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FRRZ—, XTI S LR 7 R B AN 22 5 Rl e
ZOCHE M, MW TR, WRE B UK
WA RS AR, Yk
HBUKSEAS R, K 3hiia st A 3 SR 4
ZUrp i B T DA A 2 ORI B B IE AR
Uife, M-S EE KAz YRk K F
REREET, IR B e R T AR O T RE R
REAR T & H BRI 7 A 2R, SR SR K B
BN, G, HERRTTAL K S 0 B TR SR
X T o B AR M SR AR R A7l T ¢
SLR AR T2

T3 JREENT (Procambarus clarkii) 15FR/NEEF,
$JE 1 &£ H (Decapoda) #£ HF Rl (Cambaridae) Jii #S
WRJE (Procambarus), Ji 7= T 3% [ i Eg 5 Fi 25 5 HF
RILHHIX, T 20 42 30 4L E R AT E ),
PR A R R E R MR . A UF A &, sk
Ji U T 5 K AN W B8 T R I PT R A R
FEIG . BE 2022 4F, b IG5 2 R 57 5A 1 AR
187 J7 hm?, [A] LK 7.69%; FEFH B Hik 289.07
Jit, AR 9.76%",

H i 2 7 PG B HR 4 R 2 14 3 oK &= A
N RE RSN TIHRERE P70, #il
Tk b 2R A il 20%~40%., 4 Hubbard 251
DIYGE AN IEM 8515 2] 0.9~1.2 g 19 50 [C R 2L AR
BEHRTR M 30%. Jover Z BFFY R, Tk
JRESHR (2.1 g, PREME, T ) AR KL S
FRE & 20 9 h 36%~41% F1 17~21 g/MI I, A
JEIK LA 22%~26% ShH . Miao & INR, MR
PR fob 2 2 v o QB R AR [(5.1740.32) g] 47T
AR MR RERe T, IFd iR L BK T DA
31% N . LU BRI, REHE A KE R
39.6% Bf, 7 B JEEL AT [(12.8620.10) g] 4= K 1 fE
e, SAEMREENTRE, JONRER P ERAK
N 35%~41% BAIE

H TR i R K™ Bl A K B OB Y
Yz —, QR AR TR R T R &bl Ak
K BMmFEMAE DM R 2ES ., BE
2022 4%, FKEFFERFRFRE AR 157 7 hm®, 5 R
FEUR =4 240 J5 ¢, 43 o 2R A AR B Y
83.93% Fl1 83.00%"", & [ v [ JF AL 1) 75 A A =X
DIRH RGN F, TIEFRGE il . A %
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JEAE R NI RGP RGPS, B i
ARSI T I E R F R AT, i,
A5 LA v [Q R B MR L R Ry S B X 52, B 6 Al
ARV BRSPS, AR A B T JE S ) 56 d
MITRIH SIS . PRI HIIRFH 25 1F B DR 1 BOK
) 5 PR AR A AR A PR RE | LR AR AR AR B |
THACREG R WL 5 B I7 18003 LA IR I 4
PERE ST MG RE T BN, T A T R A8 2 1R R
v PRI 8 R R R, O v IR U R A
AR ERIT A PR ABIE S0

1 MESIHE

1.1 SEIEfERt

ARSI AR ARy . RORT . AEZERT . RSP
182 & = S | 5 e S v o s e = - O £
MR IR EORTVER AR S YR &
B K390 28% (Diet 28) . 31% (Diet 31).
34% (Diet 34). 37% (Diet 37). 40% (Diet 40) &
43% (Diet 43) BAFRESFARTAIRE (6 1)o K B HARDRE
JERb I i 60 B, ZadBRIREG, MRS
J& SRR S 3 mm B RURLIADRL, i FHHEA 60 °C
HEF 90 min 5 UEE T A E48H, B F-20°C vkFE
VeI o

1.2 LW ERFER

SCUG R A E PR T R B X T &l A PR
ST K 5 B X7 E A TR ol A 1R 3R
JL b R N JFRE . Bkk 360 B I AR 1R TN
(8.59+0.05) g H ARG A | B 5542 1) o [ B MR
HIAFBERLE T 18 N MIFE N (K xFE <" =1.5 mx1.5
mx1.0 m), BEMLI AL 6 4, AP E 3 A E
2, BAEENSE 20 BIF, FER 2K AT 56 d.
FFHWINE] , 4K 7:00 F1 18:00 $MESEG A RL, %
WL HR BT 1Y 3%~5%, ARPEHR B 0 K iR HE 4
MR, R X AR ST WD FIC %, AERE 2 R
FE 1 YUK AR AR, AR K TG b i DR 738 S 1)
PAAT o FRFH K BT S AR AR AR . W AR
(DO) KF5mg/L, pH7.0~8.0, WA SE/NT 0.5
mg/L, WAL & <001 mg/L, LI EFEFrH7E
be QRS MR IR 8 B K B e bn 2 20 N . AR R
AR SRR AR H BTG KA S ) R D S i BOR
PAT, JFH IO S ) SE 50 0 B A 22 51 il
AR T BE AT o
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®1 ZWANERSMEREFES (RTFE)

Tab. 1 Formulations and proximate composition of the experimental diets (dry matter) %

T H 5 groups

items Diet 28 Diet 31 Diet 34 Diet 37 Diet 40 Diet 43
J&%l  ingredient
fif  fish meal 7.80 8.70 9.50 10.30 11.20 12.00
TE/EH1  peanut meal 4.60 5.10 5.50 6.00 6.50 7.00
FHI  soybean meal 13.00 14.40 15.80 17.20 18.60 20.00
MmERFE AR blood globulin powder 3.90 430 4.80 5.20 5.60 6.00
XSAHF  poultry by-product meal 8.50 9.40 10.30 11.20 12.10 13.00
FREAH  corn gluten meal 11.10 12.30 13.50 14.60 15.80 17.00
fajl  fish oil 2.50 2.40 225 2.15 2.00 1.90
Fih  soybean oil 2.50 2.40 2.25 2.15 2.00 1.90
R =24 Ca(H,POy), 2.50 2.50 2.50 2.50 2.50 2.50
FKUEH  corn starch 33.00 28.00 23.00 18.00 13.20 8.00
EREF4EE  microcrystalline cellulose 5.70 5.60 5.70 5.80 5.60 5.80
frih  NaCl 0.20 0.20 0.20 0.20 0.20 0.20
SALIERR  choline chloride 0.20 0.20 0.20 0.20 0.20 0.20
JHE®E  cholesterol 0.50 0.50 0.50 0.50 0.50 0.50
TR premix 1.00 1.00 1.00 1.00 1.00 1.00
RIPIEAYEE  carboxymethyl cellulose 3.00 3.00 3.00 3.00 3.00 3.00
HIHEFRRS(XTZER) nutrient composition (dry matter)
FI# A crude protein 28.28 31.13 34.20 37.19 40.16 43.37
FRERT  crude lipid 7.06 7.24 7.14 7.18 7.07 7.24
K45y ash 7.47 7.88 8.41 9.09 9.63 10.14
/K4 moisture 9.58 9.56 9.21 9.02 9.51 9.31
SREE/(k)/g)  gross energy 15.13 15.15 15.13 15.12 15.15 15.12

W TURRME T SRS 44 KA 150 000 U, 443D, 5000 1U, 4E4E3RE 3 000 mg, #4E4 %K, 350 mg, 4E4E3B, 400 mg, 4E4 3B, 800
mg, 44 FEBg350 mg, 44 EB, 3.5 mg, 44 FKC 6000 mg, D-iZfRE54 000 mg, MHMEME3 600 mg, MR300 mg, D-AEY)FE6 mg, NIEE
3000 mg, —/KEREREE4 000 mg, —/KBREREE2 050 mg, —/KHRERERG650 mg, FI/KBIARHM600 mg, — /KHRERIEEL3 000 mg, %5110 mg, 100
mg, 30 mg.

Notes: The premix contains (per kg of diets) VA 150 000 IU, VD5 5 000 IU, VE 3 000 mg, VK3 350 mg, VB, 400 mg, VB, 800 mg, VB¢ 350 mg, VB,
3.5 mg, VC 6 000 mg, calcium D-pantothenate 4 000 mg, nicotinamide 3 600 mg, folic acid 300 mg, D-biotin 6 mg, inositol 3 000 mg, MgSO,4-H,O
4 000 mg, ZnSO,4-H,0 2 050 mg, MnSO4-H,0 650 mg, CuSO,4-5H,0 600 mg, FeSO4-H,O 3 000 mg, Co 110 mg, I 100 mg, Se 30 mg.

13 AR 5 SR, Ny 1N, 2B 5530 A S BT
JAN & &
ERBESME K SedRpaan, o U)o WS e A

‘ o FELCJRB IR0 PR T (@), ¢ R TRATEL (d),

TR (MTS600, YWHIHIRFUFAMAT, g o)

THHRE=0.01 &) # I (g) FIHH.: SREASAFONE  SRLIT,
T (SR, %)=N/No*100% AR BEHLAI S FEAF, T 1 mL JE 3 75 28N
HEFE R (WGR, %)=(W~Wy)! Wox100% U 49 Sk b FEY Ak o 9k 2L 45040 HE 2 F 1.5 mL 50
58 4 K& (SGR, %/d)= (InW~InW)/tx100% #rh | T80 °C ﬁgmﬂml
P (MY, %)=W,,/W,x100% TR N E LR, B
JF I B4 B (HSL, %)= W,/ W, x100% MIFE I BEDLAIE S RBEF, 2B EIRLAFRE, A
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H BT TR BT . RS GB5009.3—
2016 1 105 °C B35 X GDBHRTILIA H B 7K 43 F
HEATINE 5 4R GB 5009.4—2016 1 550 °C #J4%
T ERDEHRUNL A o BRI 3 S EA T E 5 AR
GB5009.5—2016 PABILFCaE A kXL FLIA i A
H o 8 AT E 5 AR YIS GB/T14772—2008 LA
B I Fl1 i 25 6 ) ek R UL A R A AL 7 B e R AT
M o

HALEEE AR ALEEE MM R 5
W e, HAMILER SR, & HpE
FUFBRARFE &, o0 BB bR IC 3 1 B 04
—80 °C PRAFFFIN o JHF FB i A0 i T8 Tl 908 1 5 24 4 Rt
T DU ARl R & BB B . SR M st Y
TRRAFFE T A 7 ) 0 B 3 v ) R 7 e
(LPS). o-TE K3l (o-AL). JHREE 1 (TPS) A gk
i R S T W 5 fL R (SOD) . AL fE T (T-
AOC). N[ (MDA). iAW (POD). iT&
LB (CAT), & B (LZM), 2 b H kg A4k
YT (GSH-Px). FRPEBERRME (ACP).

oo, BARKFLAEMXARELE
g AP REYLkIE S 3 RBIE, ff
H ks HAR KA, (K 5 09 85 7] i
H, B AR BT 1 em’ B9/NEE, BT RNA
Later (R, ARG B T-80 °C VKA £
17 . . RNA 942 BUR ] EZ-10 DNAaway RNA
Mini-Preps Kit [ 4E T 424 T 72 () By A FRA
H 1, f#i FH Agilent 2100 bioanalyzer f§ #f ¥ I

RNA FE%eME s &, {8 PrimeScript™ RT reagent
Kit with gDNA Eraser (Perfect Real Time) [ F 4 ¥
TR (K#E) AR A 50 & A7 306 5 58 SO o
M GenBank H1 2 8 8 /> H (2 K 9 7y 51, 38 5
Primer primer 5 5| ¥ i H A4 751 Bk it (3R 2),
196 B A 7S A AR IR RN A B A 7 58
Lh gapdh NS EEH, BAFERBEARELZ N
3, ¥ 13 3 19 cDNA #% 8 TB Green” Premix Ex
Tag™ 11 (Tli RNaseH Plus) i{7] &, 7£ ABI Quant-
Studio 3 Real-Time PCR & 4 | #H 47 3L Bt o i B
PCR [, WFET: TR 95°C30s; 95°CS5s,
60 °C 34's, 40 ME¥; 95°C 155, 60 °C 1 min,
95°C 155, M4 2724 5 L3158 H Y 3 R () +H X
FKiki,

1.4 S

SIS E A A A A5 HE R (mean+SE) 3K .
FIFH SPSS 26.0 % Fil Graphpad Prism 9.0 4K X
SEREE AT I G . SR R T 250
(One-Way ANOVA) Fll Duncan [C K 56 ¥E 17 £ & L
B, P<0.05 FRAEFDE,

2 4R

21 ARNEBRKESZREEMTEKMERERN
Al

FBW. WGR Fl SGR i el B H % & /Y
whnmEhn, H DL Diet 40 A, (H2 SR

w2 TOLEESIY
Tab.2 The primers of real-time PCR

FHEID R AR S F5(5-3")
gene ID gene name primer sequence
gene-LOC123768418 gapdh F: CCCGTCACCGTCTACAA
R: CACCCAGTTCCCTTTCAT
gene-LOC123767891 ecr F: ATCCGCAATGGTGTTT
R: GTCGCTTGTTCTTGAGTG
gene-LOC123772930 chitinase F: CAAACAGCAGCATCTTCC
R: CGGTGGTGGTTGTGGTC
gene-LOC123757510 s6k1 F: CCGAGAATCGCAAGAAG
R: GCCAAGCCGTTGACTAA
gene-LOC123746404 4ebpl F: GCCTCCCAAGAACCTGC
R: CTGGCTCCTCTGAAATCG
gene-LOC123774007 eifde F: CGAGGAAGTTTGTGGTGC
R: GCCGAGGGATGTTGAGA
gene-LOC123774884 hsp70 F: CCACCAAGCAGACCCAG
R: TCGTTCTCCCTCGTACACT
gene-LOC123748103 trls F: TGCCAGTACATGGTAGA
R: CTCACAGGAGTAGGAGC
gene-LOC123765035 Izm F: ATCCCAACAGCCAGACC

R: TTGTGAATCAGGGCGTAG
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W R S R T 40% B, NG E 2R
(P>0.05), Diet 31 244 HSI #x /%, H 5 Diet 40 447

=3

WE2ER (P<0.05), HSHAMHAZERARE (P>0.05),
KA E A MY Fi SR 701 3 2 K (P>0.05) (3 3).

TARE B Bk 5 RREINAE K RER R0

Tab.3 Effect of dietary protein level on growth performance of P. clarkii

TiH HH|  groups

items Diet 28 Diet 31 Diet 34 Diet 37 Diet 40 Diet 43
Ytk E/ge IBW 8.58+0.01 8.60+0.05 8.57+0.03 8.59:0.02 8.630.02 8.58+0.04
AAKARE/g FBW 24.79£0.98° 25.47+0.85° 26.27+0.50* 26.63+0.86% 29.36+1.02° 28.43+0.76™
WHEK/% WGR 193.37+0.78° 202.82+6.29" 209.07+4.08™ 213.2846.92° 245.44+5.48" 236.09+4.21°
A K% /(%/d)  SGR 1.92+0.01° 1.98+0.04™ 2.01+0.02° 2.04+0.04° 2.21+0.05 2.16+0.04"
HRZE/% MY 10.05+0.12° 10.10+£0.14" 10.26+0.15% 10.03+0.14° 11.65+0.45® 11.69+0.37°
AR IR %%  HSI 5.74+0.65 6.52+0.39 6.06+0.42 5.54+0.48 5.0420.50 6.13+0.31
RIER/% SR 50.00£10.00 33.3343.33 53.33£1.67 56.67+3.33 48.33+11.67 38.3346.01

T P AT EER R bR AR NS T REOR 2 57 13 (P<0.05), T

Notes: In the same row, values with different lowercase superscripts mean significant difference (P<0.05), the same below.

D) [ R R MR 4l F WGR g K28 = (v), AR
AR A& (x), PRl o Hrds
y=2.379x+127.730 (R*=0.743) 5 y=—0.240x+234.670
(R*=0.803) Y 28 15 40.35%, I I 345 B k38 o
(& 1),

22 ARERRKENEREENINAERE
Fr AL 5T S

TP R A 1 K7 5 R SR AR R AL AL

240 ¢
230 y=2.379x+127.73 .
220 | R*=0.743
210 |
200
190 t 4 .
180

¥ 1=—0.240x+234.670
R=0.803

H 5%
WGR

 x=40.35%

25 28 31 34 37 40 43 46
kL 5K/ %
dietary protein level
1 RREZEMEERSHMERRKFH
FreEYVASH
Fig. 1 Broken-line analysis between the WGR of
P. clarkii and dietary protein level

BE WG 7K FUR 50 A 8 3 52 W (P>0.05), [HJ&
S LA R R, LR LR R
&R R A B m g . Y& K
ViR Bl 40% B R m, T 40% JE A B E 2=
5 (P>0.05) (55 4).

23 ARNERRKENTREEMTMMKEE K
itz opA

TepRHER 11 7K X v QR 2 R A K PR RE 52
M 45 R o, fRDEHER BRSOtk EL ALT F
AST i P 52 IE A 56, H 7F Diet 43 4135 3| £ K
(F 5), IfL#kEL TP A1 GLB & & 76 4H 7] i # %
5t (P>0.05), {HH BLRE & 1R 1 BTk S T e i
LT R B K F X Ik I ALB,
GLU F1 TCHO & 370 i 52 1 (P>0.05),

24 AREBRKENRKIEZELFEECE
R oA

TEMAIE T, Diet 43 41 LPS i M, HY5
Diet 28 41 2% 5 1} 3 (P<0.05), 5 H A4 1T i %
# 5 (P>0.05) (K] 2-a), TPS % 11 i & 17 K} & (A B
AOEHM A, Diet 43 40 TPS WG PE &, 3%

R4 EREARKENEREETINAEREFR RSB0

Tab.4  Effect of dietary protein levels on the conventional nutrient composition of muscle of P. clarkii %

TiH ZH7  groups

items Diet 28 Diet 31 Diet 34 Diet 37 Diet 40 Diet 43
A crude protein 18.15+0.54° 18.23+0.16° 18.29+0.47° 19.28+0.22° 19.55+0.05° 19.38+0.04®
FHERT  crude lipid 1.23+0.03 1.25+0.07 1.16+0.04 1.15+0.02 1.23+0.03 1.17+0.09
/K4 moisture 80.84+0.48 81.65+0.22 80.07+0.47 80.70+0.48 81.21+0.39 81.33+0.52
K4 ash 1.54+0.01 1.53+0.01 1.53+0.01 1.52+0.01 1.54+0.02 1.54+0.01
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®5 ARERRKER 5 K RER M KB A KRR

Tab.5 Effect of dietary protein levels on hemolymph biochemical indices of P. clarkii

207 groups

TH

items Diet 28 Diet 31 Diet 34 Diet 37 Diet 40 Diet 43
BNFEERY(U/L) ALT 18.00+5.57° 19.67+4.33% 22.33+2.84 28.67+3.48™ 30.33+1.86™ 34.33+2.33"
BHELEF/(U/L) AST 22.67+6.81° 24.66+2.52"% 26.33+4.16% 25.66+2.08™ 36.33+5.86" 48.00+6.35°
MEA/N(g/L) TP 13.66+2.96 14.33+1.33 15.00+1.73 16.67+1.85 17.00+3.21 19.67+0.66
HEH/(gL) ALB 2.00+0.58 2.67+0.88 2.00+0.57 4.00+0.57 3.00+0.57 2.00+0.57
REH/(gL) GLB 11.66+2.85 11.66+2.18 13.00+2.08 12.67£2.33 14.00+3.46 17.67+0.67
% E/(mmol/L)  GLU 1.88+0.21 1.77+0.38 1.78+0.35 1.72+0.59 1.4240.73 1.77+0.71
S [ E%/(mmol/L)  TCHO 0.20+0.05 0.20+0.06 0.30+0.05 0.20+0.05 0.30+0.05 0.30+0.05

= T Diet 28~Diet 37 41 (P<0.05), {H 5 Diet 40 41
Tl #25 (P>0.05) (K] 2-b). a-AL 1GM:7E4H ]
WA B ES (P>0.05) (K 2-¢).

25 AREBRKEMNEREENFRRTE
EEIE M RIS

TENFIEAR H, Diet 34~Diet 43 24 POD 1514 i
5T Diet 28 Fl Diet 31 2H (P<0.05), 44akHE M
52K F- 2k 40% IF POD i Vi f i (&] 3-f), Diet 43
2 CAT i MEfer, H 235 T Diet 28~Diet 40 41
(P<0.05) (&l 3-e), T-SOD i 11 i 5 £ 11 Ji 7K - 344
JimmiFss, Lh Diet43 44k, HY5 Diet 28~Diet 37
HAFTE B 2 5 (P<0.05) (#] 3-a). GSH-Px i 7k
Wi & BRI I 2 BT S T R R
Diet 40 20 GSH-Px ifithfefy, 3w THAL 5 (P<
0.05) (&l 3-c)o HFMBEARH MDA & 5t b 2 (4 i K 7
Fh miFEAG, Diet 40 45 RN A%, X5 Diet 43 41
) B A B 2H (P>0.05), HiZPig MDA &%
FART HAhH (P<0.05) (1] 3-d). Diet 40 415 Diet
43 4 LZM. ACP % ¥ DL K T-AOC ¥ g & 7 T
Diet 28~Diet 37 £ (P<0.05), {H Diet 40 41 5 Diet
43 a1 22 53N B3 (P>0.05) (€] 3-b, g, h),

2.6 ARERKFEINRRREIEN
BB R X E R RER N

ST 2t E i PCR 455 B, Wl kbR FIKF
Sof B A A i 52 AH 52 B2 IR chitinase F1 ecr B 035 5
] (P<0.05), 2 /™2 P 23K 5 7F — i 31 [l A Bl 2 ]
BHE H & TS e TS S TR (] 4-a, b), s6k1 .
4e-bpl Fleifde 3% 3 > IF5 8 (B AR i) 2 A 7R 45
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Protein requirement of Procambarus clarkii juvenile farming in rice field

JIN Honghao ', XIAO Chuanbo', SUN Qianrong', LIYu', SUN Wenbo', KE Zhenlin',
ZHAO Shengfu', LING Leyan', GAO Yuan', LIN Yong?  ZHAI Xuliang*', LUOLi "’
YEHua'”, LUOHui"’, ZHENGKe’, WANG Dapeng®, LU Guangjun"*
(1. Key Laboratory of Freshwater Fish Reproduction and Development, Ministry of Education, College of Fisheries,
Southwest University, Chongqing 402460, China;
2. Guangxi Academy of Fisheries Science, Nanning 530021, China;
3. Chongqing Aquatic Science and Technology Innovation Alliance, Chongging 400020, China;
4. Chongqing Fisheries Technical Extension Center, Chongqing 400020, China;
5. Jiangxi Tianzhijia Biotechnology Co., Ltd., Nanchang 331700, China)

Abstract: As one of the most essential nutrients in life activities, protein plays a vital role in maintaining the good
growth traits and health status of aquatic animals. Rice field culture is the one of the leading aquaculture pattern of
Procambarus clarkii in China, which accounts for more than 80% of the annual production. Therefore, we should
pay more attention to the protein requirements of P. clarkii farming in the rice field. In order to assess the optimal
dietary protein requirement of juvenile P. clarkii farming in the rice field, six isoenergetic and isolipid diets were
formulated to contain graded levels of 28%, 31%, 34%, 37%, 40% and 43% crude protein (described as Diet 28-
Diet 43 group). Each diet was assigned to a triplicate of 20 experimental crayfish with an average initial body
weight of (8.59+0.05) g for eight weeks. At the end of feeding trial, growth performance, muscle composition,
hemolymph biochemical indexes, activities of digestive enzyme in intestine, antioxidant enzyme activities and non-
specific immunity enzyme activity were measured. Our results showed that: (D The final body weight (FBW),
weight gain rate (WGR) and specific growth (SGR) increased at first and then decreased. The meat yield (MY)
increased with increasing protein level. ) The dietary protein levels did not significantly affect the muscle mois-
ture, ash and lipid contents. The protein content of the muscle gradually increased as dietary protein level increas-
ing, and then tended to decrease, and was highest in Diet 40 group. 3 The dietary protein level did not signific-
antly affect the content of hemolymph total protein (TP), albumin (ALB), globulin (GLB), glucose (GLU), total
cholesterol (TCHO) trended to decrease as dietary lipid level increased. Alanine aminotransferase (ALT) activity
and aspartate aminotransferase (AST) activity in hemolymph significantly increased as dietary protein level
increasing, both of them in Diet 43 group was highest. @ The dietary protein level significantly affected the activ-
ities of intestine tryptaese and lipase, but not amylase activities. & Dietary protein also significantly induced the
activities of the superoxide dismutase (SOD), catalase (CAT), glutathione peroxidase (GSH-Px), peroxidase
(POD), lysozyme (LZM), acid phosphatase (ACP) and total antioxidant capacity (T-AOC), but the contents of
malondialdehyde (MDA) was significantly induced. ®With dietary protein levels increasing, the expressions of
molting-related genes (ecr, chitinase) and genes related immune (hsp70, tlrs, [zm) were firstly significantly
increased and then decreased. However, dietary protein level did not significantly affect genes related to protein
metabolism (eifde, s6kl, 4e-bpl). Based on the WGR, broken-line analysis showed that dietary protein require-
ments of P. clarkii were 40.35% in the present study. In conclusion, under the present experimental conditions and
in combination with other factors, the appropriate feed protein level was 40.35%. This study provided a theoretical
basis for the development of dedicated feed for P. clarkii farming in the rice field.

Key words: Procambarus clarkii; juvenile; protein requirement; rice-shrimp farming
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