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ABSTRACT

Asian sea bass is one of economically important commodities in aquaculture. However, its culture often
challenged by vibriosis infection which resulted in lower production. The study aimed to evaluate the
effectiveness of the ambon banana plant powder application in feed as an effort to control the disease
caused by Vibrio alginolyticus infection. Asian sea bass with total length of 7.48 ± 0.45 cm. Five different
treatments were applied in this experiment, i.e. positive control, negative control, prevention, curative,
and antibiotic application. The challenge test is carried out on the 15th day. Challenge test was performed
with intramuscularly injection of V. alginolyticus at the cell density of 106 CFU/fish. The results showed the
amount of feed consumption after the challenge test was highest in the curative and antibiotic control.
However, these results were not significantly different (P>0.05) among preventive and curative treatments
but were significantly different from controls (P<0.05). Fish treated with supplemented feed showed the
highest total erythrocytes, total leukocytes, hemoglobin, respiratory burst, and lysozyme activity compared
to controls. IL-1 gene expression increased after the challenge test with the highest level of expression in
the curative treatment. It can be concluded that the administration of ambon banana plant powder (3 g/
100 g diet) could control of V. alginolyticus infection in Asian sea bass and resulted 70.00% survival rate on
prevention and 83.33% on curative treatments.
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INTRODUCTION

Asian sea bass or barramundi (Lates calcarifer) is a
commodity with high economic value. In the culture
of Asian sea bass, there are several obstacles, one of
which is a disease that often occurs in both intensive
and extensive fish aquaculture business. One of the
most common infectious diseases affecting Asian sea
bass is vibriosis (Mohamad et al., 2019). This disease
is generally caused by bacteria of the Vibrio genus,
i.e. Vibrio alginolyticus which causes a fairly high mor-
tality in the larval stage and seeds.

Control of this disease could to be conducted
through prevention and curative methods. Prevention
can be made by managing water quality in conditions
suitable for the life of Asian sea bass and applying

appropriate feed management and low stocking den-
sity. Curative actually can be done using antibiotics.
However, the use of antibiotics in high doses and in
the long term has been banned because it causes the
emergence of bacteria that are resistant to antibio-
tics and produces residues that are harmful to con-
sumers (Cao et al., 2017).

The use of herbal substances is alternative pre-
vention and curative that is environmentally friendly
because the herbal substances will be easier to de-
compose in nature compared to antibiotics (Shakya,
2017). One of the herbal substances that can be used
to overcome bacterial diseases is banana plant-based
powder.

Ambon banana (Musa paradisiaca) can be used as
an antibacterial because it contains alkaloids, sa-
ponins, tannins, flavonoids, steroids, glycosides, and
terpenoids (Asuquo & Udobi, 2016). The phytochemi-
cal content of herbal substances functions as an
antistress, growth accelerator, immunostimulants, and
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antibacterial (Citarasu, 2010). According to research
by Ramadhan et al. (2017), 0.5 g banana stem extract/
kg feed could increase growth and non-specific im-
mune responses to white spot disease in white
shrimp Litopenaeus vannamei.

This research aims to evaluate the effectiveness
of the use of ambon banana plant-based powder in
feed as an effort to prevent and treat diseases due to
V. alginolyticus infection in Asian sea bass (Lates
calcarifer).

MATERIALS AND METHODS

Preparation of Containers and Test Animals

This research was conducted in March to June 2019
at the Ambon Sea Aquaculture Fisheries Center. The
fifteen plastic containers of 42 cm x 61 cm x 33 cm
were used in this experiment. All containers were
equipped with aeration and heater to maintain water
quality in experimental tank. Before being used, the
containers were first cleaned with 30 ppm chlorine
and allowed to stand for 24 hours then rinsed with
clean water. Test animals were Asian sea bass obtained
from the hatchery of the Ambon Sea Aquaculture
Fisheries Center. The fish used for this experiment
has 7.48 ± 0.45 cm total length. The density of fish
used in each container was 10 fish. The bacterium
for challenge test was Vibrio alginolyticus with a den-
sity of 106 CFU/fish.

Test Feed Preparation

The feed used was commercial feed with 46% pro-
tein content. Banana plant-based powder was mixed
with feed by coating method. Ambon banana plant
powder at a dose of 3 g/100 g of feed was mixed with
pellets which had been added with 2% egg white as a
binder. The type of antibiotic used was Inrofloxs with
a dose of 0.5 g/100 g of feed. The number of fish per
container was 10 fish. Culture of fish used a flowing
water system. Fish were fed experimental feed to
satiation three times a day: in the morning (8:00),
afternoon (12:00), and evening (16:00). Fish blood
sampling is carried out on D-1 before challenge test
and D+1, D+3, D+7 after the challenge test. The
experiment was conducted using a completely ran-
domized design (CRD) with five treatments and three
replications. The treatment was, positive control
(K+), negative control (K-), prevention (Pc), curative
(Pb), and antibiotic control (Ka) (Table 1).

Research Parameters

The parameters observed included feed consump-
tion (Gabriel, 2019); blood count, included total eryth-
rocytes, total leukocytes (Blaxhall & Daisley, 1973);

and hemoglobin levels (Wedemeyer & Yasutake, 1977);
respiratory burst activity (Anderson & Siwicki, 1993);
lysozyme activity (Ellis, 2011); interleukin-1 gene
expression (Buonocore et al., 2005); and survival rates
(Biswas et al., 2011).

Data Analysis

Data on total feed consumption, total erythro-
cytes, total leukocytes, hemoglobin, phagocytic ac-
tivity, respiratory bursts, lysozyme activity, and sur-
vival rates were tabulated using Microsoft Excel 2016
and analyzed by ANOVA test using SPSS 20 software
with a 95% confidence interval. If the results obtained
were significantly different (P<0.05), the process
would be followed up by the Duncan test. Meanwhile,
data gene expression was analyzed descriptively.

RESULTS AND DISCUSSION

Before the challenge test, the highest feed con-
sumption was found in prevention treatment and it
was significantly different (P<0.05) from the feed
consumption in positive control, negative control,
antibiotic control, and curative treatments. The feed
consumption in all treatments decreased after the
antibiotic control treatment (Figure 1).

The highest feed consumption for 14 days (of
rearing before the challenge test) was obtained in
prevention treatment, and it was significantly
different (P<0.05) from the feed consumption in
other treatments. This was presumably because the
addition of banana plant-based powder in feed could
increase of feed consumption. Feed consumption de-
creased after the challenge test. The decline was
possibly because fish stressed due to injections so
that their appetite decreased. Appetite of fish infected
by bacteria decreased (Zubaidah et al., 2019). Sieira
et al. (2018) said that stress on fish could affect appe-
tite, which had an impact on decreasing of feed con-
sumption. After the stress response was gone, the
feed consumption increased. This could be seen in
the treatments of negative control, curative, preven-
tion, and antibiotics control, whose feed consump-
tions were higher than feed consumption of fish in
positive control treatment. The increase was thought
to be because herbal substance that was added to
the feed could increase the response of the fish to
the feed given. According to Bilen et al. (2019), ex-
tracts of Cotinus coggygria and Malva sylvestris in
feed could increase the feed consumption in sea bass
compared to controls. The scent and taste of herbal
substance could increase the feed consumption of
fish (Pu et al., 2017).

Observation of blood parameters was carried out
on day-1 (D-1) before the challenge test, day-1 (D+1),
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day-3 (D+3), and day-7 (D+7) after the challenge test,
included total erythrocytes, total leukocytes, hemo-
globin levels, phagocytic activity, respiratory burst,
and lysozyme activity (Table 2). That blood parameter
could be used to determine the health status of fish.

The number of erythrocytes in all treatments de-
creased after the challenge test. This was pre-
sumably due to the occurrence of lysis of red blood
cells by V. alginolyticus so that the number decreased.
According to Bunpa et al. (2016), V. alginolyticus can
secrete hemolysins, which can lyse red blood cells.
However, the decline was still in the normal range.
The number of erythrocytes in teleostean fish is 1.05-
3 × 106 cells/mm3 (Irianto, 2005).

Total leukocytes or white blood cells increased
after the challenge test. The increase was a self-de-
fense effort due to objects entering the body of the
fish. Provision of herbal substance could increase non-

specific immune responses of fish so that leukocyte
cells increased. This increase indicated that
immunostimulants administered had an effect on to-
tal leukocytes in the blood, which then had an impact
on the activity of phagocytic cells in destroying patho-
gens that entered the body of fish (Sonida et al.,
2014). In addition, the banana plant-based powder
contains saponins that can increase the number of
white blood cells (Punturee et al., 2005).

Hemoglobin levels in Asian sea bass decreased
after the challenge test. The decrease was correlated
with the number of red blood cells. Oxygen levels in
the blood decreased so that the ability of oxygen to
bind blood decreased and affected the condition of
fish (Well et al., 2005). Saponins are poisonous to
fish, this poisonous compound is antithyroid agent
that causes thyroid hormones in the body decrease
(Barbosa, 2014). The function of the thyroid hormone

Table 1.Research design

Day 0 – Day 14 Day 15 Day 16 – Day 28
Positive control Commercial feed Challenge test with 

V. alginolyticus  bacteria
Commercial feed

Negative control Commercial feed Challenge test with 
phosphate buffer saline

Commercial feed

Prevention Banana plant powder 
supplemented feed

Challenge test with 
V. alginolyticus  bacteria

Commercial feed

Curative Commercial feed Challenge test with 
V. alginolyticus  bacteria

Banana plant 
supplemented feed 

Antibiotic control Commercial feed Challenge test with 
V. alginolyticus  bacteria

Antibiotic feed

Treatments
Times

Figure 1. Total feed consumption during the study (K+= positive control,
K-= negative control, Pc= prevention, Pb= curative, Ka= anti-
biotic control). Different letters in the same pattern show statis-
tically significant different (P<0.005).
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is to increase the levels of oxygen that will be used
by cells. Oxygen in the body of the fish plays a role in
the process of metabolism to produce energy and
this energy is used to produce leukocyte cells in large
quantities to produce antibodies (Zubaidah et al.,
2019).

Respiratory burst activity is directly proportional
to phagocytic activity (Rawling et al., 2012). Respira-
tory burst activity is one indicator to determine the
ability of phagocytic cells to eliminate pathogens in
the host body by producing reactive oxygen species
(ROS) (Abbas et al., 2014). Respiratory burst (RB) ac-
tivity increased on D+1 and D+3 after the challenge
test. The increase was presumably because high
enough exposure so that phagocyte cell activity in-
creased to eliminate bacteria in the body of the fish.
On D+7, RB activity decreased. It indicated that the
pathogens found in the body of the fish had been
eliminated so that there was no death fish on D+7.

Lysozyme is one of the mucolytic enzymes that
break down -1, 4-linked N-acetylmuramic acid, and
N-acetylglucosamine, which lyse gram-positive bac-
teria by the peptidoglycan wall. Lysozyme acts as
opsonins, complement activation, and phagocytes to
destroy bacteria (Saurabh & Sahoo, 2008). On D-1,
lysozyme activity high in prevention treatment, in
which fish was fed with a mixture of banana plant-
based powder. This increase was due to the adminis-
tration of banana plant-based powder that can induce
non-specific immune responses such as lysozyme.
This is in accordance with the study of Fitrianingrum
(2015) on gourami which were fed feeds enriched
with additional extracts of banana frond in approved
feeds that could increase lysozyme activity. On D+1,
lysozyme activity increased in all treatments except
in negative control treatment, which actually de-
creased. The decrease was probably because fish
stressed due to injection. Lysozyme activity increased

Table 2.Total erythrocytes, total leukocytes, hemoglobin level, phagocytic activity, respiratory burst,
and lysozyme activity on the treatments of K+= positive control, K-= negative control,
Pc= prevention, Pb= curative, Ka= antibiotic control

Note: Different superscript letters in the same line show significantly different treatments effects
(Duncan’s Test; P<0.05)

K+ K- Pc Pb Ka

D-1 1.84 ± 0.07a 1.84 ± 0.15a 2.36 ± 0.32b 1.84 ± 0.07a 1.84 ± 0.05a

D+1 1.65 ± 0.06a 1.74 ± 0.04b 1.86 ± 0.03c 1.82 ± 0.02c 1.81 ± 0.02c

D+3 1.47 ± 0.04a 1.71 ± 0.02b 1.76 ± 0.01c 1.77 ± 0.02c 1.75 ± 0.01c

D+7 1.33 ± 0.05a 1.82 ± 0.01b 1.83 ± 0.02c 1.87 ± 0.02c 1.85 ± 0.01c

D-1 3.38 ± 0.35a 3.38 ± 0.38a 4.30 ± 0.37b 3.38 ± 0.22a 3.38 ± 0.37a

D+1 3.53 ± 0.38ab 3.18 ± 0.45a 4.34 ± 0.03c 3.84 ± 0.09bc 3.91 ± 0.09bc

D+3 3.62 ± 0.53ab 3.48 ± 0.45a 4.37 ± 0.09c 4.19 ± 0.20bc 4.25 ± 0.14bc

D+7 3.82 ± 0.28b 3.34 ± 0.03a 3.42 ± 0.32ab 3.14 ± 0.07a 3.27 ± 0.26a

D-1 6.13 ± 0.12a 6.13 ± 0.12a 7.20 ± 0.20b 6.13 ± 0.12a 6.13 ± 0.12a

D+1 5.33 ± 0.12a 5.53 ± 0.23a 6.47 ± 0.31c 6.07 ± 0.12b 5.93 ± 0.12b

D+3 4.93 ± 0.12a 5.33 ± 0.12b 6.20 ± 0.35d 5.80 ± 0.20c 5.73 ± 0.31c

D+7 4.53 ± 0.12a 6.47 ± 0.31b 6.33 ± 0.31b 6.67 ± 0.12b 6.53 ± 0.31b

D-1 0.27 ± 0.01a 0.27 ± 0.04a 0.35 ± 0.02b 0.27 ± 0.02a 0.27 ± 0.01a

D+1 0.35 ± 0.03b 0.23 ± 0.04a 0.44 ± 0.01c 0.43 ± 0.01c 0.41 ± 0.03c

D+3 0.45 ± 0.03b 0.27 ± 0.02a 0.52 ± 0.02c 0.55 ± 0.01c 0.54 ± 0.01c

D+7 0.42 ± 0.10b 0.24 ± 0.03a 0.37 ± 0.07b 0.39 ± 0.01b 0.38 ± 0.01b

D-1 26.67 ± 0.58a 26.67 ± 0.58a 31.33 ± 2.08b 26.67 ± 0.58a 26.67 ± 1.53 a

D+1 27.33 ± 1.15b 23.67 ± 0.58a 36.33 ± 2.08c 34.33 ± 1.53c 35.33 ± 2.52c

D+3 21.67 ± 2.31a 27.33 ± 2.08b 34.00 ± 3.61c 39.33 ± 2.08d 38.67 ± 3.51cd

D+7 27.67 ± 1.15b 23.67 ± 0.58a 24.33 ± 0.58a 23.67 ± 2.08a 23.33 ± 2.52a

Respiratory burst
(OD 630 nm)

Lysozyme activity
(IU/mL/minute)

Parameters Times
Treatments

Total erythrocytes
(x106 cell/mm3)

Total leukocytes
(x105 cell/mm3)

Hemoglobin level
(g/%)
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on D+3 and decreased on D+7. However, lysozyme
activity in positive control treatment increased. The
increased activity of lysozyme was presumably due
to the body’s ability to fight incoming antigens.

From the data obtained it can be seen that the
addition of ambon banana plant powder to preven-
tive treatment and curative can increase the fish
immune response compared to the positive control.
Ambon banana plant powder can be used as herbal
ingredients to control V. alginolyticus infection. Be-
sides being environmentally friendly, banana plant
powder is also very economical to apply.

Interleukin-1gene expression in the anterior kid-
ney of Asian sea bass was observed using the RT-
qPCR method. The interleukin-1gene expression of
Asian sea bass increased after challenge test with the
highest level of gene expression obtained in the cura-
tive treatment and the lowest level of gene expres-
sion obtained in prevention treatment (Figure 2).

Cytokines are chemicals secreted by immune cells
as communication media between cells. Interleukin-
1(IL-1) cytokine is one of the cytokines that plays
a role in the response to microbial invasion, tissue
injury, and immunological reactions (Liao et al., 2018).
This can be seen in the data obtained in which IL-1
gene expression increased after the challenge test
using V. alginolyticus, with the highest level of ex-
pression found in the medication treatment, com-
pared with before the challenge test (Figure 2). The
high level of gene expression was due to herbal sub-
stance contained in banana plant-based powder that
can activate IL-1 gene expression (Bilen et al., 2019).

In the present study, no dead fish was observed
in negative control (K-) treatment. Furthermore, ob-
servation of survival rate of Asian sea bass after the
challenge test with V. alginolyticus showed that the
antibiotic control treatment provided the highest
survival rate, but it was not significantly different
(P>0.05) from that of the curative treatment. Pre-
vention treatment also shows a higher survival rate
compared to positive control treatment (Figure 3).

The death of Asian sea bass began to occur from
D+1 to D+6 after the challenge test. The results
showed that the highest survival rate of Asian sea
bass was obtained in the antibiotic control treatment
compared to positive control. However, the survival
rate of the antibiotic control treatment was not sig-
nificantly different (P>0.05) from that of curative
treatment. This happened allegedly because
enrofloxacin, vitamin C, and vitamin B complex con-
tained in antibiotics can act as immunostimulants.
According to Narra et al. (2015), the provision of vi-
tamin C in catfish feed could increase growth and
survival. In a study by Bukhari (2018), found the use
of banana fronds in eel can increase survival by 90.00%
in prevention treatment and 83.33% in curative treat-
ment.

CONCLUSION
Ambon banana plant-based powder (3 g/100 g feed)

could increase the immune response and control in-
fectious diseases caused by V. alginolyticus in Asian
sea bass (Lates calcarifer). Application of Ambon ba-
nana plant-powder supplemental feed through a cura-
tive method resulted the best survival of Asian sea
bass.

Figure 2. The level of IL-1 gene expression in Asian sea bass (Lates
calcarifer) compared with -actin before and after the challenge
test using V. alginolyticus in positive control (K+), negative
control (K-), prevention (Pc), curative (Pb), and antibiotic
control (Ka).
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