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Abstract 
Emulsions are heterogeneous systems consisting of two immiscible liquids, widely used in the food industry as the basis 
for some products (mayonnaise, sauces, etc.) and components for the production of functional food products containing 
systems for targeted delivery of biologically active substances (vitamins, nutraceuticals, flavonoids, etc.). From a 
thermodynamic point of view, emulsions are unstable systems with excessive surface energy; therefore, they are characterized 
by rapid destruction through phase separation. For the solution to this problem, emulsifiers are used, amphiphilic molecules 
of various natures that reduce surface tension, i.e., possess surface activity. However, most of these stabilizers are synthetic 
and toxic products, which significantly limits their use in the food industry. Natural biopolymers, such as polysaccharides 
and proteins, as well as their complexes, are amphiphilic macromolecules that combine both polar and hydrophobic 
fragments, have surface-active properties, low toxicity and excellent biocompatibility, thus they can be considered as 
promising stabilizers for food emulsions. A special place among polysaccharides is occupied by chitosans and alginates, 
which, in addition to other advantages mentioned above, are accessible and cheap materials. 
The purpose of this work was a brief overview of the prospects for using chitosan, sodium alginate and protein-polysaccharide 
complexes as stabilizers for emulsions and foams for food application. The article discusses the possibility of using chitosan, 
sodium alginate, propylene glycol alginate, as well as various protein-polysaccharide complexes as stabilizers for 
heterogeneous food systems, foams and emulsions, which are the basis of many food products. In addition, special attention 
is paid to the prospects for the introduction of polysaccharide-based emulsifiers into industrial production and the problems 
that must be solved for the successful development of emulsions stabilized by biopolymers, which are the basis for the 
creation of food products, are discussed. 
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1. Introduction 
Emulsions, which are heterogeneous disperse 

systems, usually consist of two immiscible 
liquids, where one of them, the dispersed phase, 
is distributed in the form of droplets in the other, 
the continuous phase [1]. The use of emulsion 
systems is widespread in the food industry, for 
example, to improve the flavor characteristics of 
products, protect and deliver biologically active 
substances, and they are also the basis of some 
food products, such as mayonnaise, sauces, and 
creams [2].

The main problem that arises in the 
preparation and practical use of emulsions is 
their thermodynamic instability, expressed as 
destabilization and phase separation [3]. The 
addition of emulsifiers with surfactant and/or 
thickening properties ensures the formation of a 
stable emulsion. Now, synthetic surfactants are 
widely used to stabilize emulsions; however, their 
use can have a negative effect on the organism 
of consumers [4]. Thus, the possible binding of 
anionic surfactants to proteins, enzymes, and 
phospholipid membranes can lead to changes 
in the structure of human proteins and the 
dysfunction of enzymes and phospholipid 
membranes [5]. According to cytotoxicity tests, 
nonionic surfactants have fewer toxic effects than 
cationic, anionic and amphoteric surfactants, 
while the toxicity of cationic surfactants is 
the highest [6]. Therefore, replacing synthetic 
surfactants with biocompatible amphiphilic 
compounds is a key point in expanding the scope 
of application of emulsions in the creation of 
functional foods. 

The use of natural polymers such as proteins, 
polysaccharides, or their complexes as emulsifiers 
and/or stabilizers of food emulsions appears 
to be a promising approach to obtain highly 
digestible products [3]. The most common 
emulsifiers currently used in the food industry are 
a mixture of a low molecular weight surfactant, 
a natural amphiphilic polymer and an auxiliary 
co-emulsifier [7]. Polysaccharides such as 
pectin, various gums, and galactomannans are 
used as amphiphilic polymers. [8, 9]. The choice 
of polysaccharide as a natural component is 
due to the fact that, compared to protein, the 
stabilizer of most emulsions of natural origin, 
polysaccharides form a more voluminous 
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hydration layer, leading to the increased stability 
of emulsions due to the structural factor [10]. In 
addition, the low digestibility of polysaccharides 
in the gastrointestinal tract slows down the rate 
of release of biologically active substances [11].

Thus, emulsions currently used in the 
food industry based on polysaccharides are 
multicomponent mixtures containing various 
synthetic low-molecular compounds. Therefore, 
the search for new alternative surfactants is an 
urgent task for the modern food industry, aimed 
at creating functional food products that combine 
not only energy value, but also biologically active 
additives. Promising polymers are chitosans 
and alginates, polysaccharides of marine origin, 
solutions of which have sufficient viscosity to 
stabilize two-component emulsion systems. At 
the same time, the use of protein-polysaccharide 
complexes allows combining the properties of 
both components of the system, regulating both 
the rheological and surface-active properties of 
the system and the affinity for biologically active 
substances, expanding the range of functional 
components (vitamins, antioxidants, flavonoids, 
etc.) , implemented into the final product.

The purpose of this work was a brief overview 
of the prospects for using chitosan, sodium 
alginate, and protein-polysaccharide complexes 
as stabilizers for emulsions and foams for food 
use.

2. Use of chitosan, alginates and protein-
polysaccharide complexes as emulsifiers
2.1. Chitosan and its use as a stabilizer 
for  food emulsions

Chitosan is a randomized copolymer of 
D-glucosamine and N-acetyl-D-glucosamine, 
interconnected by 1,4-b-glycosidic bonds, is a 
product of deacetylation of the natural polymer 
chitin - poly-N-acetyl-D-glucosamine, one of the 
most common natural polysaccharide, found in 
the shells of crustaceans and the fungus cell walls 
[12]. Significant scientific and practical interest 
in chitin and chitosan is due to their unique 
properties such as biocompatibility, low toxicity, 
biodegradability, and high sorption capacity for 
heavy metals and radionuclides [13]. 

The properties of chitosan are significantly 
influenced by its molecular weight (MW), which 
for unmodified polymers obtained from natural 
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chitin is in the range of 2–1000 kDa. Another 
equally important parameter that determines the 
ability of chitosan to dissolve in acidic media is the 
degree of deacetylation (DD). For a polysaccharide 
with a DD higher than 55 %, the dissolution in a 
1% acetic acid solution is typical. Solubility is due 
to the protonation of the primary amino group 
at the C-2 position of the D-glucosamine unit; 
thus, in an acidic medium, chitosan is converted 
into a polycation, which is a rare phenomenon 
for natural polysaccharides [13]. 

The polymer is limitedly soluble in water; 
this is determined by the degree of deacetylation 
and the molecular weight. According to literature 
data, chitosan with an MW of less than 50 kDa 
and a DD of more than 80% is soluble at acidic 
and neutral pH values, and with a DD of more 
than 55% it is soluble at a pH below 6.5 (рКа for 
chitosan) regardless of the molecular weight [13].

The diverse biological activity of chitosan, 
along with its safety for humans, determines 
the widespread use of this polysaccharide in the 
food industry. The antioxidant and antimicrobial 
activity of chitosan, as well as its ability to interact 
with various compounds [14-16], allow it to be 
used for the development of “smart packaging” 
that increases the shelf life of food products; 
its high emulsifying ability allows to replace 
synthetic surfactants in food technologies. The 
earliest mention of the use of chitosan in the 
food industry in patent data dates back to 1956: 
in a patent, chitosan hydrochloride was used as a 
modifying agent in the preparation and creation 
of chewing gum [13].

Chitosan is an effective emulsifier for 
stabilizing heterogeneous oil-in-water systems. 
The polysaccharide increases the viscosity of the 
dispersed phase, complicating the diffusion of 
dispersed particles and reducing the rate of droplet 
aggregation. In addition, the positively charged 
amino groups make chitosan an amphiphilic 
surfactant polymer. Chitosan can be used as the 
only emulsifier; however, the resulting emulsions 
are reversible due to sensitivity to pH. In an acidic 
media with pH < рКа protonated chitosan forms 
polyelectrolyte complexes (PEC), interacting with 
the carbonyl groups of triglycerides, and in the 
case of increasing pH to values above рКа PEC 
destruction and loss of emulsifying ability occurs. 
With increasing pH, the solubility of chitosan 

decreases, and the emulsion remains stable 
due to the oil phase droplets adsorbed on the 
chitosan particles. With a reverse increase in the 
acidity of the medium, chitosan transforms into 
a soluble form, desorbing dispersed oil droplets, 
and the emulsion reversibly stratifies [17]. The 
emulsifying ability of chitosan largely depends 
on the degree of deacetylation and molecular 
weight: it increases for low-molecular chitosans 
at DD of less than 60% and more than 86%, while 
at DD values from 65 to 77% these properties 
significantly depend on the concentration of the 
polysaccharide [18]. In a majority of experimental 
studies on the use of chitosan as an emulsifier, 
it was considered as a component of complex 
compositions containing other surfactants. The 
presence of both chitosan and protein emulsifiers 
makes the heterogeneous system more stable. 
Using a mixture of chitosan with soy protein 
isolate can improve the digestibility and stability 
of emulsified carotenoids [19]. A complex 
containing chitosan modified with b-lactoglobulin 
fibers stabilizes fish oil emulsion in water [20]. 
It has also been shown that stable Pickering 
emulsions, emulsions in which solid particles 
containing corn oil act as a stabilizer, are formed 
when the polyelectrolyte complex of chitosan and 
gelatin is used as an emulsifier [21]. The ability 
of chitosan to form polyelectrolyte complexes 
in aqueous solutions can be used to increase the 
stability of easily degradable compounds, such as 
carotenoids [22] and anthocyanins [23].

2.2. Alginates and their use for stabilization 
of food emulsions

Sodium alginate, the sodium salt of alginic 
acid, is a recognized food ingredient widely 
used in the production of functional foods. As a 
food ingredient, the use of alginate is based on 
three main properties: the ability to form thick 
solutions, gelation, and film formation. The 
considered polysaccharide is widely used for the 
production of many new functional food products, 
such as food jelly, restructured meat, packaging 
and protective materials for packaged, sliced, or 
prepared fruits, vegetables, etc. In addition, new 
applications of sodium alginate may arise after its 
chemical, physical and biological modifications, 
leading to the production of derivatives with the 
required functional properties. 
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Sodium alginate is a polysaccharide isolated 
from brown algae, where it occurs as a component 
of the cell wall, performing structural functions 
similar to carrageenans and agar [24]

Being a polymeric acid, alginate consists of 
1,4-linked a-L-guluronic acid (G-units) and b-D-
mannuronic acid (M-units) residues. These two 
acidic residues differ greatly in stereochemistry 
at the C-5 atom. Alginates obtained from 
different algae species differ in the content of 
G- and M-units, present in the polymer chain 
in the form of GG, MM and MG/GM blocks in 
different ratios, which leads to differences in the 
physical properties of alginate gels [25] and the 
characteristics of alginate-based products [24].

The wide practical use of alginate is based on 
its three main properties. Firstly, it is the ability 
to increase the viscosity of aqueous solutions. The 
second is the ability to turn into a gel when salts 
of divalent cations of various metals are added 
[25, 26] to an aqueous solution of sodium alginate. 
Unlike carrageenan or agar gels, temperature 
changes are not required for the formation of a 
heat-stable alginate gel, which saves not only 
energy, but also protects biologically active 
substances from thermal destruction. The 
third practically significant property of sodium 
alginate is the ability to form films and fibers. In 
addition, the unique structure of this polymer is 
biocompatible [27].

As a natural water-soluble polymer, alginate 
forms viscous aqueous solutions. The thickening 
properties of alginate are commonly used in the 
production of jams, marmalades and fruit sauces 
since the interactions between alginate and 
pectin are reversible upon heating and provide 
a higher viscosity than either component alone. 
Alginates are also used to thicken desserts and 
sauces such as mayonnaise. The use of alginate 
alone or in combination with other thickeners 
improves the organoleptic characteristics of a 
number of low-fat foods. The hydrophilic nature 
of alginate helps to retain water and improves 
the texture of food, resulting in improved food 
acceptance by consumers [28].

As a gelling agent, alginate forms stable 
gels over a wide temperature range and at 
low pH values, which can be used in the food 
industry. The introduction of alginates into 
the formulation of culinary creams provides 

resistance to freezing/thawing and reduces the 
separation of solid and liquid components. In 
ice cream, alginate is often used in combination 
with other hydrocolloids for thickening and 
stabilization, which allows controlling the 
viscosity of the product, increasing resistance 
to heat shock, and reducing shrinkage and ice 
crystal formation. In addition, alginate is widely 
used in the creation of artificial products, for 
example, an analogue of fish caviar [28].

As an emulsifier in industry, it is currently 
not being proposed to use alginic acid or its salt, 
but a chemical modification product, propylene 
glycol alginate (PGA) (Fig. 1). This compound is 
an esterified alginate derivative, widely used in 
the food and beverage industry. PGA was first 
obtained by Kelco in 1949 [29].

Since in this compound the carboxyl group 
of alginic acid is substituted by propylene glycol 
ether, PGA dissolves in an acidic medium up to 
pH 3-4, under conditions under which sodium 
alginate precipitates as alginic acid. Resistance 
to acidic conditions and to the ionic strength 
of solution makes propylene glycol alginate a 
valuable component in foods and beverages 
with high acidity or divalent metal ion content. 
In addition, PGA also has high lipophilicity and 
emulsifying ability due to the propylene glycol 
moiety contained in its molecules.

The addition of 0.1% propylene glycol alginate 
increases the colloidal stability of fruit and 
vegetable juices without compromising their taste 

Fig. 1. Scheme of the propylene glycol alginate syn-
thesis
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and composition. Due to the high emulsifying 
characteristics of propylene glycol alginate, it 
is possible to obtain concentrates and juices 
enriched with dry substances (pulp, etc.), both 
hydrophilic and lipophilic, which has a beneficial 
effect on the consumer characteristics of the final 
product [28].

In the literature there is also information 
about the use of propylene glycol alginate in 
a mixture with some other polysaccharides 
(carboxymethyl cellulose, gums, etc.) as a 
stabilizer for protein drinks, beer foam, and soy 
milk [28]. It is noted that the required amount 
of stabilizer does not exceed 0.5%, out of which 
more than 60% is propylene glycol alginate, which 
does not affect the taste and consistency of the 
final product. 

In addition, propylene glycol alginate has 
proven itself as a stabilizer for yoghurt with 
fruit fillings. Due to the acidic pH, the choice 
of stabilizers is quite limited, but in addition 
to maintaining high system uniformity and 
resistance to separation, the emulsifier provides 
a marketable appearance to the product [28].

The presence of hydrophobic fragments in 
the macromolecules of propylene glycol alginate, 
the latter acts as an effective stabilizer for salad 
dressings, improves the external and organoleptic 
characteristics of bread and the texture of pasta, 
reducing the pasta fragility [28, 30].

2.3. Stabilization of food emulsions and 
foams with protein-polysaccharide complexes

Protein-polysaccharide complexes combine 
the physicochemical and functional properties 
of their constituent macromolecules and, 
accordingly, hydrophobic and hydrophilic 
properties. Consequently, they can be successfully 
used as agents stabilizing the air/water or oil/
water interfaces in complex food systems [31].

Schmitt et al. [32] studied the surfactant 
properties at the air/water interface of 
b-lactoglobulin/acacia gum complexes prepared at 
pH 4.2 and a component ratio of 2:1 and compared 
them with the behavior of b-lactoglobulin. The 
surface activity of the complexes was similar for 
the value corresponding to the protein; however, 
the complexes formed stronger viscoelastic films 
with a thickness of about 250 Å at the interface. 
As a result, the gas permeability of films obtained 

from associates was lower compared to films from 
native b-lactoglobulin. In addition, by reducing 
the rate of aggregation of air bubbles, the 
complexes stabilized water-air foams. The results 
obtained were used to formulate complex food 
products, such as fruit ices and sorbets, for which 
the stability of air bubbles in the foam correlates 
with improved organoleptic parameters of the 
product. Complexes of whey protein isolate and 
acacia gum exhibit similar properties, which 
allows to use them for the replacement of animal 
gelatin when creating vegetarian foods [33].

Complexes based on b-lactoglobulin and 
pectins are also used to stabilize the air/water 
interface [34]. In this case, the charge density of 
pectin, i.e. the degree of its methylation and the 
ratio of components determine the size of the 
resulting complexes and, consequently, their 
surface activity. The viscoelastic properties of the 
air/water interface are determined either by the 
adsorption of the complex or by the sequential 
adsorption of the components. In the latter case, 
the formation of viscoelastic films was observed. 
A study of the structure of the resulting films 
showed that both obtained samples contain a 
dense layer near the air/water interface, which 
probably consists of b-lactoglobulin. However, the 
thickness of the film obtained with sequentially 
adsorbed components is higher than for adsorbed 
complexes. It should be noted that associates 
based on ovalbumin and pectin or b-lactoglobulin 
and carboxylated pullulan also exhibit surface-
active properties at the water-air interface and 
can be used to stabilize foam. It has been shown 
that napin, a protein isolated from rapeseed 
flour, forms complexes with pectins, which also 
stabilize aqueous foams and have a higher surface 
activity compared to the native protein [35]. 

Emulsions, widely used in the food industry, 
can also be stabilized with protein-polysaccharide 
complexes. If the complex is formed during the 
emulsification step, a mixed emulsion is produced 
[31]. There is also a layer-by-layer emulsion 
stabilization technique: in this case, the primary 
emulsion is stabilized by protein, and then a 
polysaccharide dispersion is added, inducing 
interfacial complexation, leading to the formation 
of so-called bilayer emulsions [36]. This approach 
is most commonly used on an industrial scale 
because it produces stable emulsions for a wide 
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range of compounds. A study of the rheological 
behavior of the sodium caseinate-dextran 
sulphate complex showed that the resulting 
interfacial layers at the interface are much more 
viscoelastic in the case of mixed emulsions [37]. 
Interestingly, the resulting emulsions showed 
different pH stability, especially in an acidic 
medium: mixed emulsions turned out to be 
much more resistant to flocculation compared 
to double-layer emulsions. These results have 
practical implications for the in vivo control of 
lipolysis. Ducel et al [38] reported high surface 
activity in an oil/water system for complexes 
of pea globulin or a-gliadin with acacia gum. 
The resulting films were characterized by a long 
relaxation time and high elasticity. In addition, 
complexes obtained at a lower pH stabilize 
emulsions more effectively due to having a higher 
spreadability on the surface of oil droplets.

Cho and McClements [39] emphasized the 
importance of controlling the ratio of protein 
to polysaccharide and the concentration of 
the latter to ensure the colloidal stability of a 
bilayer emulsion obtained in the presence of a 
b-lactoglobulin-pectin complex at pH 3.5. Too 
low (<0.02%) or high (>0.1%) pectin content led 
to the formation of an unstable emulsion due 
to flocculation. Another study showed that the 
presence of 100 mM NaCl and b-lactoglobulin/
citrus pectin complex produced more stable 
emulsions at pH 3–4 compared to emulsions 
stabilized by b-lactoglobulin alone. This is 
explained by the fact that in the presence of an 
electrolyte, shielding of the interfacial charge is 
achieved [40]. Some other protein-polysaccharide 
complexes (b-lactoglobulin with alginate, 
i-carrageenan or acacia gum) have been used to 
obtain acid-resistant bilayer emulsions and for 
industrial beverage production [41, 42]. 

The use of polycationic chitosan allows 
obtaining stable emulsions based on whey protein 
isolate at pH 6.0 [43]. As with other described 
systems, the ratio of protein and polysaccharide 
in the complex used plays an important role in 
stabilization. Interestingly, such systems form 
at a much lower pH (around 3.0) and can reduce 
surface tension as well as pure proteins. Stable 
concentrated emulsions containing up to 40% 
rapeseed oil can be obtained using a wide range 
of biopolymer concentrations ranging from 3.8 

to 11.2%, which allows additional control of the 
volumetric viscosity of the resulting product. The 
stability of an emulsion containing 15% sunflower 
oil, stabilized with whey protein isolate, increases 
when using a complex of chitosan and acacia 
gum at pH 3.0. The use of the complex leads to 
the formation of monodisperse droplets, gel-like 
emulsions or clusters of oil droplets, depending 
on the ratio of chitosan to acacia gum [44].

A study of the emulsifying properties of a 
complex of whey protein isolate and carboxymethyl 
cellulose revealed a dependence on the protein/
polysaccharide ratio for heterogeneous systems 
containing 10 and 20% oil fraction. It should be 
noted that the use of these complexes allows 
obtaining heat-stable emulsions, which is not 
observed for the stabilization with pure protein 
[45]. 

Complexes of soy protein isolate and 
hydrophobically modified pectin stabilize 
emulsions at pH 5.5. It has also been shown that 
protein-polysaccharide complexes are capable 
of stabilizing the outer interface of W/M/W 
emulsions obtained at pH ≤ 6.0 [45].

3. Problems and prospects for using 
polysaccharides for the stabilization 
of  food emulsions

The complex compositions of food systems 
determine the high demands placed on 
emulsifiers, among which health and the 
environment safety, as well as the ability to 
maintain emulsifying properties during food 
processing, are especially important. Researchers 
proposing polysaccharides for the stabilization 
of emulsions are faced with problems of their 
interaction with other components of systems 
(electrostatic interactions with salts and proteins, 
the formation of hydrogen bonds with other 
macromolecules, hydrophobic interaction with 
polyphenols, etc.), and they are also subject to 
thermal destruction as a result of processing food 
products. Despite the fact that the principles of the 
influence of external factors on the emulsifying 
properties of polysaccharides seem to have 
already been finally established, the significantly 
different molecular structure of polysaccharides 
leads to significant variations in their emulsifying 
properties. Therefore, in the case of using a 
new, previously undescribed polysaccharide 
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as a food emulsifier, a full investigation of its 
colloidal chemical characteristics is required. 
In addition, there is virtually no information 
in the literature on changes in the emulsifying 
properties of polysaccharides during food 
processing (thermal or non-thermal), as well as 
on the molecular mechanisms of these changes. 
Thus, the introduction of natural polysaccharides 
as food emulsifiers is undoubtedly a labor-
intensive task. 

Currently, emulsion systems obtained 
using polysaccharides as emulsifiers are used 
mainly to create functional foods capable of 
targeted delivery and the stabilization of active 
substances, as well as to study the mechanisms 
of their action, release, digestion, absorption, 
and transportation. Therefore, the development 
of a functional product should also include many 
stages of research, such as determining the 
structural characteristics and interfacial behavior 
of the polysaccharide, emulsion characteristics 
(stability, droplet size, etc.), as well as studying 
the kinetics of metabolism and the bioavailability 
of released biologically active substances. The 
result of solving these problems can be used to 
create emulsion systems that could specifically 
deliver the optimal amount of biologically active 
substances, protecting them from destruction 
during movement through the gastrointestinal 
tract [31]. 

4. Conclusion
Thus, polysaccharides, in particular chitosan 

and alginic acid derivatives, as well as protein-
polysaccharide complexes, are promising for the 
development of multifunctional emulsion systems 
capable of not only maintaining the stability of 
a heterogeneous system for a long time, but also 
giving them functional properties, for example, as 
nano- and microcontainers for biologically active 
substances. The introduction of polysaccharide-
based stabilizers into the production of food is 
difficult due to the labor-intensive processes 
for creating such systems. However, the fact 
that sodium alginate and chitosan are already 
successfully used in food technology as thickeners 
and components for “smart” and environmentally 
friendly food packaging increases the potential 
for these polysaccharides to find early use in other 
sectors of the food industry.

Contribution of the authors
The authors contributed equally to this article.

Conflict of interests 
The authors declare that they have no 

known competing financial interests or personal 
relationships that could have influenced the work 
reported in this paper.

References
1. Koroleva M. Y., Yurtov E. V. Pickering emulsions: 

structure, properties and the use as colloidosomes and 
stimuli-sensitive emulsions. Russian Chemical Reviews. 
2022;91(5): RCR5024. https://doi.org/10.1070/
RCR5024  

2. Bagale U., Kalinina I. V., Naumenko N. V., 
Kadi  Ya. A. M., Malinin A. V., Tsaturov A. V. The 
possibilities of using double emulsions in the food 
industry. Part 2: formation of food systems of a new 
format. Bulletin of South Ural State University, Series 
“Food and Biotechnology”. 2023;11(1): 27–34. (in Russ.). 
https://doi.org/10.14529/food230103 

3. Stuzhuk A. N., Gritskova I. A., Gorbatov P. S., 
Shkol’nikov A. V., Kuznetsov A. A. Influence of 
dispersion conditions and nature of the emulsifier on 
the dispersity and stability of artificial polymer 
suspensions based on polyetherimide. Russian 
Chemical Bulletin. 2022;71(2): 382-388. https://doi.
org/10.1007/s11172-022-3423-4

4. Nushtaeva А., Vilkova N. G. Hydrophobization 
of silica particles with various cationic surfactants. 
Izvestiya Vysshikh Uchebnykh Zavedenii. Seriya Khimiya 
i Khimicheskaya Tekhnologiya (ChemChemTech). 
2021;64(3): 41–45. https://doi.org/10.6060/
ivkkt.20216403.6321 

5. Paciello S., Russo T., De Marchi L., … Freitas R. 
Sub-lethal effects induced in Mytilus galloprovincialis 
after short-term exposure to sodium lauryl sulfate: 
Comparison of the biological responses given by 
mussels under two temperature scenarios. Comparative 
Biochemistry and Physiology Part C: Toxicology & 
Pharmacology . 2023;70: 109644. https://doi.
org/10.1016/j.cbpc.2023.109644  

6. Han W., Long W., Peng L., Zhang W., Shi B. Effect 
of nonionic and anionic surfactant on ecotoxicity and 
micellization behaviors of dodecyl trimethyl 
ammonium bromide (DTAB). Colloids and Surfaces A: 
Physicochemical and Engineering Aspects. 2023;671: 
131588. https://doi.org/10.1016/j.colsurfa.2023.131588

7. Amiri-Rigi A., Kesavan Pillai S., Naushad 
Emmambux M. Development of hemp seed oil 
nanoemulsions loaded with ascorbyl palmitate: Effect 
of operational parameters, emulsifiers, and wall 
materials. Food Chemistry. 2023;400: 134052. https://
doi.org/10.1016/j.foodchem.2022.134052 

Condensed Matter and Interphases / Конденсированные среды и межфазные границы   2024;26(2): 187–196

M. S. Lavlinskaya et al. Stabilization of food emulsion by polysaccharides and protein-polysaccharide...



194

8. Feng S., Guo Y., Liu F., … Zhang Y. The impacts 
of complexation and glycated conjugation on the 
performance of soy protein isolate gum Arabic 
composites at the O/W interface for emulsion based 
delivery systems. Food Hydrocolloids. 2023;135: 
1 0 8 1 6 8 .  h t t p s : / / d o i . o r g / 1 0 . 1 0 1 6 / j .
foodhyd.2022.108168 

9. Niu H., Hou K., Chen H., Fu X. A review of sugar 
beet pectin stabilized emulsion: Extraction, structure, 
interfacial self assembly and emulsion stability. Critical 
Reviews in Food Science and Nutrition. 2022;64(3): 
852–872.. https://doi.org/10.1080/10408398.2022.21
09586 

10. Lin J., Guo X., Ai C., Zhang T., Yu S. Genipin 
crosslinked sugar beet pectin whey protein isolate/
bovine serum albumin conjugates with enhanced 
emulsifying properties. Food Hydrocolloids. 2020;105: 
1 0 5 8 0 2 .  h t t p s : / / d o i . o r g / 1 0 . 1 0 1 6 / j .
foodhyd.2020.105802 

11. Anal A. K., Shrestha S., Sadiq, M. B. Biopolymeric 
based emulsions and their effects during processing, 
digestibility and bioaccessibility of bioactive 
compounds in food systems. Food Hydrocolloids. 
2019;87: 691–702. https://doi.org/10.1016/j.
foodhyd.2018.09.008 

12. Sorokin A. V., Kholyavka M. G., Lavlinskaya M. S. 
Synthesis of chitosan and N-vinylimidazole graft-
copolymers and the properties of their aqueous 
solutions. Condensed Matter and Interphases. 
2021;23(4), 570–577. https://doi.org/10.17308/
kcmf.2021.23/3676

13. Kabanov V. L., Novinyuk L. V. Chitosan 
application in food technology: a review of recent 
advances. Food Systems. 2020;3(1):10–15. https://doi.
org/10.21323/2618-9771-2020-3-1-10-15

14. Olshannikova S. S., Redko Y. А., Lavlinskaya M. S., 
Sorokin A. V., Holyavka M. G., Yudin N. E., Artyukhov 
V. G. Study of the proteolytic activity of ficin associates 
with chitosan nanoparticles. Condensed Matter and 
Interphases. 2022;24(4): 523–528. https://doi.
org/10.17308/kcmf.2022.24/10556

15. Goncharova S. S., Redko Y. A., Lavlinskaya M. S., 
Sorokin A. V., Holyavka M. G., Kondratyev M. S., 
Artyukhov, V. G. Biocatalysts based on papain 
associates with chitosan nanoparticles. Condensed 
Matter and Interphases. 2023;25(2): 173–181. https://
doi.org/10.17308/kcmf.2023.25/11098

16. Malykhina N. V., Olshannikova S. S., Holyav-
ka  M.  G., Sorokin A. V., Lavlinskaya M. S., Artyu-
khov V. G., Faizullin D. A., Zuev Yu. F. Preparation of 
ficin complexes with carboxymethylchitosan and 
N-(2-hydroxy)propyl-3-trimethyl ammonium chitosan 
and the study of their structural features. Russian 
Journal of Bioorganic Chemistry. 2022; 48(Suppl 1): 
S 5 0 – S 6 0  ( 2 0 2 2 ) . h t t p s : / / d o i . o r g / 1 0 . 1 1 3 4 /
S1068162022060176  

17. Liu H., Wang C., Zou S., Wei Z., Tong Z. Simple, 
reversible emulsion system switched by pH on the 
basis of chitosan without any hydrophobic modification. 
Langmuir. 2012;28(30): 11017–11024. https://doi.
org/10.1021/la3021113  

18. Rodrı́guez M. S., Albertengo L. A. Agulló E. 
Emulsification capacity of chitosan. Carbohydrate 
Polymers . 2002;48(3): 271–276. https://doi.
org/10.1016/s0144–8617(01)00258–2 

19. Zhang C., Xu W., Jin W., Shah B. R., Li Y., Li B. 
Influence of anionic alginate and cationic chitosan on 
physicochemical  stabil ity  and carotenoids 
bioaccessibility of soy protein isolate-stabilized 
emulsions. Food Research International. 2015;77: 
4 1 9 – 4 2 5 .  h t t p s : / / d o i . o r g / 1 0 . 1 0 1 6 / j .
foodres.2015.09.020

20.  Chang H. W., Tan T. B., Tan P. Y., Nehdi I. A., 
Sbihi H. M., Tan C. P. Microencapsulation of fish oil-
in-water emulsion using thiol-modified b-lactoglobulin 
fibrils-chitosan complex. Journal of Food Engineering. 
2020;264: 109680. https://doi.org/10.1016/j.
jfoodeng.2019.07.027 

21. Ji C., Luo Y. Plant protein-based high internal 
phase Pickering emulsions: Functional properties and 
potential food applications. Journal of Agriculture and 
Food Research. 2023;12: 100604. https://doi.
org/10.1016/j.jafr.2023.100604  

22. Roll Zimmer T. B., Barboza Mendonça C. R., 
Zambiazi R. C. Methods of protection and application 
of carotenoids in foods — A bibliographic review. Food 
Bioscience. 2022;48: 101829. https://doi.org/10.1016/j.
fbio.2022.101829 

23. He B., Ge J., Yue P., … Ga X. Loading of 
anthocyanins on chitosan nanoparticles influences 
anthocyanin degradation in gastrointestinal fluids and 
stability in a beverage. Food Chemistry. 2017;221: 
1 6 7 1 – 1 6 7 7.  h t t p s : / / d o i . o r g / 1 0 . 1 0 1 6 / j .
foodchem.2016.10.120

24. Antipova A. P., Sorokin A. V., Lavlinskaya M. S. 
Development of an obtaining method for a graft 
copolymer based on sodium alginate for potential 
biomedical applications. Proceedings of Voronezh State 
University. Series: Chemistry. Biology. Pharmacy. 2022; 
4: 5–11. (In Russ.). Available at: https://elibrary.ru/
item.asp?id=49963545

25. Makarova A. O., Derkach S. R., Khair Т., 
Kazantseva M. A., Zuev Yu. F., Zueva O. S. Ion-induced 
polysaccharide gelation: peculiarities of alginate egg-
box association with different divalent cations. 
Polymers. 2023;15: 1243. https://doi.org/10.3390/
polym15051243 

26. Zueva O. S. , Khair T. , Derkach S. R. , 
Kazantseva  M. A., Zuev Yu. F. Strontium-induced 
gelation of sodium alginate in the presence of carbon 
nanotubes: elemental analysis and gel structure. 

Condensed Matter and Interphases / Конденсированные среды и межфазные границы   2024;26(2): 187–196

M. S. Lavlinskaya et al. Stabilization of food emulsion by polysaccharides and protein-polysaccharide...



195

Journal of Composites Science. 2023;7: 286. https://doi.
org/10.3390/jcs7070286 

27. Len’shina N. A., Konev A. N., Baten’kin A. A., 
… Zagainov V. E. Alginate functionalization for the 
microencapsulation of insulin producing cells. Polymer 
Science, Series B. 2021;63(6): 640–656. https://doi.
org/10.1134/S1560090421060129 

28. Qin Y., Zhang G., Chen H. The applications of 
alginate in functional food products. Journal of 
Nutrition and Food Science. 2020;3(1): 13. Available at: 
https://www.henrypublishinggroups.com/wp-
content/uploads/2020/05/the-applications-of-
alginate-in-functional-food-products.pdf

29. Steiner A. B. Manufacture of glycol alginates. US 
Patent No. 2426215A. Publ. 26.08.1947. 

30. Nogaeva U. V., Naumova A. A., Novinkov A. G., 
… Abrosimova O. N. Сomparative study of rheological 
properties of gels and creams on different carrier bases. 
Drug development & registration. 2022;11(3): 121–129. 
(In Russ.). https://doi.org/10.33380/2305-2066-2022-
11-3-121-129 

31. Ai C. Recent advances on the emulsifying 
properties of dietary polysaccharides. eFood. 2023;4(4): 
e106. https://doi.org/10.1002/efd2.106 

32. Schmitt C., Kolodziejczyk E., Leser M. E. 
Interfacial and foam stabilization properties of 
b-lactoglobulin-acacia gum electrostatic complexes. 
In: Food colloids: interactions, microstructure and 
processing. E. Dickson (ed.). Royal Society of Chemistry; 
2005. p. 284–300. https://doi.org/10.1039/ 
9781847552389-00284 

33. Schmitt C. , Kolodziejczyk E. Protein-
polysaccharide complexes: from basics to food 
applications. In: Gums and stabilisers for the food 
industry, 15. Williams P. A., Phillips G. O. (eds.). Royal 
Society of Chemistry; 2010. p. 211–222. https://doi.
org/10.1039/9781849730747-00211 

34. Ganzevles R. A., Cohen Stuart M. A., van 
Vliet T., de Jongh H. H. J. Use of polysaccharides to 
control protein adsorption to the air–water interface. 
Food Hydrocollids. 2006;20: 872–878. https://doi.
org/10.1016/j.foodhyd.2005.08.009 

35. Schmidt I., Novales B., Boué F., Axelos M. A. V. 
Foaming properties of protein/pectin electrostatic 
complexes and foam structure at nanoscale. Journal of 
Colloid and Interface Science. 2010;345:316–324. 
https://doi.org/10.1016/j.jcis.2010.01.016 

36. McClements D. J. Non-covalent interactions 
between proteins and polysaccharides. Biotechnology 
Advances. 2006;24: 621–625. https://doi.org/10.1016/j.
biotechadv.2006.07.003 

37. Jourdain L. S., Schmitt C., Leser M. E., 
Murray  B.  S., Dickinson E. Mixed layers of sodium 
caseinate + dextran sulfate: influence of order of 
addition to oil-water interface. Langmuir. 2009;25: 
10026–10037. https://doi.org/10.1021/la900919w 

38. Ducel V., Richard J., Popineau Y., Boury F. 
Rheological interfacial properties of plant protein 
Arabic gum coacervates at the oil–water interface. 
Biomacromolecules. 2005;6:790–796. https://doi.
org/10.1021/bm0494601 

39. Cho Y. H., McClements D. J. Theoretical 
stability maps for guiding preparation of emulsions 
stabilized by protein−polysaccharide interfacial 
complexes. Langmuir. 2009;25: 6649–6657. https://doi.
org/10.1021/la8006684 

40. Guzey D., Kim H. J., McClements D. J., Factors 
influencing the production of o/w emulsions stabilized 
by b-lactoglobulin–pectin membranes. Food 
Hydrocolloids. 2004;18: 967–975. https://doi.
org/10.1016/j.foodhyd.2004.04.001 

41. Harnsilawat T. , Pongsawatmanit R. , 
McClements D. J. Stabilization of model beverage cloud 
emulsions using protein-polysaccharide electrostatic 
complexes formed at the oil-water interface. Journal 
of Agricultural and Food Chemistry. 2006;54: 5540–
5547. https://doi.org/10.1021/jf052860a 

42. Guzey D., McClements D. J. Formation, stability 
and properties of multilayer emulsions for application 
in the food industry. Advances in Colloid and Interface 
Science. 2006;128–130: 227–248. https://doi.
org/10.1016/j.cis.2006.11.021 

43. Laplante S., Turgeon S. L., Paquin P. Effect of 
pH, ionic strength, and composition on emulsion 
stabilising properties of chitosan in a model system 
containing whey protein isolate. Food Hydrocolloids. 
2005;19: 721–729. https://doi.org/10.1016/j.
foodhyd.2004.08.001 

44. Moschakis T., Murray B. S., Biliaderis C. 
Modifications in stability and structure of whey 
protein-coated o/w emulsions by interacting chitosan 
and gum arabic mixed dispersions. Food hydrocolloids. 
2 0 1 0 ; 2 4 :  8 – 1 7. h t t p s : / / d o i . o r g / 1 0 . 1 0 1 6 / j .
foodhyd.2009.07.001 

45. Schmitt C., Turgeon S. L. Protein/polysaccharide 
complexes and coacervates in food systems. Advances 
in Colloid and Interface Science. 2011;167(1–2): 63–70. 
https://doi.org/10.1016/j.cis.2010.10.001 

Information about the authors
Maria S. Lavlinskaya., Cand. Sci. (Chem.), Senior 

Researcher, Department of  Biophysics and 
Biotechnology, Voronezh State University (Voronezh 
Russian Federation).

https://orcid.org/0000-0001-9058-027X 
maria.lavlinskaya@gmail.com   
Andrey V. Sorokin, Cand. Sci. (Biol.), Senior 

Researcher, Department of  Biophysics and 
Biotechnology, Voronezh State University (Voronezh, 
Russian Federation).

https://orcid.org/0000-0001-5268-9557 
andrew.v.sorokin@gmail.com 

Condensed Matter and Interphases / Конденсированные среды и межфазные границы   2024;26(2): 187–196

M. S. Lavlinskaya et al. Stabilization of food emulsion by polysaccharides and protein-polysaccharide...



196

Marina G. Holyavka, Dr. Sci. (Biol.), Professor, 
Department of Biophysics and Biotechnology, 
Voronezh State University; Professor at the Physics 
Department, Sevastopol State University (Voronezh, 
Sevastopol, Russian Federation). 

https://orcid.org/0000-0002-1390-4119 
holyavka@rambler.ru
Yuriy F. Zuev, Dr. Sci. (Chem.), Professor, Head of 

the Laboratory of Biophysical Chemistry of 
Nanosystems, Kazan Institute of Biochemistry and 
Biophysics, Kazan Scientific Center of Russian 
Academy of Science” (Kazan, Russian Federation).

https://orcid.org/0000-0002-6715-2530 
yufzuev@mail.ru 

Valery G. Artyukhov, Dr. Sci. (Biol.), Professor, Head 
of the Biophysics and Biotechnology Department, 
Voronezh State University (Voronezh Russian 
Federation).

https://orcid.org/0000-0002-5872-8382 
artyukhov@bio.vsu.ru  
Received 13.09.2023; approved after reviewing 

06.11.2023; accepted for publication 15.11.2023; 
published online 25.06.2024.

Translated by Valentina Mittova

Condensed Matter and Interphases / Конденсированные среды и межфазные границы   2024;26(2): 187–196

M. S. Lavlinskaya et al. Stabilization of food emulsion by polysaccharides and protein-polysaccharide...


