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ABSTRACT
The interest in nanoscale emulsions has considerably grown in recent decades as a consequence
of their specific attributes such as high stability, attractive appearance, in addition to high per-
formance and sensorial advantage. In fact, it nanoemulsions are one of the major popular for-
mulation systems in the pharmaceutical and cosmeceutical fields. The thermodynamic and high
kinetic stability, besides the minute droplet size of nanoemulsions have spurred their rapid
development as a system for delivery of bioactive substances/drugs in cosmetics and dermato-
logical formulations. The composition and the technique of preparation very much define the
quality of nanoemulsions. They are mainly targeted at high performance, product distribution to
consumers, alongside the prospects of mass production. Formulators, however, do face certain
limitations especially regarding the diffusion of active ingredients into the human skin. This
review describes the popular techniques used by formulators in recent years to prepare nanoe-
mulsions as final application products for cosmeceutical application. Correspondingly, an over-
view of characterisation technologies to differentiate between the micro and nanoemulsions –
alongside their benchmarks in terms of their physical and thermodynamic stabilities, is also
described in this review.

ARTICLE HISTORY
Received 16 July 2018
Accepted 13 May 2019

KEYWORDS
Nanoemulsion;
cosmeceutical;
dermatological;
thermodynamic stability;
physical stability

Introduction

The market for cosmeceutical products has grown
substantially in recent decades following increasing
consumer awareness for dermatologically nutritional
products that promote good skin health and disease
prevention [1]. Higher demands for improved product
efficacy have seen the boundary between cosmetics
and topical pharmaceuticals products becoming
increasingly difficult to distinguish. ‘Cosmeceuticals’
gain large consumer interest because these products
lie between the grey zone of cosmetics and pharma-
ceuticals [2]. The applications of cosmeceuticals have
now extended to skin protection, whitening, tanning,
anti-aging and anti-wrinkling, alongside other interest-
ing uses such as deodorants, as well as for nail and
hair care. The increased demand for skin care cosme-
ceutical nanoemulsions is a consequence of their abil-
ity for controlled delivery and optimized dispersion of
active ingredients into the desired layers of skin. The

active ingredients in the form of nanoparticles have a
high surface-to-volume ratio, which promotes dispersi-
bility in the emulsion, and are better adapted for mul-
tiple functions [3]. As a result of reduced gravity force
and Brownian motion, premature destabilisation of
this emulsion system is averted; hence, the zero sedi-
mentation during storage. Another destabilisation fac-
tor, i.e. flocculation, is also prevented by the
minuscule size of nanoemulsions, which prolongs the
shelf-life of products [4].

Nanoemulsions can be classified based on their
morphology. A ‘water-based’, or oil-in-water (O/W),
emulsion has water as the continuous phase and oil as
the dispersed phase [5, 6], whereas the inversed condi-
tion yields an ‘oil-based’ or water-in-oil (W/O) emulsion.
The small droplet size of nanoemulsions allows uniform
deposition and penetration of active ingredients
through the skin surface [7]. Nanoemulsions exhibit
better penetration efficacy of the ingredients due to
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the large surface area and low surface tension of the
whole emulsion system [8], thus requiring only 3–10%
of surfactants during preparation [9]. Microemulsions,
on the other hand, require surfactant concentrations of
20% or higher [10]. As a result, nanoemulsions appear
more fluid (at low oil concentrations), with display of
appealing physical properties and skin feel, especially
in the absence or the small use of thickeners.
Destabilisation phenomena such as creaming or sedi-
mentation, flocculation and coalescence that typically
affect emulsions are also prevented [11], the conse-
quence of considerable steric stabilisation between the
submicrometric droplet size.

One essential point to consider when preparing
nanoemulsions is the impact of the order in which the
different compounds are mixed during formulation. It
is important to emphasize here that the preparation
of nanoemulsions requires that surfactants are first
mixed with the oily phase. This renders the realisation
of conditions that highly favour the formation of
nanoemulsions. In contrast, mixing surfactants with
water in the initial stages of preparation would favour
the development of ‘macroscopic’ emulsions [12]. To
date, nanoemulsions are prepared using several meth-
ods, which are categorically divided into low-energy
or high-energy emulsification approaches or a combin-
ation of both [13]. High-energy approaches are charac-
terized by the use of mechanical devices that create
intense disruptive forces which break up the oil and
water phases to form the oil droplets. Such a tech-
nique uses high-pressure homogenizers, microfluid-
izers and sonication methods [14]. Conversely, low-
energy techniques use the internal chemical energy of
the system to perform emulsification [15]. This is
achieved by diverting the intrinsic physicochemical
properties of the surfactant, co-surfactants and exci-
pients in the formulation [16].

Emulsions and nanoemulsions in
cosmeceuticals

An emulsion is defined as a system containing two
immiscible phases, which consists of a dispersed
phase as droplets (internal phase) and a continuous
phase (external phase) [17]. Historically, the term
‘microemulsion’ was first used by Schulman et al. [18]
in 1959 to describe a transparent solution of a multi-
phase system consisting of water, oil, surfactant and
alcohol. Although not systematically used today, some
prefer the names ‘micellar emulsion’ or ‘swollen
micelles’ [19] (reviewed by Eastoe [20]). Research on
microemulsions continued to remain relatively

unknown to the scientific community until a work by
Hoar and Schulman was published in 1943 [19]. They
described a spontaneous formation of an emulsion of
water and oil, upon the addition of a strong surface-
active agent. This system was defined by being
thermodynamically unstable and kinetically stable sys-
tems [4, 13, 21, 22]. For review see [20].

This technology later found its way into commercial
preparations of cosmeceutical products. A cosmeceut-
ical is a cosmetic product with the incorporated active
ingredient intended for a beneficial physiological
effect, resulting from an enhanced pharmacological
action when compared to an inert cosmetic [1, 23, 24].
The major benefits of using nanotechnology in cosme-
ceutical applications are the enhanced stability of vari-
ous cosmetic ingredients, viz. unsaturated fatty acids,
vitamins, or antioxidants encapsulated within the
nanoparticles [23], improved penetration rate of cer-
tain ingredients, such as vitamins and other antioxi-
dants [2], improved aesthetics of the product [25], in
conjunction with enhanced performance and tolerance
of UV filters on the skin surface [26]. For instance,
Mayer et al. [27] successfully encapsulated the oil-sol-
uble vitamin (vitamin E) and used a nanoemulsion as
the delivery system. In fact in dermatology, W/O emul-
sions have been shown to be a better system, where
the oil-soluble active ingredients are made more
favourable by a lipid film formation on the skin [28].

Mechanisms explaining the improved skin penetra-
tion by nanoemulsions have so far been associated
with their nano-sized range and composition [29]. The
diffusional barrier of the stratum corneum may be
reduced by the surfactant in the formulation, which
leads to high penetration of cosmeceuticals. The water
content in the formulation also has an important func-
tional role. When the water content is adequately high
in the formulation, percutaneous absorption of cosme-
ceuticals is improved due to the hydration effect of
the stratum corneum. Nano-sized droplets dispersed
in the continuous phase of the nanoemulsion can
now move smoothly through the stratum corneum
and diffuse the active ingredient through the skin bar-
rier [29–31]. Kong et al. [32] reported that hyaluronan
(hyaluronic acid, HA)-glycerol a-monostearate (GMS)
based nanoemulsion results in an interesting colloidal
transdermal carrier suitable for applications in skin
care and cosmetic products.

Nanoemulsions are part of a broad class of multi-
phase colloidal dispersions [5] that do not form spon-
taneously. The International Union of Pure and
Applied Chemistry (IUPAC) has defined nanoemulsions
as dispersion made of water, oil, and surfactant(s) that
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consists of an isotropic and thermodynamically stable
system with dispersed domain diameter, with the par-
ticles formed at the nano scale by means of mechanical
forces [33]. Thus, forces from external shear are needed
to rupture larger droplets into smaller ones [5] to form
this minute emulsion system. This calls for the use of
ultra-high speed mixing devices to overcome effects of
surface tension to produce the nano scale droplets [5].
On the contrary, nanoemulsions are defined rather dif-
ferently by the US Food and Drug Administration (FDA),
in which the system is considered as a material or end
product engineered in such a way so as to have at least
one external dimension, or an internal or surface struc-
ture, in the nanoscale range (approximately 1–100nm);
and a material or end product engineered to display
properties or phenomena that include physical or chem-
ical properties or biological effects that are attributable
to its dimension(s), even if these dimensions fall up to
1lm (1000nm) outside the nanoscale range [24, 34].
Figure 1 illustrates the differences between nanoemul-
sion and microemulsion, both of which are composed
of oil, water and surfactant. These two types of W/O col-
loidal dispersions have a similar structure: a hydropho-
bic shell of oil and surfactant tails and a hydrophilic
core of water and surfactant head groups.

From a thermodynamic point of view, nanoemul-
sions are formed in a non-equilibrium state to afford

droplets of remarkably small size in the range of
20–200 nm [35], irrespective of the method used for
their preparation. The range of size of particulates in
nanoemulsions can substantially vary across different
studies, with particulates sizes as low as 20 nm [35]
to as high as 1000 nm [24]. Correspondingly, the sur-
face-tension theory of emulsification explains that
stabilizers or emulsifiers are required when preparing
nanoemulsions, so as to lower the interfacial tension
between the two immiscible liquids. Reduction in
repulsive forces between the two liquids thus weak-
ens the interactive forces between the molecules of
the same liquid [33, 36]. Contrariwise, the oriented-
wedge theory states that the monomolecular layers
of the emulsifying agent are formed by surrounding
the droplet in the internal phase of an emulsion. This
theory assumes that certain emulsifying agents pos-
ition themselves around a liquid droplet in accord-
ance to their solubility in that very same liquid [33].
However, according to the plastic-or-interfacial-film
theory, the emulsifying agent forms a thin film by
adsorption on the surface of water and oil located on
the internal phase droplets [33]. The presence of this
thin film averts contact and the subsequent coales-
cence of the dispersed phase. Fundamentally, all
three theories would result in the immiscible glob-
ules remaining in suspension and continuing to

Figure 1. Graphic diagram of water-in-oil microemulsions (a) and nanoemulsions (b), consisting of oil, water and surfactant. The
structure of the particles in both types of colloidal dispersion is similar, with a hydrophobic shell of oil and surfactant tails and a
hydrophilic core of water and surfactant head groups.
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persist in the dispersion medium because of the
repulsive forces.

Application of nanotechnology in
cosmeceuticals

It has been recently reported that the overall global
cosmeceuticals market amounted to a whopping USD
46.93 billion in 2017 and is forecasted to jump to USD
80.36 billion by 2023 at a compound annual growth
rate (CAGR) of 9.38% [37]. Nonetheless, nanotechnol-
ogy in cosmeceuticals is not exactly a new technology.
As a matter of fact, it was first introduced to the
cosmeceutical market in the 1980s in the form of lipo-
somes. Since then, a myriad of other nanotechnology-
based formulations that comprise peptides, proteo-
mics, stem cells and epigenetic factors have been for-
mulated and are being sold to consumers [38–40].
Large cosmetic companies publish several nanotech-
nology-related patents every year. Hence, the rele-
vance of these patents and investments today [41].
Some nanotechnology-based cosmeceutical patents
and products available on the market are tabulated in
Tables 1 and 2, respectively.

It is an undeniable fact that nanomaterials and nano-
biotechnology can radically change the way cosmetics
and drugs deliver their benefits [42]. In fact, two main
uses of nanoparticles in cosmetic products have been
focused on UV filtering and delivery of active ingre-
dients, through encapsulation technology to transport
a wide range of beneficial ingredients. This was
affirmed by a steady increase in patent-protection activ-
ities since 1994, as reported by PatBase. Approximately,
900 patent families were classified as ‘nanoemulsions’
for cosmetic applications, representing a total of 1900
granted patent applications over the course of 20 years.
About two-thirds of these patent families are for body-
care, skincare and personal care products [43]. Modern
day cosmetic companies are now more innovative by
adopting a more integrative approach which combines
novel formulation processes with marketing strategies
that emphasize on consumer perception and meeting
their preferences [28].

Patents reviews on nanotechnology
based cosmetics

A large number of novel cosmetic formulations have
been granted over the past few decades and Table 1

Table 1. Patent list on nanotechnology-based cosmeceuticals.
Title Publication number Publication date Applicant

Aqueous photoprotective composition comprising
hydrophilic metal oxide nanopigments and a
vinylpyrrolidone homopolymer

EP1768749B1 2008-10-15 L’Oreal SA

Cosmetic pigment composition containing gold or silver
nano-particles

US 20090022765A1 2009-01-22 Korea Research Institute
of Bioscience and Biotechnology

Zeolite based UV absorbing and sunscreen compositions US20050276761A1 2005-12-15 Gupta Shyam K
Skin whitening methods and compositions based on

zeolite–active oxygen donor complexes
US20070166339A1 2007-07-19 BIODERM Research

Cosmetic composition containing retinol stabilized by
porous polymer beads and nanoemulsion

US 20130095157A1 2013-04-18 Act Co Ltd

Nano-emulsion and cosmetic product
compounded therewith

JP 2008127327A 2008-06-05 Ands Corporation

Healthy collagen cosmetic JP 2005206567A 2005-08-04 Iwamoto Shigemi
Nanoemulsion comprising metabolites of ginseng

saponin and a skin-care composition for anti-aging
containing the same

EP 1327434A1 2003-07-16 Pacific Corp

Table 2. Examples of cosmeceutical products that used nanotechnology.
Brand/product type Application Active compounds Delivery system Product name

Cosmetic Dermatology, Inc. Anti-aging Peptide and minerals Nanoencapsulated ingredients Dr. Brandt Laser Relief
Cosmetic Dermatology, Inc. Anti-aging Peptide Nanoparticles Dr. Brandt Laser Tight
L’Or�eal Sunscreen Metal oxide (titanium

dioxide and zinc oxide)
Nanopigments UV Perfect Series SPF 50

L’Or�eal Anti-aging Vitamin A Nanosomes Revitalift
Lancôme Paris Sunscreen Vitamin Nanocapsules Lancome Soleil Instant Cooling

Sun Spritz
Lancôme Paris Anti-Aging Vitamin Nanocapsules Lancome Soleil Soft-Touch

Anti-Wrinkle Sun Cream SPF 15
DS Laboratories Anti-acne Wheat-Germ,

Barley-Germ, Arnica
Nanosomes DS Laboratories Trioxil

Anti-Acne Gel
Wilma Schumann Anti-acne Vitamin E Nanoparticle Wilma Schumann Acne Kit
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enlists some of the patents held by several companies.
For instance, patent EP1768749B1 held by L’Oreal [44]
for aqueous photoprotective composition comprising
hydrophilic metal oxide nanopigments and a vinylpyr-
rolidone homopolymer uses at least a particular hydro-
philic inorganic nanopigments/nanoparticles based on
metal oxides untreated with an aluminium phosphate.
The hydrophilic metal oxide nanoparticles used in sun-
screen products, for instance titanium oxides, zinc
oxides or their mixtures have a unit particle mean size
between 5 nm and 500 nm. The Korea Research
Institute of Bioscience and Biotechnology was granted
a patent (US 20090022765A1) [45] that employed a
cosmetic pigment composition exhibiting colours in
the visible region which comprises of gold nanopar-
ticle (red colour), silver nanoparticles (yellow colour),
gold-silver alloy nanoparticles (flame colour) and gold
nanoparticles (blue colour). They are used in certain
cosmetic products, for instance, lipstick.

Patents number US20050276761A1 [46] and
US20070166339A1 [47] have formulations that incorp-
orate the nano-sized Zeolite A containing complexes
of anionic zeolites and active oxygen donor agents
such as organic and inorganic peroxides. These com-
plexes are usually meant for topical compositions for
skin whitening, as well as addressing issues related to
skin discolouration and age spots. Act Co Ltd (patent
number US 20130095157A1) [48] was patented as a
method for stabilising retinol (vitamin A) meant for an
anti-inflammatory and wrinkle reducing cosmetic pre-
pared by nano-emulsification. The retinol polymer
nanocapsule is fashioned by nanoemulsifying retinol
in porous polymer particles (size of 50–200 nm). Mung
bean medium chain triglyceride extract and lecithin
are then used for the stabilisation of retinol.

A Japanese company, Ands Corporation, holds a
patent which designates the preparation of a nanoe-
mulsion of size 100 nm that contains nanoparticles of
phospholipid and a lysophospholipid, dispersed in an
aqueous phase. Iwamoto Shigemi patented a method
to formulate a dry collagen face lotion containing a
mix of a collagen or gelatin protein with the incorpor-
ation of nanoparticle powder of particle sizes between
10 and 40 nm (Patent No.: JP 2005206567A) [49].
Pacific Corp patented the procedure to prepare nano-
emulsion by emulsifying main metabolites of ginseng
saponin. Glucose and other compounds were con-
verted into liposomes using a dermotropic emulsifier
(EP 1327434A1) [50], for improved skin penetration to
stimulate proliferation of fibroblast and biosynthesis
of collagen.

It is apparent that nanotechnology in cosmetics has
become progressively popular, based on the increas-
ing number of patents. It goes to show that consum-
ers prefer nanobased cosmetics, as they become more
informed of their advantages as compared to conven-
tional cosmeceutical products.

Sunscreen products

Protection against UV radiation has become an
important issue, as we are at risk of sunburn and
developing skin cancer due to overexposure to ultra-
violet radiation (UVR) from the sun [51]. The technique
of nanoencapsulating antioxidant ingredients into
sunscreens was developed to combat free radicals
generated by excessive exposure to UV radiation.
These formulations have been hailed as an innovative
photoprotective and chemopreventive strategy to pro-
tect the human skin [52, 53].

Basically, two basic types of UV filters, originating
from organic and inorganic sources, are used as active
ingredients in sunscreen products [54]. The ability of
organic-based filters to absorb UV radiation of specific
wavelengths depends on their chemical structures,
while inorganic filters such as titanium dioxide and
zinc oxide have wider applicability, more capable of
absorbing and scattering UV radiation. These com-
pounds also have a broader UV blocking range than
the filters of organic origin. Thus, titanium dioxide and
zinc oxide are extensively employed as active compo-
nents in sunscreens. Nanoformulations containing
nanoparticles of titanium dioxide and zinc oxide have
been shown to consistently provide better perform-
ance in UV protection than larger particles, reflecting
visible light and absorbing UV with very high effi-
ciency [54, 55].

Nanotechnology is also used to formulate suitable
carrier systems for delivering sunscreens and has been
found more efficient than conventional delivery sys-
tems. The tiny particulates offer better protection of
labile organic filters against chemical degradation by
entrapping them inside the particle core, instead of
molecularly solvating them either in an oil or a water
phase [56, 57]. For instance, solid lipid nanoparticles
(SLN) were introduced by Wissing and Muller [58] as
carriers for active cosmetic ingredients and pharma-
ceutical drugs. They first used SLNs to encapsulate
oxybenzone using cetyl palmitate or other crystalline
lipids by high pressure homogenisation [56, 59, 60].
SLNs were also successfully incorporated by Villalobos-
Hern�andez and M€uller-Goymann [61] into the car-
nauba wax-based inorganic filter that used titanium
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dioxide. Similarly, a mixture of titanium dioxide with
organic filters was formulated to produce composite
nanoparticles with a synergistic sunscreen effect, ena-
bling the tuning of UV absorption over the UVA and
UVB range, with the concomitant scattering of UV rays
and intrinsic UV absorption [54, 62].

L’Oreal, Paris is among the major manufacturers of
nanobased-sunscreen products using inorganic pig-
ments and nanopigments, based on metal oxides, i.e.
titanium dioxide. Nano-pigments of titanium dioxide
of below 100 nm, generally between 10 nm and 50 nm
(Patent 5,607,664), are found in their most popular
sunscreen products, for instance, UV Perfect Anti-
Dullness SPF 50 and UV Perfect Even Complexion
SPF 50.

Anti-ageing products

Human skin is the largest and most complex organ
that acts as a physical barrier to defend the body
from water loss, as well as from environmental
stresses. Invasions by pathogens and coming into con-
tact with chemicals, physical agents and UVR (as men-
tioned above) are among the factors that damage the
human skin [63, 64]. These constant bombardments
eventually age the skin, manifesting as wrinkles, dry-
ness, sagginess, pigmentations, etc., over the face and
body [63, 65–67]. However, there is still hope as the
human skin can be rejuvenated, and wrinkle formation
can be reversed by the use of collagen. Wrinkles
become apparent when the collagen structure in our
skin becomes deteriorated as a consequence of the
factors mentioned earlier [63].

Anti-aging creams typically contain either of two
core groups of proxy, the antioxidants and the cell
regulators [68]. Antioxidants, viz. vitamins, polyphenols
and flavonoids, are added into creams to reduce colla-
gen degradation. These compounds quench the free
radicals in the tissues, thus keeping their concentra-
tions low [28, 69]. Cell regulators such as retinols, pep-
tides and growth factors, on the other hand, impact
collagen metabolism and production [70]. Vitamin A
(retinol) containing creams are the most popular on
the market, and so are its derivates (retinoid, retinalde-
hyde and tretinoin) [71]. These compounds are cap-
able of reducing expression of MMP 1 (collagenase 1)
and beneficially inducing the biosynthesis of collagen.
Retinol is the more preferred ingredient over tretinoin
in anti-ageing creams, as retinol causes less skin irrita-
tion compare to tretinoin (for review see [72]).

There are a large number of nanotechnology-based
cosmeceutical products claiming to have anti-wrinkle

and firming effects. The enhanced delivery process of
the bioactive ingredients through the skin has to do
with their minute particle size and large surface area
[2]. For example, the small sized lipid vesicles enable
bioactive materials to be absorbed more readily into
skin [73]. In fact, one of the most popular anti-wrinkle
products using this technology is Revitalift from
L’Oreal Paris. This product contains nanosomes with
Pro-retinol A (a modified version of vitamin A specially
designed to deliver the nutrient to cells). Nanosomes
are a highly efficient delivery system that can enter
the human bloodstream through inhalation, or oral,
topical, dermal, ocular or parenteral routes [74]. Thus,
topical delivery of the drug to the core of the skin
cells leads to efficient absorption of the active ingre-
dients [75] to combat wrinkles. In addition, nanosomes
can promote skin moisturization and slow down colla-
gen breakdown. Studies have shown that long term
application of retinol can increase epidermal water
content, epidermal hyperplasia, and cell renewal and
encourage collagen synthesis [76]. Introducing retinol
into the human skin can interfere with melanogenesis
and inhibit the action of matrix metalloproteinases.
This reduces the appearance of fine lines and wrinkles,
and helps in lightening lentigines/pigmentations on
the skin [77]. Another antiwrinkle product is marketed
by Lancôme by the name of Hydra Zen cream. The
product formulation which contains nanoencapsulated
Triceramide was marketed for its ability to restore
skin softness and renew skin for a healthy look.
Reviewed in [78].

Types of nanoemulsion systems

Cosmeceutical formulations are basically categorized
into O/W emulsions and W/O emulsions, where the
latter are the dermatologically better delivery systems.
There is also the double emulsion (oil-water-oil or
water-oil-water) [28] but these more complex systems
will not be discussed in the following subsections. The
fundamental characteristics between the two basic
nanoemulsion systems are discussed below.

Water in oil (W/O)

Water in oil nanoemulsion (W/O) is a class of emulsion
that has nano-sized water droplets dispersed in
organic media through the action of surfactants [79].
Preparation of any given type of emulsion must con-
sider hydrophile-lipophile balance (HLB). HLB is a
semi-empirical scale that aids formulators to select sur-
factants [80]. It shows the ratio of the hydrophilic
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portion of the non-ionic surfactant to the lipophilic
portion [81], to yield the ‘best emulsion’ and, not
undergo flocculation or coalescence [82]. The HLB val-
ues suited for particular types of emulsion are listed in
Table 3 [83]. Most importantly, surfactants of a final
HLB value of 4–6 are ideal for preparation of W/O
nanoemulsions.

W/O nanoemulsions are industrially useful in micro-
reactors to control nanoparticles growth [84] such as
CdS nanoparticles [85] and titania–silica nanoparticles
[86]. Ceramic nanoparticles [87] are produced using
various W/O emulsions as the reaction media. In the
pharmaceutical field, W/O emulsions are valuable as
adjuvants for vaccines with unusual antigens, for
instance synthetic peptides, recombinant proteins or
DNA [88].

Oil-in-water (O/W)

Oil-in-water, or water-based, nanoemulsions are com-
prised of small lipid droplets dispersed within an
aqueous phase, with normal mean droplet diameter of
<200 nm [89, 90]. While nanoemulsions and conven-
tional O/W emulsions are thermodynamically unstable
systems, the homogenisation technique used in their
production dictates their droplet sizes [91, 92].
According to Winsor [93], there are four types of emul-
sion phases existing in equilibrium, referred to as
Winsor phases. An O/W type is classified as Winsor I, a

two phase system whereby the upper oil layer exists
in equilibrium with the lower (O/W) emulsion phase
[33]. The schematic diagram of W/O and O/W nanoe-
mulsions consisting of surfactant micelles is shown in
Figure 2.

Techniques to prepare nanoemulsions

The non-equilibrium nature of nanoemulsions means
that they cannot be prepared spontaneously [92], but
the process critically requires a sufficient energy input
from mechanical equipment [94]. For the droplet size
to be small, a greater amount of mechanical energy is
necessary. The work required (W) to increase an inter-
face is represented as:

W ¼ DA � c (1)

where DA is the increase in the total interfacial area
and c is the interfacial tension. This relationship advo-
cates that higher amount of work is required when DA
is large (i.e. smaller droplet size), or if the interfacial
tension is high [95]. Alternatively, spontaneous techni-
ques are also employed to prepare nanoemulsions [95].
Having said that, techniques used to formulate nanoe-
mulsions are conveniently divided into two main
groups: the low-energy and high-energy methods.

Low energy techniques

‘Low-energy’ techniques involve preparing nanoemul-
sions via spontaneous emulsification without the use
of any device or energy [96]. Low-energy emulsifica-
tion methods are dependent on the chemical energy
stored in the components of the system to be emulsi-
fied [97]. These methods basically take advantage of
the intrinsic physicochemical properties of the compo-
nents to generate submicronic droplets [12]. Phase

Table 3. HLB value for various applications.
HLB value Applications

0 to 3 Mixing unlike oils together
From 4 to 6 Making water-in-oil emulsions
From 7 to 9 Wetting powders into oils
From 8 to 16 Making oil-in-water emulsions
From 13 to 15 Making detergent solutions
From 13 to 18 Solubilising oils (micro-emulsifying) into water

Figure 2. Schematic diagram of water-in-oil (W/O) and oil-in-water (O/W) nanoemulsion consisting of surfactant micelles.

BIOTECHNOLOGY & BIOTECHNOLOGICAL EQUIPMENT 785



transitions that occur in the low energy method
involve equilibrium phases, such as microemulsion,
lyotropic liquid crystalline and/or micellar phases, and
happen during emulsification by condensation [35,
98]. The process requires the mixing of two liquid
phases, a lipophilic phase into which a hydrophilic sur-
factant is added and then solubilized to form a homo-
geneous liquid at room temperature. The aqueous
phase is usually made up of pure water. Next, the
hydrophilic species contained in the oily phase (i.e.
surfactants) is solubilized into an aqueous phase to
initiate the un-mixing of the oil to form the nano-
droplets. The formed nanodroplets are then instantly
stabilized by the amphiphiles [12]. Phase inversion
composition (PIC) and phase inversion temperature
(PIT) are examples of low energy methods used to
form nanoemulsions, with the former being less
energy intensive.

Phase inversion composition (PIC)

Phase inversion composition transpires where the
change of curvature in the low-energy emulsification
methods is attained under a constant temperature by
changing the composition [97]. Preparing nanoemul-
sions by the PIC method requires the gradual dilution
of the oil phase with the water phase, or vice versa
[16]. The hydrophilic/lipophilic balance of this system
changes at a constant temperature, causing the hydra-
tion degree of the surfactant to fluctuate as per the
dilute phase. Upon exceeding the transition compos-
ition by slight variations of the water-to-oil ratio, the
emulsion becomes destabilized and then ruptures to
afford the kinetically stabilized nanoemulsion [24, 99,
100]. Likewise, nanoemulsion formulation in PIC
method is also producible with the support of a titra-
tion chart [101]. For instance, isopropylmyristate-in-
water nanoemulsions with droplet sizes below 200 nm
are formed above the critical micelle concentration of
surfactant by the PIC method. This was achieved by
simply varying the ethanol concentrations using the
surfactant, PEG-60 hydrogenated castor oil [102].

The PIC method is done by slowly adding the com-
ponents of the continuous phase into the components
of the dispersed phase [103]. This consequently
invokes a phase inversion process in certain sections
along the emulsification route [104]. During the emul-
sification route, a zone where a liquid crystal (lamellar
or cubic) or bicontinuous phase exists has to be deter-
mined to cross, as to favour formation of small and
uniform droplets. This is to ensure that mostly small
and uniform droplets are formed from this process
[105]. The preparation protocol (addition and mixing

rate) should ensure a complete integration of the final
dispersed phase (water for W/O and oil for O/W emul-
sions) in these phases. The dispersed phase must be
judiciously mixed with the continuous phase, before
more continuous phase is added till the final compos-
ition of the nanoemulsion is reached. Only then, the
reorganisation of the dispersed phase into small drop-
lets is favoured [104, 106]. Us�on et al. [103] successfully
formulated several batches of W/O nanoemulsions
using a low internal phase content using the PIC
method. In their work, a water/mixed Cremophor EL-
Cremophor WO7 surfactant/isopropyl myristate systems
was prepared. Another study prepared W/O nanoemul-
sions using a simple PIC method at an elevated tem-
perature. The resultant emulsion was stabilized by Span
80-Brij 35, which yielded an emulsion exhibiting a high
internal phase [107].

Being less energy intensive, the low energy method
has shortcomings related to the use of large amounts
of surfactant and the requirement of a full control of
the physicochemical parameters. Thus, the method is
unsuitable for industrial-scale preparations of emul-
sions [4], the products are prone to coalescence and
creaming [4, 108].

Phase inversion temperature (PIT)

Unlike the PIC method, PIT is a temperature depend-
ent process that allows a certain degree of flexibility
in preparing the nanoemulsion. The process can be
repeated several times by tuning the mixing tempera-
ture to achieve nanodroplet quality [109]. The emulsifi-
cation method to stimulate emulsification rests on the
principal of the extremely low interfacial tensions
achieved at the HLB temperature of the order of
10�2–10�5mNm�1 [92, 110]. However, this self-emulsi-
fication process tends to yield nanoscale droplets that
lamellar layers on their surfaces, which become
increasingly less stable over long over long term stor-
age [5, 111].

In Figure 3 [112], the solid black line marks the
inversion locus and the dotted lines mark the hyster-
esis zone. The interfacial tension is usually minimal
within the optimum formulation zone and at the
inversion locus. During low-energy emulsification, this
ultralow interfacial tension is engaged to form finely
dispersed droplets, whereas the final emulsion should
be far away from these regions to improve emulsion
stability [112]. When using non-ionic surfactants, the
stability of the emulsion can be achieved by changing
the temperature of the system. This forces a transition
from an O/W emulsion at low temperatures to a W/O
emulsion at higher temperatures, a process called the
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transitional phase inversion. During the cooling pro-
cess, the system crosses a point of zero spontaneous
curvature and minimal surface tension, to promote the
formation of finely dispersed oil droplets (vertical
arrow in Figure 3) [113]. A work by Shinoda and Arai
described the importance of suitable phase inversion
temperatures to achieve various combinations of
hydrocarbons and emulsifiers [114]. For instance,
phenytoin-loaded nanoemulsions with droplet sizes
between 11 and 15 nm were produced spontaneously
by using the phase inversion method to promote top-
ical wound healing through enhanced proliferation of
epidermal cells [110, 115, 116].

High energy methods

In general, nanoemulsions formulated using ‘high-
energy’ methods require the use of specific devices to
supply enough energy to increase the water/oil inter-
facial area for generating sub-micronic droplets. The
powerful mechanical energy (stirring, pressure or wave
equipments such as microfluidization, high-pressure
homogenisation, or sonication) breaks up macroscopic
phases or droplets into smaller droplets [117].
Nanoemulsion formed by the so-called dispersion or
high-energy emulsification methods is well-reported in
the literature [118–120]. The use of high-energy pro-
cess to prepare nanoemulsions requires two consecu-
tive steps: (i) deformation and disruption of
macrometric droplets into the smaller droplets; (ii)
adsorption of surfactant at their interface (to ensure
the steric stabilisation) [22, 24]. It is found that equip-
ment supplying energy in the shortest time and pro-
ducing the most homogeneous flow, also generates
the smallest sizes of particulates [121]. To formulate

nanoemulsions, the generated force must exceed the
interfacial energy by several orders of magnitude.
Only then large interfacial areas to form nanoscale
emulsion will be achieved. Under such extreme forces,
larger droplets are ruptured into smaller ones by the
generated fluid stresses. The strong forces rupture the
interfacial tension between the two immiscible liquids
to form smaller droplets [122].

High-shear stirring using a rotor/stator system

Hydrodynamic shear is the driving force for this high
speed stirring technique [123]. Emulsions have been
prepared on an industrial scale by a variety of emulsi-
fication equipment. The manufacturing protocol
retained the similar operating principle which is agita-
tion, and the rotor/stator homogenisation belongs to
this category [124]. The emulsification process has two
steps: first, the high shear stress deforms the droplets
and increases their specific surface area for disruption.
Second, the new interface is stabilized by emulsifiers
[125]. A few factors that affect control droplet size
during the process include shear stress level, nature
and concentration of emulsifier, and the order of the
preparation during the process [125, 126]. The applied
shear forces encourage production of narrower par-
ticle size, only when the forces are homogeneously
applied to the particles. The shear forces are measured
as in Reynolds number, which signify the shear forces
from high speed stirring. Pertinently, higher Reynolds
numbers favour formation of smaller particles [127,
128]. The dimensionless Reynolds number is typically
used in fluid mechanics to identify whether fluid flow-
ing past a body or in a duct, is steady or turbulent
[129]. Shear rates in the range of 108 s�1 are necessary

Figure 3. Schematic drawing of catastrophic and transitional phase inversion for the preparation of oil in water emulsions [113].
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to form nanoemulsions of approximately 100 nm
mean size [5, 127]. However, this sort of shear is not
applicable in most blenders, which require very high
speed/sheer equipment. An ART MICCRA D27 system
was found highly effective to produce nanoemulsions
(135 nm in size) showing narrow size distribution
within 5min of production [127]. Al-Sabagh et al. pre-
pared W/O nanoemulsions using a ultraturrax hom-
ogenizer (Ultraturrax pro 200, USA) and achieved
particle sizes between 19.3 and 39 nm [14].

High-pressure homogenization

High pressure homogenization (HPH) is the most
popular method for preparation of nanoemulsions
[127, 130]. The technique relies on the powerful cavi-
tation phenomenon to disrupt and produce smaller
sizes oil droplets. Other factors such as homogenisa-
tion pressure and number of cycles can profoundly
influence the mean droplet size and particle distribu-
tions [127]. A high-pressure homogenizer is used to
produce high pressure over the mixture of oil phase,
aqueous phase and surfactant or co-surfactant [131].

While the HPH technique may be popular, it also
has inherent issues of poor productivity and compo-
nent deterioration, as a consequence of too much
heat. HPH is only suitable to prepare O/W liquid nano-
emulsion containing less than 20% oil phase. This
technique becomes unsuitable when formulating high
viscosity or creamy nanoemulsions of mean droplet
diameters below 200 nm [132]. Conversely, HPH is use-
ful for decreasing droplet size and the polydispersity
of oil droplet [133]. For example, Sakulku et al. [133]
reported that encapsulated citronella oil nanoemulsion
prepared by HPH produced a stable and small droplet
size. Nanoemulsion produced from the extract of jack-
fruit (Artocarpus heterophyllus Lam) pulp was proc-
essed twice by HPH at 800 bar and yielded small oil
droplets (<200 nm). The resultant cream showed low
viscosity and high stability during storage at 4 �C or
20 �C [118].

Ultrasonication generator/sonication

Nanoemulsion preparation by ultrasonication is gain-
ing the interest of formulators due to its exceptional
energy efficiency, requirement of low-end mixing
instruments, easy system manipulation and most
importantly, its low production cost [134, 135].
Ultrasound emulsification uses an acoustic field to dis-
perse one liquid into another immiscible liquid [136].
The key effect of ultrasound is cavitation, which
involves the rapid formation of vapour bubbles in a

liquid under reduced pressure at ambient temperature
[137]. The produced bubbles rapidly collapse and gen-
erate pressurized shock waves. This, in turn creates
highly localized turbulence and great shear forces
[136] that traverse the liquid, forming high velocity
liquid jets [137]. The mixing of the emulsion in the
vicinity of a collapsing bubble is promoted by the dis-
ruption of the droplets [136].

The produced ultrasonic waves efficiently disperse
the oil phase into water phase through a simple pro-
cess [138], in which monodisperse droplets of diame-
ters of less than 100 nm are formed [138]. Canselier
et al. [139] proposed a two-step mechanism that
occurs during ultrasound-assisted emulsification. First,
combination of interfacial waves and instability of the
system cause the explosion of dispersed phase drop-
lets into the continuous phase. In the second step, the
droplets are further broken up by cavitation close to
the interface [140, 141]. For review see [142].
Preparation of nanoemulsions by this method is lim-
ited to only small batches each time [143], hence
inappropriate for the industrial scale. Despite its great
potential, the method remains limited to only labora-
tory investigations [132, 144].

Microfluidization

The instrument for formulating nanoemulsion is called
a microfluidizer [145]. The first generation microfluid-
izer was designed by the Arthur D. Little Co., but was
later taken over by the Microfluidics Corp [146].
Formulating by microfluidization demands the use of
high-energy inputs and powerful equipment to pro-
duce ultrafine emulsions at much lower surfactant-to-
oil ratio (SOR < 0.1) [90]. High pressure is used to
drive the fluid through specifically configured micro-
channels, and a combined effects of shear, impact and
cavitation superbly emulsifies the fluid [147]. The pro-
cess begins when the mixture of the water phase and
oil phase is forced into an inline homogenizer to pro-
duce a course emulsion. The resultant emulsion is
then forced into an interaction chamber lined with
micro channels by a high-pressure positive displace-
ment pump (500–200 psi). The flow of the emulsion
through an impingement area then turns the viscous
mixture into very fine submicron or nano-sized drop-
lets, to finally achieve a stable nanoemulsion [132].
Smaller size emulsions can be produced by increasing
the pressure up to �700MPa [148]. It is thought that
a microfluidizer is more efficient in producing higher
quality nanoemulsions showing smaller and narrower
particle size distributions as compared to the HPH
[142, 149]. Towbin et al. [150] used a MicrofluidizerVR
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Processor to prepare a nanoemulsion containing an
anti-inflammatory agent, i.e. aspirin. Data from the cro-
ton oil-induced (CD-1) mouse ear oedema model
exhibited reduced inflammation based on ear lobe
thickness, as well as an accumulated auricular cytokine
levels as biomarkers for inflammation [150]. Thus, a
noteworthy aspect to highlight here is that emulsions
produced by different methods can exhibit varying
efficacies, connected directly to the produced droplet
size distributions. Table 4 compares the higher energy
and low energy methods for formulating nanoemul-
sion and highlights the advantages and disadvantages
of each method.

Technologies for characterisation of
nanoemulsions

Zeta potential

This is a parameter that describes the function of sur-
face charge on droplets and is usually measured using
a zeta sizer. The sample of nanoemulsion is placed in
a zeta cuvette and the reading of the droplet is
recorded in mV [151]. Zeta potential is often a better
representation of the electrical characteristics of an
emulsion droplet, as it inherently accounts for the

adsorption of any charged counter ions. Thus, it is a
reflection of the electro kinetic potential of in a col-
loidal dispersion [152, 153]. The rule of thumb for zeta
potential of nanoemulsion is that values between
�5mV to þ5mV indicate fast aggregation, �20mV or
þ20mV refers to short-term stability, and readings
exceeding þ30mV or below �30mV indicate a stable
nanoemulsion. Excellently stabilized nanoemulsions
have zeta potentials higher than þ60mV or below �
60mV [154–156].

It is worth mentioning here that zeta potential
between |�25mV| to |�30mV| has an energy barrier
between the droplets that is strong enough to pre-
vent destabilisation of the emulsion by coalescence
[64]. Maruno and Rocha-Filho [11] observed significant
production of negative zeta potentials when non-ionic
surfactants were used in the formulation. This was pre-
sumably due to certain desirable chemical properties
of the polyoxyethylene chains in the surfactants used
to formulate the nanoemulsion. In any case, zeta
potentials of formulations showing initial values
greater than �30mV before and after the electro kin-
etic potential test, indicate that the formulations were
sufficiently stable to undergo the subsequent acceler-
ated stability tests [64]. This range of absolute value
(>�30mV) is a conjecture for stability and conveys

Table 4. Comparison between high and low energy methods to formulate nanoemulsions.
Emulsification process Mechanism of emulsification Advantages Disadvantages References

Low energy
Phase inversion

composition
Progressive dilution of the

dispersed phase to change
the interfacial
film curvature.

Allows scale-up production,
low cost and no heating
required in
production process.

Requires the presence of liquid
crystal (LC) or mid-range
microemulsion (ME) phases.
Requires gradual addition of
one phase into another.

[103, 107]

Phase inversion
temperature

Temperature variation to
change the interfacial
film curvature.

Allows scale-up production
and low cost.

Requires the presence of LC or
ME phases; Heat energy is
required.
Limited to the non-
ionic surfactant.

[112, 114, 115]

High energy
High-shear stirring

using a rotor/
stator system

Generate very high shear
stresses due to focused
delivery of energy.
Highly localized energy
dissipation rates near the
mixing head.

Allows scale-up production.
Allowing continuous
production of emulsions
with a stirring speed of up
to 36,000 rpm.

Higher power consumptions than
conventional mechanically
stirred vessels.

[124, 125, 127]

High-pressure
homogenization

Shear, collision and cavitation More flexibility for selecting
surfactant and internal
structure of emulsion than
low energy processes, and
shorter process time.

Not suitable for thermo- or
shear-sensitive compounds and
more expensive than
other equipment.

[118, 130, 131]

Ultrasonication
generator/sonication

Cavitation More flexibility for selecting
surfactant and internal
structure of emulsion than
low energy processes, as
well as less
costly equipment.

Can only process small batches of
emulsions at a time.

[120, 136, 140]

Microfluidization High-pressure injection Not suitable for large-scale
manufacturing and more
expensive than
other equipment

[147, 149]
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enhanced uniformity, as a consequence of repulsive
forces between particles in the nanoemulsion which
prevent aggregation. The absolute values of zeta
potential are high when more hydrophobic domains
become exposed on the surface of the nanoemulsion,
thereby increasing the inter-droplet repulsive
forces [157].

Droplet size and polydispersity (intensity based
size distributions) index

Particle size distribution, mean particle diameter
(Z-averages), and polydispersity index (PDI) are
imperative indicators that describe the quality, stabil-
ity, uniformity and dispersibility of nanoemulsions [5].
Droplet size is a key factor to gauge the self-nano-
emulsification performance because it determines the
rate and extent of release and the absorption of the
active ingredient. Photon correlation spectroscopy
(PCS) and light scattering techniques like static light
scattering (SLS), dynamic light scattering (DLS) are the
methods typically employed to measure droplet size
of a nanoemulsion [158]. A small droplet size will pre-
vent flocculation because of the high curvature and
Laplace pressure that opposes the deformation of
large droplets. Likewise, coalescence of droplets in
nanoemulsion can be prevented by a thick multilamel-
lar surfactant film adsorbed over the interface of drop-
lets. As for most nanoemulsion, destabilisation of this
system is the result of Ostwald ripening [159]. This
phenomenon of destabilisation occurs when small
droplets with high radius of curvature are converted
into larger droplets with low radius of curvature, for
instance, two droplets diffuse and become one large
droplet. Given enough time, droplets size distribution
gradually shifts to larger sizes and the nanoemulsion
becomes increasingly turbid [160].

In contrast, polydispersity in a nanoemulsion refers
to the ratio of standard deviation to mean droplet size,
demonstrating the uniformity of droplet size within the
formulation. PDI show the deviation from the average
size. PDI of lower than 0.22 is desirable as it suggests
that the droplets in the nanoemulsion were well-dis-
persed, and in most part are free from adhesion and
aggregation. A high PDI implies an undesirable feature
of a less uniform droplet size [161], and PDI < 0.25
indicates good stability of the emulsion [162, 163].
Most importantly, PDI closer to zero specifies a mono-
disperse droplet population, while PDI that is closer to
1 (one) indicates a wide-ranging droplet size [46]. PDI
that remains relatively constant at 0.2, despite an
extended duration of storage indicates a homogeneous

droplet population in the formulation [4]. A nanoemul-
sion that has small particle size (P> 0.05) and low PDI
is inclined to produce a narrow size distribution.
Nevertheless, nanoemulsion of slightly small particle
size (P� 0.05) with lower PDI advocates a much nar-
rower size distribution [157].

Nanoemulsions are often recorded as a single peak
or multiple peaks that may be narrow or broad. A col-
loidal dispersion showing a single narrow peak could
either be a microemulsion or nanoemulsion, but pres-
ence of multiple peaks or broad peaks may be indica-
tive of a nanoemulsion. Multiple peaks can be seen in
a system that is made up of a mixture of microemul-
sion and nanoemulsion droplets [90]. Correspondingly,
preparation of an emulsion by using higher numbers
of homogenisation cycles, for instance, 3–4 or 10
cycles, tends to produce a smaller particle size.
Deciding on the number of cycles to be used when
preparing a nanoemulsion can be done by just
observing the PDI of the drug or active ingredient
after each cycle [160]. As the particle size decreases,
the stability of nanoemulsions against coalescence
and flocculation usually improves. The strength of the
attractive forces decreases more rapidly than the
strength of the repulsive forces, when the particle size
decreases [15]. Other phenomena such as coalescence
and flocculation also tend to broaden the particle size
distribution and yield a higher PDI.

Viscosity

Viscosity is a parameter crucial to exemplify and gauge
stability liquid and semi-solid preparations, on top of
the efficient release of active ingredients from the car-
rier in formulations. In fact, viscosity is very much
dependent on the compositions of surfactant, water
and oil components of the emulsion along with their
concentrations. Increasing the water content during for-
mulation usually lowers viscosity. On the contrary,
reducing the amounts of surfactant and co-surfactant
can lead to an increase in interfacial tension between
water and oil, as a consequence produce a more vis-
cous emulsion. Typically, viscosity of any given nanoe-
mulsion is measured under different shear rates and
temperatures, using a Brookfield type rotary viscometer
immersed in a thermo bath at 37±0.2 �C [160].

Also, parameters viz. viscosity, conductivity and
dielectric methods offer critical insights into the
macroscopic level of the formulated emulsion. Data
from these parameters can indicate the presence of
rod-like or worm-like reverse micelles, or for determin-
ing whether it is an oil-continuous or water-
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continuous nanoemulsion. This allows for the monitor-
ing of phase inversion phenomena during formulation
[158]. Nanoemulsions consisting of O/W often possess
lower apparent viscosities. This warrants information
on the rheological properties of nanoemulsion carriers,
in order to estimate the rates of release of active
ingredients [158]. However, lower viscosity emulsions
are preferred by manufacturers and also users follow-
ing the easier handling and packing, particularly if the
nanoemulsion is designated for oral use [151, 161]. It
is worth mentioning here that viscosity determination
becomes important when the percentage of the oil
component is increased. This is because viscosity of an
emulsion increases correspondingly with further add-
ition of oil [164], which may affect the sensory attri-
bute of the resultant formulation.

Entrapment efficiency

Entrapment efficiency (EE) is used to estimate the effi-
cacy of a nanocarrier to retain the drug/active ingredi-
ent, to ensure delivery of an adequate amount of the
component to the targeted site [165]. Key factors that
can have a profound impact on EE include the tech-
nique of formulation, type of formulation ingredients
and nature of the encapsulated bioactive compound in
the vesicles [166]. Moreover, particle size tends to
expand with higher loading of the active ingredient
into the nanoemulsion [167], thus reducing EE of the
nanoemulsion. The estimation of EE was successfully
demonstrated using a microdialysis technique for nano-
capsules, nanospheres and nanoemulsions [166, 168].
Other strategies for estimating EE of different nanocar-
riers include gel filtration, dialysis bag diffusion, ultrafil-
tration and ultracentrifugation. EE estimation by gel
filtration is in actual, a type of exclusion chromatog-
raphy. An aqueous suspension of porous gel particles is
used to separate the nanoparticles according to their
molecular weight. Dialysis, on the other hand, can iso-
late nanoparticles from a mixture of other nanoparticles
or free drugs. The free active ingredient diffuses out of
the dialysis bag, while the nanoparticles are retained
within. In contrast, the centrifugation technique sepa-
rates free molecules from the micelles based on their
different ability to traverse membrane of a certain pore
size during centrifugation [166]. The general equation
to determine the EE is as follows:

EE ¼ w1�w2

w1
� 100 (2)

where W1 is the amount of active ingredient added in
the formulation and W2 is the amount of active ingre-
dient in the supernatant.

Future outlook

Modern day consumers are now more well-informed
and insist on the quality and safety of cosmetics that
are used on a daily basis. From their standpoint, the
positive effects of cosmetics on their health are as ger-
mane as the impact on the environment when devel-
oping the cosmetics, in addition to the manufacturing
and quality control procedures. The trend seen here
corresponds to rising public concerns on the ecology
or animal welfare with respect to all activities related
to manufacturing such products. Recent studies have
connected the toxicity of cosmetic ingredients present
in wastewater effluents, surface water and fish tissues
with bioaccumulation and biomagnification in living
tissues of animals higher up the food chain [28]. It is
believed that the issue can be circumvented by
replacing synthetic cosmetic ingredients with natural
ones. But it is rather premature to say that the alter-
native is safer and more sustainable, thereby necessi-
tating long-term impact studies to confirm its
viability. As a matter of fact, the US Environmental
Protection Agency (EPA) have outlined a research
strategy which requires the proactive inspection on
nanoparticles in cosmetics, sunscreens, paints, in rela-
tion to their effect on environment and human
health [169]. On the same note, members of the sci-
entific committee on Consumer Products (SCCP) has
cautioned on the possible toxicity of topical use of
insoluble nanoparticles in cosmetics. This is because
the minute particles could enter the bloodstream and
be taken up by cells [170]. Comparably, the Europe
Cosmetics have made efforts in convincing cosmetic
manufacturing companies to participate in sustain-
able practices. The manufacturers are encouraged to
adopt the Life Cycle Assessment initiative and eco-
design their products, in hopes of minimising the
impact of their manufacturing activities on the envir-
onment [28].

The technology for development of cosmetics must
also be tailored to new market trends and regulations,
while being able to incorporate novel active ingre-
dients in the formulations. Most importantly, manufac-
tures should well deliberate and document the
behaviour and interactions of the materials that make
up the delivery system in the cosmetic formulations.
This requires a comprehensive understanding of the
science behind the design of novel encapsulating
agents. This is to facilitate more cost-effective cos-
metic developments in the future by employing
rationally designed procedures, instead of wasteful
and time-consuming trial and error strategies.
Moreover, safety evaluations on new encapsulating

BIOTECHNOLOGY & BIOTECHNOLOGICAL EQUIPMENT 791



agents must step up to allow wider public acceptance.
Modern day consumers are expecting delivery systems
to have a dual purpose, and therefore, cosmeceutical
products are increasingly required to have some
health benefits, too [28]. This brings us to the matter
of the blurring line between cosmetic and pharma-
ceutical products, as delivery systems typically used
for drug delivery are being used more than ever in
cosmetics. In fact, it is becoming the go-to system for
enhancing product performance. The once drug-based
delivery systems are now used to increase the stability
of labile ingredients, i.e. natural antioxidants in cosme-
ceutical products. In addition to improving control
and targeting the delivery, this form of delivery system
requires low dosages of the active ingredients [28],
which is advantageous when the active ingredients
are costly or available in limited quantities. To address
this recent demand for cosmeceutical products, the
US FDA has clarified the definition of anti-ageing skin
care products. Such products claiming to counteract,
retard or control the aging process by ‘molecules
[that] absorb and expand, exerting upward pressure to
lift wrinkles upward’, in reality, imply that the products
can invoke inner structural change within the human
skin. Such a claim is usually applicable to drugs, and
would, therefore, mandate a battery of safety and
health quality tests viz. toxicology and microbiology
test, chronic toxicity and carcinogenic test, and con-
ducting safe-for-human-use trials for cosmetics claim-
ing to have anti-ageing properties [78]. In lieu of this,
research at the global level in the cosmetic field is
urgently needed to assess the possible serious effects,
as a result of long-term use of anti-ageing cosmetic
products by consumers.

It is becoming apparent that the sustainability of
future cosmetics and cosmetic dermatology industry
will depend on the preparedness of manufacturers to
embrace the advancements in the fields of nanotech-
nology and nanobiotechnology, in line with changes
in consumer trends and increasing awareness on the
versatility of such technologies. Equally, we should
seek new ways of using nanotechnology and nanobio-
technology to formulate nano-products that could
ameliorate the well-being of the general population
[42]. These products must be marketed in a way that
fully respects and values consumer health, as well as
the environment. Therefore, stringent laws should be
levied on the regulation and safety of nanoparticles in
cosmeceuticals, considering that clinical trials are not
mandatory for the approval of cosmeceuticals to enter
the open market [171].

Conclusions

The aspects surrounding the available techniques of
preparation and the physical characterisation of nano-
emulsions detailed in this review will furnish the for-
mulator with a wide basis on the available techniques
for preparation of nanoemulsions, as well as the tech-
nologies for characterisation of the prepared nanoe-
mulsions, according to specific needs. Nanoemulsions
are commonplace in many applications including in
pharmaceutical and cosmeceutical industries. This is
because of their versatility as an efficient carrier sys-
tem to deliver active ingredients to the targeted deliv-
ery sites. Therefore, a firm understanding to correctly
prepare nanoemulsions and their important character-
isation features is required, in order to achieve a sta-
ble nano-sized emulsion. As a conclusion, the usage of
nanotechnology for cosmeceutical applications is a
promising technology of the future. It has garnered
considerable attention from the scientific community
and is well reflected in higher number of publications
in this area. Imperatively, this technology promises
sustainability in cosmetic formulations and, can aid
the industry to remain relevant, by delivering consum-
ers cutting-edge, effective cosmeceutical products.
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