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Abstract: Synbiotics containing prebiotics and probiotics are commonly applied in aquaculture,
which serves mutual benefits. This study focused on applying alginate, spirulina water extract
(SWE), and Lactobacillus bulgaricus probiotics in Litopenaeus vannamei supplementation feed via
oral administration at low salinity (1 ppt). The survival rate, growth, and biomass were determined
as well as the immune-related gene expression of ProPhenol Oxidase (PO), Superoxide Dismutase
(SOD), Lipopolysaccharide Beta Glucan Binding Protein (LGBP) were assessed. Gene-related
salinity stressors, namely insulin-like growth Factor (IGF) and Heat Shock Protein (HSP), were also
determined. The factorial design with two factors was applied (supplemented and non-supplemented;
1 ppt and 30 ppt mediums) and replicated thrice. 1,000 shrimps (500 ind.m?) at the initial weight of
0.2+0.05 g were reared in the semi-mass culture at 2 tons medium for 56 days. Growth was monitored
weekly. The results show that shrimp fed supplementation of (Alg 3.0 g.kg! + 5.0 mg SWE.kg!) in
1 ppt medium (P<0.05) reached the best survival rate, biomass, and gene expression (PO, LGBP,
HSP, and IGF), except Lectin. These prebiotics of macro and microalga from Indonesia's tropical
coast supported the environmentally friendly and sustainable approach. Promising a noteworthy
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future in culturing L. vannamei in low salinity.

Introduction

As a valuable economic aquatic animal cultivated, the
production of L. vannamei in 2022 is around 11,237
million tons, describing 51.7% of the global shrimp
production (FAO, 2024) and exceeding the caught
shrimp for the first Whiteleg  Shrimp,
Litopenaeus vannamei is the fastest-growing food

time.

sector. As a euryhaline shrimp, it can stand for a broad
range of salinities (0.5 to 45 ppt) and is commonly
cultured in inland low-salinity water in many
countries worldwide (Al-Subiai et al.,, 2025).
Recently, a large amount of L. vannamei has been
cultured in inland waters at low salinity (< 5 ppt), with
poor survival, delayed growth, low-stress tolerance
(Su et al., 2023), and decreased immunity (Al-Subiai
et al., 2025). In addition, this adaptive response
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necessitates a substantial quantity of energy obtained
from shrimp feed during farming (Yudiati et al.,
2024).

Nutritive regulation is a valuable strategy to lighten
the contrary effects of low-salt stress (Qiao et al.,
2022). Dietary supplementation of nutrients such as
amino acids (Xie et al., 2014), protein (Li et al., 2011),
lipids (Chen et al., 2015), carbohydrates (Li et al.,
2024), vitamins (Zhu et al., 2024) and minerals
(Pimentel et al., 2023) can improve the growth
performance, antioxidant and immune capacity which
regulates the gene expression of the shrimps at low
salinity. Furthermore, adding prebiotics such as -
Glucan (Qiao et al., 2022), inulin (Li et al., 2024) as
well as synbiotics fertilised with rice bran processed
by probiotic bacteria can also affect the shrimp’s
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intestinal health at low salinity, which delivers a
nutrient-rich medium for the growth contribute of an
excessive load up of microorganisms to supporting
water quality (Pimentel et al., 2023).

Alginate is a natural polysaccharide consisting of
mannuronic and guluronic acid gained from brown
seaweeds and is proven as an excellent compound to
boost L. vannamei immune response (Yudiati et al.,
2019; Azhar and Yudiati, 2023). The synbiotics of
alginate and Lactobacillus bulgaricus probiotics can
improve the survival and resistance against pathogenic
Vibrio spp. of Artemia as biomodel (Yudiati et al.,
2021b) and L. vannamei (Yudiati et al., 2023a). Lactic
acid bacteria (LAB), including L. bulgaricus, are
gram-positive, non-sporulating, and non-mobile
bacteria that can produce lactic acid as the major end
product of carbohydrates such as alginate for
fermentation. Probiotics are effective not only in
disease resistance but also in improving growth
performance, activities of digestive enzymes, and
immune response (Liu et al., 2022). A previous study
on L. bulgaricus showed their abilities to attach to the
intestinal mucus, race for attachment positions with
pathogenic Vibrio spp., immune response, and
consistently upregulate Lectin, ProPhenol Oxydase
(ProPO) as well as Lipopolysaccharide Beta Glucan
Binding Protein (LGBP) gene expression (Yudiati et
al., 2016; Yudiati et al., 2019; Azhar and Yudiati,
2023). The combination of this pre and probiotics
managed to maintain the best cultivation condition
even at a lower dose and under-stress salinity (Yudiati
et al., 2024).

Spirulina platensis one of the best species of blue-
green microalgae, is not only rich in nutrients but also
has good immunomodulatory effects (Yudiati et al.,
2021a; Azhar and Yudiati, 2023), antioxidant from
protein pigment base (Hidayati et al., 2020), and
antiviral effects (Liu et al., 2022). The high nutrient
levels extracted from water-based spirulina water
extract (SWE), such as Beta-glucans (Zahan et al.,
2024), protein, vitamins, minerals, and its
digestibility/palatability are likely responsible for
spirulina’s growth-promoting properties, (Bahi et al.,
2023) namely Insuline-Like Growth Factor (IGF)

gene-expression.

Prebiotics are not merely probiotics; they are also
operated in aquaculture. Prebiotics are non-living
ingredients indigestible by the host animals but can be
digested by gut probiotics such as Lactobacillus sp.
(Liu et al., 2022). The synbiotics, which is the
combination of prebiotics such as alginate, SWE, and
probiotics, managed to maintain the best cultivation
condition even at a lower dose, enhancing the
recovery rate  from  high  virulence  of
V. parahaemolyticus AHPND strain (Azhar and
Yudiati, 2023) as well as stress salinity (Yudiati et al.,
2024). Finding out the heat shock protein (HSPs) gene
expression and insuline-like growth factor (IGF)
effect concerning low salinity medium farming is
challenging. HSPs and IGF serve as an evolutionarily
conserved regulator that plays a crucial role in
response to various environmental stressors in almost
all organisms, including L. vannamei.

As described above, several studies have focused
on the effects of alginate, microalgae, or probiotics as
dietary supplements. Some previous studies also
reported the benefits of those two combinations in
combating Vibrio spp. However, there are few studies
on combining all three synbiotic combinations in
L. vannamei production. This work is even more
noteworthy since it is administered in the low salinity
medium (1 ppt). Therefore, this study aimed to
evaluate the effects of oral feed supplementation of
L. bulgaricus combined with alginate and SWE on
survival, growth performance, and immune response,
complete with heat shock protein and the insuline-like
growth factor of L. vannamei based on gene
expression in low salinity medium.

Materials and Methods

Production of alginate and spirulina hot water
extract (SWE): The alginate production was referred
to the methods by Yudiati and Isnansetyo (2017).
Dried tropical Sargassum sp. from Teluk Awur Coast,
Jepara, Central Java, Indonesia, was chopped using a
commercial blender. Forty grams of Sargassum sp.
powder was added into 1000 mL of aquadest
containing 50 g of NaxCOs and 18.617 g of EDTA.
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The extract was then adjusted to pH = 8.5 with HCI,
stirred well for 24 h, and filtered. The filtrate was then
affixed with 0.13 M KCI and precipitated with 96%
ethanol (1:1). The solution was then centrifuged (6
min, 4000 rpm) for separation. The pellet was then left
for 24 hours in the drying cabinet. Based on FT-IR
spectra, this sodium alginate (Alg) was fit to the
standard alginate reference material (Sigma®, USA)
(Yudiati et al., 2016), which has a molecular weight of
217.5 KDa and an acetylation level of 89.95%
(Yudiati et al., 2018).

Tropical S. platensis powder was purchased from
the brackish water Aquaculture Development Centre
(BADC), Jepara, Indonesia. The hot-water extract of
Spirulina was prepared based on Yudiati et al. (2021a)
by transferring 10 g of S. platensis to 50 ml of
deionized water, heating it at 70 for one hour, and
leaving it for one night. The extract was centrifuged at
3500 rpm (15 mins) the following day. The
supernatant was dried up with a cool dryer. The SWE
was then stored in an amber bottle and saved in the
refrigerator. The yield of the SWE was 2.50+0.3%.
Preparation of Lactobacillus bulgaricus FNCC-
0041 and feed formulation: The lactic acid bacteria
(LAB), namely Lactobacillus bulgaricus FNCC-
0041, was provided, re-cultured, and prepared from
CV. Hadid Mukti Karya, Indonesia. To re-culture, one
dose of FNCC—-0041 was cultured in de Man, Rogosa,
and Shape Agar/MRS Broth for 24 hrs at 37°C. The
culture was centrifuged the next day (4200 rpm, 15
mins), and then the pellet was diluted with sterile
seawater. The evaluated in a
spectrophotometer (600 nm) and adjusted to
absorbance 2.0 or the density of 10% CFU mL™!
(Kongchum et al., 2022). The mixture of alginate,
SWE, and LAB was arranged with the formulation of
3 g alginate and 5 mg SWE into 300 mL LAB, then
mixed with 1 kg of feed.

Feeding Trial, experimental and design of
L. vannamei: Shrimps provided from CV. Hadid
Mukti Karya was acclimated in indoor concrete
cement tanks (8 m?) for 14 days and fed a commercial
diet SGH®. The proximate analysis of SGH® feed
had a water content of 11%, protein of 32-36%, crude

density was

fiber of 3%, lipid of 6.5-7.0%, ash of 12%, and energy
of 16.5-17.0 MJ kg~'. The next day, 1,000 shrimps
(500 ind.m?) at the initial weight of 0.2+0.05 g were
reared in the semi-mass culture at 2 tons medium each.

The experiment of different medium shrimp
cultures was carried out in a two-level factorial design.
The first level was medium shrimp culture, i.e.,
Seawater at 1 (SW ppt) and 30 ppt (SW 30 ppt). The
second level was the shrimp feed supplementation
with alginate at 3.0 g.kg! and SWE at 5.0 mg.kg™!
(Alg 3.0 gkg! + 5.0 mg SWEkg!). All treatments
were conducted in triplicates. Tanks were fully
aerated, and seawater quality was maintained by
changing daily by 20%. Shrimps were reared for 56
days. During the experimental period, water
temperature ranged from 25-27°C, pH 7.6-8.5, and
dissolved oxygen (DO) concentration was 4.41-5.33
mg L' (DO meter, Hanna Instrument). Shrimp were
fed the respective diets at a daily rate of 4% of body
weight. Feed was administered four times/day (06.00,
11:00, 16.00 and 21.00). At the end of the experiment,
the survival rate and biomass of L. vannamei were
recorded. Absolute growth, denoted by the shrimp
weight gain, was observed at 0, 25, 36, 45, 51, and 56.
The assessment of immune-related gene
expression: The total RNA was extracted from shrimp
haemolymph with a High Pure Viral-mRNA
Extraction Kit (Roche, Germany) based on the
manufacturer’s  procedure. c¢cDNA  was then
synthesized from the total RNA using AMV Reverse
Transcriptase Kit (Roche, Germany) at 42°C for 30
min, followed by transcriptase enzyme inactivated at
94°C for 5 min. The quantity and quality of the
extracted RNA were assessed using absorbance at 260
and 280 nm. A 1.7-1.9 ratio was measured by a
nanodrop instrument (Thermo Scientific NanoDrop
2000), verifying the purity of RNA. The extract was
stored at —80°C until use. The cDNA of extracted total
RNA from shrimp gill tissues was synthesized via
reverse transcription. The expression of ProPhenol
Oxidase, LGBP, Lectin, HSP70, and IGF genes were
analyzed comparatively with Sybr Green (Kapa
SYBER FAST gqPCR Master Mix) (Kapa biosystems)
with 7,500 Fast Real-Time PCR (Applied Biosystem)
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Table 1. The primers sequence of qRT-PCR for immune-related genes of Litopenaeus vannamei.

Gene Primer Sequence (5°-3") Accession no Reference
proPO F TTCAACGGTAGACCCGTGATTCTTC AYT723296.1 (Wang et al., 2007)
R TCTTGCCGGGTTTAAGGTGAACAGT g v
LGBP F CGG CAACCA GTACGG AGG ACC (Cheng et al., 2005)
R GTG GAA ATC ATC GGC GAAGGA G g "
F AATTGGAGTGAAAGGCTCTGGCT .
MnSOD R ACGGAGGTTCTTGTACTGAAGGT DQ005531 (Gémez-Anduro et al., 2006)
F CTCTGTACAGTCAGCCCAGC
IGF-2 R CACACCCAGTCAGTCCCAAG XM02739466 (Sharawy et al., 2022)
. F TTTGTAAACAACAGGCAGTTCCAC
Lectin C R CTGTCTTTCATCAGAATGCTACCTC EF583939.1 (Zhang et al., 2009)
F TCCGAAGGACTGAGCTCTTG
HSP70-2 R CAGCAAAGTCCTTGAGTCCC (Jalbout et al., 2003)
. F CCTCCACCATGAAGATCAAGATCAT
b-actin R CACTTCCTGTGAACAA TTGATGGTC AF300705.2 (Suneetal., 2007)
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Figure 1. The survival rate of Litopenaeus vannamei with different treatments at the end of the experiment (Data with different letters specify a

significant difference (P<0.05)).

using the specific primers (Table 1). The qPCR
program condition was adapted from Yudiati et al.
(2016). To determine the gene expression fold level,
the amplified data were analyzed by comparative
techniques (Azhar and Yudiati, 2023), which were
normalized using f-actin as a housekeeping gene
(primer Lvbac-F dan Lvbac-R) for internal control.
All the gene expressions in different treatments were
examined at the end of the experiment.

Statistical analysis: The data were subjected to one-
way and two-way analysis of variance (ANOVA) at a
significance level of 0.05 using SPSS computer
software. Before the analysis, the raw data were
normalized using some transformation depending on
the data type.

Results

Survival rate and growth of L. vannamei: The
survival rate of shrimp with different treatments for 56
days of rearing is presented in Figure 1. Based on the
results, the survival rate of shrimps from three
treatments, namely Control (1 ppt, 30 ppt) and feed
supplemented with (Alg 3.0 gkg! + 5.0 mg SWE kg~
1y in 30 ppt medium, was similar. The best survival
rate (86.50%) was achieved from (Alg 3.0 g.kg'1 +5.0
mg SWE.kg™") in 1 ppt medium (P<0.05).

The final weight gain (56" day) of shrimps was
achieved from supplemented shrimp fed 30 ppt media,
while controls (1 and 30 ppt) were the best treatments
(Fig. 2). Strengthening this data, the best biomass was
achieved from similar treatments as before, namely
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Figure 2. The weight gain of Litopenaeus vannamei with different mediums and diet supplementation at 0, 25, 36, 45, 51, and 56 days of the
experiment (Data with different letters specify a significant difference (P<0.05)).
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Figure 3. The biomass of Litopenaeus vannamei with different mediums and diet supplementation at the end of the experiment. Data with different

letters specify a significant difference (P<0.05).

supplemented shrimp fed on (Alg 3.0 gkg! + 5.0 mg
SWE.kg‘l) in 1 ppt medium (P<0.05) (Fig. 3).
Immune-related (ProPO, SOD, LGBP, Lectin),
growth (IGF), and heat shock protein (HSP 70)
gene expression of L. vannamei: Compared to others,
the Alg 3.0 gkg! + 5.0 mg SWE kg! treatment in 1
ppt medium resulted in the five times upregulated
ProPhenol-Oxidase gene expression (P<0.05) (Fig. 4)
from feed-supplemented shrimp. Superoxide
dismutase shows that control without supplementation
in 1 ppt medium significantly differed from three other
treatments (Fig. 5).

Figure 6 shows that shrimp supplemented with Alg
3.0 gkg-1 + 5.0 mg SWE.kg! in 1 ppt reached five
times higher Lipopolysaccharide Beta Glucan Binding
Protein (LGBP) gene expression than the controls.
Figure 7 shows Lectin gene expression in shrimp fed
supplemented and non-supplemented diets in 1 and 30
ppt water medium. The highest upregulation on
mRNA transcript related to lectin was achieved from
shrimp fed Alginate 3g.kg”! and SWE 5.0 mg.kg™!,
reared in 30 ppt medium.

Insulin-like growth factor (IGF) gene expression
from shrimp-fed supplementation of alginate, SWE,
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Figure 4. ProPhenol Oxidase gene expression of shrimp reared at different seawater medium and diet supplementation. Data with different letters
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Figure 5. Super Oxide Dismutase gene expression of shrimp reared at different seawater mediums and diet supplementation. Data with different

letters specify a significant difference (P<0.05).

and L. bugaricus probiotics was upregulated more
than 4.5 times higher than that of non-supplemented
shrimps, both in 1 and 30 ppt medium (Fig. 8). This
result is in line with the data on growth (Fig. 2) and
biomass (Fig. 3) production of L. vannamei farming.
The highest HSP-2 gene expression was reached from
shrimp fed Alginate 3g.kg”! and SWE 5.0 mg.kg™!,
reared in 1 ppt medium (Fig. 9). HSPs serve as an
evolutionarily conserved superfamily in response to
various environmental stressors, i.e., low salinity
almost  all including

medium in organisms,

L. vannamei.

Discussions

In 56 days of rearing, the survival rate of all treatments
was almost 80%, indicating good production
performance. Surprisingly, the best survival rate was
achieved from shrimps supplemented with prebiotics
and probiotics in 1 ppt. Excellent nutritional factors
from this treatment supported the obstacle of rearing
L. vannamei in low salinity. Physiologically, low
salinity disrupts the L. vannamei osmoregulation,
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Figure 7. Lectin gene expression of shrimp reared at different seawater mediums and diet supplementation. Data with different letters specify a

significant difference (P<0.05).

necessitating an increased oxygen supply. Therefore,
a high compound rich in antioxidant action to
neutralize free radicals is immediately needed (Cao et
al., 2022), which is fulfilled by SWE (Hidayati et al.,
2020). Prebiotics alginate and SWE also show
remarkable results in countering the shock by salinity
exposure (Yudiati et al., 2024). It happens inside the
shrimp body, and the water medium has a positive
impact. Pimentel et al. (2023) reported that

carbohydrate sources such as alginate contribute to an
excessive load-up of microorganisms to support water
quality. As mentioned before, the water quality in all
treatments was in appropriate condition during shrimp
rearing.

Despite the survival rate, the growth of
L. vannamei is in accordance. The three combinations
containing alginate, SWE, and L. bulgaricus achieved
the best growth performance. The nutritional quality
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Figure 9. HSP70 gene expression of shrimp reared at different seawater mediums and diet supplementation. Data with different letters specify a

significant difference (P<0.05).

of aquatic organisms strongly influences growth,
particularly in low salinity medium. Previous research
noted that supplementation sodium alginate, which
contains polysaccharide, managed to perform the best
L. vannamei growth in a 20-ton mass circle pond at
low concentration (2g.kg!) (Yudiati et al., 2023b).
Lactobacillus bulgaricus secreted exopolysaccharides
(Daba et al., 2021), selectively adhered to mucosal
surfaces of shrimp gut, and built cell-bound
biosurfactants, displacing the pathogenic strains.

These three combinations of pre and probiotics
alleviated the undesirable effects of low-salinity
stress.

The key parameter of shrimp's non-specific
immune system is Phenol Oxidase (PO) (Yudiati et al.,
2016; Yudiati et al., 2019; Azhar and Yudiati, 2023).
As notable, L. vannamei rearing in a medium with low
salinity disrupts the PL. osmoregulation and increases
osmotic pressure, followed by immune system
disorder. The supplementation of pre and probiotics in
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the shrimp diet upregulated immune-related genes.
The pattern recognition receptors of shrimp recognize
the L-guluronic acid and D-mannuronic acid as
pathogen-associated molecular patterns (PAMPs) of
alginate, followed by cell-to-cell communication,
which then produces ProPO and PO and regulates the
RNA transcripts.

Earlier study denoted that SWE has a high
antioxidant activity derived from its phenolic
compound (26.64+0.16 mg/GAE samples) and
protein-pigmented-phycocyanin content (0.301£0.09
mg/g) (Hidayati et al., 2020). SWE was also
accomplished to promote the immune defense for
combating three pathogenic Vibrio spp. (Yudiati et al.,
2021a). Moreover, the shrimp succeeded in fastening
the recovery rate of shrimp infected with Vibrio
parahaemolyticus after being fed on a diet
supplemented with alginate and SWE (Azhar and
Yudiati, 2023).

B-Glucan is a complex polysaccharide in yeast,
grains, mushrooms, and microalgae, including
Spirulina. Spirulina polysaccharide extracted with hot
water (SWE) is distinguished by PAMPs in molecules
that can improve immunity (Qiao et al., 2022). Oral
supplementation of alginate and SWE in the shrimp
diet consistently improved the gene expression of PO
and LGBP (Yudiati et al., 2016; Yudiati et al., 2019;
Azhar and Yudiati, 2023). Furthermore, alginate co-
activated with L. bulgaricus enhanced the ProPO and
LGBP gene expression (Suryono et al., 2024).

In invertebrates, lectins are a crucial group of
Pattern Recognition Proteins (PRRs), activating the
innate immune response. Viana et al. (2024) reported
that lectin gene expression remarkably upregulated
after the infectious myonecrosis virus IMNV
challenge compared to before the challenge. This is
similar to the study reported by Yudiati et al. (2016)
for the shrimp after challenging with White Spot
Syndrome Virus (WSSV) and in AHPND-infected
shrimps (Tran-Van et al., 2021). The regulation of
lectin gene expression may relate to the pathogenic
challenge or medium salinity since the results from
this study are slightly different.

Hyposalinity stress has been shown to harm

aquaculture species' growth and physiology (Feng et
al., 2023). Though L. vannamei can be cultured on a
large scale in low salinity, this does not imply that this
shrimp can generate an ideal physiological response.
Shrimp reared at low salinity can have passive effects,
including a low survival rate (53.3%) at a salinity of 5
ppt and raises in oxygen utilization and feed quantities
(Ye et al., 2009). Some researchers also reported that
low salinity could decrease non-specific immune
parameters (Esparza-Leal et al., 2019) and even
destroy intestinal microbiota structure during aquatic
animal culture (Qiao et al., 2022). It has been proven
that the IGF gene expression demonstrates the best
achievement of supplementing alginate, SWE, and
L. bulgaricus in 1 and 30 ppt salinity of L. vannamei
culture.

Aquatic organisms adopt a cascade of protective
mechanisms to enhance their survival and cope with
the possible threats posed by the unfriendly and even
harmful environment. HSPs are the most widely
studied proteins activated by various stressors,
including salinity. They account for 5-10% of the total
protein content and are rapidly synthesized within
cells under stress. Therefore, HSPs have been
generally employed as important candidates to assist
organisms withstanding environmental stress (Gao et
al., 2022).

These results outstandingly strengthen the previous
study concerning the potency of alginate (Yudiati et
al., 2016, 2019, 2021b, 2023b; Suryono et al., 2024)
and Spirulina (Yudiati et al., 2021a, 2023a, 2024;
Azhar and Yudiati, 2023) as probiotics, in
combination with L. bulgaricus probiotics (Yudiati et
al., 2021a, b, 2023a) to promote the non-specific
immune response by cellular, humoral and gene
expression based.

Conclusion

The addition of prebiotics from alginate, Spirulina
and  Lactobacillus  probiotics
synergically improve the survival rate and growth of
L. vannamei by upregulating the mRNA transcripts of
non-specific innate immune (ProPO, SOD, and
LGBP) gene expression to alleviate low-salinity

water extract,
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farming. In addition, this synbiotics addition could
enhance HSP and IGF gene expression as crucial keys
for low salinity stressors. It is recommended that the
alginate and SWE dose added to the diet be 3 g.kg!
and 5.0 mgkg! to develop survival, growth, and
biomass production. These results can deliver a
reference for the practical application in aquaculture,
contributing to the healthy, green, environmentally
friendly, and sustainable development of the global
aquaculture industry of low salinity L.vannamei
farming.
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