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ABSTRACT

Limited research has focused on the nutritional requirements of Salmo caspius. This study investigates the effects
of Selenomethionine (SelMet) and synbiotic Diproplus (Dip+) oral supplements on growth, hematology, carcass
analysis, immune responses, and the IL-1 and TNF-a relative gene expression in S. caspius. By employing a
randomized design, the dietary control group and various treatments (per kg of diet) were established, including
T1 (2 g Dip* + 0 mg SelMet), T» (3 g Dip* + 0 mg SelMet), T3 (0 g Dip* + 2 mg SelMet), T4 (0 g Dip* + 4 mg
SelMet), Ts (2 g Dip* + 2 mg SelMet), Te (2 g Dip* + 4 mg SelMet), T (3 g Dip* + 2 mg SelMet) and Ts (3 g
Dip™ + 4 mg SelMet). Significant increases in growth performance and the highest lysozyme activity were
observed in Te (p < 0.05). T3 and T7 showed the highest total Ig and IgM levels, respectively (p <
0.05). Additionally, Ts exhibited significantly elevated WBCs, RBCs, Hb, and Hct (p < 0.05). Carcass analysis
indicated that the control group had the highest fat content and lowest amounts of ash, protein, and moisture (p <
0.05). Furthermore, the IL-1 and TNF-a relative gene expression levels increased approximately 16 and 22 times
in Tsg, respectively (p < 0.05). The findings suggest that the combined use of Dip* and SelMet yields superior
results compared to their individual use. We recommend combining 4 mg SelMet and 3 g Dip* in fish farms.
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INTRODUCTION

Salmonidae are among the most significant family that can be cultivated worldwide, with breeding practices being
employed in various countries (Lee & Donaldso 2001). Given the escalating global population and the increasing
demand of societies for healthy and high-quality protein sources, consuming aquatic animals is a crucial means
of meeting protein needs. Consequently, it is anticipated that aquaculture will play a pivotal role in protein
provision in the next two decades and contribute to alleviating global poverty. Other studies have been conducted
on the utilization of food additives aimed at enhancing the health of fish, encompassing probiotics, prebiotics, and
synbiotics (Ai et al. 2011). The concurrent administration of probiotics and prebiotics has been proposed to
regulate intestinal microbial flora in aquatic animals (Li & Gatlin 2003). The utilization of synbiotics enhances
the host's overall condition by augmenting the digestive system's efficiency, exerting either a direct or indirect
influence on the microbial flora within the host's intestine (Merrifield et al. 2010). Several studies have explored
the positive impact of commercial synbiotics on the growth, reproduction, and safety of aquatic animals. In
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summary, the effects of utilizing the synbiotic Biominlmbo® (comprising probiotic Enterococcus faecium and
prebiotic fructo-oligosaccharide with cell wall fragments of beneficial bacteria and phycophytic compounds) have
been investigated in rainbow trout (Ghafari farsani et al. 2021), Acipenser gueldenstaedtii (Vaezi et al. 2016),
Danio rerio (Nekoubin et al. 2012a) and Pterophyllum scalare (Nekoubin et al. 2012b). The inclination to utilize
mineral food supplements, particularly micro-elements, has garnered significant attention from farm animals and
aquaculture. This attention stems from the necessity of providing essential nutrients through the diet for living
organisms and the recognized impact of deficiencies on health and growth (Dato-Cajegas et al. 1996; Oliva-Teles
2012). Beyond enhancing growth indicators, these supplements bolstered fish resistance against environmental
stress, various infectious diseases, and the stimulation of the non-specific immune system in aquatic animals
(Roubach et al. 2019). Utilizing microelements bonded with amino acids represents a nutritional strategy aimed
at mitigating the stress induced by free radicals, owing to their substantial impact on enhancing the body's
antioxidant status (Rizzo et al. 2007). Selenium (Se) is a rare yet essential element for all living organisms
(Hamilton 2004). It serves as a crucial micronutrient, acting as the primary structural component of the enzyme
glutathione peroxidase. Research indicates that a deficiency of Se in fish can lead to a reduction or cessation of
growth, and in some instances, it may result in muscle wasting (Ilham & Fotedar 2016). Se deficiency has been
associated with oxidative stress, diminished appetite, and compromised health in fish (Poston & Combs 1979).
However, excessive Se levels can manifest symptoms such as decreased hematological indices, reduced food
consumption efficiency, appearance abnormalities, toxicity, and even mortality (Hilton et al. 1980 and Pacini et
al. 2012). In a study by Naiel et al. (2021), it was reported that the inclusion of Selenomethionine (SelMet) in the
diet of Nile tilapia, Oreochromis niloticus improved growth performance, serum biochemical indices, the immune
system, and antioxidant defense. Tseng et al. (2021) assessed the impact of SelMet on total body fatty acids and
the relative expression of the Mx gene in Sparus aurata under viral infection conditions. Their results revealed
that while fish growth remained unaffected by Se consumption, an elevation in dietary SelMet led to increased Se
accumulation in tissues, heightened lipid content in the entire body, and modulation of the synthesis of n-3
unsaturated fatty acids. Ghaniem et al. (2022) compared the varied effects of Se, SelMet, and nano-selenium
(NanSe) in the Nile tilapia, O. niloticus. They examined growth performance, immunity, antioxidant defense,
intestinal morphology, and the relative expression of specific genes involved in immunity. The findings indicated
that NanSe proved more effective than Se and SelMet supplements in enhancing Nile tilapia's growth performance
and its overall health. Ajdari et al. (2022) reported the effects of food supplements Primalac (probiotic), Inulin
(prebiotic), and Biominlmbo® (synbiotic) on growth performance, the innate immune system and antioxidant
defense in common carp, Cyprinus carpio. Their study demonstrated improvements in growth indicators,
increased biochemical indicators in blood serum, immune system modulation, and antioxidant defense
enhancement. Additionally, a significant decrease in the feed conversion ratio was observed. The researchers
reported that the impact of synbiotic supplementation surpassed that of prebiotic and probiotic supplementation.

The Caspian brown trout, Salmo caspius is a Salmonid indigenous to Iranian Waters, and its population in the
Caspian Sea is decreasing strikingly (Rahbar et al. 2011; Khara 2016). In recent years, there has been a limited
reports of the nutritional requirements specific to S. caspius, often relying on research findings from rainbow trout
(Oncorhynchus mykiss) to fill the gaps. Understanding the impact of various dietary supplements is crucial for
successfully cultivating a fish species, as it allows for adjusting growth indicators and improving both the immune
and digestive systems. This holds for Se and synbiotics. The effects of utilizing SelMet and the synbiotic Diproplus
(Dip*), either alone or in combination, on S. caspius remain unexplored. Therefore, this study investigates the
effects of administering SelMet and Dip+ orally on the growth, blood indices, carcass composition, certain innate
immunity indicators, and the relative expression of IL-1 and TNF-a genes in S. caspius.

MATERIALS AND METHODS

Experiment design and feed preparation

The experiment was conducted employing a completely randomized design comprising eight experimental
treatments (T1: Diet containing 2 g Dip* + 0 mg SelMet; T»: 3 g Dip* + 0 mg SelMet; T3: 0 g Dip* + 2 mg SelMet;
T4 0 g Dip*+4 mg SelMet; Ts: 2 g Dip* + 2 mg SelMet; Te: 2 g Dip* + 4 mg SelMet; T+: 3 g Dip* + 2 mg SelMet;
Ts: 3 g Dip* + 4 mg SelMet per kg of diet), along with a control group each with three replications (Vaezi et al.
2016 and Safabakhsh et al. 2020). Salmo caspius (n = 500), with an average weight of 66.34 + 1.45 g, were
purchased for the study. Following an adaptation period to the experimental conditions, the fish were stocked and



evenly distributed among 27 tanks. Extruded diet (EX-TG2) from 21 Beyza Feed Mill, Shiraz, Iran, was utilized
in this study. The physical characteristics and nutritional analysis of the consumed feed are presented in Table 1.

Table 1. Physical characteristics and proximate analysis of basic commercial feed. 21 Beyza Feed Mill Co., Shiraz, Iran.
Feed

diameter Minimum crude Minimum Digestible Maximum crude ~ Minimum absorbable Maximum
(mm) protein (%) crude Fat (%) energy (kcal/kg) fiber (%) phosphorus (%) moisture (%)
24-33 44 145 4000 2.2 0.8 10

The research lasted 60 days and was carried out at the Shahid Bahonar Fish Reproduction and Restoration Center
in Kelardasht, Mazandaran, Iran. Dip* was sourced from Takgene Company (Tehran, Iran), while SelMet was
obtained from Ariana Company (Mashhad, Iran). The constituents of Dip* and SelMet are presented in Table 2.

Table 2. Compositions of Dip* (Takgene Co.) and SelMet (Ariana Co.).
Probiotic content  Bacillus subtilis, Bacillus licheniformis, Pediococcus acidilactici and 4 strains of lactic acid bacteria

Prebiotic content Mannan-oligosaccharides (MOS)

Organic selenium It consists of selenium ion bonded with methionine

Growth parameters

Fish biometry was conducted in three phases: initial, middle (every two weeks), and final. A ruler with an accuracy
of 1 mm was employed to measure the length, while a digital scale with an accuracy of 0.01 g to measure the
weight of the fish. Specific growth rate (SGR), body weight increase (BWI), percent of body weight increase
(PBWI), feed conversion rate (FCR), condition factor (CF), protein efficiency (PER), and fish survival percentage
(SR) were calculated using following equations for different experimental treatments and the control group (Khara
et al. 2016).

BWI (g) = Final weight (g) - Initial weight (g)

PBWI (%) = [Final weight (g)-Initial weight (g)] / [Initial weight (g)] x100

SGR = [Ln final Weight-Ln initial weight] / [Duration (day)] x100

CF = [Weight (g)] / [Length (cm) ] x100

FCR = [Feed intake (g)] / [BWI (9)]

PER = Final weight (g) / Consumed protein (g)

SR = [Final fish count / Initial fish count] X100

Blood indices

After the experimental period, three fish from each replication were anesthetized using a 100 ppm Eugenol
solution (Mohammadi & Khara 2015). Subsequently, blood was collected from the caudal vein using a sterile
syringe. The collected samples were then transported to the Gorgan University of Agricultural Sciences and
Natural Resources Laboratory, Gorgan, Iran, where white blood cells (WBCs) and red blood cells (RBCs) were
quantified following the methods outlined by Gao et al. (2007) and Khara et al. (2016). Differential diagnosis of
white blood cells was conducted using the method described by Gao et al. (2007), hematocrit (Hct) percentage
according to the Ellis method (1990), and the amount of hemoglobin (Hb) using the Pars Azmoon kit (Tehran,
Iran), based on the instructions provided within the kit. Mean corpuscular volume (MCV), mean corpuscular
hemoglobin (MCH) and mean corpuscular hemoglobin concentration (MCHC) indexes were measured using
standard relationships based on following equations, as provided by Khara et al. (2016).

MCV (fL)= [Hct (%) x10] / [RBC (106 mm™3)]
MCH (pg)= [Hb (g dL%) x10] / [RBC (106 10 mm™3)]
MCHC (g dL%) = [Hb (gr/dL) x100] / [Hct (%)]

Innate immune system indices
The quantification of total serum immunoglobulin (Total Ig) was conducted in g dL* using a biochemistry
autoanalyzer (Hitachi, Japan) and the Pars Azmoon detection kit (Tehran, Iran) through the photometric method.



Serum immunoglobulin M (IgM) levels were measured in mg dL utilizing the Minineph nephelometry device
(Binding Site, England) and the corresponding Binding Site laboratory kit. Lysozyme activity in serum samples
was determined according to the method outlined by Ellis (1990).

IL-1 and TNF-a relative gene expression

Following the methodology outlined by Mansourghanaei et al. (2022) and Zargari et al. (2023), to assess the
relative expression of IL-1 and TNF-a genes after the experimental period, samples were obtained from the liver
tissue of fish under sterile conditions, and the containers containing the samples were promptly submerged in
liquid nitrogen. RNA extraction was performed using the RNx-Plus kit (SinaClon Company, Tehran, Iran),
following the manufacturer's instructions. Qualitative and quantitative evaluations of the extracted RNA were
confirmed through electrophoresis with a 1% agarose gel and measurement of the 260/280 absorbance using a
Nanodrop device (USA). cDNA synthesis was performed using Genet Bio's cDNA synthesis master mix (Korea),
following the manufacturer's instructions. Normal PCR was conducted to validate the primer sequences and the
synthesized cDNA. In the final step, the relative expressions of TNF-a and IL-1 genes were measured through
real-time PCR. The specific primer sequences for TNF-a, IL-1, and the reference gene B-actin are provided in
Table 3.

Table 3. Specific primers for TNF-a, IL-1 and B-actin genes (Jami et al. 2019).
Primer name Primer sequence Accession number

F: CAAGAGTTTGAACCTTGTTCAA
TNF-a AJ277604.2
R: GCTGCTGCCGCACATAGAC

F: ACATTGCCAACCTCATCATCG
IL-1 AJ223954
R: TTGAGCAGGTCCTTGTCCTTG

F: CAAGGATATCCGTCGTGGCA
B-actin XM_029735646.1
R: ACAGCGAAACGACCAAGAGG

Feed and carcass analysis

The prepared diet's analysis, including measuring the carcass's moisture, fat, protein, ash, and fiber content and
determining the Se levels in the food and water, was conducted in accordance with the standard methods outlined
by AOAC in 1990.

Statistical analysis

This experiment was executed utilizing a completely randomized design in the structure of a factorial test,
encompassing two factors, the first factor being Dip* at three levels and the second factor being SelMet at three
levels, with each factor having three replications. The normality of the data was assessed through the Kolmogorov-
Smirnov test. Subsequently, a two-way analysis of variance was applied, and Duncan's test, with a confidence
level of 95%, was employed in SPSS version 22 software to compare the means. Graphs and tables were generated
using Excel 2010. The relative gene expression was evaluated using the 2-24¢T method, as described by Zargari et
al. (2024).

RESULTS

Growth parameters

The results obtained from the investigation on the growth performance of S. caspius fed different levels of SelMet
and Dip* over 60 days are presented in Table 4. According to the results, the most favorable growth performance
was observed in Ts, significantly different from the control group (p < 0.05). Te exhibited the highest final weight,
final length, PBWI, SGR, and the lowest FCR (p < 0.05). However, the CF and PER did not differ significantly
among treatments (p > 0.05). The data in Table 4 suggests a significant interaction between Dip* and SelMet in
the treatments (p < 0.05).

Measurement of Se in water and feed

The Se contents in the food ration, incoming water source, and wastewater discharged from the tanks were
measured (Table 5). The analyses revealed that the Se content in the diet was 4370 ug kg*. The Se concentration
in the incoming water remained constant at 2 ng L for all diets before adding SelMet supplementation. In the



wastewater discharged from the treatments where SelMet was added, the Se content increased to 6740 pg kg (in
T3, Ts, and T7) and 10960 pg kg™ (in T4, Te, and Ts; p < 0.05). However, no significant difference was observed
in the Se concentration measured in wastewater discharged from treatments that received the same Se level in the
diet (p > 0.05).

Innate immune system indices

The results obtained from the evaluation of safety indicators are presented in Table 6. The activity levels of
lysozyme, total Ig and IgM in the control group exhibited the lowest significant levels (p < 0.05). The most
significant difference in lysozyme activity was recorded in T (p < 0.05). T3 demonstrated the highest significant
amount of Total Ig (p < 0.05), while T7 exhibited the highest significant level of IgM (p < 0.05). The findings in
Table 6 suggest the potential for interaction between total Ig and IgM concerning to the two oral supplements,
Dip* and SelMet (p < 0.05).

Table 4. Average growth indices of S. caspius fed different levels of SelMet and Dip* for 60 days.
Control T, T, Ts Ts Ts Te T, Ts

67.28 = 67.11+ 64.95 + 67.21 66.13 + 66.53 + 552+ 68.63 + 64.67 +

Initial weight (g) 1.54° 077 0.88° 0.33° 1170 1.64° 64.53° 1.61° 2,558

119.19 11428+ 1168+ 11621+ 11687+ 12181% 130.1+ 120.7+  118.77 %

Final weight (g) 1.10% 4,96 443 1.28° 499 1.08% 5.64° 2.77% 1.69%

18.13 % 18.05 18.12 18.13 % 1811+ 18.17 % 18.13 % 18.16 + 18.12 %

Initial length (cm) 0.07° 0.04° 0.06° 0.05° 0.05° 0.01° 0.03° 0 0.03°

. 2149 + 2117 + 21.52 + 2131+ 2152 + 21.78 2213+ 21.62 + 2149 +
Final length (cm)

0.12%® 0.24° 0.24% 0.03° 0.36% 0.1%® 0.24° 0.14%® 0.08%
BWI (%) 7741+ 70.41 = 79.96 £ 729+ 76.77 £ 83.39 10284+ 7625 84.37 =
0 5.58% 8.3 7.87% 1.15° 7.48% 6.18% 1.62% 8.07% 9.01%®
12+ 12+ 117+ 12+ 117+ 12+ 119+
3 a a
CF (g/em’) 0.01° 001* 001  001° oorr T80 g0 g 120
Food intake rate 3.07 293+ 3% 297+ 297 % 0.06 + 333+ 31+ 3.03%
()} 0.03® 0.13° 0.113° 0.03° 0.15° 3.1%® 0.15° 0.06% 0.03%*
1.029 + 1.028 £ 1.028 £ 1.028 + 1.028 + 1.027 + 1.028 + 1.028 +
FCR 1.028 + Ob 0? Oab Oab Oab Oab Ob Oab Oab
095+ 0.88 = 0.98 = 091+ 0.94 = 101+ 117+ 0.94 + 1.01+
0,
SGR (%%/day) 0.05% 0.08° 0.07% 0.01% 0.07%® 0.06%® 0.13¢ 0.07% 0.08%*
0.63
PER (%0) 062+0° 063x0* 061+0° 062+0° 061+0* 0.63+x0° 0.62+0° 08 0.62 +0°

Different letters indicate significant differences in each group (p < 0.05).

Table 5. Se contents in feed and wastewater of S. caspius tanks fed different levels of SelMet and Dip* for 60 days.
Control T, T, T3 T, T5 TG T, Tg

Se in feed (ug kg™) 4370 4370 4370 6740 10960 6740 10960 6740 10960

Se in wastewater (ug kg™) 3 3 3 1 2 1 2 1 2

Blood indicators

The results obtained from the analyses of blood indices are depicted in Table 7. Notably, Tg exhibited the highest
WBCs, RBCs, Hb, and Hct levels compared to the control group (p < 0.05). Conversely, the control group
demonstrated the lowest significant levels of RBCs, WBCs, and Hb (p < 0.05). The hematocrit levels in T, Ta,
and Ts did not differ significantly from the control group (p < 0.05). Table 7 suggests an interaction between the
two oral supplements, Dip* and SelMet, across all blood parameters (p < 0.05).

Blood indices
The results derived from the analyses of blood indices are outlined in Table 8. The control group exhibited the
highest significant level of MCV compared to the experimental treatments (p < 0.05). T3 displayed the highest



significant level of MCH (p < 0.05). T4, T2, and the control group displayed lower MCH levels than other
treatments (p < 0.05). The control group and Ts demonstrated the lowest and highest MCHC levels respectively,
significantly different from other treatments (p < 0.05). Based on the results obtained from examining blood
indices in Table 8, it can be inferred that there is a mutualistic relationship between Dip* and SelMet (p < 0.05).

Table 6. Average levels of lysozyme activity, total Ig and IgM in S. caspius fed different levels of SelMet and Dip* for 60

days.
Control T1 Tz T:, T4 T5 Tﬁ T7 Tg
lysozyme activity 0 ) e 29.6742.33% 26:£0.58¢ 265115 2533+133°  32.6742.67% 37410 354,04 281"
(UmL" min™)
1gM (mg dL) 69+0.58° 79.33£0.67" 67.68:0.67  79.6740.67° 73400  7033:0.67°  750.58°  82.33+0.67° 78.67+0.67°
Total Ig (mg mL?) 2483:007" 2743:007° 286+0.1° 20.83+0.03°  255:0°  2643:007° 28.23:0.09° 24.7740.09"  25.77+0.07"

Different letters indicate significant differences in each group (p < 0.05).

Table 7. Average levels of WBCs, RBCs, Hb and Hct in S. caspius fed different levels of SelMet and Dip* for 60 days.

Control T, T, T3 T4 Ts Te T, Ts
WBC (10° 7410t  96833% 95833+  83333: 78833t 83167+ 84333+ 99167 11533
mme) 20.82" 44.1° 44,19 33.33" 16.67° 16.67" 3333 1667 33,33
RBC 1680000 1756700+ 1831700+ 1770000+ 1703300+ 1763300+ 1755000 1785000 1825000 +
(mm®  +57735'  33333¢  16666°  2886.7°  1666.6°  1666.6¢  +5000°  +2886  2886.7°
Hb(gdl 824+ 8.35 + 872+ 8.77 + . 868% 8.48 + 8.82 +
1) 0.019 0.01f 0.02" oo 830044 002¢  262x0d g0a
Metop 1833 483 067 5067 4867 4967:  503Bx  5033: 5067+
0.88° 0.33° 0.33° 0.67° 0.33 0.33% 0.33° o 0.33°

Different letters indicate significant differences in each group (p < 0.05).

Table 8. Average level of MCV, MCH and MCHC in S. caspius fed different levels of SelMet and Dip* for 60 days.

Control T: T, Ts T Ts Te T7 Ts
207+ 282+ 21867+ 288t 28733 % - T 28L67% 27967
MCV (fL) 1.15¢ 1.15% 0.67¢ 2.08° 03  B4xl 2901 0.88 0.88¢
McHpg Y83 ATET:  4740x  495:  48G3r  4013x  486T:  dal: 481+
Pg 0.03¢ 0.07¢ 0.1¢ 0.15° 0.03° 0.03° 0.13° 0.12¢ 0.06¢
MCHC 1644+ 1703+ 1705+ 1705+ 1693+ 1731+ 1664+ 1723+ 1721+
(g/dL) 0.01° 0.01° 0.01° 0.08° 0.01¢ 0.02° 0.04¢ 0.012 0.02°

Different letters indicate significant differences in each group (p < 0.05).

WABC:s differential count

The results obtained from the differential count of WBCs are detailed in Table 9. The highest significant number
of neutrophils was observed in T3 (p < 0.05). The control group exhibited the highest significant number of
lymphocytes (p < 0.05). As shown in Table 9, the lowest significant number of monocytes was observed in the
control group, T2 and Ts (p < 0.05). The percentage of eosinophils in all groups was calculated to be less than 1%
and did not exhibit a significant difference (p > 0.05).

Carcass analysis

According to the carcass composition analyses in Fig. 1, the highest carcass fat rate (%) was observed in the
control group (p < 0.05). Additionally, the lowest significant levels of ash, protein, and moisture rate (%) in the
carcass were measured in the control group (p < 0.05). The highest significant level of carcass protein rate was
observed in T1 and T (p < 0.05). Based on the results of the factorial design analysis, it can be asserted that there
is a mutualistic relationship between the two supplements, SelMet and Dip* (p < 0.05).

IL-1 and TNF-a relative gene expression

The impacts of using SelMet and Dip* in S. caspius on the relative expression of IL-1 and TNF-a genes are
illustrated in Fig. 2. In Ts, a remarkable increase of approximately 16 times in the IL-1 gene expression and about
22 times in the TNF-o gene expression was observed, displaying the most significant difference compared to the



control group (p < 0.05). While no significant difference was observed when examining the interaction between
SelMet and Dip* for the IL-1 gene (p > 0.05), a significant difference was noted when evaluating the mutualistic
relationship between SelMet and Dip* for TNF-a relative gene expression (p < 0.05).

Table 9. Average levels of WBCs differential count in S. caspius fed different levels of SelMet and Dip* for 60 days.

Control T. T, T3 Ta Ts Ts Ty Ts
. 1533+ 1633+ 1533+ 1867+  1467< 1733+ 1767+ 1633z
Neutrophil (%) 0.33 0.33° 0.33 0.33° 0.33¢ 16+0° 033 033 0.33¢
Lymphocyte o oo 77.33% 8033  7567% 79+ 7967+ 7767+ 7667+ 7833+
(%) e 0.33¢% 0.67% 0.33' 058bc?  0.33a® 0.88¢% 0.33 0.33%%
433+ 467+ 433+ 567+ 467+ 433+ 567+ 533+
0 + Qb

monocyte (%) 0.33, 0.334 0.33" 0.33° 0.33 0.33 0.33° 5+0 0.33®
cosinophil 0 033 067+ 033+ 033+ 033+ 033+ 033+ 033+ 033+

pit % 0.33° 0.33° 0.33° 0.33° 0.33° 0.33° 0.33° 0.33° 0.33°

Different letters indicate significant differences in each group (p < 0.05).
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Fig. 1. The results of the carcass composition analyses of S. caspius fed different levels of SelMet and Dip* for 60 days. A:
Fat (%). B: Ash (%). C: Protein (%). D: Moisture (%). Different letters indicate significant differences in each group (p <
0.05).

DISCUSSION

Growth performance

In recent decades, the utilization of immune stimulants in aquaculture has gained popularity for enhancing the
activity of non-specific defense mechanisms and establishing relative resistance to diseases (Sakai 1999; Faruk et
al. 2021). These substances have been recognized as compounds with the potential to reduce reliance on
antibiotics (Farooqi & Qureshi 2018). The efficacy of supplements is contingent on factors such as the age and
size of living organisms, environmental conditions, ambient temperature, and the mode of supplement
administration (Khan et al. 2017). Among the various immune stimulants, synbiotic supplements have
demonstrated effectiveness in promoting the growth and immunity of aquatic organisms (Sewaka et al. 2019;
Safari et al. 2021; Rohani et al. 2022; Mohammadi et al. 2022). Furthermore, the presence of microelements,
including Se, in the body of living organisms is essential for executing vital functions within the host organism



(Cigek & Ozogul 2021 & Wang et al. 2022). Several studies on Se in aquatic animals have indicated that Se
deficiency can result in decreased appetite, reduced growth, lipid peroxidation damage to cell membranes, and
increased mortality (Watanabe et al. 1997; Dawood et al. 2019; Lin et al. 2021). High levels of Se in fish diets
have also been shown to reduce feed efficiency, leading to decreased reproduction, tissue damage, and organ
malformations (Lemly 2002; Wang et al. 2019). Therefore, determining the optimal level of Se required in the
diet for different farmed fish species is crucial.
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Fig. 2. Relative gene expression in S. caspius fed different levels of SelMet and Dip* for 60 days. A: TNF-o.. B: IL-1.
Different letters indicate significant differences in each group (p < 0.05).

The presence of Se is vital for muscle tissue growth, immune system fortification, and genomic stability (Surai
2002; Miezeliene et al. 2011). Se plays a preventive role in the peroxidation of arachidonic acid, thereby shielding
cells and tissues from free radical-induced damage (Arthur et al. 2003). Selenomethionine (SelMet), an organic
form of Se, exhibits higher absorbability than inorganic Se. Additionally, SelMet boasts a superior biological
value and absorbability compared to Se (Lorentzen et al. 1994; Wang & Lovell 1997; Wang et al. 2007). The
presence of Se in various organs may also contribute to the storage of vitamin E (Lin & Shiau 2005). Both
compounds have demonstrated antioxidant activity (Lin & Shiau 2005). Various studies have been conducted to
calculate the optimal amount of Se to enhance growth in different fish species. Han et al. (2011) reported optimal
Se amounts for Carassius auratus as 0.7 mg Se/kg diet and for common carp as 1 mg Se/kg diet. Other studies
have demonstrated that optimal Se levels can significantly improve digestibility and enhance antioxidant status
(Kugtlkbay et al. 2009; Lin 2014). The use of Se in the diet of common carp (Ashouri et al. 2015; Saffari et al.
2017), C. auratus (Zhou et al. 2009), Nile tilapia (Lee et al. 2016), grouper (Lin & Shiau 2005) and rainbow trout
(Wang et al. 2018) has been shown to improve growth. In the present study, using SelMet and Dip+ in T resulted
in the highest growth rate and the best performance of growth indices compared to other groups. However, the
consumption of Dip* or SelMet alone did not significantly increase the growth rate. This may be attributed to not
using the optimal concentration of Se, since the optimal amount of Se for S. caspius in vitro may exceed 4 mg,
and concentrations lower than the optimal level may not significantly affect growth. Synbiotics, such as Dip*, can
enhance host growth by influencing the microbial flora of the intestine. In the present research, Dip* consisted of
lactic acid bacteria and MOS. However, receiving 2 and 3 g of Dip* through feed did not significantly increase
growth. On the other hand, Rohani et al. (2022) and Dawood et al. (2020) reported that the use of synbiotic
supplements caused a significant increase in the growth of Nile tilapia.

This discrepancy could be attributed to differences in supplement concentration, duration of supplement use, and
fish species (Heidarieh et al. 2013; Hassaan et al. 2018). The combined use of SelMet and Dip+ decreased the
FCR and increased SGR, confirming the synergistic effect of using 2 g of Dip+ and 4 mg of SelMet. Se is an
essential component of the deiodinase enzyme and indirectly affects growth hormone secretion (Muller et al.
1999). Se accelerates the production of selenoproteins in intestinal lining cells, improving digestion (Wang et al.
2013) and modulating the activity of digestive enzymes (Shenkin 2006; Dawood et al. 2020). The increase in the
population of beneficial intestinal bacteria due to probiotic consumption (Rohani et al. 2022) can play a crucial
role in producing extracellular enzymes (Sandhya & Vijayan 2019).



Se in feed and wastewater

The present study revealed that the Se levels measured in the outlet water of the experimental groups that received
the same amount of SelMet did not significantly differ. The impact of a mineral supplement on growth parameters
and the immune system can be influenced by the different forms in which the constituent elements of that
supplement are bonded (Authman et al. 2015; Ali 2020). For instance, SelMet is more absorbable and accessible
to tissues compared to inorganic Se (Lorentzen et al. 1994; Wang & Lovell 1997; Wang et al. 2007). Therefore,
it can be inferred that the release rate of Se from the body to the environment is reduced. Additionally, all groups
with similar nutritional conditions likely experienced the same level of Se absorption.

Immune indices

The vertebrate immune system consists of two main components, the innate and adaptive immune system, which
is activated through adaptation to the surrounding environment and pathogens (Muiswinkel & Vervoorn-Van Der
Wal 2006). In fish, non-specific immunity becomes more crucial due to limitations in acquired immunity, such as
a scarcity of antibodies and slow proliferation of lymphocytes (Cipriano & Austin 2011). Total Ig and lysozyme
are associated with non-specific immune responses (Hoseinifar et al. 2019; Yousefi et al. 2020), and they are
considered proteins in the innate immune system (Magnadéttir 2006). As the innate immune system in aquatic
organisms primarily consists of protein and enzyme components (Sadat Hoseini Madani et al. 2018), variations
in these parameters can indicate the organism'’s health status or stress levels. Several studies have reported positive
effects on increasing lysozyme activity and total Ig levels when using synbiotic supplements alone (Ai et al. 2011;
Mourifio et al. 2017; Devi et al. 2019), which contrasts with the results of the present research. This discrepancy
may arise from differences in the synbiotic consumed and the species studied (Zakariaee et al. 2021). Lysozyme
is an antibacterial enzyme in the non-specific immune system that hydrolyzes glycosidic bonds in the bacteria's
cell wall, effective against gram-negative and gram-positive bacteria. In this study, the combined use of Dip+ and
SelMet significantly increased serum lysozyme. Research has shown that Se, as a micronutrient element, may
enhance innate immune indices when combined with other dietary supplements (Gatlin et al. 1986; Fonseca et al.
2013; Nugroho & Fotedar 2014; Ambas et al. 2017). The current use of immune stimulants, such as probiotics,
prebiotics, synbiotics, and micronutrients in aquaculture, requires further research. Various factors should be
considered, including the type and concentration of the immune stimulant, preparation, in addition to the diet,
species, and the presence of stressors. Using the correct concentration of the immunostimulant is crucial, since an
incorrect concentration may lead to economic losses on a large scale, and excessive amounts may suppress the
immune response. In this study, the significant increase in the non-specific immune system may be related to
upraised WBCs in the GALT due to the elevated intestinal bacterial load.

Blood indices

Changes in the hematological indices of fish can occur due to various factors, including temperature fluctuations,
seasonal changes, diet, manipulation stress, genetic differences, age, sexual maturity, and gender (Knowles et al.
2006). This research demonstrated that adding 4 mg kg™ SelMet to the diet and 3 mg kg™ Dip+ significantly
increased WBCs, RBCs, Hb, and Hct. The elevation in WBC count may be attributed to the stimulation of the
fish's immune system by the components of Dip+ and their synergistic effect when combined with SelMet. Studies
have reported that synbiotics can enhance not only the stimulation of the innate immune system in fish but also
modulate the number of WBCs, leading to increased resistance to stress (Yarahmadi et al. 2014). The elevation
in the number of RBCs, Hct, and Hb may result from the regulation of dietary iron absorption, the secretion of
extracellular enzymes, and the improvement of digestion and absorption facilitated by beneficial intestinal bacteria
(Jenkins et al. 1999; Aftabgard et al. 2019). SelMet in the diet can also act as a cofactor for enzymes, which is
influential in digestion and absorption processes (Levander et al. 1983; Smith & Picciano 1987). Previous studies
conducted by researchers such as Akrami et al. (2015), Hoseinifar et al. (2016), Mohammadian et al. (2019), and
Cicek & Ozogul (2021) support the findings of the present study regarding the improvement of blood indices in
fish treated with Dip+ and SelMet immune stimulants. MCV, MCH, and MCHC changes can indicate oxidative
stress (Yonar 2012). A decrease in the volume of RBCs may suggest the absence of inflammation, facilitating the
movement and suspension of RBCs. Generally, researchers believe that the blood indices of fish are closely related
to the conditions of the breeding environment, the size and age of the fish, the species type, and the quantity and
quality of food (Tangestani et al. 2011). The studies conducted by Ates et al. (2008), Firouzbakhsh et al. (2014),
Hao et al. (2014), and Mansour et al. (2017) support the findings of the present study. The differential count of



WBCs in the present study revealed that the highest number of neutrophils was observed in fish fed 2 mg
SelMet/kg diet. Additionally, the highest significant level of lymphocytes was observed in the control group. The
number of eosinophils in all treatments, including the control group, was calculated to be less than 1%. A
significant increase in the number of neutrophils, lymphocytes, and monocytes indicates the effect of SelMet and
Dip+ oral supplementation on fish innate immunity, facilitating the control of pathogens due to immune system
stimulation (Devi et al. 2019). The studies conducted by Devi et al. (2019) on synbiotic effects, as well as those
by Biller-Takahashi et al. (2015) and Igbal et al. (2017) regarding the effect of Se on the differential increase of
WBCs, are consistent with the results of the present study.

Carcass composition

The carcass's biochemical composition is influenced by various factors such as species, age, feeding rate, feed
type, and feed composition (Dumas et al. 2007). In the present study, the control group exhibited the highest
significant amount of fat and the lowest significant levels of ash, protein, and moisture in the carcass. Additionally,
the groups receiving Dip* supplementation had significantly higher protein levels in the carcass. The significant
increase in carcass protein may be attributed to the potential effect of the synbiotic composition containing
Bacillus subtilis, Pediacoccus acidilactici, and MOS on reducing the catabolism of amino acids in the body,
thereby improving the body's protein synthesis (Grisdale-Helland et al. 2013). Ye et al. (2011) reported a
significant increase in protein and a significant drop in fat under synbiotic treatment (B. subtilis and MOS) on
Japanese flounder, aligning with the present study's findings. Dip* and SelMet supplements moderate protein
metabolism and improve protein storage (Mehrabi et al. 2012). Additionally, reducing carcass fat in the
experimental treatments could result from fish consuming fat to meet their energy requirements.

IL-1 and TNF-a relative gene expression

Preventive measures need to be implemented to regulate the immune system, maintain health, prevent disease
spread, avoid heavy casualties, and minimize economic losses due to diseases. Supplements are recognized as an
easy and efficient way to strengthen the body's defense system (Vallejos-Vidal et al. 2016). The present study
observed that the use of SelMet and Dip* oral supplements increased the relative expression of 1L-1 and TNF-a
genes in S. caspius. Limited data about the effect of Dip* on the relative expression of inflammatory cytokine
genes in farmed fish have been published. Information related to the effect of Se on the relative expression of
genes involved in immunity in aquatic animals is also very limited. However, several studies on probiotic,
prebiotic, and micronutrient supplements have shown the modulation of inflammatory cytokines in various
organisms (Niers et al. 2005). The current research results demonstrated the positive effect of both SelMet and
Dip* oral supplements in increasing the relative expression of IL-1 and TNF-a genes. The highest significant level
of relative expression of these genes was observed in fish fed a diet containing 4 mg SelMet/kg and 3 g Dip+/Kkg.
In a synbiotic combination, the prebiotic part is consumed by probiotic bacteria, producing secondary compounds
in the intestine that induce changes in the microbial flora of the digestive tract (Nayak 2010). Eventually, various
metabolites are produced throughout the intestine (Ashouri et al. 2020). Research has shown that most of these
metabolites, including short-chain fatty acids, can enhance the immune system's function (Ashouri et al. 2020). It
is also possible that Se indirectly increases the relative expression of IL-1 and TNF-a genes by enhancing digestive
enzymes (Ray et al. 2012). Studies have indicated that metabolites from the fermentation of prebiotics are rapidly
absorbed into the bloodstream from the gut and distributed throughout the body. These metabolites serve as a
source of energy in the body. For instance, propionate, a bacterial metabolite, has been shown to stimulate the
immune system (Demigné & Rémésy 1985; Gomez & Balcazar 2008). Part of the non-specific defense system in
vertebrates is associated with the lymphoid system and plays an influential role in modulating the immune system
under the influence of food. In this study, the observed increase in the relative expression of IL-1 and TNF-a
genes in S. caspius can be attributed to the effect of Dip* and SelMet food supplements on the microbial flora of
the digestive tract, thereby enhancing the function of the immune system by affecting GALT (Montagne et al.
2003). Research conducted by Zhang et al. (2018), Devi et al. (2019), Zhang et al. (2020), and Khosravi-Katuli
et al. (2021) has confirmed the increase in the relative expression of genes involved in the immune system in
various aquatic species in connection with the use of MOS, probiotics, and Se.

CONCLUSION
The observed enhancements in growth and immune system modulation in S. caspius may be attributed to microbial
flora influence in the digestive tract, leading to increased secretion of secondary metabolites and extracellular



enzymes. Improved intestinal absorption and modulation of microbial flora can enhance immune system
functioning via the gut-associated lymphoid tissue. The results indicate that the simultaneous use of Dip* and
SelMet yields better outcomes than using Dip* or SelMet alone. The combined application of Dip* and SelMet
demonstrates the potential for enhanced growth and improved feed utilization in S. caspius. Moreover, the
concurrent use of Dip* and SelMet can stimulate the non-specific immune system in S. caspius. Based on the
findings, using 4 mg SelMet and 3 g Dip* simultaneously for consumption in S. caspius farms is recommended.
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