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ABSTRACT 

Objective: This study aimed to develop a topical nanoemulsion using clove oil and ethanol extract of catharanthus roseus (L.) G. for antioxidant and 
antibacterial dosage form.  

Methods: The nanoemulsion was produced using a spontaneous emulsification method. The formulation was carried out using tween 80 and pluronic 
127 as surfactants with different extract concentrations (0.5–2%). The characterizations of the formula included organoleptic test, homogeneity, pH 
determination, emulsion type, viscosity, particle size determination, zeta potential, and stability test were evaluated. Antioxidant activity was conducted 
using DPPH method and antibacterial activity was determined against propionibacterium acnes and Staphylococcus epidermidis. 

Results: The result showed that all the formulations produced a stable nanoemulsion with semisolid, clarity, transparent and homogenous 
characteristic. The nanoemulsion had pH of 5.5-6.5 and belong to oil in water (O/W) type of emulsion. The formula showed viscosity ranged from 
121.33±0.29 until 211.01±1.00 cps, had particle size below than 300 nm, and were stable for 3 mo of storage and after accelerated evaluation. 
nanoemulsion contained 2% of c. roseus extract showed moderate antioxidant activity with IC50 value of 96.29±3.64 and antibacterial activity with 
10.65±0.15 and 13.27±0.21 mm of inhibition zones for propionibacterium acnes and Staphylococcus epidermidis, respectively. 

Conclusion: Clove oil combined with the ethanol extract of c. roseus produced a stable nanoemulsion, which demonstrated concentration-
dependent antioxidant and antibacterial activities. 
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INTRODUCTION 

Clove oil is one of the essential oils that often used by local 
communities for medicinal purposes [1]. It also contains several 
ingredients with different pharmacological effects, such an 
antibacterial, antiinflammation, analgesic, and antioxidant [2-7]. The 
development of clove oil in various pharmaceutical dosage forms 
has been carried out to improve comfort during use. Clove oil had 
been proven as oil phase in the antibacterial nanoemulsion using 
tween 80 and Span 80 as emulsifier prepared by Shahavi, et al. using 
ultrasonication method and also by Shun, et al. with the same 
emulsifier but using the spontaneous emulsification method [8, 9]. 

Nanoemulsion is an emulsion system that is transparent or 
translucent. It is also an oil-water dispersion stabilized by a film 
layer of surfactant or molecules, which have droplets in nano size 
[10]. The small size makes the nanoemulsion kinetically stable, 
thereby preventing coalescence and creaming during storage [11]. 
Furthermore, it is often used in the food industry [12], drug delivery 
systems [13-15], cosmeceutical [16], and others industries. 
Nanoemulsion have several advantages, such as the ability to 
increase the rate of absorption and bioavailability of poorly soluble 
drug [17, 18] as well as increase the dosage form stability [19]. Some 
vegetable oils have been developed into nanoemulsion for various 
drugs, such as castor oil for natrium diclofenac [20], palm oil for 
propofol injection [21], and pomegranate seed oil for ketoprofen 
[22]. 

Catharanthus roseus (L.) G. (C. roseus) is a plant with several 
medicinal benefits, such as antidiabetic, antioxidant, [23, 24], 
antibacterial, [25], antidiarrheal [26], and antihyperglycemic 
activities [27]. C. roseus contains significant quantities of volatile and 
phenolic compounds including caffeoylquinic acids and flavonol 
glycosides which are known to retain antioxidant activity. Leaves 

extract from this plant also know to have a good efficacy against 
microorganism thus it could be used as precautionary agent in the 
treatment of numerous of the illness [28]. This potentiality can be 
utilized to create a dosage form that possesses antioxidant and 
antibacterial activity for topical usage purposes, such as anti-aging 
and anti-acne dosage form. 

Therefore, this study aimed to develop a nanoemulsion formulation 
loaded with c. roseus extract using clove oil as the oil phase which 
demonstrated the antioxidant and antibacterial activity. The 
addition of c. roseus extract in clove oil based nanoemulsion was 
expected to improve the pharmacological effect of the dosage form. 
Evaluation of physical characterization and stability test for 
nanoemulsion produced were also carried out to evaluate the 
quality of the nanoemulsion. 

MATERIALS AND METHODS 

Materials 

Pluronic 127 and 96% ethanol were purchased from Sigma Aldrich 
(Singapore) and from Merck, respectively. The clove oil, tween 80, 
poly ethylene glycol (PEG) 400, methyl paraben, propyl paraben, and 
distilled water were obtained from Smart Chemical Lab, Jakarta, 
Indonesia. All the chemicals used in this study were analytical grade.  

Plant determination 

The plant sample was determined by herbarium medanense, 
department of biology, faculty of mathematics and natural sciences, 
Universitas Sumatera Utara, Indonesia with the identification 
number: 2112/MEDA/2018. 

Catharanthus roseus extract (CRE) preparation 

Maceration process was selected as the method for the extract 
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preparation. Furthermore, a total of 400 g of c. roseus powder was 
extracted with 4 liters of 96% ethanol for 7 d based on Indonesian 
Pharmacopeia method. It was then concentrated using rotary 
evaporator to produce a crude extract. 

Nanoemulsion preparation 

The composition of CRE nanoemulsion formula is presented in table 

1. The nanoemulsion was produced using a spontaneous 
emulsification method. The water phase included extract, pluronic 
127, and PEG 400 were mixed on a hot plate stirrer at 1,000 rpm at 
70 °C for 10 min until a homogenous mixture was obtained. Then, it 
was mixed with clove oil gently at 70 °C and 1.200 rpm for 5 h. 
Subsequently, the nanoemulsion was placed in an appropriate 
package for further evaluation. 

 

Table 1: The composition of the CRE nanoemulsions 

Materials Formula (%) 
 F0 F1 F2 F3 F4 

CRE  - 0.5 1 1.5 2 
Oil phase Clove oil 10 10 10 10 10 
Surfactants Tween 80 35 35 35 35 35 
 Pluronic 127 10 10 10 10 10 
Co-surfactant PEG 400 15 15 15 15 15 
 Ethanol 2.5 2.5 2.5 2.5 2.5 
Preservative Methyl paraben 0.1 0.1 0.1 0.1 0.1 
 Propyl paraben 0.01 0.01 0.01 0.01 0.01 
Distilled water  Ad 100 Ad 100 Ad 100 Ad 100 Ad 100 

 

Characterization of nanoemulsion 

Physical evaluation 

The physical characterization was carried out using organoleptic 
testing of texture, color, clarity, and separation of the nanoemulsion 
phase by visual observation. Furthermore, the type of emulsion was 
determined with methylene blue. Homogeneity test was carried out 
to assess the quality of the nanoemulsion.  

pH determination 

pH determination was assayed using a pH meter (Hanna Instrument, 
Singapore). The electrode was washed with distilled water before 
and after measurement. Furthermore, the pH was measured using 
the standard calibration procedure and the electrode was dipped 
into the nanoemulsion in triplicate. The electrode was rinsed after 
every measurement to avoid contamination from other sample.  

Viscosity measurement 

The viscosity of the nanoemulsion was measured using a Viscometer 
NJ8S with spindle no. 2 at 10–60 rpm, and the test was carried out in 
triplicate for every sample.  

Particle size and zeta potential characterization 

The distribution of the particle size and zeta potential value of the 
nanoemulsion were evaluated using the particle size analyzer 
nanowave II (Microtrac, USA). Nanoemulsion was put in the cuvette 
and particle size distribution will be measured by the instrument. 
The zeta potential was measured by filling the nanoemulsion 
samples into disposable zeta cell cuvettes and placing them in the 
sample chamber. The polydispersity index (PDI) was also evaluated 
for all formula. 

Storage stability test 

The storage stability test was conducted by evaluating organoleptic, 
pH and viscosity of the nanoemulsion kept in room storage 
temperature (25±2 °C) for 3 mo. A good nanoemulsion will be stable 
and does not change after this test. 

Heating-cooling cycle test 

The test was adopted from Suciati [29] with some modifications. 
Nanoemulsion stability was predicted using the heating-cooling 
cycle for 6 cycles with refrigerator and incubator temperatures of 
8±2 °C and 40±2 °C for 12 h, respectively. The organoleptic, pH and 
viscosity of the nanoemulsion were then evaluated. 

Centrifugation test 

This test was carried out using a centrifuge (Dynamica,) at 3,800 
rpm under room temperature. The nanoemulsion was placed in a 

tube and centrifuged for 5 h [30]. The nanoemulsion was then 
evaluated for changes in consistency, pH, and viscosity after the test.  

Antioxidant activity 

The antioxidant activity of each formula was evaluated using the DPPH 
method. Subsequently, nanoemulsion with concentrations of 20, 40, 
60, 80 and 100 mcg/ml were prepared. The samples were then kept in 
dark place for 60 min at room temperature. The measurement was 
carried out using spectroscopy UV-Vis (Shimadzu UV 1800) at 
wavelength of 516 nm. The result was then compared with ascorbic 
acid as the positive control. The IC50 value was used as an indicator for 
antioxidant activity based on previous study [31, 32].  

Antibacterial activity against propionibacterium acnes (P. 
acnes) and staphylococcus epidermidis (S. epidermidis) 

The antibacterial activity was tested using the disc diffusion method 
with different concentrations [33]. Petri dishes were sterilized using 
oven at 170 °C, while the media was sterilized with autoclave at  
121 °C for 15 min. The bacterial suspension isolates were 
subcultured into the media and standardized with 0.5 McFarland. An 
aliquot of 0.1 ml of each suspension was pipetted and then placed in 
petri dish, followed by incubation at 37 °C for 1 x 24 h. The zones of 
inhibition for all the formula were then measured. Furthermore, the 
measurement was carried out in triplicate for each sample.  

Data analysis  

Data were presented as average value and standard deviation (SD). 
The data analysis in this study used statistical analysis with the IBM 
SPSS Statistics 26 application. The data obtained (pH and viscosity) 
was tested for normality and was analyzed using One Way ANOVA 
with α of 5%, and then proceed with the Tukey test. The data 
analysis for stability test (storage temperature, before and after 
centrifugation and heating-cooling cycle test) was performed with 
paired T-test. 

RESULTS AND DISCUSSION 

Physical evaluation 

Based on the physical investigation, all of the nanoemulsion texture 
were semisolid, clear, and no separation. The color of nanoemulsion 
loaded extract was green and transparent. Meanwhile, the sample 
without extract was transparent and had a pale yellow colour. The 
type of nanoemulsion produced was oil in water (O/W) since 
methylene blue was evenly dispersed. The results showed that all 
the formula showed a homogeny dosage form. The pH 
determination ranged from 5.66±0.01 to 5.95±0.02 for 
nanoemulsion containing extract, while the blank formulation was 
6.96±0.01. The addition of extract to the sample decreased the pH 
along with its concentration. The pH obtained in this result was still 
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in line with the standard values for topical product, which is 4-6 
[34]. The pH values recorded for the nanoemulsion were also in the 
safety range for the topical dosage form and was in the normal pH 
range of the skin. 

The viscosity of nanoemulsion is one of its important characteristics, 
which also has an influence on the stability. The viscosity obtained 
from the formula in this study were ranged between 121.33±0.29 to 

211.01±1.00 cps. The addition of the extract contributed to the 
viscosity enhancement of nanoemulsion. The higher the extract 
concentration, the higher the viscosity value obtained for the 
product. However, the statistical analysis showed that F3 and F4 
were not significant different (p>0.05) in the pH and viscosity value. 
It demonstrated that the addition of the extract in the formula did 
not give a linear result to the pH neither the viscosity. The pH and 
the viscosity of the nanoemulsion are presented in table 2. 

 

Table 2: The pH and viscosity value of clove oil nanoemulsion 

Formula pH Viscosity (cps) 
F0 6.96±0.01* 121.33±0.29* 

F1 5.95±0.02* 161.97±0.95* 

F2 5.90±0.01* 176.17±5.11* 

F3 5.68±0.01 204.83±0.29 

F4 5.66±0.01 211.01±1.00 

*Showed p<0.05, all values are expressed as mean±SD (n=3) 
 

Particle size determination 

The particle size determination of the clove oil nanoemulsion 
loaded with CRE was carried out to evaluate the effect of various 
CRE to the particle size distribution. Table 3 shows that all the 
formula produced nanoemulsion with particle size below than 300 
nm. The blank formula gave a product with a size below than 200 

nm and showed a very good PDI which was small than 0.07. The 
increasing extract concentration had minimal effect on the size of 
the nanoemulsion. Although, F1 had bigger particle size than F2, 
F3 and F4, its PDI was smaller compared to others. Polydispersity 
indicates the uniformity of droplet size within the formulation 
[35]. The small PDI value indicated a homogeneity size of the 
nanoemulsion [36]. 

 

Table 3: The particle size and zeta potential value of clove oil nanoemulsion 

Formula Particle size (nm) PDI Zeta Potential (mV) 
F0 171.6±3.05 0.063±0.01 -0.2±0.06 
F1 255.3±2.35 0.138±0.01 -14.3±0.35 
F2 218.8±3.30 0.278±0.01 -11.1±0.25 
F3 230.4±3.37 0.280±0.01 -11.3±0.35 
F4 224.6±0.70 0.236±0.01 -10.7±0.20 

All values are expressed as mean±SD (n=3) 
 

The PDI value is a very important parameter that can influence the 
stability of the nanoemulsion. A small value of<0.3 indicated the 
monodisperse population of particle size in the formula, which is 
expected to increase the stability of the product [37, 38]. A high PDI 
value showed that the range of the particle size was very big and it 
decreased the stability of the nanoemulsion [39]. The distribution of 
the particle size of the product is presented in fig. 1 (1a, 1b, 1c and 
1d). The results showed that the extract of c. roseus had an effect on 
the particle size distribution. The extract composition also 
influences the dispersion of the droplets in nanoemulsion. 

The zeta potential value of the nanoemulsion ranged from-10.7 to-
14.3 mV for all formulation containing the extract, while a value of-
0.2 mV was obtained for the blank formula. Furthermore, the value 
has an effect on the stability of the product, and it is often 
determined by the surfactant component of the ingredients. The zeta 
potential value have a significant role in showing the stability profile 
of a nanoemulsion. A low value indicates the lack of stability as well 
as the tendency for aggregation or flocculation [40]. The zeta 
potential depends on the type of surfactant used and shows the 
surface charge of nanoemulsion droplet [41]. 

Storage stability studies 

The CRE nanoemulsion dosage form showed a great stability on 
organoleptic, pH and viscosity profile after kept in room temperature 
(25±2 °C) for 3 mo. The texture of the nanoemulsion was semisolid, 
homogeny and transparent with no separation occurred. There were 
no significant changes on pH and viscosity of all formulation after the 
test was conducted (p>0.05). The data can be seen in table 4. 

Heating-cooling cycle and centrifugation tests 

The heating-cooling test was carried out to predict the stability of 
nanoemulsion in extreme storage condition. The nanoemulsion was in 
a good condition the results showed that there was no change in 
texture, color, pH, and viscosity of the nanoemulsion after it was kept 
at extreme temperature of 6 heating and cooling cycles (the change of 
pH and viscosity was not significant, p>0.05). The same results were 
also obtained after the centrifugation process for pH and viscosity of 
all formula. There was no significant change after the test (p>0.05).  

The pH and viscosity of nanoemulsion after centrifugation and 
heating-cooling test are presented in fig. 2 and fig. 3. 

  

Table 4: The pH and viscosity of nanoemulsion after 3 mo in room temperature 

Formula pH Viscosity (cps) 
After preparation After 3 mo After preparation After 3 mo 

F0 6.96±0.01 6.95±0.02 121.33±0.29 120±1.00 
F1 5.95±0.02 5.95±0.01 161.97±0.95 162.3±2.52 
F2 5.90±0.01 5.88±0.02 176.17±5.11 176.0±2.00 
F3 5.68±0.01 5.68±0,02 204.83±0.29 202.3±2.08 
F4 5.66±0.01 5.65±0.01 211.01±1.00 212.3±2.52 

All values are expressed as mean±SD (n=3) 
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Fig. 1: Particle size distribution of the c. roseus nanoemulsion F1 (a), F2 (b), F3 (c), F4 (d), F5 (e) 
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Fig. 2: The pH of nanoemulsion after centrifugation and heating-cooling cycle test 

 

 

Fig. 3: The influence of centrifugation and heating-cooling cycle test to viscosity of nanoemulsion 

 

Antioxidant activity  

The antioxidant effect of the preparation formulas was determined 
using the DPPH method by UV-Vis spectrophotometer at a 
wavelength of 516 nm. Measurement of IC50 value was carried out 
on the nanoemulsion formulation at various concentrations of 
extract. Furthermore, clove oil nanoemulsion preparations were also 
measured as blanks. The test results showed that the preparations 
had a moderate antioxidant effect because they were in the range of 
100-150 µg/ml [42]. The IC50 value decreased along with the 
addition of extract, indicating an increase in the effectiveness of the 
products. The lower IC50 value showed better antioxidant activity. 
The IC50 decreased as more extract was added due to its contents 
with antioxidant activity, such as flavonoid [32]. The values obtained 
for the nanoemulsion preparation are presented in table 5. 

Antibacterial activity 

The results of the antibacterial activity testing are presented in table 
6 and fig. 4. All the formula exhibited toxic effect against P. acnes and 
S. epidermidis. Furthermore, the nanoemulsion tested contained 

extract with concentrations of 0.5, 1, 1.5, and 2%. The blank zone 
around the disc indicated the nonexistence of bacterial growth. The 
wider the zone formed, the better the anti-bacterial effect. The 
inhibition zones of<12 mm was categorized as weak, 12-20 mm 
showed moderate activity, and>20 mm was classified strong 
category as antibacterial [43]. Therefore, the clove oil nanoemulsion 
loaded with CRE showed weak antibacterial activity against p. acnes, 
while it had a moderate effect on s. epidermidis. 
 

Table 5: The antioxidant activity of nanoemulsion 

Formula IC50 (ppm) 
F0 124.30±4.32 
F1 112.78±3.37 
F2 108.08±3.36 
F3 102.27±2.85 
F4 96.29±3.64 
Vit C 3.24±0.06 

All values are expressed as mean±SD (n=3) 

 

Table 6: Zone of inhibition of nanoemulsion 

Formula Zone of inhibition (mm) 
P. acnes S. epidermidis 

F0 (without clove oil) 0 0 
F0 (with clove oil) 9.10±0.90 8.77±0.75 
F1 9.35±0.85 12.97±0.45 
F2 9.47±2.05 13.03±1.25 
F3 10.15±0.65 13.20±0.20 
F4 10.65±0.15 13.27±0.21 

All values are expressed as mean±SD (n=3) 
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Fig. 4: Zone of inhibition all nanoemulsion after 24 h P. acnes (a) and S. epidermidis (b) 

 

In this study, the F0 samples used for antibacterial testing was 
divided into 2 groups, namely nanoemulsion preparation without 
clove oil and extract as well as preparation with clove oil as oil 
phase. This formula was a correction and comparative for the 
nanoemulsion. The blank formula still contains a preservative, such 
as methyl and propyl parabens, which was suspected to have 
antibacterial activity. The result showed that the blank group had no 
effect on the two evaluated bacteria, while the nanoemulsion using 
clove oil have effect on the bacteria. This finding indicated that clove 
oil showed antibacterial activity in the product, but the activity was 
very low at that concentration. Additionally, the administration of C. 
roseus extract exhibited and increasing antibacterial activity to the P. 
acnes and S. epidermidis and F4 showed the best antibacterial effect 
compared the other formula. 

CONCLUSION 

In this study, the CRE nanoemulsion using clove oil as oil phase was 
successfully produced with spontaneous emulsification method. It 
showed good physical characteristics and stability for 3 mo of 
storage. The variation of CRE concentration in nanoemulsion affects 
the pH, viscosity, antioxidant activity and antibacterial property of 
the product. The addition of CRE concentration decreases the pH 
and increases the viscocity of the nanoemulsion. The CRE 
nanoemulsions have antioxidant activity, which is classified in the 
moderate category and demonstrate antibacterial activity against p. 
acnes and s. epidermidis which depend on the concentration used. 
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