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1.1 Food Industry Needs, Challenges, Trends, and Where
Oleogels Fit In

The food industry is continuously changing in response to consumer demands and
regulatory guidelines, with new trends and challenges being addressed in different
areas among food stakeholders.

Two of the most significant challenges are related to the growing population that
needs to be fed with healthy and balanced foods, and the sustainability of the
materials, processes, and products. The impact of food production on the environ-
ment is mainly related to its impact on greenhouse gas emissions, land and water use,
and the loss of biodiversity. Several strategies have been proposed to optimize the
agriculture and food processing processes, but in most cases, the implementation
cost, related to low efficiency and high prices of ingredients, is limiting the change
[1]. This implementation cost will have an impact on the other mentioned challenge,
where more and more diversified production is needed.

The global population is suffering from an unbalance distribution of food, where
a part of the global population suffers from undernutrition with the consumption of
low amounts of food of poor quality (resulting in, for example, hunger and micro-
nutrient deficiencies), and another part is eating too much and in an unbalanced way
(resulting in, for example, obesity, diabetes, hypertension, coronary heart disease),
being, therefore, a concern for both developed and developing countries [2].

Fats are one of the ingredients within the list of the so-called “Western diet” [3]
that has shown an increase in consumption in the last 60 years [4]. A study of 2020,
comprising 118 countries from 1960 to 2010, showed that the total calorie intake
increased for all countries and the nutritional quality decreased [5]. One of the
conclusions of the study was that diets are becoming less healthy and that one of
the drivers for this change is the consumption of more fats (i.e., animal-based foods)
in detriment of carbohydrates (i.e., plant-based foods). However, it is important to
mention that people’s diet can be influenced by different factors that varies across
countries and regions, and households (e.g., culture, religion, climate, and
traditions).

The need to improve the global diet has been highlighted by several organizations
and governments, but it is consensual that it is only possible to have an effective
change with the engagement of all relevant stakeholders [6]. With this in mind, the
United Nations adopted 17 Sustainable Development Goals for the Global Chal-
lenges, in which the food industry plays a major role, particularly in the goals:
(2) “Zero hunger,” (3) “Good health and well-being,” (12) “Responsible consump-
tion and production,” and (13) “Climate action” [7].

Food trends are also related to some of the presented challenges, where the
consumers’ awareness of the need for healthy and sustainable diets is changing the
food industry. One of the main food trends is consumer engagement and empower-
ment. The behavior and perception of consumers, as well as food producers and
retailers, impact companies’ strategies and decisions. Nowadays, consumers seem to
be looking for more healthy and more natural products, focused on alternative
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proteins, and products that can be considered clean label and sustainable. This
consumers’ direction is also supported by the EAT-Lancet commission, which
suggests that global food consumption should shift to more plant-based foods.
This is supported by the fact that plant-based foods can be healthier than the animal
counterparts but also due to the environmental impact of animal-based foods
[1]. They propose a universal diet based on vegetables, fruits, whole grains, legumes,
nuts, and unsaturated oils, with low to moderate amounts of seafood and poultry and
low quantities of red meat, processed meat, added sugar, refined grains, and starchy
vegetables.

Lipids have a huge role in these healthy diets, since they are essential for the
proper development of humans. While some of the essential lipids are present in
food and food ingredients, they are also directly added (as animal fat or vegetable
oil) conferring important technological and sensorial properties to a great variety of
foods, such as spreads, bakery products, margarine, and dairy products. However,
during the years, the solutions offered by the industry have been controversial, with
the use of trans fatty acids (TFAs) that have already been banned or allowed in very
low amounts in several countries [8, 9]. Another strategy is the use of saturated fatty
acids (SFAs) that can be obtained by the fractionation of oils, such as palm oil. The
low price, texture and rheological properties, high stability against oxidation, and
shelf life are among the reasons to use palm oil. However, also in this case, studies
have shown that the consumption of saturated fats (except for stearic acid) influences
cholesterol levels in the blood and increases the risk of cardiovascular diseases
[10]. Guidelines from the World Health Organization for a healthy diet mention
that reducing the amount of total fat intake to less than 30% of total energy intake
helps to prevent unhealthy weight gain in adults and that we should reduce the use of
trans and saturated fats by replacing them by unsaturated and polyunsaturated fats
[11]. The European Union has also promoted the development of foods with a
healthier lipid profile by allowing companies to claim nutritional aspects on their
products (e.g., low fat, fat-free, source of omega-3 fatty acids) [12].

Another problem related to the use of fats by the food industry is the environ-
mental impact of oil production. While this is an issue that involves the entire food
system, in the case of lipids, one of the great examples is palm oil. Several studies
revealed the considerable impact of their production on deforestation and conse-
quently loss of biodiversity and the release of CO, [13], bringing an additional
problem when palm oil is used. Therefore, the removal of hydrogenated fats and the
limitation of the use and consumption of saturated fats have changed the way the
food industry looks at lipids.

Despite these issues, the Global Edible Oils and Fats Market is experiencing
continuous expansion. The market size is projected to reach USD 831.10 billion by
2030, with a robust revenue-based compound annual growth rate (CAGR) of 7.5%
from 2023 to 2030 [14]. In particular, the Margarine Market is expected to grow
significantly, from USD 22.12 billion in 2023 to USD 24.93 billion in 2028, at a
steady CAGR of 2.42% over the forecast period (2023-2028) [15].

Different strategies have been proposed to meet the real need for healthier,
TFA-free, stable, and solid-like fats, which maintain their structure at ambient



4 M. A. Cerqueira et al.

temperature, assuring a longer shelf-life. One of these strategies is fat mimetics,
where the use of physically structured oils, known as oleogels, seems to be one of the
most promising routes. They can guarantee the reduction of unhealthy fats or/and
their replacement by mono- and polyunsaturated fats and offer technical functional-
ities similar to fats. This is related to the way they are produced, mostly using only
food ingredients and without chemical modification of the lipids, thus presenting
some benefits towards sustainability and clean label trends. Based on these advan-
tages, it is possible to think that there is a promising potential market for oleogels.
Moreover, with increasing consumer awareness regarding healthy food consump-
tion, the Global Edible Oils and Fats Market is expected to witness an increased
demand for the development of healthier products.

1.2 Oil Structuring and Oleogels—A Brief Introduction

Lipids are essential ingredients in food products, contributing to their physicochem-
ical properties, structural integrity, stability, and overall sensory quality. However,
the pressing demand for healthier food choices has given rise to a significant
challenge: finding and developing healthy alternatives to solid fats while minimizing
any adverse effects on product properties and consumer acceptance. When solid fat
ingredients are merely replaced with oil, the resulting products generally fail to
replicate the quality characteristics of the original ones, particularly in terms of
textural attributes, leading to a deficiency that negatively impacts sensory perception
and consumer satisfaction [16, 17]. This is one of the main reasons why the food
industry and scientists have focused their attention on oil structuring and
oleogelation processes, as they allow the development of soft matter structures that
possess similar functionality to solid fats. The systems produced by oleogelation
using edible oils are called oleogels, also referred to in the literature as organogels
(see the next section for a discussion of both terms).

Oleogels are semisolid materials formed by the entrapment of oil within a three-
dimensional (3D) gel network composed of structuring agents or gelators added at
low concentrations [18]. Structuring agents are compounds with the ability to retain
oil after specific physical processing. They are generally classified as either low
molecular weight gelators (LMWGs) or high molecular weight gelators (HMWGs).
Examples of the first type are fatty acids, monoglycerides, waxes, sterols, and
lecithin. On the other hand, HMWGs include polymers and biopolymers such as
cellulose derivatives, proteins, and starches, which typically require more processing
to form stable structures that immobilize the oil phase. The choice of structuring
agent depends on the specific application and the desired properties of the oleogel,
allowing for versatility in the development of different oil-based products. A detailed
explanation of the physical processes involved in the preparation of oleogels using
LMWGs or HWMGs can be found in Chaps. 4, 5, 6, 7, 8, 9, and 10.

As oleogels are mainly formulated with oils (desirable > 90%), they have a lipid
profile comparable to that of the edible oil used to produce them, which is of radical
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importance from a nutritional point of view, as it will be highlighted in Chap. 2. This
makes it possible to develop lipid materials not only with reduced SFA and free TFA
content but also with a superior lipid profile by selecting oils rich in fatty acids with
high biological value such as essential fatty acids. In particular, the use of oils
abundant in polyunsaturated fatty acids (PUFA) allows the production of oleogels
with health-promoting activity, as PUFA oils have been shown to offer numerous
benefits for health, including immune system and blood pressure regulation, choles-
terol metabolism, neurological and cognitive function, and insulin resistance, among
others [19].

The physical properties of oleogels are the result of a combination of factors,
including the chemical composition of the oil and gelator, their respective pro-
portions, and the processing conditions employed during their production. The
development of oleogels with fat-mimicking properties requires a comprehensive
evaluation of thermal, rheological, textural, structural, and stability properties, as it
will be discussed in Chaps. 18, 19, and 21. Additionally, oleogel characterization
plays a crucial role in enhancing our understanding of the oleogel itself and deter-
mining relevant properties for its applications in various products [20].

1.3 Organogels and Oleogels in History

We are used to thinking that organogels and oleogels are relative recent terms. This
is true within the food science area and to some extent in the cosmetics and
pharmaceuticals areas, whereas in the case of lubricants or fundamental science
these terms have been used for more than a century (organogels) and almost
75 years (oleogels).

First of all, it is important to distinguish between the two terms and define them
based on the meanings that have been developed over the last decades: an organogel
is simply a gel of an organic solvent where the solvent is entrapped/retained in a
three-dimensional network of gelling molecules. An organogel where the organic
solvent is an edible oil and gelling molecules are edible is called an oleogel.

In general, organogels have been defined by their preparation methods, where a
gelator is added to an organic liquid, the mixture is heated to dissolve the gelator, and
then the solution is cooled below the gelation transition temperature [21]. If the
reader is already familiar with the field of oleogels, this definition can sound familiar
as it is the same procedure used in the preparation of oleogels by the hot direct
method; more details can be found in Chap. 4. A more detailed definition of an
organogel refers to a “thermally-reversible viscoelastic liquidlike or solidlike mate-
rial comprised of an organic liquid and low concentrations (typically <2 wt %) of
relatively low molecular mass molecules (i.e., gelators)” [21]. However, not only
LMWGs are nowadays included in the definition, but also polymer gelators
[22]. Also in this case, the definition is quite similar to that of oleogels obtained
by the hot direct method. Even though these two definitions could sound familiar, the
development of the field and consequently the definition of organogels has changed
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Fig. 1.1 Number of scientific publications reported by Scopus containing the term “organogel*” or
“oleogel*” in the title, abstract, and keywords from 1920 to 2022. The inserted figure is the
magnification of the main figure from 1920 to 2009. Note that (*) allows users to search for all
terms beginning with the specified word—for example, oleogel/oleogels/oleogelation/oleogelator

over time (more information below). The field has been developing since 1920s. One
of the first papers reporting the term “organogel” we could find in the literature was
published by Neuhausen and Patrick [23] in 1921, although references in the same
article about tests to gel organic solvents with silicic acid and a small amount of
water date back to 1864. The field has continued its evolution until present days
(Fig. 1.1), and during this century of research, the ability of organic gelators like
metal salts of fatty acids, fatty acids derivatives, steroid derivatives, anthryl deriv-
atives, aromatic- and steroidal-containing molecules, amino acids, and organome-
tallic molecules to gel organic solvents like linear and cyclic hydrocarbons, alcohols,
aldehydes, ketones, and aromatic solvents, to name a few, has been extensively
studied [21, 24]. If the reader is interested to further deepen the topic of organogels,
they can refer to the reviews by Terech and Weiss [21], Suzuki and Hanabusa [22],
and Abdallah and Weiss [24], as well as to the book by Guenet [25].

From the field of organogels, edible oleogels have been developed. The first
example of publications reporting on organogels made with edible oils and gelators
in the food science area were those published by Ojijo et al. [26, 27] in 2004. These
authors developed oleogels structured with monoglycerides by the hot direct method
(mixing, heating, and cooling) using virgin olive oil. Although these structured lipid
systems could be classified as oleogels, the term in the food science area was not yet
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Fig. 1.2 Number of patents reported by Google Patents under the search term “organogel” or
“oleogel” from 2000 to 2022 (search configuration: priority date and text in full documents). This
period was selected considering that the patent lifetime is 20 years. The inserted figure shows the
search results between 1920 and 1999

in use. It was not until 2007 that the word oleogel appeared as a keyword in the
context of organogels made with edible oils in a paper authored by Pernetti et al.
[28]. However, the term “oleogel” can be found even in an earlier paper belonging to
the pharmaceutical area published in 2003, in which olive oil was gelled using
ethylcellulose as a first step to develop a topical administration incorporating a drug
[29]. In the pharmaceutical area, these types of gels appeared already in the 90s, but
they were called lipogels [30].

As anticipated at the beginning of this section, it is interesting to know that the
term oleogel is about 75 years old (Fig. 1.2). However, in the late 1930s, Steven
Kistler, who is well known for developing the first aerogels [31], developed the first
aerogel-templated method in which by adding aerogel particles to oils, a thickened
oil/grease was obtained that could be used as a lubricant (US2260625A). This
method was later brought in the edible oleogel area in 2017 by Manzocco et al.
[32] and further developed by Plazzotta et al. [33]. In his patent, Kistler also suggests
that “similar results [formation of an oleogel] are obtainable by replacing the
swelling liquid of the gel [solvent] with a portion of the liquid to be thickened
[0il],” which gives a glimpse of an oleogel preparation method, nowadays called the
solvent exchange method, developed in 2015 by de Vries et al. [34]. The solvent
exchange method described in Kistler’s patent was further explained in the patent
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number US2594822A from 1949, where we could find the term oleogel making one
of its first appearance: “Another means known to the prior art for the formation of
greases of inorganic gels comprises formation of a hydrogel, replacement of water
with a water-miscible organic solvent, replacement of the water-miscible organic
solvent with an oil-soluble solvent and transference of the resulting organogel to a
lubricating oil medium followed by the removal of an oil-soluble solvent to form,
finally, an oleogel.” From the same patent, we can also identify the definitions of
oleogels and organogels that were used by the research and innovation community in
the 1940s—-1950s. Oleogels were referred to as gels of lubricating oils, whereas
organogels were an intermediate step having the same structure as an oleogel but
containing only oil-soluble solvents. It can be seen how these two terms evolved in
their definition based on the evolution of the field by just comparing them with those
reported at the beginning of this section. Finally, in the same patent, the inventors
described that the methods for obtaining oleogels were quite time- and resources-
consuming with the need of specialized equipment, and they invented a method for
producing a lubricating grease “by having the lubricating oil as the continuous phase
gelled by the polyvalent metal hydroxide dispersed therein,” where the reported
method showed features that are typical of a direct oleogelation method. From there,
efforts have been made to simplify oleogelation methods, for example, by develop-
ing processes using colloidal particles and water, with the subsequent evaporation of
water (DES0040177MA from 1954), or by using organogels as templates to form
oleogels, where one process comprised a “very rapid evaporation of the liquid from
the organogel as it is fed to the hot lubricating oil, such evaporation taking place in
the presence of an ample supply of oil to replace the volatile liquid displaced by
evaporation, minimizes this tendency and causes the line pore structure of the gel
material to be retained and carried forward into the oleogel stage” (GB2986518XA
from 1958). At this point, the first scientific publication we could find using the word
“oleogel” was published by Bondi [35] in 1958.

It is interesting to note that the historical evolution of oleogel preparation methods
started with very sophisticated procedures requiring specialized equipment and
multiple steps and proceeded towards more simplified methods. This is the opposite
that was observed in the evolution of methods for producing edible oleogels, where
simple methods dominated the first decade of development (from 2004), followed by
the introduction of production methods requiring multiple steps and specialized
equipment (from 2013).

Through a search on Google Patents and Espacenet, we could observe that the
trend to use the term “oleogels” continued in many patents. However, the field
of application of oleogels in those patents shifted from lubrication (which dominated
until the 1970s) to pharmaceutical applications, particularly with the development of
topical creams in the 1980s. The 1990s marked further diversification and expan-
sion of the oleogel field of application, including cosmetics, bioadhesives, fuel,
veterinary, and feedstuff. During the first decade of 2000s, the use of oleogels for
pharmaceutical applications intensified, and the first developments were made in the
food area. In the following decade to date (2010-2023), most of the developments
have been related to food applications.
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This short journey taught us that the meaning of the words “oleogels” and
“organogels” morphed over time. We have seen their definitions evolve from
those used in the pioneering area of lubricants to the current booming in food
science, pharmaceutical, and cosmetic areas. We hope that the reader finds this little
excursion into the history of oleogels interesting and that the ideas and visions of the
past will inspire possible new methods to obtain edible oleogels.

1.4 Oleogels: Current Areas of Research in the Food Sector

Oleogels are an active area of research with a focus on their potential to replace
saturated fats in food products, as well as their use in developing functional foods
and bioactive delivery systems. The research topics and knowledge groups in the
field of oleogels can be effectively analyzed using Carrot® (search.carrot2.org), an
open-source search results clustering tool. Carrot” utilizes a clustering process that
involves analyzing the content of documents, identifying common terms and
phrases, and grouping related documents together into clusters. Figure 1.3 shows
the clusters resulting from the analysis of 538 documents from PubMed using the
search term “oleogel.” In the visualization, larger bubbles represent clusters with a

iz

Fig. 1.3 Foam Tree Map created by Carrot®, displaying the major topics in oleogels from an
analysis of 538 bibliographic records sourced from PubMed’s core database (clustering algorithm:
Lingo). Generated on 20th July 2023
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higher number of publications. The topics that have received more attention in the
oleogel field are “Oleogelation Mechanism,” “Emulsions and Stabilization,” “Tex-
tural and Rheological” properties of oleogels, “Delivery Systems,” “Application in
the Food Industry,” “Crystal Microstructure,” “Protein Oleogels,” and “Crystalliza-
tion Behavior.” Other topics that have received attention with potential to expand
knowledge in the area include “Oleogel and Bigels,” “Oleogel Foams,” “Oxidation
during Storage,” “Bioactive Delivery,” and “Processed Meat.”

Other topics of current interest, not identified by Carrotz, include the study of
oleogels as a potential tool for modulating lipid metabolism to manage obesity, the
production of oleogels using oils obtained by fermentation or extraction from
microalgae and insects, the exploration of oleogels in the development of plant-
based products, and their application in formulating inks for food 3D printers. While
reading this book, the reader will come across both basic and detailed information on
all the topics mentioned and many more.

1.5 Conclusions

The need to improve the global diet and the push for sustainable food practices have
compelled the food industry and scientists to search for novel lipid materials able to
confer technological and sensorial properties to products. The strategy of
oleogelation, which has been widely studied in the field of lubricants for almost a
century, has served as an inspiration for the development of oleogels, opening up the
possibility of creating an infinite number of materials by combining edible oils with
compounds capable of retaining oil after specific physical processing. Indeed,
numerous studies and patents have been published on oleogels, demonstrating
their remarkable potential not only to replace saturated fats in foods, but also to
serve as valuable components in the creation of functional foods and efficient
bioactive delivery systems. The more knowledge we acquire about oleogels, the
more apparent it becomes how vast this field of study is, encompassing numerous
topics and potential applications, and the need to delve deeper into each of them. A
strong knowledge foundation will provide us with more tools to continue advancing
in this fascinating field; thus, we will unlock the full potential of oleogels for the
benefit of society and the environment.
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