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ABSTRACT 

 Disease-causing bacteria are divided into two groups: Gram-positive and Gram-negative. 

These bacteria have different cell wall characteristics, which affect treatment options. The aim 

of this study was to determine the differences in antibacterial activity of petroleum ether and 

96% ethanol extracts against S. aureus and E. coli. The extraction method used was reflux. 

Antibacterial activity was measured using the well diffusion method with Mannitol Salt Agar 

and Eosin Methylene Blue Agar media. The results showed that PE extract 5.25% and ethanol 

11.09%. The inhibition zone (cm) of antibacterial activity of PE extract on S. aureus bacteria 

at concentrations of 1%, 5%, and 10% was 1.38±0.155; 1.58±0.138; 1.72±0.129, respectively, 

while E. coli bacteria were 1.16±0.123; 1.37±0.212; 1.52±0.238. The inhibition zone of 

ethanol extract on S. aureus bacteria at concentrations of 1%, 5%, and 10% were 0; 

1.39±0.136; 1.63±0.150, respectively, while E. coli bacteria were 1.30±0.191; 1.51±0.145; 

1.54±0.159. Based on SPSS analysis, non-parametric test showed that the activity of PE and 

96% ethanol extracts on S. aureus bacteria was significantly different from E. coli bacteria 

with a sig. value <0.05 and between PE and ethanol extracts provided significantly different 

activity against one type of bacteria (sig. <0.05). 
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INTRODUCTION 

Bacteria are microorganisms with a single-celled structure and no cell membrane 

(Artati & Oman, 2019). The presence of these microorganisms in the human body can cause 

various diseases, ranging from mild to severe and even death. Bacteria can be classified into 

two types: Gram-positive and Gram-negative. Gram-positive bacteria have a thicker cell wall 

structure containing peptidoglycan, while Gram-negative bacteria have a thinner peptidoglycan 

layer. Therefore, this classification is important for identifying and determining antibiotic 

treatment (Nurhidayati et al., 2015) 

Staphylococcus aureus is a Gram-positive bacterium whose cell wall is coated with 

peptidoglycan, polysaccharides, and phospholipids. These components protect the bacterial 

cell from external attacks, enabling the bacteria to survive (Rajagopal & Walker, 2018). 

Staphylococcus aureus bacteria can cause various infectious diseases such as skin infections, 

bacteremia, and pneumonia. This bacterium can also become more resistant to antibiotic abuse, 

making treatment more difficult (Guo et al., 2020). Staphylococcus aureus that has developed 

resistance to the drug class methicillin, often referred to as Methicillin-Resistant 

Staphylococcus aureus (MRSA), is a leading cause of death from bacterial infections 

(Chambers & Fowler, 2024). Escherichia coli is a group of Gram-negative bacteria. These 

bacteria commonly grow in the digestive tract and commonly cause urinary tract infections and 

mastitis. They can also cause nosocomial infections associated with urinary catheters in 



 Indonesian Journal of Pharmacy and Natural Product 
http:/jurnal.unw.ac.id/index.php/ijpnp 

Volume  09 Nomor 01, March 2026 
p-ISSN : 2656-3215 

e-ISSN :  2615-6903 
   

Submitted: 2026-01-22               Revised :  2026-02-11                      Accepted : 2026-03-20 
48 

hospital patients. These bacteria are capable of forming biofilms as a defense mechanism, 

enabling them to resist external attacks (Giannattasio-Ferraz et al., 2022). 

Based on the information on the dangers that can be caused by the presence of these 

bacteria, it is necessary to take measures to prevent or overcome them. One way to overcome 

this is to seek sources of treatment from natural ingredients. The natural ingredient used in this 

study is bangle rhizome. Bangle (Zingiber montanun (J. Koenig)) is a rhizome that contains 

various secondary metabolites, including triterpenoids, alkaloids, flavonoids, phenolics, and 

tannins (Daryanti et al., 2023). These compounds have various mechanisms against bacteria. 

Research conducted by (Khairunnisa; et al., 2025) stated that the ethanol extract of bangle 

rhizome at a concentration of 25% was able to provide antibacterial activity against Shigella 

dysenteriae of 8.8 mm. Research using other parts of the bangle, namely ethanol and n-hexane 

leaf extracts, was able to provide antibacterial activity against Escherichia coli of 0.648 cm and 

Staphylococcus aureus of 0.559 cm (Sari et al., 2016). Therefore, this study was conducted 

with the aim of determining the differences in the activity of petroleum ether and ethanol 

extracts on the growth of Gram-positive bacteria, represented by Staphylococcus aureus 

bacteria, and Gram-negative bacteria represented by Escherichia coli bacteria. 

 

MATERIALS AND METHODS 

Equipment and Materials  

The materials used in this study were bangle rhizome powder, 96% ethanol, petroleum 

ether, Mg powder, hydrochloric acid, amyl alcohol, gelatin, sodium chloride, Wagner, Mayer, 

Hager, Libermann-Burchad, butanol, acetic acid, distilled water, ammonia vapor, ethyl acetate, 

methanol, FeCl3, toluene, acetone, formic acid, methanol, Dragendorf, chloroform, 

anisaldehyde, sulfuric acid, benzene, Staphylococcus aureus, and Escherichia coli bacteria. The 

equipment used included a series of reflux apparatus, glassware, petri dishes, and vernier 

calipers. 

 

Methods  

Extraction 

Bangle rhizome extraction was carried out using the reflux method using petroleum 

ether and 96% ethanol as solvents. 225 grams of powdered rhizome were weighed and placed 

in a round-bottom flask with petroleum ether in a 1:5 ratio. The extraction was then carried out 

using the reflux method for 2 hours. The extraction process was repeated three times to ensure 

complete extraction. The filtrate was evaporated using a rotary evaporator and then 

concentrated using a water bath at 60°C until a thick extract was obtained (Indonesian Ministry 

of Health 2000). The dregs were then dried and re-extracted using 96% ethanol, repeating the 

extraction process. The filtrates obtained from each solvent were evaporated using a rotary 

evaporator and a water bath at 50°C until a thick extract was obtained. 

% Yield = (Extract Weight (g)) / (Richmond Weight (g)) x 100% 

 

Phytochemical Screening and Thin Layer Chromatography. 

The active compounds in the extract were identified by color and TLC using appropriate 

reagents and eluents. Flavonoids were identified by adding 0.1 g of magnesium powder, 1 mL 

of HCl, and 2 mL of amyl alcohol to the sample (Rahardhian et al., 2025). The eluent used for 

flavonoid identification was acetic acid: water: butanol (1:2:6) and ammonia vapor as a spot 

detector (Firnando et al., 2019). Phenolics were reacted with 1% FeCl3 to form a green or blue-

black color. The eluent used was ethyl acetate: methanol: water (100:13.5:10), and 5% FeCl3 

as a spot detector. Tannins were identified with 1% gelatin and 10% sodium chloride, eluent 
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toluene: acetone: formic acid (6:6:1) FeCl3 5% spotting (Hanani, 2015). Alkaloids were 

identified with 10 mL of 2% HCL, 10 mL of 10% ammonia, 20 mL of chloroform, 

phosphomolybdic acid, Wagner, Mayer, and Hager. Eluent methanol: ammonia (100:1.5), 

Dragendorff spotting (Mu’awwanah & Ulfa, 2015) 

Saponins were identified by shaking the sample with 10 mL of hot distilled water and 

1 drop of hydrochloric acid. The eluent was chloroform: methanol: water (64:50:10) to detect 

anisaldehyde-sulfuric acid spots and heated on a hot plate at 100℃ (Fahrurroji & Riza, 2020). 

Essential oils were identified with anisaldehyde-sulfuric acid solution, viewed under UV light 

366. The eluent used was benzene: chloroform (1:1) to detect anisaldehyde-sulfuric acid spots 

and was heated on a hot plate at 100℃. Steroids/Triterpenoids were identified using 

Liebermann-Burchard solution, acetic anhydride, and concentrated sulfuric acid; the eluent 

used was toluene: chloroform: methanol with a ratio of (40:40:10) to show anisaldehyde-

sulfuric acid spots and heated on a hot plate at 100℃ (Fajriaty et al., 2018). 

 

Antibacterial Activity Test 

The antibacterial activity of bangle rhizome extract was determined using the well 

method. A well was prepared by adding 10 mL of Mannitol Salt Agar (for Staphylococcus 

aureus) and Eosin Methylene Blue Agar (for Escherichia coli) to a Petri dish and allowing it to 

solidify. After the well was filled, 20 mL of the medium was poured into the cylinder cup, 

followed by 5 µL of bacterial suspension. After the well was formed, samples at concentrations 

of 1%, 5%, and 10%, along with a positive control, ciprofloxacin, were added. The Petri dish 

was incubated at 37°C for 24 hours, and the diameter of the inhibition zone was measured using 

a vernier caliper (Wulandari & Sulistyarini, 2018). 

 

RESULTS AND DISCUSSION  

This study aimed to determine the differences in antibacterial activity of bangle rhizome 

against both Gram-positive and Gram-negative bacteria. The Gram-positive bacteria used were 

Staphylococcus aureus, while the Gram-negative bacteria were Escherichia coli. The bangle 

rhizome extract samples used for the antibacterial test were obtained using the reflux extraction 

method. The reflux method is a heat extraction method because it utilizes temperature during 

the extraction process. Using temperature in the extraction process can provide the advantage 

of a faster extraction process because the reaction rate between the solvent and the powder 

containing the active ingredient is faster with increasing temperature (Kusumo et al., 2020). 

Bangle rhizome extraction used petroleum ether and 96% ethanol solvents with varying levels 

of polarity. Bangle rhizomes contain various compounds with varying polarity, such as 

alkaloids, flavonoids, phenolics, saponins, and triterpenoids (Setyani et al., 2021). Petroleum 

ether is a non-polar solvent that will dissolve non-polar compounds such as alkaloids, saponins, 

and triterpenoids. Meanwhile, 96% ethanol can dissolve compounds that tend to be semi-polar 

and polar, such as flavonoids and phenolics. The yield of bangle rhizome extraction using 

petroleum ether and 96% ethanol solvents is presented in Table 1 below. 

 

Table 1. Yield of Bangle Rhizome Extract 

Petroleum ether  Ethanol 96 % 
𝟏𝟏, 𝟖𝟐𝟏𝟓

𝟐𝟐𝟓, 𝟎𝟗
 𝒙 𝟏𝟎𝟎 = 𝟓, 𝟐𝟓 % 

24,9635

225,09
 𝑥 100 = 11,09 % 

 

From Table 1, the yield obtained with 96% ethanol solvent is greater than the extraction 

yield with ether solvent. The amount of yield indicates the number of compounds extracted 
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with the solvent. Ethanol consists of an ethyl group (C2H5), which can attract non-polar 

compounds, and a hydroxyl group (OH), which can attract polar compounds, ethanol is also 

called a universal solvent because it can attract various secondary metabolite compounds in 

simples (Noli & Idris, 2023). The image of the results of the extraction of bangle rhizomes with 

petroleum ether and 96% ethanol solvents is presented in Figure 1. 

 

 
                        A                                              B  

 

Figure 1. Results of Bangle Rhizome Extraction (A) Petroleum Ether Solvent, (B) 96% 

Ethanol Solvent 

 

The active compounds of the petroleum ether and 96% ethanol extracts were identified 

using color reactions and thin-layer chromatography, respectively. The identification results 

are presented in Table 2. 

 

Table 2. Results of Phytochemical Compound Screening of Petroleum Ether Extract 

(PEE) and 96% Ethanol Extract (EE) of Bangle Rhizomes 

No  Compound Reagent Literature 

Results 

       Test Results 

 PE 

Extract 

Ethanol 

Extract 

1. Flavonoids Mg powder, 

concentrated 

HCl, and amyl 

alcohol 

Red and orange-

yellow 

(+) (+) 

2. Phenolic FeCl 1 % Blue-green to 

black 

(-) (+) 

3.  Tannin  Gelatin 1 % dan 

NaCl 10 % 

White/yellowish-

white precipitate 

(-) (+) 

4. Alkaloids  HCL 2%, 

ammnonia 10%, 

chloroform, 

phosphomolybdi

c acid, Wagner, 

Mayer, and 

Hager 

Phosphomolybdi

c acid: insoluble 

precipitate 

Wagner : brown 

precipitate 

Mayer : white 

precipitate 

Hager : blackish-

brown precipitate 

(-) 

 

(+) 

(-) 

 

(+) 

(-) 

 

(-) 

(+) 

 

(+) 

5.  Saponin  Hot water and 

hydrochloric 

acid 

Stable foam 

forms 

(-) (-) 
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No  Compound Reagent Literature 

Results 

       Test Results 

 PE 

Extract 

Ethanol 

Extract 

6.  Essential oil Anisaldehyde-

sulfuric acid 

Forms blue, 

green, red, and 

brown colors in 

visible light, and 

some compounds 

fluoresce in UV 

light. 366 

(+) (+) 

7.  Steroids/Triterpen

oids 

Liebermann-

Burchard 

solution, acetic 

anhydride, 

sulfuric acid 

Steroids (green-

blue), 

triterpenoids 

(red-purple) 

 

(+) 

Steroid

s 

 

(+) 

Triterpenoid

s 

 

The color screening test results for the 96% ethanol extract showed that more 

compounds were attracted than those for the petroleum ether extract. The difference lies in the 

phenolic and tannin compounds. Both compounds tend to be polar, making them more attracted 

to ethanol than ether. In the flavonoid compound test, both extract samples produced a red color 

in the amyl alcohol layer. The color formed was due to the reduction of magnesium powder by 

the flavonoid compound. The red color indicates the presence of a flavonoid compound, 2,3-

dihydroflavonol. The presence of a hydroxyl group in this compound makes it more polar, 

allowing it to be attracted to ethanol. 

Flavonoids that reduce magnesium to an orange color include flavones, aurones, and 

chalcones. Flavonoids generally occur naturally as glycosides bound to sugars. In the 

petroleum ether extract of bangle, the sugar groups in the flavonoid glycosides likely detached, 

forming aglycones that are soluble in petroleum ether (Oktavia & Sutoyo, 2021). 

The FeCl3 reagent contains Fe+3 ions that can hybridize hydroxyl groups in phenol, forming 

colors such as green or blue-black (Nofita et al., 2020). Phenol compounds are generally polar 

due to the presence of hydroxyl groups. The greater the number of hydroxyl groups, the more 

polar the compound becomes, making it more attracted to ethanol solvents than petroleum ether 

(Manongkoa et al., 2020). Tannins are secondary metabolites with chemical properties that can 

bind or precipitate proteins. Gelatin is a protein used in tannin identification, forming a clump 

that is insoluble in water. The resulting precipitate is white or yellowish-white. The addition of 

sodium chloride is intended to bind compounds other than tannins and facilitate further 

precipitation (Kasih et al., 2022). 

Alkaloids are secondary metabolites containing nitrogen. These compounds are 

generally basic, so in their identification, hydrochloric acid is added to form salts. The basic 

principle in testing alkaloid compounds involves precipitation reactions caused by ligand 

replacement. In alkaloid compounds, nitrogen atoms with lone electron pairs bond covalently 

with K+ metal ions from the reagents used. Alkaloid precipitation reactions are classified into 

four, group 1 reacts with silicotungstic acid, phosphomolybdic acid, or phosphotungstic acid 

to form insoluble salts. Group II with Bouchardat and Wagner reagents forms a free complex 

and then forms a brown to black precipitate. Group III can be reacted with Mayer to form a 

white or yellow precipitate or with Dragendorff's reagent to form a dark yellow or orange 

precipitate. Group IV alkaloid precipitation reactions can be added with Hager's reagent to 

form an insoluble organic acid bond. A sample is said to contain alkaloids if at least two 
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reactions from the four groups produce a precipitate (Depkes RI, 1995). Both extract samples 

contained alkaloids because each extract sample produced deposits in two groups of reagents. 

Saponins are compounds that have hydrophilic groups (water-loving groups) and 

hydrophobic groups (water-hating groups). These two groups make saponins behave like soap, 

where the hydrophilic group binds water, and the hydrophobic group binds air, forming a soap-

like foam. No positive saponin results were found in the sample (Suleman et al., 2022). The 

test for triterpenoid/steroid compounds is based on the compound's ability to form a color with 

concentrated sulfuric acid in acetic anhydride solvent. In the ethanol extract sample, the test 

produced a red color, while the petroleum ether extract produced a green color. The color 

difference is due to the difference in groups on the C-4 atom (Habibi et al., 2018). In general, 

rhizomes contain essential oils that give the rhizome a characteristic odor. Bangle rhizome 

contains essential oils of no more than 1.16% v/b with the identity compound terpinen-4-ol 

(Kemenkes RI, 2017), so the identification of essential oils in both extracts gave positive 

results. Identification of compounds in samples, in addition to using color reactions or 

precipitation, can also be performed using thin-layer chromatography to separate compounds 

from their mixtures. The results of the thin-layer chromatography identification of the 96% 

ethanol extract and the petroleum ether extract are presented in Table 3. 

 

Table 3. Thin-Layer Chromatography Identification Results of Petroleum Ether 

Extract (PEE) and 96% Ethanol Extract (EE) of Bangle Rhizome 

No  Compound  Eluent and Spot 

Appearance 

Test Results 

1. Flavonoids Acetic acid: water: butanol 

(1:2:6) 

Spot Appearance: ammonia 

vapor (Yellow stain) 

        
Rf EE : 0,93       Rf EE  : 0,93 

Rf PEE : 0,87     Rf PEE : 0,87 

2.   Phenolics Ethyl acetate: methanol: 

water (100:13.5:10) 

Spot Appearance = FeCl3 

5% (Blue-black stain) 

         
Rf EE  : 0,94       Rf EE  : 0,96 

Rf PEE  : 0,92     Rf PEE  : - 

3.  Tannins Toluene: acetone: formic 

acid (6:6:1) 

Spot Appearance = FeCl3 

5% (Blue-black green stain) 

       
Rf EE 1 : 0,78       Rf EE : 0,78 

Rf EE 2 : 0,88       Rf PEE : 0,72 

Rf PEE 1 : 0,72   

Rf PEE 2 : 0,84 
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No  Compound  Eluent and Spot 

Appearance 

Test Results 

4.  Alkaloids Methanol : ammonia 

(100:1.5) 

Spot Appearance = 

Dragendorff (red or brown 

stain) 

        
Rf EE : 0,86          Rf EE : 0,84 

Rf PEE : 0,84        Rf PEE : - 

5.  Saponin  Chloroform: methanol: 

water (64:50:10) 

Spot Appearance = 

anisaldehyde-sulfuric acid 

for detection and heated on 

a hot plate at 100℃ (yellow 

stain)         
Rf EE 1 : 0,88        Rf EE 1 : 0,88 

Rf EE 2 : 0,94        Rf EE 2 : 0,98  

Rf PEE : 0,92         Rf PEE : 0,96 

6. Steroid/Triterpenoid Toluene: chloroform: 

methanol in a ratio of 

(40:40:10) 

Spot Appearance = 

anisaldehyde-sulfuric acid 

and heated on a hot plate at 

100℃ (green, blue, red, and 

purple stains) 
           

Rf EE1: 0,42         Rf EE1: 0,42 

Rf EE2: 0,48         Rf EE2: 0,48 

Rf EE3: 0,66         Rf EE3: 0,92 

Rf EE4: 0,80         Rf PEE 1: 0,18 

Rf EE5: 0,90         Rf PEE 2: 0,24 

Rf PEE 1: 0,42      Rf PEE 3: 0,46 

Rf PEE 2 : 0,48     Rf PEE 4: 0,54 

Rf PEE 3: 0,62      Rf PEE 5: 0,60 

Rf PEE 4: 0,76      Rf PEE 6: 0,90 

Rf PEE 5: 0,88       

7.  Essential Oil Benzene : chloroform (1:1) 

Spot Appearance = 

anisaldehyde-sulfuric acid 

and heated on a hot plate at 

100℃ (blue, green, red, and 

brown stains) 

        
Rf EE1: 0,22           Rf EE1: 0,20  

Rf EE2: 0,26           Rf EE2: 0,22 

Rf EE3: 0,36           Rf EE3: 0,26 

Rf EE4: 0,46           Rf EE4: 0,36 
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No  Compound  Eluent and Spot 

Appearance 

Test Results 

Rf EE5: 0,78           Rf EE5: 0,46 

Rf PEE 1: 0,22        Rf EE6: 0,70 

Rf PEE 2: 0,26        Rf EE7: 0,80 

Rf PEE 3: 0,54        Rf PEE 1: 

0,22 

Rf PEE 4: 0,70        Rf PEE 2 : 

0,36 

                                   Rf PEE 3: 

0,76 

 

Thin-layer chromatography (TLC) results on the bangle extract sample revealed that 

almost all compounds exhibited multiple spots. The large number of spots produced by the 

TLC test indicates the number of compounds eluted in the eluent with varying polarities. 

Furthermore, the extract sample is complex and contains a variety of compounds, resulting in 

a greater number of spots eluted by TLC. 

The compounds found in the bangle extract were tested against S. aureus and E. coli to 

determine the ability of the secondary metabolites in the bangle rhizome to inhibit bacterial 

growth. The antibacterial activity test used the well diffusion method. This method utilizes 

wells as sample holders, allowing for a larger sample volume, resulting in higher sensitivity. 

Furthermore, well diffusion allows compounds to diffuse laterally and downward, rather than 

solely to the surface of the medium, resulting in a more symmetrical zone of inhibition, making 

it easier to measure (Alouw et al., 2022). The results of the antibacterial activity test for the 

bangle rhizome extract sample are presented in Table 4 below. 

 

Table 4. Results of Antibacterial Activity Testing of Bangle Rhizome Extract 

 Inhibition Zone (cm) 

Sample Petroleum ether extract Ethanol 96 % extract 

Bacteria 1 % 5% 10% K+ 1% 5% 10% K+ 

Staphyloc

ocus 

aureus 

1,38±0,

155 

1,58±0,

138 

1,72±0,

129 

1,84±0,

067  

0 1,39±0,

136  

1,63±0,

150  

1,79±0,

066 

Eshericia 

coli 

1,16±0,

123  

1,37±0,

212 

1,52±0,

238 

1,96±0,

533 

1,3

0± 

0,1

91 

1,51±0,

145  

1,54±0,

159  

2,62±0,

386  

 

Based on SPSS analysis, the non-parametric test from Table 4 shows that the activity 

of 96% ethanol extract and petroleum ether on S. aureus bacteria is significantly different 

compared to the activity on E. coli bacteria with a sig. <0.05. Between ethanol and petroleum 

ether extracts provide significantly different activity against one type of bacteria (sig. <0.05). 

This shows that different types of bacteria from the Gram group and types of solvents with 

different polarities can affect the ability of the extract to inhibit bacteria. This significant 

difference can occur due to differences in dissolved compounds in petroleum ether and ethanol. 

Petroleum ether solvents are solvents that do not have polarity, which are able to attract non-

polar compounds such as alkaloids, essential oils, steroids, and flavonoids that have been 
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released from sugar as aglycones. Polar solvents will attract polar compounds such as phenols, 

tannins (Lingga et al., 2015).  

The activity test of petroleum ether extract of bangle rhizome on S.aureus is larger than 

the inhibition zone on E.coli bacteria, this can occur because petroleum ether is non-polar, 

which will attract nonpolar compounds. These compounds more easily penetrate the 

cytoplasmic lipid layer in S.aureus because it is not blocked by the outer membrane like 

lipopolysaccharide. Lipopolysaccharide in E.coli is able to protect bacteria, making them more 

resistant to antibiotics. This is in line with a similar study conducted (Buldani et al., 2017) 

using bangle rhizome extract using Gram-positive S.aureus bacteria and Gram-negative V. 

cholerae, which provided greater inhibitory activity on Gram-positive bacteria. Research 

(Lingga et al., 2015) on torch ginger stem extract, which has almost the same active compound 

characteristics as bangle rhizome, showed greater inhibitory activity on S. aureus compared to 

E. coli. Testing the activity of ethanol extract on S. aureus yielded a smaller inhibition zone 

than on E. coli. This may be because S. aureus is a Gram-positive bacterium with a cell wall 

containing a relatively thick peptidoglycan content, making it more difficult for compounds 

found in the bangle rhizome extracted with ethanol to pass through it (Sida & Kasmawati, 

2024). E. coli is a Gram-negative bacterium with a cell wall layer consisting of an outer 

membrane containing porins and lipopolysaccharides (LPS). Porins in the outer membrane 

allow polar compounds to penetrate the bacterial cell wall (Choi & Lee, 2019). 

Flavonoids are responsible for antibacterial activity; these compounds inhibit bacterial 

growth by inactivating enzymes in the cell membrane, causing damage to the membrane. When 

the bacterial cell wall and cytoplasmic membrane become unstable, the selective permeation 

function of the bacterial cell, active transport function, and structural control of proteins are 

destroyed, macromolecules and ions are lost from the cell, and the bacterial cell's shape 

collapses. Flavonoid compounds can damage the permeability of bacterial cell walls, 

microsomes, and lysosomes as a result of the interaction between flavonoids and bacterial DNA 

(Liu et al., 2025). 

Essential oils play a crucial role in inhibiting membrane and cell wall formation in 

bacteria, resulting in imperfect bacterial cell formation (Sefriyanti et al., 2020). 

Steroids/Triterpenoids can cause bacterial cell walls to form strong polymer bonds and lead to 

liposome leakage, which can lead to bacterial cell wall lysis and death (Widowati, 2022). 

Alkaloids can inhibit peptidoglycan formation in bacterial cell walls, resulting in suboptimal 

cell wall formation (Tjandra et al., 2020). 

 

CONCLUSION 

 Petroleum ether and 96% ethanol extracts of bangle rhizomes exhibited significantly 

different antibacterial activity against the Gram-positive S. aureus and Gram-negative E. coli 

bacteria. Further research can be conducted using bangle rhizome samples in the form of 

fractions or compound isolates. 
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