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Introduction: Selenium is an essential trace element in aquaculture nutrition,
playing a pivotal role in antioxidant defense, physiological homeostasis, growth,
Fish and immune competence through its integration into selenoproteins and
selenoenzymes. Nanoscale selenium (nano-Se, NS) has garnered significant
attention as an efficacious feed additive in aquafeeds due to its superior
Growth bioavailability, lower toxicity, and enhanced biological activity relative to
conventional selenium sources. While numerous studies have documented the
effects of nano-Se in various teleost species, empirical data regarding its
Huso huso application in beluga sturgeon (Huso huso), a highly valuable species native to
the Caspian Sea, remain scarce. Therefore, this study investigated the effects of
dietary nano-Se supplementation at various levels on the growth performance,
selenium non-specific immune responses, and hepatic health indicators of juvenile Huso
huso.
Materials and Methods: A total of 120 juvenile Huso huso (initial weight:
50.34 + 1.97 g) were randomly distributed into 12 fiberglass tanks (500 L
capacity, 50 cm water depth). The fish were acclimated to the experimental
conditions for 7 days using a commercial diet. The feeding trial followed a
completely randomized design with four dietary treatments including a control
diet (NSo) and diets supplemented with 0.1 (NSo.1), 0.2 (NSo.2), and 0.4 (NSo.4)
mg/kg in triplicate over a 10-week period. Fish were fed to apparent satiation
thrice daily at 08:00, 15:00, and 21:00 h. At the end of the trial, fish were fasted
for 48 hours prior to sampling. All fish from each tank were weighed and
measured for length. Blood samples were collected from the caudal vein using
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heparinized syringes after anesthesia, and plasma was separated by
centrifugation and used to determine lysozyme activity, immunoglobulin M
(IgM) levels, alternative complement pathway (ACHso) activity, and hepatic
enzyme profiles. Data were analyzed using One-Way ANOVA followed by
Duncan’s multiple range test at a significance level of P<0.05 using SPSS
software.

Results and Discussion: Dietary nano-Se supplementation, particularly at 0.2
mg/kg, significantly increased final weight and specific growth rate, while
concurrently reducing the feed conversion ratio compared to the control group
(P<0.05). This growth enhancement may be attributed to the regulatory role of
selenium in metabolism, its reinforcement of antioxidant defenses, and the
upregulation of growth-related gene expression. Regarding immune responses,
plasma lysozyme, IgM, and ACHso activities were significantly elevated in the
0.2 and 0.4 mg/kg nano-Se treatments (P<0.05), indicating a strengthened non-
specific humoral barrier in Huso huso. Furthermore, the activities of all
measured  hepatic  enzymes (alanine  aminotransferase, aspartate
aminotransferase, and alkaline phosphatase) were significantly reduced in fish
fed nano-Se supplemented diets (P<0.05). This decline suggests improved
hepatocyte integrity and cell membrane stability, driven by mitigated oxidative
stress.

Conclusion: In conclusion, dietary supplementation of nano-Se at 0.2 mg/kg
significantly enhances growth performance, improves feed utilization efficiency,
boosts non-specific immunity, and promotes hepatic health in juvenile H. huso.
Consequently, this level is suggested as an optimal dietary inclusion dose to
support overall growth and physiological well-being during juvenile sturgeon
rearing.
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Table 1 Growth performances of juvenile beluga (Huso huso) fed diets containing different
levels of nano-selenium for 10 weeks (mean + SD, n = 3)

.. Treatments

Growth indices NSo NSo, NSo, NSos
Initial weight (g) 50.58 £ 1.71 50.41 £2.35 50.19+£1.92 50.16 £1.93
Final weight (g) 27449 +13.99° 31550+ 12.26° 351.07+7.70° 334.71 +9.23%
Weight gain (g) 22391 +15.69° 265.09 + 14.54*  300.88 + 8.46* 284.55 + 7.49*
Specific growth rate (%/day)  2.42+0.12° 2.62+0.12% 2.78 £0.07* 2.71 £0.022
Body weight increase (%) 443.68 £45.88° 527.59 +54.65®° 600.31 +£34.28* 567.54+11.28*
Condition factor 0.38 +0.02° 0.43 +£0.02° 0.47 £0.02?2 0.43 +£0.017
Feed intake (g/fish) 27290 +£3.55> 284.97+0.74* 273.00+2.14> 276.93 +3.95°
Feed conversion ratio 1.22 +0.09° 1.08 £+ 0.06° 0.91 +£0.02° 0.97 +0.02°

Different superscript letters in the same row indicate significant differences among treatments (P<0.05).
NSy (Control diet without selenium nanoparticles), NS¢ (0.1 mg/kg selenium nanoparticles), NS¢ (0.2
mg/kg selenium nanoparticles), and NS4 (0.4 mg/kg selenium nanoparticles)
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Table 2 Immune responses of juvenile beluga (Huso huso) fed diets containing different levels of
nano-selenium for 10 weeks (mean + SD, n = 3)

Immune indices Treatments

u NSo NSo.1 NSo.2 NSo.4
Lysozyme (IU/mL)  19.58 + 0.82¢ 2237 + 1.75b 29.04 £ 0.75° 2875+ 031
Immunoglobulin M 5 1 | 40 38.64 + 0.90P 46.29 + 0.67 45.70 + 0.76°

(mg/dL)

ACHS50 (IU/mL) 132.00 + 4.00P 135.48 + 3,152 140.59 + 0.87* 138.80 + 0.95%
Different superscript letters in the same row indicate significant differences among treatments (P<0.05).
NSy (Control diet without selenium nanoparticles), NSo1 (0.1 mg/kg selenium nanoparticles), NS¢ (0.2
mg/kg selenium nanoparticles), and NS4 (0.4 mg/kg selenium nanoparticles)

A
s -
g a
2 71
-
2 6] 2
=
o
o 5 ¢ ¢
£
2
£ 4
£
£
g
= 2 7
=
g
= 17
0 |
NSO NSO0.1 NS0.2 NS0.4
Treatments
B
240 -
5 220 - a
< 200 b
Z 180 4
g ¢ H
: 160 4
£ 140 4
2
£ 120 4
£
= 100 4
g
E 80
«=
Py
2 60
E a0
&
< 20
0 4
NSO NS0.1 NS0.2 NS0.4
Treatments



(O)5an 5 comslillgl) pgeikes S35l alisen zobaw b oids 433 ez oalo i S slop ;T Callid 5 ol e, slagenly b3, 1 VA

400

Alkaline phosphatase activity (IU/L)

350 4
b
I E c
NS0.1 NS0.2 NS0.4

a
300
250 4
200 4
150
100 -
50
0 -
NSO
Treatments

pgrbuwgil i zahw 9l (o e b onisas dis (Huso huso) gz 2o ud )0 oS S 3l cadlad ) S
ST (C g 31yl y5 gino] Uyl (B ¢l yaansd! 35 ool o5¥T (A (1 = ¥ (jliro Syl £ uilio) diid Vo ooy

Q3L sl o) NSo .(P<+/+8) ol b yloud o slo G S| oasdoylid (ygkw & j0 Wglisio Bgye . jllawd
+/f mg/Kg) NSo.4 g (pouidow )39l +/Y ME/KkE) NSo.2 «(pgudw &ly345L +/9 mg/kg) NSo.1 (o guadus 1343
(pguds w343l

Figure 1. Activities of liver enzymes in juvenile beluga (Huso huso) fed diets containing different
levels of nano-selenium for 10 weeks (mean £ SD, n = 3). (A) Alanine aminotransferase, (B)
Aspartate aminotransferase, and (C) Alkaline phosphatase. Different superscript letters in the
same row indicate significant differences among treatments (P<0.05). NS, (Control diet without
selenium nanoparticles), NSo; (0.1 mg/kg selenium nanoparticles), NS¢ (0.2 mg/kg selenium

nanoparticles), and NSo4 (0.4 mg/kg selenium nanoparticles)
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