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WE: N 7RI L IKEE (Shewanella sp.) KRBT 2 A& AR B W X KZE BT (Scophthalmus maximus L) FEAKNERE
JeAERR P S B2 o BIF ST LASO% BRI, DLUR BERRAT B 1 AT R (1 B ARk 209 16 U
SEG ZH C ) =R AR R S IR A R (o 2 MR R A R A ). POEBIAA R E R (17.52+
0.02) gff) KZEHY, 1 J@ )y I8 7R SE 56« 45 T on: KRNI & B 4 R ZE BT 8 %6 (WGR) FfE B K%
(SGR). 1) 4 % (PER Y B A FF A 1 2H 35 2. 35 7w, 1kl R BU(FCR) 2 3 B# (K (P<0.05), H 5 k4G B 3% %
S0 PUAALIRAR SR, R EENA S (2R SE 67 I A U 4840 B8 0 (T-AOC) AR S8 A6 1 5 AL i (SOD) i PR B it
HEANAREZRS, SEMARCAT)EERANHEET &, N B MAD)S 2R AMNHEE FF
(P<0.05). HZTEE T, KEERRFFE A E S BT & QA B E R (P<0.05), H5®pA TR E %=
o TEG T, 5 AR B AR b, R RS R AR ALK SR BT i AR R TR T B RG-S ifi-ys il-1B)FN
TLR2/NF-xBili B ZE Rl (t1r2+ mydS88. nf-xb p65)3ik 52 B 2 N (P<0.05), SAMAHATLEZEZR, RN %
HEHEAZR (zo-1+ occludin. tricelluin))3R 15 .3 A (P<0.05), Hbzo-1floccludinE N KL= EE & T
(£ A SIS/ N M 3 ol Nl TINBE 20 0 e T IS T [ o e = R AW D NG ) 6 o SN AR LS54 ]
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FIZERL, REEFIR AT 76 A 2 BRARE B AR
TERNINEY, WAV R BN B TR,
Tl A2 4 B AN AT DA AR FF B 1 R Ui S A I
BB s R RS Y. FReEN MR
TR R, BT DAA R iR B, IR AR EE B s
FEME . WEFCRIN, A BL K B (Shewanella sp.) % T
SME B AR TR TR R, HrE
HEYEARENH FREAGERE .

K 22 8¢ (Scophthalmus maximus L.), 18 Ff 2 &
1, e E AL EER T AR K aFh . BRI
R PR ST, K EE S ) fal B 1 7R SR, B DAY
R O B i = . AT R BEAE ) B 1 AR K32 Y
TRl RL R AR B Y2 B, B TR B R I R ] AR
REH 55% 1 FR T AN X K 3% B A K g 2 A AT
S, BRI, A O R R R B 7 K SR AARL B
N 320 o AT S A FH Ay B DSB8 A i A 2 1k
AT R RAR FL R TR AT B B A AR W R 32 2
Koo TARLR A AR S P S I B2

1 MR5ERE

1.1 EAREIE

LLSO% a4l Xt B4, LLARFF R . R TR
8 A B AR R A1 20% 1) Fky, e il B34 B A&
BN50%, A8 T2 8N 12% 0025 %045 g IO & ARl
Iy R R ER A FEM). WA FL4L(CP). KRBT
HEHHFCP). BT K8 TR W3R 1. FFF
HAW EH RS AR, B IR VE LR 2 R R
B HE SRS ARAED TRARA . A5
FIT FH 1 A U DG B 2 EH K 38 68 1) 7 88 s 23 29 9 4
s, B R AR CLE v R 3 A A B e e
0 (CGMCC), 9w 5 ACGMCC1.17098. H¢
A LI WG Ay 55 5 4% FEARFF 8 (1 B MR 1 0.6 EL
15 BEAT R, B WOIR E R2X 10, A E B T
3TCHIZAF T AT IR K BE48h. K E48h )5 S %
B R R L, BT 60°C T 48 h24h it -, DL
8 R A7 I F TR I o F SRR AL RG B
Je 80 H 7, 4 HE AR KT 5 38, 4 8 M/ B 2 1 i
TR B JE R S0 VR A, K S B g 5 f i T TR
HREB LG, BS ORI ER RS RE, IRE
JE 60 H i o K3 07 J5 11 S Ak FH B2 A st RS ATL 1) i
20 RH(3.5 mmx3.5 mm), JRJ5 T 5 R TR A
55°CHEF24h.
12 FEEBRFESN

REW T I ARE G TR . 18
AR A & BUE R 07 (SRR K IR IR A B A F
T SR S0, FRAE A BN S6d. KEEEE R )G

BEAT P A I 9 77, 8 R 45 RS 1Lk 24h, R HUA
FEARH: . FAR I — IS WG R HE(17.5240.02) g]
BEAL 7 HE 29 FRIE M P UK B 29266 L), &4 70 i
402 f0 . (EFRFH IO HA ], BFRFERAT /NN AT,
H F M R (7:00119:00), $0 28 2 Wi £, /KR
(18+0.5)C, 5 ¥ (29+0.5)%0, & 2 <0.2 mg/L, W fify
R+ <0.1 mg/L, i =7 mg/L.
1.3 #HmRE&E

ARSI (1 BT A D R S T R DA R )
LIV E B E . RIS W, K R EE AL
Tk 24h, X BEAR (RS2 B 43 A3 AT FR E R SE 147
R, DT EAAE R, WER, el KRE,
AT B ATLIZE B 3 2% S 56 £ B 120 C UK AR OR- AT, il
PH LRy 4 AT s B LI B2 R S 08 0 L T &
(1:10000)3E AT BRI J fie 51, B Bz A JUEAE &, s
H g A YTE AR B K RIS e 5 E T 1.5 mL
B0 R, AU ST B B TR R A BERLIE
W2 RS fh, BUIE . I IE B T ik L e v A
V)RR, 240 151 35 R8I R YR A5 B 70% R
WK miE . BEE s AR, T 5 A i 1 21
Tk
14 FHFEBRBMANBRAERNNE

SR FH 2 Jg R W i 6 TRk ARk ' S A Ty
o, E3-E A 1-NEAAE T, R NRE S IE Ok
TRA (64, viv) IR B AR, i BRI 5 2K ik
VE A R B 93, 240 & YD TE 440 nmAb A e K
W, FEBE IR S i B AR & & B OE b, AT A Ak
Iy HEIEETH L AT I

F =S R EURE it H R 8 1, BL10.00 mL
FEBUR T N, IS5 gl A HEALFIAT 12 mL
WHRER, 420°C ¥4 1k 1.5h)5 FH 4= H 3h 9l 1% 2 & A
(Kjeltec™™ 8400, FOSS, Sweden)Jll 5 4 & & I #:.54
NFERIRIE A E .
1.5 4ot

W R IERRAF R 1 TRDRLAN 4 R R B B AR &,
BT 105 CHAR ALt 2 i, T E R E &
HAFEIK S3; BETF 5 BIRE i, R AR 54 ) 1 P
LI E B (Kjeltee ™ 8400, FOSS, Sweden)ill 5E £
i T4 5 R B A R 7 0 S A3 (SOX606, i
BEAX #%), B g 7 /5 12 22 00 ik 5 A 5 1
FHLAG 7 5 &2, E 5 35471 (SX470, 7K 6 B = J7 {88
550°C B 7840 FI e 1 6h e HL K 7y &5 o
1.6 MENENS

AEFRR U I ZH 2R i, 4% 8 () AR A (mL)=
LM LR, In N O AR i 2 21 2R 7K, 7E VKK i 4%
PETHURAIZE . ¥ 512800 B 14000 r/minff 2614 F,



12 AR ZREE: Ay L IR T A AR T B 11 1 AR 0 R SR AR R AR S 1 S P (5 3

B0 10min, B0E TR . Kb BT HORE S It R
b Z B (CAT, 5% 5 A007-1-1). 8 4 10 7 B 1L B
(SOD, 173 A001-2). S $il A Ik BE J1(T-AOC, B¢ 5
AO15-2-1), 78 9t H i iok 044 90 g (GSH-PX, 3%
A005-1). P (MDA, 5% 5 A003-1)} K% FH B 5¢

Fz 1 ZWANEAMEZERRD (% THR)
Tab. 1 Composition of experimental diets (% dry mater)

2H 53 Group

Wi H It

7 Hltem FM CP FCP
J& £ Ingredient

1 ¥ Fishmeal 50.00 40.00 40.00

K ¥ 25 9 Cottonseed protein 0 11.10 0.00
R BEAT KT 8 [ Fermented cottonseed protein 0 0 10.78

. HSoybean meal 10.00 10.00 10.00

K E H#Corn gluten meal 500 5.00 5.00
A Wik Wheat gluten 3.00 3.00 3.00
/N3 H Wheat flour 15.00 15.00 15.00
Tk 5 £ 4 3 Microcrystalline cellulose 541 345 3.72
1 jiliFish oil 559 632 637

K IR AESoy lecithin
TR R DL-Methionine
ﬂﬂ’ﬁlOthersl
&1t Total
k.2 14> Chemical composition
#H 2 A Crude protein (%)
HH AR i Crude fat (%) 11.65 11.54 12.08
Ui BB Free gossypol (mg/kg) ND 4820 24.00

VE: A SALIRER0.25%; BEER —AU450.50%; 4E/E TR
£H% (FifE R, 0.00125%; I E, 0.00225%; 4E4EZB6 0.001%-
42 2 B12 0.0005%. H 25 [#0.0005%; JLEE, 0.04%; 2 & 3k,
0.003%; M2 0.01%; "M%, 0.001%; =¥ %, 0.003%; LR IE
fi, 0.0016%; 44 2 Ds, 0.00025%; -2 & By, 0.012%; 4EEEC,
0.1%; LA FEEMR, 0.00015%; fHdh LT 4E %, 0.8235%); § ¥
T#10.5% (CoCly-6H,0, 0.0025%; CuSO,-5H,0, 0.0005%; FeSO,-
H,0, 0.004%; ZnSO4 H,0, 0.0025%; MnSO,-H,0, 0.00225%;
MgS0,-7TH,0, 0.06%; A7 2 44, 0.001%; 45 4it, 0.003%; W A1,
0.42425%); PIERE50.10%; L5 FEMEMR0.05%; HEIRIREN0.5%; =
HA ZA0.1%; FHEINY% (@R — H RN RS AR A
TR IS - RE=4:2:2:1:1); ND, R H

Note: 'Others: Choline Chloride 0.25%, Calcium Dihydrogen
Phosphate 0.50%, Vitamin premix 1% (thiamine, 0.00125%;
riboflavin, 0.00225%; vitamin B6 0.001%, vitamin B12 0.0005%,
menaquinone 0.0005%; inositol, 0.04%; pantothenate, 0.003%;
niacin 0.01%; folic acid, 0.001%; biotin, 0.003%; retinyl acetate
0.0016%; vitamin D3, 0.00025%; a-tocopherol, 0.012%; vitamin
C, 0.1%; ethoxyquinoline, 0.00015%; and microcrystalline cellu-
lose, 0.8235%), and mineral premix 0.5% (CoCl,-6H,0, 0.0025%;
CuSO,4-5H,0, 0.0005%; FeSO,H,0, 0.004%; ZnSO,H,O0,
0.0025%; MnSO,-H,0, 0.00225%; MgSO,-7H,0, 0.06%; sodium
selenite, 0.001%; calcium iodide, 0.003%; zeolite, 0.42425%),
calcium propionate 0.10%, ethoxyquinoline 0.05%, sodium algi-
nate 0.5%, yttrium trioxide 0.1%, food attractant (betaine-propi-
onic acid thapsigargin-glycine-alanine-inosine 5-phosphate =4:
2:2:1:1) 1%; ND, not detected

2.00 2.00 2.00
0.00 0.13 0.13

4.00 4.00 4.00
100.00 100.00 100.00

50.51 50.45 50.40

H A F AR B AT IS EAS W . S0 0 IR
T 2 BRI A5 R AT
1.7 ALY A

iR reg 1) 75 R 0 = Sl e a B e
F 4 8 s K ALEE K, B K JE A i 347 e,
B A L AL AT FORE S AT D) A (7 um), SRR S
A6 3T %R 3 R A BR A ] ) 75 A R 4L (HE) S
AR . Masson = 8 4L (85 71 £ 43 1) X iz 18 i
HPRESEAT 2H A gt PR o kA S e
1.8 RNARREUR LA REEREEPCR

K FH TrizoliZ: #& B Ji7 18 #% & 7 ) S RNA. H
Nano Drop 20004} ¢ ¢ J& i1 (Thermo Fisher Scien-
tific, USA)JI| 2 OD{H, OD,40/OD,gfE 7F 1.8—2.0H.
REFHIT 2.0, KM TaKaRa 3l e 5% &
HcDNA. ¥4 54— FIDEPC/CK R 1 22200 ng/
uL, fRIFE-80°CUKF & . 5140 H A THE(E
B B BRA R, FPAIILEE 3. RNAA R N20 uL,
H1SYBR" Premix Ex Tag (TaKaRa)10 pL, b R
5|47 %0.8 uL, 2 pL cDNAVE W /% 6.4 uL DEPCK .
SEI 5 B PCRAY N (Mastercycler ep realplex, Eppen-
dorf, Germany). ¥ #4F2 7 N95°C T AL 1£20s, 394~
FEIR(95°C 15s; 57—58°C 15s; 72°C 30s). i AR
HE B LR 5 9 2 5L R 1 e i — ok HLBi
i P2 R b B
1.9 it

14 5 5K (WGR, %)=(Z A A E Y14k 1k )/ 4
PR X100,

K55 £ K F(SGR, %/d)=(LnZ K A& HE-Lo¥ 4
A E )/ FRAE K K< 100;

T (FR, %/d)=1E & & (g)/[(A KRR E V] 4

R2 RERTERERERTZIN% TR
Tab. 2 Effect of fermentation on the nutritional composition of
cottonseed protein (% dry matter)

20 53| Group
fhbr k& KRR &
Index Cottonseed  Fermented cottonseed
protein protein

MHEA 65.2120.18" 67.18+65.97"
Crude protein (%)
Jig 103 0.48+0.10 0.68+0.09
Crude lipid (%)
PR 5 R 1 4.59+£0.32° 7.04+0.44°
Acid soluble protein (%)
TiF AR Y 472.5+1.66° 237.90+2.37"
Free gossypol (mg/kg)

VB P IE AR HE R IR OR (n=3); AE[F— 4T, AEH
AR RN W2 R (P<0.05); T

Note: Values are expressed as meantstandard error (n=3); In
the same row, different superscript letters indicate significant
differences (P<0.05); The same applies below
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AER)/2)/F75E R E <100,
TR RE(FCR)=a 5 & (g) 1B HE (g);
H AR AR (PER) =R H (g)/ f BN & (g);
115 ZE(SR, %)=(Z& K R EUVILE %0 <100,
SR F ST 35 A5 HE % (mean+SE) &R, i
F SPSS19.0% 14 %} fir 45 H 44 12E 47 B[R] 25 75 %2 (One-
way ANOVA), X f Tukey % H LK 56, P<0.053%
R AR ENER. LR RERANTH
(HEPRAE R o
2 4

2.1 A ERERKS

Wk 20R, Sk E AL, KGR E
R 2 2 & B 65.21%3 1 £67.18%, $2 @ T
3.0%; BRI R A& B H14.59%T 1 £7.04%, JHa T
53.3%; Vi S M & B 472 5mg/kg FFE4E237.90 mg/
kg, TNF% T749.7% (P<0.05).
22 HKMEE. ARFIASERS

Wk 4w, SHkrE A4, RERFTE A
HAKEFBW). HEFK(WGR). FrEE KK (SGR).
A% (PER)YY & 35 J1 = (P<0.05), 1Akl R 4
(FCR) . 2 (R (P<0.05), 1fi 5 a4 A0t PL 45
PRI TC 3 7 5

nFk SHw, SHZMREMHES . MK

#* 3 IR EEPCREIHIFS

Tab.3 Primer sequences used for quantitative Real-time PCR

VIRAEEER. FMRAFEDHEM, KPR T
EHHAMEN & EA TR, BRAHTEE
ZE5,
2.3 ELAZEH

KB EHER B 45 R, Sk & AH
FHEE, R EEARAT B H R E W 9 = g s A
BB FETHE(P<0.05), H5MMATEEZRWE 1),
REEHEFIEMasson et 45 K BH | 5k &5 A 4140
bl kB AR ORF B 1 4H B U 2 4 A0 AR R o
(P<0.05; & 2),
24 RTREIRELEE

P 6N, SRk A AM L, REERAT R A
Hil FMEAB(CAT). BALYE LR SOD). &
YA BE 1(T-AOC) 4 B2 42 &1, TH - EE(MDA) &
B E R RP<0.05). H A R EE AT B 3 41S0D,
T-AOCiE M 5k o 3% £ R, MCATIH M &
KFfM . MDA R ZE /N Tk 41 (P<0.05), K
MkF & R I B s b A A e
25 EHFFMRERETFRBEREEREERE

SRR, AT EOH, KR EA
HAE R KT (il-8~ ifn-y. il-18)FI TLR2/NF-xBii %
(tlr2 nf-xb p65. mydS88)IIFK ik 7 &3 T b (P<

*4 AEMTEOAEREMITKRETE KM RIERNF AR
oEA )

Tab. 4 Effects of fermented cottonseed protein replacing fish-

meal on growth performance and feed utilization of turbot

£ 519 FPols

Gene Primer (5—3") Accession number
B-WLZh & I GCTGTCTTCCCTTCTATCGTC AY008305.1
p-actin G

TCCATGTCATCCCAGTTGGTC
tollFf: 32 4%2 AGGAGCCAAGGGAGACCGAT KU746963.1
12 GGCGCTCATGATGTTGTCC
BEFEME  CCCAATGGTAGCCCTGAGAT KP985236.1
B Fmyd88 CATCTCGGTCGAACACACAC
¥ F-kb ATGCCTTTGAGGACCTTTT
p65 nf-xkb  GTGTTCTGGGATGCTGTGT
pos
FiFE-y GCTTTCCCGATCATCTTCTG DQ400686.1
ifin-y GGTTTCCCAGATTCCCATTC
B4/ GACAGAGAGCAAACCCATC XM 035638412.1
#8il-8 CCAGTCAAGTACATTCAAG
M40/ TACCTGTCGTGCCAACAGGA AJ295836.2
1B il-1f A

TGATGTACCAGTTGGGGAA
iR AGAGAACCTGTCACTGATAG KU238184
TEEHA ATGC
zo0-1 CTGTCGGAATTGTTGCCTGAT

G

MF370855

PR ACTGGCATTCTTCATCGC
EFEEE GGTACAGATTCTGGCACATC
occludin

K% iERHE GCCTACATCCACAAAGACAA KU238183.1
EgE CG
tricellulin - TCATTCCCAGCACTAATACAA

TCAC

KU238182

AbFRZH Treatment
i H Item
FM CP FCP
WIlE Rk #E IBW (g) 17.5140.01 17.53+0.01 17.52+0.01
KIKE FBW (g) 72.05£0.78° 62.49+0.13" 72.49+0.32°
14 8 % WGR (%) 311.3344.53" 256.37+0.59" 313.65+1.84°
Fi £ KR SGR (%/d) 2.52+0.02°  2.27+0.01°  2.53+0.01°
T FR (%/d) 1.76+0.01°  1.70+0.01°  1.70+0.01°
TERL 2 FCR 0.81£0.01°  0.85£0.01°  0.78+0.01"
AR PER 2.44+0.03°  2.33+0.01° 2.54+0.02°
152 SR (%) 100.00+0.00 100.00+0.00 100.00-0.00

®5 ABBHEAEREMIKREFLEERS W%
EE)

Tab. 5 Effect of fermented cottonseed protein replacing fishmeal
on whole-body composition of turbot (% wet weight)

#H 53| Group
M CP FCP

M E A Crude protein - 15.73+0.05  15.54+0.08  15.80+0.07

T H Item

FMEiCrude lipid ~ 3.54+0.04"  3.82+0.06" 3.66+0.01"
K43 Ash 77.33£0.19  77.0540.10  77.24+0.02
#/K 3 Crude ash 3.46+0.07  3.44+0.02  3.35+0.03




12 AR ZREE: Ay L IR T A AR T B 11 1 AR 0 R SR AR R AR S 1 S P (5 5

0.05), A kAL REZT. SZMHRMZ, fHLE
TReFF 2, R BERAT H 1 2E T o e A DG 2 [A]
zo-1+ occludin tricellulin) 37 15 & & 3 ¥ & (P<
0.05), F i R BERFF 25 [ 4Hzo- I Floccludin 1 3R 34 &
O T O A, PRI HS B R 1 i R R R A e
(Kl 3).
3 iR
3.1 ABRAEMBITFEREFRR SN

Tl A2 ) T b 3G R R B A R R B
MR AR, AR R BEAM G T E B bt
BT HAGENE RN & &, B8 7 E
Y& AR E A e e e R e T
SR N, RFEE R RN, JER AR K
i, TR K 4T 8 AR A/ 43 IR R 1
R, i BERAREEASED. ARG,
AIKE KR ERSRFEOHED . REE
S &, ARSI FERhE 2
T R4k G 1), Tl A e T vl A R e B AR . (E
R AT LR B R B R R 1 T T
HRISREI TN T Ui A Y ) B AR . AR AR

A

FM CP FCP

Bl 1 RBERRT R B B AR B X R ZE 87 200 Fr ) 52
Fig. 1 Effect of fermented cottonseed protein replacing fishmeal
on tissue sections of turbot
A—CHRICA AR HFM) HiFFE FAL(CP), R BEMAT &R 4
(FCP), L R M200 um; DA I 38 25 6 i B2 (VH) 5 i Jf 4%
(LD LA AR B BRI EAr = B R B 2 5
(P<0.05); T[A
A—C show the fish meal group (FM), cottonseed protein group
(CP), and fermented cottonseed protein group (FCP), in that order,
with a scale bar of 200 um; D shows the ratio of intestinal villus
height (VH) to intestinal lumen diameter (LD); Different super-
script letters on the bar graphs indicate significant differences
(P<0.05); The same applies below

2] T AL EE 8, A B IR R B R 2R 3 2
%7 W AR 5 . X T REE R TR U
AR ) I e, T 8 B G 1 T 360 3o DA A O
AR R S SR A, SR ey 1 B R ™
Wy, T AR LA A A

32 ABRMIFERBEREYNTRETEKMELE.
TR F P R AR 2B R R )

W FCR W, R TR AT B ] 5 A QDA v ) 2
R, WK BRI K AN St R R
AHE T A MRS58, KA A 8 A 4L ok 4
PERPERETE R 2 5, T LA AR ZE B4R R 20%

w)
O

—_
[=]

W

SFYELRE
Degree of fibrosis (%)
f<~)
-

[=]

FM CP FCP

2 KB A AR AU X SR R A A 200 A IR
Fig. 2 Effect of fermented cottonseed protein replacing fishmeal
on liver tissue sections of turbot
A—CIKC oy H(FM). fiFFeR A4H(CP). KM R A A
(FCP), L R 950 pm; 5 € X380 A I 25 446 s (. X 35; DAY
JHIE AT AL AR E
A—C show the fish meal group (FM), cottonseed protein group
(CP), and fermented cottonseed protein group (FCP), in that order,
with a scale bar of 50 um; the blue area is the stained area of liver
fibrosis; D shows the degree of liver fibrosis

R 6 AERHERBREMNTKRETA M ENEERFMN
Tab. 6 Effects of fermented cottonseed protein replacing fish-
meal on liver antioxidant enzyme activities in turbot

i H #H3| Group

Item FM CP FCP
A SR 1085.42+16.26°664.66+8.97°1319.33+24.71°
CAT (U/mg prot)
A AL B AL B 34.74+£0.70° 25.63+0.46" 33.88+0.30"
SOD (U/mg prot)
BPEALRE 3.60£0.06°  2.28+0.13°  3.81+0.15°
T-AOC (mmol/gprot)
B BEH RIS R 25.37+0.77 25.3140.65 24.87+0.41
WHIEEGSH-PX
(U/mg prot)
P MDA 3.53+0.13°  5.68+0.20°  2.34+0.20°
(nmol/mg prot)
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Fig. 3  Effect of fermented cottonseed protein replacing fishmeal on the relative expression of intestinal nonspecific immune factor and

intestinal barrier genes in turbot
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A shows the relative expression of pro-inflammatory factor genes; B shows the relative expression of TLR2/NF-«B pathway genes; C shows

the relative expression of intestinal barrier genes; Different superscript letters on the bar graphs indicate significant differences (P<0.05)
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SHEWANELLA SP. FERMENTED COTTONSEED PROTEIN REPLACING FISH-
MEAL ON GROWTH AND NON-SPECIFIC IMMUNITY OF TURBOT (SCOPH-
THALMUS MAXIMUS L.)

ZHAO Tian-Hao, ZHOU Hui-Hui, He Gen, WANG Xuan, LIU Cheng-Dong and MAI Kang-Sen
(Key Laboratory of Mariculture of Ministry of Education, College of Fisheries, Ocean University of China, Qingdao 266003, China)

Abstract: In order to investigate the effect of Shewanella sp. fermented cottonseed protein replacing fishmeal on
growth performance and non-specific immunity of turbot (Scophthalmus maximus L.), this study was conducted using
50% fish meal group as the control group, and experimental groups with fermented cottonseed protein and cottonseed
protein were used as the experimental group replacing 20% of fish meal in the feed. Three kinds of compound feeds
with isonitrogenous and isofat (fish meal group, cottonseed protein group, fermented cottonseed protein group) were
prepared. Turbot with an initial body weight of (17.52+0.02) g were cultured for 8 weeks. The results showed that the
weight gain rate (WGR), specific growth rate (SGR), and protein efficiency (PER) in the fermented cottonseed protein
group were significantly higher than those in the cottonseed protein group, and the feed coefficient (FCR) was signifi-
cantly lower (P<0.05), with no significant difference from the fish meal group. The antioxidant indices revealed that the
fermented group had significantly higher total antioxidant capacity (T-AOC) and superoxide dismutase (SOD) activity
in the liver than that in the cottonseed protein group, significantly higher catalase (CAT) activity than that in the fish
meal group, and significantly lower malondialdehyde (MAD) content than that in the fish meal group (P<0.05). Histo-
morphology analysis showed that the intestinal villi height in the fermented group was significantly higher compared to
the cottonseed protein group (P<0.05) and not significantly different from the fish meal group. In terms of immunity,
the expression of intestinal pro-inflammatory factor genes (il-8, ifny, il-1f) and TLR2/NF-kB pathway genes (¢/r2,
myd88, nf-kb p65) was significantly suppressed in the fermented cottonseed protein group compared with the cotton-
seed protein group (P<0.05), with no significant difference from the fish meal group. Conversely, the expression of
tight junction protein genes (zo-1, occludin, tricelluin) was significantly up-regulated (P<0.05), in which zo-/ and
occludin expression was significantly higher than that of fish meal group. Under the present experimental conditions,
Shewanella sp. fermentation of cottonseed protein significantly improved the negative effects of cottonseed protein
replacing fish meal on the turbot growth and immunity, and could replace 20% of fish meal in turbot feed.

Key words: Fermented cottonseed protein; Growth; Non-specific immunity; Turbot
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