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ABSTRACT. The objective was to evaluate the effect of probiotic consortium technology (PCT) on the
performance of Penaeus vannamei juveniles in the biofloc system in a short time. The experiment had four
treatments with four replicates. In each experimental unit, 35 animals (3.15 + 0.53 g and 7.80 + 0.54 cm) were
stocked in a biofloc system for 35 days. The treatments were: control - control without probiotic; PCTL1 -
probiotic in the diet (3 mL kg*) and water (0.5 ppm - three times a week); PCT2 - probiotic in the diet (3 mL
kg™) and water (1 ppm - daily), and PCT3 - probiotic in the water (1 ppm - daily). For water quality and Vibrio,
no significant differences were observed among treatments (P > 0.05). Regarding the zootechnical performance,
the treatments with the probiotic promoted higher final biomass, biomass gain, and a more efficient feed
conversion rate (P < 0.05). The performance improvement promoted by the probiotic may be related to increased
concentrations of amylases, chymotrypsin, and lipases in the hepatopancreas (P < 0.05). It was concluded that
PCT2 promoted the best zootechnical performance of P. vannamei during the grow-out phase in the biofloc
system.

Keywords: Penaeus vannamei; intensive system; BFT; enzyme activity; zootechnical performance; shrimp
farming; aquaculture

INTRODUCTION

Biofloc technology (BFT) is an alternative for shrimp
production in regions far from the sea, using artificially
salinized water. The main benefit of this technology is
minimum or zero water exchange (Emerenciano et al.
2017). It is a system that stimulates the formation of
aggregates or biofloc, containing mainly heterotrophic
and chemoautotrophic bacteria, microalgae, and other
organisms. They convert excess nutrients in water into
biomass, which also serves as food for organisms in the
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production system (Emerenciano et al. 2017, Almeida
et al. 2021). Microorganisms formed in BFT can also
help fight pathogens by competitive exclusion or by
stimulating the immune system of crustaceans in
rearing systems (Aalimahmoudi et al. 2017, Emerenciano
et al. 2017).

The use of probiotics has been evaluated for BFT
(Emerenciano et al. 2017, Arshad et al. 2018, Jiménez-
Ordaz et al. 2021). Fuller (1989) defines probiotics as
microbial food supplements that benefit the host. These
supplements are commonly used in the diet or water to
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stimulate biofloc formation, help stabilize water quality,
and reinforce the microbial community, including
resistance to Vibrio spp. (Ferreira et al. 2017). It is also
possible to identify benefits for the morphology of the
digestive tract, composition of the intestinal microbiota
(Fan & Li 2019, Munaeni et al. 2020), immune response
(Roomiani et al. 2018, Kewcharoen & Srisapoome
2019, Llario et al. 2019), digestive enzymatic activity
and zootechnical performance of Penaeus vannamei
(Amoah et al. 2019). Pacific white shrimp, P. vannamei,
is the most produced crustacean in the world,
representing 51.7% of production (5.8 million tons) in
2020 (FAO 2022). In the last two decades, increased
demand for food, growing water scarcity, and environ-
mental concerns have intensified shrimp production
(Kumar et al. 2020, Xu et al. 2021).

The enzymatic activity (enzyme synthesis, secretion,
and regulation) defines the digestive capacity (Carrillo-
Farnés et al. 2007) and better nutrient absorption
efficiency, which is reflected in better feed conversion
and weight gain (Peixoto et al. 2018, Rocha et al. 2019).
Microbial enzymes such as amylases, proteases, and
lipases break down larger and more complex molecules,
e.g. carbohydrates, proteins, and lipids, respectively
(Tuan et al. 2013). Probiotics as a food supplement can
improve enzyme activity and influence the composition
of the intestinal microbial community (Adel et al.
2017).

Probiotic consortium technology (PCT) is an
innovation based on the principle of active projected
microbiomes, meaning that bacteria and yeast operate
in a symbiotic environment in the right proportions and
media to support and protect the production environ-
ment (George et al. 2016, Moreira et al. 2019, Rosado
et al. 2023). Through the interaction of this system,
internal and external, primary and secondary post-
biotics are formed, which have direct effects on the
environment, such as mineralization of organic matter,
availability of nutrients, antimicrobial action (elements
against pathogens), among others (Emerenciano et al.
2013, Arshad et al. 2018, Castellone 2022, Fathima et
al. 2022).

The objective of this work was to evaluate the effect
of PCT on water quality, control of Vibrio spp.,
zootechnical performance, and activity of digestive
enzymes of P. vannamei juveniles during the growth
phase in a biofloc system in a short time.

MATERIALS AND METHODS

The experiment was carried out at the Shrimp Culture
Laboratory of the Center for Research and Develop-

ment in Sustainable Aquaculture, Federal University of
Parana, Maripa - PR, for 35 days. The PCT evaluated
was probiotic Bio O, Camardo®, composed of a mix of
microorganisms based on lactic acid bacteria, yeasts,
Bacillus subtilis, Bifidobacterium animalis, Lactobacillus
casei rhamnosus, Saccharomyces cerevisiae, and 13
other species of bacteria used in the propagation
process of PCT which, even in smaller amounts, are
fundamental for the stabilization of the system, through
the production of acids, sugars and metabolites.

Experimental design

The experimental design was completely randomized,
with four treatments and four replicates, totaling 16
experimental units (EU). Thirty-five shrimp were
stocked per EU (160 shrimp m stocking density) with
an average weight of 3.15 + 0.53 g and average total
length of 7.80 + 0.54 cm, from the SpeedLine® strain of
the company Aquatec®, Canguaretama, Rio Grande do
Norte, Brazil. The production medium (bioflocs) and
animals were obtained from a local producer. The
biofloc (5,000 L) was transferred to the experiment site
using mechanical aeration in a fish transport box. The
biofloc, without the addition of probiotics, had gone
through a denitrification process to reuse the water and
was under development for the start of a commercial
grow-out cycle for P. vannamei. The treatments were
defined by evaluating the efficiency and cost of the
product's application (Table 1).

Shrimp were stocked in circular polyethylene tanks
with a volume of 220 L, arranged in a greenhouse in a
static system with forced aeration. During the week
before the beginning of the experiment, 10 g of carbon
source (brown sugar) was added daily to each
experimental unit to stimulate and maintain the
formation of bioflocs. The units were covered with a
shade cloth to prevent animals from escaping.

Feeding

In the first week, commercial diet Guabitech Inicial J®
(40% crude protein; 2 mm) and Guabitech Active®
(36% crude protein; 2 mm) were offered in a 3.7 ratio,
respectively. Afterwards, only Guabitech Active® was
offered. For the preparation of the rations, 3 mL kg (3
mL of probiotic diluted in 100 mL of distilled water
sprinkled on 1 kg of ration) was homogenized weekly
and dried in an oven (approximately 35°C) for 3 h,
mixing the ration every 30 min for uniform drying. The
rations without the probiotic went through the same
process when the same volume of distilled water,
without probiotics, was sprayed.
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Table 1. Description of treatments regarding dosage and frequency of administration in water and inclusion in feed. PCT:

probiotic consortium technology.

Probiotic in water

Treatment Probiotic in feed
Dosage Frequency

Control  No probiotic - No probiotic

PCT1 0.5 ppm Three applications per week 3 mL kg™ feed

PCT2 1ppm  Seven applications per week 3 mL kg feed

PCT3 1 ppm  Seven applications per week No probiotic

Each experimental unit received 7.5 g of feed per
day, divided into five feedings. The feed rate was
calculated by projecting a growth of 1 g per week and
a feed conversion of 1.5:1, providing the same amount
throughout the entire duration of the experiment (Lara
etal. 2017).

Water quality variables

Temperature (morning and afternoon) and dissolved
oxygen (morning) were monitored daily with an
oximeter (Hanna® - HI9146). The pH values were
measured every four days with a pH Meter (Luca-210®)
and salinity (manual refractometer - Atago®). Total
hardness (titrimetric methods) and total alkalinity
(titrimetric methods) were checked weekly (Baird et al.
2012).

The volume of sedimentable suspended solids (SSS)
was quantified according to Avnimelech (2009) every
five days. The methodology described in Baird et al.
(2012) was applied on the 1%, 15", and 31% days of the
experiment to determine the total suspended solids
(TSS), total ammonia (phenate methods), and nitrite
(Griess reaction).

Vibrio analysis

Presumptive Vibrio colony-forming units (CFU) were
analyzed in water and hepatopancreas samples. Plating
and CFU counting were performed at the Experimental
Nucleus of Applied Mycology (NEMA, by its
Portuguese acronym), Federal University of Parand,
Palotina - PR.

Water samples from all experimental units were
collected and immediately sent for plating on the
experiment's 1%, 15" and 31% day. Two dilutions of
each sample were prepared, 1x10? and 1x1072
(sample/0.85% saline solution), obtained by serial
dilution. About 100 pL of each dilution was added to
Petri dishes containing thiosulfate agar, citrate, bile,
and sucrose culture medium. The plates were incubated
in an oven at 37°C (18 h), and after the incubation
period, the CFUs were counted [adapted methodology
(Vieira et al. 2010, Soto-Rodriguez et al. 2015)].

At the end of the experiment, the hepatopancreas of
10 animals from each EU were randomly collected.
Hepatopancreas were stored in 1.5 mL microtubes and
immediately sent to NEMA. The organs were weighed
and homogenized in a vortex mixer with the addition of
0.85% saline solution (the amount of solution
corresponding to the weight of each organ to obtain a
dilution of 1x10* sample/saline solution). The plating,
incubation, and CFU counting procedure was used for
the water samples (Shanmugasundaram et al. 2015,
Soto-Rodriguez et al. 2015).

Zootechnical performance

At the end of the experiment, all animals were counted,
weighed (digital analytical scale Marte-AY220°,
precision 0.0001 g), and measured (total length - ZAZ®
caliper) to determine final average weight (FAW), final
average length (FAL), survival (S), final biomass (FB),
feed conversion rate (FCR) (Niu et al. 2014, Antunes et
al. 2018), weight gain (WG), biomass gain (BG) (Niu
et al. 2014), relative weight growth rate (RWGR),
relative length growth rate (RLGR) (Steffens 1989),
specific weight growth rate (SWGR) and specific
length growth rate (SLGR) (Bautista-Teruel et al.
2003).

Evaluation of enzymatic activity

At the end of the experiment, the hepatopancreas of 10
animals per EU were randomly collected to evaluate the
digestive enzyme activity. The hepatopancreas were
placed separately in 1.5 mL microtubes and stored in
liquid nitrogen. The analyses were conducted at the
Biochemistry and Genetics Laboratory at the Federal
University of Fronteira Sul, Laranjeiras do Sul, Parana,
Brazil.

For the analysis, hepatopancreas were homogenized
in 8% saline solution with the aid of an electric
homogenizer (IKA® T10 basic) and then centrifuged in
a refrigerated centrifuge (Sigma, 3-16 KL) at 4°C for
10 min at 12,000 rpm. The supernatant obtained after
centrifugation was removed and used for determi-
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nations. The levels of protein (Bradford 1976), amylase
and lipase (Seixas-Filho 2003), trypsin and chymotrypsin
(Hummel 1959), and triacylglycerols (commercial Kit,
following the manufacturer's recommendations, Gold
Analise®) were determined.

Statistical analysis

All variables underwent verification of normality and
homogeneity assumptions, adopting a value of a = 5%
for all statistical tests. Values of temperature, dissolved
oxygen, pH, salinity, total hardness, total alkalinity,
enzymatic activity analysis, zootechnical performance,
and CFU of Vibrio in hepatopancreas were subjected to
one-way analysis of variance (ANOVA). Values of
TSS, SSS, total ammonia, nitrite, and CFU of Vibrio in
water were submitted to two-way ANOVA. The SSS
values were submitted to nonpa-rametric Kruskal-
Wallis analysis because they did not meet the
assumptions of normality and homogeneity.

To meet the assumptions, the Vibrio CFU data in
water and lipase activity underwent logarithmic
transformation (log x). When differences were
detected, the data were submitted to Tukey's mean
comparison test.

RESULTS

Water quality

During the experimental period, no significant diffe-
rences were observed among the treatments for the
water quality variables monitored (P > 0.05). Results
are summarized in Table 2.

The TSS concentration differed when considering
each treatment over time (P < 0.05). It is possible to
observe that between the samplings, there was an
increase in concentrations in control and PCT2 (Fig. 1),
and the last week of production was the period with the
highest concentration of TSS (control: 576.7 mg L™,
and PCT2: 450.0 mg L. No differences were iden-
tified for PCT1 and PCT3 throughout the experimental
period. Within the same sampling date, no differences
were observed among treatments (Fig. 1; P > 0.05).

Figure 2 presents the SSS values. Comparison
between treatments within each sampling did not show
significant differences (P > 0.05). Considering each
treatment over time, differences were observed for the
control treatment between the first (average 0.3 mL L?)
and the other sampling days (averages 0.725, 1.225,
2.55, 1.4, 1.875, and 13.225 mL L, respectively; P <
0.05).

Total ammonia values during the experiment
showed significant differences considering each
treatment over time (P < 0.05). Treatments control,
PCT1, and PCT2 showed a decrease, followed by an
increase in the concentration of total ammonia during
the experimental period, with the highest concentration
of total ammonia in the last week (control - 0.0894 mg
L% PCT1-0.2108 mg L™ and PCT2 - 0.1931 mg L%).
In the PCT3 treatment, the total ammonia concen-
trations did not show differences over time (P > 0.05).
No differences were observed when comparing
treatments on the same sampling date (P > 0.05; Fig.
3).

For nitrite concentration, when comparing each
treatment during the same collection, no differences
were identified (Fig. 4). The concentrations of nitrite in
PCT1, PCT2, and PCT3 did not show a significant
difference considering each treatment over time P >
0.05). At T1, a significant increase in nitrite
concentration (0.0903 mg L) was observed in the
middle of the experiment relative to the beginning.
However, in the last week, this compound's concen-
tration was reduced (P < 0.05).

Vibrio monitoring

Regarding Vibrio in the water samples, there was no
significant difference in CFU concentrations between
treatments within each sampling date (P > 0.05).
Considering each treatment throughout the experimental
period, a difference was observed for PCT2 and PCT3
(P < 0.05). Both had the highest number of colonies on
the second sampling date (Fig. 5).

The values to CFU of Vibrio spp. in P. vannamei
hepatopancreas were 3.16 * 2.66, 3.45 + 3.06, 2.72 +
1.45, and 3.53 + 2.89 (1x10* CFU g*) to the control,
PCT1, PCT2 and PCT3 treatments, respectively. There
were no statistical differences among treatments (P >
0.05).

Zootechnical performance

The zootechnical variables such as FAW, FAL, S, WG,
RWGR, RLGR, SWGR, and SLGR showed no
difference among treatments (P > 0.05; Table 3).

Differences were observed among treatments for
FB, BG, and feed conversion (P < 0.05). For FB, PCT2
presented the highest values, while for BG, the highest
values were observed in PCT2 and PCT3. The lowest
feed conversion values were observed at PCT2 and
PCT3 (Table 3).
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Table 2. Mean values + standard deviation of water quality variables during the production of P. vannamei in a biofloc
system with probiotic consortium technology (PCT) inclusion. *Recommended water quality values for P. vannamei (Van-
Wyk et al. 1999, Rajkumar et al. 2016, Kumar et al. 2018). No statistical differences were detected among treatments (P >

0.05).

Variables Control PCT1 PCT2 PCT3 Recs;'l‘l;';gﬂded
Temperature (°C) 27.3+£0.5 27.0+£0.4 27.0+£0.5 27104 28.0-32.0
Dissolved oxygen (mg L) 4.96 £ 0.07 4,94 +0.01 4.94 +0.08 5.01+£0.05 5.00-9.00
pH 9.04 £0.04 9.05+0.01 9.03+0.05 9.03+0.03 7.00-8.30
Salinity 26.57 £0.41 26.64 = 0.45 26.23+0.33 26.26 £0.59 0.50-35.00
Total hardness (mg L CaCO3) 814.33 +136.60 953.33 +111.47 925.00 +133.70 716.67 +377.10  >100.00
Total alkalinity (mg L'?CaCO;) 132.88+50.53 134.41+47.62 138.29+41.39 134.80 +42.26 >100.00
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Figure 1. Mean total suspended solids concentration values (+ standard error) during production of P. vannamei in biofloc
system with probiotic consortium technology (PCT) inclusion. Different letters indicate significant differences within each

treatment during the trial period (a = 5%).

Enzymatic activity evaluation

The values of trypsin, chymotrypsin, amylase, lipase,
protein, and triglycerides in hepatopancreas, used as
indicators of digestive enzyme activity, are presented
(Table 4).

Mean values of trypsin and triglycerides did not
differ significantly among treatments (P > 0.05; Table
4). For amylase and chymotrypsin, the mean values
observed at PCT2 and PCT3 were higher than at control
and PCTL. For lipase, the lowest values were observed
at control and PCT1, which did not differ significantly
from each other but were different for PCT2 and PCT3,
the second being the highest value among treatments (P
< 0.05; Table 4).

DISCUSSION

The highest concentrations of total ammonia (0.2108
mg L) and nitrite (0.1275 mg L) were within the
safety level established for juveniles of P. vannamei in
salinity between 25 and 35 (Lin & Chen 2001, 2003).
Therefore, these variables did not influence shrimp
performance.

The pH values observed are above the recom-
mended for shrimp and outside the recommended range
for P. vannamei (Van-Wyk et al. 1999). However, it
does not appear to have affected the performance of the
animals. Considering that there was good survival and
there was no difference in pH among the treatments,
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Figure 2. Mean sedimentable suspended solids concentration values (+ standard error) during the production of P. vannamei
in a biofloc system with probiotic consortium technology (PCT) inclusion. Different letters indicate significant differences

within each treatment over the trial period (a = 5%).
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Figure 3. Mean total ammonia concentration values (+ standard error) during the production of P. vannamei in a biofloc
system with probiotic consortium technology (PCT) inclusion. Different letters indicate significant differences within each

treatment over the trial period (a = 5%).

However, the toxicity of ammonia to aquatic organisms
is directly proportional to the pH value: the more
alkaline, the greater the proportion of toxic ammonia
(non-ionized form), influenced by temperature (Van-
Wyk et al. 1999, Randall & Tsui 2002, Kathyayani et
al. 2019). According to Van-Wyk et al. (1999), it is
recommended that the amount of toxic ammonia does
not exceed 0.03 mg L. The highest values of toxic

ammonia were observed at PCT2 (0.035 mg L™) and
PCT3 (0.083 mg L) in the last week (total ammonia,
PCT2 - 0.193 mg L%, PCT3 - 0.1486 mg L™Y). In the
remaining weeks, the proportion of toxic ammonia only
exceeded this limit for PCT2 (approximately 0.039 mg
L) and PCT3 (approximately 0.032 mg L) in the first
collection. Even with the highest values of toxic
ammonia (no statistical differences), the performance
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Figure 4. Mean nitrite concentration values (+ standard error) during the production of P. vannamei in biofloc system with
probiotic consortium technology (PCT) inclusion. Different letters indicate significant differences within each treatment

over the trial period (a = 5%).
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Figure 5. Mean values of CFU Vibrio spp. (+ standard error) in water samples during the production of P. vannamei in a
biofloc system. Different letters indicate significant differences within each treatment over the trial period (a = 5%).

of the animals was better in the treatments with
probiotics.

Regarding TSS, Gaona et al. (2016) observed that
values from 250 to 4,000 mg L™ do not seem to affect
the performance of P. vannamei when dissolved
oXygen concentrations are maintained above 5 mg L.
Based on this information, it is possible to state that the
TSS concentrations observed in this experiment

(between 165 and 576.7 mg L) did not influence the
performance of shrimp. Although at control, PCT1, and
PCT2, the average concentration of dissolved oxygen
was below 5 mg L, the values were very close, with
th? lowest average being of dissolved oxygen, 4.94 mg
L.

The probiotic did not promote significant diffe-
rences in the other water quality variables, suggesting
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Table 3. Mean values (+standard deviation) of the zootechnical variables of P. vannamei during production in a biofloc
system with probiotic administration. Different superscripts on the same line indicate a significant difference among
treatments (P < 0.05). FW: final weight; FL: final length; WG: weight gain; S: survival; FB: final biomass; BG: biomass
gain; FCR: feed conversion rate; RWGR: relative weight growth rate; RLGR: relative length growth rate; SWGR: specific
weight growth rate; SLGR: specific length growth rate, PCT: probiotic consortium technology.

Variables Control PCT1 PCT2 PCT3

FW (g) 8.15+0.32 8.10+0.11 8.67 +0.35 8.16 £0.57
FL (cm) 10.77 £0.12 10.70 £ 0.17 10.93 £ 0.06 10.63+0.25
WG (g) 5.10+£0.32 5.05+0.11 5.62 +0.35 5.11+0.57
S (%) 84.60 +4.13 92.70 +3.12 90.00 + 9.49 94.50 +9.36
FB (g) 25494 +2.81° 278.02+11.49% 288.29 + 18.678 284.18 + 10.15%
BG (g) 159.37 £2.95*  173.31+8.19? 186.63 +8.092 177.43 +3.47?
FCR (g g™ 1.41 +0.032 1.30 + 0.06% 1.21 + 0.05° 1.27 +0.03°
RWGR (%) 267.10+10.60 265.46 +3.51 284.37+1.52 267.43 +18.78
RLGR (%) 299.67+11.55  293.00 +17.32 316.33+5.77 286.33 + 25.17
SWGR (%) 3.27+0.13 3.25+0.04 3.48+0.14 3.27+0.23
SLGR (%) 1.09 +0.04 1.07 +0.05 1.14 +0.02 1.05+0.08

Table 4. Mean values (+ standard deviation) of indicators of digestive enzymatic activity in the hepatopancreas of
P. vannamei produced in biofloc system with probiotic administration. Different superscripts in the same column indicate

a significant difference among treatments (P < 0.05). PCT: probiotic consortium technology.

Enzymes Treatments

Control PCT1 PCT2 PCT3
Amylase (U/L mg™ protein) 9.08 +0.88° 9.02+1.12° 10.36 + 1.482 11.35+1.16%
Chymotrypsin (Lmol min mg* protein) 0.676 + 0.057° 0.651 + 0.032° 0.733 £ 0.0512 0.752 + 0.0642
Lipase (log x) (U/L mg* protein) 0.972 + 0.154°¢ 0.971+0.171° 1.213 +£0.411° 1.659 + 0.068?
Triglycerides (mg mg?) 192.301 + 36.444 191.196 + 36.444 212.556 + 44.152 199.043 + 56.616

Trypsin (umol min mg* protein)

6.16x10% + 1.56x10° 6.93x10° + 1.38x10° 7.08x10° + 1.67x10% 7.30x10°% +2.17x10°8

that the microorganisms present in the bioflocs
efficiently maintained the system’'s balance. This
statement can be supported by other authors (Seixas-
Filho 2003, Ferreira et al. 2017, Frozza et al. 2021),
who also did not observe differences in water quality
due to using probiotics in a biofloc system. Apart from
pH, all water quality variables evaluated in this study
were within the values recommended for the species
(Van-Wyk et al. 1999, Rajkumar et al. 2016, Kumar et
al. 2018).

The probiotic evaluated in this study mainly
comprises lactic acid bacteria, yeasts, B. subtilis, B.
animalis, L. casei, and S. cerevisiae. This variety of
species that make up the probiotic aims to increase the
diversity of microflora in the digestive tract, acting
synergistically in promoting benefits for the develop-
ment of shrimp. Wang et al. (2019) observed that the
mixture of probiotics (Lactobacillus pentosus, L.
fermentum, B. subtilis, and S. cerevisiae) was more
efficient in the growth performance and health status of
shrimp than the addition of these probiotics alone.

In aquaculture, the use of probiotics has been
studied mainly as a food supplement, as it promotes
several benefits; for example, the increase in the
immune responses of P. vannamei through the
elevation of important metabolites in the regulation of
this system, e.g. inosine monophosphate, valine, and
betaine (Huynh et al. 2018). From the supplementation
with Lactobacillus plantarum, Sanchez-Ortiz et al.
(2016) and Yu et al. (2020) observed a reduction in P.
vannamei mortality caused by Vibrio harveyi. Souza et
al. (2012) observed a decrease in Vibrio concentrations
in water due to using probiotics in the nursery rearing
of the pink shrimp Farfantepenaeus brasiliensis. In the
present study, no differences in Vibrio concentrations
were observed among treatments for water or
hepatopancreas. However, it is valid to speculate that,
with the presence of these pathogens in all treatments,
those who used probiotics had a higher S rate.

In this study, the use of the probiotic promoted
improvements in shrimp performance, with higher
values of FB and BG and more efficient FCR, contrary
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to what was reported by Ferreira et al. (2017), in which
no influence was observed on animal performance due
to the use of probiotics. Studies have shown that
probiotics promote benefits to the immune system
(Roomiani et al. 2018), the composition of the intestinal
microbiota (Fan & Li 2019), digestive tract morpho-
logy, and digestive enzyme activity, which together
reflect an increase in the zootechnical performance of
shrimp (Steffens 1989, Amoah et al. 2019). Souza et al.
(2012) obtained higher final weight and specific growth
rate in treatments with the probiotic.

Amoah et al. (2019) observed improvements in
growth performance, intestinal morphology, microflora,
immune response, and disease confrontation in addition
to those described in this study; with a longer duration
(56 days), it was possible to obtain higher values of
final weight and specific growth rate. Feed conversion
also improved; however, the values obtained in this
study were more efficient, including control. In this
experiment, the differences in performance were not
manifested in individual variables but in collective
ones. In addition, the experiment time (approximately
4.5 weeks) was short compared to the usual production
time (13 to 20 weeks; Ruiz-Velazco et al. 2021). The
short experimental period was intended to identify
whether it was possible to observe any positive result
from the probiotic effect in a few weeks since the
studies in literature prioritize a long-term effect. Even
so, with a short-term experiment, it was possible to
observe positive results.

The absence of some proteases, carbohydrases, and
lipases observed in shrimp's digestive tract limits the
absorption of nutrients contained in macromolecules,
mainly of ingredients of plant origin. In this sense,
using bacteria capable of producing these enzymes or
stimulating endogenous production can make digestion
more efficient (Olmos et al. 2020, Ringg et al. 2020).
The action of chymotrypsin, trypsin, amylases, and
lipases is crucial for greater efficiency in the use of the
diet, as they are enzymes involved in the digestion of
macromolecules such as proteins, carbohydrates, and
lipids (Tsai et al. 2019, Munaeni et al. 2020, Nelson et
al. 2022). Thus, in this study, the increase in the activity
of these enzymes observed in treatments using
probiotics was reflected in the performance impro-
vement mentioned above. This statement can be
supported based on the study by Zheng et al. (2018), in
which they also observed an improvement in growth
related to the enzymatic activity of P. vannamei. Tsai
et al. (2019) also attributed the greater growth of P.
vannamei to improved diet digestibility, associating
this improvement with increased enzyme activity.

Trypsin and chymotrypsin are proteases that act on
the hydrolysis of peptides, presenting distinct speci-
ficities regarding the amino acids they act, which are
essential for protein digestion (Nelson et al. 2022).
Chymotrypsin values were significantly higher in
treatments with the addition of probiotics and trypsin
(although this second does not present a significant
difference), indicating greater efficiency in the
digestion of this macronutrient. In the study by Liu et
al. (2009), an isolate of B. subtilis proved to be a major
producer of protease, capable of improving shrimp
performance by increasing food digestibility.

The natural microorganisms of the biofloc promote
several benefits to the production environment and
animals, cycling nutrients and being able to serve as
food, in addition to assisting in resistance against
pathogens (Aalimahmoudi et al. 2017, Emerenciano et
al. 2017, Almeida et al. 2021). The use of the probiotic
PCT to enhance the natural benefits of the biofloc was
able to improve the performance of P. vannamei
juveniles, as mentioned above, promoting gains in
biomass and improved feed conversion rate, which is
one of the factors that most influence the net revenue of
shrimp farms (Ruiz-Velazco et al. 2021).

CONCLUSIONS

The use of probiotics promotes increased digestive
enzymatic activity, providing greater diet efficiency.
This consequently benefits the zootechnical perfor-
mance of P. vannamei regarding final biomass, biomass
gain, and feed conversion. These performance indi-
cators are factors that directly influence the profitability
of shrimp farming in all phases, especially in the grow-
out phase.

Better results were obtained when PCT was
administered daily, at doses of 100 mL 100,000 L in
water and 3 mL kg? of feed in the diet (PCT2), during
the initial fattening phase of P. vannamei in a biofloc
system.
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