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Discussion on the development path and economic effect of feed enterprises in China

SHEN Jie YUE Shan
Jiujiang Vocational and Technical College

Abstract: As an important pillar industry in China's national economy,feed enterprises involve
many fields such as planting,breeding and retailing,which is a closely integrated market
mechanism. Since the reform and opening up,feed enterprises have been developing and growing.
From the initial hundreds of state-owned enterprises,they have developed into a complete
industrial system with various categories. At the same time,it has driven the development of
breeding industry and retail industry,and injected new era vitality into the market economy. From
the current situation of the operation and development of China's feed enterprises,there are still
problems such as imbalance between supply and demand,and great fluctuation in the industry. This
study puts forward the corresponding development path for the problems existing in the operation
and development of feed enterprises,and takes Jiujiang City as an example to explore the economic

effect of feed enterprises,and puts forward countermeasures to improve the economic effect of


https://kns.cnki.net/kcms/detail/knetsearch.aspx?dbcode=CJFD&sfield=au&skey=%E6%B2%88%E6%8D%B7&code=37617046&uid=WEEvREcwSlJHSldSdmVqM1BLUWdMWjJqb0VCSTBUMTduK3hBRnd3aFlyMD0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!
https://kns.cnki.net/kcms/detail/knetsearch.aspx?dbcode=CJFD&sfield=au&skey=%E5%B2%B3%E7%8F%8A&code=24599222&uid=WEEvREcwSlJHSldSdmVqM1BLUWdMWjJqb0VCSTBUMTduK3hBRnd3aFlyMD0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!
https://kns.cnki.net/kcms/detail/knetsearch.aspx?dbcode=CJFD&sfield=in&skey=%E4%B9%9D%E6%B1%9F%E8%81%8C%E4%B8%9A%E6%8A%80%E6%9C%AF%E5%AD%A6%E9%99%A2&code=0048084&uid=WEEvREcwSlJHSldSdmVqM1BLUWdMWjJqb0VCSTBUMTduK3hBRnd3aFlyMD0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!
https://kns.cnki.net/kcms/detail/knetsearch.aspx?dbcode=CJFD&sfield=kw&skey=%E9%A5%B2%E6%96%99%E4%BC%81%E4%B8%9A&code=&uid=WEEvREcwSlJHSldSdmVqM1BLUWdMWjJqb0VCSTBUMTduK3hBRnd3aFlyMD0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!
https://kns.cnki.net/kcms/detail/knetsearch.aspx?dbcode=CJFD&sfield=kw&skey=%E9%A5%B2%E6%96%99%E4%BC%81%E4%B8%9A&code=&uid=WEEvREcwSlJHSldSdmVqM1BLUWdMWjJqb0VCSTBUMTduK3hBRnd3aFlyMD0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!
https://kns.cnki.net/kcms/detail/knetsearch.aspx?dbcode=CJFD&sfield=kw&skey=%E7%BB%8F%E8%90%A5%E5%8F%91%E5%B1%95&code=&uid=WEEvREcwSlJHSldSdmVqM1BLUWdMWjJqb0VCSTBUMTduK3hBRnd3aFlyMD0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!
https://kns.cnki.net/kcms/detail/knetsearch.aspx?dbcode=CJFD&sfield=kw&skey=%E7%BB%8F%E8%90%A5%E5%8F%91%E5%B1%95&code=&uid=WEEvREcwSlJHSldSdmVqM1BLUWdMWjJqb0VCSTBUMTduK3hBRnd3aFlyMD0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!
https://kns.cnki.net/kcms/detail/knetsearch.aspx?dbcode=CJFD&sfield=kw&skey=%E7%BB%8F%E6%B5%8E%E6%95%88%E5%BA%94&code=&uid=WEEvREcwSlJHSldSdmVqM1BLUWdMWjJqb0VCSTBUMTduK3hBRnd3aFlyMD0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!
https://kns.cnki.net/kcms/detail/knetsearch.aspx?dbcode=CJFD&sfield=kw&skey=%E7%BB%8F%E6%B5%8E%E6%95%88%E5%BA%94&code=&uid=WEEvREcwSlJHSldSdmVqM1BLUWdMWjJqb0VCSTBUMTduK3hBRnd3aFlyMD0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!
https://kns.cnki.net/kcms/detail/knetsearch.aspx?dbcode=CJFD&sfield=kw&skey=%E5%8F%91%E5%B1%95%E8%B7%AF%E5%BE%84&code=&uid=WEEvREcwSlJHSldSdmVqM1BLUWdMWjJqb0VCSTBUMTduK3hBRnd3aFlyMD0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!
https://kns.cnki.net/kcms/detail/knetsearch.aspx?dbcode=CJFD&sfield=kw&skey=%E5%8F%91%E5%B1%95%E8%B7%AF%E5%BE%84&code=&uid=WEEvREcwSlJHSldSdmVqM1BLUWdMWjJqb0VCSTBUMTduK3hBRnd3aFlyMD0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!
https://kns.cnki.net/kcms/detail/knetsearch.aspx?dbcode=CJFD&sfield=kw&skey=%E5%AF%B9%E7%AD%96&code=&uid=WEEvREcwSlJHSldSdmVqM1BLUWdMWjJqb0VCSTBUMTduK3hBRnd3aFlyMD0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!
https://kns.cnki.net/kcms/detail/knetsearch.aspx?dbcode=CJFD&sfield=kw&skey=%E5%AF%B9%E7%AD%96&code=&uid=WEEvREcwSlJHSldSdmVqM1BLUWdMWjJqb0VCSTBUMTduK3hBRnd3aFlyMD0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!

feed enterprises,with a view to the operation and development of feed enterprises in China The
exhibition provides reference.
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W OB POKEAIRILE 5 A EPOKIRFE A B I 85%, s RIER 5 I SCAE k. K E
IS5 R 1 3E 28 SCPE R B R S L R T RS A e . RN, 3R H RTAEBEAT FREE 2L 1R
IKEEFREL . AR oK L, DA, BRI TR A A R IR M B TR R 5 R
BRI B R B S A IS SR, Shrethtarl, FRIAEL . tkbIn TAIBIAHoR
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3. ZIRAEFREERPE B



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

3.1 FIEHEFRFREERFIH

Z Akt (Tilapia) & — M BVELT 0 E, AHGIRGJE A 1 i R0 e & 1 o 3k,
seth it b iz SRR R —, JE T E IR Je P P HE£ (Oreochromis niloticus) -
ML %' 4E 0 (Oreochromisaurea) S5kt JEfi (Oreochromis mossambicus) LA
F&MHA GG NS, 2019 FREFRE>™ BT 164 M. XEEPY M
(GIFT, Oreochromis niloticus) HIRFFEAIN, HIMWR 26.02%H & B HK-FHIEEE L,
PR 36.27%H1 B [ KT HGRRL ) 2 JE f 4 R AR R R BB TR, SRR
KR TR A B P AR R, e EREA, etk e /& e
(JERI KT 13.19%38 %1 32.3%, HHKTH 38.2%F#fKE] 30.5%) , KBLfafAnl L
T T AR T A R T 2 A ) Ak A AR P 5 0 — 2 0 o R e W I 52 AR N B B R TR, TR
O R LS A 7K P T RSN DS AR 2 0 2R HE B 1 AR R F e BRI, Dizhi Xie S50 7T
K, ESRERRIT CHEAKT 27%, FELEAE 15.5 MIkg) , 4 HAdpES/IE.
TEWEN 1.95 i, JEF T @RS AE KRR BRI, T4 PE SRR R & &
EId R (>3.41) I, W) oxid st AR g T 1 o [F)RE 2 5 A5 Re i ek b CRLER F7K-F 34.5%,
TAkLEAE 14.5 MI/kg) 5 Rui-Yu Du S8R50 KB, skl g8 ek tuAE (IR2RK-F
Hi 6.12%34 N2 12.7%, JEHKFH 22.5%0 K3 13.8%) , Xf i & & AE A KA 2
F R, AF R I T KT U 2 T e TR 7K ST A AR UL P P 6 2 b ) R 28, 5 f Ak 1)
MR . 78 3 HAERRWE Y CHABII KT 7%) , fHEHER (18:2n-6). VHER (18:1n-9)
A EPA (20:5n-3) +DHA (20:6n-3) )& &0k BITELE AERT IR ) 55%, BUREDY
e 8 JH, ZERRIFWIMAL. EPA FI DHA HE R T MR KA, iR ) <
51 AR BT Y R D DURURIT IE 453 4% . Miing Jiang 5 7838 IH, (R4 ITERARAL, DA &
% AF A AR AR AR AL T 8 B B B ) &5 & v TR bR, 6% MR I AT B ek e 4E AR 3
E i& BN 43.2-45.8 mg/kg, 13%/J Wi K-~ itakl b 44 2 E & J s iy 66.0-76.1
ma/kg. Lijun Ning SR 7R &M, KIEAr 2By, LLJE 2 2 ARt i) A= A Fia bn A2 e 1
kI A Ve ) & B e dE s, bk Al CRRAR SR IR R 2O Bd& A N &y 0.57 mg/kg.
3.2 FBaEFAESAEHRE

FE TG A8k ek B b kb 78 R Y Z R T LAY 9 Ak 52 B 4E £ (Oreochromis niloticus
>Oreochromis aureus) RS FRTTI, fem A KIERE, 07T DA MIE 4 A&



M AN 2 S 2 I 1) 70T DA B 8 o L 75 Y B AT 1gML 7K k3 e i, e} o dod
NI 0.878%. Xiao-Qin Li &0 7TR A, (ESFR CHEHKT 31%) 5568 (kb
AE 18 MI/kg) Tk, SEREE 6% AR I ERAEL, BETak (SEDERED [
K 4422 B R4 (Oreochromis niloticus < Oreochromis aureus) 3 55 . & [T
BT EYEE TR, maLamER b mEaiy (k22 RKEEN DI, 175
mg/kg) T LAME R ARRARL R B RHEA R, IR AERYERE . FETC EOR TR
11 0.15g/kg FINB R 2 42 = 5 s P AR I B A BRIV AR 9 g 105 & &, (H2
EANIN (1.35g/kg) MISHGRTIE. HRIELSA . HSBEKMERE TR,
g axn iRl CBEKST 30%, AMRNIKT 5%) AHLL, JB¥ P AEmfdfrmae KT
40%, FHAEWIKT 10%) Tkl FRREATULAIA mTOR (EMHEZRILEH) RIL/KTAI
BERRAL /KPR 25 T A B AR R 2, (HR R i A IR DT DUAR . Pisa L RE
NBEFIHUA SR [ MK AE . Fang ning Xu S50 7R R B, 7Em TR CHE I KF 12%)
Hr, TR0 300 ma/kg 1Y a-fif = B AN AT DA 25 19 00 75 ' 2 AR AR 7 20 24N T ) i
AL B SAAAH RIL R RIS, BRAK N IR K, RIS 1R s AR R B FRAR
Tkt A I HLR E RGN LS A FEE Pl S A ) SO B AT 2 D T R S A Vi i 1
& i ARG BE ) o T AE i B TRDRE CRELIR 7 7K1 13%) Fh s i 2.5% K J ifk (Mildronate,
PB4 R R BB D D AR TR Y RBROKCE  SI0EAE  BR AR R, f
TN B-FREE T KT B3 PR, LRRNRIIIR B AR T RE, Ui B ZRiiR A g 7 2 B
A JE B B HE AR N v B TR R B
3.3 FietafpEidSEERE

Chao Ran Z:#ff 7t &M, 2422 % dEfa (Oreochromis niloticus xOreochromis aureus)
WATE R B REAE T THIK b R R TEH TARA B ], 728 7K | 3 B2 4R By
JE AN AT B R, TR n 200 mg/kg KT CELEE 100 mg/kg LY AT 100 mg/kg & YD
REWS R W iE R4 1, JF Bt — DR R JC R B By s A RLE B, RS S W R ES SR
FARK) GBI, PR o AR S IR R ] . Yao Zheng SE BT 7RI, R P AR
JTE AR RAEAE 1 TH/KY R R AT B T I RRAT B 1], I B4R 430 0.025 g/kg 8%
0.05 g/kg HZE P REA SR 2 FEVE K, (H2IBEEUR W 553k E  (Streptococcaceae)
FREEZFFC. YunXia 0T FEY], P D HE@IHIE SRR TR B3 2R



FEER T TAIAS T TR T, 6 I8 A 7K T b 32 R 40 B it 4 s A0 5T o s, FRDREH #h 78 10° CFU/g
I LSNP RIR I FLIR FLER B JCM5B805 (Lactococcus lactis subsp. lactis JCM5805) , #%ME
P 6 ), BEREGER B RS, JF H R0 910 B0w o LB
WC1535 (Streptococcus agalactiae WC1535) FIHPT 11; aii v 7 rh 5T o J8 = i 3
BEAR (e HEZELIY 82.159% 0% EALFRAA ¥ 1.15%) , AbFRLAFLEREF B & 2.35%, {H2
FEA R IEANFE JCM5805 — il Ja, il R E A AL 35 A, T B TE PRI AS B LR
T HIAFAE o
3.4 FIEEThReHEGIR

T (Baicalin) B8 ¥ 35 #1207 B L FLBEERTE (Streptococcus agalactiae) 3 E 8
DI TV I3 R0 37 W B IR 7 A, AT RS 5 JE 2 B A 0 Jo FLEEBR TR PBSA0901 AR
Wi, B2 B ekl hmin 1.0%E 5 (Rhodotorula mucilaginosa) 7K fEIAMY 4% &
ARt B AR RE, I 98 0 44 BT A BE 70 A B0 R I BE BR 1 (Streptococcus iniae)
IR T o FRRE RN 0 0.5% 4 B2 2 AU AT B LT3-1(Bacillus subtilis LT3-1, 3.8x10%° CFU/kg)
B EE S AR 6, PARmIEAR R EE N, MIE R B KT R R
IS, MIE A b S & 52 BI, IF H 35528 5 206 o 7L 88 BRI (Streptococcus agalactiae)
RGN AAE 2tk s In 1.0%#942 2 8# (Lycium barbarum polysaccharides) %" /e
e 40d, PAEmMIEME C3 ETERERG I, MENR4HMTE TR B R, G5E
AR R AR R S BE ). fEE 23R8 (16 Practical salinity units) ik t—#k - 24k
LR B E221(Bacillus subtilis E221), #alkFHifv i 1.0<108 CFU/g A & 2 A B E221
AR ER w2 F A e s S TR E R IR R RIRFREAET
(10T -30T), Tk N 0.2% 31 KK $24 (Astragalus membranaceus extract powder)
A LGEE R = E P AR AR R T A AR IR S A R TR s IT 32 A
3.5 ZIeAFFEME. RN TR

MATKAEA ST, E4EIGYH ™ E, Jingjie Wang SRR BB P LA
I B R T A AR SR e v, B AE N TR AR B A, I EL AR AT B AR 2R 2 0
I P9 SR AP A B A 2 e T RS e B s, BRI RS BT, SiFH M
i LRE ). 12 R B B ARk fr Rk (6%) TRHITELL T, 57K AR
A (0) MimEhiE (16) #HLL, WA (8) HBP PRI E K BN, Tk AR5



BERC. DUAPEM R E R S . MAERE mACHRAEN (12%) 1B, FEEK
RERFETE T, UGS S A Y HE AR WA PR AIC, TR R . A R PR

FEHYE TR B K IR0 2 48 (In-pond raceway system, IPRS) , FEFRMESRZR Ky 2 Ik
%A, 5HIEEEN %ML, HELERNy 5% % E 2 - i B R R E N, 1H
BIRCR R ER S, T HILES N EN . SR EEBE. v RS S B L B K72
PILLIANACA 2 22 7 . Wei Liu SR TR, 7E 40d WFREAMIN, 5 HkEmER
K (35%) Tkl MR 3 /d) ML, e EIKTFEA (25%) 1R 10 d (%
AR 1 id) R EmEE AR (35%) 1kl 30 d CHRMNER 3 id) s i ek
KA (25%) 20d (FRIRAIR 1 Ud) HEEEEKT (35%) Tkl 20d CHRIRHIFR
3D, FHE DA BIRIEAMERN, AR, FrE A KRFIERRNE [ R 13
BHEERER.
4. ZYeFrEAREF SR ER AR
41 ARNFFEHAKEFRFTREERPA

KA (Micropterus Salmoides) A& —Fh ARG ELTF S, 2019 FIIE R &
N 47.8 JIM, IAEFRGE A TR 2 R i N TG S PRDREES e K L R Dl R 7 2 v o
Mo KIS N THECETRRE S B4 — B2 S EE &, Xing Ren Z5F 58 KB, LE1A %)
Ry KT 400 g/kg HOTDRL AR, A TS PRIH AT SR T A5 K T # T} 0 /KT P 22 160
o/kg: TRFESRT RN, (EVIRIER KA 350 g/kg TR, R SR AR 15% k)
AN RS K I RR S (AR, T 30% ) B3 AR UKD T 23 S5 A R D BRI AR K . 4 FlE R
SRE AR N5 S Ve A B e B OK TR TR AR K M R AR TR NN 2 Ve A B
AREVER o N LA AR £ 2 2 A5 AN 7] 23 5200 K 1 38 7 P JHFUE AN e f e, gk
A RKYERE . (HiE, Dongmei Ma BFFtR 1], /AT 10 SERSudt, BeJ5 vk oA
ANBEW R K DB E R R . & 8 N H I FRAL, SHRMUKEEA AL, SR
7 DAk (Y 38 R SR Ll AR K e R BRI, T AR BRI 40 e WA VR o B S . O
HBE— A B 3 22 5 o3 Mk S 1 0 77 PD 3 B RE AN 52475

i (Pelteobagrus fulvidraco) s&—FEZEREMHLT Ak, TERERKKMAKH
DA, HRABRAG. FURESE, BREE . EEFAE HEARACERH, A
THFEPGE R JE, 2019 FFr=w it 50 i, JEfRE R AR AR Y —. EHFaXE



F5. MR, oL, 488K E. BRI FRECAVIT. BKIE, Bokmd. MK
FrSE st B JEURHY AT DU D B it pDR) vh ok IR B AR R B B TR R B
PR——5M . REEEH SERAURFERIX 4 Pkl = R R M R m, &
HRME AL R IAE 90% LA L, S5 m] DR Jy s fa talel v 8 ot 1 2 B U

pefif (Monopterus albus) & —MKZR B AT, MUEFRFR. WRiEEE,
M HBEGZHMME, RN AR,  H A2 M R 1 X R 7750
Fe R E LRI R —, 2019 FEIREFRTE S I 30 JiME. H AT S EEHTA
REAERTHHEARMER, RTIHEFRFO B B okl B RS K E
7 38.649%-39.08%. 1t 40%1H & HACTRIGARFF, = BoKAE B Ak, fERR R Cr A
T 15.78%Inf, WL HGE P EE R AR RE; 7R 42900 R FKCT RO TR, R T R
ey, TEERL T KFAE 100640 15%00, 268 i B3 18 B 2% 5 T ot 4, fE R B
Pk, REWAEHEE (SPC) BABUL/K-FIHTE IR H 1. 7E 45%H 8 A /K- F 1 tak s,
RS A e v B A 34% ok, T ASseme s i (1 AR K e e . IRHCKY TR (32%)
HR DTG B AR, R DU 3 G s e 0 AR K vE R, DA R T8 2R T T U AN
TR A

fiF 4 CAcipenser) & —FERERNEML @S, ARE T EIRE M 238
fi§ (Acipenser baerii x Acipenser schrenckii) , AR, Hrpiae oE, LR EFREE R
REI K IR bR, 2019 SR E FRFE ™ L 10 JIl. A8 326355 A3 (80% 1 A
10%%4E P 10%K &) JERE R K& R0 ALK IX 4 Fhah Wt 2 1 R 2 00
g, P LMR G B X 8 J5URkE ;65 £ PREC UL A s 5 n-3 22 ST IR 77 R AN v )
n-3/n-6 £ AR TR Le iy B AT DUBR )& SR ThRE, P DX L ARDRL b i 7 U5 R AT 9 4%
SRV VRN EE n-3 Z BRI TG a4 R R B R LRI A
UNTINEE DN 8% KT} P IV JRR o (75 P JBR R e & HOAEL ) B Ol & R ) 584
BrACHL, 2R A2 G A AR 7 A ST 2T [R] IR 25 A SN0 R M 0 STV el 1 U o) 3 21 1 A 4G
RNEA .

PR £ 1 £ 2R 1 (Siniperca chuatsi) X AN R 2 B 7K 46 A 0 28 B0 H A [R] R A Uit 4%
K, PRSI D T, ARErmsiEes (Channaargus) (AR, K28



B AR 50% TR CSEFRANINE A 12%) , A5t 1 il (1) 4 K 1tk e 7= LR AN Rl
ERE BRG] (575%, SERRANINE 18%) S ER T, HSSAFIERG.
42 ARFrEAKREFREE SREEHEE

ST RE TR B, S5 e AR (65%) ML, fRETLAEMER (X9
PIky &5 & 65%) 8 JHf5, IMIE T E TR & R R, BN E A R M i
B3FE EIt, FHIE GH-IGF {5 5 8 B il 25 40k i 7E G B RDRE (S R B A0 Tkl e
WIS B A 5 oA 7 glkg RIS, K B A KR g s, MyE H =K
IKT L A TR S B AN 7 B U 1 Y 3 BRI, I GH-IGF A5 538 B i o 35 S
LX Al (kS 36%) MILL, ERE AL (B EE 22%) TARHRIRIEHIE 8
Jo, mFAIGEREE TR, MBI SBURE S BtE b Re ) T ES
AR RS EAN SRR (3%) MR (2%) W] LLGARIX L AN . FE(RE
K (22%) RN 2 glkg FEZIR (R RS 2R SEPRoK - 6.18%) W] LAY 5 3 fif
AT 7, B R LU AT IS A s e B, $R s g AR ke, HAaRE Rk
FRBYBCERIN T R BRI R R . fEAR R (25%) faklREmnt F N 2.0 g/kg
PIRE IR CRR RS IR SEBR /KT 2.64%) T LA st e i) G o, FRARAAR R %, 3
5 B o s PEATE AL WS RE 7Y, SR m e D REAN L SALAE Ju: T H., Qiming Chen %%
WHFER IR SR (25%) TRPRLEA A 78R 2R 2 DRkt S Brok 1Dy 2.81%I, MY
A DA s i g AR M R, IE W] DASE SR HLT AU B RE ) . Rl (17%) 1R
Fenith FANFE ARG AT LLE I R Y Insulin-like growth factor 1 (IGF-1)FE R #%iA . WLAAK
FHOREEDR . 8 E 5T & B P Al A OG5 5 i, (e Bk BL IR 3 A0 5 K W) i 2% 52 A
(Pelteobagrus vachelli xLeiocassis longirostris) FJULRIAK AR A FRDIAR, $fEmHEK
PEfE, FF IR, AR RGERINE N 2.81%. [KAF (16%) ikl T4 e & iR
FERT DABR R BL IR B a5 K fifi 24 <5 B (Pelteobagrus vachelli _eiocassis longirostris)
fem A ARIERE, (RN AR E BRI, FE T kIR, kb ik i i &

1

0

KO BYAEy—MARYE@SS, HX RS 7R R, 38 E R R AE I KT 2
10% - 15.45%, {ELJ& K 1 3R A7 TR A A Al 2 BT RE R, O K 1 RR A7 b mT
2 R i) AR — BRI DR 3R o TRDRLRELIR DT 7K 119%-129%0, K B S i A= K v R s T



RLEANAR . MR LESE N AT B-SA A DG PR i CPT L s S & 38 005 10 >4 e RLAEL g s
KFTHEN 17%-18%, JHFIE CPTL Bgid el AR FE4e 2l AST JK-F &2 T,
PRI o & B KPR A I K (7%-12%) AN AT LT 29488 8 A s,
i B E R K Re, BAR AR, (ERERAR KT a2 17%
I, S G E AR N EE, T EAE S ST . S e DU AT o B AT i A
PR R ANRLRA BE - H65 0 of % A0 TR s o R s it Bl s 1 25 &, Rl IR IR 106 B, AT
SO E R IAE e, BRARAE A VERE . TRDRE AR 78 T JE 0 A R ORORI 72 e PRI B ) R 0% 53 1
R 11 S A 1 i BRAR AN LA RE T, S 2R Kot B BOME 3 3 f s IR TR R (15.4%08 T,
J i P9 H i = ) B I, O P R R, B A AR T, T4
P W R T SR FE AT P e = & & 1 F B AR 1E T« Hong-na Ma 25 HF 52K 1,
AR RN 10% R, EIE S e DUARER (b IRIDTIR S 21K 4.96%-7.49%)
AMUAT DAFE s 0 B AR Kt R, A T DA 25 PRI LT 5 B 7 Ul /KT R IR 7K P
Yongnan Li S8R50 K, 5 A BRI A B, £y B REIE ST A8 (Oncorhynchus
mykiss) I R A% i 1T PR A A1 6 (Elovl6) [)KRIA.

KRR 73 AR 5%, 10%F1 20%/N 2 TE b I SE R A5 RE. CHLEER F/K-F 45%, 1)
BlEAE 16.2 MI/kg) TRE 12 &, 5%F1 10%/N M 4L I A KM RE B 2 7 T 20% /N3
FreH, T 5%A1 10%I[E] Jo 22 s T HAHR e PRAL, 20022 T Ky 4K 1 FR 5 IE 25 A
R BRI R WK S T, IR %55 Wei Zhang S5 58RI,  #EIEK
1RG5 12%. 24%A01 36% F K TEky KI5 R A5 REIRL 8 Jil Jo, 12% E AKyE M 412 K1 fg
i, T 24%H1 36% 5 K e K 2 75 T A0 A4 R AR WS IR AR D FERER o PR AR R g e A=
K BB YURAMERN, (H 2 4 0 a0 56 e AT RERNA, S AR E RS, SR
PSR KA ) el D) 24t UM O, PRI AR K
4.3 ZURFEARGEMES SRR

KB G LA BT THKF B EZRRAT R T TSR], 530 I ZH AR
bb, BN 8% K S LR SR DR AR i N AR AT B 1 RS R R, AR B 1
FERET R WE R T BT RR AR T 0.1%83 0.2% KM B RE KRG . 7RI
AP b, RATRE TR BT, MR T+ R T, 7EEIKr BRI
FR ORAFET]D FRERE BT, MR CRRETD KFEEEE TR, #HEgE



RN THKP BRSO FRER T, BRATHE ] ZIRRT], S B4l CHlg b
6.30%) ALk, EEMRER CHIEM 12.11%) J&, WEwEREE I TEEBE K, R
MR TR R ET . st (Silurus meridionalis) %)t iz Py A 35 B A2 FOBE T 1] AR
Frw ] AR 1T R R B, BEE 0S8R, T8 N AR A B2 B0,
7t 8 dpf (day post-fertilization) F1 18dpf i, J7iE P HEE B T TR FEAE 75%L 15 Tmikd
IR, BROBE B ] T2 B R 2B BRI, TR AT B TR F B2 2 4800, i 8dpf I (1 7.2%
K28 65 dpf B 1 45%LL . RRiHESE (Anguilla anguilla) 7E6228H5 (Elver) . kg
1 CYelloweel) | fRE81] (Silvereel) JigT& NALH B K RMRAF R T IAARTEH ], & K
(Huso dauricus) & R oLk 1325463, FURET AR ISR Ik IR BE il B I, BF ARk
RELHTENIHFERLZLET] (47.9%)  RAFHET] (30.5%)  JSEER ] (8.85%) ,
1111 7 5E I PR i 34 B AR ARFE IR ] (78%) « BIEIITT (15.4%) o LLfR L E R RIK
ST B 35 TR G 0 3 B AT AN [R) 2030 2 26 B8 15 7240 A TTT 3R A3 I AN [ Th RE VR A5 40 1
REFEW), YRMEARACET (Acipenser baerii < Acipenser schrenckii) i 1 ix e yE & 40 55 55
Pk, DA RCE A i TE R AR, S m it A KR RE, B SREUR /T
4.4 LRI ARTIRERRL

TEREKCT N 18. 7% KR 3 i 300 molkg AR IR, S35 32 1 AR 1 BB i Kok
e, I HLam i o fo A F B A I A i A Qs el e b 51 S A B4 IR DT H - Yulong: Gong
W FE R B SR ADRL F AR N 1,500/ 1) MG % B 7K A A AN AT RASR e K T R g A R
BE, IEHGoR ARG NI, TR B K TP HRGT ) . SRR I 1.00%H)
WEREE IR CRLER 5 By 55%) [RIMEEAT 12 i s it AR I PR e AN g e L pimg K B i
PR (1 B8 T o FE TR AT LUA 8080 B 50 A T L AR N, BB K IR B 1) Ul
gy, MAFZm AR KA. HE (Glycyrrhizauralensis) FEEUYI AT AR 3545 & i i fa
SR EEATE (Flavobacterium columnare) HI3&HT /7. Tak RN 150-250mg/kg 2K
B 2T DL 5 R s L A R A AT R (Proteus mirabilis) BT . 5 2kA 1]
B (AR &5 0.02%) AHEL, TARHA DN 1.09-2.5500 48 MR 1] LA 25 $& e ok 9 f 1K
SRR IR ). 1Rk 78 80 mglkg HURTT 25 A1 150 mg/kg oK 3 45 T DASR i B
FAOHCHURER (24h) SE R 1. SXHEER CEMS & 18%) ML, mis
Tk} (33%, BACH ) J5 W3 FRAK 1 s sE AR K ke, JE R EURIE R A i,

4



17 7E i S TR PR 78 T RRAM (2501000 mgrkg) MY AT PARcEAE K PERE, AT PAisE
o bR A RS, FRARIMLIE N K -F, 50 8 i i A e /1. 422863 (Acipenser
schrenckii>Acipenser baeri ) T4 RN 1% o % 82 5 35 38 o 25 LR 7K1
B i o =T RN TUE IR it
45 ZFHRFFEARFEIAT. HRNL. #45H

M TV AL 18 S5 K 378 & 48 (In-pond raceway system, IPRS) 1] LLAG 2 ) ik /b
KRS G, JTE TR AEEH], Julin Yuan Z5RFFE R0, BRE A FRSE (Usual-
pond system, UPS) AL, K EEES7E 37500 /A UK 758 % FE N 7748 240 K, IPRS &
FERE ARG, NI HR & KR E 88 FAR I K B2 PR, (R E R
B, TR RBOLA Z R, IPRS ZHHEHE— DU Mingsong Xiao %5 FH Ly AR 5 41
SFRTI AI, BRI FRIE AR LL, DR K TR TE 2R G5 rh AR K R 5 £ 2 AN TR TR DT R 45
VTR U AR R A 62 o . it R 3 591 . (Pelteobagrus fulvidraco Richardson)
FEFE (Nelumbo nucifera Gaertn) JL[RIFRGE, 5 BBl bE v it MRS IR AR LL, £
(R AR B A W 2 S, T EARXS T R IR B i, SIRhE 1A 2 b U (1A
FZ R ZE R, DD KA G o nf TR EER BV T B 05 £, 76 10 Hh B 1 N U OKAE A
WOINAE SRR 2k, T DASE S A i 0 A S RN B AR AR KR

1817 )y 10 P15 %A 10 AR A e BERBURR, JC R /K TR 40, Jun Qiang 45 F) FH i I [H]
%, DL IE M€ A KR NI, 19328 5 & §i fiL (Tachysurus fulvidracox
Pseudobagrus vachellii) 5% 4 . (1) 5 18 77 5E K I A 48 7373l 9 26.8°CHI 7.3 mg/L. 2 &
K e i R AR K AR N, EFOK IR RS T, fEE HIRIEIREE 18°CF,
KPR EK AR 2mg/L I, F 447 (Acipenser sinensis) £ KMEREMPTEALAE /) B3
PRI

FE M YE TR IR K 3558 (In-pond raceway system, IPRS) &4, #ME45% N 2 Yi/d
iK1 287 (Micropterus salmoides) A KM REAIPLAALRE /1 R EILT 3 Wk/d A1 4 ¥Kk/d s
HEEANFFERG T, B TRENARE % SBARGENE R, Muzi Zhang 50L&
BE R BN OKPREE KT 5.70 mg/L) 444, AHELTFHME 1 %0/d 14 k/d, #
RO AR 2 Id I AT 2 Ay, 0 HLFEE A TG A I8 B AH S Bl v 7% ) 2.2 T . Lin Luo
SRR Y, EKIEREF 18 £1.0 €T HHKFH RGN, RAE M (Acipenser



schrenckii Brandtx Acipenser baeri Brandt) 15 & R M & K E 378 5%IAE/d. 6 Ik
Id I, FCHEEE AR IR E AR KRBT I A TR I, A s 40 £ R B S B A
B IRBUY BN 3.7%AE/d . 6 X/d.
5 EFRAMRIR XK A= R R B TR K R

BA AR R Y, st A AR K= FRFE N . FRBE AR & 7K 75 B A )
60%—70%, fEid % Hoky AR KR AR IR OR, T H R B ALy, BATE
FEMT, B AR KT L TR AR BT MEC RS, AT REAKYERE.
fERERAS . L B4 o (HR BTl @ r A& AR B AN R, ok A AN REH 2
IKFEARDRENS F R 7 K. o Il B R AN L, HESIIT R BV FE AR IR, TR mdE
Tkl JERINEEMEIARL, (R IE TR TR B IR AN g 18 A A S I B — 2B
7o, PLATRRHIN CAIFRIE R A& IR R, NS /K= Sh i e s 7R M 230 7).

FEHER E MR IE TR TR, DARAERIE B R RIS N, R et m R okt
T AR A, fEEFREN G, REEEZER. BT, BoKaFREAREM, N
i, HRE., DA, BRI A R B E 7R AR A AR R R A
AVERMEIRES% . BHil, KO R O L5 RS W RHEAT 7, (AR5
A R FUE IR U E B BOR A DL R SE R A A N T B BRI S S e
MINLFRGE P SR PR R R, WAEs) 1 HAEE IR SR 7 R TR K & . B2, H
THRERKEFREMRE L, F R R E A KB (FZRYEHBD i 5T R
%, AR AR5 A I ICH I A B BURI B AN 2 o ILAE DR B 1 0 e 5 0 3 B2 J iod iR
b SR IR AT IR, EATE IR TR R AOS B FL, BATE HIRK
177k 75 3R

AR MR E AR = Re GRilles =il TRHES K IR 58 i s e, A8
RO T R R BR AN . BUE IR A3, B KSTPd  55 i L, s 5 fh Ak
B IR B HLRE o VI 22 BIF 7038 Wbk /K A0 28 DG I B AR PR 3R N i 5 ) R AR S R 2R
BAARHHRAE AR A B Z R IT, S S O RN R T 78 S . RS
B, EFRMTUERI Feia . AR SR R A P ) S B s A5 T T AR AR 2
FHCR . TR R 2 T DLER my R e s oK AR K VR RE L BB e blee . S s pu e H
IDIREPERL Sy, WIkb AR, — W JE-B- I R e 5 IR IR #h Br-DMPT. K5 R Bl |



NERERY . ZER . B KW, WESH. IMER. KR, HRIHE. K2
Bl FETREE. T RRINSE.

FE AR g e TR AN e B R AT P I VGRAT B, AEZS R
AT AR SRR o X RAE R S AR SR 1Sk, B AR K R
TS, R WO MG A PR 5t SRR TS e B K A8 TR R ALK A A
A E YA e R R AR AE B R 5, AR T TR 11 12 8 K 8 i 11 32 220
P, R PR ARAT ] (FER T R B RER &, i HARFT TR
JE B R RS S A RS AR A B35 R B . 200 B 1 AR B Jm A B A5 A B i il £ 2K
EBEREAR N, WA B TR A T2 s e W . B RE KR S A B O 1 38
Jori B B, MR R 1T A R 2E N B i DA T e 2 — SRR E T i s e 2 e A
T o (ELA [ N BILAE 0 K o P ek m i S P PRIl 26 2 ) 2 B I B L FUAT I 2R AT
W5, EAIAREBRKERIER SIS, R MRS, B IR S . 15 X 2
FE R,

PEBEE TR H TR FE R A DR A g8, AH SR IR Tl I AT 7R 5 (R B LA o5 th ARG i
HULE B A A3k e AU AL 1 S i e S PRI L e s 223200 1 2, St v Bl sk in 12 1
AP AEEEEH .. SRR L L ZA%E Em il ER, BB KhER,
FERSENIG AR G . B RTRK AR T T Z S8 7 LA V2 7 E i — P 5T,
R RGE TR RAG DL, 255 TR ERPRF I REAT R € ORI T EARW SO o b
Tk Ak e T8 SAE K TR R 4055 TAL AR A IR T I 7% AT IR R R K L3R FE P N A
A UASERL s o BRI, AT R D X KA TG Gt 5 (8 5R 26 AF 2 5, (HR N TIE )
BAETRIA R R T EAEINALAR S WIS EOR . FRIH R GUK AR A AR B A8 A5 T T AT 15
#AL, HEREBOK A IR SR R EE A

Brigh: R AR B TR U A 3 T LR SRR YU R B T A6 53 0 B kg
VU )1 A MY K 257 Z A8 TR 6 T I AR o8 SRR T 2 PR = 5 3 L

5 B KPR A AR A4S
EPRAREK =B E D RRRAR PR AR

PR SR A EEP XK ZE
WL TR K 2R TR S B WL Rl B P HBoRE 3


https://kns.cnki.net/kcms/detail/knetsearch.aspx?dbcode=CJFD&sfield=au&skey=%E7%BF%81%E4%BF%8A%E6%9D%B0&code=44417632&uid=WEEvREcwSlJHSldSdmVqM1BLUWdMWjJqb2RHY2t4L2FGSVBmUmdXaEVXST0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!
https://kns.cnki.net/kcms/detail/knetsearch.aspx?dbcode=CJFD&sfield=au&skey=%E8%89%BE%E8%93%89&code=44417633&uid=WEEvREcwSlJHSldSdmVqM1BLUWdMWjJqb2RHY2t4L2FGSVBmUmdXaEVXST0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!
https://kns.cnki.net/kcms/detail/knetsearch.aspx?dbcode=CJFD&sfield=au&skey=%E5%82%85%E7%8E%B2%E7%90%B3&code=17416602&uid=WEEvREcwSlJHSldSdmVqM1BLUWdMWjJqb2RHY2t4L2FGSVBmUmdXaEVXST0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!
https://kns.cnki.net/kcms/detail/knetsearch.aspx?dbcode=CJFD&sfield=au&skey=%E7%8E%8B%E5%BD%A6%E6%B3%A2&code=09365712&uid=WEEvREcwSlJHSldSdmVqM1BLUWdMWjJqb2RHY2t4L2FGSVBmUmdXaEVXST0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!
https://kns.cnki.net/kcms/detail/knetsearch.aspx?dbcode=CJFD&sfield=au&skey=%E5%88%98%E9%95%BF%E5%86%9B&code=16311549&uid=WEEvREcwSlJHSldSdmVqM1BLUWdMWjJqb2RHY2t4L2FGSVBmUmdXaEVXST0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!
https://kns.cnki.net/kcms/detail/knetsearch.aspx?dbcode=CJFD&sfield=in&skey=%E6%B5%99%E6%B1%9F%E5%B7%A5%E5%95%86%E5%A4%A7%E5%AD%A6%E9%A3%9F%E5%93%81%E4%B8%8E%E7%94%9F%E7%89%A9%E5%B7%A5%E7%A8%8B%E5%AD%A6%E9%99%A2&code=0197743&uid=WEEvREcwSlJHSldSdmVqM1BLUWdMWjJqb2RHY2t4L2FGSVBmUmdXaEVXST0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!
https://kns.cnki.net/kcms/detail/knetsearch.aspx?dbcode=CJFD&sfield=in&skey=%E6%B5%99%E6%B1%9F%E8%B1%A1%E5%B1%B1%E5%8E%BF%E6%B0%B4%E4%BA%A7%E6%8A%80%E6%9C%AF%E6%8E%A8%E5%B9%BF%E7%AB%99&code=0507906&uid=WEEvREcwSlJHSldSdmVqM1BLUWdMWjJqb2RHY2t4L2FGSVBmUmdXaEVXST0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!

BB SUERKR MBI R IR G T — R B AR ] AR T A BRI EY)
PR /K = FRFE R RN R 512 T 1 U2 o6t 5 T, 5 X I AR [ A A S iE 72 (R T A
LR T H R AEMSORLE K S R FT BT FUadk e, Hob iy LR TR L B AR Pk
V) TRE=T L5 AN SRR KPR SE AN 18 T AR SR I R g% . ASCBREN
KPS AR RN A AR i — 52 A S AN 225, DAORIRL/K ™ T FE Y P 5 S FREA &

KRB FEVIEOR; K Eh Y, AR, R K IR

Application of biotechnology in the research of aquatic animal biological feed

Weng Junjie Ai Rong Fu Linglin Wang Yanbo Liu Changjun

Abstract: The abuse of antibiotics and the shortage of resources have caused a series of important
security and environmental issues. Consequently, the research and application of biotechnology -
based biological feed in aquaculture have aroused widespread concern. In view of this, combined
with recent research at home and abroad, this article reviews the current research progress of
biotechnology in aquatic animal biological feed. The biotechnology mainly includes three aspects:
genetic engineering, enzyme engineering and microbial engineering, which are explained at the
molecular, cellular and overall levels. Besides, the development trends in this field are discussed.
This review aims to provide some reference for the in-depth development of aquatic animal
biological feed and to ensure the sustainable and healthy development of aquaculture industry.
Keyword: biotechnology; aquatic animal; biological feed; application progress; aquaculture;
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1 EFRTE
1.1 ZERTESHARER

WEFL B, T e A 1 T DU (5O 5 R A BN AR R I T A i i, i B4R 30 )
B B AE R A S T R IR AR R IhRE VR, AT A 21 et TR R 2R
SESRBLAAR G 7355 B, 1 HE Re i BB 259 51 RS ¥ 3 0 e A8 A1 e A2 2R 245 44 55 i)

o HHTTEZK =258 o B AR 2 ) e AR B RS O AT B . XUBOHF I . BERETA . 2R AEAT
T MERAEERR TR 45 o T AEOR, B N DR HOR I WRIEUR Je , 18T S 31 1R F s AR B e
I A e AR A 1) T VR T DU 2 SR — S R RANIE SR L, B R AE I TR, TR
B — ikl AE 2 FIThREN B 1, T ELIE REHY 5 65 AR B AR E . Santos 52 FE A
Rl T BOAE ARG B 2F FRU A 1R e Dy 2 1 A ot 2 A PR AL BRI R IR, A 3 S PR TR R AN I (2
S TR EBRAERE S AR R ST FRE R, G R TR AR . Lin SSREFE R DL

A B 2H AR 14 2 A R PT DA S B 107 SR AT AT SR A R s R, EL X g K
B R AT T FUBE R B AR ) AR B R R . BRI, TRk bR I AR Sk R S b
Ml R 1) S AH RS AR 2R AT B RS, TAIMR B B Bt 60 d 5 R I B Y S BROK AL A AR
RSP O 140 i 22 [ LA R PR I #1100 i 5 A A2 K [ 7~ 1(Insulin like Growth Factor,IGF-1) &
DR R 2K S 2 T e, B 7 PR F R0 W 7K S R T R e PR R
FH T4 28 AR B I 22 APt B R 1 96TE, Zhao Z5VR 3[R v B BOAR Mk 45 ZE AT B
TR TR o- LRSS0 AR RS YERIBUE AT, (R R B I R
RS PESS A b, HE— B HI TR SE T W 2 Ak
1.2 ZFTRESHEAPEK

H T 40 B R AE A4 P 1 20k /K A5AG, ELBR BN A4k B R S S 5, T DA H ARk -
(] FH 470 T A 2 B o o R R R AR A 7 o AT A R B B (R AN W adE 22, e 8k T K
fiyi 11 | 5 B A5 K 7= BB bR IR DR B R, Sy Ul B B IR (0 B8 T R A B TR
FEARDER AR PR FH 78 B R T DA 35 D 7K™ IR T S A S 5 0 AN 00 BT 0 5 e 2%
(e B AR K E  He S50 F R R TR ) 7E /N R EE Fp 3R IA T AT K Sey-hepe,
PR GIFNA N 1) 5 SR BRI MRS 1 470 T A1 /) R Y 55 8 g L 5o W 7K/ P o T 1)
HHT 7o L0t TR AR A ) e FE B R BB B ATLAR A BT AN [ o 32 AWt FiE B e F Bt i
Ik 3 i I P PR AR AR, — 0 v UK 5 0 SR A D A LRSS b ¥R S 2 AR 4 AR
(I ZE PR AR R, AT SR A A AMEIE R, (4 AR A BN 3 SR AE T o —
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Foft 2 Bt AT L 2 o A P ISR A B rh R AR R G R 0 AR & B, A9 A 4
PBGE T BT DNA Sl RNA #308 RIS . Bk m WL, B B Ik 5 400 s g
FEAE R TH R IK DR G E 2, 2307 AR Se Ao, H B AR =k -
B EAERER (1), HEBUBER (Barrel-stave) BT Ik e fE R 4, 5L Bik
TR 3l NS 1- S o, T R i J B e A (S 4 o S B A A T R LA
M4 (Toroidal) 23 et BT B KA AR A, i B T 0 B it 7 3w A R 7K o o T i
20, gl RE NS IR DN EAN 1~2nm FIFFFL; 55 =R (Carpet-like)
e — PR IE AL, A A0 N iR AE BRI AR SR, T — A~ B iR AE IR T
L5750 B FH 7 R 4 B s i 5| AR 4B M gE . tbah, AFFT N LR T — 2L
A IR-ME ELAERE Y, dn SR AR | 27 F o LAN DT BB AR, 3k s o) FR AR 7T B O P
LA N2 EEZ T, BEE 0K S & A bt IR 45 M AN D et RN, Tl Bk ]
ARG T AR 1A FE B0 R IR A AR ST R 3, G TR ) R JER 280 S B Al I
BE T H AU K Tp HAMP2, 43 #r3R BN 8 4 Ik 5 R SR IR B A [E) P sl v 14, 3X A
o] FE 70 B P e S A B L T T

e ———— —_—

,,,,,,,

Voo Wl L

AR B LAY C: BRI
(Barrel-stave) (Toroidal) (Carpet-like)

Bl1 i RAE AR AR
2 BE TR
2.1 BTRESHASER
o5 FH B ) 70 A AR GRRM T ML i BN R BUAS T B B OROR, ¥ KA R . R
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FNENG . LP4ER . VERimE. AN B RVERGSE, UL AR ITE K Sh e
I TE 2 WA 1o ALK AP} S O 2 1 Ml i ) P i 2t SR S sh W oxt 8 SR IR AL A 5
ARKAERE . Li PV AR RN 175 mg/kg & A B AT I SR 38 m R4 SR 22 1 5
IR ATHAL R, HoGE 7 AEKYERE, IR AR 2 HF fh | AL 0 £ R A mh 25 SRR IE
A7 LA RO & 2 R HUE IR A DR 5 0 g AT SR C DA SR b B — B O
PUEFRA T A E . AT A iRl . R . p-H R PE N . ARRBEREAE R E S
BRI, AR AR TR R R B SR R R A A R S HUE TR A T
P 7R R AT BT BRI R . SeAh, B SRR G AL N ol AR AR
FHI 18] BL B 55 el i ELAR s sl (AR ELAE P 5 1kS 1 53 o WFFT B, AETaDRHDRL AN 24
Wt Fe B A B D R A% 1K ER B AR Y, 28 A i 1 AR AT 2P R 3 1
RERTTEREE 79.3%F0 67.5%2) . Zhu SEU A BUARDARL (A5 TR 1T g A 1 i 05 1 PO TR

AR R S v D B XTI A 5 o Yao SEURUR BLAE VAR A IR 1 8 R AT A HILIR
AT 3 B R AT R A AR P REAN DL F 2, HL = RS sl (0 445 A5 P BL SR
INEATBE 5 35 A ROR o XU 2 5 B BT H 6 55 e FH g 1 7048 A (10 2R el kel e ARG
A L EHR A T EIR AR

R 1 BT KSR K BRI

6 B | B LR I (LR

Ik (Oncorhyncus mykiss) FAl) AR
s : i nyid TERER T NS B R
L 500 TU/kg ( Pelteobagrus fulvidraco) FATH R R K e
1 000 TU/K oy i) MG T R B BRI R AL,
€ (Pelteobagrus fulvidraco) I 229
175 mef ke HR AR BRI T A0 A A R
EE H ( Eriocheir sinensis) M L R R A (4 e R
S SR EIIF T L AT
e ( Litopenaeus vanname) A LRSS B BN e
- PR i HEW TP AEM o ERE TEA FHE,
AR B RIRBRE ATALR R AR 03 efks ( Oreochromis mossambicus) — HpiE 2 F R P LB AR K B
SEte e G e % B Ak BERE T E B FOTHE SR
HE R AR E SR S ( Oreochromis niloticus) AR Rt T B A A K0
N s BT T ISR,
ANEER. I EREE % ( Ctenopharyngodon idella) st T A AR G 1

2.2 BTRESEAILH

BET i TRERA BB 70 7E K = sh A A P il v AR T S 2 (R AR, X S5 g )
FR R A B T B B O R PR 4 FE AL R SRR DA R LA T — R PR
PIVERRL R IPUE TR T, BCE K SR RS FE P B AL . IRISCRIRI ] . BF AR
SULVAN R P Rl 5 11 Al T o D) R AR R X A1 R AR A AR R B IR E T,
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BERFET P A ERAR. B BN BH R, Castillo ZRUHIHFFH
UESE T IX— e ot o il 45 M A 5 T8 B 3 - Adeoye 5522V I 5 4 B 71 (R
TR B CI BRI SRR 1AM R0 n] W B TR B %, B a0 E a2 %
TP TR RO B 1) BT V4RI R A 58 o B R PR RIE S0 R B A 31 1 2R g SR 1Y, = 2
VAT FRIE K S S e RE T o HEARIE, TR ER AT DL T 4000 B 40 S
%, —EMENFTIE y nterferon-y, IFN-y) FlE MG A= (R R IR T o
(Tumor Necrosis Factor-o, TNF-a) 2!, T 7EA R G - A77E A B LR E R A7 25 4T
A LT T kB AR 56 R A I N 24, Choi 28190k BLAEARDRE A8 iR 45 2 1 PR 7
A g, FARNAE G G B R R IA BN, g 15 B G .
3 WAEMITE
3.1 AN TESHARARES

HfNEEH (single cell protein,SCP) XN AEMI R A . M B A R KK EIAR
TRl Tl AT 5| AL )2 56, TR, 41p% SCP ¥ L v 7K = k) i HLER
FREFR . HPE SCP HEAS R &L 80%H 5 THi:, HILH I A2 EEIE
(] SCP A= 77Kl . 4 BRI = B2 AR AL & W B BEAE R IR I3EAT K I A2 7 SCP, TR
JERIRIFEAER Tz, — M SN TR SRR = S s e AR R sE A R A, xR
RAEFE_ B9/ TR A= A . HRT SCP AR DL & R AR AR ZE R BN T, H
JEUARLRIT B ol 1) 22 B P AR A5 E R IR A 7 S R v 5 2 2 o A ) S A 2 DA 3 - % T B P 11
WK (£ 2). HETHT SCP A4 E £ ARENEF . LRE. Jaa%E. 4l
FRERIAE, T — 87 B 1 £ B PP I I A b o B A AR 2 b s i 1 L
T Wb E 77 1 B SCP P i 2 B FU A L & B AT T SCP AT EUEARIR A KL 1 10%~20%
(R f0Ry 26 Tlusty SFEIEFFE R AR FFFEAT B SCP w] B AREE B ikl b 55% Ky, 1E
fitg g el o] AR AR AORY 10%(28), T A R G} A e S S A AR 2T A B T
P TRERR RIS, R KR B i — B R T 2 G AR W F R B, i
A To) B A 1] PR 0 ) AN R A 7 = i B vy B IR L) B S AR I SCP o bz B S5 22 i IALAE HH
Ke BB B R R I G B R B A bR L B AR K, B T ORI, R
5 I SCP ;=& . Chumpol 5B Fg 3 [ XTEMAE IS0 T 1% M P F R R4 5 SCP
REY, MFRAKIER. RS EERIE R BER S, H2FRTH— SCP. 41K
AN SCP IR AWITEBE T X IF _F BT FU 45 RFIRE R, SCP Al e A B ARUR el v (1
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Fopy AT HBY,  F SRR RN 10%SCP YA I At AE % P AR Ko B2,
K 2 AE RPN LD TP LR 2

y HeEE 3
ISR R S HFEREY A= B RS T BERE
TR A=) 5 S HFREEY) Y= B L RS L BEREAR
SRA S e HREE IR Ab2E B 9E FRRE Y ARG AR AR R BRI
HEEY RN PIR=EiN Sir G| YR = B RS T L BEFE
TR RS Y6 HIE SRR ESRUEY) AR R RS BERET

3.2 MAEYMTEEWMME
[FIRE, A B TSP AR A 0] T e i RO T T A s A il ek o, 98 S /NER
By WRBEHE WHEERAFEEIR . WIURM, A R I E A AR R T R A
WAV E o n b AR rh o 5 0 AN VL0 I 17 R T A 2880 IR BE s 1 P9 B B TR T 21
A I /NEREE TR Y B SR N S B R A T T AN S RS s B A
e p SRR D 2] DUORI AN e 52 E 4R 35, B 10 i et SeU e R o 2 22 4 15 A
i LR AR e R, FRERE A KR B IR A 2 0B, AR e rh R 95 R A
P71 i LI A P AT 2 o SR P RRAR D02, 7 DA g ER iR BN SR e i 42 S At e 0k
I SER TG H] 1 HE.
BEAL, S5 G2 TR E ) TR H RIS, 20 N T SR iR A 3 <5 0 F Bl T
B3, P s A P OB R AV E L, SR K S e ) Bttt . CA B TE
W, E I A EOR SR AR AR LR B DU R K BT I R, R DA 2 7 A A
N 2 AN ATHR T BR AN PLAR S 5, (8 S A G B 1 P 0 1) G2 7045 2 BT, 3 T
] A &%t ) P ol s b 288 S LAE K= s v B LRI 2 A 3
R 3 TR B A K = B0 W LA

: ISR (%) )M R ER(d) 7 PR
HEERHh I SRPALI 5 . ; 25 1
(Dunaliella salina) ( Penaeus monodon) 2 o SEHE T ERE SIERE RN
BRHER b 4 56 ISR T AR A 1 R A
(Spirulina platensis) ( Lateolabrax maculatus) B T 08 Fnd e sE -
B RZZ Ak 1 a3 A EERERA BB,

( Arthrospira platensis) ( Oreochromis niloticus) B g T X B BRI B A G
e BB o i SATIRATHIE R T AR,
( Nannochloropsis salina) — ( Oreochromis niloticus) o3 JginER & & B &R
iR s . b EERENT AUA O A Ak
( Nannochloropsis sp.)  (Scophthalmus maximus L.) T A e
BRTEBE AT 5 = e
(Spirulina platensis) ( Oncorhynchus mykiss) o7 2 RE TRl Rl At
TR SR L 38 16 BB SR T Y B SR

( Arthrospira platensis)  ( Carassius auratus gibelio) o Xof 7K L R PR A A

4 B
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LN TR B LRE . SUEY) DRSS AEMECRIIN A, K sh W AR T A b
BT HRER . BRI PUEL. B RS ER OON T SE R K A SR A
PR, B A SR LRI R SE ek TR 2, JCHR B2 AE 7 1 AN G = T (1R
ANBRFT, IRARKALSE E R 1 A TS K 7 TR P IR R B P N o F50T [ S A
FRBIIC, AR SO MRS A7 S EAEN UG IR AR TT S SRS 5 i 2E A
T IRIBRI 48 IO AE S G R R I AR TS 55wl R P B 1) 9 i 5 LB i iy AR 40
AR SENITES AT S LV TR RL K A B0 B SR Ak, oK™ dh 2 b 7
AR FRIAA ST ORI B2 (A B 1) PR

SHMR: B
filkl Tl 2020,41(18),48-53 DOI:10.13302/j.cnki.fi.2020.18.009
274 53
MEMR

AR PRMRFERNH BRI REE “"W—S" £K. 8K
RENFEE R ERITHNLLBMRSR

XIZE X 5B RGNS A SRk Mol s
Hh [E B2 B K A AR DA 5 TR K AR S 5 AR HEOR B 5 s = A E R RS R K 5 )
B IS AR TR A O

W OB AU (G Q< LIRS “mil—57 (IKHE 4.79+0.01 g) AHFFTXS
%, PRI R AR e A B 0 B e A K P RE JIRIBUR RE ) B AR S TR AR RS . S
W IR R, AEIET R IFAIXT IR (Con), NN 2%HIIZ 4l (Spirulina, SP), RN
0.2%[MH 3 ZE 4 (Lutein, Lut) PLAEIN 2% MR JiE FE AT 0.1%7% 3% fig 4. (Spirulina +Lysophospholipids
SPL). 720 FHFENIA 12 ML, BHEL 60 FEfh, SoflAIx AL AR 20 R BAREHORE, B
FAPUFpEa kLA SR 35 K, JLPUAN b, R33N B ST . FRBE S0 45 R EA T 7K A B B B R 5K
5o WFREE TN, SACEH R EEKE (SGR) MR (FR) WEAREZR (P>0.05);
{H SP 1 SPL A4k} R (FE) BEm T4 (P<0.05). A4k, &AM TR
HREZER (P> 0.05). &HE LR EREERAREEZR (P>0.05); {2 SP Ml SPL 4H Kk
HRE AR B2 T AN (P <0.05); [FIRT, SP Al SPL 275 i k41 FE i 35 s T X HE2H (P <
0.05); SPL B e B 2w TX R4 (P<0.05), SP FI SPL M ikt R S EEE S
TR (P<0.05), X HRAFEEAMEALEE (SOD) i B2 KT BA=AHEA (P<0.05); %
it F b SR (CAT) WEHERA BEEZER (P>0.05); SPL AA M H S LB (GPX) A
WFEHAME K (GSH) &8 E3E & T x4l (P<0.05); SP Al SPL 4175 % (MDA)
SEEFERT BIHNAEELA (P<0.05). SP A1 SPL ZH (5286t R JLrmg /K < 20 i i o 1 R EE
R EEm THERMMRA (P<0.05. 28 BRTR, M — 5 i I BIR G = 62 1 ik
TR S TR, AR AN T BB B A S I I O R A LI 2 R A R e AR AR s, )
I B B e 2 A B A B DRI 7T
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R MREEE; IR, A s i Rt PUEALRE
Comparative Study of the Effects of Arthrospira platensis and Lutein on the Growth,
Antioxidant Capacity and Pigmentation in Hybrid Yellow Catfish
(Pelteobagrus fulvidraco x Pelteobaggrus vachellid)

LIU Cui LIU Hao-Kun ZHU Xiao-Ming HAN Dong JIN Jun-Yan YANG Yun-Xia XIE Shou-Qi
State Key Laboratory of Freshwater Ecology and Biotechnology, Institute of Hydrobiology, Chinese
Academy of Sciences University of Chinese Academy of Sciences Hubei Engineering Research Center for
Aquatic Animal Nutrition and Feed

Abstract: Arthrospira platensis is rich in protein, vitamins, minerals, essential amino acids,
pigments carotenoids, essential fatty acids and antioxidant compounds. Carotenoids, including
lutein, B-carotene, astaxanthin and so forth, which dissolve in fat and result in yellow, red, orange,
and green pigmentation of the eggs, skin, and flesh of many fish species. Antioxidant compounds,
such as phycocyanin, and tocopherols have significant effects on scavenging free radicals. Lutein
is considered an effective functional compound benefiting human health and widely used as a
natural food colorant due to its antioxidant potential and the intense yellow color. However, high
density in intensive aquaculture has let to the outbreak of bacterial infection that has caused high
mortality of yellow catfish, which impeded further rapid development of the yellow catfish culture
industry. Nutritional and environmental factors cause abnormal body color which also has negative
effects on fish quality and values. To evaluate the different effects of Arthrospira platensis and
lutein on the growth, pigmentation, antioxidant capacity and disease resistance in hybrid yellow
catfish (Pelteobagrus fulvidracoQ x Pelteobaggrus vachellid), four isonitrogenous (400g crude
protein kg™! diet) and isolipidic (85g crude lipid kg™! diet) diets containing 2% A. platensis (SP),
0.2% lutein (Lut), 2% A. platensis with 0.1% lysophospholipids (SPL) and without pigments
(Control) were designed. A total of 720 fish [initial body weight of (4.79+0.01) g] were stocked
into 12 tanks at a density of 60 fish per tank. Fish were fed without pigments feed for 20 days,
then fed four experimental diets for 35 days. A Dbacterial challenge test
using Aeromonas hydrophila was subsequently conducted. The results indicated that there was no
significant difference in final body weight (FBW), specific growth rate (SGR) and feeding rate
(FR) among all groups (P > 0.05). The feed efficiency (FE) of the 2% A. platensis and 2% A.
platensis with 0.1% lysophospholipids groups were significantly higher than those of the 0.2%
lutein and control groups (P < 0.05), and supplemental 0.1% lysophospholipids significantly

increased feed efficiency (P < 0.05). The protein retention efficiency (PRE) in control group was
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lowest (P < 0.05), while that in 2% A. platensis with 0.1% lysophospholipids was highest (P <
0.05). The chemical composition results showed that there were no differences on moisture, crude
protein and crude lipid of the whole body among all groups (P > 0.05), while ash in 0.2% lutein
and 2% A. platensis groups were lower than that in the control group (P < 0.05). The lightness of
skin showed no difference in different groups, while the skin yellowness of the 2% A.
platensis and 2% A. platensis with 0.1% lysophospholipids groups were significantly higher than
those in the 0.2% lutein and control groups (P < 0.05). The skin redness of the 2% A. platensis with
0.1% lysophospholipids group was significantly higher than that in the control group (P < 0.05),
and the redness of dorsal skin in the 2% A. platensis group had the similar results. The skin chroma
of the 2% A. platensis and 2% A. platensis with 0.1% lysophospholipids groups were significantly
higher than those in the 0.2% lutein and control groups (P < 0.05). The lutein contents in
abdominal skin of the 2% A. platensis and 2% A. platensis with 0.1% lysophospholipids groups
were 18.65 and 18.10 pg/g, which increased significantly compared to that in the control group
(13.16 pg/g) and initial fish (13.32 pg/g) (P < 0.05). There was no significant difference in lutein
content in dorsal skin among all groups (P > 0.05). The photograph of experimental fish also
showed fish fed 2% A. platensis and 2% A. platensis with 0.1% lysophospholipids had better body
color. Dietary A. platensis and lutein significantly increased the activities of plasma SOD (P <
0.05), noteworthily, the activities of plasma GPX and the contents of plasma GSH in the 2% A.
platensis with 0.1% lysophospholipids group were higher than those in the 0.2% lutein and control
groups (P< 0.05), and the contents of MDA decreased significantly in the 2% A. platensis and
2% A. platensis with 0.1% lysophospholipids groups (P < 0.05). At 96h post challenged
with A. hydrophila, the cumulative survival rates of yellow catfish of 2% A. platensis, 2% A.
platensis with 0.1% lysophospholipids, 0.2% lutein and control groups were 20.83%, 16.67%, 5.55%
and 0, respectively. The cumulative survival rates of yellow catfish of 2% A. platensis, 2% A.
platensis with 0.1% lysophospholipids were significantly higher compared to that of the 0.2%
lutein and control groups (P<0.05). In conclusion, supplemental A. platensis can increase
pigmentation, as well as enhance total antioxidant capacity and disease resistance of hybrid yellow
catfish. Lutein also can effectively enhance pigmentation, and lysophospholipids can improve feed
utilization significantly. However, dietary A. platensis can are more effective than lutein to

improve the body color, enhance antioxidant capacity and disease resistance of hybrid yellow



catfish.
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Tab. 1 Formulation and Chemical composition of experimental diets

J7 k&l Ingredients (% T4))fi Dry matter) Con  SP Lut SPL

i ¥} Fishmeal' 30.00 2824 30.00 28.24
IZJiEg#E A. platensis? 0.00 2.00 0.00 2.00
3% Lutein’ 0.00 000 020 0.00
IR Lysophospholipids 0.00 0.00 000 0.10
G Soybean meal 1825 18.25 1825 18.25
3ZH Rapeseed meal 18.30 18.30 18.30 18.30
¥ Wheat flour 15.00 15.00 15.00 15.00
iyl Fish oil 254 254 254 254
Gl Soybean oil 254 254 254 254
“F4E K Cellulose 487 463 467 453
ZYETIR Vitamin premix* 039 039 039 0.39
Z 1 Wijk Mineral premix’ 500 500 500 5.00
CMC 3.00  3.00 3.00 3.00
fHBK Choline chloride 0.11 0.11 0.11 0.11
Total 100.00 100.00 100.00 100.00

b2 241 % Chemical composition (%)
/K43 Moisture 788 642 699 731

% T-4#))ii Dry matter

FlE A Crude protein 39.80 39.60 39.55 39.05
FHLARWT Crude lipid 8.61 837 875 8.05
3% & Lutein (ug/g) 423 752  8.66 7.0

VoK. ARy, EEMEEEA A . ! Fishmeal: White fishmeal, American Seafood Compay, Seattle,
Washington, USA.2 BRJE#E: W5 98 /R 2 B g bk Y M2 e 82 )k A5 FR A 7] - 2A. platensis: Lvfuyuan
company, Ordos, China.} 33K K33 >20.00g/kg, /K7r<8.0%, | MLE/RAEMBEI A AR A

7]; 3 Lutein: Total lutein>20.00g/kg, moisture<8.0%, Guangzhou leader bio-technology CO., LTD.* 44



RTRY) (mgkg TkD: 4E4FK A, 1.65; 44EE D, 0.025; 44EFKE, 505 AR K, 105 44
#C, 100; Bk, 20; MiEE, 20; 445K B6, 205 4E4E%K B12, 0.02; MR, 5; 284S, 505
WLEE, 100; HHER, 100; “EHE, 0.1; £F4E%, 645.2. * Vitamin premix (mg/kg diet): Vitamin A, 1.65;
Vitamin D, 0.025; Vitamin E,50; Vitamin K, 10; Vitamin C, 100; Thiamin, 20; Riboflavin, 20; Pyridoxine,
20; Cyanocobalamine, 0.02; Folic acid, 5; Calcium patotheniate, 50; Inositol, 100; Niacin, 100; Biotin, 0.1;
Cellulose,645.2.° ) ER RN (mg/kg WRb: FALEH, 5005 L/AKEGBERE:, 8155.65 /KGR
TAM, 12500.0; BERR A, 16000.0; K EBEREA, 7650.6; LKA, 2286.2; 1L
KEAFRE, 1750.05 L/KEEREE, 178.0; —/KEHIMRH, 61.4; FUKEEM, 155 LKA
BREY, 0.5; BALER, 1.5; TOKIEK, 753.7. 5 Mineral premix (mg/kg diet): NaCl, 500; MgSO4-7H,0,
8155.6; NaH,PO42H,O, 12500.0; KH>POs, 16000.0; CaHPO4-H:0, 7650.6; FeSO47H,0, 2286.2;
CsH10CaOs:5H20, 1750.0; ZnSO4-7H;0, 178.0; MnSO4-H,0, 61.4; CuSO4-5H,0, 15.5; CoSO4-7H,0, 0.5;
KI, 1.5; Corn starch, 753.7.

SIS BETT 4 ZHARDRE, AN AT ] 8 IR KX R (Con), IR 2% 17 MR g2 4H (SP),
N 0.2% M 3 320 (Lut) PLKRTRIN 2%ER B2 EEAN 0.1% 35 MU iR 2H (SPL). takHEL 77,
W H AT B 2R & R UNR 1 s L iR ie e il 1 A 52y 0 R 22 i Sk YR g 3 b AT PR
], MR ER b BB RACARK P B IR A mHR 4L, W& ISR B4 AR i 2Rkifg @ W) T
WA BRA F AL R SeIG ARl (SLR-45, A EK =R B iU 72 AT ) il Bk
FRL T 60°CHET, VAT 4°C&H .

1.2 fAFRE

FRIASEI AR AT, X SRAG BT 2 JBEAT YA . B 5% ST 1A] FH R b b v B R MR S
Borfr, ARG N SEE 5, REORARMRB X, Iy 8:30 AT 18:30; SKIRHT—K, it
DUk 24h, GEBUARS M. RIS HAMA (IR E 4.79+0.01 g), FREJFBEHLHRA 12 4
FEPAGTH, BHEL 60 JB. SIS F o BRZ A LA 77 20d BARR I 5, 5 DA
RHAFE 35d, 34 MA0FE, RRALER 3 FAT. SIIGHAI], fEK 8:30 A 18:30 UM, UK
M 1h =M R .

LI E NI KRR AWM BT OKEFR 250 L) i r. AR IER R
SRR A U A SRI IR K IR AR AL TE O 28.5+1°C. Sl A 0y 120/12D, SGREJE
WM 8: 00 & 20: 00, 3 FH T BEXT VE N CIE - £ WK AKIE E AR R, IEE>7.5 mg/L,
A E<0.1 mg/L, pH A 6.5-7.0.



1.3 WK

SLI6 F A ARG KA AR, £ R RS2 B K AR AR P ITE FT BT (i R SR B S 00 = AR R AR
ITEE M. %P AR B, 4 BHI B REEHAEKE, BrEEE I BHI
ARG FRHE, 1E 30°Co6 M THEFE 6h, SRJSTE 3500 g #5.0» 10min, WGERVTIEY) I PBS
e 3 U, IRAF IR SEI T A . 7EIESRIR B, ST — AN, i R ES 0.5
mL POFPRE (2x107 2x10% 2x10% 210" CFU/mML) g /K< AT, i 8 A S 6 44 20 7
FUBAE 27.5°CIN 1 3 RAPFFEHK Ly 2x10° CFU/mL.

TR SEIR A G, BRALE 15 RBEIEIEER 0.5mL 2x10° CFU/mL W& /K< 5 i 1 12
TR . WIRKIR 27.5°C, SGRiTBUEEfG 96h PN - AbFRLH 28 HE A0 ¥ BT A7TE
AR ARNT:

FEFE (%) = (FiEfAaHUGaaHD <100
1.4 SR HURE

SLIGTFURI, BEFLEC 3 41 (R4 12 ) Pk T-ARE, 17 F-20°Cuka, AT
RIS 3T . 20d SERGZETRET, K sRi ALK 24h J5, PRERURE, BENLIE 3 ML, R
W2 BEKTIRE, ££T-20°CUKAfH, F T (B R B ey o I RF L 4 R f i s sk
Kt AAREE . 35d FRPALE RS K LI AL 24h J5, PRELHURE, RRELEL 2 B AR TR
H, fFT-20°CUKART, BT ERER . SRIERELE 6 B, FIFES OREE:
0.2%) PUAEHTES & R E KU, BAPTEEE . OE F, 4°CF 3000r/min &-C» 7min, HX
BB M T -80°CUKARTR-AT, F T ML 4RARINE . LR 6 2 ffih 5 ML Js vk AL, HX
T R R FH K B (R85 S5 AR AR ok T-80°CUk AR A7, M T ESEMIE. BT
HTHY 3 J2 R J F A JE o -26 g1k CR400 6251t (Japan) 347 B2 kBRI 52, {245
JR2 e AT 0 R R P [ — 7 B (3 A R i B R SR 2 ok, EER IO E T, &
EV PR T ERE 180 B, K 2 IS RICFHME. L ERE, ra* &R,
r RN G, DFRNEM, DPRREALW, ¢ RRAHEME, HEAXN
C=(a*?+b*?) 25 JE 4R B AN A R ZH S5 0 1
1.5 ¥t b

et AR AE AL AL 52 225 AOACU2I ik, KA RTE 105°CHE T2 18 5 il
5 HE AR YLK E &AL (2300 Kjeltec Analyzer Unit, FOSS TECATOR, Sweden) i
5y FNEWT R K% (Soxtoc system HT6, Tecator, Haganas, Sweden) LA Z. Tk A 71
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Mg s KA ey ChEALS L B dlid) D d 550°C NI KIke i .

S JRAVERLSE - 55 22 ()0 52 43 B AR Karadas 28 (2006)13A1 Ferreira 25£(2007)M41#iA 1) 77
AR B BRATAL BRGNS . AERAARIU A S 200—300mg R E) 0.0001g) i
A 10 mL &0 F, BN 0.7 mL 5% NaCl #A1 | mL 48, 5 HAASRIE%
3min, KBTI 2mL IECKE, SIZKEMA 2mL 1ECHER E Mk 512801 EFR R 4
GRS, Z a6 RN, 4°C, 4600 r/min 2508 F &0 10min, B EIEEIFANZ K
SORT, FREBE T kg R FEEUT JE R =86: 14 (viv), WRRE 0.22um A
MLIEREE I8, 5 EAL (Waters €2695,U.S.A.) BEFE/HT. TR Sh IR AT A3 . v AR AR EX
TRIFES 1g CRERAE] 0.001), TIANZEM/K 1 mL, JERIRE Imin 500 3 mL $2HGF (1E
Cibe: AEA: ZFE: 2K, 50: 35: 30: 35, vAv/v/v), JiEHRYRE 1min, T BEACE 16h.
ZJEIN 40% S S B F R P e A R R B BT, ARSI 3mL IECkE, T
FAMEACTACE 1h, I 3mL 10% BRERIAVETR, WA 1h, Wk IE Ol R I i s AR AR .
PR AR R 200 pL 1ECRE/E, BIRART, 5B WA T ol 2 Y A T L
=86:14 (v/v), BMFZ 0.22pum AHLIEME)E, 7 EHL (Waters e2695,U.S.A.) iEFE
3BT RN 2 1 25 A & Waters YMC Carotenoid C30 column (5 pm, 4.6 x 250
mm), JAIAH A 2 HEE. FIERUT JEERE: 7K =810:150:40, st B j2 ilE: A
T 2= 60 : 900,

3% E AL VB EE (SODD. I A AR (CAT). B H I E AL AR (GPXD).
EJETIGBEH AR (GSHD FITH % (MDA [R5 ¥ 5 F e 5 e i AR P T AR S B A 77
Ol
1.6 Hdsbra

G SPSS 19.0 BHATSET 34T SLI 4 By Je i AT 7 B ARG T E ST
PEJg, AT R R ) ZE 0 HT (One-way ANOVA); #5% Seib 41 i) 22 7 & %, W47
Duncan’s % H [ P<0.05 FRoRZ 7R3,

2 4
2.1 AR RLR

FRGE 1A Sz g () AR KA ARLR e 2 FoR . WHIRARRISRIE 20 K5 &b 4

fseatf PR BERA AT E R . FEIAFRARHER 35 K5, &0 RR e E KR
(SGR) FIfr (FR) YA BFEZEF (P>0.05); [H M e A0Z fie i in v 1 57w g


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

HER A (FBE) B TXHRA (P<0.05), JHor b2 e e i v i up i AS 48 4 k] 2k 2 i
B (P<0.05). MHEARNEAVIHE (PRE) BZET HIN=/1AFA (P<0.05), [FFE
FR, W T v L SR i e 4 B A URR Rl (P<0.05).

R 2 AN [ SEEGARDRE X R R AR AR B R 2
Tab.2 Effects of different diets on growth and feed utilization of yellow catfish

Con SP Lut SPL
WIERE IBW (g)! 478+0.02 479+0.01 4.80+0.01  4.80+0.01
20 RAKE 20 days BW (g)* 8.64+0.15 846+034 881+042 830+0.14
ZRAKE FBW (g)} 18.93+0.15 19.73+1.38 17.99+1.25 18.73+1.64

BB KZE SGR (%/d)* 1.98+0.18 223+0.18 1.78+020  2.37+0.07

WRZCE FE (%)° 31.48 +4.66° 48.50+2.17° 38.40 +5.56® 63.20+2.11¢
B # FR (%BW/d)° 3.56+032 3.16+0.04 3.39+022 3.36+0.18
EHVIRZE PRE (%)’ 14.03 42.34% 22.03+0.93° 19.10+1.47° 27.88 +0.06°

RN EE RS PR AER (0=3), [FATEIEAR EArs s F RRR Z R % (P <0.05). Date
presented are Means + SE (n=3), Values in the same row with different superscript letters are significantly
different (P <0.05).! ¥J45/AE IBW (g): Initial body weight; 220 KA 20 days BW (g): 20 days body
weight; 3 ZRKHE FBW (g): Final body weight; 45 EK# SGR (% /d) =100 x [In (ZRAEHE) -
In (KIUEIRE) 1/ K$ Specific growth rate (% /d) =100 x [ In (FBW) —In (IBW) ] /days; ° 7al#l%% FE

(%) = (100 x ARSI E) /AR B\ & Feed efficiency (%) = (100 x fresh body weight gain)
/dry feed intake; ©FFEF FR (%BW/d) =100x ¥ & &/ [ KE x(WIIHIRE+EKIRE) / 2]Feed
rate (%BW/d) = 100xdry feed intake / [days x(IBW + FBW) / 2];” 2 FA R U= PRE (%) = (100x i1 {k &
R UTAR &) /28 [ i 3\ & Protein retention efficiency (%) = (100xbody retained protein) / protein intake;

2.2 Agta AR

3 ARSI AR T U AR R R (%)
Tab.3 Effects of different diets on body chemical composition of yellow catfish (%)

Con SP Lut SPL
/K43 Moisture 7498 £0.25 74.16+0.32 74.36+0.91 73.13+0.56
A Crude protein 14.30+0.11 14.58£0.09 14.34+0.23 14.57£0.25
FAENG Crudelipid  5.77+046 6.77+046 7.52+0.16 7.54+0.61
K51 Ash 3.66 £0.06° 3.48+£0.05% 3.36+0.06° 3.29 +0.06°



RPHHRR RN T MELRHER (0=3), FATEEA R LArse sy BRonZ R EE (P<
0.05). Date presented are Means = SE (n=3), Values in the same row with different superscript
letters are significantly different (P < 0.05).

FHSEI SR G, KA emKsy, EAMENEEREREZESR (P>0.05); M
FOAIRTE SNV I SR R AR ALK & B B AR T XA (P>0.05) (3R 3D,

2.3 fa iR ikt K&

FHIRIG GG, I AR E N 45 R 4 FroR, S-2H IR ST R s %
B REFEMZSR (P>0.05); M5 TEEFTUR e S 0 1 U ol M 2 R Jok o 2 235 o T 3 Ah i 4
(P<0.05); [AJBSF, W54 35 0 W e 38 I v I 59 1k s 4L 15 360 3 Jok 40 18 (2 3 7 T % IR A
(P<0.05); W@ 8 m v of. 9 4 it 200 M B R 40 52 W 3 v TP R (P<0.05)5 M@ e A
W TG 00 1T Tl I 2L S 6 0 7 R € M R W v T 5 AR 4 (P<0.05)  FREE I,
X ALK SR T 20 KA ARG R FR5E 35 X5 SEio R & 1 7R

R A ARSI PR X R SR IR AR P €2 ) SR D
Tab.4 Body color of yellow catfish fed different experimental diets

Con SP Lut SPL
R L 38.92+136 40.01+1.48 4057+1.43 38.85+1.93
=%
s R ji SIFE a* -2.56+0.23% -3.22+£0.33% -3.42+0.19® -3.69 £ 0.26
Dorsal skin
R b*  542+043°  7.07+0.78° 895+048 9.37+0.77°
MIFIEE C 5.91+£049° 960+048 7.31+0.70° 10.45+0.8°
ZREL 83.69+036 83.07+028 82.86+0.32 82.85+0.31
I 50 152 Jbk
e CYIEE a* -7.224£024Y -7.81£0.35% -7.86+0.25% -8.53 +0.36
Abdominal skin
R b*  13.69+0.90° 17.68 +£0.86° 22.46+1.720 24.43 +0.69°
MIRIEE C 1551 +£0.85% 26.16+1.11° 19.34+0.91° 25.18 +0.99°

RPBIER RN EHEAR R (0=9), FATHUEAF BTy B R Z 57+ 5% (P < 0.05). Date
presented are Means + SE (n=9), Values in the same row with different superscript letters are significantly

different (P < 0.05).



B 1 AREFEEM BN A B 156 . (Con: XTHRAL, AGMEE; SP: NN 2% i
Bs Lut: %0 0.2% HH3EE; SPL: VSHNVNIN 2% BRFEBRAN 0.1%3% M SHBEAR )
Fig.1 The fish of different stage and different treatment groups. (Con: without pigments; SP: 2%
A. platensis; Lut: 0.2% lutein; SPL: 2% A. platensis with 0.1% lysophospholipids)

X TARL TR 20 RN AL EAH SC 06 0 T B Bk SR R A B BCA B AR E R
(P>0.05) (3R 5); WRTEHAN M e 3 AN 1 ON ik AR LA A e JPRo 3 3 B 2 2 vy T 0 I
H (P<0.05)-

R 5 AFSER R P R P SR A R AR (ug/g)
Tab.5 Effects of different diets on skin lutein contents of yellow catfish (ug/g)

20d Con SP Lut SPL
B #B H e Dorsal skin 1503 +1.88 1690+091 1827+0.50 1731+1.30 16.70+0.99

JIE5 52 ik Abdominal skin 13.32+1.39* 13.16+£1.42* 18.65+0.78" 15.98+1.38% 18.10+1.64°

T TR P B E bR HE R (0=6), [FATEUEAR R EARTESC - REROR 2 7 3
(P<0.05). Date presented are Means + SE (n=6), Values in the same row with different
superscript letters are significantly different (P < 0.05).
2.4 MBHTAAIR R IR 5 A7 %

FIASEI A WG, X R4 A BALEE (SOD) #E B EFER T R =43
(P<0.05) (£ 6); FHTHMAR (CAD WHHEAREMEZER (P>0.05); WEHEHEN
VA I P A i 428 It H B S 0 (GPXO TR TERNE R RS e H K (GSH) &R
T R A IR (P<0.05); W ite it AHAE fig e in v L R e g 4L A 79 — 8% (MDAD
RELT S (P<0.05),

i

BN
i
R

=
H



R 6 ASFISEIR P TR I T A AT A B T S

Tab.6 Effects of different diets on oxidant and antioxidant activities in the plasma of yellow catfish

Con SP Lut SPL
AN EALEG SOD (U/ml) 929+121° 14.97+093> 13.48+1.24" 13.84+1.72%
i E LS CAT (U/ml) 30.38+1.89 31.39+1.99 31.81+1.63 33.62+0.83
AW H R A Yl GPX (U/ml) 38.78 +£1.822 44.64 £3.30® 41.46+3.83* 53.66+3.01°
)R A H K GSH (umol/L) 15.13 £ 1.56* 20.85+2.08® 16.78 +1.64* 25.33 £2.17°
A % MDA (umol/L) 596+042° 451+040° 6.81+0.59° 4.59+0.29

RPN T EHER R (0=6), FATHUEAR BRI v 8RR 25+ 5.3 (P < 0.05). Date
presented are Means + SE (n=6), Values in the same row with different superscript letters are significantly
different (P < 0.05).

P 7 T L S A AL B A St ) R AR AN 2 s, BUEE 96h Ja 1R iE
P R TE 58 N L O A28 i 2EL 1) S 9 1 RV A7 R R 3 v T B A A (P<0.05).
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=== Con
90 F
50 | e SP
=
:/ 70 F == Lut
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ﬂ’—; 60 —8 -SPL
=
$E sof
=2
B @ 40 f
= 30 |
g * *
O 20 f
N N Pemm P o e o =
10 | ——— - _

BUEHE (N
Time post chanllenge (h)

K2 AR BRI BB o 96 /N RIFAFE R .. FMEE A=A EE WA
(n=12), PRICH*RRIZILIGA 50 AL — i B B& 2R (P<0.05),
Fig.2 The cumulative survival rate (%) of yellow catfish fed with different diets challenging
with A. hydrophila for 96 h. Each datum represents the mean of three replicates (n=12). Markers assigned
with * mean significantly difference between experimental groups and the control group at a specific
sampling time (P < 0.05).
3 bk
AKIE ST H AT AN KD 28 AR AT (B AN ) A AR MR AR S B A, 20 RS &
AL BRI S50 6 TS S22 57 . AR 35 R FRATHRALITR LA B3 BT e 2

BRI 5 R TS5 T L B T 1 PR e A S P PR A S R A, R % S R A A RN



BRPWIEA R, (HE SR R AR A TR R 2 5 o BRI E B B K = 5
TEHER O A5 TR RN SE, £ RIFEE  (Salmo trutta caspius) Tk RN 2.64%
(RIETE v8E B3 X 2% 11 fEK K A ¥ AR KA ERDRL R F 35 00 35 5, (H SR =i 3 3.96%
BrAC 4% ORI, S0t AR R A K R AR A 2o 25 R v 1), 58 ) M e g T LA
BRIk i Ky, AT R0 O AN SR R 7 o AR H R DAV o AT )
R EIL 75%% e B B AR A E KA R, 1 HIRINELE 30%/E 40, B
A KT B B AR, A 3 R TE R e 5 e % S5 B ) i TE T A P P, DT (R T
IR, AR man P A, GUBEAR T LASR s i L A 28, (Rt AR R AR MR AR
I8, B AR E FR T T A R T FEAREIF ST, SRR 0.1%0H)
VA 0L G IR e S 3 B e A S R R AR kR, TR AU R — BU R AE = AR e R
H I 0.1% PR ¥ I 51 B3 IR R) 4 e 32 v 7 AR K PRDRL R ). ZE XS 42 8 ( Cyprinus
carpio var. Jian) [HFFE A ORI, WRIN 0.1% ) FL AT M SRR AE S50 £ 1R TRl iR Al H
TR R E AR 17.9%18, R R A T AR I 0.1%3 1 9P % i AH LE T R 2%
(R HE AL B, SR () T R 35 52T 30.3%. I3 32 K@ ARkl b F
(15 7], 4502 MR 9045 R s 6t 3 (0 A K8 B S A i b 1 U220, 3 5 ARt
2R —5

FEARRFFUAT, WEBEE L W iE ATV I O 108 JI P08 TR 2% 2 B3 £ P 4 28 1 A0 flg iy
BT B EEW, X 5K KEF (Macrobrachium rosenbrgii) 2V, J8 %' %' 4k 2223151 5 Jjg
%4kt (Oreochromis aureus & xOreochromis niloticus @) P f{HF 7 45 5 — 3. {HZ /i
W FC BRI 28.79% MR e 52 e 6 PR IR AR I AR I & 22, PRI e = & —Fh A
B PR fe Th e 2 By 25 2022281, thah, IBEHE E & 2 BRI IRITER, REOEP%
AEK L[] P ATyl = £ A TR b R R AR, AT P A IR g 5 22,

0 2 1 A o 2 R L B R ) EE DR R 2, BB R IR A £ SR (A A RN o 2 ik
. B AR TR R GOy i AR R A B AE (0, (BE N IR AR, A kdE 5
PoJs & i, CLE M = DL S IR T R ST 44 B B R ORI 20 B S 4 £ 128 s i
GOV, FEAHE T, Tkl i = 3 (A h 7RG e S BB AR (BB AL, 1E S A
BRI 5 R, MBEEE S L SR R X 2 28 BRI R R 1 FE A S, (ELRT AR
R R IR, ZLRERIAN R, ISR SR ORI, Ul R R AR g T
PR S8 AR R, SR KB M5, IS N 7= S A . IR BEAE AR AR


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

I2EEAS SRR, 78 AT 70 Hh 1945 I S5 RE 6 3 5 £ 44 1) 4R (R0 P (230320 135 31
(Rl RS LA f SRR €, LETRDRE R R I I 38 3 AR 75 20V 5 10 RB A% 189 ik Ko £ R JER 1)
TJEAE, o AR B A (B3] (EASHIE ST 46 R AR, 7 A% AT At R AR 5 W IS DL T
ARk b I g B RE S LU i 3 B AL G AR AR B S TIRALAE LG, IR R
HH I I G B i 0% 2 MO R R €, (LS LR g (0 AR R LA UL, 22 RO
ZNTE N

FEARE b 7S I e 5 LA K S I SR AR S 2% 28 B R I R SR S R i S B e T
Xof HEZL, VSN 3 2t RE A 1 IS B JER O P B3R B (H IR T AN B3 AE AT 7T,
IR T AR i 2R v TR R T R (R A B R A A AT S A B S )
VOB AR B, PR BT 3 e e ek h v 3 3 56 5 o f0 ARlic. AE VD (Botia dario)
AR T R B, ARDRERAS N 10% MR e 75 W DA S 3 385 i e 4 B JRAUL I H R SR 3
B MR E TR IR MR, MRS MR, AR E B A
DN EY TR, B RIS N R, FEIERNZS S, REHETE
f®E A (HDL) A% ¥R A (LDL) #%is 220 21k B, 7 i op i g —Fh AR v,
W, Befg A R FLBE ORI T B, 3G 5 IR 07 AR SRR F - E T A BT i B R R I
A% ia 24,

VTR, WRIEHEAE 7K 7™ FRBE ) L AS SR AR 0 i B ARV, RN E y— g
TGS INFRBR AR 32 53 . MR R L S Bl R 1, SRR D AN 2RSS A S )
i, Refg SR b AL BRI, 97 AR P G RT DNA 545, T B B 2EED, 7EAH
FEHp, TRL R A DB R A B % Y i Ak A8 B A I OB AL GG (SOD) RIS B H ik
WENIEE (GPXO &ML, [FI I RS BEH K (GSH) & &, BRI iU A0 ™
YVIN B (MDA) . SAWIR 3, B 22 m %P e GSH &%, GPX
1 SOD G MERRARIIL S, W IE R B LRI o R (0 B A A 1 A L 2 T 6 a4
i/ MERD, [, fEA B (Plectropomus leopardus) FRITAEL b 78 IIAE e 352 B 1%
RER AR EIERE ) (T-AOC), FEEN BN SR, TER ARG 4
YN (V. harveyi) Ji MIAFERE8, Jhat, HFRRH AR PIERSMa Rk G LE
RS, WS ) A B A B B A SRR 5 R SR AT LAY R £ P A (2 35 AR OG0B, A REAE
AHIEFE TR RE e R SR RS I T PR A 2 i v, AR e L AR ) AL e
(RN AT DU BE ARG (50 FEA SO, WETTE R 6 09 I 25 118 e A 22 w0 £ Jk L g /K B
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J5 HIAFIG 2, $ mn Ea R T (3 DU RE /0 o K e 2 TR 32 B e i mT DAYE /K 7= sh A i) 4
PEIGET) . FETRL RIS AR R A LR A, RENE I BT M 1 R hT AL AR
73, SOD Fll CAT G4 AEM) i&1E, P8 MDA &, UBTER 7 s e e o5 1 5
ARG ACRE IR, BEAh, B R RIS S M4 (Carassius auratus) %) #7756 1 A
0, X AR I b R 45 AR
4 &5

FEARBETEH, GRFIRIN 0.2%M 35 3R . 2%45 ek L& 2 AN 2% 08 g AT 0.1%
P I 98 X 24k 5 B BB 4 B ) AR B D g2, I EL AT DA I DRl R AN B 3 TR
Ry MR, RN M SRR RN AT s R R A K A, R E AR A R
SOMA s AR R RN 2%08E HE DL S S A RN 2% JHE TR 0.1% (1375 1T A3 i mT DA i 44 38
TR B SR SR, 21 E AN AT B DL e 2 A8 B it J JEk v i B 3R &, [N AT A i 2
A PUAAEE S, AR AR N RS R AN, W AN A I O A
FRITS I 257 P DA i A 52 0 9160 RS g 7K B M P i A7 2R, (L s s n 2L O 8RB
MR LR BT, A B R — S T IR R B = (B R I TR A e
o] b R T AR T B BT VAN DV I O 8 I L v 3R B A R S Ak ) A £, [N BE R
fi v s B 1 BT EAL BE ST AU 77
ZHE R W

JRSCHIEAE ORI ZFIREHER)  P%E &I TE: 2020-09-22 11:10:26

AR PERKEN R TFEBEE K, PHELEFMELEMRD

o
T SeHk Mt SRimk EEE AN RETF
LR RN RIS A R E F IR ARSI A O TLIM R R RIERE 2B ILJ5F
BUEF/KHT SR i R EIK IR TRERAR A O _ BT RSFK™
P E R R LR HFRTE O
B OB AKSZISHECHIE A ACES TN 32.16%. 36.13%- 39.59%F1 41.24% 125 HE 2 e BT S FRIRL (43 5
TCRTARE 1#~4#) AT I YE IR 5 = MR T (Portunus trituberculatus), #1447 XA 5 4 (10.98+0.28) g I
120 d, PAERFEIRRNE FKF0 =00 T MR K OREUR B A S . 45 R EoR, 1R
BHER F K8 77 58 5 A T MR 0 AR TG B2 50 DR 3#E MEAA (1) B B4R B0 T B R Y d
(P<0.05); Tkl 4#2H 5P 8 Ak B & Bl m=n(P<0.05), Tkl 3#2l ARl 4ndl AT IR AR AL 2R B & B
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FEim TR AR 2#2H(P<0.05), TN AR R 2L & S AR TRDRE 1#dERTERDRL 3#AE PR
(P<0.05); BN & 1. 5 & B H R B ACH g N 2 ETHE S (P<0.05),  FTBRARATILIA i A2
BILETRL 1 i TR 2# 4L B (P<0.05) . TlRE 1HLLATERL 3#ELIA P R TR A SR
G EAAFLE AR L T IR (ENEAA)Y B3 & T 54 2 4H(P<0.05). Z5 BAriR, fEARSLIGKMHT, =
PEAR T B MR B EADRE S B R K T2 40.16%. WF70R I, 38 B TAENE KT T Dt m =
PR T B IR SR B AL E FR i it R0 — e T B & TR 2%

K R TR EmEUKCE; K E; EA R

Effects of dietary protein levels on the growth, ovarian development and biochemical
composition of the swimming crab(Portunus trituberculatus)
HE Xianlin LIU Meimei ZHU Shaicheng DONG Zhiguo WAN Xihe WU Xugan
Center for Fish Nutrition and Environmental Ecology, Ministry of Agriculture and Villages, Shanghai
Ocean University Key Laboratory of Marine Biotechnology of Jiangsu Province, Jiangsu Ocean
University Jiangsu Marine Fisheries Research Institute Shanghai Aquaculture Engineering Research
Center, Shanghai Ocean University National Experimental Teaching Demonstration Center of Aquatic
Science, Shanghai Ocean University

Abstract: The study was designed to investigate the effects of dietary protein levels on the
growth, ovarian development, and biochemical composition of the swimming crab Portunus
trituberculatus (initial body weight of 10.98+0.28 g). Four experimental diets, which were
isoenergic and islipidic, were formulated to contain different protein levels (30%, 34%, 38%,
and 42%, defined as diets 1~4, respecitvely). These diets were fed to pond-reared P.
trituberculatus females for a 120-day culture experiment. The results showed that: The dietary
protein levels had no significant influence on the growth of pond-reared P.
trituberculatus females. Diet 3 had the highest gonadosomatic index (GSI) and total edible
yield (TEY). The crude protein contents in the ovary and hepatopancreas increased
significantly with the increasing dietary protein (P<0.05). Among the four treatments, diets 1
and 3 had the highest crude protein contents in the muscles (P<0.05). Similarly, an increasing
trend was found for the total lipid contents in the ovary with the increasing levels of dietary
protein (P<0.05). Diet 1 had the highest total lipid contents in the hepatopancreas and muscles,
while the lowest total lipid content was found for diet 2 (P<0.05). The contents of total essential

amino acids (3 EAA) and non-essential amino acids () NEAA) in the muscles of diets 1 and 3
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were significantly higher than those of the other two treatments (P<0.05). These results indicate
that the appropriate protein level in the diet of adult P. trituberculatus females is approximately
40.16%. The results show that an appropriate dietary protein level could improve ovarian
development and muscle nutrition, which provides a reference for the formulation of a diet
for P. trituberculatus inhabiting a pond.

Keyword : Portunus trituberculatus; Dietary protein levels; Ovarian

development; Biochemical composition;

—JCHR T ¥ (Portunus trituberculatus))” V2 730 T AR H T, A2 IR E Y E B IR
ZTFEESE, HAT, ETLT5 WiTLAIAE @55 )2 77 H (Dong et al, 2010; ¥ I ARSE, 2019),
2018 FEIBIEFRIE S BIAH] 116251 t (R AN ER b BUE P ), 2019). HAT, FRE=
PR T B8 Tl 3 77 B AR S X B R UK B 2 £ RIICAE DUSR4AE , X Fh R U 2 51
SEARBUBAL . R FRAR, NI BRI RN i B AN AR, s A R R e
(Wu et al, 2010); 75—J7T, KEHIRIKEE: @GR R T ERET), S
el B 95 10 3 FEE 3 455 AR FH (Cao et al, 2015). PRI, BIF R w8 RS F & P G & 1Al RLAE
AT .

e AL R B E R SHCR TR G R E AT, Horb, BAFSREENE
TS —, BRSBTS TR, Ho T 4Rk AR S A Kk B A
FEALAA IE 5 AE A G 3 LA B R S (FEHREAR, 2011). Tkl KSR TR AN B B e
FRHHACR, HR M R 7 AR ISR RA, Ak v f) 2 A i 2 3 A K
BUE Ik, R s E AR R A F R, BRI T KEZEAR, RA AL
FISRF=A B E AR, HARME O PSR R, R385 0 e Ak A R 420 HE i
(Bai etal, 2016; AZEME5E, 2018). A K=ok T8 10 (8 FRIT S ARk H 28 2 B A,
Huo 55(2014)LAWI4G 4 H 9(3.75+0.20) g B = JAR T HELY AR TNt 5558 8 JH, 45
R, TR TR RS AR 2 L RRE T Ko B SRR A A
FRM, 51%E HKFAT 5%/ BUKF A B oE = PR 8484 K Jin 55(2013) LA
FJ U6 A 2R (2.5040.08) g 1) =EAR FBEZNEE B Fo0 R I70A 8 J, 45 RKH, MklE A
S E AR PR RBON R R AR WA, 1E 50.2% R FKSE T RS oK
AR AR E KR IR T B T AR B, B A TEFOK IR R Gt
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TR AL . SR b, JRIE =57 83 5 - TR IE IR 5% A T T, HIR5E S R
B ST KT FRER . €45 R81E, BR=FR FEEEINOIEXMT, &ammk
EAT R, AR T HE AR K .

PRI, ASHIEFOAE B AMBIE AT T, KA F 8 K 1045 fe 48 IR D & T RHE =0
BT 120 d, OB T AARHER KPR =i TR ARG B SR B AR A R
DA =R 8 (0 TC & Tl R C 1l $ i 5 2%

1 MRS T7E
1.1 SEgefa kg i

PR Sl 4 = AR I O 7L (B IR, 2011), BEit 4 FOREER A /KT FI 92561
kDol . ORISR SN EEE AR, DL, Rl Sty FE RN, SRAH T
AN 2 2R AR R RE KT, 1 4 AR R R A E KPR ], (HL IR FLE KT
BEAR 3, S AN R R 44 TERMECHIET, BT R ER SR S i 60 H 37,
MR 1 BRDRHEC 7 R S LR G 320, AR5 FH XU e NS AL MBS I e v AL 1)
BHDSD30 I, 5w b IR B & A B A m )RR 2309 1.6 mm(FRIA SE5: 0~60 d K H)
3.5 mm(FRFESLES 61~120d SR BT SLie ek DAL S 76 2 5 H A 2R 5 -20°CiK
MR o TR AR I E TV L 1.4, 3R 2 TR ERUE IRy . e R Al
HWEREHE .

R 1SRG 4 MUERHIC T (%)

Tab.1 Formulations of four experimental diets (%)

JF R} Ingredients TR 14D 1# TARL 2#D 2# TRl 3#D 3#  TERL 44D 4#
5 }1-46% Soybean meal 12.00 13.00 14.00 15.00

32 F-36%Rapeseed meal 8.00 10.00 12.00 14.00

F% 5 Casein 2.60 3.60 4.60 5.60

i} Fish meal 14.00 18.00 22.00 26.00
5E Squid paste 5.00 5.00 5.00 5.00

IFE  Shrimp paste 4.00 4.00 4.00 4.00

WP EERERT  Yeast meal 2.00 2.00 2.00 2.00



AR Antarctic krill meal 4.00 4.00 4.00 4.00

=B AT Wheat flour 28.00 22.00 16.00 10.00
Mmer4ER Celluose 6.50 430 2.10 0.00
fiZiE + Betonite 0.50 1.00 1.50 1.90
Z TR R} 'Vitamin premix! 0.80 0.80 0.80 0.80
Z 4 TR AL 2Mineral premix? 2.50 2.50 2.50 2.50
FALNEHH(60%)Choline chloride (60%)  0.50 0.50 0.50 0.50
32 Betaine 0.15 0.15 0.15 0.15
-1t Taurine 0.30 0.30 0.30 0.30
K& MR 3 Fish oil 2.60 2.30 2.00 1.70
J& i Lard 2.00 2.00 2.00 2.00
. Soybean oil 1.80 1.80 1.80 1.80
T Ig 7 Lecithin 2.00 2.00 2.00 2.00

e 1 4EERBURR (mg/kg TRD: 4B A, 125 4E4EE Ds, 30; 4E2EF E, 1300; 4B Ks,

35.4; 4L By, 1005 443 By, 1505 4EEE Be, 1505 4423 Bio, 0.2; 4E2EFK C, 1225; 4
=, 4 D- ZRRES, 250, MHER, 25: MHBEMZ, 3002. FYR TR ENmg/kg KL —/KERER TR,
2005 FKBRERHT, 96: —/KBREREE, 360; —/KBiMRER, 120 —/KEREREE, 240; WEEZ %4, 4200;

IR &N, 500; BULER, 5.4; FSOKEAGEL, 2.1 TREERGN, 3; BEER —E45, 150005 7S/KEML
g, 2.1; TEAfiFREN, 3Note: 1. Vitamin mixture(mg/kg diet): retinol acetate, 125; cholecalciferol, 30; alpha-
tocopherol, 1300; menadione, 35.4; thiamine, 100; riboflavin, 150; Vitamin Bs, 150; vitamin Bz, 0.2;
Vitamin C, 1225; biotin, 4; D - calcium pantothenate, 250; folic acid, 25; nicotinamide, 3002. Mineral
mixture(mg/kg diet): FeSO4-H20, 200; CuSO4-5H20, 96; ZnSO4-H,0, 360; MnSO4-H»0, 120; MgSO4-H,0,
240; KH,PO4, 4200; NaH,PO4, 500; KI, 5.4; CoCly'6H,0, 2.1; NaySeOs, 3; Ca(H2PO4),, 15000;

COC12'6H20, 2.1; NaZSeO3, 3



2 SEETRFEUE RN e R IE R (%, T )
Tab.2 Proximate composition, energy and amino acid composition of experimental diets (%, Dry weight)

T H Items RL 14D 1# TR 2#D 2# TERL 3#D 3# Tk} 4#D 4#

U #7443 Proximate nutritional composition (%)

7K 43 Moisture 11.87 12.98 11.92 10.25
H1Z& 1 Crude protein 32.16 36.13 39.59 41.24
i JiE Total lipid 15.17 15.24 16.32 16.58
K4y Ash 9.69 11.10 12.05 13.29
A& Energy (kJ/g)! 18.51 18.33 18.77 19.00
RIHEPR & #(mg/g) Amino acid composition (mg/g)

RrL R e 13.96 16.63 17.94 19.11
AR Leu 23.89 28.97 31.16 32.31
#E R Lys 19.18 24.84 27.48 29.19
HAR Met 6.69 8.48 9.14 9.30
KINZ I Phe 13.90 16.63 17.77 18.27
AR Thr 12.25 15.16 16.63 17.38
=R Trp 421 4.92 5.41 5.83
SRR Val 15.38 18.70 20.15 22.01
KR Arg 18.21 22.12 24.18 25.35
‘H% % His 9.08 11.85 12.60 13.70
YEAA? 136.74 168.29 182.46 192.46
RITAZ W Asp 28.08 34.51 37.86 39.78
22 1R Ser 12.54 14.67 16.63 16.49
BA Glu 59.12 67.93 70.56 70.31
Ha R Gly 16.00 19.08 21.68 22.95
W2 Ala 16.85 20.16 22.59 23.90
PR Cys 3.52 4.35 6.30 6.69
%R Tyr 10.04 12.55 13.45 14.43
JiiZ & Pro 16.23 17.83 18.00 18.50

YNEAA3 162.37 191.09 207.08 213.04



TAA* 299.11 359.38 389.55 405.50

EAA/TAA 0.46 0.47 0.47 0.47
e VIRIEEAR. B BOKEDIIEERE(23.01. 38.07 A1 17.15 kl/g) TS R AR
E(Anderson et al, 2003); 2 YEAA R/n b TE 2R  YNEAA R AR 00 75 2 L1
* TAA RS ZIHEFR . Note: ! Dietary energy was calculated based on the energy of protein,
lipid and carbohydrate (23.01, 38.07 and 17.15 kl/g); > YEAA means total essential amino
acids;>Y NEAA means total non-essential amino aicds;* TAA means total amino acids
1.2 S50 F B 1) 77 e A 2

SOG4 B ST R R PR K IR PR m i SR TE 0, BRIk U A, I R
= Pe e 7 EE S B8 T 520, ME4R T 254K B 9. (10.98+0.28) g, ME4K 7 24k & Ny
(10.66:0.42) g. FRFHSLIGAEVYFE N/KIE, W NYE £ 1) = b £ (K x5 xR =14 mx11
mx1.5 m) AT, EEAIEBOERE 120 X, HEE 60 X . FUAMEEEZ TR, P
FEFRGAMEA, AR A TSI SRR N UK, DARIEON SR B R E
AL Ir N 4 MAR, FEAMERIBRCE 3 DN EZIRIE.

FEFEIANE], A H L4 08:00 A1 R4 16:00 #EMEERE, 4 F MR L] (B o o — K
SRR IR L) 208 30%, R AT BIHER LA 295 70%, HFEIRL) o5 B A H 1 3%~5% .

HARBER SRS KL . KA S0E L% . FREIAN A 3 d W —UOKRTEbE,

MRAE A PG HUEE T e SRR 173 B7K,  FREEERE oK BLie AR 4E+FE: pH 7.0~9.0;
Bl E>4 mg/L; B EIKRIE<0.5 mg/L; AHER ShikE<0.15 mg/L. bk, FREEMANEE 15
d BEAT — A T P T R 2 11 R AN AR A BRI L s K I LA ARG IR A ], PAOREF
BT o R R AR VA A U DG I I 5 AL . S8 T 7 H MRIFGS, 3 11
AT RSEREE, BAFREEMIL 4 A,
1.3 # iR A AN

SL6 I FE A 40 d FTRERRE — Ik, B MR RN LRAE 10 HUZ2 4 MR, KRR )5
FIFiHE )k B . 18 83 (Weight gain rate, WGR)FI4F 72 14K Z (Specific growth rate,
SGR).
AR R AT
WGR(%)=100x(W—W¢1)/Wei
SGR(%/d)=100x(LnW~LnW1)/d



X, W Wer 205 SERG 2R t RITRERT PR E () ME 1 TRERF IR H (),
d AFRFAREL, R IRFTREIS A 2%

ARSI RAEFRIE LR 120 K FE S A TSR BRI AL R e . RTS8 — K,
BEHLANEE I R A 4 RARTEMSE 5 IMERE , F B TR R K4y J5 B 1 RS RS f
FE =0.01 g)fRE, U RRGERE =0.02 mm)ill & F 72 KAF 5, REHTIEAE
FAR, B A M ) TR AR R O, R AR S 43 i 5 U0 54 % (Gonadosomatic
index, GSI) T B iR 5 % (Hepatosomatic index, HSI). ¢ i i H IE 3 A0 25 & b BB LAY,
THAE A2 (Meat yield, MY). KA AR5 & AT & #(Total edible yield, TEY )M AL E
(Condition factor, CF). BT BB SRRV AN H B4R 5, RAFT-40°CUK
T ESME . SRR AR T
GSI(%)= 100%xW /W
HSI(%)= 100%x Wr/W
MY (%)= 100%x W /W
TEY (%)= GSI + HIS + MY
CF= W/L"3

A, W ALK R (g), Wi AR (g), W WEAKRNATE(g),
WA =R T A (g), L AHEK(em).

1.4 AR 73 b

K BN REEN) 2 AN MEVROP L FFIERRAILPN 23005 9F, SRR TR T 48
h W& =R 1B AL 0 K oy B i G TR SR A b SR FH LI 80200 5 i 1
FLE 5B (AOAC, 1995); 5% Folch Z5(1957) /1 J53%, &L @ FEE(V/V=2 © 1)i%
U5 I A it R B CR A 550°C R eIl i€ # it b () K 43 5 B (AOAC, 1995);
K FH 2Ry - ot B V2 00 7 A9 it B8 Sl BB KA S ) & B (AOAC, 1995). K HH R TR /K Al 5E A
it 19 6 S G 4 R (Blackburn et al, 1984), 88 R 2 K B P4 /K fifi2:(Chen et al, 2007),
BRI ER I 52 K FH 3 48 R /K AR5 (Spindler et al, 1985), /KA G HIRE S 78 & LR H
B3 HTiX(S-433D, #E[E Sykam 24 &) E#EAT E MEAE E M. Sk K S R ES R
AOAC [MFRHETTE, T HABA AL BCo3 1K 43 #7359 5 23 A A e 43I0 5 B D7 AR TR o
1.5 HdlE ot

T A5 S8 B8 K F T S 45 18 22 (Mean+SD) 7k, K SPSS 22.0 #f: % S256 %51
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AT G0 R Levene %t Fir A B #EAT 77 Z2 5 VERG B0, 24T 2 55 107 Z2 0
X 2 B BEAT S AR SZ BT T ARAL . SR ANOVA X sge 88 SRk AT 7 22 0 M, KA
Duncan [VE#HT 2 BEILE, B P<0.05 AZEREE.

2GR 50

2.1 TARME BRSPS =R T B AR . OB AR B R R

o0

250 2000

b b : oooJ: Iﬂlﬂ g == Dict |
200 b ° s = Diet 2
2 a ) — b = 6 = Dict 3
= 150 S 150 2 £ Diet 4
= = ab |ab w4
100 3% 100 a it
£ s S Dab? pep
3 a ‘Uﬁ
0 0 &o
40 80 120 0-40 41-80 81-120 0-120 40 80 120 0-120
fif ] Time/d I [6] Time/d fif[A] Time/d
B 1 bR K = e R A 1 R
Fig.1 Effects of dietary protein levels on growth of female P. trituberculatus

R 3 TR FKP AR B O U B AR R SR I (n=3)
Tab.3 Effects of dietary protein levels on ovarian development and edible yield of female adult P.
trituberculatus(n=3)

T H Ttems TRl 1# Diet 1# 1Ak} 2# Diet 2# 1Ak} 3# Diet 3# Tk} 44 Diet 4#
YU ELFER GSI (%) 2.70+0.67° 2.38+0.37° 4.49+1.22° 3.57+1.01°

JIF R AR5 % HST (%) 8.54+0.80 6.39+0.63 8.90+£0.84 7.52+0.32

H AR MY (%) 29.40+0.24 27.47+1.89 28.57+1.65 28.53+1.97

M EZ TEY (%) 40.40+£1.47%  35.23+2.00° 42.84+3.21° 39.52+2.40%

JIEHEE CF 0.53+0.02 0.56+0.01 0.53+0.01 0.55+0.04
T SEEEE N X£SD; [FAT BHE AN [ /NG P RER IR 2 7 12 3% (P<0.05)Notes: The date were
presented as X+£SD; values within the same row with different letters mean significant
difference (P<0.05)
2.2 TAPRHE K0T = PEAR 1 SR A4 2H 23 rh i R AR A R S

TaPRL R KPR =R T B AL S A AL A R e ANk 4 s . K1 =
TARE T2 I OF 5 b 5 1 e v (P<0.05), rlRh 22 F) JFF IR I b 25 8 5 (P<0.05), - T ATLIAY
FIC B ZERN(P>0.05); WUHEET S, R 4441r) 50 b & B 5 (P<0.05), JH TR
HRE 3HAL AN TR A B 2 T 0RE 1#dL ATkl 2#41(P<0.05), ALIAI A R AR A5
R RL 14N R 38418 2w T A AL(P<0.05); MUEIRT S, 9P S )& 2k
FEAKFREIN R _ETHEE(P<0.05), 10 EEERATILA o 8 & SRR 1420 R,
T} 284 H R AR(P<0.05): WL BRAK ALY =, R SR BRI Hh & B 7R R 3841



B 51 (P>0.05),

WL e )& EAE R} 1#2H =i (P<0.05) .

GSI

& 2

36 40

Protein level

TRDEL RS [R] 3 6 = ek 1

TR JHF T A B 2R 55 8 o b

Fig.2 Broken-line model analysis of the relationship
of gonadosomatic index with dietary protein

levels of female adult P. trituberculatus

4 TR BKPR =50 1 B MEA A 2 R U AE A BRI IR (%, TR ) (n=3)

Tab.4 Effects of dietary protein levels on proximate omposition of female adult P. trituberculatus (%, Wet

T H Items

YU & Ovary

7K4 Moisture

FE&F Crude protein

&g Total lipid

ST /KA A W) Total carbohydrate

fFf#E® Hepatopancreas

7K4%> Moisture

FE&F Crude protein

&R Total lipid

ST /KA A W) Total carbohydrate

WA Muscle

7K43 Moisture

Fl&E F Crude protein

&R Total lipid

ook e & W

carbohydrate

Total

weight) (n=3)

TRl 1# Diet 1# 1Akl 2# Diet2# 1Ak} 3# Diet 3#  TAEl 4# Diet 4#

67.94+1.67°
20.49+0.532
7.88+0.652

0.72+0.032

65.59+5.98°
10.25+0.332
18.00+2.92°¢

1.724+0.22°

82.91+2.08
14.32+0.38¢

0.94:0.09°

0.74+0.15¢

54.87+5.83%
20.24+1.182
7.78+0.332

0.78+0.14%

74.05+4.76°
10.56+1.112
10.46+0.42?

1.19+£0.122

86.18+1.03
10.61+£0.33?

0.64+0.052

0.36+0.022

54.08+1.032
25.54+0.69°
10.99+1.41°

0.98+0.19°

63.58+1.05°
14.07+1.54°
16.17+1.46°

1.73+0.23°

82.46+5.79
13.74+1.38°

0.83+0.15%

0.55+0.04°

54.53+0.75°
29.05+0.23¢
12.89+0.37¢

0.9240.022°

67.33+0.05°
13.24+0.17°
14.07+£0.09°

0.91+0.09?

85.06+2.81
12.32+1.46%

0.89+0.13°

0.47+0.05%



T SEEEE N MeantSD; [AAT HU4E A [F)/N G 7 8E R0 2 7 235 (P<0.05)Notes: The date
were presented as Mean+SD; values within the same row with different letters mean significant
difference (P<0.05)
2.3 TARHER F KT = P05 BEE A UL A 2 B R AL R ) 52

TAPRLER AT X = PR 1 BE LA R S IR R ARk 5 Frs o LA Aozt e

18 P KRR, Horp A\ FE B SEFR(EAA) 10 s 481 0 B A 2 20 BR & S AN 78 (>9 mg/g),
TR RN E IR B EAINEUIR(<2 mg/g), Hrr, Tkl 1R} 3#d i) e E R

SRR AR, BER. FNEAR. ERER. AER. AAR. SERNSEARY
T T RL 28R R 4440 (P<0.05); illauz\%‘%%m%ﬁé(NEAA)EPB%T&%Eﬁ%ﬂéﬂ%ﬁé
EEAXNBAR(<S mg/g), HREGEWKT 8mg/g. B4k L, Tkl 14T 344 =P

BB LA A ) 0 7 R R (CEAA) AL 1 AR 04 77 = =Tl
2#ANA R 4#4H(P<0.05) .

R 5 VRHE BRI =R T MR LA = SRR AL R R (%, ) (n=3)
Tab.5 Effects of dietary protein level on amino acid composition in muscle of female adult P.
trituberculatus (%, Wet weight) (n=3)

ARl 1# Diet 1# 1kl 2# Diet 2# Talk} 3# Diet 3# 1Akl 4# Diet 4#

CRILR(ONEAA) & & %

TiH Items

FAEMR & (mg/g, ¥2HE) Amino acid composition (mg/g, Wet weight)

TR e 5.42+0.23¢ 4.23+0.01° 5.53+0.15¢ 4.95+0.03%
SRR Leu 9.30+0.00¢ 7.1540.00° 9.56+0.01¢ 8.30+0.00°
R Lys 9.60+0.71° 6.98+0.02° 9.7340.55" 8.2540.142
HHIE Met 3.50+0.15¢ 2.70+0.04° 3.65+0.19¢ 3.08+0.02°
KINEEZ Phe  5.27+0.01° 3.99+0.01° 5.33+0.03¢ 4.61+0.02°
Bk EmE Cys  2.07+0.28° 1.50+0.242 1.70+0.123b 1.75+0.06%
TR R Thr 5.3420.16° 4.05+0.012 5.45+0.06° 4.70+0.05P
IR Trp 1.45+0.02¢ 1.07+0.022 1.45+0.03¢ 1.27+0.05%
iR Val 5.64+0.05¢ 4.45+0.10° 5.82+0.31¢ 5.17+0.05°
fi% 2R Tyr 5.02+0.04¢ 3.75+0.11° 4.93+0.05° 4.32+0.11°
YEAA! 52.60+0.80¢ 39.87+0.122 53.15+0.56° 46.39+0.04°
RITZRAIR Asp 12.24+0.24¢ 9.32+0.022 12.39+0.04° 10.880.08"
22K Ser 4.97+0.24¢ 3.78+0.00° 5.00+0.26¢ 4.37+0.03°



HAMR Glu 20.21+0.61¢ 15.05+0.012 20.54+0.15¢ 17.33+0.00°
HZMR Gly 9.47+0.32¢ 7.59+0.02° 8.87+0.03b 8.73+0.07"
HNZAR Ala 8.67+0.49¢ 6.33+0.00° 7.78+0.05° 6.98+0.012
JHZMR Pro 8.26+0.36 6.15+0.10° 6.71£0.59° 5.99+0.022
AR Arg 12.47+0.20¢ 9.53+0.022 11.960.01¢ 10.56+0.100
He2 % His 3.15+0.12° 2.39+0.012 3.33+0.01¢ 2.84+0.10°
YNEAA? 79.46+1.62¢ 60.15+0.10° 76.57+0.14¢ 67.70+0.17°
TAA3 132.06+2.41°¢  100.02£0.22*  129.72+0.41°  114.10£0.21°
EAA/TAA 0.40:£0.00 0.40+0.00 0.41+0.00 0.41+0.00

#: ' YEAA KRBT AR 2 YNEAA Fn Db TR RIER; * TAA KRS Z IR
LUK HE Yy MeantSD;  [FIAT Hidls A Al /N5 F- B OR % 57t 12 35 (P<0.05)Notes: ' YEAA
means total essential amino acids;>YNEAA means total non-essential amino aicds;’ TAA
means total amino acids.the date were presented as Mean+SD; values within the same row with
different letters mean significant difference(P<0.05)
3 e
3.1 TPRHE KT SRR T B A A KR G SRR TR RS T
ARSI AR I R EH T 2 —, R AR R %00 HE B (Resources, 2011), A&
WHAA R R, FINBEFRE AT T, TRk B KPR AR AR K TG 3 5, AT e SR
A : ()b E R &M N R 0.1~0.3 J/m’), Fakld 32%1 8 [ K F AT BAH 2
HIERARKTR: @Mk 1480 242048 1 5 M0 7T 588 I 5 & 50 2 (P Rk L A K
KEME ARG EERIF R IV PR TR EZE Wiz —, WEKE
UFSR E R AR T B B RS R R BRI AN A B BB (Wu et al, 20105 RJET
55, 2014). HSEANIIN OGN HOK B R 32 TR 7E U BN A R oK AR B OBl AR AT IR
(Yang etal, 2005), 1fij 5F B2 (1 32 2L G0 2 (9 JiL L BRI b 3055 41 i Coccia et
al, 2010). AHFFEAT, FRE 3#ALCR & BN 39.59%)MEAK [ 51 S B 8 2% v T 1R 130
24, XM PRDR AR s 1 B 1 R T DA B B 0 A A A, IR I O LR
BRI S U0 AR B, IX 5 40 BE BT (Cherax quadricarinatus) () 57 45 525l (Rodriguez-
Gonzalez et al, 2009). JGHTA B AL H IR X BAMRIEFRFAT, ETMAREK, &
JRABER  NEWRE . 5 S b ST AR L PR B O 5 1) A A ZH RS H R AR VP AR =0
B A P} )0 BB I SRR IR s 7 B A HAE L, A RRE, =R T R A A K
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Je JARN B AR AR S B R H KON 41.52%(BE VRS, 2011), X & T ASHE 7T 45 8
(39.59%). 31X 7] it /& BRI A A 7 SR aDRHRDREL AR 107 7K T (15%) 2 3 i T 98(7%~11%)
Y& A R R R KT RT LS 20 OSSRk B, AT PR B 1 R
(Catacutan, 2002).

JETTE = N IR AT T AR, =R T LB (A H N 2.50~42.9 g)talkl iy
BATRA 45%LE4 (T FHSE, 2003), X 55 =T =08 T HMEA S IEERE B &
K T(40% /e A7) e BHIETT I, =R 7 BE AE AR K AN BN B 0 HH R] 1) °8 97 55 SRAFAEIROR
Z 5. WHEINN, SR T BN B 2w R AR DT I vk (Jin et al, 2015), i 5R
SR M BB 5 T v IR 7 R v A5 B 1 R R R R A2 FL I B B K (Ding et al, 2017).

3.2 FRDRHER FI7K 0 AR 7 B A A= A 2L A 5 il

R H R BT TN =R T B E R A B N E(R T4, 2014).
TEABEFEH, B R K RI3R R, =R 7 TR A 50 SR FR i o e B 1
R0 LI, IR E LR SRR R e B R K IR, R R
NI B RAEXTBE 2, DTS B0 51 SR R iR b 2 AR 28 (938 0 (Unnikrishnan et al,
2010). BB FRFE 9K 1 HE T, TARE S#RTA L 444 e 8 O 55 o 10 i B e R R,
XA X 2 AMEAR OGN AR BB S A O, B O SRR AR S, LR A K
BEAK, HEAME & 2853 545, 2007; Rosa et al, 2002).

3.3 FRDRHER F7K P60 =R BE A UL A rb S B R AL 1) 52

T RIEM SRR B A E I, BP0 10 T R R R SO RN
BRICE 7 ot 1) B LK 5 (Wu et al, 2010). #R#4E FAO/WHO FIFREAE G B ERAR I, fr il
W FTRAIEIR BB MREAA/TAA A LLE N 0.4 /24 (FAO, 1985), A#FFH, 4 FiEH
IKPARDRLFR B I = AR 1 B LA rh 0 7R SR IR 1 & 3 IA B 1 iz 3 AR bR vl SERTIT AL
R, =P 7RI PR R RR ) v & I B R R (R AR AN L D R A1 2 e R
(I RAE, 2009), AL REY], K=MOFHaEaIEMR S EXEER 1#H#MER 34
YHMEARLA R . BRI R KRR 2 Fh ek R IR, HaEAmR 344
ok B e, HEMNTADRL 3#2H =R 7 BEL P BAT B (R 8 78 T
L8 LRTR, T IBIEIRIE AT N =R T B AR 1 O AR BOM A A AL AR, UG
FETHFAF T =R T B A E AR DR E B R B KSFE 2 40.16% .

SHE Wk WS

VT iR RE R E ) e & TE: 2020-07-31 09:51:39


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

AR
FARIZEBRER R MRS BB Carassius auratus 5
. HERREREDNEE

AL PHE BER BRIV ELR ERE BNE
REWHERFZKT= SRR KERFERFTTEILTARNAEMEERFHEE N LR S
WO fEKEN (23D °CF, BwiniAiE N (3.37+0.03) g (L6 Carassius auratus 180 J&,

BENL N 4 2, HHIANEE, BNEE 15 8, FIFRTE 2001 B OmAKME G, BRAE 7% A8 (MM

) A 8%EKEHK (CGM 4D il 0.1%EZEATR (MM+CAA 41) 1 0.1%4% 1R (CGM+CAA
) MrRL 56 d, BEFCT LA 2 o U vk e A R R SRR R LA L G R BT RE
Fisgmd. g5 REH]: AW SRR AR (FD. RSB HEIER (JIDAA) FLE AR
(YAA) E&EKBEENEE (AMS) EHELEREZLHEH (P>0.05); R EEFERFER RN 0.1%
RPN IR IV IR fS , 5 HAR AL, 3R m T MR £ K& (SGR), I HE & (WGR),
JEWEE (CF), WIAEZERR (Met) MIfiEl: (Lys) &8, BiEfsies (LPS) MEMAR (PRO) %
P, PR TERSIRES (ACP). BRIEBEIREY (AKP). i LERE (CAT) ALY LEE (SOD)
WTE (P<0.05); W FFR T AN Z# (MDA) #& (P<0.05), TMiiklR# (FCR) BHETE
KE EOW N E AR IR B MR SRR AL . 45 LR, (EARSEIAT T, POM & A IRIAR A ek
R A R T LA S 2 A AR K A S DU AR DR UL Hp BRI R R K S
B2 e TR 2 7 I PR PR Bl A
R HAUE; REIMEEIERR; 4K 26

Effects of Limited Amino Acids Supplementation in Different Protein

Sources Diets on Growth Performance, Digestive Capacity, and Immunity

of Red Crucian Carp Carassius auratus

SHI Lidongi, WEI Liboi, ZHAI Haojiei, MU Yushuangi, HOU Renshuangi, REN Tongjuni,
HAN Yuzhe:,»
(1. College of Fisheries and Life Science, Dalian Ocean University, Dalian 116023, China;
(2. Key Laboratory of Fish Applied Biology and Aquaculture in North China, Dalian Ocean University,
Dalian 116023, China)
Abstract: A total of 180 individuals of red crucian carp Carassius auratus with initial body weight of (3.37
+ 0.03) g were randomly divided into 4 groups with 3 replicates per group, reared in a 200 L polyethylene
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tank and fed diets containing meat meal protein source (MM group) and corn meal protein source (CGM
group) supplemented with two limited amino acids methionine and lysine at a dose of 0.1% and 0.1% (MM
+ CAA group and CGM + CAA group) at a water temperature of (23 + 1) °C for 56 d to evaluate effects of
limited amino acids supplementation in different protein sources diets on growth performance, immunity,
and antioxidant capacity of red crucian carp. The results showed that there were significantly higher specific
growth rate (SGR), weight gain rate (WGR), condition factor (CF), the contents of muscular methionine
(Met) and lysine (Lys), and activities of intestinal lipase (LPS) and protease (PRO), liver acid phosphatase
(ACP), alkaline phosphatase (AKP), catalase (CAT), and superoxide dismutase (SOD), especially in meat
meal protein group with limited amino acids supplementation (P < 0.05) in the fish fed the diets containing
meat meal protein source (MM group) and 0.1% limited amino acids than those in other groups, without
significant interaction between protein sources and amino acids on total indispensable amino acid contents
(X IDAA), total amino acid contents (3. AA), feeding intake (FI), and amylase activity (AMS) (P > 0.05) than
those in other groups. Meanwhile, significant decrease in the content of liver malondialdehyde (MDA) was
observed in the fish fed the diets containing meat meal protein source (MM group) and 0.1% limited amino
acids (P < 0.05). The food conversion ratio (FCR) was shown to be significantly decreased in the fish fed
the diets containing meat meal protein source and 0.1% limited amino acids than that in the fish fed the diets
containing corn meal protein group without amino acids supplementation (P <0.05). To sum up, the addition
of methionine and lysine to the practical feed with meat powder as the main protein source led to significantly
improve the growth, digestion, immunity, antioxidant index, amino acid level in muscle and the feed
utilization rate.

Keyword: protein source; limited amino acid; growth performance; Carassius auratus;
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PR IR, BC AN R 2R A IR AT R B VE R R R, B AR PR AR A oK B b B
PR LA K PR 1 1 e R x5 I Dl 2 AR AR T oK B 1 83 £ S s o ) 1
FHOT 5 Jeidt— 20 BRI R S A S (B 2 %5

1 ARHS 52
1.1 #k

225 RSt B T B, 7F 200 L B MK 9% 1 . 997 e e e
XTREAHTRDRY,  Ap S R N SR FE PR S TR S

SCIG AR 7 TARMEE SR . R B B S A 2L S B e SR B U AR 1 (Al
H PROR R K B R B LB Ve B R TR A A 7 2R AR LG ), e B A i
MM A5akL, Akl PR LA 7%, SEERALA RN A 3 B, CGM 4L K& A 5
BACARS, TR TR AR LBy 8%, MM+CAA 401 CGM+CAA 4143 514 MM 4
AT CGM HHEIN 0.1% K AR B R A R CH X T R A BT IR~ 7] 524 7]
kHEoRLE 80 H i, BRIRS, WA EHIBPIRTARIE SRS B EAR A 2mm 1RO 1
Bl SRS NHEAE (DK-S26, LIFRESRIMNEBARARD) H 42°CHTF 2K RN
10%, T--20°CUKAH HFRTT .

R 1 SRR B TR R 2R

Tab.1 Ingredients and nutrient levels of experimental diets (air-dry basis) /%

T H Ttem MM 4l CGM 4 MM+CAA 4 CGM+CAA 4
AR ! 0.00  0.00 0.10 0.10
TR ! 0.00  0.00 0.10 0.10
Wk ! 7.00  0.00 7.00 0.00
TREEMT 000  8.00 0.00 8.00
30%EH3EmL ! 0.14  0.14 0.14 0.14
1y 4.00  4.00 4.00 4.00

Jik} Ingredients
ISR ¢ 40.00  40.00  40.00 40.00
KA 6.00  6.00 6.00 6.00
INEEH 37.81 36.81  37.61 36.61
L 200  2.00 2.00 2.00
AL 030  0.30 0.30 0.30

g — S5 2.00 2.00 2.00 2.00


javascript:void(0);

50%FALAERE  0.15 0.15 0.15 0.15

e RTREL 2 010 0.10 0.10 0.10
WY HURERL S 050  0.50 0.50 0.50
&t 100.00  100.00  100.00 100.00
KAy 10.65 1032 1043 10.62
ke 4= 3075 31.84  30.73 31.82
H #27K T nutrient level
FH A 7 520  5.00 521 4.98
FHAK 53 558 573 5.45 5.51
S IEMR S & amino acid content  #SZPRFESRE SEII{E Measured value
&R Methionine 0.60 041 031 0.58 0.46
#E R Lysine 1.60 144  1.29 1.61 1.41

He VEAR, BER, KREOR, W, 30%EE, BT RAERERAR, 1T
Jr, E; 2 4EAERBURE NG kg RIS A Y4EAEER A, 7000 IU; 4543 D3, 2000 1U;
YR E, S0mg; 4E4EF K3, 10mg; 44 % Bl, 20mg; 4i42% B2, 20mg; 4iEHR
B6, 30mg; 4E4: %K B12, 0.1mg; MR, 80mg: 4E4Z C, 100mg; 245, 50 mg;
PR, 6 mg; LEE, 80 mg; 3 i ¥ i Fv BN BE kg 1AL 2 NaCl, 3000 mg; MgSO4-7H,0,
5782 mg; FeSO47H20, 1000 mg; ZnSOs 7H20, 150 mg; MnSO4-4H>20, 50.3 mg;
CuS04-5H20, 15mg; CoCly-6H,0O, 1.2mg; KI, 1.5mg.Note: 1. methionine, lysine, corn
gluten meal, meat meal, and 30% betaine. Yixing Tianshi Feed Co., Ltd., Jiangsu, China.2.
Vitamin premix provides the following per kilogram of feed: Vitamin A, 7000 IU; Vitamin D3,
2000 IU; Vitamin E, 50 mg; Vitamin K3, 10 mg; Vitamin B1, 20 mg; Vitamin B2, 20 mg;
Vitamin B6, 30 mg; vitamin B12, 0.1 mg; niacin, 80 mg; vitamin C, 100 mg; calcium
pantothenate, 50 mg; folic acid, 6 mg; and inositol, 80 mg.3. Mineral premix provides the
following per kg of feed: NaCl, 3000 mg; MgSO4-7H20, 5782 mg; FeSO4-7H20, 1000 mg;
ZnS04-7TH20, 150 mg; MnSO4-4H>0, 50.3 mg; CuSO4-5H>0, 15 mg; CoCl2-6H>0, 1.2 mg;
KI, 1.5 mg.
1.2 SERS B AVE B

SEIGAEYNTR 7 d 5, EBUORAD—3. WS BT, HIaGREY (3.37+0.03) g ML
B180 B, BEMLr 44, HA3IANER, BOMER 15 BM, DIES 240 DLEREXR
IKAE SIS K, SRS 24 h 285, &R 08:00 A1 16:00 $5MRPIR, KA, &H



RS 1R #K 1k, BOKEZDY 1/2, SEREZKIEN (23£1) °C, WHEN (5£0.5)
mg/L, pH A (7.3%0.5), FRFEFAMN 56 d.
1.3 FEACREE R ARARIN E 7 1%

IORERT, SRR fafE R 24 h, JRAVOKH, FIREZDY 100 mg/L ff) MS-222 AT R
AEE, PREMEAK, THEHAKER: REE, TK BT EwEES, 10 ER 15 R
AU S Wi S LI, TR ZH IR AR NRE S o ILATAE i T-80 *CUKAR h IR A7,
TR EZ R (methionine, Met). #iZ B (lysine, Lys). b 752 LR (total
indispensable amino acid, YIDAA) FlEZ5IE (total amino acid, YAA) &&; piEM
JFRIERE 0 23 BE N B AR L 1:9 (FAEFREE/K, 424 °C. 4000 r/min. 10 min &% 2
OfF, B BB, 4 °CLRAFE, ATIEMRENRNIEE (lipase, LPS). JEMEF (amylase,
AMS). HEHH (protease, PRO) FIHNFFEE 5L HE (acid phosphatase, ACP). Bl
&M (alkaline phosphatase, AKP). %Al (catalase from micrococcus lysodeikticu,
CAT) F 8 SE AL P B AL B (superoxide dismutase, SOD )% 77 & A -1 (malondialdehyde,
MDA) &, FiREEE AR R H m 5 g A ) TARRIE 50 ik n e AT 5 .

SRR RDRLPIAE i R S IR A2 AT AL EE 22 [F ik (GB 5009.124 20160, 1614 H 3l
IR AT (L-8900 B, HILHIERT A
1.4 5 A SHHE bR

e KR (specific growth rates, SGR, %/d) =100x (In AR5 =—In HIGR1AK
= OMIGETNAE

HAE % (weight gainrate, WGR,%) =100x CPHZRMAKTTE—F VAR E) /
R SLL LN

Takl %% (food conversionratio, FCR) ="F-IJ1a BN &/ (LR34 i &—)ah
FEIRED;

JE3# B (condition factor, CF) =100xZ A & xR K3,

TE % (food intake, FI, %) =100x#& Nl R 5 /[1AF7 R ¥ (WA E+240K
RBTERD /2];

SIS EHE F P 2 {E £h5 #E 1% (meantstandard error, SE)Z 7, ] SPSS 17.0 #F(IBM,
USA) #HAT XA 2= 7 Z 50T (two-way ANOVA) 3#T. 244 FH IR A AR LR < [ A7 1E
REZEAERN, XA BT IR R T Z 0 (one-way ANOVA), JFFRH



Duncan’s #HT 2 & LR HT & A BRAH AT (1) 2.5 M, 0 P<0.05 N ER B3,
2 SR 550
2.1 DAk AR PV B o R ) A e o £ AR P R T

TrIARL AR P YR S R R 6T 41 7Y SGRWGR . CF Al FCR 77 5. 35 22 EHAE FH (P<0.05)
MM HE5 CGM HAHLL, WGR. CF RE#m (P<0.05), FCR &3 T (P<0.05);
MM+CAA 5 MM 4Lk, SGR. WGR. CF &E#5 (P<0.05); CGM+CAA 45
CGM ##HLk, FCR &% T (P<0.05), {H SGR. WGR #l CF L& EZ (P>0.05);
H MM+CAA 4 SGR. WGR. CF BEF & THRKEH (P<0.05) 4H, MM 4 FCR

X, H MM+CAA A5 MM AL B EZER (P>0.05) (£ 2).
250 TSR 1 R A A R ) e P o 4T A K i P S

Tab.2 Effect of feed protein source and two kinds of limited amino acids on growth performance of red

crucian carp Carassius auratus

. Fredk®x HER TRLRE R R
ZH 51 Group
SGR/%-d!  WGR/% FCR CF F1/%
MM 4H 2.72+0.08*  265.20+6.18" | 1.40+0.032 | 4.43+0.03" 3.45+0.34
MM+CAA 240 3.19+0.07°  339.50+5.30°  1.63+0.04%* 5.03+0.21°¢ 3.19+0.20
CGM A 2.61+0.01*  214.20+14.00* 2.13+0.10° 3.71+0.07* 4.49+0.70

CGM+CAA #H  2.71+0.06*  215.60+3.10*  1.81+0.15°> 3.30+0.13* 3.62+0.80

W 27 25707 P

/‘;!';EE”)E * %k K%k K%k K%k NS
AHEETR ok o NS NS NS
O ok * *x NS

e RSP AN FREERORAA BEIEE R (P<0.05), dnAMHFENS F5
HRONAMTE R EMEZER (P>0.05); **AEK P<0.01, *{U3& P<0.05, NS UKL %
¥, I [A] Note: Means with different letters in the same column are significant differences
between groups (P < 0.05), and means with the same letters in the same column are not
significant differences between groups (P > 0.05); ** stands for P <0.01, * stands for P <0.05,
NS means no significant difference, the same below.
2.2 APREER AN A R A I R SRS X AL VLA Met. Lys. YIDAA AT AA {5200
Tt R A IR SO 2L ALY Met F1 Lys & BAFAE R E L HARH] (P<0.05), {H
SIYIDAA FIYAA TERZERZHAER (P>0.05). MM 415 CGM ZHAHEL, WL Met A1 Lys



SEEFETE (P<0.05); MM+CAA 415 MM 4L, HLA Met Al Lys &8 2T
(P<0.05); CGM+CAA 45 CGM Mk, LA Met. Lys S &EZEFE (P<0.05);
HWLA Met 1 Lys & 27 MM+CAA HEE & THAZSH (P<0.05) (kK 3),
3 TR FUR AN R PR BRI ZLEILAY Met. Lys. YIDAA FIYAA 540
Tab.3 Effect of feed protein source and two kinds of limited amino acids on Met, Lys, > IDAA, and > AA

contents in muscle of red crucian carp Carassius auratus /%

AR BER

21 5] Group Met Lys BLFERERYIDAA HEIEIRYAA
MM 41 1.38+0.01° 4.64+0.01° 23.41+0.66 45.52+1.35
MM+CAA 4 1.65£0.07° 4.94+0.03° 23.93+0.85 46.05+0.08
CGM 4 1.30£0.03* 4.54+0.02* 23.11£0.36 44.81+0.25
CGM+CAA #  1.43+0.01° 4.67+0.03° 23.47+1.08 45.14+0.22
MR T 2547 P

HEVH ok o NS NS

AEER ok o NS NS
HETE<AZER > * NS NS

2.3 s B P YR A A IR A1 g A P X £ B T Y A RE T R T
R 4 GAIREER YRR R BIR fi] 1 2 ik R X 2 B T T AL E T ¥ 52

Tab.4 Effect of feed protein source and two kinds of limited amino acids on intestinal digestive capacity of

red crucian carp Carassius auratus /U-mg prot’!

1 fEWilE LPS KK PRO JENIEE AMS
MM 4 2.5240.03*  0.3620.02®  0.30+0.03

MM+CAA 40 6.36+0.03¢  0.63+0.02°  0.32+0.03
CGM 4 3.33£0.06°  0.13+£0.01*  0.31+0.01

CGM+CAA 4  3.55+0.03°  0.33£0.01°>  0.36+0.01

XU 2 T7 25547 P

HEUE ok i NS
AR ok ok NS
HEAE<ZIER  ** ok NS

Wk 4 s, FRVE ARSI LPS M1 PRO JE /1A HAEF B2 (P<0.05),
B AMS IE T RELZHIEM (P>0.05); MM+CAA 45 MM 4AHL:, LPS 1 PRO



EHRFERE (P<0.05); CGM+CAA 415 CGM 41A#HLk, LPS A1 PRO & 1B EH &
(P<0.05); H LPS #1 PRO & J73¥7E MM+CAA 415 & m T HA KA (P<0.05).

2.4 ARHER YR RN B o B ) S R o £ P U G2 i 7 FRD 5

TrlRL R 3 Y5 AN R 6T 4T 6l ACP. AKP. CAT. SOD i /1Al MDA &84 W%
HAER (P<0.05). MM 415 CGM 1A LL, ACP. CAT 1 SOD i /1 2 2 5 (P<0.05),
MDA & & & N (P<0.05), AKP G LREZN (P>0.05); MM+CAA 45 MM
HAHLL, ACP.AKP.CAT #1 SOD i /7 & # # 51 (P<0.05), MDA & & .3 T [£(P<0.05);
CGM+CAA 415 CGM 41AHtk, ACP. AKP. CAT fl SOD & B & m (P<0.05),
MDA &L EEZL (P>0.05);; MM+CAA 41 ACP. AKP. CAT 1 SOD i /1 &%
BT HEASH (P<0.05), MM+CAA 4+ MDA & & EFMTHEASY (P<0.05) (&

5.
R 5 GAPREER YRR b IR fi] 1 2 2k IR R 2180 G 2 E 7 1) 2

Tab.5 Effect of feed protein source and two limited amino acids on liver Immunity of red crucian
carp Carassius auratus /U-mg prot’!

" " " o S/ .
MR MR WE R B OBROME R R OB 1 Atk A B MDA A AL ) B A T
45 Group  ACP AKP CAT SOD
/mmol-mg
/U-g prot’! /U-g prot™! /U-mg prot™! o /U-mg prot!
prot”
MM 2 310.16+8.28° 20.35+0.702° 16.75+0.04° 3.85+0.08Y 246.65+2.41°
MM+CAA 4 394.49+2.16° 35.69+1.77¢ 17.81£0.014 2.49+0.342 275.03+0.954
CGM 1 252.78+2.70? 18.91+0.512 16.31+0.12? 4.62+0.14¢ 221.24+0.792
CGM+CAA
0 317.26+2.41° 21.63+0.23° 17.08+0.06°¢ 4.50+0.02%  262.05+1.99¢
XA T5 Z 50 #r P AE
[l
3 e
3.1 ek AR A YEURT A e PR i A S R P XS 2 Al A A RE 2

HE NN, R R S 5 —

ANER PR VR IR, X 4EHF AR IR Y



KR E B EEAE U202, CUEHE R, RN Met 1T DUAS [RIFR B2 A
% f1 Ctenopharyngodon idella?2l . F§ U B i Labeo rohit H.Z3! | 41 % 5 fig fif
Piaractus mesopotamicus 2 FIFAVH £ Cyprinus carpio L2 & &R KEE B KR K EH
FRE; Al DR ST E Oncorhynchus mykiss8), B £ XA Ictalurus punctatus2F1 7
i Cyprinus carpio var.JianZ8[{IAH A KR R IA B . HIEAL, RSN Lys, A
DAFR S IRHED £ Leuciscus brandti® A1 [4]3k i Megalobrama amblycephalaBYfi) A K 4
REo REE AR A | 1 o AR R E R O S5 F e i 2 £ 28 IR I T b SR VR 1 SRR AR
KA R IR A FE bR, TR R B (FCR) S bl i 2 FH R PPN TRl R 2%
(RIFE AR, ARHE TS5 R, P TR S TR E Ak AU R AR L, B R
B 7 4L WGR A1 SGR, B3 (K T FCR, Tt BZE RIS IR FIVE LRI, PR A
YRR A R T AL AR TR PRE R SRR S . PR B VR TRDRLR L SRR 4 AH
b, A KRR R T B, W EOK R Bk A AR RN N2 S AR IS I AR T,
CLA A K ARAR A B2 AN, B PR B R DA R ) S R N I (R T 4L
(A=K, H TR ER ok B (IR AT} PR e R 2 (R Pl REA7 AE R RS L, S BR
M SRR R R R R AR A AE H R T X A AL 0 B AR E 7 A B i, A7)
AR50 0. K B VR TRl R I R R B S, 4K SGR. WGR M CF
HHARSHM L EER S, FCR REET FOKRE R E AR I, 38Rk & A
TRPRF S I 0.1% 6 P Fh PR ) 1 2 2 IR TR IS A AL AR K 7 oK
3.2 FapRl R U5 R PR ) P S S S T 2D B Met. Lys. YIDAA FIYAA K540
Tkl R & B G A LR SRR S s B VIA G . W UER A, Tkl b = R
i, fif§ Sparus macrocephalus®?! | K 3 fi  Pseudosciaena crocea®¥ I i fif £
Myxocyprinus asiaticusE LA 1 1) 5000 75 SRR & i PRAIK,  HLIH A Dl v B S VA P2 3
m, WA SR & B, Ui EDR T i AR = 2 PR S b B R I £ B,
BE £ R AR R R S R T, RS S Pelteobagrus fulvidraco A ZE H
Rachycentron canadum %)) 1 BT AT S 8 A AR & 2w, SRR B . R
A S aARNIRA SR EEIR . SRR BARE € IEM . ARFF5H, PR
FHE RS FOREE (R R R A L, B3 82m T LA Met 1 Lys & &, BRI &
L5 DS tof 502 21 L R) T R 2 I 2L 20k R B W 25 TE AN ) B R sk Hh
0. 1% AR M P S BE R 5, 5 ARSI PR A VR SRR AR LL, ZL60ILIA Met A1 Lys &%
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EERE, 5 AT RARE, TR SRR A SRR A T AT LS U
WAL & 2 m, HAEARSEIGSAE T, AR A 5 bl o 7 o R ) 4 S
WRJ5, ZLSULIAE Met F1 Lys & 8 235 & T H AR &AL, Ui BITE PR 8 R ERDRE A 48 R
it 1 e e R A T SR UL P 2 SRR T 2 B 1 R SR 3 AR T AR % 2L e
3.3 ek P RO e o) e e ke T I Y A R T R e

J 38 S S AU A2 B BT, 0 28 2 A S P o T A B R AT Ak 2 VT AL
DRI, P Y AL PR AE — R b AT DA e i 2E ot el SRR 97 R 20 PR T AL W e
F71381, BRAEBOLE FR R R IR B = X4 i Cyprinus carpiovar Jian (RS2 AR EL, i
Wik = T W 3 PG B A 1, AFRE @A B Ve M R B AN S 3 s 2 A5 O7E B SRR Rt
Sy g R 1) AR K S (R 7 R I, R R T LSS AR e B T R AR
W, ARl R R K ST g 7 R A G I A7 A R S, O RN R A KT T DL
P2 IR DT AN ARG S . ARSI N, AR R EEERIRAR N 0.1% 1 P R
SRR, Z8%E (1 LPS I PRO V&£ 8 m, Ui BHTE POk B VR TR 28 k)
B IR L e o B ) S R IR i 0 SO A S P S A e 7, BTSN PR R )
LPS #1 PRO i HAE PR 8 IV PADRHH B35 v T R &4, U BH POk 2 D) s
R 1) A e R R %o i VS A Bl 0 7 ) e R R R 3 A T AR & 2 T o TV A 1
P S22 2 B2 v T DAL AR PR £ VDR A AR I 0. 1% 8 o R A P S B R 2% 4 R I v 2B
YR
3.4 kA P VR 9 o R o) 2 e X S P U e 92 R D P

R0 21 ol R GG AR T G e AR R S R 412, Salinas S5,
1 AR MBI VILAR B 18 £ B S IR e M )2 R4, RIk, ACP. AKP 48 E (Y
JEAE S 1 G P28 [R] A AST g IE A — S R 0T DU ML IR G 66 T o P e 400
DTG B, PRk e A I I e ) A B R T D S R v P R S e R R e
FPERE ST Ruchimat SEESVRIL,  BEAG AR IR & B HIG N, 3R Seriola lalandi
(¥ G e 0t RIS SR A FEARSEIG R, ARUS IR L S IE BRI, PR S U e Rk
HEKESHEOEWRAE LB E SR = 7 A8E ACP W1, fEARE SR EE s
TN 0. 1% B Fh PR P E LR, 2D SIAFAE Y ACP A AKP 35 /73 B 538, FLI I PR )
VEEIERR S, AR USRI BT E ACP. AKP 3 /1 2038 HUR B30 T H A % 414
ke

oK

[aYay

o
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SOD Fl CAT A& E VB Ak 2 Hp i SCHERGE . SOD i B A N 1 Fl 2= G M ST ok
A, xR HUA B AR ) B EEAEABY, CAT 5 SOD AW FEVER, wTRL
BRYLAN A FBEE T (0%) Fl H0, %8 H HEEY, MDA NHUAR A g it A1k
(R r=4, JLa & nl LU LAk b i 7l AR B R A A AR B2, R, R
g ] 2 3% PR # Lateolabrax japonicus AT A (1) g i S AL /K S A GSH 5 5334 B
NBVR I, P 3kt 03776 A A B A B 77 5 DR R R S R 1) B i R R AR OG . ARSI 5%
TR, RESINBR G VEZ B BRI, PR R IRDRL S 3K 8 00 B TR R L 2 2 i v
TAEE CAT. SOD &), REFK T HIE MDA &5, {EANE S 3R R Es i
0.1% [ Fh B S 1 U LR, 20 ST Y CAT A1 SOD 3% 1138 B & 48, B ImR#HE =
HBRJG, WHEABEAERHS 8T CAT A1 SOD & B ERm THASAWR, AP
MDA S EBERTHRASH. L5 LR, RS B K & EoR 8 A IRkl g i
T P IR ) P R T DASE — s R B R R I e e ), kP kRe )1, Hik
U DA IR B YR TR o PR o) P e R R B 2
3.5 Ziik

ARSEEa R, 7E DL Sy 3 B 1 Y AR BRDSH AR o AR R AR R 7 R R o e S R R
JG, OEIRREEAKS, WEER, LWE. FRRE, NIRERR. BERSE, HiE
TEACEEE 77, I S 5 B 0 R f g )38 B35 e, B A EU ot b ik 4
WAREE— @ W HAEH, HHZTAEFANGE A A . 2 BFTR, ¥R R &N
(3.37+0.03) g ZLEFAEADRE AT, DLPRHK Sy 3 B A 1 Y IR A It e N e R T DL 2 K
FHAK, W . AR VA EER. BER S =, =aRFIRE,
BEAE LA o
ZHE R B

VHPEE OKFPEREFHER) Mg E &KEE: 2020-08-24 14:05:51

Bo&taR ke fEFEPEAERE K. tRLZBEHEIA
R

s 2R EKYL SR E3RE FEK it
BREARNWRFLGENFBE _ERREERZK R 2B K R LRB AR L EK R I
BAKEMVH T O AR ML R A ER BRI L 50 5 B IR R SR =
W B BT A TR UK A0 h SR S B 1 TR B M REATE TR DL RE I, A SCRE i SR A

IR T BRI T AR R R R AR RE | PRI B LRI E IR Y, D U T AR B R
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https://kns.cnki.net/kcms/detail/knetsearch.aspx?dbcode=CJFD&sfield=au&skey=%E5%86%AF%E4%BC%9F&code=11712626&uid=WEEvREcwSlJHSldSdmVqMVc3ejRzR2YwNElOUXRhSkZGRjdUUE0yT2Nqbz0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!
https://kns.cnki.net/kcms/detail/knetsearch.aspx?dbcode=CJFD&sfield=au&skey=%E6%9D%8E%E8%BE%89&code=44307842&uid=WEEvREcwSlJHSldSdmVqMVc3ejRzR2YwNElOUXRhSkZGRjdUUE0yT2Nqbz0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!
https://kns.cnki.net/kcms/detail/knetsearch.aspx?dbcode=CJFD&sfield=au&skey=%E5%94%90%E6%B0%B8%E5%87%AF&code=08074847&uid=WEEvREcwSlJHSldSdmVqMVc3ejRzR2YwNElOUXRhSkZGRjdUUE0yT2Nqbz0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!
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Effects of the growth, gonadal development and muscle quality on Eriocheir

sinensis under the monomer culture with formula feed and frozen fish

Feng Wei Li Hui Tang Yongkai Su Shengyan Wang Meiyao Li Jianlin Yu Juhua
Wauxi Fisheries College, Nanjing Agricultural University National Demonstration Center for Experimental
Fisheries Science Education, Shanghai Ocean University Key Laboratory of Freshwater Fisheries and
Germplasm Resources Utilization, Ministry of Agriculture, Freshwater Fisheries Research Center, Chinese
Academy of Fishery Sciences
Abstract: In order to study the effect of formula feed and frozen fish on the breeding performance
and nutritional status of Eriocheir sinensis, this experiment analyzed the growth performance,
gonadal development and nutrient composition of monocultured Chinese mitten crab by
continuous sampling, and further compared the FBI, WGR, SGR, SR and MI. The results showed
that: (DIn terms of survival rate, the formula feed group was significantly higher than the frozen
fish group, while there was no significant difference in the FBI, WGR, SGR and MI between the
two groups. At different stages of molting, the formula feed group of the body weight was smaller
than the frozen fish group, and the differences between the two groups after the third molting was

significant; the weight gain rate was different between the female and male crabs, and the weight


https://kns.cnki.net/kcms/detail/knetsearch.aspx?dbcode=CJFD&sfield=kw&skey=%E4%B8%AD%E5%8D%8E%E7%BB%92%E8%9E%AF%E8%9F%B9&code=&uid=WEEvREcwSlJHSldSdmVqMVc3ejRzR2YwNElOUXRhSkZGRjdUUE0yT2Nqbz0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!
https://kns.cnki.net/kcms/detail/knetsearch.aspx?dbcode=CJFD&sfield=kw&skey=%E4%B8%AD%E5%8D%8E%E7%BB%92%E8%9E%AF%E8%9F%B9&code=&uid=WEEvREcwSlJHSldSdmVqMVc3ejRzR2YwNElOUXRhSkZGRjdUUE0yT2Nqbz0=$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=WEEvREcwSlJHSldSdmVqMVc3ejRzR2YwNElOUXRhSkZGRjdUUE0yT2Nqbz0=$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=WEEvREcwSlJHSldSdmVqMVc3ejRzR2YwNElOUXRhSkZGRjdUUE0yT2Nqbz0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!
https://kns.cnki.net/kcms/detail/knetsearch.aspx?dbcode=CJFD&sfield=kw&skey=%E6%80%A7%E8%85%BA%E5%8F%91%E8%82%B2&code=&uid=WEEvREcwSlJHSldSdmVqMVc3ejRzR2YwNElOUXRhSkZGRjdUUE0yT2Nqbz0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!
https://kns.cnki.net/kcms/detail/knetsearch.aspx?dbcode=CJFD&sfield=kw&skey=%E6%80%A7%E8%85%BA%E5%8F%91%E8%82%B2&code=&uid=WEEvREcwSlJHSldSdmVqMVc3ejRzR2YwNElOUXRhSkZGRjdUUE0yT2Nqbz0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!
https://kns.cnki.net/kcms/detail/knetsearch.aspx?dbcode=CJFD&sfield=kw&skey=%E8%90%A5%E5%85%BB%E5%93%81%E8%B4%A8&code=&uid=WEEvREcwSlJHSldSdmVqMVc3ejRzR2YwNElOUXRhSkZGRjdUUE0yT2Nqbz0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!
https://kns.cnki.net/kcms/detail/knetsearch.aspx?dbcode=CJFD&sfield=kw&skey=%E8%90%A5%E5%85%BB%E5%93%81%E8%B4%A8&code=&uid=WEEvREcwSlJHSldSdmVqMVc3ejRzR2YwNElOUXRhSkZGRjdUUE0yT2Nqbz0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!
https://kns.cnki.net/kcms/detail/knetsearch.aspx?dbcode=CJFD&sfield=kw&skey=%E5%8D%95%E4%BD%93%E5%85%BB%E6%AE%96&code=&uid=WEEvREcwSlJHSldSdmVqMVc3ejRzR2YwNElOUXRhSkZGRjdUUE0yT2Nqbz0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!
https://kns.cnki.net/kcms/detail/knetsearch.aspx?dbcode=CJFD&sfield=kw&skey=%E5%8D%95%E4%BD%93%E5%85%BB%E6%AE%96&code=&uid=WEEvREcwSlJHSldSdmVqMVc3ejRzR2YwNElOUXRhSkZGRjdUUE0yT2Nqbz0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!

gain rate of formula feed group in the female crab was significantly smaller than that of the frozen
fish group after the second molting, while the male crabs in the two stages after the first and fourth
molting were significantly larger than the frozen fish group. @The hepatopancreas index was
3.59% and 4.45% under the formula feed and frozen fish groups, respectively, the gonadal index
was 3.20% and 2.25%, and the hepatopancreas index and gonadal index were not significant
differences under the two groups. 3In terms of muscle amino acid content, the total amino acids,
total essential amino acids and total flavor amino acids in the formula feed group was significantly
smaller than that of the frozen fish group; from a single amino acid, the lysine and arginine content
of the formula feed group was significantly smaller than that of the frozen fish group, and the
content of proline is significantly greater in formula feed than the frozen fish group. @In terms
of muscle fatty acid content, the highly unsaturated fatty acid and DHA+EPA content of the
formula feed group was significantly higher than the frozen fish group; from the perspective of a
single fatty acid, in the monounsaturated fatty acid C16:1 and C18:1n-91 content of the formula
feed group was significantly smaller than the frozen fish group, but in the polyunsaturated fatty
acid ARA and DHA of formula feed group was significantly higher than the frozen fish group.
Studies have shown that the formula feed group is close to the frozen fish group in the growth
performance and muscle quality of the Chinese mitten crab, but the gonad development and
survival rate fed with formula feed are better than the frozen fish group under the monomer culture
conditions, which has more development advantages on Aquaculture.

Keyword :  Eriocheir sinensis; growth performance; gonadal development; nutritional

quality; monomer culture;
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G AR R, 12 A TR TR A TR R UKt AR SR R BE (1 T
JERYLVEECIIT T T UK S ANEE & T RS vh A SR8 B IR P A s S, R BLUK B 2 A B e
B BRI UL R i R RGP AN AT T 1 e PR AR £ 00 rh R R 2 e A
KAYERERIFEN, RILVK A BGE R B E TR A TRA, Hasrdmil. Hrdheokik
B E SRR BN L, ROV B SR T AT R, X R AR R IR
SR S5 18] o LA DR AR E A DR 24 i e 2 22 BRI, e AT LR IR rh AR ok
B VERROR B B b S VIS MRV 0 9 R IR o ASHIE FE 18 o e O B R IR AR
gt, WHFC 1 xRS MRIEC & R AT oK A 3 5 20T rh AR 2808 B il B i B AR S R b S L L
VAL 5 RS 0, DASHI O vh AR R B R TR 5 RS TRE PR MR L DK VAR FRBE SR AR 2 A 4
1 MRS 5%
1.1 LR

SISO AL T 1 IS EE, BUE B KRS BE R A ML RTE T A L 55 7 TR
ZREOIRIEAE . 2019 5 3 A 19 Hbieikm it 35 7055, MG A, it 96 B
CHE. HES). Kt /Nt Rt , HUE FRIEIEIIA 1, BORAC & TR T3
iR IR AR, EEEROVIRR S . Rkl SR TE40 . Sk B
AR RS Bk BEYEER METTR MRS, RIREFRR R 1 R,
1.2 SER B R EHE

#®1 AR EFRRS LB (FHE)

Tab.l Comparison of the nutrient ingredients with formula feed and frozen fish ( dry weight ) %
BT I AT ke budiee)
component analysis formula feed frozen fish
K43 moisture 11.33+0.27° 79.154£0.58*
FE [ crude protein 42 .60+0.83° 62.67+1.32
SR total lipid 8.04+0.220 18.36+1.272
#4y ash 16.21+0.04¢ 13.92+0.93"

H: AT ARDNSFEREERLEE (P<0.05) , FRAAEFEFRRIEREE S (P<001) , FH

Notes: different lowercase letters in the same line indicated significant differences (P<0.05) and different uppercase letters indicated extremely
significant differences(P<0.01), the same below

SERTE 6 1716 F R E A KB B KRG IHT, RENGAFRHEBBEHUK
721 R, RBERAWRAKG 2 ML CBH4ANESE, BOAES 12 1, M 5.
FEFHKIFNES A RAK, KRN (25+3) °C, REFETHMEA S mgL UL, ENT
0.2 mg/L, pH A 7.0~8.5, HAELREE B A AEHEME 7 d LUENZ IR, SLI0HT
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A 24 h, FEEEMAE, FFRAE 7:00—8:00. 17:00—18:00 PN E] BE AT S (4
AR 2%~5%), FFRFEREMEKENIE L AT, ErEIRS A 7K HK,
FEVERIMWIMN 3 H 26 H3 11 A 20 H, J&it 240d.

1.3 FERRE

FE SEGS HHTA] Hh AR SR B BRI 1 IX5%, 10 % — X5 (8] B IR ] Cmolting intervals, d),
AN A R IR AR R B R I e T AR B — IR SRS AT T ZE I ], 3 d JE SRk G
PR R GERERAKD) T FEER, Fre KR MG TR, 535 H
S5O, MNPILE AR S A 2 AR SR M L B 6 W, ARILAR BT R TR BT A L
P FFBRERAMAE IR, TT-80 °CIRAT, FHT /5455,

1.4 FEA AT

A K Fabr 1Y 5 3K (weight gain rate, WGR, %) = (Wn-Wa.1 )/ W1x100%
5 8 A2 K (specific growth rate, SGR, %) = (InWa-InWp.1 )/tx100%
1795 % (survival rate, SR, %)= N¢/ Nox 100%

FT figi i i 2 (hepatosomatic index, HSI, %)=Wi/Wx100%

P: i 45 %5 (gonadosomatic index, GSI, %)=Wo/Wx100%

JIE3% P (condition factor, CF , g/em®)=W/L3x100

A, W ABESE n RBL5E 5 BP R R (g), Wao A n-1 RBE5E 5 HUF- 344
i (g), t AWSTAIBE(), NOBEZORANG No NI Wi B IR = 5 (g),
W N E R (g), W NEARE(g), L AkMHFK(cm).

WAL K AR ARk B BE LA R R R AL AN & 1, HERRREL
600.0 mg /A 8 FKMEBIRE S, TR K AR RS, 218 M 8 mLHCL JF42 % 3)
IKAE, DRUIEARE SO 1S 20 E0E M, fhE S, 4E5F Smin J5, FEFEWHT B3 E . (110£1) °C
IKAE 22~24h, VITFKIREREB TR EHERS 25 mL FERT. €%, MZHELRE
JE, HUIEM 1 mL BT 25 mL /MNBEAR R, 750 NaOH )2 TR R 28T OKIIN#AR
L 50 °C), A 1 mL pH2.2 HERRIEM S, WREH 1.5 mL IELE T . 10 000
r/min 2.0 10 min, U EIEWE 0.5 mL T-FESIEAIE, Bt FHACE N 23R TR B4
PR R A SR P TR AR VA — Ak U200 e B A LA g I R AL A S AE R B i, B 4 2 ) %
U1 A B R LI RE 5 T IR R 40T, s AR D R A s SR FH &0 - AP - HoO0=2 -


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

201 R ENEDT, 43 AIH 1 mol/L KOH-HEEA 0.5 mol/L firi & it v ik 6 i 1y 1R FF 1
W, B IEBERERE UG TR G o FF S BB ALS , BL bR il — s i ASGEEAT 43
Mro ATHIEE A Agilent 7890B-5977A S A (- i 1% 5k FH A (GC-MS) .
1.5 HiE b

B2 F SPSS 24.0 BAxf S0 B #EAT U7 Z 5 VARG, SR A One-Way ANOVA FlIfliA7
t A IR A 5 TR b () () 22 S, 5080 AP 3B AR 2 (mean+SD) ITE KR, P<0.05
NERBZE, P<0.0l NEFWEZE.
2 45%
2.1 KR

FERGE R JT 1, B & TARHANK 1 4H BGE 37000 9 58.33%AM1 43.75%, 2 [AAF4E
W 3 2 5(P<0.01), ZORMRIR . MER, FredKR%E 3 ANMatrok fH T4
BHE (P>0.05), 1872 8] @ U 2 vk AR F R AR (P>0.05) (3R 2).

F2 AR Ao R KRR n=50

Tab.2 The effect of the growth performance of E. sinensis reared in the “Crab Palace™ system with formula feed and frozen fish

HE+ b
. i female HE male
IiH the sum of female and male
items B & e ikt WY ik Al &R UKth
formula feed frozen fish formula feed frozen fish formula feed frozen fish

IS #% SR 75.004 50.008 41.674 37.504 58.33* 43.758
kAR IBW 7.6343 .49 8.7243.75* 8.99+3.39¢ 8.09+3.05¢ 8.31+3.86* 8.4043.63°
%’Hﬂﬁﬁ'/‘g FBW 37.96+9.41* 39.05+7.82* 34.38+6.85* 37.87£9.60° 35.41£8.69* 38.42+8.69*
BEREM, WGR 406.50+£95.59* 433.64x161.807 360.32+£170.78* 428.00£164.07* 385.38+135.37¢ 430.64+160.39*
FEE /%SGR 0.90+0.11* 0.91+0.18° 0.83+0.20° 0.90+0.16* 0.87+0.16 0.91£0.16
AT/ MI 52.73+24.40° 49.57423.38° 51.84420.45° 47.79+17.842 52.23+22 482 48.68+20.61*

TEZFRIARSE A R ARG BRI T 3~4 YK5%, UKL BR I 72 J5 Hh R R 8 A i Bt 0
T AR, Hokfd rh e A 3 O S M R R T A TR
(P<0.05), fHZE 4 RWi5e)a 2 4Lk s Lk, LRFEZER (P>0.05) (Bl 1).
WEEAR B, BEAGFRIART MM IE K, ME. AR E SRR e KR R TR, 58
3 YR T R AR R e AR K AR, TS I R F B AR K s (B 2). 3
o 2 R WEER A AR K A AR R B s O 66.00%, EUEC A T RHEL R R 1 12.87%,
CHEGENBEEER (P<0.0D. M, HEEEERIAWRHES | RJFME 4 725
2 N BURE T UK LA (P<0.01), 1 i AR B B R s Y K S LA DR U AE 28 1 s
Fola i EmTokad (P<0.05) (K 3).
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Fig. 1 The effect of the body weight of female (a)and male (b)crabs reared in the “Crab Palace™ system with formula feed and frozen fish

different lowercase letters indicated significant differences (P<0.05) and different uppercase letters indicated extremely significant
differences in formula feed and frozen fish(P<0.01), the same below
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Fig. 2 The effect of the weight growth rate of female (a) and male (b)crabs reared in the “Crab
Palace” system with formula feed and frozen fish
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Fig. 3 The effect of the specific growth rate of female (a) and male (b) crabs reared in the “Crab
Palace” system with formula feed and frozen fish
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2.2 FE-A DRI UK S MR AR R B R T B S M R R B IR

H PGB B AT L JFE PR R ORI P IR B AR T & TR R OK f 2 150 R e 3 2
(P>0.05) , {H i i Hiouk o 2w i T IO & P R 2L, T A e &5 e e 2 0 s o T
UKEZH(P>0.05). MME. HEHIRBREEE, IFIRIRTESUER KB 4.75%, MERERCS
TARHH N 3.46%, —F ZFRE (P<0.05); PEARFEE0N] 2 M 88 i A 1R R 2H 5 = 3.87%
HEBER VK LA 2.76%, —HZEREZE (P<0.05) (K 3).

3RS TR AR K 0 ARGk R MEAT IR H . PR IRTR BORARIAEE () L

Tab.3 The comparison of the hepatosomatic index (HSI), gonadosomatic index (GSI)and condition factor(CF)of E.sinensis reared in the “Crab
Palace” system with formula feed and frozen fish n=12
M+ HE
i female H male

mH the sum of female and male

items [szpai 2| b B & faee vkt Ao ialeke K
formula feed frozen fish formula feed frozen fish formula feed frozen fish
BEFE/ gfem®  CF 53.8749.36* 54.88+7.522 54.54+9.53* 53.23+10.41° 54.05+9.49* 54.1549.20*
IR IRR %% HSI 3.46£0.65" 4.75£0.58° 3.7241.12° 3.54£1.87° 3.5941.08" 4.45£1.02°
MiEiEEU%  GSI 3.87+1.632 2.76+2.11° 2.53+0.872 1.72+0.43= 3.2041.53 2.25+0.78

2.3 EEAFRAK AB RN R BB AR ERARL & B R

F4  ECETRAATK A A p RN E R RS SR GRED

Tab.4 The composition and content of amino acids in the muscles of E. sinensis reared in the “Crab Palace™ system with formula feed and frozen

fish ( wet weight ) (g/100g, n=12)
M+
it female HE male
AR the sum of male and female
amino acids Bt & Akl vk fic & ra k4 sk A&tk vkt £l

formula feed frozen fish formula feed frozen fish formula feed frozen fish
HE R Thr 3.02+0.08° 3.24+0.12° 3.19+0.312 3.10£0.21° 3.11+0.22* 3.17+0.222
21 ¥ Val 3.15£0.09* 3.2620.04* 3.26+0.192 3.39+0.38¢ 3.21£0.15° 3.33+0.25¢
HEIE Met 0.92£0.73* 1.69+0.06 1.45+0.16 1.75+0.43° 1.19£0.55° 1.72£0.28°
HHE# Phe 2.45+0.14° 2.65+0.08* 2.73+0.24* 2.58+0.20° 2.59+0,23° 2.62+0.14*
FIEEM lle 2.56£0.17 2.9620.122 2.85£0.27* 2.89+0.26* 2.70£0.26° 2.92+0.18*
FLEE Leu 435£0.31° 5.00+0.18° 4.90£0.56* 4.860.42° 4.63£0.51° 4.93£0.30°
A Lys 4.41+0.58 5.38+0.26° 5.15+0.66° 4.99+0.30° 4.78+0.68° 5.18+0.332
gﬁi\agﬂg 20.86+1.208 24.18+1 304 23.53+1.294 23.56+1.18~ 22.2141.244 23.87+1.244
REEAME Asp 7.00£0.70 7.03+0.232 7.24+0.66° 6.72+0.30¢ 7.12+0.622 6.88+0.294
#HE Glu 10.41£0.57" 11.60£0.50° 11.32+1.18° 10.96:0.38° 10.87£0.97 11.28£0.53*
HE I Gly 4.69+0.82° 6.05+0.282 4.73+0.58¢ 5.38+0.79° 4.71+0.63 5.72+0.64
HEM Ala 4,12+0.30 4.48+0.29* 4.4240.53* 4.43+0.19* 4.27+0.422 4.4620.22¢
BRI Tyr 1.98+0.12¢ 2.0420.10° 2.23+0.26* 2.09£0.17* 2.11+0.23° 2.06=0.13°
N E ¥ Phe 2.4540.14* 2.65+0.08* 2.73+0.24* 2.58+0.20* 2.59+0.23° 2.62+0.14*
;_iﬁi*agng 30.65£3.158 33.85+3 494 32.67+3.38~ 32.16+3.24* 31.67+3.26° 33.0243.36°
R Cys-s 0.19£0.12* 0.26£0.03* 0.20£0.112 0.21£0.08° 0.19£0.10° 0.23+0.06*
#E ¥ His 1.30+0.092 1.29+0.07* 1.49+0.05° 1.40+0.132 1.40+0.122 1.30+0.09°
A Arg 5.71+0.828 7.43+0.475 5.86+0.878 6.88+0.344 5.79+0.76° 7.15£0.474
4 ¥ Ser 2.7420.112 2.92+0.08* 2.88+0.32° 2.830.15* 2.81£0.23° 2.88+0.12°
Jif @ #2 Pro 3.68+0.9848 2.47+0.398 4.63+0.55% 3.13+0.248 4.10+0.88° 2.80+0.46"
?ﬁfgﬁ 62.68+2.448 69.75+2.784 68.53+2.584 67.59+2.55% 65.58+2.51° 68.63+2.672

TEAA/TAA 0.330.00* 0.3540.00* 0.34+0.00* 0.35£0.00* 0.34£0.01* 0.35£0.01*




H1 T SRR AE R MR A A 2 P R B A VA Ak I ok, A R SR B JTL A v 00
17 BB 2R (R 4. IKEANRNERREE (YTAA) . BERAER S E (TFAA)
BEE TR EEEA (P<0.05). MBEANEILRSKE, RlERZI, HiaitmRokad
Hm = TECA TR, A RS IR R S T LA TR (P<0.05); MME. 7
MEE, PRBEBEERR. BEAR. 54K, HER. BER. BaR, X6 M4
FRH AR EZEZER (P<0.05).
2.4 BLE PRI RIVK B3R AR R B UL A IR BT BR A R B & B i

#&5 WO ERHAFIDK i 4 AR SR B BRI AR T R AL AR S i R D

Tab.5 The composition and content of fatty acids in the muscles of E.sinensis reared in the “Crab Palace™ system with formula feed and frozen

fish (total fatty acid) (% , n=12)
itfe + EE
i female Ht male
fatty acids the sum of female and male
i oy B B Al UKt Bl A vk fa B et vt

formula feed frozen fish formula feed frozen fish formula feed frozen fish
C14:0 1.1240.01* 1.184+0.23* 1.124+0.07* 1.2940.16* 1.124+0.05* 1.2440.19*
C15:0 0.52+0.01* 0.51+£0.01* 0.53+0.01* 0.49+0.022 0.53£0.01* 0.40£0.02*
C16:0 18.49+0.27* 17.60+0.54" 17.02+0.36° 18.06+0.41* 17.75+0.85% 17.83+0.50*
Cl17:0 0.53+0.01* 0.52+0.01* 0.52+0.01* 0.5240.02* 0.53+0.01* 0.52+0.01*
C18:0 4.08+0.07* 4.01+0.307 3.65+0.10° 3.98+0.19* 3.87+0.25 4.0040.22*
3 SFA 25.00+6.35* 24.09+6.042 23.11+5.83% 24.62+6.19* 24.07+6.09% 24.26+6.12
Cle6:1 2.90+0.72° 3.2240.40% 2.93+0.10° 3.48+0.27* 2.92+0.08" 3.35+0.34*
Cl18:1n-9 37.63+0.64" 40.26+2.63* 40.32+0.982 40.87+1.39* 38.97+1.65" 40.56+1.912
C20:1 1.95+0.17* 2.05£0.14* 2.2440.217 2.04+0.05* 2.09+0.23 2.04x0.09*
C22:1n-9 0.4020.06" 0.47+0.03* 0.47+£0.06" 0.42+0.01* 0.43+0.07* 0.44+0.03*
> MUFA 42 88+17.97° 46.00£19.21* 45.96+19.25" 46.814£19.49* 44 41£18.61* 46.39+19.342
C18:2n-6(LA) 15.64+0.19> 16.94+0.81* 17.24+0.52* 16.59+0.51* 16.44+0.94* 16.77+0.63*
C18:3n-3(LNA) 2.85+0.22* 2.97+0.14* 3.2540.07* 2.90+0.14° 3.05+0.27 2.9440.13*
Cl18:3n-6 0.57+0.04* 0.61+0.03* 0.57+0.02* 0.57+0.12* 0.57+0.03* 0.59+0.08*
C20:3n-6 0.98+0.01* 0.87+£0.10* 0.90+0.032 0.85+0.05* 0.94+0.05* 0.87+0.08*
C22:3 0.53+0.032 0.44+0.16* 0.43+0.07* 0.43+0.05° 0.48+0.07* 0.44+0.112
C20:4n-6(ARA) 3.23+0.18* 2.21+0.95 2.29+0.45 1.92+0.40° 2.76x0.607 2.07+0.67°
C22:4 1.1840.59* 1.03+0.43* 1.04+0.24* 0.9140.18* 1.11+0.41* 0.97+0.30*
C20:5n-3(EPA) 0.65+0.05* 0.43+0.14 0.43£0.07* 0.43+0.05* 0.54+0.13* 0.43x£0.09*
C22:5n-3 0.58+0.01* 0.47+0.16* 0.46+0.04* 0.43+0.03* 0.52+0.07* 0.45+0.10*
C22:6n-3(DHA) 5.354+0.64* 3.35+1.57° 3.75+0.83" 2.9240.68° 4.55+1.09* 3.13+1.11°
> PUFA 32.12+4.50* 29.89+4.84" 30.91+4.74% 28.51+4.59¢ 31.52+4.70* 29.2244.79*
YHUFA 12.50+1.834 8.80%1.128¢ 9.30+1.258 7.89+0.95% 10.90x1.542 8.36+1.03%
> n-3PUFA 9.43+2.26" 7.22+1.57% 7.89+1.78" 6.68+1.43¢ 8.66+1.98* 6.95+1.50°
> n-6PUFA 20.42+7.12a 20.63£7.89a 21.00£8.03a 19.93+7.76a 20.71£7.57* 20.30+7.82°
n-3/n-6 0.46+0.02* 0.35+0.01* 0.38+0.01 0.34+0.01* 0.4240.02* 0.344+0.01*
DHA+EPA 6.01+0.65% 3.78+0.988 4.18+0.86" 3.35+0.72% 5.10£1.21* 3.56+1.18°

ARG LA R AT I 19 FRIEDTRR (R 5O, Horh 2 ZH (AL R LRA g 1D R
(YSFA). BAMMARNIR (CMUFA) FZ AEMENIEE (YPUFA) S&EI 642
5 (P>0.05), TMiEEAMWAAEN R (YHUFA) Ml DHA+EPA & & W2 Bt &4 Rl 4 5 3%



i T UKALZH (P<0.05) - WA IR IITIR T , 78 SR ANHLAI R 197 B2 (X MUFAD H R R (C16:1)
FIMER (C18:1n-9) ErE a7 B3 (P<0.05); L AEFAENER (CPUFA) 1 ARA
A1 DHA 5 lR iR & 2 A) 2 ¢ 3% (P<0.05). 3 ik
3.1 Be-& R A UK MR AR R B A KA R IR M

A Rh A FR5E R 5 2878 R TR e 52 1 75 R, TR R O R 3R B e A Hh A
DRECIE ) R KA IS, AR SR I, O A DR AN VK f BRG] A28 2 8 FBW. WGR
1 SGR. MI JC i3 5400, 1 43 W IC & T R (0 vh A 8 2 e s e 3 v T ok 2, R
A C A AR 58 MBSt A 8 5 A 4 5 o PR STy 6« AR R A5 P 5 52 1 Rl AR R ) A K T
%, X5 IR SR B e ok | pE3S 2 S UATE = iR ¥ 8 (Portunus trituberculatus) )
WA R — 3, XA R AR RN T E &4 KA D BB TR, 127 7 ek
O 92 T LR D B 70, T VA K S L R A A ) B B A R AR R A R
[S16.17), 3 6 A Bt /i 1 UK f 2 s R AR . X R WTC & T R HE L vk #4150 o S B A
AP FRIANERE, T LA — 2By KA

VLR, BRI AR 0 B F e AR A K B B 32 T AN ] 38 A B
(R38R SRAR TSR FIHEAR B B, 1 67 75 SR 20 & 3% 2 AN B, HLSA I Bt e 14
LRI 2 R USL0200 AT R, LA T BRI DK S os e L rh AR R BN
[Fl WL B B A5 B (BW) WGR F SGR [ KAT fr 22 530 SRS 2IN S 38 2614 F
TR P A AR, P AROREEE BW B8 L&Y, T WGR A1 SGR I
TG, X AR FEE R 5. AW AR IMERE S 3 YOl 5T 5 UK a2 0] ARl
55 BW FSNAR 35 m TRCA R, XA f TR AR & ) 2~3 IS,
HBENAETEIE T B2, B B AR B R IR AR KB, REVIFHEIR R, hiegi
8 T [ Tk B I A 0 v ) UK SR IE N AR B o o T MERE, U AR 2 R 5 S IR 3
AR WGR MK R, X B T HERR R U5 RTINS, VKT I AR R R AR SR T B
BT E IR LIS S Ak, N2 58 2 SRR 5—6 Afy, JKiEfae, BRIEZEAKR,
PRTERE I AR, X R NSRBI A SRAH — B A, HERE WGR IR I LA
TARHAMR TUK 255, IX AT e T REAA I 52 T A, BC A ekl b 50 5048 1) 5%
FIF U SERT S TR SR, SECT 58 1 RSNG4 YO 52 )5 L A FRDRL R K £ 45 PR 4 o
RN ZE M. SGR NIZE AR HZGF TokmA, HE 1 ke R R3E, vRel A
A A RL B U PR IR £ AR B SR T TR RSB R TN SGR. ARSLIGFRHA 2 Fiii]
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AP EEREMER (C16:1) FIJHER (C18:1n-9) FRE R FE R/ TIAR, X2k as
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TG ECTT, AT X PR TR R SR R

B, TR, ARG R AR G R AN DK B T e e AR Kl e, (HR
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TR AR, (A HZRIFARIRNE. 25 LRI A TR K M 2 FhJy
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