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Abstract. African catfish (Clarias gariepinus) is intensively cultured in Indonesia, and has become the
most important freshwater fish species in the country’s aquaculture. However, this species is highly
susceptible to Aeromonas hydrophila infection. To control such infection, one of the counter measure
methods is by using bioactive natural compounds from mangrove plants. This study evaluated the
antibacterial activity in a mangrove plant (Avicennia marina) and determined the effectiveness of the
extract to control A. hydrophila infection in African catfish. This study aimed to determine the
development signs of fish disease, survival rates, and recovery process of treated fish after challenged
with A. hydrophila infection. The experiment method applied was the completely randomized design
(CRD) with 4 treatments of extract concentration and 4 replications, i.e., TO: control (without extract
treatment), T1: 0.2 g L™?, T2: 0.3 g L™, and T3: 0.4 g L™*. Mangrove leaves was extracted by maceration
process using methanol. The fish was treated with the extract by applying the immersion method. The
recovery process was observed for 14 days after treatment. The development of disease signs, recovery
process, and survival rates were observed. The data were analyzed by using analysis of variance
(ANOVA) and continued with Duncan multiple range test (DMRT) at 5% test level. The development of
disease signs and recovery process was analyzed descriptively. The results showed that the healing
process in treated samples began to occur on day 3-4; while in control samples, it began to appear on
day 7-8. Samples treated with the extract were completely recovered after 7-8 days given with
treatment. While in control samples, recovery was slower and reached day 13-14. The results of
statistical analysis showed that mangrove leaves extract significantly improved the catfish survival rate
(p < 0.05). In conclusion, the extract of A. marina mangrove leaves at 0.2 g L™ effectively and efficiently
controlled A. hydrophila infection in African catfish. The results suggest that A. marina mangrove leaves
extract is prospective as natural resources to develop anti A. hydrophila compounds.

Key Words: Aeromonas hydrophila, African catfish, Avicennia marina, mangrove, natural bactericidal.

Introduction. African catfish (Clarias gariepinus) is one of the potential freshwater
aquaculture fish in Indonesia. The production continues to increase between the years
(BPS 2021). One of the constraints in the cultivation of African catfish is bacterial disease
caused by Aeromonas hydrophila (Anyanwu et al 2015; Alimuddin et al 2018; Mulia et al
2022). It also attacks other fish and aquatic biota, such as channel catfish (Ictalurus
punctatus), gouramy (Osphronemus gouramy), Nile tilapia (Oreochromis niloticus), eels
(Anguilla japonica), common carp (Cyprinus carpio), Chinese giant salamander (Andrias
davidianus), shrimp (Litopenaeus vannamei and Penaeus monodon), and Chinese stripe-
necked turtles (Ocadia sinensis) (Wang et al 2012; Stratev et al 2015; Yano et al 2015;
Guo et al 2016; Abd El Tawab et al 2017; Wimalasena et al 2017; Peatman et al 2018;
Wamala et al 2018). A. hydrophila has rod-shape, Gram negative, facultative anaerobic,
oxidase positive, catalase positive, fermentative, ferments glucose (produces acid) and
does not form spores (Mulia et al 2011; Percival & Williams 2014; El-Sharaby et al 2021).
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Other studies report that A. hydrophila comes with higher virulence potential than
A. sobria. They also reveal the possibility of A. caviae in raw and ready-to-eat (RTE) to
become the major threat to public health (Abd-El-Malek 2017). Virulence of A. hydrophila
is due to the role of virulent genes in the bacteria such as aerolysin (aer), haemolysin
(haem), cytotonic heat-labile enterotoxin (alt), cytotonic heat-stable enterotoxin (ast),
cytotoxic heat-labile enterotoxin (act), polar flagellum (fla), and lateral flagellum (laf) (Yi
et al 2013; Aravena-Roman et al 2014; Abreu et al 2018). This condition triggers A.
hydrophila to be able to produce exotoxin that influences its pathogenicity (Masuyer
2020; Raju et al 2020; Sarkar et al 2020). Fish infected by Aeromonas show clinical
symptoms of septicemia, lesion, skin ulcer, fin rot, erosion, hemorrhagic, hyperemia,
congestion, abscess, abdominal edema, abdominal dropsy, abdominal acites, necrosis,
and exophthalmia (Kozinska & Pekala 2012; Hamid et al 2017; Wamala et al 2018;
Elgohary et al 2020; Mulia et al 2020).

Infected fish due to A. hydrophila are mostly treated with synthetic antibiotics.
However, excessive use can cause bacterial resistance, death of non-target biota,
antibiotic residues in fish meat, and environmental pollution (Parker & Shaw 2011;
Serwecinska 2020; Bombaywala et al 2021). Thus, considering their minor risk, the use
of antibacterial compounds from natural ingredients is recommended. Secondary
metabolite compound from a tropical coastal plant (Diospyros maritima) is proven to be
antibacterial (Isnansetyo et al 2022). Other useful natural substance is the antibacterial
compounds found in mangrove plants Avicennia marina. There are evidences of A.
marina containing compounds as flavonoids, alkaloids, terpenoids, and tannins that are
antibacterial for A. hydrophila (Mulia et al 2018). The extract of A. marina has more
effective use as antibacterial than anti-fungal (Amirkaveei & Behbahani 2011). The leaves
extract of A. marina is able to inhibit the growth of Staphylococcus aureus and Vibrio
alginolyticus bacteria (Danata & Yamindago 2014). This study aimed to evaluate the
antibacterial activity of a mangrove plant (A. marina), and determined the effectiveness
of its extract to control A. hydrophila infection in African catfish.

Material and Method

Time and place of experimental study. This study was conducted at Laboratory of
Microbiology and Laboratory of Fish and Environmental Health, Universitas
Muhammadiyah Purwokerto, Indonesia in April-September 2021.

Purification of Aeromonas hydrophila. The bacterial isolate used was A. hydrophila
GPI-04. Its purification was carried out by growing the isolate on glutamate starch
phenyl (GSP) medium (Merck) at 30°C for 24 h. Single colony growing on the medium
were re-cultured on tilted TSA agar medium and incubated at the same temperature and
time, before stored as stock culture (Mulia 2012).

Restoring the virulence of Aeromonas hydrophila. Efforts to restore the virulence of
A. hydrophila GPI-04 bacteria included the reinfection and re-isolation of its isolate
against African catfish. The first reinfection was aimed to determine whether the pure
isolates were pathogenic bacteria that caused aeromoniation disease to the catfish.
Furthermore, the second and third reinfection and re-isolation were carried out to
identify more complete and specific symptoms of the disease as well as to increase the
virulence (Mulia 2012).

Pathogenicity test to determine the lethal dose (LD5Q). Lethal dose,, (LD,,) is a
dose of bacterial suspension capable of killing 50% of the population of the sample. It
was used to test its ability in killing bacteria and identify the proper concentration for
testing antibacterial effectiveness of A. marina leaf extracts which was obtained by using
methanol solvent. Single colony of GSP medium was transferred to 10 mL TSB liquid
medium and incubated at 30°C for 24 h. Next, the bacteria culture in TSB medium was
diluted at 10%, 10, 10°, 10, and 10° concentrations before injected into healthy
catfish samples in 0.1 mL fish. Each treatment used 8 fishes and repeated twice.
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Observations on the clinical symptoms of motile Aeromonas septicemia (MAS) disease on
the samples were done every day for 7 days.

Making the leaf extract of Avicennia marina. Weighed leaves of A. marina were cut
into small pieces and put into 60°C oven for 4 x 24 hours or until completely dry. The
dry pieces were weighed to obtain the dry weight and put into electric grinder to
become simplicia. The extract was made through maceration method by using methanol
solvent (Mulia et al 2018). The simplicia was macerated by using 80% methanol solvent
for 2 x 24 hours. Methanol ratio was 1 L for 200 g simplicia. This was modified from
Abeysinghe et al (2006). The solvent was then filtered through filter paper to obtain
filtrate. Next, it was evaporated in rotary evaporator at 50°C up until macerate was
obtained. Then, the macerate was dried by using the waterbath until thick extract was
obtained.

Infecting the Aeromonas hydrophila into African catfish. African catfish was
injected intramuscularly as much as 0.1 mL fish* based on the result of LDs, dose,
which was 9.52 x 10’ CFU mL™. Betadine was given to the injection spot on the back of
the samples to prevent infection before they were returned to the rearing containers.
Observation on clinical symptoms of MAS disease was done in two days before A. marina
extract was given.

Treating the African catfish using the A. marina extract solvent. African catfish
already infected with A. hydrophila was treated with A. marina extract by one hour of
immersion at TO: control concentration (without extract treatment), T1: 0.2 g L™, T2: 0.3
g L, and T3: 0.4 g L™, and four repetitions on each treatment. Observation on the fish
recovery process was carried out in 14 days.

Research parameters. Research parameters consisted of the main parameter, such as
signs of MAS disease, recovery process, and fish survival. Supporting parameters
included water quality, temperature, pH, and level of dissolved oxygen.

Data analysis. The main parameter data were analyzed using analysis of variance
(Anova) and Duncan multiple range test (DMRT) at 5% test level. The supporting
parameter data were descriptively quantitative analyzed.

Results
Clinical signs development of MAS in African catfish. African catfish infected with A.
hydrophila showed clinical symptoms of MAS disease (Table 1). Clinical signs were

observed for two days before A. marina leaf extract treatment was given.

Table 1
The clinical signs development of MAS in African catfish infected by A. hydrophila

Day Clinical signs of MAS in African catfish
1 Ulcers on the body, haemoragic septicemia, and peeling up of skin up to 2.5
cm, erythrema fins, white soft flesh, decreasing appetite, tendency to stay in
the bottom of water.
2 Wider ulcers, haemoragic septicemia, dorsal fins erosion, loosing of appetite,
lethargic and always staying in the bottom of water, in some cases floating
vertically with head above the surface.

African catfish recovery process. Recovery process included the African catfish that
was infected with A. hydrophila going through the healing. Control samples (TO) indicated
recovery process occurred naturally without A. marina leaf extract treatment, although in
slower process. The recovery process began to appear on day 7-8 as indicated by new
skin formation covering wound around the abdomen. On day 9-10, dorsal fin around the
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injection spot began to form. On day 11-12, the flesh around the ulcer was reddish, fish
tended to actively swimming and appetite slightly increased. Until the last day of
observation (day 14), the recovery process was still ongoing with fish actively moving in
addition to increasing appetite.

In contrast, samples given with A. marina leaf extract treatments showed faster
recovery process. In T1, it started on day 3-4 as indicated by the formation of new skin
and flesh on the ulcer wound around the abdomen. Also, wounds on the fins hat were
narrowing. On day 5-6, samples with less than 2 cm wounds were healed with ulcers that
had been tightly covered by new skin, in addition to samples indicated increasing
appetite and active movements. On day 7-8, the majority of samples showed full
recovery, increasing appetite, active movements and zero deaths of samples. On the last
day of observation (day 14), all samples were recovered and indicated with ulcers on
each fish that were completely covered with skin, increasing appetite, active movements
and zero deaths.

In T2, the recovery process also started on day 3-4 as indicated by disappearing
wounds and ulcers on the body with only 0.7-1.2 cm remaining wounds. Samples with
initial ulcers of less than 2 cm had completely recovered with fully formation of new skin.
Some of the samples with initial ulcers that were wider than 2 cm experienced new skin
formation around the ulcers on the stomach in addition to the flesh on the ulcer wounds
beginning to reddish and newly formation of flesh beginning to cover the ribs. All samples
showed active movements and increasing appetite. On day 5-6, the ulcers were
narrowing (between 0.4 and 0.7 cm). Because more samples had fully recovered, all fish
showed active movements and increasing appetite. On day 7-8, all of alive samples were
fully recovered and indicated back to normal appetite and active swimmings.

In T3, formation of new skin around the ulcer began on day 3-4, with soft-
textured white flesh and dorsal fin falling off around the infection. On day 5-6, the ulcers
got narrower with new skin formation around the ulcers and reddish flesh color in
addition to the fish samples moving actively and increasing appetite. On day 7-8, some
fish experienced complete recovery and increasing appetite. All samples were active and
none of the fish died. On day 9-10, the most of the samples had fully recovered with
appetite returning to normal, moving actively and zero deaths. On the last day of
observation (day 14), all of alive samples had fully recovered with appetite returning to
normal, moving actively and zero death.

Survival rate. The survival rate of African catfish under A. marina leaf extract
treatments (T1-T3) subsequent to the recovery process was 50-80%. Meanwhile, control
(TO) samples exhibited survival rate of only 30% (Figure 1). The results showed highest
survival rates in T1 and T2 by 70 and 80%, respectively, which were significantly
different (p = 0.000; p < 0.05) from TO (30%) and T3 (50%).
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Figure 1. Survival rate of African catfish.

Water quality. Water quality parameters were closely controlled to optimize
environmental rearing conditions. The measurement results showed that water
temperature, pH and dissolved oxygen within the study varied between 26 and 28°C, 7-
7.5, and 8.1-8.6 ppm, respectively (Table 2).
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Table 2
Parameters of water quality

Treatment Temperature (°C) Acidity (pH) Dissolved oxygen (ppm)
TO 26-28 7.0-7.3 8.3-8.5
T1 27-28 7.0-7.4 8.2-8.6
T2 26-28 7.1-7.3 8.1-8.3
T3 26-28 7.0-7.5 8.1-8.3

Discussion. African catfish infected with A. hydrophila showed some clinical signs on day
1 and 2 which included sores and peeling of skin on the injection spot, flesh going white
and soft, haemoragic, erythrema fins, dorsal fin erosion, decreasing appetite, less-active
swimming and tendency to stay on the bottom, or in some cases, floating vertically with
head above the surface.

A. hydrophila infection causes damage to skin tissue, blood vessels, and flesh.
Skin wounds due to injection process were the main and fast entrance point of A.
hydrophila infection. Initially, skin would peel off and bleed due to damage of blood
vessels around the skin. The flesh uncovered with skin would turn pale-white and the
texture would fall out. Results of previous studies also reported clinical signs of MAS in
fish infected with A. hydrophila, such as haemoragic septicemia, ulcers, hyperemia,
necrotic, erythrema fins, fin erosion, abdominal dropsy and decreasing appetite (Doan et
al 2013; Austin & Austin 2016; Dias et al 2016; Zhang et al 2016).

Clinical signs of MAS in infected fish were assumed to be caused by the ability of
A. hydrophila to produce a number of toxins (Silva et al 2012; Al-Fatlawy & Al-Ammar
2013). It can produce exotoxins which include hemolysin, protease, elastase, lipase,
cytotoxin, enterotoxin, gelatinase, caseinase, lechitinase, and leucocidin. Hemolysin is an
enzyme that can lyse red blood cells and free hemoglobin that enables much blood
coming out of wounds on infected body surfaces (Huys et al 2002). Hemolysin toxin
activity causes hemorrhagic on fish skin surface (Li et al 2013).

Protease is a proteolytic enzyme functioning to fight the host's body defenses
from developing the disease and take over host's supply of nutrients from reproducing.
Lechitinase is an enzyme with a role of destroying various tissue cells and is especially
active in lysing red blood cells, while leucocidin is an enzyme that can kill white blood
cells (Pelczar & Chan 2015).

The A. marina leaf extract treatment triggered better and faster fish recovery
process than the control treatment. The recovery process under A. marina leaf extract
treatments (T1, T2, and T3) started on day 3-4; while in the control (TO), it started on
day 7-8. Samples given with extract treatment were completely recovered on day 7-8.
While under the control treatment, samples recovery up to day 13-14 were slower.
Indications of recovery process in African catfish included narrowing ulcer, formation of
new skin and flesh on the ulcer, narrowing wound on the fin, fish swimming more actively
and improving appetite. Fully recovery was indicated by healed ulcers (no visible ulcers
on the fish body) and wounds on the fins, as well as no fin flakes, normal appetite, and
all samples were active. The recovery process was presumed to be due to role of active
compounds contained in the extract of A. marina which were antibacterial. Previous
researches reported various secondary metabolites found in A. marina leaf extract, such
as alkaloids, flavonoids, terpenoids, and tannins (Mulia et al 2018). Other studies also
reported antibacterial active compounds in A. marina (Ananthavalli & Karpagam 2017;
Das et al 2018; Okla et al 2021). The A. marina leaf extract treatment given in the feed
was indicated to reduce fish susceptibility against various pathogenic bacteria infections
such as Pseudomonas flourescens, P. aeruginosa, Vibrio parahaemolyticus, and V.
anguillarum in marine ornamental fish (Dhayanithi et al 2013).

There are various inhibition mechanisms of microorganisms growth by
antimicrobial compound. Some common mechanisms included the destruction of cell
walls by inhibiting their formation or changing the structure of the cell walls after their
formation, the changes in the cytoplasmic membrane permeability that cause the release
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of food materials from the cell, the changes in protein and nucleic acid molecules,
inhibition of enzymes and nucleic acid and protein synthesis (Tjay & Rahardja 2015).

Alkaloids contain nitrogen-alkali groups that are reactive to amino acids of those
composing the bacterial cell walls and DNA. This reaction will cause structural changes of
amino acids and lead to genetic changes and lysis. The antibacterial mechanism of
alkaloids can also interfere with the peptidoglycan (component of cell walls) preparation
in bacteria, in which the formation of cell wall layer is not full and causes bacterial death
(Cushnie et al 2014). Flavonoids have excellent antibacterial activity (Farhadi et al
2018). This compound can inhibit nucleic acid synthesis and alteration in cytoplasmic
membrane, as well as inhibit the porins in cells membranes, change in membrane
permeability and attenuation of the pathogenicity (Cushnie & Lamb 2011; Xie et al
2015). Flavonoids can also damage the cytoplasmic membrane and suppression of cell
wall synthesis caused by D-alanine-D-alanine ligase inhibition (Tamba et al 2007; Wu et
al 2008).

Terpenoids are compounds with antibacterial potentials. They can damage the
bacterial cell wall, cause lysis, changes of cytoplasmic membrane permeability, leakage
of nutrients within the cell and denaturation of cell proteins, as well as inhibit enzymes
working in the cell (Yang et al 2020). Tannins can damage cell membranes and induce
the formation of complex compounds that attack bacterial enzymes thereby increasing
the toxicity of tannins to bacteria. Tannins are presumably having the ability to contract
cell membranes or cell walls which interfere with the permeability of bacterial cells so
that they can inhibit the growth of bacterial cells (Farha et al 2020).

The survival rate of control fish (TO) was only 30%. This was significantly different
from A. marina leaf extract (T1, T2, and T3) treatments which reached 50-80%. The fish
under control treatment exhibited highest mortality of 70%. This was due to the fish
immune system unable to inhibit the growth of bacteria when infected with A. hydrophila.
Thus, the fish body continued to suffer from damage and fish died. Survived fish was
30% with on-going recovery process until the end of observation.

The survival rates between samples under A. marina leaf extract treatments T1,
T2, and T3 were higher than the control. This was assumed to be influenced by the
antibacterial compounds contained in the extract. Secondary metabolite compounds in A.
marina leaf extract, such as polyphenols, flavonoids, and tannins have antibacterial
potentials (Ravikumar et al 2009; Gnanadesigan et al 2011) are able to inhibit growth of
A. hydrophila (Mulyani et al 2013). Antibacterial activity of A. marina leaf extract can
either denature bacterial cell walls, block bacterial respiration or destabilize outer
membranes and depletion of intracellular ATP (Vivekanandhan et al 2009).

The results showed that 0.2 g L' (T1) was the most effective and efficient
concentration for treating African catfish infected with A. hydrophila. It was the optimum
concentration to kill A. hydrophila. At 0.3 g L™ (T2) the survival rate was not significantly
different from T1. Meanwhile, at higher concentration [0.4 g L™ (T3)], it was suspected
that apart from Killing A. hydrophila bacteria, it also killed its host (fish samples). The
results showed that leaves of A. marina mangrove were prospective natural resource for
the development of anti-A. hydrophila compounds. The use of medicine made of natural
ingredients can be a solution to cope with the problem of bacterial disease in fish
(Dhayanithi et al 2013).

The measurement results of water quality parameters, such as water temperature,
dissolved oxygen and pH, indicated normal range of 26-28°C, 8.1-8.6 ppm, and 7.0-7.5,
respectively. The optimal water temperature, dissolved oxygen and pH for African catfish
cultivation were 25-30°C, 3-20 ppm, and 6.5-8, respectively (Nugrahajati et al 2013;
Saparinto & Susiana 2013).

Conclusions. This study has successfully documented the effectiveness of A. marina leaf
extract as an antibacterial. The leaves extract of A. marina mangrove plants at 0.2 g L™
effectively and efficiently controlled A. hydrophila infection in African catfish. The results
suggest that A. marina leaves are prospective natural resources to be developed as anti
A. hydrophila compounds.
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