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Introduction

Aquaculture, as one of the most important sources of animal protein, plays an increasingly significant role
in global food security, and its importance has grown further due to the depletion of natural stocks and the
rising demand for seafood (Madhana et al., 2021). In this context, shrimp farming has expanded rapidly,
particularly in tropical countries, and has become a key sector of aquaculture production (HAU and
Haryana, 2022). The Pacific white shrimp Litopenaeus vannamei is considered one of the most important
cultured species due to its fast growth, high survival rate, relative resistance to diseases, and tolerance to a
wide range of salinities, making it especially suitable for the environmental conditions of southern Iran
(Chong-Robles et al., 2014; Laramore et al., 2001). Despite advances in management practices, bacterial
diseases remain among the main challenges faced by shrimp farms, with vibriosis caused by Vibrio spp.
being a major contributor to mortality and economic losses (Muthu er al., 2024). Vibrios are
Gram-negative pathogenic bacteria that not only cause diseases in aquatic animals but can also lead to
foodborne infections in humans (Bintsis, 2017). The excessive use of antibiotics to control these diseases
has resulted in the emergence of antibiotic-resistant bacteria and disruption of the microbial balance in
aquaculture environments (Kesarcodi-Watson ef a/., 2008). In this regard, environmentally friendly and
preventive approaches, such as the use of probiotics as suitable alternatives to antibiotics, have gained
increasing attention (Defoirdt ef al., 2011; Proespraiwong et al., 2023). Probiotics contribute to disease
reduction and improved survival by enhancing water quality, strengthening host immunity, and competing
with pathogenic bacteria, particularly Vibrio spp. (Lahay et al., 2023; Verschuere ef al., 2000). The
efficacy of these compounds is commonly evaluated through in vitro antagonism assays
(Kesarcodi-Watson et al., 2008).The native probiotic “Tek Cell Plus,” which was isolated from shrimp
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farms in Bushehr Province and has reached industrial-scale production following global registration and
extensive testing (Ghaednia et al., 2024; Mahjoub ef al., 2019), was evaluated in the present study for its
ability to reduce the bacterial load of vibrios in the pond water of Pacific white shrimp broodstock culture
systems, as well as for its inhibitory effects on vibrio growth under laboratory conditions.
Methodology

Aqueous samples were procured from three discrete broodstock production ponds in the Konarak district
utilizing stratified random sampling techniques at a standardized depth of 30 cm below the water surface
interface. Comprehensive aquaculture management parameters were documented, including water quality
management protocols, nutritional regimes, and physicochemical variables (salinity, pH, and thermal
gradient). Laboratory analyses incorporated sample homogenization followed by selective and differential
microbiological cultivation on MYP, TSA, and TCBS media, with triplicate inoculations to ensure
statistical validity. The antagonistic properties of the commercial probiotic against indigenous Vibrio
isolates were evaluated through quantitative inhibition zone assays using the agar well diffusion
methodology. Positive controls consisted of pre-intervention Vibrio population densities, allowing for
comparative efficacy assessment.

Result

Microbiological enumeration demonstrated a statistically significant reduction (p<0.05) in Vibrio spp.
population densities following probiotic application across all experimental units. Specifically, Total
Vibrio Count (TVC) and Total Heterotrophic Bacteria (THB) in ponds 1, 2, and 3 exhibited pre-
intervention values of 3.2x102, 4.3x102, and 5x10®8 CFU/mL, respectively. Post-application analyses
revealed substantial reductions to 3x102, 1.3x10% and 4x10?> CFU/mL, respectively, indicating a
logarithmic decrease in bacterial load, particularly in pond 3. In vitro antagonism assays utilizing the well
diffusion technique revealed differential inhibitory capacities. The commercial probiotic suspension (C1)
demonstrated maximum and minimum inhibition growth zones against A1-MYP (7.5+£0.2 mm) and V.p-
TSA (6.3+0.1 mm), respectively. When utilizing purified bacterial isolates from the commercial probiotic
(C2), enhanced inhibitory efficacy was observed, with maximum and minimum zones of inhibition
registered against A1-MYP (8.5+£0.2 mm) and B2-MYP (6.0+0.1 mm), respectively. The most pronounced
antimicrobial activity was consistently observed against the A1l isolate and Vibrio parahaemolyticus,
suggesting strain-specific antagonistic mechanisms.

Discussion and conclusions

The present findings demonstrate that the native probiotic Tek Cell Plus, identified as Bacillus vallismortis
with the GenBank accession number JQ085958.1, significantly reduced the bacterial load of Vibrio, the
dominant bacterial genus in shrimp pond water, relative to the total bacterial population. Similar probiotic
effects have been reported for Bacillus cereus and Paenibacillus spp., which were evaluated at
concentrations of 10* and 10° CFU mL™ in post-larval shrimp ponds. In vivo experiments revealed that
these bacteria exerted strong probiotic activity against Vibrio species, resulting in a significant reduction in

shrimp larval mortality. The antagonistic activity of B. cereus and Paenibacillus spp. against vibrios has
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been attributed to the production of bioactive compounds such as zwittermicin-A and kanosamine (Ravi et
al., 2007). These mechanisms are consistent with the outcomes of the present study, wherein the
application of B. vallismortis led to a marked reduction in Vibrio abundance in pond water. Supporting
evidence is provided by Temario et al. (2022), who demonstrated that dietary supplementation with
Bacillus subtilis BF12 significantly increased survival, improved growth performance, and reduced the
intestinal abundance of Vibrio parahaemolyticus in Penaeus monodon. Additional studies have
emphasized the efficacy of Bacillus-based probiotics in L. vannamei culture systems. In a 45-day in vivo
trial, B. subtilis IPA-S.51 and Shewanella algae IPA-S.111 inhibited V. parahaemolyticus growth while
also enhancing shrimp growth performance. Agar-well diffusion assays further confirmed that probiotics,
given sufficient contact time, can produce clear inhibition zones against pathogenic vibrios. Ramesh et al.
(2014) isolated twelve Bacillus spp. strains from the gut of P. monodon, several of which showed strong
inhibitory activity against V. harveyi VSHS, with inhibition zones reaching up to 19.0+ 0.1 mm. These
effects were attributed to pH modification, production of inhibitory metabolites, nutrient competition, and
lactonase enzyme activity. Probiotic efficacy has also been demonstrated using other bacterial groups.
Studies by Ravi et al. (2007) and Ferreira ef al. (2015) confirmed that Bacillus spp. significantly reduced
Vibrio abundance in shrimp ponds, while Thompson et al. (2022) showed that lactic acid bacteria,
including Lactobacillus curvatus subsp. curvatus, L. plantarum, and Pediococcus acidolactici, inhibited
several pathogenic vibrios through the release of antimicrobial compounds. Acute hepatopancreatic
necrosis disease (AHPND/EMS), primarily caused by toxigenic strains of V. parahaemolyticus, represents
one of the most severe bacterial diseases in shrimp aquaculture. A meta-analysis by Ghaednia et al. (2024)
concluded that direct addition of single-strain Bacillus-based probiotics to pond water is the most effective
application method for AHPND control. The present study aligns with these findings, as water application
of B. vallismortis yielded clear suppressive effects on pathogenic vibrios. Finally, bioinformatic analysis
identified two Vibrio isolates closely related to Vibrio sagamiensis and Vibrio fortis, both belonging to the
class Gammaproteobacteria. Previous studies have reported V. sagamiensis in tropical marine
environments (Yoshizawa et al., 2010) and V. fortis as an emerging pathogen in aquatic organisms
(Thompson et al., 2003; Wang et al., 2016), suggesting potential pathogenic risks in shrimp farming
systems. Overall, the findings confirm the effectiveness of Bacillus vallismortis as a robust probiotic
candidate for sustainable control of Vibrio-associated diseases in shrimp aquaculture.
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Table 1: Characteristics of shrimp brooders maintenance ponds

Characteristic Pool No. 1 Pool No. 2 Pool No. 3
(Treatment 1) (Treatment 2) (Treatment 3)
Water change method Once a week Once every 4 days Once every 4 days
Type of substrate Concrete (breeding hall) Geomembrane Soil
Feeding 4 meals a day 4 meals a day 4 meals a day
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Table 2: Bacterial code used in the present study
Al Purified isolate (green) before adding probiotics to the pool
A2 Purified isolate (green) after adding probiotics to the pool
B1 Purified isolate (yellow) before adding probiotics to the pool
B2 Purified isolate (yellow) after adding probiotics to the pool
V.P Vibrio parahaemolyticus
Pro Probiotic TekCell Plus
C1 Tekeell Plus Probiotic and the use of prepared suspension
C2 Bacteria purified from a commercial probiotic product in a proprietary culture medium
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Table 3: Physical monitoring of shrimp pond water
Dissolved

Oxygen pH S?;l)l:tl)ty Temp((;l)‘ature
(ppm)
3.8 7.6 39 24.5
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Figure 1: Comparison of the growth inhibition zone of bacteria isolated from pools (A1, A2, B1, B2, V.P) in contact
with probiotics C1 and C2 in two culture media MYP and TSA for 48 and 72 hours with standard deviation (+0.05)
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Figure 2: Images of antimicrobial property tests using cross-streak and well-plate methods
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Figure 3: Photo of PCR product gel
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Table 6: Identification of bacterial isolates based on 16S rRNA gene sequencing

Top-hit taxonomy Similarity (%)  Top-hit strain Top-hit taxon

Bacteria;Proteobacteria; Gammaproteobacteria;

Vibrionales; Vibrionaceae;Vibrio 92.05 LC2-047 Vibrio sagamiensis
Bacteria; Proteobacteria; Gammaproteobacteria; fortis - .
Vibrionales;Vibrionaceae; Vibrio 99.71 LMG21557 Vibrio fortis
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