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. . 5 (30% 33% 36% 39% 42%)
2 (6% 9%) 10 (2
, 16.3 kd/g
17.0 kJ/g), 1
) 0.355 mm ,
1.2 mm ,
, 4
1 13
1.1 (2 mx3 mx1.5m) |,
1im 1600 1, 0.6 kW
, 9% g , 9: 00 6: 00
2 10 3 30 : (CP35%) 2d,
25 9:00 15:00 ,
1.2 ;
, 3%
(26—32) (5.12—10.85) mg/L,
x1 RBERERRERB (%, THUR)
Tab.1 Formulation and proximate analysis of the trial diets (%, on dry matter basis)
Ingredients Diet
P30L6* P33L6 P36L6 P39L6 P42L6 P30L9 P33L9 P36L9 P39L9 P42L9
Casein 0 3.30 6.60 9.90 13.20 0 3.30 6.60 9.90 13.20
Fish oil 1.90 1.87 1.84 1.81 1.78 3.40 3.37 3.34 331 3.28
Corn oil 1.90 1.87 1.84 1.81 1.78 3.40 3.37 3.34 3.31 3.28
Dextrin 24.20 20.96 17.72 14.48 11.24 21.20 17.96 14.72 11.48 8.24
Fish meal 15.00 15.00 15.00 15.00 15.00 15.00 15.00 15.00 15.00 15.00
Soybean meal 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00
Rapeseed meal 13.00 13.00 13.00 13.00 13.00 13.00 13.00 13.00 13.00 13.00
Wheat flour 16.00 16.00 16.00 16.00 16.00 16.00 16.00 16.00 16.00 16.00
! Mineral mix 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00
2 \VVitamin mix 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Sodium alginate 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00
Proximate analysis
Crude protein 30.24 33.43 36.48 39.66 43.01 30.43 33.73 36.79 39.61 42.95
Crude lipid 5.62 5.81 5.62 5.86 5.96 8.66 8.60 8.89 8.57 8.90
Crude ash 9.72 9.90 9.50 9.43 9.88 9.62 9.83 9.58 9.23 9.73
%(kJ/g) Gross energy 16.29 16.30 16.33 16.39 16.34 16.95 16.90 17.00 16.99 16.98

o1 (9/kg

) Mineral premix (g/kg premix): FeSO,-7H,0 15, CuSO4-H,0 0.3, ZnS0O,-7H,0 10, MnSO,-H,0 0.5, NaCl

30, MgS0O, 40, Ca(H,P0O.),400, KI 0.05, Na,SeO; 0.005, CoCl;-6H,0 0.5,

zeolite 503.645; 2.

(9/kg

) Vitamin

premix (g/kg premix): Vit A retinol acetate 0.80, Vit D3 cholecalciferol 0.06, Vit E a-tocopherol acetate 4.00,Vit K; menadione 8.00,

thiamin 2.00, riboflavin 2.00, folic acid 0.50, niacinl5, Vit B12

cyanocobalamin 0.02, inositol 40.00, C coated vitamin C 20, choline chloride 50, corn starch 850.62; 3.
16.7 16.7 37.7 kdlg Gross energy calculated by using standard physiological fuel

values of 16.7, 16.7 and 37.7 kd/g for carbohydrate, protein and lipid, respectively (Garling and Wilson, 1977) [!: *P, Protein; L, Lipid

pantothenic acid 6.00, pyridoxine 2.00,
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(0.21—0.53) mg/L, (0.02—0.25) mg/L = |/ (%)=100x /
70d (%)=100x / : (%-g/cm®)
1.4 =100x  /( )?
2d, ) 1.6
6 .3 SPSS 11.5 ,
3 , (Two-way ANOVA),
8
P<0.05
105 ; , NSK
; 550
AOAC 1" (Broken line regression model) [,
15
(%)=100x%( / );
(%)=100( - ) ; 2
= / ; = I 21
: (%)=100>< ( 2
- )( )i
F 2 REEAMNMNEaEKMERF A
Tab. 2 Effect of trial diets on growth performance and feed utilization of black carp
Diet Initial body weight (g) Survival rate (%) Weight gain (%) Feed conversion ratio Protein efficiency ratio Protein retention (%)
P30L6 95.73 90.67 268.41 1.75 1.89 34.30
P33L6 95.47 94.67 291.81 1.53 1.96 35.60
P36L6 95.47 90.67 307.14 151 1.82 34.87
P39L6 95.23 88.00 339.61 1.40 1.80 32.86
P42L6 95.30 92.00 334.06 1.36 1.71 33.07
P30L9 95.40 96.00 260.99 1.71 1.92 37.52
P33L9 95.53 89.33 292.60 1.62 1.83 33.81
P36L9 95.13 89.33 296.26 1.60 1.70 31.02
P39L9 95.30 88.00 342.15 1.38 1.82 32.63
P42L9 95.53 90.67 332.35 1.39 1.68 3191
Pooled SE 0.12 0.98 5.41 0.03 0.02 0.42
P30 95.57 93.33 264.70* 1.73° 1.90* 35.82%
P33 95.50 92.00 292.20° 1.58" 1.90° 34.39%
P36 95.30 90.00 301.70° 1.56" 1.76" 32.63"
P39 95.26 88.00 340.88° 1.39° 1.81° 32.45
P42 95.42 91.33 333.21° 1.37% 1.70° 31.96°
L6 95.44 91.20 308.21 1.51 1.84 33.89
L9 95.38 90.67 304.87 1.54 1.79 33.00
Two-way ANOVA
P 0.554 0.000 0.000 0.001 0.001
L 0.799 0.411 0.205 0.136 0.113
PxL 0.606 0.804 0.302 0.275 0.008
: , a b c ; X y
(P<0.05);

Note: In a column, mean values with various alphabetic superscripts as a, b or ¢ are of significantly difference among dietary protein
treatments (P<0.05) and as x or y between dietary lipid treatments; The same applies bellow
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(P<0.05); 30% 3 AWARNEEREERNZIE
39 (P<0.05) Tab. 3 Effect of trial diets on morphology indexes of black carp
0 . y
2% (P>O-05); Bod Hepato- Viscera- Condition
30% 39% Diet profi)I/e somatic somatic factor
index (%) index (%) (%-g/cm®)
(P<0.05), 42% P30L6 5.19 2.06 7.93 1.02
(P>0.05); P33L6 5.22 2.05 7.67 1.02
: P36L6 5.15 217 7.75 1.03
P39L6 5.17 2.09 7.45 1.03
(P>0.05); P42L6 5.18 2.11 7.43 1.08
P30L9 5.17 1.89 8.48 1.04
P33L9 5.01 2.04 8.29 1.07
(P>0.05) P36L9 5.21 2.13 7.83 1.06
2.2 P39L9 5.08 2.09 7.82 1.04
: (Y) P42L9 5.16 2.05 7.60 1.05
, (X) (Broken line Pooled SE  0.12 0.03 0.08 0.01
model) ( 1),
40% P30 5.19 1.97 8.21° 1.03
P33 5.12 2.04 7.98% 1.04
350y J=337.04 P36 5.18 2.15 7.79% 1.04
= 330l b o P39 5.12 2.09 7.63° 1.04
,OE y=17.9344x +26.135 P42 5.17 2.08 7.52° 1.06
S o K =09504
=)
'g L6 5.18 2.10 7.65 1.04
o 290f y
= L9 5.13 2.04 8.01 1.05
% S0l Two-way ANOVA
P 0.758 0.420 0.020 0.636
250 ; ; ' : . L 0.185 0.338 0.011 0.316
29 32 35 38 41 44
TR 17K F Dietary protein (%) PxL 0.381 0.897 0.623 0.396
1
Fig. 1 Relationship of weight gain with dietary protein level
2.3 (P>0.05);
3 (P<0.05)
30% 33%
(P>0.05); 36%—42%
(P<0.05) (S) (P<0.05); 6% ,
(P) (8= 9%
0.0577P+9.902, R?=0.9828); (P<0.05)
6% , 2.5
9% (P<0.05) 5
2.4
4 (P>0.05)
(P<0.05), 30% (P<0.05);
33% 42% ,
36%—42% (P<0.05); 30%—36% (P<0.05)
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F4 KRERMNEELSEKRERNZN fit Spinibarbus hollandi®—**
Tab. 4 Effect of trial diets on whole fish composition of black carp
Diet Moisture Crude protein Crude Lipid Crude ash ) )
L 70.93 17.07 9.64 2.68
Initial fish
P30L6 70.19 17.88 9.26 2.87 40%
P33L6 70.56 17.85 8.92 2.91 o2l
P36L6 71.88 18.57 6.32 3.34 ( 41%) '
P39L6 71.99 17.83 7.20 3.01 )
P42L6 72.02 18.51 6.51 3.04
P30L9 70.11 18.79 8.41 3.00
P33L9 70.56 17.93 8.92 2.81 [31
P36L9 .73 17.80 7.32 3.01 Ctenopharyngodon Idella
P39L9 71.52 17.57 7.87 3.15 .
0. mossambicus Mystus ne-
P42L9 70.82 18.29 8.03 3.05 ] " bode al
Pooled SE 0.16 0.09 0.20 0.04 murus Carassius auratus fi Barbode altus
M. peeliii [** 14—
P30 70.15° 18.34° 8.83° 2.94 )
P33 70.56° 17.89%® 8.91° 2.86 , ,
P36 71.81° 18.18% 6.81° 3.17 (201 ,
P39 71.76° 17.70° 7.54° 3.08
P42 71_42b 18.40% 7.26b 3.05 %FZ 5 1ﬁ3ﬁ’iﬂ*ﬂriﬂ‘%iﬁﬂl’ﬂéﬂﬁkﬂ'ﬂ§2ﬂﬂ
Tab. 5 Effect of trial diet on muscle composition of black carp
L6 71.33 18.13 7.64 3.03 . . . -
Diet Moisture  Crude protein Crude Lipid Crude ash
L9 71.95 18.08 8.11Y 3.01
P30L6 77.75 19.45 2.69 1.21
Two-way ANOVA
P33L6 78.08 19.30 2.15 1.21
P 0.000 0.014 0.000 0.114
P36L6 77.91 19.50 2.03 1.18
L 0.091 0.701 0.029 0.712
P39L6 77.67 19.77 2.45 1.17
PxL 0.400 0.010 0.012 0.287
P42L6 77.95 20.43 1.72 1.18
P30L9 76.69 19.67 3.37 1.21
P33L9 77.71 19.34 2.66 1.15
(P<0.05) ,
P36L9 78.04 19.34 2.41 1.17
; 30%
P39L9 77.44 19.72 2.34 1.15
P42L9 77.71 20.18 2.14 1.21
(P<0.05); 9% : Pooled SE  0.10 0.10 0.09 0.10
6% (P<0.05)
P30 77.22 19.56° 3.03" 1.21
3 P33 77.90 19.32° 2.41° 1.18
P36 77.97 19.42° 2.22° 1.18
o P39 77.56 19.75% 2.40° 1.61
P42 77.83 20.30° 1.93° 1.20
' ' ! L6 77.87 19.69 2.21% 1.19
’ L9 77.51 19.65 2.58Y 1.18
) Two-way ANOVA
Oreochromis nilotica x O. aureus P 0.100 0.016 0.000 0.184
Channa striata Maccullochella peeliii L 0.069 0.818 0.003 0.350
PxL 0.380 0.931 0.277 0.334

Zacco barbata Bidyanus Bidyanus
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EFFECTS OF DIETARY PROTEIN AND LIPID ON GROWTH PERFORMANCE
AND BODY COMPOSITION OF ADVANCED FIGERLING BLACK CARP
(MYLOPHARYNGODON PICEUS)

CHEN Jian-Ming" 2, SHEN Bin-Qian® 2, PAN Qian" 2, SUN Li-Hui"? JIANG Jian-Hu" ? and YE Jin-Yun®

(1. Zhejiang Institute of Freshwater Fisheries, Huzhou 313001, China; 2. Agriculture Ministry Key Laboratory of healthy
Freshwater Aquaculture, Huzhou 313001 China; 3. Huzhou Teacher’s College, Huzhou 313000, China)

Abstract: To investigate the effects of dietary protein and lipid on growth and body composition of advanced fingerling
black carp (Mylopharyngodon piceus), ten trial diets for a 5x2 factorial experiment, formulated with five protein levels
(30%, 33%, 36%, 39% and 42%) and two lipid levels (6% and 9%), were fed to triplicate groups of black carp (initial
average weight 95.54 g/fish) for 70 days. We observed that weight gain increased with increasing dietary protein level
up to 39% (P<0.05), but did not increase further with increasing dietary protein level to 42% (P>0.05). Accordingly,
feed conversion ratio decreased with increasing dietary protein level from 30% to 39% and kept stable with further in-
creasing dietary protein level to 42%; protein efficiency ratio, protein retention and viscera somatic index tended to
decrease with increasing dietary protein level; analysis of weight gain data by a broken line regression model showed
that the optimum dietary protein level required for the maximum growth of black carp was 40% of dry diet. Dietary lipid
level and the interaction of dietary protein and lipid did not affect weight gain and feed utilization (P>0.05); levels of
dietary protein or lipid and their interaction did not affect the survival, body profile index, hepato-somatic index and
condition factor (P>0.05); fish viscera-somatic index and muscle lipid had an increasing tendency with the decrease of
dietary protein level; fish fed diets with a dietary lipid level of 9% had higher whole body and muscle lipid than those of
fish fed diets with a dietary lipid level of 6% (P<0.05). It could be concluded that 40% dietary protein and 6% dietary
lipid are suitable for maintaining good growth performance. Low dietary protein and high dietary lipid may cause extra
body lipid deposition.

Key words: Mylopharyngodon piceus; Dietary protein; Dietary lipid; Growth performance; Body composition



