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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 (a control diet (NSO)
and diets supplemented with 0.1 (NS0.1), 0.2 (NS0.2), and 0.4 (NS0.4) 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 heparinized

Feed additives

immunity

performance

Nano-



VY (OVFF 68 oyl ojlos ool Jlo) oLl 4dss

syringes after anesthesia, and plasma was separated bycentrifugation and used
to determine lysozyme activity, immunoglobulin M (IgM) levels, alternative
complement pathway (ACHS50) 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<(.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 is 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 ACHS50 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. Auso.
Consequently, this level is suggested as an optimal dietary inclusion dose to
support overall growth and physiological well-being during juvenile sturgeon
rearing.

Conflicts of interest: The authors have no conflicts of interest to declare for the
publication of the present work.

Acknowledgments: We sincerely thank the respected experts and personnel of
the Beluga Farm for their assistance in the preparation, maintenance of the fish,
and the advancement of this research.

*Corresponding author: abolghasemi99@iau.ac.ir




oIl 629560 croaul &8 Lin b S olLils
ol #T aids T
VI-AF Olxao AFF 60 (pgmw o Lol (03l Jlw uwg/ :'."/)

DOI: 10.22124/janb.2026.34551.1315

" g s
2ok b 0ok 4135 3lg> (Huso huso) oo Jd S (Sl 5T Cadli 3 il by (sloanty o2
P gy O 43 931 alico

Lol y31 LS T o 3 gozxe *) somslil g3l Slgar s
Sl el o ool alﬂ olBisls ¢ il axlg Ml 09,5 -
5 9 Uhgel «linios lojle )giS (SO pole Slidod duwge s bgls Hlale Medl o Slisios gicius! -Y
OS5 ey «(55,9lS

VROV Ll b VEE YO Gl Rk VECE/ YT s S5k VEE/ A - sl gl
Souls olels ouuS

Wb, Q)S.l.o.c B L,’_:‘A.C 0 > Ao 00 aslsl lo}ulwyl.: iz Cj-‘ﬂ-w ).:‘ 3y RV L: fal> o9
ekaiecas b pll (HUso huso) ;s> ale Ld oS sl msls 5 colas! & sl slagawl
RE V) e B LIS B e 1Y s e 00 FF EV/AY Ayl (55 b olsr oale i sae 1T+ slass
mg/kg (NSO «pgiles @l 3556 a8l) aals Jalis (51,55 dw) by Lo .50 20595 (350 ,2 ;0 oale dae
Ve ooy90 b plale g aisg pgailusit NSO.4) -/ mg/kg s INSO.2) -/¥ mg/kg (NSO.1) -/
A, 0,Shee Jobre o iy 5enST g Los x50k 0,98 Job ;0 .aiad 4dss LT b 4 o du ailig, (6 pumw 0 B (slazan
W ey S gty sl 5 (ACHS0) GlabiaS (2380l e Sodled M52l g5
poibugil o5y by £ 55 (aled 03 oo Ssn ez ge /Y MPKE mhaws ;0 pseiluogil (09331 a5 oo (Lt s
22)d YA sga> lass (nl )3 (2l 09 4S5 sbar 0l ol 09 )5 4 Connd (238 b po 201

syl )0 Lewdy ACHS0 5 M (d5islS gigenl 023952Y codled (P<t/20) 05y sl 09,5 51 i

Slom 51 coled cdlad pizman (P<-/00) cél jiulj8l 5l ae ysbas +/F mg/kg 5 - /¥ mg/kg

39938 (ggeme ;o (P<e/e0) ols las (5,0 sixe 2olS paidisil saiS il o slales [0 guS

olKid gl «Sye5 s oI5 Lialpdl s, o Slee Sgue Jdow 0> 50 peilusil +/Y mg/kg

ol @18 0y 50 (0,5 5 sl 590 lsiedy G Cdls sla ety sl 5 polaisl i el

S Sente (D90 Exlie 50 |y o (LI Wl oe g 09b oo Sleriny 468

obale (s

abolghasemi99@iau.ac.ir : Jgius odivus s




VELQOF-F 68 o)loz o)leis oassl Jlo) bl adss

olis slale dilize clbais o sadplxl Slilas
Sl 25wl Wlgh oo paaidugl a5 wlools
G5 il o Suslie 5 sl by ST 5T oo L
Jo s 0 ises g aiSe See )
pouilugil 5| eslazwl (Oreochromis niloticus)
KO N B T~ LI €¥ S 1 L SR WS YOP T 0
b o owizes (Neamat-Allah et al. 2019)
5 ob, il ates calcarifer) (ol oLy
IS el e Caeglie
o stelie s .(Mohtashemipour et al. 2024)

Sl IR

Sharif-) Cyprinus carpio . Jsere ,5.5 ;o
oS Ss, Y13 «Kanani et al. 2024
s (Naderi et al. 2017) Oncorhynchus mykiss
Yu) Ctenopharyngodon idella .)sxile 4.5
agy b (Jb ol b el e soalie (et al. 2020
Sglite (Bras pd g 09y Lulpd @it 4 dtey poail
Soti55 55 ookt sl oy 4 s plipan 5 Sund
Khan et al. 2017; Ahmed et ) o,ls 595 calize

.@l. 2025
5 RAS,p olsea (Huso huso) el )3
0 Gl e bl plele WS pased;)l
o r2l, PRl Glgls g LboS sliee CodsS Jdoa
o5t SYsb (J (nll oo Sl sl oo
WeS l Sigdnid slacawlas 5 Bygn 0)98
Al & ol Glp (2188 0 px iludig ©)950
WS (g0 iz gs | (ghoal s Zagl g 0 Jeuily
Falahatkar and Efatpanah, 2016; Ciulli et )
Cota Sl 5l samie sla bl of e (al. 2020
oyt S il lale  pseilust
St 053956 (nl 4 6 ks> leale Sujele b laguly
BBy 2 peibagl Sl cwyp K08 Ggm il Sl
Bays Wilggo (sl ozl LS 1o aS a3l
s dll alo e 5o (S998 (nl 0 Shes il (6 Sl
Al zohw Jl polatsl sbay o slaslllae (5:ST
2l Boslas plo b oS5 (50) (el psilusil
o Olor (Bloded Suigle b Cundg g 0l 3 Sles
(Sohrabi et al. 2021) ceul 45,55 & g0 b 00,5

=l el g aly Sl sy a ol el JY

doddio

b S slagis (S olsiea s
Ll plea 2l cutel jo (oot 1B (Slow> etign
3ok adg dnngi (Sl Comez B 5 S e
van Riel ) coul ool gy900 i 5l Gl Gi5e 0l
sl anus 4 sliws cla el 51 S, (et al. 2023
4z 81 a8 el g n Sopians o515 maw il
Syl 590 Glogen Lol 09d oo 035L U] e ge
Boyd ) ass oo (ralidl 5 1) bacs Lo g0 9 (o
5l oslatul 5 cowlio wdas dasl i opl yo (et al. 2020
Wy dser SB)5al) (n e 1 el sla G0l
an obabe 3 s SIS pals g (sl cadle
Tacon and Metian, 2015;) ws, o e
(Dawood et al. 2018; El-Dahhar et al. 2024
0 Fhe A Jdoar OleS (Sase jolie (le cnl o
K\ USRS POV PP K VO § Ji+1 I L P SWOURLNY -y}
8335 0 Gl Bl wpr LS 6l s dis
Khan et al. 2017; Chakroborty ) wlazsl, L 51
(et al. 2025

Sl 5o 85 Cenl (65900 GRG0y, 5 (SO poriles
2 Sl @b 5l okt «Soiels s slaanlp
e 0l oS S e pgihe 5 Sles 5 3L
S o cdadlre gslanST col pln 0 b ek
,o (Saremi et al. 2024; Ahmed et al. 2025)
Bosb 3l pasiles SIS el (05150 (5 sloptns
yaie opl 058 15 b e Cuoal oy
g by Sals « glasT ool codled o Pl L wilgs oo
Wang et al. ) ol ol jons oyl 0 Sl o580
powiles a>,51.(2021; Mohammady et al. 2024
D9l o oolatwl o, o ufl 5 ooxe JK& g0 o
DV el s ot 31 sla Sl s pselgil
)90y (S Sellad g cnlis (65l ¢eS Caen
Sumana et al. 2023;) col a5 |15 a>g
Sharif-Kanani et al. 2024; El-Dahhar et al.
e 2Ll Gl boslg e a8 ! (2024
2 iBle Sojele b Cumdg S 9 ooy neile
Khalil ) sl awsls o550 Sids o o Slee olis )|

(et al. 2023; Rezaei et al. 2024



(5 5 00g0) 5o S1y55 50 Ll Suj90 58 slacusgazms 5 (oale 100 (n Sl (g p wlie /YO

OC slos o 5 oo sy ¥ gloais) 4 aio
30 Bras ol U lacdy ol Sis cell YT ooy FO

WP KVE IR JC g TSR S PR

ohlejl o>

IS 5 ke B L (olad Mls (B o gy (5
ol cslogT slo Lo ot 1ol aiin Vo Sedy (0 =
-V mg/kg (NSO pgcle &l)3gL a86) aals
-/ mg/kg ¢ (NSO.2) -/v mg/kg (NSO.1)
Sohrabi et al. ) 54 0> ;o pgilusil (NSO0.4)
Cog dw 50 5,0l (6w o> b lel adss (2021
olels b
oay opyFl 5l 5 o8 Sl S (3l (alad 4 5
AD e ¢ 2olde

9o 441)9) LA rﬁl.’?u‘ Yyie o 9 ATATRI SR

A-::J) é)&Lo.C ey

GA (5 pSdiges 5l e el FA 0l 0,90 LU o
sl b 33e 5o 5l plsle (polod ol a8gie (liale
Adel et al. ) g 0 MEL) S JS ,08
8,5 18 sy 9550 Jsb s 039 515 2016
501V g Bl Jlzms il 5l i sl
bl ad eolatal Y MM Cds L iy 4SS
«(Falahatkar, 2015) a.s sl

WG (@)= olbs 03— hxl o

SGR (35, !5l 2 9o y0)= LN Sl 59— L Slaml 59 1 (ko) b, slows x) +
BWI (/) = () ool S (1435 () (o2lol (59 %)+ +

CF = [39"(JS Jsbo )] xV + -
FCR = 8,40 Sas gl [ oad oS (339

B ras ddgl S ()35 9 0adS 0095 slacdy sl (59
.(De Silva and Anderson 1994) o5 aculse laé

! Weight gain

2 Specific growth rate
3 Body weight increase
4 Condition factor

3 Feed conversion ratio

Sy dsS pl o yo

L W9y 9 3lge
obple 5,10 9 aned

Y 2 adsl s bwsio) sz ol Lb axkaB VY- ol
OS5 Fos Gi j0 By sogas ac)ie 5l (O4/V £
lGes b id 00 e (OISl 35 VY o g e
Soeds Glale cdgl o )55l sl wiah 1595 00 CM
(Olrl 0,5 5e5) ailold o850 aly 6, 0y b 55, ¥
el g LFF Joli a5 Wl 4ds Y mm s |
FARSISCIR {ESA PRSI ESSSNUEAY JFNESNE R VAN
Sl a5 gl el B 0y90 Jsb )0 09 Cash,
SrSoslail ailyg, & ygo  PH g oy5unST dos oyl e julis
s MY £ )Yy mg/L aVi¥ £ /) °C Lol s pas

gy VIA £ + /Y

2108 0 a2 and
JoSo Al (i slise  paatlisils 2ol sk
uosb) fs..\.sl‘a)}ll.) A duwle d..»l.; o & 0dl asls|
Slgegil Ll o8 ,5 O--Y- nm ojlail /49/44
op 59, w2l 5o Jslome &jg0a (Ol p] gt (oLl
W;CJ} Ja...os.: J..oL> o A aladl oo 09 qu:

CWG) suss S (59
("SGR o355 0, 7 5
(BWD g 055 o113
('CF) bl o
CFCR) ola¢ o o yo

oinles] cilisee Jolye j0 138 JS G ran om0 yglatods
Sl s g 00 ghw lrazds> | Sluls ol
SoSoslalbas glulas lals g58un 5l ouis 00,45



VELOFF 60 eoylaz o,lod ool JLo) bl 4dss

5 Slaibinl s 5l oolaiwl b diges majen jlode o
(D988 gy Gayb il g oIS Dland maans L
le 5 eaisnY il Collad axly Sl dle
Ellis ) ogi oo chyyas aids jo o/o+) Qi ials
OS2k Ghomis oS gty 9 S e Ssigen] (s
S 6 S0l abgy o Joadlygiws 9 (Ol nl let) 1
il sl PH = VIF L Vo oo Voo Sl
@GR 2 e S N oo 0I5 5 ) 0 S 70 JoSUIS
lowgts 4230 0 5l Gy g 8L bS5 51 S5 5o slensdly
o b (leS Y- DM oo Jobo 50 fagid 2S5l
oL 5T :R2) pgs Byae 510 UL i ds i
a3l w5 2 p S MR s 0 k5 IgM s
Ot @ Job )3 1oaome 5 03938 (i) e )5 410
BT SO ORI ] JUON | L g =1 PR O] K PR VW g P
ob awle ME/AL olol 5 IgM cdale o st
(Zhang et al. 2020)
oLSes s Amar s, el , ACHS0 s
G 08 sladedS plses wl oy (Vo00)
e lol Gialesl cpl jo .o (6 5e sl (RATbC)
olisd b lalia Colab s 5 s sl s
Ldls o K Jgo,8 ol j0 a5 ol dlons 5 ala 5
il a2 S50 ol o po SO lgieas <10

ACHS50 (U/mL) = kx (¢, ,:51) x + /0

Ol o] (b a5 as i L5000 SVl o 5]
2 NADH (g wlo ST 5l o6 5,5 wds zals
Schmidt and ) o& _zilgs YF- nm zge Job
ST ccdlsd (¢ nFojlsl ol (Schmidt, 1963

S 2 (S SO e JIST g 5l 5 Lewdly yo 5blans

EPEULT] B R I S [FCH S VET TAC S S
9 &S (0 layed Jodo i ) olad iy i
Sy b e 0y F40 NM zgo Job o ol e

.(Bessey et al. 1946)

&bl iz

09> 3 5,18 52 Aiged

slopasl i bl gz @i oyg0 plail 5l
2o V0) 1S5 o 5l oals sae 0 (pleale Sujglgilen
3 om Nah o Bolal b (Gles o slla
aan b slosh,—w @b 5l e adged ) o>
el ‘aL?d\ Cg> 00— Ls)\;\fo)l_o_.i) slocgs
IR PRIV SRR 7 I RN
Ao bansgi g g5l ()T slowsdly 5 00 o0y sl
b Lol slodiges .o ooly Jal Iiome (slocgs 4
DAl (5, A OC Gleo yo iolesl sl

o2l sl (o)
MML 5959 colled pobas g pSojlail jslaien,
Micrococcus luteus b zSU oygumilowga 51 VYO
il gaie polie b g Olyieds manY 4 pglie
SO Jlie 5o Joloxe (ol 5558 232 g Lol aiges o
OF- M. zgo Job )0 (o Slind 3L (55l Dgo5)
SOV ML e a5 eal Y
@ ai3s ¥-0 5 Lol OgsS a4 2L 2L gemilimgn
Wigad Dgg g Bl (S DgeS 4 wdmy Jolu sles
o oolawl SO ylgxeas PBS 30 5l o adlsl Lewdl

A (2l slas 5T v
Glp) )8 WS 2l s, slacuS L o om0l
ol s alol oajle &8 15 asboged ilhe 5 (o]
~e il Otey L e 5o sla il eiel (Yl
SIS L ¥ 25Ty a5 Sy S
[V")"] Ja....:j.' J..al} u‘jj).u ‘JJB g)"‘ B W) oduzTiw
sl NADH &, sl g bos olsY « LDH
Fegidg ySe—wl L YFe M zge Jsb )0 (5,98 ©ix
51 5l S gie] O Ll cudlad ol (g S jlul
5 SU, Ll Gl Goe—wlisal il 5 255y 350
b oYl 4 b ulgdl35T Lo Lalese 5 &l lglS sisal]

! Tmmunoglobulin M



(Gl 5 050 550 STyg 1o Ll Sl slaangime 5 oolo yogs 023l ety lie | VY

el o9 el ol &Y Jaam jo pgide &340
Ssysbar 285 13 calel slajles b cos
poeibogl -V MEKE s jo Sl 039 oo i
Sgs aald Lo 51 iy (g o Jae jabay a5 0l cumline
f0d oodlie oo S (39 50 (shelie K9, (P<4/0)
S (339 poribugil 0ainS L8l 50 (sl jlas aS (glaigSay
O Sk o s g ol aals & Cas (6 5YL oals
oy aby 5 (P<e/o0) o s - /Y mg/kg s o
sl 5 28l (b8l porilugl g5l (sl jlars ) s
sals Hles 4 Cans 650 polie NS0.44 NSO.2
5 S gylo e ysbas < /f mg/kg 4 +/Y mg/kg

.(P<‘/‘A) Sgo ol )LQ.:;;

sl el ooled o (g cnl 5l Jol slaosls
0393 bamgi o s ol )lg (S0 g (05 Jlo i LS
W gy LEVENE (35051 5 B yransl-B,TgalsS
osbly 5AUL ey 4 Jols glaosls Ll g a5
aso51 5 eslexwl L (One-Way ANOVA) 43 LS,
Solel gy b plel P<+/+d #hw ,o Duncan
(Chicago Inc., IL) SPSS V.16 ,l33ls 5 o laeols

LS O g

Oloz (aled adi g ol lagasls 4 bgy e s
C}_bw&sl}(_gl!box-?l-?%ﬁm& )'lw

Vo Ooods 0 guidwgil calizio g (59l S0y b ouls & ds5 (Huso huso) ;yls> ploJud oy o ,)Slos Y Jous
M =Y jloo Bl il £ 1 leo) aiin

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.1 NS0.2 NS0.4
Initial weight (g) 5058+1.71  5041+235  50.19+192  50.16+ 1.93
Final weight (g) 27449 + 13.99° 315.50+ 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 +£0.01?2
Feed intake (g/fish) 272.90 + 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).
NSO (Control diet without selenium nanoparticles), NS0.1 (0.1 mg/kg selenium nanoparticles), NS0.2
(0.2 mg/kg selenium nanoparticles), and NS0.4 (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)

Treatments

NSO NSO0.1 NS0.2 NS0.4
Lysozyme (IU/mL) 19.58 + 0.82¢ 2237+1.75°  29.04+0.75  28.75+031¢

Immunoglobulin M 5 7 ) 40 38.64 + 0.90b 4629+ 0.672 4570+ 0.76°
(mg/dL)

ACHS50 (IU/mL) 132.00 + 4.00P 13548 +3.15°  140.59 + (.87* 138.80 &+ 0.95%
Different superscript letters in the same row indicate significant differences among treatments (P<0.05).
NSO (Control diet without selenium nanoparticles), NS0.1 (0.1 mg/kg selenium nanoparticles), NS0.2
(0.2 mg/kg selenium nanoparticles), and NS0.4 (0.4 mg/kg selenium nanoparticles)
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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). NSO (Control diet without
selenium nanoparticles), NS0.1 (0.1 mg/kg selenium nanoparticles), NS0.2 (0.2 mg/kg selenium

nanoparticles), and NS0.4 (0.4 mg/kg selenium nanoparticles)
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