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Abbreviations 

CA Canola oil 
CL Cod liver oil 
CO Corn oil 
CS Castor oil 
EVO Extra-virgin olive oil 
FA Fatty acid 
FX Flaxseed 
G′ Elastic modulus 
G″ Viscous modulus 
HA Hazelnut oil 
HIU High-intensity ultrasound 
HOSA High oleic safflower oil 
HOSO High oleic sunflower oil 
LMWG Low-molecular-weight gelator 
MG Monoglyceride 
MUFA Monounsaturated fatty acid 
OBC Oil binding capacity 
PE Peanut oil 
RA Rapeseed oil 
SF Sunflower oil 

C. Palla (✉) · M. E. Carrín 
Departamento de Ingeniería Química, Universidad Nacional del Sur (UNS), Bahía Blanca, 
Argentina 

Planta Piloto de Ingeniería Química - PLAPIQUI (UNS-CONICET), Bahía Blanca, Argentina 
e-mail: cpalla@plapiqui.edu.ar; mcarrin@plapiqui.edu.ar 

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2024 
C. Andrea Palla, F. Valoppi (eds.), Advances in Oleogel Development, 
Characterization, and Nutritional Aspects,

115

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-46831-5_5&domain=pdf
mailto:cpalla@plapiqui.edu.ar
mailto:mcarrin@plapiqui.edu.ar
https://doi.org/10.1007/978-3-031-46831-5_5#DOI


116 C. Palla and M. E. Carrín

SMG Saturated monoglyceride 
SY Soybean oil 
TPA Texture profile analysis 
UFA Unsaturated fatty acid 
UMG Unsaturated monoglyceride 
VO Virgin olive oil 
W1 First deformation work 
W2 Second deformation work 

5.1 Introduction 

Monoglycerides (MGs) are important emulsifiers extensively used in the food 
industry due to their great ability to stabilize oil and water phases. The utilization 
of MGs in oil structuring is relatively recent, with the earliest studies emerging 
around 2000 [1, 2]. This line of research has been mainly driven by the necessity of 
having solid and semisolid fats without trans fatty acids and with reduced levels of 
saturated fatty acids, while exhibiting properties comparable to conventional fats 
[3]. MGs fall within the classification of low-molecular-weight gelators (LMWGs), 
which usually self-assemble into crystalline structures that form supramolecular 
systems able to entrap oil. The properties and functionality of LMWG oleogels are 
directly related to their structural building blocks [4]. Numerous studies have 
demonstrated that the MG crystalline structure can provide oleogels with optimal 
levels of hardness, stability, spreadability, plasticity, and elasticity [5, 6]. 

By acquiring a thorough understanding of the factors that impact MG crystalli-
zation and gelation, it becomes possible to strategically manipulate physical process 
parameters. This level of control allows for the engineering of structures with 
tailored functionality to meet the desired requirements for specific applications. 
This chapter provides an overview of the fundamental characteristics of MG 
oleogels. First, the pivotal attributes of MGs that have been studied as gelators are 
presented, followed by a description of the process parameters that influence MG 
oleogel formation. Afterward, an examination of the physicochemical properties of 
these gels is conducted, emphasizing the variables that can be changed to optimize 
these properties. Finally, the challenges and future research directions related to MG 
oleogels are identified.
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5.2 Production of Monoglyceride Oleogels 

5.2.1 Sources and Types of Monoglycerides 

MGs are lipid molecules formed by a glycerol backbone and a fatty acid 
(FA) attached to one of its hydroxyl groups. The esterification position determines 
their classification as either 1-MG or 2-MG, with the former referring to an attach-
ment at an extreme position and the latter at an internal position. In addition, MGs 
are further classified based on the length and saturation level of the carbon chain. The 
presence of two hydroxyl and one acyl groups confers amphiphilic properties upon 
MGs, making them nonionic surfactants with exceptional emulsifying capabilities. 
Therefore, they find widespread application across diverse industries that require the 
stabilization of mixtures comprising oily and aqueous phases [7]. 

MGs offer several advantages when incorporated into food formulations, specif-
ically in oil structuring. First, MGs are considered safe food additives that are already 
approved for use [8, 9]. Second, they are predominantly derived from vegetable oils, 
such as palm, soybean, sunflower, or rapeseed oil. Third, they are usually obtained in 
highly pure form, with purities ranging from 90% to 95% [10]. Lastly, but not less 
importantly, MGs are widely available in the market at a relatively affordable cost 
[11]. In fact, the Global Distilled Monoglyceride market was valued at USD 869.9 
million in 2021–2022 and is expected to grow at a compound annual growth rate of 
4.4% during 2021–2026 [12] and 7.92% for 2023–2030 [13]. 

Table 5.1 presents data on representative commercial MG mixtures used for oil 
structuring purposes. These mixtures are usually characterized by their purity, FA 
composition, and MG isomer identification. Although the specific isomer ratio is not 
usually reported, it is known that commercial MGs predominantly consist of over 
90% saturated 1-MG [14]. Saturated monoglycerides (SMGs) have been the primary 
focus of research as gelators, with only a limited number of contributions in the 
literature regarding unsaturated monoglycerides (UMGs) [3]. In general, oil struc-
turing experiments have involved testing SMG blends comprising approximately 
equal proportions of palmitic (C16:0) and stearic (C18:0) acid (~40–60% each) as 
well as blends with a high stearic acid content (>90%) [3]. It has been reported that 
concentrations between 2% and 5% of these gelators in oil are sufficient to obtain a 
nonflowing soft solid, while concentrations between 5% and 10% are required for 
oleogels with a high level of structuration (oil binding capacity >90%) [3]. On the 
other hand, it has been observed that SMGs with medium-chain FA (≤C10:0) or 
UMGs with high 2-UMG content are ineffective in structuring oils, even when used 
at concentrations of up to 20% SMG [15] or 10% UMG [14], respectively. Table 5.1 
also provides the melting point of the different MGs, which depends on their purity 
degree and FA composition. This information is essential to establish a suitable 
heating temperature for oleogel production. Another factor to consider in oleogel 
production is the source of the MGs, particularly when MGs are derived from 
hydrogenated palm oil and meeting sustainability criteria is a requirement.
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Table 5.1 Composition, purity grade, and melting point of some commercial monoglycerides 
(MGs) tested for oil structuring 

Purity 
grade 

Melting point 
(°C) 

C8-10 MG intermediate Type I C8:0 (81%) 
C10:0 (18.6%) 

89.8% n.s [15] 

Hangzhou 
Kangyuan Food Science and 
Technology 

C12:0 (n.s) >90% 58.35 [16] 

Myverol™ C16:0 (59.8%) 
C18:0 (38.85%) 
C14:0 (1.4%) 

n.s 68.05 [17] 

Natural word C16:0 (45%) 
C18:0 (8%) 
C18:1 trans (21%) 
C18:1 cis (20%) 

n.s 72.1 [18] 

Myverol™ 18-08 NP C18:0 (90.65%) 
C16:0 (6.43%) 
C20:0 (1.53%) 

>90% 72.0 [19] 

Vandermoortele Lipids N.V. C18:1 (77.44%) 
C18:2 (12.01%) 

n.s n.s [20] 

No commercial MGsa C18:2 (66.4%) 
C18:1 (22.2%) 
C18:3 (5.27%) 

87.6% n.s [14] 

Danisco Co. C22:0 (90.0%) 
C18:0 (3.4%) 

>90% n.s [21] 

C8:0 = caprylic acid; C10:0 = capric acid; C12:0 = lauric acid; C14:0 = myristic acid; 
C16:0 = palmitic acid; C18:0 = stearic acid; C18:1 cis = oleic acid; C18:1 trans = elaidic acid; 
C18:2 = linoleic acid; C18:3 = linolenic acid; C20:0 = arachidic acid; C22:0 = behenic acid 
a Obtained from a two-step enzymatic ethanolysis reaction (ethanol:soybean oil weight ratio = 2:1, 
10% Lipozyme 435, 4 h, ambient temperature) 

5.2.2 Factors Affecting Monoglyceride Oleogel Formation 

MG oleogels are physical gels prepared by a simple and direct method, which 
involves dispersing a relatively low amount of MG in oil, followed by heating and 
stirring to allow solubilization, and subsequent cooling to form a complex solid 
network of crystalline particles that entraps the oil [3]. As MGs are cooled in the 
presence of a hydrophobic solvent, they undergo various molecular reorganizations 
that lead to the formation of inverse bilayers. These bilayers then grow and organize 
into lamellar platelet microstructures, which serve as the fundamental building 
blocks of the network [22]. The microplatelets intersect and create junction zones 
that contribute to the formation of the oleogel’s structure as well as its mechanical 
and rheological properties. These microstructures are held together by noncovalent 
interactions, such as van der Waals forces and hydrogen bonds [23]. The oil is



retained in the three-dimensional (3D) crystalline structure because of a complex 
interplay of factors not fully identified, such as surface forces (adsorption) [24–26]. 
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The ultimate structure of the gel is significantly influenced by size, shape, 
clustering, and interaction of the crystals. Therefore, all factors that can affect the 
formation and characteristics of the crystalline network, as well as the interaction 
between MGs and oil, influence the physical properties of MG oleogels. Several 
factors have been identified as having an impact on the properties of MG oleogels, 
among them: MG type and concentration [27, 28], oil type [17, 29], heating 
temperature [30], stirring speed [31], cooling rate/temperature [19], shear rate during 
cooling [22], and storage time and temperature [32, 33]. It has also been reported that 
MG oleogel formation can be modified by the presence of additional components 
[34–36] as well as by using ultrasound technologies [37, 38], which have the 
potential to alter MG crystallization kinetics. For a comprehensive overview of 
how that technology has been applied for this purpose, please see Chap. 11. 

5.3 Physicochemical Properties of Monoglyceride Oleogels 

The following subsections focus on the analysis of SMG oleogels prepared by the 
direct method and cooled under static conditions, where their properties were 
examined after a short aging period (12–72 h after preparation), unless explicitly 
stated otherwise. 

5.3.1 Structural Characteristics 

The nanoscale structure of SMG oleogels can be characterized by the elucidation of 
the polymorphic forms of their crystals, using small- and wide-angle X-ray scatter-
ing techniques. Multiple studies have reported the presence of β and, to a lesser 
extent, sub-α phases [17, 39, 40]. The β form is the most thermodynamically stable, 
while the sub-α form is indicative of an unset gel [40, 41]. According to previous 
studies, the crystalline molecular organization of SMG (mixtures of palmitic and 
stearic acid) in oils (from medium- and long-chain triglycerides) remained 
unchanged when the concentration varied from 5% to 10% or even from 10% to 
70% [17, 37, 42, 43]. In this concentration range, SMG molecules crystallized in the 
triclinic β form and exhibited a lamellar thickness ranging from 46 to 49 Å. How-
ever, when the amount of a monostearin-rich SMG was increased from 10% or 15% 
to 20%, the interplane spacing expanded to 66 Å [44]. These results demonstrate that 
the molecular organization is highly dependent on the MG composition and 
concentration.

https://doi.org/10.1007/978-3-031-46831-5_11
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Fig. 5.1 Images of saturated monoglyceride oleogels showing (a) the macroscopic structure, (b) 
the microstructure as observed by polarized light microscopy (reproduced from [48], with permis-
sion from John Wiley & Sons), (c) crystal platelets embedded in amorphous rapeseed oil (aRO) 
visualized by cryo-scanning electron microscopy (reproduced from [40], with permission from 
Elsevier), and (d) crystal platelets from a chia oleogel sample de-oiled with isobutanol—following 
the procedure described by [49] with slight modifications—visualized by scanning electron micros-
copy (micrograph from our laboratory) 

The image in Fig. 5.1a shows the visual characteristics of an MG oleogel, 
revealing its homogeneous appearance and semi-solid consistency. The crystalline 
morphology of SMG oleogels is characterized by platelets that exhibit a needle-like 
appearance under polarized light microscopy due to the orientation of the platelets 
respect to the glass cover slip and projection of the crystals in the focal plane 
(Fig. 5.1b–d). These crystals tend to aggregate and form clusters. Thus, the resulting 
architecture of the crystal network may exhibit sandwich-like or spherulitic/rosette-
like structures, or irregular patterns, depending on factors such as the type of MG, 
and the presence of impurities, traces of water, or particles [19, 28, 45–47]. Addi-
tionally, the processing conditions play a crucial role in crystal nucleation and size. 
By implementing conditions of either high supercooling or high supersaturation, a 
fast nucleation rate can be achieved that facilitates the formation of numerous 
smaller and uniform crystals, thereby enhancing the spatial distribution of mass.
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5.3.2 Rheological Properties 

Rheological properties analysis in SMG oleogels provided valuable insights into 
their viscoelastic behavior and stability. The elastic and viscous moduli, G′ and G″, 
are usually determined by frequency sweep tests in the linear viscoelastic region. 
Rheological measurements have revealed that SMG oleogels had a solid-like behav-
ior (G′ > G″), with G′ remaining constant throughout the frequency sweep when 
concentrations of 5% SMG or higher were used [2, 31, 44]. This indicated that SMG 
oleogels had a stable gel structure with a predominantly elastic nature. Figure 5.2 
shows the maximum G′ values of SMG oleogels reported in various studies, 
including unpublished data from our laboratory. These values were recorded from 
oscillatory tests conducted at or around 20 °C on oleogels formulated with various 
oils—arranged in decreasing order of unsaturated fatty acid (UFA) content—and 
SMG concentrations within the typical range. With increasing SMG concentration, a

Fig. 5.2 Elastic moduli (G′) values of oleogels from saturated monoglyceride (SMG) (C16:0 and 
C18:0 mixtures) and different oils: castor oil (CS), high oleic sunflower oil (HOSO), hazelnut oil 
(HA), canola oil (CA), high oleic safflower oil (HOSA), rapeseed oil (RA), sunflower oil (SF), 
flaxseed oil (FX), extra-virgin olive oil (EVO), peanut oil (PE), soybean oil (SY), corn oil (CO), cod 
liver oil (CL), and virgin olive oil (VO). The oils were labeled from 1 to 14, with 1 being the oil with 
the highest content of unsaturated fatty acids and 14 being the lowest. The small figures on the right 
side are the projections of G′ in the oil plane (top) and the SMG plane (bottom). (Data from [2, 4, 6, 
15, 17–20, 22, 27–32, 38, 42, 44, 45, 50, 51] and unpublished data from our laboratory)



global trend can be observed in Fig. 5.2, indicating a corresponding increase in G′. 
This rise in gel elasticity can be attributed to the presence of a higher solid mass that 
is distributed more evenly throughout the material, resulting in enhanced crystal-
crystal interactions, as suggested by previous studies [1, 42]. Furthermore, the region 
exhibiting the highest G′ values seems to correspond to oils with higher UFA 
content, suggesting that SMG may have improved structuring capabilities when 
combined with these oils. In particular, it has been reported that long-chain mono-
unsaturated FAs (MUFAs) favored the packing of SMG crystals in a cohesive gel 
[29]. Alternatively, it is possible that the cocrystallization of saturated triglycerides 
from oils could be hindering the formation of the SMG crystalline network. In 
addition to FA composition, other oil-related factors such as polarity and viscosity 
have been demonstrated to exert a significant influence on the ability of SMG to form 
strong networks [17]. While the type of oil does impact the characteristics of the gel, 
it would be conceivable to attain materials with similar values of G′, given appro-
priate adjustments in the SMG concentration and other variables not considered in 
this particular analysis (e.g., cooling temperature, storage time, etc., and disregarding 
disparities in test conditions). This finding instills optimism, as it suggests the 
feasibility of producing oleogels with desirable attributes using oils readily obtain-
able in different geographical regions worldwide.
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The gelation point of SMG oleogels determined by temperature sweep tests was 
found to coincide with the formation of the crystalline network [19]. Furthermore, 
the gel point increased with increasing SMG concentration [2, 28, 47] and was also 
influenced by the composition of SMG [28]. For example, an oleogel made from a 
high-purity monostearin (94%) showed a higher gel point temperature than that of an 
oleogel made from a mixture of monostearin (38%) and monopalmitin (54%) [28]. 

The thixotropic behavior of SMG oleogels has been analyzed to evaluate their 
capacity for recovering their original structure after shear force application. Remark-
ably, when SMG was used in concentrations ranging from 8% to 15%, the gels 
showed a thixotropic recovery of up to 94% [52]. According to authors, this finding 
suggests that the crystalline network within the gels has the capacity to dissociate in 
response to high shear forces and subsequently reassemble and reorganize once the 
shear force is removed. Conversely, recoveries between 49% and 61% were recently 
reported for 6% SMG oleogels dynamically produced on a margarine pilot plant 
[48]. This disparity between results underscores the necessity for conducting pilot 
plant studies under diverse conditions. Specifically, it is crucial to investigate 
gelation under static conditions, which has shown promising outcomes in terms of 
improved recovery properties in laboratory-scale experiments. Such findings will 
have significant implications for industrial applications. 

5.3.3 Textural Properties 

Although textural characteristics in SMG oleogels have been studied to a lesser 
extent, they are of paramount importance. These characteristics are closely linked to



the consistency, stability, and sensory attributes of the final product, which in turn 
have significant implications for food applications and consumer satisfaction. Hard-
ness, to a greater extent, and adhesiveness, cohesiveness, spreadability, and 
fracturability have been the properties generally investigated in SMG oleogels 
[3]. Hardness values of SMG oleogels from various studies, along with unpublished 
data from our laboratory, are presented in Fig. 5.3. These values were obtained 
through texture profile analysis (TPA)—two cycles of penetration—or penetrometer 
tests carried out at sample temperatures between 5 and 20 °C in oleogels formulated 
with different oils, arranged in a descending order based on their UFA content, and 
SMG concentrations within the typical range. Compared to commercial products, 
SMG oleogels were softer than stick margarines (21.5 N and 15.5 N [53]), but had a 
consistency similar to spreadable margarines (1.6 N [31]). Increasing the SMG 
content allowed for gels to exhibit enhanced resistance to deformation, which can 
be ascribed to the greater amount of crystallized material and greater number of 
gelator-gelator interactions. The highest hardness values (�5–5.5 N) have been
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Fig. 5.3 Hardness values for oleogels from saturated monoglyceride (SMG) (C16:0 and C18: 
0 mixtures) and different oils: castor oil (CS), high oleic sunflower oil (HOSO), hazelnut oil (HA), 
canola oil (CA), high oleic safflower oil (HOSA), rapeseed oil (RA), sunflower oil (SF), flaxseed oil 
(FX), extra-virgin olive oil (EVO), peanut oil (PE), soybean oil (SY), corn oil (CO), cod liver oil 
(CL), and virgin olive oil (VO). The oils were labeled from 1 to 14, with 1 being the oil with the 
highest content of unsaturated fatty acids and 14 being the lowest. The small figures on the right side 
are the projections of hardness in the oil plane (top) and the SMG plane (bottom). (Data from [6, 17, 
19, 23, 27, 31, 32, 38, 45, 51, 54] and unpublished data from our laboratory)



reported for 10% SMG in flaxseed, peanut, and extra-virgin olive oils (9–11 in 
Fig. 5.3) with UFA contents ranging from 83% to 89%. On the other hand, it has 
been observed that variations in the cooling temperature during the gelation process 
have a significant impact on hardness of SMG oleogels. Cooling the samples at 30 ° 
C, as opposed to 5 °C, resulted in a substantial increase in hardness of up to 39% 
[19]. The authors found that higher cooling temperatures led to the formation of 
longer crystal aggregates that conferred greater resistance to the first penetration 
cycle in the TPA test, whereas lower cooling temperatures produced gels composed 
of smaller crystals that exhibited enhanced resistance to deformation in the second 
penetration cycle.
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In addition, the adhesiveness of oleogels formulated with hazelnut oil, olive oil, 
and high oleic sunflower oil (HOSO) has shown a positive correlation with SMG 
concentrations, indicating the development of stronger attractive forces between the 
gel and probe surfaces due to increased crystalline material [6, 27]. Conversely, as 
the SMG content increases, the cohesiveness of oleogels tends to decrease [27, 31, 
45]. This behavior can be explained by considering that the cohesiveness parameter 
determines the material’s resistance to a second deformation work (W2) relative to 
the first deformation work (W1). If the increase in W2 is smaller than the increase in 
W1 due to the rise in SMG, the cohesiveness of the oleogel is reduced [31]. 

5.3.4 Thermal Properties 

Melting and crystallization temperatures play a critical role in defining the function-
ality of a fat product. This makes it necessary to determine the thermal events during 
heating and cooling cycles of oleogels using differential scanning calorimetry. 
Heating of oleogel samples—without prior erasing their thermal memory—is 
required to determine intrinsic material properties. Different thermogram patterns 
have been observed during the melting of SMG oleogels, with some exhibiting a 
single endothermic peak [4, 16, 33, 45, 54], while others show multiple endothermic 
events [29, 55, 56]. These variations in thermogram profiles may be due to SMG 
composition and/or differences in temperature-time analysis conditions. On the other 
hand, increases in SMG content have been observed to correlate with significant 
increases in both onset and peak melting temperatures, as well as melting enthalpies 
[4, 38, 56]. It is well-established that higher levels of supersaturation can lead to 
greater amounts, interactions, and organization of crystalline material. The enthalpy 
value reflects the energy needed to induce thermal transformations in the material, 
including crystal melting/formation and polymorphic changes. Therefore, it is pos-
itively affected by the amount and organization level of crystallized material 
[57]. For example, when the SMG concentration in HOSO oleogels was increased 
from 3% to 6%, a twofold increase in melting enthalpy was observed [45]. In 
contrast, variations in the cooling rate during oleogel formation have not shown 
significant effects on the aforementioned variables. For example, the onset, peak, 
and enthalpy of melting of 6% SMG oleogels were observed to change from 57.4 °C,



61.6 °C, and 11.8 J/g to 51.7 °C, 62.8 °C, and 11.5 J/g, respectively, when the 
cooling rate was changed from 0.1 to 10 °C/min. It is interesting to note that some 
commercial products, which are targeted for replacement by oleogels, exhibit melt-
ing points in the range of 30–32 °C (interesterified products similar to butter), 
38–42 °C (pastry and puff pastry margarines), 44–47 °C (refined bovine fats and 
regular shortenings), 40–50 °C (roll-in shortenings), and 44–54 °C (roll-in marga-
rines) [58, 59]. Given the comparatively lower melting points of these materials in 
relation to SMG oleogels, it is mandatory to corroborate the suitability of SMG 
oleogels in the desired application to establish whether they meet the intended 
requirements. 
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On the other hand, the introduction of perturbations during the stage of oleogel 
formation has been proposed as a strategy to modify its final properties. However, 
minor or no differences in melting behavior have been observed when oleogels were 
dynamically formed or when high-intensity ultrasound (HIU) was applied during 
gelation [38, 48, 54]. 

5.3.5 Stability and Shelf Life 

The structural stability of SMG oleogels is directly related to the ability of the 
crystalline network to retain oil. This property, usually referred to as oil binding 
capacity (OBC), quantifies the amount of oil that remains bound within the oleogel 
after it has been subjected to centrifugation or other oil release techniques. Several 
studies have shown that SMG concentration notably affects OBC. For example, 
when SMG concentration was increased from 3–5% to 10%, OBC increased from 
69.3–80.9% to 93.8–99.8% [18, 27, 31, 51]. Therefore, using 10% of SMG in the 
oleogel ensures a network strong enough to hold and retain the whole volume of oil 
[3]. Moreover, OBC has been found to improve in the order monolaurin < 
monostearin < glycerol monobehenate [21]. Notably, the highest OBC values 
were consistently reported when using HOSO compared to more saturated oils 
such as coconut oil or polyunsaturated oils like sunflower oil [29–31]. Oleogel 
formation conditions also affect its final stability. The presence of a homogenous 
structure comprising small crystals, achieved through the use of high cooling rates or 
HIU, has been related to high OBC [19, 27, 31, 38]. In addition, oleogelation under 
static conditions, rather than using shear, resulted in the formation of stronger 
structures with higher OBC [22]. 

When discussing the stability of SMG oleogels, time is one of the most important 
factors. It is known that, after the cooling stage, a stabilization or annealing period of 
typically 12–72 h at temperatures between 4 and 25 °C is required to achieve semi-
stable properties. Nevertheless, it is important to note that the network built by MG 
crystals has been shown to be a dynamic structure [3, 48]. As a result, some 
structural and chemical instabilities may occur in oleogels during prolonged storage 
[6, 32, 41]. SMG oleogels of hazelnut oil stored at 26 °C were shown to undergo a 
gradual rearrangement from sub-α phase toward more stable β-crystal structures over



a period of about 7 days. This transformation involves the segregation of chiral MGs, 
resulting in denser structures and the release of initially trapped oil [39, 41]. In 
general, storage of SMG oleogels at low temperatures can delay changes in physi-
cochemical properties [6, 32, 41]. For instance, no significant variations in the main 
physicochemical parameters were observed in SMG oleogels of HOSO during 
21 days of storage at 5 °C [32]. After 2 months, crystal size, hardness, and elasticity 
were the properties most negatively affected, with variations over 30%. Neverthe-
less, polymorphism and melting behavior were not changed throughout the whole 
storage time, while OBC and fractal dimension slightly decreased. Similarly, hard-
ness and adhesiveness of SMG oleogels from virgin olive oil gradually decreased as 
the storage time increased, with higher incidence at higher temperature (20 °C vs. 4 ° 
C) for a period of up to 90 days [6]. These findings suggest that it is imperative to 
evaluate oleogel properties according to the storage conditions and intended end use. 
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In terms of chemical stability, one of the major concerns when using unsaturated 
oils is their potential oxidative deterioration. However, it has been shown that SMG 
oleogels exhibit slower primary and secondary oxidation processes than the 
corresponding oils [16, 32, 42, 55]. This suggests that SMG structural arrangements 
could act as physical barriers capable of hindering the movement of oxidation 
reagents, thereby extending the useful life of unsaturated oils. 

5.4 Potential Applications of Monoglyceride Oleogels 
in the Food Industry 

SMG oleogels have been extensively studied as a full or partial solid fat replacement 
in a wide range of food products, such as spreadable, bakeries, confectioneries, and 
meat products, in addition to being evaluated for specific technological functional-
ities like oil migration inhibition, emulsion stabilization, and lipid oxidation stability 
enhancement [5]. In addition, they have been investigated as carrier matrices for 
liposoluble bioactive compounds in the development of health-promoting food 
systems. For more detailed information on food applications and uses as delivery 
and protection of bioactive molecules, see Chaps. 26 and 17, respectively. 

5.5 Nutritional Aspects of Monoglyceride Oleogels 

MG oleogels are part of the wide range of lipid materials developed to address the 
elimination of trans FAs and the reduction of saturated FAs in industrially processed 
foods. This implies that a significant aspect of reformulating food products with 
oleogels involves evaluating the improvement in the nutritional profile of these 
products. The degree of improvement depends on the oleogel composition (includ-
ing oil type and type and amount of gelator), fat composition of the replaced



material, and level of substitution (partial or complete). Specifically, when SMG 
oleogels are used, there is a contribution to the saturated FA content due to the 
chemical nature of SMG that must be considered. However, based on the available 
evidence regarding the biological effects of FAs, opting for an SMG mixture rich in 
stearic acid may offer an additional advantage when choosing a gelator. This is 
supported by findings indicating that stearic acid, in contrast to palmitic acid, does 
not elevate total cholesterol and low-density lipoprotein levels [60, 61]. 
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Additionally, SMG oleogels can be designed to provide health benefits beyond 
replacing SFAs with UFAs. Some studies have explored the possibility of incorpo-
rating lipid-soluble bioactive compounds, such as phytosterols, curcumin, 
β-carotene, lupeol, and quercetin, into the oleogel [5, 43]. This allows for the 
development of controlled release systems with potential anticancer, anticholesterol, 
anti-inflammatory, and other beneficial activities. 

5.6 Conclusions 

This chapter provides an overview of MG oleogels, specifically examining the 
factors influencing crystallization and gel formation, along with their key physico-
chemical properties. Given the remarkable advantages offered by MGs as gelators 
and the favorable mechanical properties of oleogels formulated with them, it is 
imperative to devote more attention to improving the weak properties of these 
materials to resemble more closely those of traditional solid fats while improving 
long-term stability. Exploring innovative technologies and incorporating additional 
components capable of modifying the structural characteristics of the crystalline 
network are currently viable strategies to enhance oleogel properties that need to be 
addressed in more depth. In this regard, it would be interesting to advance in the use 
of bioactive compounds, which can provide added health value to fat substitutes. 
Finally, the transition from laboratory to pilot plant experiments is essential to gain 
valuable insight into the technical and economic feasibility of scaling up the MG 
oleogel production process for industrial applications. 
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