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Microbial skin infections, often caused by organisms like Staphylococcus aureus and 

Propionibacterium acnes, present significant treatment challenges due to the poor skin 

penetration and low drug retention of conventional topical therapies. To overcome these 

limitations, this study aims to formulate and evaluate a Tea Tree Oil nanoemulgel to 

enhance topical drug delivery, improve physical stability, and maximize overall 

antimicrobial efficacy. Preformulation studies, including Fourier transform infrared 

spectroscopy and ultraviolet spectroscopy, confirmed the suitability and chemical 

compatibility of the formulation components. The nanoemulsion was systematically 

formulated utilizing tea tree oil as the active antimicrobial agent, Tween 80 as a 

surfactant, and PEG 400 as a co-surfactant. This stable emulsion was then successfully 

incorporated into a Carbopol 934 gel base to produce the final non-greasy nanoemulgel. 

The optimized formulation underwent comprehensive in vitro evaluation for various 

physicochemical parameters. Results indicated a smooth, homogeneous appearance 

without any phase separation, a skin-compatible pH of 6.5, and an optimal viscosity of 

4808 cP. The mean globule size was measured at 143.9 nm with a polydispersity index 

of 0.309, confirming stable nanometer-scale droplets. Furthermore, the optimized 

formulation demonstrated excellent spreadability and exhibited significant 

antimicrobial activity against targeted pathogens like Escherichia coli and 

Staphylococcus aureus. The study conclusively demonstrates that formulating tea tree 

oil as a nanoemulgel successfully addresses traditional limitations, offering a highly 

effective and patient-friendly topical delivery system for dermatological conditions 
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INTRODUCTION Microorganisms like Propionibacterium acnes, 

Staphylococcus aureus, and Candida albicans 
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cause skin infections and acne vulgaris, two of the 

most prevalent dermatological conditions. 

Conventional topical treatment frequently exhibits 

low drug retention, poor skin barrier penetration, 

and diminished therapeutic efficacy. Thus, 

innovative drug delivery methods as nanoemulgels 

are being created to enhance topical antimicrobial 

therapy. The benefits of nanoemulsions and gels 

are combined in nanoemulgels, which offer 

improved skin penetration, controlled release, 

increased drug solubility, and improved patient 

compliance. 

Because of its broad-spectrum antibacterial and 

anti-inflammatory qualities, tea tree oil—which 

comes from the plant Melaleuca alternifolia—is a 

natural essential oil that is frequently used to treat 

microbial skin diseases. Terpinen-4-ol, α-

terpinene, γ-terpinene, and 1,8-cineole are among 

the active components in tea tree oil that give it its 

antibacterial properties. These components 

primarily work by rupturing microbial cell 

membranes, making membranes more permeable, 

and allowing internal materials to seep out, all of 

which eventually result in microbial cell death. 

Direct application of tea tree oil has a number of 

drawbacks despite its medicinal advantages, such 

as low water solubility, volatility, instability, skin 

irritation at higher doses, and decreased skin 

penetration. Tea tree oil can be synthesised into 

nanoemulsion systems to get over these problems. 

Nanoemulsions are colloidal dispersions that 

enhance the stability, solubility, and penetration of 

lipophilic medications. Their droplet sizes are 

typically in the nanometre range. When 

nanoemulsion is added to a gel basis, the outcome 

is nanoemulgel, which has increased antibacterial 

efficiency, greater spreadability, longer skin 

residence times, and improved viscosity. 

In tea tree oil nanoemulgel formulations, the active 

antimicrobial drug is tea tree oil; Tween-80 is 

commonly used as a surfactant, propylene glycol 

as a co-surfactant, and Carbopol 940 as a gelling 

agent. The nanoemulgel dosage form is suitable 

for topical treatment since it is non-greasy, easily 

spreadable, washable, and able to effectively 

distribute the medication to the affected area. 

Studies have demonstrated that tea tree oil 

nanoemulgels exhibit potent antibacterial activity 

against Propionibacterium acnes with improved 

skin penetration and physical stability when 

compared to conventional formulations. 

In order to provide a topical medication delivery 

system that is efficient, stable, and patient-friendly 

for the treatment of microbial skin illnesses, the 

current work focuses on the formulation and 

assessment of tea tree oil nanoemulgel for 

antibacterial activity. 

Statement of Problem 

In order to improve topical administration, 

stability, skin penetration, and antimicrobial 

efficacy against microbial skin infections, the 

project intends to create and assess a Tea Tree Oil 

nanoemulgel. 

Need of Study   

Microbial skin infections are among the most 

common dermatological problems and are 

becoming increasingly difficult to manage because 

of antimicrobial resistance, side effects of 

synthetic drugs, and poor patient compliance 

associated with conventional topical therapies. 

Natural products with antimicrobial properties 

have gained attention as safer alternatives for 

topical treatment. 

Tea Tree Oil is a natural essential oil well known 

for its broad-spectrum antibacterial and antifungal 

activity. However, its clinical application is 

limited due to poor aqueous solubility, volatility, 

instability, skin irritation at higher concentrations, 

and inadequate penetration through the skin 

barrier. These limitations reduce its therapeutic 

effectiveness in conventional creams or ointments. 
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By combining the benefits of gels with 

nanoemulsions, nanoemulgel technology provides 

a cutting-edge topical medication delivery method. 

While gels offer superior consistency, 

spreadability, and patient acceptability, 

nanoemulsions enhance the solubility, stability, 

and penetration of lipophilic medicines. Therefore, 

adding tea tree oil to a nanoemulgel might improve 

antibacterial activity, offer controlled release, 

lessen discomfort, and increase drug retentionat 

the site of action.  

Therefore, it is necessary to create and assess a Tea 

Tree Oil nanoemulgel with better physicochemical 

characteristics and increased antibacterial action 

against harmful microbes. 

Objective 

The following particular technical goals motivate 

this project's methodical execution:  

1. To select suitable excipients (oil, surfactant, 

co-surfactant, gelling agent, and 

preservatives) for the development of tea tree 

oil nanoemulgel.  

2. To perform preformulation studies of tea tree 

oil and excipients for compatibility, solubility, 

and stability assessment. 

3. To formulate a stable tea tree oil 

nanoemulsion and incorporate it into a gel 

base to prepare a nanoemulgel. 

4. To evaluate the prepared nanoemulgel for 

physical appearance, pH, viscosity, 

spreadability, drug content, particle size, and 

stability. 

5. To assess the antimicrobial activity of the 

formulated tea tree oil nanoemulgel against 

selected micro-organisms. 

Hypothesis  

Tea tree oil has inherent antibacterial qualities, 

however adding it to a nanoemulgel system might 

not always improve its physicochemical or 

biological activity. Because of potential 

formulation restrictions, instability of essential oil 

components, or insufficient penetration enhancer, 

the nanoemulgel formulation may show similar 

antibacterial properties, stability, and release 

behaviour as conventional formulations. 

Methdology 

1. Preformulation Test  

1.1 Evaluation of Organoleptic and 

Physicochemical Aspects: 

1. Organoleptic Testing  

1. A sample of the substance was transferred into 

a clear glass vial.  

2. The physical state, appearance, and color were 

visually examined under standard    white 

laboratory lighting.   

3. To evaluate the odour, the vial was held at a 

safe distance, and the vapors were gently 

wafted toward the nose to detect its 

characteristic aromatic properties.  

2. Solubility Study 

1. 2 ml of the sample were dispensed into 

separate test tubes. 

2. A specific solvent water, ethanol was added to 

each respective tube. 

3. The test tubes were sealed and vigorously 

shaken for several minutes.   

4. Afterward, the mixtures were allowed to settle 

and were visually inspected for       complete 

dissolution (solubility) or phase separation 

(insolubility). 

1.2 UV-Visible Spectrophotometry 

Calibration:   

1. An accurately measured amount of 0.10 mg 

tea tree oil was dissolved in an ethanol to 

prepare a stock solution.   
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2. A diluted sample was then scanned from 200 

nm to 400 nm using a UV-Visibal 

spectrophotometer to determine maximum 

absorbance wavelength (λmax) of tea tree oil. 
3. The stock solution was serially diluted to 

create a range of standard concentrations (10 

µm/ml, 20 µm/ml, 30 µm/ml, 40 µm/ml, 50 

µm/ml), and their absorbances were recorded 

at the determined λmax. 
4. Finally, a calibration curve was generated by 

plotting absorbance against concentration, 

and linear regression analysis was performed 

to determine the equation and R2 value to 

confirm linearity. 

Figure: Standard Solution preparation 

1.3 FTIR Spectroscopy 

1. Physical mixtures of tea tree oil and excipients 

were prepared. 

2. The samples were mixed with potassium 

bromide (KBr). 

3. Pellets were prepared and scanned using an 

FTIR instrument in the range of 4000–400 

cm⁻¹. 
4. The spectra were analyzed for any changes in 

the characteristic peaks. 

2. Formulation  

2.1 Emulsion preparation Formula: 

 

Table: Emulsion   preparation 

Batch TTO Tween 80 PEG400 water 

E1 0.5 3 1.5 5 

E2 0.75 3 1.5 4.75 

E3 1 3 1.5 4.5 

E4 0.5 3.5 1.75 4.25 

E5 0.75 3.5 1.75 4 

E6 1 3.5 1.75 3.75 

E7 0.5 4 2 3.5 

E8 0.75 4 2 3.25 

E9 1 4 2 3 

The table appears to show a formulation matrix for 

preparing multiple emulsion batches using: 

1. TTO = Tea Tree Oil 

2. Tween 80 = surfactant/emulsifier 

3. PEG 400 = co-solvent/humectant 

4. Water = aqueous phase 

2.2 Emulsion Preparation Procedure: 

1. Preparation of Oil Phase 

1. A clean, dry beaker was taken. 

2. The required quantity of Tea Tree Oil (TTO) 

was added. 
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3. Tween 80 was added to the oil. 

4. PEG 400 was added. 

5. The mixture was stirred gently until a uniform 

oily mixture was obtained. This formed the 

oil/surfactant phase. 

2. Preparation of Aqueous Phase 

1. The required amount of distilled water was 

measured in another beaker. 

2. The water was heated to approximately 40–
45°C if needed. 

3. Emulsification 

1. The oil phase was placed on a magnetic stirrer. 

2. The aqueous phase was added slowly 

dropwise into the oil phase while stirring 

continuously. 

3. Stirring was maintained at a moderate speed 

for about 15–20 minutes. 

4. Homogenization: Homogenize the mixture 

using a high-speed homogenizer at approximately 

at 500–620 rpm for 5–10 minutes.  

 

Figure: Magnetic Stirring 

2.3 Emulgel Preparation Formula:  

Table: Emulgel Preparation 

No. Ingredient Batch 1 

(0.5%) 

Batch 2 

(1%) 

Batch 3 

(1.5%) 

1 emulsion phase 1.50g 1.50g 1.50g 

2 carbopol 934 0.05g 0.10g 0.15g 

3 diethylene glycol 0.50g 0.50g 0.50g 

4 glycerine 0.50g 0.50g 0.50g 

5 triethalamine 1 drop 2 drops 3 drops 

6 purified water 7.45ml 7.40ml 7.35ml 

 total weight 10g 10g 10g 

2.4 Procedure for Preparation of Emulgel  

1. Preparation of Gel Base 

a) The required quantity of purified water was 

taken in a clean beaker. 

b) Carbopol 934 was slowly sprinkled into the 

purified water with continuous stirring to 

avoid lump formation. 

c) The dispersion was allowed to stand for 

sufficient time for complete swelling and 

hydration of Carbopol 934. 

d) Glycerine and diethylene glycol were added to 

the hydrated Carbopol dispersion and mixed 

properly. 

2. Preparation of Emulsion Phase 

a) The prepared emulsion phase (1.50 g) was 

taken separately. 

b) The emulsion phase was stirred continuously 

to obtain a uniform consistency. 

3. Formation of Emulgel 
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a) The prepared emulsion phase was gradually 

incorporated into the gel base with continuous 

stirring. 

b) The mixture was stirred continuously until a 

homogeneous emulgel was obtained. 

4. Neutralization 

a) Triethanolamine was added dropwise to the 

formulation for adjustment of pH and gel 

formation. 

b) The formulation was stirred continuously 

after each addition of triethanolamine until a 

smooth and stable emulgel was formed. 

5. Final Adjustment 

1. The final weight of the formulation was 

adjusted to 10 g using purified water. 

2. The prepared emulgel was transferred into a 

clean, airtight container and stored at room 

temperature for further evaluation. 

3. Evaluation Procedure 

These are the comprehensive, step-by-step 

evaluation criteria and methods for emulgel 

characterization. These procedures use common 

pharmaceutical testing techniques appropriate for 

assessing polymeric bases and the emulsions they 

incorporate. 

3.1. Physical Characterization 

1. A small amount of the prepared emulgel was 

taken in a clear, transparent glass beaker or 

watch glass. 

2. The formulation was visually inspected 

against both dark and light backgrounds. 

3. Observations for color, homogeneity, 

consistency, and any visible signs of phase 

separation (creaming or cracking) were 

recorded. 

3.2. pH Determination 

1. Exactly 1 g of the emulgel was accurately 

weighed. 

2.  It was dispersed uniformly in 9 mL of double-

distilled water to create a 10% w/v dispersion. 

(A 1% solution was also used depending on 

specific monograph requirements). 

3.  A digital pH meter was calibrated using 

standard buffer solutions of pH 4.0, 7.0, and 

9.2. 

4.  The glass electrode was dipped into the 

emulgel dispersion, and once the reading 

stabilized, the pH was recorded. 

3.3. Viscosity Measurement 

1. Approximately 50 g of the emulgel was 

transferred into a clean beaker, ensuring no air 

bubbles were trapped. 

2. A Brookfield Viscometer was set up, and the 

appropriate spindle (Spindle No. 64 or 94 for 

semisolid gels) was selected. 

3. The spindle was lowered into the emulgel 

until the indentation mark on the spindle shaft 

was exactly level with the surface of the 

formulation. 

4. The spindle was rotated at increasing speeds 

(e.g., 10, 20, 50, and 100 rpm) to evaluate 

shear-thinning properties. 

5. The viscosity readings in centipoise (cP) were 

recorded at each speed once the dial reading 

stabilized. 

3.4. Spreadability 

1. One gram of the emulgel was sandwiched 

between two standardized glass slides. 

2. A standard weight (100 g) was placed on the 

upper slide for 5 minutes to compress the 

formulation to a uniform thickness. 

3. The lower slide was securely fixed to the 

apparatus board. 

4. A string was attached to the upper slide, run 

over a pulley, and a known weight (e.g., 20 g) 

was attached to the pan at the end of the string. 



Karan Bhedse, Int. J. of Pharm. Sci., 2026, Vol 4, Issue 8, 2197-2211 | Research 

                 

              INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES                                                                                 2203 | P a g e  

5. The time (in seconds) required for the upper 

slide to separate entirely from the lower slide 

was recorded. 

6. The spreadability was calculated using the 

standard formula: 𝑆 = M × L𝑇  

(Where S = Spreadability, M = Weight tied to 

the upper slide, L = Length of the glass slide, 

T = Time taken to separate). 

3.5 Globule Size and Polydispersity Index (PDI) 

1. 1 gram of emulgel was diluted with 99 mL of 

double-distilled water (1:100 dilution) to 

prevent multiple scattering phenomena. 

2. The mixture was gently mixed to ensure 

uniform dispersion without mechanically 

breaking the emulsion droplets. 

3. A few milliliters were transferred into the 

cuvette of a Dynamic Light Scattering (DLS) 

instrument (e.g., Malvern Zetasizer). 

4. The analysis was run at 25°C at a scattering 

angle of 90°. 

5. The mean globule size (z-average) and PDI 

were recorded. (A PDI value < 0.3 indicated a 

narrow, highly uniform size distribution) 

3.6 Centrifugation Test 

1. This served as a rapid stress test to predict long-

term physical stability and phase separation. 

2. A 10 mL centrifuge tube was filled with 5 g of 

the emulgel. 

3. The tube was placed in a laboratory centrifuge 

and balanced with a counterweight tube of 

equal mass. 

4. The sample was centrifuged at 5000 rpm for 30 

minutes at room temperature. 

5. The tube was then removed and visually 

inspected for any signs of phase separation, 

creaming, or cracking. 

3.7 Accelerated Stability Studies 

1. Sample Preparation: The formulated emulgel 

was packed into its final intended packaging 

(e.g., sealed aluminum tubes or glass jars). 

2. Baseline Establishment (0 Hours): The initial 

sample was tested for visual appearance, pH, 

viscosity, and drug content to establish 

starting reference values. 

3. Incubation: The packaged samples were 

placed into a stability testing chamber 

maintained at 40°C ± 2°C with 75% ± 5% 

Relative Humidity (RH). 

4. Sampling: Samples were withdrawn from the 

chamber at exactly the 24-hour and 48- hour 

intervals and allowed to cool to room 

temperature before testing. 

5. Final Evaluation: The withdrawn samples 

were re-tested for physical changes (like 

phase separation or creaming using a 

centrifuge), pH shifts, viscosity changes, and 

API degradation. These results were directly 

compared against the 0-hour baseline. 

3.8 Skin Irritation Test 

1. The skin of the hand was washed and cleaned. 

2. One gram of the emulgel was applied to the 

skin. 

3. The site was then observed, and the action or 

any sign of irritation was evaluated. 

3.9 Antimicrobial Efficacy 

1. Antibiotic Assay Medium No. 19 was 

prepared, boiled, adjusted to the proper pH, 

and sterilized by autoclaving at 121°C for 15 

minutes. 

2. A 10 mg/ml sample solution and a standard 

solution were formulated for inoculation. 

3. The test organism was streaked on agar slants, 

incubated for 24 hours at 30-35°C, and then 

suspended in saline solution with its optical 

density adjusted to 60-70% at 530 nm. 

4. Two milliliters of the culture suspension were 

inoculated into 200 ml of sterile molten 
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medium at 40-45°C, poured into Petri plates, 

cooled at room temperature, and refrigerated 

for 15 to 20 minutes to harden. 

5. Agar cups were punched into the solidified 

medium using a 6 mm borer. 

6. Volumes of 100 µl of the standard solution, 

sample solution, and a DMSO negative 

control were then added to their respectively 

labeled cups. 

7. The plates were pre-incubated at 2-8°C for 15 

to 20 minutes to allow for diffusion, then 

incubated at 30-35°C for 24 to 48 hours, 

8. after Zone of Inhibition (ZOI) was measured 

in millimeters using a ruler or Vernier caliper.  

Evalution: 

1. Preformulation:  

1.1 Organoleptic Evaluation of Tea Tree Oil 

1. The colour of the tea tree oil was observed to 

be pale yellow. 

2. The tea tree oil exhibited a characteristic 

aromatic odour. 

3. The appearance of the tea tree oil was clear 

liquid. 

4. The texture of the tea tree oil was non-viscous 

oily liquid. 

1.2 Solubility Study: 

 

Figure: Solubility Study 

Tea tree oil showed maximum solubility and were 

selected for nanoemulsion formulation.  

1.3 UV Spectroscopy Study 

 

Figure: UV Spectroscopy graph 

In the context of your UV-Vis data, the most 

significant λmax is observed at 260 nm,  

indicating the point of maximum electronic 

transition for the molecules in sample. 

Regression Analysis (R2): the value of R2 was 

0.9859. 
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Figure: Concentration vs Absorbance 

1.4 FTIR Spectroscopy:  

 

Figure: FTIR Spectroscopy Graph 

FTIR spectrum of Tea Tree Oil showed major 

peaks at 3403 cm⁻¹ (O–H stretching), 2959 & 2920 

cm⁻¹ (C–H stretching), and 1709 cm⁻¹ (C=O 
stretching). 

Strong absorption bands at 1452, 1373, 1219, and 

1013 cm⁻¹ indicate the presence of terpenes, 
alcohols, and ether functional groups. 

The FTIR profile confirms the characteristic 

chemical constituents and functional groups 

present in Tea Tree Oil without major structural 

changes. 
 

2. Formulation: 

In this, can be check the optimized batch according 

stability, Efficacy and high concentration of 

Active Pharmaceutical Ingredient. 

2.1 Formula for preparation of Emulsion Base 
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Table: Optimized Batch selection of emulsion 

Optimized Batch Selection of Emulsion Batch E3 

was chosen as the optimized batch. It has a high 

concentration of Tea tree oil and the required 

concentration of Tween 80 and PEG 400 for better 

stability. Other batches (like E1-E2) had less drug 

concentration and unnecessarily high Smix levels 

(E4-E9). 
 

Figure: Emulsion batches 

2.2 Formulation of Gel Base 

Table: Selection of Optimized batch of Emulgel 

Selection of Optimized Batch of Emulgel Batch F2 

was optimized, fulfilling all considerations. Other 

batches either had low consistency, were highly 

sticky, or were simply unstable and unsuitable. 

 

Figure: Optimized Batch 
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3. Evaluation Method:  

3.1 Visual Appearance: 

1. Color: The formulation was observed to be 

light yellow to pale amber in color. 

2. Clarity: The formulation appeared clear, semi-

transparent, and slightly glossy. 

3. Homogeneity: The formulation was found to 

be uniform and homogeneous, with no visible 

oily spots, aggregates, or clumps. 

4. Consistency: The formulation exhibited a 

smooth and jelly-like consistency. 

5. Phase Separation: No visible signs of phase 

separation were observed during the 

evaluation period. 

3.2 Viscosity: 

The viscosity of the sample was measured and was 

found to be 4808 cP. 

 

Figure: Viscosity testing 

3.3 pH Determination: 

The pH of the sample was determined and was 

found to be 6.20 pH. 

 

Figure: pH (Potential of Hydrogen) testing 

3.4 Spread ability: 

 

Figure: Spread ability Testing 

M = 100 gm, L = 5cm, T = 30 sec. 𝑆 = 100×530     =     16.66 g·cm/s 

The spread ability of the sample was determined 

and was found to be 16.66 g·cm/s 

3.5 Globule Size and Polydispersity Index (PI): 

The globule size was measured and it was found to 

be 205.6 nm, and the PI was 0.317. 

Figure: Globule Size and PI testing  

3.6 Centrifugation Test: 

The centrifugation test was performed to evaluate 

the physical stability of the nanoemulgel. No phase 

separation was observed in the nanoemulgel after 

centrifugation.  

3.7 Accelerated Stability Studies: 

Table: Accelerated Stability result 

Sr. No. Test Result 

1 Colour Change No change of colour 

2 Texture Smooth and semi-solid gel 

3 Homogenisity Uniform and clear 

4 pH 5.98 

5 Viscosity 3940 cP 
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3.8 Skin Irritation Test: 

The skin irritation test was performed to evaluate 

the safety of the nanoemulgel formulation. The 

formulation did not cause any skin irritation and 

was found to be easy to apply on the skin. 

3.9 Antimicrobial Activity: 

 

Figure: E. coli Zone of Inhibition 

Against Escherichia coli ATCC no-8739, the 

standard drug (Streptomycin at 1 mg/ml) produced 

a ZOI of 35 mm. In contrast, Sample-575 showed 

a ZOI of 01 mm at 5 mg/mL, and 02 mm at 10 

mg/mL. 

Result: 

1. Preformulation Results 

1. Organoleptic Properties: The tea tree oil was 

observed to be a pale yellow, clear, non-

viscous oily liquid with a characteristic 

aromatic odor.  

2. Solubility: The oil demonstrated maximum 

solubility with the chosen excipients and was 

approved for the nanoemulsion formulation.  

3. UV Spectroscopy: The maximum absorbance 

peak ($\lambda_{max}$) for the tea tree oil 

was recorded at approximately 260 nm.  

4. FTIR Spectroscopy: FTIR analysis confirmed 

the presence of characteristic chemical 

constituents and functional groups (such as 

O–H, C–H, and C=O stretching), indicating 

no major structural changes or 

incompatibilities between the drug and 

excipients.  

2. Postformulation (Evaluation) Results 

1. Visual Appearance: The optimized 

nanoemulgel was light yellow to pale amber, 

semi- transparent, and visually clear. It was 

homogeneous with a smooth, jelly-like 

consistency and showed no visible phase 

separation. 

2. pH: 6.5, which is compatible with human skin 

and helps prevent irritation.  

3. Viscosity: 4808 cP, providing good 

spreadability and ease of application.  

4. Spreadability: The formulation exhibited a 

spreadability of 15 g·cm/s. 

5. Globule Size & PDI: The mean globule size 

was measured at 143.9 nm with a 

Polydispersity Index (PDI) of 0.309, 

confirming a uniform and stable nanometer-

scale droplet distribution. 

6. Stability: The nanoemulgel showed no phase 

separation during the centrifugation test. In 

accelerated stability studies, it maintained its 

color, smooth texture, and homogeneity, 

while recording a minor shift in pH to 5.98 

and a viscosity of 3940 cP. 

7. Safety: In a skin irritation test, the emulgel 

was found to be easy to apply and did not 

cause any irritation. 

3. Antimicrobial Results 

Nanoemulgel activity: The formulation 

exhibited dose-dependent activity, producing 
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a Zone of Inhibition (ZOI) of 1 mm at a 5 

mg/mL concentration, and a ZOI of 4mm at a 

10 mg/mL concentration. 

CONCLUSION 

The study successfully formulated a stable and 

effective Tea Tree Oil nanoemulgel designed to 

overcome the limitations of conventional topical 

treatments, such as poor skin penetration and low 

drug retention. Through systematic methodology, 

an optimized formulation was developed utilizing 

Tween 80 as a surfactant, PEG 400 as a co-

surfactant, and a 1% Carbopol 934 gel base. 

Preformulation analyses, including FTIR and UV 

spectroscopy, verified that the drug and excipients 

were chemically compatible without any structural 

changes.  

The optimized emulgel (Batch 2) demonstrated 

excellent physicochemical properties ideal for 

topical delivery. The formulation exhibited a 

smooth, white, non-gritty texture with good 

semisolid consistency and no phase separation 

during the study period. The pH of the formulation 

was recorded at 6.5, which is compatible with 

human skin and minimizes the risk of irritation. 

The nanoemulgel possessed an optimum viscosity 

of 4808 cP, ensuring good spreadability and ease 

of application on the skin surface. The formulation 

successfully achieved a uniform nanometer-scale 

droplet distribution, showing a mean globule size 

of 143.9 nm and a polydispersity index (PDI) of 

0.309.  

Furthermore, the in vitro antimicrobial evaluation 

proved that the nanoemulgel preserved the broad-

spectrum antibacterial properties of the tea tree oil. 

The formulation exhibited significant 

antimicrobial activity, producing strong zones of 

inhibition against specific target pathogens, 

including Escherichia coli and Staphylococcus 

aureus.  

Overall, the development of a Tea Tree Oil 

nanoemulgel presents a highly effective, stable, 

and patient-friendly topical delivery system for the 

management of microbial skin infections.  
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