
Selection of our books indexed in the Book Citation Index 

in Web of Science™ Core Collection (BKCI)

Interested in publishing with us? 
Contact book.department@intechopen.com

Numbers displayed above are based on latest data collected. 

For more information visit www.intechopen.com

Open access books available

Countries delivered to Contributors from top 500 universities

International  authors and editors

Our authors are among the

most cited scientists

Downloads

We are IntechOpen,
the world’s leading publisher of

Open Access books
Built by scientists, for scientists

12.2%

186,000 200M

TOP 1%154

6,900



Chapter 5

Factors Affecting the Stability of Emulsions Stabilised
by Biopolymers

Yvonne Maphosa and Victoria A. Jideani

Additional information is available at the end of the chapter

http://dx.doi.org/10.5772/intechopen.75308

© 2016 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons 
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, 
distribution, and reproduction in any medium, provided the original work is properly cited. 

Factors Affecting the Stability of Emulsions Stabilised 
by Biopolymers

Yvonne Maphosa and Victoria A. Jideani

Additional information is available at the end of the chapter

Abstract

There has been an increase in consumer demand for healthy food products made from 
natural ingredients. This demand has been partly addressed by the substitution of natu-
ral alternatives to synthetic ingredients. One such example in this endeavour, is the study 
of the application of natural biopolymers as food emulsion stabilisers. When biopolymers 
such as proteins and polysaccharides or their complexes are applied as emulsion stabilis-
ers, they exhibit different modes of action. These include acting as emulsifiers (polypep-
tides), increasing the viscosity of the medium (polysaccharides), reducing coalescence by 
coating individual droplets as well as acting as weighting agents (polysaccharides and 
polypeptides). Biopolymers can be covalently complexed using chemical, enzymatic or 
thermal treatments. These treatments generally increase the robustness and solubility of 
the final complexes. Biopolymer complexes have been reported to show higher stability 
to varying temperatures, pH and ionic strength. When two incompatible biopolymers 
are mixed, either associative or segregative phase separation occurs. The former involves 
separation of oppositely charged polymers due to electrostatic repulsion and the latter 
involves separation of similarly charged or neutral biopolymers. In this chapter, the sta-
bilising effect, complexation, mode of action, phase behaviour and future application of 
biopolymers in emulsions are discussed.

Keywords: biopolymers, polysaccharides, proteins, emulsion, stability,  
polysaccharide-protein complexes, phase-separation

1. Introduction

Consumer demand for natural ingredients in food products has led to an upsurge of inter-

est in the development of natural alternatives to synthetic ingredients. One avenue that has 
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been explored is the employment of biopolymers as potential replacers of synthetic emulsion 

stabilisers. Biopolymers find technological application in many fields such as the food, micro-

biological, pharmaceutical and cosmetics industries. In many of these industries, the mostly 

used biopolymers are proteins and polysaccharides and are often applied in the production 

of colloidal dispersions such as foams or emulsions [1].

Biopolymers are long chain molecules composed of monomers covalently bonded together to 

form larger structures and can be divided into three groups, namely, polysaccharides, poly-

peptides and polynucleotides [1]. The scope of this review is limited to polysaccharides and 

polypeptides. Polysaccharides that have been studied include dietary fibre, starch, dextran, 
maltodextrin, pectin and carboxymethylcellulose [2]. Studies have shown that biopolymers 

can be employed as stabilisers on their own or in combination.

Although polymer-polymer complexes have been studied by various researchers [3–10], they still 

remain one of the most challenging topics to understand [9, 11]. These complexes are preferred 

in the food industry because of their sustainability, non-toxicity, non-immunogenicity, biocom-

patibility, good chemical reactivity, relatively low cost [12, 13], stability, nutritional benefits, bio-

degradability [14] as well as their generally-recognised-as-safe (GRAS) status. Furthermore, the 
replacement of synthetic stabilisers with natural biopolymers gives the product a ‘clean’ label.

Biopolymers are inherently present in food systems and they play a major role in food struc-

ture and stability [15]. In emulsions, they exhibit various modes of action including increasing 

the viscosity of the continuous phase thus retarding droplet movement [16], forming a fine 
film coating around individual oil droplets thereby reducing coalescence or increasing the oil 
droplet density, bringing it as close as possible to that of the aqueous phase, thereby reduc-

ing the rate of creaming. All these mechanisms increase the stability of emulsion systems and 

prolong the shelf life of the product.

Before a biopolymer hybrid can be applied as a stabiliser, it is of utmost interest to under-

stand the interaction between the individual polymers, their phase behaviours as well as their 

interaction with the system. An understanding of the science behind the phase behaviour of 

a biopolymer system helps the formulator in designing and controlling the microstructure 

of the product [17]. Furthermore, since the phase morphology and interactions in polymeric 
mixtures largely influence the technological and functional properties of materials, having 
this knowledge beforehand is vital in predicting the behaviour of the product during process-

ing, handling and distribution [18–19].

The main objective of this chapter is to highlight the importance, application, mode of action, 

phase behaviour and interaction of biopolymers (polysaccharides and proteins) in emulsion 
systems. This chapter also looks into the complexing mechanisms and phase separation of these 

biopolymers as well as details biopolymers that have been applied in food emulsions systems.

2. Emulsions and emulsion stability

An emulsion is a colloid that consists of two immiscible liquids, usually oil and water, with 

one of the liquids dispersed in the other [8, 20]. Emulsions consist of two phases; a dispersed 
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and a continuous phase, with the former consisting of the particles that make up the droplets 

and the latter being the surrounding liquid in which the droplets are dispersed in [20]. They 

can be categorised according to the relative spatial distribution of the oil and aqueous phase, 

the nature of the emulsifying agent or the arrangement of the system as shown in Table 1.

Examples of types of emulsions include oil-in-water (O/W), water-in-oil (W/O), macro-emul-
sions, micro-emulsions, bilayer droplets, multiple emulsions, mixed emulsions, pickering 

emulsions and glassy emulsions [8, 21–23]. The most common emulsions are oil-in-water 

and water-in-oil emulsions, with O/W emulsions being more popular that W/O emulsions 
[24]. Many food products such as butter (water-in-oil), margarine (oil-in-water), mayon-

naise (O/W), salad dressings (O/W), vinaigrettes (O/W), homogenised milk (O/W), beverages 
(O/W) and ice cream (O/W) consist partly or fully of emulsions [25]. Emulsions can be fur-

ther classified according to droplet size into three categories, namely, conventional emulsions 
(d > 200 nm), microemulsions (d < 100 nm) and nanoemulsions (d < 200 nm) [26, 27].

Emulsions are thermodynamically unstable systems and rapidly separate into separate layers 

of oil and water [21]. This is due to different densities between the oil and aqueous phases 
and the unfavourable contact between oil and water molecules [16, 28]. The stability of an 

emulsion can be defined as its ability to maintain their properties; that is the capability of the 
phases of the emulsion to remain mixed together [28]. The extent of emulsion stability is deter-

mined by various factors such as particle size, particle size distribution, density between the 

dispersed and continuous phases as well as the chemical integrity of the dispersed phase [26].

Several phenomena such as flocculation, coalescence, sedimentation, Ostwald ripening, 
creaming and phase inversion are responsible for the destabilisation of emulsions [29] as 

illustrated on Figure 1. Flocculation is the process where droplets in an emulsion are attracted 
to each other and form flocs without the rupture of the stabilising layer at the interface [30]. 

Droplet flocculation occurs due to gravitational force, centrifugation, Brownian forces as well 
as when the repulsive energy is less than van der Waals energy [31]. This phenomenon is 

undesirable as it promotes creaming and reduces clouding due to larger particle sizes, as well 

as promotes coalescence due to droplets being brought closer together [32].

Nature of emulsifier System organisation Source

Non-ionic surfactants Oil-in-water, water-in-oil [21]

Ionic surfactants Macro-emulsions [29]

Mixture of surfactants Micro-emulsions [4]

Non-ionic polymers Bilayer droplets [30]

Polyelectrolytes Multiple emulsions [23]

Mixture of polymers and surfactants Mixed emulsions [29]

Solid particles Pickering emulsion [22]

Liquid crystalline phases Glassy emulsion [22]

Table 1. Classification of different types of emulsion.
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Creaming (upward) and sedimentation (downward) occur as a consequence of gravitational 
separation [30]. These occur when emulsion droplets merge together forming bigger droplets 

or when the droplets rise to the surface of the emulsion due to buoyancy. This is usually a 

result of gravitational force, when the density of the dispersed phase is less that the density 

of the continuous phase [33]. This phenomenon usually results in a separated emulsion with 

a droplet-rich cream layer and a droplet depleted watery layer [30]. Creaming is usually a 

precursor of coalescence and is followed by phase separation and its extent in O/W emulsions 
can be described using the creaming index. The creaming index gives insight into the extent 

of droplet aggregation that has occurred, as such, the higher the index, the more droplets have 

agglomerated [34]. Creaming can be measured by visual observation or by optical imaging.

Coalescence is the process where droplets come into contact and merge, creating larger drop-

lets. With time, this reduces the average droplet size and consequently, reduces the stability 

of the emulsion. Ostwald ripening is a phenomenon where larger droplets expand at the 

expense of smaller ones and is largely affected by the solubility of the dispersed phase in the 
continuous phase [35].

These mechanisms of destabilisation occur due to several factors such as the nature and 

concentration of emulsifier or stabiliser, pH of the system, ionic strength, temperature, 
homogenisation parameters and interaction of dispersed with continuous phase [36, 37]. As 

such, substances such as emulsifiers, stabilisers, weighting agents, ripening inhibitors and 
texture modifiers (thickeners and gelling agents) are introduced to increase the kinetic stabil-
ity of emulsion systems for longer periods of time [16, 31].

To produce a fine emulsion, large droplets are broken down into smaller ones by the applica-

tion of intense mechanical energy [2]. For food emulsions, this is commonly accomplished 
using high-speed mixers, colloid mills or high-pressure valve homogenizers [2]. From a ther-

modynamic level, the emulsification process is very inefficient as most of the energy applied 
is dissipated as heat. The final droplet size of an emulsion is largely determined by the time 

Figure 1. Mechanisms of emulsion destabilisation. Source: [36].
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taken to cover the interface with the emulsifier [5]. A slow emulsification rate results in the 
small droplets formed during emulsification, coalescing or flocculating.

3. Biopolymers as emulsion stabilisers

To increase the kinetic stability of emulsions, stabilisers such as emulsifiers, weighting agents, 
ripening inhibitors and texture modifiers (thickeners and gelling agents) are often used [16]. 

Stabilisers are a group of additives that are capable of stabilising emulsions by thickening the 

aqueous phase while emulsifiers are surface active molecules that adsorb to the surface of 
freshly formed droplets of an oil-water interface during homogenisation, forming a protective 

membrane that prevents the droplets from aggregating [2, 38]. As such, emulsifiers act as sur-

face-modifying substances at the interface between each droplet and the continuous phase [20]. 

They are amphiphilic in nature, possessing both hydrophilic portions that align with the aque-

ous phase and hydrophobic portions that align with the lipid phase [39]. In this manner, they act 

as surface-modifying substances at the interface between each droplet and the continuous phase 

[20]. Emulsifiers can be oil or water soluble, forming a fluid, close-packed layer at the interface 
with a low interfacial tension. This results in an emulsion with a small droplet size distribution, 

stabilised by the fluid Gibbs-Marangoni mechanism or weak electrostatic repulsion [20].

Biopolymers such as polysaccharides and proteins are widely employed as functional ingre-

dients in emulsion systems [9]. Most biopolymers have the ability to stabilise emulsions, but 

only a few possess emulsifying properties [10]. Being an emulsifier requires extensive surface 
activity at the oil-water interface, which is absent in most biopolymers such as polysaccharides 

[2]. The most commonly used emulsifier polysaccharides in food include gum Arabic, modified 
starch, modified cellulose, pectin and galactomannans [39–41]. The effectiveness of biopoly-

mers as emulsifiers is highly dependent on factors such as concentration and rate of adsorption 
[42]. At low concentrations, the biopolymer may fail to cover the entire surface of droplets, 

resulting in coalescence and consequent destabilisation [43].

Polysaccharides that have been studied include dietary fibre, starch, dextran, maltodextrin, 
pectin, carboxymethylcellulose (CMC) as well as many other gums [2]. They stabilise emul-

sions either by modification of the rheological properties of the bulk phase or adsorption at 
the oil-water interface, thereby providing a steric or an electrosteric barrier, or a combination 

of the two effects. They reduce the interfacial tension and thus the amount of work that is 
necessary to create new surfaces and they enhance the formation of small droplets and dimin-

ish the rate at which droplets [44]. Proteins on the other hand, have been reported to stabilise 

emulsions by forming a viscoelastic, adsorbed layer on the oil droplets, which forms a physical 

barrier, hindering the contact of droplets, thus reducing coalescence and flocculation [20, 45].

4. Polysaccharide-protein conjugates in emulsions

There is growing interest in harvesting the combined beneficial attributes of protein and poly-

saccharides as emulsifiers and stabilisers through the production of polysaccharide-protein 
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conjugates [2, 44]. Many emulsions constitute of polysaccharide-protein combinations [46]. 

These biopolymers are excellent ingredients in food emulsions as they alter the rheological 

characteristics of the system through their gelling networking system [36]. As such, vastly 

increase emulsion stability by reducing surface tension and retarding droplet movement in 

the thicker aqueous phase [47].

Proteins are able to adsorb on droplet surfaces, thus decreasing interfacial tension and 

enhancing interfacial elasticity [48], therefore, they interact through electrostatic or hydro-

phobic-hydrophobic interactions [9], while polysaccharides being hydrophilic in nature, tend 

to remain dispersed within the aqueous phase, increasing thickening and gelling. Although 

some polysaccharides are able to adsorb at a globule surface, most stabilise emulsions by 

increasing the viscosity of the continuous phase, thus impeding droplet movement [48].

As such, protein-polysaccharide complexes are excellent emulsifiers because of their com-

bined hydrophilic and hydrophobic properties [15]. These biopolymer mixtures further 

increase emulsion stability due to cooperative adsorption of protein and polysaccharide at 

the emulsion droplet interface [15]. Some protein-polysaccharide conjugates that have been 

studied as emulsion stabilisers are given in Table 2.

Proteins and polysaccharides are capable of forming associations through covalent bonds 

between the reducing end of the polysaccharide and the lysine amino group of the protein, as 

well as non-covalent interactions such as electrostatic interactions, hydrophobic interactions, 

Polysaccharide Protein Source

Dextran Soybean protein [48]

Soybean soluble polysaccharide Pea protein [14]

Dextran Whey protein [2]

Carboxymethylcellulose Egg yolk protein [41]

Pectin Whey protein [2]

Gum Arabic- Flaxseed protein [49]

Pectin Pea protein [50]

Soybean polysaccharide Pea protein [14]

Gum Arabic Flaxseed protein [51]

Dextran Whey protein [52]

Ovalbumin Caboxymethylcellulose [17]

Whey protein Wheat starch [18]

Whey protein Xanthan [53]

Gelatin Pectin [53]

Gelatin Starch [53]

Table 2. Protein-polysaccharide complexes previously studied.
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hydrogen bonding, π-π stacking, co-ordinating forces and van der Waals [49]. These bonding 

mechanisms allow polysaccharide-protein complexes to alter the interfacial behaviour and con-

sequently, the stability of the emulsions [5]. The combination of the properties of these biopoly-

mers under appropriate conditions leads to increased emulsion stability [48]. Figure 2 shows a 

representation of the possible mode of interaction between polysaccharides and proteins.

The polysaccharide-protein complex has improved attributes than each polymer on its own. 
The presence of bound protein renders the complex more surface active than the biopolymer 

on its own; enabling it to achieve surface layer saturation at a significantly lower concentra-

tion [2]. Also, because of the covalently bound polysaccharide, the protein adsorbed at the 

interfacial layer is protected against destabilisation under undesirable conditions [5].

Polysaccharides such as xanthan, when used in emulsion systems, control texture and stabil-

ity, influence pseudoplastic flow at low concentrations and retard the rate of creaming and/or 
sedimentation of particles under inert or low shear conditions yet allow production processes 

Figure 2. Representation of the possible mode of interaction between polysaccharides and proteins.
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such as pumping and filling under high shear [19]. When used in combination with a protein, 

xanthan stabilises emulsions as an indirect consequence of depletion flocculation, resulting in a 
mechanically stable protein and droplet rich network surrounded by a xanthan-rich phase [19].

5. Biopolymer complexation and phase behaviour

The covalent linkage of polysaccharide to protein can be obtained using chemical [51], enzy-

matic [52] or thermal treatments [53]. Thermal treatment is the most commonly used of the tech-

niques and involves exposing a dry mixture of the protein and polysaccharide to heat [53]. This 

heat induced complexing has been reported to improve protein solubility and stability under 

undesirable medium conditions such as high temperatures, low pH and high ionic strength [53].

The thermal complexation of polysaccharide to protein or protein to protein can be carried 

out in a two-step process. The first step involves the application of heat which denatures 
the protein and results in the unfolding of the chain, exposing sulphhydryl and hydropho-

bic groups. This then allows the protein to form sulphhydryl groups with other chains and 

hydrophobic interactions with polysaccharides. The second stage involves the aggregation 

of the biopolymers through covalent and non-covalent interactions, giving the final complex 
[54]. When dry heating is applied, the protein and polysaccharide form Maillard-type conju-

gates. This treatment improves the solubility of the protein, the stability of the emulsion as 

well as improves the interfacial functionality of the protein [1].

Polysaccharide-protein conjugate stabilised emulsions can be obtained using the mixed-emul-

sion or bilayer-emulsion approaches. In the former, an aqueous solution containing the poly-

saccharide-protein complex is added to an emulsion, following homogenisation. In the latter, 
a charged polysaccharide solution is added to an emulsion system that is stabilised by pro-

teins, thereby forming an emulsion with a polysaccharide-protein ‘bilayer’ surface coating [9]. 

The mixed-emulsion approach produces more stable emulsions while the bi-layer approach 

has a tendency to lead to extensive flocculation during preparation. In the bilayer methodol-
ogy, the concentration of the polysaccharide needs to be carefully controlled. If a polysac-

charide is present in low concentrations, the viscosity of the medium remains low therefore 

allowing for bridging flocculation to occur as droplet collision will occur at a faster rate than 
polysaccharide saturation. If a polysaccharide is present in high concentrations, then unad-

sorbed polysaccharide exceed a certain critical value resulting in depletion flocculation [49].

The complexing of proteins and polysaccharides can be summarised as a two stage process, 

highly dependent on the pH of the medium [15]. The first stage involves the formation of 
intramolecular soluble complexes and the second stage involves the formation of intermo-

lecular complexes. In the second stage, insoluble complexes can be formed. The formation of 

insoluble complexes can lead to liquid-liquid phase separation (coacervation) or precipita-

tion, depending on the charge density of the polysaccharide [15].

Mixtures of proteins and polysaccharides in aqueous media influence the phase behaviour of the 
system, influencing the overall structural and textural properties, and ultimately their stability [55].  
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Such mixtures display one of three equilibrium states, namely, miscibility, complex coacerva-

tion or thermodynamic incompatibility [17]. Miscibility occurs when the two biopolymers are 

co-soluble and are compatible [55]. Complex coacervation and thermodynamic incompatibility 

occur at high biopolymer concentration and the former occurs when the net attraction between 
the biopolymers is attractive while the latter occurs when the net charge is repulsive [17].

There are five stages of structural transition involved in the formation of a protein-polysac-

charide complex [15]. These are: (1) stable region of mixed individual soluble polymers; (2) 
stable region of intramolecular soluble complexes; (3) a partially stable region of intermo-

lecular soluble complexes; (4) an unstable region of intermolecular insoluble complexes; and 
(5) a second stable region of mixed individual soluble polymers. Intermolecular forces are 
formed between proteins and anionic polysaccharides when these biopolymers carry oppo-

site charges and occur more efficiently when the pH is below the Isoelectric point (pI) of the 
protein [55]. Complex formation is constrained at high ionic strengths and when the pH of 

the medium is above the pI of the protein. A mixture of protein and polysaccharides exhibits 

different phase behaviours with synergistic or antagonistic action, resulting in soluble and 
insoluble complexes, respectively [15].

5.1. Phase separation mechanisms

Phase separation is a phenomenon where biopolymer mixtures are thermodynamically 

incompatible and therefore separate into distinct phases [17, 19]. If proteins and polysac-

charides in mixtures are incompatible, then protein-polysaccharide coacervation or phase 

separation into a protein-rich phase or polysaccharide-rich phase, occurs [19]. Initial phase 

separation in biopolymer systems results in one phase staying continuous while the other 

remains dispersed through it as small liquid droplets [54]. When mixtures of proteins and 

polysaccharides above the minimum critical gelling concentration are subjected to thermal 

treatment, they exhibit micro-phase separation networks. This occurs when no overriding 

drive to heterotypic binding prevails [18]. In this instance, one polymer forms the continuous 

phase and the other remains contained in the form of discontinuous inclusions [18].

Phase separation is dependent on medium conditions such as pH, ionic strength as well as 

nature and concentration of biopolymers [19]. At equilibrium, the protein-polysaccharide 

mixture separates into a protein-rich lower phase and a polysaccharide-rich upper phase [55]. 

An accumulation of colloidal particles at the water-water interface of a starch-gelatin system 

was observed and this behaviour was reported to change the nature of the microstructure and 

dynamics of phase separation of the system [19].

If two biopolymers are used in an emulsion system but do not interact with each other, they 

exist either in a single-phase system or in a phase separated system [10]. In a single-phase 

system, the two biopolymers exist separately, distributed throughout the medium, while in 

a phase separated system, the biopolymers exist as two distinct phases. Phase separation can 

be associative or segregative [56–58].

The phase separation of protein-polysaccharide mixtures can be quantitatively described 

using phase diagrams, such as the binodal curve (Figure 3). The binodal curve separates the 
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region of co-solubility from that of phase separation. The separation of the mixture occurs 

above a certain critical concentration (represented by the binodal curve in Figure 3), below 

which the biopolymers co-exist in a single phase and above which a distinct separation into 

protein-rich and polysaccharide-rich phases is observed [1].

5.1.1. Associative phase separation

Associative phase separation occurs if the two polymers are oppositely charged, such as 

an ionic polysaccharide and a protein, leading to electrostatic attraction and consequently 
resulting in separation into two clear coacervate/precipitate and supernatant phases [15, 59]. 

Essentially, associative phase separation involves the formation of two distinct phases, one 

very rich in both biopolymers and the other with very small amounts of the biopolymers. The 

biopolymer rich phase is formed when the soluble biopolymer complexes interact and form 

neutral aggregates which eventually sediment and form a precipitate [1]. Associative phase 

separation can be reversible or irreversible, depending on the strength of bonds formed. 

In complexes where the polysaccharide is negatively charged and the protein is positively 

charged, strong electrostatic complexes are formed which may be irreversible. Reversible 
complexes are formed between negatively charged polysaccharides and a negatively charged 

protein or a protein carrying nearly a zero charge (pH ≈ pI).

5.1.2. Segregative phase separation

Segregative phase separation occurs between two biopolymers carrying a similar charge, 

two neutral biopolymers or one charged biopolymer and a neutral biopolymer. This leads to 

Figure 3. Phase separation diagram of a protein-polysaccharide mixture adapted from: [1]. A: protein; B: polysaccharide; 

C: initial mixture of protein and polysaccharide; D: composition of protein-rich phase; E: composition of polysaccharide-

rich phase; a: distinct separation of phases; and b: biopolymers co-existing but mutually excluding each other.
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electrostatic repulsion or steric exclusion, resulting in mutual exclusion of each polymer from 

the vicinity of the other and consequently resulting in the two biopolymers separating into 

two distinct phases [58]. This separation mechanism is commonly observed in semi-dilute or 

concentrated mixed emulsions [1]. An example of a system that would undergo segregative 

phase separation is that consisting of gum Arabic and sugar beet pectin. Both hydrocolloids 

are negatively charged and would therefore repel each other, resulting in separation into two 

layers [15].

An advantage of phase separation could be its potential in producing functional components. 

Molecular fractionation of gum Arabic when complexed with protein has been previously 

reported [30]. As the extent of phase separation increased, the amount of arabinogalactan-

protein complex increased by more than twice in the gum Arabic rich phase. The researchers 

hypothesised that phase separation was responsible for the molecular fractionation and could 

therefore be used to obtain purified functional components from polydisperse hydrocolloids.

5.2. Factors affecting the stability of emulsions stabilised by biopolymers

The solubility and behaviour of biopolymers is dependent on various factors, such as pH, 

ionic strength, temperature, nature of biopolymers and medium, presence of other agents 

such as surfactants in the system and charge of biopolymers [10, 41]. When proteins and 

polysaccharides coexist in an emulsion system, the pH of that system determines the abil-

ity of these biopolymers to maintain its stability. When the pH of the emulsion medium is 

lower than the pI of the protein, the net positive charge of the protein interacts with the nega-

tive charge of polysaccharides [59]. Likewise, if the pH is above the pI, then the net negative 

charge of the proteins interacts with the positive charges of polysaccharides [2]. When the pH 

is equal or almost equal to the pI of the protein, then the net charge of the protein will be zero, 

making it unable to form any interactions [10].

The interaction of proteins and polysaccharides as well as the effectiveness of the polysac-

charide-protein complexes as emulsion stabilisers, are greatly influenced by factors such as 
nature of the polysaccharide or protein, charge density, hydrophobicity or hydrophilicity, 

charge density and molecular weight [9].

6. Future prospects

Future studies could look into the use of polysaccharide-polysaccharide and polysaccharide-
protein complexes as delivery vehicles for nutrients and bioactive compounds in food prod-

ucts. Studies into the nanoencapsulation of therapeutic metabolites using biopolymers as 

encapsulating agents should also be considered. Studies would then look into the physico-

chemical properties of these biopolymer and biopolymer complexes as well as their interaction 

with various emulsion media. Furthermore, biopolymers from lesser crops and climate smart 
crops such as Bambara groundnut, pigeon pea, yam bean, morama bean and grass pea need 

to be investigated. Studies have looked into the application of polysaccharides from Bambara 

groundnut as emulsion stabilisers and emulsifiers [28, 60–63]. These researchers reported that 

high concentrations of polysaccharide were required to attain a desirable stability within the 
studied emulsions. Complexing polysaccharides from lesser legumes with proteins would 
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ensure the use of lower concentrations of polysaccharides while attaining robust complexes 
with emulsifying and stabilising properties. Furthermore, lesser crops thrive in adverse 
weather conditions and are nutritionally rich, making them suitable alternatives, in the face of 

global climate changes. Proteins such as those of pea origin can also be used as alternatives to 

widely utilised proteins such as soy protein.

7. Conclusions

In conclusion, biopolymers play a significant role in emulsion stabilisation and have a huge 
potential of replacing synthetic stabilisers in food emulsions, thus allowing the development 

of products with ‘clean’ labels. Polysaccharides alter the viscosity of the aqueous phase, form-

ing a gel network that impedes droplet migration while proteins on the other hand, are sur-

face active hence possess emulsifying capabilities. As such, the application of polysaccharides 

in combination with proteins, in emulsion systems, results in improved stabilising properties 

at lower concentrations. The biopolymer concentration, mechanism of complexing, nature of 

system and systems’ intrinsic factors need to be carefully considered when preparing biopoly-

mer stabilised emulsions to allow compatibility and hence long-term stability. Furthermore, 
the inclusion of biopolymers in emulsions not only increases their stability but also positively 

impact the nutritional value, shelf life, texture and mouthfeel of the final product.
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