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WE O TV 4 8 (Trachinotus ovatus) e & # H Be i & R E g fnff £ 2 6 & A% R &
BRI ATIE, RFFREI T 4 A% E(42%) 5 15(12%) B 4 15 BH(D1~D4), H o, DI E 4)4 30% &
H, D2~DAKE A 4 14% 4 B A% A EA 2048 16%. 1%, 6% & 0T 0. 5%. 10%5H f#F
EREE; FAEAHN T EARFBEAR, ¥ 360 BB IRE 4 (7.28+0.10) g iy 1 48 85 4 & pt
W2 12 NEEREF, S0ME 30 Ba, SEAERNE3 MHA, Ha0l LR 4 FERER
62d ja, MEHA KM, KA, wiFEMedr. BEHBEkEsALRANET ERE T,
& SLh 4 8 H 38 E R (WGR), #5524 K #(SGR). & A M (PER), 1k £ $(FC). B % A B (PEP),
fi& B B (LPS) A0 I #0 BE (AMS) 78 M 34 T B % % #(P>0.05), D3 fn D4 2 sl A4 ERF & T DI
F1D2 4, D4 HERA R4 E B EKT DI~D3 4(P<0.05); D2~D4 %1 # i /& & % 4 & B (AST)
K D2 fn D3 4 # AT 4% A B (ALT) & £ 2 2 5 F D1 41(P<0.05), D1 F2 D4 4 i % ¥ & & (TP)#n
2 & B (GLO) KT B 25 T D2 1 D3 41(P<0.05); D2~D4 41T Ji 1 410 4 B (CAT) % 1. B4 At
# 77 (T-AOC)Fn L 1A #2 Z Ak, 41 S A4 B (SOD) V& 1 2 % & T D1 41(P<0.05), EHFEH —B(MDA)% &
{&F D1 4(P<0.05), FTE KW, 4 6%amhy D4 Al EKEaSE 30%ah Dl 4R, Abk
FEOHSERMERNATE G D DERE, LW 4% £ 5 5 F RS 10%8 M & X F G 7 /3
I 48 8545 B 80% 4, AR A EH BIRE 6%, AR ZERIF TR &K E GE N
B A AR BB BN TTAT I, RN A B RR R AR B R R SRR
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MM BEREARCE N Y S22 HEl, ©fKEX
T — S A R IR AR (5T, LA T A
TRk R U | R AR A 7 A AR B P 85 5 T 49 DL
(T B SCA, 2019; HIEIESE, 2019; Chen et al, 2021;
He et al, 2021), {AX}F 250 & i &t 2okl
LR R AR I L — R AT 50%, R AR
SUR RO A ol o 1 = e i O T L
2012; EWEIRAE, 2021; W HE25E, 2020), Bk, FIH]
AR AR PR BAMA G, 48 HAE K A Rk
RIS S TS /8 = = Al = R L LS
(PR—4E, 2019; RIEBIZE, 2019; BAMEHIZE, 2019;
Ma et al, 2020), [ 05K 8 & —F B i T
T B P 0 PR 6 R, AR AN ) ) A A e i R i oy
—IA B AR, Rk, HEABEZE. e km
e — St T A I AR A K PR i Bk AL 3z S
(H#EHAE, 2019; % RRAE, 2015; Shi et al, 2019;
Halim et al, 2016) . 7F ¥ i fi (Pelteobagrus
fulvidraco)( % 1t it 45, 2018) . 4R g £ (Trachinotus
blochii)(Tejpal et al, 2021) Fll kK 2% £F (Scophthalmus
maximus)(Wei et al, 2020)%5 & Fi g F 58 20, it
FR AT SO AR R i Ry, SO fa AR K
TR, 64 2 4 o e bt Ak g o [
B, R R R A S —Fh IR s i, B
A $ K B ) B R R 0 8OR (Egerton et al,
2020; Wei et al, 2019), K11, EAEINIEER 65 I 14 R
TSR 1 A DL 4

YU IE B % (Trachinotus ovatus)fa Fr 48, 236 E
FEMEKIES M —, BTRE6EE, BAEK
HBEP . Prhb L R SE R S (BRI R AF, 2019;
Wang et al, 2017), AP TR ERM, DL
i A 2 A ) R P 4 — o E G R 2 A R T AR
HE AR 80% A (Ma et al, 2020). FETF I, A
R % 2 A 8 5 B 00 B 8 T ke 2 G O
TV 8 % 4y £ LA Ak v AN () ZKOF 1 oy, 38 3 A K
Al MRGLAL . IS AR bR o T AR P b A A RE
TR, PR T T, SRAE TR ]
AR EE BN B B8 55 (1% £00R) B A 1RDREIT & S AR B e
WA

1 #wREFE
1.1 SEIgfEE

PAfiky . B Mg AR E Ao EEEA
U, LIl SERRRF . SO BRI S —E L]

B il (4 42 05 52 AT BRI R, 4 4 Fh AR (42%) %
JE(12%)HC 5 1 EHD1~D4), Hrr, DI HRZ) S 30%
ik, D2~D4 535l 16% ., 1% 6%k &% 0. 5%,
10%Mff R B A, RRHEC T L3 1. Ak, &4l
RS R R R A R 4H A o0 331 L 3R 2 FNER 3.

1.2 LRt

SIS T OW Y B 5 4 6. F 4w e 4 8RR
FH A 28300 S 2 i TR T 52 B S, DA ot T e
IR TR L LA 14 d JE, RN
AR —FY B AR 40 B2 22 A7 IR AE 12 S SE 56 W)
FE(1.0 mx1.0 mx1.5 m)$, DL 4 RS bl iR &
PEAT /NS PO L FR 5 14 d, SRR TFLRIE N 3R Al 52
Ko SMHNT, BFmARE 24 h, BRI EEFE | AR
J3E (14 &0y 01 [ 9] B 34 7 R (7.28+0.10) g]4E 3] — K™
i, SRIGBENLA A MG 30 BIFFRE, R
kb 3 ANEEMA, R 62 do BRI AR
2 R(08:00 F1 17:00), icsfsET-IE oA HE; )
[\, KN 26.9~33.3°C, FHEFHN 27~33,

13 KWBRE. XiF

FRIA IR AE RN, K fEIFEIR 24 h S5, XA ROAH
Hh )t PR E T R . NS AR REALE 3 R A
5 0.01% 2- 785 58 CBE K RIS , 384T R # Tk
W, FEREINWIMBEEA 1.5 mL B.0ES, 18 4
C F## 2~4 h J5 T 3000 r/min Z5.0> 10 min (4C);
B R R E OB S, A RA R,
SRIGHE T-80°CIRAE, FRIARN 8PS, HeAh, e
Jar ], PRAFIEE AR, BOSRAE. H .
INGFINLARE R BOE D, WAPHREEET
=80 CUkA T I-AF T e, MERIARE 2 T
T A g IR U E
14 HELAXRERDSHAE

FE% & (survival rate, SR, %) = 100xN;/N;;

14T K (weight gain rate, WGR, %) = 100x(W;—
Wi)/W;5

FE B 42 K R (specific growth rate, SGR, %/d) =
100x(InW; —InW,)/t;

1A BE 2 $ (feed coefficient, FC) = Dy/(W;—W);

H#%£% (feed intake, FI, %/d) = 100xDy/[(W+W)/
2]/t

HH H FRCK (protein efficiency ratio, PER, %) =
100%(We-W,)/(DaxPg) ;
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Tab.1

*x1

Feed formulation and nutrient component (% dry matter)

TRRLE R FNE 7R KT (% T )

TiH Items

2 5] Groups

DI D2 D3 D4
¥} Fish meal 30.00 16.00 11.00 6.00
i i 103 25 11 Fish protein hydrolysate - - 5.00 10.00
H 4 M Compound protein® - 14.00 14.00 14.00
LAl Basic protein® 28.50 32.00 33.00 34.00
% 49H Blend oil° 8.20 8.50 8.60 8.80
F AR Wheat meal 17.00 17.00 17.00 17.00
4L EH Choline chloride 0.50 0.50 0.50 0.50
A ZWUR KR Vitamin premix® 1.00 1.00 1.00 1.00
WY BT IR Mineral premix® 1.00 1.00 1.00 1.00
R — 445 Calcium dihydrogen phosphate 0.50 0.50 0.50 0.50
HEZ MR Methionine - 0.14 0.15 0.16
iR Lysine - 0.29 0.33 0.32
%kl Wheat bran 13.30 9.07 7.92 6.72
41t Total 100.00 100.00 100.00 100.00
1A} 38 7K SF- Nutrient level/%
/K43 Moisture 6.91 7.13 7.42 6.88
MEE BT Crude protein 42.18 42.24 42.13 42.22
FLIEMG Crude lipid 12.02 12.01 12.01 11.98
K5 Ash 8.24 7.77 7.22 7.73

TE: ar LR A= AR 8 1 — 0 LA, P B G RIAE A A BRI s b XS AR . KRG E AL
KA T —E OB oo i fl o SERRAFIN . S0, BRI A4 AG; d: 4E4: R BUR BN (mg 87 1U/ke): 4E4= 3 A 2000 1U,
i F D 3700 U, 4E/E# E 10 mg, 4i/EH Ky 2.5 mg, il 2.5 mg, H#¥E 5Smg; e 7 ¥)FBURK (mg 5 g/ke): 45
230¢g, M 36g, B9g, #10g, ¥ 8g, 5 1.9g, i 1.5g, %i250mg, 32 mg, i 50 mg
Note: a: Consists of several terrestrial animal and plant proteins; b: Consists of by-poultry meal, soy protein concentrate and
corn gluten meal; c: Consists of fish oil, flaxseed oil, soybean oil and phospholipid oil; d: vitamin premix (mg or IU/kg): Vitamin

A 2000 IU, vitamin D 3700 IU, vitamin E 10 mg, vitamin K; 2.5 mg, thiamin 2.5 mg, riboflavin 5 mg; e: Mineral premix (mg or
g/kg): Ca230g,K36g, Mg9g,Fel0g,Zn8 g, Mn 1.9 g, Cul.5g, Co250 mg, 132 mg, Se 50 mg

K2 ZTRARNIEBAR(%)

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

R

SR ZH 5] Groups #4151 Groups
Amino acid D1 D2 D3 D4 Amino acid DI D2 D3 D4
W B EAA ETEHEER NEAA
HAMR Thr 3.01 2.87 2.92 2.86 | RAHR Asp 3.94 3.94 3.96 3.91
HEM Val 1.70 1.71 1.73 1.68 | Z%[R Ser 1.99 2.05 2.11 2.08
EHMR Met 1.13 0.98 0.98 0.95 | AZAM Glu 6.63 6.99 7.05 7.08
SRR e 1.58 1.57 1.52 1.56 | H4® Gly 2.56 2.61 2.77 2.72
SR Leu 3.93 3.98 4.01 3.99 | NEMKR Ala 2.46 2.42 2.47 2.37
HKNEIR Phe 1.90 1.99 2.02 1.98 | KBEERR Cys 0.27 0.26 0.29 0.28
iR Lys 2.16 2.08 2.02 207 | BEER Tyr 1.52 1.54 1.62 1.52
HAM His 1.19 1.17 1.15 1.12
AR Arg 222 2.34 2.33 2.27
&/ Pro 1.52 1.60 1.63 1.61
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Tab.3 Fatty acid composition of the experimental
diets (% total fatty acids)

A Z1J1 Groups
Fatty acid D1 D2 D3 D4
14:0 3.69 3.44 3.32 3.34
15:0 0.37 0.41 0.36 0.38
16:0 29.97 30.46 29.84 29.61
17:0 0.59 0.54 0.61 0.64
18:0 4.86 5.50 5.82 5.34
20:0 0.55 0.58 0.59 0.56
21:0 0.68 0.70 0.70 0.65
22:0 0.33 0.33 0.35 0.32
SFA 41.05 41.97 41.58 40.83
16:1 2.91 2.65 2.84 3.01
17:1 0.27 0.28 0.25 0.26
18:1t 22.41 23.64 23.35 23.49
18:1¢ 3.40 2.76 3.27 3.50
22:1n9 0.40 0.38 0.46 0.53
MUFA 29.38 29.71 30.16 30.78
18:2n-6 LNA 14.03 14.56 14.05 13.39
20:2n-6 0.16 0.13 0.14 0.14
20:4n-6 ARA 0.18 0.22 0.21 0.22
n-6 PUFA 14.37 14.92 14.40 13.75
18:3n-3 ALA 2.03 1.96 2.05 2.17
20:3n3 0.74 0.67 0.75 0.82
20:5n-3 EPA 432 3.64 3.51 3.58
22:5n-3 DPA 0.71 0.58 0.55 0.57
22:6n-3 DHA 5.15 424 4.46 5.01
n-3 PUFA 12.96 11.09 11.32 12.15
n-3/n-6 PUFA 0.90 0.74 0.79 0.88

JIE 3% B (condition factor, CF) = 100xWy/L3;

JFA& L (hepatosomatic index, HSI, %) = 100xW/
W

AE A Bt (viscerosomatic index, VSI, %) = 100xW,/
Wi
KA, Nio N 5100006 . AoRMIEED; W, W
SAARIG . BRI IR (g); Wio We 4351
Witk . ZoRBR R E(g); t HFRIERE(d); Dl Bt
N (T i Feat, g); Po R iEDEH T4 ik al) i kL
EEAFE%); W MK (g); Wi W, 30T
JIE . PHERTE 5 (g); Lo M AR (em).

TR L 25 B 55 o 434« KA R T
PR, KR GT/T6435-2014; K43 R Dok H
P AE , WM GB/T6438-2007; MK AR JUPLICE
FIEME , MK GB/T6433-2006; ALK 7R 12 Fedh

PEIE , HKIH GB/T6433-2006,

JIE I 4 UK i 07 TR 2 1 53 B« K R A oy
WEJG, FREUBIRRAE §h 200 mg A 15 mL B 5 250045
H, A 6 mL &47 : WELQ2 - DIFRERTRE,
SRIGE T 4°CHIRH 48 h, WM FAMRAILIK; A
ZEMK 2.7 mL J5IRA, T 3000 r/min 5.0 5 min;
WU Z AR DT B B LA, 45 CASRRT . Wi
7 5 A 0.5 mmol/L KOH-FBEA W 2 mL, T
65 CARI BAL ZIMIEIH L . WEFEMA 2 mL 15%
SRACT R BRI, 7E 70°COKVE A 30 min JEAIA
2 mL IECHER 2 mL W AIELENA R, TREE,
F 3000 r/min &0 5 min J5, HBCEZEEFHSH G
1% (Agilent 7890B GC)Z3 T g 7 R 2H i .

GIETRAL BN AE - B Ao DUAE S TR iR )5, FRER
MHERE S 30 mg FAKIRE H, A 6 mol/L Rk
10 mL, FAEKMEEE, 78 110°CHEE T THK R
22 h, HUHER AL FTIFKMRE, BRI IE, i
0.02 mol/L FEFREZ % 50 mL, B 0.1 mL EAW 5
0.9 mL 0.02 mol/L #HMIE2], 60°CKIKHZETHEMA
1 mL 0.02 mol/L #hRRAZ i , IURE I 4x A sh & LM 7 #r
{L(SYKAM S-433D)/rHr @ LM 4 it -

A ARFE BRI AE © =80 °C yK AR B HS 1L 775 A &t ikt
UK E AR AL, AR R R0 B id W 4SRN e A G R
Frs M-80°CUKFHUE LA . H . /NaFIFIERE S
WU A T OB A TR R, AR BIER K B R
W, B0 Je B A e ) A 15 T 5 SR S AR O
FEh5 o 1LV B 2K H (total protein, TP). H %5 H (albumin,
ALB) . H il = (triglyceride, TG). /& JH [# B% (total
cholesterol, T-CHO). JK % % (blood urea nitrogen,
BUN) . Il & (serum ammonia, SA) . 4% & %% & [if
(aspartate aminotransferase, AST) Ffll & TN #% & &
(alanine aminotransferase, ALT) & & , AFAEAALIN BT
AL AE 7] (total antioxidant capacity, T-AOC), A itk
e H K (reduced glutathione, GSH) & & | i &4k & i
(catalase, CAT){if P . 8 A fk P 1B 1L i (superoxide
dismutase, SOD) {fi P4 Fl N —. ¥ (malondialdehyde,
MDA) % &, B & H W (pepsin, PEP). il (lipase,
LPS)FIJE ¥ i (amylase, AMS)i6 415 % H B 5 & i Ak
WIE ARG B A= 7= ) G i A T e o
15 HiEAE

45 DL P +hR 1R (Mean+SE) s . F SPSS
16.0 XF £ 45 7847 5L K 28 J5 22 73 HT (one-way ANOVA);
e 2255 B R, RA Turkey's Z2H KK A#HATH
B, P<0.05 BN ZES BE,
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2.1 HAPHIIRASE KR SRR RABR LR

SCEGEE AT, BRTE B 5 4y £ 1) A KRB S RRHF
FAHERR L 4. 250K, PR R 4L o iy A K Pk
fEfEhn, W ERK(WGR), HrEEKZE(SGR), HEHMR
SR (PER) . H AR (FD) L R REU(FC) L HFAA L (HST)
FNEAAR L (VST AH B[R] 34 06 3 2% 5 (P>0.05) .

22 BAMKRAELGBSIAEFMS LR

A TR 2 4 i R ULIA SR 0 FE R A R L
5. AR KRR . WUARK . f

AR 43 Y06 3% 24 57 (P>0.05) . {H D3 1 D4 414>
BN S EDEST DI A D2 4H(P<0.05); D2
s & RS T D4 4(P<0.05), HS
Hofth Sz 36 2 48 TG i 3 25 5 (P>0.05) ; D4 20 2 JJL AL
0 et d 2 I T At S50 4 401 (P<0.05)

23 HBRAPHIIRASINFENERB LR

H1Z 6 AT, ILTE S A 1 (TP)FIEREE 1 (GLO) &
It it A £0R A B A9 T S 2 1S i (P<0.05), D1
20 400 1175 45 TS 5 B (AL T) TS B S B (AST) i
=T D2 fl D3 4H411(P<0.05),{H .5 D4 240 ALT K i
FHEF(P>0.05), 451k AL T 8 I (ALB), JR

R4 BEARRRAPHEBSHNERERSEABT AR
Tab.4 Growth performance and feed utilization of T. ovatus fed different diets

IiH Items

2 5] Groups

D1 D2 D3 D4
W) Initial body weight/g 7.17+0.25 7.2240.22 7.44+0.22 7.28+0.15
K & Final body weight/g 56.23+3.66 56.12+2.76 60.03+2.05 52.91+1.40
4 H % WGR/% 683.82+36.96 679.53+53.34 709.11+49.60 627.46+22.34
i 4B K % SGR/(%/d) 3.32+0.08 3.30+0.11 3.37+0.10 3.20+0.05
A ISR PER/% 5.3240.28 5.14+0.19 5.25+0.20 5.03+0.13
H &R FI/(%/d) 3.80+0.25 4.00£0.19 3.87+0.17 3.85+£0.07
TRk R E FC 1.32+0.08 1.37+0.04 1.33+0.04 1.36+0.03
JFRTE % HST/% 1.74+0.15 1.76£0.17 1.76£0.10 1.50+0.09
JERFEHL VST/% 6.98+0.30 6.91+0.37 7.4040.15 7.65+£0.52
RE Y & CF 3.59+0.08 3.89+0.12 4.08+0.16 3.79+0.14
1735 % SR/% 97.78+2.22 95.56+4.44 97.78+2.22 100.00+£0.00
T Bl 0 EHEARHEDR (MeantSE) (n=3),
Note: Values are Mean+SE (n=3).
x5 BARNKEANEESSEaRANANEFRRS
Tab.5 Nutritional composition in whole fish and muscle of T. ovatus fed different diets
WiH Ttems #L3 Groups
DI D2 D3 D4
4>ffi. Whole body
JK 43 Moisture /% 65.57+0.27 65.19+0.23 66.75+0.36 66.76+0.26
ML M Crude protein /% 49.45+0.23" 48.52+0.21° 51.30+0.68" 51.49+0.29"
LI Crude lipid /% 32.8240.38%® 35.37+1.04° 34.60+1.36% 31.00+0.50?
JK43 Crude ash /% 11.92+0.62 10.84+0.18 11.54+0.33 11.91+0.35
WL Muscle
7K 43 Moisture /% 71.80+0.13 74.50+0.68 74.07+0.71 74.11%0.72
HLZE 1 Crude protein /% 70.1440.51 71.30+0.50 74.20+2.20 74.5441.40
HUEN Crude lipid /% 23.23+0.70° 23.08+0.96° 21.69+0.79° 17.69+0.12°
JR4y Crude ash /% 3.31+0.39 3.41+0.12 3.59+0.04 3.40+0.10

TE s B I EARHER (n=3) . [Al—17H, JCARIR/NG P RERRTE # 2 A B A A 2 3% 22 57 (P<0.05), R,

Note: Values are Mean+SE (n=3). In the same row, values without sharing a common superscript letter are significantly

different (P<0.05), the same as below.
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Tab.6  Serum biochemical parameters of T. ovatus fed different diets

TiH Items

2 5] Groups

DI D2 D3 D4
BAEHA TP /(g/L) 37.40+0.22° 26.71£0.14° 33.25+0.60° 37.26+0.28°
% ALB /(g/L) 11.25+0.38 11.84+0.32 11.47+0.19 10.35+0.59
BRI GLO /(g/L) 25.16£0.23% 18.94+1.06° 23.12+0.66° 27.00£0.64°
JR % % BUN /(mmol/L) 2.56+0.09 2.89+0.22 2.33+0.07 2.72+0.08
1% SA /(umol/L) 414.29+3.58 389.95+31.79 398.41+2.00 443.1246.25
AN B ALT /(U/L) 32.48+1.37° 24.13+0.42° 23.55+1.93" 27.15+2.17%
A E A AST /(U/L) 61.34+2.94° 22.2243.35° 19.574+0.97* 24.0543.10%

KA (BUN)AIILZ(SA)YYTC g & 2 575 (P>0.05).,
2.4 HiEPHEZEAESEWEFERMLE

AN TR 4% W2 £ B A A T AL Bl TS P SR 7
&L 4H £ B B B (PEP) . 1B 17 I (LPS) 1 IE ¥ il
(AMS) G PERA TC I 3 25 5% (P>0.05)

25 HEARKRAGEFESNATELERPELR

BT 5 B4 TRl B M A A T I S5 LN P Rk ds
FREE R D2~D4 4 i TS E AL S B (CAT) G P AR
YAk BE J1(T-AOC), LA & ALY 5 (Ll (SOD)i%

M EET DI 41(P<0.05), TifFIEA B MDA)S
HIEAFAH R o BEAk, IR SR A B H BR(GSH) . WL
P CAT i PR ot & AL L T s midg fn o
SOD &M, WA GSH JE R - (MDA) & #4541
[ 34 TG & 2 2% 5 (P>0.05).,

3 it

31 ERAENELBBREREAVSHIEREYR

HRE ST
AT, A DR R £ Y B R (WGR) L

xR 7 BIARHLIRA IR ERES A0 H L EEE &
Tab.7 The digestive enzyme activity of T. ovatus fed different diets

i H Items

2 51 Groups

DI D2 D3 D4
15 % F i PEP /(U/mg prot) 8.33+0.85 7.13+1.01 8.91+0.90 7.40+0.63
W BE i LPS /(U/mg prot) 3.58+0.50 4.45+0.27 4.15+0.30 3.35+0.23
W 3E K AMS /(U/mg prot) 5.46+0.21 5.93+0.16 4.80+0.45 5.73+0.20
A 250 - B 100 -
5200 2 80r
2 é 60
¥ 5150 I E40
e =5
=S 100- 257
EE 60- g.s 3.
gé 45 I J@:g 2 I
SEEY c =z
< s b g1
ol abbb 23 0
CAT GSH SOD T-AOC MDA CAT GSH SOD T-AOC MDA
B A% e Rt EF IR (A) FUILIA (B BT AL A B
Fig.1 The antioxidant index in liver (A) and muscle (B) of T. ovatus fed different diets

i3 SA AL A BF(CAT, U/mg prot); 38 JFMEA B H K (GSH, pmol/g prot); #i 48 4b4 1k (L EF(SOD, U/mg prot);

.
&

i EALAE J1(T-AOC, mmol/g); N (MDA, nmol/mg prot). Bl J-FH{E LR ER(n=3),

BAEPAE EICARRNG FREbR T R AR EL A 35 22 57 (P<0.05).
Catalase (CAT, U/mg prot); Reduced glutathione (GSH, pmol/g prot); Superoxide dismutase (SOD, U/mg prot);
Total antioxidant capacity (T-AOC, mmol/g); Malondialdehyde (MDA, nmol/mg prot). Values are Mean£SE (n=3),
for each index, columns without sharing a common superscript letter are significantly different (P<0.05).
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FEA KR (SGR) . AR (PER) . TR R E(FO)
A H B REDEIRR 25, WHE A E AR
fiff £ B 1 0] A RO AR E A TR 80% Ky , (41
TR RIRE 6% FHRIHL, FI TR 28 R (5
T AE ) 2 1 AT AR 21 7R Jy fili (Takifugu' rubripes)fi
Bl 60% 11K (Wei et al, 2021), 7E4RBEM R, [fi5 i
fiff 0 3 AR PR AR AR LB 0, AR M e RN DRI
HB 4B 45 w5 (Tejpal et al, 2021), K 8 ] LA
BT RE R A (1) KEffm AR ENS
REGEEY R U VS EAS NN =S =g 817
S SR R (JH #E BH 4, 2019; Hien et al, 2014; Juliano
etal, 2019), Tkl Hr /N ORI B3 2 LR Eb ] ) el A
R T /N KN S R B 32 R A R SR R IR K, 4]
e o T X ) T W CRE 1 (W et al, 2018), A
G i DR AR R ARG (R A A il S 1 7 T S 0 (2) P
fREARA R B AR E R, SEEENE
FAHEH 1 (mammalian target of rapamycin 1, mTOR1)
HE L, M B F iR i A4 K (Robert et al, 2017).

32 BmEaEREAXMIIMEELEMANAERM
5 R B R

e UL PR R AR 5 L S i et B
TEHLA BT R I (Hernandez et al, 2021), AHF5E
RN o S N R e Rl = SRR = AW OB ) Y
LTS 2 BTG £ 0K 8 A RE N 1S £ (A 1R Rk
R B A DTRRASOR o 3 AT RE = R T B 0 IR 2 1 v
SR IR 2 TR 5% 24 R 2500 mTOR1, 17738 1o %
PR A o H T i A A B S6 B L 1 (ribosomal
protein S6 kinasel, S6K 1) ELA% MM IR 3 H F 4E 45
&M 1(eukaryotic initiation factor4E binding proteinl,
4EBP)#E , 2k R 8 5 ) A A (Robert et al,
2017; Tang et al, 2013; Liang et al, 2016; Zhou €t al,
2019), 5ONIE RS L5 /AR 2, 752168 7R J7 fili(Wei
et al, 2021). A B fi (Epinephelus fuscoguttatus)
(Mamauag et al, 2017)F1KZZ8F(Wei et al, 2016) 5T
o, RS AR 0 R B R AR i £k 2 2 4R
mA K ERE, AL & RS A
A, X AT RE 5 el () 0T g £ 2 B R Y 22 S
Ee
33 HmMAaREATMIPFESNEENERNE

E Rt

LY B AR 1 (TP)J2 L3 H 2 H (ALB) 3k
(GLO)Z Fil, MLy TP & i n] Bz R BRBLIAE F4R
AN AT WSS B, LA, KRR

H RS A A neE . GLO JENUANZ 54 5% i
AR, AR, RHLR SR8
(B 7% %5, 2015; Yu et al, 2020; Mu et al, 2015;
Marono et al, 2017), MAh, IEEIFO T, 4 N2 M
(ALT) 54 B 2 B (AST) Rt A7 4E T4, 41
4 i A7 15 i LS B R B it v, s ALT A
AST 1GMET B (R RS, 2010), AWFFrh, BRIEGEES
I 555 A 1 (TP) FIER 2 11 (GLO) 7k il #7144 g i .
KEABAACE I b T, Thia N A
(ALT) A FLi% 4 Fig(AST) I HEREAG, Ui R S E A
TiC, e i 10 3% 2 11 R 08 1 5 O R R 65 1 3 1 ARk 7
G BELRE , [ I AT 200 B 52 45 XURS: o AE — St
R B PR IR R ST & B, ARDR) s n it A £ K R T
DLAT 54 o L 5 £8 % 88 5K 7 (Mibrio anguillarum)
(Tejpal et al, 2021), J2Wfyi(Lates calcarifer)X i JK4%E
BRI (Sreptococcus iniae)(Siddik et al, 2018) 1 7 i
(Paralichthys olivaceus) %} % & 4 [X, [# (Edwardsiella
tarda)(Khosravi et al, 2018)AI BT J1. DL L5 R4ER,
il i £ 24 B P R P T DB 5 R A A SR R, R
U i3 N 52 R B SRR, DA 4 v TR AL £

34 EAREALRGHMEREAXINLEEEHLE
iE M T R0 89 R B R

0 25 1 A K S DL T 232 5 5 g 18 1 e 2 VA
XKoo Horpr, a2 B I M E T I T AR
Weitie, I Beug B i A AR R AT A ARDREE R AR
SHRETT . AT, 25 B AR AR T AL B M S
MO E 2R, PR E A B B G E i R
TPk £y AR 4 SRV AL D e AR T ) L R
4xfill(Carassius auratus) 1 (Y BIFFE 45 LA 52, BVFIF &2
AR 34% ftoky ), fizy 18 85 1 G 7 f 35 B
(BG4, 2021), XATREZE W T oM P AAENIUE
IR AL TE RGBS, 3T AT RS 53 I8 0F
AL B A9 I i (Fuertes et al, 2013), Iah, HEFEH T
2 5P RS ARG, (R e Re )
SR I PR A (B A A S8, 2006) ARSI H Y
524 R — PG AR A ) B R Bh ) B P — S
BB A5 077 5 (Ma et al, 2020), HBiE 3N 794
SR, TR AL AL R R o fa AR T Ak T e = A
TH R

35 AR[EIALIELA R BN IR AL ERES AT BE AL A LR
AR EY R B R
HE WA LR S A A QO o v AN T 7 2 1l 3
HATSRAA AL, LA 11 ph & 3 B 32 200 T BILIA
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SEAE AT A AL B 25 G0 /G TUST 1 el BEL T s o, AT
PRI AL L 2O ML 532 R 609 S AL B 475 (Su et al,
2018; Zhao et al, 2017, 2020), A, Mk
40 I o 48k A i (CAT) % 1 Fi s Bt 48 Ak B

(T-AOC), WL H A AL ¥ 1 4k B (SOD) I 11 Fl B bt A
fEBESI(T-AOC) &= T D1 4. tksh, FFAE GSH.
LI CAT i M Bfi 5 ook 224X L 3] b T i k25 388 o
AT UL P 1 (MDA) & 28 At 34 5 2 M
XUZE IR, A TR T A £ R R R AR Ry
A 1% 184 5im B 2 68 65 JEF A AN UL IR ZH 2R B S8k e g o 31X
e FRAEAT S — BNy EA, HE 50
HerE B M R R AR EkRe e
(Mahmoud et al, 2017; Qiang et al, 2019). .4k, #HLIK
HUE AL EE S 5k P n-3 PUFA 8% WIME, —JF
Ifi, n-3 PUFA 1EN—Fm AMERIENRR, BB
WAL, LA S 5 9 A BT R IE R SR R X R
B, XE—M RIS, 53—, n-3 PUFA [
A= FRAE BB RGO T R A AL R G 1S
(Li et al, 2020; Freneau et al, 2001), FE ik, el
TN n-3 PUFA 2 i E R EHUABTE L RE S, HASE
55 D1 415k n-3 PUFA & M, Pre b
ik, XTRESEAEANM A, BMAE KA Rt
— 5T

4 it

£ b, AN A A5 4 1 I T A 7 0 B
OB RS 80% Mk fa, HAKMRES 30%
b —E, Hasmma o, IFERLA DT E e
Jr¥gn, B 80% by B AR nl 4T, (e e froky
FHREFEARE 6%, BFFTAE RO i R £k B P R
BEIE S R T 2% K
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Replacing Fishmeal with Fish Protein Hydrolysate and Terrestrial
Complex Protein in the Compound Feed of Trachinotus ovatus

LI Hengji'**, XU Chao", SU Zeliang', ZHANG Guanrong', MA Rongcai',
ZHENG Jun', AN Wengiang', CHEN Yuhang’, LI Yuanyou'"

(1. College of Marine Sciences, South China Agricultural University, Guangzhou, Guangdong 510642, China;
2. Guangdong Daynew Aquatic Sci-Tech Co., Ltd., Foshan, Guangdong 528300, China)

Abstract Golden pompano Trachinotus ovatus is one of the most commercially important
carnivorous marine species cultured in China. In recent years, the large-scale development of the
aquaculture industry of T. ovatus has been rapid because of its fast growth rate and high flesh quality, and
annual output has exceeded 100 000 tons. Currently, commercial formula feed for this fish still contains
over 20%~30% of fishmeal (FM), the use of which precludes a sustainable aquaculture industry. As an
alternative protein source, terrestrial compound proteins, which are a combination of several easily
available and relatively low-priced terrestrial animal proteins and enzymatic hydrolysis or fermentation of
terrestrial plant protein in a certain proportion, can alleviate the amino acid imbalance caused by a single
alternative source. Terrestrial compound proteins are known to reduce the use of FM in marine
carnivorous fish diets. In addition, fish protein hydrolysate is a new protein source that is processed from
fish catches. In contrast to fish meal, it has an essential enzymatic hydrolysis step in the production
process, so it contains more oligopeptides and free amino acids, which has been widely concerned in the
industry. However, there are no reports on the application of fish protein hydrolysate in the feed of golden
pompano. In order to decrease the use of FM in T. ovatus diets and evaluate the feasibility of substitution
by terrestrial compound proteins and fish protein hydrolysate, this study was conducted to investigate the
effects of replacing FM with compound protein and fish protein hydrolysate on growth performance,
serum biochemical indexes, digestive enzyme activity, and tissue antioxidant capacity of T. ovatus. Four
diets containing 42% crude protein and 12% crude fat were formulated, including D1 (control group),
containing 30% fish meal; D2~D4 containing 14% terrestrial compound protein, 16%, 11%, and 6% fish
meal, and 0%, 5%, and 10% fish protein hydrolysate, respectively. Methionine and lysine were added to
the D2~D4 groups. T. ovatus juveniles (approximately 4 g mean initial weight) were bought from a local
fish farm and then maintained for 2 months in two sea cages (2.0 m x 2.0 m x 2.0 m) at the coast near
Nanao Marine Biology Station of Shantou University. A total of 360 fish (average body weight:
[(7.28+0.10)g] were randomly distributed into 12 cages (1.0 m x 1.0 m x 1.5 m) and fed one of the four
diets for 62 d. During the 62-d feeding trial, fish were fed to apparent satiation twice daily at 6:00 and
17:00, and the seawater temperature was 26.9°C~33.3°C, salinity was 27~33. The dead fish were collected
over time and the day of death recorded. There were no significant differences in weight gain rate, specific
growth rate, protein efficiency rate, feed conversion, feed rate, hepatosomatic index, viscerosomatic index,
and condition factor, as well as pepsin, lipase, and amylase activity among all treatment groups (P>0.05).
The whole-body protein content of groups D3 and D4 was significantly higher than those of groups D1
and D2 (P<0.05), and muscle fat content of groups D1~D3 was significantly higher than that of group D4
(P<0.05). The activity rate of aspartate aminotransferase in groups D2~D4 and alanine aminotransferase
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in groups D2 and D3 were significantly lower than those in group D1 (P<0.05). Total protein and globulin
levels of groups D1 and D4 were significantly higher than those of groups D2 and D3 (P<0.05). Liver
catalase activity, total antioxidant capacity, and muscle superoxide dismutase activity of groups D2~D4
were significantly higher than those of group D1 (P<0.05), but liver malondialdehyde content in groups
D2~D4 was lower than that of group D1 (P<0.05). Overall, the whole-body protein content and tissue
(liver and muscle) antioxidant capacity of group D4 were significantly higher than those of other groups,
and no significant differences in growth performance were found between groups D4 and D1. The use of
fish protein hydrolysate increased the level of protein metabolism and immune function of the fish and
reduced the degree of liver cell damage. The results indicate that 14% terrestrial compound protein
combined with 10% fish protein hydrolysate can effectively replace 80% fish meal in the diet of golden
pompano when the amount of fish meal is reduced to 6%. This study is the first to investigate the
feasibility of the application of fish protein hydrolysate in the formula feed of golden pompano, and the
results will be relevant to the research for high-quality and inexpensive protein sources in the artificial
formula feed of juvenile golden pompano.

Key words Trachinotus ovatus, Fish meal replacement; Fish protein hydrolysate; Growth
performance; Antioxidant enzyme activity



