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Abstract: Applications of organogelated emulsions in the food industry depend on their 

physicochemical features. The characteristics of organogelated emulsions bring together behaviors 

typical of an emulsion but also of an organogel. The development of these hybrids involves the use of 

stabilizing molecules such as surfactants and structuring agents. The physicochemical characteristics of 

organogelated emulsions depend on the interrelationship of different molecules that make them up. The 

differences in the nature of molecules, as well as methods of production and storage conditions, cause 

changes in the intermolecular interactions. The difference that exists between interactions of one set of 

components and another results in emulsified systems with unique characteristics. However, depending 

on the properties of each system, they will have different metastability. Structured emulsions have 

shown improved stability compared to some traditional emulsions. However, the mechanisms by which 

one system can maintain a metastable state longer than another have not been reported in much research. 

In recent years the food industry has shown interest in extending the metastability time of different 

emulsified systems. This article aims to review the latest advances in the characterization of 

organogelated emulsions and the relationship between microstructural and rheological properties and 

inter-component interactions in organogel W/O emulsions.  
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1. Introduction 

The immediate needs of the world include the improvement of the nutritional properties 

of foods and the reduction of components that could be related to health problems. More and 

more countries are including legislative limits on the food industry to reduce the presence of 

trans fats and saturated fats in their products [1]. However, the task of reworking these food 

products to include an improvement in the nutritional profile in an appropriate way has not 

been an easy task. It is from these changes that it has become common to find organogels and 
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emulsions as part of the formulation of food products and the development of some controlled 

release vehicles. While good results have been found in the partial substitution of solid fat to 

provide a desirable organogel-based texture and structure in some foods [2], there are still some 

limitations in mouthfeel and hydrophilic compatibility. Foods that have been successfully 

shown to improve health status and well-being and/or reduce disease risk have been termed 

functional foods. Functional foods are a growing market and a driving factor in the 

development of new products. The use of emulsified systems appears to be promising in the 

development of functional foods. In recent years, new mechanisms for developing emulsions 

have been developed, involving a gelation process that allows the formation of a complex 

microstructure [3]. Micro-structuring emulsions can be used in the food industry for fat 

reduction, probiotic release, and flavor release control [4, 5]. Some research groups have 

suggested that structuring one of the phases in emulsions can lead to increased physical stability 

[6-8]. Structuring in emulsions can provide several advantages over organogels and emulsions, 

with fewer limitations. Different works [9, 10] mention how some factors, such as formulation 

(e.g., appropriate proportions of vegetable oil, gelling agent, and surfactant), are responsible 

for the microstructural and rheological features of organogelated emulsions, as they are 

responsible not only for structuring the continuous phase but can also alter the morphology of 

the droplets. However, even though it has been mentioned a lesser or greater interaction 

between components of structured emulsions, few reports are describing the types of 

interactions and how other variables modify them during their production. In addition, it has 

been mentioned that some changes in the intermolecular interactions have an impact on the 

physicochemical, thermodynamic and microstructural properties of these systems [11]. There 

are currently many articles focused on organogels and emulsions, from their characterization, 

different classifications, methods of obtaining them, and formulation variants and new 

applications in the pharmaceutical and food industries. In addition, there are not only a large 

number of original articles but also review articles that have been addressed by different groups 

of specialists in the field in the world. Metastability in organogelated emulsions is the main 

focus of interest [12-14]. Metastability can be defined as a state of apparent kinetic equilibrium 

where systems exhibit such small and slow changes that they are not perceived as unstable 

systems. However, although it is becoming common to find articles on systems known as 

"organogelated emulsions" or "emulsified organogels", they appear in fewer original data 

reports, and even fewer review publications can be found. Not to mention the scarce 

information on the behavior of intermolecular interactions in these organogel emulsions. 

Intermolecular interactions are defined as forces acting on different molecules or ions, causing 

them to attract or repel each other. These forces are relevant since they determine the physical 

properties in emulsified systems, they are responsible for the state of aggregation, melting and 

boiling point, surface tension, density, etc. The advantages presented by these hybrid systems 

(organogelated emulsions) as well as their reduced disadvantages have led to an increased 

interest in them by the industry. However, many of the molecular level aspects that provide 

these favorable metastable qualities to these systems are still unknown. Therefore, this review 

article aims to provide updated information on the main microstructural and rheological 

features of organogelated emulsions and how they relate to the intermolecular interactions 

present and point out their recent applications in the food industry. 
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2. Organogels, emulsions and organogelated emulsions 

2.1. Organogels. 

Prior to the description of more complex systems, it is important to identify the systems 

from which we start (organogels and emulsions) and the generalities of each one. The 

presentation of organogels and emulsions individually will allow knowing the advantages and 

limitations of each system and the main characteristics that have allowed their wide use in the 

food industry. The use of organogels has become more interesting in the industrial sector since 

different scientific publications reported the association of saturated and trans fats with the 

appearance of cardiovascular diseases [15, 16], and health organizations such as the World 

Health Organization (WHO), Food and Drug Administration (FDA), and European Food 

Safety Authority (EFSA) recommended reducing their intake [17-20]. For many years, 

hydrogenation allowed the development of many products in the food industry based on 

vegetable oil. Hydrogenation basically consists of the saturation of carbon-carbon double 

bonds, converting cis geometric isomers into more stable trans isomers, and creating new 

positional isomers, where the double bonds are shifted to new positions along the fatty acid 

chain. This process allowed increasing the melting point of the fatty matrix obtaining partially 

crystallized systems at higher temperatures. 

Organogels have an important application in the food industry as an alternative to the 

substitution of saturated and trans fats. Oleogelation is a technique that has been able to satisfy 

the need to effectively substitute the role of semisolid fats in texture and flavor properties in 

foods [21], as well as to maintain the nutritional profile of liquid vegetable oils [22, 23]. 

Organogels are obtained by dissolving the gelling agent in the organic solvent at high 

temperatures and then cooling the solution below the temperature of the solubility limit of the 

gelling agent, which allows the self-assembly of the gelling agent by various intermolecular 

forces such as hydrogen bridges and Van der Waals interactions [24], forming a three-

dimensional network that traps and immobilizes the liquid oil, resulting in a soft gel-like 

material with elastic characteristics (Figure 1A); its mechanical properties are dynamic where 

a pseudoplastic flow material is the most common to be found [25, 26]. The applications of 

organogels in the food industry, as well as their characterization and components, have been 

well explained by different working groups [27-29]. 

Currently, much of the scientific research on organogels are focused on identifying the 

best gelator that is food grade or even accepted for pharmacological applications and provides 

the best physical characteristics and finding the best oil to structure [21, 30]. Organogels can 

be obtained from a wide range of organic gelators [2, 31]. Some studies have shown that a 

combination of gelators can be more effective in structuring the oil [32, 33], however, a 

reduction in oil binding capacity due to interference from the same structurants has also been 

reported [34]. Organogels have been used not only to replace saturated and trans fats in foods 

[35], but also in the area of functional foods and nutraceuticals as controlled release systems 

for bioactive compounds of lipophilic nature [36]. It has been possible to increase the 

bioavailability of lipid-soluble molecules using organogels [24, 37]. The bioavailability of 

bioactive compounds depends on the micellization and solubilization of hydrophobic 

molecules [24]; in general terms, on the matrix of lipid components. However, one of the main 

challenges for organogels as carriers of compounds remains the sensitive response to the 

inclusion of water-soluble bioactive compounds, and their biocompatibility limitations with the 

physiological environment due to the high content of fatty matter, unlike hydrogels where they 
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have a docile structure and greater biocompatibility. In addition, few organic liquids and gels 

are acceptable for drug and bioactive delivery by the different regulatory organizations [26]. 

This leads to the use of other systems with hydrophilic properties such as hydrogels or 

emulsions for many applications. 

 
Figure 1. Appearance of semi-continuous systems: (A) Organogel; (B) Conventional emulsion; (C) W/O 

organogelated emulsion. 

2.2. Emulsions. 

Another alternative is the partial replacement of fat in foods is the incorporation of 

water using emulsions. In this way, it is possible to reduce the caloric content of some products, 

give amphiphilic characteristics and, in addition, provide a new consistency due to these soft 

materials. Emulsions can be defined as a mixture of two immiscible liquids dispersed as 

droplets in another that form the continuous phase, forming an interfacial layer between the 

two phases that can be occupied by surfactant molecules [38]. These surfactant molecules 

reduce the surface tension, which allows a better dispersion of the droplets. Emulsions can be 

of the oil-in-water (O/W) or water-in-oil (W/O) type, where the first-mentioned phase is the 

one in dispersed form (Figure 1B) [39]. In addition, there are other types of emulsions where 

the dispersed phase is itself another emulsion; such systems are known as multiple emulsions 

and can be oil-water-oil (O/W/O) or water-oil-water (W/O/W) [40, 41]. Emulsions containing 

two phases so opposite to each other are highly unstable. The instability of emulsions is due to 

the fact that the two phases that make up the emulsion (oil-water) have lower free energy than 

the emulsion itself, which is mainly due to the hydrophobic effect (i.e., the tendency to reduce 

the unfavorable contact area between oil and water) [42]. Therefore, during a sufficiently long 

storage time, emulsions tend to undergo physical changes leading to their eventual phase 

separation by mechanisms such as gravitational separation, flocculation, coalescence, and 

Ostwald ripening (Figure 2) [43]. 

 

Figure 2. Instability phenomena in emulsified systems. 

https://doi.org/10.33263/BRIAC122.16011627
https://biointerfaceresearch.com/


https://doi.org/10.33263/BRIAC122.16011627  

 https://biointerfaceresearch.com/ 1605 

Flocculation is the aggregation of droplets without coalescence [44], because the kinetic 

energy released by collisions drives the droplets to where the attractive forces operate, causing 

the droplets to stick together. The process is controlled by an equilibrium between van der 

Waals attractive forces and steric repulsive forces. Therefore, the forces holding the droplets 

together in this mechanism are weak and it is a reversible process [43]. Creaming is the 

formation of a cream layer at the top or a sediment layer at the bottom. This phenomenon is 

mainly due to the density difference between the phases [45]. It is a reversible process. 

Coalescence is the impact between droplets forming new larger droplets; this phenomenon is 

mainly due to the forces of attraction and repulsion between droplets. This instability is related 

to the stiffness and thickness of the surfactant layer and is an irreversible process [44]. Ostwald 

ripening (droplet coarsening): Due to molecular diffusion of the dispersed phase components 

through the continuous phase, it occurs from the small droplets to the large droplets until the 

small droplets disappear. The speed of this process is a function of the solubility of the 

dispersed phase in the continuous phase, increasing with temperature. It is due to the fact that 

the osmotic pressure inside the small droplets is higher than in the large droplets [43].  

The DLVO (Derjaguin, Landau, Verwey & Overbeek) theory can be used to describe 

the interactions between droplets qualitatively, assuming that the stability of emulsions is due 

to long-range interactions occurring between droplets [46]. This theory considers van der 

Waals forces (VA) and electrostatic forces (VR). These forces are a function of the distance 

(d) between the droplets. Depending on the relative strengths of the attractive and repulsive 

potentials (Figure 3), VA can dominate VR when d is very large or very small (between the 

two minima). Whereas, at intermediate separations, the repulsions that occur exceed the 

attractive terms or potentials and create an energy barrier [47]. Generally, the first minimum is 

so deep that once the droplets exceed it, the aggregation between them becomes irreversible. 

In an emulsion, if the average distance between the droplets is greater than the distance 

corresponding to the second minimum, the system increases in energy by adding the droplets 

and therefore, the droplets flocculate. Now suppose the layer formed by the surfactants around 

the droplets becomes unstable. In that case, coalescence occurs, and this is the final stage in 

the life of a droplet within an emulsion [46, 47]. 

 
Figure 3. Diagram of potential interactions between molecules as a function of distance. 

Although it has been achieved with the latest technological advances to delay phase 

separation in emulsions with modifications in droplet sizes (nanoemulsions 20-500 nm and 

microemulsions <100 nm) (Figure 4A) [41, 48], considerably reducing the surface tension [49] 

and even using solid particles (Pickering emulsions) that function as a physical barrier that 

prevents contact between the liquid of the droplets (Figure 4B) [50]; emulsions still retain some 
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typical characteristics such as particle displacement in their continuous phase (high molecular 

mobility) and a lower degree of molecular organization than organogels (Figure 4B) [50]; 

emulsions still retain some typical characteristics of dispersions such as particle displacement 

in their continuous phase (high molecular mobility) and a lower degree of molecular 

organization than organogels; this added to the reduction of momentary interfacial energies, 

over time causes emulsions mostly to be thermodynamically unstable [13]. The lack of stability 

is still a key challenge for their use as controlled delivery vehicles for nutrients and flavorings 

[51, 52]. In the food industry, the most important challenges are that traditional emulsions have 

limited use in mimicking the sensory and textural properties that solid fat can provide. This 

impacts the final products where aspects such as color, viscosity, hardness, elasticity, flavor, 

mouthfeel (e.g., melting, creaminess, lubricity, among others) become more relevant [53-55]. 

 
Figure 4. Types of emulsions: (A) Nanoemulsions; (B) Pickering emulsions; (C) Organogelated emulsions. 

2.3.Organogelated emulsions. 

It has become more common in the literature articles related to emulsified gels or gel 

emulsions [11]. Gel emulsions can be divided depending on the state of the droplets into gels 

filled with emulsified droplets and gels aggregated by emulsified droplets. In the former, the 

continuous phase forms a gel-like matrix that functions as a support for the dispersed phase. In 

the second type, the droplets flocculate in an ordered manner maintaining a network structure. 

However, as already reported by Lin et al., [56], most of these systems present a combination 

of both structures. The inclusion of a gelation method in one of the phases of an emulsion has 

made it possible to increase the shelf life of the emulsion by up to four months without phase 

separation [29]. One of the advantages of keeping one of the phases gelled or structured has 

been to obtain a higher mechanical resistance and a better binding capacity between the phases 

(oil-water) by means of structures with elastic behavior [11, 57]. Organogelated emulsions 

have a stable gel-like network at room temperature. These qualities are made possible by 

including components that enhance attractive intermolecular interactions [34, 58]. 

Interventional studies involving animals or humans and other studies that require ethical 

approval must list the authority that provided approval and the corresponding ethical approval 

code. 

Currently, most of the structuring processes reported on emulsions focus on the oil 

phase. Although it is possible to gel the oily phase when it is in the dispersed or continuous 

form [11], this will depend on the type of intended application, ranging from topical 

application, inclusion in food for flavor maintenance, compound encapsulation, antioxidant 

protection and controlled drug release [59-65]. W/O organogelated emulsions have a 
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continuous oil phase structured from a self-assembling gelling agent that imparts semi-solid 

organogel-like characteristics [66, 67], these gelling molecules form a three-dimensional 

network that traps oil and dispersed water droplets (Figure 4C) [67, 68]. This reduces the 

continuous phase mobility and free energy. Oleogelation in emulsions is an alternative 

approach to oleogels and conventional emulsions, as they fulfill the objective of obtaining 

semi-solid characteristics and preserving the amphiphilic properties of an emulsion [69]. These 

new properties in emulsions allow the food industry to develop low-fat products while 

maintaining a higher content of unsaturated fat [70], but also new mechanisms of controlled 

release of both hydrophilic and lipophilic bioactive compounds can be employed since the gel-

like matrix protects these compounds in their different stages of digestion. In addition, a higher 

bioaccessibility efficiency of bioactive related to faster lipid digestion in organogelated 

emulsions than in organogels has been reported [71]. There are several results related to the 

efficiency of organogelated emulsions to increase the bioaccessibility of bioactive molecules 

with lipophilic characteristics [72]. Some compounds, such as lupeol, betulin and quercetin, 

have shown good results with increased permeability and bioaccessibility [72-74]. 

2.4.Obtaining and characterization of organogelated emulsions. 

The methods of obtaining W/O organogelated emulsions are not very different from the 

methods used in organogels and emulsions [75], which consist of dispersion of the dispersed 

phase and structuring agents. There are several methods of preparing gel emulsions, depending 

on their purpose (e.g., nutrient protection or improving mechanical properties), the different 

methods for some gel emulsions have already been addressed in other review articles [76]. The 

preparation of emulsions involves an increase in interfacial area. In some cases, chemical 

energy can be used in the form of concentration or osmotic pressure gradients to form small 

droplets in the interfacial region. Physical methods are the most commonly used methods and 

are divided into high- and low-energy methods, where low-energy approaches rely on the 

spontaneous formation of small droplets in mixed oil-water emulsion systems and when the 

solution or environmental conditions change, e.g., temperature or composition [77]. In these 

methods, the free energy comes from physicochemical processes rather than mechanical force. 

Some low-energy methods are isothermal. There is a wide range of temperatures, and they do 

not require rapid cooling, saving energy and cost, and being the most suitable methods for 

encapsulating heat-sensitive compounds. Some of these methods included spontaneous 

emulsification, by physicochemical processes, for example, in the so-called "ouzo effect" [78] 

by titration of the organic phase; only oil, water and a water-miscible solvent are used without 

using surfactants. In some cases, mechanical dispersion can be difficult when the fluids to be 

emulsified have too different viscosities. An alternative methodology is the production of an 

emulsion by phase inversion. The isothermal phase inversion method is opposite to 

spontaneous emulsification with respect to the phases [79]. The direct inversion method is 

based on catastrophic inversion while applying high shear [80]. In thermal methods, a 

temperature change is required, e.g., the phase inversion temperature method. This method 

does not require specialized equipment, so it is still considered a low cost. The method is 

typically used to form nanoemulsions from a mixture of a relatively hydrophilic nonionic 

surfactant, oil and water, this mixture is heated above the phase inversion temperature (PIT) 

and then rapidly cooled [77]. These methods depend on changes in the structural and 

physicochemical characteristics of the surfactants during heating. Using PIT, the surfactant is 

evenly distributed between the organic phase and the aqueous phase. At higher temperatures, 
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the surfactants are mostly hydrophobic due to dehydration of their polar heads and, conversely, 

at lower temperatures, these polar heads are mostly hydrophilic and highly hydrated [77]. The 

driving force of the phase inversion process is related to a massive migration of surfactant from 

oil to water and changes in viscosity. 

High-energy mechanisms are dispersion and force methods (Figure 5). These allow the 

breakup of droplets, obtain very small particle sizes, increase the interaction area [81]; and are 

the most widely used. The free energy comes from the mechanical force applied to the system 

(such as shear, turbulence, or cavitation), although most of this energy is lost as heat due to 

friction. The most commonly used methods for producing emulsions are high-pressure 

homogenization and microfluidization, which can be used both on an industrial and laboratory 

scale. Homogenization allows extremely small particle sizes (down to 1 nm) to be obtained. 

However, there is a higher risk of blockage at the outlet of the homogenization chamber, which 

can be quite difficult to resolve [82]. The microfluidizer uses a high-pressure (500 to 20,000 

psi) positive displacement pump, which forces the product through the interaction chamber, 

producing very fine submicron-range particles. Ultrasonication and in situ emulsification are 

also suitable but are mainly used on a laboratory scale and not for commercial production [82]. 

 
Figure 5. High energy methods for obtaining emulsions: (A) Schematic mechanical dispersion process; (B) 

Dispersion equipment and droplet sizes obtained. 

Raviadaran et al. [83] used an ultrasonic process to prepare W/O emulsions, finding no 

sedimentation for 14 days at 4°C. Also, Clausse et al. [84] obtained W/O emulsions with a 

mean particle diameter of micrometer level using a high-pressure homogenizer and 

polyglycerol polyricinoleate (PGPR) as surfactant. However, speaking only of organogelated 

emulsions W/O, self-assembly based on low molecular weight compounds and biopolymers 

are among the most relevant, reducing allergenic and cytotoxicity effects [85]. However, new 

compounds such as chain globulin from Hyptis suaveolens seed, which has been shown to have 

thermostable emulsifying and gelling properties, continue to be proposed [86]. The methods of 

obtaining W/O organogelated emulsions involve heating of all the oil phase components (liquid 

oil, surfactant and gelling agent), and agitation/mixing mechanism for homogenization of the 

components and including during the process the dispersion of the aqueous phase. During the 

process, biomolecules of different nature may or may not be included in any of its phases (oil 

and/or water) [67]. Methods that include the use of high pressures have also been reported, 

although this has been in O/W (oil in water) gel emulsions, where the dependence of the 

rheological properties on the pressure used during the process of obtaining emulsions with gel-

like characteristics has been observed. An increase in the elastic behavior (G') at higher 

pressures (80 MPa) and less dependence on frequency has been reported, as well as higher 
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retention of the continuous liquid phase [87]. This is important because, in the substitution of 

fat in foods, it is important to resemble lard in terms of rheological properties and texture, so it 

is expected that future research will address the relationship of high pressures on the 

characteristics of W/O type organogelated emulsions since they have a higher proportion of 

oily phase. 

W/O organogelated emulsions are homogeneous-looking systems, which means that 

they maintain a state of kinetic equilibrium, at least momentary, unlike nanoemulsions that 

look homogeneous because the droplets have a highly uniform distribution in the continuous 

phase (prolonged kinetic stability). Organogelated emulsions are systems with an appearance 

more similar to organogels (Figure 6). The opacity in emulsified systems is largely determined 

by the light scattering, which in turn depends on the suspended particles they contain, however, 

whereas, in conventional emulsions, this would depend only on the dispersed droplets (size and 

quantity mainly) [88], in organogelated emulsions the crystalline structures that form the three-

dimensional network in the continuous oil phase are added (Figure 6B). As mentioned above, 

W/O organogelated emulsions follow a similar pattern in terms of microstructural and 

rheological characteristics. A good characterization allows identifying mainly the 

destabilization mechanisms by evaluating their physicochemical properties at the initial stage 

and during storage of organogelated emulsions [43]. 

 
Figure 6. W/O organogel emulsion: (A) Homogeneous appearance; (B) Presence of dispersed droplets and 

crystalline structures in continuous phase; (C) Creamy consistency (semi-solid). 

 

Figure 7. Technologies used in the characterization of emulsified systems. 
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The physicochemical characterization of emulsions is fundamental since each 

formulation and process variant produces small changes that modify the stability and general 

behavior of the emulsion. Therefore, a physicochemical characterization should be performed 

from the microstructural to the macro level, including a general evaluation of the different 

intermolecular interactions [89]. All these tests and technologies complement each other 

(Figure 7), so it is necessary to have the equipment indicated for each specific test and know 

their rationale and how they carry out certain processes. 

The microstructure of organogel emulsions includes morphology, droplet sizes 

statically and dynamically, as well as the identification of some destabilization phenomena. 

The microstructure can be evaluated by optical microscopy [72], laser and confocal scanning 

microscopy [90, 91], fluorescence microscopy [92], transmission electron microscopy (TEM) 

[93], scanning electron microscopy (SEM) [91], small and wide-angle X-ray scattering (SAXS 

and WAXS) [69, 91, 94] and atomic force microscopy (AFM) [95]. The microstructure of 

organogel W/O emulsions is affected by the type of oil, the type of surfactant and gelling agent, 

but also on the amount in which these are present; as this affects not only the size of the 

suspended particles but also influences the syneresis and swelling properties of the network. 

The particle size in a sample as complex as an emulsion has an important effect on the stability 

of the emulsion. A smaller particle size can retard instability phenomena such as flocculation 

and coalescence in emulsions [96]. Therefore, an important parameter to consider in organogel 

emulsions is the polydispersity index (PDI) that can be obtained from dynamic light scattering. 

The PDI indicates the degree of variation or amplitude of a Gaussian bell that represents the 

particle sizes suspended in these systems. Zeta potential can be used to indicate the stability of 

a colloid, where higher values indicate greater stability and smaller molecules or particles [97]. 

However, although it is an important complementary test to PDI, in organogelated emulsions, 

it presents some accuracy difficulties in W/O systems where the oil phase is structured. 

Intramolecular properties, such as enthalpies, crystallization and glass transition 

shaving, have been successfully evaluated by differential scanning calorimetry (DSC) [98]. 

Particle-particle interactions can be investigated by isothermal titration calorimetry (ITC) [99] 

and nuclear magnetic resonance (NMR) [100]. Fourier transform infrared spectroscopy (FTIR) 

allows the evaluation of the different chemical and molecular bonds corresponding to each of 

the elements in organogel emulsions [101]. The band ranges in which the different bonds can 

be identified (e.g., OH, -CH, -CH3) are already almost entirely found in the literature. It is 

possible to identify under which conditions a higher bond strength is obtained [97]. This may 

be a key factor in identifying the emulsifying ability of some molecules. 

Surface hydrophobicity is closely related to the solubility properties, rheology and 

emulsifying ability of different compounds, although this is most commonly seen with the use 

of proteins [97], it is also reproducible for the evaluation of other compounds using 

fluorescence spectroscopy. Evaluations of hydrophobic and hydrophilic properties in 

emulsions have been performed from wetting and contact angle measurements using 

goniometers [102]. It is possible to measure the change in surface tension at the macro level at 

the interface as it decreases when active particles adsorb at the oil-water interface [91]. This 

can be done with the use of goniometers [102], tensiometers [103] and interfacial rheology 

tests [104], also by the Wilhelmy plate method and the du Noüy ring method, which measure 

the force required to pass an object through an interface [105], among others. In emulsion 

formation, dispersing one of the phases increases the interfacial area and, consequently, the 

interfacial energy [106]. The Gibbs free energy in any system will always tend to reduce 
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spontaneously [107]. Therefore, smaller interface energy will allow for longer stability in 

emulsified systems. Interfacial tension is the interfacial energy per unit length. Because of this, 

surface tension is closely related to emulsifying capacity and droplet size. It has been reported 

that a higher interfacial viscosity is related to an interaction effect between surfactant molecules 

and structuring molecules with amphiphilic characteristics, resulting in a tight arrangement of 

active molecules at the interface [103, 108]. Measurement of interface tension and the 

measurement of the interfaces' viscoelastic properties can provide information on the 

interactions between emulsifiers and co-emulsifiers used in these organogelated emulsions. 

Interfacial swelling rheology is affected by the structure of the molecules and their interactions. 

Rheological properties such as elastic and viscous moduli, complex viscosity, among others, 

help to predict the stability during storage of organogelated emulsions [67]. The rheological 

properties of organogelated emulsions are influenced by the solid fraction (structures and 

crystallized compounds) and the interaction potential of these systems. Some investigations 

from rheological tests have related the interaction between surfactants in emulsions to the 

degree of frequency dependence [109, 110]. It is also possible to relate aspects such as particle 

size and viscosity changes, indicating the aggregation of droplets due to intermolecular 

interaction changes. Even after a complete characterization, it is important to understand that 

the final properties of an organogelated emulsion will largely depend on its composition. In 

addition, many of its properties may still show changes due to external factors, such as 

temperature, time and storage conditions [111]. Some systems have shown a significant 

increase in particle size with higher heat treatment. These changes are related to the molecular 

aggregation of the organogelated emulsions.  In addition, higher incubation and/or storage 

temperatures can alter the hydrophobicity of the surface (interface), favoring flocculation 

phenomena [112]. Because of this, it is advisable to monitor these properties during different 

time intervals to identify other variables that may have an impact on the stability of 

organogelated emulsions. Although the physicochemical aspect is one of the most important to 

evaluate organogelated emulsions, it is important to consider lipid oxidation. Since considering 

a long shelf life in these systems and containing a large amount of oil in their continuous phase, 

W/O organogelated emulsions may be exposed to lipid oxidation. It is possible that structuring 

the oil phase of these systems may reduce the oxidation process, however, it is important to 

include the characterization and evaluation of these organogelated emulsions in a chemical 

quality assessment. This process can be controlled by forming lipid hydroperoxide and the 

thiobarbituric acid reactive substance (TBARS) content [113]. It is important to perform 

complementary studies to those mentioned above, these should include solubility [114], 

permeability [74, 115] and simulated digestions [81, 116]. 

3. Components of organogelated emulsions 

3.1. Continuous phase. 

Most dietary fats are composed of mixtures of several triacylglycerides; these mixtures 

may simultaneously contain both a solid and a liquid fraction. The solid fraction may be 

dispersed as particles in the liquid phase, or it may interact to form three-dimensional networks 

similar to a flocculated colloidal gel while trapping the liquid oil [117]. The interactions that 

form the fat crystal networks are primarily due to weak van der Waals forces and, when 

subjected to mechanical stresses, the systems exhibit pseudoplastic behavior [118]. This 

behavior is desirable for many food products such as butter or shortening, so the organogelated 
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emulsions that come to exhibit the most similar behavior are those of the W/O type. However, 

differences in the composition of vegetable oils affect the mechanical stability of emulsified 

systems. Emulsions can be affected by chemical degradation (i.e., oxidation, reduction, or 

hydrolysis reactions). Emulsions containing polyunsaturated lipids can have oxidation 

reactions, while some biopolymers used as emulsifiers can be depolymerized by hydrolysis, 

this can affect the characteristics of the food matrix of which they are part, causing 

discoloration of pigments and loss of flavors [119]. This can become a problem since both the 

use of biopolymers and polyunsaturated lipids are widely used in the development of 

organogelated emulsions. There are even many results that the use of mostly unsaturated lipids 

in organogelated emulsions and organogels favors the formation of more elastic and 

temperature resistant structures [67, 120]. More stable systems can be obtained with long-chain 

unsaturated fatty acids than with medium-chain saturated fatty acids because, with the former, 

there is a greater interaction of the attractive type, which forms stronger structures [72, 121]. 

The stability in organogelated emulsions is due to the fact that the molecules present steric 

hindrance and/or electrostatic repulsion between the droplets [122] so that they retain a 

pseudoplastic behavior and, in some cases, a high electronegativity [123]. It should be 

emphasized that the chemical reaction rate can also be retarded by a smaller droplet size leading 

to a higher surface area at the oil-water interface. Chemical reactions may also occur slower in 

organogelated emulsions compared to nanoemulsions since a smaller fraction of light waves 

can penetrate an optically opaque system [124], so the apparent disadvantages of using oils 

consisting mostly of unsaturated fatty acids such as canola or olive oil appear to be attenuated 

in these W/O organogelated emulsions. 

3.2. Emulsifiers and structuring agents. 

The main function of an emulsifier is to protect the dispersed droplets from various 

destabilization phenomena. The difference between emulsifiers and structurants is that the 

former is incorporated at the interface thanks to their amphiphilic characteristics (Figure 8). 

Structuring agents, on the other hand, tend to maintain the physicochemical characteristics of 

organogelated emulsions by generating changes in the viscosity and microstructure of the 

continuous phase, reducing changes in the interactions between droplets [125]. Emulsifiers and 

gelling agents are an essential part of the development of W/O organogelated emulsions. There 

is a wide range of organogelators and emulsifiers classified into low molecular weight and 

polymeric compounds [126, 127]. Different molecules can act as both structuring and 

emulsifying agents. Low molecular weight molecules are mainly amphiphilic molecules whose 

stabilization process mainly reduces the interfacial tension between oil and water. Biopolymers 

generally have hydrophobic activity and are not surfactants (polysaccharides), except for some 

types (proteins), so their main function is to increase the system's viscosity. Insoluble particles 

allow the development of Pickering systems with the use of silica particles, latex, among others. 

The choice of surfactant is often a function of its Hydrophilic Lipophilic Balance (HLB) value 

(Table 1), in simple terms, surfactants being molecules with amphiphilic characteristics, will 

always tend to be more soluble and affine for one of the phases (oil or water) [128]. However, 

the stability of W/O organogelated emulsions will depend on the chemical affinity between the 

continuous oil phase and the hydrophobic residues of the emulsifiers and co-emulsifiers and 

the size of the molecule, temperature dependence and the critical micellar concentration. 

Needless to say, when working with W/O organogelated emulsions, a mostly lipophilic 

surfactant (<6) should be included. Among the most commonly used surfactants are 
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polyglycerol polyricinoleate (PGPR), sorbitan monooleate (Span80), and some mixtures of 

monoglycerides, with which structured W/O emulsions have been developed. There are 

amphiphilic molecules such as phospholipids and glycolipids that are good emulsifiers and are 

able to protect probiotics of interest in emulsified systems, however, these molecules are easily 

oxidized. Some research has used soy lecithin in organogelated emulsions. The reported results 

showed improved viability of probiotics (L. acidophilus and B. lactis) for up to 42 days without 

exhibiting lipid oxidation [129]. This was because the prooxidant compounds were trapped in 

the micellar fibers of soy lecithin [69]. It was also reported that higher amounts of 

organogelating agents are more effective in retarding lipid oxidation. The fibrillar structures 

that soy lecithin or monoglycerides can form are responsible for retarding lipid oxidation and 

reducing molecular collision [130], which in W/O organogelated emulsions retards instability 

and phase separation phenomena. It has also been reported how the mixture of monoglycerides 

with other surfactant components increases organogel systems' stability that includes an 

aqueous phase, delaying phase separation [32]. 

Table 1. HLB Scale. 

Function HLB Range 

Defoamers 1-3 

W/O system stabilizers 4-6 

Wetting agents 7-9 

O/W system stabilizers 8-18 

Detergents 13-15 

Solubilizers 10-18 

The synergistic effect between gelling agents, emulsifiers and other co-emulsifying 

additives has already been reported in different investigations (Table 2). When several 

compounds are used as stabilizers of organogelated emulsions, each one is sought to have a 

specific predominant activity, from forming structures in the continuous phase (gelling agent) 

to decreasing surface tension and improving dispersion (surfactant). However, some can 

perform more than one function according to their nature, which will depend on the chemical 

affinity between components. 

Table 2. Set of compounds used for the stabilization of organogels and W/O emulsions. 

Compound Stabilized system References 

Lecithin and phytosterols 

Organogels 

[131] 

Monoglycerides and lecithin [32] 

Ethyl cellulose and lecithin [132] 

Protein isolate, polysaccharides (high 

methoxy pectin, kappa carrageenan 

and sodium alginate), and PGPR 

W/O emulsions 

[133] 

 

 

PGPR, sodium caseinate and 

glucuronic acid. 

W/O emulsions  

(gelled water) 

[134] 

PGPR, lecithin, gums (guar and 

xanthan gum) and 

carboxymethylcellulose. 

[84] 

PGPR and pectin [135] 

Span80 and chitosan 

W/O organogelated emulsions 

[136] 

Whey protein isolate and PGPR [137] 

PGPR and stearin crystals [61] 

Lecithin and stearic acid [69] 

Citrus pectin and Tp-palmitate [138] 

Monoglycerides and PGPR [67] 
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There have been several reports of systems stabilized with PGPR in recent years where 

the drop diameter is smaller and remains with less variation than with lecithin [84, 139]. This 

is due to the fact that PGPR has the ability to impart an elastic behavior to the oil-water 

interface. In addition, surfactants such as PGPR can actively anchor to the crystal lattice found 

in the continuous oil phase thanks to their hydrocarbon tails (Figure 8) [140], which reinforces 

the structure in organogelated emulsions and retards coalescence phenomena [67]. Other 

additives that improve the stability of W/O systems with PGPR are sodium salts. This is 

because there is a lower attractive force between the droplets and a lower interfacial tension, 

which allows resistance to coalescence [141]. The molecular weight of the structurant has also 

been found to be an important factor for the mean droplet diameter [136]. It is possible to 

maintain the properties of W/O organogelated emulsions with less variation over time by 

including the appropriate stabilizing molecules for each system. The stabilizing molecules in 

an organogelated emulsion have specific functions, although collectively, they are used to 

reduce variations in intermolecular interactions. 

 
Figure 8. Molecular structure of emulsifiers. The blue line divides the hydrophilic part from the hydrophobic 

residues. The black dots denote polyricinoleic acid chains in PGPR. 

4. Intermolecular interactions 

In a molecule, atoms are joined together by intramolecular forces (ionic, metallic, or 

covalent bonds). However, intermolecular interactions are the forces that act on different 

molecules, causing them to attract or repel each other. Intermolecular interactions determine in 

organogelated emulsions, as well as in other systems, the physicochemical properties 

(molecular aggregation, melting and boiling points, solubility, surface tension, density, among 

others). The interactions are weak forces, but together they determine the results of 

organogelated emulsions. It is possible to learn more about intermolecular interactions in 

textbooks, however, in this review, we have mentioned how different characteristics and 

improvements in stability have been related to these interactions in organogelated emulsions. 

Stabilizing or emulsifying molecules reduce the interfacial tension and orient their structure to 

minimize the Gibbs free energy, providing a favorable thermodynamic arrangement for the 

emulsion [142]. Therefore, the relevance of the different interactions will also depend on the 

nature of our compounds. 

4.1. Van der Waals. 

Van der Waals interactions occur when there is a moderate distance between molecules. 

These interactions depend on the specific surface area and mass of the suspended particle and 

the nature of the medium in which it is found [143]. Van der Waals interactions mainly 

encompass attractive forces between molecules. The van der Waals interactions can be divided 

into dipole-dipole, induced dipole-dipole and induced dipole-induced dipole-instantaneous 
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dipole forces. Dipole-dipole forces occur when molecules have an asymmetric distribution of 

their electrons and these are in the most electronegative proximity. In this way, polar molecules 

can be found that have one part with a negative partial charge and another with a positive partial 

charge. The interaction occurs when two molecules approach each other and there is an 

attraction between the positive end of one molecule and the negative end of the other. This 

interaction will be more relevant in a system the greater the electronegative difference between 

the bonded atoms. Although these have a separate mention of their relevance in emulsified 

systems, this section includes hydrogen bonds. Induced dipole-dipole interactions occur 

between a polar molecule and an apolar molecule. In this case, the charge of a polar molecule 

distorts the electronic cloud of an apolar molecule when they are sufficiently close, transiently 

converting it into a dipole. Induced dipole-instantaneous dipole interactions are also known as 

London forces. These interactions occur between non-polar molecules and are caused by 

irregularities in the electronic cloud where an instantaneous dipole can momentarily form and 

induce another by proximity. Attractive van der Waals interactions between two water droplets 

in a continuous oil phase are of smaller magnitude when the refractive indices and/or dielectric 

constants are similar [141]. In some cases, fatty crystals can be found at the oil-water interface 

of structured emulsions. Through van der Waals interactions, such crystals will form a crystal 

lattice that prevents droplet diffusion from the lattice and contact with neighboring droplets 

[144]. Enhanced molecular aggregation sustained by van der Waals interactions has been found 

from ordered flocculation of droplets, increasing the stiffness and mechanical strength of the 

whole structured emulsion using PGPR and diglycerides [145, 146]. 

4.2. Electrostatic repulsion. 

When two particles approach each other, they are exposed to two forces with different 

natures and opposite orientations [143]. Unlike Van der Waals interactions, electrostatic 

repulsive forces depend on the surface charge of the suspended particles. The interplay between 

attraction and repulsion interactions is well described in the DLVO theory, named after the 

four scientists who developed it: Derjaguin, Landau, Verwey and Overbeek [143]. Electrostatic 

interactions occur between ions of equal charge. In simple terms, ions with charges of the same 

sign will repel each other. Coulumb's law defines this force. Electrostatic repulsion can be 

evaluated in emulsions by considering the variability of the Zeta potential with respect to an 

added ionic strength (e.g., the inclusion of salts) [147]. Since interaction by the components of 

the emulsified system with these molecules can represent a reduction of the static charge, 

causing this attraction to overcome the electrostatic repulsion between the particles [148, 149]. 

This is why these interactions are often also called salt bridging and can be found with greater 

relevance in organogelated emulsions that include the use of proteins. In addition, NaCl 

dissolves by an attraction between its ions with the opposite charge of the water molecule in 

the presence of water, forming a hydration layer around certain proteins, which is sometimes 

reflected in the oil-water interface of some systems. It has been possible to stabilize emulsions 

using carboxymethyl starch and xanthan gum [150]. This is because xanthan gum and anionic 

starch contain negatively charged carboxymethyl groups. They increase the electrostatic 

repulsion between the droplets in combination with an emulsion, limiting attractive type 

interactions [151].  These aforementioned interactions are more frequent than ion-dipole-

induced interactions, i.e., between an ion and a polar molecule, however, they cannot be ruled 

out in such complex systems. 
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4.3. Hydrophobic interaction. 

In W/O organogelated emulsions, the mostly lipophilic emulsifiers have a higher 

frequency of hydrophobic residues, not to mention the gelling agent in the continuous phase, 

which must have a higher degree of hydrophobicity. Non-ionic (i.e., uncharged) surfactants 

with low HLB are generally used in W/O emulsions.  Therefore, in the first instance, steric 

stabilization can be expected to be the dominant mechanism [140]. Steric stabilization is an 

effect caused by the influence of a functional group of a molecule on the course of a chemical 

reaction, on the conformation, or the intermolecular interactions of a molecule. In other words, 

it occurs when the volume occupied by a functional group or atom in a molecule prevents 

another part of the same molecule from interacting. The chemical structure of the molecules 

mainly governs the efficiency of this stabilization. However, even if this type of stabilization 

is found in emulsions, charges and dipoles may still be present at the interface, resulting in 

significant long-range electrostatic repulsion between droplets across the low dielectric 

constant oil phase [94]. In an aqueous medium, hydrophobic molecules associate with each 

other for thermodynamic reasons. That is, when lipid molecules are in a medium where there 

is a considerable amount of water, they tend to become ordered, aligning their hydrocarbon 

chains and the entropy in the system increases.  Thus, a mixture of surfactant and gelling agent 

of lipophilic nature can be expected to rely mostly on hydrophobic interactions and hydrogen 

bonding. Zhang et al., [152] have shown that the interaction between β-lactoglobulin (β-lg) and 

phospholipids is mainly hydrophobic. Similar reports have been made using β-lg and PGPR 

[153]. In systems with an elastic interface, a time-dependent increase in this elasticity can be 

found due to sulfide bridge interactions using proteins [154]. However, this increase in 

elasticity can also occur in W/O organogelated emulsions with the use of PGPR. An increase 

in the hydrophobicity of cellulose microgels has allowed the development of W/O emulsions 

with up to 20% of the aqueous phase, presenting stability during one month, this could be 

proved by FTIR, SEM and WAXS [94]. There are some studies where denaturing reagents are 

used to evaluate the interaction forces in Pickering-type emulsions. Sodium dodecyl sulfate has 

been used to evaluate hydrophobic interactions, while urea has been used for hydrogen bonds 

and dithiothreitol for disulfide bonds. It was found that hydrophobic interactions were vital for 

the interaction of emulsion droplets [155]. Since these interactions can participate in the 

connection of some particles by deamidation, which can improve the surface hydrophobicity 

of gliadin, making the deamidated gliadin particles have a higher surface hydrophobicity [156], 

which, in summary, allows obtaining more stable Pickering systems for up to 32 days [157]. 

However, Wang et al., [157] also highlight the relevance of hydrogen bridges in the stability 

of these Pickering systems. 

4.4. Hydrogen bonding interactions. 

Hydrogen bridging bonds, as mentioned above, are a special case of dipole-dipole 

interaction. This occurs when a hydrogen atom is covalently bonded to a very electronegative 

element of a very small size. These occur mainly with F, O and N atoms. While it may not be 

the strongest bond in the first instance, the abundance with which it occurs in W/O 

organogelated emulsions makes it one of the main interactions. Hydrogen bonds are the 

strongest intermolecular interactions in W/O organogelated emulsions and are responsible for 

maintaining the emulsifier at the interface as the polar head forms hydrogen bonds with the 

water molecules. In W/O organogelated emulsions, it is common to find monoglycerides and 
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surfactants such as PGPR. As mentioned above, these have proven to be efficient stabilizers of 

these systems. Good stability of organogelated emulsions has been reported for up to 30 days 

using these compounds [67]. These emulsions show almost no presence of instability 

phenomena, attributed to the elasticity provided by these stabilizers. Other investigations have 

attributed this behavior to the hydrogen bonds formed due to the hydrophilic heads of some 

lipophilic compounds [158]. Within the characterization, it is possible to identify the presence 

of stronger hydrogen bonds by the width of the bands in FTIR tests, which corresponds in most 

cases to the increased interaction of the polar heads of amphiphilic molecules and some co-

emulsifiers with the water molecules found in the dispersed phase. It has also been possible to 

improve the chemical stability of some compounds, such as beta-carotene, in high internal 

phase emulsions (HIPE) based on the control of hydrogen bonds [159]. Hydrogen bonds were 

formed between starch modified with octenyl succinic anhydride and tannic acid [159]. These 

results are important, since as mentioned above, emulsions have shown good results for the 

encapsulation of bioactive compounds such as some polyphenols. It is also well known that the 

polysaccharides used in these emulsions can form complexes with polyphenols through 

hydrogen bonds, hydrophobic, electrostatic and van der Waals interactions [160], the first two 

bonds being the most relevant. Some research groups have developed gel emulsions where 

from FTIR, 1H-NMR spectroscopy and computational studies found that hydrogen bonds 

between sulfonamide and amide groups are the main factors in forming and preserving the gel-

like network structures [161]. Higher mechanical strength was also found by increasing the 

hydrogen bonding site. Currently, studies of the interfacial distribution of phenolic antioxidants 

are mostly studied in Pickering emulsions through nanoparticle interactions [162]. Moreover, 

most of these studies involve the use of proteins as stabilizers [163]. However, few articles 

report the stabilization mechanisms from the molecular point of view (interactions involved) 

in organogelated emulsions. Therefore, there is still a margin to expand the knowledge on this 

subject since all the interactions mentioned above are responsible for the greater or lesser 

stability of an organogelated emulsion. 

5. Stability or metastability 

As mentioned throughout this review article, the aforementioned instability phenomena 

occur due to an imbalance of different attractive and repulsive interactions (i.e., hydrogen 

bridges, Van der Waals forces, electrostatic repulsions) that modify the stability of W/O 

organogelated emulsions and emulsified systems in general [164, 165]. When attractive forces 

exceed repulsive forces or vice versa, the emulsion system is unstable. It will exhibit 

coalescence and phase separation. However, there is another case where the forces may be 

similar in range and magnitude, albeit with dominance variations between them at some points 

in space-time. This will result in significant minimal changes (i.e., apparent equilibrium) that 

will accumulate to eventual long-term phase separation, becoming a metastable system. 

Metastability refers to the fact that, although organogelated emulsions may reach some 

equilibrium over a long period of time (even more than a year), this period is relative. Their 

phases will eventually separate [13, 42, 166, 167]. Therefore, it is important to prolong this 

period of metastability to obtain systems with a longer duration of use without changes in their 

desired characteristics. 
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6. Conclusions 

The traditional concept of emulsion lacks description and adaptation to the types of 

emulsions existing today. Likewise, the constant demand in the food industry for new products 

and the improvement of existing ones, from the functional to the nutritional aspect, has led to 

the development of emulsified systems with unique physicochemical characteristics. They also 

maintain their amphiphilic properties and maintain a state of metastability for much longer. 

W/O organogelated emulsions have proven to be metastable systems with great potential for 

application in the area of functional foods. New generations of researchers in the area of 

functional food and biomolecule vehicle development should consider not only the traditional 

fundamentals of emulsion development but also other complementary systems such as 

organogels. It is possible to make a combination of both technologies. It is also important to 

find answers as to why one system is more metastable than another. This is possible by 

expanding the knowledge of how different intermolecular interactions act on the 

microstructural, morphological, thermodynamic and rheological properties of W/O 

organogelated emulsions. At present, no work has been reported where the effect of the 

variables of time, temperature and concentration of stabilizers (gelling agents and surfactants) 

on intermolecular interactions is explored in depth.  This knowledge will define and predict the 

metastability of organogelated emulsions and expand their possible applications in the food 

industry. 
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