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ABSCTRACT

Abstract: Background of this study is acute respiratory tract infection (ARI) caused by the bacterium Streptococcus pyogenes. The use
of antibiotics is not always effective due to the emergence of resistance. Therefore, natural treatment alternatives such as elephant
ginger, which contains active compounds like tannins, saponins, phenols, alkaloids, and flavonoids, are needed. Purpose of this study to
measure the diameter of the inhibition zone, analyze, and categorize the effect of ethanol extract of elephant ginger on the growth of
Streptococcus pyogenes. Research method is a true experimental design with Posttest Only Control Design, and data analysis with One Way
ANOVA and Least Significant Deference (LSD). The ethanol extract of elephant ginger was prepared in concentrations of 15%, 17.5%, 20%, and
22.5%, and tested against Streptococcus pyogenes bacteria with three repetitions. Results showed that the inhibition zone increased with
the volume of extract used. The 15% concentration produced 8.83 mm (moderate), 17.5% resulted in 9.08 mm (moderate), 20% in 10.52
mm (strong), and 22.5% in 11.06 mm (strong). The conclusion of this study is that there is a significant difference in the inhibition zone
diameters of Streptococcus pyogenes growth at each concentration of 15%, 17.5%, 20%, and 22.5%.
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INTRODUCTION

Acute Respiratory Tract Infection (ARTI) remains one of the leading public health issues
in Indonesia, with a national prevalence of 9.3% and a slightly higher prevalence of 9.7% reported
in Bali Province (Badan Penelitian dan Pengembangan Kesehatan, 2018). This disease continues
to be a significant cause of morbidity and mortality, particularly in developing countries where
access to adequate healthcare may be limited. One of the primary bacterial pathogens responsible
for ARTI is Streptococcus pyogenes, a gram-positive, -hemolytic bacterium classified under
Group A (Group A Streptococcus). This microorganism is well known as the leading cause of
acute pharyngitis, tonsillitis, and superficial skin infections such as impetigo and cellulitis. In more
severe cases, S. pyogenes can also lead to life-threatening conditions including necrotizing
fasciitis, pneumonia, meningitis, and endocarditis (Sari & Nasuha, 2021).

Management of ARTI caused by bacterial infections such as S. pyogenes typically involves
the use of antibiotics, with amoxicillin being one of the most commonly prescribed options.
However, recent studies have highlighted the irrational use of antibiotics in Indonesia. Dosage
errors have reached approximately 14%, with inappropriate treatment duration accounting for
2.67% and under-dosing for 11.33% of cases (Tobat et al., 2015). Such mismanagement
contributes significantly to the growing threat of antibiotic resistance, wherein previously effective
treatments become ineffective due to bacterial adaptation. Resistance genes can be transferred
horizontally among bacteria through mobile genetic elements such as plasmids and transposons,
further complicating treatment options and potentially leading to prolonged illness and higher
healthcare burdens (Rostinawati et al., 2022).

The global escalation of antibiotic resistance poses serious challenges by increasing patient
morbidity, mortality, and healthcare costs. As a result, there is an urgent need to develop alternative
therapeutic agents that are both effective and safe, without promoting resistance. One promising

avenue involves the use of natural products rich in secondary metabolites, which have
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demonstrated antimicrobial properties. These natural compounds are generally regarded as safer
due to their minimal side effects and longstanding use in traditional medicine practices (Newman
& Cragg, 2020).

Ginger (Zingiber officinale Rosc.) is a well-known medicinal herb commonly used both as
a culinary spice and in traditional remedies. Its rhizome contains a variety of bioactive constituents,
including essential oils, flavonoids, terpenoids, and phenolic compounds, all of which exhibit
antimicrobial potential. Active components such as zingiberene, zingerone, sesquiphellandrene,
and oleoresin have been shown to disrupt bacterial cell membranes and interfere with microbial
metabolic processes (Sari & Nasuha, 2021). Several previous studies have reported that ginger
extract is capable of inhibiting the growth of pathogenic bacteria such as Streptococcus mutans, a
species closely related to S. pyogenes (Dianawati & Manisha 2023; Fibryanto et al., 2022)

One particular variety of ginger with high development potential is elephant ginger
(Zingiber officinale var. officinarum), which contains a higher concentration of bioactive
compounds compared to common ginger. This variety is easy to cultivate and widely available
throughout Indonesia. Given these promising characteristics, scientific investigation is necessary
to evaluate the antimicrobial activity of elephant ginger extract specifically against Streptococcus
pyogenes.

Based on the above rationale, this study aims to assess the inhibitory effect of ethanol
extract derived from elephant ginger rhizome on the growth of Streptococcus pyogenes using the
disk diffusion method. The findings are expected to serve as a foundation for the development of
plant-based antimicrobial agents as potential alternatives to conventional antibiotics, contributing

to the prevention of antimicrobial resistance.
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METHOD

This research was conducted from October 2024 to April 2025 at several locations: at Pusat
Pengolahan Pasca Panen Tanaman Obat (P4TO, Post-Harvest Processing Center for Medicinal Plants) in Tabanan for
elephant ginger powder preparation, PATO Karangasem for extract evaporation, and the Bacteriology Laboratory,
Department of Medical Laboratory Technology, Poltekkes Kemenkes Denpasar for antimicrobial testing. A pure isolate
of Streptococcus pyogenes was obtained from the Microbiology Laboratory of Udayana University.

The study employed a true experimental design using a post-test only control group method, with randomly
assigned groups. The experimental group consisted of ethanol extracts of elephant ginger (Zingiber officinale var.
officinarum) at concentrations of 15%, 17.5%, 20%, and 22.5%, while the control group used 96% ethanol as a negative
control and 30 pug Vancomycin antibiotic discs as a positive control.

The extract was prepared using the maceration method. 50 grams of dried ginger powder was soaked in
500 mL of 96% ethanol for 72 hours, filtered, and remacerated with fresh solvent before evaporation. Different
extract concentrations were prepared by diluting the concentrated extract in 96% ethanol to a total volume of 1 mL
using volumetric calculations. Sterile paper discs (6 mm) were saturated with 20 pL of each extract concentration.

Mueller-Hinton Agar (MHA) media enriched with 5% blood was prepared and sterilized according to standard
protocol. S. pyogenes was rejuvenated on blood agar and incubated anaerobically at 37°C for 24 hours. A bacterial
suspension equivalent to 0.5 McFarland (1.5 x 108 CFU/mL) was prepared in sterile 0.9% NaCl solution, and
inoculated onto the MHA plate using a sterile cotton swab.

After bacterial inoculation, the extract-impregnated discs, along with the positive and negative controls,
were placed on the agar surface with 15 mm spacing between discs, then incubated anaerobically at 37°C
for 24 hours. The inhibition zones were observed and measured using a digital caliper. Data collection involved
measuring the clear zone diameters around the discs, expressed in millimeters. The instruments used included a
digital caliper, sterile discs, McFarland densitometer, analytical balance, micropipettes, and standard laboratory

equipment.

Corresponding author: okasuyasa@poltekkes-denpasar.ac.id

Anak Agung Mas Adinda Iswaril,l Nyoman Purnal, Nyoman Mastra Letall; Antimicrobial Resistance Test of Elephant Ginger (Zingiber
officinale var. Officinarum) Ethanol Extract Against Streptococcus pyogenes Bacteria
Using the Disc Diffusion Method


mailto:okasuyasa@poltekkes-denpasar.ac.id

e
5
INTERNASIONAL CONFERENCE ON
MULTIDISCIPLINARY APPROACHES IN HEALTH SCIENCE

VOLUME 3, No 1. Tahun 2025 , ISSN 3032-4408 (Online)
https.//ejournal.poltekkes-denpasar.ac.id/index.php/icmahs

The collected data were analyzed using the Shapiro-Wilk test for normality and Levene’s test for homogeneity.
If assumptions were met, a One-Way ANOVA was applied to assess significant differences between groups, followed by
a Least Significant Difference (LSD) post hoc test to identify pairwise group differences. This analysis was conducted
to determine the antimicrobial efficacy of elephant ginger ethanol extract and its potential as an alternative to

conventional antibiotics.

RESULTS

This study shows that elephant ginger ethanol extract has antimicrobial potential against
Streptococcus pyogenes, as indicated by the formation of an inhibition zone around the disc diffusion test. The test
was conducted at concentrations of 15%, 17.5%, 20%, and 22.5%, and compared to Vancomycin 30 pg
as a positive control and 96% ethanol as a negative control.

Table 1. Results of the inhibition zone diameter of elephant ginger ethanol extract and control

Bacterial Growth Inhibition Zone (mm)

Concentrations Mean £ SD
1 2 3
Control (+) 22,8 22,1 22,78 22,56+ 1,0
Control (-) 0 0 0 0,00+ 0,00
15% 8,1 9,8 8,6 883108
17,5% 9,7 8,44 9,1 9,08 +0,6
20% 10,82 10,16 10,6 10,52+ 0,4
22,5% 1" 10,5 1,7 11,06 £ 0,3

Statistical analysis of the inhibition zone diameter using One-Way ANOVA showed a significance value of p =
0.000 (p <0.05), indicating a statistically significant difference between concentration groups. Prior normality testing
(Shapiro-Wilk) and homogeneity testing (Levene) confirmed that the data met the assumptions for ANOVA.
Further LSD post hoc analysis revealed that the 22.5% concentration had a significantly greater inhibitory effect

than the lower concentrations.
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DISCUSSION

The formation of inhibition zones in this study demonstrates that elephant ginger ethanol extract has significant
antimicrobial activity against Streptococcus pyogenes. This effectiveness is likely due to the presence of secondary
metabolites such as flavonoids, phenols, terpenoids, saponins, alkaloids, and tannins in the extract.

The measurement of the inhibition zone using a caliper showed that increasing the concentration of the extract
was correlated with an increase in the diameter of the inhibition zone, reflecting enhanced antimicrobial effectiveness.
Vancomycin used as a positive control, produced an average inhibition zone of 22.56 mm, indicating bacterial
susceptibility. In contrast, 96% ethanol used as the negative control, did not produce any inhibition zone (0 mm),
confirming that the antimicrobial activity originated from the extract and not from the solvent.

To eliminate the potential antimicrobial effects of ethanol, discs treated with 96% ethanol were left for one
hour at room temperature to allow complete evaporation. Afterward, no inhibition zone was observed, strengthening
the validity of the results.

The choice of 96% ethanol as the extraction solvent was strategic due to its ability to effectively extract these
bioactive compounds. It has better volatility and absorption compared to 70% ethanol, allowing for more efficient
extraction and concentration of active compounds (Dianawati & Manisha 2023). Additionally, its use as a negative
control further validated the role of the extract itself in antimicrobial activity.

The addition of 5% blood in Mueller Hinton Agar and incubation using the candle jar method followed CLSI
standards to optimize the growth of S. pyogenes, which requires increased CO: conditions (Dwijastuti & Dewi, 2023).
The presence of clear inhibition zones supports the idea that the active compounds diffused outward from the
disc into the agar, with the highest concentration of activity near the disc.

The antimicrobial activity of elephant ginger ethanol extract is attributed to the presence of various
active compounds, each of which works through different mechanisms. Flavonoids play a role by disrupting bacterial
cell membranes and inhibiting essential enzymes, thereby interfering with the microorganism’s metabolic

processes. Tannins act by altering the permeability of bacterial cell membranes, making them more
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susceptible to lysis (Alouw et al., 2022). Phenols contribute to antimicrobial effects by denaturing bacterial
proteins, leading to the loss of their biological function (Utami et al., 2018). Saponins compromise bacterial cell wall
integrity, ultimately causing cell rupture. Meanwhile, alkaloids inhibit the synthesis of peptidoglycan, an essential
component of the bacterial cell wall, thereby hindering bacterial growth and replication (Magvirah et al., 2020).
These synergistic mechanisms highlight the potential of elephant ginger as a natural antimicrobial agent.
Although the inhibition zones were smaller than those of Vancomycin (a potent standard antibiotic),
the results suggest that elephant ginger could serve as a natural alternative antimicrobial agent. Discrepancies with
previous studies (Sitepu, 2023) may be due to differences in extraction methods, ethanol concentration, or
biological variation in plant materials. Experimental variables like pH, temperature, and microbial strain sensitivity were

well-controlled in this study (Wilapangga & Syaputra 2018), ensuring the reliability of findings.

CONCLUSIONS

The average diameter of the inhibition zone of elephant ginger ethanol extract (Zingiber officinale var.
officinarum) against Streptococcus pyogenes at concentrations of 15%, 17.5%, 20%, and 22.5% were 8.83 mm, 9.08
mm, 10.52 mm, and 11.06 mm, respectively. Statistical analysis showed a significant difference in the inhibition zone
diameters between all tested concentrations (p < 0.05), indicating a concentration-dependent antibacterial effect.
Further research is needed to create a product that can be added with elephant ginger ethanol

extract so that it is more acceptable to the public.
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