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Abstract
The aim was to evaluate the effect of a diet supplemented with B. subtilis for a period of
10 days and to verify its effects on the zootechnical performance, hematological param-
eters, and intestinal histomorphometry of fish. The present study was designed to verify
the effects of a commercial product containing Bacillus subtilis C-3102 for short admin-
istration period in the diet of Brazilian catfish Pseudoplatystoma sp. The experimental
design was completely randomized with five treatments (0, 10, 20, 30, and 40 g of
CALSPORIN® kg feed−1) and six replicates. Supplementation with B. subtilis did not
influence (p > 0.05) on erythrogram and plasma glucose of fish. However, probiotic
supplementation for 10 days was effective and caused beneficial changes in productive
performance of the 30 g kg feed−1 group compared to the other groups. In addition,
improvements in the immune system, such as an increase in the number of neutrophils,
lymphocytes, thrombocytes, and total blood leukocytes were observed in the treated
groups, besides increased height and width of the intestinal villi was possibly related
with an improvement in nutrient absorption. This study shows the feasibility in to use
short time of feeding in the Pseudoplatystoma sp. diet that improved the fish health.
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Highlights
-Short time of commercial probiotic feeding evaluation in the diet of Brazilian native catfish Pseudoplatystoma sp.
-Increased number of defense cells like neutrophils, lymphocytes, thrombocytes, and white blood cells was observed.
-Probiotic feeding did increase the height and width of the intestinal villi.
-This study shows the feasibility in to use the short time feeding in Pseudoplatystoma sp. production.
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Introduction

The catfish of the genus Pseudoplatystoma sp. in some cases it is known as surubim stand out
as one of the main genus of native Brazilian fish raised in aquaculture systems. Brazilian
aquaculture production has increased rapidly over the past two decades and native species in
Brazil contribute to the development of the Brazilian aquaculture industry as a food supplier
(Pincinato and Asche 2016). The State of Mato Grosso do Sul, Central Western Brazil stands
out in the national scenario of fish farming for pioneering the commercial production of these
species (Campos 2005; Inoue et al. 2009). The genus Pseudoplatystoma and their hybrids,
originated from the crossbreeding of the Pseudoplatystoma corruscans (male) x P. reticulatum
(female) breeds, is among the most cultivated species in Brazil, with production near 16
thousand tons in 2016 (IBGE 2016; Tavares et al. 2018). However, sanitary challenges in the
commercial production of catfish Pseudoplatystoma sp. are constantly related to bacterial
outbreaks, which generate large economic losses (Tavares-Dias and Martins 2017; Tavares
et al. 2018).

The growth of fish farming in Brazil, as in other countries, leads the activity to an intensive
or super intensive farming regime, using systems with high stocking densities and supplying
high amounts of feed daily. Thus, mistaken management procedures become prominent factors
for the increased occurrence of diseases and infections, which are the main causes of mortality
in Pseudoplatystoma farming, where the control of diseases usually performed through the
administration of antibiotics (Tavares-Dias and Martins 2017).

Currently, it is known that fish nutrition and health are closely linked to the balance of the
gastrointestinal microbial flora of the hosts. Thus, positive effects can be obtained by manip-
ulating the intestinal microbiota when beneficial microorganisms incorporated into animal
diets adhere to the surface of the epithelial cells lining the interior of the intestine (Merrifield
et al. 2010; Mouriño et al. 2012; Jesus et al. 2019; Owatari et al. 2019). The use of probiotic
bacteria that benefits host health is a widespread and desirable alternative to the sustainability
of world aquaculture as it may be an option for antibiotic use on fish farming. (Gatesoupe
1999; Pereira et al. 2017; Kuebutornye et al. 2019; Zhou et al. 2019).

Among the several beneficial actions of probiotics we highlight its inclusion in the die in
order to improve the zootechnical performance, inhibitory action on growth of pathogenic
bacteria, production of metabolites with bactericidal or bacteriostatic effects, longer survival
against some pathogens, production of B vitamins, stimulation of the immune system by
macrophage activation and restoration of the intestinal microbiota (Castro 2003; Raida et al.
2003; Korenblum et al. 2005; Panigrahi et al. 2005; Panigrahi et al. 2007; Kumar et al. 2008;
Panigrahi et al. 2010; Mouriño et al. 2012; Zokaeifar et al. 2012; Kuebutornye et al. 2019).

Gram-positive bacteria of the genus Bacillus are a diverse group and are frequently tested in
aquaculture research due to their sporulation ability, which allows them to survive under
adverse environmental conditions. In addition, they are not pathogenic or toxic when added to
fish diets, making them strong candidates for probiotic status (Hong et al. 2005; Ninawe and
Selvin 2009; Kuebutornye et al. 2019). Bacillus subtilis produces bacteriocins and subtilines
and these metabolites can be used to improve health and immune status, increasing disease
resistance in other fish species, improving growth performance (Aly et al. 2008; Desriac et al.
2010; Kuebutornye et al. 2019). Even so, the costs involved and the long periods of
administration of probiotics are still barriers imposed by the productive sector to use them.

Given this information, this study was strategically designed to verify, in an unprecedented
way, the effects of administration of the commercial product CALSPORIN®, probiotic food
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additive containing viable spores of a strain of Bacillus subtilis C-3102, on the hematological
parameters and changes in the digestive system, as well as the zootechnical performance of
juveniles Pseudoplatystoma sp. in aquaculture systems.

Material and methods

The experiment was developed in the fish farming sector of the State University of Mato
Grosso do Sul, Aquidauana, MS. All fish handling and slaughtering procedures in this study
were approved by the CEUA / UEMS Animal Use Ethics Committee under protocol 014/
2013, using eugenol (75 mgL−1) for anesthetic procedure.

The experimental design was completely randomized design with five treatments with six
replications. 180 hybrid surubins with total weight 25.52 g ± 1.10 and total length 17.54 cm ±
0.46 were used. Firstly, the juveniles were submitted to macroscopic evaluation to verify the
sanitary aspects. Overall, no animals showed clinical signs of any apparent illness. The fish
were distributed in 80 L tanks, 6 animals per experimental unit. The system was arranged with
continuous water flow and the fish were fed with experimental food containing B. subtilis.
Four levels of inclusion of the commercial probiotic, CALSPORIN® containing B. subtilis C-
3102 (1 × 109 B. subtilis g product – 1 spores) were added to the experimental feed: 0 g
CALSPORIN® kg feed−1; 10 g CALSPORIN® kg feed−1; 20 g CALSPORIN® kg feed−1;
30 g CALSPORIN® kg feed−1; 40 g CALSPORIN® kg feed−1.

The feed was offered twice a day until the satiety of the fish. The control group consisted of
probiotic-free treatment. Probiotic was added to the diet through oily medium (2% soybean
oil) to incorporate bacteria into the pellets. Diets were provided daily in two periods (morning
and afternoon) for 10 days.

After included the probiotic a sample of the diet was microbiologically analyzed at the
Microbiology Laboratory of Empresa Comércio e Indústria Uniquímica Ltda - Diadema, São
Paulo, in order to quantify B. subtilis concentration in the diet. To verify the concentration of
the probiotic in the diet, after inoculation, 1 g of feed was macerated in 1 mL of 0.65% sterile
saline solution and then serially diluted nine times in 1:10 factor test tubes. Dilutions from 10−4

to 10−9 were seeded in Petri dishes containing culture medium. The plates were incubated at
30 °C for 24 h. The values found were: control = not detected; in 10 g kg feed−1 = 8,3 × 106

CFU; in 20 g kg feed−1 = 1,5 × 107 CFU; in 30 g kg feed−1 = 2,3 × 107 CFU; in 40 g kg
feed−1 = 3,2 × 107 CFU.

Water quality monitoring was performed daily at 08:00 with the aid of a handheld YSI
Professional Plus multiparameter equipment. The environmental conditions during the exper-
iment remained at 26.2 ± 2.9 °C; dissolved oxygen 4.6 ± 0.4 mg L−1; pH 6.3 ± 0.3. Ammonia,
nitrite and nitrate were not detected in water. To evaluate the zootechnical performance were
performed biometrics at the beginning and the end of the experiment, to obtain the weight and
length data of the animals. The zootechnical parameters evaluated were: Weight gain (g) =
final weight (g) - initial weight (g); Apparent feed conversion = feed intake (g) / weight gain
(g); Biomass gain (g) = final biomass (g) - initial biomass (g); Specific growth rate (% day) =
(ln final weight - ln initial weight) ×100.

For hematological analyzes, blood samples were collected from six animals of each
treatment by caudal vessel puncture. Blood collected with anticoagulant emulsified syringes
was used to perform erythrocyte counting in a Neubauer chamber; hematocrit determination
by the microhematocrit method according to Goldenfarb et al. (1971), and hemoglobin, by the
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cyanometahemoglobin method according to Collier (1944). Blood extensions were made and
stained with May Grünwald-Giemsa-Wright (Tavares-Dias and de MORAES 2003) for
differential leukocyte count, total leukocyte, and thrombocyte count.

With the values obtained from the erythrocyte count, hematocrit, and hemoglobin rate, the
absolute hematimetric indices were calculated according to Wintrobe (1934). For intestine
collection the fish (n = 4) were euthanized and a 3.0 cm segment was collected (4 cm below the
junction of the stomach with the intestine). After removal the segment was sectioned longi-
tudinally, and the attached ends were opened to keep the villi exposed. Each gut fragment was
placed in Bouin’s solution, where it was fixed for 6 h. The posterior preservation was done in
70° alcohol until the time of histological processing. The intestines were cut into 0.5 cm
sections and prepared according to the usual histological techniques to obtain 3 μm thick
paraffin sections that were stained with hematoxylin-eosin (HE). Five intestinal villi per animal
were measured for height and width (20 villi/treatment) in a computer program Motic Images
Plus 2.0 ML.

The experiment was structured presenting a logical ordering between the treatments that
can be expressed as a function of each other. Regression analysis was used to verify the
variation of y as a function of x. For the villus height parameter regression analysis was
performed. For the results of hematology, productive performance, the analysis of variance
(ANOVA) with a significance level of 5% was used. When the means showed significant
differences, they were compared by the Tukey test (p < 0.05).

Results

In the present study the productive performance of surubins Pseudoplatystoma sp. was
influenced by dietary supplementation with the probiotic containing B. subtillis (Table 1).
Overall, biomass gain was higher in the 30 g kg feed−1 group (20.06 ± 0.92 g) when compared
to the other groups.

In addition, no significant effect (p > 0.05) of supplementation was observed on all
erythrogram parameters between all supplemented levels (Table 2).

However, in the present study a significant effect (p < 0.05) of the treatments was observed
on the absolute values of lymphocytes, neutrophils, total leukocytes, and thrombocytes
(Table 3). Higher values were observed for fish submitted to 40 g kg feed −1 compared to
other treatments.

Table 1 Growth performance of juveniles Pseudoplatystoma sp. fed for 10 days with probiotic B. subtilis

Indexes Treatments (g kg feed−1)

0 10 20 30 40

WG (g) 3.38 ± 0.92 4.73 ± 3.75 4.62 ± 2.12 2.91 ± 1.70 2.29 ± 0.40
AFC 1.89 ± 0.90 2.68 ± 1.95 1.50 ± 0.53 2.34 ± 1.37 2.99 ± 0.70
BG (g) 13.15 ± 4.08b 15.50 ± 1.24b 16.67 ± 2.02b 20.06 ± 0.92a 8.83 ± 2.00b

PER 1.50 ± 0.34 1.20 ± 0.23 1.49 ± 0.77 0.95 ± 0.62 0.83 ± 0.15
SGR 0.62 ± 0.17 0.52 ± 0.10 0.43 ± 0.18 0.43 ± 0.18 0.39 ± 0.03

Mean values and standard errors of weight gain (WG); apparent feed conversion (AFC); biomass gain (BG);
protein efficiency ratio (PER), and specific growth rate (SGR). Initial weight 25.75 ± 1.1 g
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Histomorphometric analysis of the anterior portion of the intestine showed significant
differences in the height and width values of the intestinal villi of fish fed diets containing
the probiotic (Table 4). Probiotic use in surubin diets had positive influence on villi width and
height. It was found that supplementation with B. subtilis differed in treatment 10 g kg feed−1

(343.08 ± 4.37 μm) compared to treatment 40 g kg feed−1 (325.72 ± 9.08 μm) for villi height,
as well as treatment 30 g kg feed−1 (204.06 ± 80.67 μm) compared to treatment 20 g kg feed−1

(74.53 ± 9.91 μm) for villi width.

Discussion

The present study verified the use of a viable spore-based probiotic food additive from a strain
of Bacillus subtilis C-3102 for the first time for Pseudoplatystoma sp. Research in the field of
aquaculture around the world has shown the positive effects of probiotic bacteria B. subtilis on
animal performance, with consistent improvements, in some cases in growth, and feed
conversion, as well as increased fish innate defense mechanisms (Galagarza et al. 2018;
Hassaan et al. 2018; Di et al. 2019; Kuebutornye et al. 2019).

In the present research, we observed significant differences in the productive indexes after
10 days of supplementation with probiotics. Positive responses to the zootechnical perfor-
mance of the animals with probiotic supplementation were observed in the study by El-Haroun
et al. (2006), where animals that received a diet with Biogen® probiotic containing B. subtilis
Natto (not less than 6 × 107 g−1) presented higher weight gain and better specific growth rates
and efficiency.

Dias et al. (2012), when evaluating Brycon amazonicus breeders, observed after 83 days of
supplementation with B. subtilis (5 g kg−1 and 10 g kg−1), improvement in performance
parameters such as better apparent feed conversion, higher specific growth rate, and weight
gain. A relevant factor that should be taken into consideration is the time of administration of
the probiotic diet. In the present study, a short period of 10 days of supplementation was
enough to show a significant improvement in zootechnical performance between group
30 g kg feed−1 and the other treatments. This can be considered a good strategy for
Pseudoplatystoma sp. production, since a shorter probiotic administration period may be more
financially advantageous compared to longer supplementation periods.

Table 2 Erythrogram and glucose (mean ± standard error) of juveniles of hybrid surubim Pseudoplatystoma sp.
fed different concentrations of B. subtilis-containing probiotics

Parameters Treatments (g kg feed−1)

0 10 20 30 40

Htc (%) 24.67 ± 1.83 22.75 ± 4.10 21.67 ± 3.11 22.70 ± 5.96 23.08 ± 1.16
Hb (g dL−1) 4.48 ± 1.07 4.85 ± 1.10 4.65 ± 0.53 5.05 ± 0.70 4.85 ± 0.27
Er (x106μL−1) 2.68 ± 0.53 2.38 ± 0.84 2.27 ± 0.45 2.69 ± 0.52 2.84 ± 0.27
MCV (fL) 94.19 ± 13.55 101.80 ± 24.06 88.38 ± 11.78 84.89 ± 1.89 82.13 ± 10.52
MCHC (gdL−1) 18.15 ± 4.23 21.31 ± 2.52 21.54 ± 1.31 22.40 ± 3.50 21.01 ± 1.06
Glucose (mgdL−1) 33.28 ± 7.54 34.69 ± 5.11 27.54 ± 7.70 29.80 ± 8.35 33.46 ± 5.85

Htc = hematocrit; Hb = hemoglobin; Er = erythrocyte; MCV=mean corpuscular volume; MCHC=Mean cor-
puscular hemoglobin concentration
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Probiotic supplementation in fish feed may determine different positive blood responses as
well as different immune responses, according to target species (Azarin et al. 2015; Zaineldin
et al. 2018; Kuebutornye et al. 2019). However, in the present study, feeding for 10 days with
B. subtilis did not influence the amount of red blood cells. The hematological parameters of the
red series are commonly related to the general health of the fish and, since they did not present
significant alterations, indicated that the animals were healthy, corroborating the studies by
Barros et al. (2009) and Harikrishnan et al. (2010), in which no alterations related to
erythropoiesis were observed. Nevertheless, in the present study, we observed a significant
effect of probiotic B. subtilis C-3102 on the leukocyte profile of animals.

Although, hematological responses may vary in each experimental situation and according
to the species used (Kumar et al. 2008; Merrifield et al. 2010; Dias et al. 2012; Nakandakare
et al. 2018; Kuebutornye et al. 2019), in the present study, thrombocytes increased, as probiotic
concentration was increased, as well as total neutrophils, lymphocytes, and leukocytes,
resulting in a better supplementation with 40 g CALSPORIN® kg ration−1. This may be
related to the higher amount of B. subtilis in contact with the intestinal lumen and enterocytes,
causing the secretion of antibacterial factors and a consequent innate response.

Pereira et al. (2016) found an increase in circulating thrombocytes in animals supplemented
with theW. ciberia probiotic strain (1 × 108 CFU L– 1) when compared to animals not receiving
supplementation. The authors report that the different results may be related to the experi-
mental period, fish species, and type of bacteria used in the studies. Likewise, the authors of
this study share this reasoning. Each experimental situation has intrinsic characteristics. Thus,
it is possible that similar experimental situations may show different results or different
experimental designs may have similar results.

Thrombocytes, as well as other leukocyte lineages, play an important role in the defense
mechanism of fish, being responsible for coagulation, and inflammatory response, as well as
having phagocytic activity during infections (Kiron 2012; Zachary et al. 2018). The increase in
leukocyte amounts observed in the present study indicates a possible improvement in animal
defense mechanisms due to the higher concentration of these defense cells circulating in the
blood. There is a strong indication of increased innate immunity of the fish, indicating that
these animals were better prepared for eventual confrontation with pathogenic
microorganisms.

The gut is an organ involved in important physiological functions and the main site of food
digestion and nutrient absorption (Kiron 2012; Kuebutornye et al. 2019). Therefore, the
increase in villi height and width observed in the present study can be understood as the
improvement in intestinal mucosa integrity. This condition may possibly allow better devel-
opment of the animal and favor the digestion of food and absorption of nutrients. Dietary
probiotics may induce an increase in villus epithelium thickness, which may suggest

Table 4 Histomorphometric parameters (mean ± standard error) of the midgut portion of surubins
Pseudoplatystoma sp. after 10 days of feeding with probiotic Bacillus subtillis

Intestine
morphometry

Treatments (g kg feed−1)

0 10 20 30 40

Villi height (μm) 334.91 ± 7.36ab 343.08 ± 4.37a 339.94 ± 7.65ab 334.43 ± 9.09ab 325.72 ± 9.08b

Villi width (μm) 135.79 ± 98ab 181.19 ± 91.2ab 74.53 ± 9.91b 204.06 ± 80.67a 158.81 ± 97.57ab

Different letters indicate significant differences between the groups (p < 0.05)
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hypertrophy as a positive response to stimulation (Carvalho et al. 2011; Galagarza et al. 2018;
Kuebutornye et al. 2019)

Beneficial changes in intestinal morphometry of fish when fed diets supplemented with
probiotics, as observed in the present study, are strong indications that it can be inferred that
interactions between intestinal microflora and intestinal morphology, together with the immune
system, and the absorption of nutrients can positively influence fish health and performance
(Sweetman et al. 2008; Merrifield et al. 2010; Mouriño et al. 2012; Galagarza et al. 2018;
Brum et al. 2018; Owatari et al. 2019; Jesus et al. 2019).

Conclusion

The B. subtilis C-3102-containing probiotic administered at different doses for 10 days
provided zootechnical benefits and was enough to cause an immunomodulatory effect,
influencing the hematological parameters in the animals, which increased the defense blood
cells as the inclusion of the probiotic was increased in the feed. In addition, it was found that
supplementation significantly interfered with villi height and width, possibly improving
nutrient absorption. Thus, we indicate that the CALSPORIN® probiotic product can be used
in strategic periods, where predictable epidemic events may occur in Pseudoplatystoma
farming.

Acknowledgments The authors thank the National Council for Scientific Development (CNPq) for their
financial support to the project entitled Probiotic and immunostimulant in the production of surubim, Proc.
No. 552395/2011-0.

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict of interest.

Ethical approval All applicable international, national, and/or institutional guidelines for the care and use of
animals were followed.

References

Aly SM, Ahmed YAG, Ghareeb AAA, Mohamed MF (2008) Studies on Bacillus subtilis and Lactobacillus
acidophilus, as potential probiotics, on the immune response and resistance of Tilapia nilotica (Oreochromis
niloticus) to challenge infections. Fish Shellfish Immunol. 25(1–2):128–136

Azarin H, Aramli MS, Imanpour MR, Rajabpour M (2015) Effect of a probiotic containing Bacillus licheniformis
and Bacillus subtilis and ferroin solution on growth performance, body composition and haematological
parameters in Kutum (Rutilus frisii kutum) fry. Probiotics and Antimicrob Proteins 7(1):31–37

Barros MM, Ranzani-Paiva MJT, Pezzato LE, Falcon DR, Guimarães IG (2009) Haematological response and
growth performance of Nile tilapia (Oreochromis niloticus L.) fed diets containing folic acid. Aquac Res
40(8):895–903

Brum A, Cardoso L, Chagas EC, Chaves FCM, Mouriño JLP, Martins ML (2018) Histological changes in Nile
tilapia fed essential oils of clove basil and ginger after challenge with Streptococcus agalactiae. Aquaculture
490:98–107

Campos JL (2005) O cultivo do pintado. In: Baldisserotto B, Gomes LC (eds) Espécies nativas para piscicultura
no Brasil. Ed. UFSM, Santa Maria, pp 327–342

Aquaculture International (2020) 28:1183–11931190



Carvalho JVD, Lira ADD, Costa DSP, Moreira ELT, Pinto LFB, Abreu RD, Albinati RCB (2011) Desempenho
zootécnico e morfometria intestinal de alevinos de tilápia-do-Nilo alimentados com Bacillus subtilis ou
mananoligossacarídeo. Rev Bras Saúde Prod Anim 12(1)

Castro JC (2003) In: Ferreira CM, Ranzani-Paiva MJT, Teixeira PC, França FM, Dias DCI (eds) Uso de aditivos
e probióticos em rações animais. Bol. Inst. Pesca, São Paulo, pp 12–18

Collier HB (1944) The standardizations of blood haemoglobin determinations. Can Med Assoc J 50:550–552
Desriac F, Defer D, Bourgougnon N, Brillet B, Le Chevalier P, Fleury Y (2010) Bacteriocin as weapons in the

marine animal-associated bacteria warfare: inventory and potential applications as an aquaculture probiotic.
Mar Drugs 8(4):1153–1177

Di J, Chu Z, Zhang S, Huang J, Du H, Wei Q (2019) Evaluation of the potential probiotic Bacillus subtilis
isolated from two ancient sturgeons on growth performance, serum immunity and disease resistance of
Acipenser dabryanus. Fish Shellfish Immunol

Dias DC, Leonardo AFG, Tachibana L, Correa CF, Bordon ICAC, Romagosa E, Ranzani-Paiva MJT (2012)
Effect of incorporating probiotics into the diet of matrinxã (Brycon amazonicus) breeders. J Appl Ichthyol
28(1):40–45

El-Haroun ER, Goda AS, Kabir Chowdhury MA (2006) Effect of dietary probiotic Biogen® supplementation as
a growth promoter on growth performance and feed utilization of Nile tilapia Oreochromis niloticus (L.).
Aquac Res 37(14):1473–1480

Galagarza OA, Smith SA, Drahos DJ, Eifert JD, Williams RC, Kuhn DD (2018) Modulation of innate immunity
in Nile tilapia (Oreochromis niloticus) by dietary supplementation of Bacillus subtilis endospores. Fish
Shellfish Immunol. 83:171–179

Gatesoupe FJ (1999) The use of probiotics in aquaculture. Aquaculture 180:147–165
Goldenfarb PB, Bowyer FP, Hall E, Brosious E (1971) Reproducibility in the hematology laboratory: the

microhematocrit determination. Am J Clin Pathol 56(1):35–39
Harikrishnan R, Balasundaram C, Heo M (2010) Supplementation diet containing probiotics, herbal and

azadirachtin on hematological and biochemical changes inCirrhina mrigala against Aphanomyces invadans.
Fish Aquac J 4:1–11

Hassaan MS, Soltan MA, Mohammady EY, Elashry MA, El-Haroun ER, Davies SJ (2018) Growth and
physiological responses of Nile tilapia, Oreochromis niloticus fed dietary fermented sunflower meal
inoculated with Saccharomyces cerevisiae and Bacillus subtilis. Aquaculture 495:592–601

Hong HA, Duc LH, Cutting SM (2005) The use of bacterial spore formers as probiotics. FEMS Microbiol Rev
29(4):813–835

IBGE (2016) Produção da Pecuária Municipal. Instituto Brasileiro de Geografia e Estatística, Rio de Janeiro, pp
1–49

Inoue L, Hisano H, Ishikawa M, Rotta M, Senhorini J (2009) Princípios básicos para produção de alevinos de
surubins (Pintado e Cachara). Embrapa Pantanal-Documentos (INFOTECA-E)

Jesus GF, Pereira SA, Owatari MS, Addam K, Silva BC, Sterzelecki FC, Martins ML (2019) Use of protected
forms of sodium butyrate benefit the development and intestinal health of Nile tilapia during the sexual
reversion period. Aquaculture 504:326–333

Kiron V (2012) Fish immune system and its nutritional modulation for preventive health care. Anim Feed Sci
Technol 173(1–2):111–133

Korenblum E, von Der Weid I, Santos ALS, Rosado L, Sebastián GV, Coutinho CMLM, Seldin L (2005)
Production of antimicrobial substances by Bacillus subtilis LFE-1, B. firmus H2O-1 and B. licheniformis T6-
5 isolated from an oil reservoir in Brazil. J Appl Microbiol 98(3):667–675

Kuebutornye FK, Abarike ED, Lu Y (2019) A review on the application of Bacillus as probiotics in aquaculture.
Fish Shellfish Immunol

Kumar R, Mukherjee SC, Ranjan R, Nayak SK (2008) Enhanced innate immune parameters in Labeo rohita
(ham.) following oral administration of Bacillus subtilis. Fish Shellfish Immunol. 24(2):168–172

Merrifield DL, Dimitroglou A, Bradley G, Baker RTM, Davies SJ (2010) Probiotic applications for rainbow trout
(Oncorhynchus mykiss Walbaum) I. effects on growth performance, feed utilization, intestinal microbiota
and related health criteria. Aquac Nutr 16(5):504–510

Mouriño JLP, Do Nascimento Vieira F, Jatoba AB, Da Silva BC, Jesus GFA, Seiffert WQ, Martins ML (2012)
Effect of dietary supplementation of inulin and W. cibaria on haemato-immunological parameters of hybrid
Surubim (Pseudoplatystoma sp). Aquac Nutr 18(1):73–80

Nakandakare IB, Iwashita MKP, Danielle de Carla DIAS, Tachibana L, Ranzani-Paiva MJT, Romagosa E (2018)
Incorporação de probióticos na dieta para juvenis de tilapias-do-nilo: parâmetros hematológicos,
imunológicos e microbiológicos. Bol Inst Pesca 39(2):121–135

Ninawe AS, Selvin J (2009) Probiotics in shrimp aquaculture: avenues and challenges. Crit Rev Microbiol 35(1):
43–66

Aquaculture International (2020) 28:1183–1193 1191



Owatari MS, Jesus GFA, Cardoso L, Ferreira TH, Ferrarezi JVS, de Pádua PU, Martins ML, Mouriño JLP (2019)
Different via to apply the Gamaxine® commercial biopromoter to Nile tilapia evaluating the immune system
responses to Streptococcus agalactiae Ib. Aquaculture 503:254–266

Panigrahi A, Kiron V, Puangkaew J, Kobayashi T, Satoh S, Sugita H (2005) The viability of probiotic bacteria as
a factor influencing the immune response in rainbow trout Oncorhynchus mykiss. Aquaculture 243(1–4):
241–254

Panigrahi A, Kiron V, Satoh S, Hirono I, Kobayashi T, Sugita H, Puangkaew J, Aoki T (2007) Immune
modulation and expression of cytokine genes in rainbow trout Oncorhynchus mykiss upon probiotic feeding.
Dev Comp Immunol 31(4):372–382

Panigrahi A, Kiron V, Satoh S, Watanabe T (2010) Probiotic bacteria Lactobacillus rhamnosus influences the
blood profile in rainbow trout Oncorhynchus mykiss (Walbaum). Fish Physiol Biochem 36(4):969–977

Pereira GDV, Jesus GFA, Vieira FDN, Pereira SA, Ushizima TT, Mouriño JLP, Martins ML (2016) Probiotic
supplementation in diet and vaccination of hybrid Surubim (Pseudoplatystoma reticulatum♀ x
P. corruscans♂). Ciência Rural 46(2):348–353

Pereira SA, Jerônimo GT, da Costa MN, de Oliveira HM, Owatari MS, Jesus GFA, Mouriño JLP (2017)
Autochthonous probiotic Lactobacillus sp. in the diet of bullfrog tadpoles Lithobates catesbeianus improves
weight gain, feed conversion and gut microbiota. Aquac Nutr 23(5):910–916

Pincinato RBM, Asche F (2016) The development of Brazilian aquaculture: introduced and native species.
Aquac Econ Manag 20(3):312–323

Raida MK, Larsen JL, Nielsen ME, Buchmann K (2003) Enhanced resistance of rainbow trout, Oncorhynchus
mykiss (Walbaum), against Yersinia ruckeri challenge following oral administration of Bacillus subtilis and
B. licheniformis (BioPlus2B). J Fish Dis 26(8):495–498

Sweetman J, Dimitroglou A, Davies S, Torrecillas S (2008) Nutrient uptake: gut morphology a key to efficient
nutrition. Int AquaFeed 11:27–30

Tavares GC, de Queiroz GA, Assis GBN, Leibowitz MP, Teixeira JP, Figueiredo HCP, Leal CAG (2018) Disease
outbreaks in farmed Amazon catfish (Leiarius marmoratus x Pseudoplatystoma corruscans) caused by
Streptococcus agalactiae, S. iniae, and S. dysgalactiae. Aquaculture 495:384–392

Tavares-Dias M, de MORAES FR (2003) Características hematológicas da Tilapia rendalli Boulenger, 1896
(Osteichthyes: Cichlidae) capturada em" Pesque-Pague" de Franca, São Paulo, Brasil. Biosci J 19(1)

Tavares-Dias M, Martins ML (2017) An overall estimation of losses caused by diseases in the Brazilian fish
farms. J Parasit Dis 41(4):913–918

Wintrobe MM (1934) Variations in the size and hemoglobin content of erythrocytes in the blood of various
vertebrates. Folia Haematol 51(32):32–49

Zachary JF, McGavin D, McGavin MD (2018) Bases da patologia em veterinária. Elsevier, Brasil
Zaineldin AI, Hegazi S, Koshio S, Ishikawa M, Bakr A, El-Keredy AM, Yukun Z (2018) Bacillus subtilis as

probiotic candidate for red sea bream: growth performance, oxidative status, and immune response traits.
Fish Shellfish Immunol 79:303–312

Zhou S, Song D, Zhou X, Mao X, Zhou X, Wang S, Qin Q (2019) Characterization of Bacillus subtilis from
gastrointestinal tract of hybrid Hulong grouper (Epinephelus fuscoguttatus × E. lanceolatus) and its effects
as probiotic additives. Fish Shellfish Immunol 84:1115–1124

Zokaeifar H, Balcázar JL, Saad CR, Kamarudin MS, Sijam K, Arshad A, Nejat N (2012) Effects of Bacillus
subtilis on the growth performance, digestive enzymes, immune gene expression and disease resistance of
white shrimp, Litopenaeus vannamei. Fish Shellfish Immunol 33(4):683–689

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Aquaculture International (2020) 28:1183–11931192



Affiliations

Pamela Thainara do Nascimento Veiga1 &Marco Shizuo Owatari2 & André Luiz Nunes3 &

Robson Andrade Rodrigues1 & Rodrigo Y. Dichoff Kasai4 & Carlos Eurico Fernandes3 &

Cristiane Meldau de Campos1,3

1 Postgraduate Program in Zootechnics of State University of Mato Grosso do Sul (UEMS), Rodovia
Aquidauana-UEMS, km 12 Zona Rural, Aquidauana, MS CEP:79.200-000, Brazil

2 AQUOS-Aquatic Organisms Health Laboratory, Federal University of Santa Catarina (UFSC), Servidão
Caminho do Porto SN, Florianópolis, SC CEP 88034-257, Brazil

3 Postgraduate Program in Animal Science of Federal University of Mato Grosso do Sul (UFMS), Cidade
Universitária, Av. Costa e Silva - Pioneiros, Campo Grande, MS CEP 79070-900, Brazil

4 Piraí Fish Farming, Terenos, MS CEP 79190-000, Brazil

Aquaculture International (2020) 28:1183–1193 1193


	Short...
	Abstract
	Introduction
	Material and methods
	Results
	Discussion
	Conclusion
	References




