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E M S5z KHTW)HMLE, REAKATB)FXIEH(TC)Y 31 N 1 2 ZE I B8 (Paenibacillus)
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B 2 T LA 20, TARARAE, il — P A ™
B T I, #0248 g T T A Pl 0 S 1 AR KRR 2
AT e A o As Y s U i 1% 45 77 3 PCR-
DGGEZr#fr 7 N TBCA TRUFFI UK 6 £ 2 0 A 7] (1) 75
R (Elopichthys bambusa) 78 W B2, I
i, A2 B BT AL G AT 1 Wil B R R
A1 & W4 iE I PCR-DGGE R 4 &1 1| 015
i (Lutjanus sebae) M A &5 (Ephippus orbis)iE i
YR 55 B REGE M BEAT T BT, 2t i
FIPCR-DGGESARM T 1 374 A 1) 77 421 K g i A
AR . ARSI K, el R
R T A& Gk 787735, 9 i A P st 7t
TEN T — GBS /7. il mefis 25! iz FMiSeq il
JFEEAR T T ALE 2R J5 i Takifugu rubripes)37 5l

W ) 77 1060 5 8 R (Carassius auratus gibe-
lio) il T A 2 FEVE A AR IREAT TR T, 2R,
re R EOR S ROV T TE R RO, R
6 LR K 3 121 fig T T P T DAt I SR T R
FIVE R SCHRIRE . AL, AR SCRIE FEAE TR AR P R
LZASR (DN g TR e S8 SN 7D Ay DS 7B
R REIZ IR, 0T N IR R B 5 i A B
T, AT DA RO R e SR S P 7 R IR B 22
Rt o

1 MRS
11 W SRRER

SEER AR (R D)2 AR N0 (FSMO0). 15%
(FSM15). 30% (FSM30). 45% (FSM45). 60%

BB 2 FEVE; Wus 58 HRoche 45455 R (FSM60)FI75% (FSM75) % 1% 5 K1 B A Ak £ F 5
1 SREANRERKTFURLR)

Tab. 1 Composition and nutrient levels of basal diets (dry matter basis) (%)
kLA Diet group

7 A ltem FMO FSM15 FSM30 FSM45 FSM60 FSM75
J5 K} Ingredient
¥ Fish meal 40.00 34.00 28.00 22.00 16.00 10.00
X ¥ 5 fAFermentation soybean meal 0.00 8.49 16.97 25.46 33.94 42.43
/NFZEE A H Wheat gluten meal 19.15 19.15 19.15 19.15 19.15 19.15
/N B ¥ Wheat-starch 12.00 12.00 12.00 12.00 12.00 12.00
1 Fish oil 2.06 2.28 2.50 2.72 3.73 3.61
K E.itiSoybean oil 2.07 2.29 2.50 2.71 3.74 3.61
K §PH fE Soybean lecithin 1.50 1.50 1.50 1.50 1.50 1.50
£ 4 2 Cellulose 16.12 13.09 10.05 7.03 2.39 0.11
55 4444 % Vitamin premix' 3.00 3.00 3.00 3.00 3.00 3.00
JRAT P Mineral premix’ 2.00 2.00 2.00 2.00 2.00 2.00
A Lys 0.00 0.06 0.13 0.19 0.25 0.25
EHE R Met 0.00 0.05 0.10 0.15 0.20 0.24
SALJIEFH Chloride choline 0.30 0.30 0.30 0.30 0.30 0.30
IR — & 45 Ca(H,PO,), H,0 1.50 1.50 1.50 1.50 1.50 1.50
&7 Attractant’ 0.30 0.30 0.30 0.30 0.30 0.30
4 Total 100 100 100 100 100 100
5 777K FNutrient level
#H 2 4§ Crud Protein 46.25 45.63 4547 45.83 4528 4536
HAR Wi Crud Lipid 10.72 10.44 10.50 10.31 10.21 10.09
HK 53 Ash 9.26 8.97 8.83 8.64 8.47 8.26

VE: 1. B & 485 K (mg or g/kg Diet): $14 M, 0.1 g; 4825 KD, 0.05 g; 2L EW, 0.38 g; 44 KB1, 0.06 g; 44 KB2, 0.19 g; 44K
B6,0.05 g; HA R, 0.1 mg; AWK, 0.01 g; I, 3.85 g; JEWIR, 0.77 g; iZ /R, 0.27 g; MR, 0.01 g; FALNEHR, 7.87 g; £F4E R, 1.92 g 2.
HE AW YIF (mg or g/kg Diet): FALIN, 2 mg; BULAT, 0.8 mg; EALEI(1%), 50 mg; TR, 10 mg; FHilLEk, 80 mg; MilRE:, 50 mg; MilR
%, 60 mg; HiEREE, 1200 mg; HEZ — 2485, 3000 mg; 546N, 100 mg; A4, 15.447 g; 3. &7 H R BRAFSE(1:2)

Note: 1. vitamin premix (mg or g/kg Diet): carotene, 0.1 g; vitamin D, 0.05 g; tocopherol, 0.38 g; vitamin B1, 0.06 g; vitamin B2, 0.19 g;
vitamin B6, 0.05 g; cyanocobalamin, 0.1 mg biotin, 0.01 g; inositol, 3.85 g; niacin acid, 0.77 g; pantothenic acid, 0.27 g; folic acid, 0.01 g;
chloride choline, 7.87 g; cellulose, 1.92 g; 2. mineral premix (mg or g/kg Diet): NaF, 2 mg; KI, 0.8 mg; CoCl,-6H,0 (1%), 50 mg;
CuSO,4'5H,0, 10 mg; FeSO,4 -H,0, 80 mg; ZnSO,-H,0, 50 mg; MnSO,-H,0, 60 mg; MgSO,-7H,0, 1200 mg; Ca(H,PO,),"H,0, 3000 mg;
NaCl, 100 mg; Zoelite, 15.447 g; 3. attractant: glycine and betaine (1:2)
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fih Al Mic i 45 0 S R (B K N45%:; BRI 7K~F
N10%) I 6F S 56 FHEL A vk Bk Ak, 78S Rl R
DL HEZH (FSMO) I T R 20 R . AR R & &
Uk, 43 AN IR LK P 1 A 460 2 1 R B R 1)
T SEI AR, - S2 i 41 IR Ay W3 2, HAku i
b Ve R S 15 R g 2R v
1.2 LA MFETIE

S K 1 4 1.(10.4940.03) g K H WL
Gl B PR X IR B I 0 R — At e, RS0 A B
S 0 2 IR AT
1.3 HmmREMSH

2 W 7 21 o A AR B3 A B AT AR ot
ITONFE R IR o DA X A8 BE AT 3 2 A4 A4 fik
R () i, 5 R A, S S T A 2T R
FE36h, R NT0% LEEH IR AT, T 5 2Y)
Jr o3 #r. M Nikon ECLIPSE Ci ({&fW4E M 5 )%t
HEY) Fr AT M 2240 18, 12 F Image-Pro Plus6.0%k
A0 8 53 BT P 2L 2 P R B T T, 8 Mt e v B,
THECRR R 40 i 1 25 A 98 B 20 DA R AT FH A

%2 SRR EERER(TYRLH)

Tab.2 Amino acid composition of the experimental diets (dry
matter) (%)

kLA Diet group
Iji H Item
FMO FSM15 FSM30 FSM45 FSM60 FSM75
B FEEAMREAA
B Thr 322 325 330 321 317 3.0
HERVal 438 438 439 433 426 420

2B Met 215 2.04 206 189 183 165
SRR e 398 4.03 412 408 410 4.09

AR Leu 830 833 836 827 826 823
é'ﬁ@a‘?Trp — — — — — —
HRNEERPhe  4.04 415 432 441 446 449
WA Lys 506 489 485 446 451 420
4 Z BRHis 171 176 198 197 199 2.01
K& Arg 511 513 506 508 514 521
&1t Total 37.9537.96 3844 3770 37.72 37.18

e FEIEBRNEAA
KITAZEERAsp 730 744 7.62 774 792 807

22 55 B2 Ser 376 375 358 374 381 392
B EKRGlu 27.0527.27 2623 26.64 2699 27.55
HAEGly 576 552 527 509 485 461
WA Ala 517 481 485 477 446 410
R Cys 092 093 099 112 110 1.04
Jifi % B2 Pro 7.69 776 803 805 814 830
I&E BR Tyr 231 234 277 272 272 281
4t Total 59.96 59.82  59.34 59.87 59.99 60.40

T EERAKN
Note: Trp was not detected

SPSS20%t i R bR AT J7 ZE 0T . BLAb, BN NAE
BB L 53 B 2 A A i R 1)K B f g f, T C TR R AR
& LT R EURE, B 75% 0 K 1 4im 16 Ah BE,
BT 25 bR B A T R DT B R 3k 9% b VR (pH
7.2) R FRIE BRI IR, B i 1 BE I S BT RO K
50 mL EPE H, SR T [F— MFE SN FEARTR 2D, S
TR B ORAF AR 17 [B] SE 8 2 T-—20C R A2 H i
B HERT T
1.4 Illumina-MiSeqZ EEHN F

AEE R SDNARIEEUR PCRY 18 i
A S DNARFEHUCR Fbacterial DNA Kitif 7l &5
(Omega, &), HAPIRS B G U DR
(I EE K ZHDNAE A BEAR #H1T716S rRN A [H
V4—V5 X B4R 7 X3, H 51 #°A515F (5'-GTGC
CAGCMGCGCGG-3")H1907R (5-CCGTCAATTCM
TTTRAGTTT-3'). PCRX MK & N (50 uL):
10xPCRZE M5 uL, dNTPs mixture (%2.5 mmol/L)
4 uL, 51%(10 mmol/L)#%2 L, FiHRDNA 10 ng, Ex
Taq Fif(TaKaRa, KiE) 1.5 U, KE XK #MNE Z50 L.
PCR M 461F: 94°C 5min; 94°C 1min, 55°C 45s,
72°C 1min, 35/ME3; 72°C 10min (PCR{XNABI
Gene-Amp 9700 ). ¥ IFFIDNAJT ], 2T
B Uk s I 1 S5 A2 R o A R R m A R A
PR 24 5] FiIllumina MiSeq (Illu-mina, 3% ) /& 18 &1
FPHARBEAT 7 510 5 A3 T

EEHTEDNANE K /HWDNA
SEIRA A, KA HERlumina Tru Seq DNA X JF
] £ X U RE A R P 75 19 5 B DR 2H B HLOSC P, FEAE
[lumina MiSeq%: K 2H 53 #7F & L i 47Barcoded 11-
lumina MiSeqill 7>, S F PE2500 J7* S 1%, &N
i TE B ANPERI SCE R 2, PE library Insert size A
500 bp; BEAMFE AL H B AKAS D T2 75 % reads, Clean
datel] 7 i 5:Q30>75%. RIIMAE N 763" —S'HL R
SIS B G g R SR R F, A8 50 R R I )
DNA B, fE18 2 PR DNA F B3 A i 5| N\ B
FEA, B3 R 0 & A HLBREET, AT fRIEDNA
BUFIEE Sk Re B AR TRC A %8 . I PCRIZFEME
HhE SR Bk DNA A B, AR DN A
S
1.5 HIFELIBR G0

HKEHEAE

1735 Z (Survival) (%)=100xN,/Ny;

1 5 % (Weight gain rate, WGR) (%)=100x(W~
W)/ Wy,

¥ 78 A K K (Specific growth rate, SGR) (%)=
100x(InW ~InW,)/t;
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Akl 2 #(Feed conversion ratio, FCR)(%)=(T-S)/
(W=W);

% & % (Feed intake, FI)(%)=100xdry feed in-
takex2/[(WAWy)xt]o

IR AWy W 53R SIS A UG A
FZRAKEE; Nov N7 0227 T 58 SEE0 TF AR IS X 46
Hh 11 R BIORN 57 B 06 4 TR AR R A R A
(RN SRR EG Ty S73 ) 35 Je R A e % 1
R,

Illumina Miseq U 5 2 #E 4 32 I[llumina
Miseqill /77 Bt 15 2 46 5 7 51 & 25 B primer - 4%
barcodelJ] 41, [AINFBEAT 4%, ik PEFsl i 2 7 15 o =
fH/NT 20 reads; J¥ 41K B /N 1200/ reads.
usearch B0 Hos 34T 2 ik S AR MR R R A .
usearch 2 &I}, S5k reads % 18 3 FE MK 2I/NHEFE,
I 97% AL E bR #E 2K, 43 FOTU (Operatio-
nal Taxonomic Units). 7E 5502+ F]Hdenovo /7
15 R A R (Chimeras) . #2 F R X BEANEE )
tagsiEAT BE LI AL 2R, FHAE %K BT REAS
FEa BB 8. AR5 A Qiime K1, falpha®
T T E5 A R il 28, 23 R A =E s BEFR 2K
(Chaol). 74 f& ¥ (Shannon) Ml 3 ¥ 7k 45 %1
(Simpson) 2 =TT AH R AR & 2 A1 F8 2 F1 FH Mo-
thur A FIEFHARE . Venn& & &+ B LLE
OTUZ#r.

K HISPSS20. 0% X0 3C v Fr 43 #3247 H. [A]
RITEHT(ANOVA), % 5t i 3% J5 317 Tukey’ S %
H R, W MK NP<0.05; SEE0 45 R DL
HEpRAEZE RN

2 #R

21 AREBESHBEREMMAREYDEE KN
MFE 3FR AT LA H, 85 A F 2H K 3 £ 4 1 1 A7
ERLREMEZER(P>0.05), HA T % FSM60

MFSM752H45 2 £ KR (SGR). W EF(WGR) . 2%
IR FFMO4.(P<0.05); ikl RE(FCR)LAFMOZ i
1%, 2K TFSM60FIFSM754H(P<0.05).
22 ABEHEBEREMIAERGYEIHERSH
A

HEE 4. B 1T LUR H, & A3 4H 8 20 21 45
M JE M RGBS RS . B R L[] B o B AR AR
A0 H AN E 500 BB 4H 356 B 2 22 S PE(P>0.05) .
23 ABOHBEREMNAEGYEFEREFN
I

16S rRNA ERENFER ST iz Fusearch
HEAT BRI 53 v A 4 2R FR.JT(OTU), FSMO(TC)
FSM45(TB)FIFSM75 (TW) 9 FE S 3L P2 421194
OTU. #FA+5%(Shannon)(F 2A)H T S WAL i A
W B 2 AR AR AL, ASLIGOMNFE ST ih 2k BT LE
BORGHE, BEE W RN, FTA R ST TS A
BB T o B A 2P, BeJa T LG B8R il
Ll TP, W] DU H K B £ 4 £ S T o R 4
KEZHFE PGB . 0 T AR R — A A I 2
(R BERLE 4 38 1 7 51 (1) 78 75 %2 (Goods coverage)
SRVEAR AL A 52 B, goods coverage (] 2B) 4R %k
SONL T DU B B, FE B0 T 1, i B TR
TR L ATE 55 BIFE & H T A B Fh, LR IT &R
i WIER SH AT N R S 7 SR TR A3 7E0.99, R
KPR BH EAIE 5T 25 R b R R Rl 2R LT
el 2] T

W SRR SEHI TR
JFHNHEAT LUXT, FEA D 53 222 T T K 10T 49 28,
FHNIME BRI W 3FR, H EEEE
[ J(Firmicutes) (5 46X LA AL o LEJEIKF, X HE
VIREVE S5 K 5 AN [FIRE i 18 () 22 S 1047 43, T DAAR:
F20AN R JE (B 3), Horb 2828 #UA 1 (Paeniba-
cillus) A . FETULLETT. JBAFE IR
1) Ak R 1 O 3 £ 0y £ i 1 R A P L A B AP S AR T

PLAHE S oA (O TURC A TH AR 3R, FIMO-

®3 FSMERSHNAREHNEEKHTN
Tab. 3 Effects of FSM on the growth of juvenile large yellow croaker

1k} ¢l Diet group

i H Item

FMO FSM15 FSM30 FSM45 FSM60 FSM75
FIEZ (%) 99.44+0.56 95.002.55 94.44+2.94 94.44+2.00 87.78+3.64 86.66+3.33

e KA SGR (%) 2.48+0.01° 2.37+0.04° 2.35+0.05" 2.30+0.02" 2.09+0.10" 1.89+0.03°
HHEEWGR (%) 310.82+1.74"  285.64+7.94"  281.35:9.83"  270.70£5.22%  229.34+19.12° 194324428
TR ZBFCR 1.2240.01° 1.3240.04" 1.28+0.03" 1.31£0.02" 1.54+0.12" 1.7740.02°
HERFL(%) 2.67+0.02" 2.67+0.04" 2.67+0.04' 2.68+0.02" 2.91+0.12° 3.12+0.02°

T RMEIES AT ER ", B ATEER A EATEEAR, ROREREE(P<0.05);, FRMFAREFRRRERS RS

(P>0.05); KA

Note: The values in the table are meantstandard deviation. Values in the same row with different superscripts represent significant
difference (P<0.05), Values in the same row with same or no superscripts are not significant difference (P>0.05); the same applies below
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THURZK A 7 iy venn iy 45 25K i HH o 5 18 o ) 2
FEVEREAT A e a5 BRI (B 4) o A B R i 2
P, A i 40 TR 28000 1 22 B 1 A B AT S 1 )
BT, ANTF] A 20 1 R 3% £ 40 £ T B i T A 425 ) L
BB MR B g BRI K Y5
J¥ 38 P WD RE B9 B FE SCE — 3£ 11941N0TUs,
H59/M3EFEOTUs, (5 =#0TURE1149.58%:;
TBSTCHAH621NO0TU, HHEOTUREH52.10%;
TWETCHAE711M0TU, 5HEOTUREM
59.66%; TBHTWIH711M0TU, 5 #HOTU %
[1159.66% . MK 35 211 i )5 [ 11 308 1 A 10 o AH
AR, 1 R AN R I SR B AR K1 ) ]
Rk HAEAH [F] F7 E PR 858 T K B 4 ) i i 18 40 TR
VR AR, B — MO A Y s B

ERNBERBKFENER ARSI 5,
HTWH, TBRITCAHY) & ZE WM 7 R F AT E
(Paenibacillus) FNWEH% b6 J& (Alkaliphilus) W) Fh 3= B
(P<0.05); 5STWHLA L, TBAL/KHE % J& (Enhyd-
robacter) FITCZ B ER 1 J& (Paracoccus) W) Fp =F ¥
P51 55 3 AR (P<0.05) 6

F 4 (ARPFSMM AR & 4 & 718 RS IERR R0

Tab. 4 The effects of FSM on intestinal microscopic structure

=] . IR Y
T oo T T U T
ZH 3 Mucosa i - B
. Mucosafold Laminapropria
Group thickness height (um)  width (um) Gobletcell
(um) gntin K quantity
FMO  98.13+6.55 3.08+25.74  4.76+0.26 1.62+1.03
FSM15 107.89+10.79 3.33+£9.76 3.58+0.21 4.74+0.66
FSM30 108.04+1.58 3.04£11.95  4.58+0.40 4.13+1.26
FSM45 122.45+17.25 3.42+£19.98  4.55+0.45 4.36+2.20
FSM60 120.81+15.89 3.80+47.92  4.34+£0.34  3.51£1.42
FSM75 91.87+8.36  3.05+40.47  4.70+0.39 5.57+3.24
A
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—
25 ¢ [
=
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520t
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31 ZETHERaMNAXEESEEKHNEN
REETRAK AR B 5, A RS T 56
U SRR TR B, A R 5 WK S B
WS o 38 I R R R T SR AR AR 1R X L,
XSHE S B B AR I AR 85 (Trachinotus ovatus)
FRTRL K R e} fe0ksy, O e S0RA 28 1A 185 =8 8 A0 fl ke
I 22 5 2 i T80 SO B 404 . Sharawy 25!
TR PG T o 1 2 O T 2 RFDR AE B FE WO R (Fennero-
penaeus indicus)FRHIC T i 0k EAT T 8 AQHE

B 1 Gl FSMOGS K B . 4 0 i i T A
Fig. 1
juvenile large yellow croaker (posterior intestine, 100%)

IR (J5 W, 100%)
The effects of FSM on the intestinal morphology of
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8 06 |
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Fig. 2 Shannon index (left) and good coverage (right) rarefaction curves of sequenced reads in posterior intestine of large yellow croaker
(The rightsimilarity: 97%)
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Fu, He g R IR, BRI BF [ 2 & 1 SR AT LR
T B R BRI F 77 B S B, L B o B AR L A Yy 3
n, ENFE A XFURISR. SGRE.Z% T I, s 4B R4
(FS100)i% B F AR K- (SRA90%AISGRN4.92) . A
RS HERINSEEEER
Tab. 5 Alpha-diversity of samples

REd AlphaZ FETESR L

Simple Chaol FRIEH ¥%ﬁf§§ﬁ BHE
Shannon Simpson  Goods coverage

TC 61.13 2.73 0.78 0.99

TB 72.58 2.70 0.78 0.99

™ 75.72 2.99 0.80 0.99

P-valve 0.18 0.19 0.67 0.99
TE: TCHXHZL(FSMO)FEACALL Cd2. CA3¥IfEH; TBJNy

FSMA4SALFEMCAT. Cd8. CA9ME, HOEKmEL, TWH
FSM754## M Cd13. Cd14. Cd1sHf, HoOwEKRESA, F
1G]

Note: The mean values of Cdl, Cd2 and Cd3 indicate TC in
control group; the mean values of Cd7, Cd8 and Cd9 indicate TB
in FSM45 which is the group with best growth performance; the
mean values of Cdl13, Cdl4 and Cdl5 indicate TB in FSM75,
which is the group with worst growth performance. The same
applies below

100%

75%

50%

25%

0

60%

40%

20%

[EEdl]
B sk
0
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EFFECTS OF FERMENTED SOYBEAN MEAL ON THE GROWTH AND
INTESTINAL HISTOLOGY AND MICROBIOTA OF JUVENILE LARGE
YELLOW CROAKER LARIMICHTHYS CROCEA

HE Jiao-Jiao', WANG Ping"’, FENG Jian' and LOU Yu-Dong'

(1. Zhejiang Province Key Laboratory of Marine Aquaculture Equipment and Engineering Technology, Zhejiang Ocean University,
Zhoushan 316000, China; 2. School of Marine Sciences, Ningbo University, Ningbo 315211, China)

Abstract: The fermented soybean meal (FSM) was used as a replacement of fish meal (FM) in a practical diet with
45% protein and 10% lipid, to investigate its effects on the growth, intestinal histology, and the structure of intestinal
dominant bacteria in juvenile large yellow croaker. FM was replaced by 0, 15%, 30%, 45%, 60% and 75% of FSM
(FSMO, FSM15, FSM30, FSM45, FSM60 and FSM75), respectively. The fish of 10.49 + 0.03 g was hand-fed daily to
satiation twice for 56 days. Results showed that survival was not significantly affected with all the diets (£>0.05), but in
groups FSM60 and FSM75, the SR had a downward trend. In comparison with FMO, the weight gain rate (WGR) and
specific growth rate (SGR) in FSM60 and FSM75 groups decreased significantly (£<0.05), while the feed conversion
rate (FCR) increased significantly (P<0.05). Feed intake (F7) increased significantly in FSM60 and FSM75 groups
(P<0.05), compared with that in FSM0, FSM15, FSM30 and FSM45 groups. The observed intestinal histology results
showed that Mucosa thickness, Mucosafold height, Laminapropria width and Gobletcell quantity were not significantly
affected in all the diets (P>0.05). Sequencing results of intestinal contents from Illumina-MiSeq high-throughput se-
quencing technology showed that the index of Chaol, Shannon, Simpson and Good coverage in FSMO (TC the control),
FSM45 (TB the best group in growth) and FSM75 (TW the worst group in growth) were not significantly affected
(P>0.05). Firmicutes group totally dominated the bacterial communities in juvenile large yellow croaker. Paenibacillus
genus was the most dominant bacteria in microbial ecosystem. Bacterial composition had certain effect on the growth
of large yellow croaker: compared with TW group, the species richness of Paenibacillus and Alkaliphilus increased
significantly in TB group and TC group (P<0.05). However, compared with TW group, the species richness of Enhyd-
robacter in TB and Paracoccus in TC decreased significantly (P<0.05). These results suggested that the optimal die-
tary protein level was about 45% without negtive effects on the growth, intestinal histology, and the structure of intesti-
nal dominant bacteria in juvenile large yellow croaker.

Key words: Large yellow croaker; Fermented soybean meal; Intestinal histology; High-throughput sequencing;
Intestinal microbiota



