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25 PR AR SR T P, 9F B & sh ¥ i
N, HrotR S mig g HEE S
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SR ZRAT T B8R B ATy, RS0 ol R
MFH]BE, O ORI B Hh fe A A3 MR ] 5 5 42
BEHS RS, [FIA B T3 s R A R, FER
FRIE KR 5 G TR IRAR

1 MEEFE

1.1 SEo &R AN fa A

ARSI i FH ) AR B R F VTR R T
B AR A2 1 3 b, SIS TF AR, B 120 B
W HIIAE 4 DK/ —Z A8 RHET (150 emx
100 cmx30 cm, K xFEx@) R 7 d. W, &4
FARHEL A 30 H2 20 ecm KA PVC &1y o)
() B, o T 58 o R B 5 R AR 1IE S0 88,
I KA FEA SRR K, R 24 h AS[H] 58
A, KRN (24+2)C, pH K 8.5~8.6, EF WA, 1
MR 40% 2R AR dtsk, A A% OR 2 ¥k (8:00 T 18:00),
1.2 &gt

ARSH R 1 WA My ARG 1Y
BT, ¥ 1 BN 8 A-HFE B
10:00~13:00, 13:00~16:00, 16:00~19:00, 19:00~
22:00, 22:00~01:00, 01:00~04:00. 04:00~07:00,
07:00~10:00, HFAEFEEAER 1 DA, FA4
PR 3 NEE, BREDEEAH R EK
M1,
1.3 {AFERE

SCIHE 24 APERHEL(70 emx40 cmx50 cm, fx
o< =) NHETT, BAELAS AR 15 em 9 PVC
TR FWINFE LG, YUK R, N RELEE
VR TifdoH: . 40 (68+2.40) g F I B A KT,
BAGEL 5 H, WHE 3 AER, LRIEXFFIHRZ A
SEiFAT 3 A MTISELS, R AE RS T 1 IR E S
TR, B RUERFRIL 7 ¢ SRR 5 1 h 5,
V65 758 L RO R A6 R A A SR GT I ) i 7 L
B, 60CHLT = fEE, FLATHA S50 8 (1 52 PRt
T SCUO I, AR R KR, T R A S ) K
#R(24+2)°C, pH 8.5~8.6, ¥ % 5 mg/L, IfE W
LI ET YK, SE A 10 do
14 HmRE

TIGLE R G, WA TR G L A ) TR

WaEE WS, WRNMETBRENIER 3 HImE, J
ARV B A TR, SRS HEA T I BRAR A R 2
1.5 HAMNERDH

151 EFEANE BRSO AT A 1
FREUF AR L2, Fe i R R LA 9 f5 iy A4z 2
ERIKHIL 10%AIZHZ15132, 10000 1/min, B0 20 min,
B ZUSPR0) FIERrI . VERTG . B TEG . e
WEFRE(AKP)FIANEN ATP BE(Na™-K'-ATP){f 113
SR P o e A ) TR T i) S T D

TE D W AR B E X TR TR e
37°C 5JEYVE 30 min, 7Kf# 10 mg FER E XM 1
ANVE RIS FI 0, B U/mg,

R RGERGES S0 L 78 37TCARMATF, Fridl
ZUE HTEARRAR R T 5K W 1 min, BRHFE
1 pmol W R — NG 1200, B0l Ulg(prot).

i R I S PR X R SR I AE
37°CHIF/EA 15 min 7742 1 mg By 1 KA
7, B A 4 [ H7 /gprot.,

Na'-K'-ATP % S e e B B /N A 2
TRV LR ATP 53 ATP 7242 1 umol
TCAUEEN 1 A~ ATP G, BA474 pmol(Pi)
(mg-h),

152 HAGFERRIESHT HIE NCBI Gen-
Bank H1OVE SRR . XS RVGHES . B8
Y P E Leptin Fl cholecystokinin (CCK)ZE [H
() cDNA JPHIRSE XK, Wit—EH T4 3 )
REBIY, 58 14 L5191 &R TS,
SIWT A W% 1. 38 HSCE ke T4 AR A I
Leptin Fl CCK 7 a7 8 JH- JB A A1 1 v 1) 2 A 1 100

(DRNA 425 BUKHE 0.1 g A AL,
HHE RNAiso Plus(TaKaRa Co. Ltd, Ki%E, H1[E)
Ui B A5 MU g i iz Hh 48 BUS RNA L H NanoDrop
2000 436G (Thermo Fisher Scientific, Wil-
mington, DE) & & RNA WEEFIZERE, 24 Ayso/Asgo
FLIAE 1.8 F1 2.0 Z[EIET, $RHUAY RNA A5 AT DL
T IRE5 M.

(2)cDNA 19 i sk #ie BRI AW A Rl 42
PERR A G T R sk, RO 55— 37°C,
15 min; %5 "4 85°C, 5s; )T 4 CIRAE
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(3)RT-PCR i F¢: F primer 5 #f4i%it514,
It BESEA G MUK 1), S8 I DEPC K Hi
B, ARSI T A wl LR S U TR,
SN FRIT: 94°C Hii# Smin; 94°C7E 4 30 s, 55.9°C
Bk 30s, 72°CHEM 30 s, 30 PMEFR(EEMEERH);
72°CIEfH 7 min, ¥ B-actin /E R NS Y
278G Gy Leptin Bl CCK 3 PR A X 22
R

®1 AHREAASINFT
Tab.1 The sequences of primersused in the study

£ name JF%1(5'-3") sequence(5'-3")
p-actin (F) GCATCCACGAGACCACTTACA
p-actin (R) CTCCTGCTTGCTGATCC ACATC
Leptin (F) GCGAGGCCCCAGAAGCACATC
Leptin (R) GGTGACAATCGTCTTGATGAG
CCK (F) AGCAACAACAAACTGCCGAC
CCK (R) TCTATCGTGCGAAAGTGCGT

1.6 HERFEITHH

IR = mo/my

HE S i (g) = H MR- 28 8 < 42 1R k)
T+

Pt (g) = HiE =/ R

SR (g) = HEBE =R KA

B AH 118 V5 2R 28000 7 T s ) JIG T J88 1) T P 4
N5 52 563U [R] 45 MR AH R) 7 2 A ADRLEE mo, 1 h )R,
FRAT WA AR RRE, 78 60°C N T R IEE, FREL
i my, W RR, AR H R IEFi 5
BAGCR BN E . A SRR e 4 e
A A 6 RN [R] BT AG 0, SRS X Y A T R A
)7 /3 (one-way ANOVA), £ P<0.05 Wf#s
BESEE. AT M Statistical 23. for
Mac SER.
2 BERESH

21 AEREAERERTHFELAEENER
T

M T AT AER 1 IR, KR A
RIS ETEO, ST 22:00 fE =ik,
HYR S 19:00 F101:00, 04:00 F1 07:00 (445 £ & 5
ZAET 19:00., 22:00 F1 01:00 A9 & (P<0.05).

LG 1~6 d BPEH HEEE R LIE 1, hregst
BRI LA 24 h RS E T, B I
HITE 19:00~01:00( 2).
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bed bed
| bed be
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93
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W
T

| n=21; xxSD

e
n

BB /g total weekly food intake

1 | 1 1 Il 1 1 1
10:00 13:00 16:00 19:00 22:00 01:00 04:00 07:00
BEMEAtE] feeding time

K1 7E 1 A E R NI 1 R R AR
EI A R/NE 3 SCF B RN 1 IRIBEHRR T, BAEUREaT
() A5 BT A5 400 =2 R] 22 57 5535 (P<0.05).

Fig. 1 Variations of total weekly food intake of Eriocheir
sinensis under a once-per-day satiation feeding
Means with different lowercase letters are significantly

different at 0.05 level under a once-per-day satiation
feeding at each sampling time point.

22 AEMEREERET Ly EEELE
ER A

ME 3 A LLE H, T eg R e, 1
10:00~22:00 3% A (] B, JE #9 ifg i 1 L0 B b T
fadh, HGPETE 22:00 53 T HEE, 5 10:00,
13:00 F1 16:00 347 FlF i 14 4H Lb I 2 25 7 (P<0.05),
MAE 22:00~01:00  HJ [i) B 3 Ay s 2 10 B0 T B 1)
HaF BE I G P 5 UE R W PR LD AR AL Y 2
FIEHEAE 22:00 SR E R, 5 A S A
Fb HE 3R 5 2 25 S (P<0.05), £E 10:00 %] 16:00 i}
) B, 45 B ) s =2 18] i B 16 0 7 22 5 R W 35 (P>
0.05),
2.3 A[E B8] 0 A MR R AP e G B R 1 B
FEERFN Na'-K *-ATP B iE R 2200

4 v, 5 A B RS A L, 22:00 45
T B M SR MY R g P B W R I 1 (P<0.05);
1 Na'™-K'-ATP g6 M 2 BT = 5 AR A e 3,
£ 19:00 | 22:00 B[R] B, 7 H 56 (4l 5 1,
5 HAh 4 A H 22 5 .35 (P<0.05), {HJEAE 19:00,
22:00 F1 01:00 452 2 [8] 2% 57 A & & (P>0.05)
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'% 0.7r %5 1 Rifrf food intake on day 1
o1, 0 ab

g 06F 2 ab ,

S ab &

& ab

5 osf .
2

Lo

i
& 0.4 ~
9 n=3; X +SD
ﬁ' 0 3 1 1 1 1 1 1 1 1

™ 10:00 13:00 16:00 19:00 22:00 01:00 04:00 07:00
IR A] feeding time

o 08 ——%f 3 XA & food intake on day 3

| d

;§ 0.6}

(=}

<

[*)

204l

2

L0

o5 0.2

&

B | n=3;¥+SD

Ry

0 1 1 1 1 1 1 1 1
10:00 13:00 16:00 19:00 22:00 01:00 04:00 07:00
BT E] feeding time

1.0
——2f 5 R4FR A food intake on day 5

0.8

0.6

0.4

0.21 n=3; % +SD

HIE R /g average food intake

1 1 1 1 1 1 1 1
10:00 13:00 16:00 19:00 22:00 01:00 04:00 07:00
FMEATE] feeding time

& 2

Y5t A /g average food intake

[=)

Y3 fr&/g average food intake

¥R /g average food intake

0.8

0.6

0.4

0.2

0.8

0.8

0.6

0.4

0.2

[ —— % 2 R#& & food intake on day 2
ab
ab b
ab
b
ab ab A

i a

n=3;x +SD

10:00 13:00 16:00 19:00 22:00 01:00 04:00 07:00
MR} E] feeding time

—— %5 4 KIFE R & food intake on day 4

n=3;x £SD

0 10:00 13:00 16:00 19:00 22:00 01:00 04:00 07:00

R MEATA] feeding time
[~ % 6 KRR b
food intake on day 6 b
)
n=3;x £SD

1 1 1 1 1 1 1 1
10:00 13:00 16:00 19:00 22:00 01:00 04:00 07:00
MR} feeding time

TE 1 RIEEHET 126 d &5 RE ARk

P R TR N 3 SO RN AE 1 R EHRS,  BORE I 8] 25 F7 #5508 =2 8] 22 57t 1 35 (P<0.05).
Fig. 2 Variations of daily food intake of Eriocheir sinensis under a once-per-day satiation feeding
Means with different lowercase letters are significantly different at 0.05 level under a once-per-day

satiation feeding at each sampling time point.
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TRIEETIR] feeding time

R EEE H/[U/g(prot)]

lipase activity

4r B
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10:00 13:00 16:00 19:00 22:00 01:00 04:00 07:00
IR feeding time

P 3 AN [ A I i T Al I 1P 11 22 Al i
A. VEMREREYE; B. NENIERG S, B APORIE/NG S0 RFRORAE 1 YR EHRRS, B IBURE I ) ST AR R0 2 [R] 22 57 ik 35 (P<0.05).
Fig.3 The change trend of digestive enzyme activity at different time
A. Amylase activity; B. Lipase activity. Means with different lowercase letters are significantly different at
0.05 level under a once-per-day satiation feeding at each sampling time point.



550

R R A

%25 %

S [=)
(=] (=]

BRI BRSP4/ [U/g(prot)]
alkaline phosphatase activity
3]
(=]
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10:00 13:00 16:00 19:00 22:00 01:00 04:00 07:00
FIR YA feeding time

Kl 4

B ATP BEHEME/[U/g(prot)]

80000

vity

60000

1

IS
=)
(=
S
S

20000

Na*K*-ATPase act

0
10:00 13:00 16:00 19:00 22:00 01:00 04:00 07:00
BT feeding time

N TR] B TF) R M A R T R Na™-K - ATP il 17 M 1) 2% A i 34

A. GEPEBERRA: B. Na -K'-ATP filf. [EHPOR[E/ NG S SCFREFRORAE LRI BB, A/ IBORE IR 8] 450 B A A0 =2 1] 2% 57 .35 (P<0.05).
Fig.4 The change trend of AKP and Na'-K'-ATPase activities at different time
A. AKP activity; B. Na'-K'-ATPase activity. Means with different lowercase letters are significantly different at
0.05 level under a once-per-day satiation feeding at each sampling time point.

24 AEMEBEEEEENPLELAEEZESE
[ A

A A Leptin A1 CCK %& K 43 5178 JIT J A A
Jo T R B3R L, DT 3 7 ) 88 A AS ) B (1] B 1)
KERG . E Sa ATLLEH, 7E 22:00 55 Leptin
FERF R ERAK, 5 13:00 A1 16:00 (9 E L EAH

3rA
n=3; xSD

Leptin J:HF A&
relative Leptin mRNA expression level

0 10:00 13:00 16:00 19:00 22:00 01:00 04:00 07:00
BT A] feeding time

& 5

CCK R FXE

relative CCK mRNA expression level
(=)

25 0 #(P<0.05), 5HALSHMILZER AL E
ME 5o ATLLE , &L ISR, CCK HEH 3R
KB WIRAG, 7 22:00 ST CCK KA
MK, 5 10:00. 13:00. 04:00 £ 07:00 S AHH
#5313 (P<0.05), 5 16:00, 19:00 i1 01:00 A5 4
25 FN 8 35 (P>0.05),

o
)
1

n=3; x+SD

o
=N

FS

o
S

0
10:00 13:00 16:00 19:00 22:00 01:00 04:00 07:00
BT E] feeding time

AR B T] 5 Leptin(A)FT CCK(B)E R 43 576 T 19 g A iz vh i) 22 a5 15 1

PR TR NG S SCF R RN AE 1 AR EHRR N, A BORE I 8] 5 ST 45 5008 =2 8] 2% 57 1 35 (P<0.05).
Fig. 5 Relative expressions of Leptin (A) and CCK (B) gene in hepatopancreas and intestine at different time
Means with different lowercase letters are significantly different at 0.05 level under a once-per-day
satiation feeding at each sampling time point.
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A S (25 5T LU, R S Y
HEGR, T4 16:00 -84, T8 ahg i 7k,
FREEEG | 22:00, 2 J5 BHIFAK . iX 15 £ ]
WFFE 245 ML, 400 i B £ 5 W 7E 18:00~20:00

6], E#EEEMLH s, [, 5 H 8 (Channa
asiatica)t'® . 33 [CJF AR (Procambarus clarkii)'”
FIRZEMA, IR A A F, Reymond
25 USTRIE 5 6 B A b R g K 2 B0 1) 356 50 0 45
TR, X ATHE 5 IR YA AL AN R IR G,

I 5 A7 6 (Scortum barcoo)t™ | #i | 6P Rl
B A1 (Epinephelus coioides)" {45 £ w5 1 3 & 78
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FIR, RbH A BE A ER B s I 7E T 14:00, X
W16 B F S22 Sl a2 e H R sl R SRAR X
FAELEAR i ) 22 S, R A0 2R A 4 e ik
XTI TR A A S5 M0 E . AR 8 45
BHETUES, MERRAH, MRS Fi
Al LA BEFE 19:00~22:00 Asf ] B4 M8 1k Bpm], o
R, BRI R R, Sl aUEE ik, 1
INFRHE A
32 AEREREERB P LS EEE LS
CREd: A

TR 1 B R A B TR T Ak 5 R A
B EENEA. 24 Rk, H5Esh Y AT B R
THALEETE R B e Iz iy, HE 1 e I e e xot
B TN AR B BE 412, R T A T
WEVHEZMMXRMANEE, ALEHRE TA
I 458 WL FsF (0] A5 X6 35 A R S 05 G )52 T o /R T 00
A Tt G 3 A9 it R i D17 T A T Wl R} A1) 2R AN B0 )
A KN R Hm S e A K EREEA
PERHEE R R IR SERS ARRF s 4 R W, 18
LRI 10:00~13:00 BT Ab B G 12 R f A
HJG, 7F 16:00~22:00 7L IG P Bl 5k, IF
FE 22:00 w3 THAUEETE P dw i, o — 25 UL BH T 1
B AR . PR et
IR JE 1 JE B P 6 £ v D B LR BLTE 23:00~02:00, 7E
XA B B i Ao G R O GO A, S AR SR I
ZERAEL .
3.3 A[E) AT 8] A G A $ IR o o A 4 B R IR Ui Bl
R R

AR S 5 B 5 2 W AN [ 45 MR B[] SO0 AKP A
Na'-K"-ATP PRI IS F1 8 — a2 B2, X I
LB gy 26 Na™-K'-ATP Wi 1) 3= Bl g & 4k 4%
20 o B ) B A A, PR A TR PN BRI b 25 R R
TR AN R . — S EFRY I, Bl an 2R
FHG 2 HE ) W 5 Na =K -ATP il % Na™ 1 2 s
X, M A A% 8] 12 S e i sE S1BY, Villanueva
ARG R AKP Ak 75 I S5 138 2 B i
W 2 OCHEZEAVE T, et ol 1R i 0 5 IR A —
FEFRBE b ST TRl S AR A D BB A SR S5, A
AL gE Al PIE B, AKP Fl Na™-K ' -ATP B i 74
e EAE 22:00 KA, 5058 EAIE RS
PEA ABALL A R FA, 136 BH 7 3 A~ B ] 85 7] 58 9 16 I

W hig g1
3.4 A ERESIZET Leptin 71 CCK HE R
=

i F Leptin fl CCK 2 51H W&, EFZ2H
Heshyh, dEds, B1R0A R & —Fhif s A
T, REMEU DB R, 0 0 e A Rk
PEEDN R AR A Sh ) B B B, X
5K 7= h it ot 45 AL . ASBIFFEIN A2 T I IR
W1 Leptin M7E H CCK 3 AR, 458 5K
1E 22:00 Bf[A] 5 Leptin Al CCK HEH 6358 5K,
X 5 ] A O R A A S, D X R 3
(R 3k 1 T R AT feli T i 45 B B9 . Murashita
2SR 5T W Leptin AJ St & 0TS (4R £ 470
LA A T BT R AR R AR TR AUA2
(proopiomelanocorein-A1/A2, POMC-A1/A2) 3£
FIRIBEAAE AR F R ZAK Y (neuropeptide Y,
NPY) JEH £ B K . Himick Z:PF Volkoff
DT g 2R, 16 4 1000 TP K Bl 22 2R G A S o
5t CCK-8 g/ D B &, 11T Gélineau 2 M1 5¢
FUH, AU VRS CCR 5307 mT LASE i 4 i) 43
i,

25 FRTiR, AW RUITE 22:00 IR AER Y
558 T A RN R A 6 1, FLAE 19:00~22:00 B[]
B e, AT DA e o) A R AR SO

S
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Feeding rhythm of the Chinese mitten crab (Eriocheir sinensis)

JIA Ertengl, YAN Mingjunz, LAI Qichengz, LUO Wentaoz, JIANG Guangzhenl, LIU Wenbinl, ZHANG Dingdong1

1. Key Laboratory of Aquatic Nutrition of Jiangsu Province, College of Animal Science and Technology, Nanjing Ag-
ricultural University, Nanjing 210095, China;
2. Wuxi Fisheries College, Nanjing Agricultural University, Wuxi 214081, China

Abstract: The Chinese mitten crab (Eriocheir sinensis) is a native and important cultured freshwater that is widely
distributed in the Yangtze Estuary, China. Many scholars have focused on crab farming, disease prevention, and
diet. However, little is known about the feeding rhythm of Chinese mitten crabs, in regards to feeding mode,
which is directly related to the feeding time, feeding method, and frequency of feeding strategies, which may af-
fect feed efficiency, as well as aquaculture water. Accordingly, the present study investigated crab feeding behav-
ior under a 24-h photoperiod and, ultimately, established a theoretical basis for determining optimal feeding time,
which could benefit large-scale aquaculture and, therefore, improve feed utilization and reduce both water pollu-
tion and breeding costs. Crabs with weight of (68.0 £ 2.4) g were randomly distributed among 24 cement pools
(0.7 m x 0.4 m x 0.5 m, LxWxH). Each group had three cement pools replicates, each housing 5 crabs, and fed at
different time points (10:00, 13:00, 16:00, 19:00, 22:00, 01:00, 04:00, and 07:00). After 10 d, three crabs from
each pool were randomly selected and sampled for intestinal and hepatopancreas. The results showed that juvenile
crabs exhibited different feeding patterns at different feeding times, and the peak of feeding was observed at 22:00.
Based on the average food intake over 6 d, it was clear that the crabs fed primarily at 19:00-22:00. Meanwhile,
amylase activity was higher in the hepatopancreas samples of crabs fed at 22:00 than in those of crabs fed at other
times (except 19:00). Lipase, alkaline phosphatase, and Na'-K'-ATPase activities increased from 13:00 to 22:00
and decreased thereafter. Leptin expression in the hepatopancreas of crabs fed at 22:00 p.m. was significantly
lower than that of crabs fed at either 13:00 or 16:00, whereas cholecystokinin (CCK) expression was lowest in the
intestines of crabs fed at 22:00. In conclusion, feeding of Chinese mitten crab was with an increasing feed intake at
16:00; there after tend to decrease at 22:00. This could be attributed to the visual underdevelopment of the crabs.
According to the observed feeding rhythm, Chinese mitten crabs are nocturnal and feed at night. The activities of
digestion and absorption enzymes were lowest in crabs fed at 10:00-13:00 and increased from 16:00 to 22:00,
with the highest level attained at 22:00. These results could indicate a strong the ability of nutrients digestion and
absorption at 22:00. It was consistent with the trend of total feed intake. Digestive and absorption capacity are
important indicators of feed utilization and animal growth, and enzyme activity can be used as an indicator of di-
gestive and absorption capacity. On the contrary, the expression of leptin and CCK were downregulated at 22:00.
These results were supported by the fact that leptin and CCK are involved in the regulation of food intake. Ac-
cording to previous studies, decreases in leptin and CCK increase the feed intake of animals, which also explains
the why, in the present study, the highest feed intake was observed at 22:00. Overall, feeding Chinese mitten crabs
at 22:00 could enhance digestion and absorption. Therefore, feeding at 19:00-22:00 could improve feed intake and
efficiency.

Key words. Eriocheir sinensis; feeding rhythm; daily food intake; digestion enzyme activity; absorption enzyme activ-
ity; feeding gene
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