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Abstract. Faturrahman, Auliyah KR, Juanda LA, Setyaningrum TW, Sarkono, Suryadi BF, Azhar F, Priyambodo B, Qoriasmadillah W.
2025. Lactic acid bacteria isolated from the digestive tract of spiny lobsters (Panulirus homarus) and their potency as probiotics.
Biodiversitas 26: 1827-1835. Spiny lobsters (Panulirus homarus) are an on-demand marine fishery commodity with significant
economic value. However, collected data indicate that the lobsters exhibit low growth rates and high mortality due to disease infection
caused by Vibrio spp. The provision of probiotics in feed represents a potential solution to this issue. Lactic acid bacteria (LAB) have
been identified as probiotics due to their ability to counteract pathogenic bacteria and synthesize enzymes capable of hydrol yzing
complex molecules, such as proteins, carbohydrates, and lipids, thereby promoting organismal growth. The objective of this study was
to isolate LAB from the digestive tract of spiny lobsters as probiotic candidates. The selection of LAB isolates from the digestive tract
was based on their ability to inhibit the growth of Vibrio harveyi bacteria and their capacity to produce a range of extracellular enzymes,
including proteases, lipases, and amylases. The results demonstrated the isolation of seven LAB isolates, classified as Pediococcus,
Enterococcus, and Lactobacillus genera, which exhibited the capacity to impede the proliferation of V. harveyi. The majority of the
isolated LAB were found to possess the ability to hydrolyze protein, starch, and fat, in addition to exerting inhibitory effects against the
growth of V. harveyi. Among the isolates, SP6 exhibited the most promising characteristics as a probiotic candidate by demonstrating
robust protein and fat hydrolysis abilities, along with a significant capacity to inhibit the growth of V. harveyi.
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INTRODUCTION Lactobacillus, Leuconostoc, Pediococcus, Lactococcus,
Enterococcus, Streptococcus, and Bifidobacteria. These

Spiny lobsters (Panulirus homarus) are highly valuable  probiotics produce antimicrobial substances that prevent

marine commaoadities in Indonesia due to their significant
economic worth and global market demand, leading to a
substantial increase in production through aquaculture
(Erlania et al. 2014). However, lobster farming faces
several challenges, including long rearing periods due to
slow growth rates and high mortality. The slow growth of
these animals is thought to be linked to deficiencies in key
nutrients, possibly caused by inefficient feed absorption
during digestion (Agustin et al. 2023; Maharani et al.
2023). In addition, infectious diseases such as vibriosis
caused by Vibrio spp. are commonly reported in lobster
farming, contributing to high mortality rates (Valente and
Wan 2021).

Probiotics have shown promise in regulating the
microbial balance in the digestive tract, inhibiting the
growth of harmful bacteria, and secreting extracellular
enzymes that aid in digestion (Sumarsih et al. 2012).
Bacteriocins or proteins that reduce harmful bacteria
proliferation can be derived from beneficial bacteria like

bacterial adhesion and translocation, as well as decrease the
presence of harmful microorganisms in the gastrointestinal
tract (Anee et al. 2021). A study by Daniels et al. (2013)
found that Bacillus sp. probiotics, when added to the diet of
Homarus gammarus lobsters, promoted growth and
improved stress tolerance.

Lactic acid bacteria (LAB), a group commonly used as
probiotics, produce bioactive compounds such as lactic
acid, bacteriocins, hydrogen peroxide, ethanol, free fatty
acids, organic acids, benzoic acid, and enzymes. These
compounds possess antimicrobial properties that inhibit the
growth of pathogenic bacteria (Chizhayeva et al. 2022).
Additionally, LAB can secrete extracellular enzymes like
protease, amylase, and lipase, which enhance feed absorption
efficiency (Chizhayeva et al. 2022). LAB are also natural
microflora in the digestive tract of aquatic animals, which
suggests that using LAB isolates from spiny lobsters or
similar organisms could improve compatibility and
effectiveness (Mufioz-Atienza et al. 2013).
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Research on the digestive tract microbiota of lobsters
has identified various bacteria, including Vibrio, Bacillus,
Pseudomonas, Micrococcus, and Flavobacterium, which
vary in abundance depending on environmental conditions
(Lein et al. 2022). These microorganisms produce digestive
enzymes (lipase, protease, cellulase) that aid in food
digestion, nutrient absorption, and vitamin synthesis while
also protecting the host from pathogenic infections by
activating immune responses in the digestive tract (Lein et
al. 2022). Additionally, studies have shown that bacteria
symbiotic with lobsters produce bacteriocins antibacterial
peptides that may replace antibiotics, reducing the risks of
bacterial resistance and drug residue in the organism
(Nguyen et al. 2014).

Although previous studies have reported the
antibacterial activity of symbiotic bacteria isolated from
Panulirus ornatus, there remains a significant knowledge
gap regarding the antibacterial potential of symbiotic
microorganisms, particularly lactic acid bacteria (LAB),
associated with Panulirus homarus. Notably, no scientific
investigations have been conducted to evaluate the ability
of LAB isolated from P. homarus to inhibit the growth of
V. harveyi, a pathogenic bacterium known to cause
vibriosis and high mortality rates in aquaculture species,
including lobsters. Considering the increasing interest in
the development of environmentally friendly alternatives to
antibiotics, LAB have gained recognition for their potential
as effective probiotics due to their capacity to produce
antimicrobial compounds, compete with pathogens, and
modulate host immune responses.

In this context, the present study aims to isolate and
characterize LAB from the digestive tract of P. homarus
and to assess their antibacterial activity specifically against
V. harveyi. The findings of this research are expected to
contribute to the foundational knowledge necessary for the
future formulation of probiotic candidates with multistrain,
multiaction, and site-specific colonization potential. Such
probiotics may possess the ability to survive and function
in distinct compartments of the lobster digestive system
including the pyloric, cardiac, and intestinal regions thereby
enhancing digestive efficiency and providing localized
protection against pathogenic bacteria. This study represents
an innovative approach to probiotic development in marine
invertebrates and is expected to lay the groundwork for
further research into tailored probiotic strategies for
sustainable lobster aquaculture.

MATERIALS AND METHODS

Sampling

Spiny lobsters were collected from local fishermen in
Telong Elong Village (-8.8093, 116.4951), East Lombok
District, West Nusa Tenggara Province, Indonesia. To
maintain their viability, the lobsters were wrapped in
newspapers and placed in ice boxes until laboratory
processing.
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Isolation of LAB from the digestive tract of spiny lobsters

The digestive contents of spiny lobsters were obtained
by dissecting from the cephalothorax to the abdomen. The
digestive organs were then separated into cardiac, pyloric,
and intestinal segments. Each segment (1 g) was transferred
into 9 mL of physiological saline (NaCl), followed by
serial dilutions up to 10 CFU/mL. Samples (1 mL) from
the 104, 105, and 10¢ CFU/mL dilutions were plated on
de Man Rogosa Sharpe (MRS) agar supplemented with
0.5% calcium carbonate (CaCO3) using the pour-plate
method. The plates were incubated at 30°C for 48 hours
(Faturrahman et al. 2019).

Morphological characterization

Colony morphology was assessed based on shape,
elevation, color, margin, and surface appearance of colonies
grown on MRS agar. Cell morphology was further
examined using Gram staining to determine bacterial shape
and Gram reaction.

Biochemical characterization

For biochemical characterization, the following tests
were conducted: (i) Catalase Test: Two drops of 3%
hydrogen peroxide (H.O,) were added to a bacterial smear
on a glass slide. The formation of gas bubbles indicated a
positive result, signifying catalase enzyme production
(Cappucino and Sherman 2002). (ii) Motility Test: Bacteria
were stabbed into a semi-solid Sulfite Indole Motility
(SIM) medium and incubated at 30°C for 24 hours. Motile
bacteria exhibited spreading growth, whereas non-motile
bacteria showed confined growth (Cappucino and Sherman
2002). (iii) Fermentation Type Test: LAB isolates were
grown in MRS broth at 30°C for 48 hours to differentiate
between homofermentative and heterofermentative bacteria.
Gas bubble formation indicated heterofermentative LAB,
whereas its absence suggested homofermentative LAB
(Cappucino and Sherman 2002).

Physiological characterization

The physiological characterization of LAB was assessed
by evaluating their growth under varying conditions.
Temperature tolerance was determined by incubating LAB
isolates in MRS broth at 10°C and 45°C for 48 hours. Salt
tolerance was tested by culturing the isolates in MRS broth
containing of 6.5% and 18% NaCl concentrations.
Additionally, pH tolerance was examined by incubating the
isolates in MRS broth at pH 4.4 and pH 9.6 to observe their
adaptability to acidic and alkaline environments (Axelsson
2004).

Enzyme activity test
Casein hydrolysis test

LAB isolates were inoculated into MRS agar
supplemented with 1% skim milk and incubated at 30°C
for 48 hours. The presence of clear zones around colonies
indicated protein hydrolysis (Khushboo et al. 2023).
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Starch hydrolysis test

Bacteria were inoculated into MRS agar enriched with
1% starch and incubated at 30°C for 48 hours. Clear zones
around colonies signified starch hydrolysis (Dida 2018).

Lipid hydrolysis test

Bacteria were inoculated into MRS agar supplemented
with 1% olive oil and Tween 80. After incubation at 30°C
for 48 hours, clear zones around colonies indicated lipid
hydrolysis (Furini et al. 2018).

Hydrolysis index measurement

The hydrolysis index for protein, starch, and lipids was
determined by comparing the diameter of the clear zone
formed with the bacterial colony diameter (Silitonga et al.
2020).

Diameter of Clear Zone (mm)

Hydrolysis Index =
yarolysis mdex Diameter of Colony (mm)

Cell-free supernatant hydrolysis test

The initial stage of this test included the production of
extracellular enzymes through bacterial culture in MRS
broth incubated at 30°C for 48 hours, then centrifugation
was performed at 3200 rpm for 20 minutes to obtain cell-
free supernatant. Approximately 100 pyL of the cell-free
supernatant containing crude enzyme extract was injected
into wells on the proteolytic, amylolytic, and lipolytic test
media. Another incubation was conducted at 30°C for 48
hours, while clear zones formed on the test media were
observed and measured (Wihartati et al. 2022).

Antibacterial test
Preparation of LAB cell-free supernatant

The LAB cell-free supernatant was prepared following
a modified method by Wihartati et al. (2022). LAB cultures
were incubated in MRS broth at 30°C for 48 hours, then
transferred into Falcon tubes. The suspension was
centrifuged at 3200 rpm for 20 minutes, followed by a
second centrifugation for 10 minutes. The supernatant was
carefully collected from the top layer.

Preparation of test bacteria suspension

A bacterial suspension of Vibrio harveyi was prepared
by transferring a single colony into a test tube containing 9
mL of sterile 0.9% NaCl solution. The suspension was
vortexed for homogenization, and its turbidity was adjusted
to match a 0.5 McFarland standard (~1.5x10% CFU/mL).

Antivibrio activity test

The antibacterial activity of LAB isolates was assessed
using the well diffusion method. V. harveyi was inoculated
onto Thiosulfate Citrate Bile Sucrose (TCBS) agar in Petri
dishes. Once the medium solidified, 100 uL of LAB cell-
free supernatant, a positive control (chloramphenicol), and
a negative control (MRS broth) were added into 8 mm
diameter wells (Truc et al. 2019). The plates were incubated
at 30°C for 24 hours, and the diameters of the inhibition
zones were measured using the following formula
(Rumampuk et al. 2017):
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Dv + Dh
Inhibition Zone Diameter= 2 —Ds
Where:
Dv: Vertical diameter
Dh: Horizontal diameter
Ds: Well diameter

RESULTS AND DISCUSSION

Isolation of lactic acid bacteria from the digestive tract
of spiny lobsters

A total of 14 LAB strains were isolated from the
cardiac, pyloric, and intestinal segments of the digestive
tract. As shown in Figure 1, multiple colonies formed on
MRS agar supplemented with CaCO, exhibiting clear zones
around them. The addition of CaCO; facilitated the
differentiation of LAB from non-acid-producing bacteria
by reacting with lactic acid to form calcium lactate
(CsH10CaOs). This reaction resulted in the formation of
clear zones in the medium, indicating the presence of acid-
producing LAB (Sari 2018).

A total of one, six, and seven LAB isolates were
obtained from the cardiac, pyloric, and intestinal segments,
respectively, with the highest abundance found in the
intestinal segment. This variation in bacterial quantity is
likely due to differences in pH levels along the digestive
tract. The stomach's highly acidic environment (pH 2) may
inhibit bacterial growth, whereas the intestine, with its
neutral pH of 6-7, provides more favorable conditions for
LAB proliferation (Ruiz Rodriguez et al. 2019). According
to Derunets et al. (2024), most LAB exhibit slower growth
in highly acidic environments and may experience cellular
damage or loss of viability when exposed to low pH
conditions.

Figure 1. LAB colonies growing on MRS agar enriched with
0.5% CaCOs, showing clear zones
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Morphological appearance of isolates

The morphological analysis of the 14 LAB isolates
revealed that all colonies had a round shape with smooth
margins. Most exhibited convex elevations, while some
appeared flat. The colonies were predominantly white in
color, with a few showing a slight yellowish tint. These
morphological characteristics are in line with the findings
of Rahayu and Setiadi (2023), who reported nine isolates
capable of producing acid and exhibiting typical features of
lactic acid bacteria, such as round cell shape, Gram-positive
staining, non-endospore-forming, and non-motile behavior.

Cell morphology observations confirmed that all isolates
were Gram-positive bacteria. The majority were round-
shaped, while a few were rod-shaped. Under the microscope,
Gram-positive bacteria appeared purple due to the presence
of peptidoglycan in their cell walls, which retained the
crystal violet stain (O’Toole 2016). Table 1 summarizes the
isolation results.
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exhibited optimal growth at pH 4.4. According to Finanda
et al. (2021), LAB are typically catalase-negative because
they are facultative anaerobes that utilize peroxidase
enzymes to break down H;O; into organic compounds and
water without generating air bubbles.

Hydrolysis of casein, starch, and lipid

Eight of the 14 LAB isolates obtained from the
digestive tract of spiny lobsters exhibited enzymatic activity,
indicated by the formation of clear zones around the
colonies on each test medium. Table 3 presents the enzymatic
activity of these isolates, along with data from the cardiac
and pyloric segments, which form the upper and lower
parts of the stomach.

Table 3. Enzymatic activity screening of LAB isolates from the
spiny lobster digestive tract

Biochemical and physiological characterization Segment  Number __ Screening —
The biochemical and physiological characterization of —oforigin__ofisolate Proteolytic Amylolytic _ Lipolytic
the obtained isolates revealed that seven were catalase- gard'.""c L 0 ! 0
. L . yloric 6 3 3 3
negative, while five were catalase-positive (Table 2). All | 5. o 7 3 > 3
isolates were non-motile, homofermentative (Ho), and g 14 6 6 6
Table 1. The appearance of colony morphology of LAB isolates from the digestive tract of spiny lobsters
Isolate Color Formed Edges Elevation Cell form Gram
SK1 White Round Smooth Convex Round Positive
SP1 White Round Smooth Convex Round Positive
SP2 White Round Smooth Convex Rod Positive
SP3 Yellow Round Smooth Flat Round Positive
SP4 White Round Smooth Convex Round Positive
SP5 Yellow Round Smooth Convex Rod Positive
SP6 White Round Smooth Flat Round Positive
SuU1l White Round Smooth Flat Round Positive
SuU2 Yellow Round Smooth Convex Round Positive
SU3 White Round Smooth Convex Rod Positive
SuU4 White Round Smooth Convex Round Positive
SU5 Yellow Round Smooth Convex Round Positive
SU6 White Round Smooth Flat Round Positive
SU7 White Round Smooth Convex Rod Positive
Table 2. Biochemical and physiological characterization of LAB isolates
Characteristics Isolate code
SK1 SP1 SP2 SP3 SP4 SP5 SP6 SU3 SuU4 SU5 SU6 SU7 Pc Ec Lb
Catalase + - - + - - - + - - - -
Motiliy - - - - - - - - -
Fermentation Type Ho Ho Ho Ho Ho Ho Ho Ho Ho/Hf
Temperature:
10°C - + - + + + + + +
45°C + + + - + + + + +
pH:
4.4 + + + + + + + + +
9.6 + - + -
NacCl:
6.5% - + - + + + + + +
18% - - - - - - - - -

Note: "+" indicates the presence of growth, "-"

show growth while others do not

indicates the absence of growth, "+" indicates variability in growth, where some species
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Amylolytic bacteria were primarily found in the cardiac
segment, likely because lobsters initially digest carbohydrates
as an energy source. The pyloric segment contained a
higher number of bacteria with proteolytic, amylolytic, and
lipolytic activities, as this part of the digestive tract
undergoes more intensive chemical digestion. According to
Perera and Simon (2015), protease enzymes in the lobster
digestive tract function optimally at neutral to slightly
alkaline pH, whereas amylase is more active in acidic
conditions. The neutral pH of the intestine facilitates the
digestion of both carbohydrates and proteins, leading to the
presence of proteolytic and amylolytic bacteria, along with
lipolytic bacteria, which indicate lipid digestion in the
pyloric and intestinal segments.

Proteolytic, amylolytic, and lipolytic activity tests were
performed using both cell cultures and cell-free supernatants
containing crude enzyme extracts. The formation of clear
zones in these tests indicated enzymatic activity, with
variations in zone size reflecting different hydrolysis
efficiencies for proteins, starch, and fats. The highest
protein and fat hydrolysis index was observed in isolate
SP6, while the greatest starch hydrolysis index was
recorded for isolate SU4. Table 4 presents the calculated
values for these enzymatic activities.

Based on Table 4, six bacterial isolates from the
digestive tract of spiny lobsters exhibited proteolytic
activity, as indicated by the formation of clear zones on
protein-containing (casein) media. The highest proteolytic
hydrolysis index was recorded for isolate SP6, with a value
of 3.32. The formation of clear zones around the colonies
confirmed that casein was hydrolyzed by extracellular
enzymes produced by the bacteria (Suciati et al. 2016).

Amylolytic activity tests (Table 3) demonstrated that
starch was hydrolyzed by isolates SK1, SP4, SP5, SP6,
SU3, and SU4. Among them, SU4 exhibited the highest
amylolytic activity, with a hydrolysis index of 3.67.
Similarly, lipolytic activity tests (Table 3) showed that six
isolates (SP3, SP4, SP6, SU3, SU4, and SU5) demonstrated
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fat hydrolysis, as evidenced by clear zones around the
colonies. The highest lipolytic activity was observed in
SP6, with a fat hydrolysis index of 2.62.

Complex macromolecules such as proteins, fats, and
starch are broken down into simpler compounds by
extracellular enzymes produced by bacteria, facilitating
their growth and development. LAB carry out proteolytic
activity through a proteolytic system comprising proteinases,
specific protein transporters, and peptidases, which help
convert casein into free amino acids necessary for growth.
Proteinases attached to the LAB cell wall hydrolyze casein
into dipeptides, tripeptides, and oligopeptides (Kieliszek et
al. 2021). These peptides are transported into the cell and
further degraded by endopeptidases, proline-specific
peptidases, dipeptidases, and aminopeptidases, releasing
free amino acids (Wang et al. 2021). The movement of
amino acids and peptides across the cytoplasmic membrane
is facilitated by specific protein transporters such as Opp,
DtpP, and DtpT in LAB (Kieliszek et al. 2021), with the
resulting free amino acids supporting bacterial growth
(Kieliszek et al. 2021).

Amylolytic bacteria hydrolyze starch through the
secretion of amylase enzymes, which break down starch
into simpler compounds such as glucose, maltose, and
dextrin (Nangin and Sutrisno 2015). Starch degradation is
carried out by four classes of enzymes: exoamylases,
transferases, endoamylases, and debranching enzymes
(Phieter et al. 2020). Starch consists of amylose, a linear
chain of a-glucose linked by a-(1-4) glycosidic bonds, and
amylopectin, a branched structure with a-(1-4) and a-(1-6)
bonds. The extracellular amylase enzyme produced by
Lactobacillus sp. is an endoamylase that hydrolyzes both a-
(1-6) and o-(1-4) glycosidic bonds found in pullulan,
amylopectin, and amylose (Veronica et al. 2022). However,
certain LAB species cannot degrade starch, as this activity
depends on their ability to directly utilize starch as a carbon
source for lactic acid production (Maryati et al. 2021).

Table 4. Hydrolysis index of protein, starch, and fat by LAB isolates from the digestive tract of spiny lobsters

Hydrolysis test Isolate Diameter of clear Colony diameter Clear zone with cell- Hy_drolysis
zone (mm) (mm) free supernatant (mm) index
Proteolytic SP3 6.67 4.00 12.20 1.67
SP4 16.67 6.34 18.67 2.63
SP6 11.01 3.34 18.71 3.32
SU3 11.67 4.67 29.67 2.50
Su4 13.00 6.00 28.67 2.16
SuU5 6.67 5.00 12.17 1.33
Amylolytic SK1 6.97 5.43 11.50 1.28
SP4 1.20 7.00 19.70 171
SP5 3.67 2.67 11.37 1.38
SP6 10.34 3.34 22.40 3.10
SuU3 7.00 4.00 16.00 1.75
SuU4 22.00 6.00 24.33 3.67
Lipolytic SP3 5.00 3.67 10.83 1.36
SP4 12.33 6.67 15.00 1.85
SP6 11.33 4.33 17.33 2.62
SuU3 9.67 5.33 13.00 181
SuU4 11.07 5.54 12.67 1.98
SU5 9.00 4.00 16.00 2.25
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Lipolytic activity reflects the ability of bacteria to
produce lipases, which catalyze the hydrolysis of ester
bonds in triacylglycerols, breaking them down into glycerol
and fatty acids at the hydrophobic substrate-water interface
(Chandra et al. 2020). Lipases can be intracellular or extracellular,
with LAB primarily producing intracellular lipases that
require autolysis to interact with substrates. Previous
studies have shown that higher substrate concentrations
result in greater lipolytic activity (Thierry et al. 2017). In
this study, olive oil was used as the lipid substrate, as it is
rich in unsaturated fatty acids, particularly oleic acid,
which enhances lipase activity (Kivanc and Acu 2022).

Probiotic potential can be assessed based on the ability
to produce multiple extracellular enzymes. In this study,
isolates SP6 and SU4 exhibited the highest enzymatic activity,
placing them in the strong category, as extracellular
enzyme activity is classified as strong when the hydrolysis
index is >2. A hydrolysis index of 1-2 is considered
moderate, while 0-1 is classified as weak (Elida et al. 2022).
Given their strong enzymatic activity, SP6 and SU4 show
potential as probiotic bacteria for use as feed additives for
spiny lobsters. The supplementation of spiny lobster feed
with a consortium of these two LAB isolates could promote
growth and serve as an alternative strategy for sustainable
lobster aquaculture.

As isolates derived directly from the gastrointestinal
tract of spiny lobsters (P. homarus), SP6 and SU4 exhibit
specific adaptations to their host and environment, enabling
them to function more effectively within the lobster's
gastrointestinal system. These adaptations enhance the
digestibility of the feed and optimize the bioavailability of
nutrients, which are essential for the growth and health of
the lobsters. Their exceptional multienzymatic capabilities,
which are rarely observed in common probiotic strains,
enable the efficient degradation of proteins, starch, and
fats, thus providing comprehensive support for digestive
processes. This advantage is further amplified by their
potential to act synergistically as a probiotic consortium,
with SP6 excelling in proteolytic and lipolytic activities,
while SU4 demonstrates superior amylolytic activity. This
combination vyields a synergistic effect that not only
facilitates the breakdown of complex nutrients but also
optimizes nutrient metabolism efficiency, thus positioning
SP6 and SU4 as superior candidates in comparison to
generic or single-strain probiotics.

Inhibition test of LAB isolates against V. harveyi

The selection of probiotic candidates in this study was
based on several essential criteria, including antibacterial
activity. Chloramphenicol was used as a positive control,
while MRS broth served as a negative control. The results
of the antibacterial activity tests are presented in Table 5.
Based on the table, seven LAB isolates were found to
inhibit the growth of V. harveyi, as evidenced by the
formation of inhibition zones around the wells. Three
isolates (SP1, SP6, and SU7) demonstrated strong inhibition,
while the remaining four isolates (SP3, SP4, SU3, and
SU4) showed moderate inhibition. According to Prastiyanto
et al. (2020), inhibition strength is categorized as very
strong (>20 mm), strong (11-20 mm), moderate (6-10 mm),
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and weak (<5 mm).

The inhibition zones around the wells were caused by
V. harveyi growth being restricted by the supernatant
containing LAB, which produced compounds such as lactic
acid, bacteriocins, (H20;) and carbon dioxide (CO,)
capable of inhibiting the pathogenic bacteria. LAB inhibits
pathogens through various mechanisms, including cell wall
damage, suppression of cell wall synthesis, changes in
membrane permeability leading to plasmolysis, and
interference with protein and nucleic acid synthesis, as well
as enzyme activity (Riadi et al. 2020).

Clear and turbid zones were observed when LAB
inhibited V. harveyi, with clear zones indicating bactericidal
activity from antimicrobial compounds like bacteriocins
and organic acids. Turbid zones, often referred to as
subinhibitory inhibition, are thought to result from fewer
metabolites with bacteriostatic properties (Zhang et al.
2022). According to Matatkova et al. (2019), subinhibitory
concentrations are those below the minimum inhibitory
concentration but still capable of inhibiting bacterial
growth. In this study, isolates SP1 and SU7 produced clear
inhibition zones, while SP3, SP4, SP6, SU3, and SU4
displayed subinhibitory or turbid inhibition zones.

LAB produces metabolites, such as lactic acid, that
inhibit V. harveyi, primarily through the release of organic
acids during fermentation (Sandi and Subagiyo 2022).
Lactic acid, in particular, exhibits bactericidal properties at
a pH of 4.5 and concentrations greater than 0.2%. During
LAB fermentation, lactic acid lowers the pH, disrupting
enzyme activity and preventing metabolic functions in
pathogenic bacteria (Fauziah et al. 2015).

Bacteriocins, which are proteinaceous toxins produced
by LAB, also play a significant role in inhibiting pathogenic
bacteria by disrupting protein synthesis and energy
metabolism (Hamidah et al. 2019). Bacteriocins have
bactericidal properties and can eliminate harmful bacteria
even at low concentrations (Manoharan and Balasubramanian
2022). For example, the Gram-positive bacterium
Pediococcus pentosaceus produces pediocin, a bacteriocin
that strongly inhibits V. harveyi by disrupting its cell
membrane (Haliman et al. 2023). Similarly, Lactobacillus
rhamnosus produces lactocin, which significantly inhibits
V. harveyi growth (Wu et al. 2022).

Table 5. Inhibition capacity of LAB supernatants against V.
harveyi on TCBS agar incubated for 24 hours at 30°C

Inhibition zone Inhibition  Categorization of

Isolate diameter (mm) strength inhibition (mm)
SP1 18 Strong 11-20

SP3 7.5 Moderate 6-10

SP4 6.83 Moderate 6-10

SP6 11.83 Strong 11-20

SuU3 9.33 Moderate 6-10

Su4 7 Moderate 6-10

SuU7 11 Strong 11-20
Control (+) 16 Strong 11-20
Control (-) 0 - -

Note: Control (+): Chloramphenicol: Positive control using
chloramphenicol (antibiotic standard) and control (-): MRS broth:
Negative control using MRS broth without bacterial filtrate



FATURRAHMAN et al. — Probiotic potential of lactic acid bacteria from spiny lobsters

Among the seven LAB isolates tested, SP1, SP6, and
SU7 exhibited strong antivibrio activity, with inhibition
zones measuring 18 mm and 11.83 mm for isolates from
the genus Pediococcus, and 11 mm for an isolate from the
genus Lactobacillus. Based on these results, LAB isolates
from the genera Pediococcus and Lactobacillus have
potential as probiotics to suppress V. harveyi growth and
can be developed as additives for functional feeds. These
probiotic candidates could promote digestive tract health in
spiny lobsters and provide a safer alternative to antibiotics,
which are known to contribute to bacterial resistance.

Comparative efficacy of LAB probiotics in aguaculture
species

The application of lactic acid bacteria (LAB) in
aquaculture has been the subject of extensive study across a
variety of species, with findings demonstrating broad-
spectrum benefits in improving growth performance,
disease resistance, and overall aquaculture sustainability.
For example, a study on the administration of the probiotic
Lactobacillus plantarum to shrimp demonstrated significant
improvements in growth performance, increased serological
immunity indicators and hepatopancreatic immunity gene
expression levels, and a reduction in mortality in shrimp
exposed to V. parahaemolyticus (Wei et al. 2022).
Furthermore, lactic acid bacteria have been demonstrated to
enhance feed utilization, promote growth, and bolster disease
resistance in shellfish. LAB have been demonstrated to
enhance water quality and augment stress resistance. The
administration of LAB to shellfish resulted in enhanced
innate immune responses and elevated survival rates
against pathogens. The immunomodulatory effects of
mixed LAB strains have been demonstrated to be more
pronounced than those of single strains (Ringg et al. 2020).

LAB have been demonstrated to stimulate gastrointestinal
development, improve digestive function and enhance
immune responses in finfish. LAB are capable of
producing antibacterial substances that are effective against
fish and human pathogens. Fish that have been fed LAB
have exhibited increased innate immune activity, including
neutrophil activity and cytokine production, which has
resulted in increased resistance to disease. However, it
should be noted that the immunological effects of LAB
may vary depending on the species and specific LAB strain
used (Ringg et al. 2018).

Challenges in probiotic development and application

Lobster aquaculture could greatly benefit from the use
of probiotics, specifically LAB, but several challenges must
be addressed in the development and commercialization
process. One major challenge is the variability in probiotic
efficacy, which can be influenced by factors such as
dosage, mode of administration, and strain specificity. In
this study, in vitro trials, including enzyme activity assays
and inhibition tests, were used to assess the potential of
probiotics. However, to apply these results effectively in
real-world aquaculture, in vivo trials are essential for
assessing the actual impact of probiotics on lobster growth
and health.
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Another significant challenge is ensuring the stability
and viability of probiotics in commercial feed formulations.
Probiotic bacteria are often sensitive to heat, moisture, and
oxygen, which can reduce their efficacy during storage and
feeding (El-Haroun et al. 2006). To address this, developing
encapsulation or other protective delivery methods is
crucial to maintaining the stability of LAB during feed
processing and storage, ensuring their effectiveness in
aquaculture.

Regulatory challenges surrounding the use of probiotics
in aquaculture must also be considered. The safety of
probiotic strains needs to be thoroughly evaluated to
prevent adverse effects on both the aquaculture organisms
and human consumers. Regulatory frameworks vary across
countries, and the approval process for probiotic products
can be lengthy and complex (Torres-Maravilla et al. 2024).

The LAB isolates from the digestive tract of spiny
lobsters examined in this study show promising probiotic
potential, particularly in their ability to produce beneficial
enzymes and inhibit pathogenic bacteria. However, to fully
harness the benefits of probiotics in lobster aquaculture,
further research is necessary to address challenges related
to probiotic stability, environmental impact, and regulatory
approval (Fachri et al. 2024).

Future studies should focus on large-scale in vivo trials
to validate the efficacy of LAB probiotics in aquaculture
settings. Additionally, exploring new methods for effectively
delivering probiotics to lobsters is essential. A deeper
understanding of the genetic and physiological mechanisms
underlying the stress tolerance of LAB will help identify
strains that can thrive in marine environments. Comparative
studies with other aquatic species can also provide valuable
insights for optimizing probiotic use across various
aquaculture systems (Rahayu et al. 2024).

While this study provides a strong foundation for the
use of LAB in lobster aquaculture, many factors must still
be considered to ensure successful implementation in the
field. Probiotics have the potential to revolutionize
sustainable aquaculture practices, but a multidisciplinary
approach combining microbiology, aquaculture technology,
and regulatory science is essential to achieve this goal
(Hancz 2022).

The findings of this study indicate that probiotics with
robust multienzymatic capabilities have significant potential
for application in aquaculture practices. Probiotics that
produce extracellular enzymes with the capacity to efficiently
hydrolyze proteins, starches and lipids can enhance nutrient
digestibility and bioavailability, which in turn can lead to
improved growth rates in cultured lobsters (Perera and
Simon 2015). The optimization of feed utilization through
the use of probiotics can result in a reduction in feed waste,
thereby lowering production costs and minimizing
environmental impacts. This, in turn, contributes to the
development of more sustainable aquaculture practices.

Furthermore, probiotics with such capabilities can play
a pivotal role in disease management. The production of
bioactive metabolites and the competitive exclusion of
pathogenic bacteria by probiotics can facilitate the
establishment of a healthy gut microbiome, thereby reducing
the incidence of diseases in lobster farming. This is of
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particular significance in intensive aquaculture systems,
where disease outbreaks present a significant challenge.
Moreover, the utilization of probiotics as feed supplements
can diminish the necessity for antibiotics in aquaculture,
addressing concerns about antimicrobial resistance and
satisfying the increasing demand for environmentally
friendly and secure aquaculture products (Indira et al.
2019). In general, incorporating probiotics with high
enzymatic activity into lobster farming practices has the
potential to enhance growth performance, augment disease
resistance and advance sustainability, aligning with the
global shift towards more responsible and eco-friendly
aquaculture approaches.

In conclusion, this study identified seven out of 14
bacterial isolates from the digestive tract of spiny lobsters
as lactic acid bacteria (LAB). These isolates included SP1,
SP3, SP4, SP6, SU3, SU4, and SU7, which were classified
into the genera Pediococcus (SP1, SP3, SP6, and SU4),
Enterococcus (SP4), and Lactobacillus (SU3 and SU7).
Most of the LAB isolates demonstrated the ability to
hydrolyze proteins, starch, and fats, and exhibited
antimicrobial activity against V. harveyi. Among them, SP6
emerged as the most promising probiotic candidate, due to
its exceptional protein and fat hydrolysis capabilities, along
with its strong inhibition of V. harveyi growth.
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