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KT T A SRR W T 5 4 R I RE A IR BELIN 5 1%,
X7 VR AT DI BRI A AR R DL AT BT, (H
TERL SR b, AR UE B AR R — '
PIAAR o ALY R AT Tk, SHEA
FRIARLL, REWSAEHL TSR R A S B,
ST P e AT, [ I sl S 40 S AR e LA
SMYBRRERGEY), PRIESE AR e, A
FI B AERDHEBARIRIH IR b, ORAR
i R R A A o R AR S B A A L T AL T
JIANR W R AL B 2, AR A A G 1
eSO RRH T ST S R R S %

1 HR5HE

1.1 SEIGfARY

DA 8 1 Ry 28 P U5 T ) e R, AR S ]
B3R 100% AL (TR FR F141) . 100% 57 41 (F2
). 100% FRIMZH(F3 4H). 50% i il+50% 5. 7H
H(F4 41). 50%~iH+50%V BRIM 4L (F5 4H)3L 5 Fb
R RE M AR o SRR R LR B )5 2 80 H
5, RS 5 8 G R K JEORHE 2T, SRS
KRGS, HHRALIN TR EA 1.5 mm
IR, TR-AFT—20CRYVKAE T & F, BARRDRHEE
J7 B lor Wk 1, TRk RE iR 43 B WLk 2.
1.2 LIzh4. {AF KI5 B

S5 ] v AR R T S S T T S W SR
Mo, ek Je e PR R (36 cm> 18 cmx18 cm)H %
7% 7d, EFRHI B R AT R SEI R
RN HEEA —F, B RoE e, AR R (2.15+0.10) g
W HEBE LN, BENLAY N S 4, BNMEFRIET 60
AR (36 cmx18 cmx 18 cm)H . FE5E 1],
RIEG—IK(12:10), GeitBise LAEEEN . BX
M SLIGAAEL 1 YR (13:00), BEMREIARER 5%, 2 h
JaWCEESR IR, METFRE . RERHRIK 1/3~1/2, AN
WX FRFE K AR TR AR, W AR HFAE 5 mg/L DL |, K
i 24.5~30.0C, AAMLTF 0.01 mg/L, pH & 8.0+
0.4, HIFEOLRGEEHRDOCHRA 12 h: 12 h, F
FAFAI R 112 do FREESLIES WG, X & K45
AHEATRRE, a5 5o, TR HA KA
febro (IR 1 d, FRENTA BT T
—80°CR-AT, BENLA T 20 CHAF, HF Wi
Jigk 177 12 P 0

HHEAXIT:

FEE F=[(Ng—N;)/No]*x 100%

1t SR =[ (W= Wo)/Wp]* 100%

5 72 A K R =(InWi—1nW) < 100/t

T ek 22 BT = Wi/ (Wi—Wo)
=, No R fe W 3558 10 D B Hcat (JL); NSRBIt
FEHRIET- AR (R); W, 2l B i 27 K 1R T (),
Wo 1y 2 B W1 4P 32 A EE (); Wi D 2R T 28 R AR
1E 5 B3 R i (); t M FRFIE R E(d) o

£1 AREASERREFRSN

Tab.1l Formulation and proximate analysis of

the experimental diets %
fit 7 4% ingredient FI F2 F3 F4 F5
i 1 casein 41 41 41 41 41
2F4E & cellulose 4 4 4 4 4
JER/ WK starch 28.65 28.65 28.65 28.65 28.65
B RLAFgER CMC 4 4 4 4 4
R yeast extract 5 5 5 5 5
EIZERK 1ycine 0.15 0.15 0.15 0.15 0.15
HAM glycin 05 05 05 05 05

#i 4 E C (90%) vitamin C 0.5 05 05 05 05
%4 &K E (50%) vitamin E 0.1 10.1 0.1 0.1 0.1
WEIEH (> 90%) phospholipid 3 3 3 3 3

AH[# = cholesterol 05 05 05 05 0.5
JLEE inositol 06 06 06 06 06
AT (50%) 1 1 1 1 1
ZAH Y Y mineral mix" 3 3 3 3 3
B4 ZE Y vitamin mix? 2 2 2 2 2
a3l fish oil 6 0 0 3 3
=il soybean oil 0 6 0 3 0
TR linseed oil 0 0 6 0 3

HEH crude protein 39.26 39.24 39.44 39.80 39.46

Mg crude lipid 9.75 931 947 10.15 9.56

JK 4y ash 5.68 577 572 574 570
& DEGH PR kg 8): Ca(HoPO4),, 10 g; MgSO4-7H,0,
2.4 g; KCl, 4.5 g; NaCl, 2.1 g; FeSO4-H,0, 155 mg; CuSO,-5H,0,
40 mg; ZnSO4-H,O, 80 mg; MnSO4H,0, 30 mg; KI, 11.7 mg;
CoCly-6H,0, 4.8 mg; Na,SeOs, 2.4 mg. 2)&E &4 % (UL kg 17k
i) 4 &K A, 10000 1U; Z4E4EEK D, 2500 1U; i & K, 64 mg;
A E By, 160 mg; 4E4= 2 B,, 250 mg; 4i4EE B, 60 mg; 212
5, 240 mg; MR, 60 mg; MR, 12 mg; 4E/EFR H, 50 mg; ZE/E
% B2, 4 mg.
Note: 1) mineral mix (on kg diet basis): Ca(H,PO,),, 10 g; MgSO,-7H,0,
2.4 g; KCI, 4.5 g; NaCl, 2.1 g; FeSO4-H,0, 155 mg; CuSO4-5H,0,
40 mg; ZnSO4-H,O, 80 mg; MnSO4H,0, 30 mg; KI, 11.7 mg;
CoCl,-6H,0, 4.8 mg; Na,SeO;, 2.4 mg. 2) vitamin mix (on kg diet
basis): vitamin A, 10000 IU; vitamin D, 2500 IU; vitamin K, 64 mg;
thiamin, 60 mg; riboflavin, 250 mg; pyridoxine, 60 mg; calcium
pantothenate, 240 mg; niacin, 60 mg; folic acid, 12 mg; biotin,
50 mg; cyanocobalamin, 4 mg.
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Tab.2 Content of fatty acid in experimental diets
%

A TRk diet group

fatty acid F1 F2 F3 F4 F5

Cirao 4.91 1.03 1.63 4.03 3.53
Ciso 0.91 0.21 0.33 0.77 0.73
Ciso 16.93 14.30 11.88 16.19 13.61
Cise 5.16 6.06 5.68 6.45 5.84
Caoo 0.65 0.42 0.21 0.55 0.53
Cao 0.26 0.49 0.41 0.40 0.32
Caao 0.12 0.17 0.26 0.21 0.17
SFA 2895 2269 2039  28.61 24.72
Ciaitns 0.18 0.07 0.12 0.24 0.19
Cie 4.74 1.11 0.47 2.63 2.84
Cisino 13.46  20.07 17.36 16.76 15.13
Cigins 2.63 1.86 1.30 2.16 2.14
Cao:1mo 2.65 0.47 0.31 1.22 1.78
Cazitno 3.62 0.39 0.22 1.86 2.01
MUFA 2729 2397 19.80 2488  24.09
Cigans 1197  38.48 1796  21.99 14.18
Cisane 0.10 7.53 0.08 0.09 0.09
Cigns 2.63 038 3229 5.96 16.67
Ca02n6 0.19 0.12 0.12 0.12 0.16
Ca03n6 0.10 0.33 0.42 0.93 0.18
Caoam 0.12 0.23 0.19 0.18 0.07
Ca0:n 0.72 0.10 0.12 0.34 0.42
Cao:sn3 7.10 0.63 0.00 3.48 4.16
Cazns 0.24 0.12 0.94 0.11 0.26
Cazisms 0.64 0.17 0.22 0.20 0.39
Cazems 10.50 0.88 0.13 5.17 6.26
PUFA 3430 4897 5248 3859  42.84
HUFA 19.18 2.34 1.08 10.31 11.48
n-3PUFA  20.98 229 3283 1500  27.56
n-6PUFA 1332 46.69 19.65  23.60 15.28
n-3/n-6 1.57 0.05 1.67 0.63 1.80

1.3 HLENE

NEEFRZH BEMLI 3 AR o F A 8 i R
PRATEGRIE N ARSI, T 4°C L 12000 t/min
RURESL 10 min, FEUTTERC RV, He IR &
(5 i e 2R R . AR . TR B A AR
5 % 7 o R B A e A Y TR ST
SRR 1 RN S AR RS ) SO FE 3T C A
T, pH i 8.0 B, HEwHEHHEAMEEN &
O3B AR AR 0.003 S 1 AN ) BAAL(U),

TEMT IS 1 E LR AE 3TCEMEF, i mg &
H5SEYEM 30 min, /Kf# 10 mg 3K 1 4 A
TG J1THRAL(U) o B W7 RS 108 SR« 78 3TCHMT,
DI w HAUE A SEY I 1 min JHFE 1 pmol JiE
Yk 1B 1 B
1.4 BERAER S ¥

K H Folch #EFM Tk, FIRE D « HilE=
2 (VN LB ZE BRI | IR i R L PR &t v
() NEL N DR FH I Ak 2% Morrison (1975 5,
22 2 Wi (06 W5 R 4 M 7 1=, BERE DR E R
200°C, K il#$IE N 250°C, 50°C/min B 70°C T
% 140°C, {54 1 min, 4°C/min 713 180°C, {44 1 min,
)5 3°C/min F+ £ 225°C, 245 3 min ERTA 45
S b g, R A TR 0 L VR X 45 g T TR B A i
1T
1.5 HEHHMGEIT

S 56 K 1 LT S 65 ME 22 (X £SD) £ R,
2% SPSS 19.0 Z3Hr #1443 A1 5L K 38 J7 2% (One-Way
ANOVA)J&, #1775 ik & 22 57 (P<0.05), W% H
Duncan 75172 8 HLE

2 HR5HMH

21 FEAREROPEREEDENEK. K
TEE. FFRRARISEANEN R E
RERGURXT A B ALK | BIER  FERE £OR
TR 2B S WZE 3, 112 d O FRA SE 45 R s
F5 #1AHE B & T F1. F2 fil F3 4{(P<0.05), F4
AR T FS 4, H2E 54 3 (P>0.05), F5 411
HWHEBMEA KRR ERT F1L4 . F2 4181 F3
ZH(P<0.05), F1 2| F2 4 | F3 411 F4 A [E] %A 2
EZ5(P>0.05), F1 AlApiEFR i s, FS 4ra
WRRM., SAMFHRBEREHEKAREEER
(P>0.05) fEGA RN R B 18, F1 41R1 F2 41385, F3
2. F4 401 FS Ykl 2 EH T
22 FEMARHEIRE shAeg B 4 B RO = B R
JIE 7 U5 X 4 B W e s e LR 4 B — R
70 5] P Fh T3 L i A KIS AR —, 2578
K, 45 205 PR U585 7 (1) B BeE ) 5 950 Bl o 0 st
JIgk 15 R ) AN [R) A A BH J ) T v sl R IR 3, B —
YRS = W58 I W 52 B (), & AL I A
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Tab. 3 Effects of different diets on weight gain, survival, hepatosomatic index and feed
coefficient of juvenile Chinese mitten crab, Eriocheir sinensis
X £SD
- AR diet grou
f845 indicator T group
Fl F2 F3 F4 F5
WA K E /g initial body weight (n=12) 2.15+0.12 2.12+0.09 2.13+0.09 2.16+0.11 2.15+0.10
AT /g final body weight (n=9) 4.99+0.80° 4.99+1.06" 5.27+1.00° 5.72+1.20° 6.45+1.27°
14T R % weight gain (n=9) 136.56+43.28"  133.56+53.43*  142.44+43.88°  166.56+61.53°  200.56+63.81°
7 A K /% special growth rate (n=9) 0.75+0.17° 0.73+0.21° 0.80+0.20° 0.85+0.21" 0.96+0.19°
JI% R /% surviving rate 100 83.3 91.7 83.3 75
JIT B 145 %0/% hepatosomatic index (n=9) 7.94+0.56° 8.14+0.77° 8.17+1.16° 7.94+1.26° 8.05+0.75"
Rt R B feed coefficient 2.45 2.46 2.03 2.08 2.10
e RPE T4 L A/NEG FREA R 3R 25 5 B 3 (P<0.05).
Note: Values in the same row with different superscript letters mean significant difference (P<0.05).
FT 4 T RIER XS Loy B 55 4h 88 b Fo A B A 52 M
Tab. 4 Effects of different diets on molting of juvenile Chinese mitten crab, Eriocheir sinensis
d; n=9; X +SD
- AR diet grou
$845 indicator AR group
F1 F2 F2 F4 F5
55— RIS AIBE  first molting interval 30.42+6.84° 28.42+10.85° 26.91£11.29" 24.33+10.77° 23.91+8.40°
55 R 52 1A BE second molting interval 36.43+9.43 36.33+2.50 38.7549.38 35.22+10.31 39.00+6.93
5 = R 2 A BE third molting interval 37.33+6.49 34.40+4.27 35.60+3.27 36.80+3.42 36.67+3.88

H: BPFE 76 FA/NG FRA R R E S B3 (P<0.05).

Note: Values in the same row with different superscript letters mean significant difference (P<0.05).

TETE 1 35 22 5% (P>0.05) . TE4NIE B BL, Tak b B Wi
T 22 S %ok 5t 5 R B2 A S e S i 2
23 AEEARERA PG ESHENELE
W)

i J R % 4 8 I S A B s i an g 5 BT
7N, F1 24088 T J i i 25 JB 2 U Bis ) b  e F

A 4% 20 (P<0.05), H:Ath £ 41 [H) 22 5 A 3
(P>0.05); F3 £ 1Y B & I BE 1 THALS 4, H
25 1 % (P<0.05), H &4l 2% A8 FE
(P>0.05); F1 41 . F2 401 F4 4008 Wy s ) 5.3
i T AL W 2H (P<0.05); 45 4119 3 By BTG ) 22 5
A (P>0.05).

R 5 NEIRREXS A gl B8R 4 B BT R AR H (L BB SE 1RO S2 00
Tab.5 Effectsof different dietson digestive enzyme activity of hepatopancr eas of
juvenile Chinese mitten crab, Eriocheir sinensis

n=3; X +SD
¥8%5 indicator fIRAL diet group
F1 F2 F3 F4 F5
2K 4E B U/mg tryptase activity 814.83+50.09¢ 592.63+17.36° 515.70+28.11° 477.10+£32.89* 576.73+55.36"
H 2 1/ U/mg pepsin activity 0.25+0.03" 0.18+0.02° 0.71+0.06° 0.23+0.02° 0.29+0.02°
g il U/g lipase activity 2.33+0.11° 2.36+0.05° 2.05+0.05° 2.38+0.12° 2.09+0.04°
VEREE U/mg amylase activity 0.31£0.05 0.33+0.03 0.33+0.02 0.38+0.05 0.36+0.03

e BHRFER T L A/NE FRAE R R 2R B3 (P<0.05).

Note: Values in the same row with different superscript letters mean significant difference (P<0.05).

24 AREIARHZRA PG BB E TR
i R 4H B

I R0 400 58 T e o i Ul i 2L 3 114 2 i DL
6. AT AR TR 2 L, 2% LA AR A

% (SFA) & 2 JC B 35 22 5(P>0.05) . M FIfs Wime
TR IR Crgo, JiH F1 4L, F2 40H1 F4 411
Cieo 7 B H T HABPILL(P<0.05), F5 4H1K;
F2 1f1 F3 4119 Ciso T EE S THM =4
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(P<0.05) o 7 JHF R R 0 BN 1 AR i R (MUF A) H, Z AR IR (PUFA) R, F2 411 LOA &1 2%
Cismo el E, SR T —2FLAE, 24HH Cigino BT HANAS 4, M F3 4R LNA SR FEE TH
SEESADEP>0.05); F4 41 Coq S RLFH 141 (P<0.05), F1 411 EPA #l DHA SR B E & T
B T HA & 41(P<0.05), F3 ZH1 Cre o i i HiAth 2 (P<0.05).

R 6 NIRRT g B 8 4 42 BT ok AR B B BR 4B AR 1O 220

Tab.6 Effectsof different dietson fatty acid composition of hepatopancr eas of
juvenile Chinese mitten crab, Eriocheir sinensis

%; n=3; X +SD
JEWFFR fatty acid Fl F2 F3 F4 F5

Ciao 3.58+0.16° 2.37+0.05% 2.16+0.02° 2.35+0.10° 2.72+0.07°
Ciso 0.95+0.04° 0.66+0.01° 0.61+0.02° 0.77+0.03° 0.78+0.26°
Cis0 16.27+0.76° 15.95+0.64¢ 15.00+0.46° 16.68+0.80° 14.41%0.63"
Cis:o 3.63%0.05" 4.58+0.14° 4.29+0.11° 3.060.05" 3.66+0.19°
Cao:0 0.25+0.01° 0.26+0.03" 0.18+0.05" 0.60+0.08° 0.21+0.02%
Cazo 0.20+0.04° 0.30+0.05® 0.24+0.03* 0.36+0.10° 0.20+0.03*
SFA 24.88+0.85 24.1240.48 22.48+0.29 23.82+0.81 21.98+0.54

Cia:1ns 0.76+0.03° 0.47+0.01° 0.40+0.01° 0.54+0.03° 0.56+0.02°
Cie 9.13+0.38" 8.10+0.24° 6.82+0.04° 11.55+0.18¢ 8.69+1.68°
Cis:ino 23.22+0.54 24.96+0.53 25.39+0.67 23.02+0.60 22.84+1.20

Cisinr 3.64+.0.04° 3.43+0.10° 3.05+0.04* 3.90+0.02¢ 3.60+0.10°
Ca0:1m0 1.83+0.15¢ 0.87+0.12% 0.70+0.03* 1.00£0.10° 1.37+0.14°
MUFA 38.58+0.81% 37.82+0.56 36.36+0.63* 40.02+0.82° 36.23+1.45°
Cisiane 9.7440.08* 20.95+0.55¢ 14.90+0.20° 15.17+0.19° 11.96+0.50°
Clgiane 0.09+0.01° 0.10+0.04 0.17+0.10" 0.2620.14° 0.06+0.01°
Cigans 1.68+0.04° 3.43+0.04° 15.69+0.25¢ 4.32+0.06° 7.96+0.31°
Ca0:2n6 0.66+0.04* 0.80+0.06° 0.76+0.04° 0.61+0.04* 0.91£0.12°
Ca0:3m6 0.16+0.07* 0.23+0.14° 0.13+0.07* 0.16+0.04™ 0.08+0.01*
Ca0:3m3 0.17+0.01° 0.20+0.02° 0.98+0.03¢ 0.30+0.02° 0.62+0.05°
Ca0:4n6 0.70+0.04° 0.50+0.02° 0.37+0.02° 1.04+0.05¢ 0.63+0.05°
Cao:53 3.78+0.17¢ 1.27+0.06° 0.74+0.06 2.96+0.14°¢ 2.93+0.17°
Caisn3 0.32+0.19° 0.14+0.01° 0.07+0.01* 0.3620.03° 0.29+0.03°
Ca:6m3 6.00+0.48° 1.81+0.03° 1.02+0.07* 3.32+0.32° 4.25+0.08¢
PUFA 23.31+0.92° 29.43+0.50" 34.8+0.42° 28.33+0.20° 29.69+1.18°
HUFA 11.11+0.92¢ 4.14+0.02° 3.33+0.11° 7.98+0.41° 8.79+0.45°
n-3PUFA 11.96+0.85° 6.85+0.15° 18.51+0.10¢ 11.09+0.45° 16.04+0.68¢
n-6PUFA 11.35+0.08° 22.5840.64° 16.32+0.32° 17.25+0.29" 13.65+0.56"
n-3/n-6 1.05+0.07 0.30+0.01 1.13£0.02 0.64+0.04 1.17+0.03

H BRI =174 L A/NE FRASE R R 25 5% I3 (P<0.05).

Note: Values in the same row with different superscript letters mean significant difference (P<0.05).

25 AEERBBUDEFEEHEMARET 4 F3AMFS UK Cno ST F4 4, HER

B 20 R & (P<0.05) . #% 2H 19 5 AN T R A Dy 1R £ A
JE W US4 8 LR I B PR AL I SE M AN 38 7 Cugaano LM E 22 57 (P>0.05); F4 41 Cie &t i

firs, NI IRA b, A miE e THAMAZH(P<0.05); F1 4. F4 481 F5 411y

il SFA &HIF LB FE2ZF(P>0.05); F1 4. F3  Ciuw BB E®T F3 41(P<0.05). 7EZAMA

ZHANFS 4019 Cogo % & 1035 5 T F4 41(P<0.05); F1 JI& W52 77 161, F1 401 ARA . EPA. DHA #1 HUFA
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Tab.7 Effects of different diets on fatty acid composition of muscle
of juvenile Chinese mitten crab, Eriocheir sinensis

%; n=3; X =£SD

SR fatty acid F1 F2 F3 F4 F5
Ciao 0.99+0.05" 1.33+0.07¢ 1.1120.02° 1.96+0.07¢ 1.40+0.04¢
Ciso 0.39+0.01° 0.46+0.02° 0.40+0.01* 0.60+0.01°¢ 0.47+0.01°
Ciso 13.93+0.83% 15.58+0.65" 13.88+0.51" 14.55+0.84° 14.56+1.04°
Ciso 6.63+0.22° 5.60+0.18% 6.05+0.11° 4.74+0.01° 6.44+0.18°
Ca0:0 0.40+0.05 0.39+0.06 0.40+0.04 0.33+0.01 0.49+0.07
Cao 0.49+0.04° 0.43+0.03™ 0.49+0.03° 0.33+£0.01° 0.48+0.05"
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n-3PUFA 24.79+0.04¢ 15.23+1.23% 22.4140.40° 19.47+0.48° 18.15+0.27°
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T R 474 EMA/NG TR 7R 22 5 135 (P<0.05).

Note: Values in the same row with different superscript letters mean significant difference (P<0.05).

T A A A, H 2= 5% W3 (P<0.05); F2 41
LOA it i 2 & T H A4 41 (P<0.05); F3 4119
LNA & i 3 = T HAh 4 41 (P<0.05).
3 it
31 WEHEEFEIWHENR

TEZ Hi X rhAE o8 2 1 2 e i ik 5 b, Al
FER IR HEAT S i 1O, A SR A AR FR
PEATAFFE AT ARSI R B AN AR SR A A 2k
TS, DAPRIIE AT DL A M 158 5256 b A H 4
ARG O, ST mIbE . Bioe kB, BRI SE
Jo B AR A, BRI SRBE A R B LE 4 TR W 5T
R LA A B T, WS AT T, DA IR F 42
TR R B AR, BANRIR A AT DAARIE

SEG AR rh 4 AN AR AR AR ), sty
Y, AR T TR TR R B 2T o
32 PERRF M EELEK

T RELIE 7 I5 B AN TR T i R} v 5 B 7 1R
Lb 1 A AS [ R B 1 R A P R BE RS ] . — ke
U, AR Y n-3 Fln-6 55 AR AR D5 R (HUFA)
TR R T, R R A KRB AR R —
e A AR i o 8 %) Dok e, 1 R R AN R
Jg W7 IR % e e AR, T DA A X R
T & T . B, FS A4 Re
B OF B HE HE 3R X 7R ML 494 I X R (Litopenaeus
vannamei) . B 5 X} iF (Penaeus moil odon) 1 57 [X 5
Z MR (Procambarus clarkii) 5% F153] T 2510
g LIS g DR AT R, 3% A £ 4 55 1Y)



5 6 1]

FAREEAE: AR AR T A G A B A A T AR RN U R 2L A R ) 1219

EPA F1 DHA T £ Hefe i /& th A o8 1 4 g () 75
SR, (A SRR T B Y LNA X4 A K G
HEAE RN B, PR RIS 2 1 LOA Al
LNA A LI4R 5 H Fe sh i i A K v gel ™, A szt
FA W FE R B IR R, HZATA S
INNTEGRR P IE R DHA 5 EPA BARBEA AL
Hf e g AR K, B4Rk DHA 5 EPA
Fi 5 T s 23 o ol 1 g e sk P U, S AR S
SEIRORAF, TR O] B8R AR R 50 T A £ 3 3 Y
FEFIASTR], HASZES BT A €l EPA Fil DHA [
F R R TR AR AT R A S BT F 2 A SRR T
Xof HRARL B A R (i ST OV S AL T2

AR, P4 G EFOR T FS 41, S
ZHTH ST S SRARIPO 2 n-3HUFA X SR8 4 1A
HEEZZ N, TP H A AR i s R A A K
PEBE, [RIAF n-3 ZR G0 W ER7E AL Ky TR A
BT n-6 RIVBEMTIRTY, XAEA LI Y25 5
WigF TIAM, & LNA. EPA fil DHA % n-3
RINIEWIER A FS A3 e A K P RE . 45 4140
LT P e B W R N 5E e — K, R
H T I 72 58 T %5 & 1iF (molting death syndrome,
MDS)id i, X 5k HUFA A2 B0 5 i
B, SR EM R LB, R
HUFA 5t ik i sl 2t PG 2 X JHL 1 8 M58 50 1 A
SEM P, ARSI v F 141 R HUFA &5 42 0] fig 3
A I T A 8 B 8 A e e %) I RN 5 S A
BRI A 4 AR HUFA & 8 2 5%
TR IE R IR
3.3 BERAIEXT %) 8 il L B iR T

TRl SR S R W AL G I E R, M
R I 7= A 114 2 TRl i s Tl PR T R R R
PRI, R 1 2 0 I 1 IS B P RS g
i T HAh - 41 (P<0.05), W] BB A2 21 k) b A
BRI, F3 AR ) A A
i T HAM A 4.(P<0.05), TIAERE LNA X B &
1 i % 0 A — 5 B AR SE AR F I Z T B A ST R I,
FH LA i) Ak 5 4 2 0 45 M e A 258 28 J8 6 T J A v
A R A A S 2 A W R Y R
A g2 Z WA T T FHARDRE R 2% f0 AR 7 3R oy b 22
VAL /NIl W7 (brel e (1 = A R SR CIE 7 0 90 N %

P i B ] o A S 56 4% 2 U8 oy BTG I
225, BRI UCH AR F B TR A — S 5
Mg 200 T i P 8 X A 8 R T R il ) O 5 A DL
i, A5 v 45 iRk AR TR R A 22
S, U BA AR BE 7 J5 T E A9 il A0 s i A7 PR G F L4
F2 41F0 F4 2988 Wi RS 71 .35 = T F3 41f0 FS
4, FELESCFEER B 9T o % I AE A T 24 g
5 B0 7 B e, 2 WAL Hh g 0 R 1 A [ %o HE
S ST ARG 105 BTG 1A — R s T, A seg
25 AR N RS 1 i 25 T Re S B ) LOA
EPA Fl DHA W2 A%, kf LOA. EPA FI
DHA 1 2 SV R, R DB S ks o Bk
v, Ae 0l AT LA A, X 2 AT RS
gl gy 28
3.4 RERA R 5 Mm p 4E 45 B 45 BT IR PR A0 AN 7Y B9 BE
R ER 28 X

JHF I i 2 W i TR AR 2R AR, IR
U R 20 B 2 5 3 A A v A T 4L ) 2 i 200
ARSI A 45 RABAIE B T 3X — 55, F1 241408 T i
() HUFA &35 & T H A4 4, F2 4408 T iR i
LOA 35 5 T HAh &2, F3 2H 408 JIF IR 1Y LNA
3 T AL, 45 2 AT s R 5 ]
BHIR 05 R 20 B 52 IEAH DG R, FEUF bt AT 25Uy
j:[ii—a‘[Sl—SZ]o

M ZE LR Bg 105 12 43 A b ml DU B, 45 20 %))
JLIRY 8 B I 2 I A 5 4 55 et g g 1 xof 1o, i IR
AT REJE G IR A BEREPEDORL . LPA rp IR &
i%, FEARWImR & m AN R, WUAH Ciso 5 Cro
B TR T i &, LIPS T AR
i £ kv 0 N ARDRH B, F3 AL R
i 11 B Sz AR (R4 R vb 1 B i, #RmT DA g
B AN, AR5 LOA Fil LNA A] DL i
FA R F L R B e 28 K 4kl HUEAR®), e
Sz F3 LA EPA i T F2 41, X 5 4R 4
B EPA 1 & A7 E— 222 5%, JRA AT REJE LOA
FILNA 7 A Gl 5 8 1) JIT TR A P 3 2k 2o A Fn A
FH R B FE A 5% 4k A HUFA 32 3% S LA 4121
. F3 ANLA T EPA Al RERL 2 it LNA
2 R IE KA R e85



1220

o i K

%24 %

Zr LRIk, AN [R) B 7 R B 4R A 4
BB THAREES 1 AU R S LR B
TR UL — 8 MRG0 o FEAR SEB6 25T, 50% %
T -+50% WV JBR I 41 3 A5 8 0 1 A K AR L, i 4
HRE ARG R ws, WORRIM 2 A A S A
B, g . M 50% a3 +50% SAh 4 B
U5 G 0 A2 G o T S R R UL A) £4) i O R 2
5 1R 7 R 4 A S IE A S &R

Bgl: AXBRFITERTXFAE KAFOHH
BhFe XA, fe b &k T R

5% 30 Hk:

[17 Sui L X, Wille M, Cheng Y, et al. The effect of dietary n-3
HUFA levels and DHA/EPA ratios on growth, survival and
osmotic stress tolerance of Chinese mitten crab, Eriocheir si-
nensis larvae[J]. Aquaculture, 2007, 273(1): 139-150

[2] Wu X G, Chang G L, Cheng Y X, et al. Effects of dietary
phospholipid and highly unsaturated fatty acid on the go-
nadal development, tissue proximate composition, lipid class
and fatty acid composition of precocious Chinese mitten crab,
Eriocheir sinensig[J]. Aquac Nutr, 2010, 16(1): 25-36.

[3] Dabramo L R. Triacylglycerols and Fatty Acids in Advances
in World Aquaculture-Crustacean Nutrition[M]. Baton Rouge, L
A: World Aquaculture Society, 1997: 587.

[4] Merican Z O, Shim K F. Qualitative requirements of essen-
tial fatty acids for juvenile Penaeus monodon[J]. Aquacul-
ture, 1996, 147(3): 275291 .

[51 Glencross B D, Smith D M. Optimising the dietary levels of
eicosapentaenoic and docosahexaenoic essential fatty acids
for the prawn, Penaeus monodon[J]. Aquac Nutr, 2001(7):
101-112.

[6] Romano N, Zeng C S. The effects of salinity on the survival,
growth and haemolymph osmolality of early juvenile blue
swimmer crabs, Portunus pelagicus[J]. Aquaculture, 2006,
260: 151-162.

[71 Folch J, Lees M, Stanley G H S. A simple method for the
isolation and purification of total lipids from animal tis-
sues[J]. J Biolog Chem, 1957, 266: 497—-509.

[8] Morrison W R, Smith L M. Methanolysis of lipids with
BF3-Methanol[J]. J Lipid Res, 1964, 5: 600—608.

[91 Wu X G, Wang Q, Lou B, et al. Effects of fattening period
on ovarian development and nutritional quality of female

swimming crab, Portunus trituberculatugJ]. Journal of Fisheries

[10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]

of China, 2014, 38(2): 170-181. [T, TEE, B, %.
T i) X6 = PR T O LR T R IR B S ().
JKF4R, 2014, 38(2): 170-182.]

Xu X Z, He X Z, Fu P F. Effects of different diets lipid
source of Chinese mitten crab, Eriocheir sinensig[J]. Feed
Industry, 1997, 18(5): 16-18. [fRFFE, M FH, {114
AN F B IR 4 A R A2 R ). ARDEE T, 1997, 18(5):
16-18.]

Chen Q W, Cai CF, Ye Y T, et al. Effects of different diets
protein source on growth and physiological function of Chi-
nese mitten crab, Eriocheir sinensig[J]. Feed Industry, 2008,
29(4): 13-16. [REUX, %F57, Mott, & AREeE
PR X v AR S A R AR SRR A 52 I [J]. TRk Tl
2008, 29(4): 13-16.]

Sun X J, Wang Y, Chen L Q, et al. Requirement of Vitamin
A of juvenile Chinese mitten crab, Eriocheir sinensis[J].
Journal of Shanghai Ocean University, 2009, 18(5): 539-545.
(PVBTEE, £, Brorfr, 55, e B an B ikl h 4
R A NS EFRERE]. LG REE2AR, 2009, 18(5):
539-545.]

Zhao Y T, Wu X G, Chang G L, et al. Effect of dietary DHA
levels on growth, lipid composition and hypoxia stress of
juvenile Chinese mitten crab, Eriocheir sinensis[J]. Acta
Hydrobiologica Sinica, 2013, 37(6): 1135—1144. [V,
ST, WHES, & Mk DHA & &X P aegi ey
AR PRSI A R A )], KPR,
2013, 37(6): 1135-1144.]

Chang G L, Wu X G, Cheng Y X, et al. Effects of phospholipid
and highly unsaturated fatty acid on survival, weight gain,
molting and biochemical composition of juvenile Chinese
mitten crab, Eriocheir sinensis[J]. Journal of Fishery Sci-
ences of China, 2011, 18(2): 329-337. [ E+%, ST, W
KB, 4. BEREFT HUFA X AR A AE T . A
WE5E KA AR R 2R (D], PR RRE, 2011, 18(2):
329-337.]

Zhang M L, Sun Y H, Chen K, et al. Characterization of the
intestinal microbiota in Pacific white shrimp, Litopenaeus
vannamel, fed diets with different lipid sources[J]. Aquaculture,
2014, 434: 449-455.

Deering M J, Fielder D R, Hewitt D R. Growth and fatty acid
composition of juvenile leader Penaeus monodon[J]. Aqua-
culture, 1997, 151: 131-141.

Wen X B, Ku Y M, Zhou K Y. Growth response and fatty
acid composition of juvenile Procambarus clarkii fed different
source of dietary lipid[J]. Agr Sci Chin, 2003, 2(5): 583—



5 6 1]

FAREEAE: AR AR T A G A B A A T AR RN U R 2L A R )

1221

(18]

[19]

[20]

(21]

(22]

(23]

[24]

[25]

590.

Liu S H, Cao J M, Huang Y H, et al. Effects of different
dietary linolenic acid/linoleic acid ratios on growth performance
and fatty acid composition of juvenile Litopenaeus vannamei[J].
Chinese Journal of Animal Nutrition, 2010, 22(5): 1413—1421.
(XURkAE, HHRW, sgete, 25 fRDehrh o )RR R/ 0 i
Lo X PLA IR X BRI AR A A M RE RN IR AL LS [J]. 5l
YrEFRAR, 2010, 22(5): 1413-1421.]

Wang L Q, Hu W, Li H'Y, et al. Effect of dietary DHA and
EPA levels on growth and feed utilization of juvenile Chinese
mitten crab, Eriocheir sinensig[J]. Fishery Modernization, 2003
(6): 39-41. [FERR4:, WIE, Z=ivE, 4. febh DHA 5
EPA JKT-Xof Gl A A A BRI TSR A 2 [T, ol B4R
1k, 2003(6): 39-41.]

Liu S H, Cao J M, Huang Y H, et al. Effects of replacement
of fish oil with vegetable oil on growth and hepatosomatic
index of Litopenaeus vanname[J]. Journal of South China
Agricultural University, 2010, 31(4): 95-99. [XIHifE, B2
W, wgeR, . YRR AR FLA XS HR R A R
REFIFAR LM (7], AR R AL R4z, 2010, 31(4):
95-99.]

Lim C, Ako H, Brown C L, et al. Growth response and fatty
acid composition of juvenile Penaeus vannamei fed different
sources of dietary lipid[J]. Aquaculture, 1997, 151(1-4):
143— 153.

Kanazawa A, Teshima S I, Sakamoto M. Effects of dietary
lipids, fatty acids and phospholipids on growth and survival
of prawn (Penaeus japonicus) larvae[J]. Aquaculture, 1985,
50(1-2): 39-49.

Takeuchi T, Nakamoto Y, Hamasaki K, et al. Requirement
of n-3 highly unsaturated fatty acids for larval swimming
crab Portunus trituberculatus[J]. Nippon Suisan Gakkaishi,
1999, 65(5): 797-803.

Sun J M, Liu Y J, Zhou Z C. Research on protease and lipase
activity in Penaeus chinensis at different growth stages[J].
Fisheries Science, 1995, 14(2): 11-13. [FhHA, XA, JA
AR, AR A P E XA R AR AR
H5E[I]. KPR, 1995, 14(2): 11-13.]

Yang Z G, Que Y Q, Ji L Y, et al. Effects of replacement of
trash fish with formulated feed on growth and digestive en-
zyme activities in Chinese mitten crab Eriocheir sinensqJ].
Journal of Dalian Ocean University, 2013, 28(3): 293-297.
(R, AT, LiEot, % RS
GBI K TTH AT L RS2 A D], RV K

[26]

[27]

[28]

[29]

[30]

[31]

(32]

[33]

2, 2013, 28(3): 293-297.]

Jiang H B, Chen L Q, Wang Q, et al. Effects of dietary pro-
tein on activities of digestive enzyme and trypsin mRNA
abundance in Eriocheir sinensis juveniles[J]. Journal of Fi-
sheries of China, 2005, 29(2): 216-221. [JLLdY, W& 1F,
ERE, S TERHE P BO P ARG A A A 1 SR
HHEM mRNA FEERYZE[I]. K= 54R, 2005, 29(2):
216—221.]

Guo Z L, L1J Y, Gan X H, et al. Influence of different lipid
sources on growth, digestive enzyme activity and fatty acid
composition in juvenile red claw crayfish, Cherax quadri-
carinatus{J]. Journal of Fishery Sciences of China, 2010,
17(5): 996-1004. [R5k, 22558, HARME, 5. AN
TR LT o B AR A T ARG P B LY A A2
BT, R EERRE, 2010, 17(5): 996-1004.]

Pan L Q. Comparative studies on digestive enzyme activities
during larval development of four species of shrimps and
crabs[J]. Journal of Ocean University of Qingdao, 1997,
27(3): 313-318. [VEEH. WUFPIREEL AR ALERE i)
LEASIFAE ], 5 S 224, 1997, 27(3): 313-318.]
Cavalli R O, Menschaert G, Lavens P, et al. Maturation per-
formance, offspring quality and lipid composition of Macro-
brachium roserbergii fed increasing levels of dietary phos-
pholipids[J]. Aquaculture International, 2000(8): 41-58.
Johnston D J, Calvert K A, Crear B J, et al. Dietary carbohydrate/
lipid ratios and nutritional condition in juvenile southern
rock lobster, Jasus edwardsii[J]. Aquaculture, 2003, 220:
667-682.

Ji W J. A comparative studies on fatty acid compositions of
wild and cultured shrimp (Penaeus chinensis)[J]. Journal of
Fishery Sciences of China, 1996, 3(1): 16—20. [Z=3ClH. B
Az R N T FRBH I b [ X i (Penaeus: chinensis) i1l iR 4
ST S AT [I]. P DK ERRAE, 1996, 3(1): 16—
20.]

Kumaraguru vasagam K P, Ramesh S, Balasubramanian T.
Dietary value of different vegetable oil in black tiger shrimp
Penaeus monodon in the presence and absence of soy lecithin
supplementation: Effect on growth, nutrient digestibility and
body composition[J]. Aquaculture, 2005, 250(1-2): 317-327.
Ren Z L, Li A J, Xue C H. Nutrient equirements of Penaeus
chinensis for essential fatty acids[J]. Journal of Ocean Uni-
versity of Qingdao, 1994, 24(1): 24-32. [Tk, 2R,
BRI, P EXSERXT L FE IR Y & FR TR ], 77 i
K2EEAR, 1994, 24(1): 24-32.]



1222 o K R 2 %24 %

Effects of different lipid sources on growth, digestive enzyme activity,
and fatty acid composition in juvenile Chinese mitten crab, Eriocheir
sinensis

WANG Jianyi, YANG Zhigang, WEI Banghong, SHI Qiuyan, YANG Xiaozhen, CHENG Yongxu

Key Laboratory of Freshwater Aquatic Genetic Resources, Ministry of Agriculture; College of Fisheries and Life Sci-
ence, Shanghai Ocean University, Shanghai 201306, China

Abstract: This study determined the effects of different sources of dietary lipid on survival rate, weight gain,
molting, digestive enzyme activity, and fatty acid composition in male juvenile Chinese mitten crab, Eriocheir
sinensis. Five diets were formulated to contain different amounts of fish oil, soybean oil, and linseed oil. The con-
trol feed (Group F1) was formulated with 6% fish oil, whereas the other 4 experimental diets were formulated with
6% soybean oil (Group F2), 6% linseed oil (Group F3), 3% fish oil and 3% soybean oil (Group F4), and 3% fish
oil and 3% linseed oil (Group F5). Juvenile crabs (with initial body weight 2.15 g+0.10 g) were randomly allo-
cated to one of the diet groups. Twelve juvenile crabs per diet group were individually stocked in plastic tanks.
After 112 d, weight gain and specific growth rate of Group F5 was significantly higher than that of the other
groups (P<0.05). No significant difference was observed in molting interval or hepatosomatic index. Analysis of
digestive enzyme profiles from the hepatopancreas revealed positive correlations between enzyme activity and
lipid sources: tryptase activity in Group F1 was significantly higher than that in the other groups (P<0.05); pepsin
activity in Group F3 was significantly higher than that in the other groups (P<0.05); lipase activity in Groups F1,
F2, and F4 was significantly higher than that in the other two groups (P<0.05). Different diets had no significant
effects on amylase activity. Fatty acid composition of the hepatopancreas and muscles followed the fatty acid
composition of the diet. Eicosapentaenoic acid (C,.s5,3) and docosahexaenoic acid (Cy,.6,3) in Group F1 was sig-
nificantly higher than that in the other groups (P<0.05); linoleic acid (Cig.246) in Group F2 was significantly higher
than that in the other groups (P<0.05); linolenic acid (C,s.3,3) in Group F3 was significantly higher than that in the
other groups (P<0.05). These results suggested that replacing 50% fish oil with soybean or linseed oil had a posi-
tive effect on growth, but a negative effect on survival rate in juvenile Chinese mitten crab, E. sinensis. Both soy-
bean oil and linseed oil had a significant effect on tryptase activity, pepsin activity, lipase activity, and fatty acid
of the hepatopancreas and muscles in juvenile Chinese mitten crab, E. sinensis.
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