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Abstract. Mulia DS, Raicha R, Lunggani CP, Erina SN, Wuliandari JR, Purbomartono C, Isnansetyo A. 2023. Antibacterial activity of 
ethanol extract of banana, cassava, and pineapple peels against a fish pathogen Aeromonas hydrophila. Biodiversitas 24: 481-485. 

Aeromonas hydrophila is the most virulent bacteria for almost all freshwater fish species. One method to control pathogenic bacteria in 
fish should be safe and environmentally friendly, including utilizing natural wastes such as banana peels (Musa paradisiaca), cassava 
peels (Manihot esculenta), and pineapple peels (Ananas comosus). These natural wastes contain bioactive compounds. Their utilization 
increases the waste value. This study aims to determine the potential of banana peel, cassava peel, and pineapple peel waste as an 
antibacterial against A. hydrophila, a causing agent of Motile Aeromonas Septicemia (MAS) in freshwater fish. Parameters observed 
included phytochemical compounds, MIC, and MBC values of banana, cassava, and pineapple peels. Phytochemical screening was 
performed using thin-layer chromatography (TLC) and foam test. The microdilution method carried out the antibacterial activity of banana 
peel, cassava peel, and pineapple peel against A. hydrophila. It determines the minimum inhibitory concentration (MIC); and the minimum 
bactericidal concentration (MBC) values. Phytochemical screening results showed that banana, cassava, and pineapple peel extracts 

contained flavonoids, alkaloids, terpenoids, tannins, and saponins. The MIC values of banana peel, cassava peel, and pineapple peel extract 
were 600, 400, and 200 µg/mL, respectively. The MBC values of banana peel, cassava peel, and pineapple peels were 4 × MIC, 2 × MIC, 
and 1 × MIC, respectively. Extract of pineapple peel exhibited better antibacterial activity than banana and cassava peels. However, the 
three waste extracts indicated the antibacterial potential to be developed as natural bactericides to control A. hydrophila bacterial disease. 
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INTRODUCTION 

Freshwater fish cultivation often encounters disease 

problems caused by the pathogenic bacteria Aeromonas sp. 

The disease caused by Aeromonas sp. is known as 

aeromoniasis or Motile Aeromonas Septicemia (MAS). 

Aeromonas hydrophila is one of the pathogenic bacteria that 

often infect many freshwater fish. Aeromonas hydrophila is 

a Gram-negative, bacillus-shaped with rounded ends, non-
spore, motile, facultative anaerobic (Stratev and Odeyemi 

2016; Abeyta et al. 2019; Yazdanpanah-Goharrizi et al. 

2020; El-Sharaby et al. 2021; Mailafia et al. 2021). The 

mechanism of bacterial pathogenicity is quite complex and 

related to virulence factors (Li et al. 2015). 

Aeromonas hydrophila infection in cultivated fish could 

be detrimental because it causes mass death. A previous 

study reported that A. hydrophila infection caused 80-100% 

fish mortality (Mulia 2012). Currently, A. hydrophila 

infection is usually treated using antibiotics. Antibiotic 

treatment in the short term and with the proper dose 
effectively overcomes the disease. However, continuous and 

uncontrolled amounts of antibiotics may have a negative 

impact, such as bacterial resistance, residues in fish, and 

environmental pollution, which have detrimental effects on 

humans (Cao et al. 2012; Deng et al. 2014). 

Alternatives treatment of A. hydrophila infection 

includes using natural ingredients containing antibacterial 

bioactive compounds (Mulia et al. 2022). The search for new 

drugs from a natural source is highly needed due to the 

increasing number of disease problems. In addition, it is 

crucial to search for new sources of drugs that are safe, 
effective, and environmentally friendly.  

Various wastes from processed food have no economic 

value. They have not been utilized, including wastes of 

banana peel (Musa paradisiaca), cassava peel (Manihot 

esculenta), and pineapple peel (Ananas comosus). The 

variety of processed foods from banana and cassava as raw 

materials and their processing business units are rapidly 

increasing. Therefore, the amount of waste from banana, 

cassava, and pineapple is also growing.  

Previous studies reported that waste of banana peels, 

cassava peels, and pineapple peels contained antibacterial 
compounds. Banana peel extract is an active antibacterial 

against several bacteria, such as A. hydrophila (Singh et al. 

2013), as well as Proteus vulgaris, Pseudomonas 

aeruginosa, Pseudomonas citri, Staphylococcus aureus, 

Salmonella typhi, Salmonella paratyphi, Klebsiella 
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pneumonia, Bacillus subtilis, and Escherichia coli (Krishna 

et al. 2013; Singh et al. 2013), Staphylococcus epidermidis, 

Porphyromonas gingivalis, and Aggregatibacter 

actinomycetemcomitans (Kapadia et al. 2015; Kumari et al. 

2020). The banana peel extract had antibacterial activity 

against S. aureus and S. pyogenes (Chabuck et al. 2013). A 

study by Odilia et al. (2022) showed that the extract of 

cassava peels was active against S. aureus, S. epidermis, and 

E. coli, while the extract of pineapple peel was active against 

S. aureus, E. coli, P. aeruginosa, Vibrio cholerae and K. 
pneumoniae (Lubaina et al. 2019). However, a study on 

cassava peel and pineapple peel extract as an antibacterial 

for A. hydrophila is still limited. Singh et al. (2013) studied 

banana peel extract as an antibacterial against A. hydrophila; 

however, the isolate of A. hydrophila was different from this 

study. Differences in isolates and strains of A. hydrophila 

may have differences in biochemical characteristics, 

pathogenicity, and bacterial resistance (Králová et al. 2016). 

The objective of this study was to determine the antibacterial 

potential of banana peels, cassava peels, and pineapple peels 

waste that can be developed as a natural bactericide to 
control A. hydrophila, a causing agent of MAS in freshwater 

fish. 

MATERIALS AND METHODS 

Samples  

The materials used in this study comprised peel wastes 

of banana (Musa paradisiaca), cassava peel (Manihot 

esculenta), and pineapple peel (Ananas comosus). The 

isolate of A. hydrophila was obtained from Bogor, West 

Java, Indonesia. Bacterial culture media used in this study 

were tryptic soy broth (TSB) (Merck, Merck Corporate, 

Kenilworth, USA), glutamate starch phenol (GSP) (Merck, 
Merck Corporate, Kenilworth, USA), Mueller Hinton Broth 

(MHB) (Conda, Condalab, Madrid, Spain). The chemicals 

used in this study activity test consisted of CaCl2, MgCl2, 

and resazurin. Antibiotics for positive control included 

enrofloxacin (Sigma, Sigma Corporate, St. Louis, Missouri, 

USA).  

Extraction of banana, cassava, and pineapple peels  

The extraction of banana, cassava, and pineapple peels 

using the maceration method. The simplicia powder of 

banana peel, cassava peel, and pineapple peel was macerated 

in 96% ethanol with a 100 g: 500 mL ethanol ratio for 2 x 24 

hours. The extract was concentrated using a rotary 
evaporator at 60ºC.  

Bacterial inoculation Aeromonas hydrophila  

Aeromonas hydrophila from pure culture was grown on 

a TSB medium and incubated at 37ºC for 24 hours.  

Phytochemical screening of banana, cassava, and 

pineapple peels extract  

The phytochemical screening of the extract was carried 

out using thin-layer chromatography (TLC) and foam test. 

The TLC test was carried out to determine the presence of 

flavonoids, alkaloids, tannins, and terpenoid compounds, 

while the foam test used the saponin compounds.  

Antibacterial activity test to determine minimum 

inhibitor concentration (MIC)  

The MIC value of the banana, cassava, and pineapple 

peel extract was carried out using the microdilution method 

against A. hydrophila. It was done on 96 wells microplate 

(CLSI 2020).  

Determination of minimum bactericidal concentration 

(MBC)  

The MIC value was used for determining the MBC 

value. Furthermore, the test concentrations were determined 

as 1 × MIC, 2 × MIC, 4 × MIC, and 6 × MIC (Isnansetyo 
and Kamei 2009) using 96 well microplates (CLSI 2020). 

Then, samples were grown on a GSP medium by applying 

the streak method and incubated at 30°C for 48 hours. Data 

analysis on the phytochemical test results, as well as MIC 

and MBC values, were analyzed. 

RESULTS AND DISCUSSION 

The phytochemical content of banana peel, cassava 

peel, and pineapple peel extract 

Based on the extraction process, the pineapple peel 

produces the highest extract (45.03%), followed by the 

cassava peel (12.90%), and the lowest was exhibited by the 
banana peel (6.43%). Phytochemical screening by TLC 

showed that the three extracts contained flavonoids, 

alkaloids, tannins, and terpenoids. Results of the foam test 

showed that all three extracts contained saponins (Table 1). 

The results of phytochemical screening in this study 

were similar to the previous studies. Extract of banana peel 

(M. paradisiaca) contains flavonoid compounds, alkaloids, 

terpenoids, tannins, and saponins (Lumowa and Bardin 

2018). A study by Amaza (2021) showed that cassava peel 

extract contained some chemical compounds such as 

alkaloids, tannins, and saponins. At the same time, the 

pineapple peel (A. comosus) contains flavonoids, alkaloids, 
terpenoids, tannins, and saponins (Gunwantrao et al. 2016).

 

 
Table 1. Phytochemical content of banana peel, cassava peel, and pineapple peel ethanol extract 
 

Extract 
Active compound 

Flavonoid Alkaloid Terpenoid Tanin Saponin 

Banana peel  + + + + + 
Cassava peel  + + + + + 

Pineapple peel  + + + + + 
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Minimum Inhibitory concentration (MIC) value  

Antibacterial activity was carried out by determining the 

MIC value. The results showed that three extracts had 

different MIC values against A. hydrophila (Table 2). All the 

extracts inhibit the growth of A. hydrophila with various 

MIC values, and pineapple peel extract had the lowest MIC 

value of 200 µg/mL. 

Based on the MIC values of the extract, so pineapple peel 

and cassava peel were within the range of 100-500 µg/mL 

and categorized as having a relatively strong antibacterial 
activity (Holetz et al. 2002). Meanwhile, MIC values of the 

banana peel extract were within the range of 500-1000 

µg/mL and categorized as weak. According to Holetz et al. 

(2002), antibacterial activities are divided into four 

categories: very strong with MIC less than 100 µg/mL, fairly 

strong with a MIC range within 100-500 µg/mL, weak with 

a MIC range within 500-1000 µg/mL, and zero with MIC 

value >1000 µg/mL. 

The ability of banana peel, cassava peel, and pineapple 

peel extracts to inhibit the growth of A. hydrophila could be 

due to antibacterial compounds in these extracts, such as 
flavonoids, alkaloids, tannins, terpenoids, and saponins. In 

general, the antibacterial mechanism of action is by 

inhibiting bacterial replication and damaging the bacterial 

structural components (Baquero and Levin 2021). 

Flavonoids have excellent antibacterial activity (Farhadi et 

al. 2019) by inhibiting nucleic acid synthesis, cytoplasmic 

membranes alteration, porins inhibition in cell membranes, 

membrane permeability changes, and pathogenicity 

attenuation (Xie et al. 2015). Flavonoids can also damage 

the cytoplasmic membrane and suppress cell wall synthesis 

caused by D‐alanine–D‐alanine ligase inhibition (Panche et 
al. 2016). 

Alkaloids contain nitrogen-containing base groups that 

are reactive to the amino acids that make up bacterial cell 

walls and DNA. This reaction causes changes in the 

structure of amino acids and results in genetic changes and 

the lysis of bacteria. The antibacterial mechanism of 

alkaloids can also interfere with the preparation of 

peptidoglycan (a component of cell walls) in bacteria, where 

the cell wall layer is not fully formed and causes bacterial 

death (Cushnie et al. 2014).  

Tannins damage cell membranes and induce the 

formation of complex compounds that attack bacterial 
enzymes, thereby increasing the tannins' toxicity to bacteria 

(Fraga-Corral et al. 2020). Tannins can shrink 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). Terpenoids are 

compounds with antibacterial potential (Yang et al. 2020). 

Terpenoids damage the bacterial cell wall and change the 

permeability of the cytoplasmic membrane, causing lysis, 

leakage of nutrients from within the cell, denaturation of cell 

proteins, and enzyme inhibition in the cell (Guimarães et al. 

2019).  
The action of saponin as an antibacterial is by denaturing 

proteins in bacterial cells. Saponins, similar to detergents, 

lower the cell surface tension before damaging the bacterial 

cell membrane. A damaged cell membrane disrupts the 

bacterial cell, and saponin diffuses into the cell through the 

cytoplasmic membrane. It disrupts membrane stability, and 

cytoplasm leakage results in cell death (Dong et al. 2020). 

Previous studies reported the antibacterial activity of 

banana peels (M. paradisiaca) against A. hydrophila (Singh 

et al. 2013). A study by Ahmed et al. (2018) showed that 

banana peel inhibits the growth of other bacteria, including 

the growth of S. aureus at 1%, 3%, and 5% with a diameter 

of inhibition zone of 0.6, 1.5, and 2 mm. The extract of 

cassava peel (M. esculenta) can inhibit S. aureus, 

epidermidis, and E. coli (Odilia et al. 2022). Still, no 
information regarding the inhibitory activity against A. 

hydrophila. The extract of pineapple peel (A. comosus) 

inhibits the growth of S. aureus with a MIC value of 1.56% 

(Loon et al. 2018).  

Other studies reported the ability of pineapple peel to 

inhibit the growth of S. mutans and S. sanguis (Goudarzi et 

al. 2019). Punbasayakul et al. (2018) showed that the MIC 

values of ethanol extract from pineapple peel against S. 

aureus, B. cereus, E. coli, and S. typhimurium were 0.0084 

g/mL, 0.0084 g/mL, 0.0168 g/mL, and 0.0084 g/mL, 

respectively. Another study reported that the ethanol extract 
of pineapple peel at 1 mg/mL could inhibit the growth of P. 

aeruginosa, S. aureus, E. coli, V. cholerae, K. pneumoniae 

with inhibition zones ranging from 11-17 mm (Lubaina et al. 

2019). The variation in MIC values in different bacterial 

species might be due to differences in isolates and strains of 

bacteria. Differences in resistance or sensitivity 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).  

Minimum bactericidal concentration (MBC) value  

MBC value was determined using 1 × MIC, 2 × MIC, 4 
× MIC, and 6 × MIC (Isnansetyo and Kamei 2009). It was 

carried out using the serial microdilution method in 96 wells 

of the microplate (CLSI 2020). The results showed that 

banana peel, cassava peel, and pineapple peel extract had 

different MBC values against A. hydrophila (Table 3). 

 

 

 
Table 2. MIC value of banana peel, cassava peel, and pineapple 

peel against Aeromonas hydrophila 

 

Extract  MIC (µg/mL) 

Banana peel  600 
Cassava peel  400 

Pineapple peel  200 

 
 
 
 
Table 3. MBC value of extract of banana, cassava, and pineapple 
peels against Aeromonas hydrophila 
 

Extract type 
MIC 

(µg/mL) 
MBC 

Antibiotic 

properties 

Banana peel  600 4 × MIC Bactericidal 
Cassava peel  400 2 × MIC Bactericidal 
Pineapple peel  200 1 × MIC Bactericidal 
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The MBC values of banana, cassava, and pineapple peel 

extracts were less than 6 × MIC, indicating that these 

extracts are bactericidal (Isnansetyo and Kamei 2009). 

Pineapple peel extract had the lowest MIC and MBC values 

indicating that pineapple peel extract had more potent 

antibacterial activity than banana and cassava peel extract. It 

was due to the active compounds in pineapple peel extract. 

The active compound influenced the values of MBC upon 

MIC in each extract. 
In conclusion, the phytochemical screening of banana, 

cassava, and pineapple peel extract showed the presence of 

The MIC value flavonoids, alkaloids, terpenoids, tannins, 

and saponins. The MIC values of banana, cassava, and 

pineapple peel extract were 600, 400, and 200 µg/mL, 

respectively. The MBC values of banana, cassava, and 

pineapple peel extract are 4 × MIC, 2 × MIC, and 1 × MIC, 

respectively. The extracts of pineapple peel exhibited better 

antibacterial potential than banana and cassava peel extract. 

The three waste extracts indicated antibacterial activity that 

might be used as natural bactericides to control bacterial 

disease caused by A. hydrophila in fish. 
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