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ABSTRACT: Soursop (Annona muricata L.) is a plant whose leaf extract contains alkaloids, flavonoids, saponins, and 
tannins and can be antibacterial. Based on the compounds it contains, soursop leaf extract can be an active substance in 
hand sanitizer gel preparations. This study aims to determine the characteristics of the resulting hand sanitizer gel and 
the optimum concentration of the base combination that can produce a qualified hand sanitizer gel. This study used a 
Simplex Lattice Design experimental method with two factors (carbomer 940 and HPMC). Three hand sanitizer gels 
were prepared, with a ratio of carbomer 940: HPMC for F1 (1%:0%), F2 (0.5%:0.5%), and F3 (0%:1%). Tests conducted 
on hand sanitizer gel preparations included organoleptic, homogeneity, spreadability, adhesion, pH, and viscosity. The 
results of physical properties tests (spreadability, adhesion, and viscosity) were analyzed using Design Expert 11. The 
results showed that carbomer 940 and HPMC could increase viscosity and adhesion but could decrease spreadability. 
Ethanol extract of soursop leaves (Annona muricata L.) could be formulated and optimized into hand sanitizer gels. The 
optimum formula contained carbomer 940 0% and HPMC 1%, obtained in Formula 3 with a desirability value of 0.986. 

KEYWORDS: Hand sanitizer gel; optimization; soursop leaves (Annona muricata L). leaves; simplex lattice design.  

▪ INTRODUCTION 

As a tropical country, Indonesia has abundant natural wealth. One of the natural wealth owned is herbal 
plants. Indonesian people generally use herbal plants to prevent diseases that are used based on heredity. One 
of the herbal plants widely used by the community is the soursop plant [1]. 

Soursop (Annona muricata L.) is a tropical plant with a distinctive taste and smell. The parts of the soursop 
plant used as medicine are leaves, flowers, fruit, seeds, roots, and barks [2]. Soursop leaves possess 
antibacterial and antifungal properties and are effective against various worms and parasites. Soursop leaf 
extract has shown antibacterial efficacy against hand-transmitted pathogens like E. coli and S. aureus in 
various studies. Specific data includes inhibition zone diameters ranging from 6.59 to 12.3 mm for E. coli at 
0.5% and 1% concentrations. Minimum inhibitory concentrations (MIC) have been reported as 6.25% for S. 
aureus [2]. Soursop leaves contain active compounds of alkaloids, flavonoids, saponins, and tannins that have 
antibacterial activity against Staphylococcus aureus [3].  

Staphylococcus aureus is a bacteria that can attack human health because it often contaminates the hands. 
Moreover, bacteria can be harmful because there are no hand-washing habits [4]. A practical method to 
maintain hand hygiene is by using a hand sanitizer.  

Hand sanitizer is a preparation used to reduce or inhibit the growth of microorganisms. It is highly 
effective and practical because it does not require water for rinsing and where soap and water are absent. 
Hand sanitizer preparations available on the market contain the active ingredient alcohol. The choice of 
alcohol in the formulation is because alcohol has a bactericidal activity that works against several types of 
bacteria but not against viruses and fungi. Alcohol can also provide a fresh feeling in the hands and make the 
hand sanitizer gel dry faster when used [5],[6].  
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Based on the previous research [2], soursop leaf extract was made into hand sanitizer gel preparations 
using carbomer 940 as the base. The study results showed good physical characteristics such as organoleptic, 
spreadability, pH, and homogeneity. The research mentioned that ethanol extract from soursop leaves can 
inhibit the growth of Staphylococcus aureus bacteria at an extract concentration of 12% with an inhibitory 
diameter of 22 mm and has the very potent category. Gelling agents commonly used are hydroxypropyl 
methylcellulose (HPMC) and carbomer 940. HPMC is a gelling agent used for cosmetic and medicinal gel 
production. HPMC is stable at pH 3 to 11, safe, and does not cause skin irritation. Carbomer 940 is a stable, 
hygroscopic synthetic polymer used for cream, gel, lotion, and ointment preparations. Carbomer 940 is non-
toxic, non-hazardous, and does not cause hypersensitivity in topical use [7]. Also, carbomer does not irritate 
and is suitable for gel preparations containing alcohol and water [5]. 

The combination of carbomer 940 and HPMC was optimized using the Simplex Lattice Design method. 
This method aims to avoid trial and error in formulation. Then, to find an optimum formulation. The method 
can help reduce the energy, cost, and time needed [8].  

 

▪ MATERIALS AND METHODS 

Materials 

Soursop leaves (Balitro, Indonesia), purified water (Resia Niaga, Indonesia), carbomer 940 (Sumitomo, 
Japan), hydroxy propyl methyl cellulose (Kehao, China), triethanolamine (Mallinckrodt, USA), 96% ethanol 
(Mallinckrodt, USA), methyl paraben (SC Johnson, USA), EDTA (Merck, Germany), glycerin (Allied, India), 
green tea flavor (Samaara, India), and other chemicals are cosmetical or pharmaceutical grades.   

Extraction of soursop leaf samples 

Samples of soursop leaves (Annona muricata L.) were collected from the Research Institute for Spices and 
Medicinal Plants (BALITTRO), and determination was at the Plant Conservation Center of the Botanical 
Gardens - LIPI, Bogor. The leaves picked were washed clean using running water, drained, and cut into small 
pieces. Then, dried in an oven at 40 °C. The dried leaves were ground by blending until they formed powder. 
One part of the soursop leaf powder was added to ten parts of the 96% ethanol or 3 kg of the soursop leaf 
powder was added into 30 L of 96% ethanol solvent for 3 days while stirring several times, then filtered to 
separate the dregs and macerate. The dregs were re-macerated twice with the same solvent at 3 days each. The 
macerate was evaporated with a rotary evaporator to obtain a thick extract, weighed, and its yield was 
calculated [9]. 

Loss on drying of soursop leaf extract 

The extract was placed in a pre-heated, tared, and closed weighing bottle and then heated in an oven at 
105 °C for 30 minutes. Before being weighed, the extract in the bottle is leveled with the help of a stirring rod, 
put in the oven, opened the cover, and dried at 105 °C until the weight remains constant. After removing it 
from the oven while still closed, allow it to cool in a desiccator to room temperature. Record the permanent 
weight, then place it in the oven at 105 °C for 1 hour [10].   

Phytochemical screening of soursop leaf extract 

a) Alkaloids: 0.5 g of the extract, 1 mL of 2 N HCl, and 9 mL of purified water were mixed, heated in a 
water bath for 2 minutes, and cooled. Filtered to produce the filtrate, piped into 2 test tubes with three drops 
each. Positive alkaloids if two drops of Mayer's reagent were added into tube #1 and resulted in a white or 
yellow precipitate, or if two drops of Dragendorff's reagent were added into tube #2 and resulted in a brick-
red precipitate [11].  

b) Flavonoids: 2 g of the extract was added with 6 mL of hot water, then boiled for 5 minutes and filtered. 
Next, the filtrate was added with 0.05 mg of magnesium powder and seven drops of concentrated HCl, then 
shaken vigorously. Positive results if colors red, yellow, or orange were visible [12]. 
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c) Saponins: 0.5 g of the extract was added to 10 mL of hot purified water, then cooled and shaken 
vigorously for 10 seconds. Foam formed that did not disappear for 10 minutes as high as 1 to 10 cm. On the 
addition of 1 drop of 2 N HCl, the foam did not disappear [11]. 

d) Tannins: 0.5 g of the extract was boiled for 3 minutes in 10 mL of hot pure water, cooled, and filtered. 
The filtrate was added with 1-2 drops of 1% FeCl3 to form a blackish-blue or blackish-green solution [13]. 

Hand sanitizer gel preparation 

Table 1. Optimization of hand sanitizer gel formula from soursop leaf ethanol extract. 

Materials 
Formula 

F1 F2 F3 
Soursop leaf extract (g) 12 12 12 
Carbomer 940 (g) 1 0.5 0 
HPMC (g) 0 0.5 1 
TEA (g) 1 1 1 
Methyl paraben (g) 0.3 0.3 0.3 
EDTA (g) 0.01 0.01 0.01 
Purified water (g) 25 25 25 
Green Tea flavor (drop) qs Qs Qs 
Glycerin ad 100 100 100 

The first step of the process was preparing the materials and tools, weighing all the materials, and adding 
EDTA to purified water. In the second step, the gel base consisting of carbomer 940 and HPMC was developed 
with 25 mL purified water and waited until the base expanded for 30 minutes. Then, stir quickly in a beaker 
glass until a gel mass forms. In the third step, 0.3 g of methylparaben previously dissolved in glycerin was put 
into the beaker glass and stirred until homogeneous. The extract added glycerin, put into the beaker glass, and 
then stirred until evenly mixed. In the next step, TEA was added and stirred until homogeneous. Finally, 
glycerin addition was up to 100 g and was mixed until the hand sanitizer gel formulation formed [4]. The hand 
sanitizer gel was stored at 40 °C in a climatic chamber for 28 days. The gel evaluations were carried out on 
days 0, 1, 7, 14, 21, and 28 [14]. Observations on the hand sanitizer gel include: 

Organoleptic test 

The organoleptic test was to observe physical changes by evaluating its color, odor, and shape [15].  

Homogeneity test 

The gel homogeneity test was by applying 0.1 g of the gel on a glass slide, and then the gel appeared 
homogeneous without any visible coarse grains [9]. 

Spreadability test 

A 0.5 g sample of hand sanitizer gel was placed on a transparent glass surface and covered with another 
transparent glass. After 1 minute, the spreadability of the gel was measured and recorded. Subsequently, 150 
g was applied to the glass and left for another minute. The diameter of the spreadability was then calculated, 
with an ideal spreadability ranging between 5-7 cm. This test was done triplicate and reported as average and 
standard deviation [15]. 

Adhesion test 

0.1 g of the gel was applied to a glass slide and then covered with another glass slide. Then, put a 500 g 
load on the glass slide for 5 minutes. The adhesion time was determined using a stopwatch. The glass slide 
was released when given a load of 80 g. The time required for the glass slide to be released was recorded [9].  

pH test 

The pH test involved weighing 1 gram of the sample and dissolving it in 10 mL of purified water, stirring 
until the mixture was homogeneous. The pH meter used a calibrated pH meter in the diluted sample [16]. 
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Viscosity test 

The test involved placing the gel into a container and attaching the appropriate spindle to a Brookfield 
viscometer, where measurements were done [17]. 

Determination of the optimum formula of hand sanitizer gel 

After evaluating the physical and chemical properties of the gel, data analysis used the Design Expert 
software version 11 to determine the optimum formula [18].  

Hedonic test 

The hedonic test on the hand sanitizer preparation used 20 respondents aged 20 to 30. Respondents were 
in good health and did not have skin diseases. The hedonic test applied gel preparation to the respondent's 
palm. Then, the respondents filled out the questionnaire attached [19]. 

Antibacterial testing 

All glassware and materials used were sterilized first, except for the soursop leaf extract and test 
microbes. The sterilization equipment used was an autoclave at 121 °C for 15-20 minutes. The test media 
preparation was by dissolving 38 grams of Muller Hinton Agar (MHA) in 1000 milliliters of purified water. 
The mixture was then stirred and heated on a hot plate. Furthermore, the MHA media was sterilized in an 
autoclave for 15 minutes at 121 °C. The media was then poured into a sterile Petri dish of 20 mL and carried 
out in the LAF [20]. The microorganisms used in this study were Staphylococcus aureus ATTC 6538. 
Preparation of test microbes was prepared aseptically on Muller Hilton Agar (MHA). The test samples for 
Staphylococcus aureus included a positive control (chloramphenicol), a negative control (formula without 
extract), and formula III. The control samples were soaked in the solution using disc paper for 5 minutes [21]. 
The treated control, soaked for 5 minutes, was placed on an agar medium containing Staphylococcus aureus 
culture and incubated at 37 °C for 18-24 hours. Monitored, and the inhibition zone was measured. 

Statistical analysis 

Data on the physical properties of the preparation obtained from this study were organoleptic, 
homogeneity, spreadability, pH, viscosity, and adhesion tests. The organoleptic and homogeneity data were 
descriptive. Spreadability, adhesion, and viscosity tests of each formula were analyzed using Design Expert 
Version 11. The Simplex Lattice Design (SLD) was chosen for its ability to optimize component combinations 
in mixture experiments, particularly when dealing with a fixed total amount of ingredients. While other 
formulation optimization methods were likely considered, SLD was selected because it efficiently explores the 
design space and allows for the identification of optimal formulations. Model validation was likely achieved 
by comparing the model's predictions with experimental results, as is common practice in model development. 
Then, hedonic tests were determined using questionnaires, and the results were descriptive. 

 

 RESULTS  

Table 4.1 Phytochemical screening test of soursop leaf ethanol extract (Annona muricata L.). 

Sample Alkaloids Flavonoids Saponins Tannins 

Soursop leaf extract - + + + 

Description: (+) Positive = compound present; (-) Negative = No Compound 
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Table 4.2 Organoleptic observation results of hand sanitizer gel. 

Storage time 
(day) 

Organoleptic 
Formula 1 Formula 2 Formula 3 

Form Color Odor Form Color Odor Form Color Odor 

0 HV BG GT MV BG GT LV BG GT 

1 HV BG GT MV BG GT LV BG GT 

7 HV BG GT MV BG GT LV BG GT 

14 HV BG GT MV BG GT LV BG GT 

21 HV BG GT MV BG GT LV BG GT 
28 HV BG GT MV BG GT LV BG GT 

  Notes: HV: High viscosity, BG: Blackish green, GT: Green tea, MV: Medium viscosity, LV: Low viscosity 

Table 4.3 Results of observations of hand sanitizer gel homogeneity. 

Storage time 
(day) 

Homogeneity 

Formula 1 Formula 2 Formula 3 

0 Homogeneous Homogeneous Less homogeneous 
1 Homogeneous Homogeneous Less homogeneous 

7 Homogeneous Homogeneous Less homogeneous 

14 Homogeneous Homogeneous Less homogeneous 

21 Homogeneous Homogeneous Less homogeneous 

28 Homogeneous Homogeneous Less homogeneous 

Table 4.4 Observation results of hand sanitizer gel spreadability. 

Storage time 
(day) 

Spreadability (cm ± SD) 

Formula 1 Formula 2 Formula 3 

0 5.17 ± 0.18 6.20 ± 0.005 6.29 ± 0.10 
1 4.91 ± 0.04 5.99 ± 0.004 6.20 ± 0.12 
7 4.61 ± 0.10 5.51 ± 0.02 5.63 ± 0.13 

14 4.48 ± 0.05 5.35 ± 0.03 5.34 ± 0.04 
21 4.41 ± 0.05 4.99 ± 0.07 4.88 ± 0.10 
28 4.20 ± 0.03  4.79 ± 0.10 4.45 ± 0.06  

Average± SD 4.63 ± 0.07 5.47 ± 0.04 5.46 ± 0.09 

 
 

Figure 4.1 Graph of spreadability of the hand sanitizer gels. 
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Figure 4.2 Profile of spreadability of the hand sanitizer gel. 

 

Table 4.5 Observation results of hand sanitizer gel adhesion. 

Storage time 
(day) 

Adhesion (Second ± SD) 
Formula 1 Formula 2 Formula 3 

0 18.33 ± 1.15 13.00 ± 1.00 10.00 ± 2.00 
1 19.33 ± 1.53 13.33 ± 1.53 9.67 ± 1.53 
7 19.67 ± 1.53 13.67 ± 2.08 9.33 ± 2.08 
14 20.00 ± 1.00 14.33 ± 1.15 8.33 ± 2.52 
21 25.00 ± 1.73 15.67 ± 1.53 6.67 ± 1.53 
28 25.67 ± 1.53 18.33 ± 1.53 5.00 ± 2.00 

Average ± SD 21.33 ± 1.41 14.72 ± 1.47 8.17 ± 1.94 
 
 

 

Figure 4.3 Graph of the adhesion of the hand sanitizer gel. 
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Figure 4.4 Profile of adhesion test of hand sanitizer gel 

Table 4.6 Results of the pH of the hand sanitizer gel. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4.5 Graph of pH gel hand sanitizer. 
  

Storage time (day) 
pH 

Formula 1 Formula 2 Formula 3 
0 5 5 5 
1 5 5 5 
7 5 5 5 

14 5 5 5 
21 5 5 5 
28 5 5 5 

1 3 2 
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Table 4.7 Observation results of hand sanitizer gel viscosity. 

Storage time (day) 
Viscosity (cP ± SD) 

Formula 1 Formula 2 Formula 3 

0 69.800±2.07 27.000±0.53 12.033±0.80 

1 72.867±3.43 29.000±1.25 13.100±0.44 

7 89.033±0.60 30.100±2.34 14.600±0.44 

14 94.667±0.51 30.367±0.12 17.033±0.23 

21 96.367±1.97 32.167±1.06 18.067±0.47 

28 99.233±0.25 35.733±5.77 20.100±1.04 

Average ± SD    86.994±1.47    30.844±1.84   15.822±0.57 
 

 

Figure 4.6 The viscosity graph of the hand sanitizer gel. 
 
 

 

 
 

Figure 4.7 Viscosity test profile of hand sanitizer gel. 
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Figure 4.8 Optimization profile of hand sanitizer gel formula. 
 

Table 4.8 Results of optimum formula testing with one-sample T-test. 

 Experiment results Prediction results Sig 
Spreadability (cm) 6.29 6.2867 0.965 
Adhesion (second) 10.00 10 1.000 

Viscosity (cP) 12033 12033.3 1.000 
 

Figure 4.9 Pie diagram of hedonic test with a combination of carbomer 940 and HPMC. 
 

 
Figure 4.10 Pie diagram of hedonic test characteristics of the hand sanitizer gels with  

a combination of carbomer 940 and HPMC. 
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Table 4.9 Antibacterial activity test results. 
 
 
 

Description: (+) There is inhibition, (-) No inhibition 
 

             Positive control                    Negative control                   Soursop extract                       Formula 3 

Figure 4.11 Antibacterial activity test results. 

 

 DISCUSSION 

Extraction of soursop leaf samples 

The soursop leaves were from Balitro, an Indonesian Spices Medicinal and Aromatic Plants Instrument 
Standard Testing Institute. The plant determination was at the Plant Conservation Center of the Botanical 
Gardens-LIPI, Bogor. The plant determination aimed to prove that the plant used in the study was correct. 
The determination results showed that the sample used in this study was Annona muricata L from the 
Annonaceae family. In this study, the sample used was soursop leaves. The samples used are green leaves. 
The leaves are 14.7-15.5 cm x 6.3 - 6.4 cm in size. Then, the sample selection was to separate the samples from 
dirt or foreign materials. From the sorting, 12 kg of wet soursop leaves were obtained, washed clean using 
running water, and cut into small pieces to dry quickly. Leaf drying used an oven at 40oC for 24 hours. The 
temperature was not too high to prevent the destruction of compounds that could not withstand high heat. 
The dried leaves were crushed into powder using a blender to reduce the size of the soursop leaf particles. 
According to Ningsih et al. (2016) [22], the smaller the size of the material used, the wider the contact area 
between the material and the solvent, making it easier to extract active compounds. The sample preparation 
resulted in 3 kg of soursop leaf powder. 

The soursop leaf powder underwent maceration using ethanol as the solvent. This technique is effective 
in producing large quantities of extracts while preserving compounds that are sensitive to heat. [23]. The 
maceration process was carried out at room temperature to minimize damage or degradation of metabolites 
[24]. During the maceration process, stirring was carried out occasionally every day to avoid the accumulation 
of powder that could make it difficult for the solvent to penetrate the active ingredients and compounds [22]. 
The obtained extract was a thick blackish-green of 341.6 g. The yield of the thick extract was 11.38%. The extract 
obtained was stored in a glass container and protected from sunlight. 

Loss on drying of extract 

Loss on drying (LOD) was the remaining substance after drying at 105oC for 30 minutes or until a 
constant weight, expressed in percent. LOD aimed to provide a maximum limit on the amount of compound 
lost in the drying process (Ministry of Health of the Republic of Indonesia, 2000). The constant weights were 
obtained after three times drying with an ovens. In this study, the LOD was 5.96%, indicating that the extract 
did not lose much of the compound that evaporated during heating. The test results met the requirements for 
drying loss weight, which was <10% [10]. 

Samples 
Microbial test 

Staphylococcus aureus 
Inhibition (mm) 

Positive control + 22.60 
Soursop leaf extract - 0 

Basis gel hand sanitizer - 0 
Formula 3 - 0 
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Phytochemical screening test 

The phytochemical screening test determined the presence of secondary metabolite compounds in 
soursop leaves. The screening test of phytochemical content used a test tube that reacted the sample with a 
reagent solution. The test was to determine the presence of alkaloid, flavonoid, saponin, and tannin 
compounds. 

Testing of alkaloid compounds of soursop leaf ethanol extract used Mayer and Dragendorff reagents. A 
positive result was if a white precipitate formed when Mayer's reagent or a brick-red precipitate formed when 
Dragendorff's reagent was added [11]. Alkaloids have nitrogen atoms and free electron pairs to form 
coordinate covalent bonds with metal ions [25]. In this test, alkaloids are present using Dragendorff's reagent. 
The nitrogen atoms in the alkaloids formed coordinate covalent bonds with the metal ion K+ [26]. If the 
alkaloids test used Mayer's reagent, the results did not form a white precipitate. The nitrogen in alkaloids did 
not react with the metal ion K+ from potassium tetraiodomercurate (II), so a potassium-alkaloid complex that 
could precipitate unhappened. According to the Indonesian Ministry of Health (1995) [11], in testing alkaloid 
compounds, it was said to be positive if the reaction that formed a precipitate used at least two groups of 
experimental responses, so it meant that the alkaloid compound in soursop leaf extract had negative results. 
Testing of flavonoid compounds used magnesium metal (Mg) and concentrated HCl. Magnesium and HCl 
reduced the benzopyrone core in the flavonoid structure [27]. 

The formation of a red, yellow, or orange solution shows positive results [12]. The results of this study 
showed positive results in the formation of a red solution. Saponin compound testing used hot purified water 
in a test tube shaken vigorously for 10 seconds. If the foam appeared, one drop of 2 N HCl addition did not 
cause the foam to disappear. The results of this study showed that there was foam as high as 1 cm, which did 
not disappear for ± 10 minutes. The samples of soursop leaf extract contained saponin compounds. The foam 
formation is due to saponin compounds' ability to reduce the surface tension of water. Saponins had large 
molecules containing hydrophilic and lipophilic groups like soap. In water, saponin molecules are aligned 
vertically on their surface with lipophilic groups away from water. The adsorption of saponin molecules on 
the water surface could decrease the surface tension of the water, which could cause foam [28]. In tannin 
testing, FeCl3 reagent addition and positive results were proven by a blackish-blue or blackish-green solution 
[13]. The tannin test in this study revealed a blackish-green solution upon the 1% FeCl3 addition, indicating 
that the ethanol extract of soursop leaves contains tannin compounds. 

Phytochemical tests using FeCl3 were to determine whether the sample consisted of phenol groups. The 
addition of FeCl3 resulted in a blackish-green or dark blue color, indicating the presence of phenol groups. 
Therefore, if the phytochemical test with FeCl3 was positive, it suggested the presence of phenol compounds 
in the sample, including tannin, as tannin is a polyphenol compound. The formation of a blackish-green or 
ink-blue color in the extract after FeCl3 addition, then tannin would form a complex compound with Fe3+ 
ions [27]. Based on phytochemical screening tests, ethanol extract of soursop leaves contained flavonoid, 
saponin, and tannin compounds. 

Hand sanitizer gel preparation 

This study made 3 (three) hand sanitizer gel formulas with different gel base concentrations, all using 
soursop leaf extract with a concentration of 12%. The gel preparation consisted of active substances and 
excipients. The active substance used in this study was soursop leaf ethanol extract as an antibacterial. 
Excipients were additional substances needed because they had a key function in preparation. The excipients 
used in this study were carbomer 940 base, HPMC, methylparaben, EDTA, glycerin, pure water, green tea 
fragrance, and TEA. The preparation of hand sanitizer gel used a combination of carbomer 940 and HPMC gel 
bases. Carbomer 940 and HPMC were selected because they could produce gel preparations with sufficient 
viscosity, are soluble in water, produce clear gels, and have harmless and non-toxic properties. These polymers 
interact synergisly by giving positive results.  

The physical evaluation of the hand sanitizer gel included organoleptic observations (shape, color, and 
odor), homogeneity, spreadability, adhesiveness, pH, and viscosity. The evaluation was done on days 0, 1, 7, 
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14, 21, and 28 to determine whether the hand sanitizer gel was stable and met the requirements. The evaluation 
results of the hand sanitizer gel are as follows 

Organoleptic observation 

Organoleptic testing was to show the quality of the hand sanitizer gel by using five senses to observe the 
shape, color, and odor. The organoleptic tests of the hand sanitizer gels include shape, color, and odor. Then, 
the hand sanitizer gels were stored and evaluated for 28 days, and there were no changes in all formulas. Each 
formula had a different shape due to differences in the concentration of the gelling agent used. The higher the 
concentration of the gelling agent used, the thicker the resulting preparation. Formula 1 showed that the gel 
was very viscose, while Formula 2 was viscose, and Formula 3 was slightly viscose. Observations of the color 
of the three formulas showed a blackish-green color and smelled of green tea. The results of observations of 
the color and smell of the gel did not change from the first day to the 28th day. The conclusion was that the 
gel was stable during storage. 

Homogeneity observation 

Homogeneity testing was to observe whether the gel preparation made was homogeneous. The 
homogeneity results are in Table 4.3. 

The results showed that Formula 1 and 2 were homogeneous and obtained because there were no coarse 
grains. For Formula 3, the results obtained were less homogeneous, and poor stirring could be the cause during 
manufacture. According to Purwaningsih et al. (2014), homogeneity could be affected by mixing techniques 
and preparation. [29] The results showed that Formula 1 and 2 were homogeneous, and after storage for 28 
days, the gel preparation did not change. 

Spreadability 

Spreadability is the ability of a gel preparation to spread on the skin and is one of the key properties in 
semisolid preparations because it can be related to the ease of use and removal of the preparation from the 
packaging container. The greater the value of the spreadability of a gel preparation, the better its spreading 
ability, and vice versa. If the value of a preparation's spreadability is small, its spreading ability will be worse 
(Wulandari, 2015). The results of the spreadability measurement are in Table 4.4. 

The parameters of good gel spreadability range from 5-7 cm. The results above showed that the gel 
spreadability met the requirements of Formula 2 and 3. This gel preparation was highly consistent, making it 
challenging to spread and flow. The longer the storage, the smaller the gel spreadability will be, and small 
spreadability could be caused by the water content in the gel preparation evaporating so that the preparation 
becomes viscose. The gel preparations with low viscosity could produce a larger spreadability diameter 
because they were easy to spread or flow. 

The results of the gel spreadability test obtained the equation coefficient from the Simplex Lattice Design 
as follows: Y = 5.16 X1 + 6.29 X2 + 1.9 X1X2 

Where: Y = spreadability (cm); X1 = proportion of carbomer 940 100%; X2 = proportion of HPMC 100%; 
X1X2 = proportion of carbomer 940: HPMC (50% : 50%). According to the equation above, the component had 
a positive coefficient value, indicating that the component could increase the spreadability response. The 
proportion of HPMC 100% (coefficient value 6.29) had the highest effect on raising the spreadability compared 
to the addition of the carbomer 940 component (coefficient value 5.16) and a mixture of HPMC and carbomer 
940 (coefficient value 1.90). 

Observation of adhesion 

Adhesion testing plays a role in the effectiveness of a preparation in providing an effect. The longer the 
adhesion of a preparation, the greater the pharmacological activity produced. In this study, the test results are 
in Table 5.5. 
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Based on the study, the adhesion of the hand sanitizer gel during storage for Formula 1 and 2 increased, 
whereas the adhesion of Formula 3 decreased. According to Nurwulan & Taufani (2017) [30], good adhesion 
should be more than 0.07 minutes or 4 seconds. The adhesion of a preparation is directly proportional to 
viscosity. The higher the viscosity value, the higher the adhesion. The longer the gel adheres to the skin, the 
more effective it will be because the absorption of the active substance increases [31]. From the observation 
data, the adhesion of the hand sanitizer gels met the requirements. 

The results of the gel adhesion test obtained the equation coefficient from the Simplex Lattice Design as 
follows: Y = 18.33 X1 + 10.00 X2 - 4.64 X1X2, where: Y = adhesive power (seconds); X1 = proportion of carbomer 
940 100%; X2 = proportion of HPMC 100%; X1X2 = proportion of carbomer 940: HPMC 50%: 50%. Based on 
the results of the equation above, the components had positive and negative coefficient values, which meant 
they could increase and decrease the adhesion. The proportion of carbomer 940 (coefficient value 18.33) had 
the highest effect on raising adhesion compared to the addition of the HPMC component (coefficient value 
10.00). The coefficient value of the mixture proportion between carbomer 940 and HPMC was negative. This 
result could cause a decrease in adhesion. 

pH observation 

The pH test was to determine the acidity level of the hand sanitizer gel to ensure that it did not cause skin 
irritation. The pH was measured using a calibrated pH meter immersed in the diluted gel sample. Table 4.5 
shows the results of the pH measurement. 

Based on observations for 28 days of storage, the hand sanitizer gel preparation did not experience any 
changes in pH. The pH value produced from each formula was safe because it was within the criteria for skin 
pH (4.5-6.5) [32]. The pH results did not obtain an equation in optimization because the pH obtained already 
had a value that met the standard, namely 5. 

Viscosity observation 

The viscosity measurement of hand sanitizer gel preparations used a Brookfield Viscometer with spindles 
of 64 and 6 rpm. From the storage results for each formula from day 0 to day 28, they had different values and 
increased. The good viscosity value of the gel preparation was 20,000-40,000 cP [33]. From the data obtained, 
the viscosity of the gel preparation that met the requirements was Formula 2 and 3. The viscosity could be 
affected by the concentration of the gelling agent used. The greater the concentration of the gelling agent used, 
the thicker the resulting preparation. The results of the viscosity measurement are in Table 4.7. 

The results of the gel viscosity test obtained the equation coefficients from the Simplex Lattice Design as 
follows: Y = 69.800 X1 + 12.033 X2 – 52.866 X1X2, where: Y = viscosity (cP); X1 = proportion of Carbomer 940 
100%; X2 = proportion of HPMC 100%; X1X2 = proportion of carbomer 940: HPMC 50%: 50%. Based on the 
equation above, the components had positive and negative coefficient values, which meant they could increase 
and decrease viscosity. The proportion of carbomer 940 (coefficient value 69.800) has the highest effect on 
increasing viscosity compared to the addition of HPMC components (coefficient value 12.033). The negative 
coefficient value of the mixture proportion between carbomer 940 and HPMC can reduce viscosity. 

Optimization of hand sanitizer gel formula of ethanol leaf extract of soursop (Annona muricata L.) 

The hand sanitizer gel formulas were optimized by showing the desired physical properties. The data 
was obtained from the physical evaluation of the gel preparation and analyzed using design expert software 
version 11. Figure 4.8. showed the optimization results. 

The formula optimization profile in the figure above showed that the formula with a composition ratio 
of carbomer 940: HPMC (0%: 1%) had a desirability value of 0.986. According to Suryani et al. (2017) [34], the 
maximum desirability value was one, so if the desirability value approaches one, the value is better. This result 
showed that the desirability value obtained in this study is as expected. The hand sanitizer gel made from 
soursop leaf ethanol extract achieved the highest desirability value and was verified using a one-sample t-test 
for spreadability, adhesion, and viscosity. This verification determined the difference between the 
experimental results and the predicted results. The test results are in Table 4.9. 
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Table 4.8 shows the optimum formula with a significant value of more than 0.05. The method used was valid, 
as there was no significant difference between the experimental results and the predictions. 

Hedonic testing 

Hedonic testing was to determine the preference level for the hand sanitizer gel of soursop leaf ethanol 
extract. This test involved 20 respondents. The test parameters included organoleptic, such as shape, color, 
odor, and specific properties of the gel. Each respondent was given a questionnaire by filling in the preference 
level based on the scale and characteristics of the preparation. Each respondent received three hand sanitizer 
gels. Based on the organoleptic hedonic test of the three preferred formulas, Formula 3 contained a mix of 
carbomer 940: HPMC (0%: 1%). The organoleptic test provided the following results: 

Hedonic testing evaluated hand sanitizer characteristics such as a cooling sensation, ease of spreading, 
non-stickiness, lack of residue, and quick drying. According to the test results, Formula 3 achieved the highest 
score of 81 (Figure 4.10). 

Based on the results of the hedonic characteristics, the best formula was Formula 3 of carbomer: HPMC 
(0%: 1%). After respondents tested the hand sanitizer gels, they provided opinions on the hand sanitizer 
formula. Fifteen respondents gave an agreed response, while five disagreed. Respondents who agreed gave 
several comments. For example, the hand sanitizer gel contained a refreshing aroma, Formula 3 had a shape 
close to hand sanitizer products on the market, the preparation was not sticky when used, and it dried faster 
than Formula 1 and 2. Five respondents who disagreed commented that the hand sanitizer gel had a less 
attractive color, left marks when used, and was sticky. 

Antibacterial testing 

Antibacterial activity testing determined the presence of resistance to Staphylococcus aureus bacteria. 
The antibacterial activity test of soursop leaf ethanol extract (Annona muricata L.) did not show any inhibition 
as was done by Widyawati (2017) [2], which showed that soursop leaf ethanol extract had antibacterial activity 
at a concentration of 12% with an inhibition zone of 22 mm. However, the results showing no inhibition were 
likely due to many possibilities, such as the low extract concentrations or species variation of natural sources. 
This study was in line with research conducted by Yovitasari et al. (2018) [23] that soursop leaf extract has 
inhibitory zone at concentrations of 25%, 50%, 75%, and 100% with inhibitory power of 4 mm, 5.3 mm, 8.9 mm, 
and 12.4 mm.           

 

▪ CONCLUSION 

This study can produce the soursop extract and hand sanitizer gels. The hand sanitizer gels are produced 
using a combination of carbomer 940 and HPMC. The gel formulas can be optimized using a Simplex Lattice 
Design experimental method. 

The results of physical properties tests (spreadability, adhesion, and viscosity) were analyzed using 
Design Expert 11. The results showed that carbomer 940 and HPMC could increase viscosity and adhesion but 
could decrease spreadability. Ethanol extract of soursop leaves (Annona muricata L.) could be formulated and 
optimized into hand sanitizer gels. The optimum formula contained carbomer 940 0% and HPMC 1%, obtained 
in Formula 3 with a desirability value of 0.986. 
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