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A study of the impact of management style change on the performance of feed companies

ZHALI Jinzhi
Liaoning Vocational Technical College of Modern Service

Abstract: The management mode of an enterprise will have a profound impact on the performance of the
enterprise,which is reflected in the future development potential of the enterprise,the innovation ability of the
enterprise and the growth space of the enterprise. For feed enterprises,the traditional enterprise management
mode to some extent restricts the performance evaluation and the sustainable development of the feed enterprises
in the future. Therefore,this paper adopted an analytical and comparative approach to study the main existing
management modes of feed enterprises and their shortcomings,and on this basis to further analyzed the impact

of feed enterprise management mode innovation and change on their corporate performance.The study showed
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that the transformation from traditional enterprise management mode to modern enterprise mode will have a
positive impact on the performance of the feed enterprises.
Keyword: management model; feed firm; corporation performance;
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The strategies and risks for feed stuff enterprises to take use of derivatives to manage cost

HUANG Li
School of Finance And Accounting,Yellow River Conservancy Technical Institute

Abstract: In recent 40 years,feedstuff industry in our country has been enjoy a long booming period,because of
the large expansion demand of our countries' consumers for animal protein. But compared with peers in
developed countries,the feedstuff enterprised are not expertized in taking use of derivatives market to manage
cost and smooth profit. This article discussed the strategies to take use of derivatives to manage cost and the risks
relevant to these strategies. Feedstuff enterprises should take the strategy that's suitable to themselves and avoid

relevant risks.
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Research Progress on Effects of Dietary Nutrition and Feed Processing Technology on Feed Efficiency
HE Jian FENG Guangde ZHU Zhengpeng LI Yuanfeng
College of Life Science and Engineering,Southwest University of Science and TechnologySichuan Tieqilishi
Industrial Co.,Ltd. Sichuan Tequ Agriculture and Animal Husbandry Technology Group Co.,Ltd.
Abstract: In animal huabandry production,feed cost has a greater proportion in the whole breeding cost,which
has an important impact on the economic benefits of animal huabandry.Feed cost depends on feed price(formula
cost and processing cost) and feed efficiency.However,feed efficiency is affected by animal species and
gender,feed nutrition,feeding management,animal health status,the rate of dead and elimination,environmental
facilities, marketing weight and time.Through consulting relevant domestic and foreign literature literature in
recent years, this paper reviewed the effects of dietary energy level,protein and amino acid levels,fat addition,trace
elements,additive application and feed processing on animal feed efficiency,so as to provide references for

reducing cost and increasing efficiency in animal huabandry production.
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ADG 45l ZE G 29 1 51 g F/G 435l i35 FRAK 0.15 F10.2185%, sk RISFEDILE 1 Hid AA
PIXSTRRR HH 8 0 600 mg/kg AL 2 BB 0 3, PIXY ADG 3 39N 4.4 ¢, F/G 235 %1% 0.10.
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ADFI 23425 320 g, F/G B EFFK 0.71. HE, FEEEPWE Zu4 a8 (K A=K H) & LR
RN 3 000 mg/kg 1) 2 A AR T (R H AT 1.0x10°CFU/g. FLERE 1.0x10°CFU/g+Ad &
FFE& 1.0x10"CFU/g+%BEE 1.0x10’CFU/g), WH5KILE LR ADG. ADFI Ml F/G ¥)70 3%
ZEE, XATRe S AR R BOINE DL RIS SR A . 1 12 kg ZE A AL KK
AT R B S TR FR S N 3% A BEAL A K, B ST I ADG 235 15 0 50 g, F/G B35 PRI 0131090,
ARG TR, 1 B AA WXSTERR AN | mL/kg 54 HI(FURR A . R RE B A1
FE M R R BERAZ 121 1IRE), ADG ZEHRE 12.86%,F/G &3 41K 0.06.

THUTOE 54 kg JeA BIAE <K R AZNE B 48 IR 23 3l 78 1 5,000, 10 000 A1 15 000
mg/kgo-Hi % 1R, W L I ADG 43 5l 22 H91 100- 190 A1 240 ¢, F/G 43 5l 2 & B A% 0.43
0.76 1 0.61. HEME AA Pt ARAAFIGIIRIS N N-CBEE 2R, A58 KA ADFI 1
ADG RZEH 6.2 F13.2 g, X F/G Jo i35 50, (H #RSR A T XS F/G 235 FRAIK 0.0719%,
¥ 125 mg/kg AEEME+125 mg/kg R4 GV INTE AT SR, ADG i85 g
HX} F/G JoRFHEEES, 722 LI RIN, AR LR 4 LU B[R4 4 PEROK A &/ v 1 e
LA 4E(NFC/NDF)ELAE M 1.16 322 1.66]MRAME I 2 1L2E, ADG E3##E5 36 ¢ F/G
RFEFEL0.69, (H5HMEL4E R HE(400 mg/kg) o bk A1 F 101,

6 MR TTZ

TRHIN L L2 S HE AR A R s sk i . Rk IR AR 1

RHEFE, AT S0 2B P AL F= M R AT kLR 20K


javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);

PRSI, A B ARG TR ERE BB RERLEE Y 500~600um, 4 BiEhiE,
140 100um,F/G 3§11 1.2%55), JSURPKY BRI FERR /N, 15T A0 Bl ) S A T ARt R OK, Y AL 2R 5k
B, AR JSURBY BRI A, — D7 TG AN AERE,  BEARAE R, 53— i A 307 1B A AL Al
H 5tz KA RN . Rojas F NGB YIRAR /D ] 400~500um, & TRERMTHMLE. B
VPRSI FE T ARDRE SRR R R R RO PRDRS I T S A AR K R s . ERIE A 1.5,
2.0.2.5 A1 3.0 mm fLAR T o0 IR G Ja b RHEURHEEAT i, 43 21 LRI RAE 23 7 0 595
626+ 758, 856pum HITEELERL. ERIRITMEEHT 1~4 &, 2.0mm HAEKE ADG BE =T
HAa 3N, ZAF/GHN2.09, BEMTHSEIAHG AN 2.29, 2.39 F12.35)HTE 1~8
i, 4 4118] ADFI. ADG. F/G ZRANEZE . THEERCOWF AT, T RM TR & IR
KEAM ADFI 5 EE MM, HAHH ©2.5/2.5 mm fLEGH L LA TFEH42 358.51um)
BIERAE. ADG ik, H&HI F/IGEAREESR, 2.53.0mm 4 F/G K296, TEATA
AP fiC. Huang SFUOMMAIESE 1 PR MEAH K (R L AR MM TOK I8 S m R 7R 20T A 36
PRIk, — Mg IR & R TR KR R SR 2.5/2.5 mm 0 Fr FLAR

FHEMRUVIWER T AR EIE R AL B (75%. 83%. 89%-. 93%)%) HAE K AE 5
Wi, I T5%IERBIAL 4L 5% 4 ADG F1 ADFI 5, F/G S fik. BUETWT 70 1 W
IR R B (R 2924 30's, ABTIELE N 80°C, KL Dy 80°C) AN eyl 18 o fE Ik il A (18 Jo it
12925 30 s, AFTRE N 80°C, HlRIREE A 60°C) 2 A T2 A= Kt kbxt A K & ILME 15
M, . fe i AR O ARG IR R T 2 2 AR KR o ey T DRLZH, F/G RIS T a4, (R
ESARE. SISO, iR fLAN 2.0 82.5 mm. AR N 70°C. HALH
N 4.0 mm FIHIRIZAAE T, 1~42 HESWXSHAEK R RS, F/G BIK.

YRR G, JERRIAL B R R, AR, S RN, PR LRI . XS B AR
WEFE R I, RO LR 2R (1 BRIH AL R 25 13.3%. TKESEF LRI, SRR, 5
Rkl BN B 25 = XS Y ADFI il ADG, 23 3K F/G. Jafarnejad ZFUVOF 78R IH, 1~
21 [ S0 IR SR B RURLR E0) DAY X A 888 = RN R e A 20 25 v TRkl SREAEVTIT AR, Y
M5 18~21 HEIN, BBk 775> 1 RE R F 2 8 T BORL i kL AL 38~41 H I, Uk fak}
FRor R R 2 TRk, R AT RE S5 A FF B S THAGTE (R B A G . £ 2
SR ORI, PMRARAL AR L 6 1 1 I RLARL L XS K F/G iR A% 2.06, K T MR A
FLEARLE 10 0 1 Hlki R AXS(F/G A 2.25);AMEBUR AR AN 4.0 mm 4L7ERL RIS ()
F/G BZEAKT 3.0 mm £(2.13 vs.2.25). EhIFETTR I 22~35 HES MR B 42 3 mm (1)
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FOEH 35~42 HIRAMNUR AT 4 mm FIBURCEL, AU ARG AR KPR RERLF, 1 Hab A R T
PEAR N L REFE, 2RI

Ak R 2 4 i SORE 5T B 119 B B AR« Nemechek 25150126 BIRE B0 KR b bk s, )
BHICRBRAC, XIRMAR S EIRI 7 BORLRH) Eo8 3N 5%34 N3] 45%K0, PIXSH) FIG 2k
M BT, ADG B R, G, S T ARIERTRL R e g Zh A 1 AR PR RE R JEORE Rk
ISR SRR o W T R IR 7 i R JEURE, G /N2 | IR VS L A A R R L s 2l 4 711
SEIAB A LE . DR/ EORDI R RE . A SR, 38 T BEAORL R £h %82,

WS TRARE T g BoRLRL . W BH &, FR 0 A, sh¥ H 3 AR R # A
AN S . Hurst B0 F0R L, BUKEG(wiv) 12 3 AHECF AR, s taRlar i
FIREAERKE ADG AUERSK ., WYE SR BT T S R I RS TRl W A 2 K
REMRZ IR, YRS R B v B n] B35 9 AT 8 AR K PERE, ADFI #21 11.44%,ADG #25 19.28%.
BB B AEESIE T T R B RL X A K IS AR K PR RE RN IR 2 R AR (M5, R I R
TR i 20% X MEZH AR, ADFI. ADG 2.3 & T 04, F/G W35 T 0 B 206 2 ot
FIRH T 2 R W A2 B35 i T B2 . 2 v S5 SO TRHR VS R B AR AR ST R B, FREK
L(w/iv) 12 3.5 RS R RELE 3 50% 2 ko kL, A58 ADG #2151 11.68%,ADFI$2 51 1.96% .
7 /NG

AR IFRFE MY 55 G 3 L2 TP RCR AN IR A e 4, D RLR F 330 R A
BEEYW . £ e, BINRR AR EAKCE, RmaesE A AR, BR R eE R
AR, X RREE. RSN —FB5E. R A A E IR KPR 28R 1R
H, STERREEREACTFAXR, UARAERAKTE—ERBNT, EERBUER 56 [H)
A—MRAEECBRE L), XA HUE AR 3 PR R A s Bl s, A EAR TR A2,
ZI) ) fo DA R P B (R A R R LG AR PT BB AN [R] T S MK F/G A RE LU AR S 41, iR
DLFRAIER AP D HRARR S IED FEIERII L], Mo sgmtaklF H R .
Fig FLA AN B BB A HT A4 A, MORIE 7 IR 5 AN A g B RR A L5 . n-6/n-3 I EL
151 760 1 I T 1 A X e I (L BB AR P2 A S . S T R R RN 2 R AL RS, S 5k
N2 AR R, IR BIZR 0 IR R . IGE 28R B4R BEHIF . FLALFRISE R
TR B AR R RS — B I SGEE ] o AN RIFR B [ AR BER B 24, A
A BOE P RLRE , I BT 435 2% B ARG PRt 0 e RURL Al Ak Lk B L AT A P el A ek 2 3 T
s RURLEE R OB A SR, S PRARTRIR GRSz, TRER H 205 52 2 R K R 5,
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Development and Application of New Aquatic Feed Additives
ZHAO Hongxia WANG Guoxia SUN Yuping HU Junru CHEN Bing PENG KaiHUANG Yanhua CAO
Junming
Institute of Animal Science, Guangdong Academy of Agricultural Sciences/Key Laboratory of Animal
Nutrition and Feed Science in South China, Ministry of Agriculture and Rural Affairs/Guangdong Key
Laboratory of Animal Breeding and Nutrition Guangdong Ocean University

Abstract: Aquatic feed additives play important roles in raising the feeding rate of aquatic animal and the feed
conversion efficiency, promoting growth and development, regulating body metabolic function or immune
function, strengthening disease resistance and improving quality of aquatic products. In recent years, many
studies about aquatic feed additives at home and abroad have been reported. In order to produce good economic,
social and environmental benefits, aquatic feed additives are used in traditional compound feeds to improve the
growth and quality and regulate immunity and disease-resistant response ability of aquatic animals. Therefore,

aquatic feed additives have been a hot spot of scientific researches and a focal point of business. The mechanism,
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application effect and appropriate dose of aquatic additives in aquatic animals, such as immunologic stimulants,
growth promoters, antioxidants, feeding attractants and plant extracts were summarized. The existing problems
in the previous researches and future research directions of aquatic feed additives were pointed out to provide
references for the promotion of the research and application of aquatic feed additives in China.

Keyword: aquatic animal; feed additive; nutrition; immune; antioxidant;

IKFEARRHR AR AE R AE P T S AR R i i > SR E I, R SR Ak A
TRVE IR SEmEn R DRUESIME R 15 48 DRk AR et 7K 7 it o 55 7
A R RO . KRR I R] 73 8 Fe it CRUERRIS IR, A 3 nfl. oo
RUNINFEE) AEEE FRMEGERIR IR CRBERIEN . Bra R, RAKR. HaEAE. K
FEURNA IR BC A R R L, PR EZ . R 2R ThEE iz, BARTE/KFRC & Tk}
D, EHRIEE EEAER . RIEKEE R T SR T & I 40 24 I Pul K
&, W5 7 BRI 1991 SEREK AR~ & 75 70, 2019 sENIAF] 2 200 2 70,
/K2 FRGE = EIA ] 5 000 i, (St Fmr=g ) 230, SR, &K IFREMEL . £
LR RS, FRAEIE AR I R R R W R AR T RSB, K
FEENIHUR SIS, TR KR, R IR R AT KRS R . (R, JE D)
T BT RAB UK = IR A TR R AT . N B IR I K = B e A LI e 7 A
TP IR — R RogAt, AE KRNI — A T B, IR E IR S e i
(I 78 LAEREAT R T-HEB K 7 TR G Mb (R g B T HRp i R, IR T JBAT S 0 B 2 SCRN S B
RLFME . BEFERMT, KPR IR e S i R A AR L (R BEE TR, I s e
T WD IS eSS T A ARAE R o AR R RS R ERT S 10 248K 4L
RGRNHTT R T /KA 2B 0 5 & A m Hh DX RF (7K 77 72 58 S P R L 48U S ORI 602 7
IR, IR SIS TR TR BN I ThRETE IR IR & 5 B DA R e R B4R
e DR A AN 4, FE /K P BB A RO S8 08 SRR R S TSR T T
R . ASCERR T R BEREN) ARAAFIFTEA A R YRS R
FIBR FERE R, DA 2t 3R A= B s I s it 7 5 R AR it 2%

1 KPR T e IR T R
L1 ARl p-1,3-1 5 pk

B SRWE 2 oA T B AR, e H AT AR B e RN . — o Tk

HHN AN B-1,3- SR BB AR Ik JLANTEE TR (A KPR RE . B i S D RE RN B B5% BB R 120,
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WU B, KA S RO I £ ST e A S e R AN /) T BN, B s s
e 5 TG PT exF fE I PR A AR R ™ AR AR s ), TR ROV R 2 B sh W0t L
FRET B-1,3-71 F WAL FLYNEXTAR . BETTXIUR . Hof . S @AIEl R N I, R8T
B-1,3-Hi RAETEA [F K = Z0 W) M BO@E AR I FLARIE R IR T k) R s I 9 336.5 mg/kg, B
TR AR PR A IR A 400 mg/kg, sEFALAR AR INE Y 600 mg/kg, AR H
ININEA 415.10 mg/kgl678910.11121
1.1.1 B-1,3-% S £E LGNSR I 1 3 A

B8] SRS FH 70 B e I T 55 208 5% R (T 70 8 o0 BB, LSRR PR 5 FR Bt K
NP A KB B $ME T 2RI it 18] 25 DIAR DG o 1 1R ZEOIF 52 ML NI X MR R 45 1] B-
L3-S 0. 7. 144 21, 28, 35d WU ElmE IE AR BN, AINESL R | B-1,3-4
EWE 14 d JFAEE M LAV XTER B e m i) e ORaP 3, 148 28 d AN S R ik 2]
77.01%. A HIFEME B-1,3-5 SEME XoF PR AT R I 30 P A0 T DA G 328 K O Bty 1 7= A 2
s, TADRHEN N 250 500 mg/kg B-1,3-%1 M 14, 42, 56d, B8R 51 m KR FRTE ML
ARIEE XTI FE ) T A AN AR AR S 1 G THRELS0), B- 1,373 SR 1) ) B 45y 3 S B v L
AR IS AT AR ARSI BAE T, 14 d (BRI 0.1% B-1,3—H S0 nl il
R HE B AR AN IR 22 BE/B-1,3-H SRS S EE . By 2 ALYl SR AR 2 A V) BB mRNA
N T 1Y e LR RS I T TV A R 2R N BB R
1.1.2 B-1,3-7% SEMELE AL b o (1 B A 7

TRLEEA A D B-1,3-781 SR A k35 B =y AR 0 1Y) S P AP A BE 77, 400 mg/kg 1 600 mg/kg
B-1,3— SR WE A 2 2 1R i LIS AU S e Bk iR 5 ML AMA C3 &8, IE B S B ALEG
BEVEBERREG . PR IEBERRBEVE I, DAL AR S BRSPS RE /), 2 AL i A
SR, BT R NGRS, 400, 600 mg/kg B-1,3-%8] FEHH T2 FRAC N 96 h 11
ZUFIET R, HIRHRET R 5N 60.0%A1 58.1%10, S5 RAGINAA L, RgERE p-1,3-4
SRR P16 0L W P AR T T o R AT i BT AL RS ) B T, T A B S PR,
TARL A NI — 8 7K B-1,3-7 SBT3 AR UL R T AR L e AR s A e T
1.1.3 B-1,3-7% S0 AE 2 590 0 10 B FH I 9

TR N 2004 600+ 1 000 mg/kg B-1,3-%1 M, To18 RHUE S IE 2 1] i e
X, PO ARG RS GRSl BUALFIBTE /K< 5 B
BE S8 S 2 5o, (HE] R P 1 000 mg/kg B-1,3-7 SR i 2 R s it ATk b, 3%
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Th B IE B4 2118 HAMIA Z-6 FMIREIRGER 1-a Ko BEIETEST B-1,3-% 2K pE ]
DAIY iR B 3000 il £ LV AR 2 3R AR 1 ML AR 32-6 7K RIE A B B S, [k
KRR RG 48 h JE I BT IEToR, /& HimE /KR s R e he 712
1.2 AR Bréa s #peH ik

ABCHIR(GSH) 2 ZAFE T i —Fh A S PEAR, o AESh I A0 . I BEAT
INERZEM BN EE, —MX 0.1~10.0 mmol /LU, GSH HA IG5 FE(—SH) Ml y—
Wi, XfEf e A Z ARG, RSE5IAE HENER. RERERE. HRES.
2 i 6 B P LR A R 0 P R B 2 T T AR BRYE Bl TR R R RS 77 % F O K E ARG
BT, K= Bk R IR N GSH, e8I 58K = Sh I PT B AL LR 71, B JLA LA fek
R, JFREAEK.
1.2.1 GSH fEXHF ) 2 B 5T

SR OT A FER 200 2 Ak s R IR B SR B, A I RN T A ARG T R (R E T, AT PR
JH4MM RNA/DNA EUAE, $emgnf bRk A KR 7 (IGF-1) &8, BBl
(SOD). &t H kit E Al (GSH-PX) &M, LAK SOD. % LAl (CAT) HEKEE
B, JERRN 8 (MDA) &&, X FBRIRERL AT A 2 2 Ry T TS, Aapisk s
GSH B 2 & B LANET IR I A . Bd 2 DRGSR AT . BRI . LA P
BAWE, R BERRF SR HE RS (GR). GSH-PX. ILiE B BERR AR . 1 i R
BEEVE . SPTEALEE ) (T-AOC). Mtk AT 85%, JH (KA 2 MDA & &), GSH il
UK LR IR YRR 7 S e DR, 32 FLANE XTI G 38, B0 B9 10T FLANE X iR
A A G . AR SO FE AR, GSH 78 FLARIE XTI o B3E BRI EA 174.13
mg/kg!'7l,
1.2.2 GSH fEFE £ (1) S B 5T

VIR 2 8.50 g IR, FE 56 d FalFR M 23 BIFLIRIAR I 5 FhANIF & GSH GA &
4374 05 100, 200, 300, 400 mg/kg) HIALTERL, TR, TR GSH Reig g
AR A KR AR RR R, oA 200 mg/kg T EALE B IS, Gk
NN GSH B .32 i S AT R AL, BB TR yE IGF-1 /K7 Mk A4 e, JHitmi
006G K/ T R RE 77, Horh 200 mg/kg GSH 2 #5135 J5 A2 im Rk Bl i, LA
R e K F VPN AR, GSH fE= 4k} i R 3E BRI & A 350 mg/kg!'®l.
1.2.3 GSH 7£ 2 {4 rp 1) N HI T 7

-+
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TR N — g AL kAR B R E B AR g AR KRR, SR AR
FLS AR & & LS AE IGF-1 7K-F R ARRS et e B AR OGBS v, 5 3 AR KR
(GH). IGF-1. SOD. &Mt H Ik S-##M8F (GST) mRNA Fik. LA EFR NN IR, &
&P A Akl GSH [3&E B IR A 355.13 mg/kgP. TARFAIN 320 mg/kg GSH &%
fem P R FE GST. GR. SOD. CAT iFHEAFTHEAN T (anti-0%), FEEFIE MDA &
B, EWREEN I 96h A, FEHARIN 320 mg/kg GSH 23 AR RHIET: %, 1A
BRI GSH 18I W0E & & 2 HE i b AL R i & BT Al 5L U e 7121
1.2.4 GSH 7EAE 8 1) )8 FAFF 7L
TR I GSH 4685 %)) fh [ AR K BRI U 7 iy JC 52, 780 400 mg/kg HL
18 R L IR AR & 6.2%, B RIE R 7 T-AOC. GSH-PX. GST /&M GSH & &, B¥&
$EE AT SOD #1 GSH-PX W& PE K (1AM -6 & i, PUTAHASZ 96 h Rl 013 8 A
TAHEAR, DUAEKMERE . MR IEUA IR R DU ZNBRE SN PE I FR AR, 16
fs )y i G 28 o O BV B 300~400 mg/kgl).
1.2.5 GSH £ 3 it v (1) B F T 52
RN INE R GSH Refem i mAK, fuZ LPra e iR s Him igfl 2
Rt IE, EE BRI GSH 2774 7 FURP). fakl i ini& & GSH n] BRI i fa 4
L2 P 1 VAR BB, AR L A P PR 5 8 1487, B3 bel2 SRR T 1 bax JERIRIE, 41
il 4R A T30 Ak, R AN INIE B GSH AT PR 35 3 1 2 BN IR R J5R R AT
ZAPIETIR, MCEREGERE T B EACERE, I hsp70 JERFRIE, AR IR AN
Wae 11, UREE AR K E O PN FR AR, GSH 7E S it Rk 1 I& B 357.69 mg/kgl?Y.
1.3 H AL e s B
1.3.1 ZHENR-p-HES
T HIHE-B-NE S (DMPT) J& W PR H SR B A VITEVED T, KA e TR A £,
FEEYIR N . DMPT B ZRiINAE, REOSAE A R0 R, XImiAZ. &R K
ISR E FRAR LG R, AT B — e 0 2R vk e RO DU R RE 77, IR 2
WA, B IR R ThRE 2, XL BRI R T LA DMPT NEE &
B, AR LA ER R A a] DL AR S B R FE S B, kA I 400 mg/kg DMPT AJ
DL 25 SR B R A3 B 2R, FEx PRI Y5 38 16 A T 1 . DMT (R =)
N DMPT HIE &Y, Gk 200~400 mg/kg DMT Sl a4 B B e A KR, 36
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MR GE AT DL AR, [R5 e 0 £ ) Sz 2 Thfe . e
JIEThRE, 8RS Y SO AR A7, R IO ) S E A e IR
1.3.2 FERHEIY)

WRBE B AE 28E 7E LU T FLARIEET IR R 3 P bl i (BERERRNY . BEBIZ IR, NP
BEKAEYD BV RCR, IHRW T B BCR B 107 78 S IR KPR 0 FLAAse s iR AR
KAEREAIREI o R F Al DRE 3008 &tk 45 5 B 4 o BE IR BERY . IR RRAZHT R . MR % B K
R, IINEMEL (Y203). bl (Nd03). ALl (Lax03) FIEALEE (YboO3) 1AM
VAR, F TNk B s, 45 F R IR X6 AN [T e 1) 38 B s 4 v AR AR VR I BEAZ T 1R
Y > EERERE R 2 > Ry 2 > OB I RE K BRI A . FEBBIRAR |, SRA 2x2 WA ZR T 2 Mk
HACTE (36%- 45.27%) Al 2 DNEREEHZHIRKT (0. 0.8%) BT AR BERHZ HIRAEA
[ 8 1 KPR X LGRS R (9 AR (R s o 45 SRR, AR 1 7K B 2 2 3 R R A7 T 6
ORI WER, RpEA KR, MeREMEAMREER, B REG Wk R
BB IR A 0 B R SO IR AR TR 2, RS AR R B E R AR e K, AR
A BT R A A BUF R RO, RN 0.8% FERHZ TR AR fr, fEmEK
VERE, FEARE F/KP REH R E R,

2 oA AL DR IR I L
2.1 HR

WZHR LY DNA. RNA MEBHMASY, ENANEG 2 EEZN AR
Thik. WHAARM, b FHaEAK . SRR EDRGLT,  PIRAZ T BR A AL A A 2 &5 Fh
RUSHE RSN A M I 75 2, BRIAD 70 AN T B U W s 2290, FER3E6Y ., B Efa, L
i, RVUVEEE, SEE PRI, SNEAZ TR R (Lt A K VERE . I IE Th REAN o % AH
FH TAEE, ZERREZ SHISSATIE . BB A E RGMIIRER), RN 5 FAZ TR
REY) (5-JREF RS- AF IR 5'- PRAF IR — 8. 5-WIH B —4N:5"- S IR —4h=1:1:1:1:1) BEf% L
LR AR AR A K e, (RERR, SRR DI RER I A, $m PLARTERT I
PR R AEARE S 1 G A DR R T K, B IR B A &, AT B e e R 1 bt LAk i
FOAERE SV S e ThRE, A% BR VR & WO TE JLANIEE X MR SR Al op 1 3& B I &8 400~600
mg/kg TAREIEO, TR, 7R FLANEXTMICER E BT (37, 92%) TR EE N 400 mg/kg
ZERRIREY AT R m R HE AT RN KR BRI, R
LSRR B m T RE N (46.45%) WA, HE5MKER (37.92%) XM
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e B ZER; BEERS TR C16:0. C17:0. C20:0. C22:1. C18:3n-3. DHA £k
#, C14:0. Cl6:1 HIRMHM R EZE S T EER (46.45%) XA, HE5{REH (37.92%)
ST 2R HE. REAFKPERAELL, ERE AR IR I RRIR &)
HA B8 PN UR RS FR YR T AL ZR AR, Rl RELRG 7 e Bl R AR 7 1
(PR F B R0, e s i AR R R 2 B0 0.24 044 0.64 1.0, 1.5 g/kg IR GH#%F
MR, 1.5 g/kg MINAZEFI A ER, Rpe KR, ARRCE. B O TR 2R 7 A [ i
KPR T IR, GRS A% R BR B O P e BB AR R R, (R RS AN S o
PréEfbEE 1182,
2.2 fRERANE

fREEAME (xylo-oligosaccharides, XOS) ;EINREMEZNEH FHF2E, & 2~7 4 D- KBS
B-1,4 B HELS & N ELBE B REIREE R A0, A RS R ZHEFIR =h &, B faE
VelE . AR TR B BORIR S SRR 2. XOS TR TR R R R R, BRI
REEMA L, XERDIN CAME IR R AR i 2, BeHRp B BRI KRR, K
TR N TSR BHEr, CARMNGTE. RERE. BEPdem. sa, 1A
fiyt B A5 RN FLGREE T ARG XOS HEAT AR RE L T AT I R P T AR O
W73, kSR B 7T R W, TR R N 200 mg/kg 16 R ARE it 55 2 (2 HEX IR A K1 g
BRARAERL REL, 1R m M ALEEG I, JRE iR E A, SR B EE, 35 iE PO, LZM
TETERU AR T-AOC &1, BRI MDA & &, SEH S anti-O%, B E IR A PELE
BAERERE ST, AR S a0 AR A XU B AR, BB B, A i 40 o
KON, SAETAERY, AR AR B35 ek W PRI R, AL 2 T B RN 45 B
L B SO A ZLRRAT BB, B R AR v K R R R IR R T
2.3 HHL

RS L FWEIGR, SERSIERAK, RERE A EEER. it
IKFEEAE A PERE AT REIEIL DL R 3 450848 (1) MBI B /K= sh W i S 11 AL AL fg
TSR E A A YERERS; (2) i 5 A T ORI R BT ORI, 4R AR KR
BN )RR A AE KR & G, AR HEAE KB (3D il ¥ 22 1§ 0 2 G 9 FH0s 8 7
HA 0 R Gl FoecBeE AR esw . EREE S22 M AEYIER, WiJsn] sl 52 &
THACERSE, SN AR 2, (R sh A KB, ALK shi b P E iz
WAL, FCREAE I AR b A I Re JITE /K= B AR T LR B BRKP 35 CIESE . Hu 55638
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RGTT AT S 754 3 U AN 9T, B e 7 35 390 £ 4)) fo S Al 1) 0 R e B
0.20 mg/kg. &= AN AE P2 535 = i FUE A PUAALRE 71, SRANAT = Al 0E ROS 15501
5 AR TN s R IS CE R, @S CatE S 1A, A T R E
TAEH], SRS B hsp70 FEPE A FRAR A ATLAA ™ A ) S8 A SRS BF 58 T
ANV PR A KRR T T, e 35 4 = 4 fRTUL R ZH 23 il (1 RS B P S AL e
71, BERRAE IR AR RE S R, PRARIRER B, SRS S N Hu iR e s B0,
2.4 HUERL

U IRV IR TA R, R e R e R I B RGH sy, nI i KR 2
IRBIVERR . BHIER G 2 FE F I, AT HEE. Bk, QRS EREY B a iR ENE, £2
S%of S e B AN PR A0 A R IO USRI, BB RLE FLREERT IR . DR FR A
B0 A A S S A AE KRR, ARy — e 4y AR, R e in ) B A
J R R R s Hu S5 U20R R R S U 75 3 1 07 20 AR ORI (R4 PR e L, et 2L 21
S CRREGESE . AACEE . RAACEE . EhAT. BT, ARG T AR B M BB K, B
F 4360 BEVE I e Ok B A BE AR, El byl P v AR AR I 0.2%~1.0% 57 i
DUk KT B PR s i I R RpE AR KRN R R, SR A A A )
b, DARINA KB AT B0, BEPUR KA D 3 0, SEFEAT TR R s . R
VIS IN 3 B ) SR TR IR FLAAEE R AT — 8 R AR KA H AT 2 i FLANVE X ER 19 4 g
FPLEPRLEAAERTTERE ST, IR 0.2%470 11 K 7] S 35 B s WP RE i AR K2 ARDRL S 3R A I iy
LEMYEE (POD). VAR (LZMD Sfgis e,
2.5 TR

THYSRE Y Fa i I Py EL . A2 B 5 0 AR Hh B B SR I AR AR s P R A
HAFER DI RN o AR RIAE DRI P B 53 R 7K B0 6 22 S AR FHSOR,
KAEEEAE Y By FEAFE S R, R AVIIRE . SRR, K. Y
R MR TEE,
2.5.1 HiEHT

RIRAEDD IG5 G 7 2 R B e -3- B SRR ) 2 I R AW, T2 AFE T BT,
HA BEMPUEA . Bl . SR PraiE S AmiEtE. S5 ByiE b )
ML, Za 8 BA TGS TR E . Lm0 s 200, EARE A SO HLAA 16
FESRNUAST AL RE ) GBI TE g RS DT T AT BRI UM E AT 8 70, R AR bk
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REMAMM g gk K, IR RIS R AL 400, Peng SEHTIAT
FH, R INGE G B T AN A A EOR AR B AR KRR AR KR BUE S Tk
RE BEE. BAFMCR. B PRI, (8] 535 52 e 6 iy 0 1 B 22
PE, #1#1 Cetobacterium I Aeromonas i J&, {2t Clostridium F1 Brevinema FHX == FE 3411
I 4 A R S N T R, L R [ AT I i =R L PR, M R PR AL RE
A AR S A SR P S A Bl e S T s TR AR BE T SR BB A A
HIK S BERBHE I 5.3 T AFE SOD Al Nrf2 mRNA (A& 2% FIt. Wk
(e AR E A o (R PO PSR ER T LIV GRA T A ez S =AY R A AN Ry e R N 5T
B 23 H B A RS A A S LA EE AT SR R
2.5.2 i

A G R — R F AR AR R =, BAYUE. did. AR
AU BURPUR R PLR SR I)RESP), BRI EE N —FRIR . S R
A, AR R AR YRR RE T KRBT E (AR TR S S 4y B A5 38 (1 — b 2 i
FPUEMHD Aol B IR m iR E R AR E A KR, PRACERL R B0, AETaRL i N
YRRyt e S | SR N SN e S 2 SN 4 = D e = Vi T 0 o (b
RO, FERRIN 10~20 mg/kg KR BE AR ZE 674 fLJE MDA K, B35
millLiE SOD Al GSH-PX [iEtE, $&mPia bae /102, |7 AR 8 L RHERE SRR 5T BT 7E
[ P9 1 T R RS R AR =K s A K B IR AT . BRI, TR
B A8 INE B SR v s T E B AR AR K RE, R IR m PR R K A R
N EAE ), SCENLAR, REPUEILES SOD Ml CAT ZERFRIEKT, ¥ AW LA
WAE T Re 5 Nfr2 15 538 8% A 03, 78 FLANET IR PRk b s o 5 -8 I w7 52 vy (L3 T ik
BB Re 7y, AR I R P AT IR o i S i 2 i, v JLANEE R IR B AL
BE 41, ¥NIN S0 mg/kg S FR AT LR LAV X AR RIE R B, BN w2 RS Dl
H T-AOC NP FaAR, SIS ER7E FLAN T MR FRDRE b RS B R &N 56.18 mg/kgl*,
3 EHE

FE R TIHERE K P @ BREFRE LTI . FARIK ™ il 22 4 5 OR DA BN g K = (25 ] 25 2
IR SN, AR R A RS IR A Bl Dol R e B SN 2, W2 HES)
IKPE TR AR e . T RRE A R B S 00, KPR NI S Re Sz, ARSI E SR
APy FesEh B mERHAAER, (5B H A VF 2 R R F R, X RS

B}
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JE EZERWIFETTIR: (1) AKP=Eha A & 2, KB INFIAEAS [R 7K 7 30 2 Hh i & B s 5]
B 7 AN [T 7 AR SR AR R (2) FREMIILRE , N XA TR
FRIAREI. FRIEZETT . FRIEN BOT R RS I FRIE AN [R) FR 8 2 AT T B0 R RAOR A i B
WINERTFT: (3) b /KRR IR = S e AL, RIEERNERE . AR RS
BIAMERE . PRE R BURPINERE 1A R PEAIRRE, ) AR AR H B A P AR
#E: (4 HXAFRFREAE . AR BOKSIE R 2R, WK shPx B
ARV WU E AR AR AR R, B E SR AR B S I o S (S S
%

JESCTPEAE (JRRM B A E R 4% A I TA): 2020-10-30 15:39:25

MNABEFRFKRSEAERARTER

EHE Rl FRER
XK AR B
W OE: DHERHEARWE S, BARGEEDEEA SN E . B WS LR AR, /N T #Z

BENATETE AL, A8 S M 58 TR A A, N T E & PRl 2 f] B [ IR AR AT 3 o A SO BAH SR SR, ik
HAR AR SR, LD/ H A L5 AT S R TR AR (A 46
REER: /pHE; AR B TTRERE;

N, SOPRIESE S, AL, XEMEE, oA TRV HOKX, HAYERERI, Sia,
Byage, WO, BTG a, SR EE A SRR MR B SR
(R Ji /IS A0 B ET A NATT T FEAAE S WL % T e A, N G 5 el 2 ] B (8 77 S ) I
$o ASCEPIAHRICHR, LRk AR SRR TR, DU /N HAAE UL S gt AT
FIETRIASE AN %

1 /Tt P At A JEURE e 3

A 1 SRR FC G & TR HT B, B AT R DR R Z S AT E Y R . 3
JEOR} AR R fi |2 Rtk BB IR S B AR 60% A B B S IR AL i T, EL Ry R A
IR . HREW AR, RO S EMEmEAS, £ €N UIEAER e, A
FAAEH AR AR BA-F S8 . AT TNy, S, Xk B ULk Sk
Fra5 BAT RAFHE R PE, ATCAE N A G R R A B e MUERERE, TR
FUb 548 Tt S A IR SR AT DA/ T f R aE B A MO0k SRR S Rk R 20
NP RO i e s 1, AN ECAE /S H A A R AT H
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Effects of Three Kinds Fe Sources on Growth Performance, Hepatic Antioxidative Enzymes and Intestinal
Morphology of Juvenile Pearl Gentian Grouper(Epinephelus lanceolatus xEpinephelus fuscoguttatus$)
GUO Xin-Wei ZHANG Yang CHI Shu-Yan TAN Bei-Ping YAO Ya-Jun YAO Hong-Mei
Laboratory of Aquatic Animal Nutrition and Feed, Guangdong Ocean University Key Laboratory of Aquatic,
Livestock and Poultry Feed Science and Technology in South China of Ministry of Agriculture Research Center
for Accurate Nutrition and Highly Efficient Feed Engineering of Aquatic Animals of Guangdong
Province Changsha Xingjia Biotechnology Share Co., Ltd

Abstract: The three kinds of iron sources iron sulfate(FeSOs), glycine chelated iron(Il)(Fe-Gly(Il)), and iron
hydroxymethionine(Fe-MHA) were added in the juvenile pearl gentian grouper(Epinephelus lanceolatusd'<E.
fuscoguttatus Q)isonitrogenous and isolipidic experimental diets respectively. The grouper(initial
weight(9.00+0.49) g)were randomly divided into 3 groups with 3 replicates, and 30 individuals in each
replicate. The experiment lasted 8 weeks.The effects of three different iron sources on the growth performance,
hepatic antioxidative abilities, and intestinal morphology of were evaluated.The results showed that although
three kinds of Fe sources did not influenced significantly the survival ratio, weight gain ratio, and specific growth
rate(P>0.05), the condition factor, Fe contentsof whole body and vertebrae of fish fed Fe-MHA diet were
significantly higher than those of fish fed FeSO4and Fe-Gly(II) diets(P<0.05). Hepatic CAT activities in Fe-MHA
group was significantly higher than that in other two groups(P<0.05). MDA contents of liver in Fe-MHA group
was significantly lower than that in other two groups(P<0.05). The plica height of the three part of the fish
intestinal in Fe-MHA group were significantly higher than those in FeSO4 and Fe-Gly(Il) groups(P<0.05), the
plica width of foregut, midgut and hindgut in Fe-MHA group were significantly lower than that in other two
groups(P<0.05). The muscle thickness of midgut in Fe-MHA group was significantly higher than that in

FeSO4 and Fe-Gly(Il) groups(P<0.05). Based on the above experimental results, compared with Fe-Gly(I)and
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FeSOs, adding Fe-MHA in grouper diet improved the iron deposition and intestinal development,and then
ameliorate antioxidant capacity of juvenile pearl gentian grouper.It was recommended that Fe-MHA should be
better as the iron sources in the feed of juvenile pear] gentian grouper.

Keyword : Fe source;pearl gentian grouper(Epinephelus lanceolatusxE.fuscoguttatus?); growth
performance; antioxidative enzyme; mineral accumulation; intestinal development and morphology:;

BFe)lF MR EREKTHMEICRZ — 2 5L E A MILLLE B 4T %, JF B B
Fe? 8l Fe i1 2 0E bl AU B, A 12 AR R 1 2 Bl AR A S St o AH B T ToA L 28 2R A 147 Hp
A HUBR SR P AN TE 2, b b s In A L2 & Bk v 58 2 Wi, oA SE R AR s vE )
PR 4k (Fe-Gly(I) Fl k7 & TR 8k L TE L& 1) FeSOu4 HE % 55 A 20 32 & JL 49 V5 X} 4F (Penaeus
vannamei Boone) & [ 57 RCR AL R, SR T, PPN A4 AN (5], BRIV B A= R0 A7 A2 22 57, 24
43 9 DA B SR FNRDRL R NS 25 (K ), 22 #A.(Rachycentron canadum) X 85 2 B2 8k 1 A4E W)
FIHZ A FeSO4 —AHAY B H LUMLIE CAT i&ME Y HIE I /i # AR R 2 J5E 11 2.75
581, H Ao T 28 40 FeSOs. Fe-Gly(INF1¥2 I 5 2 B Bk (Fe-MHA) F R FH R FE RO AT
FUSIRUN R PSR A 2 A TFRE T BT 78, 50 T 7K 7= sh ) J6 e 72 i 7K £ S R BIF T4

R

AP H AT C & RN E DY K K 97 B 2R 2 — 3 Bk e I A B f4 (Epinephelus
lanceolatud xE. fuscoguttatus Q) T~ HAE K BEPL . o SR oms ) i S 3 OO e i
FFEHE K BRI, AKIF T2 IS I TENLAS FeSOsn RIEFREE A A Fe-MHA 1 Fe-Gly(IT)3 F
RV, PRI B2 BR M IR A B ) ) o T R D D P AR DA AR A5 05 JE A B { R i A K
MiE TG R Fe & B MIE .

1 MRS T
1.1 A )N 70 5 i 2

S A KA RE B SCiR [4,11,12,13,14] 408+ Fe 75 25,7 A FeSO4. Fe-
Gly(ID)Fl Fe -MHA (463559 99%, KD 2457 A TRER JE IR AT BR A 71)3 Rk, Bl 3 41
SRR RIS R . AR TR T (LR DHERRFRE ORI 60 B S bkl iRRL7E v A
SERIRAHLIS14S B b SR/ TR A 10 min J& BABEEEYLIFZ O . # A A
KRS 15 min J5 2 BUEFFHEHL(F-75 BO)HE R BN 3 mm FIFORGTE . fE5 A
H AR B IERLK 34 2 10% 204 5 - LHARRLIEAT BBERE 73 252,-20 CUKFERAF AL IR 56 H

FE ARUGEVE R 275 1 A2 P RIE 50 1 (AR T 5 LV ) SE Tt A B £ ) R B 0 K I T 43K
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55 2 Bk e IR 4 0 (7R i B A D A0 B 3, WL, ) BT 4K et rh 2 9% 10 d AR RA
B 75 M B T R CRL R F1>49% HL TR 7>8%) £ 40 B £ A8 38 B 37 B B B I Pk ade fi e L
Rk 35— B 058 £ (9] H2.(9.00+0.49) ) B AL 73 i 21) 25 N g /K FRFE BB AN A o AR P88 &t
B 3 AN EAH, AN 3 AN E L AN E SR 30 R ALK IRIE 8 AL E BT K 2/3,
FERAE 8:00 Fl 17:00 BEAT 43R, 5 M 5 249 Ay HAK TR (1) 3%, 5 I WL 58 A B £ 40 B 175 100 B I 1]
P&, [ D B TR

Ingredients FeSO); FeGly(ID Fe-MHA
R AN
Low-temperature steam 42 42 42
dried brown fish meal/ ¥
EHEGH
20.13 20.13 20.13
Dehulled soybean meal/ %
/N e i Bk
9 9 9
Wheat gluten flour/ %
i 7
18 18 18
Wheat flour/ %
i
4.49 1.49 4.49
Fish oil/ %
o 3 3 3
Lecithin/ %
3] -
1.5 1.5 1.5
Ca(H, PO, /%
$t®EC
0.03 0.03 0.03
Vitamin C/ %
FAk NE T ~
0.5 0.5 0.5
Choline chloride/ %
T _
0.5 0.5 0.5
Vitamin mix® /%
L ET -
0.5 0.5 0.5
Fe-free mineral mix® /%
£ ik i Bk - -
0,05 0.05 0,05
Ethoxyquin/ %
0.3 0.3 0.3
Methionine/ %
IR
Nutrients proximate
HER - -
54.97 54,91 55.04
Crude protein/ %
FH M o
10,98 12,48 12,52
Ether extract/%
£k Tron/mg =« kg™’ 152,58 156.25 159.00

HEOZH - FREMABEMHARAARLAIEY. QLERKEF (Ll ke W
Bty — KA WA 46 61 me: A K SHEEE 1L 91 me : A ABHBEE
145 85 mg ; WAL SN Q 73 mg: AR ER 6. 78 mg A K & H 14L& 42 00
mg,

Note: (D) Vitaminmix ; Qingdao Master Biotech Co., Ltd offered. @) Fe-free
mineral mix(kg diethasis): MnS()y « H20), 46 61 mg: CuS(), + 5Hz0,
1L 91 mg:ZnSOy « TH; O, 145 85 mg; Naz Se(y, 0. 73 mg: KI,6 78 mg;
CoCly « 6Hz0.42 00 mg.
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Fr 5 8] 7K A 25 DTve b BE I R AR K K A Bk T8 3 15 §<0.000 67 mg/L,24 h fit
N S VAR E>S mg/L, 3R 27~29,7K1R.(29.14+0.75)°C, & %(<0.03 mg/L.

1.2 FEACKRE S

8 JHIR FRIH IR 45 o 281 24 h SR, i AN R AR R AL I T R A A
(11384 B ZE(WGR). 758 A K (SGR) M BLTE FE (SR) o 73 AIAE SRS B B HLEL 3 2 0, )
EARRAA T & 5 B T-20 °COKHE, &l 4= 5 IR 70 A Fes 4l(Cu). Fh(Mn)AIE¥(Zn) &
Sy 4 J 03 B PR R R B JE B IR L R 22-80 CCORAT A 70 A A Pl v 12k [R] et )
B HEE A7 T 20 °C,% 0 Fe. Cu. Mn f Zn & &R HE AR 2 105 B il JEARic Al
A0S W [ E T 10% AR RS R F T I A s ) R R i
1.3 A 7732
1.3.1 FHESTE AR I

52 FE A R TR (MDA e A AL EE(T-SOD) i 48 4k SV B (CAT) B 1 B 1
B (AKP) 3 M (R 5 A A ) AR 0B A AR T A B AN SRR I FE S5 U
132 WYIILR&E

AERIPR E FRIEKAR . SEIRA R, A f8 NP HE B 1(0.10~0.15 @) T S i I 8 mL
2R T AR AN 2 mL XA K G N T AR (CEM MARS) S fift o JEE TR J e N B (5 op i At
IKER . BT EAL(ICP 6000)l 2+ i ' Cu. Fev Mn Hl Zn PUFICER 1 &5,
1.3.3 JimiEAaEy)

e 1] 1€ L B BRORRR AT BEA T T S AR A A AT R A I B V)R R B 6 pm,
TRA G- LT (HE) Y2 th, 75 4 1 3044 54408 (DM600) T ALEE L 31 A I B2 i B A A 1) 40 2% 1
FE(PH). 455% 55 B (PW)AILZ JE BE(MT), &7k U1 23 il € 10 ANAH R,

1.4 THET7EN
FGE 2 (Survival rate, SR, % )=100xNy/No;
Tk} Z ¥ (Feed coefficient rate, FCR )=W¢/(W-Wo);

)

1 5 % (Weight gain rate, WGR, % )=100x(W-Wo)/Wo;

' 78 4 K % (Special growth rate, SGR, %/d )=100x(In W-In Wo)/t;
A4 LY (Viscerosomatic index, VSI, % )= 100xW./Wy;

4 bt (Hepatosomatic index, HSI, % )=100xW/Wr;

JESi# FE (Condition factor, CF,%)=100xWy/L3tt3 .
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H NG 2R R HG N VIR AL W AR AR 5B (g); Wo T a6 14 5 (g)st ik R
H(d); W AN TR 2 (2); Wi I 5 (2); Wy R A 15 2 (g); Lo WA R A K (em)
1.5 HdE i)

S HE LLF- B (H AR HE 22 (Mean+SD) KR il ik SPSS 20.0 BAF#EAT B DK 3R 73 i, 24 4
B E) 47 5 2 22 7(P<0.05)i) ] Duncan [Ci:BET 2 5 LLASK I
2 RS
2.1 BRIERIEZ BRI IR A B 0 40yt AR K AR RE AN A S FR AR I 52

3 PRI 2 BRI IH A BE 1 SRV WGR A1 SGR 3476 i 2 541 (P>0.05);Fe-MHA #H /] FCR
BEET FeSO4 41(P<0.05). FeSO4 4 HIS 1 VSI BEm T 2 MAINE LRI A2 Fe JHA
(P<0.05), A Fe-Gly(I))4H ) HSI #1 VSI .3 5T Fe-MHA 41(P<0.05). Fe-Gly(ID41A Fe-
MHA #11f] CF .2 =T FeSO4 £H(P<0.05),Fe-MHA %1 CF &3 =T Fe-Gly(IN)4H.(P<0.05)( L.
% 2).

F2 KENBEHRALBEERENEEKMERFESERIGNER

Table 2 Effects of Fe sources on growth performance and morphological characteristics of juvenile grouper

H 4847 Growth index FeS0), Fe-Gly(1D) Fe-MHA
¥ &E IBW/g 9.0010.59 9.0040.41 9.00+0.51
W% % SR/ Y% 90.00+3.33 88.804+1.92 91.11+8.39
WEZE WGR/Y% 655.97 £27.88 646.70118.28 656.19+85.78
HeE e SGR/ Y » 47! 3.61+0.07 3.59+0.04 3.60+0.20
R FCR/ % 0.92£0.03" 0.97+0.01* 0.9940.02"
FF & ke HSI/ % 3.5710.06° 2.841+0.07" 2.4540.06
i EE VSI/ % 11.40%0.01° 10.6540.01" 8.60%0.13"
fE i B CF/ % 2.5540.04° 3.0440.03% 3.17+0.02°

. FITHEE B A E R A E R B #H (P<<0.05), FHE,

Note: Data in each line with different superscripts are significantly different ( P<20.05), The same as below,

2.2 PRIEXT BRI AN A BE 0 %)) o AR RS M YR S R R

Fe-MHA #4:8 Fe fll Zn & & 5.3 5 T FeSO4 F Fe-Gly(I1)4(P<0.05);FeSO4 41 4= 1 Cu
R E T AR (P<0.05), HaxX AN LRI 2 18] TG i 2 22 73 (P>0.05); Bk 50 B 2k
JENRA BE 4 Mn & BIRA R E R (P>0.05)(ILEE 3).

FeSO4 4Nt FHEE Cu SR EZE & T HA 24 Fe R ILRE A WAL (P<0.05);Fe-MHA
YA PR A HEE T Fe & B B3 =T HAh 2 4H(P<0.05);Fe-Gly(INZH Mn & & £ #1X T FeSO4
ZH A Fe-MHA 4H(P<0.05), H. FeSO4 11 Fe-MHA 41X 2 4H 1875 & 2 % 5 (P>0.05);Fe-MHA
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H zn EEEEFH ST Fe-Gly(INZHF1 FeSO4 2H(P<0.05),1M j5 2 2H 7] J5 & 3 % 7 (P>0.05)( W&
4)0

3 BENBEHEEAN&HEEE Fe,Zn,Cuf Mn SENFM

Table 3 Effects of Fe sources on iron. zinc. copper and manganese contents in whole fish

W oc & & & Mineral contents FeS0), Fe-Gly (1D Fe-MHA
Fe/mg « kg™! 51.46 =0.65* 62.87+1.10° 174,04 £3.58"
Zn/mg + kg™’ 82.53+2.37" 67.4811.05° 113.20+£1.77¢
Cu/mg * kg™ 18.55+0.20° 12.06+0.19* 11.07+£2.26
Mn/mg + kg™! 17.9430.39 18.20x0.40 18.58+0.32

F1 BECBHEBAMNEHBEEESE FeZn.Cufl Mn S EHF M

Table 4 Effects of Fe sources on iron. zine, copper and manganese contents in the grouper vertebrae

W oc & % & Mineral contents FeS0), Fe-Gly(ID Fe-MHA
Fe/mg » kg™ 102.0540.98* 118.34+1.00" 174.95+1.34¢
Zn/mg « kg™! 116.8540.54* 117.36+£0.29* 126.31+1.21%
Cu/mg = kg™' 13.0940,06¢ 7.88+0.55° 10,47 £0,00"
Z/mg « kg™! 17.40+0.27" 45.794+0.43* 17.08+0.42°

2.3 BRI 2 ER e IH A B 4t BT A RE T RS2

W 5 Fi7n, Fe-Gly(INZHLF1 FeSO4 ZH AT CAT 351 8 35 22 7 (H &, B F{K T Fe-MHA
#4(P<0.05). Fe-MHA ZHJHIE AKP 7 P & 2K T Fe-Gly(I1)4H(P<0.05) . Fe-MHA ZH i JIf MDA
GSEDBFMTHS 2 4(P<0.05). Fe-Gly(IDF1 Fe-MHA ZXATHE T-SOD % 1476 2. 2 54
(P>0.05),{HJ2IX 2 1) T-SOD &1 5 3% & T FeSO4 44(P<0.05).

"5 ZHRENEHREEARSHEFERELEEEARTME

Table 5 Effects of three kinds Fe sources on antioxidative enzymes of juvenile pearl gentian grouper

3 E LB Antioxidative enzymes FeS0), Fe-Gly(1D) Fe-MHA
i fk Z A CAT /U - (mg prot) ™! 5.46+0.12 6.15+0.81° 16.4310,57"
Tl 14 % 2 A AKP/ <& K47 - (g pro ™! 10.1240.25* 15.10+1.43" 6.35+0.22°
B ek EE T-SOD/U « (mg prot) ™! 22.79+0.44"% 20.06+0.62% 13.75+0.69°
P — & MDA/nmol » (mg prot) ™! 321.994+0.24° 568.48 +37.86° 497,96+ 6,45

2.4 BRUFE X B B I8 A T £ 4)) £ Jig T8 25 K 1) 5

M7 6 Fion,Fe-MHA 2H A BEfo 3 M PH 535 5T FeSO4 4 Fe-Gly(I1)2H(P<0.05).
Fe-Gly(IN41F1 FeSOs AT . J&l PW 5 & T Fe-MHA 41(P<0.05). Fe-Gly(ID41#T
Wl JE i MT 22T Fe-MHA ZHA1 FeSO4 41 (P<0.05);Fe-MHA #HH1fip MT 22T Fe-
Gly(IDZHF1 FeSO4 4H.(P<0.05). i V) Eon (LKl 1~3), 48 HLER IR 2044 B £ 7 g AR IR 40 g



2 2 T JohL FeSO4 4l

#6 KENEHEEARGHEFERSHTN

Table 6 Effects of Fe sources on intestinal morphology of grouper

A~ [Fl i Bt % Dissimilar intestinal morphology
B

Fe sources

fil 7 Foregut b Midgut J& i Hindgut

PH PW MT PH PW MT PH PW MT

FeSO, 671.76+4.88> 52.5740.33" 94.48+3.17* 408.33%1.98" 52.47+0.24% 83.73+£3.08* 415.711+3.68* 64.5840.37° 116.13+2.06
FeGly(ID) 529,39+ 4.84° 52,8940,05" 134,38 £3.04°  354.362.71* 53.58 0,39 103,09+ 3,44 454,69£3.06" 60,44£0,32" 123.69% 254"

Fe-MHA  763.31+5.90° 47.62+0.217 115.24£2,92" 466.49+1.91° 47.64+0.24* 115,49+ 1,26 483.90+2.42° 51.22+0,16" 114,88+3.21

Cit 0 0 o] 95 S - SRR B R L G e R O W W Sk M2 EHE, a: FeSOq #l:b: FeGly(ID#:c: Fe-MHA #. T [a], Green two-way
arrows: plica height: Black two-way arrow: plica width: Yellow two-way arrow: muscle thickness. a: FeSO4 group: b: Fe-Gly (group 1D : c: MHA-Fe
group. The same below.)

B 1 BB 2Bk RE 4 T R T A MR (HE 46,10 X)
Fig.1 Effect of dietary iron sources on histomorphology appearance of the foregut of

E. fuscoguttatus ¥ X E. lanceolatu % (HE stain, 10X), the same as follow

s

(A F L RR RN, White arrow represent goblet cells.)
2 B2 Bk e 4 b i R H M m (HE $4E,10X)
Fig.2 Effect of dietary iron sources on histomorphology appearance of the midgut of

E. fuscoguttatus ¥ X E. lanceolatu 2 (HE stain, 10X)

B3 BIEX B Bk e lE 4 5 i K 7 M 2w (HE Jea,10X)
Fig.3 Effect of dietary iron sources on histomorphology appearance of the hindgut of

E.fuscoguttatus § XE. lanceolatu £ (HE stain, 10X)



3 bk
3.1 =R B2 BRI A B £ 4)) 0 AR K R A S S F 8 AR 1) 52 e

SEE T RAEESEN SO SEER LS G TS &Y, A Beii i & & B e 1 14
RS AR o I B2 2% S TE iR EE 3P vk A A 1) 2 5 ZE RGN TS
S 45 SRS B P TR U e R L DR &R B AR R B T R B T
iR PS8 PLARR, ARG T Y AR A T AT 10 5 114 B R 2 5 ) P L el R i 01O, M e R R
FL IR LA S % U A KU S5, D) R AR B0 D7 2B B I, I REANMELRSS T e 3 2 A (1)
T B TR B G T AR E SR T A
T (Pelteobagrus fulvidraco)f B Z LM B & E GG AR L A BB LUR AR R 4035
T LK G ER M2k 417 3X 15 72 o £ 81 B2 Jg & JE #1 (Oreochromis aureusxO.niloticus)!!!
T4 AL, ¥RIN Few Cu. Mn Al Zn A& MWRAEREE S5 IO ERAE LG, 7] DLk
7 1 (Mylopharyngodonpiceus)2 1 J& 2 % = £ (Oreochromis spp)2! ) A= & 412 i R4 57 1 4
P 77,3 B AR LE TE MR J0 3R B SR R 50 A SO R FH AT ) 70 3R (M B B IR 2 & W i LA 1
KRR, I H BRI TR IF M o R MR . ZIERR A ) EE Fe-MHA 1
Fe-Gly 1EZ0 1A P 1 AE VIR FH FZ 82 FeSO4 ey ¥ J5 5 A B2 B T2 R R 1) 1 B F A SR R 11
TR . HE BRI TR A A SRR T B/ T AR TR SR R £, R 2R A 1 9K 1)
BRI LR . EIEERR T RN R T 4R 50 e R G 4 m iR E vk It A
A DAY A P At AR SR PR PR AT R T R e 3R AR a2,

8 P 5 58 R KA AT W o AR 2 o L AA 2 R (R 0 S U AR 7 A — 5 R ) (230, AR S 2
S K, HLIE I e BRI FR I KA T 1) Fe J0ER & 8 BUK, I B % 5 2 BN
F7KME Fe R EZEZER WALE T Y ITRASHFAAE R EL . RE 3 ik
VSR A B R AR K BEE Gt oK™ AR B S E R A S S 5 Fe-MHA  IRDEL X
AR (1 F 25 24 M D B AT 3 o4 HIS AN VST 558 T EHL4L,CF 53w T M4, % W
Fe-MHA Lt FeSO4 L RESGE 2 TR e IH A B 1)K . F 0T 5T R B A L FeSO4, B BREE & 4k
SE A 50 2 5 DK RTS8 2 1) e, 8 P PR B e A v ol A 38 5T A AT A
MR C FALEG I ATP & BUtH LRI R, T A S B R 0 Al Al R ZR A A 840 v (10 DR Bl
PRl ek, R W A R & A R T BRI U S R 20 i 2L (A e = BB A 0t 2 5 30 i)
A KNG AR A AR BN A A K K E

W) 76 2 R IR 20 16, 23 5 B0 [F) A R s 803, TR At 2 S 7 ) o 3 R 4 FL A 3
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YEFIAZER AR N TR R . SRR EE & #h v A 252 & I 7 (Micropterus: salmoides) L&
FHRAMEICERN G ED), ARSLIH Fe-MHA 411 Fe-Gly(INZ1 4=t PG HEE o Fe 1 Zn
TR E R T FeSO4 24, A DL Fe-MHA 2H f% 15,38 B R FE IR 28 A58k Fe-MHA 1 Fe-Gly(IT) tt
FeSO4 AN T BRI A TN Fe Al Zn BIPTAR . Cu 1FJ9id I B (305 71 FT 4L Fe
A AT ARV AT 2 50 Fe e Ab o Fe* & Uk B I M 2 5 A i i 2 1 o)
ARSI FeSOs HAMAFHEE Cu FREZE®T Fe-Gly(ID)ZAHM Fe-MHA 4, GE & H T
Fe-MHA H Fe-Gly(Il) A H| T Fe B %1z, ik 17 Cu B3N AL 1442 Cu TR
SR %A FRZH 4> 0 Mn & S B0H 2 3 3 PRI 122 52 L (E R A EHE b AT LA % L AE
B Mn (& EBNHA Mo & 581 2.5 5, 3R B HEE 7T e /2 Mo JCRUTRRIN £ 2
3.2 RN B2 BR e NE A B £ 4 £ e AE A B 1 1R 2 e

Fe FEZNMINUIA N 25 LA 8 B 5 LT B B A6 7 S0 Bk A & P A T A 1) S B
H¥%EZ Y5 CAT MG L2 MRPT LBk &R 0 E B 27, Fe* AR IR, 25 2 B
AN Fe¥ i E S B 2 A b T L A5 M R e , R B 4 b gl G X B A0 SR8, AR EE TE AL
B, Fe-Gly(I)Fl Fe-MHA B A BRI EAIE G 31 T WA BUAIGRE

55 FeSO4 A LE, ZE 8 (0 4 5 IR0 Y AT RS 3 5 BRI B AN H U B & Bk i Tk} mT 42
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Effects of soy protein concentrate on growth and intestinal microbiota of large yellow croaker larimichthys
crocea
SHUI Xiaomei LIN Ge ZHAO Xintao HUANG Jun HE Jiaojiao LOU Yudong FENG Jian WANG Ping
Zhejiang Province Key Laboratory of Marine Aquaculture Equipment and Engineering Technology, Zhejiang
Ocean University Dalian Bangchui Island Sea Cucumber Development Co.LTD

Abstract: In order to explore the influence of soybean protein concentrate (SPC) instead of fish meal on the
growth, intestinal structure and intestinal microbial community of Larimichthys crocea, the initial weight of
which was (10.50+0.04) g was selected. In the control group 0%(SPCO0), 25% (SPC25), 50% (SPC50), 75%
(SPC75) and 100% (SPC100) were used to replace the fish meal in the basic feed (containing 40% fish meal) to
produce 5 kinds of experimental feed with equal nitrogen (crude protein level was 45%) and other fats (crude fat
level was 10%), and the feeding experiment was carried out for a period of 56 days. The results showed that
compared with SPCO(control group), the Survival rate, weight gain rate (WGR), specific growth rate (SGR) and
feed coefficient (FCR) of young fish were not significantly affected by SPC substituted fish meal level (P>0.05).
Intestinal histology showed that there were no significant differences in the posterior intestinal mucosa, plica
height, natural width and goblet cell number in the intestinal tract of juvenile fish in each treatment group

(P>0.05). Illumina HiSeq high-throughput sequencing analysis shows that Chaol, Shannon index, Simpson index
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and Good coverage in SPCO (TC control), SPC25 (TB optimal growth group) and SPC100 (TW worst growth
group) have no significant differences (P>0.05); In the phylum level, Firmicutes were the dominant bacteria
group in the TC, TB and TW groups, while Pacnibacillus dominated in the genus level. Compared with the TC
group, the species abundance of Exiguobacterium, Rhodobacter and Rheinheimera in the TB group was
significantly decreased (P< 0.05). Compared with the TC group, the species abundance
of Rhodobacter and Lactobacillus in the TW group was significantly decreased (P<0.05), and that
of Lactobacillus was  significantly increased (P<0.05). In conclusion, the growth, intestinal structure and
intestinal dominant flora of juvenile yellow crocker were not negatively affected by the complete substitution of
fish meal by soy protein concentrate.
Keyword : Larimichthys crocea; soy protein concentrate; growth; intestinal histology; high-throughput
sequencing:intestinal microbiota;

H TRy BN AR FR 82 BT, AR IR T AR 7 BUAS B 1S AN BE Dy ol ok R i 22 5% 4%
i, PRl B S H I 0k B AR I O £ 52 5 3 SR A FU R, M B 1 R LA
KBR A E AT SEARBE TR0 U 2345), 4 Takakuwa 56 TIEEMKEE DR TS

L EIRAE R (PPC). K LMk 8 H (SPC)FI A B AR 0k (R T AT RIS, R 2 A

SPC W T H AR &S EIR | AR RMEZR NS ok A ME, e S EREiT e
U39 1OLEE Ay Bt 00T L, 7 L ¥ 5 3 s oK L 4 2t 3 R B R AT SE 47 1) ek A L
PRIEAR 22 2 25 fiit ] T BIF 5T SPC RE7K P A= ) 0k B AR E FH, AR SR 2 1 0 Al A SC It 9,
1B R AR Fi S 70 3 W0 B 1) K ki o 1 B AR ALK 233 BT 70 10 2R e L 2 i At 12
MR R, MKl T8 g Bk e SPC B AR iy AT AT ME . G T Kl i At
FAFEDHOR 2 #R A R H im0 7 HOR, Wk %5BH Hlumina MiSeq € & i
(Channa argus) 718 B AFZH . BRI Tlumina Miseq  F & B0 Sty il 57 7 ¥ 6 B2 k8 AH
13 i1 (Epinephelus fuscoguttatus @ xE. lanceolatud) 7i& 16S tDNA FERFEATINF . {HEF]
FH e 30 B R 2 K 3 f il 52 SPC B AR AR 2 M) ) HRGE T A 22 Lo PRI AR SRR FH
IR R B il H I B A Y R 32 K Sk 8 3 B AR 52
Wi, DA e G5 ) 5 A R L A5 DA T 2k B3R s K3 10 R PR 22 B R 1 H R
1 MRS 7
11 seiat s B

SEI 0 Rak H WL Gl B 70 X G I I [F] — R B i A, BTV S AT i i


https://kns.cnki.net/kcms/detail/knetsearch.aspx?dbcode=CAPJ&sfield=kw&skey=Larimichthys%20crocea&code=&uid=WEEvREcwSlJHSldSdmVqM1BLUWh5Z0d3bUVIdFEyZGttOGVvUHB0R09wZz0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!
https://kns.cnki.net/kcms/detail/knetsearch.aspx?dbcode=CAPJ&sfield=kw&skey=soy%20protein%20concentrate&code=&uid=WEEvREcwSlJHSldSdmVqM1BLUWh5Z0d3bUVIdFEyZGttOGVvUHB0R09wZz0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!
https://kns.cnki.net/kcms/detail/knetsearch.aspx?dbcode=CAPJ&sfield=kw&skey=growth&code=&uid=WEEvREcwSlJHSldSdmVqM1BLUWh5Z0d3bUVIdFEyZGttOGVvUHB0R09wZz0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!
https://kns.cnki.net/kcms/detail/knetsearch.aspx?dbcode=CAPJ&sfield=kw&skey=intestinal%20histology&code=&uid=WEEvREcwSlJHSldSdmVqM1BLUWh5Z0d3bUVIdFEyZGttOGVvUHB0R09wZz0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!
https://kns.cnki.net/kcms/detail/knetsearch.aspx?dbcode=CAPJ&sfield=kw&skey=high-throughput%20sequencing&code=&uid=WEEvREcwSlJHSldSdmVqM1BLUWh5Z0d3bUVIdFEyZGttOGVvUHB0R09wZz0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!
https://kns.cnki.net/kcms/detail/knetsearch.aspx?dbcode=CAPJ&sfield=kw&skey=high-throughput%20sequencing&code=&uid=WEEvREcwSlJHSldSdmVqM1BLUWh5Z0d3bUVIdFEyZGttOGVvUHB0R09wZz0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!
https://kns.cnki.net/kcms/detail/knetsearch.aspx?dbcode=CAPJ&sfield=kw&skey=intestinal%20microbiota&code=&uid=WEEvREcwSlJHSldSdmVqM1BLUWh5Z0d3bUVIdFEyZGttOGVvUHB0R09wZz0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);

SEUSIE 926 1E 5T 4R Z i Se MR AR AR CRLER B 45%, HMIRIT 10%; T HRAFHLA IR
N F)BEAT A R 7, A S fOE N AR, 2 S e B A3 5] B R %) B
PLATBIN 15 APIFERAER(1.5 mx1.5 mx2 m)F/ AR, B — AR 60 J2 5256 F a1,
FABRE 3 ANER. BEPRNERFIIKG6:00 A1 18:00), BE47 AW 56 d (KIFEHE 2K

1.2 fapeHH I 5 sese kit

Z BT R R S5 U 0 7, TE SOl B R AR DR R 23 AR I 0% (SPCO, X HRZH). 25%
(SPC25). 50% (SPC50). 75% (SPC75)1 100% (SPC100) K k4 A, RS R (R
K9 45%; REWTKF 10%)EC & TR S PR 1), SR EEIIGIVEmEEL
1.3 FEMRE 51T
1.3.1 BEdeREE

FERHSEI A ARG, SHER 24 h R THB (121000, PR L) (8 H PRI LLUE 46 e 48
TS FRE . & NARRENLE I 10 R E T RWRIE S b, BARIKSETEH 75%((F
RO IR T 5, MR T U IS W 5 K IS i BN D SRR 8] AR A, DA T4
IR MEE: BN 10 R, KX 10 BafENSYE TR EP & H T - 80 °CIRAF
F T I & AP R 9T
1.3.2 & HEUE S K o b

Z R I i AU O VR AT RE S AL B
1.4 WIS DNA 32 EU PCR 33

Z W R i ST VR ER U IE A B 1 2. DNA, DARRER LR 40 DNA 1 ABMGEAT
16S r RNAV4-V5 XK 7 X I 41
1.5 B b3 R Giit A
1.5.1 EKHERLH & SHd% N HARIHE

1735 Z (survival) (%)=100xNy/No; 1 5 3 (weight gain rate, WGR)(%)=100x(W-Wo)/Wo;
558 4 K F (specific growth rate, SGR) (%)=100x(InW-InW,)/t; 1@#} £ $(feed conversion ratio,
FCR) (%)=(T-S)/(W+-Wo);

o Wo FRORILI VIR E, W RORSEI0 FH M AR T, No RORTEFRFE SEITT R
SIS F BT 1 R AR, N RN TE TR IR S0 45 TR S Y f Rl K B 4 ¢ FoR SRR KA T
S 43 s S T R R 2 )

1.5.2 Illumina Hiseq I /7 %4 Ab 22
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SR IR I ST 77505 Tllumina Hiseq 7 304 Ab 3, SCHb BT A3 308 E 47 L DN 25 5 22 4y
HT(ANOVA)K A ¥ SPSS20.0 21, Tukey % H LW R 1% 5, 15 P<0.05 N EE MK
S 25 R DA A AR AE 2 R RO

L1 PR BT

Tab. 1 Composition and proximate analysis of the experimental diets %, DW

1A RHH diet group
Jik} ingredient

XFHEZH(FM) SPC25 SPC50 SPC75 SPC100
1} fish meal 40.00 30.00 20.00 10.00 0.00
KR4 5 1 soybean protein concentrate  0.00 11.18 2236 33.54 44.72
/NEE Ky wheat gluten meal 10.55 10.55 10.55 10.55 10.55
ZHf1 soybean meal 13.00 13.00 13.00 13.00 13.00
/NZZERT wheat-starch 13.00 13.00 13.00 13.00 13.00
£F4EZ cellulose 10.93 7.65 536 3.09 0.80
fi1 3 fish oil 1.96 242 288 333 379
K soybean oil 1.96 242 288 334 380
KGN soybean lecithin 1.50 150 150 1.50  1.50
H A 484K vitamin premix! 3.00 3.00  3.00 3.00 3.00
VR )5 mineral premix? 2.00 200 2.00 200 2.00
i Z R lysine 0.00 008 0.16 024 031
H AR methionine 0.00 011 021 032 042
SFALHESH choline chloride 0.30 030 030 030 0.30
TR — &5 monocalcium phosphate 1.50 1.50 150 150 1.50
R taurine 0.00 100  1.00 1.00 1.00
77 attractant’ 0.30 030 030 030 0.30
2H i %53 composition
¥l H crude protein 45.13 45.83 4594 4639 46.67
FLE W crude lipid 10.52 1023 1025 981  9.56
¥ 7K 53 crude ash 10.45 9.85 9.13 829  7.89

VE AR K TR AR ST o VR B 5 WL SCHR[17]. Note: Formulations of vitamins premix and minerals

premix refer to reference[17].
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2 ERE5H
2.1 SPC B ARy X K8 4y 0 A K1) 52
2 AIHA, & AH IR K R 4 K AR KR bR 3A 0 3 1 22 R (P>0.05); SPC 100 4 KiE

KARE T ZELT SPC 25, SPC 50 41(P<0.05).
%% 2 SPC B MK} 5 Ko . 4h 1 (1) A KA AR

Tab. 2 Effect of replacement of fish meal by SPC on the growth indexes of juvenile large yellow croaker

Tkl diet group
I H item
XHEZH SPCO  SPC25 SPC50 SPC75 SPC100
WK E/
Wﬁ: g i 10.48+0.01 10.54+0.01 10.49+0.01  10.46+0.01 10.54+0.01
initial body weight
#H/
A ) 42.45+0.53%  45.46+0.67°  44.78+0.91* 44.34+0.63®®  40.50+0.23°
final body weight

% Y%survival  91.67+£2.55  92.22+4.45  92.2243.09 93.89+4.55  90.56+3.89
HrE K /%SGR 2.30+0.03 2.42+0.06 2.40+0.04  2.42+0.08 2.18+0.08
4 7 %K /%WGR 270.99+7.00 = 297.25+13.51 293.07+7.97 297.75+17.95 248.08+15.56

1Akl 2% FCR 1.34+0.03 1.23+0.06 1.19+£0.04  1.15+0.08 1.27+0.08
vE: B AT s AR A AH R REECEAT T RN RN 22 RN R 2 (P>0.05), AH RN R IR ZE 7 B 3

(P<0.05).Note: Ifthe same letter is marked on the same row or there is no letter in the whole row, the difference
is not significant (P>0.05); if there is no same letter in the superscript, the difference is significant (P<0.05).

2.2 SPC & AR AUk X K 3 £ 4 £ 1730 235 440 1) 52 el
Ky 56 d ANFKFH SPC G HEMARGEMMEGRmNE 3. £33, K1+
AH 441 i3 A 2R A R ) 22 S MR B35 (P>0.05), & SPCO. SPC25. SPC50 £l SPC75 Hh4)

BEHRR S r3 %, B SPC100 ZH 455 2 5 I, A UMK
R 3 WAL SPC X KBt %)) T8 A A A R bR A i

Tab. 3 The effects of dietary SPC on the intestinal microscopic structure of juvenile large yellow croaker

[ % B /um MR B &/

ZH 5 Bl R RE/ BEEE/
A BRI pn B laminapropria (M4R)

group mucosa thickness mucosafold height

width gobletcell quantity
SPCO 173.45+14.11 3.41£0.13 5.78+0.29 5.25+4.33
SPC25 | 136.58+25.00 3.86+0.57 4.79+0.72 3.49+1.40
SPC50 | 137.07+40.90 4.79+0.72 3.21£0.50 3.14+2.11
SPC75  122.45+17.25 3.75+0.39 5.17+0.61 3.66:+1.11

SPC100 148.38+27.05 4.81+0.32 4.85+1.37 5.21+1.54



K 1 SPC X KA iz TS KM (J5 1)

Fig. 1 The effects of SPC on the intestinal morphology of of juvenile large yellow croaker (posterior intestine)
2.3 SPC B AR AR % KT 1 4)) 01 T i A P ) 52
2.3.1 BRI P 45 5 3 pr

SPCO(TC). SPC25(TB) Al SPCI100(TW)9 MFEfhILF24 94 A~ OTU. HFK 4 W WLFTH
B I8 35515008 0.999 7ed7, KM LTS FEdh b 2 i AR M A A 21 7

R 4 FEMII SRR
Tab. 4 Alpha-diversity of samples

Alpha ZFEIEIREL
Ff b

simple  Chaol BRI E AR B
Shannon  Simpson  Good coverage

Cd16  70.09091 2.741216 0.789658 0.999459
Cd17 | 71.66667 2.715039 0.778196 0.999459
Cd18 73 2.814059 0.78986 0.9995
Cd19 595 2.725246  0.785404 0.999625
Cd20 69.5 2.659581 0.778784 0.999375
Cd21 | 76.90909 2.680854 0.773701 0.99925
Cd31 | 71.09091 2.768021 0.784034 0.999459
Cd32 60.6 2.690196 0.782733 0.9995
Cd33  64.25 2.721649 0.783706 0.9995

v FEM Cd16. Cd17. Cd18 AXtHEZL SPCO(TC); FEfh Cd19. Cd20. Cd21 4 SPC25 ZH(TB), HAAK
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AL FEM Cd31. Cd32. Cd33 4 SPC100 ZH(TW), A4 K k254 Note: The sample Cd16, Cd17 and
Cd18 were SPCO(TC) of the control group. Sample Cd19 , Cd20, Cd21 was SPC25 group (TB), which was the
best growth group. The Cd31, Cd32 and Cd33 of the sample were SPC100 group (TW), which is the worst group
in growth.
2.3.2 BFE S AN TE 2 R AT

9 MEESIEFE 94 A OTU, 2T OTU HUAE &HF i H (1 70 A7, 551 it o B 10 1 e 1) 22
FEEH MOTHUR 24 venn #r 223813 2] 7 TC. TB. TW [ Venn (&l 2)E M 1)
J&or 1 ke TE] OTU MESIF. WK 2 BEAZEARANFILHE OTU HAIHA T, TB
A 76 4~ OTU; TC 4F 83 4~ OTU; TW 416 80 4~ OTU. TC. TB. TW ZH 457 W&
2 =HIA L OTU, Kl 2 B34 OTU fEHL T TB. TC AWM OTU &40h 91 4, I
JEH K OTU BN 68 /™ i B B3 74.72%; TB. TW B4 OTU &30k 87 4, HILHH
OTU A 69 /> Wi B 501 79.31%; TC. TW 4L OTU &%k 91 4y, HALAH OTU #;
N T2 A E P SEUN 79.12%. TB. TC. TW =4 OTU B¥CH 94, =4HILH M OTU ¥k
64 15 =7 S HUT) 68.08%. T DL BT AEFRIAIAEAH [E ) S5 A T, KE )t )5 i i
MRS B A — ML OB R, KSR e B & A HoA EE B B s A K

B

2 ANFEMEFEHAMIEF OTU 404
Fig. 2 Shared OTU analysis of different groups
MIB IR HREGR 5), 3 ASLIR2H LA I I8 a2 2 f 4 B4 (Paenibacillus)(36.10%~
43.58%) FIWETH 15 J& (Alkaliphilus)(7.61%~9.35%) .
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5 Kt gy iz TE A0 B 20 A (R K )(>0.01% 84 7 1)
Tab. 5 Frequency distribution (%) of bacterial genus in intestine of juvenile large yellow croaker (in the level of
genus)

J& genus Cdl6 Cd17 Cdi18 Cd19 Cd20 Cd21 Cd31 Cd32 Cd33

Paenibacillus  40.30 36.10 36.52 38.41 43.58 36.55 38.02 41.24 37.68

Alkaliphilus 797 840 7.82 927 935 835 7.61 897 8.3l

Bacillus 5.14 5.02 527 571 439 514 567 5.19 4.67

Enterococcus 2.88 3.09 3.15 294 3.12 337 287 294 271

Lactococcus 1.67 2.05 2.12 1.75 141 193 169 160 1.71

Brevibacillus  0.79 0.69 0.75 0.78 0.63 0.79 0.64 0.68 0.68

Halomonas 045 042 096 055 050 033 0.10 0.60 0.78

Clostridium 0.56 0.60 0.66 0.58 0.64 0.59 0.63 0.58 0.60

Streptococcus  0.20 0.22 1 0.28 0.18 0.23 0.19 023 0.15 024

Pseudomonas 0.21 021 034 0.19 0.14 025 022 0.14 0.18

Leuconostoc  0.06 0.11 0.08 0.07 0.10 0.03 0.05 0.08 0.10
2.3.3 HACHRAEJE K2 T LA

w3 fras, 5 TC AL, TB A5/ B JE (Exiguobacterium)« 2L [ J& (Rhodobacter)

46 22 25 K J& (Rheinheimera) 197 3 5 12 28 PR (P <<0.05); TW 2 TC 4, &
(Rhodobacter) {1 = i\ 2 B (IR (P <<0.05), FLHF I J& (Lactobacillus) F) 47 = 5\t 2 14
(P<0.05).

—— Growp
-
0.00075
7. -
g
5 000050
= 5
2
# 2
x 2
]
—
=
0.00000
RN FER LHF R 0 1038 1
Exiguobacterium Rhodobacter Rhbemnheimera
Growp
3e-04 s
oW
g 2004
3
= E
= £
2
E o _—
£ 2z 104
32
- ——
0c+00 ==
L1 FF R @R
Rhodobucter Lactobacillus

3 B ACHRAEJE KT R 2 5 P A
Fig 3. Compared with the different treatments in the Genus
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2.3.4 JiERAEY) S R B AR N G 28 (R AE S

HE 4 FTRUEH, KEmgiflpiEaidEys SGR MK JEA A )& (lactobacillus) H
2T 4EI T J& (Cellvibrio); 5 LYZ 855 1 J& A FLIK i )& (Lactococcus) MM 2 il i (Pseudomonas);
5 AKP F1 C3 #2511 JEE 40 1 )& (Rhodobacter) Al F ¢ 4T 1% J& ( Methanobacterium) .

SPECIES

o
2 Cd31
= Psychro)

SAMPLES

ENV. VARIABLES

Cd20

GSH-PX

-0.8

1.0 ' ' ' 1.1

Bl 4 fiE A5 K AR KR S d R b 1A S

Fig. 4 Correlation between intestinal microflora and growth, immunity of large yellow croaker
3 bk
3.1 SPC ARty g Ao £ 4 1 2E KK R I

HAl, APk R SPC WERiRIE R 2 . SPC HUKE ikl So )l A4
&ﬁ%%ﬁ%%mmoﬁEWﬁ%E%ﬁzw%ﬂ5um%@%ﬁﬁﬁ@@mmm@m
fulvidraco) Bt fAE KM A R T, SPC BACH R KA IS 20% IR 2 590 0 A2 KA RS
AN U8, AR SPC & & ik 82.5% %) Bl (Acanthopagrus schlegelii)%)) 3% A L 7]
BITERM™, SPC B MM AHET 40%%11E i (Lateolabrax japonicus) i) 4= K 3% 5 f2 191, SPC
B AR ILYGNEXT R (Litopenaeus vannamei) R F1IE & LU 25%200, AR5008 2 0 R f AR K
VEBE ARy ML AR DA IR ZH 2SR A BT IR 45 SR B Ko L i el ok ZE A SPC
B 75% BT, Ao HAK ARt K=kl ek H SPC B A7
UESE, SPC A BCAZK = B Rk B (1 RV E B AU
3.2 SPC B A R K3 1 &) 1 17 T8 2H 2R B 5 il
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WA, o5 iR Sk R AU S BRI S i A BT AR ), il o) 3
(i R0, ARIG 251 F, Bk SPC100 21 48 5% 5 B e NS /b ob, % B AR %)
0 figy T8 A S A ) 5 0 HR A 3 TE B S5 R 2 5 o 3K 5 R AR e R (1 45 SR A R )8,
TR, BRI NRILTR o 1) E I BT W a5, R RS 578 FR S i AR 5 IEAE G,
LA BERR A RR =, 0 IR IR ) R 2Y, X 5 B i KT K Rk G B A B RN RE
R A0 (W TE S50, AE— g R RE 2 52 8 Rt AW i . HG Js DAL vl g K IR 4 i
Hh 1) B R T TR R 1 A 52 A T B AN I X i i 46 4 7 A S i s, 0K SRR (AR, TR
L BARIS, BT PUE IR R T, DR R G e 4 3 245 4 7= AR AR B /N IR e i, T L 431
i, MG VE AR s BIOR R T PRI 1 B DR oK Gk 4 B KT I T R T
BEALC, Ao A DR i B R 3/ AT TR B A A2, BUE 7 TE 2R B 240 .

3.3 SPC R fobont K3 £ 4 o iz 1 AR W i) R I

B AR I AME R f A R TS A S IR, T ELYE SRR . B EEAR TR . SR
W5 S A R T LA B SR A 2L TR, fE R AR T, BRI i SR v B v ) A
A B TR 358 7 5 e 2R I IR P i S B 2R B A RE D T TR S5 . AR SERHE 7K
IS [ b B P R £ ) £ J T R REAE T DRI (¥ 40 K P b, HAR S A R AR R, Hoh 5
BE T ] (Firmicutes) 7E [ J/K-F b G 48X L5, 2827 AT 141 J& (Paenibacillus) 78 J& 7K F H 5 2650
s, 1% 5 H K EH BRI 68 (Oncorhynchus mykiss) k) IR G 45 I, AR EH
P AR AL A T 6 1 g A0 34 B B R SR BRE A 1) o AHL St el o RS P R i, 1 4 L
T 1T L) 2 2 ARSI 25 R ), X TR S Sea ot B, FREEME A 5. i venn BRI
TB. TC. TW =4ILHH OTU Hh 64 A5 =F B4 68.08%, 7 HrfEM RIFRIEIAEL T,
R 38 4 0 5 fi g s 240 R 1 T R A 52 K 9k 4 B 1 B AR/ IS R O S AN K, iR R
A e 1 R 2 K I B4 5 i N B 2 R E DR T C & TR R g b T 3has- P,
TR — AN A0 (R A P T R 24, 3 5 0 T 8 g A 2R 0 S TR BB 2 R B — M0 i)
TR B 45 U],

/N J& (Exiguobacterium) J& T B BE B | ] (Firmicutes) 2 24T B £H(Bacillus) & — 384
=2 [RRH MR e PR 2 FEARTT L, Bz X ZH TC, TB 246 22 28 [K 14 J& (Rheinheimera)
5530/ INFF 1 J8 (Exiguobacterium) 15 32 25 F& A% . BT AL E I, TN T B 8 (Exiguobacterium) Fl4¢&
R AR [R5 )& (Rheinheimera) 10 43 B bk 2L AT 808 € (Bt B 14E BN 11 (Exiguobacterium)
EHATEABGITIRE, 3R FT R I ZLAT B s % B0 B A # )  F 12728290 AR s b
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TC 41, TB 5 TW ZL#T 1 J& (Rhodobacter) 4 F =F B {2 2 F£IR(P<<0.05), MK Gik4s i H
B AR ok 5 18 5 PR BE b R RE 2 B T B T8 v R S S0 B R 0 AR . LR B
(Lactobacillus)BEFETE = 18 B FEtE, fEKAENYRIE b5 3L 300 5w 5 18 b7
(RIBFE A, 578 F2 A — IR AE DG AR, SRR IV B8 425 W 1 1168 1) ) B 5 e A Atk /b i
T IRV 1 B0 TR R R RS TR S 2 YR T R J0B0, ARE Tk, TEXTHRAL TC AT R
(Lactobacillus) [ 4 Fh =F & & K T TW 41, X 55 3% & OOk 0 30 08 i 38 b 5L AT 6 8
(Lactobacillus) P = B 4N AU . 33K ol iy T B A6 0 TR 7 A 222 S5 4 DR T e e e e 2
TR B IR RS e A R, BRI &, BUALAR i I L6 25 B B0 DL )
i JE B 112 55
3.4 SPC B ARk 5 i ik A 78 4 5 i BEAR T 1 96 R

R IGTE Y R — B AL T30 P i), SRR Re )1 58 IR AR 4
PR AR RS2, 2L FF B (Lactobacillus) B 85 (2 i T kLT Ak, A 480 MEET R A K3 3 15 5
AR K 7 IR R A R R B AR RS NN K AR B iR R, 3 K 3% 6 (Scophthalmus
maximus). %2 (Cyprinus carpio var. jian) 371/ f(Cyprinus carpio var. huanghe )7E M
A7 3 B U B PR ERDRE IS A7 R AT AR KM R 23 Tl 5 BT g 323334350, AR sz vt R AR KA
Fr SGR 5 LT 15 J& (Lactobacillus) Fl 21 4E 5 H J& (Cellvibrio) FH 1 iy« LYZ J& —FpfE#2K
G N T R R AR R IR OK A, Be S VA AR AN BB R AR R, BB EThAE, fE
% HR AR5 J5 A (1 R Y 35363738391 AE AR S R DL BT AL AN S 4R AR LYZ SRR S
(Lactococcus) FE B[l i (Pseudomonas)AH S 42 ey o FLER TR & —Fh o 22 IRPHIE R, REBSW0T
SR HPEAERT B T B (Cromileptes altivelis) 1 SE50H R ML e 75 T LYZ BiEYE, JE L
240 M0 P9 A T4 e S s 0 10). DR (R E 6T A4 # 1 34 £ (Epinephelus coioides) I 72
HAf i LYZ MG AN FLER FLER B MM 515 2052 . 17 5 5 B (Pseudomonas) & £ 5%
BUR 2 —, HED S T 8 i 16 (Pseudomonas) IR 5 ERHTLAR ™ A2 — Z 51 5 28 S N2 AT
SELYZ ST AKP & — PB4 A B R P8 B S A 17 100 1 TR 225 4,
RHUAR I AKP W& PEF s (1 00 150 B FT B R AR A AERSY, ARSEEe T3 - AKP
A C3 5404 1 J& (Rhodobacter) A1 F fit 41 B J& AH 9¢ 4 452 155 ( Methanobacterium), 214 B J&@
(Rhodobacter) X 4 & It 1075 B A 4014 F BT LA 21 AT B J (Rhodobacter) f1 AKP 2 [H] 77
0ol 52 I B 28 RS IR SR B A Ko T 7 % 22 £ 41 £ (Rachycentron canadum)BF 7% H
AKP Ji5 14 1 52 At 55 2 8 4 1 (Bacillus subtilis) FlWE 2 FL AT B (Lactobacillus acidophilus)5Z 1 ifij
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BEAGE . e a] WSRER R Gy SRR DL R AR KRS R AN [ 45 31 ) 45 SR AN A [,
B AR S5 T HE B0 i T A A BRI < TR) () 52 S 2 15 T AR SGR M1 LYZ HIARALIEH
fFE— A .
4 e

KGR B AR 100% f0Ry AN R 3 0 &)y i ) AR AR 5 7 AE B35 ARSI, K
B 4 I TEAE R R, TR BER [ ] (Firmicutes) £E #-2H ) £ iz 1 B A 48 o5 4800 L 3,
i B AR m i AR R R B, ARSEE A, AT DM R SIkgi s 3ok
SEA B AR s gyt pRlk) a0y, T HORE K v 0 4y ) AR AR S L i3 2 23 5K S A s
A E AR AN AR
SR W

JESCRIEAE (P EUK R AR 48 1 A TE]: 2020-09-01 09:51:18

ARt %
ARBEKESEREYDBER. KNEFRT XALRERLEZE R HY

B SE 5] AR WAL B s FLIE T BRid
IR B R XA RVERE AR TR A XA 51 B MG B TR

BB WEFCIARHE I K TR 5 4 i A KPR e R UL PRI g 77 R 4L S ) e A [ R B 7K S P
P AR PR 4 i 28 SE R AR 22 BRI 0% 2% 3.5%- 5%- 6.5% 153 B il Bl 5 2 B0RL TR 7 551 4]
WS AL 60 do FEREFWH: O3, 4. SUBFAYAWMEREEZST 1. 2 4(P<0.05); @Fik
5 25 £ WL DAY T 07 R AL RSO R PR AR AT SR PR A DA e 22 S e B 5 DR T 07 7K ST R B v, 5 AL L AR LA 5 45 4
TR ) SFA AT MUFA A& SR 4 K,C182n6. C205n3. PUFA Fll HUFA M iRGE 2 T;, &% 4H fafk
WIZHZAH ) SFAL. MUFA FHXT & & v T AH R vk} o [B] 6 I8 107 B8, 11T PUFA J n-6 PUFA JUMIC T AH 4]
Kl @C182n6 XTI ELL 5 Hikm(14.36%);1 HARILA C205n3(0.77%)FXT & & B E KT Hfh %4
(P<0.05); Zi&&TUAKIEIR,4. 5 AT L)t KRR MR IE ] REAEAE C181n9 7] C161n7
C181n7 %4k,

REEE: MRITKT; sgith gt AR A8 IR0 IR RR 4L Ak

The relationship between feed fat level and growth, body nutrients composition and muscle fatty acid

composition of juvenile yellow catfish
Feng Pengfei He Jinzhao Ma Huawei Pan Chuanyan Teng Yun Kong Lifang Chen Tao
Abstract: The aim of this study was to investigate the effect of different fat levels on the growth,body nutrition
and fatty acids composition of juvenile yellow catfish of 60 day-culture period through conducting a experimental
design of addition of 0%,2%,3.5%,5%,and 6.5% of soybean oil in the basal diet,respectively,and corresponding
five groups were set.The results showed that the weight gain in3 th,4 th,and 5 th groups was significantly higher
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than those of 1 th and 2 th groups(P<0.05).There was a great relation and difference in the fatty acid composition
between feed and fish muscle.As addition of fat level increased,the relative contents of SFA and MUFA in both
fish muscle and the feed decreased rapidly,and the relative contents of C18:2 n6,C20:5n3,PUFA and HUFA
increased rapidly.The relative content of SFA and MUFA in fish muscle was higher than those of
feed.However,the relative contents of PUFA and n-6 PUFA in fish muscle were lower than those of the
feed.Additionaly,the highest relative content of C18:2 n6 was situated in 5 th group and the value was 14.36%,and
the lowere relative content of C20:5n3(0.77%) was detected in 1 th group.This current study showed that the
growth performance of fish in 4 th and 5 th groups was better than other groups.There may be a conversion of
C18:1 n9 to C16:1 n7 and C18:1 n7 in the fish body.

Keyword: fat level; juvenile yellow catfish; growth; body nutrients; fatty acids composition;
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Eit 100 100 100 100 100
BIKF

HER 4012 3956 41.03 40.8 40.49
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DL J PUFA. HUFA X} & & WIRGESE T #2450/ LA C18.2n6. MUFA, PUFA Al HUFA
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2.3.2 FEF L0 L SURIRDRE R i TR 2 R YD 22 S

4, 5 ARk RS NE MR AR & & K /NIF Y PUFA>Y MUFA>Y SFA 4. 5 AHid56
UL HR 8 R SIS i 0 T A X 2 B /NI U AT S SFA>Y MUFA>Y PUFA, LRI 23 K5 i i iR
MR ARG B AR s B i 05 7 I & 30, 2 4iAkH ) C16.0. C18.04 C18.1n9. SFA
F MUFA A& B RGE P, C18.2n6. C20.5n3. PUFA F1 HUFA X & ERGEIET:, M
RIE LA C16.0. C18.0. C18.1n9. C20.5n3. SFA FIXT & EARA K, FKIH AL G W
RRAHXS & B A — e A TR (T AL .

4 AN[F G TR X0T 5 590t 4 0 0 AACE TR A RS (%)

ALK S 71.2316.77 72.46+1.26 70.57+4.38 71.96:5.97 72.43:2.16
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R 5 AR R KXt 5 5t 4 0 L DA g R 2EL RS PR 521 (%)

24 44 54

Cl4:0 0.81£0.05° 0.96+0.07* 1.08+0.13* 1.26:0.17 1.3410.01°
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2. PUFA 12.63* 159° 17.08° 18.03% 19.06°
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(RIAFXS & B LA Rt AR &, C22.6n3 AHXS & B LA AE R A Z AR . & ZHWLA n-3/n-6
= T AR

2.3.3 HEF ) L R TR AR X &

L35 2H B F A LI I RE T R ARG & 1, RE 5 20 C14.0 B (1.34%),4. 5S4
BESET 1.2 41(P<0.05),1. 2.3 H 2 [H 2 5 AR (P>0.05); &4 l5 M 2 [AALA C16.0.
C16.1n7. C18.0. C18.3n3 #HXf HEZERALE (P>0.05),4 HiXE AR C18.3n3 HX & &
e (1.97%),1 HEAIK (1.23%);3. 4. 5 ARG C18.1n7 XS EEEE T 1. 2 4,
1. 2202 08], 3. 4. SAHZ A LEEMEER (P>0.05)4. 5 AR AL C18.1n9 A%} &
BEET 2. 341 (P<0.05),2. 3HEFET 1 4 (P<0.05);C18.2n6 LA 5 i E (14.36%),5
HEEETIMH, 3. 4. SHBEST 1. 24 (P<0.052 HEEET 14 (P<0.05); B 1
Mo, BRI AR C20.4n6 AHXT & & LhE #1424 C20.5n3(0.77%) FHXT & W E 1K
FHABS A (P<0.05), HAMFAHMERALE (P>0.05),4 Him (1.90%);C22.6n3 FXT
BLL4 HEm (0.46%), HALSAHEEBAREORKH .

Eb A & 4 A LA TR K2R AR IS, Y SFAL YMUFA #1041 dH i, 1 4HYMUFA B& & T
HAhZ4H (P<0.05); YPUFA LA 5 Hixm (19.06%),3« 4. SAHEZEFT 1. 2 4; YHUFA,
Yn-3 PUFA K& 3n-6 PUFA 7E & AFEARZ R, BRYn-6 PUFA #&, 38 4 i, 14
B n-3/m-6 BL 1 AL (0.19%), FHZ MZERAEE (P>0.05).
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s, URENIKT T 11.31%0, BEE R DK SE 0, S Aor w1 8 25 Rk
B BRI R SOE RTINS 11.31%. ARIG Bl DRI I K ~F
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(1] MUFA AHXT & S P BEA%; &40k + C18.2n6. €20.5n3. PUFA Fl HUFA HX} & &
MPRGEFE T, 4R 56 LA C18.2n6. PUFA Al HUFA JRFGHEIE T . -2l ikl A 06 f L
PIZHZ 1) n-3/n-6 BKT 0.33,

AR R TR BRI T IR AR T B 4L, ARUASIR I Hh TR A R 22 b S g 1 IR RO A 6 2
An— 7 B A R IR B 2H B AR T A8 Ak, &2 ES S YL C16.0. C18.0v C18.1n9.
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i RGE AR A . TR 4. 5 AR IR LA R IR K 28 R B R A 6 B B K/ I T Dy
Y SFA>YMUFA>YPUFA, A[FET 4. 5 Aiaekd )iy PUFA>Y MUFA>Y SFA . 55 Sl 1 %))
®YLA T C18.1n9 A& BT T1kL, ALAF Cl16.1n7 A& & NLT s e, WA H
C18.1n7 MR & &EIL 8% AL, Tk EARE C18.1n7. WA C18.2n6 AN & & HUAH M
TR 2 . SANLP n-3/n-6 = TAH AR,

AR b B e 2y 1 L R SR IR R S kL AR B, L2 1Y) SFA ¢ MUFA A
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C16.0. C18.1n-9 AHXS & & M TAHRLAA R, N3 U AT BER 22 R SFA 85 2 1 Al 2
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3.3.2 & AH st ) An YL i R 2H R B A

A IEH A KT TR BT ER T BE 2 n-6 PU-FA, & & HUFA [5ARIIF et 4
KB, gEg kA KIRbR, 4. 5 AEFia g A Ky, HIMERE 1031%~1118%
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ARG A8 FH AN R K ) S v M i fa gy £, A8 n-3/m-6 LR 20 n, e 0.19 340
#0.32, FEEREICE 0.26, TP MERARN S EIGIRA K, A 10.63%3] 14.36%, i1
BRI — 2 AP IR (D Reses 85 g @ it LA IR T RR AR, (H3 /K- 1 fig
il 25 B 40 R T R 2E BRIV P BT R B
ZH30ik: W
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12%F1 16%) I SZI6 TR BN F8 4. F12 4. F16 410 S8 4. S12 4141 S16 #41). kB ¥t AR & h
(13.01+0.01) g HIRZZBEY) o FEALS 2] 18 ANFRFEAH, B 30 &, R H e AR J7 kA7 $500, 728 A
56 do BT BEE APRL b IR 5 B LT R A TR Y e A AR R B MY EE R RpE AR KR
B F16 HERARKYERERZI T F8 4L mta el dh il s i & Eili(S16 )X sk A= KA B 400 1| 3
R VDR R R 7K T S 2 5 S B A LU R A L4 i, i e LG P U 52 g U R i V. o SR TR
IR R K SE Y f K 43 BORURLER 13 & R T R 535 B i 0 AR G O 3 B, fr ARG U 3 R B o e
R AT T i b Tt o AR IR 7 AR S 2 5 0 O S IR I 2 e, S L P O IR I Y v T
21, LI ZH RS 7 JFF A Ay 2 A IR U 7P B T v T S S R o AR I DR SR B IR A A B
I TR 5 KT B SR8 S 3 R KBS AT AR I s A SRR Rk . 4 BTk, KSR 4 i e Rl


javascript:void(0);
javascript:void(0);
javascript:void(0);
http://navi.cnki.net/KNavi/JournalDetail?pcode=CJFD&pykm=FEED
https://kns.cnki.net/kcms/detail/knetsearch.aspx?dbcode=CJFD&sfield=au&skey=%E6%BB%A1%E9%93%AD%E5%8F%81&code=37377860&uid=WEEvREcwSlJHSldSdmVqM1BLUWh5Z0d3bUVIdFEyZGttOGVvUHB0R09wZz0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!
https://kns.cnki.net/kcms/detail/knetsearch.aspx?dbcode=CJFD&sfield=au&skey=%E9%9A%8B%E4%BB%B2%E6%95%8F&code=37828214&uid=WEEvREcwSlJHSldSdmVqM1BLUWh5Z0d3bUVIdFEyZGttOGVvUHB0R09wZz0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!
https://kns.cnki.net/kcms/detail/knetsearch.aspx?dbcode=CJFD&sfield=au&skey=%E5%91%A8%E6%85%A7%E6%85%A7&code=24551418&uid=WEEvREcwSlJHSldSdmVqM1BLUWh5Z0d3bUVIdFEyZGttOGVvUHB0R09wZz0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!
https://kns.cnki.net/kcms/detail/knetsearch.aspx?dbcode=CJFD&sfield=au&skey=%E7%8E%8B%E6%97%8B&code=30243911&uid=WEEvREcwSlJHSldSdmVqM1BLUWh5Z0d3bUVIdFEyZGttOGVvUHB0R09wZz0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!
https://kns.cnki.net/kcms/detail/knetsearch.aspx?dbcode=CJFD&sfield=au&skey=%E5%BE%90%E7%8E%AE&code=10326539&uid=WEEvREcwSlJHSldSdmVqM1BLUWh5Z0d3bUVIdFEyZGttOGVvUHB0R09wZz0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!
https://kns.cnki.net/kcms/detail/knetsearch.aspx?dbcode=CJFD&sfield=au&skey=%E9%BA%A6%E5%BA%B7%E6%A3%AE&code=10326295&uid=WEEvREcwSlJHSldSdmVqM1BLUWh5Z0d3bUVIdFEyZGttOGVvUHB0R09wZz0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!
https://kns.cnki.net/kcms/detail/knetsearch.aspx?dbcode=CJFD&sfield=au&skey=%E4%BD%95%E8%89%AE&code=30243820&uid=WEEvREcwSlJHSldSdmVqM1BLUWh5Z0d3bUVIdFEyZGttOGVvUHB0R09wZz0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!
https://kns.cnki.net/kcms/detail/knetsearch.aspx?dbcode=CJFD&sfield=in&skey=%E4%B8%AD%E5%9B%BD%E6%B5%B7%E6%B4%8B%E5%A4%A7%E5%AD%A6%E5%86%9C%E4%B8%9A%E9%83%A8%E6%B0%B4%E4%BA%A7%E5%8A%A8%E7%89%A9%E8%90%A5%E5%85%BB%E4%B8%8E%E9%A5%B2%E6%96%99%E9%87%8D%E7%82%B9%E5%AE%9E%E9%AA%8C%E5%AE%A4&code=0108748&uid=WEEvREcwSlJHSldSdmVqM1BLUWh5Z0d3bUVIdFEyZGttOGVvUHB0R09wZz0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!

HOIR I ZACTAE 12%~ 16% 0 #1452 L i fF AR A PR R DR ihigs o 22 500 S5 35 R w42 4 284K K BT e Mg s
Rt
SRR GARL RZEEE; IR K o S AR IRACHE
Effects of Dietary Lipid Level and Lipid Source on the Growth and Metabolism of Juvenile Turbot
(Scophthalmus maximus L.)

MAN Ming-San SUI Zhong-Min ZHOU Hui-Hui WANG Xuan XU Wei MAI Kang-Sen HE Gen
The Key Laboratory of Aquaculture Nutrition and Feed of Ministry of Agriculture, Ocean University of China
Abstract: The present study was carried out to explore the effects of dietary lipid levels and lipid source on the
growth and metabolism of turbot. A 56 days feeding trial was carried out in juvenile turbot((13.01+£0.01) g). Six
isonitrogenous experimental diets were designed using two lipid sources, fish 0il(FO) and soybean 0il(SO), and
three lipid levels, 8%, 12% and 16%. The fish growth performance increased with the increase of lipid level in
FO groups and a significant difference was observed between F16 and F8. However, in the SO groups, dietary
S16 significant inhibited the fish growth. The hepatosomatic and viscerosomatic indices of turbot were highly
affected by dietary lipid level while the condition factor was highly affected by lipid source. There was no effect
of the diets on moisture and crude protein levels of turbot. The crude lipid level of whole body and liver were
highly affected by the diet. The liver lipid content in SO groups was significant higher than that of FO groups.
Furthermore, the expressions of genes relating to lipid metabolism were also highly affected by the dietary lipid
level and lipid source. The optimal fish growth performance was obtained when the dietary lipid levels varied
between 12% and 16%. Over substitution soybean oil in the diet disturbed the lipid metabolism of turbot and
inhibited the fish growth performance.

Keyword: dietary; turbot; lipid level; fish oil; soybean oil; growth; lipid metabolism;
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K % F (Scophthalmus maximus L.)J& % H (Pleuronectiformes) =% &% £} (Scophthalmidae)
# 7 J& (Scophthalmus), A FR“ 2 F 7,2 — FMLR A FF 2K AR5 E & . ALK, &
TEELM TR 5, L FRIE 7 b O R R BN LG 77 WK SR8 SCRE kY, SR, i 3 % Y
P e B PR A T SR B ) R TR b, 5 BRI D 3 140 7 4k A R R i B AR T 1S
T b B ASEIGERTS T AN EIAR T KT KR R RE AR . IR A DGR R R IR S Ty
T DK 3 604y 0 1) 3 T, A0 g oK 558 S e o 9 £ R P 41 B 22 BRI A
1 MORLS 752
1.1 sEE st

P AR 0k DK R4 B A Dy a0, LA R L K S R R N i s, S E S 100%
BRI WIUE, BT 6 A Se i papkl, R (R A S R 50%, I8 T & BN 8% 12%A1
16% 3 ANBARE. FITA S50 TPk} A AR T i A4 S R DL JE K SE 00 T S IR BRI R 3K o R
AR5 1'E 2 73 85 7110 8 01 £ B R AT A 7 LA 791 R I S R B P R R 6 R T I =& —
BRI 58 RATEAC S IFR R A RHIC 7 IR 1. S Seie B kL F8. S8, F12.
S12. F16. S16,57H} F Rox il A E iR, 5 S FRon Sy B AR, £ 8. 12, 16 &
AR T & 8N 8% 12%. 16%.
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KA G R A 1550 WM Ja 4 DK T 0 PV N £ 3ok R 2 3y AR RS S 6 T 7 TV AR 4 1) 5
I 1 3 B MR A 38 50 SR JE A RN N 21 30% i) e} =8 52 (11 K RV 51, R K kel e
SPIRA] . PARMIURL(3 mmx4 mm) B A RIHLH] SR S 7E 55 °CIRpi KA Tt 12 he frialkl
RIORL T W% 10 J5 X = B AR R e i J ) 11 ERAF AE-20 CCUKAR TP AR FH
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SREENL 2] 18 ANFRFEA P AFREAE 30 B, SLIRFT KSR g IEE L, 1.5
L/min R EENFREAG . BFAACBEH AR 70 B 3 ASPATHEAT 20, K 7:00 F1 19:00 7
475 B R EE N AR E I 1%), 5 2 FIFR— AR 2 AR (A R R e .
JE I EEE . FRE LI AT 56 d.

F1 TEANNEREESSH(FHR)

Table 1 Formulas and proximate composition of the experimental diets (dry matter) /%
JZ#} Ingridients F8 S8 F12 S12 F16 S16
fi ¥ Fish meal® 42,00 42,00 42,00 42,00 42,00 42,00
5 e 45 B (1 Soybean protein concentrate® 17.94 17.94 17.94 17.94 17.94 17.94
/% ¥t Wheat flour® 8.00 8.00 8.00 8.00 8.00 8.00
Z¥ Bt ¥ Wheat gluten meal® 10.40 10.40 10.40 10.40 10.40 10.40
4% Cellulose 9.05 9.05 5.05 5.05 0.95 0.95
i B Lysine 0.25 0.25 0.25 0.25 0.25 0.25
# E § Methionine 0.16 0.16 0.16 0.16 0.16 0.16
i il Fish oil 3.20 0.00 7.20 0.00 11.30 0.00
il Soybean oil 0.00 3.20 0.00 7.20 0.00 11.30
J. 5 BB 5 Soybean lecithin 2.00 2,00 2.00 2.00 2.00 2.00
AR —E 8 Ca(HL. PO, ), 1.00 1.00 1.00 1.00 1.00 1.00
S 4L BB Choline chloride 0.30 0.30 0.30 0.30 0.30 0.30
41§ Taurine 1.00 1.00 1.00 1.00 1.00 1.00
# 4 FHIEE Vitamin premix® 2.00 2.00 2.00 2.00 2.00 2.00
W R BUE#L Mineral premix® 1.00 1.00 1.00 1.00 1.00 1.00
M B 45 Calcium propanoate 0.05 0.05 0.05 0.05 0.05 0.05
ZE FEE I Ethoxyquin 0,05 0,05 0.05 0,05 0.05 0.05
&% £ ) Attractant! 1.00 1.00 1.00 1.00 1.00 1.00
7 3 B B Sodium alginate 0.50 0.50 0.50 0.50 0.50 0.50
=EMACE Y0, 0.10 0.10 0.10 0.10 0.10 0.10
5 ¥4 £ 41 43+ #ir Nutrient contents
i e & Gross energy 17.70 17.70 19.20 19.20 20.74 20.74
1 & 7 Crude protein 50.04 50.04 50.04 50.04 50.04 50.04
IS B Crude lipid 8.03 8.03 11,99 11.99 16.05 16.05

ety (L EMEEAERAE LR RE)CHEA 66 820 . HIEW 5 8X%: KEREEA . (LHEWHEERL . LE HEEHEA 67 1%
HAEET L 4% AEH . (CFEDREERAF LR S E HEA 14 6% . B L 3%: 8. (LFEDEEERAA. LR PED . HEA
80, 3% HAEM 1L 0% P 4EAEFFURE (me/ke WED MR AL32 me: #EEF DO me; $EEF E.240 me MEF K10 me: #E 5 % B1.25 me: i #
B2,45 mg:; ¥4 F B6.20 mg: 454 FE B12,10 mg: 2 BEEY .60 mg: HEL. 200 mg: M EE.20 mg: 0 E .60 mg; HLEE.800 mg; Ve BEEEEE. 2 000 mg;:° §4)
5 TSk (me/kg SRR MgSO,-TH, 0,1 200 mg:CuSO4-5H,0,10 mg;: FeS0,-H;0. 80 mg: ZnS0,-H; 0,50 mg;: MnSO,-Hz 0,45 mg; CoCl-6H O,
50 mg; WEAEAEH .20 mg: AR5 .60 me:d HE&E A (HEW : —HEFMES - HEM: WER: -WmENE=4:2:2:1: D,

Note:*Fish meal: (Great Seven Bio-tech, Shandong, China), with crude protein: 66 8%, crude lipid: 5. 8% : Soybean protein concentrate: (Great Seven
Bio-tech, Shandong, China), with crude protein; 67. 1%, crude lipid: 1. 4% ; Wheat meal;(Great Seven Bio-tech. Shandong. China) ., with crude pro-
tein: 14 6% . crude lipid: 1 3% : Wheat gluten; (Great Seven Bio-tech, Shandong, China), with crude protein. 80, 3%, crude lipid: L 0% :®Vitamin
premix (mg/ke diet) : retinol acetate. 32 mg: cholecalciferol. 5 mg: tocopherols 240 mg : vitamin K+10 mg: thiamin. 25 mg: riboflavin. 45 mg: pyri-
doxine-HCl, 20 mg; vitamin B12,10 mg; pantothenic acid, 60 mg; niacin acid, 200 mg; folic acid, 20 mg; biotin, 60 mg; inositol, 800 mg; ascorbic
acid, 2 000 mg;© Mineral premix (mg/kg diet) : MgS0,-THz0, 1 200 mg; CuS0,-5H20, 10 mg: FeSO,;-H:0, 80 mg; ZnS0,;-H:0, 50 mg; MnSO,-
H:0, 45 mg; CoCl-6H: ), 50 mg; sodium selenite, 20 mg; calcium iodine, 60 mg:¢ Attractant: (Betaine ¢+ Dimethyl-propiothetin ¢ glycine ¢ alanine

: G-phosphate inosine= 4 :2:2:1: 1),

1.3 FEdcR
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1.4 ot

FAE BT 105 °CHEFE b 2= 8 5 DA e 7K 43« RHLER 3 8 T8 1 IROE B2 (Keltec
TM 8400, FOSS, Sweden). K H & KA (Buchi 36680, Switzerland)H 2 Bk 42 B I 52 FH
i o
1.5 JFFME AR D7 55 5 B 6 Mg R 4L ik

®2 AR RMEBAEMA(BIERHE)

Table 2 Fatty acid composition (total fatty acids)

of the experimental diets /%
s 1 8 i # ] Treatments

Fatty acid F§ S§ Flz S1z  Fl6  Sl6
14.0 4,38 0.78 5.42 0.64 6.23 0.45
16:0 18.21 14,73 18,97 13,58 1947 13.03
18.0 4,70 4.51 4.55 4,72 1,68 4.79
20,0 0.45 0.43 0.50 0.41 0.50 0.42
> SFA 27.74 20,45 2943 19.35 30.87 18.70
16.1 5.68 1.42 7.55 1.02 8.43 0.83
18:1 12,67 18.24 12,41 20,49 12,27 20.75
> MUFA 18.35 19.66 19,96 21,51 20.70 21.58
18,26 14.66 34.35 10.81 38.71 8.37 41.22
20:4n6 0.89 0.46 1.03 0.35 1.06 0.26

>n6 PUFA 1555 34,81 11.84 39.06 9.42 41.48

18.3n-3 1.57 4.03 1.36 4,77 1.17 5.23
20:5m3 5.56 1.61 7.47 1.21 8.28 0.91
22.6n-3 5.43 3.19 6.20 2,17 6.32 1.68

>3 PUFA 12,56 §.83 15.04 8§15 1578 7.81
2ISFA/XPUFA 0.99 047 1.10 041  1.22  0.30

3/m6 PUFA  0.81  0.25 .27 0.21 1.67  0.19

I FEF U v g 25 7 0 K F AR S VA VR T FR B 100 mg FORE T 10 mL 353
BLODE PN TR BT wo AR AEVE 9 - s A B0 N S - RV (LD
FHRE =2 0 LA BAERR IS 4 mL, #8505 85 4F 55 1,178 24 he 75 °C T 594 — kg%
B B0 B IEE, PR UCORZE AT 0.001 g, 0 35% T B0 TS wi AW B 4R o 4 S5 -H
REI RN 2 6 mL, B 0x(3 000 g,10 min), FRRs FIH R AN LB O A2 DTE HINA 2 mL &
17 - I8 B 2 h 5 B 0(3 000 g,10 min); EIEWAFE NS —HEE O . fE EIEWRinN



1.2mL 1.6%] CaCl, %% 2], 5 Eas T E I WG HBEE/NOF 2 R AR SO
BT 75 CCHAFT T R IEE, W UGRZEAFEIT 0.001 gl FHE wa. BN E
B o GBI & E=(w2-w1) /wox100%.

o 00 FEFJUE F D7 5 B D VR AN T K T R it 2 R T MR AE T AR e 0 BE 4, PR EX 100 mg
ZeATPRE Tl 55 K 10 mL ZIEERE, I 1 mol/L (¥ KOH-HE¥ 3 mL, T~ 80 °CH{IZK i
A4 20 min, BB A EH A 2 mol/L HCI-HEEVE R 3 mL, iR 21, T 80 °CHIZK ¥ IN#A 20 min,
B ¥ HINE CE 1 mL, 4R 7 2 00 5 B 0 3 % f5 B _F 35 19 2RE i A8 B AR B 1% X
(Agilent Technologies Inc., Santa Clara, California,USA) 73BT AF i A8 07 BR 2H 5, el &) Hig iy 1 28 Al
W 2.

1.6 RNA RIS 7E & PCR

FEAE S RNA 28 Trizol 77 & (Invitrogen, USA)He B, H& BUFFAERE & A B RNA. 2R )5
FFH PrimeSecript™ S 3R S HR I RNA IG5 cDNA. [R5k cDNA
W I H DEPC 7Kk 2 80 pg/uL, 74 J5 B 1-20 °COrfE# M . FIHCAH B BRI AL
Yyl SE TE YIS 52K a(Peroxisome proliferator-activated receptor alpha,PPARa). R EEHAR
H k% 2 B 1(Carnitine palmitoyltransferase I, CPTI). WifgMRBERRLESF 1(Lipin 1) &AL
B A4 104 B W0 005 52 AR y(Peroxisome proliferator-activated receptor gamma,PPARY). JIg & F fIg i
(Lipoprotein Lipase,LPL). i X Z4&(Liver X receptors,LXR). ZE{H[A-F 1a(Elongation Factor -
lo, EF 1)) 51905 516 551 90, 51 9 1N 3 B . %€ & PCR IR R 25 pL, HH 12.5 L
SYBR. Premix Ex Taq™. 0.5 uL b Fi##514(10 umol/L)+ 3uL ¢cDNA #19.5 uL [#] DEPC 7K.
SE AN 28 A SER E & PCR X (Mastercycler ep realplex,Eppendorf,Germany). SZi i€ & PCR ]
FEFF N 95 °CHFEE 2 miny95 °CHFEE 15 s B KIREFFEE 15 5,72 °CHFEE 20 s, 311 40 DME
B EIEF CT AE, FFARYE 224 7l B 1)L R R s 21,

£3 AEHBEHREAXEANIHER PCREHY

Table 3 Realtime quantitative PCR primers for fatty metabolismrelated genes of turbot ( Scophthalmus maximus 1..)

H ) 3£ A Target gene 1E M54 Forward(5'—3") 2z 7] 5] 1 Reverse(5'—37) [ FF Size/bp
PPARga CGATCAGGTGACCCTGTTAA TGGAACTTGGGCTCCATC 171
CPT1 GCCTTTCAGTTCACCATCACA ATGCGGCTGACTCGTTTCTT 113
Lipinl AGGACGCTGGTGGTTCTCG CTGTCCGCTGAGGTCATAGTG 113
PPARy AAGTGACGGAGTTCGCCAAGA GTTCATCAGAGGTGCCATCA 121
LPL CTCCCACGAACGCTCTAT GUGGACCTTGTTGATGTT 166
LXR GUCGTCATCAAGAGTGCCC ATCTGATTTGCTCCTCCGAG 153

EF la TCATTGGCCATGTCGACTCC ACGTAGTACTTGGCGGTCTC 226
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REFOPLER, FrE KR, JEESS B LT A5

{795 % (Survival rate, SR)=(fx £ 1 £ &/ 4] 4 £ 5= < 100%;

11 H ¢ (Weight gain rate, WGR)=(ZAK 5 & -] U5 74 57 5 )/ 46 445 5 B> 100%;

58 42 K (Specific growth rate,SGR) =(In ZAK i F-In 54 57 B)/52 56 K £ < 100%;

R4 B (Condition factor, CF)=2¢4A i & (g) /&K *(cm)*x100%;

JiT 44 Et. (Hepatosomatic index, HST)=AT /I 5 (g)/44 i &:(g)*100%;

JREAA EE (Viscerosomatic index, VSI)=P I 5 (g)/44 i & (g)x 100%.

HAR ST 488 SPSS 19.00 Hdf R WK 3 77 22 43 HT(ANOVA ) Fi#E 47 Tukey £ 5
M P<0.05 FIER BEMEZER . Bl LLOPSELr iR 2R R
2 HiR
2.1 TRk AN R AR KSR R RS AR K S e

SRS SN AR K BAR IN SR 4 B o BEE TADRHIR 7 7K1 (R v DA B s Y0 1) 5 AR, RS2 6
41 H RAE TS 2R (SR 2 22 7:(P>0.05), (H2 AR AR i & (FBW). 3 5 26 (WGR) Al E AR K
F(SGR)HFL T 5.3 72 5:(P<0.05). FBW. WGR #1 SGR Btk Ig i K-~F i _tF+imi -7+, R
A S16 20T [, 1 F S B A% T 4aRE 1 £ i /5 FBW. WGR #1 SGR 4235 T [(P<0.05), 76 7
A A F16 41 FBW. WGR Hil SGR = T HARH-41,S16 AR, (H5 F8. S8 4Lk
WA i 7 5(P<0.05),F8. S8+ F12 fil S12 H 2 [H3% A &3 2 7(P>0.05),/H F8. S8 4H 5 F16
A5 5.2 7 F(P<0.05),F12 F1 S12 2LV & 2 22 53 (P>0.05).
SO AL EE(CF) s IEAR e B (VS HA ELFR B (HSD A5 R A=k 5 B, B b kg s
TR P9 8 K 3 BF T A4 LE i B (VS R AR L FR B (HSD ¥ A f B A AE T BE E R
(P<0.05),{ELJE 33 J& (CF) 1% AT 52 1) 52 35 520 (P>0.05); 11 28 FH Sy 5 A ATk w1y e 3 i A A L
TR H (VS FI 1 L 48 £ (HSD) WA 52 252100 (P>0.05), (H AL BE(CF) I T 5 3% % R (P<0.05).
2.2 TRk AN [R] B 7 ST 0 g s RS B 2H RS 1 5 T

X AL R ZE (R R SE BT I AR 2 SCHEAT T o A S AR 1K 23 R AR VR IR DT, 45 Ak an
1 o B VARG D7 K1 B BT g AA K oy 25 T BB IR 35 22 57 (P>0.05), JIG 1 & &
ETH(P<0.05), 8 B O W R 10 2 5 (P>0.05); 24 F S0 B At i e AR il K 2 . HLER
R AR 7 & 3840 BT T B (EL AT Y0 35 1 22 5 (P>0.05) . TEFTA A4 P F8 LIk 7 & il i
B, F16 17K o S IC (H & 21 TR 3 535 22 7(P>0.05);F 16 A1 i i & & e, 5 S16 4.



FHECR A L35 22 57 (P>0.05), 15 5 35 = T HAh AL B4 (P<0.05),F8 ZH IV IR i 2 B IR, W I8 T
HAh b 2H (P<0.05),S8 H IR & B0 S T F8 4, W K T HAth4H.(P<0.05),F12.S12 1 S16
M AR & &2 57 A KP>0.05);F12 A S A& Eixm,S12 AR HE A &Rl H % A IE %
A B3 2 7(P>0.05).

F4 EARBEHKERNZHERTAZFERKOTEN

Table 4 Effect of dietary lipid level and fish oil replaced by sovbean oil on growth parameters of juvenile turbot

106 4 ot & LR A R WEE FEEE .
b= 0| o , , , o TFimE
Initial body Final body Weight gain Specific
Treatments . . B Survival rate/ %
weight/g weight/g rate/ % growth rate/% + d7°
F8 13.01%0.01 60.80£0.33" 367.72+2.50" 2.76£0.01" 93.331+3.33
S8 13.01£0.01 58.8210.63™ 352.0945.01* 2,70%+0.02% 98.89+1.11
F12 13.01£0.01 61.8410.86 375.6716.57" 2,791+0.03% 100.00%0.00
S12 13.01+0.01 61.8240.98" 375.57+7.53% 2.78+0.03% 98.891+1.11
F16 13.01+0.01 64.8410.35° 398,77+ 4.65° 2.87+0.01° 96.6713.33
S16 13.01+0.01 56.87+0.72° 337.62+5.62° 2.6410.02° 100.00+0.00

ik F M [El— F h RS F B FR A A £ R 53 (P<0.05),
Note: Significant differences are indicated by different superscript alphabets in each column (P=<Z0. 05).
#5 ARBEHKFRIHERTAES
B EE B 44 EE B R 578 B A0 S
Table 5 Effect of dietary lipid level and fish oil
replaced by soybean oil on hepatosomatic index (HSI) ,

viscerosomatic index (VSI) and

condition factor (CF) of juvenile turbot /%

FFF 4 Ee HiE A LE FE i ¥

AbER I . . , L

Hepatosomatic Viscerosomatic Condition
Treatments

index index factor
F8 0.90+0.06° 4.07L0.09* 4.601+0.07*
S8 1.0240.08 3.85x0,22* 5.19%0.16"
F12 1.0810.08° 4.14x0,11* 4,7740.15°
512 0.97+0.12° 4.54+0.15" 4.9240.15%
F16 1.27+0,07" 1,80£0,09* 1,84+0,12°
S16 1.28+0.09" 1,59+0,18% 4,97+£0,17%

i BEE—F R AR DS FERERHR ER B FH(P<0 05),
Note; Significant differences are indicated by different superscript alpha-

bets in each column (P<Z 0. 05).

2.3 LApRE R ANTE] g 7 7K S R0 g i R DR S S T A g -5 = A T M T 2L e P e i
SEOG ST AERE I S = 2 AN RSSO AT T HE 1 & & B 1R I I 7K 7 16 T v i
=% L THP<0.05), [F A S F &AW 51 A 1 A AR i & = 535 19 BT+ (P<0.05),S16 H AT

1



B e, 2 e T A AL B 41(P<0.05), He VR S12 41,53 i TR 4 4 41(P<0.05),S8
2 A2 (P>0.05),(H B2 = T F8 1 F12 4H(P<0.05).

d (b)

80 @) o s I £ 16 e
S E B x =g T T S 14+
= I ° I a
2 76 E 35 b ]: 3 13
b= 2
R 74 ; STa B g 12
% 25T O 9
72 Fopm W_W_ W W N Eé -
F8 S8 F12 S12 F16 S16 F8 S8 F12 S12 F16 S16 > F8 S8 F12 S12 F16 S16
4b ¥8 4 Treatments 4k #8 ZH Treatments 4k 7 4l Treatments

1 TP 07 7K~ R0 i s O RS AR 2L R 52
Fig.1 Effect of dietary lipid level and fish oil replaced by soybean oil on whole body composition of juvenile
turbot
[ — B AN ) /N5 - BE R R 21 7] 22 S 42 3 (P<0.05)

Significant differences are indicated by different superscript alphabets in each chart(P< 0.05).

HLRE W Crudelipid
d

& 19 S
- I
o
2 x
= ab
o b
2 10
.H -
é a 4
&= x =
B s5f

0

F8 S8 F12 S12 F16 S16

RFEH Treatments
2 ARG 77 7K TR g A RS U T M7 5 2 ) B
Fig.2 Effect of dietary lipid level and fish oil replaced by soybean oil on the lipid content of the liver in juvenile
turbot
[ — & AN R NG B R 4 ] 72 57 8. 2 (P<0.05).
Significant differences are indicated by different superscript alphabets in each chart(P<0.05).

RSP RE H IE W BR 2 B N 3% 6 Bz o IFME FP A A0 i 1 2 (Saturated fatty acid, SFA) &

R BE TR 7 KT A S AR L TR B (P<0.05),n-6  FR 51 (1) 22 AN A R

i (n-6 Polyunsaturated fatty acids,n-6 PUFA) )& &5 2| 1 ARk B 7K A2 g B AR 2L [F 5

Wi, 22 A Sl B AR 3 4H b,y n-6 PUFA 18 &0 s 107 7K P B 7 =T B (P<0.05), 1 F 23

BAE.Xn-6 PUFA K& EARALE S I AH /2 (P<0.05). 7k 1144 R (Eicosapentaenoic acid,

EPA) Al — -+ %% 7~ #5 B2 (Docosahexaenoic acid, DHA) ¥ 7 5 B 4l &l i 1 /K *F 1) 5 25 5% Wil
(P>0.05),{E7E F 5.l & 15 EPA Al DHA & & .2 T [%(P<0.05).
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2.4 ARk e AN R i 7 10 T RS R S S M IR 7 A A A 5 JE 1R 3 B B i

B A TR 1) B I 0 A QU AR S< JE R AR 08 & 41 3 Bz Lipinl A1 LPL H)RA &
B b A AP R 17 7K S A0 29 B AR A e T AR I 1 22 5 (P>0..05), (HL2 24 il & AR
P RIRIB EIA N RERES . Lipinl Rk & & HIE Fle H, &K HILLE F12 41;F12 4H
LPL RIA T i m,S12 HR ik &R H S H A T E % 5 (P>0.05). PPARa FIRIEER
TRk 7 AP AN o AR 3 [F 52, M B K E R T PPARa (1314 & (P<0.05), XA
T B AT PPAR (14 3% 1 8 B 4RI 7 K ST 16 v T I, ek B AR A 3 S R A = T
51,816 41 PPARa MIRIZEER &, B&Em T Fl6 4(P<0.05),H5HMAMILEEEEES
(P>0.05). S BPEK T CPTI WRIAE 7 S B ARMHN N,CPTI 1R ILFEFEE IR K
ST A BT B AR B RA R RS IR . F12 240 LXR BIRIA R E,5 Fl6
S16 Hi%H E%%j‘%'(Pw.OS),SU HEREFEEHRICHERE F12 HA B3 % 5(P<0.05). Flo6 4
PPARYy [ 31k B i, 0 & = T HAR A 41.(P<0.05), e 4 - 4% A 525 1% 2 57:(P>0.05) .

#6 EARBEHKTEME AT R AEGITARGERER (R EIHE) R\

Table 6 Effect of dietary lipid level and fish oil replaced by soybean oil on the fatty acid

composition ( total fatty acids) in the liver of the juvenile turbot /%
i 17 & . .
Fatty acid F§ S8 F12 S12 F16 S16
1400 1.69+0.11° 2.4240.34% 5.8240.14¢ 1.4440,24% 1.87+0.32¢ 0.80+0.05
1600 17.32+0.21% 15.24+0.50" 19.68+0.41¢ 14,01+0.30™ 16.05+1.04" 12.5340.13°
1800 1.0740.02 3.3310.12 4.361+0.05 3.52+0.19 3.57+0.43 3.3640.11
20,00 0.2440.00 0.1740.01 — 0.16£0.03 0.32+0.00 0.194+0.02
M SFA 26.09+0.04 21.1640.74 29.7240.41 19.07+0.64 24.59+1.88 16.89+0.16
16:01 5.88+0.20° 2.4740.25% 7.2340.20¢ 1.72+0.12* 7.71%0.19¢ 1.23+0.03°
18.01 16.07+0.08 20.8040.46 13.494+0.07 19.56 £0.96 16,4640.21 21.294+0.59
> MUFA 21.79+0.27 23.2740.30 20.7240.13 21.18+1.08 23.96+0.14 22.524+0.60
18: 216 14.58+0.91" 34.80+1.78° 10.94+0.67* 36.7241.35% 6.34+0.86 41,04 40,744
20; 46 1.5840.09 0.36+0.06 1.544+0.07 0.2940.01 1.224+0.11 0.18+0.01
> 6 PUFA 16.34+1.63" 35.18+1.68° 11.954+0.43% 38.34+0.39 7.57+0.60 41,.2140.734
18:313 0.95+0,02" 3.05+0.11° 0.7140.05" 2.96+0.04° 0.67+0.00 3.65+0.07¢
20,53 3.36+0.18 0.7040.14 4,23+0.05 0.5240.05 3.60+0.40 0.40+0.01
22,6m3 6.06+0.48 2.73+0.35 7.29+0.08 1.70+0.13 5.54+0.80 1.0840.05
>3 PUFA 10.374+0.66 5.99+0.31 12.26+0.19 5.2040.23 9.52+1.39 5.13+0.06
>SFA/XPUFA 1.0440.02° 0.61+0.07" 1.244+0.07 0.43+0.02% 1.46+0.06¢ 0.37+0.01*
w3/m6 PUFA 0.68+0.06" 0.204+0.01° 1.0440.05¢ 0.13+0.01° 1.25+0.09¢ 0.1240.00*

HROE—TRARDEF R AMEREF P05,

Note: Significant differences are indicated by different superscript alphabets in each horizontal row( P=Z 0, 053).
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Fig.3 Effect of dietary lipid level and fish oil replaced by soybean oil on the lipid metabolism related gene
expression in the liver of the juvenile turbot
7] — [ R )N B R R 4 ) 22 57 B 3 (P<0.05).
Significant differences are indicated by different superscript alphabets in each gene(P< 0.05).

3 vhig

FEAR RSB 6 FPAS[R] AR % RS2 4 £, SR IR AT 56 do REEEPL [ 775 R
(SR A Bl TRDRH g 197 7K T R4 v LA B g 107 3058 000 2 AT L 00422 385 11 22 3 (P>0.05) H 2 20K
R (FBW). 1 H R (WGR)AE E A4 K2 (SGR) B T 1535 1 2 5 (P<0.05) . &5 SR AT LA
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Eth,F16 411 FBW. WGR 1 SGR 5 fm, AE K if ;1M S16 AR K fw 22, Hok 4 HIAE KR
A7 (P>0.05). BIREA HILE 7 5 (BEkk S1e A4 5 44 FBW. WGR Al SGR
S BELE R KT 1) B BT A X R T 2 AR SR B R IR S TR R,
AR B BEE AN 2, B2 1R AR K I R B e A, Tkt R B AR A T 208 B R L S ERN
(¥ 7 70 A BT, B A TT LAYk D F TP AR R B AR S A R R I AR A G . AR AR,
2 F S B AR R i I, f R Y FBW. WGR A1 SGR ¥ HIEL T R B, Ut B A =00 100%%
AR S R SE P (1 A 7= AR ) 3 5 2 i A — B0 i EL AR 48 ST UR B, 4
TR KR 8% 12%HF, T2 AR BAR M 17 KSR ) AR K AR IR 3 %
(P>0.05),iX 7] fE U8 B 241 RHIE 5 7K PN 8%~ 12% N, £EAH Al 45 & & F,100% 1) Sl B A
SRR BE T 1) A K3 BOR K IR T 4 DR AR 7 7K TR B 16% B AR B T 238 1) R B
(P<0.05),3X 15 2Z 1 BRI 8 # 8 AR — U003 3 B 24 fapRk b G £ B b i, A AR K
PR F el 2 ki B M R BUAAE K B2 R . Z AT 7R AL 12% 08 7K F R 100%H)
LI A2 S 3 1) RS 0 (1 A TR) I 410, 2 0 1) 558 60 F £ B 3 T E A Sy v 7 58 B AR
WEL {155 00 I L 12% B 5 7 T (1 9oty 2L R 7 9 2 46 K 2 S P R, 36 AT i 5 B il 8 AR L )38
1 o 5 ) R S A K R SR TR 2 — TR1 b T DA R i v o vl 5 A PRDARH 19 3 10 1 SR 1 i 2 3l
RIR A
It 5 DS 7 7K S R 3G 00, R SE B A L 48 250 (VS AR T LU F8 B (HSD Y A B I
LT 35 72 R (P<0.05), 3% Ul B 1 R A2 R SE B4 R TR IR D7 1) 3 228 B 46 Sl A
WS, VS 1 HSI ¥ 3% A B R F % 7 (P>0.05), X 5 7 K ZE 600 1% 7 4 (Siganus
canaliculatus)!''l, 7 i (Rachycentron canadum)!'?, BRI fi (Dicentrarchus labrax)FTT 1%
(Oncorhynchus mykiss)!'3 - FERfF 75 45 SRAH— 3. 53 40 MR35 B (CF) B 52 BRI I K P52
M (P>0.05), {H 4 FH 3k B AR i J5, f 44 1) CF HE I T (835 72 59:(P<<0.05)
SRR AT T EAE AR 2 R ER LR T TE P9 1) % TUA 2L 43, 45 R SRR AR K 43 52 4
I 17 7K ST 52 10 (P<0.05), B8 55 )Rk i 107 7K ST b B AR 7K o 5 T B T 2 ek AR 3%
S AR IR 7K 535 8 (P>0.05) o K3 0 f1 A (RREL T 5 2 2 B D Rt i s 2 = o T S 35 o
(P<0.05),1x 5 K ZE #7040 R 7 /051 4 3K (Sparus aurata)!'® . 53 & 4R filll (Carassius
auratusgibelio). KWffi(Leiocassis longirostris Giinther)!'”l. ZHJF 77 45 A — & 7 Sl B A xT
0 AR I 1 2 B O A 1 22 57 (P>0.05), 3 5 S i (R F 70 485 A — 3 (101920200, 1 f
FHAR 11 1 50 32 200 R IR 7 7K 170 5230 5 AR 1 SB35 5 M (P>0..05), 3% 5 58 T PR B 7 285 S AH
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— 01920201 55 58 BR PRI A 7K ST A0 S B AN 2 S 35 5 T R LR R SRR P (R A

TR AR e 7 TR gt AR 0 S 3 R 1 R 3 U i 7 5 R (P<<0.05): B & 1AL BL AR
7 7KV (0 T v, KRS TR 7 & B K AR T R 1 B FH(P<0.05), H 45 3 5 Gélineau S5 (1t
045 S — B0 5] B ) B A s T T R A = R T IR A R R Bt
(P<0.05),ixtH 5 Bell S5BIERZEHE 0 7045 FA — B0 IX T A8 5 Sl B S Rk i
n3/n6 HLAEAEA 5K n3-PUFA 5 n6- PUFA 8] RIANT- i 3 B i 97 25 8 ) 185 m 241, i
FEAS 26 vh 2R} e 0 £ i S B S n3/m6 IELAE I T R . A S o () K SE T
JFF I 175 TR AL B BRAIE. 17 22 T PR — LB 5 4 e -12:20.25:2627 f e el oo ) I R 4L B . LC-
PUFA & AUEET A6 KEMEE. EKEF AS KBMEHEML C18 JEY, 11 C18:2n-6 Al
C18:3n-3 F5EK 56 B, (H K ZZ 865 C18:3n-3 ¥4ty EPA 11 DHA W RE JJ 4 BR, BT LA EPA
A DHA (f8& B IFRE Sk C18:3n-3 & B AARMLAR— 8 B = £ 58 2 M R 128
% (A 5k EPA Il DHA [ & A8 ARIT . H 4585 Regost S5 OME R ZE6T (1Y)
WHFE— 3. XM R3S T3R5 EPA M1 DHA BS54 A BT AE H 54 5.

PRI 3 R O RR 52 06 0 040 B85 90 S 79 D7 T R 2 o JFE U A O AR R 388 AN 5 1 s
A DG R R A R A 0%, [R5 8 017 43 e A G i R R 0k N A 5% o BRI Iy 7K P A
NIRRT AR A R 53 DR A B R S M T R B R W OB FRDRLAE £ A i 4T i
H T Rk AL BE TORL JE aE ON I VEAE B, F T A LPL UK f# R FLOBE Bk Ki (Chylomicron
remnants,CMR),LPL 7] PGS & 3L BEFARL K A 12 21 JFF 20, 3 2 T v 1) I I P a2k N A
(K77 AR08, AR R E N0 S A2 CPT T IR T ENZORLAHEAT B AL ik Be AR ALt R
R A R OGN A. BEANTR n-3 ZAERIEITER M CPT 1 fvd 1, ki 3
LR Y IR BT R EAL AR 5 B B AL AE /120, PPAR« ] DI I 55 28 AN M TG il R A S MR 25
fig X 574K (Retinoid X receptor, RXR)&: & K75 5 A i R E AL AN b AR SE Ak o b4 HE i B2 7T DA
W17 PPARa B FF3E— 20 75 HFRIL PR (1) R 08, B4 LPL A1 CPTPY, Lipin 1 A] LUE 75
T PPARo FRIRIE I Mg 17 BR SE A AN B R AR S A, [E] B mT LAV AR 7 5 B e AT 2 g o
KB, LXR @& —Fpl e R, 7T LS FUAR 45 6 T i — SR A4 JE U — 564k 5 DNA 4547
(IR 3 P A2 J, T AR ¥ PPAR L U 2> {3 i B R P 4016 P ). PPARY 2 fIR Iy RS HUR AR
Ui A BRI S B 4 DN B3

YRR N KR A R AN AMP/ATP [ EL(E 5t 2 L 3EM S AMPK BEERAL,
7S Lipinl [ R KX, 2115 5 PPARa 3L K Rk, i _F 18 CPT I AT LPL ff 2 5 3K B4,
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IXAESR T T REAE RO AR W5 43 R RE 0 RIRHME] LXR 454 BN CE 1 ] LXR $EFER
[ 2 35 7K S 35381 0] i Jiy 1) 45 Bl o T B A PRk g 7 7K ST £ A B N R B i
f,Lipinl . PPARa. CPTI f1 LPL R RIEEL KA T FFHLXR fil PPARy IR RIEE I
Tho T 230 H 5 R (18:2n-6), 79 25 A Xt P A I 4 8 A G 25 DA 6 2 i = 82 i R 1)
BHH R T RRZL BN . B W F0 R IR K F ¥ n-3 LC-PUFA FJ R 2> i 2 AR I TR 4 AL
TR IR 1) 2k 7381 kel i /) n-3 PUFA A] LUBE B CPT 1 ARG /7 (2 k28R 1 5 (1 37t
Ay 2 1 1 IR A R 17 R S A0, DRl ARl s i & & 1 n-3 PUFA 25 3l 7 il AR
JRHE R )20 T 5 30 B~ A RE 0 38 A, ARG R A B T i AR >4 P S 5 AR sk v ) £y
I} Bl n-3 PUFA (18 W2 R 4,10 n-6 PUFA (18 & BT Xk AT fE 51 & B AR 4L i
i 7 S A PR ARG 2 1 5 80P U s s 7P 1 BTt

%21 Lipinl BJHERFRIEEWBMEHWME 3 Fos, a0k 3A il E A8 Lipinl 1Rk
=B TRIR T KT _E T T BESR G BT TE 16% 8 Wi 7K1 Ak b 41 J5 PRAR P e 2 e 1 3%
AHJREEA n-3 PUFA C4HT AR 75 5K X 2330 MR 17 40 AR G B BRI (40 Lipinl) 1920k, 32
e Vi 7 o R R e 0 G i ek 22 R T i B R4 Lipinl Rk & BAREH HILE
& W7 5(P>0.05),(HA BRI 353X 7] BE 1 B AR K n-6 PUFA 2401 Lipinl H%:F %R
5. PPARo ERIEHSZ BT MK -F-F0 Gk & AR s 78 f il 20 b PPARo IRIA R BEE
TPk 7 7K1 ) BT 1T T B 24 S B AR, % R 77K P & PPARa IR IA B I T BT,
X527 i BRI 945 SR AR — S50, AT BF 5 2 M 3ok R T AR 0 DK B B 40 i 5 2R 40930
JB 5 2 2 AT R R ) PPAR (1% S 3G MEROL BT 1 PPAR EDK ik o bl b ml AL, Al kL s
KPR I B R AT PT E 1 PPARe 1R RiA & . CPT1 M LPL R RIEIEEARL
o SS9 BB AR AR 7 7K P )BT IR RSP S MR KPR, Sk A B AR T CPT 1A LPL [
PRI 2k, T 2 23 B AR B 00 Bl T 7 7K T 8 b P o PR R0 B A T R 3 AR X
A BE UL AR n-3 PUFA & 84508 CPT I A LPL 3£ #ik . LXR K& Ik B K51
BT W5 7K P ) b T b b B S R AT T B, 1245 S 2 BT S 4 SR B L A
RUMRNE S n3 LC-PUFA &I TR FE LXR Rk H) T RB2LAR K S 45 53R
EDHIE 71X —3LR, UM n3 LC-PUFA F] & LXR ERIE, Mtk AR B K P i BT+ 2 it
LXR PRI, 32 10 34 e 197 B0 5 B o PPARy 450N Ay 2 AR 17 Fs R FH e g i A% 11 F 2 22 4 A
A4S DL K B B E T PPARy IERIE, il B ARSI T HERIA, 5 Z A
BPF AR — S04, 150 B Sl B2 2= 401 PPARy FRIERIA, T AE &L AR 1500 B 5 g i 7K1 1
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JFPPARy [f13R1K &5 H B 25 1078 4k, 1% ] fE Ua B kL b n-3 PUFA 1 & & &R M
PPARy [#]5R1A5 &, B PPARy [ZRIEZ 1A K 7KF+ n-3 PUFA [ &A1 L & = ) 3L [H

AR, 2 AR BN BB A R I, AR N (1 IR 17 = S TR 0 A LB R U7 43 A A
RHEDR Feak BT [ R 7 4 AH 6 BE R 08 Bk IR T & e 0 R . AR SR N RE B A
FR IS IR T 23 A D R R B ek 2 R B IR T & U DG R ek B B BIAR R IIRAS . T AE
FH 5238 AR, 45 I A5 AR O 1 256 8] 38 f 2 52 3 Pk g 017 2 21 e A% A 10 52 1 T 2 300 4
AER AR S .

4 45

ek 3 I A ek e A A K R BE DR KPR A e g . 4T
R IRDTKF N 12%~ 16%00 345 B L SR AL KV BE o 4Rk 32 BRI 5 Sk i R T
16% 1 21 23 H k] 0 A4 A K o RS IR U7 A 302 2 52 T R IR 177 7K ST R g R 8 P B T AT
FE R R ZE ST RL i 5 7K B IR DU 1 G B #5241 — & I B A HE
SR

JESCHIBAE (b B RE RS R (R RBHERR))  2020,50(10),26-36 DOI:10.16441/j.cnki.hdxb.20190281
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