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Abstract. Mulia DS, Rahayu SD, Suyadi A, Mujahid I, Isnansetyo A. 2023. Antibacterial activity of mangrove plant extract of
Rhizophora apiculata in inhibiting the growth of various strains of Aeromonas hydrophila. Biodiversitas 24: 4803-4810. Aeromoniasis
is a bacterial disease caused by Aeromonas hydrophila. Synthetic antibiotics are often used to treat this disease. However, using
antibiotics for too long with excessive doses can cause side effects for the environment, fish, and other aquatic biota. One of the natural
ingredients with the potential as an antimicrobial is the mangrove plant Rhizophora apiculata. This study aims to determine the
antimicrobial activity of mangrove plant extract R. apiculata in inhibiting the growth of various strains of A. hydrophila. The study used
a completely randomized design experimental method with a factorial pattern with 3 factors (plant part, bacterial strain, and extract
concentration) with 48 treatments and 3 replications. Methanol (polar) and n-hexane (hon-polar) were used as extract solvents. The parts
of the plant used are leaves and stems. The bacterial strains used were GPI-04, GB-01, GK-01, GJ-01, GL-01, and GL-02. The
concentration of mangrove extract used was 0, 10, 20, and 30%. The inhibition zone diameter measured the antimicrobial activity using
a paper disc (Kirby Bauer method). The data analysis used was the non-parametric Kruskall-Wallis test and qualitative descriptive. The
results showed that R. apiculata methanol extract's leaves and stems contain bioactive compounds of flavonoids, alkaloids, and tannins,
while the n-hexane extract contains terpenoids. Leaves methanol extract R. apiculata exhibited better than stems, namely the inhibition
zone diameter of 2.87 mm, at a concentration of 20% against the GJ-01 bacterial strain, while the methanol extract of stem R. apiculata
showed the best antimicrobial activity, namely the diameter of the inhibition zone of 2.10 mm, at a concentration of 30% against the
bacterial strain GL-02. Leaves n-hexane extract R. apiculata had the best antimicrobial activity at a concentration of 10% against the
bacterial strain GL-01, with an inhibition zone diameter of 2 mm. The n-hexane extract of stems R. apiculata showed antimicrobial
activity at a 30% concentration of 1.23 mm in the same strain. Mangroves plant R. apiculata have bioactive compounds that can be used
as natural bactericides to control A. hydrophila bacterial disease.
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INTRODUCTION abdominal dropsy, abdominal ascites, exophthalmia,

depigmentation of the skin, hemorrhagic and congested

Aeromoniasis or red-sore diseases are bacterial diseases
that mostly attack freshwater fish. This disease is caused by
species from the genus Aeromonas, one of which is
Aeromonas hydrophila (Lopamudra et al. 2020; Monir et
al. 2020; Zhang et al. 2020; Mulia et al. 2022a). A.
hydrophila is a rod-shaped, Gram-negative, motile, chemo-
organoheterotrophic, facultative anaerobic, oxidase-
positive, catalase positive, fermentative, non-spore, and
opportunistic (Mulia et al. 2011; Stratev and Odeyemi
2016; Abeyta et al. 2019; Pessoa et al. 2019; El-Sharaby et
al. 2021; Semwal et al. 2023).

Aeromonas hydrophila can cause epidemics of diseases
with high mortality rates (80-100%) in a short period (1-2
weeks) if not treated quickly and appropriately (Mulia et al.
2011; Anyanwu et al. 2015). The clinical signs that arise
due to infection with A. hydrophila, namely hemorrhagic,
hyperemia, necrosis, erosion, ulcer, abscess, gastroenteritis,

liver, kidney, and spleen (Anyanwu et al. 2015; Hamid et
al. 2017; Emeish et al. 2018; Mulia et al. 2021; Semwal et
al. 2023).

Bacterial disease control can be done in two ways:
prevention and treatment. Prevention of bacterial diseases
can be conducted by vaccination (Siriyappagouder et al.
2014; Gong et al. 2015; Kaur et al. 2021; Mulia et al.
2022b; Rahman et al. 2022) or immunostimulants and
probiotics (Newaj-Fyzul and Austin 2014; Isnansetyo et al.
2016; Sherif and Mahfouz 2019; Andayani et al. 2020;
Krishnan and Raja 2021) with significant results. Fish
disease treatment can be carried out by administering drugs
and antibiotics.

Synthetic antibiotics and chemicals are often used to
control bacterial diseases in the field. Still, prolonged use
with excessive doses can have negative impacts: toxicity,
death of non-target biota, resistant bacteria, antibiotic
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residues, environmental pollution, and public health
(Harikrishnan et al. 2020; Serwecinska 2020; Bombaywala
et al. 2021). Previous studies reported that A. hydrophila
was resistant to methicillin, rifampicin (Vivekanandhan et
al. 2002), ampicillin, and erythromycin (Mulia et al. 2021).
Therefore, it is necessary to look for active compounds
from natural ingredients with the potential as antibacterial
agents and can replace synthetic antibiotics so that fish
farming activities can be carried out sustainably. Plants are
a source of secondary metabolite compounds with the
potential as a natural antibiotics source (Gorlenko et al.
2020). These antibacterial activities could be derived from
phytochemicals or bioactive substances, including
polyphenols (Hong et al. 2011; Sulaiman et al. 2011; Xie et
al. 2015; Lubaina et al. 2019; Vittaya et al. 2022).

Phytochemical constituents from a tropical coastal plant
(Diospyros maritima) is to be potential antibacterial is to be
potential antibacterial (Isnansetyo et al. 2022). Ethanol
extracts from banana, cassava, and pineapple peel waste
have active compounds of flavonoids, alkaloids,
terpenoids, tannins, and saponins and can inhibit the
growth of A. hydrophila (Mulia et al. 2023a). Other plants
that have the potential to have antibacterial compounds are
mangrove plants. Mangrove plant extract Avicennia marina
contains bioactive compounds: flavonoids, alkaloids,
terpenoids, and tannins, and inhibits the growth of A.
hydrophila (Mulia et al. 2018; 2022a). In another study, A.
marina inhibits the growth of Staphylococcus aureus and
Vibrio alginolyticus (Danata and Yamindago 2014).
Excoecaria agallocha has antibacterial compounds of
alkaloids, flavonoids, terpenoids, and tannins and can
inhibit the growth of A. hydrophila (Mulia et al. 2023b).
The extract of E. agallocha inhibits the growth of
Escherichia coli and S. aureus bacteria (Prihanto et al.
2011; Puspitasari 2017). Other types of mangrove plants,
namely Rhizophora sp., also produce active compounds.
Rhizophora apiculata contains tannins, saponins,
flavonoids, steroids, and terpenoids and inhibits the growth
of A. hydrophila, Pseudomonas aeruginosa, and S. aureus
(Syawal et al. 2020). Vittaya et al. (2022) reported that R.
apiculata inhibited the growth of A. hydrophila,
Streptococcus agalactiae, Vibrio harveyi, and V.
parahaemolyticus. Extract of R. apiculata inhibits growth
of E. coli, Salmonella typhi, Proteus vulgaris, and S.
aureus (Arulkumar et al. 2020).

Aeromonas hydrophila consists of various isolates and
strains that wvary in morphological, biochemical,
pathogenicity, and resistance characterization (Janda and
Abbott 2010; Mulia et al. 2011; Nagar et al. 2011; Kralové
et al. 2016; Nayak 2020). Leaves and stems extract R.
apiculata tested on A. hydrophila with several strains at
once has not been done. Therefore, this study will test the
antimicrobial activity of extract inhibition R. apiculata to
A. hydrophila strains GPI-04, GB-01, GK-01, GJ-01, GL-
01, and GL-02. The six strains of A. hydrophila have high
pathogenicity and have been tested with mangrove plants
A. marinaand E. agallocha (Mulia et al. 2018; 2023b).
This research was conducted to study the antimicrobial
activity of mangrove plant extracts R. apiculata in
inhibiting the growth of various strains of A. hydrophila.
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MATERIALS AND METHODS

Experimental design

The study used a completely randomized design
experimental method with a factorial pattern with three
factors, namely the plant part of R. apiculata (leaves and
stems), strains A. hydrophila (GPI-04, GB-01, GK-01, GJ-
01, GL-01, and GL-02), and concentrations of mangrove
extracts (0, 10, 20, and 30%) with 48 treatments and 3
replications. The solvent used is methanol (polar) and n-
hexane (non-polar). The leaves used are the 3" to 5™ leaves
from the shoot, and the stalk is taken from the part near the
leaf (Figure 1).

Preparation of mangrove plant extracts R. apiculata
Mangrove leaves and stems of R. apiculata were
washed and then cut into pieces. Each piece of leaf and
stem is dried using an oven at 60°C and blended until it
becomes a fine powder called simplicia (Figure 2). R.
apiculata extract was prepared by maceration (Jaberian et
al. 2013). As much as 100 g simplicia leaves and stems of
mangrove plants R. apiculata, each soaked with 500 mL of
n-hexane (non-polar) for 2 x 24 hours. After that, it was
separated between the n-hexane extract and the dregs. The
n-hexane obtained was evaporated using a vacuum
evaporator to become a thick extract that would be used for
the antibacterial test. At the same time, the dregs were
dried and soaked with 500 mL methanol (polar) for 2 x 24
hours. After that, the methanol extract and dregs were
separated. The extract obtained was then evaporated from
the methanol with a vacuum evaporator to become a thick
extract that would then be used for the antibacterial test.

Phytochemical test of mangrove plant extracts R.
apiculata

Phytochemical test of mangrove plant extracts R.
apiculata using a color test on a Thin Layer
Chromatography plate. This test was conducted to
determine the presence of antibacterial bioactive
compounds contained in the methanol and n-hexane
extracts of leaves and stems of R. apiculata.

Figure 1. The mangrove plant Rhizophora apiculata. A: leaves;
B: stem
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Figure 2. Raw materials for extracting the mangrove plant R. apiculata: A. Stems wet materials; B. Leaves wet materials; C. Stems dry
materials; D. Leaves dry materials; E. Leaves simplicia powders; F. Stems simplicia powders

Test the inhibition of mangrove plant extracts R.
apiculata

Aeromonas hydrophila strain GPI-04, GB-01, GK-01,
GJ-01, GL-01, and GL-02 (Table 3) were grown on tryptic
soy broth (TSB) medium (Merck, Darmstadt, Germany)
and incubated at 37°C for 24 hours. As much as 1 mL of
each strain was grown into a petri dish by the method for
flat, and then 20 mL of tryptic soy agar (TSA) medium
(Merck, Darmstadt, Germany) was poured into the petri
dish. Viscous extract R. apiculata diluted according to the
concentration used, namely diluted with distilled water up
for the extract from methanol and 10% DMSO for the
extract from n-hexane. Paper discs were sterilized for the
inhibition zone test for each strain (GPI-04, GB-01, GK-01,
GJ-01, GL-01, and GL-02), and each concentration was
dripped with 2 drops of extract. The disc paper for the
methanol extract control (0%) was dripped with distilled
water, while the n-hexane extract control (0%) was dripped
with 10% DMSO. Furthermore, paper discs containing
mangrove extracts and solvents were placed on the surface
of the TSA medium and incubated at 37°C for 24 hours.
After 24 hours, it was observed whether there was a clear
zone around the disc paper.

Data analysis

Data from phytochemical test results were analyzed
descriptively and qualitatively. Data on the diameter of the
inhibition zone were analyzed using the Kruskall-Wallis
test, a non-parametric test at a level of 5%.

RESULTS AND DISCUSSION

The phytochemical test results of mangrove plant
extracts R. apiculata

Phytochemical tests on the mangrove plant R. apiculata
extracts were carried out to determine the presence of
secondary metabolites or bioactive compounds. Different
polar solvents are used to detect compounds based on their
polarity. According to the reagents, secondary metabolites
were detected qualitatively through color changes and
precipitation or foam formation (Campagna et al. 2012).
The results of the phytochemical test of the methanol
extract of the leaves and stems of R. apiculata showed the
presence of bioactive compounds: flavonoids, alkaloids,
and tannins (Table 1). Mangrove plants generally contain
phenolic compounds such as phenolic acid, flavonoids,
quinones, coumarins, lignans, stilbenes, and tannins (Roby
et al. 2013; Malik et al. 2017). The flavonoid
phytochemical test showed a positive result marked by the
appearance of a yellow color; the alkaloid compound test
showed a positive result with the formation of orange-
yellow spots; the tannin compound test showed a positive
result with the appearance of an orange-brown color, while
the terpenoid compound test showed a negative result
because no brown spots were formed. The results of this
study followed previous studies, that flavonoids were
detected marked by changing the color to reddish-yellow
(Malik et al. 2017; Syawal et al. 2020), alkaloids were
detected by changing the color to orange (Arnida et al.
2021), while tannins were detected by changing the color to
brownish yellow (Arnida et al. 2021; Refamurty et al.
2023). Extraction results depend on the extract solvent.
Flavonoids, alkaloids, and tannins are polar, so they
dissolve easily in the same polar methanol (Mahardika and
Roanisca 2019).
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Previous research reported that the methanol extract of
the leaves R. apiculata contains saponins, phenolics,
flavonoids, and terpenoids (Vittaya et al. 2022), while the
methanol extract with the HPLC test proved to contain
flavonoid compounds (Nisar et al. 2019). Laith et al. (2021)
did not detect flavonoids in the methanol extract of the
leaves R. apiculata but found other secondary metabolites:
alkaloids, terpenoids, tannins, saponins, and steroids. The
difference in the bioactive compounds detected is possibly
due to the location of the environment where they grow R.
apiculata. Differences in bioactive compounds were also
detected in A. marina (Ananthavalli and Karpagam 2017;
Mulia et al. 2018; Rahman et al. 2020) and E. agallocha
(Prihanto et al. 2011; Mulia et al. 2023b) sampled from
different growing locations. In addition, seasonal
differences have implications for plant ecophysiological
activities. Hastuti et al. (2023) differentiated the tannin
content of R. apiculata and A. marina in different seasons,
namely the rainy and dry seasons. Tannin samples were
sampled from mangrove stem bark. The results showed that
the tannin content of R. apiculata during the rainy season
ranged from 17.87% to 19.16% lower than in the dry
season, which reached 22.55% to 46.59%. However, the
tannin content of A. marina during the rainy season ranged
from 4.14 -6.58% higher than in the dry season, ranging
from 2.88-4.91%.

The screening results with phytochemical tests on the n-
hexane extract of R. apiculata leaves and stems show the
presence of terpenoid compounds but not flavonoids,
alkaloids, and tannins (Table 2). Previous research reported
that the n-hexana extract of R. apiculata leaves contains
steroid and triterpenoid compounds (Rahayuningsih et al.
2021). The same results were reported by Basyuni et al.
(2019); n-hexane extract from five true mangrove leaves
does not contain alkaloids, flavonoids, glycosides,
saponins, and tannins but only triterpenoids/phytosterols.
The difference in the detected secondary metabolites
between methanol and n-hexane is due to the difference in
the polar level of the solvents. The efficiency and
effectiveness of extraction are greatly influenced by the
ability of the solvent to diffuse into the cell (Sarker et al.
2006).

Antimicrobial activity of mangrove plant extracts R.
apiculata

Methanol extract from leaves and stems of R. apiculata
has antimicrobial activity as indicated by its inhibition of
growth A. hydrophila (Table 3). The results showed that
leaf methanol extract with concentrations of 20% had the

Table 1. Phytochemical screening performed of methanol extract
on parts of R. apiculata
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highest antimicrobial activity with an inhibition zone
diameter of 2.87 mm. Stems methanol extract R. apiculata
had the best antimicrobial activity at a concentration of
30% against the GL-02 strain of 2.1 mm, but it was not in
GPI-04. The results showed slight inconsistency in the test
results with different doses on bacterial strains GB-01 and
GK-01 and the results of mangrove stem extract on
bacterial strains GL-01 and GL-02, allegedly due to the
inhomogeneity of the extract results. Apart from that, this
condition is thought to be due to the uneven distribution of
the bacterial suspension when placed in the petri dish and
differences in the diffusion of the active extract ingredients
into the medium. The same results were also reported by
Zeniusa et al. (2019).

The previous study reported that R. apiculata tea extract
could inhibit E. coli with an inhibition zone diameter of 2
mm, relatively the same as the results of this study.
However, the diameter of the inhibition zone was higher
for Salmonella typhi and Proteus vulgaris, namely 5 mm
and 7 mm. At the same time, for Gram-positive bacteria,
namely S. aureus, it was even higher, reaching 15 mm
(Arulkumar et al. 2020). R. apiculata tea extract contains
steroids, tannins, glycosides, sterols, terpenoids,
flavonoids, and phenol compounds. Vittaya et al. (2022)
reported differences in the content of bioactive compounds
and antimicrobial activity between R. apiculata and R.
mucronata. The methanol extract of R. apiculata leaves
contains saponins, phenolics, flavonoids, and terpenoids,
while the methanol extract of R. mucronata leaves, apart
from containing the same four compounds, also contains
anthraquinones and alkaloids. The methanol extract of R.
apiculata leaves inhibited A. hydrophila with a clear zone
diameter of 6.63 mm, while R. mucronata could inhibit the
same bacteria by 10.88 mm. In other types of bacteria, the
antimicrobial activity appeared to be higher than that of A.
hydrophila; the methanol extract of R. apiculata leaves
inhibited V. harveyi with a clear zone diameter of 10.13
mm, while R. mucronata could inhibit the same bacteria by
12.19 mm. In this study, the ability of the methanol extract
of leaves R. apiculata to inhibit A. hydrophila was lower
than Vittaya et al. (2022). Mangrove leaves are taken
during the rainy season, so it is thought to affect the content
of the resulting bioactive compounds (Hastuti et al. 2023).
The different antimicrobial activity is thought to be caused
by the content of bioactive compounds in the mangrove
extract, the type of mangrove, the type of extract solvent,
the type of bacteria inhibited, and the season when the
mangrove plant was harvested.

Table 2. Phytochemical screening performed of n-hexane extract
on parts of R. apiculata

Phytochemical Methanol extract

Phytochemical n-hexane extract

compounds Leaf Stem
Flavonoids + +
Alkaloids + +
Terpenoids - -
Tannins + +

compounds Leaf Stem
Flavonoids - -
Alkaloids - -
Terpenoids + +
Tannins
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Table 3. The antimicrobial activity of methanol extract of Rhizophora apiculata against pathogenic bacteria Aeromonas hydrophila

Zone of inhibition diameter (mm)

Plant parts Concentration (%)

GPI-04 GB-01 GK-01 GJ-01 GL-01 GL-02
Leaf 0 0 0 0 0 0
10 0.92 0.03 0.97 2.33 0 0
20 2.73 0 2.87 0.22 0
30 0.57 0.15 0.1 2.87 0.28 0
Stem 0 0 0 0 0 0
10 0 0.17 0.5 1.69 0.2 0.97
20 0 0 1.68 0 0
30 0 0.08 0.4 1.83 0.23 2.1

Table 4. The antimicrobial activity of n-hexane extract of Rhizophora apiculata against pathogenic bacteria Aeromonas hydrophila

Concentration

Zone of inhibition diameter (mm)

Plant parts

(%) GPI-04 GB-01 GK-01 GJ-01 GL-01 GL-02
Leaf 0 0 0 0 0 0 0

10 0.17 0 0 0 2 0

20 0 0 0 0.21 0.88 0

30 0.73 0 0 0 0.95 0
Stem 0 0 0 0 0 0 0

10 0 0 0.48 0.18 0.87 0]

20 0 0 0 0 0 0

30 0 0 0.89 0 1.23 0.9

In this study, the antimicrobial activity of R. apiculata compounds that attack bacterial enzymes, thereby

is due to the activity of the bioactive compounds contained
in it, namely flavonoids, alkaloids, and tannins. Bioactive
compounds such as alkaloids, tannins, and terpenoids are
antimicrobial agents found in plants (Mulat et al. 2020).
Bioactive molecules can inhibit the growth of pathogens
(Mandal and Shi 2020). Flavonoids have excellent
antibacterial activity (Farhadi et al. 2019). These
compounds are phenolic compounds that can act as a
protein coagulator. Proteins that experience coagulation
will no longer function so they will interfere with the
formation of microbial cell walls (Biharee et al. 2020;
Donadio et al. 2021). The mechanism of action of
flavonoids as antibacterials is divided into three: inhibiting
nucleic acid synthesis, inhibiting cell membrane function,
and inhibiting energy metabolism. Flavonoids can inhibit
the synthesis of nucleic acids; these compounds react with
DNA, RNA, and proteins, resulting in disruption of the
function of these substances and causing total damage to
cells (Wu et al. 2013; Biharee et al. 2020; Cowan and
Talaro 2021). Flavonoids can also damage the cytoplasmic
membrane, change membrane permeability, and suppress
cell wall synthesis caused by D-alanine-D-alanine ligase
inhibition (Xie et al. 2015).

Alkaloid contains a nitrogenous base group that can
react with the amino acids that comprise the bacterial cell
wall and DNA. This reaction causes structural changes to
the amino acids, leading to genetic changes and bacterial
lysis. Alkaloids can also affect the production of
peptidoglycan (a cell wall component) in bacteria, causing
the formation of imperfect cell wall layers and bacterial
death (Cushnie et al. 2014). Tannins can damage cell
membranes and induce the formation of complex

increasing their toxicity to bacteria (Akiyama et al. 2001).
Tannins are thought to contract cell membranes or cell
walls, damaging the permeability of bacterial cells and
inhibiting bacterial cell growth (Farha et al. 2020).

N-hexane extract from leaves and stems of R. apiculata
has antimicrobial activity against growth A. hydrophila
(Table 4). The results showed that the best inhibition was
n-hexane leaf extract with a 10% concentration of 2 mm in
the GL-01 strain and n-hexane stem extract with a
concentration of 30% of 1.23 mm in the same strain.
However, concentrations of 10-30% could not inhibit the
growth of GPI-04 and GB-01 strains. It is suspected that
the two strains are already resistant to the bioactive
compounds in the extract. The results showed a slight
inconsistency in the test results with different doses of
mangrove leaf extract on the bacterial strains GPI-04 and
GJ-01 and mangrove stem extract on strains GK-01, GJ-01,
and GL-01; this was thought to be due to the
inhomogeneity of the extract results, the uneven
distribution of the bacterial suspension when placed in the
petri dish, and differences in the diffusion of the active
extract ingredients into the medium (Zeniusa et al. 2019).

In this research, the n-hexane extract of the mangrove
plant R. apiculata is already better at inhibiting the growth
of A. hydrophila. Syawal et al. (2019) reported that the
extract of mangrove leaves hexane R. apiculata 1000-
10,000 ppm can inhibit the growth of A. hydrophila with a
diameter of 6.15-8.45 mm. The antimicrobial activity of the
extract is thought to be due to the activity of the terpenoid
compounds. Terpenoids are compounds that have
antibacterial effects (Yang et al. 2020). Terpenoids can
cause protein denaturation, inhibit enzymatic work, cause
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leakage of nutrients from inside the cell, change the
permeability of the cytoplasmic membrane, damage the
bacterial cell wall, and cause lysis (Guimarées et al. 2019).

The results showed that the extract of R. apiculata can
inhibit the growth of A. hydrophila. However, different
antimicrobial activities, methanol extract is higher than n-
hexane extract, and leaf extract is higher than plant stem
extract R. apiculata. Differences in antimicrobial activity
also occurred in previous studies (Syawal et al. 2020; Laith
et al. 2021; Mulia et al. 2023b). Differences in
antimicrobial activity are assumed to be due to variations in
the source of isolates, frequency, and types of antimicrobial
agents (Bengtsson-Palme et al. 2018; Peterson and Kaur
2018). Mangrove plant extract R. apiculata has the
potential as a natural antibacterial A. hydrophila and can be
used as an alternative for treating and preventing disease in
fish.

Conclusions, the phytochemical screening of the
methanol extract of leaves and stems of R. apiculata
showed the presence of bioactive compounds of flavonoids,
alkaloids, and tannins, while the n-hexane extract contained
terpenoids. This study has successfully documented the
antimicrobial activity of R. apiculata against growth A.
hydrophila. Leaf methanol extract of R. apiculata is more
sensitive in inhibiting the growth of A. hydrophila than
other solvents. The results suggest that the mangrove plant
R. apiculata is a prospective natural resource for
developing anti-A. hydrophila compounds.

ACKNOWLEDGMENTS

This research was supported by the HB program No.
001/K6/KM/SP2H/2020. The authors would like to express
our gratitude and appreciation to those who helped support
this research at the Department of Biology Education.
Special thanks were given to students and technicians who
participated in this research.

REFERENCES

Abeyta C, Kaysner CA, Wekell MM, Sullivan JJ, Stelma GN. 2019.
Recovery of Aeromonas hydrophila from oysters implicated in an
outbreak of foodborne illness. J Food Prot 49: 643-646. DOI:
10.3390/microorganisms7100450.

Ananthavalli M, Karpagam S. 2017. Antibacterial activity and
phytochemical content of Avicennia marina collected from polluted
and unpolluted site. ) Med Plants Stud 5 (3): 47-49.

Andayani S, Dadiono MS, Elwira WT, Setyawan FH. 2020. Potency of
aloe extract as immunostimulant for carp (Cyprinus carpio) against
Aeromonas salmonicida. Biodiversitas 21 (3): 860-864. DOI:
10.13057/biodiv/d210302.

Akiyama H, Fujii K, Yamasaki O, Oono T, Iwatsuki T. 2001 Antibacterial
action of several tannins against Staphylococcus aureus. J Antimicrob
Chemother 48: 487-491. DOI: 10.1093/jac/48.4.487.

Anyanwu MU, Chah KF, Shoyinka VS. 2015. Evaluation of pathogenicity
of motile Aeromonas species in African catfish. Intl J Fish Aquat Stud
2 (3): 93-98.

Arnida, Bittagwa EA, Rahmatika D, Sutomo. 2021. Identification of the
compound content of Purun Lake rhizome ethanol extract (Lepironia
articulata (Retz.) Domin). Proc Natl Seminar Wetl Environ 6 (2): 1-6.
[Indonesian]

BIODIVERSITAS 24 (9): 4803-4810, September 2023

Arulkumar A, Kumar KS, Paramasivam S. 2020. Antibacterial and invitro
antioxidant potential of Indian mangroves. Biocatalysis Agric
Biotechnol 23: 1-10. DOI: 10.1016/j.bcab.2019.101491.

Basyuni M, Sari DP, Illian DN, Jayusman, Hasibuan PAZ, Nuryawan A,
Sumardi. 2019. Phytochemical, physicochemical, and microscopic
analysis of five true mangrove leaves. International Conference on
Biology and Applied Science (ICOBAS). AIP Conf Proc 2120
(030006): 1-6. DOI: 10.1063/1.5115610.

Bengtsson-Palme J, Kristiansson E, Larsson DGJ. 2018. Environmental
factors influencing the development and spread of antibiotic
resistance.  Fems  Microbiol Rev  42: 68-80. DOI:
10.1093/femsre/fux053.

Biharee A, Sharma A, Kumar A, Jaitak V. 2020. Antimicrobial flavonoids
as a potential substitute for overcoming antimicrobial resistance.
Fitoterapia 146 (104720): 1-22. DOI: 10.1016/j.fitote.2020.104720.

Bombaywala S, Mandpe A, Paliya S, Kumar S. 2021. Antibiotic
resistance in the environment: a critical insight on its occurrence, fate,
and eco-toxicity. Environ Sci Pollut Res 28: 24889-24916.
DOI: 10.1007/s11356-021-13143-X.

Campagna MN, Martinez ML, Gattuso M, Broussalis A. 2012.
Antioxidant activity, phytochemical analysis, and micrographic
characterization of Castela tweedii (Simaroubaceae) leaves. Boletin
Latinoamericano y Del Caribe de Plantas Medicinales y Aromaticas
11 (6): 498-509.

Cowan MK, Talaro KP. 2021. Microbiology: A System Approach.
McGraw-Hill Higher Education, New York.

Cushnie TPT, Cushnie B, Lamb AJ. 2014. Alkaloids: An overview of
their antibacterial, antibiotic-enhancing, and antivirulence activities.
Intl J Antimicrob Agents 44: 377-386. DOI:
10.1016/j.ijantimicag.2014.06.001.

Danata RH, Yamindago A. 2014. Analysis of the antibacterial activity of
Avicenia marina mangrove leaf extract from Trenggalek and
Pasuruan Regencies on the growth of Staphylococcus aureus and
Vibrio alginolyticus. Jurnal Kelautan 7 (1): 13-20. [Indonesian]

Donadio G. Mensitieri F, Santoro V, Parisi V, Bellone M, De Tommasi N,
1zzo V, Piaz FD. 2021. Interactions with microbial proteins driving
the antibacterial activity of flavonoids. Pharmaceutics 13 (660): 1-23.
DOI: 10.3390/pharmaceutics13050660.

El-Sharaby S, El-Ballal S, Ali M, El-Hady M. 2021. Molecular studies on
Aeromonas species isolated from freshwater fishes collected from
Delta Region, Egypt. J Curr Vet Res 3 (2): 8-15. DOI:
10.21608/JCR.2021.199409.

Emeish W, Mohamed H, Eikamel A. 2018. Aeromonas infections in
African sharptooth catfish. J Aquac 9 (9): 1-6. DOI: 10.4172/2155-
9546.1000548.

Farha AK, Yang QQ, Kim G, Li HB, Zhu F, Liu HY, Gan RY, Corke H.
2020. Tannins as an alternative to antibiotics. Food Biosci 38: 1-10.
DOI: 10.1016/j.fhi0.2020.100751.

Farhadi F, Khameneh B, Iranshahi M, Iranshahy M. 2019. Antibacterial
activity of flavonoids and their structure-activity relationship: An
update review. Phytotherapy Res 33: 13-44. DOI: 10.1002/ptr.6208.

Gong Y, Zhu B, Liu G, Liu L, Ling F, Wang G, Xu X. 2015. Single-
walled carbon nanotubes as delivery vehicles enhance the
immunoprotective effects of a recombinant vaccine against
Aeromonas hydrophila. Fish Shellfish Immunol 42 (1): 213-220.
DOI: 10.1016/j.fsi.2014.11.004.

Gorlenko CL, Kiselev HY, Budanova EV, Zamyatnin AA, Ikryannikova
LN. 2020. Plant secondary metabolites in the battle of drugs and
drug-resistant bacteria: New heroes or worse clones of antibiotics?
Antibiotics 9 (170): 1-19. DOI: 10.3390/antibiotics9040170.

Guimardes AC, Meireles LM, Lemos MF, Guimardes MCC, Endringer
DC, Fronza M, Scherer R. 2019. Antibacterial activity of terpenes and
terpenoids present in essential oils. Molecules 24 (13): 1-12. DOI:
10.3390/molecules24132471.

Hamid NH, Hassan MD, Sabri MY M, Hasliza AH, Hamdan RH, Afifah
MNF, Raina MS, Nadia ABS, Fuad MM. 2017. Studies on
pathogenicity effect of Aeromonas hydrophila infection in juvenile
red hybrid tilapia Oreochromis sp. International Seminar on
Livestock Production and Veterinary Technology 532-539. DOI:
10.14334/Proc.Intsem.LPVT-2016-p.532-539.

Harikrishnan R, Devi G, Paray BA, Al-Sadoon MK, Al-Mfarij AB, Doan
HV. 2020. Effect of cassic acid on immunity and immune-
reproductive genes transcription in Clarias gariepinus against
Edwardsiella tarda. Fish Shellfish Immunol 99: 331-341.
DOI: 10.1016/j.fsi.2020.02.037.


https://doi.org/10.1093/jac/48.4.487
https://doi.org/10.1016/j.fitote.2020.104720
https://doi.org/10.1007/s11356-021-13143-x
https://doi.org/10.3390/pharmaceutics13050660
https://doi.org/10.1002/ptr.6208
https://doi.org/10.1016/j.fsi.2020.02.037

MULIA et al. - Antibacterial activity of Rhizophora apiculata in inhibiting Aeromonas hydrophila

Hastuti ED, lzzati M, Darmanti S. 2023. Seasonal impact on tannin
production in Rhizophora apiculata and Avicennia marina. In AIP
Conf Proc 2738 (1). DOI: 10.1063/5.0140517.

Hong LS, lbrahim D, Kassim J, Sulaiman S. 2011. Gallic acid: An
anticandidal compound in hydrolysable tannin extracted from the
barks of Rhizophora apiculata Blume. J Appl Pharm Sci 1 (6): 75-79.

Isnansetyo A, Fikriyah A, Kasanah N, Murwantoko. 2016. Non-specific
immune potentiating activity of fucoidan from a tropical brown algae
(Phaeophyceae), Sargassum cristaefolium in tilapia (Oreochromis
niloticus). Aquac Intl 24: 465-477. DOI: 10.1007/s10499-015-9938-z.

Isnansetyo A, Handayani DP, Istigomah I, Arif A, Kaneko T. 2022. An
antibacterial compound purified from a tropical coastal plant,
Diospyros maritima. Biodiversitas 23 (1): 135-142. DOI:
10.13057/biodiv/d230117.

Jaberian H, Piri K, Nazari J. 2013. Phytochemical composition and in
vitro antimicrobial and antioxidant activities of some medicinal
plants. Food Chem 136 1): 237-244. DOI:
10.1016/j.foodchem.2012.07.084.

Janda JM, Abbott SL. 2010. The genus Aeromonas: Taxonomy,
pathogenicity, and infection. Clin Microbiol Rev 23 (1): 35-73. DOI:
10.1128/CMR.00039-09.

Kaur B, Kumar NBT, Tyagi A, Holeyappa SA, Singh NK. 2021.
Identification of novel vaccine candidates in the whole-cell
Aeromonas hydrophila biofilm vaccine through reverse vaccinology
approach.  Fish  Shellfish  Immunol 114: 132-141. DOI:
10.1016/j.si.2021.04.019.

Kralova S, Stankova E, Sedlacek I. 2016 Classification of Aeromonas spp.
isolated from water and clinical sources and distribution of virulence
genes. Folia Microbiologica 61: 513-521. DOI: 10.1007/s12223-016-
0464-9.

Krishnan SM, Raja P. 2021. Immunostimulant effect of seaweeds in
Channa punctatus challenged by Aeromonas hydrophila. J Drug
Delivery Ther 11 (4): 20-23. DOI: 0.22270/jddt.v11i4.4948.

Laith AA. 2021. Phytochemical analysis and antimicrobial activities of
mangrove plant (Rhizophora apiculata) against selected fish
pathogenic bacteria. IOP Conf Ser: Earth Environ Sci 718 (012076):
1-10. DOI: 10.1088/1755-1315/718/1/012076.

Lopamudra, Behera M, Nayak SK. 2020. Characterization and
serosurveillance of Aeromonas hydrophila infection in disease
affected freshwater fishes. J Fish Life Sci 5 (2): 39-44.

Lubaina AS, Renjith PR, Kumar P. 2019. Antibacterial potential of
different extracts of pineapple peel against gram-positive and gram-
negative bacterial strains. Asian J Pharm Pharmacol 5 (S1): 66-70.
DOI: 10.31024/ajpp.2019.5.51.5.

Malik NH, Zin ZM, Abd Razak SB, lbrahim K, Zainol MK. 2017.
Antioxidative activities and flavonoids contents in leaves of selected
mangrove species in Setiu wetland extracted using different solvents.
J Sustain Sci Manag 3: 24-34.

Mahardika RG, Roanisca O. 2019. Microwave-assisted extraction of
polyphenol content from leaves of Tristaniopsis merguensis Griff.
Asean J Chem Eng 19 (2): 110-119. DOI: 10.22146/ajche.50448.

Mandal S, Shi Q. 2020. Agricultural plants and their antimicrobial
activities - A Mini Review. Am J Biomed Sci Res 11 (1): 179-181.
DOI: 10.34297/AJBSR.2020.11.001615.

Monir MS, Yusoff SM, Mohamad A, Ina-Salwany MY. 2020.
Vaccination of Tilapia against Motile Aeromonas Septicemia: A
Review. J Aquat Anim Health 32 (2): 65-76. DOI:
10.1002/aah.10099.

Mulat M, Khan F, Muluneh G, Pandita A. 2020. Phytochemical profile
and antimicrobial effects of different medicinal plant: Current
knowledge and future perspectives. Curr Tradit Med 6 (1): 24-42.
DOI: 10.2174/2215083805666190730151118.

Mulia DS, Choeriyah D, Maryanto H, Purbomartono C. 2018. Bactericidal
prosperity from tropical mangrove, Avicennia marina, to control fish
bacterial pathogen, Aeromonas hydrophila GK-01 and GPI-04 strains.
Adv Sci Lett 24 (1): 125-128. DOI: 10.1166/asl.2018.11937.

Mulia DS, Isnansetyo A, Pratiwi R, Asmara W. 2021. Antibiotic
resistance of Aeromonas spp. isolated from diseased walking catfish
(Clarias sp.). Biodiversitas 22 (11): 4839-4846. DOI:
10.13057/biodiv/d221117.

Mulia DS, Karim A, Purbomartono C, Isnansetyo A. 2022a. Antibacterial
activity of mangrove plant (Avicennia marina) to control Aeromonas
hydrophila infection in African catfish (Clarias gariepinus). AACL
Bioflux 15 (6): 2900-2909.

4809

Mulia DS, Maryanto H, Purbomartono C. 2011. Isolation,
characterization, and identification of bacteria on infected African
catfish in Banyumas Regency. J Sainteks 7 (1): 1-15. [Indonesian]

Mulia DS, Utomo T, Isnansetyo A. 2022b. The efficacy of Aeromonas
hydrophila GPI-04 feed-based vaccine on African catfish (Clarias
gariepinus). Biodiversitas 23 3): 1505-1510. DOL:
10.13057/Biodiv/D230339.

Mulia DS, Raicha R, Lunggani P, Erina SN, Wuliandari JR,
Purbomartono C, Isnansetyo A. 2023a. Antibacterial activity of
ethanol extract of banana, cassava, and pineapple peels against a fish
pathogen Aeromonas hydrophila. Biodiversitas 24 (1): 481-485. DOI:
10.13057/biodiv/d240155.

Mulia DS, Rista BB, Suyadi A, Mujahid I, Purbomartono C. 2023b.
Antimicrobial Activity of Excoecaria agallocha Mangrove Extract in
Inhibiting the Growth of Aeromonas hydrophila by in-Vitro. Proc Ser
Soc Sci Humanities 8: 11-16 DOI: 10.30595/pssh.v8i.602.

Nagar V, Shashidhar R, Bandekar JR. 2011. Prevalence, characterization,
and antimicrobial resistance of Aeromonas strains from various retail
food products in Mumbai, India. J Food Sci 76 (7): M486-M492.
DOI: 10.1111/j.1750-3841.2011.02303.x.

Nayak SK. 2020. Current prospects and challenges in fish vaccine
development in India with special reference to Aeromonas hydrophila
vaccine. Fish Shellfish Immunol 100: 283-299.
DOI: 10.1016/j.fsi.2020.01.064.

Newaj-Fyzul A, Austin B. 2014. Probiotics, immunostimulants, plant
products, and oral vaccines, and their role as feed supplements in the
control of bacterial fish diseases. J Fish Dis 38: 937-955. DOI:
10.1111/jfd.12313.

Nisar A, Bono A, Amad H, Lateef A, Mushtag M. 2019. Identification of
flavonoids from the leaves extract of mangrove (Rhizophora
apiculata). Recent Adv  Biol Med 5: 1-7. DOl
10.18639/RABM.2019.869903.

Pessoa RBG, de Oliveira WF, Marques DSC, Correia MTDS, de Carvalho
EVMM, Coelho LCBB. 2019. The genus Aeromonas: a general
approach. Microbial Pathog 130: 81-94.
DOI: 10.1016/j.micpath.2019.02.036.

Peterson E, Kaur P. 2018. Antibiotic resistance mechanisms in bacteria:
Relationship between resistance determinants of antibiotic producers,
environmental bacteria, and clinical pathogens. Front Microbiol 8: 1-
21. DOI: 10.3389/fmich.2018.02928.

Prihanto AA, Firdaus M, Nurdiani R. 2011. Phytochemical and
antibacterial screening of mangrove methanol extract (Excoecaria
agallocha) from the Porong River estuary. Berkala Penelitian Hayati
17:69-72. DOI: 10.23869/bphjbr.17.1.201113. [Indonesian]

Puspitasari, D. 2017. Antibacterial activity of extract of Excoecaria
agallocha mangrove sap in chloroform solvent against Escherichia
coli and Staphylococcus aureus. Acta Aquatica 4 (1): 1-3. DOI:
10.29103/aa.v4i1.315. [Indonesian]

Rahayuningsih SR, Anindyta A, Mayanti T. 2021. Cytotoxicity of ethanol
extract and n-hexane of Rhizopora apiculata leaves with Allium cepa
mitosis index indicator. J Mar Res 10 (4): 545-550. DOI:
10.14710/jmr.v10i4.31777. [Indonesian]

Rahman SA, Mutalib Y, Sangkia FD, Athirah A, Marlan, Kadir M,
Pattirane CP. 2020. Evaluation of inhibitory potential of mangrove
leaves extract Avicennia marina for bacteria causing ice-ice diseases
in seaweed Kappaphycus alvarezii. IOP Conf Ser: Earth Environ Sci
564: 1-6. DOI: 10.1088/1755-1315/564/1/012056.

Rahman MM, Rahman MA, Hossain MT, Siddique MP, Haque ME,
Khasruzzaman AKM, Islam MA. 2022. Efficacy of bi-valent whole
cell inactivated bacterial vaccine against Motile Aeromonas
Septicemia (MAS) in cultured catfishes (Heteropneustes fossilis,
Clarias batrachus, and pangasius pangasius) in Bangladesh. Saudi J
Biol Sci 29 (5): 3881-3889. DOI: 10.1016/j.5jbs.2022.03.012.

Refamurty PA, Setyati WA, Sibero MT. 2023. Phytochemical profile of
methanol extract of Clerodendrum inerme stems using TLC method
and screening for antimicrobial activity. J Mar Res 12 (2): 177-186.
DOI: 10.14710/jmr.v12i2.34231. [Indonesian]

Roby MHH, Sarhan MA, Selim KA, Khalel KI. 2013. Evaluation of
antioxidant activity, total phenols, and phenolic compounds in thyme
(Thymus vulgaris L.), sage (Salvia officinalis L.), and marjoram
(Origanum majorana L.) extracts. Ind Crops Prod 43: 827-831. DOI:
10.1016/j.indcrop.2012.08.029.

Sarker SD, Latif Z, Gray Al. 2006. Natural Prod Isolation. Humana Press,
New Jersey. DOI: 10.1385/1592599559.

Semwal A, Kumar A, Kumar N. 2023. A review on pathogenicity of
Aeromonas hydrophila and their mitigation through medicinal herbs


http://dx.doi.org/10.34297/AJBSR.2020.11.001615
https://doi.org/10.13057/biodiv/d240155
https://doi.org/10.30595/pssh.v8i.602
https://doi.org/10.1016/j.fsi.2020.01.064
https://doi.org/10.1016/j.micpath.2019.02.036

4810

in  aquaculture. Heliyon 9
10.1016/j.heliyon.2023.614088.
Serweciniska L. 2020. Antimicrobials and antibiotic-resistant bacteria: A
risk to the environment and to public health. Water 12 (3313): 1-17.

DOI: 10.3390/w12123313.

Sherif AH, Mahfouz ME. 2019. Immune status of Oreochromis niloticus
experimentally infected with Aeromonas hydrophila following
feeding with 1, 3 B-glucan and levamisole immunostimulants.
Aquaculture 509: 40-46. DOI: 10.1016/j.aquaculture.2019.05.016.

Siriyappagouder P, Shankar KM, Kumar BTN, Patil R, Byadgi OV. 2014.
Evaluation of biofilm of Aeromonas hydrophila for oral vaccination
of Channa striatus. Fish Shellfish Immunol 41: 581-585. DOI:
10.1016/j. fsi.2014.09.021.

Stratev D, Odeyemi OA. 2016. Antimicrobial resistance of Aeromonas
hydrophila isolated from different food sources: A mini-review. J
Infect Public Health 9 (5): 535-544. DOI: 10.1016/j.jiph.2015.10.006.

Sulaiman S, Ibrahim D, Kassim J, Sheh-Hong L. 2011. Antimicrobial and
antioxidant activities of condensed tannin from Rhizophora apiculata
barks. J Chem Pharm Res 3 (4): 436-444.

Syawal H, Hakim L, Effendi |. 2020. Phytochemical analysis of
Rhizophora apiculata leaf extract and its inhibitory action against
Staphylococcus aureus, Aeromonas hydrophila, and Pseudomonas
aeruginosa. AACL Bioflux 13 (4): 2242-2249.

Syawal H, Yuharmen Y, Kurniawan R. 2019. Sensitivity of Rhizophora
apiculata leaf extract inhibits the growth of Aeromonas hydrophila
bacteria. J Ruaya: J Res Study Fish Mar Sci 7 (2): 34-38. DOI:
10.29406/jr.v7i2.1467. [Indonesian]

(e14088):  1-23.  DOI:

BIODIVERSITAS 24 (9): 4803-4810, September 2023

Vittaya L, Charoendat U, Janyong S, Ui-eng J, Leesakul N. 2022.
Comparative analyses of saponin, phenolic, and flavonoid contents in
various parts of Rhizophora mucronata and Rhizophora apiculata and
their growth inhibition of aquatic pathogenic bacteria. J Appl Pharm
Sci 12 (11): 111-121. DOI: 10.7324/JAPS.2022.121113.

Vivekanandhan G, Savithamani K, Hatha AAM, Lakshmanaperumalsamy
P. 2002. Antibiotic resistance of Aeromonas hydrophila isolated from
marketed fish and prawn of South India. Intl J Food Microbiol 76:
165-168. DOI: 10.1016/S0168-1605(02)00009-0.

Wu T, Zang X, He M, Pan S, Xu X. 2013. Structure-activity relationship
of flavonoids on their anti-Escherichia coli activity and inhibition of
DNA gyrase. J Agric Food Chem 61 (34): 8185-8190
DOI: 10.1021/jf402222v.

Xie Y, Yang W, Tang F, Chen X, Ren L. 2015. Antibacterial activities of
flavonoids: Structure-activity relationship and mechanism. Curr Med
Chem 22 (1): 132-149. DOI: 10.2174/0929867321666140916113443.

Yang W, Chen X, Li Y, Guo S, Wang Z, Yu X. 2020. Advances in
pharmacological activities of terpenoids. Nat Prod Commun 15 (3): 1-
13. DOI: 10.1177/1934578X20903555.

Zeniusa P, Ramadhian MR, Nasution SH, Karima N. 2019. Inhibitory test
of green tea ethanol extract against Escherichia coli in vitro. Majority
8 (2): 136-143. [Indonesian]

Zhang D, Xu D, Shoemaker CA, Beck BH. 2020. The severity of motile
Aeromonas septicemia caused by virulent Aeromonas hydrophila in
channel catfish is influenced by nutrients and microbes in water.
Aquaculture 519: 734898. DOI: 10.1016/j.aquaculture.2019.734898.


https://doi.org/10.1021/jf402222v

