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a b s t r a c t

Basil oil (Ocimum basilicum) nanoemulsion was formulated using non-ionic surfactant Tween80 and

water by ultrasonic emulsification method. Process of nanoemulsion development was optimized for

parameters such as surfactant concentration and emulsification time to achieve minimum droplet

diameter with high physical stability. Surfactant concentration was found to have a negative correlation

with droplet diameter, whereas emulsification time had a positive correlation with droplet diameter and

also with intrinsic stability of the emulsion. Stable basil oil nanoemulsion with droplet diameter 29.3 nm

was formulated by ultrasonic emulsification for 15 min. Formulated nanoemulsion was evaluated for

antibacterial activity against Escherichia coli by kinetics of killing experiment. Fluorescence microscopy

and FT-IR results showed that nanoemulsion treatment resulted alteration in permeability and surface

features of bacterial cell membrane.

� 2012 Elsevier B.V. All rights reserved.

1. Introduction

Nanoemulsions are metastable submicron oil-in-water disper-

sions with droplet diameter in the range of 10–100 nm [1]. Poten-

tial advantages of nanoemulsions over conventional emulsions like

high physical stability, high bioavailability and low turbidity make

them attractive systems for application in food, cosmetics and

pharmaceutical industry. Nanoemulsions serve as delivery agents

for lipophilic bioactive compounds such as drug in the pharmaceu-

tical industry [2,3], for flavors [4] and antimicrobial agents [5] in

the food industry, for solubilizing water-insoluble pesticides [6]

in agrochemical industry and as vehicle for skincare and personal

products in cosmetics [7,8].

Ultrasonic emulsification is a high energy method to develop

nanoemulsion. This method is documented as fast and efficient

technique for formulating stable nanoemulsion with very small

droplet diameter and low polydispersity [9]. It utilizes sound waves

with frequency more than 20 kHz by using a sonotrode to cause

mechanical vibrations followed by the formation of acoustic cavita-

tion. Collapse of these cavities generates powerful shocks waves

which breaks the coarse droplets [10]. Size of droplet diameter can

be controlled by optimizing the process parameters such as oil con-

centration, emulsifier concentration, mixing ratio of oil and surfac-

tant, viscosity of continuous phase, emulsification time and energy

input [11]. Using megasonic irradiation (frequency in the range of

mega Hz) surfactant-free transparent nanoemulsions have been re-

ported which are stable even in the absence of surfactant [12,13].

Basil (Ocimum basilicum) is traditionally used as a medicinal

plant for the treatment of several diseases including headache,

cough and constipation [14]. Basil oil is a source of phenol deriva-

tives such as eugenol, methyl eugenol, estragole, chavicol and lin-

alool [15] etc., which possesses antimicrobial, antioxidant and

insecticidal activity [16–18].

Formulation of nanoemulsion by ultrasonic emulsification has

been reported by several works. But it was stable for few weeks

only [19]. Also, there are not many reports on nanoemulsion with

droplet diameter below 50 nm [20,21]. So, the objective of the

present work is to optimize process parameters to formulate basil

oil nanoemulsion with very small droplet diameter with long

kinetic stability. We also have investigated the bactericidal activity

of the formulated emulsion along with the mode of action.

2. Materials and methods

2.1. Chemical reagents

Basil oil and Tween80 were obtained from Sigma Aldrich, India.

For all the experiments deionised and Milli-Q (Millipore

Corporation) water was used.

2.2. GC–MS analysis

Constituents of basil essential oil were analyzed by GC–MS

(JEOL GCMATE II). Carrier gas used was helium gas at a flow rate
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of 1 ml/min. The samples were injected with a split ratio of 1:10.

Injector temperature was 80 �C and detector temperature was

275 �C. Mass spectra was recorded over 40–400 amu range with

70 eV of ionization energy and ion source temperature 240 �C.

Identification of components of oil was done by matching the ob-

tained mass spectra data with NIST MS search version on Wiley

library.

2.2.1. Nanoemulsion preparation

Nanoemulsion was formulated using basil oil, non-ionic surfac-

tant Tween80 (HLB-15) and water. Tween80 was preferred to be

used as surfactant because it has a high hydrophilic and lipophilic

balance value, which is equal to 15. Tween80 is non-ionic in nature

and stabilizes emulsion droplets by stearic stabilization. Also, being

a lowmolecular weight surfactant it is efficient inminimizing drop-

let size better than polymeric surfactants. Concentration of basil oil

(6% v/v) was fixed for all the emulsion formulations. Coarse emul-

sion was prepared by mixing oil and surfactant in different ratios

(v/v) 1:1, 1:2, 1:3 and 1:4, followed by the addition of water. Then,

the coarse emulsion was subjected to ultrasonic emulsification

using a 20 kHz Sonicator (Ultrasonics, USA)with amaximumpower

output of 750 W. Energy input was given through sonotrode con-

taining a piezoelectric crystal with a maximum probe diameter of

13 mm. It generates intensive, disruptive forces to minimize drop-

let diameter. Sonicator probe was symmetrically dipped into coarse

emulsion, and the sonication process was carried out for different

emulsification time. The temperature difference between initial

coarse emulsions to final nanoemulsion was less than 10 �C. Heat

is generated during the prolonged process of emulsification by high

energy method like ultrasonic emulsification. This heat is nullified

by placing the sample container in a bigger beaker containing ice.

Hence the temperature differencewasminimized. Then, the formu-

lated nanoemulsion was characterized and also stability of the

emulsion was investigated. All the characterization process was

done in room temperature.

2.3. Characterization of nanoemulsion

2.3.1. Droplet size distribution and morphology

Measurement of droplet size and polydispersity index (PDI) of

nanoemulsion formulations was determined using 90 plus particle

size analyser (Brookhaven Instruments Corporation, USA). Droplet

size was analysed by dynamic light scattering technique. As the

nano size droplets undergo Brownian motion in emulsion formula-

tion, the intensity of scattered light will vary. This intensity fluctu-

ation in scattered light is measured by the dynamic light scattering

technique. The droplet radius (R) can be calculated from Stokes-

Einstein equation (Eq. (1)) [22]:

D ¼ kT=6gR ð1Þ

where, D is the translational diffusion coefficient, k is the Boltz-

mann’s constant, T is absolute temperature and g is the viscosity

of the medium. All the formulations were diluted with milli-Q (Mil-

lipore corporation) double distilled water prior to experiment to

eliminate the effect of viscosity caused due to ingredients and also

to reduce multiple scattering effect.

Visualization of morphology and structure of basil oil nano-

emulsion was carried out by transmission electron microscopy

(TEM). To perform TEM observations, a drop of emulsion (nega-

tively stained with phosphotungstic acid) was placed on copper

grid and was allowed to dry in vacuum for 3 h. Micrographs were

acquired by using a transmission electron microscope (Tecnai-10,

Philips) with a W-source and operating at 80 kV.

AFM served for the confirmation of droplet size measurements,

and also to determine shape and surface morphology of basil oil

nanoemulsion. AFM was performed using (Nanosurf Easy Surf 2,

Switzerland). Diluted emulsion samples were drop coated onto a

glass slide, air dried to remove excess water, and scanning was car-

ried out at the rate of 100 mVs�1 in the range of 50 lm � 50 lm.

2.3.2. Physicochemical characterization

Viscosity of the nanoemulsion formulations were measured as

such without dilution using a Brook Field Viscometer (model LVF

69726) with a UL-adapter. All the experiments were carried out

at 25 �C in triplicate. Measurement of conductivity of the nano-

emulsion formulations was performed using CM 180 Conductivity

Meter. pH of all the nanoemulsion formulations were checked

using a pH meter (model 361, Systronics) at room temperature.

Turbidity analysis of the formulated nanoemulsions was carried

out by measuring the absorbance of undiluted samples at 600 nm

using a UV–Visible spectrophotometer (UV–Visible Spectropho-

tometer 2201, Systronics, India).

For zeta potential analysis, all the samples were diluted with

deionised water prior to use. Zeta potential measurement was

done using a 90 plus particle size analyser (Brookhaven Instru-

ments Corporation, USA).

2.3.3. Stability of emulsion

The emulsion developed by ultrasonic emulsification was sub-

jected to centrifugation at 10,000 rpm for 30 min and the resis-

tance of emulsion to centrifugation was studied.

Intrinsic stability was studied by storing the emulsion at room

temperature. It was then observed for any phase separation or

creaming. Also, change in droplet diameter was studied at different

interval of time.

2.4. Antimicrobial activity

2.4.1. Kinetics of killing

Basil oil nanoemulsion formulation with oil to surfactant (v/v)

ratio of 1:3 was preferred for studying antibacterial efficacy due

to its lowest droplet diameter. Kinetics of killing experiment was

performed by the method described by Al-Adham et. al. [23]. Over-

night culture of Escherichia coli (NCIM 2809) was centrifuged at

5000g for 10 min. It was then washed twice in phosphate buffered

saline (PBS, pH 7.4), and test culture with known inoculum size

(1 � 108 CFU/ml) was prepared. 1% v/v of this culture was then

challenged with undiluted and nanoemulsion formulations. For

viable counts, 0.1 ml of the sample was taken from each tube

and spread onto nutrient agar plates. Viable colonies were counted

after incubation at 37 �C for 24 h.

2.4.2. Live and dead staining using fluorescence microscopy

Fluorescence microscopy was done to visualize the extent of

membrane damage of nanoemulsion treated E. coli cells. Live and

dead discrimination staining experiment was carried out according

to the protocol described by Jakopec et al. [24] with minor modifi-

cations. Overnight grown culture of E. coli was harvested. A known

concentration of culture inoculum (106 CFU/ml) was treated with

10-fold diluted 1:3 ratio of basil oil nanoemulsion formulation

for 30 min. Bacteria pellet was obtained by centrifuging at

5000 rpm for 10 min followed by two times washing in PBS. To

250 ml of bacterial suspension, 2 ll each of acridine orange

(15 lg/ml of PBS) and ethidium bromide (50 lg/ml in PBS) were

added. After 5 min of incubation, centrifugation was done to re-

move unbound dyes and the pellet was resuspended in PBS. Images

were then captured using a fluorescence microscope (Leica, DM-

2500) supported with Leica-DFC-295 camera and Leica-Application

Suite 3.8 processor.
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2.4.3. Fourier transform infrared spectroscopy (FT-IR)

Structural modifications at the molecular level of E. coli upon

treatment with basil oil nanoemulsion were analyzed by FT-IR

spectroscopy. A known concentration of culture inoculums

(1 � 106 CFU/ml) was treated with 1:10 dilution of basil oil nano-

emulsion (1:3 ratio). Interaction was continued for a period of

30 min at 30 �C. Then, the cells were washed twice with phosphate

buffered saline (pH 7.4). Sampleswere prepared bymixing required

amount of pellet (both treated cells and control cells without

nanoemulsion treatment) with potassium bromide crystals and

FT-IR spectroscopic analysis was done. The Perkin Elmer Spectrum1

FT-IR instrument was used for FT-IR analysis, which has globar and

mercury vapor lamp as sources. It utilizes Scanning was carried out

in the range from 450–4000 cm�1 with a typical resolution of

1.0 cm�1.

3. Results and discussion

3.1. Basil oil analysis

Qualitative analysis of the as obtained basil oil was done using

GC-MS. Fig. 1 shows the chromatograph of basil oil. Estragole was

found to be the major component of the oil with 88% of total peak

area. There were two minor peaks were also observed correspond-

ing to eugenol (7.8%) and linalool (4.2%).

3.2. Characterization of nanoemulsion

3.2.1. Droplet size distribution

Droplet sizes of the nanoemulsions after 15 min of ultrasonic

emulsification are shown in Table 1. Nanoemulsion with 1:1 (v/

v) ratio of oil (6% of total emulsion volume) and surfactant (6% of

total emulsion volume) respectively exhibited highest droplet

diameter (41.15 ± 0.45 nm). Tween80 was used as surfactant as it

has a high hydrophilic–lipophilic balance (HLB-15) and favorable

for oil-in-water emulsion. Also, being a small molecule surfactant

Tween80 is comparatively effective in minimizing droplet diame-

ter than polymers due to their rapid adsorption onto droplet sur-

face [25]. With an increase in surfactant concentration, the mean

droplet diameter of the emulsion was found to be decreased. Nano-

emulsion with 1:2 (v/v) and 1:3 (v/v) ratio of oil and surfactant

showed droplet diameter of 31.65 nm and 29.6 nm respectively.

These results go in accordance with the earlier reports that mini-

mum droplet size can be achieved at low oil surfactant ratio [26].

The total free energy required for nanoemulsion formation is posi-

tive and thus the process is non-spontaneous. Surfactant aid the

process by decreasing the free energy required for the formation

of nanoemulsion by lowering interfacial tension at oil/water inter-

face [27]. Oil concentration used in the formulation was very low

(6% of total emulsion volume) and water was used as continuous

phase. Hence, the process fits into Taylor’s prediction (Eq. (2)) that,

emulsion radius (r) is directly related with interfacial tension [28]:

R /
�
g�e

ð2Þ

Where e is the interfacial tension, g is the continuous phase viscos-

ity and e9 is the shear rate.

With further increase in surfactant concentration, there was a

negligible reduction in droplet diameter. Hence the formulation

was optimized at 1:3 ratio of oil and surfactant. Further character-

ization and application studies were carried out with basil oil

nanoemulsion with 1:3 ratio. Fig. 2 shows the droplet size distribu-

tion of basil oil 1:3 (v/v) ratio formulation.

3.2.2. Morphology of emulsion droplets

Morphology of nanoemulsion was visualized by transmission

electron microscopy (TEM) and atomic force microscopy (AFM).

Fig. 3 shows the TEM image of basil oil nanoemulsion (1:3 ratio).

The droplets were spherical in morphology and were in the range

of 20–50 nm. The data pertaining to droplet size obtained by TEM

analysis correlates with the range of droplet diameter obtained

using particle size analyzer (DLS). Nanoemulsion droplets of D-lim-

onene/water emulsion with spherical morphology have already

been reported [4].

An AFM micrograph of basil oil nanoemulsion (1:3 ratio) is

shown in Fig. 4. Mean droplet diameter was found to be 20.1 nm.

It provided additional information for size and shape determina-

tion [29]. The morphology of droplets was approximately spherical

in shape and smooth surface. Authors have reported AFM image of

neem oil nanoemulsion with approximately spherical shape [20].

3.2.3. Effect of surfactant concentration

Physicochemical characterization of all the formulated emul-

sion was done. Viscosity, turbidity, pH and conductivity of the

emulsions are shown in Table 1. Surfactant concentration had a po-

sitive correlation with viscosity and a negative correlation on tur-

bidity. Viscosity of the nanoemulsion formulations is 1.77, 2.7, 5.75

and 19.75 cP for 1:1, 1:2, 1:3 and 1:4 (v/v) ratio of basil oil nano-

emulsion respectively. As the surfactant concentration increased

from 1:1 ratio to 1:4 ratio by maintaining the oil concentration

constant, an increasing trend in viscosity of the emulsion was ob-

served (Fig. 5). With elevated surfactant concentration water mol-

ecules become trapped in cross-linking chains of surfactants

resulting in increased viscosity of the emulsion [30].

Turbidity of the emulsion was expressed in absorbance at

600 nm. There was a sharp decrease in absorbance with the in-

creased surfactant concentration (Fig. 6). This decrease in turbidity

was due to minimized droplet diameter at higher surfactant con-

centration which results in relatively weak scattering making the

emulsion system optically transparent [31,32]. Fig. 7 illustrates

the visual appearance of the emulsion formulations. Coarse emul-

sion before subjecting to ultrasonic emulsification comprised of

droplets in micro meter range. Hence, it is turbid and milky white

in color. After emulsification process is finished, the droplet diam-

eter in the emulsion has reduced to nano meter range. So, change

in turbidity of emulsion was observed which further was depen-

dent on surfactant concentration.

3.2.4. Effect of emulsification time on droplet diameter and stability

Emulsification time had a direct correlation with droplet diam-

eter and stability of emulsion. Five minutes of emulsification time

resulted in droplet diameter of 57.75, 48.85, 45, and 29.65 nm for

1:1, 1:2, 1:3 and 1:4 (v/v) ratios of oil and surfactant. The emul-Fig. 1. GC–MS chromatograph of basil oil.
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sions were stable for 1 month. Phase separation of the emulsions

was observed after 1 month of storage. By increasing sonication

time to 15 min, reduction in droplet diameter was observed

(41.15, 31.65, 29.6 and 29.3 nm for 1:1, 1:2, 1:3, and 1:4 respec-

tively) (Fig. 8). Also, the emulsions were stable after 1 month. No

change in droplet diameter was observed and also no phase sepa-

ration or creaming was observed. Similar trend of decrease in drop-

let diameter with the increase in emulsification time was observed

in case of sunflower oil nanoemulsion formulation [21] [33]. All the

formulated emulsions were stable after centrifugation at

10,000 rpm for 30 min.

3.2.5. Zeta potential measurements

Zeta potential of the nanoemulsion formulation with 1:3 ratio

was found to be �3.70 ± 0.41 mV at emulsion native pH of 5.53.

Droplets in the basil oil nanoemulsion were stabilized by non-ionic

surfactant. Hence, the absolute magnitude of droplet charge is very

low [1,34].

3.3. Antimicrobial activity

3.3.1. Kinetics of killing

Kinetics of killing experiments demonstrated change in viability

of E. coli upon interaction with basil oil nanoemulsion (1:3 ratio)

over a short period of time. After 1 min of interactionwith undiluted

Table 1

Physicochemical characterization of nanoemulsions. All the values are expressed as mean ± SE (n = 3).

Oil:surfactant (v/v) Mean droplet diameter (nm) Polydispersity index (PDI) pH Conductivity (mS)

1:1 41.15 ± 0.45 0.092 ± 0.001 4.43 ± 0.01 0.08 ± 0.0003

1:2 31.65 ± 0.65 0.236 ± 0.002 4.92 ± 0.01 0.12 ± 0.0006

1:3 29.6 ± 0.2 0.213 ± 0.002 5.53 ± 0.03 0.16 ± 0.0003

1:4 29.3 ± 0.2 0.159 ± 0.002 6.02 ± 0.06 0.17 ± 0.0006

Fig. 2. Droplet size distribution of basil oil nanoemulsion with 1:3 (v/v) ratio of oil

and surfactant.

Fig. 3. Transmission electron micrograph of basil oil nanoemulsion with 1:3 (v/v)

ratio of oil and surfactant.

Fig. 4. Atomic force micrograph of basil oil nanoemulsion with 1:3 (v/v) ratio of oil

and surfactant.

Fig. 5. Effect of surfactant concentration on viscosity of nanoemulsion.

V. Ghosh et al. / Ultrasonics Sonochemistry 20 (2013) 338–344 341



nanoemulsion, no viable cells were obtained. This result is in agree-

ment with the previous reports that, emulsion droplets in the nano-

meter range are able to cause a 6 log reduction in viable bacteria cells

in 1 min [35]. Fig. 9 shows the rate of killing of E. coli observed upon

treatment with different dilutions of nanoemulsion. More than 60%

of viable cells were killed within 15 min of exposure to dilute (10-

fold) nanoemulsion. Upon treatment with 10-fold dilution of nano-

emulsion, 4 log reduction in viabilitywas observedwithin 30 min of

interaction time and a complete loss of viability was observed in

45 min. Interactionwith 100-fold diluted nanoemulsion 50% reduc-

tion of viable cells in 45 min and a complete loss of viability in

60 min. Bacteria treatment with 1000-fold diluted basil oil nano-

emulsion for 30 min resulted in 2 log reduction in viable cells, and

around 40% reduction over a period of 60 min. Bacteria grown in

PBS without nanoemulsion treatment is referred as control. All the

cells were viable and no cells were killed when they are grown in

PBS (control). Unlike nanoemulsions, microemulsions loose bacteri-

cidal efficacy upon diluting with water due to significant structural

changes in microemulsion droplets [36]. In the present work, nano-

emulsion exhibited considerable antibacterial activity even after

diluting 10-fold, 100-fold and 1000-fold with water. Antibacterial

activity of the nanoemulsion is expected due to the presence of

Fig. 6. Effect of surfactant concentration on turbidity of nanoemulsion.

Fig. 7. Visual appearance of emulsion. A - Coarse emulsion before sonication, B - 1:1

(v/v) ratio of basil oil nanoemulsion, C - 1:2 (v/v) ratio of basil oil nanoemulsion, D -

1:3 (v/v) ratio of basil oil nanoemulsion, E - 1:4 (v/v) ratio of basil oil nanoemulsion.

Fig. 8. Effect of sonication time on droplet diameter of emulsion.

Fig. 9. Time and concentration dependent reduction in viability.

Fig. 10. Fluorescence micrograph of untreated (a) and nanoemulsion treated

(b) E. coli.
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estragole [37], which is the major component of the essential oil by

GC–MS analysis.

3.3.2. Live and dead staining using fluorescence microscopy

Live and dead bacteria cells were visualized by staining with a

combination of dyes such as acridine orange and ethidium bro-

mide. Untreated live cells appeared green (Fig. 10a) where as nano-

emulsion treated bacteria cells appeared red (Fig. 10b). Acridine

orange stains both live and dead bacteria cells, but ethidium bro-

mide stains only those bacteria cells that have lost their membrane

integrity. Fluorescence micrograph (Fig. 10b) showed that all the

bacteria cells were killed upon treatment with 10-fold diluted basil

oil nanoemulsion (1:3 v/v ratio of oil and surfactant) for 30 min.

This result supplemented the kinetics of killing results showing

complete loss in viability of E. coli cells in 30 min of interaction

with nanoemulsion.

3.3.3. FT-IR analysis

Fig. 11 shows spectra of E. coli cells with (treated) and without

(control) interactionwith nanoemulsion. Upon treatmentwith basil

oil nanoemulsion, band at 2925 cm�1 in untreated cells due to

resulting from the asymmetric stretching vibrations of the acyl

CH2 groups in lipid component of cell membrane was shifted to

2927 cm�1 in treated cells [38]. Also, change in spectral features

was observed in the region between 1800–1300 cm�1. This is attrib-

uted to alteration in ester functional groups associated with lipid,

protein and nucleic acid. Change in band intensity at 1725 cm�1

was observed which is due to alteration in C=O of the ester func-

tional groups of lipids [39]. Spectral changes in the infrared region

between 1700–1600 cm�1 were observed which indicates that

there is significant alteration in protein secondary structure. Change

in intensity of the band at 1237 cm�1 was observed which is attrib-

uted to deformation in bacterial membrane phospholipids [40].

4. Conclusions

A stable food-grade nanoemulsion with droplet diameter

29.6 nm was formulated using basil oil and non-ionic surfactant

Tween80 by ultrasonic emulsification which showed antibacterial

activity against E. coli. In the present study we observed that

surfactant concentration, mixing ratio of oil and surfactant, and

emulsification time had significant effect on droplet diameter

and stability of nanoemulsions. The formulated nanoemulsion

showed significant bactericidal activity against E. coli even after

being diluted. To the best of our knowledge, this is the first report

showing basil oil nanoemulsion with very low droplet diameter by

ultrasonic emulsification. Formulated nanoemulsions can be fur-

ther used for food preservation against microbial spoilage.
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