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ABSTRACT
Nanoemulsion has proven to be one of the efficient approaches to improve tocols (tocopherols and 
tocotrienols) solubility in aqueous solution. High energy emulsification method such as ultrasonication 
and microfluidisation has been widely applied. The objective of this study was to prepare palm-based tocols 
nanoemulsion using ultrasonication to produce small average droplet size (<100 nm) and narrow droplet 
size distribution with low polydispersity index (PDI) value. The optimal ultrasonication duration and 
amplitude of 80 min and 100% produced nanoemulsion of an average droplet size of 104.1 ± 2.9 nm with 
PDI value of 0.215 ± 0.008. The mixing of Tween 80-Brij 35 (50:50 w/w) with concentration of 1.5% 
w/v produced an average droplet size of 54.8 ± 1.2 nm and PDI of 0.266 ± 0.006. Although the increase 
of emulsifier concentrations to 3% w/v from 0.75% w/v produced an average droplet size of 45.4 ± 1.0 
nm, PDI obtained was high 0.404 ± 0.002 indicating that the droplet size distribution was becoming less 
monodisperse. The produced nanoemulsion will be extruded into gelling solution to form calcium alginate 
beads. Total tocols encapsulate within the bead and release of tocols from the bead will be evaluated and 
reported in future study. 
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INTRODUCTION

Vitamin E is one of the essential dietary supplements 
taken in order to prevent and to slow down the 
development of degenerative diseases (Gee, 2011). 
Vitamin E consists of three homologous series: 
tocopherols, tocotrienols and tocomonoenols (Ng 

et al., 2004). Palm oil, wheat germ oil and rice bran 
oil are rich sources of tocotrienols (Aggarwal et al., 
2010). 

Studies have been widely carried out and 
reported that tocols (tocopherols and tocotrienols) 
are capable to protect and reduce cellular ageing 
and damage induced by oxidative stress (Matough 
et al., 2014; Nishio et al., 2013; Makpol et al., 2010). 
Some studies reported that tocotrienols exert more 
potent anti-cancer activity compared to tocopherols 
(Pierpaoli et al., 2010; Hiura et al., 2009; Takahashi and 
Loo, 2004). However, low absorption due to its poor 
water solubility and shorter half-life of tocotrienols 
compared to tocopherols has greatly hindered their 
therapeutic action especially when administered 
orally (Compadre et al., 2014; Yap et al., 2003). 
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Studies have shown that reduction in the emulsion 
droplet size greatly improved tocotrienols solubility. 
Coupled with a larger surface area for interaction, 
this resulted in increases in mucosal permeability 
(Abuasal et al., 2012; Kuo et al., 2008). This resulted 
in our investigation of producing nanoemulsion as 
a potential approach to improve tocols solubility. 
The developed nanoemulsion will be used to 
produce microparticle for oral administration as it 
is considered as the most desirable route due to its 
convenience (Desai et al., 2012). Nanoemulsion also 
serves as an effective oxygen barrier that enhances 
the viability of the compound in the acidic medium 
of the digestive system of the stomach (De Vos et al., 
2012). Apart from nanoemulsion, nanostructured 
lipid carriers (NLC) was also developed for 
cosmeceutical delivery of palm phytonutrients (Loo 
et al., 2014).

Sonication was one of the high energy 
emulsification methods that is commonly used 
to produce nanoemulsion. Although some 
researchers believed that emulsification efficiency 
of microfluidiser processor was superior compared 
to sonication, sonication emulsification remains 
favourable due to ease of cleaning and maintenance 
and is more economical whereby lower processing 
cost is required for scale-up production (Tang et 
al., 2013). Furthermore, this technique has a more 
flexible control over the emulsion droplet size 
production and narrow droplet size distribution. 
Sonication relies upon cavitation-induced stress 
to break droplets into smaller size. Cavitation is a 
phenomenon referring to the formation, growth 
and implosive collapse of acoustic bubbles in liquid 
medium generating liquid microjets and powerful 
shock wave that breaks the oil phase into water in 
the form of droplets. These droplets were further 
reduced to nano-size by violently imploding bubbles 
produced from localised intense turbulence and 
shear forces (Sivakumar et al., 2014). Parthasarathy 
et al. (2014) demonstrated the preparation of palm 
oil-based oil-in-water nanoemulsion using another 
type of ultrasound device known as liquid whistle 
hydrodynamic cavitation reactor (LWHCR). 

The objective of this study was to produce 
tocols nanoemulsion with small average droplet 
size (<100 nm) and narrow droplet size distribution 
with a low polydispersity index (PDI) value using 
sonication. The effect of sonication amplitude (%), 
duration (min), type of emulsifier combination and 
concentration were also investigated. 

MATERIALS AND METHODS

Materials

Palm oil containing 50% w/w tocols known 
as Super T50 was purchased from Supervitamins 

Sdn Bhd, Johor, Malaysia. Sodium alginate, 
polyoxyethylene sorbitan monolaurate (Tween 
20), polyoxyethylene sorbitan monooleate (Tween 
80) were purchased from R & M Marketing, Essex, 
United Kingdom. Polyoxyethylene lauryl ether (Brij 
35) was purchased from Merck. Arabic gum and 
sodium azide was purchased from Sigma Aldrich. 
Distilled water was used for the preparation of the 
emulsion. 

Emulsion Preparation

Sodium alginate and Arabic gum was dissolved 
separately in distilled water. Sodium alginate (1% 
w/v) was dissolved in distilled water at 70oC. The 
dissolved sodium alginate solution was cooled to 
room temperature (25oC). Arabic gum (10% w/v) 
was dissolved in distilled water at room temperature 
(25oC) and continuously stirred overnight to ensure 
complete dissolution. Sodium alginate solution 100 
ml (1% w/v) was added into 100 ml Arabic gum 
solution (10% w/v) to obtain a final volume of 200 
ml with final concentration of sodium alginate and 
Arabic gum 0.5% w/v and 5% w/v respectively. 
Sodium azide 0.02% w/v was added into sodium 
alginate/Arabic gum solution to prevent microbial 
growth. An emulsifier to oil ratio 1:1 was used 
throughout the study to determine the effect of 
ultrasonication parameters on droplet size and size 
distribution. The concentration of Tween 20 and 
Super T50 used was 1.5% w/v respectively. A total of 
3 g Tween 20 was weighed and mixed with sodium 
alginate/Arabic gum solution using a magnetic 
stirrer on stirrer plate for 15 min until the emulsifier 
was fully dissolved. The mixture was later added 
into a 250 ml beaker containing 3 g Super T50 and 
was pre-emulsified by IKA T25 digital ultra turrax 
attached to a S25KV-25G dispersing element for 
4 min at 8000 rpm to form coarse emulsion before 
treated with sonication. The mixing was carried out 
at room temperature.

Ultrasonication

A UP100 Hielscher Ultrasonic Processor 
(Hielscher Ultrasound Technology, Teltow, 
Germany), with 100 W output power and a frequency 
of 30 kHz equipped with a 10 mm sonotrode, was 
used to perform the study. During sonication, the 
sonotrode was immersed into the coarse emulsion. 
Sonication was conducted at varying sonication 
time (20, 40, 60, 80 and 100 min) and at different 
magnitudes of sonication amplitude (60%, 80% 
and 100%). The nanoemulsion was analysed after 
sonication without storage. During sonication, some 
of the energy dissipated as heat. In order to avoid 
rapid temperature increase in the sample, sonication 
was paused for 1 min after the sample was sonicated 
for 4 min. The glassware was covered with 
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aluminium foil throughout the sonication process to 
minimise tocols oxidation and was placed in water 
bath with water maintained at 25oC for cooling 
purpose. Samples were prepared in triplicate.

Nanoemulsion Size Analysis and PDI 

Oil droplet size and broadness of size 
distribution were measured using dynamic light 
scattering method by Zetasizer Nano ZS (Malven 
Instruments, UK). The size reported corresponded 
to intensity weighted average hydrodynamic 
diameter or Z-Average diameter obtained through 
cumulant analysis. PDI is a dimensionless measure 
of the width of size distribution calculated from the 
cumulant analysis and ranging from 0 to 1.0. Small 
PDI value (<0.08) indicates a nearly monodispersed 
population, while a large PDI (>0.7) indicates a very 
broad distribution of droplet size. The Z-average 
diameter was reported as mean droplet diameter 
obtained from average of three measurements from 
three freshly prepared emulsions. 

Types of Emulsifiers’ Combination and Concentra-
tion 

The nanoemulsion formed at sonication 
conditions that was deemed optimal was further 
investigated using different type of emulsifiers’ 
combination and concentration. Combination of 
emulsifiers namely (Tween 20: Tween 80), (Tween 
20:Brij 35) and (Tween 80:Brij 35) were used with 
both having the same composition in the emulsion 
system. Surfactant to oil ratio was maintained at 1 
throughout the study. Hydrophilic-lipophilic balance 
(HLB) value for Tween 20, Tween 80 and Brij 35 was 
16.7, 15 and 16.9 respectively. The HLB value after 
combination of two emulsifiers was calculated based 
on Equation (1). 

HLB = x1A1 + (1-x1)A2                                                          (1)

where, 
x1 is the proportion of first emulsifier having an HLB 
value of A1 and the other represents the remaining 
proportion of second emulsifier having an HLB 
value of A2. 

The effect of emulsifier concentrations on 
average droplet size and PDI was investigated by 
increasing the concentration from 0.75% to 3% w/v 
with the amount of oil used fixed throughout study.

Field Emission Scanning Electron Microscopy (FE-
SEM)

Field emission scanning electron microscope 
(FEG Quanta 450 EDX-OXFORD) was used to inves-
tigate the morphology of nanoemulsion prepared by 
ultrasound. The preparation method was based on 

Tang et al. (2013) with slight modification. Emulsion 
was diluted with distilled water and was stained 
with 2% w/v osmium oxide for an hour. Then the 
sample was placed on 200-mesh formwar-coated 
copper grid (Agar Scientific Ltd, Essex, UK) and left 
for 10 min. The excess solution was drawn-off using 
Whatman filter paper and was left to dry at room 
temperature (25oC). The sample was then viewed 
using scanning transmission electron microscopy 
(STEM) mode operated at high vacuum condition 
and at an acceleration voltage of 20 kV. 

Statistical Analysis

The statistical analysis of the data was 
performed using a stat package in R Statistical 
Software (Foundation for Statistical Computing, 
Vienna, Austria). It is an open source for statistical 
computing that is distributed under the Free Software 
Foundation’s GNU General Public License in source 
code form. All values obtained were reported as mean 
values ± standard deviation. Significant differences 
in the measured mean droplet diameter and PDI of 
the nanoemulsions produced using various type of 
emulsifier and concentration was analysed by one-
way analysis of variance (ANOVA) and followed by 
Tukey’s HSD post-hoc test. The significant level for 
all tests (α) was assessed at 0.05.

RESULTS AND DISCUSSION

Effect of Amplitude and Duration of Sonication on 
Particle Size and PDI

Coarse emulsion prepared from ultra turrax 
was too polydisperse for cumulant analysis using 
Zetasizer to obtain a reliable droplet size. In general, 
results obtained from Zetasizer showed that droplet 
size of the coarse emulsion was larger than 1 µm. 
When sonication amplitude increased from 60%-
100%, there is a reduction of droplet size from 136.1 
± 2.5 nm to 108.6 ± 0.4 nm due to cavitation (Figure 
1). The intensity of cavitation activity in emulsifying 
tocols is proportional to sonication amplitude (Leong 
et al., 2009). Emulsions sonicated at three different 
amplitudes showed that mean droplet diameter 
decreases with sonication time. This was observed 
to have two distinct phases: an initial size reduction 
phase followed by an equilibrium/leveling-off 
phase (Salvia-Trujillo et al., 2013). Sonication at 
amplitude of 100% from 80 min to 100 min increases 
the average droplet size from 104.1 ± 2.9 nm to 118.1 
± 10.8 nm. This was due to heat dissipated and local 
turbulence during sonication that has degraded 
the emulsifying properties of Tween 20 (Tang et al., 
2012). In the present study, although the water bath 
temperature was maintained at 25oC, temperature 
of resulting nanoemulsion after sonication every 
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20 min using 100% sonication amplitude increased 
from 25oC to 38oC-44oC. Another explanation was 
that the intensified sonication forces would drove 
the oil droplets to the anodes and antinodes of the 
acoustic field and tend to collide with each other 
forming larger droplets as they approached closer to 
each other (Juliano et al., 2013). A comparison of the 
nano-emulsion droplet sizes produce at 60%, 80%, 
100% amplitude was observed in STEM (Figure 2), 
the best droplet size was illustrated in Figure 2a.

Increased in sonication amplitude from 60% to 
100% resulted in the decrease of PDI from 0.369 ± 
0.011 to 0.268 ± 0.015 (Figure 3) except sonication 
amplitude of 100% from 80 min to 100 min. This 
was due to local turbulence that generated heat that 
degrades the emulsifying properties of Tween 20. 
Hence, sonication of 100% amplitude for 80 min was 
deemed as optimum condition in the present study 
as it produced the smallest average droplet size 
104.1 ± 2.9 nm and PDI value 0.215 ±0.008.  

Effect of Different Emulsifiers Combination on the 
Particle Size and PDI of Tocols Nanoemulsion 

Non-ionic emulsifier was commonly used as 
stabiliser in tocopherol-tocotrienol emulsion (Noor 
Izah Zahari et al., 2014; Saberi et al., 2013; Cheong 
et al., 2008; Kuo et al., 2008). Non-ionic emulsifier 
such as Tween and Span are generally recognised 
as safe. They show low toxicity and irritancy on 
oral, parenteral and dermal administration as 
compared to ionic emulsifier (Pujara, 2012; Dehghan 
Noudeh et al., 2009). Hence, they are considered as 
favourable stabiliser in emulsion formulation for 
food, pharmaceutical and cosmeceutical industry. 
Each surfactant and oil has a specific HLB value. The 
optimum HLB obtained from selected surfactant 
or blend of surfactants that match the HLB of the 
selected oil provides a synergistic effect in enhancing 
the stability of emulsion by achieving the lowest 
interface tension between the oil and water phases 
(Shahin et al., 2011). The presence of surfactant 

reduced interfacial tension which is proportional to 
the force required to deform and disrupt droplets 
during homogenisation (Yang and McClements, 
2013; Schubert and Engel, 2004).

The combinations used in the study were (Tween 
20:Tween 80), (Tween 20:Brij 35), and (Tween 80:Brij 
35) with the same composition (50:50 w/w) in the 
emulsion. Data obtained showed that different type 
of emulsifier combination has a significant effect 
on particle size (p < 0.05) and PDI (p < 0.05). As 
illustrated in Figure 4, (Tween 20:Brij 35) produced 
the smallest droplet size with an average of 52.0 ± 

Figure 1. Effect of ultrasonication amplitude and time interval on 
droplet size.

a)

b)

c)

Figure 2. Scanning transmission electron microscopy (STEM) 
photographs of palm-based tocopherol-tocotrienol nanoemulsion 
prepared by (a) ultrasound (100% amplitude), (b) ultrasound (80% 
amplitude) and (c) ultrasound (60% amplitude).
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1.0 nm followed by (Tween 80:Brij 35) and (Tween 
20:Tween 80) with an average droplet size of 54.8 
± 1.2 nm and 130.3 ± 1.3 nm respectively. However 
(Tween 20:Tween 80) produced the smallest PDI 
= 0.225 ± 0.005, followed by (Tween 80:Brij 35) with 
PDI = 0.266 ± 0.006 and (Tween 20:Brij 35) with PDI 
= 0.301 ± 0.004. The results show that addition of Brij 
35 has significantly reduced the droplet size < 100 nm 
as compared to the mean droplet diameter obtained 
from our earlier study, 104.1 ± 2.9 nm, by using 
Tween 20 alone as emulsifier. The results obtained 
was in agreement with Laouini et al. (2012) where it 
was reported that the used of combination (Tween 
80: Brij 35) showed advantages over single emulsifier 
(either Tween 80 or Brij 35) to produce vitamin E 

loaded nanoemulsion that had small particle size 
and improved physical stability. Laouini et al. (2012) 
used emulsifier mixture, Tween 80-Brij 35 (50:50 
w/w) to prepare vitamin E loaded nanoemulsion 
and droplet average size obtained was 106 nm. 
Average droplet size obtained in present study 
was half the size smaller (54.8 ± 1.2 nm). It was also 
comparable with the results reported by Kuo et al. 
(2008), where average droplet size of nanoemulsion 
loaded with different tocopherol isomer (α-,γ- and 
δ-tocopherol) produced by microfluidics was 56.6 ± 
0.2, 42.3 ± 0.2 and 51.5 ± 0.5 respectively and PDI 
obtained was 0.287 ± 0.001, 0.275 ± 0.003 and 0.272 
± 0.005. 

The average droplet size of nanoemulsion 
stabilised by (Tween 20:Tween 80) is much larger 
than average droplet size of nanoemulsion stabilised 
by Tween 20 alone. During homogenisation, droplet 
disruption and droplet coalescence occurred 
simultaneously. Hence, how fast the emulsifier 
adsorb and completely covers the newly form 
oil-water interface plays an important role in 
preventing the oil droplets from re-coalescence. 
Brij 35 has smaller molecular weight compared to 
Tween 80 or Tween 20 thus can be quickly adsorbed 
onto the newly formed oil-water interface during 
homogenisation to prevent coalescence of droplets. 
As the droplet size in the emulsion system decreases 
to less than 100 nm in diameter, it appears visibly 
from white to transparent or translucent due to the 
light being weakly scattered by these fine oil droplets 
(Fryd and Mason, 2012). As shown in Figure 5, the 

Figure 3. Effect of ultrasonication amplitude and time interval on 
polydispersity index (PDI).

Figure 4. Influence of different type of emulsifier combination: [Tween 20:Tween 80], [Tween 20:Brij 35] and [Tween 80:Brij 35] on average droplet 
size and polydispersity index (PDI) of tocols nanoemulsions.
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emulsion stabilised by (Tween 20:Tween 80) had 
white appearance whereas for (Tween 20:Brij 35) and 
(Tween 80:Brij 35) the emulsion produced appeared 
as translucent. Particle size and size distribution 
of these droplets are critical criteria that affect the 
stability of emulsion. In general, the smaller the 
average droplet size and size distribution, the 
emulsion formed is more stable. Combination of 
Tween 80 and Brij 35 was deemed for further study 
as the nanoemulsion produced has an average 
droplet size (<100 nm) and PDI less than 0.3. 

Effect of Emulsifiers Concentration on Particle Size 
and PDI

Emulsifier concentration is another important 
variable in nanoemulsion preparation due to 

increase in oil-water interface area which requires 
more emulsifiers to completely cover the interface 
(Jafari et al., 2007) in preventing droplet re-
coalescence through steric or electrostatic repulsion. 
In this study, a combination of two emulsifiers 
Tween 80 and Brij 35 with both having the same 
amount of composition (50:50 w/w) were used to 
stabilised the emulsion. Increasing the concentration 
of emulsifier from 0.75% to 3% w/v resulted in a 
significant reduction (p<0.05) in average droplet 
size but significant increase in PDI (p>0.05) (Figure 
6). The results revealed that although increase in 
concentration resulted in reduced average droplet 
size, however it also causes heterogeneity in the 
overall particle size thus leading to increase of PDI. 

Figure 7 showed that as the concentration of 
(Tween 80: Brij 35) increases, the peaks shifted to 
the left indicating that the average droplet size is 
decreasing but the base of the peak became broader 
indicating a broad size distribution. When the con-
centration increased to 3% w/v, a peak with droplets 
size of 7.7 nm was observed in size distribution by 
intensity indicating micelle formation from Tween 
80 and Brij 35. Similar results was also reported 
by Laouini et al. (2012), when the concentration of 
emulsifier increases a small peak corresponding to 
micelle was observed in size distribution by inten-
sity. Oh et al. (2011) and Tadros et al. (2004) reported 
that average droplet size will become smaller and 
size distribution become narrower with the increase 
of emulsifier concentration and eventually reached 
a plateau level. Beyond plateau level, free or non-
adsorbed emulsifier might aggregate within itself to 
form micelle. Nanoemulsion is known to be thermo-
dynamically unstable thus it tends to minimise the 
interfacial area through coalescence and Ostwald 

Figure 5. Palm-based tocopherol-tocotrienol nanoemulsion prepared by 
(a) (Tween 20: Tween 80) visually appears as white whereas (b) (Tween 
20: Brij 35) and (c) (Tween 80: Brij 35) visually appears as translucent.

Figure 6. Influence of emulsifier concentrations on droplet size and polydispersity index (PDI) of tocopherol-tocotrienol nanoemulsion.
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ripening (Nguyen Hoang et al., 2004). Formation of 
micelle will promote oil solubilisation and enhance 
the rates of Ostwald ripening. Ostwald ripening 
causes molecular diffusion of oil from smaller drop-
lets to larger droplets due to greater solubility of 
smaller droplets in continuous phase. Thus, smaller 
droplets will shrink while larger droplets continue 
to grow and destabilise emulsion (De Smet et al., 
1999). 

It was noted that as the emulsifier concentration 
increases, the percentage of minor peak represent-
ing larger droplet size increased. One possible ex-
planation was the competition between (Tween 80: 
Brij35) and Arabic gum in stabilising the emulsion. 
Besides widely used as wall material for encapsu-
lation purposes, Arabic gum is also used as emul-
sifier as it exhibits emulsifying activity due to the 
presence of arabinogalactan protein (AGP) fraction 
(Ma et al., 2015; Fernandes et al., 2014). As concentra-
tion of Tween 80 and Brij 35 increases, free or non-
adsorbed Arabic gum induces particle coalescence 
via bridging flocculation, depletion flocculation, 
and other mechanisms (Anarjan et al., 2013; Jafari et 
al., 2007). Based on the finding, the suitable concen-
tration of emulsifier used was deemed as 1.5% w/v 
since increasing the concentration of emulsifier by 
two-fold led to formation of micelle but lowering the 
concentration (<1.5% w/v) led to increase in aver-
age droplet size. Furthermore, in order to minimise 
the PDI and potential cytotoxicity effect exhibits by 
non-ionic emulsifier, it is desirable to minimise the 
concentration of emulsifier used during preparation 
so that the formulation was applicable for oral ad-
ministration (Ali et al., 2010). 

Stability of Nanoemulsion of Tocopherol-tocotrie-
nol 

The stability of emulsion can be determined by 
monitoring the diameter of dispersed oil droplets 

and their size distribution over time. In the present 
study, the stability of tocols nanoemulsion was 
prepared by a combination of Tween 80:Brij 35 at 
50:50 w/w at a concentration of 1.5% w/v and stored 
at 4oC. As shown in Figures 8a and 8b, slight increase 
in droplet size and PDI was observed on second 
day. However, droplet size and PDI remained fairly 
stable on the following days. This can be attributed 
to the presence of emulsifier that adsorbed onto 
the oil droplets surface formed a protective layer 

Figure 8. Stability of tocopherol-tocotrienol nanoemulsion prepared 
during storage duration at 4oC; a) changes in average diameter of 
dispersed oil droplets  and b) changes in polydispersity index (PDI). 

Figure 7. Size distribution by intensity obtained from different concentration of emulsion (Tween 80: Brij 35).

a)

b)
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that helped to hinder the droplets from being re-
coalescence through steric repulsive force (Hebishy 
et al., 2013). Furthermore, it was postulated that 
storage at low temperature is able to slow down the 
mobilities of the oil droplets and thus, reduce the 
tendency of flocculation and coalescence (Masoud et 
al., 2012). 

In general, long-term stability study would 
be appropriate to support the real stability of the 
developed nanoemulsions. For controlled release 
application, the nanoemulsion produced will not 
be kept for long period of time. Cainero et al. (2013) 
reported that microparticles formed from emulsion 
that showed poor stability exhibit low encapsulation 
efficiency. As such, any nanoemulsion that is tested 
to be unstable within four days of production is 
deemed unfit for encapsulation application. 

CONCLUSION

The formulation of 1.5% w/v emulsifier blend (Tween 
80:Brij 35 = 50:50 w/w), 1.5% w/v palm-based tocols, 
5% w/v Arabic gum and 0.5% w/v sodium alginate 
produced tocols nanoemulsion of average droplet 
size of 60 nm by sonication at power amplitude of 
100% for 80 min. Good physical stability of tocols 
nanoemulsion is an important factor to ensure 
production of calcium alginate bead encapsulated 
with high tocols content. In vitro release study of 
calcium alginate bead will be carried out in future 
study to evaluate percentage cumulative release of 
tocols from the beads under a period of time. The 
calcium alginate beads formed were intended to 
overcome short elimination half-life of tocotrienols 
by prolonging the duration of tocotrienols retained 
within body by controlled release of tocols from 
the beads. Parameter such as polysaccharide 
concentration on encapsulation efficiency and 
cumulative release is also recommended to be 
incorporated in future study.
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