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3 (07:30 19:30),
1%~2%,
19~20°C, >6 mg/L, pH 7.6~8.2,
28~32, NO, -N<0.1 mg/L, NHj -N<0.1 mg/L
68 d
, 24 h
5 , 10
, 20C 4C 4h
s (4000 r/min, 10 min), , —80°C

1.3
105°C
(GB/T 6435-20006);
(Leco FP528);
(GB/T 6433-20006);

(GB/T 6438-2007);
(PARR 6100)

550°C

Folch !
, Metcalfe !4

(GC-2010, Hitachi, Japan)
[15]

supelco 37
(supelco, Bellefonte, PA, USA)

(TG) (TCHO)
(TP) (ALB) (AST)
(ALT) (ALP)
(Hitachi, 7020) ;
(LZM)
(SOD) (MDA), (LPS)
( (LPL) (HL))
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(FAS) 1 pmol 1

37°C ,
1 min, min 1 nmol NADPH 1
1 pmol 1
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Tab.1 Composition and nutrient levels of experimental diet (air-dry basis)

%
group
ingredient
DO D20 D40 D60 D80 D100
" fish meal" 45.00 45.00 45.00 45.00 45.00 45.00
? soybean meal® 24.00 24.00 24.00 24.00 24.00 24.00
% wheat gluten® 7.50 7.50 7.50 7.50 7.50 7.50
o- alpha-starch 8.45 8.45 8.45 8.45 8.45 8.45
methionine 0.50 0.50 0.50 0.50 0.50 0.50
phospholipids 1.00 1.00 1.00 1.00 1.00 1.00
fish oil 7.50 6.00 4.50 3.00 1.50 0.00
wheat germ oil 0.00 1.50 3.00 4.50 6.00 7.50
choline chloride 0.50 0.50 0.50 0.50 0.50 0.50
Ca(H,P0,), 1.00 1.00 1.00 1.00 1.00 1.00
 yitamin mixture” 2.00 2.00 2.00 2.00 2.00 2.00
%) mineral mixture® 1.00 1.00 1.00 1.00 1.00 1.00
® binder® 0.50 0.50 0.50 0.50 0.50 0.50
betaine 1.00 1.00 1.00 1.00 1.00 1.00
7 antioxidant” 0.05 0.05 0.05 0.05 0.05 0.05
total 100.00 100.00 100.00 100.00 100.00 100.00
nutrient level
crude protein 52.5 52.9 52.9 52.8 52.9 53.0
crude lipid 12.5 13.0 12.9 12.9 12.8 12.6
crude ash 13.4 12.9 13.0 13.0 13.0 13.0
/(kJ-g™") gorss energy 20.3 20.5 20.4 20.6 20.7 20.6
o 1) : 65.35%, 7.43%; 2) : 46.42%, 1.43%; 3) : 76.27%, 0.84%; 4) (mg/kg
): VA, 38.0 mg; o— ,210.0 mg; , 4000.0 mg; , 115.5 mg; , 380.0 mg; , 88.0 mg; VD3, 13.3 mg;
, 365.0 mg; , 1030.0 mg; , 10.0 mg; ,20.0 mg; VB>, 1.3 mg; , 500.0 mg; 5) (mg/kg ):

NaCl, 100.0 mg; KCI, 3020.0 mg; ZnSO47H,0, 363.0 mg; C¢Hs0,Fe-5H,0, 1530.0 mg; CuSO,5H,0, 8.0 mg; MgSO,7H,0, 3570 mg;
MnSO44H,0, 65.2 mg; KAI(SO4),, 11.3 mg; Na,SeO;, 2.3 mg; CoCl,, 28.0 mg; KI, 7.5mg; NaF, 4.0 mg; NaH,PO4-2H,0, 25560.0 mg;
, 15975.0 mg; 6) : 3 7) R .

Note: 1) Fish meal: protein 65.35%, fat 7.43%; 2) Soybean meal: protein 46.42%, fat 1.43%; 3) Wheat gluten: protein 76.27%, fat 0.84%;
4) Vitamin premix (mg/kg diet): retinol acetate, 38.0 mg; alpha-tocopherol, 210.0 mg; inositol, 4000.0 mg; thiamin, 115.5 mg; riboflavin,
380.0 mg; pyridoxine HCI, 88.0 mg; cholecalciferol, 13.3 mg; pantothenic acid, 365.0 mg; niacin acid, 1030.0 mg; biotin, 10.0 mg; folic acid,
20.0 mg; vitamin B,,, 1.3 mg; ascorbic acid, 500.0 mg; 5) Mineral premix (mg/kg diet): NaCl, 100.0mg; KCI, 3020.0 mg; ZnSO4 7H,0, 363.0
mg; C¢Hs0,Fe-5H,0, 1530.0 mg; CuSO,4 5H,0, 8.0 mg; MgSO,4 7H,0, 3570 mg; MnSO44H,0, 65.2 mg; KAI(SO4),, 11.3 mg; Na,Se0s, 2.3
mg; CoCly, 28.0 mg; KI, 7.5 mg; NaF, 4.0 mg; NaH,P0O,-2H,0, 25560.0 mg; Ca-lactate, 15975.0 mg; 6) Binder: sodium alginate; 7) Antioxi-
dant: ethoxyquin.
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Tab. 2 Fatty acids profile of fish oil, wheat germ oil and diets
n=3; x+SE; %
group
fatty acid fish oil wheat germ oil DO D20 D40 D60 D80 D100
Cis0 8.48+0.15 — 6.33+£0.10 5.46+0.12 4.56+0.08 3.70+0.09 2.7240.05 1.90+0.06
Cie: 0 24.50+0.27 16.11+£0.20 22.334£0.16 21.53+0.14 20.73£0.19 19.84+0.10 19.08+0.15 18.28+0.14
Cis:o 4.04+0.08 0.79+0.04 3.87£0.10 3.61+0.12 3.25+0.07 2.86+0.05 2.51£0.09 2.16£0.06
> SFA 39.63+0.29 17.14+0.15 34.21£0.14  32.02+0.25  29.76+0.27  27.41+0.18  24.98+0.14  22.80+0.10
Ci6: 1n-7 7.42+0.10 0.14+0.03 6.15+0.12 5.29+0.10 4.56+0.06 3.80+0.09 2.91+0.04 2.154£0.11
Cis: in-o 12.42+0.15 13.83+0.06 11.00£0.06  11.46+£0.12  11.87+£0.10  12.18+0.09  12.53+0.17  12.81+0.13
Cis: 1n7 3.46+0.08 1.41+0.05 2.97+0.09 2.81+0.12 2.61+0.08 2.56+0.10 2.26+0.07 2.04+0.16
Cao: 1n-7 3.25+0.09 1.12+0.04 1.89+0.09 1.73+0.11 1.56+0.09 1.36+0.10 1.12+0.08 0.91+0.05
Ca: ino 4.39+0.08 — 2.33+0.04 1.80+0.05 1.46+0.09 0.89+0.03 0.43£0.04 —
> MUFA 30.94+0.18 16.50+0.22 24.3440.15  23.09+0.10  22.06+0.18  20.79+0.16 ~ 19.25+0.12  17.91+0.15
Cis: 3n3 1.43+0.09 4.1940.10 1.73£0.07 2.13£0.05 2.42+0.03 2.87+0.08 3.14+0.09 3.50+0.04
Ca0: 303 0.18+0.03 — 0.30+0.05 0.12+0.04 — — — —
EPA 5.85+0.12 — 9.18+0.17 8.07+0.10 7.13+£0.08 6.17+0.12 4.93+0.15 4.00+0.06
DPA 0.56+0.09 — 0.95+0.05 0.85+0.03 0.75+0.05 0.71+0.04 0.58+0.02 0.47+0.03
DHA 8.25+0.12 — 11.79+£0.21  10.06+0.15 8.54+0.10 7.30+0.23 5.58+0.17 4.11£0.09
Cis: 2n-6 2.21£0.09 60.70+0.27 7.94+0.18  15.414£0.23  21.95+0.16  29.28+0.25  36.65+0.20  43.82+0.18
ARA 0.64+0.06 — 0.88+0.05 0.69+0.09 0.59+0.04 0.48+0.03 0.39+0.02 0.29+0.05
> PUFA 21.17+0.23 64.90+0.35 34.96+£0.18  39.31+£0.24  43.14+0.27  48.20+0.14  52.25+0.20  56.93+0.24
> n-3PUFA 16.27+£0.19 4.19+0.08 23.95+0.27 21.23+£0.10 18.94+0.24 17.05+0.21 14.23+£0.13 12.08+0.25
> n-3HUFA 14.66+0.18 — 21.92+0.21 18.98+0.19 16.42+0.14 14.18+0.10 11.09+0.09 8.58+0.15
> n-6PUFA 2.85+0.08 60.70+0.36 8.82+0.15  16.11+0.18  22.54+0.10  29.76+0.27  37.04+0.24  44.11+0.20
n-3/n-6 5.70+0.12 0.07+0.01 2.72+0.05 1.32+0.06 0.84+0.03 0.57+0.03 0.38+0.04 0.27+0.02
EPA/DHA 0.71+0.03 0.78+0.01 0.80+0.04 0.83+0.02 0.84+0.04 0.88+0.02 0.97+0.03
. SFA: ; MUFA: ; EPA: ; DPA: ; DHA: ; ARA:
; PUFA: ;=7 0.1%.
Note: SFA: saturated fatty acids; MUFA: monounsaturated fatty acid; EPA: eicosapentaenoic acid; DPA: docosapentaenoic acid; DHA:
docosahexaenoic acid; ARA: arachidonic acid; PUFA: polyunsaturated fatty acids; “—” represents the fatty acid content less than 0.1%.
14 x100;
(survival rate, SR, %)= / (condition factor, CF, g/cm3)= /
x100; >x100
(specific growth rate, SGR, %-d )= 1.5
[In (g)-In ()  (d)x100; SPSS 17.0
(feed conversion ratio, FCR)= (One-Way ANOVA),
(@)/[ (2)- (2)]*100; Duncan’s , 0.05
(protein efficiency ratio, PER)=[ + (x +SD)
(2)- @ (g)x 2
(%)];
(viserosomatic index, VSI, %)= 2.1
/ x100;
(hepatosomatic index, HSI, %)= / 3 , (SR)  90.83%~
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Tab.3 Effects of replacement of fish oil by wheat germ oil on growth performance and body parameters of Cynolossus semilaevis

n=3; x£SE
index £roup
DO D20 D40 D60 D80 D100
/g initial weight 3.71+0.01 3.71+0.01 3.72+0.00 3.71£0.01 3.71+0.01 3.71+0.01
/g final weight 13.51+0.13* 13.41£0.34° 13.12+0.34° 12.67+0.42° 12.52+0.03° 11.40+0.18°
/(%-d™") SGR 1.87+0.01° 1.86+0.04° 1.83+0.04™ 1.80+0.04™ 1.7640.01° 1.63+0.03¢
FCR 0.89+0.02° 0.91+0.03* 0.93+0.06™ 0.94+0.05% 1.02+0.07* 1.06+0.05¢
PER 2.28+0.06° 2.21+0.07* 2.19+0.13% 2.16+0.11% 2.00+0.13% 1.89+0.10°
SR 95.83+1.18 90.83+1.18 95.00+2.04 93.33+2.36 93.33+3.12 95.83+2.36
/% VSI 4.23+0.22 4.34+0.22 4.28+0.29 4.36+0.14 4.2+0.15 4.18+0.19
/% HIS 0.86+0.06 0.81+0.09 0.89+0.16 0.83+0.05 0.80+0.06 0.81+0.06
/(g-em™) CF 0.68+0.02 0.64+0.01 0.66+0.02 0.67+0.02 0.68+0.01 0.65+0.02
3 (P<0.05).

Note: Values are means and standard errors of three replicates. Means in each row with different superscripts show significant differences (P<0.05).

95.83%, (P>0.05); R
(SGR) (PER) D80 D100 DO (P<0.05),
, D80 D100 DO (P<0.05); DO (P>0.05);
(FCR) , D80 5
D100 DO (P<0.05), (P>0.05) R
(P>0.05); (VSI) (P>0.05);
(HSI) (CF) (P>0.05) , D20 DO
2.2 (P>0.05), DO
4 , (P<0.05)
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Tab. 4 Effects of replacement of fish oil by wheat germ oil on body composition of Cynolossus semilaevis
n=3; x£SE; %
B group
index
DO D20 D40 D60 D80 D100
whole fish
moisture 77.38+0.32° 77.54+£0.17° 77.58+0.14° 77.50+0.29* 78.06+0.19° 78.23+0.17°
crude protein 14.84+0.02 14.98+0.25 15.1240.22 14.93+0.15 14.81+0.16 14.78+0.20
crude lipid 5.65+0.19° 5.47+0.07° 5.33+£0.07* 5.29+0.22% 5.03+0.23" 4.79+0.18°
crude ash 1.86+0.11 1.88+0.05 1.88+0.09 1.97+0.07 1.90+0.11 1.97+0.02
muscle
moisture 79.65+1.08 79.51+0.47 79.76+0.65 80.29+0.22 79.79+0.27 80.48+0.25
crude protein 17.44+0.34 17.91+0.38 17.5340.11 17.40+0.08 17.68+0.31 17.40£0.21
crude lipid 1.3240.18 1.50+0.22 1.28+0.14 1.36+0.19 1.50+0.08 1.37+0.17
crude ash 1.21£0.08 1.16+0.03 1.20+0.12 1.16+0.05 1.18+0.09 1.15+0.05
liver
moisture 73.48+0.65 73.23+0.32 73.14+0.13 73.18+0.60 72.99+0.25 72.85+0.66
crude protein 15.04+0.41 15.01£0.11 15.09+0.19 14.92+0.12 14.96+0.41 14.72+0.28
crude lipid 1.2940.12° 1.44+0.15® 1.67+0.12% 2.05+0.19% 2.3240.10¢ 2.79+0.25¢
3 (P<0.05).

Note: Values are means and standard errors of three replicates. Means in each row with different superscripts show significant differences (P<0.05).
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2.3 2.4
8 ,
( 5 6 7 (ALT) (AST)
, (Ci8:2n-6) (ALP) (P>0.05);
(Cig:3n3) (P<0.05); (TG) (TCHO)
n-3 , D60 D80 D100
(P<0.05); n-3/n-6(PUFA) 2.6~ DO (P<0.05); (LZM)
2.9 0.4~0.6(P<0.05); EPA/DHA (P>0.05); (MDA)
(P>0.05), , D20 DO
: Cg:1n0/n-3HUFA (P<0.05), (P>0.05), DO
Cis:1n0/n-3HUFA (P<0.05)

x5 NERFHEN &M FIEEEE KASERE MBI

Tab.5 Effects of replacement of fish oil by wheat germ oil on fatty acid composition in the body of Cynolossus semilaevis

n=3; x+SE; %
fatty acid £rotp
DO D20 D40 D60 D80 D100
Ciao 5.27+0.15 4.55+0.06° 4.05+0.06° 3.42+0.04¢ 2.76+0.10° 2.23+0.08"
Ciso 19.77+0.18* 19.16+0.08° 18.75+0.12° 18.20+0.04¢ 17.92+0.17¢ 17.54%0.16°
Ciso 3.58+0.05" 3.51+0.03% 3.40+0.04% 3.34+0.09% 3.20+0.07% 3.23+0.05°
YSFA 29.61+0.26* 28.22+0.04° 27.240.19° 25.96%0.10° 24.89+0.28° 23.99+0.23"
Cig1n7 6.26+0.11° 5.54+0.03° 5.07+0.08° 4.35+0.10° 3.74£0.10° 3.06+0.15°
Cig:ino 13.43+0.12 13.30+0.06 13.41+0.13 13.26+0.14 13.33+0.07 13.19+0.10
Cigint 3.96+0.10° 3.60b+0.04° 3.40+0.07° 3.12+0.06° 2.99+0.09¢ 2.81+0.08°
Cao:1n7 1.45+0.08° 1.36+0.08" 1.204£0.04° 1.03+£0.04° 0.95+0.07% 0.83+0.09¢
Cazing 1.29+0.07* 1.02+0.02° 0.83+0.07° 0.58+0.03¢ 0.38+0.03° 0.24+0.03"
YMUFA 26.39+0.14° 24.83+0.06° 23.9+0.15° 22.3440.23¢ 21.4+0.19° 20.13£0.27°
Ca02n9 1.99+0.05° 1.75+0.01° 1.51£0.04° 1.24+0.02¢ 0.83+0.03° 0.59+0.03"
Cigsns 1.77+0.09° 2.07+0.06° 2.28+0.05° 2.5240.09¢ 2.72+0.08° 2.94+0.07"
EPA 7.40+0.05° 6.47+0.12° 5.68+0.12° 5.10£0.13¢ 4.11£0.11° 3.52+0.08°
DPA 1.92+0.04° 1.77£0.04° 1.6440.08™ 1.57£0.06° 1.35+0.09¢ 1.194£0.06°
DHA 12.81+0.12° 11.39+0.1° 9.91+0.14° 8.79+0.21¢ 7.32+0.13° 6.30+0.09°
Cigans 8.06+0.33* 14.56+0.15° 19.63+0.34° 25.2240.42¢ 31.12+0.47° 35.2420.27"
ARA 0.93+0.01° 0.81+0.01° 0.7240.02¢ 0.66+0.05¢ 0.55+0.03¢ 0.45+0.04°
YPUFA 34.9+0.46" 38.810.20° 41.38+0.50° 45.1£0.16° 48.00+0.25° 50.23+0.40"
Yn-3PUFA 23.91%0.16" 21.70+0.17° 19.5240.29° 17.98+0.21¢ 15.50+0.23° 13.95+0.09"
>n-6PUFA 9.00+0.35° 15.36+0.16" 20.35+0.36° 25.88+0.37¢ 31.67+0.45° 35.70+0.30"
n-3/n-6 2.66+0.09* 1.41£0.02° 0.96+0.02° 0.69+0.02¢ 0.49+0.01° 0.39+0.00°
EPA/DHA 0.58+0.01 0.57+0.01 0.57+0.01 0.58+0.01 0.56+0.01 0.56+0.02
Cig.ino/n-3HUFA 0.610.01° 0.68+0.01° 0.78+0.02° 0.86+0.02¢ 1.04+0.03° 1.20£0.01°
3 , (P<0.05).

Note: Values are means and standard errors of three replicates. Means in each row with different superscripts show significant differences

(P<0.05).
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Tab. 6 Effects of replacement of fish oil by wheat germ oil on fatty acid composition in the muscle of Cynolossus semilaevis
n=3; x+SE; %
fatty acid grotp
DO D20 D40 D60 D80 D100
Ciao 4.23+0.08° 3.81+0.11° 3.18+0.07° 2.53+0.03¢ 2.10£0.04° 1.73+0.04"
Cie 21.63+0.20° 20.32+0.14° 19.61+0.43¢ 18.73+0.32¢ 18.20+0.41% 17.73+£0.23°
Ciso 4.95+0.07° 4.79+£0.07% 4.66+0.07" 4.43+0.10° 4.35+0.09° 4.31+0.06°
YSFA 30.81+0.13* 28.92+0.27° 27.45+0.29° 25.86+0.55¢ 24.65+0.64° 23.77+0.46"
Cig:int 5.12+0.16° 4.93+0.21° 4.02+0.19° 3.22+0.14° 2.74+0.05¢ 2.37+0.13¢
Cigiino 14.16+0.24° 13.73+0.24" 13.09+0.18° 12.52+0.21° 12.4740.11° 12.62+0.26°
Cigiiny 3.49+0.05° 3.38+0.09° 3.27+0.14° 2.96+0.12° 2.67+0.16° 2.59+0.06°
Ca0:1n.7 1.7140.04* 1.55+0.03° 1.26+0.06° 1.1940.05¢ 1.04+0.03¢ 0.91+0.06°
Ca:1no 1.31£0.07° 0.99+0.05" 0.8+0.06° 0.55+0.02¢ 0.38+0.06° 0.28+0.07°
YMUFA 25.79+0.07° 24.57+0.37° 22.43+0.05¢ 20.43+0.07¢ 19.31+0.25° 18.76+0.20"
Ca0:2n0 0.97+0.05° 0.95+0.02° 0.83+0.04° 0.65+0.01° 0.54+0.01¢ 0.40+0.03¢
Cigans 1.32+0.06* 1.66+0.09" 1.78+0.07% 1.93+0.03¢ 2.15+0.05¢ 2.18+0.07¢
EPA 7.07+0.25° 6.09+0.28° 5.67+0.48" 5.23+0.08° 4.50+0.15¢ 3.63+0.17°
DPA 1.81£0.01° 1.61+0.04¢ 1.67+0.02° 1.61+0.03¢ 1.37+0.02¢ 1.28+0.01°
DHA 13.07+0.51° 10.46+0.69° 9.92+0.29" 8.95+0.38° 7.38+0.07¢ 6.26+0.52°
Cigane 5.69+0.16" 14.240.30° 18.26+0.52¢ 23.37+0.35¢ 28.62+0.13¢ 32.46+0.14"
ARA 0.81+0.12 0.78+0.04 0.69+0.04 0.77+0.07 0.62+0.07 0.57+0.09
YPUFA 31.07+0.82° 35.96+0.43° 39.04+0.31° 42.68+0.14¢ 45.38+0.27¢ 46.97+0.18"
Yn-3PUFA 23.56+0.40° 20.13+0.08° 19.25+0.37° 17.89+0.31¢ 15.61+0.06° 13.54+0.21°
Sn-6PUFA 7.98+0.40° 14.98+0.27° 18.95+0.51° 24.13+0.28¢ 29.23+0.20° 33.03+0.06"
n-3/n-6 2.93+0.11° 1.34+0.02° 1.02+0.05¢ 0.74+0.02¢ 0.53+0.00° 0.41+0.01°
EPA/DHA 0.54+0.01 0.58+0.03 0.57£0.01 0.59+0.03 0.60+0.03 0.58+0.04
Cig.1no/n-3HUFA 0.64+0.02° 0.75+0.05" 0.75£0.04™ 0.78+0.01° 0.93+0.04° 1.1240.10°
, (P<0.05).

Note: Values are means and standard errors of three replicates. Means in each row with different superscripts show significant differences (£<0.05).

2.5

D100

31

, D80
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Tab.7 Effects of replacement of fish oil by wheat germ oil on fatty acid composition in the liver of Cynolossus semilaevis

n=3; x+SE; %
group
fatty acid
DO D20 D40 D60 D80 D100

Ciao 1.74+0.04° 1.3940.09° 1.29+0.04° 1.1540.04¢ 0.91+0.04¢ 0.74+0.02°
Cieo 19.41+0.22° 18.35+0.29" 17.91+0.07% 17.68+0.15% 17.18+0.42° 15.79+0.55¢
Ciso 13.73+0.08" 13.22+0.08" 13.25+0.31° 13.23+0.10° 13.08+0.03° 13.000.03"
S SFA 36.37+0.18" 34.31+0.18° 33.67+0.35% 33.18+0.11% 32.14+0.43¢ 30.36+0.53¢
Cie:in7 1.73+0.04° 1.37+0.07° 1.25+0.06° 1.04+0.06¢ 0.91+0.05° 0.74+0.00"
Cis:ino 7.71£0.20° 7.22+0.05° 6.89+0.18° 6.76+0.35° 6.65+0.02° 6.54+0.02°
Cis:int 2.79+0.06° 2.610.04° 2.41+0.04° 2.310.13¢ 2.14+0.06° 1.96+0.08¢
Ca0:1n7 0.89+0.05" 0.72+0.04° 0.66+0.02° 0.59+0.02¢ 0.47+0.00¢ 0.41+0.01¢
Cr:ino 0.4440.01° 0.33+0.01° 0.29+0.03° 0.19+0.01¢ 0.11£0.01° —

> MUFA 13.56+0.28" 12.26+0.12° 11.5+0.25¢ 10.89+0.55¢ 10.27+0.07° 9.65+0.11°
Ca0:2n9 0.23+0.01° 0.21+0.01° 0.17+0.01° 0.14+0.00¢ 0.09+0.01°¢ —
Cisians 0.61+0.01° 0.67+0.01° 0.72+0.02° 0.74+0.02° 0.83+0.01¢ 0.89+0.03°
EPA 11.51+0.18" 10.6+0.16° 9.39+0.30° 7.74+0.15¢ 7.02+0.09° 6.17+0.07"
DPA 1.67+£0.01° 1.64+0.03" 1.53+0.08" 1.4740.06¢ 1.4140.03¢ 1.40+0.09¢
DHA 18.03+0.17* 17.42+0.28° 16.8+0.19¢ 14.17+0.11¢ 12.91+0.26° 11.44+0.12"
Cisones 7.63+0.29° 14.03+0.28° 17.54+0.17° 22.54+0.21¢ 27.88+0.44° 32.65+0.45"
ARA 3.344+0.05° 3.15+0.03" 3.04+0.05¢ 2.63+0.03¢ 2.36+0.05¢ 2.10+0.01°
> PUFA 43.06+0.42° 47.86+0.77° 49.44+0.19° 49.58+0.35¢ 52.65+0.38¢ 54.9+0.56°
> n-3PUFA 31.86+0.07* 30.47+0.46° 28.69+0.20° 24.27+0.20¢ 22.3240.16° 20.15+0.10"
> n-6PUFA 10.97+0.34% 17.18+0.31° 20.57+0.21¢ 25.17+0.18¢ 30.2440.39¢ 34.75+0.46"
n-3/n-6 2.94+0.08* 1.774£0.01° 1.39+0.02° 0.96+0.01¢ 0.74+0.01° 0.58+0.01"
EPA/DHA 0.64+0.02° 0.61+0.00° 0.56+0.02° 0.55+0.01° 0.54+0.02° 0.54+0.01°
Cis:n0o/n-3HUFA 0.25+0.01° 0.24+0.01° 0.25+0.01° 0.29+0.02° 0.31+0.00° 0.34+0.00¢

3 , (P<0.05).

Note: Values are means and standard errors of three replicates. Means in each row with different superscripts show significant differences (£<0.05).
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Tab. 8 Effects of replacement of fish oil by wheat germ oil on plasma parameters of Cynolossus semilaevis

n=9; x+SE
index group
DO D20 D40 D60 D80 D100

/(UL ALT 29.97+3.84 27.53+1.84 29.00+1.36 26.43+2.98 30.10+1.42 30.13+2.79
/(U-L™') AST 157.00£29.64  139.70+13.47 160.70+28.01 157.35+22.90 170.65+27.31 165.50+31.60
/(mmol-L ") TG 3.360.18" 3.41+0.09° 3.39+0.13* 3.57+0.10% 3.75+0.15° 3.85+0.11°
/(mmol-L™") TCHO 2.22+0.25 2.2540.23" 2.43+0.27° 2.75+£0.31% 3.05+0.21° 3.29+0.13°

/(U-L"y ALP 28.50+1.50 26.33+6.85 25.00+4.00 27.50+3.50 26.00:+4.00 28.00:6.00
/(U'mL™") LZM 682.16+33.38  838.66+58.15  723.55£92.03  720.58+108.45  721.68+102.27  828.41+18.13
/(nmol'mL™") MDA 17.13£0.40°  16.86=1.20° 13.35+0.78" 8.22+0.79° 7.67+0.71¢ 5.58+0.57¢

3 , (P<0.05).

Note: Values are means and standard errors of three replicates. Means in each row with different superscripts show significant differences
(P<0.05).
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Tab. 9 Effects of replacement of fish oil by wheat germ oil on lipid metabolism enzyme activities of Cynolossus semilaevis

n=9; x£SE
index £romp
DO D20 D40 D60 D80 D100
liver
/(U-mg™") LPL 12.65£1.19*  13.20£1.73*  14.26+1.30™° 15.55+1.45% 16.40+1.88% 17.20+1.71¢
/(U'mg™') HL 2243+0.86" 23.75+1.67°  24.54£232"°  26.00£0.89"  27.59+£2.04°  29.36+3.70°
/(Umg ") TL 35.08+1.70°  36.95+2.88%  38.90+3.14™ 4155234  43.99+3.89™  46.56+5.22°
/(nmol'g™") FAS  3.81x0.14°  3.93£0.20™  4.10+£0.20™ 4.19+0.12  4.30+0.16™ 4.36£0.13¢
gut
/(U-g™") LPS 314.97£26.10° 326.51+14.76™ 348.17+20.41°*  362.72+£16.08"¢ 381.11£11.75° 396.14+18.86°
: 3 , (P<0.05).
Note: Values are means and standard errors of three replicates. Means in each row with different superscripts show significant differences
(P<0.05).
fifl(Erythroculter , ,
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[25] ,
n-6PUFA, n-3HUFA, , , ;
, n-3HUFA , )
n-3HUFA 2.48% 2.34% ,
2.00% 1.71% 1.33% 0.98%, ,
) n-3HUFA ,
1.33%, n-3HUFA ,
[31]
n-3HUFA ,
3.2 ) ) )
, (Na"  CI), Mg**



1204 22
SO%_ Ca%) i [32] [35] ARA
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Effects of replacing fish oil with wheat germ oil on growth perform-
ance, body composition, serum biochemical indices, and lipid meta-
bolic enzymes in juvenile Cynoglossus semilaevis Giinter

HUANG Yu'?, WANG Jiying?, LI Baoshan’, HAO Tiantian®*, XIA Bin’, SUN Yongzhi’, WEI Jiali"%,
WANG Shixin®, ZHANG Limin®

1. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China;

2. Key Laboratory of Marine Ecological Restoration, Shandong Marine Resources and Environment Research Institute,
Yantai 264006, China;

3. Shengsuo Fishery Feed Research Centre of Shangdong Province, Yantai 265500, China

Abstract: A 68-d feeding trial was conducted to investigate the effects of replacing fish oil with dietary wheat
germ oilon growth, body composition, serum biochemical indices, and lipid metabolic enzymesin juvenile Cy-
noglossus semilaevis Giinter [initial body weight, (3.70+£0.01) g]. Six isonitrogenous and isoenergetic experimental
diets were formulated with 0, 20%, 40%, 60%, 80%, and 100% replacement of the fish oil with wheat germ oil.
Survival rate was similar among the fish fed the different diets (P>0.05). Specific growth rate and the protein ef-
ficiency ratio decreased with increasing replacement level; the 80% and 100% replacement groups were signifi-
cantly lower than the control group (P<0.05), whereas the feed conversion ratio showed a reverse trend [80% and
100% replacement groups were significantly higher than control group (P<0.05)]. No significant differences were
observed in the viscerosomatic index, hepatosomatic index, or condition factor (P>0.05). Liver fat content in-
creased with increasing replacement level, whereas whole fish fat content decreased; whole fish water content in
the 80% and 100% replacement groups was significantly higher than that in the control group (P<0.05). Muscle
and liver Cig. 3,3 and Cys. 2.6 cOncentrations increased significantly with increasing wheat germ oil level (P<0.05),
whereas Csy. sp.3 and Csy. 6,3 concentrations decreased significantly (P<0.05). No differences in serum glu-
tamic-pyruvate transaminase, glutamic-oxaloacetic transaminase, or alkaline phosphatase (P>0.05) were detected.
Serum triglyceride and total cholesterol levels decreased with increasing replacement level; the 80% and 100%
replacement groups were significantly higher than the control group (P<0.05). No significant difference was found
in serum lysozyme activity (P>0.05), but serum malondialdehyde content decreased. Hepatopancreas lipoprotein
lipase, hepatic lipase, fatty acid synthase, and intestinal lipase activities increased with increasing replacement
level. These results suggest that wheat germ oil can replace 60% of fish oil without significantly affecting growth
of juvenile C. semilaevis Giinter. Wheat germ oil promoted body fat metabolism and inhibited lipid peroxidation
but significantly changed fatty acid composition in tissues.

Key words: Cynoglossus semilaevis Glinter; wheat germ oil; fish oil; growth; body composition; serum biochem-
istry; fat-metabolizing enzymes
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