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Abstract 
 
This study aimed to evaluate the effects of banana (Musa paradisiaca) midrib extract 
supplementation as preventive and curative treatments of motile aeromonad 
septicemia (MAS) on giant gourami (Osphronemus gouramy). Disc diffusion assay was 
conducted to evaluate antibacterial activity of banana midrib extract against 
Aeromonas hydrophila. The most effective dose was used for subsequent tests. 
Experimental fish were categorized into five groups: negative control; positive control; 
and preventive, curative, and controlling treatments. Except negative control, all 
groups were challenged by A. hydrophila at a density of 107 CFU mL−1 (0.1 mL per fish). 
Preventive, curative, and controlling treatment groups were administered the banana 
midrib extract-enriched diet (3%), whereas positive and negative controls were not 
treated with banana midrib extract. The results showed that banana midrib extract 
inhibited A. hydrophila activity in giant gourami, demonstrated by lower A. hydrophila 
numbers in preventive, curative, and controlling treatments than those in the positive 
control. After the challenge test in the fish treated with banana midrib extract, 
immunity parameters were better than those of the positive control. Banana midrib 
extract was highly effective as a curative agent against MAS in giant gourami based on 
the highest survival of the experimental fish compared with other treatments.  

 

Introduction 
 

Giant gourami (Osphronemus gouramy) belongs to 
the phylum Chordata, class Actinopterygii, order 
Perciformes, and family Osphronemidae. Giant gourami 
is an economically important freshwater commodity 
and a popular indigenous species in Indonesia. It is 
widely cultured in Java and Sumatera (Welcomme, 
1988; Setijaningsih et al., 2007; Azrita & Syandri, 2015). 
The production of giant gourami has expanded in 
Sulawesi, Kalimantan, Bali, Nusa Tenggara, Maluku, and 

Papua owing to its high market demand (Sukenda et al., 
2020). This species has specific characteristics, including 
air-breathing capability and solid vegetarian diet 
component (Slembrouck et al., 2019), thereby lowering 
feeding costs (Kristanto et al., 2020). The high demand 
for this species triggers intensive culture system 
practices that affect the aquaculture environment and 
cause a deterioration in fish health through increased 
disease outbreak incidents (Koesharyani & Gardenia, 
2013; Gardenia et al., 2020). The common bacterial 
species that attack giant gourami are Streptococcus 
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iniae, Streptococcus agalactiae, Nocardia sp., 
Aeromonas hydrophila, Aeromonas caviae, 
Staphylococcus saprophyticus, Flavobacterium sp., and 
Mycobacterium fortuitum (Kitao et al., 1989; Lusiastuti 
et al., 2008; Purwaningsih & Taukhid, 2010; Minaka et 
al., 2012). 

Motile aeromonad septicemia (MAS) is a disease 
caused by A. hydrophila, a Gram-negative, oxidase-
positive, facultative anaerobic, and opportunistic 
aquatic pathogen that produces the following virulence 
factors: hemolysin, aerolysin, adhesin, enterotoxin, 
phospholipase, and lipase. This mesophilic species 
attacks some freshwater fish species, such as carp 
(Cyprinus carpio), tilapia (Oreochromis sp.), catfish 
(Clarias sp.), blue gourami (Trichogaster trichopterus), 
and giant gourami (Ismail et al., 2010; Janda & Abbott, 
2010; Stratev & Odeyemi, 2016). MAS occurs as an 
acute, chronic, or latent infection. Disease incidence 
suppresses the immune response, thereby enhancing 
infection susceptibility at an alarming rate associated 
with significant fish mortality, resulting in enormous 
economic losses (Ibrahem et al., 2008; Ismail et al., 
2010). 

The incidence of fish diseases can be addressed by 
controlling the infection through correct and effective 
preventive or curative treatments. The use of antibiotics 
has not been recently recommended in commercial 
aquaculture owing to their residual effects on cultured 
species, their impacts on the development of resistant 
bacteria, and the destruction of the bacterial population 
in the cultivated aquatic environment (Kahuripan et al., 
2009). Several previous investigations revealed the 
emergence of multidrug-resistant bacterial pathogens 
from different origins, especially fish, thereby increasing 
the need for new natural antimicrobial alternatives to 
the commonly used old antimicrobial agents 
(Abouelmaatti et al., 2013; Enany et al., 2018; El-Sayed 
et al., 2019; Abolghait et al., 2020; Algammal et al., 
2020a; Algammal et al., 2020b; Algammal et al., 2020c; 
Algammal et al., 2020d; Algammal et al., 2020e). Plant 
extracts are now notably gaining attention as natural 
immunostimulants and antimicrobials to replace 
antibiotics (Hardi et al., 2019). These natural plant origin 
products such as vegetables, herbs, spices, edible plants, 
and their extracts act as growth promoters, 
immunostimulants, and antistress, antioxidant, or 
antimicrobial agents with no detrimental impact on the 
environment and no residual effects to the cultured fish 
(Galindo-Villegas & Hosokawa, 2004; Citarasu, 2010). 
Extracts of several plants such as Indian almond leaves, 
oats, oyster mushrooms, nettle, seagrass, and beetroot 
have been utilized to replace antibiotics (Baba et al., 
2016; Bilen et al., 2016; Devi et al., 2016; Nugroho et al., 
2017). One of the promising phytopharmaceutical 
products is banana (Musa paradisiaca) midrib. It was 
considered because of its abundance and it is generally 
discarded as waste material. Banana midrib contains 
antioxidant and phytochemical materials. Antioxidant 
materials in banana midrib include ascorbic acid, ß 

carotene, and lycopene, and the phytochemical 
materials include flavonoid, tannin, saponin, and 
alkaloid (Apriasari et al., 2014). The percentage of 
flavonoid content in banana midrib was higher (28.10%) 
compared with those in papaya (0.0012%) and guava 
(0.0018%) leaves (Miean & Mohamed, 2001). The 
efficacy of banana midrib has been tested to prevent A. 
hydrophila infection in giant gourami through 
immersion, indicating positive results (Fitrianingrum, 
2014). However, another use of banana midrib in 
aquaculture, particularly as a controlling agent of fish 
diseases, has not been widely reported. This study 
aimed to evaluate the effects of the supplementation of 
banana midrib extract as preventive and curative 
treatments of MAS on giant gourami by observing 
infection rate, blood profile, and immune responses. 

 

Materials and Methods 
 

Preparation of Banana Midrib Extract  
 
Banana midrib extract was prepared following a 

method described by Sakunphueak and 
Panichayupakaranant (2010) and Giri et al. (2016). First, 
the banana midrib was chopped into some small pieces 
of 2 cm. Next, these pieces were dried in an oven set at 
45°C. The material was then milled using a milling 
machine to obtain banana midrib powder. 

Banana midrib powder (25 g) was mixed with 100 
mL methanol. The mixture was then homogenized using 
a magnetic stirrer for 3 h to obtain the mixture deposit. 
The deposit was condensed for 24 h to obtain a filtrate 
and a pulp. Pulp (100 mg) was mixed with 20 mL 
methanol, homogenized for 1 h to obtain a filtrate, and 
evaporated using a rotary evaporator to produce a thick 
banana midrib extract. 

 
Preparation of Bacterial Stocks 

 
Pathogenic bacteria used in this study were A. 

hydrophila and Streptococcus agalactiae NK1. The 
isolate of A. hydrophila was a collection of the Fish 
Health Laboratory, Department of Aquaculture, Faculty 
of Fisheries and Marine Science, IPB University, Bogor, 
West Java, Indonesia. This bacterial isolate was obtained 
from kidneys of an infected catfish. Moreover, the 
isolate of S. agalactiae NK1 was a collection of the 
Center of Freshwater Aquaculture Research, Bogor, 
West Java, Indonesia. This bacterial isolate was obtained 
from the brain of an infected tilapia. The stocks of A. 
hydrophila were cultured on trypticase soy agar (TSA), 
whereas those of S. agalactiae NK1 were grown on brain 
heart infusion agar (BHIA). The bacterial stocks were 
identified through Gram staining as well as physiological 
and biochemical tests, including oxidative/fermentative, 
motility, oxidase, and catalase tests. Moreover, the used 
bacterial isolates were re-identified using the API 20E kit 
and API 20 Strep kit (bioMérieux, Inc., North Carolina, 
USA). The results of bacterial identification indicated 
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that the bacterial stocks were A. hydrophila and S. 
agalactiae NK1 based on the characteristics described in 
Bergey’s Manual of Determinative Bacteriology (Holt et 
al., 1994) as presented in Table 1.  

 
Phytochemical Screening and Antimicrobial Activity 
Test of Banana Midrib Extract 

 
The banana midrib extract was separately 

screened for the presence of bioactive compounds, 
including flavonoid, tannin (Trease & Evans, 2002), 
alkaloid, triterpenoid, saponin, steroid (Sofowora, 
1993), phenolic, and glycoside (Roghini & Vijayalakshmi, 
2018). This step was followed by the quantification of 
phytochemical contents in banana midrib extract using 
the procedures demonstrated by Venkatesh et al. 
(2014). 

The antimicrobial activity of banana midrib extract 
was measured using the disc diffusion assay described 
by Hudzicki (2009) and CLSI (2018) with a modification. 
Disc diffusion assay was performed by spreading the 
suspension of A. hydrophila onto the TSA plate and that 
of S. agalactiae NK1 onto the BHIA plate. Next, sterile 
paper discs with a diameter of 0.5 cm were immersed in 
various banana midrib extract solvents (1%, 2%, 3%, and 
4%), methanol as the negative control, and 
chloramphenicol at a dose of 3.4% as the positive 
control. The immersed paper discs were then placed on 
the plates. These plates were then incubated overnight 
at 27°C. Each dose had five replicates. The dose of 
banana midrib extract that resulted in the largest 
inhibition zone diameter was used for subsequent tests 
in this study. 

 
Experimental Diet 

 
The experimental diet was prepared by mixing 

commercial fish feed (Prima Feed PF 1000; PT Matahari 
Sakti, Indonesia) and banana midrib extract with the 
dose found effective in the antimicrobial activity test. 
The mixing step was performed in a feed container by 
spraying banana midrib extract onto the feed slowly 
(Harikrishnan et al., 2010). Next, 2% egg white was 
added to this mixture as a binder. The control diet was 
prepared by mixing commercial fish feed with 2% egg 
white without adding banana midrib extract. 
Experimental and control diets were dried at room 
temperature for a day before use. 

Fish and Containers 
 
The experimental fish used in this study was giant 

gourami with an average weight of 15.7 ± 0.31 g, 
collected from local farmers in Bogor, West Java, 
Indonesia. Fish were acclimatized for a week before 
experimental treatments. During the acclimatization 
period, fish were fed commercial fish feed three times a 
day at a feeding rate of 3% of the biomass. Fish were 
reared in 15 glass aquariums sized 60 × 30 × 30 cm3 with 
a water level of 20 cm and a stocking density of 10 fish 
per aquarium. Water temperature was maintained in a 
stable range using a thermostat in each aquarium. 
Aeration was provided to each experimental aquarium 
through an aeration unit connected to an air blower. The 
outer parts of aquariums were covered with black low-
density polyethene plastic to prevent physiological 
stress in experimental fish. 

 
Experimental Design 

 
The experiment was conducted through a 

completely randomized design comprising five 
treatments. This study evaluated the effects of dietary 
banana midrib extract on giant gourami under different 
exposure approaches against A. hydrophila using a 
modified protocol from the study by Pattah et al. (2020). 
The different exposure approaches were preventive, 
curative, and controlling and were compared with 
control treatments, including negative and positive 
controls without dietary banana midrib extract. Detailed 
experimental illustration is presented in Figure 1. Each 
treatment group included 30 fish. Each group of 
treatments was applied in triplicates in this experiment. 
Overall, 150 fish (5 groups × 30 fish) were used and 
randomly distributed to 15 glass aquariums. 

Feeding frequency for the fish was three times a 
day, in the morning, noon, and afternoon, with a 3% 
feeding rate. Fish were reared for 14 days. On day 14, all 
treatments except negative control were challenged 
with A. hydrophila at a suspension volume of 0.1 mL per 
fish with a bacterial density of 107 CFU mL−1 through 
intraperitoneal injection. After the challenge test, 
banana midrib extract-enriched feed was administered 
to the experimental fish in controlling and curative 
treatments. In contrast, the fish in other treatments 
were given commercial feed coated with 2% egg white 
without banana midrib extract. Enriched feed was given 

Table 1. Results of the identification of Aeromonas hydrophila and Streptococcus agalactiae NK1 

Characteristics Aeromonas hydrophila Streptococcus agalactiae NK1 

Gram Negative Positive 
Shape Rod Round 
Oxidative/fermentative Fermentative Fermentative 
Catalase + -  
Oxidase + -  
Motility Motile Non-motile 
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to the fish in curative treatment after clinical symptoms 
of A. hydrophila were shown, which was triggered on 1 
day after the challenge test (day+1). After the challenge 
test, the fish were reared for 7 days. 

Uneaten feed and feces were removed from the 
rearing medium after 4 h of feeding to maintain 
optimum water quality. Water replacement (30% of 
total water volume) was performed every 2 days. Water 
quality parameters, including pH, temperature, 
dissolved oxygen, and total ammonia nitrogen, were 
checked every week following APHA (1995). Water 
quality during rearing activity was optimum for giant 
gourami: pH (6.26–7.80), temperature (28°C–32°C), 
dissolved oxygen (7.0–8.2 ppm), and total ammonia 
nitrogen (0.009–0.05 ppm). 

 
Blood Sampling 

  
Blood samples were collected on day-14 and day-1 

of the challenge test and day+2, day+5, and day+7 of the 
challenge test. The samples were randomly collected 
from 3 fish/group. Before blood sampling, the fish were 
anesthetized using MS-222 at a dose of 50 mg/L of 
water. The blood was collected from the caudal vein 
using a 1 mL 27-gauge syringe needle rinsed with an 
anticoagulant (10% trisodium citrate). Individual fish 

were sampled once to prevent the effect of on the 
assays due to multiple bleeding and handling stress of 
the fish. 

 
Observation of Blood Profile and Immune Responses 

  
Hematocrit level was measured with the 

microcentrifuge method described by Anderson and 
Siwicki (1995), using standard heparinized 
microhematocrit capillary tubes (75 mm at 7000 g for 10 
minutes). Total leukocyte count was manually counted 
by hemocytometry method according to the method 
described by Blaxhall and Daisley (1973), using 
Neubauer hemocytometer after diluting blood samples 
with Turk solution. Respiratory burst activity was 
measured using nitro blue tetrazolium reagent following 
the method explained by Secombes (1990). Lysozyme 
activity was measured using a microtiter plate ELISA 
reader at a wavelength of 520 nm according to the 
procedure outlined by Soltani and Pourgholam (2007). 

 
Observation of Infection Rate and Disease Resistance 

  
The infection rate was expressed by clinical 

symptoms, feed consumption, prevalence, and total A. 
hydrophila in the experimental fish, whereas disease 

 
Figure 1. Experimental design illustration 

 Note:  feed without banana midrib extract 

             feed + banana midrib extract 
             (−) pre-challenge test period 
             (+) post-challenge test period 
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resistance was expressed by survival. Clinical symptoms 
were observed during 7 days of the post-challenge test 
period. Each fish had a clinical symptom score which was 
accumulated at the end of the challenge test. The 
scoring was based on the method described by Angka 
(2005) with the following scores: inflammations = 1, 
hemorrhages = 2, ulcers = 3, and mortality = 4. Clinical 
symptoms were supported by the feed consumption 
rate. The infected fish would have less feed 
consumption than the healthy fish. Feed consumption 
was recorded daily during this study. Prevalence was 
calculated at the end of the challenge test. The 
enumeration of total A. hydrophila in the experimental 
fish was conducted on day 5 of the challenge test. The 
samples were randomly selected from each 
experimental group. The organs collected for the 
enumeration of total A. hydrophila were kidneys. Total 
A. hydrophila was enumerated using the total plate 
count technique. Survival of the experimental fish was 
recorded daily during the experiment. 

 
Data Analysis 

  
The obtained data were processed using Microsoft 

Excel 2019. The quantitative data were then analyzed 
through statistical tests, including one-way ANOVA and 
Tukey’s test, using IBM® SPSS® Statistics software version 
22 (IBM Corp., Armonk, New York, USA) after being 
subjected to Shapiro–Wilk’s test and Levene’s test to 
verify the normality and homogeneity of the variances. 
All statistical tests were significant at P<0.05. In 
addition, quantitative data were obtained from several 
parameters with a minimum n = 3, including blood 
profile (hematocrit level and total leukocyte count), 

total A. hydrophila population in the experimental fish, 
survival, respiratory burst, and lysozyme activities. 
Other data obtained from the following parameters with 
n < 3, including inhibition zone diameter, phytochemical 
contents of the banana midrib, total feed consumption, 
prevalence, leukocyte differential count, and clinical 
symptoms scores, were analyzed through descriptive 
statistics. 

 

Results 
 

Phytochemical Contents of Banana Midrib 
  
The preliminary screening of bioactive compounds 

in banana midrib extracts showed that banana midrib 
contained active compounds such as alkaloids, 
flavonoids, triterpenoids, steroids, tannins, phenolics, 
and glycosides. The quantification of each compound 
found in the preliminary screening indicated that 
banana midrib contained high flavonoid content 
(28.10%) as presented in Table 2. 

 
Antimicrobial Activity of Banana Midrib Extract 

 
Banana midrib extract showed antimicrobial 

activity against A. hydrophila and S. agalactiae NK1 
indicated by inhibition zone diameter on the disc 
diffusion assay. Optimum antimicrobial activity was 
found in the extract dose of 3%, resulting in an inhibition 
zone diameter of 1.15 ± 0.10 cm against A. hydrophila 
and an inhibition zone diameter of 0.75 ± 0.10 cm 
against S agalactiae NK1 (Table 3). This dose was then 
applied to prepare an experimental diet for the 
subsequent experiment. 

Table 2. Phytochemical contents of banana (Musa paradisiaca) midrib extract 

Phytochemical compounds Percentage (%) 

Flavonoid 28.10 
Alkaloid 18.27 
Triterpenoid 11.39 
Phenolic 8.32 
Saponin 8.12 
Tannin 6.10 
Steroid 0.11 
Glycoside 0.10 

Note: listed numbers in the table are averages. 
 
 
 

Table 3. Antimicrobial activity of banana (Musa paradisiaca) midrib extract against Aeromonas hydrophila and Streptococcus 
agalactiae NK1 

Treatments  
Inhibition zone diameter against Aeromonas 

hydrophila (cm) 
Inhibition zone diameter against Streptococcus 

agalactiae NK1 (cm) 

Chloramphenicol 3.4%  0.55 ± 0.01 0.00 ± 0.00 
Methanol  0.00 ± 0.00 0.00 ± 0.00 
Banana midrib 1%  0.80 ± 0.08 0.55 ± 0.03 
Banana midrib 2%  0.93 ± 0.96 0.62 ± 0.01 
Banana midrib 3%  1.15 ± 0.10 0.75 ± 0.10 
Banana midrib 4%  1.15 ± 0.18 0.69 ± 0.01 

Note: listed numbers in the table are averages and standard deviations. 
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Survival, Scores of Clinical Symptoms, Prevalence, and 
Total Aeromonas hydrophila in the Experimental Fish 

  
Clinical symptoms, prevalence, and total A. 

hydrophila in the experimental fish indicated the 
infection rate supported by fish survival. The infection of 
A. hydrophila caused several clinical symptoms such as 
inflammation, hemorrhage, ulcer, and mortality. The 
most found clinical symptom in this experiment was 
ulcer followed by mortality. The highest clinical 
symptom score was found in the positive control, 
whereas the lowest clinical symptom score was found in 
the negative control, followed by preventive, curative, 
and controlling treatments (Table 4). The positive 
control showed a larger ulcer than other treatment 
groups (Figure 2). The highest prevalence (100%) was 
obtained in the positive control, followed by the lowest 
survival (60% ± 0%). The negative control showed no 

prevalence with survival of 100% ± 0%. The optimum 
result was demonstrated by curative treatment with 
survival of 100% ± 0% that was not significantly different 
from that of the controlling treatment (97.5% ± 5%). 
These results were supported by lower total A. 
hydrophila values in preventive, curative, and 
controlling treatments (1.6 × 107, 1.2 × 107, and 8.0 × 106 
CFU g−1) than that in positive control with a total A. 
hydrophila of 3.0 × 108 CFU g−1 (Table 5). 

 
Feed Consumption Before and After the Challenge Test 

 
Feed consumption before the challenge test was 6 

g in all treatments. After the challenge test, it drastically 
decreased and increased again 2 days after the 
challenge test. The lowest feed consumption was found 
in positive control treatment (Figure 3). 

 

Table 4. Clinical symptoms scores obtained in giant gourami (Osphronemus gouramy) after the challenge test with Aeromonas 
hydrophila 

Treatments Clinical symptoms scores Total 

Inflammation Hemorrhage Ulcer Mortality 

Positive control 0 0 54 48 102 
Negative control  0 0 0 0 0 
Preventive 0 0 3 8 11 
Curative 1 2 15 0 18 
Controlling 0 6 9 4 19 
Total 1 8 81 60 150 

 
 
 

 

 

Figure 2. Ulcer appearances on the healthy fish (negative control group) and the infected fish (positive control, preventive, 
curative, and controlling groups) 
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Blood Profile and Immune Responses of Experimental 
Fish 

 
The blood profile of experimental fish was 

expressed by hematocrit level and total leukocyte count. 
Immune responses of experimental fish were 
represented by lysozyme activity, respiratory burst 
activity, and differential leukocyte count. Hematocrit 
level and total leukocyte count of giant gourami in this 
study are presented in Table 6. Before the challenge 
test, hematocrit levels of experimental fish were 
relatively at the same level among all treatments. After 
the challenge test, hematocrit levels decreased and 
increased on day 5 after the challenge test. On day 5 
after the challenge test, the highest hematocrit level 
was obtained with curative treatment (26.00% ± 0.35%) 
that was significantly different compared with those 
obtained with the positive control, negative control, and 
preventive and controlling treatments (17.80% ± 0.14%, 
21.28% ± 0.90%, 24.00% ± 0.14%, and 22.20% ± 0.14%). 
Total leukocyte counts in preventive, curative, and 
controlling treatments showed a similar trend, with 
hematocrit levels increasing on day 5 after the challenge 
test. On day 5 after the challenge test, there was no 
difference in total leukocyte counts among preventive, 
curative, and controlling treatments (4.75 ± 0.21, 4.30 ± 

0.28, and 4.68 ± 0.17 × 105 cells mm−3) and were 
significantly different from that in the positive control 
(3.52 ± 0.11 × 105 cells mm−3). 

Lysozyme and respiratory burst activities of giant 
gourami in this experiment are summarized in Table 7. 
Before the challenge test, lysozyme and respiratory 
burst activities were at the same level among all 
treatments. However, lysozyme activity in each 
treatment declined after the challenge test and 
increased on day 5 after the challenge test on 
preventive, curative, and controlling treatments. On day 
5 after the challenge test, lysozyme activities in 
preventive, curative, and controlling treatments (449.67 
± 1.527, 441.33 ± 3.214, and 499.67 ± 1.527 UI mL−1 
minutes−1) were significantly different from that in the 
positive control (200.00 ± 5.000 UI mL−1 minutes−1). The 
same pattern also occurred at the end of the 
experiment. On day 5 after the challenge test, 
respiratory burst activities in preventive, curative, and 
controlling treatments (0.64 ± 0.002, 0.67 ± 0.002, and 
0.63 ± 0.048 OD 630 nm) were significantly different 
from that in the positive control (0.35 ± 0.004 OD 630 
nm). That indicated the effect of the treatments applied 
on the immune responses of experimental fish after 
infection with A. hydrophila. 

Table 5. Survival, prevalence, and total Aeromonas hydrophila of giant gourami (Osphronemus gouramy) during treatments using 
banana (Musa paradisiaca) midrib extract 

Parameters Treatments 

Negative control Positive control Preventive Curative Controlling 

Survival (%) 100 ± 0c 60 ± 0a 92.5 ± 5b 100 ± 0c 97.5 ± 5c 
Prevalence (%) 
Total Aeromonas hydrophila (× 107 CFU g-1) 

0 
0.4a 

100 
30b 

6.7 
1.6a 

20 
1.2a 

6.7 
0.8a 

Note: different superscript letters in each row indicate significant differences (P<0.05). 
 
 
 

 
Figure 3. Feed consumption of giant gourami (Osphronemus gouramy) before and after the challenge test with Aeromonas 
hydrophila. Day 0: before the challenge test and Day 1–7: after the challenge test. 
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Leukocyte differential count was performed to 
observe the percentages of specific leukocyte cells such 
as lymphocytes, neutrophils, and monocytes (Table 8). 
Lymphocytes dominated the leukocyte profile of giant 
gourami, followed by neutrophils and monocytes. The 
infection of A. hydrophila caused a decrease in 
lymphocyte count in all treatments and an increase in 
neutrophil count after infection with A. hydrophila. 
Moreover, monocytes were found after giant gourami 
infected by A. hydrophila. Monocytes were not found in 
preventive, curative, and controlling treatments at the 
end of the experiment. 

 

Discussion 
 

Banana midrib extract had antimicrobial activity 
against Gram-positive and Gram-negative bacteria. The 
inhibition zone obtained in disc diffusion assay indicates 
that banana midrib has phytochemical substances 
working against bacteria (Citarasu, 2010). 
Phytochemical substances contained in banana midrib 
extract were dominated by flavonoid. Antimicrobial 
activity of banana midrib extract was found to be higher 
against Gram-negative bacterial species than against 
Gram-positive bacterial species. It could be assumed 
that the flavonoid present in banana midrib extract was 
from flavones. Flavonoids were classified into five 
different groups, including flavones, flavonols, 
flavonones, flavononol, and isoflavones. Flavones have 
the highest dilution rate against lipids (Kumar & Pandey, 
2013). The cell wall of A. hydrophila mostly comprises 
lipids or lipopolysaccharides (LPS). Therefore, flavone 
has a better chance of destroying Gram-negative 
bacterial cell wall than that of Gram-positive bacterial 
cell wall, mostly comprising peptidoglycan 
(Fitrianingrum, 2015). 

Banana midrib extract was effective as a curative 
agent against MAS demonstrated by a high survival of 
giant gourami infected by A. hydrophila. It is correlated 
with flavonoids in banana midrib that work as an 
antibacterial agent. Furthermore, banana midrib extract 
application induced the innate immunity of fish, leading 
to higher survival of giant gourami than that without any 
treatments. 

The activity of flavonoids as destruction substances 
against Gram-negative bacteria was proven by lower 
total A. hydrophila counts in preventive, curative, and 
controlling treatments than that in the positive control. 
Similar results were reported by Immanuel et al. (2004) 
that the enrichment of Artemia with flavonoid from 
seaweed given to shrimp reduced the number of Vibrio 
parahaemolyticus from 3.86 × 105 CFU g−1 to 1.36 × 105 

CFU g−1. Thus, flavonoids can inhibit pathogenic 
bacterial activity by improving the generation of reactive 
oxygen species (ROS) by macrophages. In addition, the 
increase in leukocyte proliferation, bactericidal serum 
activity, and superoxidase production (Citarasu, 2010) 
aids phagocytic activity and the elimination of antigens 

inside the fish body, thereby causing a reduction in the 
number of pathogenic bacteria. 

Clinical symptoms after A. hydrophila infection 
include the occurrence of hyperemia followed by 
inflammation, hemorrhage, and ulcer (Wahjuningrum et 
al., 2010). Ulcer became the most noted abnormality in 
giant gourami. It was caused by the toxin produced by 
A. hydrophila. This pathogen produces hemolysin that 
lyses erythrocytes and causes hemoglobin loss 
(Istikhanah et al., 2014). Hemolysin can disrupt 
epidermis and fin tissues, leading to ulcer formation on 
the fish body (Mangunwardoyo et al., 2010). The 
application of banana midrib extract as preventive, 
curative, and controlling agents for A. hydrophila could 
reduce the abnormalities caused by A. hydrophila 
infection. The phytochemical compounds in banana 
midrib extract, such as flavonoid, alkaloid, saponin, and 
tannin, had a role as antibacterial substances which 
could inhibit the function of the bacterial cell membrane 
and led to the destruction of the bacterial cell wall 
(Wahjunigrum et al., 2010). Moreover, flavonoids 
function as anti-inflammatory agents (Haryani et al., 
2012), reducing inflammation during A. hydrophila 
infection. The healing process of injury caused by A. 
hydrophila infection comprised three phases: 
inflammatory, neo capillary (forming of the new 
capillary), and re-epithelial (formation of the 
epithelium). During the injury healing phases, 
leukocytes such as neutrophils, macrophages, and 
lymphocytes are in action (Febram et al., 2010). The 
flavonoid in banana midrib extract enhances leukocyte 
proliferation, leading to a faster injury healing process 
after A. hydrophila infection according to Christybapita 
et al. (2007), who stated that flavonoids could increase 
cellular adaptive immune response, thereby increasing 
leukocyte proliferation. The high number of leukocytes 
is correlated to neutrophils, macrophages, and 
lymphocytes. 

The decrease in feed consumption after an 
experimental infection with A. hydrophila indicated the 
stress in the fish. According to Harper and Wolf (2009), 
a stressed fish after an experimental infection will suffer 
a decrease in appetite and thus reduced total feed 
consumption. Moreover, A. hydrophila can cause 
intestinal damage followed by anorexia (Yardimci & 
Aydin, 2011). The intestinal damage is caused by a large 
amount of cytotoxin that causes cell necrosis in the 
intestine (Donta & Haddow, 1978). Fish appetite will 
normalize after the stress response disappears. A faster 
recovery process in giant gourami treated with banana 
midrib extract led to higher fish consumption during an 
experimental infection with A. hydrophila. 

Hematological parameters are used as indicators 
of the health status of the fish, particularly the presence 
of disease or stressful conditions (Osman et al., 2010; 
Karimi et al., 2013; Suely et al., 2016). Thus, 
hematological indices such as total leukocyte count, 
total erythrocyte count, hemoglobin level, and 
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Table 6. Hematocrit level and total leukocyte count of giant gourami (Osphronemus gouramy) treated with banana (Musa 
paradisiaca) midrib extract before and after the challenge test with Aeromonas hydrophila 

Parameters  Observation periods Treatments 

Negative control Positive control Preventive Curative Controlling 

Hematocrit 
level (%)  

Day–14 20.00 ± 0.35a 20.00 ± 0,35a 20.00 ± 0.35a 20.00 ± 0.35a 20.00 ± 0.35a 
Day–1 21.23 ± 0.52a 21.50 ± 0.35a 25.06 ± 0.70b 21.23 ± 0.14a 25.17 ± 0.71b 
Day+2 20.00 ± 0.35a 19.00 ± 0.70a 22.50 ± 0.35b 22.20 ± 0.21b 22.20 ± 0.21b 
Day+5 21.28 ± 0.90b 17.80 ± 0.14a 24.00 ± 0.14c 26.00 ± 0.35d 22.20 ± 0.14b 
Day+7 32.00 ± 0.35b 18.00 ± 0.08a 32.30 ± 0,07b 33.04 ± 0.04b 36.50 ± 0.35c 

Total 
leukocyte 
count  
(x 105 cells 
mm-3)  

Day–14 3.00 ± 0.07a 3.00 ± 0.07a 3.00 ± 0.07a 3.00 ± 0.07a 3.00 ± 0.07a 
Day–1 3.10 ± 0.01a 3.10 ± 0.01a 3.80 ± 0.07b 3.10 ± 0.01a 3.80 ± 0.07b 
Day+2 3.15 ± 0.07a 3.35 ± 0.07a 4.35 ± 0.21c 3.75 ± 0.07b 4.23 ± 0.10c 
Day+5 3.30 ± 0.14a 3.52 ± 0.11a 4.75 ± 0.21b 4.30 ± 0.28b 4.68 ± 0.17b 
Day+7 3.50 ± 0.14ab 3.58 ± 0.03b 3.06 ± 0.31a 3.40 ± 0.07ab 3.17 ± 0.28a 

Note: listed numbers are averages and standard deviations. Different superscript letters in each row indicate significant differences (P < 0.05). (−): 
pre-challenge test period; (+): post-challenge test period. 
 
 
 
 

Table 7. Lysozyme and respiratory burst activities of giant gourami (Osphronemus gouramy) treated with banana (Musa 
paradisiaca) midrib extract before and after the challenge test with Aeromonas hydrophila 

Parameters  Observation 
periods 

Treatments 

Negative control Positive control Preventive Curative Controlling 

Lysozyme 
activity (UI 
mL-1 
minutes-1) 

Day–14 259.33 ± 4.041a 259.33 ± 4.041a 259.33 ± 4.041a 259.33 ± 4.041a 259.33 ± 4.041a 
Day–1 261.33 ± 3.214a 261.33 ± 3.214a 314.33 ± 3.214b 261.33 ± 3.214a 314.33 ± 3.214b 
Day+2 203.67 ± 3.214a 207.00 ± 3.000a 214.00 ± 3.605a 325.00 ± 5.000b 355.00 ± 5.000c 
Day+5 220.00 ± 5.000b 200.00 ± 5.000a 449.67 ± 1.527d 441.33 ± 3.214c 499.67 ± 1.527e 
Day+7 222.00 ± 2.000b 180.00 ± 9.000a 285.00 ± 5.000d 250.00 ± 5.000c 305.00 ± 5.000e 

Respiratory 
burst 
activity (OD 
630 nm)  

Day–14 0.27 ± 0.014a 0.27 ± 0.014a 0.27 ± 0.014a 0.27 ± 0.014a 0.27 ± 0.014a 
Day–1 0.25 ± 0.007a 0.25 ± 0.007a 0.28 ± 0.007a 0.25 ± 0.007a 0.28 ± 0.007a 
Day+2 0.21 ± 0.004a 0.34 ± 0.001b 0.46 ± 0.044b 0.36 ± 0.014b 0.45 ± 0.007b 
Day+5 0.25 ± 0.020a 0.35 ± 0.004b 0.64 ± 0.002c 0.67 ± 0.002c 0.63 ± 0.048c 
Day+7 0.26 ± 0.003ab 0.34 ± 0.001b 0.23 ± 0.001a 0.25 ± 0.001ab 0.25 ± 0.002ab 

Note: listed numbers are averages and standard deviations. Different superscript letters in each row indicate significant differences (P<0.05). (−): 
pre-challenge test period; (+): post-challenge test period. 
 
 
 
 

Table 8. Leukocyte differential count of giant gourami (Osphronemus gouramy) treated with banana (Musa paradisiaca) midrib 
extract before and after the challenge test with Aeromonas hydrophila 

Leukocyte  
differential count  

Observation periods Treatments 

Negative control Positive control Preventive Curative Controlling 

Neutrophils (%)  Day–14 12 ± 0.707 12 ± 1.414 12 ± 0.707 12 ± 0.707 12 ± 0.707 
Day–1 12 ± 2.121 12 ± 2.121 23 ± 2.121 12 ± 2.121 23 ± 2.121 
Day+2 15 ± 0.701 25 ± 0.707 25 ± 0.707 30 ± 0.414 27 ± 0.707 
Day+5 30 ± 0.121 49 ± 0.707 20 ± 1.414 18 ± 0.707 17 ± 0.707 
Day+7 27 ± 2.121 37 ± 0.707 14 ± 0.707 19 ± 0.707 17 ± 0.707 

Monocytes (%)  Day–14 0 ± 0.000 0 ± 0.000 0 ± 0.000 0 ± 0.000 0 ± 0.000 
Day–1 0 ± 0.000 0 ± 0.000 0 ± 0.000 0 ± 0.000 0 ± 0.000 
Day+2 0 ± 0.000 15 ± 1.414 15 ± 1.414 20 ± 1.414 12 ± 0.707 
Day+5 10 ± 0.707 20 ± 1.414 5 ± 2.121 10 ± 0.707 9 ± 1.414 
Day+7 8 ± 0.000 15 ± 1.121 0 ± 0.000 0 ± 0.000 0 ± 0.000 

Lymphocytes (%)  Day–14 88 ± 0.707 88 ± 0.707 88 ± 0.707 88 ± 0.707 88 ± 0.707 
Day–1 88 ± 2.121 88 ± 2.121 77 ± 2.121 88 ± 0.212 77 ± 2.121 
Day+2 85 ± 0.707 60 ± 0.000 60 ± 0.707 50 ± 0.282 61 ± 0.000 
Day+5 60 ± 2.828 31 ± 0.707 75 ± 0.707 72 ± 0.000 74 ± 2.121 
Day+7 65 ± 2.121 48 ± 2.828 86 ± 0.707 81 ± 2.121 83 ± 0.707 

Note: listed numbers are averages and standard deviations. (−): pre-challenge test period; (+): post-challenge test period. 



598 
Turk. J. Fish.& Aquat. Sci. 21(12), 589-602 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

leukocyte differential count play important roles in 
assessing the physiological condition of the fish. 

The infection of A. hydrophila caused a decrease in 
hematocrit levels in all treatments owing to the lysis of 
erythrocytes (Wahjuningrum et al., 2020). The reduction 
in hematocrit level may be caused by blood loss, 
hemodilution, and osmoregulatory dysfunction. It is 
related to a disruption in anterior kidney function, 
because it is the primary organ for hemopoiesis 
(Koeypudsa & Jongjareanjai, 2010). Giant gourami 
treated with banana midrib extract had higher 
hematocrit levels than the fish without any treatments. 
Flavonoids contained in banana midrib extract played a 
role as an antioxidant that neutralized free radicals and 
had a role in the recovery of blood cell structure through 
erythropoiesis (Fajriyani et al., 2017). In addition, 
flavonoids positively reduce the lysis of erythrocytes 
caused by a bacterial infection via protection of 
erythrocytes’ biological membranes (Kitagawa et al., 
1992; Asgary et al., 2005).  

Leukocytes function as nonspecific immune 
systems that destroy pathogens through phagocytosis 
(Sukenda et al., 2008). The infection of A. hydrophila 
caused an increase in total leukocyte count. It was 
correlated to higher phagocytic activity as the result of 
the bacterial infection. It indicates that the immune 
system works to combat bacterial infection. Low total 
leukocyte count in preventive, curative, and controlling 
treatments at the end of the experiment was correlated 
with the immunomodulatory properties of banana 
midrib extract. Wahjuningrum et al. (2010) stated that 
flavonoids can enhance the immune responses of the 
fish. 

Lysozyme works as a phagocyte, complementary 
activation, and opsonin (Callewaert & Michiels, 2010). 
During the post-challenge test period, lysozyme activity 
increased in the groups treated with banana midrib 
extract. Giant gourami fed with banana midrib diet had 
higher lysozyme activities than untreated fish. The 
addition of flavonoids in the feed can increase leukocyte 
activation, leading to improved lysozyme secretion. 

Respiratory burst activity is a method used to 
examine the ability of phagocytic cells to reduce 
microbes by producing radical oxygen (Ielpo et al., 
2000). Flavonoid works as an antioxidant by inducing 
radical oxygen. The hydroxyl group in flavonoids would 
exert its effect by breaking radical oxygen and chelating 
ions. Flavonoid as a hydrogen and electron donor works 
as a stabilizer of radicals. Therefore, the increasing 
formation of ROS and decreasing secretion of 
microsomal monooxygenase enzymes trigger free 
radicals (Kumar & Pandey, 2013). Higher respiratory 
burst activity indicates higher induction of phagocytes to 
reduce the microbial population, whereas lower 
respiratory burst activity indicates that microbes were 
being eliminated from the host (Logambal et al., 2000). 

The administration of banana midrib extract in the 
fish diet resulted in positive impact on lymphocyte 
count. The increases in lymphocytes, monocytes, 

neutrophils, and eosinophils, which are the basic 
elements of the defense system, demonstrate the effect 
of herbal plants on body defenses (Şahan et al., 2016). 
Lymphocytes function to produce antibodies, 
acknowledge and respond to the antigen, and act as 
mediators of cellular and humoral immune responses 
(Abbas et al., 2010). Banana midrib extract may have the 
specific immunostimulatory role that can enhance 
lymphocyte count as previously reported for Lawsonia 
inermis and Echinacea purpurea (Aly et al., 2008; 
Soltanian & Fereidouni, 2016). Monocyte plays an 
important role in the defense system of the fish body. 
Monocytes transform into macrophages and may 
involve phagocytosis and the killing of pathogens upon 
the first recognition and subsequent infections 
(Sivagurunathan et al., 2011). This means that 
monocytes are just found when there is an agent 
attacking the host. This might be a reason underlying the 
presence of monocytes after an infection. Neutrophils 
are the first cells to respond to infection within 24 h and 
their levels increase during bacterial infection to 
phagocytes (Secombes, 1996). The increase in 
monocytes and neutrophils in banana midrib extract-
treated fish could be attributed to the enhancement of 
nonspecific immune response. Simultaneously, higher 
lymphocyte percentages might indicate a specific 
immune induction (Soltanian & Fereidouni, 2016). There 
were significant effects of banana midrib extract diet on 
neutrophils percentages of giant gourami, particularly in 
curative treatment during the early period of bacterial 
infection. It indicated an improvement in the activity of 
phagocytic cells to phagocyte foreign particles, so that 
the bacterial infection does not create a worse condition 
for the host. Thus, banana midrib extract is more 
effective as a curative agent as indicated by a higher 
survival of giant gourami than fish on other treatments. 
The effects of the application of herbal plants to 
increase the levels of monocytes and granulocytes were 
also reported by Nugroho et al. (2017), who found 
significant increases in the number of monocytes and 
granulocytes in fish immersed with Terminalia catappa 
L. extract during the period after A. hydrophila infection. 

 

Conclusion 
 

In conclusion, supplementation of banana midrib 
extract reduced the infection rate of MAS and induced 
the immune responses of giant gourami. Banana midrib 
extract is highly effective as a curative agent of MAS, 
resulting in 100% survival of giant gourami. 
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