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Abstract. The emergence of diseases and the indiscriminate
use of antibiotics have had deleterious consequences in the
aquaculture industry. Consequently, the growing emphasis on
eco-friendly alternatives has taken center stage, and probiotics
have emerged as a notable solution. This investigation aimed to
identify and characterize potential probiotic bacteria present in
the gills and intestine of rainbow trout (Oncorhynchus mykiss
(Walbaum)). A total of 29 isolates were selected for in vitro
evaluation. The assays included morphological evaluation,
catalase, oxidase, hemolysis, pathogen antagonism,
antimicrobial susceptibility, protease, and amylase tests. Seven
isolates exhibited antagonism against one of the three
pathogens tested (Aeromonas hydrophila, Streptococcus
agalactiae, and Lactococcus garvieae). None of the isolates
showed resistance to the antibiotics ampicillin, florfenicol, or

tetracycline. Furthermore, all isolates showed proteolytic but
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not amylolytic activity. The isolates with the best characteristics
were identified as Lactococcus lactis (n=7) by 16S rRNA gene
sequencing.

Keywords: Autochthonous, gut, lactic acid bacteria,
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Introduction

The aquaculture industry has grown exponentially
spurred by the constant global demand for food, pro-
moting sustainable production, and food security
(Kuebutornye et al. 2020). However, this industry is
threatened by outbreaks of viral, bacterial, and para-
sitic infections that cause significant economic losses
(Wang et al. 2019). The global estimated losses, both
direct and indirect, resulting from sea lice species in
salmonid aquaculture, exceed $100 million annually
(Johnson et al. 2004). In addition, for freshwater
farmed fish in Brazil, the losses were estimated at US$
84 million per year (Tavares-Dias and Martins 2017).
In Peru, fish farming is notable for the produc-
tion of rainbow trout,

Oncorhynchus mykiss
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(Walbaum), primarily farmed in Puno, Pasco, and
Junin (PRODUCE 2019). However, the spread of
bacterial pathogens such as Aeromonas, Yersinia,
Weissella, and Flavobacterium are a constant threat
to fish farms (Tavara et al. 2019, Medina et al. 2020a,
Nuiiure et al. 2021). Currently, antibiotic use has
been established as a means of controlling these in-
fections, but its frequent and inappropriate use has
led to antibiotic resistance. For example, multi-resis-
tant A. hydrophila isolated from O. mykiss was re-
ported in Peru, threatening food safety, public health,
and the environment (Moya-Salazar et al. 2022). Pro-
phylactic alternatives such as the use of probiotics
have been proposed (Wang et al. 2019, Liu et al.
2022).

Probiotics are defined as living microorganisms
that improve water quality, digestion, and immune
functions when administered directly to fishes or wa-
ter. The positive impact of probiotics on the host di-
gestive tract has been documented. They are known
for performing various functions in the host and par-
ticipating in nutritional and immune processes
(Akhter et al. 2015, Lazado et al. 2021). Further-
more, they are used widely as nutritional additives
and are characterized by the production of
bacteriocins, siderophores, lysozymes, proteases,
and amylases (Kuebutornye et al. 2020, Saadony et
al. 2021).

Preferably, probiotic bacteria should be sourced
from the intestinal microbiota and skin mucus of
fishes (Gémez and Balcazar 2008, Bhatnagar and
Rathi 2023). However, given the crucial role of the
microbiota in maintaining gill health, it could be
a valuable source of probiotic bacteria (Llewellyn et
al. 2014). The genus Lactobacillus is the most com-
mon probiotic bacteria that is successfully isolated
from the intestines of apparently healthy fish
(Balcazar et al. 2008, Nathanailides et al. 2021).
Multiple tests must be performed to qualify a bacte-
rium as a potential probiotic, including hemolytic ac-
tivity, antibiotic sensitivity, tolerance to acidic
conditions and bile salts, adhesion capacity, antago-
nistic capacity, and viability in food (Ramirez et al.
2019). These assays are valuable for characterizing
bacterial strains isolated from hosts of interest.

There is limited research on obtaining potential
probiotic bacteria from rainbow trout gills despite
their numerous immunological and physiological
functions. This research aimed to characterize and
identify bacteria with probiotic potential from the in-
testine and gills of O. mykiss. The exploration of new
microorganisms will allow for significant advance-
ments in the aquaculture industry, enhancing pro-
duction and sustainability.

Materials and methods

The process for isolating, characterizing, and molec-
ularly identifying potential probiotics is illustrated in
Fig. 1.
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Figure 1. Schematic representation of the process for isolating,

characterizing, and the molecular identification of potential
probiotics from rainbow trout intestine and gill.

Isolation of potentially probiotic bacteria

Five commercially sized fish, with body weights of ap-
proximately 250 g each, were selected from a fish farm
located in the province of Jaen, department of
Cajamarca, Peru. The fish were euthanized with a 50
ppm overdose of eugenol (Keene et al. 1998) and sub-
sequently disinfected with 70% ethanol (Alkofarma,
Peru). The hindgut was aseptically removed, opened,
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and washed with sterile saline solution to eliminate in-
testinal contents. Using dry swabs, smears were taken
from the gills and intestine under sterile conditions,
with the aid of a Bunsen burner. Both swab samples
were placed in Falcon tubes containing Man Rogosa
Sharpe (MRS) broth (HiMedia, India) and were cul-
tured under aerobic conditions at 30°C for 24 h
(Castafieda et al. 2018). The samples were
subcultured on MRS agar at 30°C for 24 h. After the
incubation period, pure colonies were selected and
morphologically differentiated using Gram staining.
Finally, they were preserved in 15% (v/v) glycerol
(HiMedia, India) at -20°C for subsequent assays.

Catalase and oxidase assays

To assay catalase, a bacterial colony smear was placed
on a slide with a drop of 3% hydrogen peroxide. Col-
onies that reacted by converting hydrogen peroxide into
water and oxygen were considered positive. For the
oxidase test, a small sample was taken from each col-
ony and applied to strips impregnated with cytochrome
¢ oxidase (Bactident®Oxidase); a cream-colored strip
was considered a negative result, while a pinkish strip
was interpreted as a positive result.

Hemolytic activity assay

The assay was carried out using Blood Agar Base
(HiMedia, India) with 5% sheep blood. The bacteria can-
didates for probiotics were cultured and incubated un-
der aerobic conditions at 30°C for 48 h (do Vale Pereira
etal. 2017). Bacteria with hemolytic activity were classi-
fied as a-hemolytic (incomplete lysis) or B-hemolytic
(complete lysis) based on the presence of clear zones
around the colonies, while bacteria without hemolytic
activity were classified as y-hemolytic (no lysis).

Bacterial antagonism against pathogenic
bacteria

The antagonistic activity against three previously iso-

lated fish pathogens, Aeromonas hydrophila,

Lactococcus garvieae, and Streptococcus agalactiae,
was determined using the agar diffusion method
adapted from Balcazar et al. (2008). The pathogens
were subcultured in Trypticase Soy Broth (HiMedia,
India) at 30°C for 24 h. Subsequently, 100 pl of each
pathogen was streaked onto Nutrient Agar (HiMedia,
India). Wells were made, and 30 pl (1 X 108 cfu
mL_l) of each candidate probiotic bacteria were
added and incubated at 30°C for 24 h. The inhibitory

activity was measured in millimeters (mm).

Antibiotic sensitivity

The antibiotic sensitivity test was performed on
Mueller-Hinton Agar (HiMedia, India) following the
Kirby-Bauer disk diffusion method (Bauer et al.
1966). Three antibiotics (Oxoid™, United Kingdom)
were used: florfenicol (30 pg), ampicillin (10 pg), and
tetracycline (30 pg). A total of 100 pl (1 X 108 cfu
mL') was streaked onto Mueller-Hinton Agar
(HiMedia, India), the sensitivity discs were placed in
the culture medium, and incubated at 30°C for 48 h.
Results were interpreted based on the diameter of in-
hibition as sensitive (= 21 mm), intermediate sensi-
tivity (17-20 mm), and resistant (< 16 mm).

Proteolytic and amylolytic assay

Proteolytic activity was assessed using 10% Skim
Milk Agar (HiMedia, India) as the protein source.
Bacterial candidates for probiotics were streaked,
and the plates were incubated at 30°C for 24 h. Posi-
tive results were observed as a clear zone around the
streaked bacteria. Amylolytic activity was deter-
mined using 2.5% Starch Agar (HiMedia, India). Bac-
terial streaking was performed on starch agar and
incubated at 30°C for 24 h. After bacterial growth,
several drops of 1% Lugol’s iodine solution were
added using a pipette until the entire plate was cov-
ered. Amylolytic activity was evident as a clear zone
around the streak (Reda et al. 2018).



Effects of selenomethionine on the growth, oxidative potential, digestive enzyme activity, and immune... 158
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Figure 2. Hemolytic activity of bacterial isolates. (a) B-hemolysis in bacterial isolates; (b) y-hemolysis in three bacterial isolates (1, 3, and

4) and B-hemolysis in one bacterial isolate (2).

Molecular identification of isolates

The isolates were identified by 16S rRNA gene sequenc-
ing. DNA was extracted using the boiling method
(Ribeiro et al. 2016). The primers used for PCR were 27F
(5-CCAGAATTCAGAGTTTGATCMTGGCTCA-3)  and  1492R
(5-ACCAAGCTTTACGGYTACCTTGTTAGGACTT-3) under the
following conditions: an initial cycle at 94°C for 5 min,
followed by 35 cycles at 94°C for 30 s, 58°C for 45 s,
72°C for 1 min, and a final cycle at 72°C for 10 min.
PCR products were assessed in 1% (w/v) agarose gel and
visualized via blue light transilluminator after staining
with safe nucleic acid stain (Safeview™, Canada).

The nucleotide sequences obtained were processed
with DNA Dragon — DNA Sequence Contig Assembler
Software and then were compared to sequences from
the NCBI database using the Nucleotide Basic Local
Alignment ~ Search ~ Tool =~ BLAST  (NCBI
http://blast.ncbi.nlm.nih.gov/Blastn). The limit fixed
for the identification of a bacterial species was 99-98%
nucleotide identity for the 16S rRNA gene.

Results

A total of 29 bacteria were successfully isolated, 14
originating from the hindgut and 15 from the gills of

rainbow trout on MRS medium. The Gram staining
showed a total of 12 Gram-negative and 17
Gram-positive bacteria, with two morphologies ob-
served under microscopy: cocci and coccobacilli.

In the hemolytic activity assay (Fig. 2), 11 isolates
exhibited B-hemolysis, one displayed o-hemolysis,
and 15 showed y-hemolysis, and two isolates did not
grow. The 15 isolates showing y-hemolysis were se-
lected as candidate probiotics due to their lack of vir-
ulence characteristics.

Antagonistic activity was assessed in 15 candi-
date probiotic bacteria, of which seven showed inhib-
itory activity against three pathogens: S. agalactiae,
L. garvieae, and A. hydrophila (Table 1). The results
demonstrated that isolates IP1-5 (Lactococcus
lactis.), IP3-1 (L. lactis), and HB4-5 (L. lactis) inhib-
ited the growth of S. agalactiae with inhibition zones
measuring 6.3 mm, 3 mm, and 2.6 mm, respectively.
Furthermore, isolates IP5-3 (L. lactis) and HB4-2 (L.
lactis) inhibited the growth of L. garvieae, both with
inhibition zones measuring 6.3 mm. Similarly, iso-
lates IP3-1 (L. lactis), IP2-6 (L. lactis) and HB4-5 (L.
exhibited
hydrophila measuring 4 mm, 3.3 mm, and 2.6 mm,

lactis) inhibition zones against A.
respectively.
To ensure the absence of antibiotic-resistant pro-

files in the isolates, an antibiogram test was
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Table 1

Antagonistic activity of probiotic candidate isolates

[solates Species Aeromonas hydrophila Streptococcus agalactine  Lactococcus garvieae
IP5R1 Lactococcus lactis - - +
IP5-3 Lactococcus lactis + + ++
1P2-6 Lactococcus lactis + + +
HB4-5 Lactococcus lactis + + +
HB4-2 Lactococcus lactis + ++ +
IP3-1 Lactococcus lactis ++ + +
IP1-5 Lactococcus lactis + ++ ++
(-) No inhibition zone, (+) Inhibition zone of 1 to 3 mm, (++) Inhibition zone of 4 to 7 mm.

Table 2

Antibiotic sensitivity of probiotic candidate isolates

Isolates Species Florfenicol (30 pg) Tetracycline (30 pg) Ampicillin (10 pg)
IP5R1 Lactococcus lactis I I S
IP5-3 Lactococcus lactis I S S
IP2-6 Lactococcus lactis I S S
HB4-5 Lactococcus lactis I S S
HB4-2 Lactococcus lactis I S S
IP3-1 Lactococcus lactis I S I
IP1-5 Lactococcus lactis I S S

(S) Susceptible, inhibition zone = 21 mm; (I) Intermediate Susceptible, inhibition zone of 17 to 20 mm; (R) Resistant, inhibition

zone < 16 mm.

conducted against florfenicol (30 pg), ampicillin (10
ng), and tetracycline (30 pg), which are antibiotics
commonly employed in aquaculture. None of the iso-
lates showed resistance to any of the antibiotics
tested. All isolates exhibited sensitivity to tetracy-
cline, except for IP5R1 (L. lactis), which showed in-
termediate sensitivity. Similarly, all isolates showed
sensitivity to ampicillin, except for IP3-1 (L. lactis),
which exhibited intermediate sensitivity (Table 2).

All isolates exhibited proteolytic activity, sug-
gesting their potential role in food digestibility, facili-
tating nutrient absorption, and improving growth
rates. However, the results of the amylase test re-
vealed the absence of this enzymatic activity in all the
isolates tested (Fig. 3).

The 16S rRNA nucleotide sequences blasted indi-
cated high similarity (98-99%) to Lactococcus lactis
(Table 3). However, the IP5R1 strain showed a per-
centage of similarity of 93.57% to L. lactis, which falls
below the threshold required to define microbial spe-
cies (=< 97%) following Tu and Lin (2016).

Discussion

Probiotics, living microorganisms applied directly to
fish or water, serve to enhance water quality, diges-
tion, and immune functions. Native probiotics tend
to be better adapted to the host environment, which
may enhance their overall effectiveness compared to
non-native strains (Wanka et al. 2018). Furthermore,
when added to feed in either liquid or dry form,
probiotics have been shown to improve the specific
growth rate and disease resistance in fishes. These
improvements in growth and survival rates lead to
higher yields, making probiotic-enriched feeds
a cost-effective option for fish farmers (Shelby et al.
2007, Saravanan et al. 2021).

In this study, lactic acid bacteria (LAB), which

are Gram-positive, non-spore forming cocci,

coccobacilli, or rods, and common potential
probiotic bacteria, were isolated from rainbow trout.
Pérez et al. (2011) isolated bacteria from intestinal

mucosa, gills, and skin mucus of rainbow trout to
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Figure 3. Proteolytic and amylolytic activity of bacterial isolates. (a) proteolytic activity in bacterial isolates; (b) negative results for amylo-

lytic activity.

Table 3

Morphological description and molecular identification of the probiotic candidate isolates

Isolates Source Gram Species Similarity (%) Access number
IP5R1 Intestine Coccobacilli Lactococcus lactis 93.57 MH620377.1
1P5-3 Intestine Coccobacilli Lactococcus lactis 99.06 NR_040955.1
1P2-6 Intestine Coccobacilli Lactococcus lactis 98.98 NR_113960.1
HB4-5 Gill Coccobacilli Lactococcus lactis 98.99 NR_040955.1
HB4-2 Gill Coccobacilli Lactococcus lactis 99.18 NR_113960.1
1P3-1 Intestine Coccobacilli Lactococcus lactis 99.12 NR_040955.1
1P1-5 Intestine Coccobacilli Lactococcus lactis 99.05 NR_113960.1

obtain a larger number of bacteria with potential
probiotic properties. In addition, Quevedo (2020)
isolated LAB on MRS agar from the intestinal mu-
cosa of rainbow trout, a commonly used source for
LAB isolation. Two morphologies were observed:
cocci and coccobacilli. These characteristics did not
affect the subsequent assays, in contrast to Gutiérrez
(2016), who exclusively selected Gram-positive cocci
as probiotic candidates to isolate bacteria from the
genus Lactobacillus due to their extensive use as
probiotics. However, Medina et al. (2020b) selected
cocci and bacilli bacteria and identified Bacillus
amyloliquefaciens and Paenibacillus spp. with poten-
tial probiotic properties in rainbow trout.

Probiotic bacteria do not have the capacity to pro-
duce hemolysis, a characteristic commonly found in

pathogens. Hemolysin, produced by pathogens, is
a compound that lyses host cells to release iron-rich
compounds such as hemoglobin, which facilitates
bacterial growth within the host organism (Argyri et
al. 2013). Nandi et al. (2017), noted that hemolytic
bacteria can cause anemia and are not suitable for
selection as potential probiotics. In contrast,
non-hemolytic bacteria were considered safe
probiotic candidates for tilapia (Zapata et al. 2023),
and they were evaluated for use in dietary
supplementation for Arapaima gigas with good re-
sults (do Vale Pereira et al. 2017).

The production of antimicrobial compounds by
LAB is a key aspect of their ability to exclude patho-
genic bacteria. Extensive research has established
that LAB produce several antimicrobial compounds
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such as organic acids, hydrogen peroxide, and
bacteriocins, among others (Choi et al. 2018). In this
study, several probiotic bacteria showed antagonistic
activity to common fish pathogens. The antagonistic
capacity of Lactococcus species isolated, including L.
lactis, can be explained by the production of
bioactive molecules known as bacteriocins, such as
nisins A, Z, Q, F, and U. These bacteriocins exhibit
a bactericidal or bacteriostatic mode of action against
sensitive Gram-positive and, in some cases,
Gram-negative bacteria (Navale et al. 2023). Fotso
Techeu et al. (2022) isolated L. lactis from Cyprinus
carpio L., demonstrating its antagonistic activity
against  Escherichia coli and Pseudomonas
aeruginosa. Additionally, results from Sequeiros et
al. (2010), showed that L. lactis strains isolated from
Patagonian fish exhibited inhibitory effects on the
growth of Gram-positive bacteria, including L.
garvieae, while showing no such impact on
Gram-negative bacteria. However, these findings dif-
fer from the results of the present study, which dem-
onstrated antagonistic effects against A. hydrophila,
a Gram-negative bacterium.

The utilization of bacteria derived from antibiotic
resistant strains presents inherent risks to fish, envi-
ronmental ecosystems, and public health. Therefore,
it is imperative to select probiotic candidates sensi-
tive to antibiotics (Huang et al. 2017). The results of
the antimicrobial susceptibility test could obtain
probiotic bacteria candidates sensitive to florfenicol,
ampicillin, and tetracycline. These results align with
those of Quevedo (2020), who reported isolates sen-
sitive to the antibiotics used in the present study.
Moreover, it is suggested that sensitivity and interme-
diate

probiotics, crucial to maintaining their role as benefi-

sensitivity are intrinsic characteristic of
cial members of the intestinal microbiota following
antibiotic therapy (Panigrahi and Azad 2007). While
L. lactis is widely used as a probiotic due to its bene-
ficial characteristics, Mathur and Singh (2005) iso-
lated a L. lactis strain from soft cheese containing
a plasmid conferring multiple antibiotic resistance
such  as

streptomycin,  tetracycline, and

chloramphenicol.

Extracellular enzymes produced by probiotic
bacteria candidates, such as protease and amylase,
play key roles in improving nutrient digestibility and
enhancing animal health. Furthermore, Balcazar et
al. (2006) showed that certain bacterial strains can
stimulate the production of digestive enzymes like
amylase, chitinase, lipase, and proteases, thereby en-
hancing food digestibility. Yeganeh et al. (2021)
mentioned that specific strains of LAB are associated
with antidiabetic effects, possibly related to their low
amylolytic activity. Additionally, Mondal et al. (2010)
demonstrated that amylolytic bacteria are predomi-
nantly in the foregut compared to the hindgut, which
may explain the absence of this activity in the bacte-
ria isolated in this study.

Lactococcus lactis is considered as a potential
probiotic in aquaculture and has been isolated from
various fish species, including O. mykiss (Mortezaei
et al. 2020, Quevedo 2020), Centropomus spp.
(Zatan et al. 2020), and C. carpio (Fotso Techeu et al.
2022). The Lactococcus genera is commonly found in
the gastrointestinal tract of freshwater fish, as re-
ported by Hagi et al. (2004). Furthermore, L. lactis
was the most isolated species from the rainbow trout
intestine (Aratjo et al. 2015a). Studies have demon-
strated its effectiveness in various in vivo assays,
such as increasing the abundance of LAB in the in-
testine of Rhamdia quelen (Quoy & Gaimard)
(Yamashita et al. 2020), decreasing the abundance of
S. agalactiae in Danio rerio (Hamilton) (Tan et al.
2022), and enhancing survival in an experimental
Streptococcus infection in Paralichthys olivaceus
(Temmnick & Schlegel) when combined with
B-glucooligosaccharides (Hasan et al. 2018). These
findings highlight its ability in modulating the
microbiota and stimulating the immune system in
different fish species. In rainbow trout, L. lactis has
been used as a dietary additive, offering benefits to
the host such as low feed conversion rate, rapid
growth, stimulation of enzyme activity, improved he-
matological levels, and resistance to pathogens such
as L. garvieae and Y. ruckeri (Aratjo et al. 2015b,
Yeganeh et al. 2021).

This research highlights significant strengths,
demonstrating the antagonistic capacity of native
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probiotic strains against common pathogens in the
aquaculture industry, such as A. hydrophila, S.
agalactiae, and L. garvieae, showing a broad spec-
trum of activity. One of the key contributions of this
study is the expansion of probiotic selection criteria
to include strains obtained from the gills, unlike pre-
vious studies that focused exclusively on the intes-
tines of rainbow trout (Kim and Austin 2008,
Burbank et al. 2012, Medina et al. 2020b). This more
comprehensive approach offers a fuller perspective
for the identification of potential probiotics.

However, the study also presents certain limita-
tions. While the in vitro results suggest potential effi-
cacy of the selected strains, these do not guarantee the
same results under in vivo conditions. Therefore,
large-scale experiments under field conditions are rec-
ommended to validate the findings. Additionally, the
study focused on a limited set of pathogens, without as-
sessing its effectiveness against other relevant patho-
gens such as Yersinia ruckeri, which has a significant
prevalence in Peru (Fernandez-Espinel et al. 2023).

This study presents significant implications for
rainbow trout aquaculture and the aquaculture indus-
try. The isolated probiotic strains, which have shown
susceptibility to antibiotics and antagonistic activity
against pathogens, could offer an effective solution for
preventing disease outbreaks. If their effectiveness is
confirmed under in vivo conditions, these strains may
have the potential to reduce the reliance on antibiotics
in aquaculture, a growing concern due to antimicro-
bial resistance. In general, the results of this study
could contribute to developing more sustainable
aquaculture practices, improving fish welfare, and re-
ducing the environmental impact associated with the
indiscriminate use of antibiotics.

Conclusions

Strains isolated from hind gut and gills of rainbow
trout exhibit probiotic properties. Among the iso-
lates, seven strains identified as L. lactis inhibited the
growth of pathogens, showed proteolytic activity, and
did not show resistance to the antibiotics tested.
These highlight the

findings significance of

considering different sources, such as the gills, for
the isolation of bacteria with specific probiotic capac-
ities.
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