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ABSTRACT

Natural oils and fatty acids are frequently employed as key components in nanoemulsion
formulations to enhance permeability in various pharmaceutical and cosmetic products. Their
inclusion contributes to the formulation's ability to improve the absorption and bioavailability of
active ingredients. The use of these natural oils and fatty acids in hanoemulsions is valued for their
compatibility with biological systems, providing a versatile and effective means to enhance the
delivery. The natural plant-based derivatives in nanoemulsion are favoured due to their safety,
efficacy, and cost-effectiveness with potential therapeutic benefits. Furthermore, incorporating
natural oils and fatty acids into nanoemulsion enhances the absorption rate of bioactive content,
thereby amplifying their effectiveness. Combining both tocotrienols and ubiquinone in
nanoemulsions is a common practice as potent antioxidants and stabilizers in formulations.
Furthermore, it may enhance the permeability of active ingredients by facilitating their absorption
and bioavailability. This integration represents a highly promising strategy for the foreseeable future.
Meanwhile, the interest of nanotechnology has grown significantly, as evidenced by the growing
number of publications in this field. This innovative technology holds the potential for long-term
viability in cosmetic formulations, offering businesses the opportunity to stay relevant by providing
consumers with cutting-edge and effective cosmeceutical products.
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1.0 Introduction

The largest organ in the human body is
the skin, and its primary role is to
safeguard against external elements, such
as invading microorganisms, temperature
fluctuations, exposure to ultraviolet (UV)
rays, and to prevent the loss of water and
electrolytes from our body (1). The
outermost layer of the skin structure is
known as the stratum corneum, playing a
critical role as a robust barrier for
transdermal applications or topical due to
the complex biological structure of the
human skin. The densely packed cells
made of protein bricks and lipid mortar
within the stratum corneum serve as the
main barricade that limits the permeability
of any forms of drugs including its active
ingredients (2).

Exposure to the sun induces various
changes in the human skin, leading to the
development of skin wrinkles and
influencing both the visual aspects and
physiological of skin layers linked with
the aging process (3). Therefore, any
disruption to the function of skin
protection becomes noticeable through
changes in the integrity of the stratum
corneum. This is commonly associated
with an increase in water loss on the
transepidermal human skin leading to
reduction of membrane hydration (4). As
a result, precautions like skin repair
treatments, UV protection and skin
rejuvenation are applied at the outer layer
of the skin to mitigate such occurrences.
Diverse treatments are available for the
regeneration of human skin, and within the
contemporary  cosmeceutical  product
landscape, nano-sized emulsions have
emerged as noteworthy contributors to this
industry.

2.0 Nanotechnology

Nanotechnology is a scientific
discipline focused on altering and

reducing the active components into
smaller particles called nanometre,
measuring about 1 — 100 nm scale. This
manipulation results in new properties for
the materials, providing the ability to
control various factors that impact the
diffusion of ingredients through the skin
(5).

Recently, nanotechnology has
demonstrated success in improving drug
bioavailability, active ingredients solubility and
its stability during processing and storage (6).
Meanwhile, lipid-based nano-preparations,
derived from various natural sources that
become part of the human nourishment, have
shown  superiority ~ over  polymeric
nanoparticles. The main advantage of this
includes preserving and prolong its shelf life
and improve the biological mechanisms of the
payloads (7). In addition, the choice of this
type of nanoparticles depends on the low
manufacturing expenditure, potency to
improve stability profile of nanoparticles,
ease of scale-up and option for
components adjustments, thus, making
nanoparticles among the best colloidal
carriers.

Nanoemulsion is capable of improving
the stability and solubility of bioactive
compounds by increasing membrane
diffusion to improve its therapeutic effects
and its bioavailability as carrier (8).
Moreover, nanoemulsions offer versatility
in formulation whereby it can be
formulated with various types of oils such
as mineral oils, essential oils,
triacylglycerol oils and flavour oils.
Notably, oils with distinct fatty acid
compositions yield significantly varied
rates of lipid digestion and affect the
bioavailability of bioactive for instance,
long-chain triglycerides demonstrate a
slower digestion rate compared to medium
or short-chain triglycerides. Nevertheless,
they contribute to higher bioaccessibility
of carotenoids, emphasizing the impact of
lipid composition on the absorption and
utilization of bioactive compounds (9).
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Nanoemulsions can be formulated with
triacylglycerol oils, flavor oils, essential
oils and mineral oils. Oils with different
fatty acid compositions have been shown
to give significantly different lipid
digestion rates as well as bioactives. Long
chain triglycerides have shown to be
digested more slowly than medium or
short chain triglycerides; however, they
lead to a higher bioacessibility of
carotenoids (10). The bioaccesibility of
certain  lipophilic ~ compound like
coenzyme Q10 can be improved with the
utilization  of  nanoemulsion  (11).
Additionally, nanoemulsions are also
important in incorporation of small
molecule surfactants with other stabilizers
that facilitate the formation of small mixed
micelles possessing the advantage of
easily penetrating through the mucus layer,
thus enhance the bioavailability of
encapsulated compounds (12).

The lipid droplets present in
nanoemulsions can serve as a non-polar
solvent to bioactive compounds present in
plant-based products. Therefore, the lipid
droplets that act as a carrier helps in
extraction and dispersion of hydrophobic
compounds that enhance the
bioavailability and potentially provide
health benefits (13). One crucial feature
seen is their capacity and capability to
maintain the condition of the nanoparticles
drug in proper storage condition (14). The
smaller particles lipid bilayer known as
liposomes has been shown to be able to
integrate high amount of both
hydrophobic and hydrophilic drugs due to
their natural components of phospholipids
and cholesterols (15). According to
Shakeri et al. (16) the liposomes found in
the nanoparticles serve as a guard to
defend the loaded drugs and facilitate the
penetration through biological membranes
of the cells effortlessly. Nanoemulsions
shown in Fig. 1 is an example of small
droplet of nanoemulsion that can be
established in nano formulation with lipid-

based colloidal and to stabilize the
incorporation of several surfactants.
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Figure 1: Droplet of Nanoemulsion

Antimisiaris et al. (17) reported that the
stability of the main phases in colloidal
state, which refers to the oil and water
immiscible phases, can be established for
various types of formulations, including
water-in-oil and oil-in-water (Fig. 2).

Figure 2: Oil-in-Water & Water-in-oil
Nanoemulsion

Nanoemulsions present various mainly to
improve the bioaccessibility of nutraceutical
and low solubility drugs, to enhance
bioavailability and increase solubility in a
straightforward and easy manufacturing
process. Thus, nanoemulsions can be classified
as having protection properties to synthetic
and natural active ingredients that focus
on the defence against hostile storage
environments including exposure to light,
fluctuating temperatures, degradation of
product and unpredictable pH variations
(18).

Tarhan and Spotti (19) stated that the
importance of the nanomedicines began to
rise especially in pharmaceutical industry
to explore the adverse effects associated
with treatment duration and therapeutic
outcomes of bioactive materials in
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nanotechnology. In this case, nanotechnology
offers great opportunity of growth in
pharmacoeconomic especially in diagnostic
and therapeutic products. The surge in market
size of nutraceuticals and nanomedicines
in global industry is expected to increase
two-fold within eight years and predicted
to rise approximately to USD 964 billion
by the end of 2030 (20). Ashfaq et al. (21)
added that in water-in-oil structure, the
water droplet is designed in nanosized
particles with the hydrophilic head
fronting the water and hydrophobic tail
projected facing the oil. Whilst, in the oil-
in-water structure, the hydrophilic head
directed towards the water and the
hydrophobic tail on the oil droplets.
Correspondingly, the systems that
classified into water-in-oil or oil-in-water
involving double nanoemulsions structure
making the dispersion systems more
complex which carries various uses in
numerous fields, providing distinct
attributes including consisting multilayers
of  emulsions  mechanisms  (22).
Nanoemulsions are also recognized for
their exceptional stability against unstable
colloidal aspects, such as flocculation
creaming, sedimentation and coalescence.
Ultimately, nanoemulsions has the
capability to increase the stability and its
effectiveness in various applications to
ensure the prolonged shelf life of products
based on nanoemulsions systems (23).

2.1 Plant extract

Natural plant active ingredients and
extracts derived from its fruits, leaves,
flower, roots and seeds hold a significant
value as cosmetic ingredients in ancient
Egypt and China. These natural
components played a crucial role in the
beauty regimens of individuals in these
cultures, serving various cosmetic and
skincare purposes. The historical use of
plant extracts underscores the enduring
significance of natural ingredients in

beauty practices (24). Table 1 shows the
herbaceous plants used in nanoemulsion
and its pharmacological benefits.

The utilization of these plant-based
derivatives used as a composition in
external skincare and cosmetic products is
regarded as more effective, harmless, and
cost saving compared to artificial
alternatives (25). The preference for
natural ingredients is often associated with
the perceived benefits of plant compounds,
such as potential therapeutic properties
and lower risk of adverse effects (26).
Additionally, the appeal of using
sustainable and eco-friendly resources
contributes to the popularity of plant-
based skincare formulations. The external
application, also facilitated by
nanotechnology transporters, commonly
known as nano-carriers, can enhance the
rate of absorption of plant-based
containing bioactive mixtures to targeted
areas on the human body (27). Table 2
shows different types of commonly found
natural oils in the ecosystem and the types
of fatty acids to be incorporated in the
formulation of nanoemulsion.

These various natural oils can be found
in nature and harvested; for instance,
avocado oil, canola oil, chia seeds oil,
coconut oil, fish oil, flaxseeds oil, nuts oil,
olive oil, hemp seed oils, and palm kernel
oil, soya oil, vegetable oil and walnuts oil.
These natural oils are also composed of
different forms of structure, namely short
chain fatty acids, medium chain fatty acids
and long chain fatty acids. The oils can be
harvested and collected through specific
processes to obtain their oil. They can be
utilized as a component in nanoemulsion
formulation to improve its stability and
enhance the shelf life of a nanoemulsions
product under stressful conditions for a
long period of time. The topical delivery
systems can use minute droplet contains
plants active ingredients normally carries
high lipid and low water solubility. In the
target areas, particularly the external skin

46



Azlan et al./Int. J. Pharm. Nutraceut. Cosmet. Sci. (2024) Vol 7(1) 43-54

of human, this system serves dual purpose,
by protecting the chemical and physical
deprivation of active ingredients, thus
enhancing the release and regulating its
rate of absorption (28). Moreover, nano-
carriers enhance the spreadability of skincare

products, improving the overall application
experience of cosmetic formulations. This
heightened spreadability can increase user
satisfaction, encouraging greater adherence to
skincare routines among the public (29).

Table 1: Herbaceous Plants used in Nanoemulsion and its Pharmacological Benefits

Herbaceous Plants

Pharmacological Benefits

Amaranth Oil
Avocado Oil
Buckwheat

Chia Mucilage

Grape Seed Polyphenols
Linseed Oil
Neem Qil
Phytosterols & Phytostanols
Soybean Glycitein

Tocotrienols

Antimicrobial
Hypercholesterolemia
Antioxidant and Anti-Inflammatory

Cosmetic Ingredient and Texturizing Agent

Antioxidant and Anti-Inflammatory
Anti-Inflammatory
Antibacterial and Anti-Haemorrhoid
Hypocholesterolaemia
Antioxidant and Anti-Aging
Anti-Inflammatory and Antioxidant

Table 2: Natural Oils and Types of Fatty Acids in Nanoemulsions

Natural Oils Structure of Fatty Acids
Avocado Oil LCFA
Canola Qil SCFA
Chia Seeds Qil SCFA
Coconut Qil MCFA
Fish Oil LCFA
Flax Seeds Oil SCFA
Hemp Seeds Oil SCFA
Nuts Oil LCFA
Olive Qil LCFA
Palm Kernel Qil MCFA
Soya Oil LCFA
Vegetable Oil LCFA
Walnuts Oil SCFA

*short chain fatty acid (SCFA), medium chain fatty acid (MCFA), long chain fatty acid (LCFA)

2.2 Tocopherols

The increase in the rate of reactive
oxygen species (ROS), or free radicals,
within living organisms, originating from
processes such as aging, has the potential
to result in apoptosis or cell death (30).
This outcome arises due to the detrimental
impacts of ROS levels on essential cellular
structures, including deoxyribonucleic
acid, ribonucleic acid, proteins, and lipids
(31). Antioxidants is a preventive measure

to shield cells from an excess of ROS, with
the goal of slowing down cellular aging
and preventing cell death. Antioxidants
work to counteract the detrimental effects
of ROS, contributing to the preservation of
cellular health and functionality over time
(32). Tocopherols form a family of natural
and artificial derivatives with D-alpha-
tocopherol, generally referred to as
vitamin E, being the most widely
recognized member. These compounds
are preferentially accumulated and

47



Azlan et al./Int. J. Pharm. Nutraceut. Cosmet. Sci. (2024) Vol 7(1) 43-54

absorbed in the cells of the human body
(33). These molecules consist of two
primary structural elements namely the
chromanol head, which incorporates a
benzodihydropyran with the group of
alcohol and the tail of phytyl that
composed of repetitions of saturated units
of isoprenoid (34). Meanwhile, D-alpha-
tocopherol, leveraging its antioxidant role,
operates by detecting peroxyl radicals in
the cells. It possesses the capability to
protect the fats or lipids exist in the related
phase of food products and those within
the membranes of living cells from auto-
oxidation (35). Yang et al. (36) suggested
that in order to enhance its stability
throughout the production and its storage,
D-alpha-tocopherol must be combined
with the nanocarriers formulation. Pereira
et al. (37), Ren et al. (38) and Xu et al.
(39) emphasized that the utilization of
various forms of nanocarriers able to boost
antioxidant properties in the products and
at the same time preserving their
nourishing value.

This approach aids in preserving the
efficacy of D-alpha-tocopherol and
extends its protective effects on food
constituents. Loading D-alpha-tocopherol
in oil-in-water nanoemulsions provides
several advantages, primarily focused on
enhancing the vitamin's chemical stability
and preventing auto-oxidation (40).
Incorporating this formulation has the
potential to  enhance the oral
bioavailability and antioxidant properties
of D-alpha-tocopherol when used in food
products or pharmaceutical formulations
(41). Because of its high lipophilicity, D-
alpha-tocopherol is well-suited for loading
into nanoemulsions. The nanocarriers
known to be typically generated within the
nanometric scale, typically ranging from
20 to 300 nm (42). Furthermore, they
exhibit transparency and Kinetic stability.
The transparency of nanoemulsions also
credited to their tiny size of molecules and
possessing narrow polydispersity (43).

Besides, nanoemulsions possess the
benefit of being able to reduce the
potential adverse event of toxics
occurrence having biodegradable and
physiological lipids composition (44).
This attribute improves the safety profile
of nanoemulsions, rendering them
appropriate for a range of applications,
including pharmaceutical and food
formulations (45).

Earlier studies have revealed that the
inclusion  of  D-alpha-tocopherol in
nanoemulsions not only safeguards the vitamin
from degradation but also improves its
bioavailability (46). This dual effect
positions nanoemulsions as a promising
delivery system for D-alpha-tocopherol,
ensuring both its stability and enhanced
absorption and availability in the body.
The inherent stability of emulsified
nanodroplets is attributed to their tiny size
particles, offering resistance against
sedimentation, creaming, accumulation
and flocculation of nanoemulsion
products. This characteristic significantly
contributes to the overall stability and
functionality of emulsions across various
applications (47). Overall, tocopherols can
be utilized for diverse purpose in
nanoemulsions leveraging their antioxidant
properties and potential health advantages.

2.3 Ubiquinone

Coenzyme Q10 (CoQ10), also known
as ubiquinone, serves a crucial role in
cellular energy production. It also acts as
an antioxidant (48). Due to its highly
lipophilic nature, the topical and oral
bioavailability of CoQ10 is notably low.
Various efforts have been undertaken to
enhance its absorption, and recent
technological advancements highlight that
encapsulating CoQ10 in nanoemulsions
leads to a significantly improved
bioavailability (49).

The application of CoQ10 has seen
further enhancement with the introduction
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of novel CoQ10 double nanoemulsions,
incorporating tocopherols and CoQ10 into
individual  nanodroplets  (50). The
concentration of CoQ10 in these
nanoemulsions has been elevated through
the development of a supersaturated
Co0Q10 nanoemulsion (51). CoQ10 forms
a fascinating group of lipid-soluble
compounds found in the plasma and inner
membranes of the majority of eukaryotic
cells (52). They comprise of a substituted
quinone headgroup connected to an
isoprenoid chain whose length varies
depending on the species (53). In humans,
the chain consists of ten isoprenoid units,
leading to the designation of human
ubiquinone as ubiquinone-10 (UQ-10), or
simply, Q10.

Q10 participates in various facets of
cellular metabolism, notably within the
mitochondrial respiration chain, where it
assumes a crucial function in facilitating
the transport of electrons and protons
across lipid membranes (54). Additionally,
in its fully reduced form, ubiquinol, Q10
serves as a potent antioxidant,
safeguarding membrane lipids from
peroxidation (55). Coenzyme Q10, is
present in extramitochondrial structures
and the mitochondria. It can occur in
various distinct oxidation forms namely
the fully oxidized, known as ubiquinone,
the half-reduced forms that referred to as
ubisemiquinone, and lastly the ubiquinol
that has fully reduced state (56). Indeed,
ubiquinone has the potential to play a pro-
oxidant role. This is attributed to the fact
that the unstable ubisemiquinone, one of
its oxidation states, has the potential to
react with molecular oxygen, resulting in
the formation of superoxide radicals.

Consequently, the pro-oxidant activity
becomes a significant factor in
comprehending the intricate and versatile
role of CoQ10 in cellular processes (57).
Thus, incorporating ubiquinone in
nanoemulsions help in enhancing the
bioavailability and delivery making it one

of the valuable components for wide range
pharmaceutical products, cosmetics and
nutritional supplements due to its unique
health benefits and distinctive properties.

2.4 Tocotrienols

Malaysia's palm oil industry plays a
substantial role in contributing to the
country's economic growth. Presently,
Malaysia holds the position of the second-
largest producer of palm oil in the world
trailing only behind Indonesia (58). The
rapid expansion of the Malaysian palm oil
industry has been evident over the past
few decades, paralleling the growth of the
palm oil plantation sector within the
country. This industry not only functions
as a crucial driver of Malaysia's economy
but also holds global significance in the
production and supply of palm oil—a
versatile commodity  with  diverse
applications in various sectors worldwide
(59).

Palm oil extracted from the Elaeis
guineensis tree stands out as the most
abundant source of a specific type of
vitamin  E, namely tocotrienols.
Tocotrienols represent a less well-known form
of vitamin E. This study focuses on vitamin E
due to its involvement in numerous essential
metabolic processes (60). In the context of
palm oil, vitamin E primarily comprises
tocotrienols, constituting approximately
70% of its total content. This unique
composition makes palm oil a valuable
natural source of tocotrienols,
emphasizing its significance in nutritional
and health-related studies (61).

Early investigation revealed that
tocotrienols exhibit better antioxidant
properties compared to tocopherols (62).
Meanwhile, several studies have provided
evidence of tocotrienols demonstrating
significant  dermatological  benefits,
particularly in the treatment of skin
inflammation and melasma (63, 64, 65,).
Furthermore, numerous studies done by
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Chong et al. (66); Jiang (67); Gensler &
Magdaleno (68); Kosmadaki & Gilchrest
(69); Hasan (70) reported that tocotrienols
also contain anti-cancer properties,
inducing the potency of neuroprotective
and cardioprotective in in-vitro studies.
The study also suggested that tocotrienol-
rich nanoemulsions are able to help in
wound closure, healing and recovery by
improving the migration and proliferation
of cell particularly keratinocytes (71).
Hence, tocotrienols can be seen as an
important composition in nanoemulsion as
it improves the stability and prolong shelf
life of the pharmaceuticals, nutraceuticals
and functional products.

3.0 Conclusion

Nanoemulsions are poised to be a
central area of research and development
in the future, offering promising
applications. However, several challenges
need to Dbe addressed before
nanoemulsions can gain widespread
acceptance in the pharmaceutical market.
Scaling up nanoemulsion manufacturing poses
financial considerations, and the exploration of
nontoxic solvents for formulation remains a
priority. Additionally, expanding the toxicity
database for various excipients used in
nanoemulsion synthesis is a critical aspect
that requires attention. Overcoming these
hurdles will be essential to harness the full
potential of nanoemulsions and integrate
them  effectively into  mainstream
pharmaceutical  applications.  Indeed,
despite advancements, there remain
numerous areas within the field of
delivering bioactive through the skin that
warrant further investigation.

Furthermore, the use of natural oils and
fatty acids in nanoemulsion may enhance
penetration, particularly by facilitating
transport across the highly structured lipid-rich
stratum corneum (SC) membrane, requires a
deeper exploration of formulation
variables in  nanoemulsion and the

manufacturing processes involved in
delivering active compounds through the
skin barrier. The complexities of these
processes and their influence on effective
delivery are intricate and not yet fully
understood. Therefore, additional study is
imperative to gain a comprehensive
understanding of the present work.

Delving into these unexplored aspects
will contribute to refining and optimizing
the delivery systems, ensuring their
efficacy and safety. This ongoing study is
crucial for advancing the field and
unlocking the full potential of bioactive
delivery through the skin and at the same
time able to investigate the potential
benefits of natural oils and fatty acids to
be used in the nanoemulsions.
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