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it 3L BE AL Pk E 600 L rp 4 4% B g &)y I, &)y g
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R B 2% o R /N0 T PR AR TH R 2 8,
8 SR B K B K N K R 174, 9256

1.1

[a] NH,-N 24 0.35 ~0.49 mg/L,NO,-N }0.02 ~
0.03 mg/L,pH 7.80 ~8.10, HHAT 12 h B& 1
FRREH, 06 g =12 h: 12 h,

W7 10 d ), Kl AL B4l B A6 A st Rz 4y
SU1, RV fige v B 5 M rp e 0 2 R A — S ANBOR
LT A i )1 S R N = 7 S o |
Olympus-2 Jt2/ g BB W48 (R A% % 100 x ),
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fig G AU AR TR 4L 2% , B DA 3 P47,
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Tab.1 Morphological characteristics of

E. sinensis during its molting cycle

Wh K2 3 5 = SR IE S F AR AL REHE
stage of main morphological characteristics feeding
ecdysis of the third maxilliped or not

D SR IERBE N E E X &
E 58 i 4 £k T 54 i
AB W55 2, 2R k49, TG I I3 4 i
Cl1 T A6 303, W1 = [0 6 T A P
C2 W 6 [58 f TE B, JE )22 1 B =

1.2 LWHE

$i¢ Folch 45" gl 5 pa g & 45 5 2K 4L R
Fl IATROSCANTM MK-6s 5 1k 1 2 @ 1% 1 4
ASC 5 MR B T2 7 e A M 2K 4L R RN I 7 TR
GIHT, R 14% B9 = FAL T — B EEXT S0 k4T
B AL AL 3, i 15 TR 43 Hr 2R FH 26 [E) Agiltent 24w 2E
I e AR B3 X 6890 A (G1530A)
1.3 HIEHH

A S SRS Y8 AR G, A5 SR DA mean +
SD #77%, % Fl SPSS 16.0 £f7 One-Way ANOVA
HRR T 0N, M 2ER B ER (P <0.05) i
T Duncan Z & [ #4 ,

2 iR

2.1 WiEBEBARFERREMIA DS RERAR
BT

M D HE] C2 31, I R IR 7 R AT R R
FFETHES BI7E D W4 i, AB 4%, C1 1T
fiy T U PAL IR 5 i A0 S B R i AR fR i B 7
D WAk, 1 AB 45, C1 T BR T RE (K 2) o
Hh A Y T ) T TR 288 2 8 2 O Ik = T
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(TG) , ik #fig (PL) , TG & £ 7E D I 55 i,
BT RER C1RAL, C2 W& R IF G B 7. PL
FH A D TG BT, AB 3K B 4R i, C1 Y
OOV 46 T Mo i #5055 BR (FFA) A JE [& A%
(CHO) MIxf & Az L e $ I A — 2, Bl D \E | AB
WMEFMT C1L M C2 W (P<0.05), A D 5]
Cl Wi LT, 78 C1 Wik 2 4% @& {6, C2 1 3UOF
i R H— B (MG) fE C1L,C2 f] ] 5 ] i}
A A 3 SR AR I E

ARG A LA IR A £ 2 A PL,
TG il CHO, PL i1 E WIf Ak, oAl 4% 391 i G
BFERS HET EM(P<0.05), TG & #7E
E Wif i, ook D A AB 1, C1 #l C2 144K,
FFA 816 E Wl fe i, Hofb 4 0 0 B 3% 1k 25 5+
(P>0.05), CHO M D {f%| AB W& #i It i , 1
AB ik B i KAH, 76 CL Al C2 [ {ik. MG & &
7£ E AB \C1 #]JC 1 3% 72 5, D {1 F1 C2 0 i 3%
IR T H Al A (P <0.05) ¢

x2 AEGEAAFERANASERELRAR(SE)
Tab.2 The changes of total lipid and composition of lipid during different molting periods %

D E

AB Cl1 C2

BT £ BE hepatopancreas

total lipid 48.92 +1.73° 46.43 +0.27°
TG 92.69 £2.52° 88.99 +1.28"
FFA 1.30 £0.33¢ 1.86 +0.56°
CHO 1.50 £0.42° 1.72 £0.51°¢
MG — —

PL 4.51 +2.00¢ 7.44 £0.65¢
AL A muscle

total lipid 3.60 £0.17° 4.18 +0.11¢
TG 5.89 +£0.80° 19.38 +3.29°
FFA 1.17 £0.37° 3.41 £1.18*
CHO 4.56 £0.63° 5.14 £0.79"
MG 0.03 £0.05° 0.16 £0.07°
PL 88.34 +1.73" 71.92 +4.97°

37.09 £1.30¢ 42.47 £1.34° 44.99 £0.92°
77.05 +3.94°¢ 71.01 +3.59¢ 78.78 +2.36°
1.90 £0.20° 5.20 £0. 68" 4.71 +0.26°
1.95+0.45°¢ 7.49 £0.38" 6.60 £0.74°

— 0.52 +0.28° 0.37 £0.10°
19.10 +4.46° 15.79 +4.48"° 9.55 £2.55°¢
6.08 £0.04° 5.44 £0.05° 4.37 +0.08°
5.32+1.19° 2.12 £0.85° 2.82 £1.40°
0.71 £0.13° 0.90 +0.50° 0.70 £0.43°
6.72 +0.86* 6.59 +1.97° 5.90 +1.04°
0.12 £0.07° 0.13 £0.15° 0.04 £0.06°
87.37 +1.27° 90.23 £3.33* 90.53 +2.83"

T/ — 47 AR b bR 7R 22 5 8.3 (P <0.05) . TG. H il = ; FFA. i 25 5 7 % ; CHO. JIH [5 %% ; MG. H 7 — 5 ; PL. B 5
Notes: Values in the same row with different superscripts are significantly different( P < 0.05). TG triglyceride; FFA : free fatty acids; CHO:

cholesterol ; MG : monoglyceride ; PL : phoshphplipids

2.2 BEBAHAFEREERREIEZASINIE
T

T4 2% B T o) R Y R A I R 45 AL oy h 3R
WENSi R N C18:2n6 (LA) .C18:3n3 (LNA) |
C20: 4n6 ( ARA ), C20: 5n3 (EPA) . C22: 6n3
(DHA) DL KX EEREN R (P & KT 4% )N
C16:0.C16: 1n7 .C18:1n9 18: 1n7 (% 3) .

FEWE R A W rh, N D W1 3] C2 1 1 R JH B AR
s R ELRR R Z a2 6 fhafbias. — &
e D W i, E-C2 W% = P R IR IR K AN AR,
47 C18: 1n9 \DHA; — & D-E I & % 5 , AB-C1
HH.C2 HHsk AB H . C1-C2 & &k T F%, an
EPA LNA; =2 D-E | & it & %5 , AB-C1 i & &

TR, C2 W& & FJF, 4 C16: 1n7; P4 J& D-C1 1]
FRAEARANA,C2 WS R TR, i C18: 17,
ARA; fi /& D-E ] & & & IRF& AL, AB-C1 1] [ C2
Wz B, LA )2 D-E & &8 R E I,
AB M M5 7E C1-C2 I b F+, 4n C16:0,

B UG AT UL, 7 W0 R o A v T R A T A A
BRI R & i A 2 B 2R etk . (Hik
A BE SR M, W6 R 4% 01 SFA & BEJL AR b, %
W] SFA 5 i Jlij B2 7] e 4% 55 LU 9 8% 1 #8 ; MUFA &
HIEE W8 00, Ew b e EE L RE Y
J& ;s HUFA 4 75 AB-C1 ]y />, % W] HUFA 1]
BB 4% 1 ISR, FL 767 IS A e b g I #E . C2-
D W] & g kg, R LA 7 Ok AR
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R3 AEGEEHAPEGEENEFEREHRBRAR(%B0E)
Tab.3 The changes of fatty acid of hepatopancreas in different molting periods

N iR fatty acid D E AB Cl C2
Cl14:0 1.13 +£0.40 1.23 +0.59 0.99 +0.09 1.04 +£0.32 1.29 £0.26
C15:0 0.44 £0.09 0.51 £0.16 0.40 £0.03 0.41 £0.09 0.49 £0.06
C16:0 14.14 £1.31° 15.253 £2.50° 14.55 +0.86° 15.71 £2.05" 16.90 £0.92°
C18:0 2.67 +0.33° 2.96 +0.32° 3.56 +0.05® 3.31£0.09° 2.99 +0.10°
C24:0 0.71 0. 04 1.05+0.19 0.80 +0.34 0.83+0.11 0.71 £0.05
SFA 19.58 =1.38 21.84 £3.08 21.78 £0.73 21.74 £2.20 22.74 +1.18
C16: 1n7 7.82 +0.94° 7.92 +1.42° 6.51 £0.39° 6.31 £1.04° 7.33 £0.36°
Cl16: 1n5 0.52+0.07™ 0.62 +0.06" 0.51+£0.01% 0.52+0.10™ 0.46 £0.01°¢
C18: 1n9 26.96 £0.13" 25.03 £0.88" 25.75 £0.06" 25.83 £0.55"° 25.83 20.50°
C18: 1n7 4.55 £0.50® 4.87 +0.33" 4.64 +0.26" 4.45 +0.23" 4.02 +0.02°
C20: 1nx 1.96 +0.17 1.97 £0.31 2.21+0.13 2.10 £0.24 1.82 +0.09
22:1 1.50 £0.31% 1.19 +0.43°¢ 2.03 +0.24° 1.66 +0.25% 1.47 £0.03°¢
MUFA 43.41 £1.06° 41.71 £0.83° 41.77 £0.23° 41.30 £1.14° 41.05 £0.76°
Cl16:2n4 0.91+0.11% 1.12 £0.05™ 1.28 +0.17° 0.99 +0.07" 0.80 +0.02¢
Cl16:3n4 0.43 +0.07° 0.50 £0.07™ 0.55 +0.08* 0.49 +0.01™ 0.47 £0.01%
Cl18:2n6 16.37 £0.30° 14.37 £0.60° 16.92 +0.08" 16.90 +0.24° 18.47 £0.15*
C18:3n3 3.21 £0.18* 3.33 £0.27° 2.96 +0.06" 2.46 +£0.04¢ 2.60 +0.02°
C18:3n4 0.49 £0.02° 0.52 £0.04* 0.44 +0.02° 0.35+0.01° 0.33 +0.02°
C20:2n6 0.86 +0.09 1.11 £0.70 1.03 +0.10 0.93 +0.17 0.82 +0.02
C20:3n6 1.60 £0.13® 1.58 £0.20° 1.50 +0.10° 1.66 +0.19* 1.11 £0.06°
C20: 4n6 2.04 £0.16° 2.25 +0.29° 1.95+0.13" 1.96 £0.20" 1.54 £0.10°
C20:3n3 0.75 £0.07° 0.79 £0.10° 0.67 £0.07™ 0.59 +0.08" 0.48 £0.02°¢
C20:4n3 0.43 +0.04° 0.42 +0.07° 0.35+0.03™ 0.33 +0.04° 0.29 +0.03°
C20:5n3 5.13 £0.39° 5.12 +0.70° 4.26 +0.36" 4.60 +0.48° 3.72+0.19°¢
C22:5n3 0.56 +0.09* 0.59 +0.09* 0.48 +0.06™ 0.46 +0.08™ 0.38 +0.02°
C22: 6n3 4.49 +£0.58" 4.04 £0.67° 3.89 +0.54° 4.08 +0.55° 3.72£0.07°
Y PUFA 37.69 £1.34 36.12 £2.88 36.71 £1.00 36.56 £1.99 35.26 £0.58
Y HUFA 15.01 £1.41° 14.78 £2.02° 13.09 =1.28% 13.69 +1.54® 11.25+0.37°
n-3PUFA 14.81 +0.99* 14.48 +1.89° 12.88 +0.98% 12.81 +1.29* 11.42 +0.31°
n-6PUFA 21.05 £0.46" 19.51 £1.02° 21.55 £0.28" 21.71 £0.74* 22.24 +0.23"
n-3/n-6 0.70 £0.04* 0.74 £0.07* 0.60 +0.04° 0.59 £0.04" 0.51£0.01°
DHA/EPA 0.87 +0.06° 0.79 +0.02° 0.91 +0.05° 0.89 +0.03° 1.00 £0.03"
ARA/EPA 0.40 +0.00¢ 0.44 +0.01° 0.46 +0.01° 0.43 +0.01" 0.42+0.01°¢

T — 1T AR EARRR 257 B35 (P <0.05) , R AP H & H=K T 0.3% f9 8

Notes: Values in the same row with different superscripts are significantly different( P <0.05) ,the fatty acid with more than 0.3% of total fatty

acids is shown in the table

2.3 BIEEAHANINABERREIZEASNHES
T

Hh A SR B A BE L DY IR s R 5 AL 00 v
T &R 7 LA \LNA | ARA EPA DHA, Ll } ¥
ZG MR (FI X & KT 4% ) O C16:0,C18: 0,
C18:1n9 18:1n7 (5% 4) . SAFIRARAR TR £ 2241
i PR, LA 5 o s Y SR D R B T

C18:0, /% & 6.0% L) b, 7 C16: 1n7 &Ik
% 1.53% , &1 E W 1 J+ % 4.22% ,AB-C1-C2
LIPS/ .

FEWE B2 SR, 0 D I E] C2 3] E R LA %
M BB & RS R — 2 E-
AB 5 A X D ] BT}, C1-C2 ] (D I i ik
TR C16:05 5 B 1 & AU P A%, Hofth 45
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WG IR C18:0; = J& EAB M & itdl R, C1 M mg 1 jm, C2-D A W 3% ¥ & Ft, 4o
S AR, Hofh A% 0 e s HOE AR5 A8, 4 BPA, CI8:1n7, WS — M EE, L SFA MUFA &
DHA ; PU & E 3 & it e 45 i, o fh 25 B & &3k & #E B-AB M Ui A3 35 in 84 3%, PUFA #1 HUFA
AARFFAAS 41 C18: 1n9  ARA & H {1 4% HH 3% ¥k AL E-AB HIFEAR .

B, G LA LNA; #i2 D #i & &4 &, E-AB

R4 AEABEHEAPEFEEHENARHERANR(%ZHE)

Tab.4 The changes of fatty acid of muscle in different molting periods

A Wiz fatty acid D E AB Cl1 Cc2
Cl14:0 0.40 +0.04° 0.70 +0.11* 0.58 +0.14* 0.37 +£0.09° 0.34 +0.08"
C15:0 0.18 +0.01° 0.31+0.03® 0.32 +0.07° 0.19 £0.05° 0.18 £0.04°
C16:0 9.28 £0.57¢ 12.26 +0.34" 11.94 +2.02° 10.09 £0.33" 10.09 £0.97°
Cl18:0 6.61 £0.14° 6.09 £0.15" 6.86 +0.16" 6.54 +0.10° 6.50 +0.41°
C22:0 1.08 £0.09* 0.61 £0.02° 0.78 +0.21" 0.85+0.13™ 0.95 +0.09™
C23:0 0.24 +0.14™ 0.17 £0.05° 0.29 +0.04™ 0.34 +0.04™ 0.53 £0.32°
C24:0 1.86 +0.34" 0.84 +0.11° 1.62+0.51° 1.51£0.10% 1.70 £0. 63"
SFA 19.61 £0.47° 20.98 +0.33™ 22.39 +1.74* 19.89 +0.36"° 20.29 +1.38%
Cl16: 1n7 1.93 £0.14¢ 4.22 £0.25% 2.79 +0.67° 1.85+0.31° 1.53 +0.42°
Cl16: 1n5 0.28 +0.05° 0.49 +0.00* 0.39+0.10™ 0.29 +0.03° 0.32+0.09°
Cl18: 1n9 15.12 +0.55"° 18.25 +0.73" 15.55 +1.34"° 15.26 £0.65" 14.01 £0.33"
Cl18:1n7 4.95 +0.08" 4.87 £0.25% 4.38 +0.15° 4.77 £0.21™ 4.60 +0.05%
C20: Inx 0.91 £0.01" 1.40 £0.07° 1.06 £0.08° 0.88 +0.12°¢ 0.94 £0. 12"
C22:1 0.55 +0.07" 0.36 +0.04° 0.35 +0.10° 0.39+0.01™ 0.55+0.16"
MUFA 23.81 £0.70™ 29.74 £0.37° 24.65 +1.74° 23.53 +0.97" 22.02 +0.28°
C16:2n4 0.19 £0.07¢ 0.65 +0.00* 0.47 £0.04" 0.20 +0.12° 0.25 +0. 14°
C16:3n4 0.40 +0.05° 0.75 +0.05* 0.84 +0.17° 0.45 +0.03° 0.46 +0.05°
Cl18:2n6 8.17 £0.21° 9.29 +0.08" 9.08 +0.67° 8.74 £0.26™ 8.41+£0.03"
C18:3n3 1.33 £0.05¢ 2.28 +0.09° 2.05+0.13" 1.58 +0.11° 1.30 £0.01°
C18:4n3 0.86 +0.02% 0.55+0.01° 0.75 +0.11° 0.78 +0.05° 0.95+0.11*
C20:2n6 0.21 +0.15 0.39+0. 14 0.25 +0.03 0.14 +0.04 0.36 +0.22
C20:3n6 2.42 £0.03® 2.11 £0.00° 2.32+0.24™ 2.58 +0.15° 2.36+0.21™
C20: 4n6 5.23 £0.02° 4.71 £0.01° 5.35+0.46" 5.22+0.19° 5.20 +0.43®
C20:3n3 0.88 +0.03% 0.95+0.01° 0.87 £0.09™ 0.78 +0.04° 0.76 £0.09°
C20:4n3 0.29 +0.07 0.29 +0.02 0.25 +0.02 0.3120.03 0.44 +0.20
C20:5n3 19.81 +0.15* 15.93 +0.13° 17.49 +0.51° 19.51 £0.60° 19.57 £1.60°
C22:2n6 0.56 +0.16" 0.38+0.01% 0.30 +0.15° 0.40 £0.01™ 0.55 +0.09*
C22:5n3 0.79 +0.02 0.75 +0.02 0.71 £0.12 0.73 £0.07 0.79 £0.08
C22:6n3 15.14 +0.87* 9.87 £0.35" 11.76 +2.11° 14.88 +£1.07° 15.38 £0.58°
Y PUFA 56.58 +1.02% 49.33 +0.36°¢ 52.90 +3.45°% 56.58 +1.72% 57.25 +1.90*
Y HUFA 44.56 £0.93° 34.61 £0.37¢ 38.76 £4.38" 44.02 +1.98* 44.49 +2.71°
n-3PUFA 39.09 £0.87" 30.63 +0.37° 33.89 +3.73° 38.58 +1.82° 39.19 +1.99*
n-6PUFA 16.67 £0.12°¢ 16.96 £0.17" 17.55 £0.18" 17.23 £0.10* 17.05 +0.32°
n-3/n-6 2.34 £0.04° 1.81 £0.03° 1.93 +0.22° 2.24 +0.10° 2.30 +0.08*
DHA/EPA 0.76 £0.05* 0.62 £0.02° 0.67 £0.07° 0.76 £0.04* 0.79 £0.04*
ARA/EPA 0.26 +0.00° 0.30 +0.00° 0.31 +£0.00" 0.27 £0.00° 0.27 £0.00°

i — 47 A EAR R R 225 B3 (P <0.05) , 243 H &R T 0.3% B4
Notes: Values in the same row with different superscripts are significantly different( P <0.05) ,the fatty acid with more than 0.3% of total fatty

acids is shown in the table
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Dynamic changes of lipids in hepatopancreas and muscle during the
molting cycle of young Chinese mitten crab( Eriocheir sinensis )

MA Mingjun', WANG Chun'*, WU Xugan', HE Jie', LONG Xiaowen'
LI Guoxiang®, TANG Beiwei’, CHENG Yongxu'"
(1. Key Laboratory of Freshwater Aquatic Genetic Resources,Ministry of Agriculture,
Shanghai Ocean University ,Shanghai 201306, China;
2. Sihong Jinshui Co. Ltd ,Sihong 223900, China )

Abstract. The Chinese mitten crab, Eriocheir sinensis is an important freshwater aquaculture species in
China. Molting death syndrome ( MDS ) is a common phenomena during the culture of E. sinensis, which
maybe related to the deficiency and unbalance of lipid deposition in the body of E. sinensis. Therefore, this
study was designed to investigate the dynamic changes of lipids in the hepatopancreas and muscle during the
molting cycle of young E. sinensis by the biochemical analysis. Based on the changes of external
morphology , the molting cycle of the crab was divided into four stages, premolt (D), molt (E) , postmolt
(AB) ,intermolt( C1 and C2). The results showed that there was significant difference on the total lipids of
hepatopancreas among the different molting stages( P < 0. 05) and the trend of “high-low-high” was found
for the total lipids in the hepatopancreas of E. sinensis. The opposite trend was found on the total lipids of
muscle,and the trend was “low-high-low” with the highest total lipids in AB stage. The hepatopancreas had
the high triacyglycerol ( TG ) levels while the muscle contained the high phospholipid ( PL) percentages
(% total lipids ). The hepatopancreas TG decreased significantly from D to Cl stage, then increased
significantly after that stage while the lowest TG level was found in the E stage of muscle. As for the fatty
acid composition, the dominated fatty acids ( =4% total fatty acids) were C16: 0, C18: 1n9, C18: 1n7,
C18:2n6(LOA),C20: 5n3 (EPA) and C22: 6n3 ( DHA ) for both hepatopancreas and muscle. During the
molting cycle,the saturated fatty acid ( SFA ) and polyunsaturated fatty acid ( PUFA ) remained relatively stable
while the decreasing trends were found on monosaturated fatty acid ( MUFA ) and highly unsaturated fatty
acids ( HUFA ) in hepatopancreas, and the highest DHA and EPA levels were found in D stage of
hepatopancreas. For the muscle, the trend of “low- high-low” were found on SFA and MUFA while PUFA
and HUFA had the opposite trends during the molting cycle of E. sinensis. In conclusion, the significant
changes were found on the lipid classes and fatty acid composition for the hepatopancreas and muscle during
the molting cycle, the hepatopancreas lipids may be one of the major energy source during the molting
process of young E. sinensis.

Key words: Eriocheir sinensis; molting cycle; lipids; hapatopancreas; muscle
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