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, 2.5mm 45°C 12h
(Wang et al, 2016) -20°C
Jiang et al, 2015 o
(llang et al, 2013) %2 IR
s Tab.2 Fatty acid composition of experimental diets
P S25 S50 S75 S100
C14:0 3.15 2.35 1.55 0.94
C16:0 18.03 16.02 14.35 13.10
1 C18:0 4.92 4.54 4.50 4.34
1.1 > SFA' 26.09 22.91 20.41 18.38
Cl6:1 4.74 3.49 2.55 1.81
2 2
C18:1n9 25.01 22.79 23.93 23.91
25% (S25) 50% (S50) 75% (S75)
> MUFA? 29.75 26.27 26.48 25.72
100% (S100) , 4 (50.26%—
C18:2n6 24.46 33.17 38.54 44.90
o —
51.03%) (20.82—21.01kJ/g) () C18:3n3 395 5.00 6.56 6.90
2 C20:4n6 0.77 0.59 0.34 0.01
% 1 ;-ﬁ"ﬁﬂ*imﬂﬁﬁﬁﬁéﬁﬁﬁ(%) C20:5n3 5.58 4.45 2.94 1.73
Tab.1 Formulation and composition of experimental diets (%) C22:6n3 10.09 7.61 4.73 2.36
S25 S50 S75 S100 ZPUFA3 27.71 38.17 45.10 51.80
31.41 31.41 31.41 31.41 n-3 HUFA* 15.67 12.06 7.67 4.10
34.15 34.15 34.15 34.15 >n-3/3n-6 0.75 0.51 0.37 0.25
11.31 11.31 11.31 11.31 1. ;2. ;3. ;4. n-3
4.80 3.20 1.60 0.00
1.60 3.20 4.80 6.40
1.2
! 2.50 2.50 2.50 2.50
0.30 0.30 0.30 0.30
2 1.50 1.50 1.50 1.50 ’
CMC 2.50 2.50 2.50 2.50 ( ) ’
vC 0.50 0.50 0.50 0.50 2 4 2 ?
18.57 18.57 18.57 18.57 240 12
(g/100g ) 500L PE 4 ,
3.25 2.48 3.46 2.90 3 , 20 ( 6g)
50.26 50.64 50.33 51.03 6 9:00 18:00 2
8.23 8.19 8.07 7.97
5.73 5.56 5.74 5.94
b b
kJ/ 21.01 20.82 20.90 21.01
(ki) (28+2)°C, (25£1)g/L,
1. /kg): 4 5 200
(gkg) g, g, g, 6mg/L, 0.1mg/L
0.6g, 1.5g, B1,0.01g, D 10g, 20g,
4g, sg, E 40g, ASg, D 4.8g, 1.3
o- 700.09g s 18 s
2. (g/kg): MgS047H,0 90.43g, Ca(H,PO.), , 24h
122.87g, KI 0.02g, KH,PO, 42.03g, FeSO,7H,0 19.73g, CuSO45H,0
0.34g, NaCl 32.33g, KC1 65.75g, CoCl,-6H,0 0.79g, ZnSO4 7H,0 8.44g, 5
38.26g, K,SO,4 163.83g, (98%) 683.62g, MnSO,-H,O 3 .
0.37¢ ’
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, -76°C
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1.4 Microsoft Office Excel 2007 ,
AOAC(1995) SPSS 18.0 (IBM, Chicago, USA) for Windows
(Nx6.25) (K355/K437, Buchi, (ANOVA), s
Flawil, Switzerland); Duncan’s R R
(E816, Buchi, Flawil, Switzerland); P<0.05
(Freeze Dryer LL1500, Thermo Fisher
Scientific, Waltham, USA), 550°C 2
2.1
- ( 3
2:1, V) 3 ,
(FAME) (GC 7890B, Agilent (WG) (SGR)
Technologies, Santa Clara, USA) (P>0.05), 100% WG
(60mx250um; DB-23 Agilent, America) SGR
( 70°C, 20°C /min 150°C, (DFI) (P>0.05) (FCR)
6°C/min 180°C, 20°C/min (P<0.05),
220°C, 6min) , ( , , FCR
140.43kpa; : ImL/min) (1.96+0.42) 100% , 25%—T75%
250°C  300°C 3 (P>0.05)
1.5 (PER) , 100%
“ + ” (1.06+£0.21)
*3 EhEBRE&HMFTRARESESE KEART NG
Tab.3  Effect of dietary fish oil replacement by soybean oil or;kgar;)’tzth performance and feed utilization of red spotted grouper E.
S25 S50 S75 S100
(IBW)(g) 5.9540.03 6.00=0.05 5.98-0.03 6.02-0.08
(FBW)(g) 14.15%0.70 14.29=+1.10 14.24=%+0.91 12.80=+1.04
(WG)(%) 137.83410.78 138.01%16.63 138.10%+15.81 112.78420.14
(SGR)(%/d) 2.08=+0.15 2.13%0.16 2.1240.17 1.670.08
(FCR) 1.71=%0.10ab 1.37%0.12b 1.48+0.14b 1.96+0.42a
(PER) 1.20=%0.08ab 1.46+0.14a 1.37%0.12a 1.06%=0.21b
(DFI) 3.3240.09 2.65+0.08 2.864+0.19 3.39+1.10
1. (P<0.05), (P>0.05);
2. (WG, %)=100x(FBW-IBW)IBW; (SGR,%/d)=100x[In(FBW)-In(TBW)}/42; (FCR)=
/(FBW-IBW); (PER)=(FBW-IBW)/ ; (DFD)=100x 0+ )2x42
2.2 x4 THEREBRNFSAHENEEYFIRIROZIE
Tab.4 Effect of dietary fish oil replacement by soybean oil on
« 4 5) biometric parameters of red spotted grouper E. akaara
4 > S25 S50 S75 S100
100% (VSD) 14.15+0.70 14.29+1.10 14.24=0.91 12.80+1.04
(HSI) , (HSI)  1.10£0.70  1.10+£0.13  1.09+0.20  1.21+0.31
(P>0.05) (P>0.05) (IPF)  1.62£0.31  2.1320.44  2.02+0.12  1.720.61
( 9 25% 1. (P<0.05),
(7.36+0.32), 75%  100% , ) (VS(I’;: v o0 vy
50%—100% x100; (IPF)= /%100
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®5 EHEBEREHMFRARELSEKRARNFIE (P>0.05)
Tab.5 Effect of dietary fish oil replacement by soybean oil on
body composition of red spotted grouper E. akaara (P>0.05)
S25 S50 S75 S100 2.3
( 0
70.60+£0.57  70.97+0.26  71.30+0.40  70.53+2.34 6 ,
16.45+0.48 16.54+0.19  16.06+0.48 16.49+1.28
7.36+0.32°  6.81£0.27"  6.62£0.34"  6.71£0.35
(C18:2n6) (PUFA)
76.40£0.94 75324021  75.53+1.26  76.09+0.86 (P<0.05); ARA(C20:4n6) EPA
20.11+1.63 20.25+0.86 19.82+0.53 19.50+1.25 (C2051’13) DHA(C2261’13)
1.89£0.64  2.18+0.75 2.32+0.83 2.00+0.59 25%—75%
(P<0.05),
(P>0.05) (P>0.05)
F6 ZMEBREMEFSANELE S KRIERIERL KRN
Tab.6  Effect of dietary fish oil replacement by soybean oil on body fatty acids composition of red spotted grouper E. akaara
S25 S50 S75 S100
Cl14:0 4.46 3.52+0.21* 3.30+0.42% 3.04+0.08" 2.80+0.07°
C16:0 21.81 19.52+0.53" 19.07+0.62 19.01£0.17% 18.47+0.16°
C18:0 8.42 8.19+£0.10 7.9240.28 8.03+0.15 8.13+£0.43
¥ SFA 34.69 31.24+0.67° 30.28+0.72% 30.07+0.30° 29.40+0.41°
cle:1 5.84 4.95+0.34° 4,54+0.52" 4.19+0.19™ 3.8720.09°
C18:1n9 21.38 21.17£0.48 21.85£1.27 20.32+0.08 21.35+0.74
> MUFA 27.22 26.13+0.62 26.39+1.67 24.514+0.19 25.224+0.83
C18:2n6 11.39 17.99+1.51° 18.96+0.90° 24.25+1.74° 26.46+0.41°
C18:3n3 2.18 4.85+2.10 5.3242.82 3.08+0.24 4.48+2.25
C20:4n6 1.42 1.36+0.05° 1.29+0.11° 1.18+0.07* 0.90+0.20°
C20:5n3 7.96 5.06£0.16™ 5.19+0.68" 5.21£0.93" 3.92+0.47°
C22:6n3 15.15 13.39+0.25% 12.56+1.01° 11.69+0.77* 9.62+1.58"
Y PUFA 38.10 42.64+1.06° 43.33£2.13% 45.42+0.34° 45.37+0.67°
Sn-3 HUFA 25.28 18.45+0.39° 17.75+1.25° 16.90+1.65* 13.54£1.92°
Sn-3/Yn-6 1.97 1.21£0.17* 1.14£0.10° 0.79+0.10° 0.66+0.04°
(P<0.05), (P>0.05)
3 )
FCR  PER ,
> 6 ; FCR PER |,
)
(Oncorhynchus mykiss)( Xu (2012)
, 2009; Thanuthong et al, 2011a, b) (Siganus canaliculatus)
(Hucho taimen)( , 2006) , (HUFA)
(Peng et al, 2008) (Scophthalmus maximus) ,
(Peng et al, 2014) R (DHA) (EPA),
, Turchini  (2009) ,

WG

HUFA

E
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EPA DHA ,
EPA DHA 0.8%—2%
(NRC, 2011) ( , 2015),
s EPA DHA ( ,
0.3% R , 2014)
, Peng (2008) R
25% , 50%  75%
EPA DHA , EPA s
DHA >
, 25% , 75%
(Rachycentron canadum)( , 2007) (2015) s PUFA
(Caballero et al, 2002) (Salmo salar)(Bell et ,
al, 2001) (Bell et al, 1995) Skonberg , , ,
(1994) , 75%
) ) 25% , PUFA,
EPA DHA , 75%
EPA DHA ) )
, EPA DHA ( ,2014) (Peng et al,
, 2008) (Turchini et al, 2009)
EPA DHA
4
( , 2015) , ,
, C18:2n6 , 75%,
C18:2n6 ; EPA DHA
, C18:3n3 R )
C18:3n3 , EPA
, DHA
Cl18:3n3 Cl18:2n6
(Thanuthong et al, 2011)
> , , 2006.
’ , 13(6): 1023—1027
’ . . , 2007. 3
HUFA (Bell et al, 2001; (
Caballero et al, 2002) ), 26(3): 237—245
> s , 2015.
’ ’ , 27(5):
n-3 HUFA( 14211430
2015), EPA  DHA, , , , 2015,
, HUFA ,34(2): 122—127
s R ,2014.
’ ) , 49(6): 897—903
HUFA , 2015. o

n-3/n-6 S

,27(3): 766—774
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EFFECTS OF DIETARY FISH OIL REPLACEMENT BY SOYBEAN OIL ON
GROWTH PERFORMANCE, BODY COMPOSITION AND BODY FATTY
ACID COMPOSITION OF RED SPOTTED GROUPER EPINEPHELUS AKAARA

WANG Ji-Teng, JIANG Yu-Dong, YANG Yun-Xia, HAN Tao, YANG Min,
ZHENG Pu-Qiang, SHENG Jian-Hai

(Aquaculture Department of Zhejiang Ocean University, Zhoushan 316022, China)

Abstract A 6-week experiment was conducted to investigate the effects of dietary fish oil replacement by soybean oil
on growth performance, body composition, and body fatty acid composition of red spotted grouper Epinephelus akaara.
Four isonitrogenous (crude protein 50.26%—51.03%) and isoenergetic (20.82—21.01kJ/g) experimental diets were
formulated with soybean oil replacing 25%, 50%, 75%, and 100% fish oil, respectively. Grouper were randomly distributed
into four triplicate groups (20 fish per group). The results show that with the increase of soybean oil content, FCR (food
conversion factor) decreased and then increased. The highest FCR value (1.96+0.42) occurred in the group of entire
replacement by soybean oil. However, the PER (protein efficiency ratio) value showed an inverse tendency with FCR. The
entire replacement treatment showed a relatively high HSI (hepatosomatic index) value, but no significant different was
observed among treatments (P>0.05). In addition, no significant impact was shown on whole body moisture and protein
regardless of soybean oil replacement level (P>0.05), except that those fed with 25% replacement of soybean oil showed
the highest whole body lipid content (P<0.05). No apparent correlation occurred with the dietary replacement in body fatty
acid composition. The content of C18:2n6 significantly increased (P<0.05) with increase in dietary soybean oil level; and
the lowest ARA (C20:4n6), EPA (C20:5n3), and DHA (22C:6n3) contents occurred in 100% soybean oil group. Therefore,
the level of soybean oil replacement should be kept below 75%.

Key words red spotted grouper Epinephelus akaara; dietary replacing; growth performance; body fatty acid
composition
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