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Abstract— Nanoemulsion technology has gained 

significant attention in recent years as an advanced 

approach for improving the performance of topical 

cosmetic formulations. Nanoemulsions are nanosized 

dispersions of oil and water stabilized by surfactants, 

offering advantages such as enhanced stability, improved 

solubility of active ingredients, and superior skin 

penetration. These properties make them highly suitable 

for modern cosmetic applications, including 

moisturizers, sunscreens, anti-aging, and anti-acne 

products. 

This review highlights the fundamental aspects of 

nanoemulsions, including their composition, types, 

preparation methods, and key physicochemical 

characteristics. Special emphasis is given to recent trends 

such as green nanoemulsions, herbal-based systems, 

nanoemulsion-based gels and creams, targeted skin 

delivery, and stimuli-responsive formulations. These 

advancements focus on improving safety, sustainability, 

and overall product effectiveness. 

In addition, the review discusses the applications, 

advantages, limitations, and regulatory considerations 

associated with nanoemulsion-based cosmetics. Despite 

certain challenges, continuous innovations and 

technological developments are expected to enhance 

their commercial viability. Overall, nanoemulsion 

technology represents a promising and evolving platform 

for the development of safe, effective, and consumer-

friendly cosmetic products. 
 

Index Terms— Nanoemulsion, Cosmetics, 

Technology, Formulation 

 

I. INTRODUCTION 

 

Nanotechnology has significantly changed the 

cosmetics industry in recent years, particularly with 

the creation of nanoemulsions.[1] Because of these 

systems' minuscule droplet size, active chemicals are 

better delivered to the skin, increasing the efficacy of 

cosmetic goods.[2] In contrast to traditional creams, 

nanoemulsions provide improved skin penetration, 

stability, and a smooth, non-greasy feel, all of which 

boost consumer acceptance.[3] Natural chemicals, 

environmentally friendly surfactants, and 

sophisticated preparation techniques are becoming 

more and more popular in nanoemulsion-based 

formulations.[4] Nanoemulsions are being 

investigated extensively in goods such as anti-aging 

lotions, sunscreens, and moisturisers due to these 

benefits. The latest developments and trends in 

nanoemulsion technology for topical cosmetic 

applications are highlighted in this study.[5] 

 

II. BASICS OF NANOEMULSIONS 

 

With droplet sizes usually in the nanometre range, 

nanoemulsions are tiny dispersions of water and oil 

stabilized by surfactants. Because they can enhance 

the solubility, stability, and distribution of active 

substances via the skin, they are frequently utilized in 

cosmetic formulations.[6] 

2.1 Definitions and Characteristics 

With droplet sizes ranging from 20 to 200 nm, 

nanoemulsions are kinetically stable but 

thermodynamically unstable systems. Their large 

surface area and transparent or translucent appearance 

improve medication loading and skin penetration. 

Additionally, these systems have a smooth, non-

greasy texture and good spreadability.[7] 

 

2.2 Types of Nanoemulsion 

Oil-in-water (O/W), where oil droplets are 

disseminated in water; water-in-oil (W/O), where 

water droplets are scattered in oil; and bicontinuous 

systems, where both the oil and water phases are 

interconnected, are the three primary categories of 

nanoemulsions. O/W nanoemulsions are the most 

widely used of these in cosmetic applications because 

of their superior skin feel and simplicity of use.[8] 
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Fig. 1: Illustration of nanoparticle skin penetration 

pathways.[36] 

 

III. COMPONENTS OF NANOEMULSIONS 

 

Key components of nanoemulsions include water, oil, 

surfactants, and co-surfactants, all of which are crucial 

to the stability and effectiveness of the formulation.[9] 

While the water phase creates the continuous media, 

the oil phase aids in the dissolution of lipophilic active 

substances. While co-surfactants further improve the 

system's flexibility and stability, surfactants lower 

interfacial tension and stabilise the droplets.[10] A 

successful and aesthetically pleasing nanoemulsion 

formulation depends on the precise selection and ratio 

of these constituents.[11] 

 

IV. METHODS OF PREPARATION 

 

Specialised methods are used to create nanoemulsions, 

which aid in droplet size reduction and stability 

enhancement.[12] Depending on how much external 

energy is used during formulation, these techniques 

can be generally divided into high-energy and low-

energy approaches.[13] 

4.1 High-enenrgy methods 

High-energy techniques reduce droplets to nanoscale 

sizes using mechanical tools including ultrasonication, 

microfluidizers, and high-pressure homogenisers.[14] 

These methods are popular because they can create 

consistent and stable nanoemulsions, but they could 

need more energy and expensive equipment.[15] 

 
Fig. 2: Phase inversion temperature method of 

nanoemulsion preparation.[37] 

 

4.2 Low energy methods 

Low-energy techniques use the system's 

physicochemical characteristics, like phase inversion 

and spontaneous emulsification, to create 

nanoemulsions without requiring a lot of mechanical 

energy.[16] These methods are becoming more and 

more common in contemporary cosmetic formulations 

since they are economical, energy-efficient, and 

appropriate for heat-sensitive chemicals.[17] 

 

V. CHARACTERISTICS OF NANOEMULSIONS 

 

The exceptionally small droplet size of nanoemulsions 

typically between 20 and 200 nm provides a wide 

surface area and improves the transport of active 

substances through the skin.[18] They often have a 

translucent or transparent appearance, strong 

kinematic stability, and resistance to flocculation, 

coalescence, and creaming.[19] 

Additionally, the smooth texture, excellent 

spreadability, and non-greasy feel of nanoemulsions 

are desired cosmetic qualities that increase consumer 

acceptability.[20] They are ideal for topical cosmetic 

applications due to their capacity to improve 

bioavailability and increase the solubility of poorly 

water-soluble substances.[21] 

 

VI. RECENT TRENDS IN NANOEMULSION 

TECHNOLOGY 

 

The performance, sustainability, and safety of 

cosmetic formulations are the main goals of recent 

developments in nanoemulsion technology.[22] To 

satisfy consumer and regulatory demands, modern 
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strategies place a strong emphasis on the use of 

environmentally friendly ingredients, improved 

delivery systems, and creative formulation 

processes.[23] 

6.1 Green Nanoemulsions 

Biodegradable, non-toxic, and eco-friendly oils and 

surfactants are used in green nanoemulsions. These 

formulations are particularly sought after in 

sustainable cosmetic development since they enhance 

safety and lessen their negative effects on the 

environment.[24] 

 

6.2 Herbal/Plant Based Nanoemulsions 

Aloe vera, neem, and curcumin are examples of plant-

derived active compounds used in herbal 

nanoemulsions. These systems improve natural 

chemicals' stability and skin penetration, boosting 

their efficacy in cosmetic applications.[25] 

 

6.3 Nanoemulsion based gels and creams 

Gels and creams are increasingly using nanoemulsions 

to enhance their texture, spreadability, and visual 

appeal. Better skin feels, quicker absorption, and 

improved active ingredient delivery are all provided 

by these formulations.[26] 

 

6.4 Targeted Skin Delivery Systems 

Cutting-edge nanoemulsion systems are made to target 

specific skin layers with active chemicals. This 

tailored distribution guarantees regulated release of 

cosmetic actives, increases efficacy, and minimises 

negative effects.[27] 

 

6.5 Stimuli Responsive Nanoemulsions 

In reaction to external stimuli like pH, temperature, or 

light, stimuli-responsive nanoemulsions are made to 

release active components. These intelligent solutions 

provide a bright future for cosmetic technology by 

providing site-specific and regulated activity.[28] 

 

VII. APPLICATIONS IN COSMETICS 

 

Because they can improve the distribution and efficacy 

of active substances, nanoemulsions are frequently 

utilised in cosmetic compositions. They operate better 

than traditional products because of their small droplet 

size, which enhances skin penetration.[29]  

Products including moisturisers, sunscreens, anti-

aging creams, and anti-acne formulas frequently 

contain them. Additionally, nanoemulsions enhance 

cosmetic products' texture, spreadability, and overall 

visual attractiveness by giving them a smooth, non-

greasy feel that boosts customer satisfaction.[30] 

 

 
Fig. 3: Different nanoemulsion based cosmetic 

products. 

 

VIII. ADVANTAGES AND LIMITATIONS 

 

In comparison to traditional methods, nanoemulsions 

have a number of benefits for cosmetic formulations, 

such as improved skin penetration, increased solubility 

of active chemicals, and improved stability.[31] They 

also provide desirable aesthetic properties such as 

smooth texture, high spreadability, and a non-greasy 

feel, which improve user acceptance and product 

performance.  

Nevertheless, nanoemulsions have certain drawbacks, 

such as the requirement for high surfactant 

concentrations, which in certain situations may irritate 

the skin. Furthermore, the formulation process may be 

complicated and call for specialised tools, which raises 

the cost of manufacture. Concerns about nanoparticles' 

long-term stability and regulations continue to be 

significant obstacles.[32] 

 

IX. FUTURE PERSPECTIVES 

 

With continuous research aimed at creating safer, 

more efficient, and greener formulations, 

nanoemulsion technology in cosmetics has a very 

bright future.[33] The future generation of cosmetics 

is anticipated to be driven by innovations including the 

use of natural chemicals, biodegradable surfactants, 
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and energy-efficient preparation techniques.[34] 

Furthermore, cutting-edge methods like intelligent 

delivery systems, customised skincare, and 

incorporating AI into formulation creation are 

becoming more popular. These advancements are 

intended to improve product performance, guarantee 

focused action, and satisfy changing consumer and 

regulatory requirements.[35] 

 

X. CONCLUSION 

 

Nanoemulsion technology has emerged as a highly 

promising method in the realm of topical cosmetic 

applications, because to its capacity to improve 

stability, skin penetration, and aesthetic 

characteristics. Its potential in contemporary 

cosmetics has been further increased by the use of 

natural substances, eco-friendly components, and 

sophisticated formulation techniques. Innovation in 

this field is becoming increasingly important, as 

evidenced by recent trends including stimuli-

responsive delivery, herbal-based systems, and green 

nanoemulsions. It is anticipated that ongoing research 

and technical developments will overcome some 

obstacles pertaining to cost, safety, and regulatory 

concerns.  

All things considered, nanoemulsions are a major 

advancement in cosmetic science, providing efficient, 

secure, and user-friendly solutions for the creation of 

skincare products of the future. 
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