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(1. bR KSR R KR SE R B e, Rl 201306; 2. FIREE R E A A 1 0 288 77 5B AR A 7 b

Lo, B 201306; 3. UG EE R R A FBIR KK T i B R s S8 =, g 201306)

R N R SR B A E X K O B (Micropterus salmoides)Z A K. RRIFACHT . 15 JER: 5 1 S 3
LS8 A B SE e, IR SR RL b F ORI SR 2 R0 10%. 20%. 30%F140% fky, H Sb A = FE IR
S -2 TF) B TR S T R ) 22 S, B 3k S PP &5 R S5 B (CP47%, GE19 MI/kg) BRI TRKL, 43 7 9FM
FSM10. FSM20. FSM30MIFSM40. KHI4H1A H 9(22.05+£0.09) gk M B FENL > iS4, 4RI ELE,
FR5E58d. AEKARIG LS KB K412 A ER(WGR) KrEE KR (SGR). L (CF) FTAA& LS4
L(VSDHTE . 35 72 57 (P>0.05), (H B ARLL I KL R BU(FCR) Y 2.3 & T FMX HE41(P<0.05), FSMA0ZL 1171 %
(SRYFIT 45 2 M A Z(ADDM) & E AR T I A F L (P<0.05). B FRACE 7 1 45 H 2w, FSM30FIFSMA04 )
M3 H W =8 (TG)/K - 52 % T FMSTHIE 4. (P<0.05), FSM404H. ) I i & JE [5 B (T-CHO) /K - & % T FM X
FRZH(P<0.05). I35 AEHE 5 P Gl J7 THI 45 S 4% W, FSMA0ZH 1) 7% TR g (LZM) AR S8 Ak B AL g (SOD) i M 47 i
N A AL (P<0.05) . X} 738 B B 3EAT T [llumina Mi Seqim i@ &l FE 0 #r, 45 SRR W 541 i 38 15 7 1)
AlphaZ FEMEFR$(Sobs. Shannon. Simpson. Acef1Chao)Tt & 3 % F(P>0.05), (HOTU¥ = K4 T A 1h. 7
IIACE b, ARAE B NSKBEE [ ](Tenericutes) A2 B [ ] (Proteobacteria) MR AT B | ] (Fusobacteria); 1M J& 7K *F-
b, AN TR H & (Mycoplama) 480 6 J& (Plesiomonas) FI 5 4T 1 J& (Cetobacterium) . FSM202H 5
FIVIX HEZEAH b, A90HE B 11N S J5 1 i PR AFDR = B 535 4 15 (P<0.05), A8 T BT I 1R 418 57 it B Ji PR AFDGT =F i 2%
FEA(P<0.05). £ LRTIR, R0 5 HF T, K B EaDRh ip i I8 2 K& AR 20% Foky AN 23 6) K 111 R By &)y 1 A G

JE SR L AR e Gl 3 T TR 20 1 3 S A7 T 2 ), L A 25 o I T v 40 S0 L B R A P PO 5
VA FRUAFDRE = B2, TR, A I S A AR B 1) 3 L B 920%

KRR KRBT, AR BERUCHL Mg ARRE R YRR, BIERRE K RS

hE S S965.1 SCRRFRIRAD: A
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FAT, B, BRAR ], BB R A E S MK
P M T A e o R, 3o B B AR IE 2358 k0 11
K AR G D RE PR AN RN T
FAL AP R % I FT LAl R 2 i g 72 A 1, B
fif R 53 8 1 9/ NIRRTV AL S 4, T3 e
IR E IR E R AR T R
AT LR AR A . A, RN A%
PUEALIERE R B R LR & &, IHER . A
M. WEmAemR"”, KA E k",
Rl At R e T2 5 T A T S R o ) R
BRI 2%, A [ T P B T 1 250} 0 K0 8 37 B T o
TEFAT" . Bl o s R W, ks SR A
] 25 A T2 I e At 52K 0 i o 3 R BB A1 SR i
AR T FAT & I AT HAR 2 1
T BERK . T R 00 o) L 2 B 2K
i R T S A0 7L IR T K0T SRR EAT A [R] S8 70 1) R 1%,
S5 R, MR ORI E M B K SN o TR
FI o bR e, KA B i o A6 P I B0 I
SR LUK B2 ST R D B R, R SRR A
DR KB, MR EANERE T
W L LR R IR UK R SR, HAORER T KA R
ST, B R U RN T R 1,
RILMRA NN 2. R TR F AT A AR
FABI 5T B A Z A T S8 K AR
TR T T, o 2 SR T T A
b AN WAL 85 Oncorhynchus mykiss)™" . #(Se-
bastes schlegeli)[zz]ﬂ] H A W)t (Lateolabrax ja-
ponicus)” & JUAS R, T AE K 1 38 fifi o O RT 90 L
/b, HOG 38 TR R e B RIE T B AT 0B . AT B AE
PRI A B 25 FRUAT T A SRR TR RN K I R 4 £
AR MRBUARSES . ML AR 57 P e S i T

T 1 SHMABIHRERENENERETFIE
Tab. 1 Nutritional composition and anti-nutritional factor content
of soybean meal and fermented soybean meal (%)

®2 SARMAEE SRR ERER
Tab. 2 Amino acid composition of soybean meal and fermented
soybean meal (%)

A KEEEH

.
fihrindex Soybean meal Fermented soybean meal
BFRKF

Nutrient level

2 A Crude protein 44.60 56.90

FA 07 Crude lipid 1.80 2.00
PUEFRHET

Anti-nutritional factor

JE R 1 Bl PR 7

Trypsin inhibitors 1.50 0.10

K5 Bk E A Glycinin 11.68 1.14
B-rEREEREH

B-Conglycinin 17.09 2.08

7K 5 hEiStachyose 4.20 0.10

Hi¥F HiRaffinose 5.40 0.05

WIHR A
Amino acid Soybean meal
W FE R F R Essential amino acid

R

Fermented soybean meal

AR Arg 3.30 4.06
HE R His 1.08 1.56
Asr AR le 1.92 2.70
LK Leu 3.24 4.50
HiE R Lys 2.28 325
HALMet 0.49 0.76
2 2 iPhe 232 2.93
TR Thr 1.77 2.16
R Typ 0.51 0.74
HE R Val 2.02 2.79
0 F & L FRNon-essential amino acid

N Ala 1.86 2.49
KA Asp 5.36 6.43
R Cys 0.43 0.76
B EKGlu 7.85 9.60
HEMKGly 1.98 2.36
Ji 2 Pro 2.17 2.82
225 Ser 2.26 2.45
BE AR Tyr 1.64 2.07
Al Total 42.48 54.43

(RISZE, LAY D9 K R e & B e R A A LA AR
3R N TR A e R e 4 it B IR

1 HRSTR

1.1 RiE&E

IS A 3T R 2Ll A R A A,
B 1E AT 46 2 BT HEAT 1A F B9 9IFR, 91573 18] 50
TR pH g £ 145
1.2 RIEER

DL Ry R AR R, DA, S K
JIg 9 A 25 g I R G ) R A AR . 7E SR AR
FHREEG A0 10%. 20%. 30%F140% Ky,
TN T AR B R R S A R A 2 R B S R a4
[F) & K (H b T oAt TR AR, RE R 5 WA
P A DR 1 S B PR R o PR R B R, TR R 7 6 A S
B E T R A R A RAE S R R R S B R K T —
20, Kk i JE L 60 H 57 (1 BT A k& BREC 77 11 b
IR & ¥ 20, Be i s P 4 5 55 B8 (CP47%, GE19
MI/kg) IR IE AR, 4 BHINFM. FSM10. FSM20.
FSM30FIFSM40. B A 1 i k22 Rl i) Bl B AR
2 mm kL, 60°CHt &K /K TF10%, ZH +-20°C
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UKFEORAF 2 FH o RIS TRDRIEC 7 S8 TR 3% 3
1.3 RWSESER

FEARIGE AR, S X K 1 SR 5 3R 1T 24h I DL TR
ARE AR5 PR IR AR O . RS 2 AT i £ HEAT 0
Ho SH, BHINEE, MUK BV HIEE N
(22.05+0.09) g1 302 T 157 K/AN—BUW M F
W, RIS A 1 58d, SRR AR & 5 kAT
PR, & H P 7(8: 00F117: 00). & WK AK i, 7K
HE26—32°C, AT 0.5 mg/L, pHN7.5—8.5,
AN RS, BRI K 3 — 0K, HoKEE3 AL .
1.4 MHRRESEFNE

EFRFRIG LR )G, KO B 25 G24h, X550
THERH A AR e EHRRE, A TiHEAK
fabr. MEMFREHLE2E B, H ek K,
FRORE .. FFAEEA AN E, H Tt E R AR, H
3R M T-80°CIRfE, T 2mHnitr. 5o
3E M, EEICR I mL, BUMLE T80 CHRfr, H T
TP AR AR AT, BB IE, 75 %09k i i 4t
BE AR H1 B K SR BOR, IR A R — N FEAR IR T
KB HEPE 1, —80°C ORA7, T Wi ik 2k M sl .

TRL . A K o> EeR A 105 °C AR T 1 H
1%(GB/T 6435-2014)M5E, FHLE E 5T HH TG D Ak
KA & AR UK FH LK E &% (GB/T 6432-2018).
R (GB/T 6433-2006)F1550°C 4 61:(GB/T
6438-2007)M:E .

I35 Mg oAU A B 3 i A 350 5K FH o ot 2 A AR
V) TRE T BT AR P BN S AT I e o o i
H i =88(TG) & & K H GPO-PAPEHZ 7E ; 1175 i
JIH & B (T-CHO) 7 K Fl COD-PAPYEIN 52 ; IMLIE A
24 I8 25 1 JH [ BE(LDL-C) A1 757 %5 1 flig 2 1 H ] A
(HDL-C) & R B EEN &, g S EA
(TP) & &K A 25 5 i 72 W8 vR 0 5 5 v 0 1R 1
(AKP) A 1 5 R il (A CP) i 2 351 5% FH s PR 4 — 40
I ; A EALEF(SOD) ¥ W BE(LZM) IS
PEAR VR FIWST-132: . ELyhisk il sE .

f#FE.Z.N.A." soil DNA kit(Omega 3 [H) \ 5
AR TAT 3 iy T8 TR A TR B U W B
DNA. DNA )58 5 11 1 1% ) Bt 5 A ot g L vk K
I, DNA M FE AN 4L FE i 88 & 23 66 B2 1H (Nano-
Drop2000)JM5€ . LA338F(5'-ACTCCTACGGGAG
GCAGCAG-3")#1806R(5'-GGACTACHVGGGT
WTCTAAT-3") A5, ¥ H#16S rRNAZXEH (1
V3—VA4X, ¥ IFEF RN 95°C WAt 3min, 274§
R(95°CAEM:30s, 55°CiB k30s, 72°C ZE{H130s), 72°C
#EA110min (PCRAY: ABI GeneAmp" 9700%), i f
2%5 Ta B i[RI PCR ™41, F3 1 F AxyPrep DNA

#3 ARARREFRKTE TR
Tab. 3 Composition and nutrient levels of diets (% dry diet)

#H 73l Grou
J5 KElIngredient P
FM FSMI10 FSM20 FSM30 FSM40
Super steam fish meal 5495 4945 4396 38.46 3297
RIS A

Fermented soybean 0.00 8.00 13.00 18.00 23.00
meal

FERERT Y east 400 400 400 400 4.00
FHSoybean meal 200 2.00 200 200 2.00
EXREAH

Corn powder 350 330 345 340 330

Ak Wheat gluten — 3.00  3.00  3.00 3.00 3.00
M3k Dried blood 030 000 065 180 3.00
B¢ b}H Yeastextract  1.00  1.00  1.00 1.00 1.00
i 417 Squid paste 330 330 330 330 330

fi1 i Fish oil 350 350 346 350 3.50
il Soybean oil 450 380 430 400 182
PNIER 3=

(S)i(iybean phospholipid  2.00  2.00 2.00 2.00 2.00
K AfiRice bran 162  1.00 0.00 0.00 0.00
a-JE Hf a-starch 1050 10.50 10.00  9.65  9.50
WK Zeolite powder  2.83  2.06 2.67 258 421
A MMet 0.00 005 010 016 022
i B Lys 0.00 004 011 015 0.18

Y R TRY)
Vitamins premix’
YR R |
Minerals premix

iR —

070 070 070 070  0.70

075 075 075 075 0.75

Ca(H,PO,), 100 100 100 1.00 1.00
o

A REBR

Choline chloride 0.50 0.50 0.50 0.50 0.50
=HAALY,0, 0.05 005 005 005 005
it Total 100.00 100.00 100.00 100.00 100.00
HIRIKT

Nutrient level

7K 73 Moisture (%) 670 692 658 676 6.10
M AR

Crude protein (%) 47.14 4745 4718 4727 4727
HH g

Crude lipid (%) 13.60 1249 1243 11.81 11.28
BAEE

Gross energy (MI/kg) 1902 1904 19.06 19.05  19.09

VE: AR R TR QUL E me/kg T1AED. 442 KA, 56000
1U; 4E4: 3D, 14000 1U; 4E4: 3E, 350; 484 KK, 70; 44 % B1,
105; 442 B2, 105; 4E2E K B6, 56; 4EEEB12, 0.14; MHEEE,
280; D-iZ 45, 175; &, 17.5; %, 0.56; WLEE, 700. 54
R TR (mg/kg T 1aEL). 45, 78.75; 4, 675; £, 90; £k, 7.5; 4,
22.5; B¢, 75; 5, 28.5; 4, 6; fifi, 0.15

Note: “Vitamins premix (IU or mg/kg dry diet). vitamin A,
56000 IU; vitamin D, 14000 IU; vitamin E, 350; vitamin K, 70;
vitamin B1, 105; vitamin B2, 105; vitamin B6, 56; vitamin B12,
0.14; niacinamide, 280; calcium-D-pantothenate, 175; folic acid,
17.5; biotin, 0.56; inositol, 700. "Minerals premix (mg/kg dry diet).
Ca, 78.75; K, 675; Mg, 90; Fe ,7.5; Cu, 22.5; Zn, 75; Mn, 28.5;
Co, 6; Se, 0.15
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Gel Extraction Kit (Axygen Biosciences, 3% [&)4fi{k,,
2% B I BEEE R FL VKA DU, JF H Quantus™ Fluoro-
meter (Promega, & E)HE TR E & . I HINEXT-
FLEX Rapid DNA-Seq Kiti#E 47 @ % . F|H1llu-
minaa 7 [f]Miseq PE300°F & @47l J7 (g 36 &5 A
YR 2R A BRA A

15 HAELEL S

A K H R AL

14 5 2 (Weight gain rate, WGR, %)=100%x (it
5 £ 2R A B U0 0 ) a6 4 B ) AR R f T AR AR B

' 2 A4 K % (Specific growth rate, SGR, %/d)=
100%x (IniR 56 1 28 K A& B —Ini 56 4] 45 4 51 ) /4t
6 RAL

B35 2 (Survival rate, SR, %)=100%x i85 24K
R RIS 6 R AL

1Ak} 2 5 (Feed coefficient ratio, FCR)=45% £ 17
HHBT B/ (e 1 24 A A B 00 ) 46 14 ),

JIEL¥# B (Condition factor, CF, g/em’)=100x {4 5/
ks

44t (Hepatosomatic index, HST)=100x i it
/R,

IE 44 LE (Viscerosomatic index, VST)=100x P I
EilENEEN: S

TR )5 2 WL TH AL ZE (Apparent digestibility
of dry matter, ADDM, %)=100%x(1-17k} f =41k
TR A EAME R A TR ).

Ilumina Mi seq /5 £ 45 Ab #:

18 FH Trimmomatic A 5L 46 I 7 7 71 64T B 4%,
ff FFlash# AF AT P82 . i Uparse 14, 1R 4
97 % (1) AHABL BE X6 1 41 1 AT O TU 58 26 3 4l B ik &
. F|FHRDP ClassifierX] & 5% 7 51 #E 47 ¥ Fh 4 28
FERE, LU Silva%itdi 2 (SSU 128), 1B L X BIH
70%. X SR 45 IO TUH R #EAT il T AL 2. | FiMo-
thur X4 X) 7 18 15 3 20 47 Alpha 2 FEPE 4R £ 7
Mro HEAHRIEST LREEVenn . BEHEHIRE, 2

FREAR VR E AR, 2 P Fh 2 A i At T 1
{8 FISPSS 25. 0% {4 Hds AT 5K 3= 5 22 43 #T,

7 53 8. 2% W F Duncan FGiEHE(T 2 B MELLER, 45 SR DL

PHE PR R (mean+SE) R R, 3 /K P HP<0.05,

2 #$#R

21 ABEHMBREMTIKOBFHEEKD
A

R 4nT 50, SR WGR. SGRY T . %
Z5:(P>0.05); FM. FSM10. FSM20RIFSM30%;
AHBISRTE R % % % (P>0.05), HHEEHT
FSM404(P<0.05); FSM10. FSM20. FSM307!
FSM40%4 41 () FCRI3) TG 8. 35 22 7 (P>0.05), {H¥ &
# T FMA(P<0.05).

2 Sul s, %I 4L CF. HSIR VSIS T .
# 2 5(P>0.05); FSM404HADDM & ZAK T H A%
ZH(P<0.05), FSM10. FSM20F1FSM30=4H 5FM4
T6 i 22 7(P>0.05)
22 REBEHEREMTAXOZRLSLE KD
AU

H28 6 R 0, 2% 2HL 1) K 11 B f 4 i 40 ok 2R
KR D ALK 2y 22 e AN 1535 (P>0.05); 2= )
KA T 2 5%, FSM10FIESM2041 7K 73 & % T
FMZ#H(P<0.05).
23 REEHEREMITAXOELSLEBERNABE
ZppA

& 707501, FSM404] & TG & & MFSM30
AMFSM404 M iET-CHO & & i & K TFFM4L(P<
0.05), %4 ELDL-CHMHDL-CH EW LR EE R
(P>0.05).
24 ZBEZHBREHXIXORSLE MEIER
4 S R RIS

FH 8RN, Fifi A5 I S FH B AR AR o A9 (1) 3
b, KA B ERTP & &, AKPRIACPIE ST
B (P>0.05), HFSM40 I3 HLZMAISOD

*4 ABEHERSMIADRSYE S KIERNZE

Tab. 4 Effects of replacing fish meal with fermented soybean meal on growth indices of juvenile largemouth bass (n=3)

2053 YRR E LR E WER R KE AR TRkl R %
Group Initial weight (g) Final weight (g) WGR (%) SGR (%/d) SR (%) FCR

FM 22.37+0.18 74.54+1.56 233.19+5.29 2.07+0.03 96.67+1.93" 0.890.03"
FSM10 22.07+0.10 75.84+1.06 243.70+5.40 2.134+0.03 97.78+2.22" 1.03+0.01°
FSM20 21.86+0.22 72.5342.72 231.67+10.62 2.07£0.05 98.89+1.11° 1.010.03"
FSM30 22.08+0.18 72.77+2.61 229.3949.22 2.05+0.05 98.89+1.11" 1.040.04°
FSM40 21.88+0.13 73.66+1.88 236.51+6.67 2.09+0.03 87.78+1.11° 1.06+0.03"

A RO B AR o B T BEAR (R R R 22 e AN 2.3 (P>0.05), T BEA A 3R 72 7 (B35 (P<0.05); R[]
Note: In the same column, values with no or the same letter superscripts mean no significant difference (P>0.05), while with different
letter superscripts mean significant difference (P<0.05). The same applies below
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46 %

*5 ABEMEREMTAORFHEREERGO=18)RTF
PBERIHLE (n=3) R

Tab. 5 Effects of replacing fish meal with fermented soybean
meal on body shape (n=18) and ADDM (n=3) of juvenile large-

mouth bass

ZH A HE?%TE§F FEAEE BEARLE TR MTE A
Group (g/em) HSI VSI ADDM (%)
FM  1.40+0.07 227+0.297.89+0.47  80.51%0.76'
FSMI0  1.34£0.02 2.20+£0.227.71+0.29  80.27+0.78"
FSM20  1.30£0.04 2.15+0.147.60+0.17  80.29+0.79"
FSM30  1.27+0.03 1.98+0.147.53+0.20 80.50+0.77"
FSM40  1.29+40.02  1.98+0.097.46+0.24 __ 76.55%1.10"

R 6 ABTHEREHMIIAOESLYE KNS HIFNT
Tab. 6 Effects of replacing fish meal with fermented soybean
meal on body composition of juvenile largemouth bass (%, n=3)

am A MER g
Group Moisture - Crude lipid Crude ash
protein
FM  71.73£0.76"  15.804£0.43 6.97+0.50 3.75+0.14
FSM10  69.4120.62° 1594076 7.98+0.51 4.12+0.06
FSM20  69.49£0.61"  16.01:0.71 7.90+0.64 3.82+0.09
FSM30  69.93+0.60" 15834048 7.14+0.50 4.05+0.13
FSM40  70.6620.68"  1576:0.57 6.90:0.28 3.95:0.10

TR B TEM. FSM10. FSM20FIFSM3041
(P<0.05).
25 ABEMBER&EMAORYLYEIFERE
SZREMFROTURE RS

R & HEAROTUS R, K A Sobsa £k .
Shannonf&#{. Simpsonf&%{. AcetdZ(MIChaotg%

*7 KBEMBEREMTAORSHERERRGHZE
Tab. 7 Effects of replacing fish meal with fermented soybean
meal on lipid metabolism of juvenile largemouth bass (mmol/L,
n=9)

wp ttwm=m e SRR BEEEE

Group TG T-CHO EL%LE_] é@ EHHI%I[% gﬁ
M 3.5740.62"° 9.42+0.09" 2.02+0.61 2.26+0.27
FSM10  4.02+0.75" 9.85+0.07° 2.60+0.27 2.17+0.34
FSM20  4.61+0.81" 10.04+0.22" 2.74+0.54 2.21+0.43
FSM30  2.80£0.03" 8.27+0.05" 2364023 2.30+0.20
FSM40  1.84£0.01° 7.64+0.64° 188+024 223+0.36

Xf B 18 B REAT Alpha Z FEVE T (3R 9). HLAHTE
5 FE1E99.86%—99.93%, KNl [ &= 78 2, 7] AR
B 1 R0 g T R I LS Ol A Ak, B A 1)
Sobsfi#{. ShannoniE#{. Simpsonfi#l. Aceff%k
M Chaofg L i 2 5%, H Z R IA B (P>0.05).

HE— 20 7 B 25 LR R A T 22 R T 1A LG
A, It @ VennE (K 1). B 1A %0, FLH 7iEFE
i — A 64710TUs, H324M 3L [FOTUs, & fidl
OTU s %1 114.95%; FMZLAIESM10413L 4 734
OTU, HFMZLOTU%(£170.87%, HFSM102HOTU%L
f128.52%; FMZLFMFSM2040 3 734 0TU, 5
FMZLOTU#170.87%, i FSM20410TU%K)
33.64%; FMZLFIFSM3041 3 H664~-0TU, HFM4L
OTUH11164.08%, HiFSM304LOTU%L¥]16.84%:;
FMZLAIFSM402H 35745 65/1N0TU, HFMZLOTU )
63.11%, HFSM40ZHOTU%1121.59%

®8 XEBEHEReMNAOREEMBERRTERENTT

Tab. 8 Effects of replacing fish meal with fermented soybean meal on serum nonspecific immunity of juvenile largemouth bass (n=9)

S5 BEOYE ool Tl R T 1 i A 9 R TV 12 B 1 B S AL AT 1

érou TP content AKP activity ACP activity LZM activity SOD activity
P (mg/mL) (U/L) (U/L) (ug/mL) (U/mL)

FM 21.14+2.30 132.42416.11 102.01+36.08 7.83+2.03" 59.08+11.17"
FSM10 21.71+£1.41 108.18+7.80 68.34+5.89 8.31+0.06" 68.37+1.61°
FSM20 22.02+1.14 130.68+29.62 87.77£28.63 11.58+2.84° 76.58+6.59"
FSM30 22.72+0.51 90.22+7.15 60.80=11.36 14.0043.21° 76.98+7.77°
FSM40 23.73+0.57 111.21+12.55 63.51+8.40 44.08+7.29° 109.46+6.06"

=9 HREAlphaZiEitiss

Tab.9 Alpha-diversity of samples

ZH9 SobsTa%T Shannon#g %% Simpson#& L AcefiHl Chao¥E %L BEE
Group Sobs index Shannon index Simpson index Ace index Chao index Coverage (%)

FM 43.00+17.95 0.80+0.19 0.54+0.10 144.81+41.90 75.39+28.46 99.93+0.03
FSM10 104.33+64.95 1.06+0.44 0.51+0.16 155.21+48.87 126.55+63.98 99.924+0.03
FSM20 102.33£16.97 0.53+0.16 0.75+0.12 124.31£14.15 123.08+15.15 99.92+0.00
FSM30 157.33+£37.55 1.00+0.45 0.58+0.19 184.80+36.60 195.67+33.21 99.89+0.02
FSM40 120.67+26.41 0.46+0.07 0.84+0.04 229.84+26.87 179.71+4.76 99.86+0.01
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Fig. 1 Venn diagram representing shared OTUs

R B (11.82%), 46 5 JU B (3.39%) N 25 34,
HAN F AR T HAR B
27 WEPREEERSW
BETAEAR PR A B, AT AL e B
PERTES . I8 B RETTKF SRR R T ZE 2 i
W 4R, SALAVREER [, RTE W 1] 2 7 2 3%
KX H:Ath Others AT ] Bacteroidetes

71 JEBE| ] Firmicutes 1 ##F#[ | Fusobacteria
[ 25 JZ I#i| | Proteobacteria B3 #cB% %[ | Tenericutes

100
90 t
80 f
S 70t
g 60
i g
FE st
o=
T2 40
=
&2 30 f
20 t
10 t
0
FM  FSMI0 FSM20 FSM30 FSM40
4150
Group

K2 JiE wEREE (KT

Fig. 2 Composition of intestinal flora (phylum level)

54 HAh Others L MR & Dysgonomonas
71 B A5 7% B )& Romboutsia [ S N )& Aeromonas
= A # & Cetobacterium B3 A5 PE N0 )& Plesiomonas
KR & Mycoplama

100
9
80
& 70 ¢t
S 60t
=g
TE s0f
b
T2 40t
=
&2 30 f
20
10 | [
0 1 e 0 S
FM  FSMI0 FSM20 FSM30 FSM40
2051
Group

K 3 i R R R KT

Fig. 3 Composition of intestinal flora (genus level)
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Fig. 4 One-way ANOVA bar plots (phylum level)
YRR B R K TR MR AL, XEh R R A A [F > A
HRSE A R B A 1A PME, * 0.01<P<<0.05, ** 0.001<P<
0.01, *** P<< 0.001; F[H
The Y-axis represents the species name under a certain taxonomic
level, the X-axis represents the average relative abundance in
different groups of species; the rightmost is the P value, *
0.01<P<:0.05, ** 0.001<P<:0.01, *** P<<0.001. The same
applies below
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FERMENTED SOYBEAN MEAL INSTEAD OF FISH MEAL ON GROWTH, LIPID
METABOLISM, SERUM NON-SPECIFIC IMMUNITY AND INTESTINAL FLORA
OF JUVENILE LARGEMOUTH BASS
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Abstract: The global fishmeal is lacking, and the search for fishmeal substitutes has become a hot issue in the research
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of aquatic animal nutrition, which is of great practical significance. Soybean meal has a high protein content, a stable
and low supply, and is considered as a good fish meal substitute, however, because it contains many anti-nutritional
factors, including protease inhibitors, lectins, phytic acid, saponin, phytoestrogens, anti-vitamins and allergens, it will
inhibit the digestion and absorption of nutrients to a certain extent. In addition, studies have shown that the replacement
of fish meal with soybean meal can induce disorders of the intestinal microbiota of fish, and excessive replacement can
also induce adverse reactions such as enteritis, oxidative stress and immune dysfunction in fish. However, soybean meal
can reduce most anti-nutritional factors after microbial fermentation, and degrade macromolecular proteins into small
peptides and water-soluble compounds, thereby increasing its nutritional value and enhancing the digestibility of nut-
rients. At the same time, it can also provide animals with probiotics and prebiotics, and can increase the content of free
amino acids with antioxidant properties, such as histidine, serine, valine and lysine, and the concentration of phenolic
compounds. In this context, the soybean meal was fully fermented under aerobic conditions with Bacillus subtilis as the
bacterial source, and the fermented soybean meal used in this study was obtained. This product removed most of the
anti-nutritional factors and degraded most of the molecular protein, increased amino acid content, has a good potential
to replace fish meal. At present, the research on soybean meal fermented by Bacillus subtilis mainly focuses on the hy-
drolysis of soybean protein and the improvement of antioxidant activity, and there is very little research on the effect of
fish feeding. Largemouth bass (Micropterus salmoides) has been introduced into China since it has been widely culti-
vated due to its delicious meat, few intermuscular spines, and strong disease resistance. After years of breeding deve-
lopment, it has become one of the important species of freshwater aquaculture in China. Therefore, the largemouth bass
was used as the research object, and proved the feasibility of Bacillus subtilis fermented soybean meal to replace fish
meal through experimental research, hoping to provide some references for the optimization of largemouth bass feed
formula and the sustainable development of artificial breeding industry. To explore the effects of fermentation of soy-
bean meal instead of fish meal on the growth, lipid metabolism, serum non-specific immunity and intestinal flora of ju-
venile largemouth bass, fish meal was replaced with fermentation of soybean meal at 0, 10%, 20%, 30%, and 40%, re-
spectively. Crystal amino acids were used to balance the difference between methionine and lysine in each group, and 5
isonitrogen equal energy diets (CP47%, GE19 MJ/kg) referred to as FM, FSM10, FSM20, FSM30 and FSM40 were
used to feed Largemouth bass with an initial weight of (22.05+0.09) g with three replicates for 58 days. The results
showed that there were no significant differences in the weight gain rate (WGR), specific growth rate (SGR), condition
factor (CF), hepatosomatic index (HSI) and viscerosomatic index (¥SI) among groups (P>0.05), but soybean meal sig-
nificantly increased the feed coefficient ratio (FCR) (P<0.05). The survival rate (SR) and apparent dry matter digestibi-
lity (ADDM) of the FSM40 group were significantly lower than other groups (P<0.05). The serum triglyceride (TG)
levels of the FSM30 and FSM40 groups were significantly lower than the FM control group (P<0.05), and the serum
total cholesterol (T-CHO) level of the FSM40 group was significantly lower than the FM control group (P<0.05). The
activities of lysozyme (LZM) and superoxide dismutase (SOD) in the FSM40 group increased significantly (P<0.05).
The Alpha diversity indexes (Sobs, Shannon, Simpson, Ace and Chao) of of intestinal flora had no significant diffe-
rence among groups (P>0.05), but the number of OTUs were different. The main phyla in intestine of fish were Teneri-
cutes, Proteobacteria and Fusobacteria in soybean meal groups; the dominant genera were Mycoplama, Plesiomonas
and Cetobacterium. Compared with the FM control group, the relative abundances of Tenericutes and Mycoplama in
the FSM20 group increased significantly (P<0.05), and the relative abundances of Proteobacteria and Plesiomonas sig-
nificantly reduced (P<0.05). Overall, under the experimental conditions, the replacement of 20% fish meal with fermen-
ted soybean meal in largemouth bass feed did not have a negative impact on the growth, lipid metabolism, serum non-
specific immunity and intestinal flora diversity of largemouth bass juveniles, and It significantly reduced the relative
abundance of harmful bacteria including the Plesiomonas in intestine, so the appropriate ratio of fermented soybean
meal to replace fish meal was 20%.

Key words: Fermented soybean meal; Growth; Lipid metabolism; Serum non-specific immunity; Intestinal flora;
Largemouth bass
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