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Article Info ABSTRACT
Article type: Background and Objectives: Replacing fish meal with vegetable proteins
Full Length Research Paper  has problems such as the quality and amount of protein in vegetable
sources and is inferior to fish meal, but vegetable proteins are preferred
i ) over fish meal due to their low price and easy preparation, and their
Article history: . . . . L
Received: 04.21.2024 reasgnable price al_lows grain processing. To increase th(_e nu_trltlonal value
Revised: 05.16.2024 of fish. Commercial enzymes are specifically a combination of several
Accepted: 05.20.2024 different enzymes that are effective on different types of food components.
The purpose of this research is to investigate the different percentages of
combo enzyme in diets containing different amounts of soy and its effects

Keywords: on the growth, immune and antioxidant factors of blood and the chemical
Carcass composition, composition of salmon fry carcass.
Enzyme,

Immune indices,
Liver enzymes,
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 (S45); 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. Carcass chemical composition, liver enzymes and
blood serum immune factors of rainbow trout were measured.

Results: The parameters of final weight, final length, body weight gain,
body length increase, body weight gain percentage and daily weight gain in
treatment four showed the highest value compared to other treatments
significantly (P<0.05). The amount of carcass protein in S22.5E2 treatment
and S45E1.5 treatment showed the highest amount compared to other
treatments (P<0.05). The highest amount of complement activity in
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S22.5E2 treatment (with 155.61 mg/dl) and the highest amount of
lysozyme enzyme in three treatments and S22.5E2 treatment (30.94 and
32.26 mg/ml, respectively) as Significance was observed (P<0.05). The
highest activity of ALT enzyme was observed in treatment three, ALP
enzyme in treatment S22.5E2, LDH enzyme in treatment one (P<0.05).

Conclusion: The results of the present study showed that optimal growth
performance and feed efficiency were obtained in the diet containing
Combo enzyme complex at high levels of fish meal with 2 grams of
Combo enzyme supplement (Treatment S22.52E). The highest amount of
lysozyme enzyme was observed in amounts of 1.5 and 2 g/kg of Combo
enzyme. Different percentages of combo enzyme supplements led to
significant differences in the activity of serum alanine aminotransferase
(ALT), alkaline phosphatase (ALP), aspartate aminotransferase (AST) and
lactate dehydrogenase (LDH) enzymes. Therefore, it is suggested to use 2
grams of Combo multi-enzyme to increase the percentage of soybean
replacement in the diet of rainbow trout.
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Table 1. Experimental diets formulated for feeding rainbow trout larvae.

(Soybean 45%) .o ;5 £0 L s

(Soybean 22.5%) 15,5 YY/0 L s

(Percentage) Ao ,»

(Percentage) L ,»

(Diet components) o ;.o <l 5>

20 36 (Fish meal) b s,

45 225 (Soy meal) L s ds

18 12 (Corn gluten) &3 -5 48

55 18 (Wheat flour) (”“‘f s,

4.25 4.25 (Fish 0il) _abe 25,

4.25 4.25 (Soybean 0il) L s o5 5,

15 1.5 (Vitamin supplement) by oSe

15 15 (Mineral supplement) juass 1S
41.26+0.42 42.65+0.50 (Protein (%)) (/) ;55
31.29+0.67 30.92+0.13 (Lipid (%)) (1) 2~
9.76+0.84 10.99+0.15 (Ash (%)) (/) s>
17.4920.49 15.35:0.26 (Carbohydrate (%)) (/) =i, 5 5
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Table 2. Two-way analysis of variance resulting from the intraction effect of soybean flour and enzyme on
growth, survival, liver enzyme and immune parameters in rainbow trout.

STx L g 3,50 laze il ; b g 5,1

T:: inte;:tio)n ;};fectjc;f E i S;);)e;n s

soybean flour x enzyme nzyme flour Parameters
P>0.945" P>0124" P<0.001" (@) Final weight (»,$) e 055
P>0.122" P>0.154  P<0.007 (cm) Final length (e sl.) Ll sk
P>0.117 P>0179° P<0.005 (@) Weight gain (s ,5) 035 /53!
P>0.663" P>0581" P<0002" (cm) Length gain (e 5l) Jsb il
P>0.136" P>0099" P<0.004" (%) Body weight gain 0. 035 il 5l 4oy
P>0.237" P>0364° P<0004"  (@day™ Dailybody weight gain G5, s ¢ 8 1355 035 Sl5
P>0.341" P>0224" P<0009" Specific growth rate +5. 5 A%, & 5
P>0.855 P>0008" P>0112" %) Survival (1w,s) Sxlesl
P>0.097" P>0625  P<0.005" Food conversion ratio i Las s ,»
P>0.166" P>0201" P<0.006" Protein efficiency .55, LS 5
P>0.163" P<0002” P>0624" (%) Dry weight (1o ,3) Six 05
P>0234" P<0004" P>0362" (%) Lipid (1w,3)
P>0927" P<0008" P>0425 (%) Protein (1s,s) (552
P>0.164" P>0398  P>0222 %) Ash (4w 3) oS
P>0.302" P>0793° P>0.210" (%) Carbohydrate (4w ,3) &l s S
P>0.402" P<0004" P>0.148 (mg dI™) IMMUNoglobin (= ows 5 ¢S ) (e slS 5o
P>0.284" P<0001" P>0337 (mg dI™") Complement () sy o5 o) OlaloS
P>0.793" P<0004” P>0425 (mg mI™) Lysozyme (d s ¢S5 o) 53
P>0.174" P>0099 P<0008" (il 5 sial 5N ALT (IU/L)
P>0562" P>0.189" P<0.004" (SLB 5blvs) ALP (lu/L)
P>0529 P>0429° P<0.004 Gyl 5 yel l5,Lul) AST (IU/L)
P>0.298" P>0785  P<0.001" (3655, <sY) LDH (Iu/L)

Olsinn pde) P<e/20 " 5 (Ol ine) P<eye0 ™
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a5y Ol (P<e/v0) sls QLA 1, (6 5VL
S 45S15E les 5 22.5S2E L s
(P<+/00) Ksls 0L bajles o 4 S | i
g oekd Bl mpl (VU s Shee sdasil S
Sloys 100 oSl g 3 e S Ve i
Uge 25 V5 ale Y e 3 Lse )
Coli bl sl e s Shdkas S

(& Jsa) (P<e/00) slos olés s 3, (_;)bdxu

Vidp b a2¥ olend olS 5 ¢ Jsas

das e Ol bhsn calse Lls s
22.5S Jlas 53 oo 4 bae plie o SV
Aol Cwwsey 225S15E L5 5 22.5S1E L
2 AYL 228815 sy opl 5o aS (P<e/v0)
Ol s Sl bjles ple Ol 53 1 o e
St O3 ol 3 s pme sl (P<a/v0) sl
As edaline 45S2E L s 2N puss

Jldde (Jals) 22.5S jls 4 s S (P<+/v0)

(a3l OLL 53 g8 T g0 5 b 35T s sl b odd 0085 LS K5 VTP 43 OS5 - Jpus

Table 4. Compositions of rainbow trout carcasses fed with different levels of soybean meal and combo
multi-enzyme at the end of the experiment.

(hoys) Shda S (Ao)s) xS (dos) iy

(.Lﬁ).)) =S

(Ao 3) o= 038

bl gl
(%) Carbohydrate (%) Ash (%) Protein (%) Lipid (%) Dry weight Experimental Treatments

2.65+0.94% 7.2020.59° 59.10£0.68%  28.1620.98" 30.29+0.60° 2258 Jles
2.39+0.09® 6.77+0.70° 60.98+0.24"  26.96+0.09% 30.77+0.16™ 22.581E s
1.92+0.13% 4.8620.70°  61.55+0.43"  28.7620.14° 31.18+0.31° 22.581.5E jles
2.28+0.64% 6.7140.63°  62.56+0.12°  25.5620.14" 31.99+0.39° 22.582E L5
4.87+0.98" 7.3120.60° 61.16+0.18"  23.88+0.68" 32.04+0.36° 458 Lo
3.64+0.37® 8.06+0.83° 61.11+0.18"  24.16+0.37™ 32.66+0.04% 4581E L
2.700.18™ 7.330.25" 63.13+0.30°  23.56+1.50™ 33.20+0.40% 4551.5E L5
2.84+0.61° 10.08+0.72°  61.33x0.86™  22.81+1.24° 33.61+0.30° 4582E L

¥ sl 225S81E g s 2255 1Sl (P<e/v0) was e OLE 1, gyl e ple wlie Gy L oOge o e Lol

A5S2E 1ot Jlag 4BSLEE iids Lo 45S1E 1 22 s 458 iy Lo 22.552E 1l s 22.5S1.5E

2 el sl s (ald) 2288 L 4
S Sygess ol Ol Sl 50wl 4588 s
oS sl Slade o VL 22882 jles s
03 5 (P<e/h0) i sdalive gyl jxe O soas
Sl o) 45S2E jLos 5 45S15E L
L(ﬁﬂf}fr 30 Lol yan b yon 350 51 (ss s 0
(Aals) 2258 [las 5l g 65 ,Shas (s slS sl

(0 J}.\}) s

A3

Sles 53 w35 v%.}j 3 Olekes’ e Ol

Lsls QL& 1 Llide o 50S 45S51E L 5 45S
CIl die gt S s (0 i)
mﬂ Slads o VL 5 22.582E les s oldeS
22552E L5 5 225S15E Ll 5> sy
CJJM (P<e/v0) ws sdalin ol sae &y goa
YU ohen doys 80 w3 Lyw 351 3Kl
Ao by aln g2 Shas odarilid paS w5l p S
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Table 5. Immune parameters of rainbow trout fed with different levels of soy flour and combo multi-enzyme
at the end of the experiment.

G S he) minsd (s e S ko) OldiS Gl 2 05 het) L slS sl ialesl slaleg
(mg ml™) Lysozyme (mg dI™) Complement (mg dI™") Immunoglobin Experimental Treatments

19.46+0.55° 110.09+0.78° 19.05+0.84" 22.55 L5
26.08+0.56° 139.01+1.08° 23.91+0.27° 22.581E s
30.94+0.55° 142.06+2.26° 37.3421.13° 22.5515E L
32.26%0.29° 155.61+1.02f 40.35+1.03f 22.582E Lo
16.14+0.36° 96.10+0.67 15.05+0.24° 458 jles
17.00+0.05 97.89+0.34° 18.52+0.64" 4581E L
22.47+1.72° 100.93+0.21° 21.03+1.02° 4581.5E L5
22.79+0.09° 108.74%1.25° 22.01+0.77° 4582E L.

22.5S1.5E ¥ L5 22.5S1E 55 ;L 22.5S (& Sl (P<+/v0) Las e oL d)\)&m ple wlie Gy L Ogtw ;o 55 baesls
45S2E :cis 5l 45S1.5E icin leg 45SIE : i jles 45S T Dl 22.582E g ks

el (P<r0) asedalie s pae O pon
5L 2255 las s (LDH) 5035,008s obsY

2 0SS, GVIp sl suS gla sl

oIl IS sba .l sl esls 0L N g
r—.’.jibd_}“"k L.’.j“" J)T Sty to L5"'-’-f<i"> c‘ﬂod
Slapm sl Jldde 2alS (Cikoe pslie 53) S
sbasles 5 (ald) 2258 [l @ cuns ) g4AS

Sl o @ Cand Jlopme D son 1) Sl
Skl w51 lad Ol (P<r/20) 5ls 0L 5
S 225S1E L s (AST) 5lails sl
) s sine sl 22.552E les 5 22.551.5E
Sy P</v0) dslis 0lis s 51 a0

Bly olis b 5,0 wﬁb— Aoy YY/0 gl
B{FI % SO R | EPUSH RGN PERSRT AR NP
(VU dsas) (P<a/v0) wisls olis 355 5l Ll e e o 5 et (P<o/v0) s saalin

225S2E Jls s (ALP) U5 Sblis o3

(3T DL 53 g8 T A sn 5 b 3,1 Cilien - sl b 0dd 4385 LS 0K, VTP S slap 5T -1 Jsus
Table 6. Liver enzymes of rainbow trout fed with different levels of soy flour and combo multi-enzyme at the
end of the experiment.

LDH(Iu/L) AST(Iu/L) ALP(lu/L) ALT(lu/L) bl lasleg
GUsasdens D) Gl gl ST (G5B Gl sl oD Eyparimental Treatments

523.87+3.18° 325.3545.87° 670.30+2.59° 19.06+0.57° 22.5S [l
511.42+2.25° 330.03+5.88™ 690.34+1.23¢ 18.39+0.48° 22.581E L3
499.76+4.29° 334.7145.87% 701.48+1.46° 24.25+0.84° 22.551.5E ;L
488.89+3.04%® 339.39+4.78° 728.51+2.72f 19.59+0.77° 22.552E [l
498.55+2.71° 303.61+2.93° 632.53+4.08° 13.26+0.55 45S L
484.00+1.92° 305.66+1.78° 644.96+2.65° 13.60+0.07° 45S1E L
495.24+2.17™ 307.42+2.52° 640.06+1.62° 16.68+0.29" 45S1.5E L3
486.89+1.09° 308.89+1.87° 639.52+1.49° 14.50+0.31° 45S2E L3

225SL5E X L3 22.551E 135 s 2255 10 et (P<+/+0) tws o OIS |y (ol imn o allie oy m b e a3 Laesls
45S2E 1o is o A5SLEE s Jlag ¥BSIE @ 5 L5 458 iy Jles 22,582 :lex o

Yo



YEe L LU oF olond V€ 2593 (U T 595 9 (55109030 A1 gl

4 S b ats p3g b ple 05, L el
LA Lal Sled b anas o LS Slabs
oslizal 5 055 il g 5 LB jsba (Lsg el
S8 s Sas Lol ola |y el 5,
deS Loy YV esliad a5 Wsls OLaS (Y4)
5 b S ol sl L ol o Ly
Al FCR ials 5 055 (i3l del Sl ,
S s b oamlie s bl sl Vi
A e 55 5l O35l E ale os gl
GVUS ol 5 035 SRl sl Sl
0 OLKes 5 an S (7)) 550 OS5,
Lo bgls doys v/00 chle s 1, 2als ol
S 135 edalie FCR V35 S b e 5]
sdalin LSS, $VIU5 ol s SGR s
dog > Shee oS 5l 0L ol aallae mls s
3l SaS (5ol 0 53 SlypE o33l 5 A
Y B0 Lol en Al sag Vb sk 55 S
boang ol el sty oS sl JaSe o S
() LS aba S sy xS oldlas
C. batra-chus x  (rY) P. pangasius
O. niloticus x O. aureus (vv) C. gariepinus
S syl ciles (Y4) LSS5, VI3 5 (78)
Aiy 3 S e 53 ool a1 5 eslinad
O b ghe Glapm 3l sls ol Sl
el o 51 ale 350 35T W5 eSS 6l
St S W3S g el ol B s g )
bl ope Glp bl 5 s els S
5 okl (YO XE) 55 el o 2
5 V0) skd ass3l &S 53 slgds (M) 0K
2o S 53 (5SS xS ke Vo
bl xS B sbe Al . DDGS
Jo WO laaze 5o 1) Sl Sl eslawal 5 A,

Lol gl fiass iz s (O, niloticus)

A

ol ladeul 4 w3l wsbe e el se
Pl 5 s SlB (e slae s LSS
ARl > il e (ALS (slaenss 5l o sline
(1) 2l DS 3 oale 35 b LS slanis
Obale o310l 5 s ol s asle alse oo e
Slhitan sl M sb s 059
5 ol @) (T8) UK 5 ale Ly b LS
(Vo) OLen 5 e andllas L3 ((VYAL O, Sen
o sl b ST e e s dd) Ol
2356 pf /0 s> (Salmo trutta caspinus)
(ol JoS) o oo 057070 5 (oo 5T JoSo)
Aol oemer s ol Ol 1y e o YL
NS IR VS RSP RPN Cpy TR W g
V0 pslde 53 0% g Ady ol 3l LAl sdalin o o
L odalie o 53 3aS w5l 0 SIS 520 SY
35 el bl ol Sl eslinal das s Olis &S
5 b3 anlllae b llas S S o0 Joe 5 S5 A,
SYidp b o Lol (V) el oL
S5, sl wrl ®AViZYME L1 0Ls 1S,
S Wsls OlES 5 L5 S (ile foKe el 5 3L
L s bbb Kls e il dir Sl eslinad
4 deg a3l e 53 L e GG 2alS
coslaal sdias | S35

BERE) ;Sb)} )‘ vl L;ibls L-'L:") B g;‘@}}:g}"u

o o5 T 20
(YD) Gl ods 55158 (gdae slge O350 o jid
835581 el o8 Lsls 0L (V) 055 5 sdle
GUS f8-l (=06 5015 s s-) Farmazyme
GV shor o o )B SUS Sl M-l U s sy
o g3 ke S s Gl s ke
s L ey s Ske s LB
ol S L s S (YA) 0Las 5 UL s
4,4z (Oreochromis niloticus L.) [ LS

s e



Oy o g (63580 (38 Igad [ un Swdy GBS 5 gneS oy 351 o Zobaws b

ol B e o VB Olale |3 anm o
A s adN oo ealS 5 asY 5 Ol
S eslizad &5 Wsls L3058 (87) ol as 5 sl
Lol pon 2 53 fﬁ&w Voo lhde 4 ol 5l
&Yid ;3 sl s Lo 51 Aoy Yo
Y G s e Ol R e DS 55,
Tl & Sl San N 85 sl L1
5 ean Ol e s 508wyl el 5L
(EE) 55l enls S 035, 43 s olge ol
Slyme Libe Ok sl 5o s (S5 sbay
Mol cotli s Sl b ly o o 5 s p
Coline A3 5 L baamaale 53 (G5lwe ;253 Ol s
(80) wal ko s
SR EICU P L W P G Ch A ST N
Lol Sl sl cansy b el a5 5l Lapl!
Sab Al gl laplll (8V £ el L
o, (EA) e i ol slad sl
ool 5 6 (3l 50 ol a3l s>
S SS el s e plil 1) (o500 sdke Sl s
E) OliJ'.J Codles b gl (60 58 s, Sl
Beoler Jolse ol o3 Lol cuslis il
Olsee ialsl 53 ol sla JaSe L(69) il e
la o il 4 Coglin 53 5 Lpls A8 ol e
o (00) daes Ak Bl Jlse s
sl B e 5 ol gl S Olge
Sl 15 S ade gl )3 Olyle e 5 OB e o
05 pre 0 58 el Olge 5 XS o S 13 or s
ol axdlls 5 (0)) S e g Rl Cud o
S c—:)j DMie SRl b i el sl
Y 500 slie s s sl 0L ) ools e il
il Sl W S ol SHLS s o S
DSan 5 Slalllae L oS A2 sdalie 33

v

L3 6 45 das e 0L (Lo 5 (2358 slaarr
4 ) LOT 5 05 4l s g o5l 415
4 Ol ey (e b o) g 5 (0 055
ol adlas s TV XE) ol e 55 bs JuSe
AL oEs g GDE 5 2l bAS s
Ssosba sls QLIS 1y (ol pmn il w5l lde
Loe ("A) 0L 5 rlo sl asdllas s
TR ISR N IESPNS RSP
s Jelse ol e e (s n Olabe
V) OLes 5 (o3ld 5y ol adllas L osen
SVIU3 0 53 deo 3 YA B Ly 5,1 Ol il
ol JoSa e 8 03 p S e Veee 0oy
L Salsl 5 Ly s i 36 os (ﬁlj-iji
ol cillas Sl anlllas S L aS disls 55158
B) g8 sl ol JoSe ol addllas o

Loys YY/O Loelen 0 S5LS 55 05 V0 o
GFan Sl S RB Hsba (Lo dlns
ol sl sl 0SS, VI3 sl a2Y
S s b edd 40 Jsens 558 b il
oy 3 AW s gl ®Immunogen
Wer 5 sleks Kos (s 31 (FD) Wnp a2
S Ly S () OLes 5 S5 (84)
e 00 s, e MOS L s S
Sl WG 5 0SS, VIds el
=3I (Oreochromis niloticus x O. aureus)
0SS ol andllas 55 (Jl-pl Lol
N Clhdags S i s 1 gl pme Ol i
s S o sl ol YidB sl
5 eyl g ol O, ®Immunogen
5w O o osh s b (1Y) olKes

(F) il Jsems 558 ale js ad¥ S oo

N bl el eSe e JHll s



YEe L LU oF olond V€ 2593 (U T 595 9 (55109030 A1 gl

SALT L;Laﬁ;ﬂ Ol jes 45 il 55 5 5 g omnss
Loy Lol Ol 1y b gme sl AST
las 3 S = s cib Ol ol aallas
SIS L baw Tl () OLSGr 5 33
adlas b gean 5 Wsls OLES 1, (gols pme sl
slaysst bess P sta(..g}ﬂ Sy ol
O Jls Olgeas dls I3 e 5 G545 58
Sosp 5 Sslize olde glae - ‘%j sl ( ale
A L0l 5 e Sl BT Ol 53

(OA) Lo

S 5 o

g 3 Shae o ol LS 5l asllls GL\;
m-j oSS sl oy 3 Sl enil s Ay
6; Y Lo e‘ﬂ ‘;ﬁLﬁ )Jﬁ: d‘yb C}.}aw DL ‘9.~QS
oS Y 50 slia 55 s sl e o SV
Sldo,s i edalis saS w3l SAS s
Sl sl 4 e seS wpl JaSl cilis
(ALP) L sblaws (ALT) el 5 sl
oSN 5 (AST)  lawls gl bl
Shoeslaad cpl s s S (LDH)  5U55,00ms
Loss Gl g 0 ST Oljn 4 peS o s
OS5 VI ol oy 3 Lsw oSl

2 g gty

1.FAO. (2023). The state of world
aquaculture. Updated 2023. Available
from: www.fao.org.

2.Palmegiano, G. B., Dapra, F., Forneris,
G., Gai, F., Gasco., L., Guo, K., eiretti,
P.G., Sicuro, B., & Zoccarato, I. (2006).
Rice protein concentrate meal as a

YA

Sols cillas (V) OlLes 5 L5 08,50 5 (0))
il 5 Al aallae 3 S n 03538
o atin ¥ Sdews Vid3 Al o 4 (OV)
s VIJ3 Olabear 53 pisnd il RIB
Sl 536 a5 W2l o IgM Olale 3 1T (s g
sl Lol glads BT ol 3 1) olanst] el
5 Ot Olaboamy 53 5eS sl (0F) as
e Bl can (08) sUzal Olaleans
5 UMY oS gal olie 5 ol ol (s
osba 055 e 50 L OS5 s
ol addlas o boaS sy Il e 5 LB
Sl Slssea
23 b b g Gl il ok
508 ! oS il Glads s Lol en ale
23 slgme Sl sl 4 e Sl andlles o
Sl gl oV e ol
sl oLl (ALP) U5 stlews (ALT)
(LDH) U35 4 oSy 5 (AST) el
o 03 Ly Mo (R L S sbay o S
sl OLES 1y uls ome ialS el 5L (gla, 48
53 b VU sl gl 3G sy 15 e oS
Sl ST Al AS Sl 5 S g
or 2 e Sl e A8 gl el
5 o andlae 55 .(00) Ll o Olale ol Cons
e o 3 bse 351 il 1 (07) O Sen
(Paralichthys olivaceus) .l sl S

potential ingredient in practical diets for
rainbow trout (Oncorhynchus mykiss),
Aquaculture, 258, 357-367.

3.Sampath, W. W. H. A., Rathnayake,
R. M. D. S., & Yang, M. (2020). Roles of
dietary taurine in fish nutrition. Marine
Life Science Technology, 2, 360-375.


http://www.fao.org/

Oy o g (63580 (38 Igad [ un Swdy GBS 5 gneS oy 351 o Zobaws b

4.Hardy, R. W., & Tacon, A. G. J. (2002).
Fish meal-historical uses, production
trends and future outlook for sustainable
supplies. Pages 311-325 in Stickney
R.R., and J.P.McVey, eds. Sustainable
Aquaculture. CABI Publishing Co,
Oxford, United Kingdom.

5.Esfandiari, M. (2011). Effects of phytase
and alternative sources of vegetable
protein (Pvdrsvya and corn gluten)
instead of fish meal on growth, survival,
carcass quality and blood biochemical
parameters Kutum (Rutilus frisii kutum).
M.Sc. Thesis. Gorgan University of
Agricultural ~ Sciences &  Natural
Resources. 12-13.

6.Mabahinzireki, G. B., Dabrowski, K.,
Lee, K. J., El-Saidy, D., & Wisner, E. R.
(2001). Growth, fed utilization and body
composition of tilapia (Oreochromis)
fed with cottonseed meal-based diets in
a recirculating system, Aquaculture
Nutrition, 7, 189-200.

7.Ghobadi, S. H.., Matinfar, A., Nezami,
Sh. A., & Soltani, M. (2009). Influence
of supplementary enzymes Avizyme on
fish meal replacement by soy bean meal
and its effects on growth performance
and survival rate of rainbow trout
(Oncorhynchus mykiss), Iranian Scientific
Fisheries Journal, 3(2), 11-22. [In Persian]

8.Schaible, P. J. (1970). Anatomy and
physiology. P 71-90. In: Poultry: Feeds
and Nutrition. P. J. Schaible, ed. The
Avi Publishing Company, Inc., Westport,
Connecticut. Science. 13, 317-348.

9.Ritz, C. W., Hulet, R. M., Self, B. B., &
Denbow, D. M. (1995). Growth and
intestinal morphology of male turkeys as
influenced by dietary supplementation
of amylase and xylanase, Poultury
Sciences, 74, 1329-1334.

10.Ravindran, V., & Son, J. H. (2011).
Feed enzyme technology: present
status and future developments, Recent
patents on food, nutrition and
agriculture, 3(2), 102-109.

11.Santos, J., Ferket, P. R., Grime, J. L.,
& Edens, F. W. (2004). Dietary

supplementation of endoxylanase and
phospholipase for turkeys fed wheat-
based rations, International Journal of
Poultery, 3, 20-32.

12.Nobakht, A., Mahini, F., & Khodaei, S.
(2012). The Effects of Using Three
Commercial Enzyme on Performance
and Carcass Traits of Broiler Chickens
Fed Wheat - Barley- Soy Based Diets,
Iranian Journal of Animal Science
Research, 4(1), 32-38. [In Persian]

13.Bazarganpour, K., Rahimi Bashar,
M. R., & Zamini, A. A. (2017). Effect of
different levels of multi-enzyme combo
on blood parameters and immunity
factors in fingerlings of Kutum (Rutilus
kutum), Marine biology, 9 (3), 13-22.
[In Persian]

14.Mortazavi Tabrizi, S. J., Nejati, M.,
Notash, S. H., & Mirzaii, H. (2012).
Study of effect several levels of multi-
enzyme on performance parameters
and survival rate in rainbow trout
(Oncorhyncus  mykiss),  Veterinary
Clinical Pathology, 5(1), 1103-1110.

15.Bedford, M. R., & Classen, H. L.
(1992). Reduction of intestinal viscosity
through manipulation of dietary rye and
pentosanase concentration is effected
through changes in the carbohydrate
composition of the intestinal aqueous
phase and results in improved growth
rate and food conversion efficiency of
broiler chicks, The Journal of nutrition,
122(3), 560-569.

16.Safari, O. (2008). Study of effect of
phytic acid and phytase on feed intake,
growth, digestibility and trypsin activity
in rainbow trout (Oncorhynchus mykiss),
Journal of Research and
Constructiveness, 79, 27-35. [In Persian]

17Johnson, A. M., Rohlfs, E. M., &
Silverman, L. M. (1999). Proteins. In:
Burtis, C. A. and Ashwood, E. R.,
Editors. Tietz Textbook of Clinical
Chemistry. 3™ edition. Philadelphia:
W.B Saunders Company, 477-540.

18.Siwicki, A. K., & Anderson, D. P. (1993).
Nonspecific defense mechanisms assay



YEe L LU oF olond V€ 2593 (U T 595 9 (55109030 A1 gl

in fish: 1. Potential Killing activity of
neutrophils and macrophages, lysozyme
activity in serum and organs and total
immunoglobulin ~ level in  serum,
Fish DiseaseDiagnosis and Prevention
Methods Olsztyn, 1993, 105-12.
19.Brata, O. (1993). Veterinary Clinical
Immunology laboratory, Bar- Lab Inc,
2(3), 24-25.
20.Ellis, A., Stolen, J., Fletcher, T.,
Anderson, D., Robertson, B., & Van
Muiswinkel, W. (1990). Lysozyme
assay in technigues in fish immunology,
Technigue in fish Immunology.
21.Shahsavani, D., Mohri, M., & Kanani,
H. G. (2010). Determination of normal
values of some blood serum enzymes in
Acipenser  stellatus  Pallas.  Fish
physiology and biochemistry, 36, 39-43.
22.A0AC  (Association of  Official
Analytical Chemists). (1995). Official
methods of analysis of the Association

Official Analytical Chemists. 16th
edition.  AOAC, Inc.,, Arlington,
Virginia, USA.

23.Shafaeipour, A., Yavari, V., Falahatkar,
B., Maremmazi, J. G. H., & Gorjipour,
E. (2008). Effects of canola meal on

physiological and biochemical
parameters in rainbow trout
(Oncorhynchus mykiss), Aquaculture

Nutrition, 14, 110-119.

24.Taghizadeh, V., Imanpoor, M., Asadi,
R., Chamanara, V., & Sharbati, S.
(2011). Effects of plant proteins as food
on growth performance, carcass quality
and plasma biochemical parameters of
Beluga juvenile (Huso huso), Iranian
Scientific Fisheries Journal, 19(4), 33-42.
[In Persian]

25.Zamini, A., Kanani, H. G., Azam
Esmaeili, A., Ramezani, S., & Zoriezahra,
S. J. (2014). Effects of two dietary
exogenous multi-enzyme supplementation,
Natuzyme®  and beta-mannanase
(Hemicell®), on growth and blood
parameters of Caspian salmon (Salmo
trutta caspius), Comparative Clinical
Pathology, 23(1), 187-192.

26.Chen, G. F., Feng, L., Kuang, S. Y., Liu,
Y., Jiang, J., Hu, K., Jiang, W. D.,

o

Daskiran, M., & Teeter, R. G. (2001).
Effects of  dietary L-carnitine
(carniking®) supplementation on overall
performance and carcass char-acteristics
of seven-week-old broiler chickens,
Animal Science Research Report.
http://www.ansi.okstate.edu/research/
2001rr/ 35/35.htm.

28.Boonyaratpalin, M., Promkunthong, W.,
& Hunter, B. (2000). Effects of enzyme
pre-treatment on in vitro glucose
solubility of Asian plant by-products and
growth and digestibility of oil palm
expeller meal by Oreochromis niloticus
(Nile tilapia), Proceedings of the Third
European Symposium on Feed Enzymes,
86-92.

29.Farhangi, M., & Carter, C. G. (2007).
Effect of enzyme supplementation to
dehulled lupin-based diets on growth,
feed efficiency, nutrient di-gestibility
and carcass composition of rainbow
trout, Oncorhynchus mykiss (Walbaum),
Aquaculture Research, 38, 1274-1282

30.Karimi, K., Beigi Nassiri, M. T,
Mirzadeh, K., Ashayerizadeh, A,
Rodehutscord, M., & Pfeffer, E. (1995).
Effects of supplemental microbial
phytase on phosphorus digestibility
and utilization in rainbow trout
(Oncorhynchus mykiss), Water Science
& Technology, 31, 143-147.

31.Jackson, L. S., Li, M. H., & Robinson,
E. H. (1996) Use of microbial phytase in
channel catfish Ictalurus punctatus diets
to improve utilization of phytate
phosphorus, Journal of the World
Aquaculture Society, 27, 309-313.

32.Debnath, D., Pal, A. K., Sahu, N. P,
Jain, K. K., Yengkokpam, S. &
Mukherjee, S. C. (2005). Effect of
dietary microbial phytase supplementation
on growth and nutrient digestibility
of Pangasius pangasius (Hamilton)
fingerlings, Aquaculture  Research,
36, 180-187.

33.Giri, S. S., Sahoo, S. K., Sahu, A. K., &
Meher, P. K. (2003). Effect of dietary
protein level on growth, survival,
feed utilisation and body com-position



Oy o g (63580 (38 Igad [ un Swdy GBS 5 gneS oy 351 o Zobaws b

of hybrid Clarias catfish (Clarias
batrachus x Clarias gariepinus),
Animal Feed Sciences Technology,
104, 169-178.

34.Lin, S., Mai, K., & Tan, B. (2007).
Effects of  exogenous  enzyme
supplementation in diets on growth and
feed utilization in tilapia, Oreochromis
niloticus x O. aureus, Aquaculture
Research, 38, 1645-1653.

35.Zhou, Y,, Jiang, L. V. D., & Wang, T.
(2009).  Improved  energy-utilizing
efficiency by enzyme preparation
supplement in broiler diets with different
metabolizable energy levels, Poultry
Science, 88, 316-322.

36.Abo-State, H. A., Tahoun, A. M., &
Hamouda, Y. A. (2009). Effect of
adding commercial phytase to DDGS
based diets on the performance and feed
utilization of Nile tilapia (Oreochromis
niloticus) fingerlings, American-Eurasian
Journal Agriculture & Environmental
Science, 5(4), 550-555.

37.Bedford, M. R., & Inborr, J. (1993).
Effect of increasing the dietary concen-
trations of two xylanases on the
performance and intestinal vis-cosity of
broiler chickens fed diets based on
wheat and triticale, Proceedings of the
9th European Symposium on Poultry
Nutrition, 5-9, 485-4809.

38.Panahi Sahebi, H., Esmaeili Fereidouni,
A., Oraji, H., & Keramat Amirkolaei, A.
(2018). Influence of supplementary
Natuzyme plus enzyme in the diet on
growth performance, body biochemical
composition and survival rate of
beluga (Huso huso) juveniles, Journal
of Applied Ichthological Research,
6(4), 85-96. [In Persian]

39.Khodadadi, M., Abbasi, N., Adorian,
T. J., Ghafari Farsani, H., Hedayati, A.,
& Hoseini, S. M. (2018). Growth
performance, survival, body composition,
hematological parameters, intestinal
histomorphology and digestive enzymes’
activity of juvenile rainbow trout
(Oncorhynchus mykiss) fed dietary

£

Immunogen®, Journal of Applied
Aquaculture, 30(2), 174-186.

40.Yilmaz, E., Genc, M. A., & Genc, E.

(2007). Effects of dietary mannan
oligosaccharides on growth, body
composition, and intestine and liver
histology of rainbow trout,
Oncorhynchus mykiss, Israeli Journal of
Aquaculture-Bamidgeh, 59, 182e188.

41.Genc, M. A., Yilmaz, E., Genc, E., &

Aktas, M. (2007). Effects of dietary
mannan oligosaccharides (MOS) on
growth, body composition, and intestine
and liver histology of the hybrid Tilapia
(Oreochromis niloticusx O. aureus),
Israel journal of aquaculture, 59, 10-16.

42.Ebrahimi, G., Ouraji, H., Khalesi, M.,

Sudagar, M., Barari, A., Zarei
Dangesaraki, M., & Jani Khalili, K.
(2012). Effects of a prebiotic,
Immunogen®, on feed utilization, body
composition, immunity and resistance to
Aeromonas hydrophila infection in the
common carp  Cyprinus  carpio
(Linnaeus) fingerlings, Journal of
Animal  Physiology and  Animal
Nutrition, 96, 591-599.

43.Abedi, S. Z., Yeganeh, S., Moradian, F.,

& Oraji, H. (2019). Effect of commercial
phytase (SMIZYME PHYTASE) in
diets containing different levels of
soybean meal on growth and carcass
compositions  of  rainbow  trout
(Oncorhynchus mykiss Walbaum, 1792).
JAIR, 7 (1), 85-100.

44.Ye, J. D., Wang, K., Li, F. D., & Sun,

Y. Z. (2011). Single or combined effects
of fructo-and mannan oligosaccharide
supplements and Bacillus clausii on
the growth, feed utilization, body
composition, digestive enzyme activity,
innate  immune response and lipid
metabolism of the Japanese flounder
Paralichthys olivaceus, Aquaculture
Nutrition. 17, 902-911.

45.Abdel-Tawwab, M., Khattab, Y. A. E.,

Ahmad, M. H., & Shalaby, A. M. E.
(2006). Compensatory growth, feed
utilization, whole-body composition,


https://www.tandfonline.com/journals/wjaa20
https://www.tandfonline.com/journals/wjaa20

YEe L LU oF olond V€ 2593 (U T 595 9 (55109030 A1 gl

and hematological changes in starved
juvenile Nile tilapia, Oreochromis
niloticus (L.), Journal of Applied
Aquaculture, 18, 17-36.

46.Tort, L., Balasch, J. C., & Mackenzie, S.
(2003). Fish immune system. A
crossroads between innate and adaptive
responses, Inmunologia, 22, 277-286.

47 Kuang, S. Y., Xiao, W. W., Feng, L.,
Liu, Y., Jiang, J., Jiang, W. D., Hu, K.,
Li, S. H., Tang, L., & Zhou, X. Q.
(2012). Effects of graded levels of
dietary methionine hydroxy analogue on
immune response and antioxidant status
of immune organs in juvenile Jian carp
(Cyprinus carpio var. Jian), Fish
Shellfish Immunology, 32, 629-636.

48.Rauta, P. R., Nayak, B., & Das, S.
(2012). Immune system and immune
responses in fish and their role in
comparative immunity study: a model
for higher organisms, Immunological
Letters, 148, 23-33.

49.Gatlin, D. M. (2002). Nutrition and fish
health. In: Fish Nutrition, 3" edn (ed.
By J.E. Halver & R.W. Hardy),
pp. 671-702. Academic Press, San Diego,
CA.

50.Tukmechi, A., Morshedi, A. &
Delirezh, N. (2007). Changes in
intestinal microflora and humoral
immune response following probiotic
administration  in  rainbow  trout
(Oncorhynchus mykiss), Journal
of Animal  Veterinary  Advance,

6(10), 1183-1189.

51.Hu, K., Zhang, J. X., Feng, L., Jiang,
W. D., Wu, P., Liu, Y., & Zhou, X. Q.
(2015). Effect of dietary glutamine
on growth performance, non-specific
immunity, expression of cytokine genes,
phosphorylation of target of rapamycin
(TOR), and anti-oxidative system in
spleen and head Kkidney of Jian
carp (Cyprinus carpio var. Jian),
Fish physiology and biochemistry,
41(3), 635-649.

52.Mcintosh, D., Samocha, T. M., Jones,
E. R., Lawrence, A. L., McKee, D. A.,
Horowitz, S., & Horowitz, A. (2000).
The effect of a commercial bacterial

£y

supplement on the high-density
culturing of Litopenaeus vannamei with
a low-protein diet in an outdoor tank
system and no water exchange,
Aquaculture Enginering, 21, 215-227.

53.Kazemi, R., Pourdehghan, M., Yousefi
Jourdehi, A., Yar Mohammadi, M., &
Nasri Tajan, M. (2009). Physiology of
aquatic circulatory system and applied
techniques  of  fish  hematology,
Bazargan Publications, 194 p.

54.0tofat Shamsi, P., Rahimibashar, M. R.,
& Tehranifard, A. (2021). Effects of
different levels of combo multi-enzyme
on growth performance, blood factors
and immunity of juvenile Sterlet
(Acipenser  ruthenus), Journal of
Aquaculture Developments, 15(1), 31-41.
[In Persian]

55.Racicot, J. G., Gaudet, M., & Leray, C.
(1975). Blood and liver enzymes in
rainbow trout (Salmo gairdneri) with
emphasis on their diagnostic use: study
of CCIl4 toxicity and a case of
Aeromonas infection, Journal of Fish
Biology, 7, 825-835.

56.Ye, J., Liu, X., Wang, Z., & Wang, K.
(2011). Effect of partial fish meal
replacement by soybean meal on the
growth performance and biochemical
indices of juvenile Japanese flounder
Paralichthys olivaceus, Aquaculture
International, 19, 143-153.

57.Hosseinifard, S. M., Qobadi, S,
Khodabakhsh, A., & Razaghi Mansour,
M. (2012). The effect of diets containing
different levels of soy flour along with
avizyme enzyme supplement on
hematological and biochemical indices
of blood serum of rainbow trout,
Iranian Veterinary Journal, 9(3), 43-53.
[In Persian]

58.Mirzargar, S. S., Amoli, J. S., Bahonar,
A., & Ebrahimzadeh Mousavi, H.
(2007). Study of blood parameters and
serum biochemistry of common carp
(Cyprinus carpio) after exposure to low
concentration of cadmium, Journal of
Veterinary Research, 65(1), 335-337.
[In Persian]



