40 % 4 Wl B % U R Vol.40, No.4
2019 4 8 H PROGRESS IN FISHERY SCIENCES Aug., 2019

DOI: 10.19663/j.issn2095-9869.20180529003 http://www.yykxjz.cn/

AT, B ERUR, Fritd, EPRYE, ZEEIN, FKE . URERERE R B AR X KR B4 10 A KPR RE L PR A BRI I
AEAGFEARIG . b B2, 2019, 40(4): 21-30
Hu DX, Ma J, Wang CQ, Qiao HJ, Wang JY, Li BS, Sun YZ. Effects of replacement of dietary fish meal by Nannochloropsis sp. meal

on growth performance, body composition, and serum biochemical indices of juvenile turbot (Scophthalmus maximus L). Progress in
Fishery Sciences, 2019, 40(4): 21-30

WIREICEMBREMNTKEET L & EKIERE.
A 28 A% F 0 75 A L FE AR R

WMAE!? B ' FRET Fuse M ERE? Zx P ks

(1. IR R AR Bt E R Rzl AOVARA RSB IR GHEE AL K- st g il Bif
W RAE L B 2013065 2. IREIGFESTIRSIEEN B ARSI ESBER B NSRS MG 264006)

BE T A W% 4% 2Rk (Nannochloropsis sp.)# 2R ¥ X K 2 8F (Scophthalmus maximus L.)%)
KPR AR A A AR R e, R WU R R AR A AR 0%, 3.88%. 7.76%.
11.64%7F7 15.52%Hy ff, B4R 5 MR E R AR N, Nigs. N7sgw Nijess Nissr)o 8B4
RE 7(24.60 £0.02) g By K Z 8741 2 600 B, Ml 5S4, BA3NEL, BNELZ 40 RE, *
A 70 do R E T DAL A K Z 64 f H3EER(WGR), 7 4 KESGR), &HFEEE
(PER). 7 # £ #(FCR). H# & % (DFI), /Bi# & (CF)f R 7E £ (SR)H L & # £ F(P>0.05); 2)M %
B R ENIE o, 28 KA T4 ELEBKP<0.05), HES, A fAI>EELE
F % F(P>0.05); 3)MiF A HE(LZM), *MAE B C3, #MAZE B C4 F B 18 B B (ACP)E /1 3 £ %
FABTBRE S, 257 Ny, Nogsw Niess Nogg 23k 2 & A, HEFEHT Ny 4(P<0.05),
Nisso Z5% 15 8% B2 B8 (ALP) B 2 (K T H b 41 (P<0.05), H A4 = 8 T B % 2 % (P>0.05); 4)% 04 m
R A A B L EE(T-SOD) . B4t Ak B F1 (T-AOC)Fn & At H ik 1t 41t 4 Bs (GSH-PX) 7% 77, ¥ &
S EFFETHEZYE, £ N HAREFAME, EREET Ny 4(P<0.05); 5) N6 2 & H ik = B
(TG)4 & B Z 1K T H M 41 (P<0.05), H M4 6 K 8% £ 7(P>0.05), ¥4 4% & 2 E B (TCHO)
R ERT No 41(P<0.05), & #4202 71 8 FP>0.05); 6)# 44 iE 4 54 A B (AST)E 7
ERETHREEFAWES, Nje HEFHME, ZERT Ny 4(P<0.05), #4044 H % A B(ALT)
FEHERE|RT No A(P<0.05), FFREMW, KREBEHT, UMK ENSNRKZTY &6 LF
15.52% 0 e A K TR EEH, BR776%TEERGEERFHERE S, BIKmAEATF,
KB KEE; MMEIRENR; £k MEANKED

FESES S963  XEAARIRED A XEHRS  2095-9869(2019)04-0021-10
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WEE ., BRI AR BRR R, HERER
e, BREC FEEKIRHE M Z —, Wt
FONWPLR b H a2z — k24 oK™= sl &
Tk e i 3R BOR IR, (AR P R Y ff S £
B3k 2 3 2230 f K R 2242 7= (Rana et al, 2009;
Krisetherton et al, 2009), & ¥ T TR 2 [ 97 & o
T 1 JFURH(Olsen et al, 2012), F ARk sk /b 14
AIEE AL T H KA 308 R i fi 7 m 2 —

FE W) 8 A7 AE DU 3% R R 35 TR 1 F- iy [ Rt
(Thompson et al, 2012), 1ERZZEFEL G FRA )4 H
FBAR . BFRE R, R W48 8 FRE R 17%10)
FK3 T 6 R 22 B &) i 1 A= K AS PR AR S2 e (Day et al,
2015); FoRE HEOEEEF L AR 21% YR
HAE KM B AR R RO TG I 3 25 57 (Regost et al,
1999); & A MW R IR 20.7% 9 00k i 5 AR K 32
if &)y £ ) A K PERE (BRAE, 2012). lcle, andtlfateR
¥ (Nannochloropsis sp.). /NEKEE(Chlorela) I MR TiE i
(Spirulina), &A NI 20 FhE 5L . ZFh 4
R TTER , LA I R RN JRR B2 55 v B AN TR RN
i 2 (Yamaguchi, 1996 ; Emma et al, 2017), =&t
& H AR Xl ((Carassius auratus) (£174,
2015), F A (Oreochromis spp) (Olvera-Novoa et al,
1998) FIML 8 (Oncorhynchus mykiss) (Dallaire, 2007)HY
WFFE R, SO 2 AR f A ok ) AR R T il
FHo MeAh, FEREFEQ018)WFE R, 10%1HHE 5 51%
BAMYE AR 35%0 Uk}, A5 RS2 W) A
KPERE, HRefed A AR RS, 1M 10%0)
WES SI%ERHEWEAMEN 35% ok 24
R A K MR

PSR IR B R A M T e, B TR ]
(Ochrophyta), ELHR 5 4X(Eustigmatophyceae), i iyl
Fl©, & THgE, BHth, SAFEMRAGRNE
KERMINE R, v g 6e S fbt Ak g
(R AR, 2010), H&A F 0SS AR NITR,
Ju R EPA(CARENSE, 2005), T LR w5 fe iR 1 il i)
KB IR (FLIE5E, 2010; Marques et al, 2006), H
T, 98 TG T s 2 AR 2 B IC 5 ARk e 108 R A
KHfE , I, A B TERE I aR R m B a
WX REZWEA i A IR AR . AR 4 P e e AL T
AEACFE BRI E M, R S A 7 K BE A TR Y 0L
RS E

1 MRIEFE
1.1 SEIGigit

A0 A0 R S AR IR, AU o bR B

By 3 AR EE R GRDRE 0L 3.88%., 7.76% . 11.64%Fl
15.52% ) f A, il 5 A& A 45 BE Y SC B ARDREH(NG |
Nags. N7zew Nitess Nissa), No HXFIR4L 7e48A
b oI R 2R . B R A R, R
TRk rh b R R B P RDRHIC T B R 2 L
# 1,

1.2 IHREEREMRE

SEG A [ SR SR A R A R, FRIE S TR
LR A8 W P B2 U8 5 PR B I Y e 97 9 S 30 = 0647 . 1E X
SCUOTHT, L MTEFRIE ARG R YIFE 14 d, 1A $E 0 X
HRLE AR . SCBG AR 24 h, BRikWI IR 1A (24.60+
0.02) g 9 600 FEAZEETL 0, BENLSY 5 4, BB 34>
HE,RAEE 40 B, R R E R E R 2 7 (08:00
Fl 15:30), MR NOIKER 1%~2%, WRIEEEN
DLVR A BEIEAE R 0.5 h 22 A HERR I, R,
THRGR I & FRIHIAEE « SRR I KAl (H42 80 em,
70 cm, JKIEHN 50 em), ZKiECN(17.32+0.20)C, pH
H7.8~8.2, ERER 28~30, WHE>S mg/L, AR . WY
FRA4<0.1 mg/L,

70 d FRIATIAE RS, A8 24 h, ISR EHAR ALY
FEVGECR AR R, MBI A E 5 BEPLI 3 J2
T 2aE e, R 15 BIEARK . &
&, PRI, RERIKBUNS , 43 EFITFE L,
IR E, ITEMARL . W20 CHRE, HTH
BT, DL L BOREBIE VK& L ilb AT . FEAE 4°C VKA
8 4 h, B040B5(4000 r/min, 10 min), B,
—80°CHRAF, FHFIN A i i A BEA fb FR b

1.3 MERERMER DT

B HE AR (WGR, %)=(W, — W)/ W =100
FrE 4 KR (SGR, % /d)=(In W, — In W,)/dx100;
HH R (PER, %)=(W, — Wo)/(FxP)x100;

Tkl ZEL(FCR) = FI(W, — Wy);
H 453 (DFIL, %/d) = FI/[(W, + W,)/2xd] x100;
AR (VST %) =W, / W,x100;
JIE S B (CF) = W, / L*x100;
AL # (SR, %) = N, / Ngx100;

K, w R RIkE (g), W g MR
HH(g), d NFFHREL, FRHEETIEE ), P Rk
HHAR I & (%), W, NIRRT, L SR
K, NSRRI R AR, Ny b SE) o i A .

Tk B L BURE S A3 BT %, KA SR 105°C
HE1H 5 0 5E (GB/T6435-2006); HLEE F & % 1
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Tab.1 Composition and nutrient levels of the experimental diets (% dry mater)

1% Groups

JEUBL Ingredients

NO N3.88 N7.76 N11464 N15452
[ fe4 ® White fish meal 50.00 48.06 46.13 44.19 42.25
K45 11 ° Soy protein concentrate 25.00 25.00 25.00 25.00 25.00
B AERS Squid meal 1.00 1.00 1.00 1.00 1.00
a3 Fish oil 6.00 6.00 6.00 6.00 6.00
F KM Corn oil 1.50 1.20 0.90 0.60 0.30
T Y TR R © Mineral premix 2.00 2.00 2.00 2.00 2.00
YA ZHUR K ¢ Vitamin premix 1.00 1.00 1.00 1.00 1.00
o-FEM o-starch 8.22 8.22 8.22 8.22 8.22
U ERERBEEHY © Nannochloropsis sp. 0.00 2.50 5.00 7.50 10.00
R ILL 4 RN Carboxymethyl cellulose sodium 3.92 3.53 3.13 2.74 2.35
Wiz — 445 Ca(H,PO,), 0.30 0.30 0.30 0.30 0.30
3208 Betaine 0.50 0.50 0.50 0.50 0.50
A ALNHBH(50%) Choline chloride 0.50 0.50 0.50 0.50 0.50
HEAM Met 0.00 0.02 0.03 0.05 0.06
HWEB Lys 0.00 0.03 0.07 0.10 0.13
WAR Arg 0.00 0.03 0.06 0.09 0.12
LIV Ethoxyquin 0.06 0.06 0.06 0.06 0.06
&l Total 100.00 100.00 100.00 100.00 100.00
EFHRA (% TH ) Proximate composition (% dry matter)
HML#E 1 Crude protein 53.50 53.47 53.38 53.36 53.12
HMLAENT Crude lipid 12.63 12.55 12.45 12.39 12.17
MK/ Crude Ash 15.54 15.11 14.73 14.51 14.33
HEHEM Met 1.13 1.14 1.26 1.29 1.25
AR Lys 3.82 3.80 3.80 3.89 3.88
KR Arg 3.68 3.67 3.70 3.75 3.71

e a. HEB(TYER): MEHSE 65.47%, HIEN &8 7.2%

b, KREWAGEHEH (% TYR): HEHSE 69.85%, MR &# 2.1%

c. TIFRTIRE (mg/ke TED: MgSO,4-7H,0, 3568.0 mg; NaH,PO,-2H,0, 25568.0 mg; KCI, 3020.5 mg; KAI(SO,),, 8.3 mg;

CoCl,, 28.0 mg; ZnSO,4-7H,0, 353.0 mg; Ca-lactate, 15968.0 mg; CuSO4-5H,0, 9.0mg; KI, 7.0mg; MnSO4-4H,0, 63.1mg;

Na,Se03, 1.5mg; C¢HsO,Fe-5H,0, 1533.0 mg; NaCl, 100.0 mg; NaF, 4.0 mg

d. i RFRE (mg/kg 1Ak 4i4:FK A, 38.0 mg; 44K D, 13.2 mg; oL F W, 210.0 mg; FMEEK, 115.0 mg; &
%,380.0 mg; FHERML A, 88.0 mg; 1Z MR, 368.0 mg; AR, 1030.0 mg; ‘LXK, 10.0 mg; MR, 20.0 mg; 4i/E &K By, 1.3 mg;
JLIE, 4000.0 mg; IR IMEL, 500.0 mg

e. TUHMERIREM (T Y : HEMA 50.72%, AR 18.05%, W A M & A4 WH AR A RAF

Notes: a. White fish meal(% dry matter): Crude protein 65.47%, Crude lipid 7.2%

b. Soy protein concentrate(% dry matter): Crude protein 69.85%, Crude lipid2.1%

c. Mineral mixture (mg/kg diet): MgSO,-7H,0, 3568.0 mg; NaH,PO,4-2H,0, 25568.0 mg; KCI, 3020.5 mg; KAI (SOy),, 8.3 mg;
CoCl,, 28.0 mg; ZnS0O4-7H,0, 353.0 mg; Ca-lactate, 15968.0 mg; CuSO,4-5H,0, 9.0 mg; KI, 7.0 mg; MnSO,4-4H,0, 63.1 mg;
Na,Se03, 1.5 mg; C¢Hs0,Fe-5H,0, 1533.0 mg, NaCl, 100.0 mg; NaF, 4.0 mg

d. Vitamin mixture (mg/kg diet): retinol acetate, 38.0 mg; cholecalciferol, 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. Nannochloropsis meal (% dry matter): Crude protein 50.72%, Crude lipid 18.05%, buy from Yantai Hai Rong
Biotechnology Co., Ltd., China
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HLICE A1k (GB/T6432-2006) ; AL A ok & Gl 42
2 %€ (GB/T6433-2006) ; ALK 73 I 7 & i 5 s 4
550°C K21 (GB/T 6438-2007),

ML 75 18 B (LZM) . BBt E AL RE 1 (T-A0C) . &
i 4 Ak ) L AL i (T-SOD) . 4% Jbk H K 3 4 4k 4 il
(GSH-PX){i% J1 K T 1 (MDA) & 1 2% JH B 5t & il
WA B E ; AMASE I C3 FIRMAE H C4 RT3
A= WK G 3 5 BT (ELIS A 57 &0l 5 o

ML Hh =l (TG) . HEEE(CHO) ., L% g &
HAHE BE(LDL-C) . %% B A £ 1 I [ B (HDL-C) |
Bk B B2 B (ALP) . BRVEWE IR B (ACP) . A Bl il
(AST). AR BEHALT) ., R H 4 A sh4: 1k Bl
(7020, HA7, HA)HEATME, 6l &2 [ )i
S ARARRA A .

HiRgIT S

K FH SPSS18.0 B A X £ it A7 B IH R Oy 25 43 it
(One-Way ANOVA), YAb3z [A] 22 & 1 % (P<0.05)
ff, H] Duncan’s KB ifff7T 2 8 lLE, 45K DAEHE+
Prif 2% (Means+SD)E s .

2 #R

PREKERBEREMTXRETHEERKKIT
LRI

OLTA 2 3R A A XM X 32 B &)y 1 2 K i ]
TR RS A L3R 2 o Bt DU o Bk ey R AR L 113K

1.4

2.1

K64 fi WGR. SGR. PER 1 CF 2% LT+
e, (HAY 0T B % 22 5 (P>0.05), FCR Il DFI &
BT R, To i E 2 5 (P>0.05); MR A
H X S8 A1 %) VST FI SR 26 i 2 52 1 (P>0.05)

22 BREKERBRENNXESGHEEEM
A 42 45 B ) 2 1)

e 3 iR, WA By 4t AL IAHLIR B 5 i 5
BT RS, BEINT N 41(P<0.05); Bk ER
XAt R ILIA B 7K 4 RLER SO 3 B 3
TG I & R (P>0.05)

PRFIEHBER BN X ET L & NFIES
FHERER M

R 4 PR, LZM FAMAZE 1 C3 36 1 258 BT+
Ja TR, 75 N ARFEKETFEEST Ny
ZH(P<0.05); #MAEE C4 WEHE%E FFHE FHRE
FOTE Ny oo Ak B RMEIT 3 T No 41(P<0.05);
ACP 5 J1 55 ETHE T RS, No e 41k i K AE,
IF B E R T Ny 4H(P<0.05),

24 BEEKENBREMNREGHERALEE
LAl

R s pron, B BUREREREE R R AR R,
T-SOD ., T-AOC # GSH-PX 7§ 1 55 FTHa F R #
P, FE Ny Hik B R EIF 3 T No 41(P<0.05),
I MDA & 2% TR BESIFEEIRT N, 4
(P<0.05).

2.3

R2 HUEMBAEMM XEELE S KR R WA EF R R E(1=3; x£SD)

Tab.2 Effects of fish meal replacement by microalgae meals on growth performance and feed utilization of juvenile turbot

i H Items

233l Groups

No Ni.ss N7.76 N4 Nis.s2
WY IBW(g) 24.58+0.06 24.59+0.05 24.61+0.02 24.59+0.05 24.62+0.04
KINE FBW(2) 61.39+1.65 62.87+0.83 63.03+0.88 63.34+1.93 63.59+1.86
R WGR(%) 149.72+6.17 155.65+2.94 156.14+3.58 157.58+7.72 158.31+7.54
FRELE KR SGR(%/A) 1.30£0.04 1.34+0.02 1.34+0.02 1.35+0.04 1.36+0.04
FEHFENE PER(%) 2.1840.10 2.2540.05 2.27+0.05 2.30+0.10 2.32+0.11
TRk R L FCR/% 0.86+0.04 0.83+0.02 0.83+0.02 0.81+0.04 0.81+0.04
FEHR DFI(%/d) 1.05+0.02 1.04+0.01 1.03+0.01 1.03+0.02 1.03+0.02
BEFR L *VSI(%) 5.17+0.08 5.18+0.16 5.16+0.08 5.14+0.17 5.17+0.13
JIE3# BE °CF 3.51+0.13 3.59+0.12 3.61+0.04 3.63+0.04 3.58+0.1
MEZE SR(%) 97.50+2.50 99.17+1.44 100.00+0.00 100.00+0.00 100.00+0.00

e FATBUE G AR _ LR RN 2 57 B3 (P<0.05), TR, a: &4 15 NFA4T

Notes: Values in the same row with different superscripts show significant difference (P<0.05), the same below. a: 15

parallels in each group
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R3 WMEHBREHX KELTL G KEKABIF N (%IEE; n=3; x£SD)
Tab.3 Effects of fish meal replacement by microalgae meals on tissue proximate
composition of juvenile turbot (Y%owet weight; n=3; x£SD)
20 51 Groups
15 H Items P
NO N3,88 N7A76 N11,64 N15,52
4>1fi Whole fish
7K 4% Moisture 78.03+0.41 78.06%0.19 78.03+0.44 78.19+0.30 78.17+0.44
A Crude protein 15.23+0.34 15.36+0.20 15.48+0.26 15.25+0.26 15.24+0.31
HMAEW; Crude lipid 2.75+0.06° 2.39+0.07° 2.3+0.18° 2.19+0.08%® 2.05+£0.11°
K43 Crude ash 3.90+0.10 3.9540.05 3.98+0.05 3.95+0.09 3.94+0.04
LA Muscle
K43 Moisture 80.18+0.03 80.19+0.07 80.23+0.10 80.26+0.05 80.27+0.06
A Crude protein 18.25+0.06 18.29+0.07 18.340.06 18.2440.05 18.22+0.02
HMAEWT Crude lipid 0.32+0.03¢ 0.30+0.02% 0.27+0.02° 0.27+0.02° 0.22+0.03°
HIIK4) Crude ash 1.27+0.01 1.27+0.01 1.25+0.02 1.25+0.01 1.25+0.01
R4 WEMBEREMMAETLHE MBS RE D MENIE#=3; x£SD)
Tab.4 Effects of fish meal replacement by microalgae meals on serum non-specific immune
index of juvenile turbot (n=3; x+SD)
2H 5 Groups
5ji H Items p
No Ni.ss N7.76 Nire4 Nis.s2
R LZM(U/pl) 1.93+0.05° 2.02+0.03° 2.14+0.03¢ 1.9540.04%° 1.93+0.05¢
AMATE  C3(ug/ml) 64.08+1.68" 70.73+3.51° 80.92+1.68° 78.68+4.03° 71.95+0.55°
*MAE A C4(pg/ml) 82.83+3.34° 92.70+3.65° 105.26+2.51¢ 110.40+1.78¢ 93.40+3.66°
TP MR B ALP(U/ml) 26.60+0.35° 26.27+0.46° 26.13+0.42° 26.07+0.12° 25.30+0.36"
R MW B2 i ACP(U/m) 1.39+0.02° 1.40+0.04* 1.54+0.05° 1.46+0.04° 1.43+0.02°
RS WEHBREVMXESYHE MBFRELEENNEIN(%EE; n=3; x£SD)
Tab.5 Effects of fish meal replacement by microalgae meals on serum antioxidant indeices
of juvenile turbot (Y%owet weight; n=3; x+SD)
#H %Il Groups
I H Items P
No N3 g8 N7.76 Niiea Nissz
RS LY E AL EE T-SOD(U/ml) 196.37+3.74*  202.57+2.24°®  218.8244.95°  208.3442.91° 199.59+1.79°
BPiAEALHE S T-AOC(U/ml) 14.1840.62°  15.42+0.62°®  20.35+1.23¢ 17.68+1.28°  16.96+0.82
25 0 H MR E AL Y GSH-PX(U/ml) 108.66+4.60*  112.240+4.51°® 145.08+6.46°  120.30+4.60°  111.94+4.48%
N % MDA (nmol/ml) 12.04+0.40° 9.55+0.28" 8.74+0.332 8.70+0.132 8.40+0.27°

2.5 BREKEMNBEREHNKXEELE M F MR
Eit N DA

k6 iR, Iy TG B TRE LTS,
TE Ny76 435 B EARME I H 2 E LT No 41(P<0.05);
HATULINE TCHO & B #KT Ny 41(P<0.05), 1H
R 2 22 W) G L3 2 H(P<0.05); LDL-C FHE T
FEfa#, HDL-C & 825 FTHR TR E, 78 Ny
R R ME I W T No 41(P<0.05), H N6 Al

Nis.so 418 F KT No 41(P<0.05); FEM4LIL7E LDL-C/
HDL-C & #F{XT Ny 4(P<0.05), {H45#H2H 2 6] G
#FH 25 (P>0.05),

2.6 BREKEMRBREHNKRETLE M FE RS
TEAREI M0
W 7 s, AST BSE T A LIRS, Nije

Hik B R/ME, BFEMT N4 (P<0.05), 1M ALT £
BT R, BEIRT N, 41(P<0.05).
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R6 RUEMEBEREMMAEETY S ME MASHE R R (n=3; x£SD)

Tab.6 Effects of fish meal replacement by microalgae meals on serum lipid of juvenile turbot (#=3; x+SD)

i H Items

2 %) Groups

NO N3.88 N7476 N11.64 N15452
HiM=8§ TG(mmol/L) 1.46+0.04° 1.45+0.03° 1.32+0.03° 1.42+0.03° 1.43+0.05°
AR E B CHO(mmol/L) 2.60+0.07° 2.2540.07° 2.18+0.15° 2.16+0.02° 2.11£0.03%
2% FZ 5 % (A IE & % LDL-C(mmol/L) 0.48+0.02° 0.37+0.05° 0.33+0.05%® 0.32+0.02% 0.30+0.04°
A IS4 R E B HDL-C(mmol/L) 1.81£0.11° 1.82+0.06° 1.870.05° 1.69+0.05° 1.63£0.03°
LDL-C/HDL-C 0.26+0.01° 0.21+0.03" 0.17+0.03* 0.19+0.02° 0.18+0.02°

RT WEMBEKEMX KXETYE MIFKBHHERERIE(n=3; x+SD)

Tab.7 Effects of fish meal replacement by microalgae meals on serum metabolic index of juvenile turbot (n=3; x+SD)

i H Items

2 5] Groups

NO N3.88 N7.76 N11.64 N15.52
AR W AST/(U/L) 213.3%10.07° 124.33+6.66° 103.67+3.51¢ 66.33+2.08% 79.33+6.66°
RN B ALT/(U/L) 19.67+0.58° 15.67+1.16* 15.33+0.58* 14.67+0.58% 15.00+1.00°

3 itig

3.1 BIREKEMBERERNKREAYEERKIE
eI A

W5, AR IS I e 1T 5 (2.5%~10%)
Al A | RER AT ) (Norambuena et al,
2015;Wassef et al, 2005), AWF5EH, U EkER B0 B
A 8 X R 32 B4 174 A KRR R Y R FE 38 G
M, REEEEL) A A S (SR T 97.5%~100%,
KT R EES . WA S mkd SR M A B3
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R AR FE AR X UL BR s 0355 B Rl A i3 AT
i, H5 el ) 22 R H it — o . Sk s L,
KREEBEL B IRR ZB(FCR)Y L B EE R, X 5/ EKkEE
9 B A0 £ f] ) v £y Y 1 A AR 22 S (DS 4R
2015), Bl /INER 38R 6 £ G b} rb 7083 HE )84
Tkl R A S T RS T R A R 2 S A D PR ]
REJE/INER PR B IR R ARIKOF 21.8%0E =5 T AS WfF 5% 41U
TR RN Fe R AR K O 15.52%, FUBt R e 3 1)
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Wyt 4 Koy AL AR K 70 A 32 T Rk BR
ISR 520, X 5 30 55 (2018) . ZETH 77 (2011) A1
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T A Tl R 2 SR 1 ot S T P 3 2, e PN R D5 &
BCRE SIS, DTS2 e B I 7 & B R AE, 2013),
A, MR S A B2 AR MR (la BY)
SFARTE R M 20, AN BB B £ 25 7543 W ORI F (Lubian er
al, 2002), MWD, X —FR4E R 52
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TR BRI & A B ¥ 22 (PSP AT L5 #MA R 145 4
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AP EIRFERBARRT, A2 S HNIE T AST i
(FAEmMAE, 2016). ABFRH, AST 2ETRHE LA
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Effects of Replacement of Dietary Fish Meal by Nannochloropsis sp. Meal on
Growth Performance, Body Composition, and Serum Biochemical
Indices of Juvenile Turbot (Scophthalmus maximus L.)

HU Dongxue'?, MA Ji'2, WANG Chenggiang?, QIAO Hongjin>", WANG Jiying?, LI Baoshan®, SUN Yongzhi’

(1. National Demonstration Center for Experimental Fisheries Science Education, Centre for Research on Environmental Ecology
and Fish Nutrion (CREEFN) of the Ministry of Agriculture and Rural Affairs, Shanghai Collaborative Innovation for Aquatic
Animal Genetics and Breeding, Shanghai Ocean University, Shanghai  201306; 2. Shandong Marine Resource and Environment
Research Institute, Shandong Provincial Key Laboratory of Restoration for Marine Ecology, Yantai 264006)

Abstract A 70-day trial was conducted to investigate the effect of replacement of dietary fish meal by
Nannochloropsis sp. meal on growth performance, body composition, and serum biochemical indices of
juvenile turbot Scophthalmus maximus L. with an initial weight body weight of (24.60+0.02) g. Five
isonitrogenous and isoenergetic diets (Ng, N3 g, N7.76, N11.64, and Nyss55) were formulated with 0%, 3.88%,
7.76%, 11.64%, and 15.52% fish meal replaced by Nannochloropsis sp. meal, respectively. Each diet was
randomly fed to three replicates of fish, with 40 fish per replicate. The following results were obtained.
1) There were no significant differences (P>0.05) in weight growth rate, specific growth rate, protein
efficiency ratio, feed coefficient ratio, feed intake, condition factor, and survival rate among the groups.
2) As the meal content of Nannochloropsis sp. increased, the crude lipid content in the whole body and
muscle was significantly decreased (P<0.05); however the crude protein, crude ash, and moisture content
were not significantly different (P>0.05). 3) Lysozyme, complement protein C3, complement protein C4,
and acid phosphatase activities showed a rising trend followed by a decline, with the highest point reached
in the N776, N7.76, Ni1.64, and N776 groups, respectively, and were significantly higher than that in the Ny
group (P<0.05). The alkaline phosphatase activity of the Njs 5, group was significantly lower than that the
other groups and there were no significant differences among other groups (P>0.05). 4) The total
superoxide dismutase, total antioxidant capacity, and glutathione peroxidase activities in the serum of the
algae meal groups first increased and then decreased, and reached a maximum in the N;7¢ group, which
was significantly higher than that in the Ny group (£<0.05). 5) The triglyceride content in the serum of the
N7 .76 group was significantly lower than that in the other groups (P<0.05), and there were no significant
differences among the other groups (P>0.05). The total cholesterol content of the algae meal groups was
significantly lower than in the Ny group (P<0.05), but there were no significantly differences among the
algae meal groups. 6) The aspartate aminotransferase activity in the serum of the algae meal groups
followed a decreasing to increasing trend, reaching the lowest point in the Njj¢4 group and was
significantly lower than that in the Ny group (P<0.05). The alanine aminotransferase activity of the algae
meal groups was significantly lower than that in the Ny group (P<0.05). In conclusion, under the
experimental conditions tested, Nannochloropsis sp. meal could replace 15.52% of fish meal in juvenile
turbot feed without any effects on the growth performance, and the replacement of 7.76% fish meal
significantly improved the nonspecific immunity and reduced the blood lipid levels in juvenile turbot.

Key words Juvenile turbot; Nannochloropsis sp. meal; Growth performance; Antioxidant activity
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