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Abstract: Bacterial infectious diseases have become a serious global health problem due to the increasing bacterial resistance to 
antibiotics. This study aimed to evaluate the antibacterial activity of ethanol extract from Kaempferia galanga L. rhizome against 
pathogenic bacteria. The extract was prepared using 96% ethanol through maceration, yielding 14.86% (w/w) of concentrated 
extract. Phytochemical screening confirmed the presence of flavonoids, tannins, saponins, terpenoids, and steroids. Antibacterial 
activity was assessed using the disc diffusion method against Staphylococcus aureus, Bacillus subtilis, Escherichia coli, and 
Pseudomonas aeruginosa. The extract exhibited concentration-dependent antibacterial activity against all tested bacteria, with 
inhibition zones ranging from 6.08-16.38 mm. The most pronounced effect was observed against S. aureus (16.38 mm) at 100% 
concentration, followed by B. subtilis (15.27 mm), E. coli (12.78 mm), and P. aeruginosa (10.83 mm). Gram-positive bacteria 
demonstrated higher susceptibility than Gram-negative bacteria. According to Davis & Stout classification, the antibacterial 
activity of 100% extract against all test bacteria ranged from moderate to strong. These findings suggest that K. galanga 
rhizome extract has significant antibacterial potential that supports its traditional use in treating infectious diseases and 
warrants further investigation for development as a natural antibacterial agent.
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Introduction

Infectious diseases remain one of the main health 
problems in developing countries, including Indonesia. 
The use of antibiotics to treat bacterial infections often 
faces obstacles due to the emergence of resistance of 
pathogenic bacteria to available antibiotics. Based 
on a report by the World Health Organization 
(WHO), antimicrobial resistance is a serious threat 
to global health, with around 700,000 deaths per year 
worldwide due to antibiotic-resistant infections [1].  
This condition has encouraged researchers to look for 
antibacterial alternatives, especially from traditional 
medicinal plants used for generations by the community.

Kaempferia galanga L. (family Zingiberaceae), 
commonly known as “kencur” in Indonesia, is a 
rhizomatous herbaceous plant native to tropical 
regions of Asia. In Indonesian traditional medicine, 
the rhizomes have been used to treat various diseases 
such as coughs, diarrhea, and skin infections [2]. 
Galangal rhizomes contain bioactive compounds 
such as essential oils, flavonoids, terpenoids, saponins, 

and tannins, which can potentially have antibacterial 
effects [3]. Phytochemical analysis shows that the 
main compound in Kaempferia galanga L. is ethyl 
p-methoxycinnamate (EPMS), about 25-30% of its 
essential oil [4]. In addition, other compounds such as 
camphor, borneol, cineol, and kaempferol contribute 
to this plant’s biological activity [5]. 

Several studies have documented the antimicrobial 
potential of K. galanga extracts against a range of 
pathogens. Previous studies have shown that K. galanga 
L. extract has antimicrobial activity against several 
pathogens, including Staphylococcus aureus, Escherichia 
coli, and Candida albicans [6]. Despite these promising 
findings, comprehensive investigations into the extract’s 
efficacy against specific pathogenic bacteria, particularly 
drug-resistant strains, remain limited.

Research on the potential of K. galanga L. as a 
source of natural antibacterials is critical to developing 
pharmaceutical products based on natural ingredients. 
As a country with high biodiversity, Indonesia has an 
excellent opportunity to develop standardized herbal 
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medicines or phytopharmaceuticals from local plants [7]. 
In addition, the development of natural antibacterials 
can also be a solution to deal with increasing antibiotic 
resistance.

Various methods can be used to test the antibacterial 
activity of plant extracts, such as the disc diffusion 
method, which is widely applied because it is relatively 
simple, economical, and the results are reliable [8]. This 
method is carried out by soaking a paper disc in a 
test solution, then placing it on an agar medium that 
has been inoculated with test bacteria. Antibacterial 
activity is indicated by an inhibition zone around the 
disc, indicating that the compounds in the extract can 
inhibit bacterial growth [9].

The present study aims to evaluate the antibacterial 
potential of the ethanol extract from K. galanga rhizomes 
against selected pathogenic bacteria: Staphylococcus 
aureus and Bacillus subtilis (Gram-positive) and 
Escherichia coli and Pseudomonas aeruginosa (Gram-
negative) using the disc diffusion method. Additionally, 
we seek to conduct phytochemical screening to identify 
the major bioactive compound classes present in the 
extract and to correlate these findings with the observed 
antibacterial activity. This research contributes to the 
scientific validation of traditional medicinal applications 
of K. galanga and explores its potential as a source of 
natural antibacterial agents to address the growing 
challenge of antimicrobial resistance.

Methods
Materials and plant processing

The experimental process began with formal 
botanical authentication of Kaempferia galanga L. 
specimens. Fresh rhizomes were thoroughly cleaned 
under running water to remove soil and contaminants. 
To facilitate efficient drying, the rhizomes were sliced 
thinly and then dried in a controlled-temperature 
oven at 40°C for 48 hours until the moisture content 
was reduced to below 10%. The dried material was 
subsequently pulverized using a laboratory blender 
and standardized through a 60-mesh sieve to ensure 
uniform particle size. The resulting homogeneous 
powder was stored in airtight containers at room 
temperature to prevent microbial contamination and 
preserve phytochemical integrity.

Extraction procedure

Extraction was performed using the maceration 
technique with 96% ethanol as the solvent of choice due 

to its ability to extract both polar and moderately non-
polar constituents. A sample of 500 g of the prepared 
K. galanga powder was immersed in 2.5 L of 96% 
ethanol (1:5 w/v ratio) in an appropriate maceration 
vessel. The maceration process was conducted at room 
temperature (25±2°C) for 72 hours (3×24 hours), 
with daily solvent replacement and periodic agitation 
to optimize extraction efficiency. After each 24-hour 
cycle, the macerate was separated and fresh solvent 
was added to the plant material. The collected filtrates 
were combined and filtered through Whatman No. 1 
filter paper to remove particulate matter. The filtered 
extract was concentrated using a rotary evaporator at 
40°C under reduced pressure until a semi-solid extract 
was obtained. The yield percentage was calculated as:

Yield (%) = (Weight of extract obtained / Weight 
of starting plant material) × 100 … (1)

The concentrated extract was transferred to an 
amber glass container and stored at 4°C until further 
analysis [10].

Phytochemical Analysis

Qualitative phytochemical screening was conducted 
to identify major secondary metabolite groups present 
in the K. galanga extract following standard protocols 
described by Harborne [11]. The following tests were 
performed:

Alkaloid detection. Three separate tests using Mayer’s 
reagent (potassium mercuric iodide), Wagner’s reagent 
(iodine in potassium iodide), and Dragendorff ’s 
reagent (potassium bismuth iodide) were performed, 
with positive results indicated by precipitate formation.

Flavonoid detection. The extract was treated with 
magnesium turnings and concentrated hydrochloric 
acid, with the development of a red coloration indicating 
the presence of flavonoids.

Tannin detection. Extract solution was treated with 
1% ferric chloride reagent, with blackish-green or 
blue-black coloration indicating tannin presence.

Saponin detection. Aqueous extract solution was 
vigorously shaken, with persistent foam formation (>1 
cm height remaining stable for 10 minutes) indicating 
saponin presence.

Terpenoid and steroid detection. The Liebermann-
Burchard test was performed by treating the extract 
with acetic anhydride and concentrated sulfuric acid. 
A brownish-red coloration indicated terpenoids, while 
greenish coloration suggested steroids.
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Preparation of extract solutions

The concentrated K. galanga extract was dissolved 
in 10% dimethyl sulfoxide (DMSO) to prepare a series 
of test concentrations: 25%, 50%, 75%, and 100% 
(w/v). DMSO was selected as the solubilizing agent 
due to its ability to dissolve both polar and non-polar 
compounds while exhibiting negligible antibacterial 
activity at the concentration employed [12]

Test microorganisms

Four bacterial strains representing both Gram-
positive (Staphylococcus aureus ATCC 25923 and 
Bacillus subtilis ATCC 6633) and Gram-negative 
(Escherichia coli ATCC 25922 and Pseudomonas 
aeruginosa ATCC 27853) bacteria were used in this 
study. The bacterial cultures were maintained on 
Nutrient Agar slants and subcultured on fresh media 
24 hours prior to testing. For the preparation of 
inocula, bacterial colonies from 24-hour cultures were 
suspended in sterile 0.9% sodium chloride solution 
and standardized to match the 0.5 McFarland turbidity 
standard (approximately 1.5 × 108 CFU/mL) using a 
spectrophotometer at 625 nm wavelength [13].

Disc diffusion assay

The antibacterial activity was evaluated using the 
Kirby-Bauer disc diffusion method in accordance with 
the Clinical and Laboratory Standards Institute (CLSI) 
guidelines. The standardized bacterial suspensions 
were uniformly spread on Mueller-Hinton Agar plates 
using sterile cotton swabs. After allowing 5-15 minutes 
for the inoculum to be absorbed into the medium, 
sterile paper discs (6 mm diameter, Whatman No. 1)  
were impregnated with 20 μL of various extract 
concentrations (25%, 50%, 75%, and 100%) for 15 
minutes to ensure complete absorption.

The impregnated discs were placed on the inoculated 
agar surface using sterile forceps, maintaining 
adequate spacing between discs to prevent overlapping 
of inhibition zones. Commercial chloramphenicol 
discs (30 μg) served as positive controls, while discs 
impregnated with 10% DMSO solution served as 
negative controls to validate the experimental setup.

The plates were incubated at 37°C for 24 hours 
under aerobic conditions. Following incubation, 
the diameters of the zones of inhibition (including 
the 6 mm disc diameter) were measured using a 
digital caliper. Three measurements were taken from 

different angles for each zone, and the mean value was 
calculated [8]. All tests were performed in triplicate 
to ensure reproducibility.

The antibacterial activity was classified according 
to the criteria established by Davis and Stout (1971) 
based on the diameter of inhibition zones: very strong 
(>20 mm), strong (10-20 mm), moderate (5-10 mm), 
and weak (<5 mm) [14].

Statistical analysis

The experimental data were expressed as mean ± 
standard deviation of three independent replicates. 
Statistical analysis was conducted using IBM SPSS 
Statistics software version 25.0. The significance of 
differences between extract concentrations and bacterial 
strains was determined by one-way analysis of variance 
(ANOVA) followed by Duncan’s Multiple Range Test 
(DMRT) for post-hoc comparison. Differences were 
considered statistically significant at p<0.05.

Results
Extract characteristics and yield

The extraction of 500 grams of Kaempferia 
galanga L. rhizome powder using maceration with 
96% ethanol yielded a thick extract with distinctive 
characteristics. The extract displayed a greenish-brown 
color with a characteristic aromatic odor typical of 
K. galanga. The extraction process produced 74.3 
grams of concentrated extract, representing a 14.86% 
(w/w) yield. This yield percentage aligns with previous 
finding, that reported ethanol extract yields from K. 
galanga ranging between 12-15% [15].

Phytochemical screening

Qualitative phytochemical analysis of the ethanol 
extract revealed the presence of several bioactive 
compound classes as presented in Table 1. The extract 
tested positive for flavonoids (producing a red coloration 
with magnesium + concentrated HCl), tannins (forming 
blackish-green coloration with 1% FeCl₃), saponins 
(generating stable foam after shaking with aquadest), 
terpenoids (showing brownish-red coloration 
with Liebermann-Burchard reagent), and steroids 
(producing greenish coloration with Liebermann-
Burchard reagent). However, the extract tested negative 
for alkaloids with all three detection reagents (Mayer, 
Wagner, and Dragendorff), indicating the absence or 
undetectable levels of alkaloid compounds.

https://doi.org/10.51511/pr.97


Antibacterial activity of extract from Kaempferia galanga L.Pharmacy Reports

Pharmacy Reports 4(3):97 | https://doi.org/10.51511/pr.97 4/ 7

Antibacterial activity

The antibacterial potential of K. galanga ethanol 
extract was evaluated against four bacterial species 
using the disc diffusion method. Results of inhibition 
zone measurements are summarized in Table 2. 
The extract demonstrated concentration-dependent 
antibacterial activity against all tested bacterial strains.

At the highest tested concentration (100%), the 
extract demonstrated the strongest inhibitory effect 
against S. aureus with an inhibition zone of 16.38 ± 
0.52 mm, followed by B. subtilis (15.27 ± 0.45 mm), 
E. coli (12.78 ± 0.44 mm), and P. aeruginosa (10.83 
± 0.40 mm). This pattern of activity indicates greater 
susceptibility of Gram-positive bacteria (S. aureus and 
B. subtilis) compared to Gram-negative bacteria (E. 
coli and P. aeruginosa).

Statistical analysis revealed significant differences 
(p<0.05) in inhibition zone diameters across all 
tested concentrations for each bacterial strain. The 
standard antibiotic chloramphenicol (30 μg) exhibited 
significantly larger inhibition zones than the extract at 
all tested concentrations, while the negative control 
(10% DMSO) showed no inhibitory activity against 

any tested bacteria, confirming the validity of the 
experimental setup. According to the Davis and Stout 
classification system, the antibacterial activity of the 
100% extract concentration can be categorized as 
strong (10-20 mm inhibition zone) against all test 
bacteria, with the most pronounced effect observed 
against S. aureus.

Discussion

Based on the test results, the ethanol extract of 
Kaempferia galanga L. showed antibacterial activity 
against all test bacteria, with inhibition zone diameters 
varying depending on the extract concentration and type 
of bacteria. The diameter of the inhibition zone increased 
with increasing extract concentration, indicating a 
concentration-activity relationship. Statistical analysis 
showed a significant difference (p<0.05) between extract 
concentrations on the diameter of the inhibition zone 
for all test bacteria.

The yield of ethanol extract of Kaempferia galanga 
L. of 14.86% indicates that 96% ethanol solvent is 
effective in extracting compounds contained in K. 
galanga L. This yield falls within the expected range 

Table 1. Phytochemical profile of Kaempferia galanga L. ethanol extract

Compound content Reagent Observation Result

Alkaloids

Mayer reagent No white precipitate is formed Negative

Wagner reagent No brown precipitate formed Negative

Dragendorff reagent No orange precipitate formed Negative

Flavonoids Magnesium + concentrated HCl Red coloration Positive

Tannin FeCl 1% Blackish-green coloration Positive

Saponins Aquadest + shaking Stable foam formation Positive

Terpenoids Liebermann-Burchard Brownish-red coloration Positive

Steroid Liebermann-Burchard Greenish coloration Positive

Table 2. Inhibition zone diameters of K. galanga ethanol extract against test bacteria

Extract concentration
Inhibition zone diameter (mm) ± SD

Staphylococcus aureus Bacillus subtilis Escherichia coli Pseudomonas aeruginosa

K. galanga extract 25% 7.21 ± 0.25a 6.87 ± 0.31a 6.32 ± 0.29a 6.08 ± 0.22a

K. galanga extract 50% 10.46 ± 0.38b 9.73 ± 0.42b 8.45 ± 0.36b 7.62 ± 0.33b

K. galanga extract 75% 13.82 ± 0.47c 12.54 ± 0.38c 10.23 ± 0.41c 9.15 ± 0.37c

K. galanga extract 100% 16.38 ± 0.52d 15.27 ± 0.45d 12.78 ± 0.44d 10.83 ± 0.40d

Control (+) 23.56 ± 0.61e 22.34 ± 0.58e 21.45 ± 0.53e 18.62 ± 0.49e

Control (-) 0.00 ± 0.00 0.00 ± 0.00f 0.00 ± 0.00f 0.00 ± 0.00f

Note: Values represent mean ± standard deviation (n=3). Different superscript letters within the same column indicate significant 
differences (p<0.05) between treatments as determined by Duncan’s Multiple Range Test.
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(12-15%) reported in previous studies, confirming the 
efficiency of our extraction method [15]. Ethanol is a 
universal solvent that can dissolve polar compounds 
and some nonpolar compounds, allowing for 
comprehensive extraction of secondary metabolites 
from plant materials [10]. The moderate polarity of 
ethanol makes it particularly suitable for extracting 
bioactive compounds from medicinal plants, especially 
those with antimicrobial properties.

The phytochemical screening revealed that the 
ethanol extract of K. galanga L. positively contained 
flavonoids, tannins, saponins, terpenoids, and steroids. 
These compounds have been extensively studied for 
their antibacterial properties and operate through 
various mechanisms. Flavonoids can inhibit nucleic 
acid synthesis, disrupt cytoplasmic membrane function, 
and inhibit bacterial energy metabolism [16]. The 
antibacterial activity of flavonoids is attributed to their 
ability to form complexes with extracellular and soluble 
proteins as well as bacterial cell walls. Tannins exert their 
antimicrobial effect primarily by binding to proline-
rich proteins, which interferes with protein synthesis 
and disrupts cell wall formation [17]. Additionally, 
tannins can directly damage bacterial membranes, 
causing leakage of intracellular components.

Saponins, which demonstrated their presence 
through stable foam formation in our tests, increase 
the permeability of bacterial cell membranes, thereby 
disrupting the membrane structure and leading to 
cell lysis [18]. The amphipathic nature of saponins, 
with both hydrophilic and lipophilic components, 
enables them to interact with and disrupt bacterial 
cell membranes effectively. Terpenoids, particularly 
essential oils, can damage bacterial cell membranes 
through their lipophilic properties, disrupt ion 
transport processes, and interfere with membrane-
embedded proteins, leading to increased permeability 
and eventual cell death [19].

The absence of alkaloids detected in the ethanol 
extract of K. galanga L. is consistent with previous 
research, which reported that K. galanga L. 
contains little or no alkaloids [2]. Other compound 
classes are the predominant constituents of this 
plant. The main component of K. galanga L. is 
ethyl p-methoxycinnamate (EPMC), comprising 
approximately 31.77% of its volatile oil content [7]. 
EPMC is recognized for its significant antimicrobial 
properties through mechanisms involving membrane 
disruption and cellular permeability alteration.

The results of the antibacterial activity test showed 
that the ethanol extract of K. galanga L. exhibited 
varying degrees of inhibition against both Gram-
positive bacteria (S. aureus and B. subtilis) and Gram-
negative bacteria (E. coli and P. aeruginosa). Based on 
the classification proposed by Davis & Stout [14], the 
antibacterial activity of the extract at a concentration 
of 100% against S. aureus and B. subtilis falls into the 
strong category (inhibition zone diameter 10-20 mm), 
while against E. coli and P. aeruginosa, it ranges from 
moderate to strong.

The ethanol extract of K. galanga L. demonstrated 
higher antibacterial activity against Gram-positive 
bacteria than Gram-negative bacteria across all 
tested concentrations. This differential sensitivity 
can be attributed to fundamental differences in cell 
wall structure between these bacterial types. Gram-
positive bacteria possess cell walls consisting of a 
thick peptidoglycan layer (20-80 nm) that is relatively 
porous and allows penetration of antimicrobial 
compounds. In contrast, Gram-negative bacteria 
have a much thinner peptidoglycan layer (2-3 nm) 
but are protected by an outer membrane containing 
lipopolysaccharide (LPS), phospholipids, and proteins, 
which functions as a permeability barrier to various 
antibacterial compounds [20].

Staphylococcus aureus emerged as the most 
sensitive bacterium to the ethanol extract of K. galanga 
L., followed by B. subtilis, E. coli, and P. aeruginosa. 
At a concentration of 100%, the extract exhibited 
significant activity with an inhibition zone diameter 
of 16.38 mm against S. aureus, 15.27 mm against 
B. subtilis, 12.78 mm against E. coli, and 10.83 mm 
against P. aeruginosa. This pattern of sensitivity aligns 
with finding [4], that reported highest inhibition zones 
for ethanolic extracts against S. aureus (21.3 mm).

Pseudomonas aeruginosa demonstrated the highest 
resistance among the tested bacteria, with smaller 
inhibition zones at all extract concentrations. 
This enhanced resistance is attributable to the 
complexity of its outer membrane structure, which 
is particularly effective at excluding antimicrobial 
agents. Additionally, P. aeruginosa possesses intrinsic 
resistance mechanisms, including efficient efflux 
pumps that expel antimicrobial compounds from the 
cell, and the ability to form protective biofilms [21]. 

The antibacterial activity of the ethanol extract of K. 
galanga L. can be attributed to its bioactive compound 
content, particularly ethyl p-methoxycinnamate (EPMC).  

https://doi.org/10.51511/pr.97


Antibacterial activity of extract from Kaempferia galanga L.Pharmacy Reports

Pharmacy Reports 4(3):97 | https://doi.org/10.51511/pr.97 6/ 7

Research by Lakshmanan et al. (2011) identified EPMC 
as a potent antimycobacterial agent effective against 
both drug-susceptible and multidrug-resistant strains 
of Mycobacterium tuberculosis [22]. This compound 
damages bacterial cell membranes and disrupts cell 
permeability, leading to leakage of cellular contents 
and eventual cell death.

Additionally, other compounds such as kaempferide, 
exhibit significant anti-inflammatory properties 
that may complement the antibacterial effects [23]. 
Recent studies by Wang et al. (2023) on the chemical 
composition of K. galanga essential oil identified trans 
ethyl p-methoxycinnamate (32.01%), n-pentadecane 
(29.14%), and trans ethyl cinnamate (19.50%) as the 
major components [24], all of which contribute to its 
biological activities.

In addition, the synergistic effect of various bioactive 
compounds in the extract may also contribute to its 
antibacterial activity. Flavonoids, tannins, saponins, and 
terpenoids detected in the extract may work together to 
inhibit bacterial growth through various mechanisms, 
as previously explained [25]. The results of this study 
support the traditional use of K. galanga L. as a 
medicine to treat various bacterial infections. Further 
research is needed to isolate and identify specific active 
compounds responsible for antibacterial activity and 
investigate their molecular mechanisms of action.

The results of this study support the traditional use 
of K. galanga L. as a treatment for various bacterial 
infections. The ethanol extract exhibited promising 
antibacterial activity, particularly against S. aureus, 
which is clinically significant given this pathogen’s role 
in various infections and its increasing resistance to 
conventional antibiotics. Although the antibacterial 
activity of the ethanol extract was lower than that of 
the positive control (chloramphenicol 30 μg), these 
results highlight the potential of the extract as a 
natural antibacterial agent.

Further research should focus on isolating and 
identifying specific active compounds responsible for 
the observed antibacterial activity and investigating 
their molecular mechanisms of action. Fractionation 
studies, followed by advanced analytical techniques 
such as HPLC, LC-MS, and NMR, would provide 
more detailed insights into the extract’s chemical 
composition. Additionally, combination studies with 
conventional antibiotics could explore potential 
synergistic effects that might enhance therapeutic 
efficacy against resistant bacterial strains.

 Conclusion

The ethanol extract of K. galanga L. demonstrated 
significant antibacterial activity against both Gram-
positive and Gram-negative bacteria, with S. aureus 
showing the highest sensitivity. Phytochemical analysis 
revealed the presence of flavonoids, tannins, saponins, 
and terpenoids, which collectively contribute to the 
extract’s antibacterial properties through various 
mechanisms including membrane disruption and 
metabolic interference. The extract exhibited a 
concentration-dependent activity pattern, with the 
100% concentration showing strong inhibition 
comparable to established classification standards. 
These findings validate the traditional medicinal use 
of K. galanga and suggest its potential as a natural 
antibacterial agent, particularly in addressing infections 
caused by common pathogenic bacteria.
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