$43 % HaW Wl B % U R Vol.43, No.4
2022 4 8 H PROGRESS IN FISHERY SCIENCES Aug., 2022

DOI: 10.19663/j.i1ssn2095-9869.20210526001 http://www.yykxjz.cn/

TR, BiRZ:, ZFFE, TR, MEE, RER, TR, . REHMES R amm KE L) aA K kg . Ak
KB A AL TR bR A2 . ek Rl #1E R, 2022, 43(4): 158-170
WANG CQ,CAOTH,LIB S, WANGJ Y, HAO T T, SONG Z D, WANG X Y, SUN Y Z. Effects of fish oil replacement by mixed

microalgae on growth performance, body chemical composition and intestinal tract biochemical indices of juvenile turbot
(Scophthalmus maximus). Progress in Fishery Sciences, 2022, 43(4): 158-170

RAEMEENRE R XS4 A £ R ERE,
AR R BFEE S £ IE R R

TRE #HhE ¥l FTREY HHH
(UARRERERRESHENRE WARERESBEENLRE IR WG 264006)

WE KL DA 47 (Scophthalmus maximus)4h #[(39.69+0.25) gl AT 5t %, B A ME T %
(Schizochytrium sp.) 77 45 3 4% 2k #% (Nannochloropsis sp.) 41 ik, B 3 &1 5 5 1% fa 3 2t 4 & 4 K M8 1
AR EH AT RILENE S B, U RAMESR A M EE LA, Bt Lol AR
R i R B A B R AR, 4B ARR 0L 25%. 50%F 100%5Y £, F1 K 4 4% R s Y SL3h 1A
B(2#l4 4% D1, D2, D3 #0D4), G4EARHE3IANEL, ZREANN 28, £RET, HER
PLBl B3RS, K ZE 4 & 03 B R (WGRYM A B £ (FE) 2 T ## %, DI, D2 #n D3 4t 4F % 4
K #(SGR)f FE LR M £ 57, E34 8 ¥ 5T D4 4(P<0.05); AP (HSI)AE D1 43k 2| 5% k{H,
H B %5 T H 4 4(P<0.05); 7% (SR)F L & (CF)E 4 4 2 8| & & % % 7#(P>0.05), &R &
WEHRAHLANAE, 2EaMIARENCEEAATEREG T LAY, EDIATEFKRT
D1 4(P<0.05); K % #F 4 # fa {k ¥ C20:4n-6 #1 n-6 PUFA 48 B % 7 &, 72 D4 413k 5| &% A1,
H ¥ %% T B4 (P<0.05), T EPA, DHA #1 n-3 PUFA A B> 2% T[4, WHEAD)LELF
B T H A& 41(P<0.05); AL # C20:4n-6 77 DHA 4 &7 £ | 5L 36 41 B T & % ¥ # 5 (P>0.05), EPA
1 n-3 PUFA 4 & & B % KR # % (P<0.05). 18 e BeiE 17 D3 413k 2| AMH, REH T EA
(P<0.05), f7it k2 A BEIE 27 D3 4 & m, E5x B4 L L EMZRP>0.05., 5Dl 441,
D3 4 ff38 F B ok B BE(ACP) . 5 M85 BR B (AKP) . A H BE(LZM)JE ) FiMk C3 ¢ BEH R EAE
(P<0.05), friE # # F A4 S (LB (SOD) . KA A A (T-AOC) Fn it A b & B (CAT) 7 A7 A X
PN REBERATEBRRERNES, HAE DI AKXERAME, LEHT DI 4(P<0.05), MHHE+HEH_—
B (MDA)& B 7 F [ L5 41 18 Rk kI E B #F M £ 7 (P>0.05), & LAk, BAMEHRRK S0%MN &
WHRLXAZRG BN EKEETERTHH, BT RS HHE N, LA F
Rt R
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VAR, ZMH RSN E R, SR aT
R T I H(FAO, 2019), 11 7K 7= iR x a3 Y
TR EHS BN, Ht, 530 DR A &iE
RRIIE AR W EE T, RE¥EEAMENR
DT KRS TAE, A0 G . K R
TH L BRI A A i B — SR A RS A . (H T
Y MR IR 2, /b n-3 AN ARG D7 R
(n-3 LC-PUFA: 4l EPA. DHA %5), MELLI R /K 2E3)
YR SRR, TR S A R S R A B SR
(Cruz-Garcia et al, 2011), KWHEESXFHUARNAK |
UG 1 L RS T PR A R AR, 5y A, WS R,
n-3 LC-PUFA TEXTHLIRALK: | PTARAE . PO S . Zhl vk
A U 0 1 55 i 53 45y T AT 2 B HH U A FH (Tiibaldi et
al, 2015; Shahidi et al, 2018), i KFRIMEEK M, BRiET
fti(Sganus orarniny, fifffi(Oncorhynchus keta)#), 14~
AEA A n-3 LC-PUFA, =& Bia Ml LA 2 A B 75K,

AR MG PR B I RE R R =3, A B
BEEIRIEF, FFAEE & n-3 LC-PUFA, 1477
MR IR R R A 32 G . — 7, R 2R
HH ) S Wik e Ay Hp R ) LR A F, ELIR A e b
EPA fil DHA W& &EEE, & WA APl st ek i

(Nannochloropsis sp.) . 87 J1 22 & #(Nitzschia closterium .

minutissima) . = ffi #5 1§ ¥ (Phaeodactyl um tricor nutum)
) EPA 2K 30% /547 , 4 [ A & % (Chaetoceros muelleri) |
LR ¥ (Porphyridium)# EPA i 20% /2545, 2445 3
(Schizochytrium sp.)f¥) DHA &4 30%~45%, 4%
(Lsochrysis zhanjiangensis)i) DHA &4 15%4& 47
(L0458, 2020); 3—J7m, Al LG, ™ &t
ZENW RN, RoEtEEs, Wk, R AgE
B HA &L (R Yk 405, 2016; Roy et al,
2015), PRIADLTH R BROBER 2440 3 73 0l &5 £ & 1) EPA
Ml DHA, USRI 2 A R am b e g b
TEX P I, 7% A f5(Scortum barcoo) (Hoestenberghe
et al, 2016) . K 7G ¢ fE(Salmo salar) (Miller et al, 2007)
1% 4 A1 (Oreochromis niloticus) (Sarker et al, 2016)
SIS R, R RS B S AR AN 2
Xof A A ) £E RV R RILAE 1 7™ AR LTI W, 3 W] LA
LA DHA &6, 2@ LR G, 735k, FERR
fii {1 (Dicentrarchus labrax) fll % #F (Paralichthys
olivaceus) /) i 5¢ b & B, I 0 Tk & Bk o B AR
50%~100% 1) RTINS, 523 %) A= 1A RDRHF1] ]
FICH 751k (Qiao et al, 2014; Haas et al, 2016), 7E
REEEFL 0 IR TP R B, TN 5.0%~7.5% 1 fUl i 2
BRI S 16%~24% ) fay , AT LAEE S AR A BT
fhre 1 e MR (425, 2019),

SR, FELAAIARGE b, 54 vh 7 B — fie ot
BRI, W — A S i B DHA/EPA H
{754k, XMELLSEAT n-3 HUFA 3%, IRk
PR fE(Eryalcin et al, 2013). 7345, WHiEE Ak
FEW IS E , HI e AR fb 2 P RE s RE 75
BRI A 0 A, 7 JE R FE X — 7 T A 9 . ARSI
PLFR [ b 75 32 2 5% B 48 U £ 248 K 32 6 (Scophthal mus
maximus) TS %4, 7EIAS ZH FiT I S2 50 A BL Al 1
P UL R R e 8 LU VR A, A 7E K2 B 1A R}
X AR A s A i B T REME, IR R AR K
TRLLS, . Wil b Ef X g fie S s, DO 5 i
PEAE AR P R B H R

1 #wREFE
1.1 SEISERIEH

DLERY . R G 4 R R R O R AR,
3 AN 3o R IR, RN Y i R
e el o B Y iy = o 5 3 1 O s 1 DA E <
K AL R R TR 5 ) (L o - T ek akiE=1 «
8.60) R A I b 4k v ) fr 3k, BRAR LB 0
25%. 50%F1 100%, LLEIMBEATIRF, HIag 4 445
RERRM RN ). 4 SR 9 6 44 N
D1, D2, D3 fil D4, i D1 41 m%F BE4 . SL56 5k
VR U R 4L B 1 L2 2 BT AT Ak SR H A
iF 80 Hi, MKHESCIGEL Ty, e REEC N/ INEI KGR D)
YIsnRA, MG AN S T RS, AR
ERBK R A, B ek k), 50°C A
HMT S, BT R TR

1.2 FHAEKRTIGEE

S0 FH A0 3K LU AR A8 SIEH TV Bk T AR R
A, FREH S TE 1L AR B I RS IR IS B = N
K FRH S0 AT o W KEZ BT 0 S il B F 37 B A
L X RRZE RN 3 10 d, LSS I SR A IR L ST
K ERIFLART, B YL 24 h, EBURAR L) (0
it ) K 35 4y £ [ X MR R (39.69+0.25) ], BifidL
CE T 12 AN FRFEARN . B ECE 30 B4, &
AL 3 ANEE, SR ORI K IR, SRS
55 AR 12 JA o SEERHA R AR R AE 07:30 AT 16:30 1l
MR 2 Yk, R 30 min JEHERIEIFIC . KRR SR
(16.5+1.0)C , #HRE(DO)>6.2 mg/L, EhJE Ky 24.6~27.5,
pH } 7.6~8.0, Z A FNASH A & 719<0.1 mg/L,

1.3 SLIGHEMRE

FRIHSIR AR, KA 24 h, RIS THECRIFR
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Formulation and proximate composition of experimental diets (dry matter %)

2 %] Groups

Tab.1

JE B} Ingredients

DI D2 D3 D4
%) Fish meal 35.00 35.00 35.00 35.00
KT W4 E 1 Soybean protein isolated 20.00 16.00 12.50 5.00
/NZEH Wheat meal 15.00 15.00 15.00 13.00
A ek Gluten 5.00 5.00 5.00 5.00
fi% % H Casein 8.00 8.00 8.00 8.00
4k ZFIR K Vitamin premix’ 1.00 1.00 1.00 1.00
W4 R FIR# Mineral premix? 1.50 1.50 1.50 1.50
HiAth %43 Other composition 4.25 4.25 4.25 4.25
a3 Fish oil 6.00 4.50 3.00 0.00
T3 Soybean oil 0.00 0.46 0.93 1.86
L1 i# 25 5k 3% Nannochloropsis sp.? 0.00 5.59 11.18 22.36
353 Schizochytrium sp.* 0.00 0.65 1.30 2.60
T 4T 4E & Microcrystalline cellulose 4.25 3.05 1.34 0.43
B FE 4 R Proximate composition
JK4 Moisture 5.01 4.27 4.74 6.45
HL#E 1 Crude protein 50.76 50.67 50.96 51.46
HIEWT Crude lipid 10.69 10.27 10.72 10.34
HLIK 43 Crude ash 10.35 10.50 10.75 10.21

W1 4R RIBS R (mg/kg or TU/Kg 1kl . 4id=F A, 7500.0 IU; 4i4: % D, 1500.0 IU; 4i4: K E, 60.0 mg; 4
& Ks, 18.0mg; 4E/EE By, 12.0 mg; 44K B,, 12.0 mg; 4iEE By, 20.0mg; 4E4-E By, 0.1 mg; 202, 48.0 mg;
JHMERE , 90.0 mg; M2, 3.7mg; D-E¥E, 0.2 mg; WLEE, 60.0 mg; 4EEFE C, 310.0 mg; 2: H ¥HIE G K (me/ke 1
Bh: #E, 35.0mg; 4%, 21.0mg; 4, 8.3 mg; £k, 23.0mg; 4, 1.2mg; M, 1.0mg; W, 0.3 mg; 3: MERERIE. H
A, 9.55%; MW, 25.46%; W RPN OARAR, 1A 4. Happe. HER, 44.50%; KRN, 18.25%; 4
GHFREYRHARAA, K,

Note: 1: Vitamin premix (mg/kg or IU/kg diet): Vitamin A 7500.0 IU, vitamin D 1500.0 IU, vitamin E 60.0 mg, vitamin K,
18.0 mg, vitamin B; 12.0 mg; vitamin B, 12.0 mg, vitamin Bs 20.0 mg, vitamin B, 0.1 mg, pantothenate acid 48.0 mg, niacin
90 mg, folic acid 3.7 mg, D-biotin 0.2 mg, inositol 60.0 mg, vitamin C 310.0 mg; 2: Mineral premix (mg/kg diet): Zn 35.0 mg,
Mn 21.0 mg, Cu 8.3 mg, Fe 23.0 mg, Co 1.2 mg, I 1.0 mg, Se 0.3 mg; 3: Schizochytrium sp. (% dry matter basis): Crude protein,
9.55%; Crude lipid, 25.46%; Qingdao Yueyang Import and Export Co. Ltd, Qingdao, China; 4: Nannochloropsis sp. (% dry matter
basis): Crude protein, 44.50%; Crude lipid, 18.25%; Yantai Hairong Biotechnology Co. Ltd., Yantai, China.

B, 20, WEAFRF P REILEGE 8 B, MilE
FRAKRKAERE, Hd 3 BT 20k sn
Br, & T-20CKMERE. 555 Bfa, SRR
TRER BRI LU, BUB MK 4CERE 4 h, LD
BN, B I 5 R 2 B0 A% e s A TR A
2, KSR S ML R EZEBEIEA T A 0 R, 43 o0 5
J T FL A S5 4 21, ¥ A B O A5 vh  TRGH 5 B B
A, JEHERR-80°C LR KA T A, ATEM
S

MESBIRRTTIE

141 A KB4
1715 K (survival rate, SR, %)=100xNy/No;

14

1§ R (weight gain rate, WGR, %)=100x(W—W,)/
Wos

T B3R (feed efficiency, FE)=(W—W,)/F;

HH H JJZ0C% (protein efficiency ratio, PER, %)=
100>x(We—Wo)/(F<P);

A& W5 % 3 (lipid efficiency ratio, LER, %)=
100x(We—Wo)/(Fx<L);

JF & L (hepatosomatic index, HSI, %)=100xW,
Wi

JE 3% B (condition factor, CF)=100xW, /L’;

Ao, NI AAREE, Ny VAR, W
N AR E (g), Wy AR AP H(g), d i
FROHMTE], F oM ESIEE (), P OMRR P A RS
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Tab.2 Fatty acids composition of the experimental diets and raw materials (% total fatty acids)

2H %) Groups

=37
Fatatﬁ%ds i IRk A DI D2 D3 D4
Fish oil Nannochloropsis sp. Schizochytrium sp.
Cl14:0 7.46 6.35 6.23 5.03 4.74 4.64 3.84
Cl16:0 18.91 31.32 22.42 19.73 20.56 20.96 22.34
C18:0 3.22 0.55 0.52 3.42 3.18 2.93 2.30
C20:0 0.69 0.11 0.10 0.47 0.35 0.32 0.15
ESFA' 30.29 38.33 29.27 28.65 28.82 28.84 28.62
C16:1n-7 8.84 21.33 0.11 5.72 6.27 6.81 7.59
C18:1n-9 13.20 6.15 0.27 12.68 12.02 11.49 9.81
C18:1n-7 2.98 1.31 1 2.73 2.46 2.30 1.74
C20:1n-7 243 1 / 2.26 1.85 1.63 0.97
C22:1n-9 0.20 1 1.01 4.05 3.54 3.10 2.31
Y MUFA? 27.65 28.79 1.39 27.45 26.15 25.34 22.42
C18:2n-6 1.91 3.32 // 11.16 13.39 13.92 16.76
C18:3n-6 0.17 0.21 0.26 1.84 1.92 1.67 1.90
C20:3n-6 3.06 0.25 0.32 0.09 0.10 0.15 0.18
C20:4n-6 0.86 3.31 0.44 0.71 0.87 1.01 1.52
¥ n-6 PUFA’® 6.01 7.09 1.02 13.79 16.28 16.74 20.37
C18:3n-3 1.16 1.52 // 1.48 1.74 1.90 2.34
EPA* 11.58 15.67 1.75 8.75 8.30 8.30 7.86
C22:5n-3 1.09 /1 16.62 0.61 0.58 0.59 0.54
DHA’ 10.92 / 42.64 8.69 8.37 8.22 7.83
> n-3 PUFA® 24.75 17.19 61.01 19.53 19.00 19.00 18.58
Y PUFA’ 30.76 24.28 62.03 33.32 35.28 35.75 38.94
> n-3/¥n-6 4.12 2.42 59.81 1.42 1.17 1.13 0.91

TE: 1:SFA: MIRIARHIRR; 2: MUFA: HURIRIIRITFR ; 3:n-6 PUFA: n-6 RIIZAEHMRNIMR; 4: EPA: C20:5n-3;
5:DHA: C22:6n-3; 6:n-3 PUFA: n-3 RINZAMAIGNIR; 7: PUFA: ZAWAIENIR; T 1A .

Notes: 1: SFA: Saturated fatty acids; 2: MUFA: Mono-unsaturated fatty acids; 3: n-6 PUFA: n-6 poly-unsaturated fatty acids;
4: EPA: Eicosapentaenoic acid (C20:5n-3); 5: DHA: Docosapentaenoic acid (C22:6n-3); 6:n-3 PUFA: n-3 poly-unsaturated fatty

acid; 7: PUFA: Polyunsaturated fatty acids; the same as below.

(%), Lok IR T & (%), Wh 2 SE 56 40 1
o, LS AR EE (em).

1.4.2 5 EeHF & BAAALF AL E IR AR AT S
BE i B Rk 7K 43 I 2 2R FH 105 °C L 46 8 ik 2
(GB/T 6435-2006) , & 1 R HBIL LG A 2 (GB/T
6432-2006) , H g 5 R H &R I 0 48 9% 00 % (GB/T
6433-2006) , H K 7>k 5 b 550°C 2% & ik
(GB/T 6438-2007), 5 iR & &l 22 2% Mourente 5§
(1999) 1) AR (L TF RS e, A1) v 80 <AH (i
{Y(SHIMADZU GC-2010, H A)ijf5

1.4.3 fhib A& A IR AR ST 173 18 v g A 1
(trypsin) . fig Wil (lipase) . V&K (amylase) . #fk
¥ L (superoxide dismutase, SOD) ., &AL g

(total antioxidant capacity, T-AOC) . i & 1k & &
(catalase, CAT), TN [ (malondialdehyde, MDA), g
4 B B2 M (acid phosphatase, ACP) . & 74 B 2 i}
(alkaline phosphatase, AKP) . ¥ # fiff(lysozyme, LZM)
FAMA C3 (complement component 3, C3)¥F] R &=
A ) T ARG i A ™ A R A

1.5 #IB\HITHH

S5 BCHE V- P4 {E 47 ME 1R (MeantSE) 2k KR |
FH SPSS 19.0 43 B #RA:XoF 52 5oy E5 0 1247 B0 K 38 T 2543
Hr(one-Way ANOVA), f#ifl Duncan’s 546 J7 %} 52
MR AT Z E R, 2 P<0.05 B, £RHEHARE
HES,
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21 BAMEHREMIAETY S EKIEERR
FF AR

FHEE 3 nJH, RE26FE4)fa ) WGR fil FE Mi#&E 5
LLFI T s 22 R Rk %e, 78 D1, D2 Fil D3 4G
25 57 (P>0.05), I 24 TR A Il AR A2 3 1Y) EL )
iKF] 100% (D4 )i}, sS4 ) WGR Al FE 511K
T HAb A2 (P<0.05), A[ASEg4H A PER #l LER
U FE MR ET(P<0.05), #2504 K3z
BEL) A1) SR HI7E 91.99%~100%2Z 8] , AN [7] 52 46 26 7]
oI E PR 2 5 (P>0.05),

BEE A LB TR, KEEET4) Y HST 2 F B
#3(P<0.05), D4 4140 fa () HST B K T HAb 4 2

ZH(P<0.05), 1M D1 40k HST i385 T Hfl 4% 52
SCHRAH (P<0.05). J34h, & SLmmdiahfafy CF FEAH]
AL PR 8] TG 5 35 M 2% 5 (P>0.05) .

22 REWMERZEREEXNXEFHEEEMAAL
=2 A B R

MR 4 al%1, YIRS R A o i L 2
BF, AR DT O i S S RRAR A AR e B, Y
BRIl 25% (D2 ), A& B
(9.43%), 8. F 55 T D1 I D4 28t (ARG 7 & 7:(8.71%
1 8.43%)(P<0.05), 15 D3 41(8.90%) T i &2 57
(P>0.05), ffAHLEE A 5 2 B0 S5 HLIE 7 & S AH B 1)
AR R, AHAS [] 52 56 4 18] G . 3% 22 5 (P>0.05), [H]
B, 40 (8 7K 3 ORI 438 H 26 AN () 52 90 4 [ 3 b
FHPE2E R(P>0.05),

®3 BAMRBREMNAETYHEERKERR AR ANZINE

Tab.3 Effects of fish oil replacement by mixed microalgae on growth performance and feed utilization of juvenile turbot

2y 20 %) Groups
Parameters D1 D2 D3 D4
WK TE Initial weight/g 39.67+0.04 39.68+0.07 39.72+0.04 39.68+0.05
2R AR Final weight/g 111.45+4.34° 109.51+1.95% 106.73+3.01° 88.03+2.19°
T % WGR/% 180.96+10.63" 176.00+4.56" 168.7247.88° 121.81+5.31°
FEWE & Survival rate/% 94.2143.12 100.00+0 94.05+4.29 91.99+4.08
TR FE 1.19+0.01° 1.13+0.01° 1.12+0.02° 0.93+0.03°
M SR PER/% 2.46+0.03° 2.34+0.02° 2.31+0.05° 1.92+0.05"
JE Wi % #% LER/% 11.68+0.13% 11.53+0.10° 11.010.24° 9.59+0.29°
FFARH HS/% 1.17+0.02° 1.10+0.04° 1.10+0.01° 1.01£0.01°
JE 3 BE CF 3.37+0.05 3.33+0.03 3.41£0.02 3.33+0.02

TE: FRAK P EATIE AR R NG FRF s 07 B R0R8 22 558 3 (P>0.05), ANFA/NG F-8ER IR 22 57 .3 (P<0.05). R
Note: In the same row, values with same small letter superscripts or no letter superscripts mean no significant differences
(P>0.05), different small letter superscripts mean significant differences (P<0.05). The same as below.

x4 RAMEEREMMXETLHE S KN FHBBRIE(% T H)

Tab.4 Effects of fish oil replacement by mixed microalgae on body chemical composition of juvenile turbot (% dry weight)

233l Groups

f5 45 Parameters

DI D2 D3 D4
4= ffi Whole fish
7K 43 Moisture 77.40+0.21 77.25+0.10 77.37£0.21 77.62+0.32
#EE H Crude protein 67.89+0.43 66.90+1.17 67.81+1.14 67.87+0.65
MBI Crude lipid 8.71+0.09° 9.43+0.22° 8.90:0.29%° 8.43+0.12°
HLJK 43 Crude ash 15.60+0.33 15.48+0.30 15.41+0.32 15.37+0.33
WA Muscle
7K 4% Moisture 78.36+0.20 78.64+0.19 78.75+0.07 79.09+0.43
M Crude protein 89.55+0.30 89.88+0.82 90.51+0.13 90.81+0.30
MBI Crude lipid 1.64+0.06" 1.75+0.04° 1.49+0.06" 1.3840.05°
MK 43 Crude ash 5.76+0.04 5.77+0.04 5.7440.05 5.70+0.02
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JUL PR AEL i P 7 e S B I) 4 fr LB 5 5 o AH I A
A, WRAERRCHLBI A 25% (D2 41k %)
KAE(1.75%), B F =T D3 1 D4 4H(1.49%7F1 1.38%),
5 D1 4H(1.64%)TC i EPE22 55 (P>0.05), KEE R4
IRA B L T, REEBEG LR thk sy . HLER
ORI 23 3 e 2 oK & E 8 25 A8 A (P>0.05)

23 RAWMERERERXNXETFHEEEFAUALE
1 & 4 B B 2 i

5. K 6 il BoR TIRA RO AR fa b X K32
6 &y 71 o A RN AL PR B 7 BR 4L I S il . WS W, B
IR A A At T, KRR eEL) fa ko
SFA. MUFA. C20:4n-6 fil n-6 PUFA & & W& i,
1 D4 ¥k Fl R ME, H B & & T IE4(P<0.05).
i EPA. DHA #il n-3PUFA &fiz & N, X
ZH(D1) & & o & = T HAL A 41(P<0.05) . {HARFIAG T
fR(C14:0, C16:0)H1 C18:3n-3 78 R 4b B4 7] G

2 M 22 7(P>0.05),

F3A, WL AR R A ) £ A Ay — SR ] A AR
b, HWLA ' SFA. C20:4n-6 F1 DHA & & 7EA A 52
B 8] G . ME 22 5 (P>0.05) . BEE TRAROEEICE
) 0 $2 5, LA H BROAS 4R RN B R (C16:1n-7 |
C18:1n-9. C18:1n-7. C22:1n-9). EPA FI n-3 PUFA
B W EFEAUEE(P<0.05), 10 n-6 Z ARG
fR(C18:2n-6., C20:3n-6 Al n-6PUFA)FIl PUFA & & &
2 TR i (P<0.05).
24 BRAMEBERGHWAELIL G 7 EYLEE

kAl

H 7 AL, BEERAC LU T, I iR i
G 1 2T m e AR B fb e, 78 D3 ik BIR K
B, BFEE TA R4 (P<0.05), (A5 D241, D4 4T
25 5 (P>0.05), WA iE R F BN 1 E7E D3
Mg, BEET D2 4(P<0.05), [d D1, D4 4

x5 RAMERSEREMYXETLE S IR ER BRI (%N51R)
Tab.5 Effects of fish oil replacement by mixed microalgae on whole fish body fatty acid
composition of juvenile turbot (% total fatty acids)

2l 5] Groups

fIg 2 Fatty acids

D1 D2 D3 D4
C14:0 4.18+0.12° 4.33+0.20% 4.61+0.18% 4.85+0.22°
C16:0 20.17+0.12° 20.62+0.28° 21.72+0.23% 21.83+0.39%
C18:0 4.57+0.28 4.66%0.16 4.71+0.08 4.57+0.28
C20:0 0.39+0.04 0.38+0.01 0.31+0.03 0.39+0.04
Y SFA 29.30+0.31° 29.99+0.32% 31.36+0.40° 31.64+0.93%
C16:1n-7 5.14+0.08" 5.67+0.20° 5.46+0.20° 6.77+0.31%
C18:1n-9 14.81+0.16° 15.83+0.17° 15.96+0.37° 17.14+0.33°
C18:1n-7 3.77+0.09* 3.70+0.07° 3.34+0.12° 3.83+0.02°
C20:1n-7 2.36+0.14° 2.31+0.05° 1.94+0.10° 2.53+0.04°
C22:1n-9 2.38+0.09" 2.47+0.10° 2.54+0.05° 3.38+0.09*
Y MUFA 28.29+0.59° 29.99+0.23° 29.26+0.23% 33.66+0.70%
C18:2n-6 12.44+0.26° 10.70+0.43¢ 12.63+0.54° 14.56+0.13°
C18:3n-6 1.78+0.18* 2.09+0.07° 1.75+0.09* 1.26+0.16°
C20:3n-6 0.15+0.01 0.10£0.02 0.1120.03 0.19+0.04
C20:4n-6 0.71£0.07° 0.51+0.05¢ 0.96+0.07° 1.63+0.02°
Y n-6 PUFA 15.08+0.23° 13.39+0.54¢ 15.45+0.53° 17.65+0.24*
C18:3n-3 0.88+0.11 0.81+0.06 1.11£0.15 1.06+0.18
EPA 3.32+0.11° 2.54+0.05° 2.36+0.08" 2.20+0.05¢
C22:5n-3 0.79+0.07 0.86+0.05 0.88+0.13 0.92+0.15
DHA 11.16+0.20° 10.58+0.36" 10.01£0.11° 8.89+0.25¢
Y n-3 PUFA 16.16£0.26* 14.80+0.42° 14.36+0.03° 13.06+0.18¢
Y PUFA 31.2440.13% 28.19+0.55° 29.82+0.54° 30.72+0.19%
n-3/n-6 PUFA 1.07+0.03* 1.11£0.06 0.93+0.03° 0.74+0.02¢
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Tab.6 Effects of fish oil replacement by mixed microalgae on muscle fatty acid composition of juvenile turbot (% total fatty acids)

g W2 Fatty acids

21 %] Groups

D1 D2 D3 D4
C14:0 1.74+0.06* 1.65+0.08° 1.42+0.08° 1.12+0.05¢
C16:0 21.33+0.04 21.63+0.18 21.9240.28 21.89+0.26

C18:0 5.37+0.08° 5.5240.10% 5.69+0.10° 5.7440.02°
C20:0 0.25+0.02% 0.23+0.01° 0.22+0.01° 0.16+0.00°
Y SFA 28.70+0.05 29.0440.19 29.25+0.30 28.91+0.23

Cl16:1n-7 2.07+0.08° 2.01+£0.13% 1.75+0.04% 1.54+0.05¢
C18:1n-9 10.55+0.14° 10.30+0.10° 9.85+0.12° 9.30+0.15¢
C18:1n-7 2.55+0.03% 2.44+0.02° 2.30+0.05¢ 1.92+0.02¢
C20:1n-7 1.38+0.02° 1.25+0.03° 1.08+0.05¢ 0.75+0.01¢
C22:1n-9 0.95+0.06° 0.95+0.06" 0.68+0.06° 0.47+0.02¢
Y MUFA 17.48+0.27* 16.9440.31° 15.69+0.29° 13.97+0.25¢
C18:2n-6 9.54+0.249 10.90+0.16° 11.64+0.18° 14.62+0.20°
C18:3n-6 1.04+0.05 1.03+0.04 0.94+0.08 0.93+0.02

C20:3n-6 0.11£0.01° 0.13+0.01% 0.13+0.01%® 0.15+0.01°
C20:4n-6 1.93+0.07 1.90+0.05 1.93+0.10 2.14+0.04

Y n-6 PUFA 12.62+0.16¢ 13.97+0.12° 14.65+0.17° 17.84+0.16°
C18:3n-3 0.69+0.02 0.72+0.04 0.71%0.03 0.77+0.02

EPA 7.96+0.05% 6.93+0.02° 6.29+0.09° 4.61+0.03¢
C22:5n-3 0.67+0.03 0.71+0.06 0.70+0.02 0.71+0.03

DHA 22.84+0.35 22.37+0.51 23.22+0.24 23.15+0.36

Y n-3 PUFA 32.15£0.36" 30.73+0.52° 30.9340.18% 29.25+0.38¢
S PUFA 44.7740.20° 44.69+0.40° 45.57+0.18° 47.09+0.23%
n-3/n-6 PUFA 2.55+0.06* 2.20+0.06° 2.11+0.03° 1.64+0.03¢

x®7
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Tab.7 Effects of fish oil replacement by mixed microalgae on digestive enzyme activities in intestinal tract of juvenile turbot

f8 4R Parameters

2 5 Groups

D1 D2 D3 D4

N
Wy EL G b 0.16+0.01 0.16+0.02 0.19£0.02 0.18+0.01
Amylase /(U/mg prot)

x b
%ﬁﬂﬁ%ﬁﬁ 8.26+0.15° 8.5240.04" 9.03+0.23" 8.62+0.17%
Lipase /(U/g prot)
%ﬁﬂﬁ%é{ﬁﬁ 9697.76+1058.22%°  9168.81+474.04° 12 149.19+923.64" 10 926.95+77.06%°
Trypsin /(U/mg prot)

BENERP>0.05), [FRF, 51BN, KEEREL Ml
TE T BEEG I 7E A [R) SE 0620 TG ik Mk 25 5:(P>0.05) .
25 RBAWMEEBERAMITAEZTLYEGEREILEE
Lokl
%8 R, AR MG, KENL M
PR BE T &4 T 8RB & WAL miE H SOD

T JTBERR A LA 2 s 222 S T i I R AR A i 3
£ D3 YLikFE M, B T X B4 (P<0.05), [H
D2 41F1 D4 417G W & P2 57(P>0.05), AR, D3 4
il T-AOC 1 CAT i 11 @ 3 T Hh 441, D1 4
M D2 41 T-AOC i§ h L E 2R (BB EST
D4 4., %4h, Wik MDA & e A [ 5256 40 fa) 9F:
AR 2 125 55 (P>0.05)
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26 REAMEEREHXNXETYEFENSEL

TEAREY MR

FH 3R 9 AT, TR A s ARty x) K EE 6140 0
iBh ACP. AKP., LZM {f Sy FIgMA C3 & &34 4 ik
F R (P<0.05), ACP., LZM & I HIAMA C3 &1y
16 D3 4LiA B KM, H 835 15 B4 (P<0.05).

o, D3 41 ACP {if Jy filgMA C3 & it i 3 & F D2
ZHF D4 4H(P<0.05), Tii D3 20 LZM 1% /1|6 D2 41F0
D4 4 JE i F M2 F(P>0.05), SEAR L BIAE] 100%
BF, Wil AKP {670 TR, W0 THA A 505
ZH(P<0.05), 1fi D1 4171 D3 41 AKP I /7 5 3 i T-Hifth
SEERAH(P<0.05),  HWIZH B H-JC i 314 2% 5 (P>0.05)

*8 RAREBREMMAXENY & FERALENHZNE

Tab.8 Effects of fish oil replacement by mixed microalgae on antioxidant capacity in intestinal tract of juvenile turbot

2 51 Groups

f8¥5 Parameters

DIl D2 D3 D4

AR ALY fLE SOD /(U/mg prot) 32.1140.95° 34.66+0.89%° 37.37+0.39° 34.70+0.87%°
BMPLEALEE S T-AOC /(mmol/L) 7.53+0.13° 7.47+0.07° 7.96+0.14° 6.000.05°
1Ak S B CAT /(U/g prot) 621.06+6.63° 645.73+6.42° 674.51£5.06° 649.75+3.31°
N % MDA /(nmol/mg prot) 0.99+0.04 1.000.07 1.04+0.05 1.05+0.06

*®9
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Tab.9 Effects of fish oil replacement by mixed microalgae on activity of ACP, AKP, LZM and C3 in intestinal tract of juvenile turbot

i H Items

2 5] Groups

D1

D2 D3 D4

476.73+4.36°

547.67+4.53°
95.44+3.44°
10.52+0.07%

R R FifF ACP /(U/g prot)
B PEBERR B AKP /(U/g prot)
VB LZM /(U/mg prot)
FMA €3 /(ug/mL)

477.19+4.31°

534.35+7.15° 434.29+10.32°

544.18+4.27% 497.65+5.77°

128.49+6.84% 116.23+4.87%
14.28+0.47° 9.82+0.29°

517.56+6.07°
113.47+8.17%
11.70+0.62°

3 ifip
31 REREEREHYAENLE LRSI

S AL Rk e I & A G5 19 n-3 HUFA,
L [e) £ 3 19 I I R 2 R AR AR BL (R 2055, 2020), A%
SRy 3 AR AR A QR BT R o AR S I A DR T
TAEREEA I, by 24 e APl Bk e i 47— 2 Hu il
PNRA, FH TR AR AN ] Lo i) fa g o 55 22 AR i
S, ARSI Ty e R R S 4 B 1 (5%~20%) iE A T
FFRRVT, X — Uit 0928 AL 7E S i i i 5 v 3R B
I A 23 %5 0 MR AR K 3 R BT S e . G 7E i B
(Lateolabrax japonicus)([i] 75 3£ 4%, 2017) . BER 0 A
B 1 (Epinephelus fuscoguttatus Q@ x E. lanceolatus &)
(Wang et al, 2020). K # fi(Larimichthys crocea)
(4, 2017)RIWHoE 3R IWT, AaDRL b B IS i
20% 4 K SV 4 B 1 X f0 AR A 1 BB TG ik 2 M S T
ARSI IR B, B BITE 25%F0 50%0), K226
4 ) WGR I FE 5% IR 41 T W 3% M 2% =
(P>0.05), Xt ik—ESE T A SR — 2 Ll
IR AT AT Y o X — 45 R 5 5B HT AN D BF T 25 SR

21, 4N Haas 55(2016)7E MK i fa b (i 98 2 01, 40
&% BR B RN 2% {0 I R 3 (Pauloca viridis) B AR
50%~100% Y f Iy, %S g0 i A= K PR REJT A ™ A=
AR W, B (2018) 7F JL 44 ¥ X i (Litopenaeus
vannamei) (B 75 Hh & B, GRDREFRER I 3% BE S5
AT DL 2 i HL SR R E RN WGR, [R]B) fE Ik 25 %
AR RE 2 B0 (P<0.05), Patterson 25(2013)FH#l i &k 3k
WD R 351 ML 21 i #71 (Sciaenops ocel latus) 1 B 5%
WA TR LR, FR, X2 E5%2016)it
— A IE S T A E KT 2447 3 (0.8%~1.2%) RE A8 X L BT
fifi(Cyprinus carpio var.) i A4 K 77 A B g i 2 2 4E H o

XS ZE IR R E K= S IR, 7E— e R
JE Bl = el —RE R ROR, s AR A
K.

TiAh, AWK, IR A T (A 2.60%+
PSR EREE 22.36%) B AR A ELEI R 100%H}, K32
gy A2 B R ADHIVE R [FIRE, %hfafy FE
1, 58 2 T A 4% S2 36 4H (P<0.05) . 3 Rl HE4E(2017)
1E B BE )1 8 (Platichthys stellatus) f O BIF 72 45 55— 3%,
FH 2.26%2 305 14.15% 5 ek Bk i 4 B2 £ i
i, #hfapss e KE K FE BEMK T2 mmda
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(P<0.05). 7E FLANTEXT T A T2 00 o 75 31 28 L85 1,
MATERE AN 4.5% BB BE S A7 B, XPER A AR Kb
At M FE S TRHEH @M, 2018), 7 A X —45 281
MJER AT RESE RO ek Bk . e e S e LA
LN R O N =l R G S R N e 0 8
e EAem, T B SRR R, SEma ik
AR MERE T G BARSE, 2017), 1] Qiao %F(2014)7E
“FF (Paralichthys olivaceus) i S2 5 A1 6 B, 244
BE(9.1%) AL S BR 88 (13.6%) 58 4 B AR 4A R v 4 £
W, FEERY AR KMERER FE ¥R W asfk, Li %%
(2009) W5 1, YAEDEHSIN 2% a0 B, B
J X E#N(Ictalurus punctatus) A & Fl FE 1531 1
W X —WFIE 22 5 AT RE S SL R AP . B
TRAS By LU L R 5 7H w25 P R A G

32 RBAMEBREHMAZEFYHEEEMBRL
= 28 R B 520

MEEAE N EBSRE R IIRA T, SAB &S
1Y PUFA (57 9102 n-3 PUFA)FIZ L2 LA K - 5 1Y £,
R ARy Y, nh e adlK, BTG
X AR PR N O HIE 7 LU N IO R S Wata o e - A
X — 45 18 75 B U 65 7 (Tibaldi et al, 2015). K fiE
Bii(Seriola rivoliana) (Kissinger et al, 2016) . Ffif(Qiao
et al, 2014)%5 0 55 A RUESE . [FIRF, AfFsER,
RA MO AN S, REEERL) R AL R
H 7K Ar BORR A3 & i ¥R R A i AR AL, SO R
B A T R, XA 2w R O HRGE S5 e
—F

(EASVE LA, A 5T 4 £t (ORI LA Hof B
U5 5 B FEAN (R SE G 4 IR) A T S AR AR, R R AL
A ORI B . SXTRRZLAHEL, D3 Al D4 4L
HLAE W7 & & 88, H D4 41 % W EH KT X g
(P<0.05), [AEF, 4fadofig i & s Wmre D4 4k,
SERTRIIE Y C R, TR K = s g B AR
AR W% . Van %5(2016)7E 5 f4.(Scortum barcoo)H
PIBIFFE &I, 40% 243 s AR fa i ml DL S R AR
IR T & & . 7E K PY Pk (Sprague et al, 2017), /2
B (565, 201 7)SFpF o i Ag 81 TR 458 .
PR — S SRR IR, AT RESE A LR W T — 7T
B Th A n-3 HUFA, W34 ey DHA, AHIL T
Y n-3 HUFA W] DUBE o /e fa b e B, ki
et TR rh fs K g, BEAR T BRI UIF(Xing et al,
2020); H—J71E, BT D3 Fl D4 4 & A 5w
PR R, TP AR TR, 205 TEEEA
W) S%ZEAT, TR AEHLAR P XE LB £

(Lubian et al, 2002), [F]Ef % B, D3 fil D4 4% LER
B EACT X IRAL, MR HIX 2 21 v B i A ek
I, WOiE T DTAR R, IXnT RE 1 X 2 2 4 g
DU A 55 — A

AT R VLA B IR I PR A A & K, — 1Y
JIgE 17 T2 AL o8 A — e e 8 L s Wt ) ek O 7 R ) 2L i
M5 Peng FF(2014)7EC T RZZHERG IR 5% 7 HI 1)
AR EE AL, 5 DAA s A DG S 5 45 18 A — 3K
XL E — 25 2 B A v 0 g 1D TR % 5% T LAAR 47 M
KEWY MR, ALmEERER, 24h
C18:1n-9,C18:1n-7 F1 MUFA & &3 52 31 5 1 AH [
(AR f i 4, 3T AR SR AN TR RN i 0 R A Sk i 2 1Y
FEMER , PR RS AL RE B, MR
SE ) FH (Karalazos et al, 2007), 1 fILA FP Y MUFA
5 R R AR AR b, X R , BN
FIRE W TR AEAS [F AL L rbogl R T R R A TR] st i At
TR IR . RS, 4fRLA S % C18:2n-6,
C20:4n-6 L}z n-6 PUFA 5 /A5 fk i #5452 B[] 4 e
MH—2, vTRERE X Ak C18:2n-6 FED
2k, T LA AR IE R AR TR, DA I 3R
DURREIZH 2 rp | 53X 5 7E 2R W) H 4 (Di pl odus puntazzo)
(Piedecausa et al, 2007)AURFFT A —5, SLHIA K& PL,
BEEACHL IR B, ML EPA ST
Bk, 3%J&H EPA il C20:4n-6 1A7E KARMI T4 K 2
Jri& LAY, ARA A LATE— @ B2 EE FAik] EPA 354l
ANUEA LU BE ) (F R AE, 2016), M HEL T X
SIS ZEL LA T DHA S — e R LR R T
#BE, X546 DHA & EAEHA R, X ik
FEEBEEA R C18:3n-3 ¥ 1Ll DHA WIHE T, HAH]
LA L RE SR, WAk K T AN [ 41406 DHA ¥t
A2, Fnf, RECIGZEREH, ML TFaf,
RS2 B HIL PR A4 B 07 T2 4L i B % B 4y b Sz e HS A 1)
I W R 2E 1K,

33 REAREBRAWXAXEEY S GEELEEE
FRE R

il TP A — AR AL R B G L 0 0 g R e
Byl ) AR B AT 0 L IR, R
BEAILIA (1095 IR B, LG 0 90 e AR B Bt 1 LA
AIHALRE T o ABEST Y, M0 T8 N 117 Tl [ £ 1 A AN
[ S 2 o) LA 2 2 iR e, HAE RS 50%
HI100% 0 24t B w16 7 o X W], ARPR s
AT AE—E R e kRN 1 AL T RE . D ZEAE
(2020)WF5E WY, IR AN R Lo Rt s, K32
-2y £81 FR GE Ry G i 017 i LA L R A 1 A W 3 TR
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B, AR, MR EN 100%0, BRI et al, 2008), MIXF PR BI R ER . AR5

FiE G 7 AL T o K, (RS %E B AT 25 5,
AT fi 2 T 1P 00 S 6 v Aot 1 B o R AN T i 3 i
MZE R 25 B (2013)7E LGN E X U B WF 5T A e
S, 3%l RE 2 A v al R A BE A i S 3R i
JREE Y mRNA BRIEKF-, B9 78 i e e
J1o HeEERT UAR R 1B T AL BRI 1, TRERR T 5 &
A8 LBl n-3 HUFA f7 G LA, B 5AR &4 —
SE L) A4 2 1R OB G (W5 75 T 45, 2016)

34 RAMEBREHMAZEHHGEHERELR
R EREERE

o TBAE R KA S — R B, ANURE
Yy FE A AL AR B PR UE , ARG BT | B
B A SR 0 P PR I P A A Ry v
fIfA B (NRC, 2011), Hbt Ak M 5 i 17K -Fn] LA
] 42 ) WK A= s A B 1 4 3% K. SOD . T-AOC
R WHUA SR R B RELE A K1Y £ E I8 R,
SRR T2 AFE PR ACEE , v LA SO BRI T
S0 H 3R DR B ALK 4 20 4 52 45 005 (Pastor et al,
1988), MDA & [z WAL 20 il 57 H Hh JE 20 1) 7™ s AR
JER TR AR, RIENT SN AT 2 — AR5,
MR SR A I N 50%mF, il SOD il T-AOC
1% 2 TR IR ZH (P<0.05), X i BH 1 T 2 = 1
HEPRIRE S XA fe E B RN AP S E £
IR, BRI E PR MR, xR E—
PR G PT LR, WA — s FEEE LR i i3z B
IR E , BRI PR, PRI {5
(TR %, 2016), X7 4855 (2016) 78 57 1 b (9 BIF 5 A0,
W], 3 B ZIAR I (0.8%~1.2%) 7E 14 5 fa R Bt B 1k Bk
15w EA B EER, AT L S RIS 0 b
MDA i, #E—E s 24 i HLAG 3008 175 BR LA
R SR g T AR 1 R

AKP J¢ ACP &AWk vy 2 it s ds g, I
AR B AR DAK i AR B B A, HLOAT DA i 7 4
00 1) 7 s R ek eV D, AE LR AR R S e e g vh
FE B S/E T (Gisbert et al, 2018), s, HitL
Bk 50%H}, ACP {1 ETH&, AKP & kT
R E K, XU TR — B KRR, nT LA R
KEZ PN R AER S R RE 1 o X TE LZM FighA
C3 M4 Rp w8 TAE, LZM FAMA C3 H7EHL
AR SR e v R AEEEAE N, AMA C3 2R E
BLAMARIR -, Y HLIAR G SON gl e AT DA
JEFRAMASK VRN ; LZM 7 I 4 M R B 0 W
Fml, BEAE MUK G 52 SN IR f A 90 B9 A 1R (Saurabh

Hr, LZM FIEMA C3 [7] ACP 30 —EU 28kt
FERBACE R S0%AT iR B mfl, X Wik —L Ui, 7F
IR b, KEEBEL fa3RAS T 5 m AR R Sk
PERE ST o FEJLARIEXTHR (I, 2018) . S5 )1| 5 (5K e
85, 201 7) R SEIR IS FBH , GRDRE R IR NS ) S A e S
R T AR BRI LZM 35 7, BEsR MU BTG 1
FEA I — 2 R AR O I AN A B A e
(220, TR 22 W vh A TS ) R e B R AL L U AR
BT 1 7 B B E R (3RS BSE, 2016).

4 £Eig

ZE LR, FEARLE AT, FHIRAMEE01.18%
LB 2 BR BE +1.30% 2 a7 35 ) B 18 50% £ i B,
(39.69+0.25) g KEZFEL) ] DIARAFEAE R A K RE
[ B AT DA o8 P T AL S 7 L PR A B AR v e
JERE T, SR B A B KT o ASHIFGE IR A T AR
BT R AL T —E MBS AR YE s SR, ABFT
WA, MR ESUR A MRS a2 n, &5]
AR A FERER] AR S B B T B RRAIG

2 £ X
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Effects of Fish Oil Replacement by Mixed Microalgae on Growth Performance,
Body Chemical Composition and Intestinal Tract Biochemical I ndices of
Juvenile Turbot (Scophthalmus maximus)

WANG Chenggiang, CAO Tihong, LI Baoshan, WANG J iying@, HAO Tiantian,
SONG Zhidong, WANG Xiaoyan, SUN Yongzhi

(Shandong Marine Resource and Environment Research Institute, Shandong Key Laboratory of Marine
Ecological Restoration, Yantai, Shandong 264006, China)

Abstract A 12-week feeding experiment was conducted to evaluate the effects of fish oil replacement by
mixed microalgae on growth performance, body composition, digestive enzyme activities, and antioxidant
indices in the intestinal tract of juvenile turbot (Scophthalmus maximus) [mean initial weight (39.69+0.25) g].
Four isonitrogenous and isoenergetic diets were formulated with graded contents of dietary fish oil replacement
by mixed microalgae, 0, 25%, 50%, and 100%, designated D1, D2, D3, and D4, respectively. The results
showed that weight growth rate (WGR) and feed efficiency (FE) decreased with an increasing replacement
ratio; no significant differences were found between D1, D2, and D3 groups (P>0.05), but all three had
significantly higher values than the D4 group (P<0.05). The D1 group showed the highest value of the
hepatosomatic index (HSI), which was significantly higher than that in other groups (P<0.05). With an
increasing replacement ratio, the body and muscle crude lipid contents increased at first, and then decreased,
being significantly higher in the D4 group than in the D1 group (P<0.05). The C20:4n-6 and n-6 PUFA in the
whole fish body reached their peaks in the D4 group (P<0.05), with significantly higher values than those in the
D1 group (P<0.05). However, EPA, DHA, and n-3 PUFA significantly decreased in D4 (P<0.05). The activities
of lipase and trypsin in the intestinal tract reached their peaks in the D3 group. The activities of superoxide
dismutase (SOD), total antioxidant capacity (T-AOC), and catalase (CAT) in the intestinal tract of the D3 group
were significantly higher than those in the D1 group (P<0.05). Additionally, the activities of acid phosphatase
(ACP), alkaline phosphatase (AKP) and lysozyme (LZM), as well as the complement component 3 (C3)
contents in the intestinal tract, showed the same tendency as SOD. The malondialdehyde (MDA) contents in
the intestinal tract were not significantly different across the groups (P>0.05). These results indicate that 50%
fish oil replacement by mixed microalgae does not influence the growth performance of juvenile turbot, and
may increase the digestive enzyme activities and antioxidant ability in the intestinal tract.

Key words Scophthalmus maximus, Schizochytrium sp.; Nannochloropsis sp.; Growth performance;
Intestinal tract biochemical indices
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