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A B OREER' MR

(I IR R SHE b IWRE R ESBREALRE MG 264006;
2. BRSO SR AR B 201306)

BE DA 18 H ¥ 8y 7T 87 (Paralichthys olivaceus)f & H#F X3t %, #it 11 d W EKEE, HRT
A A ] ] B O R B B o X T SR K AR S ARG B B A R B R o LA 3 41(FO) o Xt
BE 2, DLZE a7 3% M (Schizochytrium sp.) . 1% 4% Bk 3% - (Nannochloropsis sp.)Fa &G 81 2 4% A [7] He ) 19 £
M, FHEIR S AFEAFRNERAL, 2064 K &l AF0), 50%E4FRAMS0). 100%HE 4
AR 2 (M100), 100%Z4 57 3 AU i 21K 41(S100) . 100% 15 4% 2k 5 AU e 2 1R 21 (N100), %4 & & %,
WMEREREBMN T AR ENEKTREY W; 20X % WA HF4MS0, M100, S100) & 7& F
B E®ET FO 441 N100 41(P<0.05); s 21X & i A % e F 677 & £ F g B BR 89 41 ik ;. Person
A B £ FL, C14:0, C16:1n-7, C18:2n-6, C20:0, C18:3n-3, C22:0, C20:4n-3, EPA, C22:5n-6
n DHA WELQGEXNSHAN TN E 24 EE T E EMHX(P<0.05); Si8Fffe i, &8t
FERF®: . n-3 £ R afn s 0 E o8 B UK DHA/EPA MR35 B4R A KK IW L FEFHx
(P<0.05), % EPrik, MBEENBHEAREMT2TURETHRENAEKIMET, A EHR
BAURT R E T2 H MR, FAAWmBEMKERTRS T 4K DHA 4 &1 DHA/EPA i
B, SemdBAMLEEZERG T IHEENREE, A, UMESREM AT A ENET S
AT,

KA A WORERE; B, #om; IRETR

FESES S965 XEAFRIRES A XEHRS  2095-9869(2016)05-0056-08
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AR BN Y 55 2 a0 MY sk,
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B 7= I SR T

B RAL 8 C RO F , ik NI HUFA 24
K HEWHRENE ., B, MeEREA 2
2 S N0 NV O R VS B A S DS 6 B = AW R TR s
fi ATl FE AL A AR IR 42 o Harel 55(2002) 1 1 55 9513
BEXTHE WU (Brachionus plicatilis)F1 X< M (Artemia saline)
HEATE TR AL, TERE R o JUAR RGN B TR
) HUFA &t A8t (Morone saxatilis)>Efirf
AR R AR 60% 114 fh ik % AR 4K TE i 35 52 76K
PO VR (Salmo salar)H LAGLEEM B im0 X
o 2B R RIVA 2 B 5 TG I 3 5 ), (R KR S50 i R B
FLith Tl 4H (Carter et al, 2003; Miller et al, 2007),
TE 4 B3 (Sparus  aurata) - HE R IR INTCEEAD A
{3 Tk DHA & &0, miHARSE TAERK, #5
T % # (Atalah et al, 2007; Ganuza et al, 2008).

AWK E & DHA W28 3 (Schizochytrium
sp.) A& 2% EPA HUTHERERTE (Nannochloropsis sp.) A
I, AEFERT S BEAE A K FIRR TR s, LAV
A FE K A Aok Tk v ARG R B A R A i T A 7
1 #MR57A*
1.1 SEIGfAR

DLE ks MR FEE PR, Al IR,
P LA 5 B 55% HLBR DT % 1R 11 %000 L it )
B TR EERN b, JHZRAEBER GEE Alltech 23 7)) A
SRR (R & T Rl A W HOR A BR 2 m] ) AR Al DR
R, AR i (P FE 2T Oleoestepa 2 ®))AE A £b
F LAV 25 A A B e, ORI AR 5 4 A RUSERE I S
kL, a5l 4 R I AL(FO), 50%iE A A4 il 4
AL (M50). 100%TE A HE Y R4 (M100) . 100%
LA S T R TR 4 (S100) . 100073 23 BR 58 MM 5
REA(N100) ., FRPBHAC Iy Mg SR LR 1, & 2k
ARG TR LI ER 2. fRDBHE R R 80 HI i, 4%
Fe I FR iR 2 e i g X 2R &, SRR M IIIRE T
8OC/AK, HIREWHIANRA, 31 RV A AL il
B, HSUE T 40°CHE 24 h, CKEIRLES RS o 80 H i
RIAS OB T, 4 HARAE T -20°CokAE % 1 .

1.2 {AFEENERRE

FRIAIH T 2014 4 4 ATEINARE e K= 57
FEA BR A A B W M T, SEEURIL S 18 d 1
e, REALIER T 15 A FTE SRR (E4% 50 cm,
B 80 cm, KIEIEHIZE 50 em 2 47), HHAH 200 B, &
FREDRHREMLAL G 3 M. SCEKIRIERITE 18°C A,

AR 80% LA I, JERESEII 12 hi12 h, 7EOGREJEI AN
B 1 h K E A 1 RGBT iREN2 g/d), B H
12 Ak, BEMELERS, W HEUK R IR e k&
BRI A IR IH 208 . 20 SEdb AT 11 d, FESER RS,
A 4 d B RIREERESR AL A 1R (1.5 > /ml),

LI H, THEEIE AR, TR S R
A JE A A B ORI BB I & 20 iRk H
ZEMKMYE 3, T 110 CHETZfE T, W&k E,
P A ME 0 FHZEIRK ok J5 DR A T-80°C 45 1 .

1.3 BERAER S #h

W 00 5 i iy 1R A A ot CEE 00 R AR ) 12 O T
PR fHE, WS OB R, #BR Qiao 55(2015) Y J7 ik
17 R A o FRUIT A5 i 1D 1 FH IR 19 T O e i 2 wl 34T
SIS (B GC-2010) I &, Fr B4 AR
Supelco SP-2560(100 m=0.25 mm, JE/EJE 0.20 pm),
HERE RSN 5 B B BOE S 260°C, HEIRTHRFR T A
140°C, ) 4°C/min 3 F T} 5 2 240 CHFH I 10 min,
Phsndl N AER#R, @at 5 37 MR iimiRss L
Supelco 2 ) XT R 22 g 105 e 2 53 o

1.4 HIBELEBS5HH

SCICRCHE R T SPSS 11.0 # (24 [E SPSS /A #])
PEAT B T 2243 M7 (One-way ANOVE), 25 5 i 3 |
47T Duncan’s £ H LKL, W& KFEIRERN 0.05,
POREREN O IEgii) i EE s s T B NGRS A RN NE D s i i
1T Person AT, WEKFEEN 0.05, i
FKFRE N 0.01, GoitEidE 3y LT bR ifE 2
(Mean+SD)IE X F IR o

2 #R

2.1 RUSRMER &M TS KA ATE RN

MR 3 AT LUE Y, SEYR AT JE 2F BEHE f ) (R 5 A4
KRB, Hor, SRR 2 0] 2R G 2
SEAREE, MS0 4 IRE R, N100 41973
RHE /N ; MSO dHBE IR R K, N100 4 1°F-1
KN, M5S0 AR B KT M100 41F1
N100 21; M100 2/ B is R sy, FO 21 Bl % i
ik, H5 N100 12 H AR, M50 41, M100 41 .
S100 ZH Y BTG R ik 3 = T FO 41/ N100 44, thEffy
o 2447 0 T L R R R T A A

22 WEMBRENNTHHEERMBRARMNIE

sk

M 4 FTLUE , AE BRI, 4 6PAE 3
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Tab.1 Ingredients and proximate composition of the experimental diets

f3h2 fiisEIR G4 HIRAH A iR ER B
205y Fish oil Mixefi fish oil and Mixed Schizochytrium  Nannochloropsis
Ingredients (g/kg) microalgae microalgae Sp. Sp.
FO M50 M100 S100 N100
PN ;
I\E/Iize?p%‘oﬂiin source 724.4 675.1 0 0 0
M HB A A 3

lﬂ)ﬁeﬂfaai;rfx?ddirotein source 0 0 5807 639.7 606.4
11y Fish oil 28.7 14.4 0 0 0
MM Olive oil 0 37.4 21.3 37.7 733
245 Schizochytrium sp. 0 38.5 192.4 192.4 0
THEREREE Nannochloropsis sp. 0 64.0 93.9 0 93.9
KELIB#ENG Soy lecithin 38.0 37.1 36.1 36.1 36.1
YA L5 Antioxidant 0.5 0.5 0.5 0.5 0.5
V7 Attractant 8.0 8.0 8.0 8.0 8.0
£ 4 Vitamin mixture 19.2 19.2 19.2 19.2 19.2
%% Mineral mixture 19.2 19.2 19.2 19.2 19.2
£ 4 Microcrystalline cellulose 1334 58.2 0.0 18.6 114.8
BAIE Gelatin 28.7 28.7 28.7 28.7 28.7
FE 4T Proximate composition (%4 i 34, % dry matter basis)
M H Crude protein (%) 54.9 55.3 55 55.5 54.5
MM Crude lipid (%) 11.5 11.1 10.7 11.4 10.6
FLJK 4y Crude ash (%) 17.2 17.2 18.4 18.5 17.2
J2fiE Gross energy (kJ/g) 19.8 20.1 19.9 20.4 19.3

2 5% AT Mixed protein source: A © #F#=9 : 1 &5 1M i White fish meal: shrimp meal=9 : 1

RifE 2 A& #E AR Defatted mixed protein source: & &M KL LGN /53515 Mixed fish meal was defatted by
Soxhlet extraction

ST Schizochytrium sp.: & % & Protein content 9.6%, /i ¥ & Lipid content 27.0%, DHA 5 B 5 & & Percentage
content of DHA in total lipid 20.1%, J& EPA Without EPA

ek PRk Nannochloropsis sp.: %1 ¥ & Protein content 45.2%, JENi & & Lipid content 17.5%, EPA /5 RJ§& &
Percentage content of EPA in total lipid 5.3%, J&C DHA Without DHA

HEF| Attractant: JLH-5"-PA#EHR Inosine 5'-monophosphate 2 g/kg; 26 Betaine 2 g/kg; Z-H#iFR Taurine 4 g/kg

Z4E Vitamin mixtures(mg/100 g diets): ZfLAHHH Choline chloride(2965.8), WLEE Inositol(1450.9), #HAR Nicotinic acid
(290.16), #kH: 2 C Ascorbyl polyphosphate (180), 4EA:# E a-tocopherol (150), X4 3% H R p-aminobenzoic acid(145),
1Z FR45 Calcium panthotenate(101.59), /%% % Riboflavin(72.53), 4E/E 2 B1 Thiamin HCI(21.77), 4k 2 B6 Piridoxyne HCI (17.28),
#i 4= F K Menadione(17.28), 4t & D3 Cholecalciferol(3.65), 4E4= & A Retinol acetate(0.18), 44 % B12 Cyanocobalamin(0.03)

%" Mineral mixture (mg/kg diet): MgSO,-7H,0, 3568.0; NaH,PO,-2H,0, 25568.0; KCI, 3020.5; KAI(SO,),, 8.3; CoCl,,
28.0; ZnSO, 7H,0, 353.0; Ca-lactate, 15968.0; CuSO, 5H,0, 9.0; KI, 7.0; MnSO,4-4H,0, 63.1; Na,Se0s, 1.5; C¢Hs0,Fe-5H,0,
1533.0; NaCl, 100.0; NaF, 4.0

P18 HEE £ 5 2 017 T2 1) 2L A 2 A 2% SRR 1 e 4 11 72
el

SR ILR SRR 7351 4 C16:0(15.61%—19.78%) ., C18:0
(8.14%-9.52%) . C18:1n-9(10.84%—17.06%) . C18:1n-7

(4.33%-5.70%) . C18:2n-6(3.49-7.10%) . ARA(2.69%4.36%) .
EPA(2.73%—7.42%) 1 DHA(11.15%-23.29%), ‘534
15 R oL R AR B, MR BORE - RDRL R AR T
Cl6:1n-7, C18:3n-6., C18:3n-3. C20:3n-3, C20:4n-3 I
C22:5n-3 A5 JUFPAE T E T RR A 7T 73 be , {H A0 Bt

5 2 ) Al A3 ML %) £ VR i U R (SFA) H 4075
HRBEMZES, Hi, M100 44751 S100 40/ C14:0
I C16:0 H /& i 2w T HA A, 5 HAE R
R —3; M100 ZH 1 S100 41 (%) MUFA & it
AR T A4, 5 HAEmR RS R —E
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Tab.2 Fatty acid compositions of the experimental diets

ik Diets

AEIiB2 Fatty acid

FO M50 M100 S100 N100
C14:0 1.76 2.24 4.64 428 0.85
C16:0 15.91 18.13 23.18 22.43 16.81
Cl16:1n-7 4.62 4.52 2.24 0.64 3.59
C18:0 3.31 2.64 1.53 1.65 2.69
Cl18:1n-9 10.20 22.74 8.25 13.16 44.03
C18:1n-7 4.65 3.71 1.20 1.44 3.03
C18:2n-6 14.47 12.14 8.65 9.28 17.76
C20:0 0.15 0.20 0.15 0.17 0.26
C18:3n-6 1.04 0.65 0.15 0.17 0.39
C18:3n-3 1.46 0.90 0.17 0.97 1.62
C20:3n-6 0.87 0.54 0.28 0.27 0
C22:0 0.15 0.13 0.11 0.14 0.17
C22:1n-11 0 0.16 0.31 0.26 0.07
C20:3n-3 1.53 0.19 0.76 0.74 0
ARA 0.78 0.86 0.96 0.56 0.80
C20:4n-3 0.43 0.32 0.56 0.55 0
C24:0 0 0 0.19 0.19 0.11
EPA 12.78 8.46 4.45 2.22 4.59
C22:5n-6 0.48 2.37 10.90 10.81 0.21
C22:5n-3 1.88 0.88 0.45 0.43 0
DHA 18.49 14.23 28.75 28.64 2.25
HiAlh Others 5.07 3.99 2.13 0.99 0.77
SAT 21.27 23.34 29.80 28.86 20.89
MUFA 19.46 31.14 12.00 15.50 50.72
PUFA(n-3) 36.56 24.97 35.14 33.55 8.46
HUFA(n-3) 33.15 23.57 33.65 31.29 6.84
n-3/n-6 2.07 1.51 1.68 1.59 0.44
DHA/EPA 1.45 1.68 6.46 12.93 0.49

®3 FHBEIVAEHNEK., KEMRER

Tab.3 Initial and final total length, body weight and survival rate of Japanese flounder juveniles

5 Ttems ;g@ﬁﬁ SIS R After experiment
Before experiment FO M50 M100 S100 N100
AT Body weight (mg) 0.73+0.10 1.99£0.41  2.070.51 1.94+0.31 1.84+0.19 1.51+0.21
&K Body length (mm) 8.53+0.46 9.86+0.33"  10.13+0.49° 9.52+0.11° 9.59+0.342°  9.50+0.10°
WG # Survival rate (%) 51.33+10.35° 72.44+10.78° 82.44+6.84°  68.44+6.34°  53.11+4.44°

TE: B 0 VI (R IE 22 (n=20); 7] —F1 R ] S BEBRIC A 267 22 57 1k 3 (P<0.05)
Note: Values (Mean£SD of 20 replicates) within the same row labeled with different letters were significantly different
(P<0.05)

M100 ZH 71 S100 41 () PUFA(n-3) & & i 25 = T HAh 4% HADRELH RS A A — B

4, Hrp, DHA &adEEe T HMSH, 5H i 1T Pearson FHICM: /AT A, C14:0. C16:1n-7 .
B S —% . HUFA(n-3) & e 2 0E i 2 C18:2n-6., C20:0., C18:3n-3, C22:0, C20:4n-3, EPA .,
TR, Hidr ,M100 4011 S100 4H B 355 T M50 FIN100  C22:5n-6 #l DHA 01 20 & & 4 5 HARR i 1 20 &
2 on-3/n-6 PG BB E M E I ZE PR EREDEEMAXEP<0.05), Hi, C14:0. Cl16:1n-7,
e, (H5HAR R AR —30; Kk DHA/EPA  C22:5n-6 Fl DHA £ AL B E IEMEP < 0.01);
Bifi 5 R B A B S B B TR R R, 5 C20:4n-3 M EH &S5 E S HFEZEIH
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Tab.4 Initial and final fatty acid composition of Japanese flounder juveniles and Pearson correlation analysis of
fatty acid composition in diets (%)
HE i ik S UG SEBS S After experiment
Fatty acid  Before experiment FO* M50" M100* S100" N100* '
Cl14:0 1.44 1.04+0.09% 1.0540.27°°  1.44+0.24° 1.3340.06% 0.74+0.04>  0.978%*
C16:0 15.61 17.14+0.25% 17.540.43*  19.78+1.23"  18.78+0.31®  16.56+0.36°  0.228
C16:1n-7 455 2.95+0.16% 2.90£0.26 1.96+0.09" 1.41£0.09° 2.53+0.13¢  0.999%*
C18:0 8.17 8.64+0.22° 7.73+0.5° 8.36+0.17° 8.14+0.11%° 9.52+0.17° —-0.399
C18:1n-9 14.99 12.82+0.14° 16.88+1.03°  10.84+0.43°  12.17+0.14*  17.06+1.12°  0.852
Cl18:1n-7 4.73 5.13+0.29% 4.33+0.80° 5.00+£0.26™®  4.89+0.39% 5.70+0.49°  —0.020
C18:2n-6 3.49 6.35+0.54° 6.56+0.49° 4.57+0.18" 4.6440.13" 7.10+£0.54°  0.919%
C20:0 0.11 0.20+0.06 0.22£0.02®  0.21+0.04 0.22+0.00%° 0.28+0.03°  0.955%
C18:3n-6 1.12 0.79+0.08° 0.83+0.07* 0.36+0.03° 0.43+0.05° 0.66+0.03¢ 0.865
C18:3n-3 3.5 1.61+0.16° 1.33+0.03° 1.03+0.04° 1.09+0.11° 1.88+0.13¢  0.884*
C20:3n-6 0.27 0.47+0.07 0.4+0.07 0.44+0.03 0.41+0.05 0.49+0.05  —0.149
C22:0 0.49 0.26+0.02% 0.23+0.02°  0.22+0.02° 0.23+0.03% 0.26+0.00°  0.896*
C22:1n-11 0.77 0.41+0.08% 0.360.06 0.47+0.03" 0.47+0.03° 0.59+0.03¢  —0.027
C20:3n-3 1.8 1.53+0.38 1.23£0.21 1.23£0.20 1.34+0.09 1.52+0.15 0.252
ARA 3.38 3.20+0.23° 2.69+0.29° 3.17£0.28"  3.09+0.18% 436+0.26°  —0.013
C20:4n-3 2.28 0.71+0.09° 0.64+0.02%°  0.64+0.02%®°  0.62+0.02° 0.91+0.05°  —0.905*
C24:0 0.28 0.30+0.06% 0.70+0.05° 0.25+0.04° 0.24+0.03° 0.34£0.04*  —0.671
EPA 6.28 7.42+0.51° 6.30+0.19° 3.58+0.36° 2.7340.13¢ 5.75+0.15°  0.892%
C22:5n-6 2.33 1.98+0.13° 3.46£0.14° 8.13£0.42° 8.61£0.31° 2.45£0.32°  0.996%*
C22:5n-3 3.29 2.84+0.08° 2.07£0.06° 1.49£0.18° 1.39£0.11° 2.95+0.16*°  0.292
DHA 11.15 19.16+0.41° 17.29+0.46°  22.77+1.20°  23.29+0.67° 12.80+0.56¢ 0.999%*
HAth Others 9.98 5.05+0.82 4.8442.56 4.06+0.21 4.48+0.93 5.54+0.24 -
SFA 26.1 27.59+0.10 27.89+0.71 30.28+1.74  28.94+0.37 27.70+0.35 0.930*
MUFA 25.04 21.3140.36° 24.47+1.88°  18.27+0.70°  18.95£0.38°  25.88+1.12°  0.940%
PUFA(n-3) 28.31 33.26+0.38" 28.85+0.20°  30.73+1.51°  30.45+0.53°  25.81+0.89¢  0.942%
HUFA(n-3) 20.72 29.41+0.67% 25.66%0.4° 27.83+1.64%  27.41+0.62°  21.49+0.87¢ 0.976*
n-3/n-6 2.68 2.60+0.07° 2.07+0.04° 1.8440.03° 1.77+0.01°%¢ 1.71£0.06¢ 0.679
DHA/EPA 1.78 2.59+0.18° 2.75+0.14° 6.39+0.45" 8.55+0.53° 2.2340.04%  0.983%*

PRI R AR UE 2 (n=3) s 6] —F PR Rl BRI M 3R 28 53 35 5 *Fom AHOGHE .35 (P<0.05), **FIm A6

PR .3 (P<0.01)

*Values (Mean+SD of three replicates) within the same row labeled with different letters were significantly different; * represents
significant difference (P<0.05); ** represents highly significant difference (P<0.01)

2 A IC(P<0.05), ML EFEFRKE, SFA. MUFA
PUFA(n-3)f1 HUFA(n-3) {43 i LA 2 DHA/EPA )
55 H ) Rt 20 B 3R B 2 O AH G (P<0.05), JF H
DHA/EPA I i I 25 1F AH E(P<0.01),

3 itig
3.1 HEMEREHIFERESEERKNE SN

FOEAFHEAL R TR IR IR 2228 EPA A1 DHA
(n-3 HUFA), “EXTHAK . BE = i Eh kA i

KT HA B0 (Furuita ef al, 1998, 1999), Izquierdo
ZF(1992)F58 1, 1R dLH n-3 HUFA THE 2 3.5%
DT 5 | 7 B e N P o AU [E B e 7 =
n-3 HUFA BY/KFEARRAREfE B . ARBF5EH n-3
HUFA /KFAE 2.6%(MS0 1)L EBF, A Kk H B i
FEES, FE 0.7%N100 4R T A/, {HIG 5
FEES, 5 LR R

55X HRZL(FOYAH LL , W8 B e o 5 % i I i
R B A £ 00 A RN TG R (R 3) , i 5 Al
G5 R —3(Atalah et al, 2007; Ganuza et al, 2008;
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Eryalgm et al, 2013), Ff H &Py 25 Fh g iR i) & =
W SRR S A X ROCR(E 4), RUIHER 764
AT LA A STAE 0 AR o S I 244 356 19 25 . (MS0 4.,
M100 ZH71 S100 4H)HUis H & T HALL, "hES
H: DHA/EPA HHE R 47 K (55 2), DHA/EPA LLH [
PR A B Tk fa e 0 09 A4 K FNAEE (Rodriguez et al,
1994; 1997; Reitan et al, 1994; Copeman et al, 2002),
N100 LHAEMAAFATE FAMRT HAMAZH, Wi
FART IR B4 41, R DHA M= 1
FEEHEf A AE K RIAENS , X5 DHA 7EREfM K & H
HEEMA K. 2R, DHA k=27
oK MHE A AR ZE , BTSRRI, R AL
(X518, 2002; Izquierdo et al, 2000; Reitan et al, 1994;
Watanabe, 1993), 7EMEf L B id 2, DHA fEfE# %
PEPEH R B AEAMENR (BEAR ) o I, TEBEARH LY
Y, DHA K& IR sh e /EH], DHA
KA AFAE LA 28 . L SR AR b 22 R e
P TR0 R FRE B SZ (Izquierdo et al, 1996).

32 BafEMRAKSHAMERNXRE

JE 17 R A e A4 P ) TR — st 2 B 40 Rk G I R
= 52 (Bell et al, 1994; Sargent et al, 1995), Tl kg
I T2 118y AL e 1 R A P %) B 7 R A A LA —
(Gatlin et al, 1982; Lee, 2001), AHF5% o BFHE 1 5
5 T2 118 2L R s i 2 ek o T T R 2 A
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Effects of Dietary Fish Oil Replacement by Microalgaein Microdiets on
Growth Performance, Survival and Fatty Acid Profile of Japanese
Flounder (Paralichthys olivaceus) Juveniles

QIAO Hongjin', WANG Jiyingw, ZHANG Limin', SUN Chunxiao, LI Baoshan',
CONG Chao'?, SONG Zhidong', LIU Xudong'

(1. Shandong Provincial Key Laboratory of Restoration for Marine Ecology, Shandong Marine Resource and Environment
Research Institute, Yantai  264000; 2. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306)

Abstract The aim of this study was to determine if algal products rich in DHA or EPA are able to
completely replace fish oil in microdiets for marine fish juveniles, Japanese flounder Paralichthys
olivaceus. To address the problem, an 11-d feeding experiment was carried out on 18-day old juveniles.
The experimental subjects were fed with five groups of isolipidic and isoenergetic microdiets that were
control group with fish oil (FO), 50% replacement group by mixed Schizochytrium sp., Nannochloropsis
sp. and olive oil (M50), 100% replacement group (M100), 100% replacement group by Schizochytrium sp.
and olive oil (S100), and 100% replacement group by Nannochloropsis sp. and olive oil (N100). The
results showed that there were no significant effects of fish oil replacement with microalgae on growth.
The groups containing Schizochytrium sp. (M50, M100 and S100) had higher survival rates than FO and
N100 groups. No changes in the major fatty acid compositions of juveniles were observed with the
replacement of fish oil by microalgae. In addition, Pearson correlation analysis showed that the percentage
content of C14:0, C16:1n-7, C18:2n-6, C20:0, C18:3n-3, C22:0, C20:4n-3, EPA, C22:5n-6 and DHA in
juveniles were significantly and positively correlative to those in diets (P<0.05). The same correlations
were also observed for total saturated, monounsaturated and n-3 polyunsaturated fatty acids, and
DHA/EPA ratio. In conclusion, fish oil replacement with microalgae as lipid sources can fully satisfy the
growth and development in juvenile flounder, and fatty acids in microalgae can be effectively digested
and absorbed. Furthermore, the addition of microalgae in diets enhanced the DHA content and DHA/EPA
ratio in juveniles, and hence improved the survival. Therefore, the fish oil replacement with microalgae in
the culture of Japanese flounder juveniles is feasible. This study will be helpful and suggestive for
screening new lipid sources to replace strained fish oil resource.

Key words Japanese flounder (Paralichthys olivaceus) juveniles; Microdiets; Microalgae; Fish oil;
Fatty acids
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