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WE: N 7T TS AR (Takifugu flavidus) ISR Jr il (T. obscurus) 2458 F1 AL E 7
FRAE, FURIZEMA 27, WRRRSEIGREAC T E 9 R UL LR 1 KIS K ML 2y A
SR A AT T IE R AT S8R BIR: (1) 2838 FLAREA KT T HA B B2 R, HokAZ
AP B 7 (P <0.05), 4T FL AN E RN HSEAN 1.48 ~ 177 ff; (2) 2458 FLAUILAZK >
SRS RS BAHNL, (BRI & BB EAD (P<0.05), HEASENSXAZRARE (P>
0.05); (3) BREEFRFIPEZ RS, 16 Fha LM NLAREA P AT 2], B H R 24, o4y 15 Fl
AL EIEAE R EER (P <0.05). A6 (Q) x BLUARTE (3) 2448 FLARVKIR
AL S R, MRSl () < ARl () FL ARSI S BRI THEAZ . X
FOA SRR ST TR I, 588 243 7 il b5 3L 0 R A FLARZ M AAAE R %2 5 (P < 0.05),
M S SR 7 il 55 JEE e A8 FL AR Z I 22 R (P> 0.05); (4) WLAE IR BN 45 B W, 28
HOTl (@) < BEGURT il (3) 2448 FLARIMEERZU R IR & 5 26.68%, W1 TXCEFHEA (B AR
Jrfiti 22.28%. WSS Jrfiti 25.20%), TMHESUAR T () x SR I (3) FLARIKEERE LR 2
(23.30%) HKILALAmfm, (AR TIHREAR, WIS IREN, AR iR ETRGA T IR R
Frbk, R RAT AR (Q) x WESUR Tl () 2448 FLAY, T e (iR s e &, o
He)H.
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Abstract: In order to understand the nutritional components and quality in muscle of fish Takifugu flavidus, T.
obscurus and their hybrid F1 generation we took 9 tails them to measure the contents of crude protein, crude
fat, moisture, ash and amino acids in the muscle, as well as the growth rate. Compared to their parents, the
hybrid individuals grew significantly faster than their parents; their weight of hybrid individuals increased by
148% - 177%, showing a marked hybrid vigour. The muscle of crossbreed F1 had lower crude fat content
than that of its parents, while the moisture and crude protein content was similar (P > 0.05). Total of 16 amino
acids was detected in the muscle samples of hybrid F1 and the content showed significant difference except
Met (P < 0.05) except Try and Cys. The total amino acids in T. obscurus () xT. flavidus (&) were higher
than that in T. flavidus and lower than that in T. obscures, while the T. flavidus () x T. obscures (&) had
highest content of total amino acids. There was no significant difference between crosshreed F1 and T.
obscurus in total essential amino acids (P > 0.05), while the difference between crossbreed F1and T. flavidus
was significant (P < 0.05). The composition of total tasty amino acids in the muscle of the crossbreed F;, of T.
flavidus () xT. obscures (3') was 26.68% which is significantly higher than that in T. flavidus (22.88%) and
T. obscures (25.20%), while the total tasty amino acids in crosshreed F1 of T. obscurus () x T. flavidus (&)

(23.30%) was higher than that in T. flavidus and lower than that in T. obscures. Our results showed that the

muscle in the crossbreed F1, especially the T. flavidus(Q) x T. obscures (3) crossbreed, had higher essential

amino acids and tasty amino acids , and it might be a new promising candidate for aquaculture.
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3§ 4 )70 (Takifugu flavidus). IE40ZR
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TRy, BERE - MEEK, FK, &
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BRI EE UK 2 R AT, FE
HIEET - 20 CUKFEIRAF R -
1.3 BFBAWETIE

SEHG Ah K 2> W5 R 105°C HE T ik
(GB5009.3-2010); #H A 43 -l s R H] 550°C
JIkeid; (GB5009.5-2010); AR 117 &l s K
MHLR &A% (GB5009.5-2010); HLi i 7 &
e K R ICHEGE  (GB/T5009.6-2003); %
E A s e kM SR K Bk
(GB/T5009.124-2003 ) #EAT iy Ab #, 2R J5 H
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PR RN Z R A1 1) 16 Pl JE PR 75 1
1.4 BFRFENYTIE

Moo e A B R kR 4 40 ( Food and
Agriculture Organization of the United Nations,
FAO ) /i 5 T 4 40 241 ( World Health
Organization, WHO) 1973 4EZ 104 75 & FE
1% (essential amino acid, EAA) Ty,
[%, T#))i (dry matter, DM) 1FI14=39 852K 1
SR b T BIERAE A (%, DMD 43 v 2 St
I 1E4> (amino acid score, AAS, Saa). L%
PE4> (chemical score, CS, Sc) FlibFHa L%
FE% (essential amino acid index, EAAL, lgaa)o

Saa = FEMBEZIER S H/WTO FriEiX
AR IR &5 Sc = PRSP AR S
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fi: F= (W + 52dR + moedlR) [ CF
WA + B,
1.5 FEAHE 5%

FIF SPSS 18.0 A x Hiadt AT 4e i 4047
K R 7 2243 H1 (one-way ANOVA, LSD)
AT =R BE TR, P < 0.05 hEREE,
P> 005 4R AW, S BdsBCer At
175376

2 ZGRELH

21 SEHAEEYIESH

Xof S FH () 2R 7 34T AR 402 2 00
SRR 1o Fe58 AR 7 il FAT W 2 1) AR AR
X AAE FLACR B, JAAE., 2K, R KA
et 5HoEAfFE R EEER (P <0.05),
DL S0 2R J7 fifi 2 BEAS IR 2 28 F1 A AR B ik
1209 g/)2, EHEAH 1.68 ~ 1.77 £, 1LA%
BRI A BEAR )84T FL ARG K PR 12, 44
HIK 106.1 g/f2, JEIIEAN) 1.48 ~ 1.56 1%,
MREAZ A EZE R A RE (P>0.05).

EAZ K RE AREMMAK A
TAAE R EMEZER (P>0.05), IFERA F1LALZ I
MR HE (P<0.05), AKMEANPEA FL
P2 (R ZE 35 3% (P <0.05),
22 —RREFRBA T

BT 2R O il W SR D il B I R AL FL
KRR —BEE IR T IR 20 JeA8 R ITEELA
TR S s S AL REAAHT, g B AR Uy il
FE AT (@) =< BEEUR il (3) FL1 AR
5 SR Ty i S S SR Tl (@) > 4§ v ARy fili

() FLAR, efflzHERAEE (P>0.05),

F1 RS HACAMILY ZE 5 B3 (P<0.05). %
JitiliZeAs F1OACHE WG & |3 ToR A (P <
0.05), HEASENZESAEZE (P>0.05);
XTIy g keidl,  DARE SUR 7 il BEAS T
28 F1 ARG IR RBUHIE, ZR AR E (P>
0.05), fHXf 1~ Lhgg os AR U7 il BEA [ 258 F1
R, WfEEE BEMEER (P<0.05).
2.3 BEBRAMMEEMT
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Table 1 Biometric parameters of Takifugu flavidus, T. obscurus and their hybrid F1 generation

FERFIIS HE (@ 4K (em) K (em) PRTEMEK
Sample types Weight Total length Body length Weight/Body length

35395 45 J5 il Takifugu flavidus 68.2 125 10.3% 6.2

5 SR J7ft T. obscurus 719 13.2 11.4° 6.5
WEGUR i (Q 4 T 7R f

HEURTTEE () x MBFITH (8 1209° 15.9° 13.3¢ 9.1°

T. obscurus (@) xT. flavidus (3)

B T 2R 7 i 5 GUAR il

ARl () > WEEUR Jifil (3D 106.1° 15.5° 127 g.42

T. flavidus (@) xT. obscurus ()

[FIZ R JE b G B A R A B R ZE R A B (P> 0.05), AARNE PR REREE (P <0.05), A5 HEFENZ

RN 2 B3 (P<0.05),

In the same column, values with no letter or with the same letter superscripts means no significant difference (P > 0.05) between them,

while values with different letter superscripts means significant difference (P < 0.05). The values with letters superscript vs. no letters also mean

significant difference (P < 0.05).

R 2 FEARITEL. BEORITH KRR FLARMA—BCEFRHS (n=3, #FmE)

Table 2 Muscle composition of Takifugu flavidus, T. obscurus and their hybrid F1 generation (n = 3, flesh weight)

FESRRZE Ky FELIE FEH KRSy
Sample types Moisture (mg/g) Crude fat (mg/g>  Crude protein (mg/g) Crude ash (mg/g)

% #4577ttt Takifugu flavidus 764.0° 5.1° 203.0 16.4°
WS4 J5 i T. obscurus 758.0° 19.4° 202.0 20.4°
AR il (Q B R it
WREURITBE () > HIVRIT8E (&) 757.0° 10.3° 204.0 20.6°
T. obscurus (@) xT. flavidus ()
FHE ARG (Q W5 SUZR Ty fi
RBUETTEE (9) x BEURTTHL (8 768.0° 41° 202.0 121°

T. flavidus (@) xT. obscurus ()

[FIF R JE b G BEA A R BER R ZE R A B (P> 0.05), AARNE PR RZEREE (P <0.05), EFEHS5HFENZ

MR RRZETEFE (P<0.05).

In the same column, values with no letter or with the same letter superscripts means no significant difference (P > 0.05) between them,

while values with different letter superscripts means significant difference (P < 0.05). The values with letters superscript vs. no letters also mean

significant difference (P < 0.05).

295 2R S SOR T 8 % FCIE ag FL AL
Pl P BR LR R AL 2RO ) 16 Bl SR
PR (R 3D, BRWHZERSS, Hax 15 Ff
IR 8] 5 RIAAEAE B E 225+ (P < 0.05),
M RBL, AESRAS 2T FLAGH, R MR
ALK e SR 22 AN (P >
0.05), WIMFSURI B 55 R Tl (@) > I
ORI (3D FLARPIE TR 1) 9524 1R« 424 IR
FotER. RNER. HER. WEAR. K&
TR WNRIR. BRRE, AT L

ARIjE (Q) = FARJil (3) F1 AR I3
AR MER. HEAm. WAR. RS,
BATHFRIREARRSEARE 2248 F1 ARG 702
FERNAFAEE BEMEES (P <0.05), W%
HO7ll SR Tl (@) x WG Il (3)
FL AR BR R 2 MR AL, i SR M e
BEEER,

B VR AR g il I SO A 3 AR 7 A Q)
x BESUAR T il (3D FLAR KMIESUR 7l (@) x
SR DT (3D FL AR R S LA i
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K3 FHERGE. BEORTHEARE FIREERSEEHMR (n=3, #FHE)
Table 3 Composition of amino acids in the muscle of Takifugu flavidus, T. obscurus and

their hybrid F; generation (n = 3, flesh weight)

FIEW 5 Amino acid contents (mg/g)
LML RSSOy fil (@) > AT (@) >
Amino acid composition 4 VR J7 it I SR Iy il FEAR I (D) FER T (3
Takifugu flavidus T. obscurus T. obscurus (@) x T. flavidus (@) x
T. flavidus (3) T. obscurus (3)

J3% % Threonine (Thr) * 6.2° 6.7 6.4 6.9°
HHE R Valine (Val) *© 6.2° 6.9° 6.6" 7.1°
Fi % %% Methionine (Met) ™ 45 49 47 49
S 1soleucine (lle) *© 5.6° 6.2° 6.1° 6.4°
SR Leucine (Leuw) *° 10.9° 7" 11.6° 12.1°
KNAWR Phenylalanlne (Phe) * 5.2% 5.7° 5.6° 5.8°
WA Lysine (Lys) ™ 13.0° 135° 14.3° 14.0°
Z1E W Histidine (His) ° 36 3.9% 3.9% 4.1°
k5% Arginine (Arg) ° 9.2° 10.3° 8.7° 10.0°
KA Aspartic acid (Asp) ** 145° 15.8° 15.2° 16.1°
2254 Serine (Ser) * 6.2% 6.9° 6.5" 6.9"
AE M Glutamic acid (Glu) ** 22.6° 24.2° 24.0° 25.2°
&R Glycine (Gly) ** 7.9 10.8° 8.2 10.4°
& Alanine (Ala) ** 9.0° 10.2° 9.2° 10.2°
W% % Tyrosine (Tyr) ™’ 4.7 5.3 5.0° 5.2°
Jii&® Proline (Pro) * 5.3 6.8° 5.4° 6.1°
SAA 134.6° 149.8° 141.4° 151.4°
YEAA 51.6° 55.6 55.3° 57.2°
SHEAA 12.8° 14.2° 12.6* 14.1°
YNEAA 70.2% 80.0° 73.5° 80.1°
YDAA 54.0° 61.0° 56.6° 61.9°
YEAA/SAA (%) 38.34 37.12 39.11 37.78
YEAA/YNEAA (%) 73.50 69.50 75.24 71.41
YDAA/SAA (%) 40.12 40.72 40.03 40.89

YAA NEIEMR SR, YEAA N LATEIER SR, YHEAA A @RS, YNEAA N F LR ERRERE, YDAA NERE

R RE: XHBHEER, o PUREIER, SOV IELREIER, ANERREIER, ONHEILR, VAT EEIER. [F5EdE

IR BB MR B R ZE R A B (P> 0.05), GAFR/NGFRERRZEREE (P<0.05), JLFRFSHFENZ MM R Z R

# (P<0.05).

> AA mean total amino acids, ) EAA, total essential amino acids, > HEAA, half the total essential amino acids, ) NEAA, total non-
essential amino acids, Y DAA, freshness to total amino acids, ¢ essential amino acids, o half essential amino acids, ¥ non- essential amino acids,
A freshness amino acids, < branched chain amino acids, v aromatic amino acids. In the same column, values with no letter or with the same
letter superscripts means no significant difference (P > 0.05) between them, while values with different letter superscripts means significant

difference (P < 0.05). The values with letters superscript vs. no letters also mean significant difference (P < 0.05).
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M54 13.46%. 14.98%. 14.14% J% 15.14%,
A48 7 5 0F AT FL AR (B4 S
P2z (P <0.05), WaUR Il HIEAR 4%
FAEAES BEMZER (P <0.05), MHHRAE
TRIZERAEZE (P>0.05),

X 3 L T S R SRR UL, 2 R
Dy 5 HOE AT F1 A RIS AA AR W 1 22
st (P < 0.05), TSRl 5ILIERAE F1
R EMZESAREE (P>0.05); Xk
HERR R, RS R GUR il 5 R
A FLARIR A BB 22 5 (P <0.05), Xf
4 FIARR DR EEE R S SR L& S
ARG AL TR RS T LR R, 1S
GURTTERAR, 57318 37.12%F1 69.50%, %
gURJT (@) < gguRJrll () F1 AR
T, SRR 39.11%F1 75.24%. 4 FRAMAK)
e IR 2 R S N S SR L R AT 40.03% ~
40.89% [a], FLADJFAEAERETEZ S (P >
0.05),
2.4 BRI

¥a38 3 M SRR B 3 B e AU

RIERZwHE, 5 FAOWHO Z il E LR
PEI bR AERSE R 40 B i 1 U I S R IR S Ak
TR (R4, IFHEH 4 Bh 2R 7 il S e A
MEILRIE > (AAS). L2EPF4r (CS). g
SIEMRIEE (EAAD FIS B IEIR 575 T A
BRI (F ) (& 5. RISEIERIF
(AAS) FLZEVESr (CS) 40HT, fE 4 P4y
fiui S REAC T, 55— R0 IR LR AT ]
I R ARG RN S e 2 . 2R BRI B R 0
FIMRIEE (EAAD MK, & 51.95, 2R
Jrfif (Q) x WESUATr il (3) FL AR EAAI
R 5, A 59.00, At P S 56 1 A ) 22 S
AR 4 FhZR 7l SCIGFEA I SRR 2 B8 5 05
FREFERAL (F ) ZRAEE (P >
0.05), ${E 7 2.25 ~ 2.33 . |i], J& T % & be A o
25 EEREERS T

IR S IR (P 21 S 5 T RE S /e — e R
e AREESEREE, fEREREFER T,
REGDIRINB AR R 2 AR, Hrh
ARk, 1 H 2R S AR 2 H
R IR RFAEPE SRR o 1 AT FL AR HLRCENLA

R4 FERITEL. BESORITH R FL ARNAH B REIER S REE (07 mg/g)

Table 4 Composition of essential amino acids in the muscle of Takifugu flavidus, T. obscurus and

their hybrid F1 generation (unit: mg/g)

IHECA TG () x

AT (Q) x

. A B AR 7 i IO AN , N b 1 &

AR RIAIEE gy AREOTSE (8 WgcRosel (o) TAOMWHO bl IR
- - . Takifugu A FAO/WHO Egg

Essential amino-acid . T. obscurus T. obscurus (@) x T. flavidus (@) x g

flavidus ) standard protein
T. flavidus (&) T. obscurus ()

AT 164 173 165 1.86 250 2.92

Threonine (Thr)

4R Valine (Val) 1.64 1.78 1.70 1.91 3.10 4.10

#iZR Lysine (Lys) 3.44 3.49 3.68 3.77 3.40 4.41

LR A iy

G 148 1.60 157 172 250 331

Isoleucine (lle)

SR Leucine( Leu) 2.89 3.02 2.98 3.26 4.40 5.34

RINIR + IR

Phenylalanine + 2.62 2.84 2.73 2.96 3.80 5.65

Tyrosine (Phe + Tyr)

&t Total 13.71 14.46 14.30 15.49 19.70 25.73

AT R B L)

Proportion of total 38.46 37.37 39.32 37.97 / /

amino acid (%)
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RS AMEFEHERNAPEERITS (AAS) ALETES (CS)

Table 5 Comparison of amino acid score (AAS), chemical score (CS) among Takifugu flavidus,

T. obscurus and their hybrid F1 generation

LRIl () x HEATTHE (Q) =

. B3 55 25 T i 5 B4R T fi HsE ARl (3D WEBUA Tl (3D
Wit A Takifugu flavidus T. obscurus T. obscurus (@) x T. flavidus (@) x
Essential amino-acid T. flavidus (3) T. obscurus (3)
AAS cs AAS cs AAS cs AAS Cs
FREIR Threonine (Thr) 0.66 0.56 0.69 0.59 0.66 0.57 0.74 0.64
i 1% Valine (Val) 0.53" 0.40° 057" 043 0.55" 041 0.62" 047"
iR Lysine (Lys) 1.01 0.78 1.03 0.79 1.08 0.83 1.11 0.85
SESEE R Isoleucine Clle) 0.59"* 0.45" 0.64" 0.48" 0.63" 0.47* 0.69" 052"
TEEE Leucine (Lew) 0.66 0.54 0.69 0.57 0.68 0.56 0.74 0.61
RN + R
Phenylalanine + Tyrosine 0.69 0.46 0.75 0.50 0.72 0.48 0.77 0.53
(Phe+Tyr)
EAAI 51.95 55.10 54.08 59.00
F {f F-value 2.29 2.25 2.29 2.33

7 ONEE IR R IR,

BT ONEE IR AR . EAAL il R EERTEEL.

“*” represent the first limiting amino acid, “#” represents the second limiting amino acid. EAAI. Essential amino acid index.

T IR S R R o AR 6, 5
BRI (Q) < BEGURJTf (3D 4248 F1AR
F R IL R Y TR A, HRER
26.68%, IMMELUZR il (Q) &85 AR Tl (3)
AR FLAREE R S 1R o i R ACA i s, (EUIR
FILBEA . 4 B AR Ty i SEEG AR A AR LIk 13t
SRR (Q) MEGURTIE () A Ry

REA B Bk e, HAT BT I FF R BT 5t
3 itig

31 KT GFERIN—KE T
#r

ST AL b 0 B LA AT )
SRR R L S5 bn, 0 PR ) v
&R ATy HIEIG S R A 2.
FEARSZIG T, 4 PRy EREA LA A R =
AT, 1E 20.2% ~ 20.4% [A], X UEIHAAT 4T
fis 55 SR AR 2 LR S 27 TR I KR ) 22
S, HARHEFTIAS IR AR T e T LA (14
W (GLFEITEE 2002, mERisE 2011, P
4 201D, XWREHFFEMEAN A OG, Mk

{OFE S0 W N T LT L NI I /NS S CN 5 N
BN 2 7T R Z W, (R VF 2 A
SIS0 VE SR 1 IR N S R D2 £ 53 NI 73 (£
KPR S M A R — St

5 4 PAT SIS FEA R, 45 R
() > WEGUARJTE (&) WEEURTrfil (@) x
FEARITE (3) 28 FLAIE YRGS
SRAR L SR TREA, UiHIAEE TR ik
EREA R85 AT DR AT SR e AR B
AT P AT W 2SS, R R A B
Jrfili (@) < WEGURTTHE (3D 28484 I,
FOHUR > S5 R W S A 3 AT, ik
oy N B e, R AT FL AU ABAE
AT S A, e P SRR e
DU R oo
32 BAIXFRITHMERFNARERTEML
BT

PO EE R IME R R E R R AR 2
RIEIRIC S BN R, 5 Tl o 0 o e R PR A
UREIEIR o 44 B0 il (@) =< WELUZR il (2
PR T L T B R TR E (EAAD Wk iy



640 « 27 Chinese Journal of Zoology 51 %

K6 AMEGULRAEANAHERIER S EEHRLE (TH, %

Table 6 Composition of freshness amino acids in the muscle of Takifugu flavidus, T. obscurus and

their hybrid F1 generation (dry weight, %)

SR AL IR 54 35 < 77t WL BESURTT L (Q) =< AR ARTTEL (3D AHURTTE (@) =< WESUAJT il (2)
Flavor amino acid Takifugu flavidus T. obscurus T. obscurus (@) xT. flavidus () T. flavidus () xT. obscurus ()
LT,

KA ﬂ*‘ . 6.14 6.53 6.26 6.94
Aspartic acid (Asp)

ﬁﬁ@&_ . 9.58 10.00 9.88 10.86
Glutamic acid (Glu)

‘H4%# Glycine (Gly) 3.35 4.46 3.37 4.48
NZ R Alanine (Ala) 381 421 3.79 4.40
it Total 22.88 25.20 23.30 26.68

THOEA, KHRA RIS & AR
BOWEAM BL, X5 %4 8 ( Paralichthys
olivaceus) 5 R4 (P. dentatus) (SCH#ESE
2007). [ABE 2 (Verasper variegatus) 55 B
JIlfi# (Platichthys stellatus) ( FJ%% 2010).
1B (Odontobutis potamophila) 54
YIS (0. yaluensis) (HIVETZE 2014) 254
FEN AL, e AR E TR o # R L
WS s L Aok .
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