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ABSTRACT

Nanoemulsions have small droplet size and are kinetically stable colloidal systems. These are the thermodynamically stable isotropic
system in which two immiscible liquids are mixed to form a single phase by means of appropriate surfactant and cosurfactant.
Nanoemulsion droplet sizes fall typically in the range of 20-200 nm and shows narrow size distribution. They have enhanced functional
properties in comparison to conventional emulsions. The composition and structure of the nanoemulsions can be controlled for
the encapsulation and effective delivery of bioactive lipophilic compounds. Nanoemulsions have potential application in the food
industry for the delivery of nutraceuticals, coloring and flavoring agents, and antimicrobials. This review aims to provide consolidated
information regarding various formulation and characterization techniques developed for nanoemulsions. Various characterization
techniques for nanoemulsions include determination of entrapment efficiency, particle size, polydispersity index, zeta potential as
well as characterization through differential scanning calorimetry, Fourier-transform infrared spectroscopy and transmission electron

microscopy.
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INTRODUCTION

Emulsions are defined as the dispersion of two immiscible
liquids, with the spherical droplets forming the dispersed
phase, whereas the liquid surrounding it forms the
continuous phase."”? The oil droplets dispersed in an aqueous
phase are known as oil-in-water (o/w) emulsions and it can
be used for the delivery of hydrophobic active substances.
The water droplets dispersed in oil are called the water-in-oil
(w/0) emulsions and it is used for the delivery of hydrophilic
compounds. Multiple emulsion systems can also be
developed in water-in-oil-in-water (w/o/w) and oil-in-water-
in-oil (o/w/0) emulsions. The w/o/w emulsions are made of
large oil droplets, containing water droplets dispersed in an
aqueous phase. Whereas, in o/w/o emulsion system, water
droplets containing oil droplets are dispersed in an oil phase.
Bicontinuous nanoemulsion contains microdomains of oil
and water—inter-dispersed within the system.>* In Table 1,
avariety of types of emulsion systems have been mentioned.
However, there is some ambiguity regarding their description
based on size’. Nanoemulsion drug delivery systems are
a shows potential tool for delivering and improving the
bioavailability of hydrophobic drugs and bioactive food
components present in the blood fluid. The majority of
drugs are hydrophobic (lipophilic) in nature, thus leads to
low solubility and bioavailability problems.®’

An emulsion is a biphasic system in which one phase
is intimately dispersed in the other phase in the form of
minute droplets ranging in diameter from 0.1 to 100 Im. Itis a
thermodynamically unstable system, which can be stabilized
by the presence of an emulsifying agent (emulgent or
emulsifier). Two types of phases in in emulsion i.e., dispersed
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phase and dispersion medium. The dispersed phase is also
called as internal phase or the discontinuous phase while the
outer phase is known dispersion medium, external phase
or continuous phase. The emulsifying agent used in it also
known as intermediate phase or inter phase.®

NANOEMULSION

Nanoemulsion may be defined as a colloidal dispersion of
two immiscible liquids that is thermodynamically unstable
with each other. In nanoemulsion, one of the liquids forms
the dispersed phase and other liquid forms the dispersing
medium®. Nanoemulsion comprise droplets with diameters
ranging from 10~200 nm and each droplet has a protective
coating of emulsifier molecules.®'® The nanoemulsions
have droplet dimensions like the microemulsions ranging
from <200 and in some cases <100nm.'* Like conventional
emulsions, nanoemulsions are thermodynamically
metastable as phase separation occurs over time. However,
nanoemulsions are conferred with kinetic stability as there
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Nanoemulsion

Table 1: Types of Emulsion with respect to parameters

Emulsion/ Coarse emulsion/

Parameters Macroemulsion Microemulsion Nanoemulsion

Size 1-10 uyM 10-100 nm <200 nm

Thermodynamic Stability Metastable Stable Metastable

Kinetic Stability Stable Unstable Stable

Optical property Turbid Transparent Transparent

Polydispersity High Low Low

Preparation Method High and low energy methods Low energy Methods High and low energy methods

Effect of temperature and PH Stable to temperature and pH

changes

Effect by changes in temperature
and pH

Stable to temperature and pH
changes

is no gravitational separation and droplet aggregation due
to the reduced attractive force between the small sized
droplets.”

The present review focuses on the increased application
of nanoemulsions in the food industries for sustainable
food processing and packaging. The nanoemulsions can
encapsulate functional compounds and active ingredients
including antioxidants and nutraceuticals. They are also
useful in the controlled release of flavor compounds
in foods.">® Nanoemulsion encapsulation of bioactive
compounds increase its solubility, controlled release and
absorption in the gastrointestinal tract, and absorption
through cells.”™'” Nanoemulsion based edible nanocoatings
containing flavor and coloring ingredients, antioxidants,
enzymes, antimicrobials, and antibrowning agents can be
used to coat foods such as meats, dairy products such as
cheese, fresh produce, and fresh cuts including fruit and
vegetables and confectionaries to improve their shelf life.
The nanoemulsion coatings can also prevent moisture
and gas exchange, minimize moisture loss and oxidation
of foods.'82!

The term ‘nanoemulsion’ also refers to a miniemulsion
which is fine oil/water or water/oil dispersion stabilized by
an interfacial film of surfactant molecule having droplet size
range 20-600 nm. Because of small size, nanoemulsions are
transparent. There are three types of nanoemulsion which
can be formed:

« Oilin water nanoemulsion in which oil is dispersed in the
continuous aqueous phase,

«  Water in oil nanoemulsion in which water droplets are
dispersed in continuous oil phase, and

«  Bi- continuous nanoemulsions.'*?'

Advantages of Nanoemulsion?%22

« Nanoemulsions have higher surface area and free energy
that make them an effective transport system.

« They do not show the problems of inherent creaming,
flocculation, coalescence, and sedimentation.

« It can be formulated in variety of formulations such as
foams, creams, liquids, and sprays.

« They are non-toxic, non-irritant hence can be easily
applied to skin and mucous membranes.

« It can be administered orally if the formulation contains
surfactants which are biocompatible.

« It do not damage healthy human and animal cells hence
are suitable for human and veterinary therapeutic
purposes.

« It provides better uptake of oil-soluble supplements in cell
cultures technology to improve growth of cultured cells
and allows toxicity studies of oil-soluble drugs.

- It may be applied as a substitute for liposomes and
vesicles, and itis possible to build lamellar liquid crystalline
phases around the nanoemulsion droplets.'

« Due to their small size, nanoemulsions can penetrate
through the “rough” skin surface and this enhances
penetration of actives.

« It constitutes the primary step in nanocapsules and
nanospheres synthesis using nano precipitation and the
interfacial polycondensation.

Self-emulsifying Formulation

Self-emulsifying formulations comprise of self-emulsifying
drug delivery systems (SEDDS) and self-nanoemulsifying drug
delivery systems (SNEDDS). SEDDS give coarse emulsion whereas
SNEDDS provide nano-size emulsion. These systems are isotropic
mixtures of an oil, surfactant, and co-surfactant. Upon in vivo
dilution by the aqueous phase, these systems form emulsions
(in case of SEDDS) or fine and optical clear nanoemulsions
(in case of SNEDDS) under gentle agitation, experienced due
to gastrointestinal tract (GIT) motility. SEDDS and SNEDDS
are generally described as emulsion or nanoemulsion pre-
concentrates because the emulsion or nanoemulsion is formed
from dilution in aqueous media in vivo.2*?*

Techniques of Preparation of Nanoemulsions

The most used methods for producing nanoemulsions are
as follows:

+ High-Pressure Homogenization

+ Microfluidization

+ Ultrasonication

+ Phase inversion method

« Spontaneous Emulsification

- Solvent Evaporation Technique

+ Hydrogel Method

C toumalofApplied Pharmaceuica ciences and Research,July-September, 2021;4(3) | 7 |
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High Pressure Homogenization®>?°

The preparation of nanoemulsions requires high-pressure
homogenization. This technique makes use of high-
pressure homogenizer/ piston homogenizer to produce
nanoemulsions of extremely low particle size (up to 1-nm)
(Figures 1 and 2). The dispersion of two liquids (oily phase
and aqueous phase) is achieved by forcing their mixture
through a small inlet orifice at very high pressure (500 to
5000 psi), which subjects the product to intense turbulence
and hydraulic shear resulting in extremely fine particles of
emulsion .The particles which are created exhibit a liquid,
lipophilic core separated from the surrounding aqueous
phase by a monomolecular layer of phospholipids.

Advantages

- Ease of scale-up and little batch-to-batch variation.

« Narrow size distribution of the nanoparticulate drug.
+ Flexibility in handling the drug quality.

« Effectively used for thermolabile substances.

Disadvantage

High energy consumption and increase in temperature of
emulsion during processing.

Microfluidization®

Micro-fluidization is a mixing technique, which makes use
of a device called micro-fluidizer (Figure 3). This device uses
a highpressure positive displacement pump (500 to 20000
psi), which forces the product through the interaction
chamber, which consists of small channels called micro-
channel. The product flows through the micro channels on
to an impingement area which results in very fine particles
of sub- micron range. The two solutions i.e., aqueous phase
and oily phase are combined and processed in an in turn to
homogenizer to yield a coarse emulsion formed. The coarse
emulsion is into a micro-fluidizer where it is further processed
to obtain a stable nanoemulsion. The coarse emulsion is
passed through the interaction chamber micro-fluidizer
repeatedly until desired particle size is obtained through it.
The bulk emulsion is then get filtered through a filter under
nitrogen to remove large droplets present initand this results
in a uniform nanoemulsion.

Nanoemulsion
product
—_—
Second
stage

Macroemulsion
feed

I :|

|
Figure 1: High pressure homogenization showing the
formation of nanoemulsion

Ultrasonication?®?%3¢

The preparation of nanoemulsion is reported in various
research papers which aim to use the ultrasonic sound
frequency for the reduction of the droplet size. The best
approach is that the use of a constant amplitude sonotrode
at system pressures in excess of the ambient value. It is well
known that increasing the external pressure increases the
cavitations threshold within an ultrasonic field and thus fewer
bubbles form. Although, increasing the external pressure
also increases the collapse pressure of cavitations bubbles.
This means that the collapse of the bubbles when cavitation
occurs becomes stronger and more violent than when the
pressure is at atmospheric conditions. As cavitation is the
most important mechanism of power dissipation in a low
frequency ultrasonic system, these changes in navigational
intensity can be related directly to changes in the power
density. The system also uses a water jacket to control the
temperature to optimum level (Figure 4).

Phase Inversion Method?"3?

In phase inversion method, fine dispersion is obtained by
chemical energy resulting of phase transitions produced
by emulsification pathway. The phase transition is
produced by varying the composition of the emulsion
and keeping temperature constant. The phase inversion
temperature was first done by, and it was concluded that
increase in temperature results in the chemical changes of
polyoxyethelene surfactants by degradation of the polymer
chain with the temperature. This technique is used for the
preparation of o/w nanoemulsion. The main advantage
of this system is that it is based on the phase transition
that takes place during the emulsification process. In this
technique, varying the composition of constituents changes
the hydrophilic-lipophilic behavior of emulsifier as shown in
Figure 5 and 6.

Spontaneous Emulsification Method

In this technique, spontaneous emulsions are formed
on mixing water and oil together with an emulsifier by
gentle stirring at a particular temperature (Figure 7).
The mixing of phases by gentle magnetic stirring causes the
emulsifier to enter the aqueous phase leading to increase of
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Figure 2: High pressure homogenization (HPH), microfluidizer, and
ultrasonication break macroemulsions into smaller droplets
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oil-water interfacial area resulting in oil droplet formation.3

Spontaneous emulsification involves three main steps and

they are as follows:

+ Preparation of homogeneous organic solution composed
of oil and lipophilic surfactant in water miscible solvent
and hydrophilic surfactant.

« The organic phase was injected in the aqueous phase
under magnetic stirring the o/w emulsion was formed.

« The water-miscible solvent was removed by evaporation
under reduced pressure 3*3>

Solvent Evaporation Technique®53”

This technique involves preparing a solution of drug followed
by its emulsification in another liquid that is non-solvent for the
drug (Figure 8). Evaporation of the solvent leads to precipitation
of the drug. Crystal growth and particle aggregation can be
controlled by creating high shear forces using a high-speed
stirrer.

Hydrogel Method®>°
It is similar to the solvent evaporation method. The only
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difference between the two methods is that the drug solvent
is miscible with the drug anti-solvent. Higher shear force
prevents crystal growth and Ostwald ripening. Other method
used for Nanoemulsion preparation is the phase inversion
temperature technique.

Formulation Aspects of Nanoemulsion*%*3

Formulation of nanoemulsion includes active drug, additives
and emulsifier which are as shown in Table 2. The list of
most commonly used oils and adsorption enhancers in
formulation of nano emulsions is presented in Table 3 and
Table 4 respectively.

Factors Affecting the Formulation of Nanoemulsion:**

« Appropriate composition is required to avoid Oswald
ripening the dispersed phase should be highly insoluble
in the dispersed medium.

« The surfactant is an essential part of the Nanoemulsion.
They should not form lyotropic liquid crystalline
“microemulsion” phases. Systems containing short chain
alkanes, alcohols, water, and surfactants form the phases

Ultrasonicator

Ultrasound causing cavitation
W &

Electric probe supplies sound energy which gives rise to
unstable growth of cavitaion bubbles and causes
size reduction

oo

Oil droplets

emulsion converting
in to nanoemulsion

Figure 4: Ultrasonication techniques

Phase Inversion
Composition

SEIN L

Decrease in temperature

(Ccoling]‘

Dilution with watTu

[
L]
@
«©

w/o Coarse o/w Nanoemulsions

emulsions

Phase Inversion
Temperature

Figure 6: Low energy methods for phase inversion

Jp-THin D.W (W1)

— R —
(W/0 emulsion) e i

Span 80 in liquid
paraffin (02)

Jec in solvent system W/0 emulsion
i oCcm)

:‘," L5 Fitationand 3 p o (@) OO

1 0%

Solvent extraction
THloaded

W/0/02 emulsion
microparticles ]

Figure 8: Solvent Evaporation technique




Nanoemulsion

which are used with the co surfactant.

+ The presence of excess surfactants enables new surface
area of nanoscale to be rapidly coated during emulsification
there by inhibiting induced coalescence.

« Extreme share must be applied to rupture microscale
droplets to nanoscale by providing the stress level to reach
above the Laplace pressure of the droplets with a pressure
of 10-100 atm. Out of various methods ultrasonication is
widely used in laboratory.

Characterization of Nanoemulsion

The physiochemical properties of nanoemulsions such as
physical properties, stabilities, rheological property, and
microstructure must be characterized for its application in
foods as these properties are known to influence the final
texture, taste, flavor, and stability of foods.
The basic physical properties of nanoemulsion are as
follows-*>46,
+ Dye Solubilisation
« Dilutability Test
« Conductance Measurement
« Dynamic Light-Scattering measurements
+ Polydispersity
+ Phase Analysis
« Interfacial Tension
+ Viscosity measurement
. pH
« Refractive Index
« Transmission Electron Microscopy
« In Vitro Skin Permeation Studies
«  Thermodynamic Stability Studies

Current Perspectives and Future Prospects

Inthe last few years, a number of studies have been conducted
to ascertain the advantages of encapsulation of lipophilicand
functional compounds in nanoemulsions. Nanoemulsification
is known to protect and increase the bioavailability of
bioactive compounds as shown by in vitro studies. But there
are limited studies which show the actual health benefits
of including nanoemulsions in foods, their consumption,
labeling, and public perception. Similarly, studies have been
conducted to evaluate the use of high or low energy approach
to formulate nanoemulsions and the focus is on optimizing
processing parameters and ingredients used in nanoemulsion
preparation. But there is not much research on reducing the
cost of production of nanoemulsions as its preparation and
application for fortifying and packaging in foods require
higher energy input and equipment investment. Similarly, the
risks associated with the use of engineered nanoemulsions
in foods is not known.

The potential toxicological effects and biological fate
of nanoparticles after digestion has not been elucidated.
Nanoemulsions of bioactive compounds and functional food
ingredients have an enormous potential for applications in
thefood industries. The emulsion-based delivery systems and
nanoemulsion edible coatings can improve the functionalities
of food and enhance their quality and shelf life. Therefore, it
isimportant to optimize the bioactivity of the encapsulated
components for scaled up production.

Further studies should focus on the biological events
and risks associated with the use of nanoemulsion based
delivery systems in food product and packaging application
for ensuring safety of the consumers.

Table 2: Formulation table of nanoemulsion

Components Examples

QOils Castor oil, Corn oil, Coconut oil, Evening primrose oil, linseed oil, Mineral oil, olive oil, peanut oil

Emulsifiers Natural lecithins from plant or animal source, phospholipids, castor oil Derivatives, polysorbates,
sterylamine.

Additives Lower alcohol (ethanol), propylene glycol, 1, 3-butylenes glycol, sugars such as butylenes glycol, sugars

Antioxidants
Surfactant
Co-surfactant
Tonicity modifiers
pH adjusting agent

Preservatives

such as glucose, sucrose, fructose, and maltose.

Ascorbic acid, a-tocopherol.

Polysorbate20, Polysorbate80, Polyoxy 60, castor oil, Sorbitan monooleate, PEG300, Caprylic glyceride
Ethanol, glycerine, PEG300, PEG400, Polyene glycol, Poloxamer.

Glycerol, Sorbitol and xylitol.

Sodium hydroxide or hydrogen chloride.

Methyl Paraben, Propyl Paraben, Benzalkonium Chloride (0.01%w/v)

Table 3: List of oils used in nanoemulsion

Name of Oil Manufacturer Chemical Name

Captex 355 Abitec Glyceryl Tricaorylate/Caprate

Captex 200 Abitec Propylene Dicaprylate/Dicaprate Glycol
Captex 8000 Abitec Glyceryl Tricaprylate (Tricaprylin)
Witpsol Sasol pharmaceutical excipient 90:10%w/w c12 Glyceridetri:diesters
Myritol 318 Russia C8/c10 triglycerides

Isopropyl myristate Fluka Myristic acid isopropyl ester

[10 ] sournal o Apptied harmaceuticar sciences and Research iy september 20235030



Nanoemulsion

Table 4: List of adsorption enhancers

gl
=
]

Solubilizing, surfactants, emulsifying agents adsorption
enhancers

O 00 N OO0 1 A W N =

_
- o
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Capryol 90

Gelucire 44/14,50/13
Cremophor RH 40

Imwitor 191,308(1),380,742,780 K,928,988
Labrafil M 1944 CS, M 2125 CS
Lauroglycol 90

PEG MW > 400

Plurol oleique CC 497
Poloxamer 124 & 188
Softigen 701, 767

Tagat TO

Tween 8
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