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Abstract. This study was performed to determine the effects of
dietary supplementation with â-glucan on the growth
performance and skin-mucus microbiota of sea trout, Salmo

trutta L. in Latvia. The investigations were performed during an
eight-month period (September 2018 – April 2019). A total of
15,000 sea trout were divided into five groups. The
experimental fish were fed formulated diets enriched with 1 g
kg-1

â-glucan (D2), 3 g kg-1
â-glucan (D3), 6 g kg-1 biological

product BGN-2 (BGN-2) (D4), and 14 g kg-1 BGN-2 (D5). The
control diet (D1) was not supplemented. Our results showed
that fish fed diets D4 and D5 achieved significantly (P < 0.05)
higher growth parameters compared to those fed the other
diets. Pseudomonas and Aeromonas were detected as the main
component of fish skin and gill microbiota. Beta-glucan did not
affect the skin-mucus microbiota of the sea trout. All isolates
were resistant to amoxicillin, ampicillin, cefalexin, and
erythromycin and susceptible to gentamicin. The multiple
antibiotic resistance index for all isolates was higher than 0.2.
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Introduction

The sea trout is the anadromous form of the brown
trout, Salmo trutta L. that is present in most rivers
flowing into the European Atlantic (de Leeuw et al.
2007). Unlike salmon, the range of sea trout feeding
migrations in the marine period is the coastal area
around the mouths of rivers throughout the
post-smolt migration period (Kallio-Nyberg et al.
2006).

The sea trout is a historically significant fish spe-
cies for Latvia. For more than 130 years Baltic
salmon (Salmo salar L.) and sea trout have been
reared artificially in Latvia (Purvina et al. 2019). At
the present time, the Institute of Food Safety, Animal
Health and Environment BIOR (RI BIOR) is engaged
in the artificial reproduction and maintenance of the
natural sea trout population (Purvina et al. 2019).

According to data from the International Coun-
cil for the Exploration of the Sea (ICES 2019), the
total number of reared sea trout smolts released in
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2018 into the Baltic Sea (SD 22-32) was 3,356,000,
which was little less than in the previous year
(3,804,000) (ICES 2018) and equal to the previous
ten-year average. Latvia released 309,000 smolts in
2018, somewhat less than in 2016 (391,000) but
more than the previous ten-year average (224,000).
Aquaculture has become one of the fastest growing
sectors in the global food industry (FAO 2018). Un-
fortunately, along with the intensive development of
aquaculture, outbreaks of diseases with huge eco-
nomic losses have increased dramatically. For the
prevention and control of diseases, vaccines, antibi-
otics, and chemicals are used very widely. The use
of medicines, especially antibiotics, is very harmful
to aquaculture because of the development of
drug-resistant microorganisms, which is also dan-
gerous for human health (Manyi-Loh et al. 2018,
Safari and Sarkheil 2018, Cao et al. 2019).

The integument and mucus are the first protec-
tive physical and biochemical barriers that inhibit
the penetration of pathogens, parasites, and chemi-
cal compounds. The integument also performs ex-
cretory and osmoregulatory functions, as well as
parental feeding (Reverter et al. 2018, Kirschbaum
and Formicki 2019, Minniti et al. 2019). The gills
are responsible for respiration, osmoregulation, the
elimination of ammonia and toxins, pH balance,
and immune defense (Xu et al. 2016). The
microbiota of fish gills and skin mucus play impor-
tant roles in regulating immune and metabolic bal-
ance and in the defense against pathogens (Reverter
et al. 2017). Bacteria isolated from the skin of fish
have antibacterial and antifungal effects against fish
pathogens (Lowrey et al. 2015). Changes of mucus
microbiota homeostasis leads to a decrease in sym-
biotic bacteria and an increase of pathogenic bacte-
ria numbers (Boutin et al. 2013).

Immunostimulants are used to improve fish
health, increase resistance to diseases, improve
growth performance, increase feed efficiency, en-
hance innate immune responses, and ensure safe
aquaculture production for human consumption

(Merrifield et al. 2010, Ring� et al. 2011, Song et al.

2014, Vallejos-Vidal et al. 2016, Ring� 2020).
Among the various immunostimulants used in

aquaculture, one promising candidate is â-glucan,
which is a homopolysaccharide of a glucose molecule
linked by a glycosidic bond (Meena et al. 2013) that
is usually isolated from cell walls of some plants,
mushroom, bacteria, fungi, yeast, and algae (Song et
al. 2014, Vallejos-Vidal et al. 2016, Jami et al. 2019,
Ringø 2020). The cell wall of the yeast,
Saccharomyces cerevisiae, is composed of a â-linked
glucan forming structure with compounds such as
mannoproteins, chitin, and some glycoproteins
(Ishimoto et al. 2018). The purification method that
determine the final properties of â-glucan plays
a crucial role in its effectiveness. Most purification
methods rely on â-glucan insolubility in organic or
alkali solvents, following its separation from bound-
ing compounds. However, the compounds removed
might demonstrate properties that enhance or sup-
plement â-glucan performance or act in a different
way (Lokesh and Kiron 2016).

Previous studies have shown that dietary
supplementation with â-glucan can be used to posi-
tively influenced the growth performance of Baltic
salmon under Latvian fish rearing conditions (Medne
and Savicka 2003). The aim of our work was to deter-
mine the effect of two â-glucan products derived
from yeast, Saccharomyces cerevisiae (a commercial
product called Angel Yeast (China) of purified
âglucan and another product called BGN-2 that was
derived from yeast through enzymatic hydrolysis
comprising âglucan, nucleotides, amino acids, pep-
tides, and polypeptides) and free mannan developed
by JP Biotechnology (Latvia) on growth rates, mortal-
ity, changes in the skin and gill mucus microbiota,
and its antimicrobial resistance of sea trout in Latvia.

Material and methods

Experimental fish and culture conditions

The study was conducted at the Tome state fish farm
and the Pelci hatchery of RI BIOR. Pelci is located in
the drainage basins of the river Venta, Latvia
(56°55’16.3" N 21°58’28.6" E), and it uses this river
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water. For the rearing trial 15,000 sea trout juveniles

(2.3 g ± 0.30, mean weight ± SE) were randomly dis-

tributed into five 1.8 m3 tanks (n = 3000 in each

tank) containing 1.2 m3 water in a flow-through rear-

ing system. The water flow rate was 0.16 – 0.18 m s-1.

The water temperature and oxygen level were mea-

sured three times daily (08:00, 14:00, and 20:00).

The mean water temperature per month is shown in

Figure 1. The oxygen level was maintained at 5.5 –

10.2 mg L-1 throughout the rearing period.

The fish were acclimated for two weeks, and fish
health was assessed regularly. Careful netting and
handling were implemented to minimize stress. Prior
to the study, the fish had never been treated with an-
tibiotics. All the fish used in this study were subse-
quently released into natural watercourses in April
or May of the same year, according to the Restocking
plan of fish resources 2017–2020, Latvia (Regulation
of the Cabinet of Ministers No. 684, 2016). The use
of the fish in the experiment complied with all rele-
vant local and international animal welfare laws,
guidelines, and policies.

Fish diet and preparation of feed

Fish basal diet was the commercial pelleted feed

Aller Futura EX (Aller Aqua, Poland) (which was the

appropriate size according to manufacturer

recommendations). The proximate
composition of the basal diet is listed
in Table 1. To prepare
immunostimulant diets, â-glucan
(Angel Yeast Co, China; extracted
from Saccharomyces cerevisiae), and
BGN-2 were added to the basal diet
(i.e., the control). The experimental
diets were prepared as follows: basal
diet (D1), basal diet + 1 g kg-1

â-glucan (D2), basal diet + 3 g kg-1

âglucan (D3), basal diet + 6 g kg-1

BGN-2 (D4), basal diet + 14 g kg-1

BGN-2 (D5). The diets were coated
with rapeseed (Brassica napus) oil
and thoroughly mixed with the
â-glucan supplement powder. The

pellets were dried in a ventilated room for 1 h and
then placed in the fish feeder. The diets were pre-
pared shortly in advance and were distributed over
a four-day period. Every four days a new diet was
prepared in order to ensure freshness and quality.
Feed was administered with an automatic fish feeder
according to a feeding regime of 4 times h-1, with 4 s
feeding time, at approximately 2% of body weight per
day (Ji et al. 2017).

Table 1

Proximate composition of the basal diet fed to sea trout
(S. trutta)

Ingredient Amount (% dry weight)

Crude protein 56.0

Crude fat 18.0

Carbohydrates (NFE) 7.6

Ashes 9.0

Fibre 1.4

Evaluation of growth performance

Length and weight of 50 fish selected randomly from
each tank were measured every 30 days for a period of
eight months using a measuring board and an analyti-
cal balance (±0.01). Dead fish were collected every
day during the study. Growth performance parame-
ters including weight gain (WG), the coefficient of
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Figure 1. Mean water temperature in flow-through tanks by month.



variation (CV), size heterogeneity (SH), the specific

growth rate (SGR), the feed conversion ratio (FCR),

and Fulton’s condition factor (K) were calculated

(Hopkins 1992, Gjedrem 2005, Gora et al. 2019).

Isolation and identification of bacteria

The material for bacteriological investigations was

mucus samples from the skin and gills of five fish

from each group. The mucus samples were collected

(September, 2018 – February, 2019) using sterile

cotton swabs on an applicator/stick (swab samples).

Semisolid Amies transport medium (DELTALAB,

S.L., Spain) was used for the transportation of swab

samples to the Laboratory of Microbiology and Pa-

thology of RI BIOR. In the laboratory, the swab sam-

ples were cultured, according to standard

bacteriological procedures by direct cultivation on

a double set of plates with a culture medium consist-

ing of tryptone soya agar, blood agar, and

MacConkey agar (Biolife, Italy). The plates were in-

cubated in aerobic conditions: one set of plates at

22°C and the other set at 37°C for 24 to 48 h. After

incubation, the different bacterial colonies were

sub-cultured onto MacConkey, blood agar, and

tryptone soya agar until pure cultures with homoge-

nous colonies were obtained.

The primary identification of cultures was based
on the ability of the bacterial colonies to grow at vari-
ous temperatures, colony morphology, and by
phenotypic characteristics using the following tests:
catalase, oxidase, indole. Confirmation and identifi-
cation of bacteria to the species level was performed
with a MALDI-TOF Biotyper (Bruker Corporation)
and/or the commercially available systems API 20E,
API 20NE (BioMérieux, France), or BBL Crystal En-
teric/Nonfermenter (Becton Dickinson Microbiology
Systems, United Kingdom).

Antimicrobial susceptibility testing

One isolate of each bacterial culture that was identi-

fied to the species level from each sample was

selected for determinations of antimicrobial suscep-
tibility.

The antimicrobial susceptibility testing was per-
formed according to the standards of the Clinical and
Laboratory Standards Institute (CLSI 2014) using
the disk diffusion method. The following
antimicrobial paper disks (Bio-Rad, USA) impreg-
nated with a defined concentration of antimicrobial
agent were used to determine the antimicrobial sus-
ceptibility of the isolates: amoxicillin (25 µg),
ampicillin (10 µg), cefalexin (30 µg), doxycycline (30
µg), enrofloxacin (5 µg), erythromycin (15 µg),
florfenicol (30 µg), gentamicin (10 µg), oxytetracy-
cline (30 µg), spectinomycin (100 µg), streptomycin
(10 µg), tetracycline (30 µg), and trimethoprim (5 µg).

Antimicrobial susceptibility testing was per-
formed with one to three bacterial colonies from
tryptone soya agar with loopfuls (1 µl) that were trans-
ferred and suspended in 5 ml tryptic-soya broth
(Biolife, Italy). The density of the bacterial suspension,
according to MacFarland 0.5, was controlled using
a densitometer (Sensititre, TREK Diagnostic Systems
Ltd.). The adjusted inoculum suspension was
streaked on Mueller Hinton agar or Mueller Hinton

Blood agar plates (� 90 mm) using a sterile cotton
swab on an applicator. After three to five minutes,
when excess surface moisture had been absorbed by
the agar, the antimicrobial disks were positioned on
the inoculated agar surface using a 6-Disk dispenser
(BioRad, USA). The plates were incubated for 24 to 48
h to detect antimicrobial resistance in the microorgan-
isms that had grown at a lower temperature (A.

salmonicida and others) at 22°C and for other micro-
organisms (A. hydrophila and others) at 37°C. The di-
ameter of the inhibition zones was measured (mm)
after incubation, and the microorganisms were classi-
fied as susceptible or resistant according to CLSI
breakpoints and manufacturer instructions.

The multiple antibiotic resistance (MAR) index was
determined with the procedure described by
Krumperman (1983): MAR = a / b, where a represents
the number of antibiotics to which the isolate was resis-
tant and b is the total number of antibiotics to which the
isolate was exposed. MAR index values higher than 0.2
indicated high potential for contamination.
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Statistical analysis

All statistical analyses were performed in the R (ver-

sion 3.6.2) environment with RStudio software. Sig-

nificant differences were determined using one-way

ANOVA, followed by Duncan’s multiple range test to

compare the differences among the experimental

groups and the control group (Aviva and Watson

2013). Differences were considered statistically sig-

nificant at P < 0.05.

Results

At the beginning of the study (September and Octo-

ber), there was no significant difference in average

weight among groups. Weight indicators by month

are presented in Table 2. Rapid weight gain was ob-

served from October to November. The fish fed diet

D5 had significantly increased (P < 0.05) weight pa-

rameters in November and December compared to

the nonsupplemented group (D1). From December

to February, due to the low water temperature, the

fish did not feed and growth ceased (Miller and

Harbottle 2018). These changes were observed in

group D1. Weight gain stopped and in February was

only 11.61 (± 0.63) g. Dietary supplementation with

BGN-2 significantly improved the growth of groups

D4 and D5 compared to the control group (D1). The

weights of the fish in groups D4 and D5 continued to
increase even in cold water, and in February it was
17.54 (±0.46) and 20.19 (±0.79) g. In April, the final
weights of D4 and D5 were 24.38 (±1.26) and 26.60
(±1.45) g.

Among the dietary groups, significantly lower fi-
nal weights and total final lengths were observed in
the fish fed diets D1 and D2 followed by those fed di-
ets D3, D4, and D5 (P<0.05). The growth perfor-
mance parameters are presented in Table 3. There
was a visible increasing tendency in weight gain, co-
efficient of variation, size heterogeneity, and specific
growth rate in the fish fed diets D4 and D5 at the end
of the trial. Weight gain in groups D1 was 11.92 g,
D4 21.71 g, and D5 23.85 g. The feed conversion ra-
tio is a very important parameter for fish farmers, and
in group D1 the FCR was 2.35, but in groups D4 and
D5 it was 1.29 and 1.17, respectively. No significant
differences (P < 0.05) in Fulton’s condition factor
were noted among the different experimental groups.
The highest survival rate was observed in fish fed di-
ets D5 (98.40%) and D4 (97.87%) (Fig. 2), while the
lowest was observed in D1 (92.33%).

The data presented in Table 4 show that the iso-
lates were mainly represented by Pseudomonas sp.
and Aeromonas sp. in all the diet groups. In D1 Pseu-

domonas sp. was present at 75%, D2 – 100 %, D3 –
80 %, D4 – 60 %, and D5 – 75%. Aeromonas sp. was
present in D3 at 20%, D4 – 20 %, and D5 – 25 %.
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Table 2

Mean (± SE) weight of sea trout (S. trutta) diet groups by month. D1 – basal diet, D2 – basal diet + 1 g kg-1
â-glucan, D3 – basal

diet + 3 g kg-1
âglucan, D4 – basal diet + 6 g kg-1 BGN-2, D5 – basal diet + 14 g kg-1 BGN-2

Months

Diets

D1 D2 D3 D4 D5

September 2.50±0.21a 2.59±0.17a 2.67±0.21a 2.67±0.17a 2.75±0.16a

October 8.83±1.03a 7.93±0.97a 9.55±0.74a 8.79±0.68a 9.02±0.68a

November 9.71±0.34b 9.98±0.68ab 11.16±0.36ab 11.96±0.55ab 13.22±0.38a

December 11.43±0.56c 12.60±0.26bc 15.37±1.09abc 15.94±0.49ab 18.79±0.92a

January 11.84±0.78c 13.31±0.84bc 16.18±0.77abc 16.76±0.64ab 19.88±0.74a

February 11.61±0.63c 13.72±0.70bc 16.40±0.75ab 17.54±0.46ab 20.19±0.79a

March 12.80±0.42c 14.11±0.55bc 17.19±0.57b 22.01±0.57a 24.13±1.04a

April 14.42±0.63c 15.83±0.65c 18.40±0.67bc 24.38±1.26ab 26.60±1.45a

Means with different superscript letters in a row are significantly different (P<0.05), according to Duncan’s multiple range tests



Janthinobacterium lividum was isolated in one case
from D1 at 25%. One case was also isolated of
Yersinia intermedia from D4 (20%). All isolates dis-
played 100% resistance to amoxicillin, ampicillin,
cefalexin, erythromycin, and 100% susceptibility to
gentamicin (Table 4). There were no significant dif-
ferences in the MAR index among fish diet groups.
The MAR index is presented in Table 4. All the iso-
lates showed MAR indexes of more than 0.2.

Discussion

During the juvenile period, sea trout
growth is slow (Gjedrem and Gunnes
1978). According to the Restocking
plan of fish resources 2017–2020 (Lat-
via) (The Regulation of the Cabinet of
Ministers No. 684, 2016), the Pelci fish
hatchery can release sea trout when av-
erage weight of the group is 15 g and
that of the smallest fish in the group is
13 g. It is important for Latvian state
fish hatcheries to grow high-weight
trout on time.

The aquaculture industry depends
on the disease resistance, high survival,

and rapid growth of cultivable species. To achieve
these goals various supplements are used, including
probiotics, prebiotics, vitamins, herbs, and other
immunostimulants. The beneficial effects of yeast or
its components have been reported in many studies

for salmonids (�verland and Skrede 2017,
Sahlmann et al. 2019). Administering polysaccha-
rides, such as mannan oligosaccharide (MOS) and
â-glucan, improves the growth of many aquaculture
species, and it also increases immunological
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Table 3

Effects of dietary supplementation with â-glucan on the growth performance of sea trout (S. trutta). D1 – basal diet, D2 – basal diet
+ 1 g kg-1

â-glucan, D3 – basal diet + 3 g kg-1
âglucan, D4 – basal diet + 6 g kg-1 BGN-2, D5 – basal diet + 14 g kg-1 BGN-2

Parameters

Diets

D1 D2 D3 D4 D5

Initial weight (g) 2.50±0.21a 2.59±0.17a 2.67±0.21a 2.67±0.17a 2.75±0.16a

Final weight (g) 14.42±0.63c 15.83±0.65c 18.40±0.67bc 24.38±1.26ab 26.60±1.45a

Total final length (cm) 11.76±0.34a 11.91±0.17a 12.90±0.18ab 13.86±0.27b 14.08±0.17b

Weight gain (g) 11.92 13.24 15.73 21.71 23.85

Coefficient of variation (%) 18.58 17.47 15.51 21.99 23.18

Size heterogeneity (weight) 0.58 0.70 0.51 0.87 1.05

Specific growth rate (% day-1) 0.82 0.85 0.91 1.04 1.07

Feed conversion ratio 2.35 2.11 1.78 1.29 1.17

Condition factor (K) 0.89±0.04a 0.93±0.04a 0.85±0.03a 0.91±0.05a 0.95±0.05a

Data are expressed as meana ± SE. Means with different superscript letters in a row are significantly different (P < 0.05),
according to Duncan’s multiple range tests
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Figure 2. Survival rate of sea trout (S. trutta) in the different experimental groups.
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Table 4

Isolated bacteria and antimicrobial susceptibility

Diets ISOLATE AMX AMP CEF DOX ENR ERT FLR GEN OXT SPC STR TRT TRM MAR

September
D1 BND - - - - - - - - - - - - - -

D2
Pseudomonas putida,

P.oryzihabitans
R R R S S R R S S S R S R 0.54

D3
Aeromonas

hydrophyla, A.sobria
R R R S S R S S S S R S R 0.46

D4 A.sorbia R R R S S R S S S S R S R 0.46

D5
P.fluorescens,

P.savastanoi
R R R S S R R S S S R S R 0.54

October
D1 BND - - - - - - - - - - - - - -
D2 BND - - - - - - - - - - - - - -

D3
P.chlororaphis,

P.koreensis,

P.gessardii

R R R R S R R S R R R R R 0.85

D4
P.chlororaphis,

P.koreensis,

P.gessardii

R R R R S R R S R R R R R 0.85

D5
P.chlororaphis,

P.koreensis,

P.gessardii

R R R R S R R S R R R R R 0.85

November
D1 P.fluorescens R R R S S R R S R R R R R 0.77
D2 P.fluorescens, P.putida R R R S S R R S S R R S R 0.62
D3 P.fluorescens R R R R R R R S R R R R R 0.92
D4 P.fluorescens R R R S S R S S R R S S R 0.54
D5 A.hydrophila R R R S S R R S R R R R R 0.77

December
D1 P.cepacia R R R S S R R S S R S S - 0.50
D2 P.cepacia R R R S S R R S S R S S - 0.50
D3 P.cepacia R R R R R R R S R R R R - 0.92
D4 P.cepacia R R R R R R R S R R R R - 0.92
D5 BND - - - - - - - - - - - - - -

January
D1 P.fluorescens, P.putida R R R S S R S S S S S S R 0.38
D2 BND - - - - - - - - - - - - - -
D3 BND - - - - - - - - - - - - - -
D4 BND - - - - - - - - - - - - - -
D5 BND - - - - - - - - - - - - - -

February

D1
Janthinobacterium

lividum
R - R S S R S S R R R R S 0.58

D2 BND - - - - - - - - - - - - - -

D3
P.veronii, P.congeals,

P.migulae
R - R S S R R - S R R R R 0.73

D4 Yersinia intermedia R - R S S R S S S S S S S 0.25
D5 Pseudomonas sp. R - R S S R R S S R S S R 0.50

BND = Bacteria were not detected. R = Resistant; S = Susceptible. AMX = Amoxicillin; AMP = Ampicillin; CEF = Cefalexin; DOX
= Doxycycline; ENR = Enrofloxacin; ERT = Erythromycin; FLR = Florfenicol; GEN = Gentamicin; OXT = Oxytetracycline; SPC =
Spectinomycin; STR = Streptomycin; TRT = Tetracycline; TRM = Trimethoprim. MAR = Multiple antibiotic resistance index



responses, intestinal microbiota, and disease resis-
tance (Do Huu et al. 2016, Mohan et al. 2019).

Our research also proved the beneficial effects of
the â-glucan dietary supplement on the growth per-
formance and survival of sea trout. Especially good
results were obtained with BGN-2 (14 g kg-1). It is
important to consider the dose since dietary
supplementation with pure â-glucan at 1 g kg-1 and 3
g kg-1 did not provide the expected results. Studies
have also indicated a lack of positive effects on the
growth of crucian carp, Carassius carassius (L.), Nile
tilapia, Oreochromis niloticus (L.), and sea bass,
Dicentrarchus labrax (L.) (Cao et al. 2019). Ji et al.
(2017) proved that administering dietary â-glucan
can contribute to the growth of rainbow trout at
a dose of 2 g kg-1. SGR, WG, and survival rates were
significantly improved by increasing the â-glucan
dose. Data analysis revealed no statistically signifi-
cant differences in condition factor among the treat-
ment groups at the end of trial. Similar results were
obtained by other researchers (Nieves-Rodríguez et
al. 2018).

Epidermis, scales, and mucus create a protective
immunological and physical barrier between the fish
and the surrounding environment. The mucosal bar-
riers of the gills, skin, and alimentary tract are parts
of the innate immune response of fishes (Mohan et al.
2019). The microbiota is a community of microor-
ganisms that occupy a particular ecosystem and have
important biological roles (Lowrey et al. 2015). The
composition of the mucosal microbiota depends on
fish species, water temperature, habitat, and the im-
munological status of the host (Wilson et al. 2008,
Larsen et al. 2013). There are many studies related
to the intestinal microbiota of fishes, but the
microbiota of skin and gill mucus is not well under-
stood (Larsen et al. 2013, Lowrey et al. 2015). Not
enough studies have focused on the effects of
â-glucan dietary supplements on the skin and gill
mucus microbiota. However, it is known that differ-
ent dietary intakes might affect the abundance of fish
skin mucus microbial communities (Landeira-
-Dabarca et al. 2013).

Proteobacteria, Firmicutes, and Actinobacteria

were the predominant phylum, and Bacteroidetes

and Cyanobacteria were also identified (Larsen et al.
2013, Reverter et al. 2017). Previous studies showed
that gill mucus was represented by the families
Vibrionaceae, Pseudomonadaceae, and Hahellaceae

(Reverter et al. 2018). Using various methods, some
scientists recognized Pseudomonas as the main com-
ponent of fish skin microbiota, and our results con-
firmed this. In aquaculture, P. fluorescens and P.

putida are considered to be opportunistic pathogens
(Altinok et al. 2006). It is important to remember that
opportunistic pathogenic bacteria under stress con-
ditions can lead to outbreaks of bacterial infections
(Altinok et al. 2006, Sreedharan et al. 2012, Avdeeva
2017). Aeromonas sp. is a ubiquitous aquatic bacte-
ria that can cause diseases in several species of ani-
mals, including fish and humans, especially when
immunity is weakened.

Gammaproteobacteria were mainly represented
by the families Pseudomonadaceae and
Aeromonadaceae isolated from the skin and gill mu-
cus of sea trout. Only in one case was the family
Yersiniaceae identified, and it was represented by
Yersinia intermedia. This family is a member of the
order Enterobacterales in the class Gammapro-

teobacteria of the phylum Proteobacteria (Adeolu et
al. 2016). Table 4 indicates that in January P.

fluorescens and P. putida were only isolated in group
D1. In other groups, these bacteria were not detected
in the isolates. This can be explained by the fact that
the lowest water temperature was in January (Fig. 1).
Low water temperature primarily influences micro-
bial metabolic rates that is generally expressed as
growth rates. The lower the temperature, the lower
the growth rates (Hülsen et al. 2016).

Antimicrobial resistance is a global public health
threat, and in natural surface waters it is difficult to
find areas where antibiotics cannot be detected
(Yang and Carlson 2003). There are studies that
prove that bacteria are becoming/ have become//???
resistant to all known antibiotics (Rasul and
Majumdar 2017). Studies from all over the world in-
dicate that the number of multiresistant Aeromonas
sp. isolated from freshwater fish is increasing
(Sreedharan et al. 2012), and our results confirm
this. In the genera Aeromonas, Yersinia,
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Photobacterium, Edwardsiella, and Vibrio resistant

genes have been found on transferable plasmids,

transposons and integrons (Sreedharan et al. 2012,

Miller and Harbottle 2018). Scientists from Japan

have proved that the tetracycline resistance of marine

strains of Photobacterium, Vibrio, Alteromonas, and

Pseudomonas can be transferred to Escherichia coli

by conjugation (Rasul and Majumdar 2017). A MAR

index of 0.2 or more is said to have originated from

high risk sources of contamination (Sreedharan et al.

2012).

Based on our results, we assume that â-glucan

did not affect the skin and gill mucus microbiota di-

versity of sea trout in terms of the microbial commu-

nity of the microbiota. Further research regarding

the antibiotic resistance of genes is necessary. Our

study also indicated that â-glucan had an advanta-

geous impact on the growth and survival of sea

trout fingerlings and smolts. Supplementing feed

with â-glucan from BGN-2 at doses of 6 and 14 g

kg-1 diet was a sufficient amount to increase growth

performance and reduce mortality. These doses can

be recommended to help achieve good success in sea

trout rearing under Latvian conditions, especially in

the winter months.
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