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Tab.1 Composition and nutrient levels of experimental diets (% dry matter)

1@ kln-3 HUFAs/K*F-  dietary n-3 HUFAs level

Jik}l  ingredients

0.65 1.00 1.35 1.70 2.05 2.40
Ffak;  white fish meal 30.00 30.00 30.00 30.00 30.00 30.00
W& casein 20.00 20.00 20.00 20.00 20.00 20.00
E 1 soybean meal 5.00 5.00 5.00 5.00 5.00 5.00
/N LR wheat gluten 8.00 8.00 8.00 8.00 8.00 8.00
TKEAH  comn gluten 5.00 5.00 5.00 5.00 5.00 5.00
TH  wheat flour 18.00 18.00 18.00 18.00 18.00 18.00
gy fish oil ' 0.00 1.00 1.84 2.75 3.68 4.60
FKi corn oil 8.00 7.00 6.16 5.25 4.32 3.40
KEGPBENE  soybean lecithin 1.00 1.00 1.00 1.00 1.00 1.00
HEE UKL vitamin premix * 0.20 0.20 0.20 0.20 0.20 0.20
W P)FE FUEEL  mineral premix ® 0.50 0.50 0.50 0.50 0.50 0.50
IR — 545 Ca(H,PO,), 1.50 1.50 1.50 1.50 1.50 1.50
UM ethoxyquin 0.05 0.05 0.05 0.05 0.05 0.05
R attractant 0.10 0.10 0.10 0.10 0.10 0.10
SALIEER  choline chloride 0.50 0.50 0.50 0.50 0.50 0.50
AR 4EER  microcrystalline cellulose 1.15 1.15 1.15 1.15 1.15 1.15
BRPRAYEZR  CMC 1.00 1.00 1.00 1.00 1.00 1.00
it total 100 100 100 100 100 100
/K4 moisture 12.36 13.17 12.87 13.09 13.10 12.66
FI#E M crude protein 50.67 50.57 50.91 50.92 51.45 50.55
HAEWT  crude lipid 11.04 11.48 12.08 11.15 10.50 11.54
M4 crude ash 8.65 8.46 8.46 8.33 8.39 8.40

VE: 1l AR R RR ARG S BRI 10 40 L) 9 C20:5n-3, 22.50; C22:6n-3, 15.56. 2. f-T w4ib K TIREIH &G 44 KA 10.00 g, 4iEED,
50.00 g, 4EEFKE 99.00 g, 4EEFKK; 5.00 g, HEEFKB, 2550 g, 4EAZEB,25.00 g, 4EEFEB, 50.00 g, 4EAEEKB, 0.10 g, ZFRE561.00 g, M
1%2101.00 g, A% 2.50 g, WIEF153.06 g, M R6.25 g, £F4EE411.59 g. 3. M T ¥E BURE & HKIO, 0.03 g, CoCly6 H,0 4.07 g,
CuS0,5 H,0 19.84 g, FeC¢H;0; 13.71 g, ZnSO,-7 H,0 28.28 g, MnSO,-7H,0 0.12 g, NaH,PO, 80.00 g, MgSO,-H,0 12.43 g, KCl115.33 g,

Na,8e0;2.00 g, WA43824.19 g

Notes: 1. fatty acid composition of fish oil (percentage of total fatty acids): C20:5n-3, 22.50; C22:6n-3, 15.56. 2. Contained the following per kg of
vitamin premix: vitamin A 10.00 g, vitamin D5 50.00 g, vitamin E 99.00 g, vitamin K3 5.00 g, vitamin B 25.50 g, vitamin B, 25.00 g, vitamin B¢ 50.00
g, vitamin By, 0.10 g, calcium pantothenate 61.00 g, nicotinic acid 101.00 g, biotin 2.50 g, inositol 153.06 g, folic acid 6.25 g, cellulose 411.59 g. 3.
Contained the following per kg of mineral premix: KIO,4 0.03 g, CoCl, 6 H,O 4.07 g, CuSO4-5 H,0 19.84 g, FeC¢HsO, 13.71 g, ZnSO47 H,0 28.28 g,
MnSO,-7H,0 0.12 g, NaH,PO, 80.00 g, MgSO,-H,0 12.43 g, KCI 15.33 g, Na,SeO; 2.00 g, zeolite power 824.19 g

i B AL Y B (GSH-Px) . ¥ B i (LZM) ., #MA&
C3(C3)k FHELIS AR X i 57 & (L i V1324 R
52, DGE T S R U kAT,

RNAR I, cDNAS mx fn 5 B % & A B
#& B2 (q-PCR) {8 H Trizolik ¥ (TaKaRa, H
AR )4 A BE fa &) £0 00 I B AR DT A RNA . B
RNA R 5t 2 S ok B 3 3 43 ' % B 75 (Nanodrop

2000, Thermo Fisher Scientific, 3% E)ill & /37,
e 1.2% 1 3 R A 6 M PR KORT B2 B RN ABE A 75T
ERE . cDNAMY & A S 5150 & Prime
Script™ RT Reagent Kit with g DNA Eraser(Perfect
Real Time)(TaKaRa, H7A%), SCHFPCRAMHTFEAE &
PAEIR Y (Bio-Rad CFX96; Bio-Rad Labs, Hercules,
CA, USAHEAT, RBIBUFI0 uL, 555 pL
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Tab. 2

Fatty acids composition of experimental diets

%

T%In-3 HUFAs/K*F  dietary n-3 HUFAs level

AR  fatty acids

0.65 1.00 1.35 1.70 2.05 2.40
C14:0 0.69 0.70 0.73 0.92 1.02 1.04
Cl16:0 12.87 12.74 13.12 13.20 13.21 13.24
C18:0 2.24 2.36 2.67 3.00 3.30 3.64
C20:0 0.37 0.36 0.38 0.39 0.41 0.43
ZSFA' 16.17 16.16 16.90 17.51 17.94 18.35
Cl6:1 1.04 1.17 1.39 1.71 1.99 2.31
C18:1 25.47 25.38 25.47 25.33 25.15 24.86
IMUFA’ 13.26 13.27 13.43 13.52 13.57 13.59
C18:2n-6 49.52 46.96 43.03 37.85 33.77 29.03
C20:4n-6 0.18 0.31 0.45 0.66 0.83 1.03
Zn-6 PUFA’ 49.70 47.27 43.48 38.51 34.60 30.06
C18:3n-3 1.29 1.35 1.43 1.54 1.65 1.80
C20:5n-3 2.12 3.26 4.49 6.57 8.02 9.91
C22:6n-3 2.26 3.07 3.94 5.35 6.55 7.95
2n-3 PUFA* 5.67 7.68 9.87 13.46 16.22 19.65
n-3/n-6 PUFA 0.11 0.16 0.23 0.35 0.47 0.65
n-3 HUFA® 438 6.33 8.43 11.92 14.57 17.86
DHA/EPA® 1.07 0.94 0.88 0.82 0.82 0.80

e 1L EARITER SN 2. BAEAEITR A 3. n-6 ZAMAAENTIR B 4. n-3 ZAMANENTIREM; 5. n-3 S AEAIENTRL (DHA +

EPA); 6.22:6n-3/20:5n-3. 613 7[A

Notes: 1. sum of saturated fatty acids; 2. sum of mono-unsaturated fatty acids; 3. sum of n-6 poly- unsaturated fatty acids; 4. sum of n-3 poly- unsaturated
fatty acids; 5. n-3 high unsaturated fatty acids(DHA + EPA); 6. 22:6n-3/20:5n-3. Tab.6 and Tab.7 were the same

SYBR “ GreenL i PCRIE A i 5] (Bio-Rad Labs) . 1
puL ¢cDNA. b Fii54)450.8 uLF13.2 uL DEPC
Ko FIYFHN L3, 6 R LR KR, #H
P95 °C 30 s FIAMEHR, 95°C 5, 60 °C
34 sS40 G, #RIF95 C 5s, 60 C 60sT 14
PEER, BJF50 °C 30 s FIANER, FEARLE
DI 0.65% n-3 HUFAZ 1 0 3 A X 2 18 iy
XTHRAL, SR 20 BB S R AR X 2 ik KPP,
1.4 FKMeERITESR

W R (WGR, %)=CK¥JE -9 HH)/A1H
Hx100%

P R KR (SGR,  %/d)=(InK 14 T —Inf) 14
)/ R A< 100%

B (SR, %)= 56 45 B At £ JFE K/ 2 86 I
TR R < 100%
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Tl 2R BU(FCR)=F% & 1kl o B /(X AR R
IR AR )
1.5 HIBEAIE

S 5% 45 R F OF- 249 {H + 45 #E 2% (mean+SD) 3R
7, BURESR ] SPSS 24.0 BT B 2 7 254y
Hr(One-Way ANOVA), i &HH BEMELER,
AT Turkey R 2 H LK, P<0.05KRZES
B,

2 4R
2.1 {@8n-3 HUFAKEXNEHEBEARESE
KBRS

@ #tn-3 HUFAZKSEFCR ., SR i 5 5 i
(P>0.05). P 1l Hhn-3 HUFAZKF /9 3
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%3 SUREE(g-PCR)3I ¥ it 5

Tab.3 Primers pair sequences for real-time PCR

LI &‘ﬁiﬁa‘iﬁﬁﬂ (5"-3) G%:iik
gene nucleotide sequence (5'-3") ACCession 1o,
TLR22' F: CGAGCCAGGTAAACCCATCA JQ965995.1
R: CTCATCAAACAGGCGGAAGC
MyD88* F: TCCTCTCGTCGCCCTGAAT HQ197956.1
R: CCGCTTTGGTGGGGTTTAC
TNF-a’  F: GTGGCCTACACGACTGCACC FJ491411.1
R:TACAAAGGGCCACAGTGAGA
IL-18*  F: CGACATGGTGCGGTTTC EF582837.1
R: TCTGTAGCGGCTGGTGG
IL-10°  F: ACACAGCGCTGCTAGACGAG KJ741852.1
R: GGGCAGCACCGTGTTCAGAT
TGF-B1° F: CGATGTCACTGACGCCCTGC GQ205390.1
R: AGCCGCGGTCATCACTTATC
N2’ F: GAAGGAGCGTCTGTTGAGTGA KU892416.1
R: GAAGATGCTGCCGTTAGTTGA
p-Actin - F: GGCTACTCCTTCACCACCACA AY510710.2

R: TCTGGGCAACGGAACCTCT

e 1L tollFESZAR 22, 2. HEREMLIE T 88, 3. MUEIIRAEA T, 4. H
N E-1p, 5. AAENE-10, 6. B AEKET p1, 7. BHT
E2AHR 72

Notes: 1. toll-like receptor 22, 2. myeloid differentiation factor 88, 3.
tumour necrosis factor a, 4. interleukin 1B, 5. interleukin 10, 6.
transforming growth factor B1, 7. nuclear factor erythroid 2-related factor
2-like 2

WGRE I SE T 5 5 AR a3, HAFE1.35%4 i
v TR R 4H F12.40%2H (P<0.05); SGR5 WGRE:
FHIF A, 1.35%2 I i i T2.40%41, 15 H
b 4% 40 TG W 3 1 22 5 (P>0.05) (6 4) ., UM EE RN
FIW AR HE , M A AR, 15
TRy =—51.844 x*+152.91 x+282.16 (R*=0.719 3);
T kL9 5 1.47% n-3 HUFAA S AR WGR(E 1),

2.2 ‘{A%in-3 HUFAKESTE % BB A B & {4k
D& sEi-tan: oAl

4K Gy FORL AR 19 3 B A 45 A B 22 R G
FEEF(P>0.05), 1.00%4H KA G B 7 i B E
F1.70%H12.40%4H (P<0.05), 15 HoAth 4% 2H ¢ i
E M2 F(P>0.05)(3R5). KA 1Rk n-3 HUFAK
SR RGN, HLK oy & WAL, HAE2.40%4]
KB ERARAE, B E KT 0.65%~1.35%41(P<0.05).

2.3 {@#n-3 HUFAZK E X3 Bk v BB A BT & B
B F0 AN 29 S B B 4B A% RO 82 i

JHF REE AL PR 19 i o I s S e T ) Ak B 7 T
H B AE B o T Rkn-3 HUFAJZK SE X AF fIEZSFAFI
IMUFA T i & 15 50 (P>0.05), [ % 18 Hin-3
HUFAZKFR 3, FFAEF18: 2n-6F1%n-6
PUFA T & i E R (P<0.05), T 5 2 M S 1 42,
JFBEC20: 4n-6. C20: 5n-3, C22: 6n-3. En-3
PUFA . n-3/n-6 PUFAMIn-3 HUFARY & & i % 1
J(P<0.05)(F6). FENLAAL Pt &3 T 254l
gESL BRI, fRin-3 HUFA R 30 T HLAIC18S:
3n-3/ 7 5 (P<0.05), HXFHFAECIS: 3n-370 & %
PESE W (P>0.05) . BLAk,  XiF HE 20 FF Ik R L 1A %)
DHA/EPA A 2 3 & T HAth 45 41(P<0.05)(% 7).

2.4 {EA#In-3 HUFAK EXE BB A & M
BEMEEE N R EIEFRIIE I

T Akn-3 HUF AZK Y- J8 3 52 1 T i 101 7% SOD
CAT. GSH-Px. LZMi& P FIC3% & (P<0.05), H
XFICEE 5 LZMTG S 2 52 1 (P>0.05)(1512) . 1.00%~
1.70%2H T4 5 Rif 1ML 3/ SOD I M i 2 & T X B 4H
(P<0.05); SXFREAIAHH, MRS I SODTE 1
TE1.00%~1.70%2H & 3 34 i (P<0.05)(1¥12-a), %
T Kbn-3 HUFAZK V-8, T8 CATHY & P
S ETHE T, 1.00%~1.70%ZH CATHE 1 i &
T HAL A4 (P<0.05); W F)5, A4 HAR
CATIHH P B 2 1 T 4 B 4H (P<0.05) (K1 2-b) . T
Tl 1.35%4H 1fiL 35 GSH-Px I P i 35 25 T % B 4H (P<
0.05), I XCF 5 W 4 8] JC 18 3 P 2% 5 (P>0.05)
(F2-¢) 1.35%ZH I HILZMIT M 8.3 15 12.05%
F12.40%41 (P<0.05), {H 5 H A4 24 2 (7] 06 I 3 7
25 (P>0.05)(K12-d). Ffi#5 n-3 HUFAZK - 1944
I, BCERERTC3M EREHINE TR, 1.35%F0
1.70%ZH () C3 5 it b 35 18 T HoAth 45 2H (P<0.05); #&
M, IS 1.00%F11.35%4H C3M & & B & T
X B 41 (P<0.05) (Kl 2-e). W FEJG, ML CAT,
GSH-Px., LZMMIC3%: X # mip ¥ B W3 Jm, i
SODJU 52 HAH S #a #

2.5 A%in-3 HUFAZK X132 5 & I8 A B £ B%
1B RAEHE K EERIERF

W, 2.40%4 TLR22F1MyD88 mRNAZ
KRR, S T0.65%~1.70%4 (P<
0.05); #R1M, Nrf2 mRNARFEIEEAE1.35%4H A
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Tab. 4 Effect of dietary n-3 HUFAs on growth performance of E. fuscoguttatusxE. lanceolatu

WA 1A %kn-3HUFAs7/KF  dietary n-3HUFAs level P

item 0.65 1.00 135 1.70 2.05 2.40 P-value
YIRF /g 1IBW 12.05+0.01 12.06+0.02 12.06+0.01 12.06+0.02 12.05+0.00 12.05+0.00 0.556
Kk /e FBW 55.85£2.01°  56.52£0.76™  61.68+1.23°  59.14+1.37%  56.58+2.99"  54.77+2.87° 0.014
WEZ/% WGR 363.39+16.42°  368.71+5.61°  411.34+9.86"  390.29+10.74™ 369.42+24.87" 354.41+23.70" 0.014
FEE K /(%/d) SGR 3.07+0.07* 3.09+0.02° 3.26+0.04° 3.18+0.04® 3.09+0.11%® 3.03+0.11° 0.018
TR A% FCR 0.81+0.02 0.80+0.01 0.79+0.02 0.80+0.01 0.79+0.01 0.820.01 0.083
173 /% SR 99.38+1.25 100.0040.00  100.00£0.00  98.75+1.44 100.00+£0.00  1000.00 0.164

Vi FAT B E/NG FRRRZE T B3 (P<0.05), TH

Notes: in the same row, values with different letter superscripts mean significant different (P<0.05), the same below

y=-51.844x*+ 152.91x+ 282.16

° 40T R*=0.7193
= 400 | t
N ]
% E 350 f ‘F\l\,
2300
en
'g 250 ¢ Xopt=1.47
1 J T D ——
050 090 130 1.70 2.10 2.50
FAkIn-3 HUFAZK /% T4 7
dietary levels of n-3 HUFA
1 A8n-3 HUFAKESBHREEARE
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Fig. 1 Relationship between dietary n-3HUFA and
WGR of E. fuscoguttatusxE. lanceolatu

e RME, IFH 53 5T 1.00%4 (P<0.05)(%3-a).
IL-10F1MyD88 mRNAY 2% 35 2 BUAH [A] A ka5, 1M
TGF-BIAE 45 Ab HL4H [6] TG i 3 22 57(P>0.05); 2.05%
Y TNF-afIL-18 mRNAFR A R 15 e K, H P
F T 1.00%H11.35%4H (P<0.05)(K3-b), K+
5, %4 2 18] TLR22FINr2 mRNARY 223576 i %
P 24 5 (P>0.05), 117 1.70%2H MyD88 mRNAFK) % ik

HIAFIR KA, HEEST1.00%. 1.70%. 2.05%
Ke2.40%2H (P<0.05)([&3-c), SXIMAM I, &4
IL-18 mRNARY k1 5 TR, 1.70%4IL-18
mRNAM B A i/ ME(P<0.05). [FRIFE, 1.70%
2 TNF-o mRNA R 5 i 5 AL H B 2E% T2.05%
F12.40%2H (P<0.05)(I13-d).

2.6 AKIn-3 HUFAKEXN S EBEAK G S
B 5 E#E ok B E R IA RS2 M

WHEHT, 1.70%%H TLR22 mRNA ik A 5 A%
B, H & FEMT X4 2.40%41(P<0.05);
MyD88 mRNAMY) ik 5 TLR22 ELAT A ] A #a # ,
1.70%~2.40%Z Nrf2 mRNA /) 2% ik 7 i FK T
1.35%41 (P<0.05)(Kl4-a), SXFRAFHLIL, IL-10
mRNA Y F A ETE2.05%F12.40%2H i & T [
(P<0.05), £ AkbFR4] TGF-B1 mRNAFK) ik K
i KT % BR 4H (P<0.05), 1.70%Z4HIL-18 mRNA
1) 29 35 3 35 1K 1 0T HEZH F1.35%4 (P<0.05)([K]4-b).,
W )T, TLR22FIMyD88 mRNAFY £ ik & 43 B 1E
1.35%F11.70%4H 35 B b5 KA, 3% 5 T°2.40%41
(P<0.05)H.5 X} B 21 JC 8. 3% 2% 5% (P>0.05) . Nrf2

5 (RREKEn-3 HUFASTES 5k 4 BB 75 BE £ 1 4 B RO 52 00
Tab.5 Effect of dietary n-3 HUFAs on body composition of E. fuscoguttatusxE. lanceolatu

WA 1Akl n-3 HUFAs 7/K°F  dietary n-3 HUFASs level Pt

item 0.65 1.00 135 1.70 2.05 2.40 P-value
7K4r  moisture 71.17+0.50 71.214£0.25 70.67+0.18 70.96+0.52 70.94+0.38 70.96+0.61 0.554
HMAEE  crude protein 60.04+0.47 59.87+0.66 59.244+0.60 59.22+0.86 59.25+0.41 58.95+0.70 0.298
HLIEIT  crude lipid 24.05+1.11°  23.69+0.24° 25.1041.28°  25.91+0.58" 25.1440.13°  26.010.65° 0.017
K4y crude ash 15.79+0.34° 15.61£0.21" 15.44+0.08  14.83+0.15"  14.90+0.36"  14.44+0.46" 0.001
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Tab. 6  Effect of dietary n-3 HUFAs on fatty acid composition in liver of E. fuscoguttatus x E. lanceolatu %
e 7 ¥} n-3 HUFAs 7K dietary n-3 HUFAs level Pt
fatty acid 0.65 1.00 135 170 2.05 2.40 P-value
C14:0 3.4440.65 2.83+0.39 3.414+0.57 2.94+0.16 3.50+0.06 3.05+0.37 0.285
C16:0 23.70+4.67 20.71+2.53 25.09+2.41 22.41+1.34 25.25+0.93 23.49+2.61 0.363
C18:0 3.67+0.50" 3.69+0.33" 4.66+0.35" 4.4240.13" 4.67+0.14° 4.61+0.45" 0.006
C20:0 0.24+0.06 0.24+0.01 0.2540.01 0.2540.02 0.27+0.04 0.30+0.01 0.236
YSFA* 31.06+5.75 27.46+3.23 33.4243.06 30.01+1.53 33.68+0.89 31.44+3.39 0.287
Cleé:1 4.924+0.09° 3.27+0.16° 4.41+0.11° 4.45+0.11° 5.03+0.16° 4.41+0.10° 0.000
C18:1 26.22+0.51 26.89+0.07 27.17+0.70 26.76+0.59 27.43+0.67 27.3540.54 0.155
EMUFA® 31.14+0.43" 30.15+0.17* 31.58+0.75® 31.21£0.55% 32.45+0.82° 31.76+0.61* 0.011
C18:2n-6 29.27+4.51° 29.24+2.70° 21.01+2.72* 21.81+0.24" 16.88+1.09° 16.64+2.02° 0.000
C20:4n-6 0.2140.03" 0.32+0.04" 0.41£0.03" 0.61+0.07° 0.64+0.09° 0.82+0.06° 0.000
¥n-6 PUFA® 29.48+4.53° 29.55+2.73" 21.42+2.70" 22.41£0.27* 17.51+1.18" 17.46+2.06" 0.000
C18:3n-3 0.72+0.25 0.77+0.10 0.63+0.11 0.81+0.06 0.72+0.11 0.86+0.09 0.394
C20:5n-3 0.83+0.03" 1.54+0.04° 1.66+0.14° 2.61+0.10° 2.82+0.31° 3.39+0.18° 0.000
C22:6n-3 2.474+0.63" 3.06+0.46" 3.49+0.14" 4.88+0.24° 5.16+0.40° 6.65+0.72° 0.000
=n-3 PUFA’ 4.01+0.87" 5.37+£0.55" 5.78+0.37* 8.31+0.33° 8.70+0.62° 10.90+0.97° 0.000
n-3/n-6 PUFA 0.14+0.02° 0.18+0.01° 0.274+0.02° 0.37+0.01° 0.50+0.01° 0.63+0.03" 0.000
n-3 HUFA® 3.30+0.62° 4.60+0.46™ 5.15+0.27° 7.5040.34° 7.98+0.50° 10.04+0.89° 0.000
DHA/EPA’ 2.57+0.21° 2.16+0.04° 2.11+0.12° 1.87+0.02° 1.93+0.22° 1.96+0.12° 0.001

mRNAM F L BT T0%AH KB K, BES
T X HRZH (P<0.05), fH 5 H A& 2HTC 2 % 2 5+
(P>0.05)(Kl4-c). 1.70%ZHIL-10 mRNA) F ik &
Fm T HAb & 4 (P<0.05); TMi1.70%411L-18
mRNA 15K 2 F K T2.40%2H (P<0.05), H
5 A2 TG W 3 M 25 R (P>0.05)(1K14-d).

3 iR

SR, Wl R K 2R KR B L
2 N B K0.5%~2.0%), A5 o 4 e
B, B kin-3 HUFA(T 9K F h 1L.47%8, 2
B 0 f Bt A A WGR(E ). X 5 8
BEfti(E. coioides)V" . Bt (Acanthopagrus
schlegelii)" "B [K 75 28 fi (Hexagrammos otakii)®"
MRIFFE 45 2R — 3. Zuo%5 V& ML iA ktn-3 HUFA
(0.60%~0.98%)7K - i e #F T KB i AE KRN
RE . &IN5 (Dicentrarchus labrax)¥% £ 0.7% n-3
HUFA (T 5t & & )i BA 5w 19 2 R R B2

F 8 (Paralichthys olivaceus)™ . MAHE%in-3
HUFA(T¥) 50 & )i 2 5 50.7%~1.0%, KT A
AR . 2SR AT RE S ARl . AR . DHA/
EPA LU 191] K T B 7 7K 7 A 55 30 B2 A OG> 234

Jig S5 AR ok A R i 2 B IR it A Y B
BN O T R VBB 15370 VR 21 5 Al
MU B -5 9 3 T 9 2 8o 2 IR BTt fR . AR
o4 A ALIR WK SE T R BT, 1.00%4H B
FART2.40%4 , X 55 BHZIRI R A (Cenopharyn-
godon idella) " W7 45 HAH — 2, X FRWIIE HAY
n-3 HUFAJK V- 7T DL $i2 5 R J5t o3 fige A 0 o 20 g
17 3= B OB . n-3 HUF A 328 490 i) Al 105 19 45 it g
(F A1 75 # -6-85% 15 1Bt S0 iiF (GOPD) G 1, #1l il
T WL 85 (Oncorhynchus mykiss)i I L& 7, 4k
1M, 4 Ekn-3 HUFAZK P X B G 5 14 65024 40
FLRE D5 & 5 JC W 25 RS2 e, 3K AT BRI T AR
] 2 45 o A R BRI i 22 5. A SR,
JHF JE 0L PR B 07 R 2 ok Sz ke )k i s R 1 2
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Tab.7  Effect of dietary n-3HUFAs on fatty acid composition in muscle of E. fuscoguttatusxE. lanceolatu %
Hepii T%l n-3 HUFAs /KF  dietary n-3 HUFASs level P

fatty acid 0.65 1.00 1.35 170 2.05 2.40 P-valve
C14:0 1.73+0.12 1.65+0.18 1.68+0.18 1.73+0.11 1.83+0.16 1.85+0.17 0.601
C16:0 17.70+0.92 17.06+0.77 17.54+0.38 17.32+1.00 17.95+0.53 17.63+0.67 0.758
C18:0 4.3540.08" 4.3440.16" 4.86+0.05° 5.02+0.07" 5.02+0.12" 5.2940.10° 0.000
C20:0 0.38+0.02° 0.38+0.02" 0.39+0.01" 0.42+0.01* 0.43+0.01" 0.44+0.01° 0.001
YSFA* 24.15+1.11 23.43+0.96 24.48+0.59 24.48+1.16 25.23+0.63 25.21+0.77 0.206
Cleé:1 2.134+0.25" 2.06+0.13" 2.34+0.18" 2.45+0.28% 2.63+0.23" 2.82+0.21° 0.008
C18:1 24.45+0.51 24.61+0.14 24.64+0.27 24.66+0.35 24.71+0.57 25.06+0.20 0.521
EMUFA® 26.58+0.75 26.67+0.26 26.99+0.20 27.114+0.63 27.35+0.77 27.88+0.11 0.093
C18:2n-6 37.55+1.39¢ 36.87+1.05¢ 33.51+0.71° 30.60+0.86" 26.95+0.51° 24.80+0.76" 0.000
C20:4n-6 0.28+0.01" 0.34+0.01° 0.46+0.01° 0.61£0.03° 0.66+0.03° 0.80+0.02" 0.000
¥n-6 PUFA® 37.83+1.38¢ 37.21+£1.04° 33.97+0.70° 31.21+0.89° 27.62+0.53" 25.60+0.78" 0.000
C18:3n-3 1.15+0.03* 1.24+0.11° 1.22+0.05® 1.32+0.04° 1.34+0.05" 1.49+0.02° 0.000
C20:5n-3 1.80+0.03" 2.41£0.20° 3.01+0.14° 4.20+0.21° 5.00+0.09° 6.03+0.09" 0.000
C22:6n-3 3.45+0.19" 4.03+0.08" 4.97+0.14° 6.18+0.45° 6.53+0.15° 7.55+0.05¢ 0.000
=n-3 PUFA’ 6.39+0.25" 7.67+0.36° 9.20+0.28° 11.70+0.69° 12.87+0.21° 15.07+0.11° 0.000
n-3/n-6 PUFA 0.17+0.00" 0.21£0.01° 0.274+0.01° 0.37+0.01° 0.47+0.01° 0.59+0.02" 0.000
n-3 HUFA® 5.25+0.22% 6.43+0.28" 7.98+0.24° 10.38+0.65¢ 11.53+0.22° 13.58+0.11" 0.000
DHA/EPA’ 1.91+0.09° 1.68+0.11¢ 1.65+0.07¢ 1.47+0.05™ 1.310.02® 1.25+0.02° 0.000

BN FEARHESE R, BB B A 5 £ i
JUL PR B i e 2 AT AL B 45 5 o AR R L A o
FAEAKFERHCLI6 : 0OFC18 1, S4B
(Sparidentex haster)™ . JRMH K K £0 11 25 AR
—FP, X EBCL6 : OFICIS = 1Ay & i AR X
SE A rh ) EERE ORI, AT RBJE B R R
) EZEPUFA, AL, JHAEFINLAIHCL8 : 3n-3,
C20 : 5n-3, C22 : 6n-3MIn-3 HUFAR & HBEE H
M in-3 HUFAZK S (9 38 i i 38 b, 3 5 4R 28
RPN 4 3k B8] (Sparus aurata) WG —E, A
¥ & BALA fPn-3 HUFAR) & & 8 25 T P IE,
R N (R T NG ARG S S ST SO il |
Ak 5n-3 HUFATE I 2 A K B IR 7 =R 5 DUBUFE AL
REEAL ISP

TEIEH AR, SR A4 A i 2
JEARWIERR, ALK A R R &4 T
B o 0 2 AR D R 4 e A K
() A FEANS MESE(ROS), 5 S 2 1A P Y 2k

http://www.scxuebao.cn

T, WK A0 M 25 48, o o 5 At B B A
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HUFA(2.05%F12.40%20 ) & 3 I T %F A8 41 1l
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SR e I A B BT R AR RE 1, R K
F-n-3 HUFA 2 S8R LR SO R, 5 DL
g5 —3", H A AR n-3 HUFAZK - ML0.15%3
JnE00.60%, K # i TE SODTE 14 b B & 14 ™,
HIMA 2R G5 TN B i (LZM) 2 2E W AR ST L B s
PR 1 R AL R 4, B AR B L
LTI RES, SRR, n-3 HUFARS DL
W G RN, AR AR AN I AR i Y A R
BE ST FEARMESE T, BRI 1.35%4 T LZM
HITE IR B B T2.05%M2.40%%H ; & Hn-3
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Fig.2 Effect of dietary n-3HUFAs on antioxidant and immunity ability of E. fuscoguttatusxE. lanceolatu
BC. before challenge, AC. after challenge. 1. 0.65%, 2. 1.00%, 3. 1.35%, 4. 1.70%, 5. 2.05%, 6. 2.40%. In the same row, values with different bar

superscripts mean significant different(P<0.05), the same below

WTHEMMRGHE —EPZ . Sitja-bobadilla
SEWVL I, TER A BUERYLJE , 4 Sk 1L SOD A
LZMG P 7 G BF 238 0, (H i T ie % 95 &

8 33 ‘7 7K O (9 n-3 HUF AR K o 0 ] L G 2%
A S WA, 0.85%4 5 1=
(Apostichopus japonicus)[HLZMIE M i 35 5 T X% 1]

4, MAE1.61%H11.95%4] Hh vk 28 F %™, 1
WL R, & Bn-3 HUFAsH] DLU$E & i 2
%, it fn-3 HUFAS S8R UIme MR, X
Al e 2 T id #n-3 HUFAS S 88 Rt &k,
Hom T AR . SR, PEE R SODAYIE M b
IS F IO AT IS P, X 0] BE PR R i A G B

WPRFER . Bk, ASCH K Fn-3 HUFAA
I BB 2 WA KR, XoTRe2EE it & -
3 HUFAR] 8 iR N g ot ot 484k, 77 2B KR
H HZEFIROS, FEA N EER TG, Al IR 40 i Rt 45
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http://www.scxuebao.cn


http://www.scxuebao.cn

2132 KorE ¥R

&3 0.65
gm 1.00
= 135
F w2 1.70
Abrab B 2.05

FHX R AL i
relative expression level

I5;

> 3 0.65

= g 1.00
Mg = 1.35
ﬁ@ R ez 1.70
™ & ¥ @ 2.05
%z ®X 2.40

2

=

L

£H
genes

(©

43 %
T3 0.65
2 c &3 0.
g m‘ ¢ &8 1.00
%.5 2L I be B 135
P X b1 w2 1.70
ﬂﬁg & 2.05
LA ik == 2.40
=2 é
= 7
T&;) 0 MAAH A0 1-1MH AHN
IL-10 TGF-p1 TNF-a IL-18
FE[H
genes
(b)
T 4 3 0.65
5 b @m 1.00
g § 3 = 135
ﬁi vz 1.70
®E 2 2.05
g 2.40
Zo
2
B
g 0 B :
1L-10
R
genes
(d)

3 ARARREKEn-3 HUFART 23K 2 BB A 3T & B7 8 & 5 (a,b) NI E 5 (c,d) 2 EHE X B ERIAH £

Fig.3 Effect of dietary n-3 HUFAs on expression of inflammatory related genes in intestine of

E. fuscoguttatusxE. lanceolatu before (a,b) and after (c,d) challenge
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Fig. 4 Effect of dietary n-3 HUFAs on expression of inflammatory related genes in kidney of

E. fuscoguttatusxE. lanceolatu before (a,b) and (c,d) after challenge
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Effects of dietary n-3 highly unsaturated fatty acids on growth, immunity and
related gene expression and disease resistance of hybrid grouper
(Q Epinephelus fuscoguttatus x 3 E. lanceolatu)

AN Wengiang *,  DONG Xiaohui "', TAN Beiping ">,  YANG Qihui ', CHI Shuyan '?,
ZHANG Shuang '?, LIU Hongyu ',  YANG Yuanzhi '

(1. Laboratory of Aquatic Nutrition and Feed, College of Fisheries, Guangdong Ocean University, Zhanjiang 524088, China,
2. Aquatic Animals Precision Nutrition and High-Efficiency Feed Engineering Research Centre of
Guangdong Province, Zhanjiang 524088, China)

Abstract: This study was conducted to investigate the effects of dietary n-3 highly unsaturated fatty acids (n-3
HUFA) on growth performance, non-specific immunity, expression of some immune-related genes and resistance
to Vibrio harveyi in juvenile hybrid grouper (Epinephelus fuscoguttatus @x E. lanceolatud). Six isoproteic and
isolipidic experimental diets were formulated with graded levels of n-3 HUFA (0.65%, 1.00%, 1.35%, 1.70%,
2.05% and 2.40% of dry matter, respectively), and 0.65% group was used as control group. Each diet was
randomly allocated to triplicate groups of fish in 1 000 L fiberglass tank, and each tank was stocked with 40 fish
[initial weight (12.06 £ 0.01) g] for 8 weeks. Results showed that feed conversion ratio (FCR), survival rate (SR),
hepatosomatic index (HSI) and condition factor (CF) were not significantly affected by dietary n-3 HUFA levels.
Weight gain (WG) and specific growth rate (SGR) in 1.35% group were significantly higher than those in 2.40%
group. Crude lipid of body in 1.00% group was significantly lower than those in 1.70% and 2.40% groups Liver
and muscle fatty acid profiles reflected that of diets. Before challenge, the activity of serum superoxide dismutase
(SOD), catalase (CAT) and content of complement 3 (C3) in 1.35% and 1.70% groups significantly higher than
those of control group. After challenge, serum CAT, glutathione peroxidase (GSH-Px), lysozyme (LZM) and C3
all increased sharply, while SOD showed the opposite trend. Before challenge, the expression levels of intestine
toll-like receptor 22 (TLR22) and myeloid differentiation factor 88 (MyD88) mRNA in 2.40% group were
significantly increased, and the expression levels of tumour necrosis factor a (TNF-a) and interleukin 1 (IL-1p)
mRNA in 2.05% group were significantly higher than those in 1.00% and 1.35% groups. In addition, the TLR22
and IL-1B mRNA levels in kidney of 1.70% group were significantly lower than those in control group. After
challenge, the expression level of MyD88 mRNA in intestine of 1.35% group was significantly higher than that in
1.00% group and from 1.70% to 2.40% group, while TNF-a and IL-1p obtained minimum values in 1.70% group.
In the kidney, the interleukin 10 (IL10) mRNA expression was significantly higher in 1.70% group than those in
other groups, while the IL-1f expression in 1.70% group showed the opposite trend and significantly lower than
that in 2.40% group. Results of this study suggested that moderate dietary n-3 HUFA (1.47%-1.70% HUFA) could
improve the growth performance, non-specific immunity and inhibit the inflammatory response of hybrid grouper.
Key words: Epinephelus fuscoguttatusQxEpinephelus lanceolatud; n-3 HUFA; non-specific immunity;
inflammatory related gene
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