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Abstract — Emulsions are showing rising application in food
processing industries because of their unique physicochemical
and functional properties. There are wider ranges of food
products where emulsions are used to encapsulate, deliver,
and protect food components such as oil-soluble flavors,
vitamins, colorants, preservatives, and other bioactive
ingredients. It has ability to promote the product
physicochemical properties like texture, taste, and other
sensory attributes. For example coloring and flavoring
strength and process ability. This review describes the
emulsions, Types of emulsions, Stability, Membrane
emulsification and applications of emulsions in food industry.

Keywords Emulsions; Microemulsions;
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I. INTRODUCTION

Emulsions are a heterogeneous system consisting of two
immiscible liquid phases which are mixed using mechanical
shear and surfactant. The amphiphilic surface-active
molecules are called as ‘surfactants’ which are responsible
to decrease naturally existing attractive forces in the form
of surface tension [1, 2]. The food industries currently relies
on the principles of emulsion science and technology to
make a wide variety of different food products, including
milk, cream, ice cream, margarine, butter, mayonnaise,
coffee creamer, soft drinks, nutritional beverages, sauces
and dressings [3]. Emulsions are found in all aspects of life
and an understanding of how to control and optimize their
properties is essential for the production of high quality
product. Quality can be defined as fitness for purpose. As a
result, the manufacturing process for an emulsion in one
industry can vary greatly from another industry. These
variations can include the components being used, the
method of emulsification, the conditions of processing and
many more [4].

Food emulsions are thermodynamically unstable,
compositionally and structurally complex systems
consisting of two immiscible liquids with one of the liquids
being dispersed in the other as small spherical droplets
(0.1-100 pm) [5]. Some food emulsions are end- products
by them-selves (milk, cream, salad dressings, mayonnaise)
whereas others can be used as ingredients, participating in
the structures of more complex products (yoghurts, ice
creams, whipped products). Oil-in-water (O/W) emulsions
appearing in many industrial processes as the basis of
various food products are systems consisting of oil droplets
dispersed and stabilized in an aqueous phase. The behavior
of O/W emulsions in food preparations is defined by the
composition of the three parts: the fat or oil of the emulsion

droplets, the interfacial material separating the two
immiscible liquids and the continuous aqueous phase [5].
Oil-in-water (o/w) and water-in-oil (w/0) emulsions are
important colloid structures in food products, as many foods
exist as emulsions or have been in an emulsified state at
some time during their existence [6]. The o/w emulsions
such as milk, mayonnaise, and salad dressing constitute a
particularly large — and widely consumed — group of such
complex, heterophasic food systems, but also w/o
emulsions, including margarine and butter, are consumed in
large amounts [7]. There are several types of emulsions:
they are, water-in-oil (W/O) emulsion, oil-in-water (O/W)
emulsion and multiple emulsion [8]. The multiple
emulsions such as water-in-oil-in-water (w/o/w) and oil-in-
water-in-oil (o/w/o) [2]. Micro and nanoparticles are
defined as particulate dispersions or solid particles with a
size in the range of 10-1000 nm and 1- 1000 mm,
respectively [4]. In view of the importance of emulsions in
the food, pharmaceutical, and other industries, this review
aims to highlight emulsions in general and micro and nano
emulsions for more knowledge about these products.

II. STABILITY OF EMULSIONS

The long-term stability of emulsions is one of the most
important factors determining their shelf life in commercial
food and beverage applications [9]. Emulsions face two
different types of stability problems during storage:
physical instability due to creaming, flocculation, and
instability due to lipid oxidation. Lipid oxidation is an
interfacial phenomenon, and because emulsions have a
large interfacial area, they are particularly susceptible to
oxidation. Lipid oxidation is induced by transition metals,
light, temperature, and oxygen and is also affected by pH,
droplet size, and numerous other factors related to the
composition of the emulsion. Importantly, the oxidative
stability of food emulsions is greatly dependent on the
chemical composition of the lipid phase [7]. Droplet size
and droplet size distribution are important characteristics
for the evaluation of the stability of emulsions [5]. Several
factors and processes affect the stability of emulsions. The
aqueous phase in the emulsion may contain ions, which
may destabilize the emulsions or macromolecules such as
polysaccharides, which may exert stabilizing effects [10].
Emulsions stabilized with high concentration (>2% wt/wt)
of ulva fasciata polysaccharide (UFP) had an average
droplet size (D 3, 2) less than 1.0 mm, and the average
droplet size significantly decreased until the polysaccharide
concentration reached 3%. Light microscopy images and
emulsion zeta-potentials demonstrated 3% (wt/wt) UFP to
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be the optimum emulsifying agent concentration. UFP
revealed better emulsifying properties and improved
physical stabilities of b-carotene emulsions when compared
to other commercial polysaccharides, including gum Arabic
and beet pectin [11]. Emulsions built-up with food grade
emulsifiers such as di- and triglycerides, caprylocaproyl
poly-oxylglycerides (Labrasol), polyethylene glycol (25)
cetostearylether (Cremophor) and polyoxyethylene (20)
sorbitan monooleate (Tween-80) are susceptible to
destabilization by environment factors, such as pH,
temperature and ionic strength. Coalescence, aggregation,
creaming and catastrophic inversion are the main
mechanisms involved in emulsion instability. For instance,
creaming is caused by differences in mass density between
the dispersed and the continuous phase. On the other hand,
coalescence occurs when two or more emulsion droplets
become joined together forming larger droplets, due to the
thinning and disruption of the liquid film between the
droplets [12].

The stability of emulsions affected also by pressure and
protein concentration. The application of ultra-high-
pressure homogenization (UHPH) treatment at 200 and 300
MPa resulted in emulsions that were highly stable to
creaming and oxidation, especially when the protein
content increased from 1 to 3 and 5 g/100 g. Further,
increasing the protein content to 3 and 5 g/100 g in UHPH
emulsions tended to change the rheological behavior from
Newtonian to shear thinning. Conventional homogenization
(CH) emulsions containing 1 g/100 g of protein exhibited
Newtonian flow behavior with lower tendencies to
creaming compared to those formulated with 3 or 5 g/100
g. This study has proved that UHPH processing at pressures
(200-300 MPa) and in the presence of sufficient amount of
sodium caseinate (5 g/100 g), produces emulsions with oil
droplets in nano-/submicron scale with a narrow size
distribution and high physical and oxidative stabilities,
compared to colloid mill (CM) and CH treatments [13].

Emulsion-based foods need to be stable against harsh
condition (i.e., pH, ionic strength and temperature) during
their processing, storage and transportation. It is well
known that an emulsifier is one of the most important
materials required to determine the stability of an emulsion-
based food against the destabilization process. The
selection of appropriate emulsifier is critical for producing
emulsion-based products with high stability [14]. The
emulsions containing 25-30% w/w rice bran oil
demonstrated low emulsion stability (high percent
creaming index). This is probably pectin was not sufficient
to prepare stable emulsions. Using 1.5% w/w of pectin
could produce the stable o/w emulsions with low percent
creaming index, at the oil concentration of 15 and 20% w/w,
when kept at ambient temperature (25 °‘C) for 14 days.
Interestingly, the emulsions containing  higher
concentration of pectin (i.e., 2% w/w) has higher percent
creaming index, at the oil concentration of 15 and 20% w/w.
This kind of behavior can be attributed to the formation of
weak flocs by depletion flocculation [15].

Membrane emulsification (ME) represents an alternative
way to produce emulsions and particles by permeating the
disperse phase, e.g. a vegetable oil, through a porous
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membrane to form a drop-by-drop emulsion. These droplets
detach from the membrane surface due to the shear stress of
the moving continuous aqueous phase. To maintain the
stability of the emulsion and avoid the coalescence of the
droplets, one or more surface active agents are generally
used [4, 16]. ME techniques can be divided into direct ME,
when the disperse phase is injected through the membrane
into the continuous phase, and premix ME, when a coarse
emulsion is pressed through the membrane to reduce the
droplet size [17]. Membranes used in the membrane
emulsification process are specifically designed for this
purpose, such as the shirasu porous glass membranes, due
to their narrow pore size range. Besides, ceramic
membranes have also been used for ME in cross-flow
systems [18].

ITI. MICROEMULSIONS

The microemulsion is a four-component system prepared
by emulsifying oil in aqueous system with the help of
surfactant and co-surfactant. The co-surfactants are
generally intermediate chain length alcohols such as
pentanol or butanol [19]. Microemulsions are isotropic
mixtures of oil, water, and surfactant, thermodynamically
stable transparent or translucent systems of oil, water, and
surfactant, frequently in combination with a co-surfactant
with a droplet size usually in the range of 20-200 nm. They
can be classified as oil-in-water (o/w), water-in-oil (w/0) or
bicontinuous systems depending on their structure and are
characterized by ultra-low interfacial tension between oil
and water phases [2, 20]. The droplet sizes of the dispersed
phase in microemulsions are generally in the magnitude of
~10 nm. Regardless of being more commercially applicable
because it is lower energy requirements. Microemulsions
are also attracting the interest of researchers due to their
potential as drug delivery compounds in other food,
pharmaceutical applications, and in the petrochemical
industry [21]. There are three kinds of microemulsions: o/w
(normal microemulsion), bicontinuous microemulsion, and
w/o (reverse microemulsion). Few theories have tried to
explain the formation of microemulsions; however, three
approaches have been used to explain formation and
stability. These are: 1) interfacial or mixed fi Im theories; ii)
solubilization theories; iii) thermodynamic treatments [22].
Since the discovery of microemulsions, they have attained
increasing significance both in basic research and in
industry. Due to their unique properties, namely, ultralow
interfacial tension, large interfacial area, thermodynamic
stability and the ability to solubilize otherwise immiscible
liquids, uses and applications of microemulsions have been
numerous [23].

IV. NANOEMULSIONS

Nanoemulsions are kinetically stable liquid-in-liquid
dispersions with droplet sizes about 100 nm. Their small
size leads to useful properties such as high surface area per
unit volume, transparent appearance, strong stability, and
tunable rheology. There are two broad categories of
techniques for the preparation of nanoemulsions: high-
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energy methods and low energy methods. The input energy
density in high energy methods is on the order of 103100
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W kg, and power density in low energy methods is about
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Fig. 1. High energy and low energy methods for preparing O/W nanoemulsions: (a) High energy, (b) Low energy
methods.

Nanoemulsions are very similar to microemulsions that
are dispersions of Nano scale particles but obtained by
mechanical force unlike to microemulsions, which forms
spontaneously [20, 25]. Nanoemulsions are utilized within
the food, pharmaceutical, and personal care industries
because of their unique physicochemical properties and
functional attributes: high optical clarity; prolonged
stability; and, enhanced bioavailability. For many
applications, it is desirable to utilize natural ingredients to
formulate Nanoemulsions so as to create “label-friendly”
products [9]. Nanoemulsions are used in the food,
cosmetics, personal care and pharmaceutical industries to
provide desirable optical, textural, stability, and delivery
characteristics. In many industrial applications, it is
desirable to formulate Nanoemulsions using natural
ingredients so as to develop label-friendly products.
Rhamnolipids are biosurfactants isolated from certain
microorganisms using fermentation processes. They are
glycolipids that have a polar head consisting of rhamnose
units and a non-polar tail consisting of a hydrocarbon chain

[26]. Ergocalciferol loaded nanoemulsions were
successfully  formulated via  the  high-pressure
homogenization using three different emulsifiers (ML, SC
or MO-78S). In addition, some of the major factors affecting
the stability of resulting nanoemulsions were systematically
evaluated. The stability of nanoemulsions to different
environmental stresses were highly dependent on the
emulsifier type, whereas no particular emulsifier tested was
found to provide absolute stability to the nanoemulsions
when exposed to pH, ionic strength, freeze-thawcycles and
high temperature treatment.

Independent of emulsifier type, the nanoemulsions
exhibited good physical and chemical stability during
storage at 25 °C up to 30 days. In contrast, the long-term
stability of nanoemulsions was highly dependent on the type
of emulsifier tested at elevated temperature. The results
some studies could provide useful information on the
selection of appropriate emulsifier for producing stable
nanoemulsions  encapsulating  functional  bioactive
compounds for commercial usage [14].
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V. APPLICATIONS OF MICRO AND NANO-
EMULSION

Emulsions play an important role in many industrial
applications and  products such as  cosmetics,
pharmaceuticals, and foods [4], pharmaceutics and clinical
field [27], chemistry applications [28], cosmetics industry
[29] and petroleum industry [30]. Figure 2 shows
applications of emulsifiers in different industries. As a
matter of fact, emulsions are thermodynamically unstable
systems and hence emulsifiers are needed to produce
emulsions that are kinetically stable under specific
environmental conditions (pH, temperature and storage
time) [31]. Macroemulsions and microemulsions are
generally well documented as carriers for hydrophilic and
lipophilic drugs. In recent decades, attention has been made
on controlling the size distribution and understanding the
stabilization phenomenon, this had resulted in great
attention for these liquid dispersion systems [32]. The major
advantages of such systems are that they increase the
solubility and bioavailability of therapeutic drugs as well as
the ability to favor the topical transport of hydrophilic drugs.
The multiple emulsions are used as an alternate to liposomes
as a distribution system [32, 33]. Emulsions play an
important role in many industrial applications and products
such as cosmetics, pharmaceuticals, and foods [4],
pharmaceutics and clinical field [27], chemistry applications
[28], cosmetics industry [29] and petroleum industry [30].
Figure 2 shows applications of emulsifiers in different
industries. As a matter of fact, emulsions are
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thermodynamically unstable systems and hence emulsifiers
are needed to produce emulsions that are kinetically stable
under specific environmental conditions (pH, temperature
and storage time) [31]. Macroemulsions and
microemulsions are generally well documented as carriers
for hydrophilic and lipophilic drugs. In recent decades,
attention has been made on controlling the size distribution
and understanding the stabilization phenomenon, this had
resulted in great attention for these liquid dispersion systems
[32]. The major advantages of such systems are that they
increase the solubility and bioavailability of therapeutic
drugs as well as the ability to favor the topical transport of
hydrophilic drugs. The multiple emulsions are used as an
alternate to liposomes as a distribution system [32, 33]. Over
the past several years, microemulsions have been applied to
a variety of technological problems, including consumer and
commercial cleaning product formulations, distribution
systems, polymerization media, and chemical reaction
media. Advantages of microemulsion formulations over
their solvent-based counterparts include high water content
resulting in low cost, reduced volatile organic content,
improved ability to formulate water and solvent borne
ingredients and ability to clean both water and oil-soluble
substrates [34]. Nanoemulsions are widely used in the
cosmetic because the active ingredients are easily absorbed
to obtain effective action due to the small size of the droplet
and decrease the water loss from the skin. The
nanoemulsions are used also as moisturizer and creams. The
attractive delivery vehicle in the cosmetics as nanoemulsion
droplet size is very small, creaming and flocculation is not
observed leading to a more elegant and stable products [35].
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Fig. 2. Applications of emulsions in products and different industries.

VI. CONCLUSIONS

Emulsions of various types are widely used in many
products encountered in everyday life. Importance of

emulsion in the food industry and other industries justifies
a great deal of basic research to understand emulsions
formation, their properties, types, and applications. More
research is needed to develop practical methods for
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formation. Understanding the theoretical

considerations in emulsion formulation and having the
ability and proper instrumentation to fully characterize and
monitor the stability of an emulsion system is highly
beneficial to provide a superior product in a more efficient
method.
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