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Abstract---The purpose of this study was to determine the 

antibacterial activity of the ethyl acetate fraction of mangosteen peel 

and the effect of the combination of Carbopol, HPMC, and Propylene 
glycol as humectants on physical properties and antibacterial activity. 

The results of the fractionation of the extract were tested on 

Staphylococcus epidermidis bacteria using the diffusion method, the 
ethyl acetate fraction which had antibacterial activity with a 

concentration of 10% was made into a gel preparation with the 

composition of carbopol, HPMC, propylene glycol with run 14 obtained 

by the Simplex Latice Design method. The physical quality test of the 
preparation was carried out, namely organoleptic test, homogeneity, 
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pH, adhesion, spreadability, viscosity, and antibacterial activity. Test 

data for physical quality and antibacterial activity analyzed using the 

Simplex Latice Design method, after which the analyzed using the 
Simplex Latice Design, and statistics using SPSS with the One Way 

Anova test. The results of the study stated that the ethyl acetate 

fraction of mangosteen peel can be made into mangosteen peel gel 
preparations for concentrations of Carbopol 94 1.5 g, HPMC 1000DB 

2.5 g, propylene glycol 5 g with a spreadability value of 4.35 cm, 

viscosity 433.33, antibacterial 21, 4mm. 
 

Keywords---Ethyl Acetate Fraction, Optimum Formula, Antibacterial, 

Simplex Lattice Design 
 

 

Introduction  

 
Acne is an abnormal skin condition caused by excessive production of sebaceous 

glands. Acne can often cause skin irritation (swelling and redness of the skin), 

acne is also a skin disease that often occurs in adulthood. The sebaceous glands 
are very active in this area so that the formation of acne is caused by sebum hair 

follicles on the head and upper body.Blocked pilosebaceous follicles When 

blocked sebum does not come out, sebum accumulates, and hair follicles swell 
(Tranggono, 2007). The main factors involved in the formation of acne are 

bacterial growth, inflammation, keratinocyte release, and increased sebum 

production. Microorganisms or bacteria involved in the pathogenesis of this 
disease are bacteria such as Staphylococcus epedermidis and Propionibacterium 

acne by producing metabolites that can react with sebum to increase the 

inflammatory process. So far, there are several very useful methods, but there is 

no complete cure for acne. Acne treatment can also use antibiotics as a solution 
for acne treatment which is still widely prescribed. However, although this 

prescription drug has side effects such as irritation when used as an anti-acne 

drug, long-term use of antibiotics can cause not only immunosensitivity but also 
organ damage and resistance (Joshita, 2009). 

 

There are two types of treatments that can be used to treat acne, namely, use 
topical treatments that can be applied directly to the acne area and produce local 

effects, and use oral methods to treat acne in the acne area. The use of topical 

acne medication is considered less effective because it only treats the area treated 
with anti-acne medication. The mechanism of action of local drugs only reduces 

the lesions caused (Dinar and Mita, 2017). Natural ingredients can be used as a 

substitute for antibiotics for acne treatment. 

 
One of the natural ingredients that is an antibiotic for treating acne caused by 

Staphylococcus epidermidis bacteria is mangosteen. The use of mangosteen as a 

traditional medicine has been studied by scientists. One example is a study 
conducted by Chomnawang et al., (2005), which showed that mangosteen has 

antibacterial activity against Propionibacterium acnes and Staphylococcus 

epidermidis. Chomnawang et al.'s research, in 2007, conducted research on 
various tropical plants in Thailand, one of which was mangosteen (Garcinia 

mangostana L.). This study showed that ethanol extract of mangosteen rind 
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reduced and inhibited inflammation caused by Propionibacterium acnes and 
Staphylococcus epidermidis. Research from Pothitirat, et al in 2008 proved that 

ethanol extract of mangosteen rind has effective antibacterial activity against 

Staphylococcus epidermidis bacteria. Phytochemical examination of mangosteen 
peel chemical compounds shows that this part contains alkaloids, saponins, 

tannins, xanthones and flavonoids and is able to produce inhibition zones against 

Staphylococcus epidermidis. 

 
According to research conducted by Valmai (2019), ethyl acetate extract of 

mangosteen peel has antibacterial properties against Staphylococcus epidermidis, 

with an average inhibition zone diameter of 12 mm at 4%, 12 mm at 6%, 12.5 mm 
at a concentration of 8%, 13.5 mm at a concentration of 10%. Qualitative results 

of ethyl acetate extract of mangosteen peel showed the presence of polyphenols, 

namely flavonoids. 
 

Needssociety in acne treatment is to use topical preparations that can penetrate 

quickly into the skin, therefore one of the right preparations for acne problems is 
a gel preparation. Gel is also a preparation that has transparent and clear 

characteristics and has a structure that is resistant to environmental changes 

and has a viscoelastic flow (Ismail, 2013). The advantages of gel include being 

non-sticky, high water content in the gel so that a large amount of water can 
hydrate the horny layer and there is a change in the permeability of the horny 

tissue to be more permeable to active ingredients that can increase the permeases 

of active ingredients (Lieberman, 1997). 
 
Gelling agent (base) is a polymer component that has a high molecular weight and 

is a combination of several molecules and polymer coils that provide viscous 
properties to the gel. Base is a substance derived from inorganic materials that 

have hydrophilic properties. HPMC, and Carbopol are gelling agents and 

propylene glycol is a Humectant used in research with a concentration of HPMC 
as a gelling agent of 2-10% and carbopol 0.2-2.0% (Tambunan et al., 2018) while 

for the concentration of propylene glycol 13.5-15% (Rowe, RC, Paul JS, and 

Marian, 2009). In a study conducted by Suryani (2018) it was stated that the 

combination of HPMC and Carbopol can increase the spread and adhesion power. 
The prediction results with Simplex lattice design provide a solution of 1 optimum 

formula according to the desired criteria, namely the combination of HPMC 4.0%, 

propylene glycol and carbopol 1.0 with a desirability of 0.506. The desirability 
value ranges from 0-1, where the higher the desirability value (approaching 1) 

means that the optimum formula produced is increasingly achieving the desired 

response. According to Hasyim (2011), by comparing the carbopol and HPMC 
bases in gel preparations, the results obtained are that the HPMC gel base with a 

concentration of 8% has the most optimal physical stability compared to carbopol. 

HPMC is easily soluble in distilled water and several organic solvents such as 
ethanol, propyl alcohol and ethylene chloride. Gels that use HPMC usually have 

good spreadability, are easy to wash off, provide a cooling effect, and do not clog 

pores (Afianti and Murrukmihadi, 2015). 

 
Formulation optimization can be obtained by using the Design Expert application 

with the Simplex lattice design (SLD) method. This method can determine the 

ideal optimum formula of the materials used for the preparation. The advantage 
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of simplex lattice design is a (relatively) simple optimization model compared to 

other optimization models and avoids trial and error formulas (Suryani et al., 

2017). 
 

Based onBased on the above information, this study aims to create a gel 

formulation from mangosteen peel extract and fractions which are effective as an 
antibacterial for acne-causing agents.With a combination of HPMC, carbopol, and 

propylene glycol and determining the optimum formula with the Design expert 

application using the simplex lattice design method and conducting physical 
stability tests and can be used as an antibacterial against S. epidermidis bacteria 

in acne. The purpose of this study was to determine the antibacterial activity of 

the most active fraction and optimization of mangosteen peel gel preparations 
with a composition of carbopol, HPMC, and propylene glycol. 

 
Method 

 
The sample used in this study was a mangosteen peel gel preparation made with 

a combination of carbopol 940, HPMC, and propylene glycol with different 

concentrations using the Simplex Lattice Design method. 
 

The main material used in this study is mangosteen peel (Garcinia mangostana. 

L), the chemicals used are 95% ethanol, the chemicals used are 96% ethanol, the 
test medium used in this study is Nutrient Agar (NA) medium, MHA, carbopol 

940, HPMC 1000DB (PT Aneka kurnia), Triethanolamine (Merck), Propylene glycol 

(DOW), Methyl Paraben (DOW), N-hexane (Merck), Ethyl acetate (Merck), ether 
(Merck), concentrated sulfuric acid (Merck), acetic acid (Merck), NaOH. 

 

The tools used in this study were analytical scales with a minimum reading 

accuracy of 0.1 mg, and a maximum capacity of 100 grams (OHAMS), inkas, 
platinum ose, petri dishes (Normax), Erlenmeyer flasks (Pyrex), test tubes (Pyrex), 

measuring cups (Iwaki), droppers, analytical scales (OHAUS), tweezers, 

incubators, flannel cloth, cotton (selection), glass funnels, borer props, 
micropipettes (dragon), sterile cotton buds, autoclaves, filter paper, oven binders 

(Binder ED 53), spirit lamps, blenders (cosmos), maceration bottles, rotary 

evaporators (IKA RV 10), gel containers, mesh sieves number 60, spreadability 
testers, adhesiveness testers, pH meter testers (starter 3100), viscometers 

(viscotester vt-03f). 

 
Analysis has used Experimental data from the spreadability, viscosity and 

antibacterial of the ethyl acetate fraction gel preparation of mangosteen peel will 

be analyzed in the Design Expert Software with the Simplex Lacticce Design 

method to obtain one optimum formula, the optimum formula obtained will be 
processed again using the T-test method, to determine whether the data obtained 

from the results of the experiment is normally distributed is said to be normally 

distributed if the significant value is (p>0.05). Normally distributed data (p>0.05). 
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Work scheme 
 

 

 
                Wash thoroughly  with water 

                    Bake at 500C 

                  Blend, sieve with mesh no. 40 
 

 

 
 

  

 
 

  

    

 
   

 

 
     

 

  
Figure 1. Scheme for making ethanol extract from mangosteen peel 
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Partition with n-hexane 3 times 
 

 

 
 

  Partition with ethyl acetate 3 times 

 
 

 

 

 
 

 

 
 

 

 
 

 

 
 

 

Figure 2. Working diagram of the manufacture of n-hexane, ethyl acetate, and 

water fractions from mangosteen peel extract 
 

 

Results and Discussion 
 

Identification results of Mangosteen plants (Garcinia mangostana L.) 

Plant determination 
 

The purpose of this determination is to establish the truth of the plants related to 

the morphological characteristics of the mangosteen plant against the literature, 
and is proven in the Plant Systematics Laboratory, Faculty of Pharmacy, Setia 

Budi University. 

 

Determination Results according to Steenis, CGGJV, Bloembergen, H, Eyma, PJ 
1992: 1b – 2b – 3b – 4b – 6b – 7b – 9b – 10b – 11b – 12b – 13b – 14b – 16a. group 

10. 239b – 243b – 244b – 248b – 249b – 250a – 251b – 253b – 254a. family 80. 

Guttiferae 1a. 1. Garcinia. 1b. Garcinia mangostana L. 
 

Plant description 

 
Tall tree, taproot system. Round, woody stem, monopodial branching. Has single 

leaves, elongated to oval-elongated, base pointed to blunt, tip pointed to pointed, 

Water 

fraction 

n-hexane fraction 

Water fraction 
Ethyl acetate 

fraction 

Concentrated with water 

bath 

Concentrated with rotary 

evaporator 

 

Concentrated with rotary 

evaporator 

 

Antibacterial activity test against Staphylococcus epidermidis 

The thick extract is added with ethanol and distilled water until dissolved. 
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flat edges, pinnate leaf veins, like bones, shiny dark green. Length 12.5 - 20.2 cm, 
width 5.1 - 8.9 cm, pinnate leaf veins. Regular flowers, female flowers at the end 

of the twigs, outermost petals green yellow, 2 innermost smaller, crown leaves 

oval inverted, thick fleshy, green yellow, staminodia often in groups, ovary bears 
4-8, pistil head has 4-8 fingers. Fruit is a depressed ball shape, diameter 3.5-7 

cm, dark purple, thick fruit wall, fleshy, purple, with yellow sap. Seeds 1-3 cm, 

covered by a thick and juicy seed membrane, white. 

 
Based on the determination results, it can be ascertained that the plant used in 

this study is the plant (Garcinia mangostana L.). The image can be seen in 

attachment 1. 
 

Results: Collecting ingredients, drying and making mangosteen peel powder 

 
Mangosteen plants were picked randomly in the Tawangmangu area, Central Java 

in November 2021. Peeled mangosteen skin was washed, collected, with running 

water, and cut into pieces then dried using an oven at a temperature of 65°C for 
40 minutes. The dried simplicia that had been obtained from the drying results 

was powdered using a blender, the simplicia powder obtained was sieved using 

mesh no. 40, the simplicia powder from the sieve was stored in a jar (Satongaun 

et al., 2011). 
 

The results of the percentage of dry weight to wet weight can be seen in table 2 

showing the results of the percentage of dry weight to wet weight. Furthermore, 
the wet weight of mangosteen peel up to 10,000 grams was dried to obtain a dry 

weight of 1,056 grams, with a dry weight yield to wet weight of 10%. The 

calculation of the percentage of wet weight to dry weight can be seen in table 2. 
 

Table 1. Percentage of dry weight to wet weight of mangosteen peel 
 

Wet weight 
(grams) 

Dry weight 
(grams) 

Yield (% w/w) 

10000 1056 10% 

 
Identification of mangosteen peel powder 

 

Identification of powdered herbal medicines according to the Indonesian Herbal 

Pharmacopoeia, II edition of 2017 for mangosteen rind herbal medicines includes 
organopleptic identification, drying shrinkage test, total ash, acid-insoluble ash, 

water-soluble essence, ethanol-soluble essence (FHI, 2017). 

 
Organoleptic identification 

 

Organoleptic tests are conducted to describe the smell, color, taste and texture of 
the herbal medicine using the five senses, so that objective results will be 

obtained (Directorate General of POM, 2000: 31). The results of the organoleptic 

test of mangosteen herbal medicine are that it has an aromatic smell, purplish 
red color, has a bitter astringent taste, and has a fairly rough and thick texture. 
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Drying shrinkage 

 

Determination of drying shrinkage of mangosteen peel using a moisture balance 
tool. The results of determining the drying shrinkage of mangosteen peel powder 

using a moisture balance tool are listed in the table below: 

 
Table 2. Results of determining the drying shrinkage of mangosteen peel  

 

No Powder weight (grams) Drying loss (%) 

1 2.00 3.43 

2 2.00 2.98 

3 2.00 2.47 
 Mean±SD 3.12±0.26 

 

Drying loss is one of the non-specific parameters that aims to provide a maximum 

limit (range) on the amount of compounds lost in the drying process. The results 

of determining the average drying loss for mangosteen peel were 2.96%, where the 
drying loss has met the requirements that the drying loss of simplicia powder 

should not exceed 10%. This is because if the drying loss is less than 10%, the 

substances contained in the plant will die, the enzymes will not be active, and the 
bacteria and fungi will not be active. and bacteria and fungi do not grow so that 

the material is more durable (Katno et al., 2008). 

 
Determination of total ash content 

 

Determination of ash content is a method of measuring materials heated at a 
certain temperature where organic compounds and their derivatives are destroyed 

and evaporated so that only mineral and inorganic elements remain with the aim 

of providing a picture of internal and external minerals originating from the initial 

process until the extract is formed (Ministry of Health of the Republic of 
Indonesia, 2000). The purpose of testing the total ash content is to provide a 

picture of the internal and external mineral content originating from the initial 

process until the extract is made (Ministry of Health of the Republic of Indonesia, 
2000). The results of determining the total ash content can be shown in table 4 

and the calculation of the total ash content is shown in appendix 8. 

 
Table 4. Testing the total ash content of mangosteen peel 

 

Weight of residual ash Simple weight Calculation results 

63,112 65,122 0.96% 

64,213 66,135 0.97% 

62,314 64,212 0.97% 

 Mean±SD 0.96%±0.005 

 

The results of the total ash content of mangosteen rind in this study were 0.96% ± 

0.005. The total ash content value indicates the content of inorganic compounds 
obtained from the mangosteen rind plant or obtained from outside the plant. A 

total of 2 grams of mangosteen rind powder obtained inorganic compounds of 

0.96% ± 0.005. The results of the total ash content value have met the 
requirements for total ash content, which is not more than 2.9% (Indonesian 
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Herbal Pharmacopoeia, 2017) ash content should have a small value because 
inThis parameter indicates the presence of heavy metal contamination that is 

resistant to high temperatures (Isnawati and Arifin, 2006). Examples of internal 

and external mineral content are calcium, phosphorus and magnesium for bone 
growth (Yuriah et al., 2024). Sodium and chloride for body fluids, iron for the 

formation of hemoglobin and red blood cells (Bonato et al., 1987). This is different 

from toxic minerals (heavy metals) such as mercury, lead, copper, cadmium and 

strontium. Accumulation of heavy metals in the human body over a long period of 
time can interfere with the circulatory system, nerves and kidney function 

(Widaningrum et al., 2007). The results of the total ash content in this study were 

0.96% ± 0.005 which is in accordance with the Indonesian herbal pharmacopoeia 
where the total ash content is less than 2.9%. 

 

Determination of acid insoluble ash content 
 

Determination of acid insoluble ash content aims to determine the amount of ash 

content obtained from external factors, originating from impurities originating 
from sand or soil (Ministry of Health of the Republic of Indonesia, 2000). The 

results of the determination of total ash content can be shown in table 5 and the 

calculation of acid insoluble ash content is shown in appendix 8. 

 
Table 5. Ash content insoluble acid of mangosteen fruit skin powder 

 

Weight of residual ash Simple weight Calculation results 

63,095 65,122 0.96% 

64,175 66,135 0.97% 
62,231 64,212 0.96% 

 Average 0.96%±0.005 

 

The results of the insoluble ash content of mangosteen rind acid in this study 
were 0.96% ± 0.005. A total of 2 grams of mangosteen rind powder obtained 

inorganic compounds of 0.96% ± 0.005. The acid-insoluble ash content reflects 

the presence of mineral or metal contamination that is not acid-soluble in a 
product. The resulting value does not meet the requirements in the Indonesian 

Herbal Pharmacopoeia where the acid-insoluble ash content is not more than 

0.7%, and the acid-insoluble ash content in this study was more than 0.7% with 
an acid-insoluble ash content value of 0.96% ± 0.005 (FHI, 2017). The high acid-

insoluble ash content indicates the presence of silicate content originating from 

soil or sand, soil and metal elements silver, lead and mercury (Guntarti et al., 
2015). Determination of acid-insoluble ash content to determine the content of 

compounds that are quite high, the content of sand, silica and mud in the 

simplicia (Awaliyah & Yuriah, 2024). Soil conditions for growing processes during 

washing, drying, and storage can also affect the size of organic matter in the 
simplicia (Kartikasari et al, 2017). 

 

Determination of water soluble extract levels  
 

Determination of water-soluble essence content was carried out to determine the 

water-soluble essence content in mangosteen rind powder. The purpose of 
determining the water-soluble essence content is to estimate the amount of polar 
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compounds that are soluble in water (Saifudin et al., 2011). The results of 

determining the water-soluble essence content can be shown in table 6 and the 

calculation of the water-soluble essence content is shown in appendix 9. 
 

Table 6. Water soluble content of mangosteen peel 
 

No Powder weight (grams) Water soluble content 
(%) 

1 2.00 5.5 
2 2.00 4.4 

3 2.00 5.9 

 Mean±SD 5.2±0.7 

 
The results of 2 grams of simplistic powder used in determining the water-soluble 

extract content obtained a value of 5.2% ± 0.7, this value has met the 

requirements of the Indonesian Herbal Pharmacopoeia (2017) namely that the 

water-soluble extract content should not exceed 47%. The size of the results of 
determining the extract content is influenced by biological factors including the 

location of the plant, the harvest period and the age of the plant. Storage and 

harvesting that are not on time can also affect the content of chemical compounds 
(Ministry of Health of the Republic of Indonesia, 2000: 7). The water-soluble 

extract content provides an initial picture of the amount of compound content in 

the simplicia that can be dissolved by solvents that have polar properties 
(Ministry of Health of the Republic of Indonesia, 200) 

 

Determination of ethanol soluble extract content 
 

Determination of ethanol soluble essence content is carried out to determine the 

content of ethanol soluble essence in mangosteen rind powder according to herbal 

pharmacopoeia or not. The purpose of determining the content of ethanol soluble 
essence is to estimate the amount of polar and non-polar compounds that are 

soluble in ethanol (Saifudin et al., 2011). The results of determining the ash 

content of ethanol soluble essence can be shown in table 7 and the calculation of 
ethanol soluble essence content is shown in appendix 9. 

 

Table 7. Ethanol soluble extract content of mangosteen peel 
 

No Powder weight (grams) Ethanol soluble extract 

content (%) 

1 2.00 7.2 

2 2.00 9.5 

3 2.00 4.9 
 Mean±SD 7.2±2.3 

 
The value of the results of the determination of the ethanol soluble extract of the 

mangosteen rind simplex obtained a value of 7.2% ± 2.3, the results of the rough 

test of the ethanol soluble extract of the mangosteen rind simplex have met the 
requirements of the Indonesian Herbal Pharmacopoeia (2017) namely the ethanol 

soluble extract content of the mangosteen rind powder is not less than 10%. The 

value of the ethanol soluble extract content is less than the provisions indicating 
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low solubility of the simplex to the ethanol solvent so that the chemical compound 
is not optimal. The value of the results of the determination of the ethanol soluble 

extract content is greater than the value of the water soluble extract content. This 

states that a good solvent for mangosteen rind is an ethanol solvent because with 
an ethanol solvent you will get a higher extract content than with a water 

solvent.This shows that the polar compounds contained in mangosteen skin are 

greater than the non-polar compounds.. 

 
Results of making mangosteen peel extract 

 

In this study, the preparation of ethanol extract used the remaceration method. 
Remaceration is the easiest extraction method. The advantage of the remaceration 

process lies in the processing method and equipment used which are simple and 

easy to use. Because the remaceration process does not involve heating, so that 
components that are not heat resistant such as flavonoids remain in the extract 

(Marjoni, 2016). The results of making thick extracts of mangosteen rind 

remaceration can be seen in table 4 
 

Table 8. Results of making mangosteen peel maceration extract 
 

Powder weight 

(grams) 

Extract weight 

(grams) 

Yield (%b/b) 

1056 122 12.2 

 

The weight of the powder obtained as much as 1056 gr will be remacerated, the 
results of the remaceration will be evaporated to obtain a thick extract of 122 gr 

with a yield of 12.2%, according to Pustiari 2014 the percentage yield of 

mangosteen peel extract is 12.61%. 
 

The solvent in the maceration method in Puspitasari's (2014) study used 96% 

ethanol and produced a yield of 12.61%. The results of this study from the 
extraction of 1056 grams of filtrate obtained a thick extract of 122 grams with the 

calculation of the extract yield of 12.2%, the results of the yield value obtained 

have met the requirements. The requirement for a good yield of mangosteen peel 
extract is that the value is not less than 8.2%, so the yield from maceration on 

mangosteen peel is declared good because the yield is> 8.2%. The difference in the 

amount of yield is due to differences in environmental factors such as light 

intensity, nutrients, temperature and humidity. 
 

Results of identification of extracts and ethyl acetate fractions of 

mangosteen peel 
 

Organoleptic identification. 

Identification of mangosteen rind extract is done visually, which includes the 
color of the extract from the mangosteen rind, which is purple, and the distinctive 

smell of the mangosteen plant. 

 
Chemical content of mangosteen peel. 

The results of the identification of the chemical content of mangosteen peel 

extract can be seen in table 5. 
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Table 9. Results of identification of chemical content of mangosteen peel extract 
 

Compound Results Library Note 

Flavonoid The yellow color of the 

amyl alcohol layer. 

A positive reaction is indicated by 

the presence of a red, yellow or 
orange color on the amyl alcohol 

layer (Alamsyah et al. 2014). 

(+) 

Alkaloid Tube 1 → Yellowish 

white precipitate 
(Mayers reagent). 

Tube 2 → Brownish 

red precipitate 
(Dragendorff reagent) 

There is a yellowish white 

coagulated precipitate in Mayer's 
reagent and a red to brownish 

orange precipitate is formed in 

Dragendroff's reagent (Alamsyah 
et al. 2014). 

(+) 

Saponins Stable foam is formed + 

1 drop of 2N HCl the 
foam does not 

disappear. 

Stable foam is formed + 1 drop of 

2N HCl, the foam does not 
disappear (Ramyashree et al. 

2012). 

(+) 

 

The results of research by Putri in 2019 for the identification of the chemical 

content of the ethyl acetate fraction of mangosteen peel are tests for the content of 
flavonoid, alkaloid, and saponin compounds. Testing of flavonoid compounds in 

the ethyl acetate fraction of mangosteen peel was declared positive due to the 

presence of intense yellow fluorescence, testing of alkaloid compound content was 
carried out using 2 tubes where the positive alkaloid results with tube 1 formed a 

yellowish white precipitate for Mayer's reagent and for tube 2 formed a brownish 

red precipitate in the dragendroff reagent, testing of saponin compounds in the 
ethyl acetate fraction was declared positive because foam was formed as high as 

1.3 cm for 30 seconds. 

 

The purpose of adding powdermagnesium and HCL in the flavonoid test is to 
reduce the benzopyrone core contained in the flavonoid structure to form a red or 

orange flavylium salt. Most flavonoid groups are soluble in hot water, which 

causes heating. Flavonoids are compounds containing two aromatic rings with 
several hydroxyl groups. Phenolic compounds with high hydroxyl groups are very 

soluble or polar in water and can be extracted with polar solvents. Figure 9 shows 

the reactions that occur between flavonoid compounds, including HCL and Mg 
powder. 
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Figure 3. Reaction of Flavonoids with Mg Metal and HCl (Septyangsih 2010) 

 

The principle of the alkaloid test is a precipitation reaction.caused by ligand 
exchange. Positive alkaloid results in the Mayer test are indicated by the 

formation of a white precipitate. The precipitate is believed to be a potassium 

alkaloid complex. Alkaloids contain nitrogen atoms with lone pairs of electrons 
and can be used to form coordinate bonds with metal ions (Sangi et al., 2008). In 

the alkaloid test using Meyer's reagent, it is estimated that nitrogen in the 

alkaloid reacts with the metal ion K + from potassium tetraiodide mercurate (II) to 
form a precipitated potassium alkaloid complex. Figure 10 shows the response 

that occurs in the Mayer test. 

 
Figure 4. Mayer test reaction (Marliana et al., 2005) 

 

Positive results for alkaloids in the Dragendorff test alsoindicated by the 
formation of a light brown to yellow (orange) precipitate. The precipitate is a 

potassium alkaloid. The alkaloid test with Dragendorff's reagent uses nitrogen to 

form a coordinate covalent bond with the metal ion K +. The response from the 
Dragendorff test can be seen in Figure 11. 

 

. 

Figure 5. Dragendorff Test Reaction 
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The appearance of foam in the saponin test indicates the presence of glycosides 

that can form foam in water that is hydrolyzed into glucose and other 

compounds. Figure 12 shows the reactions that occur during the saponin test. 

 
I-Arabinopyriosyl-3β-acetyloleanolate Glucose Aglycone 

Figure 6. Hydrolysis Reaction of Saponin in Water 

 

The results of the chemical compound identification of ethanol extract of 

mangosteen skin (Persea americana Mill.) can be seen in the attachment. 
 

Determination of water content 

 
Determination of the water content of mangosteen rind extract was carried out to 

determine the water content of the mangosteen rind extract is in accordance with 

the Indonesian herbal pharmacopoeia. The results of the study of the water 
content of mangosteen rind are 0.16% where the results of the water content of 

the mangosteen rind extract are in accordance with the Indonesian herbal 

pharmacopoeia of less than 0.25% page 310 in FHI edition II in 2017. 
 

Table 10. Water content of mangosteen peel extract 

 

No Powder weight (grams) Water content (%) 

1 2.00 0.14 

2 2.00 0.16 

3 2.00 0.18 
 Mean±SD 0.16±0.02 

 

Determination of total ash content 

 

Determination of total ash content was carried out to determine whether the total 
ash content of mangosteen rind is in accordance with the Indonesian herbal 

pharmacopoeia. The results of the total ash content test of mangosteen rind were 

0.96%, meeting the requirements of the Indonesian herbal pharmacopoeia, which 
is not less than 4.4%. The purpose of testing the total ash content is to provide an 

overview of the internal and external mineral content originating from the initial 

process to the formation of the extract (Ministry of Health of the Republic of 
Indonesia, 2000). Examples of internal and external mineral content are calcium, 

phosphorus and magnesium for bone growth. Sodium and chloride for body 

fluids, iron for the formation of hemoglobin and red blood cells (Bonato et al., 
1987). 
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Table 11. Total ash content of mangosteen peel extract 
 

Weight of residual ash Simple weight Calculation results 

64,613 66,637 0.96% 
62,423 64,435 0.97% 

66,424 68,412 0.97% 

 Average 0.96%±0.005 

 

Determination of acid insoluble ash content 

 
Determination of total ash content conducted in this study to determine the acid-

insoluble ash content in mangosteen rind extract. The results of the acid-

insoluble ash content test in mangosteen rind extract, which is 0.96%, do not 
meet the Indonesian herbal pharmacopoeia, which is less than 0.2. High acid-

insoluble ash content indicates the presence of dirt or sand that may be found on 

the ash filter paper. 

 
Table 12. Acid insoluble ash content of mangosteen peel extract 

 

Weight of residual ash Simple weight Calculation results 

64,609 66,637 0.96% 

62,411 64,435 0.96% 

66,412 68,412 0.97% 

 Average 0.96% 

 

Mangosteen leaf extract fraction results 
 

Fractionation is the process of separating groups of compounds found in plants. 

Fractionation is carried out for the purpose of separating the main compound 
content from other groups of compounds. Separation of fractions is carried out 

with the aim of considering the properties of the desired compounds. 

Fractionation is generally carried out using different polarity solvents, so that 
polar compounds penetrate polar solvents while semi-polar compounds enter 

semi-polar solvents and non-polar compounds enter nonpolar solvents (Alam and 

Tayeb, 2003). 
 

n-hexane fraction 

 

Hexane is widely used as a solvent because it is inert and does not react with the 
synthesized components (Kastianti and Amalia, 2008). Compounds that can be 

dissolved in n-hexane solvent are non-polar compounds such as alkaloids, 

terpenoids, triterpenoids, and phenylpropanoids (Tiwari et al, 2011). The yield of 
n-hexane fractions can be seen in table 13. 
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Table 13. Yield of n-hexane fractionation results from mangosteen peel 
 

Extract weight (grams) Fraction weight (grams) Yield (%) 

10 1.14 11.4 

10 1.13 11.3 
10 1.12 11.2 

 Mean±SD 11.3±0.1 

 

The results of the calculation of the yield of the n-hexane fraction of mangosteen 
peel powder can be seen in Appendix 12. Based on Table 13, it can be seen that 

the calculation of the percentage of the yield of the n-hexane fraction of 

mangosteen peel powder obtained an average percentage of 11.3%. 
 

Ethyl acetate fraction 
 
Ethyl acetate is a semi-polar solvent and is flammable and volatile, so store it in a 

closed container and avoid heat. Ethyl acetate can be used as a solvent because it 

can attract alkaloids, flavonoids, saponins, and polyphenols (Putri et al, 2013). 
The yield of ethyl acetate fraction can be seen in table no. 14. 

 

Table 14. Yield of ethyl acetate fractionation results from mangosteen peel 
 

Extract weight (grams) Fraction weight (grams) Yield (%) 

10 1.38 13.8 
10 1.37 13.7 

10 1.38 13.8 

 Mean±SD 13.75±0.05 

 

From Table 14 it can be seen that the calculation of the yield of ethyl acetate 

fraction of mangosteen rind powder gives an average percentage of 13.8%. The 

calculation of the yield of ethyl acetate fraction from mangosteen rind is presented 
in Appendix 13. 

 

Water fraction 
 

he residue of the ethyl acetate extract was then concentrated to produce a thick 

extract. Ethanol 96% is a multifunctional solvent that can dissolve polar, semi-
polar and non-polar compounds. Table 15 shows the results of the water fraction 

of the mangosteen peel fraction. 

 
Table 15. Yield of water fraction from mangosteen peel 

 

Extract weight (grams) Fraction weight (grams) Yield (% w/w) 

10 2.68 26.8 

10 2.68 26.8 

10 2.67 26.7 
 Average±0.05 26.8±0.05 
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From Table 15, it can be seen the calculation of the water fraction yield, it can be 
seen that the average obtained is 27.8%. The calculation of the water fraction 

yield of mangosteen leaf skin can be seen in Appendix 14. 

 
The results of the fraction weight against the extract weight obtained from each 

fractionation using solvents are very small. This is because when conducting 

fractionation, an emulsion process occurs during testing, so that the resulting 

compound is not optimal. The compounds contained in the fraction evaporate a 
lot and are lost during the separation process. 

 

The total fractionation result of n-hexane, ethyl acetate and water is 51.9% w/w 
from 10% w/w. The total fractionation value is less than 10% because there are 

several things that cause it, namely in the fractionation process such as imperfect 

separation in the separating funnel and the large amount of fractionation residue 
stuck to the tool but not taken. 

 

Research conducted by Pratiwi, 2016 obtainedThe ethyl acetate fraction obtained 
in this study weighed 5.9352 g or had a yield value of 5.9352% from 70% ethanol 

extract and the n-hexane fraction obtained in this study weighed 0.3174 g or had 

a yield value of 0.3174% from 70% ethanol extract. The amount of extract 

fractionated by ethyl acetate and n-hexane solvents had a relatively small yield. 
This is possible due to the small amount of non-polar content that can be 

extracted by ethyl acetate and n-hexane from 70% ethanol extract.This is not 

much different intotal yield of mangosteen peel fraction. 
 

Results of identification of test bacteria 

Identification of Staphylococcus epidermidis bacteria by Gram staining 
 

Identification of Staphylococcus epidermidis bacteria in Gram staining aims to 

determine the morphology of Staphylococcus epidermidis bacterial cells. The 
results of Gram staining of Staphylococcus epidermidis bacteria can be seen in 

Figure 13. 

 

 
Figure 7. Gram staining of Staphylococcus epidermidis bacteria 

 

The results of the bacterial cells are purple and coccus-shaped (round). These 

results indicate that the Staphylococcus epidermidis bacteria tested are included 
in Gram-positive bacteria that have a grape-like arrangement in the form of cocci, 
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clustered, in groups and purple. Gram-positive bacteria have purple or violet 

characteristics because the dye from crystal violet is maintained even though it is 

given a bleaching solution or lugol. The outermost cell wall of Gram-positive 
bacteria consists of thick peptidoglycan (Retnowati, Bialangi, & Posangi 2011), 

without a lipoprotein or lipopolysaccharide layer like in Gram-negative bacteria 

(thin peptidoglycan), so that when given a crystal violet solution followed by a 
bleaching solution, a complex of purple crystals and iodine will form which 

adheres strongly to the cell wall (Bogut et al. 2014). The function of giving crystal 

violet is as the main dye (primary) which is used as a histological dye and a 
method for classifying Gram bacteria (Yuriah et al., 2023). Acidic microorganisms 

will bind to basic Crystal violet, so that transparent microorganism cells will 

appear purple (violet 2018). Giving iodine solution to strengthen the binding of 
color to bacteria, and giving acetone for primary dye solution. 

 

Gram staining is done to observe the morphology of bacteria and the Gram 

properties of bacteria. Gram staining uses four types of paint, namely Gram A 
(Crystal violet), Gram B (Lugol's iodine), Gram C (96% ethanol) and Gram D 

(Safranin). Bacteria that have gram-positive properties will be purplish blue while 

bacteria that have gram-negative properties will be red (Wulandari et al., 2019). 
 

Identification of catalase of Staphylococcus epidermidis bacteria. Identification of 

catalase from Staphylococcus epidermidis bacteria is to determine the presence of 
bubbles produced in the process of planting a suspension of test bacteria added 

with H2O2 on a glass object. Staphylococcus epidermidis bacteria are bacteria 

that have the catalase enzyme where the catalase enzyme can catalyze the 
decomposition of Hydrogen peroxide into H2O and O2 (Juniarti et al., 2024). 

Hydrogen peroxide is toxic to cells because it can inactivate enzymes in cells. The 

results of the identification of catalase in Staphylococcus epidermidis bacteria 

show the presence of bubbles after H2O2 is dripped. The catalase enzyme or 
perixodase plays a very important role in the survival of microbes (Karimela et al. 

2017). This catalase test detects the catalase enzyme in several facultative 

anaerobic bacteria and aerobic bacteria containing cytochrome except for bacteria 
classified as Streptococcus and Enterococcus (Services 2015). Catalase test is 

useful in identifying certain groups of bacteria. Catalase test on coccus-shaped 

bacteria is used to differentiate Staphylococcus and Streptococcus (Karimela et al. 
2017). 

 

The function of catalase in bacteria is to break down hydrogen peroxide into other 
harmless compounds because hydrogen peroxide is a poison that can damage the 

bacterial metabolism system.Catalase Test is a test used to identify bacteria that 

produce the catalase enzyme. The catalase enzyme in bacteria is an enzyme that 

functions to break down hydrogen peroxide (H2O2) which is formed from the 
aerobic respiration process of bacteria, into water (H2O) and oxygen (O2). 

 

Identification of mannitol sugar of Staphylococcus epidermidis bacteria 
 

Identification of Staphylococcus epidermidis bacteria using mannitol salt media 

so that the use of mannitol salt media in this study is to determine whether it 
inhibits the growth of other bacteria from Staphylococcus epidermidis bacteria. 
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The results of the mannitol sugar test are that Staphylococcus epidermidis 
bacteria form white and relatively small colonies (Radji, 2010). 

 

 
Figure 8. Mannitol sugar test of Staphylococcus epidermidis bacteria on MSA 

media 

 

The results of this study showed positive results in Staphylococcus epidermidis 
bacteria as evidenced by the absence of color changes in the MSA media from red 

to yellow and marked by the growth of white or pink colonies of Staphylococcus 

epidermidis bacteria in the research results. There was no change in the color of 
the media from red to yellow because Staphylococcus epidermidis bacteria cannot 

ferment mannitol and produce lactic acid which causes changes in the media 

from red to yellow, this can distinguish Staphylococcus epidermidis and 
Staphylococcus aureus bacteria. The change in color of the medium to yellow is 

due to the presence of the Phenol red indicator in the medium (Kateete et al. 

2010). Where the addition of the Phenol red indicator to the medium that 
undergoes carbohydrate fermentation into acid in aerobic conditions, the pH will 

drop and finally the Phenol red indicator will change color to yellow (Dewi 2013). 

Staphylococcus aureus bacteria can form lipochrome pigments which cause 

colonies to appear yellow on MSA media, whereas Staphylococcus epidermidis 
bacteria cannot form lipochrome pigments which cause colonies to appear white 

or pink (Todar, 2005). 

 
Identification of Staphylococcus epidermidis bacterial coagulase 

 

Coagulase identification was carried out in this study to determine the presence 
or absence of coagulase enzymes, where coagulase enzymes are extracellular 

proteins produced by Staphylococcus aureus bacteria which are used to 

distinguish the genus of Staphylococcus aureus and Staphylococcus epidermidis 
bacteria. The coagulase enzyme produced by Staphylococcus aureus bacteria can 

clot plasma. Plasma clotting can occur due to the presence of proteins that 

resemble enzymes which, if added with oxalate or citrate, can cause clots. Serum 

factors react with coagulase, namely to form esterase, clotting activity and 
activate prothrombin into thrombin. Thrombin will form fibrin which affects 

plasma clotting (Boerlin, 2003). Staphylococcus aureus bacteria have the ability 
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to clot plasma which is one of the virulence factors that is quite important in the 

pathogenesis of Staphlococcus aureus bacteria themselves. 

 
Coagulase testing on bacteriaStaphylococcus epidermidisIn this study, negative 

results were obtained, which were indicated by the absence of lumps such as 

sand or gel. The observation results can be seen in Figure 15. The results of 
coagulase identification are in accordance with the research conducted (Ely et.al, 

2018). The research conducted by Ely et al. stated that coagulase testing on 

Staphylococcus epidermidis bacteria did not show lumps, which means that the 
coagulase test results were negative. 

 

 
Figure 9. Staphylococcus epidermidis bacterial coagulase test 

 

Results of antibacterial activity testing of mangosteen peel. 
Antibacterial test results by diffusion 

 

The results of antibacterial activity tests on extracts, n-hexane fractions, ethyl 
acetate fractions, and mangosteen rind water fractions that have been carried out 

indicate the inhibition of the growth of Staphylococcus epidermidis bacteria, 

indicated by the presence of an inhibition zone around the paper disc where the 
test solution has been placed. 

 

The results of the antibacterial activity test on the extract, n-hexane fraction, 
ethyl acetate fraction, and mangosteen rind water fraction against Staphylococcus 

epidermidis bacteria showed that the ethyl acetate fraction had the largest 

inhibition zone with an inhibition zone of 28.6 mm. 
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Table 16. Diameter of inhibition zone of antibacterial activity test of mangosteen 
peel extract and fraction against Staphylococcus epidermidis FNCC 0048 

 

Contents Concentration Inhibitory diameter (mm) Mean 

(mm)±SD 

  1 2 3  

Extract 10% 15 13.6 14 14.2±0.5 

n-hexane 10% 10.6 14.6 14.3 12.7±2 

Ethyl 
acetate 

10% 25.6 30.3 30.3 28.7±2.7 

Water 10% 16.3 19 19.6 18.3±1.7 

Positive 
Control (+) 

10% 36.3 37.6 37.6 37.1±0.7 

negative 

control (-) 

_ - - - - 

Information 

 + : positive control (antibiotic clindamycin)  
 - : negative control (DMSO 1%) 

 

The purpose of the data normality test is to determine whether the data is 
normally distributed or not. This study uses the Shapiro-Wilk test as a data 

normality test because the number of samples is less than 50. The value of the 

Shapiro-Wilk test results prove that the antibacterial n-hexane fraction is 
normally distributed with a significant value of 0.129 (> 0.05), the antibacterial 

ethyl acetate fraction is normally distributed with a significant value of 0.319 (> 

0.05), the antibacterial water fraction is normally distributed with a significant 

value of 0.328 (> 0.05), and the antibacterial extract is normally distributed with 
a significant value of 0.287 (> 0.05). The value of the Shapiro-Wilk test can be 

concluded that the data above is normally distributed because p> 0.05, so all 

data in table 16 is normally distributed. The normality results will be continued 
with a homogeneity test (Lavene test) which is then carried out by the Posthoc 

Tukey test to obtain the results of the homogeneity of the subsets. In the 

homogeneity column of subsets, it shows that the results of the antibacterial test 
on the extract and ethyl acetate fraction are close to the positive control. The 

results of the Anova test using Shapiro-Wilk, homogeneity, posthoc Tukey and 

homogeneity of subsets against antibacterials in the n-hexane fraction, ethyl 
acetate fraction, water fraction, extract and negative control are in appendix 36. 

 

The antibacterial activity of the ethyl acetate fraction of mangosteen rind in 

inhibiting the growth of Staphylococcus epidermidis bacteria is thought to be due 
to the influence of the content of several secondary metabolite compounds 

contained in the fraction. Based on phytochemical examination, it is known that 

mangosteen rind extract contains secondary metabolites in the form of flavonoids, 
alkaloids, and saponins. 

 

Each secondary metabolite compound found in mangosteen rind has a different 
mechanism of bacterial growth inhibition. Active ingredients that act as 

antibacterials can interfere with physiological processes and prevent the 

formation of bacterial cell components such as cell wall synthesis, cytoplasmic 
membrane protein synthesis and nucleic acid synthesis (Subandrio, 1995). From 
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the table above, it can be seen that the ethyl acetate fraction has the greatest 

inhibitory power of the n-hexane fraction and the water fraction. According to 

Huliselan et al. (2015), ethyl acetate can extract a total phenolic compound 
content of 36.25 mg/L in each plant used in the extraction. Compared to other 

polar solvents such as ethanol (5.795 mg/L) and non-polar solvents such as n-

hexane (14.659 mg/L), ethyl acetate can extract more phenolic compounds than 
other semi-polar or non-polar solvents. Thus, ethyl acetate is an effective solvent 

for extracting phenolic compounds in mangosteen rind. 

 
Flavonoids, saponins and alkaloids are compounds in plants that have 

antibacterial activity. The mechanism of flavonoids in inhibiting bacterial growth 

is causing damage to the permeability of bacterial cell walls, bacterial microsomes 
and bacterial lysosomes as a result of the interaction between flavonoids and 

bacterial DNA, flavonoid compounds are able to release transduction energy to 

the bacterial cytoplasmic membrane, flavonoids can also inhibit bacterial motility. 

The hydroxyl group found in the structure of flavonoid compounds causes 
changes in organic components and nutrient transport which will eventually 

result in toxic effects on bacteria (Sabir 2005). Flavonoids are a group of phenol 

compounds that have a tendency to bind proteins, thereby disrupting the 
metabolic process. Flavonoid compounds are related to biogenesis and have a 

close relationship with xanthone compounds. The antibacterial activity of 

xanthone compounds is related to the reaction of xanthone carbonyl groups that 
interact with non-ionized amino acid groups such as the ε-amino group of lysine 

residues or the terminal α-amino group of a bacterial cell membrane protein, 

causing the function of the bacterial cell membrane protein to be lost (Putra, 
2010). 

 

Saponin compounds can damage the cytoplasmic membrane of bacterial cells. 

Damage to the cytoplasmic membrane of bacterial cells can reduce the 
permeability of the bacterial cell membrane so that the transport of substances 

into and out of bacterial cells becomes uncontrolled. Substances in bacterial cells 

such as organic ions, enzymes, amino acids and nutrients can exit bacterial cells. 
If these enzymes exit bacterial cells together with substances such as water and 

nutrients, metabolism can be inhibited, resulting in a decrease in ATP needed for 

the growth and reproduction of bacterial cells, and bacterial cell growth is 
inhibited and causes bacterial cell death (Retnowati 2011). Alkaloid compounds 

have antibacterial activity by disrupting the peptidoglycan composition of 

bacterial cells, so that the bacterial cell wall layer is not formed completely and 
causes the death of the bacterial cells (Amalia 2014). 

 

The results of antibacterial activity tests on the extract, n-hexane fraction, ethyl 

acetate fraction, and water fraction of mangosteen peel against Staphylococcus 
epidermidis bacteria showed that the best antibacterial activity was the ethyl 

acetate fraction. 

 
Based on the standard reference of the Ministry of Health of the Republic of 

Indonesia regarding the sensitivity of test bacteria to antimicrobial compounds 

from plants which states that the sensitive category of test bacteria if they have a 
diameter of the resulting inhibition zone ranging from 12-24 mm (Ministry of 

Health of the Republic of Indonesia, 1998), then the study of antibacterial activity 
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against Staphylococcus epidermidis bacteria sensitive to the ethyl acetate fraction 
of mangosteen rind with a concentration of 10% has antibacterial activity with an 

inhibition zone of 28.6 mm which has met the provisions issued by the Ministry of 

Health of the Republic of Indonesia 1998. The strength of the extract in inhibiting 
the growth of test bacteria is classified based on the diameter of the inhibition 

zone according to Monks et al. with the following criteria: the diameter of the 

inhibition zone is less than 7 mm categorized as no antibacterial activity, the 

diameter of the inhibition zone is 7-11.99 mm categorized as weak antibacterial 
activity, the inhibition zone is 12-16.99 mm categorized as moderate antibacterial 

activity, the inhibition zone is more than or equal to 17 mm categorized as strong 

antibacterial activity. 
 

Results of testing the gel preparation of ethyl acetate fraction of 

mangosteen rind 
 

The ethyl acetate fraction made in gel preparation will be designed or entered 

using the design expert application using the Simplex lattice design method by 
entering 3 variables, namely variable A as Carbopol 940, variable B HPMC 

1000DB and variable C Propylene glycol, these three variables provide 14 

formulas with different concentration variants in the 14 formula variables, the 

formula results can be seen in table 18. 
 

Table 17. Design of optimum run formula 
 

No 
Material 

name 

Formula 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 

1 Carbopol 940 1 2 1.6 1 1.5 1.5 2 1 1 1.5 1.16 1.3 1.16 1 

2 HPMC 2 2 2.16 2 2 2.5 2 3 3 2.5 2.16 2.3 2.6 2.5 

3 Propylene 

Glycol 

6 5 5.16 6 5.5 5 5 5 5 5 5.6 5.3 5.16 5.5 

 

After getting 14 formulas with the design expert application, the 14 formulas will 

be observed for their physical properties, including organoleptic, homogeneity, 
pH, spreadability, adhesiveness, and antibacterial. Observations of the gel 

preparation will be carried out to determine which gel preparation is good from 

the 14 formulas. To obtain the optimum formula, 3 parameters will be taken, 
namely adhesiveness, spreadability, and antibacterial in the gel preparation, 

where these 3 parameters will be processed using the design Expert application 

with the Simplex Latice Design method and will obtain 1 optimum or best 

formula. 
 

Organoleptic test results of the gel 

 
Organoleptic testing of gel preparations was carried out by observing the gel 

preparation without using any aids by observing the shape, color, and odor of the 

gel preparation. The results of the organoleptic testing can be seen in table 18. 
Based on the table below, it can be seen that the gel preparation has a yellow 

color caused by the ethyl acetate fraction of mangosteen rind when mixed with 
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the pure gel preparation that has been made so that it can affect the color of the 

preparation on the gel. 

 
Table 18. Organoleptic test results of gel preparations 

 

Formula Form Color Smell 

1 Semi solid Yellow Odorless 

2 Semi solid Yellow Odorless 

3 Semi solid Yellow Odorless 
4 Semi solid Yellow Odorless 

5 Semi solid Yellow Odorless 

6 Semi solid Yellow Odorless 
7 Semi solid Yellow Odorless 

8 Semi solid Yellow Odorless 

9 Semi solid Yellow Odorless 
10 Semi solid Yellow Odorless 

11 Semi solid Yellow Odorless 

12 Semi solid Yellow Odorless 
13 Semi solid Yellow Odorless 

14 Semi solid Yellow Odorless 

Information: 

F1 : Formula 1 F2 : Formula 2 F3 : Formula 3 F4 : Formula 4 

F5 : Formula 5 F5 : Formula 5 F6 : Formula 6   F7 : Formula 7 
F8 : Formula 8 F9 : Formula 9 F10: Formula 10 F11 : Formula 11 

F12: Formula 12 F13 : Formula 13 F14 : Formula 14 

 
Gel homogeneity test results 

 

Homogeneity testing is carried out to determine whether the gel preparation is 

homogeneous or not, homogeneity testing is carried out by placing 0.5 grams of 
gel preparation on a glass object and pressing it with a deg glass. The gel 

preparation is said to be homogeneous if the gel preparation does not separate 

and is solid, the results of the gel preparation test can be seen in appendix 28. 
Based on observations of the homogeneity of the gel preparation, it can be seen 

that the gel preparation has homogeneous physical properties, and is proven by 

the absence of separation during the homogeneity test, 
 

Table of physical properties testing of mangosteen rind ethyl acetate 

fraction gel 
 

The results of the physical properties testing of the gel including pH testing, 

adhesion testing, and critical parameters including spreadability, viscosity, and 

antibacterial can be seen in table 19. 
 

 

 
 

 

 



         144 

Table 19. Results of testing the physical properties of the mangosteen rind ethyl 
acetate fraction gel 

 

Formula pH Adhesion Spread 

power 

Viscosity Antibacterial 

1 6.3±0.08 3±0 4.1±0.1 423±10.01 21.5±3.05 

2 6.49±0.13 3±0 3.26±0.01 544±1 22±1 
3 6.6±0.02 3.3±0.57 3.38±0.01 743±17.77 22±1 

4 6.43±0.03 4±1 4.46±0.01 414±1 21.3±2.08 

5 6.46±0.03 3.3±0.57 4.21±0.05 432±0 21±1 
6 6.6±0.02 6±3.6 4.15±0.13 524±10 21.3±2.08 

7 6.78±0.02 4±1 3.24±0.01 564±1 22±1 

8 6.42±0.06 4±1 4.23±0.30 664±10 24±1 
9 6.45±0.02 4±1 4.51±0.05 608±1 23±2 

10 6.53±0.03 3±0 4.65±0.13 300±0 20.6±1.52 

11 6.35±0.03 4.3±0.57 3.45±0.13 800±0 20.8±1.40 

12 6.43±0.04 3.3±0.57 3.41±0.05 715±10 20.3±3.05 
13 6.3±0.01 3±0 3.53±0.1 759±10 20.9±1.27 

14 6.3±0.04 3.6±0.57 4,470.31 425±10 21.3±2.08 

 

Information : 

F1 : Formula 1 F2 : Formula 2 F3 : Formula 3 F4 : Formula 4 
F5 : Formula 5 F5 : Formula 5 F6 : Formula 6 F7 : Formula 7 

F8 : Formula 8 F9 : Formula 9 F10: Formula 10 F11 : Formula 

11 
F12 :Formula 12 F13 : Formula 13 F14 : Formula 14 

 

Table 20. Simplex Lattice Design equation for the response of mangosteen rind gel 

preparation 
 

 Simplex Lattice Design Equation 

Spread power Y= +3.25 (A) + 4.37 (B) + 4.29 (C) + 2.33 (AB) + 2.29 

(AC) – 9.32 (BC) 

Viscosity Y = + 554.00 (A) + 615.88 (B) + 429.83 (C) –737.09 

(AB) – 213.18 (AC) + 2651.62 (BC) 

Antibacterial Activity Y = 2.20 (A) + 2.35 (B) + 2.14 (C) – 0.7314 (AB) – 
0.2345 (AC) – 0.6142 (BC) 

 
Description: 

Y = Response 

A = Carbopol 940 
B = HPMC 1000DB 

C = Propylene glycol 

 

pH gel test results 
 

Observation of the pH test on the gel preparation was carried out using a pH 

meter by inserting the pH meter into the gel preparation and then looking at the 
numbers listed on the pH meter to 14 formulas, the pH results were obtained 

with an average of 6.3-6.7, if the pH of the formula increases or is high, this is 
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due to the presence of Triethanolamine content with a large concentration which 

can increase the pH of the formula, in addition to Triethanolamine carbopl 940 

will form a suspension at pH 3, and the viscosity will increase so that it forms a 
gel preparation at pH 6-8 (Dewi and Saptarini, 2016). The level of comfort of using 

the gel will decrease if the viscosity is too high because the gel is difficult to 

remove from the packaging and does not spread easily when applied to the skin 
(Sumule, Kuncahyo and Leviana, 2020). The results of the pH test of the gel 

preparation can be seen in table 20. 

 
pH or acidity level also affects bacterial growth (Pelczar and Chan, 2007). The pH 

generally preferred by microbes is neutral pH, which is pH 7. Some bacteria grow 

at pH 6, but there are also microbes found growing at pH 4 or pH 5. It is very rare 
for a microbe to grow well at pH 4, except for certain autotrophic bacteria because 

bacteria produce metabolic products that are acidic or basic (Volk and Wheeler, 

1993). 

 
The effect of pH on bacterial growth is related to enzyme activity. Enzymes are 

needed by bacteria to catalyze reactions related to bacterial growth. If the pH in a 

medium or environment is not optimal, it will interfere with the growth of the 
bacteria themselves. When the pH decreases or increases, the nature of the amino 

acid groups will change, causing bacteria to not be able to grow optimally and will 

affect the metabolic products that will be produced (Pelczar and Chan, 2007). 
 

Gel adhesion test results 

 
The gel preparation adhesion test was conducted to determine the time required 

by the gel preparation to adhere to the skin, the longer the gel preparation's 

ability to adhere to the skin, the longer the therapeutic effect given. The gel 

adhesion was conducted to determine the bond between the gel and the skin. The 
higher the gel adhesion indicates the stronger the bond between the gel and the 

skin, allowing for higher drug absorption by the skin. Conversely, if the bond 

between the gel and the skin is less than optimal, the drug will be easily removed 
from the skin (Nevi, 2006). The results of the gel preparation adhesion test from 

14 formulas showed that formula 11 had the highest inhibition time with a time 

of 4.3 seconds with variations in humectants in formula 11 Carbopol 940 
1.16667, HPMC 1000DB 2.16667, propylene glycol 5.66667. The results of the gel 

preparation adhesion test can be seen in table 19. 

 
Critical parameter optimization based on Simplex Lattice Design 

Data from observations of mangosteen rind gel preparations covering 3 critical 

parameters, namely spreadability, viscosity, and antibacterial activity, were 

entered into the software.Simplex Lattice Design. 
 

Gel spread power test results 

 
Spreadability testing of gel preparations is carried out to determine the 

spreadability of a preparation on the skin surface, the wider the spreadability of 

the preparation, the better the spreadability of the active preparation on the skin 
surface, the spreadability value is inversely proportional to the viscosity value so 

that the higher the viscosity value, the lower the spreadability value. Spreadability 
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is the ability of the preparation to spread when used on the skin, the greater the 
spreadability, the wider the active substance will be distributed properly. The 

smaller the spreadability, and the antibacterial activity decreases, good 

spreadability causes contact between the drug and the skin to occur quickly, the 
wider the spreadability will affect the contact between the active substance and 

the skin surface, the wider the contact surface of the efficacious substance with 

the skin, the greater and the absorption of the drug will be more optimal 

(Sholichah et al, 2019). The results of the spreadability test showed that formula 
10 had the best spreadability with a value of 4.65 cm and with variations of 

humectants carbopol 940 1.5%, HPMC 1000DB 2.5%, and propylene glycol 5% 

from this data, it will be continued by entering the values into the Design Expert 
application with the aim of determining the effect of the three humectants in the 

gel preparation. The results of the gel preparation spreadability test can be seen 

in table 19. 
 

The data obtained will be processed using the Design Expert application, the 

results of data processing obtained the equation shown in table 20. The difference 
in the data obtained is not significantly different which is stated in the 

insignificant model parameters and the lack of fit parameters which have 

insignificant values, which means that the replication formula on the same 

component has the same response. Based on the above spreading power 
equation, it can be concluded that the three variables get positive results which 

means that carbopol 940, HPMC 1000DB, and propylene glycol can cause an 

increase in the gel spreading power value and the interaction between carbopol 
and HPMC 1000DB gives a positive value (+2.33) which means that the addition 

of carbopol 940 and HPMC 1000DB is predicted to increase the spreading power 

of the gel preparation, the interaction that occurs between carbopol 940 and 
propylene glycol gives a positive value (+2.29) which means that the addition of 

carbopol 940 and propylene glycol can increase the spreading power of the gel 

preparation, and the interaction between HPMC 1000DB and propylene glycol 
gives a negative value (-9.32) which means that the addition of HPMC 1000DB 

and propylene glycol will reduce the spreading power of the gel preparation. The 

equation that has been discussed above, it can be seen that the interaction that 

occurs between carbopol 940 and HPMC 1000DB is a good interaction to increase 
the spreadability of the gel preparation. Research by Nursiah et al. (2011) shows 

that the HPMC gelling agent has hydrophilic properties and has advantages by 

producing good spreadability, cooling effect, does not clog pores, is easily washed 
with water and has good drug release. Based on the data above, it can be seen 

that the addition of HPMC 1000DB can increase the spreadability of the results of 

the equation that has been discussed can be seen in the Counter plot of 
spreadability in Figure 14 
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Figure 10. Counter Plot Spread Power 

 
In the pictureCounter plotFrom the above spreading power, it can be seen that 

from the three factors, namely carbopol 940, HPMC, and propylene glycol, there is 

an interaction as evidenced by the presence of waves in the triangle.Counter 
plotspreading power, fromCounter plotabove, it can be seen that HPMC 1000DB 
has an important role in increasing the spreadability of the gel, which is seen in 

the orange color of HPMC 1000DB and according to the equation above, HPMC 

1000DB has a higher coefficient value than carbopol 940 and propylene glycol, 
this is in accordance with research conducted by (Sukmawati 2013) which states 

that HPMC 1000DB affects the spreadability of the preparation. In addition to 

HPMC 1000DB, propylene glycol can also have an effect on increasing the 
spreadability because propylene glycol has water properties that can affect the 

consistency of the gel preparation (Ayorbaba, 2020). 

 
Gel viscosity test results 

 

Gel preparation viscosity testing is carried out to determine the thickness of the 

gel preparation, gel preparation testing is carried out using a viscometer, testing 
is carried out on 14 gel preparation formulas. The higher the viscosity, the higher 

the level of viscosity of the substance and the greater the resistance of the 

preparation to flow which will affect the antibacterial activity of the viscosity of the 
preparation will increase so that its antibacterial activity will be lower, this 

happens because the bonds between the base formula with high viscosity become 

tighter so that the active substance will be more difficult to diffuse out (Intan et 
al, 2017). The results of the gel preparation viscosity test can be seen in table 19. 

 

The results of the viscosity test showed that formula 11 had a high viscosity of the 
other 13 formulas with a value of 800 dPas and with variations in humectants 

formula 11 Carbopol 940 1.16667, HPMC 1000DB 2.16667, propylene glycol 

5.66667, high viscosity values can be caused by carbopol where carbopol 940 can 

increase viscosity in the preparation. While the higher the viscosity, the more 
difficult the active substance that comes out of the drug compound will be 

(Madan & Singh, 2010). The increase in high viscosity values can be influenced by 

carbopol 940 and the viscosity value is also influenced by the concentration of 
HPMC 1000DB and propylene glycol. HPMC 1000DB is a neutral gelling agent 

and can form a clear gel and can maintain the viscosity of the resulting gel (Rowe, 
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2009). Research conducted by Rupal et al. (2010), on the release of drugs from 
gels with gelling agents HPMC 1000DB and carbomer found that the results of 

the study showed that propylene glycol affects the ability to release drugs. The 

conclusion that can be drawn is that HPMC 1000DB and propylene glycol can 
cover the shortcomings of carbopol 940 where carbopol 940 can increase high 

viscosity which will cause difficult drug release therefore HPMC 1000DB has the 

property to neutralize, and produce physical characteristics that meet the 

requirements of gel preparations with good and acceptable results. HPMC 
1000DB and propylene glycol can affect the ability to release drugs. 

 

HPMC 1000DB can increase viscosity compared to carbopol 940 and propylene 
glycol because HPMC 1000DB is a cellulose derivative. In cellulose derivative 

polymer dispersions, primary molecules will enter the cavity (cavities) formed by 

water molecules so that hydrogen bonds occur between the hydroxyl groups (-OH) 
of the polymer and water molecules. This hydrogen bond plays a role in hydration 

in the development process of a polymer so that increasing the content of HPMC 

1000DB causes more hydroxyl groups and higher viscosity (Kibbe, 2004) 
 

The data obtained will be processed using the Design Expert application, the 

results of data processing obtained the equation shown in table 21. The difference 

in the data obtained is significantly different which is stated in the model 
parameters that have significant values and the lack of fit parameters that are not 

significant, meaning that the replication formula with the same components has a 

different response. Based on the equation in table 20, it can be concluded that 
the three variables show positive results or values, which means that by 

increasing the three variables, the viscosity value can be increased and the 

interaction between carbopol 940 and HPMC 1000DB gives a negative value (-
7.37.09) which means that the addition of carbopol and HPMC 1000DB is 

predicted to reduce the viscosity of the gel preparation, the interaction between 

carbopol 940 and propylene glycol gives a negative value (-213.18) which means 
that the addition of carbopol 940 and propylene glycol is predicted to reduce the 

viscosity of the gel preparation, and the interaction between HPMC 1000DB and 

propylene glycol gives a positive value (+ 2651.62) which means that the addition 

of HPMC 1000DB and propylene glycol can increase the viscosity of the gel 
preparation. The equation that has been discussed above, it can be seen that the 

interaction between HMPC 1000DB and propylene glycol is a good interaction in 

increasing the viscosity of the gel preparation. This shows that the greater the 
proportion of HPMC 1000DB used in the formula will increase the viscosity value. 

Conversely, if the greater the proportion of carbopol 940 and propylene glycol 

used, the viscosity response will decrease. Based on the data above, it can be 
seen that the addition of HPMC 1000DB can increase the viscosity of the gel 

preparation. 
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Figure 11. Viscosity Counter Plot (dPas) 

 

Based on Counter plot above, it can be seen that there is an interaction between 

two factors, namely HPMC 1000DB and propylene glycol. This is proven by the 

presence of waves onCounter plottriangle and based onCounter plotabove, it can be 
seen that HPMC 1000DB and propylene glycol may have an important role in 

increasing viscosity. This is indicated by the red color located on HPMC 1000DB 

and propylene glycol and is proven by the equation value that HPMC 1000DB has 
the highest value, followed by propylene glycol. 

 

Results of antibacterial activity testing of ethyl acetate fraction gel from 
mangosteen rind 

 

Antibacterial activity testing of the ethyl acetate fraction gel preparation of 
mangosteen rind was carried out to determine whether the ethyl acetate fraction 

of mangosteen rind in the gel preparation has activity to inhibit the growth of 

Staphylococcus epidermidis bacteria. The results of the antibacterial activity test 

of the ethyl acetate fraction gel preparation of mangosteen rind can be seen in 
table 19. 

 

The antibacterial activity data of the gel preparation obtained will be entered and 
processed using the Design Expert application to obtain an equation as in table 

20. Based on the equation above, it can be seen that the interaction of the three 

variables has a significant influence, in the interaction of carbopol 940 and HPMC 
1000DB getting a negative value (-0.7314), carbopol 940 and propylene glycol (-

0.2345), and HPMC 1000DB and propylene glycol (-0.6142) which means that the 

addition of carbopol 940 and HPMC 1000DB, carbopol-propylene glycol, and the 
addition of HPMC-propylene glycol do not affect antibacterial activity. HPMC 

1000DB has an important role in increasing viscosity so that by increasing the 

viscosity of a preparation, and the greater the viscosity of a food preparation, the 



         150 

greater its resistance (Sinko, 2011) so that it can inhibit the release of the active 
substance and result in a decrease in inhibition of the gel formulation against 

Staphylococcus epidermidis bacteria. Based on the data above, the Counter plot 

of the inhibition test for Staphylococcus epidermidis bacteria based on SLD can 
be seen in Figure 16. 

 

 
Figure 12. Counter plot of inhibition test for Staphylococcus epidermidis bacteria 

 

Based on the Counter plot image above, it can be seen that there is no interaction 
between the three factors, namely carbopol 9940, HPMC, propylene glycol. This is 

proven by the presence of waves on the Counter plot and the blue color found in 

HPMC and propylene glycol, which is different from HPMC.  1000DB which has 
an important role to increase antibacterial activity, this can be shown by the 

presence of orange color located in HPMC 1000DB and proven by the equation 

above where the coefficient value of HPMC 1000DB is greater than carbopol 940 

and HPMC 1000DB. Research conducted by Rowe et al., (2009) stated that HPMC 
1000DB can inhibit microbial growth. 

 

Optimum formula for mangosteen rind ethyl acetate fraction gel preparation 
 

Determination of the optimum formula using the SLD method by entering the 

target response to be obtained and entering the degree of importance. The 
selected response targets include minimize, maximize and in range. The degree of 

importance is the level of how important each response is to determine an 

optimum formula, the degree of importance can be determined with values 
ranging from less important (+) to very important (++++). 

 

The determination of the optimum formula will be entered data from the results of 

the physical properties of the mangosteen rind ethyl acetate fraction gel 
preparation, and the critical factors that will be used are the spreadability, 

viscosity, and antibacterial properties of the mangosteen rind ethyl acetate 

fraction gel preparation. The degree of importance of the spreadability is (++++) 
with a target response in the range of determining this degree of importance 

because the spreadability is an important factor in the gel preparation, the 

spreadability can help the gel preparation work on the skin surface. The degree of 
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importance for viscosity is (++++) with a target response in the range so that the 

viscosity value will be at the expected minimize and maximize values. The degree 

of importance for antibacterial activity is (++++++) with a maximize response 
determining the degree of importance at the highest antibacterial activity because 

the inhibitory power for bacterial growth in the gel preparation is the most 

important factor in the research conducted, especially to see the ability of the 
compound activity of the active substance so as to obtain maximum results. The 

results will be shown in table 21. 

 
Table 21. Optimization data of the optimal formula for the preparation of ethyl 

acetate fraction gel from mangosteen rind using the Design Expert application 
 

Name Goal Lower limit Upper limit Importance 

Carbopol 940 Is in range 1 2 1 

HPMC1000DB Is in range 2 3 1 

Propylene Glycol Is in range 5 6 1 

Spread power Is in range 3.08 4.4 1 

Viscosity Is in range 300 800 1 

Antibacterial activity Maximize 2 2.3 1 

 

After the response data has been entered into the Design Expert application with 

the SLD method, it will obtain the results of material variation solutions and good 

response value predictions. The results of the analysis, composition and 
prediction of the optimum formula physical properties are shown in table 22. 

 

Table 22. Kcomposition and prediction of physical quality test of optimum gel 
preparation formula 

 

Carbopol 

940 

HPMC Propylene 

glycol 

Spread 

power 

Viscosity Antibacterial 

activity 

Desirability 

1,500 2,500 5,000 3,779 439,610 2.116 1,000 

 

Based on the data prediction, it can be concluded that the formula produces a 
desirability value of 0.872. and Super improsed obtained by showing the yellow 

area that provides the optimum response, the desirability value approaching 1 

indicates the desired formula but the desirability value approaching 0 indicates 

the formula is not as desired, the results of the Counter plot of the desirability 
value are shown in Figure 19. 
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Figure 1. Counter plot Desirability 

 

 

 
Figure 2. Counter plot superimposed mangosteen skin gel 

 
Verification of optimization results and statistical analysis 

 

The optimum formula predicted by the Simplex Lattice Design method was tested 

for its accuracy by making a gel preparation formula again and conducting 
physical quality tests including adhesive power, spread power, viscosity, and 

antibacterial. The results obtained showed that the prediction and experimental 

data were not much different, the results are shown in table 23. 
 

Table 23. Prediction value and experiment of ethyl acetate fraction gel of 

mangosteen rind 
 

Response Prediction value Trial value Conclusion 

Spread power 3,779 3.7 No significant difference 
Viscosity 439,610 436.66 No significant difference 

Antibacterial 2.116 2.14 No significant difference 

 

Results of physical stability testing of optimum formula 

 
The optimum formula of ethyl acetate fraction gel preparation with a humectant 

composition of carbopol 940 1,500%, HPMC 1000DB 2,500%, and Propylene 

glycol 5,000% was then tested for physical quality again with accelerated storage 
for 3 cycles. This method is called the freeze thaw method, namely by placing the 
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gel preparation at a temperature of ± -10 ° C for 24 hours and at room 

temperature around 25-29 ° C for 24 hours (1 cycle), observations were made on 

the viscosity, spreadability, adhesiveness, pH, and organoleptic of the ethyl 
acetate fraction gel preparation of mangosteen rind in the 0th and 3rd cycles. 

 

Organoleptic and Homogeneity 
 

Organoleptic observations conducted on the mangosteen rind ethyl acetate 

fraction gel preparation during cycle-0 and cycle-3 storage did not show any 
changes in color, odor, shape and homogeneity. From these results, it can be seen 

that the mangosteen rind ethyl acetate fraction gel preparation is stable. The 

results of organoleptic observations are seen in table 24. 
 

Table 24. Organoleptic observations of the optimum formula for mangosteen rind 

gel preparation 
 

Cycle Color Smell Form Homogeneity 

0 Yellow Odorless Semi solid Homogeneous 
3 Yellow Odorless Semi solid Homogeneous 

 
pH 

 

Observation of pH on the optimum formula of mangosteen rind ethyl acetate 
fraction gel preparation was carried out in cycles 0 to 3. The pH value results can 

be presented in table 25. 

 
Table 25. The optimum pH value of the formula for the ethyl acetate fraction gel 

preparation from mangosteen rind 
 

Replication Cycle-0 Cycle-3 

Replication-1 6.75 6.23 

Replication-2 6.54 6.37 
Replication-3 6.67 6.43 

Average 6.65 6.34 

 

Based on the test data above, it can be seen that the pH in the preparation is 

stable as evidenced by the absence of any pH values that experience significant 
changes and fall into the category of pH that is safe for the skin, a pH that is safe 

for the skin is 4.5-7 (Pranawati, et al 2016). The results of the analysis using 

Shapiro-Wilk showed that the pH data in cycle-0 was normally distributed with a 
significant value of 1>0.05 and cycle-3 was normally distributed with a value of 

1>0.05. Normally distributed data will be continued with T-test testing of the test 

results from the T-test with the results in cycle-0 the p-value is greater than the 

alpha value 129.904> 0.05 which means H0 is accepted and Ha is rejected, while 

the results of the T-test in cycle-3 the p-value is greater than the alpha value 
64.086> 0.05 which means Ho is accepted and Ha is rejected, if Ho is accepted 

and Ha is rejected then it can be concluded that there is no influence between the 

independent variable and the dependent variable. 
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Adhesion 
 

Observation of the adhesive power of the optimum formula of mangosteen rind 

ethyl acetate fraction gel was carried out in cycle 0 and cycle 3, for the results of 
this test will be processed with Shapiro-Wilk to determine the data obtained is 

normally distributed or not normally distributed, the adhesive power data entered 

into the Shapiro-Wilk software obtained adhesive power in cycle-0 with a 

significant value of 0.637> 0.05 and in cycle-3 with a significant value of 0.637> 
0.05.Normally distributed data will be continued with T-test testing, the test 

results from the T-test with the results in cycle-0, the p-value is smaller than the 

alpha value -287.253 <0.05 which means Ho is rejected and Ha is accepted, the 
results of the T-test in cycle-3, the p-value is smaller than the alpha value -

322.404 <0.05 which means H0 is rejected and Ha is accepted, based on the data 

above, it can be concluded that there is an influence between the independent 
variable and the dependent variable., the results of the adhesion test can be seen 

in table 26. The SPSS data for viscosity can be seen in appendix 33. 

 
Table 26. Stability testing of adhesive power of gel preparations 

 

Cycle Adhesion (seconds) 

0 3.42 

3 3.15 

 

Spread power 

 
Observation of the spreadability of the optimum formula of the mangosteen rind 

ethyl acetate fraction gel preparation was carried out in cycle 0 and cycle 3, for 

the value of the results of this test will be processed with Shapiro-Wilk to 
determine the data obtained is normally distributed or not normally distributed. 

The spreadability data in cycle-0 obtained in Shapiro-Wilk is normally distributed 

with a significant value of 0.812> 0.05 while in cycle-3 it is normally distributed 
with a value of 0.910> 0.05. The test is continued by using the T-test where in 

cycle-0 the p-value is smaller than the alpha value -32.007 <0.05 which means 

Ho is rejected and Ha is accepted and in cycle-3 the p-value is smaller than the 
alpha value -32.742 <0.05 which means H0 is rejected and Ha is accepted, with 

the data above it can be concluded that there is an influence between the 

independent variables on the dependent variables, the results of the adhesion test 

can be seen in table 27, the spss data from the spread power can be seen in 
appendix 34. 

 

Table 27. Stability testing of gel preparation spreadability 
 

Cycle Spread power (cm) 

0 3.99 
3 3.76 

 

Viscosity 

 
Observation of viscosity on the optimum formula of mangosteen rind ethyl acetate 

fraction gel preparation was carried out in cycle 0 and cycle 3, for the value of the 
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results of this test will be processed with Shapiro-Wilk to find out the data 

obtained is normally distributed or not normally distributed, the test results 

using Shapiro-Wilk to find out the viscosity test data is normally distributed or 
not then the results in cycle-0 are 0.780> 0.05 normally distributed while in 

cycle-3 with a value of 0.637> 0.05 normally distributed. The results of the 

viscosity test above will be continued with the T-test where in cycle-0 the p-value 
is greater than the alpha value 59.281> 0.05 which means H0 is accepted and Ha 

is rejected and in cycle 3 the p-value is greater than the alpha value 46.754> 0.05 

which means H0 is accepted and Ha is rejected. If H0 is accepted and Ha is 
rejected, then there is no influence between the independent variable and the 

dependent variable, meaning that there is no difference in the experimental 

viscosity values during the storage period in cycle 0 and cycle 3. The results of the 
adhesive strength test can be seen in table 28. The SPSS data for viscosity can be 

seen in appendix 35. 

 

Table 28. Stability of viscosity testing of gel preparations 
 

Cycle Viscosity 

0 436.66 

3 418.33 

 

Antibacterial activity 

 
Antibacterial activity test on the optimum formula of mangosteen rind ethyl 

acetate fraction gel preparation using the well diffusion method. In the 

antibacterial activity test on the optimum formula, namely by observing the clear 
zone around the well. Antibacterial activity testing was carried out using the 

optimum formula, positive control using clindamycin antibiotics and negative 

control using the optimum gel formula preparation without ethyl acetate fraction. 

Antibacterial activity testing was carried out with 3 replications, testing was 
carried out 3 replications aimed at getting good results. The results of the 

antibacterial test can be seen in table 29. 

 
Table 29. Results of antibacterial test of optimum formulation 

 

Contents Replication (mm) Average ± SD 

1 2 3  

Optimum formula 1.9 2.2 2.3 2.13±0.20 

Positive control (+) 3.3 3.2 3.4 3.3±0.08 

Negative control (-) - - - - 

 

The results of the antibacterial activity test of the optimum formula of the ethyl 
acetate fraction gel preparation showed that it had an inhibition zone of 21.3 mm, 

for the positive control it had an inhibition zone of 3.3 mm, and for the negative 

control there was no inhibition zone, which means that the gel preparation 
without the ethyl acetate fraction did not have antibacterial activity. 

 

Observation of antibacterial activity on the optimum formula of mangosteen rind 
ethyl acetate fraction gel was carried out in cycle 0 and cycle 3, the results of this 

test will be processed with Shapiro-Wilk to determine whether the data obtained 
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is normally distributed or not normally distributed. The results of the analysis 
using Shapiro-Wilk showed that the antibacterial activity data in cycle-0 was 

normally distributed with a significant value of 0.657> 0.05 and cycle-3 was 

normally distributed with a value of 1>0.05. Normally distributed data will be 

continued with T-test testing of the test results from the T-test with the results in 

cycle-0 the p-value is greater than the alpha value 41.966> 0.05 which means H0 
is accepted and Ha is rejected, while the results of the T-test in cycle-3 the p-

value is greater than the alpha value 41.469> 0.05 which means H0.If H0 is 

accepted and Ha is rejected, it can be concluded that there is no influence 
between the independent variable and the dependent variable, meaning that there 

is no difference in the experimental viscosity values during the storage period in 

cycle 0 and cycle 3. 
 

Conclusion 

 
Based on the results of the study, it can be concluded that the ethyl acetate 

fraction of mangosteen rind with a concentration of 10% has antibacterial activity 

against Staphylococcus epidermidis bacteria with an inhibition zone of 28.6 mm. 
The proportion of the mangosteen rind gel preparation formula to the 

concentration of Carbopol 940 1.5 gr, HPMC 1000DB 2.5 gr, propylene glycol 5 gr 

with a spreadability value of 4.35 cm, viscosity 433.33, antibacterial 21.4 mm. 

The optimum formula of the mangosteen rind gel preparation with a combination 
of carbopol 940, HPMC 1000DB and propylene glycol has antibacterial activity 

against Staphylococcus epidermidis bacteria. 

 
Similar research needs to be conducted with the replaced humectant, namely 

HPMC 1000DB replaced with CMC, to see the stability test of the gel preparation 

containing HPMC 1000DB and CMC has a significant difference or not. 
Antibacterial activity testing can use other bacteria, namely Staphylococcus 

aureus and Propionicbatarium acnes, which are one of the bacteria that cause 

acne. 
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