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b b ( )’
1 Venugopal'!!
b b
, 97.80( ) 375.04 565.74 974.27 1409.81
1 824.35 mg/kg 60 ,
( )
1
b b
11 20% ,
( , , 2.0 mm, 6
330 mg/kg, ) , mm , —20C
(1:1), ) 1.2
0 300 600 1200 1800
2 400 mg/kg , 6 1 ,
x1 ZTHREABFEREMRREREFEM
Tab.1 Formulation and proximate analysis of experimental diets
ingredient 1 group 1 2 group 2 3 group 3 4  group 4 5  group 5 6  group 6
casein 20 20 20 20 20 20
gelatin 5 5 5 5 5 5
corn gluten meal 16 16 16 16 16 16
dextrin 36 36 36 36 36 36
corn oil 3 3 3 3 3 3
soybean oil 3 3 3 3 3 3
! vitamin premix' 1 1 1 1 1 1
% mineral premix’ 4 4 4 4 4 4
choline chloride 0 0.03 0.06 0.12 0.18 0.24
micro-cellulose 12 11.97 11.94 11.88 11.82 11.76
total 100 100 100 100 100 100
proximate composition 1 group 1 2 group 2 3 group 3 4  group 4 5  group 5 6  group 6
/(mg-kg ") choline 97.80 375.04 565.74 974.27 1409.81 1824.35
/% crude protein 27.75 27.38 27.38 27.39 27.93 27.77
/% crude lipid 6.12 6.13 6.83 6.73 6.24 6.62
/% moisture 8.52 8.30 8.09 8.17 8.55 8.69
/% crude ash 3.83 3.80 4.13 3.81 3.69 3.88
/(kJ-g ") gross energy 18.69 18.70 18.71 18.72 18.89 18.86
R
. | meke) 0 300 600 1200 1800 2400
choline chloride supplementation
o 1. (mg/g ): ,5; ,5; , 10; D- ,0.003; ,4; , 1.5;
,200; L- C-2- , 3.95; , 6.05; a- E , 505 K, 4; ,0.4; D3, 0.000 468 5;
1g 2. (mg-g™' ): , 135.8; , 327, , 2.125; , 137;
, 87.2; , 43.5; , 0.15; , 0.125; , 75; , 0.1; , 0.80; , 1; , 3;
1g.

Note: 1. The vitamin mixture was supplied as following (mg/g premix): thiamin hydrochloride, 5; riboflavin, 5; calcium pantothenate, 10;
D-biotin, 0.003; pyridoxine hydrochloride, 4; folic acid, 1.5; inositol, 200; L-ascorbyl-2-monophosphate-Mg, 3.95; niacin, 6.05; a-tocopheryl
acetate, 50; menadione, 4; retinol acetate, 0.4; cholecalciferol, 0.000 468 5. All ingredients were diluted with micro-cellulose to 1 g. 2.The
mineral mixture supplied the following (mg‘g’1 premix): Ca(H,PO,), H,0, 135.8; Ca(CH;CHOHCOO), 5H,0, 327; FeS0O,4 6H,0, 2.125;

MgS0,4-7H,0,137; NaH,PO,, 87.2; NaCl, 43.5; AICl;-6H,0, 0.15; KI, 0.15; KCl, 75; CuCl,-2H,0, 0.1; MnSO,4-H,0, 0.80; CoCl,-6H,0, 1
and ZnSO,-7H,0, 3. All ingredients were diluted with micro-cellulose to 1 g.
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2 )
, 360
, 6 , 3 ,
20, (220.00+8.34) g,
18 ( 5000 m?,
1 mx1 mx1.5 m)
3% (
, ), 3
(8:00 12:00 16:00); 10 ,
25~36°C, pH7.4~7.6, 5.2~10.7
mg/L, 0.57~0.92 mg/L, 0.05~0.09
mg/L, 0.01~0.05 mg/L,
1.3
, 24 h,
6 , 3
, 3 MS-222
, 2h,4C (3 000
r/min, 10 min), -40°C
-80°C ,
1.4
14.1
(survival rate, SR, %)= ( /
)x100;

(weight gain rate, WGR, %)=(W;-W,)/
Wyx100, W; , Wo ;
(specific growth rate, SGR, %/d)=
(InWe-InW;)x100/T, W;  W;e
(e, T ;
(feed efficiency, FE, %)= (g/
)/ (g )

(hepatosomatic index, HIS, %)=

(g)/ (g)x100;
(viscerosomatic index, VSI, %)=
(g (8)x100;

(condition factor,CF, g/cm)=
(g)/  *(cm’)x100

14.2
(GB/T 9695.7—2008);
(GB/T 6432—94);
(GB/T 6438—2007)
R Christ Betal-8 LD
: 72 hl'"?
Venugopal'!!
1.4.3 (TG)
(T-CHO) (AST)
(ALT) (ALP) (TG)
(T-CHO) sysmex
(chemix-800)
15
SPSS one-way ANOVA
Duncan’s
, +
(X x=SD) , 0.05
2
21
2 , ,
(WGR) (SGR)
(FE) , 3
(P<0.05), 44.40%
52.86% 50.02% 47.11% 53.93%(P<0.05),
28.19% 35.25% 33.65%
31.88% 35.89%(P<0.05),

32.28% 41.26% 40.95% 33.15% 42.29%(P<0.05)
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Tab.2 Effects of different choline levels on growth performance and feed utilization of adult GIFT tilapia
n=3; X £SD
' /(mg-kg™) dietary choline level
index
97.80 375.04 565.74 974.27 1409.81 1824.35
/g initial body weight 220.25+0.96 220.00+1.41 221.50+2.65 219.75+1.50 219.50+1.73 220.50+1.73
/g final body weight 409.90+17.31"  487.52+14.58"  512.87+17.68"  503.68+12.29"  497.59+9.30°  512.78+20.96"
/% weight gain rate 86.11+8.09° 124.35£7.59°  131.64=10.68" 129.19+4.35° 126.69+3.16°  132.55+10.35
o/.4-1
) [(%d7) 0.89+0.06° 1.14£0.05° 1.20£0.07° 1.18+0.03° 1.17+0.02° 1.20+0.06°
specific growth rate
feed efficiency 0.46+0.04* 0.60+0.03° 0.66+0.03° 0.65+0.04° 0.62+0.03° 0.66+0.04°
/% survival rate 100 100 100 100 100 100
/% hepatosomatic index 3.12+0.30°¢ 2.69+0.24° 2.37+0.04° 2.16+£0.09* 2.33+0.19* 2.27+0.17%
/% viscerosomatic index 9.35+0.53° 8.60+0.31° 8.21£0.57" 7.96+0.63" 8.21£0.23" 8.28+0.28"
/% condition factor 3.16+0.30° 3.36x0.20® 3.69+0.20" 3.73+0.15¢ 3.55+0.29b° 3.46x0.07"
(P<0.05).
Note: Values in the same row with different superscripts are significantly different at 0.05 level.
(P<0.05), ,5 6 2 3 4
(P<0.05), 2 3 4
(P<0.05), s (P>0.05); ,
3 4 6 (P<0.05);
506.43 mg/kg( 1) (P>0.05);
2.2 5 6
2
3 , (P<0.05), S
(P<0.05);
(P>0.05) , 6 (P>0.05)
1.25¢ 2.3
Y = 1.1913
120} A . .
. 2 ,
1.15}F |
. .
o L | 9
5 s LI0F |
= | (P<0.05),
ot E 105 |
& & I 97427 mg/kg ,4 5 6
- g 1.00F y=0]0007x + 0.8368
Mg R = 0.9495 (P>0.05),
4 g 095+ |
| (P<0.05) ,
0.90 . :
0.85+ |
I 981.38 mg/kg
080 1 1 1 I
0 500 1000 1500 2000 2.4
FRLARGE & f/(mg kg ™)
dietary choline concentration
4 R (T-CHO)
! (TG)

Fig.1 The effect of dietary choline on specific growth
rate(SGR)of the adult GIFT tilapia ) T-CHO TG
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Tab. 3 Effects of dietary choline on proximate composition of whole body, liver and muscle of adult GIFT tilapia
n=3; X £SD; %
/(mg-kg™") dietary choline level
index
97.80 375.04 565.74 974.27 1409.81 1824.35
whole body
moisture 65.75+1.45 66.20+0.26 65.97+0.75 65.14+0.94 66.46+0.83 65.97+1.45
crude lipid 11.67+0.91 11.294+0.41 11.68+0.48 12.08+0.80 10.93+1.01 10.99+0.40
crude protein 18.09+0.66 17.82+0.95 16.83+0.85 17.17+£0.62 18.12+0.50 18.09+1.40
ash 3.83+0.22 3.80+0.35 4.13+0.0.22 3.81+0.16 3.69+0.35 3.88+0.25
liver
moisture 64.51+£2.04 62.30+1.19 66.64+6.30 62.89+2.31 62.45+0.83 61.81+£3.27
crude lipid 12.18+1.01° 11.62+0.82° 11.31£1.07° 10.92+0.66° 9.34+0.46° 8.87+0.80"
crude protein 9.54+0.80° 9.05+£0.46" 8.23£0.80° 8.17£0.68° 8.68+0.43™ 8.12+0.64°
muscle
moisture 77.41£0.71 78.05+2.82 77.01+£0.57 76.58+0.55 77.56+1.23 77.09+0.25
crude lipid 1.10£0.08° 1.51£0.05° 1.51£0.15° 1.72£0.12° 1.75+0.15° 1.96+0.21¢
crude protein 18.52+0.66 18.66+0.45 18.85+0.29 18.76+0.37 18.58+0.77 19.21+0.44
(P<0.05).
Note: Values in the same row with different superscripts are significantly different at 0.05 level.
AST ALT (P<
3500 -
Vs = 3041.45 0.05), ALP (P<
3000
0.05)
—_ =
"2 2500
vt i
3
& o
mﬁ § 2000
0 g | 3.1
z S 1500 | »=2.6291x 446131
2% oo ¢ R-0%mD2
5 L
=z l , 10 ,
|
500 : 981.38 ’
0 1 1 1 ]
0 500 1000 1500 2000 12]
\ ) P<0.05 :
PRHAER A it (me kg ) ( ),
dietary choline concentration (5] (Cyprinus carpio var. Jian)[13]
5 Shiau U,
800 mg/kg (Oreochromis

Fig.2 The effect of dietary choline on liver choline concentra-
tion of adult GIFT tilapia

(P<0.05) T-CHO TG
(P<0.05),
T-CHO TG (P<0.05)
(AST) (ALT)

(ALP)
b 3 b

niloticus ><0.aureus)
[14]

; Duan
(Carassius auratus gibelio)
4 400.44 mg/kg
(P<0.05)

>

[9]
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Tab.4 Effect of supplemental choline chloride on some serum biochemical indices and hepatopancreas triglyceride and cho-
lesterol content of adult GIFT tilapia

n=3; X £SD
. /(mg-kg™) dietary choline level
index
97.80 375.04 565.74 974.27 1409.81 1824.35
/(mmol-L™) T-CHO  4.02+0.36" 4.62+0.17° 4.74£0.37" 4.77£0.21%  4.94+0.39" 5.19+0.20°
/ (mmol- L") TG 1.59+0.10° 1.88+0.09° 2.72+0.27° 2.82+0.17° 2.78+0.18° 2.69+0.15°
/(U- L") AST 39.50+2.89¢  36.75+3.86°  31.00+2.45°  24.00+1.83°  23.75+222°  17.75+0.96
serum /(U- L) ALT 19.00+0.82°  17.25+1.71°  13.75+1.26°  11.75+0.96*  11.25+1.50°  11.00+0.82°
/(U- L-1) ALP 41.25£126%  26.75£2.06°  24.75£0.96™  23.25£2.36™  23.00+1.83®  20.50£1.91"
/(mmol-L™") T-CHO  0.24+0.02¢ 0.15+0.01¢ 0.13+0.01° 0.11+0.01° 0.13+0.01° 0.09+0.01*
liver / (mmol- L) TG 1.57+0.08° 1.41£0.09° 1.35+0.03™ 1.13£0.03° 1.29+0.11° 1.14£0.06
(P<0.05).

Note: Values in the same row with different superscripts are significantly different at 0.05 level.

[91

4 000 mg/kg
[12]

506.43 mg/kg Shiau "
(0.62+£0.01)g
1 000 mg/kg, 1
(0.56+0.04) g
2 000~3 000 mg/kg ,

Kasper >
(TSAA, 0.5 g/100 g)
3 000 mg/kg 3g
[16]
[10]
3.2
(P>0.05), (Platichthys stellatus)

[17] (14] (Rachycentron ca-

nadum)!'® ,
(P<0.05)
(Sciaenops ocellatus)!'”! (Monrone
saxatilisx M. chrysops) 2% 31
[12] [5] [9]
[21]
[17]
[18] (Acipenser sinensis Gray) [22]
(P<0.05)
3.3
! [18]

; Shiau " ,
2 000 mg/kg

[17]

[18]
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Dietary choline requirements of adult GIFT tilapia (Oreochromis
niloticus)

SHAO Hui', WEN Hua?, LIU Wei?, JIANG Ming'?, WU Fan®, TIAN Juan®, HUANG Feng'

1.College of Fisheries, Huazhong Agriculture University, Wuhan 430070, China
2.Yangtze River Fisheries Research Institute, Chinese Academy of Fishery Sciences, Wuhan 430223, China

Abstract: A10-week feeding trial was conducted to study the effect of dietary choline chloride supplementation on
the growth performance, lipid metabolism, feed utilization, body composition, serum biochemical indices, liver
lipid content, and muscle and liver choline content of adult GIFT tilapia(Oreochromis niloticus). The basal diet
contained 27.60% crude protein and 6.45% crude lipid. The basal diet was supplemented with choline chloride (0,
300, 600, 1200, 1 800, and 2 400 mg choline per kg food) to formulate six semi-purified diets containing choline
of 97.80(control group), 375.04, 565.74, 974.27, 1409.81, and 1 824.35 mg choline per kg food. Each diet was
randomly fed to three replicates of GIFT tilapia with an initial average weight of (220.00+8.34) g in 18 pond cages
(1.0 mx1.0 mx1.5 m). Compared with the control group, the addition of choline to the diet significantly improved
weight gain rate, specific growth rate, and feed utilization(P<0.05). The liver fat content decreased significantly
(P<0.05) in all groups compared with the control. In addition, the liver choline and muscle fat content of all
groups increased significantly(P<0.05). With increasing dietary choline levels, serum triglyceride and cholesterol
content increased in the groups with significantly higher choline chloride than that of the control group(P<0.05),
the liver triglyceride and cholesterol content decreased significantly(P<0.05). Serum aspartate aminotrans-
ferase(ALT), alanine aminotransferase (AST), and alkaline phosphatase (ALP) also decreased significantly
(P<0.05) with increasing dietary choline content. The choline requirement of adult GIFT tilapia was 506.43 mg
choline per kg food based on the specific growth rate; however, it was 981.38 mg choline per kg food based on
liver choline concentration. Our results suggest that choline chloride supplementation could improve tilapia
growth performance, feed efficiency, reduce liver fat content, and promote lipid degradation.
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