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Abstract: Emulsion stability and emulsifying ability are two important factors in the food industry. Emulsions are thermodynamically unstable systems &
surfactant must be present to stabilize the system. Proteins are widely used as emulsifiers in the food industry due to their interfacial structure. However,
protein-stabilized emulsions are highly sensitive to environmental stresses such as pH, ionic strength, and temperature & require modification to improve
such functional properties. Many efforts have been made to develop new food ingredients with improved functional properties (emulsion Stability). Over
the past few years, there has been growing interest in the modification of proteins with sugars & several methods have been reported for the conjugation
of proteins with polysaccharides to produce better surfactants for emulsion stabilization. Preparing Protein—polysaccharide conjugates by means of
Maillard reaction is widely used among those methods. Therefore, this review is focus on maillard conjugates of protein-polysaccharides to stabilize food

emulsions.
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1. Introduction

Most food products are complex colloidal systems resulting
from the combination of numerous food components (e.g.,
proteins, carbohydrates, and lipids) organized and arranged
in very complex internal microstructures with various types
of assemblies such as dispersions, emulsions, foams, gels,
etc. The overall stability and structural properties of colloidal
systems depends not only on the functional properties of
the individual ingredients, but also on the nature and

strength of the interactions between them [1]. An emulsion
can be defined as a material that consists of small spherical
droplets of one liquid dispersed in another liquid in which it
is at least partly immiscible. The material within the
emulsion droplets is usually referred to as the dispersed,
internal, or discontinuous phase, whereas the material that
makes up the surrounding liquid is usually referred to as the
continuous or external phase[1], [ 2].
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Figure 1: Schematic illustration of a dispersed system that consists of two fully or partially immiscible liquids. The dispersed
phase is surrounded by molecules of the continuous phase, and the two phases are separated by an interfacial region.

The food industry is one of many industries that heavily rely
on the use of emulsions and emulsifiers. Emulsions play an
important role in the formulation of foods; some food
emulsions (salad dressings, mayonnaise, cream liqueurs,
etc) are end products themselves. Food emulsions can also
be ingredients which participate in the formation of more
complex products such as yoghurts, ice creams and

whipped products [3]. From a physiochemical point of view,
emulsions are thermodynamically unstable systems, can
rapidly or slowly separate into two immiscible phases, over
a period of time. The most common processes of emulsion
destabilization are droplet-droplet coalescence, flocculation,
creaming, and Ostwald ripening. Aggregation of droplets
greatly influences shelf life and texture of emulsions [3].
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SCHEMATIC OF MECHANISMS LEADING TO
COALESENCE OF AN OIL-IN-WATER EMULSION
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Figure 2: Schematic of Mechanisms Leading to Coalescence of an Oil-in-Water Emulsion (Particle Science and Drug
development Service) [4]

2. Emulsion Stabilization

Emulsion stability refers to the ability of an emulsion to
resist changes in its properties over time: the more stable
the emulsion, the more slowly its properties change. The
perceived quality of emulsion based food products is
strongly influenced by their stability, rheology and
appearance[3] . For a dispersion of one liquid in another to
be stable enough to be classified as an emulsion, a third
component, such as a surfactant, must be present to
stabilize the system. Fine solid particles such as silica
beads can also stabilize emulsions if they attach at the
interface between the oil and the water to prevent droplets
from coalescing [5]. For stabilization of emulsions and
suspensions against flocculation, coalescence and Ostwald
ripening the following criteria must be satisfied: (i) Complete
coverage of the droplets or particles by the surfactant. Any
bare patches may result in flocculation as a result of van
der Waals attraction or bridging. (ii) Strong adsorption (or
“anchoring”) of the surfactant molecule to the surface of
droplet or particle. (iii) Strong solvation (hydration) of the
stabilizing chain to provide effective steric stabilization, (iV)
Reasonably thick adsorbed layer to prevent weak
flocculation. Most of the above criteria for stability are best
served by using a polymeric surfactant [6]. Proteins,
especially caseins and whey proteins are widely used as
emulsifiers in food, cosmetic and pharmaceutical industries

for many years in the stabilisation of oil-in-water emulsions
[71,[8].[9],[10] . The efficiency of these emulsifiers is a
function of their interfacial structure [10]. They have
amphiphilic (hydrophobic and hydrophilic) characteristics
and as such are able to adsorb strongly at the oil-water
interface. The adsorbed protein molecules are responsible
for reducing the surface tension and able to stabilise
emulsions by preventing droplet aggregation and
coalescence through electrostatic and/or steric repulsive
forces [7], [8], [9]. However, protein-stabilized emulsions
are highly sensitive to environmental stresses such as pH,
ionic strength, and temperature. When the pH approaches
the isoelectric point of the protein and/or the salt
concentration is higher in the emulsion, the electrostatic
repulsion of the protein adsorption layers decreases, and
therefore coalescence and creaming happen. When
emulsion is subjected to heat treatment, for pasteurization
or sterilization purposes, aggregation happens because of
the denaturation of the protein that holds the droplets
together [7], [8]. Many food proteins require modification to
improve such functional properties as solubility, foaming
and emulsifying activity. Functional properties of proteins
are closely related to their size, structural conformation, and
level and distribution of ionic charges. Mostly, the three
dimensional structure of the protein molecule decides the
physicochemical functions of the proteins [11].
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Figure3: Schematics of steric repulsion between adsorbed protein layers at the oil-water interface of emulsion droplets [12]
Chemical treatments that could cause alteration of these properties include reactions that either introduce a new functional
group to the protein or remove a component part from the protein [13].
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Figure: Three-dimensional structure of a peptide bond between an alanine and an adjacent amino acid (left) & Chemical
structure of the peptide bond (right) [11]

To improve functional properties of proteins including their
emulsifying ability, chemical modifications have often been
made [14]. Some researchers have found that protein-
polysaccharide conjugates as the emulsifying agent rather
than the protein alone can markedly enhance emulsion
stabilisation. In recent years, polysaccharides are widely
used for stabilisation of food emulsions and foams. High
molecular weight emulsifiers such as gum arabic, casein,
dextran, modified starch, and others, are often used as
ingredients to stabilise oil-in-water food emulsions [15].
Generally, there are three classes of complexes namely; (a)
naturally-occurring complexes in which protein residues are
covalently attached to the polysaccharide chains as is the
case, for example, with gum Arabic; (b) Maillard conjugates,
which are formed by interaction of the reducing end of a
polysaccharide with an amine group on a protein forming a
covalent bond; and (c) electrostatic complexes formed
between a polysaccharide and a protein with opposite net
charge [8]. However, this review only focuses on Maillard
conjugates.

3. Development of Protein — polysaccharide

Conjugate & Maillard reaction
Many efforts have been made to develop new food
ingredients with improved functional properties [16], [17]
(1,2). Over the past few years, there has been growing
interest in the modification of proteins with sugars [14] (3) &
several methods have been reported for the conjugation of
proteins with polysaccharides to produce better surfactants
for emulsion stabilization[16] (1). Preparing Protein—
polysaccharide conjugates by means of Maillard reaction is
widely used among those methods [18], [19],[20] . Maillard
reaction is a spontaneous and naturally occurring reaction,
which involves a complex network of non-enzymatic
reactions resulting from the initial condensation between an
available amino group and a carbonyl-containing moiety
(between reducing sugars and protein amino groups) , in
certain conditions of temperature and water activity[17],[18],
[21]. The non-enzymatic maillard reaction products(MRPS)
formed during processing, packaging and storage via amino
and carbonyl compounds interactions are common to many
food systems, and several authors proved that these MRPs
have antioxidant activity and they can act as radical
scavengers and metal chelators, thus potentially providing
more than one mechanism of action to prevent lipid
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oxidation[22] (4). Different kinds of proteins have been
modified in this method. Glucose, glucose 6-phosphate and
dextran were separately conjugated to improve the
emulsifying properties of ovalbumin , 6- phosphate and
galactomannan were used to make better applications of
both egg protein and whey proteins, galactomannan
improved emulsifying properties of protamine, it was also
discovered that the product of glycosylation of rice
endosperm protein had better solubility and emulsifying
properties than those of enzymic hydrolysis and original
proteins  [18]. Protein—polysaccharide conjugates have
used as useful new biopolymers with excellent functional
properties, e.g. protein solubility and emulsifying properties.
In general, the functionalities of proteins are not increased
by mere coexistence with polysaccharides but by
conjugation, which is based on Maillard-type reactions
between the amino groups of proteins and the reducing-end
carbonyl groups of polysaccharides. Compared with mono-
or disaccharides, conjugation of polysaccharides with
proteins has led to significant improvements in the physical
and/or chemical properties of the latter, e.g. providing an
ideal combination of the good emulsifying properties of
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proteins and the stabilising ability of polysaccharides
[16] ,[23].

4. Mechanism of conjugation

The early stage of Maillard reaction involves a
condensation between the carbonyl group of a reducing
carbohydrate with an available, unprotonated amino group,
mainly the €-amino group of the Lys residues in proteins.
With aldoses, such as glucose, this leads to a Schiff base
with the release of water. The Schiff base subsequently
cyclises to the corresponding N-glycosylamine, which then
undergoes an irreversible Amadori rearrangement to
produce the Amadori compound. The intermediate stage
begins with the degradation of the Amadori product
following various divergent pathways to give a large
multiplicity of poorly characterised compounds. In the final
stage, highly coloured, insoluble, nitrogen-containing
polymeric compounds, referred to as melanoidins, are
formed. Ideally, to produce a glycoconjugate destined for
incorporation into food, Maillard reaction needs to be
performed under carefully controlled conditions to prevent
the later stage changes [14],[17] [20].
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Example of Bovine serum albumin-sugar conjugates through the maillard reaction [14]
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The high molecular weight glyco-conjugate is supposed to
combine the properties of a hydrophobic protein, being
firmly attached to the oil droplet surface, with the property of
a hydrophilic polysaccharide, being highly solvated by the
aqueous phase medium. The complexation between
proteins and polysaccharides at the emulsion droplet
surface can improve steric stabilization. Droplet size can be
smaller if the polysaccharide is present during
homogenization and rate of creaming may be reduced so
long as there is no bridging flocculation [24].

5. Conclusion

Covalent linkage of the Protein — Polysaccharide through
non-chemical means such as the Maillard reaction,
produces high molecular weight biopolymers known as
glycoconjugates. Creation of glycoconjugates is often
achieved through conjugation or attachment of a suitable
carbohydrate to a particular binding site on the protein.
Many of the positive benefits of producing Maillard
generated conjugates include improvements in emulsifying
activity, foaming properties, calcium complexing, solubility,
and heat stability. Emulsion stability enhanced by the use of
glycoconjugates can prevent aggregate formation which in
turn prevents flocculation and coalescence, processes that
can negatively lead to creaming.
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