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Simple Summary: This study aimed to screening bacterial strains from Nile tilapia intestinal mucus to use as
probiotics in Nile tilapia feeding and evaluate these bacteria on growth performance, hematology,
microbiology and immunology. These strains were submitted to in vitro assays of pathogenic bacteria
inhibition. Identification was performed by 16S rDNA gene sequencing plus the gyrB gene, in the case of
Bacillus strains. The variables analyzed were: growth performance, DGGE (Denaturing gradient gel
electrophoresis), phagocytes respiratory burst activity, hematology and histology. Results indicate that
treatments using B. pumilus (T2) and five bacterial strains mix (T6), included in Nile tilapia diet, promoted better
total biomass values, with similar feed conversion rate of control group. The use of selected potential probiotics-
microorganisms does not affect the health and welfare of fish, with only significant variations in total basophils
counts and thrombocytes. Glycemia, lactatelevels, respiratory burst and lysozyme activity did not differ among
the treatments. In conclusion, the isolated and pre-selected bacteria from intestine and mucus of Nile tilapia,
B. pumilus (T2) and mix (T6 - B. velezensis, B. pumilus, B. subtilis, E. hirae and E. faecium) improve the growth
performance and can be used as probiotics for Nile tilapia feeding.

Abstract: The aim of this paper was to test isolated and pre-selected bacteria strains from Nile tilapia intestinal
mucus, collected in Brazilian commercial fish farming, to use as probiotics in the feeding. The variable were
growth performance, hematology, microbiology and immunology. These strains were submitted to in vitro
inhibition tests of pathogenic bacteria. Then, they were identified by PCR and sequencing, and comparing
using the BLAST software. The experiment was carried out in the Fisheries Institute, Sao Paulo, Brazil, for 84
days, following the randomized experiment design with seven treatments and three replicates (21 experimental
units): TO — control, T1 — Bacillus velezensis, T2 — Bacillus pumilus, T3 — Bacillus subtilis, T4 —Enterococcus hirae T5 —
Enterococcus faecium and T6 — mix of bacteria strains used to this experiment. The variables analyzed were: growth
performance, DGGE (Denaturing gradient gel electrophoresis), phagocytes respiratory burst activity, hematology and
bromatology. As result, the bacteria strains B. pumilus (T2) and all bacteria mix (T6), included in Nile tilapia diet,
promoted better biomass values, with similar feed conversion rate of control group (p<0,05). Apparently, the
microorganisms use does not affect the health and well-fare of the fish. The hematology index, except basophils and
thrombocytes numbers do not demonstrated differences among the groups, as well as glycemia, lactate level,
respiratory burst and lysozyme activities. In conclusion, the isolated and pre-selected bacteria from intestinal mucus
of Nile tilapia, B. pumilus (T2) and mix (T6 - B. velezensis, B. pumilus, B. subtilis, E. hirae and E. faecium) improve the
growth performance and may be used as probiotics for Nile tilapia.

© 2023 by the author(s). Distributed under a Creative Commons CC BY license.
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1. Introduction

Nile tilapia (Oreochromis mniloticus) produced in Brazil reached 550,060 tons in 2022, that
corresponding to 63.93% of the total volume of fish. The performance of tilapia was the best among
all farmed fish species. Production grew 3% in relation to the previous year (534,005 tons) [1], being
a species of great national importance. This species has ability to adapt to various types of intensive
breeding systems [2], by converting foodstuffs, such as algae and detritus (filter-feeders). into high
quality protein [2,3].

In intensive production systems, the ability to maintain animal health involves planning and
generating appropriate protocols to reduce or eliminate the fish exposure to hazards that may impair
productivity and animal welfare. The excessive and continuous medications use are flaws
demonstrate in the management and production system [4].

For El-Saadony et al. [5] probiotics are live beneficial bacteria introduced into the gastrointestinal
tract through food or water, promoting good health by enhancing the internal microbial balance. The
probiotics use can be a viable alternative for avoid stress and pathogens, and promoting improved
animals zootechnical performance [6].

Commercial probiotics, developed for other non-aquatic species, have shown low efficiency
when tested in farmed fish relative to zootechnical productive performance. However, in
experiments conducted by Dias et al. [7}, these additives provided improvement in the immune
system and optimized reproductive rates (mature female rate, fecundity and surviving larval rate) in
fish “matrinxa” (Brycon amazonicus).

Another commercial probiotics problem is the introduction of exotic bacteria strains into aquatic
environments. These bacteria from animals or terrestrial environments are different from the aquatic
one, it can justify this research with probiotic bacteria isolate from fish to be used with fish [8-10].

Autochthonous probiotic origin can be more competitive with resident microorganisms.
However, these microorganisms must be compatible with industrial processes required for
commercial production, remain viable during storage, and be active to promote beneficial effects
[11,12].

The beneficial probiotics effects are inhibitory substances production, competition for adhesion
sites and facilitating nutrients absorption that cause hostile environments to pathogens [13]. In
morphological terms, studies have demonstrated the efficacy of different probiotics in the intestine,
promoting an increase in the defense cells number [14,15], increasing and preserving the intestinal
villi integrity [15-18].

Therefore, it is important to test new probiotic potential bacteria strains, pre-selected from Nile
tilapia collected from different regions of Brazil, to evaluate their ability to improve the zootechnical
performance and fish immunity.

This work aimed to study the potential of bacterial isolated from Nile tilapia intestinal mucus
with possible use as probiotics and evaluate the fish zootechnical performance, hematology and
immunological parameters on feeding.

2. Materials and Methods

2.1. Ethical Statement

The procedures have been authorized by the Animal Ethics Committee for Experiments by
Fisheries Institute (number 02/2015). Experiment had proceeded in Pirassununga, SP, Brazil
(NRP/Aquaculture Research and Development Centre/Fisheries Institute/ APTA/SAA) above norms
and recommendations of Resolution n.592 of June 1992, of the Federal Council of Veterinary
Medicine, and precepts of Ethical Principles of Animal Experimentation.
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2.2. Potential probiotic bacteria identification

Healthy tilapia (no previous treatment with antimicrobials or chemicals) n=75, weighting
2.71+0.53g, were collected from fish farms of the Northeast, Southeast and South Brazil regions.
Animals were euthanized by eugenol anesthetic overdose (100 mg L), asepsis performed with 70%
alcohol, and necropsied. Intestines were aseptically removed, incised, and washed with sterile saline
solution (0.9% NaCl). Two serial dilutions 1:10 were done with intestine and skin mucus washed, and
platted in TSB (tryptic soy broth) with 0.75% agar plates. Plates were incubated for 48 hours at 35°C.
After incubation, colonies were removed with an aqueous solution containing maltodextrin, and
lyophilized for 48 hours. Bacterial DNA was extracted using GenElute Bacterial Genomic DNA kit
(Sigma Aldrich) and PCR was performed with 165 rDNA primers f{D1 (5 -
AGAGTTTGATCCTGGCTCAG - 3') e rP1 (5 - ACGGTTACCTTGTTACGACTT - 3). For the
Bacillus strains, gyrB gene was amplified with in-house designed primers gyrB-F (5-
GTNYAYCGTGAYGGNAAAATYCA -3') and gyrB-R (5'- GCAGARTCWCCCTCTACRATATA -3'.
Sequences were compared with those of type strains deposited in the GenBank, using BLASTn.

2.3. Experimental Diets

A total of seven diets were prepared, including a control diet containing reference feed (RF)
(Table 1) formulated with 36% crude protein (CP), 3,100 kcal. kg™ digestible energy (ED) and 30.93%
digestible protein. In another six diets was added each different bacterial [12] showed in Table 2. The
treatments were TO=control (RF more soybean oil), T1=RF plus Bacillus velezensis, T2=RF plus B.
pumilus, T3= RF plus B. subtilis, T4= RF plus Enterococcus hirae, T5= RF plus E. faecium, T6=RF and mix
of bacterial (B. velezensis, B. pumilus, B. subtilis, E. hirae e E. faecium).

Table 1. Composition of the reference feed (RF) used in experimental diets (g 100g™).

Ingredientes g 100g* Chemical composition on g 100g*
a dry-matter basis

Wheat flour 14.18 Moisture 9.36

Ground corn 21.79 Crude protein 36.00

Chicken viscera meal 14.11 Total lipid 9.18

Hemoglobin 13.00 Fiber 3.02

Meat and bone meal 12.00 Starch 25.00

Soybean meal 10.00 Ash 8.97

Rice grits 6.00 Calcium 2.36

Rice bran 4.00 Phosphorus 1.40

Corn gluten 1.66 Digestible energy 3,100
(kcal.kg™)

Chicken oil 1.50 Digestible protein 30.93

Premix * 0.50 Lysine total 2.70

Salt (NaCl) 0.50 Methionine + cysteine total 0.95

DL-Methionine 0.20 Tryptophan 0.39

Vitamin C (35%) 0.20 Threonine 1.35

Mycotoxin absorber 0.10

(Mycofix® FUM)

Antifungal (MOLD-NILTM 0.10

MC DRY)

Choline chloride (70%) 0.10

Antioxidant (OXY-NILTM 0.05

RX DRY)

*Premix: vit A 12,000 IU; vit D3 3000 IU; vit E 150 mg; vit K3 15 mg; vit B1 20 mg; vit B2 20 mg; vitB6 17,50 mg;
vit B12 40 mg; vit C 300 mg; nicotinic acid 100 mg; pantothenic acid 50 mg; biotin 1 mg; folic acid 6 mg;
antioxidant 25 mg; Cu 17,50 mg; Fe 100 mg; Mn 50 mg; Zn 120 mg; I 0,80 mg; Se 0,50 mg; Co 0,40 mg; inositol
125 mg; choline 500 mg [19].
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The bacteria unit formation count (UFC) added into RF in the diet are demonstrated at Table 2.
Thus, the bacteria (T1-T6) were mixed with soybean oil (2% of feed weight) to form a uniform mixture
with probiotic and sprayed on the RF. The experimental diets were stored at 4°C and the fish were
fed three times a day ad libitum for 84 days.

Table 2. Treatments used in Nile tilapia as feed with probiotic.

Treatments Feed / Bacterial UFC*. g Dosage
T0 RF** + 2% soybean oil X X
RF + 2%. soybean oil + B. Ix10m
T1 velezensis 1g.kg!
RF +'2% soybean oil + B. 3510°
12 pumilus 1g kgt
RF +2% soybean oil + B. 1.5x1012
T3 subtilis 1g kgt
T4 RF + 2% soybean oil+ E. hirae 3x10™ 1g.kg!
RF + 2% soybean oil + E. 7102
T5 faecium 1g.kg!
RF + 2% soybean oil+ (B.
velezensis, B. pumilus, B. subtilis, X
T6 E. hirae e E. faeciumy), 1g.kg!

* UFC = colony forming unit **RF= Reference feed or diet

2.4. Experimental Design and Fish

The fish were kept in tanks at Pirassununga Regional Research Center, where the experiment
was conducted. The fish were weighed and measured. The experiment was conducted with 1,680
tilapias with an average weight of 2.71g +0.53 and length of 5.66 cm +0.35. A total of 80 fish were stocked
in 21 cages with a volume of 0.7 m? (1.0 x 1.0 x 1.0 m) each. The cages were made of polyamide wire
covered with PVC and 5.0 mm mesh. The cages were installed in a 200 m?and 1.20 m depth excavated
pond, with an earthen bottom, concrete walls and with 5% water exchange per day. The cages aeration
and water renewal system were composed of a water pump (1.0 hp) and PVC pipes with holes (2.0mm
diameter) above each cage.

The experimental design was total randomized with seven treatments and three replicates.
During the feeding period, fish were fed twice daily (8:30 am and 16:00 pm) and the water
temperature (°C), dissolved oxygen (mg L), pH and ammonia (Kit Labcon™) (mg L-') were
measuring, every week, until 84 days.

2.5. Zootechnical performance

During the experimental period, the zootechnical performance variables were evaluated by
biometry every 21 days until 84 days. The following variables were calculated: weight gain GP =
[(final weight) - (initial weight)]; survival S = [(100 x number of final animals)/number of initial
animals]; apparent feed conversion AAC= [(feed consumption)/(weight gain)]; specific growth rate:
SGR = {100 x [(In final weight - In initial weight)/period]}; protein efficiency ratio: TEP=GP/(daily
consumption (DC) x% PB of diet) and total biomass= total weight of fish.

2.6. Microbiology and Denaturant gradient gel electrophoresis (DGGE).

Eight fish from each treatment were anesthetized with eugenol (100 mg L") and killed until deep
sedation. Alcohol 70° was sprayed on surface for decontamination, and the midgut was collected,
stored in 2.0 mL cryotubes, and preserved in liquid nitrogen. In the laboratory, the intestines were
stored at -80°C.
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Total DNA from Nile tilapia intestinal mucus (n=8) were extracted according to Trisure kit
(Bioline, Spain) and purified by precipitation with sodium acetate (20 uL of DNA was precipitated
with 2 puL of 3 M sodium acetate and 46 uL of isopropanol). The DNA was centrifuged for 3 min at
12,000 g, at 4 °C. The supernatants were discarded, and the pellets were washed with 70% ethanol
and centrifuged for 15 min at 12,000 g, 4 °C. The supernatants were discarded again, and the DNA
pellets were resuspended in water. DNA quality and integrity was checked by 1% agarose gel
electrophoresis stained with GelRed Nucleic Acid Stain 20000x (InTRON Biotechnology, Seoul,
Korea). The concentration and purity were determined using the Qubit 2.0 fluorometer (Thermo
Fisher Scientific, Germany). DNA was stored at -20 °C and used for subsequent analyses.

DNA was amplified, using the 165 rDNA bacterial domain-specific primers 677R-GC
(5'CGGGGCGGGGGCACGGGGGGATMTCTACGCATTTCACCGTAC-3) and 309-F
(5'ACTCCTACGGGAGGCWGCAG-3') and submitted to equipment Real-time qPCR using the dye
SYBR GREEN (Applied Biosystems). Amplification was performed in a 96-well plate of 20uL volume
containing 2uL of sample and 8 puL of PCR solution (2uL purified water, 10uL of 2xSYBR Green
supermix, 4pL of bacteria-specific primer). The PCR products obtained were separated by DGGE
using a Dcode TM system (Bio-Rad Laboratories, Hercules, CA, USA). Electrophoresis was
performed in 8% polyacrylamide gel (37.5:1 acrylamide-bisacrylamide; with 18 cm x 18 cm x 0.01 cm
dimension). The gel containing a denaturing gradient of 30 to 55% urea and formamide towards
electrophoresis. The 100% denaturant solution was prepared with 7M urea and 40% v/v deionized
formamide. A total of 4 uL of PCR product and 2 pL of race buffer were applied to the gel wells and
subjected to electrophoresis for 16 h at 85V in 0.5X TAE buffer (20mM Tris base, 10mM acetic acid,
0.5mM EDTA [pH 8.0]) at 60°C constant temperature. The markers used were 1kb and 100 bp DNA
ladder.

The gels were submitted to the photodocumentator (BioRad) for image analysis. Bands were cut
out of the gel and sent for sequencing and identification. Libraries were constructed by Chunlab, Inc
(Seoul, South Korea) using the ilumina MiSeq platform. Briefly, sequencing of base pairs from each
sample was performed wusing primers 341F CCTACGGGNGGCWGCAG and 805R
GACTACHVGGGTATCTAATCC (ChunLab), for targeting the V3-V4 regions of the 165 rRNA gene.

A similarity matrix of densitometric curves of the band patterns was calculated using Pearson's
similarity coefficient, which considers the location of the bands and their intensities. Clustering of the
DGGE band patterns was represented by constructing a dendogram as the clustering algorithm,
using the Unweighted Pair Groups Method using Arithmetic Averages (UPGMA). To verify which
Operational Taxonomic Units (OTUs) were mainly responsible for the difference among the three
samples groups, a SIMPER analysis was used, based on the relative values of the band intensities
obtained by the DGGE gel image.

To analyze the banding patterns of the gels (DGGE), the following ecological parameters were
calculated: 1. Shannon diversity index (H)- H = -ZPi In Pi where, Pi = ni/N, ni = number of copies of
each species, N = total number of copies of all species [19; 20]. 2. species richness (R)- R = b where b
= each of the bands present in the DGGE gel [19,20]. 3. Habitability (Rr) - Rr = N2 x Dg where, N=
total number of bands in each column, Dg = denaturing gradient between the first and the last band
in that column [21].

2.7. Hematological analyses

For the hematological analyses, at the end of the experiment, nine fish were collected from each
treatment, anesthetized with eugenol (75 mg. L') and aliquots of blood were withdrawn by puncture
of the tail vessel, with the aid of heparinized syringes, for the determination of: a) total cell count in
a Neubauer chamber (RBC); b) differential and total leukocyte count (WBC) and thrombocyte count
by the indirect method in blood extensions stained by May-Griinwald-Giemsa; c) hematocrit (Ht), by
the microhematocrit method; d) hemoglobin rate (Hb), by the cyanometahemoglobin method and
glucose, measured using a portable glucometer Accu-Chek® Performa. With the results of the
hemoglobin (Hb) rate, hematocrit (Ht) and number of red blood cells (RBC), the hematimetric indexes
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were calculated: mean corpuscular volume (MCV), mean corpuscular hemoglobin (MCHC) and
mean corpuscular hemoglobin concentration (MCHC) [22].

2.8. Lysozyme activity

At the end of the experiment, blood was drawn from nine fish per treatment, with a syringe
without anticoagulant, and after centrifugation, aliquots of serum were taken for lysozyme analysis
determined according to Kim & Austin [23] modified. For the determination of lysozyme activity, a
Micrococcus solution was prepared [1 mg.mL" lyophilized Micrococcus lysodekticus in 0.05 M sodium
phosphate buffer (pH = 6.3)]. The assay was performed in 96-well flat-bottomed microplates. To each
well, 200 uL of Micrococcus solution and 10 L of serum was added. The plates were incubated at 20°C
under shaking and the optical density was measured at 540 nm at times between 0 and 5 minutes.
One unit of lysozyme was taken as the amount needed to reduce the absorbance by 0.001 min™ The
calculations were obtained using the equation: AABS*1,000 min™ mL- [24].

2.9. Phagocyte respiratory burst activity

After the 84 days of the experiment, blood was collected from nine fish per treatment for the
phagocyte respiratory burst activity evaluation, by the nitroblue tetrazolium (NBT) test, following
the method described by Aly et al. [8], modified. Fifth uL of blood and 50 puL of NBT (0.2%) were
added to glass test tubes. The tubes were incubated for 30 minutes at room temperature. After this
period, 1.0 mL of N, N-dimethylformamide (DMF) was added to each tube and then the tubes were
centrifuged (3,000 g) for 5 minutes. The supernatant was transferred to cuvettes and the absorbance
was determined in a spectrophotometer (620 nm).

2.10. Lactate test

The enzymatic lactate was determined by the enzymatic methodology - Trinder using a Labtest
kit. The system uses the enzyme lactate oxidase to determine the concentration of lactate present in a
sample.

2.11. Bromatological analysis

For the bromatological analysis, nine fish from each treatment were sent to the Food Technology
Institute of the University of Sdo Paulo - Pirassununga, to perform the body composition analyses.
The collected samples were frozen, ground, homogenized and lyophilized for determination of ether
extract (Soxhlet), crude protein (micro Kjeldahl - Nx6.25) and ash (muffle at 550°C for 12h) according
to the methods proposed by AOAC [25].

2.11. Data analysis

The data were evaluated for normality (Shapiro-Wilk) and homoscedasticity of variances
(Levene test), and after verification, the employed tests (parametric or non-parametric) were defined:
analysis of variance (ANOVA) and Tukey, for parametric data; Kruskal-Wallis and Post Dunn Hoc,
for non-parametric data; at a 5% significance level, through the Past software.

3. Results

3.1. Bacterial identification

Based on the 16S rDNA gene sequences, plus gyrB gene for Bacillus, the bacterial isolates were
identified as Bacillus velezensis (T1), B. pumilus (T2), B. subtilis (T3), Enterococcus hirae (T4), and E.
faecium (T5).
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3.2. Water quality

Table 3 shows the water quality where the experiment was conducted during 84 days. These
parameters showed that water quality was maintained according with limit established for the
conservation of fish life [26].

Table 3. Water quality in treatments for Nile tilapia fed with ration containing probiotic bacteria

during 84 days.
Water quality parameters
21c day 42°day 63 day 84¢ day
Oxigen (mg L) 5.90+0.365 6.11+0.737 6.60+2.60 4.13+0.12
pH 7.25+0.071 7.61+0.127 7.49+082 7.24+0.06
Temperature (°C)  26.43+1.150  28.05+0.810 30.57+¢1.25  32.67+0.58
Ammonia (mg L) 0.25+0.00 0.25+0.00 0.00+0.00 1.00+0.00

According to the results of zootechnical performance (Table 4), the oral application of bacterial
probiotics had a positive influence on total final biomass (Figure 1) in treatments T1 (B. velezensis), T2
(B. pumilus), T3 (B. subtilis) and T6 (mixture of all probiotics) providing higher means compared to
the control. The apparent feed conversion (AAC) and protein efficiency ratio (PEE) of fish fed bacteria
T2 (B. pumilus) and T6 (mixture of all bacteria) were similar with TO (control). However, for the groups
fed with treatments T1 (B. velezensis), T3 (B. subtilis), and T5 (E. faecium), these indices were lower.
There were no significant differences for the other variables among the treatments.

Table 4. Weight gain (WG), survival rate (TS), apparent feed conversion ratio (AFRC), specific growth
rate (SGR), protein efficiency ratio (PET) and total fish biomass, with the respective coefficients of
variation (CV) of the experiment with tilapia, O. niloticus, after 84 days of different probiotic bacteria

feeding.
TO T1 T2 T3 T4 T5 T6 cv
Variable P-value
control B.v B.p B.s E.h Ef mix %
Wg (g) 88.57 92.66 94.30 91.91 88.92 90.99 92.71 3.85 0.4300

+3.33 +3.06 +2.64 +1.35 +5.78 +4.08 +2.76

TS (%) 90.80 92.90 94.60 93.30 89.60 90.80 96.30 4.40 0.1243
+0.72 +1.44 +2.60 +191 +5.77 +191 +2.17

AFRC (5) 1.10¢ 1.142b 1.10¢ 1.13v 1.162 1.13v 1.11c 1.08 0.0004
+0,01 +0.01 +0.02 +0.02 +0.01 +0.01 +0.02

SGR (%dia) 4.37 443 4.42 4.36 4.37 4.40 443 0.53 0.2854
+0.06 +0.03 +0.01 +0.01 +0.08 +0.05 +0.06

PET (%) 2452 2.38v 2.462 2.39» 2.34¢ 2.39» 244> 0.56 0.0006
+0.01 +0.02 +0.05 +0.04 +0.01 +0.01 +0.03

abe Different letters in the same line shows a significant difference (p<0.05) between the means of the values by
Duncan's test. Bv=B.velezensis; Bp= B. pumilus; Bs= B.subtilis; Eh= E.hirae; Ef= E.faecium
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Figure 1. Means and standard deviations of Nile tilapia (O. niloticus) total biomass of (g), fed with
different probiotic bacteria at different times (TO - control, T1 - Bacillus velezensis in the feed, T2 -
Bacillus pumilus in the feed, T3 - Bacillus subtilis in the feed, T4 - Enterococcus hirae in the feed, T5 -
Enterococcus faecium in the feed and T6 — mix B. velezensis, B. pumilus, B. subtilis, E. hirae and E. faecium).
*Different letters in the same line show a significant difference (p<0.05) between the means of the
values by Duncan's test.

3.3. Denaturing gradient gel electrophoresis (DGGE)

The dendogram (Figure 2) demonstrate the similarity degree of the microbiological intestine fish
profile fed control (T0) and experimental diets (T1, T2, T3, T4, T5 and T6). The control, T1, T2 and T3
(intergroups) showed similarity about 0.4. Values about 0.80 is the similarity among the specimens
of each treatment (intragroup). However, the same trend was not seen in T4, T5 and T6, indicating
different results for the same treatment. The bacteria E. hirae (T4), E. faecium (T5) or the mix (T6)
provided divergent effects on the gut microbiota, among Nile tilapia individuals.
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Figure 2. Dendogram of the intestinal microbiota analysis of Nile tilapia fed diets containing
probiotics during 84 days (TO - control, T1 - Bacillus velezensis in the feed, T2 - Bacillus pumilus in the
feed, T3 - Bacillus subtilis in the feed, T4 - Enterococcus hirae in the feed, T5 - Enterococcus faecium in the
feed, and T6 - mix - B. velezensis, B. pumilus, B. subtilis, E. hirae and E. faecium).

When comparing the control (T0) with other treatments, fish from T3 (B. subtilis), T4 (E. hirae),
T5 (E. faecium) and T6 (mix of all probiotics) showed different microbial profiles, values below 0.2
(20%) similarity degree. The similarity degree was higher for T1, with 0.6 (60%), followed by T2, with
0.4 (40%). Another point is that are not significant differences regards to control, but T5 showed the
lowest value.

Based on bands number and position, the ecological parameters calculated showed significant
differences among treatments (Table 5), when applying Shannon (H), richness (R) and habitability
(Rr) indices.

In this study, the H value (Shannon diversity index) for T4 was higher than T1 and T5, the latter
being lower than T2. The control group showed a similar index compared to the other treatments.
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For species richness (R), fish fed diets T0 and T1 showed significantly lower numbers of species than
the other treatments, nevertheless, groups T3 and T4 showed the highest R values.

Table 5. - Results from ecological parameters calculated among treatments and explained by Shannon
(H), richness (R) and habitability (Rr) indices in Nile tilapia feeding with probiotic bacteria during 84

days.
Probiotics included in feed (concentration lg.kg'1 of diet)
T1 T2 T3 T4 T5
Variable 10 b , B'. B'. . E E.' T6 MIX CV (%) P-value
Control velezensis pumilus subtilis hirae faecium
2.59abe 2.47vc 2.694b 2.57abe 2.762 2.38¢ 2.54abe
+0.08 +0.14 +0.33 +0.10 +0.25 +0.16 +0.15 7.92 0.0108
21.25> 29.002 27.882 21.13b 21.63¢
R 162'1132 32?2 +4.76 +1.58 +1.83 +5.55 +2.18
o - 15.9 <.0001
49.19¢ 51.2¢ 90.55b 134.962 124.862 76.34bc 75.58bc
Rr +15.27 +13.00 +37.69 +14.83 +16.46 £3735 +1495 2943 <.0001

TO — control; T1 - Bacillus velezensis; T2 — Bacillus pumilus; T3 — Bacillus subtilis; T4 — Enterococcus hirae; T5 —
Enterococcus faecium; T6 —-mix - B. velezensis, B. pumilus, B. subtilis, E. hirae; E. faecium; H- index de Shannon;
R- richness; Rr- habitability. 2b< Different letters in the same line shows a significant difference (p<0.05) between
the means of the values by Duncan's test.

3.4. Hemogram, glycemy, lactate, lysozyme, respiratory burst

Hematological analyses showed that the red blood series were similar among the treatments
(Table 6). Thrombocyte and basophil counts were significantly different (P<0.05) among treatments
(Table 6). The number of fish thrombocytes from T1 (B. velezensis) was higher compared to T4 (E.
hirae), TS (E. faecium) and T6 (mixture of all probiotics), and similar to TO (control) and T2 (B. pumilus).
For basophils, fish fed with T3 (B. subtilis), T5 (E. faecium) and T6 (mixture of all probiotics) had higher
values than those fed TO (control), T1 (B. velezensis) and T2 (B. pumilus). Blood glucose, lactate,
lysozyme activity, and respiratory burst, the results were also similar among experimental groups
(Table 7).
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Table 6. Nile tilapia erythrogram, leukogram and thrombogram fed with probiotics during 84 days.

Probiotic included in feed (concentration 1g .kg-1 in dief)

T0 Tl T2 T3 T4 T5 T6 cv -
Variabl
s Control By Bp B.s Eh . Mix %) | value
201 21 204 212 253 236 215
REC (10° mem™)* : : : : : : : X X
021 £012 008 £0.11 £012 015 £0.09
30,36 30,78 28,06 27,72 20,72 30,72 27,72
it (%)* +0,93 27 £1,14 +144 £1,04 1142 0,75 1398 036
.55 .55 8.87 8.13 862 9.03 839
Wodh = £024 40,36 £0.27 40,35 £032 £0,38 £022 1081 048
177.05 1545 138.23 132,71 129.16 1323 13031
VCM (L) * £34,62 142328 +6,06 +831 +6,06 17,04 1562 3538 036
50,1 42,05 4374 3863 3732 38,98 39,27
HCM (pg) * £10.26 405 £169 £112 £130 1205 £133 316 042
CHCM (g dL™ 28,05 2823 31,75 29,59 291 2062 30,37
* +0,54 £0,95 +0,63 £1,03 +0,84 £1,13 097 907 0,07
1913907 60.790.48 4570351 6203762 3920414 4171528 4803837
3 +53812 .
WBC (mm™)**  +8.806.43 £11468,14 4984878  £8.81430 : 1510825 4284706 4827 033
4453807 5514128 1165019 5530173 3473415 3393435 4224451
3 £49037
Lpmm)**  £8146.10 11085680 4873108  £7.764.67 p £433182  £2807.63 4942 038
160329 2353165 158991 233003 181191 193835 1.623.08
Nt (mm) * 5 3944 049
437445 £370,88 £54175 433024 £424,50 437351 £158,55
. . 143574 2289.33 313946
1.073.10 1.405,88 i 420583° 3.15200%
B 4326
Bs (mm’y** £266.77 +408.21 2 £1.00123 +54254 £74453  £64151 8059 001
73153 6178 507,64 140,63 34,74 12122 27091
207 4
Bs (mm) * +267,39 433249 ?025 470,64 42338 £61,16 21727 173 0.1
1103,08 1.093.87 511,02 9394 12402 56036 760,41
5 41333
Mn (rum)** £320.24 £260,05 < 422860 +70.01 £76.95 £14353 7631 016
; 27.890.06 y 0 , 1303192
23.008,50 35,546,807 = 277162 24146° 1621113°
¥ >
Tr () £438886  £5182.76 ?'996:8 £4.204 65 f'mﬁ 1247392 :3'31‘3 4976 003

TO — control; T1 - Bacillus velezensis; T2 — Bacillus pumilus; T3 — Bacillus subtilis; T4 — Enterococcus hirae; T5 —
Enterococcus faecium; T6— mix - B. velezensis, B. pumilus, B. subtilis, E. hirae e E. faecium; RBC = Red blood
cells; Ht = Hematocrit; Hb = Hemoglobin rate; MCV= Mean Corpuscular Volume; MCH = Mean Corpuscular
Hemoglobin; CHCM = Mean Corpuscular Hemoglobin Concentration;, WBC= Total Leukocytes; LF=
Lymphocytes; Nt = Neutrophil; BS = Basophil; Es = Eosinophil; Mn = Monocyte; Tr = Thrombocyte. * ANOVA
(parametric analysis). Different letters in the same line shows significant difference between means by Duncan test (p<0.05). **
Kruskall-Wallis test (non-parametric analysis). Different letters in the same line shows significant difference between the

medians by Dunn's Post Hoc test (p<0.05).

Table 7. Blood glucose, lactate, serum lysozyme and respiratory burst of Nile tilapia fed with
probiotics bacteria during 84 days.

Probiotic included in feed (concentration 1g .kg™ in diet)

Variabl T0 T1 T2 T3 T4 T5 T6 Ccv
ariable
Control B. velezensis B. pumilus B. subtilis  E. hirae  E. faecium Mix (%) P-value
Blood
7 49. 44.67 48.7 45. 42.11 43.7
glucose* 53.78 9.33 6 8.78 5.00 3.78 18.06 0,07
mg dL-! +10.56 +5.00 +11.39 +8.72 +7.19 +7.56 +6.98

19.76 16.82 20.71 21.86 16.70 18.36 18.08
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Lactate™ ) s +5.17 545 +4.84 376 +851 9,09 32.60 0,49
mmol L1

819.17 93407 68889 71704 100259 78375 804,07
Lysozyme* 22468  +623.04  +181.13 27574  +639.82  +206.78 37548  49.75 0,67
mg L1
Respirator —, \-s 0.481 0.469 0.428 0.482 0.500 0.527
y Burst**
Positive
NBT cells  +0.09 +0.19 +0.09 +0.14 +0.07 +0.17 +0.06 26.74 0,67

(%)

TO - control; T1 — Bacillus velezensis; T2 — Bacillus pumilus; T3 — Bacillus subtilis; T4 — Enterococcus hirae; T5 —
Enterococcus faecium; T6 —mix - B. velezensis, B. pumilus, B. subtilis, E. hirae e E. Faecium *ANOVA (parametric
analysis) **Kruskal-Wallis analysis (non-parametric analysis).

3.5. Bromatological analyses
The results of chemical composition of the whole fish, or bromatological analysis, showed that

the probiotics did not promote relevant changes compared to the control group (Table 8).

Table 8. Fish centesimal composition, dry matter basis (%) of Nile tilapia, fed with probiotics bacteria
during 84 days.

Probiotic included in feed (concentration 1g .l(g'1 in diet)

Variable TO T1 T2 T3 T4 T5 T6 cv
Control B. velezensis B. pumilus B. subtilis E. hirae E. faecium  Mix (%)
51,21 48.62 50.04 48.44 51.11 49.14 50.06
PB*mg L1 2.83
+1.71 +1.90 +0.77 +1.66 +1.14 +1.59 +0.38
15.86 15.66 15.68 14.68 15.34 14.92 15.09
MM*mg L1 3.54
+0.35 +0.18 +1.01 +0.13 +0.43 +0.27 +0.78
EE**mg L 28.49 26.72 30.58 30.48 28.35 31.04 29.59 12.69
+1.31 +7.81 +2.49 +3.83 +2.28 +2.06 +1.96
4.43 9.00 3.69 6.39 5.20 4.50 5.25
ENN**mg L1 84.0¢
+1.61 +8.92 +1.57 +5.96 +2.07 +1.58 +1.72

TO - control; T1 — Bacillus velezensis; T2 — Bacillus pumilus; T3 — Bacillus subtilis; T4 — Enterococcus hirae; T5 —
Enterococcus faecium; T6 — mix - B. velezensis, B. pumilus,B. subtilis, E. hirae; E. faecium; PB - total protein,
MM-mineral material, EE - ether extract, ENN- non-nitrogenous extractive *ANOVA (parametric analysis)
**Kruskal-Wallis analysis (non-parametric analysis).

4. Discussion

Many probiotics available on the fish farming market are considered with low effectivity for fish,
because these bacteria was isolated from terrestrial animals, and not from fish [27]. The gut
microbiota interactions is different between animals species, and these factors limit the probiotic
potential of microorganisms [28]. Therefore, we recommend selected probiotics from autochthonous
host origin. In this study, potential bacterial for tilapia were isolated with possible use as probiotics
from different regions of Brazil.

Feeding the fish with probiotic bacteria promoted positive effects on Nile tilapia zootechnical
growth performance after 84 days. Compared to the control, animals fed containing Bacillus (B.
velezensis, B. pumilus and B. subtilis) had higher final biomass values, and with only B. pumilus, the
feed conversion rate was similar. These results can be explained by Bacillus enzymes production that
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can improve the ration digestibility [29] and thus contribute to the animal's weight gain and increase
in feed efficiency. Liu et al. [17] found that B. subtilis HAINUP40 strain added to the feed increased
the enzymatic activity of proteinase and amylase in Nile tilapia, possibly stimulating its endogenous
production of these enzymes.

The intestinal microbiota of fish contributes to essential functions, such as inhibition of
pathogenic bacteria, competition for nutrients and adhesion to the intestinal mucosa, production of
antimicrobial factors that aid in the immune response and food digestion [31].

However, probiotics compete with other microorganisms for adhesion sites on the intestinal
epithelium surface and by nutrients, thereby inhibiting the attachment and survival of pathogens.
The probiotics adherence to intestinal epithelial cells stimulates the mucus production which are
protective function substances against pathogens on the intestinal surface [32]. Probiotic
microorganisms, when adapted to the host microbiota, can metabolize nutrients more rapidly,
reducing the availability to pathogenic bacteria and controlling their proliferation [33].

According with Sun et al. [34], the inclusion of B. pumilus and B. clausii improved the feed
conversion rate of grouper (Epinephelus coioides) after 60 days of experimentation. According to Aly
et al. [8], Nile tilapia fed a diet containing B. pumilis isolated from tilapia gonads showed an increase
in their growth performance.

Therefore, the time of probiotic administration is an important factor to promote the beneficial
effects, such as the production of digestive enzymes, inhibition of pathogenic bacteria, among others
[35]. In this study, we verified significant difference in biomass between the 63rd and 84th days of
the experiment.

In this study, intestinal microbiota modulation of Nile tilapia fed with diets containing probiotics
was observed in two groupings, with different band patterns in relation to the TO control, T1
B.velezensis and T2 B. pumilus treatments. The use of Bacillus sp. in the diet modulated the intestinal
microbiota of grouper and stimulated the development of beneficial microorganisms such as
Enterococcus ssp. and B. pumilis, inhibiting the colonization of pathogenic bacteria such as
Staphylococcus and Vibrio ponticus [36]. He et al. [37] also observed that the probiotic bacteria B. subtilis
modulates the intestinal microbiota, this can be attributed to the substances like biomodulation
activity such as iturin and lipoproteins.

Animals fed diets containing B. subtilis (T3) and E. hirae (T4) showed a higher ecological index
of richness and habitability compared to the other treatments. This fact may indicate some
antagonism or divergent growth rates between the T6 bacteria (B. velezensis, B. pumilus, B. subtilis, E.
hirae and E. faecium), since a greater effect of these ecological index was expected in relation to the
others, since B. subtilis and E. hirae are present in this treatment.

Ramos et al. [38], found a synergistic effect of probiotics composed of Bacillus sp., Pediococcus sp.,
Enterococcus sp. and Lactobacillus sp. on the ecological parameters Shannon and Richness Index for
rainbow trout (Oncorhynchus mykiss). For these authors, the concentration of probiotics interferes with
animal growth and microbiota modulation, and they observed an increase in the Shannon index in
fish fed with a lower level of inclusion.

Tapia-Paniagua et al. [20] observed intestinal microbiota modulation ability and immune system
of gilthead seabream provoked by the probiotic yeast Debaromycess hansonii L2 and prebiotic inulin
with genes immunological expression detected when fish received fed + symbiotic diet for 4 weeks.

The bacteria species selection to compose the probiotic mix should consider the synergistic or
antagonistic effects, between then. Sun et al. [40] attributes the intestinal microbiota modulation to
competition between probiotic and pathogenic bacteria, improving conditions for commensal
bacteria.

Fish fed diets containing probiotic bacteria showed differences in hematological variables,
basophils, and thrombocytes number. Similar results were found by Nakandakare et al. [41], that
added the probiotic before and after the ration pelleting processing, on Nile tilapia juveniles” diet,
and did not observe significant differences between treatments in the count of lymphocytes,
leukocytes, neutrophils, monocytes.
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The use of probiotic promoted higher thrombocyte counts compared to control, in surubim
hybrid (Pseudoplatystoma corruscans x P. reticulatum) [18,42,43]. Individuals fed with the bacteria B.
velezensis (T1) had higher numbers of thrombocytes compared to the mix (T6). It can be inferred that
the presence of E. hirae and E. faecium bacteria in the mix may have interfered on Bacillus, since these
strains also showed lower thrombocytes values. Thrombocyte phagocytic activity was observed in
flounder (Psetta maxima L.) by Burrows et al. [44]. Tavares-Dias et al. [45] studying Colossoma
macropomum and Prochilodus lineatus thrombocytes suggested that the peroxidase positivity presence
in this cell could be associated with efficient bactericidal activity functioning as a defensive
mechanism.

In the study, fish cells are well immunoprotected and prepared for contact with pathogens.
Jatoba et al. [10] obtained higher numbers of erythrocytes and thrombocytes for animals fed a diet
containing Lactobacillus plantarum and challenged with Enterococcus durans.

Thrombocytes from carp (Cyprinus carpio) blood samples demonstrated the ability to ingest
bacteria (0.50 to 3 um) [46]. However, Passantino et al. [47], when analyzing blood biofilm samples
from rainbow trout (Oncorhynchus mykiss) accidentally infected Candida albicans, did not verify
phagocytosis by thrombocytes, but interacting with erythrocytes, macrophages, lymphocytes, and
granulocytes, suggesting interface between the innate and acquired immune systems.

Basophils are leukocytes, which are rarely found in fish blood [22]. The function of basophils
seems to be linked to allergic processes, parasite infestations, and phagocytosis [48] since they have
histamine in their granules.

The probiotics addition to diet can improve the innate immune response, with a lysozyme blood
concentration increasing and respiratory burst, observed in fish fed Bacillus subtilis [18,30]. According
to Diaz-Rosales et al. [49], the ability to stimulate the respiratory burst activity of phagocytes may be
correlated with the characteristics of the strain, rather than the genus of the bacterium.

In this work, no significant differences were found in the lysozyme and respiratory burst
activity, perhaps because the immunological analyzes (respiratory burst and lysozyme) were
performed at the end of the experiment (after 81 days of probiotic administration), which could be
the difference detected at the beginning of experiment. For common snook (Centropomus undecimalis)
fed a diet supplemented with Bacillus subtilis, in an alternating regime of seven days, showed a better
response in the respiratory burst, which indicates that the time of probiotic administration interferes
on animal's immune system [50]. These authors established the time of seven days based on a
previous study, carried out with sea bass fingerlings, fed with ration supplemented with B. subtilis,
after seven days, the fish showed a better respiratory burst response and after another seven days,
there was a reduced response. The pathogenic agent detection by phagocytes generates free radicals
(superoxide (O2-), known as oxidative burst, and triggers to produce high bactericidal potential
substance, such as hydrogen peroxide, hypochlorous acid and peroxy-nitrite [51]. The increase in
lysozyme activity can be observed during fish stress, in the pathogen presence [52].

In stress moments, glycemia and lactate increase as a secondary response, to provide energy to
the animal [53; 54]. The probiotic Shewanella putrefaciens Pdp11 utilization in Sparus auratus diet Varela
et al. [55] described lower levels of blood glucose and lactate in animals subjected to high stocking
density— stress. In the present study, there is a higher glucose value (P=0.07) for the control in relation
than other treatments. However, for lactate levels, values were similar among fish fed with control
and test diets.

Telli et al. [18] did not observe significant differences on chemical composition when Nile tilapia
were fed with ration + probiotic B. subtilis and attributed a higher moisture value to the high stocking
density, which directly interferes in the animal growth. Ramos et al. [56], observed in rainbow trout
post-larval phase and fingerlings a possible effect on carcass composition using a mix of probiotics
(Bacillus sp., Pediococcus sp., Enterococcus sp. and Lactobacillus sp.). Lara-Flores et al. [57] verified the
increase of lipids in Nile tilapia fingerlings fed with yeast and commercial probiotic ALL-LACTM,
composed of Streptococcus faecium and Lactobacillus acidophilus. In addition, diet composition (high
and low percentage of protein) also contributed to changes in protein and lipid values in the fish
carcass.
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5. Conclusion

Isolated and pre-selected bacteria from Nile tilapia intestinal mucus of the groups T2 (B. pumilus)
and T6 (B. velezensis, B. pumilus, B. subtilis, E. hirae and E. faecium), in feed, can be used as a probiotic
to improve the growth performance and modulation of the intestinal microbiota.
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