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(1. B KPR #FE R RTET O R IR IOE 57 58 A B 5 o
KF=sh i E Fo BT R L B 2013065
2. INARAWERFE SRV WA BEESBERESLEE IR MWE  264006)

BE HHE R R B R (FSW) B R & 0 itk 2 #F(Scophthalmus maximus) 4y # £ K . LA &
7. BB RRAE KA R R RSP, LIk I X PR 41(50% &K, fUxT A (30% & 4, &Rt
P2 A A E BB 2%, 4% . 6% . 8%H] FSW # X & ¥, 444 4 & FSW2., FSW4, FSW6 #1 FSW8
4, FRABERE H(30.00£0.03) g WA EF Y& 8 H, HRET, SUARYGERFRALEEZ
F(P>0.05), FSW2~FSW8 4l 4y & E &  HZARZFE LS EXEAT R F = F(P>0.05), EHEES
T X BB 41(P<0.05), FSW2~FSW8 42 & fiy IlE B EXBALTREZEZR, BREET
X B A (P<0.05); f xR 4L A An 35 UKLIE B & & B % & T H 0 41(P<0.05), i xt B 41 i & A& T
A EBALT). A4 ¥ A8AST)FH = B(TG)H & ¥ 5 T I & I 41(P<0.05), fixt 4. FSW2
~FSW8 41 1 % o % fE [ B2 (T-CHO). ALT #n AST E £ M K5t Z a4, AFAE® ALT #1 AST 4
BN EAR MY, GO R4 E PR % E R & A I E B (HDL-C) 4 & B 3 18 T 1E X #8 41(P<0.05).
X BB 4 BT E P R B R A(PKA). & B34 B C(PKC)Ffr 3L i 4.8 (LDH) v 3 B 21K T IE B4
(P<0.05), 5 IE Xt R 4148, %t B A0 B 38 of B FE R 4% 45 K bOar] A0/ k3535 H(K pept] Rk & &
W, BEREZHMK catl . pat]l Rk EZFAF L%, FSW2~FSWS 4 b0atl . catl. patl 2 peptl %
kB R T IE 4 0 6 % B 4 (P<0.05). 4 b Tk, Ak iR m FSW B 5% 3 7 5250 & 3t 4d
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s R B A5, 2005) . Bl 7K 77 55 5 Ml g PR & S
R AR IR R =, RO & H 25 82,
I, SHHOE AL B O PR AR TC 5 1R} v £k
iR, B K= ek Y A ST IR (E AR R A,
2019). 7ER B MMM, 0 H K K &
FEARZE 40% 2540 . WS R T, fof FH TR 1Ib [m) % 19 K0
AL EDRE A R B iR R 40% HOR 2% K 1 R 6
(Micropterus salmonides) 4 FRRLF] H 7= A= A F)
SR (WRIBES, 2021), (& shd iy & A e Al
o e T RRAR 2 30% (I 255, 2021). 4T,
Biti 5 fl Ak o Ry HO 5] 0 R 2R AT, 2 H BRIk T
TR, aRE RS EEN

PRI (stickwater, SW)JEHUH N T AU F= 5, &
HREARBEWE N FY, WNFTFZ2IK. 40
AN IR A5, v, AR 7 et 2 by A RS
TS 18 A B R Sy £ K B AR R R ) o B A i
Y, ARSI E AT R, sk E & A s
P AT AR R 40% 1 foky GRS TR AE, 2019),
Najafian “5(2018) & B, Bt fif 2 e 23 7= A Z At
AARIEVERKR, AT B 5 H s &R 4t (Adesulu-Dahunsi
et al, 2020). TP ZRPIEHI TR PRIGEEESE(2021)
AR IREFQ019)IF R WA I, — bk 20t & fesb
PR, B SR A A A e I AR A A W R AR
Yy, Al iR o R OK . SR, R
%59 (fermented stickwater, FESW)/E b5 B 45 TR ,
AR K DR b Y R R DL ST, AR5
55 AR ZEBE(Scophthalmus maximus) %) A58 6 42
5T FSW ARtk X A | frs ke s . AR
U S SCFE R RIR S, R FSW A B Al i
HESR AT e, DU FSW #E KRR G
Tk g AR S

1 #HMETT®
1.1 KIewr#t

20t S (SO ) 58 U0 3% BT B T LK
PN 48.73%, THIFRIEN SN 64.08%, Hl
I B 8.91%. BRI LA B8 25 1 (Bacillus
subtilis) MFLIRFF W (Lactobacillus) (W F 11 ZR HH R} 52
AP TRAWRAT) . REZRIE: BIE 37C, H
L VRN AR, R 5RO E FLIRFTECL < 1),
VR 4% o5 £ 73 TR 19 0.5% , REFANIH 5 d.
RRERTE E SRR L 1, SW. FSW AIfAK (FM)H
BIMA NI 2.

X1 BRR. ABERRERAITR
Tab.l Chemical compositions of SW and FSW

BRI MK REEMTEK
Chemical composition/% SW FSW
HIZE 4 Crude protein 63.89 64.28
Mg Crude lipid 8.93 8.95
HLIK 5 Ash 24.01 23.91
A f R Tau 1.14 0.97
B & 52 Free amino acid 4.60 4.66

W2 7% 8 H % & Acid soluble protein ~ 69.75 56.01

*k2 &, ABRRMEZBEARIEBRAR/ %
Tab.2 Amino acid profiles of the FM, SW, and FSW/%

2} 5] Groups

= 7]
Nt GW R R
FM SW FSW
W& F PR Essential amino acids
R Val 2.88 200 332
EE R Met 1.10 096  0.96
ARINEFR Phe 2.98 2.80 1.64
AR Lys 4.80 3.18 3.33
THRIR Arg 4.34 209 235
2] Z R His 1.30 217 212
TZR IR leu 5.01 282 348
SRR Tle 2.16 0.90 1.63
FEMR Thr 3.11 1.55 1.57
BT E IR TEAA 27.68 18.46  20.40
JE 7 E A2 Non-essential amino acids
il &R Pro 3.07 195  2.02
B Z R Tyr 2.88 238 234
22 R Ser 3.56 1.67 1.65
AR Glu 10.40 7.33 7.10
HEAM Gly 4.78 3.60  3.83
WEAMR Ala 4.21 3.09 3.43
LR Cys 1.46 226 225
KAGIR AST 6.48 3.31 3.49
BAENTZ KRR INEAA  36.85 2558  26.12
BEIER TAA 64.53 44.04  46.52

1.2 LIgEFR

AR Ry FOR VR 4R 8 1 o B AR, Ml
NIRRTk 3 ol S0%M IEXT BB, fak)
LA 30%IM T IRZ, AE RN BRZH LA E 4L 2%
(FSW2). 4% (FSW4). 6% (FSW6). 8% (FSW8)HJ FSW
(RO RARAN, DL K ER R G0 43500 15 2R
RGP, el 6 A s ikl e JEokh ke
Jaid 80 B, BHARSIEMA N, EilAZER K
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FRIRAT, ZBGER AL TR AN 4 mm AT S mm 1.3 fAFEE
2 FRALA% O TERLRORL , BT A RERHE 60 CHE TR E T FEH SE W AE 11 4548 U TR R 5 T 5 BT B R 3R
—20°CUKARTRAFAE ] o SEHIC T RS R IR 3. IKFRIE ARG AT o SEH T RGE B A 1L AR R T

&3 ERHABE T RE TS (%Y )

Tab.3 Formulation and proximate analysis of the experimental diets (% air dry weight basis)

2} 5] Groups

Ingjiints EXSHR X FSW2  FSW4  FSW6  FSWS
Positive control Negative control
%3 White fish meal 50.00 30.00 28.00 26.00 24.00 22.00
K45 1 Soybean protein concentrate 12.00 15.00 15.00 15.00 15.00 15.00
fi% & 1 Casein 12.00 12.00 12.00 12.00 12.00 12.00
K0 Fermented stickwater, FSW 0.00 0.00 2.00 4.00 6.00 8.00
FEORE EH Corn gluten meal 0.00 8.43 8.47 8.51 8.56 8.60
fH Soybean meal 0.00 12.00 12.00 12.00 12.00 12.00
o-TEH a-Starch 5.00 5.00 5.00 5.00 5.00 5.00
/NZEH Wheat 0.00 3.00 3.00 3.00 3.00 3.00
a3l Fish oil 3.00 3.00 3.00 3.00 3.00 3.00
i Soybean oil 3.00 3.83 3.78 3.72 3.67 3.62
K OUHENE Soybean lecithin 1.00 1.00 1.00 1.00 1.00 1.00
e R WUR K Vitamin premix’ 2.00 2.00 2.00 2.00 2.00 2.00
B4 B TR #F Mineral premix? 1.00 1.00 1.00 1.00 1.00 1.00
=44k " #% Chromium sesquioxide 0.50 0.50 0.50 0.50 0.50 0.50
ALK Choline chloride 0.50 0.50 0.50 0.50 0.50 0.50
LAk Antioxidant 0.05 0.05 0.05 0.05 0.05 0.05
#4i4: 2% C Vitamin C 0.50 0.50 0.50 0.50 0.50 0.50
fl =% 88 Betaine 0.50 0.50 0.50 0.50 0.50 0.50
BifR — &55 Ca(H,PO,), 0.50 0.50 0.50 0.50 0.50 0.50
T £F4EZE Microcrystalline cellulose 8.45 0.54 0.50 0.45 0.41 0.37
HAM Met 0.00 0.12 0.14 0.15 0.17 0.18
WAL Lys 0.00 0.53 0.57 0.61 0.65 0.69
41t Total 100.00 100.00 100.00  100.00  100.00  100.00
HIER4T Proximate composition/%
L2 Crude protein 53.16 52.85 53.38 52.59 52.24 53.11
HMUAERF Crude lipid 10.29 10.19 10.28 10.40 10.43 10.41
LK AY Crude ash 11.94 10.10 10.16 10.26 10.11 10.17

W 1 4R B WUR R g/kg TR : i A ZRTEE 0.73 g; 442 By, 0.003 g; AR5 C 121.2 g; 4EA= 5 FSW2 0.003 g;
DL 4/ E LWl 18.8 g5 i/ % K 1.8 g; MHAR(98%) 0.68 g5 HH{HK 9.1 g; IZMRH5 12.7 g; LB 181.8 g5 EHF 0.27 g;
MBI 2.7 g5 ERRRMEWSIE 1.8 g5 MR 27.8 g0 2: OV WIBRAUR RN (g/ke 1Ak FPARIREL 40 g5 BRAREE 20 g5 AL 4
0.2 g; SFALHH 0.15 g5 MALHT 0.15 g; WHRRRHN 0.01 g; AR 2.0 g; AfLEY 1.0 g; BREREE 80 g; BEMR — & 41 370 g;
SALH 130 g

Note: 1: Vitamin premix (g/kg diet): Vitamin A acetate 0.73 g; Vitamin B, 0.003 g; Vitamin C 121.2 g; Vitamin FSW2
0.003 g; DL vitamin E tocopherol 18.8 g; Vitamin K 1.8 g; Folic acid (98%) 0.68 g; Riboflavin 9.1 g; Calcium pantothenate
12.7 g; Inositol 181.8 g; Biotin 0.27 g; Thiamine hydrochloride 2.7 g; Pyridoxine hydrochloride 1.8 g; Niacin acid 27.8 g. 2:
Mineral premix (g/kg diet): Ferric citrate 40 g; Zinc sulfate 20 g; Cuprous chloride 0.2 g; Aluminum chloride 0.15 g; Potassium
iodide 0.15 g; Sodium selenite 0.01 g; Manganese methionine 2.0 g; Cobalt chloride 1.0 g; Magnesium sulfate 80 g; Sodium
dihydrogen phosphate 370 g; Potassium chloride 130 g.
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EEARGBRAF], IFEEE Ry 2 J&, 13RI EE
BT SR DIFRAE UG PRk 450 AL | AR
f Ay 2 £1[(30.00£0.03) g]7r i 18 M4, EEA 25 F2
i, BREDRLBEALI MR 3 M fa, FRAHEIN 56 d. B
RALME 2 YR(08:00 F1 16:00), ) 4AHEME & G BAA R
1) 1.0%ZE 47, JFHR PR IGO0 S i PR e it . 4%
M 30 min J5 HEER P IFIC SR AR AR . 9137 K S50 4
[V PRI 15~17°C, SR FASER & #£<0.1 mg/L,
pH 7.6~8.2, WHE & E>5.0mg/L, L 28~32,

1.4 HmRE

FIHSLIREE WS, 25 24 h i T RAE. FRE
B BT, IO S A NG U R AL, T F R RS
R WAREEPLI 12 B, Hob, 3 BIEN MRS,
6 RIMAE | K5 BECRIL, AT 4Ci#ik4h
J&, 4000 r/min 20> 10 min, BUMIEFAET-70°Crk
FERRIN ;SRS 43S A . R SF AR, A A
b AL BOSEENLA, T RS br s A
3 BRI A FBOLAT I, S B TG RNA B,
TR T M 2 -70°C R IR VKA 177

1.5 #MIEFRMS T E

151 A KBt

715 2 (SR, %)=100xZ A i B U/ wI If i B4

O H R (WGR, %)=100x(fa{Rk R & —fa AR 4) & )/ ffi
k)&

Tk R B(FCR)=E & /(L R AR - p) R )

T M B S0% (PER, %)=100x( i 1A K 5 — 1A K 4]
)/ R A

HREAA HE(V ST, %)=100x PN i (41 8 /47 4 oK B

A LG (HST, %)=100 T i 5 /A 44 K 5

JE 5 B (CF)=100x fi /A A /A K 3
152 FHR M E S ARk B LB K g3 R
HE L OHLE b7 R K 43 3 R T 105°C fE Ok
(GB/T6435-2014) . PLIKE AL (GB/T6432-2018), &R
IC il $2 % (GB/T6433-2006) 1 550°C 2k # ¥ (GB/T
6438-2007)ill 5E .
153 s FAAFRE AR E N _E(MDA).
R BE(LZM) . E L5 AL (SOD) | Wi 14 1 i 1l
(AKP), BHILZHF(AST), BN AM(ALT), IR
i S B (LDH) . AH[E EE(T-CHO) . H ¥ = ER(TG) .
o 2 B i 2 P L[ AL (HDL-C) 34 R e st A T
PRI S T, BTG A (PKA) . SRS C
(PKC)k ] ELISA i &illlE , VA SR E S
Wrsg W, W MR 2 B S U S
1.5.4 WiE RIAR B H kAo DRI BEHKARKLE
a4 ) & K H Trizol MEARHUNIE S RNA, FfEE
LHNMYEOEEE AT A RNA WE S, #% M Prime
Script #5187 €5 (TaKaRa) AT U6 55 (36 4) Rk
S cDNA B T-70°CIRAFE, H Tl 2 B PR F 1z 4%
1K bOatl . catl . pat] F/NIKFE 23K pept] BIFRIEHE
LA B-actin NS I, LA DN s FoR A 2740
BT
1.6 HIBEHH

K HI SPSS 18.0 i 4T HLIA K J7 22 73 T (one-way
ANOVA), 25 W EB KA Duncan [RiLZHEKL,
WE KR 0.05 . g8 iHEdE A4 {HA5 1 22 (mean+SD,
n=3)IEA R

R4 THREE PCREERMNSIWET

Tab.4 Primer pair sequences for real-time PCR in the present study

H B9 [H Target genes

1E 9 5|4 Forward primer (5'~3")

K514 Reverse primer (5'~3")

p-actin TGAACCCCAAAGCCAACAGG AGAGGCATACAGGGACAGCAC
peptl GCATCCACACCCAGCAGAAG GTCCTCAGCCCAGTCCATCC

b0atl AGACTCTCAACACCTCCGAAGC AGCCTTTCCTGTGGTCTCAATCC
catl TGCTGCTGTTCGTGACCATCTC AGGTTCCAGAAATGCCATAAGGG
patl TCAGTGACAACATCAAGCAGGTG GAAGGCGGGCAGGAAGAAGAG

2 H#R

21 RZEBEBRRBERENNAEHFER. ARFH
FRAE SRR R 0T

FSW B AR X RS PR 4 | AR AR 4

FEARAYSE M0 WL 2% 5o FSW B AR ok X K22 67 & £ 1) 1l
T 2R FIIE Wl 85 TG I 2 52 0 (P>0..05) o 4l flr 4R A HR
it R [ TRRICR 78 G0 B2k B I, %t
B AL RE 2R 80 MR LRI BL 3 s T Al 45 41
(P<0.05), FSW2~FSWS8 A ARKE | B3R
TRLREC, MATRCE . ARG IR H 3 5 1
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Tab.5 Effects of dietary FSW on the growth, feed utilization and figure index of turbot
_ 2[5 Groups
2y
Index EXSH XA FSW2 FSW4 FSW6 FSW8
Positive control Negative control

WIh 1A E IBM/g 30.00+0.00 30.00+0.00 30.01+0.06 29.9940.02 30.0340.02 30.00+0.00
LK PRE FBW/g 67.93+0.88° 65.57£0.99°  68.28+1.71° 67.96+0.6" 68.29+0.48°  68.21+1.14°
B WGR/% 126.44+2.93° 118.57+3.31*  127.49+5.25°  126.65+1.84°  127.44+1.78° 127.35+3.80"
Akt R % FCR 0.63+0.01° 0.67+0.01° 0.63+0.03" 0.63+0.01° 0.63+0.01% 0.63+0.02%
I A0C% PER/% 3.01+0.05% 2.83+0.05° 2.99+0.13% 3.01£0.04a° 3.04+0.04° 3.140.19°
B B CF 3.33+0.04 3.2840.03 3.23+0.13 3.29+0.14 3.24+0.07 3.28+0.03
B EE VST/% 5.45+0.12° 5.88+0.03° 5.46+0.31° 5.36+0.1° 5.37+0.06° 5.41£0.16°
Bt HS1/% 1.17£0.09° 1.59:0.02° 1.19+0.04° 1.20+0.09° 1.13+0.08? 1.18+0.05°
A% SR/ % 100.00+0.00 98.67+1.89 100.00+0.00 100.00+0.00 100.00£0.00  100.00£0.00

He Fl—17d, LARFRMESE LE R ERAREP>0.05), LFRARNEZEREEP<0.05), I,

Notes: In the same row, the same superscript letters or no letters represent no significant difference (P>0.05), and different
superscript letters represent significant differences (P<0.05). The same as below.

2T e 2 2= 57 (P>0.05),
22 EEBEREEBEREMX KZELEEE SR

W3 6 iR, 4540 0] 4 iR LK 25 e 08
FHEF(P>0.05), TuXF BRL 4 f0 J 15 LA (& i
FART HAl 45 41 (P<0.05), HHLAE 5 55 0 D) gt 2 v T O
4% 20 (P<0.05),  1E X} B 20 4 fa A UHL K 43 7 B
T HAL A4 (P<0.05).

23 4EBERARBEREMIRESHALEID
A

W 7 B, IMiETH MDA & FSW 2L
BTN SRR TR A RA Y, SOD A #EH, fix
MEZH AKP {5 i K T A A 2 (P<0.05). LZM i
BT R AR R %, FSW4~FSWS 21 i 25 1 T %

HAZH(P<0.05), S51EXTHEZHIC 3% 25 5%(P>0.05).

24 REBBARBRENNAEFRHEXEFELE
Al

FSW R fa 53 X RS2 8 &)y 0 A 15 R O il 14 1 110
WAL EE 8, I ALT. AST ihPERER FSW &M
M3 7K 38 0 5 56 B TS TR R AR, I v 2
SR AR AR ImE S TG & & B E &
T IEXT B ZH (P<0.05), HDL-C & & & F X T 1E % B4
(P<0.05), {1 % BB 4 Fll FSW2~FSWS8 4 IfiL i T-CHO %
R R ARE THE R B S5/ ME R K AE 5 51 3R
f£ FSW4 1 FSW8 41, FliErh LDH iP5 TR A T
ThHwass, FSW6 4153 = FHxt il , HEE1LFIE
Xt HBZH(P<0.05); PKC I PKA M43 5 4E (k] BEZH
1 FSWS ALk F i AL, LT HALS4H(P<0.05),

®6 RESREBEREMWXEEEARBIIM( % TR
Tab.6  Effects of dietary FSW on proximate composition of turbot (% dry matter)

2 %] Groups

B2 2N

Index IEXH ﬁﬁﬂg‘ FSW2 FSW4 FSW6 FSW8
Positive control Negative control

4= i Whole body
7K 43 Moisture 77.83%0.32 77.77£0.26 77.82+0.59 77.89+0.42 78.0420.31 78.19+0.43
M A Crude protein 69.74+0.47° 68.18+0.47° 69.47+0.38° 69.12+0.42° 69.52+0.47°  69.55+0.18°
HMLAE WS Crude lipid 13.03+0.48° 14.78+0.31° 13.8240.34®°  13.34+£0.21°  13.66+0.12%°  13.97+0.32°
MUK 43 Crude ash 17.26+0.05° 16.19+0.16* 16.21+0.05° 16.20+0.12% 16.23£0.17°  16.27+0.18"
B WL Dorsal muscle
7K 43 Moisture 79.31%0.29 79.09+0.12 79.25+0.50 79.38+0.53 79.18+0.42 79.42+0.12
#LE  Crude protein 92.87+0.21° 91.14+0.36° 92.39+0.30° 93.09+0.47° 92.93+0.39°  92.86+0.26°
HMLBR W Crude lipid 3.13+0.23* 4.30+0.05¢ 3.66+0.06° 3.02+0.10* 2.99+0.11° 3.11+0.07*
MKy Crude ash 6.78+0.03° 6.46+0.23° 6.55+0.19° 6.59+0.09° 6.56+0.16 6.61£0.18°
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x7 ABERREREMWNXEFRELENNZIG
Tab.7 Effects of dietary FSW on the antioxidant capacity of turbot

2H 5] Groups

N=S <o
[ﬂl(ﬁ@éﬂﬁfﬂﬁ“. i e
Serum biochemical index Ren T FSW2 FSW4 FSW6 FSW38
Positive control  Negative control
N % MDA/(nmol/mL) 4.73+0.26" 7.41£0.29° 5.33+0.30°  4.83+0.41°  4.74+0.36"°  4.81+0.28°
B ALY B AL SOD/(U/mL)  21.13+0.16° 20.07+0.25° 20.26+0.26" 20.92+0.50° 20.95+0.31° 21.02+0.37°
T PR B AKP/(U/L) 16.08+0.85¢ 6.90+0.59° 11.38+0.48°  12.28+0.72° 12.54+1.19° 11.19+1.11°

VB LZM/(U/L) 175.62+5.91¢ 120.62+£2.59°  165.72+3.78" 176.38+2.91¢ 177.22+2.85° 172.91+4.62°

*8 ZEBAREEBEREMIAZFHRGEXEETNOZN
Tab.8 Effects of dietary FSW on the activity of metabolism enzyme of turbot

2% Groups

EEELY

Index ,Exﬂﬁ ﬁxﬂﬁ FSW2 FSW4 FSW6 FSW8
Positive control Negative control

[fil % Serum
B HE I AST/(U/L) 23.63+0.39° 32.23+0.36¢ 25.52+0.42°  2336£0.58°  19.61£0.26°  24.12+0.45°
AINFE R ALT/(U/L) 1.17+0.06* 1.6+0.12° 1.53+0.18° 1.20+0.06° 1.19+0.09 1.21£0.07%
B [E #E T-CHO/(mmol/L) 1.16+0.04° 1.15+0.03" 0.98+0.05° 0.95+0.09° 1.12+0.06° 1.29+0.06°
Hith =g TG/(mmol/L) 0.57+0.03° 1.04+0.02¢ 0.44+0.01° 0.48+0.03° 0.41+0.02° 0.40+0.03
2w i NS TR 1 I e 0.45+0.02° 0.31+0.03° 0.36+0.03®  0.38+0.01° 0.42+0.04" 0.31+0.01°
HDL-C/(mmol/L)

HFAE Liver
DG AST/(U/g prot)  193.44£15.11°  163.88+12.32°  172.56+9.62°° 186.34+4.78°  192.93+12.56° 182.86+13.21°

933.31+16.54° 1285.72499.82° 1280.12+48.51° 1332.52+81.25°
378.81+5.65"  382.53+£9.53®  379.35+12.35® 405.91+16.98°

624.00+36.11°
370.88+3.94"

1591.19+69.31¢
521.92422.31°

A EE M ALT/(U/g prot)
FLIR M A K LDH/(U/g prot)

2.17£0.21°
55.6+1.08°

2.68+0.12°
59.87+0.78°

T H R C PKC/(ng/ml)
% 8 A PKA/(ng/ml)

2.69+0.16° 2.93+0.28° 2.84+0.16" 2.71+0.09°
55.46+1.91°  57.45+0.97° 57.62+1.21° 52.724+0.99*

25 RESRRBREMMNAEZHMZIERKEIE
HEMNRFBZH G RIETENZI

WE 1 iR, FSW2~FSW8 ZH &Rt 12 #h 1A
b0atl] mRNA, cat] mRNA, patl mRNA FI/NkH iz
AR pept] mRNA AHXT R Ik 34 1) 35 78 T IE 0 R4 R0
TR L (P<0.05) 1 XF BRAL bOat] mRNA X} ik
i i T IE X BRZH (P<0.05),  1F X} BB 41 A1 47 % AR 20
catl mRNA , pat] mRNA Fl pept] mRNA FHXf ik &=
TG i 3 25 5 (P>0.05)

31 AEBBRRENENTXEAHEERKIEEN

A1)

ABEFEFRI, SRR FRER] 30% (X IR,
2y 3 H R AR A R R E R, U B
AR 22 18 R ZZ B4 A= KPR RE T R, S0 R 11 T
i (BT 4 R — (PR EI BT A, 2021) 0 T FSW 2F

oA BRLE R 800 tfuky, Ahfadf dE S Tk R AL
HIEXT AT R E 2R AR, Wk R & R
Jai, Ho /N | Ui R SRR MR YA R I B
BFE T (LS, 2020), HEEARWDFSE P LM, K
e AP 2R I T B8 2 R 7 it TR & AR 3 Ak,
PRV & B ROMBRAIS, BAAFEIZ R AR T, Kl
BRI S A /NI T I 28 S SRRV i AU (Ling et al,
1995; Wallace, 1996), FSW %At 2% K LA I fap i,

TR AR R B IE X R TE B E 22 5, RIFTEAR
WFFRAAET, TR R asin FSW B A0} BE 22 f = A
Wy ER U6 R EE B4 0 A 4 ™ A 1 B RN, AR AL
FEOTRE : MIARK A RIS IR T A 2R R
/NIREEAE AR K B DI RE IS PR B (55 45, 2019; HUEE AR
4, 2021); FSW W & A Rt i IR 1 DA S 45 AR AR
W, W ZEHLRF B R B 0] A S Y T S AR IR AR
I S A RS 4 Y B (B AREE, 2020), XK 3)
YWHRA BN RIS CEIEN ; FSW A AE — 2805
A, BB AL 5 0 7 T T ) 245 40 T AR 1 DR 32 B 1y A
(Zhang et al, 2021),
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Fig.1 Effects of dietary FSW on amino acid transporters and small peptide transporters of turbot

FE B AN R A1 R R 4 ) 22 57 i 35 (P<0.05).

Different letters on each column show significant difference (P<0.05).

32 REBERRBREMMURETHEHRAUED
HI R

MDA J B T AR P B BT S AL R B, ] 4 I
WL T AR AR . AEARWEI Y, R BRI i
) MDA & 0 2 T HARA L, 1 FSW UK
REREARIMLYGE *P B MDA &6, X5 EREHEAF(2021)%)
¥ ¥k Jv 0 A B i (Epinephelus  fuscoguttatusQ ¥E.
lanceolatus 3 )5 45 - — 2, SOD figffb A PRy
R A B 1 B i 38 R A A I g, 2 T A e A Ak
ZURIA, TEAAIE T R B TR R OB IAE T . A
WL R R, FSW AR 4%, 6%. 8%flky, K35
BELh AN S P A SOD SIEXT IR B #H2% . £
FSW 2 A4 BE 1 35 12 o K2 6 4 0 1 pi AR AL e
XA BES & B R = A e . il A (2021)
WEFE R, WA A B ER Zr v A ™ 0 5 A

FRAE 1 B W A IR A e

AKP RGN —F, Esh i b e &
BRTREEE , 00 T AKP 38 U T T R
B i 1 5 28 B IR R B8 1R 453405 (R TR R4, 1999)
LZM 2 —Fi g /K fifk 35007 TR 40 i BE 285 22 40 i el 1 ity
HAPIE . HR . P SF/EH(WRHESE, 2009), 7
XTHRAL LT AKP, LZM &1 W 8K T A4 4, Bt
AR ) 2 P R AR A Ky 2 X &y B 3 it 1, X 5 R
SCHT(2009) X B 1 B 5% AH — 20, R B 156 B FSW 8
AR RE G2 A 2R 1 1 R B A%, Tl BE S b /)
KA o NIK— B4 2~3 AN EFERR ISR, TR pLIA
SEEEWCRIA , fE SR TE AL . SR g i 21 8
FLRVE I (EE 4, 2003), 762 8 )1 i (Platichthys
stellatus)BFFE HH &30, FEARDRE P I8 I B 1) /MK RE
Pk R A K BTG FpT A AL e 1 (R, 2013;
EPrEEAE, 2014), 25 1, S EAEE T, FSW &



%18 4

WEAE: Sl g OB AC R X IR 4 i A 1 HUARALRE Ty o B BT B A STk PR 3 32k 1) 52 i) 97

AR T i 2 R 22 B 4 1 1) Bt S AL g

33 XEBEaIRBREMWYREFHENAHEMNEE
ad:ab A

TE X 8 2] K 35 6 &y £ 1 4 A0 RN 3 LK 2 B 35
FHAA 4, X &N IEXT BRZH AL e T HoAfb 2 & 0
Z2 () FR T EEORS F A R R T R s i i 4 R
UK A3 3G ORI, 2018), R R ZH 1Y 4> i
WURE B & B3 T HAb &4, s TG &t B
fen T HABAL, eI A A A RDRL 2 R B AR AR 1 7
Th (R % REZE, 2018), X 5 X%} F 8F (Paralichthys
olivaceus) Y WFFE 45 B — K (ABHE W1, 2006; X1 50 5,
2010), T-CHO B4 QI xof £ (A Bl HLAT S B 78 X,

L Y T-CHO 5 RS 1 107 B GRG0 R A 8 4%,

2005), 1fi HDL-C J&Ifil#E T-CHO By EEisfi#, ol

PALAE 3t T-CHO AR 477 2R i s o £ Qals (o i SL4%,

2009), X} 4] 5 IE X A i i T-CHO & & 0 i 3%
25, (HBEE FSW Sa i3 im, g+ T-CHO &
R EREUE LR, iy ) HDL-C R
FSW (1) R AR K SF- 1) 386 im 522 56 T v 5 B AR 1 e 3,
FSW6 2 5 IEX AL i+ i) HDL-C T & 2% 5
VLI FSW R4 T a0k 1T BE 52w K 22 B4 £ 1) g 1K
W, 5 B i (Ctenopharyngodoni dellus) 1 ¥ 5 o
(Pelteobagrus fulvidraco) 7% 245 - — B (R0 4,
2015; AR, 2019), X IEA AT FSW2~FSW8 41
e ti e F5 WURLIG 105 2 i 22 e ARG A ke 34, 3
FSW AR} b i) £008 23 B AR 40 £ 4 10 RN 35 LAR 7
MITTRR, X 58 (R AUEE, 2019) A5 45 R —
o XIDSHESFQ018)FFR R, B Y& (iR s
T2 st A R 0 K22 R4 £ ) A K B TR B, 2 PR AR
eI S, F£H FSW2~ FSW8 A g iUt L)
ALV RE S FSW H (1 2R B IR & B 4 i A K

kT B ARDRE R Y S A ) B S B 4 fa Y
WKL 11 2 e 5 IK T 2B X IR 4 (e 4%, 2021,
WdegE, 2014), AW LBL, WIN FSW e inHHH
FEEBUURL, AT DA DG RBGTE PE A T e . e 2l A2 8
YR A AR SRR, R AR TR T LR Y T AN
P, 3 e i S RN B A T A A AR S
b, FFRESE B KFAR 2 T 8 A B AR I8 Y 558 55 (Berge
et al, 1998), MAF4UM KA 20 . PRSI, Z
04 1) JHF 240 L 20 K i e A Bl R B ot 3, 5 S i
SR ) T (Kouba et al, 2014), FfiE R A 481k,
M35 H AST H1 ALT 15 1k 52 e R ARG T A a3,
TG0 B A 8 B e R (L, 70 JF I rp ) S A e i e,
HH o 0 A 0 A e s o T B, R R 1 A

BE 1 0 B B A R R, 31X 5K 1 R R F 5T 2
A — R SR, 2019), MM GRDRE TR IR INAS [R] 7K
B FSW AR 208 247 i 52 fiff v HE 40 2 1 6 JHF O ) 484
#i, Hih FSWe6 R Rl

PKA ZKHT cAMP H (A, e A
SRR I R R A A 45 2 Fh D AR L FEARF ST
R E R S 3 PKA RIS PR, FSW4
1 FSW6 41 PKA G PERS A &, (H 5 H A2 0 W 3
Z5, LG HE FSW BEFE— &R E LR s K326
4ita ) PKA §5PE . PKC & G EAMECZ KRG 1)
BONH, T G R AR A2 A R U0 45 ol 4 AR 3%
Y, S5 KIL . A0SR G 0 P84 (8 2,
2020), XF R4 PKC 36 M e AR T A4, Uil
e FEL ) R F DR RE R AT R 32 6 &0 £ I A PKCC 95 1
11 FSW A e 3 W] B RAAIC s AR 40 B 1 i Dk 179 17 1T 52
M, LDH JEWECIH0 S, & 0/E S LRI
TR AL AE f , HCIE P[] B s e 1 UL 1R 10 A o
(Jiang et al, 2014), 1EX}HR4] K ZE 614 fa iFJjE  LDH
VS T H A4S 4l, XF LDH i&MmS, A
M AR AR RIS BE I 21 5 AfR fDRL AR [ AR
{8 LDH f36 P FSW B H A 38 b 7+ .25 1
TEATF M T, ANFEBE FSW BCap i —z
T R v 4 £ T AR A 3 /K

34 AEBAEREBREAMMKRETHE/NRESTE
EREEBRBFZHEREINZN

QIR e 18 AR AN T LR 5 R 5% 32 () I R
H, WA EIRARE, o] Lo bR & 3R s
ARG PHEIRRZ RS MR R R 5.
B & R 12 R Gt M 24 3 1 38 2R A (fa] R A 46
2007), ASEES FELMGE T s i M E IR T boatl |
B TR IR carl FNHE iz WA 3 F1H & BR )
patl . TSR AR B80T KEE B4 fa i
W bOatl FEHFRik & FIH, HXF catl F1 pat] W3Rk
R ERW, QIR MR, Y
EHBRAGNEE S, Wb &5 R E 8k
bOatl Fb AR IETRFE iz AR F B UK, 5 Xt
WAL, FSW2~FSW8 L4 Fi ik boatl . catl .,
patl WFIXEH R ZEFE, 5 FSW i KR iiF & =
P G, i B 28 S T B U S PR A i 2 AR ) S TR 3R
ik & F175 (Garcia-Villalobos et al, 2012; Morales et al,
2013), Liao Z5(2009)WF 5T F A , 8 i fizs Jes il Ak 9 46 4
i, S PRA A 20 B e S R 1 R iE RE T . AE
ABFELAMT, FSW SR 75 A8 i 5 i K32 614 i 1Y
3 A TR 25 R B DA RRE A A B 1 T X /N R 2
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BAR PR IR AT 7 A S R A R — D Y
pept] JEWIREGIZIAR, 1ElnE h KRB,

iR oL & - S Wil Y N N X VR
(Daniel et al, 2004), peptl B35 K38 5 32106 RS
FE R 4y ) 5 (2 AR A, 2019) o FF BLIG B B
(Pelteobagrus vachelli)#fa ) sciirh, 5k 41 FK
fifta i VAL b, RO 8 4 peptl INFRIEIKT
WE(sE, 2014), UiWIEY HE A REfe =
pept] WRIKEKF-, X GAEPFRE R —F, 5 Xt
MM L, FSW2~FSWS8 41T peptl Y3k /KF-Fi
I, PTREMIIRINA 2 . —J5 T FSW B4Rk
P 1RV rb U B s R R B /NI B, T A
PR A/ IK B B B3N] 523 3 ) pept] mRNA [ 3RiA
7K (Ostaszewska et al, 2010); 75— J7 -5 EMAH L,
FSW S A HEZAREH A, HiE FSW BAUKF 194
i, EpREAT I A SR R i R A, S SRR AT I BRI
W2 5 pept] mRNA [ # 35 7K - (Terova et al, 2009;
VP, 2014)
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The Effect of Replacing Fish Meal with Fermented Stickwater on Growth,
Antioxidant Capacity, Protein M etabolism and Related Gene Expression
of Juvenile Turbot (Scophthalmus maximusL.)

XU Congl’z, WANG Jiyingn, HAO Tiantian?, LI Baoshan?, HUANG Bingshanz,
SUN Yongzhi’, WANG Xiaoyan’, WANG Chenggiang”, CAO Tihong®

(1. National Demonstration Center for Experimental Fisheries Science Education, Centre for Research on Environmental
Ecology and Fish Nutrion of the Ministry of Agriculture and Rural Affairs, Shanghai Collaborative Innovation for Aquatic
Animal Genetics and Breeding, Shanghai Ocean University, Shanghai 201306, China;

2. Shandong Key Laboratory of Marine Ecological Restoration,

Shandong Marine Resource and Environment Research Institute, Yantai, Shandong 264006, China)

Abstract With the rapid development of the aquaculture industry and the shortage of global
fishery resources, the contradiction between supply and demand of fish meal has become increasingly
significant. Therefore, finding new substitutes for fish meals and reasonably reducing the amount of
fish meal in formula feed has become an important research topic in aquatic feed. Stickwater is a
byproduct of fishmeal processing. It contains many water-soluble molecules, such as small molecular
peptides, biogenic amines, taurine, and high unsaturated fatty acids. These components are regarded
as particular nutrients or bioactive substances in the fish meal. Studies have shown that stickwater can
replace part of fish meal in recent years and achieve good results in fish and other aquatic animals.
The fermented feed has excellent advantages for fish meal replacement. Studies have shown that after
fermentation, the contents of anti-nutritional factors in plant raw materials are decreased.

In contrast, the contents of small peptides and free amino acids are increased, the nutrient
composition is changed, and the intermediate metabolites of microorganisms are obtained, which can
further improve the replacement level of fish meal. There are few studies on the fermentation of feed
materials, such as fish meal and stickwater, which do not contain anti-nutritional factors. Our
laboratory’s preliminary study found that stickwater combined with other animal and plant proteins
could replace 40% of fish meal in the feed. This experiment fermented stickwater first, then replace
fish meal in high plant protein formula feed with fermented stickwater (FSW), aims to further
increase the amount of fish meal replacement, reduce the negative effect of the plant protein source
on the turbot, for FSW application in feeds for turbot provide a theoretical reference.

The stickwater in the experiment was a brown viscous liquid, with a water content of 48.73%,
dry matter crude protein content of 64.08%, and crude fat content of 8.91%. The strains used were
Bacillus subtilis and Lactobacillus. The fermentation conditions were as follows: Temperature of 37
‘C, the addition of 1% sugar as auxiliary material, Bacillus subtilis and Lactobacillus (1:1) added to
1% of the total mass of the stickwater, and the fermentation period was five days. After fermentation,
the content of acid-soluble protein decreased significantly. Still, the crude protein, crude fat, and free
amino acids showed no significant changes. It was then used for turbot culture.

Healthy juvenile turbot with an average bodyweight of (30.00+0.03) g were randomly divided
into six groups with three replicates and 30 fish per replicate. The trial lasted for eight weeks. Six
diets consisted of a positive control diet with 50% fish meal (positive control group), a harmful

D Corresponding author: WANG Jiying, E-mail: ytwjy@126.com



102 woooor B % 3 R 44 3%

control diet with 30% fish meal (negative control group), and experimental diets formulated by FSW
were used to replace 2%, 4%, 6%, and 8% of the fish meal with the harmful control diet, respectively
(FSW2, FSW4, FSW6, and FSWS). The results showed: There were no significant differences in the
survival rate of juvenile turbot among all groups (P>0.05). There were no significant differences in
juvenile turbot’s weight gain rate and protein efficiency ratio in the FSW2~FSW8 group compared
with that of the positive control group. Still, they were all higher than those in the negative control
group. The crude protein content of whole fish and dorsal muscle in the FSW2~FSW8 group was not
significantly different from that in the positive control group. Still, it was significantly higher than
that in the negative control group. The highest crude lipid content of whole fish and dorsal muscle
was found in the negative control group (P<0.05). Serum ALT, AST, and TG levels in the negative
control group were significantly higher than those in the positive control group; the negative control
group and FSW2~FSWS8 group showed first decreasing and subsequent increasing serum ALT, AST,
and T-CHO levels. At the same time, the ALT and AST levels in the liver showed an opposite trend.
The serum HDL-C content in the negative control group was significantly lower than that in the
positive control group. The activities of PKA, KPC, and LDH in the liver were significantly lower in
the negative control group than in the positive control group (P<0.05). Compared with the positive
control group, the expression of b0atl and peptl in the intestine was upregulated in the negative
control group. In contrast, the expression of cat/ and patl was not significantly different. The
expression levels of boatl, catl, patl, and peptl in the FSW2~FSW8 group were significantly higher
than those in the positive control and negative control groups (P<0.05).

The results showed that FSW was an excellent substitute for fish meals, and the added amount
could be up to 8% in the feed. In the feed with high plant protein, the fish meal can be replaced by
FSW to reduce the amount of fish meal further, reduce the metabolic abnormality caused by plant
proteins, and improve juvenile turbot’s antioxidant capacity. Under these experimental conditions, the
group supplemented with FSW achieved the same growth effect as the positive control group. In
conclusion, the fish meal content of juvenile turbot feed can be reduced to 22% by adding FSW
without adverse effects on the growth of juvenile turbot. This provides a theoretical reference for the
fermentation process of SW and subsequent application of FSW in seawater fish.
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