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1.1

e 7 U O 2 B L2 1 g 4 I ke A S R I e A
A, LIRIORS A B Al 10 5 G 00 W 1 i, L
AR AR AE R AR B ST, A0 45 41 ) ) Y 7T R AT 6
A8 LR L g R RS R
HitES Bk L AR EARN
16. 74 MI/kg, i5 i}y 33.47 MI/kg, TR & E Y
N 14,64 MI/kg, GRRHERH L 80 H i, FRE
Ja B 4 JEURNE IR A A I — s K A
SRR e /N LR ML TR A% 2 mm (i 550
BGRE, HIERT S ST 4 CHkMRE#R M. W
kA B LB R A LR 1

O OF

x1 ANEFABRMERKSD
Tab.1 Ingredients and proximate composition of the experimental diets

JER % HEfE kL dietary (CHO: L) ratios

ingredients 2.3 3.0 4.0 5.6 7.7 12.1
ff1§) fish meal 12 12 12 12 12 12
M1 soybean meal 30 30 30 30 30 30
SEKFH rapeseed meal 15 15 15 15 15 15
F K] cottonseed meal 15 15 15 15 15 15
Wk dextrin 6.58 9.83 13.07 16.31 19.56 22.8
il soybean oil 4.25 3.5 2.75 2 1.25 0.5
ffi 3yl fish oil 4.25 3.5 2.75 2 1.25 0.5
£F 4 & microcrystalline cellulose 8.72 6.97 5.23 3.49 1.74 0
R — %45 calcium biphosphate 1.8 1.8 1.8 1.8 1.8 1.8
ik salt 0.4 0.4 0.4 0.4 0.4 0.4
#4221 4 % 4 sodium methoxycellulose 1 1 1 1 1 1
H A BUR K premix! 1 1 1 1 1 1
RS SRR (% T 50
proximate composition (% dry matter)
T f dry matter 94.95 95.07 95.33 95.47 94.68 94.58
M5 9 crude protein 34.9 35.08 35.72 34.88 35.32 35.34
MG WS crude Lipid 11.22 9.61 8 6.45 4.88 3.41
K4y ash 8.64 8.77 8.66 8.48 8.79 8.25
MLEF 4 crude fiber 14.92 13.17 11.43 9.69 7.94 6.20
T A B Y nitrogen-free extract? 25.28 28.44 31.52 35.97 37.74 41.38

T 1 BURB YRR AL LT 979 5 (g/kg) M4k R 5 (TU 80 mg/kg) :CuSO, - 5H,0 2.0 g,FeSO, - 7H,0 25 g,ZnSO, - 7H,0 22 g,
MnSO, - 4H,0 7 g,Na,Se0O, 0.04 g,KI0.026 g,CoCl, - 6H,00.1 g, VA 900 000 TU,VD 200 000 IU,VE 4 500 mg, VK, 220 mg, VB, 320
mg,VB, 1 090 mg,VB; 2 000 mg, VB, 500 mg, VB, 1.6 mg,VC 5 000 mg,iZ R 1 000 mg, -z 165 mg, JHHK 60 000 mg; 2 LEIZ K
FHE(%) =100 - K53 (%) - MEATT(% ) -GN (%) - Ko (%) - ML 4E(% )

Notes:1 Premix supplied the following minerals (g/kg) and vitamins (IU or mg/kg) : CuSO4 - 5H,0 2.0 g,FeSO, - 7H,0 25 g,ZnSO, -
7H,0 22 g,MnSO, - 4H,0 7 g,Na,SeO; 0.04 g,KI0.026 g,CoCl, - 6H,0 0.1 g, Vitamin A 900 000 IU, Vitamin D 200 000 IU, Vitamin E
4 500 mg, Vitamin K; 220 mg, Vitamin B, 320 mg, Vitamin B, 1 090 mg, Vitamin By 2 000 mg, Vitamin B¢ 500 mg, Vitamin B, 1.6 mg,

Vitamin C 5 000 mg, Pantothenate 1 000 mg,Folic acid 165 mg, Choline 60 000 mg; 2 Nitrogen-free extract content = 100 — moisture — crude

protein — crude lipid — ash — crude fiber
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1.2 IWEaRFHEERE
S £ T e E R R A B IR K UL BF 5 R
O FL TR A M, FRE T UL I5 48 TR 7K JIT R ot e 1 5
WAk, 94k (R B R B 5 35% T N
6% W R RE) — JE JG , Pk 38 1R 4 o B AS 8 5%, OF
PRBiE S (3.38 = 0.02 ) g AYELERL) 1 720 &,
BEMLIT N 6 4, B4 4 DHE B ER 30 B, 5%
B 0 55 T 24 A BB 4T 4E K R G (R AR
3.0m x 1.Om x 0.8 m)d, 5 HA&ME 3 Y (BE]
53 AIAE 8:00,12:30,17:00) , FRF A 8 J& . S5
), 42 R K AT O K B34 (1.5 L/min) |, Jf:
S 93 FH] R A ) Az feft T 956 W A 7 T B L 7K TR A 25 ~
30 C,pH } 7.0 ~7.5,4K 24 h %54,
1.3 #EHRMNESHE
ARG A A A R K A
P LR 24 h RAE . Gt R G R AU R A,
MR IR 3 R, S5 MS-222 iR a4, T — 1K
PR A% R # IR 18R J5 F 3 000 r/min .0 10
min, I E G BT IR AF RN . Sy AL 10 2
35 )2 AT AR B RN SR, b 4 2 A8 DK TR IR
A LA 58 R AL, 75 40 6 2 AR T Uk |
fife vl IO N AR . SRS, g0 i MR RTIRRJIE , P T
110 85% A= LR 7K ¥ Uk e T 48 W 1 O % Uk
PRAT T T i 005 14 000 7
A PERE T A XA
1 H 2 (weight gain rate, WGR,% ) =
(W, -W,) x100/ W,
FrEH K& (specific growth rate,SGR,% /d) =
[In(W,) —1In(W,) ] x100/¢
H 8% &1 (daily feed intake ,DFI,mg/d) =
F x 100/[ (W, -W,) x t ]
¥l 22 %4 (feed conversion ratio ,FCR) =
F/ (W, -W,)
A JRACE H (protein efficiency ratio ,PER) =
(W, -W,)/(F x CP)
A AF- B3 3 (nitrogen retention efficiency,
NRE,% ) =(W, x CP, - W, xCP,) x
100/ (F x CP)
JF4A k. (hepatosomatic index ,HSI, % ) =
JFEE (g) x 100/ 4faE (g)
A H (viscerosomatic index,VSI, % ) =
WHEEE (g) x 100/ =fH (g)
JIT 3R (survival rate ,SR,% ) =

SLHRAS R SRR x
100/ 5255 IR o S R 5K

X, W, ERRIE(g); W, HEACRE (g); Fh
WEE(g); CP, LR IT Mt fa R 1 & &
(% ); CP, NSBGE5 o fa (ML B 1 & it (% ) 5 CP
AR R R SR (% ) 5t N EFRRE() .

el 2 MERE IR E KRR A fa R
I AR i T R SR L, AE (105 + 2) CThy AL
A bt e U K e i HLA (N x6.25)
R4 A 3Pl IR E A X (FOSS KT260), i
) W s RLRE D R R IRHh 4R L %
TORLRE B TR Bk s, SR T
(550 + 20)C FH4E 5 h g il A5 45 v K 43 %
St G ORE g R AR 4 S i R T AR 4 4 b AY
(ANKOM A2000i, 3¢ [ ) 2 5 ]k & g R 4R
SN ARAY (Parr 1281, 36 [F) W5 o JFF M A i 5 2
BEI I E AR 4% Foleh 45" SR F i S0 — H TR
B AR R D E 1Y

W7 3 R IO 2 2050 2R 1) S S e I M ) D
SE B T E AU E SR AL SR AR B, LA 12 9 (4L
AEFRER K B BRI A B B AR R K TRV )
K985 T 3 000 r/min .0 10 min, I4E |G W
HAFHT 4 CURFETEN . Bl 0 s R A
{ K- ( Folin-phenol ) i il 5 ' ( 5 14 i 1 1 £
P X AE 37 C,pH 7.0 A8, 5 43 B0 K i B
BEEPAEMY T 1 pg BRI 1, e N
— B E PR o W 3E R 7 R E R B I 2
SR FH P R A )RR AR 5 P AR R (G
5o A054 il CO16) il , H A 7y 2 WL 56 W 43 (i
7 B PR B S AE 37 T AT, sl 4
FIEAS RN AR & v 5 )L 1 min, &5 € 1
pwmol JIEA R 1 AN [l 15 4 B A7 5 V€ B B IS 1 RN
FE S TR A E 37T CHIKWAEM 30 min, K
fift 10 mg JER E LR 1 ASTE R B G PE L) o A
ZIWE G (GK) 1% 72 I8 Panserat 25" f) )y )
SE , AR Bl (PK) 3% 12 8 Foster %81 7 3k
D7, I 7K 72 e 25 W S LR B S
T Asadi %57 LA B F KPR IR IR SR R
Y T A PR 2\ 7] (CUSABIO) 4 7~ iy i il ELISA
( Enzyme-Linked Immunosorbnent Assay, [if B¢ 1
392 W B 500 00 3 ) iR &5 (4% : CSB-E12123Fh)
HEATIN A, 1 S0 I SRR i IR A5 0 AR B, SR )5 i
FH R 0] & AT o0 A, R B B R
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FNRR BV B 2 [A] 34 R I AP R G &R . TE I
FEA A G A o it £, R B R A 4 il A
st HH ) R B R K F
1.4 BEBESHITEDW

SEUS B AR >R ] SPSS16.0 A4 43 By, 52 5 45
RUPBIME + bR iR (means + SE) KR, Soif
T R J5 22 73 Bt (One-Way ANOVA), 3k H]
Duncan [ 2 & o3 B 4 18] 22 57 2 35 FE i
B FKFBEN P <0.05,

FOJFFAR LY T R & 5 m (P >0.05) (%£2), 29H
Mebbr 2.3 W Iz 7.7 mh, K& 44 E R FE Ak
KRME A TRAR Y B T (P <0.05); 4
W RE LU aE— 25 38 i i, FE ey 5 IR AR i e, (H 22 5
ARBZE(P>0.05), MHERBEMEMBEHEY
AR o MAERR L 2.3 BEmE 5.6 B, A AR
FRE T (P <0.05) 1 A b i 3 FEAR (P <
0.05) ; MG Lo ik — 2B i, — 3% ¥ 00 B AR
(P> 0.05), DLHKBENR A B AL bR, 2 00 4)

38 A YA FR AT RS AT R A R
FH . y= —4.249x" + 69.18x + 654 R’ =
0.906, X IHFATRAE , 15 i E BE L)) £0 1) 38 TOHE A
ool 8. 14, b By R 15 e KA AR KB, Bk 4
B 1 s

2 HiR
2.1 {AALHERS b X 2 88 4h B 4 71 RE A0 AR R
GES:aE A

Tl PR I LG Xk g 0 4 £ 1) BT L H B R

®2 AEEELLEEY 6 &R AR AR

Tab.2 Production performance and feed utilization of juvenile Jian carp fed diets with different CHO: L ratios

EELan Bilg It dietary (CHO:L) ratios
parameters 2.3 3.0 4.0 5.6 7.7 12.1
KE/g FW 29.89 +0.85° 30.54 +0.94% 33.10 +1.08™ 33.68 +0.76% 34.79 +0.87% 33.04 £0.70™

WE R/ % WGR 790.19 +24.46°  803.42 £30.93%  890.62 £47.32"  891.47 +2.65  937.30 £27.15*  868.13 +11.41"*

GEd K%/ (%/d) SGR 3.90 +£0.05° 3.93 +0.06™ 4.09 +0.09% 4.10 £0.00® 4.18 +0.05" 4.05 +0.02*
THA 2% FCR 1.34 +0.03° 1.33 £0.05% 1.23 +0.03° 1.17 £0.03° 1.16 +0.06° 1.23 +0.02%
A5/ (mg/d) DFR 634.46 +11.94  640.47 +4.74 653.22 £12.51  631.54 £6.19 651.35 +11.41  651.91 £9.39
HHA PR PER 1.90 £0.05° 1.92 £0.08° 2.04 £0.06™ 2.21 +0.05° 2.21 £0.06 2.06 £0.04™
BAR %/ % NRE 29.31 £0.16° 29.39 +0.97¢ 32.72 £0.96° 35.01 £0.56" 36.99 +0.81° 32.74 +0.74°
AL/ % HSI 2.28 +0.11 2.37+0.20 2.42+0.13 2.40 +0.07 2.4420.06 2.35+0.14

WEAK 1/ % VST 11.59 0. 12° 11.54 £0.07° 11.27 0. 16" 10.61 £0.21° 10.47 £0.16° 10.30 £0.32°
BIEH/% SR 98.33 +0.58 97.50 +0.71 96.67 +0.93 100. 00 +0.00 97.50 +1.40 96.67 +0.93

R RSB R EARNE FHERERRE (P <0.05), TR

Notes: Values with different small letter superscripts in the same column mean significant difference (P <0.05) ,The same as the following

TR HRoWE A B R A e R R 2 [A]  OC &R AT L

P WA B Ok k. y = - 4. 249x° + 980 ¢

69. 18x + 654 ,R* = 0.906 (& 1), 44k} v p %40

N HE oy 8. 14 o, B K AR fE g 01

2.2 RHEREL T R 24 B % & AR B AE 6 S 80 7

R HO R0 £ 520 25906 Xoos 14
AN A L o e 0 4 R A AT U £ L 2 &= 80T

TR E M (P >0.05) (£3), MK mor

FbHy 2.3 #9hm A 7.7 B, 4 fa | 44 FH0E A g 15 79077200 2.00 6.00 8.00 10.0012.00 14.00

B fI tedietary (CHO:L) ratios

TR B EEIL(P <0.05) , 1M 4 1 4K 53
E G T (P <0.05) , HFIEAK 3 3 4k JF B 1 memg e ok E % S AR RS b LA SR
WEZES (P >0.05), 45 Lk — 20 3G m e, Fig. 1
H¥ TR EZS (P >0.05), oAb, d 6 R
o B ERDBE NG L T s B E (P <0.05)

Relationship between weight gain rate and

dietary CHO: L ratios of juvenile Jian carp
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Tab.3 Proximate compositions ( wet weight basis) of whole-body, carcass and liver of juvenile Jian carp
fed diets with different CHO: L ratios %
i Wi L dietary (CHO:L) ratios
parameters 2.3 3.0 4.0 5.6 7.7 12.1
K43/ % moisture 73.73 £0.46°  73.91 £0.28" 74.42 £0.03" 74.71 £0.11*® 75.00 £0.23* 75.18 £0.42°
wh:li;%ody FE /% crude protein 15.28 £0.13 15.27 £0.07 15.61 £0.27 15.49 £0.22 15.80 £0. 15 15.51 £0.04
FNEN/ % crude lipid 8.22 +0.25° 7.98 £0.35* 7.59 £0.09%®  7.56 £0.29%°  6.85 £0.16° 6.76 £0.45°
IK43/ % moisture 71.16 £0.34°  71.51 £0.38"  71.47 £0.24> 71.95 +£0.23*® 72.53 £0.11° 72.57 £0.16*
i FEH/ % crude protein 16.89 +0.60 16.01 +0.28 17.24 £0.53 16.59 +0.30 17.87 £0.97 17.18 £0.39
e FNEHT/ % crude lipid 6.51 £0.36 6.04 £0.37®  5.98 £0.27®  5.50 £0.02°  5.08 +0.09° 4.86 £0.10°
IK43/ % moisture 68.93 +0.38 69.07 £0.19 69.22 +£0.25 69.53 £0.33 69.71 £0.21 69.89 +0.26
Jisdiia HEH/ % crude protein 12.11 £0.28 12.48 +0.15 12.71 £0.57 12.65 +0.48 12.72 +0.08 12.49 +0.10
liver  #IJ%I/% crude lipid 10.36 £0.48*  10.27 £0.83*  9.13 £0.62° 8.88 +0.67"  8.12+0.07° 7.35 £0.39°
JFBE)E/mg/g liver glycogen — 38.72 £1.37°  43.69 +1.46" 42.88 +2.37% 45.97 +0.82% 47.01 £2.30°®  48.95 +1.98*

2.3 {ARIPERS Pb XY 8B 4h & 7 8 K L BRE TR Y
e

TP I Lol At i gy 3 A O R TG 2
Wi (P> 0.05) (F4). SHkpiEd 2.3

B
57

W= 7.7 W I NG R R AR (P <
0.05) , I 2 453 Al 1 1k 2. 2% JH = (P < 0.05) 5 244
i b Bt — 28 W g, Hxy OO0 R AR e (P >
0.05),

F4 TEBELRNEEHEHEHLBETENZM

Tab. 4

Intestinal digestive enzymes activities of juvenile Jian carp fed diets with different CHO: L ratios

HifE L dietary (CHO: L) ratios

{8 F5 parameters

2.3 3.0 4.0 5.6 7.7 12.1
#/(U/m

EEm/( . 'g) 39.21 +3.82 43.21 £2.15 45.62 £3.12 42.96 £3.64 51.87 £5.66 48.28 +£4.48
protease activity

g Wy i/ (U/
Wt/ _?) 32.69 £2.70*  33.14+1.93*  30.92£1.53" 28.49 +2.30%° 25.61 +2.18"°  24.73 +1.49"
amylase activity
VEM i/ (U/

Bils/(U7e) 139.69 £4.53% 142.40 £10.83" 159.19 +10.60* 158.70 +7.30™® 178.07 +14.78* 182.43 +11.28"

lipase activity

2.4 {AMLHERS bt X 68 4h & BT AE B E 0% A
&=L A

i 5l DL, A [RDBE A BEOoF s S i e i [
BRI LR E R (P >0.05), MR L H
2.3 8 Hm A 7.7 i R B R KF LT
IR 7 753 AR D T R AT TR A S P Y B 3 T e (P
<0.05) , M M 2% £ i =R & &0 8 F FEAR (P <
0.05) o HH AR Lt — 20 3 i, H ¥ O 2 35 22
(P> 0.05),

g
AR, 1 R BT BB
A5 4 R o I B T B XY AR 41 71 4

TR T R A 2 25 R AR bR S E L
2.3 BJRE T L) 5 R BT

3

MH# - BT E 121 B ERLETREE
POAEMENR Ly 8. 14 BB 7K 7 F1 g 17 7K ~F- 43 501 kg
38.21% H1 4.69% ) i}, Ho3% 5 R 1% 3 i KAH, 7]
I 2 5T R0 b A R B R 2 B A ) Y
B, R OF T 45 RAE A& TP PR 28 F A 4
i, ] 40 8% ( Pleuronectes platessa )™ | K Wy fifg
( Leiocassis longirostris Giinther) '’ | Jg % % 9k fa
fooE M
( Ctenopharyngodon idella) " %5 , A S5 v | A
e JIE 2L R0 g AR AT IR 2 35 A AR 0 1 R R OR
FFE A B RCE L, F BB A B R AR R
SR, AT RE A b 33 a1 i 0 a9 A b
o AR B 3 v R T REAR T SRR R
D HAlE R B B R A S B K
MR et R 4L 3. 41% 11 4
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Tab.5 Hepatic enzymes activities and plasma biochemical parameters of juvenile Jian carp
fed diets with different CHO: L ratios

Wi E L dietary (CHO: L) ratios

1545 parameters

2.3 3.0 4.0 5.6 7.7 12.1
AR S 1/ (U/
ﬁ”ﬂﬁ Bt 1/ (U/g) 2.18 +0.12" 1.93+0.11°  2.39+0.17" 2.68+0.21" 2.95 £0.20° 3.06 £0.18*
glucokinase
Y I R VB S P/ (U g)
. & 34.04 £3.81°  40.59 £5.81° 49.72 £5.24™°  47.45 £6.00™ 57.70 +7.28" 61.88 +4.05°
pyruvate kinase
I 4%/ ( mmol/L) b b b b
3.81 +0.39 4.31 +£0.21 4.71 0. 48" 4.65+0.21™ 5,65 0.40" 5.74 +0.43°
serum glucose
&/ (mU/L)
ve 3.25 £0.25° 3.15£0.29°  3.46 +0.39"™ 3.77 £0.24% 4.46 £0.26" 4.57+0.19°
insulin
S E 2/ ( mmol/L)
8.74 +0.44 8.52 £0.51 8.53 £0.78 7.90 £0.36 7.78 £0.60 7.80 £0.53
total cholesterol
Hah =#§/ (mmol/L)
8 6.51 £0.57° 5.40 +0.47"® 5.36 +0.52a>  5.00+£0.43bc  4.26 +0.50° 4.24 +0.19°

triacylglycerol

b 10 7K - 3 AR Al i JeL s 4 )y £ X 0 5 I R
R T 075 i 5 TR 1 ok =2 2 ARG £ 245 19 BT 3
I A K BRI BF S 4 e 2 2k b
EAARIE"T . RMAT L Z T, fRHE S 41 L%
A M 2 A K B T B E S SRR A%
PR 38 2 TH 5 FORL A OB T L R 5 2 3k
9 A K B s X G R T R b, X — 5 R
3, DA T B P g o A e e G A A 1 R
fiEJ1. BRI, Kheyyali 25" iy 0F 58 2 W1, 45 R %%
BEATE T R IABENG HE (1. 4% ~ 15. 4% ) X ) 5 K
75.6 g HYBRE A K AR R BN R E 2R, X
A S 2 A R R, ek Bk R 2% S 1 S5 A
T i S 52 50 T 1 MRS AR [R] , Ho b 2 1 ) T RE
WA T, FRA K I R ) 25 52 v
P A REIR AR T, © A BT 5 WG IR, fA2% oF
it i1 T R G 7 401 148 B 0 1 A I 26 9% ) G b 42
G WEAR T TR A AR

RSB 2 BB YRR RIS LU R AR i 7
Yyt 4t I PR 0T RE H U D 2 4k D B R A 1L 34
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Effects of dietary carbohydrate-to-lipid ratios on growth,body composition,
digestion and glycolysis of juvenile Jian carp ( Cyprinus carpio var. Jian)

WANG Fei, LI Xiangfei, LI Guifeng, LIU Wenbin"*
(Key Laboratory for Aquaculture Nutrition of Jiangsu Province,Nanjing Agricultural University ,Nanjing 210095, China)

Abstract; The object of this study was to evaluate the effects of dietary carbohydrate-to-lipid ( CHO: L)
ratios on growth performance, body composition, digestive activities and glycolysis of juvenile Jian carp
( Cyprinus carpio var. jian) . Fish were fed six isonitrogenous and isoenergetic diets with different (CHO: L)
ratios (2.3,3.0,4.0,5.6,7.7,12.1) three times daily for 8 weeks. The results indicated that weight gain
rate (WGR) ,specific growth rate (SGR) , protein efficiency ratio (PER) and nitrogen retention efficiency
(NRE) increased significantly ( P <0.05) when dietary CHO: L increased from 2.3 to 7.7, and then they
nonsignificantly decreased (P >0.05) as dietary CHO: L ratios increased from 7.7 to 12. 1, while feed
conversion ratio (FCR) showed the opposite variation trend. The values of viscerosomatic index ( VSI)
increased significantly (P <0.05) as dietary CHO: L ratios decreased, so as the whole body, carcass and
liver lipid. There were no significant differences in whole body, carcass and liver crude protein among dietary
treatments (P >0. 05 ). Intestine amylase activities increased significantly ( P <0.05) as dietary CHO: L
ratios increased, whereas intestine lipase activities increased significantly ( P < 0. 05) as dietary CHO: L
ratios decreased. Liver glycogen, blood glucose and insulin increased significantly (P <0.05) as CHO: L
ratios increased. Activities of glucokinase and pyruvate kinase were stimulated significantly ( P <0.05) by
elevated levels of dietary carbohydrate. However, plasma total cholesterol and triacylglyceride levels
increased linearly as dietary CHO: L ratios decreased ( P < 0. 05). Based on a second-order polynomial
regression analysis of WGR against dietary CHO: L ratios, corresponding to a CHO: L ratio of 8. 14,a diet
holding 350 g/kg of crude protein and 13.2 MIJ/kg of digestive energy, proved to be optimal for juvenile
Jian carp. These results demonstrated that utilization of dietary lipid and carbohydrate was moderate in
juvenile Jian carp,but the fish was a little more capable of utilizing carbohydrate compared with lipid.

Key words: Cyprinus carpio var. jian; carbohydrate-to-lipid ratio; growth; body composition;
digestion; glycolysis
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