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ARTICLE INFO ABSTRACT

Keywords: Antimicrobial resistance poses a global health threat, with Methicillin-Resistant Staphylococcus aureus
Growth inhibition (MRSA) and Streptococcus pyogenes contributing to the highest mortality rates among Gram-positive
MRSA pathogens over the last three decades. The search for alternative antimicrobial agents has increasingly
Nephelium lappaecum [ concentrated on natural products. Rambutan (Nephelium lappaceum L.), a widely used ethnomedicinal
Rambutan’s leaves plant in Indonesia, is recognized for its numerous health benefits, including its antimicrobial properties.
Streptococcus pyogenes Despite extensive phytochemical studies on various parts of rambutan, the specific inhibitory effects of

its leaf extract against MRSA and S. pyogenes have yet to be explored. This study aimed to evaluate the
antimicrobial activity of ethanolic rambutan leaf extract against MRSA and S. pyogenes. The extract was
prepared using maceration with 96% ethanol, followed by qualitative phytochemical screening, which
confirmed the presence of flavonoids (blackish-blue reaction with FeCl,) and tannins (reddish hue with
HCI). Antibacterial activity was assessed by measuring inhibition zones on agar plates and determining
the minimum inhibitory concentration (MIC) through UV-vis spectrophotometry. The 100% ethanolic
extract demonstrated significant inhibitory effects, with a mean inhibition zone of 14.6 mm against
MRSA, outperforming the 5% (p = 0.0004) and 10% (p = 0.0402) concentrations. For S. pyogenes, the
100% extract produced the largest inhibition zone (24 mm), showing superior activity compared to the
5% (p = 0.0005) and 10% (p = 0.0485) concentrations. MIC analysis indicated optimal antimicrobial
activity at both 50% and 100% concentrations for the two pathogens. These findings underscore the
potential of rambutan leaf extract as a natural antimicrobial agent against resistant Gram-positive
bacteria, warranting further investigation into its bioactive compounds and mechanisms of action.

1. Introduction bear a disproportionately high burden. By 2050,
AMR will cause approximately 8.22 million deaths
The global rise of antimicrobial resistance annually (Naghavi et al., 2024). Indonesia, a member

(AMR) is primarily driven by the irrational use of of the Global Antimicrobial Resistance and Use
antibiotics and the remarkable adaptability of bacteria. Surveillance System (GLASS) since 2019, reports the
While AMR is a universal challenge, Southeast Asia, highest prevalence of AMR among Southeast Asian
sub-Saharan Africa, and tropical Latin America nations. Data from 20 sentinel hospitals attribute

https://doi.org/10.30659/sainsmed.v15i2.40155

* pISSN: 2085-1545 « eISSN: 2339-093X/ © 2024 The Authors. Published by Fakultas Kedokteran Universitas Islam Sultan Agung Semarang,
Indonesia. This is an open access article under the CC-BY license. (https://creativecommons.org/licenses/by/4.0/).

68 https://doi.org/10.30659/sainsmed.v15i2.40155



Rizkita, et al.

over-the-counter antibiotic purchases as a key factor
in AMR proliferation. Priority pathogens identified
by the World Health Organization (WHO)—including
Klebsiella pneumoniae, Escherichia coli, Acinetobacter
baumannii, Pseudomonas aeruginosa, and Methicillin-
Resistant Staphylococcus aureus (MRSA)—underscore
the urgency of developing effective antimicrobial
strategies (Siahaan et al., 2022).

The 2023 Surveillance of Indonesia Network
on Antimicrobial Resistance (SINAR) study analyzed
54,688 clinical samples from 70 hospitals across 15
provinces, revealing resistance to third-generation
cephalosporins in 34% of MRSA cases and 25% of
Pseudomonas aeruginosa cases (Anggraini ez al., 2024).
These findings highlight the critical need for innovative
solutions to combat AMR. Natural products, mainly
from biodiverse regions like Indonesia, offer promising
prospects for drug development (Putra ez al., 2023).
Historically, 80% of the global population has relied on
ethnomedicine to treat various conditions, with plants
as a significant resource (Bandibas & Roxas, 2017).

One notable example is rambutan (Nephelium
lappaceum L.), a tropical fruit widely cultivated in
Indonesia. In 2023, Indonesia produced approximately
845,107 tons of rambutan, with Java Island contributing
over half of the national yield (BPS, 2023; Rozana &
Sunardi, 2021). Rambutan has long been utilized in
traditional medicine, with its various parts—such as
fruit peels, leaves, seeds, and roots—demonstrating
therapeutic properties. Rambutan leaves, in particular,
are known for their antibacterial activity due to their
rich content of tannins, flavonoids, and saponins
(Anggresani et al., 2019; Indrayati & Sugiarto, 2020).

Previous studies have demonstrated the
antibacterial efficacy of rambutan leaf extracts against
pathogens like Streptococcus mutans, Propionibacterium
acnes, and Staphylococcus aureus. Flavonoids in rambutan
leaves exhibit anti-inflammatory, antimicrobial, and
antioxidant properties, while tannins contribute to
bacterial membrane disruption and protein precipitation
(Mistriyani et al., 2018; Wang et al., 2018; Zahra et al.,
2023). Additionally, ethanolic extracts of rambutan
peels have shown activity against multidrug-resistant
bacteria such as ampicillin-resistant Escherichia coli
and Salmonella typhi (Joy et al., 2022).

Normal flora bacteria, including Streptococcus
pyogenes and MRSA, can become opportunistic
pathogens under compromised immune conditions,
causing infections ranging from skin lesions to systemic
illness (Byrd et al., 2018; Flowers & Grice, 2020).
MRSA, a notorious multidrug-resistant strain, spreads
via horizontal gene transfer and clonal dissemination,
posing significant challenges to antibiotic therapy
(Kemalaputri et al., 2017; Lee et al., 2018).
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Given the promising antibacterial properties
of rambutan leaves, this study aims to evaluate the
inhibitory potential of 96% ethanolic rambutan leaf
extract against Gram-positive bacteria, specifically
Streptococcus pyogenes and MRSA. The findings will
contribute to developing alternative antimicrobial
agents to address the global AMR crisis.

2. Materials and Methods
2.1 Study Design

This study employed a quasi-experimental design
with post-test-only analysis. The growth inhibition
effects of various concentrations of ethanolic extract of
rambutan leaves (Nephelium lappaceum 1..) on Methicillin-
Resistant Staphylococcus aureus (MRS A) and Streptococcus
pyogenes were assessed using the disk diffusion and
turbidimetry methods. The research was conducted
at the Laboratory of Organic Chemistry, Faculty of
Pharmacy, and the Laboratory of Microbiology, Faculty
of Medicine, Universitas Ahmad Dahlan. Ethical
approval for this research was granted by Universitas
Ahmad Dahlan’s Research Ethics Committee (Approval
No. 012402029, issued on February 27, 2024).

2.2. Materials

The primary material in this study was old
rambutan leaves (Nephelium lappaceum 1..) collected
from the Special Region of Yogyakarta (Felicia et al.,
2017). The botanical determination was performed in
the Biology Laboratory, Universitas Ahmad Dahlan.
The bacterial strains used were MRSA RES 22-2020
and Streptococcus pyogenes ATCC 19615. Other materials
include: (1) Solvents and chemicals: 96% pure ethanol,
Na(l, distilled water, DMSO, FeCl,, H,SO,, BaCl,, (2)
Media and reagents: Mueller Hinton Agar (MHA),
Mueller Hinton Broth (MHB) (Himedia), Novobiocin
antibiotic disc (Oxoid), blank discs (Oxoid), and (3)
Equipment: Laboratory blender (Waring), maceration
apparatus, rotary evaporator (Heidolph), water bath
(Memmert), oven (Memmert), autoclave (GEA), UV-vis
spectrophotometer (Genesys 150, ThermoFisher
Scientific), micropipettes (Dlab Scientific), laminar
airflow (Thermo Scientific), incubator (Memmert),
and various laboratory glassware and consumables.

2.3. Preparation of Rambutan Leaf Extract

The rambutan leaves were washed and oven-
dried at 50°C for 24 hours. Leaf veins were removed,
dried leaves were ground into a fine powder using a
laboratory blender, then sieved through a 100-mesh
sieve (Yuvakkumar ez al., 2015). 200 g of the powdered
leaves was macerated in 1000 mL of 96% ethanol for
24 h. The mixture was filtered using flannel cloth and
Whatman filter paper, and the solvent was separated
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from the residue using a rotary evaporator at 50°C and
80 rpm. The liquid extract was concentrated further in
a water bath at 40°C to produce a thick extract.

2.4. Phytochemical Screening
Phytochemical screening was performed to

identify secondary metabolites, including flavonoids

and tannins.

1. Flavonoid detection: The extract was dissolved
in ethanol, mixed with 0.1 g magnesium, and a
few drops of HCl were added. A red color change
indicated the presence of flavonoids (Setyawaty
etal., 2020).

2. Tannin detection: The extract was dissolved
in ethanol, and a few drops of 1% FeCl, were
added. A blackish-blue color change confirmed
the presence of tannins (Priamsari et al., 2023).

2.5. Bacterial Identification with Gram Staining

Gram staining was performed as a standard
method for bacterial identification. Smears were fixed
on glass slides and stained sequentially with gentian
violet, Lugol solution, alcohol, and safranin. The
results were observed under a light microscope at 100x
magnification with immersion oil.

2.6. Disk Diffusion Test

The disk diffusion test, following the method
described by Irmayanti et al. (2022), measured the
antibacterial activity of the ethanolic extract of
rambutan leaves. The extract was diluted with 5%
DMSO to prepare concentrations of 100%, 50%, 25%,
10%, and 5%. Each concentration was applied to sterile
blank disks (20 pL per disk). Bacterial suspension of
MRSA and Streptococcus pyogenes were prepared in NaCl
solution, adjusted to the 0.5 McFarland standard, and
evenly spread on MHA plates. Disks impregnated with
the extract and a Novobiocin antibiotic disk (positive
control) were placed on the inoculated plates. The
plates were incubated at 27°C for 18-24 hours. The

Figure 1.  Thick extract of rambutan leaves prepared via the

maceration method
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diameter of the inhibition zones was measured to
evaluate antibacterial activity (Indrayati & Sugiarto,
2020; Rumaolat & Husada, 2020).

2.7. Turbidimetry Test

The turbidimetry test determined the rambutan
leaf extract’s minimum inhibitory concentration (MIC)
(Warokka et al., 2016). A series of extract concentrations
(100%, 50%, 25%, 12.5%, 6.25%, and 3.125%) were
prepared in MHB using a two-fold dilution method.
A positive control (bacterial suspension only) and
a negative control (Streptomycin antibiotic) were
included. Each tube was inoculated with 0.5 mL of
bacterial suspension equivalent to 0.5 McFarland
standard. Tubes were incubated at 37°C for 24 h.
Absorbance values before and after incubation were
measured at 625 nm using a UV-vis spectrophotometer.
MIC was defined as the lowest concentration with no
turbidity (absorbance) increase. “Increase” signifies
an observed rise in bacterial growth, as evidenced by
a higher absorbance value after incubation. Conversely,
“Decrease” indicates inhibition or reduction of bacterial
growth, demonstrated by a lower absorbance value
following incubation.

2.8. Statistical Analysis

Data were analyzed using SPSS 29.0. A one-way
ANOVA test was performed for normally distributed
data, while the Kruskal-Wallis test was used for non-
normally distributed data. Results were presented as
mean values with standard deviations, and inhibition
zone measurements were visualized using GraphPad
Prism 9.

3. Results
3.1. Extraction of Rambutan Leaf Ethanolic Extract
The maceration method was employed to

extract rambutan leaves (Nephelium lappaceum L.),
consistent with findings by Tambunan ez al. (2024),
who identified this method as optimal for producing
thick extracts from rambutan leaves. A yield of 10 grams

of thick extract was obtained from 200 grams of dried
simplicia, resulting in a rendement of 5% (Figure 1).
The resulting extract exhibited a thick consistency, a
characteristic blackish-brown color, and a distinctive

matcha-like odor. Phytochemical screening confirmed
the presence of flavonoids and tannins, indicated by red
color development upon adding Mg and HCl and blue-
black color change upon FeCl, addition, respectively.

3.2. Bacterial Identification

The bacterial isolates Methicillin-Resistant
Staphylococcus aureus (MRSA) RES 22-2020 and
Streptococcus pyogenes ATCC 19615 were confirmed as
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Gram-positive cocci through Gram staining, which
revealed bright purple staining (Figure 2). Colonies
were successfully cultivated on Nutrient Agar medium
at 37°C for 24 hours, consistent with previous findings
(Tripathi & Sapra, 2023).

3.3. Antibacterial Activity via Disk Diffusion

Method

The ethanolic extract of rambutan leaves showed
concentration-dependent antibacterial activity against
MRSA and Streptococcus pyogenes. The inhibition zones
produced by different extract concentrations are
summarized in Figure 3 and Figure 4. No inhibition
zone was observed at a 5% concentration after three
trials. The 100% concentration demonstrated the highest
activity, with an average inhibition zone of 14.7 mm for
MRSA and 24 mm for Streptococcus pyogenes. Statistical
analysis using one-way ANOVA revealed significant
differences (p < 0.0001) between the standard antibiotic
(novobiocin) and all extract concentrations. The 100%
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extract concentration showed significant differences
compared to 10% (p = 0.0402) and 5% (p = 0.0004)
concentrations.

3.4. Minimum Inhibitory Concentration (MIC)

Assessment

The MIC of the rambutan leaf extract
was determined using turbidimetry and UV-vis
spectrophotometry. The third tube (25% concentration)
was clear (Figure 5), indicating bacterial growth
inhibition, while turbidity increased in tubes with
lower concentrations (Table 1). The absorbance values
measured pre- and post-incubation revealed a decrease
in bacterial growth for 100% and 50% concentrations
for MRSA and only the 100% concentration for
Streptococcus pyogenes (Table 2).

4, Discussion
The World Health Organization (WHO) has
identified six bacterial pathogens as the primary

(a)
Figure 2. Gram staining results: (a) MRSA RES 22-2020, (b) Streptococcus pyogenes ATCC 19615.
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Figure 3. Inhibition Zone Test on Methicillin Resistant Staphylococcus aureus (MRSA) and Streptococcus pyogenes Bacteria
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Figure4. Clear zones of MRSA (a, b) and Streptococcus pyogenes (c, d) after incubation (1x24 hours) for various extract
concentrations.

Table 1. MIC values for MRSA and Streptococcus pyogenes using the turbidimetry method.

Concentration of ethanolic extract MRSA Streptococcus pyogenes
Tube(s) of rambutan I I I 1 I oI
(Nephelium lappaceum L.) leaves

1 100% - - - - - -

2 50% - - - - - -

3 25% -

4 12,5% +
5 6,25% +
6 +
+

3,125%
K+ McFarland 0,5
K- Antibiotic: Streptomycin - - - - B .

++ + +
+ 4+ +

(@) (b)

Figure 4.  Results of the MIC test using the turbidimetry method for MRSA (a) and Streptococcus pyogenes (b). Tubes 1-6
correspond to extract concentrations of 100%, 50%, 25%, 12.5%, 6.25%, and 3.125%, respectively. K(-) represents
the negative control, and K(+) represents the positive control.
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Table 2. Absorbance values measured by UV-vis spectrophotometry for MRSA and Streptococcus pyogenes.

Concentration MRSA Streptococcus pyogenes
of ethanolic
extract of
Tube(s) rambutan Pre- Post- Interpretation Pre- Post- Interpretation
(Nephelium incubation incubation incubation incubation
lappaceum L.)
leaves
1 100% 0,633 0,409 Decrease 0,644 0,523 Decrease
2 50% 0,354 0,305 Decrease 0,362 0,584 Increase
3 25% 0,202 0,428 Increase 0,216 0,169 Increase
4 12,5% 0,123 0,568 Increase 0,141 0,416 Increase
5 6,25% 0,081 1,18 Increase 0,078 1,024 Increase
6 3,125% 0,072 1,23 Increase 0,07 0,947 Increase
K+ K(+) 0,03 0,45 Increase 0,03 0,45 Increase
K- K() 0,104 0,085 Decrease 0,104 0,085 Decrease

contributors to antimicrobial resistance (AMR)-
associated mortality, accounting for 73% of AMR-
related deaths in 2019. Among these, Methicillin-
Resistant Staphylococcus aureus (MRSA) and Streptococcus
pyogenes are notable contributors (Global Burden of
Disease, 2022). AMR-related infections were directly
responsible for approximately 1.27 million deaths and
indirectly implicated in 4.95 million deaths globally in
2019 out of an estimated 13.7 million infection-related
fatalities (Ho et al., 2024). Notably, MRSA represented
the most lethal pathogen-drug combination, contributing
to 121,000 AMR-associated deaths in 2019 (Naghavi et
al., 2024). In parallel, surveillance data from the United
Kingdom in 2020-2021 revealed an increase in case
fatality and death rates from Pseudomonas aeruginosa
bacteremia compared to the preceding year (UK Health
Security Agency, 2023). These findings underscore the
urgent need for sustained action against AMR, which
remains a significant global health challenge.

In response to AMR, natural antimicrobial
products have gained substantial attention due to their
chemical diversity and bioactivity. The ethanolic extract
of rambutan (Nephelium lappaceum L.) leaves has shown
potential as a natural antimicrobial agent, attributed
to its bioactive secondary metabolites, including
flavonoids and tannins.

MRSA and Streptococcus pyogenes, the bacterial
models used in this study, are Gram-positive pathogens
known for their significant resistance mechanisms and
pathogenicity. MRSA exhibits resistance primarily
through the expression of penicillin-binding protein
2a (PBP2a), which diminishes the efficacy of f-lactam
antibiotics by reducing receptor sensitivity, thereby
compromising bactericidal activity (Kemalaputri et
al., 2017). Streptococcus pyogenes is a causative agent of
skin and respiratory infections, including impetigo and
pneumonia. Both pathogens share structural features
such as a thick peptidoglycan layer and prominent

teichoic acids, contributing to their Gram-positive
classification (Tripathi & Sapra, 2023). In this study,
Gram staining confirmed the Gram-positive nature of
these bacteria, showing a characteristic bright purple
color.

Previous studies have demonstrated that
ethanolic extracts of rambutan exhibit more potent
antibacterial activity than extracts derived from other
solvents, such as n-hexane and chloroform (Mukaromah
etal., 2023). For example, Yunusa et al. (2018) reported
that ethanolic rambutan peel extracts demonstrated
potent free radical scavenging activity, with inhibitory
concentration (IC50) values of 24.99 * 2.82 and 144.59
+ 1.36 ug/mL.

Phytochemical screening confirmed the presence
of flavonoids and tannins in ethanolic rambutan
leaf extract, compounds with known antibacterial
properties. Flavonoids exert their antibacterial effects
by disrupting bacterial membrane integrity, inhibiting
biofilm formation, and interfering with bacterial DNA
gyrase activity (Shamsudin et al., 2022; Xie et al., 2014).
Conversely, tannins disrupt peptidoglycan synthesis,
chelate iron, and inhibit antibiotic efflux pumps, thus
impairing bacterial cell wall and membrane integrity
(Jantapaso & Mittraparp-Arthorn, 2022).

The current study demonstrated that the
ethanolic rambutan leaf extract exhibited significant
antibacterial activity against MRSA and Streptococcus
pyogenes, with a concentration of 100% achieving the
most potent inhibition. According to the classification
by Davis and Stout (1971), the inhibition zone diameters
observed in this study for Streptococcus pyogenes at 100%
concentration (24 mm) fall within the “strong” category.
Statistical one-way ANOVA analysis confirmed that
the 100% extract concentration was the most effective
against MRSA and Streptococcus pyogenes.

Compared to MRSA, Streptococcus pyogenes
exhibited greater susceptibility to the rambutan leaf
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extract, as evidenced by larger inhibition zones. This
observation aligns with previous findings that variations
in extract diffusion, solvent compatibility, and active
compound concentration can influence antibacterial
efficacy (Rumaolat & Husada, 2020).

Turbidimetric assays confirmed that higher
extract concentrations (100%, 50%, and 25%) reduced
bacterial growth, as evidenced by lower absorbance
values. These findings are consistent with earlier studies
that demonstrated effective bacterial inhibition at
high extract concentrations, including the work of
Mukaromah et al. (2023), which reported a minimum
inhibitory concentration (MIC) of 15.625 mg/mL for
rambutan peel and seed extracts against multidrug-
resistant Klebsiella pneumoniae.

While turbidimetry provides valuable insights, its
inability to differentiate between live and dead bacteria
necessitates complementary methods, such as Plate
Count Agar, for more accurate assessments of bacterial
viability. Additionally, advanced analytical techniques
like high-performance liquid chromatography (HPLC)
are recommended for precise quantification of active
compounds (Gloria Rambet et al., 2017).

In conclusion, this study highlights the significant
antibacterial potential of ethanolic rambutan leaf
extract against Gram-positive pathogens, particularly
Streptococcus pyogenes and MRSA. These findings support
the exploration of rambutan leaf extract as a natural
antimicrobial agent, offering a promising alternative
in the fight against AMR. Further research is needed
to elucidate the specific mechanisms of action and
optimize the application of this extract in clinical
settings.

5. Conclusions

The ethanolic extract of rambutan (Nephelium
lappaceum L.) leaves contains secondary metabolites,
specifically flavonoids and tannins, as indicated
by characteristic color changes when reacted with
appropriate reagents. The extract demonstrated
significant antibacterial activity against Methicillin-
Resistant Staphylococcus aureus IMRSA) and Streptococcus
pyogenes. At a concentration of 100%, the extract
exhibited a strong inhibition zone for MRSA (14.9
mm) and a substantial inhibition zone for Streptococcus
pyogenes (24 mm). Statistical analysis revealed that
concentrations of 100%, 50%, and 25% significantly
inhibited MRSA growth, while all tested concentrations
displayed significant inhibitory effects on Streptococcus
pyogenes.The minimum inhibitory concentration (MIC),
as assessed through visual turbidimetry, was 25% for
both bacteria. Further confirmation using UV-Vis
spectrophotometry indicated a decrease in absorbance
for MRSA at concentrations of 100% and 50%, whereas
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for Streptococcus pyogenes, the reduction was observed
only at 100%.

Further exploration of natural products is crucial
to address the ongoing global challenge of antibiotic
resistance. Future studies should focus on the detailed
quantification and analysis of flavonoid and tannin
content in rambutan leaves, as these compounds
demonstrate significant bioactivity, particularly against
Gram-positive bacteria.

Acknowledgment
This research was funded by RisetMu (Muham
madiyah) with grant number 0258.136/1.3/D/2024.

Conflict of interest
All authors have no conflict of interest in this
article.

References

Agustin, D., Zaenab, S., Agus, M., Budiyanto, K., &
Hudha, A. M. (2019). Pengaruh konsentrasi
ekstrak bunga belimbing wuluh terhadap zona
hambat pertumbuhan Streptococcus pyogenes.
Jurnal Bioterdidik, 7(6): 14-25. https:/ /jurnal.fkip.
unila.ac.id/index.php/JBT/article/view/18426

Aini, R. N., Listyani, T. A., & Raharjo, D. (2023).
Perbandingan kadar flavonoid dan aktivitas
antioksidan ekstrak etanol dan infusa daun
rambutan (Nephelium lappaceum L.) dengan
metode ABTS. Jurnal Ilmiah Wahana Pendidikan,
Desember, 9(23): 665-680. https://doi.
org/10.5281/zenodo.10353550

Anggraini, D., Endraputra, P. N., Sarassari, R.,
Santosaningsih, D., Saptawati, L., Robertus,
T., Prilandari, L. I., Ningsih, L., Puspandari,
N., Cahyarini, C., Tisyakusuma, E., Gunardi,
W. D., & Karuniawati, A. (2024). Antibiotic
resistance report from the Surveillance of
Indonesia Network on Antimicrobial Resistance
(SINAR). Journal of Global Antimicrobial Resistance,
39(2024), 1-79. https://doi.org/https://doi.
org/10.1016/j.jgar.2024.10.061

Anggresani, L., Hadriyati, A., Risnawati, 1., Perawati,
S., & Andriani, L. (2019). Tanin pada ekstrak
daun rambutan (Nephelium lappaceum L.) tidak
berpotensi sebagai chelating agent dalam sintesis
hidroksiapatit. Riset Informasi Kesehatan, 8(2): 117.
https://doi.org/10.30644/rik.v8i2.242

Asghar, A., Tan, Y. C., Zahoor, M., Zainal Abidin,
S. A, Yow, Y. Y., Khan, E., & Lahiri, C.
(2021). A scaffolded approach to unearth
potential antibacterial components from the
epicarp of Malaysian Nephelium lappaceum L.
Scientific Reports, 11(13859): 1-15. https://doi.
org/10.1038/s41598-021-92622-0

Badan Pusat Statistik (BPS). (2023). Produksi tanaman
buah-buahan 2023. Badan Pusat Statistik. https://

https://doi.org/10.30659/sainsmed.v15i2.40155



Rizkita, et al.

www.bps.go.id/id/statistics-table/2/NjjMg==
produksi-tanaman-buah-buahan.html

Bandibas, M. B., & Roxas, P. G. (2017). Antimicrobial
test of five ethnomedicinal plants in an ancestral
forest area. Global Journal of Environmental Science
and Management, 3(3): 257-266. https://doi.
org/10.22034/gjesm.2017.03.03.003

Bhat, R. S., & Al-daihan, S. (2014). Antimicrobial
activity of Litchi chinensis and Nephelium
lappaceum aqueous seed extracts against some
pathogenic bacterial strains. Journal of King Saud
University - Science, 26(1): 79-82. https://doi.
org/10.1016/j.jksus.2013.05.007

Byrd, A. L., Belkaid, Y., & Segre, J. A. (2018). The
human skin microbiome. Nature Reviews
Microbiology,16(3): 143-155). Nature
Publishing Group. https://doi.org/10.1038/
nrmicro.2017.157

Chigurupati, S., Vijayabalan, S., Selvarajan, K. K.,
Hashish, N. E., Mani, V., Ahmed, E. S., & Das,
S. (2019). Identification of Nephelium lappaceum
leaves phenolic and flavonoid component with
radical scavenging, antidiabetic and antibacterial
potential. Indian Journal of Traditional Knowledge,
18(2): 360-365. https://nopr.niscpr.res.in/
bitstream/123456789/47072/3/1JTK%20
18%282%29%20360-365.pdf

Dong, S., Yang, X., Zhao, L., Zhang, F., Hou, Z., & Xue,
P. (2020). Antibacterial activity and mechanism
of action saponins from Chenopodium quinoa
Willd. husks against foodborne pathogenic
bacteria. Industrial Crops and Products,
(112350): 1-14. https://doi.org/10.1016/j.
indcrop.2020.112350

Felicia, N., Widarta, I. W. R., & Yusasrini, N. L. A.
(2017). Pengaruh ketuaan daun dan metode
pengolahan terhadap aktivitas antioksidan dan
karaktristik sensoris teh herbal bubuk daun
alpukat (Persea americana Mill.). Jurnal llmu
Dan Teknologi Pangan (ITEPA), 5(2): 85-96.
https://ojs.unud.ac.id/index.php/itepa/article/
download/27503/17412

Fischetti, V. A. (2017). M Protein and Other Surface
Proteins on Streptococci (J. J. Ferettin, D. L. Stevens,
& V. A. Fischetti, Eds.). Streptococcus pyogenes:
Basic Biology to Clinical Manifestations; The
University of Oklahoma Health Sciences Center.

Flowers, L., & Grice, E. A. (2020). The skin microbiota:
Balancing risk and reward. Cell Host and Microbe,
28(2): 190-200. https://doi.org/10.1016/j.
chom.2020.06.017

Gloria Rambet, L., Waworuntu, O., Gunawan, P. N.,
& Studi Pendidikan Dokter Gigi, P. (2017). Uji
Konsentrasi Hambat Minimum (KHM) Perasan
Murni Bawang Putih (Allium sativum) Terhadap
Pertumbuhan Candida albicans. PHARMACON
Jurnal Ilmiah Farmasi-UNSRAT, 6(1): 16-23.

Sains Medika: Jurnal Kedokteran dan Kesehatan, Vol 15, No 2 (2024): 68-77

G.S., A. A. F, Darwis, W., Wibowo, H. R., Sipriyadi,
& Supriati, R. (2021). Antibacterial activity
of the ethanolic extract of Sembung Rambat
(Mikania micrantha Kunth) leaves against
Bacillus subtilis. Natural Science (Journal of
Science and Technology), 10(1): 6-11. https://doi.
org/10.22487/25411969.2020.v10.11.15476

Hasanah, U., Shafwan, A., Pulungan, S., & Gultom,
S. (2021). Uji Aktivitas Antibakteri Penyebab
Infeksi Pada Kulit Dari Jamur Endofit Daun
Kemangi (Ocimum Sanctum L.). Jurnal Biosains,
7(3): 152—156. https://doi.org/10.24114/jbio.
v7i3.28837

Ho,C.S.,Wong, C.T.H., Aung, T. T., Lakshminarayanan,
R., Mehta, J. S., Rauz, S., McNally, A., Kintses,
B., Peacock, S. J., de la Fuente-Nunez, C.,
Hancock, R. E. W., & Ting, D. S. J. (2024).
Antimicrobial resistance: a concise update.
The Lancet. Microbe, 100947. https://doi.
org/10.1016/j.lanmic.2024.07.010

Hossain, M. J., Jabin, N., Ahmmed, F., Sultana, A.,
Abdur Rahman, S. M., & Islam, M. R. (2023).
Irrational use of antibiotics and factors associated
with antibiotic resistance: Findings from a cross-
sectional study in Bangladesh. Health Science
Reports, 6(8), 1-11. https://doi.org/10.1002/
hsr2.1465

Indrayati, S., & Sugiarto, Y. A. (2020). Uji Efektifitas Air
Rebusan Daun Rambutan (Nephelium lappaceum
L.) Dalam Menghambat Pertumbuhan Bakteri
Escherichia coli. Prosiding Seminar Kesehatan
Perintis, 3(1), 12-18. https://doi.org/10.14710/
jnc.v2i2.2754

Irmayanti, N., Harnis, Z. E., Kesehatan, 1., Husada,
D,, & Tua, D. (2022). Uji Aktivitas Antibakteri
Ekstrak Etanol Daun Rambutan (Nephelium
lappaceum L) Pada Pertumbuhan Bakteri
Staphylococcus aureus dan Escherichia coli. Jurnal
Farmasi Dan Herbal, 4(2), 10-19. http://ejournal.
delihusada.ac.id/index.php/JPFH

J Soelama, H. J., Kepel, B. J., & Siagian, K. V. (2015).
Uji Minimum Inhibitory Concentration (MIC)
Ekstrak Rumput Laut (Eucheuma cottonii)
Sebagai Antibakteri Terhadap Streptococcus
mutans. E-GiGi, 3(2), 374-379.

Jantapaso, H., & Mittraparp-Arthorn, P. (2022).
Phytochemical Composition and Bioactivities
of Aqueous Extract of Rambutan (Nephelium
lappaceum L. cv. Rong Rian) Peel. Antioxidants,

11(5). https://doi.org/10.3390/antiox11050956

Joy, A., Satheesh, A., Kumar, J. S., & P, P. B. (2022).
Antibacterial activity of Nephelium lappaceum

fruit peel extracts. Kristu Jayanti Journal of Core
and Applied Biology, 2(1), 15-19.

Karim, S. F., Lewikinta, M. N., & Sadsyam, S. (2023).
Formulasi dan Uji Aktivitas Antibakteri Pasta
Gigi Ekstrak Daun Rambutan (Nephelium
lappaceum L.) terhadap Streptococcus mutans.

https://doi.org/10.30659/sainsmed.v15i2.40155



Rizkita, et al.

Jurnal llmiah Fitomedika Indonesia, 2(1): 20-29.
https://ojs.stikesylpp.ac.id/index.php/JIFMI/
article/view/650

Kemalaputri, D. W,, Jannah, S. N., Budiharjo, A., &
Soedarto, J. (2017). Deteksi MRSA (Methicillin
Resistant Staphylococcus aureus) Pada Pasien
Rumah Sakit dengan Metode MALDI-TOF MS
dan Multiple X PCR. Jurnal Biologi, 6(4): 51-61.

Lee, A. S., De Lencastre, H., Garau, J., Kluytmans, J.,
Malhotra-Kumar, S., Peschel, A., & Harbarth,
S. (2018). Methicillin-resistant Staphylococcus
aureus. Nature Reviews Disease Primers, 4. https://
doi.org/10.1038/nrdp.2018.33

Lestari, A., Rusli, R., & Aryati, F. (2023). Skrining
Fitokimia dan Uji Aktivitas Tabir Surya
Ekstrak Etanol Daun Rambutan (Nephelium
lappaceum L.). Proceeding of Mulawarman
Pharmaceuticals Conferences, 18, 192—198. https://
doi.org/10.25026/mpc.v18i1.726

Lestari, W. D., Juwitaningtyas, T., Studi, P., Pangan,
T., Industri, T., Dahlan, A., Ringroad Selatan, J.,
Istimewa, D., Indonesia, Y., & Korespondensi, P.
(2023). Karakteristik Kimia Teh Daun Rambutan
Aceh (Nephelum lappaceum L.) Dengan Variasi
Suhu dan Waktu Pengeringan. Jurnal Pangan
Dan Agroindustri, 11(3), 107-116.

Mistriyani, Riyanto, S., & Rohman, A. (2018).
Antioxidant activities of rambutan (Nephelium
lappaceum L) peel in vitro. Food Research, 2(1): 119—
123. https://doi.org/10.26656/1r.2017.2(1).150

Mistryanto Tambunan, P., Nadia, S., Maulida Ulfa,
N., & Studi Farmasi, P. (2024). Skrining dan
Uji Aktivitas Antioksidan Ekstrak Etanol Daun
Rambutan (Nephelium lappaceum L.) Wilayah
Kabupaten Deli Serdang Desa Suka Raya dengan
Metode FRAP (Ferric Reducing Antioxidant
Power). Forte Journal, 4(1): 57-65. https:/ /www.
o0js.unhaj.ac.id/index.php/fj

Mukaromah, A. H., Cahyaningrum, D. G., Putri, D.
R., Jannah, E. M., Rinaldi, M. R., Wardoyo, F.
A., Ariyadi, T., Hikmah, A. N., & Darmawati,
S. (2023). Antibacterial activity peel and seed
extracts of rambutan (Nephelium lappaceum 1.)
against MDR bacteria causing urinary tract
infections. Biosaintifika, 15(3): 432—440. https://
doi.org/10.15294/biosaintifika.v15i3.39568

Naghavi, M., Vollset, S. E., Ikuta, K. S., Swetschinski,
L.R., Gray, A. P, Wool, E. E., Robles Aguilar,
G., Mestrovic, T., Smith, G., Han, C., Hsu, R.
L., Chalek, J., Araki, D. T., Chung, E., Raggi,
C., Gershberg Hayoon, A., Davis Weaver, N.,
Lindstedt, P. A., Smith, A. E., ... Murray, C. J. L.
(2024). Global burden of bacterial antimicrobial
resistance 1990-2021: a systematic analysis
with forecasts to 2050. The Lancet, 404(10459),
1199-1226. https://doi.org/10.1016/S0140-
6736(24)01867-1

Sains Medika: Jurnal Kedokteran dan Kesehatan, Vol 15, No 2 (2024): 68-77

Panche, A. N., Diwan, A. D., & Chandra, S. R. (2016).
Flavonoids: an overview. Journal of Nutritional
Science, 5. https://doi.org/10.1017/jns.2016.41

Peixoto Araujo, N. M., Arruda, H. S., Marques, D.
R. P, de Oliveira, W. Q., Pereira, G. A., &
Pastore, G. M. (2021). Functional and nutritional
properties of selected Amazon fruits: A review.
Food Research International, 147. https://doi.
org/10.1016/j.foodres.2021.110520

Purba, M. R., Dian Soraya Tanjung, & Rona Angelin
Purba. (2023). Comparison of Antibacterial
Effectiveness of Rambutan Leaf Extract
(Nephelium lappaceum L..) and Tin Leaf Extract
(Ficus carica L.) to Streptococcus mutans.
Bioscientia Medicina : Journal of Biomedicine and
Translational Research, 6(18), 2976-2979. https://
doi.org/10.37275/bsm.v6118.744

Putra, N. R., Yustisia, Y., Heryanto, R. B., Asmaliyah,
A., Miswarti, M., Rizkiyah, D. N., Yunus, M. A.
C., Irianto, I., Qomariyah, L., & Rohman, G. A.
N. (2023). Advancements and challenges in green
extraction techniques for Indonesian natural
products: A review. In South African Journal of
Chemical Engineering, 46 (1): 88-98). https://doi.
org/10.1016/j.sajce.2023.08.002

Putri, R., Supriyanta, J., & Adhil, D. A. (2021). Formulasi
dan Uji Aktivitas Sediaan Masker Gel Peel Off
Ekstrak Etanol 70% Daun Rambutan (Nephelium
lappaceum L.) Terhadap Propionibacterium
Acnes. Journal of Pharmaceutical and Health
Research, 2(1), 12-20. https://doi.org/10.47065/
jharma.v2i1.836

Ratna, Hidayah Base, N., & Rezky Husnul, D. K.
(2018). Uji Daya Hambat Ekstrak Etanol Daun
Rambutan (Nephelium lappaceum L.) Terhadap
Streptococcus mutans. Jurnal Pengabdian
Masyarakat Yamasi, 2(2), 1-7.

Retno Priamsari, M., Putri Pitarisa, A., & Setyani, O.
(2023). Perbandingan Aktivitas Antibakteri Kulit
Buah Markisa Kuning (Passiflora edulis van
Flavicarpa D.) Terhadap Bacillus Subtilis dan
Propionibacterium Acnes. Jurnal Ilmu Farmasi
Dan Farmasi Klinik (JIFFK), 20(2): 121-127. www.
unwahas.ac.id/publikasiilmiah/index.php/
ilmufarmasidanfarmasiklinik

Rostinawati, T., Tjitraresmi, A., & Wisnuputri, M.
V. (2018). In vitro activity of Rambutan
Binjai (Nephelium lappaceum) peel extract from
Indonesia to methicillin-resistant Staphylococcus
aureus (MRSA). Dhaka University Journal of
Pharmaceutical Sciences, 17(2), 197-203. https://
doi.org/10.3329/dujps.v17i2.39176

Rozana, & Sunardi. (2021). Minimally process pada
buah rambutan dan perubahan kandungan
vitamin ¢ selama penyimpanan beku. Journal
of Food Technology and Agroindustry, 3(1).
Minimally process pada buah rambutan dan
perubahan kandungan vitamin c selama

https://doi.org/10.30659/sainsmed.v15i2.40155



Rizkita, et al.

penyimpanan beku. Journal of Food Technology
and Agroindustry, 3(1). https://doi.org/10.24929/
jfta.v3il.1247

Rumaolat, W., & Husada, S. M. (2020). Aktivitas
antibakteri ekstrak metanol daun rambutan
(Nephelium lappaceum L.) terhadap pertumbuhan
bakteri Staphylococcus aureus. 2-TRI K: Tunas-
Tunas Kesehatan, 10(2), 93-97. https://doi.
org/10.33846/2trik10204

Salsabila, G., Soulissa, A. G., & Widyarman, A. S.
(2022). Antibiofilm Effect of Rambutan Leaf
Extract (Nephelium lappaceum 1..) against
Aggregatibacter actinomycetemcomitans and
Treponema denticola (in vitro). E-GiGi, 10(1),
103. https://doi.org/10.35790/eg.v1011.39050

Sekar, M., Jaffar, F. N. A., Zahari, N. H., Mokhtar,
N., Zulkifli, N. A., Kamaruzaman, R. A., &
Abdullah, S. (2014). Comparative evaluation
of antimicrobial properties of red and yellow
rambutan fruit peel extracts. Annual Research &
Review in Biology, 4(24), 3869-3874. https://doi.
org/ 10.9734/ARRB/2014/11327

Sekeon, H. N., Homenta, H., Leman, M. A. (2018).
Uji konsentrasi hambat minimum ekstrak
daun gedi (Abelmoschus manihot L.) terhadap
pertumbuhan bakteri Streptococcus mutans.
E-GiGi, 4(1): 44-49. https://doi.org/10.35790/
eg.6.1.2018.19729

Setyawaty, R., B, R. A., & Dewanto. (2020).
Preliminary Studies on the Content of
Phytochemical Compounds On Skin of Salak
Fruit (Salaccazalacca). Pharmaceutical Journal of
Indonesia, 6(1), 1-6. http://dx.doi.org/10.21776/
ub.p;ji.2020.006.01.1

Shamsudin, N. F., Ahmed, Q. U., Mahmood, S., Shah,
S. A. A., Khatib, A., Mukhtar, S., Alsharif,
M. A., Parveen, H., & Zakaria, Z. A. (2022).
Antibacterial Effects of Flavonoids and Their
Structure-Activity Relationship Study: A
Comparative Interpretation. Molecules, 27(4): 1-43.
https://doi.org/10.3390/molecules27041149

Siahaan, S., Herman, M. J., & Fitri, N. (2022).
Antimicrobial resistance situation in Indonesia: A
challenge of multisector and global coordination.
Journal of Tropical Medicine, 2022. https://doi.
org/10.1155/2022/2783300

Sulistiyaningsih, S., S, N., Wicaksono, I., & Budiman, A.
(2017). Antibacterial activity of ethanol extract
and fraction of Rambutan leaf (Nephelium
lappaceum) against Pseudomonas aeruginosa
multiresistant. National Journal of Physiology,
Pharmacy and Pharmacology, 7(11), 1. https://
doi.org/10.5455/njppp.2017.7.0935926102017

Tingting, Z., Xiuli, Z., Kun, W,, Liping, S., & Yongliang,
Z.(2022). A review: extraction, phytochemicals,
and biological activities of rambutan (Nephelium
lappaceum L) peel extract. Heliyon, 8(11). https://
doi.org/10.1016/j.heliyon.2022.e11314

Sains Medika: Jurnal Kedokteran dan Kesehatan, Vol 15, No 2 (2024): 68-77

Tripathi, N., & Sapra, A. (2023). Gram Staining.
StatPearls Publishing. https://www.ncbi.nlm.
nih.gov/books/NBK562156/

UK Health Security Agency. (2023). MRSA, MSSA,
Gram-negative bacteraemia and CDI: 30-day all-
cause mortality.

Villanueva, X., Zhen, L., Ares, J. N., Vackier, T., Lange,
H., Crestini, C., & Steenackers, H. P. (2023).
Effect of chemical modifications of tannins
on their antimicrobial and antibiofilm effect
against Gram-negative and Gram-positive
bacteria. Frontiers in Microbiology, 13. https://
doi.org/10.3389/fmicb.2022.987164

Wang, T. yang, Li, Q., & Bi, K. shun. (2018). Bioactive
flavonoids in medicinal plants: Structure, activity
and biological fate. Asian Journal of Pharmaceutical
Sciences, 13(1), 12-23. https://doi.org/10.1016/j.
ajps.2017.08.004

Warokka, K. E., Wuisan, J., (2016). Uji Konsentrasi
Hambat (KHM) Ekstrak Daun Binahong
(Anredera cordifolia Steenis) Sebagai Antibakteri
Terhadap Pertumbuhan Streptococcus mutans.
Skripsi. Program Studi Pendidikan Dokter Gigi
Fakutas Kedokteran Universitas Sam Ratulangi
Manado, P. E-GiGi, 4(1).

Xie, Y., Yang, W,, Tang, F., Chen, X., & Ren, L. (2014).
Antibacterial Activities of Flavonoids: Structure-
Activity Relationship and Mechanism. Current
Medicinal Chemistry, 22(1): 132-149. https://doi.
org/10.2174/0929867321666140916113443

Yunusa, A. K., Abdullahi, N., Tsoho, A. U., Abdulkadir,
A. R., Rilwan, A., & Dandago, A. (2018).
DPPH radical scavenging activitiy and total
phenolic content of rambutan (Nephelium
lappaceum) peel and seed. Annals Food Science
and Technology, 19(4). https://www.researchgate.
net/publication/331414361

Yuvakkumar, R., Suresh, J., Saravanakumar, B., Joseph
Nathanael, A., Hong, S. I., & Rajendran, V.
(2015). Rambutan peels promoted biomimetic
synthesis of bioinspired zinc oxide nanochains
for biomedical applications. Spectrochimica Acta

- Part A: Molecular and Biomolecular Spectroscopy,
137: 250-258. https://doi.org/10.1016/].
saa.2014.08.022

Zahra, A. A.,Lau, D. C., Wahyudi, N. Y., Nanda, A. Y.
D., Nibullah, S. G., & Mierza, V. (2023). Review :
Identifikasi Senyawa Tanin Pada Tumbuhan
Rambutan Universitas Pahlawan Tuanku
Tambusai. Jurnal Pendidikan dan Konseling, 5(1),
3810-3819. https://doi.org/10.31004/jpdk.
v5i1.11620

Zaynab, M., Sharif, Y., Abbas, S., Afzal, M. Z., Qasim,
M., Khalofah, A., Ansari, M. J., Khan, K. A.,
Tao, L., & Li, S. (2021). Saponin toxicity as
key player in plant defense against pathogens.
Toxicon, 193: 21-27. https://doi.org/10.1016/j.
toxicon.2021.01.009

https://doi.org/10.30659/sainsmed.v15i2.40155



