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ABSTRACT

Probiotics have been increasingly considered an alternative to antibiotics in combating
disease outbreaks. Combined probiotics have been studied to possibly harbor synergistic
effects that could provide better protection for aquatic species. Three potential probiotics,
which had shown in vitro antagonism towards 4deromonas hydrophila in this study, were
Bacillus amyloliquefaciens (L9, isolated from the blue swimming crab), Lysinibacillus
fusiformis (A2, isolated from a microalga), and Enterococcus hirae (LAB3, isolated
from the Asian seabass) were combined into a probiotic mixture. The probiotic mixture
produced significantly higher biofilm (P < 0.05) (2.441 £ 0.346) than A. hydrophila (0.578
+ 0.124) during 24-h and showed a continuous increase in production at 48-h and 72-h
time intervals, respectively. Furthermore, no hemolytic action was observed when the
probiotic mixture was streaked on sheep blood agar (5%), whereas A. hydrophila presented

a-hemolysis. The lowest concentration
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CFU mL" to 6.883 £ 0.015 CFU mL"' was
observed at 12 hours of co-incubation. Hence,
this research suggests that the probiotic
mixture of L9, A2, and LAB3 potentially
confers protection against A. hydrophila
infection due to their characteristics meeting
the criteria of probiotics.

Keywords: Aeromonas hydrophila, antagonism,
biofilm formation, hemolytic activity, probiotic

mixture

INTRODUCTION

Aquaculture is a rapidly expanding
multibillion-dollar industry with a
compound annual growth rate of 5.3% per
year (2001-2018) compared to terrestrial
meat production, standing at 2.7% (Food
and Agriculture Organization of the United
Nations [FAO], 2020). Global aquaculture
production reached a record of 114.5 million
tonnes in 2018, providing >50% of food
fish for human consumption (FAO, 2020).
Furthermore, with the human population
projected to exceed 9 billion by 2050,
farmed fish and shellfish production will
need to increase by 133% to meet worldwide
fish demands (Duarte et al., 2020).
Aquaculture, also known as aquafarming,
produces fish, crustaceans, mollusk, aquatic
plants, algae, and other organisms in marine,
brackish, and freshwater systems under
controlled conditions (FAO, 2020; Naylor
et al., 2021). One of the main causes of
economic loss in cultured fish is bacterial
diseases where under stressful conditions,
the pre-existing bacteria invade the host
and causes a disease outbreak (Fazio, 2019;

Morae & Martins, 2004). Aeromonads
such as A. hydrophila and A. veronii spread
horizontally, causing hemorrhagic disease,
ulcerative syndrome, and Motile Aeromonas
Septicemia (MAS) in fish, usually resulting
in high mortalities, especially in farmed
warm-water fishes (Gudmundsdottir &
Bjornsdottir, 2017; Janda & Abbott, 2010).
Experimental challenge of Oreochromis
aureus with A. hydrophila revealed massive
hemocyte aggregation and cellular necrosis
of gills, hepatopancreas, and to a lower
extent in the digestive system of infected
fish (AlYahya et al., 2018).

For decades, animal disease prevention
and treatment have revolved around
using chemical additives and veterinary
medicines, especially antibiotics. However,
reports on the detrimental effects caused by
the broad spectrum of chemotherapeutics,
such as the emergence of drug-resistant
bacteria, potential human health hazards,
environmental contamination, and
elimination of gut microflora beneficial
to fishes, have triggered interest in
experimentation with biological and eco-
friendly approaches (Akanmu, 2018).

The development of alternative
therapies to eradicate bacterial pathogens in
animal production is indispensable. Several
methods have been successfully tested in
the aquaculture industry, particularly the
application of probiotics (Cavalcante et al.,
2020; Munir et al., 2018). Probiotics are live
microorganisms beneficial to the host, which
alter the microbial community associated
with the host or environment, ensuring
better feed utilization, health improvement,
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and enhanced disease resistance (Tran
et al., 2022; Yilmaz et al., 2022). Most
probiotics used as biological control agents
in aquaculture are lactic acid bacteria (LAB)
(Lactobacillus, Enterococcus, Lactococcus,
Micrococcus, and Carnobacterium) (Roman
et al., 2012). In addition, other genera
or species belonging to the genus Vibrio
(Restrepo et al., 2021), Bacillus (Elsabagh
etal., 2018), Pseudomonas (Qi et al., 2020),
and Aeromonas (Jinendiran et al., 2021)
were also extensively studied. One such
example of probiotics application is the diet
supplementation of Bacillus licheniformis to
Oreochromis mossambicus, which showed
the potential to reduce ammonia toxicity,
improve growth performance, general health
status as well as resistance to a pathogen
(A. hydrophila) (Gobi et al., 2018; Gopi
et al., 2022). However, many studies only
emphasized the different health effects
produced by single-strain probiotics, such
as Bacillus subtilis in the red hybrid tilapia
(Oreochromis sp.) (Ng et al., 2014) and
Lactobacillus plantarum in the Nile tilapia
(Oreochromis niloticus) (Gewaily et al.,
2021).

Nevertheless, the supplementation
of multi-strain probiotics (MSPs)
is relatively new. The combination of
probiotics containing Bacillus subtilis
E20, Lactobacillus pentosus BD6,
Saccharomyces cerevisiae P13, and
Lactobacillus fermentum LW?2 was observed
to improve the growth performance and
health status of the Asian seabass (Lates
calcarifer) (Lin et al., 2017). The efficacy
of MSPs is due to symbiosis caused by the
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positive interrelationship between candidate
strains (Puvanasundram et al., 2021). A
previous study highlighted the benefits of
supplementing mixed probiotics (combining
Lysinibacillus fusiformis SPS11, Bacillus
amyloliquefaciens L9, and Enterococcus
hirae LAB3) to improve biofloc production
in red hybrid tilapia culture (Zabidi,
Yusoff, et al., 2021). Another study showed
mixed probiotics (L. fusiformis SPS11, L.
fusiformis A2, and Bacillus megaterium
124) protected Artemia against Vibrio
alginolyticus infection (Chean et al., 2021).
Thus, the present study aimed to determine
whether the probiotic mixture (containing B.
amyloliquefaciens 1.9, L. fusiformis A2,
and E. hirae LAB3) was selected based on
a series of in vitro antagonistic assays and
could potentially eliminate A. hydrophila
and can ultimately be categorized as a
beneficial probiotic mixture. Additionally,
the biofilm formation capability of the
probiotic mixture was also assessed in this
study.

MATERIALS AND METHODS
Probiotic Strains

The agar and broth media used in this
study were Trypto-casein soy agar (TSA)
(Biokar Diagnostics, France) and Trypto-
casein soy broth (TSB) (Biokar Diagnostics,
France), respectively. In addition, potential
probiotics used in this study were isolated
and identified through earlier research at
the Laboratory of Fish Health, Department
of Aquaculture, Faculty of Agriculture,
Universiti Putra Malaysia (Table 1).
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Table 1

Potential probiotics isolated from different hosts

Probiotic Strain Genbank Host Reference
accession
number
Bacillus L9 MN096656 Blue swimming Azrin et al.
amyloliquefaciens crab (Portunus (2019)
pelagicus)
Enterococcus hirae LAB3 MK757970 Asian seabass Masduki et al.
(Lates calcarifer) (2020)
Lysinibacillus A2 MK764895 Microalga Rosland et al.
fusiformis (Amphora sp.) (2021)

All isolates were cultured overnight
in the TSB medium before any screening
assays. Aeromonas hydrophila, provided
by Laboratory of Aquatic Animal Health
and Therapeutics, Institute of Biosciences,
Universiti Putra Malaysia, was previously
isolated from diseased Oreochromis sp. A
single colony from each potential isolate
and 4. hydrophila was picked and inoculated
separately into the TSB medium and
incubated at 30 °C for 24 h.

Antagonistic Screening of Potential
Probiotics and Mixture

All potential probiotics were screened in
vitro on TSA agar to test for inhibitory
effects against 4. hydrophila. Overnight
cultures of probiotics and the pathogen
were centrifuged at 1,957 x g for 10 min.
The supernatant was discarded, and cells
were resuspended with distilled water
(ddH,0). The absorbance of the resuspended
overnight culture of A. hydrophila was
measured using the UV Spectrophotometer
(Eppendorf, Germany) at 550 nm to adjust
the concentration of the bacterial culture.

The agar well diffusion assay was used
as a primary screening step to determine the
antagonism of potential probiotics towards
A. hydrophila. The assay was conducted on
TSA agar using isolates cultured overnight
in TSB following Rengpipat et al. (2008),
with some modifications. After 24 h, the
pathogenic A. hydrophila was diluted to
the concentration of 10° CFU mL"' and
swabbed onto the TSA agar using a sterile
cotton swab. Next, the agar was punched
with a 5 mm sterile cork borer, and 10
uL of the overnight culture of potential
probiotics (10°CFU mL"") was inoculated
into the well. The plate was then incubated
at 30 °C for 24 h, and the inhibition zones
were observed while measuring the diameter
in mm. Furthermore, an equal volume
(1:1:1) of the probiotics was added to a
1.5 mL microcentrifuge tube to produce a
probiotic mixture. The probiotic mixture
was then incubated for 20 min at 30 °C. The
antagonistic activity of the probiotic mixture
against A. hydrophila was also evaluated as
described above.
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Compatibility Assay of the Selected
Potential Probiotics

The compatibility among selected probiotics
was also evaluated using the agar well
diffusion assay (Rengpipat et al., 2008). The
probiotics combined into a probiotic mixture
were cultured overnight in TSB prior to the
assay. A sterile cotton swab was used for
each probiotic to obtain the culture before
spreading it onto the TSA. Afterward, a 5
mm cork borer was used to punch two wells
on the swabbed agar to inoculate the other
two probiotics. These steps were repeated
for each probiotic in triplicate. Finally, the
plates were incubated for 24 h at 30 °C, and
the presence of any inhibitory zones was
duly recorded.

In vitro Hemolysis Assessment

Sheep blood agar plates (5%) (Thermo
Scientific Microbiology Sdn. Bhd.,
Malaysia) were used to detect the presence
of hemolysin in the hemolysis test to rule
out potential pathogenicity. This assay
determines whether the probiotic mixture
(comprising B. amyloliquefaciens L9, L.
fusiformis A2, and E. hirae LAB3) can
produce enzymes that destroy red blood
cells if supplemented with a host. Overnight
cultures of the potential probiotic mixture
and A. hydrophila (positive control) were
streaked onto two separate blood agar plates
and incubated overnight for 30 °C. After
24 h, the results of both blood agars were
compared, and the presence or absence of
clearing zones around the colonies was
observed to interpret the hemolytic activity.
Isolates that caused no change in the agar
around the colonies were considered non-
hemolytic (y-hemolysis), and isolates

showing a clean zone around colonies were
considered to be hemolytic (B-hemolysis)
(Foulquié Moreno et al., 2003).

Biofilm Production Assay

With some modifications, the biofilm
production assay was conducted following
(Bruhn et al., 2007). Before conducting
the assay, the potential probiotics and A.
hydrophila were cultured overnight in the
TSB medium on an orbital incubator shaker
(BioSan Laboratories Inc., Latvia). The
biofilm production assay was performed in
triplicate for each sample: the control (TSB
only), A. hydrophila only, probiotic mixture
only, and the three selected single probiotics
during 6-, 12-, 24-, 48-, and 72-h, respectively.
Initially, 2 mL of TSB media was added into
separate glass vials, followed by 200 pL
of each bacterial culture at a concentration
of 10° CFU mL"". The glass vials were left
to incubate at room temperature without
shaking, and the biofilm formation was
observed over the specified period. At every
sampling interval, the contents in the glass
vials were discarded and thoroughly rinsed
with distilled water to remove poorly adhered
cells. Next, the crystal violet (200 pL, 0.2%)
dye was aliquoted into the glass vials to stain
the contents. Finally, the glass vials were
rinsed thoroughly with ddH,O to remove
excess crystal violet stain. Subsequently,
the crystal violet stain was eluted with
95% ethanol (Systerm, Malaysia)), and the
absorbance level was measured using the UV
Spectrophotometer (Eppendorf, Germany)
at 550 nm for each respective sample. The
biofilm formation of a probiotic mixture,
constituent single strain probiotics, and A.
hydrophila was recorded and compared.
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Minimum Inhibitory Concentration
(MIC) of the Potential Probiotic Mixture
against Aeromonas hydrophila

The probiotic mixture of B. amyloliquefaciens
L9, L. fusiformis A2, and E. hirae LAB3 was
further analyzed for its inhibitory potential
against A. hydrophila. Minimum inhibitory
concentration is done to determine the
lowest concentration of the potential
probiotic mixture that can inhibit the
growth of pathogenic A. hydrophila in a
liquid medium (Andrews, 2001). Before
the assay, selected single strain probiotics
and A. hydrophila were cultured overnight
in the TSB medium. The next day, the
potential probiotics were combined to
produce a probiotic mixture and allowed to
incubate for 20 min. Absorbance levels of
both probiotic mixture and pathogen were
measured using the UV Spectrophotometer
(Eppendorf, Germany) at 550 nm. The
pathogen was adjusted to the concentration
of 10° CFU mL. Next, each concentration
of the potential probiotics (10' CFU mL" to
10° CFU mL™") was inoculated and cultured
individually with 4. hydrophila at 10°
CFU mL" in Falcon tubes. The tubes were
allowed to incubate overnight on an orbital
incubator shaker (BioSan Laboratories
Inc., Latvia) at 30 °C. The following day,
1 mL from each tube containing different
concentrations of the probiotic mixture co-
cultured with the pathogen was transferred
into 1.5 mL Eppendorf tubes for serial
dilution to ease the counting of colonies.
The serially diluted cultures (100 ulL) were
plated on Aeromonas Isolation Medium
Base (HiMedia, India). The plates were
incubated overnight at 30 °C, and afterward,

the colonies of A. hydrophila were counted
as colony-forming units per mL (CFU mL™")
using the following formula:

CFUmL- = (Number of colonies) x (Dilution factor)
Volume of culture plate (mL)

Co-culture Assay of the Potential Probiotic
Mixture with Aeromonas hydrophila

The co-culture assay is a liquid medium
used to observe and quantify the interaction
between the potential probiotic mixture
and pathogen over time (Vasecharan &
Ramasamy, 2003). As determined from
the minimum inhibitory concentration
assay, the concentration of the potential
probiotic mixture used was 107 CFU mL",
whereas the concentration of pathogen, 4.
hydrophila, was 106 CFU mL"'. Samples
were taken at 0-, 6-, 12-, 24-, 48-, and 72-h.
At each sampling interval, 100 pL of the co-
culture treatment was serially diluted for the
ease of counting the colonies and proceeded
to plate on Aeromonas Isolation Medium
Base (HiMedia, India). Then, suitable
dilution was aliquoted onto the medium, and
colonies of A. hydrophila were counted as
CFU mL"! using the formula below:

CFUmL- = (Number of colonies) x (Dilution factor)
Volume of culture plate (mL)

Statistical Analysis

Statistical analysis was performed with
IBM SPSS Statistics 20 software. All
data collected were analyzed using a
one-way analysis of variance (ANOVA).
In addition, Tukey’s test was applied for
pairwise comparison of the means. Data

948 Pertanika J. Trop. Agri. Sci. 45 (4): 943 - 959 (2022)



In vitro Assessment of Multistrain Probiotic

were expressed as mean + standard error
of the mean (SEM) at a significant level of
P <0.05.

RESULTS

Antagonistic Screening of Potential
Probiotics and Mixture

All three potential probiotics had an
inhibitory effect against A. hydrophila, as
indicated by the clear zone around the well
(Figure 1). The inhibitory zone recorded by
B. amyloliquefaciens L9 was 14.5 £ 0.3 mm
(Table 2), whereas L. fusiformis A2 has the

Table 2

highest inhibitory zone size with an average
of 15.5 = 0 mm. Contrarily, E. hirae LAB3
only showed the presence of inhibitory
activity, but the inhibition zone could not
be quantified. Therefore, a well diffusion
assay was conducted using the mixture to
ensure that the antagonistic activity of the
probiotic mixture against A. hydrophila
was conserved. Zones of inhibition were
measured and recorded accordingly in Table
2. The probiotic mixture (L9 + LAB3 + A2)
inhibited the growth of A. hydrophila with
an inhibition zone size of (15 + 0) mm.

Antagonistic screening of potential probiotics against Aeromonas hydrophila

Potential probiotic Strain Diameter of inhibition zone (mm) + SEM
Bacillus amyloliquefaciens L9 145+0.3
Enterococcus hirae LAB3 +
Lysinibacillus fusiformis A2 155+0
Probiotic mixture L9 +LAB3 +A2 15+0

Note. Size of inhibition zone = SEM, n = 3; + = The presence of inhibitory zone but not measurable

Figure 1. Inhibition zones of potential probiotic strains against Aeromonas hydrophila at a concentration of
10° CFU mL"! were produced in in vitro well diffusion assay. Clear zones indicate the inhibitory activity by the
respective probiotic mixture (A) = Bacillus amyloliquefaciens (L9), Enterococcus hirae (LAB3), Lysinibacillus
Sfusiformis (A2); (B) = L9 + LAB3 + A2 (Probiotic mixture)
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Compatibility Assay of Selected
Probiotics

The selected probiotics, consisting of B.
amyloliquefaciens L9, L. fusiformis A2,
and E. hirae LAB3, were tested for their
compatibility. All probiotics showed no
presence of inhibition when tested against
each other. It indicates that the functionality
of each probiotic will not be affected when
combined into a mixture.

In vitro Hemolysis Assessment

The probiotic mixture showed a lack of
hemolysis activity in the area surrounding
the bacterial colony and was classified
as y- hemolysis (Figure 2). In contrast,
A. hydrophila exhibited a clear zone of
hemolysis representing the complete
breakdown of the hemoglobin of the red
blood cells in the vicinity of the bacterial
colony and was classified as B-hemolysis.

-~

Figure 2. Potential probiotic mixture (containing Bacillus amyloliquefaciens 1.9, Lysinibacillus fusiformis A2,
and Enterococcus hirae LAB3) (Left) and Aeromonas hydrophila (Right) streaked on the blood agar

Biofilm Production Assay

Biofilm assay determines the probiotic
mixture’s ability to produce biofilm to confer
protection against 4. hydrophila. During 6-,
12-,24-,48-, and 72-h, the absorbance of the
stained-biofilms produced by 4. hydrophila,
probiotic mixture (B. amyloliquefaciens L9,
L. fusiformis A2, and E. hirae LAB3), and
its single probiotics were shown in Figure 3.

The biofilm formation of the probiotic
mixture showed an increasing trend from
6- to 72-h. The absorbance reading for the
probiotic mixture was significantly higher (P
>0.05) (2.441 +0.346) than the pathogen A.
hydrophila (0.578 = 0.124) at 24-h interval.
Moreover, the biofilm production of single-
strain probiotics showed no significant
results. Hence, the probiotic mixture harbors
a synergistic effect to produce a higher
amount of biofilm.
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Figure 3. The biofilm production by Aeromonas hydrophila, probiotic mixture (L9 + A2 + LAB3), and single-
strains probiotics (L9, A2, and LAB3) during 6-, 12-, 24-, 48-, and 72-h. Different alphabets indicate significant

differences among treatments (P < 0.05)

Note. L9 = Bacillus amyloliquefaciens; A2 = Lysinibacillus fusiformis; LAB3 = Enterococcus hirae

Minimum Inhibitory Concentration of
the Potential Probiotic Mixture Against
Aeromonas hydrophila

The assay was carried out to determine
the lowest concentration of probiotic
mixture that could inhibit the growth of
A. hydrophila in liquid mode when they
were cultured together in TSB. The 4.
hydrophila count reduced significantly (P
< 0.05) when treated with 107, 108, and 10°
CFU mL"! of the probiotic mixture (Figure
4). Nevertheless, the probiotic mixture at
concentrations ranging from 10' to 10° CFU
mL! showed no significant effect (P> 0.05)
in inhibiting the growth of A. hydrophila.
Hence, the lowest concentration of probiotic
mixture required to inhibit the growth of 4.
hydrophila was 10’ CFU mL"!.

Co-Culture Assay of the Potential
Probiotic Mixture with Aeromonas
hydrophila

Based on the minimum inhibitory
concentration assay, the lowest concentration
of probiotic mixture that significantly
reduced (P < 0.05) the growth of A4.
hydrophila was 107 CFU mL-. The MSP
concentration at 10" CFUmL™! was further
used to analyze the interaction between
the probiotic mixture and A. hydrophila
during 0-, 6-, 12-, 24-, 48-, and 72-h
(Figure 5). The co-culture treatment (T2)
(107 CFU mL"! probiotic mixture + 10°
CFU mL" A. hydrophila) demonstrated a
gradual significant decrement (P < 0.05)
in pathogen count at all time intervals.
The most significant reduction (P > 0.05)
observed was at 72-h, where the probiotic
mixture reduced the Aeromonas count from
8.91 £ 0.02 CFU mL"! to 5.781 £ 0.01
CFU mL..
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DISCUSSION

Aquaculture has been increasingly viewed
as an important sector for food security with
the growing global human population. The
industry has drastically developed due to
the intensification of cultivation methods.
However, disease outbreaks are the most
significant constraint that causes damaging
effects on the economic development of
the aquaculture sector worldwide (Hai,
2015). Moreover, antimicrobials have put
pressure on developing a more sustainable
alternative. Therefore, the screening of
beneficial probiotics through in vivo and
in vitro assessments are necessary for
supplementing aquatic animals to obtain
favorable results (Van Doan et al., 2021).
For instance, in this study, a potential
probiotic mixture (L9 + LAB3 + A2),
which showed no hemolytic action and
showed high biofilm formation, significantly
inhibited the growth of A. hydrophila when
tested in vitro.

The efficiency of antagonistic activity
is one of the modes of action of probiotics
(Yi et al., 2019). Thus, it is a critical
prerequisite when screening for potential
probiotics. Furthermore, the higher growth
rate of probiotics compared to pathogenic
microbes causes the exclusion of pathogenic
microbes due to competition for adhesion
sites (Kuebutornye et al., 2020). Thus, the
present study indicated that the inhibitory
activities of the potential probiotics against
A. hydrophila suggest them as promising
candidates for a probiotic mixture.

The formulation of multi-species
probiotics is vital as they confer

Pertanika J. Trop. Agri. Sci. 45 (4): 943 - 959 (2022)

beneficial synergistic effects to the host
(Puvanasundram et al., 2021). In this study,
the antagonism between selected single
strain probiotics and 4. hydrophila reflects
the antagonistic activities of the multi-
species probiotic mixture. The compatibility
between B. amyloliquefaciens L9, L.
fusiformis A2, and E. hirae LAB3 indicated
that these probiotic strains could be used in
a probiotic mixture without affecting each
other’s functionality in the host (Toscano
etal., 2014).

A safety assessment test is important for
the evaluation of probiotics. The absence of
hemolytic activity by the potential probiotics
suggested that the probiotic mixture is non-
virulent and lacks hemolysin (Yasmin et
al., 2020). Hemolysis is the breakdown
of the membrane of red blood cells by a
bacterial protein known as hemolysin,
which catalyzes the release of hemoglobin
from the red blood cells. Many researchers
reported that probiotics should not show any
hemolytic activity (Kaktcham et al., 2018;
Nayak & Mukherjee, 2011).

Biofilms play a major role in bacterial
proliferation and persistence by assisting in
the tolerance to external impacts, including
antimicrobials (Flemming et al., 2016).
The mechanism of biofilm production by
probiotic strains is to outcompete pathogenic
bacteria for the source of nutrients and
habitat colonization (Bhandary et al.,
2021). The current results demonstrated
that the potential probiotic mixture, when
supplemented with a host, may provide
functionality in competing against A.
hydrophila in the gut, thus protecting the

953



Olivia Wye Sze Lee, Puvaneswari Puvanasundram,
Keng Chin Lim and Murni Karim

host. The present findings also suggested
that the potential probiotics synergistically
complement each other when combined
into a probiotic mixture and could be more
effective in producing biofilm than its
constituent single-strain probiotics.

The current study showed that the
co-culture between the probiotic mixture
(10" CFU mL™") and A. hydrophila caused
a reduction in bacterial count on the
Aeromonas selective media. Furthermore,
a higher concentration of probiotic strain L.
fusiformis SPS11 (108 CFU mL™!) reduced
the growth of Vibrio parahaemolyticus after
6 hours of incubation (Zabidi, Rosland, et
al., 2021). The results from the co-culture
assay suggested that the potential probiotic
mixture may confer protection against A.
hydrophila infection when supplemented
with a host. Similarly, Oreochromis
mossambicus fed with a diet containing
Bacillus licheniformis at 107 cfu g improved
the health status and resistance of the host
against A. hydrophila, with the highest value
of relative percentage of survival (RPS) of
71.2% (Gobi et al., 2018).

However, other than competitive
exclusion as a probable mechanism of action
of a probiotic mixture, the production of
inhibitory substances could be the facilitator
in antagonizing pathogenic 4. hydrophila.
Generally, microbial populations may release
chemical substances with bactericidal or
bacteriostatic properties. These substances
halt the proliferation of pathogenic bacteria
(El-Saadony et al., 2021).

Bacillus amyloliquefaciens 1.9 and L.
Sfusiformis A2 are Gram-positive bacteria

from the genus of Bacillus known as spore-
forming bacteria resistant to aggressive
physical and chemical conditions (Soltani
et al., 2019). Bacillus species can produce
many antimicrobial metabolites and
bioactive peptides, such as bacteriocins,
bacteriocin-like substances, and lipopeptides
(Stein, 2005). Some major probiotics
consist of LAB (Alonso et al., 2019). The
genus from LAB includes Enterococcus,
which are Gram-positive microorganisms.
Furthermore, LAB is known to produce
compounds, such as bacteriocins, that
inhibit the growth of other microorganisms
(Vandenbergh, 1993).

Conclusively, probiotics have many
mechanisms of action yet to be elucidated.
However, in this study, it could be speculated
that competitive exclusion and production
of inhibitory substances are the main
mechanisms. However, future in vivo
studies should confirm probiotics’ potential
in protecting the host from disease caused
by Aeromonas. It is because in vitro testing
is insufficient in selecting probiotics for use
in aquaculture, as some studies indicated
that positive in vitro results may not be
reflected in the in vivo trials towards the host
(Kesarcodi-Watson et al., 2008).

CONCLUSION

The in vitro assessment of the potential
probiotic mixture (consisting of B.
amyloliquefaciens 19, L. fusiformis A2,
and E. hirae LAB3) had shown promising
prospects in substituting antibiotics as an
eco-friendlier approach. This study serves
as a platform for future research into other
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properties and mechanisms of action of the
probiotic mixture. Further in vivo challenge
with 4. hydrophila on freshwater aquatic
animals treated with the probiotic mixture
is necessary. Hence, the in vivo test shall
determine if the probiotic mixture has the
potential to protect aquatic animals against
a bacterial pathogen.
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