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1 | INTRODUCTION

Arapaima gigas is a species endemic to the Amazon region, known
locally as ‘pirarucu’, and with a production of 8.6 tons in 2016. Its

Abstract

Intensive fish farming has resulted in an increased concern for disease outbreaks.
Probiotic use is one of the strategies being developed to improve fish health and
productivity. Measures of probiotic colonization, growth performance, haemato-
logical characteristics and parasite load were used to evaluate the effect of diets
supplemented with Enterococcus faecium on growth and health of Arapaima gigas ju-
veniles. A completely randomized design with four treatments (diet with E. faecium
at 1 x 10° CFU/g and 1 x 108 CFU/g, control diet and diet with the culture medium
MRS) and three replicates was used. Ninety-six Arapaima juveniles were distributed
in 12 cages fed with the specified diet for 68 days. Colonization of the intestinal
tract by lactic acid bacteria reduced the total number of heterotrophic bacteria in
fish fed with probiotics compared to controls. Fish fed a supplemented diet contain-
ing 1 x 10® CFU/g presented higher values of weight gain, survival and fish growth
uniformity, and lower values of feed conversion ratio. The prevalence of Trichodina
sp. could have affected the survival of fish in the control group. Reduction in para-
site load and an increase in haematocrit, the number of erythrocytes, thrombo-
cytes, neutrophils and monocytes were also observed in fish fed the diet containing
1 x 108 CFU/g. Enterococcus faecium presented a probiotic effect in A. gigas juveniles
and can be recommended for use at a concentration of 1 x 108 CFU/g to modify the
gut microbiota, improve growth performance and haematology and reduce parasitic
load.
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production has expanded because it presents rapid growth, reaching
10 kg in just one year, breaths air and accepts artificial feed despite
being a carnivorous fish (Cavero et al., 2003; IBGE, 2016; Oliveira
et al., 2012). The production of native species has grown by 43.7%
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in Brazil (Brasil, 2013; Peixe Br, 2018), and this increase is a result
of the use of new production strategies, including net cages and
feeds to improve growth performance and immune responses (Brum
et al., 2017; Inoue, Maciel, Affonso, Boijink, & Tavares-Dias, 2016;
Merrifield et al., 2010).

The current intensification of aquaculture has led to an increase
in the incidence of bacterial diseases, causing outbreaks in 82% of
fish (Dong et al., 2015; Loch et al., 2017; Silva et al., 2012; Tavares et
al., 2018). Therefore, antibiotics are commonly used to control these
diseases. However, the widespread and inappropriate use of antibi-
otics may result in selection of resistant pathogenic strains as well as
cause damage to the environment or humans (Martinez, 2009; Mo,
Chen, Leung, & Leung, 2017).

In this context, reports are available indicating the use of pro-
biotics to reduce disease outbreaks by enhancing immunologi-
cal system (Dias et al., 2018; Soltani, Ghosh, et al., 2019; Soltani,
Lymbery, Song, & Hosseini-Shekarabi, 2018). The use of probiotics
is a strategy to increase production of fish, modulating the intestinal
microbiota (Mourifo et al., 2015; Standen et al., 2015), improving the
immune response (Giri, Sukumaran, & Oviya, 2013; Jatoba Moraes,
Rodrigues, Vieira, & Pereira, 2018; Moraes et al., 2018; Mourifio et
al., 2012) and improving growth performance (Dias et al., 2018; Giri
et al., 2013; Hamdan, El-Sayed, & Mahmoud, 2016), during diverse
stages of growth (Hamdan et al., 2016; Jha, Bhujel, & Anal, 2015;
Nakandakare et al., 2013; Ridha & Azad, 2016).

Lactic acid bacteria have shown to be promising probiotics with
positive results in various aquatic species including Dicentrarchus
labrax (Piccolo et al., 2015), Oreochromis niloticus (Jatoba et al.,
2018, 2011), Labeo rohita (Giri et al., 2013) and Astyanax bimacula-
tus (Moraes et al., 2018). The positive effect is due to their capacity
to colonize the gastrointestinal tract, modifying the microbiota of
the intestine and inhibiting the growth of other microorganisms, and
improving the immune system (Giri et al., 2013; Jatoba et al., 2018;
Mourifio et al., 2015; Yamashita et al., 2017).

However, little is known on the effect of lactic acid in open aqua-
culture systems such as cage systems with species such as A. gigas.
The use of probiotics in Arapaima culture may be a useful tool to
reduce mortality in critical phases and to improve the growth per-
formance of the species in the cage systems.

Thus, this study was carried out to evaluate the effect of dietary
supplementation with Enterococcus faecium on the growth perfor-
mance and health of A. gigas juveniles.

2 | MATERIAL AND METHODS

2.1 | Enterococcus faecium strain

The bacteria E. faecium was isolated from healthy A. gigas, selected
by in vitro assays by our research group according to Mourifio et
al. (2016), identified by MALDI-TOF mass spectrometry (Microflex)
(Seuylemezian et al., 2018), with identification confirmed using a

molecular approach by Neoprospecta microbiome technologies

(Santa Catarina State, Brazil). This study was approved by an Ethics
Committee for Animal Experimentation (CEUA/172008FAPESPAQ1).

2.2 | Diet preparation

Commercial feed (crude protein 45%, fat 8%, moisture 12%, fibre
4%, mineral 14%, phosphorus 0.60% and calcium 2.5%, Nutripiscis-
Purina) was sprinkled with E. faecium grown in Man Rogoza Sharpe
(MRS: Acumedia®) culture at the concentrations 1 x 10 CFU/ml and
1 x 10’ CFU/ml at ratio of 100 ml/kg of commercial feed. The feed
containing E. faecium was homogenized in hermetically sealed con-
tainers and incubated at 35°C for 24 hr, after that growth time, the
feed was dried at 35°C for a further 24 hr in aerobic conditions. This
process was also performed for both the control feed using ster-
ile MRS (no probiotic) and the control feed without either MRS or
probiotic.

A test was made to verify the concentration of lactic acid bacte-
ria in the processed feed. After drying, the different feed types were
stored for 15 days at 20°C. Bacterial quantification was made daily
by macerating 1 g of each feed type in 1 ml of 0.65% sterile saline
solution and performing eight serial dilutions (1:10). Dilutions 107¢
and 1078 were plated on agar MRS culture medium and incubated for
48 hr at 35°C to count the number of colony forming units (CFU/g).

2.3 | Fish and experimental design

A total of 120 Arapaima juveniles were acclimatized for 10 days
in tanks of 5,000 L. Then, 96 individuals (11.49 + 1.70 g and
12.55 + 1.42 cm) were selected by similar size and distributed in 12
net cages of 1 m® at stocking density of eight fish per cage. This
stocking density and biomass corresponded to the smallest number
of individuals required per replicate for statistical analysis and the
minimum stocking density recommended by Cavero et al. (2003) for
culture of the species in cages. During the following 68 days, fish
were fed at 10% of live weight (adjusted based on biometric meas-
ures) three times per day (9:00, 14:00 and 17:00 hr).

The experiment followed a complete randomized design with
three replicates and four treatments: control diet (CD); diet with
bacterial culture medium MRS (DMRS); diet supplemented with
E. faecium at the concentration of 1 x 10® CFU/g (D10%); and diet
supplemented with E. faecium at the concentration of 1 x 108 CFU/g
(D108).

2.4 | Growth and blood analysis

Biometric measures were taken twice (at 32 and 68 days) to deter-
mine the growth performance, determining biomass, weight gain,
survival, feed conversion ratio (Cavero et al., 2003; Dias et al., 2018),
specific growth rate (SGR(%): In final weight - In initial weight/days
of experiment), relative condition factor (Kn: observed weight/ex-
pected weight) and fish uniformity growth following Ribeiro, Preto,
and Kochenborger (2008).
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Blood samples were also taken from individuals by caudal punc-
ture using 3% EDTA. Fish were anaesthetized by eugenol (60 mg/L)
applied via gill absorption (Honczaryk & Inoue, 2009).

A blood aliquot was used to determine glucose levels using an
AccuCheck Active® testing device, and another aliquot was used for
preparing blood smears to obtain cell counts. The remaining blood
was used to determine the following: total erythrocyte number
(Er), haematocrit % (Ht) according to Goldenfarb, Bowyer, Hall, and
Brosious (1971), total plasmatic protein (TPP) using a refractometer
(Quimis® and haemoglobin (Hb) by cyanmethemoglobin method
(Collier, 1944). The following haematological parameters were also
calculated: mean corpuscular volume (MCV: Ht x 10/Er); mean cor-
puscular haemoglobin (MCH: Hb x 10/Er); and mean concentration

of corpuscular haemoglobin (MCCH: Hb x 100/Ht) (Vallada, 1999).

2.5 | Intestinal microbiota

At the end of the experiment, samples of 20% of the juveniles from
each treatment were kept in fasting for 24 hr, anesthetized and then
euthanized. One gram of midgut was sampled and homogenized in
0.65% sterile saline solution, diluted serially (1:10) and the dilutions 1074
and 107 seeded on tryptone soya agar (TSA) and MRS agar plates. The
plates were incubated at 30°C for 24 hr for total heterotrophic bacterial
counts and for 48 hr for counts of Lactobacilli following Mourifio et al.
(2012). Gram staining was performed to observe strains with the char-
acteristics of E. faecium (Jatoba et al., 2011; Mourifio et al., 2012), and

identification was carried out using MALDI-TOF mass spectrometry.

2.6 | Parasitological analysis

An analysis of endo- and ectoparasites was made for all previously
sampled fish. Fragments of muscle, gut, eyes, liver, spleen, swim
bladder and mucus were observed under a microscope. The mucus
sample was preserved in 10% formalin in order to quantify parasites
in a Sedgwick-Rafter chamber. Parasites were identified according
to Thatcher (2006). Prevalence and mean intensity were calculated
according to Bush, Lafferty, Lotz, and Shostak (1997).

2.7 | Statistical analysis

Data were tested for normality (Shapiro-Wilk) and homoscedastic-
ity (Levene's). Subsequent analysis of variance tests were performed
applying post hoc Tukey tests for separation of means (p < .05) (Zar,
2009). Microbiological counts showed non-parametric characteris-

tics and were therefore log-transformed [logX10 (x + 1)].

3 | RESULTS

3.1 | Probioticin the diet

After 9 days, the D10°¢ supplemented feed presented
6.76 + 0.056 log CFU/g and the D108 supplemented feed presented

e S

8.79 + 0.028 log CFU/g, maintaining their experimental con-
centrations. By the twelfth day, there was a significant reduc-
tion (p = .0057) in the probiotics cultured from the feeds (D10°
4.7 +0.36 log CFU/g and 6.10 + 0.32 log CFU/g for D108 treatment).
Therefore, new feed was made each nine days for the fish during
subsequent experiments.

3.2 | Heterotrophic and probiotic bacterial count

A reduction in gut heterotrophic bacteria (Figure 1) concentra-
tion was observed in fish supplemented with D10® and D10°
(4.32 + 0.07 log CFU/g and 4.64 + 0.37 log CFU/g, respectively)
compared to control treatments (CD and DMRS) (p = .0062).
Furthermore, a significant increase (p = .0021) in gut lactic acid bac-
teria concentration was found in fish supplemented with E. faecium
(Figure 1), presenting colonization values of 5.78 + 0.64 log CFU/g and
7.50 +0.52 log CFU/g for the D10° and D108 feed treatments, respec-
tively, compared to 3.5 £ 0.50 log CFU/g in the DMRS feed treatment.

3.3 | Water quality, growth and
haematological parameters

No differences in water quality were observed between treatments:
temperature = 31 + 1.1°C; dissolved oxygen = 6.9 + 0.8 mg/L; total
ammonia = 0.32 £ 0.2 mg/L; and pH = 7.6 £ 0.6.

After 32 days of biomass, weight gain, survival and growth uni-
formity were higher and the feed conversion ratio lower for fish fed
with the D108 treatment, compared to other treatments (Table 1).
Most of these measures showed the same tendency after 68 days,
though both the D10° and D108 treatments showed increased uni-
formity compared to control groups (Table 1). Furthermore, fish mor-

tality significantly increased (p = .00039) in the not-supplemented

m Total heterotrophic bacteria ~ m Lactic acid bacterial

a
b b
b
a
& a
c
CD

DMRS D10%6 D108
FIGURE 1 Bacterial counts from the intestines of Arapaima
gigas fed not-supplemented control diet (CD), not-supplemented
control diet with MRS (DMRS) and supplemented diets with
different concentrations of Enterococcus faecium (D106 and D108).
Different letters indicate significant difference identified by Tukey
test (5%)

N W A LN N 0 O

Bacterial count (log UFC.g™1)
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TABLE 1 Growth performance of juveniles of Arapaima gigas fed with control diets and diets supplemented with Enterococcus faecium

B(g) WG (g) S (%)

Growth performance of Arapaima gigas juveniles after 32 days

cD 58.3 + 3.89" 17.0 + 0.99° 791 + 4.16°

DMRS 58.7 +£3.91° 16.9 + 1.45° 79.1+4.18°

D10° 779 +5.02° 18.5 + 1.83%° 86.6 + 4.83%°

D108 129.2 + 4.812 20.8 + 1.04 95.8+7.12
Growth performance of Arapaima gigas juveniles after 68 days

CcD 363.2+14.3° 76.5+18.8° 66.6 +7.4°

DMRS 316.8 + 42.3° 67.7 +12.8° 66.6+7.1°

D10° 346.4 + 51.8° 67.2+12.5° 70.8+ 6.9°

D108 583.2 + 38.7° 80.4 + 4.48° 95.8+7.12

FCR SGR (%) u Kn
2.5+0.16° 2.1+0.20° 24.4 +13.4° 1.0+0.1°
2.5+0.08" 2.4 +0.10° 27.7 £ 34.6° 1.0 £0.10°
2.3+0.15° 2.6 +0.13% 42.8+20.7° 0.9 +0.2°
2.0 £0.09° 2.6 £0.512 78.5 + 16.2° 0.9 0.2
2.6+0.32° 2.9+0.12° 33.3+18.0° 0.9+0.1%
2.6 +0.19° 2.8+0.29° 44.4 +13.8° 0.9 +0.1%
2.4+0.25° 2.8+0.15° 71.1 + 7.70° 0.9+0.12
2.0 +0.04 3.0+0.17° 73.8 +7.10° 0.9 +0.1%

Note: Values are mean + SD. Different letters in the same column indicate significant differences identified by Tukey test (5%). Control diet (CD),
control diet with MRS (DMRS) and diets supplemented with different concentrations of E. faecium (D10° and D108).
Abbreviations: B, Biomass; FCR, feed conversion ratio; Kn, relative condition factor; S, survival; SGR, specific growth rate; U, growth uniformity; WG,

weight gain.

treatments. The lactic acid bacteria count was slightly higher in the
fish fed DMRS, but this was not associated with changes in growth
performance.

Increased lactic acid bacteria in the intestines of fish in the
D10® treatment resulted in an increase in the erythrocyte count
(1.9 £0.07 x 10° pI™) and haematocrit (44.5 + 1.6%) (p = .0011) com-
pared to other treatments (Table 2).

Regardingtheimmune cells, higher values (p =.0020) of throm-
bocytes (11.6 + 0.38 x 10° pI™, D10% and 10.4 + 0.22 x 10° ul™?,
D10% and total leucocytes (75.9 + 0.62 x 10% ul™t, D108 and
70.2 + 2.2 x 10° ul'l, D10°) were observer in both D10® and
D10° treatments. More specifically, there was an increase in the
number of neutrophils (21.7 = 2.81 x 10° ul™!) and monocytes
(14.2 + 1.2 x 10° ul’l) under the D10° treatment, but only an
increase on monocytes (12.4 + 1.7 x 10° plI™?) under the D10°¢
treatment compared to the CD and DMRS control treatments
(Table 3).

3.4 | Parasitological indices

A significant reduction (p = .0057) was observed in the prevalence
and mean intensity of Trichodina sp. in mucus and in the mean inten-
sity of the same parasite in the gills for fish in the D108 treatment.
No significant differences were found for the prevalence and mean

intensity of Lernaea sp. between the treatments evaluated (Table 4).

4 | DISCUSSION

The use of lactic acid bacteria as probiotics in fish diets has been
reported as an animal benefit promoter, improving growth and
disease resistance (Dawood et al., 2016; Giri et al., 2013; Jatoba
et al., 2018; Mohammadian et al., 2019; Mourifio et al., 2015).
However, the present study is the first to report on the potential
use of autochthonous E. faecium to modulate intestinal microbiota

TABLE 2 Haematological parameters

b DMRS D10® D10® for red blood cells in Arapaima gigas

Erythrocytes 1.3+0.04° 1.5+0.09 1.7 £0.11% 1.9 +0.07° juveniles fed with Control diet (CD),
(x10% ul'?) control diet with MRS (DMRS) and diets

Glucose (mg/dl) 59.9 + 4.2° 41.4+67 449 £5.1° 52.5 + 4.4° supplements with Enterococcus faecium
Haemoglobin (g/dl) 12.4+1.03? 13.5 + 0.94° 13.4 + 1.03° 13.4 +0.99° (D10° and D10%)
Protein (g/dl) 4.65 +0.63° 4.82 +0.89° 4.48 +0.63° 4.54+0.72°
Haematocrit (%) 3796 +2.1° 41.09 £ 1.9° 40.85+1.9° 44.5+1.6°
MCV (fL) 271.27 £18°  264.12 + 30° 222.91+359°  212.35+42.8°
MCH (g/dl) 90.48 + 13° 88.01+16.4%  73.24+12.2° 72.84 + 15.92
MCCH (g/dl) 34.45 + 1.9 33.11+2.1° 34.27 +1.5° 3540+ 1.8°

Note: Values are mean + SD. Different letters in the same row indicate a significant difference

identified by Tukey test (5%).

Abbreviations: MCH, mean corpuscular haemoglobin; MCHC, mean corpuscular haemoglobin

concentration; MCV, mean corpuscular volume.
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TABLE 3 Total thrombocytes, total
leucocytes and differentiated leucocytes

(x 10 wI™) in Arapaima gigas juveniles fed Thrombocytes

with control diet (CD), control diet with Leucocytes

MRS (DMRS) and diets supplemented with

Enterococcus faecium (D10° and D108) Lymphocytes
Monocytes
Neutrophils

e S

cD DMRS D10¢ D102
5.3+0.52¢ 5.7 +0.1.52° 10.4 +0.58° 11.6 £ 0.62°
633+1.2° 637+1.1° 70.2 £ 2.2%° 75.9 + 1.62°
50.4 +1.02° 51.3+0.99° 474 +1.8° 49.9 +1.4°
48+21° 37+3.2° 12.4+1.7° 14.2+1.2?
10.2 + 2.32° 8.4+2.89° 13.6 +3.32% 21.7 1112

Note: Values are mean + SD. Different letters in the same row indicate a significant difference
identified by Tukey test (5%).

TABLE 4 Prevalence (%) and mean

intensity (Ml + SD) of parasites in the Trichodina sp. Lernaea sp.

mucus and gills of Arapaima gigas juveniles P (%) Mi P (%) Mi

fed with not-supplemented diets (CD

and DMRS) and diets supplemented with Treatment Mucus Gill Mucus Gill Mucus Mucus

p 8

Enterococcus faecium (D10° and D10°) cD 100° 83.33°  102+10.2° 323+35°  50° 1.33+0.02°
DMRS 100° 83.33°  103+10.8°  39.5:+3.0° 33.337  0.66+0.01°
D10° 66.66®  50.00° 66+78%°  13.0+24® 3333  0.66+0.01°
D108 50° 33.33% 40 + 6.1° 8.0+ 1.9° 33.33° 1.00 + 0.01*

Note: Different letters in the same column indicate a significant difference identified by Tukey test

(5%).

to improve growth as well as haematological and immunological re-
sponses for A. gigas.

In order to obtain the benefits of probiotic supplementa-
tion, the colonization of the host's intestinal tract is primordial
(Pérez-Sanchez, Ruiz-Zarzuela, Blas, & Balcazar, 2014; Verschuere,
Rombaut, Sorgeloos, & Verstraete, 2000). Modifying the intestinal
microbiota reduces the growth of pathogenic bacteria through the
release of bacterins and reuterins as well as through competition
for space and nutrients (Balcazar et al., 2008; Gatesoupe, 2008;
Ghanbari, Jami, Kneifel, & Domig, 2013). In the present study,
there is a beneficial effect from this probiotic supplementation for
Arapaima juveniles.

Successful colonization of the A. gigas intestinal tract was ob-
served both by the reduction in total heterotrophic bacteria counts
in addition to the increase in E. faecium count in the gut of fish fed
with supplemented feed. Lactic acid bacteria are reported to adhere
to the intestinal mucosa, probably forming barriers against other
bacteria and stimulating the immune system by occupying binding
sites (He et al., 2017; Li et al., 2018). So, change in the intestinal mi-
crobiota of A. gigas promoted by feed with 1 x 108 CFU/g (D108)
E. faecium is expected to have been the cause of the improvement in
the growth and physiological performance.

Probiotic supplementation in fish can stimulate the hematopoi-
etic organs, increasing the amount of red blood cells, increasing the
capacity for oxygen transport, and even influencing the transport of
metabolites and the humoral defence of the host (Ganguly & Prasad,
2012; Gobi et al., 2018) as observed in O. niloticus (Telli et al., 2014),
Colossoma macropomum (Dias et al., 2018), Cyprinus carpio (Valiallahi,
Pourabasali, Janalizadeh, & Bucio, 2018) and Oncorchynchus mykiss
(Soltani, Kane, Taheri-Mirghaed, Pakzad, & Hosseini, 2019).

Regarding growth performance, there was an increase of 8.6%
in weight gain observed in fish fed with probiotic compared to
the control treatments. This is within the range of 4%-39.2% ob-
served in other fish fed with probiotic-supplemented diets (Dias
et al,, 2018; Giri et al., 2013; Jatoba et al., 2011; Soltani, Kane, et
al., 2019; Standen et al., 2016). Improved fish growth with probi-
otic supplementation can be attributed to improved digestion as
well an increase in intestinal villi, increasing the contact surface
for nutrient uptake and production of digestive enzymes, improv-
ing digestibility and nutrient retention (Dawood et al., 2016; Dias
et al., 2018; Gupta, Gupta, & Dhawan, 2014; Jatoba & Mourifio,
2015; Sankar, Philip, Philip, & Singh, 2017; Soltani, Kane, et al.,
2019).

In the present study, although juveniles of A. gigas fed diets
containing E. faecium at a concentration of 1 x 108 CFU/g (D10%)
had increased weight compared to control treatments during the
first 32 days, there was no difference in weight gain after 68 days.
This is attributed to lower survival of fish in the control treatments
(66.6 £ 7.4%), which resulted in lower density in that cage, allowing
for faster growth and weight gain, increasing its standard deviation.
The other growth performance metrics continued to show improved
results for the D108 treatment after 68 days.

These beneficial effects on growth performance also have been
reported in O. niloticus (Abumourad, Kenwy, lbrahim, Hanna, &
Soliman, 2014; Lara-Flores & Olvera-Novoa, 2013; Wang, Tian, Yao,
& Li, 2008), Epinephelus coioide (Sun, Yang, Ma, Song, & Li, 2012),
C. carpio (Dehaghani, Baboli, Moghadam, Ziaei-Nejad, & Pourfarhadi,
2015) and O. mykiss (Abedian Amiri, Azari Takami, Afsharnasab, &
Razavilar, 2017), improving weight gain, specific growth rate, feed

conversion, protein efficiency and survival.
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The health and survival of fish may reflect the improvement in
the immune system stimulated by the probiotic bacteria supplied in
the diets (Falaye, Emikpe, Ogundipe, & Oyebanji, 2017; Jesus et al.,
2016). In the present study, probiotic supplementation resulted in an
increase in total leucocytes, thrombocytes, neutrophils and mono-
cytes, indicating an immunostimulatory effect, resulting in a higher
protection against adverse conditions and pathogens during culti-
vation as seen in other species (Dias et al., 2018; Falaye et al., 2017;
Mourifio et al., 2015; Telli et al., 2014; Venkatalakshmi & Ebanasar,
2015). Thrombocytes are cells that act directly in the immune de-
fence of fish participating in coagulation and phagocytic processes
(Haugland, Jordal, & Wergeland, 2012; Li et al., 2016; Tavares-Dias,
Ono, Pilarski, & Moraes, 2007). Neutrophils and monocytes are cells
involved in the innate response, which are also extremely important
because they recognize and migrate to inflamed tissues, performing
phagocytosis of foreign bodies (Arango Duque & Descoteaux, 2014;
Farias et al., 2016; Navegantes et al., 2017).

Anincreased resistance to pathogenic infections resulting fromin-
creased numbers and activity of these immune defence cells has been
verified in Piaractus mesopotamicus (feed supplemented with a mix of
Bacillus cereus and B. subtilis; Farias et al., 2016), O. niloticus (feed sup-
plemented with Lactobacillus plantarum; Van Doan et al., 2019) and
C. carpio (feed supplemented with E. faecium; Gopalakannan & Arul,
2011). These previous studies indicate generalized benefits of the use
of probiotics and support their use in pirarucu rearing.

Fish fed the supplemented diet (D102 treatment) were also found
to have lower infestation of Trichodina sp. in their mucus and gills
compared to other treatments. Trichodinids are recognized as one
of the main fish parasites that are responsible for economic losses
due to high mortality rates in fish farming (Maciel, Garcia, Chagas,
Fujimoto, & Tavares-Dias, 2018; Martins, Cardoso, Marchiori, &
Padua, 2015) and especially in mortality of pirarucu farming in con-
junction with monogeneans, branchiura, protozoans and nematodes
(Araujo et al., 2009; Marinho et al., 2013). The high mean intensity
of trichodinids observed here in the experimental fish that did not
receive feed that was supplemented with probiotics could have been
the cause of higher mortality in these treatments.

The fish integument is directly in contact with the environment,
with the mucus acting as the first physical barrier against parasite
infestation (Guardiola, Cuesta, Abellan, Meseguer, & Esteban, 2014;
Raj et al., 2011). The parasite resistance promoted by E. faecium may
be associated with the colonization of these bacteria in the gut, re-
sulting in stimulation of skin-associated lymphoid tissue (SALT), in-
creasing the number of mucus-producing cells, total proteins (such as
immunoglobulin) and enzymatic activities (lysozymes) (Das, Nakhro,
Chowdhury, & Kamilya, 2013; Lazado & Caipang, 2014; Van Doan et
al., 2019). These studies have been shown to increase resistance to
parasitic infections in fish in association with an increase in leuco-
cytes (Pieters, Brunt, Austin, & Lyndon, 2008). Again, this supports
the use of probiotic-supplemented diets to reduce parasitic load as a
viable strategy for pirarucu rearing.

In conclusion, the use of E. faecium as a probiotic dietary supple-
ment for juveniles of A. gigas modulates the intestinal microbiota,

improving the immune system, the growth performance and resis-
tance to parasitic infections. Supplementation at concentration of
1x 108 CFU/g in the feed is recommended as a new strategy for the
aquaculture of this fish species. The results also suggest an import-
ant role for these supplements in new studies that aim to understand
modulation of the mucosal immune responses of fish integumentary

systems.
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