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ABSTRACT: Nanoemulsion is an important class of nanomaterial that offers several
advantages due to its improved stability and dispersibility in aqueous systems. In this
preliminary study, oil-in-water nanoemulsions were synthesized using red palm oil (RPO).
RPO was chosen for its high insoluble vitamin E content, a potent antioxidant that can
reduce oxidative stress by neutralizing free radicals. The most suitable emulsifier, optimal
formulation, and synthesis conditions to produce stable nanoemulsions were evaluated. A
laser beam penetration test based on the Tyndall effect and light-scattering principles was
used to confirm the presence of nanoemulsions qualitatively. The results indicate that
Tween-80 produced the most stable and translucent nanoemulsion. The optimal
formulation was found to have a weight ratio of 10:15:74:1 for RPO: Tween 80: water:
glycerin. The optimal synthesis conditions were using the high-speed homogenizer at
15000 rpm for 40-minute synthesis time. The resulting nanoemulsions demonstrated
stability suitable for further studies (e.g., physicochemical characterization, scale-up, and
additional functionalization) for food and beverage applications.

KEY WORDS: Oil-in-Water Nanoemulsions, Red Palm Oil, Tween 80, High-speed
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1. INTRODUCTION

Nanoemulsions are among the nanomaterials currently being developed for various
industrial applications, particularly in food science, including nutraceuticals, packaging,
food processing, safety, and nutrition [1,2]. Nanoemulsions are colloidal dispersions
characterized by tiny droplet sizes, typically 20-200 nm [3.4,5,6], which contribute to their
optical transparency and unique physicochemical properties. This nanoscale size not only
imparts a transparent or translucent appearance but also enhances their stability,
bioavailability, and functional performance in various applications [7]. Nanoemulsions are
1deal for food and beverage applications due to their small droplet size, which enhances the
bioavailability of encapsulated bioactive compounds. They also offer excellent physical
stability against gravitational separation, creaming, and droplet aggregation [8.9].
Additionally, their high optical clarity makes them particularly appealing for use in
transparent or mildly colored food and beverage systems [8.9]. In general, nanoemulsions
are categorized into oil-in-water and water-in-oil types [4]. The oil-in-water nanoemulsion
i1s preferably used in beverage formulations, as beverages are primarily water-based
systems. Therefore, oil-in-water nanoemulsions are more compatible, more stable, and
better suited for incorporating oil-soluble bioactive compounds into drinking products.
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Fat-soluble vitamins such as A, D, E, and K play vital roles in human health but suffer
from poor water solubility, low bioavailability, and susceptibility to degradation during
processing and storage. Their incorporation into aqueous food and beverage systems
remains a significant challenge. Currently, many vitamin drinks on the market contain
vitamin A, C, B3, B6, B12, BS5, potassium, zinc, chromium, and magnesium. [10].
Typically, vitamins A, D, E, and K are only needed in small amounts because they can be
stored in cells, and excess intake can harm the consumer. Therefore, the application of oil-
in-water nanoemulsions can be a promising delivery platform to enhance the solubility,
stability, and bioavailability of these hydrophobic vitamins [11]. However, designing an
effective, stable nanoemulsion as a carrier system for these fat-soluble vitamins requires
formulation and process optimization.

Malaysia is among the world’s largest producers of palm oil, making it a readily
available and economically viable raw material for food and nutraceutical applications.
However, the application of nanotechnology to palm oil remains limited, which constrains
the utilization of this abundant resource for the development of advanced nanotechnology
and nanomaterial-based applications. Therefore, this study focuses on the initial stage of
developing and optimizing the formulation and synthesis conditions of oil-in-water
nanoemulsions using red palm oil (RPO). RPO was selected as the main component of the
oil phase because of its high content of natural antioxidants, particularly vitamin E. Vitamin
E, in the form of tocopherols and tocotrienols, is also highly relevant to food and beverage
applications due to its nutritional enhancement and oxidative stability properties [12]. No
additional bioactive compound or other insoluble vitamins were added to the nanoemulsions
in this study, as RPO was sufficient to demonstrate the concept of adding water-insoluble
vitamins in nanoemulsions for potential food and beverage applications.

2. MATERIALS AND METHODOLOGY
2.1. Chemicals and Materials

Red palm oil (RPO) from Harvist Red Palm Oil company was purchased from a local
grocer. Some emulsifiers, such as Tween 20, Tween 80, and soy lecithin, were purchased
from EvaChem Sdn. Bhd. while Span 80 was purchased from Future Food Sdn. Bhd.
Deionized water was used in all experiments and was obtained from the International
Institute for Halal Research and Training (INHART Lab). The additive (glycerin) with a
purity of 99.5% was purchased from Future Food Sdn. Bhd.

2.2. Synthesis and Characterization of Nanoemulsions

Nanoemulsions were prepared using several ingredients: oil, emulsifier, water, and
glycerin. According to a study by Chong et al. (2018), the addition of a co-solvent such as
glycerin (scientifically known as glycerol) can decrease the droplet size, thus producing
more nanoemulsions. This effect is attributed to the co-solvent’s ability to increase the
viscosity of the aqueous phase and improve the solubility of the emulsifier [13]. All
ingredients were weighed and transferred into 20 mL glass vials. The oil phase (RPO only)
was slowly added to the water phase (water, emulsifier, and glycerin). Then, the final
mixture was homogenized using a high-speed homogenizer at 15000 rpm for 30 min, with
a synthesis time at standard room temperature (25 °C) and pressure (1 atm). The
homogenization process was performed intermittently at S-minute intervals to prevent the
high-speed homogenizer rotor from overheating. All synthesized samples in this study were
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stored at standard room temperature (25 °C) and pressure (1 atm) for several days (up to 10
days) prior to characterization and stability evaluation. The appearance and presence of
nanoemulsions in all synthesized emulsions were assessed on day 1 and day 10.

The formation of nanoemulsion was determined by the penetration of laser light
through the solution based on the Tyndall effect and light scattering principles [14,15,16].
Based on the principles, when a laser beam can penetrate and be scattered through a solution,
1t is qualitatively confirmed that the system contains dispersed nanoparticles or nanodroplets
[14,15,16]. This is a rapid, visual, and qualitative diagnostic tool, often used before
confirming particle size using Dynamic Light Scattering (DLS) or Transmission Electron
Microscopy (TEM). Meanwhile, Ultraviolet visible (UV-Vis) absorption measurement was
done using JASCO 710 series UV-Vis spectrometer to compare two or multiple
nanoemulsions. The intensity of the UV-Vis absorption is usually associated with the
concentration of the nanoemulsions, while the wavelength of the UV-Vis absorption peak
1s usually associated with the dispersion size of the nanoemulsions [17,18].

2.2.1. Screening of Emulsifiers

Four emulsifiers (Tween 20, Tween 80, Span 80, and Soy lecithin) were screened. Each
emulsifier was combined with water and glycerin, then RPO was added to the mixture. All
emulsifiers were evaluated with a similar weight ratio of 5:5:89:1 for RPO, emulsifier,
water, and glycerin, respectively. Each mixture with a varying emulsifier type was then
homogenized using a high-speed homogenizer operated at 15000 rpm for 30 minutes, at
standard room temperature (25 °C) and pressure (1 atm).

2.2.2. Optimization of Nanoemulsion Formulation

The best emulsifier identified in the screening process was Tween 80, which was
subsequently used to optimize the nanoemulsion formulation. Several formulations, as
shown in Table 1, were developed based on the weight percentage of all ingredients,
ensuring that the combination of oil and emulsifier did not exceed 40 wt% [13]. The
homogenizer mixing speed was kept constant at 15000 rpm, and the synthesis time was 30
minutes.

Table 1: Nanoemulsion formulations with different weight percentages of

ingredients
No Red Palm Oil Emulsifier Ro:e Water Glycerine Process

: (wt. %) (wt. %) (wt. %) (wt. %) (wt. %) conditions
1 5 5 1:1 89 1
2 10 10 1:1 79 1
3 20 20 1:1 59 1
4 5 10 1:2 84 1 15000 rpm
5 10 15 2:3 74 1 for 30 min
6 15 20 3:4 64 1
7 10 5 2:1 84 1
8 20 5 4:1 74 1
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2.2.3. Optimization of Synthesis Conditions

In this experiment, nanoemulsions were produced by the influence of different process
conditions, but with the same formulation obtained from the previous experiment. The
process conditions examined included mixing speed and synthesis time. Several mixing
speeds, such as 10000, 15000, and 17000 rpm, were applied. Each speed was maintained
for 30, 40, and 50 minutes of total synthesis time, as summarized in Table 2.

Table 2: Nanoemulsion synthesis with different conditions

Nanoemulsion Mixing Speed Synthesis Time
Formulation (rpm) (min)
10000, 15000, 17000 30

10000, 15000,
(17000, no result due to machine 40

Selected formulation from malfunctioned)

Section 2.2.2.

10000, 15000, 17000
(No result due to machine 50
malfunctioned)

3. RESULTS AND DISCUSSION

Nanoemulsions can be classified into two categories, which are oil-in-water and water-
in-oil nanoemulsions, where the common liquids used to form this kind of emulsion are
water and oil. For example, in the beverage industry, oil-in-water nanoemulsions are
commonly used because of the aqueous nature of beverages. Nanoemulsions, characterized
by their smaller droplet size, exhibit transparency and reduced light scattering in final
products based on the Tyndall effect and light scattering principles. The translucent nature
of nanoemulsions enables the incorporation of functional components without altering the
visual appearance of the beverage. Results from this study include screening of emulsifiers
and optimization of nanoemulsion formulation and synthesis conditions.

3.1. Screening of Emulsifiers

Fig. 1 shows four synthesized emulsions on day 1 and day 10. Based on the Tyndall
effect and light scattering principles, when the laser beam can penetrate through a solution,
it implies the presence of fine nanosized droplets [14,15,16]. In this study, emulsions
prepared with Tween 20 and Tween 80 exhibited laser-beam penetration even at day 10,
indicating the formation of stable, fine droplets in the nanoemulsions. RPO contains
substantial amounts of reddish-orange carotenoid pigments, notably P-carotene. Its deep
reddish orange color in bulk RPO shifted to brighter orange in nanoemulsions after being
combined with hydrophilic emulsifiers such as Tween 20 and Tween 80 [13,19]. This color
change was not primarily attributed to pigment degradation. However, the formation of
nanoscale oil droplets significantly modifies light scattering and refractive-index
relationship within the dispersion, thus altering the perceived hue and brightness of
nanoemulsions compared to bulk RPO [12]. Furthermore, the addition of glycerin increases
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viscosity and adjusts the continuous phase’s refractive index, which enhances light
scattering and contributes to a perceptible orange shift in appearance [20,21].

In contrast, emulsions formulated with Span 80 and Soy lecithin remained conventional
microemulsions, as evidenced by their turbid, milky appearance, and lacked the distinctive
reddish-orange color of RPO. This turbidity indicates the formation of larger emulsions,
which obscure carotenoid absorption, reduce optical transparency, and prevent laser beam
penetration [12]. As a result, the carotenoids impart only a faint yellow tint, and the overall
emulsion appears milky and yellowish white rather than an orange solution. On day 10,
stronger laser light scattering, with no light penetration, also indicates the formation of
larger emulsions when Span 80 and Soy lecithin were used as emulsifiers. The differences
in droplet size are closely related to the hydrophilic-lipophilic balance (HLB) of each
emulsifier. Tween 20 and Tween 80, with high HLB values (=16.7 and 15.0, respectively),
favor the formation of oil-in-water nanoemulsions, while Span 80 (HLB = 4.3) and Soy
lecithin (amphiphilic but more lipophilic) typically favor water-in-oil systems or coarse
emulsions [22,23,24].

The observations on day 10 indicate that nanoemulsions prepared with Tween 80
maintained the highest transparency and laser beam penetration, confirming their presence.
This observation aligns with a previous reported study by Chong et al. (2018), who
optimized RPO nanoemulsions with a Tween 80/Span 80-stabilized system, achieving mean
droplet sizes of approximately 120 nm [13]. Other recent studies also reported that using
Tween 80 as an emulsifier produces smaller droplets and more stable nanoemulsions
compared to lecithin-based emulsifiers [19,23]. Therefore, Tween 80 was selected as the
primary emulsifier for subsequent optimization experiments in this study.
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Fig. 1. Photos of emulsions synthesized using different emulsifiers at day 1 and day
10. The bottom photos show the presence of nanoemulsions when using Tween 80
as emulsifier based on laser light penetration through the solution at day 10.
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Additionally, Fig. 1 indicates that the majority of nanoemulsions used in the emulsifier
screening experiment were unstable on day 10, as evidenced by creaming and noticeable
changes in solution color. Only nanoemulsions synthesized with Tween 80 appeared slightly
translucent and light yellow. Despite the color change, laser beam penetration still occurred,
probably because the nanoemulsions in the solution remained stable after 10 days. The
stability of nanoemulsions refers to their ability to resist changes in system properties or
environmental conditions over time. There are two main types of stability relevant to
emulsions, which are thermodynamic stability and kinetic stability [25,26]. Thermodynamic
stability means the system is in its lowest free energy state and thus does not spontaneously
change or separate. Microemulsions are considered thermodynamically stable systems,
characterized by spontaneous formation without external energy input and long-term
stability under constant conditions [25,26].

In contrast, nanoemulsions are thermodynamically unstable. This means the free energy
of the colloidal dispersion is higher than that of the separated phases, so they will eventually
phase-separate if given enough time [27,28,29] as shown in Fig. 1. On the other hand, kinetic
stability refers to the rate at which changes occur in the system. A Kinetically stable system
has a slow rate of destabilization processes such as creaming, flocculation, coalescence, or
Ostwald ripening, enabling nanoemulsions to remain stable over practical time scales
[28,29]. Nanoemulsions exhibit kinetic stability due to their small droplet sizes (typically
100200 nm), which facilitates Brownian motion that counteracts gravitational separation
and reduces droplet aggregation [28].

3.2. Optimization of Nanoemulsions Formulation

Next, the formulation of the ingredients was adjusted to achieve the best, most stable
nanoemulsion. Eight formulations were evaluated as listed in Table 1. Fig. 2 (a and b)
presents the appearances of synthesized emulsions for each formulation as well as the extent
of laser light penetration through the samples. The formulations of nanoemulsions (Exp. 4,
5, and 6) in Fig. 2(a) maintained the same weight ratio 1:1 between RPO and emulsifier
(Tween 80) but with increasing their combined weight percentage and decreasing water
content. Nanoemulsions from Exp 1 with the lowest content of both RPO (5 wt.%) and
Tween 80 (5 wt.%) and the highest water content (89 wt.%) exhibit the best appearance in
terms of color and translucent characteristic. The laser light also penetrated these
nanoemulsions on day 10. However, when the content of both RPO and Tween 80 increased
to 20 wt. % (Exp. 2) and 40 wt. % (Exp. 3), the translucent appearance of synthesized
emulsions was reduced, and the turbidity increased. Higher oil and emulsifier contents
usually lead to larger droplet sizes or higher droplet volume fractions, resulting in greater
light scattering. This reduces translucency and increases turbidity of the nanoemulsions
[24].

Meanwhile, Fig. 2(b) shows the synthesized emulsion using formulations with different
weight ratios between RPO and Tween 80. Based on Table 1, Exp. 4, 5, and 6 used more
Tween 80 than RPO, with increasing total weight of these two ingredients. Meanwhile, Exp.
7 and 8 used lesser Tween 80 than RPO. All formulations in Exp. 4, 5, and 6 produced
nanoemulsions with excellent translucency and bright orange color at day 1. However, laser
light penetration tests revealed that only nanoemulsions from Exp. 4 and 5 allowed greater
light transmission compared to nanoemulsions from Exp. 6. This observation is consistent
with the results in Fig. 2(a), whereby increasing the content of both RPO and Tween 80 and
decreasing the water content results in less formation of stable nanoemulsions.

36



Chemical And Natural Resources Engineering Journal, Vol. 9, No. 2, 2025 Megat Nasir et al.

On the other hand, when the Tween 80 content was reduced below the RPO content, as
in Exp. 7 and 8, stable nanoemulsions could not be produced. An oil layer was observed on
day 1 for these two formulations, likely due to an insufficient number of emulsifier
molecules to reduce the surface tension of the oil components, leading to their separation
from the water phase. The overall findings shown in Fig. 2(a and b) suggest that a higher
Tween 80-to-RPO weight ratio contributed to a higher yield of stable nanoemulsions and a
better translucent appearance. However, a higher combination of RPO and Tween 80
contents relative to water diminishes these positive effects. Accordingly, an optimal balance
between oil, emulsifier and water is essential for producing high-quality nanoemulsions.
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Fig. 2. (a) Appearance of nanoemulsion and penetration of laser light through the
solution from Exp. 1, 2, and 3 with a similar weight ratio of RPO and Tween 80. (b)
Appearance of nanoemulsion and penetration of light from Exp. 4, 5, and 6 with a
higher weight ratio of Tween 80 than RPO and Exp. 7 and 8 with a lower Tween 80
weight ratio than RPO. (¢) UV-Vis absorption spectra of selected nanoemulsions
with different weight ratios of oils and emulsifier (O:E) from Exp. 1, 4, and 5. Refer
to Table 1 for the details of each formulation. On day 10, only nanoemulsions from
Exp 1, 4, and 5 exhibited clear laser beam penetration, and the UV-Vis absorption
spectra differentiated the quality of the nanoemulsions.
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After 10 days, nanoemulsions from Exp. 1, 4, and 5 were analyzed by UV-Vis
absorption spectroscopy. Nanoemulsions with a similar and slightly higher content of
Tween 80 than RPO (Exp. 1 and 5 with red and green graphs, respectively) showed stronger
absorption (~10 a.u.) at ~410 nm. Meanwhile, those with Tween 80 at a two-fold higher
weight ratio than RPO (Exp. 4, blue graph) had slightly lower intensity (~9 a.u.) at ~400
nm. According to the Beer-Lambert law, this suggests that too much Tween 80 compared
to RPO could reduce the formation of nanoemulsions. The wavelength of the peak for Exp.
4 also shifted a bit to the lower wavelength, which could indirectly indicate a smaller size
of nanoemulsions than those produced in Exp. 1 and 5. The excess Tween 80 in Exp. 4 likely
provided better nanoscale stabilization of the oil droplets, preventing further growth and
aggregation and thereby maintaining smaller droplet sizes. Actual size determination can be
conducted in future studies to validate this explanation. Nevertheless, the 10:15 weight ratio
between Tween 80 and RPO (Exp. 5) was chosen as the optimal formulation for further
study. The main reason was the greater stability of the nanoemulsions, as evidenced by their
better yellowish-orange color and greater laser light penetration, compared to those
synthesized using other formulations. Sari et al. (2018) reported that their best formulation
for producing RPO-based nanoemulsions stabilized by Tween 80 was using RPO at 5 wt.
% only [19]. However, in this study, the best formulation had a higher RPO content (10
wt.%), resulting in higher Vitamin E levels, which is preferable for future food and beverage
applications.

3.3. Synthesis conditions optimization

The optimal formulation from Exp. 5 produced nanoemulsions with RPO, Tween 80,
water, and glycerin weight ratios of 10:15:74:1. This optimal formulation was used to
optimize the mixing speed and the time taken to synthesize the nanoemulsions. Based on
the results in Fig. 3, nanoemulsions prepared at 15000 rpm for 30 min, 17000 rpm for 40
min, and 15000 rpm for 40 min exhibited excellent translucency. On the other hand,
nanoemulsions produced at a lower mixing speed of 10000 rpm for both 30 and 40 min
turned cloudy on the first day and became turbid after 10 days, indicating that the
nanoemulsion synthesis failed. Increasing the mixing speed from 15000 rpm to 17000 rpm
slightly increased the nanoemulsion concentration, as shown by a 3.4% increase in UV-Vis
absorbance intensity (from 9.86 to 10.21 a.u.). Maintaining a speed of 15000 rpm and
extending the synthesis time from 30 to 40 min resulted in a 4.3% increase in UV-Vis
absorbance intensity (from 9.86 to 10.28 a.u.). These results suggest that both factors
enhance the concentration of nanoemulsions, with synthesis duration having a more
substantial effect. The highest UV-Vis absorbance occurred at a longer wavelength (~420
nm), likely due to a slight increase in nanoemulsion size. Over a prolonged synthesis time
(40 min), some smaller nanoemulsions might have aggregated in solution, leading to slightly
larger nanoemulsion sizes.

Based on energy consumption consideration, 15000 rpm mixing speed and 40 min
synthesis duration were chosen as the best conditions because they consumed slightly less
energy than using 17000 rpm mixing speed for 30 min synthesis time. In addition to
increased energy consumption, the higher mixing speed also increased the friction on the
homogenizer’s rotor, eventually leading to overheating and malfunction of the high-speed
homogenizer. Thus, the synthesis conditions with a higher mixing speed for 40-minute
synthesis time and all mixing speeds for 50-minute synthesis time could not be performed.
Nevertheless, the current results still provide valuable insights into how mixing speed and
synthesis duration affect nanoemulsion formation.
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Fig. 3. (a) Appearance of nanoemulsions produced with different mixing speeds
and synthesis times, and (b) UV-Vis absorption spectra of the nanoemulsions.
Nanoemulsions in the red box had better appearances at day 1 and day 10, with the
highest UV-Vis absorbance intensity in the green graph (longer duration), followed
by the blue graph (higher mixing speed).

This study used a high-speed homogenization process, also known as rotor-stator
emulsification (RSE), to produce nanoemulsions. This technique is widely applied to
produce emulsions in various industries such as food, cosmetics, and pharmaceuticals. The
rotor speed determines the hydrodynamic intensity and the resulting emulsion droplet size
[29]. A notable reduction in mean droplet size is not typically observed after passing through
the rotor-stator region, so multiple cycles are required to achieve a consistent droplet size,
particularly for forming nanoemulsions with small droplets. Using only RSE can make it
challenging to achieve high yield and stability in nanoemulsions compared with high-
pressure homogenization, high-pressure microfluidic homogenization, or ultrasonic
homogenization methods. However, RSE is generally less expensive than these alternative
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methods, making it more popular for industrial-scale production of emulsions and
nanoemulsions [29].

4. CONCLUSION

In conclusion, different emulsifiers exert different effects on nanoemulsion formation. In
this study, the incorporation of Tween 80 to produce nanoemulsions demonstrated
outstanding results in terms of color, transparency, and penetration of laser light. The
optimal formulation was found to have a weight ratio of 10:15:74:1 for RPO:Tween
80:water: glycerin. The optimal synthesis conditions were achieved under a mixing speed
of 15000 rpm for 40-minute synthesis time. These optimal results produced the best
nanoemulsions, as evidenced by their color, translucent appearance, stability, penetration
of laser light, and the highest UV-Vis absorption intensity of 10.28 a.u. at the wavelength
of ~420 nm. Overall, this work represents the optimization of formulation and synthesis
conditions for nanoemulsions as a basis for future investigations into their physicochemical
characterization and potential food and beverage applications.
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