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WE: A RARATEEENAHER S 2 aF o ek, BREFEERRLN D
W, TR S R A E AR, 48R i 0(DS0). 30(DS3). 60(DS6). 90(DS9) Fr 120 g/kg
(DS12) h R & %k, HRAETENERAR SN 180 £ 8 & F & [(9.00£0.55) g, 12
Rligr], #£56do #XRER: ()#FEXR (WG). # & £ K*E (SGR) 1A # R # (FCR) £ %
4 E LT EZE R (2) DS9 4/ DS12 41 6 B 3% & (CF). JF Rtk (HSD). 8 A5 45 % (IFD). Jif
JiE o B R H ok = g (TG) 4 B B F KT x4 ; (3)DS6. DS9 F2 DSI2 41 /LA # DHA 4
#. Yn-3 LC PUFA (n-3 K% % 40 fo flg i B2) 4- &+ n-3/n-6 PUFA [ ]« I B2 ifn 5 45 %
(WH) #n it g 7 & 46 %k (FLQ) B % & T xt B4, T 3 k3 B AL 6 38 2k (AD) Fn i i 0 ik 4 %k
(TD # & F KT B 45 (4) BT A AL B 41T LW 8 i B & ok B8 (FAS) fn L BLAH B A % LB
1(ACC1) #y mRNA 5k X F & % 1 T 2 J 41; DS6. DS9 Fn DS12 41 & & fis B 41 44 49 T Bt
B A A& 1B 2(ACC2) A0 H i = Br K ## B (ATGL) #y mRNA &35 A F B & T 2 B4
(5) PT A AL 32 41 o v oF M A M A B fu B (SOD) WE LR 5 T R4, W (MDA) ¢ 8 %
FRT XA FREA, BRF A0 g ke iy 378 5 % ] # % vp g ROAHAE & B
WERABEMES T R RER AT E R, FRALINAERNE, HEINERA
gk 7.

REIR: S8 FH; B FHEE;, DHA; £AKMWH; BRE; TRME; Ak

hE S S: S963.4

SATE A BT — PP VE GO , SUPRALAR i A
Y AR (Schizochytrium), J& Y 24X (Oomycetes) 7K
# H (Saprolegniales) fi% #& 47 # £} (Thraustochytri-
aceae) o AR EE S A KEWAR (B Al T
1) 55%), HAgWifR 41 i) DHA 29 (5 S8 DR
i 45%, B8 Z 1T ROEAEAE ™ & &% DHA )
PEVHRIBEA , HAH DG b 3 A R SRS R
T & S Ak 2 2458 a5 5 M K 43 L KT
B MRS S &S NAH 1.49%.
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SCERFRERE: A

JUR . BRMMAEGFEEEY RS, BT, 2
7 BEAE R B A R R Bk T 4288 (Trachinotus
ovatus)™ . W% (Oncorhynchus mykiss)® . JLAUEXT
48 (Litopenaeus vannamei)® F1 K W4 £ & (Salmo
salar)” FERHRR T, DRI A, PRk
IR, DGR AR TR ZH A, 8 T PR J5 it JoT

458 A7 W AE R Tl A6 A 7 DHA 3300 1 @
Y, ANORERE A AR R B E TR
FAMEREFRYB, ZRIRAA 60%~70% #fF
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HIEFY . AR, CAREMRERD], M
A F LGEXTIRS e B B HE # (Oreochromis
niloticus)® FN AR VPG E g U 6 %) H O EC I, filan .
AL EK 8 (Nannochloropsis) 1 W] LA B ) 5 A8 KR P
fifi (Dicentrarchus labrax) H ¥ 15% B9 K, 1M
AN 1) AR RN I L 2R 454 1Y AR FLAR T X
WF H R AN 3% FAEZLER B (Haematococcus plu-
vialis) 1 ] {2 R 0 A RUVRDEE R TR, AUE
LIMANIFE RS e, deEIlA MRS, 3
B AE 5 i o H TAE B BE R (Cyprinus carpio var. spe-
cularis) B HAR, W] E & ALA S n-3 LC PUFA
)& i AL P e e Re 1", R AR kB
ST A T N R P A i A S AR, 4
Fep RO AR e M, BA o o3t 7 B a8 1540
. K, PG 245 a0 sl 78 2 5 1 4 H AR
w8 i T — 5 I {E .

Z14% 1 W £ (Onychostoma macrolepis) 16 #x4&
o mfm, RIEMIE H (Cypriniformes) #E} (Cyp-
rinidae) i3V F} (Barbinae) H H )& (Onychostoma),
RREDINX A RIRKAET A, e E A
Ktz — 0 HNUAE & 17 a2
ZAMAAE R, BARGERNE, C
BB R AR 7 S M B AR AR R . S — T T,
e EERr s, 2850 T apihe hEE
P ORI A S (PR EF AR ), JFERESIA
CHEEHESIL G4 S ) 5 fE (VU) a2,
ANk, 26 ity FEE T EAES
PERUE 2R S R B R ORKES
HIRE D GRIROR N T EF P AT . H R
T L HBCERRE, A bR D
YR AR RHE R, A FARDREIT o
22t 1 WY A0 5 ) B 00k A0 3 )2 1 2 B e 9 T S B
REBESF BN B AR P, X IR T R
B2y P A RPN R T 2%, K
S DL VT Ay S5 A 3 v AR Ay Rk R X 22 i 1
e, XL FRDRLT A L S B IR SR R
Pl A A R HAA B o

1 PRSI

1.1 SEIefERt

T2 P aE R K EH 37.5%, 5
i 9.68%) KLl T 5 4limkl. Lifaky. WiEk. &
M EERLRWFRHEARAF, BEmiEx, Py
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B SR R R, S DRI R R R e
ZIOCEMARRATE, W, IIARE). Ak
(T SR AR R ) & ML 1 17.93%,  HLER i
8.45%, DHA 42.67%(1L 448 s YT T A& HE A Bk
AIRAF, G, IWARE). Kk o, 30,
60. 90 F1 120 g /kg W INE] L3RR A FoRE, Bl
Xof R 2H 3 v A i 0, Ak BE 4R 4 1 ok
3%(DS3), 6%(DS6), 9%(DS9), 12%(DS12) 45 21
ik = TSPl S R R S AN B | AN 1 E7ReX REER N
T 10% BIZEEK,  FRARLAL S AL A2 2 mm Y45
AL, TCE T & R B B AL KT 24 h, 7E-20 °C
PRI . i R R i gy o RS A g
TR ZH A WL 1, 3K 2,

1.2 W& RIEFER

2 U 1 R Sl PRI RMEH KR
B PR s fe . FFSEe KN (4.75 m x
1.65m x 0.8 m) P FE 15d., Yk 24 h 5, HEHL
180 J& [A] —#L A% 1Y 22 66 11 HH £ [(9.00+0.55) g] AL
43 E 154> (300 L) fEFRK G, KK ELBEHL 7k
S, MA3INER, EXLBATEFEE 240, i
R 56 d, MR EBE AR H 8:30, 12:30,
16:30, F/KE LB EAR B, BmE =G
TEFE /IR, SO AR R HETS — IR eI 1
12h: 12 he BFH WK, Jfid SRR e
TR A . FRAH R T IR (21.5£1.5) °C,
pH 7.4+0.30, 4 (7.90+0.50) mg/ L, A (0.05+
0.02) mg/ L, i fil§ B2 <0.005 mg /L, #ifk#<0.01
mg /L,

1.3 HEXE&E

EATIP S SN Yy E i NI | (& Y S N3
YIS DL R T, S E SRR S A
M. ¥ 26 a Ayl 24 h 56 MS-222
(50 mg/L) R, 45 FFRE IR . AEETHL
2 B AR A7 AR 20 °C VKFEH T & A8 bk il
MAFELEC S B frfigsnl, XPIL PR OB . ORFAE .
TR LA % 2 s i F AL Bk i, 0l HL i
PRt g AR . il s AR AE T 20 °C M8, #%
Hop iy 2 B REIE . b R i D5 2 2R
[ 7 7E 4% 2 B W W T AL U A g%
P4y 5 RAMRR G R RFIE . BE B R L2 A7
T80 °C F T 41 41 3 K 3% 15 FIAG T6 1 2 38 I 5
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Tab.1 Formulation and proximate composition of defatted Schizochytrium sp. in diet and experimental diets (g/kg DM)

W ) group

components DS DS0 DS3 DS6 DS9 DS12
fa 4 fish meal 260 260 260 260 260
PIE#  meat and bone meal 110 110 110 110 110
SH  soybean meal 120 120 120 120 120
%K rapeseed meal 60 60 60 60 60
FAH1  cottonseed meal 80 80 80 80 80
¥ wheat flour 213 182 153 158 120
K rice bran 81 86 88.5 64.6 66
IHT A DS 0 30 60 90 120
il soybean oil 31 27 23.5 22.4 19
Ca(H,P04), 20 20 20 20 20
I+ bentonite 15 15 15 15 15
TiEE  premix' 10 10 10 10 10
Rl total 1000 1000 1000 1000 1000
EIRHE /% proximate composition
FIZE I crude protein (%, Nx 6.25) 17.93 38.63 38.62 38.85 38.49 38.72
HHEHT  crude lipid 8.45 9.68 9.68 9.68 9.68 9.68
K4y ash 12.83 11.48 11.93 12.04 12.16 12.45
/K4 moisture 24.57 10.12 10.10 10.07 10.08 10.06
T4 cellulose 9.95 3.01 3.04 3.18 3.24 3.46

L TUERNmg/100 ghi B SRERAE4T 0.159, BRERES 18.101, SAL%: 0.07, BiEREE 5.216, B4k 0.007, FALEF 16.553, Wiik4H 0.014,
BRIREE 0.192, AEREN 0.006, BRERIA 0.075, FTARIREE 1.338, SHiKERS, HIWKRS, 4AERA25001U, 4ERE401IU, 4E4:35D3 24 001U,
FZERR4, ERERMLMERY 4, HEGRZ0.01, EWE 0.6, ZFRES 10, MR 1.5, MARK 20, WLA¥200, RENA KA EMA

Notes: 1. The premix contained (mg/100 g of diet): KAI(SO4), 0.159; CaCOs, 18.101; CaH,POy, 44.601; CoCl, 0.070; MgSO4, 5.216; MnSO,-H,0,
0.007; KCl, 16.553; KI, 0.014; ZnCO03,0.192; Na,SeOs, 0.006; CuSOy, 0.075; Ferric citrate, 1.338; thiamine, 5; riboflavin, 5; vitamin A, 2500 IU;
vitamin E, 40 IU; vitamin Ds, 2 400 IU; menadione, 4; pyridoxine HCI, 4;cyanocobalamin, 0.01; biotin, 0.6; calcium pantothenate, 10; folic acid, 1.5;

niacin, 20; inositol, 200; The remaining ingredients are limestone carriers

FHRA A SRt R T bn i A X

14 B R (weight gain, WG, %) = (K & —¥]
H)AIHEx100%;

TG R (survival rati, SR, %)= SZEGZ5 R M
Bt/ S50 1) 0 K0 < 100% ;

% 14 k. (relative intestine length,
WK A < 100%

7 E 4 K R (specific growth rate, SGR, %/
d)=[In (R )~In (FH) 1 H) /5250 KA 100%

Tl L4 (feed conversion ratio, FCR, g/g)=
P B R

AES# B (condition factor, CF, %)= &Jfi &/
A% 100% 5

JiF JE 48 %4 (hepatosomatic index, HSI, %) =
JF IR I /£ S J5 < 100% 5

W6 11 R W5 48 8K (intraperitoneal fat body index,
IFL, %)= IS i i B/ A (AR Bt it < 100%
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RIL, %) =

I $8 %X (spleen index, SI, %) =i & /A A
JRHEx100%;

B 8% (kidney index, KI, %)= " JIi &/ {4
X 100%;
1.4 EMES P

gt T RHRILIA ) H R A3 E R F AOAC
BB kA ALRS (105 °C) fE IR TR A
LA (N x 6.25) B fi P8 2k ; KL
0 B Ao A T Bk 58 R S HEA T (R KR
%) MUK ad 2 gl 550 °C KAk 12 h G E E
HE
1.5 HH=fE (TG) SEMNEWIEFFNE

o PR SR (R o AR W) T ARG T
R, TLORAA, H D) AN VLA RN
BTG &, VIEAFAERI Y+ SOD 741 MDA
/E’\io

R E K224 F 7/ sponsored by China Society of Fisheries


https://www.china-fishery.cn

10 4] HO¥oF, S BT RUE i ok 28 Pt A BRI AR 5 1875

*2 ZUETRBMBRBEHIRER (% SRR
Tab. 2 Fatty acid composition of defatted Schizochytrium sp. and experimental diets (% of total fatty acids)

5 groups

Jilsgileicd

fatty acids DS DSO DS3 DS6 DS9 DS12
Cl14:0 2.57 1.36 1.93 1.36 2.84 2.01
C16:0 33.81 15.04 16.43 17.18 18.36 22.78
C17:0 - 1.49 1.12 1.78 1.08 1.60
C18:0 2.02 8.26 8.50 8.44 7.58 8.27
€20:0 - 0.82 0.67 0.60 0.70 0.38
SSFA' 38.40 26.97 28.65 29.36 30.56 35.04
C16:1n-7 1.06 238 2.81 2.61 2.82 321
Cl18: 1n9 1.89 18.59 17.78 17.85 17.16 15.17
MUFA? 3.44 20.97 20.59 20.46 19.98 18.38
C18:2n-6¢ 0.42 24.03 21.76 19.80 18.98 18.41
C18:3n-6 - 0.29 0.54 0.60 033 0.46
C20:4n-6 0.55 0.73 0.13 0.98 0.69 0.99
€20:3n-6 - 332 322 3.40 431 3.65
C22:4n-6 — 8.11 9.55 8.79 8.45 7.76
y'n-6 PUFA 0.97 36.48 352 33.57 32.76 3127
C18:3n-3 021 3.51 3.05 2.82 2.61 0.38
€20:3n-3 - 1.45 0.73 119 1.13 1.13
€20:5n-3 0.1 1.14 1.32 1.43 1.28 1.17
€22:6n-3 42,67 9.44 10.46 11.17 11.68 12.61
yn-3 PUFA 42.98 15.54 15.56 16.61 16.7 15.29
yn-3 LC PUFA 4277 12.03 12.51 13.79 14.09 1491
1n-3/n-6 PUFA 4431 043 0.44 0.49 0.51 0.49
€20:5n-3 0.1 114 1.32 1.43 1.28 1.17
C22:6n-3 42.67 9.44 10.46 11.17 11.68 12.61
y'n-3 PUFA 42.98 15.54 15.56 16.61 16.7 15.29
yn-3 LC PUFA 4277 12.03 12.51 13.79 14.09 14.91
n-3/n-6 PUFA 4431 0.43 0.44 0.49 0.51 0.49

WE: 1 YSFA, WAIIRINES; 2. YMUFA, SFRMIRGIER; —. R

Notes: 1. Y SFA, saturated fatty acid; 2. > MUFA, monounsaturated fatty acid; —. no detection

1.6 BERRBRYE AR M AR AAER E FRIE B S0 4R

FREL0.3~0.5 g FEdH T 10 mL B0, A
HmE. 4405 (1:2)5mL, w5 Hes (XHF-D,
SCIENIZ®, “Ti%) 2%, #& 1~2 h 5 &4
J&, fn 4 mLZEWEK, 3000 r/min &0 5 min, £
LW, TIZRKBSRAEMT (40 C) J515 84148
g . RGN 1 mL 354l 1 O ks i I8 v i
Jil 1 mL 0.4 mol/L, KOH-H & &t & 30 min i
T, ZJEhn2mL £8 1K, 5025 HH
R WAE S AR AR (R 7820a, EHEREL
o, EE) E#ATIE . BRE TR S AR
(47015-U, Sigma-Aldrich, Inc., St. Louis, USA) i 17
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A @ik CP-sil 88 BIEAN4E (4
FEAE, 100 mmx 0.25 mmx 0.20 mm; BEFERSIRE .
250 °C; FU#RRAEE . 250 °C; S/ E 35 mL/min;
25 350 mL/min; MU 45 mL/min,

AR E  RIBIEE 70 °C, 45 1 min, DL
5 °C/min B3 T+ % 100 C 1£4F 2 min, FLL 10
°C/min [ RTFE 175 °C, F4£EF 40 min, FLL 15
°C/min AU R T 225 °C, 4#4F 50 min,

S0 28 P T FUE — A EOR [R I R
W, LA R R E o e B

B ik ok £ A Ak 45 21 (atherogenicity index, Al)
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LA B 38 %X (thrombogenicity index, TI) AT
B Ulbricht 255 Br ik 7 e &
AT = [C120 + (4 X Ci40) + Cig0]/[(n—
3)PUFA + (n — 6)PUFA + MUFA]

TI = (Ci4:0 + Ci6:0 + Cis:0)/{(0.5 x MUFA)+

0.5 % (n — 6)PUFA] + [3 x (n — 3)PUFA]+

[(n — 3)PUFA/(n — 6)PUFAJ}

A [ B 1 5F +8 %X (hypocholesterolemic/hyper-
cholesterolemic FA ratio, h/H) (315 &4 Santos-
Silva 5E% Jr ik J7 750

h/H = (Cis.1n—9 + Cigon — 6 + Copuan—6+

Cig3n—3 + Cao:5n—3 + Caosn—3 + Canen—3)/

(Ci40+ Cie0)

MG i & (blood lipid quality, FLQ) it &
HRHE Abrami 55 fr i 75 0 E

h/H = (Cig:1n—9 + Cig:2n — 6 + Coon—6+

Cis3n-3 + Cao:sn-3 + Cazsn—3 + Coren-3)/

(C14:0 + Cis0)

1.7 HLAEWER
K [ R IR S BR D 2041 . B A0 B AR I A

AKEN, He BEBRAETT VL, B RS W R PR
I 40 M AE A7 L MG Y I e D R BL
(RM2235, Leica, &) ¥ U] VI 5 pm J5 &% 7E
YA L, HBAK- HE) R, AR
HPY AR BHE YR A RS w R . g 2140
2EREAL I HIE B iR (Leica biosystems, Germany)
A8 . f#i ] Photoshop(Adobe, San Jose, USA) X} 4
A EGAF2R8 A0 R N T o o, TR R
3 AEEEREED,

1.8 ERFEFRES

HR 4 AT IR 7P, SERUZH 4T RNA $2 5L,

JEMRE . cDNA Sz 55 RS0 s 5 A6 I 66 P 6 5
i, K] CFX96 5L 28 £ PCR &Gl R Gt . [
HERE20uL % 0.6 uL 514, 1 pL FBeRy S —
B ¢cDNA, 10 uL 2xSYBR® Premix Ex TaqTM 1I ,
7.8 uL KK, qPCR RWAKR RN, WIHGHE 2 5
495 °C 30, FKif5 ok 40 MEFA 95 C 155, 60 C
15 s, PCR [ I Jm R FHA 3G ith 2 5505 H By 2R 5
R ILH B B-actin Y CAH, IE B2 CH
ZMEIE R AC, WRIEAF 27T A& A H 3
PRI A 238 s AIVE RO 2 s R . 51 (1

FIRK s, SREERHRIINCEE B30%, 50%.  RHEEHEAYRHARAR, mEsux, pk
70%. 80%. 90%. 95% Fl 100%) HF#EAT 2 KM P44, ) PR 3.
#*3 ZEEE PCR MR
Tab.3 Primers used in real-time quantitative PCR
e st/ T GRS
genes forward (5’-3") reverse (5'-3") accession number
FAS ATCCACAGAGCCACCATCCTACC CAAGTCCAGCATCCTCCAAGACAC MG735211.1
SREBP-1 GGCGACAAGAACCTCACTGATGG GACAACCGACGACCACCACTTC MG735210.1
ACCl1 AGGTGGTACGGATGGCTGCTC GACGGTGCTGGACGCTGTTG MG735212.1
ACC2 CTGGCTGGCTGGATCACCTTATTG GAGCACCGCATACCACACCTAAC MG735213.1
ATGL GCATCTGCCGTCCTGTTACCG GCTTCACTGTCTGCTCCTTCATCC MHO028390.1
CPT1 CTCAGACGGTGTTCAGTGCCATC TCCAGCCGTGATAGGACAAGAGG MHS553647
PPARa TGACATGGAGGTGCTGGAGGAC TGCTGCTGTGCTGTTGCTCTG MG735214.1
HSL GCTTCACCATCCAGACTGCTCAC CTGGCTGCACTGACTGACAACTC MG735215.1
B-actin TGACCCACACTGTACCCATC CGGACAATTTCACTCTCGGC JN254630.1

FAS. I Vil & i, SREBP-1. [5 B2 5 ofF 45 & S A-1; ACCL. ZIAiEEAKRILAE, ACC2. ZIEHIAFAFRILEE; ATGL. Hith =Bk i,
CPT 1. PR R BB 1; PPARG. J3 LM P T (L Phios HSL. WK URHE IS e
Notes: FAS. fatty acid synthase; SREBP-Notes: 1.sterol regulatory element-binging protein-1; ACC1.Acetyl-CoA 1; ACC2.Acetyl-CoA 1carboxylase
2; ATGL.adipose TAG lipase; CPT-1. carnitine palmitoyltransferase 1; PPARa. peroxisome proliferator-activated receptor-a; HSL. hormone sensitive

lipas

1.9 HIESF

% F SPSS 18.0 Ak {4 (Chicago, IL, USA) X 5
YA A T B 2R U7 22 37T AN Duncan [G 2 5 HL#E
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T o B3 R N A B bR E 25 (meantSD),
{5 FH] SPSSS 18.0 A FXF H AR . FFAE . UL FIIE s
BT IR ITRZH Rt T F R4 00T (PCA) 4347 -
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10 1 B IR5, S RS AP S0 A s v o 2o M P A A G
2GR
21 HEDHEBEBEERENZSARGE KR

FMEZMHIKRBIR D

&-4H1E WGR. SGR. SR, RIL. KI. SI i
FIE5 (P>0.05), DS9 FAIDS12 4HCF ;2 DS6. DS9 Al
DS12 £H HSI Al IFT 5 E G F X5 B4 (P<0.05)(5% 4).

22 HRDBHBETEEENZSBORALE M
AE AR B2 0

DS3, DS6, DS9, DS12 LA kLI I & &1 %
FARTXIEZH (P<0.05)(3E 5).
23 HRPHBETEEENZSBORAHAOHH
=88 (TG) &=/

DS9 A1 DS12 4 T A g s 1Y TG & &
FHRTXF IR (P<0.05)(3 6).
24 HRDBHBETEEENZHBOPRAMEHERA
D SaiE: it oA

BRRFHEATESESZHGTENA. AT
B e BE_ = Rg Jor 64) B o BR 2 PR, %4 o) biti 5 v
B Es i, LA A0 BFIE o Yn-6 PUFA & 3% T ¥,
DS6. DS9 #il DS12 41+ DHA, Yn-3 PUFA, n-3/n-

6 PUFA 7 &5 It 3% & T Xl 41 (P<0.05), {HALAH
) DHA % &t 7¥ DS12 AT (8 7). IR
95 B 17 1R Fh AR AR T R (5 AR K L 49, DS9AT DS12
4] SFA & i FALTF X4, H DS9 fil DS12 41
() DHA 7 & i 3 = T4 B4 (P<0.05)(% 8, % 9).
AEXF R L, AN PCAEITRT UL, 37 T 15 1-b 55 U5 R
149 1 Jes g 0 T %o 107 J&] 1-a C16, C14, C20 A1 C24
A RS iR ; &l 1-a n-3 LC-PUFA, il i1 DHA
MEPA FEAEPTE LM, ZXB5K 1-bh
LA L2 AR R (1)

At R dkiEst 288 F &R IR
B RIS R A9 Fm BT AL ER4LAY AL R TI Yy
W EAR T X R4 (P<0.05), DS9 1 DS12 4 i s
TNZH i h/H R A AR B 1) FLQ 35 538 & X 1]
20 (P<0.05) (% 10),

25 HRPRIETEENZHARGHEALH
A

BRb RS R B 25T & EmR
LHLRLEMEI RS 0% ZH T A A% 2 76 i FH A
%, WA ARSI, JIE b 2 R
WIS, DSO Fl DS12 2H B4 1 A PN T 40 ik %k
T IR (P<0.05)(EI R 1),

=4

RETEL

MH AR EEKMEREMEYF R

Tab. 4 Effects of defatted Schizochytrium sp. on growth performance and

biological parameters of O. macrolepis

45 EVEF

_Iﬁ H group regression analysis

1tems N
DS0 DS3 DS6 DS9 DSI12 R P-value
¥iE/g IBW 9.00+0.20 9.00+0.23 9.00+0.20 9.00+0.24 9.00+0.22 0.934
Ki#E/g FBW 19.58+0.63 19.15+0.57 19.16+0.47 19.33+0.21 19.14+0.25 0.810
WE /% WGR 117.52£10.34  112.82+7.46 112.8+10.75  114.75+2.35  113.53+3.70 0.803
fhf/em BL 10.8+0.17 10.68+0.18 10.70+0.21 10.77+0.14 10.78+0.24 0.762
TEHR/% SR 100.00::0.00 100+0.00 100£0.00 100£0.00  100.00£0.00 1.000
fatkte/%  RIL 284.51£10.53  285.1943.52  290.35+8.14  281.15+5.82 285.5+9.13 0.941
R K E/(%/d)  SGR 1.38+0.06 1.35+0.08 1.37+0.06 1.35+0.04 1.39+0.06 0.772
TR R%U% FCR 1.65+0.04 1.62+0.04 1.63+0.02 1.67+0.02 1.68+0.03 0.325
B /(g/em®)  CF 1.57+0.02° 1.57+0.03" 1.57+0.02® 1.54+0.02% 1.51:0.03 0.732 <0.001
FfARLG/%  HSI 1.28+0.03° 1.10+0.05° 1.05+0.03° 1.04+0.02° 0.99+0.05° 0.934 <0.001
fEWifa %% 1FI 3.2240.10° 3.1740.18% 3.08+0.18™ 2.93+0.03™ 2.85+0.04° 0.783 <0.001
FAEEEU% ST 0.07+0.02 0.08+0.02 0.07+0.01 0.08+0.03 0.09+0.02 0.940
Mk faEU% K1 0.39+0.04 0.39:£0.02 0.38+0.03 0.40+0.04 0.39+0.03 0.370

Vs AR RNR (R =38 5 IR J0) AN S 77 22 0 W (R — A7 h R AN A L hs = BP9 ME) s Bl AP Eabrii 2. [RAT LARARIR

INZE SRR E(P<0.05), TERRA

Notes: Linear regression (R” = adjusted R-squared) and one-way ANOVA (means with different superscript letters in the same row) were applied;Values
are means + SD, of three replicates. Values in the same line with different superscript letters are significantly different (P<0.05), the same below
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Tab.S Effects of defatted Schizochytrium sp. in diet on proximate composition of

whole body and muscle of juvenile O. macrolepis

e #HU%  group regreﬂ?iﬁleysis
fems DSO DS3 DS6 DS9 DSI12 R P-value
4#  whole-body
/K4>  moisture 68.63£0.33 68.95%0.59 68.27+0.30 68.46+0.72 67.31+0.38 0.090
FIEA  crude protein 17.23+0.33 17.32+0.59 17.00+0.30 17.17+0.72 17.44+0.38 0318
HREW;  crude lipid 10.093+0.46 10.23+0.36 10.94+0.52 10.29£0.26 10.22+0.32 0.058
F%4r  crude ash 3.2140.12 3.12+0.09 3.09+0.13 3.14+0.12 3.28+0.10 0.407
JLA  muscle
K> moisture 76.28+0.78 76.51+0.18 77.01+0.42 76.94+0.45 76.45+1.44 0.542
HIZEH  crude protein 20.73%0.57 21.32+0.98 20.84+0.74 20.74+0.83 20.96+0.41 0.052
FAEWT  crude lipid 2.19£0.03° 2.1240.02° 1.98+0.04° 1.98+0.04° 1.970.04° 0.811 <0.001
F# 45> crude ash 1.26+0.04 1.33+0.05 1.27+0.03 1.37+0.04 1.41+0.05 0.328
*6 BAMPEZELTWNLHARGEALRAF TG SEMHN
Tab. 6 Effects of defatted Schizochytrium sp. in diet on the content of triglycerides in tissues of juvenile O. macrolepis
it H 45 group regrel?s;}(z)]rfJ z\ifl21ysis
tems DS0 DS3 DS6 DS9 DSI12 R P-value
JFFME mmol/L  liver 0.51£0.14°  0.34+0.05"  0.36£0.1® 0.32£0.06°  0.310.06 0.657 <0.001
LA mmol/L  muscle 0.91£0.26  0.92+0.19 0.88+0.10 0.95+0.15 0.88+0.09 None 0.818
M mmol/L  intraperitoneal fat 0.88£0.19"  0.76£0.08"  0.77£0.08®  0.65+0.04"  0.66+0.08" 0.662 <0.001

BAR PR SR bt 268G T 6 iy
MR 0% 2H I 8 5B/ o et , A58
%, WEMEM, MR EE>, rE A BAH
78 5% 6 B S T R4 (P<0.05), H40E
TEARTEW CRE, PRI E 3 2 (E T,

B HIAiidst 858 F &g
LueEM e Rem TR RE B S T AR N R T A
B P-4 T RRUAR S /N XS BB (P<0.05) (IR TIT) o

2.6 HBRSRETEE N % 8 E B &[RRI
BRI E IR

JFAEH, DS3. DS6 il DS9 4 MDA # & i
FAK T X R4 (P<0.05), JIT A Ab 34 i i oy
SOD 1M B F & TXTR4, MDA &R EFHKT
XFHEZH (P<0.05) (K 2).
27 HREDPHEBEBREENZSARARTEME
FERE B4R 4R AR XSt M = B E I FRIA

e, A AL 3E4H FAS, ACCI ) mRNA

F IR KT B T X B4 (P<0.05), SREPB-1 7
25 41 8] ) 26 3K K OF TG 3 22 5% (P>0.05), DSI12
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41 ACC2, ATGL () mRNA 7235 /K F i 2 &5 F Xf
8 (P<0.05); DS6., DS9 F1DS12 41CPT1, PPARAa,
HSL 9 3R iK K F- I 2 & T X R4 (P<0.05). 18 i
JE Wi b, DS6. DS9 1 DS12 41 FAS, ACCI i
SREBP-1 IR/ TX R4 (P<0.05); DS9
I DS12 246 ACC2. ATGL (¥ 32357K 50 & T-XF
I¥H (P<0.05), DS6. DS9 FIDS12 41CPT1 . PPARa,
HSL 12357710 35 5 T X B2 (P<0.05) (&1 3)

3 ik

31 HRPHETEIWNZHEAFEMNEKN
BEFNE A AR 57 B =2

ST A e — PR, T G R R A
P, $mK AN A KRR, EErH
Bl A 5 ) M 2 280 0 A A B K 7 e O T 4R
K. ARk, BT N T KR SR
W BFER R B, AR T B g L S Bk s 40 )
J7 FH T LA 5 el SR R0 DI 5 ) R, 34T 3
RS SGR™ M, {HL i f () FRi s N 2 X6 R 2K
A Sl ) A K A BT e Y, Xiao AR & B
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Tab.7 Effects of defatted Schizochytrium sp. in diet on fatty acid composition of muscle of juvenile O. macrolepis
gy A% - group regreEn// ii};lysis
fatty acids

DSO DS3 DS6 DS9 DS12 R P-value

C14:0 0.97+0.21 0.89+0.14 0.83+0.19 0.80+0.15 0.70+0.17 0.10
C16:0 20.78+0.49 20.36+0.78 20.42+1.50 20.21£1.48 18.39+2.25 0.607
C18:0 2.26+0.15 2.26+0.32 1.82+0.29 1.91+0.24 1.71+0.33 0.258
C21:0 0.25+0.03 0.34+0.07 0.29+0.05 0.3140.03 0.32+0.06 0.314
C23:0 4.19+0.38 4.13+0.48 4.04+0.49 3.56+0.64 4.67+0.49 0.270
> SFA 28.45+0.62 27.98+0.34 27.29+0.83 26.79+0.83 25.79+0.54 0.184

Cl16:1n-7 18.37+0.32 17.60+0.34 17.80+0.43 18.04+0.33 17.20+0.54 0.09
C17: 1n-7 2.91+0.65 2.45+0.58 2.274+0.21 2.57+0.31 2.70+0.32 0.186
Cl18:1n-9 8.50+0.54 8.78+0.97 8.58+0.52 8.74+0.47 8.90+0.78 0.641
>MUFA 29.78+1.15 28.83+0.44 28.65+1.27 29.35+1.18 28.89+0.31 0.917
Cl18:2n-6 18.60+0.21" 16.00+0.44" 14.35+1.04® 13.21+1.34° 12.12+0.69° 0.78 <0.001
C20:3n-6 7.43+0.51 7.40+0.32 8.74+0.52 7.7+0.41 8.80+0.56 0.629
>n-6 PUFA 26.03+0.78" 23.40+1.81° 23.09+1.04* 20.90+1.74° 20.90+0.46° 0.80 0.002
C18:3n-3 1.74+0.15 1.72+0.09 1.74+0.49 1.7540.09 1.82+0.13 0.602
C20:5n-3 2.30+0.13 2.38+0.09 2.45+0.13 2.53+0.11 2.61+0.19 0.020
C22:6n-3 13.36+0.50° 15.96+0.81° 16.98+0.65° 18.18+0.21* 18.16+0.33" 0.94 <0.001
>n-3 PUFA 17.40+0.29° 20.06+0.76" 20.77+1.14° 22.46+0.14" 22.59+0.20° 0.92 <0.001
>n-3 LC PUFA 15.66+0.42° 18.34+0.83° 19.43+0.71° 20.71£0.10° 20.77+0.20° 0.95 <0.001
n-3/n-6 PUFA 0.66+0.01" 0.85+0.04° 0.89+0.03" 1.07+0.03* 1.08+0.01° 0.88 <0.001

TEHESE FOHL TR a8 N 120 g/kg 1Y 050 7 i i 7] i 3%
[A% H: SGR., AR 5256 SGR Ml FCR £ 4% 41 2 [H]
TLRFEES, XReEm LA an 34Ky
SRS R, A S A — s WL R 2 2R
EL LU X 2 6 R A K T e A i, AR K
RN 244 A5G, G 2 ARSI R TR IR 120 ¢
PLEPY, ARSIl RS 1 i, AR KRR,
K20 2 [A] i) SGR Il FCR 22 53 A 2 NI B2 %
Bl A A 0 AR SRR DL . SRR R R S
(RIFE TR, U AR I A2 AT A1 R BRB5 14 38  fi g AN
o) el MR R A ) B O kY A i AR AR R
FKIR B fa i A A KO 56, 5% 1248 fa )
BIEA KRN 17.2~23.9 C, KEET 23.9 C,
A5 B S R FACY . AR, K REE
K IR HIZE (21.5£1.5) °C, HAARKKAERHZ
) 0 255, XU H R Pt (12%) 3
BN 8EH T KR, B IX B A
2 AR K . KA HLE I RTRLIR 72
SRR 79.58%+3.58%, 1.29%+0.07%, 17.37%+
1.39% Fl 1.76%+0.12%"",  FiA AL HEZH LA FHL g
0 5 B T T SR EREE HP ) A A
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el

TR R, DR S e XK sh B IR AR
BRI A G, H AR KR e AR
0 YR8 A 8 ] s Je B % A ok IR ) T Ak
AP [FFE, Kumar % % IAE H O s 2456
A 35 AT 44t ey MLV T I I v B U B o AR
4 (DS6. DS9. DS12) Z fif - H £ ) HSI B I AT
FE A2 U IE b B B O AR/ . 78 HAR TR s i 10%
2 15% HILL % (Porphyra dioica)(F) Wil il 12 Ji ,
] AR E ST, B MESI Y, R 2L
Hih =g (triglyceride, TG) FIIE X GG T H @5 i
HLNRTE T, TG A s LA ROR A 1) & 2R
BB AR S it AR 43 A B2 TR RIS g 1
TG F MR R TR EEE TS A ES
DHA. Todorgevié¢Z:“! % #L7E H AR rF 43 /il DHA 43
PROCPY P 21 J&] 5l 2 AR IR iy L8 h TG
T XU T DHA XS e A s e i &
Bt 2 MpOT USRI, — R T W R R S R
H4 B (AMP-activated protein kinase, AMPK) i ji,
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Tab. 8 Effects of defatted Schizochytrium sp. in diet on fatty acid composition of liver of juvenile O. macrolepis
JIG IR #LH/% - group regre?gnﬁ Jjglysis
fatty acids

DSO0 DS3 DS6 DS9 DS12 R P-value
C14:0 2.75+0.52 2.30+0.59 2.32+0.39 2.45+0.07 1.95+0.41 0.232
C16:0 26.91+2.00 24.91+1.24 24.34+1.56 26.76+0.77 22.50+2.27 0.213
C18:0 7.52+1.04 9.20+1.67 10.02+1.56 7.85+0.85 8.47+0.56 0.241
C21:0 1.89+0.29 1.69+0.58 2.30+0.17 1.484+0.64 2.97+0.90 0.165
C23:0 4.17+£0.35 3.84+0.42 4.53+0.69 4.84+1.02 4.80+1.04 0.205
> SFA 43.23+1.45 41.94+0.65 43.51+£2.49 44.16+1.85 41.79+0.97 0.681
C16:1n-7 5.71£0.40 5.03+0.54 4.79+1.01 3.97+0.39 3.63+0.57 0.698 <0.001
C17: 1n-7 0.67+0.14 1.36+1.05 0.69+0.23 0.29+0.07 0.90+0.07 0.854
C18: 1n-9 6.38+0.47 5.71+0.14 5.83+0.37 5.494+0.19 5.68+1.27 0.760 <0.001
>MUFA 12.76+0.74 12.10+0.86 11.31+0.87 9.75+0.29 9.21+0.99 0.725 <0.001
Cl18:2n-6 37.37+1.84 36.34+0.76 34.61+1.42 31.36+1.38 30.98+0.81 0.89 <0.001
C20:3n-6 2.26+0.24 2.58+0.46 2.28+0.28 2.30+0.26 2.13+0.32 0.267
>n-6 PUFA 39.63+1.88 38.92+0.38 36.89+1.60 33.66+1.14 30.98+1.01 0.89 <0.001
C18:3n-3 0.89+0.17 1.13+0.33 1.34+0.54 1.86+0.31 1.21+0.49 0.193
C20:5n-3 0.37+0.08" 0.37+0.04° 0.40+0.03" 0.55+0.03" 0.83+0.05 0.87 <0.001
C22:6n-3 5.49+0.19° 5.90+0.41° 7.95+0.37° 9.55+0.21° 12.81+1.02* 0.98 <0.001
>n-3 PUFA 6.38+0.03° 7.02+0.10° 9.29+0.28" 10.42+0.52° 15.02+1.49° 0.97 <0.001
>n-3 LC PUFA 5.49+0.19° 5.90+0.41° 7.95+0.37° 9.55+0.21° 12.81+1.02* 0.98 <0.001
n-3/n-6 PUFA 0.17+0.01° 0.18+0.16° 0.26+0.02° 0.3120.04° 0.49+0.06" 0.73 <0.001

PR £ TE 4 B A R AL (acetyl CoA carboxylase,
ACC). JEMi R & BT (fatty acid synthetase, FAS)
B g AL R s WA =3 PRI 2 3 o 1
Rl B A, WHIENRE A AR, N TG 1
W, fEUERR T i, PUIARRE DT U E R
BRI NE 7 A0 M R NI R, e 22 8 1
FH £ 5 s B 105 2 R 2540 Sy BT P A, A AL B2 B
A7 TATRE PN 1077 240 S 1 SF- 359 T AR 88 I 2 /N T 5 R 4
(P<0.05). HHEHb, JrA b BRA SAL I AR (375 000
um® ) P AR 3 v T R, A AR
PRI AR ET, Rt SR AR A 1 A
B, Mz SRR RE VMG, HHR
T Y i BT Bk RE R o 40 A S LR BRI R B i T BT
20 TG S UIRAEM MR IE iz ™, 285 H
FH 0 13 e B 05 R0 U 2 2R 485 4 B R 485 SR E S T
LR TG M e S5 5, 3 150 B S5 A i ] G
WAL I 0 s 2 2L BB &5

W, WIEIRRE A KRR, aalhi
HERG BT oA . ARG BTG s s T B D A B E T
FHIE ARG G RN IR A B A e s 2 5 X —ad
W ARSI AU IR 5 R R R A K
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FHOCEE DR 1 287K 38 R, IR R I 4 ik 1)
PR RBKFEE LI, WTES DS E &
DHA 1 ¢, 7ERVUFEERY B9 & 3, DHA 7]
P04 PPARBAI FATP(I i BR ¥4 AL 2 1) By #R k™,
WAk, e AT R A A AR HERR MR B AL,
i an . 1% 87Nk s a] fig 3F 4 8 (Plecoglos-
sus altivelis) NGRS, BEACHLIA IR I 7 &2 F R
F T T AR

3.3 HIRPREERENZHARE MR
£ p AN AN P B A B 2 R i B B R2 M

H RS 18 1 J 1 4L B 552 £ 44 1 19 9 07 T 41
B, AT AR K 2k 28 A Bl
AR DHAYY, FESLgrh, HRR RN
T8 A% R ZH LA Y DHA & 535 13.36%, X
ARE S H R A a2 A L, ki,
Bl H O e S K T, 28 AL
. HPREAIAE R G P ) DHA W35 7, Ui
#HFY n-3 LC PUFA A &b 3 FU7E 2% (1 W gk
W, kDS AR N 2 6% 4 H iRk n-3LC PUFA
() v A B TR AR T BRI . AR R, B
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Tab.9 Effects of defatted Schizochytrium sp. in diet on fatty acid composition of

intraperitoneal fat of juvenile O. macrolepis

EVEF2n
Jg TR #/% - group regression analysis
fatty acids 2
DS0 DS3 DS6 DS9 DS12 R P-value
C14:0 3.37+0.46 2.82+0.30 3.16£0.38 2.99+0.21 3.17+0.20 0.421
C16:0 27.68+1.03 25.49+1.08 30.6242.19 25.97+1.64 24.4642.70 0.795
C18:0 19.400.66 17.08+2.31 19.80+1.24 17.60+1.93 15.04+0.56 0.80
C21:0 1.68+0.17° 2.9140.22° 2.64+0.26" 2.33+0.22° 2.08+0.21° 0.71 <0.001
€23:0 2.07+0.21 2.14+0.73 1.88+0.16 1.63+0.08 1.94+0.16 0.72
YSFA 54.19+0.66° 50.45+0.54° 48.1143.79" 45.53+1.43 40.610.45° 0.824 <0.001
Cl16:1n-7 7.32+1.24 5.54+0.57 8.4620.78 6.800.16 6.2120.29 0.668
C17:1n-7 0.44+0.09 0.54+0.12 0.35+0.37 0.36+0.31 0.57+0.08 0.675
C18:1n-9 0.35+0.09 1.3540.11 0.620.3 0.63£0.11 0.58+0.11 0.250
YMUFA 8.11%1.19 7.43+0.79 9.4240.26 7.79+0.46 7.36+0.22 0.284
C18:2n-6 30.95+1.19 34.710.99 25.143.3 34.52+1.79 32.10+2.68 0.750
€20:3n-6 0.47+0.07 1.31+0.33 0.32+0.13 0.25+0.06 0.14+0.09 0.05
¥n-6 PUFA 31.42+1.18 36.011.22 35.4242.28 34.771.75 32.2442.62 0.843
C18:3n-3 2.48+0.30 2.64+0.18 2.8140.62 2.45+0.30 2.6140.17 0.347
€20:5n-3 0.27+0.03° 0.29+0.06" 0.3740.04" 0.47+0.07" 0.53+0.03° 0.674 <0.001
C22:6n-3 3.80+0.35° 4.45+0.43° 4.84+0.26° 5.45+0.29° 6.09+0.09° 0.98 <0.001
¥n-3 PUFA 6.28+0.43° 7.104£0.22° 7.6540.21° 7.9140.13" 8.71+0.08" 0.98 <0.001
¥n-3 LC PUFA 3.80+0.35° 4.45+0.43° 4.84+0.26° 5.45+0.29° 6.09+0.09° 0.98 <0.001
n-3/n-6 PUFA 0.19+0.02 0.20+0.02 0.22+0.03 0.23+0.01 0.27+0.02 0.082
wn)
1.0 180 Z, = [T diet
C14:0 o ] = 200000 | o IJE AR intraperitoneal fat
05 [C1820°6 C18:30309). 159 £ v Eﬁ% liver 1
o= ) L & 4n—6 ® Al muscle
® S ¢21:0 S & 100000 | ~’
= 5 °C16:0 C18:1n—9 N &
HZ 0 : M qg 0t
1Y 3
&ER @) =
g _ 2
& 03 €23:0 S —100000 | %,
i C20:5n-35C22:6n-3 by v i
~1.0 C17:1n~7 0%~ 6.1 n—7 C20:3n-6 e
: : : : 2 200000 L—
-1.0 05 0 0.5 1.0 ~ S & OO
e NS N
BRI S8 S D
PC1 (48.05%) g
H¥1
actor scorel for analysis
@) REGR fact 1 for analysis 1
(b)
E1 ZEARENAR. iR, EEREHZERPERER (G2ERERIE D) BER S 71 (PCA)

(a) EES 1(PC) M ERH S 2(PC2) KA T # i B (b) H T 54K

Fig.1 Principal component analysis (PCA) of fatty acids (% of total fatty acids) from muscle, liver,

intraperitoneal fat of O. macrolepis and its diet

(a) Factor loading plot for principal component 1 (PC1) and principal component 2 (PC2); (b) Factor score plot

FE a7 B 0] DL A R AL AT B S SR il
( Ictalurus punctatus ) WJLA * ) n-3 LC-PUFA™,
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Tab. 10 Effects of defatted Schizochytrium sp. in diet on health index of fatty acid in muscle of O. macrolepis

p EYEFRN

TiH AU group regression analysis

indexs 2
DSO DS3 DS6 DS9 DS12 R P-value
FIKRRERELIREL AL 0.34+0.01° 0.32+0.01" 0.31£0.01% 0.31£0.01% 0.29+0.01° 0.684 <0.001
A TE % TI 0.30:£0.08" 0.27+0.02° 0.25+0.02° 0.24+0.02° 0.22+0.02° 0916 <0.001
R EE EfR %L WH 2.06+0.03° 2.07£0.02° 2.08+0.02° 2.13£0.03° 2.26+0.04* 0.930 <0.001
MAgFRE FLQ 0.15+0.01° 0.18+0.01° 0.19+0.01® 0.210.02° 0.21+0.01° 0.826 <0.001

[
S

=
3

a
é b S
2 1500 | be b
<3 1
F = 1000 |
'k
It
=5 500
[0}
£
0 L L L L J
0 3 6 9 12

ZLTH A BB TR NI %
addition levels of defatted Schizochytrium sp.
(a)
B 1 BRPEIETRER %80 R 6T AELE R SRS
1~5. FFREAN LSS 4 (n=3); (a) SAALIIAR (375 000 um?) P JFA0 A A B (n=3). Ji A B LB E bR e 2 R, AL ) 2 BER R 2 5 R 3%
(P<0.05), FHEIM
Plate | Effects of defatted Schizochytrium sp. in diet on the histology of liver cell in O. macrolepis

1-5. The histology of liver cells (#=3); (a) The number of hepatocytes per unit area (375 000um’)(n=3). All data are shown as mean + standard deviation.

Different letters between groups indicate significant differences (P < 0.05), the same bellow
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; DS3 @ 2
= 500
= .
EE 400 3
oz c b
IEE 300 ¢
MR E 200 + d
o
Ty
E 100
£ .
0 3 6 9 12
ST AL BB N KF /%
addition levels of defatted Schizochytrium sp.
()
BRIl BRPRER RSN S AR & FIEHRSEHNF
1~5. PR (n=3): (a) THRERE (n=3)

Plate 1]

Effect of defatted Schizochytrium sp. on the histology of mid-intestin in O. macrolepis in diet

1-5. The histology of mid-intestin (n=3); (a) The height of mid-intestinal villus (n=3)

1™, DS9 Ml DS12 4 LA H i) DHA Fl n-3LC
PUFA Z A JC i 35 25 5, ERH 2 8% 1 A LA
# FL DHA Wfie 1A R . 76 2B (Acanthopagrus
schlegelii) W)WY &k 8L, B4 H K h DHA L6
T, PR Y A A 2 TR R S T R
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Effects of defatted Schizochytrium sp. in diet on the growth, lipid metabolism
and health of Onychostoma macrolepis

XIAO Fenfen ?, SUNJian', JIHong', YU Haibo', DONG Wuzi'

(1. School of Animal Science and Technology, Northwest Agriculture and Forestry University, Yangling 712100, China;
2. Shaanxi Huagqin Agriculture and Animal Husbandry Technology Co., Ltd., Yangling 712100, China)

Abstract: The purpose of this study was to investigate the effects of defatted Schizochytrium sp. as a feed ingredi-
ent on the growth performance, lipid metabolism and health status of the indigenous fish, Onychostoma macro-
lepis. 0 g/kg (DSO0), 30 g/kg (DS3), 60 g/kg (DS6), 90 g/kg (DS9) and 120 g/kg (DS12) of defatted Schizochytrium
sp. were added to the five isonitrogenous and isolipid feeds, respectively. 180 Onychostoma macrolepis (9.00
g+0.25 g/ind., 12/tank) were fed and cultured in an indoor circulating water system for 56 days. The results showed
that: 1) There were no significant differences in weight gain rate (WQ), specific growth rate (SGR) and feed con-
version ratio(FCR) among the groups (P>0.05); 2) The condition factor (CF), hepatosomatic index (HSI),
intraperitoneal fat body index (IFI), and triglyceride (TG) content of liver and intraperitoneal fat in DS9 and DS12
groups were significantly lower than those in the control group (P<0.05); 3) The DHA content, > n-3 LC PUFA (n-
3 long-chain polyunsaturated fatty acid) content, n-3/n-6 PUFA ratio, cholesterolemia index (h/ H) and lipid qual-
ity index (FLQ) were significantly higher than those in the control group, while the atherosclerosis index (AI) and
thrombosis index (TI) were significantly lower than those in the control group (P<0.05); 4) The mRNA expression
levels of fatty acid synthase (FAS) and acetyl-CoA carboxylase 1 (ACC1) in the liver of all treatment groups were
significantly lower than those in the control group (P<0.05); The mRNA expression levels of acetyl-CoA
carboxylase 2 (ACC2) and triglyceride hydrolase (ATGL) were significantly higher than those in the control group
(P<0.05); 5) The activity of superoxide dismutase (SOD) in the serum of all treatment groups was significantly
higher than that of the control group, and the content of malondialdehyde (MDA) was significantly lower than that
of the control group (P<0.05). Studies have shown that adding 90 g/kg of defatted Schizochytrium sp. to the diet
may significantly reduce the accumulation of abdominal fat and liver fat in Onychostoma macrolepis by affecting
the expression of genes related to lipid metabolism, and improve its muscle nutritional value and enhance the
body's antioxidant capacity.

Key words: Onychostoma macrolepis; Schizochytrium; DHA; growth performance; lipid metabolism; nutritional

value; antioxidant
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