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TACILP B B T 1 o0 2 5 A J5 1R A L A%
B FEHEAT 1B A MRS R TN R
i1 DB 258 TARILA Y E FR OB ARBTFREA
M R B )N e R B R A 22 1 R 0T e A
(B A s TR HE Ak F 4R A 7 ZERR s .

1 MBS Tk

1.1 SRBeHF

SEHG T K H A N R RO M § X
Kt 4O BUE W& K= irifii 3y, 3 flvfa
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SIRTAG R R A AR B R A FD 58, 42 1] GB
5009.124-2016 $47 , Hirr, €05 FR 78 7K fff 2o 72 v B e
W PR A R A 760 S 1 1 A I e 43T 5 Bis 0 1 g
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55 WHO/FAO & IR fr i X (1, T¥
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POV AT H A, AR B B ILRIT 4 (AAS) (b
2P (COTFE AT .

HAEM G (mg/g « N) = LA ERRE o
T TFEGIMAMER TSRO X 6.25 X
100,

AAS = TFIPHE A MR & & (mg/g » N) /
(FAO/WHO) ¥ 43 b i B 2 o [] T 58 B 188 11 % =
(mg/g* N),

CS = frifE B RS E(meg/g « N /
AR AR T [F AR 2 AR & R (mg/g » ND

K FH SPSS19.0 #4236 B A 7T B B 1 22 4
H7(One-way ANOVA ), 2 H%: ] Duncan’s #1722 5%
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2.1 EMEFHHNE

R 1R, 3 A ik sy HEE LR I SO
I E B B EE R (P<C0.05), H, 2258 AUk
e & (72.95%0) B KT /AN A (74.06%, P <<
0. 05) , H &A% TR . (73. 67 %, P=>0. 05) ; 438
FCHRLEE 7 & (16. 9420 ¥ B 3E B T X6 (P <C0. 05),
T W 2 )22 F AN IE 25 (P =0, 05) 5 4438 FAOBLAS I &
B (4.95%0) {E LT R FH MG, 39%, P<0.05),{HR2
B T /NE A (4. 64 %, P<0. 05) ; 24 38 T MK 43
T3, 03%) H/NE (3. 009 TR EZE R (P>0.05),
{HRWE Y ER T RE A, 67%0) (P<C0.05), ki
BB (= e Pl AV 0 e N e | AN
O R AR IR S A T RCEZ M,
2.2 REBREANSE

AHFFE A 3 Pl BRI B 16 R s LR, Horp
TR T R AEL T IR O R, B 3 M L P
PRI 2, s RIE IR, 3 firfany 16 A
TR & R BN HE P o — L R AR E R Glu &
Wi AR His TRENLE 2, F 9 PR
Hor o aAr 3 M A B g 25 (P<0.05), Hr,
REFWR Asp AR Val. 2 E R lle, E R Leu
2R Lys 7238 FARULAT & B EE & TI0R
(P<20.05); AR Gly NER Ala, KN E MR Phe, ff
ZM Pro E 22 FRILA S S R/ B2 & T/
(P<20. 05) ,fHRE S KREMERARF(P>>0.05),

W TR M B (TEAA) IE L H M N &
(TNEAA) | B R IR & & (TFAA) R &AL 0 &
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(TAATE 3 R Z IR A7 75 B 35 22 7 (P <20. 05) (I,
F 2, H 2258 T EAA £ 8:(30. 76 0) B & T
KF 1 (29. 24%0) M/ # 48 (29. 28%) (P <C0.05),
NEAA il TAAAE =& H & w4 i m 8RR R - 4%
TFR > K >N, FAA L PRy EE
(28. 86 Y0 B T /INEE40.(27. 37% , P <C0. 05) i kK # i
(27.69%,P>>0.05), AWFFH, 3 Fifa i) EAA/TAA

I EAA/NEAA ¥ fF7E 8 & 2 5% (P<10.05), Hi
EAA/TAA 7 40. 93% ~41. 18 % , B FUEAR K Hy - /]
W > PR > K H A EAA/NEAA Sy 85,2300~
86. 18 %% » s BRI N : 2258 TR >/ N H > K
i, AT UL, Jesd S R N AT A

PR ST 4, B IR E R .

Rl KEENEERFZTRIATEFRS S SR (SYFEM)

Table 1 Composition of nutrient content in muscle of L. crocea, L. polyactis and their hybrids ({resh weight) /%
i Koy HEH FAE FIR G
Fish Moisture Crude protein Crude fat Crude ash
K#ifa L. crocea 73.67+0.69% 15.9840.48 5.39=£0.20° 3.6740.13°
INEE 8 L. polyactis 74.064-0.38 16.07--0.26° 4.6440,12° 3.004-0.12°
AT Hybrids 72.95-0.82° 16.94+0,60° 4,95-+0.18" 3.03£0,14
I {—Fh TR R R R Z R B E (P<0.05),
Notes: Values with different lowercase superscripts in the same column are statistically different (P<C 0. 05).
R2 KEBNEEREZTRIATLSFEEREXREFESHS E(TUREM)
Table 2 Composition of amino acids in muscle of L. crocea, L. polyactis and their hybrids (dry weight) /%
45 kit MR RKE 45 K M HRE
Composition L. crocea L. polyactis Hybrid Fy Composition L. crocea L. polyactis Hybrid Fy
g The~ 3.39+0.06 3.41+0.03 3.53+0.07 2R Ser 3.2940.06 3.2740.03 3.3840.06
HAMR Val” 3.76+0.07* 3.75+0.04* 3.9740.07" || BEMR Tyr 2.65+0.05 2.6540.03 2.7740.05
B Met” 2144005 22441004 2.2040.06 | 4158 His 1574003 1614002  1.6540.03
BEBR e 347H0.07°  3.4740.04°  3.6900.07° || KEHEER Arg 4524009 4514005 4694008
EHE8 Leu 6.1340.12°  6.12-0.07°  6.43+0.11" || %8 Pro 2.4740.04% 2434003 2.6040,05"
FEREM Phe”  3.1220.06®  3.0740.04=  3.2740.05" || MEEEMEE TEAA 29244055 29.284+0.32*  30.76+0.57"
HERE Lys” 7.23+0.13*  7.2140.070  7.57+0.14° || EMFEEMREE TNEAA  34.3140.64%  33,9940.38  35.68+0.62°
KAEM Asp*  7.8010.14°  7.8400,00° 8274014 || R EE TFAA 27.6040.51%  27.3740.33*  28.864-0.48"
LR Glu® 11.64+0.23 11.63+0.15 12.14+0.23 AERAE TAA 71.44+1.33% 71114078  74.714+1.32P
HE% Gly* 3.67+0.06° 3.49+0.042 3.761+0.04° || EAA/TAA 40.9340.06*  41.18+0.07°  41.164-0.04
M Ala® 4.4940.08%  4.4040.06°  4.69+0.07" | EAA/NEAA 85.2340.22°  86.154+0.23"  86.1840.13"

. MFEEER Y BIRERER. R—T80E bR RARERREREE (P<0.05), TH,

Notes: * Essential amino acid; # Delicious amino acid, In the same row, values with different small letter superscripts are significantly different (P<C

0. 05). The same as below.

2.3 BHEEERERITEMR

B P RO E SR AR R L EHGRT EAA
AR . 3R 3 Db A FE IR L) B A
FERN) i Z LR A9 2 78 5 FAO/WHO RS
HH R EXS LT A5 R di 3R 3 T, 3 R Ay EAA
BRI . I 22 TS 349.94) > R ¥

(3 286. 11) /N 41 (3 222.02), B F FAO/WHO
P2 190) FIXG &2 H bR (2 9600, Hidr, 3 s
IR Thr, B =2 lE le, L& R Leu, RN A B +
fi 2R Phe+Tyr MR Lys S8 ¥&E TR,
TR Val IR E IR + MR Met+Cys i B
TR IRHEZ (A,
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R3 NMNEAAXEEREZHANATLFIEERSES FAO/WHO fREMBERA LR

Table 3 Comparison of the essential amino acid contents in the muscles of L. crocea, L. polyactis

and hybrids with the FAO/WHO standard and the egg protein /mgeg !N

R KEf AR REE FAO/WHO fil HEEL

Amino acids L. crocea L. polyactis Hybrid F, FAO/WHO standard Egg protein
TEER Thr 349.04 344.56 352.43 250 292
AR Val 387.82 378.50 396.48 310 411
BRI EER Met+Cys 220.58 226.30 298.77 220 386
FEER lle 357.63 350.40 369.00 250 331
2R Leu 631.89 617.29 642.47 440 034
PR+ PSR Phet Tyr 594.71 577.14 604.15 380 565
AR Lys 744,44 727.83 756.64 340 441
BT Total 3 286.11 3 222.02 3 349.94 2 190 2 960

T AIRAE TR B HROR 398 SR E AR — 22
PR 3R 3 PR AATR F MR & BRI FAO/WHO #
RIS 1 BT AR E 20 (AAS) HIfL~2 1T
Gr(CS) A5 RI) T3 4. R s TR 7

Ft EAA ) AAS FICS PR ¥ | TR B RN 4,
WERLL AAS I CS ARy B FR PR b o, 3 Fi 21978 57
B Ty A se TR R >N o,

R4 KEBNEEREZTRUESERAR TN

Table 4 Evaluation of essential amino acids composition in muscle of L. crocea, L. polyactis and hybrid

AAS 74 AAS score mode

CS 43 CS score mode

BHIR
N Kt ANEE BEE Kt AEE RET
L. crocea L. polyactis Hybrid Fy L. crocea L. polyactis Hybrid Fy
FEPk Thr 1.40 1.38 1.41 1.20 1.18 1.21
AR Val 1.25 1.22 1.28 0.94 0.92 0.96
ERR M EIR Met+Cys 1.00 1.03 1.04 0.57 0.59 0.59
FEAR lle 1.43 1.40 1.47 1.08 1.06 1.11
TE Leu 1.44 1.40 1.46 1.18 1.16 1.20
KA+ AR Phet Tyr 1.56 1.52 1.59 1.05 1.02 1.07
AR Lys 2.19 2.14 2.22 1.69 1.65 1.71

2.4 BERBRAES SENE

HE TR A 3 B 45 SR s, 3 e A JTL P P 246 00 39
25 B E A RE MR AL 4 A 4E 7 R B AIAE I ER (SFAD
7 RN RIS R (MUFA) Fi 11 Ff 2 R FIRS iR
(PUFA), 25 MEITIR . A 17 FhIR IR & =78 3 R
P25 B3 (P<0.05), SFA &8 3 Matb g
FIMRARIR - 2238 T8 (37. 0299) > H £ (36. 96 %0) >
/N (36, 31000, HP 22 FUG KRB 22 5 A 1 E
(P=0. 05, {H 2 . 3& = T/NE A (P<C0.05) ; MUFA &
BT R (42, 1590 > 238 TR (41 7290) =/
(40, 62%) ; PUFA &8 HEF 5 MUFA IE#74H

F sk ANEEAE(23. 05 99) >24838 F1(21. 26 %) > K B fhr
(20.88%) (WLF& 5, 3 Al & B IR 41 40 = = (1R HE
P 3R — 3, B IS R (C18: In-9¢) f =i » B AR R
(C16: 00K, IER(C22. 0) Fefik. 232 U/ EPA+
DHA &4 T REaANEAZE, SHEERADR
F(P>0.05), WARZA 22 7 B (P<0.05), &% F
M EFA SRS REMEF AR EFP>0.05, W#H
WE/NT /NE A (P <0.05), %4, 3 F 8y
>n-6PUFA /> n3PUFA M B BIME AR vk H /)N 1 8 >
R¥fh >3 F1, P H/A B SR F+RERBFH
(P<0.05),
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Goit ki N L 2 0 PUFA/SFA
FRHT, = Fl 8 59 1% B 4 B Oh 56. 54 %, 63.52% Fil
57.46%, HpZ232 T8y PUFA/SFA(57.46%) 5

KA (56. 54 V) EF A BE(P>0.05), B EKT
JNEEA (63, 52%) (P<C0.05),

P N

£S5 KEANEEREZTRIATENRAREERESHSE(TUR)

Table 5 Composition of fatty acids in muscle of L. crocea, L. polyactis, and their hybrid (dry weight) /%

Aoy PN INEH AT @y PN INEH AT

Composition L. crocea L. polyactis Hybrid Fy Composition L. crocea L. polyactis  Hybrid Fy
WEER Cl4:0 3.40+0.02¢ 3.054+0.03% 3.1940.,03" || B C18:3n-3% 0.73£0.01°  0.90£0.02¢ 0.70£0.01°
+ HrxEg C15.0 0.40+0.01 0.3940.01 0.40+0.01 R C20,2 1.0740.01*  0.59£0.26* 1.13+0.01°

fextim C16.0 26.6840.13  26.7440,14  26.340.08 | “TBMEMEEEC20.306 0774002 0774001  0,8140.03
BthE® C17.0 0.4540.01° 0.4340.0° 0.50£0.01° || fB4: PU4Es C20.4n6% 0.8740.01*  0.99£0.01> 0.99+0.02°
TERREA C18:0 5.6440.04"  543+0.01*  6.18%0.05° | ZFITHB MR C22:2 0.36+0.01"  0.2140.04*  0.32+0.01°
4R C20.0 0.26+0.02 0.26+0.02 0.28+0.01 Z Tk C20.5n-3 EPA 3.3940.06*  3.81£0.10> 3.25+0.03*
W&m C22.0 0.13£0.01° 0.08+0.01° 0.1240.01°> | =+ A MEER C22,50-3 DPA  0.88+0.02*°  1.07+0.03> 0.91+0.01®

TEfE B C16.1 11.26+0.06°  10.8640.05>  10.3240.08* || =+ BN 1HBR C22.6n-3 DHA  5.8140.05  6.04£0.22  6.13%0.13
B C17.1 0.26+0.01 0.2440.01 0.25+0.01 EPA+DHA 9,03+£0.15*  9.85+0.32> 9.3940.16%
KB C18: 1n-9t 0.244+0.01* 0.3940.01° 0.26£0.01° || WFIEIHER EFA 8.094:0.06* 10.1940.28"> 8.11+0.07°
IR C18:1n-9¢ 29.6840.12>  28.3840.08*  29.95+0.12" || ZSFA 36.96+0.15> 36.31+£0.18* 37.02+0.15°
AR C20: 1n9 0.21+0.01* 0.2240.01° 0.21£0.01* || XMUFA 42.1540.15> 40.6240.14* 41.72+0.23"
F 7B C22;1n-9 0.13+0.01° 0.14+0.01° 0.13£0.01* | XPUFA 20.88+0.24* 23.0540.32> 21.26+0.23%
MM C24:1n0-9 0.384+0.01 0.3840.01 0.404+0.01 2 PUFA/XSFA 56.544+1,56* 63.5242,39" 57.46+1,35°
R ihER C18:2n-6t  0.1540.01° 0.1340.01* 0.17£0.01° || >n-3PUFA 10.6540.17* 11.8240.33" 10.99+0.16°
WiHB C18:2n-6c* 6.49+0.052 8.2940.27° 6.4240.06* || Xn-6PUFA 8.8740.06* 10.43+0.34> 8.86+0.10°
WHRERHAE C18,:3n-6  0.59+0.01° 0.26+0.08* 0.56+£0.01° || Xn-6/>n-3PUFA 0.84+0.01® 0.,90+0.06® 0.81£0.01°

#:EPA+DHA % EPA 5 DHA 2 #1;EFA Jp, TS Ils ; # £t 32 EFA; Y SFA i fisiits m g ; S MUFA 2 Rig fEs s m s ; S PUFA &R
Y FBE iR B D PUFA/ > SFA 3 2 PUFA 5 X SFA HHAE ; S n-3PUFA & o3 BIIZ R FES iR & ; X n6PUFA X w6 £5Z Mgl gs

BE; 2n6/2n-3PUFA K2 n-6PUFA 5> n-3PUFA B HE .

Notes: EPA+DHA is the total of EPA and DHA; EFAis essential fatty acids; # represents EFA; 2 SFA is total saturated fatty acids; > MUFA is total
monounsaturated fatty acids; > PUFA is total polyunsaturated fatty acids; > PUFA/>) SFA is the ratio of 2 PUFA and > SFA; > n-3PUFA is
w3PUFA; 2 n-6PUFA is w6PUFA; 2n-6/2n-3PUFA is the ratio of 2n-6PUFA and > n-3PUFA.

3 Wi

3.1 AR FREEIEEME FHUESTN

L IE TN E LA 8 RS = SRR A
T L DA S i 7 TR 5 et R0 20 B 55 22 e PR 255 i A ok
ER, AR SR TR RS IR D R
RIC<2%) ARIERL (2% ~4 %) (I (4% ~8%) Fii
R C>8 V) AR IF TR A5 3 Bl LA P AR B A
BN A4.64%~5.39% . J8 THAREI A, B & B2
PEO A R T — A B AR o, S LA P B AR
IV B B P LA A5 T e A B IR RN T JRR . IESE S L Y
WLPI ARG 7 & B TR 3. 596 ~ 4. 5% i, 1 IR d o),

ARRIFE AR B A /N A RN 2% 22 AR B LA AR 7 %
BN 5. 39% (4. 64 %A1 4. 95 %0, Py 3 Fh Ay 1
TR R R/ o > T 52 P > R B, i b el
A1 228 AR B L TR FREAR AR 2 ], v 2
.,

ARRWFFEH » F4 38 TR T K B 40 /N o 5=
IR B B T R DL AR A K A i A R
5z A Y BT 45 A — 30 T A se AR
BRI BT RGEZ 0] B AR A48 2 Jp 3 ") o
BMGE, e TREBRE N EFRNE.
3.2 ZRTFREEBRITMN

FAEERE N EE A E R —, M &
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HBE M ERRAEZR R . oY E A s ek
e R E T R IRE IR (B H R RAE R .
HER NEARD AN & &, HPAdR MR
Rl 2 B IR S R IR A A TR B IR B i, T R . N R
R HRERR , R, 4 TR RAH
M HABRMNAR S B a T R af/het, ir g
R IEIR FAA &R AR B T 00E, Ir LA se 7R
JLPA B SR B T A T 00 B LR, as R
5 ORMREP e A B () SRFFEECL I Fy
FARRRAL G W 44 2 8 BT AR SR M — 8. TR A3
P o 0 A BB 2 R B B SR E I R R,
AT R 258 FRE & 2R TR 5 MR, Hh 4
MR LR AR MO AR m Y B TN A
R H A, HRIESS  BBR A AHT BR AR a A
HAFEZERP, 2258 TARNLA o B2 1R AT L3R
AN PO SR 0 R L A AR B AR B B
PRI, BRI, 2428 FREDUR BB B M E S 0
B, B RAE BB R 2 38 520 I A i
B, BYEE TR &SRR A AT b Bl i AR B
FARM A, HE O A E RN ER S, A
TR f MR 2B 0 B, K /hNeif L H R Fr Ay
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An Analysis of Nutritive Composition of Larimichthys polyactis 3 X
Larimichthys crocea ¢ Hybridmuscle and Their Parents

LIU Feng', GAO Song-Bai’, ZHAN Wei', CHU Tian-Qi*, LOU Bao'
(1. Institute of Hydrobiology, Zhejiang Academy of Agricultural Sciences, Hangzhou 310021, China; 2. Marine and Fishery

Research Institute of Zhejiang Ocean University, Zhoushan 316021, China; 3. School of Fishery, Zhejiang Ocean Universi-
ty, Zhoushan 316022, China)

Abstract: Larimichthys polvyactis and L. crocea are important marine fish species, which naturally
coexist along the Yellow Sea and East China Sea. L. polyactis & and L. crocea § had successfully hy-
bridized under laboratory conditions with the common fertilization procedure, resulting in fertile hybrids
as viable as the parent species are. However, little known about the nutritional facts of their hybrid
muscles. In this study, we analyzed the nutritional components of L. polyactis and L. crocea muscle and
L. polyactis XL. crocea hybrid muscle using the current national standard methods. The results showed
that the hybridmuscleis significantly different from that of L. crocea and L. polyactis (P >>0.05). The
hybrid muscle had a significantly higher moisture level (72. 95%) than parents (L. polyactis, 74.06%;
L. crocea,73.67%). The crude protein content of hybrid muscle (16.94%) was significantly higher
than that of two parents (L. polyactis, 16.07%; L. crocea,15.98%) (P<20.05). The crude lipid con-
tent of hybrid muscle (4. 95%) was significantly lower than that of L. crocea (5.39%) and higher than
that of L. polyactis (4.64%). The hybrid muscle possessed the highest contents of total amino acid and
essent amino acid, The delicious amino acid content of hybrid muscle (28. 86 %) was higher than that of
L. polyactis (27.37%)and L. crocea (27.69%). The nutritional value of the hybrid was the highest,
which was followed by that of L. c¢rocea and L. polyactis. The hybrid muscle had a significantly higher
SFA content than two parents (P<C0. 05), and the contents of MUFA and PUFA of hybrid muscle were
the intermediate between their parents. Moreover, the percentage of PUFA among SFA (57. 46 %) was
higher than that of L. c¢rocea and lower than that of L. polyactis, and higher than the standard (40%)
established by Food and Agriculture Organization of the United Nations/World Health Organization
(FAO/WHO). The hybrid muscle showed higher nutritional values and muscle qualities than L. crocea
and L. polyactis. Our findings provided valuable information for the selection of traits in breeding.

Key words: Larimichthys crocea; Larimichthys polyactis; hybridization; muscle; nutrient composi-

tion; amino acid; fatty acid

AEGEE REX



