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AEBESHMEMAERBIEMXTIRELYEEKRMERE. MBI,
i E LR DR REXERREERNF M

hE AR kiR O 8l B OB OMKA ITEF K X
T R S A AR S, 170 % BERP RS b T S0, 1 TR B A V= AL R AT e,
PR RS P VR PR A 5650 5%, 155 530006)

WE: NI K BB R SR B ACER 20 E0R SR (Oncorhynchus kisutch) A KYERE . B4 LIBFR. AT
BT AL RE R0 G 92 AH SCFE I mRN A R IA 5 1R 52 ), AR50 1 B 4Fh S RS MR S Re W Rl R R 1 20 h42% #L
HEMT 21 M15%): S BRZH N I IN41% 0 AR RN EMAL; ok 85 A 1 EL27%); k56 20 20 S A FEFMAE Fh F B A
R4 Ky (SMAL; R A A L E17%, ST A G E10%). ZEFMAL A F SRR R B SRR & B AR 34 k)
(FSMSH; a2 5 H17%, SAE A 5 HS%, KEEZREE 5 H5%). fEFMA A H R B 2R B AR 4
K (FSMI104L; K3 2 1 15 L 17%, KSR A 15 L 10%), 137K 5 8(102.25+0.24) g fRidEgh 10/ . 4K
LR, FSMIOAL MG B 2, K AR KB, HIMER, WA S0 R4 RA 5% 2 7 (P>0.05); FSMSZ 4
EAEKER . Y E RN H 3G KT R 2 (P<0.05), {223 = T SMZL(P<0.05); 75 2H A R b B A4 Lk 0
TEE R BE 2R (P>0.05). WA S R ER, F4KY . KOFMEAEA BEZ 5 (P>0.05), SMALH
FHAG 7 5 35K T X R 2 (P<0.05) . I35 A= A0 RS0 45 R B, FSMIOH LIS & k% . e [ RE . AEAMaE
H & s 50 R BT W3 2 7 (P>0.05); FSMSA MG R £ 0. OEOMSED S & B EK T X R (P<0.05),
AR & T SMZL(P<0.05); % 2H (BB MR W BRI . 48 o S g AN 43 TR G GRG0 35 22 7:(P>0.05) . JIFIIE
PrAAALBE S50 45 R W, FSM10ZH S S8 Ak ) S AL AN T 4 Ak S B RT 2 25  T- X IR Z1(P<0.05), I8 JF 45 ik
HKFr 2 50 R A 23 2 7 (P>0.05), T % 7 5 W 35 (KT 0 B A4H.(P<0.05); FSMSZH i 48 Ak & g g v A
IR B T KB B B 3 v T SMAH(P<0.05), T i % & 2 I8 T SMAXT HR 20, (P<0.05), 8 A AL AL g I
S A ASMA A 35 25 5 (P>0.05), (H I E K T FSM1044.(P<0.05). T HE G2 A1 5% 14 4 5% 22 (R0 A6 &5
REKW, FSM104s0d-3+ Iyz+ tir-3Fc3atE RImRNA R A & 5 3 i T4 B 41(P<0.05); tlr- 73 FImMRNA K IA &
55 WA TG {23 22 F(P>0.05); -4 18)il-6 1 hsp-703E FImRNA KI5 B T i % 25 5(P>0.05); FSMS4LlyzAlltlr-33E
R TSME . 25 BT, 7RI 2, {3 FH R T KA 5 AR 10% F8) 2 1 6] R ik A K 1k B R I3 o 40 15
A BRI, Xof B AR Ak B T 0 G2 B R e 0k ELA AR RO (i a2k A D, R1 bk T DA R ek el w58 ) R e 7
BR10%M k&
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k] A ARy (FM) TS AL T 88 5 KF, — B 7E40%—
50%72 47", RO AL A s 5, i Hod B
W PR DR AR TE KBS 25 5 15 PR PR R 005 e,
P, EIA KPR EMT L SRAR A . 97
RGO RIS 5 T, SRS B0 2 1 IR 1R
TR I R AR B T

7, 7 bk ek £ ) B AR 9, R B A
AR E AR EEA . MHnEE%)). B
oo — e sz g E P T S AR, TS
FIBF SR D . 5 ERMORHR L, SRI(SM)K
Wz, BRI R HAMAGEE, Bl A
SR N B R . SR SR R P SR
TP LSRR AR R A,
T ORI R RN . T SR RS
FAVRHY 12 2% e Dk v 7 R0 R () R P 2., R 9
G5 M T B R T B 9 AT A B Y
1 SRR — P R & (15, AR E sl A
PERE .

R T M (FSM)JB it A= 77 2 A6 TR 25 4 7, 42
EE P EALRE 1. TR 1 SR G g Ty
fe. RIEEGHIRLE Q& BBk R S mG i
Tt, BRI R E A, EaEsk,
[ Py 40 O VF 2 W TE 3 B, SR R S b A £
AREXE KPS K= s, Rt A
TP 52 A8 R R 400 LT R TR KR KD 5 AR A e
] A8 e ek 25 1, 1 4 4 25 R S P 2 R e,
SR SRS 04T 9 108 FOZ2 A0, DUAREES)
R ERE . LB AL IS kR FEREPT AL RS ) RIEE
JU¥ G 25 S S R 2 i B AR bR, ERERE . HUAR
A i e 5 R 6 S 7S A B 1T 48 R 1 B R 0
B AR B4 R R EDWHAR A 0 K FUR AL BLAY
T S FERLBI OB ), LU A 4R 0 i 25 S P 1 % £
A FAR A R L ) e B R SRR AL K 4R

1 #RERE

1.1 {AREE

IS T (SM) H 3 BRRHIE A Y RHE A TR A
H] OGS, A SO (FSM) I ) #4576 ) 7 R K
MRS R E S, B IR EPUE AT
FrEH LR A IR A R E R 1),

CAFE BT 78 3R B, bkl Hh A A7 o 0T f Ry B
BB DLAEIT 10% A B, IR & T
AFP S R S5 B 1 A kL (R 2), TR SR
A% Ky RN EMA fok & A HE27%); 56 4
53 MNAEFMA A FH SR B AR f ok (SMAH. 1ok

®1 SHMABEHEREARRMEFRETFAE
Tab. 1 Nutritional composition and anti-nutritional factor content
of soybean meal and fermented soybean meal

ks T R
Index Soybean meal Fermented soybean meal
BRI
Nutrient level
HEH
Crude protein (%) 43.28+0.21 51.21£0.33
FHRE 5
Crude lipid (%) 1.84+0.05 1.93+0.09
BB IREH T
Anti-nutritional factor
Jik B R 1
Trypsin inhibitors (mg/g) 66.13+1.36 15.15+0.58
KEEREA
Glycinin (mg/e) 141.13+1.73 30.54+1.44
SAERERRER
B-Conglycinin (mg/g) 105.01x1.74 37.24+1.50
Bx & Urease (U/g) 8.01+0.18 1.9040 15

EEHH17%, SHEE S EH10%). FEFMAHH
SRR B SRR A B AR 4 Uk (FSMS A oty
FHAGE17%, GHEA S S%, KEEGHER S
tb5%) fEFMZH k1 &R0 & ARES 7 f ok
(FSM104 fa¥r s & He17%, KESME A
10%).

TR & 7R R BT A R ORHZ R T R RREL,
il A JEORL A STIR A i, G BB o i 5 1 60 H 6
Y R Ok 1 I 1) 1 R Rk S L 7 B 4 fal . K
TR A A 1E I A R T A, 2R R F AL
HUBAAL 55 T 1) Bk A% 9 3—5 mm R Ok, ¢ 5 76 5%
PR A P B 5 K 7 4 R 40 g i
2 JE IR T2, R VAR 5 S0 W i A AR SR 3R T
1]
1.2 (AFEE

PRIE TIL 74 AR T UL £0 [ Ah ik AT, 56
FH AR R 4y 8 1 W S H %37, W56 T 4h A B R R
(FLEE42%. BT 15%) 8 7528, 15 1k %
24hJ5E, PRIEAMIES . M HEER, Y] E N(102.25+
0.24) gl R k4 240, FEALT-35 5 a4, B4
WINEE, HFANEE20E, BFF T M+ (1.0 mx
1.0 mx1.2 m), BEAMAE A1 mo 753050 1 ) B K
23 5F-8: 00, 12: 00A116: 00 A 4 ME, R HE & 1
0 S B R B A . AE AN RIS A TR, KR 10—
18°C; /KA B =6.0 mg/L, F558 A W19 10)H .
13 #mRE&E

Fr B JE &5 BRI K f A 1 24h, B ES A £
FRE il A A r) e E e R, LIt EA
KABFR o 533l A I 4 Hh BB B Pk Ik 6 )2 AR B, A A
MS-2223E 4T BRI, A% FH JG R ¥ S DA 38 5 kR
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Tab. 2 Composition and nutrient levels of diets (% dry diet)

Bl 45 2H 73 Group

Ingredient FM SM FSM5 FSMI10
4 ¥} Fish meal 41.50 26.00 26.00 26.00
H}ISoybean meal 0 2280 1096 0
X % 5 A Fermenter soybean meal 0 0 995 1941
¥ PI#; Chicken powder 10 10 10 10
HF45 Shrimp powder 10 10 10 10
TH#3Flour 17.88 17.64 17.84 17.84
YE ) Starch 3.02 301 3.01 3.01
£ 4k % Cellulose 721 0 15 31
4y Fish oil 4.01 421 421 4.21
K5 i Soybean oil 401 4 4 4
L~ H5Ca(H,POy), 1.0l 1.01 1.01 101

) 5 R Y Vitamins premix” 0.52 0.52 052 052
Yk F TR Minerals premix” 052 052 052 0.52

S A HEEE Choline chloride 0.3 0.3 0.3 0.3
44 F C Vitamin C 01 01 0.1 0.1
377K FProximate composition

HL5 M Crude protein (%) 41.98 41.72 41.70 41.81
HHAR i Crude lipid (%) 1522 1535 1524 1531
L BEGross energy (MJ/kg) 18.24 18.58 18.49 18.44

T R TR RS A (mg/ke): AIK(SO,),-12H,0,
123.7; CaCl,, 17879.8; CuSO,4-5H,0, 31.7; CoCl,-6H,0, 48.9;
FeSO,-7H,0, 707.4; MgSO,4-7H,0, 4316.8; MnSO,4-4H,0, 31.1;
ZnS0O4-7H,0, 176.7; KCI, 1191.9; KI, 5.3; NaCl, 4934.5;
Na,Se0;-H,0, 3.4; Ca(H,PO,), H,0, 12457.0; KH,PO,, 9930.2;
T4 ETREN A (IU or g/kg): ML A ARIR, 10000 TU;
VD3, 4000 1U; &4 B B, 75.0 IU; H 2508, 22.0 g; S ERH
i %, 40.0 g; B 2, 30.0 g; D-IZ R, 150.0 g; EhERIML SRR, 20.0 g;
PV BENLEE, 500.0 g; AR, 1.0 g MR, 15.0 g; HLIR LA, 200.0 g;
JHER, 300.0 g; VB12,0.3 g

Note: ‘composition (mg/kg mineral premix): AIK(SO,),
12H,0, 123.7; CaCl,, 17879.8; CuSO,-5H,0, 31.7; CoCl,-6H,0,
48.9; FeSO, 7H,0, 707.4; MgS0,4-7H,0, 4316.8; MnSO,4-4H,0,
31.1; ZnSO,4-7H,0, 176.7; KCl, 1191.9; KI, 5.3; NaCl, 4934.5;
Na,Se0; H,0, 3.4; Ca(H,PO,), H,0, 12457.0; KH,PO,, 9930.2;
bcomposition (IU or g/kg vitamin premix): retinal palmitate, 10000
IU; cholecalciferol, 4000 1U; a-tocopherol, 75.0 IU; menadione,
22.0 g; thiamineHCI, 40.0 g; riboflavin, 30.0 g; D-calcium
pantothenate, 150.0 g; pyridoxineHC]l, 20.0 g; meso-inositol, 500.0
g; D-biotin, 1.0 g; folic acid, 15.0 g; ascorbic acid, 200.0 g; niacin,
300.0 g; cyanocobalamin, 0.3 g

241, 4°C# B 12h, 4000x g iR 2500 15min, /N0
KA R RS S RS, T s A e br G
Mo KSRGS B RTAE R0 2N, F A= B 26 /K sV 3 Je
FAW KA /K o FFid s B &2, b e B Tl ik
WA, 1E-80° CH g7, H TS ARLL. AE
bl , W5 BFE BU S Ak AR 70 B f 9 A oK 2 A
mRNAAH XS FRIE & G B 1 A5 0 R0 e 51 B
BRAEETY 68 LA, 5 Bk f R R f o, FH R K A %

FJ5 B T-80°C H R AE, I TR I E
14 H@oh
ERKERHE
BEE % (Weight gain rate, WGR, %) =
LR 5 (g) — WA P i ()
BRI U (g)
5 E 4K (Specific growth rate, SGR, %/d) =
InZ AR (g) — In A T i (g)
PR REL(d)
HYYH (Daily growth rate, DGR, g/d) =
LR (g) — AR T i (g)
FRREL(d)
JIE3# % (Condition factor, CF, g/cm’) =
LR (g)
%Eﬂjﬁ{tﬁ(cm)}
JH{A Lt (Hepat osomatic index, HSI) =
HFBE T (g)
ST (g)

JEAAR L (Viscerosomatic index, VSI) =

WHE TR (g)
7@@%({;) x 100
SLYG S5 R I AL

A S IRT Ry =E e

EESME KO EERA105CREARE T4
{5 1 (GB/T 6435-2014) 52, & A R & &K
YLK E BUE(GB/T 6432-2018)0 52, ¥ I8 i & &%
P2 BHHHRE(GB/T 6433-2006)1 5, LK 73 & &
FH1550°C 1)8835:(GB/T 6438-2007)I%E .

I & & BT BE & L 35 #5300 E I 3% A4 4k ¥R
b FERESTSE A BE 70 2R FH R o 2 AR ) AR A 9T
BT A 72 () e AT, b e A B (GLU)R H
i %) BE E AL B 2 H [ BE(T-CHO) K H COD-
PAP%; HE H(ALB)R IR 47k, S8 H(TP)
K FIBC AV B 1ol I8 B (A KCP) >R FH ok 2 g A 25
BB M (GOT) M2 A # 2 i (GPT) K F ik
5. HEAYEALEESOD) K FIWST-11%; H
(MDA)X¥ FITBAVE; it AL A (CAT) K F H R B
15 1 JFE LA Bk IR (GSH)R FH Bt

EEmRNARIEZE  7EHFIE g% Al L A
Tk ENE LI, FEHUFEERNA . R LM
qPCR R B35 2K FH il m SR o 2B ) AR A B A =] F
AR B AT o ARSI 3 R A R AR A A B A 3
(Superoxide dismutase 3, sod-3). ¥ &M (Lyso-
zyme, lyz). ¥MAEC3 (Complement C3, c3a). #YA 7

x 100

x 100

100

%100

100

J1E 28 (Survival rate, %)=
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R A5 A I SRR R A e A ) AR A 40 0 A A

A ARRR . T RE T A 4 1377

PEAHIRHE P I B ) R )

[FY570 kD& FH (Heat shock cognate 70 kD protein-
like, hsp-70). Toll#¥32443 (Toll like receptor 3, #lr-
3). TollFE3Z4A7 (Toll-like receptor 7, tlr-7) KT3I
#6 (Interleukin-6, il-6). FEFY B 5 MR K &
B B T AR TR ROR IR S A BR A 7 S8 L,
BARFHINZ 3. qPCRAF FH Ak 58 i, HARA IR
R 95C. 10s. I/MEH; 62°C. 30sIFRER
- 40/MEHR; 95°C K fife 2R Asr I e B AR Sk . 1%
B BB B-actin, FRAE2 T BVEHEAT AN 2 B
J, 53 AT N A B R AR R ik B
1.5 BUBIEBER S

{8 FHSPSS 2205 A4%f i A5 #dfs EAT SRR R 07
ZE 53T (One-way ANOVA), # % 71k 8 18 2 /K7
(P<<0.05)Mll FHDuncan [y #FAT 22 57 W % 2 SVELL
B, S5 R CLF S {EAPR HE R (meantSE) &R

2 #R

2.1 AEBESHMEHEREMIIREDEE KN
BERYEZ N
W% 45778, FSM1041SGR. WGRAIDGR 5
FMALEA 2 22 F(P>0.05), FSM541% 2 (P<<0.05),
%3 RESHNEESp-actins BEES|MEFT

Tab. 3 Primer pairs of test genes and S-actin genes for coho salmon

PR P

(% . 5131 . Amplicon size ST

ene  Primer sequence (5'—3’) (bp) Accession No.

f-actin - TGACCCAGATCATGT 146 XM 0318112
TTGAGACC 26.1
CTCGTAGATGGGTAC
TGTGTGGG

sod-3  GGGAGCCTGCTACAT 108 XM 0204970
GGTAATGC 14.2
CCTTCTTCTCTGCTGT
CGATGATGG

lyz GCTGTTGTTGTTCTCCT 109 XM 0204577
GCTTGTG 70.2
TGTTTCCAGCGTAGCC
ATCCATTC

cla GAGGAAAGGTGAGCC 106 XM_0317865
AGATG 92.1
TGTGTGTGTCGTCAGC
TTCG

hsp-70  CCCCTGTCCCTGGGTA 121 XM 0204857
TTG 29.2
CACCAGGCTGGTTGT
CTGAGT

tir-3 GCCCTATGTCGTTCGT 146 XM 0204971
CCATGTG 75.2
GTTGGCGATGTTGTTG
TTGCTGAG

tir-7 GGTATGGAGAAGGCA 106 XM 0204587
GTCTGTTTGG 52.2
CCATGCTAAGGTACG
CCAGGTTG

il-6 AGAGGACCTGTCTGC 32 XM 0205073
CAGTG 39.2
AACGCTGGTCTTCCTC
TCCC

SMZH & K T HAh % 41 (P<<0.05). FSM1041L5
FMZH. FSMS4CFI%A i3 2 F(P>0.05), (H 3%
H T SMAL(P<0.05). #41IAIHSI. VSIRISIE %%
HWEER(P>0.05).
22 ABEHMMIHBREmTReEMENIRAE
R AR

W SR, &R K5 FLK 5 F
FLE A 2R AR EP>0.05); M SMZLHL G 2 2
K FEMS104HAIFMZL(P<0.05), {H 5SFSMS4 % H
BEZF(P>0.05), FM. FSMS5HAIESM 104145
A R 7E 7 (P>0.05).
23 AXESMNIHEREMIIREYNEME
&R0

Wik 6ff7r, FSM104 1M GLUFMTP S5 FMZ
4 RBEMADHEREBIRENEEK. RERRA
EE RGO AL)
Tab. 4 Effects of replacing fish meal with fermented soybean

meal and soybean meal on the growth indices, survival rate and

viscerosomatic index of juvenile coho salmon

44 73 Group FM SM FSM5 FSMI10

T 10217+ 10233+ 10233+ 10217+
PIAHABURIBW(e) 044 060 073 044
34224+ 26746+ 308.92+ 357.29+

AAMPEFBW () 8.66°  7.40° 778  6.05"
BEEKFSGR (o) (0T AT AR L
vy B 10 A i
I
mcr e 0% 02 O G
e H
BELEVSI B0 0% o7 o
wrrson A oL i 4

A A —ATHE R B A& AMESESC FAnr BEEE BARR
N Z R (P<0.05); R H

Note: In the same row, values with different small letter
superscripts are significantly different (P<0.05); the same applies
below

RS5 ABEMNEHEREMITIREL & ALAR BRI
(%TE)

Tab. 5 Effects of replacing fish meal with fermented soybean
meal and soybean meal on muscle composition of juvenile coho
salmon (% dry weight)

2H 5 Group FM SM FSM5 FSM10
/KrMoisture 71.89+0.56 72.74+0.76 72.27+0.66 72.30+0.29

K5 Ash  5.00+0.12  5.04+0.06 4.82+0.09 4.82+0.03
HEA
Crude protein 71342040 71.35£020 7134+0.36 70.86+0.28
e e
HLE 3 20.23£0.29" 19.09+0.25" 19.70+0.50" 20.38+0.31°

Crude lipid
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A EE Z 5 (P>0.05), H IR 5 TFFSMSFISMZ
(P<<0.05), FSM54H & 2% = T SMZH(P<<0.05). FM
I ET-CHOL. 2 5 T-SMATFSM5(P<<0.05); FSM10
MRz, BEE TFSMSA(P<0.05); FMS5 4 1
H5SM&EH B3 %2 5(P>0.05). FM4ALLIEALB
HESM1041 % A 5.3 (P> 0.05), {H 583 5T SM4
FIFSM541(P<<0.05); FSMS54H {2 2% = T-SMZH(P<<0.05),
HE5FSM102H % 5 AN .3 (P>0.05). % 2H[A]AKP.
GOTAHIGPTZ 7 A . (P>0.05).
24 AB:SHAMEMAE R &M IREES BT AEIT
FILEE IR

W2k TR, FSM102HSOD & 3% 5 T HoAth 5% 41
(P<<0.05), FM# 5FSM54H % 3 AN .2 (P>0.05),
{HEF 5 T SM4L(P<0.05). SMAMDAEZ & T
HAhdH(P<0.05), FMIX 2, &% & TFSMSAl
FSM10(P<0.05), FSM55FSM104 2 7 A & #
(P>0.05). FSMI10ZHCAT &3 =T HiAth %-41(P<<0.05),
FMZ 5. 2 5 T FSMSZHFAISM(P<<0.05)4H, FSMS4H.
B 5T SMAL(P<<0.05), SMAL /M. FSM10415
FMZGSH# A &% Z 7(P>0.05), (H¥ B & & T
SMZHAFSM54H(P<<0.05); FSM54 5.2 15 T SM 4L
(P<<0.05), SMZHH 1K
2.5 AXESMMIHBEREMITIRENEER
B R MHEXEEMRNARIEE RN

WE LR 25778, FSM10%4sod-3+ lyz. tlr-
3Flc3aE R T 04 B 2 25 1y T HiAth % 2H(P<<0.05);
FSM 102 ¢1r-73E R AH 0 KI5 & B % M T SM4A
(P<0.05), 5FMAIFSM52% 7 R &3 (P>0.05);
FSMS 4 1yzfltlr-33E K 5 3 & T SM41(P<0.05);
FSM54sod-3+ tlr-3+ tir-7Mc3adk RN R & 5
Hof HE4H TG S 25 22 S (P> 0.05); 417 hsp-70F1il-65:

R 6 KBRS BN &M ITIREEL & B LIRIRAIS N
Tab. 6 Effects of replacing fish meal with fermented soybean
meal and soybean meal on hematology of juvenile coho salmon

AR A w2 T AR EP>0.05).
3 itig
3.1 ABESMMIMBEREMITRENEERKMY
g8 R AL AL 43 OS2 00

KT AE ik Rl b A B B BARES 4 £
B IR ST A L R . Gus PR R IR SR
H B AR 5% 0k Re (2 2 KUV (Salmo salar) )4
Ko TiHixsonZ" B 72 WA A KR (Camelina sati-
x7 AEBEHRMEABEREMBTRELS SRS XEETIN
A
Tab. 7 Effects of replacing fish meal with fermented soybean

meal and soybean meal on liver antioxidant activities of juvenile
coho salmon

4159 Group FM SM FSM5  FSMI0
BE Y B A 327.05+ 29442+ 302.25+ 357.85+
SOD (U/mg prot) 6.09°  10.50° 290 1227
W ZEEMDA 3.02+ 337+ 2.36+ 2.34+
(nmol/mg prot) 0.08° 0.19° 0.10° 0.08°
T E LA EECAT 6.48+ 4.12+ 6.07+ 7.39+
(U/mg prot) 0.14° 0.17° 0.09° 027

I SR AR e ik 61.02+ 3694+  44.67+ 6281
GSH (umol/g prot) 0.96" 0.90° 1.08 0.96"

2H 5 Group FM SM FSM5 FSM10

WHEBEGLU 437,026 1.88+031° 3.1740.05° 4.0240.18"
(mmol/L)

S I [
T-CHO

(mmol/L)

pass

(Z'/EE'ALB 22514045 16.87+0.98° 20.40+0.48° 21.34+0.28"
MEHATP

(ng/L) .

TP
AKP(£ICH 9.89+0.82 9294037 9.54£0.62  9.05:0.54
£37/100 mL)
RN RN
GOT (U/L)
RHIL R
GPT (U/L)

7.69£0.12° 6.7940.25% 6.5140.34° 7.31+£0.24"

53.88+0.92" 35.21+1.61° 54.00£1.06° 62.80+1.74°

3.91+0.24 3.67+0.13 3.81+0.29 4.07+0.08

3.7740.21  3.53+0.24 3.83+0.22 3.83%0.16

4 -
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Fig. 1 Liver immune-related gene mRNA expresssion of juvenile
coho salmon
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Fig. 2 Liver inflammatory gene mRNA expresssion of juvenile
coho salmon
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HE B AR30% 1 06 B AE 2 L 2E RV VR
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Jieo DRI, A5 FH 1 K B AR AR 2 7K P PR 7R 5
FR AR BRI 1 5 . B B E K 3 A (Pseudos-
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Reti T-SM4, T -5 X R 2 T 2 35 22 =, SR B ] DAAE
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HEARSEA R, ZIK. N T IR R
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@) REEFT A IR . B A i R T
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() R Ak ol FD Rk ) 45 B I L A AR KN

JULIRIE 77 173 o A B0 7K 77 sl 108 73 i B 1
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6. TiLiangZ " 7 & & 0i(Lateolabrax japonicus)
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75 5 AT e At B VR 22 DR 30 B, 0 R I SRF R U,
FEHE A, SRR AIAERE . RIS, TRk 4 R A
B e, LA AUKIR S,
32 AZBoMmMEmEKemsiRiEyamEE
AR K AT BRI S L BE D RIS

T R AT A A HE A R SE 4 M4y B K IR
FE BN WA R T 0 FF I WL ERDRE 1 43 X6 7K = R FE Bh )
frogzma e P s GLU S B RS B3 S AAox 4]
BEHE FEY TR USCR F G L, AT T4 SRR K
T SR B AR10% ok T AN 2 1 25 5 ) AR B o) 4]
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FERMENTED SOYBEAN MEAL AND SOYBEAN MEAL REPLACE PARTIAL
FISH MEAL ON THE GROWTH PERFORMANCE, HEMATOLOGY, LIVER
ANTIOXIDANT ACTIVITIES AND IMMUNE RELATED GENES mRNA
EXPRESSION OF JUVENILE COHO SALMON

XU Li-Xiao, HE Chu-Jing, LIU Yong-Qiang, XU Jian, TONG Tong, YANG Qiu-Yue,
WANG Jia-Jing and ZHANG Qin

(Guangxi Key Laboratory for Polysaccharide Materials and Modifications, Guangxi Marine Microbial Resources Industrialization
Engineering Technology Research Center, Key Laboratory of Protection and Utilization of Marine Resources, School of
Biotechnology and Marine Science, Guangxi Minzu University, Nanning 530006, China)

Abstract: In order to explore the effect of fermented soybean meal and soybean meal replacing part of fish meal on the
growth performance, hematology, liver antioxidant activities and immune related gene mRNA expression of juvenile
coho salmon (Oncorhynchus kisutch), four kinds of iso-nitrogen and iso-lipid and iso-energy feeds were set up in this
experiment (crude protein is about 42% and crude lipid is about 15%). The control group was fed with 41% fish meal
(FM; fish meal protein accounts for 27%); the experimental groups were replacement of partial fish meal by soybean
meal in the FM diets (SM; soybean meal protein accounts for 10% and fish meal protein accounts for 17%), replace-
ment of partial fish meal by soybean meal and fermented soybean meal in the FM diets (SM; soybean meal protein ac-
counts for 5%, fermented soybean meal protein accounts for 5% and fish meal protein accounts for 17%) and replace-
ment of partial fish meal by fermented soybean meal in the FM diets (FSM; fermented soybean meal protein accounts
for 10% and fish meal protein accounts for 17%). Those feeds used to feed juvenile coho salmon with an initial weight
of (102.25+0.24) g for 10-weeks and the results indicated that there were no significant differences in the weight gain
rate (WGR), specific growth rate (SGR), daily growth rate (DGR) and condition factor (CF) between the FSM10 and
FM diets (P>0.05), the WGR, SGR and DGR of the FSMS5 diets were significantly lower than that of the FM control
groups but significantly higher than that of the SM diets (P<0.05) and there were no significant differences in hepatoso-
matic index (HSI), viscerosomatic index (VSI) and survival rate among groups (P>0.05). There was no significant dif-
ference in moisture, crude ash, crude protein among groups (P>0.05), but the crude fat of the SM diets was signific-
antly lower than that of the FM control groups (£<0.05). There were no significant differences in the glucose (GLU),
total cholesterol (T-CHO), albumin (ALB) and total protein (TP) between the FSM10 and FM diets (P>0.05) and there
were no significant differences in alkaline phosphatase (AKP), aspartate aminotransferase (GOT) and alanine amino-
transferase (GPT) among groups (P>0.05), but the GLU, ALB, TP of the FSM5 diets were significantly lower than the
FM control diets but higher than the SM diets. The activities of superoxide dismutase (SOD) and catalasehe (CAT) of
the FSM10 diets were significantly higher than that of the FM control groups (P<0.05) and there was no significant dif-
ference in glutathione (G-SH) between the FSM 10 and FM diets (P>0.05). The malondialdehyde (MDA) of the FSM10
diets were significantly lower than that of the FM control groups (£<0.05). The CAT and G-SH of FSMS5 of diets wew
higher than the SM diets but the MDA wew lower than it. The SOD of FSM5 were lower than FSM10 but have not sig-
nificant differences with the FM control diets. The relative mRNA expression of gene sod-3, lyz, tlr-3 and c3a of the
FSM10 diets were significantly higher than that of the FM control groups (P<0.05), and there were no significant dif-
ferences in the relative mRNA expression of gene #/r-7 between the FSM10 and FM diets (P>0.05). There were no sig-
nificant differences in the relative mRNA expression of gene i/-6 and Asp-70 among groups (P>0.05). The relative
mRNA expression of gene /yz and tlr-3 of FSM5 diets were higher than SM diets. Overall, under the experimental con-
ditions, using fermented soybean meal replace 10% fish meal protein had no significant differences on growth perfor-
mance and hematology of juvenile coho salmon, but had positive effect on liver antioxidant capacity and immune re-
lated gene mRNA expression. Therefore, fermented soybean meal could be used instead of 10% fish meal protein in ju-
venile coho salmon diets.

Key words: Fermented soybean meal; Growth performance; Hematology; Antioxidant activities; Gene expression;
Coho salmon (Oncorhynchus kisutch)
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