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B TF R (P<0.05); FEAifLiRPRIALh, B K G PR (RS, P IRTBERE R | i 75 8 e B 5 7 A
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FRE; G ad BRSO . A AR RS S Bl
i e PR e S g, EEEAET . 5 R AL BT
BRI, R HTE A O 8 E A R
SR, Xk s A A o )
KPR 8 2 BRI R 2 8 IR K ™ 3l e R
R P GBI ER, Bl B BR R S 4T R 2 X
BUAA S T AR FH BCOR 3E TUAR BT A o IR R T,
FI A ) A BB R W] LA ROR B OR St s
) at, HOAREGOMIAA & L ORI S Y fa ok
BACRUR S H I AR FR & e R i il FH B
56 B A 5 AT A 26K 7 Sl W i 18 K JH =
A GRS R, e SR R

PUB SN T IPUE SRR AT AU X
#(Cyprinus carpio var. Jian)BHF5E R, G &
KGR AR MR R 5 RS, S X4
T T PTG RE ), H IR R T —
FERYBRBE, 2> Bl 5K Sl Wy g aE b Bz A0 i 4 A
AL A R S P g Sz BRI, Bedb, B 3R
PR - X AILAA B 1 FH 3 55 R v 8 H A 22 Rl 8 5=
Rl 7 AN Je 2 A A il 7] . BEAR R A O, BLE SR
PR A IR 5 2800 B0 B SR I T, B s AL A
(e A Th B, R A 78 K R AR S
BFR R A AR A A SR

% AR YR (Macrobrachium rosenbergii) X FR 5
VG RHEF . IR AR, 2 i FROKERE SR
AR FEEMEZ —, BHEL, ST RIEIRARA K
BRI R TR B AR 2,
REAN 2R (1 DR AR Aokt A A Ve, ot
TR U SR A ERUVA  E froR R
AT, 3G AP A 1 ORI R I ORI T
Rty FH B ) R AR A ST DL IRV Ry
SCER AN, LGRS K EE GRS GRS [GTR AR
AAAERE L BLAELRE ) S BEMLRE RS2, FR K
SR ER SRR ZEIWEER, N SR
RN TR SR PRSP A4 A e Sy

1 HESHE

1.1 SEE{R#Y
MG L TR MR A B FR TR, BC ) LABR & (o
(HEHEE 67%), ZHEHSE 46%, REHS

2 180 mg/g, f-HEEKEE &2 140 meg/g)fl kL
T IR 5 & 49%, BRE &2 10 mg/g, f-
PEERE SR 3 me/g)h EEE A IEM I
BHTLS 4). FEbIERl b, &k G 58 28R
T15 AP ERI(TF 4), ik EEG R SR
BARRCR; Bk B P AR G B i (R
& 90%, BRI 179.74 mg/g Al p-FEEREE B
138.18 mg/g) i EEHE AR, 7 HIECH 5 T15. TF
AT RE A & B R alifb iR B APS . APO 41,
PR U AE 22300, APS HBR K S35
HEAL, TCHAYUE IR . PR SRR R
AR A SERECR 1) K2 R RL R i,
it 80 HIf, HH T MREHBERY RILIRAA,
I n e FGE EK L RPUIN TR EA R 1.5 mm
FIEIR, 90 CEL 20 min, WG T 5 M AR AL 52
AR AT B KON, %6 A RS
1.2 AFER

FEH S AE bV R 2 TV R A S A T
BRI B LT KPR BT, TS R
PR S M A S I I R, e UE T, AR BT SR
30 d, FRAIEFHIAGIAF](0.17+0.02) g I, PRiEHIAR &
3 ARFRTCHE 1Y SIS AE, 4 FEA% A 2 mx1.5 mx
1 m W MFES, 44, HARE 4 EE, B
TSR 60 JBUF . SEIFF aa i FH re e R gl R
5~7 d, FREFREIEH & HICAET- G TR IR SEE . AR
LML 4 YR (6:00, 10:00, 16:00, 21:30), PAF-BEA0E N
F, HEMEE R [CIHIMATE ) 3%~5%, ihF M
o S 64 d, SEEIBIE] 24 h A, WIRA
=6 mg/L, NEWINEH0K, FEKEH 200 H M
1LUE, KR 26~30C, 2 A <0.3 mg/L, pH 7.8~8.3,
1.3 HmFEEMIERNE

FIHSEIZE R G, 158 24 h, BWFFRE .
T ARG VB A REALER 12 88T, 46 1 mL
T T FLOFE AR BN EL T 1.5 mL &.04
ESUJTF B B R 88 T A B0 R, IR AR AR T
HORAE, BT AREE T-80CRIFH T/
SR 43T
1.3.1 EKMERENE

JI% 2 (survival rate, SR, %) = 3K
A/ B B B AT 2 i< 100

LiEa g SN
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Composition and nutrient levels of diets
%, THI dry matter

1Ak diet
T15 TF AP5 AP0

Tab. 1

fic 7 4> ingredient

Fh& k) Peru fish meal 21.50 21.50 21.50 21.50
TH soybean meal 1545 0 0 0
KM fermented soybean meal 15.00 28.70 0 0
B4 1 casein 0 0 8.34 24.50
KESBEHE soy protein isolate 0 0 16.16 0
T AREMHHK corn gluten meal 500 5.00 0 0
4K peanut meal 7.00 7.00 0 0
PI¥) meat meal 7.00 7.00 0 0
il fish oil 140  1.40 4.00 4.00
Wilg ¥ phospholipid 2.00 2.00 2.00 2.00
¥ wheat flour 20.80 22.55 22.80 22.80
WIS dextrin 0 0 520 5.20
PR gelatin 0 0 8.00  8.00
%% D mineral premix" 0.70  0.70 0.70 0.70
£ 4k » vitamin premix” 0.80 0.80 0.80 0.80
AHEF 4 MCC 0 0 570  6.50
RH A4 E ) CMC 0 0 2.00  2.00
58 squid meal 2.00 200 2.00 2.00
FEHR Met 035 035 030 0
AR Lys 080 0.80 040 0
IR Thr 020 020 0.10 0
A1t total 100.00 100.00 100.00 100.00
EIE/KE nutrient level

HEH crude protein 43.40 43.38 43.39 43.60
MUIE ether extract 689 679 690 6.77
EHEM Met 178 1.77 174 174
AR Lys 1.09 1.09 1.09 1.13
IR Thr 321 319 321 325
REHURE i 514 037 514 0

soybean antigen protein

WD) BT R YHRBURRNSF: Ca, 10.5 g; K, 90 g; Mg, 12 g;
Fe, 1.0 g; Cu, 3.0 g; Zn, 10 g; Mn, 3.8 g; Co, 0.8 g; Se, 20 mg.

2) BT RBIREEA: 4i4: % A, 8000000 1U; 4i4: % D,
2000000 IU; ZEZ E, 50 g, #4EAE K, 10g; 442 B, S g 4
R By, 15 g, 4K Bs, 8 gy 4L K Bio, 0.02 g; JHELNE, 40 g;
D-VZRS, 25 g; MR, 2.5 g; EHIE, 0.08 g; JILEE, 100 g.

Note: 1) Contain the following per kg of mineral premix: Ca, 10.5 g;
K, 90 g; Mg, 12 g; Fe, 1.0 g; Cu, 3.0 g; Zn, 10 g; Mn, 3.8 g; Co, 0.8
g; Se, 20 mg.

2) Contain the following per kg of vitamin premix: vitamin A,
8000000 IU; vitamin D, 2000000 IU; vitamin E, 50 g; vitamin K,
10 g; vitamin By, 5 g; vitamin B,, 15 g; vitamin Bg, 8 g; vitamin By,
0.02 g; nicotinamide, 40 g; calcium D-pantothenate, 25 g; folic acid,
2.5 g; biotin, 0.08 g; inositol, 100 g.

4 H % (weight gain rate, WGR, %) = (&K F
B WG YR )/ G- YR EE > 100

FF 8 4 K K (specific growth rate, SGR, %/d) =
(In ZRVIY IR TE—In W46 TSR ) < 100/ 56 5 1

1A Bl 2 % (feed conversion ratio, FCR) = 1

B R/ LR IR E -G TR E)
1.3.2 HfiEHRUE =M. KSRGS
BEEATHIUREAHKEERE AR - KRG ER
A I R & (R R e e vk ) AT e, ik
A& AL B A E A wl R

X JILPRAE b AT 0 LS SR B R, R AR
R FH LG i, KRR 7 R FH S0 HH s I
FLIK 53R 550°C R E .

MK ZE 4°C . 10000 r/min 5.0 20 min HL
M, —20°CORAERFIN; TR AR BGE B R /N 42
Yo, # 1:9 (m ) LLBn A E SRR, 7R3 5
AP AR . SIRHE 4°C, 4000 r/min T L
10 min, 5 WEHE BRI 1M 38 AL Y s AL g
(SOD). N [EE(MDA) . JH [ JE 4 i (amylase)
K R R TR A BRA vl &, R
15 7 (trypsin) >R AR AR 500 5, RN &
i (ALT). AFEEBMH(AST). A (TP 5
FI(ALB) 54 A sl AL Hr A 22

Horr, R I I 0 R P 3 K bE 8 0
FEG e X ARV AR 37°C SR EH 30 min,
KA 10 mg JEMTAE SN 1 AN TEREETG 1 507 (U/mg
prot); & S J1 R P AR AR 1 2, B )
N BT ATE 40°C R AR B K g & H e A
1 pg MR, & X0 1 AN RS 1 BAL(U/mg
prot); ALT Fl AST ¥ ] IFCC ¥, WG 1@ X:
PSRRI A SRR AE 37°CF W, 340 nm F,
NADH W B (T [ 58 2 (A4/min) 3 L) 5L (F),
Bk 1 ANEEE 7187 (U/L); SOD R JH 8 I 4 4k
il 0 k0 e, WS o S R T RO R
SOD i %K E] 50%HF Fir X Wi [ SOD &4 1 4
SOD i JJHAL(U)

133 EERIEWKHAEEE PCR (qRT-PCR)Z
M HU-80°C kA P IR A I S TR A A, =
M Trizol(Invitrogen)#/FE Ui FH B2 HLE RNA, 42
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IS RNA AN e B T i RNA kB,
RNA ¥ 25 T 100 ng/uL, OD2go/ODosgo  1.8~2.0,
WA RNA ol H . R Sk 5 & (TaKaRa, H
VK RNA [ 53%8 ¢cDNA, IFHRAE7E—20C T
qRT-PCR 7347

K HAEZE Primer 3 %11 Toll receptor . HSP70 .
NF-«B 2K qRT-PCR it 519, 51955 W% 2,

PCR S W FEF (3 3): 95°CHIZAEME 15 min; 95°C7%
£ 10s, 58°CiB k 32's, 72°CHEAH 32 s, k40 MF
W, BRI 4 95°C, 15 s; 60°C, 1 min; 95°C,
30 s; 60°C, 15 so LIV RIREF g-HIshEH AN S,
XF A5 B 1Y & FE SR BB (COME AT Y — 1k b B,
Wifh Z )R LL T15 4] mRNA 5L, i 27
Fbdse CAE 5t B B3 PIAR XS 2k KA 70007 o

# 2 qRT-PCR 3|4#1F7I
Tab.2 Primers sequences for qRT-PCR

51¥ 4 primer name

GenBank % 3¢5 GenBank accession no.

51491751 (5'-3") primer sequence 5142 # primer type

Toll receptor JF895474.1
HSP70 HGO001455.1
NF-«xB KR827675.1
p-actin AF221096.1

TCTACGACCGCAACGAGC Forward
CGGAGTGGGAGTGAACAG Reverse
CTCTGCCCAAGCAAGTAT Forward
GAATCTGTGCCTTATCCA Reverse
GTGGCTCACTTACGACTC Forward
AAGGTCCATACTCTTTGC Reverse
GTGCGTGACATCAAGGAA Forward
TTGTAGGTGGTCTCGTGAAT Reverse

®3 IMRAEERNER

Tab.3 Reaction system for quantitative real-time PCR

37 4% FK reagent name fifi & /uL dosage

Goldstar PCR Master Mix (2x) 10
ddH,0 6.4
ROX 0.4
514 1.2

cDNA 2

14 HIELAEESZITHH

S 45 R P Y {45 o 25 (X £ SD )Y 5 X
FR, K SPSS 18.0 X R a7 M S BEA ¢ K 56
A, P<0.05 FREF L E.

2 ZEREHW

2.1 AERMERE. (RS F0RT R IR H L BEIE
GURRWICGR 4. K 5), PR RSIERIA A7

*4 FEATRBIFAEKMEREFRIFEL S

Tab. 4 Growth performance and composition of whole body of Macrobrachium rosenbergii fed with different trial diets

n=4; X+SD
—— 2 5] group
T15 TF AP5 AP0
R #/% SR 89.17£1.67° 85.00+10.00° 94.12+5.84* 93.89+2.55%
HIE K /% WGR 2024.71+4.71° 1929.31+55.98" 1960.30+69.12* 2012.56+44.124
R A K/ (%/d) SGR 4.750.02° 4.70£0.05° 4.73+0.05% 4.76+0.03*
Tk R % FCR 1.33+0.09° 1.50+0.14 1.38+0.05* 1.41+0.07*
HIZE I crude protein 86.27+0.58° 86.41+0.87° 85.14+0.774 85.54+0.68*
HLE 7 ether extract 4.61+0.18° 4.75+0.26 4.93+0.33% 4.86+0.36"
K4y ash 5.19+0.12° 5.19+0.22° 5.05+0.124 5.26+0.21%

e ANEVNG FRERR TS, TF 42257 B3 (P<0.05), ARIKSFHEER APS, APO 412557 i 3 (P<0.05), HH[HFRER/R 22 5% K i 3%

(P>0.05).

Note: Values with different small letter superscripts mean significant difference (P<0.05) between T15 group and TF group, and with differ-
ent uppercase letter superscripts mean significant difference (P<0.05) between APS group and APO group, while with same letter superscripts

in the same row mean no significant difference (P>0.05).
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Tab. 5 Digestive enzyme activities in hepatopancreas of
Macrobrachium rosenbergii fed with different trial diets

n=4; x+SD
f8FR index
2H 51
group VERIMET J1/(U/mg prot)  # FIBEE J1/(U/mg prot)
amylase trypsin

T15 18.88+1.11° 97.12+1.98°

TF 19.96+2.93* 65.26+£1.79*

AP5 18.85+1.38" 112.11£3.50°

APO 14.24+1.55% 105.03+4.034

T RE/NEFEERR TIS, TF 42 57 35 (P<0.05), AFRAS
TR APS | APO 122 53 1 35 (P<0.05) , AR FHRER R 2257 A
3 (P>0.05).

Note: Values with different small letter superscripts mean signifi-
cant difference (P<0.05) between T15 group and TF group, and
with different uppercase letter superscripts mean significant dif-
ference (P<0.05) between APS group and APO group, while with

same letter superscripts in the same row mean no significant dif-
ference (P>0.05).

W R AR R RS HE D FRE D
PGt 25 5 (P>0.05) o BE A BU ISR 1 R 2 1)
G, 3% R AE X T Rl R 0 D) 2 A S A
SRR SR, T15 IR B E® T TF 4(P<
0.05); Palifbinl el RF0, P4 F R TG i
ZF(P>0.05), K4r T15, TF ML B EHMEEH
(P>0.05), Tl APO 41 2% = T APS5 41(P<0.05)

SERRA S, T15 4 ABHS 5 W& 5T TF
41(P<0.05), 1M & A3 W 1 JC 3 M 22 57 (P>0.05);
alifb ik, APS 4 A il 1 0 RN AR T
FIER R BT APO £H(P<0.05).
22 MFmALMELIERR

MFPLARAIEIRGR 6)WoR, SRR RS
TF 21 SOD i 71 . 3% =i F T15 41(P<0.05) . 1f MDA
B R B3 (P>0.05), T15 202 B KRBT
AL T P2l iEk &5, SOD i J) Al MDA
TR R 2E R (P>0.05),

& TR R MLV A= AR FR bR (& )Rl 1, PIFR &R
F kL ALB Hil TP & i Bif 8 B JR 2 1k B 1
RAR B R a3 SEAVERL R S v, T15 41
TP & & B3 & T TF 41(P<0.05), ALB &% &% A T
22 R (P>0.05); Faifbm kLRSI, APS 41
ALB., TP &b & & T APO 41 (P<0.05). SZH
Tkt AST A1 ALT B3 ) 22 %A 1835 (P>0.05),

*6 FEFTRABMMBMNEUBEEINNA_BSE
Tab. 6 Antioxidant enzyme activities and
MDA content in serum of Macrobrachium rosenbergi
fed with different trial diets

n=4; x+SD
o150 1EF5 index
group 8 4 bWy i AL /(U/mL) SOD 7§ —J#%/(nmol/mL) MDA
T15 312.24+10.36" 78.09+1.85°
TF 350.47+7.51° 79.76+0.51°
AP5 315.19+16.40% 91.17+8.58"
AP0 311.64+11.28* 85.95+0.98*

H: RE/NE FHREFRR T15, TF 4124 5% 1 3 (P<0.05), RFIKE
FHREFIR APS. APO 41 2% 53 .35 (P<0.05), MR T RERRZZRA
3 (P>0.05).

Note: Values with different small letter superscripts mean signifi-
cant difference (P<0.05) between the T15 group and the TF group,
and with different uppercase letter superscripts mean significant
difference (P<0.05) between the APS5 group and the APO group,

while with same letter superscripts in the same row mean no sig-
nificant difference (P>0.05).

#7 HHETRKIBEMEEKIgHR
Tab.7 Biochemical indices in serum of Macrobrachium
rosenbergii fed with different trial diets
n=4, x£SD

fE845 index

HEM
/(g/L) ALB

12.63+2.55%

g - —
group DHELEM BT AN
/(U/L) AST  /(U/L) ALT

T15 49.42+6.78"

MEA
/(g/L) TP

94.98+3.06"

37.53+4.48°

TF  53.77+1.64" 34.13+1.25" 9.50+2.33*  87.80+2.56"

AP5  46.65+0.15% 33.33+1.62* 14.88+2.22% 101.80+2.53"
AP0 54.12+1.61% 36.65+1.85* 10.33+1.68* 93.17+5.154

TE: AR/NEFRERR T15, TF 422 5 B3 (P<0.05), RFEKE
FHEFRIR AP, APO 412 5 B35 (P<0.05), HRFHERERA
3 (P>0.05).

Note: Values with different small letter superscripts mean signifi-
cant difference (P<0.05) between T15 group and TF group, and
with different uppercase letter superscripts mean significant dif-
ference (P<0.05) between APS group and AP0 group, while with

same letter superscripts in the same row mean no significant dif-
ference (P>0.05).

kaifb R APO 9 AST 3% 11 & = T APS 4
(P<0.05), ALT BT J3JC b P 22 5 (P>0.05),
2.3 Toll k. NF-kB 1 HSP70 % F /K T8t

KGR A FEAR T A [A] 2 50 1A k4 1)
%[GR IF Toll 5244 . NF-xB F1 HSP70 % 5% 7K F-4H
XERKZEAEARGERE 1, B’ 2, K 3), 7
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Sz ELZH Y, T15 41 Toll 5% 44 . HSP70 %4 55 /K F-
Tk B E T TF 4(P<0.05), 1fif NF-kB mRNA
FEXF 235 1 A I 3 1 25 7 (P>0.05); 7EF4lifk
Tkt 1, APS 41 Toll 5% & \NF-xB % 57K - AH X
Tk B EMLT AP0 4(P<0.05), 1fif HSP70 %%

IR A X ik A 5 R 25 57 (P>0.05)

e | n=4; ¥£SD
-}Q% 12t b
%fg < 10f
£% % 038
Z 75
X352 04
W2
S5 02 .
8 0 | -
T15 TF AP5
£ %) group
B 1 AR Z RIB I Toll 24 mRNA
A A AR X Rk

ARF/NG FEFR TI5, TF 4255 835 (P<0.05), A
KEFRFER AP5, AP0 2255 i 3 (P<0.05).

Fig. 1 Toll-like receptor mRNA expression levels in gills of
Macrobrachium rosenbergii fed with different diets
Values with different small letter superscripts mean

significant difference (P<0.05) between T15 group and
TF group, and with different uppercase letter
superscripts mean significant difference (P<0.05)
between AP5 group and APO group.

1.4
@‘g 121 b n=4; x+SD
®E 10}
= §
£z % 0.8}
283
% s 06} A
S 2E 04f
& §
£ 02f
0
T15 TF AP5 AP0
283 group
2 ASEFE B Y RIBEF NF-xB mRNA
TE B A AR X Rk
ANEVNG FHFOR T15, TF 4125 5 5 3 (P<0.05), KA

KEFEFER APS. AP0 225 5 i 2 (P<0.05).
Fig. 2 NF-xkB mRNA expression levels in gills of
Macrobrachium rosenbergii fed with different diets
Values with different small letter superscripts mean

significant difference (P<0.05) between T15 group and
TF group, and with different uppercase letter superscripts
mean significant difference (P<0.05) between
APS group and APO group.

e SE REPURE AN IR AR A B A fb K G 3 19 5% i) 327
20 = B
s 18] n=4; ¥+SD
ﬁg 1.6+
[0 | a
gl
E 3 %
<3S 10} a
% g‘ﬁ 0.8 A
°Z 06}
@ g 04}
Ze 02+
0 T15 TF AP5 AP0
215 group

K3 ARERZLY [CE IR HSP70 mRNA
0 T i v A A X0 e 3k
RIF/NEFREFR T15. TF 42 5 13 (P<0.05), A
KEFHFR AP5, APO 4% 7 i 3 (P<0.05).

Fig. 3 HSP70 mRNA expression levels in hepatopancreas
of Macrobrachium rosenbergii fed with different diets
Values with different small letter superscripts mean
significant difference (P<0.05) between T15 group and
TF group, and with different uppercase letter superscripts
mean significant difference (P<0.05) between
APS5 group and APOQ group.

3 itig
3 XEMEEEWNARERANT KRBIFEK
Y % i

A K R E R A Wk, R
Wi Al AR AR T 2 A 4 A R . IR SY R A,
TR SN 8% 1) K G BR AR 1 W] T B A Y A K
Pk e R K, i T8 ) B A2 24 0 PO i ok 32 b
(Scophthalmus maximus L.)A] UL K32 FHXT 55 5 &
IR IR (8.31%), MEHA R A K
il iR ARG AT, ORI stk
DR H R AZ A IEJ o

AW RN, REVUREHIFRA R K
TEAR JULPR R A 1D RO 2R 11 o S8 PR ARDRE R R 4L
iR e = R Y (AP L S e N A (1 e i 5
%o Wi i =25 P o b % I % B B AR A
b 4 R, W IR B 5 R Aok X R 2 P AN T )
IR AR SCR, 772 5 0 R R AT B AN R
SOFSIE7/DS NI 71 = LN T 7 %7 N [ S Bl = S R
FEPERIE RN 16.5%, W T AN GM S &,
Mgl ki 2 IR IR A KA B 2
5, WIESE P [RIEIR S% RediiEHEA —
FE AT AZ BREE, DA AN 2 AR K A I 2 1 1 T
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Abstract: Soybean antigen proteins (soybean glycinin and f-conglycinin) are the main anti-nutritional factors in
soybean meal. Recent studies showed that a high level of glycinin and f-conglycinin in soybean meal can disrupt
the intestinal tissue structure, resulting in digestion and absorption disorders, stunted growth, and allergic reac-
tions with a variety of non-specific and specific immune responses in aquatic animals. In recent years, fermented
soybean meal has been increasingly used in aquatic animal feed. Compared to soybean meal, anti-nutritional fac-
tors, particularly soybean antigen proteins in fermented soybean meal, are drastically reduced. This study was
conducted to compare the effects of soybean meal (SBM) and fermented soybean meal (FSBM) on the growth,
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serum biochemical indices, gene expression, and oxidative status in Macrobrachium rosenbergii and evaluate
whether the effects were caused by soybean antigen protein. Practical diets (T15, TF) and purified diets (AP0, AP5)
were formulated for the feeding trial. Compared to T15 (21.5% FM, 15.45% SBM, 15% FSBM), the soybean meal
was completely replaced with fermented soybean meal in TF, while APO and AP5 were semi-purified diets con-
taining approximately the same content of soybean antigenic protein as TF (nearly 0% soybean antigen proteins)
and T15 (approximately 5% soybean antigen proteins), respectively, with soybean antigen proteins included as the
sole anti-nutritional factor. Giant river prawns with an initial average body weight of (0.17+£0.02) g were cultured
in net cages in a fixed indoor cement tank and fed the above four diets for 64 days. The results showed that as
soybean antigen proteins were reduced, trypsin activity was decreased for both series of diets. The practical diet
groups showed a significantly decreased growth rate, while the purified diet groups did not, demonstrating that 5%
soybean antigen protein did not affect the growth of M. rosenbergii. In contrast, a significant reduction in soybean
antigen protein in the practical diet was not conducive for growth. A certain amount of soybean antigen protein
increased trypsin activity to promote digestion of the feed, which in turn had a positive impact on growth. In the
practical diet groups, there was no significant difference in the serum malondialdehyde content and expression of
nuclear factor-kB mRNA in the gills. Superoxide dismutase activity in the serum was significantly higher in TF,
while expression of the Toll-like receptor in the gills and HSP70 mRNA in the hepatopancreas was significantly
decreased. In the purified diet groups, there was no significant difference in the serum superoxide dismutase ac-
tivity, malondialdehyde content, and HSP70 mRNA expression in the hepatopancreas, while expression of the
Toll-like receptor and nuclear factor-kB mRNA in the gills was significantly higher in the APO group. The results
showed that fermented soybean meal scavenged free radicals by synthesizing antioxidant enzymes and reducing
oxidative stress in the hepatopancreas, which may not be directly related to the reduction of soybean antigen pro-
tein content. Soybean antigen proteins and a variety of anti-nutritional factors together likely stimulate the body's
immune system and promote immunity by decreasing Toll-like receptor and nuclear factor-kB mRNA expression
levels. Total protein in the serum was significantly decreased in the practical diet groups, and aspartate ami-
notransferase activity was significantly increased. However, total protein and albumin levels were significantly
decreased in the purified diet groups. The results demonstrated that this concentration of antigen proteins im-
proved the health of the hepatopancreas and the body’s amino acid and protein synthesis metabolism. In addition
to a more sensitive immune response, the T15 group showed better growth performance in the practical diet groups.
In conclusion, M. rosenbergii was tolerant to 5% of soybean antigen protein, which was beneficial for its growth
and health. A synergistic effect between soybean antigen protein and other anti-nutritional factors likely occurred.
Low levels of soybean antigen proteins in the feed led to reduced protein synthesis and metabolism in the hepato-
pancreas and decreased growth. These results suggest that fermented soybean meal and soybean meal can be
mixed together in an appropriate proportion under normal feeding conditions.
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