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ABSTRACT 

Sacha inchi (Plukenetia volubilis L.) seed oil is a promising bioactive ingredient for topical 
applications due to its high content of essential fatty acids and antioxidants; however, its 
hydrophobic nature limits formulation stability and performance. This study aimed to develop 
and optimize an emulgel delivery system using a systematic mixture design approach to enhance 
its physicochemical characteristics. A Simplex Lattice Design (SLD) was applied to evaluate the 
combined effects of Tween 80 (1-5%) and Span 80 (1-5%) on key responses, including pH, 
viscosity, and adhesion. Emulgel formulations were prepared using a conventional emulsification 
method followed by incorporation into a gel base, then evaluated accordingly. Data were 
analyzed using Design Expert® software and ANOVA. The results showed that all formulations 
met the acceptable criteria for topical application, with pH (5.40–6.30), viscosity (25.1–61.2 P), 
and adhesion (1.46–3.5 s). Statistical analysis revealed a significant (p < 0.05) and non-linear 
interaction between surfactants across all responses, indicating the critical role of compositional 
balance. The optimized formulation, containing 5% Tween 80 and 1% Span 80, achieved a 
desirability value of 1.00. Overall, the SLD approach proved effective for optimizing emulgel 
formulations and enhancing the potential of sacha inchi oil as a stable topical delivery system. 
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INTRODUCTION 

Topical preparations have been 
increasingly developed in the cosmetic 
industry, particularly in formulations 
designed for facial skin care. Topical dosage 
forms are widely preferred in cosmetic 
products due to their ability to deliver active 
ingredients directly to the target site with 
minimal systemic effects. One of the most 

extensively developed topical systems is 
emulgel. Emulgel is a semisolid system that 
combines the advantages of both emulsions 
and gels, including the ability to incorporate 
lipophilic active compounds, good physical 
stability, and improved user acceptability on 
the skin (Patel et al., 2020).  

Sacha inchi oil (Plukenetia volubilis 
L.) is a plant-derived oil obtained from the 
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seeds of a tropical plant and is known for its 
high content of unsaturated fatty acids, 
particularly α-linolenic acid (omega-3), 
linoleic acid (omega-6), and oleic acid 
(omega-9) (Jamaludin, 2025; Tanjung, 
Akmal and Kawu, 2025). In addition, this oil 
contains natural antioxidant compounds 
such as tocopherols, which have the 
potential to protect the skin from oxidative 
stress and help maintain skin moisture and 
barrier (Maya et al., 2023). Several recent 
studies have demonstrated that plant oils 
rich in essential fatty acids have significant 
potential as active ingredients in topical 
cosmetic formulations (Maya et al., 2023; 
Putri Immelia et al., 2025). However, the 
hydrophobic nature of Sacha inchi oil poses 
a challenge in formulation development, 
requiring a delivery system capable of stably 
dispersing the oil phase. 

Emulgel is an appropriate system to 
address this limitation; however, the success 
of emulgel formulation is highly dependent 
on the selection and concentration of 
emulsifiers. Emulsifiers function by 
reducing interfacial tension between the oil 
and water phases and play a critical role in 
determining the physical stability, viscosity, 
and adhesion of the formulation. A 
combination of nonionic emulsifiers such as 
Tween 80 (hydrophilic) and Span 80 
(lipophilic) is commonly used to achieve an 
appropriate Hydrophilic–Lipophilic Balance 
(HLB) for oil-in-water (O/W) emulsions 
(Maulina, 2022). Variations in the ratio of 
these emulsifiers can significantly influence 
the characteristics and quality of the 
emulgel. 

Optimization of the emulsifier 
composition can be performed using the 

Simplex Lattice Design (SLD) method 
implemented in Design-Expert software 
(Abo-Neima et al., 2024; Badruddoza et al., 
2024). This statistical mixture design 
enables the systematic evaluation of the 
individual effects of formulation 
components and their interactions on 
formulation responses while reducing the 
number of experimental runs required 
compared with conventional optimization 
approaches (Abo-Neima et al., 2024; 
Primadana et al., 2024). Accordingly, the 
present study aimed to optimize a sacha 
inchi seed oil emulgel formulation by 
varying the proportions of Tween 80 and 
Span 80 as emulsifying agents and assessing 
their effects on the physical quality 
attributes of the formulation. 
 
METHODS 
Tools and Materials 

The instruments used in this study 
included an analytical balance (Ohaus, 
USA), homogenizer, hot plate with magnetic 
stirrer, pH meter (Eutech Instruments, 
Singapore), Brookfield viscometer (DV-I 
Prime, USA), adhesion test apparatus, 
stopwatch, glassware (Pyrex, Japan), and 
other non-glass laboratory equipment 
available in the laboratory. The materials 
used in this study were Sacha Inchi oil 
(Plukenetia volubilis L.) (PT Lawu Flora, 
Indonesia), Tween 80 (Sigma-Aldrich, 
USA), Span 80 (Sigma-Aldrich, USA), 
Carbopol 940, triethanolamine (TEA), 
propylene glycol, methylparaben (Nipagin), 
and distilled water (aquadest). All materials 
used were of pharmaceutical or analytical 
grade. 
Research Procedure 
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Simplex Lattice Design for optimization 
of emulgel sacha inchi oil components and 
ratio 

The optimization of the sacha inchi 
seed oil emulgel formulation was performed 
using Design-Expert® software version 13 
with the Simplex Lattice Design method. 
Two independent formulation variables were 
evaluated, namely Tween 80 and Span 80. 
The lower and upper limits of both 
components were entered into the 
Design-Expert program, while pH, viscosity, 
and adhesion were set as response 
parameters. The concentration ranges for the 
lower and upper limits are presented in 
Table 1. The initial formulation design 
generated eight experimental runs, with the 
emulsifier ratios shown in Table 2. 

 
Table 1. The concentration ranges for the 
lower and upper limits of Tween 80 and 
Span 80. 

Ingredients Lower limits 
(%) 

Upper 
limits (%) 

Tween 80 1 5 
Span 80 1 5 

 
Table 2. The concentration of Tween 80 and 
Span 80 based on Design-Expert software 
runs using the SLD method. 

STD Run Tween 80 
(%) 

Span 80 
(%) 

7 1 1 5 
5 2 2 4 
6 3 5 1 
8 4 3 3 
4 5 4 2 
2 6 1 5 
1 7 5 1 
3 8 3 3 

 

Procedure for emulgel preparation 
The emulgel was prepared using a 

conventional emulsion method combined 
with a gel system. The basic formulation 
was based on a modified previous study 
(Dahlizar et al., 2022). The oil phase was 
prepared by mixing sacha inchi oil and Span 
80, followed by heating to approximately 
±70°C. The aqueous phase was prepared by 
dissolving Tween 80, methylparaben, 
propylparaben, propylene glycol, and 
distilled water, then heating to 
approximately ±70°C. The oil phase was 
slowly added to the aqueous phase under 
continuous homogenization until a stable 
emulsion was formed. The gel base was 
prepared by dispersing Carbopol in distilled 
water, followed by neutralization with 
triethanolamine to form a gel structure. The 
formed emulsion was then gradually 
incorporated into the gel base with 
continuous mixing until a homogeneous 
emulgel preparation was obtained 
(Badruddoza et al., 2024). 

 
Table 3. The formula of sacha inchi seed oil 
emulgel 

Ingredients  Concentration (%) 

Sacha inchi seed oil 5 
Tween 80 1-5 
Span 80 1-5 

Metil Paraben 0.1 
Propil paraben 0.2 
Propilen glikol 6 

Carbopol 1 
TEA 1 

Aquadest Ad 100 
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Evaluation of the Physical Characteristics 
of Sacha Inchi Oil Emulgel 
Organoleptic and homogeneity test 

Observations were carried out visually 
to evaluate the color, odor, consistency, and 
homogeneity of the formulation (Ogedengbe 
and Kolawole, 2024).      

 
pH test 

pH measurement was performed using 
a calibrated pH meter at room temperature. 
This test aimed to ensure that the 
formulation pH was within the physiological 
skin pH range (4.5–6.5) (Ningrat et al., 
2024). 
 
Viscosity test 

Viscosity was measured using a 
Brookfield viscometer with an appropriate 
spindle and rotation speed. The spindle was 
immersed into the sample container up to 
the marked level, the rotor was then 
activated, and the system was allowed to 
stabilize until a constant reading was 
obtained. This parameter was used to 
evaluate the consistency and physical 
stability of the emulgel system (Feronika et 
al., 2020).      
 
Adhesion test 

The adhesion was evaluated by 
measuring the separation time between two 
glass plates after the application of a 1 kg 
load, which reflects the ability of the 
formulation to adhere to the skin surface 
(Robby et al., 2022). 
 
Data analysis 

The evaluation data were analyzed 
using the Simplex Lattice Design method to 

determine the effects of each emulsifier and 
their interactions on the observed responses. 
The values of the dependent parameters, 
including pH, viscosity, and adhesion, were 
entered into the response column of the 
software. Subsequently, statistical analysis 
using ANOVA was performed to compare 
the individual responses. The determination 
of the optimal formulation was based on the 
highest desirability value that satisfied all 
response criteria (Ting and Kumar, 2017). 
The selected optimal formula was then 
subjected to verification by preparing and 
testing the recommended optimal 
formulation. 
 
RESULT AND DISCUSSION 
Organoleptic and Homogeneity Test 

The organoleptic and homogeneity 
evaluation of the sacha inchi (Plukenetia 
volubilis L.) seed oil emulgel included 
observations of physical form, odor, color, 
and uniformity. The formulation is expected 
to exhibit an appealing color, a pleasant 
odor, appropriate consistency, and good 
homogeneity. 

The emulgel formulation described 
above resulted in a semisolid consistency 
with a milky white color, which was 
produced by the combination of emulsion 
and gel phases. This structure formed a 
preparation with higher viscosity than 
conventional gel, resulting in longer 
adhesion time on the skin. A characteristic 
odor was observed, derived from the 
inherent scent of the sacha inchi seed oil 
used in the formulation. The homogeneity 
test was conducted to determine whether the 
formulation was uniformly mixed across all 
components (Iriani, Dehi and Damar, 2022). 
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This evaluation involved spreading the 
emulgel on a glass slide (object glass), 
which showed a homogeneous distribution 
without any visible lumps. These results 

indicate that all components of the emulgel 
were evenly dispersed throughout the 
system. 

Table 4. Results of organoleptic and homogeneity test 

Run 
Organoleptic 

Homogenity 
Odor Color Shape 

     1 Aromatic Milky white Semisolid Homogeneous 
     2 Aromatic Milky white Semisolid Homogeneous 
     3 Aromatic Milky white Semisolid Homogeneous 
     4 Aromatic Milky white Semisolid Homogeneous 
     5 Aromatic Milky white Semisolid Homogeneous 
     6 Aromatic Milky white Semisolid Homogeneous 
     7 Aromatic Milky white Semisolid Homogeneous 
     8 Aromatic Milky white Semisolid Homogeneous 

 
The primary objective of this study 

was to develop and evaluate various 
emulsifier compositions with different 
concentrations of Tween 80 and Span 80 to 
obtain a single optimized formulation with 
desirable physicochemical properties. An 
optimization approach was employed using 

the Simple Lattice Design (SLD) method, 
due to its efficiency in requiring a relatively 
small amount of materials and a limited 
number of experimental runs. The SLD 
methodology generated eight experimental 
runs with varying emulsifier ratios, and the 
corresponding dependent variable responses 
are presented in Table 5. 

 
Table  5. Result of dependent variable testing of sacha inchi oil emulgel 

Run pH Viscosity (Poise) Adhesion (seconds) 
1 5.43 29.2 1.57 
2 5.40 51.3 2.74 
3 5.62 61.2 3.5 
4 5.71 44.1 2.81 
5 6.30 14.96 1.46 
6 5.50 25.1 1.56 
7 5.55 56.2      3 
8 5.86 39.4 2.72 
 
Based on the results of the dependent 

variable analysis, the Simple Lattice Design 
(SLD) method identifies a model that best 

describes the relationship between the 
independent and dependent variables, 
namely the model that most closely 
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corresponds to the experimental data or 
demonstrates statistical significance with a 
p-value < 0.05. The optimum formulation is 
determined by defining the goal, criteria, 
and relative importance during the SLD 

optimization process. Dependent variables 
that yield statistically significant models can 
be used as a basis for selecting the optimal 
formulation. 

 
Table 6. Goals and criteria of the dependent variables 

Name Goal Criteria Importance 
     pH In range 5.4-6.3 3 

     Viscosity In range 14.96-61.2 P 3 

     Adhesion In range 1.46-3.5 s 3 
 

The goal for the pH test was set to 
“in range” with a criterion of 5.4–6.3. This 
range was selected based on the observed 
pH values of the formulations and is still 
within the acceptable pH range for human 
skin (Wahyudi et al., 2023). For the 
viscosity test, the goal was also set to “in 
range” with a criterion of 14.96–61.2 Poise, 
in accordance with the experimental results 
and within the acceptable viscosity range for 
a good emulgel, ensuring an appropriate 
semisolid texture. The adhesion 
(bioadhesive strength) goal was set to “in 
range” with a criterion of 1.46–3.5 seconds, 
aligned with the requirement for a suitable 
topical formulation, which generally should 
exhibit at least 1 second of adhesion (Salima 
and Nurwaini, 2023). The importance level 
for each test was set equally, as all evaluated 
properties play a critical role in determining 
the overall performance of the emulgel 
formulation. 

 
pH 

The pH test was conducted to 
determine the acidity level of the prepared 
emulgel formulation and to ensure its safety 

and effectiveness for topical application. A 
suitable emulgel should exhibit a pH within 
the range of 4.5–6.4 to prevent irritation and 
maintain user comfort upon application to 
the skin (Wahyudi et al., 2023). A pH that is 
too acidic or too alkaline may disrupt the 
skin’s natural protective barrier (stratum 
corneum); therefore, the formulated emulgel 
is expected to have a pH close to that of 
natural skin (Wulandari et al., 2022). 

 

 
Figure 1. Normal plot of residuals for pH 

Based on the normal probability plot 
of residuals (Figure 1), the distribution of 
the pH response data is observed to lie close 
to the linear line and generally follows a 
linear trend. This indicates that the residuals 
of the pH response are normally distributed. 
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In the two-component mixture plot (Figure 
2), the relationship between Tween 80 and 
Span 80 with respect to pH exhibits a 
non-linear pattern, indicating the presence of 
interaction between the components. An 
initial increase in Tween 80 concentration 
may lead to a decrease in pH; however, 
further increases subsequently elevate the 
pH until it reaches a maximum at a certain 
concentration, after which the pH decreases 
again at higher concentrations. Tween 80 is 
a chemically stable nonionic surfactant with 
a broad pH stability range; therefore, it does 
not significantly affect pH variations in 
emulgel formulations (Rowe et al., 2009). In 
contrast, Span 80 is a lipophilic non-ionic 
surfactant that influences the emulsion 
system properties and contributes to pH 
stabilization (Wulandari et al., 2022). The 
optimum pH value was obtained at a higher 
concentration of Tween 80 compared to 
Span 80. ANOVA analysis yielded a p-value 
of 0.0069 (p < 0.05), indicating that 
variations in the concentrations of Tween 80 
and Span 80 produced a statistically 
significant effect on the pH response. 

 

 
Figure 2. Plot of two component mix 
emulgator versus pH 

In contrast, the lack-of-fit analysis 
showed a p-value of 0.1414 (p > 0.05), 

indicating that there was no significant 
difference between the experimental pH 
values and those predicted by the model 
equation. Based on the SLD approach, 
Equation (1) was obtained. The equation 
represents Y as the pH response, where A 
denotes Tween 80 and B denotes Span 80. 

 
 𝑌 =  5. 595𝐴 + 5. 4752𝐵 + 1. 24392𝐴𝐵

                        (1)        +  4. 48𝐴𝐵(𝐴 − 𝐵)
 

Equation (1) indicates that both 
Tween 80 and Span 80 contribute positively 
to the increase in pH value of the 
formulation. Based on this equation, Tween 
80 exhibits a greater effect compared to 
Span 80, which may be attributed to its 
higher concentration and greater dominance 
within the formulation. 

 
Viscosity 

The viscosity test aims to determine 
the resistance of a formulation to flow and 
plays an important role in enhancing the 
stability of emulgel preparations. A good 
semisolid formulation typically exhibits a 
viscosity range of 20–500 Poise (Chandra, 
2022). Based on the experimental results, 
the lowest viscosity was observed in Run 6, 
with a value of 25.1 Poise, while the highest 
viscosity was obtained in Run 3, with a 
value of 61.2 Poise. Further analysis of the 
viscosity response was conducted using 
Design Expert software version 13 
employing the SLD method. The resulting 
response surface model generated by the 
software was identified as a cubic model. 

Based on the normal probability plot 
of residuals (Figure 3), the distribution of 
the viscosity response data is observed to lie 
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close to the linear line and generally follows 
a linear trend. This indicates that the 
residuals of the viscosity response are 
normally distributed. In the two-component 
mixture plot (Figure 4), the relationship 
between Tween 80 and Span 80 with respect 
to viscosity exhibits a non-linear pattern, 
indicating the presence of interaction 
between the components. An increase in 
Tween 80 concentration leads to an increase 
in viscosity until it reaches a maximum 
value at approximately 2% concentration 
(around 50–60 Poise), suggesting a 
synergistic effect between the two 
surfactants in enhancing system viscosity. 
However, within a certain concentration 
range, viscosity decreases considerably 
before increasing again at the highest Tween 
80 concentration combined with the lowest 
Span 80 concentration. This phenomenon is 
attributed to the dominance of the 
hydrophilic surfactant, which promotes the 
formation of a stable oil-in-water (O/W) 
emulsion system (Wikantyasning and 
Indianie, 2021). 

 

 

Figure 3. Normal plot of residuals for 
viscosity  

 
Figure 4. Plot of two component mix 
emulgator versus viscosity 

ANOVA analysis yielded a p-value 
of 0.0095 (p < 0.05), indicating that 
variations in the concentrations of Tween 80 
and Span 80 produce a statistically 
significant effect on the viscosity response. 
In contrast, the lack-of-fit test resulted in a 
p-value of 0.055 (p > 0.05), indicating that 
there is no significant difference between the 
experimentally obtained viscosity values and 
those predicted by the model equation. 
Based on the SLD approach, Equation (2) 
was obtained. The equation defines Y as the 
viscosity response, where A represents 
Tween 80 and B represents Span 80. 

 
 𝑌 = 58. 0009𝐴 + 26, 4509𝐵 – 18, 6824𝐴𝐵

                   (2)          – 277, 947𝐴𝐵(𝐴 − 𝐵)
 
Equation (2) indicates that both 

Tween 80 and Span 80 contribute positively 
to the increase in viscosity of the 
formulation. Based on this equation, Tween 
80 exerts a greater influence than Span 80, 
which may be attributed to its higher and 
more dominant concentration within the 
system. The negative AB coefficient 
suggests that the interaction between Tween 
80 and Span 80 slightly reduces the 
magnitude of the viscosity-enhancing effect 
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compared to their individual contributions. 
This may be explained by the ability of 
Tween 80 to form a strong interfacial layer 
and produce smaller globule sizes, thereby 
increasing particle interactions within the 
system. In combination, Span 80 at low 
concentration contributes to stabilizing the 
interfacial layer, which ultimately enhances 
the overall viscosity of the formulation 
(Irianto et al., 2020; Salima and Nurwaini, 
2023).  
 
Adhesion 

The adhesion test for semisolid 
formulations is related to the ability of the 
preparation to maintain contact with or 
adhere to the skin after application, which 
influences both efficacy and user comfort. 
Adequate adhesion is required to prevent the 
formulation from being easily removed from 
the skin, thereby allowing the active 
compound to diffuse optimally. A suitable 
topical formulation is required to exhibit an 
adhesion time of more than one second 
(Zhang et al., 2022). The results of the 
adhesion test showed that Run 5 had the 
lowest adhesion time of 1.46 seconds, while 
Run 3 exhibited the highest adhesion time of 
3.5 seconds. These results indicate that all 
formulations met the required specification 
as reported in the literature, namely >1 
second. 

Based on the normal probability plot 
of residuals (Figure 5), the distribution of 
the adhesion time response data is observed 
to lie close to the linear line and generally 
follows a linear trend. This indicates that the 
residuals of the adhesion time response are 
normally distributed. In the two-component 
mixture plot (Figure 6), the relationship 

between Tween 80 and Span 80 with respect 
to adhesion time exhibits a non-linear 
pattern, indicating the presence of 
interaction between the components. An 
increase in Tween 80 tends to enhance 
adhesion time due to its hydrophilic 
properties, which promote hydration and 
improve interaction with the gel matrix. In 
contrast, Span 80 at higher concentrations 
reduces adhesion time as a result of its 
lipophilic nature, which decreases system 
cohesion (Irianto et al., 2020; Zhang et al., 
2022).  
 

 
Figure 5. Normal plot of residuals for 
adhesion 

 
Figure 6. Plot of two component mix 
emulgator versus adhesion 

ANOVA analysis yielded a p-value 
of 0.0297 (p < 0.05), indicating that 
variations in the concentrations of Tween 80 
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and Span 80 produce a statistically 
significant effect on the adhesion time 
response. In contrast, the lack-of-fit analysis 
resulted in a p-value of 0.0529 (p > 0.05), 
indicating that there is no significant 
difference between the experimentally 
obtained adhesion time values and those 
predicted by the model equation. Based on 
the SLD approach, Equation (3) was 
obtained. The equation defines Y as the 
adhesion time response, where A represents 
Tween 80 and B represents Span 80.  

 
𝑌 = 3. 20485𝐴 + 1. 51985𝐵 + 0. 527059𝐴𝐵

                           (3)       – 11. 32𝐴𝐵(𝐴 − 𝐵)
 

Equation (3) indicates that both 
Tween 80 and Span 80 contribute positively 
to the formulation response. Based on this 
equation, Tween 80 exhibits a greater effect 
than Span 80, which may be attributed to its 
higher and more dominant concentration 
within the formulation. However, the 
interaction between Tween 80 and Span 80 
shows a negative coefficient, suggesting that 
their combination tends to reduce adhesion 
time. This indicates that, although each 
component individually contributes to 
increasing the response, their combined 
effect results in a decrease in adhesion. 
 
Results of Formula Optimization 

The optimization analysis identified 
the optimum formulation consisting of 5% 
Tween 80 and 1% Span 80. Based on this 
optimal formulation, the predicted responses 
were pH 5.5952, viscosity 58.0009 Poise, 
and adhesion time 3.20485 seconds, with a 
desirability value of 1.00 (Figure 7). The 
selection and determination of the optimum 

formulation should consider the desirability 
value. Desirability is a parameter that 
reflects the software’s ability to meet 
predefined criteria for the final product. A 
desirability value closer to 1.0 indicates a 
better optimization outcome, reflecting the 
program’s ability to achieve the most ideal 
formulation with the desired characteristics 
(Zai et al., 2026). 

 
Figure 7. Optimization results (desirability 
value) of Tween 80 and Span 80 in sacha 
inchi seed oil emulgel. 

CONCLUSION 
The results of this study demonstrate 

that the Simple Lattice Design (SLD) 
method is highly effective. This is evidenced 
by the successful identification of an optimal 
formulation based on predictive analysis. In 
addition, the comparison between the 
SLD-generated predictions and the 
experimental verification results showed no 
statistically significant differences, 
indicating that the optimized formulation is 
suitable for further development as an 
emulgel system. The formulation containing 
5% Tween 80 and 1% Span 80 was 
identified as the most optimal, as it achieved 
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a desirability value of one and exhibited the 
most favorable overall characteristics. 
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