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ABSTRACT

This study aimed to isolate native lactic acid bacteria of yellow tail lambari (Astyanax bimaculatus) and
evaluate their effect on host microbiota and gut morphology, as well as survival after experimental
challenge. The isolated bacterial strains were evaluated for their inhibition against pathogenic bacterial
strains in vitro, and the strain with highest inhibitory ability was molecularly identified as Lactobacillus
spp. For in vivo testing, eighty fish were distributed in ten tanks equipped with a recirculation system.
The experimental units were divided into two treatments: fish fed with Lactobacillus spp. supplement and
fish fed an unsupplemented diet (control). After 30 days, guts from three fish from each experimental unit
were pooled for microbiological and histological analysis. The other five fish were inoculated with
2.1x10°CFU.mL" of Aeromonas hydrophila to evaluate survival after 24h. Lambaris fed with the
probiotic diet had a lower count of Vibrios spp., Pseudomonas spp. and Staphylococcus spp., and a higher
count of lactic acid bacteria compared to control treatment, as well as, increased length, width and
perimeter of intestinal villi, as well as higher survival rate (16.2%) after experimental challenge compared
to the unsupplemented group. The results show that the Lactobacillus spp. used has effect probiotic for
yellow tail lambari.
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RESUMO

Este estudo objetivou isolar bactéria &cido-lactica nativa do lambari-do-rabo-amarelo (Astyanax
bimaculatus) e seu efeito na microbiota e morfologia do trato digestorio do hospedeiro, assim como a
sobrevivéncia ap6s um desafio experimental. As bactérias isoladas foram avaliadas quanto a suas
inibicOes in vitro contra bactérias patogénicas; a cepa com maior capacidade de inibigéo foi identificada
como Lactobacillus spp. Para o teste in vivo, 80 peixes foram distribuidos em 10 tanques equipados com
sistema de recirculacdo. As unidades experimentais foram divididas em dois tratamentos: peixes
alimentados com Lactobacillus spp. suplementado e peixes alimentados com dieta ndo suplementada
(controle). Apos 30 dias, foram coletados o trato intestinal de trés peixes, por unidade experimental, para
analises microbiolégicas e histolégicas. Outros cinco peixes foram inoculados com 2,1x10*UFCmL™ de
Aeromonas hydrophila para se avaliar a sobrevivéncia ap6s 24h. Lambaris alimentados com probidtico
apresentaram menor contagem de Vibrios spp., Pseudomonas spp. e Staphylococcus spp., e maior de
bactérias acido-lacticas quando comparados com o tratamento controle, assim como aumento do
comprimento, da largura e do perimetro das vilosidades intestinais e maior taxa de sobrevivéncia
(16,2%,) ap6s desafio experimental, em comparacdo com o grupo sem suplementacdo. Os resultados
mostram que o Lactobacillus spp. possui efeito probiético para o lambari-do-rabo-amarelo.

Palavras-chave: Lactobacillus, lambari-do-rabo-amarelo, morfologia do intestino, microbiota, desafio
experimental
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INTRODUCTION

In Brazil, fish farming improved its production
by 20.9%, from 392,000 tons in 2013 to 474,000
tons in 2014. Among the species with increased
production, the genus Astyanax, popularly
known as lambaris or characins, saw an increase
of 6.0% in the same period (Produgdo..., 2015).

This genus is represented by about a hundred
species with broad geographic distribution and
rather confusing taxonomy. Astyanax fasciatus,
A. scabripinnis, A. altiparanae and A.
bimaculatus are all small lambaris with a rapid
six-month life cycle. They easily accept natural
food, as well as artificial feeding, and they can
swim in shoals, which facilitates their culture in
intensive systems (Jatoba and Silva, 2015).

In aquaculture, especially in fish and shrimp
farming, the expansion of production areas and
intensification of culture systems have led to the
emergence of various bacterial, parasitic and
viral diseases throughout the world (Kumar et
al.,, 2014; Mo et al., 2015; Hai, 2015; Raja e
Jithendran, 2015). To combat the spread of
disease, antibiotics are typically applied.

Antibiotics are defined as any substance
produced by microorganisms that kill or inhibit
the growth of other microorganisms, this
definition excludes synthetic antibacterial
compounds. For diseases of bacterial origin,
these compounds are widely used, but their
indiscriminate use in various activities, including
aquaculture, has resulted in the emergence of
resistant bacterial strains (Bloch et al., 2013). As
an alternative, the use of probiotics has emerged
(Balcazar et al., 2008; Newaj-fyzul et al., 2014;
Raja e Jithendran, 2015). Probiotics may be
defined as live microorganisms that colonize the
digestive tract of aquaculture animals in order to
improve their health (Gatesoupe, 1999), and in
the aquaculture industry, they are mainly used as
a prophylactic measure (Ringe et al., 2014).

Among the microorganisms with probiotic
potential, increasing interest has turned to the use
of lactic acid bacteria (LAB) based on their
ability to inhibit the growth of pathogenic
bacteria by the production of antimicrobial
compounds, such as bacteriocins, hydrogen
peroxide acid, lactic acid and reuterin (Balcazar
et al., 2008; Newaj-fyzul et al., 2014). Indeed,
the use of LAB has shown beneficial effects in
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various aquatic organisms, such as Centropomus
spp (Carnevali et al., 2006; Barbosa et al., 2011),
Oreochromis niloticus juveniles (Jatoba et al.,
2008, 2011) and fingerlings (Jatoba e Mourind,
2015), Pseudoplatystoma sp. (Mourifio et al.,
2012) and Litopenaeus vannamei (Vieira et al.,
2008; Jatoba et al., 2011). In all of these species,
studies have reported positive changes in host
microbiota and immune defense.

Microorganisms  originating  from  almost
anywhere in the aquatic environment can be
utilized as probiotics, as long as the efficacy their
effects have been confirmed (Ringe et al., 2014).
However, several authors (Carnevali et al., 2006;
Vieira et al., 2008; Jatoba et al., 2008, 2011;
Merrifield et al., 2010; Mourifio et al., 2012)
have suggested screening bacteria from the
digestive tract of hosts to isolate potential
probiotics. Such selection is based on the theory
that native microorganisms increase the chances
of colonizing the intestinal tract, a key selection
criterion (Gatesoupe, 2008; Jatoba et al., 2008;
Merrifield et al., 2010; Mourifio et al., 2012). As
a result of colonization, an improvement in
immunocompetence is expected with respect to
acquired and innate immunity through the
modulation of intestinal mucosa (Lazado and
Caipang, 2014).

For fish from the Astyanax family, there is no
record of the use of probiotics, demonstrating the
lack about this subject. Thus, this study aimed to
isolate native lactic acid bacteria (LAB) of
yellow tail lambari (A. bimaculatus) and evaluate
their effect on host microbiota and gut
morphology, as well as survival rate after
experimental challenge.

MATERIALS AND METHODS

The study was carried out in the Laboratorio de
Aquicultura (LAQ), Instituto Federal Catarinense
(IFC), campus Araquari, (Protocol number
0005/2013 approved by by
animal ethics committee).

Strains were isolated, as described by Jatoba et
al. (2008), from the digestive tract of 16 yellow
tail lambari (12.344.3g) obtained from the LAQ.
Fish were anesthetized by eugenol (75mg L)
and euthanized by cranial concussion. The
digestive tracts of collected fish were removed
under sterile conditions, macerated in 0.65%
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NaCl sterile saline, sprayed on plates with de
Man, Rogosa, and Sharpe (MRS) modified
(Ramires et al., 2006) growth media, and
incubated for 48 hours at 30°C. After incubation,
the colonies grown in culture media were
identified  morphologically using Gram’s
Method. Colonies of interest were spread on
Petri dishes containing MRS growth media using
the streaking method for isolation.

The bacterial strains isolated from fish were
evaluated for their ability to inhibit Gram-
negative (Escherichia coli ATCC 363 and
Aeromonas hydrophila ATCC 7966) and Gram-
positive (Enterococcus durans ATCC 19432 and
Micrococcus luteus ATCC 270) pathogenic
bacterial strains in vitro. To that end, Petri dishes
containing MRS Agar growth medium were
sprayed with the bacterial strains isolated from
lambaris and incubated at 30°C for 48 hours.
After that period, new Petri dishes were sprayed
with one of the pathogenic strains in Plate Count
Agar (PCA). Agar disks were removed (0.8cm in
diameter) from the Petri dishes containing the
initially isolated and grown bacteria. These agar
disks were placed on the growth medium of the
discs just sown with pathogens and incubated at
30°C for 24 hours. Pathogen growth inhibition
was determined by the diameter of the halo
produced around the agar disk.

Strains showing the highest inhibition zones
were sent to the Centro Pluridisciplinar de
Pesquisas Quimicas, Bioldgicas e Agricolas
(CPQBA), Universidade Estadual de Campinas
(UNICAMP), for molecular identification.

The commercial feed, consisting of 2mm
extruded diet, crude protein 32%, moisture 8%,
crude fat 6.5%, crude fiber 7%, calcium 1.2%,
phosphorus 0.6%, ash 10% (Guabi Group,
Brazil), was sprayed with the selected lactic acid
bacterium previously grown in MRS at a
concentration of 1 x 10"'CFUmL™" and rate of
100mL kg' feed. The sprayed feed was
incubated for 24h at 35°C in a hermetically
sealed container. Next, the feed was dried in an
oven for 24h at 35°C. The control feed was
sprayed with a sterile MRS culture medium. To
quantify LAB content in the feed, five serial
dilutions (1:10) were carried out. The 10°, 10,
and 10’ dilutions were grown in a modified MRS
(Ramires et al., 2006). The final LAB count in
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the supplemented feed was 1x10’ colony forming
units (CFU) g feed (Jatoba et al., 2008).

For in vivo assay, eighty lambaris (mean weight
8.7+1.3g) were distributed in ten 22L
polyethylene tanks (n=8/tank) connected to a
recirculation system with a canister filter and
constant temperature (26 - 28°). The
experimental units were divided into two
treatments: fish fed the selected LAB diet and
fish fed with control diet (without
supplementation). Fish were fed four times a
day, with 3% of the biomass, for 30 days. During
the experiment, dissolved oxygen and
temperature were measured twice a day. The pH,
total dissolved ammonia and nitrite were
measured twice a week. Water parameters during
the assay were kept as follows: dissolved oxygen
5.11+0.42mg L, total ammonia 0.12+0.03mg
L™, nitrite 0.02£0.01lmg L™ and pH 7.02:0.08.
All water quality parameters remained ideal for
the production of the A. bimaculatus.

Following 24h of starvation at the end of the
experimental period, guts of three fish from each
tank were removed and pooled to
microbiological and histological analysis. The
pooled fish guts were homogenized and serially
diluted 1:10 in 0.65% of NaCl sterile saline.
Samples from each dilution were cultured in
PCA, TCBS (thiosulfate citrate bile salts
sucrose) agar, cetrimide agar, and MRS agar
media and incubated for 48h at 30°C for viable
culturable  heterotrophic  bacterial  counts,
including Vibrio spp., Pseudomonas spp., and
LAB, respectively.

Samples from the anterior region of fish (same
fish used in microbiological test) intestine were
collected from three fish per tank (Silva et al.,
2010) and fixed in FBS 10% during 48h. After
fixation, the samples were washed and
dehydrated in crescent series of ethanol. After
dehydration, the samples were embedded in
paraffin. Sections Spum thick were stained with
hematoxylin and eosin, and photomicrographs
were made using an Epifluorescent microscope
(Olympus BX 41) equipped with Image Q
Capture Pro 5.1 software  (QImaging
Corporation, Austin, TX, USA). From the
images, it was possible to measure the length,
width and perimeter of the villi (um).

Previously the in vivo assay was performed the
DL50 or lethal dose 50 (concentration of
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Aeromonas hydrophila necessary substance to
kill 50% of specimens in experience at given
time). For this, 150 yellow tail lambari (A.
bimaculatus), mean weight 10.2+0.3g, were
distributed in 15 aquaria, 10 fish per aquarium,
all equipped with biological filter and constant
temperature (24 - 25°C). The pathogenic
bacterium A. hydrophila (ATCC 7966) was
cultured in brain heart infusion medium (BHI) at
30°C for 24 hours, followed by centrifugation at
1.000g for 15min. The supernatant was
discarded, and the bacterial pellet was
resuspended in 0.65% NaCl sterile saline. After
incubation, the culture was serially diluted (1:10)
to 10° and plated on PCA to determine the
bacterial concentration of the starting inoculum.
To construct a growth curve, bacterial inocula
were serially diluted (1:2) in triplicate in 96-well
microtiter plates 12 times, and the absorbance of
each well was measured at 630nm using a
microplate reader. Inoculum concentration was
adjusted to 2.1x10%, 2.1x10%, 2.1x10°, 2.1x10°
and 2.1x10’CFU mL™" with 0.65% sterile saline.
All fish were inoculated with 100uL of A.
hydrophila, and cumulative mortality of fish was
evaluated after 24 hours.

For the experimental infection, at the end of the
experimental period, a pure bacterial culture
grown in BHI broth for 30°C for 24h in static
incubation was centrifuged for 30min at 1800g.
The supernatant was discarded, and the pellet
was resuspended in 0.65% sterile saline to adjust
the concentration of the bacteria defined by DL
50. In this step, five fish (different from those
previously used) from each experimental unit (25
per treatment) were inoculated with 100uL of A.
hydrophila (ATCC 7966) at concentration of
2.1x10*CFUmL". After 24 hours, fish survival
was evaluated.

All data were first subjected to Bartlett's analysis
to verify the homogeneity of variance. Then data
from in vitro selection of LAB were subjected to
one-way ANOVA, and significant differences
among treatments were analyzed using the
Student-Newman-Keuls (SNK) test. For the in
vivo test, microbiological data were log (x +1)
transformed, and all data were assessed by
Student’s -t test. All tests were conducted at a
5% level of significance.

RESULTS AND DISCUSSION

Twenty-four LAB strains were isolated from the
intestinal tract of lambaris. Of these, 18 were
discarded for presenting unsatisfactory growth
and failure to adapt to laboratory conditions.
Successful use of LAB in aquaculture has been
reported by several authors. Different stages of
bacterial life cycle and different farming systems
were studied (Carnevali et al., 2006; Vieira et al.,
2008; Jatoba et al., 2008, 2011; Merrifield et al.,
2010; Mourifio et al., 2012). All studies
suggested the use of LAB as a potential probiotic
substitute for antibiotics.

Antagonism to pathogenic bacteria is a main
determinant for the in vivo selection of desirable
microorganisms. Of the six strains used for the in
vitro selection test in the present study,
Lactobacillus spp. showed the highest inhibition
zone (17.4mm) and had the greatest inhibitory
effect on Micrococcus luteus, Aeromonas
hydrophyla and Pseudomonas aeruginosa
(Table 1). Inhibition halos formed against Gram-
negative bacteria can be associated with such
bactericidal substances as high molecular weight
(MW) bacteriocins, low MW reuterin, lactic acid
and acetic acid and hydrogen peroxide (Balcazar
et al., 2008; Newaj-fyzul et al., 2014).

Table 1. Inhibition halos (mean =+ standard deviation, mm) of indigenous lactic acid bacteria isolated from
intestinal tract of yellow tail lambari (Astyanax bimaculatus) against strains of pathogenic bacteria

Lactic Acid Micrococcus  Enterococcus Aeromonas Pseudomonas Average
Bacteria luteos durans hydrophyla aeroginosa &

Lactobacillus spp. 26.6+1.3a 10.5+1.5b 13.0+1.5ab 20.0+1.0 a 17.4+7.4

LAl 15.0+1.0¢ 0.0+0.0c 10.0+0.0c 10.0+0.5¢ 8.8+6.3

LA4 13.3+1.6¢ 10.0+1.0b 10.0+1.0¢c 10.0+1.0c 10.8+1.7

LAR 25.0+1.0a 15.0+0.0a 12.5+0.0b 15.0+0.0b 16.94£5.5

LA12 10.0+0.0d 0.0+0.0c 15.0+1.0a 0.0+0.0d 6.3+7.5

LA21 18.3£1.3b 10.0£0.0 b 11.042.0bc 10.0£1.0c 12.1+4.2
Significance 0.03976 0.01974 0.04350 0.00935

*Different letters indicate significant differences (P<0.05) between treatments using one-way ANOVA and SNK for

mean separation.
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Previously, Lactobacillus plantarum isolated
from Oreochromis niloticus and Litopenaeus
vannamei showed inhibition zones greater than
oxytetracycline and enrofloxacin, as well as the
ability to inhibit pathogenic bacteria (Jatoba et
al., 2008; Vieira et al., 2008). The results
presented by Lactobacillus spp. isolated from
lambari suggest greater efficacy than antibiotics,
even without performing an antibiogram. Finally,
the lactic acid bacterium isolated with the best in
vitro results was molecularly identified as
belonging to Lactobacillus spp. (CPQBA 1168-
15 DRM-01).

Unlike terrestrial organisms, the intestinal host
microbiota of aquatic organisms predominantly
consists of gram-negative bacteria (Gomez-gil et
al., 2000) and may vary according to the
environment, a shortage of any nutrient, or the
use of probiotic bacteria (Gatesoupe, 2008).
Lambaris fed a probiotic diet had a lower count
of Vibrios, Pseudomonas and Staphylococcus
and a higher count of LAB when compared to
control treatment. The concentration of viable
culturable heterotrophic bacteria did not differ
between treatments (Figure 1).

OControl O Lactobacillus sp.
7,0 1 *
6,0 T *
o -
E 11 T
2 5,0 1 1 T * J_
k= I T
S 4,0 - 1 £
%30 -
= I .
22,0 1
&
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Viable culturable Staphylococcus — Vibrios spp. Pseudomonas Acid Latic
heterotrophic spp. Spp. Bacteria
bacterias

Figure 1. Bacterial counts in the gut of yellow tail lambari (Astyanax bimaculatus) fed Lactobacillus spp.
supplement (probiotic) and control (unsupplemented diet). *Indicates significant difference (P<0.05) by -t

test between treatments.

The reduction in Vibrio sp. count can be
attributed to the ability of LAB-supplemented
diet to produce inhibitory substances (Vieira et
al., 2008; Jatoba et al., 2008). More specifically,
lactic acid bacteria are known as producers of
antimicrobial compounds (Balcazar et al., 2008).
For example, Lactobacillus plantarum produces
a bacteriocin known as plantaricin (Hernandez et
al., 2005), which may be related to the formation
of growth inhibition halos against the Gram-
positive bacteria analyzed in this research.

LAB supplied as a probiotic has been found to
cause changes in the microbiota of host
organisms (Gatesoupe, 1999; Newaj-fyzul et al.,
2014). Among the main changes is the increase
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in LAB and decrease of vibrios. These results
were observed in Centropomus spp. (Barbosa et
al., 2011), O. niloticus juveniles (Jatoba et al.,
2008, 2011) and fingerlings (Jatoba and
Mouriflo, 2015), Pseudoplatystoma sp. (Mourifio
etal., 2012) and L. vannamei (Vieira et al., 2008;
Jatoba et al., 2011). For Staphylococcus and
Pseudomonas, the results vary widely according
to the probiotic microorganism and host, as well
as interaction between them, but in general, LAB
can inhibit a wide range of bacteria commonly
found in fish microbiota.

In light microscopy, the probiotic group showed

morphological differences in length, width and
perimeter of the villi compared to the
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unsupplemented group (Table 2). All examined
intestinal sections appeared normal and healthy
with no signs of detached and necrotic
enterocytes. Well-developed  villi  without
necrosis were observed (Figure 2). The same
effect was verified by Gisbert et al. (2013) who
supplemented  rainbow  trout  fingerlings
(Oncorhynchus mykiss) with Bacillus cereus var.
toyoi for 93 days. These fish showed larger villi

than those fed with the control diet. The results
of the present study showed that probiotic
supplementation can improve villous length
and/or perimeter ratio. Higher perimeter ratios
suggest higher intestinal surface area for nutrient
absorption. Corroborating results can be found in
another study where Nile tilapia (O. niloticus)
was supplemented with Lactobacillus rhamnosus
GG for 30 days (Pirarat et al., 2011).

Table 2. Length, width and villi perimeter of yellow tail lambari (Astyanax bimaculatus) fed
Lactobacillus spp. supplement (probiotic) and control (unsupplemented diet)

Treatment Length (mm) Width (mm) Perimeter (mm)
Control 189.0+6.6 67.6+4.8 418.9+12.4
Probiotic 201.3+3.6* 74.9+2.2% 459.0+26.0*
Significance (p) 0.023701 0.038026 0.036685

*Indicates significant difference by-t test between.

Increased intestinal morphometry may be related
to the ability of probiotic bacteria to inhibit the
adhesion of pathogenic bacteria to the intestinal
epithelium, thus protecting the villi and the
absorbent surfaces against irritating toxins
produced by pathogenic microorganisms (Ukena

Figure 2. Photomicrographs of intestinal epithelium of

yellox;v tail lambari (A. bimaculatus) fed or not fed

et al, 2007). In this sense, the increase of
intestinal morphometry can be directly related to
the reduction in Vibrio sp., Pseudomonas and
Staphylococcus count, and higher LAB count
when compared to the unsupplemented
treatment.

diet supplemented with Lactobacillus spp. for 30 days. A) histological section of unsupplemented fish; B)
histological section of supplemented fish. GC-goblet cell, IEL-intraepithelial lymphocyte-like cell, L-

lumen, MV-microvilli.

After experimental challenge, lambaris fed the
probiotic-supplemented diet showed a survival
rate of 65.5+9.6%. This result was 16.2% higher
(P=0.04112) than that of fish fed with control
diet (49.3£12.2%), and it can be directly related
to the ability of probiotics to stimulate greater
migration of defense cells to infection sites, as
observed by Dotta et al. (2011) who fed Nile
tilapia (O. niloticus) a diet supplemented with L.
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plantarum, the same strain used by Jatoba et al.
(2008, 2011), and carried out an experimental
challenge with carrageenan.

It is difficult to confirm the exact mechanism by
which probiotics improve the health of aquatic
animals. In higher vertebrates, lactic acid
producing bacteria can directly interact with
immune cells through specialized cells in the
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intestinal epithelium, i.e., microfold, or M cells,
inducing their activation and proliferation, even
in the absence of contact with the circulatory
system (Gill, 2003). This result demonstrates the
potential of Lactobacillus spp. to improve
survival after experimental challenge, in turn
confirming the efficacy of the in vitro selection
procedure used.

Although the route of infection used in the
experimental challenge was different from that
employed in culture medium, the greater survival
rate of animals fed with a probiotic diet suggests
the potential of this bacterium to reduce the
production losses that result from disease, adding
the cautionary note that the method still needs to
be evaluated under farming conditions. Based on
the preventive effect of Lactobaccilus plantarum
against bacterial diseases in Nile tilapia (O.
niloticus), as observed by Jatoba et al. (2008),
the same results can be expected for lambaris fed
a diet supplemented with Lactobacillus spp.

In conclusion, Lactobacillus spp. isolated in this
study has probiotic properties based on positive
changes in gut morphology and host microbiota.
Furthermore, lactic acid bacteria  were
demonstrated to increase survival rate against
Aeromonas hydrophila.
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