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Abstract: The intestinal microbial community of fish is determining by biotic and abiotic factors, and depending on the niche they occupy, we
can distinguish between transient and permanent microorganisms. The last ones, are important for aquaculture, due to its probiotic potential.
Three adult of Oncorhynchus mykiss were used to extract their intestine to isolate the bacteria present and tested to determine probiotic
ability: resistance to acidic pH and bile, adhesion, hemolytic activity, antibiotic susceptibility, and in vitro antagonism. Bacteria groups were
identified by sequencing the 16S rRNA. Fourteen bacterial strains were obtained, of which the strains Bacillus pumilus, Shewanella
xiamenensis, Bacillus sp. and Bacillus methylotrophicus were able to grow at acidic pH in the presence of bile and only S. xiamenensis
showed a-hemolytic activity. B. pumilus and Bacillus sp. had better adhesion and antagonism in vitro. We can conclude that B. pumilus and
Bacillus sp. presented potential probiotics in vitro and is recommendable to evaluate them in rainbow trout to determine what benefits they

can offer to this fish.
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Introduction

The microbial community of the gastrointestinal tract
(GIT) of fish is determined by biotic and abiotic
factors, environment conditions, interaction with other
organisms, and consumed food (Pereira et al., 2011;
Sullam et al. Ingerslev et al., 2014). There are two
types of bacteria present in fish: transient and
permanent. Permanent bacteria are directly related to
body section in which they are located and the stage
of development. In the case of healthy adult fish, the
bacteria present in GIT are considered as permanent.
Transient bacteria are founded, mostly, in the skin and
gills (Cahill, 1990).

Permanent microorganisms colonize the fish GIT
in their initial stages and are maintained during the
host live cycle, so they must be found in wild and
cultured organisms. These microorganisms were
located principally at intestinal mucosa, and proximal
or distal part of GIT (Ringe and Birkbeck, 1999).
Studies on the intestinal microbiota of fish have
focused on the evaluation of bacteria as bioindicators
of water bodies (Geldreich and Clarke, 1966) and
principally to identified pathogenic microorganisms
that seriously affect aquaculture  production
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(Sharifiyazdi et al., 2010; Huang et al, 2013).
However, in recent years, the interest to analyze
microbiota communities located in fish GIT, was to
develop probiotic sources (Spanggaard et al., 2000;
Gbémez and Balcazar, 2008), because they have a
significant role to maintain fish health conditions
(Sugita et al., 1996; Brunt et al., 2007; Gémez and
Balcazar, 2008); by competing with pathogenic
bacteria, which provide molecules that improve host
nutrition (Verschuere et al., 2000, Balcazar et al.,
2006). The relationship between resident bacteria and
the host, suggests an association history over the fish
life cycle (Ringe and Gatesoupe, 1998; Hong et al.,
2005; Gomez and Balcazar, 2008). All previous about
microorganism’s research with probiotic potential in
adult fish GIT, involves the possibility of obtaining
them (Ringg and Gatesoupe, 1998; Hong et al., 2005;
Gdmez and Balcézar, 2008).

The development of probiotics in aquaculture has
gained importance because due to benefits that these
microorganisms can offer to aquaculture activity
(Akhter et al., 2015; Hai, 2015). However, in Mexico
there are few studies that have been carried out on
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probiotics development, obtained from the fish
autochthonous microbiota. Based on the importance
of Oncorhynchus mykiss culture in our country, and
the need to develop and implement sustainable
biotechnologies, this research aimed to obtain
bacteria with probiotic characteristics present in the
intestine of rainbow trout locally cultivated, and the
possibility to apply them on Mexican trout culture.

Materials and methods

Obtained fishes and euthanasia

The trout’s (average of ~25 cm and 300 g) were
obtained from a stock belongs to FES-Iztacala-UNAM
Aquaculture Production Laboratory, and maintained in
fast during 24 h (Monroy-Dosta, 2010; Woynarovich et
al., 2011). Fish euthanasia was made according the
American Association of Veterinary Medicine (2013),
using a lethal dose of benzocaine (>250 mgL-).
Thereafter, all procedures were made under aseptic
conditions.

Isolation of bacteria

Fish ventral zone was cleaned with ethanol (70%).
After aseptically GIT removing, it was rinse with sterile
saline solution (0.89%) to remove residual food and
feces. The tissue was placed in sterile saline solution
to homogenize it at 1:10 (w/v) proportion. From the
homogenate, three decimal sequential dilutions were
made, and aliquots were inoculated in three culture
media: BHI, MRS and TCBS (DifcoTM and BBLTM
Manual, New Jersey). Agar plates were incubated at
32 °C for 24 to 48h. Each differentiated bacteria
colony was subculture onto culture plates. Once
isolation was achieved, the cell morphology was
determined by Gram stain (Madigan et al., 2012), and
was used for subsequent identification.

Bacterial identification

The identification of isolated bacteria was done by
sequencing the gene encoding of 16S of rRNA (Han,
2006; Mignard and Flandrois, 2006; Janda and
Abbott, 2007), and amplified by the polymerase chain
reaction (PCR), based in the methodology described
by Hamdan (2004) and Sambrook and Russel (2011).
The DNA was extracted using the Wizard® Genomic
DNA Purification Kit (PROMEGA®, Wisonsin, USA),
following manufacturer instructions.

The PCR was made with the Master Mix® PCR kit
(PROMEGA®, Wisonsin, USA). The amplification
reaction had a total volume of 25uL, 0.1uL of Taq
polymerase, 0.75uL of MgCI2, 0.4uL of the deoxynucl-
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eoside triphosphate mixture, 0.8 L of the 8for primer.
(5-AGACTTTGATCMTGGCTCAG-3'), 0.8 pL of the
1492rev primer. (5'-TACGGYTACCTTGTTACGACTT-
3'), 2.0 uL 10x colorless buffer, 14.15 uL molecular
water and 1uL genomic DNA (Hamdan, 2004). The
reaction was induced in the thermocycler (Bio-Rad®
My Cycler, California, USA), with the following profile,
a pre-incubation cycle at 94°C for 5 min; 40 cycles of
denaturation at 94°C for 38 s, hybridization at 52°C
for 40 s and pre extension at 72°C for 40 s; followed
by an extension cycle at 72°C for 7 min and finally, a
final cooling cycle at 4°C. PCR amplicons were
visualized on agarose 1.5% and stained with ethidium
bromide (0.5 pgmL"), exited under ultraviolet
illumination (300 nm).

PCR products were purified with the lllustra®
Exoprostar® kit (GE®, Connectivut, UEA); sequenc-
ing was made on Macrogen® Inc. and the information
obtained was analyzed using the NCBI Blast algorithm
and compared with the sequences available in the
GenBAnk data base (https://www.ncbi.nim.nih.gov

[genbank/).

Initial Selection Criteria

The initial bacteria selection from 14 strains identified,
was carried out on the following criteria: a) strains that
have not been reported as pathogenic (FAO and
WHO, 2001), for aquatic animals and for humans
(Borch et al., 2015), and b) bacteria isolated from
aquatic systems or belonging to the microbiota of fish
or aquatic animals (Verschuere et al., 2000, Vine et
al., 2004, Balcazar et al., 2006).

Tests for probiotic characterization of bacteria
Tolerance to acidic pH and bile

The pH of the BHI broth was adjusted at 1.5, 2.5 and
3.5 with hydrochloric acid (HCI). The tolerance to bile
salts was made with bile of rainbow trout, which was
extracted with a sterile syringe under aseptic
conditions from the gallbladder, and stored at -20°C
until use (Pérez-Sanchez et al., 2011; Burbank et al.,
2012). Three final concentrations were prepared 1%,
2% and 3%. In both tests, 20 pL of the cell suspension
was inoculated at an absorbance (ABS) of 0.5, and
the exposure in the two conditions was carried out at
30 °C for 24 h. The initial and final ABS were
measured at 0 h and at 24 h; from them the change of
ABS in percentage was calculated.

In vitro adhesion
The adhesion capacity of the bacteria to fish intestinal
epithelium was determined by adhesion to toluene
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(Vinderola and Reinheimer, 2003, Vine et al., 2004).
In this case, the method described by Pérez-Sanchez
et al. (2011), with some modifications was used. Cells
were collected by centrifugation at 10,000 rpm at
25°C for 5 min from a broth culture in BHI and an
inoculum with an ABS 0.5 suspended in 50mM
K2HPO4 (pH 7.4) was used. The mixture of the
toluene and the cell suspension was made in a ratio of
1:5 and vortexed (Vortex Maxi Mix Il Thermo
Scientific) for 2 min at maximum speed. The samples
were incubated at 30°C for one hour and phases
separation was allowed. The ABS of the aqueous
phase was measured and the adhesion percentage
(H%) was determined by the formula: H%=[(ABSo-
ABS)/ABS]X100;

Where ABS and ABS, are the initial and final
optical densities, respectively. The decrease in ABS of
the aqueous phase was interpreted as a greater
adhesion capacity (Collado and Salminen, 2009).

Hemolytic activity

BHI agar petri dishes were prepared with 5% lamb
defibrinated blood and 100 uL of a density of 1 x 107
CFU mL-" of bacteria suspension was seeded. The
plates were incubated at 30 °C, and were analyzed
after 24 h and 48 h. Results were classified in three
types of hemolytic activity, a, B or y (Buxton et al,
2006; Leboffe and Pierce, 2011; Madigan et al.,
2012), the strains with last type were selected.

Susceptibility to antibiotics

This assay was performed by agar diffusion technique
and the Polidiscos system (PBM S. A de C. V.,
Mexico City). The kit has 12 antibiotics for Gram
positive bacteria  (Cephalotina30, ciprofloxacinb,
clindamycin2, erythromycin15, fosfomycin50,
gentamicin10, nitrofurans 300, oxacillin1, penicillin
G10, tetracycline10, trimethoprim sulfamethoxasol25
and vancomycin30) and Gram negative (Cephalo-
tin30, ciprofloxacinb, fosfomycin50, gentamicin10,
nitrofurans300, tetracycline10, trimethoprim sulpha-
methoxasol25, amikacin30, ampicillin10, ceftazid-
ime30, netilmicin30 and norfloxacin10), at different
concentrations in micrograms. The plates were
incubated at 30°C for 24 h. The criteria proposed by
the manufacturer were used to determine the sens-
itivity or resistance of antibiotics used on evaluated
strains.

In vitro antagonism
Two bacterial strains of aquatic importance,
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Aeromonas hydrophila (Fattahi et al., 2015) and
Enterobacter sakazakii (Monroy-Dosta et al., 2015),
isolated from infected Carassius auratus, were
separately inoculated into BHI petri dishes, at 1 x 107
CFU mL". The agar diffusion method was used
(Madigan et al., 2012). Filter paper (Whatman No. 5),
7 mm @, which were immersed during 5 min in a cell
suspension at 1 x 107 CFU mL-" of presumptively
probiotic bacteria, discs were extracted and then were
placed in the center of the agar plates. The incubation
was performed at 30°C after 24h and the zones of
inhibition were measured. In some cases, the
incubation time was prolonged to 48h. Presumptively
probiotic strains that generated zones of inhibition
were selected.

Statistical analysis

All experiments were carried out by triplicate. The
results are expressed as means with their standard
error. The data were checked for normal distribution
with  Kolmogorov-Smirmov  test. The statistical
differences between strains inside of a test were
assessed by the one-way analysis of variance
(P<0.05), with Tukey (P<0.05) post hoc test
(Montgomery, 2011; Zar, 2010). All statistics was
made using SYSTAT® ver. 12.0 for Windows®.

Results

Bacteria identification

Fourteen strains were identified, of which 93% had a
bacillary form and the rest were coccus. The 71% of
them were aerobic, 14% anaerobic and the rest
anaerobic facultative (15%). Most of the bacteria
strains (79%), belong to Phylum Firmicutes, 7% to
Gamaproteobacteria, 7% to Actinobacterias, and an
unknown clone. Based on the initial selection criteria
(FAO and WHO, 2006; Vine et al., 2004), six strains
(1, 2, 4, 8, 9) of Table 1 were selected for in vitro
characterization as probiotics.

Probiotic characterization of bacteria
Under acidic conditions, all strains were able to
survive and growth. However, three were selected,
Bacillus pumilus, Bacillus sp. and only Bacillus
methylotrophicus was significantly different (P <0.05)
from the rest of the strains (Fig. 1). From the four
strains that could growth under acidic conditions, was
Shewanella  xiamenensis that showed a-type
hemolytic activity.

After acidic pH test, only three strains were select
for the bile tolerance. They were able to survive and
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Tab. 1: Bacteria isolated from the intestine of O. mykiss.

Description Metabolism  Form  Gram Taxonomic group
Bacillus pumilus SG2 BM +oV Firmicutes
Shewanella xiamenensis BCO1 BM - Gamaproteobacteria
Bacillus sp. NIOT-3 B - Firmicutes
Bacillus sp. CNJ732PL04 B - Firmicutes
Bacillus subtilis BN1 BM + Firmicutes
Clone bacteria not cultured nbw1184b05c1 C - -
Clostridium sp. K27 B + Firmicutes
Bacillus subtilis yxw4 A BM + Firmicutes
Bacillus methylotrophicus 1S04 A BM + Firmicutes
Bacillus subtilis CYBS-5 A BM + Firmicutes
Clostridium sporogenes 39NIG1 ana4-1 AF BM + Firmicutes
Bacillus subtilis F121112 A BM + Firmicutes
Bacillus sp. ACH-14L-88 A B - Firmicutes
Rhodococcus sp. JSM 2215131 A BR +toV Actinobacteria

Note: A: aerobic. An: anaerobic. F: facultative. B: bacillus. C: coccus. N: no. M: mobile. V: variable.

growth in the three concentrations used and B.

methylotrophicus displayed the smallest increase in
ABS (Fig. 2).
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Fig. 1: Change in absorbance of five bacterial strains
isolated from O. mykiss intestine, in BHI at three pH's.
Different letters between column bars show significant

differences (p<0.05).

The same three strains were tested to
determinate it adhesion capacity and were B. pumilus
and Bacillus sp. that performed better, with -42.3% +
6.4% and -121% * 2.1% decreases in ABS,
respectively; while B. methylotrophicus had -4.4% +
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1.4% (Fig. 3).
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Fig. 2: Change in absorbance of three bacterial strains
isolated from O. mykiss intestine, in BHI at three bile
concentrations. Different letters between column bars show
significant differences (P<0.05).

The antagonism evaluation in vitro show that the
same strains generated zones of inhibition against A.
hydrophila and E. sakazakii. Bacillus sp. strain
produce bigger zones (17 mm + 1.13 mm and 16 mm
+ 1.73 mm respectively). B. methylotrophicus did not
generate zones of inhibition (Fig. 4).
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Fig. 3: Change in absorbance of three bacterial strains
isolated from O. mykiss intestine exposed to toluene.
Different letters between column bars show significant

differences (P<0.05).
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Fig. 4: In vitro antagonistic activity of three bacterial strains
isolated from the intestine of 0. mykiss against of two
pathogens in aquaculture. Different letters between columns
bar show significant differences (P<0.05).

The antibiotic sensitivity test show that Bacillus
sp. was sensitive to 50% of antimicrobials; while B.
pumilus and B. methylotrophicus were sensitive to
75% and 83% respectively of antibiotics used (Tab.
2).

Discussion

The bacterial groups identified in this work correspond
mainly to Phylum Firmicutes (Gamaproteobacteria
and Actinobacteria), which agrees with that reported
by Spanggaard et al. (2000) and Ingerslev et al.
(2014), which mentioned that bacillary forms were
dominant. In general terms, this bacteria form
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corresponds to bacterial community of carnivorous
freshwater fishes, mainly salmonids (Sullam et al.,
2012). The presence of Clostridium sp. in the intestine
of rainbow trout can be explained by the fact that the
microbial community present in GIT, is influenced by
the microorganisms present in the environment
(Cahill, 1990, Ringe et al., 1995, Novotny et al.,
2004). This genus is commensal for humans (lvanov
and Honda, 2012; Lopetuso et al., 2013), and is usual
found in GIT of rainbow trout (Etyemez and Balcazar,
2015). Itis possible that their presence in GIT, may be
due to organism's management in culture systems
(Spanggaard et al., 2000).

Tab. 2: Antibiotics sensitivity of three bacteria strains
isolated from O. mykiss intestine with probiotic potential.
Gram + Gram -

Antibiotic (ug) BPU  BME BSP
Cephalotin 30 S S R
Ciprofloxacin 5 S S
Clindamycin 2 S S NA
Erithromycin 15 S S NA
Phosphomicyn 50 R S S
Gentamicin 10 S S S
Nitrophuran 300 S S S
Oxacillin 1 R S NA
Penicillin G10 R R NA
Tetracycline 10 S R R
Trimethoprim-Sulfamethoxasol 1256 S S R
Vancomycin 30 S S NA
Amikacin 30 NA NA S
Ampicillin 10 NA NA R
Ceftazidime 30 NA NA R
Netilmicin 30 NA NA R
Norfloxacin 10 NA NA S

Note: BPU: B. pumilus, BME: B. methylotrophicus, BSP: Bacillus sp., S:
sensitive, R: resistant, Na: not apply

The results obtained show that B. pumilus,
Bacillus sp. and B. methylotrophicus can survive and
growth in stomach pH range that O. mykiss has. The
pH values used in the test correspond to those of
rainbow trout during digestion (Kapoor et al. 1975;
Hidalgo et al., 1999, Furné et al., 2005). Krogdahl et
al. (2015), mentioned that pH of carnivorous fishes
can be the same to those trout fishes show. Although
there are no reports on bile concentrations during the
digestion of this fish, three concentrations (1%, 2%
and 3%) were used, in which all three strains were
able to survive and reproduce, regardless of the
concentration used. When B. pumilus was exposed at
pH 2.2 and bile 0.3% - 2% tests in vitro to evaluate it
as a probiotic in pigs, show the same behavior as that
obtained in this study (Prieto et al., 2014). This has
also been observed in B. methylotrophicus exposed to
pH of 2.5 and bile of 0.5%, simulating human GIT
conditions (Sim et al., 2014).
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In the case of the bile test, the behavior observed
may be due to bile concentrations used, because it
not generates bacteria stress. Bile can be used as
enricher of selective culture media (such as TCBS),
where the concentration is ~ 2% (DifcoTM and BBL™,
2009). For example, when some lactic acid bacteria
were evaluated with various concentrations of bile, 0%
- 1% showed tolerance, and only significant
differences existed in two of the five concentrations
used (Pérez-Sanchez et al., 2011). Although, when
concentrations of 10% of bile have been used, several
bacterial strains survived and growth, as Burnabk et
al. (2012) reported; considering that bile concentration
in fish GIT was 0.4% to 1.3% (Balcazar et al., 2008).
However, it is important to highlight that it is
necessary to know the specific concentrations of bile
in situ, during digestion, as specific manner, to made
in vitro test, as well as the biological process occur.

Regarding the biosecurity of evaluated strains,
only S. xiamenensis presented a-hemolytic activity,
and was discarded in the subsequent tests. Although
there are no reports on any type of pathogenicity.
However, the a-hemolytic may indicate hemolytic
toxins productions (Santos et al., 1999; Gomathi et al.,
2013) and represent a risk for humans and animals.
For this case, no hemolytic activity was detected in
the strains of Bacillus genus used. Luis-Villasefor et
al. (2011), reported that strains belonging to this
genus showed the three types of hemolysis, since the
absence of this phenomenon in bacteria is an
indication of non-virulence (De Vuyst et al., 2003).

The two strains with better adhesion were B.
pumilus and Bacillus sp., Which would involve that
they can be established in the intestinal mucosa of
rainbow trout. In any case, these strains were isolated
from healthy adult fish, indicative that they can be
established and proliferate at rainbow trout GIT.
Guidoli et al. (2015) reported that strains of the genus
Bacillus can adhere and had in vitro self-aggregation.
Although it has been observed that adhesion is not a
constant behavior in strains belonging to Bacillus
genus. Mahdhi et al. (2011), only found that two of
three strains had in vitro adhesion capacity, according
with this work. The importance of evaluating this
feature in potential probiotic strains differs greatly from
bacterial adherence from the clinical point of view. In
the latter case, the ability of adhesion to biological and
non-biological materials defines its potential to
develop an infection (Boland et al., 2000). In contrast,
microorganisms considered as probiotics, must have
the ability to adhere to biological materials (Ibrahim et
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al., 2004), ergo, intestinal epithelium, since this is
associated with the benefits that probiotics can offer to
the host (Verschuere et al., 2000, Pandiyan et al.,
2013, Balcazar et al., 2008). However, a difficulty
exists of evaluating it in vivo makes the in vitro tests a
good option as a preliminary measure to evaluate this
variable (Duary et al., 2011).

In addition, the growth of these strains was also
determined in the presence of two pathogens for fish,
A. hydrophila and E. sakazakii, in culture systems;
acting as opportunistic, although they represent a
latent problem in commercial aquaculture (Bruno et
al., 2013; Monroy-Dosta et al., 2015). B. pumilus and
Bacillus sp. showed in vitro antagonism, but not B.
methylotrophicus. Many of the probiotics used in
aquaculture belong to Bacillus genus (Panigrahi et al.,
2007, Bagheri et al., 2008, Olmos and Paniagua-
Michel, 2014). Sugita et al. (1996) and Brunt et al.
(2007), emphasize the ability of this genus to compete
against pathogens in vitro and in vivo. Particularly,
Lalloo et al. (2007), found that Bacillus spp. had
antagonistic activity against A. hydrophila. Aly et al.
(2008), reported antagonistic activity in vitro by B.
pumilus; Hill et al. (2009), obtained that this strain had
the greatest capacity of inhibition against several
species of Vibro spp. genus, contrary to that observed
in this case, where Bacillus sp. was better. On the
other hand, Liu et al. (2015), found that B. pumilus
B16 strain had antagonism against V.
parahaemolyticus; although the proven benefit of this
strain has been on host growth as part of a bacterial
consortium (Avella et al, 2010). Regarding B.
methylotrophicus, there are no reports on its behavior
antagonistic activity in vitro.

There are no references that the strains used
have antibiotic resistance plasmids. However, all three
had resistances to some of antibiotics used. This
feature represents an important characteristic for
probiotics development, since the use of these
compounds in aquaculture is a common practice. This
type of chemotherapy significantly alters the fish GIT
microbiota, increasing the possibility of infection
(Merrifield et al., 2010; Romero et al., 2012). Theo-
retically, bacteria (Johnsborg et al., 2007) and yeasts
such as Saccharomyces sp. (Kawai et al., 2015) can
suffer transformations, a phenomenon that has
important implications in aquaculture, due to the
presence in the environment and in fish GIT, of
pathogenic strains resistant to antimicrobials. In this
context, the resistance observed in strains with
probiotic traits would mean a problem for the
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development of this type of products.

Few evidence exist in relation to obtaining
probiotic, application and observed benefits in the
same host (Kumar et al., 2008). However, we can
infer that the development of autochthonous probiotics
is the best option (Waché et al., 2006; Vieira and
Tavares, 2012), because there is an adaptation
process between them (Kesarcodi- Watson et al.,
2008; Sullam et al., 2012). Nevertheless, probiotics
used in humans (Nikoskelainen et al., 2003) and
swine (Sealey et al., 2009), tested in fish with good
efficiency. Nevertheless, some author recommend
that the probiotics must be autochthonous (Cross
2002, Vine et al., 2004, Ringe et al., 2010).

The obtaining of different bacteria from rainbow
trout GIT, as well as its determination of their possible
probiotic capacity, not only confirms the wide diversity
of microorganisms in different organisms studied
(Austin, 2011; Ingerslev et al., 2014; Etyemez and
Balcazar, 2015), of which, few, can be considered
beneficial (Hill et al., 2009, Pérez-Sanchez et al.,
2011, Burbank et al., 2012). The strains found in this
study, allows to increase the database of bacteria with
probiotic capacity, which can be used in aquaculture.

Conclusion

The information obtained in this study indicates that
not all bacteria isolated from the intestine of rainbow
trout, have the capacity to tolerate in vitro conditions
like the GIT environment of this fish. We can conclude
that there are bacteria in the intestine of O. mykiss
has probiotics characteristics. This highlights the
importance of this type of studies, before considering
the use of these products.

The next phase in the development of a probiotic,
after the in vitro tests, indicates its evaluation on a
host to determine which are benefits that the
presumptively probiotic strains, B. pumilus and
Bacillus sp., can offer to rainbow trout.

References

v" Akhter N., Wu B., Memon A.M. and Mohsin M. (2015)
Probiotics and prebiotics associated with aquaculture: A
review. Fish and Shellfish. Inmunology, 45: 733-741.

v  Aly S.M., Abd-El-Rahman A.M., John G. and Mohamed
M.F. (2008) Characterization of some bacteria from
Oreochromis niloticus and their potential use as probiotics.
Aquaculture, 277: 1-6.

v American Veterinary Medical Association - AVMA Guideli-
nes for the Euthanasia of Animals: 2013 Edition.
https://lwww.avma.org/KB/Policies/Documents/euthanasia.
pdf. Reviewed: 20 June 2016.

Int. J. Aqu. Sci; 9 (1): 3-12, 2018

v Avella M.A., Gioacchini G., Decamp O., Makridis P.,
Bracciatelli C. and Carnevali O. (2010) Application of multi-
species of Bacillus in sea bream larviculture. Aquaculture,
305: 12-19.

v’ Bagheri T., Hedayati S.A., Yavari V., Alizade M. and
Farzanfar A. (2008) Growth, survival and gut microbial load
of rainbow trout (Onchorhynchus mykiss) fry given diet
supplemented with probiotic during the two months of first
feeding. Turkish Journal of Fisheries and Aquatic Science,
8:43-48.

v’ Balcéazar J.L., de Blas I., Ruis-Zarzuela I., Cunninham D.,
Vendrell D. and MUzquiz J.L. (2006) The role of probiotics
in aquaculture. Veterinary Microbiology, 114: 173-186.

v’ Balcdzar J.L., Vendrell D., de Blas I., Ruiz-Zarzuela 1.,
Muzquiz J.L. and Girones O. (2008) Characterization of
probiotic properties of lactic acid bacteria isolated from
intestinal microbiota of fish. Aquaculture, 278: 188-191.

v Bauer W., Kirby M., Sherris C. and Turck M. (1996)
Antibiotic susceptibility testing by standardized single disk
method. American Journal of Clinical Pathology, 45: 493-
496.

v" Borch K., Pederson |.E. and Hogmo R.O. (2015) The use
of probiotics in fish feed for intensive aquaculture to
promote healthy guts. Advances in Aquaculture and
Fisheries Management, 3: 264 — 273.

v Bruno D.W., Noguera P.A. and Poppe T.T. (2013)
Bacterial diseases. In Bruno, Noguera and Poppe (eds), A
Color Atlas of Salmonid Diseases, 2d ed. Springer, Nueva
York. 73-98.

v Buxton R. (2005) Blood agar plates and hemolysis
protocols.http://www.microbelibrary.org/component/resourc
e/laboratory-test/2885-blood-agar-plates-and-hemolysis-
protocols. Reviewed: 19 de Julio de 2015.

v’ Brunt J., Newaj-Fyzul A. and Austin B. (2007) The
development of probiotics for the control of multiple
bacterial diseases of rainbow trout, Oncorhynchus mykiss
(Walbaum). Journal of Fish Diseases, 30: 573-579.

v" Cahill M.M. (1990) Bacterial flora of fishes: A review.
Microbial Ecology, 19: 21-41.

v Collado M.C. and Salminen S. (2009) Combined probiotics
and pathogen adhesion and aggregation. In Lee and
Salminen (eds). Handbook of Probiotics and Prebiotics, 2d
ed. Wiley, Nueva Jersey, E. U. A. 377-391.

v Cross M.L. (2002) Microbes versus microbes: immune
signals generated by probiotic lactobacilli and their role in
protection against microbial pathogens. FEMS Immunology
and Medicla Microbiology, 34: 245-253.

v' De Vuyst L., Moreno M.R.FF. and Revets H. (2003)
Screening for enterocins and detection of hemolysin and
vancomycin resistance in enterococci of different origins.
International Journal of Food Microbiology, 84: 299-318.

v DifcoTM and BBL™ Manual. 2009. Manual of
Microbiological Culture Media, Mary Jo Zimbro, David A.
Power, Sharon M. Miller, George E. Wilson y Julie A.
Johnson, (eds.) 2d ed. Sparks, Maryland, E. U. A
http://lwww.bd.com/ds/technicalcenter/misc/difcobblmanual
_2nded_lowres.pdf. Reviewed: 20 August 2015.

v" Duary RK., Rajput Y.S., Batish V.K. and Grover S. (2011)



Ramirez-Torrez et al. (2018) Presumptive probiotic isolated from Oncorhynchus mykiss ...

Assessing the adhesion of putative indigenous probiotic
lactobacilli to human colonic epithelial cells. Indian Journal
of Medical Research, 134: 664-671.

v Fattahi F., Mirvaghefi A., Farahmand H., Rafiee G. and
Abdollahi A.A. (2015) Simultaneous detection of Aerom-
onas hydrophila, and Escherichia coli in rainbow trout
(Oncorhynchus mykiss) by Duplex PCR. International
Journal of Aquatic Biology, 3: 52-59.

v FAO and WHO (2001) Probiotics in food — Health and
nutritional properties and guidelines for evaluation. Report
of a joint FAO/WHO expert consultation on evaluation of
health and nutritional properties of probiotics in food
including powder milk with live lactic acid bacteria.
Cordoba, Argentina, 1-4 October 2001. FAO, WHO. Roma.

v FAO (1980) Characteristics of enzymes and other
digestives secretions. In: Fish feed technology. FAO,
Washington, USA. http://www.fac.org/docrep/X5738E/x57
38e00.htm#Contents. Reviewed: 30th October 2016.

v  Furné M., Hidalgo M.C., Lopez A., Garcia-Gallego M.,
Morales A.E., Domezain A., Domezainé J. and Sanz A.
(2005) Digestive enzyme activities in Adriatic sturgeon
Acipenser naccarii and rainbow trout Oncorhynchus
mykiss. A comparative study. Aquaculture, 250: 391-398.

v Geldreich E.E. and Clarke N.A. (1966) Bacterial pollution
indicators in the intestinal tract of freshwater fish. Applied
Microbiology, 14: 429-437.

v Gomathi R.S., Vinothkumar R. and Arunagiri K. (2013)
Isolation and identification vibrios from marine seafood
samples. Interantional Journal of Current Microbiology and
Applied Science, 2: 36-43.

v  Goémez G.D. and Balcazar J.L. (2008) A review on the
interactions between gut microbiota and innate immunity of
fish. FEMS Immunology and Medical Microbiology, 52:
145-154.

v Guidoli M.G., Santinén J.J., Pasteris S.E., Sanchez S. and
Nader-Macias M.E.F. (2015) Isolation and selection of
potentially beneficial autochthonous bacteria for Piaractus
mesopotamicus ~ aquaculture  activities.  Journal  of
Bioprocessing and Biotechniques, http://dx.doi.org/10.4172
12155-9821.1000254

v'Hamdan P. 2004. Biomonitoreo: seguimiento de
poblaciones microbianas en procesos de biorremediacion
de suelos contaminados con hidrocarburos. Thesis to
obtain the degree of Master in Biotechnology. Universidad

Auténoma  Metropolitana-Iztapalapa, México, Distrito
Federal.
v Hai N.V. (2015) The use of probiotics in aquaculture.

Journal of Applied Microbiology, 119: 917-935.

v'Han X.Y. (2006) Bacterial Identification Based on 16S
Ribosomal RNA gene sequence analysis. In: Tang and
Stratton (eds). Advanced techniques in diagnostic
microbiology. Springer, New York. 323-332.

v Hidalgo M.C., Urea E. and Sanz A. (1999) Comparative
study of digestive enzymes in fish with different nutritional
habits. Proteolytic and amylase activities. Aquaculture,
170: 267-283.

v/ Hill J.E., Baiano J.C.F. and Barnes A.C. (2009) Isolation of
a novel strain of Bacillus pumilus from penaeid shrimp that

Int. J. Aqu. Sci; 9 (1): 3-12, 2018

10

is inhibitory against marine pathogens. Journal of Fish
Diseases, doi:10.1111/j.1365-2761.2009.01084 .x

v Hong H.A., Duc L.H. and Cutting S.M. (2005) the use of
bacterial spore formers as probiotics. FEMS Microbiology
Reviewa, 29: 813 - 835.

v Huang Y., Runge M., Brenner M.G., Schwarz S., Jung A.
and Steinhagen D. (2013) Biochemical and molecular
heterogeneity among isolates of Yersinia ruckeri from
rainbow trout (Oncorhynchus mykiss, Walbaum) in
northwest Germany. BMC Veterinary Research, doi:
10.1186/1746-6148-9-215.

v Ibrahim F., Ouwehand A.C. and Salminen S.J. (2004)
Effect of temperature on in vitro adhesion of potential fish
probiotics.http://www.microbecolhealthdis.net/index.php/m
ehd/article/view/7928/9267. Microbial Ecology in Health
and Diseases. doi: 10.1080/0891060041002608

v Ingerslev H.C., Jargensen L.vonG., Lenz M.S., Larsen N.,
Dalsgaard |., Boye M. and Madsen L. (2014) The
development of the gut microbiota in rainbow trout
(Oncorhynchus mykiss) is affected by first feeding and diet
type. Aquaculture, 424-425: 24-34.

v/ Janda J.M. and Abbott S.L. (2007) 16S rRNA gene
sequencing for bacterial identification in the diagnostic
laboratory: pluses, perils, and pitfalls. Journal Clinical
Microbiology, 45: 2761-2764.

v" Johnsborg O., Eldholm V. and Havarstein L.S. (2007)
Natural genetic transformation: prevalence, mechanisms
and function. Research in Microbiology, 158: 767-778.

v’ Kawai S., Hashimoto W. and Murata K. (2015)
Transformation of Saccharomyces cerevisiae and other
fungi. Bioengineered Bugs, 1: 395-403.

v Kesarcodi-Watson A., Kaspar H., Lategan M.J. and Gibson
L. (2008) Probiotics in aquaculture: The need, principles
and mechanisms of action and screening processes.
Aquaculture, 274: 1-14.

v Kumar S.M., Swarnakumar N.S., Sivakumar K.,
Thangaradjou T. and Kannan L.L. (2008) Probiotics in
aquaculture: importance and future perspectives. Indian
Journal of Microbiology, 48: 299-308.

v Lalloo R.S., Ramchuran D., Ramduth J., Gérgens J. and
Gardiner N. (2007) Isolation and selection of Bacillus spp.
as potential biological agents for enhancement of water
quality in culture of ornamental fish. Journal of Applied
Microbiology, 103: 1471-1479.

v Leboffe M.L. and Pierce B.E. (2011) Blood agar. In: A
photographic atlas for the microbiology laboratory, 4th ed.
Morton Publishing. Engleewood, Colorado. 61.

v  Liu X.-F., LiY,, Li J.-R., Cai L.-Y., Li X.-X., Chen J.-R. and
Lyu S.-X. (2015) Isolation and characterisation of Bacillus
spp. antagonistic to Vibrio parahaemolyticus for use as
probiotics in aquaculture. World Journal of Microbiology
and Technology, 31: 795-803.

v Luis-Villasefior I.E., Macias-Rodriguez M.E., Gémez-Gil
B., Ascencio-Valle F. and Campa-Cérdova A.l. (2011)
Beneficial effects of four Bacillus strains on the larval
cultivation of Litopenaeus vannamei. Aquaculture, 321:
136-144.

v Madigan M.T., Martinko J.M., Stahl D.A. and Clark D.P.



Ramirez-Torrez et al. (2018) Presumptive probiotic isolated from Oncorhynchus mykiss ...

(2012) A brief journey to the microbial world. In: Brock
biology of microorganisms, 13th edition. Benjamin Cum-
ings, New York. 25-30.

v" Mahdhi A., Hmila Z., Chaieb K., Kamoun F. and Bakhrouf
A. (2011) Probiotic properties of halophilic Bacillus strains
enhance protection of Artemia culture against pathogenic
Vibrio. Aquatic Biology, 13: 225-231.

v Merrifield D.L., Bradley G., Baker R.T.M. and Davies J.
(2010)  Probiotics  applications for rainbow  trout
(Oncorhynchus mykiss, Walbaum) II. Effects on growth
performance, feed utilization, intestinal microbiota and
related health criteria postantibiotic treatment. Aquaculture
Nutrition, 16: 496-503.

v Mignard S. and Flandrois J.P. (2006) 16S rRNA sequenc-
ing in routine bacterial identification: A 30-month
experiment. Journal of Microbiological Methods, 67: 574-
581.

v" Monroy-Dosta M.C., Castro-Mejia J., Castro-Mejia G., De
Lara-Andrade R., Ocampo-Cervantes J.A. and Cruz-Cruz
I. (2015) El uso de cinco cepas probidticas para la
determinacién de la sensibilidad (positiva o negativa) del
crecimiento de bacterias patégenas (in vitro), aisladas de
peces enfermos. Revista E-Bios, 1: 25 - 31.

v" Nikoskelainen S., Ouwehand A, Bylund G, Salminen S.
and Lilius E.M. (2003) Immune enhancement in rainbow
trout (Oncorhynchus mykiss) by potential probiotic bacteria
(Lactobacillus rhamnosus). Fish and Shellfish Immunology,
15: 443-452.

v Nithya V. and Halami P.M. (2013) Evaluation of the
probiotic characteristics of Bacillus species isolated from
different food sources. Annals of Microbiology, 63; 129-
137.

v Olmos J. and Paniagua-Michel J. (2014) Bacillus subtilis a
potential probiotic bacterium to formulate functional feeds
for aquaculture. Journal of Microbial and Biochemical
Technology, http://dx.doi.org/10.4172/1948-5948.1000169.

v Ortez J.H. (2005) Disk diffusion test. In: M. B: Coyle (ed.).
Manual of antimicrobial Susceptibility Testing. American
Society for Microbiology. 39-52.

v’ Pandiyan P., Balaraman D., Thirunavukkarasu R., Jothi
G.E.G., Subaramaniyan K., Manikkam S. and Sadayappan
B. (2013) Probiotics in aquaculture. Drug Invention Today,
5: 55-59.

v Panigrahi A., Kirona V., Satoh S., Hirono |, Kobayashi T.,
Sugita Y., Puangkaew J. and Aoki T. (2007) Immune
modulation and expression of cytokine genes in rainbow
trout Oncorhynchus mykiss upon probiotic feeding.
Developmental and Comparative Immunology, 31: 372-
382.

v' Pavan M.E., Pettinari M.J., Caird6 F., Pavan E.E. and
Cataldi A.A. (2011) Bacillus anthracis; una mirada
molecular a un patégeno célebre. Revista Argentina de
Microbiologia, 43: 294-310.

v Pereira C., Salvador S., Arrojado C., Silva Y., Santos A.L.,
Cunha A., Gomesa A. and Aimeida A. (2011) Evaluating
seasonal dynamics of bacterial communities in marine fish
aquaculture: a preliminary study before applying phage
therapy. Journal of Environmental Monitoring, 13: 1053-

Int. J. Aqu. Sci; 9 (1): 3-12, 2018

1"

1058.

v’ Pérez-Sanchez T., Balcazar J.L., Garcia Y., Halaihel N.,
Vendrell D., de Blas I., Merrifield D.L. and Ruiz-Zarzuela I.
(2011) Identification and characterization of lactic acid
bacteria isolated from rainbow trout, Oncorhynchus mykiss
(Walbaum), with inhibitory activity against Lactococcus
garvieae. Journal of Fish Diseases, 34: 499-507.

v  Prieto L.M., O'Sullivan L., Tan S.P., McLoughlin P.,
Hughes H., Gutierrez M., Lane J.A., Hickey R.M., Lawlor
P.G. and Gardiner G.E. (2014) In vitro Assessment of
Marine Bacillus for use as livestock probiotics. Marine
Drugs, 12: 2422-2445.

v Ringg E. and Gatesoupe F.-J. (1998) Lactic acid bacteria
in fish: a review. Aquaculture, 160: 177-203.

v' Ringe E. and Birkbeck T.H. (1999) Intestinal microflora of
fish larvae and fry. Aquatic. Research, 30: 73-93.

v Ringg E., Stram E. and Tabachek J.A. (1995) Intestinal
microflora of salmonids: a review. Aquaculture Research,
26: 773-789.

v Ringg, E., Lavmo L., Kristiansen M., Bakken Y., Salinas |.,
Myklebust R., Olsen R.E. and Mayhew T.M. (2010) Lactic
acid bacteria vs. pathogens in the gastrointestinal tract of
fish: a review. Aquaculture Research, 41: 451-467.

v Romero J., Feijo6 C.G. and Navarrete P. (2012) Antibiotics
in Aquaculture — Use, Abuse and Alternatives. In:
Carvalho, Silva and Silva (ed.), Health and Environment in
Aguaculture, InTech 159-198. http://www.intechopen.com
Ibooks/health-and-environment-in-aquaculture/antibiotics-
in-aquaculture-use-abuse-and-alternatives, Reviewed: 25
June 2015.

v" Sambrook J. and Russel D.W. (2011) In vitro Amplification
of DNA by the polymerase chain reaction. In: Sambrook
and Russel (ed.), Molecular cloning, a laboratory manual,
vol. 2, 3th ed. New York. 8.1-8.126.

v/ Santos J.A., Gonzalez C.J., Otero A. and Garcia-Lopez
M.A. (1999) Hemolytic activity and siderophore production
in different Aeromonas species isolated from fish. Applied
and Environmental Microbiology, 65: 5612-5614.

v’ Sealey W.M., Barrows F.T., Smith C.E., Overturf K. and La
Patra S.E. (2009) Soybean meal level and probiotics in first
feeding fry diets alter the ability of rainbow trout
Oncorhynchus mykiss to utilize high levels of soybean
meal during grow-out. Aquaculture, 293: 195-203.

v' Sharifiyazdi H., Akhlaghi M., Tabatabaei M. and Mostafavi
ZSM. (2010) |Isolation and characterization of
Lactococcus garvieae from diseased rainbow trout
(Oncorhynchus mykiss, Walbaum) cultured in Iran. Iran.
Journal of Veterinary Research, 11: 342-350.

v Sim I., Koh J.-H., Kim D.-J., Gu S.-H., Park A. and Lim Y .-
H. (2014) In vitro assessment of the gastrointestinal
tolerance and immunomodulatory function of Bacillus
methylotrophicus isolated from a traditional Korean
fermented soybean food. Journal of Applied Microbiology,
118: 718- 726.

v" Spanggaard B., Huber I., Nielsen J., Nielsen T., Appel K.
F. and Gram L. (2000) The microflora of rainbow trout
intestine: a comparison of traditional and molecular
identification. Aquaculture, 182: 1-15.



Ramirez-Torrez et al. (2018) Presumptive probiotic isolated from Oncorhynchus mykiss ...

v" Sugita H., Shibuya K., Shimooka H. and Deguchi Y. (1996)
Antibacterial abilities of intestinal bacteria in freshwater
cultured fish. Aquaculture, 145: 195-203.

v Sullam K.E., Essinger S.D., Lozupone C.A., O’connor
M.P., Rosen G.L., Knight R., Kilham S.S.Y. and Russell
J.A. (2012) Environmental and ecological factors that
shape the gut bacterial communities of fish: a meta-
analysis. Molecular Ecology, 21: 3363-3378.

v Verschuere L., Rombaut G., Sorgeloos P. and Verstraete
W. (2000) Probiotic bacteria as biological control agents in
aquaculture. Microbiology and Molecular Biology Reviews,
64: 655-671.

v Vieira de A.R. and Tavares B.L.G. (2012) Use of Probiotics
in Aquaculture, In: Everlon (ed.). Probiotics in animal.
InTech. http://dx.doi.org/10.5772/50056.

v Vine N.G., Leukes W.D. and Kaiser H. (2004) In vitro

Int. J. Aqu. Sci; 9 (1): 3-12, 2018

12

growth characteristics of five candidate aquaculture
probiotics and two fish pathogens grown in fish intestinal
mucus. FEMS Microbiology Letters, 231: 145-152.

v Waché Y., Auffray F., Gatesoupe F.J., Zambonino J.,
Gayet V., Labbé L. and Quentel C. (2006) Cross effects of
the strain of dietary Saccharomyces cerevisiae and rearing
conditions on the onset of intestinal microbiota and
digestive enzymes in rainbow trout, Onchorhynchus
mykiss, fry. Aquaculture, 258: 470-478.

v Wong A., Saint N.D.Y., Dan LA, Ooi A. and Hong L.R.L.
(2015) Detection of antibiotic resistance in probiotics of
dietary  supplements.  Nutriton  Journal,  DOI
10.1186/512937-015-0084-2

v" Zar J.H. (2010) Biostatistical Analysis, 5th edition. Prentice
Hall, New Jersey. 947.





