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Abstract. The objective of this study is to evaluate the stability of Javanese long pepper extract 
nanoemulsions at different temperatures and with varying Virgin Coconut Oil (VCO) to Tween 80 ratios. 
The study was conducted by using the variation of VCO with Tween 80 (1:9; 1:18; and 1:27), then stored at 
4°C, 25°C and 40°C and then stored for 6 weeks. Nanoemulsions were observed for stability every week 
using % transmittance, pH and organoleptic parameters. The results of the % transmittance test and pH tests 
showed that the nanoemulsion remained stable at 4°C, while other temperatures showed less stability. The 
organoleptic test showed that there was no change in the treatment involving the concentration of Tween 80 
: VCO (1:9) at a temperature of 4⁰C (A1T1) and the concentration of Tween 80 : VCO (1:27) at a temperature 
of 4⁰C (A3T1). The optimal treatment for nanoemulsion involves using a VCO to Tween 80 ratio of 1:18. 
This treatment results in a nanoemulsion size of 145.80 nm, a polydispersity index value of 0.7964, and a 
zeta potential value of -3.164 mV.

1 Introduction 
Javanese long pepperis utilized as a primary ingredient 
in traditional medicine and cosmetics. The Javanese 
long pepper plant is composed of several compounds, 
including piperine, chavicin, palmatic acid, 
tetrahydropiperic acid, 1-undecylenyl-3, 4-
methylledioxy benzene, piperidine, essential oil, N-
isobutyldeka-trans-4-dienamide, and sesamin [1]. 
Pharmaceutical effects include analgesic (pain 
relievers), aphrodisiac (increased desire), diaphoretic 
(sweat remover), carminative (dispeller), sedative 
(tranquilizer), hematinic, and antelminic (worm 
medication) [2].  

Piperine (C17H19NO3) is an alkaloid in the form of a 
monocyclic prism with a melting point ranging from 128 
to 130 °C. The active compound (piperine) extracted 
from Piper species in its application has the 
disadvantage of low solubility [3], [4] so that 
bioavailability is also low [3]. Low bioavailability 
causes the benefits of piperine in the body to be slow to 
be felt. Piperine exhibits high solubility in ethanol, while 
its solubility in water is comparatively low [5]. Insoluble 
compounds frequently exhibit partial absorption in 
water. Medicinal medicines with low water solubility 
exhibit sluggish dissolving rates, leading to reduced 
bioavailability (the proportion of pharmaceuticals that 
enter the circulatory system) [6]. Therefore, measures 
must be taken to enhance bioavailability. The efficacy 
of active compounds in Javanese long pepper is 
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diminished due to their low solubility; therefore, 
nanoemulsion technology serves as a viable solution to 
this issue. 

Nanoemulsions are employed as a means to enhance 
bioavailability. Nanoemulsions are thought to enhance 
the bioavailability of active substances under their 
diminutive size, hence promoting greater absorption of 
these compounds in the tiny intestinal wall [7]. The 
human body exhibits nearly 100% absorption of 
nanoherbal substances, but the absorption rate for 
micron-sized particles is about 5%. The nanoparticles' 
diminutive size facilitates their rapid dissolution and 
effective absorption in the intestine [7]. Nanoemulsions 
are preparations composed of an oil phase and an 
aqueous phase that are actually immiscible with a 
droplet size of about 100 nm, and they have a wide range 
of applications in drug delivery, food, cosmetics, 
pharmaceuticals, and material synthesis [8] The 
utilization of nanoemulsion technology has been widely 
developed for various purposes including simvastatin 
nanoemulsion for wound medicine [9], nanoemulsion 
containing active ingredients as anti-aging [10], 
nanoemulsion that can increase the bioavailability of 
curcumin [11], [12], [13], nanoemulsion increases the 
bioavailability of nutraceuticals, vitamins, and drugs 
[14], nanoemulsion that can increase antioxidant and 
antimicrobial activity [15]. Nano technology in 
Javanese long pepper extract has also been studied [16]. 

Nanoemulsions are produced within a drug delivery 
device called a Self-Nanoemulsifying Drug Delivery 
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System (SNEDDS). SNEDDS combines oil, surfactant, 
cosurfactant, and active ingredient. When combined 
with water, it will create a nanoemulsion of the water-
oil type [17]. Surfactants diminish the interfacial tension 
between two substances that do not mix well, facilitating 
the uniform dispersion of the internal phase and 
preventing the recombination of the dispersed internal 
phase [18]. Nanoemulsions have several benefits, 
including enhanced bioavailability of active 
components, regulated release of active substances, and 
improved sensory characteristics. The nanoemulsion 
with a size range of 50-200 nm exhibits enhanced 
absorption by the small intestinal wall, augmenting its 
bioavailability [7]. The properties of nanoemulsions are 
intricately linked to their physical stability and clarity, 
as these factors directly impact the size of the particles 
formed. 

Nanoemulsions are produced by employing Tween 
80 as an emulsifier and VCO as the oil component. 
Tween 80 offers the benefits of solubility in both water 
and ethanol. Additionally, it serves as a penetrating 
binder. Virgin Coconut Oil (VCO) is derived from the 
fresh fruit of the coconut tree. VCO is manufactured by 
a chemical-free and low-heat technique. VCO 
comprises several medium-chain fatty acids. Lauric acid 
is VCO's predominant medium-chain fatty acid. Prior 
studies investigated nanoemulsions containing different 
substances, including mangosteen fruit extract [17], 
temulawak [19], and moringa [7]. According to previous 
research, it is evident that the medicine requires an 
extended period during the preservation procedure, as it 
is not eaten instantly. It is crucial to consider the stability 
of nanoemulsions to choose the optimal formula for the 
storage process. 

The stability of nanoemulsions is very important in 
their commercial use. The stability of nanoemulsions is 
seen from the physicochemical stability affected by 
unfavorable environmental conditions (including 
temperature, mechanical forces, and ionic forces) during 
production, storage, transportation and application [20]. 
The stability of nanoemulsions is important to maintain 
so that the solution remains nano-sized, which has 
implications for increasing the bioavailability of 
piperine content, so that the effects of piperine are 
quickly felt by the body. Despite the known benefits of 
nanoemulsions, there is limited research on the stability 
of Javanese long pepper extract nanoemulsions under 
varying storage conditions. This study aims to evaluate 
the stability of nanoemulsions of Javanese long pepper 
extract at different temperatures and with various ratios 
of VCO and Tween 80, which is crucial for their 
effectiveness in pharmaceutical and cosmetic 
applications. The stability of nanoemulsions has a very 
important contribution to the food, pharmaceutical and 
cosmetic industries as well as the public in increasing 
the biovaibility of piperine compounds in Javanese long 
pepper. 

2 Method  

2.1 Materials and tools 

The primary components utilized in this study consist of 
Javanese long pepperes that were collected after they 
reached 90 days of maturity and dried using a cabinet 
drier set at 40°C [21]. Other materials include 96% 
ethanol, filter paper, Tween 80 (MERCK 822187), 
virgin coconut oil (VCO), and distilled water. The study 
utilized various tools, including scales, measuring cups, 
vial bottles, funnels, spatulas, drop and volume pipettes, 
porcelain cups, Erlenmeyer flasks, glass beakers, a hot 
plate (Thermo Scientific Sp88851705 Cimarec), a 
magnetic stirrer, a UV vis spectrophotometer (Genesys 
10-s USA), a pH meter, and a rotary evaporator. 

2.2 Research design  

The study employed a Randomized Group Design with 
2 components. Factor 1 was the ratio of VCO to Tween 
80, which had 3 values (1:9, 1:18, 1:27). The storage 
temperature factor, denoted as Factor 2, has three levels: 
4°C, 25°C, and 40°C, as reported by Jusnita et al. [19]. 
These levels are presented in Table 1. The experiment 
was replicated twice for each treatment. 

Table 1. Research design. 

Ratio VCO : 
Tween 80 (g) 

Storage temperature 
4°C (T1) 25°C (T2) 40°C (T3) 

1 : 9 (A1) A1T1 A1T2 A1T3 
1 : 18 (A2) A2T1 A2T2 A2T3 
1 : 27 (A3) A3T1 A3T2 A3T3 

2.3 Javanese long pepper extract  

The extraction procedure of Javanese long pepper 
involved the following approach described by Rahmanet 
al. [22]. Specifically, 200 g of Javanese long pepper was 
placed in the chamber of the Pulsed Electric Field (PEF) 
device. The extraction procedure involves using PEF 
pretreatment at a voltage of 5000 volts and a frequency 
of 3 kHz for 480 seconds. Additionally, Javanese long 
pepperwas supplemented with a 96% ethanol solvent at 
a 1:3 ratio. After being macerated for 24 hours, the 
initial 6 hours involve stirring or shaking. First, filtration 
is performed to obtain filtrate I. Then, the remaining 
residue is dissolved once more using leftover ethanol 
solvent I and subjected to maceration. Subsequently, the 
mixture is filtered to yield filtrate II. Filtrate I and II are 
then combined and subjected to evaporation using an 
evaporator set at a temperature of 50°C. 

2.4 Nanoemulsion synthesis of Javanese long 
pepper extract 

The nanoemulsion synthesis of Javanese long pepper 
extract, as described by Ratnapuri et al. [23], involves 
the combination of virgin coconut oil (VCO), Javanese 
long pepper extract, and Tween 80 utilizing a magnetic 
stirrer at 1000 rpm for 10 minutes. The VCO, Javanese 
long pepper extract, and Tween 80 were combined in the 
proportions specified in Table 1. Subsequently, distilled 
water was incrementally introduced until the total 

volume reached 100 ml. The procedure involves adding 
distilled water while stirring with a magnetic stirrer set 
at 1250 revolutions per minute for 10 minutes. 

2.5 Stability of Javanese long pepper extract 
nanoemulsion at different storage conditions 

The stability of the nanoemulsion was assessed by 
storing it under present circumstances. The storage 
process was conducted at three distinct temperatures: 
4⁰C, 25⁰C, and 40⁰C. The nanoemulsion was kept at a 
low temperature of 4⁰C and placed in the refrigerator. 
The second temperature was set to the standard room 
temperature of 25⁰C, while the last was set to 40⁰C and 
maintained in an incubator. Data was collected weekly 
for 6 weeks. 

2.6 Test percent transmittance of Javanese 
long pepper extract nanoemulsion 

The percent transmittance of a nanoemulsion of 
Javanese long pepper extract was determined using the 
method described by Zulfa et al. [24]. A 1 mL quantity 
of Javanese long pepper extract was dissolved in a 100 
mL volumetric flask using distilled water to create a 
nanoemulsion. The % transmittance of the solution was 
determined by measuring it using a spectrophotometer 
at a wavelength of 650 nm. Aquadest served as a blank 
solution. 

2.7 pH test of Javanese long pepper extract 
nanoemulsion 

The pH testing was conducted utilizing the methodology 
described by Shoviantari et al. [25]. The pH of 
nanoemulsion formulations of Javanese long pepper 
extract was determined using a digital pH meter. Before 
evaluating the preparation's pH, the pH meter was 
calibrated using pH 4 and 7 buffer solutions to guarantee 
its correct functioning. Upon completing the calibration 
process, the electrode was thoroughly cleansed and 
subsequently placed into a glass beaker containing the 
nanoemulsion of Javanese long pepper extract. The pH 
value of the nanoemulsion formulation of Javanese long 
pepper extract will be displayed on the pH meter screen. 

2.8 Organoleptic test of Javanese long pepper 
extract nanoemulsion 

An organoleptic evaluation was conducted on a 
nanoemulsion of Javanese long pepper extract using the 
approach described by Shoviantari et al. [25]. Conduct 
an organoleptic test by preparing a nanoemulsion 
solution. Conduct visual examinations of color, scent, 
and sediment alterations once weekly for six weeks. 

2.9 Particle size, polydispersity index, and zeta 
potential test 

The scientific publication by Budiarto et al. [26] was 
altered by doing particle size testing utilizing a Particle 

Size Analyzer (PSA). A volume of 1 mL of the 
nanoemulsion preparation was transferred into a 
cuvette. Subsequently, the particle size, polydispersity 
index, and Zeta potential were determined using a 
Particle Size Analyzer (PSA) known as the Malvern 
Zetasizer Nano ZS. 

2.10 Data analysis 

The data was analyzed using ANOVA (Analysis of 
Variance) at a 95% confidence level or a significance 
threshold of 0.05 to assess the impact of each treatment 
by SPSS version 25. Additional Duncan Multiple Range 
Test (DMRT) tests were conducted to determine if each 
element had a statistically significant impact. 

3 Result and discussion 

3.1 Stability of Javanese long pepper extract 
nanoemulsion based on transmittance value  

The nanoemulsion of Javanese long pepper extract's 
stability during six weeks of storage can be observed in 
detail in Figure 1, which is based on the transmittance 
value. The stability of the nanemulsion based on percent 
transmittance showed stable clarity. As the purpose of 
nanoemulsion formation is expected to have high 
clarity, good physical stability against gravitational 
separation and droplet aggregation, and increased 
bioavailability of substances. According to Montes de 
Oca-Ávalos et al [27], high transparency is a very 
favorable and attractive characteristic of nanoemulsions 
because the small droplet size ensures weak light 
scattering in the final product. 

The percent transmittance value produced in this 
study ranged from 86.3% to 87.9%. Some previous 
studies of artemether nanoemulsion had a percent 
transmittance of 98.20 ± 0.7% [28], amphotericin B 
nanoemulsion with a percent transmittance of >97% 
[29], nanoemulsion containing c-phenylcyclic-[4]-
resorcinyl octasinnamate and c-methyl-cyclic-[4]-
resorcinyl octabenzoate had a percent transmittance of 
90.84% [30]. 

Figure 1a displays the variation in the percentage of 
light transmitted through a nanoemulsion created with a 
VCO:Tween 80 ratio of 1:9, stored at temperatures of 
4⁰C, 25⁰C, and 40⁰C. Storage at a temperature of 4⁰C 
exhibited variations in transmittance value between 
week 1 and week 4. However, there was a decrease in 
transmittance value between week 4 and week 6 (Figure 
1a). The rise in the transmittance percentage is attributed 
to alterations in the clarity's shape due to the particles in 
the preparation reassembling to form bigger globules at 
lower temperatures [31]. The nanoemulsion of Javanese 
long pepper extract maintained at 25⁰C exhibited an 
increasing trend in percent transmittance value from 
week 1 to week 6. Employing a temperature of 25⁰C 
resulted in an elevation of the percent transmittance 
value, while no significant statistical difference was 
seen. According to Redhita et al., [32], the percentage of 
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System (SNEDDS). SNEDDS combines oil, surfactant, 
cosurfactant, and active ingredient. When combined 
with water, it will create a nanoemulsion of the water-
oil type [17]. Surfactants diminish the interfacial tension 
between two substances that do not mix well, facilitating 
the uniform dispersion of the internal phase and 
preventing the recombination of the dispersed internal 
phase [18]. Nanoemulsions have several benefits, 
including enhanced bioavailability of active 
components, regulated release of active substances, and 
improved sensory characteristics. The nanoemulsion 
with a size range of 50-200 nm exhibits enhanced 
absorption by the small intestinal wall, augmenting its 
bioavailability [7]. The properties of nanoemulsions are 
intricately linked to their physical stability and clarity, 
as these factors directly impact the size of the particles 
formed. 

Nanoemulsions are produced by employing Tween 
80 as an emulsifier and VCO as the oil component. 
Tween 80 offers the benefits of solubility in both water 
and ethanol. Additionally, it serves as a penetrating 
binder. Virgin Coconut Oil (VCO) is derived from the 
fresh fruit of the coconut tree. VCO is manufactured by 
a chemical-free and low-heat technique. VCO 
comprises several medium-chain fatty acids. Lauric acid 
is VCO's predominant medium-chain fatty acid. Prior 
studies investigated nanoemulsions containing different 
substances, including mangosteen fruit extract [17], 
temulawak [19], and moringa [7]. According to previous 
research, it is evident that the medicine requires an 
extended period during the preservation procedure, as it 
is not eaten instantly. It is crucial to consider the stability 
of nanoemulsions to choose the optimal formula for the 
storage process. 

The stability of nanoemulsions is very important in 
their commercial use. The stability of nanoemulsions is 
seen from the physicochemical stability affected by 
unfavorable environmental conditions (including 
temperature, mechanical forces, and ionic forces) during 
production, storage, transportation and application [20]. 
The stability of nanoemulsions is important to maintain 
so that the solution remains nano-sized, which has 
implications for increasing the bioavailability of 
piperine content, so that the effects of piperine are 
quickly felt by the body. Despite the known benefits of 
nanoemulsions, there is limited research on the stability 
of Javanese long pepper extract nanoemulsions under 
varying storage conditions. This study aims to evaluate 
the stability of nanoemulsions of Javanese long pepper 
extract at different temperatures and with various ratios 
of VCO and Tween 80, which is crucial for their 
effectiveness in pharmaceutical and cosmetic 
applications. The stability of nanoemulsions has a very 
important contribution to the food, pharmaceutical and 
cosmetic industries as well as the public in increasing 
the biovaibility of piperine compounds in Javanese long 
pepper. 

2 Method  

2.1 Materials and tools 

The primary components utilized in this study consist of 
Javanese long pepperes that were collected after they 
reached 90 days of maturity and dried using a cabinet 
drier set at 40°C [21]. Other materials include 96% 
ethanol, filter paper, Tween 80 (MERCK 822187), 
virgin coconut oil (VCO), and distilled water. The study 
utilized various tools, including scales, measuring cups, 
vial bottles, funnels, spatulas, drop and volume pipettes, 
porcelain cups, Erlenmeyer flasks, glass beakers, a hot 
plate (Thermo Scientific Sp88851705 Cimarec), a 
magnetic stirrer, a UV vis spectrophotometer (Genesys 
10-s USA), a pH meter, and a rotary evaporator. 

2.2 Research design  

The study employed a Randomized Group Design with 
2 components. Factor 1 was the ratio of VCO to Tween 
80, which had 3 values (1:9, 1:18, 1:27). The storage 
temperature factor, denoted as Factor 2, has three levels: 
4°C, 25°C, and 40°C, as reported by Jusnita et al. [19]. 
These levels are presented in Table 1. The experiment 
was replicated twice for each treatment. 

Table 1. Research design. 

Ratio VCO : 
Tween 80 (g) 

Storage temperature 
4°C (T1) 25°C (T2) 40°C (T3) 

1 : 9 (A1) A1T1 A1T2 A1T3 
1 : 18 (A2) A2T1 A2T2 A2T3 
1 : 27 (A3) A3T1 A3T2 A3T3 

2.3 Javanese long pepper extract  

The extraction procedure of Javanese long pepper 
involved the following approach described by Rahmanet 
al. [22]. Specifically, 200 g of Javanese long pepper was 
placed in the chamber of the Pulsed Electric Field (PEF) 
device. The extraction procedure involves using PEF 
pretreatment at a voltage of 5000 volts and a frequency 
of 3 kHz for 480 seconds. Additionally, Javanese long 
pepperwas supplemented with a 96% ethanol solvent at 
a 1:3 ratio. After being macerated for 24 hours, the 
initial 6 hours involve stirring or shaking. First, filtration 
is performed to obtain filtrate I. Then, the remaining 
residue is dissolved once more using leftover ethanol 
solvent I and subjected to maceration. Subsequently, the 
mixture is filtered to yield filtrate II. Filtrate I and II are 
then combined and subjected to evaporation using an 
evaporator set at a temperature of 50°C. 

2.4 Nanoemulsion synthesis of Javanese long 
pepper extract 

The nanoemulsion synthesis of Javanese long pepper 
extract, as described by Ratnapuri et al. [23], involves 
the combination of virgin coconut oil (VCO), Javanese 
long pepper extract, and Tween 80 utilizing a magnetic 
stirrer at 1000 rpm for 10 minutes. The VCO, Javanese 
long pepper extract, and Tween 80 were combined in the 
proportions specified in Table 1. Subsequently, distilled 
water was incrementally introduced until the total 

volume reached 100 ml. The procedure involves adding 
distilled water while stirring with a magnetic stirrer set 
at 1250 revolutions per minute for 10 minutes. 

2.5 Stability of Javanese long pepper extract 
nanoemulsion at different storage conditions 

The stability of the nanoemulsion was assessed by 
storing it under present circumstances. The storage 
process was conducted at three distinct temperatures: 
4⁰C, 25⁰C, and 40⁰C. The nanoemulsion was kept at a 
low temperature of 4⁰C and placed in the refrigerator. 
The second temperature was set to the standard room 
temperature of 25⁰C, while the last was set to 40⁰C and 
maintained in an incubator. Data was collected weekly 
for 6 weeks. 

2.6 Test percent transmittance of Javanese 
long pepper extract nanoemulsion 

The percent transmittance of a nanoemulsion of 
Javanese long pepper extract was determined using the 
method described by Zulfa et al. [24]. A 1 mL quantity 
of Javanese long pepper extract was dissolved in a 100 
mL volumetric flask using distilled water to create a 
nanoemulsion. The % transmittance of the solution was 
determined by measuring it using a spectrophotometer 
at a wavelength of 650 nm. Aquadest served as a blank 
solution. 

2.7 pH test of Javanese long pepper extract 
nanoemulsion 

The pH testing was conducted utilizing the methodology 
described by Shoviantari et al. [25]. The pH of 
nanoemulsion formulations of Javanese long pepper 
extract was determined using a digital pH meter. Before 
evaluating the preparation's pH, the pH meter was 
calibrated using pH 4 and 7 buffer solutions to guarantee 
its correct functioning. Upon completing the calibration 
process, the electrode was thoroughly cleansed and 
subsequently placed into a glass beaker containing the 
nanoemulsion of Javanese long pepper extract. The pH 
value of the nanoemulsion formulation of Javanese long 
pepper extract will be displayed on the pH meter screen. 

2.8 Organoleptic test of Javanese long pepper 
extract nanoemulsion 

An organoleptic evaluation was conducted on a 
nanoemulsion of Javanese long pepper extract using the 
approach described by Shoviantari et al. [25]. Conduct 
an organoleptic test by preparing a nanoemulsion 
solution. Conduct visual examinations of color, scent, 
and sediment alterations once weekly for six weeks. 

2.9 Particle size, polydispersity index, and zeta 
potential test 

The scientific publication by Budiarto et al. [26] was 
altered by doing particle size testing utilizing a Particle 

Size Analyzer (PSA). A volume of 1 mL of the 
nanoemulsion preparation was transferred into a 
cuvette. Subsequently, the particle size, polydispersity 
index, and Zeta potential were determined using a 
Particle Size Analyzer (PSA) known as the Malvern 
Zetasizer Nano ZS. 

2.10 Data analysis 

The data was analyzed using ANOVA (Analysis of 
Variance) at a 95% confidence level or a significance 
threshold of 0.05 to assess the impact of each treatment 
by SPSS version 25. Additional Duncan Multiple Range 
Test (DMRT) tests were conducted to determine if each 
element had a statistically significant impact. 

3 Result and discussion 

3.1 Stability of Javanese long pepper extract 
nanoemulsion based on transmittance value  

The nanoemulsion of Javanese long pepper extract's 
stability during six weeks of storage can be observed in 
detail in Figure 1, which is based on the transmittance 
value. The stability of the nanemulsion based on percent 
transmittance showed stable clarity. As the purpose of 
nanoemulsion formation is expected to have high 
clarity, good physical stability against gravitational 
separation and droplet aggregation, and increased 
bioavailability of substances. According to Montes de 
Oca-Ávalos et al [27], high transparency is a very 
favorable and attractive characteristic of nanoemulsions 
because the small droplet size ensures weak light 
scattering in the final product. 

The percent transmittance value produced in this 
study ranged from 86.3% to 87.9%. Some previous 
studies of artemether nanoemulsion had a percent 
transmittance of 98.20 ± 0.7% [28], amphotericin B 
nanoemulsion with a percent transmittance of >97% 
[29], nanoemulsion containing c-phenylcyclic-[4]-
resorcinyl octasinnamate and c-methyl-cyclic-[4]-
resorcinyl octabenzoate had a percent transmittance of 
90.84% [30]. 

Figure 1a displays the variation in the percentage of 
light transmitted through a nanoemulsion created with a 
VCO:Tween 80 ratio of 1:9, stored at temperatures of 
4⁰C, 25⁰C, and 40⁰C. Storage at a temperature of 4⁰C 
exhibited variations in transmittance value between 
week 1 and week 4. However, there was a decrease in 
transmittance value between week 4 and week 6 (Figure 
1a). The rise in the transmittance percentage is attributed 
to alterations in the clarity's shape due to the particles in 
the preparation reassembling to form bigger globules at 
lower temperatures [31]. The nanoemulsion of Javanese 
long pepper extract maintained at 25⁰C exhibited an 
increasing trend in percent transmittance value from 
week 1 to week 6. Employing a temperature of 25⁰C 
resulted in an elevation of the percent transmittance 
value, while no significant statistical difference was 
seen. According to Redhita et al., [32], the percentage of 
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light transmitted increases under hot climatic 
circumstances. 

 

 

 
Fig 1. Percent Transmittance values during storage at 
different temperatures; a) nanoemulsion prepared with 
VCO:Tween 80 ratio (1:9); b) nanoemulsion prepared with 
VCO:Tween 80 ratio (1:18); and c) nanoemulsion prepared 
with VCO:Tween 80 ratio (1:27). 

Moreover, Indalifiany et al. [33] elucidated a direct 
correlation between the percent transmittance value and 
the size of the nanoemulsion droplets, whereby a greater 
percent transmittance value indicates a smaller droplet 
size. The high transmittance percentage of the 
nanoemulsion indicates that it appears clear due to its 
minimal droplet size, allowing the light beam to pass 
through easily and resulting in a high transmittance 
reading. At a temperature of 40⁰C, the percent 
transmittance value declined from week 1 to week 2 but 
increased from week 3 to week 6. This phenomenon 
occurs because the use of elevated temperatures leads to 
an augmentation in the amount of clarity. Redhita et al., 
[32], found that the percentage of light transmission 
increases at high temperatures. Moreover, Adi et al. [34] 
attributed the observed rise to alterations in the 
dimensions of the globules, which expanded within the 
nanoemulsion. 

The nanoemulsion of Javanese long pepper extract, 
prepared with a VCO:Tween 80 ratio of 1:18, exhibited 
variations in the percent transmittance value when 
stored at different temperatures (Figure 1b). The 
nanoemulsion maintained at a temperature of 4⁰C 
exhibited an increase in transmittance value between 
week 1 and week 2, followed by a subsequent drop 
between week 2 and week 6. It was a result of utilizing 
low temperatures. Increased temperatures in the 
environment will result in more significant values of % 
transmittance, as stated by Redhita et al., [32]. The 
reduction in transmittance percentage at 4⁰C is attributed 
to the enlargement of the droplet size in the 
nanoemulsion, which hinders the passage of the light 
beam [31]. The Javanese long pepper extract 
nanoemulsion maintained at 25⁰C was inclined to 
elevate the percent transmittance value with time. 
Utilizing room temperature increased the % 
transmittance value, but the difference was insignificant. 
The Javanese long pepper extract nanoemulsion 
maintained at 40⁰C exhibited an inclination to elevate 
the percent transmittance value with time. This 
phenomenon occurs due to the utilization of elevated 
temperatures, which leads to an augmentation in the 
level of clarity. This phenomenon aligns with the 
findings of Redhita et al., [32], which indicate that the 
ambient temperature strongly influences the 
transparency of nanoemulsion. The high percent 
transmittance results of nanoemulsions indicate that 
nanoemulsions at 25⁰C and 40⁰C exhibit clarity due to 
their minimal droplet size [33]. 

The percentage change in transmittance value of the 
nanoemulsion, which was prepared using a VCO:Tween 
80 ratio of 1:27 throughout storage, is illustrated in 
Figure 1c. The transmittance value of the nanoemulsion 
decreased when kept at 4⁰C. This phenomenon arises 
due to the use of low temperatures, which induces 
alterations in the transparency of the nanoemulsion. As 
a result, the particles in the nanoemulsion aggregate to 
create larger globules [31]. At a temperature of 25⁰C, the 
nanoemulsion exhibited an upward trend in the percent 
transmittance value throughout storage. Utilizing room 
temperature resulted in a higher percent transmittance 
value, but this gain was not statistically significant. The 
percent transmittance value of the nanoemulsion held at 
40⁰C exhibited an increasing trend over time. This 
phenomenon arises due to the external temperature 
stimulus [32], leading to the formation of minuscule 
droplets [33]. 

At higher temperatures, the viscosity of the liquid 
usually decreases, so the particles in the emulsion can 
move more freely and more easily combine into 
aggregates. Increased temperature can also cause 
surfactants to degrade or change structure, which can 
reduce the ability of surfactants to cover the surface of 
particles and prevent aggregation [35]. The particles in 
nanoemulsions often have a stable electrical charge due 
to the presence of surfactants or polyelectrolytes. 
Temperature can affect the electrostatic interactions 
between the particles. At higher temperatures, 

electrostatic interactions may decrease, making it easier 
for the particles to combine. In addition, temperature can 
also affect the kinetics of chemical reactions that occur 
in nanoemulsion systems. Chemical reactions that take 
place at high temperatures can increase the activity and 
mobility of particles, making aggregation easier to occur 
[35]. 

3.2 Stability of Javanese long pepper Extract 
Nanoemulsion Based on pH Value  

The stability of the nanoemulsion of Javanese long 
pepper extract can be assessed by observing the pH 
value changes when stored under various temperature 
settings. Storage at different temperatures during 
storage did not have a statistically significant effect. 
This indicates that the nanoemulsion based on the pH 
parameter is stable. Figure 2a shows the nanoemulsion 
produced using a VCO:Tween 80 ratio of 1:9 at a 
temperature of 4⁰C exhibited a pH range of 6.085 - 
6.135. The stability of nanoemulsion is enhanced when 
stored at a temperature of 4⁰C. This phenomenon aligns 
with the findings of Sun et al. [36], who reported that 
nanoemulsions exhibit stability even under specific 
temperature conditions. In addition, Jafari and 
McClement [37] stated that oil-in-water nanoemulsions 
with a pH range of 6-8, when formulated with 
surfactants, will acquire a negative charge. This charge 
inhibits the droplets from coming close to each other, 
ensuring the nanoemulsion's stability. The pH of the 
nanoemulsion held at 25⁰C ranged from 6.070 to 6.020. 
The pH value consistently decreases weekly due to 
increasing temperature and a drop in the nanoemulsion 
value. The nanoemulsion held at a temperature of 40⁰C 
ranges from 5.920 to 5.880. The elevated temperature 
employed had a significant impact on reducing the pH 
level of the nanoemulsion. The stability of 
nanoemulsions is greatly influenced by temperature, and 
as the temperature rises, the stability of the 
nanoemulsion diminishes [36]. This phenomenon arises 
due to the utilization of vegetable oil as the oil 
component, leading to the hydrolysis of fatty acid esters 
into breakdown products of free fatty acids. 
Furthermore, elevated temperatures induce hydrolysis, 
leading to a decline in the pH of the nanoemulsion [38]. 

The nanoemulsion of Javanese long pepper extract 
created with a VCO:Tween 80 ratio of 1:18 is illustrated 
in Figure 2b at various storage conditions. The pH of the 
nanoemulsion kept at 4⁰C ranged from 6.380 to 6.465. 
The nanoemulsion exhibited a consistent and 
unchanging pH level. Sun et al. [36] stated that 
temperature treatment stabilizes the pH of 
nanoemulsions. The pH of nanoemulsion is below 
neutral or slightly acidic. The presence of acidity leads 
to a mild repulsion among molecules and droplets, 
resulting in the maintenance of steady pH levels even 

under severe temperatures. Jusnita et al. [19] elucidated 
that nanoemulsions with a pH range of 6-8, formulated 
with surfactants, exhibit a negative charge. This charge 
effectively hinders the droplets from coming into 
proximity to one another, hence ensuring the stability of 
the nanoemulsion. In addition, the pH of nanoemulsion 
kept at 25⁰C ranges from 6.260 to 5.900. The pH of 
nanoemulsion tends to fall. The nanoemulsion held at a 
temperature of 40⁰C exhibited pH values ranging from 
6.085 to 5.630. The pH at 40⁰C was lower than the prior 
storage conditions of 4⁰C and 25⁰C. This phenomenon 
happens due to the hydrolysis of fatty acid esters in the 
oil component, resulting in the formation of degradation 
products in the form of free fatty acids. Furthermore, 
elevated temperatures induce hydrolysis, leading to a 
decline in the pH of nanoemulsions [38]. 

 The nanoemulsion of Javanese long pepper extract 
made with VCO:Tween 80 ratio (1:27) at different 
storage temperatures can be seen in Figure 2c. The pH 
of the nanoemulsion kept at 4⁰C ranged from 6.280 to 
6.335. There was no noticeable variation in this state 
over the 6-week storage period. The stability of 
nanoemulsion treatment is enhanced at a temperature of 
4⁰C. The pH of nanoemulsion kept at 25⁰C ranges from 
6.090 to 5.800. The pH value decreases when the storage 
temperature increases to 4⁰C due to increasing 
temperature and a drop in the nanoemulsion value. The 
nanoemulsion held at a temperature 40⁰C yields values 
ranging from 6.145 to 5.605. The pH measurements did 
not show statistically significant differences when 
stored at different temperatures for 6 weeks. It indicates 
that the pH remained stable during the storage period. 

Citrus oil nanoemulsion at surfactant ratio and 
surfactant type significantly affected the formation and 
stability of nanoemulsion at a certain pH [39].   
Nanoemulsion of Woodfordia fruticosa extract showed 
higher stability at varying pH ranges [40]. 
Nanoemulsion of hazelnut oil showed that changes in 
pH value and viscosity of the preparation can affect the 
stability of the nanoemulsion [41]. According to Jafari 
and McClement [37], the stability of nanoemulsion is 
maintained by the presence of surfactants, which create 
a negative charge that inhibits the droplets from coming 
close to each other, thereby ensuring the stability of the 
nanoemulsion. 

The performance of surfactants, in stabilizing 
nanoemulsions is pH-dependent. Non-ionic surfactants, 
such as Tween, can undergo solubility changes with pH, 
which affects their ability to stabilize emulsions. Higher 
surfactant concentrations at a given pH level can 
increase stability [39]. Changes in pH can affect the 
droplet size and polydispersity index (PDI) of 
nanoemulsions. Previous research on nanoemulsions of 
Woodfordia fruticosa extract showed that different pH 
ranges affect the stability of nanoemulsions. Different 
pH levels affect the stability of droplet size and zeta 
potential value of nanoemulsions [40].
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light transmitted increases under hot climatic 
circumstances. 

 

 

 
Fig 1. Percent Transmittance values during storage at 
different temperatures; a) nanoemulsion prepared with 
VCO:Tween 80 ratio (1:9); b) nanoemulsion prepared with 
VCO:Tween 80 ratio (1:18); and c) nanoemulsion prepared 
with VCO:Tween 80 ratio (1:27). 

Moreover, Indalifiany et al. [33] elucidated a direct 
correlation between the percent transmittance value and 
the size of the nanoemulsion droplets, whereby a greater 
percent transmittance value indicates a smaller droplet 
size. The high transmittance percentage of the 
nanoemulsion indicates that it appears clear due to its 
minimal droplet size, allowing the light beam to pass 
through easily and resulting in a high transmittance 
reading. At a temperature of 40⁰C, the percent 
transmittance value declined from week 1 to week 2 but 
increased from week 3 to week 6. This phenomenon 
occurs because the use of elevated temperatures leads to 
an augmentation in the amount of clarity. Redhita et al., 
[32], found that the percentage of light transmission 
increases at high temperatures. Moreover, Adi et al. [34] 
attributed the observed rise to alterations in the 
dimensions of the globules, which expanded within the 
nanoemulsion. 

The nanoemulsion of Javanese long pepper extract, 
prepared with a VCO:Tween 80 ratio of 1:18, exhibited 
variations in the percent transmittance value when 
stored at different temperatures (Figure 1b). The 
nanoemulsion maintained at a temperature of 4⁰C 
exhibited an increase in transmittance value between 
week 1 and week 2, followed by a subsequent drop 
between week 2 and week 6. It was a result of utilizing 
low temperatures. Increased temperatures in the 
environment will result in more significant values of % 
transmittance, as stated by Redhita et al., [32]. The 
reduction in transmittance percentage at 4⁰C is attributed 
to the enlargement of the droplet size in the 
nanoemulsion, which hinders the passage of the light 
beam [31]. The Javanese long pepper extract 
nanoemulsion maintained at 25⁰C was inclined to 
elevate the percent transmittance value with time. 
Utilizing room temperature increased the % 
transmittance value, but the difference was insignificant. 
The Javanese long pepper extract nanoemulsion 
maintained at 40⁰C exhibited an inclination to elevate 
the percent transmittance value with time. This 
phenomenon occurs due to the utilization of elevated 
temperatures, which leads to an augmentation in the 
level of clarity. This phenomenon aligns with the 
findings of Redhita et al., [32], which indicate that the 
ambient temperature strongly influences the 
transparency of nanoemulsion. The high percent 
transmittance results of nanoemulsions indicate that 
nanoemulsions at 25⁰C and 40⁰C exhibit clarity due to 
their minimal droplet size [33]. 

The percentage change in transmittance value of the 
nanoemulsion, which was prepared using a VCO:Tween 
80 ratio of 1:27 throughout storage, is illustrated in 
Figure 1c. The transmittance value of the nanoemulsion 
decreased when kept at 4⁰C. This phenomenon arises 
due to the use of low temperatures, which induces 
alterations in the transparency of the nanoemulsion. As 
a result, the particles in the nanoemulsion aggregate to 
create larger globules [31]. At a temperature of 25⁰C, the 
nanoemulsion exhibited an upward trend in the percent 
transmittance value throughout storage. Utilizing room 
temperature resulted in a higher percent transmittance 
value, but this gain was not statistically significant. The 
percent transmittance value of the nanoemulsion held at 
40⁰C exhibited an increasing trend over time. This 
phenomenon arises due to the external temperature 
stimulus [32], leading to the formation of minuscule 
droplets [33]. 

At higher temperatures, the viscosity of the liquid 
usually decreases, so the particles in the emulsion can 
move more freely and more easily combine into 
aggregates. Increased temperature can also cause 
surfactants to degrade or change structure, which can 
reduce the ability of surfactants to cover the surface of 
particles and prevent aggregation [35]. The particles in 
nanoemulsions often have a stable electrical charge due 
to the presence of surfactants or polyelectrolytes. 
Temperature can affect the electrostatic interactions 
between the particles. At higher temperatures, 

electrostatic interactions may decrease, making it easier 
for the particles to combine. In addition, temperature can 
also affect the kinetics of chemical reactions that occur 
in nanoemulsion systems. Chemical reactions that take 
place at high temperatures can increase the activity and 
mobility of particles, making aggregation easier to occur 
[35]. 

3.2 Stability of Javanese long pepper Extract 
Nanoemulsion Based on pH Value  

The stability of the nanoemulsion of Javanese long 
pepper extract can be assessed by observing the pH 
value changes when stored under various temperature 
settings. Storage at different temperatures during 
storage did not have a statistically significant effect. 
This indicates that the nanoemulsion based on the pH 
parameter is stable. Figure 2a shows the nanoemulsion 
produced using a VCO:Tween 80 ratio of 1:9 at a 
temperature of 4⁰C exhibited a pH range of 6.085 - 
6.135. The stability of nanoemulsion is enhanced when 
stored at a temperature of 4⁰C. This phenomenon aligns 
with the findings of Sun et al. [36], who reported that 
nanoemulsions exhibit stability even under specific 
temperature conditions. In addition, Jafari and 
McClement [37] stated that oil-in-water nanoemulsions 
with a pH range of 6-8, when formulated with 
surfactants, will acquire a negative charge. This charge 
inhibits the droplets from coming close to each other, 
ensuring the nanoemulsion's stability. The pH of the 
nanoemulsion held at 25⁰C ranged from 6.070 to 6.020. 
The pH value consistently decreases weekly due to 
increasing temperature and a drop in the nanoemulsion 
value. The nanoemulsion held at a temperature of 40⁰C 
ranges from 5.920 to 5.880. The elevated temperature 
employed had a significant impact on reducing the pH 
level of the nanoemulsion. The stability of 
nanoemulsions is greatly influenced by temperature, and 
as the temperature rises, the stability of the 
nanoemulsion diminishes [36]. This phenomenon arises 
due to the utilization of vegetable oil as the oil 
component, leading to the hydrolysis of fatty acid esters 
into breakdown products of free fatty acids. 
Furthermore, elevated temperatures induce hydrolysis, 
leading to a decline in the pH of the nanoemulsion [38]. 

The nanoemulsion of Javanese long pepper extract 
created with a VCO:Tween 80 ratio of 1:18 is illustrated 
in Figure 2b at various storage conditions. The pH of the 
nanoemulsion kept at 4⁰C ranged from 6.380 to 6.465. 
The nanoemulsion exhibited a consistent and 
unchanging pH level. Sun et al. [36] stated that 
temperature treatment stabilizes the pH of 
nanoemulsions. The pH of nanoemulsion is below 
neutral or slightly acidic. The presence of acidity leads 
to a mild repulsion among molecules and droplets, 
resulting in the maintenance of steady pH levels even 

under severe temperatures. Jusnita et al. [19] elucidated 
that nanoemulsions with a pH range of 6-8, formulated 
with surfactants, exhibit a negative charge. This charge 
effectively hinders the droplets from coming into 
proximity to one another, hence ensuring the stability of 
the nanoemulsion. In addition, the pH of nanoemulsion 
kept at 25⁰C ranges from 6.260 to 5.900. The pH of 
nanoemulsion tends to fall. The nanoemulsion held at a 
temperature of 40⁰C exhibited pH values ranging from 
6.085 to 5.630. The pH at 40⁰C was lower than the prior 
storage conditions of 4⁰C and 25⁰C. This phenomenon 
happens due to the hydrolysis of fatty acid esters in the 
oil component, resulting in the formation of degradation 
products in the form of free fatty acids. Furthermore, 
elevated temperatures induce hydrolysis, leading to a 
decline in the pH of nanoemulsions [38]. 

 The nanoemulsion of Javanese long pepper extract 
made with VCO:Tween 80 ratio (1:27) at different 
storage temperatures can be seen in Figure 2c. The pH 
of the nanoemulsion kept at 4⁰C ranged from 6.280 to 
6.335. There was no noticeable variation in this state 
over the 6-week storage period. The stability of 
nanoemulsion treatment is enhanced at a temperature of 
4⁰C. The pH of nanoemulsion kept at 25⁰C ranges from 
6.090 to 5.800. The pH value decreases when the storage 
temperature increases to 4⁰C due to increasing 
temperature and a drop in the nanoemulsion value. The 
nanoemulsion held at a temperature 40⁰C yields values 
ranging from 6.145 to 5.605. The pH measurements did 
not show statistically significant differences when 
stored at different temperatures for 6 weeks. It indicates 
that the pH remained stable during the storage period. 

Citrus oil nanoemulsion at surfactant ratio and 
surfactant type significantly affected the formation and 
stability of nanoemulsion at a certain pH [39].   
Nanoemulsion of Woodfordia fruticosa extract showed 
higher stability at varying pH ranges [40]. 
Nanoemulsion of hazelnut oil showed that changes in 
pH value and viscosity of the preparation can affect the 
stability of the nanoemulsion [41]. According to Jafari 
and McClement [37], the stability of nanoemulsion is 
maintained by the presence of surfactants, which create 
a negative charge that inhibits the droplets from coming 
close to each other, thereby ensuring the stability of the 
nanoemulsion. 

The performance of surfactants, in stabilizing 
nanoemulsions is pH-dependent. Non-ionic surfactants, 
such as Tween, can undergo solubility changes with pH, 
which affects their ability to stabilize emulsions. Higher 
surfactant concentrations at a given pH level can 
increase stability [39]. Changes in pH can affect the 
droplet size and polydispersity index (PDI) of 
nanoemulsions. Previous research on nanoemulsions of 
Woodfordia fruticosa extract showed that different pH 
ranges affect the stability of nanoemulsions. Different 
pH levels affect the stability of droplet size and zeta 
potential value of nanoemulsions [40].
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Fig 2. pH value during storage at different temperatures; a) 
nanoemulsion prepared with VCO:Tween 80 ratio (1:9); b) 
nanoemulsion prepared with VCO:Tween 80 ratio (1:18); and 
c) nanoemulsion prepared with VCO:Tween 80 ratio (1:27). 

The pH affects the ionic strength of the solution, thus 
affecting the electrostatic interactions between droplets. 
Higher ionic strength can reduce electrostatic repulsion 
between droplets, leading to droplet coalescence and 
low stability. Conversely, maintaining a stable pH can 
help maintain electrostatic repulsion, leading to 
increased stability of the nanoemulsion [42]. 

3.3 Stability of Javanese long pepper extract 
nanoemulsion based on organoleptic value  

An organoleptic test is a sensory evaluation method that 
utilizes the five senses to provide a detailed description 
of nanoemulsions. Organoleptic tests encompass the 
evaluation of the shape or consistency, color, and odor 
of the final preparation [25]. The intense, deep brown 
color and distinctive scent of Javanese long pepper 
extract influence the color and aroma of nanoemulsions. 
The objective of the organoleptic test is to assess any 
sensory changes in the nanoemulsion of Javanese long 

pepper extract after 6 weeks of storage at three different 
temperatures: 4⁰C, 25⁰C, and 40⁰C. 

Organoleptic observations indicated that storing the 
mixture of virgin coconut oil (VCO) and Tween 80 at 
different ratios at a temperature of 4⁰C resulted in a 
consistent nanoemulsion. There were no noticeable 
changes in color, odor, or phase. This information can 
be found in Table 2, Table 3, and Table 4. A consistent 
color over time indicates a stable nanoemulsion 
preparation [43], [44]. Color consistency is of great 
concern especially in pharmaceutical and cosmetic 
preparations. The taste and odor of nanoemulsion should 
be acceptable and consistent. An unpleasant taste or 
odor may indicate instability or contamination [45], 
[46]. Previous research showed that nanoemulsion of 
nutmeg essential oil had a clear and stable appearance 
[44], nanoemulsion of citronella oil showed clear 
organoleptic characteristics and no phase separation 
[43]. 

Furthermore, this phenomenon aligns with the 
findings of Arianto & Cindy [47], who observed that a 
sunflower oil nanoemulsion remained stable throughout 
a 12-week storage period at three different temperatures: 
room temperature (25 ± 2°C), low temperature (4 ± 
2°C), and high temperature (40 ± 2°C). Throughout the 
12-week storage trial at different temperatures, the 
nanoemulsion did not alter color, consistency, odor, or 
phase separation. However, the emulsion had a color 
shift after 8 weeks of storage and showed phase 
separation (indicating instability) for the whole 12-week 
period at ambient temperature. Rismarika et al. [48] 
conducted a study that created a durable kepayang oil 
nanoemulsion, which maintained its odor, color, and 
clarity properties for 4 weeks. The research conducted 
by Redhita et al. [32] yielded a nanoemulsion of basil 
leaf extract that exhibited color, odor, and phase stability 
during a storage period of 4 days. In their study 
conducted in Widyastuti and Saryanti [49] developed a 
stable garlic extract nanoemulsion that exhibited no 
alterations in color, flavor, taste, clarity, and phase 
separation over the storage period. The organoleptic 
properties of nanoemulsions strongly influence 
consumer acceptability. Therefore, organoleptic 
consistency will be closely related to consumer 
acceptability. 

Table 2. Observation of nanoemulsion during storage in 
terms of color. 

Treatment 
Week 

1 2 3 4 5 6 
A1T1 O O O O O O 
A1T2 O O O Y Y Y 
A1T3 O O O O O O 
A2T1 O O O O O O 
A2T2 O O O O O O 
A2T3 O O O O O O 
A3T1 O O O O O O 
A3T2 O O O O Y Y 
A3T3 O O O O O O 

Description: O: Orange, and Y: Yellow. 

Table 3. Observation of nanoemulsion during storage in 
terms of odor. 

Treatment 
Week 

1 2 3 4 5 6 
A1T1 N N N N N N 
A1T2 A A A A A A 
A1T3 N A A A A A 
A2T1 N N N N N N 
A2T2 N A A A A A 
A2T3 N A A A A A 
A3T1 N N N N N N 
A3T2 A A A A A A 
A3T3 N A A A A A 

Description: N: Normal and A: Acid. 

Table 4. Observation of nanoemulsion during storage in 
terms of precipitation. 

Treatment 
Week 

1 2 3 4 5 6 
A1T1 - - - - - - 
A1T2 +  + + + + + 
A1T3 - - - - - - 
A2T1 + + + + + + 
A2T2 + + + + + + 
A2T3 + + + + + + 
A3T1 - - - - - - 
A3T2 + + + + + + 
A3T3 + + + + + + 

Description: - No precipitates, dan + There is precipitate. 

Table 5. Nanoemulsion Characteristics at Different Ratios of 
Tween 80 : VCO. 

Treatment 
Size of 
particle 

(nm) 

Polydispersity 
Index (PDI) 

Zeta 
Potential 

(mV) 
VCO: Tween 

80  (1:9) 
173,98 0,9078 -1,464 

VCO: Tween 
80  (1:18) 

145,80 0,7964 -3,164 

VCO: Tween 
80  (1:27) 

375,20 0,4532 -1,567 

3.4 Particle Size, Polydispersity Index (PDI), 
and zeta potential 

The nanoemulsion of Javanese long pepper extract, 
prepared with a VCO:Tween 80 ratio of 1:18, resulted 
in particles with a size of 145.8 nm, as indicated in Table 
5. The superiority of the nanoemulsion over the other 
treatments can be attributed to its smaller size. 
Decreasing the size of the nanoparticles leads to 
improved performance. According to Aprilya et al. [50], 
medication formulations with reduced particle sizes 
have a greater chance of reaching specific cells due to 
the increased surface area of the droplets. In addition, 
Ardian et al. [51] said that an optimal nanoemulsion size 
falls between the particle size range of 50-500 nm. The 
particle size of nanoemulsion is closely related to the 
ability of nanoemulsion as a carrier of active compounds 
into the body. The smaller the size indicates the ability 
to be quickly absorbed in the body is greater. The 

particle size of a stable nanoemulsion usually ranges 
from 10 to 200 nm [43], [46], [52].  

The nanoemulsion of Javanese long pepper extract, 
produced with a VCO:Tween 80 ratio of 1:27, exhibited 
a superior formula due to its low polydispersity index 
(PDI) value, which was near 0 (Table 5). Aini [53] states 
that a desirable nanoemulsion should have an almost 
zero polydispersity index value. Moreover, according to 
Indriani [54], a polydispersity index value close to zero 
signifies a uniform distribution of particles, whereas a 
number close to one implies a significant level of 
heterogeneity. Agglomeration occurs as a result of 
particle collisions caused by the presence of a 
heterogeneous particle distribution. Small particle size 
distribution (low PDI) shows better stability [43], [46], 
[52]. A low PDI value has implications for 
nanoemulsions that do not change easily, thus 
facilitating their application as drug carriers. 

The zeta potential values of the nanoemulsion of 
Javanese long pepper extract, prepared with a 
VCO:Tween 80 ratio, varied from -3.164 mV to -1.464 
mV (Table 5). Imanto et al. [55] reported that the zeta 
potential values range from +30 mV to -30 mV. A zeta 
potential of +30 mV signifies a significant degree of 
stability in the nanoemulsion. In contrast, a zeta 
potential of -30 mV is sufficient to preserve stability in 
the dispersion system of the nanoemulsion. This 
phenomenon arises due to its ability to inhibit the 
formation of particle agglomerates by exerting repulsive 
forces on the surface of the particles. Moreover, Imanto 
et al. [55] elucidated that the diminished zeta potential 
value resulted from the presence of Tween 80, which is 
an uncharged nonionic surfactant attached to the 
hydrophobic group. As a result, the surfactant causes the 
oil particles' surface to become neutral. Negative or 
positive zeta potential values can help stabilize 
nanoemulsions by preventing aggregation. A zeta 
potential value close to zero indicates poor stability [46], 
[52], will cause the nanoemulsion to undergo changes 
that will reduce the nanoemulsion functionally. 

Previous research produced nanoemulsions of 
Nigella Sativa L. seed oil with a droplet size of 59. 2 nm 
[52], citronella oil nanoemulsion with droplet size 8.96 
- 10.07 nm [43], erythromycin nanoemulsion with 
particle size 170.6 nm, polydispersity index (PDI) 
0.403, and zeta potential -8.8667 mV [46], eugenol 
nanoemulsion with particle size 50.8 - 248 nm, 
polydispersity index (PDI) 0.242 - 1, and zeta potential 
-23.2 to -16.2 mV [56], clove essential oil nanoemulsion 
with particle size 29.1 nm, PDI 0.026, and zeta potential 
-31.4 mV [57]. 

4 Conclusion 
The stability of the nanoemulsion was determined by 
analyzing the results of the transmittance test and pH test 
conducted over six weeks. It was found that the 
nanoemulsion remained stable while stored at a 
temperature of 4⁰C. The organoleptic test showed no 
change in the nanoemulsion when the ratio of VCO to 
Tween 80 was 1:9 and stored at a temperature of 4⁰C 
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Fig 2. pH value during storage at different temperatures; a) 
nanoemulsion prepared with VCO:Tween 80 ratio (1:9); b) 
nanoemulsion prepared with VCO:Tween 80 ratio (1:18); and 
c) nanoemulsion prepared with VCO:Tween 80 ratio (1:27). 

The pH affects the ionic strength of the solution, thus 
affecting the electrostatic interactions between droplets. 
Higher ionic strength can reduce electrostatic repulsion 
between droplets, leading to droplet coalescence and 
low stability. Conversely, maintaining a stable pH can 
help maintain electrostatic repulsion, leading to 
increased stability of the nanoemulsion [42]. 

3.3 Stability of Javanese long pepper extract 
nanoemulsion based on organoleptic value  

An organoleptic test is a sensory evaluation method that 
utilizes the five senses to provide a detailed description 
of nanoemulsions. Organoleptic tests encompass the 
evaluation of the shape or consistency, color, and odor 
of the final preparation [25]. The intense, deep brown 
color and distinctive scent of Javanese long pepper 
extract influence the color and aroma of nanoemulsions. 
The objective of the organoleptic test is to assess any 
sensory changes in the nanoemulsion of Javanese long 

pepper extract after 6 weeks of storage at three different 
temperatures: 4⁰C, 25⁰C, and 40⁰C. 

Organoleptic observations indicated that storing the 
mixture of virgin coconut oil (VCO) and Tween 80 at 
different ratios at a temperature of 4⁰C resulted in a 
consistent nanoemulsion. There were no noticeable 
changes in color, odor, or phase. This information can 
be found in Table 2, Table 3, and Table 4. A consistent 
color over time indicates a stable nanoemulsion 
preparation [43], [44]. Color consistency is of great 
concern especially in pharmaceutical and cosmetic 
preparations. The taste and odor of nanoemulsion should 
be acceptable and consistent. An unpleasant taste or 
odor may indicate instability or contamination [45], 
[46]. Previous research showed that nanoemulsion of 
nutmeg essential oil had a clear and stable appearance 
[44], nanoemulsion of citronella oil showed clear 
organoleptic characteristics and no phase separation 
[43]. 

Furthermore, this phenomenon aligns with the 
findings of Arianto & Cindy [47], who observed that a 
sunflower oil nanoemulsion remained stable throughout 
a 12-week storage period at three different temperatures: 
room temperature (25 ± 2°C), low temperature (4 ± 
2°C), and high temperature (40 ± 2°C). Throughout the 
12-week storage trial at different temperatures, the 
nanoemulsion did not alter color, consistency, odor, or 
phase separation. However, the emulsion had a color 
shift after 8 weeks of storage and showed phase 
separation (indicating instability) for the whole 12-week 
period at ambient temperature. Rismarika et al. [48] 
conducted a study that created a durable kepayang oil 
nanoemulsion, which maintained its odor, color, and 
clarity properties for 4 weeks. The research conducted 
by Redhita et al. [32] yielded a nanoemulsion of basil 
leaf extract that exhibited color, odor, and phase stability 
during a storage period of 4 days. In their study 
conducted in Widyastuti and Saryanti [49] developed a 
stable garlic extract nanoemulsion that exhibited no 
alterations in color, flavor, taste, clarity, and phase 
separation over the storage period. The organoleptic 
properties of nanoemulsions strongly influence 
consumer acceptability. Therefore, organoleptic 
consistency will be closely related to consumer 
acceptability. 

Table 2. Observation of nanoemulsion during storage in 
terms of color. 

Treatment 
Week 

1 2 3 4 5 6 
A1T1 O O O O O O 
A1T2 O O O Y Y Y 
A1T3 O O O O O O 
A2T1 O O O O O O 
A2T2 O O O O O O 
A2T3 O O O O O O 
A3T1 O O O O O O 
A3T2 O O O O Y Y 
A3T3 O O O O O O 

Description: O: Orange, and Y: Yellow. 

Table 3. Observation of nanoemulsion during storage in 
terms of odor. 

Treatment 
Week 

1 2 3 4 5 6 
A1T1 N N N N N N 
A1T2 A A A A A A 
A1T3 N A A A A A 
A2T1 N N N N N N 
A2T2 N A A A A A 
A2T3 N A A A A A 
A3T1 N N N N N N 
A3T2 A A A A A A 
A3T3 N A A A A A 

Description: N: Normal and A: Acid. 

Table 4. Observation of nanoemulsion during storage in 
terms of precipitation. 

Treatment 
Week 

1 2 3 4 5 6 
A1T1 - - - - - - 
A1T2 +  + + + + + 
A1T3 - - - - - - 
A2T1 + + + + + + 
A2T2 + + + + + + 
A2T3 + + + + + + 
A3T1 - - - - - - 
A3T2 + + + + + + 
A3T3 + + + + + + 

Description: - No precipitates, dan + There is precipitate. 

Table 5. Nanoemulsion Characteristics at Different Ratios of 
Tween 80 : VCO. 

Treatment 
Size of 
particle 

(nm) 

Polydispersity 
Index (PDI) 

Zeta 
Potential 

(mV) 
VCO: Tween 

80  (1:9) 
173,98 0,9078 -1,464 

VCO: Tween 
80  (1:18) 

145,80 0,7964 -3,164 

VCO: Tween 
80  (1:27) 

375,20 0,4532 -1,567 

3.4 Particle Size, Polydispersity Index (PDI), 
and zeta potential 

The nanoemulsion of Javanese long pepper extract, 
prepared with a VCO:Tween 80 ratio of 1:18, resulted 
in particles with a size of 145.8 nm, as indicated in Table 
5. The superiority of the nanoemulsion over the other 
treatments can be attributed to its smaller size. 
Decreasing the size of the nanoparticles leads to 
improved performance. According to Aprilya et al. [50], 
medication formulations with reduced particle sizes 
have a greater chance of reaching specific cells due to 
the increased surface area of the droplets. In addition, 
Ardian et al. [51] said that an optimal nanoemulsion size 
falls between the particle size range of 50-500 nm. The 
particle size of nanoemulsion is closely related to the 
ability of nanoemulsion as a carrier of active compounds 
into the body. The smaller the size indicates the ability 
to be quickly absorbed in the body is greater. The 

particle size of a stable nanoemulsion usually ranges 
from 10 to 200 nm [43], [46], [52].  

The nanoemulsion of Javanese long pepper extract, 
produced with a VCO:Tween 80 ratio of 1:27, exhibited 
a superior formula due to its low polydispersity index 
(PDI) value, which was near 0 (Table 5). Aini [53] states 
that a desirable nanoemulsion should have an almost 
zero polydispersity index value. Moreover, according to 
Indriani [54], a polydispersity index value close to zero 
signifies a uniform distribution of particles, whereas a 
number close to one implies a significant level of 
heterogeneity. Agglomeration occurs as a result of 
particle collisions caused by the presence of a 
heterogeneous particle distribution. Small particle size 
distribution (low PDI) shows better stability [43], [46], 
[52]. A low PDI value has implications for 
nanoemulsions that do not change easily, thus 
facilitating their application as drug carriers. 

The zeta potential values of the nanoemulsion of 
Javanese long pepper extract, prepared with a 
VCO:Tween 80 ratio, varied from -3.164 mV to -1.464 
mV (Table 5). Imanto et al. [55] reported that the zeta 
potential values range from +30 mV to -30 mV. A zeta 
potential of +30 mV signifies a significant degree of 
stability in the nanoemulsion. In contrast, a zeta 
potential of -30 mV is sufficient to preserve stability in 
the dispersion system of the nanoemulsion. This 
phenomenon arises due to its ability to inhibit the 
formation of particle agglomerates by exerting repulsive 
forces on the surface of the particles. Moreover, Imanto 
et al. [55] elucidated that the diminished zeta potential 
value resulted from the presence of Tween 80, which is 
an uncharged nonionic surfactant attached to the 
hydrophobic group. As a result, the surfactant causes the 
oil particles' surface to become neutral. Negative or 
positive zeta potential values can help stabilize 
nanoemulsions by preventing aggregation. A zeta 
potential value close to zero indicates poor stability [46], 
[52], will cause the nanoemulsion to undergo changes 
that will reduce the nanoemulsion functionally. 

Previous research produced nanoemulsions of 
Nigella Sativa L. seed oil with a droplet size of 59. 2 nm 
[52], citronella oil nanoemulsion with droplet size 8.96 
- 10.07 nm [43], erythromycin nanoemulsion with 
particle size 170.6 nm, polydispersity index (PDI) 
0.403, and zeta potential -8.8667 mV [46], eugenol 
nanoemulsion with particle size 50.8 - 248 nm, 
polydispersity index (PDI) 0.242 - 1, and zeta potential 
-23.2 to -16.2 mV [56], clove essential oil nanoemulsion 
with particle size 29.1 nm, PDI 0.026, and zeta potential 
-31.4 mV [57]. 

4 Conclusion 
The stability of the nanoemulsion was determined by 
analyzing the results of the transmittance test and pH test 
conducted over six weeks. It was found that the 
nanoemulsion remained stable while stored at a 
temperature of 4⁰C. The organoleptic test showed no 
change in the nanoemulsion when the ratio of VCO to 
Tween 80 was 1:9 and stored at a temperature of 4⁰C 
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(A1T1), as well as when the ratio was 1:27 and stored at 
the same temperature (A3T1). The most effective 
treatment for nanoemulsion was achieved using a 
VCO:Tween 80 ratio of 1:18. This resulted in a 
nanoemulsion size of 145.80 nm, a polydispersity index 
value of 0.7964, and a zeta potential value of -3.164 mV. 
 
We express our gratitude to the University of Trunojoyo 
Madura for providing the necessary support and resources for 
this research. 
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(A1T1), as well as when the ratio was 1:27 and stored at 
the same temperature (A3T1). The most effective 
treatment for nanoemulsion was achieved using a 
VCO:Tween 80 ratio of 1:18. This resulted in a 
nanoemulsion size of 145.80 nm, a polydispersity index 
value of 0.7964, and a zeta potential value of -3.164 mV. 
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Madura for providing the necessary support and resources for 
this research. 
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