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HE: B0 A TR o BN E A T g# 3T F 4 DHA & &A% 1 6 & e 3t
JeftE R g EUNR > ZaRoMOERERT, B &Ea AR, KRLELEW
FHMAKBER. I RREAORT A GBS DHAN A A TR MR T FERM
EPA R H AL, LB & 5 A% A% 0 AR A R £ & [(22.70 g+0.80) g]49d, 47! ML
# i (F-O); # i % g (S-O); #% iy # JiF (DHA) : EPA=3 : 2(SE1-0); # i # ¢ (DHA) :
EPA=1 : 1(SE2-O); EPA(E-O) # {5 4174 # # 0.52% n-3 K4 % 1840 fig i B2 (LC PUFA),
ZRETOHER (WG). 4 £ KFE (SGR) KAEH % % (FCR) £4 A E#H £ 7; @ S-O
AARAEEELSELZSETEOH; @S-O4 4. DHA 4 & 8 # 5 T F-O 4. SEI-O
HFEB-O4; BRI EL LR LEELZR, SE204 bW RIEHXLES
T F-0 40, S-O 41 fn SE2-O 4 JE [ B fn 4 45 & Z (X T F-O 4 ; B E-O 41ty i& Ji2 Jig i 40
ML #F AT F-O 4 frn SE1-O 41, FH H i = B A B (ATGL) #2545 48 Bt 4 # B¢ (CPT1)
BROKFRETHE; AT IENG® X 1ef 6 (FAD) % X K FEEO4EFETS-04,
MR IEK B BLO) ¥ F AT ESOHUREETH. XKW, AATEBE MR
EPAfE flxt ¥ £ K. n-3LCPUFA & E R BRI A R KL L E ¥ . (XL EPA J n-3
LCPUFA kF B, 2 MBI AL M AKBIBRNANEENEE. ORFEATH
DHA £ U 5 WL & & LC PUFA 8 ¢ /. A xt T EPA, E & 7 4 ¥ F % DHA, 4 = H 7
DL M Rl B4 7E 5 v, T G % B 1R EPA.

KR Ea; WATE; EPA; K4 £ T f0 g iy i

hE D S: S 963

2 W A% ¥ (Schizochytrium sp.) J& B B ]
(Eumycophyta) Bl 5 49 (Oomycetes) 7K % H (Sapro-
legniales) % % 4% 7 B} (Thraustochytriaceae) , J&—
KM . BROE MG N, PR R ar i
B A T Y B A R R B IR BT, 2 4 i
TR 55%~75%, HZ R AEMARNIRR, DHA

Kim HE: 2020-09-25  f&EIAHA: 2021-01-31

BN - 85 R R A8 E KL IR (2019YFD0900200)
E—1EE: WEE (WA,
BIE1EE: &4, E-mail: jihong@nwsuaf.edu.cn

https://www.china-fishery.cn

K= S E = 5B, E-mail: 1625396735@qq.com

ERFRERRD: A

A7 b 49%%7, S E A7 i 29 % K 4y 1.49% . K4
9.79%. IR 15.49% . K E W 29.26%, %
HFEEM Mg, Ca, Na, Fe HFILE, & FMls.
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FP NG A b SR BOR R B i A,
A= T BE AR A IR 25 2 Fh L R

H HIT G T 2458 A i xf £ 28 A4 K R & s
PR A 9T F A R AR K M, TR K AR G
W5 A 4l 2450 A 3% 3 A = /K P DHA,
Bk = EPA, AHFGEHE M, LLRGE A deAE it iR
PRI, 33X 2 IR 7 1R 8 AN P-4 2 i oK 7 sl A
KAZ B —DWTE R, Fan, R 25 1 5%
3 FICH B8 (Crypthecodinium) 5 AR TR BE A 1) £ 3
AR WA I, 43k 08 (Sparus aurata) W) BY,
W38 AR R R R D RE A JH AR 1K 32 ) 3
M, AR TR AR 4 R I 8 I ST R A AR K
BB R R ] R A A B 50% 1Y
101 31 B 3 A6 52 W i 8 (Lateolabrax japonicus) W4
1K, (H5E A i 2 BH A5 B 4 K< ', DHA
M EPA TEJH 7 S AR K MERE . AAr . R .
FOhE A D RE A 5 T BAT HE AT, B
A KA WFSE 2 W] DHA 1 EPA [ H i K 171 2t
(Micropterus salmoides)®™ . i fif (Epinephelus coio-
ides)” . M (Acanthopagrus schlegelii)!'” FIK P4 v
fit: (Salmo salar)"" %5 ) H K RIS A A & 224E
FI, Hfif DHA Fl EPA 1A YRRy S
TE R £ (Ctenopharyngodon idella) J7 11, WH5ER,
T} DHA/EPA LY R 7 4.93~0.21 X B ff1 &)y 1 (1) /1
Ko BB E BRI B W M2

R PR 7 o e e (IR OK SR B R, 2019
AEFRRR ] 5533083 t, 5 A IR K IR GE 7 R
18.36%", I, FAf A i R EC A TR
T AR P ORI D, R RE A B 1 IR G X R
SREE TR AR AR KU, H 5 mUE SRR
05 S G B A R LA RS O, S TR A Y
A BRI SR I RICR Y, — Ay, B4l b AR
Vi 7 1% W3R LAFI 0.5%~1.0% I FR AR o-LNA
W 0.5% n-3 KEEZ A AR iR (LC PUFA)'Y,
LT A n-3 LC PUFA A 411 i) 55 o0 AT e e s
[ 3 B U AR RN i & LG ) SRR AR LPL 3R 3k F
FEUS, X B4 3 n-3 LC PUFA ZKFROBF 58 211,
B H AR PR N 0.52% n-3 LC PUFA ] i i i £
AR, RN TE L S S Be . B2 s s A
=R

T £0 3 H AN = B HL B IR B i T LT
H5 % LC PUFA Y ol e Tl &l 7 il 9% 38 58 53 1l
FHAE K 7= )k v A A B B, AR S % e LA
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S5 A e R A o ) AT SR R A B, R4
7 N A ey N N O RA ol NN (i [ WU o
RS i ST A P ORI R R AR, AR S A e SR Atk
e, B L5 A A AR WO AT AR P EPA N TR
fi HAR Y, — 20 IR 5T A A B2 7 R AR
Ak S n-3 LC PUFA 1YME— SR, /A
WEERCAR EPA ffi ], IR 4R 584k DHA Fil EPA
Xof #E A LA A Y n-3 LC PUFA HLI A 520

1 MRS T

1.1 SIS RARR

Fic 5 4145 A e 0O, S LM A RS M
il (DHA : EPA=2 : 3; VLI LH kA bR 5%
AT, R BN (7 SCR AR B &
39.72% DHA, 8.9% DPA) i Ll 42 i I 17 A< BE A=
VR A BRA B HE, KSR EPA W H VL9548 G
By ik A PR B AT 2 A o AR AR S 56 = i A
FYLER, WE H M n-3 LC PUFA 7KF- 4 0.52%, 4%
LA (F-O); #H (S-O); #il DHA : EPA=2 :
3(SE1-0); ¥ Wil DHA : EPA=1 : 1(SE2-0); EPA
(E-O) $& L 17k} P 19 0.52% n-3 LC PUFA, 541 H
#e n-3 LC PUFA B2 E 40 0.50%. T A skt
MRS, IAMEESIE A 70% WK, %S
I& HLH] B ELAR 2 mm A9 0RE, B T R B B
b3 K T4 24 h, #E-20 °C RAFFREF o TaDRHES 5
FUH B AT W32 1 Fram, ARl 0 i 4H i an ¢ 2
Fi7m

12 ZR&RAFEE

F A g0 f0 PG 0 AR MR R A % R K 7 it
95 7 Y o PR L o B ZE K U M (4.75 mx1.65 mx
0.80 m) M 4] M XF FR 20 1) b7 77 28 do WLk 24 h
Ja, PRI ARAL . f@ Y 216 B 4 fh (1K T &
22.70+0.80 g) B HL 43 2 16 P 7K &R e 9 i (225 L,
d=0.55m, h=0.5m), ¥4 15 NELHENL R 5 4, H
H3NEE, BOERE 2EM, (#8240 EX
TEIR S, B 2H B AL o3 I A PR S 2 0 e R
49 d. 32050 1A [) B R 1 B 4R R 3 k43 R 8:30,
12:30, 16:30. a4 HIACR FIBE S M IFK, b
JE A 12 W12 he B H MK E, JRidskile
FET- i 55 T MU (R K B e 5 R F K
1 (26.50+0.70)°C ; ¥4 (7.70+0.55)mg/L; pH6.89+
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1644 Koo 45 %
1 AREAFRERES (RTEH, gke)
Tab.1 Formulation and proximate composition of the experimental diets (g/kg DM)
WiH 0.50%n-3LC PUFA
items F-O S-0 SE1-O SE2-0 E-O
JFRl ingredients
MM casein 320.00 320.00 320.00 320.00 320.00
HfR  gelatin 80.00 80.00 80.00 80.00 80.00
WK dextrin 280.00 280.00 280.00 280.00 280.00
MELTHER  cellulose 199.00 199.00 199.00 199.00 199.00
W lard oil 3.00 9.30 11.23 10.85 12.70
KEJH  soybean oil 15.00 15.00 15.00 15.00 15.00
TLRRI  linseed oil 15.00 15.00 15.00 15.00 15.00
K& refined fish oil 17.00 0.00 0.00 0.00 0.00
2T HEREE  stearin oil 0.00 10.70 4.65 5.84 0.00
fik% EPA refined EPA 0.00 0.00 4.12 3.31 7.30
P RL YRS carboxymethyl celluose 20.00 20.00 20.00 20.00 20.00
VBATHLEE  mineral mix? 40.00 40.00 40.00 40.00 40.00
BAAER  vitamin mix® 10.00 10.00 10.00 10.00 10.00
BHT 1.00 1.00 1.00 1.00 1.00
Mit total 1000 1000 1000 1000 1000
HEMES  proximate composition
FHLEE 1R /(%, N%x6.25) crude protein 35.83 35.74 35.81 35.77 35.80
FELIE /% crude lipid 4.85 4.86 4.85 4.84 4.86
7K53/% moisture 12.10 11.82 11.90 12.30 12.05

e 1 R R Y 39.72% DHA, 8.9%DPA(% A MEHIR): 2. R-A TCHLEEL (2 30/100 50 FlRL & I ER BH4H 0.159, BRERES 18.101, IR —4
5 44.601, FALA 0.07, BREREE 5.216, HiERH: 0.007, FALHT 16.553, BULAT 0.014, TRERE: 0.192, WEER 44N 13.605, THERHA 0.006, BiF:
1 0.075, FFIERREL 1.338; 3. IREHAER(E W00 FRN THILERS, ZHEERS, HEFRA2500IU4EFKRELWIU, 44FK D324001U, H
B4, MR 4, FH0.01, EYEK 0.6, ZIRE 10, MR 1.5, MK 20, LA 200

Notes: 1. Stearin oil contained 39.72% DHA, 8.9%DPA (% of total fatty acids); 2. The mineral mix contained (g/100 g of diet): KAI(SO,), 0.159;
CaCOs, 18.101; CaH,PO,, 44.601; CoCl, 0.070; MgSOy,, 5.216; MnSO,-H,0, 0.070; KCI, 16.553; KI, 0.014; ZnCO3,0.192; NaH,PO,, 13.605; Na,SeOs,
0.006; CuSO4-5H,0, 0.075; Ferric citrate, 1.338; 3. The vitamin mix contained (mg/100 g of diet): thiamine, 5; riboflavin, 5; vitamin A,2 500 IU; vitamin
E, 40; vitamin D3, 2400 IU; menadione, 4; pyridoxine HCI, 4;cyanocobalamin, 0.01; biotin, 0.6; calcium pantothenate, 10; folic acid, 1.5; niacin,
20;inositol, 200

JEMFALZ, MmN, FRaed K% (SGR).
W H R (WG), T kL A % (FCR). N JIE 45 £k
(VSD). AEWKEE (CF). 'B48% (K1), &L (HSD).
T4 %5 (ST) . B B 7 4 K (IPFL) L) & s 445

0.31; 2% (0.09£0.05) mg/L.
1.3 HEXE
i SR A ok R A 22 R P L R MRORR B K A

PP R SWNERIT, SEIYHEAS
RN . RAERT, FAYLE 24 h )5 MS-
222 (50 mg/L) JREE, B~ HL A (AR AR 3 IF I <
JE o MWREANGIEL 2 B fE—20 °C {47, WS R
fife ) AR P E L ERE . ORFAE R DL R R
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B RIW) M4 DL ARG BRI . R E FIE.
IPF. Jii FLILIA) i 47 7 —20 °C, Kb 2 iy
I I £H R i [ A2 7E 4% 22 58 S 80 1 T4
LUEWEE . SIS B A S R I BRI AL
AR A7 7E—80 °C T2 24 3 R 38 5
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=2 HBWERRER (% 2ERHER)
Tab.2 Fatty acid composition of the experimental diets
(% of total fatty acids)

He i M5l group
fatty acids FO SO SEI-O SE20 EO
C14:0 017 017 049 047 048
C16:0 1103 1891 1393 1467 1053
CI8:0 657 619 687 683 883
SFA 1778 2527 2129 2196  19.84
C16:1n-7 124 042 050 050 0.6l
C18:1n-9 2474 1934 2358 2343 2533
€20:1n-9 059 034 036 035 020
MUFA 2658 2010 2444 2428  26.14
C18:2n-6 2267 2254 2249 2251 2241
€20:4n-6 078 029 0.0 009 0.8
1n-6PUFA 2345 2283 2259 2261 22.99
C18:3n3 2056 2015 1918 1933 1931
€20:5n-3 671 021 634 535 1103
€22:5n-3 059 220  1.08 118 0.00
€22:6n-3 432 923 418 529 0.68
DHA+EPA 1103 944 1052 1063 1171
DHA/EPA 0.64 4395 066 099  0.06
1n-3PUFA 3219 3179 3078 3115 31.03
1n-3LC PUFA 1163 1164 1159 1182 1171
1-3/n-6 137 139 136 138 135

VE: SFA, WHAENER: MUFA, HAMAAENIR:; PUFA, ZA4M
g il s LC-PUFA, KEELAWAIRNIER, FH

Notes: SFA saturated fatty acids; MUFA. monounsaturated fatty acids;

PUFA. polyunsaturated fatty acids; LC-PUFA.long chain
polyunsaturated fatty acids; the same below

¥ E A2 K R (specific growth rate, SGR, %/d)=
[In(ff A 34 5 )—In( 9] 1 51 /52 40 KA 100% ;

34 7 K (weight gain rate, WGR, %)=(K & —4J]
)/ H x100%;

1) B} %% 1k 2R (feed conversion ratio, FCR, %)=
v B AR

N +8 X (viscerosomatic index, VSI, %) =N
JUE B/ £ AR 5 < 100% 5

A 5 B (condition factor, CF, g/em’)={A Jii &/
A Kx100;

o E K P2 % 2 32 /) sponsored by China Society of Fisheries

B 15 % (kidney index, KI, %)="5 it # /{0 {4 i
H#x100%;

A LY (hepatosomatic index, HSI, %)= it &/
A 5T 1 < 100%;

JI4LHE 45 %5 (spleen index, SI, %)= fIF & /1 {4
Ji i x100%;

[ J g i 48 %X (intraperitoneal fat index, IPFI,
Yo) = i 11 fik /48 R 5 ik < 100% 5

W7 1K $8 %4 (relative intestine weight, RIW, %)=
i T/ A B R < 100%

1.4 EHED D

TRl . 2H R4 10 R R 40 2 IR AOAC
iy e R, Hodr, K43 150 °C fH iR T4
HEE, ML T (N%%6.25) & = LIRS &
g, HLEEN & & R KM, KRS S
B S 3R 550 °C AL 12 h i AE .
1.5 PERPERER K BERER BRSO

FHAADT - P JROULIA o IR H O o 9 B
B, A Wi AR T J2 ] 0.4 mol/L KOH-HY B ]
#ZP B 2mL XE K, R ERIREE
AR IR ATE L (L HER 7820a, ZHERRHE,
K ) FHATIE . B RIDIR 5 C AR (47015-
U, Sigma-Aldrich, Inc., St. Louis, USA) #f 17 % %
Ao S5 g5 B A AR I — Ak T BOR R A e
T, ARy E e E8., K
PR {5 B R iR it 5

By Ik ok FE 4 1k 5 %% (atherogenicity index, Al)
M A% T A8 %X (thrombogenicity index, TT) J& AR
% Ulbricht 5829 ffr ik Jr i 1158

Al= [C12: 0+(4xC14: 0) +C16: 0]/(n-3 PUFA+
n—6 PUFA+MUFA);

TI= (Cl14: 0+Cl6: 0+ C18: 0)/[(0.5xMUFA)+
(0.5%n-6 PUFA)+ (3xn—3 PUFA)+(n-3 PUFA/n—6
PUFA)]

JIEL [ 8 1fi1 GE 48 % (hypocholesterolemic/hyper-
cholesterolemic FA ratio, h/H) & R #& Santos-Silva
A iR Oy AR

h/H= (C18: 1n—9+C18: 2n—6+C20: 4n-6+C18:
3n—3+C20: 5n—3+C22: 5n—3+C22: 6n—3)/(Cl4: 0+
C16: 0)

https://www.china-fishery.cn
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%3 XZFEZEPCR3IHFT

Tab.3 Primers used in real-time quantitative PCR.
£ BRTS 3
genes accession number forward (5'-3") reverse (5'-3)
PPARa FJ623265 CGCTGAGGTTCGGATATTT ACGTCACCTGGTCATTTAAG
HSL HQ446238 TGGAACGTTACTGAGTCTGG AAGCGCACGTTGACTGG
ATGL HQ845211 TCGTGCAAGCGTGTATATG GCTCGTACTGAGGCAAATTA
CPT1 JF728839 GCATCCATGACACGTTTATTC GAAGTTTCTCTTCTCTCGTCTC
FAD FJ641974 GCAGTTCTACGGTGTGTTT CAGTCTTGGTGTTTCTCATAGT
ELO HQ637463 GCTTCTGCTGGACAACTAC GCGTCAGGAAGAGGTTATATG
B-actin DQ211096 GACCTGACTGACTACCTCAT CGAAGTCAAGAGCCACATAG

7E: PPARa. LY BHA RIS Z 4 ATGL. Hih =Fe/K NG CPT-1. WIIAHBE %R 81 HSL. BWORBUREIENES: FAD. JRITIR 10

FIf; ELO. fig iR 1t K i

Notes: PPARa. a peroxisome proliferator-activated receptor-a; ATGL. adipose TAG lipase; CPT-1. 1 carnitine palmitoyltransferase 1; HSL. hormone

sensitive lipase; FAD. fatty acid desaturase; ELO. fatty acid elongase

1.6 ZHAOZFIE

A WU R ) AR ¥ B Lin 5509 pr ik fg Oy ik
AT, FHHIRARKE M ge @, I
BEU) R el P AR E D R A R E IR, W
U] 2R R S IE B W UBE (Leica biosystems,
Germany) A8, fif H Photoshop (Adobe, San Jose,
USA) XTl/I\EH% 1S4 g 7 40 B R /N iR A T A
WA 5 DAEL MG HED,

1.7 HH=EES=NE

JiT B £H 29 64 H- 3l = g
W) TAREB 5 Pr i3 S AG

1.8 E[EFRESH

RNA #8H2 ‘?Z%F*F?DT'J%\ J %% 5% Al RT-qPCR
B 4 {3 7 Bk #E AT Y, R B CFX96 55 B
PCR Kl 2 55 . qPCREcmz{S%%, WG B 2P
B 95°C 3 min, BlJ5H 38 MEIHAY95°C 15s,
60°C30s, fix)5 M 65°C5s, PCR NG RMHY
AR AT B 2 54 LY B-actin [ CT
5, IR EMZE CTEMZEEILHAC, Wik
2R H SRR ) R aA Y, A
ST EI LR 3, VY E A BB A R
HABRA A

1.9 BEESH

BAE R A SE Y8R T 2% (meantSD) ik,
JH SPSS 18.0 %k 4 (Chicago, IL, USA) % %48 i#E 47
PA R J7 2257 . Duncan (K 2 55 H AR 56 4H (8]

https://www.china-fishery.cn

R T U R AR

22 5%

2 4

21 HBEFREHEMEINEME EPANESE K
4 BE K A 4 1 AR BO $2

£ 4 8) SGR, FCR, CF. HSI. SI. IPFI 2
SAREE(P>0.05), S-O ZHAY KT (KT F-0 41 (P<
0.05). SE2-O 4 VSI & E X T F-0 41 (P<0.05), S-
O 41 J SE2-O 41 I 45 50 o % Ik T F-O 41 (P<0.05)
(FE 4.

22 FETREMEMIMNEYE EPA N ER EH
%l 0EA )

Sk FLIE M KK 43 . LA A oKL S B

St AU E I =R A AR A A ) T 3 2
(P>0.05)o SE2-O WL /K 43 & & & (KT F-
O 4 . S-O %Ml E-O % (P<0.05), E-O 41 LA #l
E R EIT S-0 4 (P<0.05)(3 5).

2.3 ZUETFMECMINEY EPA X E & LA
FF Bit As R B2 28 AR K AL P9 A 7 B 1 FR 48 B R 820

P58 4 5k b R 41 JR M EPA 3T 3 & LA
BT IR BE By BR 20 A% 89 B M) TENLIA
C18:2n-6, MUFA, n-6PUFA, n-3PUFA, n-3 LC
PUFA } n-3/n-6 7E4% 41 [A] 34 JC i 3 2% 7% (P>0.05),
SE2-O 41 i) SFA % % = T F-O 4 (P<0.05). E-O
1Y BPA & 5 b 2 i T H A 3 20 5 3l il 9 41 %)
(P<0.05)(#:6), S-O 4 DHA SR EBEET F-041.

o E K P2 2 320 sponsored by China Society of Fisheries
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10 34 TBE R, & H AR 25 a0 i i BT /M IR EPA X B £ )y £ i 5 R ALK 1647
FAD. ELO A 32 3k K B At i 52
F4 FETFHEAINEYE EPA MEEE KR RENEHIKRBE T
Tab. 4 Effects of Schizochytrium sp. oil combined with exogenous EPA on
growth performance and biological parameters of grass carp
HH Ml group
items F-O s-0 SE1-0 SE2-0 E-O
K#/g FBW 30.35+1.74 31.03+1.81 31.02+1.35 30.69+0.46 29.84+1.58
WEX/Y% WG 37.97+7.88 41.06+8.23 41.02%6.16 39.51£2.10 35.63+7.17
FEEERKE/(%/d) SGR 0.65+0.12 0.70=0.12 0.70=0.09 0.68+0.03 0.62+0.11
TR /%  FCR 2.86+0.62 2.74+0.58 2.63+0.50 2.98+0.31 2.84+0.52
B3 /(g/em’)  CF 2.00+0.08 1.93+0.05 1.91+0.04 1.95+0.02 1.93+0.03
JF#A /% HSI 3.11£0.12 3.27+0.16 3.08+0.24 3.05£0.11 2.96+0.31
MIEFEHU% VST 16.79+0.49° 15.84+0.41* 16.20+£0.78" 15.62+0.67" 16.01£0.51®
MRNEFESU% ST 0.12+0.01° 0.08+0.01° 0.110.02" 0.09+0.01" 0.11£0.02"
Bk fEHr%  KI 0.310.02 0.28+0.04 0.28+0.01 0.27+0.03 0.31£0.03
s te%u%  RIW 3.06+0.42 2.4240.15° 2.64+0.36™ 2.49+0.09" 2.90+0.19"
JEWita%U% IPFI 1.24+0.02 1.33+0.06 1.33+0.21 1.3620.13 1.35+0.14

e BRSPS EZE . FAT ERRARRR 2R B3 (P<0.05), TR

Notes: 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

x5 BFETEMAEMAINEYE EPA ME & ZEMAK DI

Tab.S Effects of Schizochytrium sp. oil combined with exogenous EPA on proximate composition of grass carp

T H Al group
items F-0 $-0 SE1-O SE2-0 E-O
FFAE  hepatopancreas
Hih =5/(mmol/g prot) triglyceride 0.30+0.05 0.25+0.03 0.31+0.05 0.30+0.07 0.30+0.06
WA muscle
7K43/% moisture 79.36+0.48" 79.40+0.27° 79.09+0.66™ 78.55+0.35" 79.41+0.87°
L 5i/%  crude protein 20.78+0.28® 21.13+0.29° 20.82+0.29® 20.57+0.35% 20.26+0.25°
MW /%  crude lipid 1.61x0.39 1.54£0.20 1.66+0.92 1.90+0.46 1.93+0.72
4 whole body
JK43/%  moisture 75.37+1.30 75.52+0.85 74.02+0.42 75.10+1.21 72.68+1.14
FLIEWG/%  crude lipid 6.49+0.35 6.39+0.41 6.52+0.50 6.50+0.44 7.07£0.15
HK431%  ash 3.15+0.31 2.93+0.37 2.65+£0.24 2.90+0.11 3.04+0.20

SE1-O 41 Fl E-O 4 (P<0.05), SE2-O 41 1 E-O4l  3PUFA &3 & T H 4 (P<0.05), C18:3n-3, n-3
C18:3n-3 i #F 1% T F-0 41 (P<0.05). 7EHFHEH, LC PUFA 745 21 18] G i 3% 24 5% (P>0.05)(3% 7).

SFA 7£ SE1-O 41 fil E-O 40 . % i T Hifli 4l , fii Z 3H 7 3k b AR 91 R M EPA xF 3 @ LK
MUFA & # ik T H Ml 41 (P<0.05), S-O41 1y n-  JE My BRAE R I8 4049 % om B ik s B A Ak 35 4L
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1648 Koo 45 %
F 6 AT M AINEME EPA 3T E & AL A B AT BR 4B Ak A 22 0
Tab. 6 Effects of Schizochytrium sp. oil combined with exogenous EPA on the fatty acid composition of
muscle in grass carp (% of total fatty acids) %
He i WL muscle

fatty acids F-O S0 SE1-0 SE2-0 E-O
C14:0 1.47+0.68 1.76+0.26 1.58+0.29 1.32+0.73 1.79+0.29
C16:0 24.15£1.53° 25.43+1.23" 24.71£1.31% 25.82+0.33" 24.42+0.64™
C18:0 9.02+1.00 10.30+0.69 9.35+1.09 9.68+0.74 9.89+0.76
SFA 34.63£1.87° 37.48+1.76™ 35.65+2.39™ 36.81+1.40° 36.10+£0.96™
C16:1n-7 5.49+0.68 5.00+0.65 5.61+0.65 6.01+0.45 5.10+0.74
C18:1n-9 26.69+2.40™ 24.05£1.95" 27.32+2.70° 25.87£1.31% 26.48+1.80™
C20:1n-9 0.08+0.07 0.14+0.03 0.09+0.12 0.07+0.07 0.06+0.08
MUFA 32.26+3.11 29.20+2.53 33.0243.39 31.95+1.57 31.65+2.40
C18:2n-6 9.99+0.58 9.14+0.52 9.24+0.93 9.56+0.51 9.89+0.56
C20:4n-6 1.090.30 1.04+0.56 0.74+0.41 1.11£0.22 1.08+0.35
n-6PUFA 11.08+0.85 10.18+0.79 9.98+1.17 10.67£0.71 10.970.66
C18:3n-3 3.37+0.44° 2.63+0.56"™ 3.14+0.83" 2.21+0.35° 2.45£0.37™
C20:5n-3 4.74+0.27" 3.79+0.93° 4.24+127° 3.85+0.32° 5.57+0.97"
C22:5n-3 2.25+0.47° 3.14+0.86" 2.55+0.48" 2.69+0.16" 221+0.27°
C22:6n-3 11.66+1.18° 13.59£1.64° 11.42£1.50° 11.81£1.19® 11.05+0.73°
DHA+EPA 16.41£1.36 17.38+2.16 15.65+2.62 15.66:1.07 16.62+1.16
DHA/EPA 2.46+0.20™ 3.73+0.95" 2.80+0.53™ 3.09+0.53% 2.03£0.34°
n-3PUFA 22.03+1.38 23.14+1.79 21.34+2.31 20.56+0.98 21.28+1.59
n-3LC PUFA 18.66+1.82 20.52+2.35 18.20+3.09 18.35+1.22 18.83+1.37
n-3/n-6 2.00+0.23 2.29+0.33 2.17+0.45 1.93+0.16 1.9440.10

Al 7E 8- 1 7] o 22 5% (P>0.05), SE2-O 4 I ¥ TE %,
EHCTI WL T F-0 41 (P<0.05), S5 HAh4l o2
5 (P>0.05), fH [ B M JE 45 %% b/H 75 S-O 41 #
SE2-O 4 i Z % T F-0 4H (P<0.05)(3 8).

24 FBEREBEAINENYE EPA X E&EERR
AL ZSF RO M

i Fe 1 5 26 25 r B 7 40 e 1 R /N i 1 1-a0 T
/N o F-O 4115 I 4 ff i 2 /N T E-O 4 (P<0.05),
H5HAH KA 25 (P> 0.05)(&l 1-b),
2.5 HBETEHEMEINEMY EPA X E&ERR
HAOK B MEXEREKALRA FAD, ELO EE%*
ey op-All

MBS, 5 F-O0 fil S-O 4k, E-

https://www.china-fishery.cn

O #1 () ATGL il CPT1 mRNA /K F i & T i (P<
0.05); HSL Fl PPARa 7F 5 21 [8] TG Wb 2 14 22 55 (P>
0.05)(Kl 2-a). FENLAIZHEZH, E-O 41 FAD mRNA
KB E T S-0 4H (P<0.05), ELO mRNA 7KF-AE
S-0 4 i & T ¥ (P<0.05)(/& 2-b),

3 iR

3.1 ZEREME{AEINEYN EPANERE K.,

S0 EA

AWFFEH, A M RE A 45 41 R G B M 2
S, Z4BE AT B AT DL 5E 4 R AR A g Rk £ Ol
i H O Hf n-3 LC PUFA 5, Jo7 AN TR IS I
EPA, 7E IR MR MM EH|, &
DHA 1) & 58 47 3% ¥ %F B 58 )1 8§ (Platichthys ste-
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10 ] TR, % HR DR Sl AL AME Y EPA X 5510 &) 0 i 7 FR 4 1649
FAD. ELO 3K 33k K B G Ay
7 HEITEEEMEAINENE EPA 3 E & BT A RS AT BS 4B Ak B 2 0
Tab. 7 Effects of Schizochytrium sp. oil combined with exogenous EPA on
the fatty acid composition of hepatopancreas in grass carp (% of total fatty acids) %
He e JHME  hepatopancreas

fatty acids F-O S0 SE1-0 SE2-0 E-O
C14:0 2.35+0.10 2.12+0.31 2.33+0.26 2.43+0.14 2.31+£0.31
C16:0 25.93£1.29° 26.27+0.58" 28.80+0.59° 28.95+0.95° 27.64+0.07°
C18:0 7.27+0.70" 7.61£2.10™ 9.5240.27" 5.84+1.36° 14.08+2.77°
SFA 35.56+1.99° 36.20+2.22° 40.65+0.71° 37.22+0.77° 44.0342.49°
Cl16:1n-7 10.99+0.60 10.61£1.23 10.36+1.06 11.22+0.64 10.65+0.45
C18:1n-9 45.07+0.83" 44.41+2.14° 41.13£1.15° 45.88+1.18" 39.33+1.71°
C20:1n-9 1.19+0.41° 1.24+0.38" 1.05+0.27® 0.62+0.06" 0.64+0.26"
MUFA 57.25+0.47° 56.06+2.09° 52.53+0.70° 57.72+0.71° 50.61£1.71°
C18:2n-6 3.32+1.06° 3.35+0.74" 2.81+0.64" 1.63+0.12° 1.79+0.52°
C20:4n-6 0.10+0.03 0.12+0.03 0.12+0.02 0.09+0.01 0.09+0.04
n-6PUFA 3.42+1.04° 3.46+0.76" 2.93+0.66™ 1.72+0.11° 1.88+0.56™
C18:3n-3 1.90+0.33 1.85+0.31 2.05+0.29 1.71+0.47 2.01+0.07
C20:5n-3 0.45+0.09* 0.24+0.07° 0.39+0.06" 0.24+0.02° 0.30+£0.08™
C22:5n-3 0.17+0.07° 0.42+0.18" 0.29+0.07® 0.27+0.04® 0.15+0.03"
C22:6n-3 1.25+0.18™ 1.76+0.64" 1.41£0.27" 1.13+0.18® 1.02+£0.27°
DHA+EPA 1.70£0.25® 2.00+0.70° 1.79+£0.21° 1.36£0.19® 1.32+0.35
DHA/EPA 2.83+0.48 7.27+0.84 3.77£1.27 4.72+0.43 3.43+0.26
n-3PUFA 3.77+0.64° 4.28+0.90" 4.14+0.50™ 3.34+0.41° 3.48+0.39™
n-3LC PUFA 1.87+0.31 2.07+£0.44 2.08+0.27 1.63+£0.23 1.47+0.38
n-3/n-6 1.15+£0.27° 1.27+0.31° 1.49+0.49® 1.95+0.29* 1.944+0.49"

*R 8 BFUATEMAEMINEM EPA X E AL P s AT ER B R AR BRI 200

Tab. 8 Effects of Schizochytrium sp. oil combined with exogenous EPA on health index of fatty acid in muscle of grass carp

TiH items F-O S-0 SE1-O SE2-0 E-O
NIRRT R AL 0.46+0.01 0.52+0.04 0.48+0.05 0.49+0.05 0.49+0.02
MARTERAEE TI 0.39+0.02° 0.4120.02% 0.41+0.02" 0.43+0.02° 0.42+0.02"
JIEL T AR /H 2.34£0.12" 2.12+40.15 2.24+0.20" 2.11£0.11° 2.24+0.09™

e AL FIBKERERELIR L TI MBI RRIE R h/H. I A4 H

Notes: Al atherogenicity index; TI. thrombogenicity index; h/H. hypocholesterolemic/hypercholesterolemic FA ratio

latus) @) 0 1) 2N 25 00 T SR80 A 8 0 R
EPA H 3 400 3K 35 43 TR & 2l AU sk e 4, HL
a4 AR RTE B3 28 Y T A AR AT K
P 2R Y AR K PERE AT BE 5 B & A7 F &7 9 DHA
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F P ST B BE)I 8 DHA F1 EPA H ] i BF 5
Wk B, DHA XF BB 85 &)y fa A K P BB 19 4 it
YE LT EPA™, Trushenski 5% 417A & DHA 5k
a] L B 4 M (Rachycentron canadum) = 1 .
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Fig. 1 Effects of Schizochytrium sp. oil combined with
exogenous EPA on the lipid accumulation of

intraperitoneal fat in juvenile grass carp

(a) Morphology of intraperitoneal fat (haematoxylin-eosin staining, ori-
ginal magnification 200x). (b) Adipocyte size in experimental fish. Val-

ues are means+SD, of three replicates.Values with unlike letters are sig-

nificantly different between groups (P<0.05), the same below

WAH BT 2B, 5 DHA 21 11 52 56 fa A= K e b,

BTG A B, & 8, DHA Hb EPA
AEfe Uk R 2SR K, 1 & i EPA 5 & 1

TG DHA 5 4B 23 X A7 HE 19 B 28 D i ™ A=
T A5, DHA 1] B8 & ¥ 35 5 Ry % 4 19 1F
FHE™O AR ST R E-O R WL ML 1 3 i B
KT S-O dimffig 5 bk HAHE, 554, BT H
WY L EPA i LC PUFA SR JE I, 98055 5 i
LYK ke A SRR T ER 1 B S fkBE T, A
VS 1 BE 105 78 41 2110 4 43 e BE 1 AL RE R
FHCE-O 4L IR 412U R B 11 o e A
UeAh, MR R KSR R AR E,
ol DU B e A B I A K R B IRAERY, M5
FE S-O 41 E LT F-O 41, M i fe ek i 4
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G RE A B AR K R B U7 H 245 A o 2
. S-0 41} SE1-0 WA +E 45w E LT F-0 41,
AT HE 5 00 T A AR T A OGP, I £
AIREINEE T M 38 i I fe i £ 4

32 BT EMEAINEMY EPA SFE &R A
K BT B B B BR 4B AKX X AL FAD, ELO % [F 3%
AL

A=Wy X LC PUFA )75 3K i 5 3 LC PUFA
HIEES . B A A FER R A L, R
JKRE B 025 A] LK CPUFA #4L i LC PUFA, fij
MK AN B e S slizie IR 5™, MR R
AH B LR TT BE LA G At 2% £ M IR K
f) LC PUFA & 1liig /1™, B iz 221 Fl g (FAD)
1f 2 LC PUFA & mat B2 v %) B o il 2 #54E H
Jig 195 R A A< g (ELO) W2 55 A 1 i 1y T Bt e 144
#EK, FAD Ml ELO 7£ LC PUFA HJ& i h e % 56
SEFEF, FAD Ml ELO 76 M AR 9 45 5% v e R
[F] 128 22 ] (9 22 5 L 8K ™), & % CsPUFA
P FE A2 3E LC PUFA & G BERG 10 56 5%, T
B & LC PUFA [ a0 jiiy D) 362 41 ) 4 Y (HL 1A 4%
LC PUFA & AL 6 AN v A8, 400 55 48 4 i
Bt = 403l & & A9 n-3 LC PUFA A 5%, Wb T %t
LC PUFA 5 B LA S AH O g 5 B 114 3R 35 0 i 1k
) B B 4 ) 7

TEABFSEH, FAD mRNA /K78 E-O 4
FEHT S-041, S-O041f ELO mRNA /K &g &
i F F-O4l, SE2-O 41 F1 E-O 4, FWLEARLLK:
HAA R EHERNTRRROELT, HR
w45 H R [ 20 8 19 n-3 LC PUFA £ 1l FAD
FIELO B3, H#EM{L L) DHA 4 H Kt LC PUFA
K U5 2308 55 FAD K ELO (936, B H oK b
7KV DHA I fig 29855 ML & i LC PUFA f91ig
XA REJE A O S-O 41 H M & & DHA,H B AT
B A AR R DHA, R I B 40 25 1 1l R 4E
KBRGEHIE & T Km0 6l . [FAfE, Thomassen 4561
DL SEAT 3 A0 a3 S X BEAH SR +EPA FISEFF
il +EPA+DHA A AL B2, 5 1 K P8 7 LC
PUFA £ it 72 v 1 25 1 Fn B 4B K 2 )V 52 DHA
], T JE EPA, Betancor 5™ 7E PG 1)
WFFE A B T RRE S50 . o 6 i iF 5 v
FH = 2 1Y DHA &9l FAD JE 5 1) 32351,
TERIH B h b & B, B % DHA/EPA LY
Th, e A KA T A, AR
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Fig. 2 Effects of Schizochytrium sp. oil combined with exogenous EPA on the lipid-metabolism-related gene expression

of the intraperitoneal fat (a) and FAD, ELO gene expression of muscle in juvenile grass carp (b)

Values are means+SD, of three replicates. Gene expression was normalized to B-actin
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EﬁﬁwWMMﬁTL@wW%MH%%EE
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AL TL WH W20 BTt W1, 763500 T 75 n EPA K B
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ZHFN SE1-O 4H, X 55K %K ATGL 7F E-O
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U 55 1 I AE 2EL 4L 1) A L BE O AR BB R, X
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4 25

ZE L TR, Bl 2R A A Tk RN A A
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JoE BLfh EPA,

2 & #k (References):

[1] Nakahara T, Yokochi T, Higashihara T, et al. Produc-
tion of docosahexaenoic and docosapentaenoic acids by
Schizochytrium sp. isolated from Yap Islands[J]. Journal
of the American Oil Chemists' Society, 1996, 73(11):
1421-1426.

[2] SRV, 22N, RO, &5 RV R SRR RHZ

BERFAE 224 (1] KR 2 1), 2019, 34(2): 247-
251.
Song Z, Peng Y B, Song Y F, et al. Analysis of nutrient
composition and polysaccharide characteristics of fungus
Schizochytrium sp.[J]. Journal of Dalian Ocean Uni-
versity, 2019, 34(2): 247-251(in Chinese).

[3] RenLL,lJiX]J, Huang H, et al. Development of a step-
wise aeration control strategy for efficient docosahex-
aenoic acid production by Schizochytrium sp.[J]. Applied
Microbiology and Biotechnology, 2010, 87(5): 1649-

https://www.china-fishery.cn

[6]

[91]

[10]

(11]

1656.

Ganuza E, Benitez-Santana T, Atalah E, et al.
Crypthecodinium cohnii and Schizochytrium sp. as
potential substitutes to fisheries-derived oils from seab-
ream (Sparus aurata) microdiets[J]. Aquaculture, 2008,
277(1-2): 109-116.

W, BRRLAE, e, 55 RO B A A e i Ak
KABUAAL AR 71 (M ). R Tk, 2016, 37(4): 24-
27.

Pan Y, Chen X R, Ma X ef al. Effects of replacement of
fish oil by Schizochytrium on growth performance and
antioxidant ability in blood serum of sea bass[J]. Feed
Industry, 2016, 37(4): 24-27(in Chinese).

Zuo R T, Ai Q H, Mai K S, et al. Effects of dietary
docosahexaenoic to eicosapentaenoic acid  ratio
(DHA/EPA) on growth, nonspecific immunity, expres-
sion of some immune related genes and disease resist-
ance of large yellow croaker (Larmichthys crocea) fol-
lowing natural infestation of parasites (Cryptocaryon
irritans)[J]. Aquaculture, 2012, 334-337: 101-109.
Izquierdo M S, Arakawa T, Takeuchi T, et al. Effect of n-
3 HUFA levels in Artemia on growth of larval Japanese
flounder (Paralichthys olivaceus)[J]. Aquaculture, 1992,
105(1): 73-82.

Yadav A K, Rossi Jr W, Habte-Tsion H M, et al. Impacts
of dietary eicosapentaenoic acid (EPA) and docosahex-
aenoic acid (DHA) level and ratio on the growth, fatty
acids composition and hepatic-antioxidant status of lar-
gemouth bass (Micropterus salmoides)[J]. Aquaculture,
2020, 529: 735683.

4K EPA. DHA X BE#EA K, BHMERE S FAD,
FAE SEF LM [D]. B & LAl K2, 2012
Zhu C S. The effects of EPA and DHA on the growth,
reproductive performance and FAD, FAE MRANs
expression in rice field eel (Monopterus albus)[D].
Jiangxi Agricultural University, 2012 (in Chinese).

Jin M, Monroig O, Lu Y, et al. Dietary dha/epa ratio
affected tissue fatty acid profiles, antioxidant capacity,
hematological characteristics and expression of lipid-
related genes but not growth in juvenile black seabream
(Acanthopagrus schlegelii)[J]. PLoS One, 2017, 12(4):
e0176216.

Bou M, Berge G M, Baeverfjord G, et al. Requirements
of n-3 very long-chain PUFA in Atlantic salmon (Salmo

R E K P72 22 3240 sponsored by China Society of Fisheries


http://dx.doi.org/10.1007/BF02523506
http://dx.doi.org/10.1007/BF02523506
http://dx.doi.org/10.1007/s00253-010-2639-7
http://dx.doi.org/10.1007/s00253-010-2639-7
http://dx.doi.org/10.1016/j.aquaculture.2008.02.005
http://dx.doi.org/10.1016/j.aquaculture.2011.12.045
http://dx.doi.org/10.1016/0044-8486(92)90163-F
http://dx.doi.org/10.1016/j.aquaculture.2020.735683
http://dx.doi.org/10.1371/journal.pone.0176216
http://dx.doi.org/10.1007/BF02523506
http://dx.doi.org/10.1007/BF02523506
http://dx.doi.org/10.1007/s00253-010-2639-7
http://dx.doi.org/10.1007/s00253-010-2639-7
http://dx.doi.org/10.1016/j.aquaculture.2008.02.005
http://dx.doi.org/10.1016/j.aquaculture.2011.12.045
http://dx.doi.org/10.1016/0044-8486(92)90163-F
http://dx.doi.org/10.1016/j.aquaculture.2020.735683
http://dx.doi.org/10.1371/journal.pone.0176216
http://dx.doi.org/10.1007/BF02523506
http://dx.doi.org/10.1007/BF02523506
http://dx.doi.org/10.1007/s00253-010-2639-7
http://dx.doi.org/10.1007/s00253-010-2639-7
http://dx.doi.org/10.1016/j.aquaculture.2008.02.005
http://dx.doi.org/10.1016/j.aquaculture.2011.12.045
http://dx.doi.org/10.1016/0044-8486(92)90163-F
http://dx.doi.org/10.1016/j.aquaculture.2020.735683
http://dx.doi.org/10.1371/journal.pone.0176216
http://dx.doi.org/10.1007/BF02523506
http://dx.doi.org/10.1007/BF02523506
http://dx.doi.org/10.1007/s00253-010-2639-7
http://dx.doi.org/10.1007/s00253-010-2639-7
http://dx.doi.org/10.1016/j.aquaculture.2008.02.005
http://dx.doi.org/10.1016/j.aquaculture.2011.12.045
http://dx.doi.org/10.1016/0044-8486(92)90163-F
http://dx.doi.org/10.1016/j.aquaculture.2020.735683
http://dx.doi.org/10.1371/journal.pone.0176216
https://www.china-fishery.cn

10

TWHE, & HRBRE

T AL AN R EPA X 550 &)y £ g 7 R 4, 1653

FAD. ELO %t ik K g B i 5%

[12]

[13]

[14]

[15]

[16]

[17]

(18]

I K 2

salar L): Effects of different dietary levels of EPA and
DHA on fish performance and tissue composition and
integrity[J]. British Journal of Nutrition, 2017, 117(1):
30-47.

Sargent J, Bell G, Mcevoy L, et al. Recent develop-
ments in the essential fatty acid nutrition of fish[J].
Aquaculture, 1999, 177(1-4): 191-199.

WAL, B, AR, 55 TR DHA/EPA BL 256 5 £ fi
AR, R ERRPUEA RERIEI[T]. FALRK
B2 (H AR FAR), 2011, 39(8): 56-62.

Ji H, Li J, Cheng X F, et al. Dietary effects of eicos-
apentaenoic acid and docosahexaenoic acid on growth,
lipid accumulation and antioxidation system in juvenile
grass carp, Ctenopharyngodon idellus[J]. Journal of
Northwest A& F University (Natural Science Edition),
2011, 39(8): 56-62(in Chinese).

RV AR U b v U B R, A K P AR
H K g, R EE L GRS (M. At PR
Ak Hy R A, 2020.

The China Society of Fisheries, National Fisheries Tech-
nology Extension Center, China Society of Fisheries.
China Fishery Statistical Yearbook[M]. Beijing: China
Agricultural Press, 2020 (in Chinese).

kR T TR I IR 7 T R R B A ok R ], K 4
i, 2014, 38(9): 1628-1638.

Du Z Y. Causes of fatty liver in farmed fish: a review
and new perspectives[J]. Journal of Fisheries of China,
2014, 38(9): 1628-1638.

Takeuchi T, Watanabe K, Yong W Y. Essential fatty
acids of grass carp Ctenopharyngodon idella[J]. Nippon
Suisan Gakkaishi, 1991, 57(3): 467-473.

HRE, HNTER, BRIT, 55 fal k) o AN [6] i iy i n) 2 f1
AR M ZUE 57 B o A RS2 (D], R R B LR 22
WEREIE/R), 1996, 24(S1): 149-154.

Cao J M, Tian L X, Chen Z, et al. Effect of dietary fatty
acids on growth and tissue chemical composition of
grass carp, Ctenopharyngodon idellus[J]. Journal of
South China University of Technology (Natural
Science), 1996, 24(S1): 149-154(in Chinese).

AL, WA, lih, &5 TR HUF AR 0 & iR B AR
AR FE[I]. AKAE A4, 2009, 33(5): 881-889.
JiH, Cao Y Z, Liu P, et al. Effect of dietary HUFA on
the lipid metabolism in grass carp, Ctenopharyngodon

> 1275 sponsored by China Society of Fisheries

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

idellus[J]. Acta Hydrobiologica Sinica, 2009, 33(5): 881-
889(in Chinese).

Ji H, Li J, Liu P, et al. Regulation of growth perform-
ance and lipid metabolism by dietary n-3 highly unsatur-
ated fatty acids in juvenile grass carp, Ctenopharyn-
godon idellus[J]. Comparative Biochemistry and
Physiology Part B: Biochemistry and Molecular Biology,
2011, 159(1): 49-56.

Xing J X, Xiao F F, Luo X L, et al. Effect of dietary
Schizochytrium sp. oil as an n-3 long-chain polyunsatur-
ated fatty acid source on growth performance, lipid
metabolism and antioxidant status in juvenile grass carp
(Ctenopharyngodon idellus): A comparative study with
fish oil[J]. Aquaculture Research, 2020, 51(11): 4551-
4564.

AOAC. Official Methods of Analysis 16th Ed. Associ-
ation of Official Analytical ChemistsiM]. Washington
DC: AOAC, 1995.

Folch J, Lees M, Stanley G H. A simple method for the
isolation and purification of total lipides from animal tis-
sues[J]. Journal of Biological Chemistry, 1957, 226(1):
497-509.

Tian J J, Ji H, Oku H, er al. Effects of dietary
arachidonic acid (ARA) on lipid metabolism and health
status of juvenile grass carp, Ctenopharyngodon
idellus[J]. Aquaculture, 2014, 430: 57-65.

Ulbricht T L V, Southgate D A T. Coronary heart dis-
ease: seven dietary factors[J]. The Lancet, 1991,
338(8773): 985-992.

Santos-Silva J, Bessa R J B, Santos-Silva F. Effect of
genotype, feeding system and slaughter weight on the
quality of light lambs:
meat[J]. Livestock Production Science, 2002, 77(2-3):

187-194.

II. fatty acid composition of

Liu P, Ji H, Li C, et al. Ontogenetic development of
adipose tissue
idellus)[J]. Fish Physiology and Biochemistry, 2015,
41(4): 867-878.

Osman O S, Selway J L, Kepczynska M A, et al. A

in grass carp (Ctenopharyngodon

novel automated image analysis method for accurate
adipocyte quantification[J]. Adipocyte, 2013, 2(3): 160-
164.

Shi X C, Jin A, Sun J, et al. o-lipoic acid ameliorates n-3

https://www.china-fishery.cn


http://dx.doi.org/10.1017/S0007114516004396
http://dx.doi.org/10.1016/S0044-8486(99)00083-6
http://dx.doi.org/10.2331/suisan.57.467
http://dx.doi.org/10.2331/suisan.57.467
http://dx.doi.org/10.3724/SP.J.1035.2009.50881
http://dx.doi.org/10.3724/SP.J.1035.2009.50881
http://dx.doi.org/10.1016/j.cbpb.2011.01.009
http://dx.doi.org/10.1016/j.cbpb.2011.01.009
http://dx.doi.org/10.1111/are.14800
http://dx.doi.org/10.1016/S0021-9258(18)64849-5
http://dx.doi.org/10.1016/j.aquaculture.2014.03.020
http://dx.doi.org/10.1016/0140-6736(91)91846-M
http://dx.doi.org/10.1016/S0301-6226(02)00059-3
http://dx.doi.org/10.1007/s10695-015-0053-x
http://dx.doi.org/10.4161/adip.24652
http://dx.doi.org/10.1017/S0007114516004396
http://dx.doi.org/10.1016/S0044-8486(99)00083-6
http://dx.doi.org/10.2331/suisan.57.467
http://dx.doi.org/10.2331/suisan.57.467
http://dx.doi.org/10.3724/SP.J.1035.2009.50881
http://dx.doi.org/10.3724/SP.J.1035.2009.50881
http://dx.doi.org/10.1016/j.cbpb.2011.01.009
http://dx.doi.org/10.1016/j.cbpb.2011.01.009
http://dx.doi.org/10.1111/are.14800
http://dx.doi.org/10.1016/S0021-9258(18)64849-5
http://dx.doi.org/10.1016/j.aquaculture.2014.03.020
http://dx.doi.org/10.1016/0140-6736(91)91846-M
http://dx.doi.org/10.1016/S0301-6226(02)00059-3
http://dx.doi.org/10.1007/s10695-015-0053-x
http://dx.doi.org/10.4161/adip.24652
http://dx.doi.org/10.1017/S0007114516004396
http://dx.doi.org/10.1016/S0044-8486(99)00083-6
http://dx.doi.org/10.2331/suisan.57.467
http://dx.doi.org/10.2331/suisan.57.467
http://dx.doi.org/10.3724/SP.J.1035.2009.50881
http://dx.doi.org/10.3724/SP.J.1035.2009.50881
http://dx.doi.org/10.1016/j.cbpb.2011.01.009
http://dx.doi.org/10.1016/j.cbpb.2011.01.009
http://dx.doi.org/10.1111/are.14800
http://dx.doi.org/10.1016/S0021-9258(18)64849-5
http://dx.doi.org/10.1016/j.aquaculture.2014.03.020
http://dx.doi.org/10.1016/0140-6736(91)91846-M
http://dx.doi.org/10.1016/S0301-6226(02)00059-3
http://dx.doi.org/10.1007/s10695-015-0053-x
http://dx.doi.org/10.4161/adip.24652
http://dx.doi.org/10.1017/S0007114516004396
http://dx.doi.org/10.1016/S0044-8486(99)00083-6
http://dx.doi.org/10.2331/suisan.57.467
http://dx.doi.org/10.2331/suisan.57.467
http://dx.doi.org/10.3724/SP.J.1035.2009.50881
http://dx.doi.org/10.3724/SP.J.1035.2009.50881
http://dx.doi.org/10.1016/j.cbpb.2011.01.009
http://dx.doi.org/10.1016/j.cbpb.2011.01.009
http://dx.doi.org/10.1111/are.14800
http://dx.doi.org/10.1016/S0021-9258(18)64849-5
http://dx.doi.org/10.1016/j.aquaculture.2014.03.020
http://dx.doi.org/10.1016/0140-6736(91)91846-M
http://dx.doi.org/10.1016/S0301-6226(02)00059-3
http://dx.doi.org/10.1007/s10695-015-0053-x
http://dx.doi.org/10.4161/adip.24652
https://www.china-fishery.cn

1654

Ko AR

45 %

[29]

[30]

[31]

[32]

[33]

[34]

[33]

[36]

[37]

highly-unsaturated fatty acids induced lipid peroxidation
via regulating antioxidant defenses in grass carp (Cteno-
pharyngodon idellus)[J]. Fish & Shellfish Immunology,
2017, 67: 359-367.

Livak K J, Schmittgen T D. Analysis of relative gene
expression data using real-time quantitative PCR and the
27%% method[J]. Methods, 2001, 25(4): 402-408.

Pfaffl M W. A new mathematical model for relative
quantification in real-time RT —PCR[J]. Nucleic Acids
Research, 2001, 29(9): e45.

TRae, Feubar, ZEaih, L TRk B AR Al 2 B
ity ta AR KL MR R AR BRER AR A R[], K
Bl 2017, 24(6): 1223-1233.

Zhang Y, Qiao H J, Li B S, et al. Effects of replacing
fish oil with microalgae meals on growth per-formance,
tissue proximate composition, and biochemical indices in
juvenile starry flounder, Platichthys stellatus[J]. Journal
of Fishery Sciences of China, 2017, 24(6): 1223-1233(in
Chinese).

BN, P AT, L R R R
DHAHFFT[I]. £k Tk, 2016, 37(1): 222-225.

Li XY, YinJ, FulJ, ef al. Study on nutrient characterist-
ics of Schizochytrium and accumulation of DHA[J]. The
Food Industry, 2016, 37(1): 222-225(in Chinese).

Ma J J, Wang J Y, Zhang D R, et al. Estimation of
optimum docosahexaenoic to eicosapentaenoic acid ratio
(DHA/EPA) for juvenile starry flounder, Platichthys
stellatus[J]. Aquaculture, 2014, 433: 105-114.

Trushenski J, Schwarz M, Bergman A, et al. DHA is
essential, EPA appears largely expendable, in meeting
the n-3 long-chain polyunsaturated fatty acid require-
ments of juvenile cobia Rachycentron canadum[J].
Aquaculture, 2012, 326-329: 81-89.

Copeman L A, Parrish C C, Brown J A, et al. Effects of
docosahexaenoic, eicosapentaenoic, and arachidonic
acids on the early growth, survival, lipid composition
and pigmentation of yellowtail flounder (Limanda ferru-
ginea): a live food enrichment experiment[J]. Aquacul-
ture, 2002, 210(1-4): 285-304.

Gapasin R S J, Duray M N. Effects of DHA-enriched
live food on growth, survival and incidence of opercular
deformities in milkfish (Chanos chanos)[J]. Aquaculture,
2001, 193(1-2): 49-63.

Lee S M. Review of the lipid and essential fatty acid

https://www.china-fishery.cn

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[43]

rockfish  (Sebastes
Aquaculture Research, 2001, 32(S1): 8-17.
T, G, Arvibire, 4. 4R M 2R 0 B A BT AL R
F1 B BEMLRE M2 [0). 7K AR 2B 2441, 2015, 39(2):
250-258.

Wu K, Huang X S, Jin J N, et al. Effects of feeding with

requirements  of schlegeli)[J].

faba bean (Vicia faba) on the antioxidant capability and
immune functions of grass carp (Ctenopharyngodon
idellus)[J]. Acta Hydrobiologica Sinica, 2015, 39(2): 250-
258(in Chinese).

Sarker P K, Gamble M M, Kelson S, et al. Nile tilapia
(Oreochromis niloticus) show high digestibility of lipid
and fatty acids from marine Schizochytrium sp. and of
protein and essential amino acids from freshwater
Spirulina sp. feed ingredients[J]. Aquaculture Nutrition,
2016, 22(1): 109-119.

Sargent J, Mcevoy L, Estevez A, et al. Lipid nutrition of
marine fish during early development: current status and
future directions[J]. Aquaculture, 1999, 179(1-4): 217-
229.

BEWTT. H A8 6 N LF B R AT SRR FL ], K
I, 2005, 24(4): 24-26.

Liang X F. The artificial propagation and larva rearing in
Japanese eel (Anguilla japonica)[J]. Fisheries Science,
2005, 24(4): 24-26(in Chinese).

Tocher D R. Fatty acid requirements in ontogeny of mar-
ine and freshwater fish[J]. Aquaculture Research, 2010,
41(5): 717-732.

AR, RNBTT, FEAE Y, 5. B IR DT AR 25 (R AN EE AN
SE A W K cDNA4 7 51 ) 5 B 5 70 1T [0, g oK
S ERRIFAR), 2011, 32(5): 513-520.

Du J H, Liang X F, Cheng J Q, et al. Molecular cloning
and analyzing of fatty acid desaturase and elongase
genes in grass carp (Ctenopharyngodon idellus)[J].
Journal of Jinan University (Natural Science), 2011,
32(5): 513-520(in Chinese).

Du Z Y, Clouet P, Huang L M, ef al. Utilization of dif-
ferent dietary lipid sources at high level in herbivorous
grass carp (Ctenopharyngodon idella): mechanism
related to hepatic fatty acid oxidation[J]. Aquaculture
Nutrition, 2008, 14(1): 77-92.

Beamish F W H, Medland T E. Protein sparing effects in
large rainbow trout, Salmo gairdneri[J]. Aquaculture,
1986, 55(1): 35-42.

R E K P72 22 3240 sponsored by China Society of Fisheries


http://dx.doi.org/10.1006/meth.2001.1262
http://dx.doi.org/10.1093/nar/29.9.e45
http://dx.doi.org/10.1093/nar/29.9.e45
http://dx.doi.org/10.3724/SP.J.1118.2017.17031
http://dx.doi.org/10.3724/SP.J.1118.2017.17031
http://dx.doi.org/10.3724/SP.J.1118.2017.17031
http://dx.doi.org/10.3724/SP.J.1118.2017.17031
http://dx.doi.org/10.1016/j.aquaculture.2014.05.042
http://dx.doi.org/10.1016/j.aquaculture.2011.11.033
http://dx.doi.org/10.1016/S0044-8486(01)00849-3
http://dx.doi.org/10.1016/S0044-8486(01)00849-3
http://dx.doi.org/10.1016/S0044-8486(00)00469-5
http://dx.doi.org/10.7541/2015.33
http://dx.doi.org/10.7541/2015.33
http://dx.doi.org/10.1111/anu.12230
http://dx.doi.org/10.1016/S0044-8486(99)00191-X
http://dx.doi.org/10.3969/j.issn.1003-1111.2005.04.008
http://dx.doi.org/10.3969/j.issn.1003-1111.2005.04.008
http://dx.doi.org/10.3969/j.issn.1003-1111.2005.04.008
http://dx.doi.org/10.1111/j.1365-2109.2008.02150.x
http://dx.doi.org/10.1111/j.1365-2095.2007.00507.x
http://dx.doi.org/10.1111/j.1365-2095.2007.00507.x
http://dx.doi.org/10.1016/0044-8486(86)90053-0
http://dx.doi.org/10.1006/meth.2001.1262
http://dx.doi.org/10.1093/nar/29.9.e45
http://dx.doi.org/10.1093/nar/29.9.e45
http://dx.doi.org/10.3724/SP.J.1118.2017.17031
http://dx.doi.org/10.3724/SP.J.1118.2017.17031
http://dx.doi.org/10.3724/SP.J.1118.2017.17031
http://dx.doi.org/10.3724/SP.J.1118.2017.17031
http://dx.doi.org/10.1016/j.aquaculture.2014.05.042
http://dx.doi.org/10.1016/j.aquaculture.2011.11.033
http://dx.doi.org/10.1016/S0044-8486(01)00849-3
http://dx.doi.org/10.1016/S0044-8486(01)00849-3
http://dx.doi.org/10.1016/S0044-8486(00)00469-5
http://dx.doi.org/10.7541/2015.33
http://dx.doi.org/10.7541/2015.33
http://dx.doi.org/10.1111/anu.12230
http://dx.doi.org/10.1016/S0044-8486(99)00191-X
http://dx.doi.org/10.3969/j.issn.1003-1111.2005.04.008
http://dx.doi.org/10.3969/j.issn.1003-1111.2005.04.008
http://dx.doi.org/10.3969/j.issn.1003-1111.2005.04.008
http://dx.doi.org/10.1111/j.1365-2109.2008.02150.x
http://dx.doi.org/10.1111/j.1365-2095.2007.00507.x
http://dx.doi.org/10.1111/j.1365-2095.2007.00507.x
http://dx.doi.org/10.1016/0044-8486(86)90053-0
http://dx.doi.org/10.1006/meth.2001.1262
http://dx.doi.org/10.1093/nar/29.9.e45
http://dx.doi.org/10.1093/nar/29.9.e45
http://dx.doi.org/10.3724/SP.J.1118.2017.17031
http://dx.doi.org/10.3724/SP.J.1118.2017.17031
http://dx.doi.org/10.3724/SP.J.1118.2017.17031
http://dx.doi.org/10.3724/SP.J.1118.2017.17031
http://dx.doi.org/10.1016/j.aquaculture.2014.05.042
http://dx.doi.org/10.1016/j.aquaculture.2011.11.033
http://dx.doi.org/10.1016/S0044-8486(01)00849-3
http://dx.doi.org/10.1016/S0044-8486(01)00849-3
http://dx.doi.org/10.1016/S0044-8486(00)00469-5
http://dx.doi.org/10.7541/2015.33
http://dx.doi.org/10.7541/2015.33
http://dx.doi.org/10.1111/anu.12230
http://dx.doi.org/10.1016/S0044-8486(99)00191-X
http://dx.doi.org/10.3969/j.issn.1003-1111.2005.04.008
http://dx.doi.org/10.3969/j.issn.1003-1111.2005.04.008
http://dx.doi.org/10.3969/j.issn.1003-1111.2005.04.008
http://dx.doi.org/10.1111/j.1365-2109.2008.02150.x
http://dx.doi.org/10.1111/j.1365-2095.2007.00507.x
http://dx.doi.org/10.1111/j.1365-2095.2007.00507.x
http://dx.doi.org/10.1016/0044-8486(86)90053-0
http://dx.doi.org/10.1006/meth.2001.1262
http://dx.doi.org/10.1093/nar/29.9.e45
http://dx.doi.org/10.1093/nar/29.9.e45
http://dx.doi.org/10.3724/SP.J.1118.2017.17031
http://dx.doi.org/10.3724/SP.J.1118.2017.17031
http://dx.doi.org/10.3724/SP.J.1118.2017.17031
http://dx.doi.org/10.3724/SP.J.1118.2017.17031
http://dx.doi.org/10.1016/j.aquaculture.2014.05.042
http://dx.doi.org/10.1016/j.aquaculture.2011.11.033
http://dx.doi.org/10.1016/S0044-8486(01)00849-3
http://dx.doi.org/10.1016/S0044-8486(01)00849-3
http://dx.doi.org/10.1016/S0044-8486(00)00469-5
http://dx.doi.org/10.7541/2015.33
http://dx.doi.org/10.7541/2015.33
http://dx.doi.org/10.1111/anu.12230
http://dx.doi.org/10.1016/S0044-8486(99)00191-X
http://dx.doi.org/10.3969/j.issn.1003-1111.2005.04.008
http://dx.doi.org/10.3969/j.issn.1003-1111.2005.04.008
http://dx.doi.org/10.3969/j.issn.1003-1111.2005.04.008
http://dx.doi.org/10.1111/j.1365-2109.2008.02150.x
http://dx.doi.org/10.1111/j.1365-2095.2007.00507.x
http://dx.doi.org/10.1111/j.1365-2095.2007.00507.x
http://dx.doi.org/10.1016/0044-8486(86)90053-0
https://www.china-fishery.cn

10 39 TEEE, % HRDRGE SOMECH MR EPA X5 0 &) £ g R 4 AL 1655
FAD. ELO 4 [ 215 & Jif BUACH )32
[46] Zheng X Z, Tocher D R, Dickson C A, et al. Effects of bolism-related enzyme activity, and gene expression of

[47]

(48]

[49]

[50]

[51]

[52]

[53]

[54]

diets containing vegetable oil on expression of genes
involved in highly unsaturated fatty acid biosynthesis in
liver of Atlantic salmon (Sa/mo salar)[J]. Aquaculture,
2004, 236(1-4): 467-483.

Tocher D R, Bell J G, Dick J R, et al. Effects of dietary
vegetable oil on Atlantic salmon hepatocyte fatty acid
desaturation and liver fatty acid compositions[J]. Lipids,
2003, 38(7): 723-732.

Thomassen M S, Rein D, Berge G M, et al. High dietary
EPA does not inhibit AS and A6 desaturases in Atlantic
salmon (Salmo salar L.) fed rapeseed oil diets[J].
Aquaculture, 2012, 360-361: 78-85.

Betancor M B, Sprague M, Sayanova O, et al. Evalu-
ation of a high-EPA oil from transgenic Camelina sativa
in feeds for Atlantic salmon (Salmo salar L.): effects on
tissue fatty acid composition, histology and gene expres-
sion[J]. Aquaculture, 2015, 444: 1-12.

Bell M V, Dick J R. Distribution of 22 : 6n—3 newly
synthesized from 18 ! 3n—3 into glycerolipid classes
from tissues of rainbow trout (Oncorhynchus mykiss)[J].
Lipids, 2005, 40(7): 703-708.

Tocher D R, Fonseca-Madrigal J, Bell J G, et al. Effects
of diets containing linseed oil on fatty acid desaturation
and oxidation in hepatocytes and intestinal enterocytes in
Atlantic salmon (Sa/mo salar)[J]. Fish Physiology and
Biochemistry, 2002, 26(2): 157-170.

Sarker P K, Kapuscinski A R, Lanois A J, et al. Towards
sustainable aquafeeds: Complete substitution of fish oil
with marine microalga Schizochytrium sp. improves
growth and fatty acid deposition in juvenile Nile tilapia
(Oreochromis niloticus)[J]. PLoS One, 2016, 11(6):
¢0156684.

Karapanagiotidis I T, Bell M V, Little D C, et al.
Replacement of dietary fish oils by alpha-linolenic acid-
rich oils lowers omega 3 content in tilapia flesh[J]. Lip-
ids, 2007, 42(6): 547-559.

Lei C X, Ji H, Zhang J L, et al. Effects of dietary
DHAV/EPA ratios on fatty acid composition, lipid meta-

o E K P2 % 2 32 /) sponsored by China Society of Fisheries

[55]

[56]

[57]

[58]

[59]

[60]

[61]

juvenile grass carp, idellus[J].
Journal of the World Aquaculture Society, 2016, 47(2):

287-296.

Ctenopharyngodon

Baggio S R, Bragagnolo N. Cholesterol oxide, choles-
terol, total lipid and fatty acid contents in processed meat
products during storage[J]. Lwt - Food Science and
Technology, 2006, 39(5): 513-520.

EWE, FAL, IR, & vty Jag 63 ERuLe &
R EE A FE[I]. B AR, 2014, 35(1): 62-68.

Wang L H, Ji H, Hu J, et al. Comparative study on
muscle quality of cultured Polyodon spahula, hybrid
sturgeon and Aristichthys nobilis[J]. Food Science, 2014,
35(1): 62-68(in Chinese).

Klobukowski J, Skibniewska K A, Janowicz K, et al.
Selected parameters of nutritional and pro-health value
in the common carp (Cyprinus carpio L.) muscle
tissue[J]. Journal of Food Quality, 2018, 2018: 6082164.
TR, RZE, 5kEi, 5. R 77 K B JILIAE 77 B
Gy 4 T AR B PR (3], B W REE, 2012, 33(17): 274-
278.

Zhang F P, Song J, Zhang R, et al. Evaluation of nutri-
tional composition and quality of farmed Silurus meridi-
onalis Chen muscle[J]. Food Science, 2012, 33(17): 274-
278(in Chinese).

WA EPA JOLHTAR ALA X Bt I8 17 & AR 10 R 4%
A B 4347 [D]. JBRH: FEAb AR R ARHE K2, 2017.
Lei C X. Effects and mechanism of EPA and its pre-
cursor ALA on lipid accumulation of grass carp (Cteno-
pharyngodon idellus)[D]. Xianyang: Northwest A&F
University, 2017 (in Chinese).

Lass A, Zimmermann R, Oberer M, et al. Lipolysis - A
highly regulated multi-enzyme complex mediates the
catabolism of cellular fat stores[J]. Progress in Lipid
Research, 2011, 50(1): 14-27.

Om A D, Ji H, Umino T, et al. Dietary effects of eicos-
apentaenoic acid and docosahexaenoic acid on lipid
metabolism in black sea bream[J]. Fisheries Science,

2003, 69(6): 1182-1193.

https://www.china-fishery.cn


http://dx.doi.org/10.1016/j.aquaculture.2004.02.003
http://dx.doi.org/10.1007/s11745-003-1120-y
http://dx.doi.org/10.1016/j.aquaculture.2012.07.001
http://dx.doi.org/10.1016/j.aquaculture.2015.03.020
http://dx.doi.org/10.1007/s11745-005-1433-x
http://dx.doi.org/10.1023/A:1025416731014
http://dx.doi.org/10.1023/A:1025416731014
http://dx.doi.org/10.1371/journal.pone.0156684
http://dx.doi.org/10.1007/s11745-007-3057-1
http://dx.doi.org/10.1007/s11745-007-3057-1
http://dx.doi.org/10.1111/jwas.12266
http://dx.doi.org/10.1016/j.lwt.2005.03.007
http://dx.doi.org/10.1016/j.lwt.2005.03.007
http://dx.doi.org/10.7506/spkx1002-6630-201401012
http://dx.doi.org/10.7506/spkx1002-6630-201401012
http://dx.doi.org/10.1016/j.plipres.2010.10.004
http://dx.doi.org/10.1016/j.plipres.2010.10.004
http://dx.doi.org/10.1111/j.0919-9268.2003.00744.x
http://dx.doi.org/10.1016/j.aquaculture.2004.02.003
http://dx.doi.org/10.1007/s11745-003-1120-y
http://dx.doi.org/10.1016/j.aquaculture.2012.07.001
http://dx.doi.org/10.1016/j.aquaculture.2015.03.020
http://dx.doi.org/10.1007/s11745-005-1433-x
http://dx.doi.org/10.1023/A:1025416731014
http://dx.doi.org/10.1023/A:1025416731014
http://dx.doi.org/10.1371/journal.pone.0156684
http://dx.doi.org/10.1007/s11745-007-3057-1
http://dx.doi.org/10.1007/s11745-007-3057-1
http://dx.doi.org/10.1016/j.aquaculture.2004.02.003
http://dx.doi.org/10.1007/s11745-003-1120-y
http://dx.doi.org/10.1016/j.aquaculture.2012.07.001
http://dx.doi.org/10.1016/j.aquaculture.2015.03.020
http://dx.doi.org/10.1007/s11745-005-1433-x
http://dx.doi.org/10.1023/A:1025416731014
http://dx.doi.org/10.1023/A:1025416731014
http://dx.doi.org/10.1371/journal.pone.0156684
http://dx.doi.org/10.1007/s11745-007-3057-1
http://dx.doi.org/10.1007/s11745-007-3057-1
http://dx.doi.org/10.1111/jwas.12266
http://dx.doi.org/10.1016/j.lwt.2005.03.007
http://dx.doi.org/10.1016/j.lwt.2005.03.007
http://dx.doi.org/10.7506/spkx1002-6630-201401012
http://dx.doi.org/10.7506/spkx1002-6630-201401012
http://dx.doi.org/10.1016/j.plipres.2010.10.004
http://dx.doi.org/10.1016/j.plipres.2010.10.004
http://dx.doi.org/10.1111/j.0919-9268.2003.00744.x
http://dx.doi.org/10.1111/jwas.12266
http://dx.doi.org/10.1016/j.lwt.2005.03.007
http://dx.doi.org/10.1016/j.lwt.2005.03.007
http://dx.doi.org/10.7506/spkx1002-6630-201401012
http://dx.doi.org/10.7506/spkx1002-6630-201401012
http://dx.doi.org/10.1016/j.plipres.2010.10.004
http://dx.doi.org/10.1016/j.plipres.2010.10.004
http://dx.doi.org/10.1111/j.0919-9268.2003.00744.x
http://dx.doi.org/10.1016/j.aquaculture.2004.02.003
http://dx.doi.org/10.1007/s11745-003-1120-y
http://dx.doi.org/10.1016/j.aquaculture.2012.07.001
http://dx.doi.org/10.1016/j.aquaculture.2015.03.020
http://dx.doi.org/10.1007/s11745-005-1433-x
http://dx.doi.org/10.1023/A:1025416731014
http://dx.doi.org/10.1023/A:1025416731014
http://dx.doi.org/10.1371/journal.pone.0156684
http://dx.doi.org/10.1007/s11745-007-3057-1
http://dx.doi.org/10.1007/s11745-007-3057-1
http://dx.doi.org/10.1111/jwas.12266
http://dx.doi.org/10.1016/j.lwt.2005.03.007
http://dx.doi.org/10.1016/j.lwt.2005.03.007
http://dx.doi.org/10.7506/spkx1002-6630-201401012
http://dx.doi.org/10.7506/spkx1002-6630-201401012
http://dx.doi.org/10.1016/j.plipres.2010.10.004
http://dx.doi.org/10.1016/j.plipres.2010.10.004
http://dx.doi.org/10.1111/j.0919-9268.2003.00744.x
http://dx.doi.org/10.1016/j.aquaculture.2004.02.003
http://dx.doi.org/10.1007/s11745-003-1120-y
http://dx.doi.org/10.1016/j.aquaculture.2012.07.001
http://dx.doi.org/10.1016/j.aquaculture.2015.03.020
http://dx.doi.org/10.1007/s11745-005-1433-x
http://dx.doi.org/10.1023/A:1025416731014
http://dx.doi.org/10.1023/A:1025416731014
http://dx.doi.org/10.1371/journal.pone.0156684
http://dx.doi.org/10.1007/s11745-007-3057-1
http://dx.doi.org/10.1007/s11745-007-3057-1
http://dx.doi.org/10.1016/j.aquaculture.2004.02.003
http://dx.doi.org/10.1007/s11745-003-1120-y
http://dx.doi.org/10.1016/j.aquaculture.2012.07.001
http://dx.doi.org/10.1016/j.aquaculture.2015.03.020
http://dx.doi.org/10.1007/s11745-005-1433-x
http://dx.doi.org/10.1023/A:1025416731014
http://dx.doi.org/10.1023/A:1025416731014
http://dx.doi.org/10.1371/journal.pone.0156684
http://dx.doi.org/10.1007/s11745-007-3057-1
http://dx.doi.org/10.1007/s11745-007-3057-1
http://dx.doi.org/10.1111/jwas.12266
http://dx.doi.org/10.1016/j.lwt.2005.03.007
http://dx.doi.org/10.1016/j.lwt.2005.03.007
http://dx.doi.org/10.7506/spkx1002-6630-201401012
http://dx.doi.org/10.7506/spkx1002-6630-201401012
http://dx.doi.org/10.1016/j.plipres.2010.10.004
http://dx.doi.org/10.1016/j.plipres.2010.10.004
http://dx.doi.org/10.1111/j.0919-9268.2003.00744.x
http://dx.doi.org/10.1111/jwas.12266
http://dx.doi.org/10.1016/j.lwt.2005.03.007
http://dx.doi.org/10.1016/j.lwt.2005.03.007
http://dx.doi.org/10.7506/spkx1002-6630-201401012
http://dx.doi.org/10.7506/spkx1002-6630-201401012
http://dx.doi.org/10.1016/j.plipres.2010.10.004
http://dx.doi.org/10.1016/j.plipres.2010.10.004
http://dx.doi.org/10.1111/j.0919-9268.2003.00744.x
https://www.china-fishery.cn

1656 KopE o R 45 4

Effects of Schizochytrium sp. oil combined with exogenous EPA on fatty acid
composition, FAD and ELO gene expression and lipid metabolism of
juvenile Ctenopharygodon idella

XING Junxia, JIHong®, LIHandong, XIAO Fenfen, YUAN Xiangtong
(College of Animal Science and Technology, Northwest A&F University, Yangling 712100, China)

Abstract: The grass carp (Ctenopharyngodon idella) dietary Schizochytrium sp. stearin oil may show better
growth performance than dietary fish oil by saving energy required for de novo synthesis of DHA, promoting
lipolysis energy supply and inhibiting protein catabolism. The purpose of this study was to investigate whether
DHA-rich Schizochytrium sp. stearin oil needs to be compatible with EPA and its possible mechanism. Equipped
with five groups of iso-nitrogen and isoenergetic diets and fed grass carp (22.70 g+0.80 g) for 49 d. The 0.52% n-3
long-chain polyunsaturated fatty acid (LC PUFA) of the diets were provided with fish oil (F-O); Sc stearin oil (S-
0); stearin oil (DHA) : EPA =3 : 2 (SE1-O); stearin oil (DHA) : EPA =1 . 1(SE2-0O); EPA (E-O), respectively.
The results showed: 1) There was no difference in the weight gain rate (WG), specific growth rate (SGR) and feed
conversion ratio (FCR) among all the groups; 2) The content of crude protein in muscle of S-O group was signific-
antly higher than those of E-O group; 3) the content of DHA in muscle of S-O group was significantly higher than
that of F-O group, SE1-O group and E-O group; 4) there was no significant difference in atherogenicity index
among the groups, the thrombogenicity index of SE2-O group was significantly higher than that of F-O group, the
hypocholesterolemic/ Hypercholesterolemic ratio in S-O group and SE2-O group was markedly lower than those in
F-O group; 5) the adipose size of intraperitoneal fat in E-O group was notably higher than those in F-O group and
SE1-O group, the adipose TAG lipase(ATGL)and carnitine palmitoyltransferase 1(CPT1) mRNA levels in E-O
group were apparently down-regulated; in muscle, the fatty acid desaturase (FAD)mRNA level was markedly
higher in E-O group than that in S-O group, the fatty acid elongase(ELO)mRNA level was obviously down-regu-
lated in S-O group. Studies have shown that the use of Sc oil alone or in combination with EPA had no significant
effect on growth, n-3LC PUFA content and lipid hydrolysis of adipose tissue of grass carp. When EPA was the
sole source of n-3LC PUFA, the lipid hydrolysis of adipose tissue was reduced and the content of crude protein in
muscle was reduced. High level of DHA in the diet would weaken the body's ability to synthesize LC PUFA. Com-
pared to EPA, grass carp may need DHA more, and the Sc oil could be used alone in the feed of grass carp without
combination with EPA.

Key words: Ctenopharyngodon idella; Schizochytrium sp.; EPA; long-chain polyunsaturated fatty acids
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