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ABSTRACT 
The use of natural medicinal plants as a source of pharmacologically active ingredients has increased significantly 
worldwide in recent decades. Among the various medicinal plants with enormous potential to be explored, the forest 
ambarella (Spondias pinnata (L. fil) Kurz) has emerged as a promising candidate for research. The aim of this study was 
to determine the antibacterial activity and mechanism of action of the ethanol extract of forest ambarella leaves 
(Spondias pinnata (L. fil) Kurz) against bacterial cell leakage and the chemical content profile using LC-HRMS. Ethanol 
extract was prepared using 96% ethanol using the maceration method. The extract was then tested for antibacterial 
activity against Staphylococcus aureus, Escherichia coli, and Pseudomonas aeruginosa by determining the Minimum 
Inhibitory Concentration (MIC) and Minimum Bactericidal Concentration (MBC), followed by a disc diffusion test. A 
bacterial cell leakage test and LC-HRMS analysis of chemical constituents were then performed. The results of the 
antibacterial activity test against Staphylococcus aureus, Escherichia coli, and Pseudomonas aeruginosa bacteria were 
most effective. Ethanol extract of forest ambarella leaves can cause cell leakage against Pseudomonas aeruginosa 
bacteria, namely an increase in the average absorbance value with increasing concentration of ethanol extract of forest 
ambarella leaves in the measurement of nucleic acid and protein absorbance in UV-Vis spectrophotometry and 
measurement of Ca²⁺ and K⁺ logan ion absorbance in atomic absorption spectrophotometry. The results of LC-HRMS 
obtained flavonoid and phenolic compounds, which are thought to have an antibacterial effect. 
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INTRODUCTION 
Infectious diseases remain a major health problem 
worldwide, including in Indonesia. Infections caused by 
pathogenic bacteria such as Staphylococcus aureus, 
Escherichia coli, and Pseudomonas aeruginosa often cause 
various health problems, ranging from mild skin infections 
to more serious illnesses such as pneumonia, urinary tract 
infections, and sepsis. Antibiotic use is the primary step in 
treating bacterial infections, but inappropriate and 
excessive use has led to an increase in bacterial resistance 
to antibiotics. This situation has prompted the search for 
new, safer, and more effective antibacterial sources 
derived from natural ingredients [1], [2], [3], [4]. Natural 

medicinal plants are a potential source for the 
development of natural antibacterial compounds. 

One such plant is the forest ambarella, which has 
traditionally been used to treat various ailments, such as 
wounds, diarrhea, and skin infections. Various studies have 
shown that forest ambarella leaves contain secondary 
metabolites such as flavonoids, tannins, saponins, 
alkaloids, and phenols, which are known to have 
antibacterial activity [5], [6], [7]. 

However, information regarding the antibacterial 
mechanism of ethanol extracts from forest ambarella 
leaves is still limited. One approach to understanding this 
mechanism is to analyze bacterial cell leakage, which can 
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indicate damage to the cell membrane due to exposure to 
antibacterial compounds.  

This membrane damage can lead to the release of 
intracellular components such as proteins and ions, 
indicating that the active compound acts directly on the 
bacterial cell structure. The results of the cell leakage test 
provide important information regarding whether the 
bacterial inhibition mechanism is caused by disruption of 
cell membrane integrity or through other mechanisms, 
such as inhibition of metabolic enzymes [8], [9]. In 
addition, characterizing the chemical content profile of the 
ethanol extract of forest ambarella leaves using Liquid 
Chromatography–High Resolution Mass Spectrometry 
(LC-HRMS) is important to identify active compounds 
that potentially play a role in this antibacterial activity.  

This technique allows for accurate detection of compounds 
based on their molecular mass and chemical structure, thus 
providing a more comprehensive picture of the bioactive 
components contained in the extract [10], [11]. 

Therefore, this study was conducted to test the 
antibacterial activity and mechanism of action of the 
ethanol extract of forest ambarella leaves on bacterial cell 
leakage, as well as to determine the chemical content 
profile of the extract using LC-HRMS. The results of this 
study are expected to provide scientific contributions to 
the development of potential natural antibacterial materials 
as alternatives to synthetic antibiotics, while also enriching 
knowledge about the use of local Indonesian medicinal 
plants.. 

MATERIALS AND METHODS 

Tools 
The tools used in the research are a drying cabinet, 
blender, cotton, object glass, filter paper, digital scales, 
measuring cups, rotary evaporator, glass pot, vial, water 
bath, test tube, cover glass, beaker glass, 10 ml syringe, 
dropper pipette, ceramic cup, hot plate magnetic stirrer, 
round nose wire, Bunsen lamp, autoclave, micropipette, 
vortex, incubator, plastic wrap, conical centrifuge tube, 
centrifuge, UV-Vis Spectrophotometer Merck ASUS 
S340MC, Atomic Absorption Spectrophotometry, and 
Liquid Chromatography-High Resolution Mass 
Spectrometry. 

Materials 
The materials used in this study were chloramphenicol, 
DMSO, distilled water, hydrochloric acid (HCl), Mayer's 
reagent, Bouchardat reagent, Dragendorff's reagent, acetic 
acid solution (CH₃COOH) glacial, concentrated sulfuric 
acid solution (H₂SO₄), 10% iron (III) chloride solution, 
nutrient agar medium, McFarland solution, Nutrient Broth 
(NB) liquid medium, Mg powder, N-hexane, acetic acid 
anhydride, Liberman-Burchardad reagent, and chloral 
hydrate. were procured from Sigma-Aldrich (St. Louis, 
MO, USA). 

Plants 
The leaves of Spondias pinnata (L.fil.) Kurz were 
collected from Aceh, Indonesia. The plant was identified 
by a botanist, Prof. Dr. Etti Sartina Siregar, S.Si., M.Si., 
and a voucher specimen (459/MEDA/2025) was deposited 
in Herbarium Medanense (MEDA), University of 
Sumatera Utara. 

Phytochemical Screening of Forest Ambarella Leaves 
The purpose of phytochemical screening is to identify 
secondary metabolite compounds found in the crude drug 
and ethanol extract of forest ambarella leaves. This testing 
includes examining flavonoids, alkaloids, saponins, 
tannins, glycosides, and triterpenoids/steroids [12]. 

Antibacterial Activity Test 
The antibacterial activity test method was carried out 
using the disc paper diffusion method. The antibacterial 
activity test used forest ambarella extract concentrations of 
500, 400, 300, 200, and 100 mg/ml. The positive control 
used was chloramphenicol, and the negative control used 
was DMSO. The first step was to vary the concentration of 
the extract and control according to the concentration 
above. The filter paper was impregnated with the extract. 
The impregnation process was carried out by soaking the 
disc paper in the extract, the positive control 
chloramphenicol, and the negative control DMSO. 

The second step, Nutrient Agar, was heated until dissolved 
at a temperature of ±40℃, then poured and cooled into a 
petri dish. The active bacterial culture solution was taken 
from the bacterial suspension and then streaked over the 
media with a zigzag method in a petri dish containing 
solidified nutrient agar. The disc paper is placed on the 
surface of the bacterial media using tweezers, then 
incubated at a temperature of 37℃ for ±24 hours, then the 
inhibition zone is measured using a zone reader/vernier 
caliper [13]. 

Minimum Inhibitory Concentration Test 
The antibacterial activity test method used was a serial 
dilution method, performed using turbidimetry followed 
by spectrophotometry. Eight sterile test tubes were 
prepared and placed in 3.5 ml of Mueller Hinton Broth 
(MHB) media. Label each tube, then add 0.5 ml of 
bacterial suspension to tubes 1-6 and 1 ml of each 
concentration of forest ambarella leaf ethanol extract to 
tubes 1-6 and 7. The media was then subjected to 
spectrophotometric testing to measure absorbance before 
incubation. The seven tubes with measured absorbance 
were then placed in an incubator for 24 hours. After 
incubation, the turbidity of the eight tubes was observed 
and compared with that of the negative control tube. The 
absorbance was then measured again using a UV-Vis 
spectrophotometer[14]. 

Minimum Bactericidal Concentration (MBC) Test 
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The minimum bactericidal concentration (MBC) test was 
conducted using MHA media. A 15 ml MHA media 
solution was poured into a sterile Petri dish and allowed to 
solidify. A 0.1 ml MIC (Microbial Concentration) test 
solution was pipetted from each test solution and spread 
over the MHA media. The mixture was then incubated for 
24 hours in an incubator at 37ºC. The MBC value was 
determined by observing the presence or absence of 
bacterial growth on the incubated MHA media. The 
absence of visible bacterial growth or death at the lowest 
concentration indicated the MBC value [15]. 

DNA Leakage Test 
A 10 ml suspension of pure cultures grown for 24 hours 
was centrifuged at 3500 rpm for 20 minutes. Extracts of 1x 
and 2x MIC were then added. The mixture was then 
incubated at 37ºC for 24 hours. The test solution was 
centrifuged again, then the supernatant was separated from 
the cell sediment. The absorbance of the supernatant was 
measured using a UV/VIS spectrophotometer at a 
wavelength of 260°C [16]. 

Protein Leakage Test 
A 10 ml bacterial suspension of a pure culture grown for 
24 hours was centrifuged at 3500 rpm for 20 minutes. 
Then, 1x and 2x the MIC of the extract were added. The 
mixture was then incubated at 37°C for 24 hours. The test 
solution was centrifuged again, then the supernatant was 
separated from the cell sediment. The absorbance of the 
supernatant was measured using a UV/VIS 
spectrophotometer at a wavelength of 280°C [17]. 

Calcium Metal Leakage Test (Ca2+) 
Ten milliliters of the bacterial suspension grown for 18 
hours at 37°C was centrifuged for 20 minutes at 3500 rpm. 
The extract was then added at 1x and 2x the MIC. The 
suspension was concentrated in an incubator for 24 hours. 
The suspension was centrifuged for 15 minutes at 3500 
rpm. The supernatant was then separated and used to 
determine the calcium (Ca2+) content using an atomic 
absorption spectrophotometer at a wavelength of 422.7 nm 
[14], [15]. 

Calcium (K+) Leakage Test 
Ten milliliters of the bacterial suspension grown for 18 
hours at 37°C was centrifuged for 20 minutes at 3500 rpm. 
The extract was then added at 1x and 2x the MIC. The 
suspension was concentrated in an incubator for 24 hours. 
The suspension was centrifuged for 15 minutes at 3500 
rpm. The supernatant was then separated and used to 
determine the potassium (K+) content using an atomic 
absorption spectrophotometer at a wavelength of 766.5 nm 
[16], [17]. 

Compound Identification with LC-HRMS 

LC-HRMS (Liquid Chromatography - High-Resolution 
Mass Spectrometry) Test using Instrument: Thermo 
Scientific™ Vanquish™ Horizon UHPLC with Binary 
Pump (Germering, Germany). Mobile Phase included 2 
Solutions; Solution A contains water and 0.1% formic 
Acid, and solution B contains acetonitrile + 0.1% formic 
acid. Analytical Column: Thermo Scientific™ Accucore™ 
Phenyl Hexyl 100 mm length x 2.1 mm ID x 2.6 µm 
particle size (Lithuania), Sample injection volume: 5 µL. 

High Resolution Mass Spectrometry: 
Thermo Scientific™ Orbitrap™ Exploris 240 HRMS 
(Bremen, Germany), Acquisition mode: Full MS/dd-MS2, 
Polarity: Positive and negative (polarity switching), Full 
MS resolution: 60,000 FWHM, Scan Range: 70-800 m/z, 
Maximum Injection Time: 100 ms, Intensity threshold: 
5000, Charge states: 1, Mass tolerance: 5 ppm, dd-MS2 
resolution: 22,500 FWHM Normalized Collision Energy: 
30, 50, 70, Collision gas: Nitrogen 

Ion Source: 
Optamax™ NG Heated Electrospray Ionization (H-ESI), 
Spray Voltage: Positive (3500 V), Negative (2500 V), 
Sheath gas: 35 Arbitrary Units (AU), Auxiliary gas: 7 
Arbitrary Units (AU) Sweep gas: 1 Arbitrary Units (AU). 

Data Analysis Software: 
Thermo Scientific Compound Discoverer 3.3 (San Jose, 
USA) 

Library : mzCloud (Endogenous Metabolites; Natural 
Products/Medicines; Natural Toxins; 
Steroids/Vitamins/Hormones). 

Masslist Database : Arita Lab 6549 Flavonoid Structure 
Database; Endogenous Metabolites database 4400 
compounds; LipidMaps Structure Database 2023-01-11; 
Natural Products Atlas 2021_08 

ChemSpider Database :AraCyc; KEGG; LIPID MAPS; 
Natural Product Updates; Nature Chemical Biology; 
NPAtlas; Peptides; Phenol-Explorer; Planta Piloto de 
Química Fina. Universidad de Alcalá; PubChem; Springer 
Nature. 

RESULTS AND DISCUSSION 

Phytochemical Screening Results of Powder and 
Ethanol Extract of Forest Ambarella Leaves 
Phytochemical screening of powdered medicinal plants 
and ethanol extract of forest ambarella leaves (Spondias 
pinnata (Lf) Kurz) included the examination of alkaloids, 
flavonoids, saponins, tannins, triterpenoids/steroids, and 
glycosides. The phytochemical screening results of the 
powder and ethanol extract of forest ambarella leaves are 
shown in the following table. 
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Table 1. Phytochemical Screening Results of Simplex Powder and Ethanol Extract of Forest Ambarella Leaves. 
No Secondary Metabolite 

Compounds 
Reagent Simple Powder Ethanol Extract 

1. Flavonoid Mg + HCl Powder + + 

2. Alkaloid Mayer  

Dragendorff 

Bouchardat 

+ 

+ 

+ 

+ 

+ 

+ 

3. Saponin Hot Aquadest + + 

4. Tannin FeCl3 1% + + 

5. Triterpenoid 

/Steroid 

Anhydrous Acid + H2SO4 (p) + + 

6. Glycosides Molisch + H2SO4 (p) + + 

Information: (+) Positive (-)Negative 

Based on the table above, the simple powder and ethanol 
extract of forest ambarella leaves positively contain 

alkaloids, flavonoids, saponins, tannins, triterpenoids and 
glycosides.

Antibacterial Activity Test Results 

Table 2. Measurement Results of the Inhibition Zone Diameter of Ethanol Extract of Forest Ambarella Leaves Against   
               E. coli, S. aerius, and P. aeruginosa Bacteria 

Bacteria Concentration Inhibition Zone Diameter (mm) Category 

E. coli Control (-) DMSO 0 - 

10% 10.2 strong 

20% 11.7 strong 

30% 13.5 strong 

40% 15.2 strong 

50% 15.5 strong 

Control (+) Chloramphenicol 26.2 Very strong 

S. aerius Control (-) DMSO 0 - 

10% 10.1 strong 

20% 10.9 strong 

30% 11.6 strong 

40% 13.2 strong 

50% 14.6 strong 

Dick (+) 

Chloramphenicol 

25 Very strong 

P. aeroginosa Control (-) DMSO 0 - 



Antibacterial Mechanism of Ethanol Extract of Forest Ambarella Leaves (Spondias Pinnata (L.FIL) KURZ) and Chemical Content 
Profile by LC-HRMS 

IJDDT, Volume 16 Issue 29s, 2026 Page 366 

 

10% 10.7 strong 

20% 11.7 strong 

30% 13.5 strong 

40% 15.7 strong 

50% 16.4 strong 

Dick (+) 

Chloramphenicol 

24 Very strong 

Based on Table 2, the ethanol extract of forest ambarella 
leaves has the potential to be used as an antibacterial to 
inhibit the growth of Escherichia coli, Staphylococcus 
aureus, and Pseudomonas aeruginosa. The results of the 
test concentrations also showed an increase in the diameter 
of the inhibition zone with increasing concentration. This 
increase in the diameter of the inhibition zone is due to 
differences in concentration, which affects the amount or 
concentration of the test solution contained in the disc 
paper. 

Based on the research results, the concentrations of 
ethanol extract of forest ambarella leaves as an 
antibacterial to inhibit the growth of Staphylococcus 
aureus, Escherichia coli, and Pseudomonas aeruginosa 
obtained at concentrations of 10, 20, 30, 40, and 50% fall 
into the category of having strong activity levels. 
Furthermore, the positive control, chloramphenicol, had 
very strong activity levels, and the negative control, 
DMSO (dimethyl sulfoxide), showed no antibacterial 
activity.

 

 

MINIMUM INHIBITORY CONCENTRATION TEST RESULTS 

 
Figure 1. Minimum Inhibitory Concentration Test Results of Ethanol Extract of Ambarella Leaves Against Pseudomonas  

aeruginosa Bacteria 
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Figure 2. Results of the Minimum Inhibitory Concentration Test of Ethanol Extract of Forest Ambarella Leaves       

Against Staphylococcus aerius Bacteria 

 
Figure 3. Results of the Minimum Inhibitory Concentration Test of Ethanol Extract of Forest Ambarella Leaves   

Against   Escherichia coli Bacteria 

Based on the data above, the absorbance value of the 
suspension control is increased. Meanwhile, at 
concentrations of 10% to 50%, the absorbance value 
decreases, resulting in MIC data for the 10% concentration 
and MIC 2 for the 20% concentration. These data indicate 
that the minimum inhibitory concentration at 10% is the 
lowest concentration of the ethanol extract of forest 
ambarella leaves that has inhibitory activity against the 
growth of Pseudomonas aeruginosa, Staphylococcus 
aerius, and Escherichia coli. 

The absorbance measurements were performed before and 
after incubation to determine the difference in the 
measurement results, thus determining whether there was 
an increase or decrease in absorbance. If the absorbance 
value after incubation increases compared to the value 
before incubation, it indicates continued bacterial growth. 
Conversely, if the absorbance value after incubation 
decreases compared to the value before incubation, it 
indicates inhibited bacterial growth. Measurements using a 
UV-Vis spectrophotometer were performed to 
quantitatively determine turbidity. The wavelength used 
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was 600 nm, which is adjusted to the wavelength of visible 
light [18]. 

Minimum Bactericidal Concentration Test Results 
The MIC test solution, whose absorbance and MIC values 
were known, was then subjected to the Minimum 
Bactericidal Concentration (MBC) test. MBC 
determination was performed using the dilution method, as 

the dilution method is more sensitive because the test 
medium interacts directly with the test solution by 
distributing it evenly [4]. A 0.1 ml sample was pipetted 
from each solution, from 5% to 15% concentration, and 
then spread evenly over the solidified MHA medium. The 
solution was then covered and incubated for 24 hours at 
37°C. After incubation, bacterial growth was observed on 
the MHA medium. 

Table 3. Minimum Bactericidal Concentration Test Results for Staphylococcus aureus, Pseudomonas aeroginosa and   
Escherichia coli Bacteria 

Bacteria Concentration Observation result MBC 

P1 P2 P3 

Staphylococcus aureus 50% - - -  

40% - - - MBC 

30% + + +  

20% + + +  

10% + + +  

Escherichia coli 50% - - -  

40% - - - MBC 

30% + + +  

20% + + +  

10% + + +  

Pseudomonas aeruginosa 50% - - -  

40% - - - MBC 

30% + + +  

20% + + +  

10% + + +  

Information: (-): indicates no bacterial growth 

(+): indicates bacterial growth 

The results of the MBC test on Pseudomonas aeruginosa, 
Staphylococcus aureus, and Escherichia coli bacteria 
showed that at concentrations of 40% and 50%, there was 
no bacterial growth, as indicated by the absence of 
bacterial colonies or turbidity on the surface of the MHA 
media. Meanwhile, at concentrations of 10% to 30%, there 
was still bacterial growth, indicated by the presence of 
slight turbidity that occurred on the surface of the MHA 
media. 

DNA and Protein Leakage Test Results of 
Pseudomonas aeruginosa Bacteria 
Bacterial DNA and protein leakage tests were conducted 
using Nutrient Broth (NB) as the bacterial growth 

medium, incubated for 24 hours at 37ºC. After incubation, 
the NB solution was vortexed to homogenize the solution 
and centrifuged at 3500 rpm for 20 minutes to separate the 
bacterial pellet from the supernatant. 

Bacterial DNA and protein leakage can be measured using 
UV-Vis spectrophotometry at wavelengths of 260 nm and 
280 nm. At 260 nm, the bacterial cell components that can 
be measured are DNA, RNA, and their derivatives, while 
at 280 nm, the cell component, protein, is measured [19]. 

This DNA and protein leakage test used Minimum 
Inhibitory Concentration (MIC) 1 and 2 data, at 
concentrations of 10% and 20%, and a 0% concentration 
as a comparison without the use of extract. The DNA and 
protein leakage tests were conducted on Pseudomonas 
aeruginosa bacteria. The average results of DNA and 
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protein leakage tests on Pseudomonas aeruginosa bacteria can be seen in the following table. 
 

Table 4.  Average results of DNA leakage test of Pseudomonas aeruginosa bacteria at a wavelength of 260 nm 
Concentration S.aureus 260 nm DNA leakage Average 

P1 P2 P3 

MIC 0 (0%) 0.029 0.029 0.044 0.034 

MIC 1 (10%) 0.213 0.237 0.202 0.217 

MIC 2 (20%) 0.432 0.437 0.447 0.438 

Table 5. Average results of protein leakage test of Pseudomonas aeruginosa bacteria at a wavelength of 280 nm 
Concentration S.aureus 280nm Protein Leakage Average 

P1 P2 P3 

MIC 0 (0%) 0.046 0.035 0.058 0.046 

MIC 1 (10%) 0.354 0.324 0.388 0.355 

MIC 2 (20%) 0.594 0.567 0.538 0.566 

At a concentration of 0%, or Minimum Inhibitory 
Concentration (MIC) of 0, the average value was 0.034 at 
260 nm and 0.046 at 280 nm. This concentration was 
performed without using ethanol extract of forest 
ambarella leaves but with DMSO as the solvent. 
Meanwhile, at MIC 1, an increase in absorbance was 
observed, with an average value of 0.217 at 260 nm and 
0.355 at 280 nm. Absorbance further increased at MIC 2, 
with a mean and standard deviation of 0.438 at 260 nm 
and 0.566 at 280 nm. 

The increase in absorbance values at each concentration 
treatment indicates cell membrane leakage in the bacteria, 
where the cells release fluids containing DNA, RNA, their 
derivatives, and proteins. Leakage of the cell membrane, 

which causes the release of fluid, indicates membrane 
damage or changes in bacterial membrane permeability 
[19]. 

Calcium (Ca2+) and Potassium (K+) Leakage Test 
Results 
This study examined the release of Ca2+ and Potassium 
(K+) ions. The presence of Ca2+ and K+ ions, measured by 
atomic absorption spectrophotometry (AAS) at a 
wavelength of 422.7 nm, indicated the release of Ca2+ and 
K+ ions as a result of the addition of ethanol extract of 
forest ambarella leaves to P. aeroginosa bacteria. The 
results of the Ca2+ and K+ ion leakage test on P. 
aeroginosa bacteria are shown in the following table.

 

 

Table 6. Calcium (Ca2+) and Potassium (K+) Metal Leakage Test Results 
No. Sample K (ppm) Ca (ppm) 
1 C(-) 419.41 0.60 
2 C(-) 397.52 0.58 
3 C(-) 399.06 0.62 
4 EK PA (10%) 452.03 3.82 
5 EK PA (10%) 524.42 3.66 
6 EK PA (10%) 461.64 3.83 
7 EK PA (20%) 656.64 5.79 
8 EK PA (20%) 650.50 4.81 
9 EK PA (20%) 661.04 6.38 

Calcium ions (Ca2+) are found in the cytosol, namely the 
cytoplasmic fluid, and are also found in the cell wall, 
which plays a role in enzyme activity. The release of Ca2+ 
ions disrupts the stability of the cell wall and can result in 
bacterial death (Riani, 2018). The presence of K+ metal 

ions read in atomic absorption spectrophotometry (AAS) 
indicates that there is a release of K+ metal ions in the 
ethanol extract sample against P. aeroginosa. As the 
concentration of the ethanol extract of forest starfruit 
leaves increases, it becomes more effective in killing 
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bacteria because the higher intramembrane leakage of bacteria is seen from the absorbance value [20], [21], [22].
Results of Identification of Compounds in Ethanol Extract of Forest Ambarella Leaves Using the LC-HRMS 
Method 

Table 7. Identification of Compounds in Ethanol Extract of Forest Ambarella Leaves Using the LC-HRMS Method 
Structure Name RT 

(min) 
Formula Annot. 

DeltaMass 
[ppm] 

Reference 
Ion 

 

Calc.MW 

 

Quarcetin 4.61 
 

C15 H10O7 0.6 

 

[M+H]+1 302.04283 
 

 

Myricetin 4.01 
 

C15 H10 O8 
 

0.44 [M+H]+1 318.03771 
 

 

Luteolin 6.72 
 

C15 H10 O6 
 

0.67 [MH]-1 286.04793 
 

 

Kaempferol 5.12 
 

C15 H10 O6 
 

0.03 [M+H]+1 286.04775 
 
 
 
 

 

Eriodictyol 4.86 
 

C15 H12 O6 
 

0.26 [M+H]+1 288.06346 
 

 

Astilbin 4.36 
 

C21 H22 O11 
 

0.31 [MH]-1 
 

450.11635 
 

 

Apigenin 6.65 
 

C15 H10 O5 
 

0.8 [MH]-1 
 

270.05304 
 
 
 

 
 

Quercetagetin 7-
(6"-

acetylglucoside) 

5.12 
 

C23 H22 O14 
 

0.49 [MH]-1 522.10121 
 

The results of the LC-HRMS test showed that the plant 
extract contained various bioactive flavonoids, namely 
quercetin, myricetin, luteolin, kaempferol, eriodictyol, 
astilbin, apigenin, and quercetagetin 7-(6″-
acetylglucoside). The presence of these compounds 
provides a strong scientific basis for the antibacterial 
activity observed in biological tests, considering that 
flavonoids are known to have a broad spectrum of 
antibacterial activity against Gram-positive and Gram-
negative bacteria [23]. Quercetin and myricetin 
compounds, identified as flavonol aglycones, contribute 
significantly to antibacterial activity through the 
mechanism of bacterial cell membrane damage and 
inhibition of essential enzymes, including DNA gyrase and 

topoisomerase IV [24], [25]. Luteolin and apigenin, which 
belong to the flavone group, are known to have 
antibacterial activity, especially against Gram-positive 
bacteria. The kaempferol compound shows antibacterial 
activity through the mechanism of increasing cytoplasmic 
membrane permeability and inhibiting the bacterial energy 
transport system [26], [27], [28]. Eriodictyol, a flavanone, 
plays a role in antibacterial activity by inhibiting bacterial 
protein biosynthesis and reducing membrane stability. 
Flavonoid glycoside compounds such as astilbin and 
quercetagetin 7-(6″-acetylglucoside) exhibit relatively 
lower antibacterial activity than the aglycone form. 
However, glycoside compounds play an important role as 
natural prodrugs, which can be hydrolyzed by bacterial 
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enzymes or under certain physiological conditions to form 
more active aglycone forms. Furthermore, the presence of 
sugar groups increases the solubility of compounds in the 
test medium, thus improving local bioavailability [29], 
[30], [31], [32]. 

The metabolite profiles obtained from LC-HRMS indicate 
a synergistic effect among flavonoids, where the 
combination of flavonols, flavones, flavanones, and 
glycosides provides stronger antibacterial activity. Overall, 
these results indicate that the antibacterial activity of the 
ethanol extract of forest ambarella leaves is closely 
correlated with the presence and diversity of flavonoids 
identified by LC-HRMS. The LC-HRMS method not only 
serves as a tool for metabolite identification, but also as an 
important approach in elucidating the chemical basis of 
biological activity [33], [34], [35], [36]. 

CONCLUSIONS 
The most effective antibacterial activity test against 
Staphylococcus aureus, Escherichia coli and 
Pseudomonas aeruginosa bacteria is against Pseudomonas 
aeruginosa bacteria. Ethanol extract of Forest Starfruit  
leaves can cause cell leakage against Pseudomonas 
aeruginosa bacteria, namely an increase in the average 
absorbance value with increasing concentration of ethanol 
extract of Forest Starfruit  leaves in the measurement of 
nucleic acid and protein absorbance in UV-Vis 
spectrophotometry and measurement of Ca2+ and K+ logan 
ion absorbance in atomic absorption spectrophotometry. 
The results of LC-HRMS obtained flavonoid and phenolic 
compounds which are thought to have an antibacterial 
effect. 
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