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oA 47 4R 36 il A A S B A A
1 MRSk

1.1 IHAEMFEILR

S HTEE T 2010 4 9 ARICE WL A L B R
JHEIK 7 3% BE 2% E) R SR B R, R T Ol 140 ~
230 g, BEFETE J1 U AR T A AR BE 5 S 1 M
W g 1S, Pkt 100 R T IEX LR, S5
FHBE IR FR T 40 m* iy K TR Tt (K x 58 x Rk
8 mx5mx1.5m) ikl 12 m* 2245 4170 i oA
SR Bk, VDR IEEE A 8 ~ 10 em KRR 1 m AT,
B2 ~3 K#asK 30% ~50% , 4 7 ~ 10 d Brib s g0 b
B G Ve — I, SR BITA) 24 h B4, 45 H 1800 4%
MR PHARL Sk B 7 8 FN 45 15 ( Sinonovacula constricta)
SR RT, B IR WA 1. M i oy Ak
SR 5% ~8% M 3 h 5k A I il B 1E
O, CH BAF 8 s A6 A A5 A R E A FE T 00, A 4
BRABANK I P R P M A o IE FUSE R I ] g 2010 4F
10 46 H—2011 4 1 J§ 4 H,3L3} 90 d, 550 1
6] [ 8RO R 23 ~25, 7K i 8 ~22 C,pH 7.0 ~
9.0, % >5 mg/L; % A <0.5 mg/L, T H§fRh <
0.10 mg/L,
1.2 XE5MHEH

15 52 5 1R 5 0.30,60 .90 K 43 51l B B R A
10 ~ 12 U8, FW K 40458 1 B K 0K 4y, T IlE b
R ROKE A D B e 58, i RO FREE R B
JE=0.01 g) . fiffF I OF 5L B A 0 42 9 L A
I HERAFREE , 20 W5

HT-J% i 78 %% ( hepatosomatic index , HSI) = AF

i i 2/ 1A BT x 100% (1)
4 Ji7 5 %% ( gonadosomatic index , GSI) = By #i
H/E i x100% (2)
i A % (meat yield , MY ) = JJLPA 5/ (5T x
100% (3)

PRI JG BT A R R AE T — 40 C kA b 15 2
A 5E
1.3 £UEAHNE

FAERASME I AOAC(1995) 1
FRUE A K43 (105 C LT EfE &) E AR
(BLRE R ) MK (550 C TR EHEE) &
8" 535 Folch i (1957) % I S M W EL (V/V =
2: 1) $RHANE IR E LA Y R AW - R
TR E B KA o R A A

Fe KA B R AT AR Wu
J5'¥: ] TAROSCANTM MK - 6s 44K i )2 64,435 41
f# {X ( IATRON LABORATRIES INC, Tokyo,
Japan) i 17 i 28 43870 Hr . 9% g ( phospholipids,
PL) . JH fiz ( cholesterol, CHO ) ., H il = fig
(triacyglycerol, TG) . Ji# 25 g i g (free fatty acids,
FFA) . Hiih—Mt ( monoacylglycerol , MG ) F1 iH [#] 5
fig ( cholesterolesters, CE) F bR i ¥ B Sigma 2
A, TS0 B 5 TE A 0 S 8O T AT )24,
DL R I8 2R m o0 7€ PR A | B8 28 173 1) 5 R
FHEARE 20 bk o R 14% 19 = AL - i
NS R N AT RIS AL A B R 2 R B R
JEHEATRRWTRR 70 Ao BT AR S Agilent 6890 “UAH
{035 | 6 40 45 FE B S o Omegawax320 (30. 0 m x
0.32 mm,USA) , A5 11 &0 KO G D g 1Y) 3 2 34
260 C, G A 60 T L& B Y Il F
260 C B2 T4 B 7 IR 4 0 1k 06, AR T
30 mL/min ;25 < 3% 3 2 300 mL/min , (MM S AR A
SR 25 mL/min, 733 b 12505 Hs g 2y 60
kPa, flg7iR & & AR A A 43 bk

BB 5 AT A BE R Y SE #% B Chen
SR AT . BOR TR IR 0.1 g A,
K 6 mol/L LR , 76 110 T4 F T /K% 24 h, K
fift 7 1y A 25 48 7K i B O /€ A 21 50 mL, B0 J5 K
WG UE . W1 mL i S R B WAE 50 T
FUT 2T, DL ERRILIR, L2 H A2 2 W, #Hn
2 ~5 mL 0.02 mol/L EhERIE R, B 1 wL % ff
T @B oM, BT A S 1 1 3% R 4 2% W] S-
433D IR A g A, ORI E R 10%
A S B K i, i — Y B OR T 8 2 5,590 nm
T I R e R A b R I A SR
F it B R A AR K AL IR FAO/WHO/UNU
(1985) J5 i it 47 W 75 & 3L R 47 {H ( essential amino
acid score , EAAS) 114 .

EAAS = i b i @ B R & 7 /FAO &%
A AR R x 1000
1.4 HiELE

B A7 B ok HF B (E = b 223880 R A
SPSS 17. 0 ¢ {4 X 52 56 % 96 9F 17 G2 i 0 #r,
Levene 1% #EA7J7 26 57 PR B0, 24 AN 5 2 5% 1207 22
I XS 53 RO E AT B IE 5% P 7 AR AR B, SR
ANOVA X SLB 45 R pE A7 75 22 70 #r , R Tukey %
AT ZEILE P <0.05 HERBE,
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x1 HREMABENEFTHS

Tab.1 Nutritional composition of
trash fish and razor clam %
W J f i 8
trash fish razor clam
TR 4 proximate
JK 43/ E moisture/ wet weight 80.31 81.55
i/t H# protein/dry weight 70.35 55.43
N& W5/ ® lipid/dry weight 9.33 9.62
kKA & H /T
ib:rfolizrfﬁe/z};iweight 137 121
AE R B8 fatty acids
Cl14:0 3.12 2.73
C15:0 0.61 1.07
C16:0 24.73 20.09
C18:0 7.72 6.45
> SFA 39.10 35.47
C16: 1n7 6.33 7.36
C16: 1n5 0.69 0.85
C18:1n9 11.49 9.52
C18: 1n7 2.62 4.37
C20: 1n 0.53 3.11
> MUFA 21.66 25.12
C18:2n6 2.14 2.98
C18:3n3 1.06 1.90
C20:4n6 2.84 2.27
C20:4n3 0.33 0.44
C20:5n3 10.41 9.35
C22:5n3 1.41 1.06
C22:6n3 15.92 7.74
> PUFA 33.72 29.74
> HUFA 30.92 21.30
DHA/EPA 1.53 0.83

I X SFA AU BRI IE T R 5 X MUFA USR8 8 16 AR 7 1R 5
3 PUFA {0 B Z ARG I 2 s X HUFA £Q3R B B A 1 A0 i
Wit T

Notes: X, SFA means total saturated fatty acids; >, SFA means total
mono-unsaturated fatty acids; Y, PUFA means total poly-unsaturated
fatty acids; Y, HUFA means total highly unsaturated fatty acids. The

same as below

2 giR
2.1 BREREX I E KX E & A & ABAL L B A9
=AU

Wit 25 75 M I ) JEE K, = o S T T M Ak B B
FEE(GST) W EH K (P <0.05) , %F 5 /2 7E 0 ~
30 dy GST SRR R (£ 2) . 790 d FIEH N,
JHF R i 45 £ (HST) Tt 1 25 A8 4k 5 PS8 AE 0 ~ 30 d
AETES DI WS S < E N R I N R G ol
N 24.71% , 1055 30 KR TFFET 23.90% ; 5k i
AERME,L0~30d NARETBEEK(P<
0.05),FHAE 30 ~90 d N EATEFRA PR, H
Giit L 2ZFARE(P >0.05),
2.2 BEERTEXE HE IR S A0S 2 8 A Y 22

90 d FNEHIIE , O 5 A K o ik T R [E]
JE AT T B R SORINE 7 i B A )
FEAR TR i 2 R0, L i B R A AE 0 ~30 d,
BT R D a8 e 2 B 59. 69% A
126.66% ,90 d & AEHA P O S h ok b & ) & &
WM (R 3) o WG T REET ] 8K B
7K o3 AR B i S T e BT R &
RS EIHE T RS (H U T AN R A R ) ) 22
SRR AR A R 7 & AR A IS R T
WEAE(P>0.05) , B LS 60 K, i B i o i)
WK G &= BH FIH(P<0.05), 7£90 d 1y
B HEEFE LR A i 5 B SR A Y T W R
b, FooK 3 ik ik 78% Ao Ay, B I FUAR T B i
G300 17% F1 1% 7245 o

B EL o JE R =R (% A
fE) 2B ETREGEH BEIE & A 60 ~90 d & 3
Tt S AR BE S A m =, B LSS 60 K H
SREA SRR E BT U R DR | JH [ A
JE & R AR, B LA 30 KB AR o A U0 2 0 i R
T L8 6.44% LA TP RR S L BAR E
BRI 25 06 7 R 43 & REAE 0 ~ 30 d S 33 4,
WU AR AR R o 2 8k (R 4)

K2 FRMBENZERFERGNERETMATEREZN

Tab.2 Effects of fattening period on ovarian development and edible yield of female P. trituberculatus %

0d 30 d 60 d 90 d
Yl #4540 GSI 0.69 +0.40" 4.20 £2.62° 6.12 £2.36" 7.52+1.15°
JFF 1 B 45 % HST 6.99 +1.97° 6.72 +1.76" 7.31 £1.21° 6.49 +0.41°
HAE MY 27.97 +2.44° 32.47 +2.97¢ 27.45 +2.68% 24.71 +2.00°
B[R total edible yield 35.61 +3.88" 43.39 +5.00° 42.17 +3.29° 38.72 £2.56™

I AT 8 & A A IR 7 B R 22 57 3% (P <0.05) . T

Notes: Values in the same row with different superscripts are significantly different( P <0.05). The same as below
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®3 BRFEEAM=ZERFERCTRALATEAEFRHIHZM( %RE)

Tab.3 Effect of fattening period on proximate composition of

different edible tissues of female P. trituberculatus %
ZH 21 tissue 0d 30 d 60 d 90 d
P& ovary
7K 43 moisture 74.76 £1.21° 54.82 +5.80° 50.63 £1.11° 52.16 +1.65°
% [ f protein 16.30 £0.17* 26.03 +2.86° 27.78 +0.84° 27.76 £0.96"
J§ 7 lipid 4.95 £0.23° 11.22 +2.24° 13.70 £0.35" 13.91 £0.66°
K AL4 %) carbohydrate 0.26 £0.02° 0.27 £0.05* 0.34 +0. 06" 0.29 +0.01°
BT B B2 hepatopancreas
JK 43 moisture 65.24 +6.28" 59.09 £8.91* 53.32 +6.52° 61.20 £7.10*
# [1J& protein 12.99 +1.15° 9.47 +0.74° 8.21 +0.62° 9.22 +0.66°
J§ 7 lipid 19.84 +4.64° 20.37 £8.29° 26.24 +7.08" 22.18 +7.39°
KAL) carbohydrate 0.75 £0.20° 0.76 £0.09* 1.23 £0.20° 1.04 +0.28%
AL muscle
7K 4% moisture 78.80 +1.88" 79.06 +2.45° 77.15 +1.20° 77.99 +1.80°
% 4% protein 17.40 +1.33* 16.48 +1.74* 17.55 +1.37* 17.03 +1.24°
I lipid 1.20 £0.12° 1.04 +0.09° 1.20 £0.07® 1.15+0.05%
WKL A carbohydrate 0.45 +0.15" 0.61 +0.28" 0.76 +0.14" 0.68 +0.17°
F 4 I ER = 5 AR 5 A A 4B 4 o o T K B B (% R )
Tab.4 Effect of fattening period on main lipid classes of different edible tissues of
female P. trituberculatus %
2 41 tissue 0d 30 d 60 d 90 d

P& ovary
TG 30.36 £2.34" 27.35 £6.32* 32.56 £5.16° 18.13 £3.96"
FFA 0.43 +0.03* 0.88 +0.86™ 0.26 +0.18°
CHO 4.76 £0.32° 4.55+0.73" 1.90 +0.54° 2.64 +0.07°
PL 64.37 £2.39° 66.74 +6.23° 65.33 £5.69° 79.23 +4.0*
BT BE B2 hepatopancreas
TG 81.09 +7.30% 58.90 £19.55° 91.17 £5.30* 61.81 £11.18%
FFA 1.03 £0.19¢ 6.44 +1.71° 1.28 +0.45°¢ 5.76 +1.80°
CHO 3.36 +0.60° 2.27 £0.56" 0.41 £0.15° 2.57 £0.27%
PL 14.53 £6.86™ 29.52 £18.71% 7.14 £4.90° 29.44 +9.58*
ALA muscle
TG 3.70 £3.03° 1.24 £0.49° 3.58 =0.82° 1.02 £0.47°
FFA 0.28 +0.18° 6.26 +1.95" 5.18 +3.76™ 7.98 +3.14°
CHO 6.15+1.11° 5.28 £0.61° 4.69 £0.55° 5.07 £0.47*
PL 89.94 £3.45° 87.11 £1.89° 86.55 +4.37° 85.80 £3.53°

T TG. Hilh =& s FFA. lif 2 g i 12 ; CHO. U [ i ; PL. W)l
Notes: TG. triglyceride ; FFA. free fatty acids; CHO. cholesterol; PL. phoshpholipids

2.3 HRERTiE X RS A BR 4E R A R 0 A CL8:0 Sy e T2 2 Bl 8 s & AL I 1], B9 5
GRS A TR ( X SFA) EEEH e R AR AR R ( £ MUFA) & &£ 0 ~ 60 d
/> (P <0.05) , 7645 30 Kik e KAE, H C16:0 EHMEE (P <0.05) ,H i C16: 1n7 C16: In5 |
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FIEA, S < T L] 6 = AR B O S0k T R SR 51 R T
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C18: 1n7 f1 C20: 1n & B 2N (P <0.05) ; 4
Z A AR 5 B2 ( X PUFA) | ¥ n-3PUFA | ¥ n-
6PUFA Fl1 & B2 A1 F i 1D BR ( X HUFA) % &
BRETHE LA B, XAl ge2 W T 20: 5n3
(EPA) #122: 6n3 (DHA ) % & 56 8 /b 5 15 Jin i ik
B (P <0.05),20:4n6 ( ARA) & U1 0 ~30 d
WEE TR I AR B E (P <0.05) (£
5) JHBEARH Y SFA F 24145 C14:0.C16: 0 Al
C18:0,H:dr C14: 0 F1 Y SFA & RF W N5k Tt
Jo N REEH,Cl6:0 J2 & & i = 1Y SFA, (5 X SFA
19 60% LA b, H & HEAE 30 ~90 d o4 W 3N B T
IR P ) MUFA 33 C16: 1n7, C18: 1n9 Fl
C18:1n7 4%, Hrh C18: 1n9 & /6 & M0 i f& v

S5 BTG MRS X MUFA 765 I 60 ~ 90
dREWM T 13.88% (% 6), SR TR
PUFA i &, £ %1 & 20: 4n6 ( ARA) ,20: 5n3
(EPA) F122:6n3 (DHA) 3 F g5 IR, EA117E O ~
30 d ¥ Ir T B, Hr DHA R R IR BE fe K, TR
o9 55 3k 56. 05% , e f5 3 26 g 1D 1R & = 3 .
FA, WEEFE R EER, LA Cl6: 0,
CI8:0f1 X SFA WA - S &M B FE T (P <
0.05) ; LA C16: In7 FI C18: 1n7 & & 7E 90 d
FEMHANE R EWmMmEH (P <0.05), ik
SMUFAE HTE 0 ~60 d N 3% B JH; LA
i) HUFA F%%% EPA f1 DHA, &I 30 ~60 d 3
B LA EPA & B INE % (P <0.05,5K 7).

x5 FREEN=ZERTFERENEPTIEZREHBRARNZE( % B0E)
Tab.5 Effect of fattening period on principal fatty acid profile of ovary of
female P. trituberculatus )

Wi fatty acid 0d 30 d 60 d 90 d

C14:0 1.70 £0.02° 3.67 £0.36° 2.65+0.15° 2.15 0. 16"
C15:0 0.45 £0.01° 0.90 +0.10* 0.71 £0.03¢ 0.57 £0.04°
C16:0 17.42 +0.18° 20.87 £1.36° 17.25 +0. 88 15.95 £0.44°
C18:0 6.16 £0.03° 5.40 £0.29° 5.18 +0.48" 5.22 0. 16"
3 SFA 26.53 £0.24° 31.00 £1.40" 25.84 +1.05" 24.72 £0.47"
Cl16: 1n7 5.73 +0.20" 10.87 £2.95° 11.20 £1.09° 9.80 +0.35°
Cl16: 1n5 0.50 +0.01° 0.74 £0.09"° 0.74 +0.06° 0.70 £0.11°
C18:1n9 20.29 +0.23° 16.66 £2.45% 17.65 +1.30° 17.98 £1.96™
Cl18: 1n7 3.86 +0.01° 3.74 £0.19° 4.18 £0.30° 4.75 +£0.34°
C20: 1n 1.36 £0.02" 1.55+0.14° 1.52+£0.10° 1.72 0. 14°
> MUFA 32.19 £0.11° 35.71 +2.89% 36.99 +1.41° 36.55 +1.27"
C18:2n6 0.83 £0.01° 1.28 £0.83" 1.45 +0.53* 2.82 +1.56°
Cl18:3n3 0.19 +0.03* 0.59 +0.08" 0.73 +0.11° 0.75 +0.19°
C20: 4n6 4.11 £0.03° 2.50 £0.14° 2.79 +0.13* 2.86 +0.29°
C20:4n3 0.25+0.01* 0.60 +0.12° 0.76 +0.09° 0.77 +0.11°
C20:5n3 8.68 +0.01° 7.20 £0.76° 9.17 +0.38° 9.34 +0.82%
C22:5n3 1.89 +0.03° 1.75 +0.27™ 1.49 +0.05" 1.74 +0.14™
C22:6n3 16.42 +0.26° 11.61 1.73® 9.91 +0.49" 12.60 =1.32°
3 PUFA 34.28 +0.32° 28.30 +2.96° 28.95 +1.37° 33.72 +0.98"
Y n3PUFA 27.95 +0.28°¢ 22.29 +2.13° 22.50 £0.71° 25.65 £0.61°
Y n6PUFA 6.23 £0.04" 5.73 +0.98° 6.12 £0.64™ 7.78 £1.36°
n3/n6 4.48 +0.03° 3.93+0.41% 3.70 £0.28% 3.38 +0.64°
Y HUFA 31.92 £0.31° 24.48 £2.20° 24.89 +0.79° 28.16 +0.94"
DHA/EPA 1.89 +0.03° 1.63 £0.29% 1.08 =0.08" 1.37 £0.27™

RPN ST 0.3% 19 %

Notes: The fatty acid with more than 0.3% of total fatty acids is shown in the table
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x6 BEMENZERTFEBREFERPIZEHFRABBZE(%EE)
Tab.6 Effect of fattening period on principal fatty acid profile of hepatopancreas of

female P. trituberculatus %

JE Wi iR fatty acid 0d 30 d 60 d 90 d

Cl4:0 3.06 +0.20° 5.37 £2.03% 4.16 £0.65° 3.14 +0.41°
C15:0 0.70 +0.05* 1.14 £0.22° 0.97 +0.15% 0.82 0. 12"
C16:0 21.53 £0.28% 22.73 £2.34° 18.34 £1.07" 15.99 +1.82°
C18:0 5.54 £0.25° 5.56 +1.19° 4.75 0. 46" 4.76 +£0.84"
> SFA 32.12 20.46™ 35.16 £4.15° 28.51 £2.20™ 25.97 £2.95°¢
C16: 1n7 8.03 =0.42° 11.14 £3.53" 9.24 +2.70° 11.32 +£0.40°
Cl16: 1n5 0.77 +0.06" 1.36 0. 16" 1.13 £0.16° 1.26 +0.20°
C18:1n9 18.02 =1.63° 13.85 £2.98" 16.18 £1.71% 16.82 =1.24%
Cl18: 1n7 5.17 £0.46" 5.81 £0.31% 6.15 £0.27° 7.26 £0.42°¢
C20: 1n 2.79 £0.27° 3.89 +0.28" 3.93+0.28° 5.30 +0.46°
Y MUFA 35.24 +1.60° 37.67 £1.75° 37.81 £3.86° 43.06 =1.07°
C18:2n6 0.84 +0.05" 1.61 +1.48° 1.59 £0.51* 1.63 £0.82°
Cl18:3n3 0.28 +0.03" 0.78 +0.10° 0.86 +0.20° 0.73 +0.08"
C20: 4n6 2.38 +0.45" 1.69 £0.63" 1.84 £0.10° 1.82 £0.38*
C20:5n3 5.75 £0.68" 4.32 £1.66° 5.91 0. 64" 5.54 +1.16°
C22:5n3 1.66 0.30° 0.83 +0.30° 0.98 +0.08" 1.04 £0.26™
C22: 6n3 10.08 +0.74° 4.43 £1.90° 5.48 +0.37" 6.13 +1.88*
> PUFA 24.73 +1.01° 19.21 £5.50° 22.87 £1.37° 23.64 +3.48"
Y n-3PUFA 18.69 +0.61° 11.61 +3.90° 14.56 +0.96" 14.85 +3.24™
Y n-6PUFA 5.83+0.41° 7.12+£2.07™ 7.68 +0.33° 8.28 +0.40"
n-3/n-6 3.21 +£0.13° 1.64 £0.52° 1.89 +0.08" 1.79 +0.38"
Y HUFA 21.06 =0.98" 13.27 +4.50° 16.36 +0.93" 16.97 +3.53*
DHA/EPA 1.78 £0.29° 1.01 £0.18* 0.94 +0.12° 1.10 £0.23"

R7T FREMEANMZERFERENATEZEHBRARNZM(%20E)

Tab.7 Effect of fattening period on principal fatty acid profile of muscle of female P. trituberculatus %

I§ iR fatty acid 0d 30 d 60 d 90 d
Cl4:0 1.19 £0.10* 1.38 £0.24" 1.51 £0.25° 1.56 +0.23"
C15:0 0.36 £0.03" 0.44 £0.08" 0.45 +0. 04" 0.43 +0.05®
C16:0 15.71 £0.72¢ 14.84 +0.47°¢ 13.81 +0.36" 12.32 +0.37°
C18:0 7.19 £0.27¢ 6.80 £0.48" 6.16 +0.20° 5.61 £0.29°
3 SFA 25.18 +0.77¢ 24.04 £0.38° 22.51 £0.22" 20.48 +0.39*
Cl16: 1n7 4.56 +0.94" 5.03 £1.51% 5.85+1.28% 6.15+0.65™
Cl16: 1n5 0.46 £0.07° 0.51 £0. 14" 0.57 £0.05® 0.58 +0.04*
C18:1n9 17.27 +1.70° 18.38 =1.52° 17.60 £0.85° 17.05 =0.85°
C18: 1n7 3.33+0.51% 3.30 +0.20° 3.70 0. 12° 3.92 £0.20°
C20: 1n 1.12 £0.44* 0.84 £0.13" 0.85 +0.08" 0.85+0.10°
Y MUFA 27.22 £1.07° 29.44 +1.37™ 30.20 £1.09" 29.78 £1.19"°
C18:2n6 1.71 £1.49* 1.31 £0. 38" 1.54 +0.33" 2.26 +0.97°
C18:3n3 0.29 +0.13* 0.43 +0.13™ 0.49 +0.10™ 0.53+0.11°
C20: 4n6 4.38 £0.66" 4.42 £0.61° 4.24 +0.29° 4.35+0.11°
C20:4n3 0.24 £0.04" 0.34 £0.10% 0.38 +0.04° 0.35+0.04°
C20:5n3 16.04 =1.24° 16.33 +0.77° 18.23 +0.92° 18.95 +0.58"
C22:5n3 1.35+0.41° 0.89 £0.10% 0.82 +0.05* 0.84 +0.06"
C22:6n3 14.55 +1.71° 14.70 £1.12° 14.12 £0.48° 14.62 £0.63"
Y PUFA 40.60 +1.82° 40.15 +0.55° 41.55 £1.11%° 43.73 £1.14°
Y n3PUFA 33.00 +1.81° 33.07 £1.12° 34.41 £1.04* 35.66 £0.60"
3 n6PUFA 7.49 £2.06" 6.91 0. 86" 6.94 +0.55" 7.86 +0.87"
n3/n6 4.63 +1.13" 4.87 £0.80* 4.99 £0.45* 4.58 £0.49*
Y HUFA 37.17 +1.88° 37.31 £0.94° 38.39 +1.28 39.78 £0.57°
DHA/EPA 0.91 +0.14% 0.90 £0.07° 0.78 0. 04" 0.77 £0.05*
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2.4 BREMENMEERSENLETLERSE
s

HOHE b R b, 76 O S5 b LR I 18 b g ik
i, Hoh AR5 & R 10 FP (£ 8) . Uil A
BR (EAA) FIAE 6 7 2 R (NEAA) & B 1
FEEABFELEAAO~30d, H RE AR .
BAER CEARA ORI 0 ~30 d NI KR
AT 100% ;7B 30 ~ 60 d N, B &1 b {8 45
R A H 2R & & o 3 fE /L 60 ~90 d, B
Hirp NEAA RS SER & 5 (TAA) & &t 24 B
BE TR, FREMEEE > 8.47% M 7.97% ;&
B0 ~30 d, 5§ EAA/TAA {E &% b Ft,
WEFREFE 0.48 ~0.49, £ 90 d 1y & ML i 72
e, LR b A SR R A R R TS B AR A
(iR 9 2R R0 2 R G 3 R R sk R

B FE LI BH(EXL9)., = K FAO/WHO/
UNU 1 #5 #E % & C o & 0 % & 5 R o 8
(EAAS) #EATPF4 , & L AT B9 81 b SR 24 R + ~F ik
/N T 100, 2 FRA&1PE = R, 7 IE 30 d
J& BT A EAAS K F 100,76 0 ~30 d It id &
hOEP R R EAR AR CEAR +
AR AR EAAS B T RIEE® E
Tt MLJE BT EAAS 119 48 Ak i B 45/, B 517 3
EAAS 25 FFHE FREEH(F£10), /£90dFH
BE 3 B ef, WLP ) EAAS 6 B 245k R H R
30 d mpEE =R + 2F D =R A, Ho AR EAAS ¥
ik 100, JC FR il 14 22 55 1R . T W] A OIS B )
WLP ) EAAS B I T 51 5 A /9 X B A, 53X 16
Bl=emR B EWAEREFMMENLT
LA

x8 FRMAMZARFERENEPTTERIENTM (mg/g BE)

Tab.8 Effect of fattening period on amino acids content of ovary of

female P. trituberculatus mg/g
R IR amino acids 0d 30 d 60 d 90 d
I AR Lle 6.92 £0.23" 14.39 +0.66™ 14.67 +0.42°¢ 13.18 £0.66"
2R Leu 12.44 +0.27° 24.59 £1.26" 25.38 +0.81° 23.34 £1.02°
TR R Lys 11.09 +0.37* 19.06 +0.93" 21.07 £1.29° 19.39 +1.34°
B Met 1.46 £0.15° 5.57 £1.40° 6.41 +1.28° 5.59+1.07°
KM Cys 1.27 +0.18° 2.90 +0.47° 2.97 +0.50° 2.67 +0.30°
SN E R Phe 6.90 +0.12° 11.00 £0.53" 11.49 +0.30°¢ 10.47 £0.40°
fi% MR Tyr 8.030.11° 13.45 £0.71° 13.25 +1.44° 12.70 £0.50°
JR &M Thr 8.84 £0.07° 14.62 £0.64" 15.03 =0.42° 13.61 +0.44°
HAEFR Val 9.71 £0.30° 17.09 £0.70" 18.22 £0.45°¢ 16.14 £0.69°
5582 Trp 3.49 £0.23° 7.24 +0.32° 8.32 £0.48° 7.69 +£0.72%
WA AR EAA 69.27 +3.16" 129.42 +5.82° 136.82 +5.07° 124.38 +6.13°
K& R Asp 14.45 +0.09° 22.70 +£1.03% 23.29 +0.68° 21.26 £0.87°
22 %R Ser 8.21 £0.05° 15.87 =0.80" 15.94 £0.50°¢ 14.77 £0.57°
B Glu 21.39 £0.18° 37.12 £1.71°¢ 38.14 £1.16° 34.79 £1.53°
H4% % Gly 8.03 +0.09° 10.14 +0.58" 11.20 +0.38° 9.95 +0.49"°
N Ala 7.67 £0.07* 11.62 £0.47" 12.09 +0.28¢ 11.22 £0.38"
21 %R His 5.03 0. 06" 7.47 +0.28" 7.87 £0.22°¢ 7.08 £0.29°
MAER Arg 11.94 +0.08" 18.77 £1.12° 19.24 +1.02° 17.69 £0.72°
fili & Pro 7.42 +0.15* 12.79 £0.47° 13.85 £0.27°¢ 12.85 £0. 68"
0T E LR NEAA 84.13 £0.48" 136.40 £6.01° 141.61 +4.33°¢ 129.61 £5.46°
M LR TAA 153.40 £3.56" 265.98 £11.58"™ 276.43 £9.34° 254.39 +11.53°
EAA/TAA 0.45+0.01° 0.49 +0.00° 0.49 +0.00° 0.48 +0.00°

E EAA. W5 2 312 s NEAA. AR il ZHE IR TAA. SRR . T IR

Notes:EAA means essential fatty acids;NEAA means no-essential fatty acids; TAA means total amino acids. The same as below
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Tab.9 Effect of fattening period on amino acid content of muscle of

female P. trituberculatus mg/g
R HW amino acids 0d 30 d 60 d 90 d
SSE R Lle 6.63 £0.60° 6.28 £0.95" 6.82 £0.58" 6.63 £0.58"
SLE M Leu 11.82 +1.04* 11.28 +1.51° 12.16 +1.23* 11.82 +1.11°
9k Lys 12.80 +1.10° 12.44 +1.73° 13.49 +1.38° 12.95 +1.32°
% @R Met 2.95£0.77° 2.26 +0.35" 2.67 +0.45° 2.58 £0.21°
b AW Cys 1.75 £0.23" 1.57 £0. 34" 1.80 £0.17° 1.76 £0.15°
RN R Phe 6.34 +0.52° 6.11 +0.87° 6.74 +0.50" 6.49 £0.68°
fig @R Tyr 6.03 £0.45° 5.71 £0.69° 6.08 £0.58" 5.82 £0.54°
JR &M Thr 6.54 +0.52° 6.29 £0.95° 6.80 £0.72° 6.53 £0.67"
AR Val 7.17 £0.61° 6.76 £0.90* 7.33 £0.67° 7.11 £0.67°
o R Trp 2.09 £0.26" 2.00 £0.30® 2.23 £0.40° 2.24 £0.28"
WA SR EAA 64.12 +5.45° 60.70 +7.74* 63.94 +5.48" 63.94 +5.48"
RAEF Asp 14.99 +1.29° 14.10 £2.27° 15.07 +1.54° 15.07 £1.54°
24 1R Ser 6.16 £0.47" 5.91 £0.73" 6.24 £0.70" 6.08 £0.55"
#HE K Glu 24.22 +2.54° 22.91 +2.86° 24.80 +2.54" 23.76 +1.84"
H#Em Gly 10.38 +0.71° 10.79 +0.95* 11.98 +1.46% 13.01 =£1.27°
WA Ala 8.68 +0.68" 8.69 +1.15° 9.89 £0.94® 11.64 +0.91°
215K His 4.16 £0.32° 3.78 £0.59* 4.10 £0.36" 3.98 +0.45°
AR R Arg 16.67 =1.38° 16.54 £2.08" 16.70 £1.07° 16.12 £1.16°
Jifi & & Pro 9.96 £0.91° 11.20 +2.88" 13.09 +0.82* 12.50 +1.78*
b5 AR NEAA 95.22 +6.81° 93.92 +13.26" 102.09 £9.40° 102.14 +£8.66°
BRI TAA 159.34 £12. 16" 154.62 £21.0° 168.19 £15.60° 166.09 +14.12°
EAA/TAA 0.40 £0.01° 0.39 +0.00™ 0.38 £0.00" 0.38 £0.00°

F10 BFRMNENMPEMINALTESEBR S ERNZIT

Tab.10 Effect of fattening period on essential amino acids score( EAAS) of ovary and muscle

Op L ovary LA muscle
Wi @B R EAA

0d 30 d 60 d 90 d 0d 30 d 60 d 90 d
FrE R Lle 152 190 189 168 131 136 140 138
LR Leu 116 142 139 126 99 104 106 104
#fi % B2 Lys 117 126 131 119 122 130 133 130
HAER Met + L BBz Cys 67 130 135 118 105 94 104 102
KN E R Phe + & R Tyr 145 148 142 131 109 114 117 113
J5 M Thr 160 164 160 143 109 112 115 111
1% iz Trp 194 250 273 250 107 111 116 118
i R Val 171 187 188 165 114 117 120 118
(. mean value 140 167 170 153 112 115 119 117

3 ik B B IX 3 o R B A L B R e R

TEEMER TR CHE . R T MR T L
3.1 EREMBEREMANMELEMARERN P L2 PR LT /SR, 0953 &F 1R
Al TR OO B 1 R A T AR

G5 JUL PR RT R R 2 AT B e R T RAR ST R, L 90 d i 1A B B 48 KA
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KAEFNE 30 d iy i PR FIE AT & R d K, X Al
el T A MG AR AR (F I 30 ~60 d il
60 ~90 d [ 7K AR 17.2 CTHI13.6 T, im %
FHMEO ~30 d W FHKi 21.6 C), lAB
hEIEE W = PR 7 B AR i {H 2 P
HABERE X & i T WL A i3 4 8 SR T Al
RE L % 31| 5P L v sl 2 1 T A TR 4 457 1E A 3G
g7 A e T IR 60 d 190 d Y
R T R 2R BRG R A 7E AR Ui U IX B
A =R R MR, LN ELRF S, MER R %R
BEREEERY . W, JE SR B — R
BRG] DIAEA S R R T T
KA (22 C) |, PR IEHE AR R G B
PEFEON 8Lk F 4 m BEE (DD L) 19 b B A0 AT

A S Hh R R B 2 £ R DL 2R O =R
TEEH AR, 2 PR Ry ax 2 S 06 T S i R A
b T A R e G A R TR, B AT
ARG HZ TR BRI R I E K E
WIH = e b 7w M T A N TR A R RE
A R B B T TEDRL A S 0 B R S A N ]
A Be % 1 B LA RDRE, SO S T B EE A 1R R
£ I A B 65 45 B T 0 3 A ORL 2 508 TR =
PeR FEEM N L H RA4F, A 5L v R B % fa
MU &R, AR R, K #
IR 25 = J0AR 7 BE B N T A& 1Dk, 3 Folr e
RTE DN 3K & B B 45 o 45 32 M3 | IC 45 4]
B AT IR S L T T 4k S
THRHELA R AN FRAE 15 e oK 55 0 ) #5415 30
PR S R A, PRI ISR T TC A )R X = 8 42 8 i A7
FHERELR G SR EIRAVR =R 8
BB E IR R VDR 5 e E B ) R PR A
[R] A0, DTG 42 8 = PE AR 1 B 0 B O R R
il JoT
3.2 BEREMBENEMEFTRASMBELXRARM
A

HAERHEI(0 ~30 d) , 50K o & & B
TR X ORI BP R b i B A e D W BT
AR MG RS IR AR R — g KRR N
HWHE TR A RREAL, X5 =R 1
U0 5Lk A R R BRI 3 R O B (yolk) Al
I 7 5 (PR I ) A 5 s R R T R O
R R 2R TR D RRR K AR A AR R 2

B i, 2L I 4 & 76 15 8 ( Callinectes
sapidus) FHAESE " FIE 0 ~60 d, i e
B FOROK Sy T RS LI I & A R
TR PR A T I At e H 7 20 4 e 1 g 2 A i o
Lo, JH BB v it A7 1 g 200 I 9 O S & B MR
M A AR Y L A, SR T AT
[ ) FY R R R CRER L B AR
TG TR =M - SR T A IR DT S 1
TFHUE A A p 0 90 d B A AR R LA
H LR 3R A T TG B 3 25 S X R LA R
BB FR LR A — 5 AR SE M, DL SR L P 4l
YU IE B A BRI RE, Q05 2 R 4 O B
L 60 ~90 d, B AL H f T I = K A 59 B8 7 R
GREBETH AREESERE LT XS
B 5L % 75 I 30 0 55 R I 2 W R 1 EE LA 6 R
B B 30T B P = MR T O S T I o 1
Hiwm =0 & &, X5 45 2 8 ( Eriocheir
sinensis ) B FN I B3R IR S b 1 g 28 21 R AR R
)2 B 60 d s, T B AR i H = e 4
Sk dg i T REL A R B A B AR L B K
W F B, SRR T B D BT R A B 0
SRR S A R R M, WO B
o EL [ 2 A B R R (% SR ) B BT
BARL EREEEWPEMIAESSEA . A
A A8 7 AR 1 e o 0, LA R B 3R
e .
3.3 BIEMENERBRARREERMNEN
£

SR TR RE A L o S e 0 R A R
M BB 1 0 ~30 d P, 8% SFA 1 MUFA
i BT PUFA &8 T W, 3% 2 B 1 7 8 o L
H o R 4 () R LB T PR (416201820
Fi18:1n9) fEHARI A HT Z M . =R 7%
Bk T B B O T R L R ALK,
AL WL 449 JFF i B of (9 PUFA I HUFA & i F B 7]
AE5 DR SLPh K B A O, X S d B HUFA iz
i 0 5 5L 5 TR P 9 18 2n6 1 182 3n3 7 & AR
0 ~30 d {3 ki, 3% 1T B 5 7 A AR KL o 2 Bk
U R 5 4 AR X i A O, ST IR T R T, SRR T
YT T M o 4 G U T L T B A v 4 B
T2 L A Ak T A8 Ak, T 0 S5 A0 UL PR o g B A7 R
X AR SF , A 28 5 57 1Rk b g W7 IR 2 R Y
w0 IE R T SFA I MUFA 77 43 £ 4 (1 745
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AN 5 FLA BB IR 41 B R BY Bk B AT ¢, Bl
g5 AR B YA C, B AL 5 A (60 ~90 d)
KR T B N Bk B IR T AR B
MUFA ] fif 5 5 F A i A I #6, 3 7T fiE
SR YT T DX = M A U o A o R PO B Y 3R
BEidE M ENLE . BEAF RS RS, SR T8N
PR HP Y B 7 R 4H A AR N X R R O =R T
T JUL IR % 1 07 PR A B LA A X PR ST 5 TR A
AHEE, WILIRI B B U7 R 20 B AS 25 2 52 0 L A g s 1R
s A B 30 ~ 60 d LA Hh EPA
AR S K TR, LA & & &1
EPA A4 1| T 3 i S S LA AR IR i e 1 2

ARA EPA il DHA & 70 fifd JI5 3 i 1) = 22 41
Wy, X P 2 R kT A EED . W
TG VB4 )L FH AR BN R R EL I
2105 NN B4 R85 1) HUFA & 68 ), W7 &
MEE R b 703K 28 8 0 R L B TR AR R Ak 1R
W F I8 Wi 8 ( conditional
acids) "% "*"' EPA Hl DHA S {X Al LA i By 5 i
T 0 LA 0 005 4 S A= 20 LT LA o g 4
BOFE TR B E B —E MR B,
£ HUFA 41 BRT & 8 2 DF o 2L 08 W iR 75 9%
MM TE B bR B Bk, =R T L
P ) HUFA A0 X 40 2 & o5, JHE B R v 1
HUFA & A%, Kb, WLER A i B 05 R 8 77 A0
PEF 50 5 F1IF AR . & &b ' n-3PUFA/n-6PUFA
2 i 5 g i R E IR I (6 1Y T 248 AR, FAO/
WHO (1994 ) #E 7 N 25 & & H (1) n-3/n-6 3E H I
fH] 0.1 ~0.2, K F oo i xF A E g
2 ARG 4 R W] = MR T A% T A B A Y
n-3/n-6 WEHH KT 1.5, HL =R FES TS
HAHEAREMIRNI R EFME . o, &
T 7 TR 4 S %o L R R R ) B R e AR,
IR )5 P i ) PUFA R A il H AT b R 77
WRIGEEFRAE Y R o T SR T A TR
7 35 A B &/ i) PUFA [N L, =90 + &
ARG HAE N F®R
3. BEEEMEANESERSIEREERNEN
A

SRR TFEFIE O ~30 d R, 5P
FEHRAS AR T EY B &N, Kb Raa
IR A TR . A R M & R B K R T
100% ,iX 578 4 Ff EAA XF TREIIME L H 2 X

essential  fatty

HE, B b, = 1 b S 0P L S e A
MR ez TR M IR | I 2= IR PN 40 2 IR & i 1 T
13 mg/g W8, X UL BE F L A b X ax 5 Fb
EAA 175 K B30 K, AP b 1) 35 49 AR 4 e I
aob AR R 32K K S R R 5 | R 2 A i EE AR, 1k
HAEAEA] . 2 2R A KA S RS2 2 Tl i R 24
LR AT R L ) i T LA X R R
T S AR 0 5 AR L N R R i 2 R R
AR Z R , B IC A b LA X 3 bl ik 22
MRERE FIHES XU F LS N =R 1
LA R BR B 58 . = PE i 7 F L 60 ~90 d, b it
FALA S BT A EAAS ¥R T 100, 53X 6 9] =P8R
TR P A SR E AR S E AR,
FAO/WHO/UNU ( 1985) #f #%, £ 5 v 0 5
R/ B AR (EAA/TAA) A HE N K 0. 4
AN ARG R R, H IR G = P8k T o
HALA 1 EAA/TAA 43514 0. 49 #10. 38,
XAEH B2 2= ik T FAO/WHO/UNU [ #5
X ] R IE S O S5 AL PR 4 A A 1
HEREFME, HOpE P EERE M EL T
WA . =R F R B B 75 B 5 IR IE 170 fF 55, IX
RS AN SR EREAERA XL, TG
B O SLAILP b 2 Tl i R 2 R (A R AN
REHR) &Y ET 14 mg/g W, WM&
2 TN 2 R RN I R X 3 AP Al R A R R Y

B o
N

SHERTE T LG Y U EL S AL R SRR
AR BN, BE 30 ~60 d AT R A
i, BB 60 d [ B HE RN B R b E O 3R S
St R TR R AR T
B # 1 ARA EPA Fl DHA , 45 0] & #5071
n-3/n-6 WAHH KT 1.5, FE 60 ~90 d Ji Bk fig A
WILPA i) HUFA 41 B M & i 0t 3 22 5 HF IE
90 d 5P i) HUFA & i fc s s B I8 J 7 8 O L
LA P2 & A 10 Flods 75 & L8R A 8 ik 06 5
SR, EAA/TAA H {8 42 3T 8588 1+ FAO/WHO/
UNU ffE bR, 7 I8 60 d i EAAS iy, &AL
RGN Grp AR & B B LT B F R R
LA R R R R R B LT H I,
SHBEELRA ATERMERNME, = HRT
T 35 EL A B IR IR) R 60 d A2 A
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Effects of fattening period on ovarian development and nutritional quality of

female swimming crab ( Portunus trituberculatus)

WU Xugan', WANG Qian'*, LOU Bao’, LIU Zhijun', CHENG Yongxu'**
(1. Key Laboratory of Exploration and Utilization of Aquatic Genetic Resources,Ministry of Education,
Shanghai Ocean University ,Shanghai 201306, China;
2. Aquatic Animal Breeding Center of Shanghai University Knowledge Service Platform ,Shanghai Ocean University,
Shanghat 201306, China;
3. Marine Fisheries Research Institute of Zhejiang ,Zhoushan 316100, China)

Abstract: The swimming crab, Portunus trituberculatus,is a commercially important fisheries resource and
mariculture species in East Asian countries. Female crab with fully developed ovary is considered as the
highly nutritious seafood. Therefore,the decline in natural stock and increase in market demands have driven
substantial aquaculture interests for this crab species since 1990’ s. However, our previous studies have shown
pond-reared females generally have poor ovarian development and lower nutrition value compared to wild
females, which leads to low percentage of high quality females with fully developed ovaries from pond
culture of P. trituberculatus. Fattening with high quality live food,such as trash fish and clam,has proven to
be an effective practice for the improvement of crab ovarian development and nutritional composition.
Unfortunately , to date,optimal fattening period is unclear for female P. trituberculatus. The present study was
conducted to investigate the effects of fattening period on ovarian development and nutritional quality of
female swimming crab by fattening culture and biochemical analysis. The results showed that gonadosomatic
index ( GSI) increased significantly during the 90-day fattening period while the trend of “low-high-low” was
found in muscular yield and total edible yield. The highest total edible yield ( more than 42% ) was in the
females fattened for 30 — 60 days. Fattening period did not affect the proximate composition of muscle, but
the highest protein,lipid and carbohydrate contents, together with the lowest moisture contents in ovary and
hepatopancreas , were found in the females with 60 days fattening. The cholesterol percentage ( % total lipids)
in ovary and hepatopancreas decreased significantly during the course of 0 — 60 days fattening while
phospholipids levels of ovary and hepatopancreas increased significantly during 60 — 90 days fattening. For
the different edible parts, hepatopancreas had the highest triacyglycerol levels. As for the fatty acid
composition, the increasing trend was found in mono-unsaturated fatty acids ( MUFA ) for ovary and
hepatopancreas while the trend of “high-low-high” was found in poly-unsaturated fatty acids ( PUFA ) and
highly unsaturated fatty acids( HUFA ). Muscle contained significant higher percentage of HUFA than ovary
and hepatopancreas. Total amino acids ( TAA ) of ovary increased dramatically during the early period of
fattening while the contents of three sweet amino acids gradually increased during the process of 90-day-
fattening. Essential amino acid scores ( EAAS) of ovary and muscle were greater than 100 for all essential
amino acids( EAA) after females fattened for 60 — 90 days, which indicated no limited amino acid was found
in ovary and muscle. For fattening females, EAA/TAA ratios of ovary and muscle were close to or higher
than FAO/WHO/UNU recommended values for healthy food. In conclusion, the fattening would not only
improve the total edible yield, but also optimize the nutritional values for female P. trituberculatus. Our
results suggested the appropriate fattening period was approximately 60 days for pond-reared females post

puberty molting. Those results would not only provide valuable information for the future culture and
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fattening of female P. trituberculatus, but also facilitate the further study on the nutritional regulation of
female quality.

Key words: Portunus trituberculatus; fattening period; ovarian development; nutritional quality; fatty
acids; amino acids
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