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Work outline

In recent years, there has been an increase in consumer awareness of the quality of
food consumed and its impact on health. One of the main problems currently faced by food
manufacturers is the production of healthier food products that will enable the consumer to
eliminate hydrogenated fats and trans fatty acids from the diet. The consumption of this type
of fats is attributed to a strong: relationship. with the appearance. of cardiovascular failure,
metabolic disorders and an increase in bload cholesterol tevels, Consumer demand for healthy
food poses new c'ha]]enges_ for the scientific community, such as the need to develop
innovative substitutes for fats that, :bei:ng harmless to health, will not adversely affect the.
quality characteristics of food produets. Oné of the latest research areas that may in the future
become a solution to the above challenges is an innovative method of solidification of liquid
fats called oleogelation, enabling the preparation of solid forms of fats (so-called oleogels).
These structures are most often obtained using structuring substances called oleogelators from
oils rich in unsaturated fatty acids. In this paper, the state of knowledge regarding the methods
of obtainifig rapeseed oil and its current use in oleogelation was analyzed, and an attempt was
made to solidify it by producing oleogels using only agar in the form of gel as an oleogelator.
An analysis of the physicochemical properties of the obtained ternary structures (oil-agar-
water, the so-called hydroleogels) was also carried out, the influence of the emulsion
oleogelation method ‘on the fatty acid composition of the oil was verified, as well as the

possibility of usirig hydroleogels: for the formulation of shorthréad cookdes.

""Doctoral studies were carried out as part of the project 'Interdisciplinary Doctoral Studies
Program at the Faculty of Engineering and Economics of the Weoclaw University of Economics
number: FOWR.03.62.00-00-1016/16-60 under the Gperational Program Knowledge Education
Development 2014-2020 co-financed 'by the European Social Fund"



1.Introduction

Fat is one of the basic components of food products, and its presence is both a source of
energy and nutrients and functional properties. The presence of fat in food affects not only iis
sensory characteristics such as taste and smell, but also its physical properties, includin_g in
particular texture, which significantly hinders its complete elimination from the composition

of food products (Banas & Harasym, 2021; Martins et al., 2020).

The structural characteristics O'f"fa_t-ar'e the reason why the food industry most often uses
naturally solid fats and hardened liquid fats (so-called shortenings or margarines). These fats
contain saturated or unsaturated fatty acids with a trans configuration (Hwang et al,
2016),because it is the trans fatty acid isomers and saturated fats that result in a solid form of
food fats. Bating foods high in them increases the risk of cardiovascular diseaseand also leads

to metabolic disorders (Briggs et al., 2017; Wu et al,, 2017).

Reducing the-degree of food processing, including the exclusion of the use of partially
hydrogenated fats in its production, would make it possible to change the mutritional profile of
food products and reduce ‘their adverse health effects. Guidelines for this, originally
introduced by the World Health Organization and then implemented by regulators in various.
countries around the world, suggest that the amount of total, saturated and trans fats should

not exceed 30%, 10% and 1% of total energy intake, respectively (Albuquerque et al., 2017),

However, industrially produced foods still . contain high levels of saturated fatty acids for
economic reasons {lower price compared to buiter, lard, coconut fat or palm oil) and due to.
the extensive use of vegetable fat hardening. technologies (Silva et al., 2021). In food
production, various méthods of solidification of liquid-oils are used, such as hydrogenation,
fractionation and interestrification (Pehlivanoglu ¢t al., 2018, Silva et al,, 2021). The most
commonly used method is the hydrogenation of unsaturated fatty acids of vegetable oils,

durinig which saturated fats are formed with better oxidative stability and plasticity.

Although technologically beneficial, this process carries a risk of the formation of trans
fatty acids, the negative effects of which on human health are increasingly documented in the:
scientific literature. Interestrification, which significantly reduces the content .of trans fatty
acids in modified fats, is not able to eliminate them completely, which may also result in.
negative health effects on consumers consuming foods contdining interestrified fats (Chaves.

et al., 2018). In addition, reducing the saturated fatty acid contént of industrially used solids



by removing them would result in unusual physical and sensory changes that might not be

acceptable to consumers (Pehlivanoglu et al., 2018; ‘Singh et al., 2017).

The market conditions and difficulties in the technological area presented above give rise
to new scientific challenges. Growing concerns about the intake of harmfui saturated fats and
trans fats in the diet ‘are a major challenge for the scientific community, requiting the
developnient of industrially usefil alternatives to harmful fats, the use of which in food
products will not cause the loss of the characteristic functional and organoléptic properties of
the food product. The:implementation of these challenges will contribute to the development
of knowledge in the discipline of food and nutrition technology and will facilitate the solution

of problems related to intensive social changes.

Among the various strategies to replace/reduce saturated and trans fats in food, a method
of obtaining. a solid form of fat by binding it with get called oleogelation is considered
innovative, promising and industrially applicable. Oleogel is a method for obtaining.
siructured fat systems called oleogels, which seems attractive for use in the food industry due

to their nutritional and environmental benefits (Manzoor et al., 2022).

Current practice in the food industry is to replace trans fats with natural saturated fats,
typicaily obtained by fractionating various tropical eéils, mainly palm oil, The use of palm oil
as the main source of saturated fat can have an impact on both consumer health and the
environment. Palm oil is widely used in the food industry due to its low purchase prices, high
stability against oxidation processes and long shelf life. Some deforestation has been reportedz
due to. increased consumption of 10 palm oil in both the foed industry and biodiesel
production. Numerous uncertified palm tree plantations have been. identified in some areas
where tropical deforestation and CO2: release from palm oil production are high. Therefore,
there is a real need for healthier, trans-fat-free, stable and solid fats that retain their structure

at-‘ambient temperature, énsuring a longer shelf life (Puscas et al,, 2021).

Oleogelation may become in the future a method of solidification of liquid fats, rich in
unsaturated fatty acids without losing their bioactivity. This process allows you to change the
consistenéy of liquid oils and give them the properties of solid fats, without the participation
and presence of harmful saturated trans fatty acids in the composition. The oleogel process
involves the creation of a semi-solid oil structure using a gelling agent called an organogelator

or oleogelator (Co & Marangoni, 2018).



Organogelators can be divided into two groups depending on the low molecular weight
(LMOG) or high molecular weight (HMOQG) molecular weight, The first group contains
compounds with small molecules that, by self-assembly, build a stable "crystéﬂ. lattice
stabilizing the oil phase. The second group tnchides macromolecular systems that are able to
create three-dimensional networks eennected to each other by means of physical interactions
such as. hydrogen bonds. Taking into account the polymeric properties of these networks,
oleogels made of such gelators have better viscoelastic properties, which depend on the

concentration, molecular weight and conformation of the pelymer (Marangoni & Garti, 2011).

The most commonly used to create oleogels and the most promising of the group of high
molecular weight olegelators are polysaccharides. An interesting polysaccharide that in the

future could be used to structure otls and thus to form oleogels 1s agar (Kodela et al., 2017).

Agar gels have long been tsed ‘as an ingredient in food and pharmaceutical products and
have been accepted by manufacturers. The. use of native reésources in the form of wid'el.y
available vegetable oils (e.g. rapeseed oil), as well as polysaccharide biopolyniers with gelling
properties may in the future eliminate the current problem of using harmful unsaturated fats
and trans fats in food products. Tt is possible to.replace thent with oleogels with a preser-Ved
nuiritional profile of fatty acids, as well as maintaining the desired textural properties(Kodela

et al., 2017).

Vegetable oils and fats play an important role in the human diet, and their
physicochemical properties define their use and applicaticn in the food industry, Naturally
solid fats and modified (solidified) liquid fats are used on a large scale. The existing methods
of fat transformation are not able to ensure sufficient nutritional quality of the solid fats
obtained, which is not without impagt on the health of the consumer. Aa alternative and thus a
future-oriented solution may be the method of oleogelation of liquid oils, which has recently
gained more and more recognition and interest in the scientific community (Floter et al.,

2021).

Oleogelation is an innovative approach to stnicturing liquid oil by giving it a torm siniilar
to the consistency of a solid (gel structure) without the presence of harmful saturated fatty
acids and frans fats, while maintaining the entire nutritional profile characteristic of liquid oil

(Co & Marangoni, 2012).



The oleogelation method consists in creating a semi-solid oil structure using gelling
agents (Co & Marangoni, 2012).

Oil structuring is- based on the physical transformation of dissolved gelators. in a Tipid
environment, whose chemical characteristics are constant during the process (Patel et al.,
2015).

In the scientific literature, there are reports on various substances of natural and synthetic
-Origin? which are currently being. studied in the process of obtaining oleogels from various

liquid oils (Anastas, 2010},

2. Research objectives and scope
2.1. Research objectives

The main objective of the study was to assess the possibility of oleogelation of
rapeseed oil using a natural polysaccharide bibpolym‘&r using the emulsion method. The
partial objectives were to learn about the oleogelation process using agar and rapeseed oil, to
determine the physicochemical parameters of the obtained olecgels and to verify the

possibility of their use ina pastry product.

2.2. Research hypotheses

The following research hypotheses were adopted:

H1. Agar can be used to structure rapeseed oil durning oleogelation and thus ereate solid
structures.

H2. The emulsion oleogelation method can be used to obtain eleogels based on agar and
rapeseed oil.

H3. Methods of obtaining rapeseed oil have an impact on the physicochemical parameters of
oleogels.

H4. Hydroteogels based on tapeseed oil can be a substitute for fat in shorthréad bakery
products.

H5. The physicochemical properties of the type of oleogels used affect the technological

parameters of the obtained bakery products.

2.3. Scope of work



The scope of this work included the following three main elements:

1. Literature review concerning:
t.1.Rapeseed oil, its market, methods of obtaining and use in the oleogelation process.

1.2, Agar, its production and use in the oleogelation process.
2. Experimental work on the formation of oleogel structure, including:

2.1.8¢lection of the appropriate polysaccharide biopolymer and other components of
the experiment, including the type of eil Selection of the appropriate
concentration of the agar used.

2.2.Choosing the right oléogel method and the appmpri'atc conditions of the method to
carry it out.

2.3 .Examination of physicochemical parameters of selected types of rapeseed oils used
in oleogelation.

2.4 .Cartying out the oleogelation process with the participation of selected ingredients.
according to the developed formulation. Analysis of physicechemical parameters
of obtained oleogels.

3. Experimental work on the application of the obtained fat structures tor the formulation of
a pastry produci, including:

3.1.  Formulation ‘of shorthread biscuit dough -with oleogels as substitutes for
traditionally used fats. Examination of physicochemical parameters of each of the
obtainéd types. of cakes;

32,  Production of shortbread cookies with oleogels and analysis of their

physicocheniical parameters.

3. Materials and methods

3.1. Materials

Three types of rapeseed oil were used for the study, differing in their methods of
extraction:
1. Rapeseed oil, cold-pressed, virgin Targroch Filipowice (Tar-groch-fil spotka jawna,
Poland);
2. cold-pressed rapeseed oil and bleached in the: low-temperature process "Qile Trawinscy"
(Bastik sp. z 0.0., Poland};

3. refined rapeseed oil "Kujawski" (Bunge Polska sp. z 0.0., Peland).



Powdered. purified agar was used as. an oleogelator (Biomus sp. z 0.0., Poland).. Raw
materials for making a trial product - shorthread cookies - margarine "Kasia" (Unilever
Polska $p. z . 0., Poland); butter "Butfer Exira Laciate" (Spoldzielnia Mleczarska "Mlekpol”,
Poland);, Powdered sugar "Diamant” (Pleifer&li.angen Marketing Sp. z 0.0, Poland), wheat
flour type 450, (Przedsiebiorstwo Zbozowo-Miynarskie "PZZ" w Stoistawu S.A., Poland)

were purchased on the local market.

3.2. Test methods and organisation
Test methods -

3.2.1. Dispersion of agar in oil-refined rapesced oil
3.2.2. Foam olengelation method

3.2.3. Preparation of hydrogels

3.2.4. Hydration of hydrogels

3.2.5. Emulsion oleogglisation method.

3.2.6. Formulation of shortbread dough

3.2.7. Baking shortbread cookies

3.3. Analytical methods

Analytical methods used in the study:



3.3.1. Determination of anisidinevalue

332 'Detemﬂnat_i‘on.of-iodin'evalue

3.3.3. Assay of acidnumber

3.3.4. Determination of peroxidevalue

3:3.5. TOTOX indicator

3.3.6. Dynamicviscosity

3.3.7. Oilbindingcapacity (OBC)

3.3.8. Colourdetermination’

3.3.9. Loss of mass

3.3.10, Textureanalysis:

3.3.11 ‘Analysis of totalbakingloss

3.3.12. Analysis of biscuitdianieter and spreadcoefficient
3.3.13. Specifievolumeanalysis

3.3.14. Determination of the fattyacid profile.
3,3.15. Rheologicalanalysis

3.3.16. Wateractivity

3.3.17. UV-Vis spectroscopy

3.3.18. Statistical analysis

4. Conclusions

This study proposes an inncvative approach to.using agar as an oleogelator to structure
rapeseed oil obtained by three estraction methods. In order to obtain oleogels, one of the
leading methods-of oleogelation, which is.the emulsion method, was used. The results of the
research obtained in the work allow to draw the following conclusions regarding the research

hypotheses:

1. Agar efffectiveiy énables the stiucturing of rapeseed oil by oleogel method to create solid
structures. The above studies confirmed that agar can forth stable fatty structures
and bind rapesced oil, giving hydroleogels of solid consistency. The obtained
results of the hardness of hydroleogels are most similar to the hardness of
commiercial shortenings such as baking margarine. The results of the texture profile
showed that the hardest hydrolecgels are those formed. with a solution with a

content of 3% agar, In the gronp of hydroleogels with 3% agar (w/w) the highest



hardness, res_pe_ct’ively- 14.16 *0:28 N and 14.11£0.45 N and they were similar to

the hardness of margarine.

I~

. The emulsion method allows the production of innovative hydroleogel structures based
o agar as an oleogelator and. rapeseed oil without the addition of emulsifters and
stabilizers. The results prove that when choosing the r-r ratio of agar 3%(w/w):
rapeseed oil equal to 50:50 (m/m) with the use of the emulsion metliod,

hydroleogels with appropriate physicochemical parameters can be ebtained.

2

Methods of obtaining rapeseed oil affect the physicochemical parameters of
hydroleogels obtained from. it. Depending on the type of oil used, hydrolysers
d_iﬁ"ering in physicochemical properties such as hardness, color or fatty acid profile

can be tried.

e

. Rapeseed oil-based hydroleogels can be a substitute for fat in shortbread bakery producis.
This study confirmed the possibility of using hydroleozels as a potential substitute
for traditional fat in bakery products. The obtained research results show promising
additional research on the formulation of hydroleogels to obtain the most favorable

parameters of shortbref cookies |, such as their crispness.

3. The physicachemical properties ol the type of hydroleogels used have an impact on the
technological parameters of the obtained bakery products. As is the case with
various types of otls used in the creation of hydolepgels,. also in this case the type of
hydrolezel used affects the physicochemical parameters of the obtained bakery
products such as taste, tendemess, size and color. In the case where. the hydrolcogel
was based on pressed oil, the cakes weré characterized by a darker color, while the
cakes in which the composition contained a hydroleogel based on refined oil were

significantly lighter.

5. Summary

Food systems have changed markedly over the past decades with advances in food
processing, and current lifestyle changes have: further increased market demand for more
accessible and affordable food. Traditional diets, previously based on minimally or
completely processed products, -have been replaced by products of industrial origin, mostly

highly processed and ready to-eat.



The growth of industrial food production required new technological solutions in the
form of the addition of saturated fats to processed food products. Fats added to food products
allow for better organoleptic sensations (taste and texture), which, unfortunately, further

increases the reluctance of food manufacturers to replace them.

Not only techniological but also social aspects are important in the studied subject. In
the latter area, changes in consumer behavior towards food products and new trends in this
aréa should be taken into account in the analyses. The adverse effects of saturated fats on
health in the form of metabolic disorders, ischemic heart disease, oxidative stress and
inflammation have been proven.

The changing consumer awareness of nutrition has an impact on the search for new
solutions in the food sector, including in the production processes of fat products. The search
for healthy fat substitutes is not a new phenomenon, since the process of hydrogenation was
already developed in the twentieth century, as-one of the main strategies to replace saturated

fats of animal origin,

Initially, this technology seemed to be a good alternative to saturated fats, but the
results of the study clearly confirmed that during this process the bonds of double fatty acids
are isomerized and converted into a trans configuration, and trans fats “are responsible for the
adverse effect on the lipoprotein profile of serurn; The results showed that trans fats not only

raise: LDL cholesterol, but also lower high-density HDL cholesterol.

In scientific conimuiities, new solutions have been sought to eliminate the adverse
effects of hardened fats and fats with a frans configuration. Interest in the use of liquid
vegetable oils has increased, however, their usefulness is limited by their consistency, because
they do not have such properties as solid fats, and this can potentially affect the quality
parameters of fat-based products. Thus, be an-élement negatively affectinig consiimers.

An interesting solution may be oleogelation, which changes the nature. of liquid oils
into a solid consistency without affecting the quality and chemical structure of the oil. The
results of experimental work carried out as part of this doctoral dissertation will contribute to
the expansion of knowledge in the field of oleogelation process and will contribute 1o the

further development of this technology.
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