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XU R T4, PR e R Gt RE A
TERAHIFHR RGN FELEE RS, EHE
(Sus)!'. EHE(Cyprinus carpiovar Jian) . KFE¥E
it (Salmo salar)”'. FLANERTHF (Litopenaeus van-
namei) VEF ) EET R RIS E S HE
JEEAR A0 AN i G B W T, ] I IS LA o S 1 A AR
SV, Wk S EIgEN S T B = B, b
P TolI3Z AR AINF-keBEEAH O G e S R A £ 390
e 92 200 i 5 R AR v AH DK B S 0 2 51w B
VDB G SR MR A A SRR S T 8
Y A AR T SO, A A5 1 2 ) N TR PR R R
TSR, W SRBAEKER TR, R
B, S R AT LUK IR B B
&, R, 28 5o AR B 2 A ORI 2
IR 5 Wi, I B B E a
XAt B e SRR 2, — A #0811 B AR
IKF, BEARERDRMA R SR AL 1 321, o &t fi i v 2
TR BAAEREMNE L. BRREEBEIHMERA
RO FE, sER AP A 20 R LG iRy
&, GRUE S K S B A B RBCR I Tl =
i1, XFah g REsema i . £ S IRVEEE b, A6
SO0 FH 429 SR AR SR, A fK A BEAN62.5%
B 223 1.2% I A 2508 H AR K BlAS B 520, 1T 8
R GRA B AR R R} rh s 37 DR 1) [ I A o —
RN, LI B ETE T 52 m R 78 R WARIE .

AT T AT TR IR I TERT R, F K B R
AR L rp ok AR, LR AR R KGR S e
2, RIS 78 A A R DA A2 SRER R 1) 77
oK, TR R I R B A AR A SR B TR R AR
KPERE . Bria e ) LR HLRE e, B1E T iR
R A AE B GV R A Rk o o B SOR Ry
AVGRA R BB AR, R I SR & B P A %
PRI AR R BC 7 DAL S B BR R AR -

1 MRE5RE

1.1 SCIeGER

T RYE D AR 8 7R 7k, DLRR & ok
Wk B, FREAH . TEAER9E FIE, Bk
FEREERME Rt BB ZH(TO); 9 3 2% (T2). 5%
(T5)~ 8% (T8). 15% (T15)H A& 8% & 4 & A LAt 4]
R fORY AR (21 1), LTS H 50 45 2045 BE Y
SEIGTRNER ). K&t E R R 8, 180 H 1,
FETC T AR R T RIVE IR A 250, TN £ 3 RS
/KL ANLIN TR EAR1.5 mmI 2R, 90°C 2
A20min, 38T 5 AR AEE RS 96 R T B B 1R KN,

B HHAS RS
1.2 {AFER

FEHH SLIGAE bR R 2R i TR T R AT
W IRVBUR I B T A AT R, TS R R
W7 TR R SIS B, e . SRR FR30d,
5 4l F AR 1K 3 (0.17+0.02) gith, Phik Fk& 5%
{8 R T 1 SRR, 2 B 92 mx1.5 mx1 mff]
W, JLSd, AR EANER, BN EERGE
60 MR . SZI8 T 4f A FH X HR 2L Bk 97 5—7d, fF
UFREIE W P & HIGAET G T4 sE i . R R MR4IK
(6:00. 10:00. 16:00. 21:30), DAF-Bu M N E, H
B E N D IR E 3% —5%, ERWMEE.
SEI6 N HA64d, SLIR I 24h 7R, VAR =6 mg/L,
A8 JAR 5 4K, 3E /K38 200 H 5 I 38, KR
26—30°C, Z & <0.3 mg/L, pH 7.8—8.3.
1.3 HmREMBFRNE

FRUE S 45 R 5, 45 24h, BN FRE . it
. SRE WA A BENLEER12 B, Y61 mLiE
SR T B o s Ak BRI 94K 2T 1.5 mL 0 o BRURT
FEF R FH 8 RN TG T 5 0 v, TR VR o B AR AT
5 T R B T80 CARAEF T )5 82K I 20 #7

ERKMEENE J% 3% % (Survival rate, SR,
0% )="SI2 I &% TR I 2 A/ S B AT A e R JEE # < 100

14 ¥ 2% (Weight gain rate, WGR, %)=(& K ¥
1A WU T 15K )T 46 T 2 4K FE < 100

55 4 K (Specific growth rate, SGR, %/d)=
(InZ& R 254 B —In ) 4 ~F 35044 ) < 1 00/ 2 565 JE) 44

1k} 2 #1(Feed conversion ratio, FCR)="T-¥J %
B R/(ER PR E- G k)

mFMECE LT E IR N 2
4°C. 10000 r/min %5 0>20minH L7, —20 °C #1745
W 15 B A BALEE(SOD). A - (MDA)XK
FH R 5 A ) AR A BR A w1 R A, 3
ABF(ALT). BHEFHEZAST). BEATP)MA
& A (ALB)H BG4 H 3 A o Hr A 2

ERREWRIAEEPCR (QRT-PCRSHT B
~80°C VKA 1 AR A7 1 & Fr I ZH ZURE AR, 2 M Trizol
(Invitrogen)# 1E 5t W] FHE BUBRNA . $2 U &
RNAH LAy HE E T ERNAK B, RNAKE
1100 ng/pL, OD,/OD4go %1 N1.8—2.0, TN A
RNAT H . Hx#3%A5F) & (TaKaRa, H A%
RNA K 5 A cDNA, HRAFE-20CH T qRT-
PCR43HT o

K AE L Primer3 ¥ it Toll3Z 44 . HSP70. NF-
kBE:[KIQRT-PCRATH 519, 51T 5 W3k 2. R BL
RFIN20 ul, FLFE: 10 pLAGoldstar PCR Master
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Tab. 1 Composition and nutrient levels of diets (%, air dry basis)

TE Bl Diet
i H Item
TO T2 T5 T8 T15
FibE 1K) Peru fish meal 30.00 28.80 27.00 25.50 21.50
T K& A #Corn gluten meal 5.00 5.00 5.00 5.00 5.00
T ¥iSoybean meal 18.00 17.64 17.10 16.65 15.45
JZ 1% G ff|Fermented soybean meal 0.00 2.00 5.00 8.00 15.00
164 ¥iPeanut meal 7.00 7.00 7.00 7.00 7.00
¥y Meat meal 7.00 7.00 7.00 7.00 7.00
T4 Wheat flour 25.10 24.66 24.00 22.95 20.80
5 &% H 'Mineral premix 0.70 0.70 0.70 0.70 0.70
4% 4 Vitamin premix 0.80 0.80 0.80 0.80 0.80
15 % Squid meal 2.00 2.00 2.00 2.00 2.00
1y Fish oil 1.20 1.20 1.20 1.20 1.40
T BE ¥ Phospholipid meal 2.00 2.00 2.00 2.00 2.00
A Met 0.30 0.30 0.30 0.30 0.35
#i5 B Lys 0.70 0.70 0.70 0.70 0.80
75 R Thr 0.20 0.20 0.20 0.20 0.20
&t Total 100.00 100.00 100.00 100.00 100.00
H 777K FNutrient levels

¥H 2 A Crude protein 43.29 43.26 4323 43.38 43.40
AR i Crude fat 7.07 7.02 6.94 6.88 6.89
FIK 5y Ash 9.12 9.03 9.04 8.97 8.90
7K Moisture 10.73 11.31 10.85 10.37 11.40
A Met 1.11 1.10 1.08 1.07 1.09
R R Lys 3.20 3.19 3.16 3.15 3.21
FE R Thr 1.77 1.77 1.77 1.78 1.77

VE: 1. 8T e Y05 T K576 mineral premix content per kg: Ca 10.5 g, K90 g, Mg 12 g, Fe 1.0 g,Cu3.0g,Zn 10 g, Mn 3.8 g, Co
0.8 g, Se 20 mg; 2. AT T4 4E & IR 15 4 vitamin premix content per kg: VA 8000000 IU, VD 2000000 IU, VE 50 g, VK 10 g, VB, 5
g, VB, 15 g, VB, 8 g, VB, 0.02 g, #l ¥ fZnicotinamide 40 g, D-iZ [iZ4%calcium D-pantothenate 25 g, M fi2folic acid 2.5 g, ZE#) Fbiotin
0.08 g, Nl inositol 100 g

%2 qRT-PCR3|¥F%)
Tab.2 Primers sequence for qRT-PCR

Clk/E S GenBank & 35 Elk7 2] SR
Primer name GenBank accession No. Primer sequence (5'—3) Primer type
Toll receptor JF895474.1 TCTACGACCGCAACGAGC Forward

CGGAGTGGGAGTGAACAG Reverse
HSP70 HGO001455.1 CTCTGCCCAAGCAAGTAT Forward
GAATCTGTGCCTTATCCA Reverse
NF-«B KR827675.1 GTGGCTCACTTACGACTC Forward
AAGGTCCATACTCTTTGC Reverse
P-actin AF221096.1 GTGCGTGACATCAAGGAA Forward
TTGTAGGTGGTCTCGTGAAT Reverse

Mix (2x), bv FilE514)%0.6 uL, 0.4 uLf¥IRox, 2 pL NN Z, X453 1) & FE G A B (CoE AT 35—
Bt 6.4 uL ddH,0. PCRJR N 264 Hy: 95°C TR 1 AbHE, DL R 2 (TOZL)mRNA A B, A 2
15min; 95°C 484 10s; 58°C ik k32s; 72°C 4Ef#132s, BLCHEITVERT B 25 DA R IEIK 04T 73 A
JLA0MEIN . VEMREIZE S HT: 95°C, 158; 60C, 14 BIBRLESSGIT S

Imin; 95°C, 30s; 60°C, 15s. PAZ [KIBUFB-HLENE H SEG 8 S FH S Y (E AR 1 25 (Mean+SD) 1) 77 20
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R, K HSPSS 18.0%) £ 4 3k 47 B[R 28 07 2 43 4
(One-way ANOVA), 50 7 % i F Duncan G £ 3
1T 2 B, P<O.0SEREREE.

2 R

2.1 HEAKMERE

R TR B AR fER AN SR 6 B I TR R A K
Ref e W38 3, 5 R S HAFE R 1Ak K%L
BT 5 M 2 7 (P>0.05) . SEIG 41T FCIE T 1 H R
FRr e AR KR A R e TR R R AR LA, D
TS, TS, TG HAKA B ENZER
(P>0.05), T2 T15H & F KT X2 (P<0.05).
22 [MBEMEHLFELIERR

M5 H A TR (F 4) TR, SLIRHSODIE It
FIMDA Z 5 Fifi < e SRS I &2 (1) 38 I o 74 v /5 B
%, TS, T8ZHSODH M & 2 T X 41(P<0.05),
T154L 8 Z K T X IR 4H(P<0.05), T 2K ZHMDA &
w18 5 T IR (P<0.05), HTSA & i .

2 Gy I i3S AR AR bR (GR S)mT %, Bl R 1%

SRR B INASTAALTIE I & 56 PR I% G T+
AT, I H R T24L I ASTIE It #h Hoth & S8 20 1
ASTAHTALTIE 1435 & 2K T X FE 2 (P<0.05); i
ALB® & AE % 4 0 JC & #E % 5 (P>0.05), T5.
T8N TP & & W ZE I T X HE2H (P<0.05)
2.3 TollZ{k. NF-xBFIHSP70%%F /KT
KE

T el v o T RO B AR Ry RN TR R 2 S B
[CVBUR TollZ A« NF-kBFIHSPT0 % 5% /K AHXT 3
EE(E 1—-3), P TISHBETollZ /K . NF-xB#% 5%
AT A 2Rk & I 3 T H A & 4H(P<0.05), T
TO. T2. T8 [TC & &M% F(P>0.05); M ik
JRHSP70 ¥ /K- PN RKEREA LLEH, T2,
T8H & K T TO4L(P<0.05), M T154H 5.2 = T T0
(P<0.05).

3 it
VAR, R R B SRRAE A Sh it o ()
M FCRAE T . R GRAAR L, H R B P

®3 ABEHERENTEHRENS RIBIE KRR
Tab.3 Effects of replacement of FM and SBM by FSBM on growth indices of Macrobrachium rosenbergii

20 5 Group R ZRSR (%) W RWGR (%) H e K FSGR (%/d) Tkl R EFCR
TO 90.00+3.33 2290.58+60.58° 4.90+0.03" 1.12+0.13
T2 93.34+6.67 2050.53+45.27" 4.78+0.02" 1.18+0.05
TS 95.83+6.51 2195.30+169.19" 4.89+0.11° 1.21£0.21
T8 87.50+0.83 2299.44+38.34° 4.96+0.02° 1.17+0.04
T15 89.17+1.67 2024.71+4.71° 4.78+0.01" 1.3320.09

e FBVEE AR R BOE /NS FRER R 22 R A B (P>0.05), NRVNE FRERIR 2 7 3 (P<0.05); TR
Note: Values with the same small letter superscripts or none letter superscripts in the same row mean no significant difference (£>0.05),
while different small letter superscripts mean significant difference (P<0.05). The same applies below

F4 AERTHRBEREMINEHENT KB ERELERNEZE
Tab. 4 Effects of replacement of FM and SBM by FSBM on antioxidant indices in serum of Macrobrachium rosenbergii

A 5 Group A B AL EFSOD (U/mL) P MDA (nmol/mL)
To 343.45+7.09° 40.63+0.31°
™ 357.62+12.70° 90.61+0.86°
T5 399.58+13.28° 98.21+2.34"
T8 399.91+9.08° 94.05+1.06°
Ti5 312.24+10.36" 78.09+1.85"

x5 ABRIHBNREHINTHEN T KB EE LR fm
Tab. 5 Effects of replacement of FM and SBM by FSBM on biochemical indices in serum of Macrobrachium rosenbergii

¢ 5 Group B EFAST (U/L) B ABALT (U/L) &M ALB (g/L) MEHTP (g/L)
TO 74.95+3.11° 68.55+7.01° 11.7540.21 100.05+1.48"
T2 67.60+1.20° 42.23+1.10° 12.13£1.31 97.55+6.01°
T5 54.33+1.59" 37.58+2.15" 11.93+0.57 88.40+2.34"
T8 12.10£0.99° 29.30+3.84" 13.00+1.56 88.78+1.78"
T15 49.42+6.78" 37.53+4.48" 12.632.55 94.98+3.06"
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Fig. 1 Toll receptor mRNA expression levels in gills of shrimp
fed with different diets
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Values with the same small letter superscripts or none superscripts
mean no significant difference (P>0.05), while different small
letter superscripts mean significant difference (P<0.05). The same
applies below
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Fig. 2 NF-xB mRNA expression levels in gills of shrimp fed with
different diets
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Fig. 3 HSP70 mRNA expression levels in hepatopancreas of
shrimp fed with different diets
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W e 45 AR, B 248 5 fodE B AR S, s
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N T SEBU R (R SR 22 A VRN, sh
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ER S EBAR. IR A B0 B AR I, 2 e
JH I VR BE 0 B A B IR OE T BLASTRIALT K 237 55
B, i AL o ASTRI AL T 128 A 4 F 1 T
e s kR Y. BHASTHIALTISE S AT LLE
W, 7E— e VU N B R SR R BT, R
RS2 A5 FE R PRI, IX 7] AE 5 K S PR & A BRI
. 1ERRBBP B A b, B R ok B R
EAGREER, LR AHR S ASTMALT & &
B, I AR AR A RS b R B, A4
M S AL LR 8D . IX R B, BRARTARE R K S
PURERAS EEA T TR

SR A(TP)TERF IR A R, B A& A AER &
Hik. AEAALBENE RV A, FEAT
IEHNE S, SEFr a0 S SRR RS 3 T, H& &A8
5 HLAR A KB 1RO, BR R ORI T R A
(153 W, FSRARBLAN R 0. A AN, M E
FEE AR AR T RE 2 52 sh P & A AR, 2R
bl A7) (1 38 n <= BELAS 85 1 5 S A A R 1 T 1)
BEAT, DRI 2 0 2R R B A Ak A R, 5 IS
TP &I RIS Y, AT T, REEGHI B AR
[i) b 3] 8 ARG B B VAR I i ALB 25 2 G i
RO . IX R B AR R I R S B TR
KR AR A RRIEARIFE . 29 B 52 i, 40
F 9 I ASTATALT £ B i 21 135, 38 B i i
AST. ALTHLEEHEM & . ARSI, Kk
GOSN K AE0—8 %I, MG TP & & 5 I i
ASTRIALT & &40 — 3, H & RAHA FFEEAR
Tt B A, 5 B R TR R A S R T B A
T P i P e
33 ABEMEBERSEMMEMNTKBIMIE®
RNORGEEEFRRENTHK

B ICTBUME N T BB, oGy N R
G, B R, 3 B SR S R MR e % ok
TR A . B R G BV E N AR 1 P
A E BT ARHITE 3, M H 2 R AFAE VI 52
— i, B HRAKFE AT RN RE R IE. 5
— 7T, MR G ZEHLRE 1 R 15 2 s AL S 57
I RACE™,

MAEACTRFR KL, A H B EES 5 PR IE R
() A B A= A sz 7 A 975 41 B B 28 R I B R B
I AR R 2 AR A (WIMDA) 15 3
Yl fi, 75 ELE I R RS AR R AR PUEALE
P77, ZERE (R R S5 SODFICAT R 1%
F EEAEH, SOD AT LA Ab 8 S B 25 7 & 2B B4k
KN, FEHEH,0,f10,, H,O, 3E M CAT /il Ttk
SODJE LA G2 2 4t H 8 22 1) S e AH L R 7, T

THH BT MUAR SR B S L RESY . TE AR
rh sz 6 4H (1 SODVE P ATMDA 25 5 #5 5 A1 [7] 1484k,
s HA B MDA S & #AS AR B v T X
FEVZH, 00 B R T R AR ok RN R B T LR A
A RE B SR AL L, LBk 38 b S8 AL i G 5 ok
HE P A LI 3 S T e T AR A PR, X
T154 P MDA % & 2 3 & T % B 4L i SOD i 4 i
FH KT HEZE A 5 ST DAHEWT, B ot X A4 3 R 1)
P T BE AR R AR K A2 P B TR A

T 7 TH, MG FE R R L Kk B, HSPT0
(SRR & AR B — R, R
FERRTEE A, 75 JLT A A8 R i
WE A S, BA PR siae™ . B
BHESA, P2 WMOGE R, NARBEnE. &
SBE T WY, DNARMS . A HEWERGE,
ISR ol ga e A Y U NN S AN oW N O T e
HSPT70%: R ¥ /KA FRIX B R BE DM & &
1 S%I ik B B KA - HOB 2 m T HAh 541, &
R R aok 7 AR AR R R B 2 3 I ML 1 52
IR, R 2H R B H B K B B LA &
TR 7K T & 2 R 38 AR R A K s 1) 2 RV AR
HSPT0FE R /K A X Rk B IR R s, 4
EPUEAIERFIAST. ALTEZS B, 2 8 st R X #L
AP A B A P, B IE M KT R R TR R R R
T % ECVE R T i A e

TR 8 Toll 52 R BE VR M T AE P K SN AZ 1
55 M AME 1 B M Py, AT 5] RS I S 5 B
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THE REPLACEMENT OF FISH MEAL AND SOYBEAN MEAL TO FERMENTED
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Abstract: An experiment was conducted to investigate the effects of replacing fish meal (FM) and soybean meal
(SBM) by fermented soybean meal (FSBM) on growth performance, serum biochemical indices, and immune genes in
giant river prawn, Macrobrachium rosenbergii, and to find a suitable proportion of FSBM to replace FM in diets. Five
isonitrogenous and isoenergetic diets were formulated for giant river prawn, among which a basal diet (T0) containing
30% FM and 18% SBM was treated as the control group, and the FM and SBM (2:1) in the basal diets replaced by 2%
(T2), 5% (T5), 8% (T8) and 15% (T15) of FSBM respectively were treated as experimental diets. Giant river prawns
with initial average body weight of (0.17+0.02) g were cultured for 64 days in indoor net cages at a cement tank. Re-
sults showed that with increasing FSBM supplemental level, the growth rate and specific growth rate increased firstly
and then decreased, and the highest value was found in group T8. Serum superoxide dismutase activity and malondial-
dehyde content firstly increased and then decreased. MDA of all experimental groups was higher than that of the con-
trol group. Serum aspartate transaminase, alanine aminotransferase activity and total protein content had decreasing
trend followed by an increasing trend, and the values in all experimental groups were lower than the control group.
Gills Toll receptor mRNA and NF-kB mRNA expression levels and hepatopancreas heat shock protein mRNA relative
expression levels in group T15 were the highest among all groups. All these results indicated that the replacement of
FM and SBM with FSBM would affect growth, antioxidant ability and immunity, and the optimum amount of FSBM
was 8% in the diets in this experiment.

Key words: Macrobrachium rosenbergii; Soybean meal; Fermented soybean meal; Fish meal; Serum biochemical
indices; Immune genes



