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1

  Tab. 1 Changes of protease activity in C. alburnus juveniles during starvation g Tyr / g min

Tissue
Group

A B C D E

Foregut 2305.27 45.05a 1951.70 50.37b 1433.47 54.75c 1434.67 67.40c 1296.73 23.01c

Hindgut 1707.40 120.09a 1394.33 39.53b 997.23 71.56c 832.57 20.19cd 719.57 19.87d

Hepatopancreas 539.87 63.08a 422.43 13.91b 387.57 11.11bc 322.93 16.82c 300.30 4.57c

A~E 0 d 4 d 8 d 12 d 16 d .
Note Groups A E are starved for 0 d 4 d 8 d 12 d and 16 d respectively values with different superscripts in one row mean significant 
difference.

1.2.2

3

1.3
X SD

statistica6.0 0.05

Duncan s

2

2.1

2.1.1

1 4 d
P <0.05 8 d

4 d P <0.05
12 d 16 d

2.1.2

4 d
2

4 d 4 d
8 d 12 d 4 d

P <0.05
8 12

16 d 12 d
4 d

P <0.05 8 d

2.2

2.2.1
3

4 d 8 d
12 d

8 d
P <0.05

4 d 8 d
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2
Tab. 2 Changes of protease activity in C. alburnus juveniles after re-feeding

 g Tyr / g min

Group Tissue
Before 

starvation

d  Time of re-feeding

0 4 8 12 16

A

Foregut
2305.27

55.18
2352.03

185.60 
2347.67

93.46 
2310.47

98.80 
2304.33

135.99 

Hindgut
1707.40

147.08 
1696.80

99.40 
1740.07

87.02 
1666.50

84.55 
1691.37

153.58 

Hepatopancreas
539.87

77.27 
511.30

36.25 
509.20

34.53 
510.10

67.30 
549.73

57.67 

B

Foregut
2346.70

55.78 a
1951.70

61.70 b
2441.10

87.98a
2340.00

73.23 a
2340.43

178.06 a 2300.00 78.74a

Hindgut
1802.53

91.25 a
1394.33

48.12 b
1780.17

16.08 a
1764.40

20.62 a
1737.10

91.96 a 1666.43 96.28 a

Hepatopancreas
520.23

49.90 a
422.43

17.05 b
603.27

7.21 a
546.27

78.59 a
513.63

36.37 a
510.53

35.21 a

C

Foregut
2352.31

68.57 ab
1433.47

67.06 c
2510.13

38.52 a
2500.17

9.30 a
2387.07

51.93ab 2326.80 82.36b

Hindgut
1672.60

74.65 ab
997.23

87.65 c
1860.07

63.93 a
1735.17

33.36 ab
1749.40

60.53 ab
1666.5

84.55 b

Hepatopancreas
534.83

13.86 b
387.57

13.61c
683.93

22.41a
653.60
30.42 ab

527.80
87.87 b 540.37 51.75b

D

Foregut
2374.80

86.36 a
1434.67

82.65b
2537.4

67.28 a
2385.57

59.35 a
2409.77

67.72a 2384.73 92.99 a

Hindgut
1704.27

44.27a
832.57

24.74 b

1857

57.17a

1801.97
53.63a

1714.53
36.68 a

1689.03
112.33a

Hepatopancreas
543.33

23.91 c
322.93

20.61d
704.30

26.35a
628.93

50.57 b
541.80

18.68c
518.80

19.26c

E

Foregut
2370.10

86.45 a
1296.73

28.18 b
2548.20

45.13a
2414.60

41.45 a
2372.50

123.88a 2397.43 49.26a

Hindgut
1698.47

50.78 b
719.57

24.35c
1879.73

34.08 a
1775.67

89.03 ab
1706.63

54.84b 1694.93 55.27 b

Hepatopancreas
531.37

18.46 c
300.30

5.60 d
701.97

19.46 a
610.17

25.07 b
516.80

18.65c 556.73 28.53bc

A~E 0 d 4 d 8 d 12 d 16 d .

Note Groups A E are starved for 0 d 4 d 8 d 12 d and 16 d respectively values with different superscripts in one row mean signi cantly different.

3
Tab. 3 Changes of amylase activity in C. alburnus juveniles during starvation

 mg maltose / g 30 min

Tissue
Group

A B C D E
Foregut 6.76 0.25a 5.93 0.18 b 5.25 0.23 bc 4.49 0.36cd 4.12 0.09d

Hindgut 5.41 0.22a 4.72 0.22b 4.34 0.28 bc 3.24 0.14d 3.17 0.17d

Hepatopancreas 9.51 0.40a 8.54 0.23b 7.14 0.23c 6.16 0.35d 5.36 0.10 d

A~E 0 d 4 d 8 d 12 d 16 d .
Note Groups A E are starved for 0 d 4 d 8 d 12 d and 16 d respectively values with different superscripts in one row mean signi cantly different.
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5
Tab. 5 Changes of lipase activity in C. alburnus juveniles during starvation

 g fatty acid / g min

Tissues
 Group

A B C D E

Foregut 18.31 0.78a 16.91 0.29a 12.20 0.40b 11.11 0.53bc 10.11 0.34 c

Hindgut 26.20 0.33a 21.96 0.643b 17.06 0.31c 14.93 0.78d 14.05 0.40d

Hepatopancreas 8.81 0.29a 7.12 0.26b 5.05 0.21 3.99 0.27d 3.68 0.09d

A~E 0 d 4 d 8 d 12 d 16 d .
Note Groups A E are starved for 0 d 4 d 8 d 12 d and 16 d respectively values with different superscripts in one row mean signi cantly different.

2.2.2

4 d 1

P < 0.05 4 d
12 d 4

4
Tab. 4 Changes of amylase activity in C. alburnus juveniles after re-feeding

 mg maltose / g 30 min

Group Tissue Before starvation
d Time of re-feeding

0 4 8 12 16

A

Foregut 6.76 0.31 6.78 0.23 6.72 0.55 6.56 0.45 6.69 0.34

Hindgut 5.41 0.26 5.57 0.56 5.52 0.17 5.80 0.23 5.52 0.49

Hepatopancreas 9.51 0.48 9.50 0.17 9.64 0.47 9.61 0.16 9.48 0.56

B

Foregut 6.74 0.25b 5.93 0.22 b 7.23 0.29a 6.77 0.21b 6.78 0.49 b 6.43 0.38b

Hindgut 5.79 0.19 ab 4.72 0.27c 6.08 0.25a 5.21 0.24bc 5.75 0.40ab 5.70 0.34ab

Hepatopancreas 9.37 0.24a 8.54 0.29b 9.47 0.29a 9.46 0.05a 9.66 0.39a 9.18 0.16a

C

Foregut 6.41 0.34b 5.25 0.28c 7.76 0.32a 6.93 0.46ab 6.89 0.48ab 6.55 0.23b

Hindgut 5.70 0.22b 4.34 0.34c 6.77 0.37a 5.86 0.23b 5.67 0.38b 5.87 0.16b

Hepatopancreas 9.48 0.18b 7.14 0.28c 11.30 0.40a 9.92 0.10b 9.80 0.16b 9.60 0.33b

D

Foregut 6.79 0.24 ab 4.49 0.44c 7.96 0.23a 7.2 0.40ab 6.87 0.65ab 6.47 0.33b

Hindgut 5.58 0.34b 3.24 0.17c 6.74 0.33a 5.73 0.34b 5.71 0.31b 5.74 0.17b

Hepatopancreas 9.59 0.41b 6.16 0.42c 11.41 0.53 a 9.66 0.19b 9.55 0.49b 9.43 0.24b

E
Foregut 6.47 0.31b 4.12 0.11c 8.06 0.20 a 7.41 0.29 a 6.71 0.34b 6.51 0.29b

Hindgut 5.54 0.52 b 3.17 0.21c 6.77 0.27 a 5.45 0.20b 5.62 0.49 b 5.55 0.21b

Hepatopancreas 9.70 0.51b 5.36 0.12c 11.85 0.40 a 9.81 0.18 b 9.73 0.37 b 9.46 0.35 b

A~E 0 d 4 d 8 d 12 d 16 d .
Note Groups A E are starved for 0 d 4 d 8 d 12 d and 16 d respectively values with different superscripts in one row mean signi cantly different.

2.3 

2.3.1
5

4 d
P <0.05 8 d

4 d P <0.05
12 d 8 d

P <0.05

4 d 8 d
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Tab. 6 Changes of lipase activity in C. alburnus juveniles after re-feeding

 g fatty acid / g min

Group Tissue Before starvation
d Time of re-feeding

0 4 8 12 16

A
Foregut 18.31 0.96 18.69 0.56 18.62 0.76 19.01 1.07 19.33 0.83
Hindgut 26.21 0.41 26.68 1.27 26.31 0.90 25.87 0.90 26.20 1.11

Hepatopancreas 8.81 0.36 8.90 0.96 8.90 0.22 8.57 0.64 8.34 0.62

B
Foregut 19.04 0.12b 16.51 0.35c 20.49 0.51a 18.43 1.06b 18.38 0.68b 19.35 0.67ab

Hindgut 26.27 1.18b 21.96 0.79c 29.51 0.59a 25.86 0.57b 27.00 1.31b 26.53 0.59b

Hepatopancreas 8.53 0.71b 7.12 0.33b 9.96 0.33 a 8.77 0.23 a 8.97 0.97 a 8.54 0.45b

C
Foregut 18.96 0.48b 12.20 0.49c 22.52 0.76a 19.87 0.41b 19.25 0.98 b 18.95 0.63b

Hindgut 26.28 0.77b 17.06 0.38c 31.82 1.53a 27.09 0.99b 26.56 1.35b 26.47 0.65b

Hepatopancreas 8.50 0.47b 5.05 0.26c 11.17 0.29a 9.37 0.41b 8.85 0.33b 8.67 0.66b

D
Foregut 19.26 0.34 b 11.11 0.65c 22.64 0.53a 19.33 0.95b 19.09 0.30b 18.97 0.47 b

Hindgut 25.79 0.34c 14.93 0.96 d 31.6 0.84a 27.82 0.58b 25.89 0.57bc 26.19 0.84bc

Hepatopancreas 8.45 0.41b 3.99 0.34c 10.65 0.41a 9.32 0.85ab 8.53 0.44 b 8.53 0.11b

E
Foregut 18.89 0.42b 10.11 0.42c 22.69 0.39 a 20.56 0.52b 19.32 0.84 b 19.12 0.63 b

Hindgut 26.15 0.29 b 14.05 0.50c 31.43 0.94 a 27.55 0.42b 26.72 0.75b 26.28 0.54b

Hepatopancreas 8.78 0.13bc 3.68 0.11d 10.67 0.49a 9.38 0.43 b 8.37 0.35c 8.84 0.32bc

A~E 0 d 4 d 8 d 12 d 16 d .
Note Groups A E are starved for 0 d 4 d 8 d 12 d and 16 d respectively values with different superscripts in one row mean signi cantly different.
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3.2
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Effects of starvation and refeeding on activities of digestive enzymes in Culter 
alburnus Basilewsky juveniles

FAN Qi-xue CHENG Peng LIU Wen-kui 
Fishery College Huazhong Agricultural University Wuhan 430070 China 

Abstract The effects of starvation for diferent time and refeeding on the activities of digestive enzymes protease
amylase and lipase  in three parts of digestive organs foregut hindgut and hepatopancreas  of Culter alburnus 
Basilewsky juveniles were investigated indoor under 20.3 24.8 After two weeks acclimation 375 juveniles
body weight 4.22 0.29 g were divided into ve groups A B C D and E respectively three replicates  each 
25 individuals which were starved for 0 d contro1 4 d 8 d 12 d and 16 d respectively then all re-fed for 16 
d. The results showed that the activities of digestive enzymes were in uenced markedly by starvation P<0.05 . 
The activities of three kinds of enzymes all decreased sharply during the rst 4 8 days of starvation the lipase 
activities of sh starved for 12 d still decreased and were greatly lower than those starved for 8 d P<0.05 and 
then the digestive enzymes activities tended to decrease smoothly. Upon refeeding the protease activities in the 
three parts rose quickly reaching peak on the 4th day of which the protease activities in hepatopancreas except 
the sh starved for 4 d  were greatly higher than those before starvation and then fell down to the level before 
starvation after refeeding for 4 d the amylase activities in three parts mostly reached the level that was greatly 
higher than those before starvation and then recovered to the normal level after refeeding for 8 d the lipase 
activities also rose to a peak after refeeding and then recovered to the normal level the longer time the fish 
starved the higher the lipase activities rose. The distribution of the activities of digestive enzymes in three parts of 
digestive organs of C. alburnus juveniles were also discussed in this paper. Journal of Fishery Sciences of China
2008 15 3 439 445
Key words starvation refeeding digestive enzymes enzyme activity Erythroculter ilishaeformis 
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