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ZEmMET, BXR”, FxEF, #HRK,
REEE', HKmH, E E
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2. FMEEERFE RN, L 201306)

Z& M 510300;

WE: THEMEAREALOAMNE SR, BEAMALZSNHSPELENE B R
BRTHARBWREM IR TRE AR R RREHTENSE, KFERA LR R
BREAANETE, TAELUHAER. LHIRARRAE, BLELETS
B MEFEEE. FH. €%, ZEHRAE. oK%, pH. ARARAK 5 Uk oA
RAREHES TENBRFETNERIN. HREF, FRURAAKRESERLS,
#2.25%, B K EEERENSTING, RNEG; sk, afaREEKREY
2735%. HUAGEERSE, HISAKBGITEE, HREEE, RATEARALER
R L ., 3 RE R B 10.73%, T RFAE & 9 NEE 4936.65%, b f 6
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KI: AE & R, DA, HALBLEN, BRFE; 74

hESES: TS254.4

K E A (Larimichthys crocea) X Fr e fa . I\
fi . EAmEE, JEIEE 4 (Osteichthyes), #7F
H (Perciformes). £1 & fiFl(Sciaenidae). #ff1J8
(Larimichthys), F 53 An7E T E R . FEIE .
O BB AU, R TR E A & R,
K 0 T 2010 20 8O4FE Al 52 By KA 455, 7 it
W, BEIE S AW sE, RE AN T SR
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&N EE AR SR A Z —, 20174 &
REN17.76771% A T Aok 3R K A
X, 20174F = ik B2y 155 ¢, HAT Rz
GOZRR. BT, FRAHORE i 35 DL i

kS BHA: 2018-09-17  {&EIBHA: 2018-10-25

MEAREE: A

T EOKEE R O F, AU . ST IR D
FOE AT 1 B 5 iR B AR, AR R AR
Hodh e A g A, AR AN KTE b T e
3R 5 FR o R 0 )3 e B A i T
vt g . AR, B TR RS SR A BRI A
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RCEET A MR | IE R g BT 2
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SN 0 Pt E A I PEY N §ERiDE ks d SN
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R4 AF I S TR K O A 77 B A R £ £ A
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L Ml 1A O B A 10 JEURHRE ORI R, AR
LR 1T T A -5 A RN <135 | A S I |
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FRFHHOAR MR BT R 2%

1 MRS TTE

1.1 SEIe#t Rt

BETG IR R B M, AR Kz [l SR A
PR T P K A IR A R

1.2 SR HE

ARSI H M KR, 6
fafinvkic B, 105, MEMER—F, FriE
IR, Bl 2K (A-D). KK (A-
0). kK (A-B), EK(C-D). K (E-F). WK,
HZK . HRFEEDLD, REHFARTI AT
B U HE e D= R A, [ 2 O R =
MEMRBRE AT, ) Ji O\ D) 28 60 55 5 3, BUT 20
MRRE, BN ZE AR S B, T FTIF T 0 R

E1 FEXRGEFESHEERUEREE

Fig. 1 Schematic diagram of the determination of

the parameters of L. crocea
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k. EREK . HAEK, REARERE, o
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ZABAENE  BHGB/5009.124—2016
R a2 4 [ FARfE—E b 2R IR 1) ) )
(7 ¥R FH 4 A sh 2 R o BT 3G 22

RE W BR 2B 2. B HHGB/5009.168—2016
i 2 2 B F bR fE—E b B I e il o ) 1)
75 50 5E

pHM| & BRHEGB/T 9695.5—2008 { A5
PR et pHIN 2 ) 1B g B A

KoKE FERBEE2 0, B 0,
PR ER AR E, AR5 %E A S0 mLIY B LA Y,
F¥F3 000 r/min F B5.0>30 min, HUH AEE, FHIE
YR 25 R 2R K 43 JE AR,k LR TS
) Jo et AR AR T B G AR
BHORAERRE-HOFRERR

HORT AR

H 2R A 4 {ifi Hi Brookfield QTS-
25 A AN LA B P/ IR B A T #8 3k b AT 0 s, il
FHI AR Xy ot b 22 1 AT (TPAYBE S, 03t
J£°470.5 mm/s, R 1 EE 0.5 mm/s, JEFIREL
J2UK, il SN 5.0 g, AL S R AR 8K,

KIKE (%) = x 100%

B SRR BOF S (E .
bR E LE (BN 0~100725 4k, 0%

NERAL, 100K R . o B (A6 R N2 3|
SERIE, 100M4Lff, —80M&k{t ., b {H(F M
RN E AR EARNMHE, 1008 E, 80K
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fo fr EATINGE , PAT3, BOFEIME. (W)
MR AR
WI =100 — [(100 — L*)* + (a*)* + (b*)*]"/?
S0 25 (AE) & 48 Ab HLALRE & 1 B (0 5 4] R
AP T B Z a2, AR

AE::(ALUZ+(Aaﬂ2+(AHfTﬂ

A, ALY Aa"FIAB 53 Sl o b SR FE S LT
a. bEHSXBARENML . o, bFHHEZE,
A AR K E RS E2 hiy, B
WA AR TR, A5 E T100°CT 7Y
10 min, R EFIRGHRELTE, @A
TEZES AT IS 0 B i AR AT B 2 il e e,
AENAMR R -ZE AR
EAERARER R
x100%

ILEF 2 B R AR LT L 5 B M S
YEFRIE R A B 7, Rt . R )E, H
FARITBEE EB LML BT RN, BRI cmx
1 ecmx0.5 cm, “FA73RpEf R, MAMmEAA,
53 B3 B RE i £ A 7E 80 °CfH iR /K 14 4% (HH-501,
HMNE3 min, #H5E, HIEHWTREAKS,
RHRERE, HAMRNA ., A R4 MR AR
rn RIS, S BRI 10% 8 2R Ey bR Wb [
Z/DA8 h, SR HE BCE HLAIE D) i RO AR —
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DP26, HA)T MEN NI, YRR
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Tab.1 Shape parameters of cultured L. crocea in Ningde

” NV, iy U/ i 2/ 3 5T B/ 1 5T &/ fE QTR P
e SEREROONIERIY  Cpn, gem)  #EE RE% PR % IR %
. tail length/  head length/ . . . S . . .
species overall length body length fish fillet v&felght/ relative  fish head v&{elght/ fish tail wgght/ fish skeletonAwelght/ viscera Wﬁ?lght/
body weight fatness body weight body weight body weight body weight
Kt 10.42+0.12  24.240.66 57.3240.34 2.25+0.18  12.62+0.54 5.33+0.14 9.64+1.24 10.73+0.84
L. crocea
R2 KRBEHEUBENNESHILE
Tab. 2 Measurement parameter ratios of various digestive organs of L. crocea %
ARK, ARk I/ PSS B/ ERN 73S i7AS i7AS WK B/
VRS B Sk K HEK  EAEK EHEK EEK K K (i3S
% mouth mouth head esophageal stomach intestine intestine  intestine ) stomach
. oropharyngeal abdominal
species length/  length/ cavity length/ length/ length/ length/ length/ length/ length/ length/ length/
upper jaw  head head length body digestive tract digestive tract digestive tract abdominal  body body length body
length length length length length length length length length
K 225 0.46 0.75 0.24 0.16 0.40 1.80 2.53 1.18 0.47 0.37
L.crocea

B2 XE&HHKERER
Lok, 20800, 3.08, 4.0, 5. B0E, 6. B, 7. M4l 1 E %, 8 ML, 9 i

Fig.2 Anatomical diagram of digestive tract of cultured L. crocea

1. heart, 2. liver, 3. gallbladder, 4. intestine, 5. spleen, 6. stomach, 7. pyloric caecum, 8. fish maw, 9. gill

MmN EEMAEE @ ek i (Harpadon nehere-
us)*VSE I A ER AL, AU R 1 1/4~1/3;
M (Mugil cephalus)[”]g‘rfﬂﬁ’%':‘f&k@% SN BER N
K, — Mok r2~5hE, EREKIH, TR
Bl R B I (] [ ELSORCIR DR W AR, B
DLUH 8 i K S i RN 2 R B &Y
IR S 5 5 TH AR R W ) e T A A= %, B
Al B RAT — SE RS FR T TS R B, R IR e 1Y
RO B #4171 BE JBE B2 FNGLE AN, HOC Ttk i)
IR A g 1 — 20 B SRAIE

T IE 2 B R R T AR, R A ik,
WEHE, A2, —EK, —mER, JFW
[ E R AR RN AN e A () S U I N e )
JEAR Uit o JF A T2 s R | i A7 4R T A
B, T AR th A e s IR i i1, i

IR A Y R v A0 RS SR, T DU R
FEHE , o5 3 A E 5 11936.65%, i B A A B
4.75%. It LAFEAL K B f0 oy IR, R
BLTF R vy it B A 2B A T ROk, 2
PRI RE I VE ) T ) Ok

KB A0 () (0 BE AR RN S, HEAEN
AEH Y A7 LK, A 15.74%(K12, 1), Hfa b
Rik, REIZBEIR, BER— i K o8,
THFEFEIRIRE N . ZIERR A Z AR SR
HE5 | BREME TR & B T (Trichiurus
haumela)s%.fi5 (Scomber japonicus)® ") a5, 1 /&
S BEAE I T B e BRI 7™ i B D

FH 2% 1A 60 R B a1 PN I AR 5 114 10.73%
17 L PA R A 23 it o e 2 (2 ) s 20 ) T o 4
it B L BN, B Tk 15.5%, ERR DL £
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Tab. 3 Comparison of various organ parameters of L. crocea in Ningde %
- CIEFRE/ANER R FIERE/AENE  BRE/AERE  BEE/NERE MIEREAERE  AERE/AERE
o~ heart weight/ liver weight/ stomach weight/ intestines weight/ spleen weight/ fish maw weight/
spectes viscera weight viscera weight viscera weight viscera weight viscera weight viscera weight

PN 1.75+0.20 36.65+2.48 10.05+0.27 8.120.11 0.35+0.05 15.74+1.22
L. crocea

JFRE & e e, LR A 7 K £ A
WA, A &R AN fn P (R3). BT
DA B i (0 0 2000 A7 S (AR A I T,
JHF B T 2 3 o) R A I L R £ R IR
B, WATREC eI Y R AN . PR A
e B8 T 2 R A B A B 1 Bl B R T BE TR M
SN RN = 1D | W SE /N R IR AT Sl i
Ay G T £ B AR PR RN A0 B, A AR B R
WD) RETE M T, ol A R SRR A
BK T PR A5

22 FEXHRB@RBERFESH

aREF. pH. AKE, RAREFE
s TSR E AR AN EAFENLERS, BT
WIRBIL™ . o b {ESEAAH A REEER
(P>0.05), WHETSE /R & WLIMERER B ZPERA, 5
PR ILEA) £ WIHEL 55 6 A L TC 8 25 4 22 5+ (P>0.05).
AERC W ER @ OB O, AEBR /)N, T 5 5 45 2
T, KRBT AR5 I S AERUE E Wbt
BRI, BA BF M2 5 (P>0.05).

i R pHIHHZ R . AR FEE . 928
FEZ RN, EXaRRKIT . BERE.
R STAR AR A B S £ R pHER
[ I S D RN R i A 13 N S
AN NINAESE YN ANE - WA S A i i
FUE BB LA B pHIA AR LE TG 1035 25 5 (R 4), BT
JLPA pHAEAS T8 A R £0.(7.13)% . K H R 5 (Micro-
pterus salmoides, 6.92) X AL% (Lateolabrax japo-
nicus, 7.17)%%,

FRIH R B R IK N 9.46%~11.86%, 1+
TR R 7(6.07%) S ALB(2.95%)1, FRFH K B
(1 S 0P UL PA) 1 2% 2400 2 AR LE T W 3
ER, REMAEN3.13%~14.06%, = T IEH
(11.94%), KT 5 JE % Ak fa (Oreochromis niloticus
Q x 0. aureus &', 18.00%)", Xt i3 B K i i pH
AL KT BRI ETEADG, HZEEMRE, K
KRR F A, TR R KR
LB R A BAL, PN B mAn 11 .

WLET ¢ B 12 BO% & 1R 2H S R
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Tab.4 Results of muscle quality and muscle histology of

L. crocea in Ningde

TiH B JIE & P
item back abdomen
pH 6.74+0.03 6.66+£0.03  0.06

KIKZ/%  water loss rate 9.20+1.11  11.86+1.43  0.14

HREBUKZF/% cooking loss rate  13.13+0.44  14.06+0.51  0.09

L’ 49.70£1.12  51.86x0.44  0.06
a 6.29+1.10 8.09+0.67  0.12
b’ 5.13+1.28 497+0.11  0.87
WI 4736+1.28  50.93%0.52  0.12
AE 44394126  42.55+0.53  0.13

S £0 PR T Y AR AR, AR LA 4 B AR
WLEF 4 i, (BRI 2 AESI BT ss W], LS 4k
LA LU LT 4 2% 3 TR AR P WU . 8 ke,
WLEFSEdn . R, WIRAN IR TRt iR 2,
i1 PR A 11 JE%l 8 40 AR o PR e ST DL R A K HE
B WLEF 4 B 4% L W 5% (Oncorhynchus mykiss ,
48.22 pm) K, HILEF 4k %% B L AT 5 (521.229 /mm?)
N, T LA AR PRI AT T £ PR 20 R, AN A8
R a2, FRIHRE AL A . AL
L1 Y% B S FEFEAE (101,11 pm, 126.31/mm?)F7
i Af (Ctenopharyngodon idella, 104.98 pm, 126.31
A /mm?) Y, LA B RO . FRAE K
B LA WLET 4 AR K (104.21 pm) 5 K& U5
(4 UL PR LT 2 B A% K B (108.39 pm)AH LA B 3
PE 22 5 (P>0.05); 7758 KB 10 LA LA 4 %5
(153.13 A~/mm?*) 5 H 35 25 19 LA ILEF 48 % )
(123.51 4~/mm’) A0 1L B A 3 1% 2 5 (P<0.01)
(5, KE3)o AR 37 5 R B fa L PR 2R 1 AR
Ja, W4 ERAR K, AR o AU mg
TR, T AL LT e K b, T LT
25 B U o

& W) SR A AT
HeEARE . Koy, BEW .
B FEER R, E

i pHIA . LT
52 A A R R R
Ao A AU ZF 147 ML R £ 0 ) L
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Tab.5 Results of muscle fiber diameter and

density of cultured L. crocea in Ningde

TiH AR A
item raw fish cooked fish
AT 4 B A2 /um 104.21+7.65 108.39+9.55"
muscle fiber diameter
LA 4% /(A /mm?) 153.13£10.20° 123.51+14.45"

muscle fiber density

s FFIEAE AR R 7R R R 2 R R (P<0.05). T A
Notes: data with different superscript letters within the same column
mean significant difference (P<0.05). The same below

(b)

3 FEARBHAHHRLE(10x401%)
(@ mA; () A
Fig.3 Microstructure of muscle of cultured L. crocea
(10x40 times)
(a) raw fish; (b) cooked fish

Ak e R T AR A A S5 R 2 RO R Al B
it ST E AR AR o T DX R AR R B TR
ROVE S R NEL IR 7 T A T A R B A
RERE . ZhPE. B BXgLe e, Sk SRR
WEL A P DI AR T AE 85020, 55 2% B S B0 i

T M DX TR R B AR LI N R PR R, B
i B2 3 F L R AR T R ARG DR G BN (R 6)

Ui B P FE R AR, S MEE Xl B SR BH Y
R 01 5 Y 1 R A S B R

®o6 FEARBEMINARMITE

Tab. 6 Results of texture analysis of
back muscles of L. crocea
TiH THEMX IR A A PR AR

A0

item L. crocea in Ningde wild L. crocea L. japonicas
T /g 255.50+19.00 481.63+59.09  123.71+£16.95
hardness
Fitk/mJ 0.12+0.05 23.39+2.22 0.01+0.00
gumminess
Fitilg 4.90+0.70 1.55+0.28
stickiness
MR 0.340.04 0.33+0.01 0.62+0.08
cohesiveness
ik /mm 2.42+0.42 2.82+0.14 3.37£0.32
springiness
NEL Mg A /m 210.23+5.53 450.72+67.60  258.48+4.91
chewiness

B RORBR R BRI SAT TREMIX
FRAH R B a0 R R AR R ﬁm%,%%ﬁ
11.6%, JEMAIR s IR 2,
BRI 4, Hh b7 2R 5 2 R L
f141.93%(3£7), T AEH7(50.84%) b K 111 2R iy
(51.21%)*, {H5& T BRI 8B &5 (Trachinotus ovatus ,
37.97%) . B ER I B (E. fuscoguttatusQ *
E. lanceolatus?, 37.69%)“*", T AEAGES K
WA AR, T LN A B ) v e R
ML AR o B T R R AP N
it DA S AR 8055 N A 1 2 1R A R 1 4 3
B8 T AR 1 B IR O (R e A . R B v
T R EER S E R,
10.09%, X 156 BH 7 7 1l [X 37 7 R 35 a2 A RAR 72
R R4,
A 2 TR K 2 2 R S 5 fF UK 1Y Ry IE 2 ik
fR, i H R RN R S B H R B R 2 R R
LR FR hy S R R . T A X SR K B
W$ﬁ%£g%ﬁ?§%m REHEMR . ANA
M. WEMR., AR, HER, HBIEMEREE
145.92%, & T F & (Paralichthys olivaceus)*", FIf
AR B £ 1Y) 1A T bE B
& R 8 Py BR 4B AR AT TE T b X S5
K oA A R H 26 IR TR, H b i AR
FR1OFH, 5 Jig 7 R S B 19 37.96%, IR TRk 1 B fy
(39%) M 7= T-AE89(24.7%) 5 A4 FAS I R & &
o 1 U R R 1 62.04% , 5 TS ER e IR A7 BE fn
(48.40%)"; PR FING I ER6FN , 7 g I R A
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Tab.7  Amino acid types and contents in
muscles of L. crocea in Ningde(fresh basis)  g/100 g
amino acids content
RAER  ASP 1.77
7% THR 0.81
2258 SER 0.71
HHEE GLU” 2.62
= PRO 0.53
H#® GLY” 0.85
WA ALA™ 1.04
HER VAL 0.90
GEEK TR 0.15
EER MET 0.54
AR ILE 0.78
A LEU 1.37
HE#BR  TYR 0.60
KINEER PHE 0.72
WE®R LYS 1.67
HEM HIS 0.38
R ARG 1.07
RFER S A total amino acid content, TAA 16.55
IR FAEFR S total amount of essential amino acids, EAA  6.94
ity

o
F H

RME  the flavor amino acid content, FAA 6.28
e o DTEERR, vt BIREIER
Notes: *. essential amino acids, **. flavor amino acids

A934.84%; ZAMAIIENTER 10F0, & P8 HFIR B &
F27.19%(8) o %45 78 | Wi B Fl 25 I 5 18t
FIARL, HZ AR Rt AL &5 Z2 2R 2, R

YRR D R PR . WIMBR . WRRR . fE/E Y
MR o 5 1L ik28.45%, = TR IH 4 B
(23.14%)™, MK FAEH5(36.30%), JhER . W IhFAR |
SRR R B A AR DO R 2 N IR L5 BRI RR . 2
FRFE R BT DS AT AN T . T A X SR A R
B HEPA(C20: 5n3) /i IR ITIR Bl 52 194.90%, DHA
(C22: 6n3) ki ISR B & 915.11%., EPA5DHA
IR R B 1920.01%, & T 458 £1(16.50%)
BRI A A BEA1(9.24%) . AE81(19.20%)°, A
M, FR5H K80 f0 R 2 4 SEEPARIDHA Y A4 E
il

3 g

3 3 X T A X S B K AT A R
R ILIERSE . & ER G RAE
LB AIE & 2 B S5, JF 0 b K L5 2 4
BAR. Bk, R RERRE . KKK, pH.
IR A K S50k . Mg TR 4 A5 TR M R
br, RPFEMOREOHMRGEERKRRE, N
FOE o 0 R B 14 10.73%, FEr SRR, 5 PO E
F R 36.65% . KBTI R Y4.75%, KTt E
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PR AN TR IR T 2 o B T TR A 119 62.04%,  EPA
L DHA (5 JE WK M 1920.01%., 45 1, KEa N R

xS TEBXFEARGAATEHERMLLESEOEET)

Tab.8  Fatty acid types and contents in L. crocea in Ningde(fresh basis) 2/100 g

i 2 s i s

fatty acid content fatty acid content
HE®R C12:0 0.06 1R C20:0 0.49
=B C13:0 0.05 R C2001 1.92
WEHERR C14:0 3.50 TR CIERR C20:2 0.28
W5l Cl4:1n5 0.07 B EIAER C20:3n6 0.15
THBR C15:0 0.66 1WA VUEER - ARA, C20:4n6 1.31
KEAE:  C16:0 27.30 T R=MER C20:3n3 0.11
IFRHER  Cl6:1n7 9.60 ZHBRARER  EPA, C20:5n3 4.90
LR C17:0 0.66 ZhZERER C22:0 0.19
TifEER  C18:0 5.51 IFEE  C22:1n9 0.19
ihE  C18:1n9¢ 22.40 A TERIEER C22:206 0.02
WHER  C18:2n6¢ 3.57 T =ERER C23:0 0.06
y-IEHRER  C18:3n6 0.22 T TERANHER - DHA, C22:6n3 15.10
o-TEJ#RIR  C18:3n3 0.95 ZPURR— MR C24:1n9 0.64
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Morphological structure and quality characteristics of
cultured Larimichthys crocea in Ningde

WU Yanyan ", TAO Wenbin >, LI Laihao', YANG Xianging ',
CHEN Shengjun', LIN Wanling', RONG Hui '

(1. South China Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Key Lab of Aquatic Product Processing,
Ministry of Agriculture and Rural Affairs, Guangzhou 510300, China;
2. College of Food Sciences and Technology, Shanghai Ocean University, Shanghai 201306, China)

Abstract: Ningde area is the main producing area of Larimichthys crocea in China. It is a useful reference for
revealing the morphology, digestive structure and quality characteristics of cultured L. crocea in Ningde, and for
the deep processing and sustainable breeding of L. crocea. In this paper, the biological parameters and food
physicochemical analysis, the shape parameters of L. crocea, the proportion of each part and the rate of meat yield,
the organ parameters of the digestive tract, the diameter of myofibrils, texture, color, cooking loss rate, water loss
rate, pH, amino acid composition and taste, fatty acid composition, etc. were measured and analyzed. The results
showed that the condition factor of L. crocea in Ningde area was 2.25%, the fish fillets accounted for 57.32% of
the body weight, and the meat yield was high; the fish head, skeleton and fish tail accounted for 27.35% of the
body weight. In the digestive system, the fish stomach is more developed, there are 15 ring pyloric caeca, and the
length of the fish intestine is moderate, which reflects the digestive characteristics of the feed of cultured L. crocea.
Its internal organs accounted for 10.73% of body weight, while the liver accounted for 36.65% of the visceral
weight. The fish maw was thicker, accounting for 15.74% of the visceral weight. The liver and fish maw were
worthy of deep processing. The cultured L. crocea has white muscle color, pH 6.66—6.74, muscle fiber diameter of
104.21pum. The muscle fiber density is 153.13 per square millimeter. The fish meat is tender. Its amino acid type is
complete, and essential amino acids account for 41.93% of the total amino acids, and the content of lysine is
higher, the umami amino acid accounts for 45.92% of the total amino acid, and the fish meat is fresh and sweet.
The fatty acids in muscle are mainly unsaturated fatty acids, accounting for 62.04% of the total fatty acids, of
which essential fatty acids account for 28.45% and EPA and DHA account for 20.01% of the total content. It is a
high-quality food supplement for essential fatty acids and high unsaturated fatty acids.

Key words: Larimichthys crocea; culture; morphological structure; digestive tract structure; quality characteristics;
Ningde
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