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Tab. 1 The formulation and chemical composition of the experi-
mental diets (% dry matter)

Rapeseed protein level (%)

0 20 40 60 80

Ingredients

L 0 17.0 35.0 52.0 70.0
Rapeseed meal (low lipid)

Fishmeal® 551 44.0 33.0 22.0 11.0
Soybean oil® 09 1.7 24 31 309
Wheat starch* 1.1 94 76 60 41
Cellulose 219 169 11.0 59 0
CMC 10 1.0 1.0 1.0 1.0

Mineral premix’ 1.0 1.0 1.0 1.0 1.0

Vitamin premix® 2.5 2.5 25 25 25

Cr,0; 1.0 1.0 1.0 1.0 1.0
Chemical composition (% of dry matter)

Dry matter 90.39 91.08 90.00 90.79 90.37

Crude protein 41.00 40.69 38.69 36.81 36.33

Crude lipid 433 549 9.07 1031 12.2
Crude fibre 229 198 158 126 8.6
Crude ash 18.63 17.34 16.87 158 153

Gross energy (J /mg) 129 11.7 14.63 14.97 13.81
c 1. N 5 2.
s ;3. ; 4.
;5. (mg/kg , H440): NaCl,
500; MgS047H,0, 7500; NaH,PO,-2H,0, 12500; KH,PO4, 16000; Ca

(H,PO4)-2H,0,10000; FeSO,, 1250; CeH,0CaOqSH,0, 1750; ZnSO4
7H,0,176.5; MnSO4-4H,0, 81; CuSO,5H,0, 15.5; CoSO46H,0, 0.5;

KI, 1.5; ,225; 2. (mg/kg , NRC, 1993):
, 20; , 20; B, 20; B, 2; , 5

, 50; , 100; , 100; , 55 , 3226; A
(ROVIMIX A-1000), 110; Ds, 20; E, 100; Ks,
10; 6. (mg/kg , NRC, 1993): , 20;

, 20; Bs, 20; B, 2; , 5 , 50, R
100; , 100; , 5 , 3226; A(ROVIMIX A-1000),
110; D, 20; E, 100; K;,10

Note: 1. Rapeseed meal was defatted and purchased from the
local market; 2. White fish meal was imported from Peru, pur-
chased from Coland Feed Co. Ltd.; 3. Soybean oil was purchased
from the local market; 4. Wheat starch was purchased from the
local market; 5. Mineral premix (mg/kg diet, H440): NaCl, 500;
MgS0,47H,0, 7500; NaH,PO42H,0, 12500; KH,PO,4, 16000; Ca
(H,PO4)-2H,0, 10000; FeSO,4, 1250; CsH,0CaO4'5H,0, 1750; ZnSO4
7H,0, 176.5; MnSO44H,0, 81; CuSO45H,0, 15.5; CoSO46H,0,
0.5; KI, 1.5; starch, 225; 2. Vitamin premix (mg/kg diet, NRC,
1993): thiamin, 20; riboflavin, 20; pyridoxine, 20; cyanocoba-
lamine, 2; folic acid, 5; calcium patotheniate, 50; inositol, 100;
niacin, 100; biotin, 5; starch, 3226; vitamin A (ROVIMIX A-1000),
110; vitamin Ds, 20; vitamin E, 100; vitamin K;, 10; 6. Vitamin
premix (mg/kg diet, NRC, 1993): thiamin, 20; riboflavin, 20; pyri-
doxine, 20; cyanocobalamine, 2; folic acid, 5; calcium patotheniate,
50; inositol, 100; niacin, 100; biotin, 5; starch, 3226; vitamin A
(ROVIMIX A-1000), 110; vitamin D3, 20; vitamin E, 100; vitamin
K;, 10
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(ADCe, %) = 100-100 *(
AOAC Cr,0;5 x )/ ( Cr,0; X
(1984) 105°C )
(2300Kjeltec SPSS 13.0
Analyzer Unit, FOSS TECATOR, Sweden) s (One-way ANOVA), (P 0.05),
(Soxtoc system HT6, Tecator, Haga- Duncan’s
nas, Sweden) ,
0.5 mol/L H,SO, 0.5 mol/L NaOH 2
, 550°C 2.1
, Phillipson (Phillipsonmicrobomb 2 )
calorimeter, Gentry Instruments Inc., Aiken, USA) (P>0.05),
, (20%),
(P<0.05)
40% R
[18]
1.4 (P<0.05)
2.2
(FR, %BW/d)=100x /1( + 3 , )
)/2)/ (80% )
(SGR, %/d)=100x(In ~In (P<0.05) 40% 80%
)/ (P<0.05)
(FE, %)=100%( - y 23
4 , 40%
(PRE, %)=100%( (P<0.05),
_ )/ (P>0.05) 60% ,
(ERE, %)=100x( - (P<0.05)
) 40%
(ADCd, %)= 100-100 x > (P<0.05),
Cr,0;5 / Cr,04 (P>0.05)
(ADCp, %) = 100-100 x( 60% ) (P<0.05)
Cr,0; X )/ ( Cr,0; 80% 40% (P<0.05),
x ) (P>0.05)
F2 ANEH. KHKENEFEREECENZWESDEHRER)
Tab. 2 Effect of replacement of fish meal by rapeseed meal on the digestibility of Gibel carp (menas+ SE)
Rapeseed level EZ//Z of dietary pZotein) Apcd AbCy’ Apce’
0 61.21 0.65™ 88.15 0.34° 71.26 1.82°
20 63.54 1.62° 88.09 0.62° 73.19 1.15°
40 59.34 2.48% 84.17 0.61° 66.95 0.57°
60 64.94 1.74° 85.37 1.38° 71.30 0.40°
80 57.25 3.05° 79.11 2.91° 58.38 2.54°
(P<0.05);

Note: Means with different superscripts were significantly different (P<0.05); the same applies bellow; 1. ADCd (%): apparent digestibility
coefficient of dry matter; 2. ADCp (%): apparent digestibility coefficients of protein; 3. ADCe (%): apparent digestibility coefficients of energy
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Tab. 3 Effect of replacement of fish meal by rapeseed meal in the diet on the growth and feed utilisation of gibel carp (mean+SE)

%
Rapeseed level E% of dietary piotein) IBW FBW FI SGR FE PRE ERE
0 3.47 0.08° 1293 0.31" 3.74 0.08 4.01 0.04* 55.03 1.12° 24.92 1.09* 30.87 1.35°
20 3.80 0.02° 12.13 0.33" 3.68 0.06 3.78 0.08" 50.64 0.45° 24.48 099" 33.38 1.94°
40 3.55 0.09* 9.81 0.37° 3.71 0.06 327 0.10° 44.98 1.16° 20.97 2.46° 2442 223°
60 3.65 0.12°° 8.76 0.58° 3.69 0.11 2.90 0.17° 39.86 2.22° 1935 0.31° 21.67 0.18
80 3.72 0.03* 7.41 0.17* 3.61 0.12 2.33 0.09° 32.79 1.23° 9.09 0.74° 22.17 1.02"
IBW (g): initial body weight; FBW (g): final body weight; FI (% body weight/d): feed intake;
SGR (%/d): specific growth rate in wet weight; FE (%): feed efficiency; PRE (%): protein retention efficiency;

ERE (%): energy retention efficiency

R4 EABER. SOHKTENFRE RE S KA R A (T EHREIR)

Tab. 4 Effect of replacement of fish meal by rapeseed meal on the body composition of gibel carp (menast SE)

%
Rapeseed level E% of dietary psotein) Dry matter (%) Energy (J/mg) Fat (%) Protein (%) Ash (%)
0 23.78 0.32° 522 0.22% 5.84 0.14° 1432 0.13° 2.94 0.09°
20 2423 0.83° 534 0.24% 6.35 0.16° 14.76 0.31° 2.94 0.08°
40 26.12  0.42° 5.69 0.21° 7.46 0.18" 14.61 0.56" 2.92 0.04°
60 23.19 0.61° 520 0.01% 6.33 0.03° 13.31 0.21° 2.64 0.07°
80 23.03  0.50° 5.08 0.14° 6.29 0.08 13.17 0.41°  2.88 0.05"
[10, 15]
3
)
)
) Dabrowsski Koz-
, zlowska 50%
[14] Forster, et
) al. (Oncorhynchus mykiss) 41.5%
20% ( 17%),
(22] , Burel, et al. (Psetta
(Ctenoparyngodon idellus)!'”’  Davies maxima) 30%
(Oreochromis mossambicus Peters)™  Jackson (23]
(Sarotherodon mossambicus)!"®’  Webster ,
ti(Ictaluru punctatus)™ Yurkowski
(Salmo gairdneri)? , (Oncorhynchus mykiss)”
30%( ) (Psetta maxima)?! (Oncorhynchus tsha-
wytscha)*¥,
> )
> )
, 211 Reihold, et al. (oncor-

, hynchus mykiss)**!

[17]
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EFFECTS OF DIETARY RATIO OF FISH MEAL AND RAPESEED MEAL ON
THE GROWTH AND FEED UTILIZATION IN GIBEL CARP
(CARASSIUS AURATUS GIBELIO)

LIU Xiao-Qing'?, ZHU Xiao-Ming?, HAN Dong?, JIN Jun-Yan?, YANG Yun-Xia? and XIE Shou-Qi’

(1. College of Natural Resource and Environment Engineering, Anhui University, Hefei 230601, China; 2. State Key Laboratory of
Freshwater Ecology and Biotechnology; Institute of Hydrobiology, Chinese Academy of Sciences, Wuhan 430072, China)

Abstract: Effects of replacement of fish meal with rapeseed meal on the growth and feed utilisation were investigated in
juvenile gibel carp (Carssius auratus gibelio). Three groups of fish were fed with each of five groups of diets supple-
mented with different concentrations of rapeseed: 0, 20%, 40%, 60% and 80% of total dietary protein. The experiment
was carried out in a recirculation system at 26.5—29.5  (mean 28.5 ) for 8 weeks. The results showed that the
growth rate of the fish decreased significantly when the rapeseed protein accounted for 40%, or higher, of the total die-
tary proteins. The feed intake was not affected by the concentration of rapeseed. The digestion rate of the dry matter and
protein was significantly lower only when the concentration of rapeseed protein was 80% of the total dietary proteins.
The digestion rate of energy was the lowest when rapeseed protein accounted for 40% of the total. Feed conversion ef-
ficiency decreased significantly when the dietary rapeseed protein concentration was 20% or higher. The protein and
energy retention efficiency decreased when dietary rapeseed protein concentration was 40% or higher. The body energy
and fat content reached the highest values when the fish was fed with the diet containing 40% rapeseed protein. The
body protein level was lowest at the rapeseed protein concentrations of 60% and 80%, while the fat content was highest
at 20%. Based on the data we suggest that the optimal concentration of rapeseed protein should be 20% in the diet for

gibel carp.

Key words: Rapeseed meal; Fish meal; Growth; Feed utilization; Gibel carp



