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FE: v R A K DHA/EPA st B38| # 4 & £ K FRARF R AEEBRAA N B W, ZhE
Hl %A F 5 F | DHA/EPA {£(0.64.0.97 \1.18 1.59 #n 1.91) 89 % #F, & N B 3% 3
NEA AFRABS6d, FREF:(1)MA A DHA/EPA I Fri|, 38 Il 4y & B & X
(WGR) A # X (FE)  Ea A X (PER)HE L LA THEH#ZSE (P<0.05), %4 H
DHA/EPA 4 0.97 ~1.59 Bf 4o & B F b , AR M X & &, & A U E N £ DHA/EPA
MH0.97~1.18 B3k F &%, & @ KM E(protein retention efficiency, PRE) 5 47 £ DHA/
EPA B ERZ_kE %A (y=-1.589 5x° +2.858 3x +45. 184;R* =0.910 8,x = 47
DHA/EPA {# ,y =PRE) , % 15 #} DHA/EPA {f X T 0.90 &f 2 T # %, & (HSI) 2 &£ T
M )5 /NtE B F e % (P <0.05), 7 %5 £ DHA/EPA {8 % 1.18 Bf 35 2| 5 1%, # 2.85% , J& JlE 4%
H(SSI) 2R EA#% (P <0.05), T4 # DHA/EPA {H ) 1.59 4 & & (0.12% ) ; (2) Jf i
ML flg s 4 & M1 £ DHA/EPA ey ¥ i 2 1 B T M # % (P <0.05), H 7 4 # DHA/EPA &
K118 B fE B K, 8.60% , T Ja X &% EF, 817 & 3 18 T 1 #f DHA/EPA & % 0.64 &f
B KT (13.44% ), — K E VA4 (y =5.199 6x° - 15. 652x +20. 866; R* =0. 634 8, x = 17
DHA/EPA {8,y = [ JEfe B & &) B 7~ , % % ¢ & DHA/EPA {E 4 1.51 &t fF JIE Jig i & & & 1K
JERT B 9 T4 R B 7, M % % £ DHA/EPA ey #% , fFIE R LA & EPA &2 EH E L KT
# % (P<0.05),77 DHA 4 & % DHA/EPA 1 2 H & E A # % (P <0.05), JFJE AL A 4 4
n-3 HUFA & &1 2 B4 @ m (P>0.05);(3) ik & & & 2k & A & & £ 1 # DHA/
EPA 5 1.59 P25 THMAUA(P<0.05), 4% & 7 4% £ DHA/EPA {4 40.64 .0.97 #u
1.59 XK-FH e, /W (LSZ) % £ 4 1 #f DHA/EPA {E % 1.18 Bf3A 2| (P <0.05), %
2.76 wg/mL, &7 % A 8 (ALT) 7% £ 7 %5 #f DHA/EPA {4 <1.91 8t £ 8 % & {4, 4 44 &
DHA/EPA > 1. 18 Bf , M F A B A B (AST) EMREH T 5% £ 4., HRENA, ERXER
ST, UM EER N SEZI4, KA K E A (y= -31.066x" +77.26x +76. 541 ;R* =0.957 4,
x =1 # DHA/EPA i,y = 8 & £ ) 2 # 7 4%, % & K flg i A F & 8.3% DM,n-3 HUFA & &
#0.74% DM ft, B35 )| # 4 & [ 4146 1K it & (31.70 +0.12) g | xf DHA/EPA {1y & & F %

oy 1.24,
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U LA ARk K 77 55 BRI Ak T
3 ,2004 ] 2006 4F ] F- B4R K FiK 6. 1%
A5 B R R 2K 7 3R B R T i S R
B T B 0By BE IR B A 3 RO A0 A% B BT, BF
FEAE W) A IR IR 7 P52 AR ARy B R R AR
K 7 % B 4 6 £l B R R R TR R L R
T, FE 0 i 07 90 i 2 8 3 e = v K £ 28GR R AR
BT S n-3 5 AN AR T2 (n-3 HUFA) , G
HJE EPA Rl DHA™ . BF 58 % 3L, if /K #6074 I
WifE DHA Fil EPA {775 — & (1 [ Bl ¢ &, LL B
KR (JuH DHA/EPA R Ik ) 23 % H bl & R 4t
A AT R A B0 K AN AR ) R B BT R
ThEs' o B, 1K f RS {H 5 1 DHA i
EPA 1Y & &, i % 5870 75 1 3 1 H H 4

S I )| ¢ ( Platichthys stellatus, Pallas 1788 )
MM EEE MR REAR, B ERKHE
JEP TR )T AR R AR R, 2 gk O T
( Paralichthys olivaceus) . K 2% #} ( Scophthalmus
maximus) Z J& e A ) IR K 2R Z —
Lee 45 BT 53 1 S22 B0 1| &0 £ 00 75 1 U TR 1) 60 75
KA, 1 R DLAT X H: DHA/EPA (B 28 B 0F 5%
H Aij A7 S K 128 DHA/EPA I8 BN fin 3 1) AF
FZ W T AT HE /3G IR (48 HU R e )
Rodriguez %7 5% % # , DHA/EPA {Hi )y 1.5 11y
e B 2H 45 K B ( Sparus aurata) fFHE f A KR
E =T DHA/EPA {H R 0.6 Ay IR 4] ., X &l
H fa ( Chanos chanos) {1 a1 W 5% & B, %
DHA/EPA {5 T 1 i %8 dU Bl g B a] fR Ak 2 IE
A BB R AE TG % Copeman 4 % L,
ik % du o DHA/EPA f{H 4 X 36 W & o #&
(Limanda ferruginea ) {1 HE o #i 22 T g 7 A= 14
RO, S e H AR A E T o SR, B TR G i
K £ g)y th C 45 TR DHA/ZEPA 33 B IS Jin  41
TEADE D BT, A S0 LR B )1 6k 4 £ R F
FER G RV L DHA/EPA (B0 H AR K& A4
SV A AR AR 5, DA SRy B 1] 6 4 £ T
B B RIETE KA 7 S B SR R 2 2

1 MRSk

1.1 ERERNES

TE B B 40 4% 5 R K R TR T
LhE R AR B 1 B U, R TR
EPA,, .DHA,, (% 2) K & il ¥ 15 4 K n3

HUFA % & 5 0. 74% DM, DHA/EPA {5} 5
0.64.0.97 .1.18 1.59 F11.91 195 FPEE R ZEREW
SEH A RE, 23 B 6 448 Ry g \Rogr Ry g Ry 5o FlI
R, o0 P JSURL 3 A 8 35 0o 5, B i 80 H
i, ¥ B L BR B S R AT, 28 R ORE B IR AL T
2.5 mm x3 mm [ FORL, F BT, T -20 Tk
R ORAE A o SRR RGN IR A LA i)
WLk 1 k2,
1.2 IWaMFHE

I S 0 7 1L AR VR IR BRI T 5 e A
VKGR ZR GEEAT o S 50 1T X 1| 85 iy ol 7 2 7
SR AL, Ry AR N A Y [ — e, W) IR A
B (31.70 £0.12) g, 12 S5 AT, B 31
TEFRFHR G IE N 2 Ji o ARG BEAL S 4, 1
HW3ANEL, HANEERE 20 B, 00l g T
70 cm  FH A2 80 cm 18 T 37 G AW 5 i K R
40 cm £ 47, /K FRAE (0.4 L/min) |, fRUEVE 4
>5 mg/L, & & WAHEE A <0. 1 mg/L, Kik
(19+0.5)C,pH 7.8 ~8.6,# & 28 ~30 g/L,
T KA E R PIR (08:00 F1 16:00)  fi] o} 453
30 min J5, N R G B 7 09 HE K 1045 5% 1H HE s, %K
OB, TR AR A SEIR I R 56 d.
1.3 HEERXEENE

SEHR sy H AT REALI 10 B A BE )1 B4l 1 AT
WIUG & B Ao SEER A5 RET 45 24 b, A L
122 MS 222 (60 mg/kg) k¥ )5 Fr O 2K K
AR AS %GR A B AIL IR 3 R S 5 £ A 4 A
an L AR 17 RS ] T 0 T IE 22 LR ah
R B, LG A i BT 50, 75 WL B2 U 20 200 R
FH DS-1 BUZH SN R 5 AL B S5 TR 20, B A R
¥F -80 CHRAFA o 1551 5 % (weight gain
rate, WGR) i B} 54 % ( feed efficiency,FE) .25 H
JE & ( protein efficiency ratio, PER) | 2 [ J&i UL
FHUE ( protein retention efficiency, PRE) # & &
(daily feed intake, DFI) . AT /& . ( hepatosomatic
index ,HSI) JIE{4& k. ( visceral index, VSI) | & i J&
(condition factor, CF) F1 4 i 45 % ( spleensomatic
index, SSI) ¢4 45 , 115335 AU T -

HEAR(WGR,% ) =100 x (ZARAKGH -
) 1A B ) /490 B A o

TR HE (FE, % ) =100 x 3% 8/ Bh I 8

HHEBAA A (PER) = B8/ (F & & x [k
HERSTES)
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EH IR AR (PRE, % ) =100 x (K SUH &K (105 °C) , #l 2 [ & & F AL 4 iy (LECO, FP-

H UL i/(%ﬁixﬂﬂ*ﬂﬁﬁ % ) 528) #ABEE RL , HLIR 05 0 2 SR T 2% EC il 32 %
B A (DFI, % /d) =100 x R at/[ (4G KUK E R S IR b 4B (550 °C) o 1iLiis #
R + X R R) /2 x56 ] N %% & iff (alanine aminotransferase, ALT) | 7% B %

JFA& L (HSI, % ) = 100 x JiF IE i &/ 44 2 I ( aspertate aminotransferase, AST) . 2 & 4

J (total protein, TP) . (H 25 | (albumin, ALB) %
JIEAAR L (VSIL, % ) =100 x Py JIE BT 4/ {4 4 A 3h A 4 7L (7020, H A H 37) #4700
JT FE BT FEER 6 b A o R 2 A A B R A FR 2 W]

JIE 3 B (CF,g/cm’ ) =100 x & i &t/ (K )’ $Efit . BREE A (globulin, GLB) £ 4y IfiL i &1 85 H
JGLIEFE 5 (SSI, % ) =100 x Jit i T 5/ A & S5AEAZZE, MLE % W (lysozyme, LSZ) i #
Jo i R B R AR W R AR 5 U AR 7 R A T
Tl B 2H 2R R K 4 T R SR A E R T R R M E o
K1 ILRANBEAREFRERRSHHT

Tab.1 Formulation and nutrient composition of the experimental diets

JEEH(g/100 g) 413 groups

ingredients Ry s R, o R, s R, 5 R,
F1 " white fishmeal 20.00 20.00 20.00 20.00 20.00
fi% 2 4 casein 40.00 40.00 40.00 40.00 40.00
WG dextrin 24.50 24.50 24.50 24.50 24.50
£l DHAZ, fish oil DHA, 0.00 0.40 0.64 0.84 1.00
{9 EPAY fish oil EPA,, 1.09 0.65 0.40 0.18 0.00
K =il soybean oil 7.91 7.95 7.96 7.98 8.00
#°49)%* mineral premix 2.00 2.00 2.00 2.00 2.00
A= % vitamin premix 1.00 1.00 1.00 1.00 1.00
BRI IELT AR g CMC 3.00 3.00 3.00 3.00 3.00
AL JHAK choline chloride 0.50 0.50 0.50 0.50 0.50
it total 100. 00 100.00 100. 00 100. 00 100. 00

EFREM/ % DM

L4 crude protein 53.36 53.58 53.46 53.73 53.40
MR crude lipid 8.32 8.42 8.59 8.26 8.05
LK 43 crude ash 5.83 5.77 5.90 6.05 6.08
DHA/EPA {fi DHA/EPA ratio 0.64 0.97 1.18 1.59 1.91
n-3 HUFA% 0.74 0.75 0.77 0.71 0.70

fEHL/(kJ/g) gross energy 19.83 19.91 19.69 19.75 19.62

TE:L A AR :RA 71.4% 5107 8% e BRAL AL 2, 2,3 Kl fr il , W el b Ve 0 BRE it A 4 B R A BR 2 =1, I 07 7R 2 AL
F£2, 4. YR AER (mg/ke fRE) :MgSO, - 7TH,0,3 568.0 mg;NaH, PO, - 2H, 0,25 568.0 mg;KCl,3 020.5 mg;KAI(SO,)2,8.3
mg;CoCl, ,28.0 mg;ZnSO, - 7H,0,353.0 mg;Ca-lactate, 15 968.0 mg;CuSO, - 5H,0,9.0 mg;KI,7.0 mg;MnSO, - 4H,0,63.1 mg;Na,
Se0,,1.5 mg;CaH;0,Fe - 5H,0,1 533.0 mg;NaCl,100.0 mg;NaF,4.0 mg.5. 44 R iRk (mg/kg k) 4 FE A,38.0 mg; 44 &
D;,13.2 mg;a-EH B ,210.0 mg; i ER ,115.0 mg; #% B %K ,380. 0 mg; £ AR ML IS 7 ,88. 0 mg;iZ /7 ,368. 0 mg; AR, 1 030.0 mg; /L)
2,10.0 mg; iR ,20.0 mg; 4i4E 2% B, , 1.3 mg; JLEE 4 000.0 mg ;47K MR ,500. 0 mg

Notes:1. White fishmeal:71.4% protein,8% lipid;2,3. EPA or DHA enriched fish oil: purchased from HEBEI HAIYUAN Health Biological
Science and Technology Co. ,Ltd. ,China. Their fatty acid compositions are shown in Tab. 2. 4. Mineral mixture ( mg/kg diet) :MgSO, - 7H, 0,
3 568.0;NaH, PO, - 2H,0,25 568.0;KCI,3 020.5;KAI(SO,),,8.3;CoCl,,28.0;ZnSO, - 7H,0,353. 0; Ca-lactate, 15 968. 0; CuSO,
5H,0,9.0;KI,7.0;MnSO, - 4H,0,63.1;Na,SeO;,1.5;C¢H;0,Fe - 5H,0,1 533.0 NaCl, 100. 0; NaF,4. 0. 5. Vitamin mixture ( mg/kg
diet) ;retinol acetate,38. 0 ;cholecalciferol,13. 2 ; alpha-tocopherol,210. 0 ; thiamin, 115. 0 ; riboflavin, 380. 0 ; pyridoxine HCI,88. 0 ; pantothenic
acid,368. 0 ;niacin acid,1 030.0;biotin,10. 0;folic acid,20.0;vitamin B, ,1.3;inositol,4 000. 0 ;ascorbic acid,500. 0

http : / www. scxuebao. cn



2 I &, 55 DR DHA/EPA (B G B3 1| 840 0 A= 4 PR AL B0 UL A= 246 A 1) 5% 253
®2 BHM. EMRIBAMERBAR(SEHR)
Tab.2 Fatty acid composition of fish oil,fishmeal and experimental diets ( total fatty acids) %
JIg 07 BR il EPA fi il DHA, 1 R R R R R

fatty acids fish oil EPA,; fish oil DHA white fishmeal 06 07 e b n
C14:0 5.26 0.93 0.90 0.90 0.82 0.86
C15:0 0.76 0.12 0.12 0.12 0.11 0.11
C16:0 0.18 22.66 13.26 13.09 13.49 12.59 12.74
C17:0 0.64 0.12 0.12 0.12 0.11 0.12
C18:0 0.55 0.12 3.87 4.73 4.66 4.84 4.65 4.7
C20:0 0.33 0.22 0.53 0.25 0.25 0.26 0.26 0.26
C22:0 0.35 0.17 0.28 0.28 0.28 0.30 0.30
C16: 1n-7 0.29 4.86 0.80 0.78 0.76 0.72 0.74
C18:1n9 4.15 0.30 10.58 21.12 21.26 21.27 21.34 21.42
C18: 1n-7 1.39 2.82 0.4 0.39 0.4 0.37 0.39
C20: 1n-7 3.21 1.08 1.72 0.79 0.74 0.71 0.66 0.61
C22:1n9 1.29 3.37 2 0.31 0.28 0.26 0.24 0.25
C18:2n-6 0.96 0.15 1.82 38.45 39.01 38.8 39.61 39.25
C18:3n-6 0.19 0.21 0.20 0.20 0.20 0.20
C20:3n-6 0.37 0.21 0.72 0.20 tr tr tr tr
ARA 2.38 1.24 1.07 0.42 0.45 0.49 0.47 0.51
C18:3n-3 0.89 0.14 1.43 3.57 3.60 3.60 3.67 3.63
C20:2n-9 2.52 2.33 0.25 0.21 0.18 0.14 0.12
C20:3n-3 0.26 0.15 0.11 0.13 tr tr tr tr
EPA 47.94 12.17 8.97 5.22 4.39 3.95 3.18 2.89
DPA 2.27 5.84 0.77 0.29 0.32 0.35 0.36 0.32
DHA 23.98 65.93 19.7 3.33 4.25 4.66 5.05 5.51
> SFA 1.06 0.69 33.89 19.68 19.42 20.01 18.84 19.09
> MUFA 10.33 4.75 21.98 23.43 23.45 23.39 23.34 23.41
> n-6 PUFA 3.9 1.60 3.61 39.47 39.8 39.68 40. 44 40.11
> n-3 PUFA 75.34 84.23 30.98 12.54 12.56 12.56 12.26 12.35
n-3 HUFA 74.45 84.09 29.55 8.97 8.96 8.96 8.59 8.72
DHA/EPA 0.50 5.42 2.20 0.64 0.97 1.18 1.59 1.91

TR u” FoR IR AR T 0.1% , IR %%

Notes:data noted with “tr” means the fatty acid contents were lower than 0. 1% total fatty acids,the same as the following

Ik 1 R 20 o 3 g 32 B S BB Foleh 45 i )5
W BRWIER N E 2 B8 Metcalfe %5 1) J7 i JF i
YEWCHE - FREC 100 mg 245 1 #F 5 T 50 mL 4 %
HALE H, in 2 mL IE 2 BE,3 mL BB SE, 52 SR
% ,70 CRBPERAL 2 h B EEZ, R INMA
6% K,CO,5 mL,IEC4E2 mL, 3R, B LR
Bk P Ak 09 B 7 R, R T AAH 835 AL ( GC-
2010, H A5 B KM 25 1 A6 A6 & (FID) 45300
s 45 1 s HE AR IR B 260 T R Ll E R
99.99% =4 A, B %A A% 100 m x 0. 25 mm X
0.20 pm(SP-2560, Supelco, Bellefonte ,PA, 35 [H ) ,
FEW A 1.8 mL/min, #E{j J&E 357. 4 kPa, #2115
JE 140 C {345 5 min, ) 4 C/min J} & 240 C (%

710 min, SMUEHERE 1 L, 53U H 905 1, FID 3
& 260 C, >k A Supelco 37 F fig Jiij i B B 1E b5
( Supelco, Bellefonte, PA , 22 [H ) {1 B &£ & B8 15 R,
K FHE FRA — 35T HRNR W R AH X 4 6
1.4 HEFEHRITEHH

% Fl EXCEL 2000 1 SPSS 11.5 #1748 11, %%
P KUV {H + b ifE 22 (mean + SD) IE A KR,
WK R 0.05, % F 25 5 8 2 41k H Duncan’ s
2 T LI A0 A A R) 1) 2 S S SRR B N S B A
AT Levene's J7 25 55 PEku 3, #5 7 26 A5 5%, W R GE
SO TR OB S AL S RS T, R A kA
(y=ax’ + bx + c) Pl & 2 B )1 8 &) 4 3 & R
(WGR,y) [Al ¥} DHA/EPA fH (x) ) K& .
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2.1 {A%# DHA/EPA EXEHJISHEERKK
R F) A R B9 B

TEREAS TR 50 92 30 3 B] , 45 55 36 2H R M B Ak
MG ARG R R 100% (£3) o SLimayiG-F2
R A (31.70 £0.12) g, % 40 B[R] TG & 3 22 5%
(P>0.05) 2RI (FBW){UFE R, o HA B
FHREML (P <0.05), 41k DHA/EPA f{H f£
0.97 ~ 1. 59 Z [a] i}, #% & K (WGR) £& & 1F
122.71% Z2 A5, /3 3 b Ry AT R, HIR & T
7.92% 1 11.57% , % (DFI) % R, f R, ,

M, &AM TR FH2ZR(P>0.05) (£
3)o ZWRENHAHF (y = - 31.066x" +77. 26x +
76.541;R* =0.957 4,x = i %} DHA/EPA {fi,y =
WGR; & 1) & 7%, 2 /i % DHA/EPA {fi} 1. 24
BF, BB &)y 0 A K PR R OR B e iR, S
TREIER (FE) 5 WGR 2 fpa#—%, &HH i
%% (PER) £ R, o, Fll R, 413K $ 5% & , PRE 7£ 4%
AT 3 Pk 2% 5 (P >0.05) , {H 5 45 Kt DHA/
EPA {HAF7EII R R IEH K AR (v = —1.589 517 +
2.858 3x +45. 184;R* =0. 910 8, x = fi k¥ DHA/
EPA {fi,y = PRE; & 2), % 8] X4 /i £} DHA/EPA
fH 9 0.90 B} , 52 55 fa PRE I & o fF 45 T 1k 5

®3 BLRHAERNGHEERK ARMAREEERSN
Tab.3 Mean growth,feed utilization and morphometric index of P. stellatus
fed with diets containing different DHA/EPA ratios

45 groups

R0.64 R0.’:’7 R1.18 R1.59 Rl.’:ll

44547 growth performance

WG R T /g IBW 31.61 +0.10 31.74 £0.13 31.69 +0.93 31.65 +0.10 31.77 £0.19
KR/ g FBW 67.65 +0.85" 70.46 +2.07° 69.95 +1.95% 70.58 +1.37° 66.56 +0.09"
WER/% WGR 113.70 £2.17° 122.03 £3.05* 123.12 £1.41° 122.98 £1.20* 109.98 +1.01°
%/ % /d DFI 1.03 £0.02° 1.03 £0.02° 1.08 +0.02° 1.09 £0.02° 1.02 £0.03°
1A #L %] Hf5Fx feed utilization

Tk %R/ % FE 125.84 £1.92° 134.51 £0.55* 133.60 £2.51*° 130.53 £1.01*  127.69 £3.38"
% 1 AR PER 2.60 +0.04° 2.78 +0.01° 2.76 +0.03" 2.59 +0.09° 2.55 £0.06°
4RI %/ % PRE 46.23 +0.99 46.71 +1.50 46.37 +3.00 45.42 +3.18 44.98 +1.98
2 &k #5 #% morphometric index

A /% HSI 3.00 £0.01° 2.93£0.01%° 2.85 £0.03° 2.96 £0.05® 2.88 £0.04%
WEfA /% VST 3.93+0.28 4.19+£0.12 4.19 0. 14 3.89 +£0.21 4.19 £0.14
JE 5# BE /% CF 2.72 £0.09 2.52+0.08 2.69 £0.08 2.70 £0.05 2.70 £0.17
T WE 5 %4/ % SSI 0.08 £0.01° 0.09 £0.01"% 0.10 £0.01% 0.12 £0.02° 0.11 £0.00%

T R PO LSP R+ AR 22 30m (n =3) | [AAT RGN A) B AR SESC T BE 7R 28 5 3% (P <0.05) , LU R 453Kl

Notes; Values( means = SD) (n =3) in the same row with different superscripts show significant difference( P <0.05) ,the same as the following

130 £ 5 = 31,0663 + 77.26x + 76.541 0
R>=0.957 4 S
125 | =~
| ¥ 46t
o 120 | | K
o § ] ;SE 44 +
S s ' s
¥ S i ! M 421y, = _1.589 5x2 +2.858 3x + 45.184
i = ! B R>=0.910 8 , ,
;D 110 L | 40
2 ' 154 0.5 1.0 15 2.0
105 | . [ DHA/EPAfE
dietary DHA/EPA ratios
100 . . .
0.50 1.00 150 2.00

2 LBEFEHRMNAEPRE 588
DHA/EPA -t EHIFAXZH

Fig.2 Quadratic regression analysis of fish protein

iR DHA/EPATE
dietary DHA to EPA ratios
E1l Xm&IEER WGR 54 DHA/EPA ZTEFX %
Fig.1 Quadratic regression analysis of fish weight

gain rate( WGR) and dietary DHA/EPA ratios

retention efficiency (PRE ) and dietary
DHA/EPA ratios
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i Ak DHA/ZEPA {5 4 Xt 52 B )1 8 4)y 0 ) {4
F (HST) B 3 (VST) 7= A $ i, i 47 4 DHA/
EPA {1 TF &5, PR L 58 T MG b IF a3,
il 45 K (SSD) A B3 B IH#a# (P <0.05) .
2.2 A% DHA/EPA Exi E 58Il 4 & AL A .
e ENERARNEM

WL K 2 & fk R 77.82% ~78.24% , % 4H 2
6] 2% 5 R 3 (P >0.05) . L&KL R, 4
FIR, o HE R, Kb A AR 2ZRARE (P>
0.05) (#4) . MIEWI &R, 24 5w, Hifti & 41
6] G 5 22 5 (P >0.05) . MK & iDL R, 4l
e, R Ak, Kb A AR E 2R (P>
0.05) ;% FHFIELL 41: /K 43 L R, 4 B &, R,
Ao 4% 2 1A BT ML 2 1 KL 43 BT i 5

IEA
W

i YR S R A B Y R (P >0.05)

JHJUE AL A D7 5 & 5 HST 2246 #— 2 (K
3), Y44k DHA/EPA (<1.18 I 2 I & T %4
#(P<0.05) , ZFHFEA BHE R, AR
FH2ESH (P >0.05), BIHAH(y =5.199 6x° -
15.652x +20. 866; R* = 0. 634 8,x = /i 2} DHA/
EPA fH,y = FFIERG D7 & &5 181 4) S, 24 1 o
DHA/EPA i}y 1. 51 I, JIFJJE AR 07 & & 3k 3] &
s e A 4L b R R 43 7 & TG W 35 A8 Ak, K 4
TR A AN Sy AN M E A UL R, i
o, A A 22 AR E (P >0.05) KR & &
R, GALEEIR Ry o A AL, £ 4 22 7 A
BE(P>0.05),

R4 FARAXBAMERAEN)IKHEAAEAEFTELIN(%RE)

Tab.4 Tissue proximate composition of P. stellatus fed with different experimental diets( wet weight) %
24 3] groups
R0.64 R(J.':‘7 Rl.lS R].S‘) RI.’>ll
AL A dorsal muscle
7K 4y moisture 77.85 +0.44 78.24 0. 16 77.86 =0.59 77.82 +0.32 78.18 0. 12
M2 crude protein 20.07 £0.23° 19.96 0. 11" 19.80 +0.13°¢ 20.06 =0. 14° 19.99 +0.17"
HAS i crude lipid 1.32+0.29% 0.90 +0.09° 1.15+£0.17° 1.60 +0.87" 1.10 £0.25"°
MK 4y crude ash 4.99 +0.16% 5.19£0.21° 4.84 +0.17" 4.95 +0.05" 4.75 £0.26°
BFBE liver
7K 43 moisture 63.40 +£2.99% 65.63 +1.77% 66.44 +1.58* 64.63 +2.27% 63.29 +2.87°
M2 [ crude protein 6.020.62 5.86 +0.33 5.65+0.14 5.59 +0.29 5.86 +0.29
HMLIE WG crude lipid 13.44 +1.03° 10.15 £0.40% 8.60 +1.32° 10.90 +1.81° 9.16 +0.14%
HIJK 4> crude ash 0.89 +0.05 0.90 +0.06 0.94 +0.04 0.96 +0.04 0.95 +0.07
JH B R liver glycogen 17.56 £0.63 18.42 £0.98 17.75 £1.06 17.39 £1.83 17.59 £0.75
4 £ whole fish
7K 43 moisture 73.94 £0.32% 74.08 £0.22° 73.42 £0.46% 73.59 +0.30°¢ 74.64 +0.30°
HH 9 crude protein 16.44 +0.28% 16.44 +0.18 16.78 +0.44* 16.57 +0.07% 16.27 +0.40"
HLHE W5 crude lipid 5.63 £0.33% 5.06 £0.12°¢ 5.42 £0.52%° 5.77 £0.42° 5.09 £0.39"
K 43 crude ash 3.22 15 3.1 20 3.1 19 3.10 £0.07 3.04 £0.19
O JiFALE  hepatosomatic index 16
—o— JFARAER liver lipid ¥=5.199 6x* — 15.652x + 20.866
" P 14 F R =0.634 8
} 3051 715 <
8 3.00 g = 12
cE be X g §§'
5295 11038 &=
35 g © o 10
RE 200 42 g._i
3 & = =
g 285 15 525 == 8+
= ab be =
E' 2.80 C = 6 1 1 1
275 . . . ‘ 0 0.5 1.0 15 2.0
0.64 097 1.8 158 191 7B DHA/EPA{E
AR DHA/EPAE dietary DHA/EPA ratios
dietary DHA to EPA ratios
e M4 SREFERAETHSESA™
B3 AEAXHNAGEFELLSHERERSE

Fig.3 Hepatosomatic index and liver lipid content in

fish fed with different experimental diets

DHA/EPA E=jtEIFAX &

Fig.4 Quadratic regression analysis of fish liver

lipid content and dietary DHA/EPA ratios
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2.3 A% DHA/EPA {E3Xf £ 51 JI| & %) £ BT BE .
AL P B B B 48 B B9 %2 M

4# DHA/EPA {8 2 52\ 8% 4h & AT I fs 7
BR 4 %, 449 % SRR TR ( X SFA) & & 0
16.26% ~19.76% , H: 7 C16: 0 55 & HF113.04% ~
15.93% , 5 80% 7oAy, Wi+ B s (H 1 BLAE R o,
41, X SFA Fl C16: 0 M 7E R, ,, 41 2 M A Ak (£
5). Cl4:0 &5/ B %5 X SFA A, HAt
434N C15:0 Fi C18: 0 & i 34 A4 52 M oAb B 1 I
ERW (P > 0.05); BN AR I RS &
( SMUFA) }44.75% ~49.62% , 1~k DHA/
EPA 1y Wi (P >0.05), H EZWL DN
C18:1n-9, 5 ¥ MUFA i & () 76% 747, 7E R, 4
ZH IR B IR I, HAt & 2H 8] G 2% 22 5% (P >0.05) .

#52u e Cl6: 1n-7 (C18: 1n-7 ik £ R AL Z
(P>0.05); Y n-6 PUFA 5C18:2n-6 5 & A5 fbit4
BB LL R, o HIAR R, o, 2 Fe i, I Fif 1)
' DHA/EPAH It 2 &Mk LA B H (X n6
PUFA,R* =0.972 4;C18:2n-6, R* =0. 959 6),
ARA T T R, (HHdwcm , HoAt & 2H 18] O 12 2% 22 5+
(P>0.05) ;4 4 H ¥ n-3 PUFA 5 ¥ n-3 HUFA
I REZSF(P>0.05), EPA & &[4 52517
KB EPA & /b 2 0 3 FREGH (P <0.05),
7% ¢H DPA & f A X £ € , DHA & & 22t BT+
B#H(P<0.05), #4155 i it DHA/EPA i
W5 1 kL DHA/EPA {H 1Y 35 5 5 4k b F a3
(R°=0.952 1) (& 5).

x5 AEXBAMKRRAERNREHEFERBHBRAR DT (% BEHER)
Tab.5 Liver fatty acid composition of P. stellatus fed with

different experimental diets( total fatty acids) %
Ng 15 & 2151 groups
fatty acids Ry 64 Ry o R, 5 R, 5 R, o

Cl14:0 2.07 +0.03% 2.12 +0.08" 1.83 +0.10° 1.96 +0.24% 1.82+0.19°
C15:0 0.16 £0.00 0.17 £0.01 0.14 £0.02 0.15 £0.03 0.14 £0.04
C16:0 15.04 1. 15 15.93 +0.49° 14.22 +0.43% 14.39 +1.90% 13.04 £1.33°
Cl16: 1n-7 10.84 £0.09 10.60 £0.24 9.33 +1.31 9.58 +1.88 8.89 +1.57
C18:0 1.48 +0.16 1.55+0.13 1.54 +0.02 1.39 +0.20 1.30 +0.15
C18: 1n-7 0.13 +0.01 0.14 +0.00 0.14 +0.01 0.13 +0.00 0.13 +0.01
C18:1n9 37.53 £1.27° 36.24 £0.40° 36.84 £0.36° 34.22 +1.38° 35.84 £1.62*
C18:2n-6 17.41 £0.23° 18.08 +0.08™ 18.94 +0.95 20.98 £3.45% 21.58 £2.67°
C18:3n-3 1.22 +0.01° 1.23 +0.02% 1.26 +0.01°" 1.38 £0.17% 1.36 £0.16™
C20:2n9 1.01 £0.09 1.05 +0.09 1.16 £0.15 1.31£0.40 1.39 +0.15
C20:3n-3 0.22 +0.01 0.23 +0.02 0.26 +0.03 0.28 +0.08 0.30 +0.04
ARA 0.30 £0.03° 0.36 £0.02° 0.45 +0.01° 0.42 +0.06™ 0.40 £0.03®
EPA 2.51 £0.03® 2.17 20.12° 2.01 £0.02° 1.86 +0.20" 1.56 0. 11°¢
DPA 0.57 +0.03 0.49 +0.07 0.60 +0.04 0.53 +0.07 0.55 +0.07
DHA 2.92+0.11° 3.13 £0.20" 3.91 +0.03° 4.07 £0.49° 4.22 +0.47%
Y SFA 18.74 +1.33" 19.76 +0.70° 17.75 +0.50™ 17.89 +2.35 16.26 +1.64°
S MUFA 49.62 +1.05 48.61 £0.16 48.07 +1.35 44.75 +3.51 44.87 +2.36
Y n-6 PUFA 17.71 £0.26° 18.43 +0.09™ 19.44 +1.02% 21.47 £3.55% 22.04 £2.74*
Y n-3 PUFA 7.44 +0.16 7.25+0.41 8.02 +0.10 8.14 +0.92 7.98 +0.78
¥ n-3 HUFA 6.00 +0.16 5.79 +0.39 6.51 +0.07 6.47 +0.73 6.33 +0.61
DHA/EPA 1.16 £0.32° 1.44 20.02¢ 1.95 +0.02° 2.18 +0.08" 2.70 £0.12°

%%+ DHA/EPA i 5F 2 52 )| 8 40 & L & JIg 7
BR 2R, 69 v F LI AP RTBR ( X SFA)
TN 19.36% ~ 21. 44% , FOAS R R

( SMUFA) 45K 24.34% ~25.99% ,n-6 £ K1
s 5 B2 (3 n-6 PUFA) 4 & & 25. 52% ~
27.95% ,n-3 Z NI APE N IR ( X n-3 PUFA) & &
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5 20.86% ~22.69% , L) I8 i R A A K AL
14 5 — g 17 R X5 AN 32 )Rk Ak B S e (P >
0.05) (£ 6), n-3 & A G #R & (X n-3
HUFA) 7 £ 4 [0 JC i 3% 2 5, (A Hovp EPA & &

F6 AEXBANMKRAERINEHENABHBAR DI (% BEMHER)

EHLTFES (P <0.05), DHA & F T} %
(P <0.05) ,DHA/EPA {i fifi{7#} DHA/EPA {E 1

BN HK LIS (R =0.8715) (K 6) .

Tab.6 Dorsal muscle fatty acid composition of P. stellatus

fed with different experimental diets( total fatty acids) %
iy 2 %) groups
fa'tty aCidS R().64 R().97 RI.IS R1.59 R1.’;‘1
Cl14:0 1.52+0.24 1.30 0. 06 1.37 20.22 1.40 0. 14 1.25 +0.00
C15:0 0.18 +0.03 0.16 +0.01 0.16 0. 04 0.15 +0.01 0.15+0.02
C16:0 13.44 £0.52 14.31 £1.04 13.14 £1.32 14.11 £1.33 14.16 £1.19
C16: 1n-7 2.80 £0.48 2.20 £0.28 2.27 £0.33 2.31 £0.51 2.14 £0.31
C17:0 0.15 +0.01 0.16 £0.01 0.150.03 0.17 £0.04 0.15 +0.00
C18:0 3.93 £0.88 4.93+0.53 4.21 +0.57 4.52+1.35 5.25+1.22
C18:1n9 19.44 £1.16 18.20 £0.91 17.74 £2. 11 19.05 +1.83 18.61 £0.49
C18: 1n-7 2.45 £0.23 2.34£0.19 2.23£0.32 2.38 £0.07 2.24 £0.03
C18:2n-6 26.78 +1.86 24.41 £0.28 24.51 +4.99 26.81 +2.81 24.71 £1.36
C20: 1n-7 1.97 £0.28 1.94 +0.68 1.86 +0.63 1.96 +0.21 2.42 +0.39
C18:3n-3 2.75£0.52 2.63x1.11 5.86 £6.21 2.54 £0.55 2.58 £0.09
C20:2n-9 0.33+0.15 0.19 £0.04 0.22 £0.07 0.24 £0.09 0.17 £0.01
C20:3n-3 0.17 £0.01 0.21 +0.07 0.19 +0.05 0.23 +0.06 0.18 0.03
ARA 0.85+0.18 1.07 £0.06 1.02 £0. 14 0.98 +0.21 1.14 £0.00
EPA 7.32 £0.74" 6.84 £0.52% 6.14 £0.50" 5.73 £0.71" 5.68 £0.03°
DPA 1.03 +0.07 1.01 £0.02 0.95+0.11 0.89 £0.09 0.90 +0.01
DHA 10.08 £1.88° 12.08 £0.87% 11.46 £0.97® 11.47 £2.39% 13.11 £0.25°
Y SFA 19.57 +1.11 21.31 +1.64 19.36 +1.84 20.77 £2.62 21.44 £2.32
S MUFA 24.99 +1.75 24.87 £1.78 24.34 £3.37 25.99 +2.48 25.61 +0.45
Y n-6 PUFA 27.70 +1.77 25.52 +£0.30 27.95 £1.94 27.89 £2.71 26.00 £1.35
¥ n-3 PUFA 21.32 +2.31 22.69 +1.99 22.01 £0.97 20.86 +2.68 22.45 +£0.39
Y n-3 HUFA 18.43 £2.68 19.93 £1.40 18.54 +1.55 18.09 £3.19 19.69 £0.27
DHA/EPA 1.37 0. 12¢ 1.77 £0.02° 1.87 +0.06" 1.99 +0.16° 2.31 £0.03"
© 2 _ ¢ =i R2=08715
8 R*=0.9521 @g .
@5 25 - <§5 2.0
<<« ey 4V L 2
=T E o *
< g r L = <
I AT 15+
a =z
T
H#e 15 - =2 .
== 3
> g 1.0 1 L ]
= 1.0 L L ! 0.5 1.0 1.5 2.0
0.5 1.0 1.5 2.0
TARIDHA/EPAE
AR DHA/EPATH di i
. . ietary DHA to EPA ratios
dietary DHA to EPA ratios y
E6 AA5MA* DHA/EPA EEXXERE
B 5 AFiE5{E%R DHA/EPA HEXXRE
Fig. 6 Relationship of DHA/EPA ratios between

Fig.5 Relationship of DHA/EPA ratios between

fish liver and experimental diets

fish muscle and experimental diets
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2.4 1A% DHA/EPA EXI 25 )l #f 4 & I iF & B (2.76 pg/mL) , 5 R, ¢, Ry o R, o FIR, 5 41

HEIERH I

I3 B2 1 (TP) FIERE H (GLB) ¥7E R,
ZH N IR B Je i, 43 5 Dy 29. 65 F19.60 g/L, A%
EEH A R, o 4, 43 17.25 F19.6 g/L,
F# H (ALB) £ R, o, (R, o, FI R, 5 /K F B 5 T
R, (FIR, (4 (F£T), HEASKEDIMEA/
G ratio) £ # 7€ 0. 65 7245, A~ %% 1l B} DHA/EPA
HIYF R (P >0.05) . R, (7 H B (LSZ) i &

AL 4 B3 T 91. 67% .75. 80% .86. 49% Fil
64.29% , R, o 44 N W (ALT) 36 M e, L
Ry o Ry o Ry TR, o 43 42 5 T 37. 88%
42.81% ,61.76% F 54.65% ,{H 1tk 4 2H [a] A W, 0
BER(P>0.05), R, (R, Hl R, , 4744
S0 (AST) 3 4 (109. 47 ~ 137. 10 TU/L) 2K
R, ., ZH(78.57 TU/L) il R, ,, 41 (74.13 TU/L) iy
1.65 f%(P <0.05),

%7 1A% DHA/EPA fExt 23| 84 & I %4645 5 14 6 B 4647 M0 B4 0

Tab.7 Effect of DHA to EPA ratios on serum physiological parameters of juvenile starry flounder

EiEE7N 4157] groups
parameters Ry 64 Ry o7 R, s R, 5o R, o
MEH/(g/L) TP 24.00 £3.11° 24.23 +1.84° 21.40 £0.71" 29.65 +0.35° 17.25 +0.35°¢
H#/(g/L) ALB 8.53+0.68" 9.53 +0.23" 7.53 £0.90" 9.43 +1.07° 7.60 +0.46"
B/ (g/L) GLB 17.05 £0.49° 15.65 +0.49° 13.35 £0.78¢ 19.60 £0.42* 9.60 £0.28°
(15 M /8% [ A/G ratio 0.56 +0.10 0.65 +0.07 0.70 £0.17 0.62 +0.20 0.72 0. 14
WG/ (wg/mL) LSZ 1.44 £0.35° 1.57 £0.61° 2.76 £0.15* 1.48 £0.32° 1.68 £0.34°
BN/ (IU/L) ALT 59.95 +0.35" 57.88 +1.66" 51.10 +0.28" 53.45 +6.65" 82.66 £2.84"
B W/ (TU/L) AST 78.57 £6.13° 74.13 £8.17° 109.47 +13.80° 130.40 +15.92° 137.10 £25.02°
3 e 4 EESE T DHA/EPA i %1 i K 7 5E 0 2 &)
A R RE Y B, O & I R E AR T A
3.1 7% DHA/EPA ExIEHJI G4 4EKHE K, ik DHA/EPA (4 W83 1 L F. 51U
CAEA RS A B AEAR SR o A5 Ab B 5 5

ARSI, S A7 S 2R 35 100% |, FRDRFAL
R (FE) 4R BA% (PER) 1 5K S0 45 % DL B
Fe M — B S R (WGR) (113.70% ~
122. 98% ) W] & { T Ding %" 11y §F 5% 45
(198.1% ~215.7% ) , 3% 7] G 4 K 2 7% 55 56 1) e}
& (20% ) B R AIK TR (48% ) , 1 45 L
HE A I T BRI AR KR A R R
I, FE AR ERTRE.02% ~1.09% ), i
[l A kR NG RS

WK fa 2% n-3 HUFA 7532 & 5 DHA/EPA
{EA & F 22y EPA Hil DHA XA [A] A4 K B B
MK A A IR R A . H Al DHA/EPA i
BT 2 W T AFAE@ ST (H T LA B
E LA WDREAE 77 BOR 1 3E 5 1R kL DHA/EPA {H
[ BF 55 o 78 45 JF f& . Hossain %7 BF 58 & B,
FREE 40 10 ( Pampus argenteus) i 3] 5% 14 24k K 1 fE
it %F DHA 5%k § & T EPA, H DHA/EPA {4 %
BLhE 1,26 Wu %5 4R # Y 47k i DHA/EPA
HRF 1 B BE A K g ik 2 & fF; Seoka

TRl i B DHA/EPA {H 9 T S 88 B THE T
Wi i i F, W Il UL A3 B T A, B BE ] A 4l £
(31.70 £0.12) g %} DHA/EPA {8 i) % if 75 & &
g 1.24, 3 W AE B R BE 1] 4 £ 2R KM BE
iii ,DHA 1 J ¥ {lt T EPA,
3.2 {A% DHA/EPA {31 2 51 )| £ 4 & BT AE BE
s 370 R 0 48 48 Big o % 4 B, B 5% 1

Moreira 25" i t 8 26 T4 Lb 9 5 32 220
DRI T T Bl 7 390 AR % B B J5E 5 ik 19 39 1, Berger
2 UG Sk B e R T I 48 A T o VT s
JECHTRR 38 I BT 2 AR B R . TEAR SIE
BANFRR LT E A Y ERE XS, H
FIF A b5 1 0 g s ek s e B i — B (181 3) L 3%
B 2 )| 4 5 £ T 1 LG T B T U O 5 ek o
A

S AU R -5, AL, Sk
T WEE I 5 150 B % 1L DHA/EPA I 1) 8 Wi 45 g
B K W R i 56% , 3% W2 B 1| B 4y £ T E
J2 e G Ak 7 70 A B R B P . R 10 A3
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/N, Y E kL DHA/EPA i 24 1.51 B JFE S 7 & &
RBNFAK . WFFE R BT, B W A AR 02 s D5 & A
AR R AR — B ST . A AR v
98 18 A7 AR R BRI 2 AT R ALK R A YT
T B0 5 00 AR B g, B S SO0 o B
T HUFA RE 0 08 25 &, £ 2 18 25 20 it
W IR JFF A AL o I DHA B A] 3 5 30 i) B s
£ 2K 11 (perilipin ) (¥ 22 15 ek 1 5 40 A 417
I F ] AR A R R Y 0T R4S A R
(SREBP-1) 35 A 35 , J& JH ik g 7 & A i) % ik
MWHE T HAEA SR+, ik DHA/EPA
1T 6T S5 B0 1| 5 0 e TR O U 0 LA A A P 3 2
AL F R DHA & B2t T 5 .

TENG W7 R 28 A &, S 56 fa JFF 0k L 1A 20 41
DPA 4 2478 T 0kE b i 7 i, 26 W12 B )1 85 &)y
214U e % EPA [i] DHA B 4k i o] R4, 3%
A HE 2 ALEE 1| R &) £a L P R JIE DHA/EPA {5 1)
BT AR R EERE T, 5 Ma 5
BFSEAR L), A% 52 56 vt 2 5 1] 8 JJL 1A #f DHA  EPA
DUBLE & T E , AT g8 2 XA L A R U AT 3 4
PEFIFH C18:2n-6 11k B-4A AL MR Y™ W T
n-3 HUFA 1E 2} 68 5 (19 14 #E , #F 1M 3 i HoAE 41 40
AU AL, [ AR JE X C18: 1n-9 Ay 36k 5 M 1
Wi s e T X RRAE AT, D9 CIF BE P DHA il EPA
AU R AR T LA 44
3.3 fA# DHA/EPA Ext 251l 64 & & &
S HR Y 22 M

R 0 2 U 2 21 200 M o 1200 R 2
AR A R ) SR AR R AR 3 I RN e % R
o 5 TR 5 EEEEE A, L R A 5 LA e
ARBLB AR L [l U+ B8 7T AR S 5
I % R0 R — IR T AR AR, ARSI p b
% ik DHA/EPA i i T =5 , &2 B 1] % & £ it
fEECE M F LI, R U E K DHA/EPA {i
R T 2 B0 1| B 0 £ B U A K, O T 348 3 £ A 47
P&, 3K AE S £ I AR FRAE AR IR AR AR B T
HESE

SR R L Y T A RS A, A
R REREE [, 7R S O R R SR
BREOWN E LA v-BRE B I e 5 V) RE IR
HIEZORE . A E A TR LIRS & KA
Al [ B A DA I 2R AR AR A 22 5 A S AR R S R
BIIE LR M B8 A ek & A KF

A L e £ A T B G IO T 5 Y O
Fabr ' EARSE b ME MBS A E A LR
B R, AR B RE , B A9 R R4l
W T 71. 88% . 25. 23% F1 104. 17% , i &
DHA/EPA {4k 2 7h %, = &3 A B % T .
A4 PR I 1 5 Bk 1 (B (A/G ratio)
K%k DHA/EPA {HI R . L 45 53R 0],
3 B4 DHA/EPA Rl 0035 H 95 18 490 0 %
T 5 T WL A Y e I 58 L L (i
i AR 4 A R A

VA T BRI S S T T 1 N i, v
24 T 240 R R 82 T A A R LE 1) B g R
W A2 T AR T R LA L £ T DA e e 1
TG REH, SHE 03 Z AR
FIR [) RF T 8% 00 £ 0K 20 B 75 W35 1k % B 1k 7
), H DHA fE T EPAPY o i e, 75 4 3
2 i 75 W A4 JT 5 T, DHA/EPA (i [5] I 35 ¥ 1 1
ZWETE D AR . 7EA 2%, 2 4 B DHA/
EPA {i % 1. 18 IF, J2 JE 1| 40y f40 0 375 VA5 1 0% )
W F i, e — IR UE T LA B LA

2 N (ALT) FILAS 25 5 Sl ( AST) 3 4
— B AR A 5 M S I DD BE B 5 R A b 1E
ASz¥ b, ik DHA/EPA i/ T 1.59 i, il 3%
ALT 3 V£ 76 £ 41 ) G 1 3% 2% % . AST £ DHA/
EPA KT 1. 18 M35 ¥ T & T 1. 65, 3 W 4
DHA/EPA {H 5 5 23 10 IR 2 56 )1 | 68 1T I 440 e ot i
SRV BT I A0 6 P 45 T 4 T A 45 5
KEBRALE . BRI n-3HUFA §tZ 7H 54
ARG WG PR ST O A K ARk DHA/EPA
DX S 75 TR R R 4 T S 110 5 )
R ULAR AR , R It 2 i L o A 7 o — 2B 5T
GIAN, 5 LR T 48 R — B, A S 5 v i 3 4 B
I (AST) 35 1 B A8 {0 B 2 v T 8 i |
il (ALT) , 22 W] S B 11 6 40y £ 0 35 48 0 5% 4 1
(AST) FL25 %% & (ALT) 35 5K

Fou Bt T HE AL INARE ks B
EL REAMER FRE RIAFELRR
e AT E HRRERLLBEEIRTL
Ty K A Bh )
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Effect of dietary DHA to EPA ratios on growth performance,
body composition and serum physiological parameters in

juvenile Platichthys stellatus

MA Jingjing' , WANG Jiying', SUN Jianzhen'?, HAO Tiantian'*, ZHANG Derui’, ZHANG Limin"'"
(1. Key Laboratory of Marine Ecological Restoration ,Shandong Marine Resources and Environment Research Institute ,
Yantai 264006, China;

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

3. Shengsuo Fishery Feed Researhc Centre of Shandong Province ,Yantai 265500 ,China)

Abstract; An 8-week feeding trial was conducted in a recirculated system to study the effect of dietary DHA
to EPA ratios(0.64,0.97,1.18,1.59 and 1.91) ,with 0. 74% n-3 HUFA and 8.3% lipid in dry feed,on
growth performance, body composition and blood physiological parameters in juvenile starry flounder,
Platichthys stellatus. The results showed that; (1) fish weight gain rate( WGR) , feed efficiency( FE) ,as well
as protein efficiency ratio ( PER ) increased and then decreased with higher DHA/EPA values (P <0.05).
Quadratic regression(y = — 1. 589 5x” +2.858 3x +45.184;R> =0.910 8, x = dietary DHA/EPA ratios,y =
PRE ) showed PRE decreases significantly beyond the DHA/EPA ratio of 0. 90. Spleensomatic index ( SSI)
was enhanced by dietary DHA/EPA ratios and showed highest values of 0. 12% in DHA/EPA ratio of
1.59,whereas hepatosomatic index ( HSI) was decreased and then increased by dietary DHA/EPA ratios( P <
0.05) ,with the lowest value being in DHA/EPA ratio of 1. 18 (2.85% ). (2) Liver lipid was obviously
decreased (from 13. 44% to 8. 60% ) by dietary DHA/EPA ratios lower than 1. 18, and then increased
slightly. Quadratic analysis(y =5. 199 6x° — 15. 652x +20. 866;R* =0. 634 8, x = dietary DHA/EPA ratios,
y = liver lipid content) suggests the optimum DHA/EPA ratio is 1. 51 based on liver lipid deposition. Liver
and muscle EPA contents were reduced linearly , however, DHA contents as well as DHA/EPA ratios were
elevated linearly by dietary DHA/EPA ratios. Exclusively, total content of n-3 HUFA in both tissues were
unaffected by dietary treatments. (3 ) Among all serum physiological parameters, both total protein and
globulin showed their highest values at the DHA/EPA ratio of 1. 59, while fish fed diets with DHA/EPA
ratios of 0.64,0.97 and 1.59 presented higher albumin content. Lysozyme ( LSZ ) reached the top in fish fed
diet with dietary DHA/EPA ratio of 1. 18. Alanine aminotransferase ( ALT ) remained unchanged when the
dietary DHA/EPA ratios were lower than 1. 91, while dietary DHA/EPA ratios higher than 1. 18 increased
the aspertate aminotransferase ( AST ) activities by about 65% (P <0.05). In conclusion, under the present
experimental conditions, based on fish weight gain rate ( WGR ), quadratic regression analysis (y =
-31.066x> +77.26x +76.541;R* =0.957 4, x = dietary DHA/EPA ratios,y = weight gain rate) shows that
the optimum DHA/EPA ratio for juvenile starry flounder[ initial body weight, (31.70 +0.12)g]is 1.24.
Key words: Platichthys stellatus; DHA/EPA ; growth performance; fatty acid profile; serum physiological
parameters
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