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[23] (Labeo rohita) 1.5 mm 50°C
43% ( = 80 12h, -20C
20) (GY
[24] ’ 1.2
20%[;] |
(Scophthalmus maximus L.) , ( )
(Bothidae), (Scophthalmus), 2, 24h ,
, (8.06+0.08) g, (500 L)
1992 , 28 , 3
, , 9 07: 00 18: 00 1
[25] ,
, , 19+ 1)C,pH 7.7+0.1,
, (25.2 % 1.0)%o, > 7.0 mg/L
[26] 1.3
[(4.30 £ 0.01) g] 15.0% , 24h,
, [(89.57 + 0.32) ¢g] [(208.30 + 0.29) 3, )
g] 25.5% t6l -80C
27 ) 4%
(105°C), (N x 6.25),
, (550°C),
(Parr 6100, USA)
’ [27]
, , (HK) (PK)
( )
(GK) (PFK)
1 (PEPCK) 1,6 - (FBPase)
1.1 Polakof, et al.l* : 05¢g , 4C
3x4 , 3 , 10 , [28]
( ) 4 0 5% 15% 10000 r/min 30min ,
28%) , 30C (Thermo Scientific Multiskan Spec-
trum, USA)340 nm
, (Diet 1), Bradford ,
5% 15% 28% (Diet2 Diet (29] : 30°C ,
3 Diet4) (Diet5 Diet6 Diet7) (Diet 1 umol 1
8 Diet9 Diet 10), 10 U
) 80 14
, , , + (X£SE) ,
0.5-v SPSS 17.0
) , 30% (Two-way ANOVA) (P<0.05) ,
, (EL-260, ) Duncan (30)
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Tab. 1 Formulation and proximate composition of the experimental diets
Diets No.
Ingredient (%)
1 2 3 4 5 6 7 8 9 10
White fish meal 36.00 36.00 36.00 36.00 36.00 36.00 36.00 36.00 36.00 36.00
Casein 21.20 21.20 21.20 21.20 21.20 21.20 21.20 21.20 21.20 21.20
Gelatin 5.30 5.30 5.30 5.30 5.30 5.30 5.30 5.30 5.30 5.30
Sodium alginate 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Glucose 0.00 5.00 15.00 28.00
Sucrose 0.00 5.00 15.00 28.00
Dextrin 0.00 5.00 15.00 28.00
MCC 20.50 17.50 11.50 3.50 17.50 11.50 3.50 17.50 11.50 3.50
Soybean lecithin 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00
Fish oil 11.00 9.00 5.00 0.00 9.00 5.00 0.00 9.00 5.00 0.00
Attractant® 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50
Vitamin premix” 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50
Mineral premix® 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Choline chloride 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30
Ethoxyquine 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10
Calcium propionate 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10
Ca(H,POy), 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50
Y05 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10
Proximate analysis(% Dry matter)
Crude protein(%) 50.22 50.90 50.06 50.14 49.61 50.60 50.27 49.47 50.43 50.08
Crude lipid(%) 12.36 11.25 7.06 2.99 11.37 7.58 2.83 11.78 7.35 2.39
Ash(%) 11.23 11.82 11.54 11.37 11.92 11.53 11.46 11.76 11.81 11.63
Carbohydrate(%) 1.91 6.16 16.77 28.84 6.47 15.86 28.25 5.78 16.27 28.14
Gross energy(KJ / g) 20.37 20.82 19.52 19.23 20.65 19.89 19.21 20.64 20.00 19.02
o =1 3 3;"%
Note: *: Attractant composition taurine glycine betaine=1 3 3;"° Provided by Qingdao Master Bio-Tech. Co., Ltd., China
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Tab. 2 Effects of dietary carbohydrate sources and levels on the activities of glycolytic and gluconeogenetic enzymes in the liver of turbot

p Glycolysis Gluconeogenesis
HK GK PFK PK PEPCK FBPase
Carbohydrate level 0.087 0.000 0.385 0.000 0.031 0.000
Carbohydrate source 0.022 0.042 0.020 0.028 0.000 0.000
Interactions 0.429 0.137 0.303 0.317 0.008 0.000
2 , HK
2.1 GK
(P < 0.05),
HK (P > 0.05) , , GK
(P>0.05 2), HK ,
(P < 0.05) 28% 15% 28% GK (P <
HK 5 HK 0.05) , GK s
( 1A); 28% GK
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(P<0.05) , 15% GK FBPase (P<0.05), (P<0.05)
5% (P<0.05), , FBPase S
28% ( 1B) 5% , FBPase (P<
28% GK 0.05); , FBPase
( 10); , GK 3 (P<0.05); ,
FBPase ( 20 5%
PFK FBPase (P<
(P>0.05), PFK 0.05); 15%
(P<0.05) 28% FBPase (P<0.05),
PFK 5 PFK ; R FBPase
( 1Dy ( 2D)
, PFK
PK 3
(P<0.05),
(P>0.05) , ,
15% ,PK (40.44 + 3.47) mU/mg , ;
(P<0.05) , PK , ,
, 5% ,PK B
28% (P<0.05), )
15% , PK (HK) (GK)
(P>0.05)( (PFK) (PK),
15% , PK (P< (PEPCK) 1, 6-
0.05), 1F); , (FBPase) -6- (G6Pase)
PK Go6Pase
2.2
3.1
PEPCK (P<0.05), (P<0.05) (Cyprinus carpio)
, PEPCK GK ,
, (28.23 £ 1.17) mU/mg s
15% (23.53 + 3.81) mU/mg PEPCK [8, 19,23, 32, 33] ,
5% (11.75 + 1.13) mU/mg(P<0.05), GK ,
PEPCK 28% (16.82 + 15%
2.35) mU/mg(P<0.05), 15%  28% 28% , GK ,
PEPCK GK R
PEPCK ( 2A) 15% GK
5% PEPCK GK
(P<0.05); 28% 341 GK
PEPCK (P< , s
0.05); s PEPCK GK Enes, et
( 2B) al.l”! , 20%
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1 Effects of dietary carbohydrate sources and levels on activities of hexokinase (HK), glucokinase (GK), 6-phosphofructokinase-1
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Fig. 2 Effects of dietary carbohydrate sources and levels on activities of phosphoenolpyruvate carboxykinase (PEPCK) and fruc-

tose-1,6-bisphosphatase (FBPase) in the liver of turbot
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A, B. PEPCK; C, D. FBPase. Significant differences among the diets are indicated by different letters (P < 0.05)
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EFFECTS OF DIETARY CARBOHYDRATE SOURCES AND LEVELS ON THE
ACTIVITIES OF CARBOHYDRATE METABOLIC ENZYMES IN TURBOT

NIE Qin', MIAO Hui-Jun', MIAO Shu-Yan', CHEN Chen-Yue', LI Jing’,
ZHANG Wen-Bing' and MAI Kang-Sen'

(1. Key Laboratory of Aquaculture Nutrition and Feeds (Ministry of Agriculture), Key Laboratory of Mariculture
(Ministry of Education), Ocean University of China, Qingdao 266003, China; 2. Center for Bioengineering and
Biotechnology, China University of Petroleum (East China), Qingdao 266580, China)

Abstract: A 3x4 two-factorial experiment was conducted to investigate the effects of dietary carbohydrate sources
(glucose, sucrose and dextrin) and levels (0, 5%, 15% and 28%) on the activities of glycolytic and gluconeogenic en-
zymes in turbot (Scophthalmus maximus L.). The initial weight of the turbot was (8.06+0.08) g. Each diet was fed to
triplicate groups of turbot in a flow-through water system for 9 weeks. Activities of hexokinase (HK), glucokinase (GK),
6-phosphofructokinase-1 (PFK), pyruvate kinase (PK), phosphoenolpyruvate carboxykinase (PEPCK) and fructose-1,
6-bisphosphatase (FBPase) were examined. The results showed that hepatic GK and PK activity significantly increased
with the increase of dietary carbohydrate level from 0 to 15%. However, there was a lack of further increase of them
with 28% of dietary glucose or dextrin. HK and PFK activities were not significantly affected by dietary carbohydrate
levels (P > 0.05). Activities of FBPase, not PEPCK, were significantly increased by 5% of dietary glucose. Diets sup-
plemented with dextrin depressed hepatic FBPase and PEPCK activity in comparison to that without carbohydrate sup-
plements. Activities of these two enzymes were not significantly affected by dietary sucrose levels (P > 0.05). The data
suggested that diets supplemented with 15% of glucose or dextrin was effective in enhancing liver glycolytic enzyme
activity. Dietary dextrin was more effective than glucose in depressing liver gluconeogenic enzyme activities. Only GK
activity was significantly promoted by 28% of dietary sucrose, and no significant effect of dietary sucrose levels on the

other enzymes was found.

Key words: Turbot; Carbohydrate source; Carbohydrate metabolism; Glycolytic enzyme; Gluconeogenic enzyme



