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WE: VAR ERAIBRPERER A ENE HERF LN EXT T RN E KBRS
B, LH A 10%E B B FE A 4R R, o AR e B R 2 A (PSM) 0%(A)s 2.5%(B)-
3.5%(C)s 4.5%(D). 5.5%(E)#| 541 4 [ %t Ak, 2 7 B 4046 R & 4 (0.45+0.02) g
By FLAN I AT AT 4 B8R, AR M At IT A K MR R L. BRI R, SARE LR
&, BT A RR T E A 14.65~1538 /R, H A AR E. RIEFFH
HARETRYLEERZR, AMXNTNANEERSCERE M T H A4, C4.
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C#4l. BHFDY, WH I I % 47 8 %524, 42F124he HER KW, & 10%& B i
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A W) 2 1 A B AR AR 2 K 7 B W E 5
BT 0 BB 2R SR K 7 3 DR RC T
Hh ok g (1 SR A R 2 R RE R S BB R R 1Y
A7 AE M 5 ARk Y Ak L 75 3 0 B TE AR PL
Ae . AERKMEREMITHEIAEYY, AR AR,
A IT(Silurus meridionalis) ¥R AR . JRIFFIREET
ER ARy RS NI R A E DO R i = X AW (O E o X = (TR S
BB, MBI 65%NT, HIH kR B EH K
THARASAN, mR b G E B A EA R
IK-ABIT40%0T, 2 i 25 FRAK 458 ff (Rachycentron
canadum)) £ TRV 2804 H A8 o & B
sl T AR RGP hUE SRR AR
J7 i SR ) TR, A A R
MR KR T ZRK, H LT85 SR EAT B IR
Dy IR A T 2R, U HGETER T L
WARRE M e O i A R RO . X
Wi 8 (Dicentrarchus labrax)/ )k H £ 89 BRI AF 5%
FW], kR ORI DO AR R 25% ) £k
TN £ il A ALk 3L 17%) 200 D B % 25 1 50% 11 1 A 0,

ARSI TE S 10% 00y ) B ml iR Y, 13t
SN BE B Bl A ORISR, RS2 SR AR RE Y
S 36 DR 43 ) R LA X ERE DL P Al
AT £ 53 R v T FH It A 2R KT L Y X IR AR A
AR . HARRETT . PUMMA RE 7 DA R S s BRI
FIREETT A FE R, LA A I ok R i A
UMY B AR A S K

R U E SRS RES

L1 AR EH%E

AR S0 T FH R SR P T 2 N A 2R A
BHE B A BR S w24, 38 i 2 (1l AR VE A
22 4 T 7 7 T M 5 3 N, T A AR SRR R
5 8 oM 48%+1%,  JIKGr 1 4340 Hh VTR K241
B 32 rfcs 4G I (GB/T 22492-2008)(% 1), 52 5
St 3 38 MR B Y R R 46%+1%, B
KR BK 43 7 Y <1 0006 Fe 1] — i A 50% 28
E[ZI-ZZ]O

il 1 ST A [i) il e RIS o o 19 45 2R 45 B )
BHE2). AR 2R, F80H ik, %
HE G RHFC 5 Eb 81K 3 9 SR FH DU 40 5 2 R BOIR
51, R AHIR UK BES), L WHLE K I
iRz, 90 °CEAAL20 min, T BH T KA BT, K
I i A A BT A R 0 18] 45 A K B B G R
KB ERPRLAR . —20 CORFEIRTE
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*1 HMREIZMHRSTESH
Tab.1 Molecular weight distribution of peptides from

proteolytic soybean meal

o TEVEE 43 %
molecular weight range percentage

>5 000 10.21

3 000~5 000 4.43

2 000~3 000 422

1 000~2 000 8.32

500~1 000 11.49

180~500 16.63

<180 44.71

1.2 FEEIR

S8 L A U X R R I 1 VAR BB E K
BHE AT BRA B GREAKAREREE R S), UFHE =T
KPeH N, BRI, HEKEIREEREO, K
fEIva], BERRT ST A, SRR R30d, PRkl
FeE S fRBERRTERL 0002, 343 54,
HIANELE, VILRIE N (0.45£0.02) g, BELIF
fic 21 [7] — 7K P8 9t (5.0 mx11.0 mx1.2 m)H 204 ]
F6(1.0 mx1.0 mx1.2 m)N , &AM 4 4% 502
HIF . B HRER4K, S 7ES:30. 10:30. 16:30
F122:30%5 4 1 [B] f LR, H PR 24 o MR A
Y 5%~8%, JFMRAE RS . WMEHH L A K
W B AT IR R FRAE SR RS8R, R T H)
JE k20, HEK 2200 H JEKAS T IE, KRB A
JEAERFTE20~40 cm, FRAH IR R FFE S A, K
Wi A E I AE6 mg/LLL I, pHN7.8~8.5, & A
WAL T 0.2 mg/L, /KR (30£2) °C, sKAIARERE
M0,

1.3 HmXE&E

ARERNE  FAE8MHE, (FiEE24h
&, BAMEEFRE . B B AR BEHLEUL
YNEENTURSEE , FH 1 mL— YK P JG 1 1 G 4% T X i
Pl i A B b B /5 5 T 1.5 mLEg O, E
FUKERAE s FEFEEL L P o i 5 X o, B g
BRAL F oK G AR AE, IF Bl AL I3 R %o 1 fig L
BB T A RNALGR AR (A6 5 KA AT 1.5 mL
BB R, k284 °C, 10 000 r/mings L 10
minll_ EIEW, A FE S T80 CCUKFR - A7 . 45
FKERIEWITE T EOT

B R (survival rate, SR, %)=N,/Nyx100%
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x2 LHWANBERKREFRKEFDIR)
Tab. 2 Compositions and nutrient levels of the experimental diets (dry matter) %

TiH items A (0% PSM) B (2.5% PSM) C (3.5% PSM) D (4.5% PSM) E (5.5% PSM)
58 ingredients
&£k brown fish meal 10 10 10 10 10
¥ meat meal 4 4 4 4 4
FKEEHR  corn protein meal 5 5 5 5 5
TH1 soybean meal 30 27.5 26.5 25.5 245
1EEH peanut meal 8 8 8 8 8
¥ flour 24.7 24.7 24.7 24.7 24.7
k3 spray dried blood powder 3 3 3 3 3
fit 178  squid paste 2 2 2 2 2
EEf# &A1 proteolytic soybean meal' 0 2.5 3.5 45 5.5
WLPEEEE  beer yeast 3 3 3 3 3
fiylh  fish oil 3.5 3.5 3.5 35 3.5
UR@ERE  lecithin 2 2 2 2 2
SUALHEBE  choline chloride 0.3 0.3 0.3 0.3 0.3
WFZH"  mineral premix® 1.5 1.5 1.5 1.5 1.5
WFZ4E  vitamin premix’ 1 1 1 1 1
R &85 Ca(H,PO,), 2 2 2 2 2
il total 100 100 100 100 100
EIRH ¥  nutritional compositions
HMEAR  crude protein 39.66 39.59 39.21 39.54 39.44
MW crude lipid 12.77 13.10 12.36 12.47 12.91
K4 moisture 11.63 11.55 11.68 12.08 11.84
K4y ash 7.58 7.69 7.67 7.41 7.75

e L BEEDH: BENMESEVRHIR G A RA R 2. 8T wi W BURE & Ca(CaCly) 10.5 g, K(KCI) 90 g, Mg(MgSO,-H,0)
12 g, Fe(FeSO,4) 1.0 g, Cu(CuSO,) 3.0 g, Zn(ZnSO,) 10 g, Mn(MnSO,) 3.8 g, Co(CoCl,) 0.8 g, Se(Na,SeO;) 20 mg; 3. & T w4k KRk
&1 : VA 8000 000U, VD2000000IU, VES50g, VK10g, VB;5g, VB,15g, VBs8g, VB,,0.02¢g, ML 40 g, D245 25 ¢, M

F:2.5g, AME 0.08g, JIEE100g

Notes: 1. proteolytic soybean meal: provided by Taizhou Full Yield Biotechnology Co., Ltd; 2. Contained the following per kg of mineral premix:
Ca(CaCl,) 10.5 g, K(KCI) 90 g, Mg(MgSO,4-H,0) 12 g, Fe(FeSO,) 1.0 g, Cu (CuSOy) 3.0 g, Zn(ZnS0,) 10 g, Mn(MnSO,) 3.8 g, Co(CoCl,) 0.8 g,
Se(Na,Se03) 20 mg; 3. 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,
VB¢ 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

Tkl 25U (feed conversionratio, FCR)=W/(W, -
o)

i 5E HE K&K (specific growth rate, SGR, %/d)=
(InFVJ/N, = InWy/Ny)/tx100%
K, NRAKREE, NAVIREE, wehEA
P T £ AR R T ()5 W Wy i) D S 6 25
IR B RS I FE IR B EE () A S50 REL(d).

2 IRE 8t A INE (Vibrio parahaemolyticus)
AL SRR EE S5 e FH RIS il v IR
[l 7K 77 % 45 /) sponsored by China Society of Fisheries

PRI R IV R IR . 8l SR 2 R
R FELE 0 X AR, 43340F47, BT 151
R4 (50 cmx30 cm=80 cm)Hr, HEASMIFE10E . A
i 5 28 MR R 3 A6 5 T 54X 00 R ke A R 4R IR 4k
RENE IR 5 9% 2L (TCBS)/r B K5 9%, WS 96 75 1
S AL TR T (R RRAS R A, EER96 hiN FLAN T
XTHR R FE TG B0, 0 Y de i R SO R . R
P 10052 0 45 5, g R MR 1 35 L 6.25%¢107
CFU/mLZ T Ak 15 % J5 43 B 1) RIS It 1 I 81 VAR
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Xof FE 2FL BB I] RS SXoF O v B G B A R K . S
IR 2L MR, KR FEHILE(30+1) °Co I WK
J& % 25 5% AR R 45 T R 6 I Y BE T L
1624, 36, 48, 72, 84F196 h i 43 5581145 M 4H
1) REBILT- %,
IRIR &) 25 d IR A A T &bk B 2 SR B

SJE LI L5 R 5, B AL BEALHT HL75 R FLYN i X}
R, A 3T, BCE T 1545(50 emx30 cmx80
cm)MIF H, HRE TSC R A A5 R, T R TR 4%
BV WK 151 h, 4 °C, 3000 r/ming .0 10 min,
B BB B O ) FH AR BRER K S A vh ik . B B
JRE W I VE 5 25wl 1.25%10° CFU/mMLZS K i 1 &
A I I T R, R R ZH TR R A B % T
Tor A B ER K . FRFE KRR E R (30£1) °C, JK AR
R MO, 24 hEFLLMESR . 7E0. 6. 12, 18,
24, 30, 36, 42148 h\ A WA H R XTIF, R
A6 8 2H LU 53 A7 T 26 A RNATRAF IR (b 5t R
WA FHR B LB T, —80 °CIR- A7, T I &
21 A H A g3 R DG E PR A A X Rk
4 RN ST

A3 BE B U 4 3% 3 T IL ) LA ] o AT
TR AL A R R K 43 B iR 105 °CHEAR T4 e
K (GB/T 6435—2014); FLIG i % H 4475 -
FH B2 6 1 (GB/T 6433—2006); K43 % 550
°CLy IR p H BE A (GB/T 6438—2007); HlZE
F1 3R FH B G 2 A (KjeltecT™ 2300, Fi L) 45
I (GB/T 6432—2018),

Ao 7 BT IR A A 38 AR Xof R ATk B
VKIS AR BR R AR R AL A K, A
W T3 000 r/min, 4 °CEAF T #0510 min, H I
WL . B R AR 1 B R Folin-By ik . BB Wi

[a—y

Tt 178 1 SR PRI G i SRR I 1)L e il O R
Py - Lb 7k (s R ) B0 LT 42
AR KA RS L e PR R G U B 1S (R e AR
A=) T AR ST T I 52 45 B B AL TR A o

R B I fn M IR T B R S LA IR AT ST %
AR K KB R A A 4 I8 Trizolik % £
(TaKaRa)ui B 5 POXH R 5 20 21 4 OELRNA . H
NanoDrop20007# f+4 5 43 51 06 B 1 I 2 H ODysnm
F1OD g0mm FLAEL , I FH 1% 114 35 JI M 35 152 FlL K 45
RNAZE B o 4 £ B Y £ RNAH] TaKaRaZ\ H]
PrimeScript®RT reagent Kit with gDNA Eraser (Per-
fect Real Time)ia /1 & & % % & cDNA, -20 °C
AT

S8 LN IR Tol13Z /AmMRNA(GenBank : DQ
923424.1), K mRNA(GenBank: AY170126.2).
IMD mRNA (GenBank: FJ592176.1)F S-actinkk
(GenBank:AF300705)i% i 25t & 514, WA 5]
Yrsh i A AR TR B A BR A R 1U(33)

KR T-PCRAY(Bio-rad/A )% #HSYBR “Premix
Ex Taq™ (TliRNaseHPlus)iz 7] £ (TaKaRaZ\ &) )i
-1 £ 479 % 2 B PCR(RT-PCR)KE I, RT-PCRFE
J¥R95°C., 30sHiiAsE; 95°C, 10s, 60°C, 30s,
HEIMIEER s S0 58 WS L FH 65 °C - FH51190 °C,
N 5 s fiee oty e Aar I s 1 4 e P o 85 SR SR FH AR X
FRRMIER, R H AR T
1.5 HIELBRSZ TS0

S I6 2k W S 1 805 UE 22 (meantSD) Y
A FEIR, B FH SPSS 25.043 #8544 v i B 1A
E 7 2511 (One-Way ANOVA)fIDuncanX £ & [t
BOEIEAT 2 5 WA AT, P<0.0503RIR R 25
E,

R3 YRR p-actinN S, TollZF{K. IMD. JZHEEEmRNAS| 457
Tab.3 Primer pairs for f-actin, Toll receptor, IMD, Lysozyme mRNA for L.vannamei

514 primer S1%)F%)  primer sequence(5'-3") GenBank %35  GenBank accession number

f-actin mMRNA-F CGCGACCTCACAGACTACCT

AF300705
f-actin mMRNA-R CTCGTAGGACTTCTCCAGCG
Toll receptor | mRNA-F TGGTGCTTTCGTCAAACTTC

DQ923424
Toll receptor | mRNA-R AACCTGGCCATACACAATGA
IMD mRNA-F ATCGAGGAACGAGACAAGGT

F1592176
IMD mRNA-R CGTACACTCGGTCGACATTC
Lysozyme mRNA-F CGACCTCGATCAGTACATGG

AY170126
Lysozyme mRNA-R GTAACCCTGGTGACAAGCCT

http://www.scxuebao.cn
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6 1Y) FUEE, AF RN TRDRE R0 AR TORGE PLAA I T AR A 1 R A BT I 38 AL RE 5 T 1003

2 4

2.1 AR GR MBS Z X LRI E K
4 B 59 52 0

SFA SR LI A G, 25 SL U0 4 LA I X AR
I RIIIEIT% LA s A XS HF LR I M 14.65~
1538 g/l ; 1B REE I TG E
P, AHEm; FrEAERKREM T EE TR
MR, RIE VAL, SHMY LR HEEER
(P>0.05)(#4).

2.2 ARl oA A0 B AR SR X L 44 0R X ER ALY
E AR

JLANIEXTHR LA oA B 0 &, AZ
% T Hifth £ 5236 4H (P<0.05), EZH fi & ; XHER AL
PR HPOREL I T 2 B A I R TR o 1
KR T E B, A B FHETC4H . DA
FIEZH (P<0.05); XTHF L PR A K 43 FK 43 7 o 45
20 8] TG . 3 P 25 5 (P>0.05) (3£ 5)

2.3 AR} oA 0 B AR SR X L 440K X ET AT R
BRIH BB RY 52

Xof W g A o R P TR 2 AL R i
FELVAS o2 (0 38 Jn 52 T v ) s 34, DAL MIEAL B
T AZH FIBZH (P<0.05); B4 . DZH FIEZH X HF 1y
TE NS ISk W T AZH (P<0.05); WU 4 A B
it it 2 Ak v T A RS T 1% 398 i o A

P TR Ry, DZEFIEL 5% 5 T AZH(P<0.05)
(#6).

2.4 R HROAS IN B AR 2 A X L 0 0E X T I 5
BRI E L EE R

i ) Ak v i A SRS N R 3 2, AL
o Y 6 U I Y VS TR N T R ST T IR R Y AR b
#o, A EAL, DA Fer H B & & F A4 4
(P<0.05); IfiL 1% H T-SODIE ¥ Fifi 1) ek v il it &K
W Zmi e, EARe, HRFEes TH
4% 2H (P<0.05); 1L 375 P 188 5 S Bt ) Aok o g At
ORI (A3 2 R BUERE S T AR, A
i, H &S T HALSH(P<0.05)(£7).

25 ARGPFIMEBRERIMMBRESTERA
I 4 3 B A L 40 X BT B O 2R B 20

TE X IR I B VE 5935 pl 6.25x107 CFU/mLZE i
PR35 35 )5 40 B 0 RIS AR IR, 45 41X HR96 hiN
) BREBET- R R, AL ERAE 4 s ] A5 0 2
FRUBET R T HA A4, D2 XHIR7E 45 A i 1]
S RBBCT R T HA A, HAE48FI60 h
i I T AL (P<0.05)(IE 1)

2.6 [ER R INER #R SRR LR R X R 2 R
ZBFAMMNEEREHEXEERIEEHZN

JL AT St 0RO T 2 JE% e 1 9 1t R 7 e
XU Toll5z R mRNAZR ik 5 fie KIG(E H B FE24 h,
C4l, A T42hii BRIE(E, B4l . CZFMEZ G

R4 ERFIRMEER SRS NGRS AR AE KM BRI 2

Tab.4 Effect of dietary proteolytic soybean meal on the growth performances of L.vannamei

WH  item A4 (0% PSM) B4 (2.5%PSM) C#H (3.5% PSM) D# (4.5% PSM)  EZH (5.5% PSM)
Z&R¥HE /g final weight 14.65+0.67 14.78+0.48 15.38+0.14 15.35+0.20 15.22+0.74
HIE R /% survival rate 99.33+1.16 99.33+1.16 98.00+2.00 98.67+2.31 97.33+3.06
TR A% feed conversion ratio 1.44+0.09 1.37+0.03 1.37+0.03 1.34+0.03 1.38+0.09
e K /(%/d)  specific growth rate 6.22+0.08 6.24+0.06 6.3120.02 6.30£0.02 6.29+0.09

RS AR INBERE S HAXT FLAYE X ERAIL A AL 4E R R R

Tab. 5 Effect of dietary proteolytic soybean meal on the muscular composition of L.vannamei %
WH  item A4 (0% PSM) B4l (2.5% PSM) C41 (3.5% PSM) D4 (4.5% PSM) EZ4H (5.5% PSM)
JK4>  moisture 78.69+1.57 78.27+1.05 76.56+2.59 77.50+0.34 75.97+0.74
MEAR  crude protein 18.68+0.08" 19.08+0.06" 20.63+0.11¢ 19.88+0.06° 21.19+0.06°
AHARW  crude lipid 1.07+0.01° 1.14+0.06™ 1.28+0.13™ 1.24+0.05™ 1.35+0.07°
K5y ash 1.30+0.08 1.31+0.10 1.33+0.07 1.27+0.03 1.42+0.08

E: F—AT ARG RN 225 2. (P<0.05), T

Notes: values with different lowercase letters in the same line mean significant differences (P <0.05), the same below

Hp [E 7K 7% 2% 45 /5 sponsored by China Society of Fisheries
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& 6 TR oA N B AR S RAXT L 4R 3T T AT R AR H (L BB B0 20

Tab. 6 Effect of dietary proteolytic soybean meal on digestive enzymes in hepatopancreas of L. vannamei

WH  item AZ (0% PSM) B4 (2.5% PSM) C#1 (3.5% PSM) D41 (4.5% PSM) E#1 (5.5% PSM)
& BT PE/(U/mg protein)  protease activity 176.82+0.82° 174.05+4.97* 180.59+7.22"  183.96+1.02" 187.09+2.71°
YENIEHT PE/(U/mg protein)  amylase activity 14.05+1.32° 15.99+0.40" 15.60+0.59® 17.79+1.07° 17.28+0.82%
i Wi BEE P4 /(U/g protein)  lipase activity 61.42+2.88" 68.35+1.60" 69.27+7.84% 76.66+9.22° 75.74+4.00°

R T ARIRINBERE S HAXT FLGYE X AR M 5E A B B AN S AL BE SRS

Tab.7 Effect of dietary proteolytic soybean meal on serum lysozyme and antioxidant capacity of L.vannamei

WiH  item A% (0% PSM) BZH (2.5% PSM) C# (3.5% PSM) D41 (4.5% PSM) EZ (5.5% PSM)
HENF(UMmL)  lysozyme activity 48.19+12.05° 76.31+18.40° 72.29+12.05°  144.58+12.05°  108.43+24.10°
SOBEAEALEEE /(UML) - T-SOD activity 383.26+1.97° 391.87+3.25° 394.89+1.97° 398.33+7.89° 407.37+3.25°
4 —/(nmol/mL) MDA content 83.5243.53° 71.3043.53" 73.33£6.11% 48.89+6.11° 65.19+12.72°

60 —a— A (0%)
o B@Q5%) L.
230 L cisw !bb Pt
SE “7 DA% ap 20 dab T &
8 401 o EGS% Va3 .
11]5 ab f
ﬁg.g 30 ¢ . i “a
== ]
o 7
3 10 Wl
0 -u{'-"..' f‘ L L L L L L y
0 12 24 36 48 60 72 84 96 108
i [)/h
time

1 AR R NEERE ZHAX NLAUE T AR S R E
A IlE A RRE TR
Fig. 1 Effect of proteolytic soybean meal on cumulative
mortality of L. vannamei for 8 weeks and experienced

V. parahaemolyticus challenge

K F A4 (P<0.05)(#8). X} #IF IMD mRNAZ ik
WRCRIGEME I BIAEA2 W, B4, TR 78 i it
ORI A5 L AW (E ) K T A, P 7E 18 hit
Xt IMD mRNAZE ik H 5 i i i % (P<0.05)(#9).
X W A T mRINASR 3K 5 e KW (E B0 7E 24 h,
DZ, HPDHAMEHE(EY K TAH, FEHE
TR A SORATE 12 h X 375 7 i mRINA SR 3K 5 52
B B 3 (P<0.05)(# 10).,

3 iR

3.1 AR AR INES RS R LR X ERAE

T B B9 22 M)
Mok, MIX TR ME AR, S

http://www.scxuebao.cn

g T A 2840 0 JOR LA B R A OROR Y 22
SE LU T AR 0K R R X 1 fE <1 0001 Ik
i 5 72.83%, 38X K AE B R
F R FUK Y NGy, SRR RDEL Y
FHE, T A& B FOK g = AR /Ny T RS
YIXTF ARSI AR ZCEZD, AR ERV,
318 A1 000~3 0001 7K fige R 52 JIK RE A6 A R fie 12t
H 14 (Pagrus major)F1 7 & (Paralichthys olivaceus)
AR, ARSI AR R, Bl B AR ORI N
G, BLAR XTI G 2R $A E R R B KR
A —ERK B, R REWA e
FIREAG , (HRES N S.5% LA N 10 il A R % P
Xof W AR AP BE O R RCR IS B3, i I A
A RE 55 ARDRE /NG IR B DA ER AR R
o AWZERM, ERE R E Z RE i E AR T
20%HHF, %k A 6 4y £ 4 A 4 R R RDRLCR I %
A7 A RS N RV GEPR R A
RREFRZE RN F RN TR, X 53 B AR M (Carassius
auratus gibelio);” ' 5 FEHCR WA R, 15k
AN 7 N R A 1 N 6 B € =3 S o
ROR R GT2

Wit 2 e A ORI B R IS 0, LA TR X IR
WUA R AR 8 B AR BT N IREH A B 3 Y 4R
1o o — 7 T AT AR 5 R e S SR Y AR
A RER, AUSERY, KESYREER
KAV 23 Bt A5 G ARk v SR A 1 4 i T R
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Tab.8 Toll receptor mRNA expression levels in gill of L. vannamei which experienced
V. parahaemolyticus challenge at different time
/M time A (0% PSM) B (2.5% PSM) C (3.5% PSM) D (4.5% PSM) E (5.5% PSM)
0 0.95+0.10™ 0.85+0.03™ 0.65+0.07™ 1.10£0.06™ 0.81+0.09™
6 7.39+0.26" 4.78+0.22* 1.05+0.10™* 1.16+0.06™ 0.81+0.07™
12 5.71£0.42*° 9.04+0.54* 9.97+0.67 2.02+0.16™ 8.61+0.49%
18 5.45+0.36* 2.70£0.21™ 1.10+£0.07™ 3.60+0.15™ 1.20+0.16™
24 6.86+0.55" 2.71+0.36™ 11.69+0.73" 5.89+0.72°° 6.98+0.25*
30 1.86+0.11™ 5.73+0.20* 1.53+0.04™ 1.33+£0.25™ 7.97+0.19%
36 4.20+0.79™ 3.58+0.27™ 0.83+0.12™ 6.46+0.56" 2.07£0.11™
42 8.56+0.59* 6.27+0.57" 5.95+0.86" 5.34+0.34° 4.44+0.42™
48 1.55+0.27™ 1.21£0.06™ 0.88+0.19™ 1.18+0.06™" 1.65+0.44™

e EARASE T BEa,b,c, dER Al — I ZIA [ 4 18] () 22 5 0 2 (P<0.05), _EARANF T BEm,n, w,x,y, 23R A — 2 AL AR IR 2 22 57 85k 2% (P<0.05), R
Notes: Data in the same column with different letters(a,b,c,d)were significantly different among the different groups or levels at the same time (P<0.05).
data in the same line with different lowercase (m,n,w,x,y,z)were significantly different among the different time in the same group or levels(P<0.05) , the

same below

®9 NAEIMNTFEAREAMEINEE

&840 20 Fh N [E] BT 2 89 IMD mRNA R A £

Tab.9 IMD mRNA expression in gill of L. vannamei which experienced V. parahaemolyticus challenge at different time

fiffAl/h  time A (0% PSM) B (2.5% PSM) C (3.5% PSM) D (4.5% PSM) E (5.5% PSM)
0 1.00+0.05™° 0.98+0.12"™* 0.96+0.06™ 1.120.08™ 1.294£0.04™

6 3.84+0.33" 4.140.65™" 2.45+0.16™ 3.57+0.45" 4.74+0.27°

12 3.53+0.12" 3.89+0.23™" 5.3140.55" 5.03£0.10° 3.710.18"
18 2.61+0.47" 3.75£0.61™™ 4.56+0.02° 3.47+0.36" 3.90+0.47"

24 5.85+0.14" 4.54+0.42" 5.08+0.58™" 7.44+0.34% 7.69+0.37"

30 5.34+0.29" 3.510.24™ 4.93+0.27% 4.53+0.73* 2.63+0.15"

36 2.83+0.14™ 5.43+0.47¢ 3.87+0.15" 4.80+0.35* 2.30+0.25"

4 5.44+0.09" 9.98+0.56* 6.09+0.34" 2.26+0.38" 5.47+0.17"

48 1.010.14™ 1.10£0.11™ 1.07+0.04™ 1.09+0.15™ 1.24+0.20"

VAW T B R RE R IH AR, NIMAE i T 3
WHNEAFRTIREY, W kB, HEEE(Cyprinus
carpio var. Jian){F B} rh (1) 8 5O 1) R 9SS
EERENRE, TRE#FaREER RO, Jf
[ (A8 D I S O X C A =12 = e M T (TR =
Bt 2 Dt SOk A 3G, 3R TE R 220 X K
A= B W) R A 2 TN S . AR TE B 2 M AE AR
SIS P 34 AT AT G 7 e AR IS PR, S e K AR
TSN AR W7 W e s Y, T I R S e rh 4%
S0 2FU R B 1 1 ek B A A R R R Y 1 2
R LI, 4 s DA AT RE S A S5 i
JH Tt fige 2R 2 FH AR RN AR TE R 2 E I G Tl

Hp [E 7K 7% 2% 45 /5 sponsored by China Society of Fisheries

fift, —EBRE LR T 2T & IEER 2
W BEL 45 X6 5 X6 A1 5 A 7 W Wi 3 1 S 1 5
2 X IE WL K 53 FOR 3 B 2= e, U
W O RS2 6 v A R O R X AL A At i
FEH R

Tt e 2R TS 0 5 21 4.5% 20 I 6 M
O EE . UE R G RN AE TG M A R
XA 5 DAE 1 2 B 5 B AR W) 55 SR
i AR AR 2 X B (Cyprinus carpio)f i 1= 4 #1473
[F) Ao 12, 2 o AT P JB U 2 1 B s PR, e B %
Ikt (Oreochromis niloticus)iA PNt #6100 2],
XTI AR 1 Tl A AR = A R E B T R X
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Tab. 10 Lysozyme mRNA expression in gill of L. vannamei which experienced

V. parahaemolyticus challenge at different time

e/ time A (0% PSM) B (2.5% PSM) C (3.5% PSM) D (4.5% PSM) E (5.5% PSM)
0 1.03£0.10™ 0.89+0.11™ 1.440.10™ 1.25+0.12™ 1.42+0.08™

6 4.05+0.10 2.3340.28" 2.65+0.11™" 2.40+0.23™" 1.76+0.12™

12 2.060.07™" 3.70£0.15 2.85+0.14"® 2.82+0.09° 3.40+0.19"

18 2.5540.12% 1.250.10™" 3.30£0.27" 2.09+0.22" 2.23+0.19™

24 3.14£0.24" 2.7440.03"" 2.3620.04™ 4.60£0.41* 4.54+0.39°

30 1.2840.23™ 1.42+0.08"" 3.02+0.12%¢ 3.70+0.13" 1.61£0.16™

36 1.760.10™ 3.74+0.39* 1.45+0.21™ 2.65+0.12"" 2.33+0.41™

iy} 2.1840.35" 1.4420.16™ 3.50+0.29" 3.82+0.22* 2.61+0.08™

48 1.01£0.20™ 0.960.12™™ 1.18£0.06™" 1.41£0.17™ 1.37+0.22™

B 0 A I e T AR R R B AR T AL Bl
ARG P B R v TR 1 T T R R e K
A= Bt R G HIH A Y 2 EEUE IR T,
WK N TR 2R 1 il 2 Bl A1 B Y g 2 1 e 0 )
PR = 14 32E A I T 8 X L 2 0 1% 1 1k e Wi 7
AW, NI LN A MEE, 8% KE L
ARSI AR B N 1 ek, K i Ak
by ek R i1 IR . = Wil 5 (s
AT, R R SRR TR 15%~70%
) f R B, BB AS D R R R B )1 8 (Platichthys
stellatus)2)) 6 1 R AR 11 5 PR

3.2 AR RN BE AR SRR XS LR AT B
1B EE B 2 M

PR BT E AL RE T 02 V7 7K 7= 2l ) 4 e AR
) —AEEAE bR, H o5 —Fh B A oA Ak
YER R BT, LR R 0™ A= ok 2 A i T,
o3 S AR ZH BN T LA 1 B A o PR LA 5
R S SR U = (A IR N SRR U N
H AR, SRR

KSR A B N IK, TERLIR A
Fimmmbr e is k. s, BmKUE
HEA B R AR T . B M FL AR b E Ak
Al RS T B B B A8 T, T LA ) B B
NEREAWRE S 56 WPt E R ae Y, 55
it/ T 10 0001 il fige R o 2R 1 AH 488 T 38 K &2
B R YA AR,
NS b 1 KA 7 ) A B Y A i M B
A BT E AR, R HE  HOE TR R BT
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Effect of proteolytic soybean meal in low-fish-meal-diet on growth performance
and stress resistance of Litopenaeus vannamei

JIANG Detian', WANG Yi', HUANG Xuxiong ">,  WANG Weilong "**, ZHANG Shengxin *

(1. Key Laboratory of Freshwater Aquatic Genetic Resources, Ministry of Agriculture and Rural Affairs,
Shanghai Ocean University, Shanghai 201306, China;
2. Shanghai Engineering Research Center of Aquaculture, Shanghai Ocean University, Shanghai 201306, China;
3. National Demonstration Center for Experimental Fisheries Science Education,
Shanghai Ocean University, Shanghai 201306, China;
4. Taizhou Full Yield Biotechnology Co., Ltd. Taizhou 225300, China)

Abstract: In order to explore how to reduce the amount of fish meal while maintaining the good growth perform-
ance and stress resistance of Litopenaeus vannamei, in this study, the basic diet containing 10% fish meal was
added with 0% (A), 2.5% (B), 3.5% (C), 4.5% (D) and 5.5% (E) of proteolytic soybean meal (PSM) to produce
five groups of isonitrogonous isoenergetic feed. L.vannamei juveniles with initial body weight of (0.45+0.02) g
were fed for 8 weeks. Then the growth performance and stress resistance of L.vannamei were assessed. The results
showed that the final body weight of shrimps in each experimental group ranged from 14.65 to 15.38 g/individual
after 8-week culture experiment, and there were no significant differences in weight gain, survival rate and feed
coefficient among the groups. The crude protein content of shrimp muscle in group A was significantly lower than
those in other experimental groups. The crude fat contents of shrimp muscle in group C, D and E were signific-
antly higher than that in group A. There was no significant differences in ash and moisture content among other
groups. The activities of hepatopancreas protease, hepatopancreas amylase, hepatopancreas lipase, serum lyso-
zyme and serum T-SOD in shrimp fed D and E diets were significantly higher than that in group A. The serum
MDA content in group A was significantly higher thsan those in other groups. In the stress test of artificial acute
infection with high dose Vibrio Parahaemolyticus, the cumulative mortality of shrimp in group A at 48 h and 60 h
post Vibrio infection was significantly higher than that in group D. The expression levels of Toll receptor, immune
deficiency (/MD) and Lysozyme were detected in shrimp gill tissues after artificial acute infection with low dose
V.parahaemolyticus. The results showed that the peak values of Toll receptor, IMD and Lysozyme mRNA expres-
sion appeared in group C at 24 h post infection, group B at 42 h post infection and group D at 24 h post infection,
respectively. To sum up: in the feed containing 10% fish meal, the effect of proteolytic soybean meal less than
5.5% on the growth performance of L.vannamei is not significant. The dietary proteolytic soybean meal could sig-
nificantly increase the crude protein content and crude fat content in muscle and decrease the MDA content in
shrimp serum. Under the experimental conditions, the dietary proteolytic soybean meal significantly changes the
resistance of L.vannamei to Vibrio and the temporal and spatial expression of immune-related genes. Using 4.5%
proteolytic soybean meal in feed containing 10% fish meal can obtain the best anti-Vibrio ability of cultured L.van-

namei.
Key words: Litopenaeus vannamei; proteolytic soybean meal; growth performance; stress resistance
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