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ABSTRACT

Aims: The aim of this study was to screen lactic acid bacteria (LAB) isolates with probiotic properties for tilapia
(Oreochromis niloticus) from the intestines of mackerel and to analyze its ability to produce hydrolase enzymes
(amylase, protease, cellulase and lipase).

Methodology and results: Ten samples of mackerel were collected from the Fish Auction Place, Lewoleba, Nubatukan
District, Lembata Regency, East Nusa Tenggara Province, Indonesia. The process for screening were antimicrobial
activity, pH tolerance test of 1, 3 and 5, bile salt concentrations of 2.5%, 5% and 7.5%, and water salinity (0.5%, 3.5%
and 6.5%). The autoaggregation and semi-qualitative test of hydrolase enzymes were also carried out. In total, 21 LAB
isolates were derived from mackerel intestines. Isolates that have the stronger ability to inhibit the pathogen Aeromonas
hydrophila ATCC 7966 are KBP 3.3, KBP 3.3.1 and KBP 6.3, while KBP 1.3, KBP 1.1.1 and KBP 3.3.1 were able to
inhibit Streptococcus agalactiae ATCC 13813. The LAB isolates that survived at the tested pH were KBP 3.3.1, KBP 3.3,
KBP 1.1.1 and KBP 1.3. Results also suggest that the four isolates were tolerant to bile salt concentrations and water
salinity with good survival rates (>94.7%) and had proteolytic, lipolytic and cellulolytic activities. The isolates KBP 3.3,
KBP 3.3.1 and KBP 1.1.1 were identified as Weissella confusa 6250, while the isolate KBP 1.3 was identified as W.
confusa C5-7.

Conclusion, significance and impact of study: The characteristics of four selected isolates indicate their potential as
a probiotic. These potential probiotic isolates can be applied directly to fish by utilizing microencapsulation technology or
adding to the feed.
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INTRODUCTION

Fishing in Indonesia from year to year has increased and
each region has a different fishery potential. An example
is Lembata Regency, East Nusa Tenggara (NTT)
Province. The type of catch fish mainly produced in
Lembata Regency was mackerel (Rastrelliger kanagurta).
Its reported production was 206.03 million tons at the end
of 2016 (Central Bureau of Statistics of NTT, 2016).
Mackerel is one of the small pelagic fish scattered
throughout the Indonesian sea and live in groups that
were easily caught by fishermen (Prahadina et al., 2015)
and it's the most consumed fish species by the people of
Lembata. High fish yield must support high community
demand. Usually, the number of catches was influenced
by weather factors such as rain and the wind. Therefore,
one of the efforts to meet community demand is
freshwater aquaculture (Abubakar et al., 2019).
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The most widely cultivated freshwater fish is tilapia (O.
niloticus) (Dawood et al., 2019). Tilapia is important for
cultivation because of its distinctive meat taste and very
fast growth and development rate. Intensive tilapia
cultivation causes stress to the fish, lowering their
immune system and making them susceptible to disease.
Infectious diseases are usually caused by pathogens
such as A. hydrophila and S. agalactiae, which cause
septicemia and hemorrhage in tilapia. One of the efforts
to solve this problem is the application of probiotics that
are safe for the host and the surrounding environment.
(lwashita et al., 2015; Tan et al., 2019; Yilmaz, 2019;
Dawood et al., 2020; Kuebutornye et al.,, 2020;
Mohammadi et al., 2020). The development of intensive
and semi-intensive cultivation businesses must be
supported by quality feed. Quality feed for fish is usually
added with probiotics as a supplement to improve fish
health.
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The Joint Food and Agricultural Organization/World
Health  Organization define probiotics as live
microorganisms that, when administered in adequate
amounts, confer a health benefit on the host. The
microbiota communities play a role in the maintenance of
human and animal physiology (Collado et al., 2009;
Fernandez-Pacheco et al., 2018). The possible sources
for probiotics could be the indigenous microbiota of the
gut, as any microorganism could be a possible candidate
as a probiotic since all contribute, either alone or in
synergy, to the generation of benefits (Suarez, 2015).

Probiotics are generally derived from members of the
LAB. Therefore, to increase the utilization of mackerel,
which is widely produced in Lembata Regency, NTT,
Indonesia, not only as food but also as a source of
isolation of LAB, which has the potential as a probiotic. To
be included in the probiotic group, a microorganism has to
overcome criteria to survive in the host organism, such as
changes in pH when passing through the gastrointestinal
tract, exposure to gastric juice, enzymes and bile salt
tolerance (Fernandez-Pacheco et al., 2018). Therefore, if
LAB is isolated from mackerel (Rastrelliger kanagurta)
and applied to freshwater fish such as tilapia, the LAB
must be tolerant to the physiological and environmental of
tilapia. Therefore, this study aimed to screen lactic acid
bacteria, which has the potential as a probiotic for tilapia
from the intestines of mackerel. Probiotics obtained will
be applied directly to tilapia and the outcomes are
environmentally friendly and sustainable aquaculture.

MATERIALS AND METHODS
Sample collection and preparation

Mackerel was obtained from a fish auction place,
Lewoleba Impres Market, Lembata Regency, NTT
province, Indonesia. Mackerel length ranged from 18-19
cm, while fish weight ranged from 76.5 to 77.2 grams.
The isolation of LAB and probiotic screening were carried
out in the Microbiology Laboratory, Faculty of
Mathematics and Natural Sciences, Universitas
Brawijaya. The bacterial pathogen strains of A. hydrophila
ATCC 7966 was obtained from the Fish Disease
Laboratory, Faculty of Fisheries and Marine Sciences,
Universitas Brawijaya and S. agalactiae ATCC 13813 was
obtained from the Research Center for Freshwater
Aquaculture Fisheries, Sempur, Bogor, West Java,
Indonesia.

A sample of ten mackerel fish was composited. Fish
intestines were washed, mashed and homogenized with a
NaCl concentration of 0.85%. Isolation was carried out by
pour plate method into deMan, Rogosa and Sharpe
(MRS) agar containing 1% CaCOs. It was used for the
initial selection and purification of LAB because it is
alkaline and had the ability to neutralize the acid
produced by LAB and a clear zone characterizes it. After
that, it was incubated at 37 °C for 48 h. Colonies that
grew and formed a clear zone were purified using the
spread plate method. The pure isolates obtained were
subcultured on slanted agar media and stored at 4 °C.

581

The LAB isolates were characterized with Gram stain, cell
size, cell shape and catalase test (Kavitha et al., 2018).

Screening of antimicrobial activity

The aim of the antimicrobial activity test was to determine
the ability of LAB to inhibit pathogenic bacterial strains
that cause infectious diseases in tilapia and freshwater
fish in general. The method used to test the antimicrobial
activity uses the well-diffusion method in triplicates. The
pathogens A. hydrophila ATCC 7966 and S. agalactiae
ATCC 13813 were grown in Trypticase Soy Broth (TSB).
The number of cells for each culture of pathogenic
bacteria and LAB isolates used for this test was 107
CFU/mL. After that, 0.1 mL of pathogen isolate was
inoculated into Trypticase Soy Agar (TSA) media and
then were spread plate and left for 10 min. Afterward, well
were made using a cork borer (5 mm diameter) and 80 uL
of culture for LAB isolate was added to wells. Afterward, it
was incubated at 37 °C for 24 h and the clear zone
formed was measured using a vernier caliper. The
inhibition index was measured using the following
equation 1 (Feng et al., 2016).

Inhibitory index = (Diameter of clear zone - Diameter of
well)/Diameter of well 1)

In vitro tests for probiotic properties: Tolerance to
low pH, bile salt and water salinity

The number of cells used in this test was 107 CFU/mL.
The LAB inoculum was added 10% in MRS broth media
with variations in pH 1, 3 and 5, variations in bile salts
2.5%, 5% and 7.5%, and variations in water salinity 0.5%,
3% and 6.5%. Preparation of pH was carried out by
adjusting the MRS broth medium by adding 0.1 M NaOH
or 0.1 M HCI little by little and measured using a pH
meter. The bile salt test was carried out by adding MRS
broth media with oxgall media according to the required
concentration. Preparation of water salinity test was
carried out by adding MRS broth with NaCl according to
the required salt concentration. All tests were performed
in triplicates, and incubation was done at 37 °C for 24 h
(Ramesh et al., 2015). Sampling was carried out at 4 and
24 h. Afterward, the cell counting was done using
hemocytometry method (Allameh et al., 2012) and the
survival rate of LAB isolates was measured using the
following equation 2.

Survival rate (%) = (Log N1/Log No) x 100 2

Where N1 is the final cell amount and No is the initial cell
amount (Rajoka et al., 2018).

Auto-aggregation property
The LAB isolates were incubated at 37 °C for 24 h. The
LAB isolates were centrifuged at 6000 rpm for 10 min and

the pellets were suspended in saline solution to 15 mL.
The suspension was taken 2 mL to measure optical
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density (OD) at a wavelength of 600 nm. Afterwards, the
suspension was left for 60 min at 30 °C. After 60 min, the
suspension was centrifuged again at 3000 rpm for 2 min
and the supernatant was separated from the pellet to
measure OD at a wavelength of 600 nm. This test was
performed in triplicates. The auto-aggregation percentage
was measured using the following equation 3.

Auto-aggregation (%) = [(ODo - ODes0)/ODo] x 100 3)

Where ODo is the OD value for 0 h and ODeo is the OD
value after 60 min of incubation (Padmavathi et al., 2018).

Semi-qualitative of enzymatic activity test

Enzyme activity test using paper disc diffusion method in
triplicates. The activity of amylase, protease, lipase and
cellulase enzymes was detected by placing paper discs in
LAB inoculum for 15 min. Afterwards, the discs were
placed on the test medium and incubated at 37 °C for 48
h. The amylolytic activity test used starch agar media with
the composition of peptone, bacto agar, NaCl, MgSOQa,
CaCl,, yeast extract and starch. After that, the clear zone
formed was observed by adding Gram's iodine as a
qualitative detector of the amylase enzyme. Test of
proteolytic activity using skim milk media (Padmavathi et
al., 2018). Test of lipolytic activity using the composition
of peptone, NaCl, CaCl.2H20, agar, Tween-80 2.5% and
sterile olive oil 5% (Bestari and Suharjono, 2015). Test of
cellulolytic activity using carboxymethyl cellulose (CMC)
media. The composition of the CMC was 1% yeast
extract, KH2POs, Na2HPO4, MgS0O4, CaCl, FeSO4 and
agar (Habbale et al., 2019). After incubation, 1% Congo
red was added and left for 30 min. Enzyme activity was
indicated by the clear zone formed. The enzyme
hydrolysis index was measured by dividing the diameter
of the clear zone by the diameter of the paper disc
(Bestari and Suharjono, 2015).

Molecular identification

The DNA of the probiotic isolate was extracted using
Zymo-SpinTM Lysis Kit by following the manufacturer’s
instructions. The DNA was amplified using 16S rDNA
universal primers, namely 27f (5-AGA GTT TGA TCC
TGG CTC AG-3') and 1492r (5'-GGT TAC CTT CTG ACT
ACT T-3') with an expected DNA size of 1500 bp (Chen et
al., 2015). Composition of PCR reaction: go tag green (25
pL), forward primer 27f (2 pL), reverse primer (2 yL), DNA
template (5 pL) and DdH20 (16 pL). The PCR reaction
was run with an initial denaturation at 94 °C for 5 min (1
cycle), followed by denaturation at 94 °C for 1 min,
annealing at 54 °C for 30 sec and extension at 72 °C for 1
min (35 cycles), with a final extension at 72 °C for 7 min
(1 cycle). The 16S rDNA amplicon size was confirmed
using agarose gel electrophoresis (1.5%). The
phylogenetic tree was constructed using MEGA 6
software for windows based on Neighbor-Joining
algorithm and Tamura-Nei model with a bootstrap of 1000
(Ng et al., 2015).
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Data analysis

All assays (antimicrobial activity, tolerance to low pH, bile
salt, water salinity, auto-aggregation and enzymatic
activity) were conducted in triplicates. The antimicrobial
activity and auto-aggregation data were analyzed using a
one-way analysis of variance (ANOVA) and Tukey's HSD
test (p<0.05). Meanwhile, the pH, bile salt, salinity and
enzymatic activity data were analyzed using two-way
ANOVA and Tukey’s HSD test (p<0.05). All statistical
analyses were completed using SPSS for windows
version 16.0.

RESULTS AND DISCUSSION
Morphology of lactic acid bacteria cell

The average number of LAB cells mackerel's intestines is
7 x 108 CFU/g. In total, 21 isolates of LAB were isolated.
Cell characterization of these isolates was Gram positive
and catalase negative. There were ten isolates of LAB in
the form of cocci with a cell size of 1 ym and 11 isolates
of bacilli with cell sizes ranging from 2-3 pm. Isolates
were Gram positive and catalase negative because LAB
does not produce the enzyme catalase (Carr et al., 2002).
This is supported by previous research; namely, the
characteristics of LAB isolated from the intestines of
rainbow trout (Oncorhynchus mykiss) are Gram-positive,
bacillus or cocci shaped, non-spore-forming, nonmotile
and catalase negative (Feckaninova et al., 2019). The
abundance of Gram-positive bacteria in marine fish was
influenced by the habitat of the fish, the body parts of the
fish and the number of samples used (Al Bulushi et al.,
2010).

Antimicrobial activity

Based on the results suggest that there were six isolates
that were significantly different in inhibiting the pathogen
A. hydrophila ATCC 7966. The isolates were KBP 3.3,
KBP 3.3.1, KBP 6.3, KBP 4.2.1, KBP 4.3 and KBP 6.1.1
with inhibition indices of 7.16, 6.43, 4.7, 4.5, 4.1 and 4,
respectively (Figure 1). The range of inhibition zones of
LAB strains was <11 mm or an inhibitory index of <2.2 (no
inhibitory activity), 11-16 mm or an inhibitory index of 2.2-
3.2 (moderate inhibitory activity), 17-22 mm or an
inhibitory index of 3.4-4.4 (strong inhibitory activity) and
>22 mm or an inhibitory index of >4.4 (strongest inhibitory
activity) (Feng et al., 2019). Lactic acid bacteria have
inhibitory activity if the inhibition category is moderate,
strong and strongest. Therefore, isolates KBP 3.3, KBP
3.3.1, KBP 6.3, KBP 4.2.1 and KBP 4.3 were isolates with
the strongest inhibitory activity, while isolates KBP 4.3
and KBP 6.1.1 were isolates that had strong inhibition.
Another ability of LAB is to inhibit the pathogen S.
agalactiae ATCC 13813. The results of five isolates were
significantly  different (p<0.05) in inhibiting these
pathogens. The isolates KBP 1.3, KBP1.1.1, KBP 3.3.1,
KBP 6.1 and KBP 4.2.1, were with inhibition indexes of
3.3, 3.24, 3.18, 2.65 and 2.89, respectively (Figure 2). In

ISSN (print): 1823-8262, ISSN (online): 2231-7538



Malays. J. Microbiol. Vol 18(6) 2022, pp. 580-591
DOI: http://dx.doi.org/10.21161/mjm.211302

72

6.4

Inhibitory index
S = W s Oy 0

T FFFF 1 TS FE 8™
& & + & &

LAB isolates

Figure 1: Antimicrobial activity of LAB against Aeromonas hydrophila. The notation on the graph shows a Tukey’s HSD
test (p<0.05), there is an effect of LAB isolates on the pathogen inhibitory index. Data was expressed as the mean from
three replicates of each isolate, while the error bar indicates its standard deviation.
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Figure 2: Antimicrobial activity of LAB against the pathogen Streptococcus agalactiae. The notation on the graph shows
a Tukey’s HSD test (p<0.05), there is an effect of LAB isolates on the pathogen inhibitory index. Data was expressed as
the mean from three replicates of each isolate, while error bars indicate the standard deviation for the respective isolate.

addition, there was one isolate that was able to inhibit
both pathogens with the highest inhibition index, namely
KBP 3.3.1 (Figures 1 and 2). If the diameter of the
inhibition zone was >13 mm (inhibition index >2.6), then
the activity was classified as very strong; if the diameter
of the inhibition zone was 10-13 mm (inhibition index 2-
2.6) then the activity was classified as strong; the
diameter of the inhibition zone is 5-10 mm (inhibition
index 1-2) then the activity is classified as moderate; and
if the diameter of the inhibition zone is <5 mm (inhibition
index <1) then it was considered as no inhibitory activity
(Chen et al., 2019). Based on the inhibition index, the five
isolates from the study were isolates that had very strong
inhibitory activity (Figure 2). Compared with previous
studies, the results of this study explained that five
isolates were better at inhibiting pathogenic strains
because their inhibition index was higher.
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The LAB isolates produce organic acids such as lactic
acid, which can be bactericidal. These organic acids are
present in an undissociated form; thus, they can be
lipophilic and can move into the cell membrane. Organic
acids cause the pH in cells to be low. It can change the
permeability of cell membranes which causes the
transport system of nutrients such as compounds and
ions in pathogenic bacteria to be destroyed. This can
cause the cell to be damaged, followed by the disruption
of the synthesis of the components that make up the cell
wall, thus the cell wall can be lysis (Alakomi et al., 2001;
Allameh et al., 2012; Alonso et al., 2019). Moreover,
some of the LAB isolates that have the ability to inhibit A.
hydophila are Lactobacillus confusus (9 mm), L. brevis
(11.33 mm), Lactococcus lactis (9.33 mm) and W. cibaria
(9.33 mm) (Mourifio et al., 2016). Aeromonas hydrophila
can be inhibited by
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Table 1: Tolerance of lactic acid bacteria to pH 1, 3 and 5.

Survival rate (%)

LAB isolates pH 1 pH 3 pH5
4h 24 h 24 h 4h 24 h

KBP 3.3.1 95.4 + 0.2¢ 95.2 + 0.124¢ 100 £ 0P 99 + 1.5P 100 + 0”2 100 + 0”2
KBP 6.3 56.9 £ 0.3°¢  87.3 + 0.52Ab¢ 92 +0.3° 100 + 2.9° 100 + 0”2 100 + 0”2
KBP 3.3 94.7 + 0.2%¢ 93.6 + 1.6¢ 100 £ QP 99 +2.7° 98 + 2.2A2 99 + 0.742
KBP 6.1.1 91.5 + 0.14¢ 93.8 + 1.4#¢ 100 £ 0.2° 100 + 0P 100 + 0”2 100 + 0”2
KBP 4.3 56.1 + 0.37% 26.3 £ 0A2b 93 +1.3° 79+£0.9° 100 + 0”2 100 + 0”2
KBP 4.2.1 82.9 + 0.84bc 82.9 + QAbe 35+0.42 34 +22 99 + 1.3/ 100 + 0”2
KBP 6.1 20 + 0”@ 0.0 £ 0%a 100 £ 0P 91 +5.2° 100 + 0”2 100 + 0”2
KBP 1.1.1 95.8 + 14¢ 98.3 +2.34¢ 95 +0.2° 100 + QP 99 + 1.3/ 99 + 1.4%2
KBP 1.3 100 + 0A° 100 + 0A° 100 + 0.4° 99 +1.2° 100 + 0”@ 100 + 0Aa

The notation at pH 3 showed a Tukey’s HSD test (p<0.05), namely, there was an interaction between LAB isolates and incubation time
that affected the survival rate. Capital notations at pH 1 and 5 are notations to indicate the effect of LAB isolates on survival rate, while
lowercase notations indicate the effect of incubation time on survival rate. The notation at pH 1 showed a Tukey’s HSD test (p<0.05),

while at pH 5 there was no significant (p<0.05).

L. pentosus AJ7 and W. confusa AJ79 bacteria (both
inhibition zone diameter is 24 mm) (Dubey and
Jeevaratnam, 2015). Some of Weissella genera that
inhibit the growth of A. hydrophila pathogens are
Weissella hellenica BCC 7293, W. cibaria 110, Weissella
paramesenteroides DFR-8, W. confusa CP3-1
(Chavasirikunton et al., 2007; Srionnual et al., 2007; Pal
and Ramana, 2010; Masuda et al., 2011; Leong et al.,
2013; Chen et al., 2014; Woraprayote et al., 2015) and
Weissella helenica D1510 (Chen et al.,, 2014). The
pathogen S. agalactiae can also be inhibited by L. lactis
subsp. lactis CRL 1655 (Espeche et al., 2009),
Enterococcus faecium BNM58, W. cibaria BNMG69,
Enterococcus faecalis SMF10, E. faecium SMAL1,
Leuconostoc mesenteroides subsp. cremoris  (Lc.
cremoris) SMM69 (Mufoz-Atienza et al., 2013), E.
faecalis and Weissella sp. (Shahid et al., 2017).

In vitro tests for probiotic properties: Tolerance to
low pH, bile salt and water salinity

Tolerance to low pH

The gastric pH range of tilapia is between 1.5-5.8
(Pinpimai et al., 2015; Zidni et al., 2017; Kavitha et al.,
2018), while Zidni et al. (2017) and Kavitha et al. (2018)
reported that the intestinal pH range of tilapia is between
6.9-7. The tolerance of LAB to pH variations can be seen
in Table 1. As highlighted in table 1, pH 1 and 5 showed
no interaction between isolates and incubation time
(p<0.05). Incubation time at 4 h and 24 h was not
significantly different (p>0.05), while between LAB
isolates, there was a significant difference (p<0.05). The
KBP 1.3 (survival rate above 100%) isolate can survive at
pH 1 for 24 h. Other isolates such as KBP 3.3.1, KBP 6.3,
KBP 3.3, KBP 6.1.1, KBP 4.3, KBP 4.2.1 and KBP 1.1.1
can survive above 50% for 4-24 h (Table 1). Previous
research conducted by Maragkoudakis et al. (2006) found
that LAB that survived at pH 1 were from the genus
Lactobacillus. Lactic acid bacteria survive at low pH by
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releasing lactic acid and protons out of cells to keep their
cell membranes from being damaged (Vijayakumar et al.,
2015).

At pH 3, there was an interaction between incubation
time and LAB isolates. Some LAB isolates maintained
survival rates above 95% for 24 h. The isolates were KBP
3.3.1, KBP 3.3, KBP 6.1.1, KBP 1.3 and KBP 1.1.1.
Meanwhile, all LAB isolates tolerated pH 5 with a 100%
survival rate for 24 h (Table 1) and it was not significantly
different (p>0.05). The resistance of LAB isolates to acid
was due to the bacterial isolates being able to maintain
the pH in the cytoplasm to be more alkaline than the
extracellular pH. Bacteria not resistant to acidic conditions
cannot maintain the pH in their cells, resulting in damage
to cell membranes and intracellular components of
bacteria that cause lysis. Some of LAB tolerant to pH 3
are W. confusa DD_A7 (Dey et al.,, 2019), L. buchneri
(Wulandari et al., 2020) and W. confusa YM5Y (Wang et
al., 2020). Lactic acid bacteria that tolerate pH 5 are W.
confusa MD1, W. cibaria MD2 (Lakra et al., 2020),
Pediococcus pentosaceus (Jaafar et al., 2019) and L.
mesenteroides (Allameh et al., 2012). Moreover,
Entrerococcus faecalis MAA1 and L. lactis W3-15 can
tolerate pH 3 and 5 (Kong et al., 2020).

Bile salt tolerance

Tilapia and freshwater fish generally have bile salt
concentrations ranging from 1-10% (Pinpimai et al., 2015;
Kavitha et al., 2018). Five LAB isolates, namely KBP
3.3.1, KBP 3.3, KBP 6.1.1, KBP 1.3 and KBP 1.1.1 were
tested for bile salt tolerance. The results in Table 2 show
that there was no interaction between incubation time and
LAB isolates at bile salt concentrations of 2.5% and 7.5%
(p>0.05). The five isolates had a survival rate that was not
significantly different (p>0.05) at a bile salt concentration
of 2.5%. The KBP 6.1.1 did not grow at a concentration of
7.5% for 24 h. At 5% concentration, there was an
interaction between LAB isolates and incubation time
(p<0.05). The survival rates of the five LAB isolates
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Table 2: Tolerance of lactic acid bacteria to bile salt concentrations of 2.5%, 5% and 7.5%.

Survival rate (%)

LAB isolates 2.5% 5% 7.5%

4 h 24 h 24 h 4 h 24 h
KBP 3.3.1 96 + 7.8A2 97 + 5Aa 101 +0.2¢ 101 £0.3¢ 99.4 + 0.94b 98.5 + 1.54b
KBP 3.3 97 + 1.2A 103 +1.14a 99.6 + 0.6 100.9 £ 0.7¢ 99.8 + 0.1Ap 99.5 + 0.1AP
KBP 6.1.1 97 + 1ha 94 + 1.6%2 102.5 +0.7¢ 97.6 + 1.4 0+ 0ra 0+ 0ra
KBP 1.1.1 102 + 1.44a 100 + 0”2 99.2 + 1.4bc 96.6 £ 1.12 99.6 + 0.64P 99.1 + 1.5%b
KBP 1.3 101 + 0.6%2 100 + 0”2 105.1 +1°¢ 109.3 £ 1.2¢ 96.6 + 5.84b 97.1 £5.14b

The notation at a concentration of 5% showed a Tukey’s HSD test (p<0.05), namely, there was an interaction between LAB isolates
and incubation time that affected the survival rate. Capital notation at concentrations of 2.5 and 7.5% are notations to indicate the effect
of LAB isolates on survival rate, while lowercase notation indicates the effect of incubation time on survival rate. The notation at a
concentration of 2.5% bile salts showed no significant difference between isolates at p>0.05, while the notation at a concentration of

7.5% showed a significant difference between isolates at p<0.05.

Table 3: Tolerance of lactic acid bacteria to water salinity of 0.5%, 3.5% and 6.5%.

Survival rate (%)

LAB isolates 0.5% 3.5% 6.5%

4h 24 h 24 h 4h 24 h
KBP 3.3.1 113.1+0.7° 113.9£0.5° 103.6 £ 0.742  106.4+0.2A2  101.5+ 0.4 99.2 + 0.442
KBP 3.3 111.9+0.8° 113.4 £0.8° 102.9 + 342 108.1 +0.2%%  100.9 £0.2%2  107.1+ 0.3
KBP 1.1.1 94 +0.12 97 £ 0.6° 103.5+2.142  106.8 + 0.4% 97.1+0.3% 103.4 + 0.62
KBP 1.3 95+ 12 97.5+0.9° 100.8 + 0.3 106 + 0.273 98.6 + 0.742 98.1+3.34

The notation at 0.5% salinity showed a Tukey’s HSD test (p<0.05), namely, there was an interaction between LAB isolates and
incubation time that affected the survival rate. Capital notation at 3.5% and 6.5% salinity indicates the effect of LAB isolates on survival
rate, while lowercase notation indicates the effect of incubation time on survival rate. Notation at 3.5 and 6.5% salinity shows no

significant difference (p>0.05).

were not significantly different (p>0.05) for 24 h (Table 2).
Examples of LAB that are tolerant to bile salt
concentrations of 2.5-10% are L. fermentum and L.
plantarum (Balcazar et al., 2008). Bacterial resistance to
bile is related to its ability to pass through the small
intestinal tract because this part has a relatively high
concentration of bile salts and can be toxic to bacteria.
Bile salts can activate lipolytic enzymes secreted by the
pancreas. These lipolytic enzymes will react with fatty
acids on the bacterial cytoplasmic membrane. These bile
salts have the ability to dissolve phospholipids,
cholesterol and proteins. Bacteria that are resistant to bile
salts are bacteria that have the ability to produce bile salt
hydrolase (BSH) enzymes. The BSH enzyme changes
the toxic nature of bile salts for bacteria to become less
toxic by hydrolyzing the bile salts with the BSH enzyme.
Several bacteria that belong to the LAB genus are known
to produce the BSH enzyme; thus, the physico-chemical
properties of bile salts can be changed to become non-
toxic for lactic acid bacteria (Liong and Shah, 2005; Chen
et al., 2014, Patel et al., 2014).

Water salinity tolerance

The results of the LAB tolerance test for water salinity can
be seen in Table 3. This study explained that the LAB
tolerance to freshwater salinity concentration of 0.5%
found a significant difference (p<0.05) between each LAB
isolate. The isolates that were significantly different were
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KBP 3.3.1 and KBP 3.3, with the survival rate of both
isolates being 100%. At 3.5% and 6.5% concentrations,
there was no interaction between isolates and incubation
time. The survival rates of all isolates at the two
concentrations were not significantly different (Table 3).
Some of LAB that are tolerant to 6.5% water salinity are
L. plantarum, L. mesenteroides, E. faecium, E. faecalis,
P. pentosaceus and W. confusa (Thapa et al., 2006).

The population of lactic acid bacteria in the aquatic
environment is influenced by the concentration of
freshwater salinity (Al Bulushi et al., 2010). Water salinity
in each area is different because it is influenced by
evaporation, rainfall, river water, sea location and size,
ocean currents, wind and humidity (Stanis, 2005;
Tubalawony et al.,, 2012; Slamet, 2019). The LAB
obtained from the intestines of mackerel were tested for
survival in freshwater salinity (concentrations of 0.5%,
3.5% and 6.5%). This was done because the LAB
obtained would be applied to tilapia (Pundir et al., 2013;
Ashari et al., 2014). Tilapia usually lives in the range of
freshwater salinity concentrations of 0.5-6.5% and 0.4-
11% (Hassan et al., 2017; Raj et al., 2019).

Auto-aggregation assay
Four isolates, namely, KBP 3.3.1, KBP 3.1, KBP 1.3 and
KBP 1.3.1 had a strong auto-aggregation ability

(autoaggregation >90%). Moreover, there was no
significant difference (p>0.05) between the four isolates
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(p>0.05) (Figure 3). Autoaggregation is one of the
requirements in forming biofilms to assist colonization in
the intestine and adhere to the intestinal epithelium,
thereby preventing adhesion by pathogens (Kos et al.,
2003; Aslim et al.,, 2007). Bacteria can show different
autoaggregation abilities, ranging from low (16-35%),
moderate (35-50%) and strong (>50%) (Montoro et al.,
2016; Fernandez-Pacheco et al., 2018). The ability of
autoaggregation depends on the bacterial strain, so it
varies greatly among the same bacterial species (Caggia
et al.,, 2015; Das et al., 2016). Good autoaggregation
ability is not only seen from the results of in vitro tests but
is supported by in vivo tests because many factors
influence these properties, such as the host, defense
mechanisms, native microbes in the intestine and
peristaltic movements (Caggia et al., 2015).

Enzymatic activity

In Figure 4, there was no interaction between isolates and
enzymes produced (p>0.05). All of the LAB isolates did
not produce amylase enzyme. Isolates of KBP 3.3.1, KBP
3.3, KBP1.1.1 and KBP 1.3 were not significantly different
(p>0.05) in producing hydrolase enzymes (Figure 4). Fish
need probiotics that have hydrolase enzyme activity to
increase the efficiency of feed digestion (Agung et al.,
2015). These enzymes include amylase, lipase, protease
and cellulase. Hydrolase enzymes play an important role
in breaking down starch into disaccharides or
trisaccharides and converting peptides into free amino
acids (de Souza and Nobre, 2017). Some of LAB that can
produce protease enzymes are W. confusa KR780676
(Sharma et al., 2018), W. cibaria VTT E-153485 and P.
pentosaceus VTT E-153483 (Rizzello et al., 2018). The
probiotics L. mesenteroides, L. plantarum and E. faecalis
produce lipase enzymes (Thapa et al., 2006).

16S rDNA based identification of the selected LAB
strain

The 16S rDNA analysis suggested that isolates KBP 3.3,
KBP 3.3.1 and KBP 1.1.1 were of W. confusa 6250
(similarity of 98.8%). The isolate KBP 1.3 was identified
as W. confusa C5-7 (similarity of 99.8%) (Figure 5).
Isolates of KBP 1.1.1, KBP 1.3, KBP 3.3 and 3.3.1 were
one species but had different probiotic abilities. The
isolate, KBP 1.1.1 showed antimicrobial activity against S.
agalactiae. However, isolates KBP 3.3 and KBP 1.3 can
inhibit A. hydrophila, while isolates KBP 3.3.1 can inhibit
both pathogens. In addition, the tolerance to
environmental conditions such as pH, bile salts, salinity
and autoaggregation properties of the four isolates were
not significantly different (p>0.05). The genus Weissella is
a native microbe in the gut of tilapia (Del'Duca et al.,
2015; Standen et al., 2015; Standen et al., 2016) and
mackerel (Zhou et al., 2021).

Not much research is carried out on W. confusa
isolated from mackerel. However, W. confusa has been
known as a probiotic for fish. Previous research explained
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Figure 3: The ability of LAB isolates to colonize the
intestines of fish. The notation on the graph shows that
there is no significant difference (p>0.05), and there is no
effect of LAB isolates on autoaggregation properties. Data
were expressed as the mean from three replicates of
each isolate, while the error bars indicate its standard
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Figure 4: The activity of lipase, protease, amylase and
cellulase enzymes by LAB isolates. Capital notation on
the graph shows that there is a significant difference
between the types of enzymes produced (p<0.05), while
lowercase notation shows that there is no significant
difference between LAB isolates (p>0.05).

that W. confusa inhibited the growth of A. hydrophila and
S. agalactiae and added to fish feed significantly
supported the growth of seabass (Lates calcarifer)
(p<0.05) (Rengpipat et al.,, 2008). Moreover, the W.
confusa LAB-4 also significantly increased the growth
(weight and length) of seabass (Rengpipat et al., 2008).
Several strains of the W. confusa species have been
reported as potentially pathogenic (Flaherty et al., 2003;
Shin et al., 2007; Lawhon et al., 2014; Fusco et al., 2015).
In general, strains of the W. confusa are not known to
infect healthy humans and animals. However, they are
likely to be pathogens that infect humans and animals
with immune system disorders. In addition, W. confusa
has not been officially classified as a potentially
pathogenic group by the American Biological Safety
Association (ABSA) and the German Committee for
Biological Agents. Weissella confusa is treated as a Risk
group 1 microbe, which means that W. confusa does not
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Figure 5: Phylogenetic tree of probiotic species and the
reference strain based on similarity 16S rDNA sequence
with Neighbor-Joining algorithm and Tamura-Nei model
with a bootstrap of 1000.

cause disease in humans and animals. Therefore, the
suggestion for further researchers is that the application
of the W. confusa strain as a probiotic starter culture must
be carried out carefully by selecting strains that do not
have pathogenic potential through hemolytic testing
(Sturino, 2018).

CONCLUSION

The LAB isolates, namely KBP 3.3.1, KBP 3.3, KBP 1.1.1
and KBP 1.3, were probiotics for tilapia because they had
antimicrobial activity and tolerance to host habitats and
produced protease, lipase and cellulase enzymes. The
KBP 3.3.1 isolate appears as the best potential candidate
as it had the potency to inhibit the two pathogenic
bacteria strains, A. hydrophila ATCC 7966 and S.
agalactiae ATCC 13813. Four isolates (KBP 3.3, KBP 1.3
and KBP 1.1.1) were able to inhibit only one of the two
strains of the pathogenic bacteria used in the study. Four
isolates, namely, KBP 1.1.1, KBP 1.3, KBP 3.3 and KBP
3.3.1 were identified as a W. confusa. However, isolates
KBP 1.1.1, KBP 3.3 and KBP 3.3.1 were strain 6250,
while KBP 1.3 isolate was strain C5-7. The four isolates
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were identified with different strains because they had
different characteristics and abilities. Further research is
required for safety before we use these isolates as
probiotics.
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