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ARPRMXEER N KET & E KM ERRNFZ0

KA, oW, BWEFEW, mE&HEX, BRW,
XORHE, O KXE, KEHT, ZRERKR
(1. [ KA K IR A 2 B TR R S I
PN AR AT IR =B E FE S R E fsLie s, LR HH 266003;
2. HEREBHRFSHARSERLRE, LR EFE 266235)

TWE: AR ATERTAZSR YL KMg. Bl WEAREH T E%Eff
HEBENEYm, EUER A EGRGEMAR T HIm0%F0.3% KX T £ R,
T 4] K o0 4 Fo K E R R A28 S RS S IR R SR B R R B 4 (4.6340.01) gty A =
HHATDRANELAKEL. FREF, ARFHEMOI%NH A ERR G KZHFHAE KNS
BEHFAREY W, EEERRTEEOBAMERN BTN, 245 h P KREHFHE
AEARESTNEZR, EXAEERAMERFEERONAARLERER K. HEH
BANERLT, KEFHEFHAFESENNRELSNAZHEF NN RELEREE.
LEfSefiMetaStatp T &7~ , AR FAWMAELER R ER BT AZHFHE NN L EH (L
HWENMEAREKER), ERAMBHEANTEREDH L MERE. YKRER. BHE
EERFURE RN AAERREERFER A AFERNESFEE, FEE
% % 1K 7 Caenimonas. Niastellafn % R K HEZ Ao A ERBW N FE. HREHA,
03%AEZRMHE T AZHHNBERRFEE FEEE oML R LA, HIlRT kX
FEEHENNLEAL. B, AEERU XA RELERHETHNE T

BAEN, ERHFE-FFRI.

KEIA: K, KERR; £K; HhE, WaEALEN, TEEH

hE D S: S 963.73

GRS — R AR Y R R S
N TR T . SR, T RO AR
0853 8 o — ) 1 JE R IR P 2 Y AR K R
ST RE R BEIEN, CHESHE LR,
PR, SORITE R B 1 a2t i i g A2 31 R
il o T 5 M) £ 288 X6k ORI T 0 — A R 2
TR EAZMIUE RN, R ERE—F
PEREMPUEFRAF, ESRTTIE R 90.43%~
0.67%", AR IR SR W ] 2R K,
I U ESG, HO 2RI EuEse™,
SR K2 BF (Scophthalmus maximus) b AH M 57 18

Wi HER: 2018-04-11 &E HER: 2018-05-23

SEARERE: A

RV Ko M, WFFE R BIOR R e 5| Kk b
METHMBFEREMRNELENRZ —; HEE
3 33 52 W K PE EE i (Salmo salar) )G I 5 9% % 124
F A TR SR I I8 i 18 G B B, el 28 i 1 1 f
Y fE AN, M| A 8 R R Bl
B 240 R (R] 7 55 %8 3% 4 5 M TE 4 8 T T 45 4 o7 3
PEEREREZEMIEM ., EEHRPINNER
T 55 48 56 PR I B IR 2 5 R AR RE 1 i 1 9
) FLERT, i R SRS — RO R
% % Pz B 1AL 35 5 B 2R 11 Occludin . Tricellulin,
ClaudinZ< J%% . JAMZ 1% 4253 Fl1 Zonula occludens

BHTE: EXAREEEES@1576137); Ll B R & & L 15 (CARS-47-G10)

BIEEE: KE4F, E-mail: yanjiaozhang@ouc.edu.cn
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(ZOs) 5 ., ENELEFEIE LR A 5552
i il i 1 3 0 M G R P EAE Y

i 30 AR R 2 2 W T i B ) T A B 4
RO, MHIE W BEEE B Fl A
HE—ZF R MRIEER, BN . R R R
B R E BN R —Fh O BB AL B 5
TR RE AT LA — RINE A, TE R . AT
AL B . BRIV AR VG, AE QI AN B T
05 W KA B . T R UE S5 LRSS Rl
o AN A M & (IBD) . ARMFES . RIS R . i
BECRE 1 Wity B 1 2090 27 RO I 45 95 0 5 10 & A=
YIRS, BRI SR IR T T L 3 R ) 2
o 3 TR R LEL AR . 2 M T A A R R SR S R
AT REAAA, MREN, HECHIBERNG
T ARE PR E A A, SR PUE RN T
WK SR AR PRI SO AR T DL A R SR
B J 38 R o B RE AT E R, EXFREEW
XiF 7K 7 Bl 4 W T TR AR R W T RIE S AN Y I

RGP MA R B, BAAERNR,
PR T e SE TN 22 B (B S S L, R TRE S
MK FRFE S, WS ERM, TR R N 45% & L
I TORTRE S 5] R K2R BT &) £ i 38 A 2 A O B
AR, IR T, ARUGEE AR R
n—ER R G R, AR HX REER K,
HALER G E . BB SES . Bl B ERE
FIE R B UL R RE SR 2w, LIRS
KREBRMWEFRDME, HYEAERESHA
5 i FH 2 AL B S S
1 MRS T
1.1 ARENSHES

DRy S B IR, A R B
J EFNRWVR, O AL 44%H 5 A 8% LR
() 27 45 5 IR Y SR IRDRE . E SRR ARDR S
0F10.3%M K H B (At 25 £ A IR TR A A,
4li B 85%)(R 1), 41l 4 HFMAISA 0.3,

T i R, AEDREEURE 2SR BE B R R S
80 H i, TRA A5 I A £ 3 AN K 5B B A
s i K G BRI T Al ), T 0K i B Uk B
B, HTIRGITRGHY, BEIMAZ30%%
MK I B A, T F(ID)-2642 4 FE L (e R HE T
K, T H 3.0 mm Y BURLR DR, 7R
50 °CHER TP T8 h, B T—20 *CUKF AL -

1 SRANESMITEERS (FE)

Tab. 1 Formulation and proximate composition of

the experimental diets (dry matter) %
JERH

ingredients M SA 03
kst 67.00 67.00
fish meal'
o-JERY 16.00 16.00
a-starch'
il £ ik 3.50 3.50
herring oil'
PN 0.50 0.50
soybean lecithin
SALTIETH, 0.30 0.30
choline chloride
YL R TR 1.00 1.00
vitamin premix’
W B R 0.50 0.50
mineral premix’
TR — A5 0.50 0.50
Ca(H,PO,),
Vel IR TR 0.10 0.10
Ve phosphate
= St 74 0.10 0.10
yttrium oxide
PNGENIN 0 0.30
soyasaponins®
R YR 10.50 10.20
microcrystalline cellulose
PIRR ST (T E)
nutrient composition (dry matter)
HEA 43.78 44.27
crude protein
bichii=iin 8.49 8.31
crude lipid
Koy 17.34 16.95
ash

e 1 OB a-JEA AN T T BB E SRR IR A A
Hopta M EAT4%, HIEN9.7%;: 2. 4EERIB AW (me/kg
diet) PYE/E KB, 25 mg, K45 mg, YEHB(RMNLY IY)
20 mg, #4E#EB, 10 mg, 4EEFHK, 10 mg, WIEFE800 mg, #EAE#%
B;(iZ#) 60 mg, MAER200 mg, MR20 mg, AMEK(2%) 60 mg, 4
HEERA 32 mg, #EED; 5 mg, 4EAEKE 240 mg, LAFEMEM
3mg, #EFC2000mg, FAHA4ER6 470 mg: 3. A iR K
(mg/kg diet)+"MgSO,-7H,0 1 200 mg, CuSO,-5H,0 10 mg,
FeSO4-H,0 80 mg, ZnSO, -H,O 50 mg, MnSO,4 -H,0 45 mg,
CoCl,-6H,0 (1%) 50 mg, Ca(105),(1%) 60 mg, Na,SeO3(1%) 20 mg,
WAHF3 485 mg; 4. KEEWHHRTERGB5%). KEEH
(8.23%) KEACEFE4.75%) K5 (1.21%) VL ™4 i Al 57 3%
(0.81%)

Notes: 1. fish meal, a-starch and herring oil purchased from Qingdao
Great Seven CO., LTD., (Qingdao, China), fish meal containing crude
protein 74%, crude lipid 9.7%; 2. vitamin premix (mg/kg diet), VBy, 25
mg, VB, 45 mg, VB4 20 mg, VB,, 10 mg, VK3, 10 mg, inositol, 800 mg,
VB; 60 mg, nicotinic acid 200 mg, folic acid 20 mg, biotin 60 mg, VA
32 mg, VD53 5 mg, VE 240 mg, ethoxyquinoline 3 mg, VC phosphate 2
000 mg, microcrystalline cellulose 6 470 mg, 3. mineral premix (mg/kg
diet), MgSO, 1 200 mg, CuSO,4-5H,0 10 mg, FeSO,4-H,O 80 mg,
ZnS0O,4-H,0 50 mg, MnSO,4-H,0 45 mg, CoCl,-6H,0 (1%) 50 mg,
Ca(I03), (1%)60 mg, Na,SeOs (1%) 20 mg, zeolite powder 3 485 mg; 4.
soyasaponins containing 85% soybean saponins, 8.23% soybean
proteins, 4.75% soybean oligosaccharidese, 1.21% moistur, 0.81%
minerals and isoflavones); FM. basic feed, SA 0.3. 0.3% soyasaponins
feed; the same below

http://www.scxuebao.cn


http://www.scxuebao.cn

1106 KopE o R 43 45

12 AFEERHGERE

SEES FH R ZE B4y 0 Ry AR N TR F R —
HEB D, I T I AR SEM REEBE S 3, LR fE
ENTEAR IR RGP AT, LW, Y
bR 8 L a8 R R A R JD R IR 2 L
TSRS . IE IR IR TR IR AT, R S
k24 hE, EEERNHL . g EH 4 fa
(9] 1 - 34 445 5 £ (4.63+0.01) g], BEMLAME T61
FEFHAR H1 (200 L/AH , HEAH30E, 2 SCgmAb A,
HAHAINEE), BREUMEHEME21K(8:00,
18:30), HMLLET 530 min 2% F2E M, 33
1208 . FRAE A KR 15~19 °C, 24~
26, WA LFR T 7 mg/Ls

FRIHGE ARG, 524 nEURE . A Bl AL EC
4R, RIET-20°C, TR M. B
BEPLICARE 1, BUS M LB AY, FAEEEK
Ve, AW RBRB T EE24 b5, BEBEE
T0%IKE ARy, AR, R RE
U3 fh, W AR o . R L P A T o
S WE e, T AT R B L AR b R
Hos WUR MR ZGER, BSOS AEAE-80 °CHRIAILIR
KAEH T pr Bk Rk WAMBENLISE i, fi#
T E M IE, WA, RS RAFE-80 °CHE
R VKA B, TS Hr . W BEoE
R RE, FEARREILIGRE i, FH70%I K i A Bk
PR R T, AR RS KT S PR G B ) TR
fife w A, B S W (R A ) R AR ) F
BRI mLICH B 08, WA, fRAFT-80 °C
BRI VKA R o

1.3 B{RERFERER D

R T AOACTE 150 17 i A4 A A ek 3 B0 21 1 o
K 53 E I E R AT 105 °CHETH #1524 h); MR
IR S L /U, SR 230080 2 115 A 3
SrHTAL(FOSS, FHZE2) 4045 #HLIR D7 i il & %
36680 KM i f 421X (BUCHIZA H] , Hit:), &R
P A 4 1 o0 ARG 7 2 k5 43000 SR A 5K
FHL BEL 1 550 °CR B (16 h)o
14 HILEEEM S

B & S AT 2% Anson " W 7 vk, O
B oy etk o i 2R L4026 A (Sigma /A ], 3B
EDIE R N Y, M AR AR R (AppliChem 2y
A, 7 I RN

http://www.scxuebao.cn

Ji7a TR A3 Tl R 1S R A5 T 4 R 7€ 2 7% Hidalgo
SFUHE YA B DN E T, R HIERD b
Tl oy el ol BE B (SigmaZt |l SEEDEN
S )

1.5 ALAZEHR

i 20 2100 1 R D BRI AR 20
HAG R AL, JEEE RS pm; HEJ @546,
HPE R B . I Nikon eclipse Ti-ST 5 & i 5%
(Nikon, H AU 8 4027 24504 I 40 Bl 5g .

1.6 SERTR A EZEPCR (QRT-PCR)

J 38 L RNA$E S I Trizolif 7 & 15 W] 5
(TaKaRa, HA), f#i HiNano-Drop®ND-1000 spec-
trophotometer (Nano-Drop Technologies, 3¢ [E )il &
PR RNAWR I 1.2%35¢ B 558 IS K U RN A
. $EEUAY B RNAFH Prime Script™ Jz % 5851
f(TaKaRa, H A pKe bk $2 BRI RNAKE & S 5%
J.cDNA ., HIDEPCIK#E4T 811 i B Ji B T-20 °C
A

HORNCBIEUE JF , %% KEZ6F Claudin-T7
Claudin-4 . Tricellulin. OccludinJx N % 3K
B-actin, ¥R E w5 Yy U TF JE ) A Primer
Premier SEXF IR S E 519 (FR2), AT A
Y TR (R Ry A PR A F A . qRT-PCREL S
i FH 52 B} 72 5 PCRAY (Eppendorf, Germany)i#£ 17,
SLIG AR 2R H2xSYBRY Premix Ex Tag™ (TaKaRa,
HA)125 1L, cDNA (100 ng/uL)l uL, dH,0 105 L,
FI¥F(10 pmol/L) 0.5 uL; 514#R (10 pmol/L) 0.5 pL.
FEAR IR Y 995 CCHALPE2 ming 95 °CEHE10s,
58 °CiIB K 10s, 72 °CHEMf20s, 353, (]
2-AACT Y H B R I A Rk

1.7 BAEREYIDNARIEEL. ¥ 1GHnNF

Wi A I DN AR BUCE B 2 i QlAamp DNA
Stool Mini Kitii B 45 (Qiagen, fEE), #EEDNARY
R A R 43 591 38 5 1.2 % B4 Bt B R R i Fl Sk R
NanoDrop ND-20007#8 s & 43 6t B 11 i2F 47 A il
(Thermo Scientific), & #% J5 i Fi 77 Barcode Ry
5|9 (515FF1806R), K HPhusion” High-Fidelity
PCR Master Mix (New England Biolabs, & &)X}
16S rRNAZEF VAIX HEA T4 . 98 °C 45 P 1 min;
98 °C ZEP:10's, 50 °CiE k30, 72 °CIHEfH60 s,
30MEMN s 72 °C ZHEA5 min; 4 °CIRFF. PCR
TR 2 % v B 1 B W e P Dk 2R AT R T
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%2 RT-PCREH 3|
Tab.2 Primers used for qRT-PCR analysis

H[H I HI(5-3") 1B KR EE/PC BaRS

genes sequences of primers (5'-3") annealing temperature accession no.
Claudin-7 F: CTCCATCCTGCAGCTCAACA R: GGTGCACTTCATTCCCATGC 58 MF370858
Claudin-4 F: ATGTGGAGTGTGTCGGCTT R: AGACCTTGCACTGCATCTG 58 MF370857
Tricellulin F: GCCTACATCCACAAAGACAACG R: TCATTCCCAGCACTAATACAATCAC 58 KU238183.1
Occludin F: ACTGGCATTCTTCATCGC R: GGTACAGATTCTGGCACATC 58 KU238182.1
p-actin F: CGTGCGTGACATCAAGGAG R: AGGAAGGAAGGCTGGAAGAG 58 AY008305.1

H % 45 {1 H QiagenZa F) H& 4L A fie [m1 505510 6 ol
=¥ (Qiagen, FE[E), {8 H TruSeq” DNA PCR-
Free Sample Preparation Kit# 4 i 7] & 417 SCE 4
H, MEL ISR 253 QubitilIqRT-PCRAE H:, 7
M5 T R A AR B AE W5 BN FR 2 w4 ]
HiSeq2500 PE2503#E 47 AL ¥ .
1.8 MEEBHIES

{8 H QIIME pipeline (v.1.7.0), ARHEAE S 14—
TRAb BREHE 5317 B RE AlphaZ2 1 (Chaol index
ACE . Shannon indexf1Simpson index) I BetaZ #:
PE(PCAFIPCoA), FFH HRE A (v.2.15.3) 2 il #ii
B2, i ok 95 75 1543 B Alpha 22 #F P 46 Bl
[ 25 5 o {8 FHLEfSe#k /453 Hr (BRI 1% E LDA Score
[ i BE(EL R 4) 3R A5 A [ kb BR2H 2 [a] AR % =F B B A
%1124 2% 5 1 Bionarker#) Bl . Metastats/ #1 {i F
R (v.2.15.3), K 2H [6] B9 permutation test, £5
FIAS 7] 43 28 7K V- 19 1) Fob A A ) Ak B4 22 ] AH X6
FEMZESERITEE R
1.9 BT ESGH

1% R (survival rate, SR, %)=5K 16 2% PR B £A1
R0/ S 30T i 1 R < 100%

14 K (weight gain rate, WGR, %)=(faf{k#4
AR 5T — A AR W) 46 R S5 B )/ AR R 4 R S5
100%

2 AE A K K (specific growth rate, SGR, %/d)=

(Infa P 28 A AR T 18— In F0 AR 7] 46 1A% 5 & ) /] MEE R
$rx100%

B R (feed intake, FI, %/d)="F1) % & 1k}
S /[(FAR ) I AR BT 2+ £ AR R A 5T o )/2 /4] M
KEx100%

T B8R (feed efficiency, FE, Y%)=fa At &/
2B R < 100%

I JE (condition factor, CF, g/cm®)="F- 14 {4 Jit

RSOl

A L (hepatosomatic index, HSI, %)=/ Jiii
/AR TR X 100%

WE 44 1 (viscerasomatic index, VSI, %)= fiF
Jo B/ A B R < 100%

S BT A5 50N SR FH SPSS 22. 04K 14 1 47 B 1A
EJ7 253 H1(One-Way ANOVA), P<0.05% /R %5
B3 GuiTas R LLE Y E PR 1 R (mean=SE) 1 JE
K&

2 4

2.1 ARPRM3%ATEERMT AT AE K
4 BE B 520

TRl P S T 0.3 % 8 R 52 2 iR R 32 1 &)y 11
9 2% T A= R AR AR 25 TG B 2 PR IR (3R 3).

2.2 ARPRN3%AE 2H X A S AR
VLA

)R R AN0.3% Kk &R w2 g T Mk
FLUIE T & B (P<0.05), F&AR T AR K433 8 (P<0.05),
T 6 A R 7K 43 SO EE 1 1 0 0 35 52 T (3R 4) .

23 ARFHRM3I% AT BRI KEGFEML
Big & M B9 52 M

TR FR AR 0.3 %00 kG i 2 s TR
Z2 WE 4l 0 1) B B A B R T R S 1 (P<0.05),
X 5 R A i 1 M TGt R R (3R 5)
2.4 FARPRM3%AE BRI AEEGE
AR SHIR NN

SEAAME, SR ERIN0.3% K 5 W
PIRCEER A PN 3 1Y 7E AT APk 3 N 7B |
L B A0 M A% T A R L HE S R S, AR
o R W AR s B REIR B S . R
PEAN LR R (F 1)
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F3 ANPRMIINHMATER N AETLE
E KRR
Tab.3 Effects of dietary 0.3% soyasaponins on the growth

performance of juvenile S. maximus

KSR
growth indicators M $A03

WA /g 4.60+0.06 4.63+0.02
initial weight
LRIRT R/ 23.5742.42 26.29+1.14
final weight
YeRRELA 100+0 1000
survival rate
HE R/ % 4.08.+£0.68 4.68+0.27
weight gain rate
HEE A KR /(%/d) 1.92+0.17 2.07+0.06
specific growth rate
TRRHAER /% 1.110.09 1.19+0.06
feed efficiency
B R/(%/d) 1.19+0.06 1.40+0.05
feed intake
A FE /(g/cm’) 1.81+0.28 1.98+0.14
condition factor
JFFAA E/% 0.85+0.25 0.98+0.23
hepatosomatic index
AR B /% 4.45+0.38 4.61+0.53

viscerasomatic index

RS5 ABRFRMOINHATERNKNET &
THBEE MR ST

Tab.5  Effects of dietary 0.3% soyasaponins on
digestive enzyme activities of
juvenile S. maximus U/mg prot
TR FM SA03
digestive enzyme activity
HEAWR 49.76+2.86 28.55+3.38"
pepsin
B Eh i 0.36+0.15 0.4120.26
stomach amylase
Joie b ity 0.27+0.02 0.08+0.02"

intestinal amylase

x4 FARPRMOI%H A TR AETLE
Nn &=k
Tab. 4 Effects of dietary 0.3% soyasaponins on whole body

composition of juvenile S. maximus

KR53/ %
i M SA 03
body composition
KM%
J(ﬁ ! 76.10+0.23 76.00+0.26
moisture
y 1%
REE% 15.86£0.19 15.84+0.30
crude protein
Y HE B /0
HIRE% 4.45+0.14 4.67+0.20°
crude lipid
KA/ .
Ko /% 3.78+0.17 3.49+0.14
ash

e o RNH BB R (P<0.05); TIE
Notes: “*” means significant difference (P<0.05); the same below
2.5 EARFARMOI%AEERTKETHE
7B R EEREEAEXERRIENFN

TR AR 10.3% 11 K 5 8 O R 25 6T 4))
Wil % % % B2 86 H Claudin-7. Claudin-4 . Tric-
ellulinff) ZE N RN F T B EF M m, (05 ERF
K T Occudinff) FE K & 3k & (P<0.05)(£12)
2.6 ARFIRMI% AT ERXFEREFH
A

Sl P4 . IR AE ST, 240 B2 SRS
320 995%%clean reads, G PRESNS3 49955, B
LR ¥ 3 5 Green GeneBU s 5 LU X, 644 fil 2
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49 8524~0TUs, P FMZ 2L 4 5 3949~0OTUs,
SA 0.3%3L) 424 4584~0TUs.

AL, KE I EMAEMETTKE L
1 B BE N AL B ] (Proteobacteria), J5BE [
["T(Firmicute) M1 2% 1% | ] (Actionobacteria); J& 7K
- F, SR & (Halomonas) M % U IS TH & (She-
wanella)h = B 5 = @ (E13) o Tk 3 m0.3%
R RO K S B fi 1 TR A - 22 P G I 3 T
(3%6). PCA (principal component analysis)73#T . 7~
SA 034 A B W B T W B i B R K (K 4).

LEfSe/r M 7w, Tk s i0.3% K & 2 1
S T K2 6 i T T RS [A) 43 2R 22 KO 4 b
AUARS 5 IR W], AT 4 (Bacilli), 25
P H (Bacillales), # i #T 1# £} (Bacillaceae) A% #H
X BEAESA 0320 H g 35 14 i (P<0.05)(E15)

MetaStats#T s, R EIN0.3% K 2 8
A RN T A BUIRTR S |« 208 N 1 (Sphi-
ngomonas). RIEKE B (Paracoccus). % KH &
(Prevotella). Wi B35 H 1K R & (P. ruminicola)
38 8 KT B8 (Bacteroides vulgatus) V) K 18 78 2500 1
VAR CHT 3 8 (Moraxella) F1 & S6FT 1 J& (Photobacte-
rium)B T L B AR T Caenimonas, Niastella
NE R W3 [C T & (Ralstonia) i HH XT3 B (P<0.05)
(El6),

FEA SR, AER RIS I0.3% R0 R BRI
XpRZEBER AR PERE, AR ER . FERM
TR BRI A 7 B 5 . Chen S5 B
B INIGR Y WOk s o NP A RSP T WL P
FH AR B YT E; H1%0.32%09 K 8w iy 17
Bl E 5 o B (Paralichthys olivaceus) 28 dJ5 , oF
BB R R AZ B R &AM, 56 dint fa AR


http://www.scxuebao.cn

4 4 ARHE, S PR IR S O KSR T 4l £ A KR 0 R A R TR 1109

B1 AESFYGEHEALGHE
(a) 1 (b) 3 54 8 %6 2L K T P e LK S P I B AL LD J 5 40 66 kom0 B S AR s o+ R R B AR <G R AR IR AT

Fig. 1 Distal histological sections of juvenile S. maximus

(a) and (b) represented the distal histological section of countrol and SA 0.3 group respectively; red arrows showed the microvilli of intestine

epitheilum cells; “*” showed the lamina propria within the intestinal folds; “G” showed the goblet cell

20 r

*
2 3 4

H A

genes

Ju—
(9]

IR f
relative abundanc
=

(=}
(9]

2 ARFRM3%HAEER N KRETNEFH
REEREARXERRIEHNFN
xr RORAH M R (P<0.05); TR
Fig. 2 Effects of dietary 0.3% soyasaponins on genes
expression of intestinal tight junction-related proteins in
the distal intestine of juvenile S. maximus
1. Claudin-7, 2. Claudin-4, 3. Tricellulin, 4. Occludin; “*” means

significant difference (P<0.05); the same below

KMEBEERGXBAF AR EEZS, Y HE
PR G RS E N E]0.64%0F, B A K
ESTE A 3 N WO RN N S|
AT PR I ] 09 FR 58 I 22 e, B — 8 i it 4
X AR TE O AT . B R (Carassius
auratus gibelio) FHIBF R MR, & &0 K0
AR (0.72%) 23 5 1 ER A %) A K 3 B AT 3
PIHIERT, Beak, FERbRRL R 3228 PR X
KB BUE IR A A2 77 A R R 5
o R, 78 DL ol o 2 2 8 IR 0y dRDRE TR R

0.2% K B w, KPUVEEE R A K M g Ko 3%
Yo (B 1 BFIAR B0 BT A 0 55 00 R 2H e W 3 22
S A S AR R R IR A0 0.2% K R
B, RV P i X i T R R R 1 T Ak ik A7 B
S O, AR S Y SR ARDR G R DL AR Oy R
EOAW, amh&an—SiFe Rl Tl
P TS — B AR R 5 A ok 1 i
o A, SEmmf R . RF Bl &
FRBE T [A] S AR 2 AR S
0 25 1) AR A 5 R G 3R Y I Ak T
Difem UM oG, B, SEAT I Ak B 1 0 BT 5T
A DL 000 04 oA GRDRE Hh 2 AR SR
A A T WO RE T o RS A B AR 3R W 3R A 0 2SR
A — W SZ B, DB S I /N T0.1%
) 2 TR — AN 3 52 M SRR A0 2 AR KB,
B R T K B ] 22 B e T A DR K
WP BT o, S OP R A . iE R
fily . I v L B 1 R A G R R L AR 1 I I M R
&R R T BB (0.1% . 0.4%/%20.8%)11)
iR EFEAC . FrancisSEPWFsE R B, 2R
il J5E A5 1 I R JIEL B A e R S e B ) 6 B
BrIE AL S R o 5 AT S A5 AL, 7T
B IN0.3% K & B i SRR T R 6T H
il P 0 U Tl R0 P, DR N 0.3% K R e
M) T 25 B X SR W T T Ak s SRR 128 1 7%
B JEV I N R 32 B 1 A K A B SRR AR, X RT RE
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Fig. 4 PCA analysis of distal intestine microbiota of
juvenile S. maximus

PCA (principal component analysis) based on OTUs, red label denotes
FM diet, green denotes SA 0.3 diet
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Fig. 5 LEfSe analysis of microbiota in juvenile S. maximus distal intestine

LDA score distribution bar graph (left) showed the speces whose LDA score greater than set value (the default screening value was 4), that was
differentiated species; the length of the column represented the extent of the influence to specific species; cladogram (right). the identified OTUs are
distributed according to phylogenetic characteristics around the circle; the dots closest to the center represent OTUs at phylum level, whereas those locating
on the outermost circle stand for OTUs at genus level, and the diameter of dots is proportional to the taxon’s abundance; the color of the dots
and sectors indicate enrichment of the OTUs in different diets (yellow, undifferentiated species; red, SA 0.3 diet; green, FM diet); the colored sectors
giving information on phylum, class, order, family, and genus are indicated by letters, which are specified on the top right corner (full name, given only

for those showing significant difference between diets)
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Effects of dietary soyasaponins on the growth performance and
intestinal health of juvenile turbot(Scophthalmus maximus)

YU Guijuan', YANGPei', DAI Jihong', OU Weihao', CHEN Zhichu ',
Al Qinghui ', ZHANG Wenbing', ZHANG Yanjiao *', MAI Kangsen '*
(1. Key Laboratory of Mariculture, Ministry of Education, Key Laboratory of Aquaculture Nutrition and Feed,
Ministry of Agriculture and Rural Affairs, Ocean University of China, Qingdao 266003, China;
2. Pilot National Laboratory for Marine Science and Technology, Qingdao 266235, China)

Abstract: A 12-week feeding trial was conducted to investigate the effects of dietary soyasaponins on the growth
performance, activities of digestive enzymes, intestinal morphology and intestinal bacterial community of turbot
(Scophthalmus maximus). Two isonitrogenous and isolipidic experimental diets (based on 67% fish meal)
containing 0% and 0.3% soyasaponins were formulated. The results showed that the growth performance was not
affected by dietary soyasaponins, while the activities of intestinal pepsin and amylase were significantly depressed
by dietary 0.3% soyasopnins. No obvious changes of intestinal histology were observed between two groups.
However the gene expression of intestinal tight junction protein occludin was significantly declined when 0.3%
soyasaponins was added. The analysis of intestinal microbiota showed that Proteobacteria and Halomonas were the
most dominant phylum and genus in S. maximus intestine, respectively. LEfSe and MetaStat analysis showed that
the abundance of dominant bacteria (Proteobacteria and Shewanella) was significantly increased by dietary 0.3%
soyasaponins. Meanwhile, dietary soyasaponins significantly increased the abundance of intestinal saponin-
hydrolyzing bacteria. In addition, the abundance of some intestinal potential pathogenic bacteria such as
Methylobacterium, Moraxella and Photobacterium, was increased while that of some other pathogenic bacteria
such as Ralstonia was decreased by dietary soyasaponins. In conclusion, dietary 0.3% soyasaponins depressed the
activities of digestive enzymes, and the gene expression of intestinal tight junction protein Occludin, and altered
the intestinal microbiota of S. maximus. Thus, the effects of soyasaponins on fish intestine health, especially
intestinal flora, cannot be ignored and deserve funther study.

Key words: Scophthalmus maximus; soyasaponins; growth performance; digestive enzymes; intestinal

morphology; intestinal microbiota
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