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Procypris rabaudi T hang
1

2

3 4

7

1

1.1
1.1.1

265 7.1~1 412 g 6.8~38.6 m
0.25 m3

18~21 pH 6.3~6.8 6.8~7.3 mg/L
3

2%~4%
1.1.2

7 80
4 

1
1.1.3
150~260 g

10 W/V
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1.2.3
 1.2.2 

0.0 h 0.5 h 1.0 h 1.5 h 2.0 h 2.5 h 3.0 h 3.5 h
4.0 h 0.2 mL 10%
0.2 mL 6 000 r/min 25 min

0.2 mL 570 nm OD

3

mg h

OD570 0 h OD570

1.3
1.3.1

8

1.3.2 9

1.3.3  = 
g / g 100% = 

g g /

g 100% = 
g g /

g 100%
1.4

SPSS 10.0
Tukey

 P<0.05 

2

2.1
2

3
2

3 Y
Y X

Y=0.042 5X 2.755 7 R2=0.957 Y=0.037 3X 2.780 9 R2= 
0.951 6 Y X

Y X
Y=0.001 9X+0.032 R2=0.979 5

Y=0.213 7X+1.139 6 R2=0.982 1 Y
X  Y=0.017 4

0.001 4X R2=0.971 3

pH 7.4 0.2 mol/L
3 500 r/min 4 15 min

5 mL 4 

1.2
1.2.1

5  

1.2.2 80

0.3 g 100 mL
pH 7.4 0.2 mol/L 20 mL

10 mL
6

150 U/mL+ 150 U/mL 28 

6 h 50 /min
7

1
     Tab.1 Nutrient composition of the test feeds %

Ingredient
Fish 
meal

 
Soybean 

meal 

 
Rapeseed 

meal

 
Cottonseed 

meal 
Extruded 

soybean meal
Extruded 

rapeseed meal
Extruded 

ottonseed meal

Dry matter
92.6 91.7 92.2 92.1 88.7 90.4 89.2

Crude protein
64.2 43.9 37.5 40.9 42.5 36.3 39.5
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2  
   Tab.2 Morphometric characteristics of Procypris rabaudi  X SE 

/g
Body weight

/ m
Body length

n Intestine weight
to body weight

Hepatopan eras weight
 to body weight

Intestine length 
to body length

     7.1 25.8 6.8 9.3 68 0.024 0.0048 0.016 0.0031 1.42 0.34
   109.5 155.5 17.4 18.8 49 0.021 0.0051 0.019 0.0029 1.74 0.42

   339 471 21.7 26.5 50 0.017 0.0032 0.025 0.0043 1.97 0.51
   526.5 772.4 27.2 31.4 62 0.013 0.0025 0.031 0.0027 2.32 0.61
1172.6 1412 33.2 38.6 36 0.011 0.0009 0.037 0.0047 2.95 0.64

3
Tab. 3 Regression equations of morphometric characteristics of Procypris rabaudi to body weight or length

     
 Item      

   
Regression equation

n R2

 Body length body weight Y=0.0425X2.7557 240 0.957
 Body length body gutted weight Y=0.0373X2.7809 225 0.9516

Hepatopan eras weight to body weight body weight Y=0.0019X+0.032 260 0.9795
Intestine weight to body weight body weight Y= 0.0014X+0.0174 270 0.9713

Intestine length to body length body length Y=0.2137X+1.1396 220 0.9821

2.2
4

7

P<0.05 6
10.69 %~79.32 %

9.83 %~53.07 %

4 7  
    Tab.4 In vitro digestion rate of 7 proteins by P. rabandi n=4 X SE %

 

Feed of protein sour e

  Intestine   Hepatopan reas
  

Dry matter
  

Crude protein
  

Dry matter
  

Crude protein

 Fish meal 47.95 2.41a 60.34 4.16 a 45.24 1.98 a 57.31 3.01 a

 Soybean meal 40.46 2.13 54.94 4.08 b 37.46 2.15 52.39 3.46 b

 Cottonseed meal 26.74 1.17 f 39.42 3.47 f 24.32 1.42 f 36.45 2.59 f

 Rapeseed meal 28.16 1.67e 45.61 2.97 e 26.78 1.54 e 41.87 2.61e

Extruded soybean meal 43.32 3.09 b 52.49 3.91 40.98 2.07b 50.13 2.06 

Extruded ottonseed meal 28.41 2.07 e 43.57 2.87e 26.37 1.68e 39.42 1.46 e

Extruded rapeseed meal 30.78 2.16d 49.13 2.48d 28.92 1.49 d 46.56 2.37 d

P<0.05
Note Values with different supsoripts in the same raw are signifi ant differen e P<0.05

P<0.05  
6.25% 10.53%

8.43% 8.15%

9.30% 7.72%
7.99% 11.20%

P<0.05
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2.3
0~4 h 

1~5

mg/h

5

1

Fig.1  Amino a id produ tion of protein enzymolysis solution 

at different time

2

Fig.2  Amino a id produ tion of  extruded ingr ident 

enzymolysis solution at different time

3

Fig.3  Amino a id produ tion of soybean meal and extruded 

soybean meal enzymolysis solution at different time

4

Fig.4  Amino a id produ tion of ottonseed meal and extruded 

ottonseed meal enzymolysis solution at different time

5

Fig.5  Amino a id produ tion of rapeseed meal and extruded 

rapeseed meal enzymolysis solution at different time

1~5 5 1
4

21.80 mg/h
3 P<0.05 26.50%~67.27%

2 3
16.37 mg/h

3

P<0.05 10.74%
16.08%

15.28%  P<0.05

PDF 文件使用 "pdfFactory Pro" 试用版本创建           www.fineprint.com.cn

http://www.fineprint.com.cn


4  6417

5 Y X
Tab.5 Regression equations of amino acids production Y  to enzymolysis reaction time X  and amino acids production rate 

of 7 protein feeds 

 
Ingredient Regression equation

R2
/ mg•h 1

Amino a id produ tion rate
X SE

n

 Fish meal Y=21.800X 1.933 0.9957 21.800 2.167 6

 Soybean meal Y=17.233X 5.689 0.9904 17.233 1.894 5

 Cottonseed meal Y=14.100X 1.533 0.9974 14.100 2.032 5

 Rapeseed meal Y=13.033X 4.400 0.9858 13.033 1.678 5

Extruded soybean meal Y=14.600X 3.089 0.9899 14.600 1.965 5

Extruded ottonseed meal Y=16.367X 3.511 0.9963 16.367 2.008 5

Extruded rapeseed meal Y=14.433X 1.311 0.9979 14.433 1.456 5

3

3.1
3 W L

W=aLb b
2.755 7 W L

W=aLb b 2.780 9

3.2

1  
5 2.64

2.55 3.0~7.8 0.966
2

0.028~0.033 0.014 9 5

2
2  

3  

3.3

3

10 -

 

11

12

Savoie 13
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19
-

11

-

Moyano 14

Sparus aurata

3.4

2.81%

Parsons 15

16

35.7% 25%

1.30%~1.59%

 

1   . M . 1994

165 172.

2   . M . 

1998 170 172.

3   Bassompierre M Borresen T Sandfeld P et al. An evaluation 

of open a losed systems for in vitro protein digestion of fish 

meal J . Aqua Nutr 1997 3 153 159.

4   Chong R Hashim I M. Assessment of dry matter and pro-

tein digestibilities of sele ted raw ingredients by dis us fish 

Symphysondon acquifasciate  using in vivo and in vitro 

methods J . Aqua Nutr 2002 8 229 238.

5   . M . 

1982 162 175.

6   . M

1990 189 194.

7   . J . 

2003 10 2 169 172.

8   Asso iation of Offi ial Analyti al Chemists. Offi ial Methods of 

Analysis M . 15th Edition AOAC In . Arlington Virginia

1990 25 28.

9   . 

J . 1993 14 9 18 20.

10   . 

J . 2004 12 4

416 421.

11   .

J . 2001 37 6 12 14.

12   Tarvid I. The development of protein digestion in poultry M

Poultry Avian Biol Rev 1995 6 1 35 54.

13   Savoie L Charbonneau R Parent C In vitro amino a id di-

gestibility of food proteins as measured by the digestion ell 

te hnique J . Plant-foods Human Nutr 1989 39 93 107.

14   Moyano F J Savoie L. Comparison of in vitro systems of 

protein digestion using either mammal or fish proteolyti  

enzymes J . Compar Bio hem Physiol Part A 2001 128

359 368.

15  Parsons C M Hashimoto K Wedekind K J et al. Effe t of 

overpro essing on availability of amino a ids and energy in 

soybean meal J . Poultry S i. 1992 71 133 140.

16  . 

J . 2002 23 10 18 21.

PDF 文件使用 "pdfFactory Pro" 试用版本创建           www.fineprint.com.cn

http://www.fineprint.com.cn


4  6437

Apparent digestibilities of 7 feedstuffs in vitro for Procypris rabaudi from Jialing 
River

LIN Shi-mei1 2 LUO Li1

1.College of Animal S ien e and Te hnology Southwest University Chongqing 400716 China 2.Key Laboratory of Mari ulture
Ministry of Edu ation O ean University of China Qingdao 266003 China

Abstact Procypris rabaudi was an endemi  fish in upper rea hes of the Yangtze River in hina. In order to 
investigate the digestibile apa ity for 7 protein feedstuffs digest enzymes for the enzymolysis ultivation were 
extra ted from intestine and hepatopan reas respe tively. The apparent digestibilities of dry matter and rude 
protein for Procypris rabaudi to fish meal soybean meal rapeseed meal ottonseed meal extruded soybean 
meal extruded rapeseed meal and extruded ottonseed meal were determined in vitro. The amino a id produ ed 
from the enzymolysis fluid of seven proteins were measured by the method of ninhydrin in 0 4 hour. The 
regression equations of the amino a id to time were ondu ted respe tively. The amino a id produ tion rate from 
7 proteins were measured. The results showed that 1  The digestibility of dry matter rude protein and the 
enzymolysis rates of fish meal was higher than that of soybean meal rapeseed meal or ottonseed meal while 
the digestibility of rapeseed meal and ottonseed meal was the lowest. The digestibility of dry matter of fish 
meal sotbean meal rapeseed meal and ottonseed meal was 47.95% 40.46% 28.16% 16.74% respe tively. 
and the enzymolysis rate of amino a id was 21.800 mg•h 1 17.233 mg•h 1 13.033 mg•h 1 14.100 mg•h 1

respe tively. 2  Compared to extruded soybean meal rapeseed meal and ottonseed meal the digestibility of 
dry matter rude protein and the enzymolysis rates of extruded rapeseed meal and extruded ottonseed meal 
signifi antly in reased. The digesitibility of dry matter and protein for extruded ottonseed meal in vitro were 
in reased by 6.25% and 10.53% in intestine by 8.43% and 8.15% in hepatopan reas. and that of extruded 
rapeseed meal were in reased by 9.30%and 7.72% in intestine by 7.99% and 11.20% in hepatopan reas 
ompared to non-extrused rapeseed meal.The enzymolysis rate of amino a id for extruded ottonseed meal and 

extrused rapeseed meal were in reased by 10.74% and 16.08% ompared to non-extruded one respe tively. 
However the digestibility of extruded soybean meal signifi antly de reased. In on ulusion Procypris rabaudi 
has a good ability to digest 7 tested feedstuffs. Journal of Fishery S ien es of China 2008 15 4 637 643
Key words Procypris rabaudi protein feedstuff digestibility in vitro study
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