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Abstract 

The intensification of aquaculture farms leads to stressful conditions for fish. This causes the outbreak of bacterial 

diseases and lowers production in aquaculture. Probiotics and chemical treatments are effective, but it possesses a risk to 

the environment and human health. Postbiotics emerged to become one of the treatments for bacterial diseases. In this 

study, Lactobacillus plantarum GS12 and GS13 strains were used to determine the antibacterial effect of postbiotics on 

different pathogenic bacteria. The postbiotics were extracted and both strains show positive inhibition in the screening 

test. The postbiotics from both strains of L. plantarum were then used for further testing on minimum inhibitory 

concentration. Postbiotic from GS12 showed no inhibition activity, whereas GS13 has the lowest inhibition 

concentration of 8.0 µg ml-1 when tested on Aeromonas hydrohila and Vibrio harveyi, and 16.7 µg ml-1 when tested on 

A. salmonicida and V. parahaemolyticus. Postbiotic produced by L. plantarum GS13 had better capacity in terms of 

antibacterial effect compared to L. plantarum GS12. L. plantarum GS13 postbiotics may be useful against bacterial 

disease in the future. This study shows a potential alternative control measure for bacterial disease often occurring in 

aquaculture. 
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Introduction 

Bacterial pathogens are one of the major causes of infectious diseases and mortality in wild fish stocks and fish 

cultivated in confined conditions. Infectious diseases are the main cause of economic losses in aquaculture (Tavares-

Dias and Martins, 2017) by reducing the overall performance of cultured fish. Bacterial infections occur both in 

freshwater and marine fish. Among them, Vibrio spp. and Aeromonas spp. were widely reported to cause bacterial 

infection in marine and freshwater fish species, respectively (Ina-Salwany et al., 2019; Borella et al., 2020). Through the 

discovery of growth-promoting and disease-fighting capabilities of antibiotics, fish farmers started to incorporate such 

drugs in animal feeds. With the development and widespread of antibiotics, death from infectious diseases has reduced 

dramatically. However, this has contributed to the development of antibiotic resistance in the environment (Reverter et 

al., 2020). When resistance develops, the antibiotic is no longer capable of controlling the disease caused by the 

infective agent. 

 

The use of probiotics to inhibit the growth of pathogens is viewed as an alternative to antibiotic treatment (Silva et al., 

2020). Probiotics have various beneficial effects on fish. They can help to improve fish health and performance and 

improve digestion in fish (Balcazar et al., 2006). The introduction of probiotics in aquaculture not only can improve the 

feed value, but they could inhibit the growth of pathogens, increase immune response in fish and act as growth-

promoting factors (Vine et al., 2006).  

 

Postbiotic is a newly emerged term. It was described as non-viable bacterial products or metabolic by-products formed 

from probiotic microorganisms that resemble the probiotics' favourable therapeutic effects. (Patel et al., 2013). The lack 

of cellular components in postbiotics, which lowers the danger of microbial translocation, infection, or heightened 

inflammatory responses, is considered to make them safer than probiotics (Taverniti and Guglielmetti, 2011; Aguilar-
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Toalá et al., 2018). Postbiotics have also been reported in inhibiting opportunistic pathogens that cause infection in 

animals (Kareem et al, 2014). 

Lactobacillus plantarum is a Gram-positive, short-rod, acid-tolerant and a heterofermentative group of Lactobacilli 

(Arasu et al., 2013). Among all the other lactic acid bacteria, L. plantarum is the most versatile species with useful 

properties and is commonly found in fermented food products (Guidone et al., 2014). It has several properties which can 

prevent the growth of bacteria, which includes probiotic properties, antimicrobial activity, antifungal effects, antioxidant 

properties, and antimutagenic activity (Behera et al., 2018).  

 

The antibacterial activity of L. plantarum is commonly studied against various pathogens. L. plantarum inhibited Vibrio 

parahaemolyticus, V. vulnificus, V. alginolyticus, V. mimicus, V. harveyi and V. anguillarum (Koga et al., 1998; Nguyen 

Thi Truc et al., 2019).  The previous studies reported that L. plantarum GS12 and GS13 showed the antagonistic effects 

on the pathogen (Ang and Lal, 2019) and the L. plantarum GS12 postbiotic possessed an antifungal effect on marine 

oomycete, Lagenidium thermophilum (Joning et al., 2021). This study was then conducted to investigate the 

antibacterial potential of L. plantarum GS12 and GS13 postbiotics. This study may contribute to add-on value to the 

postbiotic of L. plantarum which potentially has a wide antimicrobial spectrum against aquaculture pathogens. 

 

Materials and Methods 

Bacterial Samples and Pathogens 

Two strains of L. plantarum, L. plantarum GS12 and GS13, used in this study were isolated from the gut of white leg 

shrimp, Litopenaeus vannamei (Ang and Lal, 2019). The bacterial stocks were readily available in Borneo Marine 

Research Institute bacterial culture collection. In order to represent freshwater and marine bacterial pathogens, 

respectively, two species from the genus Aeromonas and two species from the genus Vibrio were utilised in this study. 

The selected Aeromonas species was Aeromonas hydrophila ATCC7965 and A. salmonicida ATCC33658. Meanwhile, 

V. harveyi ATCC35084 and V. parahaemolyticus ATCC17802 were selected for Vibrio species. All four pathogens used 

for this study were obtained from the American Type Culture Collection. The bacteria were cultured and maintained in 

TSB media for 24 hours before tested. For marine bacterial pathogens, the TSB media was supplemented with 2% NaCl. 

 

Postbiotics Extraction 

Solvent extraction method was used for extraction of postbiotic from both strains of L. plantarum. The method was 

modified based on the study of Lv et al. (2017). Approximately 80µl of L. plantarum was inoculated into MRS broth 

and incubated at room temperature for 24 hours. About 15ml of L. plantarum culture was poured into a 

conical centrifuge tube (FALCON) and centrifuged at 5000rpm for 15 minutes. The supernatant was collected and the 

pH of the supernatant was adjusted to pH7 using sodium hydroxide (NaOH). Ethyl acetate was added into the pH-

adjusted supernatant at 1:1 ratio and mixed thoroughly. The solution was leave for approximately 30 minutes at room 

temperature to form layers (organic and aqueous layers). Organic layer was collected and the solvent was evaporated 

using a rotary evaporator. Tris buffer pH 7.0 was added at one fifth of original volume of bacterial supernatants. The 

extract was mixed and stored 4 °C before used. 

 

Postbiotic Concentrations 

Currently, there is no standardized method reported to evaluate the concentration of postbiotics. Therefore, this study 

used Bradford protein assay for determination of the postbiotic concentration (Kielkopf et al., 2020). This study used 

Biobasic Bradford Reagent and the protocol followed its manufacturer’s instructions. The protein standard curved was 

prepared using bovine serum albumin (BSA). BSA stock solution was prepared into six standard solutions of 

concentration 5, 20, 40, 60, 80 and 100 µg ml-1. About 30 l of standard solutions and L. plantarum postbiotic extracts 

were transferred to empty test tubes. Each test tube received 1.5 ml of Bradford reagent, which was thoroughly mixed 

in. The mixes were incubated for five minutes at room temperature. With the aid of a UV/Vis spectrophotometer, the 

absorbance is measured at 595 nm. The protein concentration of both postbiotic was determined using the formula 

derived from the standard curved. 

 

Antibacterial Effect of Postbiotics 

Agar well diffusion method (Chen et al., 2019) was used to determine the antimicrobial effect of postbiotic from L. 

plantarum. A hole was made in each of the four parts of the agar plates using a sterile 5mm cock borer. The drilled hole 

was filled with about 20 l of TSA solution to seal off the bottom. Before use, the agar plates were allowed to completely 

dry. A sterile cotton bud was used to evenly distribute bacteria pathogens on top of the molten agar. Each postbiotic 

extract was inoculated into the wells with around 100 l. As a control, sterile Tris buffer pH 7.0 was used. The agar plates 

underwent a 24-hour incubation period at 25 °C. The antimicrobial effect was determined by observing the presence of 

inhibition growth zone of bacterial pathogens (Hafidh et al., 2011) after 24 hours of incubation period.  

 

Minimum Inhibitory Concentrations 

The minimum inhibitory concentration (MIC) of postbiotic against bacteria pathogens was determined by using 

modified broth microdilution method by Balouiri et al. (2016). The initial concentration of the postbiotic extract was 

regard as 100%. It was then diluted to 50%, 25%, 12.5%, 6.25% and 3.125% of the original concentration. The lowest 
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concentration where the isolate was completely inhibited was known as the minimal inhibitory concentration or MIC. 

The tests were conducted in triplicates. Bacterial growth was monitored through optical density (OD) of bacterial 

suspensions by using spectrophotometer with wavelength 600nm (OD600). The optical density of the solutions was 

determined after incubation at room temperature for 24 hours. 

 

Results 

The results of protein concentration and antibacterial effect are shown in Table 1. The Bradford assay result showed that 

the concentration of protein in the L. plantarum GS12 and GS13 extracts were 66.7 µg ml-1 and 64.1 µg ml-1, 

respectively. Screening test showed the postbiotics from both L. plantarum have antibacterial activities against all 

bacterial pathogens (A. hydrophila ATCC7965, A. salmonicida ATCC33658, Vibrio harveyi ATCC35084 and V. 

parahaemolyticus ATCC17802). They showed transparent inhibition zone on the media inoculated with aquaculture 

bacterial pathogens (Figure 1). 

 

Table 1 Protein concentration of postbiotic L. plantarum GS12 and GS13 and their antibacterial activities against V. 

harveyi, V. parahaemolyticus, A. salmonicida and A. hydrophila 

Postbiotic 

Protein 

Concentration 

(µg ml-1) 

Antibacterial Activity* 

V. harveyi ATCC 

35084 

V.parahaemolyticus 

ATCC 17802 

A. salmonicida 

ATCC 33658 

A.  hydrophila 

ATCC 7965 

L.plantarum GS12 66.7 + + + + 

L.plantarum GS13 64.1 + + + + 

* + = Positive; - = Negative 

 

 
 

Figure 1: Antibacterial activity of (A) postbiotic extract of L. plantarum GS12 against V. harveyi, (B) postbiotic extract 

of L. plantarum GS13 against V. harveyi, (C) postbiotic extract of L. plantarum GS12 against V. parahaemolyticus, (D) 
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postbiotic extract of L. plantarum GS13 against V. parahaemolyticus, (E) postbiotic extract of L. plantarum 

GS12 against A. salmonicida, (F) postbiotic extract of L. plantarum GS13 against A. salmonicida, (G) postbiotic extract 

of L. plantarum GS12 against A. hydrophila and (H) postbiotic extract of L. plantarum GS13 against A. hydrophila. 

As both the postbiotic extracted from GS12 and GS13 showed positive inhibition activity in the antimicrobial screening 

test, both extracts were carried forward for the minimum inhibitory concentration (MIC) test. Based on the Bradford 

assay, the concentration (µg ml-1) of L. plantarum GS12 and GS13 used in the MIC assay was 33.4, 16.7, 8.3, 4.2, 2.1 

µg ml-1, and 32.1, 16.0, 8.0, 4.0, 2.0 µg ml-1, respectively.  The result (Figure 2) showed that there was no inhibition 

activity observed on all aquatic pathogens tested in MIC assay using postbiotic extracted from L. plantarum G12. As for 

L. plantarum GS13 postbiotic, the lowest concentration for the postbiotic to inhibit the growth of pathogens was at 8.0 

µg ml-1, which was observed on A. hydrophila ATCC7965 and V. harveyi ATCC35084. Whereas A. salmonicida 

ATCC33658 and V. parahaemolyticus ATCC17802 were inhibited at a concentration of 16.7 µg ml-1. 

 

 
 

Figure 2: Minimum inhibitory concentration assay of L. plantarum GS12 and GS13 to four bacterial pathogens (A. 

hydrophila ATCC 7965, A. salmonicida ATCC 33658, Vibrio harveyi ATCC 35084 and V. parahaemolyticus ATCC 

17802) at different concentration of postbiotics. The OD value appear on certain bacterial pathogens indicate that the 

bacteria growth was not inhibited at that particular concentration. 

 

Discussions 

Postbiotic produced by L. plantarum GS12 and GS13 strains showed positive antibacterial activities against the four 

selected pathogens, A. hydrophila ATCC7965, A. salmonicida ATCC33658, V. harveyi ATCC35084, and V. 

parahaemolyticus ATCC17802. The inhibitory effect is portrayed by the clear, distinct zone formed around the wells. 

The antibacterial activities exhibited by the postbiotic may be explained by the various reports from previous studies. 

A 

B 
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pH neutralised filtered supernatant of L. plantarum inhibited Pseudomonas fluorescens (Mahrous et al., 2015). Cell-free 

supernatant (CFS) of L. plantarum showed antimicrobial activity against E. tarda, Streptococcus iniae, A. veronii, P. 

fluorescens, A. hydrophila (Pimentel and Katagiri, 2008; Kang et al., 2016; Kumar et al., 2011; Tremonte et al., 2017; 

Giri et al., 2011). CFS of L. plantarum in the study by Todorov et al. (2011) and Du et al. (2018) inhibited S. agalactiae 

and P. fluorescens, respectively, after pH adjustment. pH adjusted and enzyme proteinase K treated CFS of L. 

plantarum also reported able to inhibit Lac. garvieae (Pérez-Sánchez et al., 2011). Furthermore, the crude extract of L. 

plantarum obtained with ethyl acetate extraction showed Aeromonas sobria biofilm inhibition (Lv et al., 2021). 

 

This study also found that the postbiotics from L. plantarum is not species specific. This might be caused by various 

metabolic by-products such as bacteriocins, peptides, , polysaccharides, enzymes, cell surface proteins, peptidoglycan-

derived muropeptides, teichoic acids and organic acids (Aguilar-Toalá et al., 2018) that present inside the postbiotics. A 

previous study by Lv et al. (2018) reported that L. plantarum bacteriocin inhibits different species of bacteria. This 

might also indicate that postbiotics have a wide spectrum of antibacterial effects. A wide spectrum of antibacterial 

effects may show that postbiotics have almost similar function to antibiotic (Nataraj et al., 2020). The findings in this 

study also showed that postbiotic produced by L. plantarum GS13 had a better capacity to inhibit all the aquatic 

pathogens used in this study compared to L. plantarum GS12. The effect on the pathogens can variate due to the 

difference in physiological and biochemical properties among different strains of L. plantarum. Both L. plantarum GS12 

and GS13 were reported to differ in term of proteolytic activities (Ang and Lal, 2019). 

 

The bacteria strains used for postbiotic extraction originated from marine shrimp. However, the postbiotics was able to 

inhibit the growth of freshwater pathogens. This might suggest that probiotic bacteria isolated from various 

environments had the potential to inhibit different species of bacterial pathogen. Ismail et al. (2016) reported that 

bacteria from macroalgae have antibacterial activities against human pathogens. Thus, this help widens the prospect of 

the application of marine bacteria to control freshwater bacterial diseases or vice versa. Nonetheless, further research is 

needed in this aspect.  

 

In conclusion, postbiotics produced from both strains of L. plantarum were able to inhibit the activity of pathogens 

through antibacterial screening tests. Postbiotic extracted from L. plantarum GS13 exhibited a higher and obvious 

inhibitory activity against the four selected pathogens compared to L. plantarum GS12. MIC test conducted using 

postbiotic extracts from GS12 did not show any positive results, as it might require a higher concentration to inhibit the 

pathogenic activities. Further study should be conducted to determine the exact compound with inhibitory activity of the 

postbiotics and to optimize the production of the postbiotics. It was also crucial to study on the optimized concentration 

of postbiotics to be used in aquaculture species so that it might help the aquaculture industry to fight against bacterial 

disease in the future. 
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