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TR HIR 7 AN B2 B X P Ae g B B KFEF AT IS0

FoHME EXE BERTE MM HAE XWH H =

(TR BRAOK BRI FE e, 10748 K A= 3 s 3 B i B i S B6 =, JZFH 111000)

5] A A

B IR B FEE A A P4, §F 70 T RS IR IR FR 8 (Carassius auratus)[(48.53+2.11) g/ ] Xt H L4508
%% (Eriocheir sinensis)[(23.48+0.82) g/ AEKFNE FE R 200 . SIS & B 4/l % 2 0 (TO, X RE4H). 100
(T1)~ 200 (T2)F1300 J2/667 m* (T3), 4 55 Th H L (300 H/667 m*)iE 77, SCi6 A H190d. 459 & oR: T14
HARRE R AORE R, WESR, FetKE, JaER. HRE, FERERE. HREImaTaxh
Zm T AN, TR R BOE AR T A3, TIA &R AR R R B R A KR B2 s T HAb (<
0.05); T2H AR ENLA M B EAER . YFEERSEMLFEERT oM, HPAER. 4R, &
R A IR & 8 R & 5 T HAR & 2H(P<0.05). BFFR W], £8 Hh He ok B B IR T R v, VR TR AN [ 3 P 0 L
A TR MR AL A E 35 AR SB35 B, FE AR 3R 100—200 J2/667 m’lll 5 A3 | T4 i v HE o B R R

:f'!l-"
KR IR, FREEEE; EKIEhR; EIRA; R, -E‘-'::,""-_“ i
hESES: $962.92  ICEAFRIRG: A SCERS: 1000-3207(2025)04-042501-08 L

Hh AL 28 8 (Eriocheir sinensis), X R B, K
i %%, J& H 5% 4 (Crustacea) 1 /& H (Decapoda) /7
% (Grapsidae) 4% 74 8 J& (Eriocheir), &3 5 B 2 1)
WK SRz — . [E N ghoxt h e ok B g
Rl s S SR CES v e S L NI e i = NI = S S
2 R AR ST . O T A0 R R
IK I RVERL B2 IR, 38 7R B 7 i, AR St R
BB I KB R O T — 5T, AGH
A REE TR AP R A R KR . RO
MR E & R RTERL . 53— J7 18I, FR5E i AR
] DUAKAE R A BESE IR 0, MMk KA AR
Koo 0L, FEH R RFEY AN AP Dy v He
B R ARELRE, Be A RO PRI 75 G, [F] IR 34 B i ok
WA eI . B T LS B TR R 5
FRHE M PME R AR . BT KETIE SRR
FEE T B RIEAR R AR T o
G B BT B B AL SR AL A AR 2 7 Y.

Ishs B EA: 2024-03-28; 1£1T B #A: 2024-05-27

(Carassius auratus) R /K MBI, FAEKKIEEE
B, SHICAIE N RE IR o8, R B, F A
AHFEIE . KE. YT RRmsh . Bk
IR T HOO FRIE I 25 A 2R AR, HUR
HE )i, AIOE N 2 R R AR SN, JF BRI AR
f) A )T 5 v 5 R R AR S e
iR IR W RS e Sk P W B 3 il i
I 1 3FPAN [F) B B 1) B, AN 75 B A R R 4%
B RGBT . AU SRR TR, X F
FRHE I AR AT o IR ) R AR L
A AHIVE R o I R, 4R — iy B B4k (P RF
SR R R TR R

1 MR57EE

1.1 SSEMRE5ER
TE L T8 W KK P2 R 2Tk 70 B A 0 18 { B A
A5 b (25 B )1k B 1 20 24 TH FHR0.65667 m”

EETH: 7 AR T RHE BT H (2021TH1/10400040); 31 544 4R Mk B} 2 5 BL B2 A 37 B 78 % 09 42 (2022DD279148) %% B [Sup-
ported by the Science and Technology Key Project from Department of Science and Technology of Liaoning province (2021JH1/

10400040); Special Fund for Scientific and Technological Innovation Research of Liaoning Academy of Agricultural Sciences (2022DD

279148)]
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(AR AT RS H , 75 FH B — 0 FF 2 % 5 20 VA, 320 ¥4 T 5
9 H B AR 10%, 1298 %5 93 m, IR 1 m, & B i,
HEAKE I L e, A P AR B B A L F R
L7 SRR} LA R B DU A B R TR IO, LA B 136
WANECE . SH KA 6 VI T KRRk, £ 7K
T AP R 2R K927, #RAT BE 26 cmx20 cm, 7K IR
1520 cmo FEFERREE SR IAN H JG, $80H [ %
458 BE 1 [(23.48+0.82) g/J&, 300 H /667 m”, HEME %
2], 3RS R St AR P AR R B R (To ), 4k
OB SIG FH #2100, 200 F1300 FB/667 m” =A% i
PORU(T1. T2RIT34H). 3% A2 5 5 il v Rl
35, B (48.53£2.11) /), SEIHI90d.
RT3 s 4% e 8 8 8 R B 1R 3% —5 % 7E 8] 58 5
PR, [ e A B A ST R A, TR
HAGBEIE3I8%EA R 1),
#1 BREBREFRKTE (RFER)

Tab. 1 Diet composition and nutritional levels (air-dried basis)

Ji EHngredient ¥ FContent (%)

£t} Fish meal 25.10
R H} Shrimp powder 8.22
T f1Soybean meal 30.50
SZFfARapeseed meal 11.35
T4 Flour 15.53
#%kWheat bran 3.18
K & iiSoybean oil 2.12
B — &S5 Ca(H,POy), 2.50
A Premix’ 1.00
& #hSalt 0.50
77K FNutrient levels

fit B Energy (MJ/kg) 18.25
HH & A i Crude protein 37.97
AR Crude fat 5.52
7K 43 Moisture 9.24
FK 4y Ash 4.40

VE: TR AT v FURRAL: 4720 mg; 8525 mg; 8512 mg;
26 mg; £$80 mg; f90.16 mg; 10.45 mg; 0.6 mg; 4L FEA
10000 IU; 4E4E2E 100 mg; 4E4E 2 C 100 mg; 442D 32500 1U;
44 EK 32.2 mg; 4E4- KB, 3.2 mg; 442 KB, 15 mg; 4E2E KB,
20 mg; 4E4 KB, 10 mg; 4E4E 2 Bs 25 mg; 4E4 F By, 0.016 mg;
RS mg; JHB% 600 mg; ZEAZ 0.15 mg; WLEE 200 mg

Note: lpremix provide the follow per kg of basal diet: Cu20 mg;
Fe 25 mg; Mg 12 mg; Mn 26 mg; Zn 80 mg; Se 0.16 mg; 1 0.45 mg;
Co00.6 mg; vitamin A 10000 [U; vitamin E 100 mg; vitamin C 100 mg;
vitamin D 32500 IU; vitamin K 32.2 mg; vitamin B; 3.2 mg; vita-
min B, 15 mg; vitamin B; 20 mg; vitamin B4 10 mg; vitamin B5 25 mg;
vitamin B, 0.016 mg; folic acid 5 mg; choline 600 mg; biotin 0.15 mg;
inositol 200 mg

12 SEHMXRE
T S0 435 O J of v A R R T AN B 3R AT 4 45, B
EEH, MERTK., Bw. AKAMEK, BE5EET

e BEBR AR K o3 B T A A, F 2R 30 R
I T RN 30 I ) JFF PR AR . MR RR AR UL PR R R (B
JEOWLA BEAT PR B AL 5%, 70 3% 2 H 348, —18°C IR 17,
R
1.3 XWH*E

SLIGIKRIBRRAOME (PSP SL1000{E
#5 X 2 S HOK T B 000 58 K R KR (T) 15 R
A (DO)MpH. % % (Ammonia-nitrogen, NH,-N) 7
R A 9N IR TR 23 06 06 BE VR e 5 A R kR
(Nitrite-nitrogen, NO,-N) 7% &% ] h IR 25 £ & 47
e BRI 5 5 2 % (Total nitrogen, TN) ¥ & &% H
Bl P T T BV i 5 A0 o0 Y G B 5 5 S (Total
phosphorus, TP)) & &R FEHBA BT/ 6 BETHE
5E 5 12 75 4 & (Chemical oxygen demand, COD )>%
FH v i R A U 5

& KA B MR TR FR:

TEIEZ(SR, %)=N,/Ny*100

14 R (WGR, %)=(W~W,)/ Wyx100

K2 4 K (SGR, %/d)=(InW~InW,)/tx100

B (FR, %/d)=F1/[tx(WA+Wy)/2]x100

Tkl R BFCR)=FI/(W~W,)

HRIZ (MY, %)=L E (g)/ A E (g)x100

JH IR B4 H (HST= g 1 2 (g)/f i ()< 100

PR Fi 20 (GSD=11 i (g)/ 4 HE (2) < 100

KA E(TEY, %)=HSI+GSI+MY
X, wohta, BEARIRE(g); Wy N, BYIG
R B (g); AR K (d); FUASER # R S 3R & =
(8); NNLERMEEL, N NI AEEL.

EAMEFRS. FEBRMUE Ko RHE
5T 183 (GB 5009.3-2016)ill 5 ; #H & (1 5% FH i &
Y1 & %% (GB 5009.5-2016) 5E ; ¥ i i % FH 2%
G #2925 (GB 5009.6-2016)1 5 ; 7K 43 K H i i
158 72 (GB 5009.4-2016)ill € ; & I R 2 I GB/T
5009.124-2016, HBAH %1% (Agilent 1260)ill5E -

EFRTENAZE SHEREGEREARIAA
S Tt TAE 20 G S TR VT o A SR A0 B B
AR, 5T AR AR (AAS).
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4 34 SR IRTIRE S5 R FE PR VR TR AN [R5 FEE B0 v R SR B A AN IR 23 RO 3

Ly

B IR + AR + T E IR
EHEAR + AR
L, n A L FEEREAAEH; A, B, C, -,
TANRE A FFIEAA & 2(DM, %); AE, BE, CE, -,
JENAXYEEE R MNEAAT (DM, %).
1.4 HIELIE
45 LR H Excel 2010347 4171, SPSS 20.0% 1+
HEAT 7 72 55 1 4G 56 A B IR 2K 5 22 23 BT (One-way
ANOVA), X H Duncan [X 2 5 L 7 i 21 () 22 7
BEM . P<0.05F R %7 B 3E, Ul L {E bR
2 (mean+SD) F IR .

2 4R

2.1 FEFFEZREURRI LG K RIME R R

1E S0 A 1] 4% S 06 40 W RS R AR . . K
IR ANpHS 4 2 5 A B2 (P>0.05). T2FI T34 it I
RS BT A2, AR S &S T HAh2d,
T FAEMLEA S ] EE ST HA3A
(P<0.05; & 1). 4GB 3838-2002 3 7K ¥F 153 Jii
BARAE, YITF AR L byl FH K bRtk . MK T3
et bnE th, B TR 77 0% (0 B2 =, KR FR bR 2
B 7 —E MR, (2 B .
22 PAEGEEAEE KIEMR R P EET R
PR H

HH ] 2P 0, TIZE Ao B B st 2 | R e 2k
KA AN e85 0 3 v T HAt 25 2, TEDRE R 200
KT HAD B 2H(P<0.05), Fifi 45 572 B 1A 38 o, i
RFE AR K R B AR OE T T B . T1ZH 28 R AA

CORAKNH4-N [ b4 5ECOD

FiE=

£3 G[EDEEN  Z2EHEDO ¢

i 3 g 12 a a
[SAN=2

eI N

5 g8 b § b

% S'x 4 s \ a c A
0.8 2 b@ b@ b\ a b
ﬁgo.ﬁ.m ANERL 2RER AN

TO Tl T2 T3
A 3l Group

1 RRACEAK AR
Fig. 1 Water quality index of different treatment groups

B, REAERKEMEERYEES TT2. T34
(P<0.05); TN £ S 56 4. F e 28 8 T8 R ) 1°) A7 37 28 22
SRR EH(P>0.05).

ARG BB UMY . HSI. GSIFITEY W% 2.
DIMY fa bR SR, TR AR ok 8 R 6 iy,
=T HAh4H(P<0.05); ELECHSIHE bR & L, T1HIME
P rp A T T R B4R B0 i, T2 e rh Ak
B I R R Hloi v, 235 T T3AITO (P<0.05); Eb
BGSHEPRMTEYfabs &I, AT 5, 25
FHABLH(P<0.05). L5 75 2H b AR SR L 1 RN 1Y) A2
Koo AR PEREE S bR, TR IR B 9100 /667 m
T AR, FONT24 .

23 EBERTRZENHE hERBENANENE
FFR BRI

ARG EE LA K . MR B KL TR I AR
KAy WAR 3. FHEE 7 S bl A VR R B B )3 K 2
Tt A BRAR R ss, T2 A B #E T HAd, 3
SEHGZH AL IE DT 7 & 3 = T TOZH, T3 MK 4 &
H I (P<0.05); 7K &4 2 [ TG i3 22 57:(P>0.05) .
24 EBERTRZEREX PR BRI ASER
SENF

WK 47N, PARGREE JL A b 3L tH 1 7R &R
R, BAEERCTAAM L FZ LR (CEAA) S
BRI T BRI, FET2AIA B B K MH, Hk

£ O g i ©) 0 h gl i
= 4, b b b S S b b

ﬁ% 3 a ¥ o 4+ a

M52 g 3

T = 2

e B2

e 8

=20 g0
g TO TI T2 T3 2 T0O TI T2 T3
a9

40 53lIGroup 0 53lIGroup

e ST M & T hAEsi e S &)
w825 . = 400 .
200b fo b a s E300fb =S b g
e s b 2, = b
#HE 10 & S 200 a
e 05 100
£50 0
o
=
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Specific growth rate (%/d)

2 ARG RN AR AR AR LR

Fig. 2 Comparison of growth indices of E. sinensis and C. auratus
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Tab.2 Comparison of edible tissues of E. sinensis from different groups (n=15; %)

JHF iR $5 BH ST T ARFEELGST X
2H 5 Group HAFEMY o sl 2 il 3 MEERTEY
T0 10.09£0.75" 8.23+0.36° 6.1420.17° 6.26£0.21° 1.71£0.03" 22.55+0.76"
Tl 18.23+1.03° 10.04+0.34° 8.13+0.22° 7.48+0.10° 2.43+0.14° 32.42+1.32°
™ 13.20+1.12° 9.97+0.26° 9.08+0.15 5.89+0.29" 1.95+0.05" 26.2040.99"
T3 12.030.87° 9.19+0.37" 7.0740.07° 5.24+0.23" 2.04+0.08" 22.91+1.21°
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*3 ETLWADEABENNENERBS EEREER %)
Tab. 3 Nutrients composition in muscle of E. sinensis from
different groups (fresh weight basis %)

vl K Giikid=
Group  Moisture  Crude protein

FHAR Wi w5y
Crude fat Ash

TO 77354122 17.6140.44°  0.8140.05° 2.56+0.03°
Tl 7743135 17.41£038°  0.95:0.09° 2.13+0.05"
T2 76.94+0.87 18.23+0.51° 0.91+0.11° 2.12+0.10"
T3 77744095 16.55+0.31°  0.89+0.06° 2.910.04°

x4 PEGEBIATEERSE(EE, 1=3)

Tab. 4 The amino acids content in muscle of E. sinensis (Y%owet

weight, n=3)

kT 2H 3 Group

Parameter TO T1 T2 T3
FHEMThr  0.57+0.02° 0.63+£0.03" 0.70+0.02° 0.59+0.05"
HEMVal  0.60£0.01  0.67£0.03  0.64+0.02  0.63+0.04
EEMMet  0.17£0.02  0.18+0.02  0.23£0.03  0.22+0.00

RESMI 0.39+0.05" 0.65£0.06™ 0.76£0.03° 0.58+0.09°
=5 Loy 0.98+0.07° 1.04£0.06° 1.21+0.13° 0.94+0.11°

KA 0.54+0.06" 0.59+0.05° 0.68+£0.01° 0.54+0.04°
Phe

WEMLys  1.0140.11° 1.0940.08" 1.27+0.05° 1.06+0.10"
HE(FRHis 0.48+£0.02  0.49+0.05 0.46+0.03  0.43+0.06
WEMArg  1.22+0.36" 1.28+0.39" 1.46+0.31° 1.15+0.12°

%%?k@ﬁ 1.21£0.15" 1.3320.22" 1.47+0.17° 1.16+0.08"
Asp
BEEGWS 2.00£0.45" 2.1240.31" 2.48+0.48° 1.91+0.26°

HEMGY™ 0.84+0.11° 0.83£0.07° 0.77+0.14" 0.83+0.21°
HEMALL™ 1.1920.22° 1274025 1.46+0.23" 1.20+0.15"

% #BPro®  0.65+0.08 0.73£0.10 0.72+0.09  0.64+0.05
HEESer”  0.524£0.06° 0.55+0.03"  0.6£0.07° 0.49+0.05°
ﬂéﬁi‘g‘ﬁ@?@ 0.09+0.00  0.08+0.01  0.09+0.05  0.08+0.03
Cys

MR Tyr" 0.43+0.04 0.455+0.07 0.5240.05  0.42+0.08

MR 12.88+1.85" 13.95+1.83" 15.68+1.91° 12.81+1.52°
TAA
DTERIEM 426+035" 4.84+035° 5.59+0.35° 4.56+0.44"
EAA
BEER LR 5.24+0.95° 5.54+0.85" 6.19+1.02° 5.09+0.71°
FAA

EBERE 6.93£1.09° 7.35+1.04° 8.12+£1.22° 6.72+0.90

FENEAA
EAA/TAA 0.33 0.35 0.36 0.36
EAA/NEAA 0.62 0.66 0.68 0.68

VE: AT RUERR; A R, BRI “ e R
i

Note: ‘essential amino acids (EAA); 'half-essential amino
acids (HEAA); "flavor amino acids (FAA); “non-essential amino
acids (NEAA)

JETI (P<0.05); YEAAF AR &K KNE
PR RN 2 R & B AR T2 2H 0 3 vy T HAth %-2H(P<0.05);
RERR S EATIMT2HE & T TOM T34 (P<
0.05). EREIER(CFAA)RIFEL FEIER(INEAA)

SR Eg LIS RS, HT240H kA4l
# 5 5 % (P<0.05); YFAATT R AR R . AR
AR, PLALYNEAA Hh 22 F TR & EAET241IA 3 B

KAH(P<0.05).
25 EATRZEEHNPLEREENAERBR
TN

I FAO/WHOHE AR ML, Hh #2482 B2 )L A
EAA/TAATE34%—36%, 3 A FF A FAO/WHOH 48
A5 i G R A R AR AR (R 5). RIS, HiAE
SRR P Db T E R B A R B N B, B RNE
. HrP R iR S (CS: 1.69—2.13; ASS: 1.37—
1.65), £ 2 Be -+ It 2 B2 VF 7 f% I (CS: 0.38—0.47;
ASS: 0.67—0.83), Sy FR il 1 2 L 1R, o Ath Z L R U
4y ¥IFE1.004 4 85 T1.00. TO. T1. T2RIT34
EAALZ} 7| N85.62. 96.86. 109.994192.86, T24H.41:
THAM34A.

*®5 FREERPEGEENHTLEERBRITH
Tab. 5 Essential amino acid score (EAAS) in muscle of E. sinen-
sis from different groups

W ASS CS
Essential aminoacid T0 T1I T2 T3 TO0 TI T2 T3
e e 0.89 1.48 1.74 1.33 0.671.101.300.99
=& IRLeu 126 133 1.56 1.21 1.041.101.291.00
i B Lys 1.69 1.82 2.13 1.69 1.371.411.651.37
T & FEThr 130 1.43 1.59 134 1.121.231.371.16
HRFRVal 1.11 1.23 137 1.16 0.840.930.890.87
ERRLER  0.67 0.67 0.83 0.78 0.380.380.470.44
Met+Cys

FNEG+EERE 146 1.57 1.80 1.44 0.991.061.220.98
Phe+Tyr

DERIEFIEE 85.6296.86 109.99 92.86

EAAI

3 g

31 BEFEZEGKIFE, £, TEHS
I NLE R B 3 B 5 B 4Y B B2

FRRHFREG . FEH B A GADR) 2 4 B
FIBNW A KRE 7R AR -
IR R AE — 5T PR P L BRI b /K A v A 24
L HHCODE &, BRI T K. HIES. 2
HEA K A S o AR B R VR 3 6 () S 4
HK ST ABHRAIGS B 4 25 R B 3, XL Ry i) g T
JEC 2 24 B M 1 2K, FE 7K AR T i B N 2 S0 R Ak A
TN, (AR AR T 2 A 3 N B RS B KAk
I IR AL AR, SR KIS R . B
Lo B R B A R TR AR VA RSB REE E Y
(R v, AT 189 00 35 B 0T % AR SR U . 5 4,
H T8 FH K VR AC R, TR 2 7K A 52 30 F o S 8 S



4 34 SR IRTIRE S5 R FE PR VR TR AN [R5 FEE B0 v R SR B A AN IR 23 RO 5

B, R E ZMMAEME S, o DR = IR B
Y WiE A 2 R A T2 E B, 3 N S SR
(IR RIAR T RE 77, AR K B ST
1 (Siganus guttatus)F 4G (Meretrix meretrix)ii 77
S0 A I, TR TR — % B R R SIS LA E
I i JoT B, {H A A TR TR R B e A KNS 5
42 B — s s SORUAHF T 45 AR, T140
rh AR R R AN AR A FE bR i, B TR TR R
B R Ak B RN AR K AR AR Y B R B, i
Ji DR T 1AL IS 5 1 % B2 A1, Be8 78 70 R ik
1R AR B AR R S K B R AR TERL, W
M BAFERFRR, HEKEERE, HEE
T S RGO, IR T R RN £ e A, RN
HRAR L B R TE SN I N, THAERE R 2, A KIBFREE
Z FEK,

JHFJR R« JI 0 L A 2 P e R e 1) B ]
IO . ASHITF T Hp bl 5 R 7 52 B TR 3 n, HST
FEAR M GSHE bR 2 e T Ja PR %, DAT14 &
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DIFFERENT POLYCULTURE DENSITIES OF CARASSIUS AURATUS ON THE
GROWTH AND NUTRIENT COMPONENT OF ERIOCHEIR SINENSIS
UNDER RICE-CRAB CULTURE SYSTEM

JIANG Xiang-Hui, WANG Xing-Bing, KOU Ling-Xiao, WEI Hong-Xiang, XIAO Zu-Guo,
WU Li-Na, FENG Yan and YAN You-Li

(Liaoning Key Laboratory of Aquatic Animal Disease Control, Liaoning Institute of Freshwater Fisheries, Liaoyang 111000, China)

Abstract: In order to achieve the ecological balance, the influence mechanism of mixed culture of Carassius auratus
[average weight of (48.53+£2.11) g] on the growth and nutritional composition of Eriocheir sinensis [average weight of
(23.48+0.82) g] were selected as the research objects in this paper. The density of C. auratus was set at 0 fish/667 m’
(TO, control), 100 fish/667 m’ (T1), 200 fish/667 m” (T2), and 300 fish/667 m’ (T3) in mixed culture with E. sinensis.
The experimental period lasted for 90d. The results showed that the final body weight, weight gain rate, specific growth
rate, meat yield, hepatopancreas index, gonadal index, and total edible rate were higher in the T1 in 4 experimental
groups, while the feed conversion ratio was significantly lower than that in the other groups (P<0.05). The total amino
acid content, essential amino acid content, and essential amino acid score in T2 muscle were the highest, with Thr, Leu,
Phe, and Lys levels in T2 muscle exceeding significantly in other groups (P<0.05). Research demonstrated that a stock-
ing density of 100—200 fish/667 m’ of C. auratus not only enhanced the growth of E. sinensis but also optimized the
edible tissues and nutrient quality of E. sinensis muscle.

Key words: Paddy culture; Breeding density; Growth index; Nutrient component; Eriocheir sinensis; Carassius aura-
tus
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