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The field of oleogel research has been active in recent decades, generating numerous

oleogels with desirable properties like thermal resistance, texture, and structural stability.

Moreover, several food matrices have been formulated with oleogels. In some cases,

oleogels in these food products have been shown to resemble textural attributes

of products made with conventional hardstock fat, to enhance dietary nutrition, to

demonstrate high physical and oxidative stability, and to exhibit a high oil binding

capacity. These innovations clearly illustrate the potential of the field of oleogels, but

certain drawbacks and a lack of in-depth information in various aspects have delayed its

commercialization in the food industry. This review aims to update the current status of

the oleogel field and to cover some areas that need to be addressed to make oleogel

foods a reality in the near future.
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INTRODUCTION

In response to nutritionists’ recommendations and governmental legislations for replacing
saturated and trans fats in food, the field of oil structuring has been extensively investigated in
recent decades (Hughes et al., 2009; Astrup et al., 2019). In particular, oleogels have emerged
as a promising potential means of replacing hardstock fats in food systems. Oleogels can be
characterized as semisolid systems in which continuous liquid phases are physically immobilized
by self-assembled networks of gelators (Hughes et al., 2009; Rogers et al., 2014). Under the premise
of improving nutrition and the well-being of consumers, oleogels are often structured with healthy
liquids oils while exhibiting acceptable solid-like behavior. Despite the recent exponential growth
in the oleogel field, the use of oleogels is still in the early stages of development due to a number
of challenges. These challenges include the food regulations that not only require food grade
gelators, but also impose restrictions on gelator concentrations in food products. So far, various
oleogels with different classes of gelators have been formulated, but not all of them are food grade.
Other limitations include the lack of knowledge of and uncertainties about their interaction with
other food ingredients, how they behave under different processing conditions for different food
products, and the need for inexpensive and easily-accessible food grade gelators. This review will
evaluate the progress in the field of oleogel and discuss other key shortcomings that need to be
addressed in future work.

EDIBLE OLEOGEL APPLICATIONS IN FOOD

Due to a growing surge in enthusiasm for the development of oleogels with desirable physical
characteristics, recently various forms of oleogels have been produced with different combinations
of gelators and vegetable oils.
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As listed in Table 1, many food products including meat
products, dairy, spreads, confectionaries, and pastries have been
formulated with oleogels. Detailed information about gelators
utilized in edible oleogels as well as oleogelation mechanisms can
be found in the references listed in Table 1 and other studies
in the field. Although the substitution of saturated fat seems
to be the major objective for oleogel application, these studies
documented that oleogels can also offer other functionalities such
as texture, thermal-reversible properties, oil binding capacity,
and delivery of bioactive compounds. For instance, Patel et al.
(2014a) formulated cakes with methylcellulose (MC) oleogels
and documented similar hardness and chewiness to those
made with shortening. In another study, emulsion-based shellac
oleogels were shown to crystallize emulsion phases and water-
oil interfaces, stabilizing the emulsion for 4 months (Patel et al.,
2014b). In addition, cookies made with wax oleogels showed
oil binding capacity above 93% with a minimum oil loss for
30 days (Fayaz et al., 2017). Stortz and Marangoni (2011)
produced a heat resistant chocolate made with ethylcellulose

TABLE 1 | Examples of oleogel applications in food product formulation.

Food products Liquid oil type Organogelator type References

MEAT PRODUCTS

Frankfurter Soybean; canola; sunflower Rice bran wax; ethylcellulose;
γ-oryzanol and phytosterol

Zetzl et al., 2012; Panagiotopoulou et al.,
2016; Wolfer et al., 2018

Meat patties Linseed; sesame Oryzanol and β-sitosterol; beeswax Moghtadaei et al., 2018; Martins et al.,
2019

DAIRY PRODUCTS

Cream cheese and
processed cheese
products

High oleic soybean; soybean; Rice bran wax; ethycellulose and
sunflower wax

Bemer et al., 2016; Huang et al., 2018;
Park et al., 2018

Ice cream High oleic sunflower; sunflower Rice bran wax; γ-oryzanol and
phytosterols Zulim Botega et al., 2013; Moriano and

Alamprese, 2017

SPREADS

Margarine Soybean Sunflower wax, rice bran wax, and
candelilla wax

Hwang et al., 2013

Spread Sunflower; virgin olive and hazelnut Shellac wax; beeswax and sunflower
wax Patel et al., 2014b; Yilmaz and Ögütcü,

2015a

CONFECTIONARIES

Chocolate paste Sunflower; pomegranate seed and
palm

Shellac wax; monoglyceride,
beeswax, and propolis wax

Patel et al., 2014b; Fayaz et al., 2017

Chocolate Sunflower; hydrogenated palm kernel γ-oryzanol and β-sitosterol;
ethycellulose

Stortz and Marangoni, 2013; Wendt et al.,
2017

Filling Rice bran and palm; canola Beeswax; hydroxypropyl
methylcellulose and methylcellulose

Doan et al., 2016; Tanti et al., 2016a

PASTRIES

Cookie Refined hazelnut; canola; rice bran oil Beeswax and sunflower wax;
candelilla wax; bleached rice bran
wax

Jang et al., 2015; Yilmaz and Ögütcü,
2015b; Pandolsook and Kupongsak, 2017

Cake Sunflower; cotton and high oleic
sunflower

Beeswax, candelilla wax, and rice
bran wax; carnauba wax

Oh et al., 2017; Pehlivanoglu et al., 2018

OTHER APPLICATIONS

Oleogels as carriers of
bioactive compounds

High oleic sunflower; canola Beeswax with β-carotene;
ethylcellulose with β-carotene

Martins et al., 2017; O′Sullivan et al., 2017

(EC) oleogel, resisting melting up to 86◦C. Lastly, O′Sullivan
et al. (2017) incorporated β-carotene in EC oleogels and
demonstrated that the oleogelation reduced the degradation of
β-carotene compared to β-carotene in just oil, thus elevating its
bioaccessibility. These examples serve as a library of possible
beneficial oleogel properties suitable for food applications.
However, it is important to remember that not all oleogels offer
the aforementioned functionalities.

The appropriate selection of oils and oleogels is very
important in providing successful products. For instance, Huang
et al. (2018), who structured high oleic acid soybean oil into
processed cheese products, reported that in a comparison of rice
bran wax (RBW) and sunflower wax (SW), only RBW oleogels
were able tomimic hardness of a milk fat control. This was shown
to be related to chemical compositions of SW and RBW gelators.
In particular, RBW consists of about 100% wax ester compared to
sunflower (77% wax ester), which significantly affected physical
properties of the cheese products (Huang et al., 2018). Yilmaz
and Ögütcü (2015a) showed different hardness for SW oleogels
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made with hazelnut vs. virgin olive oils. Figure 1 shows network
comparisons of oleogel cream cheese products developed by
Bemer et al. (2016) who replaced the milk fat with EC or RBW
oleogels. Although the authors demonstrated the similarity of the
morphology and distribution of the fat globules in oleogel cream
cheeses (either made with EC or RBW) to the control product, it
seems EC and RBWhad different effects on the protein networks.
The EC oleogel networks contained small lipid globules dispersed
throughout a continuous protein matrix, while the RBW oleogel
created a denser protein network compared to the EC samples.
Overall, these examples show that while the combinations of oils
and gelators are important for food production, their interactions
with other food ingredients need careful evaluations.

NUTRITIONAL FUNCTIONALITIES OF
OLEOGELS

Clearly, one major aim of oleogel development is to improve
the health benefits of fatty food products. As expected, certain
oleogel-based food products have been shown to contain

healthier nutritional profiles compared to those made with
conventional hardstock fats. For example, Bemer et al. (2016)
incorporated RBW oleogels in cream cheese products and
showed that replacing milkfat led to a 120% increase in
unsaturated fat content and about a 90% reduction in saturated
fat content. Bologna-type sausages formulated with oleogels
replacing pork back fats showed about a 6% reduction in total
saturated fat content and up to 21.15% increase in oleic acid levels
(da Silva et al., 2019). A similar trend was observed inmeat patties
made with hydroxypropyl methylcellulose (HPMC) oleogels (Oh
et al., 2019). These results clearly illustrate oleogels’ capability
for enhancing food nutrition; however, the digestibility of these
products and their consumption for people with different diets is
still not studied.

Some oleogels, particularly those made with EC and some
waxes, have high melting points (70 ∼ 135◦C) that may impact
the meltability of lipid networks in human body temperature.
Moreover, oleogels with low meltability may retard the release
of the lipid matrix, hence possibly influencing the overall
metabolism of oleogel food. To better validate oleogel usage
in food, clinical trials with human subjects are necessary. As a

FIGURE 1 | Microstructure of commercial cream cheese (P1) and rice bran wax (RBW 1) and ethylcellulose (EC 1) oleogel cream cheese products. Lipids and proteins
shown in red and green, respectively. Adopted from Bemer et al. (2016) with permission from Elsevier.
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response to this need, some studies monitored the metabolism
of oleogel food products. For example, Stortz et al. (2012)
showed that mean serum triacylglycerol and free fatty acid
levels from 12 young individuals consuming meals containing
oleogels (2% 12-hydroxystearic acid and canola oil) were
significantly lower compared to those who had meals with
butter and margarine. Another study by Tan et al. (2017)
reported higher blood triglycerides levels in 16 participants
who consumed a meal with coconut oil compared to those
consumed coconut oleogel gelled with 11% w/w EC. Such
findings highlighted the effects of oleogelation on the digestion
of fats and suggested that structural properties of oleogels may
either restrict the absorption of dietary lipids or require a longer
interval for lipids to be digested. Similarly, O′Sullivan et al.
(2017), who studied the bioaccessibility of EC oleogels through
in vitro digestion, noted that the lipid lipolysis percentage
of EC oleogels was significantly lower than that of canola
oil. The authors linked this finding with greater mechanical
properties of the EC oleogels compared to the oil. Specifically,
the former was more resistant to the mechanical breakdown,
impeding the release of oil from the gel matrix and subsequently
lowering the lipid lipolysis rate. These results may also be
attributed to the high melting points of EC oleogels (135◦C)
and its meltability in the human body (Davidovich-Pinhas
et al., 2015). Using human trials, Marangoni et al. (2007)
noted that unlike liquid oil, a consumption of monoglyceride
structured emulsion oleogel lowered serum triglyceride and
insulin levels. This result suggested that oleogel matrices could
be engineered in a way that they can modulate physiological
responses of nutrient metabolism and provide healthier nutrition
for consumers. However, Wright et al. (2014) observed that
when this monoglyceride emulsion oleogel was baked in
cookies and cakes, both serum triglyceride and insulin levels
of human panelists were comparable to those who consumed
ungelled oleogels.

All of these studies clearly document the complexity
in the metabolism of oleogels and oleogel-formulated food
products. It is also important to consider that not only the
structure and composition of oleogels, but also the food
formulations and their network formations can influence the
digestion of oleogel food. Considering the high melting points
of oleogels and the thermal processing required for their
engineering, possible thermal degradation of final products
needs investigations, as well. Oils and other micronutrients
are prone to the oxidation that causes nutritional degradations
and development of off-flavors. The review of studies on
oil oxidation in some oleogel food products is provided
in the stability section of this paper. However, no data
was found on the effects of oleogelation on the nutritional
properties of non-oil compounds. Robust clinical trials on
oleogel food products evaluating how the structural and
processing parameters required for oleogelation influence
metabolism would help define values of oleogels for food
applications. Considering a greater number of participants in
different spectrums of age groups could also result in more
conclusive findings.

TEXTURAL PROPERTIES OF OLEOGELS
FOR FOOD APPLICATIONS

In addition to nutritional improvements, one of the main
objectives of oleogel use is mimicking textural functionality
of trans and hardstock fats. Although some studies reported
acceptable consistency and appearance for oleogel products, not
all of them demonstrated satisfying textural attributes compared
to saturated fat controls. Frankfurters made with EC oleogels
showed similar hardness and chewiness values compared to the
beef fat controls, and the authors connected these results to the
samples’ similar microstructure (Zetzl et al., 2012). The authors’
finding regarding the role of oleogel microstructure on the
texture of oleogel food may be seen better in the comparison of
the effects of different gelators on vegetable oil structuring, shown
in Figure 2. Oleogels made with monoglycerides (Figure 2A)
show large plate-like shapes of crystals (López-Martínez et al.,
2014) while fibrous oleogel microstructures are obtained from
phytosterols (Figure 2B) (Sawalha et al., 2013). Figure 2C shows
thin fibrillar crystals with a branching out pattern in oleogels
structured with 12-hydroxystearic acid (Co and Marangoni,
2013). Interestingly, ethylcellulose gelators are shown to create
polymer-like oleogel networks with numerous pockets or holes
between polymers as illustrated in Figure 2D (Zetzl et al.,
2014). As expected, oleogels made with different waxes exhibit
considerably different matrices. For instance, Figure 2E shows
small linear crystal particles of candelilla wax oleogels (Patel et al.,
2015) while thin needle-like crystal morphologies are reported
for sunflower wax oleogels (Figure 2F) (Yilmaz and Ögütcü,
2014). These examples clearly indicate that oleogels structured
with various gelator types generate different microstructural
properties that may subsequently affect physical properties of
the oleogels and the food made of them. It is also important
to remember that processing parameters (cooling rate, gelator
concentrations, oil-gelator combinations, etc.) can influence the
oleogel formations (Blake and Marangoni, 2015). Patel et al.
(2014a) documented the effects of oleogelation on minimizing
crosslinking of the gluten network in MC oleogel cakes. In
that study, the hardness and chewiness of cakes made with just
sunflower oil considerably increased (due to the crosslinking of
gluten) over time while those of the MC oleogel cakes changed
considerably less. This was due to the MC oleogel acting as
a physical barrier that helped reduce the movement of gluten
networks (Patel et al., 2014a). The successful applications of
oleogels on hardness, spreadability, and stickiness in cream
cheese and processed cheese products are also reported by the
Maleky group (Bemer et al., 2016; Huang et al., 2018). As
mentioned before, the authors linked their observation to the
similarity in the solid fat network between the oleogels and
controlled products.

As anticipated, not all oleogel systems can provide mechanical
properties comparable to the solid fat products, thus requiring
investigations on various gelator concentrations or liquid oil
compositions. For instance, Huang et al. (2018) structured
processed cheese products with RBW or SW oleogels at wax
concentrations of 0.5 or 1% and reported that SW oleogels
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FIGURE 2 | Microstructures of oleogels structured with (A) monoglycerides in
high oleic safflower oil (adopted from López-Martínez et al., 2014 with
permission from Elsevier), (B) phytosterol tubules in sunflower oil (adopted
from Sawalha et al., 2013 with permission from Wiley-VCH), (C)
12-hydroxystearic acid in canola oil (adopted from Co and Marangoni, 2013
with permission from Wiley-VCH), (D) ethylcellulose in canola oil (adopted from
Zetzl et al., 2014 with permission from Elsevier), (E) candelilla wax in high oleic
sunflower oil with a scale bar of 50µm (adopted from Patel et al., 2015 with
permission from ACS Publications), and (F) sunflower wax in olive oil (adopted
from Yilmaz and Ögütcü, 2014 with permission from Wiley-VCH).

were not able to mimic hardness of the control cheese product.
Specifically, only 1% RBW oleogel showed comparable hardness
to the control. As previously stated, this could be due to the
higher wax ester content of RBW compared to SW, however
further analysis is required to clarify the observed discrapany.
In a comparison of oleogel cookies with those made with
shortening, Yilmaz and Ögütcü (2015b) reported lower hardness
and higher fracturability for cookies made of hazelnut oil and 5%
beeswax or sunflower wax. Interestingly, the same group reported
comparable texture and acceptability for the oleogel and control
cookies based on hedonic tests performed with 200 participants
(Yilmaz and Ögütcü, 2015b). The observed discrepancy in
the textural assessment of those cookies between panelists
and a texture analyzer instrument clearly shows challenges of
accurately assessing texture of oleogels and oleogel food using

just instrumental analyses. Another example of unsuccessful
oleogel application in texture mimicking is shown in meat patties
made with various concentrations of HPMC oleogels (Oh et al.,
2019). Oh et al. reported different tenderness and juiciness in
oleogel samples due to their inherently different solid fat content,
hardness, and storage modulus values; 30 panelists confirmed the
samples’ discrepancies.

These findings highlight that although certain oleogel
matrices are able to mimic textural properties of hardstock
fats, predicting how consumers will perceive the final physical
properties of oleogel-formulated food remains challenging. So
far, there are numerous studies describing textural attributes
of oleogels and/or oleogel food, but not so many sensory
evaluations have been conducted (Rogers et al., 2014). This
lack of sensory evaluation may be attributed to challenges of
designing sensory testing, requiring safe protocols (e.g., types
and concentrations of gelators), and ensuring that oleogel food
products are safe for consumption. Another limitation could be
possible off-flavors and odors that oleogel foods may generate.
Previously, Bemer et al. (2016) showed that panelists detected
off-flavor and bitterness from the RBW oleogel cream cheese
products, suggesting an area of the oleogel field that needs
to be investigated. Although the aforementioned challenge in
oleogel cream cheese remains untouched, similar analysis and
information on other productsmay help identify optimal oleogels
for specific food applications. This type of analysis is needed to
increase the consumer acceptance of oleogel food.

OLEOGEL STABILITY IN FOOD SYSTEMS

Oil binding capacity, which refers to how strongly oil is bound
in a given network, is a challenging phenomenon for many
food producers. Food products with a low oil binding capacity
release oil and undergo oil migration, which negatively affects
their textural and sensory attributes. Considering the relatively
low solid fat content of many oleogels and their high liquid
oil content, appropriate processing and storage conditions are
necessary for optimal oil retention. Several studies developed
oleogels with different gelators and showed a linear relationship
between mechanical strength of gels and oil binding capacity,
suggesting that oleogels could minimize the oil loss when
designed with greater mechanical strength and tightly arranged
networks (Fayaz et al., 2017; da Silva et al., 2018; Meng et al.,
2018). Blake and Marangoni (2015) illustrated that the oil
binding capacity of wax oleogels can be improved by increasing
wax concentrations and/or fast cooling, last of which forms a
homogenous distribution of small fat crystals and subsequently
small areas of pore space. Currently, limited information is
available on the oil binding capacity of oleogel-formulated food.
Processed cheese products made with 0.5% RBW showed a
marginal oil loss of 0.53% after 24 h of storage at 20◦C (Huang
et al., 2018). In that study, increasing RBW concentration to
1% led to a lower oil loss around 0.34%. A study by Tanti
et al. (2016b) also demonstrated that no oil loss was observed
for peanut butters when stabilized with 2.2% of freeze-dried
HPMC and MC. These results are promising, but oil loss
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may be problematic for an industrial scale shearing process.
It is also important to consider food regulations limiting high
concentrations of gelators (e.g., FDA approves up to 3% of
RBW in food). Additionally, dramatic changes in processing
and crystallization temperature may influence other functional
characteristics of the final products including polymorphic,
microstructural, and physical properties. Clearly, more work is
needed to examine how well other forms of oleogels preserve
their physical entities and prevent the oil leakage and mass
transfer in various food networks.

Another factor associated with oil stability is its oxidation and
thermal degradation. As mentioned earlier, thermal processing
required for oleogelation can induce lipid oxidation (Rogers et al.,
2014). Studies reported peroxide values increased in oleogels
post-processing as well as during storage (Gravelle et al., 2012;
Yilmaz and Ögütcü, 2014; Park et al., 2018). Although, the
reported peroxide values were under 10 mEq/kg, the value
that is considered as rancid oil (Sebastian et al., 2014), further
analysis on peroxide degradation and secondary oxidation during
the oleogelation processing is not provided for many oleogel
food products. Interestingly, some studies showed a reduction
in the oil oxidation during the storage and post-processing of
oleogels and oleogel food products. For example, Pandolsook
and Kupongsak (2019) showed that RBW oleogels and water-
in-oil emulsions made with RBW oleogels stored at 4 and 30 ◦C
exhibited a higher oxidative stability compared to their controls
(rice bran oil and emulsion, respectively) at both temperatures.
Certain studies even documented further stability of the oils
when oleogel networks were incorporated in food matrices.
For example, Park et al. (2018) reported a lower aldehyde
content in RBW oleogel cream cheeses compared to the oleogel
itself while documenting no change in aldehyde content for 2
weeks. Oleogelation also significantly reduced the oxidation in
bologna-type sausages and fish oil oleogels compared to control
sausages made with pork back fat and fish oil, respectively
(Hwang et al., 2018; da Silva et al., 2019). Low temperature
storage (4◦C) of frankfurters structured with sunflower oil and
γ-oryzanol and phytosterol showed similar aldehyde content
compared to controls for 30 days (Panagiotopoulou et al., 2016).
Although these findings suggest that the oleogelations with
carefully designed formulations, processing, and post-processing
conditions may reduce the oxidation, not all oleogel systems
exhibited good oxidative stability. Martins et al. (2017) reported
a significantly greater amount of aldehyde formation over 20
days of storage in beeswax oleogels. Frankfurter-type sausages

constructed with 10% RBW oleogels also generated significantly
higher amounts of aldehyde compared to those made with pork
fat (Wolfer et al., 2018). Meat patties structured with HPMC
oleogels also showed a significantly lower oxidative stability
compared to patties made with beef tallow (Oh et al., 2019). To
overcome this issue, the authors suggest increasing the gelator
concentrations for a greater oxidative stability. This increase
may not be a good solution for many products considering the
legislations on gelator concentrations and the effects of gelator
concentrations on other physical properties of the product.

Hence, the assessment of oxidative stability of oleogels in
food products needs further investigation. Performing multiple
tests (e.g., both primary and secondary oxidation analyses) may
address the lack of information regarding the oxidative stability
of oleogel-formulated food. It would be also beneficial if future
studies monitor the effects of the incorporation of lipid soluble
antioxidants to the liquid oils on the minimization of the lipid
oxidation of oleogel food.

CONCLUSION

The field of oleogels has grown extensively in the last decade,
generating various food products with oleogels. However, to
fulfill its potential usage in food products, there is a need
for further investigations on various dimensions. In order to
validate the oleogel applications in food to replace hardstock
fats, the overall impact of oleogel digestion/metabolism must be
clearly understood. In addition, acquiring detailed information
regarding physical and oxidative stability of oleogels and their
behavior in the presence of other ingredients and food matrices
may advance oleogels utilization in many food products. Flavor
development, textural qualities, and physical properties of
oleogels and oleogel-formulated food must be also evaluated
by sensory panels. Doing so may play a key role on the
consumer acceptance of oleogel food products. While there are
great potentials for oleogel applications in food products, more
information is needed before the widespread use. Bridging the
aforementioned knowledge gaps may play key roles on the future
success of the oleogel field and increase the consumer acceptance
of oleogel food products.
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