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24F, B LA REERNE B B B KR G K 55
NN 5~15 g 19 | IS4 AR PR fn i | P (L)
TRIAREIEE ) 5 2 AR U SR A I B B AR
3 H WG SR A Ry v O, R s 2 )
2~3 N H IR A . Rk, 0 e B REAE i A
AN AR R B JE A SR A G T L,

FERRA I, FNEETE BIRE ) T RE . BRI
g H B E R E SR B, KR Al A
T PR T S TR I AR R T O T R A B 1)
IR RS FE AT A B, 0 3 A Y FE AT
I A UL PR v 1% Bl I R R P 5ok Ak ) B A AR
U™ FENR IR Iy T, = B FE AR A D R AN
FUORMR G R VE A BB, 4 IR B R 1Y
ERYTUHFED 20, SREOETEE S LT
He G B K IR R U I A A RS T I
551 WSS, DR WE S T B K A 1 g I RN R
FB, i DATE B4 i 14 T35 5 o Ak B8 A 1 1)
HEATIE AR M T DU S g Yy i, i ] DA b
PRI SA 7 AN JE T 5 | 1) v A G B A W B 25 5 i
HAT, Ao 5 e 55 vh 32 B vk i f RN A
TR, PR R B R [R A FR A 3 . Rk
FLAENY S B UK fef 0 2 LL A ek 2 1 SR e e
TR T R R A R R R AR AR K
B, BCA R vk e o AR R B PRI R B
i, WL ARA F1 DHA & B 5 325 5 T ok fif
f, FRAE R, BRECS R AT L S
T8 1) S e e ) L SR B B R R A K g . (H
SR K IR i 4 11 ) (DAL 43 M %) B 5 R X 2
PRI A S B A 7 v 25 B 3 R N3 R ARG R
H AP PR — S 1 ERE, DR ORI 9 A 0 [ o 4
WEEAS ) DAL X T A7 006 . B IR AL . T Ak B g
R 5 I ELA — S I

A 5T 2R FH 45 2 DA 1 R A T 0
LAHy, AR BRI RS AR S
P W P (1 3 FPEEOR 2, R T A ] Y
R SR BRI T S s AT
AR T fifk 88 A S0 [ 2 75 T AR D R AR R
NI BUDS BRI TN )AL ISR 1V (- oy S R
HEERIS 52 5 S B

1 MESTHE

1.1 SEIi&it
2020 4FE 12 H—20214E2 A, 1E LG HFKR
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2R Wb RE 3 AN ARAR S A7k et (12.50 mx
10.00 m), PYJEAREHOKIE, JEHCATe 454, th
WYy 1.4 m, TERA/KIE LIS AT AT #5283
ARIEE (2.00 mx2.00 mx1.00 m, M H 40), &1~™
FENANE S A 30 em = B HE FEI M . T 2020 4F
11 AR M Pk DU B fd 4> . IRl 8~11 g M
HEFIEE S 1000 K, fEMFEHEFHRTd. 12 H 10 H
F R L g0 I R A SR AW I FE (BE), S280 53R
3AKCFRL, AL (NF, S50 [A) A 3 AT f]
THEL; BeA Rk (CF, SEO6 A EH ML A kL,
W) 3K F Wi A R AT BR A ) s ok a4 (CTF,
S A P MR K St LB 3 A PAT, B
LA T 3 ADoK Ue s o B> 4R v o i
% 110 K, b e B A PkE 10 H, TR
T3 JG TE S i B s A= bR (T B 2
A RA ], MR E SCIRT . 5 08 i
w, Fw, HF IR E S WGR,  [R]EAE RFE Tk
A—E & R 3 (Elodea nuttallii), T &K1
UK AR TR WL 1,

*1 REARSKES (FYR) EFEMR

Tab.1 Nutritional composition of compound feed and

chilled fish (dry matter) %
i H K5y HEHA FRLHE WKy
items moisture  crude protein  crude lipid ash
WAL 8.53£0.68 37.63x1.52 11.88+0.08 16.81+0.18
compound feed
VKRR 75.64+0.65 87.33+1.24  9.18+0.78  6.45+0.61
chilled fish

1.2 FEER

SCIRIAE], AR 2 R 1R, BRI,
CF 21 W 4 $% WL A 1R BE 10 g, CTF 41 9 4 4% i
40 g (VKEf T W 20K 25%), FHEETFE R
b, BREEZ G E G REER. B3 KK
1, B 3 B K IR IR ZARAFAE 0.90~1.10 m, 4
AN A1 ROK BT, S5 10T 1] 9 i A 7 B 8.85~
11.32 mg/L, pH{H 7.8~8.0, % 7% 0~0.2 mg/L,
WV AHER £ 0~0.005 mg/L, SE56 3 A% Fhok R A% 0
El 1R,

1.3 HEXE&E

SEE IR (2020 4F 12 A 10 H) Fi 52 56 45
(2021 4F2 H 20 H), TR MIFE bE LBk B
B 10 X, HEMEREIKS, RERHBT
FHEHARE CREHIE] 0.01 @) iR )88 B L T Jie
Ji, BRI R AR A T (JSBRA 52 . BRI A
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Fig.1 Water temperature of the aquaculture pond

1), 4ralde T A 48940 °C fiAF, JELEH
AR PR FBRIDTIR . SC90 45 05 G it A rh 4
B EGE, IR R, B AE AL IE HL
MEREFIEE S 6 H, VK EJRREE, H 1.0 mL JCREESS
R = R AHE 1 mL AR E 2T 2 mL &.0%
H, fERE BOH RS F S mL 08, RAF
T-40 °C vkF, H TR LEE . PrEfbig Ll &
G PE T I E

1.4 $EFRNE

BEREB A KIBAT 1705 R (survival rate,
SR). 14 H % (weight gain rate, WGR)., JIT JiE I 45
#( (hepatosomatic index, HST) 152 ",

SR(%) = n1/N x 100%

WGR(%) = (W2 — Wl)/Wl x 100%
HSI(%) = H/W x 100%

Kb, ny FUN 3R 5250 45 A AN T BRI 1 411
o (), Wy J w5 BRI IR AT (g).
S AR WA T R (2), H A W4 B A A T
& (g). FMEARTE ()

TR E FUEARAA TR AN vk
fi K A3 R R UR TR 2, TRk &
R 105 °C ™ R B E R A
FEFLARE L pKEE | IR R AR R 2R T
S, M Foleh & ik, RH&ED - W
FEIR AR (2 0 1, IRFLLD) $RBUEC S fRRE . vkt
Al 1R G A RN AR PR R B S R . SR A
550°C B8 72 I 2 C G 1l Ak AR oK e 1 v 14 B A 5
S0, R TCA & BRI A% R 0 JHF g i o 1 e 7k
&Y, SRITZE B -BRERE I A 5 ok b &
Pt
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SRR BT PEAR PG B BR A AR Wu &)
(4 7125 BT 10 88 o A 17 S AR AR gt R 1) g I P
2N A e i CRAT AR A — Ak ik T TR 7 R
i) %M Morrison 48 1) 7 VAT IR W R Y g
b, SRJG 18 Agilent7890B-5977A S M (4,31 - T iif
Y (GC-MS) AT NG 7R 7347

HACEE, MEIBER SR BEEMANE B
RS I O IR A AR S SR LT, R
FH B o A A ) TR G BT AR 7 1 3R 6 E
B RRAR ) B R ARG . A5 Wi (LPS) Fl o-3E ¥y
fif§ (a-AMS) 6P 5 R At AR i gk 2L b AR S Ak
B4kl (SOD) Filid S AL A B (CAT) i:PE . BPiEA
fLRE T (T-AOC) FIPN 1 (MDA) &5 FFE Al
I 9k 2 A R PR W R B (ACP) N B M Wl AR
(AKP) i,

1.5 BEESH

i FH SPSS 22.0 K {4 X 5 56 B Hs 1547 Ge 143
Br, H levene IEXF AT R | W H R | AR
e, HAEFRAN . RMIRR SR LR . BT
AL, ARRE SR R IR AT O 0, Y
BOHE AN T T 22 55 M s e e B R AT SOIE 5%
P T RAR B, SR JE HEAT BRI 2 U7 2250 BT (One-
Way ANOVA), YEHR A 5 AN /2 T 25 57 PR,
K H Games-Howell 3E 80K 560 15 4T 2 & 3,
P<0.05 }y2: 5 3% . {1 Graphd prism 8.0.2 #{f
K, 45 R DS EAREZE (meantSD) KK .

2 4R

2.1 WEFHEEBARIENGINEFEER, 1E
ERMTRARIEH RIS

S 25 B NF 44706 i, N 98.48%+
0.52%; HJ& CF 4, M 94.55%+2.41%; H)rije:
CTF 4, N 92.42%+5.01%, =& LR EHER
(P>0.05) (3 2). CF 40l CTF ZH M A1 WGR 2
F & T NF 41 (P<0.05), CF 4 WGR W% T CTF
2, WYL G #2257 (P>0.05), CF Fll CTF 418
0 8 HSI 3% 55 T NF 41 (P<0.05), CF 41 HSI
T CTF 4, Widii ol % 2% (P>0.05),

2.2 HEHAEHRIRAEE R N8 E R H B Y
A1)

YK AA, CF 4115 i % % T NF 41 (P<0.05),
1M 2 KT BE 41 (P<0.05), CF ZH M40 i 3%
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®2 BEHERRTEIERNINEFER, BERMTRERERHRE

Tab.2 Effects of feeding different diets during overwintering on the survival rate, weight gain rate and

hepatopancreatic index of juvenile E. sinensis

B WEPE  female M male

i H

items MR e A R VKA 0 2H AR Tic A i et 2. KA i1 2

NF CF CTF NF CF CTF

WIEE PRt /g  initial body weight 9.44+0.15 9.44+0.09 9.53+0.08 9.4140.01 9.47+0.05 9.49:£0.09
AARRJFiF/g finial body weight 9.59+013 9.66+0.12 9.75+0.05 9.5240.04 9.70+0.01 9.69+0.05
A3 /% SR 98.48+0.52 94.55+2.41 92.42+5.01 97.88+1.39 94.55+3.96 93.03+6.05
WER/% WGR 1.57+0.09° 2.38+0.37° 2.3240.36° 1.12+0.10° 2.48+0.32° 2.04+0.30°
JF IR E £/ %  HST 8.26+0.12° 10.37+0.46" 9.90+0.26° 7.40+0.24° 9.97+0.20° 9.62+0.30°

W NFARMRAL, CF.

between groups of the same gender (P<0.05)

B T CTF 4] (P<0.05), fij M 1 4118 G & % £ 5%
(P<0.05) ; CF. NF M CTFHE A & & BEXT
BE 4 (P<0.05), T — 41 [8] JG i % 22 5% (P>0.05);
CF Aok &9 & ik 2 = T HAh =41 (P<0.05),
BE 2l CTF 41 8. % % T NF 41 (P<0.05); #541H
KOy &8 IR FH 25 (P>0.05) (5 3)., HFBERF,
CF g &+ 8. 7 T NF 44 (P<0.05), CF 4
PR %5 T BE I CTF 44 (P<0.05), i A 7k
1% CF. BE Fll CTF 41 [0 JC 8. % 2 % (P>0.05);
NF. CFMICTF 4 EH AT 2R & m T BE4
(P<0.05), —#iMm]Jc i 2% 2 % (P>0.05); CF 41fx

AR, CTEUKEEfMAL, TFE. ANFE/NG PRI E— RIS R AR 2 57 8 25 (P<0.05)

Notes: NF. no feeding group, CF. compound feed group, CTF. chilled fish group, the same below. Different lowercase letters indicate significant differences

KAL) & & 8% & T NF 4] (P<0.05), CF. CTF
1 BE =41 [RIBfEPE D8 TG i 3% 25 57 (P>0.05), MM
1% CF 41 5.3 = T CTF Ml BE 41 (P<0.05); CF
M CTF 4K & EREMT NFAH, B%&S T BE
4 (P<0.05).

2.3 HEBHZIRA B TE R 3T 053 B B ER RO S2 M
4% T S ME R B8 NF ZH C14:0 F1 C22:0 &
BN %, & T CF Al CTF 4 (P<0.05), Tfij#k
23 I BT A S IR Al AR A B C20:0, C16:0 FLEVHY
IR R (XSFA) & & F M, Hh it A1 g 5 iR 22

®3 BEHERRAEERXHNEEFMER (FHER) KR

Tab.3 Effect of feeding different diets during overwintering on the nutrient substance

(dry matter) of juvenile E. sinensis %
T HEPE  female HEPE male
items SEIGPIHT RRWRAL AR vk SEIGHIME O AR AR vk
BE NF CF CTF BE NF CF CTF
& body
/K4y moisture 69.06£0.17  70.42+£0.57  69.65+1.26  70.08+0.39  69.57+0.19  70.36+1.34  69.40+0.48  69.57+0.48
fleli  lipid 4.1240.05°  326£0.11°  3.80+0.10°  3.58+0.20°  4.20+£0.07°  3.54+0.12°  3.92+0.06"  3.62+0.04°
HEA  protein 55.54+1.04°  51.02+0.30° 51.81£1.07° 51.26£2.02°  54.72+2.06° 51.00+1.51" 53.44+1.36" 51.94+0.38"
KA 2.67£0.22°  1.13+0.39"  3.96+0.77°  2.18+0.10°  2.37+0.22°  0.66+0.19" 3.89+0.47°  2.76+0.07°
carbohydrates
FFEEHR  hepatopancreas
/K4 moisture 46.20£0.51"  53.66£0.13° 51.34=1.53° 50.83£1.12°  47.43x0.40° 56.01+1.25° 50.35+1.06° 51.31£1.55"
fEG  lipid 65.82+1.12°  61.74+0.31° 67.81+0.87° 65.63£0.43"°  64.17£2.25° 60.79+0.49" 66.74+0.55"  64.03+2.50"
BEHAM  protein 16.62£1.46"  20.33+1.19° 19.05+£0.54" 19.46+0.34"  16.81+0.13* 22.00+0.25° 20.26£0.34°  20.97+0.52°
KA 3.48+0.20"  3.25+0.10°  4.00£0.41°  3.71£0.52°  3.24+£0.13"  2.68£0.23"  4.50+£0.40°  3.67+0.42°
carbohydrates

iE: BESEZRWIW, FH. NFE/NGFEERRE R FAH N 22 57 8 2% (P<0.05)
Notes: BE. the beginning of the experiment, the same below. Different lowercase letters indicate significant differences between different groups of the
same sex (P<0.05)

[ 7K 72 5 22 3275 sponsored by China Society of Fisheries https://www.china-fishery.cn


https://www.china-fishery.cn

1996 &Koo=

{1 46 &

SAEE (P>0.05) (3% 4), HAMFIIENR (MUFA)
1 C18:1n9 & it i , MR A 5 T A LI A
C18:1n9 i FFE, Fra dlEtE4nE C18:1n7 Ml
PN C20: 109 F 1 (P<0.05), CF 4 B A
TR i R (CMUFA) % 5 A L BAC T T R, i
CTF 4 &I, Z A1 FAg iR (PUFA) T,
C18:2n6 (LA). C18:3n3 (LNA), C20:2n6., C20:4n6
(ARA). C20:5n3 (EPA) Fll C22:6n3 (DHA) % & #H
X E, YPUFA 295 BB R A — 2 . B4

J& NF 41 CTF 2 LA & & .3 T F% (P<0.05), CF
FI CTF 41 LNA & &2 % F [ (P<0.05), #L54dl
A JE C20:4n3 KA . CF 411 CTF 41 C20:2n6
i B (P<0.05), NF 44 AH b # & fif EPA Al
DHA &t MR, CFASTEAZ, CTFAHFELE
F N (P<0.05), CF 411 CTF 41 YPUFA# £ Hif
5 2% N 3 (P>0.05), NF 41YPUFA & & i %
FEAK (P<0.05), 4 idJ5 NF 41Yn-3 PUFA. Yn-
6PUFA FlIYHUFA & f& F [, CTF 41Yn-3PUFA.

R4 WEHERRASEER IR R 4 s A ER A0 200

Tab.4  Effects of feeding different diets during overwintering on the body fatty acids of juvenile E. sinensis %
A WM female HEYE male
fa&?yﬂzgiis SRR ARORE EARE ok LA AHIRA AR UKEEA
BE NF CF CTF BE NF CF CTF
Cl14:0 0.29+0.03" 0.41+0.05° 0.20+0.03" 0.30+0.05° 0.33+0.06" 0.43+0.06 0.23+0.04° 0.28+0.03"
C15:0 0.26+0.01 0.30+0.06 0.22+0.01 0.25+0.04 0.31+0.02° 0.26+0.00" 0.22+0.02* 0.23+0.02°
C16:0 11.334£0.29 10.83+£0.78  10.22+0.41 10.72+0.8 11.40£0.32°  10.66+0.17"  10.60+0.49® 10.15+0.68"
C17:0 0.76+0.04®  0.91+0.17°  0.65+0.02°  0.79+£0.04°  0.87+0.07°  0.82+0.04  0.65+0.03"  0.74+0.04"
C18:0 5.85+0.27 5.54+0.4 6.19+0.38 5.85+0.56 6.00+0.13 5.75+0.70 6.00+0.47 5.77+0.17
C20:0 0.62+0.03 — — — 0.93+0.01 — — —
C22:0 0.23+0.01° 0.63+0.12° 0.46+0.03° 0.33+0.04" 0.46+0.04° 0.64+0.04° 0.50+0.05" 0.3740.03"
XSFA 19.34+0.49 18.62+0.85  17.80+0.50 18.24+0.95 20.30+0.52°  18.33+0.38"  18.06+1.31°  17.54+0.58"
Cl14:1n5 0.09+0.01* 0.12+0.03° 0.07+0.00" 0.07+0.01* 0.09+0.01° 0.10+0.01° 0.09+0.01° 0.07+0.00°
C16:1n7 2.72+0.04° 3.00+0.13¢ 2.28+0.21° 2.61£0.09° 3.12+0.06® 3.24+0.54° 2.55+0.29% 2.42+0.06"
C17:1n7 0.47+0.09°  0.35+0.03®  0.30£0.01°  0.43+0.04®  0.40+0.03 0.46+0.07 0.35+0.02 0.44+0.03
C18:1n9 17.1240.43 16.45£1.15  15.97+0.66 16.14+0.63 16.90+0.19 16.62+1.56 16.48+0.63 15.93+1.08
Cl18:1n7 3.03+0.15° 3.51+0.05° 3.33+0.20° 3.45+0.14° 3.3840.01 3.20+0.14 3.20+0.28 3.32+0.11
C20:1n9 1.58+0.19* 2.18+0.24* 1.47+0.03° 3.84+1.12° 1.37+0.22° 2.01£0.12° 2.22+0.28" 3.88+0.33¢
XMUFA 25.7+0.84" 25.6£1.06™  23.4+£0.95°  26.55+1.13°  25.15+0.42 26.07+1.25 24.86+0.95 26.06+1.23
C18:2n6 (LA) 12.15£0.52°  10.00£0.7°  11.040.1° 8.8140.36"  12.40+0.18° 10.52+0.38° 12.45:040°  8.63+0.96'
C18:3n3 (LNA) 2.46+0.08" 2.35+0.12° 1.95+0.12° 1.78+0.1° 2.74+0.25° 2.57+0.21% 2.24+0.09° 1.83+0.24"
C20:2n6 1.87+0.37° 2.75+0.44° 2.87+0.33° 2.10+0.11% 1.99+0.38 2.78+0.07 2.44+0.52 2.16+0.02
C20:4n6 (ARA) 6.05+0.18 5.62+0.47 6.224+0.46 6.17+0.58 5.44+0.21 5.84+0.72 5.90+0.45 6.60+0.19
C20:4n3 0.18+0.01 — — — 0.20+0.01 — — —
C20:5n3 (EPA) 15.94+0.87"  15.67+0.22° 16.33+0.59"  17.58+0.57° 15.13+0.32"  13.84+1.32°  16.39+0.77™ 17.47+0.28"
C22:5n3 0.57+0.02 0.55+0.04 0.57+0.04 0.69+0.09 0.57+0.02° 0.56+0.05" 0.56+0.05" 0.68+0.04°
C22:6n3 (DHA)  10.73£0.70  9.31£0.86" 10.65:0.48" 11.49+1.02°  10.50+0.45"  9.91x1.15°  10.66:0.68" 11.86+0.07"
YXPUFA 49.96+1.48"  46.25+1.22" 49.62+1.56° 48.61+1.81"  48.98+0.87"  46.03£0.94"  50.64+0.28"  49.24+1.08"
2n-3PUFA 29.88+1.67"  27.88+0.94"  29.50+0.8" 31.53£1.58"  29.15+£0.72° 26.88+0.72"  29.85+1.41"  31.84+0.52°
2n-6PUFA 20.08+0.75°  18.37+0.56" 20.13+0.78°  17.08+0.35" 19.83£0.39°  19.14+0.34°  20.79+1.15°  17.39+0.76°
n-3/n-6PUFA 1.47+0.04" 1.52+0.06 1.47+0.02° 1.83+0.07° 1.47+0.04" 1.40+0.03° 1.44+0.14° 1.83+0.07°
YHUFA 33.47+1.42"  31.15+1.39° 33.77+1.13" 35.93+1.68°  31.8440.99 30.15+1.51° 33.51x1.09° 36.61+0.47°
A ARG SRR R [F — B A1 5 S Rl S ga 4R 7R 2 = B35 (P<0.05), “— s A I 1% 403

Notes: different lowercase letters indicate significant differences in fatty acids between different experimental groups before and after wintering in the
same sex (P<0.05), "—" indicates that the data is not detected
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BB, % MARMORR [ DR X AR OB B RS . B SRR TH AR RS TR

1997

n-3/n-6PUFA F1 SHUFA & & & & 84 in (P<0.05),
CF 41 Sn-3PUFA. Yn-6PUFA. n-3/n-6PUFA F
YHUFA AT 5 25 58 2 (P>0.05),

AR 5 PN R AR AR DT R an 55 5 s, 78
SFA 1, C16:0 Fit X 8. B4 )5, NF4H
C17:0 & s g AG 3G I, oAt i A g 1D 2 5 1 C
F Ak (P>0.05), CF#l C15:0. C17:0 fil ¥SFA
&8 FFE, CTF 4 Cl14:0 FIYSFA & & W
(P<0.05), 7 MUFA 1, C16:1n7 £ C18:1n9 & =
A8, B ot 5 NF 41 M P40 8 Cl16:1n7 .
C18:1n7 FIYMUFA & #3411, CTF 44 C14:1n5 Fl
Cl6:1n7 & EHEN, 1M CF 4HFk C20:1n9 4b, Hifth

BN R AR 5 R G 1B 3 A8 Ak (P>0.05), 7£ PUFA
1, C18:2n6. C18:3n3, C20:5n3 Fl C22:6n37% &
PR o AR, 45 SE B AR A C20:4n3,
NF 41 C16:2n6 1% &t & 3 T B (P<0.05), CTF 41
C18:2n6 A1 C18:3n3 & & N, C22:5n3 A1 C22:6n3
SN, I+ 25T CF Al NF 4 (P<0.05), CF
44 C18:2n6 7 W E N, Jf & T NF Ml CTF 4
(P<0.05)., H#AHIAHH, NF41Yn-6PUFA & i
TR, SRIMAE CF4HH, Yn-6PUFA &2 I &1
il (P<0.05), n-3/n-6PUFA [ L FF%, CTF 41y n-
3PUFA. n-3/n-6PUFA FI YHUFA & & & 2 1 fin
(P<0.05),

F5 WELHAENEIRAEE R X F0 82 AT B AR BS AR ER A 520
Tab.5 Effects of feeding different diets during overwintering on the hepatopancrea fatty acids of juvenile E. sinensis %
- HEPE  female HEME male
fatty acids ST TR AR okifmg ST TR AR okifm g
BE NF CF CTF BE NF CF CTF

Cl14:0 1.04+0.10° 1.12+0.06° 0.97+0.11°  1.67+0.08" 1.01+0.04° 1.0120.04° 0.94+0.04°  1.65+0.13"
Cl15:0 0.54+0.04° 0.56+0.01° 0.48+0.03°  0.59+0.03° 0.56+0.02 0.55:+0.04 0.48+0.02 0.56:0.04
Cl16:0 15.14+0.33"  15.47£0.19°  14.78+0.27°  15.4+0.08°  15.28+0.23  15.16+0.48  14.68+0.35  15.05+0.07
C17:0 1.05+0.03° 1.22£0.04®  0.90£0.01°  1.02+0.02° 0.96+0.01° 1.09+0.06° 0.87+0.06 1.1140.04°
XSFA 17.77£0.47°  18.37+0.17%  17.12+0.39"  18.68+0.09°  17.81+0.27° 17.81£0.50™  16.97+0.43"  18.36+0.23°
Cl4:1n5 0.28+0.02° 0.3040.02"  0.26+0.03"  0.34+0.03" 0.27+0.02"  0.2440.02° 0.25+0.03°  0.32+0.04°
Cl6:1n7 9.12+£0.23*  10.85+0.30° 8.9+0.25"  10.24+0.19" 8.97+0.41 9.07+0.29 8.38:0.72 9.65+0.65
Cl17:1n7 1.06£0.05®°  1.13£0.09" 0.96£0.08°  1.07+0.02" 1.10£0.01° 1.09+0.09" 0.95+0.03° 1.07+0.06
C18:1n9 27.75+1.11  28.84+£0.67  29.02+1.46  27.85t1.27  29.59+0.03° 30.36+1.28"  30.78+0.36"  28.36+0.95"
C18:1n7 2.76£0.16" 3.06£0.12° 2.64£0.12°  3.04+0.04° 2.78£0.07"  2.99+0.19° 2.66£0.06'  2.91+0.22°
C20:1n9 2.64+0.44° 1.96+0.14°" 1.65+0.13*  1.90+0.03" 1.90+0.04° 2.18+0.09° 1.84+0.05*  2.08+0.20
C22:1n9 0.86+0.13 0.86+0.05 0.94+0.05 0.90+0.09 0.74+0.02" 1.06+0.01° 0.90+0.14"™  0.910.07"
IMUFA 44.47+1.07  46.99£0.98  44.37+1.39  45.34+1.38  4536x0.50  46.99+1.73  45.76+0.93  45.29+1.44
C18:2n6 (LA) 16.74+1.04°  15.30£0.44°  20.62+0.26°  13.19+0.58"  18.48+0.96°  16.74+£0.65"  20.49+0.08'  12.91+0.23"
C18:3n3 (LNA) 4.25+0.55 3.99:0.09" 3.97+0.27°  3.23£0.11° 4.03£025°  3.72+0.13" 3.72+0.11°  3.29+0.12°
C18:4n3 0.420.06" 0.46+0.05° 0.39+0.05°  0.56+0.04° 0.43+0.03" 0.42+0.03° 0.37+0.03°  0.60+0.05°
C20:2n6 1.12+0.07 1.29+0.09 1.12+0.16 1.16+0.07 1.10+0.05° 1.61+0.15° 1.31£0.06*  1.22+0.19"
C20:4n6 (ARA) 1.55+0.06 1.67+0.05° 1.17+0.16*  1.57£0.07° 1.44+0.13 1.64+0.04 1.26+0.05 1.42+0.32
C20:4n3 — 0.310.02° 0.22+0.01°  0.38+0.02° — 0.26+0.01 0.22+0.02 0.34+0.10
C20:5n3 (EPA) 3.46£0.47"°  3.45+0.28"  2.82+0.21°  3.72+0.04° 3.09+0.47"  2.99+0.1% 2.59+0.14°  3.48+0.41°
C22:5n3 0.310.05° 0.34+0.01° 0.33+0.03*  0.66+0.08" 0.29+0.01° 0.31:£0.02° 0.28+0.02°  0.68+0.04°
(22:6n3 (DHA) 2.34£0.09"  2.46+0.08" 2.47+0.07°  5.79£0.39° 2.39+£0.07°  2.57+0.17° 2.42+0.12°  5.80+0.13°
TPUFA 30.18+1.22°  29.26£0.73°  33.1240.41°  30.27+0.21°  31.24+0.45"  30.25£0.29"  32.66£0.29°  29.72+0.98"
En-3PUFA 10.78+1.09°  11.88+0.38"  10.21+0.36"  14.34+0.37°  10.22+0.42"  10.27+0.35" 9.60+£0.33*  14.18+0.70"
2n-6PUFA 19.41+1.03°  18.26+£0.39°  22.92+0.19°  15.93+0.57°  21.02+0.87°  19.98+0.51°  23.06£0.05°  15.54+0.62°
n-3/n-6PUFA 0.56+0.07° 0.60+£0.01° 0.45+0.02°  0.90+0.06° 0.49+0.04  0.51%0.03" 0.42+0.02°  0.91£0.05°
SHUFA 7.66£0.55"  8.2240.25° 7.01£0.22°  12.12£0.57° 7.20+0.64" 7.77£0.26° 6.78+0.20°  11.72+0.83°
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[ DA

AT I, M A% CF 4 & (G A o-
AMS G ME em, CTF 4k . CF 41 & M il
1 o-AMS i 7% 2 3% = T NF #l CTF 41 (P<0.05)
CTF #H o-AMSHI CTF 41 itk & 5 1 B 2
B T NF 4 (P<0.05, [&] 2-a, ¢)., NF £ M ifi: 311 %
LPS i % & 3 & T CF Ml CTF 41 (P<0.05), CTF
ZH MEPE N LPS 15 M & = T CF 41 (P<0.05), i
MEVEFNEE b CF 5 CTF 41 LPS i L i & £ 7
(P>0.05, € 2-b),

25 BZHAERIRA EER A B S LA
A

NF £H Mt ifE 311 8 SOD i 1 . & & F CF
CTF 4 (P<0.05) (&l 3-a). CF ZH WML CAT %
P 5 F K T CTF A1 NF 41 (P<0.05), 1 A i 411 i
CF 41 CAT % 1 . 3 = T NF Fl CTF 41 (P<0.05)
(¥l 3-b). CF 2H MfE i 411 & T-AOC I 1 & & & T
CTF #1 NF 41 (P<0.05) (I8 3-c), MEPE4nE CF 41
MDA % & i Z K T NF #1 CTF 41 (P<0.05), NF
H 5 FHT CTF 4 (P<0.05), MEMEFNA% MDA &
BB EZL (P>0.05) (K 3-d).

W A 11 4% 1 36K 8 NF 40 SOD 3 7 1B %
T CF #l CTF 4H (P<0.05), CTF 2H Mfi 4 411 % SOD
15 PR3 5 T CF 41 (P<0.05) (&l 4-a), NF Fi CF
ZHMEPE N CAT 76 1 2 KT CTF 41 (P<0.05),
M AEPE I K B, CF 40 CAT WG F T
CTF I NF 41, CTF 4 CAT M 8% & T NF 4
(P<0.05) (& 4-b ). CF £ CTF 41141 T-AOC
6 ME B R T NF 41 (P<0.05), M1 T-AOC
TP = Z A T 3 25 5 (P>0.05) (] 4-c). MfEME
F18 CTF 41 MDA & I % = T CF Ml NF 41 (P<
0.05) (& 4-d).

2.6 HMEHEIRRAEIERTINEBIEFRER
ey

TE F1VHE AT I IR v, O 4 4 4% 52 86 4 ACP
M2 5N B E (P>0.05) (K 5-a), i Wk 0
NF fil CF 41 AKP i ¥ & % = T CTF 41 (P<0.05)
(1 5-b), 7EADNEE MM, BEVESIEE CF 44 ACP
T PE N = T NF 41 (P<0.05), CTF 41/ T NF 41,
BTG & 2R (P>0.05), CF ZHHErkdni# ACP i
%% F NF Al CTF 4 (P<0.05) (& 5-c), MfEfESn
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Fig. 2 Effect of different diets on the digestive enzyme
activity of the hepatopancreas in juvenile E. sinensis dur-
ing overwintering
Different lowercase letters on the columns indicate significant differ-

ences between groups of the same gender (P<0.05)

HE K25 2: 3276 sponsored by China Society of Fisheries


https://www.china-fishery.cn

10 4] HEME, . BA WA F R O A GBS A0S | B SR T A B S T S 1999
80 [INF 80 b [CONF
b [ CF b [ CF
b B CTF b I CTF
60 | 60 | 2

AL B PE/(U/mg)
SOD activity
s

20
0
M female #E  male
(@)
50 O NF
b [ CF
b B CTF
4L
o0
£
S 3
s
= <
X )
B i
i
gad]
1L
0
M female i male
(©

1L S AL S 4/ (mmol/mg)
CAT activity
AN
S

20
0
I female HE  male
(b)
20 ¢ . [ NF
[ cF
B CTF
15
2
£5 10} .
@3
1=
1=
5L
0
M female I male

(d)

3 HAHAEHR IR EIEAL NS AT R AR E BB TE MRS

Fig.3 Effects of feeding different diets during overwintering on the activity of antioxidant enzymes in

the hepatopancreas of juvenile E. sinensis
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Fig. 4 Effects of different diets on the activity of antioxidative enzymes in the hemolymph of

juvenile E. sinensis during overwintering
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Fig. 5 Effects of feeding different diets on the hepatopancreas and hemolymph non-specific immune enzymes of

juvenile E. sinensis during overwintering
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Effects of feeding different diets on survival, nutritional composition,
digestion and immunity of juvenile Chinese mitten crab
(Eriocheir sinensis) during overwintering

XIAO Changlun ', SUN Yunfei "**, LU Zhenzhen', CHENG Fangzhou', CHENG Yongxu "**

(1. Key Laboratory of Freshwater Aquatic Genetic Resources, Ministry of Agriculture and Rural Affairs,
Shanghai Ocean University, Shanghai 201306, China;
2. National Demonstration Center for Experimental Fisheries Science Education,
Shanghai Ocean University, Shanghai 201306, China;
3. Shanghai Engineering Research Center of Aquaculture, Shanghai Ocean University, Shanghai 201306, China)

Abstract: To study the effects of feeding different diets during overwintering on the survival, nutritional composi-
tion, digestion and immunity of Chinese mitten crab (Eriocheir sinensis), this experiment compared no feeding
(NF group), feeding compound feed (CF group) and feeding chilled trash fish (CTF group) during overwintering
on the survival rate, nutritional composition and the activities of digestive enzymes, antioxidant enzymes and
immune enzymes of juvenile E. sinensis. The results showed that: ) After overwintering, the weight gain rate and
hepatopancreas index of the CF group and CTF group were significantly higher than those of the NF group
(P<0.05), but there was no significant difference in the survival rate among the three groups. @ After overwinter-
ing, the contents of fat and carbohydrates in the body and hepatopancreas of CF group and CTF group were signi-
ficantly higher than those in NF group (P<0.05), and the carbohydrate content in the body and hepatopancreas of
CF group was significantly higher than that in CTF group (P<0.05), while the water content of the hepatopancreas
of the crab in the NF group was significantly higher than that in the CF and CTF groups (P<0.05). Regardless of
feeding or not, the body protein content decreased significantly after overwintering, while the protein in the hep-
atopancreas increased significantly (P<0.05). ® In regard to fatty acid composition, the contents of C18:2n6 (LA)
in the body and hepatopancreas of the CF group were significantly higher than those in the NF group and CTF
group, while the contents of C20:5n3 (EPA) and C22:6n3 (DHA) in the CTF group were significantly higher than
those in NF group and CF group (P<0.05). @ After overwintering, the activities of pepsin (pepsin) and a-amylase
(a-AMS) in the CF group were significantly higher than those in the NF group and CTF group (P<0.05). ® In
terms of oxidative capacity, superoxide dismutase (SOD) activity in hepatopancreas and hemolymph in NF group
was significantly higher than that in CF group and CTF group (P<0.05), total antioxidant capacity (T-AOC) activ-
ity in CF group was significantly higher than that in NF group and CTF group (P<0.05), and the content of malon-
dialdehyde (MDA) in the hemolymph and hepatopancreas of female crab in CTF group was significantly higher
than that in NF group and CF group (P<0.05). ® As for the immunity of crabs, the activities of acid phosphatase
(ACP) and alkaline phosphatase (AKP) in CF group were significantly higher than those in NF group (P<0.05). To
sum up, E. sinensis should be fed with appropriate amount of diet during overwintering. The survival rate, hepato-
pancreas index, weight gain rate and nutrient accumulation of E. sinensis in the CF group were better than those in
the CTF group. In addition, feeding compound feed is beneficial to the digestion of the E. sinensis, and enhances
the anti-oxidation and immunity of E. sinensis. This study provides scientific reference and theoretical basis for
rational use of overwintering diet for E. sinensis.

Key words: Eriocheir sinensis; overwintering period; nutrients; fatty acid; antioxidant capacity
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