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wHE', WAE, & ', RXET, ZEA
(1. FE 22 A 26 2 5 AR T 190 5
O TR AT T S5 IR B 266003,
2. W ARAEE A P BSR4 264006)

WE: AR AEREAAKTFE0%) T, ARF TEMENRALEY (FEH K EREMHE)
MR EEY A (8.12+0.04) gl A K RFE ARF A KA &AL AEEENIEITE N
M, S B A A PR LA R R R A T AR K A A, & 40% ty R A A 18% B g B L 4R B AE At
BAAp ey e b AT ATN 12% , 25 7 An 15% B8 5 4 ERE BB RS 3 4 £ %
Ak, ERAKRFERAZFHTIOANKREREK IR, FRET, EABARNEZH R FX
HET95.24% F AL AR LR E 2R, N E AP ELA A ZHNHEEE(WGR) x4
KE(SGR) KB ZETm THERAMEREA, SARMEFLFE(DFD) R AL EE R, HH4
A ANRE(FE)LERG TEMA  EHERAFESR VLA REEZ R ENLHEAN
BB ERAHNE(ADC) x B AWM LXNEFZ W, W T HAKAKNLEDH
ADCRR Ky B A A > WA >EMA (. HEEANaE E ADC &g, B4 0 &% 1K B
BANHEREELEZGTHECEAAN AL EWN LT K ZTNAFE LR EER S
ELREYH, BEREYHTINENERERAE. KEGHRERH S ERA NS H A >
MIRA>ERA>HEHRAFERRERRAVTARA > BERA > HHEL > B T H
BANEDHEGAZI Y DR A AR ERHEEY W, EREXV MO REEAER B
Z REEB(CHO) Mu =B (TAGs) W& 8, #REXNA, KLRFAHT, KEZFHHHEN
HMEABERTHABMEE FELTRBENR AN EIRBEXHKRAETRESTAZS
Yy g AR A R A ot R A TR A AR AR R — R

KR : K=, BX; £K; RERE; E5

HESES: S 963
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50% " RI15% ~17% o Gk i v i 2R 1R
N W K- AL 25 i ARl RAS , T L 23 39 I 5 5 £,
SRR 1 R8T T A HERE S R A R B
Tt 3 4 AR ARk ep 2 5 R IR DT A TS K - o
WKL G W2 A YR N B —Fh B Z ) R T, .
0 H A FIBE A R 3 s i ik AL A AN AY
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XHEIRERD A

A A, T L 2 R AR ek B M T Ak R T R
u, BT K AL S W R T AR 5 i g 57
B SREm Al Bk K AR S ) R A 2 K P S T
ZAH kP, W9 & W, O B i ( Epinephelus
malabaricus )'°" Fl B
idella) """ 5 Xk B ATBURS 1 ) FH AL % 5 T 2 0 Al
5 WM. 01 9 fa ( Sparus aurata)', F BF
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stellatus) "), B )y fif; ( Silurus meridionalis) " | f4a
Mo W
( Dicentrarchus labrax )" | 5t & 42 #) ( Carassius
auratus gibelio )'”" 1 % # {4 ( Rachycentron
canadum) " % Fi 2 g 7 A R DR o
Liv

Nijhot %1% 3 i i o 5 1 Ve 9 W
SR Y, LU B RS B X IR 7 R0 VE A B4 R 22 S 4

R BLOK 22 B8 X BE By (9 A S0 IR W 0

. 11
( Acipenser  transmontanus )",

FFE T 24 h Py IR 52 2 IE 5 K F, BT R
Z BFREAE 24 h PN AT ST i A 0 A 1A Y AR
e SEH M H o H O AR R &K B OKCF (40% )
kR N GRS IR T e 7/ NG KR N
AU ) X K 22 8F 4 £ A= < R L ARDRERT T
A 20 L 9 A B A= A A AR S A T B AR
SIS FR 52 00, A BF 9 K 22 B8 X B K AL 45 4 1 AR
AR P R 1 S ik A 0l

67% . Garcia-Riera %" it BB PYEESH O T RRASRES

10 R 28 B (A N T S A A 8 (1 e/keg (AT ) 1.1 W EH

GERLW M AETEES S 3 h kB m g, 25 Tk B 23 B A L AR o % BR 2 RDRL rp R S

1 XREABEARENEFHEK
Tab.1 Ingredients and proximate compositions of the experimental diets
JE £l ingredients (g/100g dry weight) COo Gl15 S15 D15

8 white fish meal 36.00 36.00 36.00 36.00
BETE [ casein 12.80 12.80 12. 80 12.80
Wl JE gelatin 3.20 3.20 3.20 3.20
¥ W1 HL 27 4k 2% carboxymethyl cellulose 1.00 1.00 1.00 1.00
% BE glucose 15.00
HEHE sucrose 15.00
Wik dextrin 15.00
S £ 4k £ microcrystalline cellulose 25.00 16.00 16.00 16.00
K G UI#ENE soybean lecithin 2.00 2.00 2.00 2.00
ffi 3y fish oil 17.00 11.00 11.00 11.00
Yk K iR B vitamin premix® 0.50 0.50 0.50 0.50
") T IR % mineral premix® 1.00 1.00 1.00 1.00
) attractants® 0.50 0.50 0.50 0.50
S AL HB choline chlorine (95% ) 0.25 0.25 0.25 0.25
R F sk ethoxyquin 0.05 0.05 0.05 0.05
R4S calcium propionate 0.10 0.10 0.10 0.10
AR — S 45 Ca(H,PO,), 0.50 0.50 0.50 0.50
=44k 4z yttrium oxide 0.10 0.10 0.10 0.10
EFAR( % THR) proximate analysis( % dry matter)
F ¥ i dry matter 90. 85 90.78 90.91 91.34
ML crude protein 39.02 40.26 39.55 40.44
HLIE W crude lipid 18.29 12.05 12.90 12.39
JK 45y ash 11.50 11.73 11.56 11.72
HRE/(kJ/g) gross energy 22.48 20. 80 20.24 20.74

Hca. gEA RBUR R (mg/kg 6k A HE A32 mg; 4i4E K Dy 5 mg;

o-A B W ,240 mg; 4iA F K, 10 mg; B i 5,25 mg; % 1 5,45

mg ; EhER LIS B, 20 mg ;32 FRES ,60 mg; MR ,200 mg; A= &K ,60 mg; MR ,20 mg; EA:FK By, ,10 mg; JJLEF 800 mg; HLIR ML AR ,2 000 mg,
b. &4 5t iR # ( mg/kg 4k} ) : CuSO, - 5H,0,10 mg;Na,SeO;,20 mg; MnSO, - H,0,45 mg; CoCl, - 6H,0(1% ),50 mg;ZnSO, -
H,0,50 mg;Ca(10;),,60 mg;FeSO, - H,0,80 mg;MgSO, + 7H,0,1 200 mg; il £ #},18 485 mg. c. B Hl: LR H &M i SEm =

1:3:3,

Notes:a. Vitamin premix ( mg/kg diet) ;: Vitamin A,32 mg; Vitamin D,5 mg; Vitamin E, 240 mg; Vitamin K, 10 mg; Vitamin B, ,25 mg;

Vitamin B, ,45 mg;Nicotinic acid,200 mg; Vitamin B,,20 mg; Biotin, 60 mg; Inositol,800 mg; Calcium pantothenate,60 mg; Folic acid, 20

mg; Vitamin B, ,10 mg; Vitamin C,2 000 mg ; Microcrystlline cellulose ,4 292. 54 mg. b. Mineral premix ( mg/kg diet) : CuSO, + 5H,0,10 mg;
Na, SeO;,20 mg;MnSO, - H,0,45 mg;CoCl, - 6H,0(1% ) ,50 mg;ZnSO, - H,0,50 mg;Ca(I10;),,60 mg;FeSO, - H,0,80 mg;MgSO,
- 7H, 0,1 200 mg;Zeolite Powder,18 485 mg. c. Attractants: Taurine/Glycine/Betaine = 1/3/3.
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el A K AL & W, 0 ) & 40% 19 B E SR
18% BN T o 7E R B 2H 1) ) i B filt |, 4 2 1) )
3R I AR RERE AR RS (Dr e L DA
FRATE B B IKF-h 15% o W35 1 kBHIE
i A (12% ) DL AR F5 5 %5 B 20 1) R BB A0 24 .
B AN 0. 1% 1) Y,0, 1E R 45 78 71 LA
SE ) BL ) 3 OULH Ak % (apparent  digestibility
coefficients, ADCs) , 4 2H 55 % 55 fiE 1) 52 56 1) B} 73
Al 4w 452 CO . G15 . S15 F1 D15, e ifil 4 BL 7, or
A RS 80 H i, 1R AT, A8 f5 i in il A S S
SHRAE KRS E e A HF E L il i 1.5 x
3.0 mm [H5FKL,50 THEFE N T )5 B - 20 Tk
FARAE o
1.2 IWAERFEERE

SCH R 2 GE A A L AR 5 R AR A
Y, WEENTRE R — R E, RN A,
PTG o S5 00 A VA DR 2 2 T 5 o
H = K IR E AR SR R AT, FRAA AR AR O 500 L
IR S M A, A PN K D Bl 6 L/ming, S5 i
PR L A RE (75 5 L AR YRR IR A 42
BE) B SR 2 J8 LIS W PRI o SEERTT A I, K22 61 4)
AR 24 h, PR R AT [ (8. 12 £0.04)
gl IR gt BERL A Sy 4 L B3 A
B VEBNELNSE28 B, BRATHRBEMWNIK
(07:00 F1 18:00) , ik &K F. MWL R 1 h
Ja MR AR, B H AL R R a L TR At ., S
IS5 AT 20 d HF IR ICAE S0, B0 S E - 20 Tk
FAORAF AT S R AL . SEg R Ao 9 L 4
JEL RS 00 5 U K 5T 4 A, KA 18 ~ 20 €, pH
7.6 ~7.8, R E N 28.2 ~30.2 R A AR ETF 7.0
mg/L 2 A AER AT 0.1 mg/L,
1.3 HFEREERERNE

FRIA IR, R 6P A | 24 h R IURE .
U /D SBURE B A X 044 7 2B 1 0038, T A £ T JBRORE
HiRREE (MS 222,100 mg/kg) , & J& ] & & K
(em) , R (g), 3153 1% & % (weight gain rate,
WGR) 5 E 4 K & (specific growth rate, SGR) |
AE 3% & ( condition factor, CF) . H 4% & % ( daily
feed intake, DFI) #i1 7a] #} %% % ( feed efficiency,
FE) . FEALEC 10 2, FJH 2% 4 B 4% 2 i bk
1, 1 3% 5% T 8.0 4L 2 000 r/min &0 10 min, 43
B M35 S 20 BT A R R A LI IR R
Bro SRJG AT NE R E S TSI L (the ratio

of viscera to body weight, VSI) ;432 4 iT Bt , R B
J5 118 T It (the ratio of liver to body weight,
HST) |, 4 7 R T B T AR A7 T 40 A i A
BRI RS & . B BUE ALY B R A AR AR
T o3 A ILLH RN LR D

TR A A E OIS g BT 2R BT AOAC
(1995) "7 Jr ik Horv, K43 905 R 105 C
THE L R B s ER 4 A Sh & B B i
1% (Kjeltec™2100, FOSS , i 31 ) ] 532 ; #LJG s Ay il
TR R KM (ERE SOX406 Jig 15 &1L, 5%
T T RE A 03 AT BR A ), Hh ) 5 oKL K 2 i 0
KA 2 H B Y 550 C Ky Bk B A AR
(Parr 6100, Moline,IL, USA) 47 & .

TRk IR K R rh R B S R SR R IR L
WA oI AL P RO A E S R
Plummer {7 3% ", G RERZEM Y Y,0, & it
% I8 Refstie 2" {77 1 E 4TI 5

L2357 8 R TR 5 R T B = Oy ik R AT
WA o W R P A 2 0 AR A AT I, B T
& B Sigma /2 7 ( Sigma kit No. 510; Sigma
Chemicals, St. Louis, USA) . Ifil 3% i 5 = I 58
28 Plisetskaya % ™ [y J5 . 1L 3¢ H 3 = g
( triacylglycerols, TAGs ) F1 & JH iz ( total
cholesterol , CHO) {41l 5 % I8 Trinder [t 531,

Fr A g Yok = AH A

HHEAKXWT .

R T 2% (WGR, % ) =100 x (W, = W, ) /W, ;

FrE K % (SGR, % /d) = (LaW, — LaW, )/
dx100;

HE#tERX(DFI, %) =100 x F/[ (W, + W, +
w,)/21/d

TR (FE) = (W, - W,)/F;

HEARH (VST) =100 x W, /W

B H (HST) =100 x W,/ W

AE3 B (CF) =100 x W/L*

FWIH AL H (ADC,% ) =100 x [1 - (F, x
D,)/(D,/F,)]
A W, T K00 4 L TR R C2) 3 W,
SLG LA A AT AR (g) s W, A SEE A A
AR (g); W, WERAKAMIKDE(g); W,
R AR SE TS R (g)  F a5 R
H(g)sd HIRFREGW Nk pia; w, Nk
H W, AR L A AR K (em) s F, Ry Z&ffrp
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BREASGENGRME;D, AR EREA
ISP E R R F, WIS Y,0, B & & D,
Rk Y, 0, &
1.4 it

% Jil EXCEL 2003 #1 SPSS 13.0 # #1755
oA, B8 SR FF- 2448 + AR i 1% (means + SE)
MR ERR, BEKFE RN P<0.05, HuHEE
iR ] Duncan’s £ 5 4 o0 A 41 0] 19 22 5% 8 3%

.
2 4k

2.1 MEREKEARTA

Tk o % T AN ) Fof 2 1 B K b 6 W K 22
Ay S AR AR RARDRECR B R A R LK 2,
A4k PR AR S5 BF S R T 95.24% 0 HA
48] JC K 75 5+ (P >0.05)

R2 ABPREAMENBRALEDNXRETYERTER ERKRABBEHZME

Tab.2 Effects of different dietary carbohydrates on the survival, growth performance and

feed utilization of juvenile S. maximus

F KRR/ g BE AR/ % PRt RE/ (%/d)  HEBEER/ % RS TIES B A/ %

diets final weight WGR SGR DFI FE survival rate
Co 30.33 £0.27°¢ 255.45 +7.69° 2.01 £0.09° 1.54 +0.13 1.15+0.09° 96.43 £2.06
Gl15 28.35 +0.34° 216.37 +8.82° 1.83 £0.05° 1.58 £0.09 1.04 £0.07% 95.24 £1.19
S15 26.91 +£0.54" 203.22 +6.40° 1.76 £0.09° 1.61 +0.14 0.96 £0.04" 97.62 £1.19
D15 31.11 £0.78° 267.51 +7.46° 2.07 £0.07° 1.60 £0.17 1.11 £0.07° 96.43 £2.06

T R B LU E + AR IER RS (n=3) , AT BUEG A ) B AR S0 8RR 2 57 3% (P <0.05) , LU R &30,

Notes: Values( mean + S. E. of three replicates) in the same row not sharing a common superscript are significantly different( P <0.05).

CO F1 D15 4 K2 6F ) WGR FIl SGR 1 i 3
T G1S 47 S15 44 (P <0.05) . £ #[H 1) DFI
WA RFE2ZES(P>0.05), COf1DI5 4] FE i %
BT SI54H(P<0.05),{H G15 41 FE 5 H 4 =
HIERFEZESF(P>0.05),

T ek v s S ) 2 ok K S5 1 &)y £ 32 B 7 %
Y1)t ADCs 52 m D26 3, th3& 3 nl A, & 4l &
F15i ADC FlJig i ADC K 52 ik K A6 A ) Fh 25 119

(P >0.05) fHA[E KA Y BELm 1
KZE 6T 4y f0 %% i K Ak & P FRE 5 1) ADC (P <
0.05), Ho kKA WH ADC fRIK H:G15 >
D15 >S15, #H4h,G15 41 fig it ADC #c i, %
T HARZH(P<0.05) ;D15 ZHA1 CO 4 1) g i
ADC A W& 25 (P >0.05),S15 0 RE &
ADC ffili (P <0.05),

R3 ANPREMHENBEKLEYN X EFPETEERYRARWELENZ N
Tab.3 Effects of different dietary carbohydrates on apparent digestibility coefficients of

nutrients in juvenile S. maximus %
et =0 W (1258
diets protein carbohydrate energy
Co 95.25 £0.90 89.86 £0.85 N.D. 76.23 0. 69"
Gl15 95.26 £0.85 90.66 +0.49 85.68 £0.72°¢ 86.46 £0.41°
S15 94.21 £0.56 91.85+0.91 71.90 £0.79* 67.34 £1.17°
D15 94.55 +£0.59 91.45 +£0.76 81.62 +0.68° 78.12 20.56°

HE:N.D. R, TR
Notes:N. D. ;Not detected.
2.2 AR BFREA R 5 R

3 RE T R 22 -4 £ LY RO H I Y H R 4
ISR B, A5 R LR 4 AR Y ) ek Ak 3R
REEGE LA YK 23 BT R o3 FIORR I & ok ™
A RN (P >0.05) , {H A 25 5 ma Jig s & it
Horp,CO 2H R ZE P4l e LA AR 7 & 1 2 s T H
A UL(P <0.05) LB AK AL A 1 Fh 2K K 35 6F

WA RGN & /TG B E#Z W (P >0.05), 5ok, A
[Fi] 14 ARk Ak B XoF R 322 B JHF JUE 1% K ER A EROR
FERERW (P >0.05) (HE W F LI 1 K3
B U %) B U7 OB S i b, KGR B I
i 5 A Yk €O > D15 > S15 > G15(P <0.05) ;
K267 I B 525 B AR YK G15 > S15 > DIS >
CO(P<0.05),
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Tab.4 Effects of different dietary carbohydrates on the proximate chemical compositions and glycogen contents of

muscle and liver in juvenile S. maximus( % wet weight basis) %
Tk Ky HEA KL 107 K5y I
dets moisture crude protein crude lipid ash glycogen
ALA muscle Cco 76.96 £0.18 19.90 +0. 11 2.42 +0.06" 0.14 £0.00 0.62 +0.09
Gl15 77.79 £0.50 20.10 £0.52 1.32 £0.07° 0.14 £0.00 0.85+0.17
S15 76.52 £0.20 21.30 £0.17 1.29 £0.09° 0.15 £0.00 0.72 £0.11
D15 77.27 £0.38 20.77 £0.33 1.27 £0.07° 0.14 £0.00 0.69 +£0.04
JEE liver Cco 63.53 £0.33 9.05+0.26 22.58 +0.31¢ N.D. 1.68 £0.24°
GI15 62.60 £0.52 8.74 +0.15 13.03 £0. 14* N.D. 12.74 +0.83¢
S15 63.88 £0.63 9.09 £0.26 15.00 £0.53" N.D. 9.10 £0.90°
D15 62.63 £0.41 9.14 +0.20 19.79 £0.39° N.D. 5.39 £0.32°

2.3 {RISH(BEMLL FFELL AR E)

Ak v I AN [0 24 1 W et O 22 BT 4y £ i 1k
o (HST) JEAA b (VST FIE w6 B2 (CF) 1 52 i L
5. GI5 4l K2z 4l HSI A VST 8 & & T
S15 41 (P <0.05) ,{H CO 41 f1 D15 41K ZE 64 fa
f9HST fl VST 5 H A WA LR F X7 (P >
0.05) o A [A)HHAh 26 %F K22 87 4 fn i) CF A
LR (P>0.05),
2.4 IMikEEENIER

RS2 0 &)y # 0%) if  A B AR AL AR AR L FR 6. 1
BE PR AN [RDWE b 2 06) R 325 6 &)y #0010 3R 1t
WA RELW(P>0.05) {H W #5200 A 2 5L
I 2% f 5 28R JEL [ R H Y =R (P <
0.05), Hr,CO 4 K35 6F 1 3% B & LR & & W
EE T G15 40f1 S15 41 (P <0.05) ,{H DI5 415
HA=HEBFEESR(P>0.05), DI5 4 K36
afifa (IR R R E S TCoO4l(P<

0.05),G15 2411 S15 41 Ifi 3¢ Ji &% 2 5 H A M4
BEXEF(P>0.05), CO 2Kk 2 6 4 fo (i 3¢ 54
FEL [ 2 v T H A =41 (P <0.05),D15 41 X
WEET G5 4 S15 (P <0.05), CO #4F1
D15 43 H b =18 8. 3% = T G15 20/ S15 4
(P<0.05),

x5 ARAPREMMENBKLEYISKEEE
%h £ B BIE {45 BE | B4 BE A BB B 9 B2
Tab.5 Effects of different dietary carbohydrate on
the hepatosomatic index ( HSI) , viscerosomatic
index ( VSI) and condition factor ( CF) of

juvenile S. maximus

Tkt JFAR L/ % kA H/ % JIES 6
diets HSI VSI CF

o 1.34+0.11"™ 5.96+0.71"  3.84+0.20
Gl5 1.58+0.12°  6.38+0.17° 3.65+0.06
S15 1.17 £0.16*  5.52 +0.35" 3.57 20.07
D15 1.26 £0.13®  6.05+0.34™  3.93x0.30

Fo6 ANRPREMENBAKUEGYI KET Y @Y MK EEBRERO M

Tab.6 Effects of different dietary carbohydrate on the haematological parameters of juvenile S. maximus

o MR/ (mmol/L)  AAIKE/(mmol/L) B %/ (ng/mL)  RAH[EEE/ (mmol/L) I il =%/ (mmol/L)
diets total a-amino acids glucose insulin total cholesterol triacylglycerols
Co 30.57 £0.18" 0.29 +0.04 11.51 £1.29*° 7.26 £0.45°¢ 3.56 £0.09°
Gl15 27.10 £1.31° 0.27 +0.06 13.83 £1.18% 4.16 £0.37° 2.45 +£0.26"
S15 27.21 £0.58" 0.28 +0.03 13.14 +0.87% 4.03 £0.29° 2.46 £0.12°
D15 27.84 £0.28" 0.23 +0.03 15.73 £1.39° 5.45 £0.44° 3.18 +0.16"
3 Wk A ) PSR DA B A ek Pl B A B S i oK e 51 T

BB Fp foe B A (9 BE IR 5T, B ) b IS
T R A A T R e R ABURE 14 ) BEAEIR T
I BE R AR AR A o D, O T #1280 AN (] i 2

KIS R Lee % AT T4 R, K35 6T
TR AR R3S B O 50% o SRR R
2 6 2Jy £ kIR 4 ARDRE I 7 R TR B K CF
(40% ) By BEIF, [R) kAR 7% in a3 A6 B, i i 4 =
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Tl A 0 U7 i (18% ) LAAb 38 ) et v 114 fiE
Erim o TEMIEAN BB R 3 2 256 e R U
BRI 15 % 1A [R) Bl 2 4 Bk 2K AL 5 90, T i f )
BHIE 7 B AR 2 12% ok 52 B 5 %) IR 41 fig B A (7] o
S5 WK LA AR A DR AR 1448 A5 07
T 5 %0f BRZH TE 8 35 22 S, U WIS T LR
AR A U7 T G R DK 25 B %) 98 IR RN RE B T OR . TEXS
Hu iR b WA MR 25 R E . B,
Tl b S I — E i RRIRG (8. 48% ~20.76% )
AR NG W5 )5, B GBS (Rhamdia quelen) By K
SRR (10.73% ) WA BEREST T M
A [ B IR LE RGBS, 2R 2 4% BU T (( Morone
chrysops x M. saxatilis) > F1 T 8 ( Oncorhynchus
mykiss) " R KB BEA B3 2SR LA BFAEUL
A ok 4 £ 28 RE 6 A1) Ak rh O 2 8 B R ROK A &
Yrok PRt RE = .

(v BN, 52 35 14 A= A R0 4] RE R B8 e B, R 32
6 4y €508 T 1 A rRORIRS B R A0 T 4 % 6 R 2
B, X — 45 R 50 2 2K R BF 5 A5 R
ot Wilson'™ g K 22 i 6 R B
oy FURIRG 25 22 WE A A I AR s T8k, X %
SRR AE AR N AU AE OC o OB SE, T 4 b
R S LI = UR R (AR - K2 K 4
TE R WS R A B 2R 46, {HL ] I £ 2 e 8 3R 0 WA AH
Xof i L R B 3R S R BCRES JR L X =R R TE
TR A 114 5 25 A AN BE R A ORI B S 4
W2 W R AR AR AT A0 A 40 W
He A, 53 4t A &8 23 4 25 4 LARE I 0T AR
TEVR P SEBh b AT K 35 B R[] i 6 gk K
Ak SURER IS IVELE = iINPNE 3 1S4 KDY
7 W ELAT e 1 O AL R R I R B 5 AN TR
FRR A WAE AR N AR A G T —
T3 T, 8 IS AR P ) R T TR R A, A TE R
BTG PER 176 Zedq, 25k AR KR 0 EAE AN fE
A A A i O 7 AT T R 2 A R S
PRANT L TRIEE S8 2 UL A 2% 4 43 -l ] 422 Sk 1
TR ZE XS EME B A I R AR SR, AT L Fh
e, 0 fa B T o 4 RN 22 2 0 A
FHRCRZL S T UER FOWIRS o 4 ADRE b A0 3 52
15% it , 2F B %F 22 26 5 1 ) T30 s TR
T3 AN A B A A TR R AN 2 R S Y
M), 0 B 0 ) 25 A N UE B 0 R T RCR IR
BSOS XA TR B R R R AR L A

R0 2 DG, e L i L % B SR s 55 [) A 5 o) £ 28
SRR . B H TR Lk, R [ xR
2 S RN AT B A AR

S S T T AR BR K Ak A 4 TR kL R
SR 74y £ UL DA RS 107 B AR T X IR AL X — 4
SRS HE A B AT 45 AR, G S e
5 5 6 ( Brycon orbignyanus) "' Fl KK Y fifit ) 45 |
T X 3 4 1 20 (AR S 07 A A R R R R DR
AR & R B, 53 Ah R SE AR A
FALRETH AL AT B AK AL S 9, I HLREH 2 4 1
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Effects of different dietary carbohydrates on growth performance and
metabolism response of juvenile turbot( Scophthalmus maximus)

MIAO Shuyan'*, MIAO Huijun', NIE Qin', ZHANG Wenbing'* , MAI Kangsen'
(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. Shengsuo Fishery Feed Research Center of Shandong Province,Yantai 265500 ,China)

Abstract: A study was conducted to evaluate the ability of juvenile turbot Scophthalmus maximus to utilize
different molecular complexity of carbohydrates in diets. The control diet without carbohydrates
supplementation contained 40% protein and 18% lipid. Based on it, 15% of three kinds of carbohydrate
(glucose, sucrose and dextrin) were respectively added into the diet. At the same time, dietary lipid content
was adjusted to 12% to keep isoenergetic with the control diet. Triplicate groups of fish[ initial body weight:
(8.12 £0.04) g]were hand-fed one of the four diets to apparent satiation for 9 weeks. The results showed
that survival rate, daily feed intake ( DFI) ,the apparent digestibility coefficients( ADCs) of protein and lipid,
contents of moisture,crude protein,ash and glycogen in muscle, contents of moisture, crude protein and ash
in liver, condition factor( CF)and plasma glucose were not significantly affected by dietary treatments( P >
0.05). Weight gain rate( WGR ) and specific growth rate (SGR) of fish fed dietary dextrin and the control
diet were significantly higher than those of fish fed dietary glucose and sucrose( P <0.05). Feed efficiency
(FE) of fish fed the control diet and dietary dextrin was significantly higher than those fed dietary sucrose
(P <0.05). However, there was no significant difference in FE between fish fed dietary glucose and the
other three groups(P >0.05). The order of the ADC of carbohydrate was glucose > dextrin > sucrose. The
ADC of energy was significantly highest in fish fed dietary glucose and lowest in fish fed dietary sucrose
(P <0.05). Fish fed the control diet had the significantly highest lipid contents in muscle ( P <0.05) ,and
there was no significant difference in lipid content of muscle among the other three groups( P >0.05). The
order of the liver lipid content was control > dextrin > glucose > sucrose ( P <0.05). The order of the liver
glycogen was glucose > sucrose > dextrin > control (P < 0. 05). Total a-amino acids in fish fed the control
diet was significantly higher than that fed dietary glucose and sucrose( P <0.05). Plasma insulin of fish fed
dietary dextrin was significantly higher than those fed the control diet( P <0.05). Total cholesterol( CHO) in
plasma of fish fed the control diet was the highest, followed by dietary dextrin. The lowest was found in fish
fed dietary glucose and sucrose ( P <0.05). Triacylglycerols ( TAGs) in plasma of fish fed the control and
dietary dextrin were significantly higher than those fed dietary glucose and sucrose (P < 0. 05). In
conclusion, the present study suggested that turbot can utilize dextrin more efficiently than glucose and
sucrose.

Key words: Scophthalmus maximus; carbohydrates; growth; metabolism response; nutrition

Corresponding author; ZHANG Wenbing. E-mail ; wzhang@ ouc. edu. cn

http : // www. scxuebao. cn



