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Improve the construction of feed management legal system and improve the safety of feed

production
DU Zheng
Jinhua Polytechnic

Abstract : Laws and regulations play an irreplaceable role in promoting the orderly
development of the industry and maintaining social stability. Feed is the basis of the
development of animal husbandry. With the rapid development of animal husbandry in
China,the laws and regulations related to feed are paid more and more attention. The
construction of feed management legal system is of great significance to regulate the behavior
of feed industry,and it is also an important guarantee for the interests of feed industry and
related individual interests. The construction of feed management legal system is related to the
safety of feed production and the healthy development of feed industry. It is a strategic task to
improve the legislation of feed law and the construction of its safety system. This paper
analyzes the current situation of feed industry laws and regulations,understands the existing
problems of feed industry laws and regulations in China,and puts forward corresponding
strategies to improve the construction of feed management laws and regulations,improve the
legal system,and improve the safety of feed production.

Keyword: Feed management; legal system; feed production; safety;

WE AT I ENERHE A R O SITEOE M B ZGEE. O EEE & K

MV FBER AN 1 4, TAAMESGZ AR AR ATA ) — ZR A HR A 2 T ME S5 B AT BUE L . M
AW 2R T, B BAT SR LR Bl BFIE. TSR, AEAE 54T

ATy, AR 2 AT B R R . TRl ax AR R B BRI R S, th
KEENLKB TR, HASES D, IR 2220, fRskik
ZAEAT. AT, B2 SRS AR RL s 2 AR,


https://kns.cnki.net/kcms/detail/knetsearch.aspx?dbcode=CJFD&sfield=kw&skey=%E9%A5%B2%E6%96%99%E7%AE%A1%E7%90%86&code=&uid=WEEvREcwSlJHSldSdmVqMDh6aS9uaHNjc3hVdnJHZE1SeEJsU2ZwUUl6ST0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!
https://kns.cnki.net/kcms/detail/knetsearch.aspx?dbcode=CJFD&sfield=kw&skey=%E9%A5%B2%E6%96%99%E7%AE%A1%E7%90%86&code=&uid=WEEvREcwSlJHSldSdmVqMDh6aS9uaHNjc3hVdnJHZE1SeEJsU2ZwUUl6ST0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!
https://kns.cnki.net/kcms/detail/knetsearch.aspx?dbcode=CJFD&sfield=kw&skey=%E6%B3%95%E5%BE%8B%E5%88%B6%E5%BA%A6&code=&uid=WEEvREcwSlJHSldSdmVqMDh6aS9uaHNjc3hVdnJHZE1SeEJsU2ZwUUl6ST0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!
https://kns.cnki.net/kcms/detail/knetsearch.aspx?dbcode=CJFD&sfield=kw&skey=%E6%B3%95%E5%BE%8B%E5%88%B6%E5%BA%A6&code=&uid=WEEvREcwSlJHSldSdmVqMDh6aS9uaHNjc3hVdnJHZE1SeEJsU2ZwUUl6ST0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!
https://kns.cnki.net/kcms/detail/knetsearch.aspx?dbcode=CJFD&sfield=kw&skey=%E9%A5%B2%E6%96%99%E7%94%9F%E4%BA%A7&code=&uid=WEEvREcwSlJHSldSdmVqMDh6aS9uaHNjc3hVdnJHZE1SeEJsU2ZwUUl6ST0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!
https://kns.cnki.net/kcms/detail/knetsearch.aspx?dbcode=CJFD&sfield=kw&skey=%E9%A5%B2%E6%96%99%E7%94%9F%E4%BA%A7&code=&uid=WEEvREcwSlJHSldSdmVqMDh6aS9uaHNjc3hVdnJHZE1SeEJsU2ZwUUl6ST0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!
https://kns.cnki.net/kcms/detail/knetsearch.aspx?dbcode=CJFD&sfield=kw&skey=%E5%AE%89%E5%85%A8%E6%80%A7&code=&uid=WEEvREcwSlJHSldSdmVqMDh6aS9uaHNjc3hVdnJHZE1SeEJsU2ZwUUl6ST0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!
https://kns.cnki.net/kcms/detail/knetsearch.aspx?dbcode=CJFD&sfield=kw&skey=%E5%AE%89%E5%85%A8%E6%80%A7&code=&uid=WEEvREcwSlJHSldSdmVqMDh6aS9uaHNjc3hVdnJHZE1SeEJsU2ZwUUl6ST0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!
https://kns.cnki.net/kcms/detail/knetsearch.aspx?dbcode=CJFD&sfield=kw&skey=Feed%20management&code=&uid=WEEvREcwSlJHSldSdmVqMDh6aS9uaHNjc3hVdnJHZE1SeEJsU2ZwUUl6ST0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!
https://kns.cnki.net/kcms/detail/knetsearch.aspx?dbcode=CJFD&sfield=kw&skey=legal%20system&code=&uid=WEEvREcwSlJHSldSdmVqMDh6aS9uaHNjc3hVdnJHZE1SeEJsU2ZwUUl6ST0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!
https://kns.cnki.net/kcms/detail/knetsearch.aspx?dbcode=CJFD&sfield=kw&skey=feed%20production&code=&uid=WEEvREcwSlJHSldSdmVqMDh6aS9uaHNjc3hVdnJHZE1SeEJsU2ZwUUl6ST0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!
https://kns.cnki.net/kcms/detail/knetsearch.aspx?dbcode=CJFD&sfield=kw&skey=safety&code=&uid=WEEvREcwSlJHSldSdmVqMDh6aS9uaHNjc3hVdnJHZE1SeEJsU2ZwUUl6ST0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!

TR R Rk 4, (ARl At B i R I BB G Ay o BRI IE AN W et = A
s, DRtk A TAE, (AFIEVF 2 ARl e BT S8 B 1RDRE = b AR i
U, T sE RV B R B R, SRR 2 KT, (R R AR B R R
1 Bk TR LR
1.1 fARREA A R IR

AR, PR RHENL, R FARRT L AR, VF 2 [ SN s
BV IL 2 . FRIE AT T A8 SRR AR I 70 R AR 254, E RV AR A )
A, By \E SRR NG AT B S SO RS By, WX S A A B2 . BEJS1E 2001
XTI BEAT HE— B R . FRERESHIE 1 o VR B0 ERDRHES InGR) i b B 3% S5
SR EEINE . APV AN B MRS QR (EESE, 2018). 2004 FEH 5%
BEAAT T CShAIRIETR RS 52 4 DA HIMNE), YIRb @ AR S BIA AR A R,
P/ R(ERATY SR | a5 ol Yl I (P 8 b S TR (2 S PP R KT
1.2 FRDREA =V R] 2 AF

TE CUaRHEF= VR AT 26 F) o, KEEDREAR P2 BV T 6 REAT WA R e, s ek
AFEIVERTE R (REIAE, 2017). TE) XORMAE =R &Rt KERh ek, BA A
BE WRGE RN AE RS XA FI TR, BER>1000 m?. RASTINFI TR AR AER X, 2R
>350m?. [ AU NI FUR A R AE P= X >500 m? . [F I ERE S AREIX . AKX AR
X, BREERACEA EIGH . SR SR AL R, e & SR
SRk AR B H o IR TR A iR A - R R MR E (ERF55%, 2017).

XA R A TR AR T R TR A R DR, TR A HLA SR 0.5 m?,
AFARESIAMET 2.5 the XF ARV 4EAE R TUR S TRHN, 77 REAREIRT 1.0 t/h.
2 R R T ML R A7 A2 1 7]
2.1 AlRAEERE

HAT, xR i 2 4 5 e, — ek} 22 4 DRI ML) P U O &
MET, WERNME, MXES, ZSCWSLIEATE . BRI ] R R,
SEAAC R S ERANE N, B e e AN 21l (251, 2019). BilE%E Tidm et i HRIE K
I — L A N E D, 5EER S SRR BAR S, HERE SR
B IR RNE R AR 2 CUE R R FE R K o AESLIRE AR T, /5 2 R 1R 9 A ] ¢


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

PEVE. e, FREAMNBCA . R RN BREAAIRIE . BUTIRRE. BUAE EZ AL
VIAH ORI ), TR} e 4 STk v L R BN AT B . AEVR R E B AR AR TR
2RI, BOJIRREME BAAE ARG —, TRVE BT AT B M ES .
2.2 SR EAEbRHEE

Tkh e AR AR ROIRFE . ) BB RNk Tkl & B RIS, ASRERE L IR
W, SR . T SEBr il S iR 2 BT 2 A 5 —, BB
RAZIL, RS . HR A H SIS Btk 4 ), 825 i) g — Lk ]
FE, BLZBISEELRY, VR RN A VER . RENR I bR S I S PR R A bR dEAR
s, FBOEBR 2 AR . Ak, TRREANEMAL A B S E bR 1B
(R = ity PRDRMA 2R, 4% M E BRbs i 75 2R 3~5 BT — IR, RIEAENERA, 5~
10 SERA BT BIRAA 33.5%,10 ELL BB BT HRIRAAH 37.7%. -t 3R E= i
(R SRR =M AT AR HE P VT 2 R A BB IT AR dE, 52K 7= 5l 1 B A AR A
BEN A, BT SLTERE LE f RARHE I AN, AN BRI R TR R
oK.
2.3 AR R 55 405 BUR AR

FEFRERRL R S, SLEI 53 2053 SR HERSR & BB ) . [ AN RSV ¥ 43
Gbr U B BOWAE = FR A g MR o TARMRE UE E 7 R H TR E e R
KEZ, FAESE LB, = HACCP S5 S AMEEHHEA . G = Tk 5 15 &
WA hRitE, DARAHCIIRTIN I E . BRREERERMIAICE, 7= Lk GRS, st
BV 22 b dE, AFT &0 G A= 803 . TEATIEERRE . BSmhsitE. e
R AL Y, HRBEEE T W] BE I AE DAVE S PIEA TSSOl B S5 B RV AT B
VR RN I A E R, (EEAT B R S B R AN NG, B P e Hh s 4
GINA . EEEI TN ZE S . AR ARSI TIIRDT, KBRS, A5 HILE
R
2.4 TR HE ARG T B AN

TR (R BIIE 7 BEOG 2R % BOE A R B 1) BAR TR 52, BN BRI VEER 25 50, B
B Z A R TR BT, 500 %5 T BE AT, S Be CRAE SR A 7= (¥ 22 A . — 28
W RRZEH . ISR E, TAEPAT AN, MORAEAE, (R RV BT =
B 7, T BN AN U BRI TR TR L 1 8. AR B SR i 2



WHHM, AL iR o™ =R PO R (R, 20190, BR 7 IR LAEA
BICZHIR, BATELTE B R, RN ARG, ERHEEN, AR T
TRV IE B AT o AR BRSSP AN B8 AR A I S A e, PRI A
A, BRI 588 ALERNE, WAREIRIETR L. BB RA 7 R % -
3 SEEIARHE BENAENE I DR B DL A 7 2 4 (1 S
3.1 fe e ARt A =g B A SR A

] A R A e AAD R AR OVE AN B 55, ARTE IS L, SE iR B, Nk
A EVE L PREPAT R RTINS B . T DA A et
s EA 2 AME BN T oT R R B L B s BORSEE B AR
EHARAARPEE, HICRA SN RENE. ST BRI &4, ST SR
FEEMAR R, I SCER 22 E BN AME L, TR 22 R R LS B MG H,
R BYOLERIEE SN EIE, BRI, CREERAE 24, (et ikl
AP SEEREEEE. SRR R ERN0E, I (ISR EE) (87
REVL) 54 30 2, WS IHTRIEZ e, AHREREZENEHICEEE M. X
SLVEENEAU B RO AR TARE . 3tk S R AR 55 SRR B, R R
T RHEERE R A DL 5838 B DRL SRR 2 o 0 B B 2 58 8 T BT M AR SV, St
BATBIE, WaTmast KRN FR.
3.2 iRl E BE AR AT B A

Xk AR R AL, ROEE SR LGS, ARG, Ak
ZabafE . INEERITR e I I LUR e 3, AORIE I Bl RL G R P 355
VIt IR B TR B R HESE AR A TR E o FLARH S E AR 25 MR IR A RRA N
At RS MR AR S B TR R I AR S AS I A B A W
AE o IS RAARL bR 225 [ PRl e, ARk i 602 B2 B R & IR«
TG bR ESE . JRE AR HE R, DAL IR 2 ebr itk &, (EAHLEINEE K
TN EE — A2 (MRS, 2019). FL, FTEEMIILIAT NG —,
PARMERAERI G, SERiA AR TR AR, InPRAATRL 2 b i 583, e B AN
ZAHIE . WS RHEDE, WEREEEE R SRS T RAT LA R ARG N
flesdt ke e 4 PASRHIVERRERIEIT AN SEE, HT 5 BB 400 R BB . ™ s
TN RIBE, AW RGN 7%, AR LA 2 2R BE AT .



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

3.3 JNPLHEST HACCP AH 2L MR o 4%

HACCP &2 —HMA P AR HI IR ik R, AR EE 0T 5 sl s, ik
PR A E P A BRAE I . B AT, 2 ERCA N HACCP &3, HE/E N
A, IR A e A R I HE AT RG] HACCP B3 M HAR 2 [ A 2 Ay i
i R TS Byl Db A P i R T BE IR fE T . HACCP 8 FIL — i 43 110 o 22 17
ERSGE, AHA. b FEbEE 1R . 205 2 otk g 5 B s i A B 1
HEAT HACCP & 2. 7EWRME L, Inagdiar & s, MVamBHEP= LT, HBRA
AR ER . SR PR BT S MBS, K HACCP & PR RGN R
ARV IROTY S R VR SO/ 2 il oW Y Ao | A o= Lt e = SO | Wl A o \EZR BT R
HIF MBI A, REERA TR, SERPRERE, (REERH 2 2R ,

3.4 IRIARb A TAERISCRES IR 70 5

PETHEDRLAE 77 1) 22 A, AN 75 250 3 T R L SRR A ) B R L, 3 B URT SN A
SR . AHSCHR I BB RNE T AR O E , RERUYE R BRDRst = i, BT R AR P
o AP AIEMGE, AR S AP BT RS E BRI KB i,
ST i A DUV AR T A o IR 4R N, SEB RIS U S At B0t RAIE 1A
B2 APUE TAERIRREAT . Gkl 2 A IS T IE S, BT k2 4 TR
FEAGIE, SEERMA AT o HASERSE T ™ 7 B RE A ARl 22 A AT, ok
BUFF 2 51 B AL, B EIFTA A G 5. RIS T 13 fARdE. T 58
B it B2 A ) R PR AT 3 AR RS, 100 75 H oG B sk FRE 75 BN s
AT, WERRHGEE N, T SHIRNEEE N, AR AR A I 2 A A

Tl B R A A R S R T S A FE DU I L ) il —, W Rl ), HERER. R
] A2 PDRH e BRI B i B A e — R IR, QTR R, AT AR,
WA R PSRRI S . BEE T IRZ B KRR, B BENSRBORIEAT . & B LS R
I T, BRRIR R S B B RH e BRI AR ] L A S, SR TS, TR RL AR, 58
AR AR, R AR, ek, REESNMERE, SRR %
Sk, BB IR b A e AR

Sk W&
JESCHIEE (R EARL  2020,(14),118-121 DOI:10.15906/j.cnki.cnl1-2975/5.20201430


http://navi.cnki.net/KNavi/JournalDetail?pcode=CJFD&pykm=SLGZ

SER#A

RAOEGFEFFRRMMIEFRFERAR

NS S
TR AN R ZZ NI R A BOR B R AR EBE S PR AT FU T AR AR A TR F s P0E 37 5 1
BEAERE AHESEMEERMAE RS

KRR = T ARSE, 2R EEERRFEIE. 20 tHa 70 (F40, REGES
T NS E 5 PR 1 B AT 270, 1983 4F N T BRI, T REFINT HRE.
LS ZAEMFRTER R, KO B IR s R R, e, PR XE, K
JTRA IR R RO, KB Oy 3R E 5 2 R K IR 2 —
— KRGS FRT R

R R 8 T A B K 38, FREEWIHAAI IR DL R K 10 3, (HIX PRI 7 =
SEEBIR A RE, KENRESBUKTUBA L™ E, EERRRNZ . B BT
e FIHFLEIIRGE, WAV N TG & T kR B AR K i R . T A K 1 R ) 57
75 SRR APF I H K 101 B 0757 R 38 A 1 A A N TG & TR (R i 42 5 e
1. HEER

A R A KT T T (B TR, RS A e AR A i 2 T IR SRR . —
RN AR T SR A VR R} o 2 15 ) 5 SR BT 40%, 06 L BR0E 2R 11 75 SR A T AT
A—ERF W BEFREY], X1 0~1 WK H RS, tak5H 39.9%~40.8%H H
Jo R R R AR K TR . A FERUS ROR D BT R M E A RS EAR, T 10
[RFEAWIR A B ghtn, b E M E AR T REN 45%~50%, M T 120 w/BAh
(IR K T Bt , LA R SR B AR 41%0L . KO Bxiap b R AR S BT
SRR ARG « A R ST G} oh s 37 1 0 S AN R TR AR A o 50 N el 2 R 2 2 B i
R EERR, oK R e R AR R R — e g, AEE RN, ik
o S R AT R R B0 I 2.8% AT 1.9%IF, K I S ) A K RO e
2. Jlg Wi

Fi A K 1 BB e 55 P S IR, A B T RV MR B R ORI B, R
R A S B AR R B o 0 2 IR I AR 22 91 R HL AR SRS BP0 AR R e v A
WRSCRE T, BAMSE B I MR I /K SF T DA 5iR O 11 BB () G 2% B ) RN i B T R R FH 26,
BRARTRIA LA . 47 MR FE R, 23 T/ R A A R O B B TG R i & BN KT 6%. 1T
FHA RGN S BN 7% 10%. 16%- 23%HITARAMEYIE 16.3 50/ Kk 11 B b,


https://kns.cnki.net/kcms/detail/knetsearch.aspx?dbcode=CJFD&sfield=au&skey=%E8%90%A7%E9%B8%BF%E5%8F%91&code=44347789&uid=WEEvREcwSlJHSldSdmVqMDh6aS9uaHNlTm9YaXQ5c3V5L0RqeVpDejViRT0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!
https://kns.cnki.net/kcms/detail/knetsearch.aspx?dbcode=CJFD&sfield=au&skey=%E9%BB%84%E7%87%95%E5%8D%8E&code=35825886&uid=WEEvREcwSlJHSldSdmVqMDh6aS9uaHNlTm9YaXQ5c3V5L0RqeVpDejViRT0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!
https://kns.cnki.net/kcms/detail/knetsearch.aspx?dbcode=CJFD&sfield=in&skey=%E6%B9%96%E5%8D%97%E5%86%9C%E4%B8%9A%E5%A4%A7%E5%AD%A6%E5%8A%A8%E7%89%A9%E7%A7%91%E5%AD%A6%E6%8A%80%E6%9C%AF%E5%AD%A6%E9%99%A2&code=0106638&uid=WEEvREcwSlJHSldSdmVqMDh6aS9uaHNlTm9YaXQ5c3V5L0RqeVpDejViRT0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!
https://kns.cnki.net/kcms/detail/knetsearch.aspx?dbcode=CJFD&sfield=in&skey=%E5%B9%BF%E4%B8%9C%E7%9C%81%E5%86%9C%E4%B8%9A%E7%A7%91%E5%AD%A6%E9%99%A2%E5%8A%A8%E7%89%A9%E7%A7%91%E5%AD%A6%E7%A0%94%E7%A9%B6%E6%89%80%E5%86%9C%E4%B8%9A%E5%86%9C%E6%9D%91%E9%83%A8%E5%8D%8E%E5%8D%97%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%E5%B9%BF%E4%B8%9C%E7%9C%81%E7%95%9C%E7%A6%BD%E8%82%B2%E7%A7%8D%E4%B8%8E%E8%90%A5%E5%85%BB%E7%A0%94%E7%A9%B6%E9%87%8D%E7%82%B9%E5%AE%9E%E9%AA%8C%E5%AE%A4&code=1700091&uid=WEEvREcwSlJHSldSdmVqMDh6aS9uaHNlTm9YaXQ5c3V5L0RqeVpDejViRT0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!
https://kns.cnki.net/kcms/detail/knetsearch.aspx?dbcode=CJFD&sfield=in&skey=%E5%B9%BF%E4%B8%9C%E7%9C%81%E5%86%9C%E4%B8%9A%E7%A7%91%E5%AD%A6%E9%99%A2%E5%8A%A8%E7%89%A9%E7%A7%91%E5%AD%A6%E7%A0%94%E7%A9%B6%E6%89%80%E5%86%9C%E4%B8%9A%E5%86%9C%E6%9D%91%E9%83%A8%E5%8D%8E%E5%8D%97%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%E5%B9%BF%E4%B8%9C%E7%9C%81%E7%95%9C%E7%A6%BD%E8%82%B2%E7%A7%8D%E4%B8%8E%E8%90%A5%E5%85%BB%E7%A0%94%E7%A9%B6%E9%87%8D%E7%82%B9%E5%AE%9E%E9%AA%8C%E5%AE%A4&code=1700091&uid=WEEvREcwSlJHSldSdmVqMDh6aS9uaHNlTm9YaXQ5c3V5L0RqeVpDejViRT0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!

HELE A TR e A 5 R A G, R SR A 0 A B PRI, O HL AR o i 2 B g
ENEPEEIE AV E S o
3. YEAE AT W)

YEAE N iR K B KO H U/ IE TR, SR AL AR Rt R 1 g
B, W& E R DU DR AR PR RE . IR MR RE IR B LA S Ty HEAER A
MYEAZR C HRRKNH B DTSR 4EER A 7T DUEsER D R E, el
LR A MR AL R AR C REIR M K DRI A R AR R ARy
FVERERE ), R ICRERE IR AR, 175 250/ T gedER C Hirl LAk 2 K1
SRty Ayt RO B W R K o BB BT DK 1 BB U rh IR s B e Ss A, A e AR
K F B RDRL o IR BROE BRI 0.9%,  BELRY AT A U AT FRAER g 107 R A it
s Bk BRAERSE MR C s A K D R A b By — e E A, RS R I R i
FEF BN RS, EARMIE B AN R AR ILARGE .

4. BRI ED)
Tk KA A P S BRI T Ve N, K T B E R R SR, R BRI K

1 2B BiOK A6 S IR FH BE 05K 24K 1 BB BN A BB K A A A i — 7 R EE
HAEKSZRE. AEEPRR, FABOKUEYEES N 15%. 19%- 23%[H Tk i g
VIUEEE 8.1 Ba/ R 7 A0 (K R, R IR KA B W 19%EH 1R oK 1 SR i ek 28 e A1
BB T A SR S K e e . K RO TR R KA S TR R L
1E 20%2 1, Sk A 43 RO 11 S o LA R O DO RRURIFF I3 4% « o e s e th £
SR T A A KRR B — e s, G DGRBS R, B SLUE M Rl e LR VE M 2 K
1 SR iy gy £ DRl PO B R K AL S PSR
= EAEEFREE

it ZAERIFRIEAES, KT AR [E S X DL SR | TR IR L FharaE SN T 9%
B, T ARHBIX (K 1 R B 5 3 2 e YR R AR ORI % s e [X ) B R R AR X R4S TR
USRS o T AR NS AN R it X 32 BT 1 B FE RS #R(6000~12000 J2/FT), YL P41
AN rp b [X 3 FEREAT AR 2 RS 9%(2000~5000 B/HT), SR MAN) 76 1 X 35 AT AR 9%
FE(100~150 FB/K 2)s /NGB L X IEBEAT /KRG FRAE (100 F2/K ° e 4q) . HARIZk FEm
FRFEAR R, BARARE L X AN A I IR AR AT o
= MIEFREE AR



1. b S

R R il 1V BGE SR AN 5~20 ®, WIFRKTE, RuER, KIRLE 2~3
KNHE . WP, JWREELE 10 BERA L KERGNRK, HETLE%, fFai
KB bRE: BT . BN R & I AL 1 TR/ mOKZE . BNl W
RN H), 77 RAIUEEMAE &, S RAHHOK RS .
2. JRUH HIHER

7

. /i

iﬁmfﬁﬁfﬁﬁ%ﬁéw Rt i de € pH A B HHEVEYSE TAE, /KR 10°C
PLE, WHE 327/, HE 10 LIF, pH6~8.5. fl FHEHT 10 KALEAK 50~
75 T 5/ TEYE, AN, SRR B AR R e S ECE A . S AT LA,
TEREVRIWE ARV ETE, IR B TR Ao 0 T R — e /> R R R K
ST UK, B8 KR 2R TO R E o AT
3. HIMhIIE R

T BT R P8 FRIE I ME 5 B RN FRTE R, B PR KPR RE . A L 48
B XS R SR TR R iR ) 0 P AT O . I UL AT N FE I AT I U127 o e
o LA I — 8 BEFE A HOR A, K R TR R 2 R AR
LR AR LRl S B AR R o
4. JRCH I [) R 5 R

TE P8 S ) DR M XS [ A7 6 22 5, VD71, K276 3 H sl 4 Ao f)#
JBOK F Bt e, 1) AR Xl TR IR, —RERTTE 20 3. 4 AT &



RGP TR, BT 4~5 EORETRP 4000 R4, 3 HMEBC K% (500 52/
JELL L) SEGH P 20~30 . FR5E R LMRYE B B R S5 AR EEAT IR 8, LUKV, AR
T 1) f 3R RT3 N TR R, AN 22 I3 K TR B
5. HFRI4L

R R AR BRI 35 B — 8 MR, R B i P B € B M AR R AR )
WSO e E N LR G R RPN 4~5 BUKBEN,  S2Z 8 b #hh 5
KA HERE, A TR SRR, 7~10 KEVA RN TRA MR %5
FIE, BN LY 1 Rl
6. 1A E

RO BRI, — g a R E BT 50%, AL 20%, migliikE
B H L S0%H I, et EE BN, (RIS R IR, LEAMAREUIN T A
RENZHE . TEFMREADRHET, —BCRECAG-TRA8 1 7 BT B, BDRIF AR #80 b = ekl
7R S, 0P A R SRR, 3 TS S I SRS, DAANTRIRL A SR
R IFER B AR KRS AR S, —BEFE 100 78/ 2 FT % 4 2£(6:30.10:30. 14:00.
17:00),100 5o/)E LL_E MR 3 42(6:30. 10:30. 16:30), %3] 10 FH%E 1 b5 TR H5%E
PRAEE(7:00, 17:00), ISEFTHIES 2 #fE TR 1 2(16:30) TRPRFRURL K /N2 520 £ 44
TR FIEAL, TR GTE S AN [ R B B B Z A AN [F) RS R, 26 1 B2 7oK 1 By %
PrBU RS, 2%,

Fz1 AOEPEM RS

i & 55 6~7 %A 7~85 9~ 1044 25~100 % 100~200 5 200~300 52 300 5 A |-
kL5 05 05 05 1~2%5 3~5%5 6~7%5 7~8% 8~95

7. HEM
KOBGGEARGFRIEA — R, FREE R R I RS A, Rk, RADRKRIK
Tt o R SR ER 5 LA A ] A5 A Ry A BB O 2, R B R 2 ORI B o
N T IR, R SR NIRRT 3%~ 5% MR S KR 10~15 708
A MO KT KEHEE, REPEEBRRE, BRI, EEARIK,
RFFAR I R AT HPIR B AN U1k . 2, ERYE A FSRA R AIE T2, &
B2 2R ER .
M. e
1K B R A BT & DR B R 5, K SR R T AR A = M T IRIE



e I PN R Y TR AR 2K, AEHEAT R O BR A R IR FE I I A AE LR il

1o N LA HEORR e 4l XME CAORIIE v i ) e

2. MIETRIEIEA B T, BRI, AT AR, BRI 1K 0 R R
TR S o

3. BOARE ARG AR T SRR R SRS TR R SR A O L & iR H AT TR
RIS AR A 5 K R IR I R A N = s 0 B I i 8, SR AN B AT
I ZARA TR 2, IR AT OGSO SN e A, SRIDCE B 1) IR JE A0k 5
RSB RS BN 5RIE A K H R AT 225 R B A TR T R

JESCTIEAE (RlE3Rf) 2020,(05),40-42
g |

1EEE AR K S
LIV
TR R R T S

OB AEEHS TERMMSEERAER, /i@ g tmeisill iz ok, 32 2 ael™ i i
B BORFRR. %7 T sRET7T, ol ik SR DGRl 7 3728 LR 4 52 B ki
SRR A G RO B TR

PR TR — AN K R E R A, BRI FRE AR 8= S Tk 2540 T
WTI2K. JEAER, BEAE BAHOK SRR . PRAEAL RO A, A 48 fADRE Tl A
B ERFSRE K. BRTEE R 330 25, EEEREFEMN M. EITBX.,
2015 FARE A TR EIA ] 895.5 /i t, A4 REE T, 5 2014 FEFEELIEK 9.9%.
TRV, $EMREFRAIN R N B A RE, SRR Y OKF™D Bkl SRk,
M HOLILER 1.
1Ak i o A XU

TRl dh i 2 A 5 NS B (e B B B A G, IR A IR H 6 2 4 )
=2 AL, Bl R R A S IR A AR IR IR KR Rt A R
RS, R, BEACEELE KA, A ARl AT AR R A . B AT, BT
P B e 4 )RR R S, X U I ARDRMAS I ) 75 SRR AR H K
11 AR AR = Aol 3 37 B R HE R A )47

TRk i AR L2 S LT B, AR LR D} Rk — 52 (8 IR0 U7 L
BIREATHE . TRA S PR, BRI, DRk, JEORA B B Am g bkl = St AR
AN SRR R B AN AR B ARSI S 2 T i R 2 4 ] R


http://navi.cnki.net/KNavi/JournalDetail?pcode=CJFD&pykm=KXYY
https://kns.cnki.net/kcms/detail/knetsearch.aspx?dbcode=CJFD&sfield=au&skey=%E6%9E%97%E7%84%B0&code=44876119&uid=WEEvREcwSlJHSldSdmVqMDh6aS9uaHNlTm9YaXVuTVN6Z090MjZtTUJaMD0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!
https://kns.cnki.net/kcms/detail/knetsearch.aspx?dbcode=CJFD&sfield=in&skey=%E7%A6%8F%E5%BB%BA%E7%9C%81%E4%BA%A7%E5%93%81%E8%B4%A8%E9%87%8F%E6%A3%80%E9%AA%8C%E7%A0%94%E7%A9%B6%E9%99%A2&code=1694577&uid=WEEvREcwSlJHSldSdmVqMDh6aS9uaHNlTm9YaXVuTVN6Z090MjZtTUJaMD0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!
https://kns.cnki.net/kcms/detail/knetsearch.aspx?dbcode=CJFD&sfield=kw&skey=%E7%A6%8F%E5%BB%BA%E7%9C%81&code=&uid=WEEvREcwSlJHSldSdmVqMDh6aS9uaHNlTm9YaXVuTVN6Z090MjZtTUJaMD0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!
https://kns.cnki.net/kcms/detail/knetsearch.aspx?dbcode=CJFD&sfield=kw&skey=%E7%A6%8F%E5%BB%BA%E7%9C%81&code=&uid=WEEvREcwSlJHSldSdmVqMDh6aS9uaHNlTm9YaXVuTVN6Z090MjZtTUJaMD0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!
https://kns.cnki.net/kcms/detail/knetsearch.aspx?dbcode=CJFD&sfield=kw&skey=%E9%A5%B2%E6%96%99&code=&uid=WEEvREcwSlJHSldSdmVqMDh6aS9uaHNlTm9YaXVuTVN6Z090MjZtTUJaMD0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!
https://kns.cnki.net/kcms/detail/knetsearch.aspx?dbcode=CJFD&sfield=kw&skey=%E9%A5%B2%E6%96%99&code=&uid=WEEvREcwSlJHSldSdmVqMDh6aS9uaHNlTm9YaXVuTVN6Z090MjZtTUJaMD0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!
https://kns.cnki.net/kcms/detail/knetsearch.aspx?dbcode=CJFD&sfield=kw&skey=%E6%A3%80%E6%B5%8B&code=&uid=WEEvREcwSlJHSldSdmVqMDh6aS9uaHNlTm9YaXVuTVN6Z090MjZtTUJaMD0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!
https://kns.cnki.net/kcms/detail/knetsearch.aspx?dbcode=CJFD&sfield=kw&skey=%E6%A3%80%E6%B5%8B&code=&uid=WEEvREcwSlJHSldSdmVqMDh6aS9uaHNlTm9YaXVuTVN6Z090MjZtTUJaMD0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!
https://kns.cnki.net/kcms/detail/knetsearch.aspx?dbcode=CJFD&sfield=kw&skey=%E8%B4%A8%E9%87%8F&code=&uid=WEEvREcwSlJHSldSdmVqMDh6aS9uaHNlTm9YaXVuTVN6Z090MjZtTUJaMD0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!
https://kns.cnki.net/kcms/detail/knetsearch.aspx?dbcode=CJFD&sfield=kw&skey=%E8%B4%A8%E9%87%8F&code=&uid=WEEvREcwSlJHSldSdmVqMDh6aS9uaHNlTm9YaXVuTVN6Z090MjZtTUJaMD0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!
https://kns.cnki.net/kcms/detail/knetsearch.aspx?dbcode=CJFD&sfield=kw&skey=%E9%9C%80%E6%B1%82&code=&uid=WEEvREcwSlJHSldSdmVqMDh6aS9uaHNlTm9YaXVuTVN6Z090MjZtTUJaMD0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!
https://kns.cnki.net/kcms/detail/knetsearch.aspx?dbcode=CJFD&sfield=kw&skey=%E9%9C%80%E6%B1%82&code=&uid=WEEvREcwSlJHSldSdmVqMDh6aS9uaHNlTm9YaXVuTVN6Z090MjZtTUJaMD0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!

A L JEORHE A R TRDARL A 77 2 4 (1 35 — bl o o AADRh Al 7E B2 080 SRRk B 2 5G Rk I 1Y)
4%, DAy NGRS s A FF G i B K . H HT DR R B 1 A LR L
ANTTHH .
111 5ok 5 R AR ER

JEHXT—2e 2 2. ZHVIRAEEFRRBINN, HESERTEBHAMEZ R
M PR} ot B C EETHBRE . AN [EIREF P AR 3 A BZRIDIA R 99.5%, (H S 45 B nT Rk
KA, PR E I ARSI (4 7 AR AR T DA 23 HA R SRR
1.1.2 RS

VLR, =R R A, o2 F = R FURCR ARS8 B s N R
=RENE, WRE R, PR LR, ARVrRmeli it i 7 EH =RR
FartaRE, EARNIIR . TS, T fid ) Nk, JEE R AR S AR T
kSR, TR E S, BT R EEGE, AETRA A ER N, 1
AL R RS, A7 R ARSI . WREEIANERE N, FIRES B H RN
FEERL, B EHIRER. AR BB ERAT MR SFIBN . BER IRE AW B
UKy, Fefa. AN EE R FARE . A MR 850 DSk, Tk M.
PREC BRBREL  f . SO MRFPRA . BRIESE . A S, AU TREEARS &,
A e I BRI, A2 RS B, AR R KR, (R, LAk H
HOM &, B RZ 2R A RETH AL )it T DR I By 45 i A U % 180
FIERIA R W 2 A5 I AR R S ) ok L 25 K e TR 4B
1.1.3 Tk, Iejis 4

PR, FLE R I th R B R bR . s AR A 1993 FFEg A AL (WHO)
HIEAERT TN RIE Y 1 BBURY, & — AR RIZE i B R R e HE 0
TET RN KB IE LG R E A, 7™ E i v SR R AE T A e AL AR
AN, AT E R FORIE T AR, RS R AR, AR,
RIEAU, RN, G i E SRR AR SR, ERY
N, MBS AR AR R 80w . F58 b, Bl a3 1 R a0 e TRl SRl bt 2
BOHREREIIE . Z#RMANERE, BRKEERIGEGEAK, BT DA i 55
FACELE AR R A I, T LR B 27 i R R AT MR A



F1 AR LR ERES
E S E X o2k
Bk S IR TR S R e
B3 T L FURT R #E 78 R
P A e % 0 0 LA A D A P G R LR R AR R I A s T E A R

) 4 20T AR I T AE a9 £k S £ A e

A Dl

o R B B L A RET LB 0 R
FELF 4 e R 25 95 14 1 B RS R R B TR
5 ¥ R
RS SRR AR A RS
T | _ S o B 8 B R
e A R
A FRHE ST A o 2 B 5 5 B 4
TG 387 0 YIS T 5 A 4 o
st DO TSRS A Rk Bk s 2 TR oh 2K A

il T 30 1 24 25 1) T TR 1

1.1.4 FEREARRGEHAEYR

UNREA PR R AR IR R BRI . T R RIS, X RERAEYR
X ENPIE R MfE T o R, PR R Ay, E et R . AR R
RIGFIH, MG RNE ™, B OR RN G A DG bRt
1.2 B, G A 25 i RRA N 7

AT REMPRENAEK RS, RIETEMECR, ARG, &6 29l
)R, G LR R R . 2B INAR S A BRI R VR, il B R A
7 (ROER SRt FRAGE RS, F80FAERGE DT IR f/MRD; & H
SRR TR0 F, EAEHRIAR, RAgIEAOL RS 168 5 A% (k2%
IR RS B AR EIEE 220 5 A AORh AR UL B, BT BRI 25 40 I ) o
1.3 JFORHRORH L 3T 4%

JERHI PR EL B RCE AT, SSHIUE SRR AN Et%, ek, ETR. &%
MRS E TR IR & B B uud DN, 2 b TR BN EUE TR A R o R
TRCEG A T e 5 TR AR B 1 3 A 1k B AR UE ZOR A 5C R o 1T O} L8 32 ) 1
T AR REE TR I A Gk I 2 O AT R I e ) RIAFF & IR =
1.4 i FHIEZEZ5W)

WAk, HEARETVERE AR S0, a2 BRI eI Y . 2 Bk, W T
NERE SRR . REEE 176 5 A S CUIMHAUE (25 IEAERRLRIZ) ) R /K A8 F R 254
AR E Y, AR PR AL RN i A S R AR LIS INIEAE 2, LR ss s NS B
g B R B o
1.5 AR R

N AV ST N R A . BARZ IR A P R SRS SR 5, (s

/



FIR RS, FHEE BRI R R A AR I, A i e XU R 1 AR
KRR/ TB 4 Rz il i 1 B 7= i 5 R R
1.6 FRifEfhk R 56585 S fd 4
1.6.1 FRE MR T AR ek R iz it 4

TR A B AN B E LA 9% WA O E R b o BB RHROR R, TR
AR R SR E R AR P 2 B R R B R R S B, R AR SR 2
i B BORER . Qi ok I = SR UL A, AE 2 BT TERL T A A X
— I H FE b (R 2K
1.6.2 A MVFRHEAR PR

BEREH = SR B AR HE BRI, 4% RE Ak T e A lAn e o 5 H AT A
A ARHEEGEAEAELL T I bk de b AN 4r, ARESE AR T RevEgEs 7= i
PREARIAR, BAR T 7P S B FR R I A s AR N FUKPRUR, 55 2 bR
(RIGEAE) S SOy AR S A S5 VAT 42 R SR Db v R LR it o b T 1) AR VAR,
WBRFE A A A P2 RS VAR 72 i, TRV 72 i (B R T R A BUAR AP 1 51 SR A
2 BUR FRIRIN R

W 2 PR AT ARG I SR D RO, 2012 4E 5 1 HERSEHER CHR AR
IMFE B (HESRE 609 54) BE: EEBEARNATBEE M52 E k. 1
RS AR B B B TR o AR A DR i R 1A A8 AR T e 2 75 FE AL (TR -
BEREP. 2012 45 7 H 1 HERSLHER PR RRA ISR =Vl B INE) CRolk
4 2012 258 3 45 ) (LA I FIANR IR TR A DRk = St SO S B M) Clolk
B4 2012 FE55 5 5O MCH RPRLAUET R ERAS I BT ) CROLER 4 2012 4255 4 5,
KA [F) PR R S 1 5T 2 22 AR 1 — R 51 4 R B A I oK
2.1 VFAIAS IR oK

AT B 5 S A 7 VF ATIE . X B Sl RE A Al RRIEE R &
R0 BT SR TR R SR AR TR IR A5 o A (PP A 7= Aol o 2 7
) D A AL 63 WA (XA B & oVl R 2R M, BIEH TR PR AL 20T B4
IR, A MM ZATAT IO 5, RIS ZERAE 4% 2 T P 2R 2 ARG M 75
2.2 RTINS K

2.2.1 A RTRI S R

N

(aYay

=l



T B TRDRRAS IR0 = S S5 0, 38 R S48 T R B 1] 4 v ks e
AU HH 5L PR AR I 770 2 1 0 A 0 7 Y R B0 E R 5 o L A I 58 A1 R PR LR I 51 b
200 ZF, Horh OF E KBATWARERI L 50 25, WRt2EH 150 ZF RN I
T L) 2 A b ARHE 7 i I B

WAL SCHT R RHA IR BN AL PR, 77 i T R 3 Bl A Al 75 [ ROl B
SE I, Hr K A TUANTT T IR AR SRR AR R E A LAY
B A R PR IR IR s R AT UGB, E PR R R s RO B
SE R LAG EAT T B A%, A EFE bR AR AR ks i, o e e PR K 1
TS 2456 H AR ot R 2808 A (R ks 7 R AT 3R IE 2
2.2.2 77 Ja ke oK

[ 95 e AV AT B 1T AT EL % DL AP AE B 1], I Y AN S S99 SEE it T e %
TRRFN 750 1D M Bt A o B2 A W s DAk L ARDARh AR 7] s Bl 2 s I A [ 4% e
FVATH A ERIT8#H S . B BTN RBUM RS BEES 146 2 1 B A R BR
SATFHIN AL KA
Tk SRS A R E AR AR IE LT, 76 i Al bnitE . Al bniEsg Rt R ft— 1
RUHRFRAFEVERLS . RN RAVES A H 58 1849 SI: 1 (iR AR ol vF ] 2644 )
ALk RS HLR SRR R A5 B ZR, fRE ISR A LR H F AL HRE,
FFER IR & 25 AR 1R TR LERHR S UL S . FEAR A E . IR EFEM LR, IRE
PUPTEAE = B S . DURE NS L, SR T4
3 2 R K

Pt o P ok M A 7 i o 22 A EE A, Al B SR P R ARk i PRSI R SRt AE H
TR, XN B SR AEA WIS . — AR A A S THT, RE AT
) AR B B 10 i BLZ A S, LTS L S AR HE SR, RE4a A fE Ak
N B OB BRI fl o AR SR Al B 5 JSE 7= it B b R it AT 4 B BRI )
7T, TR i AR QIR Rt B SR AR AR 7 AV R AT AR LA A BT R AR,
T IAE S F A P VE ATIE S A B L ST 5 AR Al e 31 R A S A 2 ke 9o P 4
Ho
3.1 JsURHR

TRk, ARDRLER AR A 7= A Ml R 2 42 HE ] 5% e AR AT B A 1) PR s AT A,



b8 72 8] i S NS e AN 1 71 7 IR 7 7 1B N/ 1 P b e b S DS
FARDRRA I A = (R R AT B I s R 30 . FRE , RIS T AT B/ ml 1 SRR, 8
BHER, B S ROZA TR A R IR . BRI TOE R AR IR S 1, A
VAR ZE ] BT JEORH Y T B AT 1B HEEAS o 4% HUE, AR 3 AN H RS 2D 4L 5 Fit i
B H R R B AR BT AR B 1A . R SR BRI 7 5, I RIZ R
ANCRATR DAL ) T B D TIEAIE F5 A Bt 2 52 Bk
3.2 Ak E A

Aiolb B A 2500 FLAR R I S AN ) R DB SR L HEAT FUAT AR SR SR E
IR YAk R TR A TRL 2 DR D DA 44 225 Bl oo 3R TV & Pk} 22 /A I
Pl EfE e R B A TR G R A DR w R L A AR DA B e R RS
kL FCEERL RER R R D T BN E B A 5. S BLE AR
H 2 4% A B SO R 7R B B A B BB A 1
3.3 ZFEH AL

Al RAZAE FL A PR B A TR IRAETARL . 4R A TR & TR R R,
FEE /b A 1 R AT R AR, IR SRR
3.4 ARSI

Tk A 7 A Ml AE A5 R TDRHEURE . VRN 70 B8 0 TV 4 PRk AR = AaDRL IR, R 2 18 5T
1] 45 e A M AT T 855 10 P R st e R o 5% 1Ak R 61 45 e AR M AT BB A R 1 A A B e
JEOREH 5% BRRAR N7 el SRFN 254 TRDRRAR N 7] ok S CAA AT AR 0 S A 7 DR
[ iR s il Sy B N = 7 P e e 5 N 26 7y | i 2 7 S
3.5 BERK

BEXMIERE T IR Zuin B R S, 3 BT R RS, SN AR A R R A
BEXT BT B IR B 4 B I i A
3.6 WA A
ANV LRI, W iy BTERBEAT T RATI, 1 5E A VAR AR S H AR Bk
.
3.7 SEER A )

B FRNERL &, BRI U % — B R ALIR RE ). R TR A1
ok B ADRRAR IR b A B v AN B ) B SR, 2012 A Sl R A A 2R 1849 S HAF



1 CBPRHEP= LAl 26 ) e s RI0FR TR & DA = Aol A 3 A0 6 = R T 4%
R IR ARSI, IR C 5 i BB B A TR IR e BE A S PR IS
(7] I SE 58 25 380 RUOZAZAX 2 2 FRAT R, @ ROBAR i A IR o 66 BEA AL AR IE
ARSI —A 55 1H

HOERIC R AT R A P A IR B R e D3R TS m SR, ORAIES i A ) R
JERFE T AR T Al 4R AR RN R S I H B> 7059, BIIERL& T iX
AN AR A R, 5 TR SO = Lot AR, I/ RIS R 22, AT 56 35 L S0
EHER.
4 451

g5 E TR, RSN TR SR B R B TS AR BRSS9 AL T R 1A T
FEANBT R REAR A, AEERDEE i BRI AL, AU S A 7 3 R 75 SR A2 A,
RO AR 55 B2, b sa e ik 70, SRFHRTINGE 77 SRS 7KF-, DL & AN A8 Ak R 77 3
AL

JESCHPEAE R B ) 2020,42(03),47-50

MEHR
ITFREIRKBEFRSEMNREMRER (L)
SRR LR 2 E AN S R SN 2
(1. RO ARR A B R 7T A AR S PR E IR H R s ie =, dbat 100081 2. HEAK
b AR D 7T -0 S T A U E B A SR =, dBat 100081 2. PO JIIARME K AEE)
Vg Femt s f, Rl 611130)
W OB KRG A R K IR A I 85%, 2 RIEVEN B I SCRE . JRK
I SRR 1R D SCHE IR K L (K R T R R S . R, FRE H RTEREAT FRAE A IR
IKERFRE L . ACIEIBIER oK, Bt AR R SRR IR M E R R 5 R
BURIR . BRSO IS S, Thaethiael, FREEMEE. (kN TAE AR
507 M R 2 5 AEIREROK B E IR SRR A T TR, IR E IR R0 K
IR TTHRAEAT S 25 et
KW KEFRHE, WK, BIRSEE, TR

1 RERKAFEIRNA



http://navi.cnki.net/KNavi/JournalDetail?pcode=CJFD&pykm=FJCY

FRFE 2 A BROK = FRPE R R R 1 B 5%, FRBE ™ & LR &) 57% LA . 2019 4F
K FR5 7 f ik 5079 JIm, Forb i 2877 & b 53%. A ORI K Tl R
B, 2019 R /K f FRFE G B 2548 i, 54 R K IRGE S BN 85%, &K
[ iV 22 5 SO ke AR, JRENR K MR %L, 1A% 900 R Ff, HATERET IR
FEAE RIS CRAR SRS T 100 B, o IREE R A A . A, i
e, ffn ., A, DAEMAE. JROKERIRE EEMK IR MR, RIRE M2
HELH Sy, MR R AN E A PORIE L —, EREANRMEWE b S A EER
(DA

LR, FREK IR R R, BUS 1 25 tE H e, IXAER R b
58 T b E K s E 7 SRR R HE D AUK PR T A R . 2019 4E 3R [E K™
TARH) BB 3] 2202.9 J3WE, FRDRLRUAS & 1 SR FRIA AR IR 60%—70%, Kb ik} A
Pl e m IR R A VT RN O, X TR E R MR, R ERIE AR, A
1 ORGHERGE MRIE TR TR, RR BRI SR JEURIRUE It R A AR R, 4R
E R CGRlE. S IRE . PRI T4 WIS IR 2R W i
DhRERIEFE, JT R 02T R AR HI 7 TR AR ThRETEIRRE: DA s 0 S 7R TE A S5 A ]
BN TANAAB AR FIKFAE T FATRARYE B LA, i O Sik K (B,
fiffr | ffgfn ., fEf0, WM. Bif, HO) o FHEM. BRRRIREMASE CROBHT EHH
fo, KW, wEig, B, 65, 6360, sk, 6B, Shm . 65m) SFACKRIRHE WA
RAEE 2 5 FEIRE R E TR SRR R R .

2 REBKEEFRERPLZHT TR
2.1 RFBKEBEFRFREFRAH

Eifh (Ctenopharyngodonidella) J& —MpEifriheirmz, Rt FIRbE ™ 8 KK
IKPEFRGA AR, 2019 AR FR [E FRA = Bk 550 JiMl. Jing Xu S5 FIH 6 RS R 2 F1k
- (16.9% — 36.6%) 4 AE TR ME Bt R L, 3E B PRIRE R (1 KSPAE AT 4R i i
i, P B A KRR, 2D R I B TRDRH A 1 K ST e A v N A R AR
BEAGAR A Rl 73k« REA 58 PR 13 Sk 48 ol i i SR BB BRI B b e )y, AT 4E47 1
TEAERE: AR R, DR AR KRR TR RS, OE R R BRSO 28.6%,
LA 2R KR 245 R, Bod b BRI & F7KF 2 29.2%. Jiao Li S5 AL RIFERH], Tkl



FE KN 29.61%0, HAaFERieE. A KRR, it & MR & A K
(44.29%) ST+ Ak G MG E, FEARILARE A K. S B ks,
Ef SRR MU SR E KR, M HAR T4 HaERKF. mH, SRR
fit s ok e e B AR b 690 by, FAIE B AR B E N, 1RDRL R B PRI,
BRI Tk, XEHEAE EE/KFRF BB iR Mg a o< SR HATHE
f Ak R R ERE ) E AR, TEE 60% KRR, R LB 45%1 ORI 5
i A (AR KRR, T ACT AR (60%) T2 35 BRI At g B R . il i (L
RIS EAGRE 77 SR TR AR Il kIR e —, EEERENE CHE K
1 32%, AR /K- 5% ) Tk, AT SR K o8 4 B AR L 2.4% 0 Tl AN 2 5
A A ACTERE, B3R S TR RE UG N 1 T8 R 2 R . R R B R 5
RN AR A K AR E L, AR AR B BRET YIT R B Bl B A
AR AERTERE . WAL BE BT AL e

fifl 6 (Cyprinus carpio) & —FRMI 2« & PR pr s, 2 HA FR0E MR 2 a2k
o, COFEEEL, KREGAE, FAVIEBCEE. 7 CHRAE, 2019 SEJRE IR R 288 T,
X (Cyprinus carpio var. Jian) HBFFTAREL, £ 88 &8y 10%0) kv, A5 ] 2 i
R B AR 50% I fEk )t A AR KPR RE VAT S UM, T BRI 60%E B i, Ak
AKMERE T R, B2 SR E E A A B RS PR R R AR Y RS BT LA S
BN BEE LT, FEPUEACRE SR BRI . X T84 (Cyprinus carpio var.
specularis) IR FEFIRER L, EER & oA 10% Tk, AR M A 22 i 85 (0% B0
Ly 50%. Sl fh [F R A Sy i B AR R A 2 i, G2 B SRR & 5 R i
BRI FESLIME By 2.5% Rk, AT H] B KL 8 B ARG, X EE (Cyprinus
carpio var. Jian) 38 5 AULAI S TR G S A B RN, i HL A BRI i A A 2R
FAREIMALA A DNA (22:6n-3) (55 & . (ESLM & 80 3.0% R, I A i iy 76 4 8%
AT [RIRE R 2 R B A AR, (R AL 50-75%0, A AN 3 %
WEVEE, AEA RS RS R, i AN n-3 PUFA & & i & 1.

i) f1 (Carassius auratus ) & —FhR AT 44 (X PR 5F 28, - BEFRTH P A0 55 = 5 AR
W, 5235, 2019 IR EFRGE ™ Eilid 275 5. Biao Yun S5did 41 A il #5m
555, FIHH Richards FE4: 1A KA A5 21 7 F 4L (Carassius auratus gibelio) [ #i&



AR H 7K P02 40%. Xuhui Zhang ZE0T 58 K3, 7E & 809 10%H) bRk, K%
B (Moringa oleifera Lam.) #4% 40% fafy AS 4> 54001 5 & AR A2 1, 17 60061 £
AN 2 2 2 4 e B AR 2B . AT FUR Y], R DL Oy EE E B IEA R (FA
B & E>50%) , SR TN ER BB B /N ERE R A SORF DR TR & 7 1 58 4 B ANl
% 7 B AR ) AR A ME RE VA IO, . | T i) B R R R, 7 A4
A TR R I R AL AR B AR RR L, R AR TR ARG RERSC
AIIE.

1 (Mylopharyngodon piceus) & —MRE &G EE, 2REELSNFHEAL L
—, 2019 FEFRFAA RN 67.9 W, XE AN, R A RN 200, TS
9 15% [k, AT AR AT BAR SR B LU IR ) 7500, HME 8 A fE ok A b E 4T
VA R U RN, E R S e A WA IR D7 e 25 T B, LTS A4 P Bl AN 5 e e
()32 3% 7+ 75 - Chenglong Wu S8/ 7t B, 7EHL R 7K1 39.96%. i /i 117 7K1 9 5.49%
Rl RL hod B A R R A IR AT LR S A Ak, IRE T A ERE s iKY 2 T
R, DL (3 SRR R R B TR AR 1R} p S s IR & VN I B0 23.5 - 23.9 g/kg
PRIGSEIEFUR I, BRE EEER4EER A TUREHRRERMERE. JiEibEE
AR P S S B s ARG I AT, DAAARHY B 004805, TR 4EE R A BadE i
H N 2246.64 U/kg. 75 .73 Ml HRAN [F AR KA S ) 7KF- (0.06% —47.38%) 1] 6 Fi<5%(
TRk 9 J, AR KA S99 28.84% 0 A4 R Y B A AR i AR KR BE AL T AR AL,
BE— SRR I, AT T X REZH (0.06%) A FF AW e e AN A 5 A iy 5 T, O
HAG R 1 A AR SRR R 308 s IR R 2 iU A, DL fo 1 %
NFERR, TR R KA S P o Ky 24.98% .

fif £ B E & L HE K F i ( Parabramis pekinensis) . [ 3k i ( Megalobrama

=
=28

amblycephala) . =ffifj (Megalobrama terminalis) 257t Pt J& 1 25 I Gi PR, 2019 4F
WE FRIE Bl 76 M. SR FE MBI E AR, DR RS R BROK
WEY) deE A I S50 E TR T RIEAT T ST TT . X B Skt BRI F R, AE
s 5% ERL T, S FRRFFRY & AR 25% 0 ftp o) f g AR KPR RE IR T R,

AR LIy 50%E B =iy, f A AR Kt RE R [, BRARELBIIA 2] 75%I, JHUE A i 25 At
My R &R T . BRI S e IR s ) e o SERRAF . RS Skl B



WL AR 6 MR SR CHLEE /K 33%, MWK 8%) Htakl 9 i, &4H7Et
A3 RN R R LB R e, (R R 2 R SRR i 2L # 44% JUL AT IO P
EPA (20:5n-3) A1 DHA (20:6n-3) & &% 2w T IHAMA, UL R LG5 1R b 7 ook
MR AE S Y. Bing-Ke Wang WAL RIFERIA, fHEMMA. Timdscats
AEET 2L 1D (A1 Sk B 7E 3 B BRI T L R A IR R 2 R, (R S AL, $REa A
AR I 20 1 Skt LA RORT IR Y EPA (20:5n-3) AT DHA (20:6n-3) &85 % 41K, Li
Zhang S5 st R B, (6 BT Rkl A, M LG 20%2E 5E Ky, 15 FH 2006 FURI AL e K
A DL SR IR BT 08 . BRI . JIe & USSR B R SRk, R4 f A 52 A
735 AL AR S A A0 I 7 12 S S5 R O 8] ) s A 0 ) o

2.2 RFWKEABEFEHMRERE

AR BRI = KT, R # R A BT, A
BRI A AR, T H R E B TR A RR R R IR . A
, PRIGER (Bl B, FEREREAE, DA RER Galk. & [
NS R = A A RS i e = | SN f 1L P = B i S e = 1 N TR =
FAKPIG N B KT J v A5 R 51 Ay 0 288 A AR MR o DA B AR R 42 1 A8 A0 75 A
HhEIEE R .

TG feKy BRI fOR TR b 78 R e S R B v DR ) FH 0 S S I K 7 ) v
AR I EBRIE . Yu-Jie Gao SR U R M, £ETC M ¥ 2l faDRE b T 2 S IR AY
A DA e R AR AR KPR R, B R s HARBUIR U B 1 BE 77, KA X 2 TR A 508, LA
o 8 B SRR RECHFR bR, B iR 2 S SE B s ON 1.21%. Yu-Wen Dong %5
W RS, R IR ERR (SEPRAKT 3.99 ghkg) BRZ, AR AR AT

(Flavobacterium columnare) FIHKHT /7, 3§ omp= il kA 2. R &8N 7.8% MBS
M2 &y 1.07% bRk bk h 7o id B R ) R FT DL 25 R i e i TV AL (R A . T
Wil JEREE) . BRPEBEEREE. DLK Na-K-ATP BEIIETE, $2 0 i ik A i fg
T S5 35 B e R (3 E 2, AR R B A4, DA A E RO FR bR, B R R R
N TNE B 1.04%. FaDR} kb 7008 B A SRR AN FT DL 35 38 e A B A e | PRI
TR RE, SE TGN A EE AR A, SCE AR T . T Rk, 51
i AR (5%) AL, fRefmikl (R 5%ICKE K BR) 8 IS,

b

i

g

@;

i



FFIE GH-IGF 15 5 il He 4l 3 4], o fAH o 3R 10 28 T T AE G SR il R A A 2
N 1.52 glkg M EIR G, FSkWiFFIE GH-IGF {5 5 i@ #%. TOR {5 i@ i LA LA A=
FRIEEE S WOE, AR E R B RS ETT AR, SRS R,
S5 S sw i R L, SBE Ak (SEMEAED R R ER, AR
YRR %6 i P2 35 035 R e, T E TG SOk ek b kb 70 B Y (R 22 S R IR 4 9 )
fitf, 175mglkg) B LARY G A o Rl AL VAL, SR AR I AR R R o AR S AR
(¥ —Fh EEPUE IR T, Kai-zhuo Wang S 782, i i 00 ] 20 £ g of 2 S 1R
(RImse, AT R AR, AR HRHTZRAR AL, DL f Ak B Rl T R R N AR bR, TR
vhoR S e v S 40 990 9 182 mglkg A1 179 molkg. HERR (ULEE-6-BERRMES) &b 2 AF
FEFHPER A IPTUE R A T, LW, Liu S0Pt 8 0, R R & Bl 4.7 g/kg i
U A S 2 ] 1 B e G SRR R )G R IR T A 2, AT S 2 4] A 3
ARk HhOE B KSR AR T P AR Bk AR L AR R R, TR AR
AR B 2 g |k AR AR AN e e LR XL, SR 288 B 5240 - Xiaochen Yuan
SR 5 MEEE T (26%) (HEAAF RN KF (0.53%—8.83%) [Tkl A 8
KB, AR T B 0.53%H8 K Ay 4.35% 0, iR E R ARAE . EARNER
H3In, MR 4.35%3 % 8.83%IN, ARG E AR TR B A U RN
BT, WA BRTAEAMN, mHSERIHNER, MiEHER. mfKr S
F Tt . Pei-Jun Ni Z5F ] 6 Fi258EH (30%) HEH AR /KF (0.59% — 8.01%)
R R fG O F R I, I& B AARLAE 7K P (3.60% —5.02%) ik 354 = B £ 1Y 7 2 A
BER, S E SRR ACERILE, & (0.59%) siid i (8.01%) Fkkig T KT
S S PG K SR R B S A SR L PR B RS SE B RIS B TRV
i AMAFD IgM 1= A2 K, 5 8 10 e i J Jok R RS 05 1 R AR 28 . FERRLAR I 7K Pl
600 kb, SR AR AR AR A DU IR A PR IR L 5 5.19%) T LA
V) B P A PR G DR R 0 DA B A2 g o 4 i 5 DR R R0 AT PARAE AT I P I 7
IR B, MLE RIS INTE A DU A B IO LA E, RSN 0.1% (1 Z.BE /K A R U 2> 2 3 410
AR 23 A DG HE R R R IK, AR A DU IR R R R 1 Thak, S EURFIRFA 8. 7E AR
KPR 6% R F, b 7o 3 B 1 B T (1193 U/kg) [FIRE AT DA 2 4y B fa AR Kk i



BicKAG G )R B i B B RE B R UE, T ELAEDRE T B 1 A R I S 9 R AN . fa T
AR R PRk R B KA 4, A2 305 ARk B AR DA S AR B 28X B KA & 0
HHEE TR, 1 BAFAER PR o A S RDR} A B K A A 4 F 52 22 R IR 3R (RT3
AAE R FIZE, RINBKACEYIACT BOK A YRR & FIn T T. 2145 . Wenjing Cai
SEMH 3FMEEE (32%) HEAAFBAKILEYIKF (15.9%, 21.21%, 45.45%) ]
TR 8 BRI, HMERKTFHKNEY (45.45%) J&, fUHERARACET &,
FEAE T R G B R PR, SRR BN, S b S R, AT
R AR, R ANREEEE N, SRARER, WEE A RS REK
FARAKT (15.9%) AR (21.21%) WK EDA; TRK KL EYHETH
T Z )RR R A T AL RE, BT DL PRLE B SR IR S8 K T kP ik
IKWAEPI . Rui-Xin Li F5FH 3 MR ERERGLL (152, 5.84, 34.84) R ERENIE
FHENR R 8 J8 I, I A (¥ b I LU ARG L f5 , e T DAGEE i 1 o i A b % A 1l
1 G G TG RIRE S5 A R4 e B (B 52 B8 7« 75 oy A R BoK AL &
Y7k (0.6 glkg — 473.8g/kg) 111 6 FhEUbakL 9 J, HkHRKIL AN 288.4 glkg Fi,
PRI R A E A KR EE R T HA, JEHA TR (0.6g/kg) , BEERR
TFWE R E A B O E AR A B O S e, SR T S A
VA B S PR R AMA S 5, O A AR BT U AL B ) R BT B K U LB ( Aeromonas
hydrophila) f]fg
2.3 KEBKEFEMES SRR

R IE A EE R E MY, Al EEE R SIS RS, HE
F 1S FRAR RN G % Th R R A A BN R o £ SR TE A P ) 2 RS2 22 B R R R
FEAFEE LR R GREER. Wl SRS . RERE OKE. 2%, 495 |
AR R CREME 71, AR, gHE RS . Gang Yang 25072 K 8L, STk
. (ryegrass) WM, ANF7iE X R IE AL R ANE, §imfb e 5 e
ITRIKE E R BRARTE B ] JERER 1] R B ], TMTE G W 30T B T I RIAR AT B 117
FERE, RBERENEILET] (26.7%)  JEEER T (24.7%)  BAFT BT (19.0%) .
AT BT (23.7%) o Yao Tong Hao %5 [RIFE I, Ha s filfa & by et FREF4E) |
MC A PR IR PR B (IREE A M 4P 48D 3 MRS, REf 5 A BETE T 1I/K-F B R ERAR



FRBR T T AR T B 1] JEBE B 1) AU B D555 B0k 205 1V 3 B IR ARAT 1 171 (76.1%)
111 5 PR 5 P B 2 PR o 8 Mg v = o v )2 TS BE TR 11 (23 3l 52.09%041 54.5% ),
AP T3 3 B E PR (4303 6.0%F1 4.1%) . Lei Zhou Sk, HERA
TRl A AR A g /K S B M TR (Aeromonas hydrophila) HHATH0EE, o 38 41 4347 9%
BY) SR, W 12 h G UG E BB IR, fEXE 6-9 d R EALTE .
ik, i, SIS, I TE BRI R I, BCEEHT A E L T R AT
BT ARATEE ] JERERR TS AT B ], MR 6-9d Ja, MRATHE 10 53 R R%,
TARUFT 1 | RN B T T (0 = B S 25 T . Hao Cui SR TR W, 5 & ARtk b 3 in
3% 2 HE CRIE TR ) Wit m R E AR e H RS E . DU S e
RAERIEE , RN S KI5 & AR08 LA AR T TR K B R SRR R &
BT AR TT, MR RN 3% A G, FEITRIKY FRA ST R E T+
R TE BT FFE %, 228 17KF |, M 1 & ( Cetobacterium ) 1< 5/l 4 ( Aeromonas)
JE A R EN N, 4B EJE (Plesiomonas) F ¥ R . B (Hypophthalmichthys
nobilis) Ji& /i IR BT TR B R ZR TR 1], JERER1T. AP, RAF
BT MEEEANE ), R AR R T 13.99 mo/L EAJEME, il ML A 4nRE . A
PREN A S5 35 308 22 DA 9% i B TR Vi 3 iy Rk, [T I P AR T B 1 D RHAURT B 11 ) =F B
WG, TMIRRAFER T, WEEEANER T, JEEER AR R N . Bk AR B B R
S EvEREA, mAENE (EZELNZESIAE) RN (FEPIFENE. w5,
SRS KA N AR S B YR EDRIIAR L, PEDRE I I8 S RN RE ) £ i
J i AR AT B T B 2 A, AR TR T TR B T 2 BTt
2.4 RRWKAThER MR

ThREVEIRRNA IR B 5 P2 R 7R A A S I AR KM R, Seste A s PR A% R ), Som I
U AN JREE . 27 HUR) NHRGTK B SRS AR SO 3R T B L
PR 5T 5 IR i oy £ R rh— IR AT T N 2, ) b 28 & AL A (Eucommia
ulmoides) KUREIIFEMEYIBT, CIEME R SRR HE 5. RS AT DL E R
e L I A, AT DOE S B IRUL A IR i BULA R A R LA
NEIRARER (RAER. BEARKR. HER. WER) WEE. MU L 4% E S
A RIULPA b 5T o AADRE b 78 T - B- U R R 5 U IR IR 21 Br-DMPT FAZ H 2 T LA i



BEINFE JUL PR AR CRA AR AR MR AR (LZR . WM
W) MEZAERENTE (EPA. DHAD I8 BoREGELAE FR M E AN X . Shenping
Cao 25 AR, TRk ID 500 mg/kg K 5 B A rT ASE i A AR Kt g, ik
S0 R N, B R KR B B

Zhi Luo S5 AR B, TR IR N 4%/ Nk ik o] Lo PR3 ik e & R 5 E A
R A I FEIE R G sl £ (1 Ak, S iR E A, JF H IR TRRL R 2.tk rbh 785,
2P, 23R, S A3 (Echinacea purpurea) . 3 HEERFIFT 12 IR 2 m] DL o 6] 1
(Carassius auratus) & AGEEEYE, HommARGUAALRE 1, T m A (1) A Kt
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Effects of Dietary Astaxanthin Level on Growth, Feed Utilization, Skin Color and Related Gene
Expression of Paramisgurnusdabryanus
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Abstract: This experiment was aimed to investigate the effects of astaxanthin on growth, feed utilization,

skin color and related gene expression of Paramisgurnus dabryanus with different skin color, used 2x2
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experimental design. Two isoenergetic (17.7 MJ/kg) and isonitrogenous (35.7 % CP) experimental diets were
formulated with different levels of astaxanthin (0 mg/kg. 150 mg/kg). linitial weight (11+£0.70) g of black
brown and golden Paramisgurnus dabryanus as test object with four groups ( I groups (Control group): black
brown x 0 mg/kg, II groups (Add group): black brown x 150 mg/kg, I1I groups (Control group): golden x 0
mg/kg, IV groups (Add group): golden x 150 mg/kg), 3 replicates per group and
50 Paramisgurnus dabryanus per replicate and were reared with 2 experimental diets of 60 days. The results
showed that the dietary astaxanthin level for weight gain (WG), specific growth rate (SGR), feed efficiency
(FE) and protein efficiency ratio (PER) had significantly impact of Paramisgurnus dabryanus with different
skin color, II and IV group with WG, SGR, FE and PER separately were significantly higher than that of I
and III group (P<0.05), but between I and III group, II and IV group with WG, SGR, FE and PER had not
significantly different. The dietary astaxanthin level for carotenoid and melanin content all had significantly
impact of Paramisgurnus dabryanus with different skin color, which the carotenoid content was the highest
of IV group and was significantly higher than other groups (P < 0.05), the melanin content and on the
contrary, IV group of melanin content was significantly lower than other groups (P < 0.05). The dietary
astaxanthin level for the skin and muscle tissue with SOX10 and MITF gene mRNA expression all had
significantly =~ impact  of Paramisgurnus dabryanus with  different  skin  color, IV  group
with SOX10 and MITF gene mRNA expression of the skin and muscle tissue was significantly lower than
other groups (P < 0.05), and four groups of SOX10 expression with the muscle tissue were significantly
lower than skin tissue (P < 0.05), four groups of MITF expression with the muscle tissue were significantly
higher than skin tissue (P < 0.05). The interaction effect of skin color and astaxanthin all had no significant
effect on the growth, melanin content of skin, Sox10 and MITF gene mRNA expression of skin and muscle
tissue, but had significant effect on carotenoid content of the skin (P < 0.05). In conclusion, Astaxanthin
addition group (150 mg/kg) can promote the growth and feed utilization of Paramisgurnus dabryanus, reduce
the melanin content and increase the carotenoid content in the skin tissue, inhibit the skin color related genes
for SOX10 and MITF mRNA expression, and improve the skin color of golden Paramisgurnus dabryanus.

Keyword: astaxanthin; Paramisgurnus dabryanus; growth; skin color; gene expression;
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https://kns.cnki.net/kcms/detail/knetsearch.aspx?dbcode=CAPJ&sfield=kw&skey=skin%20color&code=&uid=WEEvREcwSlJHSldSdmVqMDh6aS9uaHNlTm9Ya3NEaGsxSDkyY1Y4SnJ5MD0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!
https://kns.cnki.net/kcms/detail/knetsearch.aspx?dbcode=CAPJ&sfield=kw&skey=gene%20expression&code=&uid=WEEvREcwSlJHSldSdmVqMDh6aS9uaHNlTm9Ya3NEaGsxSDkyY1Y4SnJ5MD0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!

AR IR R IS 5 & 1 (red Carassius auratus) 4K, REHRZE S, EA G
W, S8 0 70 & B EL A % 42 75 K ¥ £ (Larimichthys crocea) T A AL F1 A B st H Ak (a2,
TERERGE AXTUR (Penaeus vannamei Boone) A& KA oy He i R B, i HAth 27 2 76 i it
B C Cyprinus carpio L. )« & 8B LR MAL# 1 (Symphysodon haraldi) . T fi 1]
(Oncorhynchus mykiss) 55 I SRS A .15 220l

KigEEIJEs, (Paramisgurnus dabryanus) EJETHEEH . H(E LR, BIYe )
&, HEFRFEE, RAWRESED. HERERR S, #RA9KHAS, RARETHX
FHEZEG R ARE, HA Gl 2 EEE, Wb RE R 6. a2 E B8
iRz —, ZIBREE, FREHEIEHE MR, BEER . RN SRS SEY) T
F PR, 78 N IR AR, TR SRS b RS R A L S AR AN
UL, BRI E, ISR E A TR Kk, FIHEFREETFE, @ maori
PRI TIN50 SR o MR B 0 4 B2 SRR 22 G I E B3 TE B AT

KRS s RO, HARGTRRA RS E, Frbl R T RA AN
B4, & BA— MW EANME . B AT T REEEI et E Fhlia, ot Iarg FrI05 50 5t 2
AR ARIE o T2 F KB EIVE B KR, ARSI M T YEB I T, JEIE RS A
R RIS K5 SR A B IR S R INEN 150 mg/kg 1), AR50 76 b L il F 4%
SR FOMR T 26 AN R (0 K i B Ve B A . TRDRIRIF | At B FL AR SR 36 TR R0 1) L e
T IRNIR AN [FA 858 e 8K 5 €0 5 AR 0 AR DGR R Z TR DG R, D4 B £ KBl
Ye SRR WL B A i B (R PRDRL R R A €0 s B FLA 5G40 1 7t B4 5 B JE Al
1 MEHS I
1.1 B TR S8 IR o)

PAfrRy . TR R 25 SR N ZZ 2O U, A TR O BRI, RS
AR A BEIR, [T N A 22 TRORDBH AN TE AL ER TR R, e ] 2 2R [R5 =K (0
mg/kg Al 150 mg/kg; PEEUTAELLEREE, RN 2%; PHREMEDREARAF)D 1Y
R (357%) FFRe (177 MI/kg) TRk, 8 2R A 2 R v R vkl 45 28 1 KT o
Ktk s R T 60 H IS FRE . AT, LSRR 1.5 mm BIRTRLIREL, HAR
RFFEET 20°C FM4 FRAE i IR RO E TRk LR 1.
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1 AEEARERREFKE / % (FYRERM
Table 1. Composition and nutrient level of experimental diets / % (DM basis)

HFE#EACT I me/Ke

[FEEHR 7 1%

0 150
1 20 20
IR 11 11
it 2 2
Y 5 5
EAREARH 15 15
B ! 2 2
ZHEEH 30 30
(i 10 10
Rl L 05 0.5
HER 05 05
EUE=N. 0] 03 03
et TR E ! 1 1
B4 i TR L 2 1 1
B RE — 1.7 17
BT 1%
HEA 35.77 35.65
AH R i 7.56 7.61
FH IR 6.37 635
K4 5.63 5.48
Bk /Mg 17.73 17.68

P 1 e FTUERE R T R EE R TR 53 me. AEE 005 mg. IR MES(35%) 110 me. HEE 30 mg.
ZEEES 25 mg. WIEY 65mg. VA 2500TU. VB;6mg. VB26mg. VBsS mg. VB120.02mg, VD32 000IU,
VE 15 mg. VK;3 mg;

2. WO FLERE AT SR BRI 20 me. BUAREE 10 me. SALHF 9% mg. SALHY 365 me. A
Bty 40 mg. BRILAF Smg. FOKBEEES 35 me. BiEREk 105 me. WARAZEY 0.1 mg.

1.2 mFRE

PAFEARI T 5 AR ML K AR FRFEIR IS = AT - IR AT, Ky SR A (0 4 3 (R i A
Ve M FRIEAKERE T, Yk 14d , BOREERIER. 2HT, 2 1d, PO
FATE i R IR 9 A € KBBR8 (11£0.70) g 5% 300 J&, AR A (i 36 £ it W14 e 2]
6 MR KIRAG T, AR IR I AV BEATL BT b A il 0 a1 3 ANKIRAE, BRI
BB (08: 00, 17: 000, FME 1 h Jo WK HoREAE L,  FHMT IR I Bk
THMECTFRE, I R B R . ], & 3 d Hok—Ik, #uKER 173, FIRHEs



FER BB AR . WIGIHARA AR T 5.0 mg/L, A& /DNT 05mgL, pH{E 7.1+
0.1, 7K 24+ 1 °C1AFEHS N 60 d.
1.3 AR ISR E

KAEHT, 2 1 d , KT EENLEI 10 Raliafh, A RREEGT MS-222 #
BRI, JERRE, SRIGTETCRIRAE G o aRs], RERRMULAAE LY, — 85 BRA L T
BERFEMN, 75— BB LN H ST ER A E G G2 -80 °C 414
TR . FFERI BL R R bR -

P43 R WG/%=100%(W-Wo)/Wo

B2 4 KR SGR/%/d=100%(InW-InWo)/t

TR FE/%=100x(W-Wo)/Wi

AR SR PER/%=100%(W-Wo)/(WixCP)

bt RIRIEETE /d s Wos We 2 RIS WA FI 25 H K SR Ve it it s & /g s
WiONIBRAGR R E /g 5 CP NEHHEARSE /% -
R g B A R A BRA =1 () ELISA BRI& (ST D A RS0 R ik 4 21
KIS P RMBEORS R
1.4 HREUAZ S RNA J 9856 5E B PCR

FIH Trizol yEFEHUE RNA. BURZ . WL, FFBRAEZH U4 FE 100 -200 mg, JHTE &
JE KA o B AR PR i oM A, #8281 mL Trizol AWK 1.5 mL o4
W2WE EP & rf, MR Trizol UMW HARHUE RNA. SRJEHHIFIH 1 % BEHesistie da gk An
A% R SR 52 O BT R LR RNA F) 58 B Je 40 5 R B 0E AT A I o ARG D045 8% ) A
RNA AR, AR & PN R A AP A BR A ) 1 S 2 il R & v B B AT B AR, %
SKIRAFH] cDNA BT -20 °C 261 N RAE, HIT SOX10 A1 MITF £ [l A .

FIH Primer 5.0 3B vt #2844 (Rl O EE K] SOX 10 A MITF [ e 51 (3K 2D,
S B T AN TR ARIRS AR AT A, P B-ACTIN HNZHEER .

WIGER PCR RMNAKFR Y 25 uL, R B RHGI¥4% 0.5 pL. 12.5 uL 2xSYBR Tl
7 (TaKaRa,Japan). 1 uL cDNA FARFITCZEZEG/K 10.5 uL IA PCR &1, 4R
B SIRS, TIN VIIAT Realtime PCR AX I #6704 . #3250 y: 95°C 2% Tl
M 1min; 95°C A &M 5s, 58°C %A TIRK 30s, #EAT 40 MG . HdlKH
2ACTVEIEAT AT, B3 IRE R P .



=2 31ER

Table 2. Primer information

514 B3 (57-37) 31 (3°-5%) I /bp GenBank
B-ACTIN  TCTTGGGTATGGAGTCTTGCGGT TCTTGATTTTCATTGTGCTGGGG 189 NM_130923.2
SOX10 ATGCCCGTGCGAGTGGA TTGCGTCTGCGTGGCTGGT 417 JQ217143.1

TYR AGATGTGGAGTCGGTGCT CCTCTTCCTCGCGCTAT 629 KU751776.1

1.5 Gt
IR KA SPSS21.0 Geit A #E4T B K3 05 2 0 M WA K 5 %2 70 #fr & Duncan's 2
ZEIE, BRATME + lEERERFR, BEMEKFA P <0.05.
2 R
2.1 TPk H R TR T 20 A R4 6 DK ek A A AN e Rl P g i

B3 3 A A, FEARIG AT, TR IR IR 75 2200 KEERIVESK Y WG, SGR. FE
FPER ¥4 MR (P <0.05), AT TRV 2 (814N [F) 44 oK 5 R e
i) WG. SGR. FE A1 PER ¥ 2 ZE M0, HIHMIVAR WG. SGR. FE A PER
P8 2 T (P <0.05), BVESINER 241 KEEE1 e 6 WG, SGR. FE 1 PER
PR3 TR B (P < 0.05) o A4 SR 2R A AZ AT AN R 4 g R 8t e 68 T WG

SGR. FE Fl PER ¥ 70 & & MM
23 Al R AR O A [ 2 B Y B A e LR F A R
Table 3. Effects of the dietary astaxanthin level on the growth and feed utilization of Paramisqurnus dabryanus

with different skin color

R E AT ) i i
415) hts “AKEE (9 THEMER (%) FeEdEE (% EHEAE EEAYE (%)
(mg/kg)
[ # (R4 B 0 21.33:0.76° 92.96+9.71° 1.090.08° 60.70+£5.51° 1.70+0.15%
4L (D L 150 27.28=0.402 147.71+11.24° 151007 76.67+5.72¢ 2.15+0.16
4 ) S 0 21 640 14% 97 1012 308 1.130.10° 62.06+4 820 1.73£0.13%
IVEL (gl EWE 150 27420 45* 144 85210.22* 1490 06 76.01£3.53° 2.1320.10°
B
B - 24 30+3 30° 1203431 420 1300.24° 68.69+7 09° 192029
EWE - 24533 180 120.96=28.05° 131£0.21° 69.04+8 530 1.93+0.24%
0 21.49+0.52° 95.03x10.17° 1.11£0.09° 61.38+4 69° 1.72+0.13%
150 27.350.392 146.28+9 74 1.50+0.07¢ 76.34+4.27¢ 2.14+0.122
THEF 2447 P
fhfn 0.453 0.992 0.878 0.906 0.907
SRR 0.000 0.000 0.000 0.001 0.001
P dif 5 FAKT 0.784 0.594 0596 0735 0735

i 1 SRR RS TR ERLE (P<005) | 2"k,
2.2 TADRE RS IR 75 2R A [R) A £ DR 65 g B8Rz STk 4 23 € 3R 5 1 R R i)
3 4 TN, EAREG S5AF T, dak s InaR 75 22 06k R 655 81 e S5 5 JEk 2H 23 o 1 2 A



YN R EMBORSEWAEREEEM (P<0.05. HPIHMTHRRAE MREE
WMEERTEOARSE (P<0.0D); MAMIVAREHE FRESEREESTEARY
B (P<0.0D). FNTHEIVHRERE PREEEE LT (P<0.05), BOEREERE
TF (P<0.05); HIHMZEHE bRESREDECTIH (P<0.05), NHNKEFLTFIA
(P<0.01), A EZMLTIVLL (P <0.05); IHMEBERSERERTI4 (P<0.05);

MR Il (P<0.01), MARZERTIVA (P<0.05).

PR SR K128 BLAE IR R S R e 8 IR AL 23 R SRR b RS A R
S (P <0.01), XBEORSEICEEIER.

&4 ARPRMITEEN ARG KSRIRHEFANE RS BTN

Table 4. Effects of the dietary astaxanthin level in skin tissues pigment conten of Paramisgumus dabryanus with different skin

color
ikl it UFEFKT  (mgke) EWY bR EBEE
14 Bt 0 0.59+0 0634 5340404
1141 Hilfn 150 1230115 4.67+0.234
MeA M 0 5,540 394 0.91+0.088¢
IV ewf 150 7.62+0 504 04600484
FEH
Bl - 0.910.08¢ 5.1220 342
THA - 6.5820.522 0.690.06¢
0 3.06:0.25° 320+0.26°
150 443:036° 2.580.13¢
T E 7 254 P A
s 0.000 0.000
IFE KT 0.000 0.001
o xiF KT 0.005 0.198

: L BRARASERFRATIHRERLEE (P<005) ; BREARDNEFRHFRFEFEIEEREE (P<005); (P<001)

ForERIEE: 2."®RE: 3. TRR.
2.3 PRk b IR AN [ 8 Kk R BB € A DG R R A [ 5

B3 5 AT, TEAREG 6, TRk b IR 7 nt 4% 2H R il ) e ik e Jok AT TL PR 46

2 SOX10 F1 MITF 2[R R HA RE MM (P <0.05). IZHAEIVALR) B RANLAA
2t SOX10 A1 MITF F[KZRIXEER 2 T (P<0.05), HIVALR R KALAHL +
(1) SOX10 A1 MITF J A ik & 2 # T HAR &2 (P <0.05); [FIN %41 SOX10 H:F 7
WAL ) mRNA ik 8 B ECT KA FRLE (P<0.05), MITF ZEHFENL



PILLA 0 mRNA ik R0 625 i T LG FIA B (P < 0.05). (Rt I5HFH %
T2 T L 75 8 2 RO AL 8058 SOX 10 1 MITE JEF 6 ik i
P ELT AT

x5 ARARMITE RN TR E KGRI HE BRAALER S s0x10 F1 MITF BERZIEBHOFN
Table 5. Effects of the dietary astaxanthin level on SOX10 and MITF gene expression in skin and muscle tissue of Paramisgumus

dabryanus with different skin color

WA FKT SOX10 MITF
£
(mgfkg) H ik P JE 1k L
I 4 ElE 0 7.7420.628: 3160220 3.64£033C 312242134
4 Wik 150 6.1120.498 246x0.17% 2.95:023% 26.95£1 5040
11EN SEE 0 2.10£0.21B¢ 1.3420.10% 1.68+0.15¢ 13.07£1 214
Ve GHM 150 1.08+0.1084 0.71:0.06 1.130.108 9,840 7444
ES (i
Rk 6.930.573 28120162 3.300.26* 29,09+2 862
LM 1.59+0.11¢ 1.030.08¢ 1410124 11450 98¢
0 492+038° 22520150 2.66+0.19° 22.14+2 06"
150 3.60+0.24¢ 1.5920.11¢ 2.0420.18¢ 18.40£1 43¢
W & T 25 P
ke 0000 0.000 0.000 0.000
R KT 0.000 0.000 0.001 0.002
fEExiFERKT 0.237 0.072 0571 0.561
3 vhig

3.1 PR} A R T T 2 0 A [ A €8 R B i 68k A K AR DL FH ) s

WRF 2 RO SR, 2 — MRS b E . B ATA KEH TR IR 2 6608
R AR AR, Gk s e ST 21 B i M7 Sk 8 0 1 F 7 b R DLARDRE s i
MR 2R AR W (L AR AR K DT SRR T R L ERDRE Hh S I SR 3R AR e 4R
1 B 52 UM IR IO AR KA VE R E SR Bazyar %517, Yesilayer Z5BIHH 7T 115 2
ML 25 B o AR ZH Bk 4 IS AFF 0 CAE B, Tk R AN IR & 2 150 mg/kg RENS 35
(i3t 4 B 0 R B EIE B 1K) WG 1 SGRo ASHIF 78 2% A T AR BAH R 45 5L, AL ANTVAL )
WG. SGR. FE 1 PER #4232 i TIAURINAL, RIASINAR 75 22 4100 SB A8 (R 4 B (0 K
RIJES WG. SGR. FE Al PER & & o0 A, A GRS 2K-F i — 2 52 BAEH
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TR AERK SR BB, IFE R RS MRM—F, MR NREHEER A
MIRTRPIRR, 4eER A fERRAERKRE B4R LR AR U AR D RfE TR,
B % L3t g R AR KRN TRRLR A R, iR 22 (e 3k f A A K I SR TR T 2 L AR S 1K
BUEER A FENEATER.
3.2 APk AR AR IR T 20 AN [R] 4 € Rk I Ve B R R A 2 KRS N R AR AR SR
AN

W 2T AR SR V2 N B B i P} o o5 i A £, FG 32 R R A R PR 2 2
A ROER, FRNEIORREE NRAGRE S QIFFRENARE, G 5IaE
AR R S, EEDIBREA ST, I e Rk (0 & B4 )52 . Weeratunge 45
BTf 46 1 (R 70 R IR 7 3R RBIS 7E 10 RNA RSCE H AR Bazyar %57, Yesilayer %%
(TS0 T 680 P B7F 0 UL PR Fh AR IR 75 3R RS 3 1 f AR B R A 2 S8 S RO #
JR R SR R B S ARE RA B R TERE 30 R, RIS SR AL 25
HE NRESBEBEET &, BF ARG X kAR K I3 4 b
(Plectropomus leopardus) FIAEZE R EREZR TG R, HOEHEE S5EHE MRE
B K EARRIG AT, T8 IAEDRE IR IR 7 2 %8 B i ) 68k B Bk 2H 21 e f 2 A
o NERTEMEQRSENADEREN, S42 sFrEsstER, HigEva
KAY P REERFE LI, BERTERE TR, IVHEKRALPREAS MRS ER
wr, BERSERC. XU R B RS K6 R R R R4 2k e ORI E
[ I 52 OR R 8 e IR AL A 2R N R S B O R S B2 WA R EEZR, 1
HANAREAY PR EEREERTRARSE: AMVAREHY PEEERE
EFmTROARSE. XRPBORTRL BEEOREEREHMERAAT N FEARR,
MRS N R AR & (ORI e S IR R ZE AR Rz — o 2 R R IR
FRTE FR K =35 58 HAE PO R S R e S8t Bk 2H 23 1) R (0 3R 1 BTG S 35 PR i) xof 36
HE MR EEAREZEMTE (P<0.0D).
3.3 Falhrh S IR T 20 AN [ € K S e S8R ALY H 24 SOX10 F1 MITF %A
FIB B R

Pt 0 R B MR —, bR T 2 B0 5 R SN A URES §E g R LS19:200, 50
TR EIEF AT, a1 SOX10 Al MITF . SOX10 4& SOX FF Kk — i, mhl
481 NRFERR, AW FC R LA P2 05 4 0 1) € 2 20 M AL ) AR e, SOX10 RS 42 3
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R AMI /LR MITE (136352, Elworthy 25R2IRF 78 & DULEBE T £ 28 € 2 40 it o 1)
KPT SOX10 BES S G R 30T MITFo HEUEHRE, IR G R 40704k . MITF
WORIVE T FAL NG, BRI AR R & A0 L), Rk SR 4 RAITE X 4
0 R R B B R L, MITF 85 57 30 5 0 2 R S Iy 5L R 20k B e v, 100 B LA
WERR R B RIA R R IR o AR T e R 35 5 E BRI . TS SRR X 40 6 3 A
KA PRI MITFa fEfR 1 HIRFRFERIA R RS, B THMER.
FH {7 i 25 12817F Hh 42 8K (Pelodiscus sinensis) (A 70 A PCRH AR & 30 H LA 4 27
Hiff) MITF BRI RE B m, ©F m T KA RIE R . 225 RS R0 R R 6 (1
FOR L SOX10 7E Rz RAILA Rt ik, TE“kpAb A (v B €4 57 Bk b SOX10 5L R R IA
FRAK. MR ZM TSRS IR CHGE A —E Z R, 43R E7R SOX10
FTMITF £ K i gl e fft s R AL 3t 20, HARRL IR A0 150 mg/kg HF 7 20 & 41K
fike R 8k B2 R AN LI ZH 20 SOX 10 F MITF 3[R R IA B A B M. ISV
(1) K R FRLAI 223 SOX 10 F1 MITF JE PRI ik & W38 R FE, HIVALR R ALY 441
H1 SOX10 1 MITF J& R R IA E AR [FIN %20 SOX10 7EALA A2 i) 3 R R4 & 13
FART RIRAH LR R IL R, 541 MITF £ELA 2 2R r 5k DR 208 6 I P4 0 25 v 1 Bk
M RIL T Mg R R IR 2R A0 PRI K B R Ve i i B AH G L Rl SOX10 A1 MITF
ik, BT SOX10 BES 45 & 3FEOE MITFE REFE IZRIE, e A 178 K i B e 65 Rz ik A
IR B a3 AE L RIS SOX10 A MITF J PR 3 18 58 55 55 K fik i e 6 5z k40
Yirp B Z A S B RUEM S, X3RRI SOX10 Al MITF R A Bl Y k4 (A0 5% fr) 22
(2 A 5 AE RR B R A R T SR A L ROME A« (AR 3 2 A #H) SOX10 #1 MITF
R FLTE T RE, X <65t R BER Ve b B AT SeE A G RTER « AR GRS 2K =&
A8 A F AN TR A £ R 8 8k Bz kAL 4143 SOX10 Al MITF i[RI RIA B
LR
4 Z5iR

AR 25 R4 A AR ZH Wk & BHUSIRFF 5T 0, AR RN 150 mg/kg HFE g
542 o AN [F) A o R il e 6 A= KA ERDRL R, 4 s A e IR AP 2R bR B i,
AR B3 O i, [ RS 4 A B A DG R SOX10 A1 MITF (1) mRNA ik, 3%

G R BRI Ve i AR &
S CHik: W&
JRSCPPEAE (CEMAO R AR F R D) M4 & RE]: 2020-09-03 10:05:00
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AR %
AN RER AR B X U E R R EE A B AR LRERAN &Y
KR

TKERE B3 L £ R
WL KR ERE LUK =5F BT

BB AR B T TN I A ik R R 1 R A MRV 4 B B AR AR SRR (Centropristis
striata) TARHERIOVEFT o SRFDBUA ZHR 0BT, B2 2 ROl & ARKF AT 2 AN 2RI 5 e RHER
EWIRINACT . SR (PC) TARHEK AT A 35%, FIFHFAFR SR 5 120 3 B AR PC Fa ksl Hh ki 1
60%(H) 1 80%(L): fEAHFER B UK R, 20 lisin (ST) BRI (N) AT R 5 i i BF TR
GW. 5 PRI R PC HST. LST. HN A1 LN %kl JEREWIGGARE S (29.5+0.5) g 54X
Tifis 360 B, NS H (BH 3 ANEE, BAEKE 24 B, ik 5 i mel. X% 10
Jo GRE: BEARAR X AR, EK WRFIF R AR CRK S Rl & &ERAMD
DA S5 R DA AR P2 AR R e (P>0.05), HEZE M RE2 (P<0.05). f& & HST A1 LST
AR R 26 2 i T3 PC A LN f R (P<0.05). #% 1T PC. HST FI LST Tk i) ki 2K
Sy R B R T HN AT LN BRIt (P<0.05). A PC Wkl 58 A LST kN FR A28
Feilt, 54%€T HST. HN Al LN FaJ R A FREALGEAFIE I B 28 5o BT PC WAl f I 25 P B o
ANVl (GPx) WEMERE & T4 & LN Wk (P<0.05), 6 PC AT LST Rl f ik 7 — %

(MDA) %R EMMTHE LN ARt (P <0.05), FHILAT L, 78004l AR e £ A I S5 42
I F A4 5 1 B AR SR SR AR DR U RKST, (HPE— B R R A o T el 3R eI o /K 14
FHIS 14 i 2 A TR B R 2 o
SRERE: AR, I B SR SURAE; OB AR 7S, FRAE AL

Influence of Taurine and Selenium Yeast Supplementation on Replacing Fish Meal with
Cottonseed Protein Concentrate in Black Sea Bass(Centropristis striata)Diet
ZHANG Jingya REN Xing LI Weiye WANG Li WANG Yan
Ocean College,Zhejiang University Zhoushan Fisheries Research Institute

Abstract: This trial was conducted to evaluate the influence of taurine and selenium yeast supplementation
on replacing fish meal with cottonseed protein concentrate(CPC)in black sea bass(Centropristis striata)diet.
A two factor trial design was adopted,including two dietary fish meal replacement levels and two taurine and
selenium yeast supplementation levels. The control(PC)diet contained 35% fish meal,and CPC was used as
a fish meal substitute to replace 60%(H)and 80%(L)of the fish meal in PC diet. At the same fish meal

replacement level,a taurine and selenium yeast mix was added(ST)or not added(N). The five test diets were


https://kns.cnki.net/kcms/detail/knetsearch.aspx?dbcode=CJFD&sfield=au&skey=%E5%BC%A0%E9%9D%99%E9%9B%85&code=24789528&uid=WEEvREcwSlJHSldSdmVqMDh6aS9uaHNlTm9YamdEN2VSdmQ0dklNMkcvOD0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!
https://kns.cnki.net/kcms/detail/knetsearch.aspx?dbcode=CJFD&sfield=au&skey=%E4%BB%BB%E5%B9%B8&code=37417484&uid=WEEvREcwSlJHSldSdmVqMDh6aS9uaHNlTm9YamdEN2VSdmQ0dklNMkcvOD0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!
https://kns.cnki.net/kcms/detail/knetsearch.aspx?dbcode=CJFD&sfield=au&skey=%E6%9D%8E%E4%BC%9F%E4%B8%9A&code=30428690&uid=WEEvREcwSlJHSldSdmVqMDh6aS9uaHNlTm9YamdEN2VSdmQ0dklNMkcvOD0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!
https://kns.cnki.net/kcms/detail/knetsearch.aspx?dbcode=CJFD&sfield=au&skey=%E7%8E%8B%E5%8A%9B&code=09385579&uid=WEEvREcwSlJHSldSdmVqMDh6aS9uaHNlTm9YamdEN2VSdmQ0dklNMkcvOD0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!
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abbreviated as PC,HST,LST,HN,LN. A total of 360 Centropristis striata with initial body weight
0f(29.5+0.5)g were divided into 5 groups(each group contained 3 replicates and each replicate contained 24
fish)ywhich were fed with the test diets. The feeding trial lasted for 10 weeks. The results showed that no
significant differences were found in feed intake,growth,feed conversion ratio,body composition(except ash
and phosphorus contents)and waste outputs among fish fed with different diets(P>0.05). The survival rate of
fish fed HST and LST diets was significantly higher than that of fish fed PC and LN diets(P<0.05). The ash
and phosphorus contents of fish fed PC,HST and LST diets were significantly lower than those of fish fed
HN and LN diets(P<0.05). The farming benefit of the fish fed PC diet was close to that of fish fed LST
diet,but was obviously different from that of fish fed HST,HN and LN diets. The plasma glutathione
peroxidase(GPx)activity of fish fed PC diet was significantly higher than that of fish fed LN diet(P<0.05),and
the liver malondialdehyde(MDA )content of fish fed PC and LST diets was significantly lower than that of
fish fed LN diet(P<0.05). In conclusion,the taurine and selenium yeast supplementation cannot significantly
elevate fish meal replacement level by CPC in Centropristis striata diet,but to a certain extent,can improve
the survival rate and farming benefits of fish fed low fish meal diets.

Keyword: taurine; selenium yeast; Centropristis striata; fish meal replacement; survival; farming benefits;
Author: WANG Yan,professor,E-mail:ywang@zju.deu.cn;
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REMME SR, SRS ERKRE VMG ED W, BUH R 5 2R
(iodothyronine deiodinase,Dio). # Bt H ikid LB (glutathione peroxidase,GPx) Al
WA R IR RS (thioredoxin reductase, TR) Zg[10.1L121 - e A R IR (1) H5 B2 A HL T
R, RN 2 T8 P AN 5k = 5 T R PR A1) R AR 1 B 1 o R K 2 AR f K ) 22
PRIZE o R R e 4 2 (1 8 AR RO I, ZE D) I P8 I A I IR T 5 4 7
(Dentex dentex)!3), A4 JE Y7247 & £ (Totoaba macdonaldi)!" A1 % (Oncorhynchus
mykiss)!'SF A KM GG 2R B GOk BRI SR B AR RDRE ORI, 7R TR R I B TR s
AT HGE SN EERES  (Trachinotus ovatus)PFIZRWIES (Lates calcarifer)"S' A K RE
2OUIE (Centropristis striata) {BFRSEINRABE, JE~F M, 2002 F45 513K
EEAT N TIR5E, fEILZR . WIVT S Il X O R — 52 I R . 7 SR A S 97
i R S A [F) LR B PR A B 77 TH A — SR AU RIE . Alam R H, @
LR I ALK 26 SRR R KT PR S 16%: 17 Anderson 25UV H ) FBE A #3 FF
B R AT 5E A B AR SR SUR TR R IR FOR o e Ab, 5K9E T S POHRIE TR & 0.62~0.92 mg/kg
il ) PR AT e R S0 A KPR REFIHLAR O BT AL BE 77 o SRV AT DR SR U TR A B IR A
[ 5 SR R AR, (ERR AR ot At 2R PR IF 5 65 SR, 8 00 ] B V28 Jom 4= ek A0 i T o
TR E A AR 45 (cottonseed protein concentrate, CPC) #AX S GU4R vkl 1
a7 N S U P N L = e I B O (L I T a SO R EE R iy e s e B R R AW 26
TR kY ORE IR, DU N 78 38 S SUBR TP RHSC 75 FAR SR AR 224
1 MRS T7E
L1 AR5 PRk EURE AT vk

R1 EREMEREFRKE(RTEM)

Table 1 Nutrient levels of main feed ingredients ( air-dry basis)

) L F LIS fff ShE

55 T KL 5 3
Crude Crude Gross energy/
Items Dry matter/ % . . Ash/ %
protein/ % lipid/ % (MJ/kg)

i f7 Fish meal 92.3 66.8 11.0 16.4 18.6
A4 1 Cottonseed protein concentrate 93.1 62.0 0.6 7.6 17.4
A5 A%} Poultry by-product meal 95.6 68.4 11.8 12.2 20.4
T4 Soybean meal 89.1 47.7 2.0 6.1 17.4
/N2 K} Wheat flour 86.6 16.5 2.1 1.1 15.7
EHA RS Protein mix 90.5 61.5 1.4 4.2 15.0

SR SUIRHENE A LT B8 X AR A IR 5 T A A A, 136 A A I 7K 32 22 A 1 T
IKPEIETE TR KRR IR S, IF & TRAE — B = A RUK IR R ST . ZIRH I RSt
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H 36 NE4%E 68.5 em. 1 73.0 ecm. AN 200 L (5 LKA R, KIFAZE T .
WIS BRI, K 09:00 F1 15:00 FEME AN K TA 35%H0 Bk .

IS BT IR AFIR A B 1 L RIS T BR R A ) 7 it o FCA B RHEURE, tntecy (7
HHTPE 2D, XSAKY GTHbSEED . SO TR AN IR A DS E TR TR A
AIRAF . FEWREBNE AT IE 1.

PR (PC) TARHH R FFK TR 43%, MBI T A 1%, #RKTHN 35%. K
F 2x2 B8 i, % 2 AMARER BAOKT (H: FIFAMFRYAE R B4R PC fak
KA 60%;L: FIFRFFR L B (1 B AR PC Tkl b #0R (1) 80% ) A1 2 N2 R IR 5 1l % BF 11
IKSE (ST: WS INA-TATR Sl REFIVR G 90 N: AN IR 5 e RE VR S
4 AR RS> A S v HST. LST. HN HI LN ik}, A g Al B RE VR &0 &
825 g/kg M-I AN 280 mg/kg WA . B 58 AR & F 5 Ak s i 7K SEAR D, 430
N 43%H 1%

®2 HREAMARREEFRKF(RAFTER)

Table 2 Composition and nutrient levels of experimental diets ( air-dry basis) %
i H T % Diets
Items PC HST LST HN LN
[} Ingredients
1f ¥ Fish meal 35.0 14.0 7.0 14.0 7.0
¥4 Cottonseed protein concentrate 22.6 30.2 22.6 30.2
ATl i 5 Tt BEEE Y IR 5749 Taurine and selenium yeast mix 0.6 0.6 0.6
A5 P Poultry by-product meal 10.0 10.0 10.0 10.0 10.0
241 Soybean meal 13.0 13.0 13.0 13.0 13.0
EHIRAY) Protein mix 10.0 10.0 10.0 10.0 10.0
/I ¥ Wheat flour 15.5 15.5 15.5 15.5 15.5
ZAERHGE Choline chloride 0.2 0.2 0.2 0.2 0.2
W 4% Ca(H,PO,), 2.0 2.0 2.0 2.0 2.0
figiid 1= Bentonite 5.1 1.3 1.9 0.6
2% Lys 0.5 0.5 0.5 0.5 0.5
EEHE Met 0.2 0.2 0.2 0.2 0.2
Y= F w4 R # Vitamin and mineral premix” 1.5 1.5 1.5 1.5 1.5
1 /il Fish oil 6.4 8.6 9.3 8.6 9.3
43t Total 100.0 100.0 100.0 100.0 100.0
B FEKE Nutrient levels™
T4/ Dry matter 86.6 85.9 85.2 87.7 83.1
HEAME Crude protein 43.3 43.5 43.5 43.6 43.9
LIS Crude lipid 9.8 10.0 10.7 11.2 11.2
HLK4r Ash 15.0 9.8 8.2 10.2 8.8
il Phosphorus 1.5 1.3 1.3 1.3 1.2
M. HE Gross energy/( MI/kg) 17.3 17.9 18.4 18.8 18.9
4% Taurine/ ( g/kg) 7.3 6.2 5.8 1.3 0.9
T Selenium/( mg/kg) 2.5 2.1 1.9 0.4 0.2

1) 44 AP 5 TR A N BT 5ot R 4 Vitamin and mineral premix provided the following per kg of
diets:VA18 000 TU,VD:3000 IU,VE 225 mg,VK:15 mg,VB130 mg,VB230 mg,VBe37.5 mg,VB1:0.15 mg,D-4E4)



Z D-biotinl.2 mg,D-iZ B2 D-calcium pantothenate 90 mg, & folic acid 9 mg, JHEEA% niacinamide 150
mg,VC 270 mg, JLEE inositol300 mg, ZHIEMEMEK ethoxyquinoline 7.5 mg,FeSO4180 mg,CuSO4-5H20 5
mg,MnSOs4H20 15 mg,ZnSO475 mg,MgSO47H.0 120 mg,CoCO30.9 mg,KI 0.975 mg,Na,Se0:0.375
mg,CisHuNO 5 mg. 2) T, MEEAR . HE . B, BEFERESeifE, HAk AR, Dry
matter,crude protein,crude lipid,ash,phosphorus and gross energy were measured values,while the others were

calculated values.

Kk E R T 80 H . ARAERDRIAC 7738 — AR E - P JEURE, AR F IR
E951, BJaMAN S AFES . BT TIRA AR RS N R EEL, IE &
KIFIRE 10 min. F SLP-450 B4 BsEAT ARl A HL(HH B K P B2t S8 e e AT U AN 2
BT (B R AR 3 mme KEDN 8 mm FILARMITRL . 1 RE 2 I(25°C) T RT S,
W Ho NSRS, BB RAFEVKAE (-20°0) o RIGTARIE R X E FRKT K 2.
1.2 FRBE 5 1 7R

WIGTFIETT 7d, AR R Bkt 450 RAMA KDL 0 f, YIFREE 15 Mkl
KA CERUA 200 L, ASKAEPN SR 30 B, YIFEHARAK 09:00 A1 15:00 %1
BEBWR PC R, RIGTTIRHET 24 h, KYIFFHRAIEE, REHITE mEPLE 2 Kl
o RERBENLIRST 24 R, BEARREGRIOIN 15 MRKKE, Mk (PC.
HST. LST. HN fl LN fik}) % 3 NEE. I aYIHAERN (29.5£0.5)gn=15). MM
Rl A YRR BEALBRE 3 A f R4 15 B, MEIARK . ARERFATE, JEk AT
¥ B AR CRAELE-20°C T T Bt B AR R 2H A

FETEARIG I 18] A 10 J&, 56 A AE K 09:00 A1 15:00 $ehf fr B4 MRk IG bkl . 55K
17:00 CFEMEGARL 2 h J5) LR 75 25908 B /K R URR I35 . K 24 h & 2RiR0K

(J3E M 0.03 L/s), FIZRTH L T F1 HOBO Pendant UA-002-64 /KiRic 34X (Onset, 3%
D W 3R B /KA P KR ORIESR AR 30 min W& FF103% 1 oKBEHE) . &8 H
ISMill-E £ Z 11 (AS ONE Corporation, HAS) MiE#h A7 12050 A 18] AKHRE P 135 7K iR

(21.542.5) °C (17.0~28.9°C), “FIHEREER (2442) %o (21%0~27%0) -

1.3 FEicREE

IR, B & HMAF 24 h, RERKH T EMORES 80 mg/L)MKIE.
P AR E . WA KRS R BEALE 3 B, WS RERAEE, S5 RAFAE
-20°C FAE AT EARA R IRE i o MIEME PC. LST AT LN Tk} 7K A8 iy &-365 455 3 AN
TR/t CREASKIERESE 1R, 3L 9 B, M 1% RMELEN | mL FE5 88
M FERKAL L8N 1.5 mL B0, B0 (4°C. 3000 r/min)15 min J& B ML 5N



2 mL AR E T ORAAAE R A o DU JE I 2 AR KRR, AR B I, 35N 1.5
mL 2508 FRIGE RAETER A P o AN RS 52 ] 5256 28 )5 -80°CLRAF A5 NI .
1.4 GAPRHEDRE, 58 bR AN £ A4 2 43 AT

F 0 fURE S E R T RRVR L R, 7E R KR AR 838 (120°C) 20 mim 5535
HEF (105°C) FREE . ¥t G 80 H i) 4 AOAC(1995)2 1535 43 Jall I 52 Tl ek Ji e«
ISR AR B Sy M AT HARDT . MR IR . Hd, HEARS =
FOSS-8400 4= H 3l IKE BAX (FOSS, Hidt) M, FARN & &EH SZF-06A Jii i fhifi
I CREEF BT ARATD WE. ok, F EA-3000 CHNS JG3 73 #14% (Buro Vector,
EARFD WEFE MRS &, H Parr-6200 5 E AL (Parr, KED WERE M ARE.
1.5 2R R FE I e S A Bt 1 DA % g S S A = vl

W MAFESAE 4°CTFATR, 43 i B0 6 77 v e 8 S A ) 3 AL R (superoxide
dismutase,SOD ) » GPx Al & & & & ( catalase,CAT ) & ¥ BL & 9 = %
(malondialdehyde, MDA) & . fifH] SOD. GPx. CAT Al MDA 75 H B 5t 2k
TR T . B PIERE R AL, 42 10 4 (FREAALL) BIELBImA 0.86% 2L 7 £
IKIETEVKKIB A2 (8538 500 t/min), 52K ES O (4°C, 12 000 r/min)5 min, H{ -
TER . F12%5 B i RIS AR =P, AR R & 7 v 43 Sl W U
SOD. GPx Al CAT 5% LA & MDA 5.
1.6 it 5500

BAER (FD. BE (WG). Wk RE (FCR). 45 BLAE & il SR (BB TR
# (NRE). BHERZE (PRE). BAEFZEE (CRE). BeEAMAINE (ERE) 1. it
Wi (CF). A (HSD MERYIHBCE[ BRI HREE (NWD . BERYIHERE (PW).
WA (CW) 4% R8I 305

FI( %/d)= 100xl/[ (N +N,)/2x
(W,/N,+W/N,)/2xt] ;
WG(g)=W/N-W/N,;
FCR=1I/(W =W, ,+W,) ;

NRE( % )= 100x( W XCy—W,x
CrotW,XCyy )/ (IXCy) 5

PRE( % )= 100x( W, xCp—W,x
CPI]+WJXCPJ)/([XCPI') H

CRE( % )= 100%( W XCq—W,X

CoptW xCry) /(IXCp) 5
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ERE( % )= 100x( W,xCp~W,X
CELI+W11XCEG )"{’(IXCET') H
CF(g/cm’)=100xW /L";
HSI( % )= 100xW, /W_;
NW (g/kg =it )=1 000X ( IXCy) X (1~
NRE/100)/( W,=W,+W,) ;
PW (g/kg fa =) =1 000X ( IXCp) X(1-
PRE/100)/( W,~W,+W,) ;
CW(g/kg =8 ) =1 000x(IxCc ) x(1-
CRE/100)/( W, =W, +W,) .

A TR RS KRE A BRI DR & (g);Wo AT W 2331 il 56 T 45 A &
WIS AR (g);No A1 Ny 23 79 AR IS U A0 25 A RS KRS YR f B 8 ¢ AR
FEARIGIT 8] (d);Wa AREAN/KFEAFEA I E (g);Cno~ Cni Al Cna 23 B AIRIE T 46 Al 2
WA AR PR AR & & DR R AR S AR & & (%); Cros Cpy A1 Cpa 7331 ik
U0 T Qb A1 458 o B AR R Tk i DA S A B ) AR 55 8 (%) 3 Ceon Co AT Cea 4351 56
UG AN 2 SR f AR & & DA A B I AR & & (%);5 Cros Cre A1 Cra 70 BRI T U6
N2 o s 1 4 R e DL R BB £ PR AR JRUBE (% )5 Cnes Cres Cor PA KL Cre 20 N TE R B B
Jis B BRFLEBE S B (%); W Ls F1 Wi 73 5 A 56 45 PR B B R i AR L & ()
K (em) FUFFRER = ().

K H A 25 77 22 3 AR B A Ak #2008 35 AR/ P AR R AN 2 B 7K ~F- DA K — 35 1)
152 B AE P AR S 0% 2% . FI. WG~ FCR. NRE. PRE. CRE. ERE. CF. HSI. NW.
PW. CW FifafkzHik K4y fHEAR. MR . KD, k. BESEMAEE KI5
Wi o AT B E R AF R YE B A T B AR RURHEERY KT, SR R & 2 4381 Al Duncan (G
% H L BE IS PCy HST. LST. HN A1 LN 7Rl a2 18] FidFabn i 2 5 DL 35
£ PC. LST 1 LN 1Ak} fa 2 [a] if S AR A ALl (SOD. GPx Fil CAT) 31 PA K
MDA &&= ZER. R NATERESE (iE%. FI. NRE. PRE. CRE. ERE. HSI
FAARE RS 1EREAT 7 ZZ 4 AT Al e i AT I B 5240 e . ARk BEAE K (WG Tk E A
JFAAHRCE (NRE) Gk A (FCR) FIFRFETG 4 (NW) ZEE PN B & AR GEL (PC.
HST. LST. HN. LN %R B i IR A « KR ALK K T Z 5087, Duncan [K£ &
LL BRI Mr A SPSS 20.0 ZRAFFERL, BRI ELbrEZ, P<0.05 NER

e

BE,
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2.1 SREUIEHERIBOER . SRR KRR R0R

T 3R], S T2 R PR R A P B R 5 2 S e Ji i ZE A NRE(P<0.05), Tk 0Ky &
A5 08 0 A s R A 1 BE ¥ 28 HLAE B T 2 38 520 FCR(P<0.05) » Falk} 08 B 4RK P
NN TR R RO 9% B DL J — 35 R 22 AR A% FI. FBW. WG. PRE. CRE Al ERE
TR EH (P>0.05), & PC. HST. LST. HN F1 LN 1%} f) a2 [A4F FI. FBW.
WG-. FCR. NRE. PRE. CRE # ERE /& &% % (P>0.05), {Hif HST 1 LST
TRk ) £ R R 3 i TR PC A LN Gkl (P<0.05).

®3 FURBEOAER BRE KA AGE

Table 3  Survival rate, feed intake, growth and feed utilization efficiency of Centropristis striata (n=3)

P {8 P-value
1A ¥l Diets —~
Rik = A gk i
W H Rk F i e £ ZH
Items Fish meal  Taurine and 1EH
PC HST LST HN LN replacement selenium  Interaction
level yeast
A # FBW/g 66.4£2.5  61.7+2.5  63.2£3.2 509425 57.6+3.7 0.843 0.119 0.405
HHE WG/g 36.6£2.2  32.4+2.6  33.5:2.9 30.5%2.2  28.3%4.1 0.805 0.135 0.466
T 1.49£0.19 1.37+0.02 1.27+0.07 1.3320.02 1.36+0.09 0.431 0.535 0.181
FI/( %/d)
7 F# %5 FCR 1.46+0.21 1.48+0.06 1.24+0.04 1.4520.09 1.62+0.20 0.702 0.072 0.039
A EFAZ NRE/%  27.6+£5.6 27.021.8  31.3+0.6  25.1+3.7 22.7+4.2 0.581 0.015 0.081
BElEfHA % PRE/% 36.7+8.8  36.1+3.5 40.5x4.1 492248 44.7+x109  0.994 0.050 0.283
B % CRE/% 28.525.2  27.1+4.9  33.123.6  26.8+5.2 24.126.5 0.588 0.160 0.179
’FL i /\’k‘k; 2
HE i il AR 31.246.9  28.5+5.4  34.3+£22  25.0+1.2  26.4%5.8 0.217 0.064 0.429
ERE/ %
84.72+0.02° 94.44+0.02° 93.3320.02° 87.50+0.03* 80.00£0.04"  0.100 0.001 0.277

Survival rate/%

5117 8ol AR AR R NG F AR 22 57 B3 (P<0.05) AR FIE TR FR ER A BE(P>0.05) , TR,
In the same row, values with different small letter superscripts mean significant difference ( P<0.05), while with the same or
no letter superscripts mean no significant difference ( P>0.05). The same as below.

2.2 ZREUHEMEIY CF. HSI A2 %

M 4 T UL, RN R A % ) 1T SRR AR A AN B (P<0.05), TRk
3 B AR T 5 W 0 2 Tk I ARV 1% B (¥ 52 ELAE FH W 235 52 HSI(P<0.05). Falkh o & 4K
KPS U AR TR R A % B DA J — 35 (R (952 TR A CF JefafdoK 4y M AT M
i« B A B AR T E RS (P>0.05). % & PC. HST. LST. HN I LN Tk}
Z[B{E CF. HSI KfafksKsr. MR A HAEDT . B BUORUS BE 7 0 ¥ 0 i3 22 5t
(P>0.05), {HE&E PC. HST A1 LST TaJH) ok K 73 A &5 B R Z (KT 1% & HN A LN
TR (P<0.05),
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Table 4 Condition factor, hepatosomatic index and body composition of Centropristis striata

p— P {f P-value
)} Diets
LR R T
H fokF  wEREE RE
Items ItE Fish meal Taurine and 1ER
Initial PC HST LST HN LN replacement  selenium  Interaction
level yeast

e 1 B
Condition factor/ 2.85+0.10 3.37x0.30 2.91x0.17 3.18+0.31 2.84x0.24 3.04+0.23  0.131 0.463 0.809
(g/cm®)
s b
Hepatosomatic 1.98+0.33 1.79+£0.48 1.59+0.21 1.47+0.20 1.44+0.04 1.95+0.35  0.181 0.249 0.044
index/ %
A4 Moisture/%  69.5+0.3  69.9+1.0 70.0+1.1 69.8+0.7 70.6+1.0 68.8+1.0 0.215 0.803 0.293

15}
HLE . 16.8+0.2  16.6+0.3 16.6x0.0 16.4+0.2 16.3x0.5 16.4%0.1 0.860 0.460 0.344
Crude protein/%

)

*ﬂl!aﬂﬁ’ . 8.5£0.3  9.3x0.6 9.1+1.1 9.4+0.5 8.7+0.3 9.6+0.5 0.231 0.857 0.562
Crude lipid/ %
Btz Carbon/% 15.1+0.7  15.2+0.8 15.321.0 15.8+0.9 15.6+1.0 15.7+0.9 0.634 0.933 0.807
HUIK Sy Ash/% 5.2+0.0  4.3+0.1" 4.320.1" 4.2£0.1° 4.6£0.1" 4.6x0.1° 04506 0.001 0.405
B Phosphorus/% 1.19+0.05 0.93x0.04" 0.93+0.02"° 0.88+0.01° 1.05+0.03" 1.02£0.07°  0.198 0.001 0.768
i
Gross energy/ 7.2+0.1  7.5x0.3  T.4x0.5  7.5x0.2 7.1x0.3  7.7x0.4 0.168 0.840 0.397
(MI/kg)

2.3 SRGURARIN IR TE IR V) HE AN F 5 30 o

M 5 AT, AN A- R ER AN I BE R 35 B2 NW(P<0.05) . FalkH ot B AR7K T
IS I AR R AT I BE DL R — 35 R AE BAE A PW AT CW TG R ZE M (P>0.05). $5
PC.HST.LST. HN I LN %%} )i 2 [A]7E NW. PW Al CW J5THG i3 2% 7 (P>0.05).
MET AL, R4E WG. FCR. NRE FIFREEURMHECR AT BRI SRR, e
PC Tk} 5 55 & LST ik FRia ke #3, S54% & HST. HN Al LN falBHs A7 75 B 2. 72
o

£5 FOUEEFEOR B ERENHERE

Table 5 Wastes of nitrogen, phosphorus and carbon of Centropristis striata g/kg =ik
_— P {H P-value
17 ’# Diets
- ik e AR A
T H A il e £ ZH
Ttems Fish meal  Taurine and 1EH
PC HST LST HN LN replacement selenium  Interaction
level yeast
= = =
f\f@]ﬁ]‘-ﬁf{g 73.9+18.2  75.2+5.7  59.4+29  75.7+9.3 88.3x18.3 0.800 0.046 0.052
s = =
?%W&%mﬁg 14.1+4.3 12.6+1.2 9.3+£1.0 9.7£1.5 10.9+3.6 0.400 0.591 0.102
o 3 E=A
aatiis 371.2+100.4 440.0£50.5 352.4+£10.3 439.1+62.3 528.8+125.6 0.981 0.076 0.074

CcwW
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Fig.1 Farming benefits of Centropristis striata fed test diets

2.4 SREUHEHE R IR AN F T A B 54 DL S MDA & &

ME 2 AT, T PC. LST #1 LN fRRMW B2 MK GPx JEHAAEREES

(P<0.05). & PC Wk GPx W& B& & T LN Wk (P<0.05), {H

1f3% SOD Al CAT & 1t T . 3% % 5% (P>0.05) . $5 £ PC. LST 1 LN Tk £ fFIiE SOD.
GPx Ml CAT iG i %57 (P>0.05),

M 3 0] L, $ A PCLLST A1 LN Fl e} i) £ 2 [B] IfiL 3% MDA 75 &G i % 22 57 (P>0.05),
{HJFFE MDA & B1EERE 25 (P<0.05). & PC 1 LST 1Ak 1) fF i MDA % & 2
ZIRTHE LN Wk (P<0.05).

A 150,
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1 ' I
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60 B

40

SOD/(U/mL)
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AR AR H T R AR BB

AL ERN  AMH G R RS

£ 0 g
:
25 T 5
3] <
0 ) : >
PC LST LN o PC LST LN
¥ Diets Tkl Diets

A L3 plasma; B fFHE liver,
AR ARG FRSR EF R FRER R BE (P>0.05) ARG F#ER %7 BE (P<0.05), FTER,
Value columns with the same small letter or no letter mean no significant difference ( P>0.05), while with different small

letters mean significant difference ( P<0.05). The same as below.
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Fig.2 Activities of antioxidative enzymes in plasma and liver of Centropristis striata
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3.1 WS IR R FIG  RESKT SO R FF IR 408 2 1 B AR AR SO i TR} 0k 7K (1 /R H

ARG, TR B AKSE SN A B R A AR I8 R DA K 3 [ 1 58 ELAR N 2% 4
Pufigf) FI. WG. PRE. CRE Ml ERE ¥ & 50 & PC Weli & 55 & HST.
LST. HN 1 LN fakH .2 [B]7E FI. WG, FCR. NRE. PRE. CRE 1 ERE %55
TosR 35 7 o IXBe s SR W S IR AT IR 48 2 1R T R EUOR) 7K A 35% B E 7% A
SR SR BUIR T AR R 803 P A 3 (A R TS T A T A B R TG P REA
o S 35 T IR R AR Tk 4 2 1 B AR AR SO S TRDRL 0K IO 7K o (B AR R H 2, WK R T
Z2 3 F 2 B S 0 A R R ANAR 1% 5% 7] S5 25 B2 A NRE o SRT, OB & HST Wk 1 WG,
NRE #1 ERE W% = 75 & HN falRH 1, $% & LST {akH 8 WG. NRE #1 ERE g =T
P LN DR f, B DR 3207 22 40 TR B S HST.LSTHN A1 LN Tk} fa 2 [3] WG
NRE 1 ERE Z R A RE . 8T 77 7 50 M4l 5% H 5 R E0RE B R B Bk, 454
R 25 BT A S DR A T £ T R RS P RE T — E R B i S S i A R A
TARHE AR A RCE . W ZPHRGE, e TR AN A R PTG 0 R A K Sk B
RINTEAEES T LA (17K F . Wang SFPMRGE,  ZELRDRL IR Al e BE vT 38 ) FH SRS
FRINTE AR ES T R EOR (Ko 5 ORI TS5 FAH L, AR50 H ] B V% o 2 Tk i R 77 R
SN FH AR PR 40 B B AR SR SUR AR T LU AP I A 835, 32 BH A T B RS %of 11
IR BT R W] RE RN 5 o BEAL, A OG- AN X f S A KA B R FH 2 B AAAE
AT HFE I T A 5 5 TR G AE #1 SEARDRE o [ IR 500 24 R 9 VA 8% ) 55 SR m 2= i 12 At
BB (18 R A IS 1A it — 20 A 5

Sullivan ZFPUHE, 2SURREMIESERE FIR N 33.6°C. AR, JIF=MBOKE
—JE S 31.8°C, YIFRMBUKIR I & AT AE 2 S EUAR A E . (80%~94%) BUIKHI =
TEJFEN . $fr HST A1 LST faDRH f plyd 28 535 i T 4% & HN A LN Tk, REA7E
R RV AP K AR T WS A0 2 Tl 5 VA % B A 2 T4 v 2k SUHR M 1) i 26 s 3 & HST
PR R R SRR LST Mkt B 25, MEE HN R s R 55
LN TapiHi e 00 35 72 5, 3R ORI FARDRF IR 4 2 11 B ARRDRL R A 2 S Uk SO B AE T
I, WM, WIS g/kg MARIR T W E$E = ZE # M (Rachycentron canadum)
TR AR AR KR ORI B2 Ry foky B AR I B0 Bais #2123, 78 30~60 g/kg
(V2R R ] 8535 $R i 48, (Seriola quinqueradiata) 5 & JE R FARL ORI SRATE Atk
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B AR BF (1 BTG 26200, SR, 8 NP AN 2 255 5 Wi 4 B I A0k 7K P Ak vt BT i 62 R
F SRR ok B AR BIAIgRmtys ORI R % SRR 9 ok B AR I s 4. AR
P ARIG A LR B O AL, NS D0 A B2 W] 8 A e AR S0P MR BTG 2 1 2R A
3.2 VS TR RS P2 Rk 56 % S04 05 7 T 20 2 R 5

WHFLEN, FEVRIRIN 5 g/kg ARERREL 1 g/kg NI BE A4 = DR JLBRE2 () NRE,
(5] B A BT AR B OB 7K P Al ORI R K Sk 2 1 B R B AR OB D B (1) NWE2,
ARG, VSN AR AR I ) ) 2 A Sk SCPEHE ) NRE A1 NW; B & HST Tk
1 NRE W& s T8 HN R, BN LST {AkHK # NRE B s T3 & LN fak}
ot S LST fkHAg & NW A1 CW BEART-t it LNtk . X845 IR 5 7 i 4
R B P 42 = DT R A2 (1) NRE, [RGB T B0 B (R AU KT FRDRH # NW 0
I E AR AR A N N A R R BT T £ 2R IR CW ORI (VBT 9 i AR LR, A
IR K I, HKSAREETRIF= A1) CW 2 T NW Fl PW, FI R4 & B B AR A0k LA
JAE AR HR R I A R T R I B AN £ 1 3 R CW

R IR A o T RBIEAE K. FCRL NRE LA SAES 2 S 2 A 7 728, BT ik
BRI — 2 CBL—Fhm ) PPN BA TRk op s o Ak 00 P RS T35 2% S0 77 T AL 28 1
TEREAEA —5. Zhang 5PV WA — VPN LAY EEAT 2 4EL5 5070, LS ANIR]
YERE VAN 45 RA —BEH P . RIS, T AEKEE (WG, Tk H w1 H
RF (NRE). fkHgA (FCR) FIFRFARIG R (NW) FATER TR RN, HE
PC 1 LST Talklif () FR A a0, M8 HST A1 HN (DR (R i i, 18
LST aRI (3758 5% 35 B 2 1) T4 & HST. HN A1 LN faRH, X3t —BiEse 7
A R RGBT 2 T 0 £ 1K FE0oKn K S AR RHN S5 S04 1Y) TR BB A
3.3 WS A RETR R P 5k 5 ) 2% SCH MR A AR ER H B L EE

WU B, 72T R o s 0 A R T 5 4 e U3 R A S8 S A v e DR
USHR A K s AR BDRE A 8 A HTLATE AT (i i3 T 01, ey iy 16170 2 vy i 3010 K 7t 2
(Sparus aurata) P 4K . Zhang ZEP2HRE, EWRIHRERIN 1 g/kg FRERR VT W& 4 =
i (Mylopharyngodon piceus) HIWHALEFTE . Wang 2058, AT K S5HiEAQ W %
B YIM S Khan Z5004R5E, 2 Dio ALK HURAREE (Ta) B N =R R E
M (T, BEmEsh K. Sapitt, Wy a5 R A4 B R A o 2R
(.71, oM AL 1 2 1 o D R A R AR A 3 BT b A R AN 2 B RIS Zh
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M3 A GPx G PE S E FRIRES B VI KPR, $#&& PC. LST F1 LN 4
o) Al AR 5 R ok B AP S g ek 2b, $f PCL LST A1 LN falkh i) £ 1 5
GPx T VTR I AR, 2 BH A TRk o R 2 B e A G P B A 08 15038 % £ I B2 M PPN 2%
SUYRMR N E FRIRES,  H AN AT ] e 2 R i A vk i 2 1 B AR R IR S R 22—

AR o BT AR T TR E B3t (ROS) WA RE B & BR AT S BUR B (i
o-3 Ml w-6 BRI FAdb, r=4 MDA S5, 7R ) 5] E g i s T8,
SOD. GPx Hl CAT 4 A EZKHTEALRER], Hrh GPx REW B & M H kg ik
AME (H202) W JF /KA, WFFR WY, AELRDRL b 78 I AR R P\ 25 4 v 7 F ik
EAR AR KPR R SR AR 0k ) I i SOD A GPx iEHE, Pk MDA £ &5,
LERRRL P S N A= TR 1T 5.2 AT N R A JE VS 1 1 B IR AR KTl R K Gk
ZEER AT AT MDA & 8057 78Tk} A A8 I B R nT J 25 5 v SR i B I
fORy KPR ORI SRR BE R B AR R ) I I3 GPx v IS, AiRgeHh, &
PC I LST %k JHE MDA & 8 2 F K T3 LN RN, SRR R s n 4
i 2 P P W il e 2 S0 P U ) S A 45475
4 4R

E R R T AT R AT % B 2R S 3 1IN FH RO R 4 £ 1 B AR A% SUHE M TR £

KT, ABAE— B AR T A a8 T4 SR SUIR M 772 T s 2 AN TR T A 2
SR B
JESCHIBTE (BhE TR 2020,32(07),3291-3302 DOI:10.3969/j.issn.1006-267x.2020.07.039

THERAaMX SRE K. ZEARMBEBEARALSHFN
K& EE IRE X E BBV T OCH B
BN KRR SHAR B

OB ARE B AR S A KRR . B R KB 4SS
SO, DAR 2 2 S8 iR} o SRR AR 1SS B LB . LA R AR A 450k bkl
0(D1 41) . 20%(D2 #41) . 30%(D3 41) . 40%(D4 41> #11 60%(D5 4H) ks, BoHlmk
5 FAEE CHERF SR 44%) %5 CHEN &= 9%) Mkl (a6 4.

FEFEARIGTE = K 4T 2 B TN Am (200 L) HidhdT, #4225 B PR E A (19.0740.07)
g M HERENL > 5 4H, FH 3 ANEE, BAEENSE 15 B, 4RER: THERR
[F] A3 ) B % S B8 A7 2R (SR & &5 (P>0.05) . D3. D4 Fl D5 £
HAE (WGR) . FEAEKE (SGR) MEHFAZE (PER) Z#KT D1 4 (P<0.05) ,
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[ D4 A1 D5 ZHA)ba kL 2% (FCR) % & T D1, D2 M1 D3 21 (P<0.05) ; i D1 A1
D2 HiE & AEKMEREIRF R T R EZER (P>0.05) o SRS [ L) i) 0k X 12 e L
PR AR 2 1 5 AR K 23 (1 8 i 5 2R (P>0.05) , FF B S8 LA /K 43 AR IS s 25
®1F D1. D2 il D3 ML E ER (P>0.05) , {H D4 il D5 HANLAIK /> 88 E K
F D14 (P<0.05) , HfgHi& = 2% =T D3 41 (P<0.05) . 117 BE & A BHE % D1
M5 D2 HALEZEER (P>0.05) , (HEZFmTHAh 34 (P<0.05) ; iz fkE =l
B B RE DL D5 4K, H D5 AWK T D1, D2 4 (P<0.05) . Ih4h, GHIE
R 30%~60%[H1 fokr J5 . S8l RG IR, IHREE A, R e . 45
b, AR AT, WAEKMERE. &R R TEH GO AZ R m 1) A % &,
FEF5 A5% fRy 1) 2 il T el o SR B AR f0R 10 LU AS BB I 20%.
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Effects of Replacement of Fish Meal by Soybean Meal on Growth Performance,Protein
Utilization and Intestinal Tissue Morphology of Channa argus

ZHANG Xin HAN Bei HU Juntao LIU Lingjun CHEN Yueyang XU Wenjing MIAO Shuyan
College of Animal Science and Technology, Yangzhou University

Abstract: This experiment was conducted to investigate the effects of replacement of fish meal by soybean
meal on growth performance,protein utilization and intestinal tissue morphology of Channa argus(C.
argus),to obtain the suitable replacement proportion of fish meal by soybean meal in the diet of C. argus. A
basal diet(group D1)was formulated using 45% fish meal as the main protein source,then different levels of
soybean meal were used to replace 20%(group D2),30%(group D3),40%(group D4)and 60%(group D5)of
fish meal on the basis of the basal diet,to made five isonitrogenous(crude protein content was 44%)and
isoenergetic(crude lipid content was 9%)experimental diets. A total of 225 C. argus with the average body
weight 0f(19.07+0.07)g were randomly divided into 5 groups with 3 replicates in each group. Each group
had 15 C. argus,which were stored in a 200 L indoor water fiberglass tank,and fed experimental diets for 6
weeks. The results showed that no significant difference in the survival rate(SR)was found among
groups(P>0.05). The weight gain rate(WGR),specific growth rate(SGR)and protein efficiency ratio(PER)in
groups D4 and D5 were significantly lower than those in group D1(P < 0. 05). The feed conversion
rate(FCR)in groups D4 and D5 was significantly higher than that in groups D1,D2 and D3(P<0.05);there
were no significant difference in growth performance indices between groups D1 and D2(P>0.05). Soybean
meal replaced different proportion of fish meal had no significant differences in the contents of crude protein

and ash in muscle(P>0.05),and the contents of crude lipid and moisture in muscle were not significantly


https://kns.cnki.net/kcms/detail/knetsearch.aspx?dbcode=CJFD&sfield=kw&skey=%E4%B9%8C%E9%B3%A2&code=&uid=WEEvREcwSlJHSldSdmVqMDh6aS9uaHNlTm9YaXNkcFU1MHp4VXJCTHFCcz0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!
https://kns.cnki.net/kcms/detail/knetsearch.aspx?dbcode=CJFD&sfield=kw&skey=%E4%B9%8C%E9%B3%A2&code=&uid=WEEvREcwSlJHSldSdmVqMDh6aS9uaHNlTm9YaXNkcFU1MHp4VXJCTHFCcz0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!
https://kns.cnki.net/kcms/detail/knetsearch.aspx?dbcode=CJFD&sfield=kw&skey=%E8%B1%86%E7%B2%95&code=&uid=WEEvREcwSlJHSldSdmVqMDh6aS9uaHNlTm9YaXNkcFU1MHp4VXJCTHFCcz0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!
https://kns.cnki.net/kcms/detail/knetsearch.aspx?dbcode=CJFD&sfield=kw&skey=%E8%B1%86%E7%B2%95&code=&uid=WEEvREcwSlJHSldSdmVqMDh6aS9uaHNlTm9YaXNkcFU1MHp4VXJCTHFCcz0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!
https://kns.cnki.net/kcms/detail/knetsearch.aspx?dbcode=CJFD&sfield=kw&skey=%E7%94%9F%E9%95%BF%E6%80%A7%E8%83%BD&code=&uid=WEEvREcwSlJHSldSdmVqMDh6aS9uaHNlTm9YaXNkcFU1MHp4VXJCTHFCcz0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!
https://kns.cnki.net/kcms/detail/knetsearch.aspx?dbcode=CJFD&sfield=kw&skey=%E7%94%9F%E9%95%BF%E6%80%A7%E8%83%BD&code=&uid=WEEvREcwSlJHSldSdmVqMDh6aS9uaHNlTm9YaXNkcFU1MHp4VXJCTHFCcz0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!
https://kns.cnki.net/kcms/detail/knetsearch.aspx?dbcode=CJFD&sfield=kw&skey=%E8%9B%8B%E7%99%BD%E9%85%B6%E6%B4%BB%E6%80%A7&code=&uid=WEEvREcwSlJHSldSdmVqMDh6aS9uaHNlTm9YaXNkcFU1MHp4VXJCTHFCcz0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!
https://kns.cnki.net/kcms/detail/knetsearch.aspx?dbcode=CJFD&sfield=kw&skey=%E8%9B%8B%E7%99%BD%E9%85%B6%E6%B4%BB%E6%80%A7&code=&uid=WEEvREcwSlJHSldSdmVqMDh6aS9uaHNlTm9YaXNkcFU1MHp4VXJCTHFCcz0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!
https://kns.cnki.net/kcms/detail/knetsearch.aspx?dbcode=CJFD&sfield=kw&skey=%E8%82%A0%E9%81%93%E7%BB%84%E7%BB%87%E5%BD%A2%E6%80%81&code=&uid=WEEvREcwSlJHSldSdmVqMDh6aS9uaHNlTm9YaXNkcFU1MHp4VXJCTHFCcz0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!
https://kns.cnki.net/kcms/detail/knetsearch.aspx?dbcode=CJFD&sfield=kw&skey=%E8%82%A0%E9%81%93%E7%BB%84%E7%BB%87%E5%BD%A2%E6%80%81&code=&uid=WEEvREcwSlJHSldSdmVqMDh6aS9uaHNlTm9YaXNkcFU1MHp4VXJCTHFCcz0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!

different among groups D1,D2 and D3(P>0.05),while the moisture content in groups D4 and D5 was
significantly lower than that in group D1(P<0.05),and crude lipid was significantly higher than that in group
D3(P<0.05). The intestinal chymotrypsin activity in groups D4 and D5 had no significant
difference(P>0.05),but significantly higher than that in the other 3 groups(P<0.05). The lowest intestinal
trypsin and pepsin activities were found in group D5(P<0.05),and significantly lower than those in groups
D1 and D2(P<0.05).In addition,obvious intestinal damage,including the uneven thickness of intestinal
wall,the short and sparse intestinal folds,was found in the C. argus when replacing 30% to 60% fish meal
with soybean meal. Taken together,considering the perspective of no effects on the growth
performance,protein utilization and intestinal tissue morphology,the replacement proportion of fish meal by
soybean meal should not exceed 20% in the C.argus diet which containing 45% fish meal.

Keyword : Channa argus; soybean meal; growth performance; protease activity; intestinal tissue
morphology;
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Ry, WFAE A K RE . R SR R E SR SRR, DR T A 1
Bl B ORI R, AT 4 K R L B 2R Rkt R B 80 L BRI ha el
AR A .
1 MEHS T
1.1 R PRl 2 s S A

22 3% [E SRR T T 5 08 (0 T SRR TR E 22K . P IRZE (D1 4D 1]
b5 B TR A R XS PR L LR A DR A K H ok, b R BV I B 45%:
e R ZH AR SR b, SR 2 B AR 20%(D2 40D 30%(D3 ZH). 40%(D4 4H) Fi
60%(D5 241D ks, Aol 4 FRIR iRl RIQTARI RS 72K LR 1, FERY
R AR 2. BCHIERLET, ek A A ERMR T 80 HIW, RIS EIHAIK S
URBERE TR RS, BINERAKIRS), FRUBATFBFENL (F-26I11, [ MR T K%
A 3.0 mmx4.0 mm PIRIRLEL, T+ 50°CT 15 B T-20°CURM IR A7 21Dk} R bkl
R E R, AR TIR . R A IR B ALK 2> & =2 ] AOAC(1995)1M
RAERTTIRINE, TR S IR B R HIVBUMH (B syl 2

F1ORBERARRE AT (FURER)

Table 1 Composition and nutrient levels of experimental diets ( DM basis) %
i H 2151 Groups
Items D1 D2 D3 D4 D5
JiUEL Ingredients
fti 5y Fish meal 45.00 36.00 31.50 27.00 18.00
w4 fi A% Strong flour 17.00 17.00 17.00 17.00 17.00
52K Soybean meal 13.20 19.70 26.30 39.50
£ 4k F Cellulose 14.10 9.40 7.20 4.80 0.10
A P Ky Chicken meal 8.00 8.00 8.00 8.00 8.00
IfiL Bk & 1 4 Spray-dried blood cells 3.00 3.00 3.00 3.00 3.00
FEAKHE K Spray-dried blood cells 7.00 7.00 7.00 7.00 7.00
1.7l Fish oil 1.60 2.10 2.30 2.60 3.10
A FE R R Vitamin premix"’ 0.50 0.50 0.50 0.50 0.50
4 3 P R Mineral premix® 0.50 0.50 0.50 0.50 0.50
IR A4 Ca(H,PO,), 1.00 1.00 1.00 1.00 1.00
mH #151] Groups
Items DIl D2 D3 D4 D5
S AL HFE Choline chlorine (95% ) 0.30 0.30 0.30 0.30 0.30
KIZ IR Soybean lecithin 2.00 2.00 2.00 2.00 2.00
&1t Total 100.00 100.00 100.00 100.00 100.00
357K F Nutrient levels
F# 5 DM 90.45 89.52 90.19 89.07 89.30
HLE HF Crude protein 44.32 44.33 44.30 44.31 44.32
HMAEN Crude lipid 9.10 9.09 9.04 9.09 9.08

MK S Ash 10.44 10.30 10.38 10.37 10.42
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1) He4 RHUR BN 5w kRt Vitamin premix provided the following per kg of diets:VA 32 mg,VD 5
mg,VE240 mg,VK 10 mg,VB125 mg,VB245 mg,VB1210 mg,VC 2 000 mg, HHER nicotinic acid 200 mg,VB620
mg, FYE biotin60 mg, WIEE inositol 800 mg, 7ZEREY calcium pantothenate 60 mg, W& folic acid 20 mg,
b £F4EER microcrystalline cellulosel 473 mg. 2) i )5t TR A& T ve b L2 1 Mineral premix provided
the following per kg of diets:CuSOs-5H20 10 mg,Na>SeO3;20 mg,MnSOs-H.0 45 mg,CoCl2-6H20(1%)50
mg,ZnS04-H20 50 mg,Ca(103)2(1%)60 mg,FeSO4-H.0 80 mg,MgSO4-7H-0 1 200 mg, #4147 zeolite powder
3485 mg.

*2 HBRAMPEERANSSE

Table 2 Amino acid composition and contents of experimental diets

RAEEM ZH 51| Groups
Amino acids D1 D2 D3 D4 D5
D H IR EAA/ %
f &R Lysine 2.63 2.54 2.49 2.45 2.36
I R Threonine 1.56 1.54 1.53 1.52 1.50
SR Isoleucine 1.54 1.55 1.56 1.57 1.58
R Valine 2.00 1.98 1.97 1.96 1.95
LR Leucine 3.30 3.30 3.30 3.30 3.30
TN Z R Phenylalanine 1.69 1.75 1.77 1.80 1.86
FE#i# Methionine 0.98 0.90 0.86 0.82 0.74
fi% % & Tyrosine 1.25 1.26 1.27 1.27 1.29
ZH &8 Histidine 1.05 1.06 1.06 1.07 1.08
A &R Argnine 2.18 2.25 2.28 2.32 2.39
TR LR B Sum of EAA 17.80 17.74 17.69 17.67 17.63
e TR FEL NEAA/ %
K& ER Cysteine 0.41 0.44 0.46 0.48 0.52
N FE Alanine 2.55 2.43 2.37 2.31 2.19
KA Aspartic acid 3.41 3.52 3.56 3.62 3.72
A% B2 Glutamic acid 5.35 5.62 5.75 5.89 6.16
H% & Glycine 2.29 2.14 2.07 1.99 1.85
22 %R Serine 1.63 1.69 1.72 1.75 1.81
%R Proline 1.84 1.89 1.91 1.93 1.98
HIIEM\ LR S Sum of NEAA 17.48 17.73 17.84 17.97 18.23
T E R/ AT A IR EAA/NEAA 1.02 1.00 0.99 0.99 0.97

1.2 iR 77

IR FH 5 68 PR VL7528 SR T 56 B B F 9% K R Tl AR A LR AL, FRF RIS ZE M
REKF=FEIRE NFEAT. A S8 T /KJe (2.0 mx2.0 mx0.6 m) F1EF7E 2 4,
R ERRE AR SR G e S IRA R 6, MEAREEN 45%).
W UERTITE (5 24 h, RIEEBATEN . FIEEAN (19.07£0.07)g )21 225

BENLGr A 5, R 3 ANERE, FANEENGE 15 B, FREAARN 200 L FLF4E
BEESAAAT . FRAEIAN], 4 HFRIRIGERL 2 Yk (08:00 AT 18:00), FEHRIE HE & i i B
PR R AR, B 1 h JFYCERIRE T, WA N 6 J o BRI SE R R,

FHBKEN 12, FREKIEN 27.5~31.5°C, VEMREKREAMET 5.5 mg/L.



1.3 FEicREE

TG A5, F IR S 8 24 h, 3B R PR H IR AORIAE, 715 WGR 1 SGR;:
THECRFI K REG THEARIE R (SR BT IR E AR RSRIE, 5Lk R4 (FCR)
ME AR (PER).
R 2 R TEH SRS ERE, HARMEGZ MR, WemEE T e
Fof, JESLRIBONIR A s B8 R R, WL EELLT L MZEL ERILIA T % B 48,
WARAEVK EdEAT o B 5 Bl B RAEEHOAE it B T--80°CUKAR LR A7 AF I o

KBTI 2 R UL, RSB TE 5 W, 5 k) o ka2 28 | 2],
JERVIRRAFERN | om e A /N BCE TR IR 8, T 4°CORFIORAE A -
1.4 fabrilE
L4.1 HKIEREFRRR

AR IR A AT

WGR( %)= 100%( W,-W,) /W,
SGR( %/d)=100x( InW,~InW, ) /1;
SR( %)= 100XN,/N, ;
FCR=1/(W,~W,) ;

PER (%)= 100x( W,-W,) /W,

A Wo AWILAARE (2); W NE KRR E ()t AIRIEREL (d);No A¥IGHMARE: N
NEAK A RE TN R AT YNGR & (), Wy N R A TN E AR A ().
1.4.2 LA HE IR & B

LA A 7K 43 LA 5T KL 0T AR K 73 25 B2 i AOAC(1995) M R AL ) TR 7€
1.4.3 Jigit & Al PE

St eI RE R FRE G, N9 AR AE TR AR K, FEUOKIB TSI, ST 3 000
r/min 250 10 min JFHLEIE, 4°CTRAF. B P BER ARG, R AT B &0 R vE Tk
PR FEGR &I T, ARSI B SR PSR 25 B VA T, BT RN &
5 P R A ) AR S TR A
144 iEHLUES

KHATFARG-FHL (HE) Je@IEHIEY) e M ImEHAIER, BT %55 Wit
RIS
L5 BaRgiit 55947

fts
B
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KH Excel 2003 F1 SPSS 20.0 #K{ExF Fr G 2 34T Geit 04, Bids DL EEbR v

1 UM AR fOR ) 5 8 A A E R S
SR AR AR R 2 68 A K RE 0 52 T L3R 30 SRR RS [ L9 ) £k 6 2 68 ) SR
BA A RERN (P>0.05). SHEIZARAEE., WGR K& SGR £ D1 il D2 21 83
EZEF (P>0.05), —HWEZEET D4 F DS 4 (P<0.05), 1 D4 1 DS 48T &% %
5 (P>0.05);D3 41 LA KR E . WGR J SGR EEKT D1 41 (P<0.05), HE5H A&
3HLEEESR (P>0.05). D4 M D5 A5 FCR B3& & THAR 3 4 (P<0.05), H
DI. D2 fil D3 I LR EZER (P>0.05). D4 Fl D5 413 6#) PER B T4 3 4
(P<0.05), Jf H D3 215681 PER %34T D1 A1 D2 41 (P<0.05), 1 D1 #1 D2 4Hd]
TREER (P>0.05),

®3 ENEAEMTSRERKERMZE

Table 3 Effects of replacing fish meal with soybean meal on growth performance of Channa argus (n=3)

275 LR LG HAANE KA FEE AR T R HEABRECE FE A

Groups IBW/g FBW/g WGR/% SGR/( %/d) FCR PER/ % SR/ %

DI 19.0120.05  38.13+3.40° 100.65+17.98*  1.65x0.21" 1.13x0.19"  105.09+6.34* 91.11£3.85
D2 19.00£0.05  35.31x1.56"  86.86+8.77"  1.47+0.11" 1.08+£0.07"  100.51+£9.74*  91.11x10.11
D3 19.00+0.05 33.44+0.80"  76.01x4.66™  1.35%0.06" 1.340.14" 87.83£3.10°  86.67+6.67
D4 19.00+0.03  30.40£0.68°  60.00+3.39° 1.12+0.05° 1.75+0.14" 69.17+£3.94°  93.33+4.10
D5 19.01£0.05  30.54%1.11°  60.62£5.45° 1.12+0.08° 1.88+0.24" 71.94+6.79°  93.33+6.67

(7] 37 Bt e b a7 £k sl R ] 7 B s 22 A 3 (P>0.05) ARG FRER 27 B (P<0.05) . PR,
In the same column, values with no letter or the same letter superscripts mean no significant difference ( P>0.05) , and with

different small letter superscripts mean significant difference ( P<0.05). The same as below.
2.2 SRIBAR AR R B S LA E TR RO B
SLAA AR ARy 0 L UL IR 0 & R LR 4. SRS [ L7 A 08
B AL R AR SR A A B B R (P>0.05) . 588 LA 7K 43 FUKEL I 17 75
H7E D1, D2 fl D3 AaH L EEZR (P>0.05), (HMEH B AN LLHIET 40%H,
WILAAIZK 23 FUKELIG 7 25 552 31 T 3ok md,  Horf D4 Al DS ALK 4 & & 35K T DI
Z (P<0.05), TN & & RE ST D3 4l (P<0.05).
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Table 4  Effects of replacing fish meal with soybean meal on muscle nutrient contents of Channa argus (n=3) %

H3 K HLRE T HERR HUR 5
Groups Moisture Crude lipid Crude protein Ash
D1 80.08+0.35" 1.92+0.31° 17.9540.44 1.68+0.38
D2 79.95+0.40" 1.94£0.72" 18.17£0.42 1.69+0.71
D3 79.81+0.33" 1.87+0.27" 17.94%0.28 1.71+0.26
D4 79.00+0.73" 2.01£0.91° 18.81+0.68 1.77£0.91
D5 78.91+0.70" 2.02+0.67° 18.94+0.60 1.78+0.67

2.3 SRR AR X 1 8 fi7 T £ 1 T R 5

SLRA B AR HOR X i 7 R S PR R 5 AR 5. AR SO AR AR LE A
s, 5 B B R PRICE B TR E, i, D1 ORI D2 4l o #E R R
(P>0.05),D3 ZHEZ (KT DI 4 HE#E 5T D4 A1 D5 4 (P<0.05), 1fi D4 A1 D5 487
BEZER (P>0.05); SiG5iEREAMETELL DI 4 &, D5 H&L, {H D2, D3 M
D4 ARG R E 2R (P>0.05), H D3. D4 #1 D5 HELRZEZER (P>0.05); Hil7iE
B R A EEEE L DS 4k, HEZ{KT D1 A D2 41 (P<0.05), {2 D1. D2. D3 Al D4
MR EZESE (P>0.05), [AKf D3. D4 fil D5 HIFHTLEEER (P>0.05),

x5 SHEREMNEREBEERREENTMN

Table 5 Effects of replacing fish meal with soybean meal on intestinal protease activities of

Channa argus (n=3) U/mg prot

A5 BEEH BeE H BEHN

Groups Chymotrypsin Trypsin Pepsin

DI 23.02+0.82° 2 113.38+105.15° 16.49+2.00°

D2 21.94+2.14™ 1 657.46+354.57" 16.11+0.51°

D3 19.47+1.37° 1 248.39+166.42" 14.21+1.83®

D4 13.04+0.62° 1 266.15+73.23™ 13.23+1.36"

D5 13.78+0.81° 1 040.87+57.46° 11.53+0.36"
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a,b:D1 M D2 HIERGKITIE), D AESE, BRI, ImiE e Bkl D3 a8 G M.,
AT MR, kTR B R, HImEE R AN 5] d:D4 A piE B 5 g N, RE A A
ARG, H 2 ARSI BT, #i kR a2 BIROR; e:DS ApiE e R RN I A5, R
AL, AR, #7 ks R ES ™ EAR

a,b:the intestinal folds of groups D1 and D2 were long and uniform with dense distribution,uniform intestinal wall

thickness and good intestinal integrity;c:the intestinal folds in group D3 were long and thick,relatively sparse in
distribution,with multiple folds ruptured as indicated by arrows,and uneven intestinal wall thickness;d:the
thickness of intestinal wall increased in group D4,and the folds were short and thick with sparse
distribution,moreover,multiple folds were damaged,and the arrows showed that intestinal folds were
destroyed;e:the thickness of intestinal wall in group D5 was increased and uneven,with short and thick folds and

sparse distribution,and arrows showed that the fold structure was seriously damaged.
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Fig.1 Effects of replacing fish meal with soybean meal on intestinal tissue morphology of C.argus
3 bk
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(Scophthalmus maximus) %)) SGR A1 WGR 23 %%, FCR 7 _ETH&% .
SEOSIRIE SR I, 4kl A A R 20% 0 S B AR R I, i (Elopichthys bambusa)
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PEVEGH (Sparus aurata) RedE s K PUFEBR ARG & & . Zhao S BERE SRR AR IR
AW HA (Ctenopharyngodon idellus) FISZUHI K I, B2 IRANINEN 16 g/kg HE M
U O 4 v P AT R 2 P B T B T R RS I 8 g/kg 4. ARRFITLE RERH,
BEE TR IR S R AR, SESULA R IR I A R A, OF B B AR L
(D4 1 D5 2H) 1738 #8495 = FE BB FRAIK . eAh, R A AETE ¥ 2 BE 2 BRI M 0 g
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8 24505 i 7 I USC 5 R A 3
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BERRAG. SRR T GRIEAC 00 35%. 40%- 45% (11 Hk % K 3% 10 40 £11 [ 52
IR, TR AR 35% ) foR o ok £ IR A KPR RE L I R AT AL SRS A P AR
SO, AH 2 SR B AR LLAER I 35% N, Ko £ il o 1 A 11 2 2 PR AIK, B R
JEA N NI G . ATETTH, SRR LU DY 20% 0, S WGR. SGR
HMIFCR 54ty xf fi2H (D1 4D LR#EZ R, H PER B3 & Taifpy 4, %
B AR LA 10 R 0T 2 8 i i 1 Rl T e R 2 R oA 7 A R S R s {2 SR AR B
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It B il G5k 52 B IA o
4 45

24 1 gl gl b R A QAN R LGRS 20060 , K 8 1) fiy 08 405 R T AL 9 A A 7
R A2 B AR, SRR B R B, TRDRER) A R A PER R S 681 WGR Al
SGR ¥ REFEAK. Bk, TEARIGZMT, DSkl GoR 2R fok 1t A B i
20%.
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Effects of dietary protein levels on intestinal tract histomorphology and microflora composition in juvenile
pearl gentian grouper (Epinephelus lanceolatu & % E. fuscoguttatus?)
MAI Haobin GUO Xinwei WANG Jingang CHI Shuyan DONG Xiaohui YANG Qihui LIU
Hongyu ZHANG Shuang
Laboratory of Aquatic Animal Nutrition and Feed, Guangdong Ocean University Research Center for
Accurate Nutrition and Highly Efficient Feed Engineering of Aquatic Animals of Guangdong

Province Key Laboratory of Aquatic, Livestock and Poultry Feed Science and Technology in South China,
Ministry of Agriculture and Rural Affairs

Abstract: Juvenile pearl gentian grouper(Epinephelus lanceolatud x E. fuscoguttatusQ) with body weight
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6.50 g were reared in a 1 m?®tank and fed isonitrogen and isoenergetic diets containing protein levels of
35%(P35), 40%(P40), 45%(P45), 50%(P50), 55%(P55) and 60%(P60) at water temperature of 28-30 °C for
8 weeks to investigate the effect of the dietary protein level on intestinal tract hismorphology and microflora
composition of hybrid grouper. It was found that there was significantly higher villus height in foregut and
hindgut in group P50 than that in groups P40, P45 and P60(P<0.05), and significantly lower villus width
than that in groups P35 and P40(P<0.05), with the minimal crypt depth in midgut and hindgut in group P50.
The maximl muscle thickness was observed in group P50, without significant differences in the diversity
indices of Shannon, Simpson, Coverage, and ACE(P>0.05), significantly higher Chao index only in groups
P60 and P55 than that in groups P40, P45 and P50(P<0.05). At the phylum level, the dominant colonies of
each group were Proteobacteria, Firmicutes, Actinobacteria and Bacteroidetes, with the minimal
Proteobacteria  and the maximal Firmicutes in group P50. At the Ilevel of
genus, Rhodococcus, Ralstonia, Acinetobacter and Pseudomonas were  dominant species, with the
maximal Lactobacillus, and lower Acinetobacter, Pseudomonas, and Syntrophobacter in group P50. It can
be concluded that the diversity of intestinal flora was not affected significantly by dietary protein levels,
while abundance of intestinal flora and intestinal histomorphology is involved in dietary protein levels in
pearl gentian grouper, effectively improved intestinal histomorphology in pearl gentian grouper fed diet
containing 50% of protein, which helps colonize beneficial bacteria such as Lactobacillus and reduces the
content of pathogenic bacteria.

Keyword : Epinephelus lanceolatud X E.fuscoguttatus Q ; protein level; intestinal
histomorphology; intestinal flora;

H E iR EDRE P R B B R, L RS R T RE RSCAS, 1) 20 K IR B B R R Dt
TR AN BETT 29 AR SR ORAIE S PR A K 5R 07 R B 2R IR M A e s U
R R R ER AR N R B R, T SR RS AR B B AR i L fR R, K&
WEFCIESE R E BRSO 40% ~56%I, AT e i3k A T £ i e phuisk A= 42340 LI 5L
I, AR 5T B 8 M R 9 PR i b, 22 2 PR AR AT Y B2 BRI IE A B 4 40y £ (7] 46 4 ot
BN 6.50 g+0.00 g)fiE i TR EN 51.57%0). & B KA UK AU AT A SR 5]
VI8 5 9% 7] SCEN A7 T8 2L ZY A TR nT A 8 T A A R B R AT 2 5 e A4 3

e BT KR PSR T 0 A4 < 0 1 i T A A AT 8 v A4 VS 23R T o 24 P AIK
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R TR I 0 78 32 B 56 R 0 A R 1 5038 i T f B, A (2 MLk 26 K L i) 2R
T K RERS A5 K58 25 I % R A e As . WAk 1 A1 3 10— AN S 43 1) i 1 7
A WA U A2 B AR B B KRS e . BB ER R H A BE . Epinephelus lanceolatud x
Epinephelus fuscoguttatus Q& HI#¥5 5 4 B E. lanceolatud FIAE 5.4 P E fuscoguttatus @
AT TR, B WSS . AR ER, IERIRE 50 SR RS AR SR T ) RS R
W21, it 703 B, A 0 1 A A A S KRR BR8], SR e A R [ AR K B
L3125k o ARk TLOI4E PR 38 1D 5 M) AL G T FRDRE AR 11 57K T 0] 22 Bk IR A 8 2 i 1 T 25 AT
I T R P S0 R ARG o AR T 38 I DA B2 BRI IR A B 8BNS [ K P 2 R
TR (R A T 25 B F 3 B R 5 A, LA T R DRk B 1 7P X A R g T A 2
V& [R50, Ay A B R (R i M I 2R B AR S Bk B

1 MORLS 7532

1.1 # K}

06 S BRI A PR 4 0 [ T AR 48 T M T A AL 3« 306 K O 25 DT TE
VORI R AR . 4EAE R TR BRI 4R TR R e 7 5 S TR AR e R R A R4t
1.2 Jiik
1.2.1 A5t} e il

LAZL £ 83 I £ 1 Dy A R, ek AR 2 A I U v 0 T A AR K S Sy R, T
H 6 4HEE A2 N 35%- 40%- 45%- 50%- 55%- 60% %5 AR5 AE AR GD A P35,
P40. P45. P50. P55 Al P60 4H).Fr A RIS 5 id 60 H i &R /7 (R 1D)AERFR
B B3 50 SR 4 o REUZR A RKIRIR A 350, il v B R A HLANTIER H
WA PR A F],IS-14S B) 70 43R 53, N TS AR B VR A 407 1) e e R v 100 93 a0
JINSE B 7K, FH SUBAT B AL B T K24, F-75 2 il lokife A 2.5 mm FORLGARL.
SRIAT 2K BN 10% 20 A I T 4800 25 5 B T UKFE (20 °O) R R A7 %

F1 RXWEAMBEFFNEFRAKE (RTFEH)

Tab.1 Ingredients and nutrient levels of the test diets ( air—dry basis) w! %
J5UFF ingredient ELAR KA nutrient level
ZH 51 -
group it 2 11 S SA ) T AT U K4y ML R FLIR Wi ALK 5y SAE/(MI - kg™
casein corn starch cellulose moisture crude protein  crude lipid crude ash gross energy

P35 5.54 29. 00 0. 38 10. 03 36. 05 12. 81 6.70 20.23

P40 11.28 23.20 0. 44 9.82 41. 18 12. 54 6. 80 20. 48

P4s 17. 04 17. 40 0.48 9.84 45.75 14. 99 6.82 20.73

P50 22. 80 11. 60 0.52 9. 84 50. 48 13.23 8.33 20. 99

P55 28.56 5. 80 0. 56 10. 06 55.20 12.51 8. 16 21.24

P60 34.32 0. 00 0. 60 10.23 60. 73 13. 10 8.36 21.49

T U IR AL AR L froky 38. 00% , @AY 16. 00% , fiil 4.30%, Tl 4. 30%, SRR 0.30% , @R 45 Ca (H,POy,) 5 1.00%,
AL FE R 0.30% , 6T IR AL 0. 70% . HEAEEE C 0.05% . Z SAEMENR 0. 03% . iF# LT 0. 10%

Note: The other ingredients include brown fish meal of 38. 00% ., bread flour 16. 00% . fish oil 4. 30% . soybean oil 4. 30% . choline chloride 0. 30% .
Ca (H,PO,), 1.00%, vitamin premix 0.30% , mineral premix 0. 70% , vitamin C 0.05% , ethoxyquin 0. 03% , and attractant 0. 10%
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1.2.2 8B S i 7R B

Y BRI BT B £ 4)) 0 7F 2 N BEFR AR AT (1 m®) R4k 10 o, 3 TR B fa i LG &
TR AR b R AR A BRA W M A 5 >49% K 17>8%) . 5 41 B f £% 1 FHd B 77
VI JE BhI @ RE . Bk — B (MR A 6.50 g+0.00 g)RENLAMECE] 18 N FRAA
i, TR0 8 . It 6 MEEAL A 3 AN EE A EE 30 B, )RR
6 MAFEE AR A ER TR BRMEERIRMIR(8:00 F1 16:00). FFE LA E K
(863) 11 H i /K SR I Fh 1 T A B U5 Fedhdt 47

FEHE AR, KRN 28~30 °C /K RN 27~29, AN A W 78 S80S, T AR>S mg/L, 2 A
FrE<0.03 mg/L. E HHTE VR BE B0 AR, I 5 e L8 A0 Bt 0 4 A 17 oL, AR 4R 4 2 1 1ol B B I
B USR P R B AARBE T I
1.2.3 FESCREE S

FRAA TS 45 5 A5 24 h JEIURE . KA SR A T &ML 1 10 000) BRI 5 A EES E
SN 2 Rt ) RO i TE IR0 T AR S 20 BT 10% F VA T4
WE Y1 R WA L A BENLEL 3 A, F 75% PR 3 A2 FH O 35 B BY T B
Bt 1738, F 0.9% 1A 76 B A 38 ER /K b gt i 1 A1 BE, B T--80 °C TN ORAF FH T 737 o
1.2.4 DNA 25} PCR 414

HR¥E E.Z.N.A.® soil i7)£1(Omega Bio-tek, Norcross, GA, U.S.)i% 8] 347 5 DNA
FhHE,DNA ¥ 5 A48 & ) F NanoDrop2000 34740, A 10 /L Bt R b & FL Kk AG DNA
BB B = ; M 338-F(5ACTCCTACGGGAGGCAGCAG 3') f1  806-
R(5GGACTACHVGGGTWTCTAAT 3") 5| #1%t V3~V4 0] A8 [X #£4T PCR ¥ 1 . § B4 FE ¢
SN:95 °C R iAEME 3 min;95 °C FAETE 30 5,55 °C FiB K 30 5,72 °C R IE{H 30 s, 34T 27
AMEIR; B IS TE 72 °C R AL 10 min(PCR 1%,ABI GeneAmp® 9700 %), PCR ¥ # 1Ak R
(3L 20 pL)f 414 uL 5xFastPfu Z2#¥%,2 pL 2.5 mmol/L dNTPs,0.8 puL 5|#(5 pmol/L),0.4
uL FastPfu Z&1#7,10 ng DNA 4.

1.2.5 MiSeq Wl 7> K Fehnit &

4 20 g/L B B HE BRI [0S PCR 724, K AxyPrep DNA Gel Extraction Kit (Axygen
Biosciences, Union City, CA, USA) #EAT4lift, A Tris-HCI e, el 5 F iE By #2:3k fi
FE R B 75 30 2 I Sk | 8 P B R PCR 37 386 1647 ST BEBEAR £ % 2 37 A 0.1 mol/L &
BN, 7 A B DNA B A il 57 S 5 78 lumina 2 7] ) Miseq PE300 ~F- 5 i



AT (i3 5 AR 2R IR A D).

KO > MR SR AR B — B 4 > A B —OUT R Edk /i 515 BA24E .
{# ] UPARSE #f4:(Version 7.1,http://drive5.com/uparse/), {45 97% AR LR % e 41 3k AT
OTU %25, FH RDP classifier (http://rdp.cme. msu.edu/)X} 45 2% 5 51 3 AT Fh 70 80088, L
%} Silva HdE FE(SSU123), % B L X BME N 70%.  FIF & A& 6 %(Shannon). ¥ AR 154
(Simpson). Ace fll Chao 8Pl &% HANE 2 FEMAFE JE
1.2.6 HE 3t Yl

HUFH 10% R ] 52 S IS BRORAR A BB T Ji . Pl A0S IR AR, o ) i A oty B
VYA EEERN 6 pum, TR ARE - (HE) Y, 7E 4 54 B 34 BB (DM600) g2 A1
AR BRI YD R 20 5 AR LR A BE(SZX 7Y E 10 A s 988 = B (PH) . 4552 55 FE (PW),
B 53 IR 2 (CD)YALZ B B2 (MT) s
1.3 Hdu skt

TRIRELIE 1 DT S hRME 2 (mean+S.D.) R, IR G E 5 1 SPSS 20.0 #4FiE47 # K]
K %53 BT (One-way ANOVA), F| Duncan £33 1741 17) £ 8 EL 4, B 28 /K% 0.05.
2 BR55
2.1 BERATE A IEH SIS

M1 AT R TR (UK 45% T LE B I AR KPS0 145
oAt 40 5 e 35 s Hh i P50 ZH 405 e 7 W Y Bl A 28 A B v ELRIUL TG P40 PS5 AN
P60 £H 5 oA ZHAR LL, 5 B AR RS R, JEARAS KN 5 7 v, P35 A P40 ZH 45 5% R I Bk . &%
T, B B (A BRUKC T T B RS A 038, 76 PS5O 43R5 KL AT 5 28 i Bt i 40 5 ST 4R A%
BREGE B B AT 10 -

FP35 FP40 FP45 FP50 FP55 4 . FP60
i s
foregut
200 pm 200 um 200 um 200 pm ~ 200 pm 200 pm
MP35 MP40 MP45 MP50 MP55 MP60
L7
midgut
200 ) pm 200 um 200 yum 200 ) pm 200_pm 200 ) im
HP35 HP40 HP45 HP50 HP55 HP60
V=17
hindgut
200 pm 200 pm 200 pm 200 um 200 pm 200 pm

E1 AMEARKENEHREZEAHRER. hIEMEHAERKSHRN
Fig. 1 Effects of dietary protein levels on histomorphology of the foregut, midgut and hindgut of juvenile pearl gentian

grouper



M 2 B IL:ET L PS50 F PSS ZH 95 i A 2 A T H At 2H (P<0.05),P50 ZH 955 5
JE 2 2K T B P60 41 A1 HoAth 2H (P<0.05), s 53 I8 i 4% 21 1) O I 3 M 22 53 (P>0.05), 5 5%
T SRR B TR ) U AE PSS HE 2 T P35S AT P40 4H.(P<0.05),P50. P55 A1 P60 ZH AL
FEEEREET P35. P40 M P45 4(P<0.05);7 i, & A 408w B AR WE E 2 5
(P>0.05),P50 21 i) 45 5% 5 FF 55 2Z KT P35 A1 P40 41(P<0.05),P50 41 K& 55 TR B i 5K T P45
H(P<0.05),P45 ZH 4 5E 5 5 5 00 58 R B 1) P B 12 2K T LA 4H(P<0.05),P50 LHNZ R &
BE R TF P40 AN AL (P<0.05); /5 P50 F PSS ZH 455 = 5 B 3% = T P40,
P45 1 P60 41(P<0.05),P50 ZH 45 % FE Al G 58 VR FE W KT~ P35 4H(P<0.05),P50 £H 4%
1 P 5 R e R 1 LU AE 53 v TR PSS A AN A 2H (P<0.05),P50 A1 PSS HALZE B JE i
Z T P45 4H(P<0.05).

F2 LEEEEBERERRIER

Tab.2 Histomorphological microstructure of intestine in juvenile pearl gentian fed diets containing various levels

of protein m
fh i 5 ¥ HE( PH) SEETEE( PW) Fass I CD) S BRERE  MUZEE(MT)
intestine group villus height villus width crypt depth PH/CD muscle thickness

P35 344. 7+28.32" 29.90+3. 30" 38. 00+4. 59 9.50+0. 38 71.86+6. 68"
P40 369. 69=1. 34° 30.31=0. 40° 38. 78+5. 54 8.79+2. 52° 74. 69+0. 46
i s P45 350. 21£6. 67 29.99+0. 12" 35.52+3. 42 9.97=1. 19* 70. 244, 45°
foregut P50 433.33+8.81° 25. 870, 52° 36.53+3. 04 12. 111, 16 125.96x10. 21"
P55 432.06+8. 85" 29.54+0. 05" 35.52+2.03 13. 00=0. 20" 121. 272, 24"
P60 366. 91+34. 07" 29.26+1. 02 37.750.59 9.71+0. 75* 109. 34£12. 24"
P35 256. 34+41. 24 34,851, 23% 32.23+2. 08" 7. 10=0. 00™ 58.97+0. 77"
P40 274. 69+8. 73 38.381.49° 34. 7622, 04° 7.53=0. 367 62, 10£3. 77"
Ll P45 256. 94£13. 60 32.48+2. 89 35.26+2. 96" 6. 360, 15" 57.68+3. 08"
midgut P50 261.49+29. 12 27.75+2. 56° 30.54=1. 02° 7.26+0. 07" 66. 5422, 87°
P55 253.80£27. 32 29.92+2. 04% 32.91=1. 63" 6.93+022" 54.65+5. 1%
P60 238.37=10. 77 29, 84+4. 85~ 30. 83+2. 97" 7.56=0. 197 48. 563, 67"
P35 4233323, 27 40.52+3.21% 39.99+1. 49" 10. 77+0. 56 119.0221. 16"
P40 410. 19£10. 77° 43.8522. 53¢ 39. 30=0. 96" 10. 07+1. 84° 126.23x13. 19°
=1 P45 249.22+6. 99° 36. 21£2. 19% 34, 51+4. 64°° 9.5920. 04" 100. 88+25. 86*
hindgut P50 434.97£4. 10¢ 33.87+2. 45° 33.19+0. 70° 12. 830, 18¢ 141.49£18. 85"
P55 433.32+14. 694 37.37+1.85% 36. 8322, 77 11. 49+0. 08 142, 18+3. 24"
P60 357.57+3. 34" 36. 74+3. 49 38.22+2. 94" 9. 18+0. 79 113. 12+ 14. 80™

ik WP R A E R A — A R A A BEERER (P<0.05) . fRH M FEEFRHNE B EERR (P>0.05) . FH
Note: The means with different letters within the same column are significant differences in different groups in same tissue { P<0.05) , and the means

with the same letters within the same column are not significant differences ( P>0.05) , et sequentia

2.2 B BRI IRA B 0 i TG A ) 2 REPE AR A,
2.2.1 Alpha ZFEMES T

M 3 AL SR B 4H (7] 3 T Ace TEEUK Alpha £ #E1%:TC B 38 1 2 57(P>0.05);P55 Al
P60 # Chao #8 %5 2% =T P40. P45 1 P50 2H(P<0.05); %41 17] Shannon 1 Simpson 1%
FEPEFE R30I 4.02~4.95. 0.03~0.04, AN [F] £ 517K~ A B #0140 121 Ji7 3 40 1 2 A1k
To A VERE A (P>0.05); - 2H Coverage TR EISTE 0.99 LA, 15 W AR A I AH B wT e 2>



#3 BLLTEBAKERHIE Alpha ZHHE (n=3)
Tab.3 Alpha diversity in the intestinal tract of juvenile pearl gentian fed diets containing various levels of protein (n=3)

20 5] group F# %1 sequence Ace Chao Shannon Simpson Coverage
P35 29965 794. 32+259. 37 819.50£0. 71" 4.95+1. 10 0. 04+0. 00 0. 9969
P40 35671 645, 11+3. 41 657. 06+9. 28* 4. 17+0.39 0. 04+0. 00 0. 9983
P4s 34864 558. 15+0. 06 558.20+0. 01* 4.02+1. 15 0. 03=0. 00 0. 9982
P50 31523 661. 45+4. 57 669. 9414, 58°* 4. 60+0.23 0. 04=0. 00 0. 9984
P55 39221 854.95+133. 06 871.30+151.92° 4.73+0. 36 0.05+0. 02 0. 9985
P60 31753 832.52+27. 19 858. 12+11. 48° 4. 67+0. 58 0. 04+0. 01 0. 9968

2.2.2 JiE I SR LK
IR b SCRG  E>10% 24 o 3= S HU AL A B BE . 1 B o i B RF L 38 1R
NPT ] Proteobacteria JUZEH#i 1] Actinobacteria. JEEER ] Firmicutes AMHBUFF i (]
Bacteroidetes, H S & &3 T 85%. W E[17E P50 4 & = ik, 78 FoAh 2 1500 v Tl 2%
SEF A ZH S5 B T B HA BB KT RIS 50%0 N 128 4 21 45 7K

B 1E P45 HE&E

=Ry

=

HX
. A~ EL 477 ER DA v e AL L oy P =
TE B A 45% BRI AT I T S = A Bt R PSO AL B,
EOP
R4 ZHEBROREHER TKTFHRMERSE
Tab.4 Communities and relative abundance of bacteria in the intestine of juvenile pearl gentian grouper at the level
of phylum %
- - — . . — . FoFEE  PWEHRE
5l EIBEN BERET  JFEEEIT MUFFETT BAFEIT HAREN) SR WS oo Dpin:-m-(-u«—
eroup Proteobacteria  Actinobacteria  Firmicutes Bacteroidetes Fusobacteria Synergistetes  Chloroflexi  Spirochaetae . )
bacteria Thermus
P35 45. 46 27.25 13.04 5.87 0. 63 0.98 0.76 0. 62 0.71 1. 11
P40 44. 73 35.69 11.58 321 0.08 0.51 0.43 0. 86 0.70 0.17
P45 34. 51 45.20 12.17 3.56 1.42 0.00 0.27 0.01 0. 18 1.12
P50 27.72 24.19 29.55 11.13 3.03 0.00 0.15 0.12 0.32 0.51
P55 36. 45 20. 50 18.98 9.40 1.32 2.82 1.98 1.78 0.75 0.83
P60 32.81 20. 59 19.24 13. 56 4.41 1.03 1.03 1. 00 1. 68 0.22
®5 DnAEBARSHEREATERMERSE
Tab.5 Communities and relative abundance of bacteria in the intestine of juvenile pearl gentian grouper at the level
of genus %
SN R - SN B R
i mgmE Rk gl ooE- BFEE e g gy AORTHRER
251 . . - v AR S24-7 8 . . - unidentified
aroup L I3 )3l L Escherichia— S24-T7_group L el R bacteria in
Rhodococeus  Ralst Act bacter Pseud . } - Bacteroides Syntrophobacter Lactobacillus .
shigella  in Bacteroidales Lachnospiraceae
P35 23.78 5.87 7.68 4.26 1.94 1.51 1. 85 1.4 0.75 0.59
P40 3.77 7.75 8.04 6.25 3.41 1.02 0.27 1. 82 0.29 0. 58
P45 41.51 7.57 6.28 4.51 4. 60 1.17 1.70 0 2.60 1.27
P50 19. 08 6.17 3.05 4.07 3.66 5.39 1.79 0 4.48 2.48
P55 15. 83 6.03 5.24 4.76 2m 3.73 .09 5.52 2.70 1. 65
P60 14.72 4.94 4.10 2.42 2.58 1. 45 6.95 3.26 1.19 279

E & /K F 2.3k J& Rhodococcus. % /R#fil I J& Ralstonia A4 3h 4T 1 &
Acinetobacter & 78 4 8 BEVE H i B AW 3 Mg WK 5 oI A ERE g & EESA



351 k8 1, P40 A P45 ZH 53 il ik 31.77%F0 41.51%, i HAA R 7 14%~24%; % 4%
IRETNE R ESUE FERA K E AT S EBIT 45%E, AR & =356 B TR
P50 211 5 5 A1 11 o L B 8 £ P40 47 & 3 v 7E P60 2115 5 e A1, T 7 HLAth 4H 72 e AN K
FLERAT B B M E PSO 41 55 B i e AE S AW 4 B3 T R [, P45 AT PSO 20 R AG I 2 B
EAT BB

PAFE S OUT ORI A9 Venn &, ELAL#T P35 P50 Fl1 P60 2 [B] 41 B 2 FE1E
M 2 W3 AN v BERE A OUT 0737l 09 3104 294 1 409, 545005 1013, by
153 AN 3L[E OUT, &5 &4 15.10%;P35. P50 1 P60 A H A BAH) OUT #7378 59, 54
AT 119,735 b7 S EUT) 5.82%- 5.33%F1 11.74%;P35 5 P50, P35 5 P60. P50 5 P60 413L
A OUT #or iy 177 277 A1 216,73 7 o5 Fe A AL E ) 29.30%. 38.53% 41 30.73%.
AR T AN A B B 5K B AT R TR 22 BR e JIE A B £ 5 738 25 A S e B — E 1Y
FEACE, RO AR BA A oo (H % LHAE 2R 3 — e I 22 e

size of each list

P60 pPs0 6145

4090f 222 204 310
e N
0.0L 1 1 I
P60 P50 P35
number of elements:

59 specific (1) or shared by 2, 3, ... lists

153 161 232
P35 . —

3 2 1

B 2 P35, P50 1 P60 4B OUT 434
Fig.2 Common OTU analysis of groups P35, P50,
and P60

3 e
3.1 TR UK S B BB A B 0 i1 20 2R A5 1) 52 R

VT e 53 TR FEE  JULJ B2 DA 0 B ) v FEE 5 RV 2 2 5 A 2 T A I e
RE IR EEBEARbR . TV TE e 3 A2 JV B 1M1 1) 45 ), K 8 VR B2 2 T B 470 %o 5 2 WSS R i 1 e
3 v B R B 2 W i R A TR R A K A R T v R T P R AL S
JULJZ T 32 0 2 7 f B JUL A A4 e 70 MSC 4 e 70 s 00 R T o (e R WA R g i D18, 3
(DL 1 /KPR T A B 8 13 45 4, 5 6 30 R P MR ST A R 0, AT
TR HERUAR AR D, SR AT B R R 1 5 7K ST i 7K £ 288 17 8 AL U 25 25 R S M A 5 RO 2
b AAREG T, 50% b RHE F PRSP AR i s . BRI T RS KT
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A T 0 1 AR g v B AL SR g 120V [ Sk B (2 v g e T R B A PRDISH AR 1 K
PR R R TE AR R A B = A E SR S AR KSR I — B A
WA B TR UK T R 70 KB s n] B S AR K B G . A AR
002 B 3 B P 5 1D K S e K 3 2 A v B S B g R P M LU AU SRR . 4
B P 55 R 0 R FEE 1 LU A 5 W ) B 5 AN RT3 2 AR I T 2R B A B s 6, LU
TR R TH AR SR DR S8 o FE AR XS v PR 1 0T KT 5 5 v S R S R PE 1
HAl S ER B RT ARG i) P50 AT PSS 4. 2R A R/K TR 45%I /T L2 5 R4l
RETELLE PSO ZHak B AL M5 B S R KT T L UL B R RS A T B P50 ZH
JAWUZ JE AR B P40 AAH L TG B35 1 22 e (B AD B35 15 T LAt 415 P50 A P55 A1 )= L
EIEEHEERT P4s 4. 45 ERTR,PS0 AIGiE AR & 1 F AL, 45 5% = i S b
3 R FE TR LU AR AU Z B A AR FRAE /KPR o DRI, A N 19 2 1 /K SP3BT
A b 25 I T 25 K 8 AR T A R SO L e, B 47 1 il R A
3.2 FEDRHER F1 SR VX0 B2 RO R A B0 7 T8 B LA 1 5 T

J B AT o B R P e 1 3 S YA D RE L B IR ISR 0 AN R BRI Y e TR AR
BETE 2 A K2 A T T e U 2 1 T i T R R )5 1, AN T 5 SO R R G A K 43
oI R R 22, R ST R B AR S R G T R A K RO

MK B AR % 2H 32 H IR 00 £ 34 1 0 TR 2 1 K P AR AN ) HL %
AR AR AR A ), R R Aok 2. A W FU45 A sh A e SR i AL sh A A
AT UNETER ] JERERE T RO B8 124 AR 57 45 SR R, B2 Bk IEAT B 4 figy T A
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