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(1. I R A SR K = B e U5 A 4 5 R 20 SR T S SE 0 28, I 201306 2. H K P=Rl2E i 5 e BRYTIK =1 5%
FIE, 25 N 510380)

W HwIAIA TR N (314.749.9) g &A1 ( Clenopharyngodon idella) 240 & , BEHL/T 1N 4 41, 440 3N, 5 H A 20 |2
1,0 ) O G AR MR B A oA 0% (R EZH ).0.2% .0.4% F110.6% (i lRH 20580 1 4 4100k CHLER (1 RLAR T 7 12
435149 28.019% F14.54% ), JEBFSZI& 14354 1 010 me/kg 2 516 mg/kg 4 184 mg/kg .5 852 me/ke, 551 77 d I , HEEA AL
faoRS F e B AR A RE R TTORR S AR A IS PR 2R 25 SRR, S0 RRZLAR LA, S 0.4% F110.6% A ARG AT
I E R AR TR (P<0.05) e A KR (P<0.05), AR RER £ (P<0.05); TRI10.2% ~ 0.6% S ALNAGH AT i A%
JH IR R 4> f R M 2% 5 (P<<0.05); ¥R 0.4% F10.6% FACARG, LA IE T 7 B 3% PR (P<0.05); IR H10.2% ~ 0.6% %
AR HIERE P 408 2 v 0 3 i = R I 112 1 2 (P <<0.05), 8111 0.4% 1 0.6% S A N AT I8 2 B AR IR H-3il = L
JIEL P 5 (P<0.05); 1S ISy 1 , BRI 0.2% ~ 0.6% S8 AN B AT 5 242 = i i g G 1 (P <0.05), %31 0.6%
AL RE B B i NS B IS TG 1 (P<0.05), Hs A1 0.4% ~ 0.6% SRR B8 AT 535 T s AT w8 B 16 (P<0.05),
25 TR, T S VR I AR A e £ A0 A MR, 4 i RDRE R PR B DRAE 4 0 RLIA (R AR D7 75 ik, 42 i AR DA
WG . FRIC A ST R R AR RN 0.4% ~ 0.6%. [ R EZK=RIE,2010,17 (3): 527-535]

KR A EARARG; A BRIDTUURR ; BRI
FE 2SS S963; S965 XERFRIZED: A XEHE: 1005-8737-(2010) 03-0527-09

Ay i Ao L 04 500 mfg™ L £
(Rachycentron canadum) %1841 696 ~ 950 mg/kgm R

JEA I A 5 £ S TR H AR I E 2O SR, 7
M2 KT ERR e 12 DL AL B AU 45

5 1 AR o ARDRE AP AR T AE A BE 12 1
89 6% (Salvelinus namaycush) 1 4 7 (Perca Slavescens)
4 @[21 CEH (Acipemer transmontanus) [31$ K, 2
e TARER 22, 40 B Y 25 AR IR 5 SRRl (Letalurus
punctatus) W Bith (Ctenopharyngodon idella) 1 BT R
PG A (Sciaenops ocellatus) o BRI R D 75 12
AT, A S R RS IR R 5T 24 P T4
B AR P 2T T, Z2 0 ATRE  SERE R T
B, A £ R R LR AR B BEA 3 000 mg/kg
Ok AR BESL 19 (Morone chrysopsx M. saxatilis)

s BEA : 2009-06-17; 1&1T HER: 2009-10-15.

Je % 3k £ (Oreochromis niloticus < 0. aureuss) 4] .4
1000 me/kg'", T8 1 F2 I S JEL R 7 2k I 52 T A
HES B B /D o (R EF, JIE BB Ay f A4 A
5 32 1) PR PR, BE A A0 5 A A R s s R Al
i CRR KA ARG RO £ 28 AN ) 48 5 g 1 AR
TG P2 A RE IR AR D

AR A R B IR AR A 2 — S fa
B JEL e 2 B S P AL S o FIEL s AR DL 3
ARSI e WA A i fR ARG, LR S AR R S A
[7i) 7K A8 SRR BB, 5 5 O e £ 8 £ A= (PR RE i

E&WH : R AR R BRI 4 (nyeytx—49); FHETTE G2 FHERUH (Y1101); _BIETTHZE RIS (2006-416);

TR AL 5 E 9150 H (08390510200 .

EERB: KR (1985-), 5 -5 A, EENFK = 3h07E 37 5EBEFS . E-mail : zhurj731@163.com

BIRAEE . W10 7% (1972-), Z#7Z . E-mail : xjleng@shou.edu.cn
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FITLAR B AN [ 45 B i i A s A ) 2 D, A FEL
TE R 4 ERAE R AL .
1 #MR57FE

1.1 St 5@
AE 5 Al ) Rk o 8 0% Gof 18 21).0.2% .0.4% |
0.6% 4l i EALIEGE (W F b 5 RS A LB A BR A

H) A RS R 50%), Hi 4 b B AL FRAE 3
AN, A4 L GRDR IR S I 5  35) A 1 010 me/kg
2 516 mg/kg .4 184 mg/kg .5 852 mg/kg, kil 1) A} Fir
T SCEFRH MR 1o 25 Ok 40 B 7, it 4y
FICBHA I, 5 IR ERE IR A5
BABEFT SBT3 mm, KB 5 mm
I HERURLEL, KT 5 CE T 4 CokAFTh s

F1 ERABERTREFRER

T Ingredient

He il Percentage

Tab.l Formulation and nutrient composition of basal diets %
241 Chemical composition Heff] Percentage
=% Soybean meal 17 K43 Moisture 9.76
HEFFHI Cottonseed meal 16 H1#E M Crude protein 28.01
SEFARA Rapeseed meal 28 JK4y Ash 721
/INFZ#k Wheat bran 12.5 HLIT Crude fat 4.54
Hy Wheat middle 23 JIE8 Choline 0.101
1yl Fish oil 0.5 R R Lys 1.19
SR Soybean oil 0.5 TR R Met 0.40
A ZFRAL Vitamin premix 0.5 IR Cys 0.56
W HICE R EF Mineral premix 0.5 TR Saa 0.96
WElR — A5 Monocalcium phosphate 1.5
Bit Total 100

T 4 Z R T AR ke fRH P TS & . 4E2E 22 A 6 000.0 1U, 45/ 25D 2 000.0 1U 42 F E 50.0 mg, 42 £ K 5.0 mg, 4i/1: £ B,
15.0 mg, 4E4=2 B, 15.0 mg, 4% 30.0 mg, 4E4E 2 B, 10.0 mg, 122 25.0 mg, M2 0.2 mg, 4E4: 2 B,, 0.03 mg, A% 0.2 mg, 4E4E % € 100.0 mg,
WL 100 mg; £ 80 mg, £k 150 mg, #1 4.0 mg, % 20.0 mg, f# 0.4 mg, %5 0.1 mg, A 0.1 mg,£% 100.0 mg.

Note: To contain vitamin and mineral in diet added as premix per kilogram: vitamin A 6 000.0 1U, vitamin D 2 000.0 1U, vitamin E 50.0 mg, vitamin K

5.0 mg, vitamin B; 15.0 mg, vitamin B, 15.0 mg, niacin 30.0 mg, vitamin B, 10.0 mg, pantothenate acid 25.0 mg, folic acid 0.2 mg, vitamin B, 0.03 mg,
biotin 0.2 mg, vitamin C 100 mg, inositol 100 mg ; Zn 80.0 mg, Fe 150.0 mg, Cu 4.0 mg, Mn 20.0 mg, I 0.4 mg, Co 0.1 mg, Se 0.1 mg, Mg 100.0 mg.

1.2 IWA&

S A MR R i (314.7£9.9) ¢, H
VR IR A P AL, B 240 A (O A
BEHL A BE T 12 17K P 3 (3.0 mx 5.0 mx 1.2 m, 7K IR
0.7 m) H1, B4t 20 2.

1.3 AFEE

IECSE T AT ISR AR DI SR A 14 d, LA
N FRFH PR NS L, SEI RIS B T8 1 00,
12 :30.17 : 00 MR3YK, H # MR &y 4K 57 5 1Y
2% ~ 3% AR I OUERE AR5 402 56 0 HD,
S R HA B AR AR L, B9 2 TR T I FEK
W59, FE S SRR 235 ~ 30.5C,
W4H.6.5 ~ 83 mg/l, pHIE 6.9 ~ 7.6, FFHIEI N 77 d.

14 ERKMEERITERE

FRHH LW A5 U, AR LA 24 b, LU R B
PR, A b A LI r 3 AR K R, BRI
S i R T TR R i 2R G U 5, 459
PR E AR

R (o) = RIA T (g) — WA E (g)

B4R (WGR, %) = AR T it () — ) 14 it it
(2) V M () x 100

Tl Bl 22 8 (FCR) =48 & &t (o) /IR 1R i i (o) —
IR (2)]

F 5 A K R (SGR, % - d7) =[Infi Xy oK Ji &
(g) — In X549 it () 1< 100/ FEFH KA

G (SR, %) = G A/ R E < 100
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R AR =K (em) /K75 (cm)

NEHE (K) =" MAFE () /14K (em®)

JHR LY (HSL, %) =i () /R B (g) % 100

ARG L (%) =l ZR BRI i (o) /AT (2) < 100
1.5 #H@ElE

PRSI EEHT , AR 24 h, A FEHLER £
6 &, AR 3 2, DKL, 3 000 r/min 5.0
10 min, FI75 175, B T —20 C k4T A 0075 15
TR BCHS IR E L R LR B L AR A B 2 i) 1
HRA g 2 18], M2 LA b D, & F—20 CokFE T Ik
175 53 3 i, VIR IS A ZE A BILH i 4 4 fa if
F—20 CUKFE P RAT

TR0 g BT, A O F5ARRR 4 CRUZEIK, K
2)3% (10 000 r/min, 10 s/ YK, ZE 4L 4 YK),3 000 t/min 5
A 10 min, HRE IO T i 17 B 4 5 BR0.1 g JIFIi
FIEIA O F (AR 4 °C A= BRER 7K, FTR) I 7 ik il 4 HEL I
VR, DN PR 2H VB T = R e
i AN G EE I R R e 1
1.6 HisfEaS5H%

i LAY B 1 O 1 AL TG M 00 SR
Floch B i 7 w55 LR 135 200 SR LI 2
A% (GB/T5009.5-2003 )5 JK 43 1t W % =k FH K Ak
12 (GB/T5009.4-2003); JJL 1A I 4 17K 43 5 55 2k
105 °C 18 5 3 (GB/T5009.3-2003 ); K&t 47 4} v JH i
BB SE 2 I8 GBIT 5413.20-1997; AFJEEME /K /3 & &
D5 R A Rk il LABCONCO ¥ R TEAIL,
WURT 72 b JRIEALTF —46 C, A LT 133,

L7 AR eh = R s 30 4 0 >R
GPO-PAP LM CHOD-PAP % FIRAEZH 21 8 F1
K% S s vk . FHBRNE G i A5 25 1 AR ek
FHAR e ik, S ) B e SR g 2 v T IR 20
SV H A /N 7 A2 1 pmol FYHE B AR TR A 14> G
PEEAL [U/mg (1) 1, Herb SOle Bl 15 V0 i 2 11 IR
it e S IR A TSP A, A3 Amil o 24k F e
s BAE Y EARA FRA ml A ryihiA &

P 3 3 5 T A SR TR 2 AR Bt a1,
6 H1BAALE XORAE pH 7.3,30 CEF R, A0 e
B0 2o IR 7= A 1 ol BB MR R 1 4N36 1 B
(Ulg),

1.7 #HESIT

SRR bR 2 (RLSD) R, &7 2547
WrZ )5 . R Duncan’ s 2 8 AR 0T 5L B0 25 SR 1)
Z 5 REN, ZER B EKTH0.05,

2 HBRE5SH

21 SRR E &S K R ARF A
A1)

2277 d SR, R IS 0 S A R R0 e A 2R
PERE SRR RS2 D32 2, Bl Tk S AR I
VST o ey, B A AR R AR R e
FEREAR, 55X BRALAH L, B3 0.4% .0.6% F AR
i, 28 FE R B 17.55% .28.04% (P<0.05), F5#5E
A KRR 55 13.25% .20.48% (P<0.05), 17 KL 2 8043
FRFA 10.69% ,13.36% (P<0.05).

R2  RMERBTEITE & R & 4 KRR R

Tab.2 Effect of supplemental choline chloride on growth performance and feed utilization of Ctenopharyngodon idella

n=3;x+SD

SALAEAZ AR N /% Choline chloride supplement

845 Index

0 0.2 0.4 0.6
SEEIIAR T /g Initial body weight 314.74+20.8 320.5+11.6 310.142.1 313.8+0.5
SEHIA AR T /g Final body weight 595.1+15.6" 629.3+24.3" 640.0+29.9" 677.7+1.8"
BT /¢ Weight gain per fish 279.9+4.5" 308.8+12.7" 330.1+27.8" 364.1+£6.3°
WE /% WGR 90.6+5.8" 96.3443.5" 106.5+6.3™ 116.0£3.9°
FEAEKE/ (% - d") SGR 0.83+0.05" 0.88+0.01" 0.94+0.06™ 1.00£0.02°
TR RE FCR 2.62+0.13" 2.50+0.03" 2.34+0.04" 2.27+40.05°
JIE# % SR 100 100 100 100

T AT EARTREARIARER 225 3 (P<0.05).

Note: Values in the same row with different superscripts are significantly different (P<0.05) .
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2.2 SULRERRT B AR AR AN N A R R R0
TPk s IS A AR 5t S A R A A AR
g 2 3, B SRR AN & s , # fh i

JIE H 5L R, SRR I 0.4% i, g He
B HRAH F I 22.31% (P<0.05), 4% Ab B4 £E 1R /
R RS AR 7 T TG R 22 R (P>0.05),

R3  RMICRBTIX E & R & TSR A AR E A

Tab. 3 Effect of supplemental choline chloride on figure and viscous indices of Ctenopharyngodon idella

n=9;x+SD
- FALIRGRAR N /% Choline chloride supplement
885 Index
0 0.2 0.4 0.6
A /1A Length / height 438+0.22 435+0.23 4214020 421+0.10
¥ Condition factor, K 1.96+0.06 1.97+0.08 1.9440.06 1.96+0.07
fFA Lt /% HSI 2.560.29 2.44+0.26 2414031 2.43+0.12
Jlg Lt /% Mesenteric lipid index 1.3040.17* 1.26£0.21° 1.01£0.14" 1.2040.08"

s AT EARTFREANRMR R 24 52 8 3 (P<0.05).

Note: Values in the same row with different superscripts are significantly different (P<0.05) .

23 SHBERERMEEKENRN.EEFATEELE
£H R 22

KT NLA 2t T AL 4 L2 4.
AR BT R £ A JILRDRLER 1 K A3 RO O3 B
SN 1 3 (P>0.05), 5% BZHAH LE, 5 /10.4%
F10.6% A NBLAL 9 LA Aig 177 1 Hi 3500 R ZH R AR
38.36%.24.57% (P <0.05); ¥ J110.2% A AL AE A AL
IG5 & I02 M (P> 0.05),

P4 0 43 7 T S 0 0.4% S A IR 4H 4
IKAY B B ETFE (P<0.05); JRAYFIRLAR 115 kb
& FACNGRAS 2 A3E hnini F= (P<0.05); 5% R
AR EE, B IN0.2% .0.4% F10.6% FHAL IR 4 g
0 5 T A X B R AIR T 13.05% .41.48% F115.67%
(P<0.05),

TS IR 18535 T Bt S AR IR AR o i
e, LA IR K 3 i S i H (P<0.05), 2
AL RRBRAS N> 0.2% J& , FF BT RLEE (& 2 0 3
P MR 7 & B PEAIR (P<0.05), LT
T 0.2% .0.4% .0.6% I, JHF R B I 25 50t L
ZH A3 AR T 13.68% .19.70% F1130.32% (P<0.05 ),
2.4 SALRBHR YT B & A £ i i | BT RR A E R = EE AN
BAEERES SN

S A NE BB R A 1 R0 e o = e
L [ B G B ) DL R 5. 5 0 BRAL AR e, AR

0.2% .0.4% F10.6% S AL IEAK4H 19 13 H- 30 =R 7
RO R A R T 26.96% .26.51% F113.61%
(P<0.05), [ s 50 i 37 80 AV 361 62 ) 5 1 R i 3 T
15 (P<0.05), £ FTIRMEH -0 = P8 AR AR [ By i
5t BREH AR HE , B8N 0.2% S AL IR TP B H 3 =
il | Aok JIEL [T s £ TG i 2 52 L {HR T 0.4% ,0.6% 11
SAA TR ot T = A A R A T
26.78% .29.87% #129.97% .30.39% (P<0.05 ).,
2.5 SCRBE X E Y f RE BRI ERE RSN

SR TR B T 0 £ i A4 I P 1 5 i
WL 6o FE IR g s 1 8 il v ot 5 P JIE ek
ISR B v, B AR TR 6 (LPL)JH A i (HL) 1A
NG (TL) 15 P 5 T 3 50 BRE AR L, S4B
TS I £ 2Ry 0.6% I, R 25 1 I il 175 14 42 55 105.95%
(P<0.05), {HL I N1l 0.2% F110.4% 19 S AL IH 55 %) g 26
F1 16 1 375 4 T 5% 1 (P> 0.05); S04k IR 66 7% in
0.4% F10.6% I , JHRE RS P B0 FRZH 45 55 110.39%
123.38% (P<0.05), SR B % PR £ 55 51.52% .107.88%
(P<0.05),

TE 1 18 R W 1 AL 5 T Bifi o Gk e e I
U st ey 0 g 3 R U T A M T
555t BB 20 AH Eb, R 110.29% ,0.4% F10.6% Ak T,
1 1 107 T AR 1 £ 5 13.21%.59.54% F1132.63%
(P<0.05),
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F4 SLPEmERTE &R FFERAE . £ B E MRS ( FHR %)
Tab.4 Effect of supplemental choline chloride on muscle, whole body and hepatopancreas composition of Ctenopharyngodon idella
n=9; x£SD; Dry matter %

SACAEAZ AR N1 /% Choline chloride supplement

8P Index

0 0.2 0.4 0.6
WLA Muscle 7K 45 Moisture 77.32+0.54 77.15+0.29 76.80+1.73 76.89+0.42
W43 Ash 5.954+0.18 5.8740.08 5.874+0.12 5.98+0.29
FLIE I Crude fat 4.64+0.54" 4.614+0.53" 2.86+0.27° 3.50+0.78"
FLF 1 Crude protein 90.03+0.63 90.004+0.27 90.48+0.18 90.34+0.22
P
4xffi Whole-body 7Kk 4} Moisture 72.03+0.84° 71.67+1.36° 74.50+1.46" 72.46+0.76°
R4y Ash 12.39+0.31" 13.47+0.52" 18.33+0.61° 13.71+0.83"
HLIENT Crude fat 16.78 +1.53" 14.59+1.59" 9.82+0.98" 14.15+£1.50"
H & Crude protein 59.90+0.32" 61.20+0.50" 61.95+0.45" 62.4140.38"
P
JHE e 7K 43 Moisture 65.60+0.86" 66.55+1.76" 67.29+1.79" 67.71+0.97"
Hepatopancreas e R b b .
HLUIE WG Crude fat 23.25+1.04 20.07£2.26 18.67+2.71 16.20+1.03°
& H Crude protein 31.364-0.48" 33.72+0.24" 33.414+0.26" 34.624+0.41°

e FAT B/ N FRERR R ZE R B3 (P<0.05).

Note: Values in the same row with different superscripts are significantly different (P<0.05).

x5 ANMSREREXT E & R & M E AR RE P E ik = BR AN AE ElRE & 2R R0

Tab. 5 Effect of supplemental choline chloride on serum and hepatopancreas triglyceride and cholesterol content of

Ctenopharyngodon idella n=9; x+SD
sk SACIEAZES N /% Choline chloride supplement
g4~ Index
0 0.2 0.4 0.6
o = it . . —1
- Eﬁ;ﬂ?ﬁ{;mg 1007 ml) g 56411020 189.8842233"  18921429.62"  169.91+19.99"
i :
Serum 24 o . 1, -l
gﬂi%ﬁii(mg 1007 mL™) 45 4g 16510 2762041328 281741710  201.40+11.44°
b — e . !
- Eﬁy(ﬂi{:% mg ) 180.76+19.75"  187.21+11.31"  13236+23.12"  126.77+17.42"
Hepatopancreas 4 2 . 1
patop a‘liiff‘m{wg mg ) 11.68+1.15" 11.49+1.44" 8.18+0.88" 8.13+0.93"

T [y BAR NS FREARAR 25 B3 (P<0.05).

Note: Values in the same row with different superscripts are significantly different (P<0.05).

6 RINSLREEYT E & Y BE BRI ERE R S5 Im
Tab. 6 Effect of supplemental choline chloride on lipid metabolism enzymes activities of Ctenopharyngodon idella

n=9; x+SD
J5hi SACAERZ AR N /% Choline chloride supplement
avn Index
0 0.2 0.4 0.6
= Bt e
P E?fpﬁ?ﬂ%}’;ﬁe me ) 0.84+0.18" 0.86+0.20" 0.95+0.39" 1.73+0.44"
Hepatopancreas =) . !
o gtii?ﬁ/lgrisemg : 0.77+0.09" 0.8640.06 1.6240.15 1.724+0.42
eyi= o
- T“Of:'lﬁfp/;g g) 1.65+0.15" 1.7140.15° 2.50+0.41" 343+043°
) se
Gut o Lol
N/ (U - &7 20.44+2.32" 23.14+4.17 32.61+2.13" 27.11+£2.32°

Lipase activity

VAT bR NG R R 5255 (P<0.05).

Note: Values in the same row with different superscripts are significantly different (P<0.05) .
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3.1 SRR R fa A KM BRI RN
FIET 2 15 £ S0 A K R o, ek o
e = NEIH 2 SBOTES (Oncorhynchus mykiss) "' 16
(Salvelinus namaycush) W K2 B ARLHR R AR,
Bty A0 ol RE A SRR TR e AR, R
KRG £ (Oncorhynchus tshawytscha) S =
SR o IERCEE £0 25 FH e DRI Sl T Rk b s
PEF 3L, 2 5HUARM A AT 2 AR e A
(9 FEFN Y AT, FRIE 77 A R IR it
I B TR f) A B B = R, 3 S5 A R RO R
— 5 B AEARA O, th T REJE R Ry AR YR S 56 BT £
PRFIAR AR, X R ke = AR X AN R
0 0T IELAR 5 2 e A, — e L HE I R i 25
R AR 7 & & DA S A M RE S R A A i
PrifEe WFSTREEH , DRGSR A o 3 R hraf i
A2 14 B2 %9 I £ IR B R 1 000 mg/kg™'s LA
$ o SRR £ O o T E 1) 4 9 0 £ R
434 598 mg/kg 634 me/ke'; Tl 24 %Y L)
SEF IR 10 5 2 A s Y JUT A0 1) e £ o T
o ZL 1 3 000 mg/kgo AT UL, £ 2856 IR AR ) 7 22 o
RIPEE AR AR, ARSCgrp, 55X RZ1H L,
TR JI10.4% .0.6% S AL AT A1 a3 8% R A
KR g E AR (P<0.05), a4 28 50 I e U s 05 25
P E L (P<0.05), B, ASEE b DIA: KM RE
AT IR A A 5 0 SR s o 0 2 %) £ o £ I 5
RN 4 184 ~ 5 852 me/ke, 5 T T 2545 S s i
(10 £ £ I B B A, AN S I L Rl ) o i
IS R A 19, T 4 F 8 2545 D B se i v itk
Jig (a3t ) S0 &35 21 8%, v AR Th % A 1B s
T N B AR B 7E W A Tl —D (O IL T BRI 20 it = 2L
FIELTRE, , Xof PG FF) 5 2R 7= A 5 AR, 1R R 5 A X
(Litopenaeus vannamei) """, J 74 ¥ fif: (Salmo salar)™
(RIS C A 4 A, £ 9 B RL 52 42 H
TR s 2E R, i £ S A 1 D ek v ALl g )
FHAR T A0 55 Sh P SR, BE o SCR I R

RRAFNAZ 2k v AR HI 6 75% . 55% F1 54% , T %)
Sl ey | AR PR IELRGA FH 25 726 1K 929 190%™ 3
] B A A S 6 e IR R e 2R v )
HZ—,
32 SYLRERERTE & Y SRR R TR B2

BB E A —FhE TR IR IR, X A 25 25 B AR
DU P ER], BRI, kb s AR g r]
REARTE 2 0 S FNERR I 7 &, VR JI10.3% ~ 0.5% IR
Y eI e £ e BRI 77 25 £ 19.29% ~ 22.09%
(P<0.05)"", 7 110.3% NEAK (LS ARG A A0 7]
FEARHRBERLA 1 EE IR 7 5 2t 32.67% (P<0.05) ',
EN I 0.05% BB (LA S A RE A RE AR IR 7T R AR BE 4
fiys 4 o0 JHF e JUE R B 2% ik 47.78% (P<0.05) ™, A5
grh, AL RHBRER I 0.29% ~ 0.6% I, 540 T
JIE B 7 A &R 6 13.68% ~ 30.32% (P<0.05), 5 |
AN TR B N

A4 105 7 5 T ARk R AR 5 5 X6 45 4 0
4 0I5 1 A TG 5 ™ TS 1 216 me/ke IR B AT
P& R WK T 4 16 g 1) 4 i 4 0 g 1 7 1 31.86%
(P<0.05)?, 75 1110.6% ~ 0.9% S84k JI0 6 T R AR A 1
PR (Micropterus salmoides) %= faJJg1i 12.99% ~ 16.40%
(P<0.05)", AT S BUSA A IETR R 3 35 B ARG 2 £
S0 R 15 P i, o I B 3K 41.48% (P<0.05), T UL,
JIELg X i A 4 e i 7 14 S I 1 TG — BN 2518
A RE 5 AR SRR R RGO, AR T i —2
WE5E. LA AE 5 75 T8, 5 001 0.19% R g it 25 P g
SE FIXTUR QA LA RG 10 & s 7 B85 (Monopterus
albus) TARFPERIN0.8% ~ 1.29% 06, WLANSHT & & F
K& T 22.38% ~ 33.889:P<0.05 ', A S8 1 VRN 0.4%
F110.6% S Ak H Rl fff 55 £ L PR 5 52 B IR T 38.36%
24.57% (P<0.05), 5 FiRWFFRA RAERL,

5T R, BB RAALG £ 25 IR Al 7 5 1t i 4
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Effects of dietary supplemental choline chloride on growth performance
and lipid deposition and activities of lipid metabolism enzymes of grass
carp, Ctenopharyngodon idella

ZHU Ruijun', LI Xiaogin', XIE Jun’, LENG Xiangjun', TIAN Juan', SHI Shaoyi'

(1. Ministry of Education Key laboratory of Exploration and Utilization of Aquatic Genetic Resources, Shanghai Ocean University,
Shanghai 201306, China; 2. Pearl River Fisheries Research Institute, Chinese Academy of Fishery Sciences, Guangzhou 510380,
China)

Abstract: A 77-day feeding trial was conducted to study the effect of dietary choline chloride supplementation on
growth performance and lipid metabolism of grass carp, Cienopharyngodon idella. The basal diet contained 28.01%
crude protein and 4.54% crude lipid. Choline chloride of graded levels (0%,0.2%,0.4%,0.6% ) was supplemented
to basal diet to formulate four practical diets containing choline of 1 010 mg/kg (control group),2 516 mg/kg,
4 184 mg/kg,5 852 mg/kg, respectively. Each diet was randomly fed to triplicate of grass carps with initial average
weight of (314.74£9.9) g in 12 concrete tanks (3.0 mx5.0 mx 1.2 m). The results were as follows: Compared with
the control group, weight gain rate (WGR) and specific growth rate (SGR) of fish fed with 0.4% and 0.6% choline
chloride diets increased significantly (P <0.05), whereas feed conversion rate (FCR) decreased significantly
(P<0.05). Crude fat content in hepatopancreas and whole body significantly decreased in the groups fed on diets
adding choline chloride of 0.2%-0.6% (P <0.05). Fish fed with 0.2%—0.6% choline chloride diets had a higher
concentration of serum cholesterol and triglyceride than control group (P<0.05). However, when grass carp fed on
diets supplemented with 0.4%-0.6% choline chloride, muscle lipid content, triglyceride and cholesterol content of
hepatopancreas were lower than those fed on control diet (P<0.05). In the respect of lipid metabolism enzymes,
intestine lipase activity increased significantly in the groups fed on diets adding 0.2%-0.6% choline chloride
(P<0.05). Lipoprotein lipase activity of hepatopancreas significantly increased in the groups fed on diets adding 0.6%
choline chloride (P<0.05). Adding 0.4%-0.6% choline chloride also increased the hepatic lipase and total lipase
activities of hepatopancreas significantly (P<0.05). Results above showed that the supplemental choline chloride
could improve growth performance, decrease crude fat content of muscle, hepatopancreas and whole body, promote
lipid degradation and increase lipid metabolism enzymes activities. The proper level of choline chloride in practical
grass carp feed was suggested to be 0.4%-0.6%. [Journal of Fishery Sciences of China,2010,17 (3): 527-535]

Key words: Cienopharyngodon idella; choline chloride; growth performance; lipid deposition; lipid metabolism
enzyme

Corresponding author: LENG Xiangjun. E-mail : xjleng@shou.edu.cn



