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Abstract 
The current study's objective is to create and develop an Econazole nitrate nanoemulsion as a 

successful therapy for the fungus illness tinea versicolor. An imidazole antifungal with broad range 

action is econazole nitrate. It is a medication that is low soluble and highly permeable, or BCS class II. 

After oral administration, it is only partially absorbed due to its weak solubility, and bioavailability 

varies across people. The drug's topical formulation may be limited in its efficacy due to its weak 

solubility in the vehicle and low penetration. As a result, nanoemulsions were developed to address 

these problems. Water nanoemulsions are made using the spontaneous emulsification method. The 

Franz diffusion cell was used to evaluate the stability, appearance, pH, FTIR, viscosity, drug content, 

and drug entrapment effectiveness of the nanoemulsion formulations that had withstood thermal 

stability tests. 
 

Keywords: Nanoemulsion, types of nanoemulsion, method of preparation, application, evaluation test 

 

Introduction 
Drug carrier molecules are found in colloid particle systems called nanoemulsions, which 

have submicron sized particles. They vary from 10 to 1,000 nm in size. These carriers are 

solid spheres with an amorphous, lipophilic, and negatively charged surface. Magnetic 

nanoparticles can improve site specificity. They increase the therapeutic efficacy of the drug 

while minimizing adverse effects and toxic reactions. Treatment of reticuloendothelial 

system (RES) infection, enzyme replacement therapy in the liver, cancer treatment, and 

vaccination are all major applications. 

 

 
 

Fig 1: Nanoemulsion 

  

Emulsion is a biphasic system in which one phase is intimately dispersed in the other phase 

as minute droplets with diameters ranging from 0.1 to 100 m. It's a thermodynamically 

unstable system that can be established by adding an emulsifying agent (emulgent or 

emulsifier). The dispersed phase is also referred to as the internal phase or the discontinuous 

phase, whereas the outer phase is referred to as the dispersion medium, the external phase, or 

the continuous phase. The emulsifying agent is also referred to as an intermediate or an 

interphase. A miniemulsion is a fine oil/water or water/oil dispersion stabilised by an 

interfacial film of surfactant molecules with droplet sizes ranging from 20 to 600 nm. 

Nanoemulsions are transparent due to their small size. 

Fungal cell death occurs as a result of cellular contents leaking due to permeability. This 

medication provides great epidermal levels at modest doses. It is helpful for topically curing 

epidermal infection and tinea infections. Tinea infection is recognised by changes in skin 

pigmentation brought on by Malassezia response on this matter, a lipid soluble fungal of the 

actual skin ecology, colonising the stratum corneum. M. furfur is killed by the inclusion or  

http://www.pharmajournal.net/
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Econazole nitrates in the outer skin layers. These substances 

are used topically to produce both local and systemic 

effects. [1, 2]. 

When given enough time, a nanoemulsion layer will break 

because nanoemulsions are kinetically stable [3, 4]. The 

physics of destabilisation processes such flocculation, 

coalescence, Ostwald ripening, and creaming are covered in 

Section 3. We reveal that Ostwald ripening is the primary 

destabilisation process for nanoemulsions. We also look at 

the research on how temperature and the makeup of 

nanoemulsions affect rates of nanoemulsion destabilisation. 
[5-9] A brief explanation of the caught species approach to 

make stable nanoemulsions is also included. 

Food industry, where flavor-enhanced nanoemulsions with 

improved curcumin/b-carotene and digestibility have been 

developed; drug delivery, where O/W nanoemulsions have 

been used to deliver bioactive molecules; and the care 

products, where nano emulsions have been tested for skin 

hydration and ease of application. Additionally, researchers 

have shown that nano emulsions can avoid a lot of the 

problems associated with the existing pharmaceutical 

precipitation process. As building blocks for the 

development of complex materials such as segmented 

nanoparticles and encapsulated oil droplets, nanoemulsions 

have also been used. The fourth portion of this paper 

discusses significant aspects of nano emulsifier as well as 

several uses for nanoemulsions. 

A clear definition of nanoemulsions is not always found in 

the literature since they are commonly mistaken for stable 

crystalline microemulsions that spontaneously arise. Droplet 

size range and stability properties are the main differences 

between conventional emulsions (or macroemulsions), 

nanoemulsions, and microemulsions, as outlined in both 

macroemulsions and nanoemulsions are highly unstable, 

which means that given enough time, phase separation 

happens. However, because nanoemulsions are so tiny. 

Nanoemulsions can be unreactive over very long time 

periods. The metastability of a nanoemulsion is unrelated to 

the closeness to an equilibrium state. Microemulsions, on 

the other hand, are solid solution systems in equilibrium, 

making them sensitive to temperature and composition. As a 

result of their relative resistance to physical and chemical 

degradation, nanoemulsions are intriguing for the 

aforementioned applications. A slashing delivery strategy 

for medications, physiologically active compounds, and 

genetic substances with release problems is nano emulsion 

preparation. Getting these hydrophobic compounds into the 

body is challenging since 40% of organic compounds are 

natively water-insoluble. A nano emulsion is a colloidal 

dispersion made up of the right amounts of oil that has been 

emulsified in water, surfactant, and co-surfactant. 

Transparent, kinetically stable, and thermodynamically 

stable describe nanoemulsion. Because it reduces the 

particle size of powdered medications and creates nano-

sized droplets of various sizes, it is employed in the 

pharmaceutical industry to increase the accessibility of 

lipophilic pharmaceuticals (10-100 nm). 1 Emulsion and 

nanoemulsion differ in that emulsion has strong kinetic 

stability whereas nanoemulsion is hazy and 

thermodynamically unstable. Either transparent or 

translucent nanoemulsions exist. An emulsion also requires 

a significant amount of energy to create, but Nanoemulsion 

did not [10, 11]. 

 

2. Types of nanoemulsion 
1. Water in oil(W/O) 

2. Oil in water(O/W) 

3. Bi - continuous nanoemulsion 

 

Oil in water emulsions and Water in oil emulsions are the 

two categories of cosmetic formulations; the second is the 

better delivery method from a medical standpoint. The 

double emulsion (oil-water-oil or water-oil-water) [12] is 

another option, although these more intricate systems won't 

be explored in the sections that follow. Below is further 

information on the key distinctions between the two types of 

nanoemulsions. 

 

2.1 Water in oil (W/O) 

A form of emulsion known as a water in oil nanoemulsion 

(W/O) occurs when surfactants scatter tiny droplets of 

nanoscale in unprocessed form [13]. The associated with 

extreme balance must be considered while creating any kind 

of emulsion. A nearly fully measure called the Initial ph 

scale aids formulators in choosing surfactant [14]. It explains 

how to create the "optimal emulsion" and prevent 

flocculation or coalescence by balancing the both lipophilic 

and hydrophilic parts of a nonionic surfactant [15]. The HLB 

values recommended for various kinds of emulsion are 

listed. For the creation of W/O nanoparticles, surfactants 

with a final Hlb of 4-6 work well [16, 17]. In segments and 

sub, W/O nanoemulsions are used to regulate the formation 

of nanoparticles like Compact discs and titanium dioxide 

nanoparticles. As reaction medium, different W/O 

emulsions are employed to produce ceramic nanoparticles. 

W/O emulsions are helpful in the pharmaceutical business 

as additives for vaccinations that include unique antigens 

such synthesized proteins, protein production, or DNA [18, 

19]. 

 

2.2 Oil-in-water (O/W) 

Small lipid droplets scattered inside an aqueous phase make 

up oil-in-water, or water-based, nanoemulsions, with a 

typical mean droplet diameter of about 200 nm. The 

homogenized process employed in the manufacture of 

nanoemulsions and conventional O/W emulsions determines 

the droplet sizes even though both are supersaturated 

systems. The four emulsion phases identified by Winsor as 

being in equilibrium are known as Winsor phases. An O/W 

type is categorised as Winsor I, a 2 different system in 

which the top oil layer and the bottom nanoemulsion exist in 

balance [20]. 

 

2.3 Bi-continuous nanoemulsion  

Water and oil are both continuous phases with comparable 

amounts. They are found in microemulsions, mesophases, 

and even relatively diluted surfactant solutions. As indicated 

by the average mean curvature zero, a hexagonal liquid 

crystalline structure may also exist. 
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Fig 2: Nanoemulsion 

 

3. Component of nanoemulsion 

 Oil 

 Surfactant 

 Co-surfactant 

 Aqueous phase 

 

3.1 Oil: Given that the medicine will be integrated as a 

droplet in the oily phase and disseminated in the aqueous 

phase, the oil employed in the formulation of the 

nanoemulsion is a crucial component. In order to produce a 

larger proportion of drug-loaded, the oil must be able to 

dissolve the compounds employed in dosage form and work 

well with the other components of the Nano emulsion. In 

Nanoemulsion, oil might be natural, synthetic, or semi-

synthetic [21]. 

 

3.2 Surfactant: Surfactants are chemicals that lessen the 

friction at the interface between a solid and a fluid. 

Depending on the hydrophilic-lipophilic balance (HLB) 

ratio, surfactants serve as emulsifiers, wetting agents, 

foaming agents, detergents, and dispersants. The choice of 

surfactant depends on the kind of Nanoemulsion that needs 

to be created and is used to stabilise the system. In contrast 

to w/o nanoemulsion, which uses hydrophobic detergents 

with HLB values less than 10, o/w nanoemulsion uses 

aqueous surfactants with HLB values more than 10. 

Utilizing surfactant mixtures with high and low HLB values, 

a stable Nanoemulsion is created upon water dilution [22]. 

 

3.3 Co-Surfactant: When the surfactant is unable to do so, 

these substances are included to the composition of 

nanoemulsions to lessen the interfacial tension that develops 

between oil and water. The co-surfactant propylene glycol, 

poly glyceryl oleate, as an example, penetrated into a 

surfactant monolayer and disrupted its crystalline liquid 

phase, hence reducing the interfacial tension of the 

surfactant when it has a high stiffness [23]. 

 

3.4 Aqueous phase: De-ionized water, which has a pH level 

of 7 and no electrolytes, is utilised as the aqueous phase in 

the formation of nanoemulsions. The persistence of 

Nanoemulsion and its droplet size are influenced by the 

characteristics of aqueous phases, such as ionic 

concentration, electrolytes, and PH. Droplet flocculation 

occurs in the formulation as a result of the electrolyte's 

decrease of the formulation's zeta potential and alteration of 

its pH [24]. 

4. Application 

Pharmaceutical drug delivery via nanoemulsion has grown 

to be quite appealing. Additionally, nanoemulsion has a 

strong benefit in the cosmetics industry. The following are 

the main benefits of using nanoemulsion formulation in 

medicines and cosmetics [25]. 

•Nanoemulsion never has problems with creaming or 

sedimentation because of its incredibly tiny droplet size. 

Both microemulsion and conventional emulsion frequently 

experience these problems. The fundamental connection 

between the two problems is the effect of gravitational force 

on an emulsion droplet. Nanoemulsion, on the other hand, 

has very tiny droplet sizes, which lessens the gravitational 

pull on the droplets and results in creaming and 

sedimentation of the emulsion. Once more, droplet 

coalescence is prevented by the nanoemulsion's tiny droplet 

size. The coalescence process, which results in the 

formation of a big droplet with increasing size, is what 

causes the instability of the emulsion. However, because of 

the nanoemulsion's tiny droplet size, deformation and 

surface fluctuation are not possible. 

• When compared to microemulsion, nanoemulsion has a far 

higher dispersibility because the smaller droplet size 

precludes droplet flocculation, which permits the system to 

dispersion without separation. 

• The nanoemulsion formulation enables active substances 

to swiftly infiltrate the skin due to the enormous surface 

area of the droplets. Nanoemulsions have even been shown 

to be easily able to penetrate tough skin. Because of this 

nanoemulsion feature, it is no longer necessary to use a 

particular penetration enhancer, which is what causes 

formulation incompatibility. 

• Compared to microemulsion, nanoemulsion formulation 

needed less surfactant. For instance, although nanoemulsion 

preparation only needs 5–10% surfactant, microemulsion 

preparation calls for 20–25% surfactant. Nanoemulsions can 

also aid to minimise the amount of surfactant used. 

• Because there are no thickening agents or colloidal 

particles present, nanoemulsions are clear and fluid, 

improving formulation patient compliance and making them 

safe to administer. 

• It has also been reported that nanoemulsions could be used 

for targeted delivery of active ingredients, particularly in 

cancer therapy. 

• Nanoemulsion formulation may be supplied by a variety of 

bodily pathways, making it a stable alternative to liposomes 

and vesicle-based delivery methods. 
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 • Nanoemulsion formulation is a stable substitute for 

exosomes and vesicle-based delivery systems since it may 

be given through a number of physiological channels. 

Parenteral, oral, topical, nasal, and ocular delivery methods 

have all been used to distribute nanoemulsion formulations. 

By creating an oil-in-water nanoemulsion, these 

formulations may be utilised to improve the bioavailability 

of medications that are not well soluble in water [26, 27]. 

 

5. Advantage of nanoemulsion 

1. Nanoemulsion is indeed a technique for increasing the 

final absorption of lipid soluble medications and the 

water solubility of weakly water-soluble 

pharmaceuticals. 

2. Nanoemulsion is indeed a technique for increasing the 

final absorption of lipid soluble medications and the 

water solubility of weakly water-soluble 

pharmaceuticals. 

3. NE has been shown to improve the reproducibility of 

plasma concentrations of drug profiles and drug 

bioavailability. 

4. NE was used as a drug in the oil phase of O/W to 

protect it from hydrolysis and oxidation. Water and air 

have no effect on nanoemulsion. 

5. It can be used in place of liposomes and vesicles. 

6. With quick and effective drug moiety penetration, NE 

is offering a range of methods including olfactory (nose 

to brain), injectable, transdermal, and gastrointestinal 

delivery. 

7. Due to its processability, it beats unsteady droplets like 

emulsified and suspension and has a higher 

solubilization capacity than micellar solution. NE may 

be produced with minimum energy input and has long 

shelf life (heat or mixing). 

8. NE is a more efficient transport system than macro 

emulsion because it has a bigger surface area, more free 

energy, and shorter submicron dispersion. 

9. Because Nanoemulsion does no harm animal cells, 

nanoemulsions are appropriate for human also for 

medicinal applications in animals [28, 29]. 

10. Increase the absorption rate. 

11. Reduces absorption variability 

12. helps make medicines that are lipophilic more soluble 

13. improves bioavailability 

14. The product can be delivered via topical, oral, or 

intravenous routes. 

15. Useful for flavour masking. 

16. Rapid and efficient drug moiety penetration. 

17. A liquid dosing form is used, which increases patient 

compliance.  

 

6. Disadvantage of nanoemulsion [30, 31] 

1. NE is limited ability to dissolve highly melting 

compounds. 

2. The high surfactant and cosurfactant concentration 

required for stabilising the nanodroplets. 

3. Environmental factors like pH and temperature affect 

NE stability. 

4. A nontoxic surfactant is required for use in 

pharmaceutical applications. 

5. The creation of nanoemulsions is an expensive 

operation because the droplet size reduction needed 

specialised equipment and manufacturing techniques. 

6. The stabilisation of the nano droplets requires the use of 

cosurfactants and surfactants at high concentrations. 

7. Low solubility capability for compounds with high 

melting points. 

8. The surfactant used in medicinal applications must not 

be harmful. 

9. Environmental factors like temperature and PH have an 

impact on nanoemulsion stability. 

 

7. Method of preparation 

 High-energy emulsification method 

 Low energy emulsification method 

 Spontaneous nanoemulsion 

 Phase inversion temperature 

 Phase inversion composition  

 Microfluidization method 

 Ultrasonication method 

 

7.1 High-energy emulsification method 

Given that nanoemulsions cannot naturally form and need 

additional mechanical or chemical energy to do so, they are 

regarded as non-equilibrium systems. Ultrasonic generators, 

high-pressure homogenizers, and elevated stirring are used 

to use physical energy input to make high-energy 

nanoemulsions. When the oil and water phases are disrupted 

by these mechanical devices, a nanoemulsion is created. It is 

extensively used to prepare nanoemulsions because 

homogenizers deliver energy in the shortest amount of time 

while operating under high pressure to make 

homogeneously tiny droplets [32]. 

 

 
 

Fig 3: High-energy emulsification method 

7.2 low energy emulsification method 

By using the system's physicochemical characteristics, this 

approach produced droplets that were smaller and more 

uniform. This approach has several restrictions on the sorts 

of oils and emulsifiers it may use, including proteins and 

polysaccharides. Synthetic surfactants are utilised in high 
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concentrations together with low-energy methods to 

overcome this issue, but this is limiting the range of 

applications, particularly for food processing. 

 Using a low energy emulsification technique, coarse W/O 

macroemulsion was converted into nanoemulsion phase 

inversion occurs. When composing the phase inversion 

approach, diluting by water causes a phase inversion, 

whereas chilling or a temperature drop causes a phase 

inversion in the optical inversion technique. They are 

employed to supply the nanoemulsion with input power 

from the reaction rate of the component. The alternative 

technique involves keeping the temperature constant while 

altering the composition and interfacial characteristics [33]. 

 

 
 

Fig 4: Low energy emulsification method 

 

7.3 Spontaneous Nanoemulsion:  

In this method, water and oil are slowly stirred together with 

an emulsifier at a specified temperature to create 

spontaneous emulsions. The emulsifier enters the aqueous 

phase as a result of gentle magnetic agitation, increasing the 

oil-water interfacial area and producing oil droplets.  

As a result, the oily phase and unique surfactant biophysical 

features are crucial to the low energy approach of 

nanoemulsion generation and are easily scaleable. However, 

components may deteriorate and production procedures 

cannot be scaled up. Mechanical devices and high-energy 

techniques can be used to regulate the size distribution and 

composition of nanoemulsions [34]. 

The spontaneous emulsification method was used to create 

vitamin E acetic nanoparticles with globules of 50 nm and 

low pdi indices. To produce small droplets, the composition 

of the oil phase and the surfactant-to-emulsion ratio must be 

optimised. By boosting the temperature and effect change 

before adding the oil/surfactant mixture to the water, the 

grain size may be further reduced. Similar to this, vitamin D 

nanoemulsions were created using spontaneous 

emulsification. We created nanoemulsions with droplet sizes 

as small as 200nm. That were subject to extreme 

temperatures but stable for droplet formation at ambient 

temperature. The addition of a cosurfactant during 

formulation raised the glass transition temperature of the 

nanoemulsions. N-3 fatty acid-rich cod liver oil 

nanoparticles were created using spontaneous 

emulsification. Transparent nanoemulsions may be created 

that are oxidatively and physically stable for a 14-day period 

at 55°C and 37°C, respectively. Self-emulsifying emulsion 

systems have been shown to contain cinnamonaldehyde. 

The only addition of moderately triglyceride was necessary 

to produce stable cinnamaldehyde nanoemulsions. 

Cinnamaldehyde may leak gradually, according to the 

nanoemulsions' 80% encapsulation efficacy over the course 

of a week. Phase separation happened after 12 month of 

exposure at 37°C. The encapsulation effectiveness of 

cinnamaldehyde in nanocomposites was kept at around 80% 

after one week [35]. 

Investigations have been done on how multi, high, and low 

energy approaches affect certain physicochemical 

properties. High valve smoothness and solvent ejection were 

used to produce the lutein nanodispersion. Both methods 

produced nano dispersions with comparable crystallite size 

and size distributions. They also had lutein retention rates 

that were quite high. As a result, solvent displacement can 

serve as a suitable replacement for high stress valve 

homogenization when selecting nanoemulsions cannot be 

employed to create lutein nanodispersions. With only one 

stage, the vapour condensation approach provides a variety 

of advantages over more time-consuming procedures, such 

as the use of small amounts of nanoparticles [36]. 

 

7.4 phase inversion temperature (PIT) 

At this stage, neither an oil-in-water nanoemulsion nor a 

water-in-oil nanoemulsion is expected to happen; instead, 

the components mix to create a bicontinuous or lamellar 

liquid crystalline structure. The hydrophilic nonionic 

surfactant dehydrates as the temperature rises, making the 

surfactant layer concave with a negative curvature. Because 

surfactant sensitivity in oil is greater than it is in water, a 

water-in-oil nanocomposite is produced. The frequency at 

which an oil-in-water droplet changes into a water-in-oil 

emulsion is known as the phase inversion temperature (PIT) 
[37]. 

The formation of thin emulsions with tiny droplets occurs 

when surface tension lowers with increasing temperature, it 

should be mentioned. As they seek to join in PIT to form 

macroemulsions, these tiny droplets are unstable. When a 

substantial amount of emollient is used to reduce instability, 

droplets do not coalesce right away. and Little 

semicrystalline structure forms at PI temperature. Emulsions 

can therefore develop nearby PIT, although they are quite 

unstable. Oil-in-water nanoemulsions must be produced 

through a cooling procedure, and the resultant 
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nanoemulsions must be kept at temperatures far below PIT. 

In addition, if emulsions formed at PIT are rapidly heated or 

cooled, supramolecular emulsions with tiny microemulsion 

and narrower emulsion width are created. Distribution has 

been determined. Mint oil nanoemulsions were created 

using the phase inversion frequency method. The solution 

was heated to above the temperature at which phase 

inversion takes place using water, a nonionic surfactant, and 

cinnamon oil. After being rapidly chilled and continually 

stirred, it spontaneously generated tiny vesicles with a mean 

globule size of 101 nm. The nanoemulsions were more 

stable using the cooling-dilution procedure for 31 days at 

4°C or 25°C. Using the phase inversion temperature 

technique, cardamom oil nanoemulsions' bioactivity has 

been investigated. The surfactant concentration of cinnamon 

oil nanoemulsions had an impact on their antibacterial 

effectiveness [38]. Levels of surfactants have increased when 

compared to nanoemulsions with lower surfactant 

concentrations (10 wt %) or with bulk essential oils, the 

antibacterial activity of nanoemulsions with surfactant 

concentrations ranging from 15 to 20% wt increased. In this 

procedure, the temperature varies while the composition 

remains constant. The temperature affects the solubility of 

nonionic surfactants like poly ethoxylated. These 

emulsifications therefore resulted from temperature-

dependent modifications in the surfactant affinities to oil 

and water. The PIT technique utilises the low interfacial 

tension at HLB to create emulsifications, resulting in the 

lowest surface tension and droplet size temperature [39]. 

 

 
 

Figu 5: Phase inversion temperature 

 

7.5 Phase inversion composition: 

By changing the elemental composition, the amorphous 

ability of the emulsion is changed in this process. When salt 

is added to an oil-in-water nanoemulsion with an ions 

emulsifier, the electric charge of the surfactant changes, 

resulting in a water-in-oil emulsion. Similar to this, dilution 

with water can convert an oil-in-water emulsion into a 

moisture emulsion with a high sodium content. This method 

is inexpensive, doesn't need organic solvents, and is very 

thermodynamically stable. It is difficult to use the phase 

inversion method with very hydrophobic materials. The 

phase inversion formulation method was used to dining 

sector nanoemulsions with an average crystal diameter of 

nm that were improved with vitamin E acetate. This strategy 

delivered better results. 

Microfluidization is less efficient than nanoemulsions with 

high surfactant concentrations. To make nanoemulsions 

containing label-friendly surfactants including saponin, 

protein, casein, and sucrose monoesters, however, the 

approach was not appropriate. The composition temperature 

varies at a constant temperature. Due to the ease of adding a 

single component to the emulsion rather than causing a 

temperature change, the (PIC) technique is preferred for 

large-scale manufacturing over (PIT). A water-surfactant or 

oil-surfactant combination is continually supplemented with 

oil or water to produce a nanoemulsion. 
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Fig 6: phase inversion composition 

 

7.6 Microfluidization method  

This method involves pumping a coarse emulsion at 400 m/s 

via a microchannel at high pressures (up to 270 MPa). A Y 

or T junction is created when the downstream channels are 

divided into two little branches. These branches join 

together with a distant interaction channel. The conversation 

In the chamber, two steams' coarse emulsions collide with 

one another quickly. As a result, the twin flows impetuous 

pressures and a strain rate of up to 106 s1 are enough to 

cause an emulsion to break apart and produce fine 

emulsions in the interaction channel. The procedure is done 

more than twice to lengthen the emulsification period and 

pressure. As a result, the disruption of droplets and their 

recoalescence dictate the size of the nanoemulsion. 

However, the rate of recoalescence can be slowed down by 

adding a quickly surfactant and increasing the thickness of 

continous phases [40]. 

Microfluidization was used to make mint, lemongrass, and 

basil oil nanoemulsions that were dissolved in sodium 

alginate solution. The method created -potentials between 

41 and 70 mV and decreased the typical droplet size of 

nanoemulsions. The outstanding film characteristics of sage 

essential oil nanoemulsions, including improved 

transparency, water vapour resistance, and flexibility, were 

exhibited. The edible films made from thyme essential oil 

were very effective in killing E. coli. To produce edible 

films with a range of physical and functional qualities, 

microfluidizers might be utilized to make nanoemulsions 

with active substances. Nanoemulsion and montmorillonite 

were added to gelatin-based films to improve their thickness 

while lowering their moisture content, surface 

hydrophobicity, and water solubility. The effective 

production of label-friendly nanoemulsions from natural 

emulsifiers has also been accomplished using dual-channel 

microfluidization. Amphiphilic biopolymers or 

biosurfactants were used as emulsifiers to produce corn oil-

in-water nanoemulsions. Due to the utilisation of dual-

channel microfluidization, nanoemulsions were produced, 

with the mean particle diameter decreasing as 

homogenization pressure and emulsifier concentration 

increased. Whey protein isolate and quillaja saponin 

performed better than gum arabic and soy lecithin in the 

creation of nanoemulsions of tiny droplets. Smaller droplets 

were formed, and little emulsifier was used. The effective 

approach for creating carotenoid-loaded nanoemulsions 

from natural emulsifiers was dual-channel 

microfluidization. It was used to the creation of o/w -

carotene nanoemulsions. By using this brand-new 

homogenization technique, two different types of natural 

emulsifiers-quillaja saponins and whey protein isolate—

were employed to create nanoemulsions. The 

nanoemulsions were physically stable for 14 days of storage 

at 4 and 25°C. In saponin nanoemulsions, a tiny degree of 

droplet aggregation took place at 55°C. Thus, -carotene may 

be encapsulated using the microfluidization process to 

increase its water dispersibility and chemical stability in 

meals [41]. 

Employing vibrations with a wavelength greater than 20 

kHz, coarse droplets are stirred into nanoemulsions in the 

ultrasonication process. The sonotrode's sound waves cause 

acoustic cavitation and vibration, and when the cavitations 

collapse, strong shock waves are produced, shattering the 

coarse droplets. The droplets disintegrate due to high 

pressure and turbulence created by acoustic and shock 

waves. Even at high frequency, nanoemulsions can be 

created without the aid of an emulsifier. Similar to this, 

nanoemulsions are produced on a tiny scale using a bench-

top sonicator. Intense pressure waves are produced by the 

piezoelectric crystal probe of the sonicator. To get the 

lowest droplet diameter, sonification and needs a lot of 

energy input. The input energy increases along with the 

sonication duration, which tends to break up more droplets 

and lower their size. The concentration of the emulsifierthe 

proportion of continuous phase to scattered phase 

viscosities, and wave Flax seed oil and nonionic surfactant 

were used to create nanoemulsions, and it was discovered 

that the droplet radius was smaller than 70 nm. Another 

method utilized to make nanoemulsions with 20 nm droplet 

radii was high-intensity ultrasound. These were produced 

using premium emulsifiers like Span 80, Tween 80, and 

sunflower oil.  



National Journal of Pharmaceutical Sciences  www.pharmajournal.net 

~ 141 ~ 

By reducing the size of the nanoemulsion droplets, 

antibacterial activity could be increased. The compact size 

The basil seed gum films could easily incorporate 

nanoemulsions Resveratrol and resveratrol-cyclodextrin 

inclusion complex nanoemulsions were made by ultrasonic 

emulsification in a phospholipid-stabilized nanoemulsion. 

The inclusion complex nanoemulsion and resveratrol 

nanoemulsion had typical sizes of 20 and 24 nm, 

respectively. The loading and release efficiency of the 

ultrasonicated nanoemulsions was quite high. When 

exposed to UV radiation, the nanoemulsion stopped 

resveratrol from deteriorating (365 nm). 

Research was done to determine how well pressurized 

homogenization and ultrasonication produced capsaicin 

nanoemulsions. Capsaicin nanoemulsions were created by 

high pressure homogenization and had substantial 

antibacterial action and were optically transparent with a 

79% efficiency [42]. 

 

 
 

Fig 7: Microfluidization method 

 

8. Properties of nanoemulsion 

For usage in the food business, nanoemulsions' optical 

characteristics are essential. Depending on the size of the 

droplets, nanoemulsions can be optically clear or slightly 

muddy. Their opacity is quantified by transmission and 

quantified by turbidity. The mean particle size and restricted 

particle-size distribution of nanoemulsions affect their 

opacity. Food texture is changed by the rheological 

characteristics of nanoemulsions. It is widely known that the 

rheological characteristics of nanoemulsions are influenced 

by the relative droplet size. Drinks, for instance, have a low 

viscosity, thus the droplets in the nanoemulsions used to 

produce them should not add to the viscosity overall. 

Nanoemulsions' physicochemical stability is these are 

described as kinetically stable systems because they 

deteriorate over time as a result of physical factors that 

cause instability and chemistry instability. When the relative 

densities of the scattered and continuous phases differ, 

gravitational separation takes place, leading to creaming or 

sedimentation. In o/w nanoemulsions, the development of 

crystalline lipids or tiny oil droplets leads to sedimentation. 

In a similar manner, creaming happens in nanoemulsions 

because to the huge particle size and the impact of gravity 

on droplets motion 

Because of their small particle size, nanoemulsions exhibit 

less colloid agglomeration, such as agglomerates or 

flocculation. Colloidal interactions in nanoemulsions are 

related to droplet size and occur as a result of Ostwald 

ripening occurs when the size of the Diffusion, or the 

migration of hydrolysed surfactant molecules from tiny to 

big droplets via the dispersed phase, causes the droplet to 

grow over time. The amount of oil molecules that are 

solubilized rises with decreasing droplet size because oil is 

more aqueously soluble in spherical droplets. The 

solubilized oil molecules transfer to bigger droplets, 

gradually expand the droplet size. The degree of Ostwald 

ripening resistance of a nanoemulsion depends on the oil 

phase's aqueous solubility. Oxidation and hydrolysis are the 

causes of the chemical degradation of nanoemulsions. 

Nanoemulsions have a high specific surface area, which 

makes them vulnerable to chemical deterioration. The 

opacity of nanoemulsions has an impact on their chemical 

stability as well. Clear nanoemulsions with tiny droplets are 

commonly harmed by UV or visible light due to their 

transparency [43]. 

 

9. Characterization of nanoemulsion 

 Zeta potential 

 Droplet size and polydispersity(intensity based size 

distributions) index 

 Viscosity 

 Entrapment efficiency 

 Future outlook 

 

9.1 Zeta potential 

This parameter, which specifies how droplet surface charge 

functions, is normally measured using a zeta sizer. A zeta 

cuvette is used to hold the nanoemulsion sample, and the 

granule reading is measured in mV [44]. Zeta potential 

frequently provides a more accurate depiction of an 

emulsion droplet's electrical properties since it takes into 

consideration the desorption of any charges counter ions. It 

reflects a colloidal dispersion's electrokinetic potential as a 

result.  

The usual principle for the zeta potential of nanoemulsions 

is that numbers above mV and 5 volts indicate fast 

aggregation. This parameter, which illustrates the effect of 

droplet surface charge, is frequently measured using a zeta 

sizer. The nanoemulsion sample's droplet reading is 

captured in mV [45] and placed in a zeta cuvette. Because it 

takes into consideration the sorption of any loaded counter 

ions, zeta potential is typically a better representation of the 

electrical characteristics of an emulsion droplet. It therefore 

represents the electrokinetic potential of a colloidal 

dispersion. The zeta potential of a nanoemulsion is thought 

to suggest rapid aggregation when it is approximately mV 

and 5 mV [46]. In any case, according to their zeta potentials, 

formulations with initial values greater than 30 mV before 

and after the electro - coagulation prospective test 

demonstrated enough durability to withstand the accelerated 

stability tests [47]. This absolute recommended value (>30 

mV) is a hypothesis for stability and gives increased 

homogeneity because of the rejecting interactions between 

the particles in the nanosuspension that prevent 

agglomeration. When more repellent domains are accessible 

on the nanoemulsion's surface, the trans-repulsive forces 

increase and the cartesian coordinates of zeta potential grow 
[48]. 

 

9.2 Droplet size and polydispersity (size distributions 

based on intensity) index 

The mean crystal size (Z-averages), the polydispersity 

index, and the distribution of something like the particle 

sizes all have a significant influence on the quality, stability, 

symmetry, and degradability of nanoemulsions (PDI). 

Droplet size has a significant impact on self-nano-

emulsification performance since it influences the rate and 
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scope of release together with the absorption of active 

substances. PCS (photon correlation spectroscopy) and light 

scattering techniques like static light scattering (SLS) and 

dynamic light scattering (DLS) are widely used to estimate 

the droplet size of a nanoemulsion. Due to the severe 

curvature and Laplace pressure that prevent large droplets 

from deforming, flocculation will be stopped by minuscule 

droplet sizes. The formation of a thick, multilayer surfactant 

coating that is formed over the droplet interface can also 

prevent droplet coalescence in nanoemulsions. As with most 

nanoemulsions, Ostwald ripening causes system instability. 

This destabilisation process occurs when smaller droplets 

with a large radius of curvature convert into bigger droplets 

with a small radii, such as when two dots disperse into one 

massive droplet. The liquid film distribution gradually shifts 

to larger sizes over time, and the nanoemulsion finally 

becomes murky [49]. a polydisperse nanoemulsion that 

demonstrates consistency in droplet size across formulations 

and connects error margin to mean volume fraction. The 

variance is calculated by the PDI using the mean size. A 

PDI of less than 0.22 is desired since it demonstrates that 

the droplets in the nanofluids are uniformly distributed and, 

for the largest part, free of adhesion and aggregation. Good 

emulsion stability is implied by a low PDI, while less 

uniform pressure drop is suggested by a high PDI [50]. The 

most obvious difference is that a PDI closer to 1 (one) 

suggests a droplet size range whereas a PDI greater than 

zero signifies a monodisperse droplet population. A usually 

stable PDI of 0.2 suggests a homogeneous bead density in 

the formulation even after prolonged storage. A 

nanoemulsion with small particle size (P > 0.05) and low 

PDI is more likely to have a narrow size distribution. 

However, a nanoemulsion with a little fewer particles (P 

0.05) and reduced PDI supports a significantly narrower size 

dispersion [51].  

As the particle size falls, nanoemulsions often become more 

stable against coalescence and flocculation. The strength of 

the repulsive forces reduces with decreasing particle size, 

however more quickly [52] than the strength of the attraction 

forces. Additional processes including coalescence and 

flocculation result in a wider particle size distribution and a 

higher PDI. 

 

9.3 Viscosity 

Viscosity is a key metric for demonstrating and evaluating 

the stability of liquid and semi-solid preparations, as well as 

for formulas' effective components from the carrier. In 

actuality, the concentrations and compositions of the 

surfactant, water, and oil components of the emulsion have a 

significant impact on viscosity. Viscosity is often decreased 

throughout the formulation process by adding more water. A 

rotational viscometer submerged in a thermobath is 

commonly used to evaluate the viscosity of any specific 

nanoemulsion under varied strain rate and temperatures [53]. 

Additionally, variables like conductivity, viscosity, and 

dielectric techniques offer crucial details on the macroscopic 

level of the created emulsion. These metrics provide 

information on whether rod- or worm-shaped reverse 

micelles are present as well as whether the nanoemulsion is 

water- or oil-continuous. 

As a result, phase inversion occurrences during formulation 

may be tracked. There are several times lower apparent 

viscosities in O/W nanoemulsions. To predict the rates of 

active ingredient release, one must be familiar with the 

rheological characteristics of nanoemulsion carriers makers 

and consumers because they are simpler to handle and pack, 

particularly if the for oral intake, use nanoemulsion. It's 

crucial to remember that the determination of viscosity 

becomes more significant as the amount of the oil 

component increases. This is due to the fact that an 

emulsion's viscosity rises according to the amount of oil 

supplied, which may impact the formulation's sensory 

qualities [54]. 

 

9.4 Entrapment efficiency 

To make sure that the medicine or active ingredient is 

delivered to the intended spot effectively, entrapment 

efficiency (EE) is employed to calculate how well a 

nanocarrier can hold onto the substance. The method of 

formulation, the kind of formulation components, and the 

characteristics of the bioactive chemical that is encapsulated 

in the vesicles are all crucial variables that might 

significantly affect EE. Additionally, the particle size of the 

active component tends to grow with higher loading into the 

nanoemulsion, lowering the EE of the nanoemulsion. Using 

a biological fluids approach, the determination of EE for 

nanocapsules, nanospheres, and nanoemulsions was 

effectively proven. Gel filtration, diffusion via a dialysis 

bag, ultrafiltration, and ultracentrifugation are further 

methods for determining the energy efficiency (EE) of 

various nanocarriers. In reality, exclusion chromatography 

is a kind of EE estimation by gel filtering. The molecular 

weight-based separation of the nanoparticles is 

accomplished using a porous gel in an aqueous solution. 

Dialysis, on the other hand, can separate nanocrystals from a 

combination of other nanomaterials or unbound drugs. The 

free active ingredient diffuses out while the nanoparticles 

are maintained in the dialysis bag. The centrifugation 

technique, in contrast, divides micelles into free molecules 

based on how differently they can flow through a screen 

with a particular whole size. The fundamental formula to 

determine EE is as follows [55], where W1 denotes the 

amount of active ingredient added to the formulation and 

W2 denotes the quantity of the active element in the 

supernatant. 

 

9.5 Future outlook 

Today's consumers are increasingly knowledgeable and 

demanding when it comes to the quality and safety of the 

cosmetics they use every day. From their point of view, the 

advantages that cosmetics provide for their health are 

equally as significant as the environmental implications of 

their development, production, and quality control 

processes. The observed pattern is consistent with growing 

public concern over the environment or animal welfare in 

connection to all processes involved in the production of 

such items. United States Environment Protection Agency 

(EPA) has even set up a research plan that encourages the 

proactive evaluation of nanoparticles in paints, sunscreens, 

and cosmetics in relation to their impacts on the 

environment and human health. Members of the Scientific 

Committee on Consumer Products have expressed similar 

worries over the potential danger of topically using 

insoluble nanoparticles in cosmetics (SCCP). This is due to 

the possibility that the minute particles might enter the 

bloodstream and be absorbed by cells. Similar attempts have 

been done by Europe Cosmetics to influence firms that 

make cosmetics to engage in ecologically responsible 
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practises. To lessen the environmental effect of their 

production processes, are urged to implement the Life Cycle 

Assessment programme and eco-design their goods [56]. 

Additionally, cosmetics development technology must be 

flexible enough to incorporate new active ingredients into 

formulations and respond to changing market trends and 

legal requirements. Producers should carefully evaluate and 

record the interaction of the components that go into a 

product. 

A delivery system is utilised in formulations for cosmetic 

products. This calls for a full comprehension of the 

scientific principles underpinning the creation of innovative 

encapsulating agents. In the future, more cost-effective 

aesthetic advances will be possible thanks to the use of 

rationally planned processes rather than time- and resource-

intensive trial-and-error methods. Additionally, cosmetics 

development technology must be flexible enough to 

incorporate new active ingredients into formulations and 

respond to changing market trends and legal requirements. 

The behaviour and interactions Low doses of the active 

components are required by this sort of delivery method, 

which is useful when the active chemicals are expensive or 

only in limited supply. It also improves control and targets 

the distribution. The US Food and Drug Administration has 

defined what constitutes anti-aging skin care products in 

order to meet the current spike in demand for cosmeceutical 

goodsand performing out studies on cosmetics with claims 

of being safe for human use. Global cosmetic research is 

urgently required in the meantime to evaluate the potentially 

harmful effects of consumers' continued usage of anti-aging 

cosmetics. of the components of the product should be 

carefully evaluated and recorded by manufacturers. 

It is becoming clear that the long-term viability of the 

cosmetics and cosmetic dermatology industries will depend 

on manufacturers' willingness to adopt advancements in 

nanoscience and nanosensors in response to shifts in 

consumer trends and growing awareness of such 

technologies' versatility. The same is true for developing 

new uses for nanotechnology and nanobiotechnology to 

create nanoproducts that will benefit society. The 

environment and consumer health must be adequately 

respected and taken into account in the marketing of these 

products. Strong regulations governing the governance and 

safety of nanoparticles in cosmeceuticals should be put into 

place because clinical trials are not required for 

cosmeceutical clearance to reach the open market [57]. 

 

10. Evaluation test 

 Determination of encapsulation efficiency 

 Determination of particle size and polydispersity 

index(PDI) 

 Determination of zeta potential 

 Morphological study of nanoemulsion 

 Atomic force microscope 

 In vitro drug release study 

 In vitro skin permeation studies 

 Stability studies 

 Thermodynamic stability studies 

 Dispersibility studies 

 Determination of viscosity 

 Refractive index 

 Percent transmittance 

 Ph and osmolarity measurements 

 Dye solubilization 

 Dilutability test 

 

10.1 Determination of encapsulation efficiency 

To release the medication from the formulation, a weighed 

amount of the formulation is ultrasonically combined with 

an organic solvent. The drug is then extracted into an 

appropriate buffer to determine how much drug is still 

trapped in the formulation. Drug EE is determined by 

dividing the product's actual drug content by the total 

number of medications added. And medicine be is 

calculated by dividing the product's weight by the drug's 

present-day dosage (in mg) (mg) 100 the drug content might 

possibly be determined using rp - hplc HPL Ctechniques. 

Singh et al. determined the primaquine concentration using 

this technique and observed a 95% cellular uptake of the 

produced nanofluids. 

 

10.2 Determination of particle size and polydispersity 

index (PDI) 

an angle-fixed mean value that is affected by particle size 

The estimated photoelectron time-correlation function 

produces a histogram of the line width distribution, which 

may be used to calculate the particle size. A calibrated 

portion of the product is combined of the double water to 

create a homogeneous dispersion. To measure the particle 

size and PDI, the mixed solution must be applied straight 

soon. 

 

10.3 Determination of zeta potential 

The zeta potential is a method for calculating the surface 

characteristics of microorganisms in liquid. The parameter, 

which is used to forecast the stability of a dispersion, may 

change depending on the drug, polymer, vehicle, accessible 

electrolytes, and their adsorption. A Malvern Zetasizer 

instrument is used to measure it. Zeta potential is calculated 

by diluting nanoemulsion and is based on the 

electrophoretic mobility of oil droplets. Zeta potentials of 30 

mV are thought to be adequate to ensure the physical 

stability of the nanoemulsion. Using the Malvern Zetasizer, 

Orevi et al. calculated the zeta potential of a risperidone 

nanoemulsion and discovered that it was around -50 mV. 

 

10.4 Morphological study of nanoemulsion 

A thin foil specimen is impacted on by an electron beam and 

is passed through by it. These incoming electrons become 

inscattered, elastically scattered, or inelastically scattered 

when they come into contact with the specimen. The 

distance of the objective lens from the sample and its image 

plane determine the Transmission Researchers utilise 

electron microscopy to examine the morphology of 

nanoemulsions (TEM). TEM magnification The density of 

un-scattered electrons determines the type of picture that is 

produced by the electromagnetic lenses, which can produce 

electron diffraction, an amplitude-contrast image, a phase-

contrast image, or a phantom image of discrete blackness. 

Diffraction modes and bright field imaging at increasing 

magnification are employed. A few drops of lyophilized 

nanoparticle suspension or a nanoemulsion are produced in 

double-distilled water and immobilised on a holey film grid 

to perform TEM. drained from the grid and dyed after 

immobilisation. The dyed nanoparticles are then scrutinised 

at a particular voltage. Primaquine nanoemulsion has a 

spherical form and a smooth surface, according to Singh et 
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alinvestigation's using TEM into the surface morphological 

properties of the substance. 

 

10.5 Atomic force microscope (AFM) 

With the advent of AFM, it is now possible to study the 

surface properties of microemulsion compositions. 

Nanoemulsions are mixed with water and drop-coated onto 

a glass slide to conduct AFM. Following oven drying, the 

coated droplets are scanned at a distance of about 100 m. 

AFM analysis of the carvedilol nanoemulsion by Drais et al. 

revealed the formulation to have good stability and 

diameters ranging from 42 to 83 nm. 

 

10.6 In vitro drug release study 

In vitro drug release studies can be used to predict the 

efficacy of medication formulations in vivo. Calculating the 

in vitro release rate of a drug frequently uses a USP 

dissolving apparatus. The drug corresponding to 10 mg of 

dry nanoparticles or nanoemulsion was dissolved in buffer 

before being placed in dialysis membrane pouches and a 

flask containing buffer. At a stirring speed of 50 rpm, the 

experiment is run at 370.5°. The sample is removed and 

replaced with the same volume of fresh dissolving medium 

on a regular basis. The sample's absorbance is measured 

spectrophotometrically at a certain wavelength after 

dilution. The absorbance of the sample is used to calculate 

the percentage of drug release at different time periods. 

There is a calibration curve. Kotta et al. examined the in 

vitro drug release profile of an anti-HIV nanoemulsion 

using a dissolving equipment type II and found that 80% of 

the drug was released in 6 hours [58]. 

 

10.7 In vitro skin permeation studies 

The Keshary Chien-diffusion cell is used to study 

permeation both in vitro and ex vivo. Most Rat skin 

separates the donor and receiver chambers of diffusion cells. 

The receiver chamber is filled with fresh water and 20% 

ethanol before being heated to a constant 37° and 

continuously stirred at 300 rpm. In the donor chamber are 

the formulae kept. A predefined volume (0.5 ml) of the 

receiver chamber's solution was removed for gas 

chromatographic analysis at predetermined intervals, such 

as 2, 4, 6, or 8 hours, and then immediately replaced with a 

fresh amount of the same solution. Every sample receives 

three runs. Utilizing cumulative adjustments, the total 

quantity of medicine that has permeated through the rat 

skins at each time point is determined and plotted against 

time. The slope of the plot is used to calculate the steady-

state drug penetration rates. Using a Franz diffusion cell, 

Harwansh et al. assessed the transdermal permeability of 

glycyrrhizin through human cadaver skin and found that 

nanoemulsion formulations had higher permeability than 

conventional gels [59]. 

 

10.8 Stability studies 

Stability studies are carried out to assess a medicinal 

substance's stability under various environmental 

circumstances, such as temperature, humidity, and light. 

After storing the formulation for 24 months in a dispersed 

and freeze-dried state, testing for nanoemulsion stability are 

carried out in compliance with ICH criteria. The required 

amount of nanoemulsion is stored in tightly sealed glass 

vials. Samples are gathered and evaluated for characteristics 

such particle size, loading, and EE as well as the in vitro 

drug release profile at regular intervals. Singh et al. 

performed stability tests on nanoemulsion after three months 

of storage at 25°/60% RH and 30°/65% RH and discovered 

no change in viscosity, drug content, or particle size [60]. 

 

10.9 Thermodynamic stability studies 

The usual format for studies on thermodynamic stability 

consists of three sections. A heating-cooling cycle is first 

performed to determine whether the stability of a 

nanoemulsion is affected by the changing temperature 

conditions. The second method involves centrifuging the 

created nanoemulsions for 30 minutes at 5000 rpm while 

checking for any phase separation, creaming, or cracking. 

For those who showed no indicators of instability, the 

freeze-thaw cycle is utilised. The third method, known as 

the freeze-thaw cycle, involves subjecting nanoemulsion 

compositions to three cycles of freezing and thawing at 

temperatures ranging from -21° to +25°. A formula is said 

to have strong stability if it successfully passes this test with 

no signs of instability. The effectiveness of self-

emulsification is then assessed using dispersibility tests on 

these formulations. The glipizide nanoemulsion was 

subjected to three thermodynamic studies by Srilatha et al., 

who found that it was physically stable and showed no signs 

of phase separation, creaming, or cracking [61]. 

 

10.10 Dispersibility studies 

Utilizing common USP XXII dissolving apparatus, 

dispensability tests are conducted to gauge the effectiveness 

of self-emulsification of nanoemulsion. 500 cc of distilled 

water that has been heated to 370.5° is mixed with 2.1 ml of 

each combination. Simple stainless steel dissolving paddles 

rotate at 50 rpm to give little agitation. The grading system 

that is discussed in more detail below is used to assess how 

well the nanoemulsion formulations performed in vitro. 

Grade A nanoemulsions develop quickly-within a minute-

and appear transparent or blue. Grade B nanoemulsions 

have a bluish-white colour and develop swiftly, however 

they are a little less clear. In less than two minutes, grade C 

nanoemulsions-fine, milky emulsions-form. Grade D 

emulsions take longer to form (>2 min), have a dull, 

greyish-white colour, and seem a little oily.  

 

10.11 Determination of viscosity 

An important stage in the physicochemical characterization 
of a nanoemulsion is the investigation of its viscosity. A few 
of the tools used to test viscosity are the Hoeppler falling 
ball viscometer, the Stormer viscometer, the Brookfield 
viscometer, and the Ferranti-Shirley viscometer. The 
Brookfield viscometer is the device that is most frequently 
used to gauge the viscosity of nanoemulsions. The viscosity 
of the system may be measured to ascertain it. If the 
emulsion is O/W or W/O. Low viscosity systems of the 
O/W type exist, but high viscosity systems indicate the 
presence of a water-in-oil system. The equipment that is 
presently most often used is the survismeter, which 
measures the hydrodynamic volumes, particle sizes, surface 
tension, viscosity, interfacial tension, contact angle, and 
dipole moment of nanoemulsions. Using a Brookfield cone 
and plate rheometer, Shafiq et al. measured the viscosity of 
ramipril nanoemulsion formulations and discovered that the 
formulations had a viscosity of less than 21 cP, with a 
minimum viscosity of 10.68 cP [62]. 
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10.12 Refractive index 
The index of refraction reveals the transparency and 
medium properties of the nanoemulsion. To calculate the 
medium's refractive index (n), multiply the wave speed of 
the reference medium by the phase speed of the wave in the 
medium (vp) (c). By placing a drop of the substance on a 
slide and comparing it to the refractive index of water, the 
Abbes type refractometer may be used to estimate the 
optical properties of the nanoemulsion at 250.5°. (1.333). A 
nanoemulsion whose refractive index is the same as or 
greater than that of water is referred to be "transparent." 
Using an Abbe refractometer, Harika et al. determined the 
refractive index of a fluconazole nanoemulsion and 
discovered that it was comparable to the value of the 
standard of water [63]. 
 
10.13 Percent transmittance 
The % transmittance of a manufactured nanoemulsion is 
determined using pure water as a blank and a UV 
spectrophotometer operating at a certain wavelength. If a 
nanoemulsion's percent transmittance is demonstrated to be 
more than 99%, it is termed transparent. 
 

10.14 pH and osmolarity measurements 
The pH of a nanoemulsion is measured using a pH metre, 
and its osmolarity is determined using a microosmometer 
using the freezing point method. This is done by transferring 
100 l of nanoemulsion into a microtube and taking 
measurements. When Morsi et al. used a pH metre to 
measure the acetazolamide nanoemulsion's pH, they found 
that it ranged from 4.9 to 5.5, indicating that it was suitable 
and non-irritating for use in the eye [64]. 
 

10.15 Dye solubilisation 
When a water-soluble dye is applied to an O/W 
nanoemulsion, the colour will spread equally, but if a W/O 
emulsion is utilized, the dye will only stay in the dispersed 
phase. By examining the emulsion under a microscope, this 
may be discovered. By adding a water soluble dye called 
eosin yellow to the formulation and analysing it under a 
microscope, Laxmi et al. conducted the test on an 
artemether nanoemulsion. When they examined the label on 
the aqueous continuous phase, they discovered that the oily 
dispersed phase was still unlabeled, and the kind of 
nanoemulsion that was produced was confirmed to be O/W. 
 

10.16 Dilutability test 
The aim of the dilution test is to demonstrate that higher 
amounts of a continuous phase may be introduced to a 
nanoemulsion without compromising its stability. As a 
result, W/O nanoemulsions undergo a phase inversion to 
become O/W nanoemulsions rather than being diluted with 
water. W/O nanoemulsions can only be diluted with oil. 
They used water to evaluate the nanoemulsion's dilutability, 
and they concluded that their formulation for nanoemulsions 
is stable since they saw no signs of phase inversion or 
precipitation [65]. 
 

11. Future prospect 
Scientists from all around the world are interested in the 
very prospective uses of nanoemulsions in the food, 
agricultural, healthcare, and cosmetics industries. They can 
be used as delivery vehicles for phytochemicals and other 
bioactive compounds in the food business and the pesticide 
industry. The production of alcohol-free perfume 

formulations and the delivery of medications and vaccines 
are two other recent noteworthy uses for nanoemulsions. 

Despite having a wide range of uses, nanoemulsions have 

certain drawbacks because the emulsified products have 

limited stability and gradually deteriorate over time when 

kept in storage. These limitations result from the Ostwald 

ripening, which restricts their long-term use. The usage of 

emulsifiers, which may enter the food chain and might build 

up in the body, is another significant disadvantage. 

Additionally, emulsification processes take time to master 

and demand specialised labour to carry out correctly. 

Overall, advantageous uses for the benefits of 

nanoemulsions in various fields exceed their drawbacks, and 

Future research should concentrate on na's toxicological 

characteristics. Nanoemulsions are expected to play a 

significant role in the future development of effective 

cosmetics for the skin and hair due to their exceptional 

ability to make non-polar chemicals soluble as well as their 

many other advantages. As a result, for a variety of 

pharmaceutical applications, nanoemulsions are 

recommended as an effective new drug delivery technology. 

Innovative drug delivery systems can administer bioactive 

substances in a number of ways because they are adaptable. 

One of the unique qualities that is highly acknowledged in 

the current modern period is the parenteral administration of 

nanoemulsions for controlled medicine delivery and 

nutritional need starved drug delivery. 

When employed as a medication delivery strategy for the 

eyes, pharmacological preparations seem to be more stable 

than formulations in solution forms. Undoubtedly, the 

pharmaceutical and industrial sectors must advance their 

technology in order to produce nanoemulsions, but this may 

only be noticeable temporarily. As an alternative, if this 

procedure is used. Only a few simple steps are required to 

create diverse nanoemulsions, which will more than make 

up for the time-consuming and monotonous procedures used 

to create other items In addition to the transdermal, parental, 

ocular, intranasal, pulmonary, and vaccine drug delivery 

systems, they can be an efficient drug delivery method for 

phytopharmaceuticals, which can give financial resources 

for the pharmaceutical sector. 

The rivalry will undoubtedly drive down production costs if 

other industries adopt nanoemulsion production. 

Additionally, important studies in the area of emulsifiers 

and surfactants will lead to the cost-effective usage of 

surfactants. Since nanoemulsions are already widely used in 

the creation of a variety of adaptable products in the 

medical, cosmetic, and other industries. The broad 

application potential in the fields of engineering, agriculture, 

and the physical and chemical sciences can yield 

encouraging results. noemulsions by creating innovative 

environmentally friendly formulation technologies. 

 

12. Conclusion 

The results of the current study showed that a nanoemulsion 

formulation for solubility improvement that contained 

Econazole Nitrate 6 was effectively made using the 

spontaneous emulsification method. The topical medication 

administration is 7. More tolerant of nanoemulsion. 

Conazole was effectively incorporated into a workable 

carrier system using gasoline, span 80 (a surfactant), and 

oleic acid. According to the composition and medication 

loaded in the nanoemulsion, several formulations were 

developed. F5's formulated formulation has a superior 
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release profile than the competition. The aforementioned 

findings suggest that nanoemulsion drug delivery systems 

may be helpful for topical administration in the management 

of fungal diseases, but more animal testing is necessary 

before they can be put to commercial use. Since 

nanoemulsion have the ability to dissolve compounds that 

are insoluble in water, they are employed in numerous 

applications in pharmacies, including medication delivery 

systems. Drug, diagnostic, and biological material 

distribution is greatly improved by nanoemulsion. 

Additionally, it increases medication solubility and 

bioavailability because it is a protected labile drug. 
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