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1
11
28.00%, 6.00%, 16.42
kJ.g*I ( 1)[9]
0% 0.30% 0.60% 0.90% 1.20% 1.50%
1.80% L-lys-HCI 7
0.76% 1.00% 1.22% 1.47% 1.69%
1.89%  2.18%( 2),
2.71% 3.54% 4.33% 5.20% 5.99% 6.69%
7.72% >
[14] 60
, 2~3
mm, 3~4 mm R ,
-20°C
1.2
(7.60+0.01) g 1
7, 4 ( ), 12
R 1 1 8:00 16:00
22:00 3, 30%
30% 40% 5% 7%,
60 d

( 60 cmx60 cmx60

40 cm,
24~28°C, pH 7.0~

7.5, 4.0 mg/L , 5 mg/L
F1 HEmENEA REFHERK
Tab.l Formulation and chemical composition of
the basal diet

%; dry matter
ingredient content
casein 5.77
gelatin 1.44
wheat gluten 21.34
essential amino acid mixture 325
non-essential amino acid mixture 3.16
corn starch 46.26
fish oil 2.79
soybean oil 2.79
cellulose 9.00
additive premixture ¥ 1.00
calcium biphophate 2.00
choline chloride 0.20
carboxymethyl cellulose 1.00
chemical composition
crude protein 28.26
crude lipid 6.12
/(kJ-g™") energy 17.15
o 1) (g/kg ): 2.5, 1.7,
2.2, 3.3, 2.9, 2.6, 17.3.
2) (g/kg ): 18.3, 3.5,
9.6, 0.1. 3) ( kg ):
E 150 mg, K 50 mg, B, 80 mg, B, 50 mg,
150 mg, 150 mg, Bs 50 mg, 1 mg,
By, 0.02 mg, 10 mg, C 300 IU, A
10 000 1U, D 2000 IU. 20g, 25 g,
22 g, 7g, 0.04 g, 0.026 g, 0.1g.

Note: 1) Essential amino acid mixture (g/kg diet): threonine 2.5,
valine 1.7, methionine 2.2, leucine 3.3, phenylalanine 2.9, histidine
2.6, arginine 17.3. 2) Non-essential amino acid mixture (g/kg diet):
aspartic acid 18.3, glycine 3.5, alanine 9.6, tyrosine 0.1. 3) Additive
premixture (per kg diet): VE 150 mg, VK 50 mg, thiamine 80 mg,
riboflavin 50 mg, Niacin 150 mg, pantothenic acid 150 mg, pyri-
doxine 50 mg, biotin 1 mg, cyanocobalamin, 0.02 mg, folic acid 10
mg , VC 300 IU, VA 10 000 IU, VD 2 000 IU, copper sulphate 2.0
g, iron sulphate 25 g, zinc sulphate 22 g, manganese sulphate 7 g,
sodium selenite 0.04 g, potassium iodide 0.026 g, cobalt chloride
0.1g.
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%2 FTWABEEREMK
Tab.2 Amino acid composition of the experimental diets

%; dry matter
1 2 3 4 5 6 7 28%
amino acid Dietl Diet2 Diet3 Diet4 Diet5 Diet6 Diet7 28% muscle protein
essential amino acid
arginine 2.48 2.55 2.54 2.50 2.55 2.51 2.43 2.58
histidine 0.73 0.74 0.75 0.73 0.75 0.76 0.72 0.74
isoleucine 1.09 1.11 1.07 1.05 1.11 1.10 1.04 1.15
leucine 2.02 2.07 2.02 1.99 2.08 2.04 1.95 2.02
lysine 0.76 1.00 1.22 1.47 1.69 1.89 2.18 2.46
methionine 0.61 0.61 0.59 0.57 0.61 0.58 0.58 0.61
phenylalanine 1.36 1.37 1.37 1.34 1.37 1.36 1.30 1.12
threonine 0.99 1.00 0.99 0.98 1.01 1.00 0.96 1.01
valine 1.09 1.13 1.09 1.11 1.12 1.09 1.05 1.15
non-essential amino acid
alanine 1.68 1.64 1.53 1.41 1.37 1.26 1.13 1.71
aspartic acid 2.60 2.54 2.43 2.33 2.32 2.19 2.06 2.84
cystine 0.07 0.06 0.07 0.07 0.08 0.08 0.06 0.09
glutamic acid 4.94 5.13 4.99 4.90 5.10 4.99 4.75 497
glycine 1.17 1.14 1.02 0.90 0.87 0.76 0.65 1.25
serine 1.05 1.06 1.04 1.03 1.07 1.06 1.01 1.05
tyrosine 0.95 0.88 0.93 0.93 0.93 0.92 0.87 0.92
proline 1.61 1.69 1.66 1.70 1.79 1.67 1.58 0.94
Note: Tryptophane was not determined in this study.
13 )/ x100%
; 24 h, 1.4.2
: 4 AOAC!™
~20C , . (105£2)C
4 , ; (Nx6.25)
, , (FOSS KT260, ) ;
-20C , ; ;
(Parr 1281, ) ;
14
1.4.1 ( L-8900, )
(SR, %)= ( / 1.4.3 ,
) x100% 19 4C
(WGR, %)= [( - , 4000 r/min 10 min,
)/ 1 x100% 4C
(SGR, %-d™")= (In ~In o
)/ x100% 37C , 1 g

(FER, %)= ( - 1
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2
37°C , , 1
I min 1 pmol y=
1 37°C , —39.20x*+130.55x—5.06,
30 min, 10 mg 1.66%,
1 5.87%
2.2
15
+ (X £SE) 4 )
SPSS 16.0 1.22% , 0.76% (P<0.05),
(One-way ANOVA) , Duncan’s
, P<0.05 . 1.89%
, 0.76% 1.00% (P<0.05)
) 1.69% , 0.76%
1.89% (P<0.05)
2.1 (P>0.05)
2.3
3 ; 17 ,
(P<0.05), 9 8
1.69% 1.69% 1.22% , 5 ,
89.58%~97.92%, (P>
) 0.05) 1.47%
(P>0.05) , 2.18%
F 3 ARESEERK T R EENE KFARA A
Tab. 3 Effect of dietary lysine levels on growth and feed utilization of Procambarus clarkii
n=4; X +SE
/% lysine level in diets
index 0.76 1.00 1.22 1.47 1.69 1.89 2.18
initial body \/feight 7.61+0.04 7.64+0.03 7.62+0.05 7.59+0.01 7.56+0.03 7.59+0.02 7.56+0.02
final body W/e gight 12.94£0.53*  14.63£0.22"  14.90£0.60°  15.01£0.58°  15.49+0.38"  15.38+£0.71"  14.58+0.58™
/% survival rate 89.58+3.99  93.75£3.99  97.9242.08  95.84%4.16 95.844+2.40  91.67+0.00  91.66+4.81
/% weight gain rate 69.66+8.24"  91.05+3.55™  95.62+8.10°  98.12+7.37°  104.84+4.18° 102.64£9.31°  92.95+7.70™
specific gro V/v t(;/"r;:) 0.88+0.08" 1.08+0.03° 1.11£0.07° 1.14£0.06° 1.19£0.01° 1.17+£0.08° 1.09+0.06°
feed efﬁci/:: ﬁ’cy ratio 26.49+3.77"  35.00+1.39°  37.9242.92°  37.1942.11"  37.04+1.71"  32.88+0.75"  30.80+2.57%
(P<0.05), (P>0.05).

Note: Values with different superscripts in the same row are significantly different (P<0.05). Values without superscript in the same row are

not significantly different (P>0.05).
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2.50

Fig. 1 Regression analysis between dietary lysine levels and
weight gain rate of Procambarus clarkii
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>
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1.00~2.35 U'mg ',

3

3.1

(7]

>
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B

(Labeo

b

18]

(Pagrus major)i*”

1.69%~2.18%

>

F 4 ABBERIRKTENEREZNSIFIANRESR K S 1T
Tab.4 Effect of dietary lysine levels on nutritional composition of whole body and muscle of Procambarus clarkii
n=4; X +SE; %
/% lysine level in diets
index 0.76 1.00 1.22 1.47 1.69 1.89 2.18
whole body
moisture 72.49+1.77°  72.23x1.50"  68.57+0.46" 70.00+£1.41"  70.63£0.98  70.44x0.49"  70.47£0.03%
crude protein  10.78+0.35" 10.98+£0.25*  11.09+0.26™ 11.54+0.34®  11.56+£0.27®  11.93+0.29" 11.53+0.18%®
crude lipid 3.30£0.14°  3.53x0.26™ 3.78+0.21" 3.74£0.31% 4.12+0.16° 3.16£0.26° 3.82+0.32%
ash 10.28+0.55 10.91+0.17  11.34£0.45 10.20+0.75 9.60£0.45 10.58+0.31 10.33+0.56
muscle
moisture 78.59+0.40 78224028 78.15%0.17 78.55+0.30 78.46+0.37 77.92+0.35 77.82+0.44
crude protein  17.37+0.62 17.72+0.71 18.11+0.33 18.16+0.93 18.37+0.62 18.02+0.38 18.00+0.30
crude lipid 0.63+0.07 0.670.47 0.80+0.24 0.83+0.29 0.81+0.14 0.76+0.20 0.64:0.24
(P<0.05), (P>0.05).

Note: Values with different superscripts in the same row are significantly different (P<0.05). Values without superscript in the same row are
not significantly different (P>0.05).
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F5 ARBERIRKTENEREEZETINASERENIFZN
Tab.5 Effect of dietary lysine levels on amino acid composition in muscle of Procambarus clarkii
n=4; X £SE; %
/% lysine level in diets
amino acid 0.76 1.00 1.22 1.47 1.69 1.89 2.18

aspartic acid 1.6940.01 1.70+0.04 1.72+0.02 1.65+0.01 1.68+0.09 1.68+0.01 1.71£0.04
threonine 0.69+0.01 0.69+0.02 0.69+0.00 0.68+0.00 0.67+0.05 0.68+0.02 0.68+0.03
serine 0.7240.01 0.7240.02 0.74+0.01 0.7240.02 0.73+0.04 0.724+0.02 0.72+0.01
glutamic acid 3.10+0.07 3.19+0.05 3.21£0.11 3.254+0.09 3.26+0.11 3.19+0.17 3.26+0.05
glycine 0.76+0.02 0.78+0.03 0.78+0.09 0.73£0.02 0.81+0.06 0.81+0.06 0.76+0.03
alanine 0.99+0.03 0.97+0.02 1.03+0.07 0.95+0.03 1.01+0.07 0.94+0.01 0.94+0.03
cystine 0.04+0.02 0.03+0.01 0.03+0.03 0.02+0.02 0.03+0.02 0.03+0.01 0.04+0.00
valine 0.74+0.01 0.74+0.03 0.75+0.02 0.75+0.04 0.77+0.03 0.72+0.02 0.72+0.03
methionine 0.3140.01 0.32+0.02 0.31+0.02 0.33+0.00 0.32+0.02 0.31+0.02 0.32+0.02
isoleucine 0.74+0.01 0.74+0.02 0.74+0.00 0.7440.01 0.76+0.03 0.7540.01 0.74+0.03
leucine 1.36+0.01 1.37+0.04 1.37+£0.00 1.37+0.03 1.40+0.05 1.37+0.02 1.37+0.03
tyrosine 0.70+0.02 0.69+0.02 0.71£0.02 0.7140.04 0.71+0.03 0.70+0.02 0.69+0.03
phenylalanine 0.84+0.03 0.83+0.03 0.86+0.03 0.87+0.05 0.86+0.03 0.84+0.03 0.82+0.03
lysine 1.43+0.05 1.43+0.05 1.47+0.05 1.49+0.09 1.48+0.06 1.45+0.06 1.42+0.05
histidine 0.53+0.04 0.55+0.03 0.55+0.06 0.59+0.09 0.55+0.02 0.54+0.05 0.55+0.02
arginine 1.70+0.05 1.77+0.07 1.75+0.03 1.76+0.01 1.70+0.15 1.74+0.01 1.67+0.10
proline 0.47+0.06 0.47+0.08 0.41+0.03 0.47+0.07 0.55+0.06 0.49+0.06 0.57+0.02
TEAA 8.34+0.17 8.45+0.24 8.88+0.40 8.57+0.31 8.30+0.36 8.24+0.20 8.29+0.33
TAA 16.81+£0.21 17.00+0.40 17.12+0.22 17.06+0.45 17.30+0.76 16.74+0.34 16.98+0.48

%6 ARFEERKT S RREZNGGEHLEE R

Tab.6 Effect of dietary lysine levels on digestive enzymes activities in intestine of Procambarus clarkii
n=4; X £SE
/% lysine level in diets
enzyme 0.76 1.00 1.22 1.47 1.69 1.89 2.18

/(U-ug™) protease 61.36+£3.19 62.43+£2.91 65.62+3.25 64.96£5.74 65.18+£5.35 61.20+£3.87 60.09+4.93
/(U-mg™") lipase 7.61+£0.68 7.71£2.26 8.96+1.45 8.28+2.19 10.54+4.90 8.66+£2.90 6.19+0.99
/(U-mg™") amylase 1.05+0.15 1.5340.18 2.00+0.92 2.35+1.65 2.10+1.12 1.79+£1.08 1.00+0.27

[22-23]

[21]

(Pseudosciaena crocea)?*!

[8]

3.2
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Effect of dietary lysime levels on grow, body composition and diges-
tive enzyme activity of red swamp crayfish (Procambarus clarkii)

ZHANG Weiwei', XU Weina', WANG Ying' %, LIU Wenbin'?, LU Kangle', LI Xiangfei', YANG Weiwei' ?

1. Key Laboratory of Aquatic Animal Nutrition and Feed Science of Jiangsu Province, College of Animal Science and Tech-
nology, Nanjing Agricultural University, Nanjing 210095, China;
2. Wuxi Fishery College, Nanjing Agriculture University, Wuxi 214081, China

Abstract: To determine the optimal dietary lysine requirement of red swamp crayfish, Procambarus clarkii, we
evaluated the effects of dietary lysine levels on growth performance, feed utilization, body composition, muscle
amino acid composition, and digestive enzyme activity of this species. Seven isonitrogenous (28.26% crude pro-
tein) and isocaloric (17.15 kJ-g ' gross energy) diets were formulated with protein sources from the mixture of
casein, gelatin, wheat gluten, and crystalline amino acid (AA) mixture. The measured lysine levels of the experi-
mental diets were 0.76%, 1.00%, 1.22%, 1.47%, 1.69%, 1.89% and 2.18%. Each diet was fed to four groups of 12
crayfish with an initial body weight of (7.60+0.01) g in floating net cages (60 cmx60 cmx60 cm). The crayfish
were fed three times daily for 60 d. The results indicated that weight gain rate (WGR), specific growth rate (SGR),
and feed efficiency ratios (FER) all increased significantly with increasing dietary lysine levels (P<0.05), and their
maximum values were attained at 1.69%, 1.69%, and 1.22%, respectively. However, they all decreased with fur-
ther increasing dietary lysine levels. Survival rate ranged from 89.58% to 97.92%, and showed no significant dif-
ference among all the dietary treatments (P>0.05). Whole-body moisture content of crayfish fed 1.22% dietary
lysine was significantly lower than that of crayfish fed 0.76% dietary lysine (P<0.05), but showed little difference
from that of the other treatments (P>0.05). The highest whole-body protein and lipid content was observed in
crayfish fed 1.89% and 1.69 dietary lysine, respectively. They were both significantly higher than that of crayfish
fed 0.76% lysine (P<0.05), but showed little difference with that of the other treatments (P>0.05). No significant
difference was found in whole-body ash content, muscle composition, muscle AA contents, or digestive enzyme
activity among all the treatments (P>0.05). The second-order regression analysis of WGR against dietary lysine
levels indicated that the optimal dietary lysine requirement of red swamp crayfish (Procambarus clarkii) was
1.66% of diet (5.87% of dietary protein).

Key words: Procambarus clarkii; lysine requirement; growth performance; body composition; digestive enzyme
activity
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