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Tab.1 Ingredient and proximate composition of experimental diets
FM FSM4 FSM8 FSM12 FSM16
JEHl  ingredient
KIEEEH/% fermented soybean meal 0.00 4.00 8.00 12.00 16.00
f163/%  fish meal 30.00 27.10 24.20 21.29 18.40
ZH1/%  soybean meal 16.96 16.95 16.95 16.94 16.95
RE#/% meat bone meal 2.99 2.99 2.99 2.99 2.99
1EEH1/%  peanut meal 12.97 12.96 12.96 12.96 12.96
H#3/%  flour 2232 2118 19.62 18.37 17.00
BIRE /% squid visceral ointment 3.99 3.99 3.99 3.99 3.98
MU RE/%  brewers yeast 4.99 4.99 4.99 4.98 4.99
WENERY/%  lecithin powder 1.99 1.99 2.19 2.19 2.19
fa /% fish oil 1.99 1.99 2.19 2.29 2.49
Z4E'/%  vitamin premix 0.80 0.80 0.80 0.80 0.80
ZH7*/% mineral premix 0.70 0.70 0.70 0.70 0.70
flZ —%45/% monocalcium phosphate 0.30 0.30 0.30 0.30 0.30
HiZF/% crystalline lysine 0.00 0.03 0.07 0.11 0.13
EZFR/% crystalline methionine 0.00 0.02 0.04 0.07 0.09
JEER/%  crystalline threonine 0.00 0.01 0.01 0.02 0.02
JET/%  total 100.00 100.00 100.00 100.00 100.00
#3/KF proximate composition
FHE /%  crude protein 4237 4224 42.09 41.95 41.83
HEWT/%  crude lipid 6.88 6.68 6.77 6.66 6.65
WA AEW/%  carbohydrate 25.98 26.28 26.30 26.52 26.67
SHE/(MJ/kg)  gross energy 17.20 17.10 17.10 17.10 17.10

L BT YRBIRESA: Cal05g. K90g., Mgl2g. Fel.0g. Cu3.0g. Zn1l0g. Mn38g. Co0.8g. Se20mg; 2. FT w4t &
FRIRRS A VA 8000 000 IU. VD 2000 000 IU, VES50g. VK 10g. VB,5g. VB,15g. VBs8g. VB,,0.02 g. JHELf% 40 g. D-IZ R4S 25 g+

MR 2.5 g, AME 0.08 g« JUIEE 100 g

Notes: 1. Contained the following per kg of mineral premix: Ca 10.5 g, K90 g, Mg 12 g, Fe 1.0 g, Cu3.0 g,Zn 10 g, M n 3.8 g, Co 0.8 g, Se 20 mg;
2. Contained the following per kg of vitamin premix : VA 8 000 000 IU, VD 2 000 000 IU, VE 50 g, VK 10 g, VB,5 g, VB,15 g, VB4 8 g, VB, 0.02 g,
nicotinamide 40 g, calcium D-pantothenate 25 g, folic acid 2.5 g, biotin 0.08 g, inositol 100 g

WGR, %)=(Z K A it 1 — ) Uf 1 5 52 )00 4 1R 5
1 x100;

T8 M K K (specific growth rate, SGR, %/d)=
(InZE AR A5 ) i MR o o ) A3 R K< 1005

A # (survival rate, SR, %)= 5 45 A %t
I 2 A0/ 95 T 4y s X AR 2 40< 100,

MUK ALAG ) HLJK 43 (crude ash, CA)Fy
HAES50 OCEHWCF Hll 2, KL AR F BT (crude pro-
tein, CP) & R 4 H sl BL G E R AL &, HLAg

[ (crude lipid, CL)>R F G805 B Bk 22
& BT MR A AL R AT L7 A= A4 A
K I8 B 4 [ sl A A A A s, BT AR
SRR R | /AR Bt P i 7 YA ) SR S L
Je i R LR 7 1 L AU SR, 4 R o
Y TR T T A 3590 6 10 B 5000 45 G 8 Rt
ABEmMRNARZEE 80 °CURFEXTHRAY
8 % i I R 2H 21 4% Trizolik 77 £5 (TaKaRa) Ui B
FEHCERNA . 2 0856 EH [E 7 A Y AR E B Ho
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DX b 38 A8 FLEA 3 X R Toll 32 148 3 K] (GenBank :
DQ923424.1), LZMHE[H (GenBank: AY170126.2).
IMD%: H (GenBank: FI592176.1), HSP70 A
(GenBank: AY645906.1)i% 5149, [AAfi%itp-
actin5 | I1E N NS (F2), FWiA 519 M 15 &
EMBARGIRAE G RHPEOEE EPCRIT %
K, $ZMESYBR Prmie Script™ RT. PCRKiti}
Pk B IR S RNASE )G 5 ecDNA, PR A
SYBRR Green g & 7¢ a1k ¥ 17 Real-time PCRJZ
B, PCREEFE H95°C, 10s, —MEER; 95°C,
10s, 55°C. 32s, 72°C, 32 s340MEHR: 95°C
ot B AG I S 4 S . BN FLIBEE S IR
B-actin, MRHE2 I EILMATHIX ERIG, A0
P IMD . LZMAI Toll3Z 4K M JF JiE i H HSP70
mRNARFIXT R I8 H .

®2 AAEINFEENERE S p-actins BEE 519771
Tab.2 Primer pairs of test genes and B-actin

genes for L.vannamei

5% primers FF%1  sequence
B-actin-F CTG TTC CAG CCCTCATTCC
B-actin -R TGT CCA CGT CGC ACT TCAT
LZM -F GTT CCG ATC TGA TGT CCG
LZM -R TGC TGT TGT AAG CCA CCC
HSP70-F GAG ACC GCT GAG GCT TAC
HSP70-R GCA CAT TCAGACCCG AGAT
Toll receptor -F TGC CAA GCA GTG ATG TGA
Toll receptor -R GCG GGA AGG AAG TGA TGT

IMD-F GCG GCTCTGCGG TTCACAT

IMD -R CTC GAC CTT GTC TCG TTC CTC

1.5 BURAIEBFG T 2

S 45 R ]V Y9 B A5 1 25 (mean+SD) K
R, A B SPSS 17.0 43 M Sk A Fp 4 LA
E 5 2531 (One-Way ANOVA)FDuncan[G k£ &
PR AT 22 5 R0 T, P<O.0S M 22 53 3%

2 4R

2.1 HKMEE

S T KR R AR R Yok L A I o o A K M
s L2323 . K T SR AL 1) BT 2 5 ) HE 4 A
TG i 35 25 5(P>0.05), FSMA4FIFSM164H 1 & %
FrRe e AR KR AT, HLB AKX IR 4 (P<0.05),
MFSM8Z . FSMI1240 5 Xf HRZH AH L 25 R A 1o 2%
(P>0.05), FSM4FIFSMI162H 1k} 28 508 25 75 T4
& 2H (P<0.05),

22 AAEFES

AN TR) L A1) e T 2R AR ARk X L IR I o3 A
WEEW . HEASERFSMI2440, HAaKEE
I 5 IR 4 25 R OR 1 3 (P>0.05), MR W A
TR K T SRR AR 81 B T 2 B A
fash, FSMI16 i fik; BRFSM4ASL, HK 5
B A8 i AN X IR AL (P<0.05)(F4) .

23 MFEURAFREREREE

AN T 7K S B 2 8 0K %ot LA T Xk A I 35 4
FREZIAN 2257 7% . FSMAFIFSM 1640 /4 T % 4 fil§
(ALT)76 Pk 3% 3 T X BRA1(P<0.05); 45 W5 S il
(AST)IF P23 H AE FSM44] FMIFSMS8ZH M P 5 & i
FEAGAE, B B R i (AL P) 7% M BRFSM1 24 4b
B LA & T R A1 34 6 3 1 T IR A (P<0.05)
8 F1(ALB) & B /EFSMAZ i S H B & 5

*®3 TREIXBEEAHRMEX FLYUE X ARE K 1% 82RS0T

Tab.3 The effects of different levels of fermented soybean meal on the growth performance of L.vannamei

1% groups HAG % /% SR WEH/% WGR Ky EB KR /(%/d) SGR Tkl R%  FCR
FM 90.57+8.21% 187.27+4.86" 1.76+0.03° 1.2140.08"
FSM4 88.90+2.53 143.70+18.80° 1.48+0.13° 1.46:0.14°
FSM8 92.78+4.81% 174.63+24.03° 1.68+0.15° 1.31+0.12%
FSM12 86.67+2.89° 179.54+14.95° 1.71£0.09° 1.23+0.02°
FSM16 96.10+3.48" 146.04+14.28* 1.50+0.10° 1.43+0.10°

W FBIAR/NG F R R 2 7 B35 (P<0.05). T

Notes: Values with different small letter superscripts in the same row mean significant difference (P<0.05). the same below
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Tab.4 The effects of different levels of fermented soybean
meal on the muscle nutritional components

of L.vannamei

A groups HMEMA% CP HEWI% CL MKHS% CA

FM 91.08+0.59" 2.85£0.03" 6.57+0.07°
FSM4 90.77+0.19® 2.85+0.10° 6.412£0.05™
FSM8 90.81+0.05" 2.67+£0.09" 6.13+0.06°
FSM12 90.35+0.10" 2.70+0.09™ 6.27+0.14"
FSM16 91.04+0.08 2.63+0.05" 6.23+0.07"

T H AL (P<0.05), B F(TP) & EERFSM164141
HA K B SR 5 0 B4 3 22 5 (P>0.05),

JF I B MDA & B BRFSM 164 I 2% T- X 1d
HAMNP<0.05), HAx K i DR 41 38 5% 41
FHVE2E 5 (P>0.05)(#6); Bl A & I SR AR L ]
OB, JFF I AR LZ M 1 SODE 1 52 Tt 7
e, HLAR 5 T R A (P<0.05),

24 HEHAXERRIE

FRFSMSAL A, Bl & I 5 M1 2R f20) LL 41
BUHATN, TollsZ /& mRNAFE ik B I T (& 1),

RS TRILXEZHRIMEN LAEXLR

FRFSM4414h, FSM1641LZM mRNAZ ik & i 3
% T HAth2H (P<0.05, [K2), FSM45FSM8Z1IMD
mRNAZR K& o 2 & T H A4 (P<0.05, [K3),
FSM125FSM1641 iy JF I it HSP70 mRNA K ik
HEROO A B T, H2E R R (P<0.05, [El4),

3 iR

30 RBEHBEREH LR IE KM

RERY M

CANDIFFERY, Kl GRE &
L i R XK sh W R K T BE e, AR
B o A 1OV AR et v A I R R AR A IR T
40%H} X} 22 32 B 4k i1 (Oreoehromis niloticus Q@ %
O.aureus S F R | K KR | 1A RRCR I
HEBRCRIC B E LW 1555 A (2% 4 1) 1
fith £, Luof§"7 4500 DA & 1 200 A8 8 R R
faky, kI A DM T ACRNT A BE A (Epineph-
elus coioides) AR 10% Mk ; Kaderds "™ 5%
T, KB GRS A (Calamary) i T8 7= & ml
BT B (Paralichthys olivaceus)ia) B} H113%I7)
Mo J38b, K TE SRR MR 2 4R (%) R H B 5
WA A, DingE" W ERMH, KBEGHAEH

BEERRRIE

Tab.S The effects of different levels of fermented soybean meal on the serum biochemical indexes of L.vannamei

HA group AHEIHEEE(U/L) AST WRAEHEE/(U/L) ALT  WRIEBEEREE/(U/L) ALP  MEMA/gL) TP HEH/gL) ALB
FM 13.88+1.54° 32.96+7.75% 15.73£1.70° 77.61£3.94° 7.45+0.95"
FSM4 17.7120.02° 45.000.64% 27.39+1.07° 77.68+0.71° 9.66+0.45°
FSM8 10.38+0.20° 36.04+2.29" 24.21£0.92° 73.8742.65° 8.10+0.40°
FSM12 14.32+0.18° 27.09+2.72° 19.38+3.75° 74.58+5.10° 6.90+0.10°
FSM16 12.84+1.72° 41.90+4.12% 41.65+1.93¢ 89.34+2.07° 8.33+0.23

R 6 TREIAEEARRME XX URAT R AR A E B R E LR N

Tab. 6 The effects of different levels of fermented soybean meal on lysozyme and antioxidant capacity of

hepatopancreas in L.vannamei

45| group AT M/(U/mg prot) LZM

BB EE/(U/mg prot)  SOD

T Z % /(nmol/mg prot) MDA

FM 46.32+2.44°
FSM4 41.92+1.87"
FSM8 70.64+3.28"
FSM12 56.76+2.54°
FSM16 64.66+3.35°

43.32+0.94° 5.57+0.36™
64.47+6.86° 5.20+0.19"
59.29+0.15> 5.8420.04°
52.92+0.16° 5.30+0.07°
94.92+5.00° 4.78+0.21°

http://www.scxuebao.cn


http://www.scxuebao.cn

1422 KopE o R 245

<
z 2.5 [¢
i )
ﬁe i 1
& 2.0
=E
< ©
Z 215 b
z &
i 1.0 >
g a
WY
= £ 05 ﬂ
<
=5
HD &
=200
= FM  FSM4 FSM8 FSMI2 FSMI6
2H 5]
groups

1 FLYYEXTEREE Toll S - mRNAME X 33k &
Fig. 1 The relative expression of the Toll receptor

mRNA in gills of L.vannamei

<12

P b b

b

wWEI0| o ab
< 5 M F
RN 08
' S a
E 206
<2
% §0.4
s 8
S E 0.2
> B
=35 0.0

P FM  FSM4 FSM8 FSMI2 FSMI16

A
groups
B2 NAEMIFEAEEnRNAEN RIAE
Fig. 2 The relative expression of the LZM mRNA in

gills of L.vannamei

AL (Macrobrachium nipponense)[¥] if ¥
(0.10+0.01) gl el i B A fa by i, AL
25%~100% 1 Xf HAF % R A KRB TR & E
M, AR N 25% 0, 1 E AR R B0A B i
HE B TR B, 1 A A A U F 5 45 R
TN, MR GORPE AR L/ T 33.33% ), XF
JL4 vt R [0 5 34 7 (1.82+0.02) g]4= 1 4 BE Al 4]
BRI 200 W, 3 s B AR KCOE 2 B AR
X W A A A M B R RDRERI TR . AR S IR 4 R
R, 3 m s IR K B ORI AR R R 2
REE LR L 98 i Xof R 0 A M BE L BRI R RO
KRG BEARMBE TS EWSEENR, A

http://www.scxuebao.cn

< 25
2 b
m € 2.0 b
X0 +
K2
po 1.5
Z e
<3 1.0 : a
25 os ﬂ ﬂ
=g
= 5
<2 00
2 FM  FSM4 FSMS8 FSMI2 FSMI6
2H 5
groups

3 FLAPEXTIFEZIMD mRNAEN RiL 2
Fig. 3 The relative expression of the IMD mRNA in

gills of L.vannamei

N
W

<Zt c
) & b T
1 E 20 1
R
4 A
<
2s a
~ 35 1.0
E = a
e g
% % 0.5
2 [}
= .2
K s 0.0
£ e FM FSM4 FSM8 FSMI12 FSMI16
2 415
groups

4 JFLYUEXTUTAT R BR HSP70 mRNAME X Rk &
Fig. 4 The relative expression of the HSP70 mRNA in

hepatopancreas of L.vannamei

i 2 4 A A Ry 23 AN R RE S 3 4R R A T
HH, WFEOR AR ERE A SR
SIERIE R A RTINS P 71 BUR R VAN &2 8.7
BSR4
AW, PR AR A i AR R PR RE™ > A SR
1 KO K e ORI AL(FSMIL6) T HF 1 AE KM T B
MRES AMEMTPIPURERA K, Walfes
e T AR PP R TR A R W T Y I A A S A
AR BT R B, I SR DR A I T 7 A Y A
Py 1 1 R 7 RE G B R K Sh YIS Dk, AT
e 2t FLAPEE R R4 8 LA — 20 3 i Y R A
IR St A, FRATIER K& B4 2H 2 [ X iR
MR AR KANIR, HEM, FSM4Z nl fg A


http://www.scxuebao.cn

9 1] XORE, S RIBETOMI AR X PLAA I X AR A G | B RE A DGl B S AH DG TR 3 34 14 S 1423

R X 6 A 3 P DR ) S R IROR G B A 2
YR BE TR A K

3.2 ABEHEREMMNLYPENNAE
Fr B 57 B B2

JUL PR 5 1 43 AR I K ™ 3 ) R O Y
FEEAR bR . A WS IR W] R W TR I AU ARy
XoF 7K 7 Bl ) ) AR LA S DR A I
G 2% WY R T SR ARAS [R] A - £y o v A2 8 2
1 (Eriocheir sinensis){)7K 5y . ML H . AR DAl
UK S E R 2R, W ZE R I A 9
SLRARE AR AU A 52 0 LA 5 X I LAY 7K 53 KL
EESE, ALE P ERFSMI241 40, XTIF LA
EASESMNIRAE TR HEELES, 5LEMN
AR HALEIR LN, kG
FR AR LA, O JUL PR s R K 7 1 5
AR, WTRES KB BRI 5C . AR
FH 3 A [ B4 TR 242 1% i ok 14 1 S8 2 il JIm A L
R X MR R, R B R R R g s O AR
RAMANFERN, XERRR I EA A

33 ABSHMBRKEHI LYUREENLEE
L35 ¥R B BT BR AR S 7% HH < BB R 52 1
S5HEMEYAFE, oW s 7o LR
FrsetE e b, RPN EEREREN, T
PURA T 10 e RN, ARV B 98 S N 3 AR
IR B v ) — S T Bl R i (ALP) 2
7t Sl W) A T A Rl 1 B A R ), AL R
i 1) 7K fifk S5 o7 Il TR B 1) % B8 S g, N 3 ) o
(SR IBCRN %32, L0 g T w8 2 95 o 2 27 i 1A
20 ARSI EIR BN, W RO A
Mra R, I3E ALPA FTHE %, ALTHIAST
S S L TR A v i S R R, AT I D
() it B FH R R AE AR I B 5 R 1 By S
BB, I R A R R R S AR
(Carassius auratus gibelio), S35 £ I35 ALTHG P
3 T R AR 7R Y R AR, A
WFSE o % 1L %5 ASTAEFSMAMIESM 1641 ' 3% 7
FXFHRAL, T & R SR T e R K OF A FSMS
FIFSMI2407EAST. ALT. ALP #7854
(R, 3 38 I & T KA XoF i Ay 1 R R 0 45 il 7
—EMVE R, o O AR 2 5 | A AR 32 4
i AL P 57 AL B (SOD) LK [ i 3L BR &
G i —FhE AT A LR, B ERROT IR Y

B (MDA AR i AL R B E W =2 —,
B 7 A RE ) 40 A B A B 45, PR e
— i FH T PR 3 R 1 S A R SRR . Kim
P E R I , FH4%K 1 5 (Aspergillus oryzae) &
T 174 2R ) ek 1) 5% B Y #A.(Oplegnathus fasciatus)
Ja, HIFAESODIE M & T ; s SEPk I &
P KA AR LA X R ) v 14 #2893 S SOD T
00 25 Th i o AR S G R K T TR 4 X A
SODIE PEH AR B2 B & T X IR 4 . BRESM164H 4b
4 2 T KA 2EL T T I MDA &5 5 241 15 %) BR 20 G (i
EE2ES . R R R EOR AR AR T 3 A L)
WEXT R bR A A R L RE T, T R 2 R
et ERFEEME, EBUMFSMI64
SODE P & X B 4H 1) 2~3 4%, ML H K 2 B0 2
BT, MFSMI16ZLTE ML TP & & -5 X% 44 te
WA R BB MIEL T, HFEBELZMWENA
Ji oK A SOD, i T A K Y 2 1 5 AR 4k s 2D
S0t AR M e X B TH RE M, FSMAZ A7 AR 25 )
(R 5 T FH 8%~12% 1) & T 52 K1 2R A f By 1)
JAE T I ME SODTE M A [ A2 B (1 7, (HL3%4 el
INFRBEEAI16%4, H MG TP AL F 5 XF BE 4
MWK, W ERm S ENEARHT
PUR M A=, ol S 56 0 A K M BB R [ 1% T i
PEA/IN o 1 TR T (LZM) R A 7K fige 40 T 40 i B 2
201 BT V5 Ak B8 T 10 SRE S LR 52 A0 R R T, i AT
G AR AR A 18 90K R 4 S 6 R T R 2 ek R
LZMIE PR AR IR PR RE 11 ARSI 454
ZIR G R R EHER, MIFFERELZM
T P AL Bt 2 2 T MR L 0 38 i T v ke
FW K W MR BT X R B TR AE AT (0BG

34 ABSHXLPENINEEHEXERR
HSP70E E R 1A

IMD I Tollf5 5 1% 31 42 & IR A S KA e 15
TAE T RGN E B LER Y AR LA X I
it , LvIMDIE N KBRS P WSSVIFEFIf I
PO, R MR 2R A g R GE P W IMD W) SR b Y
IMD—#f, HARRELNRE . Tolli i = B AE HLIARTT
524 [C PR R B P R R B4R, Yang S5t
TE20074F B IR FEBE T MLGH T X B Toll 32 AR 3 A
AL 1 Toll5Z (AR JE K R 3K S fEFSMBAL eIk, 5
Xof MR R L e L 461 i P SRR AR £ A 2 Toll32 14
FER Rk LR, IMDIE K A 5 bl &
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SR E R B B TR R B
P, XELEIRRN], BTN BENE E o E Xt
WF 9% AH OC 56 TR Y 3R 3K, 38 I B R 0 I A e
1. BRI AR R B, B 5 e B
A Rtk — 2P0 . W TR (LZM) SR K 78 7K 7 5l
PIOULR N Tz 5041, LA 28 40 7 JEk Gt Ji5 e i s
HA PRI R DR, G225 KT F R
TR ISR ORI G EE 20, A SR BESE ) RE S =
TR Bl W R R TR A i P, B TR R
5 5068 7K 7 B0 40 1% T i ik D] 3R 58 1) 52 e 4 3
B, AT P FSM1641#ILZMEE K 3k it i
X R, Hopdl S5x gt e %5, 512
fitg iG], BRI e i — 20 SE

HSP70# 4K 7% 25 4 (heat shock protein, HSP)
T IO S N H A R A2 B0 A TR A R I
) R 3 ) A AR AR AR, R — 2 PR B
U2 I AR G B ) B B . AR PR Al
i RE . WIEAR . EaE . YIRS
FR , HSP70R AT W] W38N, SRAE IR
Ty b DN FL 4R € X 0 3 4 DN AT B 297 38
HSP70%E K B 4 K it IX 751 o T AR Sk Xt iR
BILAAR 137 2% A58 0 300 R0 i i B ) e Y A
Z 5% T FEHSP703 3k 2 45 I 3 v T 41
AU, ARSI, FLAN X IR B AR HS P70 PR 3%
ik A R B SO H R AW BE, H
FSMI1641 LS MR ZH w85 2, R I Y & I BRI
ARy L 3 v i, AL AR 32 3 A 1 98 s g B I
WK, XAl REEH TRMERMEL, KBGO R
e o R P B E R, HAER T M
¥y, BRE MR PUE R E 5 E RS LR
R BB g, #0 AT e X AL A 1 AN [ R R 45 5
BCHSP70HE K 2 35 5 {25 b R FLAE 0] IR %) 5
I R AR A 3E PR R T B A5 R . A5 A ARSI Y
ARMRERER, YAREEMH LR 6%, L
P X W DR s B IO IR T S i A4 A g B

4 g

T R T 3 Tk R PL 48 35 T R o G
Ry, I3 ik R R 2 B A L B A I
Koo ARSI S R A2 1 5RTE LT 9 8%~12%,
BRI 1R 19.4%~29. 1% #1853 BE 50 A7 0t O 47 o i
JIF I MR Ak BE L 04 R RN 35 A 5 38 L BE A 7
Wk
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Effects of fermented soybean meal replacing fish meal on
the growth performance, immune-related enzymes and
gene expression of Litopenaeus vannamei
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Abstract: This study intends to explore the health and immunologly mechanism of fermented soybean meal repla-
cing fish meal affecting the growth of the Litopenaeus vannamei based on varying immune-related enzymes activ-
ity and genes transcription levels. Five experiment diets were designed, in which 30% of fish meal diet (FM) as the
control group, and 4% (FSM4), 8% (FSMS), 12% (FSM12) and 16% (FSM16) of the fermented soybean meal
were used to replace 9.7%, 19.4%, 29.1% and 38.8% of the fish meal respectively. After 60-day feeding test for L.
vannamei [initial weight=(7.62+0.23) g], the growth performance, muscle nutrition composition, serum and hep-
atopancreas immune enzymes activity, the expression levels of HSP70 mRNA in hepatopancreas and Toll receptor
mRNA, IMD mRNA and LZM mRNA in gill were determined. The results indicated that the substitution of fer-
mented soybean meal for fish meal had no significant effect on the survival rate of the shrimp compared with the
control group, both too low and too high levels of fermented soybean meal reduced the specific growth rate of
shrimp. Muscle crude protein content was lower in the addition group of fermented soybean meal than the FM
group with no significant difference except FSM12, crude fat has a tendency to decrease with the increase of fer-
mented soybean meal, and the lowest value was found in the FSM16 group. The serum alanine aminotransferase
(ALT) in FSM4 and FSM 16 groups was significantly higher than that of control group, and the aspartate amino
transferase (AST) was the highest and lowest in FSM4 group and FSM8 group respectively; except FSM12 group,
serum ALP showed no marked difference between other FSM groups and the control group; as for TP in serum
and MDA in hepatopancreas, there was no statistic difference either between FSM groups (except FSM16 group)
and the control. With the increase of the amount of fermented soybean meal, the level of gill Toll receptor mRNA
expression increased, and the level of IMD mRNA expression increased first and then decreased, and excessive or
less of the added fermented soybean meal would decrease the expression of LZM mRNA in gill, while the expres-
sion of HSP70 mRNA in hepatopancreas increased with the increase of fermented soybean meal. To sum up, in the
conditions of this experiment, optimum amount of the fermented soybean meal was 8% to 12%, i.e replacing
19.4% —29.1% of fish meal without affecting the growth of the tested shrimp, accompanied by improved immune-
enzyme activity and changed expression of immune related genes, however, too high substitution can cause excess-
ive stress response.
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