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ABSTRACT 
Breadfruit (Artocarpus altilis) (Parkinson) Fosberg leaf is a traditional medicine with various properties that have been 
scientifically validated. The primary constituents of this leaf are flavonoids and phenolics, which contribute to the 
pharmacological activity. These compounds can not penetrate biological membranes due to their polar nature. Therefore, 
this study aimed to determine the optimum nanoemulsion formula of breadfruit leaf extract (NE-EDS) that enhances 
stability and facilitates its penetration through biological membranes. Nanoemulsion (NE) was designed using a 22 factorial 
design with Tween 80 as the surfactant and 96% ethanol as the cosurfactant. The effect of factor composition and interaction 
on the nanoemulsion characteristics was observed based on pH, density, viscosity, percent transmittance, and flavonoid 
content in NE-EDS. The optimum formula of nanoemulsion was produced at a concentration of Tween 80 and ethanol 
(40%:20%), with a globule size of 246.1±29.44 nm, polydispersity index (PDI) of 0.36±0.06, and zeta potential of -12.6 
mV, respectively. The result showed that NE-EDS had good stability. The optimum NE-EDS formula exhibited stable 
globule characteristics and could be further developed into a topical dosage form. 
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INTRODUCTION 
The growing public interest in natural medicines is 
driving research in broader directions, including the 
development of drug dosage forms1. The breadfruit 
(Artocarpus altilis) leaf is a traditional medicine for 
various diseases, and some of its pharmacological effects 
have been well-confirmed. The extract of this leaf shows 
a broad pharmacological profile, including antioxidant2,3, 
anti-inflammatory4, anticancer5,6, antidiabetic7, 
nephroprotective8,9, antimalarial10, gastroprotective11, 
antiosteoarthritis12, antihypertensive13, and diuretics14. 
Furthermore, breadfruit leaves do not exhibit toxicity in 
acute and subchronic toxicity tests, and their 
characteristics fulfill the requirements for extract 
standardization15. The bioactivity compound of breadfruit 
leaf are flavonoids and phenolics16, which are polar. 
The primary challenges in developing bioactive 
compounds for therapeutic purposes include low water 
solubility, instability, poor bioavailability, and high 
susceptibility to first-pass metabolism. These factors 
reduce the therapeutic potential and limit clinical 
applications. Preparing the extract as a nanoemulsion 
(NE) can help overcome these problems17.  

*Author for Correspondence: fitrya@unsri.ac.id. 

This method was considered an ideal carrier for delivering 
drugs with low solubility18. The colloidal dispersion has 
been widely applied to plant extracts because nanostructured 
systems can improve the biological properties of the 
extracts, reduce side effects, increase activity, release active 
constituents consistently, and reduce the dose required19,20. 
Nanoemulsion is an attractive formulation due to its small 
droplet size, long-term physical stability, and transparency1. 
This method can be utilised for various drug delivery 
systems, including parenteral, oral, ocular, and topical 
administration21. 
Nanoemulsions are colloidal dispersions of two immiscible 
phases that require surfactants to reduce interfacial tension 
and form sterically elastic layers18,22. Cosurfactant is added 
to produce a more stable nanoemulsion23. Therefore, this 
study aimed to determine the optimum formula of 
nanoemulsion of breadfruit leaf extract (NE-EDS) with 
varying surfactant and cosurfactant concentrations. Tween 
80 and 96% ethanol were used as surfactant and 
cosurfactant, respectively. The optimum formula of 
nanoemulsion was designed with Design-Expert (DE) 
series 12®, a 22 factorial design. The characteristics were 
evaluated based on particle size, pH, density, percent 
transmittance, stability, and drug release kinetics. 

mailto:fitrya@unsri.ac.id


Nanoemulsion of Breadfruit (Artocarpus Altilis) (Parkinson) Fosberg Leaf Extract: Optimization of Tween 80 and Ethanol 
Concentration Using Factorial Design. 

Page: 270  IJDDT, Volume 16 Issue 1s, 2026 
 

 

 

MATERIALS AND METHODS 
Chemicals and Plant Materials 
The materials used included breadfruit leaf extract (EDS) 
as part of a previous study15, peppermint oil from 
Darjeeling®, Tween 80 (Smart Lab®), quercetin (Infalabs® 
BPOM, Indonesia), 96% ethanol, distilled water, and 
methanol from Rofa®, sodium acetate, AlCl3 (Merck®), 
and 0.45 µm filter membrane (MF-Millipore®). 

Nanoemulsion Preparation 
A factorial design was produced for four NE-EDS 
formulas, as shown in Table 1. 

Table 1. The formula of NE-EDS 

Component Concentration (%) 
F1 F2 F3 F4 

Breadfruit extract 2 2 2 2 
Peppermint oil 4 4 4 4 
Tween 80 20 20 40 40 
96% Ethanol 10 20 10 20 
Demineralized water 
 up to (mL) 

50 50 50 50 

 
A nanoemulsion was formed through a spontaneous 
emulsification process23. The extract and peppermint oil 
were mixed using a magnetic stirrer at 5000 rpm for 15 
minutes at room temperature (25°C) to produce an oil 
phase. Meanwhile, the water phase, consisting of Tween 
80, ethanol, and demineralized water, was mixed at 1000 
rpm for 10 minutes. The oil phase was added to the water 
phase dropwise while stirring with a magnetic stirrer at 
1500 rpm for 10 minutes24,25. The products were 
emulsified using a homogeniser (Ultra Turrax) at 7600 
rpm for 15 minutes, until an oil-in-water (O/W) 
nanoemulsion was formed. 

Evaluation of nanoemulsion characteristics.  
Nanoemulsion evaluation was carried out using standard 
methods, as outlined in the literature26, including 
organoleptic characteristics (color, odor, and clarity), pH, 
density, viscosity, percent transmittance, and 
determination of flavonoid content in NE-EDS. The pH 
value of the nanoemulsion was determined using a pH 
meter (Thermo Scientific®). The density and the viscosity 
were determined using a pycnometer and a 
Brookfield viscometer, respectively. The percent 
transmittance was measured at a wavelength of 650 nm 
using a UV-Vis spectrophotometer (Biobase®). All tests 
were carried out 3 times in replication. 

Determination of Flavonoid Content 
Total flavonoid content was determined using the UV-
Vis spectrophotometry method according to the 
literature27. 

Determination of The Optimum NE-DS Formula 
The optimum formula was determined using the Design- 
Expert series 12 program based on physical characteristics 
of NE-EDS26. The expected characteristics of the optimum 
formula included a pH value of 4.5-6.5, a low viscosity, a 
density value close to 1 g/cm³, and a percent transmittance 

close to 100%. This optimum formula was determined 
when the response data showed a desirability value close to 
122,28. 
Determination of Globule Size, PDI, and Zeta Potential 
for NE-EDS Optimum Formula 
Particle size, polydispersity index (PDI), and zeta potential 
were measured using a particle size analyzer (Zetasizer 
ZS90, Nanoseries, Malvern, UK). This measurement was 
carried out using dynamic light scattering (DLS)28. 

In Vitro Diffusion Test 
The diffusion rate of the nanoemulsion was measured using 
a Franz diffusion cell, as described in the literature29. The 
acceptor compartment was sampled at 0, 15, 30, 45, 60, 90, 
and 120 minutes. The amount of penetrated drug was 
calculated based on the total flavonoid content measured by 
UV-Vis spectrophotometry (Biobase®BK-UV1900PC). The 
amount of flavonoids penetrated from NE-EDS was 
compared with a conventional cream preparation of 
breadfruit leaf extract made from EDS (2 g), stearic acid (1.5 
g), triethanolamine (1.5 g), cetyl alcohol (1.5 g), vaseline (1 
g), and demineralised water up to 10 g. 

Stability Test 
The physical stability test was conducted using two 
methods: cycling and centrifugation tests, based on 
temperature changes and mechanical force, respectively. In 
the cycling test, the nanoemulsion was stored at a 
temperature of 4°C ± 2°C for 24 hours, followed by 24 hours 
at 40°C ± 2°C. The cycle was then repeated six times. In the 
centrifugation test, the nanoemulsion was centrifuged at 
3800 rpm for 300 minutes27. 

Data Analysis 
The physical properties of NE-EDS were analyzed using 
Design-Expert series 12® software to determine the 
significance value of the response analysis of each variable 
in the formula design. Data from stability and diffusion tests 
were analyzed using SPSS 25® software. 
 

RESULTS 
Characterization of NE-EDS 
NE-EDS showed relatively consistent organoleptic 
characteristics: brownish-green, clear with a distinctive 
aroma of extract, and peppermint oil (Figure 1). Table 2 
shows the physical properties of NE-EDS. 

 

Figure 1. The nanoemulsion of breadfruit leaf extract  
(NE-EDS)  
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Table 2 The characteristics of nanomulsion of 
breadfruit leaf extract (NE-EDS) 

 
Analysis of the Physical Properties Model of NE-EDS for 
Optimization 
Table 3 presents the analysis of the response model on the 
physical properties of nanoemulsion. 
 

Table 3. Analysis of the physical properties model of 
NE-EDS 

Parameter p value Adjusted 
R2 

Predicted 
R2 

Adequate    
precision 

pH < 0.000* 0.998 0.996 79.500 

Density 0.0064* 0.681 0.478 7.208 

Viscosity < 0.0001* 0.994 0.991 57.434 
Percent of 
transmittance 

0.4782 -0.025 0.677 2.309 

Total flavonoid 
content 

< 0.0004* 0.842 0.742 9.736 

Description: * p <0.05 shows a significant effect. 
 
The effect of surfactant Tween 80 (factor A) and 
cosurfactant 96% ethanol (factor B), as well as their 
interaction (AB), on the parameters of NE-EDS are shown 
in Figure 2.  

The half-normal plot for the pH response shows that 
factors B and AB are close to the line, suggesting an 
insignificant effect, while factor A shows a significant 
impact (Figure 2). This result is supported by the contour 
plot, which shows the highest point in the orange area, 
representing the highest concentration of ethanol and 
tween 80. Analysis of variance (ANOVA) for the pH 
response yields the equation y = 5.65 + 0.763A + 0.023B - 
0.032AB, confirming that Tween 80 has a greater effect on 
pH. The predicted vs. actual graph shows a match between 
the experimental and predicted values from the program. In 
the density response, the half-normal plot curve shows that 
factors A and B have a significant effect, while AB is close 
to the line, suggesting an insignificant impact. Based on 
ANOVA, Tween 80 and ethanol increase the density 
response. AB interaction decreases density by a smaller 
factor, shown in the regression equation: y = 1.02 + 0.009A 
+ 0.007B - 0.0006AB. 

The viscosity evaluations of the four formulas yield 
highly varied results (Table 2). The half-normal plot curve 
shows that factors A, B, and AB significantly affect 
viscosity. The contour plot graph shows that adding high 
concentrations of Tween 80 and low concentrations of 
ethanol can reduce viscosity.  

 

The predicted vs actual graph shows a match between 
the experimental and predicted values (Figure 2). The 
effect of Tween 80 was positively correlated with 
viscosity, while ethanol and the interaction between the 
two factors had a negative impact, as shown in the 
equation y = 49.00 + 38.26A - 18.52B - 24.18AB. 
 

 
 

Figure 2. Half normal plot graph (first line), contour plot 
(second line), and predicted vs actual (third line) for the 
effect of Tween 80 (A) and ethanol (B) factors on the physical 
characteristics of nanoemulsion.  

In the percent transmittance response, A, B, and AB 
are located on the half-normal plot line, indicating that 
these factors do not have a significant effect. This result is 
further supported by the contour plot graph and the 
resulting regression equation y = 96.84 - 0.073A - 0.058B 
- 0.008AB. The predicted vs. actual graph showed that the 
values obtained from the experiment did not match the 
predictions, as evidenced by points spread away from the 
line. The half- normal plot curve of total flavonoid 
showed that factor A had a greater effect than B, while AB 
had no significant impact. The regression equation for the 
response of total flavonoid content is y = 6.32 + 1.28A-
0.366B + 0.018AB, suggesting that factor B has a 
negative correlation to flavonoid content. This result is 
consistent with the contour plot, as well as the predicted 
vs. actual graph, indicating the suitability of the data and 
the program (Figure 2).  

Table 4. Stability test results for the optimum 
formula of NE-EDS 

 
Parameter 

Observation result of stability study 

Before After p  value 

 
 
Organoleptic 

Brownish green; 
transparent, 
aromatic, 
characteristic 
peppermint oil 

Brownish green; 
transparent, 
aromatic, 
characteristic 
peppermint oil 

- 

Phase separation Not found Not found - 
pH 6.40 ± 0.06 5.70 ± 0.06 0.84 
Density (g/mL) 1.01 ± 0.0001 1.21± 0.0008 0.00 

Transmittance (%) 96.70 ± 0.1 94.93 ± 0.3 0.12 
 
 
 

 Characte-
ristics 

F1 F2 F3 F4 

pH 4.83 ± 0.2 4.94 ± 0.1 6.42 ± 0.02 6.4 ± 0.06 

Density 
(g/mL) 

1.00 ± 0.0 1.02 ± 0.0 1.02 ± 0.01 1.03 ± 0.01 

Viscosity 
(cps) 

5.07 ± 0.17  16.35 ± 1.69 130 ± 4.58 44.56 ± 5.73 

Transmit-
tance (%) 

 96.9 ± 0.25   96.8 ± 0.15 96.8 ± 0.25 96.7 ± 0.1 

Flavonoid 
content (%) 

 4.78 ± 0.01  4.37 ± 0.08 6.12 ± 0.45 5.73 ± 0.23 
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Based on the analysis, the optimum formula was found in 
F4, specifically the concentration of Tween 80 and 96% 
ethanol (40%:20%), with a desirability value of 0.964. 
The optimum nanoemulsion formula has a globule size of 
246.1±29.44 nm, a PDI of 0.36±0.06, and a zeta potential 
of -12.6 mV. Table 4 shows stability test results for the 
optimum formula. 

 
In vitro diffusion of NE-EDS 
Figure 3 shows the cumulative percentage of flavonoids 
penetrated from NE-EDS and EDS cream for two hours. 
 

 

 
Figure 3. Diffusion test results for the optimum formula of 

NE-EDS and EDS cream 
 
 
DISCUSSION 

Nanoemulsion is a type of carrier widely used to 
develop drug-delivery systems and functional foods20. 
Surfactants are an important part of the nanoemulsion 
formula, and can reduce interfacial tension, forming a 
steric elastic layer that greatly affects the emulsion’s 
characteristics22.  

The surfactant Tween 80 has good solubility, enabling 
the development of a nanoemulsion from plant extracts26. 
Nonionic surfactants, such as Tween 80, are well-
accepted steric stabilizers for colloidal systems26. 
Cosurfactant was used because a single surfactant may not 
be able to achieve the O/W interfacial tension to produce 
a stable nanoemulsion30. Moreover, adding a cosurfactant 
was necessary to increase the flexibility of the O/W 
layer31. Ethanol was selected as a cosurfactant because 
short-chain alcohols could reduce interfacial tension, 
change viscosity, and produce smaller globules30,32. 

The combination of surfactants and cosurfactants at 
the highest and lowest concentrations resulted in four 
formulas (Table 1). The physical properties of the four 
formulas (Table 2) met the criteria: pH values in the range 
of 4.5-6.5, specific gravity greater than 1, low viscosity, 
and percent transmittance exceeding 80% 23. In expert 
design modeling, the R² value was used to assess how 
extensively the model fits the data and the strength of the 
variables' effects. According to a previous study, a model 
fits well when the R² value is greater than or equal to 
0.6722. The other study has criteria including an adjusted 
R² value ≥ 0.7, a p-value ≤ 0.05, and a difference between 
the adjusted R² and the adequate precision value ≥ 4 23,32. 
A large R² value and an adequate precision ratio show that 

the model can be used to explore further designs18.  
Adequate precision values indicate the system's 

resilience to disturbances23. This study showed that all 
responses have R² values greater than 0.68, indicating a 
satisfactory match between the experimental values and the 
data32. In addition, the modeling analysis yielded a p-value 
< 0.05, except that the percent transmittance response had 
a p-value > 0.05 and an adequate precision of less than 4, 
indicating the system's vulnerability to disturbances. The 
model demonstrated good precision for pH, density, 
viscosity, and flavonoid content; however, percent 
transmittance was less accurately predicted32. Nevertheless, 
the percent transmittance is believed not to significantly 
affect the nanoemulsion’s characteristics, as the values for 
the four formulas still meet the criterion of > 80%. 
Moreover, the quadratic equation suggests that the effects 
of factors A, B, and AB on percent transmittance are very 
small. 

The viscosity of the nanoemulsion dosage was mostly 
influenced by Tween 80 (Table 2). This result is consistent 
with the quadratic equation, which shows a large coefficient 
value and is positively correlated with viscosity. 
Furthermore, the result aligns with the literature, which 
suggests that Tween 80 can increase the viscosity of the 
preparation due to its ability to absorb water and swell23. 
Ethanol was negatively correlated with viscosity, yielding a 
nanoemulsion with a relatively low viscosity. The addition 
of alcohol significantly impacts the formation and 
properties of the nanoemulsion due to its ability to change 
the solubility characteristics of the surfactant. Additionally, 
alcohol can reduce the total amount of surfactant needed to 
produce nanoemulsion through spontaneous 
emulsification30. The optimization process is a crucial step 
in selecting the optimal formula, determining the 
appropriate level of constraint, and identifying the best 
characteristics18. Based on the optimization data analysis, 
the optimum formula of nanoemulsion is at a concentration 
of Tween 80 (40%) and ethanol (20%).   

The globule size of the optimum formula is greater 
than 200 nm, which is almost the same as that of 
Achyrocline satureioides extract nanoemulsion, specifically 
250±3.9 nm 33. According to the literature, nanostuctures 
with sizes less than 200 nm were considered more efficient 
for delivering therapeutic agents21,34; however, some studies 
stated that globule sizes less than 500 nm fulfilled the 
criteria for nanoparticles30,35,36. PDI was used to measure 
the homogeneity of particle size in a formulation. Normal 
PDI values often range from 0.0 to 1, but the literature 
stated that PDI values should be below 0.3 to produce a 
homogeneous nanoemulsion26. PDI value for the optimum 
formula of NE-EDS is 0.36±0.06, almost the same as the 
ginger extract nanoemulsion at 0.32±0.18, showing 
homogeneous dispersion21. Furthermore, NE-EDS showed 
a zeta potential of -12.6 mV, smaller than the other reported 
21,22,37. Nanoemulsions require a zeta potential greater than 
+30 mV or less than -30 mV to exhibit good stability38,39.  
The stability tests showed that NE-EDS did not aggregate 
or phase-separate after six cycles, and there were no 
significant changes in its characteristics before and after the 
test (Table 4). Other studies supported these results, which 
found that globules with a zeta potential of less than -10 or 
greater than +10 mV produced a stable nanoemulsion23.  
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Furthermore, the cumulative amount of 
phytoconstituent penetrated from the nanoemulsion 
sample was greater than that from the conventional cream 
(Figure 3), in line with the literature26, indicating that 
nanoemulsion preparation can more effectively enhance 
the penetration of phytoconstituent. Nanoemulsion was 
known to increase drug release due to its small droplet 
size and low viscosity. The addition of surfactants or 
cosurfactants also contributed to increased drug 
release26,27. 

 
CONCLUSION 
In conclusion, the optimum nanoemulsion formula was 
obtained with Tween 80 and ethanol at 40% and 20%, 
respectively. Tween 80 factor affected pH, density, 
viscosity, and flavonoid content, while the interaction of 
Tween 80 and ethanol affected viscosity. The optimum 
formula demonstrated good physical stability and showed 
potential to be developed as a nanocarrier of breadfruit 
extract for topical administration in the future. 
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