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WEE: N 7 AR (LO)FI I (SO) 58 4= B AR A I (FO) X K 3 1. (Larimichthys crocea) I NEFLIAI AR 7 R
ZH 1k Sz A6Fad (A6 Fatty acid desaturase)3i KA W52 . S48 5yl 0 S JRRFF vl 5 A #3148 1 3P SR 4%
JE R S WKL, FE MK TR BNAR TR AT T R 10F (IR FE SE 58 . SRaaah AR B () fum i Ig E 2 kL
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i B AR A B 2 38 O PR R (Salmo salar) T
Ffz i A6Fad B PR 1) Rk & i, [F]IN 3 as 1
& 4 LC-PUFARIAE T, i o ok i
. WLEE(Oncorhynchus mykiss)Fi(Lateolabrax
Japonicus) P TR WIVR A FEA) 0 Z 0 B Al B
1 A6FadJ: R ) RIL & .

K. (Larimichthys crocea) & H i & [EH = &
BRI K IR AR, B AR &EEFNE, (A
W v B A AR A L A R S 8 T
A EILC-PUFA S & T B, BRI T R AL
BERFTH S & W R ) S A 5 R R 1)
FRRAF it 2 A Yot o0 O B £ JH R TL P o i 07 R 4.
AN A6Fad & PR 3k () 520, DL 8 v i 7K £ 1)
LC-PUFA & HAE /1 $R Bt EB LA .

1 RSk

1.1 sSEIgiERl

DA B R0 B R A = A U, S RRRF I AN
T 58 A AR A, 1 AT SR S I ROk L, 2
AILAFO. LOFISOEI/R(E 1. &K 2). AN G
180 H i, 1 FEVR A ¥ 5], 1RE) 5 55 Uik g A I
FOTIRA, INIEE MK, IRAIEiL40 HIE, 78018
A1a EALEIRL, TR XA SS CHLT-10h, A4 E
T20°CRAFFH o
1.2 FRAASCIFNAERRE

FRHH SIS AR E A8 T A T RO R A
Y B @ W KIS (2 mx2 mx2.5 m)F it T, A
107, SBGTF R T, S5 FH £ 0 8 97 /) /e M A
(4 mx4 mx2.5 m)H, B 77 A 1] 45 PR R A A R
TN P FT IR (6:00F117:00), 1F 2 38 N 77 VE I 55
ARl SEIGHFUAET, A LHk24h, SR 5 HIMS-
222(100 mg/L)¥ o pRIE, 26 PR AUA% 25 51 R R T 045
£ [P 294K 5 (15.42+0.01) g], FEHL B F] 124 W
F, BAMA RN KT 61208, B0 E4AE
5, B R FAKUR AR T FE A LA S Bt ) E J AN
. LU HARKIRAE24—28°C, £ AE26%0—29%o,
pH 7.4—7.8, I fRA(E6—T7 mg/L.

TERE S KAE R, AT A SEEe A ALK 24h, AIMS-
222 (100 mg/L )5 fa bR, 454N W56 A ) f gk 4T
FRE AL, MRS IFE R BE Lk R 6 1, i ik i
Jei T UK AR S BT AT UL AL BE SN 1.5 mL)
TERNARG 250, F IR B A T, e %R
F-80°CUKF AT, F T /aeEnIsLst. 3 ML
FE i T A6Fad mRNARIEE I, 543 M
(12 ZURE & FH T g 107 1R AN

1.3 RERAERAVERERFN AR

JE 0 B2 B i Ab FE A FTHCL-H R, FLRb 12
RS RREY, (1) BURE 1 g7 A7 HAURE G, BT
10 mLE O, F A% T AL P AR T
5 (2) KLl 1 NAYKOH-F BE I W AI3N T HCL- H i
W (3) BL100 mgi T4 5 I AH 2 W L TN 10 mL
(1) i 05 i Ak B FH 3 188, i N3 mL KOH- i
VR, ), 78°C/KHE20min, A H1E =6, ARE A
3 mLIHCI-H BEE R, % E, 78 'C7K#320min, 4 Al
B, RJEIMANT mL B IE Ok, MRG, T

A B B . (4) TN mLEI KA 42, /N
OHCEE T2 mLt R, T ORAF B B T
.

I 77 82 (1) A6 00 4 FFT HP 689 0 M €21 1% A (A li-
gents Technologies)ZEAT R ill, (il A S B41E
#:(Hewlett Packard, Palo Alto, CA), ‘K¢ H B5 K& il
AEATRLI, = PR R R E AR R
150°C, 1min, R J5 LL15°C/minTF£200°C, 2 J5 LA
2°C/minT}%250°C.

=1 ZWEEBE S AR FERK (% TR
Tab. 1 Formulation and chemical proximate composition of the
experimental diets (% dry matter)

%7 Ingredient PR Diet
M AHFO WHFILO TilZHSO

fi% 25 [ Casein 36.80 36.80 36.80
B % Gelatin 9.20 9.20 9.20
Wi Dextrin 28.00 28.00 28.00
T 4 4 ZMCC 3.00 3.00 3.00
o-VE#a-Starch 6.35 6.35 6.35
B HE Lecithin 2.00 2.00 2.00
24 Z Vitamin premix1 2.00 2.00 2.00
ToHL 2 Mineral salt' 2.00 2.00 2.00
B Antioxidant 0.05 0.05 0.05
A Attractant” 0.30 0.30 0.30
Fj 2577 Mold inhibitor’ 0.10 0.10 0.10
SLAERR Choline chloride 0.20 0.20 0.20
4 M1 Fish oil 10.00 0.00 0.00
M FRATVH Linseed oil 0.00 10.00 0.00
il Soybean oil 0.00 0.00 10.00
M.t Total 100.00 100.00 100.00

B IR A% T4 5) Chemical proximate composition (%
dry matter)

FHLE H Crude protein 43.38 43.95 42.57
}HL g W7 Crude lipid 11.23 12.08 11.32

U A R AL R A S e R R R
FSETR=1:3; BB AN E R AT RA=11

Note: 'Vitamin premix and Mineral salt according to Yan
®Attractant compromise 25% Alycine and 75% Betaine; *Mold
inhibitor compromise 50% Calcium and 50% Fumaric acid

[19],
>
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1.4 cDNAESRFILHIRNEEPCR
MY AL A PO EE 5, JH Trizolik 42 B
mRNA, fiNanoDrop-20007 14X (Thermo SCI-
ENTIFIC, USA)J & mRNA 1K FE AT &, 1.2%35
2 (ARBEATERLE AN (Yo SRR RAER)
Tab. 2 Diet fatty acids composition (% total fatty acid)

H& iR Fatty acid FIFDiet —
fHFO WHMFFILO Sih4SO

14:0 5.44 0.46 0.60
16:0 21.30 9.26 13.00
18:0 4.54 4.82 454
20:0 0.61 — 0.39
S'SFA 31.89 14.54 18.53
16:1n-7 5.85 — 0.29
18:1n-9 16.56 21.07 26.44
18:1n-7 3.16 — —
20:1n-9 2.53 — 0.41
YMUFA 28.10 21.07 27.14
18:2n-6 10.16 20.31 47.92
20:4n-6 0.83 — —
Sn-6PUFA 10.99 20.31 47.92
18:3n-3 2.04 44.08 476
20:5n-3(EPA) 6.4 — 0.16
22:6n-3(DHA) 8.64 — —
>n-3PUFA 17.08 4.92 44.08
n-3/n-6PUFA 1.55 2.17 0.10
>n-3LC-PUFA 15.04 — 0.16
DHA/EPA 1.35 — —

Hr BARS BB R R PRSI, SFA. WA 107 L ;
MUFA. B RMRfgiRL; PUFA. Z AR i i f%; LC-PUFA.
KEEZ AMBRITEITR; “— R Ad

Note: The low level fatty acids are not list on. SFA. Saturated
fatty acid; MUFA. Monounsaturated fatty acid; PUFA.
Polyunsaturated fatty acid; LC-PUFA. Long chain-Polyun-
saturated fatty acid; “—"” means not detected

JIE B 5 i EL MK RS I mRN AR 52 8 M. il Prime
Script'" RTi& 77 % (TaKaRa, Japan)#4 2y mRNA
Sk licDNA . Frf: 12,5 uL 2xSYBR Premix Ex
Tag' M1, 1 uL b3 51 4(F: TTCGCTTCCTCTGCT
GCTATG)(10 umol/L), 1 uL FF 5| #I(R: CCAGT
CACGGTGCTTCTCG)(10 pumol/L), 1 uL ¢cDNA(Ffi
FEF80 ng/uL), 9.5 LXK, PCRA S i 2k 1
9:95°C 2min, 1MEH; 95°C 155, 60°C 15s, 72°C
20s, 40 M3 . PCR 2 N 7EEppendorf Mastercycler
gradient (Eppendorf, German) ' 317 .
1.5 HIBLIESH

SEIN 5 't 7 B PCR F B0 Ak B R i 240k
T (AACI=AC gy s —ACt g ) 45 F 48 F
SPSS19.048 1+ 8k A 1EAT B[R 25 75 22 73 M1 (One-Way
ANOVA), 445 LA 2 11 3 7 57 (P<0.05) i, SR H
Tukey’ sk i 31T 2 H L B s-test, $ds H 1
(HEbRHE R R IR

2 #HR
2.1 TRRFFRAMER R REE KFERSEN
S0

SIEHG 25 S, SRR Yo AR S e AR
BRI 7 RS BRI R R R AR e AR KR
(P<0.05), 7E 0 FRAF I AL & 41 2 18] 22 e AS i 25
(P>0.05)o MVJFRATIH RN 57 7H 4= 5 AR Ay PR A T K3
ARG S, A RS R B E K T Ak A
(P<0.05), SV FRFF 7 20 55 f0 yl 25 RN 3 3% 5 3
ZEF(P>0.05) 0 MU JFRAT JH AT 90 A ok 3 F AT 1
TRECRNE R ECE LA m s, (R A ZE R A R
#(P>0.05)(F 3).

2.2 KEH TR P o BE A BR LR AR

SEHG 28 R B, SRR h 0 9 AR g B2

&3 ARAEERX K& S KRR A

Tab. 3 Effects of dietary lipids on growth and feed utilization of large yellow croaker

Ak} g i PR Dietary lipid source

JH ltem @3lFO RO SISO
144 H Initial weight (/&) 15.45+0.04 15.39+0.01 15.42+40.01
2K {4 H Final weight (g/)) 40.51:0.43" 37.8620.6' 37.01£0.59"

W ERWGR (%) 162.29+3.36° 146.04°+4.0 139.98+3.60"

TR FER 0.58+0.01° 0.53+0.01° 0.53+0.02"

F i 4 KR SGR (%/d) 1.38+0.03" 1.29+0.02° 1.25+0.02°

% % Survival rate (%) 82.42+0.40 80.41+0.85" 79.76+0.88"
TR B HST (%) 1.24+0.05 1.36+0.21 1.78+0.38
it B VST (%) 6.47+0.28 6.87+0.38 7.14+0.31

VAT B BhR iR FOR, LA T REROR 22 3 AN B (P>0.05); R IH]

Note: Values represent means + SEM, the same superscript lowercase letter indicated no significant difference (P>0.05); the same

applies below
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SR T R AR AL AR R TR AL R . 7E K
T ) PR U Rh AR I AR A B RIS T AR
B2 (SFA). 20:4n-6(ARA)FIn-3LC-PUFA f 48 %}
TR (P<0.05), HAEME Y & AR A H IS %
72 58(P>0.05) 0 7RV FRAFF i B AR (LO) 1, 18:3n-
3(LNA)FIAHXS & & 23 & T Al 4 (FO) M il 21
(SO)(P<0.05), MFOHMSOH 2 [i] 2= 7 A E %
(P>0.05) 18:2n-6(LA)FIn-6PUFA [{JAH X} & S fEE
H(SOY4 H &3 = TFO4L FMLOZL(P<0.05), FO4
B E MR TLOA(P<0.05). BN AN B R 75 4% 41
(A 235 22 7(P>0.05) . fERIEELAH, LOA
MSOHISFAMIN-3LC-PUFA & Z{X FFO4H
(P<0.05), ARAMX & EAAESOH W EAL T FOA
(P<0.05), LOZH A1 H: Al 2 41 ¥ A 2 35 22 5#:(P>0.05)
18:2n-6 Fn-6PUF A 7E A [F] A 35 %) JIL A A B AH %o 25
& E S IH(SO)H 1 i3 5 T FOZH ALOZH (P<0.05),
FO4 & F K FLOZ(P<0.05). 18:3n-3[AIX} & &
TEFOZL Fp 1 255 T 5 3 4L R0 I JBROFT 9 2H.(P<0.05),
I AL AR T RRAT 4. (P<0.05)(3R 4)-

Xof A 7] Ak B 2H A AR AL A PUF AR X 5 2
AT i R, TES A F, DL ARA,

EPAMIDHA A& & 5.3 & T HHE(P<0.05). 1
2, WL ILNAFILA (AR X 2 B v T i
HE(P>0.05), {EL7E SV JRRFF i 2 RN 523 2H A, LR A i
LNAFILAPIAE XS 7 & 2R T HEP>0.05) (K 1),
23 THFFHMZHBEREHTA6FadEERIiA
=g: A

SV JRRAT Rk AN I 3 A R B AL
WAl FH AGFad 1 3 [R 323 B (P<0.05), 3K IE & AERTIE
e T 7686545, FENLA 4 BT
22812 81 FENJFRAT I AN 2 I AL i B 2 5
(P>0.05)(K 2).
3 iTig

ARG ek BB IR, b 108 7R L5 s, T
JRROKF ek 2L R 2 3oty 2B P O 10 38 B e R o AR K
R G2 A, IX 3R BH 2 0 RAT i AN h vE A B R
G, RO BE AR G 1R R I BROFF 3 R0 529, M
MR AR T AR . X5 e Mis-
gurnus anguillicaudatus YT 5 45 2R, &2
PR s g R, S k. KRS, B
T AR A R AR R A M Y B4 0d fe, HAEK

=4 AREEIIRNT AR SR BERAL P A AT ERLE BRI RZ A0 (% 2 AR AR ER)

Tab. 4 Effect of dietary lipids on liver and muscle fatty acid composition of large yellow croaker (% total fatty acid)

AT ¥ Liver WL AIMuscle
& i ERFatty acid

AR MR Fatty aci FO LO SO FO LO SO
14:0 2.84+0.14° 0.810.11° 0.85+0.12° 3.300.16° 2.10+0.03° 1.94+0.13°
16:0 24.00+0.51° 8.97+0.25" 10.56£1.57" 24.13+0.44° 18.17+0.03" 17.63+0.10"
18:0 8.0040.49 8.24+1.49 8.03+1.30 6.65+0.26" 7.34+0.28" 6.35+0.21°
20:0 0.24+0.01" 0.18+0.02° 0.23+0.02" 0.42+0.02° 0.39+0.02" 0.35+0.02°
YSFA® 35.09+0.26° 18.21+1.69" 19.68+2.18" 34.50+0.58° 28.00+0.29° 26.26+0.10°
16:1n-7 9.47+0.16" 3.64+0.56" 3.02+0.60" 6.88+0.21° 3.830.17" 3.6620.18"
18:1n-9 28.4640.94° 37.68+2.86° 34.79+1.09® 22.2140.45° 24.310.82" 26.9040.99°

18:1n-7 2.74+0.02° 1.37+0.05" 1.6240.01° 2.79+0.08 — —
20:1n-9 2.00+0.01 0.98+0.06" 0.80+0.08" 2.2540.09° 1.69+0.02° 1.32+0.08"
YMUFA’ 42.67+1.00 43.67+3.48 40.23+1.63 34.13+0.55" 30.54+0.77" 32.59+0.16"
18:2n-6(LA) 7.16+0.76" 14.63+1.59" 34.25+1.89° 7.80+0.23" 13.21+0.28" 28.09+0.58"
20:4n-6(ARA) 0.470.05" 0.1120.02" 0.13£0.03" 0.76+0.09" 0.67+0.08" 0.45+0.06"
>n-6PUFA* 7.63+0.78" 14.75+1.61° 34.39+1.93° 8.56+0.23" 13.87+0.35° 28.54+0.53°
18:3n-3(LNA) 1.18+0.09° 19.25+1.62" 2.430.27" 1.34+0.08" 14.90+0.42° 2.40+0.08°
20:5n-3(EPA) 2.0340.13 0.16+0.03" 0.14+0.02" 3.92+0.09" 1.60+0.07" 1.34+0.09°
22:6n-3(DHA) 2.89+0.37" 0.26+0.08" 0.16£0.01° 6.85+0.46" 3.99+0.26" 3.01+0.35"
Yn-3PUFA 6.100.53" 19.671.65" 2.86+0.12° 12.1120.39°  20.48+0.34° 6.75£0.37"
1-3/n-6PUFA 0.810.09" 1.3740.18° 0.08+0.01° 1.42+0.06° 1.48+0.04° 0.24+0.02°
>n-3LC-PUFA’ 4.9240.49" 0.41+0.08" 0.43£0.15" 10.77+0.46° 5.58+0.31° 4.35+0.44°
DHA/EPA 1.4120.11 1.68+0.11 1.910.66 1.7520.12° 2.50+0.13 2.24+0.11°

T RN AR

Note: “—”means not detected
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® ;ﬁ 2 Ha #k
- kk
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(% I8 TR

Fig. 1 Fatty acid composition in liver, muscle of large yellow
croaker under each diet (% total fatty acid)

et R R T BIEERRE R (n=3), “*" R IR 2 57 B35 (P<0.05),
R INTE TR (P<0.01)

Values represent means = SEM (n=3), * indicated significant

difference (P<0.05), ** indicated extremely significant difference
(P<0.01)

RN E BEE R, BRI RRERY, M50
WABAR MG, Zib92dlAME, K267 (Scophthal-

[

(e
1

o

o0
T

gt =
b b
27N =N

FFIELiver JLAIMuscle
#H 20 Tissue

(o)}
T

Fads2 IR Feih &
B

Relative expression of Fads?2

[\
T

(=

B2 KB RTREAT VLA B AGFad ik (X ) 2 ik B
Fig. 2 The gene expression of A6Fad of large yellow croaker
bR A [ = BE R IR 25 S A 2 3 (P>0.05)

Bars with same letters means no significant difference

mus maximus L.)4] [ 2R AR B FNRE 8 A KR
HRRAG . HILIX R gh B R DR AT e R A e
oK, KK f R K a2, T VR K 2R R
Wil i BB Tk 2

FEL Y 2 A% g 3ok 2 B i £ I T R 4L R Y, 9t

S fe A (R PR AR . R TR

FrLC-PUFA, 41t 25 4 i I 238 Bl AR LC-
PUFA & & N & ALC-PUF AAH AR 11 2 K] g 4%
AP, xR A LN R R T
Wi B AR A 1 e =, SEDHAFIEPA AN 1
BRE N, SR (Diplodus puntazzo)’ (I
TR, KT R BRI A £y 5 20T I
LC-PUFARIXS & B R R, % RS8R o 5
i (Epinephelus akaara)pg]?mj(@ﬁéﬁi‘(&llmo salar)[29]
IR 7C 0 B R BE 45 3 . ASHITF 723 ik 4 I bR
e R 529 8 A 3 A i 1) 6 PR OR ) Al ] K
T, S5 BRI, PR i RN G i AR g PR AR T
K AT AL ARA . EPAFIDHA AR &
i, LNAFILAAEXS & & Tt s, 2H 2308 B e 41 A s ik
T ARG Wi ERZE K, SR T Ok
1" g R 5

SXoF FEF R AL A A AR [0 Ak 2 28 H ) i 07 TR 4L ol
HEAT M KB, fERT A LB, ARA. EPAAI
DHATE LA A (AR &5 B 48 2 38 v T IR, (EAE
JRROFF {1 2EL RN 57 9 2 HR UL R T L AT LN A [P FH R 5
PIET P, 3 5 80 B e 45 A — 3™, i X
Pl S 1) S DK AT g A, — 5 T, FFAE & R ILC-
PUFAT I R R ¥k 2 ik is LA —
J7 T, WL AT e A FHLNAFILA K A R LC-PUFA; 7
—J7 1, MLRH SR A RE R £ 2421, TILNA
WAIF B 2 T kAT B AL A

BT Z A12FALS WA, B LA s
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M LC-PUFA, R fgid it £ & 0k 1) 0 RR R
P R 82 34T 4R N & B LC-PUFA, A6Fad/&LC-
PUFA & Bk #2 5 1 G E B, L)l A s I 1 140 2L ik
Ak 2 HBE DR R IE P2 A2 52 m, fa i & T LC-PUFA,
WDHAFIEPA, LC-PUFA £ fll ] A6Fad3& [X 1) %
kBRI, FIAS £ LC-PUF AR 25 48
2GS LC-PUFAS & NI, £ i
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THE EFFECTS OF LINSEED OIL AND SOYBEAN OIL ON FATTY ACID
COMPOSITION AND A6FAD GENE EXPRESSION IN LIVER AND
MUSCLE OF LARGE YELLOW CROAKER
(LARIMICHTHYS CROCEA)

LI Jing-Qi, LI Xue-Shan, JI Ren-Lei, XU Wei, MAI Kang-Sen and Al Qing-Hui

(The Key Laboratory of Aquaculture Nutrition and Feed (Ministry of Agriculture) and Key Laboratory of Mariculture (Ministry of
Education), Ocean University of China, Qingdao 266003, China)

Abstract: To investigate the effects of linseed oil and soybean oil on fatty acid composition and A6Fad gene expres-
sion in liver and muscle of large yellow croaker, three defined diets were made with fish oil (FO), soybean oil (SO) and
linseed oil (LO) as fat sources for a 10 weeks experiment on floating cages. Results indicated that the weight gain rate,
feed efficiency ratio and specific growth rate of FO group was significantly higher than LO group and SO group
(P<0.05), and no significant difference in survival rate, HSI and VSI (P>0.05) were observed among groups. The fatty
acid was changed and the relative content of LC-PUFA (Long chain-polyunsaturated fatty acid) reduced significantly
(P<0.05) in liver and muscle when fish oil was replaced by linseed oil and soybean oil, but there was no significant dif-
ference between linseed oil treatment and soybean oil treatment (P>0.05). The relative content of n-3 LC-PUFA in
muscle was more than that of liver (P<0.05). SO and LO induced the A6Fad expression 7.6 and 6.5 times in liver and
2.2 and 2.8 times in muscle respectively. Results suggest that the replacement of fish oil by linseed oil and soybean oil
had negative effect on fish performance possibly via lipids metabolism.

Key words: Large yellow croaker; A6Fad; Fatty acid; Linseed oil; Soybean oil



