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Abstract  

Background and Aim: This study investigates nanoemulsion formulation of Eucalyptus globulus essential oil to 

overcome volatility and low solubility, enhancing its physicochemical properties for pharmaceutical and medical ap-

plications. 

Materials and Methods: In this study, nanoemulsions were prepared by spontaneous emulsification using a mixture 

of an aqueous phase (distilled water) and an organic phase composed of eucalyptus oil and non-ionic surfactants, 

TWEEN® 20 or TWEEN® 80 as emulsifiers, at different proportions. The different formulations were prepared using 

two main methods: heat treatment and simple mixing.  Particle size analysis, zeta potential and polydispersity index 

(PDI) were studied on the freshly prepared mixtures. The stability was assessed using the centrifugation. 

Results: The prepared nanoemulsions exhibited a transparent appearance with a nanometric globule size distribution, 

confirming their good homogeneity. Among the tested formulations, F1 presented the smallest droplet size (35.7 nm), 

while the others ranged between 35.7 and 1487 nm. The zeta potential values were between -1.02 and -3.67 mV, 

indicating a moderate electrostatic stabilization. However, F1 showed weak physical stability over time, which can be 

attributed to the use of a single surfactant, leading to phase separation under stress conditions. 

Conclusion: The results confirm that the formulations obtained by spontaneous emulsification meet the physicochem-

ical criteria of nanoemulsions in terms of droplet size, appearance, and homogeneity. Nevertheless, their physical 

stability remains limited, particularly for F1, due to the formulation strategy. Future research may focus on the opti-

mization of surfactant/co-surfactant systems and the incorporation of stabilizing agents to improve long-term stability 

and broaden potential pharmaceutical applications. 
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Introduction  

Nanotechnology is a unique phenomenon in 

terms of its impact in all areas of science and 

technology, as well as its economic conse-

quences. The field of medicine is no exception to 

this revolution, since the design of nanomedicine 

offers numerous advantages over conventional 

dosage forms. These advantages include greater 

efficacy, higher yield, reduced toxicity, and im-

proved patient compliance and convenience(1). 

Galenic research has led to the development of 

submicron administration systems capable of 

protecting the active molecule from degradation 

and controlling its release in time and space. The 

formulation of nanomedicine facilitates the cross-

ing of certain barriers and slows down the metab-

olism and elimination of the drug(2). One of these 

systems is nanoemulsions. Nanoemulsions have 

attracted a great deal of attention in research and 

the design of pharmaceutical forms due to their 

unique attributes, such as optical clarity, ease of 

preparation, thermodynamic stability, and in-

creased contact surface area. Also known as sub-

micron emulsions, they serve as carriers for the 

delivery of active pharmaceutical ingredients and 

other bioactive compounds, addressing issues as-

sociated with conventional drug delivery systems 

such as poor bioavailability and non-compliance. 

These systems have been produced for decades 

using a variety of processes, principally high-

throughput emulsification. Recent improvements 

in formulation, emulsification, and characteriza-

tion are leading to advanced nanoemulsions with 

desirable functionality and well-controlled phys-

ical properties(3). Many drugs and active ingre-

dients have physicochemical characteristics that 

are not conducive to the passage of the biological 

barriers that separate the drug's site of administra-

tion from its site of action (4). Among these active 

ingredients, essential oils have attracted the atten-

tion of researchers thanks to their biological prop-

erties, which can be exploited in several fields, 

from agriculture to food and pharmaceuticals. 

However, their widespread use and marketing are 

still restricted because of the potential drawbacks 

that could arise during handling or storage. This 

is because they are sensitive to chemical conver-

sion or degradation reactions such as oxidation, 

isomerisation, polymerisation, etc. (5), these in-

stability problems can lead to a loss of efficiency 

(6). In addition, essential oils have poor physico-

chemical properties, such as insolubility in water 

and high volatility (7), including the essential oil 

of Eucalyptus globulus. Nanoencapsulation tech-

nology is the reference method for this essential 

oil to protect it from oxidation and facilitating its 

incorporation into parenteral preparations. 

Although numerous studies on nanoemulsions 

have focused on high-energy methods such as ul-

trasonication, high-pressure homogenization, and 

microfluidization, these approaches present im-

portant drawbacks. They are energy-intensive, 

costly, and may generate excessive heat that can 

degrade surfactants or bioactive compounds, ulti-

mately compromising long-term stability (Jaime-

Báez et al,2024; Sadeghian et al,2022)(8,9). In 

contrast, spontaneous emulsification, as a low-

energy method, is simpler, more economical, and 

better suited for thermosensitive drugs, yet re-

mains underexplored in terms of systematic data 

on droplet size, zeta potential, and stability. Our 

study addresses these gaps by providing quantita-

tive data and proposing optimization strategies, 

thereby strengthening the robustness and pharma-

ceutical applicability of spontaneous emulsifica-

tion. 

With this in mind, we carried out this work to pre-

pare nanoemulsions of Eucalyptus globulus es-

sential oil using spontaneous emulsification. 

Material and Methods  

Materials 

The essential oil of Eucalyptus globulus, used as 

the active ingredient, was obtained from AROMA 

ZONE. TWEEN® 20 (polyoxyethylene (20) sor-

bitan monolaurate), a hydrophilic surfactant, was 

supplied by BIOCHEM CHEMOPHARMA, 

while TWEEN® 80 (polyoxyethylene sorbitan 
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monooleate), also a hydrophilic surfactant, was 

obtained from SIGMA-ALDRICH. The distilled 

water, used as a solvent for the aqueous phase, 

was prepared in the Galenic Pharmacy Labora-

tory. 

Preliminary tests 

 To prepare nanoemulsions, several formulation 

methods were tested, including the energy re-

quirements of the method, and physical parame-

ters such as temperature and type of stirring 

speed. Based on the tests carried out and the pre-

liminary study, the preparation of a nanoemulsion 

of Eucalyptus globulus essential oil by spontane-

ous emulsification carried out by heat treatment 

or by simple mixing was chosen. 

Simple mixing emulsification method  

The nanoemulsion preparation process by simple 

mixing is quick and easy to carry out and consists 

of adding the aqueous phase drop by drop to the 

organic phase containing the oil and the hydro-

philic surfactant. Mixing is carried out at a stir-

ring speed not exceeding 400 turns per minute 

(rpm), using a magnetic stirrer and without tem-

perature variation. The nanoemulsions were for-

mulated using Eucalyptus globulus essential oil, 

TWEEN® 20 and distilled water by the low-en-

ergy emulsification method.  

For all preparations, the proportion of eucalyptus 

oil was set at 6% and various nanoemulsions were 

prepared by varying the proportion of surfactant 

in the following ratios (essential oil, surfactant): 

1:1, 1:2, 1:3, 1:4, 1:5.   

Heat treatment emulsification method  

The nanoemulsions were prepared by spontane-

ous emulsification using heat treatment. In this 

process, the aqueous phase preheated to 25°C was 

added dropwise to the organic phase heated to 

70°C. Eucalyptus globulus essential oil, distilled 

water and surfactants (TWEEN® 20 or TWEEN® 

80) were used to prepare the nanoemulsions by 

the low-energy emulsification method. 

Characterization 

Particle size analysis and determination of the 

polydispersity index (PDI):  

The size distribution of the globules was deter-

mined using a zetameter coupled to a dynamic 

light scattering (DLS) system. The Zetasizer 

MALVERN is a device that works by correlation 

of photons in simple light scattering. A laser light 

source interacts with the sample in a cuvette con-

taining a small volume of prepared nanoemul-

sion.  

Zeta potential measurement 

It corresponds to the electrostatic potential meas-

ured at the hydrodynamic diameter (or shear 

plane) of globules in a liquid medium. It can 

therefore be used to characterise the electric 

charge near the surface of the globule, as a func-

tion of its environment.  

The measurement is made using a Zetasizer 

MALVERN device; by light scattering, the elec-

trophoretic mobility electrophoretic mobility of 

particles subjected to the application of an elec-

tric field. 

Determining viscosity 

The viscosity was determined using a 

BROOKFIELD viscometer. The nanoemulsions 

are poured into a beaker. The viscosity was meas-

ured and read off by the emergence of the mobile 

in the nanoemulsion at a speed of 60 rpm. 

Centrifugation test   

This test was carried out to monitor the stability 

of the nanoemulsions prepared, using a HET-

TICH centrifuge. The nanoemulsion was placed 

in test tubes, which were then placed in the cen-

trifuge at a speed of 6000 rpm for 30 min.   

Fourier transform infrared spectroscopy 

(FTIR) test 

An infrared instrument from PERKIN ELMER 

SPECTRUM TWO was used to carry out the 

measurement. The measurement surface was cov-

ered with a drop of each formulation. Absorption 
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peaks are compared with those recorded in the da-

tabase, which reflects the composition of the raw 

materials and the presence or absence of a partic-

ular chemical.  

Statistical analysis 

Data entry and expression of results were per-

formed by IBM SPSS software Statistics version 

17. Qualitative variables were expressed as a per-

centage and quantitative variables were ex-

pressed as means and standard deviations. 

Results  

Macroscopic appearance  

The physical appearance of the formulations is a 

primary criterion for distinguishing a coarse 

emulsion from a nanoemulsion. Based on their 

macroscopic characteristics, seven formulations 

were selected. This preliminary observation was 

further confirmed by optical microscopy analysis. 

Measurement of granulometry, zeta potential 

and polydispersity index (PDI) 

Table 1 summarizes the results of particle size 

distribution and zeta potential measurements for 

the different formulations. The droplet diameters 

ranged from 35.7 ± 17.8 nm (F1) to 1487 ± 1470 

nm (F7). The polydispersity index (PDI) values 

varied considerably, with some formulations 

showing relatively narrow distributions (F6: PDI 

= 0.266) while others indicated high heterogene-

ity (F5 and F7: PDI ≈ 1). The zeta potential values 

were generally low (between-1.02 and -3.67 

mV), suggesting limited electrostatic stabiliza-

tion of the nanoemulsions. 

 
a 

 
b 

Fig. 1 Nanoemulsion preparation method 

(a) simple mix          (b) Heat treatment 

  

 

Table 1: Results of particle size analysis, zeta potential and polydispersity index 

Formulas method Surfactant 

(S) 

S/EO 

Ratio 

Diameter (nm)  PDI  Zeta Potential 

F1 HT TWEEN
®

20 1 :1 35,7±17,8 

 

0.347 -3.67 

F2 HT TWEEN
®

20 1 :2 71.25±48,6 

 

0.351 -2.27 

F3 HT TWEEN
®

20 1 :3 205,3±191 ,3 

 

0,584 -1,02 
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F4 HT TWEEN
®

20 1 :4 175,4±170,9 

 

0.958 -1,2  

F5 HT TWEEN
®

80 1 :1 470,8±469,5 

 

1 -2,23 

F6 SM TWEEN
®

20 1 :2 116,3±58,2 

 

0,266 -1,77 

F7 SM TWEEN
®

20 1 :4 1487±1470 

 

1 -1.09 

Centrifugation stability 

The prepared nanoemulsions were subjected to 

stability testing through repeated centrifugation 

cycles at 6000 rpm for 30 minutes each. As shown 

in Figure 2, no phase separation was observed af-

ter the second centrifugation cycle, and the for-

mulations retained a homogeneous appearance, 

confirming their short-term physical stability. 

 
Fig. 2 Stability of nanoemulsions after the second cen-

trifugation cycle 

Fourier transform infrared spectroscopy 

(FTIR) analysis  

The FTIR spectrum of eucalyptus essential oil 

shows characteristic bands at 2913–2850 cm⁻¹ 

(C–H stretching of aliphatic groups), 1642 cm⁻¹ 

(C=C stretching of terpenes), and 1260–1080 

cm⁻¹ (C–O–C stretching of ethers), confirming 

the presence of oxygenated monoterpenes such as 

1,8-cineole; the main constituent of eucalyptus 

oil. These results are consistent with the typical 

chemical profile of eucalyptus essential oil (Fig-

ure 3). 

The FTIR spectrum of the F1(Figure 4) contain-

ing Tween 20 exhibits characteristic absorption 

bands at 2915 cm⁻¹ (C–H stretching of aliphatic 

chains) and 1598–1500 cm⁻¹ (C=C stretching of 

terpenes from eucalyptus oil). A strong band 

around 1100 cm⁻¹ corresponds to C–O–C stretch-

ing of the polyoxyethylene groups of Tween 20, 

confirming the presence of the surfactant in the 

formulation. The coexistence of these bands with-

out significant peak shifts suggests that the euca-

lyptus essential oil is physically entrapped within 

the nanoemulsion, with no major chemical inter-

actions occurring between the oil and the surfac-

tant. 

To achieve our objective, the experimental study 

focused on evaluating the impact of formulation 

and process variables on the properties of 

nanoemulsions prepared by spontaneous emulsi-

fication. 
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Fig. 3 FTIR spectrum of the essential oil of Eucalyptus globulus 

 

 
Fig. 4 FTIR spectrum of nanoemulsion F1 

Impact of formulation parameters on droplet 

size 

Droplet size is a key determinant of nanoemul-

sion performance, as it strongly influences cellu-

lar and tissue absorption. The nanoemulsions na-

nometric dimensions provide a larger surface area 

for interaction and can promote selective accu-

mulation of the active substance at target sites. As 

shown in Table 1, particle size analysis revealed 

that the droplet diameters of the formulations 

ranged from 35.7 ± 17.8 nm to 1487 ± 1470 nm, 

highlighting the significant variability induced by 

formulation conditions. 

Statistical analysis using the ANOVA test re-

vealed a significant difference (p<0.05) for all 

formulations. However, the difference was not 

significant for formulations prepared by simple 

mixing. 

The analysis carried out indicates that the results 

obtained correspond to those found in the scien-

tific literature and suggest that the nanoemulsions 

prepared meet the size requirements. Regina G. 

Kelmaan et al. in 2007 obtained nanoemulsions 

with a particle size in the range of 148.7 to 153 

nm (8). Amir Hossein Saberi et al. 2013 formu-

lated nanoemulsions with a particle size in the 

range of 199 to 1460 nm (9). In 2014, Tatiel 
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Katzer et al. obtained nanoemulsions ranging in 

size from 234 to 257 nm (10).  

Effect of surfactant type and concentration on 

particle size  

The effect of surfactant concentration on particle 

size was studied by preparing a series of 

nanoemulsions with a fixed oil proportion of 6% 

and different surfactant ratios (TWEEN®20). The 

results showed that the surfactant concentration 

had a significant influence on globule size (p 

<0.05). A change in the concentration of TWEEN 

20 implied a variation in the particle size distri-

bution for all the formulated preparations. 

This is explained by the difference in granulome-

try between formula F1 (1:1) and F3 (1:4), with 

particle size of 35.7 nm and 175.4 nm respec-

tively. This result is consistent with the results of 

scientific work, studies carried out by RM Walker 

et al. in 2015 found a variety of particle size dis-

tribution by varying the proportion (Active ingre-

dient and surfactant .The optimal preparation pre-

sented a size of 96.5 nm for a ratio (1.75:1.75) 

(10). Dias et al. in 2014 obtained results that de-

pended on the percentage ratio (Oil/Surfactant), 

the optimal formulation had a particle size distri-

bution of 163.4 nm using 10% oil and 3% 

TWEEN®20(11). 

Effect of temperature during formulation  

The nanoemulsions were formulated by the sim-

ple mixing and heat treatment processes, and it 

was found that the temperature had a significant 

influence on the particle size of the different prep-

arations, given that a significant difference was 

observed between the particle size of the 

nanoemulsions produced by the heat treatment 

process, which ranged from 35.7 ±17.8 nm to 

470.8 ±469.5 nm, and that of the preparations for-

mulated by the simple mixing technique, whose 

globule size ranged from 116.3 ±58.2 nm to 1487 

±1470 nm.  

Static analysis of all synthesised formulations 

showed a significant difference between size and 

heat treatment (p <0.05). 

Hassan Barzegar et al. in 2018 measured the ef-

fect of temperature on nanoemulsion formation 

by subjecting the organic phase to heating at 40 

°C. The results revealed that an increase in the 

temperature of the organic phase reduced the size 

of the globules from 75 to 30 nanometres (12), 

moreover Amir Hossein Saberi et al. 2013 also 

studied the impact of temperature variation on the 

granulometry of the globules by increasing the 

temperature of the organic phase from 25 to 90 

°C. This change involved a significant reduction 

in nanoglobule size from around 107 to 89 nano-

metres(13). 

Impact of formulation parameters on the stabil-

ity of nanoemulsions 

Stability is a critical parameter for the preserva-

tion of nanoemulsions and is commonly assessed 

through zeta potential measurements. This pa-

rameter reflects the degree of dispersion or the 

tendency toward agglomeration within the for-

mulations. In general, nanoemulsion stability in-

creases as the absolute value of the zeta potential 

becomes higher, whether positive or negative, 

due to the stronger electrostatic repulsion be-

tween droplets. 

The results are presented previously in Table 1. 

The findings demonstrated that the zeta potential 

values ranged between -0.463 and -3.67 mV 

which means a poor dispersion of the globules 

and agglomeration may occur later. Comparing 

these results, Tatiele Katzer et al. in 2014(14) 

found a zeta potential value of -8.56 ± 3.49 for a 

nanoemulsion containing Tween 80 and acetone. 

This preparation presents an improved dispersion 

compared to our preparation, but it remains insuf-

ficient for a good physical stability. Nevertheless, 

O. Dias et al. in 2014by combining two surfac-

tants TWEEN®20 and SPAN®80 at different con-

centrations found that the optimal preparation 

presented a value of -77.2 ± 3.00 mV and that the 

formulation  had a very good physical stability 

and a better dispersion of the globules(11) . Also, 

Regina G. Kelmann et al.  in 2007 added glycerol 
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to TWEEN®80 to increase the isotonicity of the 

surfactant, the optimal zeta potential was around 

-40.1 ± 1.71 mV, a reflection of the good physical 

stability of the preparation(15). 

However, the bivariate analysis revealed that the 

statistical correlation test does not indicate a de-

pendency (p>0.05) between globule size and zeta 

potential; rather, a negative correlation exists be-

tween these two quantitative variables (the Pear-

son linear correlation coefficient CR=-0.43). 

Conclusion  

This study demonstrated that both the concentra-

tion and the type of surfactant used significantly 

influenced the particle size distribution and mac-

roscopic appearance of the nanoemulsions pre-

pared by spontaneous emulsification. All formu-

lations exhibited zeta potential values below 5 

mV, indicating limited electrostatic stabilization 

and a tendency toward globule agglomeration, 

which may be attributed to the use of a single sta-

bilizing agent. 

Beyond these findings, the results highlight the 

potential of spontaneous emulsification as a sim-

ple and energy-efficient method for producing 

nanoemulsions with pharmaceutical, cosmetic, 

and food applications. In the pharmaceutical 

field, such systems may be employed to enhance 

the solubility, bioavailability, and targeted deliv-

ery of poorly soluble drugs. In cosmetics, they of-

fer promising carriers for the incorporation of es-

sential oils, antioxidants, or active ingredients 

with improved skin penetration and stability. In 

the food industry, they can serve as carriers for 

flavors, preservatives, or nutraceuticals, enabling 

controlled release and improved sensory proper-

ties. 

Future studies should therefore focus on optimiz-

ing the surfactant/co-surfactant systems, explor-

ing the incorporation of polymeric or natural sta-

bilizers, and conducting long-term stability as-

sessments under different storage conditions. 

Moreover, investigating the in vitro and in vivo 

performance of such nanoemulsions would 

provide deeper insight into their applicability as 

efficient delivery systems across multiple indus-

trial sectors. 
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