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ABSTRACT 
The application of essential oil is limited due to its low solubility, especially in water-based products. Using a 
nanoemulsion as a carrier is one way to overcome this disadvantage. Nanoemulsion is composed of the water phase, 
oil phase, surfactant, and cosurfactant. The use of a mixture of surfactants can affect the stability of the nanoemulsion. 
The aim of this research, therefore, is to find out the effect of the type and concentration of the mixture of surfactant 
and protein on the stability of nutmeg oil nanoemulsion. A Randomized Block Design (RBD) Factorial with 2 
variables, which included the type (gelatin-span 60, gelatin-tween 80, span 60-tween 80) and concentration (20, 25, 
and 30 percent) of mixed surfactants and protein counts from the total oil was used with 1:1 comparison. The result 
showed there was a span of 60-tween 80 produced a nanoemulsion with the finest stability considering its creaming 
index value of 0%, the small droplet size of 95.88 nm, zeta potential value higher than -30 mV, and good uniformity 
less than 0.1 in polydispersity index. Gelatin-span 60 failed to produce an emulsion with nano-size due to its 2300.55 
nm droplet size, zeta potential value less than 30 mV, and its uniformity in polydispersity index of more than 0.1. 
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INTRODUCTION 
Nutmeg oil is one of the essential oils that contain volatile components. Furthermore, the phytochemical 
components in nutmeg oil include alkaloids, steroids, tannins, flavonoids, phenolics, and glycosides.1 

Several studies conducted showed nutmeg oil can be an antimicrobial agent, while others revealed it has 
the potential to be an antioxidant, so it has the potential as a natural preservative.2-3 However, the application 
of essential oil is limited due to its low solubility, especially in water-based products. Moreover, their 
bioavailability and stability in hydrophilic formulations tend to be extremely low. One effort to improve 
their bioavailability and stability and protect them from degradation due to environmental influences is to 
use an emulsion system, which can be divided into conventional, microemulsions, and nanoemulsions.4 The 
nanoemulsion method can increase the availability of these bioactive components due to its very small 
particle/dispersion sizes which increase surface area and the speed of solubility, as well as absorption.5An 
emulsion, is a dispersion system of a liquid in another liquid where the molecules contained in them cannot 
be unified. The emulsion can be produced due to the contact between two immiscible liquids and the 
presence of an emulsifying compound.6  

However, its production is occasionally faced with the challenge of low stability, making it require the 
addition of a surfactant.7 Surfactants are amphiphilic molecules containing hydrophobic and hydrophilic 
sites with the ability to decrease interfacial tension in the emulsion.8 Sharipova used a mixture of polymers 
and surfactants concluded that the mixture could form an adsorption layer on the surface of oil droplets 
thereby affecting the stability of the emulsion.9 However, there is very little information reported in the 
literature about the preparation of nanoemulsion from nutmeg oil. Therefore, the purpose of this research 
is to find out the effect of the type and concentration of mixed surfactant and protein on the stability and 
characteristics of nutmeg oil nanoemulsion.  
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EXPERIMENTAL 
Material and Methods 
The nutmeg oil (food grade) used in the research was purchased from PT. Djasula Wangi, Jakarta, Indonesia 
while the surfactant (span 60, tween 80) and protein (gelatin) was supplied by Sigma-Aldrich. Furthermore, 
High-Pressure Homogenizer OMNI-USA, High Shear Homogenizer IKA T25 Ultra Turrax, Zetasizer Nano 
ZS (Malvern Instruments, UK), and Light Microscope were all used as equipment. This study used a 
Randomized Block Design (RBD) Factorial with 2 variables, which included the type (S) (S1: Gelatin-span 
60, S2: Gelatin-tween 80, S3: Span 60-tween 80) and concentration (C) (C1: 20 percent, C2: 25 percent, 
C3: 30 percent) of mixed surfactant and protein counts from the total oil was used with 1:1 comparison.  
 

Preparation of Nutmeg Oil Nanoemulsion 
The nanoemulsion made is as much as 300 g for each experimental unit. Nutmeg oil used as much as 15 
percent of the total emulsion to be made. The concentration of the surfactant mixture used was by the 
treatment with a ratio of 1:1 to the surfactant mixture. The distilled water used was adjusted to the amount 
of surfactant in each treatment, namely 82.75; 82; 81.25 percent of the total emulsion. The coarse emulsion 
was made by mixing the nutmeg oil and surfactant with distilled water in a 500 ml beaker glass. The mixture 
was homogenized using High-Shear Homogenizer Ultra Turrax at a speed of 10000 rpm for 6 minutes. The 
coarse emulsion was homogenized using High-Pressure Homogenizer with 400 bar pressure for 6 cycles to 
obtain a nanoemulsion.10 
 

Analysis of Parameters 
The nanoemulsion produced was analyzed to determine pH, viscosity, and stability using the creaming 
index test, emulsifying activity with centrifugation method, droplet distribution using a light microscope, 
polydispersity index, zeta potential, and droplet size using Malvern Zetasizer Nano ZS at 25 °C. 
Furthermore, the data obtained were analyzed by ANOVA (Analysis of Variance) and the differences 
between the two treatments were evaluated using Duncan Multiple Range Test (DMRT). 

 

RESULTS AND DISCUSSION 
Creaming Index  
Creaming index analysis using the centrifugation method is principally an emulsion storage acceleration 
test. Emulsion stability was measured by comparing the volume of the cream layer before and after 
centrifugation. A higher creaming index value makes the emulsion more unstable. In this research, 
centrifugation was carried out before and after the nanoemulsion was stored for 14 days at room temperature 
(28°C). The result showed the creaming index ranged from 0-64.29 percent with an average of 35.13 
percent. The Anova analysis revealed the type of mixed surfactant and protein (S) and interaction between 
type and concentration of mixed surfactant dan protein (SC) has a significant effect (P≤0.01) on the 
creaming index value as shown in Fig.-1. However, the concentration of mixed surfactant and protein (C) 
has no significant effect (P>0.05) on the creaming index value. The lowest creaming index value was 
obtained from a span of 60-tween 80 and no significant difference was observed with a concentration of 
20, 25, and 30 percent. Therefore, this shows the nanoemulsion with a span of 60-tween 80 has the highest 
stability, while the nanoemulsion with a gelatin-tween 80 and gelatin-span 60 has a high creaming index 
value, which means it has low stability. A similar result was obtained by Ding et al.11, where the use of 
gelatin in the manufacture of emulsion will form creaming and coalescence when centrifuged. 
 
Zeta Potential 
The zeta potential value of the emulsion can be used to predict and control the physical stability of the 
emulsion system.12 Therefore, a zeta potential value higher than 30 mV (positive or negative) induces the 
surface area to prevent aggregation between particles and ensure a stable emulsion.13 The result showed the 
zeta potential of nutmeg oil nanoemulsion ranged from (-) 16.55 mV to (-)35.25 mV with an average of 
26.97 mV. The Anova analysis showed the type (S) and concentration of mixed surfactant and protein (C) 
and the interaction between them (SC) has a very significant effect (P≤0.01) on the zeta potential value as 
shown in Fig.-2. Figure-2 shows treatment gelatin-tween 80 has a value higher than 30 mV and this is not 
significantly different from 20 percent and 25 percent concentration. Meanwhile, gelatin-tween 80 at a 
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concentration of 30 percent also had a zeta potential higher than 30 but not significantly different from the 
span 60-tween 80 mixed surfactants. 

 
Fig-1: Creaming index of Nanoemulsion from Different Types and Concentration of Mixed Surfactant and Protein 

within 15 Days Storage Time 

 
Fig-2: Zeta Potential of Nanoemulsion from Different Types and Concentrations of Mixed Surfactant and Protein 

 

Furthermore, the mixture of spans 60-tween 80 also showed a decreasing trend with increased concentration 
with no significant difference. If the zeta value is above 30 (positive or negative), the surface charge will 
prevent aggregation between particles so that the emulsion becomes more stable. The emulsion stability is 
caused by two types of mechanisms that depend on the surface tension of polymers and particles, namely 
steric stability resulting from macromolecules being adsorbed onto surface particles and electrostatic 
stability that occurs due to repulsion between droplets that have a surface charge.14 In nanoemulsions made 
with surfactant tween 80, it is possible that the surfactant does not have a charge on the hydrophobic group 
so that the surface of the oil droplets is covered by this surfactant tends to be uncharged and produces a low 
zeta potential value. In this nanoemulsion, the possibility of stability occurs through the mechanism of steric 
stability. 
 

Droplet Size 
Droplet size evaluation was conducted to classify the emulsion produced as coarse or nanoemulsion. A 
coarse emulsion has a mean droplet size diameter between 1000-2000 nm.15 In another study, it was reported 
that nano-size is the size of a component that is in the interval of 20-200 nm, and 100-500 nm.16-17 The 
smaller droplet size means that there is better adequacy of surfactant to cover the droplet surface, thereby 
preventing coalescence. Figure-4 shows the droplet size ranged between 95.88-2300.56 nm while the 
Anova analysis revealed the type of mixed surfactant and protein (S) has a very significant effect (P≤0,01) 
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on the droplet size as shown in Fig.-3, while the concentration and interaction of type and concentration of 
mixed surfactant have no significant (P>0,05) on the droplet size. The droplet size obtained from span 60-
tween 80 (S3) was 95.88 nm and it was not significantly different with S2: gelatin-tween 80 (103.82 nm) 
but has a significant difference with gelatin-span 60 (S3). Therefore, from the third formulation made, a 
nano size (<150 nm) was obtained from spans 60-tween 80 and gelatin-tween 80. The selection of the 
proper surfactant has a big effect on droplet size. Moreover, the application of tween 80 as a surfactant was 
researched by O’sullivan et al.16 and it was found to produce an emulsion with a droplet size between 1 
µm-150 nm while the use of gelatin produced 1 µm-1.75 µm. Similarly, the result from research conducted 
by Dickinson and Lopez18 revealed the droplet size of the emulsion from gelatin to have increased during 
storage. Therefore, the mixture of gelatin and span 60 cannot produce an emulsion with nano-size. 
Meanwhile, span 60 which has a long alkyl chain at the tail makes the surfactant more suitable for use in 
the manufacture of water-in-oil emulsions. Therefore, the mixture of gelatin and span 60 could not produce 
nano-sized emulsions. 

 
Fig-3: Droplet Size of Nanoemulsion with Different Types of Mixed Surfactant and Protein 

Polydispersity Index (PdI) 
The polydispersity index (PdI) is a description of the uniformity of the droplet size distribution.19 However, 
a lower PdI value means a higher uniformity in droplet size distribution, and it’s termed good when the 
value is not higher than 0.1.20 The result showed the polydispersity index from nutmeg oil nanoemulsion to 
be between 0.03-0.26 with an average of 0.17. The Anova statistical analysis revealed the type of mixed 
surfactant and protein (S) to have a very significant effect (P≤0.01) on the polydispersity index as shown 
in Fig.-4. However, the concentration (C) and interaction of type and concentration of mixed surfactant and 
protein (SC) have no significant effect (P>0.05).  

 
Fig-4. Nanoemulsion Polydispersity Index from Different Types of Mixed Stabilizers  

Figure-4 shows nanoemulsion with a span 60-tween 80 (S3) has a polydispersity index of 0.03 which is not 
significantly different from S2 (gelatin-tween 80). The values obtained were lower than 0.1 hence the 
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droplet size uniformity in both treatments was sufficiently good. Moreover, S1 (gelatin-span 60) was 
observed to have the highest PdI value at 0.26 with a substantial difference from other treatments. In this 
research, a comparable uniform droplet size was obtained with a span 60-tween 80 and gelatin-tween 80 
which have nano-size showing good uniformity. This, however, showed the mixture of span 60-tween 80 
and gelatin-tween 80 to have the ability to produce a nanoemulsion with good uniformity. This is probably 
due to the use of a suitable surfactant and a protein capable of absorbing the droplet surface of the oil formed 
during the agitation process which forms a protective membrane to avoid aggregation. 
 

Droplet Size using Light Microscope 
The droplet size is analyzed to microscopically study its property, size, and distribution. A smaller droplet 
size has been reported to cause an increase in emulsion stability due to the large number dispersed in water.21 
It was, however, observed using a light microscope with 100x magnification (Fig.-5). 
 

    
                                     (a)                                                                      (b) 

 
(c) 

Fig-5: Nanoemulsion from the Mixture of Gelatin-Span 60 (a); Gelatin-Tween 80 (b); and Span 60-Tween 80 (c) 
with a concentration of 30% 

 

The mixture of gelatin-span 60 has a relatively large droplet size and a dense distance between them. This 
is by the mean diameter of 2300.56 nm measured using PSA. Hence, the mixture formed a coarse emulsion 
and with the PdI that exceeds 0.1 is 0.265, it also has a poor uniformity. Moreover, gelatin-tween 80 and 
span 60-tween 80 produced a nanoemulsion with a relatively small droplet size. This is by the result of the 
mean droplet diameter of 103.82 nm and 95.88 nm measured with PSA. They were both found to have 
better uniformity at a polydispersity index sequence of 0.05 and 0.03. 

 

CONCLUSION 
The span of 60-tween 80 produced a nanoemulsion with the finest stability considering its creaming index 
value of 0%, the small droplet size of 95.88 nm, zeta potential value higher than (-)30 mV, and good 
uniformity less than 0.1 in polydispersity index. Gelatin-span 60 failed to produce an emulsion with nano-
size due to its 2300.55 nm droplet size, zeta potential value less than 30 mV, and its uniformity in 
polydispersity index of more than 0.1.  
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