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, (46.14+4.67) ¢ : ,
, 0% 3% 6%
9% 12% 15% 6 (
, 0.20% 2.70% 6.11% 8.04% 11.13%
’ 14.85%),
60 , ,
. , 2 mm,
6 mm , R
11 > >
, 1
F1 IWEANEASREFEN
Tab.1 Formula and proximate composition of the experimental diets
%
/% lipid level
ingredient 0.20 2.70 6.11 8.04 11.13 14.85
casein 32.0 32.0 32.0 32.0 32.0 32.0
glutin 6.0 6.0 6.0 6.0 6.0 6.0
fish oil 0 3.0 6.0 9.0 12.0 15.0
dextrin 345 34.5 34.5 34.5 345 345
cellulose 20.0 17.0 14.0 11.0 8.0 5.0
CMC-Na 2.0 2.0 2.0 2.0 2.0 2.0
choline chloride 0.5 0.5 0.5 0.5 0.5 0.5
mineral premix® 4.0 4.0 4.0 4.0 4.0 4.0
vitamin premix® 1.0 1.0 1.0 1.0 1.0 1.0
proximate composition
crude protein 30.77 30.75 30.02 30.08 29.32 30.26
crude lipid 0.20 2.70 6.11 8.04 11.13 14.85
ash 2.95 3.07 3.09 3.09 2.30 2.61
moisture 9.48 9.54 9.91 9.94 12.68 13.34
ra Hsieh
Note: a Mineral premix and vitamin premix were formulated according to formula of Hsieh et al!”).
1.2
b
s 2002 , ,
(28+4)C, 5 mg/L
2, 1.3
360 (46.14+ , 24 h,
4.67) g, 6 4 15 6 , 3
, 400 L ( Im, 0.4m) ; 3
56 d, 3 (8:30 12:30
16:30 1 ), 3%~5%, ;
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,4C 4h , 3000 r/min 10 min, , ;
, —80°C ; , : .
; ( 1.0g , 2mL tor—
, ) 50 min(20 000 r/min, 4°C), -80°C
-80°C
1.4 (2)
1.4.1 , [
(WGR) (SGR) (FCR) i ,
(PER) (HIS) (VSI) pH=7.3, 35°C ,
(WGR, % )=(W; — Wp) /Wx100; 1 pmol 1 (Ulg)
(SGR, %/d)=(InW; — InW¢)/56x100; (FAS) 1 :
(FCR)=W; /(W; — W,); 1 min 14 nmoINADPH
(PER, %)=(W; — Wo)/( WxDxP)x (Ulg)
100 ,
(HIS, %)=W;/Wx100; 1 umol 1
(VSIL, %)=W,/Wx100; (U/g), = +
, Wi (), Wo
(2), 56 (d), Wy (2, 15
D (%), P * (X +SD) )
(%), W (2), Wy (),  SPSS16.0 One-wayANOVA
W, (g) R Duncan , P<0.05
1.4.2
, CHRIST , 48 9
h, (GB/T5009. 3),
(GB/T5009. 6), 21
(GB/T5009. 4) 5
1.4.3
(HDL-C) (LDL-C)
(TG) (TO) (P<0.05); |
(ALT) (AST) , 8.04% ’
(sysmex-800) , Sysmex (P<0.05)
; (P<
1.4.4 0.05),
(1) 1.0g ( (P>0.05)
), 9 4C ; , )
(10 000 r/min, 10 s/ 4 ), 3 000 r/min (X) Cy=
10 min, ;0 0.1 —0.783 4x*+13.879x+88.042(R*=0.919 9),
g 9 4°C , 8.86% (1 V)
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. y—= 2 24 = 2 _ .
(X) - y=0.009 1x*— y=0.0091%* = 0.1711x +2.1851
R*=0.8703
0.171 1x+2.185 1(R*=0.870 3), 22|
9.40% ( 2 ) L 20t
O
(x) : y=-0.011 2%+ % 18l
0.218 4x+1.601 3(R2=0.912 8), 86l . .
9.75% ( 3) E
1.4
2.2 i
121 P X=9.40
1
1.0 1 1 1 ' 1 ]
3 , , 0 3 6 9 12 15
TalRHIE I 2K /% dietary lipid level
b
11.13% 14.85% (P<0.05); 2
Fig.2 Second-order regression analysis between FCR and
’ dietary lipid level
160 - ¥=-0.7834x + 13.879x + 88.042 300 y=-0.0112x2+0.2184x + 1.6013
) 28t R*=09128
150 | R*=0.9199
140 | ; 261 i
5 : <o '
2 120 | : £ 227 i
o i 20} i
S0t | X.=8.86 = :
3 100 | | 18 ;
R | " ,
11 90 1 i & 1.6 4 E .-\..1;“:9.75
d 1 1l 1
80 [ i 14 ;
70 ! 1.2 :
60 1 ' : 1 1 1 1.0 1 1 1 : 1 J
0 3 6 9 12 15 0 3 6 9 12 15
BB 2K F-/% dietary lipid level Tl i A /% dietary lipid level
1 3
Fig.1 ~Second-order regression analysis between weight gain Fig.3 Second-order regression analysis between protein effi-

rate (WGR) and dietary lipid level

F2 EARERKENETFIESEKMES

ciency ratio (PER) and dietary lipid level

EFN TR #4 ) F B9 R

Tab. 2 Effect of dietary lipid levels on growth performance and feed utilization of Oreochromis nilotica

n=8; X £SD
dex /% lipid level
0.20 2.70 6.11 8.04 11.13 14.85
/g initial weight 45.98+0.62 45.93+0.45 46.50+0.62 46.05+0.59 46.28+0.88 46.13+0.68
/g final weiht 84.52+2.82° 105.86+2.82°  113.60+2.51° 112.90+1.57° 111.59+1.19°  103.60+2.88"
/% WGR 83.99+7.63° 130.42£6.53"  145.44+5.88° 145.19+3.97° 140.19+6.23°  124.81+8.28"
/(%-d™") SGR 1.09+0.07° 1.49+0.05° 1.60+0.04° 1.60+£0.03° 1.57+0.05° 1.45+0.07°
/% HSI 1.86+0.17° 2.10+0.20° 2.18+0.16™ 2.24+0.14" 2.29+0.19™ 2.40+0.16°
/% VSI 6.53+0.37 6.89+0.45 6.83+0.36 6.70+0.34 6.89+0.20 6.93+0.53
FCR 2.25+0.06° 1.59+0.11° 1.59+0.08" 1.38+0.03° 1.4320.04° 1.62+0.05"
/% PER 1.60+0.04° 2.26+0.15 2.330.11° 2.67+0.06° 2.73+0.07° 2.35+0.07°
/% survival 100 100 100 100 100 100
(P < 0.05).

Note: Figures in the same row with different letters are significantly different(P < 0.05).
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(P<0.05) , 2.70% 14.85%
(P>0.05) (P<0.05), 11.13% (P<0.05)
b
, 8.04% 6.11% , 14.85%
(P<0.05); , (),
(P<0.05) ) R
(P>0.05) 1 y=0.114 4x+1.556 4(R2=0.932 2) y=2.5059,
2.3 >
4 5 5 4
8.30%( 4)
, 2.4
(P<0.05);
, 6.11% s 5 , ,
(P<0.05);
F= 3 ARBERAKEX £ &FOALREE KA R B 20
Tab. 3 Effect of dietary lipid levels on body and muscle composition of Oreochromis nilotica
n=8; X £SD; %
/% lipid level
index
0.20 2.70 6.11 8.04 11.13 14.85
Whole body
moisture 73.69+1.92° 72.31£1.70% 72.23+1.37% 72.20+1.23% 71.53+1.32° 71.14+1.05°
crude protein 17.15+0.28 16.84+0.84 16.76+1.04 16.70+0.83 16.44+1.60 16.35+0.61
crude lipid 4.0120.56* 4.79+0.13° 5.06+0.53% 5.65+0.61% 6.02+0.30% 6.61+0.50°
ash 3.81+0.27 3.93+0.16 3.67+0.15 3.88+0.17 3.72+0.21 3.740.11
muscle
moisture 78.24+0.18 77.98+0.08 77.92+0.50 78.27+0.39 78.21+0.58 77.67+0.24
crude protein 18.78+0.78° 18.22+0.19% 17.99+0.38% 17.82+0.54* 17.94+0.09* 18.78+0.50°
crude lipid 1.38+0.05° 1.79+0.18° 1.8240.18° 1.90+0.09° 2.04+0.09" 2.19+0.20°
ash 1.25+0.03 1.25+0.02 1.2940.02 1.2440.03 1.2620.03 1.2740.02
(P <0.05).
Note: Figures in the same row with different letters are significantly different(P < 0.05).
Fz4 ANBERHKENET TS M FELIBRNEMN
Tab. 4 Effect of dietary lipid levels on serum biochemical indices of Oreochromis nilotica
n=8; X £SD
/% lipid level
index 0.20 2.70 6.11 8.04 11.13 14.85
/ (mmol-L™") TCHO 3.28+0.08" 3.74+0.13" 3.99+0.25" 4.78+0.41¢ 4 47+0.44% 4.16+0.36™
/(mmol-L™) TG 1.03+0.09* 1.32+0.04° 1.37+0.13° 2.02+0.19¢ 2.18+0.14¢ 1.66+0.10°
/(mmol-L™") HDL-C 1.64+0.06" 1.76+0.13* 2.30+0.15° 2.34+0.13° 2.35+0.19" 2.48+0.17°
J(mmol-L™") LDL-C 0.66+0.08% 0.49+0.04° 0.58+0.07™ 0.72+0.04° 0.83+0.05¢ 0.53+0.01™
(UL ALT 20.00+2.16™ 22.50+£1.29*  18.20+1.30°  24.75+2.06°  35.00+2.83¢ 38.3343.79¢
/(UL AST 49.33+4.72° 32.33+1.63"  28.00+£2.65'  40.00+2.65°  40.75+2.75" 64.50+3.00°
(P <0.05).

Note: Figures in the same row with different letters are significantly different(P < 0.05).
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Fig.4 Regression analysis between dietary lipid level and
serum HDL-C concentration
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aeglefinus)!',
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Tab. 5 Effect of dietary lipid levels on lipid metabolism enzyme of Oreochromis nilotica

n=8; X £SD; U‘g’l

/% lipid level
index 0.20 2.70 6.11 8.04 11.13 14.85
intestine
intestinal lipase 246.22£19.81"  244.26+23.72°  259.86+8.62°  271.63+18.45"  291.33+1823" 267.27+18.28"
liver

lipoprotein lipase 3.66+0.28" 6.02+0.34° 14.38£1.08"  48.08+2.47 25.88+1.97° 26.70+1.48°

hepatic lipase 3.35+0.23° 7.61+038° 16.37£1.08"  42.62+3.13¢ 38.10+3.64° 34.95+3.01°

total lipase 7.0240.29° 13.63+0.72° 30.75£1.51°  90.69+3.48" 63.98+4.05¢ 61.66+1.92°

fatty acid synthetase ~ 256.84+10.76"  176.02£9.36°  116.24+6.64°  73.13£7.00° 52.3144.17° 32.21+2.48"

(P<0.05)

Note: Figures in the same row with different letters are significantly different (P<0.05)
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Optimal dietary lipid requirement of advanced juvenile Nile tilapia
Oreochromis niloticus

TU Wei', TIAN Juan®, WEN Hua?, JIANG Ming®, WU Fan?, LIU Wei’, ZHANG Mingming', SUN Liwei'

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

Abstract: Dietary lipids play an important role in fish nutrition as a source of energy, essential fatty acids, and as a
vector for fat-soluble vitamins that are needed to maintain the biological structure and normal function of cell
membranes. A number of studies have shown that increasing the proportion of lipid in fish feed reduces the need
for protein and results in improved growth, feed conversion efficiency, and palatability, and reduces environ-
mental pollution from the feed and its metabolites. However, little is known about the dietary lipid requirements of
juvenile Oreochromis niloticus. Our objective was to determine the optimal dietary lipid requirement of ad-
vanced juvenile O. niloticus. We randomly assigned fish (n= 360) with average initial body weight of (46.14+
4.67) g into 6 groups consisting of 4 replicates (n=15 fish/replicate). Each group was fed a diet containing
either 0 (control group), 3%, 6, 9%, 12%, or 15% fish oil for 8§ weeks (actual lipid level was 0.20%, 2.70%,
6.11%, 8.04%, 11.13%, and 14.85%, respectively). We measured growth, lipid deposition, serum biochemical
indexes, and lipid metabolism enzyme activities at the end of the trial. Weight gain rate (WGR), specific growth
rate (SGR), and protein efficiency ratio (PER) initially increased with increasing lipid concentrations but then
decreased. Conversely, the feed conversation ratio (FCR) first decreased then increased. Using second order
regression analysis, we estimated that the optimal level of dietary lipid to promote WGR, FCR, and PER was
8.86%, 9.75% and 9.40%, respectively. An increase in dietary lipid levels was associated with a significant
increase in the hepatosomatic index (HSI) and crude fat content in both the whole body and muscle (P<0.05).
Serum total cholesterol (TCHO) and triglyceride (TG) levels first increased then decreased as the level of die-
tary lipid increased. High density lipoprotein cholesterol (HDL-C) content first increased then plateaued as lev-
els of dietary lipid increased. Broken-line regression analysis of the HDL-C content against dietary lipid level
indicated that the dietary lipid requirement for optimal HDL-C content was 8.30%. Alanine aminotransferase (ALT)
and aspartate aminotransferase (AST) activity were highest in the group fed 11.13% dietary lipid and lowest in the
group fed 6.11% dietary lipid. Intestine lipase, lipoprotein lipase (LPL), hepatic lipase (HL) and total lipase
(TL) activity tended to first increase and then decrease as the level of dietary lipid increased. Conversely,
fatty acid synthase (FAS) activity decreased significantly (P<0.05). Our comprehensive analysis of growth
performance, body composition, serum biochemical indexes, and lipid metabolism enzyme activity suggests
that the optimal level of dietary lipid for advanced juvenile O. niloticus is between 8.30%—9.75%.

Key words: Oreochromis niloticus; lipid requirement; lipid deposition; serum biochemical index; lipid metabolism
enzyme; activity
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