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Effect of Dietary Protein and Energy Levels on Growth and Protein
Metabolism of Red Swamp Crawfish Procambarus clarkii
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Abstract ; Trials were conducted to investigate the effects of dietary protein and energy levels on growth
and protein metabolism of Procambarus clarkii. Results indicated that specific growth rate increased with
the increase of dietary protein level and energy level (P <0.05) ,from 260 to 300 g/kg but increase in
energy level from 15 to 17 k]J/g had no significant difference (P >0. 05). Protease specific activity in in-
testinal and hepatopancreas significantly increased with the increase of dietary protein level (P <0.05).
Adenosine deaminase ( ADA ) and glutamate dehydrogenase ( GDE) in hepatopancreas significantly in-
creased with the increase of dietary protein level and were higher at 300 g/kg than at 220 and 260 g/kg
(P <0.05). ADA in hepatopancreas was significantly influenced by dietary energy level, but GDE was
not significantly influenced by dietary energy level (P >0. 05). Analysis of RNA/DNA in muscle and ratio
of dietary protein and energy level indicated that optimal ratio of dietary protein and energy level respec-
tive were 16. 63 and 17.59 g/MJ. In the current experiment, the optimal protein to energy ratio which
could improve growth and protein metabolism were 16. 63 —17. 59 ¢/MJ.
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FIARIRIH X THAR R K A AW, 52 0 A 25 il
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DAFERY KA RS RIEE BB (Ll 8: 4:
2: 1) BIRA YA R, LRI AIR G (2: 1) Kok
ik RE VR L 1 21 RS ) H R X5 R B il 3 AN R
FIKF-(H LM FI H 7R 1% 220,260 F1300 g - kg ™'
B ATUKFR R F1 3 AN RE R (L2 .3 R

1.1

F13.15 17 k) - ¢ BERAKOEATERE) LAY 9 Fh
RIS G, He T I8 SR L 1, R RO id
R RS, B E AN 1.5 mm POk, BT )5
BT -4 CURARPIRAE &L
1.2 RIEIRFNE R E R

IS HURER A V195 5 e n Js S M, 76 = N K %
FERFR T d, s BRI T e T B0 ) g R
SERE 0 IF A R 5 R [ R BT O (12.49 £ 1.52)
g/ B MIEEHEE S NEE(HEL 10 B), 8K
LW 2 Y (8:30—9:30,16:30—17:30) , H MR Y
3% ~6% , MK B A BUVETE XY IR L. MRS I
BV TR B, B0 D[R] 0 SR AL AR I FR BT &, F
SEAR SRS JH].
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Tab.1 Formulation and proximate composition of the test feeds (dry mass) for Procambarus clarkii

QE?]'J(%HI)/ @aﬁﬁi%[t{ﬂ/(g . ](g_l) E%éﬁﬁ
i R wHE KT R G KT W mh MaaE AR T gt w/(g-kg™") HAE RRE
H Ek 3 N = Y 54 H . s YEDI K J ) r _ _
‘ REY R B BUREY BURRD KC o OMEEN MRS HEAR Weg ) (oM7Y
L,(220/13) 343 20 10 16 8 160 210 73 50 100 10 65.2 68.5 23,4 1296 17.24
L,(220/15) 343 20 10 20 10 169 210 58 50 100 10 75.5 67.9 226.5 15.21 14.89
L,(220/17) 343 20 10 26 13 185 210 33 50 100 10 80.4 68.1 220.4  16.64  13.25
M, (260/13) 414 20 10 10 5 60 253 68 50 100 10 55.6 85.2 260.9  13.24  20.00
M,(260/15) 414 20 10 16 8 69 253 50 50 100 10 65.8 80.6 2642  14.97  17.65
M,(260/17) 414 20 10 26 13 70 253 34 50 100 10 73.5 86.4 263.7  16.89  15.61
H,(300/13) 470 20 10 12 6 15 285 2 50 100 10 53.4 95.7 302.3 13.34  22.66
H,(300/15) 470 20 10 14 7 26 285 8 50 100 10 56.5 94.2 298.4  15.35 19.44
H,(300/17) 470 20 10 16 8 28 285 3 50 100 10 67.7 90.8 304.1 16.89  18.00

DEGREW/ (g-kg™);2)E/ (K - g7 );3) LA Z AL FURA LRI 6] BH.

1.3 HmlEE5NE

TR AR KR (SGR) |, R 1 Jon R4 38 F L T 8 4%
Claidia 457 {9 AL IR IG 45 SR, IRYLEK 24 h,
FASE S TP REALE 2 B, Sif Ak T A 1 U
TE AT 173 AR, SR AR AR — 3k D 2 28 1 il
WM, IR B ( ADA) T5 M A S & R B A
(GDE ) P A w2 155 G 359 Hh g ot A ) TR AT
ST PR HE. b AR AR VL PRI A% R 5 £
1.4 HiRSH S

K HI SPSS 16. 0 H a4 7 B0 PR 3 FOBUIR 2 7 22
38T, Duncan’ s 223 LR Hr 40 10) 22 57 1 3 PR
FE W EEAKE R P <0.05.

2 HR

RAFIE B MRk T X5 KR E IR A KA
Tk A 1 RTRE KPR TR IR A R B 52 M)
DL 2 MR 3. A6 2 W) T R 22 S AN R (P >
0.05). fa et F/K-F B g it /K7 8. 5200 SGR(P <

2.1

0.05) (H—H A HAE X SCR A W& (P >
0.05). 7E[f— R 117K F 1,220 300 g/kg 45 1
I SGR MiERE R MW B EZRANBE (P >
0.05) ,1H 260 g/kg E 4LIA] A SGR 273 B & (P <
0.05) , B SGR SERERE fE iy 34 I i 3% fin , 24 4wk
iKE]15 k)/g Bf, H SGR B E = TREE M 13 kl/g 1Y
SGR(P <0.05) b Re = Nz 17 kJ/g i, H SGR
ANEARLERE N S5HER A 15 kI/g Y SGR LB # % H
(P>0.05). 7E[A —ra ki 5 K7 I, 40 kg = 4
[ SGR il B e A6 2 11 AT A 385 i o 34, LR 2
260 1300 g/kg #& /K- SGR A1 22 55 RN (P >
0.05) , {04 i % = T 220 g/kg 17K F Y SGR
(P<0.05). FUMEATRMFRAREEZS (P>
0.05).
2.2 fARERMEBEEKRENTREERELRK
iliabA

MAFE 2 WL FE )RRk KT b 1Rk BE

Xof Fo 2 P S T T AR AR 1 T R IBEAR GDE
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TEPERREAT 20 (P >0.05) , {HXF FF/EE R ADA
A B (P <0.05) , BIFE 260 F1300 g/kg 26
P14, Bl G e L A B2, JF BRI ADA 3% M 5 25 T b
(P <0.05). LI RNA/DNA HA 1EfREHE HKSE R
300 g/kg B, & BB A4 IH i 1 i, S R BE ik
#) 17 kJ/g i, HULAN RNA/DNA 438 85 TR0k A i
J13 kI/g HEY (P <0.05). 78[5 — 4 K} g & K F

b R RS IR AR 1 I R B e R
F KR 3G T 34 fin , HL#R 2 260 #1300 g/kg
KOV B4 R B 11 RS e AR P A R 8 1 R 12 ) T b
Z5(P>0.05). 7EMRRIRER N 13 kI/g M4 41, Bl
FAEHER F B K1 R, LA RNA/DNA I 2 F%
flR(P <0.05), fa R AE & 15 5% 17 kl/g B LA
RNA/DNAJH TG E 25 (P >0.05).

2 EAREAMEEKENREREEREK ARFAREARREHZME"
Tab.2 The effect of dietary protein and energy levels on growth,feed utilization and protein metabolism of Procambarus clarkii

- BAMFE, ORISR REERR . @«‘%‘(U “mg ") JLA RNA/
g % % FREME  FEREAR O FFBIR ADA B GDE DNA
L, 28.49+1.95ab 94.00%5.47a 1.31£0.12a 1.76+0.18a  1.88+0.20a  3.630.4la  8.49+0.90a 18.75£2.45ab 2.12 +0.03he
L, 28.46+2.65ab 90.00%7.07a 1.45£0.16ab 1.74+0.15a 1.89+0.12a 3.59£0.24a  8.25:1.15a 18.78+2.85ab 2.03 £0.03ahc
L, 28.08+2.91a 94.00+8.94a 1.46+0.14ab 1.73+0.10a 1.87+0.16a  3.78+0.14ab 8.97+2.06a 18.53+2.95a  1.95+0.06ab
M, 29.46+2.14ab 90.00£7.07a 1.58+0.12bc 1.70£0.05a  2.08+0.07ab  4.16+0.11bc 13.82£2.25he 22.03 +3.14abe 2.03 +0.04abc
M, 33.53:+2.64ab 92.00+4.47a 1.83+0.11d 1.76+0.12a 2.17+0.14b  3.88+0.24ab 8.03:1.38a 18.98+1.47ab 2.13£0.15¢
M, 33.12#3.11ab 92.0048.36a 1.72+0.15cd 1.78£0.06a  2.26+0.10b  3.95+0.10ab 8.46+1.97a  21.28 +3.02abc 2.05 +0. 17abe
H, 29.41:4.47ab 92.00+4.47a 1.64+0.10bed 1.67+0.14a  2.22£0.16b  4.42+0.1lbc 14.74£2.65c 24.57+2.89¢  1.89+0.09a
H, 34.11£3.11b 92.00+4.47a 1.73+0.07cd 1.71£0.16a  2.220.15b  4.50 +0.28bc 12.76£2.45he 24.26 +1.18¢c  2.05 +0.07ahc
H, 32.46+2.62ab 94.00£5.47a 1.79+0.16cd 1.760.17a  2.22£0.17b  4.50 +0.27hc 10.82+2.68ab 23.68 £2.52bc 2.10 +0.02be

DEAPALREFTEZNNER HEA AR + AR, RINREEALRA—AMRANEFEE AFTEZ2FREE(P>

0.05,Duncan’s ).

FE A — TRk e KT I B RK T 13 kI/g 1)
JHFIBERR ADA 35 4 B 2 fm)RE AR KT e 18 i 2
BRI (P <0.05),260 g/kg % 117K B BT i ADA
TEMER R T 220 o/kg BFKFERI (P <0.05) ;4
e KN 15 kI/g 1,300 g/kg 25 17K B4 T 15
ADA 5% B 5 T 260 1220 g/kg K (P <
0.05) ; 4RER KT H 17 kI/g I, 28 K- 1 )1
Bt ADA JEMEEA 25 (P >0.05). FE[F—fgm K

S IR GDE T M Bl 25 1 /T (R 3 i 2253
(P <0.05), H#BJE 300 g/kg & /K Y AT 8
GDE {5 i 27 T 220 g/kg FEHKERI(P <0.05).
AR 3 ] U B R A K B AR
Tt 1T FE Mo A 1 S M X B R N (P < 0.05),
260 F1300 g/kg & 141 ] (4 iz 25 11 i 1 00 i 35 22
FE(P>0.05) {5300 g/kg & LH 0P R H g 1%
P 525 5 T 260 F1220 o/kg4l (P <0.05) ;522040
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Tab.3 Summary of analysis of variables among fish fed the formulated feeds

W% SRk REERKE, HIRR/ HAR T/ (U - mg™") JLA RNA/
JiR/g % % g WA FE  FFBIRECR THENE ADA  fIFRERE GDE DNA
BEKFE, 220 28.35+2.20a 1.41+0.14a 92.67+7.0da 1.74£0.13a 1.88+0.14a 3.66+0.26a 8.57+1.30a 18.69+2.39a 2.03£0.08a
(g-kg™") 260 32.04%3.01b 1.71%0.16h 91.33%6.40a 1.75+0.08a 2.170.12b 3.9920.19h 10.10%3.24a 20.76 +2.68a 2.08 +0.13a
300 31.99%3.66b 1.72£0.12b 92.86 +4.69a 1.71+0.14a 2.22+0.14b 4.4720.21c 12.77+2.82b 24.17£2.04b 2.01 £0.11a
fERKFE/ 13 29.12£2.70a 1.51+0.18a 92.00£5.61a 1.71£0.12a 2.0640.20a 4.07+0.4la 12.35+3.43b 21.79£3.53a 2.01£0.11a
(kl+g™") 15 32.03%3.63a 1.67£0.20b 91.33%5.16a 1.740.13a 2.10£0.19a 3.99%0.46a 9.68+2.77a 20.67%3.19a 2.07 £0.10a
17 31.22£3.44a 1.66£0.20b 93.57 +7.45a 1.76 +0.10a 2.11£0.22a 4.07£0.36a 9.4242.23a 21.16%3.32a 2.0320.11a
e Pl
YORMRRE FREAEKE R BARRRE  MEAEREE  TRRECEEE  THIR ADA WM FFBUR GDE S A RNA/DNA
EAKF 0.022 0.000 0.762 0.830 0.000 0.000 0.001 0.001 0.406
etk 0.122 0.030 0.614 0.770 0.702 0.676 0.012 0.663 0.413
B xBERAT 0603 0.783 0.865 0.929 0.829 0.605 0.094 0.800 0.024

DATHIEADFHHK 742, R EEELAFT—AMAERDNEFHE RAFTEFAREZ(P>0.05,Duncan’s 7).
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260 g/kg LML ,300 g/ kg 2 19T IR ADA
TEHEFIIFBR GDE 16 M W& 3 (P < 0. 05) |, iF fif
Bt ADA PR i 3 A7 B iR R RE 2 KT s BT
JEME GDE A 52 2| H i 52 (P >0.05) . TR
ADA FUFRIR GDE 3 1 ¥4 oK 32 B i) BHE 1 Mg i
A H AR B (P >0.05) . fakRHE A R ATHE R
KR B E LA RNA/DNA (P >0.05) ,{H
FHE HAEFH X JILA RNA/DNA A BB (P <
0.05).

SR fE HE ALY RNA/DNA A [8] )5 43 #r
PRSI A .

Y, =0.040 8X, +1.1413 8 (X, =13.25 - 17.65
g/MJ), R*=0.994 5;

Y, = —0.008 4X2 +0.295 5x — 0.494 4 (X, =
13.25 -22.66 g/MJ), R* =0.949 8.

LR B T A5 6 7 Y B RE EL R 17.59 ¢/MI, H.
2 M P 26 1 A2 AT B R BB R 16. 63 g/ MJ.

3 it

AT T TG i 2 R 9 A A R 2R 1 il A
JHF- i P 2 P Rl 0% P Y B o 2 1 K P B v
W, DB FKSER 260 F1300 o ke A ] 1Y
R AR K R A & AT 0 35 25 7, {1 300 g/kg
FA DR AR A TR AR AR 1 T R B T 260
g/ kglrRHE 20, R 7E— & AP BHE KIS
T RHER 5T 0 T 35 e TG 5 B AR A 1 BT Ak
AT M B v X DR R 1 5T I AR R I RE T, T
PEAE R X — BT 4G SR 5 I i A7) X e [ SR B M
Lemosa %5 % X5} JLARTERTHR Litopenaeus vannamei FI7E
AR X B [RVB AR Macrobrachium rosenbergii SOEoIR
FEFAFA—2. IR ADA FI GDE J& 25 FH 5 /i
TR R B OGS, LT R A v I S AR R 1 B A
f A R RE A0 B A DR K o,
H W E N, SRR 1 BUKFIAE] 300 g/kg
55220 F1260 g/kg M1 2H 22 7 W3, R IDRHR &
Sf AR PRt Zep GRS N - RN il N D s E =
A KX b DG s 2 2 1 5T 9 b il Rz R R i
T AT AT EAIR IR AT R
260 g/kg A fE o IG B0 1 1E 5 A2 4K A )
H AT AL RN A AR 1 B A 0 . X — TR RS R S
Claidia %5 J]38 1.5 ¢ 5 FC RS URIE B4R R TR R
}20% ,Jover ZEHGHE 2.1 g 9} 22% ~26% HIWF
FELERMZEN, (EAK T Hervey 25 4G 41 g BEXFAY
N 30% ] RESED HRAE 2.39 ¢ (98 31. 86% L
RRELIRIE 4.55 g (0 29% ~32% KB435 5.
WU 28 1 BT G U TR B i 19 2 21, RNA/DNA
S VR G URE T B AR . AN X R}

FERELLATILA RNA/DNA A [0105 4387 , 2 W 1) ) 2
RELLTE 16. 63 ~17.59 ¢/MJ i [l A X} e PG R A MR 2
FIB A A RS B 03X 5 Lemosa 250 X PLAN ¥ X R
(B 52 285 SRAR— B (R T d s ") i b X R
Fenneropenaeus chinensis AR A ERE L N 32 ~ 34
g/ MJ A 0450 HE A ML 4l T X IR 3 B A 2K BE L
21. 1 mg/kJ. A UL 5 PG JRUES I i) dee AR 2R BB LU ALK, 23
Mraafg b 22 5 E 2R S5 R it & B
FIETR T B AN [A] Rt 1 Sfe R AN [R) R 3K
R R/ INAS ) 25 S PR A 5. AR IR 6 v IR 757 R E 2 3R
TE YRR 4R 2R 22 57 XK RE R/ B RN 2
FITAAEASR I 55 F T, 45 o [ B B AR 5 B 0 1) de
WEEREHL A 16.63 ~17.59 g/M]J.
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