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Abstract—In this study, encapsulation of agarwood oil with 

non-ionic surfactant, Tween 80 was prepared at critical micelle 
concentration of 0.0167 % v/v to produce the most stable 
nano-emulsion in aqueous. The encapsulation has minimized the 
bioactive compounds degradation in various pH conditions thus 
prolong their shelf life and maintained its initial oil grade. The oil 
grading of the prepared samples were conducted using the gel 
electrophoresis instead of using common analytical industrial grading 
such as gas chromatography- mass spectrometry (GC- MS). The 
grading method was chosen due to their unique zeta potential value 
after the encapsulation process. This paper demonstrates the feasibility 
of applying the electrophoresis principles to separate the encapsulated 
agarwood oil or grading of the emulsified agarwood oil. The results 
indicated that the grading process are potential to be further investigate 
based on their droplet size and zeta potential value at various pH 
condition when the droplet were migrate through polyacrylamide gel. 
 

Keywords—Electrophoretic mobility, essential oil, nanoemulsion, 
polyacrylamide gel electrophoresis, Tween 80, zeta potential. 

I. INTRODUCTION 

GARWOOD is resin impregnated heartwood from 
Aquilaria malaccensis, which belongs to the family of 

genus Aquilaria (Thymelaeaceae). It is also known as gaharu, 
eaglewood, aloeswood, oud, jinkoh, and chenxiang and can be 
found in Southeast Asian countries such as Malaysia. The 
aromatic resin is formed as the tree sap gradually become 
harder and change it physical form from dark brown to black 
colour due to response to injury and fungal infection. 
Agarwood is recognized as one of the most valuable natural 
product trade internationally due to its endless uses, ranging 
from large sections of trunk to finished products such as 
incense and perfumes.  

The quality of the agarwood oil which industrially extracted 
through hydrodistillation is depending on the degree of injury 
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and its resin formation. High quality agarwood oil (grade A) 
may cost between USD 93- 465 per tola [1]. Many previous 
studies on grading agarwood oil quality have been carried out. 
Conventionally, grading of agarwood was based on its physical 
properties such as colour, aroma, density which mainly depend 
on individual perception and experience. Recently, several 
analytical methods such as gas chromatography- mass 
spectrometry (GC- MS), electronic nose, and nuclear magnetic 
resonance (NMR) were recognized to determine the chemical 
properties of agarwood oil [2]-[5]. However, some of the 
industrialist unable to afford the burden of the analytical cost 
due to their limited product for sampling purpose. Thus, gel 
electrophoresis is introduced as an alternative method to assess 
and grade the quality of the agarwood oil based on its electrical 
properties. 

Gel electrophoresis is a powerful, yet, simple and cheaper 
tool used for separate nucleic acid and protein on the basis of 
their size and charges in an applied electric field [5]. Small and 
high charge molecule will travel faster through the gel than a 
large and low charge molecule. Sieving mechanism is used to 
describe the electrophoretic mobility of the molecules 
throughout the gel matrix [6]. The types of gel most commonly 
used are agarose and polyacrylamide gels. Agarose gel is used 
for separating large size molecules and has a relatively low 
resolving power; whereas, polyacrylamide gels have greater 
resolving power for small size molecule. Also, the average pore 
size is typically 200-500 nm for agarose, but 5-100 nm for 
polyacrylamide gel [7]. Therefore, sodium dodecyl sulphate 
polyacrylamide gel electrophoresis (SDS PAGE) was chosen 
for the emulsified agarwood oil droplets separation in this 
study.  

Up to the author’s knowledge, agarwood oil quality grading 
system based on its electrical properties has not been being 
reported elsewhere in the literature. The objective of this study 
was to separate or to grading the emulsified agarwood oil 
droplets with SDS PAGE based on their size and zeta potential 
value. Since pH is one of the most important factor that affects 
zeta potential value, thus relationship between pH and zeta 
potential was also studied. The size of emulsified oil droplets 
lying within nanometre range and response to specific zeta 
potential value and electrophoretic mobility when they are 
varies in different pH conditions, so that separation using SDS 
PAGE can be evaluated. 

II. EXPERIMENTAL 

A. Materials 

Agarwood oil was purchased commercially from YSG 
Excellence Sdn. Bhd., Malacca, Malaysia; Tween 80 
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III. RESULTS AND DISCUSSION 

A. Effect of Surfactant Concentration on Size Distribution 
and Stability of Emulsion 

 

Fig. 2 Surfactant concentration effect on emulsified droplets size 
 

The size of emulsified oil droplets is controlled by the 
interaction between the droplet breakup and droplet 
coalescence [12], [13]. Droplet break up is controlled by the 
type and amount of energy applied to the droplets whereas 
droplet coalescence is controlled by the ability of surfactant 
adsorb at the droplet interface, which depend on surfactant 
surface activity and concentration. In the present study, 
surfactant Tween 80 was chosen and its concentration effect on 
droplet size was shown in Fig. 3. Droplet surface coverage by 
surfactant can used to describe the relationship between droplet 
size and surfactant concentration. Initially increasing in 
surfactant concentration resulted in a large decrease in droplets 
size as the surfactant adsorbed at the oil/ water interface and 
instantaneously oriented themselves between the two phases. 
Next, the surfactant facilitated reduction of interfacial tension, 
and formed a protective film around the droplet to prevent 
droplets from coalescence [14], [15]. Large droplet size was 
observed at low surfactant concentration which owing to 
insufficient coverage of surfactant at the interface of newly 
formed droplets. 

When there was an excess addition of surfactant, at 0.0167% 
v/v, smallest droplets size about 88 nm was obtained. This was 
owing to the sufficient concentration of surfactant that rapidly 
adsorbed at the interface of newly formed droplets, facilitates a 
maximum reduction in the interfacial tension [16] and provided 
strongest repulsive forces to prevent droplets from coalescence. 
Further increase in surfactant concentration, above 0.0167% 
v/v, led to increasing of droplets coalescence. This might due to 
changes of sphere micelle to rod shape, lamellar or mesophase 
owing to excessive surfactant in the system. In this system, 
Tween 80 concentration of 0.0167% was close to the limit of 
the reduction of droplet size, thus, 0.0167% of Tween 80 was 
recognized as critical micelle concentration (CMC) along this 
study. 

Fig. 3 showed the effect of surfactant concentration on zeta 
potential value of emulsion produced. Zeta potential is one of 
the factors determining the physical stability of emulsions. The 

higher the zeta potential value, the higher is the electrostatic 
repulsion between the droplets and the higher is the physical 
stability. In the present study, zeta potential values ranged from 
-20 to -40 mV for emulsion produced with Tween 80, a 
non-ionic surfactant were obtained, but in principle, droplets 
stabilized by non-ionic surfactants should have no charge. 
Negative charge values were obtained may be explained by the 
presence of composition of agarwood oil, pH, electrolyte or 
other ionic impurities remaining from their production or 
generated during storage [17]. 

The CMC 0.0167% v/v gave highest zeta potential of -39.6 
mV among the others surfactant concentration. This might be 
caused by the strongest repulsive force provided by sufficient 
coverage of surfactant barrier around the oil droplets, providing 
the most stable emulsion. However, there was no significant 
change for zeta potential value of emulsified oil with less or 
excess addition of surfactant which might be due to the 
non-ionic characteristic of surfactant used.  

 

 

Fig. 3 Zeta potential values of emulsified agarwood oil as a function of 
surfactant concentration 

B. Effect of pH on Size Distribution and Stability of Emulsion 
Produced at CMC 

The oil droplets which comprise of bioactive compounds 
tend to undergo physical and chemical changes when they are 
subjected to an extreme pH condition. However, when the most 
stable emulsion which produced at CMC with pH 6.5 was 
subjected to various pH conditions starting from pH 3 to pH 10, 
the droplet size of emulsified oil has no significant changes as 
shown in Fig. 4. This might be due to the sufficient protection 
provided by the surfactant barrier toward pH condition as the 
droplets were fully encapsulated by surfactant monomers.  

The zeta potential of the particles is used as a measure of 
particle charge and electrostatic repulsion, and is one of the 
fundamental parameters that affects stability. In aqueous 
media, the pH is one of the most important factors that affects 
zeta potential value. The relationship between the effects of pH 
on the zeta potential of emulsion produced at CMC was shown 
in Fig. 5. It can be seen that small changes in pH has caused 
significant changes in the zeta potential values of the emulsified 
oil in which the zeta potential values decreased at low pH and 
increased at high pH. This may be owing to the adsorption of 
H+ and OH− ions, which are the zeta potential- determining ions 
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effect on zeta potential of emulsion, owing to H+ and OH- ions 
adsorption at the oil/water interface. Visible bands were 
observed for emulsified droplets produced at various pH 
condition within size range of 85 to 95 nm and zeta potential 
range of -20 to -80 mV due to suitable pore size of 15 % of SDS 
PAGE gel. Zeta potential value was the dominant factor for 
emulsified agarwood oil separation as compared to droplet size.  
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