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Table 1 Composition and nutrient levels of experimental diets { DM basis) %

Rapeseed oil replacement level /%

Items 0 33.3 66.7 100.0
Ingredients
White fish meal” 33.00 33.00 33.00 33.00
Wheat gluten meal” 10.00 10.00 10.00 10.00
Casein" 6.00 6.00 6.00 6.00
Wheat meal 16.00 16.00 16.00 16.00
Soybean meal" 18.83 18.83 18.83 18.83
Fish oil 7.50 5.00 2.50
Rapeseed oil 2.50 5.00 7.50
Soybean lecithin 2.00 2.00 2.00 2.00
Mineral premix? 2.00 2.00 2.00 2.00
Vitamin premix” 2.00 2.00 2.00 2.00
Choline chloride 0.13 0.13 0.13 0.13
Ca( H,PO,) , 1.00 1.00 1.00 1.00
Calcium propionic acid 0.10 0.10 0.10 0.10
Ethoxyquin 0.05 0.05 0.05 0.05
Y,O0, 0.04 0.04 0.04 0.04
Attractants 1.30 1.30 1.30 1.30
Sodium alginate 0.05 0.05 0.05 0.05

Total 100.00 100.00 100.00 100.00
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1
Rapeseed oil replacement level /%
ltems 0 33.3 66.7 100.0
Nutrient levels
Crude protein 49.74 50.00 50.12 50.34
Crude lipid 12.16 11.63 11.51 11.63
Ash 12.14 11.24 11.28 11.56
n white fish meal( DM basis) : crude protein 70.22% crude lipid 5.85%;
wheat gluten meal( DM basis) : crude protein 83.95% crude lipid 1.28%; casein(
DM basis) : crude protein 89.44% crude lipid 1.46%; wheat meal( DM basis) :
crude protein 16.03% crude lipid 3.32%; soybean meal ( DM basis) : crude protein
51.36% crude lipid 1.79% .

2 Mineral premix provided the following per kg of diets: NaF 2 mg KI 0.8 mg

CoCl, * 6H,0 (1%) 50 mg CuSO, « 5H,0 10 mg FeSO, * H,0 80 mg ZnSO, * H,0 50 mg MnSO, * H,0 60 mg

MgSO, * 7H,0 1 200 mg Ca( H,PO;), * H,0 3 000 mg zoelite 15.55 mg.

3 Vitamin premix provided the following per kg of diets: thiamin 25 mg
riboflavin 45 mg pyridoxine hydrochloride 20 mg VB, 0.1 mg VK; 10 mg inositol 800 mg pantothenic
acid 60 mg niacin acid 200 mg folic acid 20 mg biotin 1.2 mg A retinol acetate 32 mg

cholecalciferol 5 mg E tocopheryl acetate 120 mg ascorbic acid 2 000 mg.

2 ( )
Table 2 Fatty acid composition of lipid sources and diets ( percentage of total fatty acids) %

Rapeseed oil replacement level /%

Fatty acids Fish oil Rapeseed oil 0 33.3 66.7 100.0

C14:0 0.05 0.05 4.50 3.13 1.82 0.61

C16:0 17.95 0.15 17.90 15.17 12.44 9.39

C18:0 5.65 2.10 2.31 2.01

C20:0 0.34 7.23 0.34 0.33 5.51 6.85

> SFA 23.94 7.43 24.84 20.94 21.78 16.85

Cle6:1 6.92 0.32 7.49 5.07 3.18 1.42

C18:1 16.68 55.25 23.09 28.57 34.76 42.09

> MUFA 23.65 55.55 30.58 33.64 37.94 43.52

C18:2n-6 4.18 9.66 14.72 17.33 19.75 19.76

C20:4n-6 0.76 0.07 0.49 0.38 0.26 0.09

> n-6 PUFA 4.94 9.73 15.21 17.71 20.01 19.85

C18:3n3 1.78 0.23 2.32 3.20 3.97 4.31

C18:4n3 2.45 1.36 0.93 0.48

C20:5n3 6.45 0.16 6.12 5.10 3.49 1.78

C22:6n3 11.57 0.66 8.40 6.33 4.18 2.25

> n3 PUFA 18.25 1.05 18.20 15.56 12.13 8.34

> SFA/Y PUFA 1.03 0.74 0.74 0.63 0.68 0.60

n3/n-6 PUFA 3.70 0.11 1.20 0.88 0.61 0.42
C€22:0.C24:0.C14:1.€20:1n9.C22: In-1.,C20:2n-6.C20:3n-6.C22:5n3 o Some

fatty acids of which the contents were minor trace amount or not detected such as C22:0 C24:0 Cl14:1 C20:1n9

C22:1n-11 C20:2n-6 C20:3n-6 and C22:5n3 were not listed in the table. SFA: saturated fatty acids; MUFA:

mono-unsaturated fatty acids; PUFA: poly-unsaturated fatty acids. 5  The same as Table 5.
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Table 3  Effects of fish oil replacement by rapeseed oil on growth survival and body parameters of
juvenile turbot ( Scophthalmus maximus L.) ( n=3)
Rapeseed oil
FBW /g  SGR/( %/d) FCR FIR/( % /d) SR/% HSI/%
replacement level /% ANPU /%
0 48.57+0.06" 2.32+0.01° 1.25+0.06  1.51£0.07 34.72+1.45 100.00+£0.00" 1.01+0.08"
33.3 47.85£1.01" 2.31+0.02" 1.20+0.04  1.59+0.05 31.84+0.84 100.00+0.00° 1.11+0.11"
66.7 48.19£2.39" 2.30£0.06" 1.22+0.03 1.56+0.03  32.89+0.55 100.00+0.00*  1.17+0.11*
100.0 43.68+2.31" 2.20£0.06" 1.15+0.05  1.63+0.07 32.34x1.86 98.10+1.65"  1.32+0.13"
2.55 0.06 0.06 0.07 1.65 1.11 0.06
Pooled SEM
One-way ANOVA
F  F—alue 5.020 5.477 2.896 2.301 2.417 4.000 4.327
P P—alue 0.030 0.024 0.102 0.154 0.152 0.052 0.043
( P<0.05) . 4

In the same column values with different small letter superscripts were significantly different ( P<0.05) . The same as Table 4.
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Table 4 Effects of fish oil replacement by rapeseed oil on body composition lipid content in muscle and

liver of juvenile turbot ( Scophthalmus maximus 1..) and dietary lipid apparent digestibility ( n=3)

%

Body composition

Rapeseed oil

replacement

Liver lipid

Muscle lipid

ADC of lipid

level /% Moisture  Crude protein Crude lipid Ash weight weight

0 76.20+0.10 16.30+0.18  3.29+0.11  4.23+0.16 6.22+0.45° 1.01+0.01 90.31+0.61

33.3 76.74+0.26  16.19£0.21  3.10£0.40  4.16+0.09  8.18+0.61"™ 1.05+0.11 88.46+0.61

66.7 76.10+0.41 16.25+0.17 3.78+0.36  4.03x0.17  9.91x0.33" 0.98+0.07 90.05+3.09

100.0 75.93+£0.59 16.02+0.53 3.71+0.36  4.30+0.16 14.20+0.33" 1.15+0.04 92.42+2.22

Pooled SEM 0.58 0.28 0.46 0.17 0.91 0.03 2.22
One-way ANOVA

F  F-alue 0.497 0.458 2.871 1.500 58.562 1.184 2.077

P P—value 0.695 0.719 0.106 0.287 <0.001 0.375 0.182
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Table 5 Effects of fish oil replacement by rapeseed oil on fatty acid composition in liver and muscle of
turbot ( Scophthalmus maximus 1.) ( percentage of total fatty acids) %

Rapeseed oil replacement level/%

Fatty acids 0 33.3 66.7 100.0
Liver
C14:0 5.05+0.70° 3.61£0.25" 2.64+0.14" 1.44+0.08°
C16:0 16.63£0.97* 14.34+1.03" 11.72+0.77" 9.36+0.05"
C18:0 4.86+0.36" 4.35+0.46" 4.01+0.29" 3.01£0.20"
C20:0 2.68+0.01" 3.44+0.11" 4.14+0.10" 5.51+0.07°
Y SFA 26.78+0.22" 23.30£1.17" 18.50£0.79° 16.31£0.20°
cl6:1 7.82+0.60" 5.94+0.34" 4.51+0.34° 3.04+0.19"
C18:1 24.18+2.03° 29.02+0.74° 37.00+0.84" 43.36+0.64°
C22:1 1.54+0.08" 2.55+0.07° 3.71£0.08" 5.33+0.14"
SMUFA 33.53£2.55° 37.51+0.51° 45.22+0.80" 51.73£0.49°
C18:2n-6 16.37£0.10" 18.49+1.06" 20.95+0.74" 20.43+0.43"
€20:4n-6 1.01+0.14* 0.69+0.02" 0.33+0.04° 0.11+0.01"
Y n-6 PUFA 17.38+0.04" 19.18+0.42" 21.28+0.73" 20.54+0.43"
C18:3n3 2.37+0.62" 2.82+0.05" 3.50+0.28" 3.78+0.28°
C18:4n3 0.81x0.01 0.42+0.31 0.45+0.09 0.05+0.01
€20:5n3 3.64+0.23" 3.14x0.48" 1.86+0.20" 0.79+0.01°
(22:6n3 7.04£0.62° 6.14+0.55" 3.33+0.28" 1.71+0.08¢
Y n3 PUFA 13.86+1.49° 12.53+0.86° 9.14+0.75" 6.32+0.23"
S SFA /Y PUFA 0.41+0.01° 0.3420.02" 0.24+0.01° 0.21+0.01°
n-3/n-6 PUFA 0.88+0.08" 0.65+0.06" 0.43+0.02" 0.31+0.01"
Muscle

C14:0 1.84+0.05" 1.76+0.34" 1.06+0.03" 0.73+0.09"
C16:0 20.70£0.97 21.34£3.25 18.76+2.27 15.24£2.55
C18:0 4.86+0.01" 4.35+0.46" 4.01+0.29" 3.01£0.20"
C20:0 2.59+0.01" 3.29+0.60" 4.02+0.61" 5.23+0.39°
3 SFA 29.98+1.05 30.74+2.99 27.87+2.19 24.21+2.43
Cl16:1 3.70+0.36° 3.74£0.35° 2.35+0.04" 1.98+0.39"
C18:1 22.01+0.60° 26.61£1.17° 30.08+1.30" 36.36+0.32"
SMUFA 25.71+0.96° 30.35+1.51" 32.43+1.33" 38.34+0.07"
C18:2n-6 11.55+0.23¢ 14.95+0.32° 18.26+0.42" 21.27+0.21°
€20:4n-6 1.41+0.01° 1.00£0.21* 0.82+0.11"™ 0.45+0.02°
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5
Rapeseed oil replacement level /%

Fatty acids 0 33.3 66.7 100.0

Y n-6 PUFA 12.96+0.22° 15.95+0.42¢ 19.07£0.31" 21.72£0.24"
C18:3n3 0.99£0.16" 1.52£0.04° 1.76£0.05" 2.75+0.07°
C20:5n3 5.22+0.08" 4.55+0.43" 3.75+0.26" 2.24+0.01°
(22:6n3 18.13+0.80" 12.87+1.98" 10.36+1.07" 5.33+0.16°
Y n3 PUFA 24.35+0.57" 18.93£2.33* 15.87+1.29"™ 10.33£0.25¢
Y SFA/Y PUFA 0.80£0.04 0.88+0.11 0.80£0.07 0.76+0.08
n-3/n-6 PUFA 1.88+0.08" 1.19+0.13" 0.83+0.07° 0.48+0.02"

( P<0.05) .

In the same row values with different small letter superscripts were significantly different ( P<0.05) .
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Growth Fatty Acid Composition and Lipid Deposition of Juvenile
Turbot ( Scophthalmus maximus L.) Fed Diets with Fish Oil
Replacement by Rapeseed Oil

PENG Mo'?> XU Wei' MAI Kangsen' ZHOU Huihui' TAN Peng'
DU Jianlong' AT Qinghui
( 1. Key Laboratory of Aquaculture Nutrition and Feed of Ministry of Agriculture Key Laboratory of Mariculture of
Ministry of Education Ocean University of China Qingdao 266003 China; 2. School of Animal Science and Technology
Jiangxt Agriculiural University Nanchang 330045 China)

Abstract: A 92-d feeding experiment was conducted to investigate the effects of dietary fish oil ( FO) replace—
ment by rapeseed oil ( RO) on growth fatty acid composition and lipid deposition of juvenile turbot ( Scoph—
thalmus maximus L.) . Four isonitrogenous and isolipidic practical diets were formulated with RO replacing 0
33.3% 66.7% and 100.0% FO respectively. A total of 420 juvenile turbot with the initial body weight of
(5.89+0.02) g were randomly distributed into 4 groups with 3 replicates per group and 35 fish per replicate
and the fish in each group were randomly fed one of four experimental diets. The results showed as follows: 1)
with the RO replacement level increasing the final body weight and specific growth rate of turbot were de-
creased while the hepatosomatic index was increased. The final body weight and specific growth rate in
100.0% RO group were significantly higher than those in 100.0% FO group ( P<0.05) while the hepatoso—
matic index in 100.0% RO group was significantly increased compared with 100.0% FO group ( P<0.05) . The
survival rate feed conversion rate feed intake ratio and apparent net protein utilization of turbot were not sig—
nificantly affected by RO replacement level ( P>0.05) . 2) RO replacement level had no significant effects on
body composition muscle lipid content and dietary lipid apparent digestibility of turbot ( P>0.05) but had
significant effect on liver lipid content of turbot ( P<0.05) . The liver lipid content in 66.7% and 100.0% RO
groups was significantly higher than that in 100.0% FO group ( P<0.05) . 3) Fatty acid composition in liver
and muscle showed a positive correlation with dietary fatty acid composition. Compared with 100.0% FO
group the contents of C18:2n-6 ( linoleic acid) and C18:3n-3 ( ainolenic acid) in muscle and liver were sig—
nificantly increased ( P<0.05) while the contents of C20:5n-3 ( eicosapntemacnioc acid) and C22:6n-3 ( do—
cosahexaenoic acid) in muscle and liver were significantly decreased ( P<0.05) . These results suggest that on
basis of nutritional quality the level of RO to replace FO in the turbot diet should be lower than 66.7%. Chi-
nese Journal of Animal Nutrition 2015 27(3) :756-765
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