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ABSTRACT 
Background: Helicobacter pylori infection is a global health problem 
with a high prevalence in developing countries and plays a role in the 
pathogenesis of various gastrointestinal disorders. Antibiotic resistance 
is a major challenge in the eradication of H. pylori, prompting the 
exploration of alternative antibacterial agents derived from traditional 
medicinal plants. Objective: To analyze the antibacterial activity of an 
ethanol extract of sembung leaves (Blumea balsamifera) against 
Helicobacter pylori growth in vitro. Methods: This experimental study 
used a posttest control group design with five concentrations of the 
ethanol extract of sembung leaves (10%, 20%, 40%, 60%, and 80%). The 
extraction was performed via the maceration method with 96% ethanol. 
Antibacterial activity was tested via the Kirby–Bauer disk diffusion 
method on Mueller–Hinton agar medium. The inhibition zone diameter 
data were analyzed via the Kruskal‒Wallis and Mann‒Whitney tests with 
a 95% confidence level. Results: None of the concentrations of the 
Sembung leaf ethanol extract produced an inhibition zone against H. 
pylori, with a diameter of 0 ± 0 mm in all the treatment groups. The 
positive control exhibited an inhibition zone of 23.15 ± 0.28 mm. The 
Kruskal‒Wallis test revealed a significant difference (p = 0.000). 
However, the Mann‒Whitney U test confirmed that there was no 
significant difference between the negative control and all extract 
concentrations (p=1.000). Conclusion: Ethanol extracts of Blumea 
balsamifera leaves at concentrations ranging from 10–80% did not 
exhibit antibacterial activity against H. pylori in vitro, as determined via 
the disk diffusion method.  
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INTRODUCTION 
Helicobacter pylori infection affects more than 44% of the global population, with a higher 

prevalence in developing countries (93.6%) than in developed countries (15.5%) [1,2]. These 
spiral-shaped gram-negative bacteria colonize the gastric mucosa and trigger local inflammation 
that can lead to atrophic gastritis, intestinal metaplasia, and peptic ulcers [3]. Local studies have 
shown that the prevalence rates of H. pylori infection in Denpasar and Tabanan are 41.2% and 
43%, respectively [4]. 

The standard management of H. pylori infection uses a combination of two to three antibiotics 
(amoxicillin, clarithromycin, metronidazole, tetracycline, and levofloxacin) with acid-suppressing 
agents [5,6]. However, antibiotic resistance is the main cause of eradication failure, with 
resistance rates of 22.2% for clarithromycin, 69.2% for metronidazole, and 1.2% for amoxicillin 
in the United States and Europe [7]. A recent study from China reported dual resistance to 
clarithromycin and metronidazole in 75.1% of isolates [8]. This multidrug resistance reduces the 
effectiveness of standard therapy and increases treatment costs, therapy duration, and the risk of 
complications [9,10]. 

 Exploring natural antibacterial agents from medicinal plants is an alternative strategy to 
address the antibiotic resistance crisis [11,12]. Sembung leaves (Blumea balsamifera) from the 
Asteraceae family have been traditionally used in Southeast Asia to treat infections, diarrhea, and 
digestive disorders [13,14]. Phytochemical analysis has shown that sembung leaves contain 
flavonoids (quercetin 6.9 mg/g dry weight), alkaloids, tannins, saponins, terpenoids, and essential 
oils with antibacterial activity [15]. 

Previous studies have reported the antibacterial activity of Sembung leaves against 
Staphylococcus aureus, with a minimum inhibitory concentration (MIC) of 0.5 mg/mL [15]; 
Pseudomonas aeruginosa, with an inhibition zone of 7.8–10.5 mm [16]; and methicillin-resistant 
Staphylococcus aureus (MRSA) [17]. Proteomic studies have shown that B. balsamifera essential 
oil kills S. aureus through four simultaneous mechanisms: destruction of cell membrane 
permeability, inhibition of nucleic acid and protein synthesis, and disruption of amino acid 
metabolism [18,19]. However, data on the antibacterial activity of sembung leaves against H. 
pylori are currently unavailable.  

Given the unique characteristics of H. pylori as a microaerophilic gram-negative bacterium 
with a complex lipopolysaccharide outer membrane, evaluating the antibacterial activity of 
sembung leaves against this pathogen is important. Therefore, this study aimed to analyze the 
antibacterial activity of sembung leaf ethanol extracts against the growth of H. pylori in vitro, 
providing scientific data on the potential of sembung leaves as alternative antibacterial agents 
against H. pylori antibiotic resistance. 
 
MATERIALS AND METHODS 

Study design and setting 
This experimental study used a posttest-only control group design and was conducted at the 

Laboratory of the Faculty of Medicine and Health Sciences, Warmadewa University, from August 
to September 2025. Sembung leaves were sampled from Jalan Dewi Uma, Banjar Pemogan Kelod, 
Pemogan Village, South Denpasar District, Denpasar City, Bali Province. 

Population and sample 
The study population consisted of all sembung leaves (B. balsamifera) growing at the study 

site. Sembung leaf samples were selected on the basis of the following inclusion criteria: young 
to mature leaves, healthy without physical damage, and not exposed to pesticides. The exclusion 
criteria were leaves that were too young, wilted, or affected by pests or diseases. The test bacteria 
were H. pylori clinical isolates obtained from laboratory samples. 
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Research procedures 
Preparation of the crude drug and extraction 

Freshly eaten leaves were washed thoroughly with running water, wet-sorted, drained, cut 
into small pieces, and weighed. Drying was carried out in an air-conditioned room without direct 
sunlight exposure to prevent the degradation of bioactive compounds [20]. After drying, dry 
sorting was performed, and the mixture was ground using a blender and sieved to obtain a 
homogeneous powder. Extraction was performed via the maceration method, following the 
procedures described by Ameliana et al. [21] and Romadhina et al. [22], with modifications. A 
total of 100 g of powdered simple was macerated with 96% ethanol until completely submerged, 
left for 72 h protected from light, and stirred via a magnetic stirrer every 24 h. The filtrate was 
filtered, and the residue was remacerated via the same solvent. All the filtrates were combined 
and evaporated via a rotary evaporator at 40–60°C until a thick extract was obtained. The total 
mass of the extract was determined via an analytical balance. 

 
Preparation of various concentrations 

The thick extract was diluted with 96% ethanol to produce five concentrations (10%, 20%, 
40%, 60%, and 80% w/v) in 5 mL volumetric flasks according to the procedure described by 
Sanda et al. [23]. The extract mass calculation was adjusted via the weight-per-volume percentage 
formula to obtain a homogeneous solution. 

 
Preparation of media and test bacteria 

Mueller–Hinton agar (MHA) medium was prepared by dissolving MHA powder in distilled 
water and heating it while stirring until homogeneous. The pH of the medium was measured via 
a pH stick to ensure a pH of 7.3 ± 0. H. pylori colonies from pure cultures were revived on 
nutrient agar medium and incubated at 37°C for 24 hours. Colonies aged 1 × 24 h were suspended 
in sterile 0.9% physiological NaCl until they reached a turbidity equivalent to the 0.5 McFarland 
standard (1.5×108 CFU/mL) measured via a McFarland densitometer [11,24]. 

 
Antibacterial activity test 

The test was performed via the Kirby–Bauer disk diffusion method, following the procedures 
described by Putri, Hafida, and Megawati [23] and American Society for Microbiology [25]. Sterile 
6 mm diameter disks were saturated with 20 µL of each concentration of the extract. The negative 
control used 96% ethanol, and the positive control used a 30 µg chloramphenicol antibiotic disc. 
A standard 0.5 McFarland suspension of H. pylori was inoculated onto the surface of the MHA 
medium via sterile cotton swabs until it was evenly distributed. The medium was left for 15 min 
to allow the suspension to soak. The saturated discs were placed on the surface of the medium at 
a distance of ±15 mm between the discs. The Petri dishes were incubated at 37°C for 24 h [26,27]. 
 
Measurement and data analysis 

The diameter of the inhibition zone was measured via a caliper with an accuracy of 0.1 mm. 
The inhibition zone diameter data were analyzed via the Kolmogorov‒Smirnov normality test. 
Because the data were not normally distributed, the analysis was continued with the Kruskal‒
Wallis nonparametric test to determine the differences between groups with a 95% confidence 
level (α=0.05). The Mann‒Whitney U test was used to identify pairs of groups that were 
significantly different. Data processing was performed via SPSS software (version 25) [28,29]. 
 
RESULTS  

Antibacterial activity 
Testing the antibacterial activity of ethanol extracts of Sembung leaves at five concentrations 

(10%, 20%, 40%, 60%, and 80%) against H. pylori yielded negative results. Table 1 presents the 
measured inhibition zone diameters for each treatment group. The negative control (96% ethanol) 
did not produce an inhibition zone in any of the replicates, with an average value of 0 ± 0 mm, 
confirming that the solvent had no antibacterial activity against H. pylori. The positive control 
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(30 µg chloramphenicol) had a consistent inhibition zone in all the replicates, with diameters 
ranging from 22.8–23.5 mm and averages of 23.5 mm and 23.35 mm. The average diameter of 
the inhibition zone in the positive control was 23.15 ± 0.28. Inhibition zones ≥21 mm were 
classified as very strong, confirming that the test bacteria were still sensitive to standard 
antibiotics and that the validity of the testing system was fulfilled. None of the concentrations of 
the Sembung leaf ethanol extract (10%, 20%, 40%, 60%, or 80%) produced inhibition zones in 
any of the replicates, with an average value of 0 ± 0 mm. The absence of an inhibition zone 
indicates that the ethanol extract of Sembung leaves at these concentrations could not inhibit the 
growth of H. pylori in vitro, as determined via the disk diffusion method. 

Table 1. Inhibition zone diameter of the Sembung leaf ethanol extract against H. pylori 

Treatment Inhibition zone diameter (mm) Mean± SD I II III IV V 
K- (96% ethanol) 0 0 0 0 0 ±0 e 0 
K+ (Chloramphenicol 30 µg) 22.8 23 23.1 23.5 23.35 23.15± 0.28 
10% extract 0 0 0 0 0 ± 
20% extract 0 0 0 0 0 ± 
40% extract 0 0 0 0 0 ± 
60% extract 0 0 0 0 0 ± 
80% extract 0 0 0 0 0 ± 

 
Figure 1. Inhibitory effect of the ethanol extract of Sembung leaves on the growth of H. pylori. 
Description: (a) Inhibitory effects of the positive and negative controls on the growth of H. pylori 
bacteria and (b) examination of various variations in the Sembung leaf extract 

Statistical analysis of differences in antibacterial activity between groups 
The Kolmogorov‒Smirnov test for normality of the inhibition zone diameter data revealed that 

all treatment groups and the negative control had p values <0.05, indicating that the data were 
not normally distributed. The positive control had a p value >0.05, indicating a normal 
distribution. As most of the data were not normally distributed, the analysis was continued via 
the nonparametric kruskal‒wallis test (Table 2). 

The kruskal‒wallis test was performed to determine the differences between the treatment 
groups, with a confidence level of 95% (α=0.05). The test results showed a significant value of 
p=0.000 (p<0.05), indicating a significant difference in the diameter of the inhibition zone among 
the treatment groups (Table 3). 



 Ariastuti et.al.  

 

Svāsthya: Trends in General Medicine and Public Health, 2(6): e156 

5 

Table 2. Results of the kolmogorov‒smirnov normality test 

Treatment Mean± SD P Value 
K- (96% Ethanol) 0± 0 0.000*** 
K+ (Chloramphenicol 30 µg) 23.15± 0.28 0.200** 
10% extract ±0 0 0.000*** 
20% extract 0± 0 0.000*** 
40% extract  0± 0 0.000*** 
60% extract 0± 0 0.000*** 
80% extract 0± 0 0.000*** 

Remarks: * There is a significant difference, significance level 95% (P<0.05) 

Table 3. Results of the kruskal‒wallis test 

Treatment Mean± SD P Value 
K- (96% Ethanol) 0± 0 

0.000*** 

K+ (Chloramphenicol 30 µg) 23.15± 0.28 
10% extract 0± 0 
20% extract 0± 0 
40% extract  0± 0 
60% extract 0± 0 
80% extract 0± 0 

 

The findings indicate that there are significant differences, mainly due to the contrast between 
the positive control and the other groups. To identify the group pairs that caused significant 
differences, a Mann‒Whitney test was performed (Table 4). The Mann‒Whitney test revealed a 
significant difference between the positive control, negative control, and all concentrations of the 
extract (p=0.005). However, there were no significant differences between the negative control 
and all concentrations of the Sembung leaf extract (p=1.000) or between the extract 
concentrations (p=1.000). These results confirmed that all extract concentrations had an effect 
equivalent to that of the negative control; that is, they were unable to inhibit the growth of H. 
pylori. 
 
Table 4. Mann‒Whitney test results 

Treatment P Value 
K- K+ 10% 20% 40% 60% 80% 

K- (96% Ethanol)  *0.005 1,000 1,000 1,000 1,000 1,000 
K+ (Chloramphenicol 30 µg) *0.005  *0.005 *0.005 *0.005 *0.005 *0.005 

10% extract 1,000 *0.005  1,000 1,000 1,000 1,000 
20% extract 1,000 *0.005 1,000  1,000 1,000 1,000 
40% extract  1,000 *0.005 1,000 1,000  1,000 1,000 
60% extract 1,000 *0.005 1,000 1,000 1,000  1,000 
80% extract 1,000 *0.005 1,000 1,000 1,000 1,000  

Remarks: * There is a significant difference, significance level 95% (P<0.05). 
 
DISCUSSIONS 

This study aimed to analyze the antibacterial activity of an ethanol extract of Sembung leaves 
against H. pylori in vitro. The results showed that the ethanol extract of Sembung leaves at 
concentrations of 10–80% did not produce an inhibition zone against H. pylori, as indicated by 
an inhibition zone diameter of 0 ± 0 mm in all the treatment groups. This finding indicates that 
within the tested concentration range, the extract of sembung leaves does not exhibit antibacterial 
activity against H. pylori according to the disk diffusion method. 
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The negative control (96% ethanol) did not show an inhibition zone (0 ± 0 mm), indicating 
that the solvent did not contribute to antibacterial activity [30]. Ethanol (96%) was selected as 
the extraction solvent because of its ability to dissolve polar to semipolar secondary metabolites, 
such as flavonoids, phenolics, tannins, and alkaloids, which possess antibacterial properties 
[31,32]. Ethanol has high penetration power into plant cell walls, thereby increasing the extraction 
efficiency compared with that of lower-concentration solvents [33]. Jirakitticharoen et al. [15] 
reported that, compared with extraction with other solvents, extraction of B. balsamifera leaves 
with 50% ethanol produced 1.2 times greater total phenolic content and 1.1 times greater total 
flavonoid content. 

The positive control (30 µg chloramphenicol) produced a consistent inhibition zone with an 
average diameter of 23.15 ± 0.28 mm, which was classified as very strong according to AlSheikh 
et al. [11]. These results prove that H. pylori is sensitive to standard antibiotics and optimal testing 
conditions [30]. Chloramphenicol inhibits bacterial protein synthesis by binding to the 50S 
ribosomal subunit, producing a bacteriostatic or bactericidal effect depending on the 
concentration [1,34]. The sensitivity of H. pylori to chloramphenicol confirmed the validity of the 
testing system and demonstrated that the negative results of the sembung leaf extract were not 
due to a failure of the testing system but rather reflected the characteristics of the biological 
interaction between the extract and the test bacteria. 

The absence of an inhibition zone at all concentrations of the sembung leaf ethanol extract can 
be explained by several biological and methodological mechanisms. First, H. pylori is a 
microaerophilic gram-negative bacterium with a complex outer membrane structure containing 
lipopolysaccharides that functions as a barrier to the diffusion of antibacterial compounds [35]. 
The outer membrane of gram-negative bacteria consists of lipopolysaccharides (LPS), 
phospholipids, and porin proteins that form a selective permeability barrier to hydrophilic and 
lipophilic molecules [36,37]. 

The phytochemical compounds in sembung leaves, particularly flavonoids and terpenoids, are 
lipophilic and have relatively large molecular weights [38,39]. Quercetin, the main flavonoid in 
B. balsamifera (6.9 mg/g dry weight), has a molecular weight of 302.24 g/mol, indicating 
moderate lipophilicity [15,40]. Lipophilic compounds can easily diffuse through the phospholipid 
membranes of gram-positive bacteria but are blocked by the outer LPS membrane of gram-
negative bacteria [40,41]. 

Sakee et al. [42] reported that a B. balsamifera methanol extract produced an inhibition zone 
against three gram-positive bacteria (Bacillus cereus, Staphylococcus aureus, and Streptococcus 
pneumoniae) with a diameter of 7.8–10.5 mm. Jirakitticharoen et al. [15] reported that a 50% 
ethanol extract of immature B. balsamifera leaves had an MIC of 0.5 mg/mL against S. aureus. 
Yang et al. [18] used proteomic analysis to show that B. balsamifera essential oil kills S. aureus 
by destroying cell membrane integrity, inhibiting nucleic acid and protein synthesis, and 
disrupting amino acid metabolism. Wongarmart et al. [43] reported that B. balsamifera extract 
exhibits antibacterial activity against multidrug-resistant bacteria, including Klebsiella 
pneumoniae and Acinetobacter baumannii. 

However, the effectiveness of B. balsamifera extract is highly dependent on the target bacterial 
species tested. Binh et al. [44] reported that essential oils from sembung leaves were effective 
against gram-positive bacteria but showed much lower activity against certain gram-negative 
bacteria. Second, the disk diffusion method has limitations in detecting the antibacterial activity 
of natural compounds, especially nonpolar or volatile compounds such as essential oils [30]. 
Bubonja-Šonje et al. [35] reported that most polyphenols are lipophilic compounds with poor 
diffusion through water-based agar and that the standard disc diffusion method is optimized for 
hydrophilic antibiotics. 

Other studies testing natural materials against H. pylori have reported similar results. Pang et 
al. [41] reported that various plant extracts showed low or undetectable activity through the disk 
diffusion method but showed inhibitory activity via the liquid dilution method or MIC test. 
Pertiwi et al. [45] evaluated the antibacterial activity of mangrove leaf extract (Rhizophora 
mucronata) against H. pylori and reported no inhibition zone formation via a disk diffusion assay. 
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Hasan et al. [46] tested the effects of botto-botto leaf extract (Chromolaena odorata) against H. 
pylori with similar results. 

Statistical analysis via the kruskal‒wallis test revealed a significant difference between the 
treatment groups (p = 0.000). However, the Mann‒Whitney test confirmed that this difference 
was due mainly to the positive control activity, which was significantly different from that of the 
other groups (p=0.005). There were no significant differences between the negative control and 
all extract concentrations (p=1.000) or between the extract concentrations (p=1.000). These 
results indicate that an increase in extract concentration was not accompanied by an increase in 
antibacterial effect; thus, there was no dose-dependent response to the test bacteria. 

Alternative strategies for evaluating the antibacterial potential of sembung leaf extracts against 
H. pylori include (1) using the liquid dilution or broth microdilution method for more accurate 
MIC and MBC determination; (2) fractionating the extract to isolate specific bioactive compounds; 
(3) modifying the extract formulation by adding outer membrane permeabilizers such as EDTA; 
(4) testing the synergy between the sembung leaf extract and standard antibiotics; and (5) testing 
antibiofilm activity, given H. pylori's ability to form biofilms as a defense mechanism against 
antimicrobials [30,47]. 
 
Clinical and public health implications 

The results of this study have important implications for the development of natural 
antibacterial agents for H. pylori eradication. Although the ethanol extracts of Sembung leaves 
did not show antibacterial activity against H. pylori at the tested concentrations, these findings 
provide valuable information that antibacterial screening of natural materials requires a 
comprehensive methodological approach that is not limited to the disk diffusion method. Given 
the global rise in H. pylori antibiotic resistance, exploring alternative antibacterial agents from 
traditional medicinal plants is crucial. Clarithromycin resistance rates reached 22.2%, and 
metronidazole resistance rates reached 69.2% in the United States and Europe [48], with dual 
resistance in 75.1% of isolates in China [8], highlighting the urgency of developing new 
antibacterial agents with mechanisms of action different from those of conventional antibiotics. 
This study also provides information to healthcare practitioners and the public that the empirical 
use of Sembung leaves as a traditional therapy for stomach disorders cannot be assumed to be 
effective against H. pylori infection without adequate scientific evidence of its efficacy. 

 
Limitations  

This study had several limitations. First, the disk diffusion method has limitations in detecting 
the antibacterial activity of lipophilic and volatile compounds that may not diffuse optimally in 
agar media. Alternative methods, such as broth microdilution, can provide more accurate results 
for MIC and MBC determination. Second, this study tested only crude extracts without 
fractionation to isolate specific bioactive compounds. It is possible that there are active 
antibacterial compounds in the extract that are masked by other components or whose 
concentrations are too low in the crude extract to produce an antibacterial effect. Third, the 
variability in the phytochemical content of Sembung leaves depends on geographical factors, 
harvest season, and plant age, which were not strictly controlled in this study. Fourth, this study 
only used one clinical isolate of H. pylori without characterizing its antibiotic resistance profile. 
Fifth, this study was limited to in vitro evaluation and did not provide information on the in vivo 
antibacterial activity, pharmacokinetics, or safety of the extract.  
 
CONCLUSIONS 

Ethanol extracts of sembung leaves (B. balsamifera) at concentrations of 10–80% did not show 
antibacterial activity against H. pylori in vitro according to the disk diffusion method, as indicated 
by the absence of an inhibition zone (diameter 0 ± 0 mm) in all the treatment groups. Increasing 
the extract concentration did not produce a dose-dependent effect on the growth of the test 
bacteria. Recommendations for further research include (1) evaluating antibacterial activity via 
the broth microdilution method for more accurate MIC and MBC determination; (2) performing 
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fractionation of the extract for the isolation and testing of specific bioactive compounds; (3) 
modifying the extract formulation with an outer membrane permeabilizer to increase the 
penetration of active compounds; (4) testing the synergy between the extract and standard 
antibiotics; (5) testing antibiofilm activity; (6) quantitatively characterizing the phytochemical 
content of the extract; and (7) evaluating antibacterial activity against multiple H. pylori isolates 
with different resistance profiles. 
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