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ABSTRACT: The frankincense essential oil was successfully incorporated into nano-sized 

microemulsion systems through low energy self-emulsification technique. The effects of main 

formulation parameters, namely, surfactant, co-surfactant, essential oil, and water concentrations, 

as well as the mixing rate and temperature on mean particle size, polydispersity (PDI), turbidity  

and antioxidant activities of colloidal frankincense essential oil nanoparticles were investigated.  

The results show that all studied independent parameters affect the most characteristics of frankincense 

essential oil microemulsions, significantly. The antibacterial activities of essential oils were also 

considerably increased as incorporated into nano-sized microemulsions. It resulted that the most 

desired frankincense essential oil microemulsions, with desired characteristics (less particle size, size 

distribution, turbidity, and greater antioxidant activity) could be obtained using high concentrations 

of surfactant (0.7 g), medium concentrations of co-surfactant, essential oil and water (0.2 g, 0.1 g, 

and 9.2 mL, respectively), and medium levels of mixing rate and temperature (500 rpm and 40 °C). 

Thus, by tuning the formulation or process parameters the most desired nano-sized essential oils can 

be prepared as natural preservers or health-promoting agents for various food and beverage 

applications. 
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INTRODUCTION 

Essential oils are a mixture of various non-volatile and 

volatile compounds originating from different parts of 

plants. Many of the compounds in essential oils  

 

 

 

have been shown to possess bioactive properties, e.g., 

antimicrobial, antiviral, antifungal, antioxidant, and 

antiseptic that can be used in food applications,  
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pharmaceutical and medical products. The fact that 

essential oils do not contain artificial ingredients has led to 

particular interest within the food industry since many 

consumers are interested in purchasing foods that contain 

natural components [1-4]. 

The frankincense (boswellia serrate) essential oil has 

attracted considerable attention lately due to its effectiveness in 

treatments of fevers (antipyretic), cardiovascular diseases, 

skin and blood diseases, bronchitis, mouth sores, asthma, 

cough, jaundice, hair-loss and etc. The antioxidant, anti-

cancer, anti-inflammatory, Anti Diabetic, anti-arthritic, 

anti-atherosclerotic (anti-coronary plaque), anti-hyper-

lipidemic (controls blood lipids), analgesic (pain-reliever) 

and hepato-protective (protects the liver) were confirmed 

by Modern medicine [5].   

The frankincense contains, monoterpenes (α-thujene); 

diterpenes (macrocyclic diterpenoids such as incensole, 

incensole oxide, iso-incensole oxide, diterpene alcohol 

[serratol]); triterpenes (such as α- and β-amyrins); 

pentacyclic triterpenic acids (boswellic acids); tetracyclic 

triterpenic acids (tirucall-8,24-dien-21-oic acids)  [5]. 

Regardless of essential oils prevailing use as a natural 

antioxidant and antimicrobial agent, the widespread use of 

essential oils in foods is currently limited due to their low 

water solubility, the tendency to interact with other food 

matrices’ constituents, and strong aroma and taste. 

Incorporation of essential oils into proper delivery systems 

can overcome these problems. Various well-designed nano-

sized colloidal delivery systems such as nanodispersions, 

nanoemulsions, and microemulsions are offered by 

nanotechnology in order to effectively deliver these 

functional lipid compounds. It should be noted that the 

appearance of the food system should be kept changeless after 

the addition of essential oil, which can  also be achieved by 

proper nano-sized colloidal delivery systems [3].  

Microemulsions are efficient nano-sized delivery 

systems for essential oils. Unlike nanoemulsion systems, 

the microemulsions are thermodynamically stable at wide 

ranges of compositional and environmental conditions. 

This system can be simply formed by mixing water, oil and 

surfactants in a little applied external energy, like stirring 

or heating. Consequently, the nano-metric diameter size, 

self-stability, less fabrication cost, less energy input, 

transparency water-dispersibility of microemulsions  

and presence of both lipophilic and hydrophilic domains, 

make the microemulsions appropriate systems to 

incorporate a wide range of lipophilic water-insoluble 

nutraceutical and pharmaceutical bioactive compounds  

and improve their solubility, bioavailability and stabilities 

[6, 7]. 

In most previous research, frankincense was formulated 

together with myrrh oil in order to increase their bioactivities. 

For instance, the solid lipid nanoparticles loaded with 

frankincense in combination with myrrh oil have been 

prepared in order to increase their water solubility and 

decrease their chemical instability [8]. However, their nano-

based delivery system was usually based on high-energy 

techniques and needed various compounds in order to be 

stabilized. Moreover, the frankincense essential oil has not 

been incorporated into nano-based delivery systems 

individually, and their single characteristics have not been 

evaluated yet.  

Thus, the aim of the present study was the preparation 

of frankincense essential oil microemulsions through low 

energy techniques and also the evaluation of various 

formulation parameters, namely, surfactant, co-surfactant, 

essential oil, and water concentrations, or formulation 

parameters, specifically, mixing speed and temperature on 

their mean particle size, size distribution (PDI), turbidity 

and antioxidant activity.   

 

EXPERIMENTAL SECTION 

Materials 

Frankincense essential oil (Boswellia serrata essential 

oil, 100 %) was provided by Najian Co. (NG, Tabriz, Iran). 

2,2-Diphenyl-1-picrylhydrazyl (DPPH), Non-ionic 

surfactants Tween 80 (HLB= 15), and glycerol (HLB 4.5) 

were purchased from Merck (Darmstadt, Germany). 

Double distilled water was provided by Dr. Mojalali Co. 

(Tehran, Iran). Escherichia coli (E. coli, PTCC 1276) and 

Staphylococcus aureus (S. aureus, PTCC 1431) were 

obtained by microbial Persian Type Culture Collection (PTCC, 

Tehran, Iran). Mueller Hinton Broth (MHB) medium was 

purchased from Biolife (Biolife Co., Milan, Italy). 

 

Methods  

Formulation of microemulsions 

In order to prepare the frankincense essential oil 

microemulsions, Tween 80 was first mixed with glycerol 

and stirred magnetically (IKA Plate, RCT digital, and 

Deutschland, Germany) for 5 min, at various rotating 

speeds. The essential oil was then added to the Tween  
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Table 1: The selected levels of formulation and process variables in preparation of Frankincense essential oil microemulsions  . 

Sample name Surfactant (g) co- surfactant (g) Frankincense (g) Water (mL) stirring speed (rpm) Temperature (°C) 

1 0.7 0.2 0.1 9.2 500 40 

2 0.5 0.2 0.1 9.2 500 40 

3 0.3 0.2 0.1 9.2 500 40 

4 0.5 0.3 0.1 9.2 500 40 

5 0.5 0.2 0.1 9.2 500 40 

6 0.5 0.1 0.1 9.2 500 40 

7 0.5 0.2 0.15 9.2 500 40 

8 0.5 0.2 0.1 9.2 500 40 

9 0.5 0.2 0.05 9.2 500 40 

10 0.5 0.2 0.1 11.2 500 40 

11 0.5 0.2 0.1 9.2 500 40 

12 0.5 0.2 0.1 7.2 500 40 

13 0.5 0.2 0.1 9.2 700 40 

14 0.5 0.2 0.1 9.2 500 40 

15 0.5 0.2 0.1 9.2 300 40 

16 0.5 0.2 0.1 9.2 500 60 

17 0.5 0.2 0.1 9.2 500 40 

18 0.5 0.2 0.1 9.2 500 20 

 

80/glycerol mixture and was stirred for extra 15 minutes. 

The mixture was titrated drop-wise to a certain volume  

of distilled water, which was placed into a water bath, 

under a magnetic stirrer till a homogeneous translucent 

appearance occurred. The mixture was turned from 

translucent into completely transparent systems after 1 day of 

equilibration at room temperature [9].  

The concentrations of frankincense essential oil, 

surfactant (Tween 80), co-surfactant (glycerol), distilled 

water as well as the magnetic stirrer speed and water-bath 

temperature were shown in Table 1. The homogenization 

speed was set constant all through the fabrication steps. 

 

Analysis 

Mean particle size and size distribution 

The average particle size and size distribution 

(polydispersity, PDI) of frankincense essential oil 

microemulsions were measured based on dynamic light 

scattering (DLS) technique, using zetasizer (Nano-ZS, 

Malvern Instruments, Malvern, UK), one day after sample 

preparation. Measurements were done at 25°𝐶. Mean 

particle diameter was reported as z-diameter.  

The PDI ranged from 0 to 1, in which the smaller values 

of PDI shows the colloidal system with most homogenous 

particles from size view point. All measurements were performed 

in triplicate [10]. 

 

Turbidity  

The turbidity of frankincense essential oil 

microemulsions was measured using an UV-Visible 

spectrophotometer (PG Instruments Ltd, T70+UVNIS, UK) 

according to [11]. The absorbance of samples at 600 nm 

was reported as their turbidities. The temperature was set 

at 25 °C and the deionized water was used as a blank 

solution.  

 

In-Vitro antioxidative activity (DPPH assay) 

Most of the essential oils have antioxidant effects in 

various food formulations. Thus, the in-vitro anti oxidative 

activity of nanoemulsions can be correlated to the loaded 
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essential oil in formulated microemulsions. Due to the 

highest antioxidant activities come from more 

encapsulation efficiencies of samples. 1 mL of sample  

was added to 3.9 mL of fresh methanolic solution of DPPH. 

The absorbance of these solutions and methanolic solution 

of DPPH without any microemulsions,  

at λ=517 nm, were measured using a UV–Visible 

spectrophotometer (PG Instruments Ltd, T70+UVNIS, UK) 

and coded as A1 and A0, respectively. The radical 

scavenging activity of samples was calculated according 

to the following equation : 

Scavenging activity (%) = (1 − A1/A0) × 100% , 

The methanol was used as a blank in these measurements. 

All assays were performed in triplicate [12].  

 

Antibacterial analysis 

The Minimum Inhibitory Concentration (MIC) of 

essential oils either in pure form or in microemulsions (the 

best sample, sample no. 1), as well as glycerol and Tween 

80 were investigated using the agar dilution method. 

Aliquots of samples were sequentially diluted in a 96-well 

plate containing MHB medium to produce various 

concentrations for either pure or emulsified essential oils. 

The final concentration of each strain of bacteria was 

adjusted to 5 × 106 CFU/mL based on  

0.5 McFarland standard. The plates were incubated  

for 24 h at 37 °C and the minimum concentration of 

samples giving no microbial growth in the plate  

was recorded as their MIC values [13]. 

 

Morphology 

The morphology and microstructure of the 

microemulsion (sample 1) was also determined by 

transmission electron microscopy (TEM, Hitachi H7500, 

Japan). One drop of diluted microemulsion (1:10) was placed 

on the film grid, stained by a 1% aqueous solution  

of phosphotungstic acid, and was observed after drying.  

 

Chemical analysis 

The chemical composition of frankincense essential oil 

was analyzed using Agilent 7890B/5977A GC–MS system 

(Waltham, Massachusetts, US). The sample  

(1.0 μL) was injected with a PAL RSI 120 at 250 °C with  

a split ratio 5:1. Volatiles were separated on a TG-5MS 

fused silica capillary column (30 m, 0.251 mm, and 0.1 mm 

film thickness). The initial temperature of the oven was set 

at 40 °C and was held for 1 min, and  

was increased to 250 °C at the rate of 4°C/min, and was 

again held for 10 min. The carrier gas was helium  

at the flow rate of 1 mL/min. The used MS detector was 

Electron Impact (EI) ionization at 70 eV with the ion 

source temperature of 230 °C and scan time segments from 

40 to 350 am.  

The compound's retention times were compared  

to the database of the stored known compound spectrums 

in the GC-MS NIST 08 library. All identified components 

were quantified using their percent relative peak area. 

 

Statistical analysis 

All experiments were carried out at least in triplicate 

using freshly prepared samples, and the results are reported 

as the mean ± Standard Deviation (SD). One-way analysis of 

variance (ANOVA) was carried out by Minitab 17 with the level 

of significance at p-value< 0.05. 

 

RESULTS AND DISCUSSION 

General results 

The frankincense essential oil microemulsions were 

successfully synthesized in the ranges from 12 to 633 nm. 

The characteristics of microemulsions are summarized  

in Table 2. As can be seen in Table 2, most of the studied 

independent parameters had significant effects on the 

characteristics of prepared microemulsions (p-value<0.05).  

 

Effects of surfactant concentration 

Previous research concluded that the surfactant 

concentration has the most significant effects on the 

characteristics of colloidal organic nanoparticles as compared  

to other formulation parameters [14]. As can be shown  

in Table 2, decreasing the surfactant concentration led to 

an increase in the mean particle size of gained 

microemulsions. Increasing the mean particle size of organic 

nanoparticles with stabilizing surfactant concentration  

has also been reported in various studies [15]. However, 

some researchers have resulted in a different trend for 

changing the mean particle size of nanoparticles by increasing 

the surfactant concentration. For instance, the increase of 

surfactant raised the particle size of astaxanthin 

nanodispersions at high organic phase concentrations [14].  

The size distribution or PDI values of frankincense 

essential oil microemulsions were also affected by  
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Table 2: The characteristics of frankincense essential oil prepared at different formulation and process conditions. 

Sample name z_ average (nm) PDI Turbidity Antioxidant activity (%) 

1 12.63±2.403 a 0.226±0.0113 a 0.006±0.0050a 64.5±0.74 a 

2 98.1±5.312 b 0.230±0.0115 a 0.014±0.0086 b 63.8±0.331 a 

3 171.15 ±9.504 c 0.528±0.0264 b 0.022±0.0096 b 61.8±1.27 b 

4 48.33±4.292 a 0.175±0.00875a 0.011±0.0040 a 68.7±0.141 a 

5 98.1 ±5.312 b 0.230±0.0115 b 0.014±0.003 a 63.8±0.331 b 

6 182.05 ±9.175 c 0.244b±0.0122b 0.027±0.0106 b 61.9±0.850 c 

7 131.74±8.292 a 0.215±0.01075a 0.018±0.009 a 65.5±0.0.92 a 

8 98.1 ±5.312 b 0.230±0.0115 a 0.014±0.009 a 63.8±0.331 b 

9 12.78 ±2.432 c 0.375±0.01875b 0.011±0.022 a 55.9±1.37 c 

10 633.5 ±17.171 a 0.907±0.04535c 0.004±0.0029 a 62.7±0.78a 

11 98.1±5.312 b 0.230±0.0115 a 0.014±0.0009 b 63.8±0.331a 

12 12.47 ±2.536 c 0.329±0.01645b 0.017±0.0050 c 64.7±0.72a 

13 73.74 ±4.160 a 0.237±0.01185a 0.012±0.0075 a 65.5±0.48 a 

14 98.1±5.312 b 0.230±0.0115 a 0.0140.0070a 63.8±0.331 b 

15 106.8 ±6.185 c 0.265±0.01325b 0.018±0.0078 a 59.8±0.83 c 

16 43.81 ±3.609 a 0.224 ±0.0112 a 0.011±0.0082a 57.1± 1.650a 

17 98.1 ±5.312 b 0.230 ±0.0115 a 0.014±0.0005 b 63.8 ±0.331b 

18 251.9 ±12.337c 0.308±0.0154 b 0.029±0.0045 c 65.6±0.387 c 

 

surfactant concentration, in which decreasing the 

surfactant content increased the PDI or size distribution of 

microemulsions and decreased the homogeneity of system. 

At less surfactant concentrations, the coverage of newly 

produced nanoparticles by surfactant molecules would be 

incomplete, and, consequently, their stabilization would be 

incomplete. Thus, the imperfect stabilized nanoparticles 

tend to aggregate and produce nanoparticles in larger and 

varied sizes. Increasing the PDI by decreasing surfactant 

concentration has also been reported in most previous 

researches [14, 16]. However, they also observed a 

polymodal size distribution for astaxanthin nanoemulsions 

by increasing the surfactant concentration due to the 

production of free micelles [17]. The surfactant 

concentration not only has an important effect on the size 

of nanoparticles, it can control their shape and 

morphology. It was reported that the obtained 

nanoparticles at higher surfactant concentrations are 

usually in spherical shapes, however, at less surfactant 

concentrations, the nanoparticles are in agglomerated or 

rode-like appearance [17]. Normally, the colloidal systems 

with less PDI values are more physically stable due to their 

less ripening process. Besides, uniform-sized colloidal 

systems are more desired due to their homogenous dissolution 

rate and better intestinal absorption and bioavailabilities [18]. 

Contrary to present results, increasing the PDI by surfactant 

concentrations was observed in some previous studies [19]. 

They reported bimodal size distributions for their prepared 

colloidal vitamin E systems by increasing the surfactant-to-

oil ratio.    

Decreasing the transparency or increasing the turbidity 

of frankincense essential oil microemulsions by raising 

their surfactant content can also be explained by 

decreasing their mean particle sizes, in which the colloidal 

systems with smaller particle sizes show higher 

transparencies. The smaller particles have weak light 

scattering and then make the system more optically 

transparent. These results are consistent with what has 

been found previously by Jaberi et al. [16]. Thus, it can be 

concluded that higher surfactant content leads to the  
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production of smaller essential oil nanoparticles and, 

consequently, more optically clear dispersion systems. 

Thus, it would be possible to include a greater amount of 

a lipophilic ingredient into clear beverages devoid of any 

adverse effect on their appearance [19]. After formation of 

nanoparticles, their size growth may be due to Ostwald 

ripening or coalescence processes, depending on 

surfactant, co-surfactant and oil phase concentrations.  

The in-vitro antioxidant activity of gained frankincense 

essential oil microemulsions was also decreased by 

decreasing the surfactant concentration of the system. 

Prior researches confirmed the high impact of antioxidant 

compounds nano-sized delivery systems’ particle sizes on 

their antioxidant activities. It was found that the smaller 

the particles, the better protection and superior antioxidant 

activity. The radical scavenging activity of frankincense 

essential oil nanoparticles was increased with surfactant 

content. These results are consistent with previous 

observations in which higher surfactant concentration 

could assist the dissolution of frankincense essential oil in 

the aqueous phase, resulting in higher antioxidant activity 

[20, 21]. 

 

Effects of co-surfactant concentration 

Co-surfactants are mostly surfactant molecules with 

smaller hydrophobic or hydrophilic groups. Thus, despite 

their surface activity, they cannot form micelles 

themselves. However, they are miscible in surfactants and 

can strengthen the emulsification activity of surfactant and 

form stable micelles, because mixing co-surfactant and 

surfactant decreases the mean head group area between 

them at the micelle surface and surge their packing 

parameter and thus providing less interfacial tension and 

more surface activity and enhanced emulsifying and 

stabilizing ability [22]. Thus, the effects of co-surfactant 

concentrations on studied characteristics of frankincense 

essential oil microemulsions are similar to the surfactant 

concentration, in which increasing the co-surfactant 

content decreased the mean particle size, PDI, turbidity but 

increased their antioxidant activities. The similar 

observations were also reported by [23] in the synthesis of 

vitamin-E enriched nanoemulsions produced through 

spontaneous emulsification. Glycerol could dehydrate the 

hydrophilic head of surfactant molecules and provide the 

most favorable curvature and decrease their cloud point. 

Furthermore, co-surfactants can amend the rheological 

characteristics, density, viscosity, interfacial tension, and 

refractive index [23, 24].  

 

Effects of essential oil (frankincense) concentration 

Since in the formation of organic nanoparticles through 

spontaneous emulsification, the mixture of oil-surfactant-

water in an oil droplet formation region is more imperative 

than the properties of pure oil, and the properties of the oil 

phase can be changed over time due to the structural 

organization of oil-surfactant-water mixture, it seems that 

a good correlation between the characteristics of nanoparticles 

and oil phase concentration may not be observed.  

In the present study, as can be seen in Table 2, the 

frankincense concentration also affected the mean particle 

size, homogeneity, and antioxidant activity of gained 

frankincense essential oil microemulsions. However, in 

the studied frankincense concentration range (0.5-0.15%), 

the turbidity of the system remained constant. The equal 

turbidity of the samples prepared at different essential oil 

concentrations was unexpected despite significant changes 

in their particle sizes. It seems that the determining 

parameter in the turbidity of these samples was a factor 

other than their particle sizes, maybe the intrinsic color of 

frankincense essential oil.  The mean particle size of the 

produced colloidal system was increased by raising the 

essential oil concentration. As the essential oil increases 

(at constant emulsifier content), the available surfactants 

decrease, and thus imperfect stabilization occurs. Thus, the 

coagulation, coalescence, and Ostwald ripening of newly 

produced nanoparticles were increased leading to 

extensive increases in their mean sizes [14]. A decrease in 

the essential oil content of colloidal systems may also reduce  

the interfacial tension and thus form finer droplets [19].  

A considerable increase in particle size of various 

lipophilic active compounds nanoparticles was also seen 

in most previous research by increasing the initial load of 

active compounds [14, 25].  

While the mean size of microemulsions was decreased 

by decreasing the essential oil content of the system, the 

heterogeneity of the system was increased. The oil phase 

may affect the size distribution of gained nanoparticles 

through various mechanisms. For instance, the viscosity of 

the oil phase controls the movement rate of surfactant from 

the organic toward aqueous phases. Thus, the viscosity of 

the system increases by raising the oil content of the 

system, leading to slower movement of surfactant, and 
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thus larger molecules in varied sizes would be created. 

Besides, at less essential oil concentrations, the probability of 

free micelles (without inner oil phase) by surfactant and/or co-

surfactant molecules will be increased, and thus the varied 

sized particles would be created [14, 23].  

Since the antioxidant activity of the system is mostly 

related to the bioactive ingredients of frankincense 

essential oil, the DPPH scavenging activity of samples was 

increased by increasing the concentrations of active 

compounds. It was observed that the mean particle size of 

the nanoparticles did not affect their antioxidant activities 

in various essential oil concentrations (other formulation 

and process parameters were kept constant). In some cases, 

a considerable decrease was shown in antioxidant activity 

of smaller nanoparticles, due to their more exposure 

surface area to oxygen and free radicals and thus higher 

proneness to degradation [10, 26]. 

 

Effects of aqueous phase volume (water concentration) 

While the mean particle size of frankincense essential 

oil nanoparticles was decreased by reducing the aqueous 

phase volume, their turbidities and antioxidant activities 

were increased. No certain pattern was also seen in the PDI 

of the system by decreasing their water contents. While in 

most previous researches, a decrease in mean particle size 

was reported for organic colloidal systems by increasing 

the aqueous phase ratio of system [14, 16], decreasing the 

mean particle size of colloidal systems by reduction of 

their water content have also resulted in some previous 

researches [27]. Increasing water content eliminates rigid 

film, leading to coalescence of droplets and increased 

particle size.  

Unexpectedly, the turbidity of the system was increased 

by decreasing the water-content despite of gaining smaller 

nanoparticles. This observation can be related to more 

dissolved co-surfactant and surfactant molecules as 

compared to suspended ones, at higher water contents. 

Accordingly, the intensity of scattered light by suspended 

molecules decreases, leading to more clear appearance of 

the system [14, 25, 28]. 

 

Effects of mixing speed of the phases 

Previous researches resulted that the characteristics of 

functional lipid nanoparticles prepared through the self-

emulsification process are mostly influenced by the formulation 

parameters rather than process ones [10, 29].   However, in the 

present research, the effects of two main process parameters, 

namely, mixing speed and temperature were also evaluated on 

mean particle size, PDI, turbidity, and antioxidant activity of 

frankincense essential oil nanoparticles. It was known that the 

stirring guarantees homogenous distribution of the oil phase and 

surfactant/co-surfactant in the aqueous phase that assists the 

spontaneous creation of smaller particles. Generally, in the 

studied mixing speed range, increasing the mixing rate improved 

the characteristics of nanoparticles. For instance, more 

homogenous smaller particles with greater antioxidant activities 

were obtained at a higher mixing rate of phases. However, the 

turbidity of the system was not affected by the mixing rate. 

Previous studies also concluded that the mean droplet size of 

nanoemulsions produced by a low-energy technique decreases 

by increasing stirring speed [17, 19, 26, 29]. Increasing the 

mixing rate provides more mechanical energy for the system in 

order to break up and even distribute and maintain the 

concentration gradients at interfaces [23]. The greater antioxidant 

activity of the nanoparticles synthesized at higher mixing rates 

can be related to the smaller sizes of these particles as compared 

to others. 

 

Effects of mixing temperature 

The mixing temperature also affected the mean particle 

size, PDI, turbidity, and antioxidant activity of 

frankincense essential oil nanoparticles, in which  

as the mixing temperature rises (from 20 to 60  °C),  

the mean particle sizes, PDI, turbidity, and the antioxidant 

activity of the system decrease. These results are in good 

agreement with previous research in which they observed 

that the formation of nanoparticles through low-energy 

techniques was facilitated by increasing the mixing 

temperature [23]. It seems that despite of the role of energy 

input in high-energy preparation techniques, which is 

mainly breaking up the particles, in low-energy techniques 

at low temperatures the kinetic energy barrier in the oil-

surfactant-water system, prohibited it from changing from 

opaquecro-sized dispersion to clear an nano-sized one. 

Thus, raising the temperature reduces this energy barrier 

assists these transition states, and leads to continuous size 

reduction of the particles, resulting in the creation of 

smaller particles in similar sizes [28]. Moreover, 

decreasing the viscosity and surface energy of the system 

by increasing the temperature also expedites  
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Table 3: The MIC of surfactant (Tween 80) and co-surfactant (glycerol), macro-sized frankincense essential oil and nano-sized 

frankincense essential oil (frankincense essential oil microemulsions prepared at surfactant, co-surfactant, frankincense essential 

oil and water concentrations of 0.7 g, 0.2 g, 0.1 g and 9.2 mL, respectively, and mixing rate of 500 rpm and temperature of 40 °C). 

 MIC (mg/mL) 

 frankincense essential oil microemulsions macro-sized frankincense Tween 80 Glycerol 

E. coli 0.4 4 >400 >400 

S. aureus 0.4 4 >400 >400 

 

the disintegration of the oil–water interface and construction 

of smaller particles. On the other hand, by increasing  

the temperature, the solubility characteristics and molecular 

geometry of non-ionic surfactants can be changed due to 

dehydration of their hydrophilic head-groups. Increasing 

the hydrophobicity of non-ionic surfactants together with 

the decreasing of the oil–water interfacial tension 

promotions the formation of smaller particles at higher 

temperatures, as well [19]. The decreasing of the turbidity 

by rising the temperature can be explained by decreasing 

their particle sizes.  

Due to volatility of frankincense essential oil as an 

active compound of the system, increasing the mixing 

temperature causes a considerable decrease in the active 

compound composition of nanoparticles and thus 

decreasing their antioxidant activities [10, 14, 26].  

The decreasing of turbidity by increasing mixing 

temperature can be related to the gain of smaller-sized 

frankincense essential oil nanoparticles at higher process 

temperatures.  

 

Antibacterial activity of frankincense essential oil  

Sample no 1, prepared using surfactant, co-surfactant, 

frankincense essential oil and water at concentrations of 

0.7 g, 0.2 g, 0.1 g and 9.2 mL, respectively, and mixing 

rate of 500 rpm and temperature of 40 °C was selected as 

the desired nano-sized frankincense essential oil and its 

antibacterial activity was evaluated against E. coli and  

S. aureus. The pure frankincense essential oil, surfactant 

and co-surfactant were also used at similar concentrations. 

The data can be seen in Table 3. According to Table 3, the 

obtained MIC of frankincense essential oil microemulsion 

(0.4 mg/mL for both E. coli and S. aureus) was about 10 

times greater than pure essential oil. The Tween 80 and 

glycerol did not show any inhibition activity against both 

E. coli and S. aureus. Thus, using frankincense essential 

oil in nano-sizes or incorporating them into nano-sized 

delivery systems can enhance their antibacterial activities 

considerably. The previous research also observed 

enhanced antibacterial activities for their nano-sized 

products such as D-limonene and oregano oil nanoparticles 

than their original pure macro-sized ones in similar 

concentrations [30- 32]. 

It was proved that the nano-size antibacterial 

compounds could upsurge the passive cellular absorption 

mechanisms and reduce mass transfer resistances, due to 

their subcellular sizes. 

 

Morphology of frankincense essential oil microemulsions 

The TEM image of frankincense essential oil 

microemulsions was shown in Fig. 1 in order to visualize 

their morphology. The tested sample was sample no. 1, 

which was prepared at surfactant, co-surfactant, frankincense 

essential oil, and water at concentrations of 0.7 g, 0.2 g, 

0.1 g, and 9.2 mL, respectively, and mixing rate of 500 rpm 

and temperature of 40°C. The droplets were spherical in 

morphology and were in the range of less than 50 nm. 

However, some larger particles were also found in the 

tested sample. The TEM image confirms the mean particle 

size and PDI obtained by DLS analysis. Due to the 

presence of larger nanoparticles, some physical 

instabilities or size growth can occur  

in gained microemulsions due to the ripening process. 

 

Chemical analysis 

The main chemical components of frankincense 

essential oil were obtained using GC and the main detected 

components were shown in Table 4. As can be seen in 

Table 4, α-Thujene, α-Pinene, β-Pinene, Limonene, and 

Estragole are the main components of frankincense 

essential oil, with a total peak area of 87%.  

The most identified main compounds for frankincense 

essential oil in this study were also previously  

reported by Mikhaeil et al. for frankincense  
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Table 4: The main chemical compounds of frankincense 

essential oil. 

Compounds Percentage (%) Retention time (min) No 

α-Thujene 29.3 26.320 1 

α-Pinene 26.5 23.934 2 

β-Pinene 13.2 26.120 3 

Limonene 9.5 23.047 4 

Estragole 8.5 16.256 5 

87%  Total 

 

 

Fig. 1: TEM image of frankincense essential oil microemulsions. 

 

essential oil obtained from steam distillation of oleogum 

resin of Boswellia carterii Birdwood [33]. Moreover, all 

detected components in Table 4, were in the list of observed 

volatile compounds for twenty commercial frankincense 

essential that were studied by Vanvuuren et al. [34].  

 

CONCLUSIONS 

The frankincense essential oil microemulsions were 

successfully prepared through a low energy self-

emulsification process, using Tween 80 as surfactant and 

glycerol as co-surfactant in  varied size ranges 

(approximately from 12 to 633 nm), at various formulation 

and process parameters. All selected independent 

parameters affected the most characteristics of 

frankincense essential oil microemulsions, significantly. 

According to the obtained results, the most desired 

frankincense essential oil nanoparticles obtained using 

high concentrations of surfactant, and medium 

concentrations of co-surfactant, oil phase, and water,  

as well as medium levels of mixing speed and temperature.  

All prepared frankincense essential oil nanoparticles show 

in-vitro DPPH radical scavenging activities. The antibacterial 

activities of essential oils were also enhanced through their 

size reduction into nano-range particles.  

 

Received: Aug. 19, 2021  ;  Accepted: Dec. 13, 2021 

 

REFERENCES  

[1] Anarjan N., Fahimdanesh M., Jafarizadeh-Malmiri H., 

β-Carotene Nanodispersions Synthesis by Three-

Component Stabilizer System Using Mixture Design, 

J. Food Sci. Technol., 54(11): 3731-3736 (2017). 

[2] Bakkali F., Averbeck S., Averbeck D., Idaomar M., 

Biological Effects of Essential Oils – A Review, Food 

Chem. Toxicol., 46(2): 446-475 (2008).  

[3] Basak S., Guha P., A Review on Antifungal Activity and 

Mode of Action of Essential Oils and their Delivery as 

Nano-sized Oil Droplets in Food System, J. Food Sci. 

Technol., 55(12): 4701-4710 (2018). 

[4] Zahedi M., Memar Maher B., Anarjan N., Hamishehkar 

H, Licorice-Garlic-Fennel Essential Oils Composite 

Nanoparticles as Natural Food Preservatives, Int.J. 

nanomedicine., 12 (3): 239-251 (2021). 

[5] Siddiqui M.Z., Boswellia Serrata, a Potential 

Antiinflammatory Agent: An Overview, Indian J. 

Pharm. Sci., 73(3): 255-261 (2011). 

[6] dos Santos P.P., Andrade L.d.A., Flôres S.H, Rios A.d.O., 

Nanoencapsulation of Carotenoids: A Focus on Different 

Delivery Systems and Evaluation Parameters, J. Food 

Sci. Technol., 55(10): 3851-3860 (2018).  

[7] Kazemi M., Zarandi M., Zand Monfared M.R., 

Preparation of Permanent Red 24 Nanoparticle by Oil 

in Water Microemulsion, Iran J. Chem. Chem. Eng. 

(IJCCE), 39(6): 43-49 (2020). 

[8] Shi F, Zhao J.-H., Liu Y., Wang Z., Zhang Y.-T.,  

Feng N.-P., Preparation and Characterization of Solid 

Lipid Nanoparticles Loaded with Frankincense and 

Myrrh Oil, Int.J. Nanomedicine, 7: 2033-2043 (2012). 

[9] El-Sayed H.S., Chizzola R., Ramadan A.A., Edris A.E., 

Chemical Composition and Antimicrobial Activity of 

Garlic Essential Oils Evaluated in Organic Solvent, 

Emulsifying, and Self-Microemulsifying Water 

Based Delivery Systems, Food Chem., 221: 196-204 

(2017).  

https://link.springer.com/article/10.1007%2Fs13197-017-2764-8
https://link.springer.com/article/10.1007%2Fs13197-017-2764-8
https://www.sciencedirect.com/science/article/abs/pii/S0278691507004541
https://link.springer.com/article/10.1007/s13197-018-3394-5
https://link.springer.com/article/10.1007/s13197-018-3394-5
https://link.springer.com/article/10.1007/s13197-018-3394-5
http://www.ijnd.ir/article_681068.html
http://www.ijnd.ir/article_681068.html
https://pubmed.ncbi.nlm.nih.gov/22457547/
https://pubmed.ncbi.nlm.nih.gov/22457547/
https://link.springer.com/article/10.1007/s13197-018-3316-6
https://link.springer.com/article/10.1007/s13197-018-3316-6
https://www.ijcce.ac.ir/article_43519.html
https://www.ijcce.ac.ir/article_43519.html
https://pubmed.ncbi.nlm.nih.gov/22619540/
https://pubmed.ncbi.nlm.nih.gov/22619540/
https://pubmed.ncbi.nlm.nih.gov/22619540/
https://www.sciencedirect.com/science/article/abs/pii/S0308814616316697
https://www.sciencedirect.com/science/article/abs/pii/S0308814616316697
https://www.sciencedirect.com/science/article/abs/pii/S0308814616316697
https://www.sciencedirect.com/science/article/abs/pii/S0308814616316697


Iran. J. Chem. Chem. Eng. Molaie S. et al. Vol. 41, No. 11, 2022 

 

3822                                                                                                                                                                Research Article 

[10] Anarjan N., Evaluation the Effects of Ultrasonic 

Parameters on Simultaneously Extraction and Size 

Reduction of Lycopene from Tomato Processing Waste, 

Waste Biomass Valorization, 11: 1929-1940 (2018). 

[11] Qian C., McClements D.J., Formation of 

Nanoemulsions Stabilized by Model Food-grade 

Emulsifiers using High-pressure Homogenization: 

Factors Affecting Particle Size, Food Hydrocoll, 

25(5): 1000-1008 (2011). 

[12] El Sadek M.M., Magd S.A., Hassan S.Y., Mostafa M.A., 

Synthesis, Reactions and Antioxidant Activity of 5-

(3', 4'-dihydroxy-tetrahydrofuran-2'-yl)-2-methyl-3-

carbohydrazide, Iran J. Chem. Chem. Eng. (IJCCE), 

38(6): 229-249 (2019). 

 [13] Moghimi R., Ghaderi L., Rafati H., Aliahmadi A., 

McClements D.J., Superior Antibacterial Activity of 

Nanoemulsion of Thymus Daenensis Essential Oil 

Against E. coli, Food Chem.,194: 410-415 (2016).  

[14] Anarjan N., Nehdi I.A., Tan C.P., Influence of 

Astaxanthin, Emulsifier and Organic Phase Concentration 

on Physicochemical Properties of Astaxanthin 

Nanodispersions, Chem. Cent. J., 7(127): 9-11 (2013). 

[15] Sharif H.R., Goff H.D., Majeed H., Liu F.,  

Nsor-Atindana J., Haider J., Liang R., Zhong F., 

Physicochemical Stability of β-carotene and α-

tocopherol Enriched Nanoemulsions: Influence of 

Carrier Oil, Emulsifier and Antioxidant, Colloids 

Surf., A, 529: 550-559 (2017). 

[16] Jaberi N., Anarjan N., Jafarizadeh-Malmiri H., 

Optimization the Formulation Parameters  

in Preparation of α-tocopherol Nanodispersions Using 

Low-energy Solvent Displacement Technique, Int. J. 

Vitam. Nutr. Res., 90(1-2): 5-16 (2019). 

[17] Mainardes R.M., Evangelista R.C., PLGA 

Nanoparticles Containing Praziquantel: Effect of 

Formulation Variables on Size Distribution, Int. J. 

Pharm., 290(1): 137-144 (2005). 

[18] Khadka P., Ro J., Kim H., Kim I., Kim J. T., Kim H., 

Cho J.M., Yun G., Lee J, Pharmaceutical Particle 

Technologies: An Approach to Improve Drug 

Solubility, Dissolution and Bioavailability. Asian J. 

Pharm. Sci., 9(6): 304-316 (2014).   

[19] Saberi A.H., Fang Y., McClements D.J., Fabrication of 

Vitamin E-enriched Nanoemulsions: Factors Affecting 

Particle Size Using Spontaneous Emulsification,  

J. Colloid Interface Sci., 391: 95-102 (2013). 

[20] Turk M., Mathe C., Fabiano-Tixier A.-S., Carnaroglio D., 

Chemat F., Parameter Optimization in Microwave-

assisted Distillation of Frankincense Essential Oil, C. 

R. Chim., 21(6): 622-627 (2018). 

[21] Xue J., Zhong Q., Thyme Oil Nanoemulsions 

Coemulsified by Sodium Caseinate and Lecithin,  

J. Agric. Food Chem., 62(40): 9900-9907 (2014). 

[22] Gräbner D., Hoffmann H., “Rheology of Cosmetic 

Formulations”. In: Sakamoto K., Lochhead R.Y., 

Maibach H.I., Yamashita Y. (eds), Cosmet. Sci. 

Technol, Elsevier, pp. 471-488, Amsterdam (2017).  

[23] Saberi A.H., Fang Y., McClements D.J., Effect of 

Glycerol on Formation, Stability, and Properties of 

Vitamin-E Enriched Nanoemulsions Produced using 

Spontaneous Emulsification, J. Colloid Interface Sci., 

411: 105-113 (2013a). 

[24] Magdassi S., Frank S.G., Formation of oil-in-

glycerol/water emulsions, J. Dispersion Sci. 

Technol., 7(5): 599-612 (1986). 

[25] Chang Y., McClements D.J., Optimization of Orange 

Oil Nanoemulsion Formation by Isothermal Low-

Energy Methods: Influence of the Oil Phase, 

Surfactant, and Temperature, J. Agric. Food Chem., 

62(10): 2306-2312 (2014).  

[26] Anarjan N., Mirhosseini H., Baharin B.S., Tan C.P., 

Effect of processing conditions on physicochemical 

properties of astaxanthin nanodispersions, Food 

Chem., 123(2): 477-483 (2010).  

[27] Joung H.J., Choi, M.J., Kim J.T., Park S.H.,  

Park H.J., Shin G.H., Development of Food-Grade 

Curcumin Nanoemulsion and its Potential 

Application to Food Beverage System: Antioxidant 

Property and in Vitro Digestion, J. Food Sci., 81(3): 

745-753 (2016). 

[28] Anton N., Vandamme T.F., The universality of low-

energy nano-emulsification, Int. Pharmaceutics, 

377(1): 142-147 (2009). 

[29] Anarjan N., Jaberi N., Yeganeh-Zare S., Banafshehchin E., 

Rahimirad A., Jafarizadeh-Malmiri H., Optimization 

of Mixing Parameters for α-Tocopherol Nanodispersions 

Prepared Using Solvent Displacement Method, J. Am. 

Oil Chem. Soc., 91(8): 1397-1405 (2014). 

[30] Bhargava K., Conti D.S., da Rocha S.R.P., Zhang Y., 

Application of an Oregano Oil Nanoemulsion to the 

Control of Foodborne Bacteria on Fresh Lettuce, 

Food Microbiol., 47: 69-73 (2015). 

https://link.springer.com/article/10.1007/s12649-018-0528-y
https://link.springer.com/article/10.1007/s12649-018-0528-y
https://link.springer.com/article/10.1007/s12649-018-0528-y
https://www.sciencedirect.com/science/article/abs/pii/S0268005X10002328
https://www.sciencedirect.com/science/article/abs/pii/S0268005X10002328
https://www.sciencedirect.com/science/article/abs/pii/S0268005X10002328
https://www.sciencedirect.com/science/article/abs/pii/S0268005X10002328
https://www.ijcce.ac.ir/article_34239.html
https://www.ijcce.ac.ir/article_34239.html
https://www.ijcce.ac.ir/article_34239.html
https://pubmed.ncbi.nlm.nih.gov/26471573/
https://pubmed.ncbi.nlm.nih.gov/26471573/
https://pubmed.ncbi.nlm.nih.gov/26471573/
https://bmcchem.biomedcentral.com/articles/10.1186/1752-153X-7-127
https://bmcchem.biomedcentral.com/articles/10.1186/1752-153X-7-127
https://bmcchem.biomedcentral.com/articles/10.1186/1752-153X-7-127
https://bmcchem.biomedcentral.com/articles/10.1186/1752-153X-7-127
https://www.researchgate.net/profile/Rong-Liang
https://www.sciencedirect.com/science/article/abs/pii/S0927775717305290?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0927775717305290?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0927775717305290?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/31724483/
https://pubmed.ncbi.nlm.nih.gov/31724483/
https://pubmed.ncbi.nlm.nih.gov/31724483/
https://www.sciencedirect.com/science/article/abs/pii/S0378517304007100
https://www.sciencedirect.com/science/article/abs/pii/S0378517304007100
https://www.sciencedirect.com/science/article/abs/pii/S0378517304007100
https://www.journals.elsevier.com/international-journal-of-pharmaceutics
https://www.journals.elsevier.com/international-journal-of-pharmaceutics
https://www.sciencedirect.com/science/article/pii/S1818087614000348?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1818087614000348?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1818087614000348?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/23116862/
https://pubmed.ncbi.nlm.nih.gov/23116862/
https://pubmed.ncbi.nlm.nih.gov/23116862/
https://www.sciencedirect.com/science/article/pii/S1631074818300791
https://www.sciencedirect.com/science/article/pii/S1631074818300791
https://pubs.acs.org/doi/10.1021/jf5034366
https://pubs.acs.org/doi/10.1021/jf5034366
https://www.sciencedirect.com/science/article/pii/B9780128020050000276?via%3Dihub
https://www.sciencedirect.com/science/article/pii/B9780128020050000276?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S002197971300787X?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S002197971300787X?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S002197971300787X?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S002197971300787X?via%3Dihub
https://www.tandfonline.com/doi/abs/10.1080/01932698608943481
https://www.tandfonline.com/doi/abs/10.1080/01932698608943481
https://pubs.acs.org/doi/10.1021/jf500160y
https://pubs.acs.org/doi/10.1021/jf500160y
https://pubs.acs.org/doi/10.1021/jf500160y
https://pubs.acs.org/doi/10.1021/jf500160y
https://www.sciencedirect.com/science/article/abs/pii/S0308814610005960
https://www.sciencedirect.com/science/article/abs/pii/S0308814610005960
https://onlinelibrary.wiley.com/doi/10.1111/1750-3841.13224
https://onlinelibrary.wiley.com/doi/10.1111/1750-3841.13224
https://onlinelibrary.wiley.com/doi/10.1111/1750-3841.13224
https://onlinelibrary.wiley.com/doi/10.1111/1750-3841.13224
https://www.sciencedirect.com/science/article/abs/pii/S0378517309003068?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0378517309003068?via%3Dihub
https://link.springer.com/article/10.1007/s11746-014-2482-6
https://link.springer.com/article/10.1007/s11746-014-2482-6
https://link.springer.com/article/10.1007/s11746-014-2482-6
https://www.sciencedirect.com/science/article/abs/pii/S0740002014002676
https://www.sciencedirect.com/science/article/abs/pii/S0740002014002676


Iran. J. Chem. Chem. Eng. The Effects of Main Formulation and Process Parameters ... Vol. 41, No. 11, 2022 

 

Research Article                                                                                                                                                                3823 

[31] Donsì F., Annunziata M., Sessa M., Ferrari G., 

Nanoencapsulation of Essential Oils to Enhance 

Their Antimicrobial Activity in Foods, LWT-Food 

Sci. Technol., 44(9): 1908-1914 (2011). 

[32] Zhang Z., Vriesekoop F., Yuan Q., Liang H., Effects 

of Nisin on the Antimicrobial Activity of d-Limonene 

and its Nanoemulsion, Food Chem., 150: 307-312 

(2014). 

[33] Mikaeil B., Maatooq G., Badria F., Amer M., 

Chemistry and Immunomodulatory Activity 

Frankincense Oil. Z. Naturforsch., C, J. Biosci., 58: 

230-238 (2003) 

[34] Van Vuuren S.F., Kamatou G.P.P., Viljoen A.M. , 

Volatile Composition and Antimicrobial Activity of 

Twenty Commercial Frankincense Essential Oil 

Samples, S. Afr. J. Bot., 76(4): 686-691 (2010) 

 

https://www.sciencedirect.com/science/article/abs/pii/S0023643811000788
https://www.sciencedirect.com/science/article/abs/pii/S0023643811000788
https://pubmed.ncbi.nlm.nih.gov/24360455/
https://pubmed.ncbi.nlm.nih.gov/24360455/
https://pubmed.ncbi.nlm.nih.gov/24360455/
https://pubmed.ncbi.nlm.nih.gov/12710734/
https://pubmed.ncbi.nlm.nih.gov/12710734/
https://www.sciencedirect.com/science/article/pii/S0254629910001705
https://www.sciencedirect.com/science/article/pii/S0254629910001705
https://www.sciencedirect.com/science/article/pii/S0254629910001705

