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A B S T R A C T

The present study evaluated the effect of pure and protected sodium butyrate with palm oil and buffered solution
supplemented in the diet of Nile tilapia Oreochromis niloticus on the performance parameters, hematological
parameters and disease resistance during sexual reversion. Initially, the minimum inhibitory concentration
(MIC) of sodium butyrate (Na-butyrate) against Aeromonas hydrophila or Streptococcus agalactiae under three
different pH to determine the concentration of inclusion of Na-butyrate in the diet were analyzed. After that a
total of 3150 newly hatched post-larvae were distributed in 21 tanks with 100 L of capacity on six treatments and
one control, in triplicate: fish fed unsupplemented diet (control); fish fed Na-butyrate supplemented diet (Pure
0.25% and Pure 0.5%); fish fed Na-butyrate coated with palm oil (Oil 0.25% and Oil 0.5%) and fish fed Na-butyrate
coated with buffered solution (Buffer 0.25% and Buffer 0.5%). After 28 days of feeding, zootechnical parameters,
hematological parameters and resistance against A. hydrophila were verified. The MIC results showed that Na-
butyrate had a better inhibitory effect in vitro at pH 6 and 6.6 than at pH 7, regardless of the microorganism. The
addition of Na-butyrate at different concentrations and forms did not influence the sexual reversal process of
tilapia. Yield and biomass gain showed an increment in fish fed Buffer 0.5% and Oil 0.5%. Moreover, fish fed Oil
0.5% had a better feed conversion ratio than the other groups. An increase in the red blood cells (RBC) and
monocytes were observed in fish fed Buffer 0.5% and Oil 0.25% when compared to control group, while those fed
Pure 0.25% and Oil 0.5% showed the lowest monocytes number when compared to Buffer0.5% and Oil0.25%. After
challenge by immersion in A. hydrophila solution, no difference was found among the treatments for 14 days of
observation, except for the nonchallenged fish that showed no mortality ensuring the effectiveness of the ex-
perimental infection. The use of coated Na-butyrate either in buffer or oil showed to be feasible to improve the
zootechnical parameters of Nile tilapia during the sexual reversion period.

1. Introduction

The use of salts of organic acids is a preventive alternative in the
maintenance of the health of cultured fish, because of its actions in the
gastrointestinal tract, inhibiting the growth of pathogenic bacteria,
mainly Gram-negative, aiding in the digestion and absorption of nu-
trients, besides exerting beneficial effects on animal performance
(Hossain et al., 2007; Defoirdt et al., 2009).

In tilapia farming, one of the main ways to disseminate diseases
through crops is the insertion of fish carrying pathogens, often with no

clinical signs. After sexual reversion phase that consists in one of the
most critical stages in tilapia production cycle, the fingerlings are
marketed to different production units and can spread the pathogens to
different regions. Therefore, the use of tools to improve the nutritional
quality and animal health during sexual reversion is fundamental for
sustainable aquaculture and productive chain.

In aquaculture, studies using organic acids or their salts in aquatic
animals are recent (Silva et al., 2013, 2016). According to Ng and Koh
(2017) the most investigated organic acids in aquaculture is citric acid
and its salts and formic acid and its salts.
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Organic acids can act in the gastrointestinal tract by inhibiting the
growth of pathogenic bacteria, especially Gram-negative bacteria; aid
in the digestibility and absorption of nutrients and present positive
effects on the fish growth performance (Hossain et al., 2007; Defoirdt
et al., 2009).

Organic acids may act by different ways such as: when not dis-
sociated they are lipophilic and may diffuse passively through the
bacterial cell wall. In the cytosol they can dissociate at a pH higher than
the dissociation constant (pKa) and promote the decrease of internal
pH. The reduction of pH leads to the production of H+ protons, which is
incompatible with the osmotic maintenance in the bacterial cell mem-
brane, as they do not tolerate a significant pH gradient (Booth and
Stratford, 2003). In this way, the protons are pumped out of the bac-
teria by the action of the ATPase pump, consuming energy and com-
pletely depleting the bacteria. In addition, the nucleic acid synthesis is
interrupted, therefore blocking the enzymatic reactions and altering the
transport through the membrane, which can culminate in bacterial
death (Chiquieri et al., 2009).

A Study with 0.2% potassium diformate (KDF) dietary supple-
mentation for red hybrid tilapia Oreochromis sp. showed significant
decrease in the mortality rate after challenge with Streptococcus aga-
lactiae going from 58.3% to 16.6% (Ng et al., 2009). Another study
using supplementation of a commercial product with organic acid
mixture (Acilux) at concentrations of 0.1% to 0.4% for Nile tilapia
Oreochromis niloticus found increased growth and resistance to disease
after challenge with Vibrio anguillarium (Sherif and Doaa, 2013). Im-
proved carcass yield and fish health have also been reported by Reda
et al. (2016) in Nile tilapia fed supplemented diet with a mixture of
formic acid, propionic acid and calcium propionate at concentrations of
0.1% and 0.2%.

Among the organic salts used in animal production, butyrate has
been emphasized due to its positive effects on the gastrointestinal tract
of animals (Guilloteau et al., 2010). The butyric acid is a short chain
fatty acid, which becomes sodium butyrate (Na-butyrate) by being
chelated to the sodium mineral (Na+ 2) having the molecular formula
presented as C4H7O2Na. The salt is often used instead butyric acid,
because it presents higher stability and less intense odor. This salt can
be used on its free form, without any protection or coated by micro-
encapsulation through the use of oils or buffer solutions (Piva et al.,
2007).

Butyrate can be chemically obtained by the fermentation of bene-
ficial bacteria in the intestinal tract. Kihara and Sakata (1997, 2001)
demonstrated that butyrate is produced indirectly by the intestinal
microbiota of fish that has been studied as an alternative way to provide
defense against pathogenic bacteria. However, oral supplementation
with this additive without prior protection may lead to losses on its
effectiveness in the intestinal tract. Liu et al. (2014) observed that oral
supplementation with microencapsulated sodium butyrate for two
weeks in common carp Cyprinus carpio was able to improve the immune
status and intestinal condition. Lim et al. (2015) presented a series of
studies that have demonstrated positive effects with organic acids or
salts supplementation in the diet of fish leading to improved growth
rate, feed efficiency and resistance to diseases, however there are stu-
dies that do not show similar results (Gislason et al., 1996; Bjerkeng
et al., 1999). The results are frequently inconsistent and the responses
are highly variable that may be caused by a number of factors, such as
the animal's life stage, the source of the salt or organic acid, the food
habit of the species, the concentration of organic acid used in the diet,
protection form, interaction between the mix of organic salts, as well as
the fish health status (Ng and Koh, 2011; Lim et al., 2015).

For the use of salts and organic acids in fish diets there is a need for
adaptations, since there are essential anatomical and physiological
differences in the digestive system of aquatic animals when compared
to terrestrials. Aspects related to intestinal tract length of the target
species, time of feed passage along the intestinal tract, the ability of the
acid/organic salt to resist the action of hydrochloric acid in the stomach

should be considered.
In order to achieve greater efficiency of the organic acids/salts,

some of these products have been coated with derivatives from vege-
table oils, which allow the protection and release of their active prin-
ciple only in the intestines of farmed animals. Microencapsulation can
ensure that the undissociated organic acid are absorbed throughout the
intestinal tract, otherwise would probably be totally absorbed in the
small intestine region (Piva et al., 1997). In addition, in aquaculture
these coatings help to protect against the leaching of organic acids or
salts in the water (Silva et al., 2016).

As an example, the commercial product CM3000® enables the use of
its active principle (Na-butyrate) at the desired site of action, because
the active principle is encapsulated with a double coating of palm oil,
according to the manufacturer. In the commercial product Butirex C4
Na-butyrate is chemically and physically protected by buffering salts,
preventing it from dissolving and disintegrating in the initial part of the
digestive system.

According to the topic, the lack of studies using organic salts during
the sexual reversion phase, the present study aimed to verify the effect
of Na-butyrate in a protected and unprotected forms under two dif-
ferent concentrations (0.25% or 0.5%) on the growth performance,
hematological parameters and resistance to Aeromonas hydrophila in
Nile tilapia, during the sexual reversion.

2. Material and methods

Initially, the isolation of bacteria pathogenic to Nile tilapia was
carried out for use in an experimental challenge. To determine the right
pathogenic strain to be used in the experimental challenge, an in vivo
pathogenicity assay was performed. An in vitro assay was realized to
determine the inclusion concentration of Na-butyrate in the diets used
in the in vivo test, minimum inhibitory concentration (MIC) test, which
was able to indicate the concentrations that sodium butyrate has an
antimicrobial effect against pathogenic bacteria to Nile tilapia. After
determining the ideal concentrations, an assay with Nile tilapia fin-
gerlings was performed to verify the effect of pure sodium butyrate and
of two inclusion concentrations in the diet, which were protected with
palm oil and with buffer solution.

2.1. In vitro analysis

2.1.1. Isolation of Aeromonas hydrophila
Prior to the experimental infection, the pathogenic A. hydrophila

strain (FF1) was isolated from a mortality outbreak in a commercial
cultivation of O. niloticus in the year 2016 at a farm in the north of the
state of Santa Catarina - Brazil. A total of eight moribund Nile tilapia,
weighing approximately 400 g, were collected for subsequent isolation
of the bacteria. The animals had clinical signs such as: dark skin; erratic
swimming; lethargy; hemorrhages in the caudal fin and ascites. Liver,
kidney and spleen were aseptically removed, macerated, seeded in
brain-heart-infusion broth (BHI) culture medium (Himedia, Mumbai,
India) and incubated at 26 °C (pond temperature at collection) for 24 h.
After growth in BHI, cultures were plated on tryptone soya agar (TSA)
(Himedia, Mumbai, India) supplemented with 5% sheep blood to isolate
haemolytic bacteria, and incubated at 26 °C for 24 h. After growth in
blood TSA, the strains were selected for each origin (each organ from
each fish) that showed different colonies and different morphologies
and Gram staining. Individual colonies were isolated from the plates to
compose pure cultures. At the end of the process four bacterial strains
(FF1, FR1, FR2 and FB4) were selected, which showed total hemolysis
in the blood TSA plates. These microorganisms were sent to AQUACEN/
RENAQUA Laboratory, Federal University of Minas Gerais, for mole-
cular identification.

Identifcation of Aeromonas hydrophila by matrix assisted laser deso-
rption ionization-time of flight mass spectrometry and phenotypic char-
acteristics.
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All isolates were thawed and streaked onto TSA and incubated at
26 °C for 24 h. A fresh single colony of each bacterial strain was spotted
using a toothpick into a target steel plate. For each strain, 1 μL of formic
acid (70%) and 1 μL of MALDI-TOF MS matrix, a saturated solution of
α-cyano-4-hydroxycinnamic acid (HCCA) (Bruker Daltonics, Bremen,
Germany) were applied on top of the spot and allowed to air dry.
Spectra were acquired using FlexControl MicroFlex LT mass spectro-
meter (Bruker Daltonics) with a 60-Hz nitrogen laser, in which up to
240 laser shots are fired in spiral movement to collect 40 shots steps for
each strain spot. Furthermore, parameters for mass range detection
were defined to allow identification from 1960 to 20,137m/z, Ion
source 1 voltage was 19.99 kv, Ion source 2 voltage was 18.24 kv and
lens voltage was 6.0 kv were used for data acquisition. Prior to mea-
surements, calibration was preceded with a bacterial test standard (E.
coli DH5 alpha; Bruker Daltonics). The Real-Time identification score
criteria used were those recommended by the manufacturer: score
≥2.000 indicating species-level identification, score ≥1.700 and<
2.000 indicating genus-level identification, and score< 1.700 in-
dicating no reliable identification.

Bacteria phenotypic characterization was made using the API
identication kit 20E (BioMerieux, Marcy l'Etoile, France), and bio-
chemical tests such as esculin hydrolysis, gas production due to glucose
fermentation, were carried out according to the Aerokey II identication
key to differentiate aeromonas species (Carnahan et al., 1991).

2.1.2. Pathogenic assay
The pathogenicity test was carried out to select one among four

isolated strains with the highest pathogenicity to use in the experi-
mental challenge. A total of 80 tilapia of approximately 1 g were dis-
tributed in ten experimental units (10L), with constant aeration
(5.63 ± 0.94mg L−1), heating (28.4 ± 0.7 °C) and then challenged
via immersion bath in duplicate. Thus, the animals were immersed and
kept in boxes of 10 L containing water inoculated with the respective
strains in the final concentration of 1×108 CFUmL−1. The inoculum
was prepared as follows: first the strains were cultured in BHI at 26 °C
for 24 h. Subsequently they were centrifuged at 4000 G at 4 °C for
30min and resuspended in phosphate buffered solution (PBS - 0.04M
monobasic sodium phosphate and 0.16M dibasic sodium phosphate at
pH 7.2). The control group was maintained in water containing only
sterile PBS. Mortality was verified every 6 h, during 96 h, being selected
the strain that caused higher mortality in less time.

2.1.3. Feed and intestinal pH analysis
In order to verify the ideal pH values for the in vitroMIC pre-test, the

pH of the control diet and intestinal tract of Nile tilapia fingerlings were
measured. The pH of the diet was measured in triplicate according to
the methodology described by Baruah et al. (2005). The intestinal pH of
the fingerlings was measured according to Elala and Ragaa (2015),
where 2 h after feeding with the diet without supplementation (con-
trol), 45 animals with a mean weight of 0.68 ± 0.029 g were eu-
thanized and their intestinal tracts were removed. Samples of 0.25 g of
intestinal tract were homogenized for 30 s with 2.25mL of distilled
water for determination of pH, in triplicate.

2.1.4. Minimal inhibitory concentration (MIC)
To evaluate the antimicrobial concentration of Na-butyrate in its

unprotected form, the minimum inhibitory concentration at different
pHs was determined to verify the minimum concentration capable of
totally inhibiting the growth of two pathogenic bacteria for Nile tilapia:
Aeromonas hydrophila (FF1) and Streptococcus agalactiae (AQP/049),
being the first a Gram-negative pathogenic bacterium and the second a
Gram-positive that is the major cause of mortality in tilapicultura, be-
sides being a lactic acid producer bacteria (Kling et al., 2009).

To set the MIC, Na-butyrate (Sigma-Aldrich, MO-USA) was diluted
in 1% peptone (PB) broth, in a final concentration of 8%, being a so-
lution calibrated in pH 6, one in pH 6.6 and another in pH 7, which are

desired values for the assay according to the results obtained in the pH
analyzes of the diet and intestinal tract. The bacteria were cultured in
Brain and Heart Infusion (BHI) broth and incubated for 24 h at 30 °C.
For the MIC, 100 μL PB was added to each well of the flat bottom 96-
well microplate and 100 μL of sodium butyrate at the initial con-
centration of 8% in the first well of the line. Subsequently, a serial di-
lution in factor 2 was performed until the 12th well. Finally, 20 μL of
the bacterium suspensions prepared at the concentration of 1× 105

CFU mL−1 were inoculated in all respective wells and incubated at
30 °C for 24 h in an incubator with orbital shaking. The minimum in-
hibitory concentration was determined, in triplicate, as the last dilution
of the organic salt where total inhibition occurred.

2.2. Experimental diets

For the in vivo assay, the isoproteic and isoenergetic experimental
diets were prepared based on the nutritional requirements of
Oreochromis sp. juveniles following NRC (2011) and Furuya (2010).

Seven diets were prepared: without supplementation (control);
supplemented with sodium butyrate 99% (Sigma-Aldrich, MO, USA) at
concentrations of 0.25% (Pure 0.25%) or 0.5% (Pure 0.5%); with com-
mercial product CM3000® 30% (VETANCO, Argentina) at concentra-
tions of 0.25% (Oil 0.25%) or 0.5% (Oil 0.5%) and commercial product
Butirex C4® 54% (Novation, Spain) at concentrations of 0.25% (Buffer
0.25%) or 0.5% (Buffer 0.5%). The addition of the organic salts in the
experimental diets replaced Cellulose. All butyrate inclusions were
performed based on the amount of active ingredients in the different
products.

After diet preparation, the fish received 60mg of methyl-testos-
terone kg−1 of feed to induce the masculinization of the animals (Ng
and Romano, 2013). The hormone was incorporated into the feed by
mixing it with 400mL of alcohol (96° GL) kg −1 of prepared diet. The
wet diet was placed on trays for 24 h in a well-ventilated room sheltered
from the sun to allow the complete evaporation of the alcohol.

The proximate analysis of the seven diets were performed by the fish
nutrition laboratory of the Federal University of Santa Catarina
(LabNutri/UFSC), which included moisture, crude protein, ether ex-
tract, ashes, and crude fiber, protein, moisture and ether extract were
analyzed following standard procedures of the Association of Official
Analytical Chemists (Association of Official Analytical Chemists
(AOAC), 1999) (Table 1). Carbohydrate analyzes were performed using
the RDC method, no. 360 (ANVISA, 2003).

2.3. Experimental design

The experiment was carried out at AQUOS-Aquatic Organisms
Health Laboratory, Aquaculture Department, Federal University of
Santa Catarina (UFSC). The post-larvae of Nile tilapia were obtained
from the Agricultural Research and Rural Extension Company of Santa
Catarina (Epagri). All animal procedures were approved by the Ethic
Committee on Animal Use (CEUA-6827181016).

After transportation, a total of 3150 post-larvae were randomly
distributed into 21 tanks with 80 L, totaling 150 animals per experi-
mental unit. These tanks were equipped with a recirculation aqua-
culture system composed by a decanter to remove solids, a mechanical
filter, aerobic filters and UV filter (Cubos-16W, São Paulo, Brazil),
heater at the central tank (1000W), air blower (1/4 HP), capable of
maintaining the parameters of water quality in ideas values for the
growth of the species. The photoperiod was 12 h.

Fish were acclimatized for two days in the experimental tanks while
feeding the control diet. After acclimatization, fish were considered
healthy, without deformities or erratic swimming, absent of clinical
signs characteristic of bacterial and fungal infections, besides pre-
senting good appetite and good acceptance of the feed.

After this period, the post-larvae of Nile tilapia with approximately
5 days after hatching, with size smaller than 13.0mm and an
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approximate mean weight of 0.0183 ± 0.0014 g, were submitted to
the different treatments, in addition to the control group, in triplicate,
being:

• Unsupplemented (control).

• Supplemented diet with 0.25% sodium butyrate (Pure 0.25%).

• Supplemented diet with 0.5% sodium butyrate (Pure 0.5%).

• Supplemented diet with 0.25% active principal of CM3000® (sodium
butyrate protected with palm oil) (Oil 0.25%).

• Supplemented diet with 0.5% active principal of the CM3000® (Oil
0.5%).

• Supplemented diet with 0.25% active principal of Butirex C4 (so-
dium butyrate with buffer solution) (Buffer 0.25%).

• Supplemented diet with 0.5% active principal of Butirex C4 (Buffer
0.5%).

Fish were fed experimental diets five times a day (8 a.m., 10 a.m.,
12 p.m. 2 p.m. and 5 p.m.) for 28 days, at an initial feeding rate of 20%,
which was adjusted weekly after performing biometrics (Rani and
Macintosh, 1997).

After 28 days of experiment, fish were fasted for 14 h and subse-
quently anesthetized in a solution of Eugenol (75mg L−1) and eu-
thanized by cerebral commotion for sample collection, in order to
evaluate the zootechnical and hematological parameters.

The water quality parameters were: dissolved oxygen
6.42 ± 0.87mg L−1 and temperature 28.05 ± 0.82 °C measured with
YSI-550A oximeter; total ammonia 0.32 ± 0.11mg L−1; nitrite
0.15 ± 0.12mg L−1 and pH 7.41 ± 0.29, measured with the Labcon
Test colorimetric kit.

2.4. Sexual reversion

Ten percent of the animals used in the experiment, totaling 15 an-
imals per tank (45 animals per treatment) were fasted for 14 h to empty
the gastrointestinal contents. Subsequently, the animals were eu-
thanized and fixed in 10% buffered formalin solution for 7 days. The
technique of sexing was determined by visualizing the gonads under an
optical microscope, where the gonads were removed and placed on a
glass slide. Subsequently, the slides received one drop of the aceto-

carmine dye (0.5 g of carmine in 100mL of 45% solution of glacial
acetic acid) for observation in light microscopy at 100 x magnification.

2.5. Zootechnical parameters

At the end of the experiment the following zootechnical parameters
were evaluated: biomass gain, weight gain, survival, feed conversion,
yield and protein efficiency ratio (PER), as described below.

a)

= −Biomass gain (g) [(Final biomass Initial biomass)]

b)

= ⎡
⎣⎢

⎤
⎦⎥

Weight gain (g)
(Biomass gain)

Total number of fish

c)

= ⎡
⎣⎢

− ⎤
⎦⎥

Survival (%)
(Initial Population Final Population)

Initial Population
x 100

d)

= ⎡
⎣⎢

⎤
⎦⎥

Feed conversion Offered feed
(Biomass gain)

e)

= ⎡
⎣⎢

⎤
⎦⎥

−Yield (kg m )
(Biomass gain)

Experimental unit volume
3

f)

= ⎡
⎣

⎤
⎦

PER
Gain in body mass

Protein intake

Table 1
Ingredients and proximate composition analysis of the experimental diets (g kg−1) supplemented or not with sodium butyrate, which were fed to Nile tilapia for
28 days.

Ingredients (%) Control Pure 0.25% Pure 0.5% Oil 0.25% Oil 0.5% Buffer 0.25% Buffer 0.5%

Flour residue of salmon (71% CP) 56.00 56.00 56.00 56.00 56.00 56.00 56.00
Corn 36.00 36.00 36.00 36.00 36.00 36.00 36.00
Soy oil 4.00 4.00 4.00 4.00 4.00 4.00 4.00
Premix micromineralsa 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Premix macromineralsb 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Cellulose 2.00 1.74 1.49 1.16 0.32 1.57 1.14
Sodium butyrate c 0.00 0.26 0.51 0.00 0.00 0.00 0.00
CM3000®d 0.00 0.00 0.00 0.84 1.68 0.00 0.00
Butirex C4®e 0.00 0.00 0.00 0.00 0.00 0.43 0.86
Energy (cal·kg−1) 4329 4329 4329 4329 4329 4329 4329
Crude protein 44.93 45.49 44.85 45.00 45.10 45.11 45.27
Ether extract 9.83 9.77 9.33 10.33 10.90 9.34 9.99
Carbohydrate 24.02 21.49 24.83 22.45 22.03 23.61 24.36
Ashes 11.28 11.10 11.52 11.40 11.38 11.38 12.06
Moisture 9.94 12.15 9.47 10.82 10.59 10.56 8.32

a Micromineral premix composition: Phosphorus 7,38 g kg−1; Copper 3500mg kg−1; Iodine 160mg kg−1; Iron 20,000mg kg−1; Manganese 10,000mg kg−1; Zinc
24,000mg kg−1; Selenium 100mg kg−1; Vitamin A 2400000 UI kg−1; Vitamin D 600000 UI kg−1; Vitamin E 30000 UI kg−1; Vitamin K 3000mg kg−1; Riboflavin
4500mg kg−1; Pantothenic Acid 1000mg kg−1; Niacin 2000mg kg−1; Vitamin B12 8000mg kg−1; Choline 100,000mg kg−1; Folic acid 1200mg kg−1; Biotin
200mg kg−1; Thiamine 4000mg kg−1; Vitamin B6 3500mg kg−1; Vitamin C 60000mg kg−1.

b Macromineral premix composition: Cálcium 70 g kg−1; Magnesium 4 g kg−1; Potassium 10,80 g kg−1; Sódium 5,07 g kg−1.
c Pure sodium butyrate 99% pure.
d CM3000® protected with 30% pure vegetable oil.
e Butirex C4® buffered with 54% purity.
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2.6. Hematological parameters

For the hematological analysis, five animals per experimental unit
were collected, totaling 15 individuals per treatment. Blood was ob-
tained by puncturing the caudal vessel with a 1.0 mL syringe with a
drop of 10% EDTA, to prepare the blood smear in duplicate stained
MayGrünwald-Giemsa-Wright, according to Ranzani-Paiva et al., 2013
and leukocyte (WBC) were determined by an indirect method (Ishikawa
et al., 2008). Another aliquot of collected blood (4 μL) was transferred
(1: 200 dilution) to Eppendorf tubes containing modified Dacie solution
according to Blaxhall and Daisley (1973), for the quantification of the
total number of red blood cells (RBC) with a Neubauer chamber.

2.7. Challenge test

After 28 days of experiment, the experimental challenge was per-
formed, where a total of 240 animals, 10 animals from each experi-
mental unit (30 animals per treatment) were distributed in 24 experi-
mental units (30L) coupled to a recirculation system containing aerobic
filters and filter UV, heater in the central tank (28.2 ± 0.5 °C) and air
blower (6.11 ± 1.02mg L−1), capable of maintaining water quality in
the optimum range for cultivation of the species.

The A. hydrophila strain (FF1) was grown in BHI culture medium
(Himedia, India) at 26 °C for 24 h. The culture was centrifuged at
1500 G 10min−1 and the supernatant discarded. The bacterial pre-
cipitate was resuspended in PBS. After 2 days of acclimation, the ani-
mals were anesthetized and immersed in an aquarium (10 L) for 30min,
with constant aeration (5.42 ± 0.67mg L−1), containing the bacterial
inoculum at the concentration of 1×107 CFUmL−1, a lighter con-
centration than that used in the pathogenicity to ensure lower mor-
tality, determined according to LD50 performed on a pre-test. The
bacterial concentration was adjusted using the growth curve (bacterial
concentration x absorbance) previously performed, according to Silva
et al. (2012). Subsequently, the animals were returned to the original
experimental units. Mucus of the skin between the eyes was scraped
and a scale of the dorsal region was removed, using a scalpel blade
before immersion. Negative control was composed, in triplicate, by
animals immersed in PBS solution and treated similarly (adapted de
Iregui et al., 2015).

Fish were monitored for 14 days after the experimental challenge
and the dead animals were removed from the experimental units every
8 h, where samples from the kidney, spleen and liver were collected for
reisolated strain and confirmation of infection. Throughout this period,
fish were fed with their respective experimental diet to apparent sa-
tiation twice a day. At the end of the challenge trial, the mean cumu-
lative mortality of each treatment was determined.

2.8. Statistical analysis

The data were submitted to the Levene test to verify

Homoscedasticity, followed by the Shapiro-Wilks test, to verify the
normality of the data. With heterogeneous variances, the data were
transformed into Log10. When the above premises were not reached,
the nonparametric Kruskal-Wallis test was performed. For the in vitro
analysis of MIC, a factorial variance analysis (3× 2) was used, while
for the other data, a one-way analysis of variance was performed. When
significant differences were found, the Tukey test was used to separate
the means. All tests were performed at a significance level of 5%.

3. Results

3.1. Identification of bacteria and phenotypic characterization

The four strains analyzed (FF1, FR1, FR2 e FB4) were identified as
Aeromonas hydrophila, and all of them with ID scores superior than
2.000. All strains were identified phenotypically as Aeromonas hydro-
phila with>99% confidence, through the fermentation of different
sugars characteristic of this species (Table 2).

3.2. Pathogenic assay

The strain Aeromonas hydrophila (FF1) presented greater patho-
genicity in the in vivo test, since it culminated in the total mortality of
the animals in 48 h (Fig. 1). Thus, it was the strain selected for the
experimental challenge.

3.3. Minimal inhibitory concentration (MIC)

It was verified that the pH factor influences the effectiveness of Na-
butyrate against the microorganisms tested, since there was no differ-
ence in the minimum inhibitory concentration of butyrate in relation to
the tested bacteria (Fig. 2). MIC analysis indicated that the efficiency of
sodium butyrate is better at pH 6 than at higher pHs, since that at pH 6

Table 2
Phenotypic characterization of strains isolated from mortality outbreaks of Nile tilapia in Joiville, Brazil.a

Cepa ONPG ADH LDC ODC CIT H2S URE TDA IND VP GEL GLU MAN INO SOR RHA SAC MEL AMY ARA OX ESC GLUg Identificação
bioquímica (%)

FF1 + + + − − − − − + + + + + − − + + − + + + + + A. hydrophila (99.7)
FR1 + + + − − − − − + + + + + − − + + − + + + + + A.hydrophila (99,7)
FR2 + + − − − − − − + + + + + − − + + − + + + + + A.hydrophila (99.7)
FB4 + + + − − − − − + + + + + − − + + − + + + + + A.hydrophila (99.7)

a ONPG: test for β-galactosidase enzyme by hydrolysis of the substrate o-nitrophenyl-b-D-galactopyranoside; ADH: decarboxylation of the amino acid arginine;
LDC: decarboxylations of the amino acid lysine; ODC: decarboxylations of the amino acid ornithine; CIT: utilization of citrate as only carbon source; H2S: production
of hydrogen sulfide; URE: test for the enzyme urease; TDA: detection of the enzyme tryptophan deaminase; IND: indole Test-production of indole from tryptophan;
VP: the Voges-Proskauer test for the detection of acetoin; GEL: test for the production of the enzyme gelatinase; GLU: fermentation of glucose; MAN: fermentation of
mannose; INO: fermentation of inositol; SOR: fermentation of sorbitol; RHA: fermentation of rhamnose; SAC: fermentation of sucrose; MEL: fermentation of meli-
biose; AMY: fermentation of amygdalin; ARA: fermentation of arabinose. OX: cytochrome oxidase; ESC: aesculin hydrolysis; GLUg: gas production.

Fig. 1. Total mortality (number of fish) over time of Nile tilapia Oreochromis
niloticus challenged at the pathogenicity assay with different bacteria for 96 h.
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the minimum inhibitory concentration was 0.33 ± 0.14% for A. hy-
drophila and 0.66 ± 0.28% for S. agalactiae, and at pH 6.6, an increase
in MIC was observed, where for A. hydrophila the concentration in-
creased to 0.66 ± 0.28% and that of S. agalactiae to 0.83 ± 0.28%.
And at pH 7.0 the lowest efficiency in the inhibition of pathogens was
observed in relation to the other pHs.

Based on these results the inclusion concentrations of the active
principle of sodium butyrate in the reference diets of 0.25 and 0.5%
were defined. The pH values of the diets and intestines were respec-
tively 6.1 ± 0.13 and 6.6 ± 0.15. Thus, according to the MIC, at these
pHs, sodium butyrate shows greater effectiveness in inhibiting patho-
gens. The concentration of 0.25%, in addition of being a close con-
centration to that indicated in the MIC of 0.33%, was also included in
the diet aiming a greater economic viability for the industry.

3.4. Sexual reversion

No females were found in the analyzes of sexual reversion. The in-
clusion of 60mg kg−1 of methyl-testosterone was efficient and the ad-
dition of Na-butyrate at different concentrations and forms did not in-
fluence the sexual reversal process of tilapia.

3.5. Zootechnical parameters

At the end of the feeding trial, both the treatment Buffer 0.5% and Oil
0.5% fish had an increase in final biomass and yield compared to the
control treatment. In addition, Oil 0.5% also showed the best feed con-
version and protein efficiency ratio in relation to the control treatment
(Table 3). There were no significant differences in weight gain and final
survival.

3.6. Hematological parameters

Fish fed with supplemented diets with Buffer 0.5% and Oil 0.25% for
28 days showed an increase in the RBC count when compared with the
control group and at circulating monocytes when compared with Pure
0.25% and Oil 0.5% (Table 4).

3.7. Experimental challenge

Cumulative mortality of Nile tilapia was monitored for 14 days after
experimental infection with A. hydrophila via immersion (Fig. 3). The
first mortalities were verified 24 h after the challenge. After the sixth
day (144 h) the stabilization of the mortality curve was verified. The
diseased animals showed clinical signs such as ulcers in the dermis,
erosion of the fins, erratic swimming, lethargy and loss of appetite.
There was no significant difference between the treatments during the
experimental challenge, except for the negative control, which did not
present any mortality during this period, being statistically different
from the other groups.

4. Discussion

Currently there is a great commercial interest in the use of organic
acids and salts in aquaculture, mainly aiming improvements in growth
and resistance to diseases. The ability of sodium butyrate to inhibit
pathogens has already been verified in previous studies, where Silva
et al. (2013) through the MIC test, observed antimicrobial activity of
Na-butyrate (pKa value of butyric acid= 4.82) against three species of
Vibrio (V. anguillarum, V. alginolyticus and V. harveyi) at different pHs
(6.2 and 7.1) obtaining in the lower pH the greater activity of inhibi-
tion. This result corroborates the present work and can be explained by
the fact that when the acid is in the undissociated form, it can diffuse
freely through the microorganisms membrane into the cytoplasm of the
cell. Once inside the bacterial cell, which has a pH close to seven, the
acid will dissociate and acidify the cytoplasm, suppressing enzymatic
reactions and nutrient transport systems. In addition, the process of
transporting the free proton from the cell requires energy, which will
contribute to reduce the availability of energy for proliferation, re-
sulting in bacteriostasis (Dibner and Buttin, 2002).

The antimicrobial activity of butyric acid has already been proven
by Nuez-Ortin et al. (2012) where it was evaluated the bactericidal
properties of butyric, propionic and valerianic acids against some of the
main pathogenic strains for fish and shrimps. The authors observed that
butyric acid presented higher inhibitory power, requiring a lower
concentration in relation to the other tested acids.

There is a lack of information on the efficiency of the use of organic
salts in protected or unprotected form, as well as the ideal concentra-
tions of inclusion in the diets of most type of fish species, with ex-
tremely different physiological and anatomical aspects. However, it is
known that Na-butyrate as a fat-soluble substance could be readily
absorbed and utilized as an energy source by the enteric epithelial cells
in the first portions of the intestine (Roediger, 1980). Thus, there are
restrictions on the use and expected effect of organic salt on fish, mainly

Fig. 2. Minimum inhibitory concentration of sodium butyrate at different pHs
against pathogens of Aeromonas hydrophila and Streptococus agalactiae. *.
*Different lowercase letters indicate significant difference among the pH
(pH 6.0, pH 6.6 and pH 7.0) and uppercase letters indicate difference between
the bacteria (A. hydrophila and S. agalactiae) (p < 0.05).

Table 3
Zootechnical parameters (mean ± standard deviation) of fingerlings of Nile tilapia Oreochomis niloticus fed seven different diets for 28 days.⁎

Control Pure 0.25% Pure 0.5% Oil 0.25% Oil 0.5% Buffer 0.25% Buffer 0.5% p-value

Biomass gain (g) 93.57 ± 1.99b 95.69 ± 1.74ab 96.34 ± 0.89ab 98.73 ± 2.74ab 100.26 ± 3.68a 96.93 ± 1.73ab 100.06 ± 2.57a 0.0097
Weight Gain (g) 0.69 ± 0.03 0.72 ± 0.03 0.72 ± 0.03 0.73 ± 0.03 0.76 ± 0.05 0.69 ± 0.02 0.72 ± 0.03 0.1960
Survival (%) 89.83 ± 6.28 88.66 ± 5.63 89.00 ± 5.63 90.67 ± 5.03 87.56 ± 4.28 93.78 ± 5.04 92.44 ± 2.34 0.6649
Feed conversion 0.85 ± 0.01a 0.84 ± 0.02ab 0.85 ± 0.02ab 0.82 ± 0.02ab 0.79 ± 0.03b 0.83 ± 0.01ab 0.80 ± 0.01ab 0.0229
Yield (Kg m−3) 1.17 ± 0.02b 1.2 ± 0.02ab 1.20 ± 0.02ab 1.23 ± 0.04ab 1.25 ± 0.04a 1.21 ± 0.02ab 1.25 ± 0.03a 0.0097
PER 2.94 ± 0,06b 2.98 ± 0.08ab 2,98 ± 0.03ab 3.04 ± 0.07ab 3.15 ± 0.15a 2.99 ± 0.04ab 3.11 ± 0.06ab 0.0213

PER=Protein efficiency ratio.
⁎ Different letters within a line indicate significant difference by Tukey test (p < 0.05).
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omnivores and herbivores due to their long intestinal tract when
compared to carnivores. The unprotected forms of sodium butyrate can
be rapidly absorbed initially in the stomach and terminated in the first
portions of the intestinal tract, so there is no control for the gradual
release of this salt and consequently not reaching the necessary anti-
microbial concentrations in the distal parts of the intestine (Yousaf
et al., 2017). In the present work, the fact that the fish fed Buffer 0.5%

and Oil 0.5% presented a higher final biomass and yield could be related
to the previously explained fact, where higher concentrations of in-
clusion of Na-butyrate in the different protected forms guaranteed a
gradual release of sodium butyrate throughout the intestine, possibly
providing antimicrobial effect, increased energy for the intestinal epi-
thelium and improvement the intestinal absorption surface. The fact
that the Oil 0.5% supplemented fish presented the best feed conversion
and protein efficiency ratio may be associated with the indices of
weight gain and survival, although they were subtly superior and did
not present a significant difference, they contributed to the reduction of
feed conversion, increase in the biomass and yield when compared to
other treatments, mainly to the treatment Buffer 0.5%.

Corroborating the present study, Robles et al. (2013) supplemented
gilt-head sea bream (Sparus aurata) with 0.21% sodium butyrate that
was protected with palm oil in the diet for 8 weeks, and verified an
improvement in feed conversion. In addition, contrary to the results
found in the present study, they verified a statistically significant in-
crease in weight gain and in the specific growth index. Moreover, the
authors verified that butyrate was a preferential energy substrate over
glucose. Furthermore, dietary butyrate was shown to spare the oxida-
tion of some amino acids and increased their bioavailability into ar-
terial circulation, resulting in enhanced absorption of certain essential
amino acids in the fish gut. Similarly, butyrate increased the con-
centration of some nucleotides in the gut of fish suggested that butyrate
may have a potent effect on the nucleotides uptake. Such effects may
also be related to the increase of zootechnical parameters related to the
action of sodium butyrate. (Ng and Koh, 2017).

Furthermore, it is known that supplementation of Na-butyrate on its
polymer form may also promote gradual absorption along the intestinal
tract. Situmorang et al. (2016) observed that feeding O. niloticus larvae
for 28 days with β-hydroxybutyrate (PHB) polymer at different

concentrations of 0.5, 2.5 and 5% presented that the best specific
growth rate was in the group supplemented with the lowest PHB con-
centration at 0.5%.

Short-chain fatty acids may also promote better absorption of mi-
nerals (calcium, magnesium and iron), which is very relevant for the
treatment and prevention of certain diseases such as anemia and human
osteoporosis (Teitelbaum and Walker, 2002); C. Lückstädt (2007). In
the present study, the increase in the total number of erythrocytes from
the groups Buffer 0.5% and Oil 0.25% could be related to the stimulation
in the production of hemoglobin and/or erythrocytes through the
benefits of iron metabolism and mineral absorption. Since, Silva et al.
(2008) pointed out that the increase in the RBC number is associated
with an increase in iron absorption as consequence of probiotic sup-
plementation or indirect effects of Na-butyrate.

Dietary supplementation of acids or salts of organic acids may
contribute to the innate or nonspecific immune response since they are
capable of altering the beneficial endogenous microbiota. As for ex-
ample, increasing the amount of beneficial bacteria, which are capable
of altering humoral responses and non-specific cellular immunity. Thus,
the increase in the monocytes count herein observed in fish fed Buffer
0.5% and Oil 0.25% could be associated to possible alterations in the
autochthonous microbiota such as the increase in the number of pro-
biotic bacteria or in the balance between beneficial and pathogenic
bacteria. Corroborating the raised assumptions, Elala and Ragaa (2015)
argued that increased concentration of lactic acid bacteria is capable of
enhancing humoral responses and non-specific cellular immunity.

Apart from being an energy source for enterocytes, butyrate also
influences a variety of cellular functions associated with intestinal
health such as mitigating mucosal inflammation and oxidative stress
and improving the intestinal epithelial barrier function (Hamer et al.
2008). The cells responsible for the inflammatory process can produce
large amounts of reactive oxygen species in the intestinal tract, causing
a number of intestinal cell damage. Leukocytes, especially neutrophils,
migrate to the inflammatory site and, upon arriving, release molecules
such as cytokines and reactive oxygen and nitrogen species (in-
flammatory mediators). These, in turn, signal the migration of other
blood cells to the site of infection and, thereby, increase inflammation.
Guilloteau et al. (2010) found that butyrate can modulate the in-
flammatory response, inhibiting the release of some of these molecules
and reducing the production of the inflammatory mediators, thus acting
to reduce inflammation and modulate oxidative stress. The authors
concluded that changes could reduce oxidant-damaging effects and
protect cells from cancerogenesis.

Monocytes are important immunological cells in innate defense, as
they promote nonspecific cytotoxic activities, phagocytosis and are
considered transient cells in the blood because during the inflammatory
process they migrate through connective tissue and become macro-
phages (Biller-Takahashi and Urbinati, 2014). The reduction in the
count of circulating monocytes in the group Oil 0.5% may be related to
the overstimulation of the intestinal epithelium thus promoting the
migration of these cells to this site, since the lower concentration of this
compound did not promote this decrease. Perhaps the concentration of
Oil 0.5% was unnecessary for the immune system, but not for the zoo-
technical parameters. The reduction in the monocyte count of the group

Table 4
Hematological parameters (mean+ standard deviation) of fingerlings of Nile tilapia fed with 7 different diets for 28 days.⁎

Control Pure 0.25% Pure 0.5% Oil 0.25% Oil 0.5% Buffer 0.25% Buffer 0.5% p-value

RBC (× 106 μL−1) 1.12 ± 2.9 b 1.01 ± 0.5 b 1.16 ± 2.8 b 1.70 ± 0.4 a 1.11 ± 0.9 b 1.39 ± 1.6 ab 1.73 ± 1.1 a 0.0010
Thrombocytes (× 103 μL−1) 4.7 ± 1.7 6.7 ± 1.9 5.5 ± 0.8 8.2 ± 2.3 5.4 ± 2.2 6.1 ± 2.8 8.7 ± 1.9 0.1914
WBC (× 103 μL−1) 43.9 ± 1.1 47.3 ± 3.7 55.6 ± 12.5 59.5 ± 8.3 45.2 ± 7.9 66.5 ± 3.7 57.2 ± 32.5 0.4303
Lymphocytes (× 103 μL−1) 24.7 ± 9.6 23.0 ± 2.7 31.6 ± 8.7 40.8 ± 0.7 34.5 ± 5.6 23.0 ± 8.3 31.6 ± 7.2 0.2680
Monocytes (× 103 μL−1) 22.9 ± 4.7 ab 17.1 ± 1.1 b 24.9 ± 7.9 ab 34.5 ± 5.6a 17.6 ± 2.8b 26.7 ± 1.6ab 32.9 ± 3.7 a 0.0006
Neutrophils (× 103 μL−1) 6.02 ± 6.0 7.7 ± 3.4 3.2 ± 0.81 6.0 ± 1.5 4.3 ± 0.04 7.8 ± 1.8 5.1 ± 2.7 0.0503

⁎ Different superscript letters within a line denote significant differences (P < 0.05). RBC: red blood cells; WBC: white blood cells.

Fig. 3. Effects on cumulative mortality of juvenile tilapia, fed with different
diets for 28 days, challenged by immersion in an Aeromonas hydrophila solution.
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Pure 0.25% may be related to the presence of some challenge that pro-
vided the migration of monocytes from the circulation. This challenge
may also be related to the fact that fish fed Pure 0.25% had higher
neutrophil count, although not statistically significant (p= 0.0503). Ali
et al. (2017) also observed decreased total number of circulating
monocytes in fish fed 1% Na-butyrate compared to the lowest con-
centrations 0 and 0.5% for O. niloticus, where the unsupplemented fish
exhibited increase of these cells.

The strategy of experimental infection that most resembles the
natural pathway is immersion, since the bacterium will come into direct
contact with the innate immune system existing in the skin, gills and
gastrointestinal mucosa (Soto et al., 2016). For this reason, it was the
chosen route of infection for the present study, and as expected, some
mortalities were detected in challenged fish, but the diseased tilapia
showed dermal ulcers and fin erosion, in addition to erratic swimming
and loss of appetite. Low mortalities in an experimental challenge
through oral routes and immersion with the bacteria S. agalactiae for
Nile tilapia was reported by Soto et al. (2016), corroborating the pre-
sent study where the mortalities did not present values higher than
30%.

In the present study, the highest values of mortalities were found in
fish of control group and Pure 0.5%, both of them with 30%, but did not
presented a significant difference. The negative control group did not
present mortalities, differing statistically from the other groups, there-
fore proving that the immersion method was not responsible for the
mortality of the animals.

The increment in mortality in fish fed with Pure 0.5% and un-
supplemented fish could possibly be better understood when hemato-
logical parameters were observed, where the treatment Pure 0.5% pre-
sented the lowest values in the total count of neutrophils
(3.29 ± 0.81×103 μL−1) and a low ratio when compared to the total
count of leukocytes, about 6% of neutrophils even though there was no
statistically significant difference (p= 0.0503), indicating a possible
immunodepression. On the other hand, unsupplemented fish showed
the lowest count of thrombocytes (4.76 ± 1.76×103 μL−1), even
though there was no statistically significant difference, which may be
related to a lower blood coagulation efficiency after the removal of the
scale and providing a longer time of contact with the bacteria and the
contamination by a greater amount of microorganisms. The greater
resistance of fish fed Pure 0.25%, Buffer 0.25% and Buffer 0.5% may be
explained with the higher concentrations of neutrophils, although not
statistically significant, and to an increase in the monocyte number and
erythrocytes by the latter group (Magnadottir, 2010; Uribe et al., 2011).

Suguna et al. (2014) tested the immunostimulatory effect of the
supplementation of different concentrations (0%, 1%, 3% and 5%) of
poly-b hydroxybutyrate and hydroxyvalerate (PHBeHV) on the immune
system of Oreochromis mossambicus. After 28 days of feeding an ex-
perimental challenge was performed with A. hydrophila via in-
traperitoneal injection, where they verified that the dose of 5% of
PHBeHV was more efficient than the lower doses of 1% and 3%. Even
though it was a different compound than sodium butyrate, the doses
required to perform a satisfactory immunostimulatory action were
much higher than those at the present study.

5. Conclusion

The present study compared for the first time the use of unprotected
Na-butyrate with two forms of protection (Oil and Buffer) in two dif-
ferent concentrations in the sexual reversion phase. Na-butyrate pre-
sented an antimicrobial effect against two pathogenic bacteria of great
importance for fish farming, A. hydrophila and S. agalactiae. No statis-
tical difference on the survival in challenge trial was observed. The use
of coated forms (Buffer 0.5% and Oil 0.5%) of Na-butyrate at the con-
centration of 0.5% showed increased zootechnical parameters of the
animals, not influencing the efficiency of the sexual reversion pre-
senting itself as a viable alternative to be commercially applied.
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