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	 Muntingia calabura has long been used in traditional medicine for its antioxidant 
and antimicrobial benefits, yet scientific validation of its ethyl acetate leaf extract, particularly 
against multidrug-resistant (MDR) bacteria, remains limited. This study assessed the 
phytochemical profile, antioxidant potential, and antibacterial efficacy of the ethyl acetate leaf 
extract of M. calabura. Qualitative phytochemical screening revealed the presence of flavonoids, 
tannins, saponins, and steroids. Antioxidant evaluation using the DPPH assay demonstrated 
very strong radical-scavenging activity, with an IC50 value of 37.32 ppm. Antibacterial testing 
showed clear inhibitory effects against standard pathogenic strains, with the strongest activity 
observed against Streptococcus mutans (13.04±2.03 mm), followed by Escherichia coli and 
Staphylococcus aureus. The extract also exhibited measurable activity against clinically relevant 
MDR isolates, including ESBL-producing E. coli (8.01±0.10 mm), Klebsiella pneumoniae (7.8±0.5 
mm), and Acinetobacter baumannii (8.3±0.2 mm). GC/MS profiling identified 64 compounds, 
with d-tocopherol, a chromenone derivative, and a benzopyran analog as the most abundant 
constituents known for antioxidant and antibacterial properties. Collectively, these findings 
provide scientific support for the ethnomedicinal use of M. calabura and highlight its potential 
as a natural source of bioactive compounds active against both standard and MDR bacteria.
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	 Natural plants and herbal medicines 
have served as a significant source of bioactive 
compounds for centuries. The traditional use 
of plant-based remedies across diverse cultures 

reflects an empirical recognition of their therapeutic 
properties.1-5 These plants synthesize a vast array of 
compounds like alkaloids, flavonoids, tannins, and 
terpenoids, which function in their defence against 
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environmental pressures and pathogens.6-8 Many 
of these compounds have since been scientifically 
validated for their therapeutic potential, which is 
attributed to their capacity to reduce oxidation, 
combat inflammation, and inhibit microbial 
growth.9-14

	 Over the past few decades, one of the 
growing threats to global health is antimicrobial 
resistance (AMR). The misuse and overuse of 
conventional antibiotics have accelerated the 
evolution of multidrug-resistant (MDR) bacteria, 
rendering common infections increasingly difficult 
to treat.15 A major clinical concern is the increasing 
prevalence of extended-spectrum b-lactamase 
(ESBL)–producing bacteria, which exhibit 
resistance to many frontline antibiotics.16 This 
worsening crisis highlights the urgent need for 
new and potent antimicrobial drugs, and natural 
sources, particularly medicinal plants, could be a 
promising avenue for this crucial research.1,4

	 Among the potential medicinal plant 
candidates is Muntingia calabura, a fast-growing, 
evergreen tree native to tropical America and widely 
distributed in many parts of the world, including 
Indonesia.17 Commonly known as the kersen tree 
or Jamaican cherry, its leaves, fruit, and bark 
have been used for centuries in traditional healing 
practices for managing numerous illnesses.18,19 The 
plant has been empirically applied to treat wounds, 
and it is locally recognized for its antioxidant, anti-
inflammatory, and antihypertensive properties.20-22 
These traditional applications suggest that M. 
calabura possesses a rich array of bioactive 
compounds that warrant further scientific 
exploration.19

	 While previous studies have highlighted 
the general bioactivities of M. calabura, there 
remains a need to specifically identify its 
phytochemical composition and validate its 
antibacterial potential against clinically relevant 
multidrug-resistant (MDR) strains.1 Therefore, this 
study was designed to conduct a comprehensive 
characterization of the ethyl acetate leaf extract of 
M. calabura. The investigation aimed to perform 
a qualitative phytochemical screening to identify 
major compound classes, to quantify its antioxidant 
capacity using the DPPH assay, and to determine 
its inhibitory effects on both pathogenic reference 
strains and their multidrug-resistant counterparts. 
Subsequently, gas chromatography coupled to mass 

spectrometry (GC/MS) was employed to analyse 
the individual phytochemical constituents within 
the extract that may contribute to its observed 
bioactivities. This research provides a detailed 
chemical and biological profile to scientifically 
validate the plant’s traditional uses and highlight 
its potential as a source for novel antimicrobial 
agents.

Materials and Methods

Sample collection and plant identification
	 Fresh, mature leaves of Muntingia 
calabura were collected in June 2024 from Pulau 
Singkep Street, Denpasar, Bali, Indonesia (8°412 
22.13 S; 115°122 34.83 E) (Figure 1). Only healthy, 
intact, uniformly green leaves from fruiting trees 
were selected. 
	 Plant identification was performed 
by comparing morphological characteristics 
with established taxonomic references at the 
Characterization Laboratory of the National 
Research and Innovation Agency, “Eka Karya” 
Botanical Garden, Bedugul, Tabanan, Bali. 
A voucher specimen was deposited under 
identification number 1617-86680-1. 
Sample preparation and extraction
	 Fresh leaves (2 kg) of M. calabura 
were cleaned, oven-dried at 45 °C to <10% 
moisture, ground, and sieved (40-mesh) to obtain 
uniform powder. A total of 200 g of the powder 
was macerated with ethyl acetate (SMART-Lab, 
Indonesia) at a 1:5 (w/v) ratio for 3 × 24 h under 
light-protected conditions with continuous shaking 
(OHAUS, USA). Filtrates were collected through 
Whatman No. 1 filter paper (Cytiva, China), 
and the residue was re-extracted under identical 
conditions. Combined extracts were concentrated 
using a rotary evaporator (Cole-Palmer, USA) at 40 
°C and oven-dried to obtain the crude ethyl acetate 
extract. 
Phytochemical screening
	 Qualitative phytochemical profiling of 
the ethyl acetate extract was performed following 
established protocols for preliminary plant 
metabolite screening.23 Alkaloids were detected 
using Mayer’s and Dragendorff ’s reagents; 
tannins with FeCl3; flavonoids with concentrated 
H2SO4; saponins using the froth test; and steroids/
terpenoids via the Liebermann–Burchard reaction. 
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Metabolite classes were confirmed based on 
characteristic colour changes or precipitate 
formation. 
Antioxidant assay
	 The antioxidant activity of the ethyl 
acetate extract of M. calabura was evaluated using 
a DPPH radical scavenging test. The extract was 
serially diluted to obtain final concentrations of 5, 
10, 15, 20, and 25 ppm. Each 1 mL aliquot of the 
diluted samples was mixed with 1 mL of a 0.1 mM 
DPPH solution. The mixtures were gently vortexed 
and then incubated in the dark for 45 minutes 
to allow the reaction to proceed. A reduction in 
absorbance at 517 nm, measured with a UV–Vis 
spectrophotometer, reflected the scavenging of 
DPPH radicals. The IC50  value was determined 
from the inhibition percentage to indicate the 
antioxidant strength of the extract.

Antibacterial activity screening
	 The antibacterial potential of the M. 
calabura extract was examined using the Kirby–
Bauer disk diffusion technique. Sterile 6 mm paper 
discs (Macherey-Nagel, Germany) were loaded 
with 20 µL of the extract and left to air-dry for 
15 minutes to ensure complete absorption. The 
discs were then placed onto Luria–Bertani agar 
plates that had been pre-inoculated with the test 
organisms. The bacterial panel comprised standard 
strains (Staphylococcus aureus ATCC 25923, 
Streptococcus mutans FNCC 0405, Escherichia 
coli ATCC 25922, and Klebsiella pneumoniae 
ATCC 700603) as well as multidrug-resistant 
isolates, including ESBL-producing E. coli, K. 
pneumoniae, and Acinetobacter baumannii. Each 
test was carried out in triplicate. Levofloxacin (5 
µg/disc; Oxoid, UK) served as the positive control, 
while discs containing only ethyl acetate were used 
as the negative control. Antibacterial efficacy was 
expressed as the mean diameter of inhibition zones 
obtained from three independent measurements for 
each strain.
Gas chromatography-mass spectrometry 
analysis
	 Chemical profiling of the ethyl acetate 
extract was conducted at the Forensic Laboratory 
of Polda Bali using a GC–MS system (Agilent 
7890B GC coupled with a 5977B MSD; Agilent 

Technologies, USA). Separation was achieved 
on an HP-5ms Ultra Inert capillary column (30 
m × 250 µm × 0.25 µm) with helium as the 
carrier gas (2.9 mL/min). Samples (1 µL) were 
injected in splitless mode at 290 °C. The oven was 
programmed from 70 °C (5 min) to 290 °C at 10 °C/
min, with a final hold of 3 min. Mass spectra were 
acquired under electron ionization (70 eV) in scan 
mode (m/z 50–550). Compound identification was 
performed by comparing spectra against the NIST 
17 and Wiley 11 mass spectral libraries, supported 
by published literature. 
Statistical analysis
	 All quantitative data were analysed using 
Microsoft Excel 2023 (Microsoft Corp., USA). 
Antibacterial activity was expressed as mean ± 
standard deviation (SD) from three independent 
replicates. IC50 values for the DPPH assay 
were calculated using linear regression of the 
concentration–inhibition curve. 

Results 

Analysis of phytochemicals in the ethyl acetate 
extract
	 Qualitative phytochemical tests were 
carried out on the ethyl acetate extract of M. 
calabura leaves to identify the presence of key 
secondary metabolite classes. The screening 
involved a series of chemical tests designed to 
produce observable reactions, such as colour 
changes or precipitates, in the presence of specific 
compounds. The overall findings are summarized 
in Table 1.
	 In the alkaloid test, no precipitate was 
observed following the addition of Mayer’s or 
Dragendorff’s reagents, indicating a negative 
result. A positive reaction would typically be 
marked by the formation of a white precipitate 
with Mayer’s reagent or a yellow precipitate with 
Dragendorff’s reagent.
	 The test for tannins was conducted using 
an iron (III) chloride (FeCl3) solution. When 
the FeCl3 reagent was added to the ethyl acetate 
extract, the solution immediately changed to a dark 
green colour. This colour change is a characteristic 
positive reaction, confirming the presence of 
tannins.
	 Two separate methods were employed to 
detect flavonoids. In the first test, the addition of 
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Table 1. Phytochemical profile of the M. 
calabura extract. A plus sign (+) denotes the 
detection of a compound class, while a minus 

sign (-) denotes its absence

Phytochemical compounds	 Result

Alkaloids	 -
Tannins	 +
Flavonoids	 +
Saponins	 +
Steroids	 +
Terpenoids	 -

Fig. 1. M. calabura plant species (left) and M. calabura leaves (right)

concentrated H2SO4  to the extract caused a colour 
change to slightly yellowish, which is considered 
a positive result. In the second test, which used a 
mixture of hot ethanol, concentrated hydrochloric 
acid (HCl), and magnesium powder, the extract 
did not produce the expected red or orange colour. 
Despite the negative result from the second test, the 
positive reaction with sulfuric acid was considered 
sufficient evidence for the detection of flavonoids.
	 To evaluate the presence of saponins, an 
aliquot of the extract was vigorously agitated in hot 
distilled water, which resulted in a stable foam layer 
measuring between 1 and 10 cm. The persistence 
of this foam was verified when it did not dissipate 
after a few drops of 1N HCl were added. This 
formation of a stable froth is a classic indication 
that saponins are present.

	 The Liebermann-Burchard test was used 
to screen for both steroids and terpenoids. Upon 
addition of the reagent to the extract, the solution 
turned a distinct blue colour. This blue coloration 
is a positive result for steroids. However, the test 
was negative for terpenoids, as the solution did 
not develop the reddish-orange colour that would 
indicate their presence. 
Antioxidant screening
	 The extract demonstrated notable, dose-
dependent antioxidant activity. Across the tested 
concentration range, DPPH radical scavenging by 
the ethyl acetate extract ranged from 12.85% at 
the lowest concentration to 35.97% at the highest 
concentration. Based on the inhibition data, the 
half-maximal inhibitory concentration (IC50) 
for the extract was determined to be 37.32 ppm 
(Table 2). Based on standard classifications for the 
DPPH assay24, this value indicates that the extract 
possesses very strong antioxidant activity.
Antibacterial screening
	 The ethyl acetate extract of M. calabura 
leaves demonstrated antibacterial activity against 
all tested strains (Figure 2 and Table 3). The largest 
zone of inhibition was observed against S. mutans 
FNCC 0405 (13.04 ± 2.03 mm), followed by E. 
coli ATCC 25922 (10.93 ± 0.67 mm), S. aureus 
ATCC 25923 (9.87 ± 0.28 mm), and K. pneumoniae 
ATCC 700603 (8.52 ± 0.81 mm). In addition, the 
ethyl acetate extract showed antibacterial activity 
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Table 2. Dose-response analysis and IC50 value of M. calabura leaf extracts

Concentration	 Average 	 % Inhibition	 IC50	 Category
(ppm)	 Absorbance (Abs)		  (ppm)

0	 0.519	 0.00	 37.32	 Very strong 
5	 0.452	 12.85		
10	 0.430	 17.08		
15	 0.391	 24.66		
20	 0.364	 29.87		
25	 0.332	 35.97		

Table 3. Inhibition of test bacteria by the M. calabura extract. The presented inhibition zone diameters 
(mm) are the average of three replicates

No 	 Bacterial target strains 	 M. calabura 	 Positive control 	 Negative control 
		  crude extracts 	 (levofloxacin) 	 (ethyl acetate)

1	 S. aureus ATCC 25923	 9.87±0.28	 24.87 ± 1.14	 0 ± 0
2	 S. mutans FNCC 0405	 13.04±2.03	 18.30 ± 0.94	 0 ± 0
3	 E. coli ATCC 25922	 10.93±0.67	 22.31 ± 0.49	 0 ± 0
4	 K. pneumoniae ATCC 700603	 8.52±0.81	 22.75 ± 0.56	 0 ± 0
5	 E. coli ESBL	 8.00±0.10	 25.0 ± 0.30	 0 ± 0
6	 K. pneumoniae ESBL	 7.80±0.50	 13.7± 0.20	 0 ± 0
7	 A. baumannii ESBL	 8.30±0.20	 22.70 ± 0.60	 0 ± 0

against MDR bacteria, with zones of inhibition of 
8.0 ± 0.1 mm for E. coli ESBL,  7.8± 0.5 mm for 
K. pneumoniae ESBL  () and 8.3± 0.2 mm for A. 
baumannii ESBL . 
	 As expected, the positive control 
levofloxacin (Table 3) produced markedly larger 
inhibition zones across all strains (13.80–24.87 
mm), confirming assay validity. In contrast, 
the negative control (ethyl acetate) showed no 
inhibition (0 mm) for all bacteria tested, indicating 
that the observed activity originated exclusively 
from the plant extract. Antibacterial potency was 
categorized using a four-level scale based on the 
inhibition zone diameter. Activity levels were 
interpreted as weak (0-5 mm), moderate (5-10 
mm), strong (10-20 mm), and very strong (>20 
mm).25 
GC/MS analysis
	 The GC/MS analysis (Figure 3) detected 
64 different compounds from ethyl acetate extract 
of M. calabura. Among these 64 compounds, 
nine compounds have been associated with 
antibacterial activities (Table 4). Of these 9 
potential antibacterial compounds that were 
detected, three compounds displayed percentage 

above 4 percent namely g-tocopherol, 7-Hydroxy-
3-methoxy-2-p-methoxyphenyl-4H-chromen-
4-one, and 4H-1-Benzopyran-4-one,5-hydroxy-
6,7-dimethoxy-2-phenyl which can be seen in  
Figure 3. 

Discussion

	 This study aimed to provide a scientific 
characterization of the ethyl acetate leaf extract of 
M. calabura, with emphasis on its phytochemical 
composition, antioxidant potential, and antibacterial 
activity. The results demonstrate that the extract 
contains diverse bioactive constituents with 
notable therapeutic relevance. Collectively, the 
findings offer a solid scientific basis supporting 
the plant’s traditional use and highlight its promise 
as a candidate for modern drug discovery.18 In 
addition, the consistency of the quantitative data 
(as reflected by relatively low standard deviations 
across replicates) strengthens the reliability of these 
findings and supports the biological relevance of 
the observed activities.
	 The qualitative phytochemical screening 
successfully identified several major classes 
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of bioactive compounds, including tannins, 
flavonoids, saponins, and steroids, within the 
extract. The confirmed presence of polyphenolic 
compounds such as flavonoids and tannins is 
particularly noteworthy, as it directly correlates 
with the extract’s potent antioxidant capacity, 
which was quantified as very strong with IC50  
value of 37.32 ppm in the DPPH assay. This 
exceptional radical-scavenging activity provides 
a clear biochemical basis for the traditional use 
of M. calabura in managing ailments associated 
with oxidative stress.18 The low IC50  value also 
indicates that the extract exhibits antioxidant 

efficiency comparable to many plant species 
previously reported as strong natural antioxidants, 
further supporting its potential biomedical 
applications.
	 In the antibacterial evaluation, the extract 
demonstrated remarkable broad-spectrum activity, 
effectively inhibiting both Gram-negative (E. coli, 
K. pneumoniae) and Gram-positive (S. aureus, S. 
mutans) bacterial targets. The efficacy was most 
pronounced against S. mutans, which yielded the 
largest zone of inhibition at 13.04 ± 2.03 mm, 
suggesting a targeted potential for applications 
in oral healthcare. This finding is supported 
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Fig. 2. Disc diffusion assay showing the antibacterial activity of the ethyl acetate leaf extract of M. calabura. 
Panels arranged from left to right correspond to S. aureus ATCC 25923, S. mutans FNCC 0405, E. coli ATCC 
25922, K. pneumoniae ATCC 700603, E. coli ESBL, K. pneumoniae ESBL, and A. baumannii ESBL. Within 

each plate, disc A represents the M. calabura extract and disc B represents the levofloxacin positive control; the 
ethyl acetate negative control produced no inhibition (not shown).

statistically by the magnitude of the inhibition zone, 
which falls within the strong activity category, 
indicating that the detected compounds exert 
meaningful biological effects rather than incidental 
or weak activity. This wide-ranging antimicrobial 
effect is logically attributed to the synergistic 
actions of the detected phytochemicals, which 
are well-documented to compromise bacterial 

cell integrity and disrupt essential metabolic 
pathways.19

	 A pivotal finding of this investigation is 
the extract’s definitive efficacy against clinically 
significant MDR bacteria. The extract produced 
clear zones of inhibition against ESBL-producing 
E. coli (8.0 ± 0.1 mm) and K. pneumoniae (7.8 
± 0.5 mm), as well as A. baumannii ESBL (8.3 
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Fig. 3. Mass spectra of three of the most abundant compounds detected by GC–MS analysis of the ethyl acetate 
extract of M. calabura. Panels show: (A) g-tocopherol (RT 26.875 min; 14.57%), (B) 7-Hydroxy-3-methoxy-

2-p-methoxyphenyl-4H-chromen-4-one (RT 24.695 min; 6.38%), and (C) 4H-1-Benzopyran-4-one, 5-hydroxy-
6,7-methoxy-2-phenyl (RT 25.824 min; 4.03%). In each spectrum, the x-axis represents the mass-to-charge 

ratio (m/z) of the detected ions, while the y-axis represents ion abundance (counts) corresponding to the relative 
intensity of each fragment peak. Structural diagrams of each compound are shown on the right side of each panel. 

± 0.2 mm). Although these values fall within 
the moderate activity range, the remarkably low 
standard deviations as observed against E. coli 
ESBL indicated highly reproducible antibacterial 
effects against this resistant bacterial target. This 

capacity to inhibit pathogens that have evolved 
resistance to conventional antibiotics directly 
addresses the global AMR crisis and positions 
M. calabura as a promising source of novel 
antimicrobial leads. The ability of a crude plant 
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Table 4. Potential antibacterial constituents identified in the ethyl acetate crude extract of M. 
calabura through GC/MS analysis.

Compound Name	 Retention 	 Relative 	 Reference
	 Time (RT) 	 Area (%)
	 (min)	

d-tocopherol	 26.875	 14.57	 26
7-Hydroxy-3-methoxy-2-p-methoxyphenyl	 24.695	 6.38	 27
-4H-chromen-4-one
4H-1-Benzopyran-4-one, 5-hydroxy-6,	 25.824	 4.03	 28
7-methoxy-2-phenyl-(Sloflavone)
dl-a-Tocopherol (Vitamin E)	 28.166	 3.25	 29
Neophytadiene	 17.502	 2.75	 30
g-Tocopherol	 27.406	 2.10	 31
Phytol	 20.181	 1.54	 32
n-Hexadecanoic acid (palmitic acid)	 18.829	 1.30	 33
Stigmasterol	 29.322	 1.07	 34

extract to suppress MDR strains also suggests that 
its mechanisms of action may bypass conventional 
resistance pathways, an important implication for 
future drug development. 35,36

	 The GC/MS analysis provided a detailed 
chemical blueprint of the extract, linking the 
observed bioactivities to specific molecules among 
the 64 compounds detected. Three compounds 
with known antibacterial properties were present 
in particularly high concentrations: d-tocopherol 
(14.57%), the flavonoid 7-Hydroxy-3-methoxy-
2-p-methoxyphenyl-4H-chromen-4-one (6.38%), 
and 4H-1-Benzopyran-4-one, 5-hydroxy-6,7-
dimethoxy-2-phenyl (4.03%). The substantial 
abundance of these molecules strongly indicates 
that they are the primary drivers of the extract’s 
powerful antioxidant and antibacterial performance. 
Furthermore, the presence of other bioactive 
compounds like n-hexadecanoic acid (1.30%) and 
phytol (1.54%) likely contributes to a synergistic 
effect, enhancing the overall therapeutic potential 
of the crude extract.37 The alignment between 
the relative abundance of these metabolites and 
the strength of the biological effects observed 
(e.g., higher inhibition zones in Gram-positive 
strains) supports their functional significance and 
strengthens the mechanistic interpretation of the 
results.
	 While this study provides a robust 
validation of the extract’s potential, its scope also 
defines clear imperatives for future research. The 

current antibacterial assessment, based on the disc 
diffusion method, must be advanced by quantitative 
analyses to establish the minimum inhibitory 
concentration (MIC) and minimum bactericidal 
concentration (MBC) values. Moreover, it is 
imperative to pursue the bioassay-guided isolation 
of the most abundant compounds, specifically 
ä-tocopherol and the identified flavonoids, to 
confirm their individual bioactivities and elucidate 
their precise mechanisms of action against MDR 
pathogens. Such studies will also help determine 
whether the observed antibacterial effects arise 
predominantly from single active molecules or from 
synergistic interactions, an important distinction for 
future pharmaceutical development.38

Conclusion

	 The ethyl acetate leaf extract of M. 
calabura is a potent reservoir of bioactive 
phytochemicals, including flavonoids, tannins, 
and steroids. This study conclusively demonstrates 
that the extract possesses very strong antioxidant 
activity (IC50 of 37.32 ppm) and exhibits 
significant, broad-spectrum antibacterial efficacy 
against both standard pathogenic and challenging 
multidrug-resistant strains. The inhibition zones 
obtained across replicates were consistent, 
indicating reliable antibacterial performance 
and supporting the validity of the findings. The 
high relative abundance of specific compounds, 
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namely d-tocopherol, 7-Hydroxy-3-methoxy-2-
p-methoxyphenyl-4H-chromen-4-one, and 4H-1-
Benzopyran-4-one, 5-hydroxy-6,7-dimethoxy-2-
phenyl, provides a definitive chemical basis for 
these observed biological activities. Together, these 
results present a concise summary of the extract’s 
antioxidant strength, antibacterial potential, and 
phytochemical profile. Ultimately, this research 
provides robust scientific validation for the 
ethnobotanical use of M. calabura and establishes 
it as a high-priority candidate for the discovery and 
development of novel natural products to combat 
antimicrobial resistance.
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