38 4 Vol. 38, No.4
2014 7 ACTA HYDROBIOLOGICA SINICA Jul., 2014

doi: 10.7541/2014.99

maEm hsEt? % % pmEY zag i

(1. , 313001; 2. , 313001;
3. , 313000)
5 (30% 33% 36% 39% 42%) 2 (6% 9%) 5x2 ,
10 , 10 95.5 ¢ 70d,
30% 39% (P<0.05),
2% (P>0.05); 30%
39% (P<0.05), 2% :
40% (P>0.05)
(P>0.05)
30% 33% 36%—42% ,
(P<0.05)
9% 6% ,
(P<0.05) , ,
40% 6%

s s >

FESHES: S963 XHkFRIRAS: A X EHE: 1000-3207(2014)04-0699-07

Mylopharngodon piceus 30%—41%;
, 44.23—56.69 g 10.25—13.73 g
, 6.2%  6.7%
, 2008 ( ) )
35.98 , 2000 ,
[1]’ [5] ,
[2]
41%, ,
3. 4] , 37.12—48.32 g

Weks HEA: 2013-05-29; 1&iT HER: 2013-11-22

E&£WMAB: (CARS-46-21); (2010KC02)

BIEESE: (1965—), ; , ; E-mail: aqua_
labjm@163.com



700 38

, , 5 (30% 33% 36% 39% 42%)
2 6% 9%) 10 @
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s s s
) 0.355 mm ,
s > > >
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Im 1600 m’, 0.6 kW
s 95 g , 9: 00 6: 00
2 10 3 30 , , (CP35%) 2d,
25 9:00 15:00 s
1.2 )
, , 3%
(26—32) (5.12—10.85) mg/L,
#1 REARESREN (%, TR
Tab. 1 Formulation and proximate analysis of the trial diets (%, on dry matter basis)
Diet
Ingredients
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 3.31 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
? Vitamin 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
3(kJ/g) Gross energy  16.29 16.30 16.33 16.39 16.34 16.95 16.90 17.00 16.99 16.98
: 1. (g/kg ) Mineral premix (g/kg premix): FeSO47H,0 15, CuSO4-H,0 0.3, ZnSO,4-7H,0 10, MnSO4-H,0 0.5, NaCl
30, MgS0,440, Ca(H,P0O,4), 400, KI 0.05, Na,SeO; 0.005, CoCl;-6H,0 0.5, zeolite 503.645; 2. (g/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, pantothenic acid 6.00, pyridoxine 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 37.7kl/g Gross energy calculated by using standard physiological fuel

values of 16.7, 16.7 and 37.7 kJ/g for carbohydrate, protein and lipid, respectively (Garling and Wilson, 1977) 1¥); *P, Protein; L, Lipid
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(0.21—0.53) mg/L, (0.02—0.25) mg/L =/ (%)=100x /I
70d (%)=100x / ; (%-g/cm?®)
1.4 =100x /()
2d, 1.6
6 ,3 SPSS 11.5 ,
s 3 s (Two-way ANOVA),
8
P<0.05 |
105 ; , NSK
; 550
AOAC " (Broken line regression model) *,
1.5
(%)=100%( / );
(%)=100x( - ) : 2
= / ; = / 2.1

- )/(

*=2

(%)=100><(

IR B X H &% KFNER R A R R

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 1.51 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 31.91

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
: s 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 ARAEARNNEEREERIZIE
399 (P<0.05) Tab. 3 Effect of trial diets on morphology indexes of black carp
0 <0. S
42% (P>0-05); Body Hepato- Viscera- Condition
o 0 Diet . somatic somatic factor
30% 39% profile 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 2.17 7.75 1.03
P39L6 5.17 2.09 7.45 1.03
P42L. B 2.11 4 1.
(P>0.05); 6 5.18 7.43 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) ( D,
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
— L o P39 5.12 2.09 7.63%® 1.04
S 330
= y=7.9344x +26.135 P42 5.17 2.08 7.52° 1.06
5 R =0.9504
g 3107
'§ L6 5.18 2.10 7.65 1.04
= 290}
Eﬂ L9 5.13 2.04 8.01Y 1.05
g 70 | 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
FE UK 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) (5= 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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Tab. 4 Effect of trial diets on whole fish composition of black carp
Diet Moisture Crude protein Crude Lipid Crude ash 5 5
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 o/\[2]
P36L6 71.88 18.57 6.32 3.34 ( 41 A)) >
P39L6 71.99 17.83 7.20 3.01 5
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 [3]
P36L9 1.73 17.80 32 3.01
7 7 7 Ctenopharyngodon Idella
P39L9 71.52 17.57 7.87 3.15 .
O. mossambicus Mystus ne-
P421L9 70.82 18.29 8.03 3.05 c . P bode al
Pooled SE 0.16 0.09 0.20 0.04 murus arassius auratus i Barbode altus
M. peeliii ' 141
P30 70.15% 18.34° 8.83° 2.94 5
P33 70.56° 17.89% 8.91° 2.86 R s
P36 71.81° 18.18% 6.81° 3.17 (20] ,
P39 71.76° 17.70° 7.54° 3.08
P42 71.42'3 18.40?% 7.26b 3.05 %{ 5 iﬁﬁﬁfﬂ*ilﬁ%iﬁﬂl’ﬂéﬂﬁkﬂ'ﬂ?ﬂﬂ
Tab. 5 Effect of trial diet on muscle composition of black carp
L6 71.33 18.13 7.64% 3.03 X X X .
Diet Moisture  Crude protein Crude Lipid Crude ash
L9 71.95 18.08 8.11% 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
P421L9 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
B
P39 77.56 19.75% 2.40° 1.61
P42 77.83 20.30° 1.93 1.20
b b b
’ ’ ? L6 77.87 19.69 2.21* 1.19
’ L9 77.51 19.65 2.58 1.18
5 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




704

38

[21]

6% 9%,

[22]

Megalobrama amblycephala Lates

calcarifer Rachycentron canadum

b >

(3]

6.2%—6.7% 4 ,

) 6%

[10,14]

(9%) ;

[23]

[20]

40%
:24.5 mg/k]

6%,
(CP/GE)

[1] Leng X J, Wang D Z. Nutrient requirements and feed
manufacturing technology of Mylopharyngodon piceus [J].
Journal of Shanghai Fisheries University, 2003, 12(3):
265—270 [ s .

, 2003, 12(3): 265—270]

[2] Yong G H, LiJ, Gu L J, ef al. Optimal dietary protein level

(3]

(4]

[3]

(6]

(7]

(8]

(9]

[10]

(1]

[12]

[13]

[14]

[15]

for summerling black carp [J]. Journal of Fisheries, 1981,
5(1): 49—55 [ , , , .
, 1981, 5(1): 49—55]

Wang D Z, Song T F, Du H B, et al. The effect of protein
and carbohydrate contents in feeds on the growth of
fingerling black carp [J]. Journal of Fisheries, 1984, 8(1):
9—17 [ , , ,

, 1984, 8(1):
9—17]
Wang D Z, Gong X Z, Liu Y F. The effects of fat contents in
feeds on the growth of fingerling black carp [J]. Journal of
Fisheries, 1987, 11(1): 23—28 [ s s

1987, 11(1): 23—28]

NRC. Nutrient Requirements of Fish [M]. Washington, D.C.:
National Academy Press. 2011

Garling D, Wilson R P. Effects of dietary carbohydrate-to
lipid ratios on growth and body composition of fingerling
channel catfish [J]. Progressive Fish-Culturist, 1977, 39(1):
43—47

Zeitoun 1 H, Ullrey D E, Magee W T, et al. Quantifying
nutrient requirements of fish [J]. Journal of Fisheries
Research Board of Canada, 1976, 33: 167—172

AOAC (Association of Official Chemists).
Official Methods of Analysis [M]. 14th edn, Washington.
1984, 152—163

Shiau S Y, Huang S L. Optimal dietary protein level of

Analytical

hybrid tilapia Oreochromis nilotica X Oreochromis aureus)
reared in seawater [J]. Aquaculture, 1989, 81(2): 119—127
Mohanty S S, Samantaray K. Effects of varying levels of
dietary protein on the growth performance and feed
conversion efficiency of snake head, Channa striata, fry [J].
Aquaculture Nutrition, 1996, 2(2): 89—94

Gunasekera R M, De Silva S, Collins, et al. Effect of dietary
protein level on growth and food utilization in juvenile
Murray cod Maccullochella peelii peellii [J]. Aquaculture
Research, 2000, 31(2): 181—187.

Yang S D, Liou C D, Liu F G. Effect of dietary protein level
on growth performance, carcass composition and ammonia
excretion in juvenile silver perch (Bidyanus bidyanus) [J].
Aquaculture, 2002, 213(1—4): 363—372

Shyong W J, Huang C H, Chen H C. Effect of dietary protein
concentration on growth and muscle composition of juvenile
Zacco barbata [J]. Aquaculture, 1998, 167(1): 35—42

Yang S D, Lin T S, Liou C H, ef al. Influence of dietary
protein levels on growth performance, carcass composition
and liver lipid classes of juvenile Spinibarbus hollandi [J].
Aquaculture Research, 2003, 34(8): 661—666

Lin D, Mao Y Q, Cai F S. Experiments on the protein
requirements of grass carp (Ctenopharyngodon idella) [J].
Acta Hydrobiologica Sinica, 1980, 7(3): 207—212 [ S

s



4 : 705

. , 1980, 7(3): 207—212] requirements of Arctic charr, Salvelinus alpinus (L) [J].

[16] Jauncey K. The effect of varying dietary protein level on the Journal of Fish Biology, 1983, 22(6): 705—712

growth, food conversion, protein utilization and body [21] Cho C Y, Kaushik S J. Effect of protein intake on

composition of juvenile tilapia Sarotherodon mosambicus [J]. metabolizable and energy values of fish diets. In: Cowey C B,

Aquaculture, 1982, 27(1): 34—54 Mackie A M, Bell J B (Eds.), Nutrition Feeding in Fish [M].
[17] Khan M S, Ang K J, Ambak M A, ef al. Optimum dietary London: Academic Press. 1985, 95—117

protein requirement of a Malaysian freshwater catfish, [22] Jian Y Y, Li X F, Liu W B, et al. Effect of different protein

Mystus  nemurus [J]. Aquacultare, 1993, 112(2-3): and lipid levels on the growth performance and body

227—235 composition of blunt snout bream (Megalobrama
[18] Lochmann R T, Phillips H. Dietary protein requirement of amblycephala) yearling [J]. Acta Hydrobiologica Sinica,

juvenile golden shiners (Notemigonus crysoleucas) and 2012, 36(5): 826—835 [ s s s

goldfish (Carassius auratus) in aquaria [J]. Aquaculture, 1

1994, 128(3-4): 277—285 . ,2012, 36(5): 826—835]
[19] Elangovan A, Shim K F. Growth response of juvenile [23] Pei Z, Xie S, Lei W, et al. Comparative study on the effect of

Barbode altus fed isocaloric diets with variable protein levels dietary lipid level on growth and feed utilization for gibel
[J]. Aquaculture, 1997, 158(3): 321—329 carp and Chinese longsnout catfish [J]. Aquaculture Nutrition,
[20] Kim K, Kayes T B, Amundson C H. Quantitative protein 2004, 10: 209—216

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

CHEN Jian-Ming" %, SHEN Bin-Qian" %, PAN Qian"?, 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



