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Lemongrass with scientific name Cymbopogon citratrus was widely found in tropical country. The aroma scent 
released by the lemongrass able to relieve anxiety and rejuvenate us. Lemongrass oil is suitable to use as one 
of the car freshener ingredient. However, the oil is easily evaporating when expose to high temperature 
environment. In order to preserve the fragrance release, the objective of this study is to formulate the 
nanostructured lipid carrier (NLC) encapsulated lemongrass oil using the ultrasonication technique. The 
characterization of the NLC-Lemongrass were particle size, polydispersity index (PDI), zeta potential, 
efficiency of the loading and the release rate. The NLC-Lemongrass oil formulation had an average mean 
particle size of 43.86 nm, PDI of 0.28, zeta potential -42.9 mV and efficiency of the loading 82.13 %, 
respectively. In addition, after 25 d, the component of the lemongrass oil inside the NLC able to remain at 
53.24 %. Therefore, the NLC was successfully encapsulate the lemongrass oil and prolong the aroma release 
at high temperature environment. 

1. Introduction 
Cymbopogun citratus or known as lemongrass is commonly used in food preparation in Southeast Asia.  The 
lemongrass is aromatic plant and able to grow up to 1.5 m (Charles, 2012). The fresh lower bulb of the 
lemongrass stalk is usually used in Malay or Thai food cooking, while the other part of this plant can be 
extracted into essential oil.  The aroma scent of the lemongrass essential oil is fresh and lemony. The scent is 
suitable to be used as a car freshener to uplifting, refresh and scented the air. The oil of the lemongrass is 
yellowish and contain more than 75 % of biological active agent which is citral (Ha et al., 2008).  Citral is one 
of the chemical marker compound in lemongrass oil, and contains broad biological properties such as 
antimicrobial, antifungal, anti-inflammatory and mosquito-repelling properties (Balti et al., 2017). However, 
citral is a fragile compound and easily lose its stability when exposed to high temperature environment. 
Encapsulation of citral is vital in order to protect the therapeutic properties and retain the properties over time.  
The nanostructured lipid carrier (NLC) is the mixture of the liquid lipid, solid lipid and surfactant to encapsulate 
the lemongrass oil. NLC able to ensure the high loading capacity and maintain the sustainable release of the 
oil (Tamjidi et al., 2013). NLC also able to maintain the physical stability of the particle. This is due to partially 
crystallized and less ordered crystalline structure of the NLC (Tamjidi et al., 2013). By the structure of the 
NLC, high loading capacity of oil is able to be loaded inside the core of the solid lipid (Tamjidi et al., 2013). 
The ultrasonication technique is the technique that generate ultrasonic waves inside the liquid suspension 
(Taurozzi et al., 2012). It is referred as direct sonication since the ultrasound probe is directly immerse into the 
liquid suspension. Higher effective energy output is generated into the liquid suspension and effectively break 
the cluster into nano particle. Broad range of the condition of the formulation needed to be consider to 
determine the optimal sonication. This is because the effect of the variety of parameters of the sonication will 
affect the dispersion state of the liquid suspension (Lorimer et al., 2006). In this study, lemongrass oil was 
loaded into NLC system using ultrasonication technique.   
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2. Methodology 
2.1 Materials 

Lemongrass oil (LO) and virgin coconut oil were obtained from the Institute of Bioproduct Development 
(Universiti Teknologi Malaysia, Malaysia). Tween 80, SephadexG-50, soy lecithin, Ethanol and Glyceryl 
Monostearate were obtained from Sigma-Aldrich (Selangor, Malaysia).  Water used throughout the 
experiments was distilled water. 

2.2 NLC-lemongrass oil (NLC-LO) preparation  

Table 1 shows the composition ingredients used to prepare the NLC-LO. The lipid percentage of the 
formulation was chosen as a manipulated variable. Meanwhile, the percentage of the lemongrass oil and the 
composition of the surfactant were used as fixed variables. The solid lipid (Glyceryl monostearate) and liquid 
lipid (virgin coconut oil) were mixed in the beaker. The mixture of the solid lipid and liquid lipid were heated at 
70 °C to form a clear lipid mixture. The lemongrass oil was subsequently added into the lipid mixture. The 
heating temperature of the lipid mixture with lemongrass oil was maintained at 70 °C. The distilled water, 
tween 80 and soy lecithin were added in another beaker as aqueous phase and heated at 70 °C. The pre-
emulsion mixture was formed by mixing the aqueous and the lipid mixture. Homogenizer (IKA ULTRA Turrax 
T25, Germany) was used to homogenize the pre-emulsion mixture at 12,000 rpm for 1 min. The pre-emulsion 
mixture was ultra-sonicated for 20 min at 50 amplitudes using the probe sonicator (Fisherbrand™ Model 705 
Sonic Dismembrator, USA). To prevent overheating of the NLC-dispersion, ice water bath was used 
immediately to cool down the NLC-LO dispersion to room temperature (25±1 °C) and stored in the refrigerator 
(4-8 °C). 

2.3 Particle size, polydispersity index analysis and zeta potential analysis 

Photon correlation spectroscopy (PCS) or dynamic light scattering (DLS) method using a Malvern Zetasizer 
Nano ZSP (Malvern instrument, UK) were used for the analysis of particle size, polydispersity index (PDI) and 
zeta potential. Standard capillary electrophoresis cell was used for the determination. The diluted NLC-LO 
suspension in distilled water (1:10) was vortexed to avoid multiple scattering effects and directly placed in the 
cell. All the measurement was performed in triplicate at room temperature.   

Table 1: Composition (%) for NLC-LO preparation  

Formulation 
NLC-LO 

Composition (%) 
Lemongrass 
Oil 

Solid Lipid Liquid Lipid Soy lecithin Tween 80 Distilled water 

A1 1.00 1.00 4.00 7.00 7.00 80.00 
A2 1.00 2.00 3.00 7.00 7.00 80.00 
A3 1.00 2.50 2.50 7.00 7.00 80.00 
A4 1.00 3.00 2.00 7.00 7.00 80.00 
A5 1.00 4.00 1.00 7.00 7.00 80.00 

 

2.4  Encapsulation efficiency analysis 

Sephadex gel-G50 was used to separate the entrapped and unentrapped lemongrass oil from NLC-LO 
suspension. 0.5 mL of the NLC-LO was added into the mini spin column packed with Sephadex gel-G50. The 
mini size centrifuge was run for 12 min at 3500 rpm. 0.5 mL of distilled water was added and continued spin. 
The collected encapsulated lemongrass oil were diluted with solvent (Ethanol) (n1). The absorbance 
measurement was measured at 393 nm wavelength (using lemongrass oil in ethanol as reference) using a 
UV-Vis spectrophotometer. A standard curve for the lemongrass oil was prepared by dissolving 10 mg 
lemongrass oil in 10 mL ethanol. A calibration curve was constructed at concentration of 0 to 1,000 μg/mL 
lemongrass oil. The percentage of the encapsulation efficiency was calculated using the following Eq(1): 

𝐸𝐸𝐸𝐸(%) = 𝑛𝑛1
𝑛𝑛2

× 100  (1) 

Where n1 is the concentration of lemongrass oil entrapped in NLC-LO and n2 is the total concentration 
entrapped and unentrapped of lemongrass oil in NLC-LO suspension.  
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2.5 Morphology study using transmission electron microscopy (TEM) 

A negative staining method was used to observe the morphology of the NLC-LO. 200 mesh copper grid 
coated with the carbon membrane was used for the spreading of the NLC-LO dispersion for about 3 min. Filter 
paper was used to remove any excess droplets. A drop of phototungstic acid solution (2 wt%) was placed on 
the grid for 2 min. The grid was then observed by using the transmission electron microscope (Hitachi H-7110, 
Japan). 

2.6 NLC-LO physical stability test  

After preparation, 10 ml volume of the NLC-LO samples were placed in the glass vials. The vials were stored 
at room temperature 25 °C. The particle size was taken at day 1, day 17 and day 14. 

2.7 Investigation the release rate of NLC-LO and blank lemongrass oil  

10 ml of the prepared NLC-LO and 10 ml of blank lemongrass oil were used for the release study. The release 
rate of the lemongrass oil from NLC-LO and blank lemongrass oil were investigated for 3 weeks at 45 °C. 
Certain time intervals for the sampling steps were carried out. Beakers that contained sampling were removing 
out from the oven after certain time interval and dissolving the content with ethanol. UV-VIS 
Spectrophotometer was used to determine the content of the lemongrass oil. The NLC- LO and blank 
lemongrass oil both were replicated for three parallel measurements. The unreleased fraction of the 
lemongrass oil in the NLC-LO or lemongrass oil (pure) were measured using this method. 

3. Results and discussion 
3.1 Effect of lipid concentration on particle size  

From the Figure 1, it was observed that the size of particle NLC-LO was decreased from 1 wt% solid lipid to 3 
wt% of liquid lipid. This result can be supported by Sun et al. (2009) and Swidan et al. (2018) who mentioned 
that the increase of solid lipid and liquid lipid will subsequently decrease the mean particle size and increase 
the mean particle size, respectively. However, the particle size for NLC-LO increase at 4 wt% solid lipid and 
1% liquid lipid. This proved that the particle size would continue increase its size after 4 wt% solid lipid and 1 
wt% liquid lipid. This was due to the 4 wt% solid lipid and 1 wt% liquid lipid might not the right proportion for 
reducing the size of the particle.  
 

 

Figure 1: Size of the NLC-lemongrass oil  

Based on the study done by Rosli et al. (2015) and Suhaimi et al. (2017), the size of the particle was depend 
on the different lipid percentage inside the formulation. The power and time for ultrasonication was fixed 
throughout the experiment and formulation with 3 % solid lipid and 2 % liquid lipid had effectively reduced the 
size of the particle. Based on the study, more sonication time and power was needed for other formulation 
with different lipid percentage in order to further reduce the size of the particle (Loo et al., 2013).   

3.2 The size distribution of the NLC-LO affects the uniformity of the particle size 

The polydispersity index was used to investigate the uniformity and stability of the particles (Table 2). 
Formulation A1 to A5 showed the polydispersity index were less than 0.3 which indicated that the particles 
were uniform and stable. Based on the research done by Adedokun et al. (2014), polydispersity index (PDI) at 
more than 50 % would not be accurate and stable for the width of the size distribution. Low PDI would be 
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better uniformity and stability for the particle size (Adedokun et al., 2014). Aggregation and agglomeration of 
particle would have happened if the PDI is more than 50 % (Singh et al., 2016) and narrow distribution of 
particle size would obtain if the PDI value was less than 50 % (Baumann, 2009).  

Table 2: Percentages of the solid lipid and liquid lipid (%) and the polydispersity index of the NLC-lemongrass 
oil (%) 

Formulation Lemongrass Oil Solid lipid 
(GMS) 

Liquid lipid (VCO) Polydispersity 
index (%) 

A1 1.00 1.00 4.00 27.17 ± 2.47 
A2 1.00 2.00 3.00 29.00 ± 0.92 
A3 1.00 2.50 2.50 24.67 ± 2.96 
A4 1.00 3.00 2.00 27.53 ± 3.01 
A5 1.00 4.00 1.00 28.93 ± 1.38 

3.3 The zeta potential for NLC-LO  

A4 formulation of NLC-lemongrass oil was furthered analysed for the zeta potential. The zeta potential for the 
A4 formulation NLC-LO showed charge value of -42.9 ± mV.   Long term stability of the particle had 
significantly relationship with the zeta potential. Better stability of the nanoparticles, if the nanoparticle 
emulsion had higher or bigger value of zeta potential. This could explain by the electrostatic repulsion between 
the particles. Bio colloids could be prevented from the agglomeration of the nanoparticles emulsion. 
Nanoparticle with more than -30 mV showed good stability and less than or equal to -60 mV showed a very 
good physical stability (Uprit et al., 2013).  

3.4 The encapsulation efficiency of the NLC-LO  

The lemongrass oil was used as the active material inside the core of the particle and it was presented as the 
oil encapsulated inside the core of the particles. The encapsulation efficiency for A4 NLC-LO formulation was 
82.13 ± 2.83 % . The efficiency was expected to be increased if the concentration of the solid lipid increased. 
With more than 80 % encapsulation efficiency, it proved that NLC successfully entrapped the oil and able to 
preserve the therapeutic properties of the lemongrass oil.  Based on the study conducted by Souaza et al. 
(2014), the imperfect crystal lattice provide space for the loading of the lemongrass oil. The encapsulation 
process successfully carried out due to the blending of the solid lipid and liquid lipid to form the lipid mixture. 

3.5 The morphology of NLC-lemongrass oil formulation  

Figure 2 shows that the TEM morphology of the NLC-LO for A4 NLC-LO preparation. All particles were in 
spherical shape and smooth morphology. From the figure, no aggregation and agglomeration were observed. 
The spherical NLC-Lemongrass was in nanometer sized range. However, the mean diameters observed were 
in the range of 200 nm. Due to unclear solution of the prepared lemongrass oil sample, some of the nano size 
particle which less than 100 nm cannot zoom in to more than 5,000 magnifications to capture the image. 
When more than 5,000 magnifications were zoom in to these particles, unclear and blur images were 
obtained. These result can be proven by the study of Zheng et al. (2013), he mentioned that different size 
would obtained by the TEM and particle sizer by the different sample preparation and measurement principle.  

 

Figure 2: Morphology of NLC-lemongrass oil formulation A4 observed under the transmission electron 
microscopy (Magnification of 5,000).  
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3.6 NLC-LO physical stability test  

Table 3 shows the physical stability of NLC-LO formulation for 14 d at 25 °C based on particle size 
measurement. It was observed that particle size for NLC-LO stored in 25 °C was considered stable. After 14 d, 
the particle size still maintain less than 100 nm. Therefore, encapsulation of the particle by NLC had 
successfully developed a stable and uniform particle. 

Table 3: NLC-lemongrass oil formulation A4 stability based on the particle size observed for 14 d in the 
storage at room temperature. 

Day Particle size (nm) 
1 39.1 
7 42.3 
14 53.64 
     

3.6 Release rate of NLC-lemongrass oil and lemongrass oil.  

Figure 3 shows the lemongrass oil release profile for 25 d at 45 °C. The release rate of lemongrass oil for the 
NLC-lemongrass oil was 35.18 % however the release rate for the blank lemongrass oil was 59.91 %. From 
the above result, it proved that slow release rate of lemongrass oil with small release rate of lemongrass oil 
(Feczkó et al., 2010). Based on the result from the Figure 3, there was small release rate for the lemongrass 
oil for about 3 % to 6 % from day 1 until day 25. This result is in agreement with Phunpee et al. (2017), the 
lemongrass oil was very volatile and unstable compound and when exposed to high temperature it also can 
cause the loses of some of their therapeutic properties. Therefore, based on the result above, NLC is able to 
encapsulate the lemongrass oil and prolong the release rate of the oil. This is also supported by previous 
study, where the encapsulation of lemongrass oil was able to prolong the evaporation rate of lemongrass oil 
and retained over time (Baker et al., 2018). Besides, based on Guimarães and Ré (2011), NLC could avoid 
the expulsion of active substance and able to increase loading capacity of actives. 
 

 

Figure 3: Release rate of NLC-lemongrass oil and blank. 

4. Conclusions 
From the findings, this project was successfully developed the nano-encapsulated system of lemongrass oil by 
nanostructured lipid carrier and incorporated with ultra-sonication technique. The particle size of all developed 
NLC-Lemongrass oil were found less than 100 nm. Formulation A4 was selected for further experiment due to 
its smallest particle size (43.855 ±1.58 nm) compare to other formulations.  Moreover, this formulation also 
shows low polydispersity index (27.53 ±3.01 %) and good zeta potential value (-42.9 mV). Besides, it also has 
high encapsulation efficiency (82.13 ± 2.83 %) that indicate the strong ability of the nanostructured lipid carrier 
to encapsulate the lemongrass oil.  Due to the smaller size and stable formula, the slow release rate of 
lemongrass oil was also obtained. These results indicated that even at high temperature, the nanostructured 
lipid carrier is able to prolong the release rate of the lemongrass oil.  The result also reveals that after 25 d, the 
lemongrass oil was remain more than 50 % in the NLC system. Taken together, the use of essential oil in car-
freshener products could reduce the exposure of volatile organic compounds from synthetic fragrances, as 
well as promote a healthy environment to the consumer.    
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