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1991) , , £1 LREARRSREFER(%TYR)
Tab.l Formulation and nutrient composition of the
experimental diets (%, DW)

(Scophthalmus maximus) (Bothi-
dae) (Scophthalmus), (/1002) DI D2 D3 D4
, 3948 3948 3948  39.48
23.60  23.60  23.60  23.60
( , 2006) , 4.94 4.94 12.94 12.94
(10% 18%) 0% 6.00 6.00 6.00 6.00
1.5% ’ 5.00 5.00 5.00 5.00
a- 6.92 6.92 6.92 6.92
’ 9.50 8.00 1.50 0.00
0.00 1.50 0.00 1.50
1 Y 2.00 2.00 2.00 2.00
R 1.00 1.00 1.00 1.00
1.1 0.50 0.50 0.50 0.50
> ) 0.06 0.06 0.06 0.06
47%, 10% ( ) 0.50 0.50 0.50 0.50
18% 0% 1.5% 0.50 0.50 0.50 0.50
( , 20%, 100 100 100 100
), 4 , (%, )
DI D2 D3 D4 46.14 4699 4578  47.16
| 9.77 9.66 18.33 17.97
13.17 12.44 11.60 10.98
80 ’ ’ (kl/g) 19.83 2024  21.93 22.52
’ ’ (mg/kJ) 2327 2322 20.87  20.94
> a) (mg/kg ): CuSO, -5H,0, 10; MnSO,4 “7H,0,
2.5mm s -20°C 180; CoCl - 6H,0, 50; ZnSO, - 7H,0, 350; NaHCO3, 2000; MgSO, - 7H,0,
3000; KI, 10; Na,SeOs, 10; FeSO, - 7H,0, 600
1.2 b) (mg/kg ): A, 20; E, 150;
D, 8; K, 10; , 50; ,5; , 100; s
15; BE ,15; , 200; , 20; ,240
, 2, ) 3 ,
( , 9 , 4°C 4h ,4°C
50%, 12%) 4000r/min 10min,
, (45.78=%0.11)g 360 -80°C
4 3 , 30 , ) ; )
8 ; -80°C
: 16—18°C, >7.0mg/L, 1.4
<0.05mg/L 12h : 12h 14.1
(08: 00, 16: 00), (WGR, %) = (W, W,)/W,><100;
1.5% , , (SGR, %/d) = (InW, InW,)/d><100;
30min , (FCR) =F/(W, W,);
1.3 (PER, %) = (W, Wo)/(F><CP)><100;
24h, , (HSI, %) = W, / W;><100;

12 ,  MS-222 , W, (2), W,
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(g), Wh (2), F (g).d 4°C /min 240°C, 10min, 1L
(d), CP )
1.4.2 105°C ;
(GB/T6435-2006);
(LECO FP-528); 1.5
(GB/T6433-2006); 550°C (GB/ SPSS 16.0
T6433-2007); (PARR 6100) (Two-way ANOVA), (P<0.05),
1.4.3 Duncan’s =+
(TG) (TCHO) (Means=%=SD)
(HDL-C) (LDL-C) 5
(ALT) (AST)
( 70200 2.1
(LPS)
(HL) (LPL) 2 2 , , D3
) D1 WGR SGR PER 38.16%
1.4.4 26.03%  31.99% (P<0.05), FCR 22.66%, HSI
(1) Folch  (1957) (P>0.05);
; , ; ,D2 D1 WGR SGR  PER
( , 2005), 12.26% 8.96%  9.84% (P<0.05), FCR
HSI 14.84% 40.97% (P<0.05); D4
) : GC2010 D3 WGR SGR  PER 8.38%
SP-2560 SUPELCO . 5.75%  5.16% (P<0.05), HSI 28.08% (P<0.05),
100m><0.25mm> 0.2 |4 m; FCR (P>0.05);
: 99.99% : 40mL/min, » D4 WGR SGR PER
400mL/min: HSI D2 33.41% 26.03% 26.36%
: 240°C; 260°C; 90 : I; 23.53% (P<0.05), FCR 17.43% (P<0.05)
(FID), 260°C; ,
140°C, Smin, (P>0.05)

R2 AREBERAKFTRMETER X X oF4h & 4 KRR R0

Tab.2 Effects of bile acids on growth performance of juvenile turbot at different dietary lipid levels

Two-way ANOVA (P>F)

DI D2 D3 D4
x<
(IBW, g) 45.840.03 45.8120.10 45.8920.08 45.7420.19 0.882 0.221 0.411
(FBW, g) 66.5240.14" 68.730.37" 74.5020.24° 76.6520.10° 0.000 0.000 0.850
(WGR, %) 45.1220.25" 50.6520.24" 62.3420.28° 67.57+0.55¢ 0.000 0.000 0.514
(SGR, %/d) 0.6720.00° 0.7320.00" 0.8720.00° 0.92+0.01° 0.000 0.000 0.134
(FCR) 1.28240.01° 1.0920.10° 0.9920.03" 0.90=0.01° 0.000 0.001 0.126
(PER, %) 169.35£1.52"  186.0240.42°  223.52%1.38°  235.05%3.29° 0.000 0.000 0.052
(HSI, %) 1.4420.04° 0.8520.04° 1.4620.03° 1.050.08" 0.031 0.000 0.054
+ n=3), (P<0.05),
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2.2
(P<0.05), (P<0.05),
3 3 , 10%  (P>0.05) D4
18%, (D1 ,D3 ) D2
(P<0.05); D2  (P<0.05)
(P<0.05);
(P>0.05) (P>0.05)
F3 TEBHKETHRMAE T KEET4 & E H K 2B ME(%)
Tab.3 Effects of bile acids on proximate composition of juvenile turbot at different dietary lipid levels (%)
. . s b Two-way ANOVA (P>F)
>
79.550.43 77.09%0.34"  79.2320.64°  76.200.76 0.103 0.000 0.410
14.580.21° 16.492£0.04"  14.240.22°  16.22%0.01° 0.041 0.000 0.764
1.9940.03° 1.720.08" 3.5420.01¢ 3.1820.13¢ 0.000 0.001 0.430
4.2120.03° 4.40=0.02° 3.4020.04" 4.1020.00° 0.000 0.001 0.073
80.450.14° 78.41£0.14"  80.1820.56°  78.4220.20° 0.504 0.000 0.485
18.070.12° 19.47£0.06°  18.112£0.45*  19.59%0.06" 0.588 0.000 0.762
0.54220.03 0.4020.02° 0.7720.05° 0.64=0.02° 0.000 0.000 0.586
1.2940.01° 1.3240.01" 1.3020.03" 1.3340.02° 0.528 0.017 0.843
79.82+1.27° 78.80+0.16"  77.56%+1.31"  73.63+1.83° 0.001 0.011 0.089
12.71£0.86° 14.690.16°  11.15%1.59*  12.4120.29° 0.000 0.086 0.217
2.76%0.01° 2.6840.01°  11.570.00°  11.1420.47" 0.005 0.011 0.476
2.3 3n-6 C20: 3n-3 ARA DPA n-3/n-6
(P<0.05)
2.4
4 4 ,
, SFA Cl17: 0
(P<0.05) C18: 0 5 ,
(P<0.05), TG TCHO HDL-C LDL-C
Ci18: 0 (P<0.05), SFA ALT AST (P<0.05)
(P>0.05); MUFA ,D3 TG TCHO HDL-C
(P>0.05), LDL-C ALT  AST DI  (P<0.05)
( C22:1n-7 ) (P<0.05)
MUFA Cl6: In-7 CI18: 1n-9 D4 D2 (P<0.05) TG TCHO
C18: In-7 C22: 1n-9 (P<0.05) HDL-C
C22: 1n-9 (P<0.05)
(P<0.05); (C18: 3n-6 2.5
(C20: 2n-9 ) PUFA

>

C18: 2n-6 C18:
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F 4 AEBERAKET HRINAEEE XS KX % 6T 4h & L /A A A BR 40 A B9 &2 (% & BE AR BR)
Tab.4  Effects of bile acids on dorsal muscle fatty acid composition of juvenile turbot
at different dietary lipid levels (%, total fatty acids)

Two-way ANOVA (P>F)

DI D2 D3 D4
x<
Cl14: 0 1.2920.11° 1.78%0.11° 1.3840.21° 2.3340.43° 0.059 0.001 0.153
C15:0 0.28+0.01° 0.2820.01° 0.3520.04" 0.3620.06" 0.010 0.940 0.822
C16: 0 18.63£0.35  19.1921.10 21.5942.84 18.791.40 0.224 0.283 0.123
C17: 0 0.1320.03*  0.1720.02" 0.1820.01° 0.2020.01" 0.005 0.030 0.576
C18: 0 538002  6.0220.06° 5.3924-0.04° 5.90=0.07" 0.084 0.000 0.049
C20: 0 0.3220.01"  0.28%0.05® 0.2820.03" 0.240.01° 0.030 0.058 0.919
€22:0 0.15+0.01°  0.160.01"™ 0.160.01" 0.1620.01° 0.037 0.037 0.631
S SFA 26.18+0.41  27.87%1.23 29.3343.05 27.99240.99 0.141 0.862 0.168
C16: In-7 1.7540.03*  2.15%0.08" 2.4820.28" 2.8940.47° 0.002 0.033 0.976
C18: 1n-9 12.30£0.18°  12.480.31° 10.5320.09" 10.89+0.08" 0.000 0.039 0.402
C18: 1n-7 2.16=%0.10° 2.66%0.13° 3.3420.15° 4.09=%0.03¢ 0.000 0.000 0.104
C20: 1n-7 1.0320.04° 1.04£0.02° 1.1120.11% 1.230.14 0.031 0.238 0.310
C22: 1n-9 0.5840.01° 0.5520.01° 0.3240.07° 0.650.02° 0.005 0.000 0.000
S MUFA 17.81£0.19*°  18.89%0.27°  17.97%0.17° 19.760.61° 0.074 0.000 0.062
C18: 2n-6 7.85%0.11° 6.75%0.08° 9.4540.07° 7.73240.07° 0.000 0.000 0.000
C18: 3n-6 0.0920.01°*°  0.0820.01"° 0.112£0.02°¢ 0.06%0.01° 0.820 0.004 0.032
C18: 3n-3 0.8420.03° 0.6320.05° 0.88220.04° 0.712£0.04° 0.026 0.000 0.366
C20: 2n-9 0.4520.02° 0.4520.03° 0.70=0.02° 0.70=20.05° 0.000 0.861 1.000
C20: 3n-6 0.450.04° 0.3320.01° 0.4620.03¢ 0.380.01° 0.040 0.000 0.193
C20: 3n-3 0.220.02° 0.1620.01° 0.402:0.01¢ 0.26=0.02° 0.000 0.000 0.002
ARA 1.850.03° 1.60%0.02° 2.0520.13¢ 1.9440.03¢ 0.000 0.000 0.001
EPA 7.35%0.23° 6.0920.13" 8.4640.23° 6.9740.33 0.000 0.000 0.429
DPA 3.5820.02° 2.08+0.12° 2.9620.05" 2.04=%0.09° 0.000 0.000 0.000
DHA 20.2620.16"  18.81=20.63" 28.1920.15¢  27.26=20.18° 0.000 0.000 0.233
S PUFA 42.93+0.36"  36.83%1.02° 53.670.37°  48.04:0.42¢ 0.000 0.000 0.521
n-3 PUFA 32.2640.35"  27.76%0.79° 40.890.31°  37.2320.46° 0.000 0.000 0.196
n-6 PUFA 10.2320.16" 8.61£0.27" 12.03%£0.08°  10.1020.08" 0.000 0.000 0.150
n-3/n-6 3.1620.07° 3.2320.06° 3.4020.02° 3.68240.06° 0.000 0.000 0.007
£S5 AEBBHKFETRMABTER M X ZE 84 & MFE ISR
Tab.5 Effects of bile acids on serum biochemical indices of juvenile turbot at different dietary lipid levels
(TG, (TCHO, (ALT, (AST,
mmol/L) mmol/L) (HDL-C, mmol/L) (LDL-C, mmol/L) U/L) U/L)
DI 1.260.03" 2.260.04° 1.9940.01° 0.13%0.01° 36.1720.76° 66.0021.00°
D2 0.9420.01° 1.840.02° 1.830.02° 0.0920.01° 22.00=1.00° 45.00%1.00"
D3 2.2840.02¢ 3.5440.02¢ 2.6240.06° 0.2120.02¢ 46.3341.53¢ 69.66+1.54
D4 1.7320.03° 2.6240.02° 2.130.01° 0.18%0.01° 33.33241.53° 54.331.53
Two-way ANOVA (P>F)
0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000

x< 0.000 0.000 0.000 0.580 0.442 0.446
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6 ,
,D3 LPL HL TL LPS DI
(P<0.05);

(P<0.05), D4 D2
(P<0.05) HL TL

(P<0.05)

&6  AREIBERAK T T AN BB i BR X X 3= 6 Be B 4K 5 BB 75 1% RO RO 220

Tab.6  Effects of bile acids on lipid metabolism enzymes activities of juvenile turbot at different dietary lipid levels

[LPL, U/(mg prot)] [HL, U/(mg prot)] [TL, U/(mg prot)] [LPS, U/(g prot)]

D1 4.1120.04" 2.80=%0.07* 6.91%0.03" 102.74%1.59°
D2 4.870.04° 3.83%0.01° 8.7020.06 114.6244.03°
D3 8.3320.08° 5.2240.03° 13.5540.07¢ 141.7240.88°
D4 9.2440.01¢ 8.76=0.03¢ 18.00==0.04¢ 154.613.87¢
Two-way ANOVA (P>F)
0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000
=< 0.079 0.000 0.000 0.516
3
3.2
3.1
Nijhof(1993) , 16.90% ,
, 10.60% (Wang et al, 2005) (Sether et al, 2001; Lee
; Cho  (2005) , 6.90% et al, 2003) ,
, 16.80% Regost  (2001) ,
, 18% WGR SGR )
PER 10% s ;
, , (2003) ,
(Oreochromis niloticus > Oreochromis aureus)
( , 2009; , 2010) (Chelon (2010) ,
haematocheilus) ( ,2012)
) , n-3HUFA
(Oncorhynchus mykiss) ( , 2002) i ,
(Seriola aureovittata) (Deshimalu et al, 1982) Cho (2005) (2010) ,
) PUFA  HUFA
, 10% 18% , , ,
WGR SGR  PER, FCR, PUFA n-3 PUFA n-6 PUFA
, 18% n-3/n-6 , PUFA
10% ,
) ) 3.3

( ,2009) ,
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TG TCHO HDL-C LDL-C ,
,2010)
,2013)

(Myxocyprinus asiaticus) (
(Chelon haematocheilus) (
TG TCHO HDL-C LDL-C ,
A-V C' B TG >
TG (Sirvent et al, 2004);
A' >
, TCHO
al, 2005) Boulias (2005) ,
FXR-ax HDL ,

FXR-Ot SHP HDL
HDL ,

(HDL)

(Masson et

HDL-C
(Ctenopharyngodon idella) ,
TG TCHO HDL-C

HDL ,
(2008)

LDL-C (2010)
, TG HDL-C ,

TCHO LDL-C

(AST) (ALT)
: AST  ALT ,
( , 2001; ,
2005) ,AST ALT
, ( , 2009) ( ,
2012) ,
AST ALT ,

(LPL) (HL)
, (TL) LPL
TG
(Wong et al, 2002; Mukherjee, 2003),
(Auwerx et al, 1992; Zechner, 1997) HL
, LDL
, HDL-C HDL
(Choi et al, 1998) ,
LPL mRNA (

, 2010), LPL HL ( ,

2013) , )
LPL HL TL , 10%
18% 2
LPL( , 2008)
, HL )
( , 1999;
Wong et al, 2002)
(Pagrosomus major) ( , 1998)

(Platichthys stellatus) (Ding et al, 2010)
(Oreochromis niloticus > Oreochromis aureus) (
, 2004) ,

>

,2010)

(Romanski, 2007) Maita (1996) s
Alam
(2001) )
4
, , , 2008.
, 133—134
. 2010.

. : , 52—62

, , , 1998.
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EFFECTS OF DIETARY BILE ACIDS ON GROWTH, BODY COMPOSITION AND LIPID
METABOLISM OF JUVENILE TURBOT (SCOPHTHALMUS MAXIMUS) AT DIFFERENT
LIPID LEVELS

SUN Jian-Zhen"?, WANG Ji-Ying®>, MA Jing-Jing?, LI Bao-Shan’,
SUN Yong-Zhi*>, ZHANG Li-Min®

(1. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China; 2. Key Laboratory of Marine Ecological
Restoration, Shandong Marine Resources and Environment Research Institute, Yantai 264006, China)

HAO Tian-Tian"?,

Abstract

composition and lipid metabolism of juvenile turbot (Scophthalmus maximus) at different lipid levels. The fish with initial

The objective of this study was to investigate the effects of dietary bile acids on growth performance, body

average weight of (45.782%0.11)g were fed four isonitrogenous diets at lipid levels of 10% and 18% supplemented with 0%
and 1.5% bile acids for 8 weeks, respectively. With dietary increasing lipid levels or bile acids supplementation, growth
rate, specific growth rate and protein efficiency were significantly increased (P<0.05); however, feed conversion ratio was
reduced (P<0.05). Adding bile acids significantly promoted fish growth (P<0.05), while hepatosomatic index decreased at
the same lipid level (P<0.05). Crude lipid contents of tissues showed an increasing trend as lipid levels increased, while
adding bile acids reduced the accumulation of crude lipid contents in tissues. Moisture and crude protein contents of whole
fish and dorsal muscle were mainly affected by diets supplemented with bile acids (P<0.05). Addition of bile acids
significantly reduced PUFA contents of dorsal muscle (P<0.05), and increased SFA and MUFA contents. For fish fed diets
with 10% and 18% lipid levels, addition of bile acids significantly reduced contents of serum triglyceride, total cholesterol,
high-density lipoprotein cholesterol, low-density lipoprotein cholesterol, as well as the activities of ALT and AST (P<0.05).
However, the serum biochemical indices showed an opposite trend with the increasing dietary lipid levels. In terms of lipid
metabolism enzymes, increasing the dietary lipid levels or bile acids supplementation significantly elevated activities of
lipoprotein lipase, hepatic lipase, total lipase and intestinal lipase (P<0.05); moreover, statistical interaction of dietary lipid
and bile acids was found on activities of lipid metabolism enzymes (P<0.05). The results show that adding bile acids can
not only promote growth performance and feed utilization, but also reduce the accumulation of body fat and thereby protect
liver functions of juvenile turbot at two different lipid levels.

Key words Scophthalmus maximus; lipid; bile acids;

growth; lipid metabolism



