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SHI 4.22%) K & & fKH) DG 2438(3.32%), RIMIMBHEMAMLE; 5 MREREPOARERSNEAR & &
(17.05%~18.80%), 1" DG 1 DL 425 [ 03 % 4t B 5 i T A 3 FhFR SR (P<0.05), Wos SR I 24P IR 2) 5
A 2 £ L s 18 R IR, LR A B (TAAYNT T 73.058%~79.289%, DG il DL i) TAA & . AAS,
CS K EAAI #8503y T HA 3 M fa, 5 HAME A I 25 RAHSE, RUEA DL K H & & A i re R 4
MG A T F, dE—S e T 2R Ly 3) 5 Pk L Xkl 2 23 iR iR, ARSI FR(SFA) . AN
F1JE i B2 (MUFA) F1 22 A1 F I 5 B2 (PUFA) & £ 43 3128 15.03%~19.06% . 49.15%~53.92% Fl1 27.54%~29.40%,
PUFA/SFA {4+ 1.53~1.83; SFA 1 PUFA &3 = Y2 GT A1 DL, 1 MUFA & &3 & & DG 1 DS B4
R, £ TR, 5 FhERTE M I FRIEAE S A0 LR S TR A, TR AR BT T, RS R AT LA AR A e 2 il
FIWLPA 3 SR T, ARAR 0= g = 2 (1 1) DS 2428 FVIGAR =1 & 19 DG 4428 T LAl B AR I 7% 3K o
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JUAF, Bt T 2 Ao ik it 50 A 2 BE 43 1L i B T
AT O s i T — A S e R R 14 8 SR B A
B AR, K HRE R K DL B K T AR
e I R K S8 T e ) R EL A S A RO R S

o EK BRI B SR R K ST A 2007
AE T ey DT HE 25 M o 5 ) 7 328 12 7 R )
VEAG I AHOC TAE, S8R0 T AIRIUHER o i b ot
e BRI A R T, SCBL T R taqE
R T AR ER IR IR 1 4 N T %5, JF R T A ) Fh
PN B Fofr ] 2 52 21 A 0 A R R RS, 0 1 T A
AR B Fhmi 7 0 RS e sc R, H
HI, & K IR K B AR I 37 8 IS LR B 5%
B BAR S TR A 27T e S S ki
T R L S A B G 0 4 UL IR 8 R A iR A
THRIE, (HREXTTFERARK IR A0 T R 28 5R
B 58 B A o ASBIFSESE A H RN A M AR R
BB E IR AR, S FRAE D i L DR 8 5 B
IR NG TR Frawt, WAL A NLIA S IR 1
TERE SRR A Gk e o B2 S ik 5B, [
Ay B A i DA b R 2 0 A 1 RE N B AN
{H R LRl

1 HRE5HE

1.1 SEIEH A

S R R O . PR BTEHE Y 4 1%
g, TATTA N ik BUYEC FCHER fa (PR DL).
FAREIT FCIRAHE D (R AR SHY) ., i (A 2 £ (T PR
GT) L K Bl PN 2% 28 Fh (ik BL I B ECRE 22 £ Q< AN fE
TR IRHER .3, fRifk DS)FIRhE] 252 Fh (X HL W)
FLIRHER Q< m iR HER fad, fiFR DG), HEFh 15
F, IRH(180+35) g, FrA Sigm H fa#l R FH 2B p T
TR PRI I 2 SR A A v BSO#SL I fa it . SE I
0 S5 1 1) 0K 1091 W PR R T 2 IR (K
W) A SRR B K BT8R pH 8.02, &
B 0.38 g/L, /KIL(10£2)C, 2 %A 4.8 mg/L, B
10 mmol/L (/i E ).
12 ALAEFERSOH

WL g ta i | 25 K, BORNTS FRINLIAL, SR
FHUE AR KW, 59 I 85 s/NER R, T8
g, REFpscs syt 3 41, & 5 BamilA

BFE R 1A, TR RAET-20C 8 H . HAHA
W WEHLFE S R e R 1 5, SR RE LIS FH T L
WE IR OR Sy MR MR . MK &
SR AR TR /34T o

K 105 CHETFRE E(GB 5009.3-2010)
EKA, PLIRE R (GB 5009.5-2010) 5 HLE
FJit, 550°C SAR4r Kbk (GB 5009.4-2010)M &
KAy, RIKHIREE(GB/T 9695.7-2008)1 & g
I3, EyEGC2010 plus SAH 35N 2 A 7R (GB/T
9695.2-2008, i JE ik A R AR, dtat), HAL
835-50 RIGHER H B/ B 17 Fha B iR &
i, BioTek ffihm S 254 -
1.3 EFENH

R 98 B¢ A M A 20 0/ B T A= 4 4 (FA O/
WHO)1973 442 H 1 45 5 1 2 L PR DY o s AR =X
TR R R 0 I 9 T R0 R S A TR
(G B R AR AT B IR E I . AT
FERRVEIr (AAS) A2 VTS (CS) I 75 B LR T5 5L
(EAAD"HZ LU R ARIHA:

AAS=FFINEE 1 5t 2 2L R 7 12 (%)/[FAO/WHO
PP LR 15 1 (%) ] % 100,

CS=1 V128 11 0T 24 JE 1R % 1t (%)/ A & 8K 1 T
SR T 1 (%)% 100;

EAAI=[(100A/AE)x(100B/BE)x(100C/CE)x, -++ ,
x (100J/JE)]""x100,
K, n W HEM LT SR (EAAEH; A B,
C, -, I NMF MINEAN EAA & 5; AE,
BE, CE, -+, JE A&XHEE NN EAA & i,
14 HiELE

SR AR - B{EAPR ME 22 (X £SD)FRoR, Fl
JH Excel Fl1 SPASS 19.0 F /A T8ER G o0 #r . R
FHEA R K 5 2243 H (one-way ANOVA, LSD)F Duncan
[RLE BSHEdEIE T a0 T g, 2 7KFR 0.05,

2 #RE5HH

21 tHEBAFHEER

& 1 Al MFRMES 5 B AR fa UL
BIRRRK S E G B 2270, 5 FhFRpE Ak
B aAE Sy LR F RO D5 0 2 B (2=
5(P<0.05). DS MK i i 25 i A 4 Fhaesn
K P A BEAR (P<0.05); HLARNG & = 7E 5 FhIRsd
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Tab.1 Comparison of nutritional componentsin muscle of five cultured Leuciscus fishes and wild L. waleckii

%; n=3; X £SD; FW

Fh species GT SHJ DS DG DL DL (Wild)!"®
JK 43 ash 1.20+0.09* 1.16+0.04° 1.7740.09° 1.20+0.05* 1.2240.01° 1.34
7K /¥ moisture 77.30+1.37 77.20+0.25 76.70+1.00 78.20+1.38 77.50+0.06 79.46
HLAG i crude fat 6.66+1.56" 4.22+0.43"™ 7.23+1.26° 3.32+0.84° 4.31+1.84" 1.23
ML A crude protein 17.26+0.03" 17.05+0.07* 17.1240.10° 18.80+0.00° 18.40+0.28° 17.54

W FATBIE 7 R 2R 2 58 B3 (P>0.05), ARIVNG TR R 22 57 B3 (P<0.05).

Note: In the same row, values without superscript mean no significant difference (P>0.05), while values with different superscripts mean statistically

significant differences (P<0.05).

XD P AR SR, DS & i d i (7.23%), Hkh
GT(6.66%). DL(4.31%). SHI(4.22%)} DG(3.32%),
B 2R RS /0 (1.23%), DS 5 SHI . DL #1 DG
Z AR 35 25 5(P<0.05); 5 FhIpl e % o HA
BN SR, 5EPA RS A AR,
Hrb DG Al DL B8R 1 BT & 5 I d v T HA 3 Fol
FRIHBEIA(P<0.05).

22 SER

1 2% 2 AT, S RiOHES fa JULIA) AR o v A
18 Fh A R, Hoa LR B (TAA) 7 3k
73.792%.73.058% . 73.069% . 79.289%7F 78.637%,
H:rh DG fil DL ) TAA &% 5 T HiAth 3 FlofE P 1
(P<0.05), H5EFAEREARNE 79.345%H 24 . 76l
(1) 18 LR, Glu &5 5(9.476%~10.236%),
HYRH Asp. Lys. Ile 1 Leu, Cys & 8K (1.017%~
1.234%) . [FAE L, FERTING 8 Fhwh G & SEmR
(EAA: Thr, Val, Met, Ile. Leu. Phe. Lys # Trp),
DG F1 DL ) EAA 50 = F GT.SHI Fl DS, {H
£ 5% A (P>0.05); BR Trp 4b, DG il DL Bf{AH
7 Fp BAA BEJRmE TRFARAA, S M IRER fa
) Weaa/Wian FEIETE 0.45~0.46, Weaa/Wiean FEIETE
0.81~0.84, Yy FHFAEHER #14 0.40 F1 0.66.

1 TR JE i 5 AR B 5 0 TR v i R 2 R R 1Y
MMM S RA I, P 2 alH, 5 FlofER o n) Sk
FILFR(DAA: Glu, Asp. Gly fil Ala)& & E, &
IR MY 24.838%~27.836%, MEAK T B 4F ¥
K1 30.879%.4 Fl DAA "1, Glu Fl Asp Y25 & HE
T 18 PR LR & B 1RG22, Hivh, 7 DG il DL
W B A 3 FROHE R £A.(P<0.05).

23 A EF@BRIEM
Y E A B SR E M S L, YT

T BAA RS o Mal s e, g 3 T, s
Fh I T HE % #4649 Thr F1 Val X T FAO ¥F4345, H
A 6 7 EAA & i 2 5 17 FAO/WHO B Fig
EEAEER S, h AAS WEATTLIEH, 5 F
MDA — R ARy val, H{EH
0.69~0.76, %5 BRI &I A Thr, HAh EAA 1
AAS FEREUR T 155 4); CS 5 AAS PE4-%
AN, HE—RH RN Met+Cys, HAH N
0.50~0.56, 25 PR & ILFR N Val, (HFTH B
CS HIHKT 0.5, M 5 PRI ARAE, DG 1
DL BEARR) AAS $E43 .CS P4 F1 EAAT #5%k(92.38
F192.72) )15 F HAl 3 FPIFRFEREAR
2.4 BERRER

5 FhIFRAEAMED G ) 23 FhARIIR, Hrpif
FIRIWTFR(SFA)YT Fh, EdE 308 15.03%~19.06%, %
B E e Cl6:0 (13.40~15.23), H ik H C18:0
(0.20~2.22); FEAMBFIPRITTR(MUFAVE 6 Ff, S
H 49.15%~53.92%, C18:1n9 7E MUFA FlLi JE IR &
E R (40.50~44.15); FERMIE] 10 Fl PUFA,
BLE N 27.54%~29.40%, C18:2n6 % & I &
(18.60~20.55), H:kJy C22:6n3(DHA, 2.49~3.51), n-6
THEET n3 TEER 5). 1E 23 FiisiRRT, A 6
FHESHFER (C20:0. C24:0., C18:3n6, C20:2, C20:3n3
1 C20:5n3) 1F 5 PR Me® fah ol B 25 5740, H
& 17 FITEARIBHARIS A B B AR(P<0.05) . WAl
ki, SFA Rl PUFA & 4= 192 GT #1 DL, MUFA
EEEE MR, DS Fl DG; EPADHA 75
HRERSE DS A DL, Hrf' DL () DHA %t
(3.51), I WFEEHT GT MIDG BT A (P<0.05);
PUFA/SFA FU{EATF 1.53~1.83 (5% 5).
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Tab.2 Comparison of amino acidsin muscle of five cultured Leuciscus fishes and wild L. waleckii
%; n=3; X £SD; DW
LR amino acids GT SHJ DS DG DL DL(Wild)!"®!

Glu 9.476+0.013" 9.834+0.146° 9.564+0.132° 10.636+0.029° 10.236+0.206" 13.159
Asp 7.253+0.099° 6.768+0.000" 7.289+0.050° 8.051+0.086" 7.78140.135" 8.094
Gly 4.298+0.377° 3.810+0.230° 3.917+0.019* 4.393+0.103° 4.284+0.137° 4.772
Ala 4.496+0.085™ 4.426+0.250° 4.486+0.061™ 4.756+0.276™ 4.800+0.044™ 4.854
Ser 2.661£0.106™ 2.629+0.133° 2.645+0.016™ 2.926+0.022¢ 2.829+0.041"¢ 3.152
Cys 1.147+0.035% 1.124+0.228% 1.017+0.003° 1.200+0.154 1.234+0.015% 1.048
Tyr 2.446+0.038" 2.487+0.153" 2.671+0.123% 2.861+0.006° 2.810+0.053¢ 2.826
His 1.835+0.048" 1.758+0.136° 1.808+0.150° 1.892+0.107° 1.902+0.056° 1.866
Arg 4.387+0.066™ 4.323+0.216" 4.500+0.182% 4.700+0.223" 4.718+0.089" 4.890
Pro 2.278+0.072° 2.203+0.271° 2.218+0.059° 2.430+0.191° 2.452+0.020° 3.002
Thr 2.853+0.056" 2.808+0.135° 2.888+0.048% 3.109+0.168° 3.100£0.057" 3.629
Val 3.499+0.019® 3.441x0.300" 3.399+0.004 3.706+0.253"™ 3.766+0.009" 4.089
Met 2.219+0.134% 2.197+0.081% 2.062+0.004" 2.267£0.146™ 2.255+0.003 2.839
Tle 6.449+0.361% 6.296+0.112% 6.185+0.028° 6.533+0.280™ 6.718+0.087"% 3.518
Leu 6.113+0.052° 6.251£0.045" 6.235+0.345° 6.484+0.340™ 6.511£0.088" 6.418
Phe 3.525+0.100° 3.697+0.025° 3.611£0.271° 3.713+0.278" 3.759+0.010° 3.574
Lys 6.760+0.274 6.879+0.074* 6.661+0.155* 7.514+0.193¢ 7.089+0.109"¢ 7.615
Trp 2.093+0.034° 1.839+0.065° 1.908+0.039° 2.113+0.083° 2.389+0.025° -

TAA 73.792+0.800° 73.058+0.800° 73.069+0.679" 79.289+0.554°  78.637+1.023° 79.345
SEAA 31.420+0.150 31.570+0.230 31.040+0.181 33.330+0.273 33.200£0.242 31.682
SEAA(Trp) 33.511+0.161 33.408+0.120 32.949+0.142 35.439+0.157 35.588+0.184 -

EDAA 25.523+0.221 24.838+0.136 25.256+0.095 27.836+0.324 27.101%0.225 30.879
Wiaa/Wraa 0.45 0.46 0.45 0.45 0.45 0.40

Wiaa/Whieaa 0.83 0.84 0.82 0.81 0.83 0.66

W FATBIE 7 R 2R 2 58 B3 (P>0.05), RRIVING TR R 22 57 B35 (P<0.05).

Note: In the same row, values without superscript mean no significant difference (P>0.05), while values with different superscripts mean

statistically significant differences (P<0.05).
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Tab. 3 Comparison of essential amino acids in muscle of five cultured Leuciscus fishes to FAO/WHO standard

evaluation mode and chicken egg protein

DR AEM EAA ot SHI DS b bL FAg?Veﬁl\g}iga}fﬁI%iode e?g%r%tin
Ile 403 394 387 408 420 250 331
Leu 382 391 390 405 407 440 534
Lys 423 430 416 470 443 340 441
Met+Cys 210 208 192 217 218 220 386
Phe+Tyr 373 387 393 411 411 380 565
Thr 178 176 181 194 194 250 292
Trp 131 115 119 132 149 60 38
Val 219 215 212 232 235 310 411
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Tab.4 Comparison of AASand CSfor amino acidsin five cultured Leuciscus fishes

I EAA AAS s

GT SHJ DS DG DL GT SHJ DS DG DL
Ile 1.61 1.57 1.55 1.63 1.68 1.22 1.19 1.17 1.23 1.27
Leu 0.87 0.89 0.89 0.92 0.92 0.72 0.73 0.73 0.76 0.76
Lys 1.24 1.26 1.22 1.38 1.30 0.96 0.97 0.94 1.06 1.00
Met+Cys 0.96 0.94 0.87 0.98 0.99 0.55 0.54 0.50 0.56 0.56
Phe+Tyr 0.98 1.02 1.03 1.08 1.08 0.66 0.68 0.69 0.73 0.73
Thr 0.71 0.70 0.72 0.78 0.78 0.61 0.60 0.62 0.67 0.66
Trp 2.18 1.92 1.99 2.20 2.49 3.44 3.02 3.14 3.48 3.93
Val 0.71 0.69 0.69 0.75 0.76 0.53 0.52 0.52 0.56 0.57
EAAI 87.26 85.91 85.27 92.38 92.72

5 SMBFMTERPERERLREE
Tab.5 Comparison on components and contents of fatty acidsin muscle of five cultured Leuciscus fishes
% (LAIB IR T, of total fatty acids); n=3; X £SD

BIiTR fatty acid GT SHJ DS DG DL
C14:0 0.98+0.01° 0.89+0.04% 0.92+0.06" 0.89+0.03% 0.84+0.09
Cl15:0 0.23+0.04° 0.22+0.03" 0.15+0.04° 0.17+0.01* 0.23+0.00"
C16:0 15.23+1.12° 13.8+0.44° 13.60+0.14* 13.40+0.57* 14.00+0.14%
C17:0 0.15+0.04° 0.13+0.01* 0.11+0.00° 0.13+0.00* 0.15+0.01°
C18:0 2.22+0.19° 1.66+0.06" 1.59+0.04° 0.20+0.03° 1.75+0.26"
C20:0 0.23+0.02 0.21+0.00 0.20+0.00 0.22+0.04 0.20+0.01
C24:0 0.02+0.00 0.02+0.00 0.02+0.00 0.02+0.00 0.02+0.00

Y'SFA 19.06+2.58 16.93+2.14 16.58+2.15 15.03+1.56 17.19+2.75
Cl4:1n5 0.05+0.01° 0.07+0.00° 0.07+0.02° 0.06+0.02* 0.07+0.00°
C16:1n7 6.52+1.31° 8.58+0.19° 8.51+0.24° 8.26+0.32° 7.56+0.83%
C18:1n9 41.00+0.42* 40.60+0.00" 42.10+0.71* 44.15+0.78° 40.50+2.97*
C20:1 1.44+0.09* 1.28+0.08" 1.52+0.04° 1.32+0.04% 1.3240.13%
C22:1n9 0.08+0.01* 0.07+0.02° 1.02+0.06° 0.08+0.01* 0.06+0.01°
C24:1n9 0.05+0.01* 0.07+0.01% 0.060.00® 0.06+0.01° 0.07+0.01%

SMUFA 49.15+4.58 50.67+3.97 53.27+5.08 53.92+4.27 49.58+3.67
C18:2n6 20.55+0.21° 18.90+0.30" 18.60+0.40° 19.28+0.60% 19.40+1.84®
C18:3n6 0.74+0.05 0.69+0.06 0.58+0.02 0.63+0.04 0.70+0.10
C18:3n3 1.49+0.04° 1.23+0.08" 1.20+0.10° 1.30+0.08* 1.3140.14*
C20:2 1.13+0.06 1.12+0.04 1.28+0.01 1.0440.05 1.2240.06
C20:3n6 1.11£0.03% 1.02+0.02* 1.20+0.00° 0.97+0.00" 1.09+0.04¢
C20:4n6 0.90+0.01° 1.40+0.32° 1.57£0.08" 1.264+0.14° 1.50+0.01%
C20:3n3 0.12+0.02 0.11£0.01 0.12+0.00 0.09+0.02 0.13+0.01
C20:5n3(EPA) 0.52+0.40 0.48+0.11 0.48+0.03 0.47+0.06 0.53+0.01
C22:2n6 0.03+0.01° 0.03+0.01° 0.02+0.01° 0.02+£0.01™ 0.04+0.01°
C22:6n3(DHA) 2.58+0.10° 2.62+0.84% 2.73+0.00® 2.49+0.20° 3.51+0.54°

SPUFA 29.15+1.75 27.59+2.06 27.82+2.41 27.54+1.59 29.40+2.51
n-6 23.33 22.04 21.97 22.16 22.73
n-3 471 4.44 4.53 435 5.48
EPA+DHA 3.10 3.10 3.21 2.96 4.04
PUFA/SFA 1.53 1.63 1.68 1.83 1.71

I AT EFRRRZEF AR E P> 0.05), AFEVNG FRERR 227 3 (P<0.05).

Note: In the same row, values without superscript mean no significant difference (P> 0.05), while values with different superscripts mean

statistically significant differences (P<0.05).
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31 EFEHETERHEETMANEFREST

R T AREHE R 0 T s R R, R FRATAE
TR R AR F LR, FELCR A &Rk
FLI A BO ICHE R f0 R REASHE A T Py B ol ] 42 58 3%
B o [AIER T 3k G R SR E 2R 5T FRDR A 57 45 i AR
SRR, AUFFE AT 5 R @tk h
2011 440 A 28 FZ 28 Fr, 1R SR AE R —
IR A RS F i B B = i P S i i 7 NS i o
ARG HT ) S FHER f ELAT HH R0 % 58 A 58
FRREE IR, LA E TR 22 55 £ 2ok A nife
RN o ABEFEH, DS 4238 WP INARAE, AR A
AR EBECA T, BE IR & SR
W HEILH DG s a2 sg, HARAE &
FIILPR & BT 5 DL AEAS —3, KW DL BEAT] fig
FE VR S 22 5 AR R D AR 1 B0 G R v R R
BAEH

THARE A, A RS IR R T
Rt SRR 25 N, —LLF2 it 2RI
IR AT LS B A AR DS, AR BRI H S
B TE R, I Ashraf ZEPOLER T FRAE B A
(Ctenopharyngodon idellus)#i1 - fifi( Hypophthal michthys
molitrix) 5 H B A= Ff i) 8 I il o3, 45 3R A LR 5H
TR LS R . SR B0 A BRI D A R
49 50 3 2 TP AE AR (P<0.05); O’Neill 25U RS %
PR, FE5E AN A R (Seriola lalandi) iy — it &
FEA 0 B3 22 H1(P=0.05), T 75— L8 i 115 2 F
i JC R 7 AR I 35 22 5 (P<0.05) o 38 3 X [ 5+
B A 2 R A A D T — BB 3R AR T D
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Analysis of muscular nutritional composition in farmed Leuciscus spp.
and their hybridsin alow saline-alkaline pond
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Abstract: This study was conducted to provide basic information for a comprehensive evaluation of nutritional
components in the muscle tissues of five cultured Leuciscusfish species and to guide commercial-scale manufac-
turing of fish feed. Four-year-old Leuciscus, including offspring of L. waleckii originally from Dali Lake (DL) and
Songhuajiang River progeny (SHJ), L. idus from the Ertix River (GT), and two hybrids, such as hybrids DS
(DLYxSHJ3) and DG (DLY*GTJ), were held in a low saline-alkaline pond. Fifteen fish from each genetic group
were divided into three replicates, and their nutrient components and muscle amino acid and fatty acid contents
were measured and analyzed. The results showed significant differences in ash, crude protein, and crude fat con-
tents among the five genetic groups except that of water (P<0.05). Ash content (1.77%) was significantly higher in
DS than that in the other four genetic groups (1.16%—1.22%), and crude fat content (7.23%) was significantly
higher than that of DL (4.31%), SHJ (4.22%), and the hybrid DG (3.32%). Eighteen amino acids were detected in
the five genetic groups, and total amino acid contents were 73.06%—79.29%.The total amino acid components
were significantly higher in DG and DL than those in the other three species (P<0.05). In addition, the DG and DL
groups had higher amino acid, chemical, and essential amino acid index scores than those of the others, which
coincided with the higher crude protein content in DL, indicating that the higher crude protein in DG was inherited
from DL, and was evidence of hybrid vigor. Twenty-three fatty acids were detected in the five genetic groups, and
the saturated fatty acid (SFA), mono-unsaturated fatty acid (MUFA), and polyunsaturated fatty acid (PUFA) con-
tents were 15.03%—-19.06%, 49.15%-53.92%, and 27.54%-29.40%, respectively. The PUFA to SFA ratio was
1.53-1.83. GT and DL had relatively higher SFA and PUFA contents, and the DG and DS hybrids had higher
MUFA contents. Taken together, the five cultured genetic groups had balanced nutrient components in muscle and
could be excellent protein sources for human consumption. Nutrient quality was improved effectively through
hybridization; thus, satisfying market requirements with higher lipid and protein contents from DS and lower lipid
but higher protein contents from DG.
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