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Abstract

Introduction: Replacing vegetable proteins with fish meal has problems such as the quality and amount
of protein in vegetable sources and is inferior to fish meal, but vegetable proteins are preferred over fish
meal due to their low price and easy preparation, and their reasonable price allows grain processing. To
increase the nutritional value of fish. Commercial enzymes are specifically a combination of several
different enzymes that are effective on different types of food components. The objective of this research
was to investigate different percentages of combo enzyme in diets containing varying amounts of soybean
and its effects on the expression of ghrelin and growth genes in rainbow trout (Oncorhynchus mykiss).

Materials and methods: Fish with an approximate initial weight of 12.87 £ 0.51 grams were prepared
and adapted to the test conditions for 2 weeks. This experiment, which included 8 treatments and 3
repetitions, and for each repetition, 16 pieces of fish were distributed in each tank. From 8 experimental
diets including treatment one: replacement of 22.5 (percent) + zero (g) (S22.5) enzyme; Treatment two:
replacement of 22.5 + 1 gram of enzyme (S22.5E1); Treatment 3: replacing 22.5 + 1.5 grams of enzyme
(S22.5E1.5); Treatment four: replacement of 5.22 + 2 grams of enzyme (S22.5E2); Treatment five:
replacement of 45 + zero enzyme (545); Sixth treatment: replacement of 45 + 1 gram of enzyme (S45E1);
Seventh treatment: replacement of 45 + 1.5 grams of enzyme (S45E1.5) and eight treatment: replacement
of 45 + 2 grams of enzyme (S45E2) were used. Gene expression analyses for ghrelin and growth were
conducted in the stomach and liver of rainbow trout.
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Results and Discussion: The independent effects of the multi-enzyme and soybean flour on the
expression factors of growth hormone and ghrelin gene expression were significant (p<0.05), while the
interaction effect of these two factors was not significant (p>0.05). The expression levels of growth
hormone and ghrelin genes in the liver and stomach of rainbow trout larvae were significantly lower in the
458 treatment compared to the 22.5S treatment (p<0.05). The expression of the ghrelin gene in the liver
increased with the addition of enzyme up to 2 grams per kilogram at the 22.5% soybean substitution level
(»<0.05). Similarly, the expression of growth hormone in the liver increased with the addition of enzyme
up to 2 grams per kilogram of the diet at the 22.5% substitution level (p<0.05). Ghrelin gene expression in
the stomach also increased with the addition of enzyme up to 2 grams per kilogram at the 22.5% soybean
substitution level (p<0.05), with growth hormone expression showing the same trend (p<0.05).

Conclusion: The results of the present study indicated that high levels of growth and ghrelin gene
expression in the liver and stomach were achieved with the diet containing the combo enzyme complex at
high fish meal levels combined with 2 grams of the combo enzyme supplement (S22.5E2 treatment).
Thus, the use of 2 grams of combo multi-enzyme is recommended to enhance the replacement rate of
soybean in rainbow trout diets, leading to improved activity in the examined gene expressions.

Keywords: Multi enzyme combo, Growth hormone, Ghrelin hormone, Gene expression, Oncorhynchus
mykiss

* Corresponding Author: s.yeganeh@sanru.ac.ir

77


http://dx.doi.org/10.71901/jad-2025-4-877
https://aqudev.liau.ac.ir/article-1-877-en.html

[ Downloaded from aqudev.liau.ac.ir on 2026-01-29 ]

[ DOI: 10.71901/jad-2025-4-877 |

YA V#-AY gl asap NP F Olins)) ‘(a)l«_? oyleds (R 5 Jo cs ps 5T anw s @,
DOI: 10.71901/jad-2025-4-877

n . . n

9 A 53 Ghrelin 9 GH (SB O3 (omd Oy g 905”9 3T Cilide - gbaw il
(Oncorhynchus mykiss) OWS” S5 SYT 3 Blo 43 s

"ol B Daal ! 29l o UK A ' (60 K0 b B (gud

[)\]:‘cé)bcé)b&cbjdj)jwr)ba@‘bcdbr&}&ﬁrﬁam‘btbwa);—\
o|j_1@,p‘é,u6‘“49cuﬁ)6,'»:5”1;K;ﬂu@;C}L;,;);A,za.&m“@u(}mbffr

VEOYIANG 1y VECY//Y0 13 )3 s

ol
Pl 35 4 Lo 5 4l (LS e 5 055 Ol 5 kST o 5 SIS e o5 b WS sl 2 S
ol sLagr 5Tl Sy sl 53 e 535 0 T OLT gy kB 5 oy a8 s 40 (ALE (Glo 55 5 Ll sl 2 b
G ol sl 1 Coda il a fge (o ME sl ge i) il 151 (555 2 o7 il or s 0 5T ki Sl (S 5 ol sk
SYTU5S ale iy 5 o 8 (sla 05 0L 2 OT D131 5 b g Citliben slin (gl (lae o 53 5aS T Calies lado s (o
L, sbaaYodliw sy Df\Y/AVi OV 3gd oo, adsl 055 b Olabe s 5 (Oncorhynchus mykiss) OLS 5,
a,:,,A,'l.u@;}:gj-,'uﬁﬁ@u@;w)tﬁﬁL;\M;,e,iji:v”u_;/\J,ug‘_;ﬁuﬂd\.,um)\f,uu:u_uﬂ
€22.581E) 5T 0 SV+Y0 (3 Kol 193 5bes 402 5T 22.58) (0 ) o + (4o p2) YY/B 2 Kol 160 s Jolir ol
SR 1 Sl 422.582E) 5T o VY0 (Sl ler Sl €22.5S1.5E) 5T o S VDYV o Sl ¥ slas
5 @SSLSE) o 5T o S V0480 o Lo icin e {USSIE) 5T p S V470 o Kb i 2 )l €458) 0 5T JiotF0
s SYTU Olale 4S5 odee 55 s 5 (3 03 Ol o oslizl (J go USS2E) o 5T 0 £ Y4F0 o Kol titia o
Cbls Sl cinn o8 O panpn 05 Ols 5 by Oaypn 05 Oy Sy ST o Lgmn 35T 5 00 5T g0 Jite 1.3 plonil OLS
oY edme 5 S 55 S 5 s, Osep 90 05 0L palie .(p>0/00) I O 1y (gyls gme 1 Jule 53 opl blize 31 Js (p<e/+0)
0395331 L AS 55 03,5 05 0L (< /00) 5 1S (513 gme Hsb 4 S22.5 Hled 4 s SA5 Sl 5 0LS 555, YT 5 Olale
YU 5T 059531 LS 53 by Ognypm 05 Ol (0<0/40) S Gl 31 b YO o Solor el 53 0 SIS 530 S Y 6 0 5T
2SS YU T 03530 Ladne 53 (13,8 05 0L (< /00) Sl 5l b VY0 (0 Kl o 530, 0 S S 530 8
2 S YU 5T 039580 Ly odan 55 Ay O gy 58 05 Ol e ((P<2/00) 3L il 1L g YY/O 2 e )3 e S AS
35 65 Ol sV 5 Shes o 513 0Li3 Sl adlllan gl (P</40) 3L GBI L g VYO 2 il o 30 05 S
}-:“sriPTM(’J-?* ‘—i°‘r°~‘\;“uﬁ}—;&Y‘-fc}lﬂ-Wﬁj-:AfriPTMLS)‘#w-ﬁJ“M}4-.5)3;;.J;-f
Pleor 3 by Sl doss 15 g 08T Oln 4 a8 0 5T Fn Sl elizel ol sy teT oy (S22.5E2,03)

b g (03 S s ) g0 S0S Ok Sl 35 4 e 4 OLS S5, VT3

Oncorhynchus mykiss 3 0l ¢ 5 05098 Ady O 5a 5 98 ¢ 30S T A 1Sl Slals”

skyeganeh@gmail.com : oL Slsedgs *


http://dx.doi.org/10.71901/jad-2025-4-877
http://dx.doi.org/10.71901/jad-2025-4-877
https://aqudev.liau.ac.ir/article-1-877-en.html

[ Downloaded from aqudev.liau.ac.ir on 2026-01-29 ]

[ DOI: 10.71901/jad-2025-4-877 |

va

Gl 5 e 53 Gileaig ) ST el S
s Gosl Gk 3 Rl pl sl glde
Sl Coal e o 5T (65518 0554 5 (e
.(Sampath et al., 2020)

b ay o el (gl F3e slen S50, 51 S
Mt Lo 53 (ALS (Lo o Sl
);Lg.l_:lfg'.:ﬁ)ﬁclndia_d\};&@ b o ol
S s S 55 o 4 0T 38
N o5 b e slsn CoaSh mbe Joli 5555 0
3T o o ladl (6596 sladul a3
Ay Loy aSTh g Gdre ol e claimly 5 (555 5
ol JLsas (Hardy et al., 2002) Col ai-Lil
(PAlesam a5l e (550G LS
Dbk o Bl (55 5 e (Bl g 3 G
Ll (S

Slagsn b Al so i 2R sl L
Ol oml oS5 n CeiS dax Sl gl ( alE
A ALE GlaiSsn (A 55k 5 250 ol e
I s e sl 4 e s Sl Sl Sk
Fosle 5 xS auza s 4 AL sl s
JHB oy o sls ¢ ale 535 4 S el 035
DSl Lo 5 2 ) mlls Cd it g 5
Mt 55 55T e al 3 5 OO S eslinl
Willora et al., ) ol asl3 ale glacS) o
.(2022; Najafi et al., 2024

B esdle g 53 5 g sl dis 1o Julye
03ln (il (5 g S pdypdn RALST i
03 0 g4m Qu;)‘}j/ o polghlel Wiy o

J_%Tfjﬁdb\uﬁwﬂ‘ﬁ‘dubj_&obj)

s> Ghrelin s GH (b0 (oo Ol 2 58 o0 5T ik = glaw 5

-

oo

SRy Al D gl Ay g, sl
25 CoIRSH] e Lhy 4 s (b 3
YL S el ol sl sls Sl cb.u
2 b O Sl 5wl ladl (s
s 4 0S5, GYTUF b il ool
SSS Olsea Ol slols 5 ca S sk
b Gospsnl Sie 03 il b sbeS
Palmegiano et al., 2006; Fatahi et al., ) 535 s
(2025

Caie 53 ol 9 Cotbse 4 Odw) Gl
Slodngs Sosn sbay e Sl 03V 655 65T
Aoy3 0 B0 o STy au s S (g)sba Ll
Olgea Ay 9 355 00 Jolo 1) baysa S
wilis ol olde glao > 53 adgl esle o 501 S
Sy psp! (Palmegiano er al, 2006) >4
Ll (S5 1 e plod o Olale Al (sl 05T e
b gy (pl sl Ll golaBl g S e adss
Soape San Slge b3 Jls & ale STy
Sl el il oo A5 5 e i ) ol
.(Sampath et al., 2020)

(2l S bosmYse b I ol )2
Ysane) Gl b aUE wle Sl a5 S 4
Pa sl (oHe ple Sl OV pame Olge o
N Fr Sl Ly S 4 Al ey 5 Al
sE g b ol slse Sl gl glaeST
el lods L;LAL;}J 5 LS oo ekl oLy
S, 4 Slosy e 5, A8l g el Lol i yls

osba s oo SV Al 85, 5 (Bl s sl


http://dx.doi.org/10.71901/jad-2025-4-877
https://aqudev.liau.ac.ir/article-1-877-en.html

[ Downloaded from aqudev.liau.ac.ir on 2026-01-29 ]

[ DOI: 10.71901/jad-2025-4-877 |

VFoF Olis ) cr)l@a- oyla LV.A))'}; Ju aL;))j;L;}.TAM}S @ i

AT iz 3 S Vsmnn (55l (sl 5T
e e Calitee (Gla_jtdn o &S Aitas Cilies
i 0155 oo Lags 3T ol adesr 510,18 e 50
55k Yk GUS S8 GUBLS )T SUBL
oslizul 53 gl gla 2l I S 58 o)Ll Sy
Slalss b Sl S e 3525 ¢ ALE 5150 )
lodassSs DUl s 5 La ale o5 940 .ol
L1 515 by U Y e i glag 5T
bl f e Slanlis 18 Gl Sl e 5 oS
.(Maas et al., 2020)
58 Jols B 5 Shes L3S 0 5T 50
(7B L5 s ST GV s e 1 52 0 5T
U S LIS LS 5L o o 5L
T A S 5 a5 Ll 5L 5 Yk e
o 33 OT 31 0155 oo a8 Sl ol 5 (53 comaS
YT dsle Szt 5 5 5 03 9 0L 5T 12
oo o amin Sl U 5 S eslial OLS (K,
Mortazavi ) b sl 580 b o 3,7 ool slis
(Tabrizi et al., 2012
S S 0 g 30 Ol g 48 (I8 Oge s
3 lsl o 1o 55 age SLa BB 035 0 it Ld
St 0L 0855 (VT 55 3503 od e
33l o SKan o T L L e slalrS 45 Wlosls Ol
B Laale pl dsy 5 g Slagsiiels ook
S S & 015 B ol ey S sl il
23 La ool (ghd O a3l 5 gl oS5 o b
S35 A F o e O 32 ) el L
el il 3 53,088 U o e s
Cilies = gl (JOmsson, 2013) 45" LS 65
VT35 485 35 p poiitens sb & ol oS o) 8

Lo 53 35 n 3150 33 5 o iy 2l 5 551 E
lalis e sl Sl s 5148 O 5, T asle
3 eslizal Lal dijlu o e |5 atlis s ckizeun
503, 4 1) lse ol L5 e SUI5 0 5T
ol LS 5 g 1 b g )5 Al
530 S S 5 L S (gla i
upr_m&uﬁ;}_ggwwlmwi&id
.(Cavrois-Rogacki et al., 2022)

39S oo Jae JT sl 5061 Ol o Lo 5T
ot GLa 2SSy i L g 0 el Wil 5 e
A DY e ) il JT LS5 5 iy
L La STy ml ey o ol e 5o S s
(Ghobadi et al., 2009) &5, soi i S s
NS a5 s 05,8 s i)l S Sl 5T oled
b 5T e Ol ST Ol V4T L 51,8 s
Gl ST oSy 30554 OB W, ST
odalline |y (w8 (6oL 5 Hldas 3 OMe (ladls
(Liang et al., 2022) Lles S

23 e Sla i3 31 Ol 5o 48 ¢ m 5T (sl JoSo
b s g a bl OL 5T 5 b cpls o8 (slae
Soge g 9 s SRl s LB s g Oda
RS NESGPSIpE PRI ESPUPNIRFJENEE
U Lo SLSI oo o 4 J yans 5 sbe n JuSs
Saap i g 03ls il 50l ) i slyma 3l 5550
2l 3l eslial a8 688 Ll 5 s Olel,
sl 2lse 5l e o130 4 e il n s faSa
sddy s, Shee sy 5 S o1 5 L 5005
25 gt 5018 pls o s adY S 5
.(Garcia Martinez et al., 2024)


http://dx.doi.org/10.71901/jad-2025-4-877
https://aqudev.liau.ac.ir/article-1-877-en.html

[ Downloaded from aqudev.liau.ac.ir on 2026-01-29 ]

[ DOI: 10.71901/jad-2025-4-877 |

A

slasles S ok 4 wids ag (W9 O

s b 8 ks 5 Sy 4 besT

Q2.58) 5aS @ 5T o+ b g S o 3 YYD 0 pr ) Lo

o 33 oS AS 53 05N 4 L S Ao )3 VYO 0 Y les
(22.5S1E) oS 0 5T

o 33 0 S kS 53 0,5 VB + L S Lo y3 YYD 0 ¥l
(22.5S1.5E) 5uS 5T

o 33 S AS 53 05 Y 4 L oS Ao )3 YYD 6, F Hlas
(22.5S2E) 4uS o 5T

(@58) 5aS 1 5T o+ b g dS A )3 FO 0 D Jlas

5T o 3 p kS 530 5N 4 L oS Ao )3 FO o 1P 5las
(45S1E) 58

o 33 oS AS 53 05 V0 4 L A Ao )3 O 6y Y slas
(45S1.5E)}'~.S(.;_)~3T

25T o 53 p S kS 530 SV 4 L oS Ao )3 FO o A slas
(45S2E) 5u8

OLSS 551 5 s n Ol b shalasT (slao

de)s FO 5 YY/O mbaw 55 gl Gl A Jeli)
(PWUFFDA i3l p3) Lids 445 Ly 4l
oo il ¢ ghola3T (sloo o a5 shie & .(V Jputr)
ot 5T 5 bgw s3y (Al s3y Jols $SKis oyl
BN aOT & sy day 5 ook bsline oo LSS
b 6 o L b gliee & (i b OT o S
Er S Jole e S Lol 0, K s s
6 S Abosls Hae go da ¥ oasin i L i
Ear ) ekl glacd, sl 3 lazdy &y g
Foosbes 3 s 0328 oS oy ca S
Ls oSCist alS” o5 5l eslizal b 5 518 Slo )
—eSist Sde Jsb 5 (Lo y3 4o o b ldie)
45 LS 03jen 4 e ekih glaliE Ous
OUEESES s g bdiee S oS O g
s Sl gbanS s olE sl

s> Ghrelin s GH (b0 (oo Ol 2 58 o0 5T ik = glaw 5

s B3 A5 el IS,
Bl bl 5y e dle A sl B g
ey 9 Bl e o B s e L Dliios
s Ol i 5 (T s 3 15 il Ll s
b OLaS K5 VT3 (K555 5 sla 5T,
.(Jonsson, 2013) was i 5 3 Co
Slre e 93 S o 5T il - o U
GH (Lol (o Ol o b g Ctine y5las (5l
pls 4w odes 5 US55 Ghrelin 5 (Ws ) 050 50)
L s (Oncorhynchus mykiss) oWS 55 sNTJ 5
Gl T 3 5305 33 o=l G lS B aas
sy o Ulg e B0 pl e als aiy 5 S
(S $SaS I gale a3 (G 3l e e 5 e
L3 Ol 0T o & 5 hide 35 1) 0 r (2250

&&5}3&‘9&
oKiils 53 VY Jlu ole OLT 53 Jhass oyl
258 bl (ol anb w5 35l ple
oS VYAV £ 20 spde oo 5 ads) 055 L Olale
SleST Bl b s ¥ Sode & 5 kbl 5
LSO¥ 5L A ole & Sl T ol s 6 5L
Opwe 2 53 (Al 4l V7 QIS 8 6l 5 5
ol - las Solb- &S aleiT o, AU 3L
Jolo &7 o a5 g eS0T g b Al
0 5 Ao )3 YY/O0 1L g S Jsliie o ys Lo
L S ale 55T 0 Kol Ao ys O (g5l
S V0 Gao polie b Calbes Slae pr e 5 52
30558 550 o 53 p S S 53 S 3T S


http://dx.doi.org/10.71901/jad-2025-4-877
https://aqudev.liau.ac.ir/article-1-877-en.html

[ Downloaded from aqudev.liau.ac.ir on 2026-01-29 ]

[ DOI: 10.71901/jad-2025-4-877 |

\F. ¥ C)\:mﬁjcr)l@a-OJwarkbj}JJbaL;)}j;L;}:ij4._:‘}.5.\3 AY

R Lg)\bi.@.{? "‘Jfgsﬁl""' a5 =Y gles

33 e Oy By ol LSJ\KoJWJLsJQM

uLSuSU 6YTJJ§ dﬁb ,JY Qv\;ﬁ (5‘,: ol AJJAJQ 6':'1\").‘- ‘_;Lha}g- 2\ d).ab-
Table 1: Experimental diets formulated for feeding rainbow trout larvae

Diet components
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Corn gluten
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Vitamin supplement

Mineral supplement

36%
22.5%
12%
18%
4.25%
4.25%
1.5%
1.5%
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Table 2: Sequence of primers used

Primer name Primer specifications Primer Junction
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Table 3: Two-way analysis of variance from the interaction effect of soybean flour and enzyme on gene
expression parameters in rainbow trout

Factors Soybean meal Enzyme Soybean meal x enzyme
interaction
Ghrelin hormone gene *P<0.006 *+P>0.008 P>0.862*
expression
Growth hormone gene *%P<0.007 «P>0.007 #P>0.345
expression

Ols g Cv\;)p>~/~a 75 Gl gma) p<e/ 0™

FO Ll 4 e SIS 03 T S Y 500
sy Ol ol gme il Bl ﬁ;T O3l Ao s
w5 (.Jf\/aj\ Gol sl o bl (p<1/40)
03 (/0 0) AL Gyls g Dol rjfjl:f 33
sl 53 05 53 ) Ok Ol 3T s ool
Ll (@<+/20) 555 L s oo y5 FO I iy Ay YY/O
FO ol s 53 p SIS 53 T e 8 Y 0355
23 Al Ol a1y 05 55 0l Oby Sl 5 b g Ao s
Lide 35 0 5T 09k b g Lo 3 YY/O (g5l 5las

() JK2) (p>+/40)

ol ol
Y AS 55 IS 5 A, Ose)8 05 Ol alis
St 4 S 845 et 3 0LS 585, VT olale
050l P<2/10) 59 2aS (gyl5 gxe 5k 4 S22.5
gl 53 p S S 53 p S Y6 T 0oL o 8
53 D<) AL Rl L YYD Kl
w2 AT e SY 500 03553l ¢ Kl Aoy FO o
w31 Osd Loys FO LS 4 Sod 0SS
05 Ol (p<e/eB) sls Ol (Gols gme Rl B
eSS 53 e Y b 5T 0oyl L ds; Depsn
Sl Rl L YV Sl w3 oy

N 03350 e Rl o s> ¥ e 3 ((p<i/0)


http://dx.doi.org/10.71901/jad-2025-4-877
https://aqudev.liau.ac.ir/article-1-877-en.html

[ Downloaded from aqudev.liau.ac.ir on 2026-01-29 ]

[ DOI: 10.71901/jad-2025-4-877 |

VFoF Ol c(ajlga- oyl chuj)JJLwchJ)J.;LgJ'{TWj @ s

I~ 9.00
:_/_; 3.00
g 4
% 7
g’ 6.00
=11
v 500
=
E 400
= 3.00
E 2o
~ 100
0.00
9.00
S
:-5: 3.00
S 7.00
5
5 6.00
5
2n 5.00
-
= 4.00
E
Z 3.00
= 200
B
=
= 100
0.00

Liver
f
e
d
|
1.00 2.00 3.00 4.00
Liver
g
f
e
q I
1.00 2.00 3.00 4.00

%4

C
b b
g l I
5.00 6.00 7.00 3.00
d
abc <
; I I
5.00 6.00 7.00 3.00

2 AT Hsm 5 b 3T Caliten 5o Lo 40 0S5, GYTUF ale 5,¥ 53 48 535 5 4s) 50558 05 0L (SDE) ke ) S

(p>'/'b)Mb@uuqbé)‘bamrdﬁﬁumg}}fﬁb)Tﬂ)}bsl{;‘:‘

Figure 1: Average (SD+) expression of growth hormone and liver ghrelin genes in rainbow trout larvae fed with different
levels of soybean meal and multienzyme at the end of the experimental period. Similar letters indicate non-significance
(»<0.05). Treatment 1: S22.5; Treatment 2: S22.5E1; Treatment 3: S22.5E1.5; Treatment 4; S22.5E2; Treatment 5: S45;
Treatment 6: S45E1; Treatment 7: S45E1.5; Treatment 8: S45E2. S: Soy percentage; E: Grams of enzyme.
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Figure 1: Average (SD+) expression of growth hormone and stomach ghrelin genes in rainbow trout larvae fed
with different levels of soybean meal and multienzyme at the end of the experimental period. Similar letters
indicate non-significance (p<0.05). Treatment 1: S22.5; Treatment 2: S22.5El; Treatment 3: S22.5El1.5;
Treatment 4; S22.5E2; Treatment 5: S45; Treatment 6: S45E1; Treatment 7: S45E1.5; Treatment 8: S45E2. S:

Soy percentage; E: Grams of enzyme.
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