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R 2mm ,
4°C
1 1.3
1.1 (7.0320.05)g 432,
(Procambarus clarkii) 36 (60><60><60cm, > > ), 10
, g ) ( =1:1) ;
, 40cm, 27—33C,
1.2 pH  7.0—7.5 , 5mg/L,
3 (24% 27% 30%), 3 3.8mg/L,
4% 7% 10%), 9 , 4 5.0%—3.5%,
10 1 , 3, 06:30 12:30
60 , > 18 : 30, s 8
F1 AREANREAFRERKTE
Tab.1 Ingredients and proximate composition of experimental diets
P24L4 P24L7 P24L10 P27L4 P27L7 P27L10 P30L4 P30L7 P30L10
(%)
4.00 4.00 4.00 4.50 4.50 4.50 5.00 5.00 5.00
15.58 17.13 18.67 24.83 26.37 2791 34.07 35.61 37.15
10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00
8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00
49.52 44.83 40.15 39.75 35.07 30.40 30.00 25.32 20.64
1.80 4.94 8.08 1.82 4.96 8.09 1.83 4.97 8.11
2.20 2.20 2.20 2.20 2.20 2.20 2.20 2.20 2.20
0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40
D 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
o- 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00
2.60 2.60 2.60 2.60 2.60 2.60 2.60 2.60 2.60
0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40
0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50
(Wt.%)
90.85 89.13 91.47 89.80 91.08 91.86 89.75 91.11 91.73
24.06 24.03 24.04 27.00 27.03 27.02 30.08 30.07 30.10
4.04 7.17 10.04 4.06 7.16 10. 05 4.07 7.14 10.07
6.48 6.31 6.15 6.45 6.28 6.12 6.42 6.25 6.09
7.31 7.11 7.21 7.61 7.50 7.64 7.88 7.94 7.92
48.96 44.51 44.03 44.68 43.11 41.03 41.3 39.71 37.55
2 18.34 18.37 19.35 19.12 19.10 19.72 18.52 19.00 19.65
/ R 13.12 13.08 12.42 14.12 14.15 13.70 16.24 15.83 15.32
K 13.71 14.14 15.14 13.49 14.40 15.14 13.46 14.34 15.08
/ 17.55 17.00 15.88 20.01 18.77 17.85 22.35 20.97 19.96
0 1) A 9000001U, D 2000001U, E 4500mg, K; 220mg, B, 320mg,
B, 1090mg, Bs 2000mg, Bs 500mg, By, 1.6mg, C 5000mg, 1000mg, 165mg,
60000mg 2.0g, 22g, 7g, 0.04g, 0.026g, 0.1g
2) :kl/g  3) i g /MI  4) 1 16.7k]/g + 37.6kl/g (Jover et al, 1999) 5) ig

/MJ
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1.4 Imin, 1pmol
1.4.1 28 56
: 15
(SR, %) = 100(N¢ / Nj), Nt + (Mean+£SE) ,
» Ni ; SPSS16.0 ,
(WG, %) = 100[(W—Wi) / Wi], Wi ,
, Wi ; (two-way ANOVA), S2N2K
(SGR)(%/d) = 100(InWi=InW;)/T, Duncan ,
Wi , W , T
1.4.2 8 , 2
, 2.1
5 2 >
, (P<0.05),
65°C , (105+2)°C (P>0.05),
(Nx6.25) (P>0.05)
(FOSS KT260, ) ; (28d) (564) ,
(550+£20)C 5h (P>0.05),

; (ANKOM (P<0.05) P2414 P27L4  P30L4
A2000i, ) ; (Parr 56 , P24L10
1281, ) (P<0.05)

1.4.3 (P>0.05), 95%
, 9 (W) 47T , ) 90%
c ) ., 4000r/min 2.2
10min(4C), 3
4 5 3 ,
(2007), , 0.5% 2ml, (DM) (CP) (Ash)
0.04moL/L EDTA-Na, 0.1ml , 0.2moL/L (P<0.05), (EF)
(pH=3.0) 0.4ml, 0.4ml, 0.6ml, (P>0.05),
3.5ml, , 37°C 15min, (P>0.05) 27%
30% 1ml , 3600r/min 24% 30% , 30%
15min Iml  0.4mol/L Sml, 7%
Iml , 37°C P27L7
20min, 721 680nm , (P<0.05), (P<0.05),
, P30L7
Ipg (P<0.05), (P<0.05),
- , 100ml
AMS, 37°C 30min, 4 ,
10mg 1 L) 27°C (P>0.05),

(P<0.05);
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#2 FARARBREAMEBHKERTKENHEER. HEERKEMBITEN=S)

Tab.2  Weight gain, specific growth rate and survival ratio of crayfish fed with different dietary protein and lipid levels (n=4)

« / ) (28d, %) (56d, %) (28.%) (56d. %) (28d, %) (56d, %)
P24L4(17.55) 84.22+5.75% 134.50£9.659" 2.17+0.11% 1.52+0.07* 95.00+5.00 85.00+2.89°
P24L7(17.00) 73.82+5.87° 124.00£9.159™ 1.970.12° 1.43+0.07% 100.00£0.00 92.50+4.79
P24L10(15.88) 73.46+7.97° 115.4446.479" 1.95+0.16° 1.37+0.05° 100.00:£0.00 92.5046.29®
P27L4(20.01) 83.18+3.43% 140.45+9.979° 2.16£0.07" 1.56+0.07* 100.00+0.00 95.00+5.00™
P27L7(18.77) 81.62+2.89" 130.48+11.711™ 2.13+0.06" 1.48+0.09" 97.50+2.50 95.00£2.89%
P27L10(17.85) 75.52+0.85% 120.09+4.907%° 2.18+0.17* 1.4140.04® 97.50+2.50 90.00+5.77%
P30L4(22.35) 89.05+7.62° 138.05+18.199* 2.26+0.15° 1.53+0.14° 95.00+2.89 92.50+4.79®
P30L7(20.97) 84.21+1.86™ 130.11+3.891% 2.18+0.04 1.49+0.03* 100.00+0.00 95.00+2.89%
P30L10(19.96) 76.78+3.71% 126.49+3.616™ 2.03+0.08" 1.46+0.02* 100.00+4.08 100.00+4.08°

(%)
24 77.1743.06 124.65+5.58 2.04+0.06 1.44+0.04 98.33+1.52 90.00+2.62
27 80.26+2.94 130.3445.58 2.10+0.05 1.48+0.04 98.33+1.52 93.3342.62
30 83.34+2.65 131.55+5.58 2.16+0.05 1.49+0.04 98.33+1.52 95.83+2.62
(%)
4 85.48+2.98 137.66+5.58 2.20+0.06 1.54+0.04 96.67+1.52 90.83+2.62
7 79.88+2.80 128.20+5.58 2.09+0.05 1.47+0.04 99.17+1.52 94.1742.62
10 75.25+£2.94 120.67+5.58 2.00+0.06 1.41=0.04 99.17+1.52 94.1742.62
One way ANOVA
0.329 0.651 0.327 0.647 1.000 0.303
0.048 0.036 0.072 0.032 0.418 0.589
0.905 0.992 0.907 0.983 0.478 0.572
(P>0.05)
#3 ARARBRESMEHKERKENRSINERE S (=4)
Tab.3 Whole-body proximate composition of crayfish fed with different dietary protein and lipid levels (n=4)

« 7/ ) (%) (%) (%) (%)
P24L4(17.55) 33.33+1.03% 40.27+1.07 10.35+0.59 32.5440.91%"
P24L7(17.00) 30.95+0.57% 40.27+0.67° 8.06+0.98" 33.44+1.74
P24L10(15.88) 30.19+1.96° 40.52+1.99* 9.23+1.12* 32.00+2.47%
P27L4(20.01) 33.27+1.49% 41.02+0.61° 7.89+1.17 33.06+2.30%
P27L7(18.77) 34.66%0.95 36.79+1.13° 7.5242.42° 35.14+1.64°
P27L10(17.85) 33.27+0.83% 38.42+1.44° 9.11+1.29% 34.85+1.41°
P30L4(22.35) 32.13+0.97" 40.68+1.49* 6.05+1.78° 33.7943.17*
P30L7(20.97) 29.9242 81° 45.31+2.98° 10.30+2.05% 27.29+1.53°
P30L10(19.96) 29.78+1.34° 41.22+1.41% 13.02+0.96° 29.1541.36"

(%)
24 31.49+0.86 40.35+0.91 9.22+0.83 32.66%1.13
27 33.73+0.85 38.74+0.91 8.17+0.83 34.35+1.13
30 30.61+0.85 42.40+0.91 9.79+0.87 30.08+1.12
(%)
4 32.91=0.86 40.65+0.91 8.10+0.83 33.13£1.12
7 31.84+0.86 40.79£0.91 8.63+0.87 31.96+1.12
10 31.08+0.85 40.05+0.91 10.46+0.83 32.00+1.13
One way ANOVA
0.045 0.029 0.400 0.039
0.329 0.834 0.027 0.708
0.682 0.107 0.080 0.220

(P>0.05)
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(P>0.05), P27L7 P30L4 P30L7 (P<0.05); P24L10
(P<0.05), P30L10  (P<0.05); P27L7 P30L7
(P=0.035) P30L10 P24L7 (P<0.05),
, 24% 27% (P>0.05)
4% 2.3
(P>0.05); P27L7
P30L7 P24L10
(P<0.05); P27L4 P27L10 6 7
P27L7  P30L10
5 , (P>0.05),
(P<0.05), (P>0.05)
(P>0.05), ; 30%
(P=0.035) 27% 7%
, 30% P30L4  P30L7

P24L7 (P<0.05); P30L10
P24L7 P27L7 P30L4 (P<0.05)
, 10% (P>0.05)

P30L10 P24L4 P27L4 (P>0.05),

£ 4 RAERE HREBMEHKETREITARESE K S (n=4)

Tab.4 Muscle proximate composition of crayfish fed with different dietary protein and lipid levels (n=4)

« ) (%) (%) (%)
P24L4(17.55) 76.72+0.93 19.94+0.35% 1.7240.25%
P24L7(17.00) 75.35+0.13 19.82+0.67% 1.75+0.19"
P24L10(15.88) 75.36+0.22 19.62+0.46" 2.09+0.35%°
P27L4(20.01) 75.29+0.44 19.97+0.41% 2.68+0.30°
P27L7(18.77) 75.63+0.47 21.16+0.55° 1.67+0.26°
P27L10(17.85) 75.77+0.54 20.65+0.28% 2.85+0.28°
P30L4(22.35) 74.97+0.31 20.47+0.29% 2.60+0.41%°
P30L7(20.97) 75.36+0.29 21.10£0.19° 1.73£0.12%
P30L10(19.96) 75.05+0.52 20.29+0.35% 1.50+0.61°

(%)
24 75.8120.27 19.79+0.24 1.85+0.16
27 75.60+0.27 20.59+0.24 2.40+0.16
30 75.13+0.27 20.62+0.24 1.94+0.16
(%)
4 75.67+0.27 20.13+0.24 2.33+0.16
7 75.45+0.27 20.70+0.23 1.72+0.16
10 75.39+0.27 20.19+0.23 2.15+0.16

One way ANOVA

0.203 0.037 0.050
0.746 0.210 0.037
0.208 0.553 0.035

(P>0.05)
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x5 ARTE HREQMBENHK TR REIRFRIEETKS (0=4)

Tab.5 Hepatopancreas proximate composition of crayfish fed with different dietary protein and lipid levels (n=4)

« ) (%) (%) (%)
P24L4(17.55) 46.93+5.04° 7.90+0.39% 26.49+2.21%
P241L7(17.00) 53.70+1.32% 7.79+0.31% 20.47+3.98°
P24L10(15.88) 52.88+2.51% 9.55+1.44° 25.99+2.06™
P27L4(20.01) 45.93+3.72° 8.65+0.22% 25.2145.15%
P27L7(18.77) 48.81+4.63" 8.40+1.03 28.72+5.70°
P27L10(17.85) 53.20+1.65™ 8.19+0.52% 25.2942.37%
P30L4(22.35) 48.56+1.87° 8.3240.17% 25.012.52%
P30L7(20.97) 48.30+2.82° 8.09+0.30° 29.32+1.77°
P30L10(19.96) 59.27+2.52° 7.27+0.24° 30.58+4.73"
(%)
24 51.1743.06 8.42+0.359 24.3242.11
27 49.31+2.94 8.41£0.379 26.41+2.11
30 52.04+2.65 7.90+0.359 28.31+2.12
(%)
4 47.14+2.98 8.29+0.359 25.5742.12
7 50.27+2.80 8.09£0.379 26.1742.12
10 55.1142.94 8.30£0.359 27.29+2.12
One way ANOVA
0.563 0.517 0.424
0.015 0.886 0.845
0.479 0.195 0.538
(P>0.05)
(P>0.05) (Aclefors et al,
(P<0.05), 1992) Rodriguez-Gonzaleza (2006) ,
(P< 32%
0.05) 24% ; Cortés-Jacinto  (2003)
10% P30L10 31% ,
P27L7  (P<0.05); P2414
P30L10 P24L7 P27L4
P30L7  (P<0.05);
(P>0.05) Akiyama(1991)
3 6%—7.5%, 10%
) >
3.1 ,
) )
) 27%—30%, 4%,
, , 90%
) ) (2007) 27% 33%

; , 65%
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* 6 ERAREBREBMEEHKERKETGEHELEFEN=4)
Tab.6 Intestinal tract digestive enzymes activities of crayfish fed with different dietary protein and lipid levels (n=4)
« 7/ ) (U/ng) (U/g port) (U/g prot)
P24L4(17.55) 80.91+5.64™ 27.00+5.67% 0.64+0.04
P24L7(17.00) 71.2342.67° 19.84+5.93° 0.53+0.02
P24L10(15.88) 83.64+5.52% 21.87+4.24% 0.61+0.04
P27L4(20.01) 78.81+4.48" 25.91+1.55® 0.56+0.02
P27L7(18.77) 75.20+4.05" 18.70+4.91° 0.59+0.05
P27L10(17.85) 83.89+3.97% 26.20+£7.90% 0.60+0.03
P30L4(22.35) 97.83+9.07° 14.40+5.42° 0.73+0.18
P30L7(20.97) 96.48+1.54° 22.38+2.08% 0.70+0.07
P30L10(19.96) 90.52+5.59% 37.0442.15° 0.63+0.02
(%)
24 78.60+6.70 22.90+3.54 0.60+0.041
27 79.30+6.69 23.60+4.68 0.58+0.041
30 94.94+7.72 24.61£5.13 0.69+0.041
(%)
4 85.85+6.68 22.43+45.57 0.644+0.041
80.97+6.68 21.31+4.19 0.607+0.041
10 86.02+7.72 28.37+3.63 0.616+0.041
One way ANOVA
0.029 0.993 0.172
0.841 0.039 0.798
0.964 0.567 0.743
(P>0.05)
Fz 7 ARAE B REBMAERKE R K EYRAT R E (LB EE(n=4)
Tab.7 Hepatopancreas digestive enzymes activities of crayfish fed with different dietary protein and lipid levels (n=4)
«C 7/ ) (U/ng) (U/g port) (U/g prot)
P24L4(17.55) 63.66+4.30" 32.78+5.62° 0.58+0.03
P24L7(17.00) 61.84+5.99* 18.34+0.78° 0.60+0.03
P24L10(15.88) 61.82+6.34" 27.5143.52% 0.55+0.05
P27L4(20.01) 58.20+6.13% 15.92+0.36° 0.53+0.04
P27L7(18.77) 51.4142.43° 29.67+4.20% 0.47+0.01
P27L10(17.85) 64.47+2.22% 23.00+2.14** 0.70+0.04
P30L4(22.35) 51.65+3.59% 23.22+42.11% 0.44+0.03
P30L7(20.97) 57.51+3.58% 12.11£1.26° 0.51+0.01
P30L10(19.96) 65.03+5.36 35.74+2.11° 0.65+0.03
(%)
24 62.44+2.70 26.21+1.78 0.576+0.019
27 58.03+2.70 22.86+2.30 0.565+0.019
30 58.06+2.70 23.69+1.78 0.533+0.019
(%)
4 57.84+2.70 23.97+2.06 0.514+0.019
7 56.92+2.80 20.04+2.12 0.526+0.019
10 63.77+2.70 28.75+1.78 0.633+0.019
One way ANOVA
0.426 0.521 0.424
0.170 0.050 0.845
0.388 0.005 0.538

(P>0.05)
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s 30%
4%, 3.3
24% 27% 30% , 3
, Castell (1989)
30% 94.94U/
A Mg, )
A 2 2
, Lee (1984)
: 30% ,
) ( , 2004; Kawai et al,
3.2 1972) ,
10%, >
, 10%
4
) g
27%  4%—T7%
, P27L4 , P30L4  P24L4L
, P27L7
P30L7 :
, P30L7 P30L10 s
P24L7 R 25%
P241L4 P30L10
’ 27%
, R 4%—T%
, , ,2007. 3
’ ,37(5): 36—41

, 2005. E
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36(4): 335—343

, 2010.
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s s

,41(4): 577—583

, s , 2007.
. ,23(6): 612—617
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EFFECT OF DIFFERENT DIETARY PROTEIN AND LIPID LEVEL ON GROWTH
PERFORMANCE, BODY COMPOSITION AND DIGESTIVE ENZYMES ACTIVITIES OF
RED SWAMP CRAYFISH PROCAMBARUS CLARKII

LIU Wen-Bin!, SHEN Mei-Fang?>, WANG Ying', ZHU Jie',
XU Gang', CHENG Long'
(1. Key Laboratory of Aquatic Animal Nutrition and Feed Science of Jiangsu Province, College of Animal Science and Technology, Nan-

jing Agricultural University, Nanjing, 210095; 2. Freshwater Fisheries Research Institute of Jiangsu Province, Nanjing, 210017)

XU Wei-Na',

Abstract
body composition and digestive enzymes activities of juvenile red swamp crayfish Procambarus clarkii. Nine groups of crayfish

A Dbifactorial model (3%3) was used to investigates the effect of dietary protein and lipid on growth performance,

with four replicates and 10 crayfish [average weight (7.03+£0.05)g] per replicate were fed nine experimental diets containing three
protein levels (24%, 27% and 30%) and three lipid levels (4%, 7% and 10%) for 8 weeks. The result showed that survival rate
(SR) of crayfish were not affected significantly (P>0.05) by dietary protein and lipid. Weight gain (WG) and specific growth rate
(SGR) of crayfish were affected significantly (P<0.05) by dietary lipid. When grouped by lipid levels, the WG and SGR of cray-
fish fed the diets containing 10% lipid were lower than that of fish fed the diets containing 4% or 7% lipid (P<0.05). Proximate
analysis indicated that whole-body dry matter (DM), crude protein (CP) and ash contents or muscle CP and crude lipid (EF) con-
tents were affected significantly (P<0.05) by dietary protein. Whole-body and muscle crude lipid (EF) were affected significantly
(P<0.05) by dietary lipid. Intestinal tract and hepatopancreas protease and lipase activities were affected significantly (P<0.05)
by dietary protein and lipid, respectively. In conclusion, positive impacts of optimizing protein and lipid component in terms of
economic and environmental concerns, diet containing lipid 4%—7% and protein 27% with protein was beneficial consequences
of further refinement of commercial juvenile crayfish production feed.

Key words
Procambarus clarkii

Dietary protein, Dietary lipid, Growth performance, Body composition, Digestive enzymes,



