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AEEBRFM/NEEMKEXNKESEKIERE  HEEHE
e 4 KR BRE MR R

ITE®E, #XX, AR¥, & &, % 4, AN#F’

(T RORZWEFE B, WL T 315211)

WE: AEXREEMATREaRMANZER KA AES A KR TEEBEE R £
KEBEE DFHT ERCEREMBEESENY ., XRA2x3 RERXERhi%it, @A 6
AR, A2 AN E A RKF(41% 46% ) frn 3 A/ xR B K (10% .20% \30% ) , % BT £
#4(14.84£0.16) g th K& & 900 B Ml H 6 A(BASANEL, ENELS0 B),#A4T
SAWFAM LI, SRERKN . AREARMMANALZER K FHREERT AT & E XM
REEKELRZEHM(P>0.05), HAME AR EERATT, B NLERKFSKE
ERERMEEERKELEFYH(P>0.05), AREARMAZEROREERASAE &
FF BE 6-8% B2 & 4% 3% B ( phosphofructokinase , PFK) | 77 B & % B ( pyruvate kinase,PK) . & -1,
6- — 2 B B ( fructose-1,6-bisphosphatase,, FBPase ) & £ A & Z % m (P <0.05) , /2 %t # & 4% %
s ( glucokinase , GK) | #] % ¥ -6-%% % B ( glucose-6-phosphatase , G6Pase ) . & B & B =, 7 B B2 &
# B ( phosphoenolpyruvate, PEPCK) /& £ £ 8 % # % (P >0.05) , L& K& A FAF A 41%
HLOERNZRER KA AR SRR EAEMRE-1.6-—RBEEARED W
(P<0.05) , HRBE-1,6-— BB BELME RN N RRBATFNAZHETHELS B HER
W HARCRRE ARABATHRAABELELREY W(P>0.05); L@ EAR
KT K 46% B, 8RN KRR KT R A R R 6- B R R R B R AE-1,6-2
BREEEARF D W(P<0.05), B3 %t 5 6 6-5% BR M 3 B8 | 79 BR R o B Y M4 R/
ZREBMAKTFHABELALDS  EXHEROC-ARBIEREBEATHRANBELLLF
HW(P>0.05), XREXKA AFEEAGEARAKTFTRYAFOA TR M FEXEE
EE L ERODEAERAARKAR ALAAREABELE, FEAREY MM ER EREA
FAF & EMTREAERANLZER A FOAGE LAY BEHEFHEEAB DX K
BAFHUABELAED RAEREARAKAFTEAZERKFHATENEKA —EW
KEEA
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KA ORI R B R Bt R e AR
TR KA G Y 0 TR 43 R B S 1 v IR,
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( Sparus aurata  L.). & @7 ( Lateolabrax ¥ fift FIVWE 5 A= O B Wi 105 4 04 52 Wiy, DT O K B 421

japonicus) WK 68 6 ( Anguilla anguilla) | 3 i
fulvidraco ) . % ( Elopichthys

bambusa) . 38 W 21 &1 ( Erythroculter ilishaeformis

(' Pelteobagrus

Bleeker) Z5fa 25 i 34 fF 55" B 9% X SE T S

PE R IR AL B T T i s ok 4k & AR
AL, DA T fife ¢ £ 288 X i 7K A6 & ) R g ) 22

K
J& & H H ( Perciformes) £4 15 4 Bl ( Sciaenidae ) 7
)& ( Pseudosciaena) , 1F 38 [ 3= 2 73 A 7€ ¥5 W
H ARG B L S g AL R TR E 4
CUFPEDD R PR T 22— H Rk
BT R 07 B B ik 1R i SR R DR JEURL IS AL
S k=R AN i W U= S o SR
Gt (A e Z Ok H R A A SE RS . AR
BBt 2 NEABUK T (41% M1 46% ) 3 I/ EE
TEM K- (10% .20% F1 30% ) , B 58 A ) 4K 14 5
IR BARR/IN 22 3 R K0 R AR KPR BE

( Larimichthys crocea Richardson) 3

BEURCYY 2 T I AR P AT o R i K

IR
L1 SRS SR AR

ARG R 2 x 3 WA FE LR i, LA R
F1 5 /N 22 58 K F s R 2R 3R 6 ik
B Forb RDRHER B BT KT 23 0 41% F46%
ERER K590 10% 20% F130% .

DL SR N R R o B R, N TE
o AR, Al S BRBEAR B R BC ] 6 4
SERR TR, SEIR C T MU SRS AR 1 R 1
1 25 Pl [ S JERHE & S5 i 80 H Ui, 4 2R R M 1y
JoT A5 U 2 R B Ry TR A BRI £
LRI RE DA B OK IR A ¥ AT, T SUSR AT BE A5 L )
BORLAR Ry 2 A4 mme ) B 0K R R, 7R LA
90 T #ufk 30 min, [ 2 KT, 1 B} 2% 1t 5 PR A7 7
-20 Cksah,

x1 ZXREABMARREFKFE(RTFE)
Tab 1 Ingredients and proximate composition of the experimental diets( air-dry basis) %
415 groups

I H items
41/10 41/20 41/30 46/10 46/20 46/30
1f1§) peruvian fish meal 40. 00 40. 00 40. 00 40. 00 40. 00 40. 00
M1 soybean meal( solvent extracted ) 11.00 11. 00 11. 00 5.00 5.00 0.20
/N A K wheat gluten meal 5.26 5.26 5.26 15.45 15.45 18.61
/N VE K wheat starch 10. 00 20. 00 30. 00 10. 00 20. 00 30. 00
ff 3l fish oil 1.40 1.40 1.40 1.41 1.41 1.45
il soybean oil 1.40 1.40 1.40 1.41 1.41 1.45
G g soy lecithin 1. 49 1. 49 1.49 1. 49 1. 49 1. 49
BRER — 445 Ca(H,PO,), 1.50 1.50 1.50 1.50 1.50 1.50
FALNEHK choline chloride 0.30 0.30 0.30 0. 30 0.30 0.30
£ %" mineral mix" 2.00 2.00 2.00 2.00 2.00 2.00
A ZHOR R vitamin mix? 3.00 3.00 3.00 3.00 3.00 3.00
274t & cellulose 22.65 12. 65 2.65 18. 44 8. 44 0. 00
41t total 100. 00 100. 00 100. 00 100. 00 100. 00 100. 00

# 77K nutrient levels®)
T ¥ i dry matter 91.27 90. 96 89.97 90. 38 89.55 89. 54
ML H i crude protein 40.91 41.91 41.99 45.20 46. 47 46. 48
MG W crude lipid 8. 66 8.96 9.10 8.53 8.76 8.62

T 1) 5 5 BURR R 2) 2k A2 2R B RS 2 B8 Mai 48 1200 S2ab e gy 5 3) B 95K F o Se il

Notes:1) and 2) Mineral mixture and vitamin mixture according to Mai et alt?! 5 3) Nutrient levels were measured values
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1.2 HFEEHE

FREA I T WL Gl By us s v fa 4k b
HEAT , S P PR 42 LR T K R A PR W) 42
At S B SR BT A R R R T LRI 2
JA L FREE R G, PRk AR B A% — B W
H(14.89 0. 11) g KRt 900 2, BEHL 70 6
HHHIANERL, GANELE S0 M), B3R
F I8 AN/NIAEMAE (1.5 m x1.5 mx2 m) , L8
JAMA R 8 Ji o S5 0 ] 4 K T 5:00 il 17:00 i
A7t MR, S5 5 09 |) 0 KRl 26.5 ~ 31,5
C,#RER 19 ~ 25, B HANET 7.0 mg/L,
1.3 HmRESSWH

FRIH L A PE UL 24 h K JEHTT
A (1:10 000 ) FREE, 4K J5 FR 1 710 5% 54> 4R
R B R R N B TS WGR (SGR, B4~
PIFEREBLEL 3 R MR AR HROH: I 55 9
JEFRE , M T 1155 CF HST VSI; 7 8 2,
BB KA A (AR TR A ), TEA LS mL
LDAE T, 4 C KA E LR, 3 000 r/min £.0 S
min, IS RE T - 80 CuKA & F 5 K 35 20 Bk
IR 8 JHEJIE B AT R B, i E T 2 mL g
O CHCSE ST B A WA ), T A D
GK . PFK . PK . G6Pase , FBPase , PEPCK . & & &
it 7 T V€ oy G RO i o T 5 BB — BB 2> EE LY L 3
T B T AR DU AU D i A AR )
% {8 H 37 7600-110 A4 [ 3l A 4k 43 A AL
HEAT ARG P U e % A i T8 B U7 i 44 >R AT ELISA
A G HEAT R, AR R T R e e R &
AT
1.4 HIEAER SIS

1 8 &K (weight gain rate, WGR,% ) =100 x
(ZRIRBT R - WA BT ) /00 06 14 T

¥ & 4 K #E ( specific growth rate, SGR,
%/d) =100 x [ In(ZRYE) - In(W ity HE) |/
ENITPN

AT #& & ( hepatosomatic index, HSI, % ) =
100 x JHF e i i 125/ W8 4K o 6

JIE 3% 5 ( condition factor, CF,g/cm’) =100 x
NG VAN

M A& L ( viscerosomatic index, VSI,% ) =
100 x P JIE 5t /4% o

S B R HISF 2% + AR 25 (mean = SD)
Fn, R SPSS(17.0) G it 1 44 #4770 #r , LA AR
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HER SR/ 22 38 K3 K - S 52 0 DR 3R JE AT XU
R I7 25 Hr (Two-Way ANOVA) | 2R J5 X Al A 2
K P 19 52 5 41 % il Duncan [RETT 2 H HOEL,
PL P <0.05 7R 40 Bl A) 22 53 3 2%

2 2

2.1 AREERMNERMKENKXEENE
KEREMAEEF BRI

TRDRE S 5T A /N 22 9 B3 7K F- 19 58 B X R
oA AR T B R R E AR L T
JEE HEA EL I 2 3 R R (P > 0.05 ) 5 £ fal B 8 1
KD 4 1% I BRDRE /N 22 38 R 7K P 6 K B £ 3
RO AR L S B E A e 3 TG 2
M (P >0.05) ; A B8 H RUKF- O 46% I 45
HE/INAZE TG K Xk R o AR L DR A A I
SN (P <0.05) , {HXF K B R H 0 R R E
AR AR MBI L 3 T E A (P >0.05) (£ 2) o
2.2 AREARMMEREBKEXNKE S MF
e &=t kA )

TR 2 11 I3 /N 22 G AT (9 58 BLAR X R
eI R IR R E RO S A R
FRW (P <0.05) , {H % B 8 1 B AH [ A L H b
SERERICRE RN (P >0.05) (£ 3); 11k
A BUKF- 41% I, R0k /IN 22 BE A 7K X 1 3
SRR R R ERES AW EREA S
A WE R (P <0.05), H B % B S &
F R 8 BE IR A P A 0 B A R 22 T R K 1Y
S NCEEN i DD SR A (SR S = D U i B Ly
I FH W (P >0.05) 5 40k & 1 FKF
46% I, T /N 22 G 3 AP 6 R B AR LY H o =
B B IR E R S EEEEA S RA R
FRW (P <0.05) , HH i =M AL 2 IR 8 H
o I B AL N TE B A B T e S R RS B
THE RS (U S 81 1 5 A A R [ I G
(P >0.05) (£ 3),

2.3 AREARMNZERMKENXELMT
Bl i B % M

TR 2 A 5 /N 22 B AT 19 58 ELAR R
o L3 R A 2 R A T L T R e T e
WA TG VAT A 3 R (P < 0.05) (3% 4) 5 X1 Bt
A TR AR R I ek /N 22 3R 7K P X K o
KA R e 2 Tl A TR 8 TR e R i 15 P 5 2 T
(P <0.05) , {H Xt ok V5 # B2 i 15 74 JC 8 2% 52 i
(P>0.05)(%4),
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Tab.2 Effects of dietary protein and wheat starch levels on growth performance and
morphological indices of the large yellow croaker
T R E E K "L’ﬂ*iid\z?i%/kﬂ%/% Two-Way ANOVA
i H items /% dietary dietary wheat starch level

protein level 10 20 30 P C CxP
WE/ g 41 14.85+0.13  14.69+0.33  14.85£0.05
initial weight 46 14.87 £0.22  14.90+0.07  14.86 £0.08
Kifi/g 41 39.53£1.97 40.36+2.60  44.71 +6.18 0.09 0.95 0. 14
final weight 46 46.12£0.69  46.31 +6.56  42.36 £1.35
W% % 41 166.32 +15.70 174.65 £21.57 200. 89 +40. 60 0.11 0.94 0.15
WGR 46 210.12 +0.21 210.86 £44.98 185.03 = 14. 64
o K2 (% /d) 41 1.75 +0. 10 1.80 +0. 10 1.96 +0.23 0.11 0.95 0.15
SGR 46 2.02 +0. 00 2.01 +0.27 1.87 +0.07
JFAA L/ % 41 1.24 £0.29 1.41 £0.09 1.39£0. 13 0.16 0.81 0. 08
HSI 46 1.57£0.05%  1.32+£0.08* 1.45=0.09®
O/ (g/cm?) 41 1.53+0.15 1.41 +0.08 1.35 +0.09 0.27 0.05 0.51
CF 46 1.42 +0.08 1.40 +0. 04 1.34 +0.01
JEAA /% 41 4.36 +0.91 4.22 +£0.73 3.65 0. 40 0.42 0.16 0.74
VSI 46 4.19 £0.10*  3.76 £0.30®  3.66 0. 10"

V< 1 08 2 1 DB T BSNS540 2 5.5 (P <0.05) 6 5B a1 b AT N5 5 B A 22
TEM K EYLE2Z R REE(P>0.05) ;]
ST 5 B4 A TS K T 412 5 58 (P >0.05) 5C Bk A4 41k, P 3 F KT, C x P K AL 4 90k - 5 76 1

KAWL HAR T, TR

P

171

B8 R AL HCHR S K5 5B S L 22 B K 4191 2% 53 8 9 (P <0.05) 7

Notes : Different small letter superscripts indicate a significant effect of glucose levels following low protein level,, while with no or the same small

letter superscripts mean no significant difference ( P > 0. 05) ; Different capital letter superscripts indicate a significant effect of glucose levels

following high protein level, while with no or the same small letter superscripts mean no significant difference (P >0. 05) ; C:carbohydrate level,

P.protein level,C x P:the interaction of carbohydrate level and protein level. The same as the following

®3 RARERARMDMZEHKEXNXEEMNEELISRHR M0

Tab.3 Effects of dietary protein and wheat starch levels on hematological characteristics of the

large yellow croaker

i H items

Tl k2 A K
/% dietary

Tl REN 22 SE R K/ %%

dietary wheat starch level

Two-Way ANOVA

protein level 10 20 30 P C CxP
BB/ (2/L) 41 22.90 £1.61  24.45£0.95  25.77 £2.39 0. 84 0.20 0.28
TP 46 24.68 £1.93  22.73£2.60  25.15£0.95
4 IH [ 82/ ( mmol/L) 41 2,69 £0.19°  2.30 £0.15*  2.29 £0. 18" 0.03 0.03 0.26
TC 46 3.31 +0.80 2.29 +0.43 3.01£0.13
il =g/ (mmol/L) 41 2.82 +0.50 1.92 £0.22 2.00 +0.70 0.09 0.01 0.20
TG 46 3.35+0.79%  1.75+0.41*  3.00 0. 34"
W&/ (mmol/L) 41 4.35+0.05"  4.96£0.05*  6.31+0.67" 0 0. 60 0
glucose 46 6.97 +0.27%  5.94+0.51*® 5 14 +0.80"
I8 B RS ZE 19/ (mmol/L) 41 0.41£0.03*  0.60+0.12"  0.62 +0.02" 0 0.01 0
LDL-C 46 0.70 £0.06%  0.52+£0.01*  0.70 0. 03"
B IR [/ (mmol/L) 41 0.25£0.02*  0.28 £0.01*®  0.31 +0.03" 0.01 0.01 0
HDL-C 46 0.32+0.04%  0.40+0.04°  0.25%0.01*

TP . total protein; TC :total cholesterol; TG triacylglycerol
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Tab.4 Effects of dietary protein and wheat starch levels on hematological enzyme
activities of the large yellow croaker
Fl 4 3 ) Rk N2 8 My K-/ %
{2 11ROk T 122 SR ACF: /% Two-Way ANOVA
i H items /% dietary dietary wheat starch level
protein level 10 20 30 P C CxP
KA R % =/ (U/L) 41 12.33 £2.08*" 9.33 £0.58* 21.50 +2.50° 0. 69 0.02 0
ALT 46 20.50 £6.50°% 15.00 +5.57* 8.50 +1.50*
AR A/ (U/L) 41 94.00 +17.09* 75.33 =12.50* 193.50 +42. 50" 0.48 0 0
AST 46 185.00 £43.00® 78.00 +6.00* 72.00 +17.00*
W PE s ER i/ (U/L) 41 10. 67 +2. 08 13.00 +1.00 13.50 £0. 50 0. 64 0. 80 0.01
AKP 46 14.50 +0. 50 12.67 +2.52 11.00 +1. 00

ALT :alanine aminotransferase; AST :aspartate transaminase; AKP:alkaline phosphatase

2.4 WPEBRMNERESKFEXKXE SR
B % X S Bl M RO 2 M

Tk A o M/ 22 BE A KT 19 28 LA R R
o T U 6 -0 TR SRS D8 T R A B TR AT 4% AT
FR (P <0.05) , {H X ) %5 Bl 380 5 1 G 2 %
(P >0.05) (% 5); 25 k& A Bk N
41% I, Gk /1N 22 G Ay 2K S X 0 2 A e A 6
PR R 5 VA R (P < 0.05) , (X
Vil 2 4 it 15 7 G S 3 B i (P> 0..05) 5 24 ) A} 2
FIBUK V-2 46 % I Gk /0N 22 3 453 7K - 8 4 260 il
DI 6~ Tl TR R W I DAY ) R I T R A W R
Wi (P <0.05) , H 45 Fifi & kL /N 2 3 #3 7K F 19 T
w e BT S (R S) .
2.5 @MEARMNEIESKTEXXE SR
R EXEEEERN R

TR TR /N 2 T 3 K P 9 58 EL AR RS SR
Bi-1,6- " BEBR G PE A 2 R0 (P <0.05) ,{H
X ] ) I -6 - Tl TR T Rl TR T X AT D R R AL T
WhPETC W (P >0.05) (£ 6); M &N
JEACT- AR IR AR /N 22 3 A5 7K 7 X R -1,6-

W TR B TS A 25 (P < 0.05) , {H X 4 45 b5 -
6 - i Tt 0l 1 s it = AT T T 622 Rl 0% 2 G W
(P >0.05) .
2.6 WABEHRMPEEMDKEINKEERE
FEAERE 20N

TRk AR 1 0 RN 22 BE K KT 19 58 BAE AR
AR S A B (P <0.05) , {H XL
WIS W E (P >0.05) (£ 7) ;475 %}
F K- AR TR Gl /N 22 5 i 2K X B T
TRARER (P <0.05), HF & /N TEH K
B T A b T e (B U R R TC
S (P >0.05) .
2.7 AREARMNEZEEMAKENKEAEL
fig & 1 Y 22 i

Tt B 11 0T AN /N 27 TE # KT 1 22 B AR L B
TG V€ by B R R S MR B E e (P >
0.05) (£ 8) ; 4k} 8 (1 5T 7K ~F- AH [F] B, Aa) kL /N
2 VEM KT X R B L DE Ry B RN R DT B O R
(P >0.05),

x5 ANEARMNEEMKENKEEFEERBEXRHBEETENZME

Tab.5 Effects of dietary protein and wheat starch levels on hepatic glycolysis key enzymes activities of

the large yellow croaker

P 7 ) Bk /N2 TE Hy KO-/ %
Iji H items Lﬂ)ljf i:i:i(q: diztarlyJthei:tji}taJ:c:—Ievel Two-Way ANOVA

protein level 10 20 30 P c CxP
AR/ (U/g) 41 3.04£0.01°  2.910.10°  3.78 +0.24" 0.01 0 0.11
GK 46 2.33 £0.06" 2.88 £0.55*®  3.29+0.15"
6~ R M G/ (U/g) 41 2.07 £0.10*  3.77 £0.05°  2.63 +0.36" 0 0 0
PFK 46 2.73 £0. 17  3.25+0.25%  4.59+0.41°
VIR R %/ (U/g) 41 2.41 £0.53 2.49 £0.23 2.13 £0. 40 0.20 0.01 0
PK 46 1.68 0. 12 2.39 £0.80"  3.83 +0.28"

GK: glucokinase; PFK:phosphofructokinase; PK:pyruvate Kinase

http: // www. scxuebao. cn
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Tab.6 Effects of dietary protein and wheat starch levels on hepatic gluconeogenic key
enzyme activities of the large yellow croaker
Bk R ﬁﬂd\f?iﬁm%/% Two-Way ANOVA
i H items /% dietary dietary wheat starch level
protein level 10 20 30 P C CxP
i b6/ (U/g) 41 2.40£0.14  2.47x0.19  2.72x0.58 0. 06 0.11 0. 67
G6Pase 46 1.88 +0.20 2.28 £0.24 2.45£0.42
-1 6- " BREE/ (U/g) 41 3.01 £0.23"  2.20+0.03*  1.91 £0.33" 0. 63 0 0
FBPase 46 2.40 +0.248 2.77 +0.20" 1.79 0. 154
W T R R/ (U/ g) 41 2.97 0. 10 3.17 £0.01 3.15 +£0.63 0 0.57 0.99
PEPCK 46 2.12 £0.07 2.37 £0.50 2.28 +0.41
G6Pase ; glucose-6-phosphatase ; FBPase ; fructose-1 ,6-bisphosphatase ; PEPCK : phosphoenolpyruvate
xR7 AREARMNEZEMKERAXELCRFERMAIERS SN
Tab.7 Effects of dietary protein and wheat starch levels on glycogen in the
liver and white muscle of the large yellow croaker
bk A8 L ROK Y ﬁﬁ/]\iﬁ*ﬁ7k¥/% Two-Way ANOVA
i H items /% dietary dietary glucose level
protein level 10 20 30 P C CxP
JF A/ (me/g) 41 23.59 £3.62"  40.19 £1.76" 44.51 £9.17" 0 0 0.02
HG 46 13.35 +1.83%  14.87 +0.82* 23.25+0.92"
WUk / (mg/g) 41 0.51 £0.09 0.59 +0. 06 0.52 +0.06 0.47 0.48 0.27
MG 46 0.55 +0.02 0.51 =0.07 0.49 +0.03
HG : hepatic glycogen; MG :muscle glycogen
x8 ANEBEARMNZEHKEXNKEEHNLEFENZIG
Tab.8 Effects of dietary protein and wheat starch levels on
digestive enzyme activities of the large yellow croaker
R A K ’ﬁﬂ/J\i?‘E%?k¥/% Two-Way ANOVA
Ui H items /% dietary dietary wheat starch level
protein level 10 20 30 P C CxP
B & [/ (U/mg) 40 6.0420.65  6.1920.07  6.02=0.17 0 0. 86 0.99
pepsin 45 4.96 +0.83 5.03 +0. 83 4.84 +0. 30
SR/ (U/mg) 40 0.49 0. 01 0.41 0. 05 0.38 =0. 02 0 0.75 0.16
amylase 45 0.34 +0. 04 0.36 0. 01 0.33 +0.09
He i/ (U/g) 40 1.74£0.04  1.70£0.16  1.79 £0.31 0.03 0.14 0.70
lipase 45 1.24 £0.21 1.22 0. 08 1.29 £0.09
3 i 3 7K 19 28 EAT FHO0E R Y 1S R AR E AR K

3.1 AP AREARMNZEHKE}KXE
£ 4 K14 B K I i 5 AR B9 5 1

& AR OK AL P 320 B 2 B AR IR S
SEF I, EHORE HR O R R K AL A K S AL RE
i/ FURAERE T A — R LA a2
A AR 9 Sk B R AR 1 R/ 22 B

E SRS A RER RS IR Y S KR S
ST A K A P KT 6 3 B R R A KRR
BRI X ] B 5 T e K Ak 4 R AR 1R
R RA K, TER —&HE B BUKF T, AN E E
3 7KV X8 DR ) 4 T RS o A KR T B
R, X 5 7T 7 Y ( Silurus meridionalis Chen)
O BIF S R A5 2 45 SR AR IR HLAE R U i £

http : // www. scxuebao. cn



1696 K=

¥ 39 %

( Clarias gariepinus) [ BT 5% v & 308 7K S 7K
A Wy X 8 TR AR A K R G B
{EAEAE B S 21 60 1 BF 50 b & B KO K A
A Hxt I WGR Al SGR 4 35 8 m ' x5
SEE 25 RN R, — J7 TH X A] RE 5 A 2SI B K Ak
GWIRRE S SRR kARG R A O, T — T
T A S 35 DRk 2 1 B K P IS TR v A 3 R
Fis R (48.3% ) Y M R H A MK A RS
A AR ML R AR BB R A
DA 2 AR A SR I, 2 i 1) Bk 7K A & 0 K F-
ST DL Rk AR, BE I e A KR
B AR R O TR R B RS, —
BN A 284 B KoK A W iR S 2551
A EE i 1 TF ) B A S b R BAE ] —
BE BTN DRE /N 22 TE R 7K P X 4 L TE
I 35 T A B IO T AR AL 3
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Effects of dietary protein and wheat starch levels on growth
performance , hepatic glycolysis and gluconeogenic key
enzymes activities in large yellow croaker
( Larimichthys crocea Richardson )

WANG Menggiang, HUANG Wenwen, ZHOU Piaoping, JIN Min, QIU Hong, ZHOU Qicun "
(School of Marine Sciences,Ningbo University ,Ningbo 315211, China)

Abstract. An 8-week feeding trial was conducted to evaluate the effects of different dietary protein and
wheat starch levels on growth performance, hepatic metabolic enzymes activities, hematological
characteristics, glycogen content and digestive enzyme activities in large yellow croaker. Six experimental
diets were formulated to contain two protein levels(41% and 46% ) and three wheat starch levels(10% ,
20% and 30% ). Each diet was randomly assigned to 3 replicates of 50 juvenile large yellow croaker[ initial
weight approximately (14. 84 0. 16) g ]. The results indicated that weight gain rate and specific growth rate
were not significantly affected by the interaction of dietary protein and wheat starch levels( P >0. 05). When
the dietary protein level was the same, dietary wheat starch levels had no significant effect on WGR and SGR
(P >0.05). However, the interaction of dietary protein and wheat starch levels had significant effects on
phosphofructokinase , pyruvate kinase, fructose-1,6-bisphosphatase ( P < 0. 05) , but there were no significant
influences on glucokinase , glucose-6-phosphatase , phosphoenolpyruvate in liver( P >0. 05). When the dietary
protein level was 41% , glucokinase , phosphofructokinase and fructose-1,6-bisphosphatase were significantly
affected by dietary wheat starch levels( P <0.05) ,and fructose-1,6-bisphosphatase significantly decreased
with increase of dietary wheat starch levels, but had no significant effects on pyruvate kinase, glucose-6-
phosphatase , phosphoenolpyruvate in liver (P > 0.05). When dietary protein level was 46% , glucokinase,
phosphofructokinase , pyruvate kinase and fructose-1,6-bisphosphatase were significantly affected by wheat
starch levels( P <0.05) ,and glucokinase, phosphofructokinase , pyruvate kinase increased with dietary wheat
starch levels increasing from 20% to 30% . The results indicated that,when the dietary wheat starch level is
high, large yellow croaker has the ability to maintain blood glucose content by adjusting the hepatic
glycogen, glycolysis and gluconeogenic key enzymes activities with increase of dietary wheat starch level.
However,under condition of low dietary protein level, the growth performance was improved with increase
of dietary wheat starch level, but blood glucose content was also increasing with increase of dietary wheat
starch level.
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