[ Downloaded from jair.gonbad.ac.ir on 2025-08-31 ]

SO (ewliis plo Loy 4 5

m Journal homepage: http:/jair.gonbad.ac.ir
ISSN: 2423-6349

M-AF Olio A o 5loi Y 0590

52908 5 Slidad pale O 4l39
99 WS oliits

(0| s § (385 0y (Lol gt G AZIwl 3 1 (BLo 109y b oo Judgyud i (3l ST

395 BloJsd azm
539 yar el Sl ol s 7 ) s s e

2y ol pl 35 5Ly plale el (allers Sliios aunge (55)9LaS g5 5 (bl 5 Dlindos olojle ™
Olyl e gl auS ¢ ugglsuus olKiils g@...Jo ol 9 55 5les 0uSLiils (s 09,5 Luils v

RV

LS5 1 2l yog b oo Sulgyud oiigy ke o (3l T ol adllae 5o
(B935S b (o 39y FA Goe 4 (Blohd dm (Sl i 9 095 o (ot borion
095 Jold (hulojl 09,5 8 53 (Bolai yob 4 0,5 ¥ £4/0 adgl (339 b (BloJud 4 anlad VO-
boud g yuad (piigp (3l it gabw b Hlows ¥ (ol julgs0ud (g p (o) walls
SIAE) Cato J S F jlowd g (duoyd AIYD 9 B/ YIVO iy 4 ¥ 5 ¥ ) layled) ol yog
GBS (bl (soog S crar 30 39S (e 45 Ol Ll Gudicnd ol gl s 8595 ()l
bl o2 il ylowd L 51 aall 09,5 35915 (450 45559k «(P<0.05) clls 5,10 S
Wog 5 plw b a5 09 ¥ slowd 4 bgppo U5 (252 9 (oo Oliwe i yin aalllae (ol @l
(ALT) 3pinil ggimol cmi¥T oS syl i 51 .(p<0.05) cuils g,lo cime DS
SWog S o Gylo oo IWS| (ALP) jblawd oISIT 9 (AST) 3l paunsl i giosol b yLono]
plod s 30 JgypimdS olimo a5 Sl lid g3 ol @bs .(p>0.05) wii sualive bwlojl
9 olS gos | (3l 3o o] LSl 4o .(0>0.05) calil (618 e BB cdulos sbrog,S
e (0<0.05) 59 i (¥ jloud sl &) Wog )5yl 31 (5 Id e ysbas ¥ o' o JS
ouplie (6,10 S0 BT F g ¥ ) (s )lod b wald 09,5 (oo w1395 ol 50 yo &5 oo yLid g s
o sire BB (Ll lo3T (sloog Syl b of3me oy b ¥ sload (2Ll ol 50 .(0>0.05) s
obi 33 (ACH50) (0350 olakos 9 (IGM) M oy g99lS ging| cadlad ol o -(p<0.05) ol
Adlan ol b 4 4295 b (ggomme 5o .(p>0.05) Cublui Hlo sro OB iulojl glrog,S
lorbian el flay ;3 iy uad (g woyd BB U YIVE gobuw yo (ol

D10 LG wald 09,5 &y S (6 542 O x5 os plalofud azm (Sl 9 095

S 35T ooy (2 lowdign Gloaziul 8 alo ud cond jlg s (iign (Gl sWaejly
RV PRty

:llio g4
Jeel sty

:dlio azesw U
VLN sedl s
YONE G pdy

1450 J g 0wt g3
Ao «65laS zes g Ujsel g
dli)d UL'-""LAQ"’L’ ‘SJ.LQJIJU Slidss

sy ‘Q\)ﬂ 33t

ahpour.z@gmail.com : J..,

doddio | )

e Wpod Ggie Nl mle 4 bge
Gy Gl b QA8 a0 Ol Slesose
e ¢ (Hardy, 2010) ol Sl s,9pcp! caro
Pr Rl sl oeen Nl mle 2L @
Wang et al., ) cul ooy iulidl 4 g, 0,500 2l
(2006
Ol SG plyeds Wl oo 0ad g aee atign
50 Soansil Glepz o mle jon sly esill

\A

oble sly (pign Sl (gared))l ae a5 ole yo5
ol 09liey slols Joar wulioe jled 4 39
15 5 Cand Ll e ssraS Ll b Llié sobo
ool azlye Jyame (nl Collacl CodeS L o)lse (&
slole ol (o um=en (Watanabe, 2002) <ol
b Caad Gl ol Jlisa 5 ale yo9: slp Sl
Sl e 2 57 b wlsie 055 Lol ol
Slegdge a5 el spod opl b 0SS o)l Jgams oyl


https://jair.gonbad.ac.ir/article-1-890-fa.html

[ Downloaded from jair.gonbad.ac.ir on 2025-08-31 ]

‘f"“ )LQ-) Al o)l.n.w c‘Y 0)33 “Snﬁﬁ)ls wa‘sbl.od.’).&i

5 glaS] Camdy (gl Fwly (gine dlge i
el ails ciie 15U g lew ol o Caglie
9 b 5l L sleaiss plpe 4 s)bgls plale
o B8 gy o e o 4 wied)l e
ey phals ol Sl b Sogl g ol
Bronzi et . 2019) wloois g9, Canb 0 Cure>

S el gl 1, ielas 55 g drg o ine ol @
S ol g 4 g bl Sl 4 wied))l 4igS ol
w0jg el el oapiZy Bg) 1) ilsls Obele (o)
$lr Sl slols ol o Sl i Caio ol
S g Sy LS e Wl JLsls 5 S
B e 4 (ilgls el 9 caio 958,

hoan SBUS E95 9 Ghion &l Sl Al
Silwags «Bronzi et al, 2019) coul osspie
el pshaie @il ez Sl hyen laghs,
IR el pdloleat @ pl (sylogw 5 )lub
Lax g lgls plole (1555 Cudge ;5 oS Jelge
& Cel (SBysn olale Cdle 5 (sl et Candy
DS A @l w2l ol e ok
5 Vb pan bl o @ oad jlg 0 slagasy
s S plsea @il glaal Jole gy
T oon Ol 2l enz o eaniS sl
Sor 9 Ay iy L8l A e ailyi oo aS Wlowlds
o o et plele bl s (Sjeln et Cunds
tlorbon loaziuld loviw Sl eslinal b o
Slom 3l 5 JoiadS (JS 2 5 oeS9n SHS) 055
S dnalsel cdld) el e 5 (G5
2l 86 (Rl plekeS 5 w95 dGM
e o 10 olo o9 b odd 1y 0 slacnsSy

Al byl lex plele Jud cudl Cundg

gy golaa| ¥

Gooslod 9 Hldlo Jud (059 Ll
bgio 059 b (plod azn askad VO« fagh cnl )0
YL cimlesl 09,5 0 j0 olas jeb a o5 ¥ /0
gy g (Weld) Jgl og)F el e 1SS
JUERIYIC S W YO GRS PRV
do 3 AIYD 5 B0 FIOY i s (F 5 ¥ o) sla,lead)

Ae S E8l e ol jog sl ool pdgy0ue pSg

\4)

Fyame oole 003y ns (s WS S eslic
lais) sbo kg ousl Sdome Bk a5 ool
Care glogyyg 5 Slulo )0 d9zse slagtiyy
Chalamaiah et al., ) 5l o cass a4 olo 5,41,8
2 dsrse b loatsn wnl ol (2012
WS o S FSEsS slawing 4 ) b oluls
oby polie ool (ple oudidg e (nSon
ool J9se 05 b ot 5 S15T aal sloed
Jeted (2lo 009) o 1) gl gan 5 ©izr a5 cul
&b 5l ailg e 9 (Neklyudov et al., 2000) oS’ -
aes golidl el o |y Sl SIS (an g
@ ggrbo pab s 4 oale ondpdgyue Sy
5 00,5 Joe ale slp b L3> oole S lgie
Ospina-Salazar et ) aas o Lialydl 1) o] sles!
o9 b sl zse (q@l., 2016; Siddik et al., 2018
L aslyi oo ool eddidgyame (ngn mb (Jsge
2 1y al Glasul Brae 555sS o5 anls ials
slls (Siddik et al., 2021) aus o bas ol
@l 0px 50 (ale oad Sgyae Sy Glds
i el 48513 Dbyl 99e (SBy9n Olale
Lolyon oy (abordisn Slo)siSh 5 S lagy ]
OlelesS™ 5 (dpslS gionl aiile (ol (lay S (o)
Pham et ) aias las 1y slale codle Cundy Silgs o
ooz Slllas .@l., 2020; Siddik et al., 2019
colie o b oopx> il oS a5 wlools ol
olabe ) ilie sloaigs 5 oad 35 aen iy
(Lates calcarifer) swgel)l ale> 51 by9p
Salmo ) bl _alol;l «Siddik et al., 2018)
b e ol «(Refstie et al., 2004) (salar
«(Khosravi et al., 2015b) (Pagrus major) .,
(Dicentrarchus  labrax)  oLs,l oLy b
vy o (Kotzamanis et al, 2007)
Khosravi et al. ) (Paralichthys olivaceus)
Cai et ) (Larimichthys crocea) s,; ,5,5 «(2015b
Acipenser persicus ) Jlp! ool G «@l., 2015
<=5 elo,le (Ovissipour et al., 2014) (L.
s (Masuda et al., 2013) (Anguilla japonica)
eSS, Y153
«STy93 B pae b, » (Javaherdoust et al., 2020)

(Oncorhynchus  mykiss)


https://jair.gonbad.ac.ir/article-1-890-fa.html

[ Downloaded from jair.gonbad.ac.ir on 2025-08-31 ]

s § (395 300 5t lpogns Azl 3 (oBlo 139y L 0dh 590 redig S 3ulr il

Lug PH 5 O Gl o bkl (et al., 2006)
Weilheim PH 330i Joo) WTW Jlisus oKiws
ST 5l eolatul b Jglomo oymST oliae g (ledT el
Weilheim PH 330i Joo) WTW Jlesws e
Jsb 50 b ) ailyg, jebas +/+) s b (LT csle
SrSoilul 5l Jols mbs ol g pSeslail (s,
Ohysn 090 Jsb 50 ol ol 5 (So5d sloisls
Olime 50 5,ld gime BT .al ools LS VY Jga jo
0,9 Jsb )5 Ol Caslidl Glie 5 (5T catpipul oo

(p>0.05) cudlos 0929 o9

25 28l )by gl g8 (F le) a0
20 pleaz 00 by (B e o35 V0 o Sl
olr 515 9yee el bl 5o, A Gue 4y 55
O (839,52l (98 b el gl )0 sgzse
Ao o Vo] T oSl e b 00
20l s Gl 09 (456 ) <Y Jolao)
b ®olgr g 9y Al Jsb 0 LYV B F o 35
o555 b5 (535 p0 s5m peS 03198 s 3251
5 St basls w5l ad alel dlamao
GlS il b plsie 4 Jolme (5T OT ol
Wuertz PH 4 Ls (North et al., 2006) o coas

(3 bl Ut (5aKiluo) 55595 0399 30 hbicko (cilulojT (sLrog,5 10 O (oo loonid 5 (S 5ud S AFLE (ruSilno - Jour

pow 414D 90 pgd dXas 9> Jol aiis g0 ;Lo
b asLls
FIAYENY  FIMENY  FIAFEL/Y (MY/) &35S
VEIARENIYS  VEIVEVYS  VYISYEY/FY (1) & ST e Ll
YOVER Y Yo /YARNF  Ye/¥AENE °C) Les
AIYSEe[sY  AYOE[sY  AIYAZ/.Y o 4ol

Job jo .l plxl VIV adsl pH g ol 5 sl a> )0 £+
S e Lag s jsb 4 bl iils,acn
4 Joloe (o3l (13STs (9,5 Byt sl d bglrs
Sl o5 il a0 0 sles jo adds Ve Dos
42k b adsl gl S 5 ol SUS Sl e b 0l
a0 Foglos jo aido VO Sue 4 Jelbowe 5,95
sl ad Seeiuleferex g Ce s b g olS Ul
OSSis oliws o cele VP s 4 caibe 8L
Al S ol
Pars ) cso cuisS F > b 0ddi( s adgl Slge
e ke ¥ e L (Esfahan, GM32, Esfahan, Iran
o B glos yo gl yo Jols slaaiss; 5 ond 52
oo Ul o Ses celo Y Goe 4 ol 5 il
odle LS ol 1 pls 02 P (nsn Juld
aals oz g cholojl gloo > alls (655l 5 Sis
Al g uSoslal (AOAC, 1990) sla oy, Gub

\A)

5 s wple b dazie (slisl g slasl) lagls

Rl <Spb g 55 by el e Slides g
e sbed jo 5 a4 (ol sl (sl ol S
BURY| P70t [ PP TRUWISR VR Ve IR KV G JX S ORE SR
s DVgama g5l Bislejl @ 7 5 Cudsin
Wl Jiie (A, ysncnl 5 L)l eaSiagy,
dogesil (qoymss 5 dgee 2l GRlBl el
GansS 4 5 95 S S gx b oolals
a0 VA die sloo j0 G ol Jiiie (S
G (win Ky b ool ey b oS sl
Oyge 4 e SbsS gyl eslitul b luls

et al., 2022 ) idgl by, @ g Kol (g pes
Shie T L oo 8,5 Gluls .wias g0 (Nikoo
Hpbipes b aiBo ¥ Gae 4y 5 bole (V 42 ) )
leo o celn ) Coe @ g ae wad gile Ko


https://jair.gonbad.ac.ir/article-1-890-fa.html

[ Downloaded from jair.gonbad.ac.ir on 2025-08-31 ]

‘f"“ )LQ-) Al o)l.n.w c‘Y 0)33 “Snﬁﬁ)ls wa‘sbl.od.’).&i

0 S b K95 b N> Sola b
L (e dl cui) (00 a8lo 59 G5k 5l (oo
S erSe sl b plnl oyl 5 g s Jloo
y 50 Jlst Dy wits eolitul 008 bsge Slge
Torrecialls et al., ) cuils so>y Jo> sl sl
51w VO (2007; Torrecillas et al., 2011
Ol O Beanl sladls ;o 0ad gyslaer (s>
sladby 5o 9> Wb B e el sl
Sota 5l b (ke a) wagSes
oo byl Sty yUle a8 B Ve oo 4 addo
sled o 5 Jite waxr by &
SrSoslail g silweslel ai (5)lagSS oI5 ol
Olidiod dunie ;0 (9> lerdon Glagasld

)a )50 Y‘ooo

a0 A

saass oli.i;)"Laﬂ 5 55 sbys glbale b  (Jadlopn
A bl (Sl = (D) e s

‘_}.&49).3 9 stl.o 0% u.)jLD.w ).:dl.lo l.: VeSS Lgl.%o)&
5 e plele am alie Glajls Gk gy
5 O/0 YIVO zohw 1o 5gjoue iy, wad asle
(¥ Js92) ol 3Rl (ol o5 sl 4 a5 AIVO
JAS) wald Glye 4 jdgysee ufign Gg o
O LB e Glxls )5 51 (SO 21d 0 g (shin
o sbie 4ol a)S L s Cute RS Glge
5 ol bs o 2oldd Ll bl e
e Cagh A 53 (o ()9 22y T LT (g nSSlee
(2olde 5l LBl aloul Swd Ojse 4 pac g b

Lgd g, DY gad

Py At 9 (5 yuSigS

5 59 sals oLyl lp «Ghyem 0yge UL o
alesl slaog S solod 51T 5 5l ale Y 5l g0 s

(H. huso) o\lalo Jud azm 4335 gl (ol lojl gloe (o yili e 5 g 1321 =¥ Jgum

WY o DY s DY) Jles () vals &l sl

£5IV0 £4/0 OYIY 00 ole 00

AIYO o/ YIVO oads jugj0ue sy

Y VY VY Y pS elS

o o o 0 Sas b

5 5 5 I paS o)1

A A A A Lgw alls

010 /0 /0 010 b s,

Y Y Y Y by ]

/% Iig N N E ool

\ \ \ ) ey JoSe

15 15 -1 <10 e JoSo

Y Y Y Y g

IA IA -IA “IA Oigate

It g -If - /f lind peds g0

.Y Y - IY -IY ol

\ \ Yoo Yoo o>

iabes] ooz (o5 T

Fols Vs Yol V les sals (32,0) (2losd <S5
) ) ) ) 8]

oY/fF OF/FA INZAN] INO&! NN JNESRNE

VYYD A4 \&/AY VYISO VYT NES

VIYA Ve \IOA Yird \IYS NES

YYIOA AIYA Ass AIYA Aag Sl

qy/q QY/AY v/ » SN VA2 Ny S ool

O--F/+5  OFPAFY  OYAY/OY  OFYAIYA  BOFOINA (0,5 5LSIs IS obS) (55,

Y¥


https://jair.gonbad.ac.ir/article-1-890-fa.html

[ Downloaded from jair.gonbad.ac.ir on 2025-08-31 ]

s 9 095 3 (stloondgns szl d g1 (Bl ;09 L o sulsyued s (S elr U

SPSS- 1581 65 51 soliiwl b (s Lol (slayJBT S
Excel-2010 1581 o5 5l baloges pus, <> 9 26
5 wools Jloy mieh (gwyp sohaieas ol oslaiul
ol 3l s S ez ) 5 ey S
3o Jlp Dyge 4o al solanw! Shapiro-Wilk
S las 50 bog,S o (o lo] sl jglaie 4 lnosls
5 780 laebl mhaw o a8,bS ubly 5L ges
TeS'[ U}A)T Lu Lmoj)f )\b ools $iob R )‘ )
awslie cy> Of Homogeneity of Variances
s oolaal ySSls g3l 5l ;500G b ey 5

|y
Ok Y gz 0 o pleedan byl bl
O 0 e SS Gl mls elely al eols
456)910 4 Sl alisls 6..@15 ..\.35) GMLA)] ‘_ngos)f
095 4 Cod |y gilo g a8 ¥ 5 ¥ slajles
LY 5V sl o Ll (p<0.05) wols ylas sals
(P>0.05) wis samlice o sme BB sall 05,5
2 085 IS oesn Oliee ol ces 4 @l bl
plo & s (9<0.05 ) )l pme DLSIL Y Lo
Slo glas 1y e oYL (Y jles sliciul @) ooy S
Al Gyl g S calllas ) b ulel 5
(ALT) jhawiligiel 6Vl guS slap sl ol
5 (p>0.05) w5 ovalice ciolej] slaog,S 1o oye>
09 JofedS Oliee &5 0l asie i ()
ol glad 1y s gme S _aolej]l sleey S
oz Ol 50 odal Caws 4 s wlsl (p>0.05)
J)L.?"\c 9\~ ‘\ GLQ)LAAJL:J@LV.: osjfw)r:)m‘ds
LY b Ll (p> 0.05) cuslas sszs (g lo e
byles plo 5 dald 05)F 4 Cand o goe B
(P<0.05) cusls |y oz oo oy 5L

oals Ll Vv SS jo e Sesl s ls bl
ols lid gl Gl jasls cw)p 5l ol polas .ol
5 2ald 095 G J5 deelSsiel Ol S 51 S
bys)‘oswdb‘v$v)wwafj\)w
DS Y 5 ) slyls o LI >0.05) cuslss
YL Y s g (P<0.05) ui osmlin gyl xe

Yo

L Modi- Biuret (sg, L oy JS reigy i
Joe 5 YUTg5 olBiws b g (comd oy S 51 oolau
o3lasl (BT-1500 Biotecnica Instruments, Italy)
e yskaie 4o (Soltani et al., 2010) wo 5 5,5
Py ol o ol ekl (g egs (g, S ST oxx
Sy b g ouiller Lfle sl LIy e
gaed silge STy j0 008 bgle Sidlgshnd
PO o oS el 3 (Shge ) 4 o] (bl
Aglie 390 0 Il Joloma b agil OFF 5e Jsbo
5 AST, ALT) oS slappl Liow 285 8
ot Ghgy 4 58S Glies 58 b9y 4 (ALP
St I = o3l Gy 4 JgrmalS i 5 (et
T B e e T
(BT-1500, Biotecnica ) YLl &l oKiws
&by dy plxsl Instruments, Italy

s b ACHSD) (oSl loles cdled
PF 09 P sldile Hees 5 (xies
RaRBC; TCS Biociences. Botolph clydon, )
olaloS codled ailxs gl a3 (553l (UK
B o &5 ppw Sl (o> AD ey (S
55 S5dee iy okl Clleb 05 ssan aos
Sloe cans @y 5 b,

ACHS50 (U/ml) = kx0.5 x (<&, ,5:5)

Gl ) (oo Jde Koakaly cnl 5o
oy D g 090 o0 jlgen doje B0 el a5 ol
(Yano, 1992) col mseas

pro gaises )3 (IGM) M (550508 siaal )50
Binding Site cus I eolawwl L 1Yl by, 4
o595 cdale (Yeh et al., 2008) w05 (5,50l
bl (i 5995 g Sl esliul b 58 95 e
VO« by, ol yo b s Ellis (1990) g,

eSS AL Ogmeibiage 5l g S
L (Micrococous lysodeikticus)  wsSSosg
oo Sl 8L 0 (oo o oS e oIV lile
Bged g See VO 4 OO L plp PH L Yse /0¥
03938l lals A% Colig e SO o Sal> o oy
@ aloldl jegil FO- zoe Job )3 )9 2

05 3,8 Glasl Ve Joled b aado b Sow


https://jair.gonbad.ac.ir/article-1-890-fa.html

[ Downloaded from jair.gonbad.ac.ir on 2025-08-31 ]

1F¥ 5l ) o Lol VY 0,90 (509,55 cwlils 2oy s

S,ld sro 6)LJ DL byl g sals 09,8 o
VLY Sl ol 0929 L (p>0.05) wis sanlin

sl 1 IgM- e

aald 09,5 ;0 mierd gebw ;o b plas | ol
odalice Hlo e BWSTF 5 V) slojlos a4 cons
Cad (5 0 e ST L Yl Ll (9>0.05) ws
39 Olime 02 AYL Ll lajles plo 5 wald 055 4
oSl plebeS coled 5 IGM zghas 45 (p<0.05)

(8l st (1Siko) 595 FA lp oiulojl (oo o L ouibas di (yLlidlo Jud oy (ot Loiiogus (a5 - ¥ Jgur

F slows Yol Y slew Y slowd sl

O E FNAP 09/6  ¥/64P £ £ \/f5P FYIVY £ Y/vVD YARY £ Y/p8? (mg/dl) 35418
IR VYO £ ey VXYY £ -feve B VYA £ /- ybe @ridl) Js oy
YeI¥. £ YSIVY YYN\$ £ VYIVY YY £V VATY + YOITY VAUTY £ 10\ ¢ ALT (u/l)
YYQ £ F/F- YY- /0. £ 0/ Y YYV/SY £ €/ A YAS/. £ VT YYOIPY £ YIVY AST (ull)
TYA/F- £ YHIYS VEV £ TV O £V YYONY EYAYY  YOUYY E VNS ALP (u/)
YV/§e £ Ae Y Y+ #/74 MDY £ VAP YEISY £ YIOA YY/EY £ VSV (mg/dl) Jg ypiunds
YEY/Y. £ 0V/ATP TYE £ FENYP FEANY £ 5112 YASIYY £ 5250 YO /AY £ FYIVYD 55 o

P<1+0) 3,15 5kl o gme BB rs, 12 40 Sigliie gy b (0 liliw] £ slas . 5la) olacks

Ve - a ]
-, ab
: bc .
€t
¥ 5 =
3 r
3: f 4 LT
h.) 3\ 1 -
[y v [
2 1
n L
), i
’) ¥
19 [¢ T1 T2 T3 T4
¢ 1 1 i T
ATAREE Yo A a
—é Y. - b b b b
. ¥ v -
..
< Q VO
S 3 i
3 O A _19 Ve
2 :
3 4
< - 2 v
c TL T2 T3 T4 3 c TI T2 T3 T4
ol s ylos bl sl ylos

oy b oadey3i plealo Jud 4z ACHS0 5 25950 AGM S ol g2olS giems | adlad) (oo (gloazions] 18 (2 Il (slas) (Sl - S

s o]

\td


https://jair.gonbad.ac.ir/article-1-890-fa.html

[ Downloaded from jair.gonbad.ac.ir on 2025-08-31 ]

s 9 095 3 (stloondgns szl d g1 (Bl ;09 L o sulsyued s (S elr U

S gl 0 )l (G Dolis (ale cadidg e
1 (omien (B et al, 2014) oz caslin (95
Trachinotus ) gles 2l gy, 6,00 ddlas
L ool adws loale o a5 ob asie «blochii
Tl )0 Gyt 0ddiy s (eiisn Sol> sleoyer
Pham ) wzs sb! wals 65,5 L anglise jo oys5 S6lS
M 508 Sldllas ;o (ol p ogdle (et al., 2022
cel ondidy,amn ufen 3l eolitul ol> adlas
(Ompok pabda) el 4,5 55 ;565 mlaw iul38l
slods 5 (Suma et al., 2023 Sezu et al., 2024)
I mls o sl ol .o (Kabir et al., 2024) s
OFon gl g arte abex I (S Jelse 4 g0
5 loyl Ll pd (oale 4355 g5 g ojlail oty jue
2o a4 wlg e g ls Cod (6,055 sle s
Chatzifotis ) w,la% 50 cale (Sojslo b Condg
(etal., 2010; Pham et al., 2022
I o Ol &5 ol lis ol asdllas mbs
sario 558 5 Ws) (otalejl glaog)S o 0 5>
o ¥ o V) e lale L3 [0 aS g, abay il
Slows Lol cauis omline (g lo cime OS] vl 09,5 4
Rl g psb 4 xS er Ol ¥
ol s, oad plxml Slalllas ,o 39y iy baog,S
Chaklader et al. ) (Lates calcarifer) saigel,b
Bui et ) (Pagrus major) ;.8 b, e 2020
Paralichthys ) sgu; ,od8 4 @l 2014
oS, (Khosravi et al. 2015a) (olivaceus
SpedlS6 5 Gl S Goldme e oaBlg une
Cewd 4 zold 050 oloul wall 09,8 A4 Cod 9>
Cms Lo plad 50 JgyiadS e a5 ols LS sual
L cdlas jo ol g,ls goe ST wals 0,5 4
OFan b Con e pe JoalS ol asllae bl
(Lates calcarifer) (cusgel,b  jo  oodidy,oun
Pagrus ) je,8 ob,o e «(Chaklader et al. 2020)
Sy s 4 (Bui et al. 2014) (major
Khosravi et al. ) (Paralichthys olivaceus)
ol s B 0,8 oy gl sixe s (20152
JoradS gl Cudlyi ondipdg o utign (lallla

\a%

GrSazmai g x| F
Slals ar3il slgynen 5l e ouiiy nee sy
5 oot oSles o 4 &5 2pd0e wy ole
Siddik ) coul a8 5 )18 ax>g55 )50 (sl das sla S5y
eSgn cwle olwe olubs (et al, 2018
o ol 3healde sz o oslitul sl oadplg une
ilply Sl 69,0 (lo iz slaaiss ()T U]
e Gefisn Rl 80 b)) 4 adlas ol
ol s 9 9% P (2loondign SLS 5 sl
el @iy (b9 n plsle o 4

Syge 30 SNl o (oloordgn Julov g 455
£ Nl Sy o o5 (Sjsleid 5 Slslie BBl
09 wbertign slaasuuld a8 o @l wes e
CAES (Dl Comdg b3l Glp e g0
5 2 Slge 0908 g lan dalingonne (S5 oS
, (Yousefian et al., 2011) wsl ole (55958
e lye @ plgie 1) 093 S5 Jlade (om0l
Sl ed Sk 52U 00)ly il (s sl
Jobe ailol polie 5 canliol 3 o lame Layl,)
a3lsl aal laasal 5 baaliyg ¢ Sans Slge (gdiej
Martinez et ) sls 1,3 solazwl 5,50 ((2l3& 0> o
e a5 Sl las Lol aslhe mbs @l 1994
Sl I cmalesl sloey S o o SIS
OFon o bz L &S Slele LS a5 cuals
L 3o lie (RalS cidg oud a5 onliilg us
leaidl b ascs opl ols lid aals 09,8 4 Cd
olas a5 o)ls callas (Siddik et al., 2018) aslas
Lates ) ols> sisel,b ole 1 (55 3555 oliee ol
2oy Yo B Ve gl oldé w3, L &S (calcarifer
4 oy odd 4y (oale eadidg nee Sy
3 e e J5S 098 5l feS g )logne sk
sabadss « (Pagrus major) o8 oL, pew ole
Je 5 55e oulzds nee (e ol 2l ) b
Yols allusS” ouldydg oee nfign b ondadss ale
Ssl5 =l «(Ebrahimnezhadarabi et al., 2021)
Khosravi et ) sg axsly ialS gl coe jsb a4 oy
Bl 65y 6,50 adlhe o J= ol L@l 2015b

DSen s bp 5l 4l Loged by e


https://jair.gonbad.ac.ir/article-1-890-fa.html

[ Downloaded from jair.gonbad.ac.ir on 2025-08-31 ]

1F¥ 5l ) o Lol VY 0,90 (509,55 cwlils 2oy s

odd jlgyaee efign b oS Slalesd am (9 50
OFen spdyean 5l 6 Wlgiee Wad 4
«(Hevrgy et al., 2005; Khosravi et al., 2015a)
AKSNES ) o5 JsS50 35 b st sloeomis 3579
Yl 4 (et al., 2006; Zheng et al., 2012
2 0 5 s 60 sladsSse wlil Al lasl
Jols 4 (Sezu et al., 2024) ocoisdyoe gy
OeiSsy 6Yb mhaw (yuzen .ol (Nortvedt, 2011
AP G sl s 00t LS Wl oo p e S
.(Rebl and Goldammer, 2018) ..l
Sl oy ez e S Sl
Spdige odlitul Glale (505 ol 5 (ghslsd
as ol ylis ol aslllae s (Zheng et al., 2013)
2l 09,5 a4y Sl b lort plad (155 (595 slaw 3!
3 ol adlhae s L calle o0 0,58 (s
Slopyl o5 b s gley sl s, SRS
anlllas 8,90 calies slo,las o ,0 AST 4 ALT
(Pham et al., 2022) scsls (g lo sme LS
50938l b oprw AST o (5l gime OS] (pizmon
9 78 @b e 0z 4 (plo 0dlpdg 0 (1ig s
Siddik et al., 2019; ) s conlie Q‘?'? 6"\:’}“")l-.’
(Khosravi et al., 2015a; Chaklader et al., 2020
J2 AST 5 ALT oS slampl culled (imen
8,5 L8 VS ead g ol (s n I cod ol
J& ol b (Ebrahimnezhadarabi et al., 2021)
L a5 (Larimichthys crocea) s,; 55,5 ol
odlyls s ey ey Tl i oy
05; O S deb AST C5‘|a'“' WOgr 0D TR
sl 3l zokw wls (Cai et al., 2015) cusls walis
basgi ouds 5ulg e (g o5 Sl ol 5l (S oS
g ab Joxi 055 4 asdllas oy50 lale LS axm
@he b 5o ale eadidgne (nsn ol
8,55 olou) anlllas 0550 b Ld dzu 10 (S ol
s Sl (Jled SlotansS) 550 collad
byl g2slS giaal wiile soli il slasSse o loleS
A5 ole (gl 1 )3 e slaazinl B Glgie 4
Saurabh and Sahoo, 2008) wgi o «8,5
—Cogae ade ale ,0 o295 (Magnadottir, 2006

YA

(Oreochromis niloticus) Jo slods o |,
50 e iliEl gl e ek (Kabir et al., 2024)
eiSey boeadads el (LS 0 w56
sls las 1) csals Wy, YolS alleS sndidg o
as ol 51 (Ebrahimnezhadarabi et al., 2021)
Soxdy bl slp ©9re Sudalie S oS
Jlg o 9 Jia et al., 2018) cul loale sladss
255 8 il (@i w3, 58 Gign e oo
s e s & «(Chaklader et al., 2020)
Yozl caddllas 8,50 Slale Ld 5o Jonds s cne
ol ez e plie p e 556 eubidg ae g
wsly ool
slales Hlale b asu ol Caws s 4l
ls i 1y e 5 oetign Oliee IBIY 9 Y
S g eabidyyaee ey @l Gl b Gl
Sezu et al., ) (Ompok pabda) Wge aleas,5 o ,m
Chaklader et al., 2020; ) s> saigel,b 5 (2024
5 omimen 0l iali8l |, (Chaklader et al., 2021
5 Y+ sl eslarsl (Caranx ignobilis) 5,5 25 ol
s 9 Blo oddyds ane utign @ SekS )0 )5 P
p5 A ke po Lelaad gy S 0ty n (ialidl Cel
Oan el el ol yaes (g 0 S 9kS )9
s =, (Nguyen et al., 2023) a0 5 o, JS
sloy olole )5 JS oagn e ol Aellas
PS50 o5 WV (sgl> (2l Spx b ondads
Pham et al., ) ale 5 oalijdg,and gy JoSe
(Paralichthys olivaceus) _Jgu; 0 «2022
&9l b L oasadss (Khosravi et al., 2015a)
5 Bl oadidsne (ngn ) SskS o a5 ¥F
Kabir et ) (Oreochromis niloticus) . slods
eSgp oy Yo —+/0 L oeasadss @l, 2024
L8l el o sk a ale oadily ue
ooy odaline C"L‘“’ L fol} e Oloalin e
9295 ;1 ale o (Siddik et al., 2018) aigel L ;o
(Murray et al. 2003) (Oncorhynchus kisutch)

O 0 1y 6l (e DS p s IS g ] jo &S
ol Hlad sddidg,dud uiie g b oodd wdx lale

oesn YL slyime Gl adllas po 3l Sl


https://jair.gonbad.ac.ir/article-1-890-fa.html

[ Downloaded from jair.gonbad.ac.ir on 2025-08-31 ]

s 9 095 3 (stloondgns szl d g1 (Bl ;09 L o sulsyued s (S elr U

ek a0l jaue (niigy log,S )0 udsislS sl
2 J el b (Buietal, 2014) o4 5YL 5l e
Sesljge sbods «(Zheng et al., 2013) o4,
Bui et ) 50,8 oL, e 5 (GOOSeEN et al., 2015)
layee niSgyn calide mle L adss (@l 2014

gy o, 8ee bl o a5 Coled (680 el
5 Oliee dox 5l alises Jelge 45 0y 0aliy]g 0ue
S syohy ol S Slhgs olae DBl plo g4
o Skt 50 plysg YL Glie Wb et
XU et) ai salys o138 o 0 ooy 1 Gailsg

ey Sl a5 el ead slaiw @l 2016
4 Cwl GSee ple il gl posalidgyaie
L)"‘i"5)" .\.wl.’ wlj LQA.:..».».: odale 9 o)‘..\.:‘
5 bwge ojlul b slaviy s3> ale eadidy,uen

ol (sl Yoo oot JsSlge i i) SzsS
Bogwald et ) w5 o S5 1) ole solais] 2
al., 1996; Gildberg et al., 1996; Leduc et al.,

(2018

Sl a5 ol Lt ol adlle mls ggaze ,

G238 oz 0 ol joe boeadidg ane i n
3 0 ey loamiall e b L
cobw o aSb wwasla oy olale b el e
b oabjalgyond cifen wzsSols aoys OB b YV
sanlice lals el g Cuodlos Sy Sgate o8lo ,09

S llade |

w‘ oD LJ”)‘; QKM 5.: .Ia...:y Lg\))yc

EFERENCES

Aksnes, A., Hope, B., Jonsson, E., Bjornsson,
B.T. and Albrektsen, S. 2006. Size-
fractionated fish hydrolysate as feed
ingredient for rainbow trout (Oncorhynchus
mykiss) fed high plant protein diets. I:
Growth, growth regulation and feed
utilization. Aquaculture, 261(1): 305-317.

AOAC. 1990. Official Methods of Analysis.
15th Edition, Association of Official
Analytical Chemist, Washington DC. USA.

Blander, J.M. 2017. The many ways tissue
phagocytes respond to dying cells.
Immunological reviews, 277(1): 158-173.

YA

ghe 5 WS s Joo ISy bSL (omgny lo
@ Pl plaear ale 93 jo cld sl VL
(Puangkaew, 2004) o5& o oamlie igac
G970 £ iz leie A mjend Colled e
Song et ) o)lo S99 ub’f@r"@ 9 L')l)‘oo).ere Ao L.S‘)"
sly (ACHS50) ol llws cls .@l., 2006
sl <oy 5 2B GlpeBl Lol
(Gasque, 2004) cwl oas asly ()5
shol syl 5l (S plsear sl
6‘)‘? 0}{94.3 sL(buLw.a‘ 9 g_;l.)|5...> 6‘)‘3 Y cdadlos
Ross et al., ) wigd oo 48,5 Loy Sleseiwl lalbe
(Cuesta et al., 2004 AWVatts et al., 2001 1998
b 5l a5 Slale b a5 ols plis ol aslllas mbs
Log,S o 5l meisd Sl 5 1GM (S sl sins
Oty Olllas yol> 3o L cillae )0 0g YL
2 b ol e S il as wlesls lis
b ole (ol i Sy oo 0ud jlgane aSy
Liang et al., 2006; Kotzamanis et ) oS cogis

al., 2007; Tang et al., 2008; Bui et al., 2014;
=5 2l b, (Chaklader et al., 2020

a5 Cuwl ead )55 «Lateolabrax japonicus)
) & 03bidgad (afgn we)ps YO 5 V0 Gog3l
L OledeeS” Sitdgon odlad 5 mjo5d Cudlad (plie
(Liang et al., 2006) sls _zl38l 5 lo sxe y5b «
2 Ch GlloS 5 misid clld M (lsslS sl
OeSgn wey V0 5 Ve ol slam) b &S Sl
@ S (5)l0 s jsbody (D oo 43T 0adi 0
O sl miy bl m), L as S sleSyS
S92 yidiy NaD oo i 0dd iy s (g y S
5 woerd 4l oliel cudls (Tang et al. 2008)
5, b as (Lates calcarifer) sussel )b ole azy
Aoy Ve bolpen job il 00y518 05 (g5l o2
3 3 odd @dE 5 (alo eadpdg ae g n
ab esalie oale j3g p (G dald @) b aslic
708 2bd eaw plo 4z 4o (Siddik et al., 2019)
GAs eadjds e uiSgn L oaS (Pagrus major)

C.la.w 9 KWW OML&A f“")j)"'] u.Jle \)% g\.\.;\)s.g o


https://jair.gonbad.ac.ir/article-1-890-fa.html

[ Downloaded from jair.gonbad.ac.ir on 2025-08-31 ]

1F¥ 5l ) o Lol VY 0,90 (509,55 cwlils 2oy s

applications: a review. Food chemistry,
135(4):3020-3038.

Chatzifotis, S., Panagiotidou, M.,
Papaioannou, N., Pavlidis, M., Nengas, 1.,
Mylonas, C.C. 2010. Effect of dietary lipid
levels on growth, feed utilization, body
composition and serum metabolites of
meagre (Argyrosomus regius) juveniles.
Agquaculture, 307(1-2): 65-70.

Cuesta, A., Meseguer, J., Esteban MA. 2004.
Total serum immunoglobulin M levels are
affected by immunomodulators in
seabream (Sparus aurata L.). Veterinary
Immunology and Immunopathology, 101:
203-210.

Ebrahimnezhadarabi, M.R., Changizi, R.,
Hoseinifard, =~ S.M., Vatandoust, S,
Ghobadi, S. 2021. Effects of canola protein
hydrolysate (CPH) on growth performance,
blood biochemistry, immunity, and
gastrointestinal microbiota of beluga (Huso
huso) juveniles. Iranian Journal of Fisheries
Sciences, 20(4): 1165-1178.

Ellis, A.E. 1990. Lysozyme assays. In:
Techniques in Fish Immunology, vol. 1
(Eds) J.S. Stolen, T.C. Fletcher, D.P.
Anderson, B.S. Robertson, W.B. Van
Muiswinkel, SOS Publications, Fair Haven.
USA. pp:101-103.

Gasque, P., 2004. Complement: a unique
innate  immune sensor for  danger
signals. Molecular
immunology, 41(11):1089-1098.

Gildberg, A., Bggwald, J., Johansen, A,
Stenberg, E. 1996. Isolation of acid peptide
fractions from a fish protein hydrolysate
with strong stimulatory effect on Atlantic
salmon (Salmo salar) head Kkidney
leucocytes. Comparative Biochemistry and
Physiology Part B: Biochemistry and
Molecular Biology, 114(1): 97-101.

Goosen, N.J., De Wet, L.F. and Gorgens, J.F.
2015. Comparison of hydrolysed proteins
from different raw materials in diets for
Mozambique tilapia Oreochromis
mossambicus. Aquaculture international.
23:1165-1178.

Hardy, R.W. 2010. Utilization of plant
proteins in fish diets: effects of global
demand and supplies of fishmeal.
Agquaculture research, 41(5):770-776.

Hevrgy, E.M., Espe, M., Waaghg, R.,
Sandnes, K., Ruud, M., Hemre, G.I. 2005.
Nutrient utilization in Atlantic salmon
(Salmo salar L.) fed increased levels of fish

Baggwald, J., Dalmo, R.Q.Y., leifson, R.M.,
stenberg, E., Gildberg, A. 1996. The
stimulatory effect of a muscle protein
hydrolysate from Atlantic cod, Gadus
morhua L., on Atlantic salmon, Salmo
salarL. head kidney leucocytes. Fish &
Shellfish Immunology, 6(1): 3-16.

Bui, H.T.D., Khosravi, S., Fournier, V.,
Herault, M. and Lee, K.J., 2014. Growth
performance, feed utilization, innate
immunity,  digestibility and disease
resistance of juvenile red seabream (Pagrus
major) fed diets supplemented with protein
hydrolysates. Aquaculture, 418:11-16.

Bronzi, P., Chebanov, M., Michaels, J.T., Wei,
Q., Rosenthal, H. and Gessner, J., 2019.
Sturgeon meat and caviar production:
Global update 2017. Journal of Applied
Ichthyology, 35(1):257-266.

Cai, Z., Li, W., Mai, K., Xu, W., Zhang, Y.,
Ai, Q., 2015. Effects of dietary size-
fractionated fish hydrolysates on growth,
activities of digestive enzymes and
aminotransferases and expression of some
protein metabolism related genes in large
yellow croaker (Larimichthys crocea)
larvae. Aquaculture, 440: 40-47.

Chaklader, M.R., Fotedar, R., Howieson, J.,
Siddik, M.A., Foysal, M.J. 2020. The
ameliorative effects of various fish protein
hydrolysates in poultry by-product meal
based diets on muscle quality, serum
biochemistry and immunity in juvenile
barramundi, Lates calcarifer. Fish &
Shellfish Immunology, 104: 567-578.

Chaklader, M.R., Fotedar, R., Howieson, J.,
Siddik, M.A., Foysal, M.J. 2020. The
ameliorative effects of various fish protein
hydrolysates in poultry by-product meal
based diets on muscle quality, serum
biochemistry and immunity in juvenile
barramundi, Lates calcarifer. Fish &
Shellfish Immunology, 104: 567-578.

Chaklader, M.R., Howieson, J., Siddik, M.A.,
Foysal, M.J., Fotedar, R. 2021.
Supplementation of tuna hydrolysate and
insect larvae improves fishmeal
replacement efficacy of poultry by-product
in Lates calcarifer (Bloch, 1790)
juveniles. Scientific reports, 11(1): 4997.

Chalamaiah, M., Hemalatha, R., Jyothirmayi,
T. 2012. Fish protein hydrolysates:
proximate  composition, amino  acid
composition, antioxidant activities and


https://jair.gonbad.ac.ir/article-1-890-fa.html

[ Downloaded from jair.gonbad.ac.ir on 2025-08-31 ]

BIVC IV U IOV JORRP T YT 0V Pt SRS PRV TPR S T PSRV RN PSR et A P 0

Lefevre-Scelles, A., Fournier, V., Gisbert,
E., Andree, K.B., Henry, J. 2018. Dietary
aquaculture  by-product  hydrolysates:
impact on the transcriptomic response of
the intestinal mucosa of European seabass
(Dicentrarchus labrax) fed low fish meal
diets. BMC genomics. 19:1-20.

Liang, M., Wang, J., Chang, Q., Mai, K. 2006.
Effects of different levels of fish protein
hydrolysate in the diet on the nonspecific
immunity of Japanese sea  bass,
Lateolabrax japonicus (Cuvieret
Valenciennes, 1828). Aquaculture
Research. 37(1):102-106.

Mach, D.T.N. and Nortvedt, R., 2011. Free
amino acid distribution in plasma and liver
of juvenile cobia (Rachycentron canadum)
fed increased levels of lizardfish
silage. Aquaculture Nutrition. 17(2): 644-
656.

Magnadéttir, B. 2006. Innate immunity of fish
(overview). Fish & shellfish
immunology. 20(2): 137-151.

Martinez, F.J., Garcia-Riera, M.P., Ganteras,
M., De Costa, J., Zamora, S. 1994. Blood
parameters in rainbow trout (Oncorhynchus
mykiss): Simultaneous influence of various
factors. Comparative  Biochemistry and
Physiology Part A: Physiology. 107(1): 95-
100.

Masuda, Y., Jinbo, T., Imaizumi, H., Furuita,
H., Matsunari, H., Murashita, K., Fujimoto,
H., Nagao, J. and Kawakami, Y., 2013. A
step forward in development of fish protein
hydrolysate-based diets for larvae of
Japanese eel Anguilla japonica. Fisheries
science. 79: 681-688.

Murray, A.L., Pascho, R.J., Alcorn, S.W.,
Fairgrieve, W.T., Shearer, K.D., Roley, D.
2003. Effects of various feed supplements
containing fish protein hydrolysate or fish
processing by-products on the innate
immune functions of juvenile coho salmon
(Oncorhynchus
kisutch). Aquaculture. 220(1-4): 643-653.

Neklyudov, A.D., Ivankin, A.N., Berdutina,
A.V. 2000. Properties and uses of protein
hydrolysates. Applied Biochemistry and
Microbiology. 36: 452-459.

Nguyen, M.C., Fotedar, R., Pham, H.D. 2024.
Effects of dietary hydrolysate supple-
mentation on growth, body composition,
hematological  responses, and liver
histology of juvenile giant trevally (Caranx

protein hydrolysate during a period of fast
growth. Aquaculture nutrition. 11(4):301-
313.

Javaherdoust, S., Yeganeh, S. and Amirkolaie,
A K. 2020. Effects of dietary visceral
protein hydrolysate of rainbow trout on
growth performance, carcass composition,
digestibility and antioxidant enzyme in
juvenile Oncorhynchus
mykiss. Aquaculture nutrition. 26: 134-144.

Jia, Y., Gao, Y., Chen, X., Huang, B. 2018.
Determination of optimal fasting time
before blood sampling to get baseline data
on serum biochemical characteristics in
juvenile turbot (Scophthalmus maximus).
Aquaculture. 487: 83-88.

Kabir, M.A., Nandi, S.K., Suma, A.Y., Abdul
Kari, Z., Mohamad Sukri, S.A., Wei, L.S.,
Al Mamun, A., Seguin, P., Herault, M.,
Khoo, M.I., Téllez-lsaias, G. 2024. The
Potential of Fish Protein Hydrolysate
Supplementation in Nile Tilapia Diets:
Effects on  Growth and  Health
Performance, Disease Resistance, and Farm
Economic Analysis. Applied Biochemistry
and Biotechnology. 1-23.

Khosravi, S., Bui, H.T.D., Rahimnejad, S.,
Herault, M., Fournier, V., Kim, S.S., Jeong,
JB., Lee, KJ. 2015a. Dietary
supplementation of marine  protein
hydrolysates in fish-meal based diets for
red sea bream (Pagrus major) and olive
flounder (Paralichthys
olivaceus). Aquaculture. 435: 371-376.

Khosravi, S., Rahimnejad, S., Herault, M.,
Fournier, V., Lee, C.R., Bui, H.T.D., Jeong,
J.B., Lee, K.J., 2015b. Effects of protein
hydrolysates supplementation in low fish
meal diets on growth performance, innate
immunity and disease resistance of red sea
bream Pagrus major. Fish & shellfish
immunology. 45(2): 858-868.

Kotzamanis, Y.P., Gisbert, E., Gatesoupe, F.J.,
Infante, J.Z., Cahu, C. 2007. Effects of
different dietary levels of fish protein
hydrolysates on growth, digestive enzymes,
gut microbiota, and resistance to Vibrio
anguillarum in  European sea bass
(Dicentrarchus labrax) larvae. Comparative
Biochemistry and Physiology Part A:
Molecular & Integrative
Physiology. 147(1): 205-214.

Leduc, A., Zatylny-Gaudin, C., Robert, M.,
Corre, E., Corguille, G.L., Castel, H.,


https://jair.gonbad.ac.ir/article-1-890-fa.html

[ Downloaded from jair.gonbad.ac.ir on 2025-08-31 ]

1F¥ 5l ) o Lol VY 0,90 (509,55 cwlils 2oy s

Ross, D.A., Wilson, M.R., Miller, N.W.,
Clem, LW., Warr, GW., Ross, D.A,
Wilson, M.R., Miller, N.W., Clem, L.W.,
Warr, G.W. 1998. Evolutionary variation of
immunoglobulin p heavy chain RNA
processing pathways: origins, effects, and
implications. Immunological
reviews. 166(1): 143-151.

Saurabh, S., Sahoo, P.K. 2008. Lysozyme: an
important defence molecule of fish innate
immune system. Aquaculture
research. 39(3): 223-239.

Sezu, N.H., Nandi, S.K., Suma, A.Y., Kari,
Z.A., Wei, L.S., Seguin, P., Herault, M.,
Hossain, M.S., Khoo, M.I., Eissa, E.S.H.,
Kabir, M.A. 2024. Ameliorative Effects of
Different Dietary Levels of Fish Protein
Hydrolysate (FPH) on Growth and
Reproductive Performance, Feed Stability,
Tissues Biochemical Composition,
Haematobiochemical Profile, Liver
Histology, and Economic Analysis of
Pabda (Ompok pabda)
Broodstock. Aquaculture  Research. 2024:
1- 15.

Siddik, M.A., Howieson, J., Fotedar, R. 2019.
Beneficial effects of tuna hydrolysate in
poultry by-product meal diets on growth,
immune response, intestinal health and
disease resistance to Vibrio harveyi in
juvenile barramundi, Lates calcarifer. Fish
& shellfish immunology. 89: 61-70.

Siddik, M.A., Howieson, J., Partridge, G.J.,
Fotedar, R., Gholipourkanani, H., 2018.
Dietary tuna hydrolysate modulates growth
performance, immune response, intestinal
morphology and resistance to
Streptococcus iniae in juvenile barramundi,
Lates calcarifer. Scientific Reports, 8(1):
15942,

Soltani, M., Sheikhzadeh, N., Ebrahimzadeh-
Mousavi, H.A. and Zargar, A. 2010.
Effects of Zataria multiflora essential oil on
innate immune responses of common carp
(Cyprinus carpio). Journal of Fisheries and
Aquatic Science. 5(4):191-199.

Song, Z.F., Wu, T.X., Cai, L.S., Zhang, L.J.,
Zheng, X.D. 2006. Effects of dietary
supplementation with Clostridium
butyricum on the growth performance and
humoral immune response in Miichthys
miiuy. Journal of Zhejiang University
Science B. 7: 596-602.

Suma, A.Y., Nandi, S.K., Abdul Kari, Z., Goh,
K.W., Wei, L.S., Tahiluddin, A.B., Seguin,

AY

ignobilis Forsskal, 1775). Journal of Fish
Biology. 104(1): 216-226.

Nikoo, M., Benjakul, S., Ahmadi Gavlighi, H.
2022. Protein hydrolysates derived from
aquaculture and marine byproducts through
autolytic ~ hydrolysis. ~ Comprehensive
Reviews in Food Science and Food
Safety. 21(6): 4872-4899.

Ospina-Salazar, G.H., Rios-Duran, M.G.,
Toledo-Cuevas, E.M., Martinez-Palacios,
C.A. 2016. The effects of fish hydrolysate
and soy protein isolate on the growth
performance, body composition and
digestibility of juvenile pike silverside,
Chirostoma estor. Animal Feed Science
and Technology. 220:168-179.

Ovissipour, M., Abedian Kenari, A., Nazari,
R., Motamedzadegan, A., Rasco, B., 2014.
Tuna viscera protein hydrolysate: nutritive
and disease resistance properties for
Persian sturgeon (Acipenser persicus L.)
larvae. Aquaculture Research. 45(4): 591-
601.

Peres, H., Santos, S., Oliva-Teles, A. 2014.
Blood chemistry profile as indicator of
nutritional status in European seabass
(Dicentrarchus labrax). Fish Physiology
and Biochemistry. 40: 1339-1347.

Pham, H.D., Siddik, M.A., Le, H.M., Ngo,
M.V., Nguyen, M.V., Francis, D. 2022.
Effects of dietary tuna viscera hydrolysate
supplementation on growth, intestinal
mucosal response, and resistance to
Streptococcus iniae infection in pompano
(Trachinotus blochii). Aquaculture
nutrition. 2022: 1- 14.

Puangkaew, J., Kiron, V., Somamoto, T.,
Okamoto, N., Satoh, S., Takeuchi, T.,
Watanabe, T. 2004. Nonspecific immune
response of rainbow trout (Oncorhynchus
mykiss Walbaum) in relation to different
status of vitamin E and highly unsaturated
fatty acids. Fish & shellfish
immunology, 16(1): 25-39.

Rebl, A., Goldammer, T. 2018. Under control:
The innate immunity of fish from the
inhibitors' perspective. Fish & shellfish
immunology, 77: 328-349.

Refstie, S., Olli, J.J., Standal, H. 2004. Feed
intake, growth, and protein utilisation by
post-smolt Atlantic salmon (Salmo salar) in
response to graded levels of fish protein
hydrolysate in the diet. Aquaculture. 239(1-
4): 331-349.


https://jair.gonbad.ac.ir/article-1-890-fa.html

[ Downloaded from jair.gonbad.ac.ir on 2025-08-31 ]

BIVC IV U IOV JORRP T YT 0V Pt SRS PRV TPR S T PSRV RN PSR et A P 0

Watts, M., Munday, B.L., Burke, C.M. 2001.
Isolation and partial characterisation of
immunoglobulin  from southern bluefin
tuna Thunnus maccoyii Castelnau. Fish &
shellfish immunology. 11(6): 491-503.

Xu, H., Mu, Y., Zhang, Y., Li, J., Liang, M.,
Zheng, K., Wei, Y. 2016. Graded levels of
fish protein hydrolysate in high plant diets
for turbot (Scophthalmus maximus): effects
on growth performance and lipid
accumulation. Aquaculture. 454: 140-147.

Yano T. 1996. Non-specific immune system:
humoral defense. In: The Fish Immune
System. Iwama G. and Nakanishi T. (eds).
Academic Press. 106-159.

Yeh, S.P., Chang, C.A., Chang, C.Y., Liu,
C.H., Cheng, W. 2008. Dietary sodium
alginate administration affects fingerling
growth and resistance to Streptococcus sp.
and iridovirus, and juvenile non-specific
immune responses of the orange-spotted
grouper, Epinephelus coioides. Fish &
shellfish immunology. 25(1-2): 19-27.

Yousefian M., Sheikholeslami Amiri M., Kor,
D. 2011. Serum Biochemical Parameter of
Male, Immature and Female Persian
Sturgeon (Acipencer Persicus). Fisheries
Journal, Islamic  Azad University,
Azadshahr Branch, 6(4): 9-14. (In Persian).

Zheng, K., Liang, M., Yao, H., Wang, J.,
Chang, Q. 2012. Effect of dietary fish
protein  hydrolysate on growth, feed
utilization and IGF-1 levels of Japanese
flounder (Paralichthys olivaceus).
Aquaculture Nutrition, 18(3): 297-303.

Zheng, K., Liang, M., Yao, H., Wang, J. and
Chang, Q. 2013. Effect of size-fractionated
fish protein hydrolysate on growth and feed
utilization  of  turbot  (Scophthalmus
maximus L.). Aquaculture Research, 44(6):
895-902.

P., Herault, M., Al Mamun, A., Téllez-
Isaias, G., Anamul Kabir, M. 2023.
Beneficial effects of graded levels of fish
protein hydrolysate (FPH) on the growth
performance, blood biochemistry, liver and
intestinal health, economics efficiency, and
disease resistance to Aeromonas hydrophila
of pabda (Ompok pabda)
fingerling. Fishes. 8(3): 147.

Tang, H.G., Wu, T.X., Zhao, Z.Y., Pan, X.D.
2008. Effects of fish protein hydrolysate on
growth performance and humoral immune
response in large yellow  croaker
(Pseudosciaena crocea R.).Journal of
Zhejiang University Science B. 9(9): 684-
690.

Torrecillas, S., Makol, A., Caballero, M.J.,
Montero, D., Ginés, R., Sweetman, J.,
Izquierdo, M. 2011. Improved feed
utilization, intestinal mucus production and
immune  parameters in  sea  bass
(Dicentrarchus labrax) fed mannan
oligosaccharides  (MOS).  Aquaculture
Nutrition, 17(2):223-233.

Torrecillas, S., Makol, A., Caballero, M.J.,
Montero, D., Robaina, L., Real, F.,
Sweetman, J., Tort, L., lzquierdo, M.S.
2007. Immune stimulation and improved
infection resistance in European sea bass
(Dicentrarchus labrax) fed mannan
oligosaccharides.  Fish &  Shellfish
Immunology, 23(5): 969-981.

Wang, Y., Kong, LJ., Li, C., Bureau, D.P.
2006. Effect of replacing fish meal with
soybean meal on growth, feed utilization
and carcass composition of cuneate drum
(Nibea miichthioides). Aquaculture,
261(4):1307-1313.

Watanabe, T.A.K.E.S.H.I. 2002. Strategies for
further development of aquatic
feeds. Fisheries Science, 68(2): 242-252.

:dlioay sbciwl og2u

lordgn baziuld p ole 05 Lodd fdgjaue uign 0Kl r‘-’L’ el sl 7 (A509; el oz ol & ) i

VA-ATONY N Gaggls anS olKiilogo )5 (oulidsale sloginghy 725 (o859 (ploded a2m (Fooal s 5 (195 P
Hosseinpour Zelaty A., Adineh H., Jalilpour Rodkali J. Effects of replacing fishmeal with hydrolyzed protein
on blood serum biochemical parameters and immune system of cultured beluga (Huso huso) fry. Journal of
Applied Ichthyological Research, University of Gonbad Kavous. 2024, 12(1): 71-84.



https://jair.gonbad.ac.ir/article-1-890-fa.html

[ Downloaded from jair.gonbad.ac.ir on 2025-08-31 ]

Journal of Applied Ichthyological Research Vol. 12, No 1, 71-84

Print ISSN: 2423-6349
Journal homepage: http://jair.gonbad.ac.ir

Effects of replacing fishmeal with hydrolyzed protein on blood serum
biochemical parameters and immune system of cultured beluga (Huso

huso) fry

Hosseinpour Zelaty A", Adineh H2, Jalilpour Rodkali J2.
1.3 International Caspian Sturgeon Research Institute, Agricultural Research, Education and Extension

Organization (AREEO). Rasht, Iran.

2 Associate Professor of Fisheries Department, Faculty of Agriculture and Natural Resources, Gonbad Kavos

University, Gonbad Kavos, Iran.

Type:
Original Research Paper

Paper History:

Received: 31-03-2024
Accepted: 04-08- 2024

Corresponding author:

Hosseinpour zelaty A. International
Caspian Sturgeon Research Institute,
Agricultural Research, Education and
Extension Organization (AREEO).
Rasht, Iran.

Email: ahpour.z@gmail.com

Abstract

The study investigated the effects of substituting fishmeal with different levels of
hydrolyzed protein on the serum biochemical composition and immune system of beluga
(Huso huso) fry over a 48-day period. A total of 750 fish were randomly assigned to five
groups: a control group (no hydrolyzed protein), three groups with varying levels of
hydrolyzed protein (2.75%, 5.5%, and 8.25%), and a positive control group (commercial
feed). The study found significant differences in glucose levels among the groups, with
the control group having the highest glucose level. Treatment 2 had the highest total
protein and lipid levels, which significantly differed from the other groups. Liver enzyme
levels (ALT, AST and ALP) did not vary significantly among the groups. There were no
significant differences in cholesterol levels. Regarding immune factors, treatment 2
exhibited significantly higher total immunoglobulin levels compared to all other groups
except for treatment 3. Lysozyme levels did not differ significantly between the control
group and treatments 1, 3, and 4; however, treatment 2 displayed the highest level. IgM
and ACH50 activity did not differ significantly across all groups. In conclusion,
replacing fishmeal with hydrolyzed protein at a concentration of 2.75% to 5.5%
improved performance in blood biochemical and immune parameters of beluga fry when
compared to the control group.

Keywords: Hydrolyzed protein, Beluga, Serum biochemical parameters, Liver
enzymes, Immunity
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