
Page | 168 
JFSP Vol.9, No.2, May-August 2023, Page: 168-177 

 JFSP Vol.9, No.2, May-August 2023, Page: 168-177 pISSN: 2549-9068, eISSN: 2579-4558 

Jurnal Farmasi Sains dan Praktis 

(JFSP) 
http://journal.unimma.ac.id/index.php/pharmacy  

 

 

 

PHYSICAL CHARACTERIZATION AND SUNSCREEN ACTIVITY 

OF NUTMEG OIL NANOEMULSION WITH ISOPROPYL 

MYRISTATE VARIATIONS  

 
Siti Setianingsih1, Rizky Adityo Saputro2, Vironica Rizky Fauziah2, Wahyu Setyo 

Wibowo2, Ayu Shabrina3  

1Departement of Pharmacology, Faculty of Pharmacy, Universitas Harapan Bangsa, Purwokerto 53182, 

Indonesia 
2Faculty of Pharmacy, Universitas Wahid Hasyim, Semarang 50273, Indonesia 
3Departement of Pharmaceutical and Technology, Faculty of Pharmacy, Universitas Wahid Hasyim, 

Semarang 50273, Indonesia 

 shabrina@unwahas.ac.id  

 https://doi.org/10.31603/pharmacy.v9i2.8481  

 

Article info: 

Submitted : 06-01-2023 

Revised : 06-07-2023 

Accepted : 12-07-2023 

 

 

This work is licensed under 

a Creative Commons 

Attribution-NonCommercial 

4.0 International License 

Publisher: 

Universitas Muhammadiyah 

Magelang 

ABSTRACT 

The nutmeg seed oil contains myristicin which can absorb UV rays. 

Nanoemulsion with isopropyl myristate can be used to increase the activity of 

sunscreen. This study aimed to determine the physical characteristics and 

effectivity of nutmeg oil (NMO) nanoemulsion with isopropyl myristate as an 

enhancer. The nanoemulsion was made with 6.4% NMO and variations of 

isopropyl myristate 1% (FI), 3% (FII), and 5% (FIII). The nanoemulsions were 

evaluated for physical characteristics such as appearance, pH, viscosity, 

transmittance percentage, particle size, and polydispersity index (PI). The in vitro 

SPF value was tested using a spectrophotometer, and sunscreen effectivity was 

determined by the Minimum Erythemal Dose (MED) value. Data obtained were 

analyzed using one-way ANOVA. This study showed that the colour of the NMO 

nanoemulsion was light yellow and clear, with a transmittance percentage of 

97.5-97.9%. The pH FI, FII, and FIII results were 6.79±0.03, 6.84±0.04, and 

7.02±0.03. The viscosity was 1.63 ± 0.81 to 1.82 ± 0.85 d.Pas with Newtonian 

rheology. The particle size was 14.3 ± 1.41 nm to 16.0 ± 2.13 nm, with PI less 

than 0.5. SPF value were 16.34 ± 5.50 (FI); 16.70 ± 5.20 (FII) and 17.80 ± 3.20 

(FIII). MED values were 220.5 ± 6.34 (FI), 225.4 ±5.41 (FII), and 240.2 ±3.45 

(FIII) minutes. The MED value showed that FIII was significantly different from 

FI and FII. Isopropyl myristate at 5% in nanoemulsion increases the effectivity 

of sunscreen. 

Keywords: Enhancer; Nanoemulsion; Nutmeg oil; Sunscreen 

1. INTRODUCTION 

Chemical sunscreens work by absorbing and converting UV rays into heat and releasing 

them from the body. This type of sunscreen can absorb the skin and potentially irritate the skin 

layer (Minerva, 2019). Chemical sunscreens have side effects, such as irritation, pigmentation, 

and hormonal disorder in a woman that can cause cancer (Pirotta, 2020). Developing sunscreen 

from natural ingredients is necessary to prevent the side effect. One natural ingredient that has the 

potential as a sunscreen is nutmeg seed oil (Rahmadany et al., 2022). The myristicin content in 

nutmeg seed oil is the most significant compound in absorbing UV-B rays, with an SPF value of 

19.44, categorized as extra protection (Ansory et al., 2020). Nutmeg oil in microemulsion contains 

α-pinene and β-phellandrene with an SPF value of 10.45 (Shabrina et al., 2022). 

Sunscreen can be effective if it has a high SPF value which reflects the ability of the 

sunscreen to prevent erythema (Liony et al., 2014). Sunscreen works after absorbed into the skin 

and prevents UV radiation from sunlight (Panjaitan et al., 2017). Enhancing sunscreen penetration 

into the skin can increase its effectiveness.  
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Nanoemulsion systems can have good stability and penetration ability for topical use (Shaker 

et al., 2019). Isopropyl myristate (IPM) is one non-triglyceride oil with low molecular weight and 

high polarity characteristics, so it is suitable for the characteristics of nanoemulsions with a 

globule size of less than 1000 nm (Souto et al., 2022). Combining IPM and Tween, 80, as 

surfactants can increase viscosity and skin penetration (Abdullah et al., 2022). The combination 

of IPM and Tween, 80 in nanoemulsion of vitamin C, showed the highest skin penetration (Liston 

et al., 2022). Using IPM in the nanoemulsion formula can prevent intergranular agglomeration 

during storage so that the nanoemulsion becomes stable during the storage process (Hashim et al., 

2019). IPM in nanoemulsion can also increase the permeation of active ingredients into the skin 

layer (Eichner et al., 2017). 

Furthermore, IPM is known as the best enhancer for cosmetics due to its ability to disrupt 

the skin barrier by physical methods  (Iliopoulos et al., 2022). The previous research showed that 

the microemulsion of nutmeg seed oil has antioxidant activity (Shabrina et al., 2021). 

Furthermore, the microemulsion of nutmeg seed oil showed good physical stability and was 

proven to have sunscreen activity with an SPF value of 12 (Rahmadany et al., 2022). In order to 

increase the absorption of sunscreen into the skin, it is necessary to produce nanoemulsions with 

enhancers, such as isopropyl myristate (IPM). This study aimed to determine the physical 

characteristics and sunscreen effectivity of nutmeg seed oil nanoemulsion with isopropyl 

myristate variations. 

 

2. METHODS 

2.1. Tools  

The tools used in this study were a magnetic stirrer (Scilogex®), UV-Vis spectrophotometer 

(Shimadzu®), particle size analyzer (SZ-100®), viscometer (Rheosys Merlin VR II®), 

micropipette (Scilogex®), pH meter (Electro Lab®), vortex, nonirritant bandage (Hypafic®) and 

sterile gauze (Onemed®). 

2.2. Materials 

The active ingredient used in this study was nutmeg seed oil obtained from PT. Nusaroma 

Essential Indonesia, completed with a certificate of analysis (CoA). The materials used were 

technical grade of tween 80, propylene glycol, isopropyl myristate, and benzyl alcohol. Methanol 

was used for in vitro analysis with analytical grade. All materials were obtained from CV. Multi 

Kimia Raya Semarang. The positive control used was Parasol SPF 25++ Spray Sunscreen. 

2.3. Preparation of Nutmeg Seed Oil Nanoemulsion 

Nutmeg seed oil nanoemulsion was prepared by dividing the materials into the water and oil 

phases (Table 1). The water phase was prepared by heating the purified water to a temperature of 

30 °C then tween 80; propylene glycol and benzyl alcohol were dissolved in the heated purified 

water while stirring using a magnetic stirrer at 30 °C at 700 rpm until the phase was clear. The oil 

phase consisted of nutmeg seed oil and isopropyl myristate and was heated at 30 °C. The oil phase 

was then added dropwise into the water phase while stirring with a magnetic stirrer at 30 °C at 

1200 rpm for 30 minutes (Shabrina & Khansa, 2022). The nutmeg seed oil nanoemulsion was 

examined for its physical characteristics and effectivity. 

 
Table 1. Formulation of nutmeg seed oil nanoemulsion 

Materials 
Concentration (%) 

FI FII FIII 

Nutmeg Oil 6.4 6.4 6.4 

Isopropyl Myristate 1 3 5 

Tween 80 40 40 40 

Propylene glycol 20 20 20 

Benzyl Alcohol 1 1 1 

Purified water up to 100 100 100 
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2.4. Evaluation of The Physical Characteristics of Nutmeg Seed Oil Nanoemulsion 

The nutmeg seed oil nanoemulsion was carried out by visually observing the colour, odour, 

and phase separation. The nanoemulsion pH was tested using 10 mL of the sample. Viscosity and 

rheology tests were carried out with 15 mL of the sample at 12 rpm with the number of rounds 

six times (the length of each round was 30 seconds) using a cone and plate viscometer. The clarity 

test was done using a 3 mL sample and then analyzed using a spectrophotometer. Particle size 

and polydispersity index tests were conducted using a Particle Size Analyzer (PSA) with 5 mL of 

sample. Each formula was analyzed three times. 

2.5. In Vitro Tests and Effectivity of Nutmeg Seed Oil Nanoemulsions  

The determination of SPF value begins by determining the Correction Factor (CF) value with 

a Parasol SPF 25++ as a comparison and positive control. The product was chosen for the 

comparison due to the similarity of the ingredients. Parasol SPF 25++ was weighed for 1 gram 

and dissolved up to 10 mL using methanol. The absorbance of the Parasol SPF 25++ was 

measured with a UV spectrophotometer at a wavelength of 290-320 nm with 5 nm intervals. The 

results were calculated using the Mansur formula to determine the CF value as follow Eq. 1. 

 

𝑆𝑃𝐹 = 𝐶𝐹 𝑥 ∑ 𝐸𝐸
320

290
(𝜆)𝑥 𝐼 (𝜆) 𝑥 𝐴 (𝜆) (1) 

Where:  

CF: Correction Factor 

EE x I: Total erythema oedema and intensity of UV rays based on a spectrophotometer 

A: Absorbance of the sample 

 

Determination of the in vitro SPF value of nutmeg seed oil nanoemulsion was carried out 

according to the CF. The Nanoemulsion sample of FI, FII, and FIII was weighed for 1 gram, then 

dissolved with methanol up to 10 mL. The results obtained were calculated using the Mansur 

formula above. 

Health Research Ethics Committee of Fakultas Kedokteran Universitas Muhammadyah 

Yogyakarta approved the sunscreen effectivity test with number 034/ EC-KEPK-FKIK 

UMY/V/2021. The sunscreen effectivity was determined using rabbit skin. The total animal used 

in this research were five rabbits, including unprotected skin and protected skin with Parasol, FI, 

FII and FIII. The back of the rabbits was depilated 24 hours before treatment using a shaver. The 

back skin of animals that had been shaved was divided into five sections for treatment: FI, FII, 

FIII, positive control (Parasol SPF 25++), and negative control. Each section was marked with a 

size of 4x4 cm. The animals were exposed to 311 nm UV light. Observations were made by 

counting the number of red spots (erythema) appearing in each test animal group. The time was 

measured from the beginning of UV light exposure until the erythema appeared. This 

measurement was calculated as Minimum Erythemal Dose (MED). The MED was calculated by 

comparing the exposure time of unprotected skin (negative control) with protected skin in every 

section (FI, FII, FIII, and positive control) (Heckman et al., 2013). 

2.6. Data Analysis 

The organoleptic, polydispersity index (PI), and rheology data were described descriptively. 

The pH, viscosity, transmittance percentage, particle size, and effectivity of sunscreens for each 

formula were statistically analyzed using one-way ANOVA. The in vitro and MED sunscreens 

data were also analyzed using an independent T-test to compare the level of effectivity. 

 

  



Setianingsih et al., 2023 

Page | 171  
JFSP Vol.9, No.2, May-August 2023, Page: 168-177 

3. RESULTS AND DISCUSSION 

3.1.  Physical Characteristics Result of Nutmeg Oil Nanoemulsion  

The physical appearance of the nutmeg oil nanoemulsion can be seen in Figure 1. The 

nanoemulsion of nutmeg oil in FI, FII, and FIII was yellow and clear, with a distinctive odour of 

nutmeg oil. All formulas are homogeneous, no separation occurs, and consist of one phase. 

The physical characteristics of the nutmeg oil nanoemulsion can be seen in Table 2. The 

results showed that all nutmeg seed oil nanoemulsion formulas had a suitable pH value for topical 

use at a pH of 4.5-8.0 (Ahmady et al., 2020). The pH of nutmeg seed oil before being incorporated 

into the nanoemulsion system was 6.70 ± 1.50. The excipients from the nanoemulsion system, 

such as surfactants, cosurfactants, and enhancers, showed a pH of 6.0-7.5. The nanoemulsion 

system of nutmeg oil experienced an increase in pH but did not show any significant difference 

compared to nutmeg seed oil and the excipients. The pH of FIII showed the highest value and was 

significantly different (p < 0.05) compared to FI and FII. This result indicates that the 

concentration of IPM affected the pH. According to the previous study, a higher concentration of 

IPM would increase the system's pH (Pakki et al., 2019). 

 

 
Figure 1. Nutmeg Oil Nanoemulsion with Isopropyl Myristate Variations 

 

The high viscosity value shows that the system could spread and penetrate the skin barrier 

(Nastiti et al., 2017). The combination of IPM and Tween 80 will increase the viscosity of the 

nanoemulsion system (Bardhan et al., 2013). This situation can increase the stability of the 

nanoemulsion due to the stable globule formation so that the nutmeg seed oil content can be 

maintained in the system (Thomas et al., 2014). IPM has low interfacial tension and viscosity, 

which is advantageous in manufacturing nanoemulsions because it produces smaller globule sizes 

than other mineral oil with large molecular sizes with long hydrocarbon fatty acids acid chains 

(Muthi, 2016). IPM can integrate with the lipid bilayer and bind to the ester group on the 

hydrophilic compound so that the structure of the stratum corneum bilayer membrane becomes 

more tenuous (Jiang et al., 2017). 

 

Table 2. Physical Characteristics of Nutmeg Oil Nanoemulsion with Isopropyl Myristate Variations 

Formula 

Physical Characteristics* 

pH 
Viscosity 

(d.Pas) 

Transmittance 

Percentage (%) 

Particle Size 

(nm) 

Polydispersity 

Index 

FI 6.79±0.03 1.78 ± 0.90 97.5 ± 1.41 16.0 ± 2.13 0.436 ± 0.210 

FII 6.84±0.04 1.82 ± 0.85 97.7 ± 1.55 14.3 ± 1.41 0.331 ± 0.224 

FIII 7.02±0.03a 1.63 ± 0.81 97.9 ± 1.18 15.0 ± 1.35 0.203 ± 0.231 
*Data displayed n = 3 ± standard deviation 

a = significantly different from FI and FII 
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IPM is a class of fatty acid esters that meet the safety requirements of cosmetics and are 

widely used due to their effectiveness (Mawazi et al., 2022). The rheology result of the nutmeg 

oil nanoemulsion can be seen in Figure 2 and Figure 3. All of the nutmeg oil nanoemulsion 

formulas had a Newtonian flow, defined as a fluid with a linearly proportional shear stress with a 

velocity gradient in a direction perpendicular to the shear plane (Marques et al., 2018). These 

results indicate that the droplets formed were tiny, so the preparations resemble solutions or 

liquids and can flow easily (Hasrawati et al., 2016; Zhao et al., 2016). Medium-chain fatty acids 

such as IPM have been used in mixed micelle nanoemulsion formulations as a good absorption 

of active substances and as permeation enhancers. This research was in line with Zhao et al (2016) 

that combining IPM and Tween 80 will increase the system's viscosity. The statistical result 

showed that there was no significance difference between all formulas. 

 

 
Figure 2. Rheogram of FI and FII Nutmeg Oil Nanoemulsion with Isopropyl Myristate Variations 

 

 
Figure 3. Rheogram of FIII Nutmeg Oil Nanoemulsion with Isopropyl Myristate Variations 

  

The transmittance percentage shows the clarity of the nanoemulsion system. Based on Table 

2, the transmittance percentage meets the nanoemulsion requirements. The ideal transmittance 

requirement for nanoemulsion is 90-100% (Gurpreet & Singh, 2018). The transmittance 

percentage in each formula did not show any significant difference. It showed that IPM did not 

affect the clarity of the nanoemulsion system (Dalibera et al., 2021). 

A good nanoemulsion has a particle size of 10-100 nm (Abdullah et al., 2022). Table 2 

showed that all of the nutmeg oil nanoemulsion systems had a particle size of less than 100 nm 

FI FII

FIII
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and did not show any significant difference in each formula. The surfactants, cosurfactants, and 

enhancers such as IPM could affect the size of nanoemulsion globules; increasing the adsorption 

of surfactants at the oil and water interface can support the formation of small globules size (Cho, 

2016; Janakiraman et al., 2022). Particle measurements are essential to determine the stability of 

nanoemulsion systems. If the particle size is less than 100 nm, the aggregation rate will be lower, 

and the phase separation of the nanoemulsion can be prevented. The decreasing globule size can 

extend the shelf life of the nanoemulsion system; besides, the system is not easily degraded and 

absorbed into the skin barrier (Elsabahy, 2017). A lower PI value of less than 1 indicates that the 

nanoemulsion is monodisperse (Yakoubi et al., 2021). The PI of this research showed that all 

formulas had a PI below 0.5 and did not show any significant difference. This result indicates that 

IPM combined with surfactant and co-surfactant will reduce the particle size and PI (Argenta et 

al., 2014).  

The role of Tween 80 as a surfactant and PEG 400 as a cosurfactant can affect the final result 

of the particle size value of the nanoemulsion. The surfactant will be adsorbed on the surface of 

the oil phase droplets and form micelles which can lower the interfacial tension resulting in a 

good nanoemulsion with small particle size. Then cosurfactants will help prevent phase separation 

from recombining (Caya et al., 2020). IPM can affect particle size because IPM is a non-

triglyceride oil which can be advantageous in making nanoemulsions compared to mineral oil. 

After all, it is easier to produce small globule sizes to obtain stable nanoemulsions (Seo et al., 

2020). This is in line with the research of Shabrina et al. (2020) that nanoemulsions are stable by 

reducing the size of the globules using surfactants and IPM. 

3.2.  In Vitro SPF Result and Effectivity of Nutmeg Seed Oil Nanoemulsions 

The correction factor is determined from a sunscreen product with a known SPF value. This 

correction factor is a tolerance limit for using a spectrophotometer and solvents to obtain accurate 

results. The absorbance value is measured using a spectrophotometer with a wavelength of 290-

320 nm and then calculated using the Mansur formula (Zarkogianni & Nikolaidis, 2016). The 

correction factor was determined from the Parasol SPF 25+ PA++ resulting in a value of 6.68. 

Factors that can affect the determination of the SPF value include the absence of an appropriate 

method to evaluate sunscreen products, the combination of ingredients, and concentration of 

sunscreen, the use of different solvents, and the emulsion type. Those parameters will affect and 

interact with the product component. Others include the emulsifier used in a formulation, the 

addition of other active substances, the pH system, the viscosity, and the emulsion (Putu & Artini, 

2020). The sunscreen effectivity of nutmeg oil nanoemulsion can be seen in Table 3 and Figure 4. 

 

Table 3. In Vitro SPF Result and MED of Nutmeg Oil Nanoemulsion with Isopropyl Myristate 

Variations 

Formula MED (minutes) 
SPF Value from 

MED 

SPF Value in 

Vitro 

Negative control (Unprotected skin) 13.5 ± 7.41 - - 

FI 220.5 ± 6.34c,d 16.34 ± 5.50 c,d 15.35 ± 1.16 

FII 225.4 ±5.41 c,d 16.70 ± 5.20 c,d 14.80 ± 2.40 

FIII 240.2 ±3.45a,b,d 17.80 ± 3.20 a,b,d 15.72 ± 1.33 

Positive control (Parasol SPF 25++) 328.2 ± 4.50a,b,c 24.31 ± 4.30 a,b,c 6.68 ± 1.12 a,b,c 

Note: 

n = Data displayed n = 3 ± standard deviation 

a: Significantly different from FI 

b: Significantly different from FII 

c: Significantly different from FIII 

d: Significantly different from positive control 
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Figure 4. Sunscreen Effectivity Result of Nutmeg Oil Nanoemulsion with Isopropyl Myristate Variation: 

a = Negative control with erythema; b = FI; c = FII; d = FIII; e = Positive control 

 

The results showed significant differences in the SPF and MED values for FI and FII 

compared to FIII. The differences were caused by the concentration of isopropyl myristate (IPM). 

IPM plays an essential role in the absorption of the nanoemulsion system into the skin. IPM can 

increase the absorption of products into the skin, whereas sunscreen from natural ingredients can 

provide effectiveness when the preparation can be absorbed into the skin (Bhalke et al., 2020). A 

high concentration of IPM can change the rigid structure of lipid structures and reduce the tension 

of the stratum corneum, thereby increasing penetration. The active substances are absorbed into 

the skin layers (Eichner et al., 2017). In addition, isopropyl myristate in the nanoemulsion system 

also acts as a co-surfactant and provides good stability for nanoemulsion (Dalibera et al., 2021). 

IPM and tween 80 in nanoemulsion systems are known to increase sunscreen effectivity (Hashim 

et al., 2019). This indicates that the higher concentration of IPM as an enhancer, the effectivity of 

the sunscreen could be increased. 

 

4. CONCLUSION  

Nutmeg seed oil nanoemulsion with 1% to 5% isopropyl myristate showed physical 

characteristics that fulfil the requirements of the nanoemulsion system. Isopropyl myristate at 5% 

in the nutmeg seed oil nanoemulsion system showed the highest sunscreen effectivity on rabbits 

skin and was categorized as ultra-protection. For future research, clinical trials can be carried out 

to minimize animal harm, and cosmetics can be claimed as dermatologically tested. 
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