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Tab.1 Formula and proximate composition of the experimental diets %
ingredient /% dietary LA level
0.07 0.36 0.61 1.03 2.00 3.00 4.15
casein 20.0 20.0 20.0 20.0 20.0 20.0 20.0
glutin 5.0 5.0 5.0 5.0 5.0 5.0 5.0
soybean meal 17.0 17.0 17.0 17.0 17.0 17.0 17.0
dextrin 14.5 14.5 14.5 14.5 14.5 14.5 14.5
wheat starch 20.0 20.0 20.0 20.0 20.0 20.0 20.0
corn oil 0.0 0.5 1.0 2.0 4.0 6.0 8.0
palmitic acid 8.0 7.5 7.0 6.0 4.0 2.0 0.0
cellulose 9.98 9.98 9.98 9.98 9.98 9.98 9.98
BHT 0.02 0.02 0.02 0.02 0.02 0.02 0.02
CaH,PO, 2.0 2.0 2.0 2.0 2.0 2.0 2.0
" vitamin premix" 1.0 1.0 1.0 1.0 1.0 1.0 1.0
? mineral premix” 2.0 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 0.5
total 100 100 100 100 100 100 100
proximate composition
mositure 12.14 12.12 12.06 12.10 12.21 11.80 12.12
crude protein 28.75 28.60 28.90 28.48 28.84 28.24 28.82
crude lipid 8.12 8.14 8.12 8.11 8.21 8.14 8.16
ash 3.66 3.86 3.75 3.42 3.93 3.89 3.78
0 1) (mg/g ): , 55 , 10; , 10; D- , 0.6; , 45 s
1.5; ,200; L- C-2- , 60; ,6.05; a- E , 50; K, 4; , 2000IU D3, 4001U,
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.

Notes: 1)the vitamin mixture supplied the following (mg/g mixture): thiamin hydrochloride, 5; riboflavin, 10; calcium pantothenate, 10;
D-biotin, 0.6; pyridoxine hydrochloride, 4; folic acid, 1.5; inositol, 200; L-ascorbyl-2-monophosphate-Mg, 60; nicotinic acid, 6.05;
a-tocopheryl acetate, 50; menadione, 4; retinol acetate, 20001U and cholecaliferol, 400 IU. All ingredients were diluted with Micro-cellulose
to 1 g. 2) the mineral mixture supplied the following (mg/g diet): Ca(H,PO4),'H,0, 135.8; Ca(CH;CHOHCOO),5H,0, 327; FeSO46H,0,
2.125; MgS047H,0, 137; NaH,PO,, 87.2; NaCl, 43.5; AICIl;-6H,0, 0.15; KIO;, 0.125; KCl, 75; CuCl,-2H,0, 0.1; MnSO,-H,0, 0.80;

CoCl,6H,0, 1 and ZnSO4 7H,0, 3. All ingredients were diluted with micro-cellulose to 1 g.

R2 EXRBARIEANBHRANR(&SEHERE S L)

Tab. 2 Fatty acids composition of the experimental diets and corn oil (% by weight of total fatty acids)

/% dietary LA level

fatty acid corn oil 0.07 0.36 0.61 1.03 2.00 3.00 4.15
Ciao 0.10 0.21 0.15 0.17 0.16 0.15 0.16 0.15
Ciso 15.23 97.79 92.52 87.44 78.93 59.04 38.69 15.18
Ci:inr 0.10 0.04 0.03 0.04 0.04 0.05 0.05 0.10
Cis:0 1.57 0.42 0.38 0.49 0.63 0.96 1.31 1.68
Clgiino 28.53 0.36 2.01 3.70 6.74 13.89 21.21 29.69
Cisoane 52.08 0.82 4.52 7.67 12.90 25.05 37.47 51.81
Clsins 1.38 0.31 0.34 0.41 0.47 0.59 0.73 0.86
Cao0 0.20 0.03 0.03 0.05 0.08 0.14 0.21 0.30
Cao:1no 0.21 0.02 0.02 0.04 0.06 0.12 0.17 0.23
SUFA 82.9 1.55 6.92 11.85 20.20 39.70 59.63 82.70
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1.4
1.4.1 :
(SR) (WGR) (FER)
(PER) (HSI)
(VSI)
(SR, %)= x100/
(WGR, % )= 100x( W,~ W) /Wy;
(FER, %)= 100x(W,~Wo)/Wg
(PER, %)=100x(W,~Wo)/(We<P)
(PRR, %)=100x(W,xP, ~WoxPy)!

(PRR)

(WexP)
(HSI, %)=100x W,/ IW:
(VSI, %)=100x W7, /W:
(8), Wo
(g), P

. W
(g), Wi

(%), P,
(%), Po (%), W
(2), Wh (2), W,
(2
1.4.2
105°C (GB/T5009.3);

> B

CHRIST 48 h;
(GB/T 5009.5);
(GB/T 5009.6);

(GB/T 5009.4)
14.3
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( : =2:11) 3,

60°C
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,60C

5 min;

b b

30 min, ,
,60°C
2 mL ,

2 mL 25%
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20 min,

B

(Shimadzu) GC-2010
CP-WAX 30M 1.D.0.32 mm,

: 250°C, 1 250°C,

: 100°C (3 min)—180°C/10°C—240°C/3°C (9 min),

(N2)
(Air)
£ 1.0 uL

1.4.4
(HDL-C)
(TG)

(Sysmex-800)

Sysmex
1.5

SPSS16.0

s Duncan’s

Lin [9

2.1

10

: 3 mL/min,

(Hp) : 47 mL/min,

: 400 mL/min, 1:10,

b

(LDL-C)
(TC)

b

+ (x £SD) ,
One-way ANOVA

, P<0.05

Chou [

(60.98+3.82) ¢

1.03% ,

(P<0.05),

2.00%

0.61%

(P>0.05) 2.00%
(P<0.05),
(P>0.05)

X
247.88 (R*=0.9263),

2.49%

(P<0.05)

b

(P<0.05)

3.00%

, Y
© Y=-12.679X*+63.18X+

(D
(X,
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Tab.3 Effects of dietary LA levels on growth performance and feed utilization of advanced juvenile GIFT Oreochromis niloticus
n=3; X +SD
/% dietary LA level
index 0.07 0.36 0.61 1.03 2.00 3.00 4.15
/g initial weight 60.73£3.48 60.92+3.47 61.11£3.40 61.20+3.59  61.24+3.44 60.57£3.27 61.07+£3.68

/g final weight

210.95+4.55%

221.54+7.54%

235.40+5.90

247.37+7.16° 261.53£0.71¢ 247.74+£12.83%¢ 242.36+15.11°¢

/% WGR 247.02+11.25% 263.59+9.60 284.62+6.37™ 302.74+7.48°¢ 332.78+4.55% 309.04+21.37°¢ 296.78+21.69°
/% FER 56.93+4.30"  61.39+2.65™ 61.23+3.53" 67.55£6.46™ 75.36x0.74"  71.36+2.69°  69.07+2.31°
/% PER 198.01+5.05"  214.66+9.27° 211.86+3.22° 237.18+9.63° 258.66+3.78% 252.68+9.51¢ 239.64+8.03°
/% PRR 33.96+0.42°  36.17+0.96°  39.74+£1.09° 42.94+0.89° 42.31+0.75¢ 39.99+0.67°  39.49+1.31°
/% VSI 7.66+0.47" 8.124£0.55™  8.74£0.63°  9.09+0.44°  9.72+£0.90°  9.49+0.97° 9.10+0.94°
/% HSI 1.62+0.18° 1.98+0.21%  2.27+0.18°  2.44+0.25"  2.38+0.21%  2.46+0.21° 2.42+0.13°
/% SR 100 100 97.78+3.84  97.78+1.92  98.89+1.92 100 98.89+1.92
/kg feed intake 7.45£0.29" 7.85£0.06™  7.70£0.24™  7.57+0.21"  7.95%0.14*  7.96+0.21° 7.75£0.20™
(P<0.05).

Note: Different letters in the same row indicate significant difference among different dietary LA levels (P<0.05).

340 - 3= —12.679x*+ 63.18x+ 247.88 80 y=-2.566x"+ 13.65 Lx+ 55.899
*  R=09268 25k o R=09323
20 +
. 320 % .
@) + ) I *
2 300 S
< 20l 5 65 X, =2.66
& 260 X =2.49 z 60
= E
240t s
1 1 L 1 ) 50 1 | | | |
220 5 i 3 3 A P 0 1 2 3 4 5
TR R /K F-/% dietary LA level TP SR K F-/% dietary LA level
2
1 Fig.2 Quadratic regression analysis between feed efficiency
Fig.1 Quadratic regression analysis between weight gain rate(FER) and dietary LA level
rate(WGR) and dietary LA level
44
() Y= -2.566X*+13.651.X+55.899 ol :
(R*=0.932), 2.66% = !
- 1
N
(2 F 38 ) Y=0.64780433213  y=-12187x+ 44283
= R*=0.9844 R=0.9189
X), 03] i 36 |
= Y X w—=1.02%
, Y=9.6478X+33.213 (R’= £ 3 o Hue1.02%
1 L |
0.9844) Y=-1.2187X+44.283 (R>= 0.9189) 32 ;
N 1 | | J
, 30 1 2 3 4 5
1.02% ( 3 Tl S B2 K-/ % dietary LA level
. b
2.2 3
4 , 0.36% 0.61% 1.03% Fig.3 Broken-line regression analysis between dietary LA
level and protein reservation rate(PRR)
(P<0.05), (P<0.05); 0.36% 0.61%
(P>0.05), 2.00% (P<0.05),
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Tab. 4 Effect of dietary LA levels on the composition of whole body, muscle and liver of advanced juvenile
GIFT Oreochromis niloticus

n=3; X +SD; %
/% dietary LA level
index
0.07 0.36 0.61 1.03 2.00 3.00 4.15
whole body
" crude 16.26+£0.08*  16.77+0.14°  16.82+0.14° 16.57+0.14°  16.24+0.14°  16.14+0.10" 16.30+0.15%
protein
crude lipid 7.94+0.40° 6.78+0.22° 6.40+0.27° 8.83+0.23°  11.87+0.14¢ 9.91+0.32° 9.82+0.33¢
moisture 67.58+0.81°  69.49+1.30°  69.18+0.83° 69.00+0.18°  65.77+0.58"  68.78+0.62°  67.11+0.79*
ash 2.58+0.24" 2.60+0.06  2.73+0.23¢ 2.78+0.03¢ 2.68+0.24% 2.234+0.07° 2.39+0.10°
muscle
. crude 19.55£0.07  19.13£0.54  19.76£0.20 20.12+0.38 19.9840.63  19.50+0.62 19.21+0.81
protein
crude lipid 1.10+0.04* 1.42+0.06° 1.54+0.03° 1.55+0.04° 1.79+0.07% 1.88+0.04¢ 1.89+0.05¢
moisture 76.97+0.20 76.43+0.18 76.36+0.29 77.03+0.55 76.11+0.66 76.46+0.59 76.64+0.34
liver
" crude 10.70£0.35  10.45£0.43  10.3120.15 10.56:0.31 10.51£0.38  10.13+0.47 10.08=0.26
protein
crude lipid 8.32+0.06 8.45+0.16° 8.75+0.62% 9.45+0.33% 9.02+0.17% 9.09+0.45% 9.87+0.21¢
moisture 67.57£1.23°  66.32+0.76  66.75+0.66" 65.75£0.37%"  65.68+0.74 65.38+1.01°  64.96+0.68"
: (P<0.05).
Note: Different letters in the same row indicate significant difference among different dietary LA levels (P<0.05).
(P<0.05); 3.00% 4.15% s 1.03%~4.15%
(P<0.05) R (P<0.05)
, 09) (X)
(P>0.05); Y= —2.5393X+5.8241(R2=0.9695) Y=
s 1.4839X+1.2635 (R210.9741), R
(P<0.05) 1.13%
(P>0.05); ( 4
s 1.03%
(P<0.05); Z
T i ]
, 1.03% , 2 7 y=-2.5393x+ 58241 635
R*=0.9695
(P<0.05) £ of
2.3 =Sy
T g g4l
= B
& 3F
=
5 2 2 _—:E 2 0
o 1t
(TG) (TCHO) E 0 . . .
0 1 3 4 5
’ ’ TR IHER 7K /% dietary LA level
1.03% ;
4
(HDL-C)
< V)
(P<0.05), 1.03% Fig.4 Broken-line regression analysis between dietary LA

B

(LDL-C)

level and serum triglyceride
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Tab.5 Effect of dietary LA levels on serum biochemical indexes of advanced juvenile GIFT Oreochromis niloticus

n=6; X =SD
) /% dietary LA level
index
0.07 0.36 0.61 1.03 2.00 3.00 4.15
/(mmol-L™)TG 5.46+0.84°  5.13+£0.82°° 4.35+0.58* 3.10+£0.64* 3.91£0.51* 5.48+0.65° 7.67+0.48°
/(mmol-L")TCHO 4.60+0.22¢  3.78+0.22° 3.78+0.26" 3.64+0.25°  4.07+0.31% 4.13+0.36> 4.23+0.13%

/(mmol-L)HDL-C  0.58+0.06"  0.86+0.04* 0.82+0.05" 0.94+0.10°  0.83+0.07*° 0.82+0.09* 0.79+0.05"
/(mmol'L )LDL-C  0.81£0.02°  0.74£0.06°  0.73£0.10°  0.57£0.07°  0.55£0.06°  0.58+0.06°  0.42+0.07°

(P<0.05).
Note: Different letters in the same row indicate significant difference among different dietary LA levels (P<0.05).

2.4 6
SFA : ,Ciao
15 Cis. 0 YSFA ,
, 4 (SFA), 3 2.00%~4.15% 3
(MUFA), 4 1n-6 (PUFA) (P<0.05); Cis: 0 (P>0.05)
4 n3 PUFA n-6 PUFA :

Fo ARIMEKTNE ST RN ABERIERE KA R0
Tab. 6 Effects of dietary LA levels on fatty acid composition of muscle of advanced juvenile GIFT Oreochromis niloticus
(% by weight of total fatty acids)

n=3; X +SD; %
dietary LA level
fatty acid 0.07 0.36 0.61 1.03 2.00 3.00 4.15

14: 0 2.29+0.17% 2.35+0.07¢ 2.21+0.28% 1.96+0.04"  1.93+0.20°  1.71+0.20° 1.6940.16*

16: 0 38.53+0.34% 39.75+1.95° 38.58+0.86% 37.36+0.76°  33.02+£0.37°  29.56+1.22°  23.60+0.32°

16: 1n-7 7.59+0.83° 7.57+0.34° 6.79+0.921° 5.98+0.74*0  5.26+0.54*  4.18+0.71° 2.96+0.39°
18: 0 6.02+0.76 6.00+0.83 5.81+0.63 5.87+0.31 5.35+0.21 5.23+0.54 5.30+0.24

18: 1n-9 33.17+0.58 31.74+1.67 31.46+2.34 30.76£2.77  32.15£0.66  33.05£1.03  33.51x1.00
18: 2n-6 4.78+0.49° 6.02+0.64" 7.87+2.01° 10.63£1.46°  15.62+0.55¢  19.49+2.06°  25.63+0.71"
18: 3n-6 0.44+0.04° 0.50+0.03% 0.60+0.03" 0.68+0.09° 0.85+0.05¢ 0.93+£0.11%  0.98+0.03¢
18: 3n-3 0.22+0.01° 0.27+0.05™ 0.27+0.06™ 0.32+0.01°°  0.30+£0.02°°  0.30£0.02*°  0.36+0.02°
20: 0 0.10£0.01% 0.10£0.01™ 0.09£0.01° 0.11£0.02®  0.11£0.01™  0.12+0.01° 0.15+0.02°
20: 1n-9 1.37+0.14° 1.23£0.01%® 1.24+0.10™ 1.15+0.08" 1.10+0.03° 1.20+0.04% 1.18+0.03°
20: 3n-6 0.60+0.01° 0.64+0.10° 0.78+0.23" 0.82+0.18™  0.81+0.08" 0.88+0.06" 1.04+0.06¢
20: 4n-6 (ARA) 2.05+0.11 2.02+0.32 2.41+0.71 2.50+0.42 2.32+0.23 2.23+0.16 2.55+0.31
20: 5n-3(EPA) 0.00£0.00* 0.11£0.02° 0.10+0.03¢ 0.09+0.02° 0.04+0.02° 0.06+0.02° 0.05+0.01°
22: 5n-3 0.3420.07° 0.35+0.09° 0.32+0.07> 0.32£0.06*  0.21£0.05®  0.20+0.04° 0.17£0.05°
22: 6n-3(DHA) 1.52+0.35° 1.34+0.24" 1.48+0.58° 1.45£0.33®  0.92+0.12**  0.86+0.18" 0.85+0.17°
Y SFA 47.38+1.08% 48.20+1.29% 46.69+1.62% 4531+0.98°  40.41+0.44°  36.62+1.45°  30.73+0.59°
>n-3 PUFA 2.33+0.16° 2.07+0.37* 2.17+0.72% 2.18£0.42%  1.48+0.21° 1.42+0.26* 1.42+0.24°
Yn-6 PUFA 7.810.60° 9.19+0.85% 11.65+2.97" 14.6342.12°  19.61+0.83%  23.53+2.27°  30.19+0.74
n-6/n-3 3.35+0.03" 4.48+0.42° 5.45+0.38" 6.76£0.46"  13.39+1.28"  17.07£3.99"  21.58+3.31°

(P<0.05).
Note: Different letters in the same row indicate significant difference among different dietary LA levels (P<0.05).
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0.61% , (P<0.05)
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Tab. 7 Effect of dietary LA levels on liver fatty acid composition of advanced juvenile GIFT Oreochromis niloticus
(% by weight of total fatty acids)

n=3; X +SD; %

/% dietary LA level

fatty acid 0.07 0.36 0.61 1.03 2.00 3.00 4.15
14: 0 3.91+0.44° 3.79+0.45° 3.73+0.34° 3.31£1.07" 3.030.52% 2.50+0.24° 2.7740.31%®
16: 0 35.83+0.68%  37.00£1.81° 34.11£0.86°  33.08+0.89° 30.85+0.81° 28.58+0.86" 26.85+1.50°
16: 1n-7 6.85+0.50™ 7.30+1.15° 7.00+£0.16% 6.19+1.06™ 5.78+0.27" 4.76+0.62% 4.35+0.42°
18: 0 11.0240.56 9.81+1.04 10.97+1.13 10.46+0.77 10.87+0.16 10.26+1.24 9.80+0.73
18: 1n-9 37.73+1.26®  36.17+£2.76 38.28+1.48%°  39.34+0.21%  42.09+1.33% 42.29+1.65¢ 42.51+1.40°
18: 2n-6 1.48+0.50° 2.38+0.90*° 2.04+0.38% 4.12+0.95¢ 3.97£1.06" 7.73£1.22¢ 9.88+1.78°
18: 3n-6 0.14£0.01° 0.22+0.08™ 0.18+0.03% 0.26+0.03° 0.23+0.07° 0.36+0.03° 0.45+0.03¢
18: 3n-3 0.08+0.03" 0.11+0.04° 0.07+0.01° 0.110.03* 0.07+0.01° 0.10£0.02% 0.12+0.00°
20: 0 0.08+0.01% 0.08+0.01* 0.07+0.01° 0.09+0.03% 0.08+0.00™ 0.10+0.02° 0.14+0.01°
20: 1n-9 1.33+0.09 1.24+0.15 1.200.09 1.30+0.09 1.24+0.10 1.35+0.07 1.31£0.28
20: 3n-6 0.20£0.03* 0.28+0.10° 0.300.06° 0.28+0.05° 0.29+0.09* 0.41£0.03" 0.43+0.02°
20: 4n-6 (ARA)  0.84+0.24 1.08+0.33 1.42+0.48 1.00+0.19 1.17£0.49 1.27+0.24 1.12+0.06
20: 5n-3 (EPA) 0.02+0.00 0.03%0.01 0.02+0.00 0.03+0.02 0.010.00 0.02+0.01 0.03+0.00
22: 5n-3 0.06+0.02% 0.09+0.03° 0.08+0.02° 0.06+0.01* 0.04+0.01° 0.04+0.03" 0.03+0.01°
22: 6n-3 (DHA) 0.43+0.18™ 0.42+0.12° 0.54+0.19° 0.36+0.10™ 0.28+0.09* 0.24+0.03" 0.25+0.05°
YSFA 50.84+1.02¢ 50.68+0.91¢ 48.87+1.66*  46.95+0.60°°  44.83+1.21° 41.45+1.62° 39.55+2.19*
Yn-3 PUFA 0.59+0.18* 0.65+0.20® 0.71+0.22° 0.56+0.17% 0.40+0.12° 0.39+0.03" 0.43+0.06™
Sn-6 PUFA 2.67+0.54° 3.96+1.41" 3.94+0.73% 5.66+1.00° 5.65+1.70° 9.77+1.06° 11.87+1.76°
n-6/n-3 4.71£1.35 6.04+0.38° 5.75+1.09° 10.36£1.30°  14.13%1.12° 25.03£4.17° 28.57+7.63°
(P<0.05).

Note: Different letters in the same row indicate significant difference among different dietary LA levels (P<0.05).
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Optimal dietary linoleic acid requirement for the advanced juvenile
GIFT strain of Nile tilapia, Oreochromis niloticus

TIAN Juan"? TU Wei’, WEN Hua’, JIANG Ming’, WU Fan’, LIU Wei’, YANG Changgeng’, HUANG Feng®

1. Key Laboratory of Aquaculture Nutrition, Ministry of Agriculture, Ocean University of China, Qingdao 266003,
China;

2. Key Laboratory of Freshwater Biodiversity Conservation and Utilization, Ministry of Agriculture; Yangtze River
Fisheries Research Institute, Chinese Academy of Fishery Sciences, Wuhan 430223, China

Abstract: The Genetically Improved Farmed Tilapia (GIFT, Oreochromis niloticus) strain is one of the more suc-
cessfully introduced farmed tilapia in China because of its strong adaptability, rapid growth, high fecundity, and
ability to accept a broad diet. Similar to other fish and vertebrates, tilapia cannot synthesize 18-carbon polyun-
saturated fatty acids (PUFAs) and, thus, require a dietary source of n-6 series FAs (18: 2n-6 or 20: 4n-6) for nor-
mal growth and reproduction. Although the optimum n-6 FA dietary requirements for tilapia < 10 g have been es-
timated to be 0.5%—1.0%, few studies have investigated the linoleic acid (LA) requirement for larger juvenile tila-
pia. Our objective was to determine the optimal dietary LA requirement for larger juvenile GIFT. A total of 630
fish (mean body weight, 60.984+3.82 g) were divided randomly into seven groups with three replicates of 30 fish in
each replicate. Seven diets with a constant dietary lipid level (8%) were formulated to contain seven levels [0.07%
(control group), 0.36%, 0.61%, 1.03%, 2.00%, 3.00%, and 4.15%] of LA by supplementation with corn oil and
palmitic acid to modulate FA contents. The fish were fed three times daily (8:30, 12:30, and 16:30) to apparent
satiation for 10 weeks. At the end of the feeding trial, growth performance, body composition, serum biochemical
indices, and FA composition were measured. The results showed that weight gain rate (WGR), feed efficiency rate
(FER), protein efficiency rate, and protein retention rate (PRR) of GIFT increased initially and then decreased as
LA level increased. A second-order regression analysis showed that the optimal LA level for the best WGR was
2.49%, and that the dietary LA level for the best FER was 2.66%. Broken-line regression analyses of PRR against
dietary LA level indicated that the dietary LA level for the best PRR was 1.02%. Increasing dietary LA level con-
tributed to increase tissue and whole-body lipid levels. Serum total cholesterol and triglyceride (TG) levels were
lowest in the group fed 1.03% LA, whereas the 1.03% LA group had the highest high-density lipoprotein choles-
terol level. Low-density lipoprotein cholesterol content declined as LA increased. Broken-line regression analyses
showed that the optimum LA requirement for the minimum TG level was 1.13%. Tissues FA composition was af-
fected by dietary FA composition. Muscle and liver saturated fatty acid levels declined as dietary level decreased;
however, muscle and liver n-6 FA levels increased and n-3 FA levels declined with the increase in LA level. Our
comprehensive analysis of growth performance, serum biochemical indices, and FA composition in muscle and
liver suggests that the optimal level of dietary LA for later-stage juvenile GIFT is 1.02%—-2.66%.
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