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FEE o IR AR A O B Y A B i TR & P Sl 4 A ) A= I I B HOR B 1 K P B 7 SR A AE B R 22
S B IR BT S 0.026,1.04 F1 5.06 g 2247 A A ] A 4 By Bt AR L I 405 TSI B 1A R o 1 i 28 0 O A 52
XGRS AE KBB4 T 5 RN [ A KSF I G SRR R AL PRI E 3 N EE L A BT O 8 AR K
TSRt ge . 45 R WK OFE— & W5 B A L BEE DRHE K P52 5 AN 8] A R B Be o TG J50 28 0 Ay 1 i R Fn ke A K
RWE LI, QR R BBE DR B UK 7E — 2 N T TR AR . O AT R R0 4l R B B, R A i B A
LR 11K -2 5 T G B0 L BE S 25 SRR 03 5 W AR AR B B L RDRHER (KOOl 250 g/ke MUAR IR M E 1Y
7 KT Al AL R ZH (P <C0.05) . @AFUFFI 4 UF B B T 19 i i SOD i P A PO 1 14 17 B 1 4 22 53 K CF 1 7
e T 5 5 6 S AR U B B L SRR R (KR B 1 300 g/kg B SRR IR B SOD i PE AN PO I P 5 T 45 1 25 R A .
X5 E A A FRUEAT [m] U A5 2 43 A7 14 45 S R L WD LR AR T B 0.0264+0.001,1.04£0.03.,5.06+£0.17 g 1) 37 [K JR 2
W ) A8k 33 BT 2K 1 K F 43l oA 403.3.358.8 1 305.6 g/kg.
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K56 A R

T2 50 L v R U O R R B A R T IR
Ry A0 RN K SLIH L B K A R R R /N2 TE K ELAR
IR 7 R 0L 1, o, 4R A 3R TR R A 43
(mg 5% g/kg) AEAHEZ By, 15 g: 4E4E R B, 25 g3 4
R By ,20 g; 4 & B, 50 mg; JLEE, 180 g; 44
% B,,30 g iR B .40 g; .5 g 44K B,
1 mg;4EAE A,500 J7 1U; 484 % D,, 300 J 1U;
et K, .10 g3 4E4E CL150 g i E E.60 g; 4F
Y %, 415 g, WY B R AL 4 (g/kg) : NaF,

11

1.5 g;KI,2.5 g; CoCl, » 6H, O,0.1 g; CuSO, -
5H,0,10 g;FeSO, « 7H, 0,40 g;ZnSO, « 7H, O,
6.0 g;MnSO, » H,0.2.0 g; MgSO, » 7TH,0,25 g;
Ca(H,PO), » H,0,15 g;CaC0O,,27.8 g, FrA1H
BHECRN ) 3 0,425 mm LA M, HIEORHE & Bl 5E
HIRAT ALY 300 g/kg ZE MR /K Al J5URHE 1 1 4]
AR IR IG 23 PR AT B L &Iy R R J8C AR B 38 36 G e o
N7 B T AR TR G 0 3 2ok BR AT AL CRE R RR IR B P, B 5
A200) I ELAE 0 1 mm 1 2 mm Z2 A7 04 450k ]
BEE T A5 CHYME LA H R 2K r<<1020, &
J5 AN BB LS AT — 20 CUKAE TR

1 AMEAMES (TYR)
Table 1 Feed formula and composition (dry matter) g/kg
T H Item Diet 20 Diet 25 Diet 30 Diet 35 Diet 40 Diet 45 Diet 50
M4 Ingredient
i} Fish meal 50 50 50 50 50 50 50
HM Soybean meal 100 100 100 100 100 100 100
FHH Rapeseed meal 250 250 250 250 250 250 250
HR5E K Shrimp shell meal 120 120 120 120 120 120 120
fi$ M Casein 0 55 110 165 220 275 330
fa il Fish oil 20 20 20 20 20 20 20
K& il Soybean oil 30 30 30 30 30 30 30
INFEERY Wheat starch 330 275 220 165 110 55 0
s A1 K Zeolite powder 13 13 13 13 13 13 13
Yk ZHIR RN Vitamin premix 20 20 20 20 20 20 20
W) IR KL Mineral premix 20 20 20 20 20 20 20
BER A4 Ca(H,PO)» 5 5 5 5 5 5 5
kil NaCl 10 10 10 10 10 10 10
B4R CMC 30 30 30 30 30 30 30
FH S Betaine 2 2 2 2 2 2 2
& 3% 42 B Nutrient component

ML H Crude protein 200.6 248.7 296.3 347.5 400.6 449.1 496.1
HLAE W Crude lipid 65.9 67.3 68.2 69.1 67.9 69.2 68.8
JK 5y Ash 114.1 113.6 112.9 114.3 113.4 112.9 113.1
7K 4 Moisture 122.8 129.4 130.5 131.0 130.4 128.7 130.9
BAER/(M]/kg) Gross energy 19.17 19.25 19.34 19.41 19.46 19.38 19.44

4 : Diet 20, Diet 25.Diet 30.Diet 35.Diet 40.Diet 45, Diet 50 43548 &4} v & 1 i K 200,250,300,350,400,450,500 g/kg, 3%
[d], Note:Diet 20,Diet 25, Diet 30,Diet 35, Diet 40, Diet 45, Diet 50 mean the dietary protein level is 200,250,300,350,400,450,500 g/kg,

respectively. The same as below.
12 REHMERFERE

1 50 A e A2 rh ARl 2 UK AL BT 4 3
Gl Bo 34t . 5 T Ol R 20K ™ 22 B 28 N
6 ¥ K 5 50 & 48 JF . i 98§ SR A 3% RS AT
(60 cm X80 em X 60 cm) H E 4 FRANTH 7 . BB
BSGIRCE 1 AR A.24 h PR A S A %

30 AR PVC 4 (25 ecm X 7.5 cm) BCE 16 6L H 1 B 78
PR i 28 W AR A5 U237 e I AP 4k 0 A ) 4 L 3% £ R
VIR o R, v [ 5 MR AR S = S R R AR
2 JAI AIE W FRIH R . B RS S, 1R U AR
BS54 L FE A T 5 1Y o I D 28 IR A S i 0 X 42
IS T 4R AT ILER 24 b, ] s e IR R R ) 4R 1A
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CERO

i, IR I B, 3 AN A K B BB s i 5
Be A ik . A7 L 40 8 Y R PR B Y A B A R Ay
Wk 0.026+0.001,1.0440.03.5.06+0.17 g, FA4
A K B B i e B 450 R AF , BEML > B 5 4 . B
M E 3ANEE BN EEHEE 30 B, Wi
I HEAT 8 JAl L A7 HF A1 4l o AR K B B 4% R B AR N
I mm YIRS AR IR R B AR 2 mm 1)
R, AR AT AR A4 AR R H i B R R R
AR Y 5%, B AAR HF A H A B 45 i oy A
Fii ) 3% ~5% , FH WM & 2 AR E 1 Ik,
() FF A s 5 £ e B R A L K TR A T O B e 9
IGUR R B, AT 07:30 F 18.00, R4
PEME 2 bS5, PR e AR A, 5 T TR 2R AR K TR 2%
P ok, DLy 55 2% ot RN 24 A5 M ) 5 L AR S AT T
ERFR I, Ot AR EE ., B RICRIFWIET1H
OFNWEFE B, B 2 W VR 1 W R L. K 58 By
B BRREREN, R HHEEESEGY, K
40 % ~50% , ff F5 57 58 K K B 4+ R IR &
(pH:7.3~8.1; DO:5.8~7.2 mg/L; /K &,
24.2~27.1°C; & A :0.022~0.051 mg/L), LA
KA PR FFAE 45 cm,
13 HRRXESHHAHE

Tl RE 4 I L 43 0 A 25 4 A BL R B 100 g iR
T A EHLEN PR g IR A T — 20 “C kA h AR R
RS F2 800 o SRR AT I IR MR UL 24 h.id o
[ BB AR A A o i A7 805 . SR B IR I GR A , B
AN Az K B B Bl B8 B BT AH G Y 40 3 IR R
WRE T —20 C KA T OR A7, 150 45 5 B 6T Rl AL %
Be1o Hw [RJEEERE F —20 CukFE P, LR T
JR B MR A i AR o BT AR 2 BUE R g . BB
BERTREMLIEH 7 H 5 [G i 2 0R T 20 2 e i L L
PRRE i 5 TR R0 R B A7 7E — 80 “C KA T
JEEMIEE A MR E TR SRR, &5
AOAC1995) 75 ¥ 3 A A6 I e 8 Dk | 3 36 ) Rk %
b FC R ZS IR 0 LA AR A . 7E 105 CE R4S
AL T ARG T ) A R 4 R P oK A B R AR
R R I AL Ak B S A 4 B s Bl IR 2 A o AL
(2300 Auto analyzer, Foss Tecator, AB, Hoganas,
Sweden) #4753 M1 HLAE U7 H 2 TGl 2 2 4 i, K 43
SRS IBIE 550 C TR RIBE T, HMAEY L
it (SOD) F1 iy AL Bl (PO) By 3% PE 2338 7 & (7 5t
AR T AR O B A D
1.4 HIBSHH

K SPSS 25.0 B A Ge 1 F1 43 B HF 19 070 46 4 5

H (initial mean body weight, IBW) | 2 K44 i & (fi-
nal mean body weight, FBW) | 3 § ¥ (weight gain
rate, WGR) | Ff % 4= K % (specific growth rate,
SGR) . & & (feed intake, FD) 18 B} & £ (feed co-
efficient ratio, FCR) f£ 1% % (survival, SR) .2 1 Jit
ULFL R (protein deposition rate, PDR) | & 4 i %% %
(protein efficiency ratio, PER) ., 1 57¢ £ 45 095 , LA
O AR RN BT R R Ty =i
(One-way ANOVA), % {7 1€ v 3 1 5 Wil , 7 H
Duncan’s #4172 8 WK, B F MK « =0.05,
WireHOT AKX T
TR =2N,/ n,y

Hp N, B e RBLREG no o BB —1

KEYAETEUREL ¢ R B ] L d,

2 HERESMH

52 BR JR R 4 K 1 gE AN 4R 1L I
AN 5] F) Aok 2 P KO 6 B G R R AT B A K
FE U 22 )R R R 5 A 2R 1 5 e DL 3R 2 AN
1, WGR B faDRE A F 7K ST 6 38 i 3 i, 224 1)k
EH K@ T 400 g/kg BF, WGR L 2 # % 7
(P>0.05) Bt K F- 28 300 g/kg 20 50 G i 2
IF SGR Ak, & F K F M 300 g/kg $2& &5 2] 400
¢/kg , FCR i 2 &AL (P <C0.05) , Ik J5 i 437 41 X £
FE . AR KM 300 g/kg Hi E] 500 g/kg.
PER il PDR #f 2 8L T BEAY . Y0k H K
SERENE] 400 g/kg BF L DP i #i34 hn. fa R K F
NHEEEG 2 B (P <<0.05),500 g/kg 4 B 1% %
T . BEAE R EKCE K 300 g/kg $2 w5 F 400
g/ kg, i [ Ji 2 MR A M58 52 50 i B 3 19 i (P<<0.05)
Hi % 3 RIIEL 1 AT AR AR 1 KT 3 R e B
PG 5L B R &0y 0 074 A K P B L BT 56 ) R R g A
A& (P <20.05) , T #H 8 F /K F- 2 350,400 F1 450
g/kg i [CJREUF A WGR F1 SGR i 2 & F 250
M 300 g/kg 44 (P <C0.05), FCR 7 ¥l & 4 7K F
B4 T R R G, SR, 2 R R K OF 8 3 350
g/kg, FCR A B EM 2R (P>0.05), HE&HA
KR 450 g/kg 4 50 [RFZHF PER f AR, 768
HIHKF R 450 g/kg BF, DP (B & . 40 #HE B
KL 350 g/kg i, b FC JRUES MR A9 77 106 2R 35 8 3
90% . BRIMT, 21k (KSR 300 g/kg B, 7E IR
Ji B W B BT AN 85.56 %0 .

2.1
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R2 F-EKMBETEREZNR(FR) HERERMEABMARKE(n=3)

Table 2 Growth performance, feed utilization,and survival of crayfish at first growth stage

i H Item
) 1 1R B B/ g TBW
LR KT/ g FBW
WER/% WGR
e KR/ (% /d) SGR

Diet 30 Diet 35 Diet 40 Diet 45 Diet 50

0.02740.001 0.0264-0.001 0.0264-0.002 0.02740.003 0.026+0.002

2.2440.147¢ 2.4940.129b 2.8740.080a 2.9440.164a 2.9340.055a

8 194.324306.23b 9 604.41+=710.57b 10 948.50+£827.62a 11 014.63+£1472.17a 11 226.17+£898.08a

7.8920.07¢ 8.1740.13b 8.404-0.08a 8.404-0.24a 8.444-0.14a

Tk ZH FCR

1.2940.08a

1.15+0.07a

1.00+0.07b

0.994-0.09b

0.984-0.08b

HHAFE PER 2.58+0.18a 2.4440.09ab 2.4740.17ab 2.2540.21bc 2.0340.12¢
HH VI E/% PDR 27.41£0.39a 25.80+0.90b 25.46+1.02bc 24.13+1.24cd 22.62+0.34d
FHWE/ Y% DP 12.38+0.56b 12.80+0.31b 13.97+0.23a 14.58+0.33a 14.79+0.83a
FEWEH/ % SR 83.3343.34b 86.67+3.34b 93.33+3.34a 94.44+1.93a 94.45+3.85a

T < [EAT B0 18] A 6] 59 52 B 6 8 AN [6) 25 H K B AEAE i EPE 25 R (P<<0.05), F# A, Note: Values within the same column with different

letters are significantly different (P<C0.05) ,the same as below.

K3 FETERKMBETREEI(4YF) EREEEMEHTARE

Table 3 Growth performance,feed utilization,and survival of crayfish at second growth stage

I H Item Diet 25 Diet 30 Diet 35 Diet 40 Diet 45
WA KB/ g IBW 1.06£0.04 1.0540.10 1.040.07 1.0320.06 1.0320.09
LR IR /g FBW 10.8240.66¢ 11.9840.49b 14.0840.24a 14.1940.38a 14.2740.11a

WER/ % WGR 918.65+39.73b 1 049.68+121.58b 1252.15+84.22a 1284.18+52.26a 1 297.29+141.05a

FEEE KR/ (% /D SGR 4.15+0.07b 4.3540.18b 4.6540.11a 4.6940.07a 4.7040.17a
kR B FCR 1.53+0.07a 1.35+0.05b 1.25+0.03c 1.23+0.04c 1.21+0.02¢
EHAFE PER 2.60+0.13a 2.4540.07b 2.2640.07¢ 2.0340.07d 1.8240.05¢
FEHFRULAE/ % PDR 33.87+1.91a 31.9240.72a 28.95+1.23b 25.5040.78¢ 23.5340.89¢
FHWE/% DP 13.3640.51b 15.1440.95a 15.28+1.23a 15.8740.60a 16.28+0.16a

85.56+1.93b

91.114+1.92a

92.224+1.92a

94.44+1.93a

94.4543.85a

G/ SR

TR 7K 6 ST G AA R B Be e TR D B R A
PEBE A7 16 2 AU LR A5 e L3R 4 Rl 1, A
BHE FKF S 400 g/kg 4H 5 IG5 2 BF WGR F
SGR £ & (600.48%, 3.48%), 300, 350 Al 400
g/kg 20 75 [C )5 B BF WGR Ml SGR &3 & T 200
g/kg 41H1 250 g/kg 41 (P<C0.05), 350 g/kg Al 400

g/kg 41 FCR B F LT 200 g/kg 4H (P <C0.05), /i
BHE 1K 400 g/kg 409 PER Fil PDR ik,
TR 1K R 400 g/kg 4H DP % i, 200 g/kg 4H
DP 5 fl. A7 1% 2 50 M 38 32 B F K OF- 52 ) 2%
(P<20.05) . fal k8 11 7K 1 S i A9 3089 21 (400 g/kg)
BT R AR R 86.67 %6, WS 200 g/kg K.

R4 FoERKMBETREE(EAFT) EKERMEARRARE

Table 4 Growth performance, feed utilization,and survival of sub-adult crayfish

i H Item

Diet 20

Diet 25

Diet 30

Diet 35

Diet 40

4 1A it /g IBW
KA /g FBW

HEF/ % WGR

FEAERKER/(% /D SGR

ik &% FCR

HE A AFE PER
FEARVURE/ % PDR

TRE/ % DP
FEWEH/ % SR

5.0540.06
31.2521.00¢

518.39£20.45b
3.2540.06¢
1.72£0.07a
2.8540.08a
45.06+1.86a
13.92+0.71d

96.6713.34a

5.09740.03
32.7610.26b

543.371+4.99b
3.3240.01b
1.48£0.10a
2.6740.19a

41.854+1.95a

14.2940.94cd

95.5611.93a

5.0640.06
35.1420.80a

594.93415.65a
3.4640.04a
1.40£0.04ab
2.3640.10b
36.7941.45b
15.53+0.76bc

95.5611.93a

5.0740.03
35.2740.81a

590.07416.53a
3.4540.04a
1.3120.08b
2.1740.11b
33.73+2.17b
15.98+1.10ab

90.0043.33b

5.060.04
35.4410.58a

600.4845.90a
3.4840.01a
1.2940.07¢
1.9240.12¢

30.0342.11c

17.16+0.51a

86.6713.34b
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o S 4 G T I AR 5 A K 3 AT 47 40 ]
E ST 4 R R E A B A R L 0 I A R R
ER 0.026.1.04 1 5.06 g 7 F7 9 52 [ J50 HF 3 7 49 1)
;i Al BHE 11K F 43 5 R 403.3,358.8 Al 305.6 g/kg
e (F 2),

S phrEpmrmeeies 22 BRAEFSEERLSH

= A 5B Z GBI BL Third growth stage H 3 5 A1 AT U B BE 42 AR 4 3 43 19 22 R )

0

200 250 300 350 400 450
T 7K/ (g/kg) Dietary protein levels

500

B A E KB BEAR R 1 5 BE R R AR E B P22 5 (P <<0.05),
T, Date with different letters are significantly different at each

stage of growth (P<C0.05) ,the same as below.

TR LRS- 52 . 7K 43 B St BE TR KT
AL AR S, 300 g/kg VA b, K-S RERA
P& (P>0.05), fkHE FKF B 3% 5% m R E H S
B (P<C0.05), 300 g/kg ML E A & & H& A%, 500
g/ kg WM ER T HER . 450 g/kg A MG & &

Bl TREENRHEEHE
. . ) = RCT
Fig.1 Molting number of crayfish B A o
10r or Y=4.6805-0.0494(358.80
. ¥Y=8.4156-0.0746(403.30-x) =4.6805-0.0494(358.80-x)
TE | R=08759 =z R=0.7821
R = S = s
3 3 3 Eg o
N 3 [ ] o =z
2N E | N ° ‘Wr = ° PN
A llﬁ :n 8 ! s\ B ) i ‘/T._—'
ik o s 4 b
®WT 7t I X=403.30 g/kg I | X=358.80 g/kg
# 2 ! AR 1
T ! #H & \
6 L L .! L " = ol L L il " "
250 300 350 400 450 500 200 250 300 350 400 450
T L K/ (g/kg) LR K (g/kg)
Dietary protein levels Dietary protein levels
4.0p
~ ¥Y=3.4622-0.0211(305.60-x)
= R=0.836 5
=
=3 35 -
) D
PE 30 | X=305.60 g/kg
g i
2.5 . . i . .
150 200 250 300 350 400
Tl ek K (g/kg)

Dietary protein levels

AL BB —H KB Bt First growth stage; B: 5 4z K Fir B Second growth stage; C. 5 =4 KB Bt Third growth stage.
2 RREEMMAMNEZKFES SGRHXER

Fig.2 Relationship between dietary protein levels and SGR of crayfish

®5 E—AKRBERFEEN(FR)SFERKS
Table 5 Whole body composition (percentage wet weight) of crayfish at first growth stages %
4> Composition Diet 30 Diet 35 Diet 40 Diet 45 Diet 50
7K 4> Moisture 703.5+8.8a 686.9+5.5b 678.7+4.5b 682.943.2b 689.044.0b
MLE [ Crude protein 99.243.8b 107.3+5.0b 121.0+6.7a 126.6+5.2a 128.748.0a
HLIR W Crude lipid 17.8+4.7b 18.2+3.8b 22.5+1.7ab 25.5+4.1a 28.04+2.9a
K4 Ash 105.0+7.9 103.3+6.9 112.5+20.5 111.6+14.3 107.24+12.1

L WF B B L oL R 1 K 4 FUHL AR B o B R
)R K ST 0 4 3 B (P <€0.05) 3450
g/kg M EA S B &, B & & T 250,300

350 g/kg 4l (P <C0.05) . 1A ¥} & 1 K F K 450
g/ kg MR & & &, H 5 400 g/kg HIKH
WEER, WEEAKYR 250 g/kg HK ;&
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. WK 6. e B ARDRLER KPS i r g . R K F
H12 7 AT UL 7 A BF B B 25 AL BRAL K 43 . BT 250 g/kg i, 45 L IADHLER 11 B B G e 35 22 =

RAFMAEN S R EZ R AR ZE(P>0.05), HEH (P>>0.05),
®6 EEKHBREREEN(YIF)2EEHRS

Table 6 Whole body composition (percentage wet weight) of crayfish at second growth stages %
%43 Composition Diet 25 Diet 30 Diet 35 Diet 40 Diet 45
7K 43 Moisture 696.5+5.2a 685.7+6.6ab 678.548.9b 680.04+8.9b 683.0+8.1ab
M A Crude protein 104.4+6.9d 119.6 £12.2¢ 132.3£3.4b 142.2+3.6ab 148.4+2.3a
HMLAE WG Crude lipid 15.34+4.8¢c 19.9+2.0c 26.943.5b 34,7+3.7a 36.143.9a
K4 Ash 106.34+4.3b 112.443.9ab 116.94+4.7a 118.5+6.8a 121.5£7.0a

K7 BFoERKMWBRTREZENR (TR KT STEFES

Table 7  Whole body composition (percentage wet weight) of crayfish at third growth stages %
4> Composition Diet 20 Diet 25 Diet 30 Diet 35 Diet 40
7K 4> Moisture 678.244.6 676.316.1 673.947.3 674.446.9 674.7+8.1
#LE I Crude protein 110.2+8.2b 124.249.8a 130.5+5.6a 134.4+3.4a 136.04+4.7a
HLIE D Crude lipid 25.7+4.2 29.9%3.1 29.7+3.5 28.942.9 31.2+2.8
K4y Ash 122.4+4.7 123.5+6.3 119.8£9.0 116.2+38.9 125.1+£5.5

23 fABEAKER SOD iFHM PO FEMAMRM g/ kedmF| 300 g/kg & F M (P <<0.05), 5

iy & 3 ] UL AT R B BE L B AR (KO B4R PO TEPEAR R AR X R E . S AR I B B, 2 4 R R
1 SOD I % B 2 5 (P <<0.05) , FE /K iR B FH/KF2h 350 g/kg A1 400 g/kg B, B PO i Pk
400 g/kg B THE . SRR B TR E FKF o AR T 4AEHE F7KSF 200,250 #0300 g/kg 4.

250 g/kg IR SOD i ¥ & F K T I Ab 4L (P << TR
L 4 5!3*/'” KB EL First growth stage
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Protein requirement of red swamp crayfish (Procambarus clarkii)

at three different growth stages

YANG Weijie' ,MO Aijie' , YANG Huijun', YUAN Yongchao'?,
GU Zemao'? ,WANG Yuesong',GUI Cong'
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2.Shuangshui Shuanglii Institute , Huazhong Agricultural University/Engineering Research
Center of Green Development for Conventional Aquatic Biological Industry in the Yangtze
River Economic Belt ,Ministry of Education/Hubei Province Famous Fish Breeding and Healthy
Aquaculture Engineering Technology Research Center/Hubei Province Aquatic Animal Disease
Control Engineering Technology Research Center/Hubei Province Collaborative Innovation

Center for Healthy Freshwater Aquaculture ,Wuhan 430070,China

Abstract Protein requirements are different at different growth stage. Generally, crayfish in the
early stage of life usually have a high protein requirements. An 8-week experiment was performed to in-
vestigate the effects of different dietary protein levels on growth performance,body composition and an-
tioxidant capacity of Procambarus clarkii at three different growth stages. The results showed that with
the increase of dietary protein level, WGR and SGR of crayfish increased first and then stabilized in three
different growth stages. With the increase of dietary protein level,the FCR decreased first and then sta-
bilized. In the first and second growth stage,the crude protein increased first and then stabilized; in the
third growth stage,the lowest crude protein content was observed in the group fed with 250 g/kg dietary
protein. With the increase of dietary protein level, both the superoxidase dismutase (SOD) activity and
the phenoloxidase (PO) activity increased in the first and second growth stage; in the third growth
stage,after the dietary protein levels exceeded 300 g/kg.both the SOD activity and the PO activity de-
creased. Based on these findings and a broken-line model of specific growth rate,the optimal diet protein
levels for the crayfish with initial body weight of 0.026+0.001 g,1.0440.03 g and 5.06+0.17 g, were
403.3 g/kg,358.8 g/kg and 305.6 g/kg,respectively.

Keywords Procambarus clarkii; baby shrimp; juvenile shrimp; subadult shrimp; proteinre quire-

ment; growth performance; green quality feed; antioxidant capacity
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