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AEFEEX TAAMEREE RRIFEST

BA: EAKE B OE? #XY wag ™
(1. BT R%F=ERSEY TEER WM M 4500005
2. WEUKRIERR BE AR K 5T BiE 200090)

A

HE H T R F AR 3k #F & (Larimichthys crocea) & i By & 0, *TEAE R 45 . F AR 4 fn T
SR 78 1 K LA (500~550 g)Fr /N HLAE(250~330 @) KB & Otk . Jidly . EABE Rm . AEB ., B
B R B AR R AR IATI R, B E R R RN R E AR T E AN T LR E R
GRET, ITMABAREENEDRTRKMBLENERANE & ; HEASETHAEKNEAE
BN RIS TRENSE; FRFAEEX T AABKE MBI & ERT /IS
IHREMBEKNERE 2RI R ERES THRENS; THAE AT 2 ARG NE
AR, RANERBATEEFEERS; MBEAEARRE, 2-R%. WIHR LE. 2-T B
MTE-DHGEFHTAAEKAE &; EX R/ ZFAT 2T E R mE ., 2-T8B-M, TEBE-M,
ek BRER, FEE. RARMERERERX P FRRAERA T 2N ELZSL R, 5 LR,
IHFEARKFBEFTXFBERGAE LGN, gk, bR, 2-TE-M, TE-M,
gk, WARER, FEE. BARTMEREARTATARARABERAAEZHK 2,

e 4| KE @, FREHER; B B A%

hESES S9174  TEARIRED A XEHS  2095-9869(2025)04-0140-13

K fi (Larimichthys crocea) X H: E A K A5 &
H.EFRFE . IRIE S L5555 (Davies et al, 2019; Di
Trapani et al, 2014), R3Z)  KIHWE W =%, B,
FE KA BT SRI TR . WIS, LR
T 5 5 GELAE X))k 3 o PR T30 e AR 2 [B) VR A PR
WK AR R AN S P4 ) f5(Long et al, 2024; Yu et al,
2023), JEAER B T AR I KO TR B TR K A 57
FE A LA S 358 DAL 3 0 ) T 00 % B S 0 T 1) SR B A
2, 5 v A A TR AR A L, TR K A 77 4
AR ATE Sz AR WK W3S S8 s S0, i T

ik % g AR X R A K £ T PR R 3R A K DR N IR B 5
H A FEHE 251 (Long et al, 2024; Yu et al, 2023), HT
AN]SR BB AR 1) £ PR DA S 6 R TR) , a9 o L
B2 WFE R, JEF /K B 7 — e F
I B ke 366 £ (Car assius auratus) 4 i J5 , 118 2H K
J 7 AT b R AL, AN AR R B i T
FE (RS, 2024), X e b 55 (2024)i# i % 3 FhAS [
HA% 44 8 (Thunnus albacares) TS &5 LA #4743 47,
BRI A o = /SR (DHA) . Z AN
JIg Wi R (PUFA) & S 85 R o /N 22 55 (2023) W98 &2 3K,

* [H 5 E R F & 1R (2022YFD2401103) . E /K FERA 5T Be H 9 9008 35 P BHIF e BT 56 A BTl 45 3% (2023XT0701;
2023TD73)F1 5 [ /K 7= b2 5% Be AR 5 /K 7= A58 1 9 8 25 PERHIF B8 T S AR Bk 55 %% (2022ZD02) 4L [F 8 B . M,
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JINFILKE IR G £ (Myxocyprinus asiaticus) iy 8 UL P HL 3
M B TR . 7EXT KRB pg s, Li 45
(2017)Hr 1 Bl ) 5 4 0308 A IO 46 77 A 2 £ LA i
Fi2E S, KB RIAE TR Kt 2 B R & i R AR
AR TR ER (EPA)MT DHA i 25 1 T A 4k
wifh, FIRBFSEIESE, SR ORISR EE ™ A
SER FRIE K 7= Sl B0 5 B o DAAE AR 6 K 1A [R] R A R
A BB SE FE AR RIS, A IR K
B T AT, RIS A K
R AESE

AWFFELL 3 FhFR A GEHERIAR . TR K R FE I
FEHH T HRFRFEAT 2 FhAAS R RN 42, XK
WAIPAR . ik EAE SRS . AR . IRITR
TG VRHE B R R SR AE A TN A , 38 2 1F 52 it e/
e 1 K0 51 43 M (OPLS-DA) X A ] 5% 5 455 34 7% 1Y
KBS TR AR R AT R0 3 408, DABH A TR 70 K 8
01 i BT DA B4 A

1 #RER®
1.1 #RIENEE

F 2023 4E 10—11 A, WEEEHEMA(20 m x
20 m, JKIK 8~9 m). RIKMAH(JEHK 80~120 m, 7K¥
8~12 m) M FEHH T 45 T M 10 B KA
(500~550 g)Fl 15 FB/MA%(250~330 g ki fa, it
6 RS, A ilbRic ol THER(GM) . TH/IMGS) . R
KR(SM) . BRIK/INSS) . T8 HE K (TM)FEEHE/NTS) o
Horp, FR5E TR E S T EMG 15, SR Mm K
B AR AR A 1 0 =45.0% . MR =5.0% .
M 4E<5.0%. HIKD>=15.0%. FER=2.50%.
MBE=0.80%), /Ki21.5~28.5 °C, #hJF 20.7~31.8,
pH {H 7.6~8.4, I#f#E>T mg/L; WK A A8 HE R
A R 0 R TR R T T = X U, SRR
W A7 DA% M RDRE CRLEE 1 5 =42.0% . FLAB I = 5% .
A4 <3.5%. MK <16.0%. BRI =2.20%.
KAF<10.5%. HBE: 0.8%~3.5%)FpkiEZta iy ¥,
JKIR 15.9~22.6 °C, £hJF 25~29, pH 1l 6.93~7.49, ¥
fit 5 >5 mg/L, B KEMBIER ERiP:, J2K2m
VKOKEBE , AL BEVK I IRA 24 h WX 2
MRS, REAAGALNEG, RPUe KM
MITEARTE AR FI TS . BOSFALRFTHE . IRA . T
—80 CykAfi, MTRAEIFM . 2R . fEIifR .
FZAF TR . 15 WA 5 RN 4% 22 AU 4 Jo A 0 2

JtE 4L : TMS-PRO %Y, £ [E FTC A H]; H5ipr .
BF51731 A, Lig3EBk il /REMHEA R AR LA Z)

HLIEE AL . KDN-103F 8, F - R A FR A 7 5
BEWT L : SZC-D B, FigLF AN SR AT IR F] 5 HL
% : SA-402B A, LR as A RA ] s GC-IMS:
5H1-00319 &I, fH[E GAS /NHF); HAMa 2 M5r Hr
ARG -2 IREE IR ML . HAI-CM56-510 4, H AR
RISt H B AR B R Flb BT 5 w5 S50 AH i
RG0: 1260 B SAH AR : 7890A #Y, 3E[F Anglient
I8

1.2 FEIH*E

121 BARIEARD E Wi LAt AN ) R o f A
TEOKEE ) o3 2SI RS A, FH WG K 4RV 3K 73 I
PR W (g)o DA o A o (O B £ A i e A 3
HEEE, cm). MK OE W) 2 R g 53 i 5 — A
HEE R S B3 S PE S, em) . AR B (R 10 2 Al 7
AR S, em) ., BN KRB fa g ig L5 = 2
0 FEH fe S5 — AOHE T EHZR IR RS, em). HARIIE
ERALANPE 1 N, IR EE=W/AC <100,

Bl1 R R AR il L s

Fig.1 Schematic diagram of measurement locations for
body indicators of large yellow croaker

DE: &% ; AC: &K ; FG: BH#im; BC: BWK.
DE: Body height; AC: Body length; FG: Caudual peduncle
height; BC: Caudual peduncle length.

122 JFHym RIS 2 2% R B4 (2022)
B 773 BORE AT AL, B 2 em x 2 em x 1 em
I H . ffi H TMS-PRO A A X FE S HEA 70 5E o BF
RIS BB s, N ICH &
4 1000 N, K [BIFHE 2R 25 mm, JEAE &8 50%,
MR BE % 60 mm/min, 451K 1.5 N,

123 ARZTIRH M E %M GB 5009.3-2016
AT KA E I E . 2 H8 GB 5009.6-2016, K&
AN A, & SR A A & & S
M8 GB 5009.4-2016 #FfTHEAFHINE ., S GB
5009.4-2016, K # fFE i 2 B i b HE(550+25) C R
Be 4 h G A K & i o

1.2.4 RA&Asgn e Z:7% Oztekin %5£(2020)f) )5k :
FREL 0.2 g ZEATCRERAZE 0.000 1 @) ILEES , A K
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546 &

fifE i, A 10 mL 52 (6 mol/L)JF A X 1 min,
HEEET 110 CHUEH, AKM# 22 ho BUERED, H
Al K E 2% 100 mL, B 1 mL A B B b,
T 40 CHMFIEZ, ZTFA 1 mL BaikitiT8
%5 min, BUEBERGE T 0.22 um /K R JERE 385 %
Fhr AN EL.

o S R R R /K i B BN, 75 5. SRR
HEQ2D) B ITO AR SR, SSEHE
Fo(%) R . M4 FAO/WHO LAY S KL 120 bRt
RIS B R T Y A MR AR S R A T LA (BT 4, 2021),
a3 i o (D) R (2) T FE R T 43 (ASS) Ak 2= 1F
J3(CS):

ASS =

TIGFE A SRS & (1)

FAO / WHO -2 b A 2 o [ Fh S BR 1) 25

_ SRR SRR 2
SN EE AR R E RN S '

1.25 fghrEgm 2 Z: BREETN 7, 55 (2022) ) J7 7%

et AR € 35 SO R o 1 Big 7 PR 2R 4 70 5

iEd C12:0. C14:0. C16:0, C18:0, MUFA #l
PUFA $8 5% ik 5 B2 (1) a0 Bk ks BE AL F8 B (AT Fn il i T
BARE(TDHEAT I, H AKX G)FI(4)iH5
_CI12:0+4xCl14:0+C16:0
> (MUFA+PUFA)

CS

Al 3)

Cl4:0+Cl16:0+CI8:0

) o.sZ\AUFmo.SZn—6PUFA+3Zn—3PUFA+:—:Z

K, MUFA bR FIIG IR & (%); PUFA A%
A FIE TR & B (%); C12:0 i HEERR (%); C14:0
KN GRERR(%); C16:0 MEEHHER(%); C18:0 MR
iR (%) o
1.2.6 AIFE N E
A R 0 5E o
1.2.7 #ekEEEME B E/NESE2023)8 )5
FREUK B MATIFHL 60 g A (80x1) C /K IR 4R b 1T 4
20 min, EFIFREL 50 ¢ R ZE 0.000 1 g)FHG AYFE
i, 4% BERR SRR B AR R L 1 g 2 5 mL 500 80 “C il
P HEAiK, Y5 60s, T 4 C R 30 min; HUK
AFHFFTE Ly, 4°CL 8000 r/min. 5.0 10 min; B F
W, FuEAC kS A T IR A T
1.2.8 A WA %N E Z PR AN AE(2019) /9
Ty Bt A T e SR 5
1.3 HELIE

¥ Ji Excel 1 Origin 2021 &84, X E0E #6174k

TI

4

WA Tu 55(2021) 77k, #E4T

PRFNZ IR 2002 R DL Y {E 5 1E 25 (Mean+£SD) %
7~, dEId SPSS 26.0 X[ R E 2= S T g b,
it B K 7 2% 43 HT (one-way  ANOVA) K 56 4[] #0 4%
AN FRFE AR R 2 0] 22 S5 0 2 v G Il ST R AR T AR
55 A [ 7% B A% SO [R) B A% =2 ] 22 5 1 S 5 1, DL
P<0.05 R/xZ R ¥ . FH SIMCA {317
OPLS-DA 437,

2 ZER5H5H

21 KESREIERDHT

ASTR) 5 FE AR 3 N R RS R o £ i T8 AR 48 Bk I
Bl 203 FhRaia X rp, T 35 A R0 A M i 32 e A1
0 A DR G B de v o R —BRAR R, TR SRAE
FITGR K X 6 5258 R 0 AR /A ey 255 Tl AE A
(P<0.05), {HAHFIFRFEBT , {CBRAK M FEA A HLAE
KRR MRS AATE 225 T RIS K HE fa
AR/ AR R (3.47) B iy, ABATE A 7R 5 1) /N K
WA R AN R AN (2.91) W #E AR T H M ok
(P<0.05)o Z& L Jrik, TSR RN /K AR R o )
IRALARE FTEHE A6 -

2.2 S

M2 1 a0, AHFFREEALECT , RIRAS K
FREE B R R S RO 1 A7 A P 25 5 (P<0.05),
Xof AR RIS, A B £ A R e R P 2 v T
Ab 2 P FRFEREEC(P<0.05) . RHUAE TR K o 0 1 i
55(57.04 N), K BHHE(9.50 mI)FIRH I (1.88 mI) Rl ;
TR TRAK AR R B £ 9 st M B A =5 (1.49 mm), &
MHEMAE R E A 11 A, B TATREMAE 1.3 1%
NS A S e s 1) TR K 3 £6.(1.46 mm)
SEVOK MRS KRB A 1.2 £, SR HE A K )
1.97 % o 38 HE X 56 B A0 ARG BRFHAEAR T 55 A1 2 Fh R0
B, NRPETC W% 2 5(P>0.05), £ LR, FR%H
ARG K A et i3t K fa ULIR S BT, R H
R ST | NELNE R AT

23 EBEEREFHW

ASTR) F5 B AR 3T N R FUAS R A B R
W 2 FIiR o AR FREAE T A1 R RUAS K, K5
SR FH 2 (P>0.05), /NI RE @Ky .
B AR (B HA B 35 25 53 (P<0.05), BR/K AR
IINERAS IR A3 o5 B B v (1.44%) , TS RHA% HLAS 1D5 &5
HIRAK(6.34%); 3 B FRFEAR T KBRS KB £ Y K
AL A7 B B 22 55 (P < 0.05), Ty RH
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O AEWEE CF K /A S Body length/Height
51 B/ BEARE Caudal peduncle length/Height
é&b
N Bb
N
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B2 AS[FFRFHAR A RS K a8 (R R

Fig.2 Physical characteristics of large yellow croaker in
different culture modes and sizes

GM: TR GS: T/ SM: BIKK; SS: Bk
TM: GEHER; TS: MAE/D. AFKE FRER AR SR
R RIRAS Z [A1A 13 25 5 (P<0.05), ARV/NG FREFRRA
[Fi) R TR R [F) RUAR 2 [ W 2 22 5 (P<0.05). R
GM: Offshore ship/Big; GS: Offshore ship/Small; SM:
deep-water cage/Big; SS: deep-water cage/Small; TM:
floating cage/Big; TS: floating cage/Small. Different
uppercase letters represent significant difference (P<0.05)
among different sizes in the same culture mode, while
different lowercase letters represent significant difference
(P<0.05) among different culture modes with the same size.
The same below.

B IR 3 5 e e (1.29%) , EAE MRS BLEE F 5 1 i
755 (18.88%) o A [F] HUMS AR R) SR AT, T ALE AE

V) 5 R B A1 R A K 2 RO & TN
FKHAE A MR 7 & ST/ A%, VRS K
WAL KA S TR . X TR R AR T
KM B A0, TS RN K 0 48 Rk B A0 e RLIE D5 G
25 5 (P>0.05), H & E& 1K 3 HE R4 (P<0.05).
gi L prik, KE@MEAZ MR, 5
BRI /NI o REL B M M K

2.4 SEBAH

3 PR AN [ AR KB AT Y 18 Fif
RIERR . W 3 Fis, RBPUKS R o i il 2R . #a
MR, MR . AR, RedR. RARTELEES
TN A B 411 (P<0.05) o A IR BEAS A [H) 72 A AR XK
WA, T AR . AR WA R T R
(P>0.05), 3 Fhapa iR o fa wh 75 2 368 & & 5 B
SRR & UIE(EAA/TAA) N 43.32%~ 44.16% .
FHM S HSENTF AR & & LH(EAA/NEAA)
H 85.94%~89.31%., W 3 i, 3 Fhassmpi Kk
AR . AR . 752 RN AR+ 2R ASS
YT 18&ET 1, LLASS iFHr bR, 3 Fhappami=t
NS R £ 5 — PR M 2 R S s R . KA
FEAREERE; LA CS TP bR, B HE M 45 ]
FAs KB LIAN, 3 FhaRsEaisX 2 Fhiieg Kocfn, H
5 — BRI A IR Y S R AR MR . 3 FhIREE
B K AR TR ok, HE SR,

x1 FARFERKXTEREKXEE TR

Tab.1 Texture characteristics of large yellow croaker in different culture modes and sizes

B TiEs biYiR e MR M ik JRE RS 1 MEL Mgk
Sample Hardness/N  Adhesiveness/mJ Cohesiveness Springiness/mm  Adhesiveness/N Chewiness/mJ
GM 57.04£2.15%*  0.61+0.09"° 0.17+0.004° 1.15£0.074° 9.50+0.474 10.88+0.70°
GS 34.11£2.3152 0.77£0.06" 0.21£0.0142 1.46+0.145° 7.01+0.6452 10.18+0.34%°
SM 31.60+3.33%°  0.78+0.254° 0.22+0.014° 1.49+0.044° 6.99:+0.78%° 10.41£1.29%
SS 22.80+1.98%°  0.47+0.18"° 0.24+0.044° 1.22+0.09"° 5.51+£0.96" 6.80+1.485°
™ 16.79£1.03%°  0.26+0.02%° 0.24+0.044° 1.36£0.154° 4.07+0.74%¢ 5.61+1.60%°
TS 11.26+0.915¢ 0.21+0.08%° 0.26+0.024% 0.74+0.065° 2.92+0.375¢ 4.97+0.60%°

x®2

FRFEEXTEMEREEERERBS (%, HIREN T

Tab.2 Basic nutrients of large yellow croaker in different culture modes and sizes (%, wet weight)

FE 4 Sample 7K 43 Moisture WAy Ash HMLIRI Lipid M H Protein
GM 73.874+0.08" 1.2940.074° 6.34+0.02%° 16.94+0.10"
GS 72.94+0.245° 1.38+0.034° 8.26+0.074 16.840.08"°
SM 73.20+£0.574% 1.11+0.025° 6.35+0.314° 18.23+0.245°
SS 73.24+0.53% 1.44+0.02%° 6.41+0.175° 18.88+0.14%%
™ 73.80+0.125¢ 0.91+0.01% 7.18+0.104% 18.65+0.25%%
TS 73.474+0.04" 1.1540.034¢ 7.20+£0.19° 18.07+0.40%°
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Fig.3 Heatmap of amino acids of large yellow croaker in different culture modes and sizes
%3 FEFEERREREKEESEBROERTN
Tab.3 Nutritional evaluation of amino acids in large yellow croaker of different culture modes and sizes
SH R REARM BEAR O BER FER  SER  ERRER  ANERRER
Items Sample ILE LEU MET THR VAL MET + CYS PHE + TYR
IR TEAY GM 0.89 1.07 1.37 0.94 0.83 0.83 1.03
ASS GS 0.71 1.05 1.28 0.85 0.77 0.74 0.97
SM 0.92 1.11 1.44 0.98 0.88 0.89 1.06
SS 0.88 1.28 1.58 1.05 0.94 0.94 1.20
™ 0.96 1.16 1.48 1.04 0.92 0.87 1.13
TS 0.93 1.34 1.69 1.10 0.99 0.98 1.25
{22354 GM 0.66 0.87 1.07 0.80 0.63 0.51 0.66
CS GS 0.53 0.85 1.01 0.72 0.58 0.45 0.62
SM 0.68 0.91 1.13 0.84 0.67 0.55 0.69
SS 0.65 1.05 1.24 0.89 0.71 0.58 0.77
™ 0.71 0.95 1.16 0.89 0.70 0.53 0.73
TS 0.69 1.09 1.32 0.94 0.75 0.60 0.81
- Ao 3 FFRaEA R, KM RS TI LGB HE R4
25 IRIRBAH R0 (0.65), FUCE TAH(0.59); NI K S arh, i
WA 4 A%, C16:0, Cl6:1, C18:1n9c, HE MR AE AT H 575 (0.70), FHRIFEART, THYFIE

C18:2n-6¢ Fll DHA (C22:6n-3)2& 3 Tl 55 i =k 2 £
i E i E W AR ITRR o A R RS AH [ 7R AR AR X 22 (1]
T ROKPIARFUEHE R AR R BT C16:0, Cl6:1,

C18:0.SFA .C18:1n-9¢ . MUFA ,C18:2n-6t.C18:2n-6¢ .
C18:3n-6, C20:3n-6. EPA Fl DHA 5L A B#EHEF
(P<0.05) AN[FIFREFEMELCAR [FIRLAS , F/NEIAR K H £
C14:0.C16:0.C18:0,SFA .C16:1.C18:1n-9c . MUFA |

C18:2n-6¢. C18:3n-6, C18:3n-3. C20:3n-6. EPA Al
DHA |5 H A i 38 22 5 (P<0.05), T KBS KB £,
THFRE M C16:0 7 Huf i, PUFA L AR EI/MK
UCORIEAE RIFE . TRAKAE . FR0E A, /DR K e fa
. RAK AR R B PUFA 5 RS o 3 R st
W, THRIRIE KB M EPA B35 T A4k 2 Fhafsms

IKIFE R B 2 PRk AL {EC B 3% 2 5 (P>0.05) . 27

BRI, AR T AL RORS , TR RORS AN T A IR R B
i HA HE B E SR
26 ZEBRIN

ks R, MFFREERT, 2 FhEims K
IMP, AMP, ADP, HXR Ml HX & m ¥ HA B &M%
F(P<0.05), KM KB AR IMP &5 T/ A .

A~ B

K A% TR K M A6 5% 40 K o . IMP % i?ﬂ
(341.54 mg/100 g), /NILAKIEHE AR K i IMP 7

1A (281.98 mg/100 g). ANFEIFFFEFERXT, /I K
#ifh IMP, AMP., ATP. ADP., HXR fll HX {7 7EX
5(P<0.05), KEAKAK#E M AMP, ADP, HXR &g

TC e 2 22 5 (P>0.05)
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x4 FAREFERXREMEIERERER %

Tab.4 Fatty acid compositions of different culture modes and sizes/%

J& iR Fatty acids GM GS SM SS ™ TS

YWz C10:0 0.01£0.00%*  0.02+0.00**  0.01+0.00**  0.01£0.00**  0.01+0.00**  0.01+0.01**
AR C12:0 0.06+0.01%*  0.07+0.01**  0.06+0.00**  0.06+0.00**  0.08+0.00**  0.08+0.00"*
+ =4 C13:0 0.03£0.00%*  0.03£0.00**  0.03£0.00%*  0.03£0.01**  0.02+0.00**  0.03+£0.01*
N E R C14:0 2.75+0.04%%  3.02+£0.04%° 2.88+0.01%* 2.91+0.01* 2.12+0.01*°  3.05+0.015¢
+ TRl C15:0 0.40£0.01%%  0.43£0.01**  0.33+0.03**  0.39£0.00%*  0.29+0.00**  0.49+0.00%*
FAREFR C16:0 29.68+0.05%" 28.34+0.055° 28.56+0.00° 27.26+0.035% 24.82+0.028%° 29.67+0.04"°
+T-EkERR C17:0 0.52+0.01%%  0.54+0.02**  0.55+0.03**  0.56+0.00**  0.46+0.05%  0.69+0.00"*
# 5 C18:0 5.06+£0.01%°  5.71+0.018%  4.95+0.00%° 5.67+£0.01%° 5.61+0.01** 5.91+0.015%
AR C20:0 0.07+0.014%  0.12+0.01**  0.09+0.00%°  0.11£0.03%%  0.19+0.00%*  0.1+0.00%*

Z+—Bxl2 C21:0 0.16£0.11%°  0.23+0.11%%  0.27+0.01*°  0.29£0.01%*  0.43+0.00**  0.25+0.00%*
&R C22:0 0.46£0.59%"  0.11£0.59%*  0.12+0.01%°  0.11£0.00** 0.18+0.01** 0.110.015?
Z =M C23:0 0.07£0.02%%  0.08+0.02**  0.01£0.00%°  0.05£0.00**  0.05+0.01**  0.03+0.05"?
T PUEERR C24:0 0.08+0.01%*  0.06+0.015%  0.07+0.02%*  0.06+0.01%*  0.01x0.01*®  0.08+0.14"°
JB AN W R Y. SFA 39.3540.54" 38.76+0.54%° 37.9240.01° 37.51+0.025¢ 34.29+0.025° 40.49+0.074¢
N E MR Cl4:1 0.18+0.01%%  0.18+£0.01%*  0.17+0.00%*  0.15+0.01*° 0.12+0.00%°  0.18+0.00**
JB-10-+ TR C15:1 0.08+0.014%  0.08+£0.014*  0.07£0.01%°  0.07+0.00%*  0.05+0.00%*  0.09+0.014*
FAREIMER Cl6:1 11.36£0.02% 10.48+0.02%* 10.36+0.00%° 9.20+0.01%°  6.42+£0.014°  9.33+0.025°
J-10-+-E 4R C17:1 0.55£0.05%"  0.61£0.05"*  0.50+£0.01%*  0.52+0.00*°  0.36+0.03%®  0.55+0.02%°
FihER C18:1n-9t 0.16£0.06%"  0.14+0.06**  0.73+0.07%*  0.2+0.005®  0.11x0.015°  0.15+0.00"°
R C18:1n-9¢c 26.03+0.03%° 26.39+0.03* 24.44+0.055¢ 26.24+0.01%° 26.83+0.01%* 23.6+0.035°

¥ C22:1n-9 0.05£0.00%°  0.06£0.014*  0.04£0.00%®  0.08+0.01%*  0.07+0.01%*  0.07+0.014°
-11-— B MR C20:1 0.25£0.01%*  0.30£0.01*"  0.26£0.01%*  0.26£0.00*°  0.24+0.00%*  0.32+0.01*
BN AR DR Y MUFA 38.66+0.08"* 38.23+0.1%%  36.55+0.03%° 36.72+0.01%° 34.21+0.01%° 34.29+0.06"°
KO ER C18:2n-6t 0.10£0.01%%  0.10£0.02**  0.05+£0.00%°  0.09+0.00%*  0.05+0.01%°  0.08+0.01*
I AR C18:2n-6¢ 6.91+£0.04°  6.66+0.045¢  9.71+0.01%° 10.15£0.01** 21.78+0.01**  7.74+0.02B°
v-VJFRAE C18:3n-6 0.80+0.01%¢  0.74+0.015°  1.05+0.01*  1.10£0.02%*  1.97+0.00%* 1.07+0.005°
o- P JBEE2 C18:3n-3 0.99+0.01%°  1.08+£0.00%* 1.55+0.00%* 1.13+0.025%  0.84+0.03%° 0.87+0.01*°
G -11,14-— 1% 4R C20:2 0.07£0.04%*  0.03£0.04"*  0.04£0.01%*  0.05£0.00**  0.05+0.02**  0.04+0.03*
J-8,11,14- T =% C20:3n-6 1.09+0.03%*  1.23£0.03*  0.93£0.01%°  0.98+0.01%° 0.65+0.01%°  1.13+0.01*°
W-11,14,17-— B¢ =FW2 C20:3n-3  2.10£0.22%*  2.5440.03*°  2.04+0.01"°  2.55+0.02"°  1.37+0.02°%  3.06+0.04**
Rk T EER C20:5n-3 1.2540.01%*  1.47+0.01**  0.94+0.005°  1.04+0.01%° 0.58+0.01%°  1.14+0.01°
A TR C20:4n-6 0.65£0.21%*  0.31£0.02°  0.50+0.02%*  0.27+0.02%°  0.17+0.025°  0.34+0.034°
ZAERANKEIR C22:6n-3 8.37+0.03%"  8.91+0.03%°  8.66+£0.00* 8.39+0.01%°  4.04+0.01%° 9.73+0.014°
SR T R Y PUFA 22.34+0.09% 23.07+0.02%° 25.46+0.11%° 25.75£0.03° 31.49+0.02%° 25.21+0.04%
kAL 5L AL 0.67£0.00%*  0.66£0.01"°  0.64+0.01%°  0.62+0.01*¢  0.51%0.12%°  0.70+0.00"*
I T 148 5 T1 0.59+0.00%"  0.58+0.00%*  0.56+0.00%°  0.55+0.00*"  0.65+0.02** 0.57+0.01%*

2.7 FERBES T

WE 4 i, MR AR R R, TR
2 FfRIURS B4 S AR R 8 v T A XA RN K
P FE K HE £ (P<0.05); TRIKINAR R B £l 2 FhRLAS 1 3=
MR W TR A 2 PR s R (P<0.05), H.
KFUAE B 10 0 T2 5 B 8 T/ INRUAS K, X KR
&, TR RS R B fa R (A e (4.27), HR & T

KRB THRRE AR (9.51), S5554b 2 Fh
FreIE R A AE W5 1 22 5 (P<0.05) . AHRIFRFEABIAA
(RS, KRR K Ak . JROR . R Ik | i
WR AR & T/ INUAS B0 FI T A [0l R TG 0 35 1 22 =
(P>0.05), Z L Frik, ISR aE 5 =M Rl HA% K £
WLPR TG R R 24 s, e R A O ke | £
ML VBRIV | SRR RET R R 2 (P<0.05), i
C/INFAS XoF A 2 S I R
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x5 FARFERXFEMEKXEEZEER/(ng/100 g)

Tab.5 Flavor nucleotides of large yellow croaker with different culture modes and sizes/(mg/100 g)

FE WL R PR R — B IR TRERR AR UK o WA A UCH NS
Samples IMP AMP ATP ADP HXR HX
GM 329.65+0.88"° 0.50+0.13%2 0.12+0.005° 24.95+1.59"% 7.25+1.614% 0.35+0.10%°
GS 291.34+0.10%° 4.61+0.09%° 3.05+0.024 11.58+0.145¢ 6.41+0.035¢ 0.17+0.01%°
SM 341.54+1.2442 0.56+0.025° 0.12+0.005° 25.95+0.174% 6.33+0.02° 0.4+0.015%2
SS 314.55+0.235 2.65+0.15%° 1.7240.05%° 16.52+0.205° 5.72+0.025° 0.64+0.00%°
™ 333.33+2.094° 0.64+0.0242 0.14+0.014? 26.00+0.59"* 7.73+0.0452 0.24+0.015°
TS 281.98+1.295¢ 0.51+0.025¢ 0.17+0.024¢ 20.56+0.36 8.90+0.044° 0.82+0.00"?
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Fig.4 Taste profile of large yellow croaker with different
culture modes and sizes
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Fig.5 Volatile substances fingerprint of large yellow croaker with different culture modes and sizes
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Fig.6 OPLS-DA analysis of large yellow croaker with different culture modes in large size (a) and small size (b).
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(Harimana et al, 2019; Li et al, 2016) . Li 55(2016)fff 5%
JRIR, Hh AR 3] 6 (Spinibar bus sinensi s) fit 1 25 i Tk G
T | s RIEL DA T st o ST TR SR A AR K
DR Sk AR R B R A T R shAs ), HOT R
B FP IR K BERS 02 E R B M0 p R elii s, IRIE, Kk
0 JIL PR A s 0 L R 25 %) 338 0 TT R R P K B g
Blife Sy T80 .

K& FEAE FE B, RLIE 7 & R PR KB
B Y B AR o R Mk BB AR (2022) 6 T E i fa
(Ammodytes personatus) 1 BFFT 45 L R0, /NIAS T
FORLIG I & T RS, SARBFICES RAA R aiRiLA
B IR BT 3Z AR R A5 1 (Wei et al, 2020), ffi{Ak
PR 58 F T BE 2 A5 R (Yuan et al, 2019), [H
I, RS gl G 2 B A R T IR T P i (Jia et al,
2022), ABFgEH, TMTFRAEEC G AR HORLAR D5 B i
e, T ARFRAEAR MK IR F it shiRAs, KR fare
AE Lz sl , AR TR TR R . UK M T s
S FIE K | iz sh i S BRSSOk M
R R8T OO A R B ML R B v T A IRAE, T RE
2 FH T TR I TR A6 R 3 A ) A e ] IS K B B e £
PHAR Fp B2 R 5 35 S 4y . R A IR A

4 EAA/TAA Fl EAA/NEAA 11 1 43 51 T 40%
I 60%M, AP O (R, pak T, 3 Fh
FREEAR 2 MRk R E TR EA KRR, 5
FAO/WHO L, 3 R R M 2R . i
B A KT FAO/WHO 1B , 38 AE R4 FIIR K M 46
KB A R TN 2 R + I 2 R N = R 5 KT FAO/
WHO., S5X8HEHEAM L, 3 Fharsist X K M i &
R o i R TR o 2R 41 Al A A o e L
B8RP R 22—, @IV T 1A, 8 R 0 R
o 3 PP FRAEA X R B A LA b F A R A i K
53454 FAO/WHO 3k,

Mu Q02T R, Kl & iR
HINE TR & C16:0 F1 C18:1n-9c, FAHFFT 45 S AHAL .
AL T HoAl SR A, T IR 5 K f LA
C18:2n-6 Fimffik, HFREY, L aH C18:2n-6,
SIBANILC ISR 14 %2 2 (Leaf, 2001), Pt, £ TH%
FRBH AR B A0 ] AT B0 2 A 1 JRURS: o AN TR
PR R AV ML RORS B | 1 2 2 K RO it B 55 Th &
FEEZ AR BER, 2 AN AR R T A AR Ak
AHDWE SR, Z AR IR H EPA A1 DHA
B2 2 68 7 AR HE KM & & R3S 5 G 28 BE 71 1)
Ve (W85, 2019), [A] A BERFAR & 1L L o0 3 ik
ok A R Ak SRR IE S 9 1 & AR RUR: (Kim. et al, 2020;

Tojo et al, 2022; X e o5, 2024). A RIK A6 T
TR FRIE KRR K8 f2.1 EPA FIl DHA & B 55T
0 AE Do 5[] A 7 £, 22 B TR K R AT T R A K
B £ L AE DO 77 A R B Al HLA T 1 SR

6 R F R T 5 R ELAT BT R A T R 2 A A R
WIS AT R (AMP) | UK B MR8 A% iR (IMIP) IR 2 M
W (Hx)o TG ANLA H ATP A 3, FEmAtT 4
Wé&fit ) ADP. AMP. IMP Z55CIEY) ., 17X 26 SC k)
X R A — 2 I RZ ), AP R, REailn
H A R 2 IMP (1445, 2019), M
W2 B35 WK 15 1 {H (taste activity value, TAV) KT 1, 3
A AZ AT TR X G R A sk, FEI A5 (2024) X R A v
R R I E A B, X6 PR 3% K B ik fe KR 2 IMP, T
HAbZAT TR & -, MW TTIRA R, A5,
AN TF] FRFE A AR B A LA Y IMP /) TAV f>1, %
BR B ALY IMP 2R B E STk TR . A
[7i) 5 B X 2 ) K #4114 IMIP 5 1 T ) S A8 Ak B A
PREZTFRRAN, MBSk . AL . AL . JCHLER
F ) ot A5 15 255 W 7K™ S R R o BT 2 BT R
BN R A BN . IS AR (2023) P55 R, A
[7] 5% 58 45 2 T T R R EE MR (Procambarus clarkii) i 25
ARG BAREES, FREKRFAAEES . Duan %
(2020) 3 i B F & K W OR [AORL A% T 68 fn
(Oncorhynchus mykiss) i IBE A7 TE2E 5, SRS
AL bR EE IR Y 25 S AT VR X A3 R ) R A A =K
A0 HE AR AR

XFF S PR, S FIER 2H % 7K 7= i XU A

S, T A0 B A G W R A TR ) AR
(Duan et al, 2020; 5KiRSE, 2022), W TFRIEIAEE .
FREHRRE L K, R RE T SR 225, AR
B S 0 2 R M SR ) T A A 25 5 (/N IR A
2023), ABFFEH, 3 FiFRGEAL T R E MG L&Y
SR TR AN o 3y b & S U R R | e STE
(85, 2024), PP RMEIERY A =4 58
T AEAL B VI 5 (Luo et al, 2022), i HE M4 37 78 K B
o HORE G A v B E I T T e 5 R AR R A
MR EA S . AT 59 40 2 FhaEm b o, G HE AR K
B A0 I LB R | AR | T IR A A AR R
T TR0 R S R, 3 R R A /R
MR B AR LU T RS R, S BURICR IR . IR
R AR RN fr DR A5 07 U . R R, AN
FEHLHE T = SO R Y RS AR 25 5,
I M S TR = S0 XA (55 AE, 2020), AT
i, 3 PR AR R B i R MY A i 22 5
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Characterization of Large Yellow Croaker Quality in
Different Culture M odes and Sizes

SUN Weibo'?, WEI Banghongz, ZHUANG Xiaomei’, MA Yuan®, DONG Caiwen1®, GUO Quanyou2®
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Abstract Large yellow croaker (Larimichthys crocea) fish are a major marine aquaculture
product in China. They mainly farmed in nearshore floating cages, but the irrational layout of
nearshore aquaculture and high aquaculture density seriously affect the flesh quality. Offshore
aquaculture—such as deep-water cages and offshore ships—has the advantages of a wide area and
good water quality, resulting in improvement in the quality of large yellow croaker cultured in
offshore systems. Nevertheless, instances exist in which large yellow croaker raised in nearshore
floating cages may be misrepresented as being cultured in offshore systems, likely motivated by the
higher market value associated with offshore cultivation. Therefore, it is necessary to investigate the
quality characteristics of large yellow croaker cultured in different modes and screen for
representative indices that can be used to distinguish between these different modes. Thus, large
(500-550 g) and small (250-330 g) fish reared in deep-water cages, floating cages, and offshore ship
systems were collected from October to November 2023. The deep-water and floating cages were
fixed in the Sandu Bay, Ningde City, Fujian Province. In the offshore system, fish were cultured in
Guoxin 1, which shifted between the Ningde and Qingdao Sea areas.

After collection, the morphology, texture, basic nutrients, amino acids, fatty acids, taste profile,
and volatile compound odor of the flesh were analyzed. The results showed that: (1) the morphology
of large yellow croaker reared offshore was better than that nearshore with lower condition factor and
higher body length/height and caudal peduncle length/height. The condition factor and body
length/height ratio of the larger fish were lower than those of the smaller fish in the same culture
mode. (2) The hardness, adhesiveness, and stickiness of the fish from offshore ships and deep-water
cages were higher than those from floating cages of the same size. For fish from the same culture
mode, the hardness, adhesion, and chewiness of the larger fish were higher than that of the smaller
fish. The springiness of the smaller fish cultured in floating cages was significantly lower than that of
the larger fish. (3) The crude fat content of the larger fish was lower than that of the smaller fish
across different farming modes. For the larger fish cultured in floating cages, the crude fat content
was significantly higher than that of fish in the other two culture modes and was lowest in the
offshore ship system. Fish cultured in the offshore ship system had lower protein levels than those in
the other two culture modes. In the same culture mode, the ash content of the smaller fish was lower
than that of the larger fish, but the moisture contents were similar. Nutritional evaluation of amino
acids suggested that the limiting amino acid of the smaller fish was isoleucine (ILE), while in the
larger fish, it was MET and cysteine (CYS). The monounsaturated fatty acid content of the fish reared
in offshore ships and deep-water cages was significantly higher than that of fish reared in floating
cages. The eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) levels of the fish were
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significantly higher in deep-water and offshore ship systems than in floating cages. (4) Inosine
monophosphate (IMP) contributes more to the flavor of large yellow croaker, and in the same culture
mode, the IMP content of the larger fish was significantly higher than that of the smaller fish. Large
yellow croaker reared offshore exhibited higher umami and sweet tastes, whereas those reared in
deep-water cages showed higher richness. Large yellow croaker cultured in floating cages had higher
levels of 2-methylbutyraldehyde, 2-methylpropionaldehyde, isopropylidene acetone, acetone,
2-hexanone, 2-pentanone, ethyl caproate, and methyl acetate than those cultured in the other two
modes, indicating a richer volatile flavor. Isovaleraldehyde, alpha-pinene, ethyl acrylate, 2-butanone,
and butanal-D contents were higher in the smaller fish than in the larger fish, indicating a more
intense fruity flavor. Orthogonal partial least squares discriminant analysis identified methyl
trans-9-octadecenoate, 2-butanol-M, butanal-M, umami, astringent aftertaste, richness, methionine,
and cysteine as important indicators for distinguishing large yellow croaker reared under different
culture modes. In summary, emerging culture modes such as offshore ships and deep-water cages are
important ways to improve the quality of large yellow croaker by improving the body shape, texture,
and taste.
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