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Abstract

The presently reported study intended to examine the effect of the oral administration of an immunomodulator β-glucan and β-glu-
can-containing product (BGN-2) on the levels of tumor necrosis factor-alpha (TNF-α), interleukin-6 (IL-6), fish heat shock protein 
70 (HSP-70), and fish growth hormone (GH) as well as growth performance of cultured sea trout juveniles. The sea trout is a migra-
tory sea-run brown trout, Salmo trutta Linnaeus, 1758. The fish (total of 15 000) were divided into four experimental and one control 
group including control (consisting of basal diet) (D1); basal diet + 1 g kg–1 β-glucan (D2); basal diet + 3 g kg–1 β-glucan (D3); basal 
diet + 6 g kg–1 BGN-2 (D4); basal diet + 14 g kg–1 BGN-2 (D5). The fish fed D4 and D5 diets showed significantly higher IL-6, 
HSP-70, and GH expression levels than other treatments (P < 0.05). Sea trout fed D4 and D5 diets showed significant improvements 
in growth performance compared to the fish fed the control diet. In conclusion, our results suggest that dietary supplementation with 
the product BGN-2 provides great immunostimulation and could be used as an effective measure to improve growth performance 
in juvenile sea trout.
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Introduction

The decline of wild salmonid populations is a direct re-
sult of extensive human influence and the consequences 
of climate change on their natural environment (Fraser 
2008). The sea trout is a historically significant fish spe-
cies for Latvia. The sea trout is a migratory sea-run brown 
trout, Salmo trutta Linnaeus, 1758. Latvia has a long tra-
dition of artificial rearing salmonid fishes, dating back 
more than 130 years. The principal species have been 

“Baltic” Atlantic salmon, Salmo salar Linnaeus, 1758) 
and sea trout (brown trout), Salmo trutta (Purvina et al. 
2019). Currently, Latvia is actively involved in the artifi-
cial reproduction and conservation of the natural sea trout 
population. During the juvenile stage, sea trout exhibit 
slow growth. According to the Restocking	 plan	 of	 fish	
resources,	 2017–2020 (Latvia) (Kučinskis and Dūklavs 
2016) state fish hatcheries can release sea trout when the 
mean weight of the group reaches 15 g, with the smallest 
fish in the group weighing at least 13 g. It is of utmost 
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importance for Latvian state fish hatcheries to rear high-
weight and healthy sea trout on time.

Therefore, there is a pressing need for well-structured 
breeding and rearing initiatives that emphasize nutrition-
al approaches. This includes the study of feeding behav-
iors and the development of initial diets that are crafted 
from ecologically sustainable components (Fraser 2008; 
Hoffmann et al. 2021). One of the most persuasive im-
munity boosters in aquaculture is β-glucan (Ringø et al. 
2011; Vetvicka et al. 2013). In order to increase disease 
resistance (thereby reducing the use of antibiotics), im-
prove growth performance and weight gain, and support 
fish health immunostimulants have been used as dietary 
additives in cultured fish (Vallejos-Vidal et al. 2016).

Immunological studies prove that the immune system 
of fish is comparable to those of mammals, characterized 
by different types of leukocytes, complement factors, 
immunoglobulins (Ig), toll-like receptors (TLRs), ma-
jor histocompatibility complex (MHC), T-cell receptors 
(TCR), and cytokines (Sakamoto and McCormick 2006; 
Yada 2007; Firdaus-Nawi and Zamri-Saad 2016). β-glu-
can stands out as an effective immunostimulant due to 
its remarkable ability to bind to various receptors on im-
mune cells, primarily leukocytes. β-glucan is detected by 
complement receptor C3 and TLRs. This binding triggers 
a cascade of immune responses, including heightened 
bactericidal activity, increased cytokine production, and 
enhanced cellular survival capacity. Upon encountering 
these immune cell surface receptors, β-glucan prompts 
the release of cytokines (e.g., tumor necrosis factor-al-
pha (TNF-α); interleukins, interferons, lymphokines, 
and chemokines) (Brown et al. 2003; Hadiuzzaman et 
al. 2022). This process has been observed to activate im-
munocompetent cells in fish, such as monocytes, macro-
phages, and neutrophils, which subsequently engage in 
pathogen elimination through mechanisms like phago-
cytosis, oxidative burst, and cytotoxic killing activities. 
Additionally, β-glucan contributes to the generation of 
immunological memory and specific antibodies by acti-
vating T and B lymphocytes (Hadiuzzaman et al. 2022).

Researchers have demonstrated that β-glucan can 
modulate essential biochemical markers, such as serum 
hemoglobin, serum protein, and total hemocyte count, as 
well as crucial immunological parameters like lysozyme 
activity, phagocytic activity, oxidative burst activity, and 
phenoloxidase activity. This leads to a more robust im-
mune profile, making it highly valuable in the treatment 
of fish and aquatic organisms. Fish supplemented with 
β-glucan have shown reduced sensitivity in genes associ-
ated with acute inflammatory reactions (Falco et al. 2012; 
Miest et al. 2016; Hadiuzzaman et al. 2022).

TNF-α and interleukin-6 (IL-6) are among the most 
significant cytokines produced by macrophages and 
monocytes and are listed as a humoral immune compo-
nent (Calder 2007). TNF-α is a multifunctional cytokine 
involved in systemic inflammation and has pro-inflamma-
tory and anti-inflammatory properties (Costa et al. 2011; 
Zou and Secombes 2016; Eggestøl et al. 2020). It also 

plays a major role in the regulation of immune responses, 
hematopoiesis, multiple homeostatic, and controlling in-
fection (Atzeni and Sarzi-Puttini 2013; Hong et al. 2013).

Heat shock proteins (HSPs) are a family of highly 
conserved stress proteins that are produced by cells in 
response to stressful conditions and are indicators of cel-
lular stress and animal health status (Cara et al. 2005). 
HSP expression is influenced by a variety of biological 
stressors, such as infectious pathogens, and abiotic fac-
tors, such as sudden changes in water temperature and 
environmental pollutants (Iwama et al. 1998). HSPs are 
classified by their molecular weight (kilodalton): HSP40, 
HSP70, etc. (Li and Srivastava 2003; Kumar et al. 2015).

Fish growth hormone (GH) has a role in feeding, 
growth-promoting, immune function, and osmoregula-
tion in teleost fish (Lal and Singh 2005; Sakamoto and 
McCormick 2006). Smith (1956) was the first to describe 
the positive effects of GH treatment on salinity tolerance, 
and increased capacity of brown trout (Salmo trutta). 
Later it became known that this consequence was due 
to the ability of GH to raise the size and number of gill 
chloride cells, Na(+)/K(+)/2Cl(–) cotransporter (NKCC) 
and Na(+)/K(+)-ATPase (NKA), branchial ion transport-
ers necessitated in salt secretion (Tipsmark et al. 2002; 
McCormick et al. 2009). For anadromous salmonids, GH 
plays an essential role in parr–smolt transformation and 
adaptation for seawater entry (Sakamoto and McCormick 
2006). Smoltification includes many metabolic and be-
havioral changes, as well as the development of hypoos-
moregulatory ability (Stefansson et al. 1991).

The presently reported study intended to investigate 
the immunomodulatory effects of two Saccharomyces	
cerevisiae-derived (yeast) β-glucan products on juvenile 
sea trout. These products included a commercially avail-
able purified β-glucan product (Angel Yeast Co., Ltd., 
China), as well as a biological product known as BGN-2 
(JP Biotechnology, Ltd., Latvia), using a patented tech-
nological method. BGN-2 comprises derivatives of the 
yeast S.	cerevisiae obtained during the ethanol production 
process from grain (Revina et al. 2019, 2020).

In the presently reported study, the hypothesis suggests 
that the prolonged administration of various oral doses of 
β-glucan products exerts an influence on the expression 
of TNF-α, IL-6, HSP-70, and GH, potentially enhancing 
both the health and growth performance of sea trout.

Materials and methods
Experimental fish and culture condition. The research 
was developed at the state fish farm Pelci of the Institute 
of Food Safety, Animal Health and Environment BIOR, 
Latvia (56°55′16.3″N, 021°58′28.6″E) (Pelci) using riv-
erine water.

At the farming trial, 15 000 sea trout juveniles 
(2.3 ± 0.30 g, mean weight ± SE) were randomly placed 
into five 1.8 m3 tanks (n = 3000 in each tank), with a 
volume of 1.2 m3, in a flow-through rearing system. The 
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quality of water was regularly monitored. The fish were 
acclimated for 2 weeks.

All of the sea trout used in the trial were planned to 
be released in natural watercourses in April of the same 
year, according to the Restocking	plan	of	fish	resources	
2017–2020,	Latvia (Kučinskis and Dūklavs 2016). This 
study was carried out in strict accordance with the rec-
ommendations of the national regulations on ethics and 
research in Latvia (Rozenkopfs and Rudze 2003). All 
efforts were made to minimize animal suffering accord-
ing to the guidelines of Latvian law and EU directive No. 
2010/63/EU (Anonymous 2010).

Fish diet and preparation of feed. A basal diet was 
formulated according to the nutrition requirement of sea 
trout (National Research Council 1999; Kamalam et al. 
2020). The basal diet was the commercial dry diet for fish 
Aller Futura EX (Aller Aqua, Ltd., Poland) (appropriated 
size according to Aller Aqua manufacturer recommen-
dations). The specific composition of the formulation is 
considered proprietary information held by Aller Aqua. 
However, based on the information provided on the la-
bel, the feed appears to contain a mixture of ingredients, 
including fish meal, fish oil, functional ingredients, grain 
products, krill meal, single-cell proteins, vegetable pro-
teins, vitamins, and minerals. To prepare experimental 
diets, β-glucan powder (Angel Yeast Co, Ltd., China; ex-
tracted from S.	cerevisiae) and BGN-2 powder (JP Bio-
technology, Ltd., Latvia) were added to the basal diet. 
The experimental diets were top-coated with rapeseed 
(Brassica	 napus) oil, mixed with supplements and air-
dried (Revina et al. 2019, 2020).

Five experimental diets were designed as follows: con-
trol (consisting of basal diet) (D1), basal diet + 1 g kg–1 
β-glucan (D2), basal diet + 3 g kg–1 β-glucan (D3), basal 
diet + 6 g kg–1 BGN-2 (D4), and basal diet + 14 g kg–1 
BGN-2 (D5). The dosage of Angel yeast product was 1 g 
kg–1 and 3 g kg–1; the dosage of JP Biotechnology product 
(BGN-2) was 6 g kg–1 and 14 g kg–1, equivalent to the 
final concentration of pure β-glucan in the final feed in 
a ratio of 1 g kg–1 and 3 g kg–1 (according to JP Biotech-
nology data).

The feed was delivered by an automatic fish feeder fol-
lowing a feeding regime of 4 times/hour, with 4 s feeding/
time, at approximately 2% of body weight per day.

Enzyme-linked immunosorbent assay. Tumor necro-
sis factor-α (TNF-α) (CSB-E13254Fh), fish growth hor-
mone (GH) (CSB-E12121Fh), fish heat shock protein-70 
(HSP-70) (CSB-E16327Fh), and interleukin-6 (IL-6) 
(CSB-E13258Fh) levels were determined in samples of 
the muscle tissue homogenates via enzyme-linked immu-
nosorbent assay (ELISA), using commercially available 
kits for fish from CUSABIO (Wuhan, China, http://www.
cusabio.com). Samples were taken five times, from Sep-
tember to January. Each month, three pooled samples (n 
= 5 fish in one pooled sample) from each experimental 
group were collected.

Collection, storage, and analysis of samples were car-
ried out according to CUSABIO manufacturer’s instruc-
tions (see above). Supernatants were stored at –80°C 
for further analyses. Concentrations were measured at 
450 nm on a Thermo Labsystems Multiskan Ascent 354 
Microplate Reader (Thermo Labsystems Inc., USA).

Evaluation of growth performance. The weight and 
length of 50 randomly selected fish from each group were 
measured individually every 30 days, throughout the treat-
ment period (Hopkins 1992; Aviva and Watson 2013).

Growth performance indices including weight gain 
(WG) [g], coefficient of variation (CV) [%], size hetero-
geneity of the weight (SH), specific growth rate (SGR) 
[%day–1], and Fulton’s condition factor (K) were calcu-
lated using the following formulae inspired by Hopkins 
(1992), Afrooz et al. (2014) and Gora et al. (2019):

WG = WF − WI

CV = (SDIW × WIW
–1) × 100

SH = CVF × CVI
–1

SGR = (Ln WF − Ln WI ) × t–1 × 100

K = (W × 105) × L–3

where WF is the mean final weight of fish [g], WI is the 
mean initial weight [g], SDIW is the standard deviation of 
individual weight, WIW is the mean individual weight [g], 
CVF is the final coefficient of variation, CVI is the initial 
coefficient of variation, t is the time of rearing [day], W is 
the weight, and L is the mean total length.

Statistical analysis. The results were analyzed statisti-
cally by the R (version 3.6.2) environment with RStudio 
software (Wickham et al. 2023). The results were present-
ed as mean ± SEM. The normality and homogeneity of 
the data were checked with the tests of Shapiro–Wilk’s 
and Bartlett, respectively when the data passed the tests, 
they were compared by one-way analysis of variance 
(ANOVA), followed by Duncan’s test (P < 0.05). Oth-
erwise, was done data logarithmic transformation (Aviva 
and Watson 2013; Wickham et al. 2023).

Results
Mean TNF-α, IL-6, GH, and HSP-70 concentrations are 
presented in Table 1. All the examined parameters were 
lower in the control group (D1). However, the mean 
TNF-α did not exhibit statistically significant differences 
(P < 0.05) among the diet groups throughout the study 
period. In turn, the TNF-α concentration in the D2 group 
was significantly higher in September and October in 
comparison to the control group (Fig. 1). In September, it 
reached its maximum level within the D2 group.

http://www.cusabio.com
http://www.cusabio.com
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Our findings indicate that the mean IL-6 concentration 
was significantly higher in the D4 and D5 groups com-
pared to D1, with no significant difference observed when 
compared to D2 and D3. The lowest mean IL-6 levels 
were observed in D1 (Table 1). Notably, IL-6 reached its 
maximum level in D5 (Fig. 2). Additionally, the IL-6 lev-
els in D5 significantly increased in November.

A significantly higher GH concentration was observed 
in D5 (Fig. 3), followed by D4, D3, D2, and D1 groups, 
indicating a positive correlation with the diet group. Also, 
in the D4 group, GH is higher, compared to the control 
group (D1).

TNF-α, IL-6, and GH levels did not vary significantly 
in the D2 and D3 groups during the whole trial of this 
study compared to the control.

In September, there was no significant difference in 
HSP-70 between the trial groups and the control. From 
October to the end of the study, the concentration of HSP-
70 in the D4 group was the highest, it was significantly 
higher than the control group. Also, a high concentration 
was observed in the D2 group (Fig. 4).

Growth performance, mean final weight, weight gain, 
coefficient of variation, size heterogeneity, specific growth 
rate, and Fulton’s condition factor are presented in Table 2.

Initially, there were no statistically significant differ-
ences in the initial mean weight among the diet groups. 
However, at the end of the study, it was observed that 
the final mean weight in groups D4 and D5 was signifi-
cantly higher compared to the control group (D1). Con-
sequently, the weight gain of fish from groups D4 and D5 
was higher.

The same was observed for the specific growth rates 
(SGR) where fish from D4 and D5 displayed an increased 
SGR compared to other diet groups. The final mean 
length in D4 and D5 was significantly higher compared 
to D1 and D2.

Fulton’s condition factor (K) was significantly affected 
by dietary treatment. The lowest K was recorded in D4 
and D5, while the highest value was observed in D1 and 
D2. The results obtained at the end of the study showed 
that fish fed the D2 and D3 did not show a statistically 
significant difference (P < 0.05) from fish fed the control 
diet. The results showed that the growth performance of 
sea trout in the control group was at the lowest level and 
showed a significant difference (P < 0.05) with the D4 
and D5 diet groups.

Results of other aspects of these experiments have been 
reported in previous papers (Revina et al. 2019, 2020).

Table 1. Expression of TNF-α, IL-6, GH, and HSP-70 in juveniles of sea trout, Salmo trutta, subjected to long-term dietary admin-
istration of β-glucan and BGN-2 in experimental groups (treatments).

Group Parameter
TNF-α [(pg/mL)/10] IL-6 [pg/mL] GH [pg/mL] HSP-70 [pg/mL]

D1 740.67 ± 44.37a 172.83 ± 0.91b 3371.42 ± 16.88c 239.01 ± 1.17c

D2 959.83 ± 70.68a 176.36 ± 1.16ab 3436.01 ± 36.50bc 267.84 ± 5.82ab

D3 872.75 ± 42.28a 178.28 ± 0.89ab 3479.20 ± 14.72abc 263.96 ± 4.63abc

D4 870.69 ± 35.00a 179.07 ± 0.77a 3674.71 ± 60.07ab 291.62 ± 6.06a

D5 871.43 ± 33.59a 180.81 ± 0.71a 3722.67 ± 62.40a 257.82 ± 2.53bc

Values are mean ± SEM. Values in a row with different superscripts are significantly different (P < 0.05). Abbreviations: TNF-α = tumor necrosis 
factor-alpha, IL-6 = interleukin-6, GH = fish growth hormone, HSP-70, fish heat shock protein, BGN-2 = β-glucan containing product; Diets: 
D1 = control (consisting of basal diet), D2 = basal diet + 1 g kg–1 β-glucan, D3 = basal diet + 3 g kg–1 β-glucan, D4 = basal diet + 6 g kg–1 BGN-2, 
D5 = basal diet + 14 g kg–1 BGN-2.

Figure 1. Concentrations of TNF-α (tumor necrosis factor-alpha) in juveniles of sea trout, Salmo trutta, subjected to dietary admin-
istration of β-glucan and BGN-2 (β-glucan containing product) in consecutive months of the experiment. 
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Figure 2. Concentrations of IL-6 (interleukin-6) in juveniles of sea trout, Salmo trutta, subjected to dietary administration of β-glu-
can and BGN-2 (β-glucan containing product) in consecutive months of the experiment.
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Figure 3. Concentrations of GH (fish growth hormone) in juveniles of sea trout, Salmo trutta, subjected to dietary administration 
of β-glucan and BGN-2 (β-glucan containing product) in consecutive months of the experiment.
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Figure 4. Concentrations of HSP-70 (fish heat shock protein) in juveniles of sea trout, Salmo trutta, subjected to dietary adminis-
tration of β-glucan and BGN-2 (β-glucan containing product) in consecutive months of the experiment.
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Discussion
The use of natural immunostimulants offers important 
advantages for aquaculture. These substances enhance 
the immune response and strengthen disease resistance, 
contributing to improved health and overall well-being 
in aquatic organisms. Furthermore, these products are 
environmentally friendly, biodegradable, and safe for hu-
mans (Vetvicka et al. 2013; Rodrigues et al. 2020). Also, 
β-glucan is widely acknowledged as a beneficial growth 
promoter for fish (Ji et al. 2017).

In teleost fishes, such as Atlantic salmon, Salmo sal-
ar and rainbow trout, Oncorhynchus	mykiss (Walbaum, 
1792), the administration of β-glucans enhances the re-
generative capacity of immunosuppressed cells, thereby 
bolstering their ability to combat infectious diseases (Pe-
tit and Wiegertjes 2016). Research investigations have 
revealed that the immunomodulating effects of β-glucan 
can be characterized as follows: (1) Prebiotic effects of 
β-glucan involve an indirect form of immunomodulation, 
encompassing the fermentation of β-glucan by native 
bacteria, resulting in alterations in microbial composi-
tion and a shift in the production of short-chain fatty acid 
(SCFA) metabolites within the gastrointestinal tract (GIT) 
of fish. (2) In addition, β-glucan contributes to the direct 
immunomodulation of the host through receptor-mediat-
ed recognition mechanisms occurring within the GIT of 
fish (Petit et al. 2022). This, in turn, leads to improved di-
gestion and increased nutrient absorption efficiency from 
their diets (Dawood et al. 2020).

While the exact mechanism by which β-glucan influ-
ences the fish’s immune system remains uncertain, there is 
substantial evidence indicating its ability to boost phago-
cytic activity and increase the expression of cytokines in 
different types of immune cells, including macrophages, 
dendritic cells, and neutrophils (Di Domenico et al. 2017).

The results of our studies are consistent with other au-
thors (Kim et al. 2009, Vetvicka et al. 2013), who have 
demonstrated that the impact of β-glucan on cytokine ex-
pression is rapid and does not necessitate long-term ad-
ministration. The effect becomes evident within the initial 
months of application. The level of IL-6 remained signifi-
cantly higher in the D4 and D5 groups compared to the 

control group throughout the study. This can be attributed 
to β-glucan’s engagement with β-glucan receptors, leading 
to the enhancement of various immune functions, including 
the release of cytokines such as IL-6 (Rodrigues et al. 2020).

The inclusion of β-glucan at a dose of 1 g kg–1 (D2) in 
the diet leads to a significant rise in TNF-α levels during 
the months of September and October. In subsequent 
months, the expression of TNF-α in all groups remains 
without significant statistical difference. Similar results 
were obtained by other researchers (Sealey et al. 2008; 
Rodríguez et al. 2009), who proved that β-glucan had 
no impact on the expression of TNF-α. TNF-α is mainly 
produced by activated macrophages, natural killer (NK) 
cells, and lymphocytes (Atzeni and Sarzi-Puttini 2013), 
it is expressed in most examined teleost tissue (Eggestøl 
et al. 2020). Our hypothesis suggests that β-glucan sup-
plements improve the functional capabilities of macro-
phages, leading to a slight increase in TNF-α levels, but 
not reaching statistical significance. It is possible, that if 
fish were infected with pathogens, the release of TNF-α 
might be higher. In addition, some studies have confirmed 
a significant increase in TNF-α during prolonged stress 
(Dawood et al. 2020). Since our fish were maintained un-
der optimal conditions, this factor is excluded. Regretta-
bly, there is currently a dearth of information regarding 
these potential effects of β-glucan in fish.

GH plays a crucial role in regulating various physi-
ological functions of fish such as development, growth, 
osmoregulation, immune systems, reproduction function, 
etc. (Lal and Singh 2005; Abdolahnejad et al. 2015). In the 
presently reported study, it was found that the inclusion 
of the BGN-2 product in the diet had a significantly posi-
tive impact on GH expression in groups D4 and D5. This 
positive GH expression can help explain the increase in 
growth parameters of sea trout observed in the presently 
reported and previous studies, especially during the win-
ter months (Revina et al. 2020). However, in contrast, our 
study did not show any significant beneficial effect of pure 
β-glucan on GH expression in groups D2 and D3. Our re-
sults are consistent with other authors, who suggested that 
pure β-glucan does not have a significant impact on GH.

More authors demonstrated that dietary β-glucan has 
played a major role in regulating stress- and immune-re-

Table 2. Growth performance of juveniles of sea trout, Salmo trutta, subjected to long-term dietary administration of β-glucan and 
BGN-2 in experimental groups (treatments) by the end of trial.

Group
Parameter

WI WF LF WG CV SH SGR K
D1 2.50 ± 0.21a 11.84 ± 0.78c 9.33 ± 0.24a 9.34 28.76 0.90 0.73 1.60 ± 0.11a

D2 2.59 ± 0.17a 13.31 ± 0.84bc 9.50 ± 0.24a 10.72 27.50 1.10 0.77 1.58 ± 0.10a

D3 2.67 ± 0.21a 16.18 ± 0.77abc 11.12 ± 0.32ab 13.51 20.79 0.69 0.85 1.18 ± 0.12ab

D4 2.67 ± 0.17a 16.76 ± 0.64ab 11.91 ± 0.28b 14.09 16.55 0.66 0.86 0.99 ± 0.04b

D5 2.76 ± 0.16a 19.88 ± 0.74a 12.81 ± 0.26b 17.12 16.15 0.73 0.93 0.94 ± 0.04b

Values (of WI, WF, LF, and K) are mean ± SE; mean values with different superscript letters in a row are significantly different (P < 0.05), according 
to Duncan’s multiple range tests. Abbreviations: WI = initial mean weight [g], WF = final mean weight [g], LF = final mean length [cm], WG = weight 
gain [g], CV = coefficient of variation [%], SH = size heterogeneity (weight), SGR = specific growth rate [% day−1], K = condition factor, BGN-
2 = β-glucan containing product; Diets: D1 = control (consisting of basal diet), D2 = basal diet + 1 g kg–1 β-glucan, D3 = basal diet + 3 g kg–1 β-glu-
can, D4 = basal diet + 6 g kg–1 BGN-2, D5 = basal diet + 14 g kg–1 BGN-2.
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lated factors through expressing HSP-70 (Ji et al. 2017; 
Salah et al. 2017). HSP-70 is typically expressed in the 
cells of fish that have experienced environmental stressors 
(Dawood et al. 2020). In the initial month of the study, no 
significant effect was observed when adding β-glucan ad-
ditives to the sea trout diet (Fig. 4). However, a notable 
effect was observed with the BGN-2 product at a dose of 
6 g kg–1 (D4). Additionally, a substantial impact was seen 
in D2.

This study highlights the beneficial outcomes result-
ing from the oral administration of the BGN- 2 product 
at doses of 6 g kg–1 and 14 g kg–1 on the growth perfor-
mance of sea trout. These findings align with previous re-
search (Hoang et al. 2018), which also demonstrated the 
growth-enhancing effects of β-glucan in various aqua-
culture species. Fish from D1, D2, D3, and D4 groups 
exhibited excellent condition. According to several stud-
ies, Fulton’s condition factor for salmonids is considered 
excellent when it falls within the range of 0.95 to 1.44 
(Mahmoudi et al. 2014; Wali et al. 2019).

This study adds to the growing body of evidence sup-
porting the efficacy of β-glucan, specifically the BGN-2 
product, in promoting the growth of sea trout. The results 
suggest that the administration of β-glucan products at 
the specified doses can positively influence the growth 

parameters of sea trout, contributing to the development 
of more efficient and sustainable aquaculture practices.

In summary, all of our research (Revina et al. 2019, 
2020) strongly recommends incorporating the BGN-2 
product at a dosage of 6 g kg–1 into the sea trout diet. This 
approach enhances the immunomodulatory response, and 
overall health, and represents an effective strategy for in-
creasing sea trout production. Our study affirms that the 
utilization of BGN-2 products has a positive impact on 
the welfare, innate immune system, and growth perfor-
mance of sea trout.
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