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WE: UWIHRTE 2 (137.520.4) gl K5 i Larimichthys crocea 3 3E5 X5, 7 /KI5 20 A Fh AT 9 A I
PE ARSI, FFCER R AT AR K PRI I AR A R bR RO U S 0 S s, AR K
AR PR AR R 5 sk . SO0 TR A UKL AR 11 545%) 25 e (18 kI/g)BEit, B S E 051 41.75% 6.67%-
13.64%. 21.15%- 26.69%132.25%. &5 53 WG WUEME AT 1T, Kok e AR KR (SGR) ST = 5 B
I, 5 5 426.69% I, SGRIZH NMH, W& m RS N1.75%. 6.67% 13.64%H132.25%4b 5241
(P<0.05), %R Z(FER)FIE 1 JFURL R (PER) I AERE 5 5 4 13.64%—21.15%IN % 25 v 1~ HoAth Ab 3 20
(P<0.05). FifiTapRl OBl AT B T e, A foRL G D5 2 5 035 B ARG, 7000 3 50 32.25% N % &2 5 1R(10.56%), 235
G T IAB AR BELL(P<0.05) o JHA4 L RH 5 J5 5 0 34 B DDl b K1 (9 T v 1k 2% T 55 (P<0.05), 7ERE & & 4
32.25%IN A B 5 R AY, B TS BN 1.75%F16.67%AE B4 (P<0.05) . BEGIER ACE 0 T, 1% Hall =
e R ] P 7 P 35 e 5 BRI (P<0.05), 17T LB 7K P AN SZ AR bR 5 1 (K 52 AL (P>0.05) 0 KB 0 LIS W T il I
BRI T TS 1 1) B ARl W 7 P 8 T e 25 PRAIR(P<<0..05), 1717 I Ve o T 1 A B A 56 T i i B AT, b
i 426.69% N, BE TR BB KA . BRI AT IR T, KB I OB AR PR S TR R R, AR
N2 15% I 3k B f KAE, 53w TR S B 032.25%A FE4L(P<0.05), 1M P4 B 1R 54 it 5 0 76 8 /K7
32.25% ik B fe KAH, B3 TS BN 1.75%H16.67%A0 B2 (P<0.05) . YRk 22 T (Al B AR ) 454 o A K
AR IR OC R, 45 21K 3 k) v B 33 B 5 50 22.7%
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SE T BN IR (7.6—26.0 g) Kot fa g Gl kLR )
7 RN 19%—21%, (HEHUAS (A EE>100 g) K3
o R PRDRRRE T SR B R R . AR Ay
IRk S NTEE S O N K B SN S E S AN AW
TR G985 I I 255 TR S, i RS K 3 &)y £
A T PR o, A KR S R AR KB BT
RS HETADRHAC 77 (13 VB LI At i o

1 MR5ERE

1.1 SEeiERt

DL PRI B 1 CRIE T8 8 a IR IR Ny
HEVE, A R IUE, I LA/ 2 BE A B R AR
BEeb it AR KPR IR 1.75% 6.67%-
13.64% 21.15%. 26.69%F132.25%, 43 #ic A Diet
1—Diet 6 (& 1) JERME K 511320 pm i K,
F4 B 1 Uk e Ak I 1 RBOR Fe TR AT A,

oA I TS, B IIA30% /K&
FCBERTIR, Z8F(11)-26 RUAUBFTH5 2 ML (R 3 T K
2 TN A E AR A 2.5 mmx3.0 mm Uk
Klo BPEHETEE60C M P LT 120 )5, FHBCT
—20°C VKA IRAE A
1.2 SLI&FFRESLI

FETH SR AT WL A TR T S Ll E RURUREE
YR A AT, SEIe ORI A e N LA )
[ — P R (7 3 T Gl L RUBUE B i 4 A1)
1ECSEIG AT, 25608 77 13 mx3 m x3 mffjiF
Farp, DLSIZEG 0 41 ikl (Diet 1) Mo B2, 8
G N SE I R A R A B

SEEG TF AR T, 15 1R B 240 5 BRIE AR ik
e B — S0 K AT PR A A1) A AR
(137.5+0.35) g], B4 (1.5 mx1.5 mx2.0 m) JiX
Fr45 ), B LI 1RDRLBE HL B3 AN W AE (1) S5

*1 SSRERES KRS 2% TE)

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

JiUkHngredients (%) - - ’Fﬂﬂ%%Diet No, - -
Diet 1 Diet 2 Diet 3 Diet 4 Diet 5 Diet 6
1 A ¥ 45 2 [ Fish protein concentrate 15.00 15.00 15.00 15.00 15.00 15.00
fi# 2 4 Casein 24.00 24.00 24.00 24.00 24.00 24.00
W/ Gelatin 6.00 6.00 6.00 6.00 6.00 6.00
ff13H{Fish oil 18.00 15.00 12.00 9.00 6.00 3.00
/NZEERYy Wheat starch 0.00 7.60 15.40 23.20 31.00 38.80
2R Taurine 0.50 0.50 0.50 0.50 0.50 0.50
FEHLER VA I Mineral premix ' 2.00 2.00 2.00 2.00 2.00 2.00
Y R4 M Vitamin premix 2.00 2.00 2.00 2.00 2.00 2.00
%Er 7 Attractant 1.00 1.00 1.00 1.00 1.00 1.00
T T 4E F Microcrystalline cellulose 31.35 26.75 21.95 17.15 12.35 7.55
Pi4a A7 Antioxidant 0.05 0.05 0.05 0.05 0.05 0.05
B % #Mold inhibitor * 0.10 0.10 0.10 0.10 0.10 0.10
%43 43 HTProximate analysis (% dry matter)
ML (1 Crude protein (%) 45.29 45.81 45.46 46.21 44.98 45.02
HLR i Crude lipid (%) 18.18 14.46 12.29 9.24 6.05 3.25
K53 Ash (%) 2.75 225 2.92 3.13 3.15 3.84
Bl & FDietary CBH (%) 1.75 6.67 13.64 21.15 26.69 32.25
fit fE Gross energy (MJ/Kg) 18.75 18.74 18.01 18.49 18.74 17.99
B g L CHO/L 0.10 0.46 1.11 2.29 4.41 9.92

! %*ﬂﬁnﬁiﬁé%gmg/kg’tu]*?l): BREREE, 1200; BRERH, 10; BRERE, 80; TREREE, 50; TRk, 45; FUILAL, 50; WANERHA(1%), 20; il
FRAS, 60; Wl 478, 8485; ~ Y KR AW (mg/keikl): 4irE KA, 32; 4i2E KD, 5; 4i/E KE, 240; 44 KK, 10; 4i4: 2B1, 25; 4/l B2,
45; 4E/E 3 B6, 20; 4iEHB12, 10; IZ IS, 60; MHIR, 200; MR, 20; 443, 60; JILEE, 800; 4t FCHERRTE, 4000; Th i 4T4E %, 12473;
® RO, B AL R R N R SRR =422 101 R, TR =111

Note: ' Mineral premix (mg/kg diet): MgSO,-7H,0, 1200; CuSO,4-5H,0, 10; FeSO4-H,0, 80; ZnSO,4 -H,0, 50; MnSO,4-H,0, 45;
CoCl, 6H,0 (1%), 50; Na,SeOs (1%), 20; Calcium iodine, 60; zoelite, 8485; ? Vitamin premix (mg/kg diet): retinal palmitate, 32;
cholecalciferol, 5; DL-a-tocopherol acetate, 240; menadione, 10; thiamin-HCI, 25; riboflavin, 45; pyridoxine-HCl, 20; cyanocobalamin, 10;
D-calcium pantothenate, 60; amine nicotinic acid, 200; folic acid, 20; biotin, 60; mesoinositol, 800; ascorbyl polyphosphate (contained 35%
ascorbic acid), 2000; choline chloride, 4000; microcrystalline cellulose, 12473; * Attractant, betaine:dimethyl-propiothetin: glycine:alanine:
S-phosphate inosine =4:2:2:1:1; * Mold inhibitor, Calcium propionate: Fumaric acid =1-1
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1o BERMI A BEME2U(05:00H117:00), F75H 5256 FF
S8, BRI P &, WA AL WO E
S IR KR 27—30°C, # E K25%0—28%0, W
LT mg/L.
1.3 HmlsE

8 JEIFRAA S I 45 o, S f Lk 240 f5 LU A i
(1:10000) BRI, S8 )5 & PR ANV 5 . &R X A Bl
HUHRS J8 S 56t AR A7 =20 C UKAA, T 5 47 o

RS A6 b BE LS R S 56 fa, 4 0l I o A4
Ko HAEE. WAEE; BJa A AR LS 2 5k
550, BRIVE I B R S KL, JFT-4000xg 5,00 10min
(4°C)5r BN i S B E T80 CLRAFAF A o X 52 1k
E I (1 S5 6, TR A ) G A i AL,
TR S5 RAE T—80°C UK A T T Bl i7% I (i 52 o
1.4 HRSTNESE

EAS koK sy M E . R &
RPN E 2 IMAOAC (1995) 7772, JEURE, Ak} Al
PRFE S FE105°C HEAR h b+ 2 fH 43 3 % H 7K 4y
8 YLK 2 B4 (Kjeltec TM8400, FOSS, Swe-
den)ill 2 KL AR 15 &R 4% (Buchi 36680, Switzer-
land) W€ ARG ; 755 3600 T #9456(550°C, 16h)ll
SE KRGy kLS R FH 4 34 (Par 6100, Moline, IL,
USA)M 5 ; 3 J5UbE 2 5K 3, 5- A3 KA IR
%[25]O

P& AR K S4B L 4B 4R AR i 2% g
(L3N 15 i B L= N O 2 = o 9 NG 23 = Vg
SEo FPRHIG. WUBHIE . i v A0 5 B A 4K r B [
fi & & (HLD-CHILDL-C). Il 3% & i (g 2% 1A g
Pty LP LA T Pl HLL ) RT3 45 P T35 SR FH B (3R
MERFFA043. A112-2. Al113-2. A067FIA050-
1, MR E TREWF T, . b, i e
JE 5 1k o SCh s R TN IR SN R G P e
A TR 1B IR (o) PRI 125 I T BRFF AA LA 1
LA (FFApmol/mL ML x /N ) o 5 BR1 i 12 a2 S
H: AE25°C, pH 625541, T-450 nmAb &5 73 S i
6P AR FAE0.001 Jhy— AN 7 504

HICEESEME BB A AR AR AL
SUH &, F%AE T T I ORI N TRVA 1R 1R 2% 1 v
(0.01 mol/L, pH 7.4, #iFE1/10), =i 41215 ALK
WAL, 21 WIAE4°C T 10000%g 2 0330min, B I
TR T WS AR S 752 o

JHF O R0 i 3 P T B TR A T P AR
B A0 VR I Gl 77 £ A080-2F1CO 116, T 5% 2 A4
TR T, D). o, R I SO

7EpH 8.0, 37°C4AF T, frZ AT &H K BEN
g A A AT I S B AR 400,003 B — AN Bl 7% 7 A o
VER G 7w o AP R A E37TC 5
WIAE H30min, 7K AE 10 mgie s BRI —AN ek B )
BAAY . 2 Bradford 2 T 75 24 00 5 I BRI
AP R R R, DUAR IS A A A b
HH.

PESBRE M S G MR ) ) 45 2 B Po-
lakof25 7 1y 71, Horh #7450 mmol/L Tris (pH
7.6), 5 mmol/L EDTA, 2 mmol/L 1, 4- &% Sk LA
1% 5 A B9 A 4)(Sigma Chemical, P-2714).
S WAEAC R 9000xg B0 10minH ¥ 5 15
10000xg 2 0>20min, —80°C {547 % -

FF U 4 1 R B 35 i P F IR il 12 s 1 X A O 7
FRURFPEPCKIE M 3 2 Polakof 25 1 vk,
Bi-1, 6- 15 IR EE FBPasedih I Ml 1 2 i Susana San-
giao-Alvarellos25 " [ 75 ). 2% Bradford ™ {1 %
LG 7 223 DN PR & S B 1 B &, B
A3l A E EE AR EER E

JHME CUBE OB HK DA P R U3l PRCR FH L (7%
R GR A £ A077-1RIA0T76-1, B 5T B4 T R4
W, ). HKIEMEE N 7E37°C, pHT.611]
SAR, By 2023 A S A R R 3 A B
1 mmol/LIINADPE X 4 — A /) AL PRI
P N #E37°C, pHT.6HI 44T, e 2 R A
B BRE 1 pmol RPEPH; AR s T4 i B b — N i i )
AT
1.5 HELARMG o

17315 % (Survival rate, SR, %)=100x 2K & 50/4)
EERA

8 A K (Specific growth rate, SGR, %/d)=
100 [ Ln(f A 4 )—Ln( £ 444 F) )/ S 36 R4

B0 (Feed efficiency ratio, FER)=100x(ff,
PR A0 R )/ B

85 [ LR % (Protein efficiency ratio, PER)= 100x
(A 28 Ao A4 )/ R R s

I8 BE (CF, %)=100x 8 4 2844 T/ A K

JE A& L (Viserosomatic index, VSI, %)=100x 4
U /R

i Lt (Hepatosomatic index, HSI, %)=100x it
JUE /R

B P (L FR 1% (means£SEM) K 7R, R
JH ALK 2505 223 BT (One-way ANOVA), {3 V7K
e 0.05. 977 2253 Mt W b PR TA) 45 2R 22 e 3
I (P<0.05), 1 FH Tukey 2 EAT I AT LU . 04
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BRI 3E SPSS 17.0. LASGR N VP HR 4%,
SR IR SR S B A DR A R
2 #R

2.1 AREEKERAESEKMEEMERMAN
A

SIS R TR I SE G, K B A5 R II1E95.56%
PLE, HAES A BEAL (8] UG 23 72 57 (P>0.05) (% 2).

B TRDRLRE AT R T e, AR BR A AR AR K
SGR 5eTt = Ja BRI, 7ERE 5 5 26.69% I ik 21 £ K
(0.37+0.01) %/d, & = THE 5 80 1.75% 6.67%-
13.64%F132.25%AbFEA] (P<0.05). F ¥k £k ]m]
AR SGRANEDEE KT I G &R, 15 21K 3
Tl RE OB ) 55 & B 22.7% (1) . TR
FERMIE A U ZPER 575 & A K Z SGRA AHALLIT)
AN AR P I AERE S RO 21.15% Ik e KA,
BEE TS EN1.75%. 6.67%32.25%k 3141
(P <0.05).
2.2 (ARMEK XS KR & AR 4E R RO R0

B TR K T R T e, Aok e 7 e S B
IR(P<0.05), 7EH & 432.25%I B 58 F0A1%(10.56%),
ST HAL &AL FEL1(P<0.05). 4211 7K 53(66.84%—
68.97%) HE(17.82%—18.24%)F1 K53 (3.45%—
3.58%) B A Z A BLBE K F 1) S 52 (P>0.05)(K
3).
2.3 EREKESKRERAERR. FFERAA
VER & = MR

PR 7K PR K £ A4 L HLS AR FFF R D 5 ot
FEMA 2% (P<0.05), BETRPELFOE & 5 15 0, Py
T i HAERE S B R 32.25% A Bl i KAH, 535
BT RS R 1. 75%M6.6T %A P4 . K £ i 44
LLVST (1.71%—2.36%)~ il CF (1.55%—1.67%)-

JURE 5 £(0.39—0.62 mg/g)AE 8- AbFH ] 4 6 b 2%
PEZE 5(P>0.05) (% 4).
2.4 (ARHEK X AR & MRIEFRAI R

KB A I 2 ORE Lot s H o = K
A RRE KV 1 535 52 (P<0.05) (3K 5). IfL3E
JOE ] P el — P 7K B TRDR LB S B 1R 1 I 3 ik
FBRAR, TERE S8 32.25%IN b 5 B /M, BT
THEE BN 1.75%A0 BEZH (P<0.05) . AR T RbAE 7K
S K A1 IR (3.32—4.48 mmol/L). L /A%
95 i g 2R 1 [ B (1.63—2.13 mmol/LA1.17—
1.92 mmol/L)7K- P34 7 A8 2. 2 52 i (P>0.05). i
IR CIRREE M I 0 181 I 05 ) 35 B v ) Bl
T R B PR (P<0.05), HLAEH S &h32.25%
b5y B 2 B AR, W TR 5 BN 1. 75% A0 BRAH (R
5).
25 EAREKE KB THESE R

K i A 1730 A VS ) B L RLRE KT 1 T
I A S EFHG T BRI S 7o 58 26.69% I
3 735 3 5 KA (0.47 U/mg pro.), W3 TS &
H1.75% 6.67%- 13.64%F132.25%A4bFHZH (P<0.05)
(% 6)o BRI, TARE 7K V- I A ) 0 A4 T 3 A il
R B G i 3 AR RS ) R L R

(P>0.05).
2.6 EARIHEKEIT K E &R IETERISERE DR
i

JHF U T e - R R T H KR 1A TR 2 3 g
PKE 7 BEDERE & 2 1 T 3 8 25 1 TH(P<0.05) .
o, HKIE 3 0E 5 500 21.15% I 8 21 i KAE
(8.11 U/g prot.), Z Ja B ¥ AR, 1E0E S 5832.25%
i, HKG ) B 22 5l (4.6 U/g prot.), &K T0E 5
21 15%40 FE 4 (P<0.05). PKIHTEAERE & B

R2 AREKERE S S KN AERF A

Tab. 2 Effects of dietary carbohydrate on growth performance and feed utilization of large yellow croaker

Qb ¥R #H Treatments KIREFBW (g)  FREEKFESGR (%) TR FER A USSR PER TEIEHSR (%)
Diet 1 (1.75) 150.8+1.6" 0.16+0.02° 0.30:£0.02° 0.67+0.04" 96.67+1.11
Diet 2 (6.67) 156.5+0.3" 0.23+0.01° 0.35+0.04" 0.76+0.10" 97.04+1.96
Diet 3 (13.64) 162.40.4" 0.29+0.01° 0.49+0.02° 1.09:£0.04° 99.26+0.74
Diet 4 (21.15) 167.9+1.4% 0.35+0.01" 0.50+0.02° 1.08+0.05° 97.78+1.28
Diet 5 (26.69) 169.3+1.6° 0.37+0.01° 0.44+0.01" 0.99::0.02" 100.00+0.00
Diet 6 (32.25) 156.342.0° 0.25+0.01" 0.34+0.02" 0.76+0.04" 95.56+0.00
ANOVA '
F 27.922 38.810 12.066 11.719 1.814
P 0.000 0.000 0.000 0.000 0.198

VBl TR EERRAE R, n=3; [F SRR AN R (b R BB 22 5 (P<0.05); 'ANOVA: B[N %5 2253 #7; R I+)
Note: Values show with mean + standard error, n=3; Values in the same column with different superscript letter mean significant
difference (P<0.05); 'ANOVA: One-way analysis of variance; the same applies below
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32.25% 1% Bl KAE(30.28 U/g prot.), B3 i b
RN 1.75%M16.67%4b 4L (P<0.05). TR
FPE S PFK (3.75—9.14 U/g prot.) i PE A 32 47k}
WK R, 6 21 R) G S0 35 72 5:(P>0.05) .

TR A SFoR-1, 6- MR FBPase (11.92—
17.68 U/g prot.) I R 1o 2 A I 1 2 VB PEPCK
(9.95—12.23 U/g prot.)i& P4 AN 52 A bR A1 1) it
FR(P>0.05)(F 7).

: A ‘ 3 iTig
1 KB A 0 52 A K R (SGR) S A BB KT 9% &
Fig. 1 Relationship between dietary carbohydrate levels and the Kﬁﬂ%%%ﬁ?ﬁ, E?ﬂﬂ— ':F' Jﬁ% [34] {%%j]l] *@ﬁ%
specific growth rate (SGR) of large yellow croaker Larimichthys P T AR KRR R . RS 21.15%

crocea fed with the experimental diets for 8§ weeks
3 AREEKEN KRS AER R

Tab. 3 Effects of dietary carbohydrate levels on the body compositions of large yellow croaker

Qb 3120 Treatment 7K 4> Moisture (%) #H F Crude protein (%) ALJE W Crude lipid (%) K5y Ash (%)
Diet 1 (1.75) 67.21+0.24 17.84+0.12 12.85+0.20° 3.58+0.08
Diet 2 (6.67) 67.60:0.54 18.03+0.06 12.40+0.33™ 3.5720.10
Diet 3 (13.64) 67.84+0.61 17.85+0.12 12.2140.02" 3.45+0.05
Diet 4 (21.15) 66.8420.42 18.24+0.35 12.19£0.30™ 3.48£0.09
Diet 5 (26.69) 67.100.64 17.90£0.21 11.68+0.14" 3.50£0.04
Diet 6 (32.25) 68.9740.52 17.8240.11 10.560.35° 3.5540.07
ANOVA
F 2.217 0.723 9.878 0.529
P 0.120 0.619 0.001 0.750

x4 AREKENKEERAER. FFREERFAERS S50
Tab. 4 Effects of dietary carbohydrate levels on body index, liver glycogen and muscle glycogen contents of large yellow croaker

Wb B Treatment A LLHST (%) NEAKLLVSI (%) HEWEECE (%) HHbE ) Liver glycogen (mg/g) UK i Muscle glycogen (mg/g)

Diet 1 (1.75) 0.85+0.08" 1.71+0.23 1.67+0.03 4.92+1.25" 0.43+0.09
Diet 2 (6.67) 0.88+0.02" 1.74+0.10 1.63+0.01 5.58+1.42" 0.39+0.03
Diet 3 (13.64) 1.13+0.02" 2.36+0.22 1.63+0.02 7.34+1.74" 0.48+0.09
Diet 4 (21.15) 1.11+0.04™ 1.90+0.14 1.59+0.03 14.19£3.11° 0.40+0.04
Diet 5 (26.69) 1.23+0.08° 1.90+0.21 1.59+0.01 15.99:42.2" 0.62+0.02
Diet 6 (32.25) 1.35+0.08° 1.67+£0.09 1.55+0.03 25.81+1.06° 0.50+0.07
ANOVA
F 11.009 2.171 2.718 13.031 1.838
P 0.000 0.126 0.084 0.000 0.180

x5 TAREEKERXE A MEEFRR R
Tab. 5 Effects of dietary carbohydrate levels on plasma parameters of large yellow croaker
I M=K MmN R RS R MARICH N e e
g ok 9 Mg JH- i il VTR
Q =] =
A3 Plasma Plasma Plasma HEMEEREE e EEE LPL HL (U/mg  Lysozyme

Treatment glucose triglycercide  cholesterol HLD-C LDL-C
(mmolL)  (mmolL)  (mmolL)  (mmolL)  (mmolr) (U/mgprot) prot) (U/mL)

Diet 1 (1.75)  3.32£0.41  3.63+0.09°  3.34+0.25" 1.630.18 1.89+0.20  1.33+£0.03°  1.43+0.03° 176.88+1.95"
Diet2 (6.67)  3.48+0.32  3.57+0.15°  2.63+0.13®  2.130.01 1.88£0.07  120+0.09°  1.20:0.04" 174.44+2.01°
Diet3 (13.64) 3.99:030  3.19+0.31° 2.08+049"  1.73x0.16 1.88+0.10  1.10+£0.04™  1.18+0.02°  170.70+0.42"
Diet4 (21.15) 4.26+0.14 2724040 229+037°  1.72+0.17 1.69£0.14  1.0140.05°  1.11%0.02° 168.75+2.75"
Diet 5(26.69) 4.31£0.51  321+032" 2.96+043°  1.91£0.29 1.92£035  1.18+0.04°  1.20:0.07°  165.26+2.90°
Diet 6 (32.25)  4.48+0.09  2.14+£0.05°  1.48+0.25 1.82+0.25 L17£0.13 0.92+0.04"  1.06£0.04"  164.92+2.25"
ANOVA
F 2.068 3.572 3713 0.814 2.347 8.854 6.668 4.849
P 0.140 0.037 0.029 0.562 0.105 0.003 0.007 0.012
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Tab. 6 Effects of dietary carbohydrate levels on digestive enzyme activities in liver and intestinal tract of large yellow croaker
e _ HFE Liver _ _ Wilntestines _
Treatment VR iR VRl e F1
Amylase (U/mg prot) Trypsin (U/mg prot) Amylase (U/mg prot) Trypsin (U/mg prot)
Diet 1 (1.75) 0.18+0.02 783.28+25.93 0.23+0.01° 1735.76+81.84
Diet 2 (6.67) 0.1840.03 794.18+43.22 0.2840.03" 1796.25+31.15
Diet 3 (13.64) 0.21+0.02 828.86+18.19 0.33+0.02" 1869.30+18.83
Diet 4 (21.15) 0.2040.03 893.52451.53 0.46+0.03™ 1902.05+46.44
Diet 5 (26.69) 0.20+0.01 893.52+23.04 0.47+0.02° 1880.994+37.40
Diet 6 (32.25) 0.22+0.01 908.78+35.42 0.34+0.00" 1908.61+45.57
ANOVA
F 0.399 2.856 17.524 2.057
P 0.840 0.063 0.000 0.142
R"7T ARHEK TN AR S TR AERE R RINE R £ BEE M R 220
Tab. 7 Effects of dietary carbohydrate levels on the activities of glycolysis and gluconeogenesis enzyme in the liver of large yellow croaker
AR EREH B e (U/g prot) B £ (U/g prot) ,
Treatment R RARE WA GORE-L 6 BRIRRG BRI R

HK PK PFK FBPase PEPCK
Diet 1 (1.75) 5.34+0.45" 18.30+1.43" 3.87+0.34 17.68+2.48 12.23+1.21
Diet 2 (6.67) 6.5440.66" 18.62+1.72" 4.75+1.37 12.66+1.73 10.5242.53
Diet 3 (13.64) 5.86£0.41" 23.41+1.90™ 3.75+1.19 13.8242.16 10.38+1.31
Diet 4 (21.15) 8.11£0.98" 20.71+1.39™ 6.90+1.85 12.60+0.01 12.13+2.89
Diet 5 (26.69) 6.75+0.86" 22.55+2.19™ 9.14+0.66 14.14+1.39 10.69+0.45
Diet 6 (32.25) 4.60+0.70" 30.28+3.44° 5.71+1.49 11.92+1.65 9.95+0.93

ANOVA
F 2.892 4.286 3.174 1.218 0.339
P 0.066 0.018 0.051 0.368 0.879

H126.69%I1F (B A L. 43 31 492,29 F114.41), SGRiL 51| #
KA, B35 T AR A A BEAL, GRPRE & T3t —
BN R T 5 35 A TSGR, 2 W ARR Aopl 2 it
VROt I R NA oo et ol I o = L 2
oS I B I ORI B 24 9.928110.10), K
M FERFIPER W K T A Ab BR A, 32 B 55 055 RE
TPkl AT O R AR IR, 78 R A fa Ak
JIGE 17 OB AR £ W IR0 2808 2, DT A R T4 v 2K
PN GEDRL R 2 DR o I R R A KR
o B P B FAD YT 2A 28 T TR A R A A E
(A e S8 AR IR ) 1 HLREFI ) £8P bl S AR 3812, A
T A R D T R R E N R IR, 7
SRR, Ko™, etk i TR, e
TR B 8147 1 #0252 R T 9 vt AR 8 B0
SR, AR, R R B AP A S
SR AR A 2 ™ P R R sk
SR TTRE L TSI AR KB Tk}
PR BEIE L SO0 4 PR R A B A5 1) 22 S 3k
FH U 22 300 0] YA R 8 400 45 SGRANGLR LB 7K S 1) 5%

R, 19 2R OB () B 18 S N 22.7%. X — S5 R
54m20% " Ky ifi23.4% P A6 18%
R A021.1%" VTl 19.8%" 4% 1 2 [ R
HHOBE (1) 5 38 7 B AH AL

TEAHIE T # Ab B2 )R] BE R AH S5, A R UEAE
SEAMATRE N DR OB S R RR R, & S BRARL R]
NEWT AT Y 22 5 B 2 SR . A IEFUER W, da ek
214 F A B N2 T B AR R R A R IR R
(R 2 BAED . 4R, WiesmannFlIPfeffer )
G BLGDRL Fh (1) £ 2 25 FF AN 5 ey BI85 06 7] ) A 1
JUATRE = IR, I HLAE 6 208 F2 22 S Hh ol sl 4
U ZAE B Iz R e, Bkl
il £ 4 325 0 A AR 1 s AL T B RN
A T FEGRE R I 40% I 4T 4k 2%
B X BE S X R i (Ictalurus punctatus)F %
(Tilapia zillid) (R A Ko A 3 v g™ L ey
DL, AT R Bl it 2T o 22 06 K8 R A 11 5 i ik 7
Bt D

FEAMEFT A, X T m IR B R 2, i TR



2 34 TSUBUAF A5 ADRLBE AP K 8 o A RO A QI PR 5 271

ik e S St % ey bt Y, TR T 1 ROR A
BREMNEAN, AT HAEKEE, FECR &
FTRCR W35 PG X T mrob AR T R 4L, k4
AL 1) 0 5 P 0 R 5 12 T e AN A2 LA A Ak 1) I £
A K T, (R v R ) S S A IR IR R T
77 LR T s B, e s e MY
CUAFI R W, £ R 2 TR A M A0 20 i i )
i 52 PR A 22, e TR R E A\ 3 S5 A AR 25 L,
BETTHR A AR, AR i MR AR 2
RMEAREZL, e 21 4 32 ek Bt I 3 4 s )
KAt 2 ) RS2 50 AR A RE 1, AT S
HRIEFRE. B, Kbt m e oo s
AR TAARL 8 6 F A L AR AR FH 72 2R AN F)
R . FEARWEFTH, SBEHEIR 4 (Diet 6)SGR Y. %
T TR AR 2 (Diet 1), Fy eI AE AR 8 13 A
et &m0 R, AR TR IR I, K3
REAE — 3[Rl Py B M R P el o o A O i
HF o AR, ZAEIE T L T 9T

DAL A AT AT S B 11 5 A R 1 R U B B R A
ST 4 A S A K B IR TR RN AR i
PORRM . FEAHFF T, To 18 2 i I AR 25 OBl i bt
90.10)3 A2 = BEAR AR 4L OB AR R 9.92), Ko
SGR. PERFIHARMINGN & 38 W% k. CAwt
FERH, TRLRE AR L RE 5 25 R M2 2R 1 ST
LY, T B AR TR EL CHO/LAE % 78 40 e 45 b
OG0 (I [ 2808 ™ DATT ARE 3 e 288 A K R s
AU FEARTT S, RS E A 1. 11H12.29
i, K& FERFIPERYY W3 = 1 i Lk 0. 10 A1
9920 IMH « AW LS F B, K A A R e b
NG R2.29—4.41, IX 5EAT A (CHO/L 2.45). KW
fiff(CHO/L 1.98). #fs#fix(CHO/L 3.389). 21kl
THE(CO/L 1.7—3.4) L HIBFFL &6 FARE >,

PR HR IR A 1 o 2 5 T A A TR R T A
™, R NE A RSB BT 1
i EFA, HemrefKahrs "% H [l 67 22 bRi0 4
5 WA 5 R VG 5 R oA O IO T 5, R L A
S (1 FRDHHE A S B 5 BRI, el o o 2R AR AL
AA g 7 BT A R Y S 8 4 5 P A S AR
NADPH ) &2, ifi A& 38 ik g Fig Wi () & ke 4L ik
e, FEARWEFU, LErRRRE S 8 0 i [ A, Ak
JE W 5 A B AR (U BB i LL 2 s T ), 4 LR
7 SR kD o KR WA TR, DR
5y WAk F A R T T OB . A R R U R e
BT A E AR S E K ™, SR
ENTIIIRE SENIENY/I G DY s S e Uil
9T 45 R — 2

FF BB i — T R 2 R 4 o 2 R I R
P JEUAR 25 5 Wl £ T A7 o B2 AR PR, DT 2 T
BE O T Bk Y. BraugeZs RS £, B
FRDRRBE 8 (80, e CRR A PR 4 % B A BT
UE 7 12 e A B 2 18, 35 e B L £ T
60 JI 17 R, SRR JI 07 SRR . ZEARIFFE o,
R A 0 AR L LSRR8 2 o B e 2 1
18T S5 T, H o S DR T R K e el b
ol e o PR B L BT T o A I o, 1T 538
I RENERIE NI V/E | N = (AN (@
@)5[48, 49]\ Eﬁﬁf}”@%[ﬁ]\ ﬁ%%[so,ﬂ]*umlﬁg[ﬂ, 53]/_{_‘%@
KW b R3] T RIBAGE I . AR E X 2R 14
FEPURI 2R 4 e P SR I, B S
S e A BT SR A B RURT AR b . 8 X 2 R
SR T R BT v R B LR A e 4
OS2 T A8 e A P T o R b S 3 BRI . R
[F) (0 52 5 5 LB T K 1 AR 2810 22 S 4, R [R] 2
KB B, G . RREACE BT E . seie
SR R BT T B T SR 2 S

FFF I b X0 P Je fr o i 8 A T e 5 0
R T e ) B el s Y ZEARRAT T,
B S AT T R L VAT P T TS T, T R
S b T IR ORI U G 05 (0 R B ARAE s R
IR A R Y . DA TSR, S I K
ST A L 5 RO, 08568 K v 85 F T 22
AP SR, PR R 1 BB AT 7E— R b 2Rt
e g gen =G S GiaER IS = (1R g VAR il )
WD DRI LI R 2 T T e A A o ) 7
WA RS > AR D, B R
BT IR T, K B0 U K S 9T B R 2R AR
1k, TT g5 K RS 5 A o, 75— R Lg%
T RS e B ST 7 A S

12 9ot == s e 2 I ) T 4
RSy, AT A e ARy, Y2k R
SR, R R TE A 3 0 T A 7 ¥
0252 9ol = 1 A by BB A I A7 43 A LA K% JFF
U T 3 R PR AR AL 235 2 I 28 1 VLDLAK i 7= 2
FEAHIFFT v K £ 1158 H 3ih = I 7K S Dk I
S 0 R AECTTT Bk 3 T e, RT i A R A 4N 1 I 0 ok
/b, [R]85 IR ELPLYS 1 1 153 AR S BN
JE#43E 1R I VLDL/K AR Y, 2 30T Mg
= AT B S R B, Xt A — s AR Lk
AR P B T R S T Sk DR T F RN
AN 2. 76 s e s 41 rh, ikl T
%o i T DR T 0 %o UG U £ i, 2 TR A il
EL G P B T . AR REEE Y R



272 K 4 W R 41 %

A Sk f 0 ey s PV O T 5 PPt R B T ML 4
%o

KAWL, £ A0 MR U5 45 £ AN A o f e
SRR B9 A B K 43 s, E R X AR Y fE ) Bt £
e N TR SIS /8 P S g ¥ 1 B g U N
R R E R B = B R N v N o I
PR B B T, R A0 i S R S O B R
1R, 2% KB AEO0 LDl A FR B 2 AT — o 1R 38 Y
J7e X G7Em e R R Ui B e T Y
gERL—5 SR, TR A T (26.69%—
32.25%, B L HH4.417F R 429.92) B BRAR T KoK
6 i T8 R BT Ik, AT RE S T S RS
26.69%(HEJIE LE A 4.4 1) I, e # B 1 O B2 A,
REZ BRI S T I SeAh, FTREE S
b S iR e G (AN =] AT e Y e s S < K 3
WS,

AL TR, TR 1 T B R
TR AT T I R R PR ), X AR — e FE
AR E TR R A, I SR AR T R v B R
o FIREHD, A SRR B LSt TR " i
WF U W b vl B k25 3 v HEIE PG 0o 2R,
— BRI 5 R DA RLRE KT 8 R PRI 1 B
PR S R T PanseratE T R AR R
FEUL 64, HPKmRNARK L &5 #H 21k, Hit,
0 PR 7 U 1 1T BE A h S DR 3% S B A 1
FH 58 1%, Gn PR SR IF i IR 10 ol i R AE . [
Wb, TRDELBE 7K P 0) 28 I PR g 14 5% i 475 75 3F
— B

FEATIFFT O3 £ I CUOB SR K ) (e ]
RIHE S o 21.15% CBENE L 42.29) I IE 31l 5 i
(8.11 U/g prot), Z J btokH & & gk — 0 m, HKIE
P T S 3 PR AR, OB RN 32.25% (REREE N
9.92) I} A B . HIKGE g 1A FAAEG AT fi 2 DR O L9
1 52 ) P ) R 2 W -6- Wi 1 ) 1 47 e A ax
FE— e RE B b ] RR Ay K 056 A k) ) — 47
ST o AR (R T R AR R IR R B K- g
SR E K U sk, rE s et e
o SR W ™ TP R BIE 5 P O R S LR R
AP T AR HKGE 7 77 A 38 5

4 ZHip

FEARWEFEH, TR & AE21.15%—26.67%
(BENGLE2.29—4.4 1), st A T e iR L
K I AERISGRAVEFLIR A o I =k il 2 [ ) 45
TP G o 2B KR RN B 7K (1 0 &R, #3381 K3
(130 g) TRk o 1) B il 7 18 22. 7%

SE Mk

[11 Fernandez F, Miquel A G, Cérdoba M, et al. Effects of
diets with distinct protein-to-carbohydrate ratios on nutri-
ent digestibility, growth performance, body composition
and liver intermediary enzyme activities in gilthead sea
bream (Sparus aurata, L. ) fingerlings [J]. Journal of Ex-
perimental Marine Biology and Ecology, 2007, 343(1):
1—10

[2] Stone D, Allan G L, Anderson A J. Carbohydrate utiliza-
tion by juvenile silver perch, Bidyanus bidyanus (Mit-
chell). III. The protein-sparing effect of wheat starch-
based carbohydrates [J]. Aquaculture Research, 2003,
34(2): 123—134

[3] DiasJ, Alvarez M J, Diez A, et al. Regulation of hepatic
lipogenesis by dietary protein/energy in juvenile Euro-
pean seabass (Dicentrarchus labrax) [J]. Aquaculture,
1998, 161(1): 169—186

[4] Peres H, Goncalves P, Oliva-Teles A. Glucose tolerance
in gilthead seabream (Sparus aurata) and European
seabass (Dicentrarchus labrax) [J]. Aquaculture, 1999,
179(1): 415—423

[51 El-Sayed A M, Garling Jr D L. Carbohydrate-to-lipid ra-
tios in diets for Tilapia zillii fingerlings [J]. Aquaculture,
1988, 73(1): 157—163

[6] Jafri A K. Effect of dietary carbohydrate-to-lipid ratio on
growth and body composition of walking catfish (Clarias
batrachus) [J]. Aquaculture, 1998, 161(1): 159—168

[71 Kjer M A, Todorcevi¢ M, Torstensen B E, ef al. Dietary
n-3 HUFA affects mitochondrial fatty acid B-oxidation
capacity and susceptibility to oxidative stress in Atlantic
salmon [J]. Lipids, 2008, 43(9): 813—827

[8] Tan Q, Xie S, Zhu X, et al. Effect of dietary carbo-
hydrate-to-lipid ratios on growth and feed utilization in
Chinese longsnout catfish (Leiocassis longirostris Giin-
ther) [J]. Journal of Applied Ichthyology, 2007, 23(5):
605—610

[9] Hanley F. Effects of feeding supplementary diets contai-
ning varying levels of lipid on growth, food conversion,
and body composition of Nile tilapia, Oreochromis niloti-
cus (L.) [J]. Aquaculture, 1991, 93(4): 323—334

[10] Nankervis L, Matthews S J, Appleford P. Effect of die-
tary non-protein energy source on growth, nutrient reten-
tion and circulating insulin-like growth factor I and triio-
dothyronine levels in juvenile barramundi, Lates calca-
rifer [J]. Aquaculture, 2000, 191(4): 323—335

[11] Hemre G I, Mommsen T P, Krogdahl A. Carbohydrates in
fish nutrition: effects on growth, glucose metabolism and
hepatic enzymes [J]. Aquaculture Nutrition, 2002, 8(3):
175—194

[12] Cowey C B, Walton M J. Intermediary metabolism [J].
Fish Nutrition, 1989, 2: 259—329

[13] Moon T W. Glucose intolerance in teleost fish: fact or fic-



2

4]

TSUBUAF A5 ADRLBE AP K 8 o A RO A QI PR 5

273

[14]

[15]

[16]

[17]

(18]

[19]

[20]

(21]

(22]

(23]

[24]

[25]

[26]

tion [J]? Comparative Biochemistry and Physiology Part
B: Biochemistry and Molecular Biology, 2001, 129(2):
243—249

Wilson R P. Utilization of dietary carbohydrate by fish
[J]. Aquaculture, 1994, 124(1): 67—80

Brauge C, Corraze G, Médale F. Effects of dietary levels
of carbohydrate and lipid on glucose oxidation and lipo-
genesis from glucose in rainbow trout, Oncorhynchus
mykiss, reared in freshwater or in seawater [J]. Compara-
tive Biochemistry and Physiology Part A: Physiology,
1995, 111(1): 117—124

Catacutan M R, Coloso R M. Growth of juvenile Asian
seabass, Lates calcarifer, fed varying carbohydrate and
lipid levels [J]. Aquaculture, 1997, 149(1): 137—144

Gao W, Liu Y J, Tian L X, et al. Effect of dietary carbo-
hydrate-to-lipid ratios on growth performance, body com-
position, nutrient utilization and hepatic enzymes activi-
ties of herbivorous grass carp (Ctenopharyngodon idella)
[J]. Aquaculture Nutrition, 2010, 16(3): 327—333
Vielma J, Koskela J, Ruohonen K, et al. Optimal diet
composition for European whitefish (Coregonus lavare-
tus): carbohydrate stress and immune parameter re-
sponses [J]. Aquaculture, 2003, 225(1): 3—16

Lee S M, Kim K D. Effects of dietary carbohydrate to li-
pid ratios on growth and body composition of juvenile
and grower rockfish, Sebastes schlegeli [J]. Aquaculture
Research, 2009, 40(16): 1830—1837

Ren M, Ai Q, Mai K, et al. Effect of dietary carbohydrate
level on growth performance, body composition, appar-
ent digestibility coefficient and digestive enzyme activi-
ties of juvenile cobia, Rachycentron canadum L [J].
Aquaculture Research, 2011, 42(10): 1467—1475

Jafri A K. Growth rate, feed conversion, and body com-
position of Catla catla, Labeo rohita, and Cirrhinus
mrigala fry fed diets of various carbohydrate-to-lipid ra-
tios [J]. Journal of the World Aquaculture Society, 1998,
29(1): 84—91

Duan Q, Mai K, Zhong H, et al. Studies on the nutrition
of the large yellow croaker, Pseudosciaena crocea R. I:
growth response to graded levels of dietary protein and
lipid [J]. Aquaculture Research, 2001, 32(s1): 46—52

Ma H, Cahu C, Zambonino J, ef al. Activities of selected
digestive enzymes during larval development of large yel-
low croaker (Pseudosciaena crocea) [J]. Aquaculture,
2005, 245(1): 239—248

Mai K, Zhang C, Ai Q, et al. Dietary phosphorus require-
ment of large yellow croaker, Pseudosciaena crocea R
[J]. Aquaculture, 2006, 251(2): 346—353

Yu S, Olsen C E, Marcussen J. Methods for the assay of
1, 5-anhydro-D-fructose and a-1, 4-glucan lyase [J]. Car-
bohydrate Research, 1997, 305(1): 73—82

Bradford M M. A rapid and sensitive method for the

quantitation of microgram quantities of protein utilizing

[27]

[28]

[29]

[30]

B1

[32]

[33]

[34]

[35]

[36]

[37]

[38]

the principle of protein-dye binding [J]. Analytical Bio-
chemistry, 1976, 72(1): 248—254

Polakof S, Miguez J M, Soengas J L. Dietary carbo-
hydrates induce changes in glucosensing capacity and
food intake of rainbow trout [J]. American Journal of
Physiology-Regulatory, Integrative and Comparative
Physiology, 2008, 295(2): R478-R489

Sangiao-Alvarellos S, Laiz-Carrion R, Guzman J M, et al.
Acclimation of S. aurata to various salinities alters en-
ergy metabolism of osmoregulatory and nonosmoregula-
tory organs [J]. American Journal of Physiology-Regula-
tory, Integrative and Comparative Physiology, 2003,
285(4): R897-R907

Zeitoun I H, Ullrey D E, Magee W T, et al. Quantifying
nutrient requirements of fish [J]. Journal of the Fisheries
Board of Canada, 1976, 33(1): 167—172

Sanchez muros M J, Garcia rejon L, Lupianez J A, et al.
Long-term nutritional effects on the primary liver and
kidney metabolism in rainbow trout (Oncorhynchus
mykiss). 1. Adaptive response of glucose 6-phosphate de-
hydrogenase activity to high-carbohydrate/low-protein
and high-fat/non-carbohydrate diets [J]. Aquaculture Nu-
trition, 1996, 2(4): 193—200

Ali M Z, Jauncey K. Optimal dietary carbohydrate to li-
pid ratio in African catfish Clarias gariepinus (Burchell
1822) [J]. Aquaculture International, 2004, 12(2) :
169—180

Ellis S C, Reigh R C. Effects of dietary lipid and carbo-
hydrate levels on growth and body composition of juve-
nile red drum, Sciaenops ocellatus [J]. Aquaculture, 1991,
97(4): 383—394

LEE S M, Lee J H. Effect of dietary glucose, dextrin and
starch on growth and body composition of juvenile starry
flounder Platichthys stellatus [J). Fisheries Science, 2004,
70(1): 53—58

Mohapatra M, Sahu N P, Chaudhari A. Utilization of ge-
latinized carbohydrate in diets of Labeo rohita fry [J].
Aquaculture Nutrition, 2003, 9(3): 189—196

Dias J, Rueda Jasso R, Panserat S, ef al. Effect of dietary
carbohydrate-to-lipid ratios on growth, lipid deposition
and metabolic hepatic enzymes in juvenile Senegalese
sole (Solea senegalensis, Kaup) [J]. Aquaculture Re-
search, 2004, 35(12): 1122—1130

Yamamoto T, Konishi K, Shima T, et al. Influence of die-
tary fat and carbohydrate levels on growth and body com-
position of rainbow trout Oncorhynchus mykiss under
self-feeding conditions [J]. Fisheries Science, 2001,
67(2): 221—227

Kirchgessener M, Kiirzinger H, Schwarz F J. Digestibi-
lity of crude nutrients in different feeds and estimation of
their energy content for carp (Cyprinus carpio L. ) [J].
Aquaculture, 1986, 58(3—4): 185—194

Wiesmann D, Pfeffer E. Influence of indigestible carbo-



274

P SRS S 7/

41 %

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

[50]

hydrates on the efficiency of utilization of dietary energy
and protein in growing rainbow trout (Salmo gairdnerii,
R) [J]. Archives of Animal Nutrition, 1986, 36(12):
1145—1149

Mishra K, Samantaray K. Interacting effects of dietary
lipid level and temperature on growth, body composition
and fatty acidprofile of rohu, Labeo rohita (Hamilton) [J].
Aquaculture Nutrition, 2004, 10(6): 359—369

Raven P A, Devlin R H, Higgs D A. Influence of dietary
digestible energy content on growth, protein and energy
utilization and body composition of growth hormone
transgenic and nontransgenic coho salmon (Onco-
rhynchus kisutch) [J]. Aquaculture, 2006, 254(1—4):
730—747

Garling Jr D L, Wilson R P. Effects of dietary carbo-
hydrate-to-lipid ratios on growth and body composition of
fingerling channel catfish [J]. The Progressive Fish-Cul-
turist, 1977, 39(1—4): 43—47

Masayuki furuichi, Yasuo yone. Change of blood sugar
and plasma insulin levels of fishes in glucose tolerance
test [J]. Bulletin of the Japanese Society of Scientific Fishe-
ries, 1981, 47(6): 761—764

Garling Jr D L, Wilson R P. Optimum dietary protein to
energy ratio for channel catfish fingerlings, Ictalurus
punctatus [J]. The Journal of Nutrition, 1976, 106(9):
1368—1375

Sargent J, Henderson R J, Tocher D R. The lipids [A]. In:
Fish Nutrition. In: Halver J E (Eds. ), Fish Nutrition [M].
New York: Academic Press. 1989, 154—209

Hemre G I, Kahrs F. 14C-glucose injection in Atlantic cod,
Gadus morhua, metabolic responses and excretion via the
gill membrane [J]. Aquaculture Nutrition, 1997, 3(1):
3—8

Soengas J L, Aldegunde M, Andrés M D. Gradual trans-
fer to sea water of rainbow trout: effects on liver carbo-
hydrate metabolism [J]. Journal of Fish Biology, 1995,
47(3): 466—478

Luo Y, Xie X. Effects of body lipid content on the res-
ting metabolic rate and postprandial metabolic response in
the southern catfish Silurus meridionalis [J]. Compara-
tive Biochemistry and Physiology Part A: Molecular &
Integrative Physiology, 2009, 154(4): 547—550

Moreira I S, Peres H, Couto A, et al. Temperature and die-
tary carbohydrate level effects on performance and meta-
bolic utilisation of diets in European sea bass (Dicentrar-
chus labrax) juveniles [J]. Aquaculture, 2008, 274(1): 153—
160

Peres H, Oliva-Teles A. Utilization of raw and gelati-
nized starch by European sea bass (Dicentrarchus labrax)
juveniles [J]. Aquaculture, 2002, 205(3): 287—299

Bou M, Todorcevi¢ M, Fontanillas R, et al. Adipose tis-
sue and liver metabolic responses to different levels of die-

tary carbohydrates in gilthead sea bream (Sparus aurata)

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[J]. Comparative Biochemistry and Physiology Part A:
Molecular & Integrative Physiology, 2014, 175(1):
72—81

Couto A, Enes P, Peres H, et al. Effect of water tempera-
ture and dietary starch on growth and metabolic utiliza-
tion of diets in gilthead sea bream (Sparus aurata) juveni-
les [J]. Comparative Biochemistry and Physiology Part A:
Molecular & Integrative Physiology, 2008, 151(1):
45—50

Capilla E, Médale F, Navarro I, et al. Muscle insulin
binding and plasma levels in relation to liver glucokinase
activity, glucose metabolism and dietary carbohydrates in
rainbow trout [J]. Regulatory Peptides, 2003, 110(2):
123—132

Hilton J W, Atkinson J L. Response of rainbow trout
(Salmo gairdneri) to increased levels of available carbo-
hydrate in practical trout diets [J]. British Journal of Nu-
trition, 1982, 47(3): 597—607

Nematipour G R, Brown M L, Gatlin D M. Effects of die-
tary carbohydrate: lipid ratio on growth and body com-
position of hybrid striped bass [J]. Journal of the World
Aquaculture Society, 1992, 23(2): 128—132

Cai C F. Study on the utilization of dietary carbohydrate
by Myloparyngodon piecus Richrdson and Carassius
auratus and their mechanism of metabolism [D]. Thesis
for Doctor of Science. East China Normal University,
Shanghai. 2004 [4¢5577 . 7 £ RIS PR B P R A B 3L
ARBHLHI I, 1022 6018 30, ARG R, L.
2004]

Dixon D G, Hilton J W. Influence of available dietary
carbohydrate content on tolerance of waterborne copper
by rainbow trout, Salmo gairdneri Richardson [J]. Jour-
nal of Fish Biology, 1981, 19(5): 509—518

Lin X Z, Luo Y P, Xie X J. Effect of dietary carbo-
hydrate level on glycolytic enzymes and serum glucose
concentrations in the juvenile southern catfish after fee-
ding [J]. Acta Hydrobiologica Sinica, 2006, 30(3):
304—310 [/, RO, BN BRI R AL S 4K
ST Tl 1)) £ A i T AR I 1 A UK YA PR D S
KA AE AR, 2006, 30(3): 304—310]

Nakano K, Tagawa M, Takemura A, et al. Temporal
changes in liver carbohydrate metabolism associated with
seawater transfer in Oreochromis mossambicus [J]. Com-
parative Biochemistry and Physiology Part B: Bioche-
mistry and Molecular Biology, 1998, 119(4): 721—728
Luo Y P. Ecophysiological responses in a carnivorous
fish, the southern catfish (Silurus meridionalis Chen) to
nutritional stress of dietary carbohydrate [D]. Thesis for
Doctor of Science. Southwest University, Chongqing.
2007 [ZREF. WRTE SRR T SRR S0
TG AR AR S A OV AR S, T KA,
K. 2007]

Likimani T A, Wilson R P. Effects of diet on lipogenic



2

4]

TSUBUAF A5 ADRLBE AP K 8 o A RO A QI PR 5

275

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

enzyme activities in channel catfish hepatic and adipose
tissue [J]. The Journal of Nutrition, 1982, 112(1):
112—117

Regost C, Arzel J, Cardinal M, et al. Dietary lipid level,
hepatic lipogenesis and flesh quality in turbot (Psetta
maxima) [J]. Aquaculture, 2001, 193(3): 291—309
Shimeno S, Ming D, Takeda M. Metabolic response to die-
tary carbohydrate to lipid ratios in Oreochromis niloti-
cus [J]. Nippon Suisan Gakkaishi, 1993, 59(5): 827—S833
Li X, Jiang Y, Liu W, et al. Protein-sparing effect of die-
tary lipid in practical diets for blunt snout bream (Megalo-
brama amblycephala) fingerlings: effects on digestive
and metabolic responses [J]. Fish Physiology and Bio-
chemistry, 2012, 38(2): 529—541

Moro G V, Camilo R Y, Moraes G, et al. Dietary non-
protein energy sources: growth, digestive enzyme activi-
ties and nutrient utilization by the catfish jundia, Rham-
dia quelen [J]. Aquaculture Research, 2010, 41(3):
394—400

Kawai S, Tkeda S. Studies on digestive enzymes of fishes.
2. Effect of dietary change on activities of digestive en-
zymes in carp intestine [J]. Bulletin of the Japanese Socie-
ty of Scientific Fisheries, 1972, 38(3): 265
Mukhopadhyay P K. Studies on the enzymatic activities
related to varied pattern of diets in the air-breathing cat
fish, Clarias batrachus (Linn. ) [J]. Hydrobiologia, 1977,
52(2): 235—237

Ali M Z, Jauncey K. Effect of dietary lipid to carbo-
hydrate ratios on body composition, digestive enzyme

activities and blood plasma components in African cat-

fish Clarias gariepinus (Burchell, 1822) [J]. Journal of

Aquaculture in the Tropics, 2005, 20: 57—70

Enes P, Panserat S, Kaushik S, et al. Effect of normal and
waxy maize starch on growth, food utilization and hepa-
tic glucose metabolism in European sea bass (Dicen-
trarchus labrax) juveniles [J]. Comparative Biochemistry
and Physiology Part A: Molecular & Integrative
Physiology, 2006, 143(1): 89—96

Fernandez F, Miquel A G, Coérdoba M, et al. Effects of
diets with distinct protein-to-carbohydrate ratios on nutri-
ent digestibility, growth performance, body composition
and liver intermediary enzyme activities in gilthead sea
bream (Sparus aurata, L. ) fingerlings [J]. Journal of Ex-

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

perimental Marine Biology and Ecology, 2007, 343(1):
1—10

Borrebaek B, Christophersen B. Hepatic glucose phos-
phorylating activities in perch (Perca fluviatilis) after dif-
ferent dietary treatments [J]. Comparative Biochemistry
and Physiology Part B: Biochemistry and Molecular Bio-
logy, 2000, 125(3): 387—393

Enes P, Panserat S, Kaushik S, et al. Hepatic glucokinase
and glucose-6-phosphatase responses to dietary glucose
and starch in gilthead sea bream (Sparus aurata) juve-
niles reared at two temperatures [J]. Comparative Bio-
chemistry and Physiology Part A: Molecular & Integra-
tive Physiology, 2008, 149(1): 80—86

Suarez M D, Sanz A, Bazoco J, et al. Metabolic effects of
changes in the dietary protein: carbohydrate ratio in eel
(Angilla anguilla) and trout (Oncorhynchus mykiss) [J].
Aquaculture International, 2002, 10(2): 143—156
Panserat S, Plagnes-Juan E, Kaushik S. Nutritional regu-
lation and tissue specificity of gene expression for pro-
teins involved in hepatic glucose metabolism in rainbow
trout (Oncorhynchus mykiss) [J]. Journal of Experimen-
tal Biology, 2001, 204(13): 2351—2360

Pen-Hsing Tung, Shi-Yen Shiau. Effects of meal fre-
quency on growth performance of hybrid tilapia, Oreo-
chromis niloticusxO. aureus, fed different carbohydrate
diets [J]. Aquaculture, 1991, 92: 343—350

Cowey C B, Knox D, Walton M J, et al. The regulation of
gluconeogenesis by diet and insulin in rainbow trout
(Salmo gairdneri) [J]. British Journal of Nutrition, 1977,
38(3): 463—470

Kirchner S, Seixas P, Kaushik S, et al. Effects of low pro-
tein intake on extra-hepatic gluconeogenic enzyme ex-
pression and peripheral glucose phosphorylation in rain-
bow trout (Oncorhynchus mykiss) [J]. Comparative Bio-
chemistry and Physiology Part B: Biochemistry and Mo-
lecular Biology, 2005, 140(2): 333—340

Enes P, Panserat S, Kaushik S, et al. Rapid metabolic ada-
ptation in European sea bass (Dicentrarchus labrax) ju-
veniles fed different carbohydrate sources after heat shock
stress [J]. Comparative Biochemistry and Physiology Part
A: Molecular & Integrative Physiology, 2006, 145(1):
73—81



276 KE &Y AR 41 %

EFFECTS OF DIETARY CARBOHYDRATE ON GROWTH PERFORMANCE
AND GLYCOMETABOLISM OF LARGE YELLOW CROAKER
LARIMICHTHYS CROCEA

XING Shu-Juan', SUN Rui-Jian’, MA Jun', WEI Hai-Ming', XU Wei', ZHOU Hui-Hui', ZHANG Yan-Jiao',
ZHANG Wen—Bing1 and MAI Kang—Sen1

(1. Key Laboratory of Mariculture (Ministry of Education), Key Laboratory of Aquaculture Nutrition and Feeds
(Ministry of Agriculture), Ocean University of China, Qingdao 266003, China; 2. Tongwei Technology
Center Limited by Share Ltd., Chengdu 610041, China)

Abstract: To evaluate the effects of dietary carbohydrate on growth performance, feed utilization, plasma parameters,
and glycometabolism enzyme activities of large yellow croaker Larimichthys crocea, triplicate groups of fish [the ini-
tial body weight: (137.5+0.35) g] were randomly fed six isonitrogenous (45% crude protein) and isoenergetic (18 kJ/g
gross energy) diets containing graded levels of carbohydrate (1.75%, 6.67%, 13.64%, 21.15%, 26.69% and 32.25%) in
floating sea cages for an 8-week feeding trial. Results showed that the highest specific growth rate (SGR) was by
26.69% of dietary carbohydrate. The highest dietary carbohydrate content (32.25%) significantly decreased the SGR
(P<0.05). Both feed efficiency ratio (FER) and protein efficiency ratio (PER) of large yellow croaker fed diets with
13.64% and 21.15% of carbohydrate were significantly higher than those of other groups (P<0.05). The whole-body
lipid content significantly decreased the increased dietary carbohydrate contents with the lowest lipid content 32.25% of
carbohydrate group (P<0.05). Hepatosomatic index (HS7) and liver glycogen content significantly increased with the in-
creased dietary carbohydrate contents (P<0.05). Plasma total cholesterol and triglyceride levels significantly decreased
with the increased dietary carbohydrate level (P<0.05), but plasma glucose did not impact by dietary carbohydrate level
(P>0.05). The increased dietary carbohydrate significantly depressed activities of serum lysozyme, lipoprotein lipase
and hepatic lipase (P<0.05). The activities of intestinal tract amylase and hepatic hexokinase (HK) increased signifi-
cantly and then decreased with the highest value at 26.69% and 21.15% dietary carbohydrate contents, respectively
(P<0.05). Dietary carbohydrate significantly up-regulated activities of pyruvate kinase (PK) with the peak level by
32.25% carbohydrate group (P£<0.05). These results indicated the requirement of dietary carbohydrate for large yellow
croaker was 22.7%.

Key words: Large yellow croaker; Larimichthys crocea; Carbohydrate; Nutrition; Feed



