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Extracellular polymeric substances (EPSs) are known to have prebiotic properties, promoting the growth of
beneficial bacteria in the intestinal tracts of humans and animals. To investigate the prebiotic potential of EPSs
isolated from lactic acid bacteria (LAB), specifically Lactiplantibacillus plantarum and Bifidobacterium bifidum, the
study examined changes in intestinal LAB and Vibrio parahaemolyticus populations, as well as immune responses
in the Pacific white shrimp, Litopenaeus vannamei. The results showed that dietary supplementation with EPSs
increased the population of LAB while reducing the level of V. parahaemolyticus in the shrimp gut. Additionally,
EPSs were found to enhance the cellular immune responses of the shrimp, including total haemocyte count,
respiratory bursts, phenoloxidase activity, and superoxide dismutase activity. Shrimp that were not fed EPSs and
later inoculated with V. parahaemolyticus registered a mortality rate of 91%. In contrast, shrimp fed with EPSs
showed greater resistance to V. parahaemolyticus, with mortality rates ranging from 27-30% post-infection. These
findings suggest that EPSs produced by LAB could be utilized as a potential prebiotic substitute for antibiotics in
shrimp feed to inhibit the growth of V. parahaemolyticus, a significant pathogen in aquaculture. The prebiotic and
immune-enhancing properties of EPSs demonstrated in this study highlight their potential as a sustainable and
eco-friendly approach to disease management in shrimp farming.
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INTRODUCTION

The Pacific white shrimp, Litopenaeus vannamei, accounts for a significant
proportion of global crustacean aquaculture (Bardera et al., 2018). However, the
aquaculture industry has faced a growing challenge in the form of emerging shrimp
diseases, leading to substantial economic losses (Hou et al., 2018). The use of
antibiotics in aquaculture has been increasingly restricted due to several concerns.
These include the dissemination of antibiotic-resistant bacterial strains, the
accumulation of antibiotic residues in the host organisms, the disruption of the
intestinal microflora, and the potential reduction in host immunity (Smith et al.,
2003; Sapkota et al., 2008; Miller et al., 2018). Concurrently, microbial
polysaccharides known as prebiotics (Badel et al., 2011) have gained considerable
attention as a natural alternative for the treatment of shrimp infections (Butt et al.,
2021). Extracellular polymeric substances (EPSs), which primarily consist of
exopolysaccharides, are an important class of these microbial polysaccharides.
EPSs have been regarded as a potential natural substitute for chemical
medications and antibiotics due to the various health benefits they can provide
(Paul et al., 2011).

Prebiotics are non-digestible food ingredients that selectively promote the
growth of beneficial bacteria (Hamprakorn et al., 2024), thereby exerting positive
effects on host health (Sestito et al., 2020). One of the most prominent effects of
prebiotics is their ability to activate the intestinal immune system of various aquatic
animals, including the Pacific white shrimp (L. vannamei) (Neto and Nunes, 2015;
Hu et al., 2019), common carp (Cyprinus carpio) (Hoseinifar et al., 2014), Nile tilapia
(Oreochromis niloticus) (Van Doan et al., 2018), and red drum (Sciaenops ocellatus)
(Zhou et al., 2010). In addition to their immunomodulatory effects, prebiotics can
also be fermented by intestinal bacteria, leading to the production of various
metabolites, such as short-chain fatty acids (SCFAs), which possess anti-
inflammatory and immunomodulatory properties (Nawaz et al., 2018). Indigestible
carbohydrates, including galactooligosaccharides, fructooligosaccharides, inulin,
and xylooligosaccharides, are among the most extensively studied and applied
prebiotics in aquaculture (Butt et al., 2021). In this context, the EPSs produced by
lactic acid bacteria (LAB) have the potential to be employed as prebiotics in shrimp
farming (Grosu-Tudor et al., 2013).

LAB are well-known producers of EPSs with a wide range of unique
properties, making them valuable for various applications. EPSs derived from LAB
exhibit diverse biological and pharmacological activities, rendering them promising
as antioxidants, antivirals, anticancer, anti-inflammatory, and immunomodulatory
agents in the pharmaceutical and medical industries (Madhuri and Vidya
Prabhakar, 2014). In addition to their therapeutic potential, many studies have
demonstrated the prebiotic capabilites of LAB-derived EPSs. These
polysaccharides have been shown to reduce the formation of pathogenic biofilms
and stimulate the growth of probiotic bacteria (Hongpattarakere et al., 2012).

Considering the prebiotic potential of EPSs, the present study aimed to
evaluate their influences on the density of LAB and Vibrio parahaemolyticus in the
digestive system, as well as the immune responses of the Pacific white shrimp (L.
vannamei). The objective of this work was to elucidate the prebiotic potential of
LAB-derived EPSs in aquaculture.

MATERIALS AND METHODS

Preparation of LAB’s EPSs

The Lactobacillus plantarum VAL6 and Bifidobacterium bifidum VAR2 strains
used in this study were obtained from the Department of Biotechnology at An Giang
University, National University Ho Chi Minh City, Vietnam. The production of EPSs
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was carried out using the Man-Rogosa-Sharpe (MRS) broth medium. The
cultivation process was conducted in 5-L bioreactors (BIOSTAT, Sartorius
Stadium, Germany). Specifically, 5 L of MRS medium was inoculated with 100 mL
of an overnight bacterial culture (ODses = 1.5). The pH was maintained at 6.8 by
titration with 10 M NaOH, the temperature was kept at 37 °C, and the agitation rate
was set to 250 rpm. After 30 hours of cultivation, the EPSs were extracted following
the method described by Nguyen et al. (2022). The extraction process involved
mixing 100 mL of the supernatant with an equal volume of 2 M NaOH, which was
then gently stirred overnight at room temperature. The supernatants were
recovered by centrifugation at 8,400 g for 20 minutes, and the EPSs were
precipitated from the supernatants by adding double the volume of 96% (v/v) cold
ethanol. The precipitation was carried out at 4 °C for 48 hours. After a second
centrifugation step at 8,400 g and 4 °C for 30 minutes, the EPSs were dried at 55
°C until a constant weight was achieved. As a result of this process, two types of
EPSs were produced: LP from L. plantarum VAL6 and BB from B. bifidum VAR2.
These EPSs were then subjected to further analysis and evaluation for their
potential prebiotic and immunomodulatory effects in the Pacific white shrimp (L.
vannamei) aquaculture system.

Shrimp culture and feeding trials

All procedures involving laboratory animals in this study were approved by
the Animal Ethics Committee of An Giang University, Vietnam National University,
Ho Chi Minh City, Vietnam. The experimental shrimp were collected from Kien
Giang, Vietnam. The shrimp were acclimated and fed an untreated formulated diet
twice daily for 10 days in fiberglass tanks under laboratory conditions (25%. salinity
and 27 + 1.64 °C). After the acclimation period, the shrimp were weighed (8.5 + 0.1
g) and randomly assigned in equal numbers to 12 fiberglass tanks (500 L, initial
density of 50 animals per tank) in four treatment groups, each with three replicates.
The feeding trial groups were as follows: a control group (basal diet), a Glucan-
treated group (basal diet supplemented with 1,3-p glucan at 4 g/kg of feed), an LP-
treated group (basal diet supplemented with LP EPSs at 4 g/kg of feed), and a BB-
treated group (basal diet supplemented with BB EPSs at 4 g/kg of feed). The
untreated formulated diet was withheld a few hours before administering the
experimental diets containing the EPS supplements. During the experiment, the
shrimp were fed the respective diets at 5-6% of their body weight, distributed over
five meals per day (7:00, 10:00, 13:00, 17:00, and 21:00). Uneaten feed and feces
were siphoned out daily. The water temperature, salinity, ammonia-nitrogen, and
pH were maintained at 29 + 1°C, 25 + 0.5%o., 0.05 + 0.005 mg/L, and 8.0 = 0.2,
respectively. The commercial shrimp feed provided by Uni-President Vietnam Co.,
Ltd. was utilized in the shrimp acclimation and feeding trials. Proximate analysis of
the basal diet revealed 40% crude protein, 4% crude lipid, 3% crude fiber, 13%
ash, and 11% moisture.

Vibrio parahaemolyticus challenge trials

On the 21st day of the feeding trials, the challenge trials were initiated with
three replicates. Specifically, 30 shrimp from each replicate of the previous
combined feeding trial were equally divided into groups for pathogen challenge. V.
parahaemolyticus was provided by Research Institute for Aquaculture No. 2 (Ho
Chi Minh City, Vietnam). The day before the challenge assay, V. parahaemolyticus
was cultured for 24 hours at 35 °C on a shaker in 100 mL of 50% sterilized
seawater-supplemented brain heart infusion broth (BHI) in 200-mL conical flasks
(Immanuel et al., 2004). For the challenge, V. parahaemolyticus infection was
administered by adding the bacteria directly to the shrimp tanks to achieve a
density of 10° CFU/mL. This infection level was determined based on our
unpublished data, indicating that exposure to this density of the pathogenic
bacterium resulted in moderate mortality in the shrimp. During the challenge trials,
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shrimp from each treatment group were collected to assess immunological
parameters, as well as to determine the densities of LAB and V. parahaemolyticus
in the shrimp gut.

Determination of bacteria cell density

The densities of LAB and V. parahaemolyticus in the shrimp gut were
determined at the beginning and after 3, 6, and 9 days of the challenge trial. MRS
agar, supplemented with 5% CaCOs;, was utilized to enumerate the LAB. The
density of V. parahaemolyticus was determined using a specialized medium,
Thiosulfate-Citrate-Bile Salts-Sucrose (TCBS) agar. Briefly, the shrimp gut was
weighed and placed into an Eppendorf tube, where it was ground to break down
the gut cells. A saline solution (0.9%) was then added, and the mixture was
vortexed carefully. Serial dilutions were prepared from the sample. From the
appropriate dilution, 0.1 mL was pipetted onto the center of the agar plate surface.
The sample was then spread evenly over the agar using a sterile glass spreader,
while simultaneously rotating the Petri dish. After incubation at 37°C for 24 hours,
the bacterial colonies were counted to determine the cell densities. LAB colonies
were identified by their ability to solubilize CaCOs, while V. parahaemolyticus
colonies appeared colorless with a green center. This analysis allowed for the
assessment of the changes in LAB and V. parahaemolyticus populations within the
shrimp gut during the course of the challenge trial.

Immune parameters

Immune measurements were conducted on three shrimp from each sample
at the beginning of the challenge trial and after 3, 6, and 9 days, following the
method previously described by Chiu et al. (2007). Haemolymph samples (100 pL)
were withdrawn from the ventral sinus of each shrimp using a 1-mL sterile syringe
containing 0.9 mL of an anticoagulant solution. The anticoagulant solution
consisted of 30 mM trisodium citrate, 338 mM sodium chloride, and 10 mM EDTA,
adjusted to a pH of 7.55 and an osmolality of 115 mM using glucose. The
haemolymph samples were then divided into two parts. A drop of the
anticoagulant-haemolymph mixture (100 pL) was placed on a haemocytometer to
measure the total haemocyte count (THC) using an inverted phase-contrast
microscope. The remainder of the haemolymph mixture was used for subsequent
immunological tests, such as the determination of phenoloxidase activity,
respiratory burst, and other relevant immune parameters.

The phenoloxidase (PO) activity of the shrimp haemocytes was
spectrophotometrically measured by recording the formation of dopachrome
produced from L-dihydroxyphenylalanine (Sigma-Aldrich), as described by Poulose
(2011). Briefly, 50 pL of haemolymph was taken and mixed with 50 pL of 10%
sodium dodecyl sulfate and 1.0 mL of L-dihydroxyphenylalanine (0.19%
concentration in Tris-HCI buffer). This mixture was then incubated for 30 minutes
at 25 °C. The formation of dopachrome was measured every 30 seconds for 3
minutes in a spectrophotometer at 490 nm. The shrimp's PO activity was
expressed as the amount of dopachrome formed in 50 pL of haemolymph.

The respiratory burst activity of the shrimp haemocytes was determined by
measuring the reduction of nitroblue tetrazolium (NBT) (Sigma-Aldrich) to formazan,
as an indicator of superoxide anion production, as described previously by Bell and
Smith (1993). Briefly, the assay involved the addition of haemolymph (10 pL) to a
reaction mixture containing nitroblue tetrazolium. The formation of formazan,
resulting from the reduction of nitroblue tetrazolium by the superoxide anions, was
measured using a microplate reader at an optical density of 630 nm. The respiratory
burst activity was expressed as the amount of NBT-reduction per 10 pL of
haemolymph.

The superoxide dismutase (SOD) activity of the shrimp haemocytes was
determined according to the method described by Beauchamp and Fridovich
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(1971) using nitroblue tetrazolium in the presence of riboflavin. Briefly, a reaction
mixture was prepared containing 0.1 mM EDTA, 13 mM methionine, 0.75 mM NBT,
and 20 mM riboflavin in 50 mM phosphate buffer at pH 7.8. An aliquot of
haemolymph (0-100 pL) was then added to 2 mL of this reaction mixture. The
samples were placed under fluorescent light for 2 minutes or until the optical
density at 560 nm reached a value of 0.2-0.25 in the control tubes without
haemolymph. The specific SOD activity was expressed as SOD units per milligram
of protein. The total protein content of the haemolymph samples was quantified
using the Bradford (1976) method, with bovine serum albumin as the standard.

Growth parameters assay
After 21 days of the feeding test, L. vannamei was weighed to calculate the
specific growth rate (SGR) and evaluated on their survival. The SGR and survival of

different treatments were calculated according to the following formula (Li et al.,
2018):

Specific growth rate (SGR %) = 100 x (Final bodyweight - Initial bodyweight)
/ Experiment period

Survival (%) = 100 x N /N;;

in which Nt is number the of live shrimp at the end of the feeding trial and N;
is the initial stocking number of shrimp in the feeding trial

Statistical analysis

The significance of difference was evaluated by the analysis of variance
(ANOVA) followed by Duncan's test with statistical software SPSS 17.0 and data
are expressed the mean value of three replicates + SD. The level of statistical
significance was set at p < 0.05.

RESULTS
Effect of EPSs on the growth

The use of prebiotics has been considered as a viable alternative approach
in aquaculture practices to improve growth performance and disease resistance of
cultured species. In the present study, the effects of EPSs produced by LAB on the
growth and survival of the Pacific white shrimp (L. vannamei) were investigated.
After a 21-day feeding trial, the results showed that the dietary supplementation of
EPSs from LAB sources could significantly enhance the growth of L. vannamei. The
SGR values of shrimp fed diets supplemented with LP, BB, and Glucan EPSs
ranged from 1.8 to 2% per day, which were significantly higher (p < 0.05) than the
control group (1.2% per day). Similarly, the survival rates of shrimp fed the EPS-
supplemented diets were considerably higher compared to the control diet (Table
1).
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Table 1 Effects of diets containing EPSs on the SGR and survival of L. vannamei after 21 days of
feeding

EPSs SGR (%/day) * Survival (%)*
LP 2.04 +0.08? 91.63 + 2.542
BB 1.85+0.02° 92.27 + 1.962
Glucan 1.94 +0.03° 91.20 + 3.462
Control 1.20 + 0.03° 87.03 £ 0.93°

*All data are represented as mean + SD. Different superscript letters in the same column indicate a
significant difference (p < 0.05, Duncan’s test).

Density of LAB and V. parahaemolyticus in the shrimp
gut

Prebiotics can stimulate the growth of beneficial microbial populations, such
as LAB (Yahfoufi et al., 2018). Meanwhile, probiotics derived from LAB can
modulate the intestinal microbiota by maintaining a balanced gut flora and
suppressing the growth of pathogenic bacteria in the host (Maldonado Galdeano
et al., 2019). To elucidate these correlations, the present study determined the
population changes of LAB and the pathogenic bacterium V. parahaemolyticus
after infection in the shrimp gut. The effects of EPSs on the density of LAB and V.
parahaemolyticus in the shrimp intestine were shown in Figure 1 and 2,
respectively. After the 21-day feeding trials (at time T0), the LAB density in the
groups treated with LP, BB, and Glucan EPSs was significantly higher (o < 0.05)
compared to the control group (Figure 1). These results demonstrated that the diet
supplemented with EPSs stimulated the growth of LAB in the shrimp gut. Following
the V. parahaemolyticus challenge, the intestinal LAB density of the shrimp fed the
diets containing LP, BB, and Glucan EPSs steadily increased from day 3 to day 9.
However, the LAB density remained relatively unchanged in the control group
(Figure 1).
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Density of LAB (LogCFU/g)

LP BB Glucan Control

Types of EPSs

Figure 1 Effect of dietary on the density of LAB in the shrimp gut (TO: before the challenge; T3,
T6, and T9 were 3, 6 and 9 days after the challenge, respectively). Different superscript

uppercase letters indicate statistically significant differences between treatments at the same
sample-collection time and different superscript lowercase letters indicate significant differences
throughout time for each separate treatment by Duncan’ test (p < 0.05)

Regarding the population dynamics of V. parahaemolyticus, an opposite
trend was observed compared to the LAB density in the shrimp gut (Figure 2). The
density of V. parahaemolyticus was significantly lower in the LP, BB, and Glucan
EPS groups compared to the control group. Furthermore, the population of V.
parahaemolyticus gradually decreased over time in the shrimp fed the EPS-
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containing diets, while the V. parahaemolyticus density gradually increased in the
control group (Figure 2). Interestingly, at the initial time point (T0), a certain amount
of V. parahaemolyticus was already present in the shrimp gut. This can be
explained by the fact that Vibrio species are naturally part of the intestinal
microbiota of shrimp and can act as opportunistic pathogens under certain
environmental or physiological conditions (Garibay-Valdez et al., 2020).

8 1 ETO mT3 mT6 T9

Density of V. parahaemolyticus
(LogCFU/g)

LP BB Glucan Control
Types of EPSs

Figure 2 Effect of dietary on the density of V. parahaemolyticus in the shrimp gut (TO: before the
challenge; T3, T6, and T9 were 3, 6 and 9 days after the challenge, respectively). Different

superscript uppercase letters indicate statistically significant differences between treatments at
the same sample-collection time and different superscript lowercase letters indicate significant
differences throughout time for each separate treatment by Duncan’ test (p < 0.05)

Immune responses

The results demonstrated that the diet supplemented with EPSs produced
by LAB could stimulate the immune responses in the Pacific white shrimp, L.
vannamei. The effects of dietary EPSs on the total THC, respiratory burst activity,
PO activity, and SOD activity in L. vannamei are shown in Figs. 3-6, respectively.
The THC level in shrimp fed the diets containing LP, BB, and Glucan EPSs
increased considerably after 3 days of the challenge (p < 0.05), then gradually
decreased on days 6 and 9. After 3 days of the challenge, the THC in the shrimp
fed the BB diet peaked at 1,366 x 10° cells/mL. At the same time, the highest THC
in the shrimp fed the LP and Glucan diets was around 650 x 10° cells/mL. These
values were significantly higher compared to the control (Figure 3).

The PO activity on days 3 and 6 in the EPS groups was significantly lower
than that in the control. However, after 9 days of the challenge, the PO activity was
significantly higher in the EPS-treated groups compared to the control.
Remarkably, the PO activity in the shrimp fed the EPS-containing diets increased
sharply on day 9, whereas the PO activity in the control group increased only after
3 days and remained relatively unchanged on the following days (Figure 4).

Similar to PO activity, the respiratory burst activity gradually increased from
day 3 to day 6 and peaked on day 9 after the challenge. Furthermore, after 3 days
of the challenge, the respiratory burst activity of the shrimp fed the diets containing
LP, BB, and Glucan EPSs was higher than that of the shrimp fed the control diet
(Figure 5).

In the EPS treatments, while PO activity and respiratory burst activity were
highest on day 9 after the challenge, SOD activity was highest on day 6 and then
decreased on day 9. The SOD activity of the control was considerably lower than
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that of the EPS treatments and remained relatively unchanged during the
experimental period (Figure 6).
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Figure 3 Total haemocyte count of L. vannamei fed EPS diets (TO: before the challenge; T3, T6,
and T9 were 3, 6 and 9 days after the challenge, respectively). Different superscript uppercase

letters indicate statistically significant differences between treatments at the same sample-
collection time and different superscript lowercase letters indicate significant differences

throughout time for each separate treatment by Duncan’ test (p < 0.05)
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Figure 4 The phenoloxidase activity of L. vannamei fed EPS diets (TO: before the challenge; T3,
T6, and T9 were 3, 6 and 9 days after the challenge, respectively). Different superscript

uppercase letters indicate statistically significant differences between treatments at the same
sample-collection time and different superscript lowercase letters indicate significant differences
throughout time for each separate treatment by Duncan’ test (p < 0.05)
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Respiratory burst activity
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Figure 5 The respiratory burst activity of L. vannamei fed EPS diets (TO: before the challenge; T3,
T6, and T9 were 3, 6 and 9 days after the challenge, respectively). Different superscript

uppercase letters indicate statistically significant differences between treatments at the same
sample-collection time and different superscript lowercase letters indicate significant differences

throughout time for each separate treatment by Duncan’ test (p < 0.05)
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Figure 6 The superoxide dismutase activity of L. vannamei fed EPS diets (TO: before the
challenge; T3, T6, and T9 were 3, 6 and 9 days after the challenge, respectively). Different

superscript uppercase letters indicate statistically significant differences between treatments at
the same sample-collection time and different superscript lowercase letters indicate significant

differences throughout time for each separate treatment by Duncan’ test (p < 0.05)
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Cumulative mortality

The monitoring of shrimp mortality after the pathogen challenge revealed
that the dietary application of LP, BB, and Glucan EPSs significantly decreased
(p<0.05) the cumulative mortality of shrimp infected with V. parahaemolyticus,
compared to the control. After 9 days of the challenge, the cumulative mortalities
of the shrimp fed the diets containing LP, BB, and Glucan EPSs were 27%, 30%,
and 39%, respectively. In contrast, the cumulative mortality of the control group
was 91% (Figure 7). After 9 days of the challenge, the cumulative mortalities of the
shrimp fed the diets containing LP, BB, and Glucan were 27, 30, and 39%,
respectively. Meanwhile, the cumulative mortality of the control was 91% (Figure
7). These results indicate that the EPSs produced by LAB can enhance the ability
of L. vannamei to resist and survive the infection by V. parahaemolyticus.
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Figure 7 The cumulative mortality curve of L. vannamei fed EPS diets in the pathogen challenge.

The asterisk represent significant differences between the LAB’s EPS groups and the others by
analyzing the Kaplan-Meier plot log-rank y* test

DISCUSSION

Although many studies have indicated that EPSs from LAB have the prebiotic
potential to stimulate growth performance in poultry (Ashfaq et al., 2020), this is the
first study, to the best of our knowledge, to demonstrate their growth-promoting
effects on the Pacific white shrimp, L. vannamei. Our results revealed significant
differences in the SGR and shrimp survival between the EPS-supplemented groups
and the control group. This is the first report on the effect of diets containing
bacterial EPSs on the growth performance of L. vannamei. While there are no
previous studies on the impact of bacterial EPSs on shrimp growth, several studies
have demonstrated that dietary polysaccharides extracted from algae and plants
could increase the growth performance of L. vannamei (Akbary and Aminikhoei,
2018; Su et al., 2020). Therefore, the findings of the current study suggest that the
EPSs produced by LAB may have the potential to serve as prebiotics in
aquaculture.

The population of LAB in the shrimp gut increased considerably with the
addition of EPSs to the diet. This finding is consistent with a previous study that
reported dietary fructo-oligosaccharides stimulated the growth of probiotics such
as Lactobacillus sp. in the intestinal tract of L. vannamei (Zhou et al., 2007). In
contrast to the increased LAB density, we observed a rapid decrease in the
population of V. parahaemolyticus in the shrimp receiving the EPS-supplemented
diets after the challenge. The inhibition of V. parahaemolyticus in shrimp by dietary
polysaccharides has also been studied previously (Thanardkit et al., 2002;
Elshopakey et al., 2018). EPSs can prevent pathogen adherence by operating as
competing receptors in intestinal epithelial cells (Luna-Gonzalez et al., 2012). In
addition, EPSs also function as prebiotics by accelerating the growth of intestinal
LAB (Grosu-Tudor et al., 2013), resulting in a reduction in the population of
pathogenic bacteria. The immunomodulatory functions of prebiotics include
stimulating the growth of anaerobic bacteria, specifically Bifidobacterium,
preventing opportunistic/pathogenic adhesion, lowering the pH concentration of
the colon by increasing the production of short-chain fatty acids (SCFAs),
competing for nutrients, and up-regulating immune responses against infections
(Mussatto and Mancilha, 2007; Luis, 2018).

ERINARY
ATIVE @ @ Open Access Copyright: ©2025 Author (s). This is an open access article distributed under the term of the Creative Commons Attribution 4.0 International License, which permits
BY

ENCES use, sharing, adaptation, distribution, and reproduction in any medium or format, as long as you give appropriate credit to the original author (s) and the source.



11

Prebiotics have been reported to act as immunostimulants, which can
directly impact the innate immune system of shellfish (Akhter et al., 2015).
Therefore, the present study analyzed the immune parameters of shrimp to
demonstrate the immune-enhancing effect of EPSs. It is well-established that
increasing the total hemocyte count (THC) provides enhanced immune capability
in crustaceans. Hemocytes are the key inducers of the cellular immune responses,
including recognition, phagocytosis, and melanization, in shrimp (Bachere et al.,
2004). Meanwhile, PO is the terminal enzyme of the prophenoloxidase (proPO)
system, which is an important part of the shrimp immune system. PO activity is
positively correlated with the shrimp's disease resistance capability (Wongprasert
et al., 2014). Previous studies have indicated that dietary polysaccharides extracted
from Agave tequilana (Luna-Gonzalez et al., 2012), S. cerevisiae (Bai et al., 2010),
and S. commune (Wang et al., 2008) substantially improve the innate immunity
parameters of L. vannamei. Consistent with these earlier findings, our results
showed that dietary supplementation of EPSs significantly increased the THC, PO
activity, SOD activity, and respiratory burst of L. vannamei after the pathogen
challenge. The increase in phagocytic activity, PO activity, and antibacterial ability
in the EPS-supplemented groups further confirmed the beneficial effects of LAB-
derived EPSs on the shrimp immune system.

The observed changes in THC, SOD activity, PO activity, and respiratory
burst activity in shrimp challenged with V. parahaemolyticus could be explained by
the immune response mechanisms triggered by the pathogen (Rajendran et al.,
2022). Theincrease in THC at day 3 suggests an active recruitment and proliferation
of hemocytes in response to the pathogen. The rise in SOD activity on day 6 reflects
the shrimp's effort to combat oxidative stress generated by the infection (Harlina et
al., 2024). Additionally, the increase in PO and respiratory burst activities on day 9
indicates a heightened immune activity, likely as a result of sustained infection and
the need for enhanced defense mechanisms (Harlina et al., 2024). These immune
markers are interrelated in the context of the shrimp's defense against V.
parahaemolyticus, potentially achieved through sequential activation mechanisms.
The increase in hemocytes initiates the immune response, leading to heightened
SOD activity to manage oxidative stress. This is followed by an increase in
respiratory burst activity as the shrimp attempt to eliminate the pathogen.

The immunostimulatory function of prebiotics is believed to involve their
interaction with pattern recognition molecules, such as B-glucan and dectin-1
receptors, present on macrophages, which can activate signaling molecules like
NF-kB and improve the capacities of immune cells (Brown et al., 2002; Yadav and
Schorey, 2006). Prebiotics may also interact with Microbe-Associated Molecular
Patterns (MAMPs), such as teichoic acids, peptidoglycans, glycosylated proteins,
and bacterial capsule polysaccharides, to stimulate the immune response (Bron et
al., 2011). An increase in the activities of SOD, PO, and respiratory burst has also
been observed in L. vannamei fed a diet containing prebiotics such as mannan-
oligosaccharides (MOS) (Hamsah et al., 2019), which is consistent with our findings.
These results suggest that EPSs produced by LAB can be employed as an effective
immunostimulant in shrimp aquaculture.

After the pathogen challenge, the health status and immune response
performance of the shrimp were assessed by evaluating the cumulative mortality.
V. parahaemolyticus, a hazardous pathogen, is known to cause Acute
Hepatopancreatic Necrosis Disease (AHPND), or Early Mortality Syndrome (EMS),
in L. vannamei (Khimmakthong and Sukkarun, 2017). Previous studies have
demonstrated that the dietary intake of prebiotics could increase the resistance of
Kuruma Shrimp (Marsupenaeus japonicus) against V. parahaemolyticus
(Elshopakey et al., 2018). In the present study, shrimp fed with EPSs and
subsequently inoculated with V. parahaemolyticus exhibited a 27-30% mortality
rate, while the control group had a mortality rate of 91%. This reduced mortality is
likely attributed to the enhanced immune response induced by the dietary
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supplementation of EPSs. Furthermore, the EPSs increased the number of LAB in
the shrimp gut, which may have enhanced the capacity of the beneficial bacteria
to compete for adhesion sites with V. parahaemolyticus and other pathogens
(Gomez-Gil et al., 2000). However, to fully elucidate the shrimp immune response
after the V. parahaemolyticus challenge, further analysis of the expression of genes
related to the immune response is required to explore the positive effect of EPSs
on infected shrimp. Nevertheless, the current study offers valuable information on
the immune-promoting mechanism of LAB-derived EPSs in shrimp.

CONCLUSIONS

The present study demonstrated the immunostimulatory effects of EPSs
derived from LAB in the Pacific white shrimp, L. vannamei. The findings suggest
that dietary supplementation of EPSs can significantly enhance the innate immune
parameters of shrimp, including total THC, PO activity, SOD activity, and
respiratory burst. The improved immune responses observed in the EPS-fed
shrimp were further confirmed by the increased phagocytic activity, PO activity,
and antibacterial ability, indicating the beneficial effects of LAB-derived EPSs on
the shrimp immune system. The reduced cumulative mortality rate (27-30%) in
shrimp challenged with the pathogen Vibrio parahaemolyticus, compared to the
control group (91%), highlights the ability of EPSs to enhance the disease
resistance of L. vannamei. The increase in the population of beneficial LAB in the
shrimp gut may have contributed to the enhanced disease resistance by competing
with V. parahaemolyticus for adhesion sites, thereby reducing the pathogen's
colonization and proliferation. Overall, the findings of this study suggest that LAB-
derived EPSs can be effectively utilized as a natural and eco-friendly
immunostimulant in shrimp aquaculture to improve the health and disease
resistance of L. vannamei.
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