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1  
    Tab.1 Formulation of the experimental feed for grass carp %

 Ingredients Percentage
 Ingredients

Percentage

 Soybean meal 22.2  Soybean oil   0.5

 Cottonseed meal   8.0  Choline   0.5

 Rapeseed meal 20.0  Vitamin mix 0.25

 Wheat bran 22.0 Mineral mix 0.25

 Wheat middling 24.0 CaH2PO4   1.8

 Fish oil   0.5  Total 100 

kg mg/kg VA 6 000 IU/kg VD 2 000 IU/kg VE 50 VK 5 VB1 15 VB2 15 VB3 25 VB5 30
VB6 10 VB7 0.2 VB11 3 VB12 0.03 inositol 100 VC 100 Zn 80 Fe 150 Cu 4 Mn 20 I 0.4 Co 0.1 Se 0.1 Mg 100. 
Note Vitamins and minerals supplied by premix in diet were mg/kg diet VA 6 000 IU/kg VD 2 000 IU/kg VE 50 VK 5 VB1 15 VB2 15 VB3 25
VB5 30 VB6 10 VB7 0.2 VB11 3 VB12 0.03 inositol 100 VC 100 Zn 80 Fe 150 Cu 4 Mn 20 I 0.4 Co 0.1 Se 0.1 Mg 100. 

1.2  
24 h

1 cm
9 00 16 30 2

2%
90%

15 min
1 h

10 d
20 cm 77 d 22~28 pH 6.9~7.6

DO>5 mg/L
1.3
1.3.1
24 h

GR % =
/  100

SGR % d 1 = ln
ln 100/

FCR = /
90%

PER % = /
SR % = /  100

1.3.2  3
1 3 5 g 3 6

2 g
3 8

1 8
1.3.3

GB/T 5009.5—1985
GB/T 5009.6—1985

GB/T 5009.4—1985 105  GB/T 
5009.3 1985
1.3.4  

9

2 0.5 h 10  
1.3.5

0.5 g 5 mL 10%
3 min 20 000 r/min 20 min

2 mL 2 mL 1 mol/L
L-8800 GB/T 14965-94
1.3.6 QTS-25

CNS Farnell

TPA
40 mm 40 mm

50 g 60 mm/min 2
1 s 4 mm 2

TexturePro v2.0
1.3.7

[11]

5 min
= /

100%
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2
    Tab.2 Effects of feeding broad bean on growth performance of grass carp n=27 x SD

Growth index Formula feed group Immersed broad bean group Sprouted broad bean group

g Initial body weight 522.47 16.45a 535.66 10.61a 534.50 6.06a

g Final body weight 956.17 31.75a 830.33 21.97b 870.17 5.62b

/g Feed intake 877.18 14.32a   873.14 24.72a*    907.57 13.96a*
% GR 83.08 6.40a 55.01 4.37c  62.82 2.74b

% d 1 SGR   0.78 0.05a   0.57 0.04c   0.63 0.02b

FCR   2.03 0.14a   2.96 0.13b   2.70 0.08b

% PER   1.75 0.13a   1.39 0.07b   1.44 0.09b

% SR 100 100 100
P<0.05 . * 90% .

Note P<0.05. * The feed intake of broad bean group  con-
verted to 90% dry material.

0.5 g
0.2 g 10 A 2 L

KCl 14.90 g EDTA-Na2 3.44 g 4.78 g pH 7.0
3 000 r/min 3 min 10 40

2.5 100

= xi/ 100•A•B  xi

A B
1.0 cm

0.3 cm 0.3 cm
20% HNO3 24 h

10 40
100

= Yi/ 100•A•B  Yi

A B
1.4  

SPSS11.0

X SD

P<0.05

2

2.1
2

2
83.08% 55.01% 62.82%

2.03 2.96 2.70

P<0.05 P<0.05

P<0.05

P<0.05
P<0.05

2.2
3

P<0.05
P<0.05

P<0.05
P>0.05

2.3  
4

90.83% 85.35%
 P<0.05
24.03% 18.65% P<0.05

P 0.05
P<0.05

P<0.05
P<0.05
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3
  Tab. 3 Effects of feeding broad bean on muscle composition of grass carp n=27 x SD

Muscle composition Formula feed group Immersed broad bean group Sprouted broad bean group

% Moisture 77.87 0.28a 77.70 0.88a 78.44 0.76a

/% Crude protein 17.97 0.68a 18.33 1.19a 17.89 1.13a

% Crude fat   2.40 0.16a   1.25 0.19c   1.86 0.10b

% Crude ash   1.75 0.01a   2.73 0.01c   1.59 0.02b

mg•kg 1 Collagen   7.91 0.74a   9.06 0.13b   9.64 0.18c

P<0.05 . 
Note P<0.05 . 

4
Tab.4 Effects of feeding broad bean on water-loss-rate length of myofibril and muscular fiber diameter of grass carp 

muscle
 n=27 x SD

Sample Physical index Formula feed group Immersed broad bean group Sprouted broad bean group

Dorsal 
muscle

/%
Water-loss-rate   21.16 0.72a   19.22 0.68b   18.06 0.39c

µm
268.05 1.76a 269.93 2.89a 283.64 2.19b

µm
221.43 6.47a 274.60 6.93b 262.77 7.91b

Belly 
muscle

/%
Water-loss-rate

  13.04 1.73a   14.01 1.51a   14.58 1.23a

µm
259.12 5.99a 314.28 2.93c 297.19 3.97b

µm
Muscular 

213.21 11.58a 246.65 7.59b 249.47 4.99b

P<0.05 . 
Note P<0.05 . 

2.4

5

P<0.05 Val Met Lys His
Gly P<0.05

Gly Glu
Ser Asp

299.39 P<0.05
706.67 P<0.05

P<0.05
2.5

6
6 6

27.43% 77.76% 22.74% 63.38% P<0.05

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


1046 15     

5
Tab.5 Effects of feeding broad bean on free amino acids in esh of grass carp

 n=27 x SD g • g 1

Amino acids Formula feed group Immersed broad bean group Sprouted broad bean group

Gly 199.06 16.11a   57.74 5.84b   46.16 3.86b

Glu   87.15 17.23a 146.31 8.12b 150.28 3.73b

Ser 48.28 3.17a   78.27 2.22b   84.37 9.44b

Asp*   2.38 0.41a 4.84 0.91b     4.32 1.24b

Val* 22.15 3.77a 124.36 1.36b 124.53 2.97b

Phe*   8.99 1.08a   17.34 1.27b   22.36 2.16b

Thr* 59.63 7.17a   90.51 3.59b     90.51 24.92b

Ile* 17.99 3.28b   40.93 2.23b   64.50 4.14c 
Leu* 101.01 1.83a 132.42 1.36b 139.38 1.37b

Tyr 33.89 3.07a   46.86 0.46b   57.56 2.02c

Met* 21.89 1.53a   82.20 1.01b 102.91 2.52c

Lys* 44.66 5.12a   218.91 10.22b   252.98 19.00b

Arg 50.77 2.21a   65.39 1.34a 138.71 3.45b

Ala 186.06 8.50a 230.39 9.63b   284.51 12.11c

Pro 91.91 4.70a 212.82 3.19b 309.45 3.38c

His 101.63 8.99a   892.89 10.24b 909.43 8.91b

Cys   4.91 0.43a   11.79 2.01b   18.06 0.43c

NH3 199.67 31.57c   102.29 46.15a 131.91 5.79b

FDAA 328.424 13.95a 299.39 9.33b   291.26 13.77b

FEAA 276.33 9.99a 706.67 9.11b 797.17 4.35c

FNEAA 825.73 3.63a 2149.61 14.85b 2434.75 19.58c

Total FAA 1102.06 7.61a 2856.29 7.76b 3231.93 18.73c

P<0.05 . FDAA FEAA FNEAA
FAA .
Note P<0.05 . FDAA is the abbreviation of free delicious 
amino acid FEAA free essential amino acid FNEAA free nonessential amino acid FAA free amino acid.

6
Tab.6 Effects of feeding broad bean on muscular texture parameters of grass carp esh

 n=27 x SD

Muscle texture parameter Formula feed group Immersed broad bean group Sprouted broad bean group

Hardness 318.03 6.99a 405.25 32.51b 565.41 56.18c

Springiness     0.87 0.05a   0.92 0.03a   0.89 0.04a

Chewiness 241.09 9.84a 253.56 32.89a 386.88 25.42b

Gumminess   262.56 19.91a 322.26 40.10b 428.97 25.99c

Cohesiveness     0.70 0.02a   0.74 0.03a   0.72 0.02a

Resilience     0.54 0.07a   0.58 0.05ab   0.66 0.08b

P<0.05 . 
Note P<0.05 . 
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Effects of feeding broad bean on growth and flesh quality of grass carp 
Ctenopharyngodon idellus

LI Bao-shan1 2 LENG Xiang-jun1 LI Xiao-qin1 LI Jia-le1

1. Collage of Aqua-life of Science and Technology Shanghai Ocean University Shanghai 200090 China 2. Shandong Marine 
Fisheries Research Institute Yantai 264006 China

Abstract The esh of grass carp could become crispy after the sh were fed with broad bean for about 3 months, 
and it is called crisped grass carp. This kind of grass carp culture has been conducted in south China for more 
than 30 years. But until now why and how the esh changed to be crispy is still unknown. Broad bean could be 
fed to grass carp with sprouted or immersed broad bean in practice which means different effects on crisping 
flesh of grass carp. In the present study grass carp with body weight of 530 20 g was fed with formulate 
feed immersed and sprouted broad bean  for 77 days to investigate the effects of feeding broad bean on growth 
performance and esh quality. Growth rates of the three groups were 83.08% 55.01% 62.08% and FCR were 
2.03 2.96 2.70 respectively. The growth rate decreased P<0.05 while FCR increased P<0.05 by feeding broad 
bean. But sh of sprouted broad bean group had better growth than that of immersed broad bean group. The lower 
growing performance of fish fed with broad bean was related to anti-nutrition factors and unbalanced amino 
acids in broad bean. Compared with grass carp fed with formulate feed shes fed with immersed or sprouted 
broad bean had lower fat content water-loss rate P<0.05 but higher collagen content ber diameter of esh 
P<0.05 . The free essential amino acids FEAA and total free amino acids TFAA in muscle were signi cantly 

increased P<0.05 but free avor amino acids decreased P<0.01 by feeding immersed or sprouted broad bean. 
The esh hardness and gumminess were also increased P<0.05 by feeding immersed or sprouted broad bean
compared with that of sh fed with formulate feed. Fish of sprouted broad bean group had higher FEAA TFAA  
hardness and gumminess than those of immersed broad bean group. Results above showed that feeding broad 
bean could improve the esh quality of grass carp but the growth performance was reduced. By contrast feeding 
sprouted broad bean had better effects on growth and crispy esh than feeding immersed broad bean. Journal of 
Fishery Scienves of China 2008 15 6 1 042 1 049
Key words grass carp broad bean growth performance esh quality
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