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Tab.1 Formulation and proximate composition of the experimental diets(% dry matter)

Tkl diet

S10L5 S20L5 S30L5 S10L10 S20L10 S30L10
FEHH S} ingredients
Fb 45 75K 40K Peruvian fish meal' 36.00 36.00 36.00 36.00 36.00 36.00
/NF R 1Ry wheat gluten 20.00 20.00 20.00 20.00 20.00 20.00
/N JE ) wheat starch 10.00 20.00 30.00 10.00 20.00 30.00
i fish oil 0.12 0.12 0.12 2.62 2.62 2.62
it soybean oil 0.12 0.12 0.12 2.62 2.62 2.62
KGRI soy lecithin 1.20 1.20 1.20 1.20 1.20 1.20
iR — &4 Ca(H,PO,), 1.50 1.50 1.50 1.50 1.50 1.50
SUALIEG chorine chloride 0.30 0.30 0.30 0.30 0.30 0.30
%" mineral premix’ 2.00 2.00 2.00 2.00 2.00 2.00
A 4EAE 3R vitamin premix® 3.00 3.00 3.00 3.00 3.00 3.00
274 % cellulose 25.76 15.76 5.76 20.76 10.76 0.76
A total 100 100 100 100 100 100
BSR4 proximate composition®
FHJ5i/% dry matter 90.84 89.59 90.40 91.42 91.72 89.62
H1%5 4/% crude protein 44.01 45.42 44.27 44.11 46.53 4621
HLIE /% crude lipid 438 4.65 431 9.64 9.01 8.84
K53 1% ash 10.33 10.78 11.23 10.33 10.78 11.23
KA fiE/(MJ/kg) gross energy 13.12 14.83 16.55 15.10 16.81 18.53

e L MEZE ARy MR AR 660 gike, AR A58 N85.0 g/kg. 2. § WS PR BN 45 4L 2 Filli R 25 I Mai e . 3. & FR i s
WME. 4. FRLEBEMRSE & A IR KA S I REME(23.6, 39.5117.2 kI/g) kit 5

Notes: 1. Peruvian fish meal: crude protein 660 g/kg, crude lipid 85.0 g/kg. 2. mineral premix and vitamin premix were prepared according to Mai, et

al™. 3. nutrient composition was measured values. 4. gross energy calculated by using standard physiological fuel values of 23.6, 39.5 and 17.2 kJ/g for

protein, lipid and carbohydrate, respectively
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B (SR, %)=100x N/N,

JFAAR FE(HSI, %)=100x W,/ W

JIEIA HE (VST %)=100xW,/W

JIE3# B (CF,  g/em®)=100xW/L’

K, w AR AYIHRE(g), WK MRS
(g), FAHWBHEAR(g), LRI, NHE
AR B (), NN SER) i 8 (),
WRHARF E(g), LVAEK (em), W, 0 FIEE
(g), W HWIEE (g).

T A BHE 2R I SPSS 16,05k 4F % %48 E 17 48
T, S B AR /N 22 5 by > i i e 3R 2%
75 2253 M (Two-Way ANOVA), R [al — 1 ki
15 7K - 9 08 R FH Turkey [GHEAT 2 8 LA, 5
X ] — 5] ABHGE Ay 7K - 1) 55 5 2 HSCHE AR 5 0 A
(t-test), P<0.05%7m 225 03 o Bda R+

PRI ZE (meantSD, n=3)% 7~
2 HiR

2.1 NEREMAMBEHKFENAEREEKMEEE.
TRRLF R AR 7S F 4R AR R 520

TR} rf /N 32 B B IR W K S XF WG SGR .
FE. SR. HSIHICFHJE i % 42 HAE I (P>0.05),
X VSIAT 3 38 1A (P<0.05)(#2). 1E5%
10% 19 fRDEHAR D5 /K-, K 3 0 1 W G 1) R e
WK 10%5 11 £130%11 & % 1 TH(P<0.05), %
2 WGHE H BLTE30%BE MK P-4, 4351 4352.44%
MI375.02%., 528 T10%/ NE K4, [
—JRWIKET, R a1 SGREH IE # K 19 14 i
i 533 T+ 5 (P<0.05), 30% 3 ) Ak 401 i1 SGR &t
B, BDERTI0%ER KL, H20%IEH K

R2 NEITEMAAE I KEI KR &R E KRR T AR
Tab.2 Growth performance and feed utilization of the L. crocea fed diets with

different wheat starch and lipid levels

1S /% INFEEN} /% starch level Pooled ,

lipid 10 20 0 SEM

/% WG 5 293.99+35.71° 328.98+48.55™ 352.44+49.99° 0.112 0.513
10 284.15+21.26" 335.29+58.38"  375.02463.57" 0.175

152 A K 3R /(%/d) SGR 5 6.98+0.61° 7.66+0.87" 8.08+0.89" 0.087 0.573
10 6.86+0.38" 7.77+1.04" 8.48+1.14° 0.175

Tk} % FE 5 0.57+0.13 0.65+0.26 0.73+0.17 0.354 0.672
10 0.63+0.07 0.79+0.14 0.79+0.23 0.429

G /% SR 5 82.03+11.24 85.16+20.13 87.35+9.01 0.849 0.613
10 88.53+7.12 93.32+4.01 86.18+12.07 0.633

A LE/% HSI 5 1.50+0.29 1.17+ 0.31 1.44+0.35 0.193 0.226
10 1.61+0.33 1.3240.31 1.29+0.38 0.489

JHEAA /% VST 5 4.10+0.39** 4.02+0.66* 4.20+0.37"" 0.826 0.016
10 4.50+0.12"" 4.35£0.27""° 3.96+0.36"" 0.116

AEI#5 5 /(g/cm’®) CF 5 1.40+0.04 1.39+0.06 1.37+0.04 0.478 0.429
10 1.41£0.05 1.4240.02 1.36+0.03 0.128

T R PR R P BEERRHEZE (n=3), AT AR bR AN F NS T BER IR R — IR AT R /AN Z2 38R K1 4L 22 5 1 25 (P<0.05), 5 BEIA ] /s
By REROR RN KF RN AP AL 22 57 AN 325 (P>0.05)s [RIZUEEJH AR AN R K S A BER IR R — NSRS R IR0 7K P-4 ) 72
S (P<0.05), TP BREAHIRIK S T BERIR Rl — /N2 SR K T N AN R W7 7K ST 4L ) 22 5 A 2. 2% (P>0.05). R Al

Notes: values(mean+SD, n=3)are means of three replicates per treatment. In the same row, values with different small letter superscripts indicated
significant difference among different wheat starch level groups following the same lipid level(P<0.05), and values without letter or with the same small
letter superscripts indicated non-significant difference among different wheat starch level groups following the same lipid level(P>0.05); values in the
same column with different capital letter superscripts indicated significant difference among different lipid level groups following the same wheat starch
level(P<0.05), and values without letter or with the same capital letter superscripts indicated non-significant difference among different lipid level groups
following the same wheat starch level(P>0.05). The same below
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TR EE R AR —ERACET, kT
ASTRI g 15 7K SF- 3 WG-S5 SGRIG it 2 4 52 1 (P>0.05)
JiA, G 5 K SETE 5%, 30%TE By K F
A VST Z 5 T 10%M120% 58 K3 K F 41, 1 18
10% M9 B Wi KSR, VSTRE 2 /N 22 38 53 7K - 1) 3
H &3 R B (P<0.05), 10%TE 5 7K -2 (1) VSR,
FE T 30%0E M K4l . {064l A FEAL Y FE
SR. HSUFICF#%A #1255 (P>0.05),

22 MEREMMBERKENREESE KA
95 %s: 0 EAD)

T e A T /0N 22 3 3 0BG 1 7K S % R #5244
Ky LR o AR B R S i C B S BHAE
(P>0.05), fH Xt a4 2R R RS IR 7 /38 |
B i35 (P<0.05)(#3), 641AbHidirh, K#M
A 1) 7K 43 FIURL B 11 B et A B DR v U K ARG I
IRV B AR AR T 7 A 2 AR B (P>0.05) . 7E 5%
57K F AR R I o B R UE R 7K T DA
10%Ft 151 30% 117 4 3 R I (P<0.05), 7 10%3E #3 7K
V- B FH5.26%; T AE10%A5 W57k T, #
g i 5 2k B A DE R 7K 18 T g i S RS T
TE 7] — /N FER K (10% . 20%F130%) T, fi Rl
JE 17 7K 7S 10% 41 o fARL g 17 7 B 3 0 3 & T
5%ZH (P<0.05). TEGRHIE 7 KT 5%, 30%3E
3 7K ST 2L 0% JHF A D 3 v T 10% RN 20% 3
IKAF-2H (P<0.05),  WTUAE J5t 5 & Bl OE A9 7K P 00 T i

1M R AIG (P<0.05), LA JL 2 5t 76 10% 3¢ #3 7K - 5
Fr . BT 20%M30%TE R K 5 FE R T K P
S 10%H,  JHHE T R0 LI D5 5 0 Bl 4Rk D 4 7K1
1 Tt B R AR S T e, R R A
10%3E 83 K- e M 37.37 mglg, 8.3 7 T20%F0
30%3E K3 7K F-(P<0.05),  WILKE I 2 7F 30%3E #3 7K
N 2.44 mglg, 8 T 10%H120%35E # 7K
S (P<0.05), I HAE10%HM20%TE # K F T,
5%E 197 7K - 1 WILBE J 5 ik 2 v T 10% A5 i K
F(P<0.05), TE30%IER KT, 10%A5 Wi K1
JUBE J 5 B 235 5 T 5% 5 7 7K - (P<0.05).

23 AEVMNERERMFBERKENKRREME
F L FNBEE M FE AR R R

T BEAS 5] 7N 22 V& 43 MR 7 K SF- X TPRI TG &%
B B &3 HAFH(P<0.05), MiXfALT. AST.
TCHIGLU & A2 HAEHIA 8.3 (P>0.05)(F£4). A
[) e R 5 b TG 7 7K S %P ALT . ASTRITC S
50 (P>0.05), TENGIT K- R 5%, TP &
TE 10%VE ¥y 7K V- 2H o fie /5 2 23.80g/L, B3 & T
20%F130%TE 43 7K - 2H (P<0.05), 1B J2& 24 )i 1l /K -
SR 10%0}, TP f Bl T A3 7K - 119 7 ] i 35 PRI
(P<0.05). TEAH[F RGBT K RS, TG i bifi ]
BIIE A KT 1) T 5 1 BE AR (P<0.05), 5%MR Wi K F
T, TGM3.26 mmol/LKFAL % 2.22 mmol/L, 10%fli
115 7K SN TGM 4.60 mmol/LF#& K 2 2.12 mmol/L.

®3I BERAEVNZIEMIAETHKF N AR S S E ERR DR

Tab.3 Proximate composition of whole body of L. crocea fed diets with

different wheat starch and lipid levels

NEWi/%

INFESEN} /Y% starch level

Pooled

lipid 10 20 20 SEM P

7K 43/% moisture 5 77.37+0.85 76.09+0.78 76.97+0.77 0.30 0.253
10 75.67+1.45 76.2140.59 76.56+0.86 0.32

KNG /% crude lipid 5 5.26+0.34>* 4.85+0.28>* 4.66+0.34** 0.13 0.010
10 7.37£0.61™"° 6.02+0.36"" 6.4+0.55"" 0.25

HL%E /% crude protein 5 15.17+0.39 15.42+0.28 15.11+0.17 0.10 0.595
10 15.43+0.28 14.48+0.09 14.57+0.10 0.16

JFFBE i/ (mg/g) hepatic glycogen 5 30.82+4.7° 28.4143.85° 34.2143.07° 1.53 0.511
10 37.37£2.24° 30.83£1.32° 33.03+1.8" 1.10

WK% J5/(mg/g) muscle glycogen 5 2.31£0.68""° 1.91+0.73%"° 1.28+0.12%* 0.49 0.005
10 1.58+0.31%* 1.48+0.19%* 2.44+0.40"° 0.18
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Tab.4 Haematological characteristics of the L. crocea fed diets with different wheat starch and lipid levels

NE i /% /NZEVERY/% wheat starch level Pooled ,
lipid 10 2 30 SEM
MR /(g/L) total protein 5 23.80+4.02%4 22.50+2.68%" 22.80+1.29* 0.721 0.021
10 26.43+3.29%F 24.83+ 0.70" " 22.03+0.21%% 0.081
BN B/(U/L) ALT 5 14.1742.32 11.50+ 8.92 14.00+3.03 0.660 0.165
10 13.00+1.00 16.33+ 1.15 15.00+ 4.36 0.843
B R B/(U/L) AST 5 103.83+24.16 110.67+26.95 91.00+24.53 0.780 0.057
10 85.67+11.24 156.67+ 28.08 101.00+33.61 0318
SV IE [ |/ (mmol/L) TC 5 2.83+0.93 2.49+ 0.56 2.48+0.58 0.632 0.214
10 3.58+0.52 2.95+0.52 2.74+0.52 0.170
i = l8/(mmol/L) TG 5 3.26+ 159" 2.52+ 0,974 2.22+0.56" 0.286 0.021
10 4.60+0.58>¢ 2.87+1.40" 2.12+0.03%* 0.033
1B/ (mmol/L) GLU 5 6.43+1.88" 361+ 1.44° 492+ 1.61% 0.032 0.137
10 7.0142.55° 429+1.64% 3.85+0.69" 0.144

TENE Wi KM 5%, GLUBE 3 8y 7K - 14 T 5 i
FERRARSE TR, 7E 10%UE M 7K F-H5 5524 3.61 mmol/L,
2 7 T 20%3E K3 7K - (P<0.05),  5530%3E 53 7K F-
oI % 2 5 (P>0.05); 75 Wi /K F A 10%H0T,
GLUFH JE 83 KT B FH = i BRI, 10%3E K3 7K -
B, 30%VEM KPR K. 7 W — TR EHE R KF T
ENGIKGERY 1% S O & N IR &R A T S
i (P>0.05).,
24 ARNEZRFERHAMBEHKENKXEREFE
B TE MRS

AR TR /0N 22 3 493 FIURG 195 7K S ek ) g I il 3
PEA 522 HAEFH(P<0.05), X UE ¥ g I 1 TG i
FAZ HAE (P>0.05)(F5). Tk b AS Al 3 4 A g

O 70 S X6F S A9 T TG ik 3 R W (P>0.05) . 7E [
— R Wi 7K T, BR 07 il 0% 305 4 B A T R 7K - 1)
F i = (P<0.05), I FLTE R —1aRHE R KT,
Tk 5 7K SF- A 10%4 114 B 05 T 0 2 4 3 1 5%
41 (P<0.05).
2.5 AEINZEER A0 RS B K XF K R & BT B
PEX S ERIE M RS2 T

T ok AN [] /N 22 3 #1057 SF- 3% PR i
YEA W A2 B AR (P<0.05), Ti%fGK. PFK.
PEPCK . FBPasefllG6Pasef i I 1) 3 I b 28 HAE
FAAR 535 (P>0.05)(66) . [l 4RDRGE 3 FTAR 197 7K
SEXFPEPCK . FBPaseFll G6Pasel i 1 4 JC ik # 5%
Wi (P>0.05), 74 BHIE 17 KV 24 5%, GKil

x5 BIRAENZITEM AT RN KRS FERCEEES

Tab.5 The specific activity of digestive enzymes of the L. crocea fed diets with

different wheat starch and lipid levels

fi i /%

INZZVEN /% wheat starch level

Pooled

P
lipid 10 20 30 SEM
& WifiE/(U/g) lipase 5 4.13+0.78"* 5.06£0.40™* 5.28+0.39"* 0.45 0.030
10 6.03+0.63"" 7.24+0.11%" 7.97+0.48"" 0.25
VENE/(U/g) amylase 5 1.38+0.29 1.24+0.07 1.28+0.25 0.07 0.458
10 1.0240.13 1.14+0.06 1.07+0.06 0.03
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F6 WRAENEFENS IR AR AR SRR S BEE S

Tab. 6 The specific activity of metabolic enzymes of the P. crocea fed diets with

different wheat starch and lipid levels

HET07/% /INZZEFER/% wheat starch level Pooled .

lipid 10 20 30 SEM

HI%E R (U/g) GK 5 5.22+0.37" 5.36+0.54° 5.60+0.24° 0.21 0.209
10 5.4+0.42 5434022 5.79£0.51 0.13

TR SRR/ (U/g) PFK 5 401.86+36.67  410.82+58.18  451.57+33.60 14.22 0.300
10 408.29+19.93°  361.29+31.92°  376.3+11.17°  9.53

A M /(U /g) PK 5 414.56+5330°  462.29+29.25'  546.44+3834°  22.69 0.012
10 465.17+45.89°  468.74+62.38°  411.14x43.39°  17.48

TR T PR PR B2 /(U /g) PEPCK 5 1.33+0.20 1.45+0.23 1.54+0.05 0.06 0.894
10 1.38+0.12 1.44+0.15 1.5£0.13 0.04

1, 6- MR A BH/(U/g) FBPase 5 7.39+1.11 7.35+1.41 9.13+0.35 0.42 0.260
10 7.81+1.05 7.46+0.89 7.78+0.27 0.24

6 R T 4T iR/ (U/g) G6Pase 5 42.29+2.50 36.92+3.58 45.44+1.77 1.47 0.054
10 45.12+2.61 41.56+2.26 42.16+2.65 0.91

P i T REE A3 7K ST 19 T 5 I T R (P<0.05), FETE
W3 7K R 30%0 B K (5.60 Ulg), & = TR ARME
5.22 Ulg; TEGTEHIR K- R 10%K , PFKIS 1478
10%3E 3 K Ffe i, 408.26 Ulg, BE @ T
20%3E KK (P<0.05), 530%IE M KT i # 2%
5(P>0.05). F3AMEIEHIE T K F R 5%, PKifG
P Bl 5 /N 22 V€ H AKOF 09 T = T 5 (P<0.05),
TE30%/N 22 VE M 7K -1 PR 45 K h 546.44 U/g; fH
FETENR T KA 10%0, 30%3E #3 7K - A9 PRI 1
i E LT 10%M120%35E K3 7K F-(P<0.05), 7E30%TE
F AT o 3 M Fe AR 411,14 Ulg.,

3 e

31 NRIEHMMBEMAFNAREEEKNE
BE\ TARIF RS FERR

B 21 00 I 4% S £ 288 B ) RE IRFN 45 49 W)
Jit, AE AR AW S A T AL AE R TR . B
A RIWTTER T, 1020 XRE 2R IR 2 19 1 A7 A
Pl S, PR R R 2R AR g
ORI, i AR M SR R RE ) 2 T
SR d S R G SR | BT DR A
AR AR ARG, SRR SR AR
KB, AERE /N A YRS 0N 195 7K S X O B £ 0

FMARE KB RELZ BN, X 5FE
Xt e % & AR s 45 R A R . A TRl — I 1D K
SR, R Y 4 RORI R E A K R B R R
WK R, X5 B PR R A B
i (Epinephelus coioides)/IWF X 45 R AH[F, SHJE
% AE {11 (Oreochromis niloticus % O. aureus)”” . 7 &
B (GIFT O. niloticus)*F1 K 17 2 i (Micropterus
salmoides)* "W WFFELE KA, 1 X — 25 1)
FEJEH, Al G5 A [F] R 2 0 a0 2 09 A
RE 1 B PR s I B Rl 2 O — SR A
FHARE 7 BAR G fa, e} v ok oo (R W K B 23
BTG £ 1) A R R P — RO L R B K
SRR RS S g R A ey B R S
SIS R MBS A SRR SE TS ie, AL
RN 22 VE R AKX R L T B E R, 5
RS RON — B, W] K B A i B AR T R
Wy AN SRR AL ZAEN, e FREUNF
PRGN E, A 5256 vh )R 197 7K P X6 A L
TCRELW, X 5% KV (Salmo salar)™ |
PR 2R A (Melanogrammus aeglefinus )*7 I FU K 55 5
0 PSR AT S SR ARAT B K 0 T AR
JHF R v g 0 i D7 i A s e B el A4
Jig W7 it A
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32 ARENEEMMERKENXEESE
43 B AN 57 B R

3 Ao X 0 A B 43 Y 4 BT RE AR G b sz ke 6 2
XHRRHE FE Y B DRGSR R, K
BB RN, AR S ESEE
P, RLAEPIX R e B AR pF s R I,
B & DR OB K B T, e ORI S
EFtE . BREARLR S, TE5%7T kg K7
T, R AR RE DT i B A DR TE R KT Y 3
I REAR , 7E10%A8 WK F T, 10%/N4 e by 41
FRELRE D5 7 & 0 2 = T 20%/ N2 JE M AL, X 57
¥ A1 (Ctenopharyngodon idella)™" ., 1% 5§ (Sparus
latus)®V . Fg W HF 85 (Labeo rohita)™ v i) iff 57 45 H
— 3, UL BE S e e 2 4R il KB iR s
FIEAE, HIEHERA S-SR, —RERES
B WK SRR, A0 AR T Ak 0 Ak B 105 2= DR e
ARG, il B AR R D7 1 g e >+,
VFZ it g5 Bt W, 1A Rk G B9 7 v BE e 2F
R BE D7 R DERRN S 24 S B AR S 245 SRR AT
FE[F—/NZVER AT, AaRHBR 7 7K1 10%40
) fo AR A 1D 7 i 3 T 5% . DI AMIEAR S
girfr, KR K 2 R O & AN 2 kL
E K AR 5 A (R RE e, 15 AR DR R R4y
AN KT, KRB K o AR S AR E
X 5 Dosoretz45 R Ellis %5 “ ) 1F 58 AHA o

hRTER AN TR, A — 52 LAbE
Ji 1) I8 XA A A I UL PR H BT R o B
(Oncorhynchus mykiss)[AWFFE W & B, A & &
SRl b R 7K P 2 R AR OC 5 S U S R X
fifi (Lateolabrax japonicus) W58 th & 3L, TRl b
FiE b 2 1 0 R D A, R R KT R
eTtim, B TRE .. ALk, 7E5%0E
Wi AT W B e BN 22 TE R KT 1 T
M2 FEAR S T, WUBE & 1 B /N 22 U8 B 7K
BT B REAG, (EAE 10%A8 Wi KT, HFBER
JUUARE Jit 55 £ 250 B 3 3 7K 7 1 T v S e R AR S |
TG, X U IEDE S 7 2K P SR, KB
8 TR B 2R A S e D, 510 R U i
AL E S Pt pe a2 DR AR I
e I, R A S B AR i AR RE L
R VBRI AT A T RERTLIA

3.3 ARMNEIEMFBEKFEN KRS ME
& iR B E M Y2

) 4 1L 2 R o 1) A A TE — E R
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RN S e sh W (RS DY, Li%E R Regost &
1 %k A 3k 5 (Megalobrama amblycephala) Fl K 3%
BF (Psetta maxima)#EAT 5T, & L KE £ 17 R G i
b < A = I S E O I S A = B UL |
R g TR R AR R, R T % B B Y 2
By, S TR IR B W RE Ty . FEARSLE T,
TR IE 17 7K P 5 %6 N I V8 H Il =T 1 5% R W AR T
NEWi K 10%, [F] R 25 SRS, R v fa i o 4
JH = EE ) F R S AR s ae ). B
FE NG W A AR [ B, H 9 = R 7 & B /N 22 58 By
TRV B T AR, G 3R B B OB K B T
0, BRI T B R RO, 3X AT RE R £
IRTE R ACE T, W/ T XS B R 7R, i A
FIRERARBERE B o TENR WK V- 5%, A K
- 35 B A /N 22 VE R K F- 18 T e g R AR T
&, TE10%MR Wi K-, i b 7K V- Bl A /N 22 5E ¥y
IKF 0 T T REAR . BIESR R T, A 2 i ]
BB ACE B TR R Y, X S AR ST R 25 R
ANTA], FTRE BT A 5290 AF BURE R A5 1 4% 0 24 h,
DAL O 1 4 T BB 2 ek &R B 3K, R E0T
Wi 5 BB A A — B, il S E S
— SE R AR FE LA A BT A T A, 24
JHJE 2 A i AR B, JHE 440 M G AR 1 JB Y ) i
55, MVREE AT ESEAD, FEARLKH, i
TR B R K OF B T A R AR
B, X5 TFARRE TG R, AT REJR A
JE 3k v R YE A KO K T D RR AT, I 5
AL B A AR . AR SR, I
4% TN e 2 il . 4% B A il 5 S R [ e O
EHES,
34 ARENZEMAMBEHKENKERIEK
[eyr A
ASLgerh, FEAH R /N VE R KE T (10% .
20%F1130%), R R 7K 10%2H B g 17 i 3% 1 . 2
T 5% o P R iR i K B T, fR
TEEX RN . AN, ARER
il 5 M 32 2 AL R e, WX LT PR
SLMR OSSR S b T A ) T e IS 44
FHES, 5 LARAME—5.
3.5 ARNEZREMABIHKENKEFEENK
B E M R R0
AP S R, AR . PR
AL ERMRIGIS . BERRILHR R . OB A R
R S d B, LR AR FIBE SR R AR RN
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FERACH RN, CAIR RV, 02T EpE
il T 1) 1 1 5 ARDR R KPS IR AR OGN AR R
i 1 7K S-SRy 5%l GROFIPICS 4 B il el 3 493 7K S
Tt E TR, X 5P AR Y L1 (Erythro-
culter ilishaeformis) I 58 45 FARAF , 1A 1Ak
i 105 7K - D 10% I, A 5 3 7K AP Xk GKA : J6
BELW, 30%VE K KT PRI M i 2% T
10%H120%3E #3 7K 1, Db B AE ARDEHIR 7 7K 7 8 A1
W, KRB oA RS, DIt fERE R, W
e BHE i AKCE Be i, 23 0 Se A R B B 4 i
fibhe . HFEARF /N TEM KPS, 3T0oH I i il
I L5 AN ) B U7 7K S T AR O, 3 18 WD W 19 A
it 3% VAN A2 AR R I I 2K S AR A R S
AR SL 45 I FBPase . G6PaseMIPEPCK, 74541
(TG VEY O 3 25 S o TEXT R VU | 4 Sk R
(Sparus aurata) . WTH§H A58 %K W, FBPase'5
G6PaselF 1 A 32 (5] kL BE 5 i 107 52 ), 5 AR
SE 45 B — 5 {H PanseratE TR X ) BIF 5% A1
HUT, EPEREIDHIPEPCKAYIE M, SA LKL,
A=, WAL ZIRER, W5 LM R
FEMER R, SRR SRR A

4 ZEip

AWTFERWT, SERHIRITKEAE10%M A L,
TE AR W7 K-S 5%I) B £ RE 8 1 5 4
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Effects of different wheat starch and lipid levels on growth performance,
feed utilization and hepatic carbohydrate metabolism key enzymes activities in
large yellow croaker (Larimichthys crocea)

LU You, ZHOU Piaoping, YUAN Ye, MA Hongna, ZHOU Qicun’
(Laboratory of Fish Nutrition, School of Marine Sciences, Ningbo University, Ningbo 315211, China)

Abstract: An 8-week feeding trial was conducted to evaluate the effects of different dietary wheat starch and lipid
levels on growth performance, feed utilization and hepatic glycolysis and gluconeogenic key enzyme activities of
large yellow croaker. Six isonitrogenous diets were formulated to contain three wheat starch levels (5%, 10% and
30%) and two lipid levels (5% and 10%), respectively. Each diet was randomly assigned to feed three replicate
groups of juvenile large yellow croakers with the initial weight of 6.754+0.12 g and fed twice daily to apparent
satiation. The results indicated that dietary wheat starch and lipid levels didn’t have significant influence on weight
gain (WG), specific growth rate (SGR), feed efficiency (FE), survival rate (SR), hepatosomatic index (HSI) and
condition factor (CF), however, viscerosomatic index (VSI) were significantly influenced by the dietary wheat
starch and lipid levels. When the dietary lipid level was the same, fish fed the diet containing 30% wheat starch
level had higher WG and SGR than those fed the diet containing 10% wheat starch. Glycogen content in muscle
was significantly affected by dietary wheat starch and lipid levels, but hepatic glycogen content wasn’t
significantly influenced by dietary different wheat starch and lipid levels. When dietary lipid level was 5%, fish fed
the diet containing 30% wheat starch level had significantly higher hepatic glycogen content than those fed the
10% and 20% wheat starch diets; while, fish fed the diet containing 10% wheat starch had higher glycogen content
in muscle than those fed the diets containing 20% and 30% wheat starch levels. When the dietary lipid level was
10%, fish fed 10% wheat starch level had significantly higher hepatic glycogen content than those fed 20% and
30% wheat starch diets; fish fed 30% wheat starch level had significantly higher glycogen content in muscle than
those fed 10% and 20% wheat starch diets. Glutamic-pyruvic transaminase (ALT), glutamic-oxalacetic
transaminase (AST), total cholesterol (TC) and glucose (GLU) were not significantly influenced by dietary wheat
starch and lipid levels. However, total protein (TP) and triglyceride (TG) were significantly influenced by different
dietary wheat starch and lipid levels. Lipase activity was significantly influenced by dietary wheat starch and lipid
levels, when the dietary lipid level was the same, the lipase activity increased significantly with the increase of
wheat starch level; fish fed the diet containing 10% lipid level had higher lipase activity than fish fed the 5% lipid
level diet. The interaction of dietary wheat starch and lipid levels had significant effects on pyruvate kinase (PK),
while there were no significant effects on activities of glucokinase (GK), phosphofructokinase (PFK),
phosphoenolpyruvate carboxykinase (PEPCK), fructose-1,6-bisphosphatase (FBPase) and glucose-6-phosphatase
(G6Pase). The results showed that when the dietary lipid level was 5%, large yellow croaker had the ability to
maintain blood glucose content by adjusting the hepatic glycolysis key enzymes activities with increase of wheat

starch supplemental level.
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