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Abstract—Microemulsions have great applications in food
products. However, due to the complex attributes of
microemulsions, it requires various techniques to synthesize
and characterize microemulsions. This includes studies of
the phase behavior, size of the microemulsion droplets. This
paper reviews different technologies used in preparing and
characterizing food-grade microemulsions. The list of
technologies summarized in this paper provides insights on
future studies of food-grade microemulsions development.
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1. INTRODUCTION

Microemulsions are mixed dispersion system
composed of water, oil and surfactant in suitable
proportions. Microemulsions are clear, transparent or
translucent, and thermodynamically stable!".
Microemulsion system has been more and more
applications in the petrochemical, materials science,
analytical chemistry, biomedical, and environmental
protection. In 1943, Hoar and Schulman® firstly
discovered the structure of microemulsions. In 1959,
Schulman et al. ! used the word "microemulsion" for the
first time, which was to define a mixture of nanoscale
particles (particle size 10-100 nm). In April 1990, the first
international conference was organized on both
microemulsions and food (in the Boston meeting of the
American Chemical Society 199th Annual Meeting). Since
then, microemulsions applied research on food products
has made considerable progress. Microemulsions have
many advantages: transparent or translucent, small
viscosity, good fluidity, small and uniform particle size,
wide dispersion, long-term storage, thermodynamicall?/
stable, rapid absorption, and improved bioavailability™.
Microemulsions have great applications in food products,
and can be used as protective solution for chemically
unstable substances. Due to the complex attributes of
microemulsions, it requires various techniques to
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synthesize and characterize microemulsions. This includes
studies of the phase behavior, size of the microemulsion
droplets. This paper reviews different technologies used in
preparing and characterizing food-grade microemulsions.

II.

Microemulsions are capable of spontaneously formed.
However, in some cases, external energy is needed to
overcome the energy barriers to accelerate the formation of
microemulsions. The following three methods are major

protocols to prepare microemulsions'™’.

A. Hydrophilic -Lipophilic Balance (HLB)

Surfactants are amphiphilic molecules with hydrophilic
groups and lipophilic groups, degree of balance between
hydrophilic and lipophili group define as HLB value. HLB
value of the surfactant has a great influence on the
formation of microemulsions. HLB value of surfactants for
water-in-oil microemulsion is between 4 and 7. HLB value
of surfactants are formed oil-in-water microemulsion is
between 8 and 18. When the HLB values of the surfactant
and oil phase are closer, it is easier to form the
microemulsion'®”. In order to allow additional steric
flexibility for surfactant rearrangements, a cosurfactant
(typically a short-chain alcohol) is combined with the
surfactant. Co-surfactant can also play a regulatory role in
forming microemulsions.

PREPARATION OF MICROEMULSIONS

B. Phase Inversion Temperature (PIT)

For a particular microemulsion system, there is a
narrow temperature range. Above this temperature,
surfactant is dissolved in the oil phase, whereas below this
temperature, surfactant is dissolved in the aqueous phase.
With the temperature gradually increased, the system from
the O / W transform into a W / O type, the temperature of
the phase inversion occur is called the phase inversion
temperature. PIT is the balance temperature of surfactant

hydrophilic-lipophilic properties at the interface!’.



Temperature changes have great influence on the
hydrophilic of surfactant. If the surfactant is in this state,
the hydrophilic lipophilic achieve the right balance, with a
strong solubilizing power and ultra-low interfacial tension.
If temperature is lower than PIT, emulsion will form an
oil-in-water microemulsion; if temperature is higher than
PIT, emulsion will form a water-in-oil microemulsion; if
temperature equals PIT, microemulsion will form
bicontinuous microemulsions. PIT method is more specific
and accurate compared to HLB value method.

C. Salinity scanning

Salinity scanning method is to influence salinity
content of microemulsion. When the ratio of oil, water
and surfactant are defined, if salinity increases from low to
high, three states will be formed, namely Winsor I
Winsor II , WinsorIIl. This method is mainly used for
microemulsions with ionic surfactant .

III.  MICROEMULSIONS CHARACTERIZATION METHODS

Microemulsions are complex systems. Detailed
understanding of microemulsions requires comprehensive
characterization of different attributes of the systems.

A. Dissipative Particle Dynamics (DPD)

DPD method provides a powerful tool to simulate the
behavior of complex fluids at mesoscopic scale to measure
microstructure change'™ *). DPD method evaluates both the
microscopic interactions between substances, and the
hydrodynamic behavior of cluster of matters. DPD method
can be used to simulate the microstructure change in the
process of formation of microemulsion system. Yinong
Tian et all'” investigated the dynamical process of
microemulsion system formation using DPD method. The
results showed that the microstructure and droplet shape
changed during water phase solubilizing.

B. Electron Microscopy

Electron microscopy is an important technology to
characterize microemulsion. Electron microscopy is highly
sensitive and with fast processing time, and can be used to
observe particle size, shape, and state of microemulsions.
Transmission electron microscope (TEM) with negative
staining is the most widely used electron microscopy
protocol. The whole process from sample negative staining
to obtaining results takes only ten minutes' . Chu B-S et
al.  "Jmeasured particle size distribution and
microstructure of microemulsion using Transmission
electron microscope. The Transmission electron
microscope results confirmed the results from Dynamic
light scattering, showing that B -carotene particles were
spherical, with an average diameter of 20nm.

C. Dynamic light scattering (DLS)

DLS is a conventional characterization method in
nanotechnology to measure the change of the scattering
light intensity fluctuation of sample to obtain sample

. . . . [13] .
particle size information' ™. DLS technology is fast,
accurate and with good reproducibility. This method is not

destructive, but there is a limit on the sample concentration.

Several studies applied DLS to study the stability of
microemulsion system by evaluating particle size and
polydispersity!* ). Shukla A et al.l"" studied the diffusion
behavior of the oil-in-water drug microemulsion using
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DLS. Two diffusion models were found in microemulsion.
Rapid diffusion model affected the number of droplets,
whereas low-diffusion model impacted polydispersity.

D. Fourier transform infrared spectroscopy (FTIR)

FTIR is a spectroscopic technology, which uses
infrared spectroscopy to identify and analyze molecules.
Water in the microemulsion system has three states:
combined water, bound water, and free water. Different
states of water have different thermodynamic and spectrum
properties. Aratjo et al.'”! reported the self-assembly of
thalidomide microemulsion, with the analysis of
thalidomide crystals during crystallization process using
FTIR. They identified different crystal forms in this system.
Gang Zhou et al. ""lprepared and characterized starch
nanoparticles in ionic liquid-in-oil microemulsions system.
FTIR results in their study revealed the formation of
crosslinking bonds in starch molecules.

E. Magnetic Resonance Imaging (MRI)

MRI is a powerful and sophisticated analytical tool,
which can be used to analyze and quantify the liquid or
solid compounds and their structures. MRI can also be
used to study the whole complex!'”. MRI is able to
evaluate the self-diffusion coefficient of each component
of microemulsion system. In oil-in-water microemulsion,
self-diffusion coefficient of water is smaller than pure
water. In water-in-oil microemulsion, oil is dispersed, and
self-diffusion coefficient of oil is lower than that of pure
oil in the oil phase. Casadei et al®” analyzed and
identified ibuprofen entrapment state and encapsulation
efficiency in solid lipid particles using MRI.

F. Differential scanning calorimetry (DSC)

DSC is a thermal analysis method. DSC can be used to
measure thermal properties and heat changes of different
components in the microemulsion™™!. DSC can be used to
infer the existence state of water in the formation of
microemulsions, and to identify the type of
microemulsion®®. In order to study microemulsions
formation mechanism, Hui Zhang et al. ** studied U-type
antimicrobial microemulsions system using DSC. The
DSC results showed that with up to 33% water, emulsion
formed water-in-oil microemulsions. As water content
increased, water gained mobility, and transformed into
bicontinuous state with 33 - 39% water. Finally the
microemulsions became oil-in-water with more than 39%
water.

G. Conductivity

Conductivity is an important attribute of
microemulsions. Conductivity reflects the structure and
properties of microemulsions*! Oil-in-water

microemulsions have high conductivity, because water is
at continuous phase with a high conductivity. Water-in-oil
microemulsions have low conductivity because the
relatively poor conductivity of the oil. Significant change
of conductivity will happen during the transform between
oil-in-water and water-in-oil structures. Therefore, plotting
conductivity curve is helpful to study the structure of
microemulsion. Zhang Hui et al. ! used DSC and
conductivity method to characterize food-grade U-
microemulsion. The results showed that thermal transition
coincided with structural transitions by electrical



conductivity measurements. They found that that structural
transition occurred at 35 and 65 mass percentage of water
during dilution. Qiong Zhou et al®' focused on
understanding of the relationship between morphology,
crystallinity and conductivity of PANI powder. As water
content increased in the microemulsion system,
morphology and crystallinity significantly changed.

IV. CONCLUSIONS

Microemulsions are highly dispersed, stable and easy
to prepare. Microemulsions have great applications in
food products to carry low soluble and instable
hytotherapeutic, nutraceuticals and food additives. In this
report, preparation and characterization methods of
microemulsions were summarized. It is anticipated that an
increasing number of new technologies will be applied to
synthesize and investigate food-grade microemulsions.
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