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PRI B35 A8 Ak, IR it A6 (LPO) &t 3% ETH(P <0.05), Rl $eMERIEIN,3% 5 4% 41 ME HL,

LPL TLP {1 J LPO &8 B35 T 2% 41 (P <0.05) o ZRa A K AR B bR 0 Hr4h
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1.2 LI

S5 DRE DL E E R0k | ORI,
SRE IR, FRE A JBEIR, BLTH AT e R &
100% . &It T 3 dAM (LA BB ERR,
NFE)/ZE 1 5 7K F 4> % K 24% /42% _32%/
36% A40% /30% [ 5FRESENR RN (R 1) o fRHER
Bt 60 H O, # B L AR, KB H R IRA
Je , F/INEL R R B R BL BT FE AR, 18R 25 10 T
FJGF —20 °CURFIHE, BT A T 35 bk
Rt 1.0 ~ 1.5 mm Fif524 1.0 mm [FR50FK

®1 ZRAMARREFRKFE(% RTEM)
Tab.1 Composition and nutrient levels of

experimental diets ( % air-dry basis)

I H 1Al diets

items C24/P42  (C32/P36 (C40/P30
JEUB} ingredients
T 4 imported fish meal 44 35 26
5f soybean meal 33.5 32.8 32.1
FKIEH corn starch 11 20.3 29.6
£yl fish oil 3.5 3.9 4.3
LT 4EZE microcellulose 2.7 2.7 2.7
Witz — 45 Ca(H,PO,), 2 2 2
b salt 0.3 0.3 0.3
ek premix! 1 1 1
B M 4 4 £ Carboxymethyl ) 5 )
cellulose
327K nutrient levels?
JK 43 moisture 10.64 10.29  10.31
HFE B f crude protein 41.83 36.02  30.15
FAEHT crude lipid 5.93 5.95 5.88
FZF4E crude fiber 7.28 7.12 7.43
LKy ash 10. 10 8.52 6.45
TAIR ) Nitrogen-free extract 24.22  32.10 39.78
JHHE GE/(MJ/kg ) 16.39 16.37 16.27

1. FIRE N 5T 5o fal el 4244 Premix provided the following per kg of
diets: Cu 4 mg,Fe 150 mg,Zn 80 mg, Mg 100 mg, Mn 20 mg,1 0.4
mg,Co 0.1 mg,Se 0.1 mg,V, 6 000 IU,V, 2 000 IU, V; 100 mg,
Vi 50 mg, Vi 5 mg, Vi, 5 mg, Vi, 15 mg, Vi 25 mg, Vs 30 mg, Vg
10 mg,Vy; 0.2 mg, Vi, 3 mg, Vi, 0.03 mg, JLEE inositol 100 mg,
2. BRB Y B REN T RAL, HAl OSSP, JRRR 14
=100 — (k7> + HIZE A BT + HLAS WG + HLZP4E + HUK ) 5 B RES%
HE BT AR AT A 1 RE B R 23.64.39. 54 (17,15
MJ/kg i1 01%] | NFE =100 — ( Moisture + Crude protein + Crude
lipid + Crude cellulose + Ash), GE was calculated using energy
equivalents 23.64, 39.54, and 17. 15 MJ/kg for protein, lipid and

digestible carbohydrate , respectively!'®).

1.3 LWHARFFEE

TRLA DR ) $5 38 43 ) 15 Oy A I T A
(2% 3% F1 4% 3 47K F, gt 9 41, 43 5l i
% Jy C24/PA2/FR2 ., C24/P42/FR3 . C24/P42/
FR4 . C32/P36/FR2. C32/P36/FR3. C32/P36/

FR4 . C40/P30/FR2 ., C40/P30/FR3 #1 C40/P30/
FR4(C-W%, P-2E (4 i, FR-EER) 4115 3 A
2LEBAERE RS 24 B WRR N (2. 40 +
0.10) g Ay filt BE S5 B AR, SC6 A3 T 27 4>
220 L /B ESET RN b o SCI0 R4 10 d e
1R A 01 1) o2 5 e A A 11 438 R 3 3 e 43 I

=)

H o

SR P ROK 1% 22 58 SR AH, 1) A K 45
2 IR, PR E] 2y 08 :30,16:30 , Bk FFLE 20 ~ 40
min RIS AT R FH T Ik W R A A 19 7
Yy, 88 5 3E 2ok ok Sy ) R K AE I HOK, H oK 5
27 3/5, LB K N B UE B R OK, KR
(27.0 +3.0)°C,pH 6.8 ~7.6, /K FIEfME KT
6.5 mg/L, Z A /DT 0.1 mg/L, IEFLLEH] 50
d, BIlE Je e st .
1.4 AKiERNE

IEASEIEE WG, SL 5 AL 24 h, I & 45
A PN )R R R R, TR E AR K (special
erowth rate, SGR) il 1k % # (feed conversion
efficiency,, FCE ) | & 1 3 & [t ( protein efficiency
ratio, PER) . MR EE & N BENLIR 6 J& ., T 2b
AT AR K Sy  ARUCO E K R E TR
{3 ( condition factor, CF ) ; fif 1] J5 WO B, )
SE TR TR , T35 AT $5 £ (hepatosomatic index,
HST) , fid A —20 CLRAFHTALME . AHCHE bR
HRAXT

Ser(%/d) =100 x (InW, —InW )/t (1)

Fo, =100 x (W, -=W,)/F (2)
P, =100 (W, -W,)/F xC, (3)
Co(%) =100 xW/L’ (4)
Hy (%) =100 x W, /W, (5)

S o AR E AR I F o N AR Py
KRR Cp A IET B ; Hy R FARTE £ W,
AR (g) s W, PR &R (g) s F hH
T (g) s W, NEAKRFEINEE (g) 5 Co b Rk
EHBE SR (%) 50 AERRE(D) ;L EEK
(em),
1.5 PRRE4IB L I5RIIE
1.5.1  FESREE ST &
MNEEAEE N BENLER 3 B 1, T k&% I f#
FH DR S 8 M B, 4 °C B 19 0. 85% 2
BEER K vk, SR 5 IR AR T 7K 43, —20 C¥
PRAF 5 FH o DA B, 422 5 B AR B EL 129 T AT
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Lo Ok ¥ ¥ R

25 %

Y10 0.85% A FHERIK , DL FLOKE &y 40 215 3¢
HLAI3E (10 000 r/min, 2 min) ,4 C 54T 4 000
r/min Z5.0 10 min , B EIFRAAA
1.5.2 A FAE AR bnil

JIPRE IR 2 PG 1 (hepatic lipase, HL) FlfiE
K H1 Fg At ( Lipoprotein lipase , LPL) i 4 | I J5t ik 44,
Ak (lipid peroxidation, LPO) i B 5t & A4 T
FEWFIE T S At 1) & U 5 SR T (total lipase,
TLP) j& HL 1l LPL (¥ & A1, 3 3 2 i (malic
enzyme , ME ) 13 ¥ l 75 M BHEE AR DB A BR A
A B AR A R B E o R ERAE T LR &
B4, IFHEALA AP 8 B B & R % 5
s iR .
1.6 EMEFBTNE

BEARICLS B/ 1 NGRS, T g
S3sE , H bR AR B R L R
SE s FLIE I 5 R R IRl 32 05 I 7 5 LK 70 &%
TR 550 C Sy pe il o s /K 4% 5 R
105 “CfE ik 1 25 I 5 5 KT 45 55 5 4% ] GB/T
6434—2006 VAN E o MRA DR B A3 B 2E
3 ANE A, e Ik b,
1.7 HiEAE

SERAAE R SR £ FRUEZE (mean = SD)

2N, K H Excel 2007 Fil SAS 9. 1. 4 G i1t
FrorBir ik B, A B R] 22 53 0 B IN 505 22 0B, 22
S5 535 I AR R SR AN 22 3k R AT 2 AR
TR AR R A2 BARE RTT R -T5 2243
Pro P<0.05 H2EREE

2 4

2.1 REREAEKERE

H1 2% 2 AT, FRDRE C/P K S48 R I 255
i S 75 4R B f9) FBW  SGR  FCE , PER F1 HSI, CF
IZAMRER W (P <0.05) o BEE A C/P
K F}, C40/P30 41 FBW SGR . FCE I Z (X T
C24/P42 41 (P <0.05) ,C32/P36 5 (C24/P42 4]
]2 FAEZE (P >0.05);C40/P30 41 PER  HSI
e C24/P42 5 C32/P36 41 (P <0.05),
C24/P42 5 C32/P36 ) 2 A8 FH (P >
0.05), Bl BRI, 3% 5 4% 4 FBW
SGR .FCE .PER .CF . HSI & & F 2% 41 (P <
0.05),4% #H % FBW . SGR & & = T 3% 4 4h
(P <0.05),i4lla FCE .PER ,CF HSI JG g % %
SE(P>0.05), flkh C/P 7K F 4% e 2% % HSI
AL HAEH(P<0.05),

K2 REREERMRE

Tab.2 Growth performance of Carassius auratus gibelio

41 31 diets PR SRR H“/\I;EEJ&}Q ’rﬂﬂ%‘ﬂtiﬂz% HE SR JIE it Hﬂfiﬁtt
IBW/g FBW/g SGR/ (% /d) FCE/% PER/% CF/(g/cm®) HSI/%
C24/P42/FR2 2.39+0.09  3.65+0.07° 0.84£0.06° 43.01£2.51®> 1.02+0.06° 2.80+0.13" 4.56 +0.80"
C24/P42/FR3 2.39£0.08  4.82+0.53" 1.370.17" 47.25£6.54" 1.13£0.16" 2.96+0.21* 4.99 =0.84"
C24/P42/FR4 2.4120.12  6.08+0.22°  1.85£0.07° 48.77 £2.04° 1.16+0.05" 2.94+0.17*° 5.12+0.55"
C32/P36/FR2 2.40+0.10  3.57+0.10° 0.80£0.06° 40.15%2.63" 1.06+0.07° 2.75+0.12"> 3.60 +0.70¢
(32/P36/FR3 2.39£0.22  4.50+0.08" 1.26+0.03"> 43.55£0.93* 1.15£0.02" 2.86+0.13* 4.91+0.87"
(32/P36/FR4 2.39£0.23  5.69+0.34* 1.74£0.11° 45.53 £3.34" 1.20+0.09"™ 2.86+0.14"™ 4.25+0.90°
C40/P30/FR2 2.39+0.10  3.44+0.18° 0.70 £0.10° 35.19£4.96° 1.10+0.15" 2.82+0.18" 4.90 +0.70"
C40/P30/FR3 2.40+0.13  4.37+0.33"  1.19£0.16" 41.12£4.98" 1.29+0.16™ 2.83+0.16" 4.53 +0.77"
C40/P30/FR4 2.39+0.14  5.63+0.35* 1.71£0.13° 44.35£3.39® 1.39+0.11° 2.940.13* 5.96 +0.84"
wi/E C24/P42 4.84+1.09*° 1.35+0.45" 46.35+4.47" 1.10+0.11> 2.90+0.15  4.89£0.77"
M C32/P36 4.59 £0.94® 1.27 £0.41* 43.08 £3.21* 1.13+0.08> 2.82x0.13  5.2510.97"
C/ P ca0/P30 4.48 £0.99"  1.20£0.45> 40.22 £5.60" 1.26+0.18*  2.86+0.25  6.13+0.97°
sz 2% 3.55£0.14°  0.78 £0.09° 39.454.60" 1.06+0.09" 2.79x0.24" 5.01£0.96"
feeding 3% 4.56+0.37"  1.28 £0.14" 43.97 +4.92° 1.1920.13" 2.88+0.15* 5.48 +0.89°
rate 4% 5.800.34" 1.77+0.11* 46.22 £3.26° 1.25+0.13° 2.91£0.13" 5.78 +1.14*
Two-way ANOVA
W/ EEAEC/ P P =0.0385 P =0.0263 P =0.0120 P=0.0164 NS P =0.0002
ML feeding rate P <0.0001 P <0.0001 P =0.0049 P =0.0049 P=0.0182 P=0.0011
A2 HAEH] interaction NS NS NS NS NS P =0.0013

T BlRaom 3 AR AP IME, W3 hoR I 7 B 2R 4l 22 5% 35 (P <0.05) , % 3 4 [, NS FRERARE.
Note: Values are mean of three replicates and values with different letters within the same column are significantly different at P <0.05, the same
in table 3 and 4. NS means no significant difference.
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2.2 BREREHEAR

H3% 3 AT, 2 8 5 R D5 % ok
ZHRE C/P KRR (P >0.05) , 44
KA BE W K A, Wi A4 K 43 B s R B et 2
IR W E 0 (P <0.05)  BEAEHRER
BN ,3% 5 4% 4 4= 7K 53 K53 Fn 44 K 43

FART N T 2% 4 (P <0.05),
3% 55 4% ) 2 5+ A B3 (P >0.05) ;3% 4T
B S T 2% 41(P <0.05) ,3% 5 4%
2% 15 4% 46 22 5w A B (P >0.05) . ok
C/P 7K R R A0 i AL i TIE 3 HAF I

®3 SERIOEAER( % BEEM)

Tab.3 Body composition of Carassius auratus gibelio ( % wet weight basis) n=3
44t whole body NfA carcass FEHE liver
41 5 diets Ko HER g K5y Ko HLIE W HLIE Wi B/ (mg/g)
moisture CpP EE ash moisture EE EE glycogen
CA/P42/FR2  75.04£0.29%  14.72£0.49  4.15+0.44"  3.37+0.05%<d 75,48 +0.35%>  4.33 +0.24Pd  2.03+£0.06  145.67 +8.35"
C24/P42/FR3  74.55£0.10"  14.49+0.24  4.36+0.33°> 3,21 £0.24>d 74,68 +0.78>  4.76 +0.68*c  2.14+0.24  162.93 +12.95*
C24/P42/FR4  73.76 £0.16° 14.46 £0.66  4.89+0.12*  3.18 +0.02¢ 73.70 £0.119  5.320.67° 2.10+0.21  164.58 +11.32%
C32/P36/FR2  75.66 +0.442 14.52+0.34  3.58+0.41°  3.47 +0.05° 75.30 £0.41% 4,05 0.21°4 2.02+0.14  146.33 +9.12b
C32/P36/FR3  74.34+0.31%  14.89+0.72  4.82+0.37°  3.28+0.024>d 7472 +£0.27>  4.89+0.50%  2.26+0.22  154.63 +8.47"
C32/P36/FR4  73.92 +0.27¢ 14.75£0.49  4.81£0.40°  3.19 £0.07¢ 74.28 +0.84°1 5,29 +0.72¢ 2.01£0.13  161.60 £9.46
C40/P30/FR2  75.77 £0.222 14.33+0.58  3.67+0.08°  3.42+0.11°" 75.99 +£0.38%  3.8420.17¢ 1.98+0.11  152.31 +8.51P
C40/P30/FR3  74.34£0.32b  14.98+0.68  4.47+0.23°>  3.40+0.13°> 74,64 +0.72>  4.66+0.45%d  2.28+0.10  177.53 +14.98°
C40/P30/FR4  74.26 0.22"  14.93£0.38  4.52+0.35*  3.28 20.10%>d 74,58 +0.10Pd 5,02 +0.25%" 2.25+0.19  147.66 +8.47"
WiE CA4/PR 7445059 14.56 £0.44  4.47+0.43 3.25+0.16 74.62+0.88  4.80 £0.66 2.09+0.17  157.73 +12.61
i C32/P36  74.64 £0.90 14.72 £0.49  4.40 0.71 3.31+0.13 74.77 £0.66  4.75£0.71 2.10+0.19  154.19 +10.24
C/ P Cc40/P30  74.79 +0.88 14.75£0.58  4.22+0.58 3.36 +0.12 75.07+0.80  4.51 £0.59 2.17+0.19  159.16 +16.90
s 2% 75.49 £0.44°  14.52+0.45 3.80+£0.40>  3.42 +0.08° 75.50 £0.45*  4.07 £0.28" 2.11+0.16  148.10 +8. 14>
feeding 3% 74.41 £0.50>  14.79£0.55  4.55+0.49*  3.30 +0.16" 74.68 £0.55"  4.77 £0.49° 2.13+0.22  165.03 +14.72%
rate 4% 73.98 £0.43%  14.71+0.50  4.74+0.32%  3.21 +0.08> 74.19 £0.57*  5.21 £0.532 2.12+0.22  157.95 £11.56%"
two-way ANOVA
B/ A C/ P NS NS NS NS NS NS NS NS
LK feeding rate P <0.000 1 NS P <0.000 1 P=0.0037 P <0.000 1 P =0.000 3 NS P=0.0102
:my‘fmﬁi NS NS NS NS NS NS NS NS
2.3 REREATIERERAEHERR 3 B

Hy 25 4 A 50, fRRE C/P 7KOF- Fi 4% e R i 35 50
i) 5 B AR E ME  HL [ LPL 3% 4% &% LPO 7 &,
TLP 36 VA i 2 52 3852 ) (P <0.05) , fliE
Tk C/P 7K B, ME 34 C32/P36 41 i 3 /&
T C24/P42 5 C40/P30 41 (P <0.05),C24/P42
5 C40/P30 ) R A B E(P>0.05);HL 5
LPL {5 P25 fb #a $458H 2, (B TLP 3% 4 G 1 3 A%
fk;C40/P30 41 LPO 4 & ip 2 & F C24/P42 5
C32/P36 41 (P <0.05) . FfiZ5 HMLRH,3% 5
4% 41 ME HL .LPL TLP }& P &% LPO & 5 55
T 2% 4 (P <0.05) ,4% 4 LPL 5 TLP 3 5.3
KT 3% 4 (P <0.05), W&H [A] ME HL & % &
LPO HaZER AR E (P >0.05), ik C/P K
SRR XS FE ME (HL \LPL | TLP 3& #3546 3¢
HAEM .

3.1 AR C/PKEMBRENREHRAEKN
=]

WEZS B B 2 13 M BE IR 5T, FRDk} b i B
1) C/P IR AR A - A S AR AR
X RSz o, C40/P30 5 C32/P36 41.C32/
P36 5 C24/P42 4] FBW SGR .FCE 22 5 R i %
bt iR R C/P /K- JF, C40/P30 41 PER i %
T C24/P42 2 ,{H FBW SGR \FCE # )5 # 8.3
TR AEREHT], YRk ol R AR B K
I BT A0 A A KRR R R AR T A 25
e e AR OB S S Ok (R T E W S
b B R RE R L O A B s I AR
A2 KT SO DR S A 350 T B, kA
K2 BH, ML 45 3 00T X s 4k
( Oreochromis niloticus X O. aureus) 1 22 "

( Scophihalmus maximus) FIRFFEH . ARSI A, wt
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PERANRRLR RS bR 1T 7 , C32/P36 AKF Ry Gk SR MR A 5
Y LS AR G AR KR, X 5 TAN 21 A
F4 REREFFREAE RN BHEIR n=6

Tab.4 Lipid metabolism indices of Carassius auratus gibelio n=6

41 SRR i JH- i ity JI§ 25 1 T ENI i A
diets /(U/mg) /(U/mg) /(U/mg) /(U/mg) /(pmol/g)

ME HL LPL TLP LPO

C24/P42/FR2 70.88 +5.20° 1.89 £0.40° 1.34 £0.33¢ 3.24 £0.63" 1.63 £0.14¢
(24/P42/FR3 95.28 +7.26"  6.59 £0.78% 2.96 £0.51° 9.55+1.29% 1.76 £0.06"
(24/P42/FR4 83.54 +8.76°*  6.79 +0.61® 3.63 £0.44%  10.42 +1.04° 1.81+0.11¢
C32/P36/FR2 69.26 +8.94° 2.48 £0.35° 1.81 £0.30¢ 4.29 £0.48¢ 2.09 £0.10°

C32/P36/FR3 118.27 £11.02*  5.42 +0.67¢ 4.38 £0.59* 9.80 +1.25% 2.25+0.13"
C32/P36/FR4 106.15 £12.66™  4.59 +0. 46" 3.84 £0.62% 8.43 £1.08" 2.10 £0.07¢
C40/P30/FR2 76.79 £5.68% 2.10 £0.32° 1.87 +0.414 3.97 +0.734 2.41 +0.16"
C40/P30/FR3 88.02 £8.31°)  7.33 +0.96° 3.13 £0.21%  10.47 +0.98° 2.61 £0.08°
C40/P30/FR4 97.25+7.05"  6.16 £0.71" 1.08 £0.26" 7.24 £0.93¢ 2.67 £0.10°
(24/P42 83.24 £12.28"  5.09 +2.46° 2.65+1.09" 7.74 £3.51 1.73 £0.12¢

%/C%%'ﬁ C32/P36 97.89 +24.06°  4.17 =1.38" 3.34 £1.26° 7.51 £2.63 2.14 £0.12"
C40/P30 87.36 £10.79"  5.20 +2.46° 2.03 £0.93° 7.23 £2.91 2.58 £0.19°

— 2% 72.31 +6.82" 2.16 £0.40" 1.67 £0.39¢ 3.83 £0.71¢ 2.04 £0.36"
fecding rate 3% 100.52 £15.74*  6.45 =1.09* 3.49 £0.78° 9.94 1.10° 2.25 +£0.44°
4% 95.65 +13.00*  5.85+1.11* 2.85+1.39" 8.70 +1.65" 2.21 +0.40"
two-way ANOVA /% (4 C/ P P=0.037 2 P =0.004 1 P <0.000 1 NS P <0.000 1
B feeding rate P <0.000 1 P <0.000 1 P <0.000 1 P <0.000 1 P=0.0121
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Effects of dietary carbohydrate to protein ratios and feeding rate on growth
and lipid metabolism index of Carassius auratus gibelio

HE Jixiang, PAN Tingshuang, JIANG Yangyang, WU Minglin, CHEN Jing, WU Song, CUI Kai
( Fisheries Research Institute, Anhui Academy of Agricultural Sciences, Hefei 230031, Anhui, China)

Abstract; The present study was conducted to investigate the effects of dietary carbohydrate to protein ratios
(C/P) and feeding rate on growth and lipid metabolism of juvenile Carassius auratus gibelio. Three isolipidic
and isoenergetic diets containing C24/P42 (249% carbohydrate to 42% protein), C32/P36 and C40/P30
were formulated, and each diet was fed twice (08:30 and 16;30) daily at the rate of 2% , 3% and 4% of the
fish wet body weight, respectively. The fish (initial body weight 2. 40 £0. 10 g) were randomly assigned to 9
groups with triplicates per group and 24 fish per replicate, the experiment lasted for 50 days. The results
showed that fish fed with C40/P30 diets, the final body weight (FBW) , the special growth rate (SGR) and
feed conversion efficiency ( FCE) were significantly lower but protein efficiency ratio (PER) was significantly
higher than those fed with C24/P42 diets (P < 0. 05). However, there were no significant differences
between the fish fed with the C24/P42 and C32/P36 diets. As feeding rate increased, FBW, SGR increased
significantly (P <0.05), while FCR, PER of fish fed at the rate of 3% and 4% had no significant difference
but were higher than those fed at the rate of 2% . CF increased significantly with increased feeding rate. The
body composition of the fish was significantly affected only by feeding rate. Fish fed at the rate of 3% and 4%
was significantly lower in moisture and ash contents of the whole-body, moisture content of carcass but higher
lipid content and liver glycogen content than that of fish fed at the rate of 2% , and there was no significant
difference between fish fed at the rate of 3% and 4% . Fish fed with the C32/P36 diet had the highest
activities of malic enzyme ( ME) , lipoprotein lipase (LPL) but the lowest activities of hepatic lipase (HL) in
liver than those fed with the other two C/P ratios diets. Increasing dietary C/P ratios significantly increased
the liver lipid (LPO) content. Fish fed at the rate of 3% and 4% had the higher ME, HL., LPL, total lipase
(TLP) activities and LPO content than those fed at the rate of 2% , increasing feeding rate increased the lipid
content and the degree of peroxidation damage in the fish body. According to the above observations, the
C32/P36 diet is suitable for juvenile Carassius auratus gibelio, and its feeding rate is at 4% .

Key words: Carassius auratus gibelio; carbohydrate to protein ratio; feeding rate; growth performance; lipid

metabolism
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