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Cornell
1, 2
1
1.1 5 7 ,
Cornell ,
) 1 40 1
3 (Cornell, 1990; , ,
, 2000, 2001, , 2005; , 2009) , ,
2.0mm ,
33%—51% 3%—18% 24%—33% , 85C , ,
) 3% -20C
20 ,
3 1 Fz1 KW AREZERNESS (%)
Tab.1 Composition of the test dietary ingredients (%)
a 100% K&
9.1 68.7 6.0 16.2 0.0
9.6 3.0 0.3 0.4 86.7
1.0 0.0 99.0 0.0 0.0
0.0 0.0 100.0 0.0 0.0
1.2
5000
) , 5%
3 36%
, , (2.0+£0.0)g 1200
‘ ; .3 é % (10.0mx8.0mx 1.5m)
5 6 7 8 9 10 & 64 1mx0.8mx1m)
® 6 0 0 0 0 7 ( :
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Fig.1 Experiment design
a. :h. 20 , ' '
20d 1/10, 20d
1/5 ( 3 ;
, 1 ) : (29.3+3.5)C,
(2:1 ), (8.2£0.2)mg/L, pH 7.0£0.2, (0.59+0.01)mg/L,
, NRC (I.55J_r0.18)L’1, (25.9£0.2)mg/L,

i 50%  (NRC, 1993) (0.122+0.07)mg/L, (0.102+0.011)mg/L



4 (Silurus meridionalis) ( ) 955
*2 RURBARPEEEFRRTEAM
Tab.2 The macronutrient composition of test diets
% %
: (%) : (%) b(kilg)
1 33.0 15.0 33.0 32.9 15.2 33.2 19.5
2 33.0 12.0 36.0 32.8 12.2 36.3 19.0
3 33.0 9.0 39.0 32.9 9.0 39.2 18.5
4 33.0 6.0 42.0 32.8 6.1 42.2 18.0
5 30.0 18.0 33.0 29.9 17.9 33.1 20.0
6 30.0 15.0 36.0 29.8 15.2 36.2 19.7
7 30.0 12.0 39.0 29.7 12.1 39.2 19.1
8 30.0 9.0 42.0 29.6 9.2 42.3 18.7
9 30.0 6.0 45.0 29.5 6.1 45.2 18.2
10 30.0 3.0 48.0 29.8 31 48.3 17.8
11 27.0 18.0 36.0 26.9 18.2 36.1 20.3
12 27.0 15.0 39.0 26.8 15.1 39.1 19.8
13 27.0 12.0 42.0 26.6 12.2 42.3 19.4
14 27.0 9.0 45.0 26.9 9.3 45.2 19.0
15 27.0 6.0 48.0 26.7 6.1 48.1 18.4
16 27.0 3.0 51.0 26.9 3.2 51.3 18.0
17 24.0 15.0 42.0 23.7 15.2 42.1 20.0
18 24.0 12.0 45.0 23.8 11.9 45.1 19.4
19 24.0 9.0 48.0 23.9 9.2 48.4 19.2
20 24.0 6.0 51.0 23.6 6.1 51.3 18.6
8 =100—( + o+ 4+ )P =23.64kJ/g, =39.54kJ/g, =17.15kJ/g
, (AOAC, 1990)
, 8:00 13:00 18:00, (
: )(Hemre et al, 1989, 1998)
10%—15% , 3 ,
, (SR)(%) = /
, 3min %100,
20 (SGR)(%/d) = (InW¢—InW;) x100/t,
, (HS)(%) = W,/Wx100,
Wi (9), Ws
-25C (0), t (d); Wy (Halver
1.3 et al, 2002)
12
, , Sum, -
6 ( 2 ) (PAS) (H.E.) ,
, , /
1.4
AOAC SPSS19.0
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, 45% 12% 9%, 24%
(One-way ANOVA) , * 27% ,
: LSD (7.931£0.21)%/d  (7.90+0.20)%/d
, 0.05 2.2
Duncan’s , P<0.05
«C ) 4
2 3 4 ,
2.1 (P>0.05)(
3a)
3, (SGR) 2 , , =12% ,
(2.0£0.0)g, (40d) (41.6% (P<0.05),
3.0)g 2.5%+2.7%, (P>0.05)(  3b, 4a)
(7.58+0.19)%/d , 3 33%
(P>0.05) (P<0.05),
=45% (P>0.05)( 3c, 4b)
, 33%—36% 3 (HSI)
(P<0.05) = (P>0.05)( 4c)
9% 2.3
33%
(P<0.05) 5 ,

F*3 BB ARMASTHEREQFIHTE%)
Tab.3 The average weight (g) and mortality (%) of fish in test groups

( / (@ %)
/ %) Day0 Day40
1(33/15/33) 2.0£0.0 34.7+2.3 1.7£2.9
2(33/12/36) 2.0+£0.0 37.5+2.6 5.0+5.0
3(33/19/39) 2.0£0.0 39.0+1.9 0.0+£0.0
4(33/16/36) 2.0£0.0 40.0+2.8 0.0+£0.0
5(30/18/33) 2.0£0.0 39.5+2.4 6.7£2.9
6(30/15/36) 2.0£0.0 38.8+1.8 3.3£2.9
7(30/12/39) 2.0£0.0 39.7+1.1 0.0+£0.0
8(30/9/42) 2.0+£0.0 41.5+2.2 0.0+£0.0
9(30/6/45) 2.0£0.0 45.6+2.8 5.0£5.0
10(30/3/48) 2.0£0.0 39.1+2.5 0.0+£0.0
11(27/18/36) 2.0£0.0 42.8+2.7 3.3+2.9
12(27/15/39) 2.0£0.0 42.61£2.9 0.0+£0.0
13(27/12/42) 2.0£0.0 43.61£2.1 5.04£5.0
14(27/9/45) 2.0+£0.0 47.3+2.3 3.3+2.9
15(27/6/48) 2.0£0.0 44.9+2.6 0.0£0.0
16(27/3/51) 2.0+£0.0 41.1+2.2 3.3+2.9
17(24/15/42) 2.0£0.0 43.2+1.9 0.0£0.0
18(24/12/45) 2.040.0 47.8+2.4 5.045.0
19(24/9/48) 2.0£0.0 41.3+1.9 0.0+£0.0

20(24/6/51) 2.0+0.0 42.3+2.3 3.3+2.9
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Fig.2 Specific growth rates (%) of fish fed diets with varying
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Tab.4 Whole body macronutrient composition and liver lipid, liver glycogen and hepatosomatic index of experiment fish fed
with test diets (wet weight %) (n=6)

1(33/15/33) 18.9+0.3 4.4+0.2 0.50+0.12 5.6+0.5 8.9+1.0 1.8+0.2
2(33/12/36) 19.0+0.2 3.3+0.1 0.56+0.09 4.2+0.6 8.2+1.1 1.9+0.3
3(33/9/39) 19.6+0.4 2.9+0.1 0.68+0.16 3.0+0.2 8.0+0.9 2.0+0.3
4(33/6/36) 18.5+0.2 2.0+0.2 0.58+0.13 3.7x0.3 9.3+15 2.1+0.2
5(30/18/33) 19.4+0.3 4.2+0.2 0.38+0.08 4.9+0.4 3.6+0.6 1.8+0.2
6(30/15/36) 18.4+0.2 4.4+0.2 0.40+0.07 5.6+0.5 4.0+0.5 1.8+£0.3
7(30/12/39) 18.5+0.3 2.0+0.1 0.48+0.10 5.0+0.3 4.7£0.6 1.9+0.1
8(30/9/42) 19.6+0.3 1.840.1 0.48+0.12 3.0+0.2 5.6+0.9 2.5+0.3
9(30/6/45) 19.1+0.4 1.5+0.2 0.45+0.09 2.2+0.3 3.3+0.3 1.9+0.2
10(30/3/48) 18.3+0.3 1.0£0.1 0.44+0.11 2.8+0.3 3.4+0.4 1.5+0.2
11(27/18/36) 18.7+0.3 2.7x0.3 0.42+0.06 2.7+0.4 3.6+0.3 2.2+0.2
12(27/15/39) 19.0+0.3 3.7x0.4 0.46+0.08 3.8+0.5 4.0+0.5 2.1+0.3
13(27/12/42) 19.1+0.2 2.3+0.2 0.43+0.10 2.4+0.3 4.7£0.8 1.8+0.3
14(27/9/45) 19.4+0.4 2.7+0.3 0.48+0.08 2.2+0.2 5.5+0.5 2.6+0.4
15(27/6/48) 18.7+0.3 1.840.2 0.43+0.11 2.3+0.3 3.3+0.3 1.7+0.2
16(27/3/51) 18.3+0.3 1.0£0.1 0.38+0.07 2.2+0.1 3.4+0.4 2.0+0.3
17(24/15/42) 19.0+0.4 2.3%0.3 0.43+0.07 4.5+0.4 3.7+0.3 1.9+0.3
18(24/12/45) 18.6+0.3 2.0+0.2 0.43+0.06 2.9+0.3 2.6%0.3 2.6+£0.4
19(24/9/48) 19.0+0.3 2.2+0.2 0.40+0.09 2.1+0.4 3.4+£0.4 2.4+0.3

20(24/6/51) 18.6+0.4 1.9+0.2 0.37+0.10 2.7+0.3 3.2+0.2 2.3+0.3
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Fig.3 Whole body macronutrient composition of the fish fed 251
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#5 ARBMBKLESMMEN K THEFARERSES=BUERE(=12)

Tab.5 Hepatocellular glycogen and vacuolization in the fish fed with various carbohydrate and lipid diets (n=12)

24% 27% 30% 33%
+ 12 10 8 1
++ 0 2 3 3
o+ 0 0 1 8
3% 6% 9% 12% 15% 18%
12 10 10 4 1 0
+ 0 2 1 4 5 3
++ 0 0 1 3 4 5
44+ 0 0 0 1 2 4
T+ T4+ D+t
, 4 , ,
4 .
Cornell ( ) :
, =12
3 Cornell
, , 9% )
( 3 45% 9% 27%
=45% =9%% 19.0kJ/g
, 29
33% ,
45% 9% =30%, 19.0kJ/g
45% ( , 2000,
12% 9%, 24% 2001; , 2005; , 2009) ,
27% ( 12—44g )
9% 47%,
30%,
, , Cornell
, (
=30% , ) ,

=30%
33%
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OPTIMAL MACRONUTRIENTS (PROTEIN, LIPID AND CARBOHYDRATE)
OF FORMULATED DIETS FOR SOUTHERN CATFISH (SILURUS
MERIDIONALIS) JUVENILES

FENG Jian, PENG Qi, WU Bin, CHEN Bin, LIANG Pin-Heng
(Marine Research Center, Guangxi University, Nanning, 530004)

Abstract To investigate the optimal composition of macronutrients (protein, lipid and carbohydrate) for Southern cat-
fish (Silurus meridionalis) juveniles [(2.0£0.0)g initial weight], Cornell Design in experiments with mixture was used.
Protein, lipid, and carbohydrate varied between 33%—51%, 3%—18% and 24%—33% respectively and the test lasted for
40 days. The experimental results show that the dietary macronutrient composition was not reflected in the survival rate of
the fish significantly (P<0.05). There was a positive effect on the growth when increasing dietary protein levels up until
45% or lipid levels up until 9%. The lipid contents in fish body and liver increased significantly (P>0.05), and fat in hepa-
tocytes was degenerated obviously as dietary lipid level was =12%. The specific growth rates of 33% dietary carbohydrate
group was significantly reduced while glycogen in the body and liver boosted compared to those of lower percentage die-
tary groups (P<0.05). It could be concluded that the optimal protein requirement was 45%, based on the limits of 9% for
lipids and <30% for carbohydrate in the diets, while the dietary general energy is about 19.0kJ/g for Southern catfish ju-
veniles.

Southern catfish;  Silurus meridionalis; macronutrient; protein; lipid; carbohy-

Key words Cornell Design;

drate



