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(1. P ERZEB KAV T TR KRS S AR AR E R E S sl =, BN 430072;
2. R E BB R BARAR ML BL 24P, AL 100049)

WEE: N TR S AP B A A I 5 AN 5] i A 7 B B (Carassius gibelio) £ A< F0 A 5 AWM A 52, DL A v
(FO)VATR A I (BVO, SEFFIH - K 52 R A I =55%25%:20%, VLA UL £8 3 1 Fig 7 R 4L B ) Ay e sk g ol 905
e ) <5 A B T RHEC T, 20 ) Bl PR 7 R o R 345:°(5.01:£0.05) g AN R 545:(5.020.05) g, F75E A 1170d .
TEVARR B IR 1, BVOZH & 26 B35 | T M Ak 0% B 2K T FOZH.(P<0.05). BVOL A ] 5 Fl 57 B 4R 4l
WL srebp-1cFlace )35 R 335 5 5 3 T 5, I3 R A AR B 1 4. 35 B4 R (P<0.05). BVOLL &35 5748 1 fa iR LA
JIE W BR 4L R, 43 99) B AN N T LA En-6 PUFAAIZn-3 PUFARIAR R & 8 (P<0.05). ££ 5 Fh 5 T, A 35 & (]
FRE IR, 5 B ARSI R RES S8 B R B AR T RO B v T BE3S(P<0.05) . < RES S LA AR
S FE D G T BR AR AL 2 (R hsIfllaco 3 M BF Wit aco3 fabp1bMifatp ] F13R 1K B3 B2 & F<p #1355 (P<0.05), HfA
PRGN & & S ER T R3S, R <rRRES 5 m] DUt s B FRDEH T 107 R AR RE o T8 7 s A Ront 5
B AR A KR A A BAR A erp RS S EBVOALR AR KR H b B3 5 I BFOH L W&
PEZE 5:(P>0.05), R T MY IR TR RBES 5w ek R s i BRI 7). 4% b, AL R T A [ b 57 B 4R
AR g IR ) 22 S K 43 ML, o S B AR SR ) R P I AN R e B R AL T I R S R4

— ool
WMrE BRE
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R AE W 41 PR S ARSI 41 A S e R R 6 A
REWIE N R ATk, 251 2 S 2 EYERE,
T LU A v P e R R i o g R
KA 2 ARG I B2 (LC-PUFAs). 1Bk TL4
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JRR 1 43 i) 56 4 B A i 3 304 B (Rachycentron
canadum) KR %% . WA RERS i vi Y.
W B ARORT AR 2 A [R] 9 52 e W B A2 AN [ B s
P b e TR AL RS 22 S I R ) o PR, Sd it 22 MR )
TR A1 311467 1 A 107 BR AR = AT e 2 48 AL A T
97 U5 AR A SR B AE T 2

5 B R Carassius gibelio) &% [ & Z 1 K52
WK BFRFE b, R3S MRS 5 R Bl
AT BB R . BTHIRE AR B, R X
R [ e S A AR AR ) s e R 2 R
IEAR, AN b e B AR AE R AN [FIRE . IRAKT R,
X B 1R 7 A7 A 2 S R, A 14
W57 B A< L35 A LSS v R T YR
IR AT BB AEAE 22 7 o A SIS DA S /5 AR Y e rp )
3R RS S A L R, 27 i R DT R
H RS VR A R DR, VAR AN R AR R s 6T
AN b S B AR AR KPR RE . ARIE AR . L
PRI 7 BR 2HL A I A= A S g W AR (IR 7 6 1l
JE 197 53 fi - TG 0 TR B4R A AN IR 7 TR 3% 32 ) 1) B2 1) o
AW T AT A AE AR D78 B A i PR AL RS S, IF
e BOR] F AR D NG 075 ) #8204 ik B SR AL 3D
Hefitt

1 #RERE

1.1 SCIeGER

ARSI UL o S S I SR . KRS
L BRI A% B 55% 1 25% : 20% ) HL B R D & 5 fa
JHUAEABL PR A 5 R ZEL o 433 DA £ 3 (FO) RV & A
V)i (BVO)Y N g 7 U5, B i P P 45 % (35%) % i
(%) 1Ak, SEIG PR 7 IR 1. B R R i IS
2240 H Gt W L 57, 1% 80 7 B gl 78 40 VR AT, FEINAK AR
PE 5 F HRL L (SLP-45, b i i VAT Ik 15 45 1F 572 T,
o )i £ 2 mm P RERIORL . A kR A i i
iR AL, BL ERBHE AT S0CHE+ 5 T—20°C ik
P CRAT 2% P o ) AR B R 4L R L3 2
1.2 it RIAFF

SEIGFT i ) o B AR rh L35 (A strain) Fl«H
BE557(F strain)g)) 25 o v (B B} 22 e K A2 At 9T
FrGsdt, RpOFME. 78 1B /T, BT 1) AR
= WNEIR K FRIE 2 G0 b 8 7728 LLIE B 77 E R 85
3 1) 45 PR 2 AR S VR A . B SR f L TR
24hJi5, BENLPR U RS FHIT . A1 0 i B B AN [7] 5 ol
5B W R3S (5.0120.05) gl RE5 S
(5.02+0.05) g], PR EE J5 TN 7% FE L A ik AT 9% B S
9. RFE25E, AT TAT . TR LI R4
70d, & R A B3R (8:30. 13:30F118:30),

SEI6 W A] B 7K IR (28.99+0.47) °C, 1R 4E>T7 mg/L, &
%.<0.1 mg/L, pHA6.5—7.0. JeIEFEHI N 120:12D
(8:00—20:007%:5%), 7K G REEREEA2.79—3.32 pmol/
(s-mz)a
1.3 HEmRE

TEFRIE SRR S5 e, # AU Sh = BURE . TR
% 7 MS-222 (60 mg/L, Sigma, USA)¥f %% 4b 38 L
1) S 56 £ BRI 5 TR L, B S AT HURE . TR LR
MUk 2 fh, FHFE 2R AN E R e 1 1) 7 T v 4 4%
B B8 Fik BRI FHE TN 1.5 mL 2K B 250, 3000xg
150 10min)5 73 2 ML 3, fRAF T -80°C HI T )5 1 7)

Fz 1 EAREAFYFEER( THIR)

Tab. 1 Formulation and chemical composition of the experimen-
tal diets (% dry matter)

J5K} Ingredient PR} Diet
faih FO R& Y BVO

1. White fishmeal 10 10
Ji% % 1 Casein 34 34
T KGE I Corn starch 30 30
1 Fish oil 7 0
¥t itiRapeseed oil 0 3.85
K& Soybean oil 0 1.75
E A Palm ol 0 1.4
LA FEME IR Ethoxy quinoline 0.02 0.02
Y E TR Y Vitamin premixl 0.39 0.39
S ALJEFR Choline chloride 0.11 0.11
B 4L TR ¥ Mineral premix’ 5 5
L 4R PICMC
Carboxymethylcellulose sodium 3 3
4k % Cellulose 10.48 10.48
k2240 il Chemical composition (%)
# 5 A Crude protein 35.48 35.48
FEJE Vi Crude lipid 9.32 9.36

VE: Y R TRY (mg/kg TED: 4EE A, 1.65; 4EEED,
0.025; 484 KE, 50; 44 KK, 10; 44K C, 100; B X, 20; %
HR, 20; 4E2EEB6, 20; 4E4E £ B12, 0.02; MR, 5; 2 BR4S, 50;
JILEE, 100; MHER, 100; E¥ K, 0.1; 4L %, 645.2; 545 TR
Yl(mg/kg TR EALEN, 500; LK ERREREE, 8155.6; /K Ak
iE &N, 12500.0; BEER — A 4T, 16000.0; /K & BEER A4S,
7650.6; LKA TRER W £k, 2286.2; TK A FLERES, 1750.0; LK &
TREREE, 178.0; —/KEBIREL, 61.4; FUKERERMT, 15.5; Lk &
RS, 0.5; WULER, 1.5; FKyek, 753.7

Note: 'Vitamin premix (mg/kg diet): Vitamin A, 1.65; Vita-
min D, 0.025; Vitamin E, 50; Vitamin K, 10; Vitamin C, 100;
Thiamin, 20; Riboflavin, 20; Pyridoxine, 20; Cyanocobalamine,
0.02; Folic acid, 5; Calcium pantothenate, 50; Inositol, 100; Niacin,
100; Biotin, 0.1; Cellulose, 645.2; *Mineral premix (mg/kg diet):
NaCl, 500; MgSO, 7H,O, 8155.6; NaH,PO,-2H,0O, 12500.0;
KH,PO,, 16000.0; CaHPO,-H,0, 7650.6; FeSO, 7H,0, 2286.2;
CeH;¢CaO4-5H,0, 1750.0; ZnSO4 7H,O, 178.0; MnSO,4 H,O0,
61.4; CuSO,4'5H,0, 15.5; CoSO,4-7H,0, 0.5; K1, 1.5; Corn starch,
753.7
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2 ARBEIERE R (% SAEAHER)
Tab. 2 Fatty acid composition of the experimental diets (% of
total fatty acids)

e i TRl Diet
Fatty acid #IHAFO (%)  IBAHEYIIBVO (%)
C14:0 11.37 2.03
C15:0 1.20 0.34
C16:0 15.31 7.27
C17:0 0.83 0.19
C18:0 0.20 3.69
TSFA' 28.91 13.52
C16:1n-9 8.90 1.00
C18:1n-9 25.20 49.61
€20:1n-9 1.06 0.11
C22:1n-9 0.60 0.09
SMUFA’ 35.76 50.80
C18:2n-6 4.13 24.15
C18:3n-6 0.32 0.14
C20:2n-6 0.51 0.27
C20:4n-6 1.07 0.26
In-6 PUFA’ 6.02 24.82
C18:3n-3 1.64 4.80
C20:5n-3 9.35 0.86
C22:6n-3 11.69 1.45
n-3 PUFA' 22.67 7.12
n-3/n-6 PUFA 3.77 0.29

VE: 'SSFA. YRR R A 5 "IMUFA. SN A 7
5 °En-6 PUFA. n-6 5 51 % N ULl g 7 2 &4 BE; *En-3 PUFA. n-
3RV Z ABANRNIE 2 &

Note: 'SSFA. Total amounts of saturated fatty acids;
’SMUFA. Total amounts of monounsaturated fatty acids; *Sn-6
PUFA. Total amounts of n-6 polyunsaturated fatty acids; *Tn-3
PUFA. Total amounts of n-3 polyunsaturated fatty acid

Bro [RIISE, FE KR S5 A T A e B f, PR T B AS
JUE FR UL PR o, o G RN VR AR R T R I DR A AE
—-80°C. b, BUNLNZHZRE i, 28 R TR 5
FH 300 5 i 107 PR 2L ik o
14 H&ROWMEE

2 I AOACTT "1 43 HT Sz 36 ) el Al 0 K f) 2
WHEOK 7 Koy FRERT). 4 5 A2 HEAE (F 74
PER T A, RS 2%, P E i) F105°C IR E &,
Ik R E VR ; AR R TESSOC R IS b (S IR,
o E AR A R e 3hZe 1E L, SR O VAN 5E K 53
FHREIT 534 LA STV E BRI, 762 I3 (Soxtec
System HT6, Tecator, Haganas, Sweden) #1717, =
B Foleha% 7 idk, A FH 40007 - =2 IR A ik 4
E R R AL A A 2L g, T ASOR o T ASOR I 5 g 105
P8 1 2H J RN 25 B2 (7890A-5975C, Agilents Technolo-
gies Inc., Santa Clara, CA, USA). I3 & M. H

T8 = 18 RN IE [ S 5 ok RS & KR & (Fujifilm,
Wako Pure Chemical Corporation, Osaka, Japan)i#f 1T
W5E o A AR i 2 I ] B (LDL-C) A i 2% 52
i 8 I (HDL-C) 737 SR FH B ¢ 4 B it i)
EAT13-1-DRTAT12-1- 1A 0 (P 358 2 e A2 R W
FoHT, T EFR).
1.5 HEFRESH

{ F TRIzolisk 7!l (Invitrogen, Carlsbad, Califor-
nia, USA) I ATIL P 4 23 SR IS RNA, Gl i 3
8 3%\ F) FM-MLV First-Strand Synthesis Kit (Invi-
trogen, USA YK} FL i 3% 5% N cDNA . SER %% € &
E Light Cycle 480 II (Roche, Basel, Switzerland){X
% | 347, R FISYBR® Green | Master (Roche,
Basel, Switzerland)7< Yt %% €2 551 I & JH- I A0 LA A
JE Wi AR A G IR R A X R A . i B-actinhy
WS B, LA RS B it ST RS R
Pfaffl”, 5195 KL% 3.
1.6 HIEH

Jiv A e 4 FH 2 T 14 SPSS 18.0 (SPSS Inc.,
Chicago, IL, USA)H#EAT Giit 70 Mr, &5 SR A E LR E
R(mean+SE, n=6)& <. KK T % 70 M (Two-
way ANOVA)K ECE PRk (f i vs. T & R A7) A
PR Tvs FRISS)RA TR MTER] . AFER
‘HAEH K (P<0.05), H Student-Newman-Keuls% & Lt
Bt g Al Z R, /NS 7 Hra, bEleRE RS
HzmER. ANFAESZEAR R (P>0.05), X
5 R AFIBRE R AP A 22 7, K5 FREXMY SR
AN TP

2 4

21 EBEEYHBR& MR RSB REE
KFNRRF AR R0

W 4R, 578 B SRS E
RIS T o AL, (EARRE R B3 B (P<
0.05). S“HRI3 S L, <P RIS SRR E ERK
i, (EGRDRERR B 2 B 0(P<0.05) . $5%£ f jh 1Al k)
Herp RIS R A KE R Em T HMmamEA
(P<0.05).
22 RAEEHBR&GHEARGMEEREE
AR5 1L FN BN P BE AR R 4B AR O 22

W SHR, 578 BRE 6 R A R i Ak
o RR AR T 8 3 T A 4.(P<0.05). AR
il ch AL 35 R AR B B R 2 e RS S, K
AR RFEKTPRSS(P<0.05). Ko &R
A5 A0 PR IR) G ¥ 35 1 22 57 (P>0.05) o

Wk 6FR, SIRA YA b, A & 5
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B At i R 4 En-6 PUFAREN & & B 5B
fi%, T Zn-3 PUFAAHX & & i 2 14 n(P<0.05).
23 RAEYHRBKR&HN AR SMSE S IREm
E A&t 0=

WL TR, ASF AR IR A b e« &L 35 ifi b
SRR EERmN, b RS5O a R A

*3 AXBASIYFTIER
Tab. 3 Primers used in the present study

g

HEELHK 4 . . an K GenBank/F4 %
Gene name 51#)Primer (=39 Product GenBank No.
size (bp)

B-actin TTGAGCAGGAG 115 AB039726.2
ATGGGAACCG

B-MahE A GAGCCTCAGGGC
AACGGAAA

ppary GAGTGCCTGATG 188 XM _026220745.1
GTGGGCAT

T EAYEEAS GCTTTGGTCAGG

FEYI S Ry  GGGAAGTACT

srebplc GGCCCTCTACTG 194 KX898507
CGTGGCACA

& B iR 4 ok 45 ACCACCATTTGG

GEH-1c AGTGAGGGTCAC

acly AGTTTGGCCACG 112 KX898508
CTGGAGCTTGT

IR =Fr s CCCAGCTCATCG

TR LA AAGCTCTTGG

ace GAGCTGTCTATC 139 KF499584
AGAGGAGACTTC
A

ZFh4hilFa# . GACGCTCGGCCT

ity GCATCTTCT

fas CCACACCATGGA 58 KF511494
CCCACAGCT

et & lf  CTGGGTCTTTAC
TGAAGGCCTCT

hsl GAAGAGTGTTTC 140 MHS536187
TATGCCTACT

B U H M CCGTGAGACATT

L1z pi GCCCTCAT

Ipl GCACACGCAGA 345 MHS536186
AGCACCAAGAT
GT

JiEREg S =1 TTAATGCGCAGT
TTGCGGAC

ppara. GTTCTCAGAAGT 113 MK160995
GTTTGCGTCC

SEAYIEE RS GCACTCCATAGT

TG % K0 GAAACCTGA

ceptla GAAGCTCATCAG 113 KX898509
GCTGTGGCCTT

A B EE I EE R TTCCAGGAGTGA

Hila AGTCCGGAGAG

aco3 TGTGGAGGACAC 115 KX898510
GGTTACCTTGC

ZEEA S A 4L AGTTGCTGGTCT

g3 GCTGCAGAAGG

fabplb GATCAGTTCAAA 211 MT134045
GTGACCGTCA

fEiR4E & - H CGAGAGTCAGA

1b GTATTGACCAGT

fatpl GATCGTTTGTTC 201 MT134044
TATATCTACACG
T

e WiR % ia 1 GTCCACTATGGC

1 AGCCATTCCT

TRRLAH I BE S B B TR R3S (P<0.05) . “HR
BE35 1 HAR R B M 2 1 AL e i V2 v T
FF557(P<0.05). A RFE & AR, AR i Fh
FER N o I L N N ¥ SV =T R g S B
[i] {5 B B R 22 R (P>0.05)
24 EAEHBREBXTE GRS S REIAT
BEFAAN P BE AR A #E X E E FRIX AV R0

ANTR] it A S AR 0 P U A0 UL A T I O
W% e ppary srebp-1c )% R Ui #E XL Kl acly acc
Mifas IR RIL BT R EEZRE 1A). AFH
Fob e B AR VR A A i DR L R srebp- 1 AT
accHE RIAH FIA § R 2 Tl 4(P<0.05, Bl 1B).

ANTR] it b S B AR R £ A i AR S A A )
REIE R 2A)FI VLA (F] 2B) i 15 20 A 1 A 5%
FE PR Rk 4 B T, £y 4 MU T T R B A A O
B pparo# ik & W& & TR A Y 4H(P<0.05).
5 B ARt RS S LA IR 07 23 AR O R s iR Ak
B TR R3S, HOE TR BAE AL A % 3k [
aco3TEFFAE AL F R Ix =3 B2 & T E
3°57(P<0.05). 5 107 73 i AR AH 5C 35 K ipl (JH U
WL HMlepela (R WL Ast (FEIIE) R ppare (L
PR ) (R 22 325 B 35 A 52 b A R e R T Joi s ) 5 e (P>
0.05).

AN B B AT B I 7 VR AR KL, S B AR e R}
55 I W A i R %% 12 AH O 525 [K] fabp I bR fatp 1111 3
KR m TR R3S (B 3A). TEEE I
At RS S B AR UL DA fabp 1A fatp 114 3235 35 76 &
FHVEREMI(14 3B).
3 itig
3.1 ARERIRER

ALE R B, 7R R3S AR
5SR-S AR R R T A
A, AR ALk 2 AR T o 4, R 7 B A
I R L TR A R A0, X 5 7 ek il 2 )
WFe s B8 RS T g R RO,
Loy A, il S, TR,
JRRIH 1 TIRTR & B AR 2 2 e B AR 1 AR KPR e,
{ER PR R R . 2RI,
AE 4. (Oreochromis niloticus) o & AFAR M AR &
TR E T A, BAR R TR E ER. 1
RIAS [ i B IR0 4 % 6k (Brachymystax lenok) B £ %
T6 55 3V S, I ot A AR R R B 4
TR SERFIH S SEAE T FIAE AR v 58 4 B AR Ay 6t
21 % 4F fi1 (Oreochromis sp.) & £ P B8 TG i 3 52,
KA R AR R B T ™. R,
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TR A 2 e 5 F AR R B (R R )
NEWTIR R A FRTE S5 S 2 PR R A K. AF
o b R B A SR A EY R R R B S
Tyl 2H, vl RE I R &R L B S R =

TEARTH A, AN W7 J50 AN [ it A S B AR )
MARARI YA Hh = Fe . B R, K%
JE T 2 v O vy 2 e e 1 O ) I S 3 1
S o PRDRETE T BR 4 R et SR R T G R
fif A 1 5 g o AU I A, AR D A U 7
A B AR R AR R R EEAE . 1E
T % (Oncorhynchus mykiss) ', 1.9 g 15 V5 56 4= &
R £ 3 SR TR I S 05 B R 6 2R R g = ik
AN b R K PG VEEE (Salmo salar) 35 € i AR A 1
YRS, R 22 AN AR 7 R AR A7 A
225, R A Lean it F T W5 A B o< 8 2 A G
IR £ B 1 235 2 35 v T Faedh 27 R ALY
T CRAF I R AR BRI =55%:30% " 15%) 56 4=
5 A1, e iy o UL 0 I G IO AR TG S 2 e
FH UM AT AL, o () e AN ERD R A 17 TR 2E R 5 i £ 4 1Y)
NEMT AT A2 . FEASLEG VR A A i TR
H 5 B AL P T B ok B JE [ srebp I R acc )

REEEZE LW, BAAEN&REEYS, X9
ASTA] b b S AR R B VR A Y R R B
E G TG g Re . [RIRE, AN [ 2 OK P v e A 4%
IRA YR, Leandh 2 K PG PEEEAR BT R &
i (10 5 R 2 K SE Rt 41 2 Y. ey
A B 34 0 ] B A1 4A R n3/m6fE A Ok, n-3 PUFA
Flin-6 PUFA LU A7) ) AN V- 18 7T R A2 i 3 A AU g Ay 57
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Tab. 4 Effects of dietary fish oil and blended vegetable oil on growth and feed utilization of two strains of gibel carp

A K AR FRGrowth index RIS A strain "I FHS 5 F strain P {H P value
BHFO  RGHEYMBVO  fIHFO RS HAMBVO  hFiStrain fAAIDiet i< TAKIS<D
VIR EIBW' (g) 5.0240.06 5.00+0.03 5.01+0.04 5.03+0.06 0.856  0.924 0.86
LARIEEFBW (g) 3426+1.08"  34.12+1.24"  44.67£0.94°  37.03%1.58" <0.001  0.013 0.016
T HFR’ (%BW/d) 2.72£0.05™  2.90+0.04™" 2.36£0.05"°  2.57+0.04"" <0.001 0.003 0.837
B KHSGR' (%/d)  2.82+0.03 2.820.04" 3.2240.04° 2.93+0.07" <0.001  0.017 0.017
kL HCKFE (%) 80.77+1.95"  75.48+1.80""  99.43+2.90""  87.41x2.29™ <0001 0.005 0.177

7 "W UA 1k IBW (g). Initial body weight; %45 /A & FBW (g). Final body weight; "# £r % FR (%BW/d)=100xT1 i 5 fr /[~
Hx (W) UE 1 T+ 5K 44 )/2], Feeding rate (%BW/d)=100xdry feed intake/[daysx(IBW+FBW)/2]; “45E 2 K- % SGR (%/d)=100x[Ln (&
A -Ln (HIHEA )]/ KB, Specific growth rate (%/d)=100x[Ln(IBW)-Ln(FBW)]/days; (i L5 % FE (%)=(100x fi {42538 5 )/ - 1)
IR &, Feed efficiency (%)=(100xfresh body weight gain)/dry feed intake 1 Fir/n $U 85 K om AP (B bR HE R . 24 S Al R R () £ 78
2 HAE I (P<0.05), B —% L /NS F Bk, bEic)Rm A AL IR 2 (A 22 7 24 R R ARl R () AN A2 A2 28 BLAR N, FH KRS B
AFIBZR AN [ b AR 1R 22 573 (P<0.05), K5 5 BEXFIY R 7R T} A] 1) 22 57 (P<0.05); T3 [A]

Note: Values are presented as mean+SE. Significant differences among all groups are indicated by different superscripts on each

column (a, b, or ¢) (P<0.05). The uppercase letters A and B represent significant differences between strains; and the uppercase letters X and
Y represent significant differences among diets (P<0.05). The same applies below

x5 ARERIUESEYHN TR RIS E R 6 A EAH SRR
Tab. 5 Effects of dietary fish oil and blended vegetable oil on body composition of two strains of gibel carp

5 F Item HH3S A strain *FFS 5 F strain P P value
MMFO  RAMEYMBVO  fIHFO  REHYIEBVO  @iFiStrain  fAKIDiet A F<AEEISxD
FAGiCrude lipid (%) 8.25+045%°  9.674030%  7.49:0.14™  7.69+0.12"" <0.001  0.002 0.065
7K 43 Moisture (%) 72.09£0.96"  70.99£030"  74.26+0.49°  73.26+0.11° 0.004  0.098 0.933
53 Ash (%) 3.3940.18 3.2940.03 3.26+0.17 3.2040.08 0430  0.578 0.864
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35U A o RBES SR o IS B R RIS 45
& F fabp I bAN 51 57 JE W7 TR 5 5 32 14 i W R 5 32
EAL (fap DR RIEEY B E =/ TP R3S,
Fe W RES 5 T M 2EL 2 R g s TR 1) 2 3 B B P 7
N, 45 TR, S E A et RS S0t i 1
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Tab. 6  Effects of dietary fish oil and blended vegetable oil on fatty acids composition in the muscle of two strains of gibel carp

i FO RE Y BVO P{H P value
HE R Fatty acid FR3 RS R3S RS iR Tkt R
A strain F strain A strain F strain Strain Diet SxD
Cl14:0 4.18+0.21" 4.27+0.07" 1.61+0.08" 1.43+0.05" 0.736  <0.001 0.291
C15:0 0.62+0.02"" 0.72+0.02%" 0.30£0.01"*  0.36£0.01% 0.001  <0.001 0.246
C16:0 13.00+0.27" 13.49+£0.25" 9.1240.50" 9.12+0.17" 0474  <0.001 0.468
C17:0 0.43+0.01" 0.53+0.02" 0.24+0.01% 0.30+0.06" 0.029  <0.001 0.527
C18:0 5.13+0.04"" 6.07+0.31"" 4.26+0.29™ 4.76+0.13% 0.012 0.001 0.349
TSFA' 23.3540.45" 25.08+0.53" 15.54+0.88" 15.97+0.39™ 0.107  <0.001 0.308
C16:1n-9 6.62+0.33" 6.4240.12" 2.75+0.16" 2.55+0.10" <0.001 0.313 <0.001
C18:1n-9 42.98+0.77% 37.00+2.55™ 48.4542.42"  48.77+1.83" 0.199 0.003 0.157
C20:1n-9 0.05+0.02 0.06=0.03 0.06+0.00 0.05+0.03 0.842 0.947 0.644
C22:1n-9 0.43+0.18* 0.72+0.07" 0.43+0.19* 0.89+0.06" 0.029 0.577 0.547
EMUFA’ 50.08+0.69 44.2042.57 51.70+2.38 52.26+1.94 0.228 0.055 0.152
C18:2n-6 4.14+0.47F 3.2440.02" 11.62+0.69" 12.42+0.64" 0.924  <0.001 0.143
C18:3n-6 0.15+0.01% 0.20+0.02% 0.37+0.02" 0.39+0.01" 0.046  <0.001 0.272
C20:2n-6 0.30+£0.06™* 0.39+0.02%* 0.38+0.01""  0.48+0.02%" 0.024 0.043 0.852
C20:4n-6 1.26+0.04™* 1.48+0.15™% 1.52+0.09"" 1.94+0.15"" 0.025 0.015 0.439
Tn-6 PUFA’ 5.86+0.48" 5.3240.19" 13.89+0.80" 15.2240.77" 0.535  <0.001 0.166
C18:3n-3 0.89+0.06" 0.81+0.04" 1.79+0.12" 1.92+0.12" <0.001 0.790 <0.001
C20:5n-3 3.5240.26" 3.79+0.12" 0.5620.04" 0.49+0.05™ 0488  <0.001 0.280
C22:6n-3 11.92+0.47" 15.37+1.47% 3.64+0.27" 4.47:0.71%  <0.001 0.045 <0.001
Tn-3 PUFA’ 16.33£0.66" 19.98+1.63" 5.99+0.42" 6.88+0.88" 0.054  <0.001 0.207
n-3/n-6 PUFA 2.84+0.33° 3.74+0.18° 0.43+0.01" 0.45+0.04" 0.039 <0.001 0.046

1 'SSFA. Mg 7 5 A0 & "SMUFA. B4 F G 7 2 24 B ; *Xn-6 PUFA. n-6 2 51 2 AN A1 S ilie 24 & *Sn-3 PUFA. n-3 &5 %

AR HE TR A

Note: 'ESFA. Total amounts of saturated fatty acids; ’SMUFA. Total amounts of monounsaturated fatty acids; *£n-6 PUFA. Total
amounts of n-6 polyunsaturated fatty acids; “$n-3 PUFA. Total amounts of n-3 polyunsaturated fatty acids

R7 AREBIURAEYHIER A R IREM R E L IERRIR

Tab. 7 Effects of dietary fish oil and blended vegetable oil on plasma biochemical indices of two strains of gibel carp

5 Hitem I35 A strain FAL5S F strain P{H P value
PO RAEYIMBVO  HIHFO RAEMIMBVO &iFhStrain Tk Diet & Fo<ta kL SxD
I B Glucose (mmol/L) 3.19£0.20°  2.7740.51°  2.67+0.15°  3.76+0.35° 0459  0.304 0.027
i =B Triglycerides (mmol/L) 6.90+0.69  7.29+0.67  7.64£0.32  6.36=1.00 0.894  0.538 0.253
JIE [ @ Cholesterol (mmol/L) 8.33£0.32  7.91+0.68  7.88+033  6.93+0.57 0.165  0.183 0.610
12 35 6 25 (1 [E BELDL-C (mmol/L) 3.84+0.18"  4.07+0.35°  3.48+0.23"  3.19+0.24" 0.027  0.899 0320
7% B I K (A IE [E BEHDL-C (mmol/L) 2.89+0.29 2.47+0.49 3.27+0.14  2.80+0.37 0324 0215 0.947
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Fig. 1 Effects of dietary fish oil (FO) and blended vegetable oil (BVO) on the mRNA levels of gene involved in lipogenesis in the liver (A)

and muscle (B) of gibel carp A strain (blank bars) and F strain (bias bars)
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Fig. 2 Effects of dietary fish oil (FO) and blended vegetable oil (BVO) on the mRNA levels of gene involved in lipolysis and fatty acids 8
oxidation in the liver (A) and muscle (B) of gibel carp A strain (blank bars) and F strain (bias bars)
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TOTAL REPLACEMENT OF FISH OIL BY BLENDED VEGETABLE OIL ON
GROWTH PERFORMANCE AND LIPID METABOLISM IN DIFFERENT
STRAINS OF GIBEL CARP (CARASSIUS GIBELIO)

LI Hong-Yan', WU Li-Yun"?, JIN Jun-Yan', HAN Dong', ZHU Xiao-Ming', LIU Hao-Kun',
YANG Yun-Xia' and XIE Shou-Qi"’

(1. State Key Laboratory of Freshwater Ecology and Biotechnology, Institute of Hydrobiology, Chinese Academy of Sciences, Wuhan
430072, China; 2. College of Advanced Agricultural Sciences, University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: To investigate the effects of total replacement of fish oil by blended vegetable oil on the growth and lipid
metabolism in different strains of gibel carp (Carassius gibelio), two iso-nitrogen and iso-lipid formulated diets were
prepared using the fish oil (FO) and bended vegetable oil (BVO, rapeseed oil: soybean oil: palm 0il=55%:25%:20%,
to mimic the fatty acids profiles of fish oil) as the lipid sources. Gibel carp CAS III [A strain: (5.01+0.05) g] and CAS
V [F strain: (5.02+0.05) g] were assigned to two groups, feeding with the FO and BVO diets for 70d. Concerning the
effects of lipid source, the feeding rate (FR) was significantly higher while the feed efficiency (FE) was significantly
lower in the BVO group, as compared to the FO group (P<0.05). Enhanced expression levels of srebp-1c and acc were
found in the muscle, leading to a significant lipid deposition in both strains of gibel carp (P<0.05). The BVO diet
changed the fatty acid composition of muscle significantly, up-regulating and down-regulating the relative contents of
>n-6 PUFA and Xn-3 PUFA, respectively (P<0.05). In terms of strain effects, the F strain showed significantly lower
FR but significantly higher FE than the A strain, regardless of dietary lipid sources (P<0.05). Compared to the A strain,
the expression levels of /sl and aco3 in the muscle, as well as aco3, fabp1b and fatpl in the liver of the F strain were
significantly higher (P<0.05). Furthermore, the F strain had significantly lower levels of lipid content than the A strain
(P<0.05), which suggested that the F stain might have better ability to utilize the dietary lipid for energy expenditure.
The dietary lipid sources and strains interacted to affect the specific growth rate (SGR) of gibel carp (P<0.05), but the F
strain fed the BVO diet showed no variations with the A strains fed the FO diet, implying the great potential of
vegetable oils usage in the diets of the F strain. Overall, the present study demonstrated the differences on the utiliza-
tion of dietary lipid sources and its related molecular mechanisms in different strains of gibel carp, which could provide
information for the dietary lipid sources selection and genetic breeding in gibel carp.

Key words: Blended vegetable oil; Fish oil; Growth performance; Lipid metabolism; Carassius gibelio
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