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ABSTRACT 

Nanoemulsions are recognized as essentially thermodynamically unstable colloidal systems, transparent, 

monodisperse, and kinetically stable. Currently, they have aroused particular attention of different industrial 

fields. With a structure constituted by nano droplets with a size between 20 and 200 nm surrounded by 

surfactant, forming a w/o or o/w, these systems have many advantages compared to conventional emulsions for 

practical applications in the chemical, pharmaceutical and cosmetic industries.Currently, there is a need to 

determine the optimum conditions in which these systems are formed. Such factors should be considered when 

choosing the type of surfactant, oil, and phases concentrations, in order to achieve their application as drug 

delivery systems. 
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INTRODUCTION 

Nanoemulsion is emulsion comprising of small 

droplets in the size range of 20-200nm, which are 

also known as mini-emulsion, ultrafine emulsion, or 

submicron emulsion [1-6]. It is a heterogeneous 

mixture, consisting of two immiscible phase which 

are oil phase and aqueous phase [7].Recently, 

nanoemulsions, a form of emulsion based drug 

delivery systems have been commonly used due to 

their easy production, high physical stability and 

better bioavailability [8].There are three types of 

nanoemulsions which vary with its composition: oil 

in water, water in oil, multiple emulsions. The 

differences between nanoemulsion and emulsion are 

listed below [9]. 

 

With oil, surfactants and aqueous phase, 

nanoemulsion can be formulated. The surfactants 

used for formulation of nanoemulsion are tween 80, 

poloxamer, PEG (>4000) etc [11]. Nanoemulsion is 

frequently used lately because of the benefits it 

brings in various aspects such as antibiotics, DNA 

encoded drug, delivery of vaccine, cosmetic and 

topical preparation. It can be administered through 

different routes of administration like oral, ocular, 

transdermal, pulmonary, parenteral etc [12,13]. The 

merits and demerits of nanoemulsion are shown as 

following. 

 

 

 

 

 

 

 

 

 

Nanoemulsion: 

 Thermodynamically and kinetically stable 

 Clear and translucent 

 Higher free energy 

 Larger surface area to volume 

 Required less surfactant 

 Required/Does not required high energy input 

Microemulsion: 

 Unstable 

 Cloudy 

 Less free energy 

 Smaller surface area to volume 

 Required more surfactant 

 Required high energy input 

Merits: 

 It is thermodynamically and kinetically stable. 

Thus, no flocculation, aggregation, creaming 

and coalescence. 

 No toxicity and irritation. 

 It has various routes of administration. 

 It is able to deliver both polar and non-polar 

drugs. 

 Nanoemulsion has nano sized droplets, so 

surface area is larger. Hence, the rate of 

absorption is increased and better 

bioavailability. 

 It does not cause damage to the human or 

animal cell. Therefore, it is proper for human 

and animal uses. 

 It prevents the drug from being hydrolyzed and 

oxidized because of encapsulation. It also 

masks the taste of the drug. 
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 It improves the permeability of drug through the skin barrier. 

Demerits: 

 Large amount of surfactants is required to 

improve the stability. 

 Temperature and pH will affect its stability. 

 Instability occurs due to Ostwald ripening. 

FORMULATION TECHNIQUES OF 

NANOEMULSION 

Nanoemulsions can be prepared by two types of 

methods: high-energy and low-energy methods. In 

high-energy methods, specialized mechanical 

devices are used to fragment droplets into fine 

particles, for example, high pressure valve 

homogenizers, sonicators, microfluidizers etc. [8, 

14, and 15]. On the other hand, low-energy method 

can form very fine particles spontaneously due to 

controlled changes in the solution settings or 

environment. [14,16]. Low-energy method, for 

instance, spontaneous emulsification is more 

commonly used as compared to high-energy 

methods because of their cheaper preparation 

expenses, ability to form smaller sized particles and 

simple production techniques [14]. 

 

Spontaneous emulsification: 

It is one of the simplest low-energy methods used 

for production of nanoemulsion. This method only 

involves the addition of one phase into another 

phase with nonstop stirring in order to form a 

nanoemulsion spontaneously. The oil phase 

containing oil and surfactant is added to the aueous 

phase with slight stirring [16-19]. 

 

High Pressure Homogenizer: 

In this method, heated and filtered oil phase is 

added to the aqueous phase which is previously 

heated and pH adjusted. Suitable concentrations of 

emulsifiers are added to stabilize the mixture which 

is then undergoes rapid cooling. The cooled 

mixture is inserted into the high pressure 

homogenizer with the pressure of 500-2000 psi to 

subject the product to intense turbulence and 

hydraulic shear resulting in the formation of nano 

sized particles [9,19,20]. 

 

Microfluidization: 

A quickly flowing stream of premixed emulsion are 

passed through stainless steel micro channels to 

form strong dimensional flow by using a pump of 

500-20,000psi. Therefore, very fine particles with 

submicron size are produced. The premixed 

emulsion is circulated through the microfluidizer 

continuously until the desired particle size is 

obtained [7,13,19].  

Ultrasonic Agitation: 

The premixed emulsion is break down into nano 

particles when it was agitated at ultrasonic 

frequency of 20kHz. In order to form even particle 

size distribution, the emulsion is recirculated 

through high shear region. The water jacket is used 

in this method to regulate and maintain the 

temperature. Ultrasonic frequency is practiced 

because of its ability to fragment the particle size 

into very fine particles [19,21,22]. 

 

Phase Inversion: 

Phase inversion can produce nanoemulsion as a 

result of changing the composition and maintaining 

the constant temperature or vice versa [19]. 

 

EVALUATION OF NANOEMULSION 

Particle size: 

Particle size can be determined by photon 

correlation spectroscopy. The nanoemulsion is 

diluted with appropriate amount of 0.2µm double 

filtered distilled water before applying to the 

photon correlation spectrometer. In addition, 

dynamic light scattering spectrophotometer can also 

determine the particle size and particle distribution. 

This technique is carried out at 90⁰ with a neon 

laser of wavelength 632nm [23,9]. 

Zeta potential: 

Malvern Zetasizer Nano Range can measured the 

zeta potential of the product. Zeta potential 

determines the surface charge of nanoemulsion 

using a mini electrode [24]. 

Turbidity: 

By measuring the absorbance of undiluted 

nanoemulsion at wavelength 600nm using Hitachi 

U-2000 spectrophotometer, the turbidity of the 

nanoemulsion can be determined [25]. 

Refractive index: 

The refractive index of nanoemulsion can be 

measured with refractometer, for example, Milton 

Roy Abbe-type refractometer [25]. 

Viscosity: 

Rotary viscometer is used to measure the viscosity 

of the nanoemulsion. They possess very low 

viscosity [9,26, 27].    

Drug content: 

Quantity of drug contained in the nanoemulsion can 

be estimated by Western Blot technique [11, 28]. 
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SIGNIFICANCE OF NANOEMULSION 

In food industry: 

Nanoemulsions are used to encapsulate active 

therapeutic ingredients for food and beverage 

products supplementation to improve and uniform 

the bioavailability of the active therapeutic 

molecules. They are able to protect the food or 

beverage supplement from the alteration of its 

organoleptic properties and shield the content until 

its discharge at the desired site of action. Moreover, 

they can maintain the nutritional characteristics of 

the active molecules from degradation during the 

preparation and storage stages [29-31]. 

 

In cosmetic industry: 

Nanoemulsions are beneficial system for use in the 

cosmetics because the active molecules are easily 

absorbed to produce efficient effect as a result of 

the submicron sized particles and minimize the loss 

of water from the skin. Flocculation and creaming 

are not taking place resulting in production of a 

more attractive and stable formulation. They are 

frequently used as creams and moisturizer 

[7,13,32,33]. 

 

Oral delivery system of drug: 

As a result of its submicron particle size, the 

bioavailability of poor soluble drug administered 

via oral route is increased. Nanoemulsion is also 

able to integrate non-polar drug in oil phase [13,34]. 

Transdermal delivery system of drug: 

Active drug molecules can be introduce into the 

nanoemulsion and crossed the cell membrane [35]. 

Nanoemulsion acts as a carrier for the delivery of 

drug molecules across the stratum corneum of skin 

due to its rapid permeation through the skin and 

stability [36]. 

 

In chemotherapy: 

One of the targeted-drug delivery methods is 

depended on the point that tumor cells required 

high amount of cholesterol for targeted- drug 

delivery to cancer cells [37-39]. Nanoemulsions 

consisting high cholesterol are able to target the 

anticancer drug to cancerous cells [40-42]. 

As anti-microbial drug 

 

Oil in water (O/W) nanoemulsion with a broad 

spectrum activity against bacteria, enveloped 

viruses, spores and fungi are used as antimicrobial 

agent. They are droplets attached with organisms 

consisting of lipid and discharge part of the energy 

within the emulsion. The lipid membrane of 

pathogen is destabilized by active therapeutics 

molecule and energy released from the emulsion, 

resulting to the lysis of the pathogen cell [43,44].  

 

In cell culture: 

Due to their ability to improve uptake of oil soluble 

substance in cell culture and increase the growth of 

culture cell, nanoemulsion are used in cell culture 

technology. 

As mucosal vaccines: 

Nanoemulsion can deliver inactivated organism and 

recombinant protein to a mucosal surface via needle 

free injection because of its ability to cause the 

protein surface to be adjuvanted and therefore 

assists uptake by antigen-presenting cells [13,34]. 

 

CONCLUSION 

Nanoemulsions are extensively used in 

pharmaceutical formulations. Nanoemulsion 

formulation deals numerous advantages such as 

delivery of drugs, biological or diagnostic agents. 

The most significant application of nanoemulsion is 

for masking the unpleasant taste of oily liquids. 

Nanoemulsion may also protect the drugs, which 

are susceptible to hydrolysis and oxidation. 

Nanoemulsions are lipophilic drug carrier. As a 

result of good permeation through the skin barrier 

and low irritancy, it is suitable for transdermal drug 

delivery systems. Nowadays, they are widely used 

in various industry such as cosmetic, food and 

beverage, pharmaceutical and etc. because of their 

submicron particle size and many other advantages. 

More research work and development should be 

done to explore their uses in other fields. 
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