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 ABSTRACT 

Spearmint oil (Mentha spicata) is a natural essential oil widely known for its antimicrobial, anti-inflammatory, 

antioxidant, and therapeutic properties. It contains several bioactive compounds such as carvone, limonene, 

menthone, and 1,8-cineole, which contribute to its strong antibacterial activity against various pathogenic 

microorganisms, including Staphylococcus aureus, Escherichia coli, and Pseudomonas aeruginosa. Due to these 

properties, spearmint oil has attracted significant attention in pharmaceutical and cosmetic research, particularly for 

the development of topical formulations used in the treatment of skin infections, acne, and wound healing. 

However, the direct application of spearmint oil in conventional formulations is limited because of its high volatility, 

poor water solubility, and susceptibility to degradation under environmental conditions such as light, heat, and 

oxygen. To overcome these limitations, various nanocarrier-based drug delivery systems such as nanoemulsions, 

liposomes, solid lipid nanoparticles, polymeric nanoparticles, and nanogels have been developed. These advanced 

delivery systems improve the stability, bioavailability, and controlled release of spearmint oil, thereby enhancing its 

therapeutic effectiveness. 

Nanocarriers also facilitate better penetration of the active compounds into biological membranes and skin layers, 

leading to improved antimicrobial activity. In addition, incorporation of spearmint oil into topical gel formulations 

provides several advantages, including ease of application, improved patient compliance, and localized drug 

delivery. Various characterization techniques, such as particle size analysis, polydispersity index, zeta potential 

measurement, and morphological studies are used to evaluate the quality and stability of nanocarrier formulations. 

This review highlights the phytochemical composition, pharmacological properties, nanocarrier-based delivery 

systems, characterization techniques, and antibacterial activity of spearmint oil formulations. Overall, 

nanotechnology-based spearmint oil formulations represent a promising approach for developing effective and stable 

topical antibacterial therapies. Future research focusing on advanced formulation strategies and clinical evaluation 

may further expand the pharmaceutical applications of spearmint oil. 
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1. INTRODUCTION 

Skin is the largest organ of the human body and acts as the first line of defense against microbial invasion. However, 

damage to the skin barrier due to cuts, burns, acne, wounds, or poor hygiene makes it susceptible to bacterial 

infections. Common bacterial skin infections include acne vulgaris, impetigo, folliculitis, cellulitis, and infected 

wounds, which are primarily caused by microorganisms such as Staphylococcus aureus, Escherichia coli, 

Pseudomonas aeruginosa, and  cutibacterium acnes. These infections significantly affect the quality of life and, if 

untreated, may lead to serious complications. Conventional topical antibacterial formulations mainly contain 

synthetic antibiotics. Although these agents are effective, their long-term use is associated with several drawbacks 

such as skin irritation, allergic reactions, development of antibiotic resistance, and disruption of normal skin 

microflora. Antibiotic resistance has become a global concern, creating an urgent need for alternative therapeutic 

approaches that are safe, effective, and eco-friendly. 

Herbal medicines have been used since ancient times and are gaining renewed interest due to their natural origin, 

biocompatibility, and minimal side effects. Herbal topical formulations, particularly gels, have emerged as promising 

alternatives for the treatment of skin infections. Gels offer several advantages, such as a non-greasy nature, easy 

application, better spreadability, rapid drug release, and improved patient compliance. 

Essential oils derived from medicinal plants are rich sources of bioactive compounds with antimicrobial properties. 

Among them, spearmint (Mentha spicata) oil has shown significant antibacterial, anti-inflammatory, antioxidant, 

and soothing effects on the skin. Incorporation of spearmint oil into a gel base enhances its stability and facilitates 

controlled release at the site of infection. 

The present review aims to provide a comprehensive and detailed overview of the formulation and evaluation of 

spearmint oil loaded herbal gel for antibacterial activity, focusing on formulation  strategies, evaluation parameters, 

antibacterial mechanisms, and future prospects.  

 

2. THERAPEUTIC BENEFITS 

Spearmint oil loaded herbal gel offers multiple therapeutic benefits due to the synergistic action of bioactive 

phytoconstituents present in spearmint oil and the advantages of a topical gel delivery system. These therapeutic 

effects make it a promising formulation for the management of various  dermatological conditions. 
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2.1 Antibacterial Effect 

The primary therapeutic benefit of spearmint oil loaded herbal gel is its potent antibacterial activity. Spearmint oil 

contains bioactive compounds such as carvone, limonene, and 1,8-cineole, which exhibit broad-spectrum 

antibacterial action against both Gram-positive and Gram-negative bacteria. The gel formulation ensures prolonged 

contact of spearmint oil with the skin, resulting in effective inhibition of pathogenic microorganisms such as 

Staphylococcus aureus, Escherichia coli, Pseudomonas aeruginosa, and Cutibacterium acnes. This property makes 

the gel suitable for treating bacterial skin infections, acne, and infected wounds. 

 

2.2 Anti-Inflammatory Activity 

Inflammation is a common feature associated with bacterial skin infections. Spearmint oil exhibits significant anti-

inflammatory activity by inhibiting the release of inflammatory mediators such as prostaglandins and cytokines. 

Topical application of spearmint oil loaded gel helps reduce redness, swelling, and irritation at the site of infection, 

thereby promoting faster healing and improved patient comfort. 

2.3 Anti-Acne Effect 

Acne vulgaris is a chronic inflammatory skin disorder primarily caused by Cutibacterium acnes. Spearmint oil 

loaded herbal gel demonstrates effective anti-acne activity due to its antibacterial action against acne-causing 

bacteria and its ability to reduce inflammation and sebum production. The cooling and soothing nature of the gel 

further enhances its suitability for acne-prone skin, making it a valuable alternative to synthetic anti-acne products. 

2.4 Wound Healing Potential 

Spearmint oil possesses wound healing properties by preventing bacterial infection at the wound site and promoting 

tissue regeneration. The gel formulation maintains a moist environment, which is essential for optimal wound 

healing. The antioxidant constituents of spearmint oil help reduce oxidative stress, thereby accelerating the healing 

process of minor cuts, burns, and abrasions. 
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2.5 Antioxidant Activity 

Oxidative stress plays a crucial role in skin damage and delayed wound healing. Spearmint oil is rich in antioxidant 

compounds that neutralize free radicals and protect skin cells from oxidative damage. Incorporation of spearmint oil 

into a herbal gel enhances its antioxidant potential, contributing to improved skin health and protection against 

environmental stressors. 

2.6 Cooling and Soothing Effect 

One of the distinctive therapeutic benefits of spearmint oil loaded gel is its cooling and soothing effect on the skin. 

This property provides immediate relief from itching, burning sensation, and irritation commonly associated with 

bacterial skin infections and inflammatory conditions. The non-greasy gel base further enhances user acceptability 

and comfort. 

2.7 Reduced Risk of Antibiotic Resistance 

Unlike synthetic antibiotics, spearmint oil exerts its antibacterial effect through multiple mechanisms, such as 

disruption of cell membranes and inhibition of bacterial enzymes. This multi-target action reduces the likelihood of 

bacterial resistance development, making spearmint oil loaded herbal gel a safer long-term therapeutic option. 

2.8 Improved Patient Compliance 

The herbal gel formulation is aesthetically pleasing, easily spreadable, non-sticky, and washable, leading to 

improved patient compliance. The absence of harsh synthetic chemicals and minimal side effects further enhance its 

acceptability among patients of different age groups. 

3. NANOCARRIER-BASED SYSTEMS FOR SPEARMINT OIL 

Nanocarrier-based drug delivery systems have emerged as an advanced and effective approach for improving the 

therapeutic potential of herbal essential oils such as spearmint oil (Mentha spicata). Spearmint oil is well known for 

its wide range of pharmacological activities, including antibacterial, antifungal, anti-inflammatory, antioxidant, and 

anti-acne effects. These therapeutic properties are mainly attributed to the presence of bioactive constituents such as 

carvone, limonene, 1,8-cineole, and β-caryophyllene. Despite its significant medicinal value, the practical 

application of spearmint oil in pharmaceutical and dermatological formulations is limited due to its high volatility, 

poor water solubility, susceptibility to oxidation, and instability under environmental conditions. Additionally, direct 

application of spearmint oil at higher concentrations may cause skin irritation, which further restricts its clinical use. 

 Mechanism of action 1. Improved penetration 

2. Controlled release 

3. Antimicrobial Activity 

4. Anti-inflammatory action 

Bioactive compounds 1. Carvone 

2. Limonene 

3. 1,8-cineole 

4. β-Caryophyllene 

Applications 1. Anti-acne 

2. Antibacterial 

3. Dermatological 

4. Herbal Drug Delivery 

Table showing various roles of spearmint oil 
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Nanocarrier-based drug delivery systems provide an effective solution to overcome these formulation-related 

challenges by encapsulating spearmint oil within nanoscale carriers. Nanocarriers, typically ranging from 10 to 1000 

nm in size, protect the volatile components of spearmint oil from degradation and improve its physicochemical 

stability. Nano-encapsulation enhances the solubility and dispersion of spearmint oil in aqueous media, leading to 

improved bioavailability and consistent therapeutic performance. Moreover, the small particle size of nanocarriers 

increases the surface area and promotes better interaction with biological membranes, thereby enhancing skin 

penetration and drug retention at the target site. 

Various nanocarrier systems such as nano-emulsions, liposomes, solid lipid nanoparticles, nanostructured lipid 

carriers, polymeric nanoparticles, and nanogels have been explored for spearmint oil delivery. Nano-emulsions are 

particularly advantageous for topical applications due to their transparency, non-greasy nature, and enhanced 

antimicrobial activity. Lipid-based nanocarriers offer high biocompatibility and controlled drug release, while solid 

lipid nanoparticles and nanostructured lipid carriers provide improved stability and prolonged therapeutic action. 

Polymeric nanoparticles and nanogels further contribute to sustained release and improved skin compatibility, 

making them suitable for anti-acne and antibacterial formulations. 

The enhanced therapeutic efficacy of nanocarrier-loaded spearmint oil is mainly due to improved penetration into 

skin layers, prolonged contact time with microbial cells, and controlled release of active constituents. Nanocarriers 

facilitate disruption of bacterial cell membranes, leading to leakage of intracellular components and inhibition of 

microbial growth. In dermatological applications, such systems allow deeper penetration into hair follicles and 

sebaceous glands, which play a crucial role in acne pathogenesis. Consequently, nanocarrier-based formulations 

achieve superior antimicrobial and anti-inflammatory effects at lower doses compared to conventional formulations. 

In conclusion, nanocarrier-based drug delivery systems significantly improve the stability, safety, and therapeutic 

efficacy of spearmint oil. By addressing the limitations associated with conventional delivery methods, 

nanotechnology enables the development of advanced pharmaceutical and dermatological formulations with 

enhanced clinical performance. Nanocarrier-loaded spearmint oil holds strong potential for future applications in 

antimicrobial therapy, acne management, and herbal drug delivery systems. 

 

3.1 Nanocarrier-based formulation approaches for spearmint oil 

Spearmint oil (Mentha spicata) is a volatile herbal essential oil widely recognized for its antibacterial, antifungal, 

anti-inflammatory, antioxidant, and anti-acne activities. These therapeutic properties are mainly attributed to its 

bioactive constituents such as carvone, limonene, 1,8-cineole, and β-caryophyllene. Despite its significant 

pharmacological potential, the formulation and clinical application of spearmint oil are limited due to poor aqueous 

solubility, high volatility, chemical instability, and susceptibility to oxidative degradation. Conventional 

formulations often require higher concentrations of the oil, which may lead to skin irritation and reduced therapeutic 

efficiency. Therefore, advanced formulation strategies are required to improve the stability, bioavailability, and 

safety of spearmint oil. 

 

 

 

 

https://ijnrd.org/
http://www.ijnrd.org/


INTERNATIONAL JOURNAL OF NOVEL RESEARCH AND DEVELOPMENT (IJNRD) 
© 2026 IJNRD | Volume 11, Issue 5, May 2026 | ISSN: 2456-4184 | IJNRD.ORG 

 

IJNRD2605023 IJNRD - International Journal of Novel Research and Development (www.ijnrd.org)  

 

a219 

3.1.1Nano-emulsion-Based Formulation Approach 

Nano-emulsions are among the most extensively studied nanocarrier systems for spearmint oil delivery. These 

systems consist of fine oil droplets dispersed in an aqueous phase and stabilized by suitable surfactants. The small 

droplet size results in enhanced physical stability, increased surface area, and improved antimicrobial efficacy Nano-

emulsion-based spearmint oil formulations exhibit superior skin permeation and are particularly effective for topical 

applications such as acne, bacterial skin infections, and inflammatory skin conditions. Their non-greasy nature and 

aesthetic appeal further contribute to improved patient compliance. 

3.1.2 Lipid-Based Nanocarriers 

Lipid-based nanocarriers, including liposomes, solid lipid nanoparticles (SLNs), and nanostructured lipid carriers 

(NLCs), have demonstrated significant potential for spearmint oil delivery. Liposomes provide excellent 

biocompatibility and reduced irritation potential while enabling controlled drug release. SLNs protect spearmint oil 

from volatilization and oxidation by incorporating it into a solid lipid matrix, resulting in prolonged drug release and 

improved formulation stability. NLCs, which combine solid and liquid lipids, offer higher drug loading capacity and 

reduced drug expulsion during storage, making them suitable for long-term topical and transdermal applications. 

3.1.3 Liposomes 

Liposomes are spherical vesicles composed primarily of lipids, which make up the cell membrane. Liposomes can 

contain medications and have at least one bilayered lipid membrane. Liposomes typically have a diameter of 50-300 

nm. Reverse-phase evaporation, solvent injection, detergent depletion supercritical fluid, size reduction sonication 

high-pressure homogenization, low-pressure extrusion, and thin film hydration are some method for creating 

liposomes. Although liposomes can initiate and sustain the release of their payload, there has not been much of a 

correlation between the kinetics of release in vitro and in vitro  

3.1.4 Polymeric Nanoparticles 

Polymeric nanoparticles are nano-sized drug delivery systems prepared using biodegradable and biocompatible 

polymers such as chitosan and PLGA (poly lactic-co-glycolic acid). When spearmint oil is encapsulated inside these 

polymeric matrices, the polymer forms a protective barrier around the oil, preventing rapid evaporation, degradation, 

and oxidation. This encapsulation enables sustained and controlled release of the active constituents (like carvone 

and limonene), ensuring a steady therapeutic concentration at the target site for a longer duration. 

Chitosan-based nanoparticles also provide additional antimicrobial and bioadhesive properties, which enhance their 

attachment to skin or wound surfaces and improve drug retention time. PLGA nanoparticles gradually degrade into 

lactic and glycolic acid, making them safe and suitable for pharmaceutical use. Due to prolonged drug release, 

improved stability, and enhanced antimicrobial activity, polymeric nanoparticles are highly effective in wound 

healing, infection control, and topical antimicrobial therapy. 

3.1.5 Nanogels 

Nanogels are nanosized, cross-linked polymeric networks capable of absorbing large amounts of water while 

maintaining their structural integrity. They are usually prepared from biocompatible and biodegradable polymers 

such as chitosan, carbopol, or polyvinyl alcohol. In spearmint oil formulations, nanogels act as an effective carrier 

system for encapsulating the lipophilic components of the essential oil. The polymeric network of nanogels helps 

protect the volatile compounds of spearmint oil from degradation and evaporation. 

One of the major advantages of nanogels is their excellent skin compatibility and high drug loading capacity. Their 

small particle size allows better penetration into the skin layers, improving the delivery of active compounds. 
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Nanogels also provide controlled and prolonged release of spearmint oil, which helps maintain therapeutic 

concentration for a longer time. Due to their hydrophilic nature and soft structure, nanogels show good spreadability 

and retention on the skin surface. Because of these properties, nanogel-based formulations of spearmint oil are 

widely used in topical antibacterial therapy, acne treatment, and cosmeceutical applications. Thus, nanogels 

represent a promising nanocarrier system for enhancing the stability and therapeutic effectiveness of spearmint oil 

formulations. 

3.1.6 Ethosomes 

 Ethosomes are advanced lipid-based vesicular carriers mainly composed of phospholipids, a high concentration of 

ethanol, and water. The presence of ethanol differentiates ethosomes from conventional liposomes and plays an 

important role in enhancing drug delivery through the skin. Ethanol increases the fluidity of the phospholipid bilayer 

and disrupts the lipid structure of the stratum corneum, which allows deeper penetration of the vesicles into the skin 

layers. In spearmint oil formulations, ethosomes encapsulate lipophilic components such as carvone and limonene 

within the vesicular structure. This encapsulation protects the volatile compounds of spearmint oil from oxidation, 

degradation, and evaporation. Ethosomal systems also improve the solubility and stability of essential oils in topical 

formulations. Another important advantage of ethosomes is their ability to provide controlled and sustained release 

of the active constituents. This leads to prolonged therapeutic activity at the target site. Due to their enhanced skin 

permeation ability, ethosomes are widely used for transdermal and topical drug delivery. Ethosome -based spearmint 

oil formulations are particularly useful in antibacterial, anti-inflammatory, and anti-acne therapies. Therefore, 

ethosomes are considered a promising nanocarrier system for improving the effectiveness of herbal and essential 

oil-based formulations. 

3.1.7 Micelles 

Micelles are nanosized colloidal carriers formed by the self-assembly of amphiphilic surfactant molecules in an 

aqueous environment. These molecules contain a hydrophilic (water-loving) head and a hydrophobic (water-

repelling) tail. When dispersed in water above a critical micelle concentration, the hydrophobic tails aggregate 

inward while the hydrophilic heads face outward, forming a spherical structure known as a micelle. In spearmint oil 

formulations, micelles help solubilize the hydrophobic components of the essential oil such as carvone and limonene 

within their hydrophobic core. 

This encapsulation improves the aqueous solubility and stability of spearmint oil in topical formulations. Micellar 

systems also protect the volatile constituents of the oil from oxidation and degradation. Due to their small particle 

size, micelles enhance skin penetration and facilitate better delivery of active compounds into deeper skin layers. 

Another advantage of micellar carriers is their ability to provide uniform drug distribution and improved 

bioavailability. Because of these properties, micelle-based spearmint oil formulations are widely explored for topical 

antimicrobial, anti-inflammatory, and dermatological applications, particularly in acne treatment and skin infection 

management. 

3.1.8 Phytosomes 

Phytosomes are advanced herbal delivery systems in which plant active constituents are complexed with 

phospholipids to improve their absorption and stability. In this system, the bioactive compounds of plant extracts 

interact with phosphatidylcholine to form a lipid-compatible molecular complex. This structure enhances the ability 

of herbal compounds to cross biological membranes. In the case of spearmint oil, phytosomes help incorporate the 

active constituents such as carvone and limonene into a phospholipid complex. 
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This complex improves the stability of the essential oil and protects it from oxidation and environmental degradation. 

Phytosomal formulations also enhance the bioavailability and skin penetration of the herbal components. Another 

advantage of phytosomes is their high compatibility with biological membranes, which leads to improved 

therapeutic effectiveness. Due to these properties, phytosome-based systems are widely used in herbal 

dermatological and cosmetic formulations. They are particularly useful in topical applications such as anti-acne, 

antimicrobial, and anti-inflammatory therapies. Thus, phytosomes represent a promising nanocarrier system for 

improving the delivery and efficacy of spearmint oil in pharmaceutical and cosmeceutical formulations. 

3.1.9 Nano-Capsules 

Nano-capsules are nanosized vesicular systems consisting of a polymeric shell that surrounds an inner oily core 

containing the active substance. In this structure, the drug or essential oil is confined within the core and protected 

by the outer polymer membrane. In spearmint oil formulations, nano-capsules help encapsulate the volatile 

components, such as carvone and limonene within the oil core. This encapsulation protects the essential oil from 

oxidation, evaporation, and environmental degradation, thereby improving its stability. 

Nano-capsules also provide controlled and sustained release of the active constituents, which enhances therapeutic 

effectiveness over a longer period. Due to their nanoscale size, they improve the penetration of active compounds 

through the skin layers. Another advantage of nano-capsules is their ability to reduce irritation caused by the direct 

application of essential oils. Because of these properties, nano-capsule-based spearmint oil formulations are widely 

used in topical antibacterial, anti-inflammatory, and dermatological therapies. Therefore, nano-capsules are 

considered an effective nanocarrier system for improving the stability and delivery of spearmint oil in 

pharmaceutical and cosmeceutical formulations. 

4. Nanocarrier Based formulation approaches for spearmint oil 

Sr No. Nano System Carrier Key features Major 

Advantages 

Applications 

1. Nano Emulsion Oil-in-water nano-

sized droplets 

Improved 

stability, 

enhanced skin 

permeation, 

strong 

antimicrobial 

activity, non-

greasy. 

Acne, bacterial 

akin infection. 

2. Liposomes Phospholipid bilayer 

vesicles 

High 

biocompatibility 

reduced irritation, 

controlled 

release. 

Derrmatological 

and anti-

inflammatory 

therapy 

3. SLNs (solid Lipid Nano 

particles) 

Solid lipid matrix nano 

particles 

Protection form 

oxidation 

sustained release, 

good stability. 

Topical 

antibacterial 

formulations 
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Table: Nanocarrier Based formulation approaches for spearmint oil 

1. ADVANTAGES 

Nanocarrier-based delivery systems significantly enhance the stability, solubility, and bioavailability of spearmint 

oil by protecting it from oxidation and volatilization. These systems provide controlled release, improved skin 

penetration, reduced irritation, and enhanced antimicrobial efficacy, making spearmint oil more effective and safer 

for pharmaceutical and dermatological applications. 

4. NLCs (Nano structured 

lipid carrier) 

Solid+ liquid lipid 

system 

Higher drug 

loading, better 

storage stability 

Long-term 

topical and 

transdermal 

delivery 

5. Polymeric Nanoparticles Biodegradable 

polymers (chitosan, 

PLGA)  

Sustained release, 

enhanced 

antimicrobial 

effect 

Wound healing, 

anti-microbial 

therapy. 

6. Nanogels Cross-linked 

polymeric networks 

Excellent skin 

compactability, 

prolonged 

retention 

Anti-acne and 

cosmeceuticals 

7. Micelles Amphiphilic 

surfactant-based nano-

assemblies 

Improved 

solubility of 

hydrophobic oil, 

enhanced 

penetration 

Topical 

antimicrobial 

and anti-

inflammatory 

delivery 

8. Ethosomes Phospholipid vesicles 

with high ethanol 

content 

Deep skin 

penetration, 

improved 

bioavailability 

Transdermal 

antibacterial 

and analgesic 

formulations 

9. Phytosomes Complex of 

phospholipids with 

plant actives 

Enhanced 

stability and 

absorption of 

essential oil 

Herbal 

dermatological 

and cosmetic 

products 

10. Nano-capsules Polymer-coated oil 

core system 

Protection from 

volatility, 

controlled release 

Long-lasting 

topical 

antibacterial 

formulations 

Parameter Benefit 

Stability Protects spearmint oil from oxidation, light exposure, and 

volatilization, thereby improving shelf life.                

Solubility Enhances aqueous dispersibility of hydrophobic spearmint 

oil and improves formulation compatibility. 
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2. Physicochemical Challenges of Spearmint Oil 

Despite its significant therapeutic potential, the pharmaceutical application of spearmint oil is limited by several 

physicochemical challenges. These inherent limitations affect its stability, bioavailability, and clinical performance, 

particularly in topical and dermatological formulations. 

6.1 Volatility 

Spearmint oil is highly volatile in nature due to the presence of low molecular weight terpenoid compounds such as 

carvone and limonene. This volatility leads to rapid evaporation when exposed to air, resulting in loss of therapeutic 

activity during formulation, storage, and application. Volatility also reduces the residence time of the oil on the skin, 

thereby limiting its sustained therapeutic effect. 

6.2 Poor Water Solubility 

Spearmint oil is hydrophobic and exhibits extremely poor solubility in aqueous media. This poor water solubility 

hampers its uniform dispersion in conventional aqueous formulations such as gels, creams, and lotions. As a result, 

inconsistent drug distribution and reduced bioavailability may occur, limiting its therapeutic efficacy. 

6.3 Oxidative Degradation 

The bioactive constituents of spearmint oil are highly susceptible to oxidative degradation when exposed to light, 

oxygen, and heat. Oxidation leads to chemical instability, loss of biological activity, and formation of degradation 

products, which can compromise both efficacy and safety of the formulation during long-term storage. 

6.4 Skin Irritation Issues 

Direct application of concentrated spearmint oil on the skin may cause irritation, redness, or sensitization, especially 

in individuals with sensitive skin. The rapid release and high local concentration of essential oil components can 

damage the skin barrier, limiting its safe and prolonged topical use. 

 

 

Release Profile Provides controlled and sustained release of spearmint oil 

for prolonged therapeutic action. 

Skin Permeation Improves penetration of active components into deeper 

layers of the skin. 

 Safety Reduces skin irritation and toxicity by controlling the 

release of essential oil. 

Bioavailability  Increases absorption and therapeutic efficiency of bioactive 

compounds. 

  

Antimicrobial 

Efficiency 

Enhances antibacterial activity by improving interaction 

with microbial cells. 

Dose Requirement Allows effective treatment with lower doses due to 

improved delivery efficiency. 
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6.5 Chemical Instability 

Spearmint oil contains several volatile and reactive compounds that can undergo chemical changes during storage. 

These changes may alter the composition and effectiveness of the oil in pharmaceutical formulations. 

6.6 Limited Bioavailability 

Due to poor solubility and rapid evaporation, the bioavailability of spearmint oil may be limited when applied 

topically. This reduces the amount of active compound that reaches the target site. 

 

6.7 Short Duration of Action 

Because of its volatility and rapid release, spearmint oil may not remain on the skin surface for a long period. This 

results in a shorter therapeutic effect and may require frequent reapplication. 

6.8 Sensitivity to Environmental Conditions 

Spearmint oil is sensitive to environmental factors such as temperature, light, and oxygen. These conditions can 

accelerate degradation and reduce the stability and shelf life of the formulation. 

                   

3.  Characterization of Nanocarrier Formulations 

Nanocarrier-based formulations are widely used to improve the stability, bioavailability, and therapeutic 

effectiveness of bioactive compounds such as spearmint oil. Proper characterization of these formulations is essential 

to evaluate their physicochemical properties, stability, and drug delivery performance. 

7.1 Particle Size Analysis 

1. Particle size is one of the most important parameters in nanocarrier systems. 

2. It influences stability, skin penetration, and drug release behavior. 

3. Particle size is commonly measured using Dynamic Light Scattering (DLS). 

4. Nanocarriers generally have particle sizes in the range of 10–200 nm. 

5. Smaller particles provide a larger surface area, improving drug solubility and diffusion. 

6. In topical formulations, smaller nanoparticles penetrate deeper into skin layers, enhancing therapeutic 

activity. 

7.2 Polydispersity Index (PDI) 

1. PDI indicates the uniformity of particle size distribution in nano formulations. 

2. PDI values range from 0 to 1. 

3. Lower PDI values represent more homogeneous and uniform particle size distribution. 

4. A PDI value below 0.3 is generally considered acceptable for stable nano formulations. 

5. Uniform particle size helps maintain consistent drug release and storage stability. 
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7.3 Zeta Potential 

1. Zeta potential represents the surface charge of nanoparticles. 

2. It is an important parameter that determines the physical stability of nanoformulations. 

3. High positive or negative zeta potential values prevent particle aggregation due to electrostatic repulsion. 

4. Zeta potential values above +30 mV or below −30 mV indicate good stability. 

5. Proper zeta potential helps maintain long-term stability of spearmint oil nano formulations. 

7.4 Entrapment Efficiency 

1. Entrapment efficiency refers to the percentage of active compound encapsulated within nanocarriers. 

2. High entrapment efficiency ensures that maximum spearmint oil is retained inside the carrier system. 

3. This improves the therapeutic performance and controlled drug release. 

4. Entrapment efficiency is usually determined by centrifugation followed by spectrophotometric analysis. 

7.5 Morphological Characterization 

1. Morphological studies are performed to evaluate the shape and structure of nanoparticles. 

2. Techniques commonly used include: 

 Scanning Electron Microscopy (SEM) 

 Transmission Electron Microscopy (TEM) 

3. These techniques provide high-resolution images of nanoparticles. 

4. They help determine particle size, surface morphology, and structural integrity. 

7.6 Fourier Transform Infrared Spectroscopy (FTIR) 

1. FTIR analysis is used to study the chemical compatibility between spearmint oil and excipients. 

2. It helps identify possible interactions between formulation components. 

3. Characteristic peaks of functional groups are analyzed in FTIR spectra. 

4. Absence of significant peak changes indicates good compatibility and formulation stability. 

 

7.7 In-Vitro Drug Release Study 

1. In-vitro drug release studies evaluate the release profile of spearmint oil from nanocarriers. 

2. These studies are commonly performed using the dialysis membrane diffusion method. 

3. The release pattern helps determine drug release rate and mechanism. 

4. Controlled and sustained release is desirable for topical drug delivery systems. 

5. Sustained release ensures prolonged antimicrobial activity and reduced dosing frequency. 
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4. Antibacterial Activity of Spearmint Oil Formulations 

Spearmint oil exhibits significant antibacterial activity due to the presence of bioactive compounds such as carvone, 

limonene, and menthone. These phytochemicals possess strong antimicrobial properties against various pathogenic 

microorganisms. The antibacterial action of spearmint oil mainly occurs through disruption of the bacterial cell 

membrane. The essential oil components penetrate the lipid bilayer of microbial cells, causing membrane damage 

and increased permeability. This leads to leakage of intracellular components and inhibition of vital metabolic 

processes, ultimately resulting in bacterial cell death. 

Several in-vitro methods are used to evaluate the antibacterial activity of spearmint oil formulations. Common 

techniques include the agar well diffusion method and the disc diffusion method, where the zone of inhibition 

indicates antibacterial effectiveness. The minimum inhibitory concentration (MIC) is also determined to identify the 

lowest concentration required to inhibit microbial growth. Studies have demonstrated that spearmint oil is effective 

against bacteria such as Staphylococcus aureus, Escherichia coli, and Pseudomonas aeruginosa. Incorporation of 

spearmint oil into nanocarrier systems such as nano emulsions, liposomes, and polymeric nanoparticles enhances its 

stability, solubility, and skin penetration. Consequently, nano formulations of spearmint oil show improved 

antibacterial activity and are considered promising for topical applications such as treatment of acne and skin 

infections. 

 

https://ijnrd.org/
http://www.ijnrd.org/


INTERNATIONAL JOURNAL OF NOVEL RESEARCH AND DEVELOPMENT (IJNRD) 
© 2026 IJNRD | Volume 11, Issue 5, May 2026 | ISSN: 2456-4184 | IJNRD.ORG 

 

IJNRD2605023 IJNRD - International Journal of Novel Research and Development (www.ijnrd.org)  

 

a227 

9.PHARMACOKINETICS AND PHARMACODYNAMIC STUDIES OF SPEARMINT OIL 

 

9.1 Pharmacokinetics of Spearmint Oil 

Pharmacokinetics describes the absorption, distribution, metabolism, and excretion (ADME) of bioactive compounds present 

in spearmint oil. The major constituents such as carvone, limonene, menthone, and 1,8-cineole are lipophilic in nature, which 

significantly influences their pharmacokinetic behavior. 

9.1.1 Absorption 

Spearmint oil components are primarily absorbed through the skin when applied topically. Due to their lipophilic nature, these 

compounds easily penetrate the stratum corneum and enter deeper skin layers. Nanocarrier-based systems such as 

nanoemulsions, liposomes, and ethosomes further enhance dermal absorption by improving solubility and facilitating 

transdermal delivery. These systems increase the permeability of active constituents and promote better bioavailability at the 

target site. 

9.1.2 Distribution 

After absorption, the bioactive components of spearmint oil are distributed within the skin layers, including the epidermis and 

dermis. Some components may also reach systemic circulation in small amounts. The distribution depends on factors such as 

molecular size, lipophilicity, and formulation type. Nanocarrier systems improve localized distribution and retention of the 

drug at the site of application, reducing systemic exposure and side effects. 

9.1.3 Metabolism 

The constituents of spearmint oil are metabolized mainly in the liver when absorbed systemically. Enzymatic 

biotransformation converts compounds like carvone and limonene into more polar metabolites, which are easier to 

eliminate. In topical applications, metabolism within the skin is minimal compared to oral administration. 

9.1.4 Excretion 

The metabolites of spearmint oil are primarily excreted through urine and, to a lesser extent, via feces. Due to limited 

systemic absorption in topical formulations, excretion is generally minimal, contributing to the safety profile of 

spearmint oil-based products. 

9.2 Pharmacodynamics of Spearmint Oil 

Pharmacodynamics refers to the biochemical and physiological effects of spearmint oil and its mechanism of action. 

9.2.1 Antibacterial Mechanism of Action 

Spearmint oil exhibits antibacterial activity mainly through disruption of the bacterial cell membrane. The lipophilic 

components penetrate the lipid bilayer of microbial cells, leading to: 

 Disruption of membrane integrity  

 Increased permeability  

 Leakage of intracellular contents (proteins, ions, nucleic acids)  

 Inhibition of enzyme activity and metabolic pathways  

 Ultimately, bacterial cell death  
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This multi-target mechanism reduces the chances of resistance development compared to conventional antibiotics. 

9.2.2 Anti-Inflammatory Activity 

Spearmint oil reduces inflammation by inhibiting the synthesis and release of inflammatory mediators, including 

prostaglandins, leukotrienes, and cytokines. This helps in reducing redness, swelling, and irritation in infected or 

damaged skin. 

9.2.3 Antioxidant Activity 

The presence of bioactive compounds provides significant antioxidant activity. These compounds neutralize free 

radicals and reduce oxidative stress, which plays an important role in skin damage and delayed wound healing. 

9.2.4 Wound Healing Mechanism 

Spearmint oil promotes wound healing by: 

 Preventing microbial infection  

 Enhancing collagen synthesis  

 Reducing oxidative stress  

 Supporting tissue regeneration  

Nanocarrier-based delivery systems further enhance these effects by providing sustained release and improved 

penetration. 

9.2.5 Enhanced Activity via Nanocarriers 

Nanocarrier systems significantly improve the pharmacodynamic performance of spearmint oil by: 

 Increasing drug concentration at the target site  

 Enhancing penetration into deeper skin layers  

 Providing controlled and sustained drug release  

 Improving interaction with microbial cells  

These factors collectively enhance antibacterial, anti-inflammatory, and therapeutic efficacy. 

CONCLUSION 

Spearmint oil (Mentha spicata) has emerged as a promising natural therapeutic agent due to its significant 

antibacterial, anti-inflammatory, antioxidant, and wound-healing properties. The presence of bioactive constituents 

such as carvone, limonene, menthone, and 1,8-cineole contributes to its broad-spectrum antimicrobial activity 

against various pathogenic microorganisms, including Staphylococcus aureus, Escherichia coli, Pseudomonas 

aeruginosa, and Cuti bacterium acnes. These properties make spearmint oil an effective candidate for the 

management of skin infections, acne, and other dermatological disorders. 

However, the practical use of spearmint oil in conventional pharmaceutical formulations is limited due to several 

physicochemical challenges such as volatility, poor aqueous solubility, chemical instability, and susceptibility to 

oxidation. In addition, direct application of concentrated essential oil may cause skin irritation and reduced 
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therapeutic efficiency. To overcome these limitations, nanocarrier-based drug delivery systems have gained 

considerable attention in recent years. 

Nanocarriers such as nanoemulsions, liposomes, solid lipid nanoparticles, nanostructured lipid carriers, polymeric 

nanoparticles, nanogels, micelles, phytosomes, ethosomes, and nano-capsules provide an effective strategy for 

improving the stability, solubility, and bioavailability of spearmint oil. These advanced delivery systems protect the 

volatile components of the essential oil from degradation, enhance skin penetration, and provide controlled and 

sustained drug release. As a result, nanocarrier-based formulations significantly enhance the antibacterial and 

therapeutic efficacy of spearmint oil compared to conventional formulations. 

Furthermore, the incorporation of spearmint oil into herbal gel formulations offers additional advantages such as 

improved spreadability, non-greasy nature, enhanced patient compliance, and localized drug delivery. Such topical 

gel systems allow prolonged contact of the active compounds with the infected skin area, resulting in improved 

antimicrobial activity and faster healing. 

In conclusion, nanocarrier-based spearmint oil formulations represent a promising and innovative approach for the 

development of effective topical antibacterial therapies. These systems not only address the limitations associated 

with essential oils but also enhance their therapeutic performance. Future research focusing on advanced nanocarrier 

technologies, formulation optimization, and clinical studies will further strengthen the potential of spearmint oil-

based herbal formulations in pharmaceutical and dermatological applications. 

 

REFERENCES 

1. Shahbazi Y. Chemical composition and antibacterial activity of Mentha spicata essential oil against food-

borne pathogenic bacteria. J Pathog. 2015; 2015:916305. 

2. Donsì F, Ferrari G. Essential oil nanoemulsions as antimicrobial agents. J Biotechnol. 2016;233:106-120. 

3. Marchese A, Arciola CR, Barbieri R, et al. Antimicrobial activity of monoterpenes present in essential oils. 

Materials. 2017;10(8):947. 

4.  Danaei M, Dehghankhold M, Ataei S, et al. Impact of particle size and polydispersity index on lipidic 

nanocarrier systems. Pharmaceutics. 2018;10(2):57. 

5. Solans C, Solé I. Nanoemulsions in pharmaceutical drug delivery systems. Curr Opin Colloid Interface Sci. 

2019;17:246-254. 

6. Pavoni L, Perinelli DR, Bonacucina G, Cespi M, Palmieri GF. Micro- and nanoemulsions as vehicles for 

essential oils. Pharmaceutics. 2020;12(10):990. 

7. Khan I, Bahuguna A, Kumar P. Essential oils as antimicrobial agents in dermatological formulations. J Drug 

Deliv Sci Technol. 2021;61:102245. 

8. Bhuyan DJ, Vuong QV, Chalmers AC, et al. Health-promoting properties of spearmint essential oil: A review. 

Molecules. 2022;27(7):2108. 

9. Moosavy MH, de la Guardia M, Mokhtarzadeh A, et al. Green synthesis and biological evaluation of gold 

and silver nanoparticles using Mentha spicata. Sci Rep. 2023;13:7230. 

10. Umar H, Aliyu MR, Ozsahin DU. Iron oxide nanoparticles synthesized using Mentha spicata extract and 

evaluation of antibacterial activity. Biomed Phys Eng Express. 2024;10(3). 

11. Gupta S, Kant K, Kaur N, et al. Genus Mentha: volatile oil composition and healthcare applications. Essential 

Oil-Bearing Plants. 2025. 

12. Akolkar S, Adhalrao V, Bhale G, Pimple B. Mentha spicata – investigating the health benefits of spearmint. 

Int J Pharm Sci. 2025. 

https://ijnrd.org/
http://www.ijnrd.org/


INTERNATIONAL JOURNAL OF NOVEL RESEARCH AND DEVELOPMENT (IJNRD) 
© 2026 IJNRD | Volume 11, Issue 5, May 2026 | ISSN: 2456-4184 | IJNRD.ORG 

 

IJNRD2605023 IJNRD - International Journal of Novel Research and Development (www.ijnrd.org)  

 

a230 

13. Ahmed J. GC-MS analysis and antibacterial effect of Mentha spicata leaf extracts. Univ Thi-Qar J Sci. 2025. 

14. Abd El Hamid E, Ibrahim S, Ragab A, et al. Mentha spicata mediated silver nanoparticles for antibacterial 

activity. Sci Rep. 2025. 

15. Altuntaş S, Demir S. Antimicrobial potential of essential oils from medicinal plants including spearmint. 

Pamukkale Univ J Eng Sci. 2026. 

16. Hyldgaard M, Mygind T, Meyer RL. Essential oils in food preservation and antimicrobial applications. Front 

Microbiol. 2012. 

17. Nazzaro F, Fratianni F, Coppola R, De Feo V. Effect of essential oils on pathogenic bacteria. Pharmaceuticals. 

2013. 

18. Burt S. Essential oils: antibacterial properties and applications. Int J Food Microbiol. 2004. 

19. Bakkali F, Averbeck S, Averbeck D, Idaomar M. Biological effects of essential oils. Food Chem Toxicol. 

2008. 

20. Kalemba D, Kunicka A. Antibacterial and antifungal properties of essential oils. Curr Med Chem. 2003. 

21. Raut JS, Karuppayil SM. A status review on medicinal properties of essential oils. Ind Crops Prod. 2014. 

22. Soković M, Glamočlija J, Marin PD, Brkić D. Antibacterial effects of essential oils of medicinal herbs. 

Molecules. 2010. 

23. McClements DJ. Nanoemulsions in food and pharmaceutical applications. Soft Matter. 2012. 

24. Mehnert W, Mäder K. Solid lipid nanoparticles: production and applications. Adv Drug Deliv Rev. 2012. 

25. Torchilin VP. Liposomes as pharmaceutical carriers. Nat Rev Drug Discov. 2005. 

26. Ghosh V, Mukherjee A, Chandrasekaran N. Nanoemulsions and their bactericidal activity. Ultrason 

Sonochem. 2013. 

27. Bassolé IHN, Juliani HR. Essential oils in combination and antimicrobial properties. Molecules. 2012. 

28. Telci I, Demirtas I, Sahin A. Variation in plant properties and essential oil composition of spearmint. Ind 

Crops Prod. 2010. 

29. Mimica-Dukić N, Božin B. Mentha species as sources of bioactive metabolites. Curr Pharm Des. 2008. 

30. Hajhashemi V, Ghannadi A, Jafarabadi H. Antimicrobial studies of spearmint 

essential oil. Phytother Res. 2004. 

 

 

 

 

 

 

 

 

 

Copyright & License: 

© Authors retain the copyright of this article. This work is published under the Creative Commons 

Attribution 4.0 International License (CC BY 4.0), permitting unrestricted use, distribution, and 

reproduction in any medium, provided the original work is properly cited. 

https://ijnrd.org/
http://www.ijnrd.org/

