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ABSTRACT

The present study evaluated the use of the indigenous probiotic Lactobacillus plantarum and
commercial probiotic containing Bacillus spp. in the culture of Litopenaeus vannamei in a biofloc
system. Shrimp were fed four diets: L. plantarum, Bacillus spp., L. plantarum + Bacillus spp. and feed
with no additives. Growth performance, water quality variables, microbiological counting of water
and digestive tract of shrimp were determined. The control group and L. plantarum treatment showed
better growth performance. The highest feed conversion ratio (FCR) and the lowest survival were
obtained in the L. plantarum + Bacillus spp. treatment, which had significantly higher nitrite values.
Vibrio spp. counts in the water were lower in the L. plantarum and L. plantarum + Bacillus spp.
treatments and were lower in the intestinal tract in the L. plantarum treatment. Lactic acid bacteria
(LAB) was higher in the L. plantarum treatment in the water and digestive tract. The count of total
heterotrophic bacteria (THB) deferred only among Bacillus spp. and L. plantarum + Bacillus spp.
treatment, being higher in the latter group. In Bacillus spp. treatment, no presence of LAB was detected
in the water or intestinal tract. We conclude that the use of L. plantarum combined with Bacillus spp.
negatively affected survival, FCR and water quality, but that the use of L. plantarum alone reduced the
presence of Vibrio spp., even though it did not change the growth performance of L. vannamei.

Key words: Litopenaeus vannamei; Vibrio spp.; BFT; microbiology.

DESEMPENHO DO CAMARAO BRANCO PACIFICO ALIMENTADO COM
PROBIOTICO Lactobacillus plantarum E Bacillus spp. EM SISTEMA
BIOFLOCOS

RESUMO

O presente estudo avaliou o uso do probiético enddgeno Lactobacillus plantarum e do probidtico
comercial contendo Bacillus spp. no cultivo de Litopenaeus vannamei em sistema de bioflocos.
Camardes foram alimentados com quatro dietas: L. plantarum, Bacillus spp., L. plantarum +
Bacillus spp. e ragdo sem aditivos. Foram avaliados o crescimento, a qualidade da dgua e contagem
microbiolégica na dgua e intestino dos camardes. O controle e o tratamento com L. plantarum
apresentaram melhor desempenho de crescimento. O maior fator de conversdo alimentar (FCA)
e a menor sobrevivéncia foram obtidas no tratamento L. plantarum + Bacillus spp., apresentando
valores de nitrito significativamente elevados. As contagens de Vibrio spp na dgua foram menores
nos tratamentos L. plantarum e L. plantarum + Bacillus spp. e igualmente foram menores no
intestino no tratamento com L. plantarum. As contagens de bactérias acido lacticas (BAL) foram
maiores no tratamento L. plantarum na agua e no trato intestinal. A contagem de bactérias
heterotroficas totais (BHT) diferiu apenas entre os tratamentos Bacillus spp. e L. plantarum +
Bacillus spp., sendo maior no ultimo grupo. No tratamento Bacillus spp. ndo foi detectada presenca
de BAL na 4gua nem no trato intestinal. Concluimos que o uso de L. plantarum combinado com
Bacillus spp. afetou negativamente a sobrevivéncia, o FCA e a qualidade da agua, contudo o uso
de L. plantarum isoladamente reduziu a presenca de Vibrio spp., embora ndo tenha alterado o
desempenho de crescimento de L. vannamei.

Palavras-chave: Litopenaeus vannamei; Vibrio spp.; BFT; microbiologia.

INTRODUCTION

In recent years, intensification associated with the failure to adopt good production
practices has been responsible for the emergence of both viral and bacterial diseases, causing
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important economic losses in marine shrimp farming (FAO, 2020).
To reduce this problem, more efficient and sustainable alternative
technologies, such as biofloc technology (BFT), have been adopted
(Krummenauer etal., 2014). BFT allows production at high densities,
maintaining water quality and improving the growth and survival
of animals through the balance of microbial communities in the
system without water exchange, consequently improving biosecurity
(Wasielesky et al., 2006; Emerenciano et al., 2017).

Although BFT is a production system that encourages the
appearance of a microbial community that can help inhibit
pathogens, the biofloc system can be vulnerable to outbreaks of
harmful organisms. Bacteria of the genus Vibrio are considered
opportunistic or secondary pathogens and are naturally present
in the shrimp farming environment and intestinal microbiota
(Gopal et al., 2005). This pathogen is highly capable of taking
advantage of changes in the system and occupying ecological
niches related to the use of water as a growing environment in
aquaculture systems. (Skjermo and Vadstein, 1999).

To maintain balance in the system and reduce the presence of
potentially pathogenic bacteria, BFT has begun to use probiotic
microorganisms. Probiotics are beneficial living microorganisms
capable of improving host health, as well as conferring beneficial
effects on the microbial community of the system (Verschuere et al.,
2020). These probiotics can be indigenous bacteria with a better
adaptation, reducing the possible imbalances that non-indigenous
bacteria may generate (Gullian et al., 2004; Knipe et al., 2021).
In aquaculture farms using the biofloc system, commercial bacteria
consortia are commonly used as probiotics (Emerenciano et al.,
2017; Arias-Moscoso et al., 2018). These commercial probiotics
have gained more interest in aquaculture since the use of several
strains together may have a synergistic effect by the wide range of
probiotic activity (Merrifield et al., 2010; Nayak, 2010; Ringe, 2020).

However, aquaculture farmers are generally uncertain about the
effect of many different types of probiotics marketed and their
frequent indiscriminate and incorrect use in different species
and environmental conditions (Uddin et al., 2015). This failure
to recognize the importance of selectivity can have potentially
negative consequences, causing imbalance and damage to both
cultivated species and the natural environment (Vargas-Albores et al.,
2017). It is important to note that unsuccessful results obtained
in many studies carried out with probiotics are attributed to
inadequate selection of microorganisms (Lazado et al., 2015).
Therefore, in selecting a probiotic, it is important to evaluate
beforehand whether the probiotic to be used will be commercial,
isolated from the host, isolated from another species, or if a single
microorganism or consortium will be used, among other factors
(Ringg, 2020), because not all probiotics may adapt to all species
and/or environmental conditions.

Therefore, the aim of this study was to evaluate the individual
and combined use of the indigenous probiotic L. plantarum and a
consortium of commercial probiotics containing Bacillus spp. in the
marine shrimp Litopenaeus vannamei cultivated in a biofloc system.
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MATERIAL AND METHODS

The experiment was conducted at the Laboratério de Camardes
Marinhos (LCM) at the Universidad Federal de Santa Catarina
(UFSC).

Biological material

Shrimp juveniles (HB16-Aquatec LTDA), with an average
weight of 2.00 + 0.02 g, were obtained from an LCM biofloc
rearing tank.

The probiotic bacteria used were Lactobacillus plantarum
(CPQBA 007 07 DRMO1) isolated from the intestinal tract of
L. vannamei (Vieira et al., 2008) and a commercial probiotic
composed of Bacillus spp. (Bacillus subtilis, Bacillus licheniformis
and Bacillus pumilus).

Experimental design

Shrimp were distributed in 12 round fiberglass tanks, with a
9000 L volume of water, provided with aeration (aerotubes) and
heaters coupled with thermostats. Before the stocking process,
the experimental units were inoculated with 30% water of mature
biofloc from the laboratory with the following characteristics:
ammonia, 0.3 £ 0.1 mg L' nitrite, 0.2 + 0.0 mg L'; nitrate,
6.5+ 0.8 mg L''; alkalinity, 131.3 +4.4 mg L' CaCO, ; pH, 7.4;
salinity, 34.8; orthophosphate, 1.0 = 0.0 mg L'; total suspended
solids, 217.9 + 44.2 mg L'; volatile, 31.7 + 3.0%; and fixed,
68.3 £3.0%. Every unit was stocked with shrimp at a density of
300 shrimp m™ (2700 shrimp tank™') and divided into four treatments,
with three replicates each, in a completely randomized design.

Treatments

The experiment was carried out with four different diets:
1) commercial feed with probiotic L. plantarum (10" CFU mL"! of
L. plantarum); 2) commercial feed with probiotic Bacillus spp.
(3.3 x 10" CFU kg™' of Bacillus spp.); 3) commercial feed with
probiotic L. plantarum + Bacillus spp. (10’ CFU kg™ of L. plantarum
+ 3.3 x 107 CFU kg™ of Bacillus spp.); and 4) commercial feed
without probiotics as control diet.

The probiotic L. plantarum was added to shrimp feed by mixing
100 mL of probiotic per kilogram in the diet, according to the
methodology described by Vieira et al. (2008). The commercial
probiotic was added to feed adding one gram of probiotic diluted
in 100 mL of fish oil and mixed homogeneously every 3 kg of
feed. The same amount of fish oil was added to the diet of the
control group. In treatments with addition of commercial Bacillus
spp. (diets 2 and 3) the product was also added weekly to culture
water (0.5 g m?), following the supplier’s instructions.

A commercial feed containing 35% of crude protein (Guabi® -
Poti Guagu, 1.6 mm) was provided to the shrimp four times a day
(8:00 am, 11:00 am, 2:00 pm and 5:00 pm), according to a feeding
table (Van Wyk and Scarpa, 1999), for 50 days. The amount of feed
was calculated according to biometrics measurements performed
weekly, using a sample size of shrimp per tank.
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Water quality

During the experimental period, dissolved oxygen and water
temperature of each tank were checked twice a day (08:00h -
16:00 h), using the multi-parameter YSI 556 MPS. Water samples
were collected weekly to determine the levels of total ammonia
nitrogen (TAN), nitrite (N-NO,), nitrate (N-NO,), total suspended
solids (TSS) (APHA, 2005), pH (pH-metro Tecnal®), alkalinity
(APHA, 2005), and salinity (Eco-Sense YSI EC3).

The control of ammonia was performed with the addition of sugar
cane as an organic carbon source at a ratio of 20 g carbohydrate
for each 1 mg of TAN, in accordance with Avnimelech (1999).
To adjust alkalinity levels, calcium hydroxide (Ca(OH),) was
added when the values were below 150 mg CaCO, L.

The excess of suspended solids was removed with of a conical
settling chamber, using cylindrical-conical-shaped sedimenters
coupled in parallel to the culture tank to maintain levels between
400 and 600 mg L' (Schveitzer et al., 2013).

Microbiological analysis

At the end of the experiment, a pool of 10 shrimp intestines and
10 mL of water from each tank were sampled for microbiological
analysis.

The intestines and water were homogenized and serially diluted
(1/10) in sterile saline solution 3%. The samples were inoculated
by using the spread plaque technique in the culture media: marine
agar, TCBS agar (thiosulfate, citrate, bile and sucrose) and MRS
agar for total heterotrophic bacteria, Vibrionaceae and lactic acid
bacteria counting, respectively.

The samples inoculated in marine agar and TCBS were incubated
at 30°C for 24 hours, and the samples on MRS agar were incubated
at 35°C for 48 hours. After this period, colonies were counted
and reported as colony forming units (CFU).

Growth performance

At the end of the experiment, the final mean weight (g), total
weight gain (g), survival (%), final biomass (kg), final productivity

(kg m?) and feed conversion rate (FCR) of the animals were
determined using the following equations:

Final mean weight (g) = total shrimp biomass / total number of shrimp;

Total weight gain (g) = average of final total weight — average of initial
total weight;

Survival (%) = (final shrimp population - initial population) x 100;
Final biomass (kg) = average weight x final population;
Final productivity (kg m~) = total biomass / area;

FCR = feed intake (g)/ final biomass (g).

Statistical analysis

Data were analyzed using one-way ANOVA with repeated
measures. The Tukey test was applied to verify the significant
differences. Homoscedasticity and normality were confirmed using
the Levene and Shapiro-Wilk tests, respectively. All statistical
tests were evaluated with a significance level of P <0.05, using
the STATISTICA software, version 8.0.

RESULTS

Growth performance

The control group and treatment with L. plantarum resulted in
higher final weight, weight gain, final biomass and final productivity
compared to the other treatments (Table 1). The highest FCR and
the lowest survival were obtained in the L. plantarum + Bacillus
Spp. treatment.

Water quality

The physicochemical variables of water remained relatively
stable throughout the experiment (Table 2). The values of salinity
(33.56 £0.17 gL ™), pH (7.47 £0.04) and alkalinity (172 £2.94 mg
CaCO, L") did not present significant differences since all values
were within the acceptable range for cultivation of marine shrimp
(Diaz and Rosenberg, 1995; Van Wyk and Scarpa, 1999).

Table 1. Growth performance of Litopenaeus vannamei after 50 days of rearing in a biofloc system (mean + standard

deviation).
Treatments
Performance Control L. plantarum Bacillus spp. L. plantarum =
Bacillus spp.

Final weight (g) 10.14+0.71° 9.78+0.48° 7.56+0.68° 6.06+0.81°
Total weight gain (g) 8.16+0.31° 7.80+0.37° 5.5540.56° 4.04+0.24°
Survival (%) 86.96+4.63° 84.45+6.49° 83.69+4.65° 57.64+5.77°
Final biomass (kg) 23.75+0.36° 22.26+0.928 19.08+0.81° 9.50+2.19¢
Final productivity (kg m~) 2.974+0.04° 2.78+0.112 2.39+0.10° 1.19£0.27¢
FCR 1.86+0.03® 1.96+0.15* 2.26+0.16* 8.49+4.61°

Different letters in rows indicate significant differences by the Tukey test at 5% probability.
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Table 2. Water quality variables for Litopenaeus vannamei reared in a biofloc system with different treatments (mean +

standard deviation).

Treatments

Variables Control L. plantarum Bacillus spp. Léz ZZZ:::;+
pH 7.47+£0,04 7.48+0.07 7.51+£0.07 7.42+0.05
Salinity 33.62+0.43 33.78+0.05 33.41+0.04 33.43+0.01
Alkalinity (mg CaCO,L™) 169 £0,32 172 £1.05 176+1.13 171+£1.45
Ammonia N-NH, (mgL™) 3.63+0.09 4.17+0.49 3.71£0.48 3.77+£0.17
Nitrite N-NO, (mg L™) 1.76+0.45° 1.75+0.48¢ 1.44+1.58¢ 10.7+1.23°
TSS (mg L-Y) 7624236.70 574+4.45 573+104.47 7734+27.93

Different letters in rows indicate significant differences by the Tukey test at 5% probability.

TSS did not show significant differences during the experiment;
however, TSS did remain above the recommended levels for the
species (Ray et al., 2010). Total ammonia (N-NH,) showed no
significant differences among treatments and presented an average
value of 3.82 = 0.24 mg L', which is also above recommended
levels for the species. The L. plantarum + Bacillus spp. treatment
showed the highest nitrite (N-NO,) values, differing statistically
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from the other groups. Temperature and dissolved oxygen were
maintained at 28.52 + 0.64°C and 6.47 £ 0.35 mg L, respectively,
with no differences among treatments.

Microbiological count of water

The total heterotrophic bacteria counts were similar among all
treatments (Figure 1A). Treatment with the probiotic L. plantarum
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Figure 1. Counts of total heterotrophic bacteria (A), Vibrio spp. (B) and lactic acid bacteria (C) from culture water for L. vannamei
reared in a biofloc system with different treatments after 50 days. Different letters in the bars indicate significant differences by the

Tukey test at 5% probability.
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resulted in the lowest counts of Vibrio spp. compared to the use
of the commercial probiotic Bacillus spp. and the control group
(Figure 1B). The use of L. plantarum alone did not differ from
the use of the two probiotics combined (L. plantarum + Bacillus
spp.), which resulted in similar counts.

Counts of LAB were higher in treatments using L. plantarum
alone compared to the other treatments (Figure 1C). In contrast,
no presence of LAB was detected in treatments that received the
commercial probiotic with Bacillus spp.

Microbiological count of intestinal tract

The counts of total heterotrophic bacteria were similar among
treatments, differing only between the Bacillus spp. treatment
and the L. plantarum + Bacillus spp. treatment that resulted in
higher counts by use of the combined probiotics (Figure 2A).

The probiotic L. plantarum used alone resulted in the highest
counts of lactic acid bacteria and significantly reduced the presence
of Vibrio spp. in shrimp intestine counts compared to the other
treatments (Figure 2B). No presence of LAB was detected in
the intestine counts with Bacillus spp. treatments (Figure 2C).

DISCUSSION

Probiotics are widely recognized in aquaculture production
for increasing growth rate, improving digestion, and providing
nutritional factors to the host. Lactic bacteria and Bacillus are
the most used bacterial strains in aquaculture. Several studies
report positive results with the use of these strains (endogenous
or exogenous, mono, or multispecies) on growth, survival and/
or feed conversion ratio in marine shrimp (Kumar et al., 2014;
Sanchez-Ortiz et al., 2016; Franco et al., 2017; Hostins et al.,
2017; Zheng et al., 2017; Nguyen et al., 2018; Kewcharoen and
Srisapoome, 2019; Xie et al., 2019; Zuo et al., 2019; Wang et al.,
2020; Won et al., 2020).

In the present study, the growth performance obtained with
the use of L. plantarum was not affected with results similar to
those obtained in the control group. On the other hand, the two
treatments with addition of commercial probiotic containing
Bacillus spp. presented a lower performance. According with
some authors, foreign bacteria have a reduced capacity to remain
viable because they are non-host-associated strains, thus decreasing
their beneficial effect, or, in some cases, producing undesirable
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Figure 2. Intestinal counts of total heterotrophic bacteria (A), Vibrio spp. (B) and lactic acid bacteria (C) of Litopenaeus vannamei
fed different diets for 50 days in a biofloc system. Different letters in the bars indicate significant differences by the Tukey test at

5% probability.
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effects (Nayak, 2010; Lazado et al., 2015; Jamal et al., 2019)
as the results obtained in the present study. As an example, a
study carried out in a BFT system using commercial probiotic
(Bacillus spp., Lactic acid, Lactobacillus spp., and Saccharomyces
spp.) did not improve the growth performance of L. vannamei,
and the specific growth rate was lower than had already been
obtained in experimental hatcheries in the same system (Arias-
Moscoso et al., 2018).

On the other hand, Franco et al. (2017) demonstrated that the use
of an indigenous intestinal strain of L. vannamei (B. liqueniformis)
resulted in better quality of shrimp post-larvae than the use of a
commercial multispecies probiotic. They suggest that indigenous
bacterium of the intestinal tract, has better adaptation, resulting
in a better growth performance of the animals, when compared
to the commercial probiotic. Although the present study did not
obtain better results in the growth performance with the indigenous
probiotic, its use did not negatively affect the shrimps.

To obtain a better effect of probiotics, several studies using
combinations of lactic bacteria and Bacillus spp. reported
improvements in shrimp performance, in some cases with
even better results than those obtained with the strains used
separately, indicating a synergistic effect (Kumar et al., 2014;
Sanchez-Ortiz et al., 2016; Hostins et al., 2017; Xie et al., 2019;
Wang et al., 2019; Wang et al., 2020). However, contrary to what
was expected, the combined use of L. plantarum and Bacillus spp.
in the present study showed a negative effect on feed conversion
ratio and resulted in lower survival rates than probiotics used
separately. The low productivity and final biomass obtained
with Bacillus spp., as well as the high rate of feed conversion
using lactic bacteria and commercial product combined, could
be related to the lowest survival obtained.

Probiotic addition directly to the rearing water is also a strategy
to obtain benefits in shrimp production through the modulation of
water quality parameters. Probiotic bacteria, especially Bacillus
spp., are widely used as bioremediators to decrease excess organic
matter and toxic compounds, such as those that are nitrogenous
(Soltani et al., 2019; Ringg, 2020), the main concern in biofloc
systems after those that are oxygenous (Emerenciano etal., 2017;
Soltani et al., 2019).

In the present study, the commercial product (Bacillus spp.) was
incorporated into both feed and water, according to the supplier’s
instructions. Although ammonia reached levels above the ideal
for shrimp rearing, survival was not affected in the control group
or the groups reared on L. plantarum and Bacillus spp., reaching
values similar to those of other studies carried out with BFT
(Furtado et al., 2011; Krummenauer et al., 2014; Kewcharoen
and Srisapoome, 2019). However, the high nitrite levels achieved
with the L. plantarum + Bacillus spp. treatment can be explained
by the high mortality that resulted. The biofloc water did not
allow to see the dead animals and the supply of food continued
to be high, consequently increasing the nitrite levels in the water
(Emerenciano et al., 2017).

On the other hand, the TSS levels were higher than recommended
for L. vannamei farming (500 mg L"), mainly in the control group
and L. plantarum + Bacillus spp. treatment, but without affecting
shrimp growth performance. In BFT systems, the addition of
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commercial bacteria consortia is done to improve the control of
nitrogen levels and solid compounds, recycling organic matter, and
stabilizing the heterotrophic bacteria community (Emerenciano et al.,
2017). However, the commercial probiotic tested in the present
study did not improve the water quality of the system, despite
being composed of bacteria known for their bioremediative power.
Likewise, the tanks that received lactic bacteria through feeding
did not show changes in the water variables measured, which
was expected because lactic bacteria are mainly used to obtain
physiological and immunological responses in shrimp. For this
reason, lactic acid bacteria were only added to feed.

In the present study, BHT counts in the culture water were similar
between the control group and the treatments that received probiotic
bacteria. However, addition of probiotic bacteria to the culture system
does not necessarily increase the total bacterial concentrations.
In fact, it can alter microbial diversity (Vargas-Albores et al., 2017;
Huerta-Réabago et al., 2019). Although we did not carry out analyses
to determine bacterial diversity, our results indicated differences in
Vibrio spp. and lactic bacteria counting. The lowest concentrations
of Vibrio spp. were obtained in treatments with L. plantarum and L.
plantarum +Bacillus spp. This can be explained by the inhibitory
action of lactic bacteria alone and not by commercial probiotic since
the individual use of commercial Bacillus spp. did not decrease
the concentrations of Vibrio spp. In addition, results indicated
no synergistic effect between the two probiotics tested since the
concentration of Vibrio spp. was similar between them.

The inhibition of Vibrio spp. by L. plantarum has already been
demonstrated in in vitro and in vivo tests carried out using this
same strain (Vieira et al., 2008, 2010; Ramirez et al., 2013).
The commercial Bacillus spp. did not influence Vibrio spp.
concentration in the water, perhaps by the lack of adaptation
to the system. Vibrio spp. are nonnative bacteria, as previously
suggested. However, results obtained in a previous study carried out
by our research group in the same facilities showed that Bacillus
spp. isolated from the BFT culture system could decrease the
concentrations of Vibrio spp. in the water (Ferreira et al., 2015).
This result suggests that isolated bacteria from the environment
itself could have more appropriate and positive effect on our
system. However, this does not mean that commercial probiotics
with nonnative microorganisms do not have beneficial effects, as
shown by several studies. As an example, a study carried out in
a BFT system with L. vannamei obtained lower concentrations
of Vibrio spp. in the water when two commercial probiotics that
contained a mixture of different microorganisms were added
(Arias-Moscoso et al., 2018). Likewise, Hostins et al. (2017)
reported that the use of a commercial probiotic containing several
species of Bacillus reduced the presence of Vibrio spp. in the
culture water of L. vannamei in BFT when compared to treatments
that did not receive probiotic. Therefore, it is important to make
sure that commercial probiotic microorganisms can adapt to the
system to be incorporated, as many are used indiscriminately in
different environmental conditions (Uddin et al., 2015).

Despite similarities in the BHT intestinal counts in all
treatments, the shrimp fed only L. plantarum showed lower
concentrations of Vibrio spp. As previously suggested, L. plantarum
is a bacterium isolated from the intestinal tract of L. vannamei
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and may present better adaptation by modifying the intestinal
microbiota inhibiting different pathogens. This was verified in
a study made by Zheng et al. (2017) where they found that the
intestinal microbiota of shrimp is modified when supplemented
with L. plantarum, increasing populations of bacteria known to
inhibit different pathogens, and according with Kongnum and
Hongpattarakere (2012) LAB population could be established
as dominant flora through feeding. Some studies using different
probiotic bacteria together have obtained good results by decreasing
the concentration of Vibrio spp. in the intestinal tract of shrimp
(Boonthai et al., 2011; Bernal et al., 2017). However, the use of
L. plantarum alone proved to be more effective in reducing the
concentrations of Vibrio spp. in the intestinal tract compared to
its combined use with the commercial product. Probiotic bacteria
like L. plantarum and Bacillus, besides competing for space
and nutrients, are known to produce antimicrobial compounds
(Abriouel et al., 2011; Ringe et al., 2020) that can result in
antagonism between them. According to the results obtained,
lactic bacteria concentrations decreased when L. plantarum
was added in combination with the commercial product, in both
water and intestinal tract, suggesting that the presence of Bacillus
spp. can inhibit this bacterial group. This antagonism decreases
L. plantarum concentrations and, consequently, its inhibitory
capacity, explaining the higher intestinal concentrations of Vibrio
spp. in the groups that received the two probiotics combined.
This should serve as a warning against the indiscriminate use of
probiotic mixtures of different commercial products since the use
of many different strains can often be dispensable.

As expected, the presence of lactic bacteria in the culture water
and shrimp intestine in the control group indicates that they are
part of the local system and the intestinal microbiota of shrimp.
The absence of this bacterial group in the treatment using only the
commercial product suggests that this probiotic inhibits populations
of lactic bacteria by altering the native bacterial community of
shrimp. In addition to inhibiting endogenous bacteria that may play
a relevant role in modulating the present community, the use of
bacteria that are nonnative to both the host and the system may act as
immunostimulants, resulting in unnecessary energy expenditure that
would affect the animals’ performance (Vargas-Albores et al., 2017).

Thus, we suggest that the use of host-associated bacteria would be
more beneficial, helping to reduce environmental imbalance resulting
from the introduction of nonnative microorganisms, and, at the same
time, efficiently adapting to the culture system bringing better results
(Ringo et al., 2020). It is also important that in vitro tests be carried
out to find bacterial combinations that really have a synergistic effect
and do not present antagonism in order to maximize the beneficial
effects of using several probiotics together (Timmerman et al., 2004)
to not generating unnecessary production expenses.

CONCLUSION

Use of the L. plantarum strain alone decreased the concentration
of Vibrio spp., modifying the intestinal microbiota, but without
affecting growth performance. In contrast, the use of Bacillus spp.
combined with L. plantarum negatively influenced the survival and

feed conversion ratio and significantly increased the nitrite levels of
water. At the same time, though, it presented an antagonistic effect
against lactic bacteria, decreasing its concentrations, both in intestine
and water. Control treatment has the highest concentration of Vibrio
spp. in water in turn without affecting shrimp performance. In summary,
the combined use of the two probiotics did not have any positive
effects on the cultivation of L. vannamei in our model BFT system.
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