i)
crystalline particles and self-assembled structures of low molec-
ular weight, (ii) self-assembled structures of polymers or poly-
meric strands, and (iii) miscellaneous (Gronwald et al., 2002;
Pernetti et al.,, 2007a; Bot et al., 2009; Hughes et al., 2009; Co
and Marangoni, 2012; Patel, 2015).

At first formation, gelation occurs by trapping the liquid oil
phase into triacylglyserol (TAG) particles (Marangoni, 2004;
Bot et al., 2007). Also diacylglycerols (DAG), monoacylglycer-
ols (MAG), and fatty acids are capable of formation of similar
structures like triacylglyserol (TAG) (Ojijo et al., 2004; Wright
and Marangoni, 2006; Pernetti et al., 2007b; Calligaris et al.,
2010; Da Pieve et al,, 2010; Lupi et al.,, 2012; Patel, 2015). Self-
assembled fibrous networks (SAFIN) occur by using gelling
agent that has low molecular weight (Abdallah et al., 2002) like
phytosterols (oryzanol, 12-hydroxystearic acid (Rogers et al,
2008) and ricinoleic acid (Wright and Marangoni, 2006). Heli-
cal and twisted crystalline ribbons are obtained by this system
(Marangoni and Garti, 2011; Sahoo et al., 2011; Patel, 2015).

In the second method, gelation is formed by self-assembled
structures which are using polymer or polymeric strands like
ethyl cellulose (Marangoni and Garti, 2011; Patel, 2015). Ethyl-
cellulose which is a hydrophobic cellulose, is chemically deriva-
tived from cellulose. Polysaccharides and proteins which also
hydrophobic molecules could be also used for gelling agent
(Guenet, 2008; Patel, 2015). The last method where some
researchers used inorganic particles to achieve gel network (Eitel,
1975). Patel et al. (2015) used fumed silica for gelling of sun-
flower oil.

General production methods of oleogel, as summarized in
Fig. 1, include melting of oleogelators, heating oils to melting
temperature of oleogelators, mixing of oleogelator and oil and
cooling of the formed gels.

As known, for formation of oleogels two materials are
required. One of them is oil and the other one is oleogelator
used for gelation purposes. In this part of the review, the infor-
mation will be given about oils and oleogelators used in the oleo-
gel production and their importance in oleogel characteristics.

Oils

Oil type is important factor affecting rheological, textural prop-
erties and thermal properties of the oleogels in addition to oleo-
gelator type and concentration. Various type of vegetable oil
such as, sun flower oil, corn oil, olive oil, canola oil, and hazelnut
oil can be used to prepare oleogels (Ogutcu et al., 2015; Ogiitcii
and Yilmaz, 2015a; Patel and Dewettinck, 2015; Jang et al., 2015).

Effect of the oil type on the rheological, textural, and ther-
mal properties of the oleogels was reported by Patel (2015).
Five different oil types (rape seed oil, rice bran oil, corn oil, sun
flower oil, and high oleic sun flower oil), which has a different
saturated and unsaturated fatty acid levels, were selected to
observe the influence of fatty acid composition on the gelling
ability of the wax. It was reported that minimum gelling con-
centration was significantly affected from saturated and unsatu-
rated levels of the oils and lower gelling concentrations were
obtained when vegetable oils with higher proportion of
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~Carnawba wax (Oguteu  and
Yilmaz, 2014)

-Candelilla wax (Jang et al.
2015)

-Sunflower wax (Hwang et al.,
2015)
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(Sanchez et al., 2011)
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2014).

-Ethyiene-
vinylacetatecopolymer
(Martin-Alfonso and
Valencia, 2015).
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Figure 1. General production process of the oleogels.

saturated fatty acid (SAFA) were used. This result was linked to
different reasons;

1. The higher level of SAFA content (consequently higher
rate of high melting TAGs) gives rise to the strengthen-
ing of the oleogels structure,

2. The lower level of low melting TAGs depletes the sol-
vency effect of liquid oils forcing the formation of higher
crystalline mass of wax.

It was also stated that thermal characteristics of the edible oil
were affected by the degree of the oil saturation. They found
that minimum gelling concentration of the bees wax was signif-
icantly lower in rice bran oil (highest saturated level) when a
compared to rape seed oil (highest unsaturated level). They
also observed that significantly higher latent heat for crystalliza-
tion of bees wax was found in rice bran oil when a compared to
rapeseed oil. It was confirmed that the higher crystalline mass
of the wax was formed in rice bran oil when a compared to
rape seed oil at same concentration of bees wax.

Similar results were also found by Dassanayake et al. (2012).
They investigated effect of oil type on the melting and crystalliza-
tion temperature of rice bran wax and, viscosity and texture prop-
erties of oleogels prepared by different oil types and rice bran wax
concentration (1%, 3%, 6%, and 10%). They reported that melting
and crystallization temperature of rice bran wax was not affected
significantly from oil type while viscosity and textural properties
were highly related with oil types. Salad oil showed softer organo-
gels than olive oil and camellia oil. These results were linked to dif-
ferent fatty acid composition of the selected oil. Higher viscosity
values and harder olegels were obtained from oil containing higher
saturated TGA and high melting fatty acid.

Lupi et al. (2012) investigated the effects of organogelator and
fat source on rheological properties of olive oil-based organogels
prepared by different cacao butter and olive oil ratio. They con-
cluded that at critical Myverol concentration (2%), crystalliza-
tion and gelling behavior, and rheological properties were
affected from fat source. Crystallization and gelling temperature
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and storage modulus values increased with saturation degree
level (cacao butter fraction). Above critical point, rheological
properties were only influenced by gelator concentration. Effect
of the oil type on rheological and microstructural properties of
the oleogels was investigated by Zetzl et al. (2014). Canola, soy-
bean, and flaxseed oil was used to evaluate oil type effect on pore
diameter of oleogel. Higher pore diameter was found for canola
oil and pore diameter decreased with increasing unsaturations
of the fatty acids present in the oil component.

It can be highlighted that gelling ability of gelators differs based
on fatty acid composition, molecular weight, and acyl chain length
of the edible oils. Lower amount of gelators can be used when the
preparing of oleogels with vegetable oil containing high oleic con-
tent such as olive oil, rice bran oil, and high oleic sun flower oil.
Using lower amount of gelators can provide economical advan-
tages. On the other hand, healthy aspect (high contents of polyun-
saturated fatty acids) and wide availability can be considered in
addition to low-cost and textural properties. From this point, soy-
bean and canola oils can be alternative to other edible oils.

Oleogelators

During conversion of liquid oil to hard substance, it is nec-
essary to immobilize the liquid oils, which is achieved by
means of oleogelators, structuring agents, responsible for
the formation of 3-dimensional network. Well known and
widely used oleogelators are vegetable waxes, monodiglycer-
ides, alcohols or esters of fatty acids, phospholipids, and
phytosterols (Pérez-Monterroza et al., 2014). Concentration
of organogelators lower than 0.5% (weight bases) is ade-
quate for gelation of organic solvent (Hughes et al., 2009).
However, in food applications generally higher level is pre-
ferred, depending on the expected quality characteristics of
oleogels. Oleogelators should typically have the following
properties: (i) the presence of lipophilic and interacting
parts, (ii) surface activity, (iii) thermoreversible characteris-
tics, (iv) natural origin, and (v) being considered as GRAS
(Grob et al., 1994; Patel et al., 2013; Doan et al., 2015). Gel-
ling behavior of oleogelators are classified into four groups
(Fig. 1) as the following (Patel and Dewettinck, 2015):
i.) crystalline particles (natural waxes, MAGs, DAGs, fatty
acids + fatty alcohols (policosanol, cholesterol, D-limonene
+ medium chain trygliceride 4 dicarboxylic acids), phytos-
terols + monoglycerides, sorbitan esters 4 phospholipids),
ii.) self-assembled structures with low molecular weight com-
pounds (SAFIN forming fatty acids (hydroxy stearic acid,
ricinelaidic acid, sphingolipids), phytosterols + sterol
esters (sorbitanmonostearate, sorbitantristearate, y-oryza-
nol + pB-sitosterol, lecithin + sorbitantristearate), phos-
pholipids + tocopherols (a-tocopherol + lecithin)),
self-assembled structures of polymers (hydrophobic (ethyl
cellulose) and hydrophibic (methyl cellulose, hydroxy-
propyl methylcellulose), hydrophilic (8-lactoglobulins, gel-
atin) and hydrophobic (zein) proteins, protein +
polysaccharides, chitosan and chitin, ethylene-vinylacetate-
copolymer, Isoplen PP 070 homopolymer) and
iv.) miscellaneous structures or inorganic particles (inor-
ganic particles (fumed silica), HIPE gels (polyglycerol-
polyricinoleate 4 locust bean gum)).

—

iii.

In the self-assembly system molecular-level self-organization
in oil phase results in formation of oleogels (Dassanayake et al.,
2011). Regarding the crystal particles, nucleation followed by
crystal growth is responsible for the network formation
(Dassanayake et al., 2011).

According to the findings of previous studies, it was noted
that waxes were the most efficient oleogelators since they have
ability to crystallize even at concentrations lower than 10% to
form network, which is associated with their strong oil-holding
capacity (Hwang et al., 2012; Patel et al., 2013). Crystallization
behavior of waxes is originated from their low polarity, long
chain length, and high melting point (Mukkamala and Weiss,
1996). Therefore, selection of wax type and wax concentration
be added to the formulation of the food material is substantial
for obtaining the products with desired quality. Although waxes
are typically known as long-chain fatty acids they also include
different substances like hydrocarbons, fatty alcohols, ketones,
mono-, di-, triacyl-glycerols, and sterol esters (Kolattukudy,
1976; Toro-Vazquez et al,, 2010). During oleogelation, crystalli-
zation of oleogelators is indispensable process necessary for for-
mation of gel network depending on the interaction of crystals
and crystalline aggregates, resulting in the immobilization of
liquid oil into three-dimensional network (Marangoni, 2012).

Several studies have already been reported dealing with wax
crystallization in liquid oil such as candelilla wax in safflower
oil (Toro-Vazquez et al., 2007), rice bran wax in olive oil
(Dassanayake et al., 2009), sunflower wax in milk fat (Martini
et al.,, 2008), plant waxes, and animal waxes in sunflower oil
(Soomro and Sherazi, 2013), beeswax and sunflower wax in
olive oil (Yilmaz and égﬁtcﬁ, 2014a), and beeswax in hazelnut
oil (Yilmaz and égﬁtcﬁ, 2014Db).

As seen many different organogelators have been investi-
gated in terms of their organogel formation ability. And the
previous studies showed that organogels could be used in dif-
ferent food formulations in order to decrease the saturated fatty
acid concentration and to improve some quality properties of
foods such as decreasing or eliminating fat bloom and fat
migration. Such promising characteristics of oleogels have
encouraged researchers to investigate potential use of oleogels
in different food materials. Therefore, when considering food
products, oleogelators be used in them should be food grade. In
addition, the oleogelators must be safe, effective in gel forma-
tion at lower concentrations, easy available in market and eco-
nomic as well as providing desired characteristics (Marangoni,
2012). Regarding those properties, it was suggested that waxes
extracted from plants and saturated mono-glycerides could be
used in food applications (Dassanayake et al., 2009; Da Pieve
et al,, 2010; Hwang et al,, 2012; Marangoni, 2012). Chemical
characteristics of the waxes namely, fatty acid, fatty alcohol and
hydrocarbon concentrations, determine their physicochemical
properties. The predominant chain length of rice bran wax,
candedilla and carnauba waxes is 24 (40.5%), 30-32 (32% and
33%), and 24 (30%), respectively, and their melting points were
found to be 78-82 °C, 60-73 °C, and 80-85°C, respectively
(Warth, 1956; Tulloch, 1973; Vali et al., 2005; Dassanayake
et al., 2009). Doan et al. (2015) investigated that rheological,
thermal, and solid fat content properties of rice bran oil-based
oleogels prepared with different natural waxes (sunflower wax,
beeswax, rice bran wax, candedilla wax, carnauba wax, and



berry wax). They found that using different waxes in oleogel
formulation significantly affected all the characteristics. More-
over, minimum concentration of the oleogelators necessary for
gel network formation also depends on their type. In high oleic
sunflower oil, minimum gelling concentration of sunflower
wax, carnauba wax, candedilla wax, bees wax, berry wax, and
fruit wax changed between 0.5 and 7.0%. As ciritical gelling
concentration of sunflower was found to be 0.5%, which was
7.0% for fruit waxes (Patel, 2015).

Several studies were also conducted on oleogelator charac-
teristics of the hydrophobic polymers such as ethylcellulose
(EC). Application of these types of polymer as oleogelators in
food science and technology has attracted attention since they
are commercially available, inexpensive in comparison with
most of the highly purified organogelators. In addition to these
advantages, EC is used as food grade or near-food grade mate-
rial (Zetzl et al,, 2014). EC is a semicrystalline polymer, which
goes through a thermoreversible sol-gel transition in the pres-
ence of liquid oil. This behavior resulted from the polymer’s
ability to associate through physical bonds. Shear and tempera-
ture, solvent and surfactants type affect these interactions
(Davidovich-Pinhas et al., 2016).

Gravelle et al. (2016) studied influence of solvent quality on
the mechanical strength of EC oleogels. It was reported that gel
strength of the oleogels was significantly influenced by the sol-
vent polarity. According to their results, gel strength was posi-
tively correlated to polarity of the solvent. They also reported
that this correlation was attributed to the ability of the polar
groups present in the oil phase to interact with the EC gel
network.

The effects of temperature on the mechanical properties of
ethylcellulose (EC)-based oleogels have been conducted by
Davidovich-Pinhas et al. (2015a). It was reported that gel
strength of the oleogels increased with increasing setting tem-
perature. Increase in the gel strength was linked to the forma-
tion of a more efficient polymer—polymer hydrogen-bonding
network. They also reported that storage modulus decreased
with increasing temperature due to weakening of the intermo-
lecular bonds. According to their findings, higher gel strength
was observed when the molten gel is heated above the polymer
melting temperature (T,,).

Effects of the surfactants type on gel properties of the EC
oleogels was studied by Davidovich-Pinhas et al (2015b). They
reported that addition of the glycerol-based surfactant caused
to dramatic decrease in the sol-gel and gel-sol transition tem-
peratures in comparison with sorbitan-based surfactants. This
behavior was linked to the plasticizing properties of the small
head group of glycerol compared to the larger head group of
sorbitan surfactants. Therefore, orgenogelator type be used in
the formulation of the corresponding product should be
adjusted carefully considering desired quality of the products
and economic factors.

Oleogel applications in food industry

Application of the oleogels (or organogels) in both industrial
and scientific fields has gradually increased (Terech and Weiss,
1997; Dassanayake et al., 2011; Marangoni and Garti, 2011)
because of the promising characteristics of them. The major
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aim of the using oleogels in the food industry is reduction of
saturated fatty acid composition since their excessive consump-
tion have been associated with several health problem such as
obesity, cardiovascular disease, metabolic syndrome, and diabe-
tes (Marangoni and Garti, 2011; Gravelle et al., 2014). In recent
years, change in attention of consumers about the detrimental
effect of some food additives on human health has led to
researchers to perform a works about finding alternative appli-
cations without health-adverse effects. The solid fats or short-
enings used in the food industry are the questionable for
human health due to their saturated and trans fatty acid con-
tents. Also, the recent nutritional guidelines by different gov-
ernment agencies have recommended that a decrease in dietary
saturated fat and also the reduction of trans fatty acids with
replacement from unsaturated sources (Mert and Demirkesen,
2016a). Application of oleogels in the processed foods instead
of solid fats fabricated by hydrogenization, esterification and
fractionation processes have increased due to adverse effect of
the consumption of the saturated and trans fatty acids. How-
ever, consumability of the products also depends on the other
desired quality parameters as well as health beneficial effects.
Therefore, in this study the effect of oleogel on the quality char-
acteristics of different products was also mentioned to reveal
advantages and disadvantages of oleogel usage in terms of qual-
ity of the product.

The findings related with oleogel applications indicated that
heat stability of the chocolates is major problem for storing in
countries with warm climate and chocolates stability should be
improved by new approach such as oleogel usage. Another
important problem is that transportation of oils in cream-includ-
ing food products may be eliminated or reduced by using oleo-
gel, which implied that oleogel might be used to solve the fat
bloom problem in chocolate or chocolate-derived products. In
addition, oleogels could be used as a carrier for water insoluble
bioactive substances, improving releasing properties of such sub-
stances. The usage possibility of several oleogels prepared by dif-
ferent oils and oleogelators has been investigated for (Jang et al.,
2015; Yilmaz and Ogutcu, 2015; Mert and Demirkesen, 2016a,
b), spreads (Ogutcu and Yilmaz, 2014; Patel et al., 2014a; Ogutcu
et al,, 2015), cakes (Patel et al., 2014 a, b), chocolate pastes (Patel
et al,, 2014b), chocolate (Stortz et al., 2015), compound chocolate
(Stortz and Marangoni, 2013; Stortz et al, 2014), frankfurters
(Zetzl et al., 2012), and ice cream (Zulim Botenga et al.,, 2013b).
General food applications of oleogels are summarized in Table 1.

In the food industry, as mentioned above oleogel formation
is a novel strategy to impart solid-fat functionality to liquid oils
(Nikiforisdis and Scholten, 2015). In oleogel production, the
choice of oil type is a significant parameter as well as oleogela-
tor type, as noted previously. For instance, it is recognized that
canola oil is high in healthier unsaturated fats, compared to
other vegetable oils. Therefore, canola oil was chosen to prepare
oleogel samples containing a high level of unsaturated fatty
acids (Jang et al., 2015). Another factor taken into consider-
ation is obtaining the product with desired quality similar to
that of conventional one in terms of physical and sensory char-
acteristics. Cooked frankfurters including oleogels prepared
with gelation of canola oil with ethylcellulose have very similar
textural parameters with control sample in terms of chewiness
and hardness parameters (Zetzl et al., 2012).
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For example, the difficulty in reducing fat ingestion arises
mainly from the fact that saturated fats contribute to many of
the important organoleptic properties of foods, including palat-
ability, lubrication and structure (Ceballos et al., 2014). Also,
the major approach to forming novel oil-based materials is to
incorporate oil components that by various molecular interac-
tions will alter the physical properties of the oil so that its fluid-
ity will decrease and the rheological properties will be similar
to those of fats (Marangoni and Garti, 2011). Such effects are
striking in especially for bakery products. Therefore, when
oleogels are used in the products like cookies and cake, physi-
cal, textural and sensory characteristics of the end product
should also be considered as well as fatty acid composition. In
study carried out be Jang et al. (2015), the oleogels prepared
from canola oil with candelilla wax were utilized as a shorten-
ing replacer to prepare cookies with a high level of unsaturated
fatty acids. The candelilla wax (3.0% and 6.0%, by weight) was
incorporated to canola oil in order to produce the oleogels with
solid-like properties. They reported that the firmness of the
oleogels was lower than that of the shortening at room temper-
ature. Steady shear measurements showed that viscosity of the
oleogels decreased rapidly with increasing temperature, and
increased with increasing levels of candelilla wax (Jang et al.,
2015).

In products, it may be possible to apply vegetable oil to
baked goods instead of shortening. However, the use of vegeta-
ble oil produces baked goods with more greasy and less crispy
characteristics, and also decreases the storage stability of the
products mainly due to oil oxidation. In addition, the low vis-
cosity of the oil causes a difficulty in handling and shaping of
dough (Jang et al,, 2015). Also, in other recent studies, potential
application of Candelilla wax (Mert and Demirkesen, 2016a)
and Carnauba wax (Mert and Demirkesen, 2016b) containing
oleogels for partial replacement of the shortening in cookies
were investigated. When the shortening was completely
replaced with oleogel softer products were obtained compared
to liquid oil, but they were harder than the shortening contain-
ing products. On the other hand, partial replacement of short-
ening with oleogels achieved much more acceptable dough and
cookie characteristics. However, texture measurements showed
that Carnauba wax and Candelilla wax oleogels were not able
to form short dough as good as commercial shortening with
higher solid fat content and this resulted with cookies which
had harder texture and higher spread ratio (Mert and Demirke-
sen, 2016b). Results in the related studies suggest that gradual
replacement of shortening with oleogels may be a suitable
approach for reduction of saturated fat in short dough products
(Mert and Demirkesn, 2016a). The findings of the studies
related with usage of oleogels in the bakery products implied
that by partially replacing of shortening with oleogels resulted
in the fabrication of the end product with lower saturated fatty
acid content when compared with that of conventionally pro-
duced ones. However, by adjusting oleogelator concentration
and oil type, the production of suitable formulations can be
possible for bakery products. Therefore, more efforts should be
expended in this area.

According to the results related with usage of oleogels at dif-
ferent levels in different food products, especially textural and
rheological properties of chocolate and chocolate-derived
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products including oleogel were found to be acceptable levels
when compared with the conventional ones and it also con-
cluded that oleogels could be used to produce heat resistant
chocolate (Stortz and Marangoni, 2013; Patel et al., 2014a;
Stortz et al., 2014; Stortz et al., 2015). These previous results are
very significant since shelf life of such products could be
improved at different climatic conditions as well as tolerating
the quality defects resulted from storing samples at improper
storage and selling conditions. In addition, there are limited
studies where the oleogels were applied to meat products (Zetzl
et al.,, 2012), and ice cream (Zulim Botega et al., 2013b). There
is a need to extend the use of oleogels to a wider variety of
products (Jang et al., 2015).

The physical, mechanical and organoleptic characteristics of
many food products are largely influenced by the functional
properties of their solid fat content (Gravelle et al., 2014).
When the studies about all product groups were investigated,
the fact that sensorial analyses were carried out in only three
studies (Patel et al., 2014a, b; Yilmaz and Ogutcu, 2015). Short-
ening is an edible fat that has been traditionally used to make
baked products such as pastries, cakes, and cookies. Since
shortening prevents the cohesion of gluten strands during mix-
ing, it plays a critical role in the tender texture and mouth feel
of the final products (Jang et al., 2015). Therefore sensory prop-
erties of the products are one of the most important factors of
using shortenings in food formulations. From this reason, oleo-
gel usage could also be investigated regarding sensory proper-
ties of the end product. Moreover, it will belong to investigate
release level of the aroma-associated volatile compounds in the
oleogel including media. Unusual taste or aroma can be felt in
the products containing oleogel due to the wax, which could be
eliminated by application of deodorizing process during fabri-
cation of the oleogels. As seen, although the influence of oleogel
use on some quality characteristics of the products was investi-
gated, there are sensory results deficiencies. When considering
the fact that sensory characteristics are one of the main factors
determining desirableness of the products, more studies in this
subject are required.

In the food technology, employability of the new ingredients
in the existing equipments and systems or incorporating of
such ingredients in the processes with minor modifications in
the process becomes prominent considering economical and
industry-related factors. Oleogels are shown to have great
potential applications in the food industry because oleogels
have specific consistency and firmness without changing their
chemical compositions (Marangoni, 2012; Jang et al., 2015).
Considering those characteristics, it could be stated that some
oleogelators such as ethylcelulose and methyl cellulose have
more advantages. In a various studies, the use of ethyl cellulose
has been investigated for its application in various aspects of
the food industry such as organogelator for vegetable oils
(Aiache et al., 1992; Almeida and Bahia, 2006; Gravelle et al.,
2012a; Zetzl et al., 2012). In the most of studied products, oleo-
gels are used as a substitute for the traditionally used fat source
(Zetzl et al, 2014). Also, ethyl cellulose based oleogels have
shown promise as an oil structuring agent in many applica-
tions, which are under protection with patents such as replace-
ment of fats in foods (US8940354 B2), heat resistance agent in
chocolate (US2012183651 Al), oil binding agents in bakery



1338 H. PEHLIVANOGLU ET AL.

7))
Bnukiesm

\

Shortening

) (Jangetal. ZUIS)‘

J

~

\
) f@ Cakes

f Breakfast spreads )

(Toro-Vazquez. 2013)

= J
(Hwang, 2015; Oglitcii &
L Yilmaz, 2015b) y
s ™
Margarine
(Hwang, 2015)
" J
Animal fat ﬁ Meat Products
alternatives (Zetzlet al.. 2012)
\§ J
& ™\
Ice cream
OLEOGELS | 5 ; __
(zulim, 2013)
L ) Chocolate
(i ) (Stortzet al.. 2014)
Cocoa butter L )
alternatives ( )
) Chocolate pastes
) (Patel et al. 2014) -
Hard fat stock \ @”SJ

"

(Ogiitcii & Yilmaz 2015a)

J

"

Lubricating

greases
(Martin-Alfonso, 2015)

~

s

o

Delivery sytem
(Vintiloiu & Leroux, 2008)

J

Figure 2. Usage purposes of oleogels and corresponding materials where oleogels were used in different studies.

products (US20140044839 A1) (Davidovich-Pinhas et al,
2015b). Ethyl cellulose has also advantages regarding regula-
tions. Ethyl cellulose has listed as a food additive by the FAO
with collaboration with the WHO (Zetzl et al., 2014). This pre-
amble lists over 60 different food applications for ethylcellulose,
including confectionery products, fat spreads and emulsions,
cheeses, poultry and game products, processed comminuted
meat and batters (Zetzl et al., 2014).

As a summary, applications of the oleogels are summarized
in Fig. 2. Traditionally, application of oleogels include the stabi-
lization of emulsions, tailoring the rate of nutraceutical release,
restriction of oil migration, and/or the direct replacement of
fats rich in saturated and trans-fatty acids (Marangoni and
Garti, 2011; Gravelle et al., 2012a; Jang et al., 2015). Oleogela-
tion has been used for the development of delivery systems of
nutraceuticals (Mert and Demirkesen, 2016a). In the work per-
formed by Ceballos et al. (2014), they showed that

ethylcellulose dissolved in medium chain triglycerides or soy-
bean oil is able to stabilize nonaqueous emulsions of propylene
glycol as dispersed phase. Propylene glycol-in-oil emulsions
have interesting structural and flow properties which make
them attractive to be used in food formulations, either as emul-
sions themselves or as potential vehicles for active ingredients
(Ceballos et al., 2014). It is needed to obtain functional foods
with delivering of bioactive compounds by means of oleogels
and make trials in terms of effectiveness of such systems in dif-
ferent food matrix.

Conclusion

Health concerns of consumers forced them to consume the
products with lower saturated and trans-fatty acid contents due
to their adverse health effects in terms of cardiovascular disease,
diabetes, and obesity. Therefore, one of the most important aim



of the food industry and researchers to produce solid fats rich
in unsaturated fatty acid contents. One of the conspicuous is
production of oleogels which are structured oils prepared from
oils by means of oleogelator. In this study, history of oleogels,
raw materials used in oleogels, production methods and their
functions in oleogel quality and applications of oleogels in dif-
ferent food products were reviewed. According to the results of
previous studies, oleogels could be used in bakery products,
chocolate products, and meat products to reduce saturated fatty
acid composition without deteriorating the product quality.
However, more detailed studies are needed to exactly determine
their potential applications. Sensory studies are required to
evaluate the sensory characteristics of the oleogel-including
products and depending on the obtained results modifications
in formulation or production methods such as deodorization
could be needed.
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