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, -20 , 10
1 1)
(WGR, %) = (W,—W,) x100/W,
1.1 (SGR, %/d) = (INW~InW,)
%100/t
( : 2.5mx1.7mx0.5m) (FCR) = C/(W—W,)
(1.5£0.2)g (FR, %/d) = 100xW /[tx(W; + W)/2]
3000 (CF, %) = 100xW,/L®
1.2 (HSI, %) = 100xXW,/W,
10 : S1F2 S1F3 (VSI, %) = 100X W,/W,
S1F4 S2F4 S2F6 S2F8 S4F8 S4F12 S4F16, , (glcm?), (cm),
1 3 ' (@, Wy W,
(9. C (9).t
34% 6% 10% (d), No N,
£1 @R N (em). W O
Tab.1 Feeding modes (9)
(60d) (2)
105 ,
S1F2 1 2 1 2 , ,
S1F3 1 3 1 3 550
S1F4 1 4 1 4 3)
S2F4 2 4 2 4
S2F6 2 6 2 6 ( )
S2F8 2 8 2 8 (SOD)
S4F8 4 8 4 8 , 28
S4F12 4 12 4 12 1ng , 1
S4F16 4 6 4 16 (U/ng); : 28
' mg
1.3 1min, 1 umol 1 (U/mg);
7d mg 28
3000 : 30 , 30min, 10mg 1
100 (U/mg) SOD mg
(8:00 12:00 16:00), Iml SOD 50%
, SOD SOD (U/mg),
(29£3) (10L/min) ,
, > 5mg/L
14 15
60d 24h + (Mean=SD)
; , SPSS 18.0 ,
20 Duncan’s



3 : (Cyprinus carpio var. Jian) 369
2 (P>0.05), S1F4
S2F6 S2F8 S4F12 S4F16
2.1 oo , (P>0.05), (P<0.05),
' 1 2 4 ,
, , SIF4 S2F8 S4F16
(P>0.05), 5
124 ’ (P>0.05); 9
, S1F2 < S1F3 < S1F4 S2F4 < (P<0.05), 192
S2F6 < S2F8 S4F8 < S4F12 < SAF16 4 ’
(P<0.05),
S1F2 > S1F3 > S1F4 S2F4 > S2F6 > S2F8 S4F8 > 5
S4F12 > S4F16 ; (P>0.05)
(P<0.05), 12 7 9

4 :
, S1F2 < S1F3 < S1F4 S2F4 < S2F6 <
S2F8 S4F8 < S4F12 < S4F16 9
. 1
2 4 ,
, S1F2 < S1F3 < S1F4 S2F4 < S2F6
< S2F8 S4F8 < S4F12 < S4F16

3 l
(P>0.05), 9 12 4
(P>0.05), 9 12 4

; (P>0.05)
2.2

4 1

, S1F3 S1F4 S2F6 S2F8 S4F8
S4F12 S4F16 (P<0.05),
S1F2 < S1F3 < S1F4 S2F4 < S2F6 < S2F8 S4F8 <
S4F12 < S4F16 ;
(P<0.05);
: S1F3 S1F4 S2F8
(P<0.05), S1F2 < S1F3 < S1F4 S2F4 <
S2F6 < S2F8 S4F8 < S4F12 < S4F16 ;
SOD (P<0.05),
S1F2 > S1F3 > S1F4 S2F4 > S2F6 > S2F8 S4F8 >
S4F12 > S4F16

3

3.1

*2 TEBFMEXNEEEEER, BEERKE, FRE. ERRAKHFTN
Tab.2 Effect of different feeding mode on weight gain ratio, specific growth rate, feeding rate and feed conversion ratio of
C. carpio var. Jian

(9) (9) (100x%) (%/d) (%/d)

1.50+0.12 37.96+3.35° 24.31+2.23° 5.37+0.24° 3.16+0.26° 1.46+0.19%
S1F2 1.50+0.08 26.06+0.68° 16.37+0.25° 7.13+0.33% 5.11+0.07% 1.41+0.23°
S1F3 1.51+0.11 30.21+2.35" 19.14+0.91° 6.67+0.29% 4.45+0.18° 1.37+0.11%
S1F4 1.50+0.06 32.53+2.75%° 20.69+1.06%° 6.41+0.11° 4.25+0.21° 1.33+0.12°
S2F4 1.51+0.08 24.34+1.67° 15.89+0.64° 6.98+0.24° 5.49+0.29* 1.44+0.15°
S2F6 1.50+0.04 29.28+2.91% 18.19+1.12" 6.61+0.16° 4.96+0.31%° 1.41+0.17°
S2F8 1.51+0.04 34.83+5.83% 22.2242.24% 6.53+0.19% 4.47+0.36° 1.32+0.21°
S4F8 1.50+0.12 25.58+3.71° 16.05+1.43° 7.09+0.21% 5.37+0.39% 1.45+0.21%
S4F12 1.51+0.05 27.15+1.63" 18.11+0.62" 6.43+0.18% 5.14+0.21% 1.44+0.14%
S4F16 1.51+0.07 32.31+6.42%° 20.54+2.47%° 6.36+0.25% 4.51+0.54° 1.43+0.31%

(P>0.05), (P<0.05)
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F3 AEEMBARAITEEEEHE . BRRLE. BFHRERIZ MM
Tab.3 Effect of different feeding mode on condition factor, vis-
cerasomatic index and hepatosomatic index of C. carpio var. Jian

F*6 AREHMRAEN X ERIR R E IR B 5 B2
Tab.6 Effect of different feeding mode on carcass composition
of C. carpio var. Jian

(%) (%) (%) (%) (%)

2.73+0.11 10.53£1.39 2.91+0.41 71.0120.35 17.6420.46 8.61+0.63

S1F2 2.81+0.21 10.46+0.61 2.49+0.45 S1F2 70.78+0.36 17.52+0.63 8.42+0.57
S1F3 2.8240.16 11.03+0.97 2.79+0.35 S1F3 70.62+0.49 18.02+0.82 8.81+0.61
S1F4 2.84+0.05 10.97+1.44 2.85+0.39 S1F4 70.93£0.34 17.95+0.69 8.84+0.65
S2F4 2.65+0.11 11.72£1.13 2.71+0.41 S2F4 70.83+0.43 17.78+0.55 8.450.78
S2F6 2.77+0.15 10.38+0.35 2.73+0.35 S2F6 70.59+0.41 17.33+0.71 8.44+0.49
S2F8 2.81+0.18 10.66+0.47 2.94+0.26 S2F8 71.04+0.29 18.41+0.68 8.52+0.54
S4F8 2.75%0.16 10.76+0.95 2.67+0.33 S4F8 70.66+0.48 18.25+0.67 8.66+0.59
S4F12 2.81+0.12 10.53+0.63 2.74+0.28 S4F12 71.09+0.11 17.94+0.56 9.08+0.42
S4F16 2.82+0.08 10.78+0.44 2.95£0.17 S4F16 70.77+0.45 18.47+0.73 9.03+0.56

(P>0.05), (P>0.05),
(P<0.05) (P<0.05)

F4 FEFEREREE L EEFH SN
Tab.4 Effect of different feeding mode on whole body compo-
sition of C. carpio var. Jian

R FEHRMRE 2 48 H L EEF0 AT B SOD & 1E AR M
Tab.7 Effect of different feeding mode on digestive enzyme
activities and SOD of C. carpio var. Jian

(%) (%) (%) (%)
71814054 15.46%0.13 1058+0.48° 2.31+0.04
SIF2 72924015 1541+0.16 8.88+0.25° 2.25+0.03
SIF3 7255042 15313024 9.41:0.41° 2.35:0.06
SIF4  71.91#059 1538+0.09 9.78+0.58” 2.29+0.07
S2F4  71.39+0.29 15.24+0.14  9.55:0.33° 2.25+0.02
S2F6  72.25+0.57 15.43+0.12  9.83+0.59” 2.32+0.05
S2F8 7127041 15.41#0.13 10.52+0.41° 2.2840.04
S4F8 71424071 1555+0.11 9.51+062° 2.26+0.03
SAF12  70.62#0.68 15.55+0.19 10.07+0.63° 2.29+0.04
SAF16  71.61#0.73 1561+027 10.46+0.63' 2.31+0.04
(P>0.05),

(P<0.05)

F 5 AEHEMRER SR ATAEE IR S B R0
Tab.5 Effect of different feeding mode on liver composition of
C. carpio var. Jian

(%) (%) (%)

66.46+0.02 12.61+0.23  13.730.31°

S1F2 66.76+0.12 12424021  16.58+0.23°
S1F3 68.55+0.14 1253+0.17  16.81%0.55°
S1F4 67.02+0.06 12.96+0.11  17.630.29°
S2F4 67.82+0.08 11.6820.31  17.4620.92°
S2F6 68.28+0.28 12514016  17.56+1.34°
S2F8 67.21+0.08 12.97+0.23  18.06+0.41°
S4F8 67.42+0.21 12.07¢0.21  16.87+0.65°
S4F12 66.62+0.39 1257¢0.17  17.54%0.71°
S4F16 66.75+0.34 12.46+0.27  18.03+1.31°

(P>0.05),

(P<0.05)

(U/ug) (U/mg) (U/mg) SOD(U/mg)
72.01£2.21°  17.64+0.17° 8.61+0.01° 324.15+12.63°
S1IF2  78.71#257°  22.52+0.16° 10.42+0.21*" 388.78+7.94°
SIF3  86.49£5.02® 21.02+0.24° 11.8120.16* 366.42+9.61®
S1IF4  89.93+3.34°  24.95+0.21° 11.84+0.18° 352.63+11.56"
S2F4  82.59+4.16™ 23.78+£0.13® 9.37+0.11° 379.69+14.72°
S2F6  89.55+3.04*°  25.33+0.13* 10.44+0.06® 353.78+10.22°
S2F8  93.44%207°  23.41%0.21° 11.52+0.15° 352.21+12.44°
S4F8  80.78+2.43°  24.25+0.16® 8.66x0.16° 377.32+10.06°
S4F12  85.89+4.26® 24.44+0.28" 9.08+0.04° 364.54+8.45%
S4F16  88.91+3.68°  23.17+0.67° 9.13+0.11° 348.25+13.34°
(P>0.05),
(P<0.05)
S1F4 S2F8 S4F16
( +

S4F12

(Pleuronectes asper)(
meridionalis Chen) (Paul et al, 1995)

)

S1F2 SI1F3

(Mersmann, 1987)

, 1999)

S2F4 S2F6 SAF8

(Silurus

(Oreochromis niloticusxO. aureus) (Wang, 2000)
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( ) 1
Jobling  (1994) )
3 ) (Gudus
morhua) : 8
, 8% (Phoxinus
phoxinus) ( )4
, 16
(Russell et al, 1992)
(SGR) ;
( , 2000); .
, 9

S1F2 < S1F3 < S1F4
S2F4 < S2F6 < S2F8 S4F8 < S4F12 < S4F16 ,

, S1F4
S2F8 S4F16
3 : (1) ,
( , 1999; Dobson et al, 1984); (2)
( , 2005); (3)
(Luquet et al, 1995) , 9
3.2

, 1998) ,

, S1F2
<S1F3 < S1F4 S2F4 < S2F6 < S2F8 S4F8 < S4F12 <
S4F16 , ,

(2002) (Sciaenops
ocellatus) : 9

3.3

S1F2 < S1F3 <S1F4 S2F4<
S2F6 < S2F8 S4F8 < S4F12 < S4F16 ,

S1F2 < S1F3
< S1F4 S2F4 < S2F6 < S2F8 S4F8 < S4F12 < S4F16
, , (Macrobra-
chium nipponens) ( , 2007)
(1999) ,
, Yufera  (1993)

(1—4 ),
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(Munoz et al, 2000) SOD

) SOD

, ) , 2010.
(Scophthalmus maximus)
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THE EFFECTS OF THE CYCLIC STARVATION-REFEEDING ON GROWTH,
BODY COMPOSITION AND DIGESTIVE ENZYME ACTIVITIES IN CYPRINUS
CARPIO VAR. JIAN

QIAO Qiu-Shi**?,  JIANG Guang-Zhen!, LIU Wen-Bin', XIAWei', LIU Zhao-Pu®

(1. Key Laboratory for Aquaculture Nutrition of Jiangsu Province, College of Animal Science and Technology, Nanjing Agricultural
University, Nanjing, 210095; 2. Key Laboratory for Marine Biology of Jiangsu Province, College of Resource and Environment,
Nanjing Agricultural University, Nanjing, 210095)

Abstract This experiment was conducted to investigate the effect of repetitive “starvation-refeeding” on growth, body
composition and digestive enzyme activities in Cyprinus carpio var. Jian with initial weight of (1.5+0.2)g. The control
group was fed everyday for 60 days ,while the test groups were subjected to 9 different repetitive cycles of starva-
tion-refeeding (S1F2, S1F3, S1F4, S2F4, S2F6, S2F8, S4F8, S4F12, S4F16). “S” means starvation-days, “F” means re-
feeding-days, respectively. The results showed that weight gain ratio (WGR) increased with increasing refeeding days
within a certain starvation-days, having the trend of (S1F2 < S1F3 < S1F4; S2F4 < S2F6 < S2F8; S4F8 < S4F12 < S4F16).
No significant difference was observed in WGR between S1F4, S2F8, S4F16 and control group (P>0.05). Feeding rate (FR)
and specific growth rate (SGR) of all test groups were significantly higher than control group (P<0.05). Besides, feed con-
version ratio (FCR) of all test groups were lower than control group. No significant difference was observed in moisture,
protein and ash content of whole fish composition (P>0.05) in all groups. However lipid content of whole fish of all test
groups were lower than that of control group. Within test groups, lipid content increased with increasing refeeding-days
within a certain starvation-days. Intestinal digestive enzyme activities of all test groups were higher than that of control
group (P<0.05).

Key words Cyprinus carpio var. Jian, Starvation-refeeding, Growth, Body composition, Digestive enzyme
activities



