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Abstract 

 
      In biofloc shrimp production systems, probiotics are crucial for managing 

microorganisms, outcompeting pathogens, colonizing the gut of shrimp, and enhancing 

their immune systems. The aim of this study was to investigate the efficacy of using a 

probiotic mix (composed of multi-species Bacillus subtilis, Lactobacillus plantarum and 

Pediococcus acidilactici) in marine shrimp nursery in biofloc system through different 

applications and its relationship with the microbial community, water quality and 

zootechnical performance. The FISH (fluorescence in situ hybridization) technique was 

used to analyze the bacterial abundance present in the water and in the gut of the shrimps, 

as well as the analysis of the microorganisms present in the system. The treatments were 

divided into two systems, clear water (CW) and biofloc (BFT), where the probiotics 

were added only to the feed (PF), only to the water (PW) and both feed and water (PFW), 

and controls where probiotics were not included. Then, the experiment was carried out 

with eight treatments. The nursery experiment lasted 35 days, with a stocking density of 

2,000 shrimps/m2. No significant differences were found for water quality data (p>0.05) 

among treatments. The diversity and abundance of microorganisms was higher in the 

treatments with biofloc and two routes of probiotic application, as was the bacterial 

abundance in the water and in the gut of shrimp. The colonization of the shrimp gut was 

evidenced by the presence of hybridized, quantified, and classified probiotic bacteria, 

which were directly related to the rearing water. Zootechnical performance data were 

significantly (p<0.05) better in the treatment with the addition of probiotics in the feed 

and water in the biofloc system (BFT-PFW), where all of the indices were higher than 

the other treatments. Survival rates were over 89%, except for the control treatment 

(79%). Other treatments with at least one way of application showed satisfactory 

zootechnical performance compared to the control, including the clear water system 

which came close to the biofloc system without the addition of probiotics (BFT-CTL). 

The use of the probiotic mix was efficient and showed a positive effect on the culture of 

Penaeus vannamei in the nursery phase. 

 

Keywords: Fluorescence in situ hybridization, microbial community, bacterial 

abundance, Bacillus subtilis, Lactobacillus plantarum, Pediococcus acidilactici. 

 

Introduction 
 

      The intensification of aquaculture farming systems ensures higher yields in less 

space and higher profitability. However, super-intensive systems require regular and 

precise control of water quality and the production environment [1]. The nursery phase 

is considered a management tool between the first larval stages and the final grow-out 

phase. Intensification through nurseries can lead to rapid growth and enable high 

stocking densities, provided that appropriate management is carried out at this phase 

[2,3]. The emergence of pathogens and infectious diseases caused by viruses, bacteria 

and parasites poses major challenges to the aquaculture industry and is associated with 

the increasing intensification of production [4].  

 

      The microbial community plays an essential role in aquaculture, influencing 

productivity, nutrient cycling, feed efficiency for farmed animals, water quality, disease 

control and the environmental impact of effluents [5–7]. Biofloc-based production 

systems include various groups of microorganisms, mainly bacteria, but also feed 

residues, detritus from cultured animals, and organic and inorganic particles. These 

systems are considered efficient in controlling and balancing the microbial community 

[8]. Its composition is influenced by various factors such as the production system, the 

target species, the feed formulation and environmental, physical and chemical 

conditions [9,10].  
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      Microorganisms are effective in fighting pathogens because they compete with 

potential pathogens and possess probiotic properties. They promote growth, digestion, 

metabolism and disease resistance in aquatic organisms [11–14]. In terms of relative 

abundance, bacteria make up the majority of bioflocs. They are capable of converting 

organic material, removing nitrogen-containing compounds and serving as a food source 

within the trophic food chain in aquaculture systems [15–17]. 

 

      In marine shrimp production systems that utilize Biofloc technology, the diverse 

composition of microorganisms includes probiotics, which serve as a crucial 

management tool. Probiotics can outcompete pathogenic bacteria, colonize the 

gastrointestinal tract of shrimp, and enhance their immune system [18–21]. Probiotic 

bacteria can be added to aquaculture systems through various methods, and their 

mechanisms of action are diverse and essential for the establishment of a resilient 

microbiota capable of competing with potential disease outbreaks [22–24]. 

 

      Management of probiotic application may vary and should be based on the specific 

needs of each production system and target species. Probiotics can be added directly to 

water, added to feed with oils or binders, applied via animal immersion baths, or 

introduced into soil or sediment. Each method has its advantages and disadvantages in 

terms of storage, handling and use in large quantities [25–27]. The use of probiotics with 

different bacterial composition is currently being discussed in detail and tested in various 

studies. These are called probiotic blends, multi-species probiotics or multi-strain 

probiotics [28,29].  

 

      The vast majority of commercial products consist of bacteria of the genus Bacillus 

sp. with the most commonly used species being B. subtilis and B. licheniformis. Bacillus 

sp. is considered the most studied and commercially exploited genus worldwide [30,31]. 

Lactic acid bacteria such as Lactobacillus plantarum and Pediococcus acidilactici are 

used in conjunction with bacilli and exhibit synergistic beneficial effects on growth, 

nutrition, strengthening the immune system of animals, fighting disease, colonizing the 

host gut and stimulating immune responses to stressful conditions [32–39]. 

 

      Monitoring of microbial communities in super-intensive systems should be carried 

out regularly and in a timely manner. This is essential as rapid and efficient responses to 

the occurrence of pathogen outbreaks, are critical to ensuring system integrity and 

productivity [40,41]. Microbial density can influence how pathogenicity and resistance 

manifest. In addition, fluorescence in situ hybridization (FISH) is a useful method for 

tracking changes in the density of microorganisms [42]. This method uses specific 

probes for each target bacteria to be identified [43,44]. The effectiveness of probiotics 

has been confirmed by numerous studies using this molecular biology technique in 

aquaculture systems [19,45].  

 

      The microbiota present in the gut of marine shrimp plays a crucial role in their 

immunity, disease resistance and increased production. This microbiota is directly 

related to the water in the culture environment [46,47]. In a stable cultivation 

environment with favorable water quality conditions, probiotic bacteria are likely to 

dominate other groups and reduce the pathogenic load in both the water and gut of 

aquatic species farmed in biofloc systems [48]. Probiotic bacteria exhibit various 

capabilities, including direct modulation of bacterial communities, occupation of 

binding sites, and competition with harmful bacteria. They also contribute to the 

production of digestive enzymes and antagonistic substances. Probiotics are able to 

survive and proliferate under the adverse conditions in the animal gut while modulating 

and adapting the host microbiota [49–52]. Biotechnological advances must keep pace 

with the demand for necessary information, considering that there are still significant 

gaps in the literature that need to be filled and addressed regarding the characterization 

of gut microbes [53,54].  

 

      The aim of this study was to evaluate the effect of using a commercial probiotic 

mixture via different application routes in different nursery systems within a super-

intensive system. The assessment included water quality, zootechnical performance, 

microorganisms, bacterial community and gut colonization of the shrimp. 

 

Materials and methods 
 

Experimental conditions 

 

The experiment was conducted at the Marine Station of Aquaculture (EMA) from the 

Institute of Oceanography, Federal University of Rio Grande (FURG), Rio Grande/RS, 

Brazil (32°110S; 52°100W). The study lasted for 35 days. Shrimps of the species 

Penaeus vannamei, sourced from Aquatec® (Rio Grande do Norte), were obtained at the 

nauplius stage and underwent hatchery phase at the Marine Shrimp Culture Laboratory 

at EMA. After this period, post-larvae with an average weight of 0.012g (±0.001) were 

stocked in the experimental units at a stocking density of 2000 shrimps m-2. The 

experiment was conducted in an experimental room with temperature and photoperiod 

control. Submersible water heaters with thermostats (Stealth, ETP250, USA, 250W) 

were used for temperature control. Light intensity was controlled using an analog light 

timer, maintaining a 12-hour dark and 12-hour light cycle. The aeration system consisted 

of a blower-type air pump, where atmospheric oxygen was distributed in each 

experimental unit through two microperforated hoses (Aerotubes®) measuring 30 cm.  

 

Clear water system and BFT system 

 

The tanks had a bottom area of 0.49 m2, with a useful volume of 150 liters. The tanks 

were filled with saltwater (salinity 30). To initially disinfect the water, a solution of 

sodium hypochlorite (10ppm) was applied, followed by the application of ascorbic acid 

(1ppm) to neutralize the sodium hypochlorite residues. The study was conducted in 

triplicate and included two different systems: a clear water system (CW) and a biofloc 

system (BFT), each consisting of twelve (12) tanks, for a total of twenty-four (24) tanks. 

To maintain suitable water quality in the clear water system, 50% water renewals (75 

liters) were performed every three days or based on ammonia and nitrite concentrations 

throughout the experimental period to maintain ammonia and nitrite below safety 

concentrations. 

 

For the tanks with biofloc systems, 10% of their volume was inoculated with a mature 

biofloc water inoculum, with values of ammonia and nitrite close to zero, nitrate at 30 

mg/L, phosphate at 1.10 mg/L, and total suspended solids at 460 mg/L [55]. Organic 

fertilizations with sugarcane molasses were conducted based on ammonia 

concentrations to maintain the carbon-nitrogen (C:N) ratio of the water. [56,57]. To 

replenish the volume lost through evaporation, additions of dechlorinated freshwater 

were made. Additionally, to maintain pH and alkalinity values in the biofloc system, 

doses of hydrated lime were added according to the decline in pH and alkalinity values 

[58]. 

 

Experimental design 

 

The experiment was conducted in triplicate, utilizing twenty-four (24) tanks, with three 

tanks assigned to each treatment. The treatments were distributed as follows:  

• Clear water system (CW):  

o CW-CTL (Without addition of probiotics) 

o CW-PF (Probiotics added in feed) 

o CW-PW (Probiotics added in water) 

o CW-PFW (Probiotics added in both feed and water) 

• Biofloc sysem (BFT): 

o BFT-CTL (Without addition of probiotics) 

o BFT-PF (Probiotics added in feed) 

o BFT-PW (Probiotics added in water) 

o BFT-PFW (Probiotics added in both feed and water) 

o Probiotic application and feed management 

      The commercial probiotic mixture contains: Bacillus subtilis (3.4x109 CFU g-1), 
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Lactobacillus plantarum (1.2x109 CFU g-1) and Pediococcus acidilactici (1.2x109 CFU 

g-1), using lactose as a vehicle. The recommended dosages by the manufacturer were 

applied daily in the feed (2g of probiotic/kg of feed), and in the water, daily doses of 

1g/ton of water were used. In treatments with two application routes (feed and water), 

the doses were doubled. The probiotic was mixed with water from each experimental 

unit to be sprinkled on the feed and pipetted into the culture water. The shrimps were 

fed three times daily (08:00; 14:00 and 16:00 h) with commercial feed Active 40% crude 

protein (Guabi®), following feeding tables according to the biomass of each 

experimental unit [59,60]. 

 

Water quality variables 

 

      Parameters such as temperature, pH, and dissolved oxygen were monitored twice 

daily (08:00 and 17:00 h) using a YSI® multiparameter instrument (model 556). Salinity 

was checked weekly using an optical refractometer (ATC, RTP-20ATC, Brazil). Total 

ammonia nitrogen (TA-N) and nitrite (NO-
2-N) levels were analyzed every two days 

following methodologies described in [61,62]. Concentrations of nitrate (NO3 -N), 

phosphate (PO4-3-P) followed methodologies from [63] and alkalinity [64] were 

measured weekly. Total suspended solids (TSS) were measured at the beginning and 

end of the experiment, based on the method of [62]. 

 

Shrimp growth 

 

      The growth of shrimp in all experimental units was monitored through weekly 

biometrics using a digital scale with a precision of 0.001g. At the end of the experiment, 

the following parameters were evaluated:  

 

Survival rate: ((final biomass / final mean individual weight) / number of stocked 

individuals) x 100.  

 

Apparent feed conversion ratio (FCR): feed offered / biomass increment.  

Yield: (final biomass / volume of experimental unit). 

The specific growth rate [(LnWf - LnWi) × 100 / days], where Wf is the final weight, 

Wi is the initial weight, and days of culture.  

 

 

 

 

 

Phytoplankton and zooplankton community assessment 

 

      For the quantification of microorganisms present in the culture water, water samples 

(20 mL) were collected at the end of the experimental period. The samples were fixed 

in 4% formalin (final concentration) and kept in amber bottles for subsequent counting 

and identification of the main groups of microorganisms present. The microorganisms 

were classified into different groups: flagellates, ciliates, rotifers, nematodes, and 

microalgae. An Olympus IX51 inverted microscope with a final magnification of 200x 

was used, where aliquots of 2.1 mL of sample were placed in a sedimentation chamber, 

and 30 fields were randomly counted. [65]. The counts were performed at the Laboratory 

of Ecology of Microorganism Applied to Aquaculture (LEMAQUI) at the Federal 

University of Rio Grande (FURG). 

 

Bacteria abundance by Fluorescence In Situ Hybridization (FISH) 

 

      Final water samples from each experimental unit and shrimp gut were collected, both 

fixed in 2% paraformaldehyde (final concentration), and stored under refrigeration for 

subsequent performance of fluorescence in situ hybridization (FISH) analysis to identify 

bacteria in the probiotic mix (Table 1). Prior to the start of the FISH protocol [44,45] the 

gut samples were weighed and sonicated (Vibra Cell VCX 130PB, Sonics Materials®) 

with an amplitude of 110.7 m for 60s (three times). After sonication, the samples were 

centrifuged at 500 g for five minutes, and the supernatant was removed, repeating this 

step twice with the addition of ultrapure water for content washing. The three portions 

of the supernatant were combined in the same flask, centrifuged again, and then filtered 

through white polycarbonate filters (Nuclepore® 0.2 m) and kept refrigerated at 4°C 

until the FISH protocol was performed. Water samples were filtered directly through 

white polycarbonate filters (Nuclepore® 0.2 m). 

 

      Subsequently, the samples were evaluated through epifluorescence microscopy 

using oligonucleotide probes directed towards rRNA to identify and quantify the target 

bacterial groups of the study (Table 1). All probes were labeled with Cy3 fluorochrome. 

Probes from the same bacterial group were mixed for hybridization. Additionally, each 

specific probe was added with DAPI to determine the total bacterial abundance. A 

negative control (NON) was used with a probe without any specific bacterial marker, 

serving as a test of the hybridization process efficiency. Bacterial abundance was 

obtained through direct counting at 1000x magnification using an epifluorescence 

microscope (Olympus® BX-60), equipped with the filters: Chroma U-N41007, U-

MWU2, U-MWB2 and U-MWG2, at the Laboratory of Ecology and Molecular Biology 

of Microorganisms (LEBIOMM), at the Federal University of Juiz de Fora (UFJF).  

 

Table 1 – Oligonucleotide probes for identification of different bacterial groups used in this study. All probes were labeled with Cy3 fluorochrome. 

 

Probe Specificity Sequence (5’-3’) %FA* Reference 

NON Negative Control TAGTGACGCCGTCGA 30 [66] 

Bacil1 Bacillus GCCGCCTTTCAATTTCGAAC 35 [67] 

Bmy843 Bacillus CTTCAGCACTCAGGTTCG 35 [68] 

Bsub B. subtilis CGTTCAAACAACCATCCGG 35 [69] 

BsubC B. subtilis group AAGCCACCTTTTATGTTTGA 35 [69] 

Lacto15 Lactobacillus CCGTCAACCCTTGAACAGTT 30 [70] 

Lacto39 Lactobacillus TCTGTTTAGTTCCGCTCGTTC 30 [70] 

LGC354A Firmicutes TGGAAGATTCCCTACTGC 35 [71] 

LGC354B Firmicutes CGGAAGATTCCCTACTGC 35 [71] 

LGC354C Firmicutes CCGAAGATTCCCTACTGC 35 [71] 

 

* Percentage of formamide (FA) in the in situ hybridization solution. 
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Data analysis 

 

The data were subjected to one-way analysis of variance, considering the assumptions 

of homoscedasticity and normality through the Levene and Shapiro-Wilk tests, 

respectively. The Tukey test was applied when significant differences were detected 

(p<0.05), and survival, microorganism, and bacterial abundance data were transformed 

(arcsine square root) before analysis [72]. 

 

Results 
 

Water quality 

 

      No significant differences were found among treatments for temperature, dissolved 

oxygen, and salinity. However, significant differences were observed among treatments 

for pH, alkalinity, ammonia, nitrite, nitrate, phosphate, and total suspended solids. All 

water quality results are presented in Table 2.

 

Table 2 – Mean (± standard deviation) of the average values found for physical and chemical parameters of water quality monitored during 35 days of P. vannamei nursery in super-

intensive clear water system and biofloc system under different treatments.  

 

Variables 

Treatments 

CW-CTL BFT-CTL CW-PF BFT-PF CW-PW BFT-PW CW-PFW BFT-PFW 

Temperature (°C) 28.44±0.76 28.74±0.69 28.61±0.51 28.87±0.78 28.64±0.29 28.86±0.54 28.58±0.62 28.84±0.72 

DO (mg L-1) 5.94±0.20 5.80±0.20 5.91±0.24 5.79±0.23 5.98±0.18 5.77±0.20 5.87±0.22 5.79±0.22 

pH 8.28±0.03a 7.96±0.05b 8.20±0.03a 8.00±0.06b 8.24±0.03a 7.98±0.05b 8.23±0.04a 7.95±0.03b 

Alkalinity (mg CaCO3 L-1) 207.33±8.66a 153.33±8.60b 205.00±17.29a 159.67±18.27b 207.00±5.21a 159.00±7.15b 202.00±13.34a 155.67±7.83b 

Ammonia (TA-N mg L-1) 1.47±0.30a 0.11±0.06b 1.18±0.29a 0.11±0.05b 1.50±0.30a 0.13±0.06b 1.51±0.38a 0.11±0.04b 

Nitrite (NO2- - N mg L-1) 0.93±0.27ab 0.30±0.09c 1.26±0.43a 0.28±0.04c 1.03±0.16ab 0.34±0.08c 1.33±0.28a 0.38±0.11bc 

Nitrate (NO3- - N mg L-1) 0.94±0.54b 26.73±2.34a 1.47±0.23b 23.25±2.67a 1.01±0.23b 25.28±2.29a 1.14±0.23b 26.45±2.12a 

Phosphate (PO4
-3-P mg L-1) 0.07±0.02b 0.35±0.03a 0.07±0.02b 0.30±0.09a 0.08±0.04b 0.32±0.06a 0.10±0.01b 0.31±0.09a 

Salinity 31.06±1.53 32.78±2.10 30.67±1.29 32.67±1.71 30.50±1.19 32.67±1.29 30.83±2.29 32.94±1.55 

TSS (mg L-1) 86.40±23.56b 352.53±22.92a 129.40±32.78ab 363.67±25.69a 85.07±20.27b 363.53±23.47a 103.40±37.82ab 388.33±35.38a 

 

      Different letters on the same line represent significant differences (p<0.05) among 

treatments throughout the experimental period after one-way ANOVA followed by 

Tukey's test. 

 

      The temperature values averaged 28.5°C, with no variations throughout the 

experimental period. Similarly, the concentrations of dissolved oxygen remained at 

average concentrations above 5.7 mg/L across all treatments. Salinity values were 

maintained between 30 and 32, with no difference among treatments (p>0.05). 

 

       The pH values varied according to the systems, with clear water systems 

maintaining averages above 8.2, while in the biofloc system, the values found were not 

lower than 7.95 (Figure 1). The same trend was observed for alkalinity, with average 

values above 200 mg CaCO3/L in clear water treatments, and above 150 mg CaCO3/L 

in biofloc system treatments (Figure 3c). 

 

      Ammonia concentrations were higher in the clear water systems in all treatments 

compared to the biofloc system, with the highest value found in the CW-PFW treatment 

(1.51), and the lowest concentration found in the biofloc system treatments BFT-CTL, 

BFT-PF, and BFT-PFW (0.11) (Figure 2a). The mean concentrations of nitrite were 

significantly higher in the treatments of the clear water system, with the highest mean 

value in the CW-PFW (1.33) and CW-PF (1.26) treatments. The lowest mean values 

were found in the biofloc system treatments BFT-PF (0.28), BFT-CTL (0.30), and BFT-

PW (0.34) (Figure 2b). 

 

      Nitrate concentrations were significantly higher in the biofloc system, with no 

difference among treatments within this system. Mean values of nitrate concentrations 

in the biofloc system treatments ranged from 26.7 to 23.2 in the BFT-CTL and BFT-PF 

treatments, respectively. For the clear water system, mean values remained between 0.94 

and 1.47 in the CW-CTL and CW-PF treatments, respectively (Figure 3a). Phosphate 

concentrations remaining at near-zero concentrations in the clear water system, the 

highest mean values were found in the BFT-CTL treatment (0.35), and the lowest mean 

value was in the CW-CTL treatment (0.07) (Figure 3b). Mean concentrations of total 

suspended solids were higher in the biofloc system treatments, ranging from 352.5 to 

388.3 in the BFT-CTL and BFT-PFW treatments, respectively. In the clear water system, 

the lowest mean value was found in the CW-PW treatment (85.0), and the highest mean 

value was in the CW-PF treatment (129.4) (Figure 3d). 
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Figure 1: Temporal variation of pH during the 35-day nursery period in the clear water system (CW) and biofloc system (BFT) under different treatments. 
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Figure 2: Temporal variation of total ammonia nitrogen (TA-N) (a) and nitrite (NO2-N) (b) during the 35-day nursery period under different treatments. 

 

 
 

Figure 3: Temporal variation of nitrate (NO3-N) (a), phosphate (P-PO4-3) (b), alkalinity (CaCO3) (c), and total suspended solids (mg/L) (d) over the 5-week nursery period under 

different treatments. 
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Shrimp growth 

 

      The BFT-PFW treatment showed the best zootechnical performance for all evaluated 

parameters, including the highest final weight (1.22 g), the second-highest survival rate 

(96.5%), the highest specific growth rate (13.2%), the highest final biomass (354.1 g), 

and consequently, the highest yield per square meter (0.72 kg) (Table 3). The BFT-PF, 

BFT-PW, and CW-PFW treatments were statistically equivalent for mean final weight 

values, with 1.03 g, 1.01 g, and 1.01 g, respectively. The CW-PF treatment (0.98 g) was 

similar to the BFT-CTL treatment (0.94 g). The second lowest final weight was found 

in the CW-PW treatment (0.80 g), and the lowest final weight was found in the CW-

CTL treatment (0.62 g), presenting as the treatment with the least satisfactory 

performance in the present study. 
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Table 3 - Mean (± standard deviation) of the average values of zootechnical performance parameters at the end of a 35-day nursery period of P. vannamei in a super-intensive system 

in clear water and biofloc system among different treatments. 

 

Zootechnical performance 

Treatments 

CW-CTL BFT-CTL CW-PF BFT-PF CW-PW BFT-PW CW-PFW BFT-PFW 

Initial weight (g) 0.012±0.001 0.012±0.001 0.012±0.001 0.012±0.001 0.012±0.001 0.012±0.001 0.012±0.001 0.012±0.001 

Final weight (g) 0.62±0.05d 0.94±0.04bc 0.98±0.11bc 1.03±0.01b 0.80±0.13c 1.01±0.04b 1.01±0.01b 1.22±0.09a 

Survival (%) 79.00±1.86b 90.89±2.17a 91.89±4.68a 96.89±0.84a 89.00±4.58a 91.22±4.53a 91.33±2.65a 96.56±1.84a 

SGR (%) 11.26±0.24c 12.46±0.12b 12.56±0.33b 12.71±0.02b 11.99±0.45b 12.66±0.11b 12.68±0.01b 13.20±0.21a 

FCR 3.01±0.37a 2.85±0.22ab 2.23±0.59ab 2.20±0.32ab 2.05±0.18b 2.56±0.17ab 2.11±0.31ab 2.85±0.22ab 

Final biomass (g) 146.74±11.38d 256.21±9.14bc 269.15±32.62bc 298.42±2.92ab 213.65±28.52c 276.26±13.65b 277.81±8.20b 354.15±29.63a 

Yield (kg/m2) 0.29±0.02d 0.52±0.02bc 0.54±0.07bc 0.60±0.01ab 0.43±0.06c 0.56±0.03b 0.56±0.02b 0.72±0.06a 

 

 

Different letters on the same line represent significant differences (p<0.05) among 

treatments throughout the experimental period after one-way ANOVA followed by 

Tukey's test. 

 

The strategy of applying the probiotic mix through two application methods in the 

biofloc system (BFT-PFW) showed significantly better performance compared to all 

other treatments. Additionally, the treatment without probiotics in the clear water system 

(CW-CTL) exhibited poorer zootechnical performance across all evaluated parameters 

and was significantly inferior to all other treatments. This treatment obtained a lower 

mean final weight, lower survival rate (79%), lower specific growth rate (11.2%), higher 

apparent feed conversion ratio (3.0), lower final biomass (146.7 g), and consequently, a 

lower mean yield value (0.29 kg) (Table 3). 

  

Survival rates were significantly higher in all treatments except for the treatment without 

probiotic addition in clear water (CW-CTL). The biofloc system treatments, including 

the control (BFT-CTL), when compared to treatments in the clear water system, except 

for the control (CW-CTL), showed statistically similar zootechnical performance. This 

means that treatments in the clear water system with at least one probiotic mix 

application method exhibited similar performance. For example, for the zootechnical 

parameter of specific growth rate (%), treatment BFT-PF obtained a value of 12.7, and 

treatment CW-PW had a value of 11.9, both statistically equal. The apparent feed 

conversion ratio (FCR) in treatment CW-PFW was 2.11, and in treatment BFT-CTL, the 

value found was 2.85, both statistically identical. The final biomass found in treatment 

BFT-PF was 298.4 g, similar to treatment CW-PFW with 277.8 g. The mean values for 

yield in kilograms per square meter were 0.56 (BFT-PW) and 0.56 (CW-PFW), as shown 

in Table 3. 

 

Composition of phytoplankton and zooplankton community 

 

At the end of the experimental period, flagellates and ciliates were found in greater 

abundance in the biofloc system treatments, with treatment BFT-PFW having the 

highest mean values for flagellates (2.34E+04), ciliates (1.08E+04), nematodes 

(2.04E+03), and microalgae (1.12E+04). The treatments in the clear water system did 

not differ from each other, and the lowest mean abundance values were found for 

flagellates (2.32E+03) in treatment CW-PFW and ciliates (9.60E+02) in treatment CW-

PF. 

 

Protozoa such as rotifers and nematodes were found only in the biofloc system 

treatments with no difference between treatments, with variations in mean values in 

treatment BFT-CTL (1.27E+03) and treatment BFT-PW (2.96E+03) for rotifers, and for 

nematodes in treatment BFT-PF (4.86E+02) and treatment BFT-PFW (2.04E+03). 

Microalgae were found in all systems and treatments, with the highest mean values 

found in treatment BFT-PFW (1.12E+04) and the lowest mean value found in treatment 

CW-PFW (1.27E+03) (Figure 4). 
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Figure 4: Abundance of microorganisms (mean ± standard deviation) present in the clear water system and biofloc system at the end of the 35-day nursery period. Divided into 

flagellates (a), ciliates (b), rotifers (c), nematodes (d), and microalgae (e). Different letters indicate significant differences (p <0.05). 

 

 
 

 

Composition of probiotic bacteria 

  

The data for the abundance of total bacteria and archaea present in the culture water and 

shrimp gut are expressed in Figure 5 (a), where we find similar total values of bacterial 

community in both the water and the in the gut of the shrimp. Total values of Bacillus 

subtilis (b) and total lactic acid bacteria (c) exhibited similar trends, with higher bacterial 

prevalence in the water than in the gut, but with non-significant difference in the quantity 

present in the water or in the gut of the shrimp. 
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Figure 5: Total bacterial abundance (a), Bacillus subtilis (b), and lactic acid bacteria (c) present in the culture water and gut of the shrimp at the end of the 35-day nursery period. 

 

 

 
 

 

      Through the total count of bacteria found in the culture water, the highest mean 

values are observed in the biofloc system in the BFT-PFW treatment (5.13E+08), 

standing out as the treatment with the highest total bacterial abundance (Figure 5). The 

BFT-PF treatment (4.00E+08) represents the second highest bacterial abundance, 

followed by the BFT-PW (3.47E+08) and BFT-CTL (3.01E+08) treatments. In the clear 

water systems, mean values are lower compared to the biofloc system, where the CW-

PF treatment (2.88E+08) shows the highest abundance among the treatments in clear 

water, followed by the CW-PFW (2.49E+08) and CW-PW (1.77E+08) treatments. The 

CW-CTL treatment (0.75E+08) exhibits the lowest total bacterial abundance (Figure 

6a). 

 

      The total count of bacteria present in the gut of the animals in the biofloc system 

treatments is statistically equal in the BFT-PFW (4.14E+08), BFT-CTL (3.29E+08), 

BFT-PF (3.01E+08), BFT-PW (3.07E+08), and CW-PFW (2.97E+08) treatments, with 

the latter being the only treatment in the clear water system that equals the treatments in 

the biofloc system. The CW-PF (2.07E+08) treatment equals the CW-PW (1.71E+08) 

treatment, both of which are superior and statistically differ from the CW-CTL 

(0.48E+08) treatment, which presents the lowest average count of bacteria in the gut of 

shrimp (Figure 6b).  

 

      In the specific count for Bacillus subtilis in the culture water, the highest mean value 

was found in the BFT-PFW treatment (2.01E+07), followed by the other treatments in 

the biofloc system, BFT-PF (1.43E+07), BFT-PW (1.16E+07), and BFT-CTL 

(0.77E+07). In the clear water system, the treatment with the highest mean value was 

observed in the CW-PFW treatment (0.46E+07), followed by the CW-PF (0.41E+07) 

and CW-PW (0.25E+07) treatments. The CW-CTL treatment (0.09E+07) showed the 

lowest count of bacilli (Figure 6c). In the gut of shrimp, the highest count of bacilli was 

found in the BFT-PFW treatment (0.87E+07), as well as in the BFT-PW (0.43E+07) and 

BFT-PF (0.42E+07) treatments. The CW-PFW treatment (0.26E+07) showed the 

highest count of bacilli among the treatments in clear water and was equally significant 

to the BFT-CTL treatment (0.19E+07), followed by the CW-PW (0.20E+07) and CW-

PF (0.12E+07) treatments. The control treatment in clear water, CW-CTL (0.03E+07), 

showed the lowest count of bacilli among all treatments (Figure 6d). 

 

      Lactic acid bacteria were not found in the control treatments in clear water (CW-

CTL) and in the biofloc system (BFT-CTL) in both samplings, both in the culture water 

and in the gut of the animals. In the specific count of lactic acid bacteria in the water, 

the highest mean value was found in the BFT-PFW treatment (0.92E+07), followed by 

the BFT-PW (0.64E+07), BFT-PF (0.53E+07), CW-PFW (0.29E+07), and CW-PF 

(0.26E+07) treatments, with the lowest mean value found in the CW-PW treatment 

(0.12E+07) (Figure 6e). In the gut of the shrimp, the bacterial colonization pattern 

showed the highest mean value in the biofloc system treatments BFT-PFW (0.17E+07), 

BFT-PF, and BFT-PW (0.13E+07), differing statistically from the clear water treatments 

CW-PFW (0.07E+07), CW-PF (0.06E+07), and CW-PW (0.05E+07) (Figure 6f). 
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Figure 6:  Means (± standard deviation) of total bacterial abundance in water (a), total bacterial abundance in the gut (b), Bacillus subtilis in water (c), Bacillus subtilis in the gut (d), 

lactic acid bacteria in water (e), and lactic acid bacteria in the gut (f) at the end of the 35-day nursery period. 

 

 
 

Discussion 
 

      The application of the probiotic mix did not affect water quality, as physical and 

chemical parameters such as temperature, dissolved oxygen, pH, alkalinity, salinity, 

ammonia, nitrite, nitrate, phosphate, and total suspended solids remained within the ideal 

and recommended range for P. vannamei [73–80]. However, some differences were 

found related to the different production systems, clear water and biofloc systems, as 

expected for this experimental design. Only nitrite concentrations and total suspended 

solids showed significant differences between the treatments tested in both systems. The 

average nitrite concentrations were higher in the clear water system due to the 

nitrification process, with higher values found in treatments CW-PFW and CW-PF, and 

the lowest concentrations were found in treatments BFT-PF, BFT-CTL, and BFT-PW. 

Similar behavior was observed in clear water conditions and biofloc system with the use 

of probiotics, where the absence of nitrification process resulted in higher concentrations 

in the clear water treatments [19]. 

 

      In the biofloc system, in all evaluated treatments, the concentrations of total 

suspended solids remained below the recommended levels for the species. However, 

with the use of the initial biofloc inoculum, the nitrification process occurred efficiently 

and without peaks throughout the experiment [55,80]. 
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      The addition of probiotics is considered a management practice of extreme 

importance for the improved zootechnical performance of cultivated animals, 

contributing to better performance, immunity, and control of potential pathogenic 

bacteria [31,81). The treatment with the best zootechnical performance was BFT-PFW, 

where growth and production indices were superior, with average weight 50% higher 

compared to the control. The addition of probiotic bacteria in biofloc systems (with 

inoculum) provides better conditions for bacterial growth, where nutrients present in the 

biofloc system contribute to the better development of the microbial community 

[55,82,83]. When probiotics were added to both feed and water even in clear water 

conditions (CW-PFW), significant improvements were observed, such as higher final 

weight, specific growth rate, and yield, without differing from the biofloc system. This 

was observed in a study with continuous addition of the probiotic mix (3g/kg feed), 

where they achieved an average weight 20% higher compared to the control [84]. 

 

      High stocking densities are common in nurseries in super-intensive systems. When 

the system is not efficiently controlled, it can lead to reduced survival rates and 

production losses. However, when management is properly outlined, it can result in 

better cultivation conditions and animal control [2]. The high stocking density used in 

this study negatively affected the zootechnical performance in the clear water system 

without the use of probiotics (CW-CTL), resulting in inferior performance in the 

evaluated zootechnical parameters. The non-use of probiotics can lead to various 

problems throughout the production cycle, such as stress and cannibalism, contributing 

to the unsatisfactory zootechnical performance as observed in studies comparing the 

addition of bacilli versus control without probiotics [85,86]. Survival rates were high, 

above 89%, in all treatments except the clear water control (CW-CTL) treatment. The 

application of probiotics is described in various studies where they are effective in 

improving different zootechnical parameters, including high survival rates at the end of 

the experiments [13,87,88]. 

 

      Different methodologies for probiotic application are commonly used, including 

direct addition to the water, incorporation into feed, immersion baths, and direct addition 

to sediments [85,89,90]. The daily application of the probiotic mix provides bacteria 

continuously to the production system. This continuous stimulation contributed to better 

zootechnical performance in all treatments with at least one application route, as 

mentioned in several literature reviews on the use of probiotics [13,25,50]. When 

probiotic bacteria are added to both feed and water, they provide a greater supply of 

beneficial bacteria to the animals and the cultivation environment. We can observe 

through the data obtained for animal performance that the dual application of probiotics 

had satisfactory effects. Studies support this hypothesis, showing that different 

application routes and methodologies directly influence the performance of the cultured 

organisms [51,86,91].  

 

      The development of the microbial community plays a crucial role in the metabolism 

of organic matter, nutrient recycling, and nutritional supplementation provided to 

cultured organisms. It transforms nitrogen into microbial protein, contributing to the 

overall nutritional profile of the cultivation system [92,93]. In the present study, 

microorganisms present in the water were evaluated, classified as protozoa 

(zooplankton) and microalgae (phytoplankton), including flagellates, ciliates, rotifers, 

nematodes, and microalgae. A higher number of flagellates and ciliates were found in 

the biofloc system treatments, with the BFT-PFW treatment showing the highest 

development of these microorganisms. The BFT-PF, BFT-PW, and BFT-CTL 

treatments demonstrated microbial community development below that of the BFT-

PFW treatment but superior to all treatments in the clear water system. Flagellates, 

ciliates, and microalgae were found in the clear water system treatments, including the 

control (CW-CTL); however, their abundance is significantly lower than in all other 

biofloc system treatments. In the biofloc system, the behavior of the microbial 

community has been reported in various studies, where diverse protozoa and different 

microalgae are found in this system, directly impacting microbial composition and the 

performance of cultured organisms [94,95]. Other protozoa such as rotifers and 

nematodes were found only in the biofloc system and were present in all treatments. 

These organisms are indicators of a more developed microbial chain, participating in 

nutrient cycling and the microbial loop acting as high-quality nutritional 

supplementation due to the supply of proteins and lipid [9,95,96].  

 

      Microalgae are responsible for producing proteins, lipids, and sugars and play a role 

in the dynamics of dissolved oxygen and carbon dioxide in aquaculture systems. They 

are considered primary producers and are consumed by zooplankton, transferring 

nutrients to higher trophic levels [97–99]. In the experimental conditions of this study, 

microalgae were found in all treatments, with the highest abundance observed in the 

biofloc system treatments, which were superior to the values found in the clear water 

system. Bioflocs provide nutrients for the growth of microalgae through the 

decomposition of organic matter and act as fertilizer (nitrogen and phosphate) under 

controlled conditions. Otherwise, it may lead to the unwanted dominance of filamentous 

microalgae and cyanobacteria [100,101]. 

 

      The Fluorescence in situ hybridization (FISH) molecular biology technique used in 

this study was effective in quantifying and identifying the diversity of bacteria and the 

abundance of specific bacteria through the use of probes with target markers, as 

demonstrated in previous studies [19,45]. The present study obtained values for total 

bacterial abundance, Bacillus subtilis abundance, and lactic acid bacteria abundance, 

quantified in both the culture water and the gut of the animals. Both quantifications were 

significantly higher in the treatments with biofloc systems, especially in the treatment 

with dual probiotic application (BFT-PFW) in both the water and the gut. The 

colonization of the gut of the shrimp was evident in this study, where bacilli and lactic 

acid bacteria were found, except in the control groups, which may explain the low 

zootechnical indices [102,103]. 

 

      The microbial community consists of various microorganisms, including a large 

number of bacteria belonging to different groups, such as heterotrophic, 

chemoautotrophic, photosynthetic, probiotic, and pathogenic bacteria. They are 

considered the main organisms in biofloc systems [9,40,57,104]. The authors state that 

there is an intense interaction between the culture environment and the aquatic 

organisms produced, i.e. the balance of the bacterial community in the water is directly 

related to the colonization of the shrimp gut [47,105]. The ability to colonize the gut 

provides numerous benefits to the host, such as the adhesion, survival and multiplication 

of bacteria in the gut, competition with pathogenic bacteria, better absorption of 

nutrients, stimulation of the immune system, the ability to secrete antagonistic 

substances and bacteriocins [106–109]. In the present study, we observed colonization 

of the intestinal tract consistent with the conditions found in the cultivation water. 

 

      The use of probiotic mix (multi-species) is being investigated by several authors 

currently, and the concern about the interaction between bacteria is being discovered 

and evaluated. Bacilli are often found in greater abundance in the cultivation 

environment than in the gut. However, lactic acid bacteria tend to colonize the gut and 

are capable of tolerating wide variations in pH, salinity, and anaerobic conditions (gut), 

facilitating their multiplication [29,39,110–112]. The bioflocs contributed to higher 

bacterial abundance in all tested treatments, and the present study also shows that higher 

bacterial abundance is found in the water compared to the gut. However, both are in 

sync, similar results were found in biofloc systems. The bacilli were able to colonize the 

tract, as well as the lactic acid bacteria, the concentrations differed in relation to the 

application method, the production system, and the applied dose [113–115].  

 

Conclusions 
 

      The use of a multi-species probiotic mix composed of Bacillus subtilis, 

Lactobacillus plantarum, and Pediococcus acidilactici was able to maintain water 

quality in both systems and treatments, providing better zootechnical performance when 

applied in both feed and water in the biofloc system. When applied in the feed and water 

in the clear water system, it provided performance similar to the biofloc system. The 

highest abundance of microorganisms and bacteria was found in the biofloc system when 
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the probiotic mix was added in two application routes. Bacilli and lactic acid bacteria 

were able to colonize the culture water and the intestinal tract of cultivated shrimp, being 

essential in super-intensive nurseries for marine shrimp. 
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