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BE: HFEER A X 2 BT EE(Platichthys stellatus, Pallas 1788)4h A K | R ZH i il 2B B 45 A5 O 5200,
VA3 A 2 2R 0 U R JE A ARURHFO), 4390l 2438 36 K0 (SO) L TERER B K (NO) S P A 43 O TR & I (MO At £
W DHA . EPA, AN EHS K m#b 5%, HilA 4 0S5 A S5 Ge 0SS0 imlkl, Fem L) B4 (0 (W IR IR 7.35 g+
0.03 g) 90 d, &5 E/R, 5 FO 4if Lk, SO 4l i K MERET0 B 3 22 7:(P>0.05), NO 41 fl MO 4K % EHR
BRI A LU 2 AR (P<0.05), fDRE R8O 254 K (P<0.05); MO 21 A4 4 i LR 11 3% 1 18 35 v T LAl 41(P<0.05),
FO 45 MO 4 %4t i I & i B3 w5 T HABLL(P<0.05), FO 435 WUHLIK /> & & B ER T HAR 4 (P<0.05); HH
R AR LD AR JIE N 7 PR 20 73 52 35, WLIAK Cre.o AT DHA 5 5 AR GRDR P I o5 B9 7 20 LU 22 2 35 AE AR OC
(r=0.973, 0.967, P<0.05), C 4.0 Fl Cg.1n.7 M2 1 35 IEAH £ (r=1.00, 0.996, P<0.01), HTHY C\g.2n.6.n-6 PUFA Fl DHA/EPA
£ IEAIE(r=0.983, 0.976, 0.977, P<0.05), Ci4.1n.7 2 IR 3 EAHIE(r=0.992, P<0.01); NO 4 F1 MO A IfL i 45 7
A WHALT) . Hih =BR(TG) . AHE EE(CHO) MBS B B W (ALP) B & i 4% FO 4118 R4 {I%(P<0.05), NO 41 IfiL /& 7+ F
e A B (AST) R 45 B (GLU) & it 1 K T H AL (P<0.05) A FE R W, ARSI 4500 T 24400 Bk il LU AC LB ) 1] R 4
o Ak v P £ 3 TN X AR R A A B AR AR RUE R N, I HAE R AR BB 1 B SR A

KEIR. RPN, GERERERY, MG BRRIEE R RYEGE IR

FE 5SS S963 XHERIRERD: A

S K R Y B R, b i
AN N W R (HUF A K 7= s i A K B AT
BARHIPE o AR, vl BEIR R A, 8 S B A il Y
P2 BB AR AR, AR TR ARtk i A i
gt P73 05 A 7K 7 S L AR R ) T 8 3 2 AT
Bl R R g e b, sk
TERRFFIMC! /N R 2 4, sk A i 7 1
N IR A7 ), e S B FH HhA BTBR A

OB & A A K T A £ R E R ) o,
R o AR AR DR, 2 BRAR Yl R
FE . 2445 #E (Schizochytrium sp.) 2 )@ T H # 1)
(Eumycota) . i # 47 7 £} (Thraustochytriaceae) 1Y) —
SO AEEY, SAFEE N BRANERR(DHA);

i BHEA: 2017-01-22; &1 HEA: 2017-04-01.
HE&£mE:
I 5 RBHIF & A3 R 07 /5 51 H (201702002).

XEHS: 1005-8737—(2017)06—1223—11

fHk ER ¥ (Nannochloropsis sp. )& — Ffi i 7 2201 iy
WO, JE B G B ] (Ochrophyta) . BBk f3% 3 &)
(Monodopsidaceae), 7 A F & 1Y = 1+ ik 7L IR
(EPA)), DHA Fil EPA #2025k K & B T by
%) 125 AN RIS 107 R (HUFA) . Hoestenberghe 251!
3 JRRAFIN | 2240 SRR TR &
R F A ofi(jade perch)mlkl A My, IR A THALAR
X 52 A0 it ) A K 1 U I . Betileu 260 BRI
(Oncorhynchus mykiss)i% £ 90 mg/g 1) 5 H 355 T35
¥3(24.38 mg DHA/g JkD)RESGENLIA B 5T, 4
ER R . Miller 2502 5 B R £ 3k
K PG (Salmo  salan) %)) fa iy A K Josvm, H2s
g fLA b ) DHA )&

IR A RHE & BRI H (2014GHY 115006); [H 5 H AR #5410 H (31201973); [E KR LE W72 —K 4 5 ) 8

fEZ B k1991, &, WitHmsEd:, EENFK=shYE =S5 REFS. E-mail: maima091@163.com

BEEE: EFR5EA965-), W55, E-mail: ytwjy@126.com
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BT )1| 8 (Platichthys stellatus, Pallas 1788) X
FREGVLEE, RGO H | 8L IR, $oh
AR BE | KEET LS fe A A S0 K 57 5E £ 2
Z—, HAARKY WSz, b A
FRBE . PURE SisE . PIREEL/N . AR SR A
ARSI LR B 4l o &2, BT LLE &
DHA | EPA H By 8 A f 0 B2 IR 1| i &)y £ A=
KRR | IRURERIH | AR AL A AL bR B, Ry
B R T A5 e ek A 2 T o L B A 4l

1 HESHE

1.1 IWigit5ER

DUBERE faky (a2 s - W EE=3 1 AR
Ja =y, Reli & BT 1%). B H AR Gk
FREA N EEEA, Liagm . okl EEE
i Y T ML AR S 49% . RIS I & i 10%
I SEREARDRE . 430 FH 244 Sy . T R B S
FIEEAD AUTR & W) A 3« R IKE=1 @ 6.26)8F
PRIy £, Ik 4 SR SFREn LR
Tkl 43l 4 i 4L(FO) . 44 i k3 41 (SO)
TUERER B 2L (NO)Y IR & B My 4L (MO) . Tl BHEC 7
KB SR NI ER 1, ARG g D R 4 R L 2R 2.
BBy IEE 80 HIf, #hc lLARERTR ), KUhEst
JEHLINT % 2 mm Piki, 50°CHET, & T-20°Crk
A &H.
12 LWz 5RFER

FRH S 1L AR AR T VR SO UR S AR MY B 4
BHDKIEA R G ik AT . SCm il 3 H BRI
WY, FhBORIEARE . K/NES) | R T IR
H(7.35+0.03) g IEXSLIGHT, A B ARSI R
Gerh iz 2 JA, BT ALk, SR 5 RE L
SrRNAH, BHKRIANER, BAER 50 RM,
FTFHAFAE(ER 80 cm, & 70 cm)FRFEAR Y,
FEHIKE 50 em 2247, PAFFREN 2 L/min A£47,
SCHG R R 90 d. FEAE I FE KR AE (17.6+
0.9)C, pH 7.8~8.2, :hJEF 28~30, {#IEVA%A>5 mg/L,
A . WAHRAII<0.1 mg/L, 5 KEBHREPIK
(08:00, 15:30), $EME &R @IRTER 2%~3%, R
RGO, R 30 min J5, NRSH
A HE K R R HE R, BBk, THRAR I A,

*1 ZHRENHNESFMERER
Tab.1 Formulation and nutrient compositions of the
experimental diets
%

T Rk4H diet trial
FO SO NO MO
Wilgfaky defatted fish meal  30.00  30.00 30.00  30.00

JEEl ingredient

l5EH casein 16.00 16.00 16.00 16.00
RIEWEE L soy protein o 00 1968 1055  10.12
concentrated

il fish oil 3.86 0.00  0.00 0.00
F Kl corn oil 6.14 8.37  4.02 2.35
2] =l S g\ a

R A 0.00 229 000 226
Schizochytrium meal®

fite G5t I Sl S B

PR . . 0.00 0.00 14.00 14.15
Nannochloropsis meal

fie BT o 25

BUMEFAESR 725 691 868 837
microcrystalline cellulose

£ 4 © vitamins mixture® 1.00 1.00 1.00 1.00
%1% “minerals mixture? 2.00 2.00  2.00 2.00
HiAth © others® 13.75 1375 13.75 13.75
&1 total 100.00  100.00 100.00 100.00

EIRH (T Y B LT proximate composition (dry matter basis)

HZE A crude protein 49.06  48.82 48.84 4885
HMLAG N ether extract 9.64 9.85 10.46 10.68
HLK 43 crude ash 13.58  13.69 1439 14.47

JBE/(kT-g™") gross energy 22.68 2219 2227 2236

T a. REFH o TYRR): HEH 9.60%, HIEH 70.70%, &
A2 Alltech A 7). b. RS (% T Y 5): ML 45.16%,
HARNT 45.50%, W HMH G IERVAEDEARARAF. . TP TR
R (mg/kg 1@ #L): MgS0,-7H,0, 3568.0 mg; NaH,PO,-2H,0,
25568.0 mg; KCI, 3020.5 mg; KAI(SO4),, 8.3 mg; CoCl,, 28.0 mg;
ZnS04-7H,0, 353.0 mg; Ca-lactate, 15968.0 mg; CuSO,4-5H,0,
9.0 mg; KI, 7.0 mg; MnSO4-4H,0, 63.1 mg; Na,SeO;, 1.5 mg;
C¢Hs0;Fe-5H,0, 1533.0 mg; NaCl, 100.0 mg; NaF, 4.0 mg. d. 4k
R WU R (mg/kg RD: 4EE R A, 38.0 mg; 4EEE D, 13.2
mg; a-AFH B, 210.0 mg; HilEE, 115.0 mg; B, 380.0 mg;
EhERME LY, 88.0 mg; 1ZMR, 368.0 mg; MR, 1030.0 mg; LM E,
10.0 mg; MR, 20.0 mg; 4E4= % By, 1.3 mg; WLEE, 4000.0 mg;
LRI, 500.0 mg. e. HAth(gkg kL. FZEHL 5.00, a-jEk
100, FRHIIELF4EZR 40 20.00, BEAZ — 45 10.00, SAALJHGL 2.00,
HrEALs 0.5.

Note: a. Schizochytrium meal (% dry matter basis): crude protein
9.60%, crude lipid 70.70%, buy from Alltech, USA. b. Nanno-
chloropsis meal (% dry matter basis): crude protein 45.16%, crude
lipid 45.50%, buy from Yantai Hairong Biotechnology Co., Ltd.,
China. c. Mineral mixture (mg/kg diet): MgSO,-7H,0, 3568.0 mg;
NaH,P0,4-2H,0, 25568.0 mg; KCl, 3020.5 mg; KAl (SO4),, 8.3 mg;
CoCl,, 28.0 mg; ZnSO4-7H,0, 353.0 mg; Ca-lactate, 15968.0 mg;
CuS0,-5H,0, 9.0 mg; KI, 7.0 mg; MnSO4-4H,0, 63.1 mg; Na,SeOs,
1.5 mg; C¢Hs07Fe-5H,0, 1533.0 mg, NaCl, 100.0 mg; NaF, 4.0 mg.
d. Vitamin mixture (mg/kg diet): retinol acetate, 38.0 mg; chol-
ecalciferol, 13.2 mg; alpha-tocopherol, 210.0 mg; thiamin, 115.0
mg; riboflavin, 380.0 mg; pyridoxine HCI, 88.0 mg; pantothenic
acid, 368.0 mg; niacin acid, 1030.0 mg; biotin, 10.0 mg; folic acid,
20.0 mg; vitamin Bj,, 1.3 mg; inositol, 4000.0 mg; ascorbic acid,
500.0 mg. e: Others (g/kg diet): glycine betaine 5.00, a-starch
100.00, CMC 20.00, Ca(H,PO4), 10.00, choline chloride 2.00,
antioxidant 0.5.
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Tab.2 Fatty acid compositions of the experimental diets
%
WG i i ok [fE&328 AT A TR diet trial
fatty acid fish oil corn oil Nannochl- Schizoc- algae mixture FO SO NO MO
oropsis meal hytrium meal
Ciao 6.88 - 4.97 6.53 5.18 2.63 1.10 2.18 3.77
Ciso 21.71 11.48 21.18 22.80 21.56 16.27 13.82 18.11 22.23
Ciso 3.59 1.63 1.23 0.79 1.15 3.22 2.14 2.44 2.5
YSFA 32.18 13.11 27.38 30.12 27.89 22.39 17.16 22.94 28.82
Cie:17 6.55 - 24.78 0.09 11.29 2.56 0.40 6.18 7.00
Cig:in9 11.15 25.67 4.83 0.23 4.19 21.15 24.08 21.53 14.13
Cigiinr 2.97 - - - 1.67 1.95 0.79 0.27 1.43
Cao:1 3.45 0.35 - - 0.10 1.24 0.4 0.43 0.41
>MUFA 24.12 25.67 33.10 0.32 17.25 26.90 25.67 28.41 22.97
Cisan6 2.17 58.10 3.49 - 2.89 33.37 43.58 33.74 22.05
Cig:3n3 1.75 0.72 - - 0.11 0.82 0.55 0.78 0.83
Cig.3n6 0.15 - 0.53 0.28 0.49 0.08 0.09 0.07 0.42
Ca0:2n-9 3.32 - - 0.35 0.25 0.8 0.04 0.13 0.15
ARA 0.84 - 5.22 0.74 4.36 0.61 0.34 1.38 1.69
EPA 10.19 0.11 25.37 1.88 11.12 3.14 0.51 4.71 5.03
DHA 15.38 - - 42.70 12.82 3.36 3.99 0.55 5.87
>n-6 PUFA 3.16 58.10 9.24 1.02 7.74 34.06 44.02 35.19 24.17
>n-3 PUFA 27.31 0.83 25.37 44.59 24.05 7.32 5.05 6.05 11.73
n-3 HUFA 25.56 0.11 25.37 44.59 23.94 6.5 4.5 5.27 10.91
DHA/EPA 1.51 - - - 1.15 1.07 7.84 0.12 1.17

1.3 REFES5HIE

TLIRZER G 24 ho FRBES, BEVLNE
P 15 B fa, Hob 3 BRESmw o, 5
A 12 R T R CR ML, RIS 2 B PIHE . B
Wi PR, WS, REESESE, FESL—20CIRTT,
R i AEER & 4 h, 4000 r/min Z5.0> 10 min, B
TH, —80°CLRAFE, FF,
1.4 MEISERITTE

ARKMERE R £ KR (SGR, %/d)=(InW-
1InW,)/dx100%;

B R (DFL %/d)=F/[(Wp + W,)/2xd]x100%;

kL R BU(FCR)=F/(W; — Wp);

H H FUSCR (PER)=(W—Wo)/(FxP);

FFA HE (HST, %)=Wh/W,x 100%;

A L (VST %)=W,/W,x 100%;

JIE 3 B2 (CF, g/em®)=Wi/L*x100%;

A1 (SR, %)=Ny/Nox100%;
K, Wo—S2 504 £ /R 5 5t (g), W—SL 502 ik

Hit(g), F—RE Tk (g), d—F7 KEL, P—
Tl Ak oKL B 1R G B, WA R (), Wo—P
IERT i (g), L—EgmZ ik (cm), No—L5IF
AR SRR, N —SER 2 R A R A

T ek B A 2R K 43I E SR 105 C At TE
L E (GB/T 6435-2006); H#L#E (% YLK E
A 5E (GB/T 6432-2006); 1l K} 14 HLAE 7 % H
7 A B R R RTINSV & I AL I R
FH 2 A 292200 2 (GB/T  6433-2006); HLJK 73 %
53R 550°C 2R %0 %2 (GB/T 6438-2007); fig
TR PR BRI 5 (IKA, C6000, Germany).

g W R 54T v I B O 4R U 15 2 IR Foleh 251
(055, NI E )7 2 M Metcalfe %21 )7
BIFESAE B, R RAL . WERLE, R A
3% (GC-2010, SHIMADZU, Japan)ill iE §g 5 2
S, OIS RY RSP AE. R
supelco 37 Fiig B R B ig i 47 (supelco, USA)I I
FES IR IR, 4518 W I AR 5 2R FH T FBLH — 1k
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BHEFAM(AST) . KR ARMALT)., #4
BE(GLU) % 18 5 2 (1 JE [ B2 (HDL-C) | {1 % )%
JiE 2 FH & B (LDL-C) | i35 B & H (TP) . 1L A
HEH(ALB). Hh =EE(TG). JH[EEE(CHO). Btk
Wl 2 W (ALP) >R H 4= H 3l A= 1k 73 #14X(7020, Hi-
tachi CRG, Japan)#t 17 %2 .
1.5 #HESFITHH

K H SPSS17.0 FAxd F s i AT s Ry %
77 T (one-way  ANOVA), 4 4b# 2 [0] 22 5 i &
(P<0.05)ff, F Duncan’s #:3uiffT 2 b, L
S (E bR IE 2 (X £ SD) JE XK w o R Person
KNI LA L R B 105 1R 5 ) Ak i 7 7R
IR G, r R person A& R AL, * R AH M i
F(P<0.05), **F /R AHPER 3 (P<0.01),

2 HRE5HH

21 WESEREHMIEDIESEE KL
AR ARm

Nz 3 FroR, 490 d MFRFESEE R, &4
FEWH R TG B 3% 25 5(P>0.05), FO 2H #1 SO 4H 145 &
AR AR 2 T R KO 2 (NO) R & 3 43 4
(MO)(P<0.05), {4 He th 3¢ B H A [ 14 8 3 (P<
0.05). FO Akl 24 EILT NO 41 MO
4 (P<0.05), (H5 SO 2% A B3 (P>0.05). 4%
YRR . IO AR L B
(P>0.05), SO 4L s m, H5 FO 41
25 A3 (P>0.05),

22 WEMEREaRNERIISSENATNE
B ENEFARNEN

mE 4 Fros, FRGER A Qh D T
BB 1| B4 0 4 00K 2 1 RORL G 10 2 4k, R
B W S (P>0.05) , MO 41 (94 kL &
& B T HAL =41(P<0.05). 5 FO 4L,
NO 41F1 MO 4L HLAR 7 % 2 & 3 F% I (P<0.05),
ISy G i 3 TR (P<0.05)

JFHRE R R AR £ 3 o 35 R M T R )1 4 £
WLTR R 43 2 B, XFaK 43 . RELER 1 RTHLIR i 1)
R IJC 0 EF (P>0.05), Horh FO 41K 70 % &
AR T 1R (P<0.05) .

®3 WEMBREMNED)IEREEKMEE
TR LT FA B 22 M

Tab. 3 Effects of fish oil replacement by microalgae

meals on growth performance and feed utilization
of juvenile starry flounder
n=3; X+SD
TaERkH diet trial
FO SO NO MO
WIAE IBW/g  7.34+0.01 7.33£0.01 7.37+0.04 7.37+0.01

FAATE FBW/g 33.74+0.1533.33+0.45" 29.63+1.40" 30.42+0.62°

Ui H item

S /;)—:
%E’*kf 1.70£0.00* 1.68+0.02* 1.54+0.05° 1.58+0.02"
SGR/(%-d™")

A 2%
BEER » 1.074£0.01 1.10£0.05 1.14£0.04 1.13+0.04
DFI/(%-d™")
P
i B R 2 0.76+0.02° 0.79+0.04"® 0.85+0.05* 0.84+0.03°
FCR
TR 1.2840.03% 1.25+0.07*® 1.15+0.07° 1.16+0.05°
PER

R A
UL . 2.46+0.08 2.60+0.16 2.46+0.12 2.67+0.10
CF/(g-cm™)

- A
ALy 1.78+0.38 1.75+0.47 1.62+0.29 1.71+0.57
HSI/ %

in A
ME L 5.50+0.10% 5.56+0.22° 5.05+£0.19¢ 5.21+0.13"
VSI1/%

G SR/%  98.67+1.15 98.00+£2.00 99.33+1.15 99.33+1.15

e [RATEUE G AN ] AR S5 B3R OR 25 57 1 3 (P<0.05).

A B4l 12 AFAT

Note: Values in the same row with different superscripts mean
significant difference (P<0.05). A: 12 repetitions per group.

x4 WUEMBREMNE) 8R4 & R ER R
Tab. 4 Effects of fish oil replacement by microalgae
meals on tissue proximate composition of juvenile
starry flounder

%; n=3; X +SD; & FW
TAkL4H diet trial
FO SO NO MO

i H item

4> 1fi whole fish
7K4Y moisture  76.52+0.13° 76.58+0.08" 76.89+0.13" 76.80+0.12%°

LIS . 16.87£0.26™ 16.38+0.29° 16.66£0.33" 17.39+0.31°
crude protein

) =1

*ﬂﬂuﬂﬁ., 4.13£0.18" 4.04£0.32" 3.47+0.10° 3.62+0.05°
crude lipid

) A

LI 3.28+0.08 3.2240.03 3.31+0.13  3.27+0.07
crude ash

WL muscle

JK43 moisture  79.06+0.10 78.82+0.33 78.93+0.24 78.65+0.07
HLER . 19.56+0.15 19.95+0.25 19.63+0.55 19.74+0.04
crude protein

) =

AL s 2.2540.08 1.94+0.20 2.02+0.18 2.18+0.21
ether extract

Sl e £

HUKSY 1.3040.01° 1.28+0.00° 1.29+£0.01° 1.34+0.02°
crude ash

T [RAT B A R _EARFE ST R38R 25 57 .35 (P<0.05).
Note: Values in the same row with different superscripts mean
significant difference (P<0.05).
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23 RUEMER &R E DI 84 & A Fo BT
A

e Aol B P R AL B 3 R e TR B A &y £ L
PRI A R I R 4 (35 5 A 6). ILP iy 258
NEWTIR 7391 Cle:0(13.98%~16.62%) . Cis:0(4.32%~
4.84%) . C1g:1n-0(13.77%~15.81%) . C15:2n.6(20.24%~
33.65%) . EPA(3.04%~7.11%) Fl DHA(4.87%~
14.26%). 5 FO diAHLL, &EACANLAI SFA &
24 5 W3 (P<0.05), MO 41 & & fie i, SO 4 AI;
2R G AR RN B 15 1R A 7% i 22 5 1 35 (P<0.05),
Hrp B AR UL MUFA 7 #2324 8 3 7+ 5 (P<0.05);
NO 41 n-6PUFA % & & 3 5 (P<0.05), {H n-3
PUFA Fl n-3 HUFA % & i & F#IK(P<0.05), MO 41
) n-3 PUFA #l n-3 HUFA & &3 % E T
(P<0.05), SO ZH /Y DHA / EPA HY{E f% 5, NO 4%
Ko 3T Person FHICHE ST & IR A S50 2H 41 A L
AR R Y Cla:0. Ci6:04 Cro:n-7+ Cisian6+ Cis:an-3
Cig:an6~ Ca0:1+ Ca02n0. ARA . EPA il DHA ¥ 5
T Ak v 4 G 0 PR 5 it SR AE A 6, HHp €60 FT DHA

BB IEAME(r=0.973, 0.967, P<0.05), i Cy4:0 Fl
Cie:n7 MR IEAH I (r=1.00, 0.996, P<0.01),

i b i R W R 2 B 2 Crao(1.78%~
3.15%) . Ci6:0(14.20%~19.75%) . C:1n-7(4.16%~
11.51%) ., Ci5:1n-0(24.61%~31.60%) . Cyg:2n-6(13.76%~
36.38%) . Ca0:1(14.20%~19.75%) . Cap:an-o(1.16%~
2.62%) . EPA(0.62%~2.25%) 1 DHA(0.73%~
5.13%). 5 FO HAH H, NO 4 F1 MO #H T+ Y SFA
Hl MUFA & 8 11 (P<0.05), SO £ i F A%
(P<0.05); n-3 PUFA #1 n-3 HUFA 1975 {k. #a 34 7],
NO 40 7 i 2 F4%(P<0.05), 1fif FO Fl MO W &
ETHE (P<0.05), & LIRALM n-6 PUFA & Al
DHA/EPA ¥ i KT SO £H(P<0.05), X T F14H]
B NE 5 2 2H i 4T Person AHC P44 & K, 15
T Cigino. Coo1 F1 MUFA 4F, HAMNERTRR 5 H
GRS R BLUE A E R, Crsane.
n-6 PUFA #il DHA/EPA 5 g & A6 (r=0.983,
0.976, 0.977, P<0.05), 1M C 6107 5 BEH 2 1IEAH
X:(r=0.992, P<0.01),

x5 WUEMBREMETE) 8R4 & P s TR A 200 K 5 R #L B B BR 4B A B Per son 483X 3 4
Tab.5 Effects of fish oil replacement by microalgae meals on muscle fatty acids of juvenile starry flounder and
Pear son correlation analysis of fatty acid composition in diets

%; n=3; X+£SD

R diet trial

NG iR fatty acid

r

FO SO NO MO
Ciao 1.49+0.01° 1.00+0.02¢ 1.27+0.03¢ 1.96+0.04* 1.00%*
Cis0 14.15+0.09¢ 13.98+0.44¢ 15.27+0.01° 16.62+0.18" 0.973%*
Ciso 4.56+0.08" 4.84+0.08° 4.32+0.24° 4.54+0.07° -0.300
YSFA 20.20+0.38¢ 19.82+0.36° 20.86+0.16° 23.12+0.24° 0.906
Cie:int 1.73+0.04° 0.91+0.05° 3.40+0.38" 3.48+0.16" 0.996%*
Cisino 15.48+0.12° 13.77+0.29¢ 15.81+0.42° 14.56+0.18° -0.072
Cis:ing 1.72+0.03° 1.27+0.02¢ 1.74+0.02° 1.80+0.02° 0.284
Cao:1 1.72+0.05° 1.40+0.07° 1.39+0.02° 1.21£0.10° 0.913
SMUFA 20.70+0.10° 17.42+0.23¢ 21.69+0.57° 20.85+0.14° 0.266
Cisane 30.55+1.29° 33.65+2.00° 32.44+0.41% 20.24+0.38° 0.917
Cig:3ns 0.51+0.02° 0.38+0.01° 0.52+0.02° 0.50+0.02° 0.959
Cig:ne6 0.06+0.00° 0.09+0.01* 0.06+0.02° 0.10+0.01* 0.755
Ca0:2n0 1.61+0.08* 1.66+0.10° 1.25+0.05" 1.000.08¢ 0.370
ARA 1.21+0.15° 1.27+0.39° 2.21+0.20° 2.01+0.16° 0.910
EPA 4.38+0.32° 3.04+0.42¢ 7.11£0.47° 4.43+0.15° 0.720
DHA 11.04+0.22° 13.19+0.60° 4.87+0.08° 14.26+0.04* 0.967*
Yn-6 PUFA 31.25+0.54° 34.15+0.87* 34.57+0.18" 22.59+0.15° 0.877
n-3 PUFA 16.05+0.16° 16.40+0.83° 12.22+0.32¢ 19.10+0.08° 0.704
)
n-3 HUFA 15.69+0.11° 16.54+0.81° 12.59+0.25¢ 18.58+0.09° 0.686
DHA/EPA 2.42+0.04° 3.96+0.08" 0.71+0.03¢ 3.34+0.01° 0.731

TE: R TR 5 LAAS R T I Y TR o R T I HHY TR ) LU ) 2o . TR A A T )b 7 BEASR 2 5 W 35 (P<0.05).

Note: Ratios of fatty acid methyl ester to total fatty acid methyl esters. Different superscript letters in the same row mean significant differ-

ence (P<0.05).
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Tab. 6 Effects of fish oil replacement by microalgae mealson liver fatty acid of juvenile starry flounder and Pear son
correlation analysis of fatty acid composition in diets

%; n=3; X+SD

Tl diet trial
NG R fatty acid I r
FO SO NO MO
Ciao 2.63+0.08° 1.78+0.01¢ 3.15+0.04° 2.97+0.05" 0.722
Cieo 15.84+0.20° 14.20+0.34° 19.64+0.20° 19.75+0.39° 0.885
Ciso 1.32+0.09° 1.13+0.08¢ 1.46+0.06° 1.98+0.06* 0.028
Y SFA 19.79+0.33° 17.11£0.41° 24.25+0.14* 24.67+0.52° 0.857
Cie:nr 6.15+0.09° 4.16+0.06° 9.63+0.14" 11.51£0.17° 0.992%%*
Cig:1n0 26.41+0.36¢ 27.00+0.43¢ 31.60+0.41° 30.47+0.64° -0.48
Cisiny 2.62+0.02° 0.19+0.00° 0.18+0.00° 3.30+0.02° 0.850
Cao:1 1.92+0.04° 1.52+0.05¢ 1.56+0.03" 1.70+0.08° 0.904
YMUFA 32.98+0.66° 36.76+0.41° 43.17+0.89° 47.15+0.74° -0.439
Cisiane 28.33+0.39 36.38+0.75 24.64+0.61 13.76+0.67 0.983*
Cig:ans 0.49+0.01° 0.36+0.00° 0.40+0.01° 0.38+0.01° 0.567
Cigane 0.08+0.00" 0.06+0.00" 0.00+0.00° 0.09+0.01* 0.566
Ca0:2n0 2.21+0.09° 2.62+0.13" 1.60=0.09¢ 1.16+0.05¢ 0.191
ARA 0.33+0.11° 0.38+0.02¢ 0.50+0.02° 0.82+0.02° 0.873
EPA 2.25+0.06" 0.62+0.02° 1.80+0.07° 1.73+0.09° 0.731
DHA 4.04+0.19¢ 4.83+0.19° 0.73+0.08¢ 5.13+0.24° 0.947
Yn-6 PUFA 28.73+0.48° 36.81+0.76° 25.14+0.62¢ 14.66+0.67¢ 0.976*
Yn-3 PUFA 6.77+0.25° 5.80+0.21° 2.93+0.13¢ 7.24+0.29* 0.591
n-3 HUFA 6.29+0.24° 5.45+0.20° 2.53+0.13¢ 6.86+0.29* 0.605
DHA/EPA 1.80+0.05¢ 7.80+0.18° 0.41+0.04¢ 2.97+0.16° 0.977%

TE: R 5 LAAS IR 0T I Y TR o AR T I YRR ) LU ) 2o . TR) A A T )b R PSR 2 53 W 35 (P<0.05).

Note: Ratios of fatty acid methyl ester to total fatty acid methyl esters. Different superscript letters in the same row mean significant differ-

ence (P<0.05).
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i(P<0.05), 1H SO 41 &3 7t (P<0.05) . It 7k, NO
ZH 10 45 B 5L i (AST) A 25 B (GLU)Y 1Y & 2 i
FAR T HALLL(P<0.05).
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25 ST A 20 a8 2 A A0 3 100338 ‘T 51 A 1
FERT R, MA@ RSB Rame, B8 %
3F ff1(Oreochromis niloticus)} & R HI & 1 T S0R
B E P = (P<0.05), 1RDRE R 5 3 PR IR (P<0.05),
Li 25U U5 S AR Rk v 8 i 24 4 SR e A
PE S BE S 2 il (Ictalurus punctatus) it {4 5 & Al
TARIECR, SRR S 2%, W LI B4R &
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Tab. 7 Effects of fish oil replacement by microalgae meals on biochemical indices of juvenile starry flounder

n=3; X+SD

1375 P 4 4B A T EHA diet trial

serum idicator FO SO NO MO
B E B ALT/(U-L™) 21.67+1.53° 25.00+1.00° 16.67+1.53¢ 1.67+2.08°
A E R AST/(U-LT 101.67+5.77° 105.00+5.00° 61.33+2.31° 97.67+2.52°
BEEE TP/(g- L) 23.33+1.04% 20.17+1.61° 17.17+0.76° 19.17+1.26"
H#&EM ALB/(g-L™) 7.83+0.29 8.00+1.00 8.17+1.04 7.67+1.04
Hi % GLU/(mmol-L™") 3.05+0.30° 2.70+0.46" 2.03+0.19° 2.92+0.13*
Hih =W TG/(mmol-L™") 0.85+0.05" 1.03+0.08° 0.40+0.05¢ 0.55+0.05¢
JIH [ B CHO/(mmol-L™") 3.50+0.09° 3.80+0.10° 3.32+0.18° 3.35+0.15°
T % JIR # 11 HDL-C/(mmol-L™") 1.88+0.45 1.85£0.20 2.00+0.09 2.02+0.55
{4 ¥ I8 K H LDL-C/(mmol-L™") 0.15+0.01 0.17+0.03 0.17+0.03 0.13+0.03
M s ER i ALP/(U-L™") 35.00+2.00° 53.33+2.89° 18.33+3.21° 15.00+2.00°

T AT B AN R AR 3E S0 R 3R 22 57 .35 (P<0.05).

Note: Values in the same row with different superscripts show significant difference (P<0.05).

gl £ R AR ORIV R R B A T W3 AR Mk
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Effects of replacing fish oil with microalgae meals on growth per-
formance, tissue proximate composition, and biochemical indices in
juvenile starry flounder, Platichthys stellatus

ZHANG Yan" 2, QIAO Hongjinz, LI Baoshanz, SUN Yongzhiz, GONG Xupengl’ 2, WANG J iyingz,
ZHANG Limin®

1. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China
2. Shandong Provincial Key Laboratory of Restoration for Marine Ecology; Shandong Marine Resource and Environ-
ment Research Institute, Yantai 264006, China

Abstract: A 90-day feeding trial was conducted to investigate the effects of fish oil substitution with microalgae
meals on growth performance, tissue proximate composition, and biochemical indices in juvenile starry flounder,
Platichthys stellatus (initial body weight 7.35 g+0.03 g). Four groups of isonitrogenous and isolipidic diets were
formulated using different primary lipid sources: fish oil (FO), Schizochytrium meal (SO), Nannochloropsis meal
(NO), and the mixture of these two algae meals (MO), with the remaining part filled with corn oil. Results showed
that growth performance was not significantly different between FO and SO, whereas specific growth rate (SGR),
protein efficiency ratio (PER), and viscerosomatic index (VSI) of NO and MO were significantly lower than FO
(P<0.05). Feed efficiency (FE) of MO and NO was the opposite. The body crude protein content of MO was sig-
nificantly higher than that in the other groups (P<0.05), while body crude lipid content of FO and MO were sig-
nificantly higher than that in the other groups (P<0.05). The muscle ash content of FO was significantly lower than
that in the other groups (P<0.05). Fatty acid composition of muscle and liver were directly influenced by dietary
fatty acid composition (P<0.05). The percentages of Ci6.0 and DHA in muscle were positively correlated with that
of the diets (r=0.973 and 0.967, respectively, P<0.05), and the percentages of Cy4.9 and Ci¢.1,.7 were significantly
positively correlated with that of the diets (r=1.00 and 0.996, respectively, P<0.01). The percentages of Cig.4.6,
n-6 PUFA, and DHA:EPA in liver were also positively correlated with that of the diets (r=0.983, 0.976, and 0.977,
respectively, P<0.05), while C,¢.1,.7 showed a significantly positive correlation (r=0.992, P<0.01). Compared with
FO, levels of serum alanine aminotransferase (ALT), triglyceride (TG), cholesterol (CHO), and alkaline phos-
phatase (ALP) of NO and MO were significantly decreased (P<0.05). Additionally, levels of serum aspartate ami-
notransferase (AST) and glucose (GLU) of NO were significantly lower than those in other groups (P < 0.05). In
summary, there were no negative effects on growth and physiology when fish oil was replaced with Schizochy-
trium meal, and this can improve the nutritional value of P. stellatusto a certain extent.

Key words: Schizochytrium meal; Nannochloropsis meal; fish oil replacement; Platichthys stellatus; growth per-
formance; fatty acid
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