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Implication for health policy/practice/research/medical education:
This in vitro research demonstrated the antibacterial ability of mangrove fruits from R. mucronata, S. alba, and S. caseolaris against 
multidrug-resistant (MDR) bacteria derived from clinical specimens. Therefore, they might be good alternative treatments for 
infectious diseases caused by MDR bacteria. Future studies should investigate the mechanisms behind the observed antibacterial 
effects of mangrove fruits to enhance their application as natural antimicrobial agents against MDR bacteria. Additionally, 
exploring the optimal active compounds and dosages could further optimize these compounds’ efficacy in clinical settings.
Please cite this paper as: Prastiyanto ME, Wardoyo FA. Antibacterial efficacy of fruit extracts from three mangrove species: 
Rhizophora mucronata, Sonneratia alba, and Sonneratia caseolaris against multidrug-resistant (MDR) isolates derived from 
clinical specimens. J Herbmed Pharmacol. 2025;14(1):104-111. doi: 10.34172/jhp.2025.52806.

Introduction: The emergence of multidrug-resistant (MDR) bacteria poses a significant 
challenge to public health, necessitating the exploration of alternative antimicrobial agents. 
This study investigates the antibacterial activity of fruit extracts from Rhizophora mucronata, 
Sonneratia alba, and Sonneratia caseolaris against MDR isolates derived from clinical specimens.
Methods: Antibacterial activity was assessed against multiple multidrug-resistant bacterial 
strains, such as methicillin-resistant Staphylococcus aureus (MRSA) strain sa1, vancomycin-
resistant Enterococcus (VRE) strain ef1, carbapenem-resistant Pseudomonas aeruginosa (CRPA) 
strain ps1, and extended-spectrum beta-lactamase (ESBL) Escherichia coli strain ec1. The 
antibacterial efficacy was determined using an agar-based well diffusion test to ascertain the zone 
of inhibition. Microdilution was assessed to ascertain the minimum inhibitory concentration 
(MIC) and minimum bactericidal concentration (MBC) values. Standard procedures were used 
to screen for plant phytochemicals (terpenoid, alkaloid, flavonoid, tannin, and saponin). 
Results: An ethanol extract of mangrove fruit exhibited antibacterial activity against MRSA, 
VRE, CRPA, and ESBL-Escherichia coli, producing an inhibitory zone diameter of 3-24 mm 
at 10 and 20 mg/mL, with MIC and MBC values exceeding 20 mg/mL. Specifically, Sonneratia 
alba was effective against MRSA and VRE with MIC and MBC values ≥10 mg/mL. Sonneratia 
caseolaris was effective against CRPA and ESBL-Escherichia coli with MIC and MBC values 
≥5 mg/mL Phytochemical identification results showed the presence of terpenoids, alkaloids, 
flavonoids, tannins, and saponins in all three extracts.
Conclusion: The fruit extracts examined have antibacterial activity against MDR isolates. 
Additional studies are required to isolate and characterize the specific bioactive substances that 
generate these effects.
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Introduction
Since their discovery in the early 1900s, antibiotics 
have saved countless lives. However, the concerning 

growth of antibiotic resistance has eclipsed the history 
of antibiotics (1). In developing countries, including 
Indonesia, antibiotics can be purchased without a doctor’s 
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prescription, and excessive use of antibiotics and not 
according to the rules can cause resistance (2). Antibiotic 
resistance has become a serious issue not only in Indonesia 
(3) but also in the world, and each year it causes a large 
number of deaths. Patients with multidrug-resistant 
(MDR) bacterial infections have a higher risk of death 
due to the difficulty of treatment. Infections produced 
by MDR bacteria incur greater treatment expenses than 
those initiated by non-resistant bacterial strains (4). It 
has been claimed that over 2.8 million cases of antibiotic-
resistant infections happen across the United States each 
year, with over 35 000 reported death instances (5). Multi-
drug resistant cases in Indonesia are above 50% (2).

Multidrug-resistant is considered when gram-positive 
and gram-negative bacteria are resistant to three or 
more classes of antibiotics (6). Some MDR bacteria that 
commonly infect humans include methicillin-resistant 
Staphylococcus aureus (MRSA), vancomycin-resistant 
Enterococcus (VRE), extended-spectrum beta-lactamase 
Escherichia coli (ESBL E. coli), and carbapenem-resistant 
Pseudomonas aeruginosa (CRPA) (7). MRSA is a S. aureus 
resistant to methicillin-type antibiotics; this was first 
described in the 1960s and further discussed in the last 
decade as a cause of nosocomial infections (8). MRSA 
can induce several infections, involving pneumonia 
and osteomyelitis, as well as severe conditions related to 
sepsis and infective endocarditis (9). The overall global 
prevalence of MRSA is 14.69% (10). VRE has become a 
challenge to manage in hospitals. They can cause various 
infections, most commonly urinary tract infections, intra-
abdominal infections, bacteremia, or endocarditis (11). 

Another bacterium that has become resistant to 
antibiotics is CRPA. CRPA refers specifically to strains 
of P. aeruginosa that are resistant to carbapenems, which 
poses significant challenges in treatment due to the 
limited effectiveness of available antibiotics against these 
strains (12). ESBL E. coli, an enzyme produced by E. coli 
bacteria has caused problems in healthcare systems. The 
rising numbers of ESBL-producing bacteria is due to the 
enhanced utilization of antibiotics, including penicillin, 
cephalosporins, and monobactams (13). β-Lactams 
are frequently used antibiotics given to fight against 
infections, resulting in many resistant bacteria to β-Lactam 
medicines, including E. coli bacteria (14). Therefore, it is 
essential to develop effective treatment options, including 
natural antibacterial medicines derived from biological 
sources. Natural anti-MDR bacterial agents can derived 
from marine (15,16), mushroom (17), and plants (18,19). 
One of the natural ingredients that can be used as a 
source of antibiotics is mangrove fruit. Mangrove fruit 
comes from the Sonneratiaceae family. Mangrove plants, 
particularly Rhizophora mucronata, Sonneratia alba, and 
Sonneratia caseolaris, have been recognized for their 
potential antibacterial properties. However, there remains 
a notable gap in research specifically focusing on the fruit 
extracts of these species against MDR bacteria. Various 

parts of mangrove plants exhibit antibacterial properties. 
For instance, extracts from Avicennia marina have shown 
effectiveness against several bacterial strains, including E. 
coli and S. aureus (20). Similarly, the bark extracts of S. 
caseolaris have been noted for their antimicrobial efficacy 
against both Gram-positive and Gram-negative bacteria 
(21). This research examines the antibacterial efficacy of 
fruit extracts from three mangrove species (R. mucronata, 
Sonneratia alba, and S. caseolaris) against MDR isolates 
found in clinical specimens.

Materials and Methods
Collection of mangrove fruit 
The subjects in this study were three species of mangrove 
fruit (R. mucronata, S. alba, and S. caseolaris) (Figure 1). R. 
mucronata mangrove fruits were obtained from the Grand 
Maerakaca area, Semarang, Central Java, Indonesia, and 
S. alba and S. caseolaris mangrove fruits were obtained 
from the Morosari Demak Mangrove Forest, Central 
Java, Indonesia. The three types of samples collected 
were mangroves with scientific names identified by the 
government as protected mangrove forest areas. The trees 
had fresh, not mushy, and not rotten fruits.

Mangrove fruit extraction
The extracting process of mangrove fruits was conducted 
utilizing the maceration technique with 96% ethanol. 
The three types of fresh mangrove fruits were washed, 
cut into small pieces, and dried in the sun (22). After 
that, dried fruits were ground using a blender to produce 
a fine powder. The mangrove fruit powder was put into 
96% ethanol solvent for 3 × 24 hours (every 24 hours a 
new solvent was replaced), filtered using Whatman filter 
paper number 1, concentrated using a rotatory evaporator 
at a temperature below 40 oC, and then using a water bath 
to obtain a thick extract. The extract obtained was then 
collected and stored at room temperature (23)

Preparation of test bacteria
MDR bacteria were obtained from the patients of Dr. 
Kariadi Hospital, Semarang City, Indonesia. Wound swabs 
and urine specimens were collected according to known 
protocols, inoculated onto blood agar and MacConkey 
agar (both from Merck, Darmstadt, Germany), and 
incubated overnight at 37 ± 2 °C. The bacterial colonies 
were identified through colony type, margin, elevation, 
size, shape, and color. Using the VITEK®2 Compact 
(bioMérieux, Craponne, France) equipment, all isolates 
were identified, and the resistance pattern was assessed. 
The MDR bacteria used in this study are shown in Table 1.

Wound swabs and urine specimens were collected 
according to known protocols, inoculated onto blood 
agar and MacConkey agar (both from Merck, Darmstadt, 
Germany), and incubated overnight at 37±2 °C. Then, 
they were scratched on oblique HIA media, incubated 
at 37 °C for 24 hours, and stored in the refrigerator as a 
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stock of bacteria. The colonies were suspended in a test 
tube containing 0.95% NaCl (physiological), using an 
inoculating needle and then homogenized. The turbidity 
of the suspension was equated with standard McFarland 
0.5 solution (1.5×108 cells/mL).

Antibacterial activity tests
The activities of mangrove ethanol extracts antibacterial 
agents were evaluated by two methods of diffusion and 
microdilution tests (19,24).

Diffusion method
MRSA, VRE, CRPA, and ESBL E. coli bacteria were 
cultivated on blood agar plates for 24 hours at 35 ± 2 °C. 
All MDR bacteria were standardized to a 0.5 McFarland 
standard (1.5 × 108 colony-forming units [CFU]/mL). 
Each one of the MDR bacteria was grown on MHA 
media by using a sterile cotton swab. After 5 minutes, 
the medium was punctured with a cork borer (0.5 cm 
in diameter). Two concentration variations were made, 
namely 10 mg/mL and 20 mg/mL. The resulting extract 
was solubilized in dimethyl sulfoxide (DMSO). Each well 
received 100 µL of the extract at varying concentrations, 
followed by incubation at 35 ± 2 °C for 16-20 hours. 

Positive controls included vancomycin and oxacillin for 
MRSA bacteria, vancomycin, and ampicillin for VRE-E. 
faecalis, meropenem and ceftriaxone for CRPA, and 
meropenem and ampicillin for ESBL-E. coli bacteria. The 
incubation results were observed for the presence of an 
inhibition zone formed and measured using a caliper.

Dilution method
Determination of minimum inhibitory concentration (MIC)
Mueller-Hinton broth (MHB) was employed to ascertain 
the MIC. In this test, 100 µL of MHB was added to each 
well on a microwell plate. 100 µL of mangrove fruit extract 
was added to the first well, followed by a series of dilutions 
until it reached the 12th well. After diluting the three 
mangrove fruit extracts, 10 µL (0.5 McFarland; 1.5 × 108 
CFU/mL) was added to each well, except for the negative 
control, and incubated at 35 ± 2 °C for 18-20 hours. After 
incubation, the MIC value was determined by observing 
the color change on the microwell plates and compared 
with the controls.

Determination of minimum bactericidal concentration 
(MBC)
Determination of MBC value was carried out by 

Figure 1. Mangrove fruits and extracts of Rhizophora mucronata, Sonneratia alba, and Sonneratia caseolaris.

Table 1. The organisms used for in vitro antibacterial screening in this study

Species and strain Common name of MDR bacteria Source Antibiotic resistance

Staphylococcus aureus 
sa1 MRSA Wound Ciprofloxacin, benzylpenicillin, gentamicin, oxacillin, levofloxacin, 

nitrofurantoin, moxifloxacin, sulfamethoxazole

Enterococcus faecalis 
ef1 VRE Urine Ciprofloxacin, gentamicin, levofloxacin, streptomycin, vancomycin, 

erythromycin, tetracycline, 

Pseudomonas 
aeruginosa pa1 CRPA Wound

Cefazolin, ampicillin, sulbactam, ceftazidime, tazobactam, gentamicin, 
aztreonam, meropenem, cefepime, tigecycline, nitrofurantoin, amikacin, 
ciprofloxacin, sulfamethoxazole

Escherichia coli ec1 ESBL Escherichia coli Urine Ciprofloxacin, ampicillin, tazobactam, sulbactam, cefepime, ceftazidime, 
cefazolin, gentamicin, ceftriaxone, sulfamethoxazole

MRSA, methicillin-resistant Staphylococcus aureus; VRE, vancomycin-resistant Enterococcus; CRPA, carbapenem-resistant Pseudomonas aeruginosa; 
ESBL, Extended-spectrum beta-lactamase.
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subculturing each well on blood agar plate media for 16-
20 hours at a temperature of 35 ± 2 °C. The MBC value was 
determined by observing the growth of bacterial colonies 
on blood agar plate media. The lowest concentration of 
mangrove fruit extract showing MDR bacteria unable to 
grow was the MBC value of the extract.

Phytochemical screening of the extract
The analysis for terpenoid, alkaloid, flavonoid, tannin, 
and saponin of the crude extracts of R. mucronata, S. 
alba, and S. caseolaris fruits was carried out using the 
previously described methods (25). To assess the presence 
of flavonoids, 1.0 mL of 10% lead acetate was introduced 
to 1.0 mL of the extract in a test tube. The occurrence of a 
yellow precipitate was considered indicative of flavonoids. 
To assess the presence of tannins, 5.0 g of extract was 
combined with 10 mL of distilled water. The mixture was 
filtered and the ferric chloride reagent was introduced to 
the filtrate. A blue-black precipitate was judged positive 
for tannins. Saponin levels were determined by shaking 
0.5 g of dry extract with water in a test tube. Frothing that 
remained during heat was utilized to detect the presence 
of saponins. Terpenoids were tested by evaporating 0.5 mL 
of the dried extract in a water bath and then heating it 

with 3 mL of concentrated sulfuric acid in a water bath 
for ten minutes. The creation of a grey color indicated the 
presence of terpenoids.

Results 
The results of the study on the antibacterial activity of 
the ethanol extract of mangrove fruits on the growth of 
MRSA, VRE, CRPA, and ESBL E. coli bacteria indicated 
that the zones of inhibition ranged from 3 to 24 mm at 
concentrations of 10 and 20 mg/mL (Table 2). These 
results showed that the extracts of the three mangrove 
fruits had anti-MDR bacterial activity. 

The result of microdilution concentrations for each 
of the three extracts remained ≤20 mg/mL for all tested 
MDR bacteria (Table 3). The fruit extract of S. alba showed 
superior efficacy compared to the other two extracts 
against gram-positive MDR bacteria (MRSA and VRE) 
(Figure 2), with MIC and MBC values of 5 and 10 mg/
mL for MRSA. Meanwhile, in VRE bacteria, the MIC and 
MBC value was 5 mg/mL. The fruit extract of S. caseolaris 
showed superior efficacy compared to the remaining two 
extracts against gram-negative MDR bacteria (CRPA and 
ESBL-E. coli) (Table 3 and Figure 2), with the MIC and 
MBC values of 5 mg/mL against CRPA and ESBL-E. coli. 

Table 2.  The diameters of the inhibitory zones of the mangrove fruit extract

Mangrove extract and antibiotic Concentration
(mg/mL) 

Average inhibition zone diameter (mm)

Gram-positive Gram-negative

MRSA VRE-E. faecalis CRPA ESBL-E. coli

Rhizophora mucronata
10 13 12 13 13
20 14 17 15.5 14

Sonneratia alba
10 8 11 3 7

20 10 19 7 10

Sonneratia caseolaris
10 17 14 16 15

20 19 24 17 16

Vancomycin 30 µg 25 0 - -

Oxacillin 1 µg 0 - - -

Meropenem 10 µg - - 0.6 20

Ceftriaxone 30 µg - - 0 -

Ampicillin 10 µg - 14 - 0
DMSO 0 0 0 0

MRSA: Methicillin-resistant Staphylococcus aureus; VRE-E. faecalis Vancomycin-resistant Enterococcus strain; CRPA: Carbapenem-resistant Pseudomonas aeruginosa; 
ESBL-E coli: Extended-spectrum beta-lactamase Escherichia coli; DMSO: Dimethyl sulfoxide. 
Vancomycin, oxacillin, meropenem, ceftriaxone, and ampicillin were used as positive controls.

Table 3. Minimum inhibitory concentration (MIC) and minimum bactericidal concentration  (MBC) for the ethanol extracts from mangrove fruits (mg/mL)

MRSA VRE CRPA ESBL-E. coli

MIC MBC MIC MBC MIC MBC MIC MBC

Rhizophora mucronata 20 20 20 20 5 10 5 20

Sonneratia alba 5 10 5 5 10 10 10 20

Sonneratia caseolaris 10 10 20 10 5 5 5 5

DMSO 0 0 0 0 0 0 0 0

MRSA: Methicillin-resistant Staphylococcus aureus; VRE-E. faecalis Vancomycin-resistant Enterococcus strain; CRPA: Carbapenem-resistant Pseudomonas aeruginosa; 
ESBL-E coli: Extended-spectrum beta-lactamase Escherichia coli; DMSO: Dimethyl sulfoxide. 
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The phytochemical test of mangrove extract showed that 
the three extracts contained bioactive compounds like 
flavonoids, terpenoids, tannins, alkaloids, and saponins 
(Table 4). 

Discussion
The extracts of the three mangrove fruits had anti-MDR 
bacterial activity. Previous studies have shown that 50 mg/
mL of methanol extract from S. caseolaris fruits had the 
strong antibacterial activity on E. coli, S. aureus, and B. 
subtilis (26). Our study used MDR bacteria while previous 
studies used standard bacteria. In addition, the inhibition 
zone in this study showed a better diameter, namely at a 
concentration of 20 mg/mL, showing an inhibition zone 
between 7 and 24 mm against the tested MDR bacteria. 
This study used ethanol solvent while the previous study 
used methanol solvent. The ethanol solvent is more semi-
polar than the methanol solvent, allowing the active 
compounds in mangrove fruits to dissolve more. This is 
in line with previous studies that bilimbi fruit extract with 
ethanol solvent resulted in a wider diameter of inhibition 
zone against MDR bacteria than methanol solvent (7)

Our study showed that the concentration of 
microdilution assay of the three mangrove fruit extracts 
was ≥20 mg/mL against all MDR bacteria tested. Previous 
studies reported that the ethanolic extract of S. alba leaves 
produced a MIC value of 3.26 μg/mL against S. aureus 
(non-MDR) bacteria (27). The results of previous studies 
yielded better scores. This was possible because the test 
bacteria used were non-MDR strains of bacteria (non-
MDR S. aureus).

Sonneratiaceae plants are rich in tannins, which are 
known to play a role in antimicrobial activity (28). Several 
secondary metabolites were also found in mangroves, 
including alkaloids, phenolics, steroids, and terpenoids. 
These compounds were identified from several parts 
of parts, such as stems, fruits, leaves, and roots (29). 
According to research by Wonggo et al (30), mangrove 
leaves contain bioactive compounds, namely flavonoids, 
tannins, saponins, and steroids. Tannins have been 
discovered to inhibit bacterial growth through a variety of 
mechanisms, such as iron chelation, disruption of the cell 
membrane, inhibition of fatty acid biosynthetic pathways, 
and inhibition of cell wall synthesis (31). Flavonoids 

Figure 2.  Minimum bactericidal concentration (MBC) of the ethanol extracts from three mangrove fruits against methicillin-resistant Staphylococcus aureus 
(MRSA), vancomycin-resistant (VRE), carbapenem-resistant Pseudomonas aeruginosa (CRPA), and extended-spectrum beta-lactamase Escherichia coli 
(ESBL-E coli). Concentrations: (a) 20 mg/mL, (b) 10 mg/mL, (c) 5 mg/mL, (d) 2.5 mg/mL. White arrow: MBC value; Blue box: Mangrove fruit extract with the 
smallest MBC value against multidrug-resistant (MDR) bacteria.

Table 4. The outcomes of the phytochemical investigation of fruit extracts

Fruit extract
Phytochemicals content

Terpenoids Alkaloids Flavonoids Tannins Saponins

Rhizophora mucronata + + + + +

Sonneratia alba + + + + +

Sonneratia caseolaris + + + + +
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exhibit antimicrobial properties against various 
pathogens, including bacteria, through mechanisms 
that bind to DNA, inhibiting replication processes and 
ultimately leading to cell death (32). Saponins can engage 
with lipids. Proteus lipopolysaccharides contribute to 
the increased permeability of the bacterial cell wall due 
to their detergent-like qualities, which damage the outer 
membrane of bacteria (33). It has been demonstrated that 
natural alkaloids can disrupt the bacterial cell membrane 
(33), influence the DNA function, and inhibit protein 
synthesis (34) in studies on the antibacterial mechanism. 
Thus, natural alkaloids are potentially active against 
various bacteria.

The findings from this study underscore the potential 
of mangrove fruit extracts as effective alternatives to 
conventional antibiotics in treating infections caused 
by MDR bacteria. The significant antibacterial activity 
observed, particularly against MRSA, VRE, CRPA, and 
ESBL-E.coli, indicates that these natural compounds could 
be crucial in addressing the growing issue of antibiotic 
resistance in clinical settings. This research contributes to 
the broader understanding of plant-based antimicrobials 
and their potential integration into treatment protocols 
for resistant infections. It is particularly relevant in regions 
like Indonesia where antibiotic resistance is a pressing 
public health concern.

Despite the promising results, there are several 
limitations to consider. The study primarily focused 
on ethanolic extracts; thus, other extraction methods 
or solvents may yield different antibacterial profiles. 
Furthermore, this research was conducted under 
laboratory conditions; therefore, further studies are 
needed to evaluate the effectiveness of these extracts in 
vivo. The specific bioactive compounds responsible for 
the observed antibacterial effects were not isolated or 
characterized in this study, which limits understanding of 
their mechanisms of action.

Future research should aim to isolate and characterize 
the specific bioactive compounds in the mangrove fruit 
extracts that contribute to their antibacterial properties. 
Investigating these compounds’ mechanisms of action 
against MDROs could provide insights into their 
therapeutic potential. Additionally, conducting in vivo 
studies will be essential to assess the efficacy and safety 
of these extracts in clinical applications. Expanding 
research to include other mangrove species and different 
parts of the plants may also reveal a broader spectrum of 
antimicrobial activity.

Conclusion
This study highlights the significant antibacterial activity 
of ethanol extracts from mangrove fruits against various 
MDR bacterial strains. The results indicate that species 
such as S. alba and S. caseolaris may serve as valuable 
sources for developing new antimicrobial agents to 
combat antibiotic resistance. Given the urgent need for 

alternative treatment options in light of rising MDRO 
prevalence, further exploration into mangrove-derived 
compounds is warranted to harness their full potential in 
clinical applications. 

Acknowledgment
The authors would like to thank Universitas 
Muhammadiyah Semarang for funding the research 
through the Institutional Research Grant for completing 
this study. The authors would also like to congratulate 
Julianita Luria Pongmakamba, Meishella Ratna Amelia, 
and Nur Afnun Febrikayanti from the Department 
of Medical Laboratory Technology, Universitas 
Muhammadiyah Semarang, Indonesia, for their assistance 
in collecting mangrove samples.

Authors’ contribution 
Conceptualization: Fandhi Adi Wardoyo.
Data curation: Muhammad Evy Prastiyanto.
Formal analysis: Muhammad Evy Prastiyanto.
Funding acquisition: Fandhi Adi Wardoyo.
Investigation: Fandhi Adi Wardoyo.
Methodology: Muhammad Evy Prastiyanto.
Project administration: Fandhi Adi Wardoyo.
Resources: Muhammad Evy Prastiyanto.
Software: Muhammad Evy Prastiyanto.
Supervision: Fandhi Adi Wardoyo.
Validation: Fandhi Adi Wardoyo.
Visualization: Muhammad Evy Prastiyanto.
Writing–original draft: Muhammad Evy Prastiyanto.
Writing–review & editing: Fandhi Adi Wardoyo.
 
Conflict of interests 
The contributors assert the absence of any conflict of 
interest.

Ethical considerations
The contributors have fully committed to ethical 
standards, including the avoidance of plagiarism, data 
manipulation, and multiple publications.

Funding/Support 
This research was funded by the University of 
Muhmmadiyah Semarang, Indonesia. However, no grant 
number was provided.

References
1.	 Muteeb G, Rehman MT, Shahwan M, Aatif M. Origin of 

antibiotics and antibiotic resistance, and their impacts on 
drug development: a narrative review. Pharmaceuticals. 
2023;16(11):1615. doi: 10.3390/ph16111615.

2.	 Prastiyanto ME, Darmawati S, Daryono BS, Retnaningrum 
E. Examining the prevalence and antimicrobial resistance 
profiles of multidrug-resistant bacterial isolates in wound 
infections from Indonesian patients. Narra J. 2024;4(2):e980. 
doi: 10.52225/narra.v4i2.980.

http://www.herbmedpharmacol.com


Journal of Herbmed Pharmacology, Volume 14, Number 1, January 2025            http://www.herbmedpharmacol.com110 

Prastiyanto and Wardoyo 

3.	 Prastiyanto ME, Iswara A, Khairunnisa A, Sofyantoro F, 
Siregar AR, Mafiroh WU, et al. Prevalence and antimicrobial 
resistance profiles of multidrug-resistant bacterial isolates 
from urinary tract infections in Indonesian patients: a 
cross-sectional study. Clin Infect Pract. 2024;22:100359. 
doi: 10.1016/j.clinpr.2024.100359.

4.	 World Health Organization (WHO). Resistance in Bacteria 
Antibiotic. WHO; 2018. p. 1-8. Available from: http://www.
who.int/mediacentre/factsheets/fs194/en/. Accessed April 
9, 2024.

5.	 Centers for Disease Control and Prevention (CDC). Biggest 
Threats and Data 2019 AR Threats Report. CDC; 2019. p. 
1-8.

6.	 Magiorakos AP, Srinivasan A, Carey RB, Carmeli Y, Falagas 
ME, Giske CG, et al. Multidrug-resistant, extensively drug-
resistant and pandrug-resistant bacteria: an international 
expert proposal for interim standard definitions for 
acquired resistance. Clin Microbiol Infect. 2012;18(3):268-
81. doi: 10.1111/j.1469-0691.2011.03570.x.

7.	 Prastiyanto ME, Wardoyo FA, Wilson W, Darmawati 
S. Antibacterial activity of various extracts of Averrhoa 
bilimbi against multidrug resistant bacteria. Biosaintifika. 
2020;12(2):163-8. doi: 10.15294/biosaintifika.v12i2.23600.

8.	 Harkins CP, Pichon B, Doumith M, Parkhill J, Westh 
H, Tomasz A, et al. Methicillin-resistant Staphylococcus 
aureus emerged long before the introduction of methicillin 
into clinical practice. Genome Biol. 2017;18(1):130. doi: 
10.1186/s13059-017-1252-9.

9.	 Yamazaki Y, Ito T, Tamai M, Nakagawa S, Nakamura Y. The 
role of Staphylococcus aureus quorum sensing in cutaneous 
and systemic infections. Inflamm Regen. 2024;44(1):9. doi: 
10.1186/s41232-024-00323-8.

10.	 Hasanpour AH, Sepidarkish M, Mollalo A, Ardekani A, 
Almukhtar M, Mechaal A, et al. The global prevalence of 
methicillin-resistant Staphylococcus aureus colonization 
in residents of elderly care centers: a systematic review 
and meta-analysis. Antimicrob Resist Infect Control. 
2023;12(1):4. doi: 10.1186/s13756-023-01210-6.

11.	 Levitus M, Rewane A, Perera TB. Vancomycin-resistant 
enterococci. In: StatPearls [Internet]. Treasure Island, FL: 
StatPearls Publishing; 2023.

12.	 Kunz Coyne AJ, El Ghali A, Holger D, Rebold N, Rybak MJ. 
Therapeutic strategies for emerging multidrug-resistant 
Pseudomonas aeruginosa. Infect Dis Ther. 2022;11(2):661-
82. doi: 10.1007/s40121-022-00591-2.

13.	 Husna A, Rahman MM, Badruzzaman ATM, Sikder 
MH, Islam MR, Rahman MT, et al. Extended-spectrum 
β-lactamases (ESBL): challenges and opportunities. 
Biomedicines. 2023;11(11):2937. doi: 10.3390/
biomedicines11112937.

14.	 Zhang S, Liao X, Ding T, Ahn J. Role of β-lactamase 
inhibitors as potentiators in antimicrobial chemotherapy 
targeting gram-negative bacteria. Antibiotics (Basel). 
2024;13(3):260. doi: 10.3390/antibiotics13030260.

15.	 Prastiyanto ME, Darmawati S, Daryono BS, Retnaningrum 
E. Black-pigmented marine Pseudomonas aeruginosa 
exhibiting anti-bacterial activity against multidrug-
resistant (MDR) wound infection bacteria. Hayati J Biosci. 
2024;31(5):880-90. doi: 10.4308/hjb.31.5.880-890.

16.	 Prastiyanto ME, Kartika AI, Darmawati S, Radjasa OK. 
Bioprospecting of bacterial symbionts of sponge Spongia 

officinalis from Savu Sea, Indonesia for antibacterial 
potential against multidrug-resistant bacteria. Biodiversitas. 
2022;23(2):1118-24. doi: 10.13057/biodiv/d230256.

17.	 Prastiyanto ME, Rukmana RM, Saraswati DK, Darmawati 
S, Maharani ET, Tursinawati Y. Anticancer potential of 
methanolic extracts from Pleurotus species on raji cells 
and antibacterial activity against methicillin-resistant 
Staphylococcus aureus. Biodiversitas. 2020;21(12):5644-9. 
doi: 10.13057/biodiv/d211221.

18.	 Prastiyanto ME, Dewi NM, Pratiningtias TD, Pratiwi 
NM, Windayani A, Wahyunengsih E, et al. In vitro 
antibacterial activities of crude extracts of nine plants on 
multidrug resistance bacterial isolates of wound infections. 
Biodiversitas. 2021;22(7):2641-7. doi: 10.13057/biodiv/
d220712.

19.	 Prastiyanto ME. Seeds extract of three Artocarpus species: 
their in-vitro antibacterial activities against multidrug-
resistant (MDR) Escherichia coli isolates from urinary tract 
infections (UTIs). Biodiversitas. 2021;22(10):4356-62. doi: 
10.13057/biodiv/d221028.

20.	 Okla MK, Alatar AA, Al-Amri SS, Soufan WH, Ahmad A, 
Abdel-Maksoud MA. Antibacterial and antifungal activity 
of the extracts of different parts of Avicennia marina 
(Forssk.) Vierh. Plants. 2021;10(2):252. doi: 10.3390/
plants10020252.

21.	 Simlai A, Rai A, Mishra S, Mukherjee K, Roy A. 
Antimicrobial and antioxidative activities in the bark 
extracts of Sonneratia caseolaris, a mangrove plant. EXCLI 
J. 2014;13:997-1010.

22.	 Prastiyanto ME, Darmawati S, Mukaromah AH. 
Antibacterial activity of seed kernel extracts of seven 
mangoes (Mangifera indica) cultivars native to Indonesia 
against MDR-Pseudomonas aeruginosa isolated from 
wounds. Biodiversitas. 2022;23(11):5629-37. doi: 10.13057/
biodiv/d231112.

23.	 Prastiyanto ME, Rohmah N, Efendi L, Arifin R, Wardoyo FA, 
Wilson W, et al. Antifungal activities of the rhizome extract 
of five member Zingiberaceae against Candida albicans and 
Trichophyton rubrum. Biodiversitas. 2021;22(3):1509-13. 
doi: 10.13057/biodiv/d220355.

24.	 Prastiyanto ME, Tama PD, Ananda N, Wilson W, 
Mukaromah AH. Antibacterial potential of Jatropha sp. 
latex against multidrug-resistant bacteria. Int J Microbiol. 
2020;2020:8509650. doi: 10.1155/2020/8509650.

25.	 Eve A, Aliero AA, Nalubiri D, Adeyemo RO, Akinola SA, 
Pius T, et al. In vitro antibacterial activity of crude extracts of 
Artocarpus heterophyllus seeds against selected diarrhoea-
causing superbug bacteria. ScientificWorldJournal. 
2020;2020:9813970. doi: 10.1155/2020/9813970.

26.	 Tran TK, Ha PTT, Henry RJ, Nguyen DNT, Tuyen PT, 
Liem NT. Polyphenol contents, gas chromatography-
mass spectrometry (GC-MS) and antibacterial activity of 
methanol extract and fractions of Sonneratia caseolaris fruits 
from Ben Tre province in Vietnam. J Microbiol Biotechnol. 
2024;34(1):94-102. doi: 10.4014/jmb.2304.04019.

27.	 Saptiani G, Asikin AN, Hardi EH, Ardhani F. Mangrove 
plants species from Delta Mahakam, Indonesia with 
antimicrobial potency. Biodiversitas. 2018;19(2):516-21. 
doi: 10.13057/biodiv/d190220.

28.	 Saad S, Taher M, Susanti D, Qaralleh H, Awang AF. In vitro 
antimicrobial activity of mangrove plant Sonneratia alba. 

http://www.herbmedpharmacol.com
http://www.who.int/mediacentre/factsheets/fs194/en/
http://www.who.int/mediacentre/factsheets/fs194/en/


      Journal of Herbmed Pharmacology, Volume 14, Number 1, January 2025http://www.herbmedpharmacol.com 111

Multi-drug-resistant antibacterial activity of fruit extracts of mangrove

Asian Pac J Trop Biomed. 2012;2(6):427-9. doi: 10.1016/
s2221-1691(12)60069-0.

29.	 Harizon, Pujiastuti B, Kurnia D, Sumiarsa D, Shiono Y, 
Supratman U. Antibacterial triterpenoids from the bark 
of Sonneratia alba (Lythraceae). Nat Prod Commun. 
2015;10(2):277-80.

30.	 Wonggo D, Berhimpon S, Kurnia D, Dotulong V. 
Antioxidant activities of mangrove fruit (Sonneratia alba) 
taken from Wori Village, North Sulawesi, Indonesia. 
Int J Chemtech Res. 2017;10(12):284-90. doi: 10.35800/
mthp.12.1.2024.51673.

31.	 Farha AK, Yang QQ, Kim G, Li HB, Zhu F, Liu HY, et 
al. Tannins as an alternative to antibiotics. Food Biosci. 
2020;38:100751. doi: 10.1016/j.fbio.2020.100751.

32.	 Shamsudin NF, Ahmed QU, Mahmood S, Ali Shah 
SA, Khatib A, Mukhtar S, et al. Antibacterial effects of 
flavonoids and their structure-activity relationship study: 
a comparative interpretation. Molecules. 2022;27(4):1149. 
doi: 10.3390/molecules27041149.

33.	 Tatli Cankaya II, Somuncuoglu EI. Potential and 
prophylactic use of plants containing saponin-type 
compounds as antibiofilm agents against respiratory 
tract infections. Evid Based Complement Alternat Med. 
2021;2021:6814215. doi: 10.1155/2021/6814215.

34.	 Kelley C, Lu S, Parhi A, Kaul M, Pilch DS, Lavoie EJ. 
Antimicrobial activity of various 4- and 5-substituted 
1-phenylnaphthalenes. Eur J Med Chem. 2013;60:395-409. 
doi: 10.1016/j.ejmech.2012.12.027.

Copyright © 2025 The Author(s). This is an open-access article distributed under the terms of the Creative Commons Attribution 
License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited.

http://www.herbmedpharmacol.com
http://creativecommons.org/licenses/by/4.0

