
 

Document downloaded from: 

 

This paper must be cited as:  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The final publication is available at 

 

 

Copyright 

 

Additional Information 

 

http://hdl.handle.net/10251/165606

Bascuas-Véntola, SM.; Hernando Hernando, MI.; Moraga Ballesteros, G.; Quiles Chuliá,
MD. (2020). Structure and stability of edible oleogels prepared with different unsaturated oils
and hydrocolloids. International Journal of Food Science & Technology. 55(4):1458-1467.
https://doi.org/10.1111/ijfs.14469

https://doi.org/10.1111/ijfs.14469

Blackwell Publishing



Santiago Bascuas, Isabel Hernando* Gemma Moraga & Amparo Quiles

Departamento de Tecnolog�ıa de Alimentos, Universitat Polit�ecnica de Val�encia, Cam�ı de vera s/n, Valencia 46021, Spain

Summary Edible oleogels, with three oil types (olive, sunflower and flaxseed), hydroxypropylmethylcellulose

(HPMC) and xanthan gum (XG), as structuring agents, were developed using the emulsion-template

approach, and subsequent drying of the emulsions using conventional or vacuum drying. Our results

showed that for both drying methods, well-structured oleogels were obtained using olive and sunflower

oils for the preparation. These oleogels showed oil losses ˂10% after 35 days of storage. However,

unstructured non-homogeneous oleogels were obtained when using flaxseed oil and conventional drying,

while it was not feasible to develop flaxseed oleogel with vacuum drying. Oleogels showed interesting rhe-

ological properties, including a high oleogel strength with an elastic modulus of the order 104–105 Pa,

weak dependence on frequency, and good thermostability. Moreover, high oxidative stability was

obtained for olive oil oleogels, using both conventional and vacuum drying, and for sunflower oleogels

using vacuum drying. Still, the initial oxidation rates of sunflower oleogels using conventional drying

should be improved in future studies.

Keywords Emulsion, hydroxypropylmethylcellulose, microstructure, oxidation, rheology, xanthan gum.

consumers who demand healthier diets without com-
promising quality have made the food industry con-
centrate their efforts on reducing the levels of
saturated- and trans-fats. Thus, research strategies to
replace saturated- and trans-fats have been conducted
in which solid fats used in the industry are replaced
with a variety of lipid sources (Kanjilal et al., 2016),
carbohydrates (Onacik-G€ur et al., 2016) and proteins
(Paglarini et al., 2019). Still, the total or partial
replacement of the solid fat negatively affects the sen-
sory and mechanical properties of the food (Biguzzi
et al., 2014). Therefore, the development of new solid
fat substitutes with low saturated and high unsatu-
rated fatty acids and trans-fat-free is the priority of
many studies.
A promising alternative to replace saturated- and

trans-fats is with the use of oleogels by structuring veg-
etable oils (Wassell et al., 2010). Edible oleogels are
gelled systems where an oil continuous phase is immo-
bilised in a three-dimensional network, with the assis-
tance of an oleogelator or a combination of gelators.
The process of formation for oleogels requires the use
of gelling agents at low concentration, which have the
ability to give structure to oils (˃90%) (Abdolmaleki
et al., 2019) and impart a solid-like material with the
functionality (rheological, texturing, oil binding and

Structure and stability of edible oleogels prepared with different
unsaturated oils and hydrocolloids

Introduction

Food products are regularly formulated with consider-
able amounts of solid fats that have a high content of
saturated- and trans-fatty acids. Solid fats contribute
to multiple functions in foods such as texture, flavour,
firmness and functionality; desirable both for the con-
sumer and the food industry (Co & Marangoni,
2012). However, there is a relationship between the
consumption of solid fats and increased risk of cardio-
vascular disease, type 2 diabetes and ischaemic inci-
dents (Estadella et al., 2013). In 2003, the World
Health Organisation (WHO) and the United Nations
Food and Agriculture Organization (FAO) recom-
mended that saturated fat should not provide more
than 10% of total caloric intake (Nishida et al., 2004).
For this, industries give structure to vegetable (non-
saturated) oils, using methods based in partial hydro-
genation, producing solid fats. Conversely, the Food
and Drug Administration (FDA) announced to
remove the consideration of GRAS (generally recog-
nised as safe) for partially hydrogenated oils (FDA,
2015), as they are the primary dietary source of artifi-
cial trans-fat in processed foods. Current trends of
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formulation, regarding the structural and stability
properties, when HPMC and XG are used as gelling
agents. The effect of vacuum drying is also studied as
an alternative to conventional drying to improve the
oxidative stability of the oleogels.

Materials and methods

Materials

Hydroxypropylmethylcellulose (HPMC; 4000 cP) was
provided by Dow Chemical Company (Midland, MI,
USA) and xanthan gum (XG; Satiaxine CX 931) by
Cargill R & D (Vilvoorde, Belgium). Water (Bezoya,
Segovia, Spain, with a calcium content 6.32 mg L�1),
oils; extra virgin olive oil (O) (Hacendado, Mercadona,
Spain); refined sunflower oil (S) (Consum, Spain); and
virgin flaxseed oil (F) (BIO CESTA, Spain) were pur-
chased in supermarkets. The fatty acids compositions
of oils (%, data provided by the supplier) were as fol-
lows: olive oil SFA: 14, MUFA: 78, PUFA: 8; sun-
flower oil SFA: 13, MUFA: 23, PUFA: 64; and
flaxseed oil SFA: 11, MUFA: 18, PUFA: 71. Degree
of oil unsaturation was measured using ISO 3961:2018
and the iodine values (g I2 per 100 g oil) were
76.29 � 2.01 for olive oil, 120.91 � 6.08 for sunflower
oil and 170.10 � 7.98 for flaxseed oil.

Preparation of emulsions and oleogels

Based on the procedures described by Patel et al.
(2014a) but with modifications we prepared emulsions
and oleogels. HPMC (1 g) was dispersed in 38.4 g
cold water using a stirrer (Heidolph RZR 1, Sch-
wabach, Germany) at 31 g for 30 min, with the result-
ing aqueous solution stored at 8 °C overnight.
Subsequently, 0.6 g of XG was added to the HPMC
solution and stirred (Heidolph RZR 1) for 5 min,
60 g of oil was added and homogenised (Ultraturrax
T18; IKA, Staufen, Germany) at 1230 g for 6 min.
Three types of oil, O, S and F, were used in three
emulsions formulations. The emulsions (EO, ES and
EF) were dried, using two different drying conditions:
conventional drying (C) in an oven (KB115; BIN-
DER, Tuttlingen, Germany) at 80 °C for 10 h
30 min, and vacuum drying (V) using a vacuum dry-
ing oven (Vaciotem-T, J.P. SELECTA, Spain) at
60 °C/�0.85 bar for 14 h. These were the minimum
time points needed to reach constant dry weight at
the indicated conditions. The dried products were
homogenised at 728 g (Ultraturrax T18; IKA) to pro-
duce the oleogels. Five oleogels (OC, OV, SC, SV and
FC) were produced in triplicate. The flaxseed oleogel
could not be obtained when vacuum drying was used
to dry the emulsions in the conditions established in
this study.

stabilising properties, etc.) of solid fats but an 
improved nutritional profile (Stortz et al., 2012).

The hydrocolloid-based oleogelators are promising 
polymers used in food as methylcellulose (MC) (Patel 
et al., 2014a, 2014b) and hydroxypropylmethylcellu-
lose (HPMC) (Patel & Dewettinck, 2015; Meng et al., 
2018a). HPMC is an amphiphilic biopolymer derived 
from cellulose and is a stabilising additive (E464) in 
the food industry. Using HPMC as oleogelator is 
advantageous since it is inexpensive compared to 
more studied low molecular weight organogelators 
(Tavernier et al., 2018; Scholten, 2019) generally 
recognised as safe (GRAS) and has beneficial effects 
on health (Maki et al., 2009). However, there are lim-
ited studies considering the production of oleogels 
using HPMC, because of their hydrophilic nature. 
Hydrocolloids are unable to structure liquid oil 
because of their limited dispersibility in oil. There-
fore, to disperse HPMC in oil, to achieve the 
required network formation for gelation, an indirect 
method is necessary, like the emulsion-template 
approach, which was first reported by Romoscanu &
Mezzenga (2006). They used b-lactoglobulin proteins 
as the stabiliser for water continuous emulsions,
which were then used as templates to achieve protein-
in-oil gels using freeze-drying. Indirect physical 
gelation, using the emulsion-template method, is a 
multistep process; first hydrate the hydrocolloid, then 
prepare an oil-in-water emulsion (containing the 
hydrocolloid) followed by removal of the water, to 
obtain dried products driving the network formation. 
This results in the physical trapping of oil droplets in 
the polysaccharide matrix network (Patel et al., 
2014a). The dried product must be homogenised to 
obtain the oleogel. The addition of other hydrocol-
loids, like thickening agents, such as xanthan gum 
(XG), could increase the stability of HPMC oleogels 
by enhancing the bulk phase viscosity of the aqueous 
continuous phase and prevent oil droplet coalescence 
(Meng et al., 2018a).

Oil type is a crucial factor when producing oleogels 
with high stability, rheological, textural and thermal 
properties like solid fats (Pehlivano�glu et al., 2017). 
The oleogel should be made with nutritious vegetable 
oils rich in mono and polyunsaturated fatty acids, 
and with zero trans-fatty acids (Co & Marangoni, 
2012). Although some vegetable oils have been used 
to prepare HPMC oleogels, sunflower (Patel et al., 
2014a), soybean (Meng et al., 2018a) and rapeseed 
(Oh et al., 2019), no studies have been found com-
paring the effect of different types of oils (with differ-
ent saturated/unsaturated fatty acid composition) on 
the structure and stability of oleogels with water-sol-
uble polymers.

The aim of this study is to compare and analyse the
impact of unsaturated oil type used in oleogel
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Microstructure of emulsions and oleogels

Analysis was conducted with a Cryo-scanning electron
microscopy (Cryo-SEM). The samples were frozen by
immersion in slush nitrogen and transferred to a cryo-
genic unit (CT 15000 C; Oxford Instrument, Oxford,
UK) connected to a scanning electron microscope
JEOLJSM 5410 (JEOL, Tokyo, Japan). After fractur-
ing, etching and being coated with gold, the samples
were observed at 15 kV at a working distance of
15 mm. The droplet size of the emulsions and oleogels
was determined using the software Image J (National
Institutes of Health, Bethesda, MD, USA).

Oil loss of oleogels

Determination was made by the percentage of oil
migration over 35 days at 20 °C, using the method by
Doan et al. (2016) with modifications. The weight of
released oil was measured at time intervals 1, 2, 5, 7,
14, 21, 28 and 35 days. For this purpose, a funnel with
a filter paper was positioned above an Erlenmeyer
flask where the liquid oil from the oleogels dripped
into. The weight of the funnel, the filter paper and the
Erlenmeyer flask were measured (M1). Then, 10 g of
oleogel was weighed (M3) and set into the funnel.
Samples were removed at each time interval with a
flat, small spatula. The weight of the funnel, the filter
paper and the flask with the liquid oil released was
measured again (M2). The results were expressed as g
oil loss per 100 g oleogel, calculated using eqn 1 and
were measured in triplicate for each sample.

Oil loss ¼ M2�M1

M3
� 100%: ð1Þ

were conducted. For oleogels samples, amplitude sweeps
(frequency = 1 Hz, stress = 1–1000 Pa), frequency sweeps
(stress = 100 Pa, frequency = 0.1–10 Hz) and tempera-
ture sweeps (frequency = 1 Hz, stress = 100 Pa, temper-
ature = 5–120 °C) were conducted.

Oxidative stability of oleogels

Peroxide values (PV) and specific absorption in the vis-
ible ultraviolet (k232 and k270) were used to study the
oxidative stability of the oleogels during storage. The
PV was analysed according to Cho & Lee (2015) and
k232 and k270 were determined according to ISO 3656:
2011. All the samples were stored at 20 °C for 35 days
and were evaluated every 7 days.

Statistical analysis

The results were statistically analysed using the analy-
sis of variance (ANOVA) with the least significant differ-
ences (LSD) calculated at a level of significance
P < 0.05; the statistical program Statgraphics Centu-
rion XVI.II (StatPoint Technologies, Inc., Warrenton,
VA, USA) was used.

Results and discussion

Microstructure of emulsions and oleogels

In the emulsions made with O and S (olive and sun-
flower oil, respectively) (Fig. 1a, b), the oil droplets
with different sizes (ranging from 1 to 9 µm diameter)
were distributed and trapped in a polymeric network
with strong hydrocolloid-hydrocolloid interactions,
probably stabilised by the addition of XG (xanthan
gum), which increased the viscosity of the continuous
phase and protected the oil droplets from coalescence
(Patel et al., 2014a; Meng et al., 2018b). The interac-
tion of XG with HPMC could also be increasing the
thickness of the droplet surface layer (Meng et al.,
2018b). In the F emulsion (flaxseed oil) (Fig. 1c), the
hydrocolloid network had limited visibility with
greater connections between the oil droplets, not prop-
erly separated by the hydrocolloid network.
The oleogels produced by convection drying of O

(Fig. 1d) and S (Fig. 1e) emulsions were observed as
well-structured with individual oil droplets separated
by the hydrocolloid network. However, the flaxseed
oleogel (Fig. 1f) presented oil droplets of greater size
(up to 52 µm diameter) and irregular form and define
edges between oil droplets were lost in some areas.
This indicates that during the conventional drying pro-
cess, coalescence occurred between the flaxseed oil dro-
plets. The polymeric network generated in flaxseed
emulsions is evidently weaker, as the network has poor
visibility in the emulsion; therefore, it is believed resists

Oil viscosity and polarity

Viscosity was determined using a viscometer (Haake
ViscoTester VT6R Plus; Thermo Scientific, Walthan,
MA, USA) equipped with spindle 1, at 60 r.p.m., at
25 °C. The total polar components percentage (%
TPC) was evaluated, using a Testo� 270 (Testo Inc., 
Sparta, NJ, USA) at 45 °C, as this equipment is 
designed to operate over the range 40–200 °C.

Rheological measurements of emulsions and oleogels

Using a rotational rheometer (Kinexus Pro+, Malvern 
Panalytical, Malvern, UK), equipped with a Peltier plate
cartridge a series of tests were performed at 20 °C with a
parallel plate geometry (ɸ = 40 mm) and the geometry 
gap set at 1500 µm. For emulsion samples, amplitude 
sweeps (frequency = 1 Hz, stress = 1–500 Pa), fre-
quency sweeps (stress = 10 Pa, frequency = 0.1–10 Hz) 
and flow measurements (shear rate 1 s�1 to 100 s�1)
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interactions between polymer and oil are enhanced.
Therefore, the nature of the oil and the gelling agent
affects the formation process of physical polymer oleo-
gels (Sawalha et al., 2012).

Oil loss of oleogels

Fresh made oleogels had no oil loss; the greatest loss
occurred during the first 24 h of storage (Table 1).
This could be because of semi-crystallisation of the
polymer network as suggested by Meng et al. (2018a,
2018b). These authors prepared oleogels with different
types of HPMC and different gums as arabic, guar or
xanthan gum and obtained similar results for oil loss
values.
For the oleogels made with olive oil (OC and OV)

and sunflower oil (SC and SV), significant losses of oil

Figure 1 Cryo-scanning electron microscopy (Cryo-SEM) of emulsions (a–c), oleogels produced by conventional drying (d–f) and oleogels

developed by vacuum drying (g, h). Images were taken at 35009. Pictures of oleogels are provided to present the concept more clearly.

the drying process to a lesser extent, resulting in less
homogeneous and unstructured oleogel (Fig. 1f). Oils
with a low degree of unsaturation, such as olive and
sunflower, form emulsions with strong polymeric net-
works stabilised by interactions between the structur-
ing agents. This network resists the drying process
resulting in oleogels with greater structural stability.

Vacuum drying produced oleogels from olive
(Fig. 1g) and sunflower (Fig. 1h) oils, but not flaxseed.
We believe that the expansion of the water vapour dur-
ing vacuum drying led to a greater damage in the labile
flaxseed network structure, where interactions between
the polymer and the flaxseed oil occur, decreasing the
interaction points between the hydrocolloids.

If the olive and sunflower oleogels obtained by both
methods are compared, they all show a high degree of
structuring. Thus, gel strength decreases when the
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as gelling agent. We believe, because of its polarity,
the linolenic fatty acids of flaxseed oil could interact
with the HPMC-XG network, increasing the hydrocol-
loid-oil interactions, consequently forming a weak
non-homogeneous structure of flaxseed oleogel
(Fig. 1).

Rheological measurements of emulsions and oleogels

The dynamic viscoelastic properties of all the emulsions,
the elastic modulus (G0), viscous modulus (G″) and
phase angle (d) are shown in Fig. 2a. The limit of the
linear viscoelastic region (LVR) in all the emulsions was
�100 Pa (data not shown). In emulsions, G0 values pre-
dominated G″, showing greater elastic behaviour. A low
G0 and G″ dependence on the frequency sweep and a
phase angle of d = 12°–15° suggested a system with a
strong structure in all emulsions (Torres et al., 2007).
Flaxseed emulsion (EF) presented a significantly higher
G0 value at 1 Hz (G0 = 1.41 9 103 � 8.49 9 101 Pa)
than EO (G0 = 1.15 9 103 � 2.1 9 102 Pa) and ES
(G0 = 1.06 9 103 � 9.54 9 101 Pa, without significant
differences between EO and ES. All the emulsions
showed a strong shear thinning behaviour (Fig. 2b),
with the apparent viscosity decreasing when the shear
rate increased. The flaxseed emulsion presented a break-
down of the emulsion structure for the dynamic forces
generated during shear, producing a marked decrease in
the apparent viscosity. These results are in concordance
with the microstructure of emulsions, where the oil dro-
plets of the flaxseed emulsion were observed homoge-
neously distributed and packed, but the network was
not as visible, as in the other emulsions. This resulted in
a weak structure when a shear rate was applied.
The oleogels had stronger mechanical strength,

showing higher G’ values than in emulsions (Fig. 2c)
and G0 ≫ G″ over the 0.1–10 Hz of frequency sweep

Table 1 Oil loss (g oil loss per 100 g oleogel) during storage at 20 °C

Storage (day)

Conventional oven drying Vacuum oven drying

OC SC FC OV SV

1 9.14aA (0.50) 9.68aA (0.13) 11.49aB (0.08) 9.36aA (0.17) 9.80aA (0.20)

2 9.56abA (0.47) 10.06bA (0.10) 11.88bB (0.04) 10.15bA (0.12) 10.06bcA (0.17)

5 9.79bcA (0.43) 10.12bA (0.18) 12.47cB (0.23) 10.35bcA (0.02) 10.16bcA (0.17)

7 9.89bcA (0.44) 10.19bA (0.19) 13.00dB (0.06) 10.45cA (0.02) 10.26cA (0.19)

14 9.92cA (0.47) 10.22bA (0.16) 13.33eB (0.01) 10.50cA (0.07) 10.32cA (0.19)

21 9.96cA (0.49) 10.26bA (0.15) 13.92fB (0.05) 10.50cA (0.07) 10.35cA (0.19)

28 9.96cA (0.49) 10.26bA (0.15) 14.23fB (0.02) 10.55cA (0.02) 10.35cA (0.19)

35 10.02cA (0.40) 10.26bA (0.15) 14.31fB (0.11) 10.55cA (0.02) 10.35cA (0.19)

Conventional (C) and vacuum (V) dried oleogels, prepared with extra virgin olive oil (OC and OV), sunflower oil (SC and SV) and flaxseed oil (FC).

Values with different lowercase letters (a, b. . . z) within the same column are significantly different (P < 0.05) according to the LSD multiple range test.

Values with different capital letters (A, B. . . Z) within the same row and the same drying treatment are significantly different (P < 0.05) according to

the LSD multiple range test.

were detected up to day 2 of storage, after values
remained stable. Oleogel FC showed significant losses
of oil up to day 21 of storage with stabilised values
afterwards. No significant differences were found
between oleogels made with the same type of oil
depending on the drying treatment.

When oleogels, prepared with different oil but
with the same drying treatment, are compared, no
significant differences over total storage time are
observed between those made with olive and sun-
flower oils. Concerning conventional drying, flaxseed
oleogels (FC) presented significantly higher oil loss
values over total storage time. This would be related
to the structure of the oleogels shown in Fig. 1,
since the freshly prepared olive and sunflower oleo-
gels presented a better structure than those prepared
with flaxseed.

Oil viscosity and polarity

The apparent viscosity of the olive, sunflower and flax-
seed oil used in this work were 95.67 � 2.08 85, 
76.33 � 1.53 and 68.67 � 3.51 mPa s, and their total 
polar components (%TPC) were 3%, 8% and 19%,
respectively. Viscosity of the oils are inversely corre-
lated with polarity (Kumar et al., 2013) and could be
affecting the network formation and structure by mod-
ulating the network formation (Valoppi et al., 2017).
Different correlations have been observed between the
oil polarity and strength of the gel, depending on the
gelling agent used. De Vries et al. (2017) reported that
the gel strength of the network, formed by proteins
aggregates, was affected by the polarity of the oil,
resulting in weaker oleogels when using a more polar
oil. However, Gravelle et al. (2012) attributed the
increase in mechanical strength of the oleogel to an
increase in the polarity of the oils using ethylcellulose

5



oleogels was �300 Pa (data not shown). All oleogels
showed a weak dependence of G’ on the frequency
with a low phase angle d � 5° indicating strong gel
strength. Regarding the oil type and drying conditions,

Figure 2 Frequency sweep (a) and flow measurement (b) for emulsions made with olive (EO), sunflower (ES) and flaxseed oil (EF). Frequency

sweep (c) and temperature sweep (d) for oleogels developed with conventional (C) and vacuum (V) drying made with olive (OC and OV), sun-

flower (SC and SV) and flaxseed oil (FC).

Table 2 Peroxide value (meq kg�1) during storage at 20 °C

Storage (day)

Conventional oven drying Vacuum oven drying

OC SC FC OV SV

0 6.13aA* (0.16) 16.22aB* (0.68) 16.56aB (0.48) 4.81aB (0.12) 3.07aA (0.15)

7 6.35aA* (0.08) 18.27bB* (0.42) 19.33bC (0.59) 4.95abB (0.07) 3.60aA (0.33)

14 7.31bcA (1.09) 21.68cB* (0.62) 22.75cC (0.26) 6.21bcA (0.57) 5.28bA (0.52)

21 8.10cA (0.27) 30.60dB* (0.96) 33.11dC (0.39) 7.57cA (1.40) 6.20bA (1.16)

28 10.64dA (0.89) 34.71eB* (0.94) 35.14eB (1.21) 10.99dA (0.89) 10.71cA (0.82)

35 12.27eA (0.75) 44.22fB* (1.27) 46.34fC (0.51) 13.09eA (0.72) 18.38dB (0.91)

Conventional (C) and vacuum (V) dried oleogels, prepared with extra virgin olive oil (OC and OV), sunflower oil (SC and SV) and flaxseed oil (FC).

Values with different lowercase letters (a, b. . . z) within the same columns are significantly different (P < 0.05) according to the LSD multiple range

test. Values with different capital letters (A, B. . . Z) within the same row and the same drying treatment are significantly different (P < 0.05) according

to the LSD multiple range test. *Means that there are differences (P < 0.05) between samples with the same oil type and different treatments.

applied, indicating a marked solid-like behaviour. The 
network formation, after the water removal, is respon-
sible of the different rheological behaviour. The limit 
of the linear viscoelastic region (LVR) in all the

Oleogels with unsaturated oils and HPMC S. Bascuas et al.6
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FC presented a significantly higher G0 value at 1 Hz 
than OC (G0 = 8.86 9 104 � 4.6 9 103 Pa), SC 
(G0 = 7.83 9 104 � 4.95 9 103 Pa), OV (G0 = 9.78 9 
104 � 9.89 9 103 Pa) and SV (G0 = 6.88 9 104 � 
2.4 9 103 Pa) with no significant differences between 
OC, SC, OV and SV. Previously stated, during con-
ventional drying, flaxseed oleogel presented a weak 
network structure (Fig. 1f) and a high oil loss 
(Table 1). The loss of the flaxseed oil during the rheo-
logical measurement could be the reason of a more 
compact network oleogel with higher G’ value. Oleo-
gels presented similar values to others prepared with 
5–15% beeswax, propolis wax, a mixture of both 
(Fayaz et al., 2017), with a combination of 5% ethyl-
cellulose (EC) and 5% surfactant (Gallego et al., 
2013).

The elastic modulus (G0) remained constant through-
out the temperature sweep applied to the oleogels, up 
to temperatures of 120 °C (Fig. 2d). The absence of a 
cross-over point (G0 = G″) indicates that all the oleo-
gels did not show a gel-sol transformation. Though the 
hydrogel systems produced by HPMC and oleogels 
based on EC and waxes are thermo-reversible (Chang 
& Zhang, 2011; Davidovich-Pinhas et al., 2015; Mar-
tins et al., 2017), the oleogels made with HPMC and 
XG did not have the same behaviour showing thermo-
stable behaviour. Abdolmaleki et al. (2019) compared 
the formulation of oleogels based on sodium caseinate, 
xanthan gum, guar gum and drying method (freeze and 
oven drier) with an industrial shortening. For the 
industrial shortening, the oil binding capacity (OBC) 
and the storage modulus (Pa) were 99.5%, and 
276 545 Pa (�105), respectively. Our oleogels showed 
an OBC and storage modulus of the order of 90% and 
104–105 Pa, respectively.

Oxidative stability of oleogels

The peroxide value (PV) of fresh oils is 
<10 meq kg-1 (Codex Alimentarius, 2005). The 
acceptance limit in vegetable oils ranges between 15 
and 20 meq kg�1; actually rancidity can be percepti-
ble at low PV. The PV of the olive (O), sunflower
(S) and flaxseed oils (F) were 4.82 � 0.14, 
1.88 � 0.12 and 5.08 � 0.16 meq kg�1, respectively.

Freshly made oleogels prepared by vacuum drying 
(OV and SV) had lower PV values than those pre-
pared by conventional drying, with OV values like 
their correspondent oil. However, fresh OC, SC and 
FC presented higher PV values than those of their 
oils (Table 2). All the oleogels had PV values below 
the limit of acceptance (˂20 meq kg�1) after 35 days 
of storage, except conventionally dried flaxseed and 
sunflower oleogels (FC and SC). The oleogels pre-
pared with olive oil, regardless of the treatment, 
showed significant increases in the PV values from
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conventional or vacuum drying (OC or OV). Regard-
ing k270 values, they were also lower for OV, however,
when using conventional drying, FC had significantly
lower k270 values.

Conclusions

Olive oil and sunflower oil oleogels using HPMC and
XG as structuring agents were successfully produced
using conventional and vacuum drying techniques.
However, flaxseed oil oleogels, using vacuum drying,
could not be produced as part of this study. Oleogels
developed with flaxseed oil and conventional drying
had a poorly organised structure with coalesced fat
globules, resulting in oil loss during storage. The olive
oil oleogel produced by conventional drying and the
olive oil and sunflower oil oleogels produced by vac-
uum drying had primary and secondary oxidative sta-
bility values within the accepted limits. The evaluation
of antioxidant incorporation in the oleogels to min-
imise the deleterious effect of conventional drying tem-
perature on sunflower oil quality, and the formulation
of oleogels with oils with a high content in monoun-
saturated fatty acids would be interesting for future
studies. This investigation provides a way to produce
oleogels with potential applications in foods like bak-
ery, meat and cream products.
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