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1
Tab.1 Average body length body weight and survival rate of Fenneropenaeus chinensis

 n=30 X SD

Item
Group

A Con. B C D E

/cm Final body length 4.08 0.51a 4.46 0.46b 4.69 0.49bc 4.74 0.43bc 4.93 0.59c

/g Final body weight 0.83 0.20a 1.09 0.33ab 1.23 0.37bc 1.32 0.37 bc 1.45 0.49c

SGR/ % d 3.17 0.14 a 3.69 0.44ab 3.96 0.14 bc 4.09 0.02 bc 4.27 0.32 c

% Survival rate 75.56 5.09a 78.89 6.94a 80.00 6.67a 80.00 5.77a 82.22 3.85a

P<0.05 2.38 0.21 cm 0.17 0.05 g
Note Different letters in the same column show signi cant difference P<0.05 initial body length 2.38 0.21 cm initial body weight 0.17

0.05 g

2
  Tab. 2 Amino acid compositions of formulated diet and Eisenia foetida mg/ 100mg

Amonio acid Formulated diet Eisenia foetida Amonia acid Formulated diet Eisenia foetida

Thr 1.31 3.26 Gly 2.21 3.64

Val 1.94 3.60 Ala 1.94 7.03

Met 0.71 1.60 Ser 1.77 3.28

Ile 1.53 3.35 Tyr 1.03 2.25

Leu 2.98 6.21 Ala 1.09 2.45

Phe 1.89 2.93 35.67 69.31

Lys 1.72 4.72 16.34 32.62

His 0.76 1.56 15.44 28.71

Arg 3.15 4.77 4.64 9.96

Cys 0.35 0.62 EAA/TAA 0.448 0.462

Glu 7.38 11.02 EAA/NEAA 0.813 0.858

Asp 3.91 7.02

.
Note Essential amino acid delicious amino acid feeding-boosted amino acid.

2.2.2 3
62.5

FAO/WHO

AAS CS EAAI 4 5
4

AAS
+ CS

+ A +
B C D E

EAAI

2.3
6
C16 0 C18 1n-9 C18 2n-6 C20 5n-3 EPA

C22 6n-3 DHA C16 1 C18 3n-3 C20 4n-6

C16 0 C18 0 C18 1n-7 C18 2n-6 C20 4n-6 C20 5n-3

C22 6n-3 DHA
n-3/ n-6 0.59

1.07 C18 3n-3/C18 2n-6 0.11
0.02
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3
 Tab. 3 Amino acid compositions of Fenneropenaeus chinensis muscles in different treatments mg/ 100mg

Amino acid 
 Group

Mean
/

fA Con B C D E

Thr 3.41 3.45 3.46 3.52 3.53 3.47 1.45

Val 4.02 3.96 3.79 3.84 3.95 3.91 2.41

Met 2.36 2.71 2.23 2.7 2.77 2.55 9.49

Ile 4.04 4.03 3.94 3.98 4.11 4.02 1.60

Leu 7.89 8.11 8.24 8.22 8.25 8.14 1.86

Phe 3.58 3.58 3.68 3.61 3.66 3.62 1.27

Lys 6.34 6.31 6.60 6.57 6.55 6.47 2.13

His 1.44 1.53 1.48 1.51 1.44 1.48 2.74

Arg 7.58 7.72 8.2 7.91 8.01 7.88 3.08

Asp 9.16 9.15 9.42 9.46 9.56 9.35 1.98

Glu 13.72 13.68 13.80 13.95 14.19 13.87 1.50

Gly 8.85 8.87 9.3 9.42 9.57 9.20 3.55

Ala 7.51 7.62 7.01 7.76 7.76 7.53 4.12

Ser 3.17 3.14 3.38 3.23 3.31 3.25 3.05

Tyr 2.64 2.87 2.94 3.05 3.01 2.90 5.57

Ala 3.23 3.24 3.22 3.19 3.23 3.22 0.60

88.94 89.97 90.69 91.92 92.90 90.86 1.72

40.66 41.40 41.62 41.86 42.27 41.54 1.44

39.24 39.32 39.53 40.59 41.08 39.95 2.08

17.55 17.89 18.13 18.69 18.89 18.22 3.05

Note Essential amino acid delicious amino acid feeding-boosted amino acid.

4
  Tab. 4 Compositions of amino acid in Fenneropenaeus chinensis muscles 10 3

Animo acid

 Group

Egg protein
FAO/WHO 

StandardA B C D E

Ile 253 252 246 249 257 501 250

Leu 493 507 515 514 516 848 440

Lys 396 394 413 411 409 653 340

+ Met+Cys 148 169 139 169 173 587 220

Thr 213 216 216 220 221 404 250

Val 251 248 237 240 247 603 310

+ Phe+Tyr 389 403 414 416 417 960 380
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2.4

7 n-6 HUFA
n-3 

HUFA
A B

C D E A

n-3 B C D E
E B n-6

n-3/
n-6 B C D E A

C22 6n-3/C18 2n-6 B C22 6n-3/C18 2n-6

A

5 AAS CS EAAI
Tab. 5 Comparison of AAS CS and EAAI in Fenneropenaeus chinensis muscles

 Amino acid
 Group

AAS

Ile 1.01 1.01 0.99 1.00 1.03
Leu 1.12 1.15 1.17 1.17 1.17
Lys 1.17 1.16 1.21 1.21 1.20
+ Met+Cys 0.67 0.77 0.63 0.77 0.79
Thr 0.85 0.86 0.87 0.88 0.88
Val 0.81 0.80 0.76 0.78 0.80

+ Phe+Tyr 1.02 1.06 1.09 1.10 1.10

CS

Ile 0.50 0.50 0.49 0.50 0.51
Leu 0.58 0.60 0.61 0.61 0.61
Lys 0.61 0.60 0.63 0.63 0.63
+ Met+Cys 0.25 0.29 0.24 0.29 0.29
Thr 0.53 0.53 0.54 0.54 0.55
Val 0.42 0.41 0.39 0.40 0.41

+ Phe+Tyr 0.40 0.42 0.43 0.43 0.43
EAAI 45.43 46.67 45.52 47.08 47.69

6
   Tab.6 Fatty acid compositions of formulated diet and Eisenia foetida  

Fatty acid Formulated diet Eisenia foetida

C14 1 3.77 1.14

C16 0 19.77 4.14

C16 1 0.97 1.90

C18 0 4.81 7.55

C18 1n-9 11.91 2.80

C18 1n-7 2.55 8.93

C18 2n-6 18.18 7.95

C18 3n-3 0.32 0.85

C20 4n-6 0.99 6.81

C20 5n-3 EPA 9.19 7.87

C22 6n-3 DHA 11.07

n-3/ n-6 1.07 0.59

C18 3n-3 /C18 2n-6 0.02 0.11
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3
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0.60 18 EAA/

TAA 0.462 0.448 EAA/NEAA
0.858 0.813

7
 Tab. 7 The fatty acid compositions of Fenneropenaeus chinensis muscles in different treatments X SD %

 Fatty acid
 Group

A B C D E

C14 1 0.88 0.09 0.88 0.05 1.00 0.09 0.99 0.16 0.98 0.02
C16 0 19.77 0.04 19.89 1.20 18.87 0.41 19.02 1.66 19.63 0.04
C16 1 1.06 0.05 1.14 0.05 1.39 0.11 1.39 0.02 1.36 0.14
C18 0 9.51 0.05 9.02 0.83 9.88 0.92 9.33 0.77 9.78 0.55

C18 1n-9 11.12 0.15 10.31 0.67 10.49 0.25 10.46 0.64 9.64 0.94
C18 1n-7 3.48 0.19 3.45 0.19 3.37 0.32 3.88 0.17 3.85 0.47
C18 2n-6 11.12 0.19 11.18 0.83 10.64 0.75 11.51 0.12 10.54 0.13
C18 3n-3 0.61 0.06 0.60 0.05 0.62 0.09 0.70 0.01 0.59 0.09
C20 4n-6 3.73 0.58 3.92 0.24 4.64 0.46 4.73 0.33 5.31 0.72

C20 5n-3 EPA 15.31 0.41 13.14 0.40 12.49 0.79 12.65 1.37 11.89 0.68
C22 6n-3 DHA 13.85 0.15 13.20 1.03 12.29 0.90 12.04 0.22 11.27 0.69

 EFA 40.89 0.51a 38.12 2.27ac 36.04 2.13bc 36.90 1.62bc 34.29 0.24b

n-3 HUFA 29.77 0.31a 26.94 1.43c 25.40 1.38bc 25.39 1.57bc 23.75 0.11b

n-6 HUFA 14.85 0.39a 15.10 0.92a 15.28 1.21a 16.24 0.37a 15.85 0.59a

n-3/ n-6 2.01 0.07a 1.79 0.02b 1.66 0.04c 1.56 0.06d 1.50 0.06d

C22 6n-3/C18 2n-6 1.25 0.04a 1.18 0.00ab 1.15 0.04b 1.05 0.02d 1.07 0.05d

P<0.05
Note The different letters in the same column show signi cant difference P<0.05

1 . . 1988,255 258.
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Litopenaeus vannamei

7

DHA
EPA

DHA 34 DHA

1/4

DHA
DHA

DHA

1 . 

J . 2000 1 4 5.

2 . 

J . 2002 13 6

728 730.

3 Cgavas I . J . 

1994 2 5-12.

4 J

2003 26 1 27 30.

5 J

2005 21 3 188 191.

6

J 1992 12 12 741 743

7

J 2006

13 4 561 565.

8 J

1988 4 163 165

9 J

1988 1 24 27

10

M 1984 132 136

11 FAO/WHO Ad Hoc Expen Committee. Energy and protein 

requirements R // FAO Nutrition Meeting Report Series

1973 52 40 73

12

J 2001 25 8 16 18

13

J 2000 24 2 180 184

14

J 2006 30 4 453 458

15

J 2003 13 27 28

16

J 1999 3 21

17

J 2003 10 34 36

18

J 2006 36 1 107 111

19 J

2006 26 4 83 85

20

J 2004 13 3 69 71

21

J 2000 23 1 31

22 J

1998 21 3 133 135

23 J

2002 24 4 17 19

24

J 2001 22 3 86 89

25

J 2005 24 4 732 736

26

J 2006 26 1 101 105.

27 .EPA DHA J

1995 4 17 19

28 Albro P W Schroeder J L Corbett J T. Lipids of the earthworm 

Lumbricus terrestris J Lipids 1992 27 136 143

29 Petersen S O Holmstrup M. Temperature effects on lipid 

composition of the earthworms Lumbricus rubellus and 

Eisenia nordenskioeldi J Soil Biol Biochem 2000 32

1 787 1 791.

30 Sampedro L Jeannotte R Whalen J K. Trophic transfer of 

fatty acids from gut microbiota to the earthworm Lumbricus 

terrestris L J Soil Biol Biochem 2006 38 2 188 2 198
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Effects of fresh diet Eisenia foetida on growth and biochemical components of 
Fenneropenaeus chinensis juveniles

LIU Shi-lin 1 LIU Ying1 CHEN Mu-yan1 2 ZHOU Yi1 ZHANG Tao1 YANG Hong-sheng1 
1. Institute of Oceanology Chinese Academy of Sciences Qingdao 266071 China 2. Graduate School Chinese Academy of 

Sciences Beijing 100039 China

Abstract The purposes of the present study were to evaluate the impacts of different diet compositions on 
growth and biochemical components of shrimp Fenneropenaeus chinensis juveniles feeding fresh diet Eisenia 
foetida mixed with formulated diet in different proportions. The results showed that shrimps were more fond 
of earthworm diet than formulated diet and the diet in the proportion 1 3 of fresh diet to formulated diet 
signi cantly increased the growth rate P<0.05 . With the increase of earthworm diet proportion body length and 
its corporeity signi cantly meliorated but no obvious in uence on survival rate happened. With the increment of 
fresh diet proportion the contents of total amino acids essential amino acids delicious amino acids Glu Asp
Gly and Ala  and feeding-boosted amino acid Met Lys and Gly  were signi cantly increased in muscle. With 
earthworm diet feeding-boosted amino acid was observably affected followed with delicious amino acids and 
essential amino acids in shrimp muscle. According to the nutritive value evaluation the nutritive value of protein 
and quality of shrimp muscle can be improved by feeding fresh diet. With the increment of fresh diet proportion
the contents of total fatty acids essential fatty acids relative content of n-3 and the ratio of n-3/ n-6 
decreased significantly in muscles especially when the fresh diet feeding accounted for more than 1/4 of the 
feeding scale per day. With the growth results of shrimps the lack of DHA had no in uence to its growth. With 
the feeding increase of earthworm growth of shrimp juveniles were obviously accelerated. The analysis of fatty 
acid content in fresh diet showed that DHA level was the lowest thus the diet with high DHA levels should be 
included when Eisenia foetida was considered as the major diet resource of unsaturated fatty acids. Journal of 
Fishery Sciences of China 2008 15 1 145 153
Key words Fenneropenaeus chinensis Eisenia foetida growth biochemical components
Corresponding author LIU Ying. E-mail yinliu@ms.qdio.ac.cn
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