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Abstract Nano-emulsions are receiving great attention in
various industries, especially in the food sector. Peculiar
properties of nano-sized droplets and high surface area are
most suited for the development and delivery of functional
ingredients. Nano-emulsions systems are suitable for
encapsulation, protection, improving bioavailability, and
target release of sensitive functional compounds. Nano-
emulsions have promising potential for the delivery of
nutraceuticals, probiotics, flavors, and colors. Nano-emul-
sions with active ingredients (antimicrobials) have a key
part in ensuring food safety, nutrition, and quality of food.
Nanoemulsions can also be used for biodegradable coating,
packaging, antimicrobial coating, and quality and shelf life
enhancement of different foods. The current review
includes an overview of nanotechnology nano-emulsions,
materials, techniques for formulation & production of
nano-emulsions for food and nutrition. Furthermore, the
analytical approaches used for the characterization of nano-
emulsions and finally, the applications and limitations of
nano-emulsions in the food industry are discussed in detail.
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Introduction

Nanoemulsions have revolutionized the world of functional
food development by providing new perspectives on
nutrient encapsulation (Kumar et al. 2018). Food products
have healthpromotion or preventive properties in addition
to their nutritional content. Research studies suggested that
the health-promoting potential of food items is
attributable to the synergy or interactions of bioactive
molecules and other key nutrients found in food products
(Alshahrani et al. 2022). Moreover, due to low bioavail-
ability long-term stability, these bioactive compounds may
not be enough to retain their effects. As a result, nan-
otechnology in food applications has attracted a lot of
attention in recent periods. One of the most innovative
techniques for functional ingredients delivery in food
products is nanoemulsions. The bioavailability of incor-
porated bioactive components are improved by
nanoemulsion-based delivery technologies, which also
enhance food stability (Tripathi et al. 2021; Salem et al.
2019). Nanoemulsions in foods are progressively improved
digestibility, encapsulation efficiency, and bioavailability
(McClements et al. 2011). Nanoemulsions are more
effective as compared to other techniques. Stabilizers such
as emulsifiers, maturation retarders, weighing agents, and
texture regulators may enhance the kinetic durability of
nanoemulsions. Plasticizers applied on different food
products may include tiny particles of surfactants (Tweens
and Spans), amphiphilic carbohydrates (resin Arabic and
improved starch), phospholipids (soybean, eggs, and dairy
lecithin’s), and amphiphilic polypeptides (casein or whey
protein extract) (Wilson et al. 2021; Gupta et al. 2016). The
emulsions are categorized as  macroemulsions,
microemulsions, and nanoemulsions depending on the
dimension and constancy of their droplets. The emulsions
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having a coarser texture are referred to as macro-emulsions
or ordinary emulsions. Emulsions are thermally
metastable and have a granular size range of > 200 nm.
Emulsions deteriorated over time due to a variety of
destabilizing processes (Ahmed & Ramalingam, 2022).
Traditional emulsions are visually turbid because the dro-
plet diameter is proportional to the wavelength of sunlight,
scattering the incident light and making it appear opaque
(Saifullah et al. 2016). The selection of surfactants in
nanoemulsions is crucial since emulsifiers must quickly
occupy many new sites that are formed. Monoglycerides
and other comparatively tiny surfactants such as sugarcane
esters, proteins, and altered starches are macromolecular
emulsifiers, are commonly utilized in food emulsions. To
improve antibacterial activity by enhancing essential oil
(EO) bioavailability in the aqueous solution, 25 EOs must
be linked or mixed with surfactants. Tween 80 offers a
good blend of hydrophilic or lipophilic properties. Tween
80 is a non-ionic emulsion stabilizer that works through
stearic stabilization (Amaral et al. 2015). Green tea leaf
contains epigallocatechin gallate, a hydrophilic flavanol.
Inside the intestine, this flavanol is vulnerable to oxidation.
Emulsion methods can be utilized to boost bioavailability
and stability. Encapsulation not only improves Epigallo-
catechin gallate (EGCG) bioavailability throughout the
body but also improves bioactivity within the emulsion
matrix (Ru et al. 2010). Dynamic light dispersion, zeta
potential, thermal stability tests, pH, refractive index, and
the thickness could all be used to describe a nano-emulsion
based delivery method. The size distribution profile of
components in nanoemulsions is determined by dynamic
light dispersion, as well as the zeta potential shows emul-
sion persistence (Ma et al. 2016). To determine particle
size and nanoparticle dispersion, imaging methods such as
transmissions  electron-microscope,  scanning-electron
microscope, and atomic force microscope are utilized.
Nanotechnology is a novel technique that has the ability to
alter the food sector forever (Silva et al. 2012). Nan-
otechnology is the study, development, and regulation of
objects with sizes of 1-100 nm. Functional chemicals and
active substances, such as antioxidants and nutraceuticals,
can be encapsulated using nanoemulsions. Emulsions are
also beneficial for releasing taste ingredients in foodstuffs
in a controlled manner (Aswathanarayan et al. 2019).
Foods such as meats, dairy items, fresh produce, fresh cuts,
confectionaries, can be coated with nano-emulsion-based
eatable nano-coatings comprising of flavor and coloring
additives, anti-oxidants, enzymes, antimicrobial com-
pounds, and anti-browning agents to extend their life span.
Nano-emulsion coverings can also decrease humidity and
gas exchange, as well as food oxidation and water loss
(Galus et al. 2015). The utilization of nanoemulsions
within the food industry provides commercial,
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technological, and scientific benefits (Quintanilla-Carvajal
et al. 2010; Nguyen et al. 2016). The focus of this study is
on new advancements in the formulation, characterization,
and utilization of nanoemulsions in the food sector for
more sustained food manufacturing including packaging.

Emulsions

Emulsions are suspensions comprised of two immiscible
liquid stages that are mixed with the help of mechanical
shears and surfactants. Because the component size of this
traditional emulsion expands with duration, separation
eventually happens due to gravitational force, making these
emulsions thermally unstable (kale et al. 2017). The con-
cept of emulsification is based on surface tensions theory,
emulsifiers decrease the surface tensions between the two
non-miscible fluids, lowering the repellent force between
the two fluids thus decreasing the adhesion between com-
ponents of the same fluid. The theory of the oriented wedge
implies that the emulsifying agents generate monomolec-
ular coatings that are bent around the droplets of the
emulsion’s internal phase. A few emulsifying agents, po-
sition themselves in the fluid molecule in a way that
reflects their solubility in that particular liquid.

Single emulsions

It is water in oil emulsions and oil in water emulsions. A
single-step technique is used to make it. In this case, a
single surfactant is utilized in conjunction with immiscible
fluids that act as a surface emulsifying coating between
these double layers. Water droplets are distributed in-wa-
ter-in-oil emulsion, whereas oil particles are distributed in
a water solution with the other (Naseema et al. 2020).

Double emulsions

Such emulsions are (water—oil-water) or (oil-water-oil). It
is formed in 2 steps, with one hydrophobic surfactants were
employed to stabilize the surface and another hydrophilic
surfactant utilized to stabilize the oil globule interfaces.
The oil/water emulsion is disseminated in the oil phase of
o/w/o emulsions. High shear procedures are utilized to
develop the primary oil in water, whereas low shear tech-
niques are used to preserve the interior droplets from
rupturing (Garti and Aserin 2018).
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Materials utilized in the production of nano-
emulsions

Solvents

Several of the procedures recorded above are solvent-de-
pendent, and these solvents are essential for the generation
of nanoemulsions. The most commonly utilized solvents, a
few of them are not foodstuff level or commonly consid-
ered as nontoxic, if are not generally recognized by cus-
tomers, this being a problem which requires to be
addressed. Solvents such as n-hexane and others can thus
be substituted with alternatives such as sunflower oil,
MCTs, and so on.

Surfactants

Numerous physical parameters can influence or disrupt the
constancy of emulsion particles, as well as their properties
as beneficial component carriers. As a result, emulsion
stabilization is critical to deliver superior kinetic and
thermal stability, more effective encapsulation of func-
tional chemicals, and improved bioavailability compared to
typical emulsions (Grigoriev and Miller 2009). Stabilizer
absorption at the surface with both particles and the dis-
persion medium, which reduces surface tension, is the most
popular approach to stabilize emulsions. Utilization of
composite coating (nano-emulsion + surfactants) by dip-
ping method as shown in Fig. 1.

Various methods are also employed in the food industry
where surfactants are added to increase the quality of food
products. Ionic surfactants can give emulsion droplets an
electrical charge, while non-ionic surfactants can create a
steric barrier by directing immense molecule groups
toward dispersion solutions. Surfactants have a wide range
of applications in the food sector but due to their harmful
impact on human health industry is looking towards
bioactive compounds.

Fig. 1 Edible coating and
nanoemulsion. Source:
Zambrano-Zaragoza et al.
(2018)
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Functional compounds

Because of growing interest in the use of bioactive com-
pounds for preserving the quality and safety of the product
food sector focus on their utilization, due to their acquired
health and environmental advantages. Nowadays plants
and animal-based bioactive compounds are typically used
in emulsion-based coatings like fatty acids (e.g., omega
three fatty acids), xanthophyll (e.g., beta carotenes), anti-
oxidants (e.g., alpha-tocopherol), that must be needed in
the diet regularly. Essential oils (EO) from plants such as
oregano, thyme, and orange, as well as their constituents
have potent antibacterial action against food-borne infec-
tions. However, because of their hydrophobicity, their
applicability in the food matrix is limited. Essential oil
nanoemulsion formulations can be used in foods as food
preservatives as well as in food packaging to address this
issue. (Acevedo-Fani et al. 2015). Nanoemulsions poten-
tially encapsulate bioactive components which not only
enhance the product quality but also enhance the flavoring,
antimicrobials, antioxidants, and medicinal properties
(McClements et al. 2009).

Novel nano-emulsion preparation techniques

Nano-emulsion is a non-equilibrium process that requires
an external or internal energy supply to form appropriately.
Nanoemulsions could be made in a range of ways, each of
which could be classed as high and low energy (Salem
et al. 2019). The nano-emulsion manufacturing methods
used have an important impact on atom size and, as a
consequence, on the emulsion system’s stability procedures
via operating circumstances and composition. Nanoemul-
sions are typically prepared with lower surfactant contents
(5-10%) than micro-emulsions (20 percent and greater)
(Sarheed et al. 2020). This part gives a quick summary of
the most frequently utilized both high and low-energy
nano-emulsion generation techniques (Table 1).
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Table 1 Solvents utilized in the manufacturing of nanoemulsions, as well as their functional ingredients and classification

Solvents Foods containing it are Maximum values that can be Compounds with functional References
permitted used (ppm) properties
n-Hexane Yes 50 Beta-carotene Ee et al. (2008)
Ethyl acetate Yes 50 - Lee et al. (2010)
Acetone Yes 50 [-carotene Yin et al. (2009)
MCT Yes - [-carotene Wulff-Pérez et al.
(2009)
Milk fat that is high in ~ Yes - a-tocopherol Relkin et al. (2008)
stearin
Corn oil Yes - - Lee et al. (2010)
Ethanol Yes - [-carotene Pan et al., 2007

High energy methods

Mechanical equipment like high-pressure valves homoge-
nizers, micro fluidizers, and ultrasonicators are used in
high-energy procedures. These instruments are used to
generate a strong disruptive force to disperse phase
nanoemulsions into small droplets (Table 2).

High-pressure homogenizers

A progressive dislodgment pump, pressure release valve,
and homogenization and interface tanks are utilized in the

Table 2 Major stabilizers (surfactants) used in food industry

(HPVH) process. The sucking stroke of the pump draws the
coarse emulsion into the homogenization tank. A simple
perforated plate, collision plane, and radial diffuser
assembly can be used as the homogenization tank. The
rough emulsion is pressed out via a minute aperture of
micrometric diameter by a homogenizer valve under the
pressure of up to 300 MPa created in the chamber during
the distribution phase (Maali et al. 2013). Emulsification
happens in two stages during high-pressure homogeniza-
tion. In the homogenization chamber, disruption of the
dispersed phase leads to the creation of minute droplets
with enhanced surface area. The inclusion of emulsifier

Stabilizing agent ~ Compound Concentration References
Emulsifier (Non-  Lecithin Tween 80 at 2 wt% with the aqueous phase and lecithin at 1 wt% with the oil  Tan et al.
ionic surfactant) (Phospholipid) and phase (2016)
Tween 80
Lecithin and Tween 0.3 molar ratio of lecithin to tween 80 Kumar et al.
80 (2017)
Tween 20 and Span 1 wt% Tween 20 and aqueous phases Alexandre
80 et al.
(20164, b)

Emulsifier
(Anionic)

Emulsifier
(Amphiphilic)
Plasticizer

Ripening retardant

Texture modifier

Tween 80 and Span
80

Sodium dodecyl
sulfate
Whey protein isolate

Glycerol

Sodium chloride

Sodium alginate

Tween 80 has a 1.25 percent aqueous phase while Span 80 has a 3.75 percent oil
phase
with an aqueous phase of 2.5 wt%

With a 4 wt% aqueous phase

0.3 glycerol/biopolymer ratio while blending Nano-emulsion and biopolymer

W/O/W inner emulsion mixed with aqueous phase at 0.5 weight percent

Addition at 1% before coarse emulsion creation using an Ultra-Turrax
homogenizer at 11,000 revolution per minute for two minutes at ambient
temperature

Dammak et al.
(2017)

Qian et al.
(2011)

Hebishy et al.
(2015)

Alexandre
et al.
(20164, b)

Schuch et al.
(2014)

Artiga-Artiga
et al. (2017)
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particles and their imbibition on the newly created inter-
faces leads the droplets in the interaction container to
stabilize in the second stage. The formation of a greater
number of small droplets arises from repeated disruptions
and stabilization (Liu et al. 2019). Nano-emulsions of
carvacrol, mandarin, bergamot, and lemon were made
using a high-pressure homogenization process. To create
nanoemulsions of 133 to 200 nm, basic emulsions of vital
oils were treated to 5 sequences of high-pressure homog-
enization at 200 Mega Pascal. Carvacrol nano-emulsions
were found to have substantial growth prohibiting action
versus E. coli O157:H7 and Salmonella typhimurium
(Shariffa et al. 2017). To create a bioactive film, carvacrol
nano-emulsion was mixed with improved chitosan. Green
beans kept at 4 °C had a storage life of approximately
13 days after using them. High-pressure homogenization
(400 to 800 bar) was used to create oil-water nano-emul-
sions of jackfruit paste isolate abundant in carotenoids. The
nano-emulsion was stabilized by the sucrose monostearate
emulsifier, and its antioxidant action was more stable after
storage at 4 °C. At 800 bar, nanoemulsions of great sta-
bility were created (Ruiz-Montafiez et al. 2017). Nano-
emulsion preserved the antioxidant ability of a jackfruit
pulp extract. Due to the short retention duration (3 to
40 ms), recent investigations have demonstrated that no
thermal deterioration occurs in valves (Hakansson et al.
2019).

Ultrasonication

This is one of the most effective small-scale processes for
producing nanoemulsions. Because the waves have a
strong influence on the molecules nearby, this cannot be
performed on a big scale. The excitation of molecules
caused by sound waves is the mechanism behind it. Two
mechanisms have been postulated. The first is that the
generation of the sonic wave which aids in the distribution
of oil in the water phase (Kentish et al. 2008). An ultra-
sonic container with an ultrasonic probe makes up the
apparatus. The ultrasonic probe, disruptive forces, together
with cavities, agitation, and surface waves, transform rough
emulsions within the ultrasonic tank into fine nanoemul-
sions (Nakabayashi et al. 2011). Nanoemulsions generated
from flax seeds oil and the nonionic stabilizers (Tween 40)
were found to have a droplet radius of less than 70 nm
when prepared using high-intensity ultrasonication.
Nanoemulsions with a particle radius of 20 nm have also
been created using high-intensity ultrasound. Grade emul-
sifiers like sunflower oil, Tween 80, and Span 80 were used
to make them. Nanoemulsions having a droplet width of
29.3 nm were created by increasing the ultrasonication
period and decreasing the surfactant content (Ghosh et al.
2013).

Micro-fluidization

This strategy is more effective than the others.
Nanoemulsions are generated by using this technique
because of high shear strains within the micro-fluidizer.
The Y-type fluidizer is the most prevalent. There are
numerous patented varieties as well. The coarse emulsion
jets were permitted to strike with one another at elevated
pressure (about 40,000 psi/ 270 Mpa) in this method
(Ganesan et al. 2018). The raw emulsion jets collide and
merge in the Y type. The trim pressure produced was
related to the jets’ pressure as well as velocity. It was found
that the pressure influenced the particle diameter; the
higher the pressure, the smaller will be the drop size
(Serdaroglu et al. 2015). Sample velocities approached
400 m/sec, and channel diameters ranged from 50 to
300 pm. Shear rates of up to 10,000,000/sec are possible.
Scientists have shown that by utilizing a micro fluidizer,
Nano-emulsions of silicon oil as tiny as 50 nm may be
generated and stabilized utilizing SDS as the detergents.
(Acevedo-Fani et al. 2015) Micro-fluidization was used to
create a nano-emulsion of ginger crucial oil. Ginger crucial
oil nano-emulsion was used to activate edible coatings
fortified with montmorillonite. Nanoemulsions were added
to montmorillonite coatings, which increased their prop-
erties and antioxidant properties. The addition of mont-
morillonite with nano-emulsion to gelatin-based coatings
boosted their thickness while lowering their water solu-
bility, moisture level, and surface hydrophobicity
(Alexandre et al. 2016a, b). Whey protein extract and
quillaja saponin were much more successful from gum
arabic but also soy lecithin for producing nanoemulsions of
fine particles by using this method. Smaller particles were
created with a tiny amount of emulsifier (Bai et al. 2016).
Increased droplets size as a consequence of coalescence
because of prolonged emulsification time, but the appli-
cation of high pressure raises nanoemulsions’ temperature
are two drawbacks of micro-fluidization techniques.
However, as compared to other homogenization processes,
the micro-fluidization method’s effectiveness of droplet
disruption is high, resulting in the creation of small dro-
plets of homogeneous size.

High-speed devices

When collating to other high-energy approaches, rotor/
stator devices (like Ultra-Turrax) do not give appropriate
droplets size dispersion. The effectiveness of such equip-
ment was calculated to be 0.1 percent, with 99.9 percent of
energy delivered being lost as a source of heat during the
homogenization activity, resulting in the majority of the
energy supplied being wasted as heat, creating heat (Tadros
et al. 2004).
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Low energy methods

Low-energy techniques depend upon the chemical action of
the constituents to provide energy to nanoemulsions. By
carefully mixing the ingredients, nanoemulsions develop
automatically at the oil-water phase surface. Phase inversion
temperature (PIT), phase inversion composition (PIC), as
well as solvent dispersion technique are low-energy tech-
nologies used in nano-emulsion synthesis. These methods
generate very little energy and so protect heat-labile sub-
stances from degrading (Anton and Vandamme 2009).

Phase inversion temperature

Chemical energy generated from phase changes occurring
during emulsification is used to achieve fine dispersion in this
approach. By altering the concentration at persistent tem-
perature or altering the temperature at a fixed concentration,
adequate phase changes can be achieved. The (PIT) approach
is established on temperature-dependent variations in the
dissolving ability of polyoxyethylene-type surfactants
(Izquierdo et al. 2002). The dehydration of the polymer chain
enables these surfactants to become more lipophilic as the
temperature rises. The surfactants monolayer, on the other
hand, has a significant positive spontaneous curve at low
temperatures, generating an oil-swollen micellar solution
stage. Particle sizes in the sub-micrometer category are often
manufactured with high energy input. Ultrasound devices or
high shear agitation are used to accomplish this (Morales
etal. 2003). If an anionic surfactant is utilized, the impulsive
curvature of droplets could be altered by varying the sys-
tem’s temperature, e.g., raising the temperature like oil-in-
water emulsion preserved it at low-temperature to establish a
water-in-oil emulsion (accomplished by the addition
of water). Transitional phase inversion is the term used
for this. The system overcomes a zone of zero involuntary
curvature and negligible surface tension during cooling the
hot emulsion, assisting in the creation of finely distributed oil
particles. This is referred to as phase inversion. The pre-
emulsion is heated at its (hydrophilic-lipophilic) temperature
and later cooled to ambient temperature in the first stage. The
cooling rate affects the emulsion’s clarity and stability. This
can be accomplished by using more surfactants than is nec-
essary. As a result, the technique is prohibitively expensive
and thus unsuitable for industrial use (Santana et al. 2013).
Different methods used for nanoemulsion preparation were
described in Fig. 2.

Phase inversion composition
The hydrophilic and lipophilic behavior of the emulsifier is

modified by altering the ingredient concentration in this
approach. The electric charges of the surfactant alter when
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salt is added to a nano-emulsion of oil in water having an
ionic emulsifier, and the solution becomes a water-in-oil
emulsion process. Similarly, a large water emulsion could
be changed to oil in water by dilution with the use of water
(Liew et al. 2010). This method is inexpensive, does not
need the application of organic solvents, and therefore is
thermodynamically stable. Nanoemulsions that are safe to
eat supplemented by acetate of vitamin E with a standard
particle size of 40 nano-meter were prepared using the
phase inversion compositions technique. This process
proved more efficient than micro-fluidization in creating
nanoemulsions with high surfactants concentration (Sha-
keel et al. 2009). Mechanism of phase inversion are shown
in Fig. 3

Spontaneous emulsification

Low-energy nano-emulsion formation is achieved through
spontaneous emulsification. This approach is created at
ambient temperature and does not necessitate the use of
any additional equipment. Bit by bit, at a constant tem-
perature, pour water into the oil and surfactant solution,
stirring moderately to generate nanoemulsions on O/W.
The phase alteration region, surfactant content and struc-
ture, surface and huge stickiness, and surface tension all
influence the spontaneous of the emulsification mechanism.
The lack of oil phase and the existence of a solvent are the
method’s limitations (Subasi et al. 2017). Vitamin E acet-
ate nanoemulsions with droplet size less than 50 nm and
low poly-disparity values were created using the sponta-
neous emulsification technique. Furthermore, the technique
of spontaneous emulsification has been utilized to create
vitamin D nanoemulsions. Applying a co-surfactant during
the formation enhanced the thermal lifetime of the nano-
emulsions (Guttoff et al. 2015). Fish oil nanoemulsions,
which are high in omega-3 fatty acids, were made by
spontaneous emulsification. It was possible to make
translucent nanoemulsions with structural constancy of
about 37 °C and oxidative durability at 55 °C for fourteen
days (Walker et al. 2015). The influence of low- and high-
energy techniques on nanodispersions physicochemical
qualities has been studied.

Solvent displacement

The generation of nanoemulsions is aided by the fast dis-
persion of an organic solvent that is water-miscible con-
taining a lipophilic functional chemical into the aquatic
layer. This quick diffusion allows for one-step manufac-
turing of nano-emulsion with a good yield of encapsulation
at lesser energy input. Finally, the organic liquid
under vacuum vaporized from the nano-dispersion.
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Fig. 2 Different methods used
for nanoemulsion preparation.
Source: Aswathanarayan and
Vittal (2019)
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Therefore, this method can only be used with water-
miscible solvents (Yin et al. 2009).

Emulsion inversion point

This process involves altering the system’s makeup while
maintaining a steady temperature. The particles are gen-
erated through a gradual use of water as a diluent as well as
oil to generate kinetically persistent nanoemulsions. The
transfer from W/O into O/W or vise-versa in EIP tech-
niques requires a disastrous phase inversion instead of a
PIC or PIT technique (Thakur et al. 2008). When the
properties of a surfactant are modified by modifying one of
the form factors, like temperature, pH, or ionic activity, a
transitional-phase inversion develops.

Methods of characterization

Nanodelivery systems are used for recognition, identifica-
tion, including characterization, are critical for evaluating
the advantages as well as the possible hazard of these
methods (Luykx et al. 2008). The analytical approaches
that could be utilized for the physical depiction of
nanoemulsions (e.g., zeta potential, nuclear magnetic res-
onance, x-ray diffraction, FTIR, DSC) are discussed in this
article.

Dynamic light scattering

DLS also referred to as photon correspondence spec-
troscopy or virtual elastic light dispersion is a method

@ Springer
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utilized for determining the diameter distributions profile
of microscopic droplets in solution or polymers in sus-
pension in a short amount of time. DLS monitors Brownian
motion as well as employs the Stokes—Einstein formula to
relate it to particle diameter. DLS enables the particle
size to be calculated by illuminating them by a laser and
evaluating the intensity variations in the dispersed light
(Silva et al. 2011).

Zeta potential

Electro-kinetic capacity in dispersion processes is referred
to as zeta potential in science. The zeta potential is defined
as the potential distinction between the distribution med-
ium and static layer of fluid connected to the scattered
particles in colloidal chemistry research. The random
amount of 30 mili volt (positive and negative) could be
used to distinguish low-charged materials from extremely
charged ones (Preetz et al. 2010). A strong zeta potential
provides stability to molecules and particles of sufficient
size, i.e., the solution or distribution will oppose accumu-
lation. At low potential, attraction overcomes repulsion,
causing the dispersion to split and flocculate. Colloids
having a significant zeta potential (negative or positive) are
electrically stable, whereas those having a lower zeta
potential agglomerate or flocculate. In a summary, zeta
potentials suggest instability, whereas those greater
than £+ 30 mV show stability (Aradjo et al. 2010).

Differential scanning calorimeter

The distinction in the quantity of heat needed to raise the
sample’s temperature and references are evaluated as a role
of temperature in DSC which is a thermos analytical
method. During the experimentation process, the sam-
ples and references are kept approximately at the same
temperature. The temperatures program for a DSC study is
usually set up so that the specimen holder temperature rises
gradually as time passes. Above the temperature range be
scanned, the references samples would have a well-de-
fined heat potential (Venturini et al. 2011).

Fourier transform infrared

FTIR spectroscopy is dependent on infrared rays crossing
through a material, most of which is absorbed but some of
which is transmitted. The generated spectrum depicts
the molecule absorption and propagation resulting in a
molecule fingerprint. Each specimen fingerprint has its own
set of absorption peaks, which correlate to the incidence of
oscillations among the bonds of the molecule’s atoms.
Since each molecule is made up of a particular set of
atoms, no two substances have an identical infrared

@ Springer

spectrum. As a result, infrared spectroscopy may be
used positively to identify various materials. Furthermore,
the magnitude of the peaks in the spectrum indicates the
amount of material contained in the sample. The ability to
detect the number of components in a combination, the
characteristic or stability of a sample, and thus the short
time needed for analysis all are the key benefits of FTIR
(Aragjo et al. 2011). The crystallization mechanism of
thalidomide in nanoemulsions was analyzed using FTIR
examination of the crystals; when contained within a nano-
emulsion, these crystals were observed to be in a distinct
polymorphic state than before nano-emulsion generation.

X-ray diffraction

XRD methods are a group of non-analytical methods for
revealing details about the molecule’s crystallographic
structure, chemical content, and physical characteristics.
The scattering intensity of X-ray beams striking material is
measured as a consequence of incident and dispersed
angles, polarization, and wavelengths or energies in XRD.
The scattering pattern of crystalline substances is used to
identify them using XRD. Despite this, it covers a wide
range of applications; Characterization of single-phase
substances, particle structure identification, sample attri-
bution, and structural analysis, confirmation of amorphous
substances in slightly crystalline mixtures, crystallite
diameter identification from high point expansion, crys-
tallite shape recognition from peak symmetry assessment,
and analysis of thermal enlargement in crystal structures
utilizing a situ heating phase apparatus (Mulik et al. 2010).
Curcumin’s scattering pattern differs greatly from that of
nanoparticles of solid lipids coated with curcumin,
according to the study.

Nuclear magnetic resonance

NMR is an advanced and sophisticated analytical method
that may be used to examine molecules in liquid or solid
form and can be used for both quantitative and structural
research. It is extremely effective at collecting structural
data on molecular fragments. It can be used in conjunction
with optical spectroscopy and mass-spectrometry to obtain
accurate data regarding the structural formula, stereo-
chemistry, and preferred configuration of molecules; it
could also be used to recognize the substance under
investigation. The utilization of NMR to the characteriza-
tion of nanoemulsions has been utilized. The composition
of the liquid lipids within the mixture of nanoparticles of
solid lipids was described using 1H NMR following suc-
cessfully incorporated medium-chain triglycerides oil in a
mixture of a glyceryl behenate (solid long-chain glyceride).
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Vitamins are incorporated and efficiently delivered in the
bloodstream through the digestive system. Nanoparticles
are used in the preparation of foods and beverages without
compromising their properties or flavor. Nanoemulsions
have also been utilized to improve the consistency and
texture of ice cream (Zeng et al. 2019). The process of
spontaneous emulsification was used to create nanoemul-
sions of the insecticide Norcantharidin, which is effective
versus Plutella xylostella. Twenty percent butanol, 20%
cremophor EL, and 80% triacetin were used in the
nanoemulsions  with  norcantharidin ~ encapsulated
nanoemulsions. When compared to the norcantharidin
acetone solution separately, this emulsion had a stronger
insecticidal effect, suggesting that it could be useful in
agriculture.. Nanoemulsions are an effective way to
improve food digestion and the availability of bioactive
compounds. The amount of food taken into the blood by
the gastrointestinal system is referred to as food
digestibility. Nanoemulsions are an effective way to
increase the digestion of foods and natural extracts. Beta-
carotene is a red—orange antioxidant found in carrots and
other colorful vegetables. Beta-carotene is a terpene (iso-
prenoids) that is biosynthesized from geranylgeranyl
pyrophosphate and belongs to the carotenes family (Qian
et al. 2012).

Conclusion

Nanoemulsions are the novelist systems for improving
hydrophobic chemical dissolving, bioavailability, and per-
formance. The system is very effective for the incorpora-
tion of lipophilic functional compounds in food matrices.
The results of the various studies indicated that
nanoemulsions based approaches are effective in protection
and delivery of various bioactive compounds. Nanoemul-
sions based approaches effectively improve the functional
aspects along with quality and safety. There are various
techniques to develop and characterize the nanoemulsions.
Due to its outstanding qualities like high surface area,
translucent appearance, durable stability, and tunable rhe-
ology, nanoemulsions have earned too much consideration
and appeal over in different sectors of industrial impor-
tance. High-energy methods such as HPVH, micro flu-
idizers, and ultrasonic homogenization, as well as low-
energy methods such as spontaneous emulsification, phase
inversion composition, phase inversion temperature, and
emulsion inversion point, are the most extensively uti-
lized methods for the synthesis of nanoemulsions. Fur-
thermore, there is dire need to study biological and

toxicological effect of nano particles after their digestion to
ensure the safety of the consumers.

Supplementary Information The online version contains
supplementary material available at https://doi.org/10.1007/s13197-
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