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INTRODUCTION  

 

The white shrimp (Litopenaeus vannamei) plays a key role in global aquaculture, 

with its demand steadily increasing across the world. FAO (2024) indicates a notable rise 

in global shrimp production from 6 million tonnes in 2018 to 7.9 million tonnes by 2022. 

Indonesia ranks as the fifth-largest shrimp producer. The growing demand has driven the 

adoption of intensive aquaculture systems which, although capable of producing high 

yields, frequently subject shrimp to heightened stress levels, suboptimal growth 
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This study assessed the protective efficacy of dietary multispecies synbiotic 

microcapsules, administered at different concentrations, in mitigating Vibrio 

parahaemolyticus infection in white shrimp (Litopenaeus vannamei). 

Juvenile shrimp, averaging 1.54 ± 0.03g in body weight, were randomly 

distributed into five treatment groups, each with three replicates, including a 

negative control (K−) and a positive control (K+), and three groups receiving 

synbiotic supplementation at varying levels (SIN 0.5%, SIN 1%, and SIN 

1.5%). Over a 30-day period, the shrimp were given their respective 

synbiotic-enriched diets five times daily. On the 31st day, all groups, except 

the negative control, were exposed to V. parahaemolyticus at a concentration 

of 10⁶ CFU mL⁻¹. The synbiotic supplement has consisted of mannan 

oligosaccharides (MOS) as a prebiotic, along with two probiotic strains: 

Bacillus cereus (BR2) and Pseudoalteromonas piscicida (1UB). The findings 

showed that synbiotic treatment significantly (P<0.05) enhanced immune 

responses, promoted beneficial  intestinal colonization by probiotics, reduced 

Vibrio parahaemolyticus levels, and decreased intestinal tissue damage as 

indicated by histopathological scoring. Overall, the data suggested that 

dietary supplementation with synbiotic microcapsules improved immune 

competence and reduced pathogen impact in Litopenaeus vannamei, with the 

1.5% dosage identified as the most effective. 
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performance, and a greater vulnerability to disease outbreaks most notably vibriosis caused 

by Vibrio parahaemolyticus (Abdel-Latif et al., 2022). 

The presence of pirA and pirB toxin genes in some Vibrio parahaemolyticus strains 

has been connected to AHPND, an extremely deadly disease that may wipe out entire 

shrimp populations with mortality rates approaching 100% (Kumar et al., 2016; Sanches-

Fernandes et al., 2022). AHPND commonly manifests during the initial phase of shrimp 

cultivation, typically between 15 and 45 days post-stocking (Peña-Navarro et al., 2020). 

Although antibiotics have historically been employed to manage such infections, their 

application is now increasingly discouraged due to growing concerns over antimicrobial 

resistance, along with their detrimental effects on aquatic environments and human health 

(Narayanan et al., 2020; Okeke et al., 2022).   

Synbiotics are increasingly being adopted in aquaculture to improve animal health 

and promote environmental sustainability (Hamsah et al., 2019; Yao et al., 2021). 

Probiotics such as P. piscicida 1UB and B. cereus BR2 have been reported to boost shrimp 

immunity, reduce infections by V. parahaemolyticus, and support improved growth rates 

(Nababan et al., 2022; Utomo et al., 2023). Prebiotics like mannan oligosaccharides 

(MOS) have also demonstrated benefits, including improved growth, digestive enzyme 

activity, and strengthen immune responses in shrimp subjected to pathogenic challenges 

(Widanarni et al., 2019; Novriadi et al., 2024). 

The use of probiotics in live cell form encounters a significant challenge: their limited 

stability, as they are prone to damage under harsh environmental conditions. To address 

this issue, microencapsulation methods are used to protect and maintain probiotic viability. 

Among these, spray drying has proven particularly effective in enhancing probiotic 

stability and prolonging shelf life (Ramadhani et al., 2019; Frakolaki et al., 2021). 

This study seeked to investigate the effectiveness of various doses of synbiotic 

microcapsules comprising P. piscicida 1UB, B. cereus BR2, and MOS when incorporated 

into vaname shrimp feed. The research focused on evaluating their impact on shrimp 

growth performance, and resistance to vibriosis caused by V. parahaemolyticus. 

Ultimately, these findings are anticipated to support the advancement of more sustainable 

and environmentally responsible approaches to disease control in Litopenaeus vannamei 

aquaculture. 

 

MATERIALS AND METHODS  

 

Material 

 The study was conducted using 20 glass aquariums, each with dimensions of 60 × 30 

× 35 cm3 and a capacity of 45 liters of seawater maintained at a salinity of 25 g L-1. To 

prevent shrimp from escaping, the top of each tank was secured with paranet mesh. The 

shrimp used in the experiment were specific pathogen-free (SPF), initially weighing an 

average of 1.54 ± 0.03 g, and each tank housed 20 individual shrimp. This synbiotic blend 
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included mannan oligosaccharide (MOS) as a prebiotic along with probiotic strains 

Bacillus cereus TetR (BR2) and Pseudoalteromonas piscicida TetR (1UB).  

Experimental diets and research design 

The test diets were formulated with three different symbiotic supplementation 

dosages SIN 0.5 (0.5%), SIN 1 (1%), and SIN 1.5 (1.5%) each administered in triplicate. 

A control group that received no synbiotic supplementation was also included. Two 

additional control categories were used: a positive control group (K+), which was exposed 

to Vibrio parahaemolyticus RfR, and a negative control group (K-), which remained 

unexposed. For every 1kg of feed, 2.4g of Agribind binder dissolved in 125mL of distilled 

water was added, followed by the incorporation of synbiotic microcapsules according to 

the respective treatment dosages. The synbiotic consisted of 0.4% prebiotic MOS and 1% 

of a probiotic mix (strains 1UB and BR2) at a concentration of 10⁷ CFU mL-1. Shrimp were 

distributed into five groups and fed the respective experimental diets for 30 days. Feeding 

was scheduled at five intervals daily 06:00 AM, 10:00 AM, 02:00 PM, 06:00 PM, and 

10:00 PM. Feeding was initiated at a rate of 8% and subsequently reduced to 6% on day 

16 of the culture period. 

Preparation of synbiotic microcapsules  

The synbiotic microcapsules consisted of whey protein, 10% (w/v) maltodextrin 

and the main components (probiotics and MOS) and all were combined at a 0.1:1:1 (w/v/v) 

ratio. To formulate the synbiotic preparation, all ingredients were blended together in a 

single vessel and stirred continuously for 30 minutes using a magnetic stirrer before 

undergoing spray drying. The dehydration procedure was performed using a LabPlant SD-

Basic spray dryer set to an inlet temperature of 80– 85°C and maintained at an outlet 

temperature of 50– 55°C, following a modified procedure from Munaeni et al. (2014). The 

microcapsules produced showed a density of 107 CFU g-1. Prior to testing, a viability 

assessment was conducted, and the microcapsules were then stored at an ambient 

temperature. 

 

Challenge test 

On the 31st day, a pathogenicity test was carried out by injecting a suspension of 

Vibrio parahaemolyticus RfR cells, which were confirmed to be positive for AHPND. The 

challenge test was performed through intramuscular injection in the middle body segment, 

using a 0.1 mL dose of bacterial suspension with a density of 10⁵ CFU mL-1. The K- 

received an equivalent volume of PBS. Mortality rates were recorded daily post-challenge, 

and any deceased shrimp were swiftly removed from the tanks. 
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Confirmation of AHPND strain of Vibrio parahaemolyticus using PCR 

Table 1.  PCR-based detection of Vibrio parahaemolyticus and Its AHPND-associated 

genes 

Gene Nucleotide Sequence Target 

Product 

Length 

(bp) 

Reference 

toxR F: GAA GCA GCA CTC ACC GAT 

R: GGT GAA GAC TCA TCA GCA 

Species-specific 

identification of V. 

parahaemolyticus 

359 
(Phiwsaiya 

et al. 2017) 

pirA F: ATG AGT AAC AAT ATA AAA C 

R: TTA GTG GTA ATA GAT TG 

Detection of AHPND toxin 

gene A 
333 

(Phiwsaiya 

et al. 2017) 

pirB F: ATG ACT AAC GAA TAC GT 

R: CTA CTT TTC TGT TAC CAA 

Detection of AHPND toxin 

gene B 
1317 

(Phiwsaiya 

et al. 2017) 

AP4(1) F: ATG AGT AAC AAT ATA AAA 

     CAT GAA AC 

R: ACG ATT TCG ACG TTC CCC AA 

Confirm AHPND virulence 

plasmid 1269 
(Dangtip et 

al. 2015) 

AP4(2) F: TGA GAA TAC GGG ACG TGG G 

R: GTT AGT CAT GTG AGC ACC  

    TTC 

Confirm AHPND virulence 

plasmid 230 
(Dangtip et 

al. 2015) 

 

Experimental parameters 

Immune response 

The shrimp underwent anesthesia with clove oil prepared at a 0.3mL L-1  

concentration. Subsequently, hemolymph samples were collected for analysis. 

Approximately, 0.2mL of hemolymph was extracted from the first swimming leg base, 

combined with anticoagulant, and loaded into a hemocytometer for analysis. Hemocyte 

enumeration was performed under 100x microscopic magnification (Wang & Chen, 

2006). 

 RB activity was measured by assessing superoxide anion (O₂⁻) production using 

NBT. A 100 μL hemolymph-anticoagulant mixture was incubated for 30 minutes, then 

centrifuged at 3000 rpm for 20 minutes. The supernatant was discarded, and the pellet was 

stained with 100μL 0.3% NBT solution and incubated for 2 hours. After centrifugation, the 

pellet was washed with methanol, treated with KOH and DMSO, and measured using a 

spectrophotometer at 630nm. Respiratory burst was expressed as NBT reduction per 10μL 

of hemolymph (Cheng et al., 2004). 

The PO activity was assessed by mixing 0.2mL of hemolymph with anticoagulant, 

centrifuging, and resuspending in cacodylate-citrate buffer. The pellet was then treated 

with trypsin and L DOPA, followed by incubation for 5 minutes. The reaction was 

terminated by adding additional buffer, and the OD was measured at 492nm using a 

spectrophotometer (Liu & Chen, 2004). 

PA was measured by mixing 100μL of shrimp hemolymph with 25μL of 

Staphylococcus aureus suspension (107 CFU mL⁻¹), then incubating for 20 minutes. A 

smear preparation was made, fixed with methanol for five minutes, and dried. The 

preparation was then stained with Giemsa stain for 20 minutes. The smear was observed 



893 
Positive Impact of Synbiotic Microcapsules on Immune Response and Microbial Community 

Modulation in Litopenaeus vannamei Challenged with Vibrio parahaemolyticus 

 

 

under a microscope at 400x magnification to assess phagocytic activity, based on the 

percentage of 100 phagocytic cells showing the phagocytosis process (Chen et al., 2014). 

 

Monitoring of bacterial abundance 

Probiotic abundance (1UB TetR and BR2 TetR), total vibrio count (TVC), and total 

V. parahaemolyticus RfR count (TVpC) were determined from the intestinal samples. The 

intestinal organ (fourth abdominal segment) was cut into small pieces using scissors until 

it was crushed and homogenized. The intestine was then weighed at 0.1g and homogenized 

again in 0.9mL PBS solution, followed by spreading on agar media. Sea water complete 

(SWC) agar media, supplemented with tetracycline marker, was used to count probiotic 

abundance, thiosulphate citrate bile-salt sucrose (TCBS) agar for TVC, and TCBS agar 

with rifampicin marker for TVpC. The samples were incubated at 28°C, and the number of 

bacterial colonies that grew was counted after 24 hours, and bacterial counts were 

determined using the established formula (Madigan et al., 2012). 

 

Ʃ bacterial (CFU mL-1) = number of colonies x (1/factor dilution) x (1/sampel (mL) 

 

Histopathology  

Histopathological analysis of the intestine was observed after the challenge test. 

Intestinal and hepatopancreas tissues were collected and fixed with Davidson's solution for 

24-72 hours. The tissues were then sectioned into 1x1 cm pieces with a thickness of 3-

5mm. This was followed by dehydration, clearing, embedding, paraffin blocking, 

sectioning, and staining. The staining was performed using hematoxylin and eosin (H&E) 

(Bell & Lightner, 1988). The histopathological evaluation was conducted after the rearing 

experiments were completed. The prepared slides were examined under an Olympus CX23 

light microscope at 40x magnification. Observations were made in five separate fields of 

view, and the data were analyzed using the formula provided by Wolf et al. (2015). 

P% = (ƩKS/ ƩTS) x 100 

 

SR  = Percentage of necrotic cells 

ƩKS  = Number of necrotic cells in 5 fields of view 

ƩTS  = Total number of cells in 5 fields of view 

Table 2. Grading the extent of histological damage 

Necrosis Score Degree of damage 

P < 20% 0 Normal 

20% ≤ P < 40% 1 Lightly damaged 

40% ≤ P < 60% 2 Moderately damaged 

60% ≤ P < 80% 3 Severely damaged 

P ≤ 80% 4 Very heavily damaged 

Water quality assessment 
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 Water quality was assessed and daily measurements were taken for temperature and 

pH, and weekly assessments were conducted for dissolved oxygen (DO) and total ammonia 

nitrogen (TAN). 

 

Table 3. Water quality measurements during 38 days of rearing 

Treatment TAN Temperature (oC) pH DO (mg L-1) 

Standard a ≤ 1 29-32 7.5-8.5 ≥ 4.00 

K- 0.07-0.34 27.2-28.4 7.3-7.8 4.33-5.73 

K+ 0.07-0.35 27.1-28.5 7.2-7.7 4.14-5.71 

SIN 0.5 0.08-0.33 27.2-28.4 7.1-7.6 4.11-5.31 

SIN 1 0.07-0.36 27.5-28.6 7.3.7.6 4.25-5.28 

SIN 1.5 0.07-0.35 27.4-28.3 7.2-7.8 4.26-5.22 

Source: Indonesian National Standard [SNI 8008:2014 BSN (2014)]. 

 

Data analysis 

 The data collected during the study were organized and presented in tables using 

Microsoft Excel 365. Data were tested for normality using the Shapiro-Wilk test, and 

homogeneity was evaluated using the Levene test. followed by analysis of variance 

(ANOVA) performed using IBM SPSS Statistics Ver. 27. Data that were significantly 

different were further analyzed using the Tukey test at the 95% confidence interval. 

Histopathology data were analyzed using scoring. 

 

RESULTS  

 

Immune responses 

Health assessments revealed that supplementing shrimp feed with synbiotic 

microcapsules for 30 days resulted in asignificant increase in health markers compared to 

the control group. THC reached 13.25 ± 0.45 × 10⁶ cells mL-1 (Fig. 1a), PA was 44.60 ± 

1.71 (Fig. 1b), PO activity was 0.41 ± 0.01 (Fig. 1c), and RB was 0.68 ± 0.15 (Fig. 1d). All 

these values were significantly greater (P< 0.05) compared to the control group (Fig. 1). 

On days 34 (three days post-challenge) and 38 (seven days post-challenge), shrimp treated 

with 0.5, 1, and 1.5% SIN doses continued to show significantly higher values (P< 0.05). 

Overall, the 1.5% SIN treatment resulted in enhanced shrimp health, marked by increased 

THC, PA, RB, and PO levels. 
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Fig. 1. Total haemocyte count (a), phagocytosis activity (b), phenoloxidase (c), and 

respiratory burst (d) in white shrimp with varying doses of synbiotic 

microcapsules. Different superscript letters indicate significant differences at 

the same observation time, as determined by Tukey's test (P<0.05). 

 

Confirmation of Vibrio parahaemolyticus carrying toxin using PCR 

 
Fig. 2. PCR test of the pathogenic bacterium Vibrio parahaemolyticus was performed 

using specific primers. M: DNA ladder; bands were observed at toxR (359 bp), 

pirA (333 bp), pirB (1,317 bp), AP4(1) (1,269 bp), and AP4(2) (230 bp), 

indicating successful amplification of the target genes. 
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Bacterial abundance monitoring 

The supplementation of synbiotic microcapsules over 30 days effectively reduced 

the total Vibrio species count (TVC) (P<0.05) while boosting the abundance of probiotic 

bacteria (Pseudoalteromonas piscicida 1UB TetR and Bacillus cereus BR2 TetR) in the 

hepatopancreas and intestines of white shrimp. This was observed in comparison to both 

positive and negative controls before the challenge test (Figs. 3, 4, 5, and 6). The TVC and 

total Vibrio parahaemolyticus RfR count (TVpC) values (Fig. 7) showed an increase on day 

34 (three days post-challenge), followed by a decrease on day 38 (seven days post-

challenge). Treatments with SIN 1 and SIN 1.5 exhibited significantly lower Vibrio 

populations than the positive control (P< 0.05). In general, the 1.5% SIN treatment resulted 

in the most notable reduction in TVC and TVpC values (P<0.05). 

  
(a) (b) 

Fig. 3. Total abundance of probiotic bacteria: P. piscicide 1UB TetR (a) and B. cereus 

BR2 TetR (b) in the hepatopankreas organs of white shrimp during 30 days 

rearing and 7 days challenge test. Different superscript letters indicate 

significant differences at the same observation time, as determined by Tukey's 

test (P<0.05). 

 

  
(a) (b) 

Fig. 4. Total abundance of probiotic bacteria: P. piscicide 1UB TetR (a) and B. cereus 

BR2 TetR (b) in the intestine of white shrimp during 30 days (day of rearing/D) 

and post challenge test (CTD4 and CTD8). Different superscript letters indicate 

significant differences at the same observation time, as determined by Tukey's 

test (P<0.05). 
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Fig. 5. Total abundance of hepatopancreatic Vibrio sp.: yellow colonies and green 

colonies on TCBS agar medium during 30 days of rearing and 7 days of 

challenge test. Different superscript letters indicate significant differences at 

the same observation time, as determined by Tukey's test (P<0.05). 

 
Fig. 6. Total abundance of intestinal Vibrio sp.: yellow colonies and green colonies on 

TCBS agar medium during 30 days of rearing and 7 days of challenge test. 

Different superscript letters indicate significant differences at the same 

observation time, as determined by Tukey's test (P<0.05). 
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(a) (b) 

Fig. 7. Total Vibrio parahaemolyticus RfR bacteria in hepatopancreas (a) and Vibrio 

parahaemolyticus RfR in intestine (b) of white shrimp on day 7th post challenge 

test. Different superscript letters indicate significant differences at the same 

observation time, as determined by Tukey's test (P<0.05). 

 

Histopathology 

Histopathological assessment of the intestinal tissue from the white shrimp was 

conducted on day 38, which corresponds to seven days following the challenge test (Fig. 

8). The observations revealed that the intestinal morphology in the negative control group 

(K-) remained intact. In contrast, shrimp treated with 0.5, 1, and 1.5% SIN showed 

significantly less tissue disruption than those in the positive control group (P< 0.05). The 

histopathological evaluation also indicated that infection with Vibrio parahaemolyticus 

caused varying degrees of intestinal damage, ranging from mild to severe. Nonetheless, the 

severity of intestinal damage was markedly reduced (P< 0.05) in shrimp receiving 

synbiotic microcapsules when compared with the positive control group. Further tissue 

damage classification revealed that the K- group displayed normal tissue architecture, all 

synbiotic-fed groups exhibited only mild alterations, whereas the positive control group 

experienced extensive tissue damage (Table 4). 

 

Table 4. Assessment and extent of histopathological damage in the intestine of white 

shrimp after V. parahaemolyticus challenge test 

Treatment Necrosis (%) Score Degree of Damage 

K- 17,41% 0 Normal 

K+ 61,35% 3 Severely damaged 

SIN 0.5 31,73% 2 Mildly damaged 

SIN 1 24,68% 2 Mildly damaged 

SIN 1.5 21,82% 2 Mildly damaged 

Note: Histopathological damage was categorized based on the percentage of affected 

tissue as follows less than 20% (score 0, normal), 20–39% (score 1, mild), 40–

59% (score 2, moderate), 60-79% (score 3, severe), and 80% or more (score 4, 

very severe). 
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Fig. 8. Histopathological examination of the Pacific white shrimp’s intestine  at the 

end of the rearing period. N, nuclei;  IBM, irregular basement membrane; VH, 

villus height; VW, villus weight; L, lumen; EI, epithelium intestine; WT, wall 

thickness; BB, brush border. 

 

DISCUSSION 

 

The health condition of white shrimp can be assessed through their haemocyte 

profiles. Haemocytes are involved in identifying and neutralizing invading pathogens, and 

they mediate immune responses through several mechanisms, such as phagocytosis, nodule 

formation, melanization, cell to cell signaling, and cytotoxic activities, which vary 

depending on the characteristics of the pathogen (Eleftherianos et al., 2021). In this study, 

dietary supplementation with 1.5% synbiotic (SIN) microcapsules was found to be the most 

effective dose in boosting immune parameters (Fig. 1).  

The enhanced THC values indicate that the synbiotic microcapsules may act as 

immunostimulants, encouraging haemocyte proliferation. This immune-enhancing effect 

is likely due to the combined action of probiotics and prebiotics, which influence the host’s 

immune system through pattern recognition receptors (PRRs) that recognize microbial 



Furqon et al., 2025 900 

signatures known as pathogen-associated molecular patterns (PAMPs). These PAMPs 

consist of structural elements like lipopolysaccharides (LPS) from Gram-negative bacteria, 

peptidoglycan (PGN) and lipoteichoic acid (LTA) from Gram-positive bacteria, along with 

glucans from yeast and microbial polynucleotides (Wang & Wang, 2013; Huynh et al., 

2017). Moreover, the inclusion of MOS in the microcapsules is likely to contribute to 

immune modulation, potentially via the lectin binding pathway (Torrecillas et al., 2014). 

When infected with Vibrio parahaemolyticus, shrimp typically show reduced levels 

of THC, PO, and RB, which is attributed to the limited phagocytic capability against the 

pathogen (Havanapan et al., 2016). During infection, haemocytes migrate toward the site 

of infection, leading to a drop in haemocyte concentration in the haemolymph. These cells 

tend to cluster and encapsulate the pathogen at the injection site. Furthermore, apoptosis in 

haematopoietic tissues also contributes to the decline in haemocyte numbers post-infection, 

which correlates with more severe infections and a higher risk of shrimp mortality (Yeh et 

al., 2009). 

The evaluation of phagocytic activity (PA) showed a significant enhancement in the 

SIN 1.5 group relative to the other treatments. This immune response entails haemocytes 

engulfing invading particles, representing a vital mechanism in the shrimp’s defense 

against pathogenic threats (Liu et al., 2020). The enhanced PA suggests that administering 

synbiotic microcapsules through feed effectively boosts the shrimp’s immune response. 

This is consistent with the mode of action of immunostimulants, which enhance immune 

responses by stimulating the PA cells (Kumar et al., 2023). In addition, the rise in total 

haemocyte count (THC) and phagositosis activity (PA) reflects a robust primary defense 

mechanism against infections (Panigrahi et al., 2020). 

Respiratory burst (RB), a component of the shrimp's innate immunity, is activated 

during pathogen invasion. This mechanism takes place as haemocytes internalize 

pathogens, forming phagosomes that subsequently release enzymes to produce reactive 

oxygen intermediates (ROIs), which help neutralize the invading microbes (Risjani et al., 

2021). In this experiment, shrimp that received a synbiotic microcapsule diet for 30 days 

exhibited elevated RB levels compared to the control group. Haemocytes are thought to 

contribute significantly to elevated ROI levels when responding to pathogenic challenges. 

The observed reduction in RB levels three days after the challenge may be linked to the 

movement of haemocytes toward infection sites, where they engage in phagocytic activity 

and trigger immune responses (Muharrama et al., 2022). 

Phenoloxidase (PO) activity was notably increased in the SIN 1 and SIN 1.5 

treatment groups, both prior to and following exposure to the pathogen. This enzyme is 

part of the humoral immune defense, initially stored in an inactive prophenoloxidase 

(proPO) form within the haemolymph (Mahasri et al., 2018; Barrios et al., 2023). High 

PO activity demonstrates the shrimp’s ability to detect and react to pathogens, signaling a 

heightened immune defense. The PO cascade begins with phenol oxidation into quinones, 
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which subsequently form melanin pigments that immobilize and neutralize pathogens 

through melanisation (Zhao et al., 2011). 

The synbiotic microcapsules were effective in combating vibriosis, evidenced by 

increased populations of beneficial bacteria (1UB TetR and BR2 TetR) over 30 days, and 

reductions in total Vibrio counts (TVC) and total Vibrio parahaemolyticus counts (TVpC) 

after the challenge test (Figs. 3–7). This bacterial proliferation suggests the probiotics 

successfully colonized the shrimp’s intestine, hindering pathogen attachment. According 

to Xie et al. (2019), Lactobacillus supplementation enhances intestinal bacterial diversity 

without harmful effects. The prebiotic component, MOS, further supports intestinal health, 

boosts microbiota diversity, improves nutrient absorption, and promotes shrimp growth 

(Gainza & Romero, 2020). 

Probiotic supplementation led to a higher presence of beneficial microbes while 

suppressing Vibrio parahaemolyticus RfR levels relative to the positive control group. The 

presence of 1UB TetR and BR2 TetR strains appears to outcompete the pathogen, sustaining 

intestinal colonization post challenge test period even without additional microcapsule 

feeding (Figs. 3, 4). Additionally, P. piscicida, a Gram-negative bacterium, is known to 

produce antibacterial and antibiofilm substances that degrade pathogen proteins (Wang et 

al., 2018). It can attach to V. parahaemolyticus, deliver lytic vesicles, and cause cell wall 

damage that ultimately destroys infected cells (Richards et al., 2017). 

Bacillus cereus, whether live or inactivated (as paraprobiotics), has been shown to 

positively influence shrimp stress resistance, immunity, and digestive enzyme performance 

(Yuhana et al., 2021, 2024). These benefits likely stem from both metabolite production 

and bacterial cell wall interactions with the host’s intestinal lining. This suggests that 

synbiotic microcapsules not only enhance shrimp health but also contribute to aquaculture 

productivity. Bacillus species naturally serve as antimicrobial producers, supporting 

immune processes and environmental regulation in the intestine (Yuhana et al., 2022). 

When combined with prebiotics, they demonstrate a synergistic effect against pathogenic 

microbes, enhancing the shrimp's immune strength (Mohan et al., 2019). 

Histological analysis at the end of the rearing period showed that shrimp receiving 

synbiotic microcapsules experienced less intestinal damage following pathogen challenge, 

in contrast to the positive control group (Fig. 8). In contrast, the negative control group 

maintained normal intestinal architecture, with intact villi and clear structure. Severe 

intestinal damage in the positive control group (scoring 61.35%) included disrupted 

epithelial structure, loss of villus boundaries, and necrotic cells (Table 3). Synbiotic 

supplementation preserved intestinal morphology, inhibited pathogenic bacteria, and 

maintained tissue integrity. These results align with past findings indicating that synbiotics 

support the intestinal barrier, with orderly columnar epithelium, clear luminal borders, and 

intact villi structure (Pardede et al., 2023; Ermawati et al., 2024). 

 

CONCLUSION 
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The incorporation of synbiotic microcapsules into shrimp diets effectively enhanced 

immune performance and reduced the density of Vibrio parahaemolyticus. The most 

pronounced outcomes were recorded at a 1.5% supplementation level. 
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