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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
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Table 1: Experimental diets formulated for feeding rainbow trout larvae

Diet components

Soybean 22.5%  Soybean 44.5%

Fish powder
Soybean meal
Corn gluten
Wheat flour
Fish oil
Soybean oil
Vitamin supplement

Mineral supplement

36%
22.5%
12%
18%
4.25%
4.25%
1.5%
1.5%

Protein 42.65+0.5% 41.26+0.42%
Fat 30.92+0.13% 31.2940.67%
Ash 10.99+0.15% 9.76+0.84%
Carbohydrates 15.35+0.26% 17.49+£0.49%
Hut) B S, «(units/kg1.2 S smliT JoSe Olge 43S 5T Ao

PC ) b W5, 5 (units/kgl.000.000
Bedford and Classen, ) 4ib . (units/kg100.000
L8l asls] e A Sl 4t el (1992
OA 5 W A Slel) adey ¥ s assST e
&y A= 55 5 (Mortazavi Tabrizi et al., 2012)
5 Vb 03 S m ol ) glite 4 w5 8 el (g8l
SLOly 03 505w Jos aljyy glie ladiban

el s

Ghrelin § GH (B3 (omd Oy (S o5 0 510!
RNA Z! Sl § (810 pdiged

S5 o o BalesD) Gl Ol gz sshie &
Lo (08 8 b b 5 (5555188 pske Kl
A el il 55 (0 8) Wgsl 5 (GH) wiy b

05,5 bl Hohte 4 5 b g () sl &S S
s od bakien T L 58 0 5T Hn ¢ JoSa Lo
03l by s 5 (6 ] (w3 s 5k 4 ST 2 (055
3 ol sl S s s ms s Ol KT ey,
& 0¥ 8 3T OOl el by G0
sles 4 iale)T DU sl oS S oS Sl ST
o 0SS il 4 Ol ST iy, 55 aals
Mortazavi ) w5 8 sl NP JoSa 05
(Tabrizi et al., 2012
Flp ) 5L Jols 508" 5T 50 oS 5 15!
«(Cu units/kg75.000) ;Y c(units/kg75.000
Nsho or «(BG  units/kg20.000) ;LS 8k
SKB ) 2,6 Sl «(Heu units/kg20.000)
Anson ) s, JSIT  (units/kg30.000


http://dx.doi.org/10.71901/jad-2025-4-877
https://aqudev.lahijan.iau.ir/article-1-877-fa.html

[ Downloaded from aqudev.lahijan.iau.ir on 2026-02-18 ]

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

AY

w93 2L Jgle 5 il W‘f'@d)ﬂ-ﬁ
—did S Aoy VO J bl 1 e ) Hldie 5l
Glos 53 5 di Lol o5 S 4 RNA ol 0
BTTR ) ERTISYISTOVETY. SRV K G- PRSP 5
4 RNA > o bl 55 . Wds Jea mle adds s
boss € 3 S & fileae &0, ddo Sl 50
sl b ase; Hs boss Jsbl s Al e
s A 4 Lds St Yl s 5 > RNA
opp e s b Bl s OT 2l S 00 ldis
oslital Oloj U 5 L Jazs o § Sl a3 —A
53 CDNA i s RNA bS5 CaaS fpond g

(Awad et al., 2015) Kus 5,1ugSS 55 5

oud zl il RNA & 9 o5 203
JJ}AGJ}G&;&;)“;@OMCI;M\RNA
oBas 51 ST 5o g € 3515 LS
oS i g 5 1Y 58T U5 5 5,5 S0

(Safari et al., 2016) A& sslizul e g5 1 o&ws

cDNA 30w
CDNA jiw Koo s 1 oslizul L cDNA i
b oGilas 5 oS )piS o pame ol Cir IS8
S RNA 235 8o 0 e s plosl Jonll) s
ST s Ko oK elyen 4 5 ok o3leT 33
Al STy s Sl L sl o S
e ey s Sea Ve 4 GUS 5 51 60le)
a1 8 e a3 70 los 53 ol Sk 6,
s e g (554 5 b Ol 5SS 4B ) Sk

~ 5 s mFT Gsl s s S Ve e

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

ssb 4 (Al # ks ) b ankd Y sl &SSU
 oslas 55 058 g Cer s v il
wFHE 0 (aln eSS
A4S b e (Mohammadi and Khara, 2015)
= ol 8 5 sl s Js.b,wﬂ@;,um,
bl Jlasl Sl eSS a4 dob 5 3 8 15 s
G435 At 55 53 RNA #l el 0l b b ss

Ls 5,14 51 8 sl

RNA £ il
Joipl oS in ool bwg RNA £ 5
Solrs 53 5 s Ol 3 53 ek g o pla
Sl lad s 01533 B Lk 0 587 ShelS” e
U Al e el TS ) asa
Voo olie (sd 6, S e sl oddosd
i b el Slop s 4 e S 3L 31 0 8 e
LOT & dojpb Alde V lae © 5 Lds Jaze
OUT by j3 5 4l VO D 4 lao 55 .S LSl
SIS 483 10 Do &y e 5 Lk oSS
Bl s 4 p s IS g Soe Yoo litie i
095 bl ss s oS T S0 s 5 Al
Foobes jo 9 ands 10 oo 4 4dds 5 595 VYoo
@9y Jske Ldd b Sl 318 Sl e
Lt bl SO 4 s b sl s
A G s 53 see e oIl 4 s i
lod )3 s Y Do 4 &5 5w I lg g ) dgloes
Li L5l sy odd w5l S slu amys —Ye
BETERARER ))JL:J‘;LS:.;LW a0 F s js

Q55 o Bk 58 g0 Sl 4355 V0 Soe 4 4l


http://dx.doi.org/10.71901/jad-2025-4-877
https://aqudev.lahijan.iau.ir/article-1-877-fa.html

[ Downloaded from aqudev.lahijan.iau.ir on 2026-02-18 ]

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

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

5T A S Y T S VA b
Sy ge oki G35 CDNA 25 a0 5 510 S5
S olabl skt 4 (ads S Vo olg pn) 3 5
sl ble Real Time PCR Ll b 05 pang Ll 3
BIQVAKEREFRR VA A V/- RN VA SRR VAR BY S0
Lo g Calises sbsjlas 1 b lies CDNA (glad 4ol
Lk 2S5 STF 55 uijhy g ota ST 55 b g

.(Ramakers et al., 2003)

A¥

3 00 gles s Ll i wlsl OT 4 Ly S
Slw 4o Ve (gles g aass> & Q.\.«a\g)a\;sﬁb
OSSR ENNL PRI S [ S POV 1
Lgl.ab 4 j".:bjg:.a Y. r.>=>- 4 cDNA L;_gb— d}lm
Safari ef al., ) s Jaze 3,8 Sl 4y —Ar

2016

Real Time PCR
A e Ve Sl eslizal HISSF Sl LS e gl
Vs ek i ST 2l e ) n 8 b L

5 e Gl @l edigy g ST 2l S

o oslizal gla ST JIg¥ Jyu

Table 2: Sequence of primers used
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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
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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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