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64d , Ay (34%), A, (38%), A; (42%) B, (5%), B, (8%),
B; (11%) ,
(Macrobrachium nipponensis) [ (0.69=%0.23)g]
, (P>0.05), 32d
(P<0.05) Bj B, B, (P<0.05)
(P<0.05)
s (P<0.05)
(P<0.05), (P>0.05)
5%—8% , 38%
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(Macrobrachium nipponensis) ,
(Arthropoda) (Crustacea) (Decapoda) ,
(Palaemonidae) (Macrobrachium), (NRC, 1993; Joaquin et al, 2001; ,2011)
> ) (1990)
( , 1993; , 2003; ,
2008; ,2011), 20 (
, , 2007, , 2008),
(Aclefors et al, 1992; Jover et al, ,
1999) , 5
R (Macrobrachium rosenbergii)  6%—8%
, , , (>12%)
, (Hari et al, 2006);
, (Litopenaeus vannameri) 8.47%
* ,2008C12083 ,2010GA701077

,2012C10032 S , E-mail: siliegang@sina.com
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) ( ,2011) 5
, [ (3.6820.27)cm; (0.69
( , 2010) +0.23)g] : 60cm >
, 45cm><30cm >
, 10ind ,
, , (24.041)°C , pH 7.1—7.5, DO (7.35=+
0.05)mg/L, NY 5051-2001
( , 2001)
1 , 64
1.1 1.2

(Macrobrachium nipponensis)

(34%, 38%, 42%,

Ay, Ay, Az), (5%, 8%, 11%,

5 Bls BZ: B3)s 9 5 3
Im><2m>=<1.5m s s 60 R s

2 (9:00 15:00), Imm s s 0°C

3.0%—5.0% 1

Fz1 RWEENSERMERKTE
Tab.1 Ingredients and proximate composition of experimental diets
(%)
AlBl AIBZ AIBS AZBI AZBZ AZBS A3B1 A3B2 A3B3
5.00 5.00 5.00 5.50 5.50 5.50 6.00 6.00 6.00
15.43 17.05 18.59 24.68 26.29 27.84 33.94 35.54 37.08
12.00 12.00 12.00 12.00 12.00 12.00 12.00 12.00 12.00
11.00 11.00 11.00 11.00 11.00 11.00 11.00 11.00 11.00
43.73 38.99 34.31 33.94 29.19 24.52 24.16 19.42 14.76
K 0.60 0.60 0.60 0.60 0.60 0.60 0.60 0.60 0.60
? 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40
2.15 2.15 2.15 2.15 2.15 2.15 2.15 2.15 2.15
0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45
0.90 2.46 4.03 0.92 2.49 4.05 0.93 2.50 4.06
0.90 2.46 4.03 0.92 2.49 4.05 0.93 2.50 4.06
o- 3.85 3.85 3.85 3.85 3.85 3.85 3.85 3.85 3.85
2.55 2.55 2.55 2.55 2.55 2.55 2.55 2.55 2.55
0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50
0.54 0.54 0.54 0.54 0.54 0.54 0.54 0.54 0.54
(%)
91.35 89.54 91.79 90.31 91.49 92.14 90.24 91.52 91.94
34.03 34.04 34.02 38.02 38.05 38.04 42.06 42.01 42.03
5.05 8.06 11.03 5.06 8.07 11.02 5.09 8.11 11.09
6.51 6.33 6.16 6.46 6.31 6.15 6.45 6.27 6.12
7.29 7.13 7.25 7.59 7.47 7.68 7.92 7.96 7.95
38.47 33.98 33.33 33.18 31.59 40.27 28.72 27.17 24.75
3 18.95 18.99 19.41 19.74 19.71 20.32 19.13 19.61 20.24
/ » 14.23 14.20 13.55 15.23 15.27 14.83 18.35 16.95 16.45
» 14.82 15.26 16.27 14.61 15.52 16.27 14.57 15.46 16.21
/ 2 22.96 22.31 20.91 26.02 24.52 23.38 28.87 27.17 25.93
1) 23g, 1.9¢, 6.5g, 2lg, 0.024g, 0.08g, 0.05g 2)

: VA 8500001U, VB; 300mg, VB, 1100mg, VBs 1960mg, VB 480mg, VB, 1.7mg, VC 5200mg, VE 4600mg, VD 210000IU, VK; 200mg,

152mg, 58000mg,

950mg 3)

kl/g 4) g /MJ 5) kJ/g 6) g /MJ
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1.3 1.4
1.3.1 32 64 SPSS16 ,
, Duncan
s =+
. (Mean=SE)
(WG) = [(W~Wy)/Ws]><100%;
(SGR, d") = [(InW~InW,)/1]><100%;
(SR) = (n, / ng) x100%; 2.1
, W, t ; Wo ot
s hy t 5 o 2 ’
132 ’ (P>0.05); 32
AB, AB; AsB;  (P<0.05)
o ’ L0s°C (P>0.05); 64
. A1B; A3B;  AyB,
’ (SKD-800 ’ , . ABL o (P<0.05)
550°C : ANKOM (P>0.05) ’
; PARR (P>0.05),
6300 (P<0.05); ,
1.3.3 , (P>0.05),
(P<0.05),
, 6 )
(P>0.05)
(4°0), ,  4°C
4000r/min 10min, , 22
3 , AB;
(Ulg) ~ 27°C,pH 7.5 ’ AB,  AsB; AB,  (P<0.05) |
I'amol (P>0.05); . A;B,
A3B; (P<0.05);
, (U/mg) mg ,  A3B; ,A1By AoBp AsB,
37°C 30min, 10mg 1 AsB;  (P<0.05)
( , 2009) [U/(min mg)] (P>0.05); L AsB, AB,
(1991) AB; AB, A,B; AsB, (P<0.05), AsB;
2mL 0.5% , 0.ImL 0.04moL/L EDTA-Na,, AB, AB;  (P<0.05),
0.4mL 0.2moL/L (pH 3.0), 0.4mL ) (P>0.05) ,
0.6mL , 3.5mL; (P<0.05),
37°C 15min, ImL 30% (P<0.05) 38%
; 3600r/min 15min, ImL 34%  42%
SmL 0.4mol/L s ImL 42% 34%
, , 37°C 20min; 721 38%
680nm , , 4 , A3B;
, g AsB, AsB; AB, A;B, AB,  (P<0.05)
, (P>0.05);
( ) A3B; AB;  (P<0.05)
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®2 WARTERHMERRKTESEE BABIRBRER. ENEERRFEERKRBIFIE(=5)

Tab.2 Weight gain, specific growth rate and survival ratio of M. nipponensis fed with different dietary protein and lipid levels (n=5)

32d (%) 32d (%)  32d (%) 64d (%)  64d (%)  64d (%)
AB, 93.3343.89 59.3144.53% 2.0620.11% 87.33%3.67 94.3146.56" 1.41220.06°
AB, 98.0445.29 48.69+4.72° 1.8540.12° 94.645.07 82.2846.17% 1.2140.05%
AB; 98.5047.15 48.576.58" 1.8220.16" 94.3945.89 76.25%4.47° 1.24%0.06°
AsB, 97.1042.31 58.4343.17% 2.0520.07" 93.37=5.12 98.1646.72° 1.4540.04°
A,B, 94.6743.17 56.7822.24% 2.0120.06" 91.5423.58 90.8547.18% 1.36220.05"
A,B; 93.5043.54 50.2621.02% 2.0540.17* 88.1646.13 80.4243.75% 1.2840.03*
AsB, 92.6042.89 64.3945.34° 2.1540.15° 89.2745.01 99.8148.03° 1.4220.07°
A;B, 97.4744.36 59.4542.05% 2.0640.04" 91.6523.48 91.5622.96® 1.3740.08*
A;B; 98.2644.08 51.96243.98% 1.9120.08* 95.16244.39 98.094-2.98* 1.3320.03*
34% 96.62+1.63 52.1942.86 1.91240.05 92.09+2.78 84.28+2 81 1.294-0.03
38% 95.09%1.55 55.1623.02 2.0420.03 91.02%2.72 89.8122.79 1.3620.04
42% 96.111.62 58.60=2.73 2.0440.04 92.0342.24 96.4942.78 1.3740.02
5% 94.34+1.03 60.7142.98 2.094-0.04 90.0242.27 97.4342.59 1.4320.04
8% 96.73%1.15 54.9742.80 1.9720.03 92.612.65 88.232.80 1.3120.02
11% 96.7521.49 50.2622.94 1.9340.04 92.5742.79 84.9242.63 1.2840.03
ANOVA
0.298 0.572 0.276 0.582 0.735 0.294
0.037 0.048 0.047 0.043 0.379 0.612
(P>0.05)

3 WARARBHMELRKFERSEAN ARBIFLIEFRRSIEM%  )(n=5)
Tab.3 Whole-body proximate composition of M. nipponensis fed with different dietary protein and lipid levels (% WM) (n=5)

DM CP EF Ash
AB, 28.6840.79™ 16.3821.07" 2.5320.15% 3.6540.13"°
AB, 26.7820.28% 16.3920.67* 1.9740.19* 3.7520.04*
AB; 26.47%1.13° 16.46=1.99* 2.2620.22* 3.5940.07"°
A,B, 28.6471.04® 17.0120.61° 1.9320.17° 3.7120.29*
A,B, 29.7540.76" 15.64=1.13% 1.8440.24° 3.94-4-0.14°
A,B; 28.6540.67% 15.971.44° 2.23240.29% 3.9120.03"
A3B, 27.7240.62% 16.7341.49" 1.7520.07° 3.7920.06*
A;sB, 26.1441.54° 18.122.98° 2.5240.06* 3.2640.12°
A;B; 26.1820.93° 17.15£1.41% 2.7920.15° 3.3940.02%
34% 27.2120.57 16.4120.41 2.2520.12 3.6620.05
38% 29.0120.63 16.2120.56 2.0020.03 3.85240.07
42% 26.5120.54 17.3320.23 2.3520.07 3.4840.03
5% 28.3540.48 16.7120.19 2.0720.05 3.7240.12
8% 27.5040.51 16.7240.27 2.1120.17 3.6520.08
11% 26.8920.49 16.5320.28 2.4320.08 3.6320.06
ANOVA
0.045 0.029 0.400 0.039
0.329 0.834 0.027 0.708

(P>0.05)
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F4 FARAEREHANERRKFELREER A BABEAFEEE TR 2 B0 (% )(n=5)

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

AB, 52.8743.02° 12.88+0.25% 22.4742.21%

AB, 46.30==1.13" 12.770.14* 19.4543.98°

AB; 47.122.25% 14.53240.67° 21.9642.06"

A:B, 53.84+3.17" 13.6440.28" 21.1925.15%

AsB, 51.1943.68" 13.3820.71% 24.6945.70°

A,B; 46.81=1.52" 13.16£0.41" 21.2842.37"

A;B, 50.4641.64" 13.2920.08* 21.032.52

A;B, 50.3741.91° 13.070.23% 23.941.77°

A;B; 44.73%1.85° 12.23%0.17° 24.98+4.73°
34% 48.762.14 13.3920.28 20.33%1.92
38% 50.62%2.35 13.4020.29 21.39%1.91
42% 48.521.86 12.93%0.15 23.2841.87
5% 52.3922.01 13.2720.359 21.57%1.91
8% 49.28%2.04 13.08%0.379 22.17%1.88
11% 46224213 13.2940.359 22.58+1.89
ANOVA

0.582 0.521 0.417
0.027 0.765 0.759
(P>0.05)
(P>0.05); A B, 5 ARAEEHIEBERAKTERESENX BARBERAN

AEFRDBEIE%  )(n=5)

Tab.5 Muscle proximate composition of M. nipponensis fed

AsB, A3B;  AsB, (P<0.05) |,

(£>0.05) , with different dietary protein and lipid levels (% WM) (n=5)
(P>0.05), AiB, 24.47%0.13  21.05240.23"  1.6120.14*
(P<0.05) AB; 24.65+0.08  19.930.45"  1.64:0.08"
5 , A;B; 24.6420.22  19.73%0.31°  1.7820.23"°
(P>0.05): A,Bs A,B, AsB, 24.7120.14  20.082£0.29"  2.3720.28"
A.B, 24374019  21.27#030"  1.6120.15°
AsBr - (P<0.05) AB; 24234024  20.760.16"  2.4620.17"
(P>0.05); AsBs - A, A2By AB, 25034025  20.5820.17  2.332:0.29"
A:Bs AsBi (P<0.05) A;sB, 24.64=20.17  21.21=20.13*  1.6220.09*
(P>0.05) , AsB, 24.9540.12  20.3840.24"  [.46240.52°
(P>0.05), 34% 24.5940.16  20.57+0.18  1.68=0.12
(P<0.05) 38% 24.4440.17  20.69%0.19 2.1520.11
(P>0.05), 42% 24.8740.16  20.7220.21 1.8120.11
(P<0.05) 5% 24.7340.08  20.9120.16  2.10%0.11
(P>0.05) 8% 24.5540.12  20.7020.15 1.6220.12
23 11% 24.61£0.09  20.7720.15 1.9120.12
ANOVA
0.314 0.029 0.037
6 , A;B,
0.658 0.325 0.029
A,B;,  AB, AsB;  AB; (P<0.05) |,

(P>0.05); (P>0.05)



(Macrobrachium nipponensis) 405

=6

AR EBE B F1 & B Bk T B & 1R 4Lt B 24958 4R AT

FR A R 3 1L B TE 0 B2 AE (n=5)

Tab.6 Hepatopancreas digestive enzymes activities of M. ’ 90% (2008)
nipponensis fed with different dietary protein and lipid levels R
#=5) : 39.32%
(U/g port) [U/(min mg)] (U/mg prot) P
AB, 31.6743.24° 6374043  0.5620.03 A;B, , ,
AB, 21.5840.57" 6.1820.59"  0.58%0.03 (5%)
AB; 26.691.46  6.17240.63"  0.5320.05 (2013)
A,B, 20.2320.35" 5.8240.61"  0.5120.04 (Penaeus monodon)
A,B, 27364228 51422024  0.4620.01
AsB; 22.942-1.13% 6452022  0.682-0.04 ABy ’
A;B, 23.17%1.10" 5162036  0.4320.03 >
A;B, 18.350.84° 5.7540.35"  0.4920.01 >
AsBs 32.8241.12°  6.5120.54"  0.6320.03 , ( ,2013)
34% 26.65240.97 6.24+0.28 0.5620.02
38% 23.5121.21 5.8020.27 0.55+0.03 )
42% 24.7820.99 5.8120.28 0.5320.02 ,
5% 25.03%1.08 5.7820.29 0.5120.02
8% 22.43%1.13 5.69240.26 0.52220.03 ,
11% 27.48+0.89 6.3840.25 0.6320.02 5%, 34% 38% 42%
ANOVA
0.436 0.357 0.424 , (Akiyama, 1991) ,
0.035 0.193 0.845 A
(P>0.05) ’ ( )
AsB, AsB;  (P<0.05) , A
(P>0.05); , ,
(P>0.05) , )
(P<0.05), 3.2
(P>0.05)
(2008)
(P>0.05) 41% ,
(1998) (Cherax quadricarinatus)
3 30%—35%, (2003)
3.1 (Penaeus vannamei)
36% )
)
, 42%
5 ( > )
,2010) 33 , ,

38%—42%

E
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Lim  (1997) , 40% 0.6—4.0g
(2011) ,
, 32% ( , 2012)
42%
s ; 34%
(2012) , )
(2012) ,
(Procambarus clarkii) ,
, ( ,2011)
5%, (
, , 2007), ( , 2001)
11%, ( , 2012) ,
, ( ,2011) ,
, (1990)
, 36.80%—
, 42.27%, 6%—12% (2008)
, 41.0%—41.5%,
(1990) ,
(2004) 30% ,
33 ( , 2008)
(Penaeus monodon)  38%
) ( , 2013), 8% (
) ,2005) 9% ( ,2012)
) ,AB,  A3B;
5 , AsBs
5 ( > A3B3 , A1By
2009) , , ;AIBr A3B;
» ABy A3Bs
5% ; , AsB;
11% , A3;B,  A;3B;
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EFFECT ON DIFFERENT DIETARY LIPID AND PROTEIN LEVEL ON GROWTH
PERFORMANCE, BODY COMPOSITION AND DIGESTIVE ENZYMES ACTIVITIES OF
FRESHWATER SHRIMP MACROBRACHIUM NIPPONENSIS

SI Lie-Gang', ZOU Li-Chang’, SHENTU Ji-Kang', ZHU Wei-Dong’
(1. Ningbo Academy of Oceanology and Fishery, Ningbo 315012, China; 2. Fishery Technology Extension Center of Yuyao, Yuyao 315400, China)

Abstract A bifactorial model was used to investigates the effect of dietary lipid and protein on growth performance,
body composition and digestive enzymes activities of freshwater shrimp Macrobrachium nipponensis. Nine groups of M.
nipponensis with three replicates and 10 shrimp [average weight (0.692%0.23)g] per replicate were fed nine experimental
diets containing three lipid levels (5%, 8% and 11%) and three protein levels (34%, 38% and 42%) for 64 days. The result
showed that survival rate (SR) of M. nipponensis were not affected significantly (P>0.05) by dietary lipid and protein.
Weight gain (WG) and specific growth rate (SGR) of 32 days for M. nipponensis were affected significantly (P<0.05) by
dietary lipid. When grouped by lipid levels, the SGR and WG of M. nipponensis fed the diets B; were lower than that of
shrimp fed the diets B, and B, (P<0.05). Whole-body and muscle crude lipid (EF) were affected significantly (P<0.05) by
dietary lipid. Proximate analysis indicated that whole-body dry matter (DM), crude protein (CP) and ash contents or muscle
CP and EF contents were affected significantly (P<0.05) by dietary protein. Hepatopancreas lipase activities were affected
significantly (P<0.05) by dietary lipid. Hepatopancreas protease, lipase and amylase activities were not affected
significantly (P>0.05) by dietary protein. In conclusion, positive impacts of optimizing protein and lipid component in
terms of economic and environmental concerns, diet containing lipid 5%—=8% and protein 38% with protein was beneficial
consequences of further refinement of commercial M. nipponensis production feed.

Key words Macrobrachium nipponensis; dietary; lipid; protein; growth; body composition; digestive enzymes
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