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Introduction

Aquaculture now represents a primary sector in global food production, having surpassed capture fisheries
in aquatic animal production as of 2022 (Abdel-Rahim et al., 2023; Caputo et al., 2023). Among the
farmed species, Litopenaeus vannamei (Boone, 1931) has become the dominant species due to its rapid
growth, omnivorous diet, high metabolic rate, and adaptability to tropical marine environments (De Silva
etal.,2021; Huang et al., 2025; Fadel et al., 2025). Although this species is native to the eastern Pacific,
more than 85% of'its global aquaculture production now occurs in Asian countries (FAO, 2020; Amiin et
al., 2023). Specifically, in Iran, more than 180,000 hectares are suitable for shrimp farming, including
4,000 hectares in Golestan Province. Nevertheless, intensive shrimp farming is confronted with ecological
challenges, particularly the accumulation of nutrients and deterioration of water quality due to animal feed
(Chaikaew et al., 2019). Maintaining optimal water parameters including temperature, dissolved oxygen,
salinity, pH, and conductivity is critical for preventing stress and disease in shrimp culture (Kautsky et al.,
2000; Kuncha et al., 2025). Biofloc technology (BFT), which stimulates the formation of beneficial
microbial flocs through the addition of carbon sources, has been shown to improve productivity and
promote environmental sustainability (Kumar ef al., 2014; Mansour et al., 2022; Iber et al., 2025). The
incorporation of probiotics into recirculating aquaculture systems further enhances water quality, gut
health, and immune function (Menaga et al., 2023; Kaya, 2025). Probiotics exert their effects by
competitively excluding pathogens, producing antimicrobial substances, and stimulating host immune
responses (Angahar, 2016; Hoseinifar et al., 2018); certain strains also facilitate the reduction of
nitrogenous waste (Dalmin et al., 2001; Mang et al., 2024). Moreover, probiotics are recognized as cost-
effective, readily isolatable, and ecologically sustainable interventions (Gullian et al., 2004; Vidhya and
Thomas, 2023). In larval stages, probiotics enhance digestion through enzyme secretion (Bairagi et al.,
2002; Lara-Flores, 2011; Qiu ef al., 2023; Vulla et al., 2024). When combined with biofloc technology
(BFT), they improve growth performance, feed efficiency, disease resistance, and water quality (Dash ef
al., 2018; Pratiwi et al., 2020; Qiu et al., 2023). This study aims to evaluate the synergistic effects of
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probiotics and BFT on L. vannamei with a focus on water quality improvement, enhanced survival,
optimized growth, and increased pathogen resistance. The integrated approach offers a sustainable
framework for efficient and environmentally friendly shrimp aquaculture.

Methodology

This study was conducted at the shrimp aquaculture site in Gomishan County, located in northern Golestan
Province, Iran. Field experiments were carried out in 12 shrimp ponds to evaluate the effects of biofloc
and the probiotic Tak-Cell (containing Bacillus subtilis) on the growth performance and survival of Pacific
white shrimp (L. vannamei). A total of 30 kg of the probiotic was applied over a 120-day period across
nine ponds, with an additional 500 g administered during the pond preparation phase. Biofloc was
prepared using carbon sources such as sugarcane molasses, rice flour, and wheat flour. These substrates
were incubated in warm water (40°C) and subsequently diluted at a specific ratio before being introduced
into the culture system. The carbon and nitrogen ratio (C: N) was optimized based on the assumption that
50% of nitrogen from feed is excreted into the aquatic environment. Post-larvae with an initial mean
weight of 0.52+0.12 g were stocked at a density of 200,000 individuals per hectare in aerated ponds.
Throughout the culture period (June to September), water quality parameters including salinity,
temperature, pH, ammonia, nitrate, and phosphate were regularly monitored. Shrimp were fed commercial
formulated diets 2—4 times daily at feeding rates ranging from 2.5% to 10% of biomass. The experimental
design followed a completely randomized structure with four treatments: (1) biofloc without probiotic
(control), and (2—4) biofloc combined with probiotic at concentrations of 300, 400, and 500 g/ha,
respectively. Each treatment was replicated three times. Growth parameters including mean body weight,
average daily gain, specific growth rate, feed conversion ratio, and survival rate were calculated using
standard formulas. Data normality was assessed via the Shapiro—Wilk test. Upon confirmation of normal
distribution, one-way ANOVA and LSD post hoc tests were conducted at a 5% significance level using
SPSS version 23.

Result

During the period of shrimp farming in the test ponds, considerable fluctuations in air temperature were
observed between the morning and evening hours, occasionally reaching up to 15°C. However, the water
temperature, salinity and pH remained relatively stable throughout the sampling period and were
consistently within the optimum range for shrimp farming. Statistical analysis revealed no significant
differences in survival rates between the different treatments (p>0.05). Nevertheless, the 500 g/ha single-
cell probiotic treatment showed the least variation in survival rate, indicating more stable culture
conditions. In terms of growth performance, the highest mean final weight was observed in the 300 g/ha of
probiotic treatment. Although this difference was not statistically significant compared to the 400 g/ha
treatment, it was significantly higher than that of 500 g/ha and control groups. The highest specific growth
rate (SGR) was recorded in the 400 g/ha treatment, which was not significantly different from other
treatments, including the control. The highest average daily growth rate (ADGR) was also recorded in the
300 g/ha group, but no statistically significant differences were observed between treatments. For live
biomass, the 300 g/ha treatment yielded the highest values and showed a statistically significant difference
compared to the 500 g/ha group. Feed consumption was highest in the control group and was significantly
higher than in the other treatments. The lowest feed conversion ratio (FCR) was found in the 300 g/ha
treatment, which differed significantly only from the control group.
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Discussion and conclusion

Probiotics play a crucial role in improving growth performance in aquaculture by optimising metabolic
processes and creating favourable ecological conditions (Liu et al., 2009; Todorov et al., 2024; Tao et al.,
2025). Their enzymatic activity improves digestion and nutrient uptake, leading to better growth results
(Ghosh et al., 2023; Calcagnile et al., 2025). In the present study, water quality parameters such as
temperature, salinity, and pH remained within the optimal range, which is consistent with the findings of
Naik and Srinivasulu Reddy (2020b) and Van Wyk and Scarpa (1999), who emphasized the importance of
a stable environment for shrimp health. Survival rates showed no significant differences between
treatments, which is consistent with previous Biofloc studies (Naik and Srinivasulu Reddy, 2020b),
although the 500 g/ha probiotic treatment showed greater stability. In particular, the 300 g/ha treatment
gave better results for final weight, biomass, and feed conversion ratio (FCR), outperforming the
manufacturer-recommended dose. This result contrasts with Llario et al. (2020), who reported limited
growth benefits from Bacillus amyloliquefaciens alone, but supports studies emphasizing the improved
efficacy of probiotics when used in combination (Souza et al., 2012; Qiu et al., 2023; Preena et al., 2025).
The addition of carbon sources such as molasses and rice bran contributed to improved water quality and
plankton density, which is consistent with the results of Naik and Srinivasulu Reddy (2020a), Menaga et
al. (2023), and Aparna ef al. (2024). These improvements probably supported the observed growth and
feed efficiency. The synergistic effects of probiotics and biofloces reduction of microbial load, immune
stimulation and supplementary nutrition; are well documented (Serra et al., 2015; Santos et al., 2024;
Marimuthu et al., 2024) and were reflected in the result of the present study, with FCR values around 2
and final weights between 13.21 and 20.80g. Overall, the use of 300 g/ha of single-cell probiotic proved to
be more effective than the recommended dose and provided both biological and economic benefits. This
supports the view that optimised probiotic dosing in conjunction with carbon supplementation and biofloc
management can significantly improve the sustainability and productivity of shrimp aquaculture (Khanjani
etal.,2024; Ziaei-Nejad et al., 2006; Megahed et al., 2019; Kaya et al., 2022). Based on the results of this
study, it is recommended that future research focus on the synergistic application of multi-strain probiotic
formulations in combination with optimized carbon sources. This approach can further improve growth
performance, feed efficiency, and environmental stability in intensive shrimp aquaculture systems. In
addition, adjusting probiotic dosing based on empirical evidence rather than manufacturer guidelines may
improve both biological efficacy and economic sustainability.
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Figure 2: Survival rate (%) in treatments with probiotics addition in shrimp culture ponds at Gomishan site
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