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Abstract: Syzygium malaccense L., commonly known as Malay apple, is a medicinal plant traditionally used to treat various 
infectious diseases. However, scientific evidence supporting the antibacterial efficacy of different parts of this plant remains 
limited. This study aimed to compare the antibacterial activity of methanol extracts from the leaves, bark, and fruit of S. 
malaccense against Escherichia coli and Staphylococcus aureus. Each extract was characterized through organoleptic 
observations, moisture content determination, total ash content analysis, and phytochemical screening. Antibacterial activity 
was evaluated using the agar diffusion method, with dimethyl sulfoxide (DMSO) as the negative control and chloramphenicol 
(30 µg/disc) as the positive control. Phytochemical screening confirmed the presence of phenolic compounds, alkaloids, 
flavonoids, and saponins in all extracts. The antibacterial assay revealed that all tested extracts inhibited both bacterial strains, 
with inhibition zones ranging from 8.15 to 13.12 mm. The methanol extract of S. malaccense bark demonstrated the highest 
antibacterial activity at 20%, producing an inhibition zone of 13.12 mm against S. aureus. 
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Introduction  
Infectious diseases are a major health concern in 
developing countries, ranking as the third leading cause 
of death after cardiovascular disorders and cancer. 
These infections can be caused by bacteria, viruses, 
fungi, or parasites. Antibiotics are effective in 
eliminating bacterial infections; however, their efficacy 
gradually declines due to the emergence of antibiotic 
resistance[1]. Consequently, the search for bioactive 
compounds with antibacterial properties has attracted 
considerable research interest. 
One potential medicinal plant is Syzygium malaccense L. 
(Jambu Bol), which has been traditionally used in several 
countries to treat various ailments, including 
inflammation, hyperglycemia, ulcers, and infections of 
the mouth and throat [2–4]. Phytochemical studies of its 
bark, leaves, and fruit have revealed the presence of 
polyphenolic compounds such as gallic acid, 
isorhamnetin, rutin, isoquercitrin, myricetin, myricitrin, 
quercitrin, kaempferol, and naringin [4,5]. These 
compounds have been scientifically proven to exhibit 
biological activities, including antioxidant, antibacterial, 
anti-inflammatory, hypoglycemic, cytotoxic, and 
cholesterol-lowering effects [6–9]. Polyphenolic 

compounds play a direct role in antimicrobial activity, 
and some studies have also linked their high antioxidant 
capacity to antibacterial efficacy [10]. Several reports 
have highlighted the antibacterial properties of various 
Syzygium species [11–13]. A study by Quenon et al. [14] 
demonstrated that methanol extracts of S. malaccense 
L. leaves and aliphatic derivatives of salicylic acid exhibit 
antibacterial activity against several Gram-positive and 
Gram-negative bacteria. 
Although these findings highlight the medicinal potential 
of S. malaccense, most studies have focused primarily on 
leaf extracts, with the bioactivity of other plant parts, 
such as the bark and fruit, largely unexplored. A 
thorough comparative analysis of antibacterial activity 
across different plant parts could offer valuable insights 
into their therapeutic potential, aiding in identifying the 
most effective source for antimicrobial applications. 

Method 
Instruments 
The instruments used in this study included an autoclave 
(Hiramaya®), oven (Memmert®), incubator 
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(Memmert®), laminar airflow (LAF) (Innotech-Biobase®), 
rotary evaporator (IKA®), hot plate (Velp Scientifica®), 
analytical balance (Kern®), Erlenmeyer flasks (Iwaki®), 
test tubes (Iwaki®), and petri dishes (Normax®). 
 
Materials 

The materials used in this study included powdered 
simplicia from the bark, leaves, and fruit of S. 
malaccense L. (Identification No. 21/HB/03/2023), 
nutrient agar (NA) (Merck®), 70% ethanol (Bratacem®), 
sterile paper discs, distilled water (Bratacem®), 
methanol (Bratacem®), 0.9% NaCl solution, E.coli (ATCC 
25922), S. aureus (ATCC 25923), dimethyl sulfoxide 
(DMSO) (Merck®), and chloramphenicol (Sigma®). 
 
Extraction Procedure 

The extraction process was conducted using the 
maceration method with methanol as the solvent. The 
powdered simplicia (bark, leaves, and fruit of S. 
malaccense L. was macerated in brown bottles at a 
sample-to-solvent ratio of 1:10. The maceration was 
repeated three times, followed by filtration and 
concentration using a rotary evaporator at 60°C to 
obtain a thick methanol extract [15,16] 
Extract Standardization 

The extract was standardized by determining 
organoleptic characteristics, moisture content, total ash 
content, and phytochemical screening (alkaloids, 
phenols, flavonoids, terpenoids, steroids, and saponins) 
[1,15]. 
 
Antibacterial Activity Assay 

The antibacterial activity was evaluated using the agar 
diffusion method against Gram-positive (S. aureus ATCC 
25923) and Gram-negative (E. coli ATCC 25922) bacteria. 
The bacterial cultures were inoculated and collected 
using a sterile inoculating loop, then suspended in a test 
tube containing 5 mL of 0.9% NaCl solution to achieve a 
bacterial concentration of 1 × 10⁸ CFU/mL (0.5 
McFarland standard). The test extracts (bark, leaves, and 
fruit) were prepared at concentrations of 5%, 10%, and 
20% in DMSO. A 10 µL aliquot of each extract was 
pipetted onto sterile paper discs, which were then 
placed on the surface of nutrient agar previously 
swabbed with the bacterial suspension (1 × 10⁸ CFU/mL). 
The plates were incubated at 37°C for 18 hours. 
Antibacterial activity was determined by measuring the 
inhibition zone diameter using a caliper. 
Chloramphenicol (30 µg/disc) was used as the positive 
control, while DMSO served as the negative control [17]. 

Results and Discussion 

This study aimed to compare the antibacterial activity of 
the bark, leaves, and fruit of S. malaccense L. Methanol 
extracts were obtained from each plant part using 
maceration. The extraction yields for the methanol 
extracts were 26% for leaves, 21.8% for bark, and 25.4% 
for fruit. 
Each extract was characterized by assessing 
organoleptic properties, moisture content, total ash 
content, and phytochemical screening, as presented in 
Table 1. These characterizations ensure consistency in 
chemical composition and maintain the quality of the 
extracts produced within a single batch. Phytochemical 
screening was conducted to qualitatively detect 
secondary metabolites, providing an initial overview of 
the chemical constituents in each extract. The 
phytochemical profile of the methanol extracts from the 
leaves, bark, and fruit of S. malaccense is summarized in 
Table 2. 
Qualitative phytochemical analysis revealed that, in 
general, all extracts exhibited similar chemical 
compositions. However, the presence of terpenoids was 
detected exclusively in the bark extract. This finding 
aligns with a previous study [18], which characterized the 
chemical constituents and quantified the total phenolic 
and flavonoid content in 80% methanol extracts of S. 
malaccense leaves and fruit. The study concluded that 
although both extracts contained similar polyphenolic 
compounds, the leaf extract had higher total phenolic 
and flavonoid content than the fruit extract, at 5.3% and 
0.028%, respectively. 

Table 1.  Specific and Non-Specific Parameters of Methanol Extracts 

from S. malaccense L. 

Parameter Leaves Bark Fruit 

Specific    

Color 

Odor 

Taste 
Form 

Brownish Green 

Unique  

Bitter 
Liquid 

Dark Brown 

Unique 

Bitter 
Thick 

Blackish Brown 

Unique 

Sweet 
Thick 

Non-spesific    

Moisture 

content 

12.3% ± 0.5647 10% ± 0.7823 7.4% ± 0.5206 

Total Ash 

Content 

8.21% ± 0.3233 7.8% ± 0.6161 5.86% ± 0.4291 
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Table 2. Phytochemical screening of S. malaccense L. methanol extract 

Phytochemical screening leaves Bark Fruit 

Alkaloids 

Flavonoids 

Tanins 

Saponins 

Phenols 

Terpenoids 

Steroids 

+ 

+ 

+ 

+ 

+ 

- 

- 

+ 

+ 

+ 

+ 

+ 

+ 

- 

+ 

+ 

+ 

+ 

+ 

- 

- 

The antibacterial activity of the methanol extracts from 
the bark, leaves, and fruit of S. malaccense was 
evaluated using the agar diffusion method. This method 
is widely used in antibiotic susceptibility testing due to 
its advantages, including ease of use, cost-effectiveness, 
broad applicability to various bacterial strains, and its 
ability to measure antimicrobial potency with 
straightforward result interpretation [19]. The 
antibacterial activity assay was conducted against two 
pathogenic bacterial strains: E. coli (Gram-negative) and 
S. aureus (Gram-positive). These bacteria were selected 
to assess the potential broad-spectrum activity of the 
extracts against both bacterial types. Chloramphenicol 
was used as the positive control because it is a broad-
spectrum antibiotic that inhibits the growth of both 
Gram-positive and Gram-negative bacteria [20]. 
The antibacterial activity of the extracts was classified 
based on the inhibition zone diameter: inactive (<8 mm), 
weak (8–12 mm), moderate (13–15 mm), and strong 
(>15 mm) [1].  The results in Table 3 indicated that all 
extract concentrations exhibited antibacterial activity 
against the tested bacterial strains, with inhibition zone 
diameters ranging from 8.15 to 13.12 mm. The variation 
in extract concentration influenced the inhibition zone 
size, with the 20% (w/v) bark extract demonstrating the 
strongest antibacterial activity, classified as moderate 
against both E. coli (12.92 ± 0.18 mm) and S. aureus 
(13.12 ± 0.35 mm). This was followed by the fruit extract, 
which exhibited inhibition zones of 12.48 ± 0.27 mm for 
E. coli and 10.42 ± 0.24 mm for S. aureus, and the leaf 
extract, which showed inhibition zones of 10.88 ± 0.30 
mm for E. coli and 11.22 ± 0.50 mm for S. aureus. 
Comparable findings were reported in a previous study, 
where an 11% ethanolic leaf extract of Syzygium 
malaccense exhibited an inhibition zone of 8.6 mm 
against S. aureus [21]. Similarly, another study 
demonstrated that a 12.5% ethanolic bark extract 
produced an inhibition zone of 8.98 mm against Shigella 
dysenteriae[22]. In a related formulation study, 
Pamungkas et al. [23] developed a liquid soap containing 
an ethanolic extract of S. malaccense leaves, which 
showed antibacterial activity against S. epidermidis, with 
a 7.5% concentration producing an inhibition zone of 
17.3 mm. 

The antibacterial activity of the S. malaccense leaf, bark, 
and fruit extracts is strongly influenced by their chemical 
composition. Polyphenolic compounds are known to 
exhibit antibacterial properties through various 
mechanisms. Studies have shown that flavonoids can 
inhibit nucleic acid synthesis, disrupt cytoplasmic 
membrane function, and interfere with energy 
metabolism [24]. Additionally, flavonoids have been 
observed to reduce bacterial adhesion and biofilm 
formation, alter porin expression in the cell membrane, 
modify membrane permeability, and decrease 
pathogenicity, all of which are essential factors for 
bacterial growth [25]. 

Table 3. Antibacterial activity of S. malaccense L. methanol extract 

Plant part Concentration 

(%) 

Diameter of the inhibitory zone  

(mm) ± SD 

Bacteria 

E. coli S. aureus 

Leaves 

  

5 8.32 ± 0.24d** 8.45 ± 0.23c** 

10 9.85 ± 0.26c** 9.15 ± 0.21c** 

20 10.88 ± 0.30b** 11.22 ± 0.50b** 

Bark  5 10.51 ± 0.23d** 9.12 ± 0.37d** 

10 11.61 ± 0.15c** 10.65 ± 0.26c** 

20 12.92 ± 0.18b*** 13.12 ± 0.35b*** 

Fruit  5 8.35 ± 0.31d** 8.15 ± 0.2d** 

10 11.45 ± 0.25c** 9.51 ± 0.33c** 

20 12.48 ± 0.27b*** 10.42 ± 0.24b** 

Positive 

control 

30 µg/disk 35.88 ± 0.07a**** 28.28 ± 0.07a**** 

Negative 

control 

DMSO - - 

The data are expressed as mean ± SD from three replicates; statistical 

significance was determined using one-way ANOVA. Data from 

different subsets of the same bacteria show significant differences (p 

< 0.05). *inactive (<8 mm), **weak (8–12 mm), ***moderate (13–15 

mm), and ****strong (>15 mm) 

Figure 1. Inhibitory Zone of S. malaccense against S. aureus (up) and E. 

Coli (down). P: treatment concentration; K+: Positive control; K-: 

negative control; B: fruit; D: leaves; KB: bark 
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The presence of terpenoid compounds was detected in 
the bark extract of S. Malaccense. The antibacterial 
mechanism of terpenoids involves interactions with 
transmembrane proteins within the bacterial cell wall. 
Damage to these transmembrane proteins reduces the 
permeability of the bacterial cell wall, leading to the loss 
of essential nutrients and ultimately inhibiting bacterial 
growth or causing cell death [26]. The findings of this 
study serve as a preliminary basis for the discovery of 
new, highly effective antibacterial agents derived from 
natural sources. Furthermore, these results provide 
scientific justification for the traditional use of S. 
malaccense in the treatment of various infectious 
diseases. 
 

Conclusion 

This study evaluated the antibacterial activity of methanol 
extracts from the leaves, bark, and fruit of S. malaccense 
against E. coli and S. aureus. The bark extract at 20% (b/v) 
exhibited the strongest antibacterial effect, likely due to the 
presence of terpenoids and flavonoids, which disrupt 
bacterial cell membrane integrity. Phytochemical screening 
confirmed the presence of phenolic compounds, alkaloids, 
flavonoids, and saponins in all extracts, with terpenoids 
detected specifically in the bark. These findings suggest that 
S. malaccense has potential as a natural antibacterial agent, 
warranting further research to identify active compounds 
and explore its therapeutic applications. 
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