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FE 52 56 1F T i =2 i S5 MR DA R Ml e R CRL B
45%, MARMT 10%; T3 KIBFHZA BRA &) FEAT
S AR S R 3R, S A 3 N fRDRH R, 2
Je PPk R B35 5] FLARRR A Sh E BEAL T A 15 A
MIAE S 1.5 mx1.5 mx2 m B/NNAET,
A MFEH 60 ALY, FRHiE 3 MEK
WL 5 R Ol 4 K T UK (6:00 A1 18:00), HEAT A1)
56 d [WFRFE S
1.2 fEAREMES LT

S WA GRS N I T ik, A fO A S A
BRI 0%(SPCO, XFHEZH) . 11.18% (SPC25,
25%).22.36% (SPC50, 50%).33.54% (SPC75, 75%)
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LR NGB KN 45%, TRMIKTE R 10%)hHY
KA mDRE S FP(ER 1), 5 FpAaDE 5Bl 44 o SPCO
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1 7 ¥ A TR
1.3 HEXESHH
131 HMmRE FHLRAERFIFE 24 h, R
FHT&EB (1: 1000, FAF )M R EE L T i
Ja ST B FREE 45 AR BEALIEE 10 B AapE T
THEEAER L, fiRRmAKSEET IR 75%(R
SO, S I AU Mt A
WV P AR AE, DR T4 7 igg; B
AN 10 B, ¥k 10 BN S E TIE
EP i F-80 CHAE, HFHBEMAEWAIG.
132 BEAAFMBERSH S HMGHE
() AT RE S AR B
1.4 PAiERE B S DNA B9REUE PCR # i

2 MR A I i AU 1 Dy B T 8 40 T ) A
DNA, PIHEHUREERZH DNA ME AT 16S r RNA
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Tab.1 Composition and proximate analysis of
the experimental diets

%; DW
AL diet group
JE AL ingredient X a2
“H=9pC25 SPC50 SPC75 SPC100
(FM)
a8} fish meal 40.00 30.00 20.00 10.00  0.00
KO E N 0.00 11.18 22.36 33.54 44.72

soybean protein concentrate

/NZEEKS wheat gluten meal 10.55 10.55 10.55 10.55 10.55
K1 soybean meal 13.00 13.00 13.00 13.00 13.00
/NFZ BEHT wheat-starch 13.00 13.00 13.00 13.00 13.00

214k % cellulose 10.93 7.65 536 3.09 0.80
£yl fish oil 1.96 242 288 333 3.79
K ZIM soybean oil 196 242 288 334 3.80

KEHIHENE soybean lecithin - 1.50 1.50 1.50 1.50  1.50
HAEEER ! vitamin premix'  3.00  3.00 3.00 3.00  3.00
IRAW I 2 mineral premix*  2.00  2.00 2.00 2.00 2.00

i MR lysine 0.00 0.08 0.16 0.24 0.31
TE 2 methionine 0.00 0.11 021 032 042
S ALNEBH choline chloride  0.30  0.30 0.30 030  0.30
Wi — S 4 1.50 150 1.50 1.50 1.50
monocalcium phosphate

B taurine 0.00 1.00 1.00 1.00 1.00
B attractant 0.30 0.30 0.30 0.30 0.30

ZH 15 53 composition

K12 I crude protein 45.13 45.83 45.94 4639 46.67
HMUIE I crude lipid 10.52 10.23 10.25 9.81  9.56
HLJK4Y crude ash 10.45 9.85 9.13 829 7.89

VE: 4R R BOUREL . ) IR AR B £ IC 5 WL SOk 15].
Note: Formulations of vitamin premix, mineral premix and food
attractant refer to reference[15].

V4-V5 XRS5 XS 41
15 FFELEBERSEITHT
151 ERKHELE KSHAETIANXE,
1705 K (survival rate) (%)=100xN/N,;
H4H K (weight gain rate, WGR)(%)=100x
(WeWo)/Wo;
¥ 78 H KR (specific growth rate, SGR) (%)=
100x(InW—InW,)/t;
Akl 2 % (feed conversion ratio, FCR) (%)=
(T=S)[(W=W,)
K, W, FoR S8 IR TR, w, 3R 35 2
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K IR AGAS R R4 B 1 X R i A (KR 3 A 0 T R 52 ) 39

IREE; N, FRORTEFEFHE LI TR I 52 90 H (0 2 45, N,
FRTEFR I S0 25 R S0 FH A0 R R AR ¢ RoR
SCIGREL T S 3l s Skl i Fn el fal ke
1.5.2 lllumina HiSeq NI F #IEAIE P LRy
740 fhm o AR B R AR W R A PR A A
Illumina Hiseq ¥ {547 Paired-end ¥, #f XL
A v P45 2 B 6 reads 183d pandaseq 4
FIHEZE R RPHER —FF, BEEZ XK
reads, SRJE EBRFHBEMEMT 20 MK reads
LI M reads & N BB EGE 1T 3 YK reads, reads
KRGl 220~500 nto B 1 i A A RITER 24
3T usearch A Fi#E4T, usearch KW, H ik
FEMKEVING reads #HATHET, SRELL 97%HI4H
IR PR ESE TR, 193] OUT (operational tax-
onomic units), &4~ OTU #ik KR — Y Fh
1E R 2 0d P ik A R (Chimeras) P Denovo 572
FBR HE TR R ALY tags HEATREDLAHT-A0 P,
FFREOS R OTU 541, SRJGH Qiime F /4 1
th Alpha ZHEPEFSECOFRREM £, MR 4 B i £&
EEEAHE 2450 FIH Qiime 3K AFX 15 5]
5 1 OTU #4708, H %M OTU Hhisril

PEHL— 7% reads YEMAETSI, A uclust Jrik,
BZARR TS 16S BUIEE Hxt, Mt 44
OTU #AT¥IFh s, HE)E, WHE4M1 OTU H
FEAl 4%, 5] OTU FEE, fJaRIFEix
OTU F B RIAT G LM o

153 SitH# RHA SPSS20.0 H{:X AT iS4
PE AT B R 2 7 2531 (ANOVA), Tukey £ I
S B EFE, & P<0.05 J REMKF; S8
R DY HAR 22 (X £SD)RFRIR .

2 HRE5SMH

21 SPCEHREMMIAFEGESEERNIIT
2 A, SR E AL A K AR AR
Jo i PSR (P>0.05); SPC 100 2H K i fa R (A 5
LT SPC 25, SPC 50 £H(P<0.05), MEA K
SHREE FAr 44 SPCO S TC 410 BR2H), SPC25 K
TB 4 (4 KX Fefd4l), SPC100 i TW (4K
XTI 254 ) o
22 SPC HERE&MXIKXEE L & IFE SR
K4 56 d AR SPC G, H
JElpH g gk 3. B 1 s, SdAshfalpib

®2 SPCEREMEBEAEAYEMNEKER

Tab. 2 Effect of replacement of fish meal by SPC on growth indexes of juvenile Larimichthys crocea

ikl diet group

Ui H item
X B4 SPCO SPC25 SPC50 SPC75 SPC100
¥]{& T /g initial body weight 10.48+0.01 10.54+0.01 10.49+0.01 10.460.01 10.54+0.01
KK /g final body weight 42.45+0.53% 45.46£0.67" 44.78+0.91° 44.34+0.63" 40.50+0.23°
TE15 # /% survival rate 91.67+2.55 92.22+4.45 92.22+3.09 93.89+4.55 90.56+3.89
R e LR K /% SGR 2.30+0.03 2.4240.06 2.40+0.04 2.42+0.08 2.18+0.08
B R /% WGR 270.99+7.00 297.25+13.51 293.07+£7.97 297.75€17.95 248.08+15.56
T #} 7 % FCR 1.340.03 1.23+0.06 1.19+0.04 1.15+0.08 1.27£0.08
e A7 EE b bRAS [R]  B 3R R 4% 2 ) 22 55 i 3 (P<<0.05).
Note: Different superscript letters on the same row indicate significant difference between different groups (P<0.05).
*3 HARPRERBEABRKENAREY EFERMERIERNZ I
Tab. 3 Effect of dietary soybean protein concentrate (SPC) on intestinal
microscopic structure of juvenile Larimichthys crocea
20571 FHIRE B /um A 5% 5 B /um A 2 58 B /um ARAR 0 A/ (/AR
group mucosa thickness mucosafold height laminapropria width goblet cell quantity
SPCO 173.45+14.11 3.41+0.13 5.78+0.29 5.25+4.33
SPC25 136.58+25.00 3.86+0.57 4.79+0.72 3.49+1.40
SPC50 137.07+£40.90 4.79+0.72 3.21+0.50 3.1442.11
SPC75 122.45+17.25 3.75+0.39 5.17+£0.61 3.66+1.11
SPC100 148.38+27.05 4.81+0.32 4.85+1.37 5.21+1.54
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Fig. 1 Effect of soybean protein concentrate (SPC) on intestinal morphology of juvenile Larimichthys crocea (posterior intestine)

HAVLERFERR2E 7N 83 (P>0.05), SPCO, SPC25,
SPC50 i1 SPC75 A EEHES K%, 7332, SPC100
AL L TR, S EOE D

23 SPC BER&amMMKEEYEHEMEDDN
Al

231 EENFLRSH SPCO(TC)., SPC25(TB)
FI SPC100(TW)9 M i 2= 2E 94 4~ OTU, i
W) ZFEMEFR BN & 4 FT7R . Chao #8500 BLRE i v
FEV% B 3 & i (species richness), B fij 548 BE V%
PR R, AR5 IERE TS TR 0 T B
. Shannon F8% A M Simpson 8% W4 1Y
Z FEVE (species diversity), AH R 9 Fh 3= & B H) 15
BN, BER S YR A BRI S R, WA
VG HA BRI Z Rk . % 4 b Shannon F5%KLI
J Simpson 5% T A E R L0 I)T
TR EE T BE A% S e s Jr 0 A ot 246 K 22 B30 B R A
B I R I 5 3 R 0.999 24, RULTF
2 b R AR A W A R R 2 T

232 EHSKYPHARESHEESIT 9 DML
494 4 OTU, T OTU KA 4 ke S il 7 A,
A R AR R R Z A MOTHUR #4:
1) venn A & #EAT /04T, L5 E T TC.TB.TW
) Venn E (& 2), EWHER TESIE OTU B
HENO . ME 2 0L, fEARHEARE AR

R4 KRESHEHEMEVERNSHEEELY
Tab. 4 Alpha-diversity indexes of gut microbiota
samples of juvenile Larimichthys crocea

Alpha ZHEPEFE 4L Alpha diversity index
i FAHR W AT

sample Chaol Shannon  Simpson %
index index Good coverage

Cdl6  70.09091 2.741216  0.789658 0.999459
Cd17  71.66667  2.715039  0.778196 0.999459
Cdl8 73 2.814059  0.78986 0.9995
Cdl19 595 2.725246  0.785404 0.999625
Cd20  69.5 2.659581 0.778784 0.999375
Cd21 76.90909 2.680854  0.773701 0.99925
Cd31 71.09091 2.768021 0.784034 0.999459
Cd32  60.6 2.690196  0.782733 0.9995
Cd33  64.25 2.721649  0.783706 0.9995

e FESL Cd16, Cd17, Cd18 3k H X 4] SPCO(TC); #ffh Cd19.
Cd20, Cd21 K EH SPC25 #1(TB), HAAKHIM B ; Fefh
Cd31. Cd32. Cd33 3k H SPCI100 4 (TW), JgtEKAAN 2240,
Note: Samples Cd16, Cd17 and Cd18 were from SPCO (TC, the
control group). Samples Cd19, Cd20, Cd21 were from SPC25
group (TB), which was the relatively optimal growth group. Sam-
ples Cd31, Cd32 and Cd33 were from SPC100 group (TW), which
was the relative worst group.

A OTU Byt vl R, TB 4147 76 4~ OTU; TC 41
# 83 OTU; TW 44 804 OTU, TC. TB. TW
Ao W EL A =l A LR OTU, K2 TB.
TC A4 OTU SEh 91 4, HILAH OTU %L
K68 AN, HPEBEE 74.72%; TB. TW B4
OTU Bk 87 4, HILAAH OTU %k 69 4,
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K2 AREAFEHMILR OTU 431

[ rh B AR AR R Y OUT Bkt TC Jgxt RZH (SPCOYA: i
Cd16, Cd17, Cd18 i) OTU it-F-HI{E; TB A KARXT 4
(SPC25)FEfh Cd19., Cd20, Cd21 /Y OTU $SFH4(E; TW JEk
HAXTR2EL(SPC100)#E Cd31, Cd32., Cd33 fJ OUT Kh-F-H)(H.

Fig. 2 Shared OTU analysis of different groups

The number in the figure represent the OUT number of samples.

TC is the average OTU quantity of Cd16, Cd17 and Cd18 in

SPCO group. TB was the average number of Cd19, Cd20 and

Cd21 OTUs of SPC25. TW is the average number of Cd31,
Cd32 and Cd33 OUTs of SPC100.

5 RSB 79.31%:; TC. TW Wit OTU A%k
91 4>, HALAM OTU Bk 72 4>, M B
79.12%. TB., TC. TW =% OTU K%k 94, =
HAH I OTU RN 641, 5 = KA 68.08%.
T L8, FEMEFREAET, KREMmsha
J5 1 1 1 20 TR RV A — %O I U W AR
PNCAAE B SR AWk AR DS BN A N N
M BRI ARTE (K 5), 3 ASEm A it
P& N2 2 MK i (Paenibacillus)(36.10%~43.58%)
FIRE T 4 & (Alkaliphilus)(7.61%~9.35%).
233 ZBREEBKFHERMEILE WE 3 PR,
5 TC @Ak, TB Ui/ IMTH & (Exiguobacterium) |
ZTHT 1 & (Rhodobacter) e B 55 [ 1 J& (Rheinheimera)
() b = B B PR AR (P<0.05); TW 405 TC 444
FL#E, L1 FF T @ (Rhodobacter) (R ) F =F B 1 B ¢
K (P<0.05), FLAT # J& (Lactobacillus) W) %) #h 3 i
B ZEHN(P<0.05),
234 BEMEMSAKEEEKMEENELE
HE 4 ol WL, KE ML fnE ety SR e
A K (SGR)M KLY JE A FLAT IH & (lactobacillus)
M 49N H & (Cellvibrio); S5V H ME(LYZ)

x5 XEESYEFHEPEKFAENSM
(>0.01% ZE 4 351)
Tab.5 Frequency distribution (%) of bacterial genusin

intestine of juvenile Larimichthys crocea on the level of
genus (>0.01% of the entire sequence)

FE i sample

Cdl6 Cd17 Cd18 Cd19 Cd20 Cd21 Cd31 Cd32 Cd33
Paenibacillus 40.30 36.10 36.52 38.41 43.58 36.55 38.02 41.24 37.68
Alkaliphilus 797 840 7.82 9.27 935 835 7.61 897 831
Bacillus 5.14 5.02 527 571 439 514 567 5.19 4.67
Enterococcus 2.88 3.09 3.15 294 3.12 3.37 2.87 294 271
Lactococcus  1.67 2.05 2.12 1.75 141 193 1.69 1.60 1.71
Brevibacillus  0.79 0.69 0.75 0.78 0.63 0.79 0.64 0.68 0.68
Halomonas ~ 0.45 0.42 096 0.55 0.50 0.33 0.10 0.60 0.78
Clostridium  0.56 0.60 0.66 0.58 0.64 0.59 0.63 0.58 0.60
Streptococcus 0.20 0.22 0.28 0.18 0.23 0.19 0.23 0.15 0.24
Pseudomonas 0.21 0.21 0.34 0.19 0.14 025 0.22 0.14 0.18
Leuconostoc  0.06 0.11 0.08 0.07 0.10 0.03 0.05 0.08 0.10

J& genus

o == QbFHLH group
5 000075 - =TB
| =m mre
i

2 0.00050
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8

4 0.00025 - *
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Bl —

B/MTER AITERE RRBRER

Exiguobacterium Rhodobacter ~ Rheinheimera
AEFEZH group

Q 4L
% 310 B TC
g BTW
S 2x104f
B
=
e -
i 1x107F
£ ——
o S

AR

Lactobacillus

LIFFAR
Rhodobacter
Kl 3 A& Ab PR T TR K 19 25 5 L A
TC H%f B4 (SPCOYKE S Cdl6., Cd17. CA18 [ & A X F
JESFAE; TB O A AN B 41L(SPC25)RE A Cd19. Cd20.,
Cd21 B @ HHS 2 B 6 TW 9 AR R A e 22 41 (SPC100)
BEdh Cd31, Cd32. Cd33 T AR 2 B P 24
Fig. 3 Comparison between different treatments in the level
of genus
TC was the average relative abundance of Cd16, Cd17 and
Cd18 bacteria in SPCO samples. TB was the average relative
abundance of Cd19, Cd20 and Cd21 bacteria in group with
relative optimal growth (SPC25). TW was the average relative

abundance of Cd31, Cd32 and Cd33 bacteria in group with
worst growth (SPC100).
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Fig. 4 Correlation between intestinal microflora and
growth and immunity of Larimichthys crocea

M) JE A FLER B 8 (Lactococcus) FER 5 i B
(Pseudomonas); 5080 2 i (AKP) FTAMA C3 4
XY JE A LT i I8 (Rhodobacter) Fl H B ¥ 12 &
(Methanobacterium) .
3 Wit
31 SPCEHEREMTREEYELEKNFI
AWFFELE TR SPC75 4 (BN SPC AL 75%
TRk ) KB AR K AR bR I W Bk, (H2
SPC 100 ZH K i R {4 i # Ik T SPC25 .SPC 50
4 (P<0.05), SPC A At 0 KB 1 HA A5 A K4
P VA 1 AR 2 B o [ REAS SIE 0 = i B R R BT
A RKPERE . RIS . VAR AR LA S E 2 27
WA TSR WoR, SPC AT LLSE &R R Mk i
AN R A A R R TR, (HAEESUH SPC
B 75% Rk, IR ARK AN 20 K
HEFRALAE A AR 45 A AR S A T I
5 DL RS g 25 Rl 4% 4 SPC Af LS8 A ks
WA 23X KB AR K S w2, H A, K™
PR SPC WFRARIEH Z IFIESE SPC
37.23% 1) £0 5 XoF %% 28 1 B £ (Epinephelus  fusco-
guttatus @ xEpinephelus lanceolatus3) 4 K e
Fml, SPC B IR 51.49% K B X 42 T
(Portunus  trituberculatus)3 A e A H AN 2 X% H A=
KPR RE S sz ', SPC AR OB K R i

20% B X 8 il (Pelteobagrus fulvidraco) 1
e A 5. R SPC AT EfEiA 82.5%%HH
PR (Acanthopagrus schlegelin) A% A LTEWEH e,
SPC FACAM AL 40%X) 1L (Lateolabrax japo-
nicus) I E R AT MY, SPC BRAR HLYH 5 X i
(Litopenaeus vannamei) fa ¥y 1 i & b il R
25%21, K= sh R R I SPC BRI B 5T UE
52, SPC AJ A /K ™ sl e ke A v e 2 A
32 SPCEHEREMMKEELGEFEHARANIN

ARG AT, B SPC100 21 Hb 4 BE 2 1 i
BB AN, AR 1) )y ) 3 2H 2 A 5 0
MR TC W e 2E 5 o 31X 15 o A0 £ P e R
ARAD R B RS SR ALY B TR R, sk
Sy AR AU ok 2 AR B 28 B 1 AU RE
PGS o 0 25 1 B i R RO, A8 2 Tk i
Feor I FEIG TS T A, BB 5 E S
W ST AR S TR R OG, AR R R B, X E IR
J5R A1 I A e 2, 330 3 R KT K R R A 2R
BREARREGE R B 451, £ R
SIREMRN E SR B Wi, HEJER T R R R
A6 R R R SR IR R SE A BR, I
X i T 45 4 7 A BTHT R MR, 0 R A AR A,
T BRI, i FHeE FR 8, B
FR I T8 S5 R 7 AR AR /INH S I, TR L A 5 v
I, DU 5 VE 22 A5 B R B ol TRk 1
BE AR P R SR 4 2 FUKCF B TR M RRAR, fa ik
DR b 5 B0 8 /b BT 5 SR W S AN 2, Bl
B TEZES . I G m R T A R Y B2
i debrZ —, Wi oG & E AR R il
M R A, SR TR Y TR 4
HREBETE B RS0 B 2 R AR By 5 HG I A
WL 3 It 2 20 v R AR T 0 55 )
33 SPC BREMX KEEL & FERMENR
=1

ARG KB, N Ak A (K B 0 %)) i i
WAETE AR KF b, OGS R R 28 23 50 AH ),
Hrp B BEE ] (Firmicutes)7E [ 17K b 7 4 X5 O,
25 AT T 8 (Paenibacillus) 15 J& /K - rf & 4 %f
PeFi o o 38 T A ) A AEL 52 e 1 19 1 A6 5 IROI,
M HAE MR . B JEEAENIR . RV )
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K IR AGAS R R4 B 1 X R i A (KR 3 A 0 T R 52 ) 43

R4 I IE B B A SRR O e, 7E
FRAE AL AR, PRHA 2R 18 R (A ), A B
TSR P AE Bt 2 I R B 7 B 0 R Y
B e ) iRt 2% . ARSI 45 R 5 R
SR B AR AR 1 W T 65 (Oncorhynchus mykiss) 1
e AR ) N N NG E k= AW 0L AN Y781}
DAL N ERETE ] E6 B 8 ) A 50 25 R 3k
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Effects of soy protein concentrate on growth and intestinal microbiota
of large yellow croaker, Larimichthys crocea

SHUI Xiaomei', LIN Ge', ZHAO Xintao’, HUANG Jun', HE Jiaojiao', LOU Yudong', FENG Jian', WANG Ping'

1. Zhejiang Province Key Laboratory of Marine Aquaculture Equipment and Engineering Technology, Zhejiang Ocean
University, Zhoushan 316000, China;
2. Dalian Bangchui Island Sea Cucumber Development Co. Ltd, Dalian 116100, China

Abstract: In order to explore the influence of soybean protein concentrate (SPC) in place of fish meal on the
growth, intestinal structure, and intestinal microbial community of Larimichthys crocea (with an initial weight of
10.50 g+0.04 g), SPC with concentrations of 0% (SPCO, control group), 25% (SPC25), 50% (SPC50), 75%
(SPC75), and 100% (SPC100) were used to replace the fish meal in the basic feed (containing 40% fish meal) to
produce five experimental feed stocks with equal nitrogen (crude protein level = 45%) and other fats (crude fat
level = 10%). The feeding experiment was carried out for a period of 56 days. Our results showed that the survival
rate, weight gain rate (WGR), specific growth rate (SGR), and feed coefficient rate (FCR) of young fish were not
significantly affected by SPC-substituted fish meal compared with SPCO (control group) (P>0.05). Intestinal his-
tology showed that there were no significant differences in the posterior intestinal mucosa, plica height, natural
width, and goblet cell number in the intestinal tract of juvenile fish in each treatment group (£>0.05). Illumina
HiSeq high-throughput sequencing analysis with Chaol, Shannon index, Simpson index, and Good coverage
analysis showed that there were no significant differences (P>0.05) among SPCO (TC: control), SPC25 (TB: The
relative optimal growth group), and SPC100 (TW: The relative worst growth group). At the phylum level, Firmi-
cutes were the dominant bacteria group in the TC, TB, and TW groups, whereas Paenibacillus dominated at the
genus level. Compared with the TC group, the species abundance of Exiguobacterium, Rhodobacter, and Rhein-
heimera in the TB group was significantly decreased (P<0.05). Compared with the TC group, the species abun-
dance of Rhodobacter in the TW group was significantly decreased (P<0.05), and that of Lactobacillus was sig-
nificantly increased (P<0.05). In conclusion, the growth, intestinal structure, and intestinal dominant flora of ju-
venile yellow croaker were not negatively affected by the complete substitution of fish meal with soy protein
concentrate.

Key words. Larimichthys crocea; soy protein concentrate; growth; intestinal histology; high-throughput sequencing;

intestinal microbiota
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