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A B S T R A C T

The aim of the present study was to verify the effect of sodium butyrate in protected and unprotected forms at
two different concentrations of diet inclusion (0.25% or 0.5%) on the digestive enzyme's activity, integrity and
structure of the intestinal tract and liver, in juveniles of Oreochromis niloticus, during the period of sexual re-
version. In the experimental period, 3150 newly hatched post-larvae were randomly distributed in 21 experi-
mental units of 100 L, divided into six treatments and one control, with three replicates each. The treatments
were: fish fed with feed without supplementation (Control); fed with pure Na-butyrate (Pure 0.25% and Pure 0.5%),
fed with palm oil-protected Na-butyrate (Oil 0.25% and Oil 0.5%) and fed with protected Na-butyrate with buffer
solution (Buffer 0.25% and Buffer 0.5%). At the end of the experimental period, a decrease in alkaline protease
activity was observed in the Oil 0.25%, Oil 0.5% and Buffer 0.5% groups when compared to the control. Fish fed
Buffer 0.5% supplemented diet for 28 days had a longer length, perimeter and villus area of the anterior region of
the intestinal tract when compared to Pure 0.25%. The Control, Pure 0.25% and Oil 0.5% groups had a reduction in
villus width when compared to the other groups. In the posterior region, the group Oil 0.25% had a longer villus
length when compared to the Pure 0.25% and Control, in addition to a greater area of villi when compared to the
same groups and also to the Oil 0.5%. In this same intestinal portion, the Buffer 0.5% presented greater perimeter
of intestinal villi when compared to the Control and Pure 0.25%. The Pure 0.25% and Buffer0.25% presented higher
number of goblet cells per villi when compared to Oil 0.5%. The control group and those supplemented with
sodium butyrate, in the different concentrations and forms, presented the intact intestine and without the
presence of lesions. Regarding the liver, the Pure 0.5% group presented the highest macroesteatosis indexes when
compared to the Control group, besides a higher necrosis index when compared to the Pure 0.25%. Thus, it can be
observed that the supplementation of protected forms of sodium butyrate in the diet of juvenile Nile tilapia
during the period of sexual reversion was effective in maintaining intestinal health, because Oil 0.5% contributed
to the intestinal health of the animals, and the Oil 0.25%, Buffer 0.25% and Buffer 0.5%, increased the development
of the intestine.

1. Introduction

Analyzing the current scenario of global expansion aquaculture, the
use of alternative strategies to reduce the use of antibiotics in animal

production has become a reality. Food additives such as organic acids
and their salts are potential substitutes for the use of antibiotics as
growth promoters and animal health. Studies report the ability of acids
and their organic salts to increase growth parameters, health
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parameters, disease resistance and food quality, when used in appro-
priate concentrations and forms (Ng and Koh 2017). However, many
results are controversial, since a series of factors can influence the re-
sults, such as: acid and/or organic salt, source, dose, target species,
experimental design, application form (pure or protected; in blend),
health and dietary habits of the target animal.

The use of butyric acid or sodium butyrate is well known and stu-
died in terrestrial and human animals, it acts in the improvement of
intestinal health, since among many functions can supply energy to the
epithelial cells promoting the differentiation, proliferation and conse-
quently increase of the height of intestinal villi (Canani et al., 2011). In
aquaculture there are still few studies that demonstrate the real effects
of the use of butyrate on animal health, its action along the gastro-
intestinal tract, as well as on digestive physiology. In aquaculture there
are still few studies that demonstrate the real effects of the use of bu-
tyrate on animal health, its action along the gastrointestinal tract, as
well as on digestive physiology.

Ng and Koh (2017) report the need for studies to better understand
the protected forms of organic acids (coated) in relation to unprotected
(pure) forms in terms of transport and action of the active principle
throughout the intestinal tract of aquatic organisms. The addition of
protection to sodium butyrate may directly interfere with the stability
of the product, maintenance of the integrity of the active principle and
absorption in the intestine. Studies have shown that protection ensures
that the active principle is released and absorbed gradually throughout
the entire intestinal tract, since the product in its pure form would be
absorbed shortly after passage through the stomach (Piva et al. 2007).

In this context, Jesus et al. (2019) evaluated the effects of sodium
butyrate in pure form and in protected forms (palm oil and buffer) at
concentrations of 0.25% and 0.5% during the period of sexual reversal
of Nile tilapia, and verified an increase in the zootechnical parameters
of the animals supplemented with of 0.5% of protected sodium buty-
rate. However, this study evaluated only the zootechnical, hematolo-
gical and survival parameters against Aeromonas hydrophila, not eval-
uating the effects of butyrate along the intestinal tract, in order to
determine its action on different portions of the tract and also possible
organ damage.

The objective of this study was to verify the effect of sodium bu-
tyrate, in protected and unprotected forms, in two different con-
centrations of diet inclusion (0.25% or 0.5%) on the activity of digestive
enzymes, structure of the intestinal tract and liver, in juveniles of Nile
tilapia Oreochromis niloticus, during the period of sexual reversion.

2. Material and methods

The present manuscript continues the study of Jesus et al. (2019),
which evaluated the effects of sodium butyrate, in two concentrations
of inclusion in the diet and in pure forms, protected with palm oil and
protected with buffer solution, on the zootechnical, hematological and
disease resistance parameters. It also aimed to elucidate the effects of
sodium butyrate supplementation on the different forms and con-
centrations of inclusion in diets, the activity of digestive enzymes, the
structure of two distinct portions of the intestinal tract, as well as the
integrity of the intestine and liver of Nile tilapia.

3. Experimental diets

The preparation of the diets and the accomplishment of the prox-
imal analysis were carried out under same conditions to those described
in Jesus et al. (2019). The ingredients and the values of the proximal
composition of the diets are shown in Table 1.

4. 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 (Owatari et al., 2018). 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 13.0 mm and an approx-
imate mean weight of 0.0183 ± 0.0014 g, were submitted to the dif-
ferent 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 e
Macintosh, 1997).

After 28 days of experiment, the animals were fasted for 18 h for
subsequent anesthesia in eugenol solution (75mg L-1), euthanasia by
cerebral commotion and sample collection, in order to evaluate the
activity of digestive enzymes, intestinal and liver integrity, histomor-
phometric parameters of the anterior and posterior region of the in-
testinal tract.

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.

4.1. Digestive enzymes activity

To quantify the activities of the digestive enzymes (amylase, lipase,
total alkaline and acid proteases) five fish per tank (in triplicate) were
anesthetized and euthanized by anesthetic deepening using Eugenol
(75mg L−1) and stored in nitrogen liquid for further determination.

To obtain enzymatic extracts, each animal was individually dis-
sected for removal of the digestive tract. Subsequently, pools of five
intestinal tracts removed per experimental unit were performed in
order to achieve a sufficient volume of enzyme extract to carry out all
the analyzes. Each pool was homogenized in ice-cold distilled water (1:
8 ratio (w: v)) through a Tissue-Tearor homogenizer for 2.5 min (5
shakes of 30 s at approximately 5min intervals for cooling).

Then the homogenized samples were transferred, each to an ep-
pendorf tube and centrifuged (Eppendorf, Germany) at 27,167×g for
15min at 4 °C. The supernatants resulting from the centrifugation were
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individually transferred to a new eppendorf tube and were used as an
enzymatic extract for the quantification of digestive enzymes.
Throughout the analysis the enzymatic extracts were kept in an ice
bath.

Soluble protein quantification of enzyme extracts was performed by
the method Bradford (1976) using bovine serum albumin (BSA) (Sigma-
Aldrich, United States) as standard.

All enzymatic assays were incubated at 25 °C and absorbance was
read with a microplate reader (Spectramax, Plus-384, Molecular
Devices, Sunnyvale, CA), by transferring an aliquot of 300 μL of the
hydrolysis products to the well, except for the lipase activity, whose
reaction was carried out directly in the microplate wells.

Quantification of total alkaline protease activity was performed
according to the method described by Garcia-Carreño (1997), through
the hydrolysis of azocasein (Sigma, St. Louis, Mo, USA). The activity of
the acid protease was determined by hydrolysis of bovine hemoglobin
(Sigma, St. Louis, USA) following the methodology recommended by
Anson (1938) described by Vega-Orellana (2006). The activity of the
amylase was determined by the hydrolysis of the starch according to the
method based on Rick and Stegbauer (1974) and described by Aguilar-
Quaresma and Sugai (2005), and lipase activity was determined by the
hydrolysis of the synthetic substrate p-dinitrophenylmiristato according
to the methodology described by Sæle (2010). The enzymatic activities
were expressed as units of enzyme mg−1 protein, i.e., specific activity.

4.2. Histological analysis

After 28 days of experiment, five fish from each experimental unit
(15 animals per treatment) were anesthetized in eugenol solution
(75mg L−1) and euthanized by anesthetic deepening to collect histo-
logical samples. Fragments of liver and intestine (anterior and posterior
region), collected from similar regions (sites) of all animals in order to
standardize the results, were fixed in buffered formalin 10%. The or-
gans were dehydrated in increasing series of ethyl alcohol, clarified in
xylol and included in paraffin at 60 °C. Cuts of 4 μm thickness were
performed on a microtome, sequenced with Harris hematoxylin and
eosin (HHE). Subsequent to staining, the slides were mounted on
Entellan® media and analyzed on Axio Imager A.2 phase interference
contrast microscope (DIC) (Zeiss, Gottingen, Germany). In relation to
intestinal histomorphometry, the total number of villi, length, width,

perimeter and villi area, as well as the number of goblet cells per villi,
were measured using Zen Pro software. For the analysis of liver and
intestinal integrity, values (score) were attributed to histological
changes, according to the degree of intensity: 0 (absence of change), 1
(mild change, corresponding to< 25% of the organ area), 2 (moderate
change, 25% to 50% of the organ area) and 3 (severe alteration,> 50%
of the organ area), according to the method described by Schwaiger
et al. (1997) modified by Brum et al. 2018. The following hepatic
changes were evaluated: congestion of large vessels, congestion of the
pancreas, sinusoid congestion, hepatocyte nucleus displacement, sinu-
soidal dilation, hepatocyte nucleus hypertrophy, hepatocyte hyper-
trophy, eosinophilic infiltrate, lymphocytic infiltrate, macroesteatosis.
Microasthosis, necrosis, nuclei with caryolysis, nucleus with karyor-
rhexis, nucleus with pycnose. For intestinal integrity, eosinophilic,
lymphocytic and necrotic infiltrates were evaluated.

4.3. Microscopia eletrônica de transmissão (MET)

In order to verify intestinal integrity at the cellular level, samples of
the intestinal tract were fixed in 2.5% glutaraldehyde solution and 2%
sucrose, buffered in 0.1 M cadodylate buffer solution (pH 7.2) (Schmidt
et al. 2010), post-fixed in osmium tetroxide solution 1% for 4 h, de-
hydrated in acetone series. The samples were then placed in Spurr resin.
The ultra-thin sections were made with ultramicrotomes, contrasting
the samples with uranyl acetate and lead citrate. The microphotographs
were performed in a transmission electron microscope (JEOL Ltd.,
Tokyo, Japan, at 80 kV) (Jesus et al. 2017).

4.4. Statistical analysis

The data were submitted to the Shapiro-Wilks test to verify the
normality of the data, followed by the Levene test for homoscedasticity
verification. With heterogeneous variances, villus area data from the
posterior region of the intestines were transformed into ln.
Subsequently, the data were submitted to a one-way analysis of var-
iance, and when significant differences were found the Tukey test was
used to separate the means. For the width data of intestinal villi of the
anterior region, the Kruskall-Wallis test was performed, due to the ab-
sence of homoscedasticity. All tests were performed at a significance
level of 5%.

Table 1
Ingredients and proximate composition analysis of the experimental diets (g kg−1) supplemented or not with sodium butyrate for Nile tilapia during 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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5. Results

5.1. Digestive enzymes activity

The decrease in alkaline protease activity was verified in the Oil
0.25%, Oil 0.5% and Buffer 0.5%, when compared to the Control group. No
statistically significant differences were found in the activities of the
other digestive enzymes analyzed (Table 2).

5.2. Histomorphometric parameters

The animals supplemented for 28 days with Buffer 0.5% had a longer
length, perimeter and villus area of the anterior region of the intestinal
tract when compared to Pure 0.25%. The protected groups, Oil 0.25% and
Buffer 0.25% showed an increase in the perimeter when compared to the
Pure 0.25%. The Control, Pure 0.25% and Oil 0.5% showed a reduction in
villus width when compared to the other groups. For the posterior re-
gion, the Oil 0.25% had a longer villus length when compared to the Pure
0.25% and Control, in addition to a larger area of villi when compared to
the same groups and also to the Oil 0.5%. The Buffer 0.5% had a greater
perimeter of intestinal villi compared to Control and Pure 0.25%. The
groups Pure 0.25% and Buffer 0.25% presented higher number of goblet
cells per villi when compared to Oil 0.5% (Table 3). The aspect of the
anterior and posterior region, as well as the main qualitative alterations
of the groups that presented statistical differences are shown in Fig. 1.

5.3. Intestinal integrity

With the transmission electron microscopy (TEM) it was possible to
verify that the intestinal tract of the animals, supplemented or not with
the different forms and concentrations of sodium butyrate, presented
the intestine intact and without the presence of lesions. In Fig. 2, the
integrity of the intercellular junctions, the perfect organization of en-
terocytes and goblet cells, absence of vacuoles, translocations, in-
flammation and necrosis can be verified. Thus, it is confirmed that
supplementation of sodium butyrate at the present concentrations and
respective forms did not cause damage to the intestinal tract.

5.4. Histological parameters

At the end of the experimental period, the group Pure 0.5% presented
the highest indexes for the presence of macroesteatosis when compared
to the Control group, in addition to a higher index for necrosis when
compared to the Pure 0.25% group. (Table 3).

6. Discussion

The lack of knowledge about the efficiency and necessity of the use
of protected forms of acids and organic salts in fish, generates a demand
for studies that prove and characterize the real effect of these additives
along the gastrointestinal tract. However, it is known that Nile tilapia
has a long intestinal tract, and thus it is necessary to use strategies that
ensure that the active ingredient (butyrate) of the feed additive is re-
leased gradually throughout the intestinal tract, ensuring a complete

Table 2
Digestive enzymes activity (mean ± standard deviation) (Umg−1 protein) of juveniles of Nile tilapia fed seven different diets during 28 days in the period of sexual
reversion.⁎

Soluble proteins Protease Alkaline Amylase Protease acid Lipase

Control 5.53 ± 1.25 0.17 ± 0.01ª 0.70 ± 0.13 0.038 ± 0.008 12.26 ± 1.61
Pure0.25 5.12 ± 0.41 0.12 ± 0.00ab 0.41 ± 0.27 0.030 ± 0.004 11.5 ± 2.13
Pure0.5 5.85 ± 1.20 0.13 ± 0.00ab 0.57 ± 0.12 0.043 ± 0.001 8.54 ± 0.5
Oil0.25 5.79 ± 0.64 0.10 ± 0.01b 0.46 ± 0.06 0.028 ± 0.007 10.54 ± 3.09
Oil0.5 5.53 ± 1.25 0.10 ± 0.02b 0.37 ± 0.12 0.040 ± 0.013 13.01 ± 0.55
Buffer0.25 6.14 ± 1.00 0.11 ± 0.01ab 0.43 ± 0.07 0.035 ± 0.003 11.28 ± 1.87
Buffer0.5 5.52 ± 1.12 0.09 ± 0.05b 0.34 ± 0.13 0.036 ± 0.007 10.15 ± 1.76
P value 0.9317 0.0177 0.1177 0.2196 0.1528

⁎ Different letters in the column indicate significant difference (p < .05).

Table 3
Histomorphometric parameters (mean ± standard deviation) of the intestinal tract (anterior and posterior portion) of juveniles of Nile tilapia fed seven different
diets during 28 days in the period of sexual reversion.

Intestine
Morphometry

Control Pure0.25 Pure0.5 Oil0.25 Oil0.5 Buffer0.25 Buffer0.5 P value

Anterior region
Number of villi 22.16 ± 4.75 19 ± 3.22 20.18 ± 38.79 21.8 ± 38.79 22 ± 3.84 23.33 ± 5.71 21.9 ± 3.38 0.6042
Length (μm) 118.41 ± 41.66ab 89.71 ± 21.08b 152.46 ± 63.43ab 164.25 ± 37.39ab 148.29 ± 38.59ab 171.20 ± 65.96ab 177.15 ± 58.41a 0.0357
Width (μm) 58.53 ± 8.45b 40.14 ± 3.64b 71.97 ± 30.90a 73.12 ± 19.55a 55.60 ± 12.39b 74.51 ± 27.35a 85.98 ± 47.75a 0.0296
Perímeter

(x103μm)
6.15 ± 2.03ab 4.16 ± 1.58b 6.61 ± 2.41ab 8.85 ± 1.69a 7.31 ± 2.87ab 8.25 ± 1.45a 9.14 ± 2.08a 0.0004

Area (x103μm2) 235.29 ± 88.4ab 96.78 ± 50.63b 325.34 ± 193.6ab 355.38 ± 144.4ab 228.00 ± 98.53ab 377.24 ± 203.06ab 414.68 ± 279.22a 0.0357
Goblet cells / villus 3.35 ± 1.17 2.82 ± 0.90 2.62 ± 1.34 3.14 ± 0.75 2.46 ± 1.00 3.65 ± 0.73 3.34 ± 0.86 0.2721

Intestine
Morphometry

Control Pure 0.25 Pure 0.5 Oil 0.25 Oil 0.5 Buffer 0.25 Buffer 0.5 P (value)

Posterior region
Number of villi 17.4 ± 2.42 17.8 ± 2.43 17.5 ± 3.0 18.5 ± 0.8 16.5 ± 1.87 16.5 ± 1.50 18.8 ± 4.25 0.4991
Length (μm) 81.26 ± 16.43b 81.05 ± 28.45b 95.91 ± 23.11ab 113.91 ± 18.87a 85.33 ± 18.70ab 92.19 ± 9.49ab 99.94 ± 21.52ab 0.0369
Width (μm) 55.26 ± 6.59 53.63 ± 8.07 50.05 ± 3.63 52.34 ± 4.01 43.42 ± 6.59 57.66 ± 18.17 48.02 ± 13.55 0.1410
Perímeter

(x103μm)
2.94 ± 0.44b 3.19 ± 0.98b 4.18 ± 1.45ab 4.90 ± 1.39ab 3.45 ± 1.06ab 3.84 ± 1.46ab 5.02 ± 2.17a 0.0084

Area (x103μm2) 92.35 ± 17.14b 96.36 ± 26.00b 114.31 ± 36.49ab 220.63 ± 127.91a 76.72 ± 15.80b 152.77 ± 136.96ab 128.09 ± 59.13ab 0.0294
Goblet cells / villus 8.73 ± 6.09ab 10.6 ± 3.71a 4.81 ± 3.61ab 5.88 ± 1.01ab 1.63 ± 1.14b 10.72 ± 6.47a 7.21 ± 7.12ab 0.0106

*Different letters in the line indicate significant difference (p < .05).
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antimicrobial effect and increased intestinal health (Ng and Koh 2017).
The fish's potential ability to digest the constituent biomolecules of

food can be assessed by quantifying the activity of major digestive
enzymes present in the digestive tract of the species. Thus, the activity
of digestive enzymes in a certain ontogenetic phase of fish can be used
as an indicator of nutritional status (Babaei et al. 2011; Galaviz et al.
2011) and also to develop the best diet strategy (Cara et al. 2003).

In the present study, the decrease in alkaline protease activity in the
Oil 0.25%, Oil 0.5% and Buffer 0.5% may be related to a compensatory
effect, since Jesus et al. (2019) verified significant improvements in
yield and biomass gain of the group Oil 0.5% and Buffer 0.5%, besides the
Oil 0.5% presented better feed conversion rate. One hypothesis would be
that the butyrate may have provided energy necessary for the meta-
bolism of the animals, and it is not necessary to produce higher con-
centrations of proteases for the use of the protein as an energy source.
Thus, butyrate may have spared the protein (Protein sparing effect),
ensuring its use for fish growth (Lee 2015). Furthermore, the histo-
morphometric results contribute to the compensatory effect theory,
since the Buffer 0.5% and Oil 0.25% groups showed improvements in the
histomorphometric parameters of the intestinal tract, thus presenting
greater capacity of nutrient absorption, and this may have led to a
lower need for alkaline protease activity. The decrease in the number of
goblet cells per villi of the posterior region of the animals of the group
Oil 0.5% may be related to the good intestinal condition of the fish, in-
dicating a possible absence of stressors, since it was not necessary to
produce a greater number of these cells. This result also contributes to
the understanding of the compensatory effect suggested above. In ad-
dition, the optimum intestinal health of the group Oil 0.5% combined

with the activity of the digestive enzymes may have been the elements
responsible for the better feed conversion rate verified by Jesus et al.
(2019), since the healthy intestines are able to absorb the nutrients
better.

In general, the possible inhibition of colonization by microorgan-
isms may have brought benefits to the intestinal mucosa favoring villus
structure. This effect may be caused by the reduction of peeling losses,
caused by the toxins of pathogenic bacteria, resulting in an increase in
villus size and, consequently, a greater area of nutrient absorption and
intestinal health (Viola e Vieira, 2007; Partanen e Mroz, 1999).

Other studies point to contrary results to that verified in the present
study, where the use of acids and/or organic salts increases the activ-
ities of digestive enzymes. Najdegerami et al., 2017 verified the in-
crease of total protease, pepsin, lipase and amylase activity of rainbow
trout larvae supplemented with 0.5% polyhydroxybutyrate (PHB) in
relation to the control group. Situmorang et al. (2016) supplemented
Mozambican tilapia for 28 days with 2.5% and 5% PHB and verified
increased lipase activity when compared to control animals. Silva et al.
2016 found that white prawns fed diets supplemented with 2% PHB
showed increased intestinal protease, trypsin, chymotrypsin and amy-
lase activity when compared to the non-supplemented group and the
group supplemented with 2% sodium butyrate. Animals supplemented
with 2% sodium butyrate showed an increase in intestinal lipase when
compared to the non-supplemented group.

Tran-Ngoc et al. 2018 found that supplementation of Nile tilapia
with 0.2% calcium butyrate and 0.2% potassium diformate (KDF), se-
parately for 5 weeks, increased intestinal morphology over normoxia
conditions, even more pronounced when subjected to stress, hypoxia.

Fig. 1. Qualitative evaluation of the anterior and posterior region of the intestinal tract of the main groups of Nile tilapia fed during 28 days with different diets
containing or not sodium butyrate in different concentrations and forms, during the period of sexual reversion.
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Animals fed with KDF and calcium butyrate had a lower thickness of the
submucosa and lamina propria, as well as a smaller number of goblet
cells in the distal intestine when compared to the control group. The
decrease in the number of goblet cells corroborates with the present
study, where the Oil group 0.5% presented a reduction in the number,
indicating an improvement in the quality of the intestinal epithelium.
The results verified in the present study demonstrate the importance of
the use of protected forms of sodium butyrate for the development and
maintenance of intestinal tract health, especially the 0.5% Buffer
Group, which benefited the intestinal tract completely in both the
middle region above, as the posterior average.

In the present study it was verified by light microscopy and TEM
that the animals fed the different diets presented intact intestines,
where the intestinal epithelia presented intact, well organized and de-
fined, with well-defined goblet cells and well developed brush borders
and dense. These results corroborate Silva et al. 2016, which supple-
mented Litopenaeus vannamei shrimps for 42 days with 2% pure sodium
butyrate and 2% PHB, separately, and found by light microscopy and
MET, that the treatments did not influence the integrity of the intestinal
tract of the animals, when compared to the group fed control diet. On
the other hand, the supplementation of shrimp with PHB increased the
length, width and perimeter of intestinal villi. With fish, Gao et al.

Fig. 2. Evaluation of intestinal integrity by transmission electron microscopy (TEM) of nile tilapia supplemented or not with sodium butyrate in different con-
centrations and forms during the 28-day period of sexual reversion.
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(2011) supplemented rainbow trout Oncorhynchus mykiss with a blend
of acid and organic salt (10 g acid moiety kg−1 of a sodium formate and
butyrate blend, ratio 2:1) and found no change in the integrity of fish
intestinal mucosa. Moreover, Liu et al. (2014) supplemented Cyprinus
carpio with microencapsulated sodium butyrate at 1.5 and 3% con-
centrations and found no changes in intestinal integrity and intestinal
mucosal morphology.

For hepatic alterations, there was an increase in macrosteatosis and
consequent necrosis in the liver of the fish of the group Pure 0.5%. Such a
finding may be associated with the metabolism of fats, where the bu-
tyrate in the pure form and at the highest concentration was absorbed
more rapidly, totally metabolized, being accumulated as fat in the liver,
leading to inflammation and destruction of some cells. Few studies
evaluate the effects of supplementation of organic acids and salts and
their possible effects on the liver. This result showed that attention
should be paid to this variable, especially when the additives are used
in their pure forms and in high concentrations Table 4.

7. Conclusion

The protected forms potentiated the effect of sodium butyrate, since
Oil 0.5% contributed to the intestinal health of the animals, as did Buffer
0.5%, Buffer 0.25% and Oil 0.25%. increased capacity of absorption of
nutrients through the development of villi, besides not attacking the
liver as the pure form.
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Histological indices (mean ± standard deviation) of the liver of juveniles of Nile tilapia fed seven different diets during 28 days in the period of sexual reversal.

Liver alterations Control Pure0.25 Pure0.5 Oil0.25 Oil0.5 Buffer0.25 Buffer0.5 P value

Congestion in large vessels 1.0 ± 0.0 1.33 ± 0.33 0.56 ± 0.51 1.17 ± 0.17 1.17 ± 0.17 1.11 ± 0.19 1.0 ± 0.00 0.0571
Sinusoidal congestion 1.39 ± 0.35 1.89 ± 1.02 1.44 ± 0.77 1.17 ± 0.17 1.0 ± 1.00 1.56 ± 0.51 1.17 ± 0.17 0.7230
Sinusoidal dilatation 0.72 ± 0.25 1.44 ± 0.69 1.0 ± 1.15 0.67 ± 0.33 0.92 ± 0.42 1.0 ± 0.0 0.5 ± 0.7 0.5229
Nucleus hypertrophy 0 0 0.22 ± 0.38 0 0 0 0 0.9322
Hepatocytes hipertrophy 2.0 ± 0.33 2.0 ± 0.88 1.78 ± 0.69 2.17 ± 0.83 1.83 ± 0.83 2.22 ± 0.38 2.33 ± 0.33 0.9322
Eosinophilic infiltrate 0.11 ± 0.19 0.22 ± 0.19 0.89 ± 0.84 0.17 ± 0.17 0.42 ± 0.08 0.44 ± 0.38 0.33 ± 0.0 0.2521
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*Different letters in the line indicate significant difference (p < .05).
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