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Abstract. Recently, the utilization of the herbal skincare industry has drawn 

much attention. One component utilized in formulations to provide a gel-like 

consistency and maintain the stability of a medical preparation is carbopol-940, 

a cosmetic gelling agent. It is frequently combined with an emulgator, triethano-

lamine. This study aims to assess the effect of blending Carbopol-940 and trieth-

anolamine in the formulation of a cocoa peel extract gel using the Simplex Lattice 

Design (SLD) approach. In principle, using a magnetic stirrer, the water and oil 

phases are mixed to produce the gel at 700C. The procedure begins with dissolv-

ing Carbopol-940 in water, which is then combined with triethanolamine to form 

the base. After combining the gel base and emulsion, cocoa fruit peel extract is 

added. The SLD method was employed to evaluate the physical characteristics 

of emulgel (adhesion, viscosity, and dispersibility) to determine how Carbopol-

940 and triethanolamine affected those characteristics. The result showed that 

using carbopol 940 and triethanolamine simultaneously significantly affected the 

adhesion and viscosity of cocoa peel extract emulgel. The ratio carbopol-940 to 

triethanolamine 1:8 gave the best physical properties; it shows a spreading power 

of 5.50-5.60 cm, an adhesive power of 1.16-1.25 seconds, and a viscosity of 

20,456-21,472 mPa.s. Furthermore, compared to triethanolamine, carbopol 940 

has a more substantial impact on the emulgel of cocoa peel extract. In conclusion, 

carbopol 940 and triethanolamine contributed to the adhesion and viscosity of 

cocoa peel extract emulgel. Meanwhile, carbopol 940 has a more significant ef-

fect on the emulgel of cocoa peel extract than triethanolamine. 
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1 Introduction 

The skin is one of the largest and most easily accessible organs of the body, being an 

ideal part and multiple sites for distributing therapeutic agents both locally and system-

ically. The skin will be a barrier layer created to keep what is inside and outside. Most 

pharmaceutical preparations on the skin aim to provide local effects, so they are formu-

lated to have prolonged local contact with minimal drug absorption in the systemic tract 

[1]. One pharmaceutical dosage form that can be used topically is an emulgel. The 

combination of gel and emulsion will form a preparation known as an emulgel. Gels  
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form when large amounts of water are trapped in colloidal solid particles [2]. Gels are 

unable to distribute hydrophobic substances in the body. Meanwhile, the combination 

of water, oil, and gel phases can be a carrier for hydrophobic substances. 

This dosage form will combine the advantages of both the emulsion and gel phases. 

Kshirsagar (2000) in Pamwar et al. (2011) suggest that in its use dermatologically, 

emulgel has several advantages such as thixotropic, easy to spread, non-greasy, easy to 

remove, soft, non-staining, transparent, environmentally friendly, long shelf life, and 

good appearance. Most topical preparations in the form of creams, lotions, and oint-

ments have a sticky texture, making it difficult for patients to use them. They have less 

spreadability and need to be rubbed when applied [1]. According to Gibson (2004) in 

Talat et al. (2021), emulgel is an O/W or W/O emulsion in which the drug particles 

trapped in the internal phase will pass through the external phase to gradually be ab-

sorbed into the skin, which will provide a regulated effect [2]. Emulgel has better sta-

bility when compared to other dosage forms. Creams may exhibit phase separation, 

ointments may become rancid, and powders may be hygroscopic. To maintain the phys-

ical stability of the emulgel, gelling and emulsifying agents are used. 

The presence of a gelling agent in a formula can affect the physical properties and 

stability of the resulting emulgel. Some physical properties in question are organoleptic, 

spreadability, adhesion, viscosity, and pH. One example of a gelling agent is carbopol 

940, which belongs to the carbomer group. Hydrogen bonds are formed between the 

carbomer and water. The gel mass will be formed when the dissolved carbomer is neu-

tralized using an alkalizing agent [3]. One of the alkalizing agents commonly used in 

pharmaceutical formulations is triethanolamine (TEA). Apart from an alkalizing agent, 

TEA is also an emulsifying agent that combines the oil and water phases in an emulsion. 

The presence of carbopol 940 and TEA is essential in formulating emulgels. There-

fore, this study aims to determine the effect of carbopol 940 and TEA on the emulgel 

physical properties of cocoa peel extract (Theobroma cacao L.). Accepted physical 

properties will result in preparations that are easy to spread, safe for the skin, and com-

fortable to use. 

2 Method 

2.1 Tools and materials 

The tools used in this study included: design expert software, sieve number 100, 

grinder, glass jar, rotary evaporator, glass beaker (Pyrex), magnetic stirrer (Thermo), 

mortar and pestle, stirring rod, pH meter, digital viscometer, oven (UN 55), spreadabil-

ity and adhesion test kit, a glass slide. The ingredients include mature cocoa peel skin, 

96% ethanol, olive oil, span 80, tween 80, carbopol 940, TEA, methylparaben, 

propylparaben, water, and propylene glycol. The cocoa peel skin comes from Siwatu 

Village, Batang Regency, Indonesia. 
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2.2 Sample preparation and extraction 

Mature cocoa peel skin is sorted wet and washed with running water. Subsequently, it 

is cut into smaller sizes, dried in the sun, followed by grinding using a grinder, and 

sifted with sieve number 100. 

The extraction followed a study conducted by Waznah et al. with slight modifica-

tions. The extract process was carried out by maceration method using 96% ethanol 

solvent with a sample and solvent ratio of 1:5 for 120 hours. The macerate was filtered 

to become filtrate 1. Then it was re-macerated with 2.5 L 96% ethanol to produce fil-

trate 2. Filtrate 1 and 2 are evaporated to form a thick extract. 

2.3 Optimization of carbopol 940 and TEA in emulgel formulas 

Table 1 shows the base of emulgel formula used. Carbopol 940 and TEA were opti-

mized using design expert software version 13.0.5.0 to produce formulas with different 

carbopol 940 and TEA concentrations. Variations in the concentrations of carbopol 940 

and TEA are shown in Table 2. The use of carbopol 940 as a gelling agent is 0.5-2.0%, 

while TEA as an emulsifying agent is 2.5-4.0% [4]. 

Table 1. The basic formula of cocoa peel extract emulgel 

Components Concentration (% w/w) 

Cocoa peel extract 0.5 
Olive oil 5.0 
Tweens 80 5.0 
Span 80 5.0 
Methylparaben 0.02 

Propylparaben 0.18 
Propylene glycol 15.0 
Aquadest Ad 100 

Table 2. The Results of optimization using SLD 

 
Concentration (% w/w) 

F1 F2 F3 F4 F5 F6 F7 F8 

Carbopol 940 0.5 1.625 0.50 1.25 2,00 2,00 0.875 1.25 
TEA 4.0 2,875 4,00 3,25 2,50 2,50 3,625 3,25 

The results of the optimization of the formula above were made into emulgel dosage 

forms, which were then tested for their physical properties (including spreadability, 

adhesion, viscosity, pH, and organoleptic). The spreadability, adhesion, and viscosity 

tests were analyzed into the Simplex Lattice Design (SLD) method expert software de-

sign to determine the effect of different concentrations of carbopol 940 and TEA on the 

physical properties of emulgels. 
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2.4 Emulgel of cocoa peel extract 

The two processes of creating the emugel are emulsification and basis gelification. Us-

ing a magnetic stirrer, the gel base was prepared by dissolving carbopol 940 in a portion 

of distilled water, followed by adding TEA modestly until a transparent gel base was 

formed. Meanwhile, the emulsion was made by mixing the water phase (tween 80 and 

distilled water, propylene glycol, and methylparaben) with the oil phase (olive oil, 

propylparaben, and span 80) at 70oC using a magnetic stirrer to form an emulsion cor-

pus. The extract is added to the emulsion until it is homogeneous. Then the cocoa peel 

extract emulsion is put into the mortir. Add the gel base into the mortir and stir until 

homogeneous. 

2.5 Evaluation of physical properties of cocoa peel extract emulgel 

Organoleptic. Organoleptic tests were carried out by observing the color, shape, 

aroma, and texture produced by the emulgel. 

pH. The acidity level was measured using a digital pH meter. 

Spread power. The spreadability test was performed by placing 0.5 g of emulgel on 

top of the test equipment and then giving it another glass plate and a load weighing 250 

g for 5 minutes. Furthermore, the spreading power of the resulting emulgel was meas-

ured. 

Viscosity. A viscosity test was carried out using a digital viscometer with a speed of 12 

rpm. 

Stickiness. 0.5 grams of emulgel is placed on a glass object on the test equipment and 

then covered with another glass object. Place a 1 kg weight on the emulgel for 5 

minutes, followed measured the time needed for the glass plates to detach from each 

other. 

3 Result and Discussion 

3.1 Organoleptic 

A type of polymer that is widely used in cosmetic products due to its ability to improve 

the appearance of the product is Carbopol 940. It is can enhance the texture and con-

sistency of a product, making it more appealing to consumers. It can also improve the 

stability of the product by preventing separation and settling of the ingredients, which 

helps to maintain the product's appearance over time. Additionally, Corbopol 940 can 

help to create a smooth and even surface on the skin, which can enhance the overall 

appearance of the skin. 
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The organoleptic test aims to determine the visual appearance of the resulting 

emulgel. The results of observations on the brightness of emulgel of cocoa peel extract 

are shown in Fig. 1. It demonstrates that the color intensity increases with increasing 

carbopol 940 concentrations (the resulting color is brighter). In general, the appearance 

of the emulgel was semisolid, light ivory, and oily. 

 

Fig. 1. The effect of Carbopol940 in the cocoa peel extract emulgel base. 

3.2 Emulgel pH 

The pH test aims to determine the acidity of the resulting emulgel to ensure its safety 

on the skin. Emulgel pH value should be in the range of normal skin pH to be conven-

ient and not irritate [5]. For topical preparations suitable for the skin's pH balance, the 

standard pH must be 4.5-6.5[6]. The results of observations on the pH value of the 

resulting emulgel are listed in Fig. 2. 

 

Fig. 2. The pH value of the resulting emulgel 
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Based on Fig. 2, compared to other formulations, pH values for F2, F5, and F6 are 

lower, averaging 7.18, 6.28, and 6.49, respectively. These three formulas can be con-

sidered safe for use on the skin because they have a pH that matches the skin's pH. 

While F1, F3, F4, F7, and F8 did not meet the pH standards for topical preparations 

that were safe for the skin. The higher the concentration, the lower the pH value. Mean-

while, the higher the concentration of TEA, the more alkaline the pH of the emulgel 

will be. It is due to TEA being alkaline. 

3.3 Spreadability  

Corbopol 940 improves the spreadability of products such as creams, lotions, and gels, 

allowing for better coverage and application. Its ability to improve spreadability is par-

ticularly useful in topical products where it helps to ensure that the active ingredients 

are evenly distributed across the skin. Furthermore, Corbopol 940 can also enhance the 

sensory properties of the products, such as providing a silky or smooth feel, thus im-

proving the user experience. 

Spreadability indicates the ability of the emulsifier to spread quickly and out of the 

container when it is shifted [7]. Spreadability will cause more comprehensive contact 

between the drug and the skin; therefore, the process of absorption of the drug into the 

skin will occur quickly [8]. Based on the results of this study, the spreadability of the 

emulgel from F1 to F8 is shown in Fig. 3. The greater the value of the spreading power, 

the easier it is for the emulgel to spread on the skin surface [9]. 

 

Fig. 3. Emulgel spreadability value of cocoa peel extract 

Based on the results of the analysis using the SLD (Simplex Lattice Design) method, 

the equation obtained for the spreadability response is as follows: 

Y = 3.57391 (A) + 1.64205 (B) – 1.46126 (A)(B)           (1) 
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Which is Y = Response, A = Carbopol 940, and B = TEA. 

Based on equation 1, carbopol 940 gives a positive and contributes to the spreada-

bility as indicated by coefficient A, which is positive, and the coefficient value is greater 

than the others. Contrarily, the emulgel spreadability responded negatively to mixing 

the carbopol940 fraction and TEA fraction components, with a coefficient of 1.46126. 

The power response profile obtained from the SLD method is shown in Fig. 4. 

 

Fig. 4. Effect curve of TEA and Carbopol 940 on spreading power 

3.4 Viscosity 

As a thickening agent, Corbopol 940 helps to improve the texture and consistency of a 

product, making it more pleasant to use. In addition, it can also increase the stability 

and shelf life of a product by preventing separation and settling of the ingredients. Due 

to these properties, Corbopol 940 is widely used in various formulations such as 

creams, lotions, gels, and suspensions. 

The consistency of a preparation and drug release depends on viscosity; therefore, 

the viscosity test is an important parameter that needs to be evaluated [10]. Viscosity 

and spreadability have inverse comparisons. The higher the viscosity of an emulgel, the 

lower the spreadability value [11]. The results of the viscosity test for the cocoa peel 

extract emulgel formula are shown in Table 3. 
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Table 3. Emulgel viscosity value of cocoa peel extract 

 F1 F2 F3 F4 F5 F6 F7 F8 
Viscosity 

(mPa.s) 
20.456 49.136 21.472 49.177 49.163 49.149 33.210 46.093 

Based on the SLD method analysis results, the viscosity response equation is shown in 

equation (2). This value indicates that the combination of carbopol 940 and TEA has a 

positive value. It means that the combination of carbopol 940 and TEA has a more 

significant effect on viscosity. Furthermore, it is confirmed by the viscosity profile of 

carbopol 940 and TEA in Fig. 5, which demonstrates that the curve steepens with in-

creasing carbopol and TEA concentration. According to Martin et al. (1993), the in-

crease in viscosity in the presence of carbopol is due to the carbopol mechanism which 

binds solvents through cross-links to form a rigid and resistant structure to specific 

forces and pressures [6]. 

Y = -11934.88235 (A) - 859.99782 (B) + 15070.25708 (A)(B)             (2) 

 

Fig. 5. Effect curve of carbopol 940 and TEA on viscosity 
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3.5 Adhesiveness  

Adhesiveness refers to the ability of a material to adhere to another surface, whether it 

be the same or different surface. Corbopol 940 is a type of polymer commonly used in 

the manufacturing of cosmetic and pharmaceutical products because of its good adhe-

sive properties. In cosmetic formulations, Corbopol 940 is used as a binding agent that 

helps maintain the consistency and stability of the product. The adhesive properties of 

Corbopol 940 also make it ideal for use in topical products, such as ointments and 

creams, as it can help the active ingredients in the product adhere to the skin and pene-

trate effectively. Therefore, adhesiveness and Corbopol 940 are closely related in the 

cosmetic and pharmaceutical industries. 

The adhesion test was carried out to determine the ability of the emulgel to stick to 

the skin surface. A preparation will stick longer to the skin if the adhesion value is 

higher so that the effectiveness of the therapy will be more optimal [12]. Fig. 6 shows 

the adhesiveness values of all the resulting emulgel formulas. 

 

Fig. 6. Emulgel adhesiveness value of cocoa peel extract 

The research conducted with the SLD method obtained the simplex lattice design equa-

tion below:  

Y= -0.759644 (A) + 0.188678 (B) + 0.484532 (A)(B)  (3) 

Based on equation (3), the combination of the two components, carbopol 940 and 

TEA, shows a positive coefficient value, which means that the combination of the two 

components is more influential in increasing adhesion. While coefficient a show a neg-

ative value, carbopol 940 can reduce the adhesive response. This model shows a p-

value> 0.05 (not significant) with a model p-value of 0.2598, which means that carbo-

pol 940 and TEA have no significant effect on the adhesive response (Fig. 7). Mean-

while, the lack of fit parameter shows insignificant with a p-value of 0.322, meaning 
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there is no significant difference between the predicted data from the model and the 

observed data. 

 

Fig. 7. Effect curve of the emulgel adhesion of cocoa peel extract 

4 Conclusion 

Based on the results of this study, carbopol 940 and TEA were proven to affect the 

physical properties of the emulgel of cocoa peel extract. The use of carbopol 940 and 

triethanolamine together significantly affected the adhesion and viscosity of the cocoa 

peel extract emulgel. Meanwhile, carbopol 940 contributed more to the spreadability of 

cocoa peel extract than triethanolamine. 0.5% carbopol 940 and 4% triethanolamine 

composition showed the best emulgel physical evaluation results.  
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