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DI EREE SR EME S AR REMAE
578 P A B2 SRR

TEER B F' kXE H@E XKR%E KRAM #FE Fax”

(FERARN KRG E2EBE /R T 510642)

WE  WHSTRERN, W (Trachinotus ovatus) i R IK & 1) B & 17 FHE b8 9 40 JR 8 b R 3
B EBR, v P IFE A ERENBERAFHNAZR, XAARETRZARREY, ZHE
TR AE R AL TEGET AR ANE . AABEAFFETHATEAR AL, B0 E>
Bt %, HEASMIELSE, BRI IE)EF LA E B 47.66%, HASH
7.98%), DL G4 G RN T SR O XTI E B 47.75%, FAERE 9.63%), FIF b3k 2 Ak, F
KM A& 60 m)FRFE A AL 4B 85 (TR EAL K 262¢)33d. R I, 2 AR A&t £
KM LA ¥ £ F(P>0.05), 4T, HILTE A, LRAAENEEFRmEEEKEHHR
BT 14.43%7M0 8.19%, H MW ERE 0.68 g5 LA E Il A0 TR |, SEIe 4 & LA JiE
4B R EE T B A(P<0.05), EH AT FEEMKP<0.05); W40 & ALK & FfFAAE T L E
M2 F(P>005), MILTREEA, ThAamFLES., =8, LEEE, KEEKES
G B R B A B M B 3 B R(P<0.05), LI & A AE R B E B4 E B ¥ R IK(P<0.05), EF
4 1] # AT RS A AL B ) T B M Z B (P>0.05); M4k, IR SRR 1 kg B9 1ERE R AR H T ORI
18.80%, RAFHEMMIET 62.12%, HAREREKN, SHEAEL, ZRAIVESE R R
SRR EA R R R AEKBR, ERBRANABEHE AT, RENHESHLERE. BRE
RGBT R A LA E R &R AR T A8 8 5578 & 7 KRBT BA

XK@ Y, aRREREAEE; BENE; EKMEE; REXGE

hESES S963.7 XHEERAEE A XEHS  2095-9869(2023)05-0045-11

YUY 5% (Trachinotus ovatus)fA AR 88, 4k O Al 3K 1 R Oy VR 15 b X EE 22 (19 ¥ /K % 4 5 b 2
BoKREMEmE2E, RAAERN, SR WESE . —CRIARAER L B PR 55, 2022), 1E K
P PE R R T R SR A SR SRS KRR WM, R ERES X IRDRL 3 1 A 105 7K 7 Bk IR
ZEA R, LTRSS b H AR S, T A2 SR 5K 5 (Wang et al, 2013; Wang et al, 2020), Xf %A
FEE %, HAl, DIBRSAE5ik 24 T7 t, B L s sl A £A0 A Ao 3 A AR PR A SR (M. et al,

o O R e b G BARAM  l B AR AR R BB
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2020a; ZEIL K4S, 2019), HARRH S A S . SR, #H
b T HAh &4 5K fa, DRI BRESN A A, FRAE R
SN, ST W Wik, 5 &I 65 65 5 8k
BUASEC A TRDRE, B AR AL r 1ok £ 3 T8 07K ST 2 A e
il 249 BRI B8 6% 35 50 & R R T In) Y 7 L5 22

AR, ARUR Y] I T IR P 65 65 00 75 N5 7 R 7 >R
FEME(n-3 HUFA & BK 4 1.24%~1.73%, DHA/EPA
EEHCA 1.40)JRUH 4R, 2016; P T, 2013), FF& L 2 3%
A WS AR Al RN A iR Dk (B8
i #)(Xie et al, 2020). FIIABFIE R, 78525 % /N
kR A T GET/IMEY 54 T Sk E =, &
JNEAE PR AR AT R, LA WAL, 3l ey
OB IRR W) AT, B2 ATk SR Ik fl ek i 2
AR R R g A 3 DR A (Xe et al, 2020), ULIRE A
TR B P o] N T IR SR AR FR A AL e b ek, 7R
s 2 BN 5 6% 1) o 2 S R P A 45 1, ARG D) &
T S2ORTT . PR EE R S T LR i A Sl A ) B 14— LB
S R S N SR SRR TR ST GEER RNy i)
6%) , HAE A K AP A A RRAL T X B AL BRDRH Y 30%
fa k) (Ma et al, 2020b), F&F FRE G- ME S
AR, I IF & T —Fh ORI 88 65 2 20K ok e & 1)
Ak, FE 3 RS SR N R A R AR AR KGR H
BT 8 D SRS R I AC . b fbtkse . 42 TN
BB AR PR T ORB 55, 2023), AitE—
B54IE 5P T 85 5 55 S50MIS 00k B B TR A DR TR X AR P )
o R, ARG R AR R KRR AR 7= T2, il
oMU Tp SRS RS EATETTID S A TR
I ARy T e T R U T A 7 B 1) B O 88 6% 1) AR 4
PERE . BrfetERe . LIRS SRS 7 T pyse e, LAY
BT 5 65 1o REARR £20 493 T A5 0 Ak A R RIS 4 ) 1 42
HEAR R
1 MR5FZE
1.1 SKIEE#

A 5T 0 2 56 ) I T A TRAAE 30 T 0T & 1 B
TV B 0% 2 A5 £ K BC A AR RS 7 OB B 5%, 2022), I
ZAEF A TR 2 B R F KRR A 7= T2 A 7™ 5 7
A RO BRZH ) A ) R S 0 4 T Ak 2 ) A 7 B R R
SRR RT R AoBHEDEDE S B A TR AR, 2 Rkt
A BC T FIE 35 B L3 1. Tal R i 2 JE MR % IR i R 4
WL 2,
12 XBWEBERFHEEE

S FH KA U JE BB 6% (~200 g/ 4 FHIT

®1 IBAMEAMERES

Tab.l Formula and nutrient composition of experimental feed
o ’Eﬁ]*ﬂréﬂiﬁjﬂ‘ Dietary tre:aimelilfs
Ingredients/% T i .*Jr Seh
Commercial feed Test feed
ff Fish meal 18~24 6.60
EAEH / 43.40
Compound protein'
YK Chicken meal / 9.70
EKREEK / 15.80
Corn gluten meal
4 Compound oil?® / 8.00
JEWi % Fat powder® / 4.00
MAr Flour / 10.00
IR — &5 / 0.50
Monocalcium phosphate
A= R TR / 1.00
Vitamin premix*
Wy T TR / 1.00
Mineral premix5
W HL 4> Proximate composition/%
JK43 Moisture 9.73 9.17
ML Crude fat 9.63 7.98
MEH Crude protein 47.75 47.66
MK 4y Crude ash 10.11 9.63

H: 1 EAEA: AREIRGEN . NS
B E AR —E AR, EHEEHRIES .
201811372347.3),

2. BAM: Bmih . Sl ISR SRR
DL B e AR L B AR SR A T o

3. BB : B 50%52 &Il 50%ME AL E oK TE R o

4. BT TRES . VA 230000 IU . Vi, 600 000 U,
Ve 16.00 g, Vg35.00g, Vi, 4.00g, ZEE 10.00g, %
B 5.00 g MR 30.00 g D-ZER%S 16.00 g. WLEE 40.00 g,
MR 1.285 g, HEWEK 0.006 4 g,

5. BT YR HRE T Ca230.00g. K36.00g,
Mg9.00 g, Fe 10.00 g, Zn8.00g. Mn1.90g, Cul.50 g,

Co0.25g. 10.032 g, Se0.05 g,

Note: 1. Complex protein: Composed of soybean protein
concentrate, meat and bone meal and other terrestrial animal
and plant proteins in a certain proportion. It has been patented
(Application number: 201811372347.3).

2. Composite oil: A mixture of fish oil, soybean oil,
rapeseed oil, perilla oil and phospholipids with a small
amount of emulsifiers, antioxidants.

3. Fat powder: 50% compound oil and 50% pufted corn
starch.

4. Vitamin premix per kg: V, 230 000 IU, Vp; 600 000 IU,
Vg 16.00 g, Vks 5.00 g, Vp; 4.00 g, riboflavin 10.00 g,
pyridoxine 5.00 g, niacinamide 30.00 g, D-calcium
pantothenate 16.00 g, inositol 40.00 g, folic acid 1.285 g, and
biotin 0.006 4 g.

5. Mineral premix per kg: Ca 230.00 g, K 36.00 g, Mg
9.00 g, Fe 10.00 g, Zn 8.00 g, Mn 1.90 g, Cu 1.50 g, Co
0.25 g,10.032 g, and Se 0.05 g.
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Tab.2 Contents of amino acids and fatty acids in two feeds

FHEFR Amino acid BEiR Fatty acid
i H Ttems Tkl Commercial feed  SE30K} Test feed i H Items Tkl Commercial feed  SZ5GH} Test feed
Lys 2.98 2.54 14:0 3.20 3.25
Phe 2.11 2.20 16:0 28.97 27.77
Met 0.84 0.85 18:0 5.29 5.76
Thr 1.77 1.70 SFA 37.82 38.28
Ile 1.61 1.73 16:1 2.53 2.20
Leu 3.75 4.23 18:1n-9 23.19 20.82
Val 2.06 2.05 22:1n-9 0.47 0.60
Arg 2.80 2.83 MUFA 26.86 24.08
EAA 17.92 18.11 18:2n-6 15.42 17.47
Asp 3.98 391 18:3n-6 1.44 1.44
Ser 2.00 2.07 20:4n-6 (ARA) 0.25 0.22
Glu 7.58 8.18 n-6 PUFA 17.32 19.26
Gly 2.24 2.62 18:3n-3 (ALA) 0.56 0.40
Ala 2.8 2.87 20:50-3 (EPA) 3.40 2.71
Cys 0.49 0.52 22:6n-3 (DHA) 5.54 448
His 1.19 1.06 n-3 PUFA 8.95 7.19
Pro 2.69 3.17 n-3 HUFA 6.06 4.85
NEAA 22.76 24.41 n-3/n-6 PUFA 0.52 0.37
FAA 16.39 17.59 DHA/EPA 1.63 1.65

TE: Bk 3 KEEAEHME. EAA: LFE M, 4 Lys. Phe, Met, Thr, Ile, Leu. Val il Arg fJ5/1; NEAA:
e T EIERR, M Asp. Ser. Glu. Gly. Ala, Cys. Tyr. His fl Pro A Hl; FAA: KRZESLER, N Asp. Glu. Gly fl
Ala I 21,

WO (12:0, 21:0, 22:0, 23:0, 14:1, 20:1, 20:3n-6 Fl 22:2n-6) & it (K, KHI T b5 SFA MIFIG b2 )
S, A4S 12:0, 14:0, 15:0. 16:0, 17:0, 18:0, 20:0, 21:0, 22:0 il 23:0; MUFA JJy ARG WG FR (0 B A, F045 14:1,
16:1, 17:1, 18:1n-9. 18:1n-11, 20:1 F1 22:1n-9; n-6 PUFA N n-6 Z A FEHRR A0S A1, 4% 18:2n-6 (LNA). 18:3n-6.
20:2n-6, 20:3n-6 ., 20:4n-6 (ARA)FI 22:2n-6; n-3 PUFA 4 n-3 Z R IR I BR A0 B A1, f035 18:3n-3 (ALA). 20:5n-3 (EPA),
22:5n-3 (DPA)FIl 22:6n-3 (DHA).

Note: Data are the mean of three replicates. EAA: Essential amino acids: Lys, Phe, Met, Thr, Ile, Leu, Val and Arg; NEAA:
Non-essential amino acids: Asp, Ser, Glu, Gly, Ala, Cys, Tyr, His and Pro. FAA: Flavored amino acids: Asp, Glu, Gly and Ala.

Some fatty acids (12:0, 21:0, 22:0, 23:0, 14:1, 20:1, 20:3n-6 and 22:2n-6) are too low to be listed. SFA is the sum of saturated fatty
acids, including 12:0, 14:0, 15:0, 16:0, 17:0, 18:0, 20:0, 21:0, 22:0, and 23:0. MUFA is the sum of monounsaturated fatty acids,
including 14:1, 16:1, 17:1, 18:1n-9, 18:1n-11, 20:1 and 22:1n-9. n-6 PUFA is the sum of n-6 polyunsaturated fatty acids, including

18:2n-6 (LNA), 18:3n-6, 20:2n-6, 20:3n-6, 20:4n-6 (ARA), and 22:2n-6. n-3 PUFA is the sum of n-3 polyunsaturated fatty acids,
including 18:3n-3 (ALA), 20:5n-3 (EPA), 22:5n-3 (DPA), and 22:6n-3 (DHA).

A KA IR TSR, I T BHVT R R R A 5%
B K IR 12~20 m, BSFEZ 15 km)E 55 2 A, L
N LU SR IR BT FE N, SR R 4 1 R Y IFARIE, AR ERIE A TP REALET R 30 2
. BERESS | EHER KA f 15 FRGIAR B RRIUR TSRS AR I P PR, FRAH K
JFeAk~260 g), BAHLAF] 6 MM (HDPE C60 3% AR, 1FM 24 ho ARV A h BE LS
SR, JK 60 m, 2.5 R/, mREEE 30 R, PRI IS S A RN (S IR

W3 ASEATIAS, I 33 d FeAH021 4E 4 A 20 {1 IRPAN SR AR A fA ) SR i . AR A R A 2
—5 31 H), FAou, R EHE 2 k07:00  ARE, ETHOK ERREE UL, 0BCR 4R BT
1 17:00), SCECHAME], HFKIRIE N 20.00~29.00 C; el R PLEEE T, £ 3 000 r/min #.0 10 min
{%?/%jl.j:] 6.30~7.80 mg/L, 4 0C)}E, = (IR M/I\WJ%EFP%EX 3 E@,

1.3 HERMERETEM et R B
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SR B FC LA RIFE IR T 738 35 4 A S AL P BE 48 A
Y 5E o PR R i TR EGER , RAET—80 CUKAH -
AN, BN AREL 2 R fa, H T LA SR R
WE

AR APEREA AR AR A R

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

H 34 5 (average daily gain, ADG, g/d)=(W—W)/t

T E A2 K K (specific growth rate, SGR, %/d)=
(InWs —InW;)/tx100%

JIE 3% B (condition factor, CF)=Wky/Ly’*x100

AE 1A EE (viscerosomatic index, VSI, %)=W,/Wpx
100%
o, WL W 4393 R 0 46 RN 2R 1 4 AR I 1 ()
W T W 3 51 R0 s F 2R it fR R (g), t AR
FRIARE(), Wy AR BT (g), W NN IEHE H(g),
Lp A A K (cm).

14 EMEFMSS RASHERAERNE

AL BY7K 53« KRR Sy R S RUHLAR
PR TR (GT/T 6435-2014), D i Hybe
7:(GB/T 6438-2007). JLIKE A (GB/T 6432-2018)F1
Z LR (GB/T 6433-2006)I4E 5 A% 105 12 41 1% ki 11
A% AL (Agilent 7890B GC), 4 A A (i1 vk
(GB/T173772008)ill % ,

1.5 HIEFRNE

W 177 DA V2B AL FE bR AT B A ARt ¥4
PRI LT A IEREAS JE7E 4 “CRfUR o IR Hh G JE [
(T-CHO) . 1% i JIE 2 1 JH [ B (LDL-C) . = %% B i
B A MHE EMEDL-C) . Hh = ER(TG) . 4 54k 2 1§
(GOT) & . 5 N % (GPT) % M LA K B i 1R ity
(AKP) FIR M i R B (ACP) TG M, JFF I v 8 481k 4 1
1L T (SOD) . 1 % fk & i (CAT) . & Hi E Ak fig )
(T-AOC) B A B (MDA) & s 4k H e @ A T
FEAF ST T 00 B, D05 25 3R 2 L AH &1 & Ut
B

1.6 ALABAHEFEFN @ BTl E

K L s AN 2% B A B 2 /A T A A
(Universal TA)EAT LA BY T ) | G EE | s | DH I |
eGP IR0 A A R PR FE R A I S - BRI £ T
WIBCE, #& TPA #=UF, A TA 25/1000 [FHTEH
Sk A ETEE B 2.00 mm/s, P E 1.00 mm/s, i)
BUE R 2.00 mm/s, R 75%, B3k 2 WE4ZEH]
a2 so

& 1k K (cooking loss rate, CLR): HIFHLS g
(W)EBETFZBAKE, 5 min FEHE, FUEKETF
Ky, BWHIEFREMW,), THRA:

CLR=W,—W,/W;x100%

AILIA 57K % (water holding capacity, WHC): 75
L5 g (W) RFEE gt I, 7 L a5 3 2 084K,
1 kg GEESHEH 5 min J5FREUILIA Y BT 5 (W), T
N

WHC=(W,—W,)/W,x100%,

1.7 #HIEAIE

SCYG 4% T2 SV Y B E 22 (Mean+SD) i,
AL I0) Y 22 SR A ST REAS ¢ R I6 X A, b
KR P<0.05. GEit /R A SPSS 13.0 #k{Fi# 4T

2 HBRE5HW

21 ERMEgEMEEENRS

2 PR WA A KRR Y L L3R 3. 2
R, SCEORHHARE . HER . ReE AR KR H Y
HEY TR R, M TR, SC kA fa
TR AR R T 14.43%F1 8.19% , %
AR H 43 430 $2 5 19.62 F10.68 g, {H2 4]
T AR IR £ 1) A A PR RE A 8 A 22 AN B3 (P>0.05)

*3 THRNMEAMASEERKERIELER
Tab.3 Comparison of growth performance of fish
in test and commercial groups

Ta L4100 Dietary treatments

Rk Sk

Commercial feed Test feed
265.00+£15.00 262.33+£23.38

g
Items

VIR AT IBW/g

LK PRE FBW/g 466.08£16.86  485.70+37.28
H T WGR/% 76.49+7.37 87.54+18.53
FrrE e K% 1.72+0.13 1.87+0.31
SGR/(%/d)

H 38 ADG/(g/d) 6.09+0.40 6.77+1.11
A HE VSI/% 7.71£0.31 6.99+0.69
B ¥ CF 2.99+0.06 3.09+0.11

22 MAEMEFRES . A @RRE RS ER R

TENLRE TR A T (R 4), SEUkk 4 LA K
A3 AR TR OB (P<0.05) . FLAILIA g B A i
TR AR (P<0.05), bk, 2 ANk gH L
AR (1 K 432 1 Gt 35 22 5+ (P>0.05) .

LA St B8 5 7, Sl 2 0 L IR A9 28 A 2k
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R F 5 R OB T B 3 25 R (P>0.05) s XTI
WA R PE, PREHBI BT ) ) o RERE | ORGP . e
NELWERPE | B 1 R (8] 52 M 46 AR R PE R AR TC Gt 12 25
S(P>0.05),

x4 ZRHIEHRBEBINARRHLER
Tab.4 Comparison of muscle quality of fish
in test and commercial groups

TAl#L2H 5] Dietary treatments

miH
Items T ok SR
Commercial feed Test feed

HHL 4 Proximate composition (wet weight/%)

7K 4% Moisture 69.69+0.28" 66.50+0.32°
HEN 20.22+0.45 20.11£1.12
Crude protein

HIAB T Crude fat 9.32+0.46° 13.67+0.24°
HLJK 4> Crude ash 1.4140.09 1.48+0.06

WL &1 BT Muscle quality (wet weight/%)

EEWAK CLR/%  20.66£1.91 18.53+1.42
k& WHC/% 5.21%0.70 4.81+0.78

SRR Textural properties

B 1761.33+124.30 2228+401.89
Tenderness/gf

fifi if Hardness/gf 132.33+15.63 159+13.47
Kh -0.37+0.10 —0.46+0.16
Stickiness/mm

PR 0.59+0.02 0.63+0.02
Springiness/mm

1L M ke 49.73+7.18 63.73+6.98
Chewiness/mJ

5k 82.824+9.98 100.01+8.71
Gumminess/mJ

[n] &2 P4 Resilience 0.42+0.03 0.35+0.01

: BATHARI R A A 2 25 7 (P<0.05). N
Note: Within a row, data without sharing a common letter
are significantly different (P<0.05). The same below.

2.3 MmFEMAFAEEE £ ISR

2 PR MR LH A0 A0 T A B AR AR R . TR
JrACH M BT A RE I LEB L3R 50 AR s, S
BHEMIE SR Hh =0 SRR (% AR
B KA R N R TR AR 4
(P<0.05), = % BE AR 4 A & 1 T 2 18] G e = 1k 22
(P>0.05); XF FHFAEARACMHEAR , SCg0kh2H A IR

fis 2 B AR T R FoRHH (P<0.05), HIh =& 8T
)G 5 P 2 5+ (P>0.05); Ah, WAL ]I 420
R PLA AR ) L B AL A | o S A
JN TS G B A 22 R (P>0.05) .

R 5 SLIRIANE MAEHE & I E R A A TR A L FE AR
Tab.5 Physiological and biochemical indexes of serum and
liver of fish in test and commercial groups

A4 5 Dietary treatments

HiH
Ttems T Ak LR
Commercial feed Test feed
L% Serum
MR TP/(mg/mL) 43.18+2.14"  35.68+1.49"
it = TG/(mmol/L) 6.08+0.35°  4.24+0.33"
B B T-CHO 12.85+0.59°  10.98+0.35°
/(mmol/L)
15 % ¥ 5 8 1 HDL-C 5.66£0.90  4.91+0.50
/(mmol/L)
KRZ IS E H LDL-C 2.09+0.23*  1.08+0.06°
/(mmol/L)
4 H G B GOT 72.47+4.74°  46.4+4.46°
/(4 [GH7/100 mL)
AN E B GPT 6.54+0.54 8.24+0.26
/(4 [GH7/100 mL)
HFHE Liver

Hil =8 TG 1.03+0.07 0.78+0.10
/(mmol/mg prot)
B & P T-CHO 0.25£0.01°  0.19+0.02°
/(mmol/mg prot)
By fbEE S T-AOC 0.54+0.03 0.61+0.03
/(U/mg prot)
ABE LY L SOD 86.56+5.35 108.89+11.94
/(U/mg prot)
A L& CAT 42.53£0.79  41.42+0.24
/(U/mg prot)
N [ MDA 2.71£0.21 3.57+0.31
/(nmoL/mg prot)

2.4 HBiEPIATELH FEE R AR 2R

2 AR R 2 T AR I LI LR 6. iR 6
AL, BRI SC B RH AS HL R AORHIE 900 TG, BRI
SR R 22 K, (E AR AR E RS R LA
27 042 7T, A3 o LU RS SR £005 2 020.89 kg LA,
SEIREZH B R LU R R 64 668.44 6 H1IBR T
BEFE R OB T 62.12%, A1, SeB R4 45 1 kg
0 FRRE AR LR AOBHE AR 18.80%
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Tab.6 Comparison of economic benefits of fish from two groups

W MR aRER K

fatkpigE S

B ANBRGERANE B 1 kg iR

Dietary Price Total feed Cost Total body ~ Market price  Gross profit Net feed profit A< Fish feed
treatments  /(JT/t) /kg /JC weight gain /kg  /(J0/kg) /JC /JC cost per kg/7C
T Ak e
Commercia 10400.00 32 580.00 338 832.00 15202.39 32.00 486 476.40 147 644.40 22.29
1 feed

’3'_‘7“ S é

?9&;7{;‘4,5 9 500.00 32820.00 311 790.00 17 223.28 32.00 551 144.84 239 354.84 18.10
est fee

T RS SRR S TR MRS — O M AR AT g , BVRPRMA AR =ID R A+ 7K H 2+ N T2 +37 30 9 +(~15%A1)11)
Note: The price of feed in test and commercial groups is determined by the feed mill according to the general pricing
process, that is, feed price = raw material fee + water and electricity fee + labor fee + field fee +(~15% profit).

3 it

B I 5 6% 1) '8 5% 5 5K 5 1 RHIE 5 3 AR ok © A 38
ZWHCHRGE o FEORIE RSB 1 I R O, LGB R
RO HE S KR 42%~49% (X % HE 4%,
2011; F K, 2012; Dafd, 2013); fERREE TRy
T, H A DR AR D7 & B TE 6.5%~ 12.0% 97K
R ARG B I A KR RE (R 24 RE SR, 2011; D2
1, 2013; FEBRERSE, 2013), ABF5EH, R ok i
AR HLE A& RN 47.66% . MBI &8 R
7.98%, RanRHHE H SRR 47.75% . MR 5 =
9 9.63%, Bt 13X 2 PR AE T 2 U0 IE 65 65 1
FH K

AR, ZREH ., BAREAR. KE
W45 B 1 DL SO PRy S5 R LAAE Shy D B8 6% 1) el v £
BRI (L IESE, 20105 K, 2012; 8 H45,
2011), il 5 fpek v At 2R P R Ry B g Y 3
i, AR DRERFFHRREL, A RKZE . UR
I 45 5] 5 (Hardy et al, 2010; Pereira et al, 2003), X 7]
Al — 2 R A SR ATl . f 22 2B
W R, Y 2 & E AR ek 200 LU
S IR E 25%, HACRKR R —E IR L, X
19245 T2 A AT LA suiakl b 7 2L RR , W i
TREFERR TN, HE 368 11 M 22 9 18023 () e 1) 452
2019). {EAFERMRE, BRI ok i & Rk T
AR B TR SR OT- A s M R A R G
7 it AR AR G R Rk SR A R A a8, (S
SASETR A RN T RGBS 25 5, L I R i
BRI TSR A RRCR, FRE, AT 45
SRR, (%Y &6 & PR A AT DU 0%
IR A I A b W R HE i, X IRBE AP (Ma et al,
2020b), ZE LR, fESCBrdE =, LZE A EAM

BRABE, IE RSB EAT B E AT
W2 o

AT, T REHMA S KA AGEA E
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Evaluation of High Efficiency and Low Fish Meal Dietsfor Golden
Pompano (Trachinotus ovatus) in Deep-Sea Cage Culture

DING Zhirong#, CHEN Fang#, ZHANG Guanrong, XU Jianzhao,
GUAN Junfeng, MA Yongcai, XIE Dizhi, LI Yuanyou"
(College of Marine Sciences, South China Agricultural University, Guangzhou 510642, China)

Abstract Trachinotus ovatus, commonly known as golden pompano, is a euryhaline warm water
carnivorous fish. It has the characteristics of fast growth, simple feeding, delicious meat, strong stress
resistance, and high survival rate. It can accept compound feed throughout its growth. It is popular among
fish breeders and consumers because of its moderate specifications and affordable price. With an annual
output of 240 000 tons, it has become one of the most important marine fish breeding species in the
southern coastal areas of China. As a marine carnivorous fish, it has specific requirements relating to the
levels and sources of dietary protein and fat, and a strong dependence on fish meal and fish oil, which are
limited resources with high prices, which also determines its high feed cost. However, compared with
other rare sea fish, its price is low and the profit margin of breeding is low (24 CNY/kg), thus, easily
leading to the loss of breeding enterprises and individual businesses. Therefore, it is necessary to develop
efficient and low-cost compound diets and reduce the supplemental level of fish meal oil in diets to solve
the bottleneck problem of golden pompano fish breeding. Previous studies have shown that T. ovatus
subjected to a high efficiency and low fish meal diet exhibited excellent growth and health in pond cage
culture. To further evaluate the application effect of this feed in deep-sea cage culture, an experimental
feed (crude protein 47.66%, crude fat 7.98%) based on the formula feed of a low fish meal diet was
produced by a feed company with a large-scale production process (feed production using large
machinery and mass production in a feed mill with an hourly output that can reach more than 10 t using
equipment such as oil sprayer machines, where the fat source is added by spraying). A commercial feed
from a well-known brand was used as the control diet (crude protein 47.75%, crude fat 9.63%).
Large-sized golden pompano (mean body weight ~262 g) were provided by Yangjiang Haina Fisheries
Limited and kept for 2 weeks at the deep-sea cage breeding base in Dasuo Island, Yangjiang (12-20 m
depth, about 15 km offshore) to adapt to the test environment. During the temporary feeding period, a
well-known commodity was used for feed. Overall, 150 000 healthy large-sized golden pompano with
neat specifications (initial body weight ~260 g) were selected and randomly assigned to six deep-sea
cages (HDPE C60 floating cages, circumference 60 m, 25 000 fish per cage). Each feed was provided in
three parallel cages for 33 days (April 29 to May 31, 2021). During breeding, full food was provided
twice a day (07:00 and 17:00). During the experiment, the seawater temperature was 20.00~29.00 C.
Dissolved oxygen was 6.30~7.80 mg /L. The results showed that the growth performance of fish was not
statistically different between the two groups (P>0.05). However, compared with the control group, the
weight gain rate and specific growth rate of fish-fed experimental diets increased by 14.43 % and 8.19 %,
respectively, and the average daily weight gain increased by 0.68 g. In terms of muscle nutrition and
texture characteristics, the muscle lipid contents of the fish-fed experimental diets were significantly
higher than those of fish-fed control diets (P<0.05), but the muscle moisture content significantly
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decreased (P<0.05). The edible quality and texture characteristics of muscle were comparable between
the two groups (P>0.05). Compared with the control group, the serum protein, triglyceride, total
cholesterol, and low-density lipoprotein contents, as well as the activity of aspartate aminotransferase, of
fish fed the experimental diet were significantly decreased (P<0.05), and the hepatic total cholesterol
content of the experimental group was significantly decreased (P<0.05). There was no significant
difference in liver antioxidant capacity between the two groups (P>0.05). In addition, the feed cost per 1
kg of fish receiving the experimental diet was 18.80% lower than that of fish receiving the control diets,
and its culture benefit was increased by 62.12%. The results showed that the experimental diet (high
efficiency and low fish meal diet) not only promoted growth, but also improved the muscle fat level and
serum lipid metabolism of the fish. These results indicate that the high efficiency and low fish meal diet
can be applied in the culture of golden pompano within deep-sea cages. In this study, a high efficiency and
low fish meal diet for T. ovatus was developed by using amino acid balance technology and fatty acid
precision nutrition technology in deep-sea cage large-scale culture. Through the analysis of growth
performance, serum biochemical parameters, liver lipid metabolism, and antioxidant properties, it was
found that the growth promoting effect of test material was comparable to that of commercial material,
and could improve the muscle quality and liver health of golden pompano. Use of the experimental diet
could also reduce the cost of breeding, improve the economic benefits, and result in high economic value.
The results indicate that the experimental high efficiency and low fish meal diet for T. ovatus has a good
application effect and excellent market development prospects, and also has important practical guiding
significance for the large-scale production and application of high efficiency low fish meal compound
feed, solving the problem of aquaculture bottleneck and facilitating deep-sea golden pompano culture.

Key words Trachinotus ovatus, High-efficiency and low fish meal diet; Growth performance;

Deep-sea cages; Culture benefit



