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R 1
1 Ingredients D, D, D, D,
Crude lipid 16. 48 12.82 10.78 6. 64
11 1.93 5.80  15.98  28.27
. o, . .
1 Soluble carbohydrate

, 44, 12% 16 48% Ash 11. 85 11.49 11.49 11.68

, Gross energy/kJ « g7* 21.37  20.73  20.61 19.28

( s ), :D (mg/kg ). A,32 mg; D,5 mg;

5% 15% 28%, E,240 mg; K,10 mg; By ,25 mg; By,45 mg;
4 . ZOOmg; 55720 mg; ,60 mg; ,800 mg; 760

D. D. D ]0) 20 mg; ,20 mg; By».10 mg; C,2 000 mg;
2N 1o ’ 4292.54 mg, @ (mg/kg ) .10 mg;
’ ’ 4 ,20 mg; ,45 mg; (1%),50 mg; s
L5 mmX3 0 mm 50 mg; (1%),60 mg; ,80 mg; ,1 200
,50 C —20 °C . mg; ,18485 mg, ® : : : =1:3:
3.
1 ( ) Notes: (D Vitamin premix (mg/kg diet) : Vitamin A, 32 mg; Vitamin D,
Table 1 Ingredients and proximate compositions 5 mg; Vitamin E, 240 mg; Vitamin K, 10 mg; Vitamin B;, 25 mg; Vi-
s Xima s S
. . tamin By, 45 mg; Nicotinic acid, 200 mg; Vitamin Bs, 20 mg; Biotin,
of the experimental diets (Dry matter) /% ) .

60 mg; Inositol, 800 mg; Calcium pantothenate, 60 mg; Folic acid, 20
Ingredients D, D, D, D, mg; Vitamin Bi;, 10 mg; Vitamin C, 2 000 mg; Microcrystalline cellu-

White fish meal 36. 00 36. 00 36. 00 36. 00
Casein 17. 20 17. 20 17. 20 17. 20
Gelatin 4. 30 4. 30 4. 30 4. 30

Carboxymethyl cellulose 1.00 1.00 1.00 1.00

Dextrin 0. 00 5.00 15.00  28.00

22.50 19.50 13.50 . 80

ul

Microcrystalline cellulose
2.00 2.00 2.00 2.00
Soybean lecithin

Fish oil 14. 00 12.00 8.00 2.70

Vitamin premix® 0.50 0.50 0.50 0.50

Mineral premix®

Attractants® 0.50 0. 50 0.50 0. 50

Choline chlorine (95%)

Ethoxyquin

Calcium propionate

, 0.50  0.50  0.50  0.50
Ca(H, PO,), v

0.10 0.10 0.10 0.10
Yttrium oxide

( ) Proximate analysis (Dry matter)/ %
Dry matter 90. 75 91.58  91.27 90. 14
Crude protein 44.12 45,44 45.62  46.36

lose, 4 292. 54 mg; @ Mineral premix (mg/kg diet) : CuSO, « 5H,0O, 10
mg; Na,SeO;, 20 mg; MnSO; « H,O, 45 mg; CoCl; » 6H, O (1%), 50
mg; ZnSO, » Hy O, 50 mg; Ca(103),(1%), 60 mg; FeSO, « H,O, 80
mg; MgSO, « 7TH,0O, 1200 mg; Zeolite powder, 18 485 mg; @ Attract-

ants: taurine : glycine ¢ betaine=13: 3 3.

1.2
s 500L .
6 L/min, (
) 2 o
) 24 h, ((8 36 %
0.02)g), , 4, 3
, 28 o 2
(07:00  18:00), )
. 1h o
9 2 R 18~
20°C.pH 7. 6~7 8. 28 2~ 30, 2,

7.10~8. 07 mg/L. 0. 045~0, 092 mg/L .
0. 023~0. 058 mg/L.,

1.3
R 24 h .
(MS 222,100 mg/kg) . 10 ,
R 2 000 r/min

10 min,
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o , Do
[14] .
Moore el .
o (Sigma 3 .
kit No. 510,Sigma Chemicals, St. Louis, MO), 1.4
Plisetskaya twel | EXCEL 2003 SPSS 13 0
Trinder Ll , + (Means = S E.)
(AST) (ALT) s P<C0. 05, Dun-
(Hitachi 7020, Tokyo, Japan), can’s .
(AKP) S -
37 °C 2.1
30 min 1 mg o 2,
Ellis ae .
0. 001 (CL) (TGs) (P>
o 0. 05),
(CAT) Beer  Sizer (AST) (ALT) (P<<
o 0. 05), .D,
(SOD) 3 (P>005, D,
e : , D, .D D,
1 =[( — (P<<0. 05, D, AST 3
OD )/ X 50% ] X (P<<0. 05, Dy ALT 3 (P<
[( / )/ P 0. 05),
2
Table 2 Replacement of dietary fish oil by dextrin on the haematological parameters of juvenile S. maximus
® @ ® ® o) ®
: Jmmol + L' /mmol+L™'  /ngemL™  /mmol+L™' /mmol+ L™ JIU - L7 JIU - L
D, 31.04+1.07  0.27+40.03*  9.29-0.90°  6.63+0.59  2.40=+0. 10 27.30+1.23" 18.47+1. 65°
D, 29.37+2.09 0.31£0.09* 10.224+1.03" 6.0140.49 2.7140.27 25.1342. 20" 9.0741.33"
D, 28.15+1.11  0.2840.03" 16.61%=1.06"  5.31+0.74  2.32+0.11 25.83%2.15" 11,0341, 64"
D, 30.27+2.09 0.60+0.07" 22.01%2,06° 5.227+0.71 2.5540. 30 43.60+£2. 09" 12.474+1.55"
+ (n=3), (P<<0.05),

Note: Values (mean +S. E. of three replicates) in the same column not sharing a common superscript are significantly different (P<Z0. 05).

(Diets; @ Totaleramino acids; @ Glucose; @ Insulin; @ Total cholesterol; © Triacylglycerols; @ Glutamic oxalacetic transaminase; ® Glutamic-pyruvic

transaminase

2.2

(AKP)

D,

(CAD)

(P>0. 05),
(P<<C0. 05),
3 (P<C0.05);
D, D,

(P<<0. 05),D, CAT 3
(P>>0.05);D, (SOD)
3 (P<<0.05);Dy
(T-A0OC) 3 (P<<0.05),
(P<<0. 05), Dy AKP

D, Dy - Dy

AKP
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3 (P<<0. 05);D, 0.05.D, D, CAT.SOD
, D, .D, (P<C0.05),D, (P>0. 05);D, T-AOC
D, D (P=>0. 05); Dy 3 (P<C0. 05,
CAT SOD D, (P<
3 /U + mg!
Table 3 Replacement of dietary lipid by carbohydrate on the immunological parameters in plasma and liver of juvenile S. maximus
Plasma
D, 21.54+0.67 8.96+0.67" 4.68+0.27" 98.09+2.61" 10.28+1.71°
D, 19.88+1.13 8.4840. 64° 4.44+0.37" 91.90+1. 50" 8.74+1.21°
D, 21.1940.76 9.56+0. 54" 3.67+0.31*" 93,4645, 92" 9.99+1.47°
D, 20.91+0.85 7.2240. 20 2.37+0.19° 78.08+5.90° 8.42+0.63"
Liver
D, 12.14+£0. 60" 6.95+0. 68" 38.18+2.67" 619. 41423, 04"F 3.2840.11"
D, 9.0240. 44* 8.2140. 79" 31.2742. 30" 652. 19442, 528 3. 1440. 09"
D; 10.1540. 7448 12.60+1. 70" 31.2741. 974 817.96+57. 89" 3.3740.21"
D, 8.16+0.13* 21.69+1. 15¢ 26.5441.95% 606.32451. 054 2.86+0. 10"
+ (n=3), (P<<0.05),

Notes: Values (mean £ S. E. of three replicates) in the same column not sharing a common superscript are significantly different (P<C0. 05).
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Influence of Replacement of Dietary Fish Qil by Dextrin on Metabolism and
Immune Response of Juvenile Turbot ( Scophthalmus maximus )

MIAO Shu-Yan' ?, HAN Dong-Dong', NIE Qin', MIAO Hui-Jun', ZHANG Wen-Bing' . MAI Kang-Sen'
(1. The Key Laboratory of Aquaculture Nutrition and Feeds of Ministry of Agriculture, Ocean University of China, Qingdao
266003, China; 2. College of Animal Science and Technology. Yangzhou University. Yangzhou 225009, China)

Abstract: A 9-week feeding trial was conducted to determine the influence of replacement of dietary fish
oil by dextrin on the haematological and immunological parameters of juvenile turbot (Scophthalmus maxi-
mus) (initial body weight: (8 32 £ 0. 06)g). Each of the four isonitrogenous and isoenergetic diets (D, ,
D, through D,) containing graded levels of soluble carbohydrates (1. 93%, 5 80%, 15 98% and 28 27 %)
and lipids (16, 48% ., 12 82%, 10. 78% and 6. 64%) was fed to turbot to apparent satiation in a flow-
through water system. Results showed that dietary carbohydrate content significantly increased the plasma
glucose and insulin concentration in turbot (P<C0, 05). The activity of glutamic oxalacetic transaminase
(AST) in serum of fish fed diet D, was significantly higher than that of other three groups (P<C0. 05).
Meanwhile, the activity of glutamic-pyruvic transaminase (ALT) in serum of fish fed diet D, was signifi-
cantly higher than that in other three groups (P<C0. 05). However, dietary carbohydrate content did not
significantly affect plasma total amino acids, total cholesterol (CL) and triglycerides (TGs) concentrations
(P>>0. 05). With the increasing dietary carbohydrate contents, the activity of lysozyme, catalase (CAT),
superoxide dismutase (SOD) and total antioxidant capacity ( T-AOC) in plasma significantly decreased
(P<C0. 05). The same thing was true in the activity of alkaline phosphatase (AKP), CAT and T-AOC in
liver (P<C0. 05), but not lysozyme (P<C0. 05). The results of the haematological parameters suggested
that the replacement of dietary fish oil by dextrin did not influence the protein metabolism of turbot. Glu-
cose induced insulin secretion in the pancreas was much lower than that of amino acids and fatty acids.
Meanwhile, the activities of ALT and AST in serum significantly increased in D, treatment. It was sugges-
ted that high dietary carbohydrate content would have certain damage to the liver of turbot. This effect did
not occurred in the study of blunt-snout bream. In regard to the immunological parameters, high dietary
dextrin content significantly decreased the activity of lysozyme, CAT, SOD and the T-AOC in plasma. It
was suggested that high dietary dextrin content stressed the metabolism of turbot. It would weaken its a-
bility to scavenge free radicals. This may further affect the health of turbot. With the isonitrogenous and
isoenergetic design, the results of present study indicated that different dietary dextrin contents not only
affected the glucose and lipid metabolisms, but also the immunity of turbot.

Key words: turbot; carbohydrate; dextrin; fish oil; metabolism; immune



