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Kvale et al, 2006, 2007; Mollan et al, 2008; Srivastava
et al, 2006; Tonheim et al, 2005)
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x1 RBRARBE2ELED (%) 21
Tab.1 Composition of the test dietary ingredients (%) , 20 60
( 3 ) 1
9.2 67.0 5.6 18.2 0.0
11.4 10.1 0.9 0.5 78.0 4
0.0 0.0 100.0 0.0 0.0 60 ! (ZO.Qi
0.0 0.0 100 0.0 0.0 3.5)C, (8.6+£0.2)mg/L, pH 7.0+0.2,
(0.40+0.06)mgl/L, (1.44+0.18)L7",
, (22.2+0.4)mg/L, (0.093+0.06)mg/L,
(0.0932+0.011)mg/L
) ) 3, 8:00
, 2% 3 12:30 17:00, ,
5%—3% ,
, , (2.0x=0.1)g 3 )
1920 , , 3min
(10.0m>=<10.0m>=<1.8m) 64 (Im>=0.8m> )
im) , 15cm, 3cm 30
30 )
-25C
*2 RN AMEMSEEELMITNE
Tab.2 Analyzed and theoretical proximate composition and energy of the test diets
: (% dry wt.) : (% dry wt.) > (MJrkg)
1 33.0 15.0 33.0 32.0 15.3 33.8 19.7
2 33.0 12.0 36.0 32.7 12.1 36.1 19.1
3 33.0 9.0 39.0 32.1 8.8 39.5 18.4
4 33.0 6.0 42.0 32.6 6.3 43.1 18.4
5 30.0 18.0 33.0 29.5 17.9 33.6 20.2
6 30.0 15.0 36.0 29.4 15.6 36.6 20.0
7 30.0 12.0 39.0 29.0 11.9 39.8 19.2
8 30.0 9.0 42.0 29.3 9.3 42.2 18.8
9 30.0 6.0 45.0 29.7 6.1 45.5 18.4
10 30.0 3.0 48.0 29.5 34 48.9 18.1
11 27.0 18.0 36.0 26.6 18.1 36.3 20.4
12 27.0 15.0 39.0 26.7 15.5 39.2 20.1
13 27.0 12.0 42.0 26.2 12.4 42.7 19.6
14 27.0 9.0 45.0 26.4 9.4 45.1 19.0
15 27.0 6.0 48.0 26.4 6.5 48.2 18.6
16 27.0 3.0 51.0 26.5 35 51.2 18.1
17 24.0 15.0 42.0 23.8 15.1 42.3 20.1
18 24.0 12.0 45.0 23.3 115 45.6 19.4
19 24.0 9.0 48.0 23.9 9.3 48.3 19.3
20 24.0 6.0 51.0 23.3 6.2 51.8 18.8
21( ) 28.5 12.0 40.5 28.0 12.5 411 19.6
:a =100—( + + + ); b =23.64kJ/g, =39.54kJ/g, =17.15kJ/g
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1.3 (2.0+0.1)g, (8.9+
0.5)g (1.9+2.2)%,
; (2.48+0.10)%/d 33%
) (P<0.05), 3
6 , , ) (P>0.05)
; : , =45%
, / 33%—39% ,
(P<0.05) 6%
AOAC (AOAC, 1990) , 9%
(P<
( )(Hemre et 0.05)
al, 1989, 1998) (P>0.05)
: 45% 9% 27%
(SR)(%) = /
><100, 2
(SGR)(%/d) = (InW;—InW;)x100/t, 3 9%
(HSI)(%) = Wp/W; x100, : 9% ,
, Wi (9), Wi 45%  27%
(9), t (d); Wy (Halver , , 0.97
et al, 2002) , 2
12 %3 Sl ARE S T RS QML E ()
) , Tab.3 The middleweight (g) and mortality (%) of fish in test
, Spm, _ groups
(PAS) (HE) © )
Day0 Day30 Day60
1 3 21+01  3.8#03  83+1.1 8919
2 3 20201  3.7#0.7 85%1.6 8919
14 3 3 20£0.1 3.9:0.8 83%13  4.4420
SPSS16.0 4 3 2.0+£0.1 4.0+0.6 85+05 4.5#39
, 5 3 2.0+0.1  3.8+0.4  8.0+l4  43%51
(One-way ANOVA) . N 6 3 2.0+0.1  4.6+04  9.1+08  1.1+19
7 3 2.0£0.1 4.3#03 89+1.1  0.0%0.0
: LSD 8 3 19:01 44:04 9012  32+34
, Tamhane’s T, 9 3 2.0+0.1  4.1+08  8.7+0.8  4.5+39
’ 0.05 10 3 2.0£0.1 3.9#05 84#05  0.0x0.0
Duncan’s | P<0.05 1 3 2.0+0.1  3.9+0.3  8.4#1.7 1119
12 3 21401  4.2+02  85#0.9  0.0x0.0
13 3 1.940.1  43+03  88+1.1 22439
2 14 3 2.0+0.1 4.8#05 9.8+1.3  0.00.0
15 3 2.0+0.1  4.3#04 89#0.6  0.00.0
2.1 16 3 21401  42+03 89+12  43#51
17 3 2.0+0.1 4503  9.1+09 1119
18 3 21401  4.8+05 9.4#14  0.0x0.0
3, (SGR) 2 , 19 3 21401 4506  9.1+09 4551
20 3 2.0£0.1 4505 9.2#0.7  0.0x0.0
21( ) 4 21201  4.0+03  84#05 2934

(P<0.05), ,
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%4 FEERBALSNRIETIKFAR S S FAIERS B 50 LI2E (=12)
Tab.4 Hepatocellular glycogen and vacuolization in fish of different dietary carbohydrate levels and lipid levels (n=12)
24% 27% 30% 33% 28'50? )
+ 12 11 9 2 8
++ 0 1 3 6 2
+++ 0 0 0 4
3% 6% 9% 12% 15% 18% 12% ( )
- 12 10 10 8 4 0 7
+ 0 2 1 3 6 3
++ 0 0 1 1 2 5 2
+++ 0 0 0 0 0 3 0
- T+ D+t Dt
19.0MJ/kg, (P/E)  25mg/kJ , 40(4): 438—445
(2007) (2007) ANOVA AOAC, 1990. Official Methods of Analysis, 15" edn. Association
, of Official Analytical Chemists, Arlington, VA, 67—78
40% 8% Cornell J A, 1990. Experiments with Mixtures. Wiley, New York:
45%, =97
Einen O, Roem A J, 1997. Dietary protein/energy ratios for At-
' ' lantic salmon in relation to fish size: growth, feed utilization
! and slaughter quality. Aquaculture Nutrition, 3: 127—140
Halver J E, Hardy R W, 2002. Fish Nutrition. third edition. Aca-
(Salmonids) demic Press, London: 1—2, 51, 145—151, 720—732
45%—48%, (Halver et al, Hamre K, 2003. Macronutrient composition of formulated diets
2002) , Cornell for Atlantic halibut (Hippoglossus hippoglossus L.) juve-
( ) niles. Aquaculture, 227: 233—244
Hemre G I, Hansen T, 1998. Utilization of different dietary starch
’ sources and tolerance to glucose loading in Atlantic salmon
, ' ANOVA (Salmo salar), during part-smolt transformation. Aquacul-
ture, 161: 145—157
' ' Hemre G |, Lie @, Lied E et al, 1989. Starch as an energy source
! in feed for cod (Gadus morhua): digestibility and retention.
, Cornell Aquaculture, 80: 261—270
Kvéle A, Jensen A M, Moren M, 2007. Development and charac-
terisation of some intestinal enzymes in Atlantic cod (Gadus
morhua L.) and Atlantic halibut (Hippoglossus hippoglossus
, 2007. L.) larvae. Aquaculture, 264: 457—468

, 31(3): 430—436
, 2007.
, 19(3): 232—236
, 2011.
(Procambarus clarkii)
, 42(5): 521—529
(Pelteobagrus

, 20009.

fulvidraco Richardson)

Kvéle A, Yufera M, Hamre K et al, 2006. Leaching properties of
three different micropaticulate diets and preference of the
diets in cod (Gadus morhua L.) larvae. Aquaculture, 251:
402—415

Mollan T A, Tonheim S K, Hamre K , 2008. Pre-hydrolysis im-
proves absorption of neutral lipids in Atlantic halibut (Hip-
poglossus hippoglossus L.) larvae. Aquaculture, 273: 614—
623

NRC (National Research Council), 1993. Nutrient Requirements
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of Fish. National Academy Press, Washington D C, USA: Aquaculture, 254: 534—543

112 Tonheim S K, Espe M, Hamre K, 2005. Pre-hydrolysis improves
Srivastava A, Hamre K, Stoss J et al, 2006. Protein content and utilisation of dietary protein in the larval teleost Atlantic

amino acid composition of the live feed rotifer (Brachionus halibut (Hippoglossus hippoglossus L.). Aquaculture, 321:

plicatilis): With emphasis on the water soluble fraction. 19—34

CORNELL DESIGN APPLIED ON OPTIMAL MACRONUTRIENT COMPOSITION OF
FORMULATED DIETS FOR DAVID’S SCHIZOTHORACIN [SCHIZOTHORAX (RACOMA)
DAVIDI] JUVENILES

NING Yi, FENG Jian, HE Shu-Zhen, SUN Xiao-Feng, CHEN Bin
(Institute of Aquaculture, Guangxi University, Nanning, 530004)

Abstract Cornell Design was used to investigate the optimal composition of macronutrients for David’s schizothoracin
[Schizothorax (Racoma) davidi] juveniles [(2.0£0.1)g initial weight. Protein, lipid and carbohydrate were varied between
33%—51%, 3%—18% and 24%—33% dry wt., respectively. The experiment lasted for 60 days. The test results showed
that the dietary macronutrient composition was not reflected in the survival rate of the fish significantly except for signifi-
cant decline at 33% dietary protein (P<0.05). There was a positive effect of increasing dietary protein levels up until 42%
on the growth, while 33%—39% dietary protein resulted in growth depression significantly (P<0.05). Beside 12% dietary
lipid, the fish at 9% dietary lipid showed significantly better growth than other dietary lipid levels (P<0.05). The lipid
contents in fish body increased significantly (P>0.05), and fatty degeneration in hepatocytes was obvious as dietary lipid
level was =15%. The dietary carbohydrate composition was not reflected in the growth of the fish significantly (P>0.05),
but 32% dietary carbohydrate level strongly increased accumulation of carbohydrate in whole baby of the fish (P<0.05). It
could be concluded that the optimal protein requirement appears to be 42%, based on the limits of 9% for lipids and <
30% for carbohydrate in the diets, while the dietary gross energy (GE) and protein energy rate (P/E) are 19.0MJ/kg and
23mg/kJ for David’s Schizothoracin juveniles.

Key words Schizothorax (Racoma) davidi, Macronutrient composition, Protein requirement, Dietary lipid,
Dietary carbohydrate



