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Abstract ; The interspecific crossing between Siniperca chautsi @ X Siniperca scherzeri & was successfully
obtained in Zhejiang Institute of Freshwater Fisheries from 2006 to 2008. Comparative analysis of
morphological characteristics and microsatellite markers were carried out to clarify the morphological and
genetic differences between the hybrid F, and their parents. The results are as follows: (1) Among seven
meristic characters, the branched ray of dorsal fin, pectoral fin and pelvic fin in the hybrid F, resemble S.
scherzeri, the branched ray of anal fin, the number of the first gill arch in the hybrid F, are close to S.
chautst ; the numbers of lateral-line scales and pyloric caeca in the hybrid F, are intermediate between S.

chautsi and S. scherzeri. The calculated average hybrid index (HI) of ten metric traits is 39. 08, which
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indicates the metric traits of the hybrid F, are close to S. chautsi. Cluster analysis, discriminant analysis and

principal component analysis on the meristic characters data and the truss network data indicate that the

hybrid F, resemble S. chautsi. The characters from the trunk and caudal parts are the main factors in

discriminating the hybrid with their parents. (2) Five pairs of microsatellite primers give clear bands in

both the hybrid F, and their parents.

Genotypes expressed in the hybrid F, follow the Mendelian

inheritance, Thus, the hybrid F, are confirmed as the indeed hybrids by genetic analysis. These results will

be useful for the further work on the hybridization breeding and management of the hybrids.
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Tab.2 Nucleotide sequences and annealing temperature of microsatellite primers,
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Fig. 2 Morphology of S. chautsi @ xS. scherzeri & hybrid and their parents
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Tab.3 Meristic characters of S. chautsi @ xS. scherzeri 4 hybrid and their parents
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Tab.4 Proportional values of some metric characters of S. chautsi ? x S. scherzeri & hybrids and their parents
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IW/HL 0.26 £+0.04 0.14~0.36 17.02 0.44+0.61 0.27~3.65 137.7 0.38+0.13 0.28 ~0.98 34.45 35.67
BW/SL 0.42 +£0.05* 0.34~0.51 10.83 0.49 £0.05" 0.39~0.63 11.23 0.55+£0.19° 0.40~1.28 33.75 -96.46
Snl./HL 0.20 +0.02* 0.18~0.27 8.23 0.19+0.02* 0.16 ~0.22 8.42 0.23+0.07" 0.18 ~0.55 32.46 349.84
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BD/SL 0.30 £0.01* 0.27~0.33 4.3 0.39 £0.02" 0.35~0.43 4.79 0.36 +0.02° 0.31~0.39 4.94 38.78
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Fig. 3 Discriminant analysis of adjusted parameter of

S. chautsi @ xS. scherzeri & hybrid and their parents
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Fig. 4 The electrophoresis results of five microsatellite primers of S. chautsi @ x S. scherzeri & hybrid and their parents
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Fig. 5 UPGMA molecular trees based on genetic distance
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W (Aeromonas salmonicida) 228 FR 3 [ i 5 K ( GenBank %% 55l X67043) [a] 514} 80% , i DNAstar k{4
G345 IR AT S TR TK961010 RRAYIRI IR Ky 98% , 5 f IR g /K < B S i BSK-10 , TPS-30 Al J-1 #A
SRV H5% 81% . RN AMHF T 22 AR EIRPER R M 1L R , 22Dk M 4) B “C 36 MU B TLO7528
5 TK961010 # & R AL 3 A 15385 1)L HLf ) BSK-10 \ TPS-30 1 J-1 Bk —FK , ARG X REUR
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Cloning and sequence analysis of serine protease gene of
Aeromonas sobria strain TL97528 from Trionyx sinensis

SHEN Jin-yu ,LI Xin-hua ,PAN Xiao-yi , YIN Wen-lin ,CAO Zheng
( Zhejiang Institute of Freshwater Fisheries, Huzhou 313001, China )

Abstract : Aeromonas sobria TL97528 , isolated from soft-shelled turtle ( Trionyx sinensis) , is the pathogen of
Trionyx sinensis bacterial disease. And serine protease is the major virulence factor of aeromonas. A pair of
primers was designed according to the nucleotide sequences of the serine protease gene of aeromonas species
reported in GenBank. Desired fragment about 809 bp was amplified from TL97528 genome by the specific
primers. The PCR product was cloned into PMD 18-T vector and sequenced. The sequence has been
deposited in the GenBank database (accession number FJ357446) and was compared with the corresponding
regions of aeromonas strains registered in GenBank and TL961010, BSK-10, TPS-30, J-1 by DNAstar.
The nucleotide sequence of TL97528 showed 98% homology to AF253471, 98% to AF126213, 82% to
AY841795, 82% to DQI127822, 82% to CP000462, 81% to CP000644, 81% to AF159142, 80%
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homology to X67043 and 98% homology to TK961010, 81% homology to BSK-10, TPS-30, J-1.
Phylogenetic tree of serine protease gene sequence showed that strain TL97528 closed together with
TK961010. BSK-10, TPS-30 and J-1 were clustered together.

Key words : Trionyx sinensis; aeromonas; serine protease; gene; cloning

HHe I (Trionyx sinensis ) 72 3% 15 44 F# A K 7
FREFPAS, Bl 75 S AR (9 B DR B 5 B s [ 1) 38
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A BT E A LRI T A B A
T30 2o E PR A 22 B R R 1 B ) B AR S
X3k 5% 1151 9 47 PCR 9™ 48 4K 15 < % g 1
TL97528 22 5 R 2 (A 3L 5 e 1) B, 0 ek
FT43HT, LA Sy 00 L 7 PR A D00 8 i 12 L ik 1R
TR B 25 1 D DNA 355 1 1 I & AR Y
SE RN G R ST T SRR

I bR

1.1 BERRAUTORLZE (AR

A CBA T T bk TL97528 . TK961010 . BSK-10 ,
TPS-30 il J-1 g 7% B (37 43 85 a7 47 s TLOTS528 il
TK961010 A i A1 LML B, 40 25 A S Y A
il BSK-10 il TPS-30 g 7K < B MU 1 43 55 A
SR AN i T-1 B R AR R4 B
- . E. coli DHS o I VT K 2 SRk Bt s 1 e
T S2Ue 2 (RAF, PMD 18-T Vector B HARXH &IW H
EAY TRAH,

1.2 BRI H )

Taq [ . ANTP R4 N VTG Pst 1 F1 EcoR 1,
HEAM K M7 a0 A E= A TR, LB
Rh e 3L iir AR AR AN EEBR Ry A OXOID /43 F) 77 iy
PCR 2kl &0 i W BB IR A R 7= b 514
A BRI Z2 4 L i B TRER 2 F) 58
1.3 35 BT A

S AR T v A TSA [ A S 3%

HOITA 1% (1) LR 7 , K] £ 42 1R K A< o M T 1
¥k TL97528 . TK961010 , BSK-10 , TPS-30 Al J-1,
30 CHEFRLK -
1.4 HABEE

208 Liu 251 Rl sk 30 < L R 45 b TSB
WARREFREL 30 CHEFRRIR, B 2O B T, 1
BA A 10 ku f 78 8 PR I 457 B A R o 28 P9 e 5 B —
&R 1% T 25 3B FAR AT AL, FL A 4350
A 30 L &4 EDTA, EGTA, PMSF, filt Z, i,
L - ke 2, SDS, DIT, 2 - #ikk 2., CuCl,,
ZnCl,,CaCl, 1 MgCl, (V¢ J& WL 3% 1) () KLl 2
it , 58— BH PR X BRI & ) IS o R
(TSB W iREEFR4E) ,30 CHIK,10% =R LR
1k 5 43 2 1 P AR, 5 B X R B (R
HI AR F 100% ) B Ry 25 (B A G4
1.5 PCR 0
1.5.1 #HE DNA 32E

27 DNA $2IBUH 8 (A K/SDS 3£ 317,
PRI TL97528 FAEE 74 4% 7h TSB A F53,30 °C
FEIRIGFRSBGICL. 0 mL BT 1.5 mL g0
#1,10 000 r/min #.0> 5 min, 75 3% ;500 pL 7K
I S BRI T B 2 222 5 mg/mL,
37 CAEH 30 min; fiIf AZE FIEF K ELUREH 0.1
mg/mL 150 wL ) 10% SDS,65 °C /K5 3 h; FH%E
PRRRR , A0 3 UG IR EIE A 1710 {RFR
3 mol/L ZJR#H( NaAc) 1 2 fEIARFTC /K L 0%, 52
PEFTH DNA, 12 000 r/min &.0 5 min, 5 F ¥,
70% LBV 2 I, HAR T8 TE g
1.5.2 PCR B|4i%it

M GenBank | 332 S B 1] 22 24 R 2 11 1l
FEHF 1], DNAstar BAF 34T 578 AF126213 i)
SFEROL sl . B WSl YW P 50
TCGGTAGCAACATCTTCCTGAG-3 *, F it 8] ¥
P,:5’ -CGATTCGCCGTAGAACTTGT-3" , i |-Jjf
5145 42 J IR A EEIE N AF126213 1 890 ~ 912
bp AHIF, TS ¥ 5 22 2 R 4 g R A 1 679 ~
1 698 bp #[A], Wi T4 14 B K B2 809 bp,
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1.5.3 PCR¥ &

AR 1 H) Tm {8, € PCR B KR
JE 54 °C;PCR #F R:94 CTIAEE 5 min, 94 C
5P 40 5,54 CiB k1 min,72 °C ZEfi 1 min, 35
AMEF)E 72 CHEM 10 min, PCR SR A F 2 50
pL, Ho 40 4% 100 pg AAEAR, 10 x Buffer (4 5
MgCl,)5 wl,MgCl, (25 mmol/L)5 wl,10 wmol/L
ERWES I 1 pl, Taq 0.5 pL(2.5 U) ,Mili-Q
JKAME R S0 plL,
1.5.4 PCRF=YLE

FH 1% BrNEBESEAT L Uk, 72 BE IR LR AY ( Bio-
Rad) HoWlg¢, 40 808, R Jr B 2 02 15 5 Bl ¢
BE—3,

1.6 PCR =¥l

3R PCR =¥ ] PCR =41k ) & 2k, 4%
PMD 18-T Vector i 7| & W BHHEITi#E 5, L 5 pL
B AR S A E. coli DHS o, TR A 5
100 pg/mL Z R &% R (AMP) 1] LB ~F-4} ,37 C
T U H BRER R, S kAl BB R
1.7  HHFR IS E
1.7.1 BiIEE

FHBREIE VIR Pst T 1 EcoR T XA i
RLHERT LGV, B Y1 M) 1% Bt ik, 9F LA
PCR 7=y %t B
1.7.2 PCRE¥XE

LRGBS, 4 1.5.3 BTk 75 i il
PR E A R AR T PCR,
1.8 DNA &5 43

H FTRLZ A I RE TR AR W A w1
JIT#5 751 75 GenBank I 5 HoAth <, 2L Jfd B B i 22

SRR L PR R A7 R VR b Ao TRDAE 7 e 3R
PRA LI = ORAFE 0 7 4 MR ML TK961010
BSK-10 ,TPS-30 il J-1 #2454 fx sk (BGEH T 51, F
DNAstar g [R]EYE
1.9 e K o

W52 B 9 TL97528 . TK961010 , BSK-10 .
TPS-30 il J-1 2254 fREE AR R 791 5 0 K R
6 1 W K <5 ML TR ( GenBank %5 5% 5 43 i
AF126213, AY841795, DQ127822 . CP000462
CP000644 . AF159142 ) J% 4 f 5 %
(X67043) I FNA TR ( AF253471) 22 54 1R
I 5L PR 7 91 ] DNAstar Megalign #0044 1 i 4L
B TR E R

2 4k

2.1 EHEHS VAR

TEREFR A I RS , P b BT % A i B
B ) A B DB TL97528 | TK961010 . BSK-10 |
TPS-30 1 J-1 5 BRCHUIR R H 2R BUH B i) 3
WA, AR 2008 9 2 1 IR 5 7 2 v ) L 40
AL, B A v S BT 8002 W P T R K B8 7 1)
B SRR 0 Al B E W3R FL A
2.2 EAMXEE

A2 5% T il 0 ) ) ) TS 1 )2 D A
24 5 R A A B AR 37 PMISE X% 2K A W g4
i1 1< Je A R 57 EDTA fi EGTA K
2 e R 2 1 Tl ) ) 2 PR S 2 o U A
SEARWI (2 1), i) 25 1 52 w1 Bk TLI7528 45
AN 1 Al 22 2 IR B L

x1 BEANFHFN.ESHAREEEFHEABEERME

Tab.1 Effects of protease inhibitors, chelating agents and metal ions on purified ECP protease

A S (mmol/L) AHXTIE (% ) R W JZ (mmol/L) AHXSTEME (%)
EDTA 5 100 2 - Hi LW 5 75
EGTA 5 113 CuCl, 10 58
PMSF 5 54 ZnCl, 10 58
Wz 10 75 CaCl, 10 130
L - 2P 5 120 MgCl, 10 100
SDS 10 140 [ERER NI 100
DTT 2.5 75 [ERE i 0
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2.3 PCR =¥y

DL TLO7528 Tk Jik A 4H W KA, 42 PCR 9"
4, 1% B G 0 8 B L UK S R PCR =4 K/
800 bp Zity, 5T BOR/MATT (K 1) o

2 000

1 000
750

500

250

100

Bl 1 TL97528 JLH 4] PCR =4
Fig. 1 PCR amplication of TL97528
serine protease gene

L. #pifEsy5-H5 DL2000; 2. PCR 774,

2.4 EHFRAEE

BRI Pst 1 1 EcoR 1 XUEFY], H BT
BRI 25 BN 25 e BOR /N5 U 2
KRB PCR ™5 HAT 077 ) J/ S (18 2) o
i) PCR 79354 T #ifk PMD 18-T j§3)
2.5 DNA JF3) 5047

TL97528 T&i bk 22 2 MR Ak 1 BFAE DY e Bl i /Y
J¥51i$ 3¢ GenBank , % J¥ 51 7£ Genbank I [ % 5%
5 FI357446 , [A)if R4 [A) PR O, 25 SRR
TL97528 Fikk22 & R 3L K By 5 GenBank
FERRMIRATRNE (A sobria) 22 Z FRE H
fiti 3L K ( GenBank %% 5% -5 4 AF253471) [a] 5 M N
98% , 55 HAh JL PR & 3R B WE K LM B (A.
hydrophila)) 22 28 1%t 1 g 5 [ ( GenBank %5 5% %

2 000

1 000
750

500

250

100

K2 EAH R % E
Fig. 2 Identification of recombinant plasmid

L bRHEZ - DL2000; 2. 2 XUAFVI %5 ; 3. PCR %5E

4y Wk AF126213 . AY841795 . DQ127822 .
CP000462 . CP000644 . AF159142 ) [r] 1 11 43 51l Ky
98% 82% 82% 82% 81% 81% , 535
Wi (A. salmonicida ) 2% % iR & A [iff 3£ K] ( GenBank
BBk X67043 ) [l JEPE A 80% o Fil DNAstar 4k
PEo3 7, 5 IR A I T TK961010 Ak (14 7]
J5ER 98% , 55 a1 Y5 g /K B 7 7 ik BSK-10
TPS-30 J-1 ¥R [FIE YN 81%
2.6 RFHMHEXFR

R J 7 0 [ P ko 4 SR 3ok TR ) Y 5 1)
PRI PR R AL (8] 3) , R 4y
=5 PR TR R T TR 43 B Bk TLOT7528 fk
TKI61010 #45 hy— 2 5 DA fifs 55 01 Y5 1Y) 43 15 Ak
PHP99 BSK-10, J-1 #1 TPS-30 3 h— %% ; B
RS> Bk MT0004 \A449 I AG2 R h—iK. M
W RGHR AT E B, B N o B AR Y 22 2 R 85 1
ity KL 55 18 FAEAE— 7 IAE DG

3 the

AR F BN T2 —, 5
RSB IIAROC Y o SR R R S R
A, 46 2 R LA v IR e S ) B AL S
LR, A BT A AR [R] F t Jh 4
FEARMLEE SR AR BN
P PR A 2 A D R 2% AT I 3% S5 A S0
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Jr T PMRIAE R, B R TG LA I 2. HA Y
— BRI LAIE 52 T 2R P R SO
DHF, Cumberbatch %" % B, 76 40 B 15 92 14 A o
A 22 82 3 1 B ) ) PMSF &1 T —Hk Ah

AP W I RE I 3 i AR L JE T Tn916 75
A5 AhJ-1 BRI 1 B2 bk MI-1, % 3032 5 kvt
B 7 B S KA

AY841795 (AH-1) —A. hydrophila
CP000462 (7966) —A. hydrophila
DQ127822 (PHP99) —A. hydrophila

BSK-10

J1

TPS-30

X67043 (MT0004) —A. salmonicida

CP000644 (A449) —A. salmonicida
AF159142 (AG2) -A. hydrophila

|_|: TK961010

|_|: AF253471(288) -A. sobria
TL97528

10 8 6 4

2 0

Nucleotide substitutions (X 100)

B3 A 22 SR R R DR A

Fig. 3 Phylogenetic tree of Aeromonas based on serine protease genes

RS <P I R A 3 0 B A B 1 S A
R TOEO I ) EE BRI , T P A A
I 7 32 B EE B IR R 7R 4
P25 i, A A1 85 35 A A S BE 4 W i A1 R
B R PCR 473 41 i 2 1 WAL A Al LA
Ty ERA b ASI ) 20 TR 5 HAA 41 WA i A
Rt RE ) PCR A4S U 41 1 5 ) 55 R OGS 7E T 5
Wi T AR 56 BT B PCR 5| ) & T
GenBank [ [ & 2% 1 AL ) 22 2R £ 11 Tk 1A
PRSP IXIRBETT, AAOGE TR 56 B ik TL97528 , 1
H 55—tk 88 B rh AR % i S SR TR TK961010 LA
K4y B S R E BSK-10 \ TPS-30 5 J-1 #
AEiE T PCR 38 3K A5 55 1) 22 S R 3 (1 i 3k
R B, 9 13045 3 R 91 B & B0 I 5 A 22
WK, TR A T80 T PCR 51 9 R <7 P 44
s 45 A RIS SE I T PCR ARG 25 14 it
LD S R A 1

i TL97528 5 FAth A Y 1) A< 5 B 1 22 &4
i A 1A TR 3R A ) VR e ) b A R B
TL97528 Y5 [F] £ 43 &5 H 42 ¥ 1 < 5 i i
TK961010 #f 22 2 I £ 11 Bt 25 DA [m) v de v, 4L
KR, [FFE S B [ A0S LB PHP99 | BSK-
10 TPS-30 5 J-1 #2224 R 8 1 il 56 A [ PPl

s, AR IR Dy — &, 15 LAt R TR % PR R
PR PR 22 PR 1 i R U A — e Y 22 53, $R R X
PPN A 22 28 R A R R AT R R A AT AE A G
Moo XATRES M A AR 22 5 AN R SR B 5
A—RERFR, AR LR AR 3 SRR R A A2
Sto PIE, 2T X R % &, 18 T 4R IR R R A
24 3 R A TR DR DR DXl g ) i, o 5 ik )
AR S DX I, XoF T T B 5 L R A 45 A
AR RS0 HLEE Al B S A 7Y B, oA A T
KEVEATEEXHER 2 W ik AR ik, KT
L A 22 SR AR P R R AR T [ N O i
AR R (9 PR KT J-1 bR R R
L R R B, AN SR A9F 5 H A2 2 TR 0 0
PROGTHN B P v e 22 AR AR P IR [, R0 A
7] 3t XA ] oA T8 1 = B0 T 22 2 R 4 1 g
WREAT RGEIAC T, W18 A5 N B RR A S
PN T 22 28 R A R R AT R BR e AT AE A G
Pho HT R T 22 R R P Al D ) B O
AR BRA , A BT T BRIAF f i 52 21 BR A, Xk T A [7) Bl
A T A 58 )RR M T T R 11 22 B R AR A Rl
Pt B oy UG i — 2 IRABEIE . A 525

ORI TELE R , REXS AR R K AR B W 1 B0
HLERHF TS A P Bl o
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XEHS: 1674 -5566(2010)02 -0157 - 05

BF|FEE MSTN & H &
K E SNPs Ry i it

N, = 1 ) 2 N 3 2
AW, BRE, BAI, TE
(LR XK =R 0, i 2012005
2ILH B BCE BB AR ERE, YA Z8M 225300
3. E K RREBEE BEIR K O B FE G, LR TR 214081)

#  E#ad PCREFE B R0 DNA thiy 38 i MSTN 3£, )75 2K 1957 bp, &4 3 MM EF,2 4
WETFo SMETF 1379 bp, AbEF 11371 bp, #4408 F 10 145 bp, N & F 1305 bp, & F 751 bp, 45X
895 bp, JLHHE 298 MR IEMR . AT FEALINFILIRE SNPs 38 T 6 NG MR TF 1 L& F —1, 1K
HFFNNEH 4 AR ST T TSR 3 S BRI MR T 9 & A U8, 4l U578 . B
FEEE A SNPs (i 5 5 BRI B HE fa b K M RE G AT 25 T 56

KR BAW D AL ; MSTN F[H ; SNPs

FESES:S917 ERFRIRAD : A

The gene structure and identification of single nucleotide
polymorphisms of MSTN in Oreochromis aureus

SHEN Li-hong', XIONG Liang-wei’, TANG Yong-kai’, WANG Shuai-bing’
(1. Shanghai Pudong New Area Aquatic Product Technical Advice Station, Shanghai 201200, China;
2. Jiangsu Animal Husbandry and Veterinary College, Taizhou 225300, China;
3. Freshwater Fisheries Research Center, Chinese Academy of Fishery Sciences, Wuxi 214081, China)

Abstract ; Oreochromis aureus MSTN was isolated by using PCR technique. The whole sequence length was
1 957 bp including three exons and two introns. The sequence length of exon [ and Il was 379 bp, 371 bp
respectively , and partial exon [l was 145 bp. The sequence length of Inron [ and II was 305 bp and 751 bp
respectively. The ORF was 895 bp encoding 298 amino acids. Six SNPs was obtained through sequencing
MSTN from 10 randomly selected individuals in Oreochromis aureus. Four SNPs were found in the Intron 1[I ,
however, only one SNPs was observed in the Exon I and I respectively. The mutation sites in the Exon I and
Il changed for amino acids indicated that they were sense mutation. The SNPs might be useful for studying
MSTN gene association to growth trait in Oreochromis aureus.

Key words : Oreochromis aureus; MSTN gene; SNPs

W& B #1:2009-06- 11
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TEERI AN ILILL (1981 - ) 2, BYFE TREVT , 32 N AL FF O T IWF5E . E-mail: jianwz@ sina. com
BIAEE : kYL, E-mail ; tangyk @ ffre. cn



158 ISR VNI B 19 &

JULAM AR R A i 3R (Myostatin, MSTN ) SCFR
GDF-8( growth differentiation factor 8) , & I 4F 3¢
R I — S HE 0 JLA M A A 1 4 R R
T4 4 K H 7 8 %K & (transforming growth
factor-B superfamily, TGFR ) , i i 1 i 43 f A= HL ke
E KT (myogenic detendnation gene, MyoD ) ZZ %k
BBV SR TE PR R M AE K AT, B R
R S NN E R AR TR T A
FTHEHOAR TR & BUAR A MSTN Jik R AN RE & 4%
VEFT, 45 3R Je IR 9 728 A 3 BRI AR R 2 K 1 B A
BT AR ORI - (Belgian Blue ) I /R 52
¥4 (Piedmontese ) |-, MSTN H) 2842 S 3 E H G
PEX A AL , A BEIE MUSUARY MSTN 81, 45
S BUILAEE IR ( double-muscle) ™, i £ 7K
FEE Y I, H A E e B T 0L 6 ( Oncorhynchus
mykiss ), B & 4 ( Danio rerio ), % Jf fa
( Oreochromis mossambicus ), 4x 3k #§ ( Sparus
aurata ) , #5 1 ( Dicentrarchus labrax ) , BT 5 8%
([Ictalurus punctatus) , EL#H ( Chrysophrys major ) 4§
200 MSTN' ™' {E A7 56 MSTN 3 PR 245 # B 5
ST

B HERZD
polymorphisms , SNPs) J& 48 7£ HL [H 4 7K 35 | iy 5
AZ BRI A2 5 B | B /) —Ff DNA J3 51 £ 2%
PE, o2 4k BR 1 A B K B 2 38 1 (restriction
fragment length polymorphism , RFLP) | f] 5. 58 kB
2 %)) (simple tandem repeat,STR) 2Z J5 BIEE = 1%,
Iy T bRic, 1 N AL B 14 R 12 i
BIT ARG 5T 2 2 )iz B EAL R R A Y
A ARSI E RO I, SNPs A O — 4y
PRicki B B FheR AT 1 T R R T )2 10
F,H SNPs 5 2 55 MR AT AR M40 #r , S 45
e bR A = R0 PR B o A PR O B e
BESED K Hoas TR Sir & A s gt
TEF & b, MSTN 1) SNPs %3 £7- 75, 10 H A L4
PR h W) 28 W VEAR A7 A8 2 S Pk AR O
MSTN G724 Bl W AL s WULAE 73 A T3z, T
H ARG K, MSTN JE R E Ak A o MR 1
EEFRORERT o WEKE S b K MSTN Yy
SNPs 52 FHHR #EAT HH O 5838 R WARIE . A
WH9E B eI o v P BRI 2 3E (i) MSTN, 73 #
HBEIA 254, 3548 SNPs, 2y SNPs {7 13 5 BA|
AR AR APERE IR /T B3 1 Al

( signal nucleotide

U Rk ik

L1 AR
1.1.1 &

BRI Z A 1 R E KT R S B R
IR AT L B SR G e
1.1.2 &5

B 11 P9 U g L pMDI8-T 4 | Ji [ i3k 77
A A AR TR (RIS ) A IR w5 BORL A 42
R Taq B A F#EESEY) TRA R
KIGHTF T IM109 24 5256 % {47
1.1.3 {%sE.

PCR 1% eppendorf Mastercycler personal ,
1.1.4 5|4

TSR A I WK 1, R & LU
5 5 S — AR 17 MRS T w2
k48 MSTN #) cDNA ( GenBank : AF197193) A
H B MSTN 1) cDNA F1 DNA J74 81514,
Gy BLY G BAY B AE 1 MSTN 751, 3£ 3 A4 i
T, AN E To HP Forward primerl (F1),
Reverse primer]l (R1) 714 Exon | -Intron [ F &,
Forward primer2 (F2) , Reverse primer2 ( R2) /" 14
Exon [I F B%, Forward primer3 ( F3 ), Reverse
primer3 (R3) ¥4 Iron I Bt Frf 51434 H L
TR AR ) TR IR A W&

x1 IWHRERNSIYRBERAT E=Y
Tab.1 Primers and their amplified production
in the study

514 751 e 7]
FI  GAGACAATGCATCTGTCTCAGATCG — 1-25 xonl -
Intron |

Rl GCGACTGGCTTGAAACTTCTGC
F2 ATTTTCTTTTCCCATGTCTCCG
R2 AAACGATGAACAATAGGTGGAGC
F3 CACATACGAATCCGCTCCTTGA
R3 GAGGACTTTGGCTGGGACTGGA

746 -767  767bp
666 —687  Exon Il
1120 - 1142 477bp
870 —891 Intron I
1936 - 1957 1088bp

1.2 J5ik
1.2.1 EF4H DNA HJ4RE

AR I 0. 2 ~0. 5 mL, F 28 Ji iy %
-5k e DNA, IF i T TE H, A iRz il
i€ DNA i, 76 54170 0t) ™ ) 31 (Eppendorf)
EI7E DNA ¥ EE, DNA fdf T B2 50 ng/ L,
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VRHNAL, 56 - BURIE. 2 | f1 MSTN JE[R 4545 S SNPs (147 126

159

1.2.2 BFFFIEE MSTN ERHHE

MR BT B 51 9 3 34 1 SR 2 A
MSTN W&+ P FF5 . 451 HR:94 C
3 min, R 5 30 AEH 94 C 1 min, 55 ~ 58 C
1 min,72 °C 1 ~2 min, £J5 72 °C 10 min,4 C{{
fFo P I 1. 0% 1 B B 5 I L Uk 53 25, 1)
W IS, e et A, WA 1 BRI FH 1 v B, T D) 4
A 35 R O A A RS BN o
1.2.3 SHEMATHEE

BEMLLEH 10 BB A2 E £, L) DNA S
M, F By 38 MSTN N4 F19 3 XT3 9191,
2wl Y EXT, S48 SNPs i 5 .
1.2.4 RFiloHFEiELE

F 9 DF42 L S 3 B 48 DnaStar 5008, J7 91
FE X ] Clustal W #5147

2 4k

20 SRS AE i MSTN JE K 45 8 o
Sy

514 F1-R1 (F2-R2 \ F3-R3 §" 5% BRI 7.

B HE 4 Exon I -Intron I . Exon I | Intron II , 3815
DNA 5 i Bt/ 1)k 767 bp ,477 bp #1088 bp,
283 P4 AR A BRI 2 JF 1 MSTN JE X B 4t
1 957 bp( GeneBank No:FJ972684) , & A 3 -4
T2 ~NE T, Exon 1379 bp,Intron I 305
bp,Exon [ 371 bp,Intron Il 751 bp, #43 Exon [
145 bp, [EEHEL: 895 bp, itk 298 PNEIERR ,
ETHAE GT-AG JE (B 1), 5 EYE#M
( GeneBank No: FJ972683 ) . % = |V 72 B JE fa
MSTN( GeneBank No: AH006117) [ 31 He % 5 7%,
e 12 A A% R e 91 A BE — B, A Rl A
99.3% 98.9% , %t i 1) 2 R T 51 AH LA 50 S5
2 99% 97.3%
2.2 ZALRAY T
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721 GCT GIG ACC TTC GCA GAG CCG GGA GAG GAG GGT CTG gtgagctcaacttttacttgaaatitaacaggga
gcttgtggttaagttttcac@ttgaaacgatgaacaataggtggagcttggtctcatatgtgcagagcagtatttgtcgcttctg
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Fig.1 Genomic sequence of MSTN gene in Oreochromis aureus
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2. FMNRARE KA PR AR, TLI7 F8 225434)

B BR(Siniperca scherzeri) VTR IT K 1) 44 SHIROK IR T #0206 2 — (B MUBEAL B 7 HOR 1 R 58 22 il
Yoo hyite—2L T fif AR O SR B R LEE, TSI BoRMEE T 3 A b -5 ih A I TEBESR 0 55 11
WK E SR I AR E 1L A R (SPP) (Y & ik, 45 R AR W] - d— I 3T, SRR B £ 46 g 1E 22 13l T
WAH(3 i) -4 A B [ IVIAR (4 Arpd) -4 AR CVIRAR(S A rh)) inc 4 1<, I 4 300 H:20 i
PERAFIAE BG5S LRI M3 2 B &5 B 0. 12 mg/mlL 3228 BT 0. 62 mg/mL. BESK ML & 1184 &
AR AR 3 O S A T RS — 2, O R DA AR BRI B R R n] LIVE N IR R
T BRI AR 2 ) T B AR AR A

SRR EAR 5 O LK1 5 ML B W

HESES: S917 SCERARIRED A

A preliminary study on the relationship between ovary development
and the content changes of serum phosphoprotein of
Siniperca scherzeri

YANG Wu', ZHAO Jin-liang' , DENG Yan-fei', CHU Jun®, HUANG Ai-ping’
(1. Key laboratory of Aquatic Genetic Resources and Utilization, Ministry of Agriculture ,
Shanghai Ocean University, Shanghai 201306, China
2. Tianlu Precious Aquatic Products Co. Lid, Taizhou 225434, China)

Abstract ; Siniperca scherzeri steindachner is one kind of freshwater species which is exploited and widely
cultured recently, however, propagation at large scale is still on the way. To further understand the general
characteristics of ovary maturation development, ovary development stages and the content of serum
phosphoprotein ( SPP) of S. scherzeri collected from Changjiang River from mid-March to mid-May were
analyzed by histological and biochemical metheds, respectively. During this periods, primary oocytes of
S. scherzeri have growed from the phase Il ( mid-March to early April ) to phase IV (mid-April to late-April )
and phase V (mid-May) , insynchronism of oocytes growth was also observed. Meantime, SPP content of S.

scherzeri increased gradually from 0. 12 mg/mL to 0. 62 mg/mlL. These showed the change trend of SPP

Y5 B #7 :2009-09-20

E €A LA LN FHE KO H (BE2007329) 5 Fi#HAZE W H (05KZ02) 5 FifFi & 2R3 H (Y1101)
fEE®E A R(1977 -), B, BEORA, LlIrmhk R B g I, E-mail: sh_yangwu@ 163. com
BIEE 84 N, jlzhao@ shou. edu. cn
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content of S. scherzeri was consistent with ovary development progress and associated with it in physiology,

thus the SPP content could be used a biochemical indicator to reflect the ovary development status and its

maturation.

Key words: Siniperca scherzeri ; ovary development; serum phosphoprotein content
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Tab.1 Relationship between the SPP content and

ovary weight of S. scherzeri
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Fig. 1 Relationship between the content changes of
serum phosphoprotein (SPP) and ovary maturation of

S. scherzert from mid-March to mid-May
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The studies of the optimum PHA concentration to the transformation
of lymphocytes of crucian carp ( Carassius auratus gibelio )
and the parameter of flow cytometry on fish

WANG Wen-juan, CAI Chun-fang, YE Yuan-tu, SHI Chen-jiang, XIA Yan-mei
(College of Basic Medical Science and Biology Science, Soochow University, Suzhou 215123, China)

Abstract; Lymphocytes were separated from peripheral blood of allogynogenetic crucian carp ( Carassius
auratus gibelio) , and incubated in RPMI-1640 medium for 48 h. The effect of different concentration of PHA
(0 pg/mL, 80 wg/mL, 200 pg/mL, 400 wg/mL, 600 wg/mL, 800 pg/mL, 1 000 wg/mL, 1200 wg/mL)
on the lymphocyte transformation ratio was determined by flow cytometry (FCM ). The result showed: (1)
When the concentration of PHA was below 400 pg/mL, there was a positive-correlation between the
concentration of PHA and the lymphocyte transformation ratio; When the concentration of PHA was 400

pg/mL, the lymphocyte transformation ratio reached a peak, and it was significantly higher than that of low
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concentration groups(80 pg/mL)and high concentration groups(1 000 pg/mL, 1 200 wg/mL) (P <0.05),

and a little higher than that of moderate groups (200 pwg/mL, 600 pwg/mL, 800 pwg/mL), no significant

difference (P > 0. 05). Under our conditions of experiment, the optimum concentration of PHA was 400

pg/mL. (2) Flow cytometry was applied to determine the state of intracellular DNA synthesis and cell cycle

was analyzed by Multicycle AV software. The results indicated that it was a simple and reliable method to

obtain the lymphocyte transformation ratio by determining the proliferation index of DNA. What calls for

special attention was that only when the parameters of flow cytometry were FS: Volts 62 — gain 100; SS: Volts

1000 — gain 500, the scatter diagram was clear.

Key words: crucian carp; lymphocyte transformation; flow cytometry; DNA proliferation index
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SEE BRI, A AU A 25 % — R AT AL
b, ACHIE R, 3 B IR (4 45 B I, 4 a4
VAR K, BE— LR N BE /R R 40 il
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1.1 I 50
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MR PHA 1 [ g Ae B 2 B A B A
RPMI-1640 532535 [ GIBCO 4\ A= i, P &
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RNA iy B b i 5 2R kA R\ i i
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pH7.2 ) Hank [ PIBEMAMEE 1 F5. (2)4 2
mlL R 40 B A T 10 mL B0 AR R, 7R
1 E2Y 1 em ZEUTES.OE BES 2 INA b3 M BE I
L O A = P TR T = RV E B =R A1)
RFR LBy 22 1, (3) KB HLEL 2 000
r/minBE.0 30 ming  (4) /NGB EL 40 1 )2 B8
AG—RE R, (5) i S 5L EARFR Hank
B /NIRAS,1 500 v/min B0 10 min, 77 F 1,
I EZPEHE MR (6) MPTTEFMA 1 mL &
15% /N IV 1) RPMI-1640 35 57 5 5058 1R & 4
J o B i 20 Bt BRSO TR SRS
W 2 e B 1T & 2 x 10°/mlL
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1.4 PHA JJFH i E

W B 1 A% A48 Ak Y 4 T 24 L A I 3 R
M, B£L 0.5 mL, fin 0. 1 mL A[a] ¥k B i) PHA F
ZURBESY B R 0 peg/mL 80 pg/mL 200 pg/mL,
400 pg/mL 600 pg/mL. 800 wg/mL. 1 000 wg/
mlL .1 200 pg/mL,F 28 C1E 5% CO, 1548 h,
1.5 Wi st
1.5.1 RRAMSEIAE

F T A0S 179 7 O 200 A BRI, it 3 3
JCARET P A O GAF 5 355 , R I 2905 3o 1
TCAN AR FS 1SS (1) Volts | gain ZE2k AL ik
PR , LASRAS 375 067 1 AR o
1.5.2 o Ba {S0RE bk B2 40 AR 3 55 Th BE AY K2
A

FEVHRE LT RIS S HO T, T i = 4 A
REIAS TR B ) PHA SoF S 75 4R S0 471 J) i, 9 2 41
MUELAL RS20, PEA PHA Ve B I 0 4t i 1 32
FRFR R — RO C R, DI A 57 W] E 1) 55 7 AR B oh
JE I 7 O 200 L Ak 30 Ty . AR U i
mr,

K595 48 h IS W AE 4, 2500 (1 500 1/min, 10
min) , FIBERRER D2 v (PBS) YEIK 2 IR, .0, 3¢
i, 70% % (4 C) BRI BaOk
J: 2,1, PBS ¥R 2 ¥k, i 10 g/L RNA [iff 0. 05
mL,0. 1 o/L AL PANE 0. 1 mL, A WAL (4 °C) Y
0,30 min""™ . ALK I, Cell Quest Yig 45 41 Jify
10 000, Multicycle AV %4734 4 it & 149

2 4k
2.1 gAY S Hok & R G 25 R Y
AL

A BV U A0 A S BN 45 5 1
BRI SEPEAI S B, I 1 F1 2 Fron, 24 FS.
Volts 118 — gain 2; SS: Volts 80 — gain 10 i, 40 iy
ANREAS 17 A 2 53 A1 L B R, i A PP AR DA,
BT 4 R DX, TGV ME R 20 BT B o K 2 B0
£ FS; Volts 62 — gain 100; SS; Volts 1000 — gain
500 i, 2 i BE A i WA L 20 A 72 L BT ol DLk
A TR 170 20 6L 8 2

1023

FS Lin

o ﬁa' s 1 N
0 1023
SS Lin
P11 PHA RSO CL 40 5% AL FS/SS i
Fig. 1 FS/SS scatter diagram of lymphocyte
transformation stimulated by PHA
FS: Volts 118 — gain 2; SS: Volis 80 — gain 10

1023

FS Lin

1023

SS Lin

K12 PHA JM 20 4% A Y FS/SS B
Fig. 2 FS/SS scatter diagram of lymphocyte
transformation stimulated by PHA
FS:Volts 62 — gain 100; SS: Volis 1000 — gain 500

2.2 R[FIHBE Y PHA X 53 & B &0 ) 1
IR E2L 4 AR 17 1 P 5

i =X 4 AR W BE AR bR Ol 1 BE 48 4L
('proliferation index, PI) , %8 15 %5 Sz Wl b - 35 %
HIRYANNE S ER A A T 0K SRS RNk 1
JIe7R AN PHA e EE X0 S 5 g A o 1 bk £ 440
JE B 1A SN e A B S TR RLRE . fE PHA R BE Oy
0 ~400 wg/mL (FEHEIN, FEE PHA ¥ EZ RIS,
R AN AL R, BRI R, H



170 B SR N Sy N = S 1

19 %

2 PHA (9 BEARSE RN — ELIAE] 1 200 pg/mL,
T B A0 5 AL R AR R e, HLrf PHA YRS
400 pg/mL ], it B A0 e fh 3 ey , 23 o TR
A AL (80 pg/mL) FI e 41 (1 000 pg/ml,
1200 pg/mL) (P <0.05), {H 55 oy Jif 21 (200

pg/mL 600 pg/mL. 800 wg/mL) 25 A g &
(P>0.05), FR&EREY, EAREFMT,
PHA {ASN 5 5 A bk L2 200 6 2 e ) e i 79
i A 400 wg/mL,

F1 AREKRER PHA Xf 535 RE 0 E M4 B 405 S L I 20
Tab.1 Effect of different concentrations of PHA on transformation of lymphocytes in peripheral blood from
allogynogenetic crucian carp

PHA Y& J¥ (pg/mL) GoGy (%) S (%) G,M (%) DNA HEBE 5% PL( % )
0 65.66 +3.80° 33.07 +3.52° 1.27 +1.09° 34.34 +3.80°
80 46.08 £7.08° 45.60 £4.28" 8.33 £4.05° 53.93 +7.08°
200 36.14 +6.25% 55.33 +4.61% 8.53 £1.99¢ 63.86 +6.25%
400 31.90 +3.53% 59.98 +2.32¢ 8.11 +1.58" 68.10 +3.53°
600 34.63 £2.70° 56.12 £1.71 9.25 +2.27° 65.37 £2.70°
800 39.66 +2.08"" 51.92 £1.12°¢ 8.42 £0.96° 60.34 +2.08°"
1 000 43.15 £3.96™ 50.86 £2.56° 5.99 +1.77" 56.85 +3.96
1 200 54.30 +1.01¢ 41.28 +0.60" 4.43 +1.24% 45.70 +1.01°
T BUE R TME + 45ifE2E (mean £S. D, n=3) ;A 3P EAF AR FREFRREFBE (P <0.05);PI=(S+G,M)/(G,G, +S +
G,M),
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7 1L £ BRI 1 SR TERY AFLP #T58

PEZ, WEE, BRE, FEL, INE, RE#

(L WA SN K= ORI, WL S$il 3160005
2. WA PR TIPS B Be , #TVE 31l 3160005
3T SR A BRI 2l , WiV Al 316000)

W Z A AFLP 53 FHRic 8RR A L 1 U A R AR AN T8 E F— MR (F,) 1 2 A 8 ( Miichthys
mituy ) BRI AE ZREE AT DT ST o 25 3R 8 X BEPER 1 7E 2 A BEIR 60 AN facrh, 2ed 3 i 505 2%
B A, P 2R R B 369 45, BN Z BN S BIR 73.07% o HAH F, 2 MR 2807 58, 2840
B LR Nei’ s {4 ZREMEFE 50 Shannon (2 B ZREMEFE S5 8 367 349 72.51% . 68.86% 0.422 2 0. 413
9. WBERPIRAL AL R BRI 0.987 6, 7N 0.971 5, S RABEHAN Nei” s 4% ZREMEFR B BAL M
L1 A Shannon {5 B ZFEPERE B T AUREAR FUARZE &5 o FF A ] A a8t 12 R 8L R B0ORN 35t % B S 43 5311 0. 979 6
0.020 6; K H 73k R ¥ G,y 0.022 3, TR [H] T 385 40k s 845 7 U5 22 (AMOVA) 4347, 25 R 3 W] 97. 78%
14935 1% 788 S SR VR T RO AN R ), B ) G 8 2 A AR 5

KRR B fh s FHLL 538G SRR AFLP

FESES: S917 XERPRIRAD : A

Comparative studies on the molecular genetic diversities
between the Zhoushan wild Miichthys miiuy
and their early filial generation by AFLP markers

PENG Zhi-lan', LIU Min-hai', FU Rong-bin', LUO Hai-zhong' , XIA Feng-feng’ ,XU Zhi-jin’
(1. Fisheries Institute of Zhoushan, Zhoushan 316000, China;
2 . Zhoushan Marine Survey and Design Institute, Zhoushan 316000, China;
3. Zhoushan Fishery Technical Extension Station ,Zhoushan 316000, China)

Abstract ; Genetic diversity of a wild population and an artificial breeding population of Miichthys miiwy was
investigated with amplified fragment length polymorphism ( AFLP). The wild population was caught with cast
net in the East China Sea near Zhoushan, and the cultured population was artificial breeding offspring of the
wild population which was the first filial generation ( F, ). Eight EcoR 1 and Mse 1 primers combination
produced 505 clear bands,of which 369 bands were polymorphic loci. The overall proportion of polymorphic
loci was 73. 07% . The two groups of parental and offspring generation’ s polymorphic loci, percentage of

polymorphic loci, Nei genetic diversity index and Shannon information diversity index were 367, 349,
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72.51% , 68.86% ,0.422 2,0.413 9 respectively. The coefficients of genetic similarity of the parental and
the offspring generation were 0.987 6, and 0.971 5. Miichthys miiuy parent’ s population, Nei index of

genetic diversity, genetic similarity and the Shannon information diversity index were higher than those of the

offspring population. The genetic similarity coefficient and genetic distances between two populations were

0.979 6, and 0.020 6. G, coefficient of gene differentiation was 0. 022 3. There was no significant genetic

differentiation between two populations. The analysis of molecular variance ( AMOVA ) results showed

97.78% of the genetic variation among individuals within groups. There was no significant genetic variation

between two populations.

Key words : Miichthys miiuy; Zhoushan; genetic diversities; amplified fragment length polymorphism

i 8 ( Miichthys miiwy ) J& #5 & H
(Perciformes) . f7 1 4 B} ( Sciaenidae ) . fiff 1 J&
(Miichthys ) ,7E3% BT X946 3 A (HLUAR BT
Bl RS B SR, W2 E MY
B W E5 , JUHEMER L™, & B #h i,
BAB ST MG AME. A b5
FEEPTENNG SAFHEf R T N LH IR
SEJH Y . Xe A R LA et A AL 2 T
PIRFFEE . T AR ER . B AR B 1 o T
G ) REF DL I AR N T8 A 5 FR Al AR 3
] i T T3 2 R e L A B R TR K A 7 B
OO B AR o DRI I A 201 55 T BT 1 st R A P
1A% AR PR FIRN TG IR D , AT AIE 3 e £ ) %
PEARAP AN L FRBE Y T FR 8 K o

AFLP VERy — R B0 7 F AR 80K, 1
ASEHAFAS T2 KT B B AR5 R A1
Z R, TR AR Rz v T s A%
ZAEVEST BT IR A A5 L ol BT 45 o a5t A% 37 B [
T AR 2 S AT £ 2 R 45 T R AT
%o ENCA KT HEH ( Pagrosomus major) K8
i1 ( Pseudosciaena crocea) . 18§ 7 #F ( Paralicthys
olivaceus) . %5 21t 88 ( Lutianus argentimaculatus)
F1EE ik £ ( Nibea albiflora Richardson ) 25 JLF 7K
2 i 2 REPE R S AR 0T R ok
WFSEFI T AFLP F A A 1L 8 6 S R 26 F, 4R
FEURII8AL ZHEEBEAT 347, B 78 O % 0 7 B o
EHMNTIRSEALE AL F R TR

e RS DI RES

L1 FhE
B A o £ AR AR 0001 T 2006 4F 4 A il 55
AR, (R 0. 55 ~ 1. 50 kg, i {41z 4

ZRFILTT AR P AIE T BT 1Y) 55 FE R —— W VLA 2%
K ETAAA BRA W) VR R A AT FR 00, 23 A
TR GER B (LB A 18 4 5 £ BE5E 2= 4RI
B HFHAT U5 E IS B 008w ) 3K
3 Fy AR BY IR 30 J5% B A= il £ R A 2 G ] E T
95% IR BERLI 2 F i 41-£8.30 R Sk HIN
JIE, —20 CUKHHLE
1.2 JE[HZH DNA A5

DNA 4 it 2 B3 1 va B T S 46 /e )
CE=R/0 ™ o A BIBCE R EE,2 A ik irfa (%
SRFIAIIE) SO ~ 80 mg, 870 BY HJ5 , SR IR,
H B K AR/ A i g . T TE
buffer, fzJ5 F 0. 8% %t Jig A H vk A U i1 DNA/
RNA Z 1 ( GeneQuant Pro %! DNA/RNA & &
{¥ , Amersham Biosciences /A &) ) #£47 DNA € &,
TCH KRS 100 ng/pl, —20 CURFALRAT
1.3 AFLP J3¥r

AFLP 575 16 Vos ™ A1 Li 1977 3% it
17, AR L A L
1.3.1 EFEZ DNA gy BN ki s

B 100 ng F£[F 4 DNA, | EcoR 1 Fll Mse 1 it
TR , BED) B EcoR T Mse T 43K 1% 4%
EcoR 11 Mse 143K P4 WL3R 1, Tl U) 2 A &
K EcoR 1/Mse 1 F 37 CHEG YA 3 h, fFH]
VAR Z K 40 pL, 45 EcoR 1(10 U/pl) 0.4
pwl, Mse 1(20 U/pL) 0.2 pL, EcoR 1 buffer 5
ul, 10 x BSA 0.5 ul, A R4 A 55, 16 C
HRGERE
1.3.2 PREIMER BT B

BY) - & = B 4K 28 1.5 LA B
J& R 37 Rl 1St B i 5 | W4 G R
HltE R B (B P H WL 1) . PCR AR R Ny



174 B SR N Sy N = S 1 19 %

25 wL, £ 5.5 umol/L EcoR 1 Fiiy 35|14 2. 0
wL;50 wmol/L Mse T fiid/ #4545 2. 0 wL;10 x
PCR ZZ ik 2.5 pl;2 mmol/L dNTPs 2.5 L ;Taq

DNA 55 B (promego) 1. 0 U; B U] — i 4577 ¥
5.0 pl;25 mmol/L Mg”* 1.5 plL, H 4 8 4k
5o

R 1 EcoRT1F Mse 1 #3L T 8 5 FEY B WFT

Tab.1 The EcoR I and Mse 1 sequence of adapter, preamplification primer and selective primer

EcoR 15[¥) igdl

Mse 1514 F51

. F 5’ CTCGTAGACTGCGTACC’ 3
EeoR 1 % R 5’ AATTGGTACGCAGTCTAC’ 3

E-A 5-GACTGCGTACC AATTC A-3

. F 5’ GACGATGAGTCCTGAG’ 3
Mse 1k R 5’ TACTCAGGACTCAT’ 3

M-C 5-GATGAGTCCTGAGTAA C-3

E-AAG 5-GACTGCGTACCAATTCAAG-3 M-CAT 5-GATGAGTCCTGAGTAA CAT-3
E-AGG 5-GACTGCGTACCAATTCAGG-3 M-CTT 5-GATGAGTCCTGAG TAA CTT-3
E-AGC 5-GACTGCGTACCAATTCAGC-3 M-CCA 5-GATGAGTCCTGAG TAA CCA-3
E-AAC 5-GACTGCGTACCAATTCAAC-3 M-ACG 5-GATGAGTCCTGAG TAA CAG-3
PCR i# # )z i #2747 :94 °C 30 5,56 °C 60 S; =2N,;/(N; +N,) (1)

5,72 °C 60 s, 30 ME# ;72 °C {8 8 min, Tl
PHEPY) 110 TR E, 1Ty 1y ., i aE
PEY 519 37 St AT 3 A e RRIEmEE , 51 P4
DL 1,16 B | W2 & 347 5 | i, PCR J
MWAKZ A 25 pL, 445 :10 pmol/L EcoR T F11 Mse 1
B4 % 2.0 wl; 10 x PCR 2B 0P 2. 5 pl; 2
mmol/L. dNTPs 2. 5 uL; Tag DNA 3R & i}
(promego) 1.0 U; FiP #4247 1.0 L ;25 mmol/L
Mg®* 1.5 pL, AR AiKEN T .

PCR WEHMHY IR F H:94 C 30 5,65 C
30 5,72 °C 60 s, SR J& B> 16 20 52 1 U R R AIG
0.7 C, 28 13 MEHF e , B KR EZ 2 56 °C, i
EAT 30 MG HIY Y, A5 1F K .94 °C 30 5,56 C
60 s,72 C 60 s,
1.3.3 @Rk

TEPEPEY 37 Wi 5 6% (1) 5 79 4 Tk Jrie 222 e
(£ 7.5 mol/L JRE)FE 0.5 x TBE 28 ik e,
VKRS, 75 WL BHIK 0.5 h, FAEIGHLIK 2 he
VKRGS ARG HEATER Y SRS 0 AN 204
1.4 Bdlasrir

T AERE L K G T R R A o A
0,1 A6 cH R B , M0 I 0 i i B e v Az
RO 2SR T A R B AR | Shannon
R R

ZERBIHI(%) = (235 R B/ Kt
BB x 100,

ANARTE] 1 388 45 22 S B BSR4 1) 119 38 £ B
=1 - MRS, AHEIREE Lynch 1A 31
N

K SRR R, N AR 5 7 38 R B
B NN A S A BB R BEEL

il

Nei’s #tf ZREVESREC b = 1 - 3P7, P, i
AL L B AR R AR
A Popgen 1.32 3157 Nei” s it f& ZAE LSS
#, Shannon 2 #1145 40, B N /0L A 8 6,
Mega 3.0 B4 UPGMA RGEH .

2 4R
2.1 JE[AAL DNA §Hb) HUH 5 I
P H25

SEPR AL DNA W95 2 BU5 5451 9 o
BRI G  H B R B, B
S IR 26 FERE S, 3T U 100 ~ 800 b
IR ).

2 3 4

B BIBEM,, B, B M, SRS S
Fig.1 The PCR product of primer E/M,, E,M,, E,M,
1-2,3-4,5-6 53510514
E,M,, E\M,, E, M, &MY 174,
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S i TR REPE Y S 5 1 RN 16 X 51 A
B T 8 X R E . ST E N
55 RO B PEBRIE M, (E + AAG, M +
CAT),EM, (E + AAG, M + CTT), E,M, (E +
AGG,M + CAT) ,E,M, (E + AGG,M + CTT) ,E, M,
(E +AGC,M + CAT) ,E;M, (E + AGC,M + CTT) ,
E.M, (E + AAC,M + CAT) ,E,M, (E + AAC,M +
CTT). [ 1 H314 B M, EM,, EM, SEH4EY
B4, A 51 YR P FE AR TE 100 ~ 800 bp
ZIH],

2.2 AFLP ZISpric kil g f

FI PG 0 1) 8 X e W), 7S HE A
I 60 A=A 505 ZRIE BT AT, AN TE Y
Aite K2R B 369 4%, B 2800 A 1
B2 73.07% (% 2) o fERAHAFACPIRRA 53
BTG 367 S F 349 AL, P2 AL

s 5253 R 72, 51% F1 68. 86% o ASIR] 5|9 i
PRGN AE 2 5, 7 HE I3 2501 M 48 3
86 MG, U I Z AT E g 34 ~76 5%, %
K H R E  61.18% ~88.37%
2.3 RS T ARG 35t 1 AR
B

fige th1 5 ACHE IR A Nei” s 5 15 2 B 45 KO
Shannon {5 & 22 B 1 45 20 L 7 FURE AR (19 #8285
(% 3) , PR AR AR R BRI 0. 987 6,
TN 0.971 5, JEAC AL A DL 22 e QR 1A
RO R o AR AR ) ) 252 2 T 0L 28 80 338 1 B
B4 0.9796,0.020 6; FL Ktk R G, K
0.022 3, HEPRIAIJC B2 st % 7 ik s 4800 105 250
Br(AMOVA) 25 58 97. 78% [1)35¢ 4% A% 53 4 U
TRERAASRIA] (3 4) |, F T PR 8] G 2 3% 32t %

< B
g#o

R2 SXWARESIMHTBER

Tab.2 The results detected by the eight pairs of primers combination

4L A BEs BEs EAY -4 LA 5 L A
(ISR (ISR 75 el P, F P, F
E, M, 86 76 88.37% 75 68 87.21% 79.07%
EM, 85 52 61.18% 52 50 61.18% 58.82%
E,M, 65 46 70.77% 46 45 70.77% 69.23%
E,M, 60 42 70.00% 41 40 68.33% 66.67%
E M, 57 41 71.93% 41 39 71.93% 68.42%
EyM, 53 42 79.25% 42 40 79.25% 75.47%
EM, 51 36 70.59% 36 35 70.59% 68.63%
E M, 48 34 70.83% 34 32 70.83% 64.59%
Gt 505 369 73.07% 367 349 72.51% 68.86%
3 HEBENEEFSH
Tab.3 Parameters of genetic diversity for two populations of Miichthys miiuy
- ot HERA o
L 2SR ETY ETeTy. BRI
Nei’ s {5 ZREMEIE BL 0.290 9 0.286 2
Shannon {5 B 5%k 0.4222 0.413 9
REARAL AL R 5 0.987 6 0.9715 0.979 6
HERIR AL B 0.012 4 0.028 5 0.020 6
BEHAERE(G,) 0.0223
F4 HEFEER AMOVA 5 #i4E
Tab.4 Data derived from AMOVA of Miichthys miiuy
AR SRR Bz df A Sy Bt i He s
TEAA ] 1 0.732 2.22
[EdENT 58 32.308 97.78
wit 59 33.040 100. 00
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2.4 SRS TRt AR O RS A

FIF MEGA3. 0 AR Hi T 8 £ 60 44>k
) UPGMA Rt , 1 ~30 AN BF A 25 A 31 ~
60 Ay F AGCHE 2) 2 A FEABEAT H LW 1Y
Aok

popl
pop31
pop38
pop48
pop3
pop21
pop27
pop50
popl6
pop41
pop36
pop46
pop40
pop2
_FPODZG
pop49

pop37
{popu

pop4

pop22
pop28
popb1

N pop56
popl3

pop6
popéi
pop
pop30
popb3
pop60
popl8
pop33
43

pop
popd
popl4
pop23
pop29

Epop52
L pop59
pop7
| pop25
pop54
pop9
pop8
oo
popbb
popl7
pop32
pop42
popb8
popll
pop34
pop44
popl9
|

popl2
pop35
pop4b
popb7
p0p39
p0p20

K2 #ffh 60 A~MAR UPGMA REEHE
Fig2 UPGMA dendrogram of 60 indivduals
of Miichihys miiuy
1 ~30 MANEFA A 31 ~ 60 DMAN Fy A

3 ihe

AFLP $ERLER = Sh i fe ZHEE o
AN AR R R Z R R A
GERAR DAY — A H 2K , &R Y PP iE 1 22 A2 1Y

PR, AR KA A AL s (G R . P 2
AL LR AT 35 2 B B R o A W AR 5 AT
ZREMER RSB . AR AFLP $2 A, 8
X e LT | 7 B £ 60 AN L g 18 505
SRk, Hrp 228 B Bl 369 4%, B4
7 G 73 07% , 38 3oF Lo 5 £ B4 () 47 44
LN P Z 0L LR SR A R B
s B abn R I, B A EARREAZE S T F, B
Ao A AR G M UL I« 7 A A B o,
WAL Z R R BRI R NG T2 ok
BHEFABE AT R—KF,

FIT 0425 AFLP S0 e R 0, 5 £ it i
% & B 4 H AR T 0 B B
(84.43% )7 5 TN i K 2 £ (55.8% )
DAS 5 & A )k a0 (4ol o 51 7%,
51.99% )7 UG R AL S REME LR .
Fy BB 037 5 10 5 22 F /b, B0 F, BE AR B
WAL ZREME SR TR AR R, F, BRI 8L
LAtk B FAEARREAR, R 2 SRR S 2R
Wl I 5 b TR /K . F BEARAE A
TOEHH SRR T SR AR B R AR
2 R QRSO A f  F Z S S R B
P 5 {57 253 5500 38 0 o MG 38 2 R AT T
A%, PRI AR L 9 98 1 i oA i i K e B %
AR BB X 0 B RE R 14 38 1 2 REPE R BT LA
TR DB/ a5 G A T 7 R AR T
B 1) 3T 5 R B e TR i 4 o (ELRS T
SO B NPT 2 A W 2R Rk UG, B 2
RBAT M2 B A R 4

AFEAAR ] (1) 35 15 AH LR %520 (0. 979 6) it fL
B #5(0.020 6) 5 3EFH 40k 2 G, (0. 022 3) 3k
B, BN T B ot T ES
(97.78% ) FHH 2 R ) 15t 4% A8 53 32 Bk IR T
RN B] R ) G i it (AR S (HF, A
AR TB] (R 3545 1 5 LG B A SR AR AR K, 1B F
AL AL S5 4 A AR Ak, Bl AT ks 2
HBRSEAL S AL

S 3k :
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Bl A, 1963 :308.

[2]  Zigd, (5RI, BRlk, 5. SR &% R A R AT
A I SRS RT]. WL PR e 2E i) B4R
Fl2iE, 2006, 25(1) ; 15 -22.
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HEE( Q) x WSS ) AT
BEEANSHR

1 o 1 \ w1 vl 2 w1
REE, FRXE, 2 ¥, FAK, B B, £2RH
(1. HpEDK P RET ST B BT IF 580, BIRIL M/RIE 1500705
2. RACARO R SR E B K P FRA A&, TRIBTL PR JREE 150030)

W EEIUERAYESMATEFTHARNE D i (Hucho taimen) (HH) ( @ ) 5 418§ ( Brachymystax
lenok) (BB) (& ) AT TIE& A, WX RM W F (@ ) x HifgifE (S ) %38 M (HB) I N LEFRCR
EXCEN B4 (HH Fil BB) ANfrEfE i PE22 5 (P >0.05) , H HB ML A7 1 iE 5 T HH F1 BB i%
FRKF K 22183 HB A A7 10, R M imbeb 5 7K 22 48] /TR A P #EA T 0 U, T3-228 I 4 A0 X A0 4
BT, PSSR TR BB £ 5 TIF O BIL AR S UK ARDRL, R HB, SoxfE T 94k Ay & HH; HH HB
1 BB 37 6 R EE , AR SRS ) 2 E AR, HB 19 /R B 3 48 HH #1 BB 4330 Pk 25% |
70% , HB Pk M 5 R RAE 38 ¥ =0. 0224° +0. 522 +7. 30(R> =0. 987 4) F1 Y =2.817 1
(R =0.987 7) AR SRR NEAEFE RN Y= -0.002 42° +0.051x% +0.42x +7. 4(R* =0.987 5),
HB [ H 3484 (0.30 0. 13) g, 4350 T HH F1 BB,

KR T D A s A AR N TR A KRR

FES5SES: S961.2 X HRFRIRED : A

A preliminary study on technique of artificial reproduction between
Hucho taimen( ? ) and Brachymystax lenok( & )

XU Ge-feng', YIN Jia-sheng', LIU Yang', LI Yong-fa', DU Jia®, MOU Zhen-bo'
(1. Heilongjiang River Fisheries Research Institute, Chinese Academy of Fisheries Science, Harbin 150070, China;
2. Department of Aquaculture, Northeast Agricultural University, Harbin 150030, China)

Abstract: In the present study, distant hybridizations between Hucho taimen and Brachymystax lenok were
carried out by artificial propagation. The results showed that there were no significant differences in fertilization
rate, eyed rate, hatching rate, larva floating rate of the hybrid between Hucho taimen( @ ) and Brachymystax
lenok( & ) (HB)and control groups( P >0.05). First feeding larvae were fed with waterfleas and limnodrilu,
then the mixture of limnodrilu and power diets, particulated diets. The taming results showed that the fries of
Brachymystax lenok( BB)were the easiest to open mouth and to be fed particulated diets, then were the the
hybrid between Hucho taimen( @ ) and Brachymystax lenok( $ ) (HB) , the fries of Hucho taimen( HH) were
the hardest. After six weeks, the body weight and length of fries grew gradually in all groups. The body

W5 H #7:2009-06-03

E£E : 2K IEAEIL 0 (2007HSYZX - YY -21) ; IR VLA BHE BT H (GCO3B511 ; GA06B203 - 4) ; BHF e i v 4: i H
(2007GB23260395) ; EH K “ +—H.” % #1141 (2006 BAD0O3 B0S )

EE B AR (1979 - ), 55, DO 01, E RN FAAH M HEIY ST, E-mail : xgffish@ yahoo. com. cn

BITEE 2L, E-mail ; mouzhenbo@ 163. com
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weights of HB were 25% faster than HH and 70% faster than BB. The regression analysis of the relationship
between body length and weeks old, body weight and weeks old were ¥ =0. 022x> +0. 52x +7. 30 (R’ =
0.987 4) and Y =2.817 1e"** " (R* =0.987 7), respectively. The regression analysis of the relationship
between body length and body weight was ¥= —0.002 4x° +0.05 1x> +0.42x +7.4 (R> =0.987 5). The
daily weight gain of HB was (0.30 +0.13) g, which was higher than HH and BB.

Key words: Hucho taimen; Brachymystax lenok; intergeneric hybridizations; artificial reproduction; growth

characteristics

¥ B #E ( Hucho taimen ) & #E & H
( Salmoniformes ) | #: B} ( Salmonidae ) | ¥ & # |
(Hucho) o Wi 5555 0 5 16, W % AR )
Wyt T A AR AR S AR SR e
B AR DU /R ) i 4ok AR ZRK AT K R I
3 R SRS K 2R | I Y R e TTK FRRBRUR 55
WK R T IR Y S A AN
PRI S, 3T 20 482 vp [ 58 ) 1 3 2 i B 5 i
R, HAp RS E A TR s
HY A Y5 B S Ve AR IR Ry 5T R, IR R T 40
em SRR A R XU R KT 2 — 0 B
AT i AR T T ORI A 2 vl A,
FEIATEREAE ) 4 =5 H 0, KIRAE 8 C A4, LUK
JoT A A0k ) Y /N TRT R B A 7 B A, e i e
Y02 7= By 35 BRI AR e
20 W% f: ( Brachymystax lenok ) J& i £ H
( Salmoniformes ) . # &} ( Salmonidae ) |, 2 i f: J&
( Brachymystax ) ; Wil f&. 55 20 0 b f , B o8 — AR P
Sy AR A A TP R AR L 52
AL e L WOM AL S P e X
H HE ) 8 VLI BT S % W) AR AR A [
(P h AR gt 1 —Fh oy SR S Y 5 5 —
NEEWIE 1o 1% R 44 Bt i B S K
gy, RAMRS N EFRME N E, Hize
SRR BEAE N TR e B IR A 5 B T R R T LA
RS A A5 FREE 14 15 Y 55 45 | {1 240 98 6 114 2 A7 52
BT HT AT R, ) E T B 4 K ) A R
U AR AN AR Y O 3T I, MR K
KT 25em, S /R A £ bk £ 2T BF A4
fife e ZE VT IR] S S TR K XA . L 8 A (HANTE
VAT R K B2 T, S S R S O i A
Jer A P A A 0 7 T T ) A R DTS JB 7Y
BN JE I g A 2
120 fi: 55 2 e A 3% ) P | B ) s
LAy A R A S E ™ {H T b

FRGR LT , T X PP 8 28 R E R 2
[ Ab TAEFE A B RS o [HAE B2 50 4R URE
SR R 1, A2 ST E R I B 4
T D 5 AR (Y R AR R SR AT 2
TR AT i N TSI C e ), AL T
NI %BrBeo B NVF 2243 du Xt X i b A )
N TBFN e R A
N ¥ L S (o GG L/ S
JPE T KA T AR, 2007 AEAEFH L E 2o T
X Ao £ 1 i ] 24 SR, L 22 3R A R 2% 58
ghfafafh, g, £ N TH LR, A5
XSSO (35 % 6 (@) x Al fk (& ) ) 92
HRORMRAR A8 LA T H YA R %) #5751 55
PEAT T OEIT A2 R 55 25 1R TR 2 s 4 5 0 i
AT T HESR S, FEBA AT 22 18] A9 A= 4
REZEST, b2 S P2 15 5 T 94k 2 15 B A 2k
PO 2T BA R A R AR 45 TR, 10K
XFA a4 A PR RE B T A R R ) B &

I bR ik

L1 JEGIAERA

BY A 1) B % i ((Hucho taimen ) F1 40 f
( Brachymystax lenok) %38 T 578 HVL LB, &
SATRATAE v [ K 7 Rk 27 F 5 Bt B8 e YLK 7 B
FEPT I Ve KM fr el . T e 10 2, ¥
10 Wy, 2K h 84 ~91 em (KTl 4.69 ~6.75
kg s ANt 12 2, it 8 " %, Kl 48.5 ~ 55
cm, {AE f1.38 ~1.88 kg,
1.2 AT %FH

BT B A 0 % i 5 2 W e 1) A SR
FEASTR IR, e 8 545 26 K i Y R AT N T8
T, TR AR 245 9 1 A [v) SO0 I [ 3
PEBCR (0 232 5 SR A 114 ME R TiC 1~ 38 3 W] 20 ok



180 ISR VNI B 19 &

FHEL A T8 H HOAR ST 28 58 K. 2007
5 A, BOCREY D (3 ) ANk (3
F2) BRI, A BRI T IR D B AR 4
CIRAT, M JeoR R AR (4 2 i (2 ) R i i (4
B B8N 10 5 SRR AR A7 RS RO & 32 .
BHE( Q) x 4Nk (8 ) N2 s, SO HB s 3
DHEE(Q ) x WHHE(S ) MANBiEE( Q) x 4Nkt
(8 ) NRCEX MR, 4353 € S HH A BB, 2%
SIS IR IR @ 0 8 =123 e eAy AL
TN WHALR S 0 e A TR 1 0 o 2K
(9N LB H WO R A

F=N,/N, x100% (1)
E=N,/N, x100% (2)
H=N,/N, x100% (3)
L=N,/N, x100% (4)

P F SRR (% ) B RIRE (%) s H 9
(%) 5L MAF L% ) 5N, otk oA
(A%) 5Ny R ZRGIREL () s Ny Ry A RBIEL () 5
Ny AN 3Ns Dy AR (A
1.3 A IF i Ykl

SR A RARAE A i,k
AIRIHY 1 3% 1) € 2 (HH (HB Il BB) 347 (7] 4
FAF R I R Ok & AUK ARS8 7 0 e
AT b A HOORL BRI ) B4k, 35
R H g e
1.4 gtk KRR A

R 2 e (HH) | 21 85 5 (BB ) Jo 2% 50
(HB) % 4.4 900 &, 431l 3 D ilga i, B 3
AFAT(3 x300) o 55— 4L B ik BRI 0 41
(HH, - HH, 41) , %5 = 41 Jy 40 8% e % TR 36 41
(BB, — BBy 41) , 5 = 41y Z% A i B 41 (HB, -
HB, 21) , BRI PG (LR THER, 1.5 mm g
F) ARE LT 6 JA, 5 O JR iRy R Y 1V
BRI AT AR AL BRI i 30 F 8 19 49 463 4 K A
RO, 2GR A B — U R B R
FEFERIRIT R 8% ~10% , BAH% N 3 /d i
I ST 3 A ER S B AR S s
L5 AR RVERESE bR KBRS

4yt 8 A KA REAR bR 3 B 5B A2 K R
AR A2, A RIS AR R K A AR A5G
AMHYE, 30 SPSSIL. 5 3 5%t HH, ;|

HB, #1 BB, ek (A5 5 H ik, 2Rk
PR HER T I 430 , AR AR DGR B (R 9 A/
R A1 7 AR AT SEFR B A IR, DR B A G AR 4L
He i PR 2O 2R UV O A R Pk B e 2 D5 7
i 2 O AN [l 2 Y 3 T Ot
Fior T S5

2 4

2.1 NLTEFRR

HB ZH5 002551 148 ~ 155 °C-d AR A&, 1
HH 1 BB {9 HR s 43 5 75 4253 160 ~ 170 C-d |
140 ~150 °C-d K F A fei ¥, HB . HH HI BB 19
BN TEFMHE AR LR 1, 2584 (HB) 5
XTHRZH (HH F1 BB) {5206 2 A IR 22 A0 2 A0
frfa bir R 2R AR E (P >0.05), HB 1
eI i T HH F BB 1,

x1 BEFE(Q) < A8k (S ) HIZHHER
THEERRE FBLENFE EFER
Tab.1 The fertilization rate, eyed rate, hatching rate,
larva floating rate of the hybrid between
H. taimen ( ? )and B. lenok( & )

THE RWSE O BHER  fffa bRk
mal (%) (%) (%) (%)
X+S.D
89.1+0.8 94.2+0.9
HH 91.5:0.8 91.8+0.7 93.0+1.0 96.3+0.5
BB 90.1x1.5 89.8+0.9 91.8+2.3 94.7+1.0
V<SR B B FoR 22 SRR , A B o 17 16 50 B

25 (P<0.05),

HB  90.1=+3.1 97.5+0.1

2.2 IO R YIME

24 HH HB #1 BB 4 b i A7 Tt S B R
BRAL, GRECALE SR REREN, T
2007 AF-3 A 28 AN [ DR BEAT 500, PR 4 |
B LEFNGIAE T ik A I 2 B MR AR AR %2
B 05 L3RI 2T H) 38 I BEAE IR/ L
MK &, B f0 8 A8 K, A DLk 4 il
AR AR 1 7K 22 5] — EL IS AL BB T 114 7K 22 5] — 7K
225|141, Pk P ARDE Y 55 7K 22 8514 — 2 H TR
YR A BEAT ] IR, 28 0ol i Ao o U, o 3o
HHIE AT — BCHORL ) R — A ASORL )k 547 7 B
WFFE A B, BB fie b TOT 1 YL A £ AN A0k,
HUJE HB e T YL )& HH
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%2 HH.HB #1 BB & &3 REERANEFERALIFF
Tab.2 Different food choice of young HH, HB, BB and artificial acclimatization
" . Yife )y
Hom (VY S SN v
(A, H) PRI BEIE g
’ HH HB BB (Ye/d)
5,24 - 6,3 100% K% 100% 7K % 100% 7K % ( Bk 22355 T 4 1~5
6,4-6,11 100% K% 75% 1K +25% K 221 100% 7K 2245 ok 4 1~5
6,12 -6,20 50% 7K +50% K 2208  25% K%K +T5% K2 50% IK2218] +50% HtRARLe Lokl 4 1~5
6,21 -7,1  25% K3 +75% K 2418 100% 7K 2215| 100% #3 IR Ak Liok:| 4 1-3
7,2-7,10  100% 7K 221 50% 7K 2285] +50% FpARGAEE 100 % FUSORL iR ket A 4 1-3
7,11 -7,20  50% /K2285] +50% KRRAFPRE  25% /K 2288] +75% FyIRAaRE  100% S Bk AR R Lok | 4 1-3
7,21 -8,1  10% 7K 2215 +90% ¥RRTARE  100% ROkt 100 % TR i) Al Lokl 6 1
8.2~ 100% BBt 100% BCBTRL A} 100% BRI} So% g I
(fRFa)
200 opp = HB @HH

2.3 4R B R B 2 1 A KPR RE L
L

HH  HB FI BB 4Jj & () 47] 4 4= 4 A4 i 2 O
B 1R 2, i F kB EEAR, T3 HB Fil HH
M4 % KT BB HB 1A it & i % K T BB
M HH(P <0.05),BB K5 HH Z [0 {74
FMZ%(P>0.05), HH HB fI BB &3 6 JA
T, He K 5AmE Y & EE K EAE L
(BT I 2), HB 44 57 & 35 K8 HH Pl
25% , %% BB it 70% .

K /cm

i/ A
K1 HH . HB Hl BB 7 6 J&il WA I KA ol

K12 HH HBFI BB 1E 6 Ji AR A 3 A O
Fig.2 The body weight of HH, HB, BB with six weeks

2.4 AERKMERRR EIE T

AT IR IR 45 R ik 2 Wil £k Y
=ax’ +bx +c fi HH HB 1 BB 4K 5%
RAMBAET (R 3) IR E S R C Rk
FHEEONZR Y = ae” O AE I R (R 3) s 2K
R EREN SR EZW A YV =ax’ +ba” +cx
+d Ry et 2 (#63) . HH HB #1 BB (1) H
P Z M AEE W EPE2Z R (P >0.05) (£
3) {5 HB [¥)°F-33 H 3% & i K VHH B Z (BB (1)

Fig.1 The body length of HH, HB, BB with six weeks /N,
%3 HH.HB #1 BB #y & £ K4FEME TS
Tab.3 The regression analysis of growth on fingerlings of HH, HB, BB
5OH Ji gk
* HH HB BB
SR Y= -0.011x* +0.81x +5. 88 Y =0.022x% +0. 52x +7. 30 Y= -0.038x% +0.99x +4. 68
WK ST (R?=0.984 1) (R*=0.9874) (R?* =0.995)
Y =2. 082260' 2622 x Y =2. 817160’ 2541 x Y=1. 504660‘ 2883 x
5 FE
Pt 5 it (R* =0.9693) (R*=0.98717) (R*>=0.960 5)
5 - Y=0.028x° —0.34x% +1.9x +4.9 Y= —0.0024a” +0.0512% +0.42% +7.4 YV =0.0122> 0. 18x* + 1. 5x +4.2
RS e (R?=0.995 1) (R?=0.987 5) (R?=0.997 3)
HIE (X +S.D) (g/d) 0.24 +0.82 0.30 +0.13 0.20 +0. 069
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3 he
3.1 HWEE( Q) x AL (S ) N T 5
A

P 0 i By A g e 1y g B R 40 2 (HAP 2R TR
g A SR e YT K FR ok Wi R a4 A o iz
It H BT SEAH M R0 Ak b 037 45 D7 TR A R
RAEGFEPES S B Mk aE R ¥ HiaE
b TERRIETIK AR 0 W 30 3] B R 4 SR 30 3 20 fik
2R b () R AR AR SSRl, 5070 UE B 7 2 i 5 4 el
AR AT REME . — R D0 T 7R 8RR S RHE
B PN SR 5 i ST R i IV Bk 8 ST ) 45 £ 28
w3z P 1) 2% 20 B R Be s I R B
T AE £ SIS S0 Il P B b (B e 58 2 R F
FE, HATEFTN RS T RZUBEAT
L AR KR A3 R 0 i () 2 A8 RE AR AR LT
A2, AN Sk 6% ( Oncorhynchus mykiss ) 5 21y fik:
J& #1 ( Salvelinus ) 2 58 , AN 1F 5 58 7% Fi i Ak %
5, PARI D 8 LR G AR 0L AT
FrilE N TEH BRI 2 e (@) 5 408k
BE( Q) AT TS 4452, 45 R W], HB  HH Al
BB {3205 IR LR B R
TERFMZES (P >0.05) ,{H HB L F01T
o IR T RCEX IR (R 1), HATESF
YR B EL A fe o S () 0 43 e ]
3B ARG KB, AT 1) R A8 B ME 5 1E T
ARTC A A ) A5 P 0 2 A % b 1 O e A S
FRSEAE , AR E A BN N TE T &
BAE R, AW IE R BAR A 7T A e
DS PN §=F oY vl N5 W POR I
( Q) 5L S ) WJE mms A sg , Bl kg
TRMEF G AP D EE( Q) 54k
(S ) BRI BB AN IR [ B R S5 ) R
] A BT SRR 23 [, 3 DA SR T A0 1 R ol 73
B AN BEE T A
3.2 THEE(Q) MEE(S ) MHIL
T RO I 1 R 94k

2558 N A WURHR R IR AL 5 5
) — D EEEI E M R BT A Y ik
A e o KR R 35 A% e P, — FRAEHME N O 2
5 R PR XA £ S 1Y) P N I S R R B
Jehge i, B34 (Acipens) PR g g i 20

I 9 10 27 (g 5 0 S SR S 4% W Bl 1
s AW IPRL, SRS FRZ T AN RS R 7
LT VI, ELAG 110 Y e et 42 25K
BrRmEA RS . WA SRS e
Bt o Bet AT A R RN T R A
1R Iy PRI L 350 S5 AR 2 3 45 SR A
—3, 0 Jungwirt ™ £ % 2 5 ] ¥7 2 44 ( Hucho
hucho) WYBITFE K B, BN T ARDRL G 12 06 JE kA Y
YT 5 6 40 8 e £ i (97 BEUE AT 2R ) HORL T 1
AR N TR D B0 B B A o, X S AR
Bk B G R B R B Q) X diih
fBE( S ) e B BT D BIEHE B A T ROEZ
(], B3 2 i 75 oy, A0 AS Un 2 8 6 5 1 Ak WF
FERW HB w5l T HH 1 A PR AL, [ ik
QKT BB 895 TIFH YL SE— e, IR
HB 2 F AL H R T HH 5 BB SRS &
Ja B AL R A AR A A5 R . M EERZ T,
L 0 0 S QI 8 DA VY A e R e 5 14 £
O IR o K N e o o I A S
0T AT g R [ B K (1 38 | b R
I AE BTN R A K
3.3 {XEE(Q) Ak ( 8 ) MHAS
FRTE 8 g A A RE 2

AW S B, HB A I Jif i 393 70 42 6 s 38 1
AT SRR TG EVE 2+ (P >0.05), H HB
TEA I BER B 2 M AR A% HB AR K
BOCREAAR R, x5 DAL BERL (14 8 7] 4% 5 A g
PAF AR AR BA A R AR AR
ABFFEXT HH HB #1 BB 1) 6 J& £ K e Rg i britt
F3 0 A A, U TR O Y R AR A K T R
(£3) . kX HIEE I B, HB A R PR
TROEAH T 2 PO 3 i 38815 FE ik i) 52 2 1
I TS YAE 75 B R R, 5 B AT 2% il
DB A o gt A FLBRATS AN K 4, L 38 i 2 Ao
DL T R SR 7 e ST G B 3
) BEREE PERHEWT Y HB (9 4= K AL 4 32 22 sk
#o HH,
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ZERNFREBNYTAFEZEEN KRS ERKNFNT

y b I N
AAE, mER, BxXA, % B, B W, RIA, THEI
(1. RWRERERAK ™ A BE, B 201306
2. RIGHEERRKIFR AT, L 201516)

B Bl 60 d B RTEIFLIR SRR, B T AR5 % (150 ind/m® 400 ind/m’ 550 ind/m’
800 ind/m” ) Xt /K 5 5 Gy R A KA A AR R . IR & B, 4% B B 4K 4G B pH DO TAN \NH,-N \NO, " -N 7l
COD,, ¥l F RIBIFAE K E BB Z N, %X EZOKBTHE bR AR 7= A o 3B PR i 5 N [6) 5 5 25 B X &)
URAE AR5 77 AR AN [ 2 B A S T, B (R 38 A s 2 R R 38 5 At 45 A A W M 22 57 (P <0.05) , IR IR
BEAM KRS RS EAAAERENEZR (P <0.05), Feflw A n 3 E R 5 ALK A A A i 2= 5
(P <0.01) ;4 FhEEBELLN 2 [TR AT IMA T (w) FHAK (L) Z I 195 REBFF & R R BT B cw = al” (a 1YL
$70.0132~0.015 1, b (TG K 3.433 0 ~3.502 1) ;&K (L) FIZE KB (d) S LM L=ad +b (a
HIFEFE R 0.038 5 ~0.049 2, b PYFEMEH 1.801 1 ~1.886 1), =5 N = B S5 D [CIR IR AR vT 35 B B 3750 4%
7,27 150 ~400 ind/m’ 3 A W% .

SRR B LCTR R 9% B 5 /KT s i

FESES: S966.1 XHEkFRIRAS A

The effect of the stocking densities of indoor juvenile shrimps
Macrobrachium rosenbergii culture on water quality and growth

LIU Yong-shi', ZANG Wei-ling', HOU Wen-jie', ZHANG Yu', YANG Ming' ,DAI Xi-lin' , DING Fu-jiang’
(1. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China;
2. Shanghai Shencao Special Fisheries Development Co. , Shanghai 201516, China)

Abstract; This study analysed the effect on water quality and growth characteristics of juvenile shrimps
Macrobrachium rosenbergii in different socking densities( 150 ind / m’, 400 ind / m’, 550 ind / m’, 800
ind / m’) by 60-day indoor culture experiment . The results showed that the water quality indexes of
different densities groups , such as pH, DO, TAN, NH;-N, NO, -N, COD,, were effectively controlled
within safe range. There was no significant difference among main water quality indexes in different stocking
densities. Different densities partly had influence on the growth of juvenile shrimps. The survival rate and
growth rate of the lowest density group were significantly different from the other groups (P <0.05) , while
significant difference was found on growth rate between the second lowest density group and the highest density
group (P <0.05). The weight gain rate of the lowest density group was significantly different from the other
groups( P < 0. 01 ). By regession analysis, the regression equations of the body weight (w)-length ( L)

Y75 B #7:2009-07-16

ESWA : LIFHRHOCRE SBOCTHE [ RBHIT (2006) 559 -4 5]

YEZ R Xk (1985 =), 3 WL WFFEAE , %l Jy ) Ayl K A EE SO 4% . E-mail ; liuys101@ yahoo. com. cn
BIFEE 7> AR, E-mail ; xldai@ shou. edu. cn
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relationship of juvenile shrimps Macrobrachium rosenbergii were obtained as w =al."(a:0.0132 -0.015 1,b;
3.433 0 -3.502 1), and the relationship of body length and culture days met linear correlation as L. =ad +b
(a: 0.038 5-0.049 2, b: 1.801 1 - 1. 886 1). Indoor high-density culture of juvenile shrimps

Macrobrachium rosenbergii should be based on their own conditions, the stocking densities of 150 —400 ind/

m’ could be employed.

Key words : Macrobrachium rosenbergii; density; water quality; survival

B IR KR ( Macrobrachium rosenbergii ) [R 4= 4
DB 5 P00 RE D R SFE A AR 3T AR R LR 3K
[ AR WX SRR B R e 2
TEFE —LEH0 D, AT 3R g BB VLA A5 1 O
L AR AR AL S 58 7 M, [R5 ) iy 3
TP K TE R T 2 22 55 1Y S Pl
o AEmESETE, SRR T A
FeIRE Y RTRAF R IR AR S T, ARRT B
7, AT KSR ORI I 36 2 [ T R 4 MR 77
—AH A TR T ANESR R B e E S %
FE AT 1 DL T 3 b A R 5 2 T R &)
IR AR ) i B P Marques %65 (i BF 52 4%
RGBT I A6 5% 58 41 0F AT 4 fmp 5 5 2 45
VERRTAE , BEAARR, (H 52 5 %25 0 B A7 T B AR
G A K o 3R 5CT % AR 2 I IR SR
B B A PR R W Y BT o R H A
ORI 2 5 B % BE N B TG TH R 41 W AR A5 e 1) 4F
FHGER W o AR SCERVT T I 2 AN [ 57 58 25 B
Xf B PR MR AR AR AR 5 7K B B 52 0, T 58 45

ST it 55 0T Ji 2 T A 4y 9 e 2 R AR 4R 4
Freg SOCAs , A% IR IR B i S (1R Ay
FRIERRE

U R ik

11 e 55258 K

FREH IR TE b U W TE AR AR K I s
HUBEALI AT, L A AR (1,64 mox 1. 62
mx0.73 m) , FEAEHEAR(h =0.4 m) , FRIHAH
RoKERA 2 m? b A HEVS A, RS /T AT
Hevs Wb ol 2 MR A A, K EEN
WORETH B G DT TE 5 H RN 78 0 M <S5 T A B
MK
1.2 5 AR

W AR AR 3G P IRTE MR SR 1 -
RIS T 4 R, 400k 150 ind/m’ (400
ind/m’ 550 ind/m’ 1 800 ind/m’, 55 %5 Bf 4 5 2
ANEE A RO 1,

F1 HEBHEER

Tab.1 The seedstock of experimental ponds

. ORI TR FHIRE
AP IORERH ind/n®) S fir KA SR (ind/m') (cm) (&)
1 111 150 1.73 £0.19 0.106
2 296 400 1.95 +0.54 0.149
3 407 550 1.97 £0.43 0.135
4 592 800 2.13 £0.52 0.208

1.3 B

TR R A KA 50 em A o IR 1 A]
24 P/ d BN TBORDEL, 58 I WSR3 )
PR S SR SR DO, 3 I R P T
10 d FAIXE LI 10 RBAF, WA FRE,
[7] IR HOKAE I 5 20 S5 /K A o , A A 00 4 L T
A INAAT KO NT pH AL HES o 6 A
KA FHEY AL IR 2 K RS B2k (K

L4 KR bRE 7 1%

10 d 05 A K TR AR , 0 J5 34
TR (DO) SR B TE MU % COD SR
P 5 i B0 3% 5 pH R pHB4 7 pH 310
TE ER(TAN) RHZE A N0, ™ -N R H
HER A NO; ~-N R AL I —
RIBAR G AR B T2 % (NH,-N) B i
U (TAN) YR BE5st = 15k 15
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CNH3-N = Cpan XfNH3-N (1)
fNH3-I\ =1/[1+ 10 (PKapH +pYH) ] (2)
N Chpn WO T REHE (meg/L) 5 Cray  BER
WS (mg/L) sfann MAER TR (NH;-N) 7 B R
(TAN) 9 43 He (% ) spKa Dy NH, " K fiff S B 4
BP0 RO SO B pYH = — IgYH (U8 73
JE R HEO o
1.5 Hflesb
P 45 2R 4 DL 3 7 7 H S A o B R
(W) SERAR(L) FBIEHR(S) -

W= (W, -W,) W, x100% (3)
L=(L -Ly)tx100% (4)
S=N,/N,S x 100% (5)

K W, AVIAIREE (g) s W, AARME (g) 5L,
BRI (em) 5 L, HAARARK (em) 5 Ny FH)
InREG N, WKL

2 HiR5HE

2.1 IR SR B R BT 5 B 1 6 i K B Y
A0

2 Oy 60 d IR B I ) 4% 2 B ALK A
PRINGE . % 2 £H, 75 60 d FRALIHIA], pH Al
DO Fifi 77 58 % 5 34 JIn 728 5 KA, AR A B 45 A )
EHTTEG , AELE 55 T 0 1 32 B0 e vy
19 DO 5 NH,-N -2 {5 {345 B I 25 52 473 53
TR%0.28 mg/L 5 7+ 0.001 mg/L, FH&H/NE
FEHOE (LSD ) K AR AR A 3 Ve
B, KB 1.2 4 pH 255 3 4 A A 1 8 %
25 (P<0.01) 553 4 pH 5% 4 A B FER
(P <0.05) X462 S 32 B2 AWt Uk 10 A1 I I
[EIANTR], i pH A ) AR [ T2 26 1.2 41 TAN ¥
M5 3.4 HAFFER B EMEZSR (P <0.01),{H
NH;-N FHAFAE R 225, 11 TAN a2
NH;-No 285 B4R A& RN K BT 6 4 18] 24 76 2
F2ES . AL, R AR 25, 7 60 d FRAH
JEISIPN , B AR K AR AR 2 fE R A
IRt R B0 5 BN OZE AP 78 2, (HL I Je Xt 3 25K it
EhR A PR, HOK BRs AR AL Tl 5
FOTRIR AR ROAR B o B R0 51 11 DO i
A1k 5. 93 mg/L, Bl 3 2 1K ¥y o 1E % 1
W RFFEACRE it A (3.5 mg/L LLE) /Y
SET, AT R AR IE R IR B AR R

BRI 41 5 K 221K 650 ind/m’, 4% 5 B 41 M
DK EFE AR AL Z T AR i & 22 57, E 2l
TR X TAN (NO, ™ -N FIE 7 ¥ 5 B R4 1)
W RS A TS
2.2 AN[AEFREE 5 R AR R R

23 5E 135108 % IR IR IR R 3R 60 d
J& o SR RN S 2 B A i S
REAERKARIRIEm , F23 5E1 R, BER
TR B 5 1 T AR S5 YA I 7 R P A RO T A
A S5 S IR B 9 18 LA T IR % HE At SR
KR BT A 2 R A5 R0 RTE ik
R, 5150 AL 7K i 48 bR ¥ Ak TR A A K E
{H R AR S 1 A6 2 (74. 9% ) R H 44
M 1.4 ~2.2 £, bt 2 L% A R4
18.8% ~37.5% A WF5eH " KNI F7 58 %
ERTES A LN R SR NS B T L
AEW 78 5 o i AL R 2 8 48 B, 57 FE % R
1R, AT BEUR L2 (] B 5 S R, A R A B 42 fi
BRI, IR A A4 A R, S B
FRPEE NI FARAE R . X et e FHOR
TR e 2 2 TS R B E AR T 1 AR
(P <0.05) .33 fIE 1 R0, 55 1 kKR Y
b R NI - o= S B I o 1 B S B 52 E 1
1.3 ~1.6%5 1.9 ~3.2 £, Rl e/ ik 2 25 500
(LSD i) " B MR I 25 W, 45 1 4110
PR FF B % R A i S ) MR 3 K 2R RN R 4y 1 5
HARAAE B EVEZET (P <0.05) FIfk & 1E%
SE(P<0.01) , YA S B 2H IR 388 4 R 5 f v 2HLAT
HEEMEZEF(P<0.05), DI SCHktL A IR
SESRARHE , IR AR A [ R 42 M4
FEFH B 3 K2 T BOM N K 3845 (R B %
VR TE4r, T8 AR R 55 1 4l A B Ak T 45 34
ARORIE—25 TR, BRI 2R KR
TR, SR S BEAS )3 B 5 A il & R R T #E
FEIE A [), T S i A Ko 5K BT L 75 ~ 900
ind/m* FR5E % FE YEAT PLYY I T IR R 5 R 6t &
B, 5 BN AR AA 5 A T 38 in A A A B
S Al

F 3 EW, 260 d FHAIAK, B IR A KR
e I R S N A R R B R AL R R
(0.740 kg/m’) Ky Fe A% 2H (0. 451 kg/m’ ) i 1.6
B HAG RS N 1 2 419 5.3 52,0 4%,
BRI (A2 2 VA I 4 PP BE A P i A
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XK, 45 - 2 NS TRIH IR 4 SR SR 98 8 B0 /K 5 AR R R 187

BEEF(P>0.05), FRRHEH" kT
0.05 g & [QIHURLNIRE T Fh 5 A& 77 60 d, 4%
BEHLLL(100 ~800 ind/m®) Al 1% HTC .35 24 5,
L o 2 P L 0 e A B g G T R P ey, KL
WIS IR S R (IR R T2 0.05 g) , R H]
800 ind/m* %5 FE AT FEARFRIH A . 45 TAIIES

R KA G R A (0. 106 ~ 0. 208 g) = T HiI#
HOZR A E A K 3 P 2 INKAR IR B, B
N [T ARG R8T 74 1 % 1] 2% 150 ind/
m’ ~400 ind/m’ PEFTHESE . X T RKIR Sk w1 LG4
WA T/ N T ARG, 738 2107 1 2

F2 AWHBEAREFRESEHKBRIERNE LR
Tab.2 The water quality index of test groups with different stocking densities
SR RBL g1 KR ol DO TAN NH,-N NO, " -N COD,,
(d) ) (C) (mg/L) (mg/L) (mg/L) (mg/L) (mg/1)
1 33.0 8.43 6.52 0.405 0.087 0.549 8.45
2 33.0 8.43 6.52 0.405 0.087 0.549 8.45
0 3 33.0 8.43 6.52 0.405 0.087 0.549 8.45
4 33.0 8.43 6.52 0.405 0.087 0.549 8.45
1 32.8 8.37 6.53 0.443 0.083 0.013 8.13
20 2 32.6 8.41 6.35 0.460 0.092 0.017 7.75
3 32.7 8.26 6.58 0.678 0. 104 0.026 8.76
4 32.6 8.08 5.93 0.869 0.090 0.057 10.98
1 31.2 8.25 6.56 0.247 0.033 0.020 12.04
40 2 31.4 8.10 6.44 0.304 0.031 0.053 13.10
3 31.2 7.91 6.19 0.348 0.024 0.061 22.02
4 31.1 7.86 6.15 0.519 0.031 0.085 22.51
1 26.6 7.99 6.97 0.417 0.024 0.065 16.18
2 26.6 7.87 6.99 0.380 0.017 0.121 21.47
60 3 26.6 7.57 6.92 0.724 0.017 0. 185 22.99
4 26.6 7.46 6.83 0.513 0.009 0.159 31.47
1 30.7£2.6 8.21 +£0.29 6.49 £0.53  0.309 £0.081 0.052+£0.030 0.109 £0.195 11.58 £3.45
P 2 30.7 +£2.6 8.17 £0.32 6.41 £0.42  0.367 £0.058 0.050 +0.032 0.126 £0.191 11.76 +4.86
ﬁ‘{?ﬁé 3 30.9£2.5 8.02 £0.37 6.36 £0.48 0.517 £0.147 0.051 £0.037 0.142 +0.187 14.63 +6.52
4 30.7 +£2.7 7.97 £0.41 6.21 £0.50 0.581 +0.189 0.053 +0.038 0.151 £0.179 16.86 +8.65

T PRI ) A 10 d A Y 7 EE RV = brife 2z Fh 1.2 3 4 41355 4090 150 ind/m? (111 ind/m*) (400
ind/m? (296 ind/m?) .550 ind/m* (407 ind/m?) 800 ind/m* (592 ind/m?) .

x3

NI B AR FRE R EAKRIEIRNELSR

Tab.3 The effect of different stocking densities on growth of Macrobrachium rosenbergii

% BF (ind/m®)

A K AR bR

150 400 550 800
SRR (% ) 74.9 £4.0° 51.8+1.9" 42.9=14.6" 34.6£1.4"
R (% ) 187.1+2.9" 140.6 +0.8" 129.6 +8.3" 113.6 +11.2°
B KR i (kg/m?) 0.451° 0.625" 0.618° 0.740°
e BRI R B M2 5 (P >0.05)
5 000r 2.3 MR K SATE RS IR R
£ 4000} %R
% 3 000} LRI A B PR A0 ()
% 2 000f % AR () AR (L) SRR () 535015
1 000} § § FRUIEL, R B A A B 5G4 R (&
0 2) MR FNFRIE R B R R (K 3) . 56
150 400 550 800 - ) s
JeREIE / Cind/af) 141 - 55 4 IR E AR K SE RN
. B141 w=0.0141"" R*=0.989 8
BT SRFH % B TG IR R4 R4 T R 11 52 M oy _ 3.4848 2 _
Fig. 1 The effect of different stocking densities on weight /:%; 24l w=0. 0132[1% o2l Rz =0.9939
gain rate of juvenile shrimps Macrobrachium rosenbergit H3H w=0.0137L" R =0.995 4
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¥4 w=0.0151L"" R*=0.998 0
4.5 —— 150 ind/m*
4.0 —— 400 ind/m?
3.0 —— 500 ind/m?

s 3.0 ==+ - 800 ind/m?
@ 2.5
% 2.0
1.5
1.0
0.5
0

0 1 2 3 4 5 6

K /em
2 AR5 A2 QTR AR 5 A ) DG R il 26
Fig. 2 The relationship of body weight and length of

Macrobrachium rosenbergii in different densities groups

3
——150 ind/m’
=400 ind/m?
——500 ind/m’
——800 ind/m’

Op 10 20 30 40 50 60 70
FRERE /d
3 RS TR K 5

FRIH KRB K A 2k
Fig.3 The relationship of body length and culture days

K /em

of Macrobrachium rosenbergii in different densities groups

FIFH SPSS13. 0 B4 X b A pu 2 [o] U5 77 F2 43
AT RS B RN o

F =455 844 > F,,, (1,5) =16. 26; F =
865.315 >F, ,,(1,5) =16.26;F =1 464. 958 >
Fyo(1,5)=16.265 F=2053.909 > F,, (1,5)
=16.26, W45 %5 B 20 4 R R 8 FLAE (14 [l )5
5 BRI B, DA R T R K ¢ R AT A T R AL
g,

55141 - 55 4 AR R KRR K AOE R X
H

55140 L=0.0492d +1.8011 R®>=0.9765

5524 1=0.0393d +1.8861 R’>=0.899 9

55341 1=0.04154 +1.8152 R*=0.9759

55420 L=0.0385d +1.8859 R’>=0.937 6

[FIREXT 4 Fofr o B2 AR 5 57 5l KA Iml I Oy 72
S TR, R R A A5 SRR

F =205 373 > Fy o (1,5) =16. 26; F =

44.624 > F,,, (1,5) =16.26; F=197.997 > F,
(1,5) =16.26; F =74. 631 > F,, (1,5) =
16. 26, FRWIXIZH Al SRR A FR 58 K B[] 15
KAWL, DLW RN IR 58 R i A 2k 7
FRRIE A . Ho s R FE 53 A v g
2 QIR IR A 5 A 8] 77 A B BOC &R R
SRR BE] LR A S . AT I, 22 60 d N
WREFRAE , & IR A IR 5 AR A R T
5 N A SNEIRIEE IR AR OFFE 4 R 2K R

B2 R, A AFAK 2 3 em i, AR K
JERLDR, HARTORTE , M 0 2 7 4 i 08 R e
Y3 RS IR BB A A BT S AR 2
FE 3 Al SR K/NT 3 em (2520 d) , %%
B REZH ) R E R AR I A S A A A A AR D, s
MR K HZEA 4.5 em I, K 2 HZR 2 R5 |
55 3 455 4 AR BERR 1922 fL R A
— B E5E 1 ALIFEL 55 d B R ED IR 4.5
em, %5 3 255 4 HIRE T2 60 d fRFRAK
TriRE 4.5 em, BRE S AAE EIR BE TR S A
PSR, RIS 1 ZH PR 1 A S 0 R by 5 AR A
A BEES . WHE A% R Ly
UFAE 40 ~60 d [14 57 5E 3 ] 5t 7 A0 A I A R
AAFT o AELDLTE B, XA I3 2 1 7 R g e A1 5
PRBTESS , MR GRS BUE FR A R, Hf e
TR A A RS T3 i, IR, 3 A I 49
JE i LR AH R SR

3 %

TEIRIFRFAAAT T, 4 FlAS TR B 0 1 #)
K B4 A5 (DO, pH| TAN, NH;-N, NO, -N,
CODy,, ) S AE S TR A RIS E YE FEL A
L X T B TR AR A R R

ENEERI - NG S A R LN ) RS
HAERARBE, 150 ind/m” & A K% 5 0 i
HHRANAA RE SR RFELESR .

AN [ 5 2 A R AR i AR B 1 B R
BORR IR RS IR R B AR R

CRE NI AE R, 45 G W05 R A AR AR
PERISE Y S e R LI E SR E R S 131
%A%, 2% 150 ~400 ind/m’ L&A B %

SE k-
(1] WRRHE, A0, A B, 45 2 IR SRR (M. |
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1996:235 -250. [16] JHAEYY S8 e, W bK, 5. 5 IR TH AR & A B0 Kk Ak 24
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RT3 2 51 8R4 & 4 K FD
A 28 B, %5 1 B 4 45 B 51

AWE, ERE, TIE”, WG, War'", p48’, %AR’

(1. BRI SK )™ e, L 201306,
2RI, IR RE  264006)

 OEUPE TR 1 R/d2 /AR B 2 /d 3 R/ d o BB | B £ A G 1R 3 A
BRI R DUFR 4= 0 S LA 2 AU E o S5 SRR BB IR AR SR f 15, B B )1 S 4y f g 1 R R R
KRR ERE TR, 2 W/ AR HARE) 4 E R A KEREH T 1 /A4 (P <0.05) {H52 )/d
3 R/d HI W EMEZE R (P >0.05) 52 /A8 H AR 4 i b A S fn i 1 Bscef im 12 I/d R 3 ik/d
2 AR Z R 22 5N B2 (P >0.05) s &b K 3 F EE & A S2 3 AT G 252 i (P > 0..05) , 2k
NG & 5 2 /AR HAR) HRFEMR T 2 /A (P <0.05) , £ Rr& & 1 k/dHRER T2 w/d(JHH
AF) A3 W/ d (P <0.05) HARKHZEF AR (P >0.05) ; WLAIK 5 & 5 BEHE VA 3R 58 I i 5 25 B A4S
(P<0.05) , JLAAHLAR F FHLAE 7 &t 5ok o S S AR LA K frie | I/d HBE ST 2 I/ d (P <
0.05) , HAp S N o o EE 225 (P >0.05) s AFAE /K 4 FOMLAG I & i A Al 2 (R e o 22 5% (P > 0. 05) , iFjiE
MAEOSE 1 K/JAARFERTHRAEH(P <0.05) , HRAKHZ M EFAEE(P>0.05),

SRR BT | 5 BRI A s A A IR AR

HESES: S936.1 SCERARIRAD : A

Effects of feeding frequency on growth and
body composition of juvenile Platichthys stellatus

SUN Li-hui'?, WANG Ji-ying’, DING Li-yun'?, CUI Li-jiao'?,
SHUAI Ji-xiang'*, SUN Yong-zhi*, ZHANG Li-min’
(1. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China;
2. Marine Fisheries Research Institute of Shandong Province, Yantai 264006, China)

Abstract: A study was conducted to assess the effects of different feeding frequency (1, 2, 3 times per day
and 2 times per day but Sunday) on growth performance, feed utilization, body and tissue composition of
juvenile Starry Flounder (54.52 g). The results showed that weight growth rate, specific growth rate and
feeding rate were enhanced significantly by feeding frequency (P <0.05). Weight growth rate and specific
growth rate of 2 times per day but Sunday was significantly higher than 1 time per day (P <0.05) but no

significant difference with the other groups. Body moisture and protein content were not significantly affected by

W5 F #7:2009-09-08

B S TR : [ 54 T Al 35750 E (nyhy07- 046) § [ 50 R Ve 4731 F (03ERN213700155 ) 5 A48 K b 2 151
HHEE 1L 23 ) .4 3% (TS200651036)

EET N PN (1984 - ) 2o BT A, %l 7 ) K = S 3% Sk, E-mail : miduo1984422@ 126. com

BIAEE kA, E-mail ; ytzZIm@ 139. com



24 PINGE K, 55 - A ORI T 2 )1 8 4y A K A AL R W) 0T A B 5 191

feeding frequency (P >0.05). Lipid content of whole body under 2 times per day but Sunday was significantly

lower than 2 times per day (P <0.05). Muscle moisture content was decreased significantly by feeding

frequency (P <0.05). Muscle protein and lipid content has negative correlation with moisture content.

Key words: Platichthys stellatus; feeding frequency; growth; composition

EIE)I| 8L ( Platichthys stellatus) , 3 J@ 8K H
( Pleuronetiformes ) . @ £} ( Pleuronectidae ) | &2
Ja PR R 37 il RE A, PR A KR 12 ~
24 C i TIRE KA /3 1 IX LT 50, R4k
F K287 2 J5 WO A A B SR R 2
—o BRBENEE T, SR, AT
RN (1 SO | e N B (TN RSV R A SR A D
FEAA S, A [ N Ah T 37 0 RO TR 32 G o
H T, AN OB B 85 527 07 TH A 2
AERMRE (A S LA Ry 1 Y 5
i B A T, 3R PR AR AT AR A 2R Y
PR TR R I 5 AR R A R A A B
AR S S B IA S 22 AR5 i 2o A
LR, SN AS, T TS Y g Ea s . R,
0 365 ) A3 MR AT 4 i it v R IR 1| A 7 Y 2
PSS N EENRZ —, A5 5
T AT (] F5 MR AT 32 0 B2 TR 1| e 1) 2 4 TR
A3 AR AN AR ZH B0 5 ), B S H 4%
MRS, ST DAy B TR |8 5 5 A 7 v ek 5 B
RIS %

O e RS DR

| B Wi S T

TS I DRE A ] — 4t iV i 0k Am) ek, B
AR IPEFR G (£ 1) it 80 H i,
FEBC LR 5 il K IR A 39 5), S IR BF R AL
INT R EAE R 4.5 mm (G H0R AL IRRL, 70 C 4t
B e 1B B L S [ S S
1.2 G R IR R I3 55 BRI 15

IR T 2009 454 H -6 A7EILRE WK
TERFR T KGR R Gk 7. e a0 3 28
PO/ SR Y , e FTAH R AP BRI, /NS5, fidk
R L5 | 8] 1 AR o (54,52 £0.23) g, FilidL
SR 1 R/d 2 /AR HAE) 2 /d F1 3 k/d
4 NEEIRIIRA FAR 3 NER, B EE SR
20 A, /0 ATF 70 em x 80 em [ £f 4 [R] #: TE
FEAHAE P, P KR 40 em 22 A7, R A 0Tl 8

Jil o B AR | 7 SR 5H &R 48 rh b AT 2
JEEHIFR  TRIBRRMLEE H 5 18 50% 7247 (1 R b
k. FRAL AR HKIRAE(19.0 £1.0) C,pH
fE R 7.8 ~8.6,EL 1 K 28 ~30, LRUEE A >5 mg/L,
R AR AL <0. 1 mg/L, MBI, B0 30
min J57, NFR G2 A 47 19HEK F0RE B AR HE i, B0M
KL, TR R . 2% 2 PRI A K SR I ]
2,

F1 RAWANREREFEK
Tab.1 Formulation and nutrient compositions of

the experimental diets

JHH(g/100 g) TR(%)
ik 48
K HRAHE A 8
AR 6
1L BREE R 2
L3 P DA 3
GEERT:H] 4
KEH 4
T A 2
THI# 8
o JER 5.8
TEHY 5
CREx IR} 2
B %2 1
HAR 0.14
JilER 7z 0.5
FHa A 0.5
Bra e 0.06
A 100
A2ELLE (% T )5
HER 53.18
KL 5 14.99
Ko 13.53
h 1.86
5 2.73
fetE (M) kg THI%) 19.17

Vs L AT R (me/e BB MeSO, - TH,0,3 568. 0 mg;
NaH, PO, -2H, 0,25 568.0 mg; KCI,3 020.5 mg; KAI(SO,),,8.3
mg; CoCl,, 28. 0 mg; ZnSO, - 7H,0, 353. 0 mg; Ca-lactate,
15 968.0 mg; CuSO, - 5H,0,9.0 mg; KI,7.0 mg;MnSO,-4H,0,
63. 1 mg; Na,SeO5,1.5 mg; CgHs0,Fe-5H,0,1 533.0 mg; NaCl,
100.0 mg; NaF,4.0 mg,

2. BAMAER (my/g Wk HEEFR A,38.0 mg; 4i4EFE D3,13.2
mg; a-AFH,210.0 mg; FilEE,115.0 mg; #%i%%,380.0 mg;
EhRIL IS ,88. 0 mg; 1Z 1R ,368.0 mg; HHR,1 030.0 mg; A=)
#%,10.0 mg; MHig,20.0 mg; 4i4 &K By, ,1.3 mg; ALEE,4 000.0
mg; HLIFIMAR ,500.0 mg,
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x2 KRIRIERIZIRETE
Tab.2 Feeding frequency and feeding time

ML R MR i)
(F1) 1 ¥%/d 1700
(F27) 2 /d(JH H AR 08:00  17.00
(F2) 2 %/d 08:00  17.00
(F3) 3 %/d 08:00  12:30 1700

1.3 $8hsille SRS

IR IR AT 10 2 81 9 BUE I8 o o
Bro FRIEIAIRZE S , 4528 24 h, 3]0 45 21 1
AR, I A5 L BB LI 6 B2, A f A 5 57
TS 3T o K BT IR A B4 R AR AR 105 °C TR At
N, 137K 5 R FOSS 5 AL (Kjeltec™
2100 ) 5 A fib HH A HEL R 1 5 oR AR R BRI
PRI ERLAR 5 5 15 R T S g 550 C K Be i
TE KT

AL 56 o i P RG4S 04 AR 23 ) LR
A

Ry =100 x (w0, —w,) /1w, (1)
Ry =100 x (Inw, - Inw, ) /¢ (2)
Ry =100 xw,/[ ¢ x (0, +10,) /2] (3)
Ryp =100 x (w, —w,) /w, (4)
Ey =100 x (w, —w,) /w, (5)
I, =100 X w,/w (6)
I =100 x w0, /10 (7)
Iy =100 X w,/w (8)
F. =100 x w/L’ (9)

ARy WG E AR (% ) 5w, AVIHE(g) 50,
LKIE (g) 3 R WFFELERF(%/d) 51 AFFRR
BGR: N (% /d) 5w, HIRHE AL (g) 51,
NG (g) 50, AREH (g) s Ry J 3K H AR
(%) 5w, 8 HFE R ; By N7 RS AL %
(% ) 31y MR EE (% ) 50, HFFIEE (g) 50 Sy fa
RTE (g) 5 Lys MHEMEL (% ) 500, HNAETE (g) 5150
NHACTEARE(% ) 5w, BT (g) 5 F MIE
B (%) 5L R fafii (em)

JIrA Kl A SPSS 16. 0 GEitdkiF o34 . [Al—
FREFAR S B0 I AR — D REAE, 4555
B 2 AH N K 4277 72 3 Mt (one-way ANOVA) | 2%
22510 75 FHA Duncan” s 2250 HCRS0KG: 96 2 18] 19 22

[=A
Jto

2 4k

2.1 EBE)IERh A e A I O

SEUG 8 A, BB 4 AR VR R
TEOLANR 3,38 3 45 R LW, F27 A (2 tk/d, W H
) F2 41(2 /d) FF3 21(3 k/d) 2B
BRI E G ER MR AR B R E ST
F1 2H(1 %&/d) (P <0.05) ,F2" 24 F2 40 f0 F3 44
ZIATEwEEZESF (P >0.05); F2" HintEE %
WEETFL4(P<0.05), B2LT F3 41(P<
0.05),5 F2 iz m2zERAEE(P>0.05);F2"
ZH TR A AL B R B 1 SRR i3 T F2 4R F3
RS AZE2ZERARE (P >0.05) ; i
B3 B 0, 45 Ak P2 IR b B E RGP >
0.05) ,F1 4155 % KF F2 741 . F2 41H1 F3 41 (P <
0.05) , HapSdiz = R A W3 (P >0.05);F1
LR FE 25 5 F F2 7 4R F2 41 (P <0.05),
HRSHT R EMEZER (P >0.05) ; F2 7 ZH7H
AR AR T HAh 3 2 (P <0.05) , HAth 3
HEFAEZE (P >0.05);F2° AP E R 5%
T FLAH(P<0.05), HRHEHAERFARE
(P>0.05),

2.2 BLBE)IERL) fh 4 th ) HA 24 AR
2.2.1 EntfEstastaAmn

ELBEN B4 4>t 4 an i 1, B hoR[E E
BFRICI R R Z R B (P <0.05) , LI TH, 45
RER, MK ETERSHZEZRARE (P>
0.05) , H Jifi & 45 AR 3 (1) 38 0, A7 B AT A i 3
S EA SR P27 4R s T HAbS 4, 125
AR (P >0.05) ;Mg & & F1 40/ F2°
W EIRT F2 41(P<0.05) , HRKHAEF AL
FH(P>0.05) ;40 Koy & FI 450 255 F F2°
HFNF3 H(P<0.05), HR&HERARH
(P>0.05),
2.2.2 Ep)tE4h bl A AR

BN B4t L AR an 81 2, 45 51 R, L
K& F2 7B % T F2 4080 F3 A4 (P
<0.05) A5 F1 I LB EHZES(P>0.05) L
PR & F2 - HEE & T F1 41(P<0.05),
BEMT F3H(P<0.05),5 F2 HZ[H TR H
PEZES(P>0.05) ; LAHLAR G & & 5K 40 & &
SR LA R4 & i F1 41 B KT F2 41
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(P<0.05) , ARt R FEZ (P >0.05)

®3 ERISgEEKMERMFAER

Tab.3 Growth performance and feed utilization of Starry Flounder

sk R AT A
o Fl F2- F2 3
W E(g) 54.52 £0.06 54.58 £0.03 54.60 £0.13 54.47 £0.22
KIE (g) 96.15 +4.45° 103.57 £2.86" 106.75 +1.98" 107.03 £2.94"
WE (%) 76.42 +7.95° 89.77 +5.30" 95.43 +4.26" 96.25 +5.61"
HrEE KR (%/d) 0.95 +0.08* 1.07 +£0.05" 1.12 £0.04" 1.13 +0.05"
BWER(%/d) 0.90 +0.03* 1.03 +0.01" 1.07 +0.04" 1.09 £0.01°¢
EH (% ) 202.49 +10.77 201.57 £8.07 199.74 +0.17 201.20 £6.86
TR (% ) 107.68 +5.73 107.20 +4.29 106.22 +0. 09 107.00 3. 65
AL (% ) 1.97 £0.20" 1.73 +0.13° 1.79 +0.16° 1.66 +0.12°
WEAR M (% ) 4.85+0.23" 4.45 +0.25° 4.52 +£0.28° 4.59 £0.32%
THALIBE S5 (% ) 2.47 £0.14" 2.17 £0. 14* 2.37 £0.23" 2.41 +£0.15"
A RE (% ) 2.88 £0.19° 3.02 £0.17° 2.97 £0.20® 2.95+0.17%
R EEE DO ME + AR 30N, RATEUE G AR AR SCF R R 22 57 B3 (P <0.05)
80 oF1 oF1
70 aF2 BF2-
60 oF2 - oF2
® 50 oF3 L oF3
40 o
& 30 ]
?8 .’:% | aabab b aaba X
0 Ll LA, AT *ﬂﬁlﬁﬁﬂh—
K4 HEA HEW K

BT RBE ka4t 2H A
Fig.1 Whole fish composition of fish fed

experimental diets

80, b a BF1
70 aF2-
60 oF2
= 50 oF3
a 40
= 30
20
10F¢
0

L / D
Ksy  MEA RN
K2 BB Rl o UL 4R

Fig.2 Muscle composition of fish fed experimental diets

2.2.3 E31)It54h & RTAE A K

B 1 Ay e I ZE N I 3, 45 R R B, 47
R 238 (18) T4 A8 Yo 3 565 0 T R v 7K 43 ORI 5 75
IO EZ W (P >0.05), R E A& &
FI 4B E LT HRLKH(P <0.05) , Hpss 42
FAEE(P>0.05),

3 B R4 A2 A

Fig.3  Liver composition of fish fed experimental diets

3 1hHe

3.1 PR RIS A K e
AN R DL 2 R

TEAS S5 v, B G SR AT ks, LB
20y i 1% A8 25 T, ARDRLFE A SR 3 BT
FEHZNEEZERARFH, X558 X2
(Ictalurus punctatus )" 22 28 K BH fa ( Lepomis
cyanellus x L. macrochirus )" F15g 75 il ( Silurus
meridionalis ) "' {1 B 55 45 A L. HC BRI AT g
SRR P AT AR A B v, SR B AR AR
R BRI A BT, {3 R EURDEHA AR A
s, AR E LS, R Ry
FERIHAS R KA A B R A
SN L8 ( Pseudopleuronectes americanus ) ' | T
s  ( Salmo

gairdneri  F1 Oncorhynchus
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mykiss YIRS R g o ey ( Heteropneustes
fossilis) ' | 8 £ ( Cyprinus carpio ) ' Fil A= fa
(Channa striatus) """ [ BIF 5% 3 B , 14 bifl 2 43 W 45
SRIENTT B A) A 0 n eRL T #E R 4
B, T X 1) T g Cyprinus carpio L) g
WFFEEE R B, A 1K AR B A MR AT A1 i Ty ]
REJE I TR AL 5 BT, SR T8,
IXFP 22 5 T BE 2 W ST R R [A) 3 Y 24 450
AN 2 U/ d (] AN HE 2] 3 Y/ d i, 254
WERERANLDE, XG5 WIF(Jasus edwardsii F
Panulirus cygnus )7 F1 I G & A 4 fa
( Pelieobagrus vachelli) ™ (T G345 S AL, 58 L
JL A, TR A T 4R AR A i sy, (A 2 1|
TES B IR N IE B AF IR AL S 2 B Y,
XA P EUERL AR 2, TR BE B T
FORE RIS I, T BOH T4 1 10 RE & AH X /L, DA
A I — JE R A] e B B
H A, BRI RDRLEE A N TH AR R IR TS 1 £
K IR 5 52 m RS R A 520
3.2 PRMEH RN R B B4 a4 £ e
ZH LU LR i)

AT 25 R, B SRR A 1 I, 42
HOHLEE 1 RESGE IEA TH e, TS 2218 AT, (H
BN LA X G 0o Mt Fl
( Sparus macrocephalus ) W ¥ 25 AL . A5
rhr, A AR U7 2 e i A5 MR AT RS T 1 i, X
— W 45 R 5 5 /@ Fh ( Ctenophoryngodon
idellus) ™ | H A #1481 ( Nibea Japonica) B i
( Lateolabrax japonicus ) " F1 2 i f6 Fp > 1y 7 5%
SER—H BEE ORISR, B 5| 8k 4)
UKL 5 25 4 2 T 1, A DR VF TGPl ( Sebastes
schlegeli) """ WT " F % 5 A0 B # ( Epinephelus
akaara) " [HFFEALAG FAIIRIE . AL H Bl
MR 1 A0 2 R 1| 55 JUL R AL 2 1 2 e
FTVE . 1M Lee' ' BRI 45 R I, Y04 R
B, ¥ FQOF- il LA L R B R R T
S, HTFIEREL 2 1 5 32 35 BRI, 3 X b 22 3 1Y
SR A REJE: Lee SR FHIM IS S ) MK g ) E 5.7
g HOVE Q- FRAEK T 0 (24.0 £1.5) C 1A
IR B IG Sy WA N I T 54. 52 ¢ B BB
JIEE, FRFEKIR N (19.0 £1.0) Co SRS
B, BB B4 s UL G & B 23Tk
X5 Lee!" PUBFST 45 AR, KRB 45 Hi238

FIIUVARIT , B3l FH B 68 5 R £ R 280 [T A
225, LSS IR ZH AT 237t B R A RE ) 5 1Y)
AEA, e g b O LRI S5 R A A B
VS5 | T JE % ( Panaceas polyuranodon) ' 3% [
Z1 4 ( Sciaenops ocellatus ) SR T R ( Esox
lucius L) 2 LRI 35 BRI RG2S 16 0 fE TR A i
ARSEE 5 2 Y/ d RA AR, 2 /A H A
80 150 20 4 0 R UL PR A0 REL RS I o S S AR,
b AT RIS E OB BB 1] A5 T AR S U
FEAR N AR A3 HREA A BT 2L
3.3 KT ELBE) e 3 AR R AR AR
128 1Y o 5 MR AT R FP IS RS PR
ARSI T A7 A 2 5o Biswas 4577 b B BF 6%
( Cirrhinus mrigala ) #1175 .55 5 ( Labeo rohita ) 11
WA B, 1 R /d BIFAT 2 AR R TR Silva
AUV RN H AR AN IR 10% B3 R/d
E g 8 ( Colossoma macropomum ) [t B 15 £ W 45
R PRGOS T L £ b R B £ 1 1 B
ARy 2 R/ do FEA YR, 45 A AR
N2 W/ A BN ], H AR AR AR R
PR T 1 R/ d 4 (H 2 k21 i 45 A 4 3]
2 R/d 3 Y/ d i, R AR AR E AR KR TRIR
A T, TR A SRR R R I AT
RHESARE . 585 E 55 3l 1 FAaDEL g
ARG JE, T LA TEASIR S SR, R B
1)y ) 3 B MBI 2 W/ A (JR AN o
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W OE.ESEER A 4 O RTE R R 5 2N 44 38 65 ( Silurus meridionalis Chen x Silurus asotus
Linnaeus ) (R 540 . L IE5 5 ANARFRLL, 40 A SERE AR RHE (W BRZH) (AR i 36 38 (LA iR 3ol )
200 mg/kg 21 AL #E R (AR KB ) 200 mg/kg 4 A48 0 #2100 me/kg 21 ELHFALM BR
100 mg/kg 2H, DA B3R 5 Rl o B IRSTFBAE  61 g 1972 3ck 20 d, S52R3RET, &40 A KAhn 0 i 25 2%
S5 A5 I BBV I 0 AT R B IR S B PR (R B R JULPRI I R R 4 e T IR AL (P <0.05)
e B 2R AT T R R S B IR o B R B AR A A W R R 20,3 % (11,3 % (P <0.05) ;50
100 mg/ kg 40158 M B A3 BERY A RCR 5 200 mg/kg 58 M35 R LT-AH 24 3500 100 me/ ke £ 9l %
T8 T 4 SR A AR T 200 me/ kg FLALIT 8% . AT, 1058 M8 200 A4 5B 25 € 300R:
RT3 R E M R SRS, e VR IR AR 50 % fERE IR FIAH R 19 R0R .

KRR Ay IR P R

RESHES: S963.73; S 965.128 XREFRIAED : A

Effect of different forms of xanthophylls on body color of
hybrid catfish ( Silurus meridionalis Chen x Silurus asotus Linnaeus )

SHI Shao-yi', LI Xiao-gin', LENG Xiang-jun', ZHU Rui-jun', WU Shi-lin’
(1. Laboratory of Exploration and Utilization of Aquatic Genetic Resources, Shanghai Ocean University ,
Minisiry of Education, Shanghat 201306, China;
2. Zhiteqi Technology Co. , Ltd, Guangdong, Guangzhou 510507, China)

Abstract: The objective of this study was to investigate the effect of four different forms of xanthophylls added
in feeds on body color of hybrid catfish ( Silurus meridionalis Chen X Silurus asotus Linnaeus). Five diets were
prepared in the study, i. e. basal diet ( control), basal diet supplemented with 200 mg/kg normal
xanthophylls, 200 mg/kg transformed xanthophylls, 100 mg/kg coated-normal xanthophylls and 100 mg/kg
coated-transformed xanthophylls, and fed to hybrid catfish for 20 days. The results indicated no significant
differences in growth among treatments but the value of yellowness of the dorsal, ventral skin and xanthophylls
content in skin, muscle of fish fed different xanthophylls were significantly higher than those of control (P <
0.05). The content of xanthophylls in dorsal and ventral skin of normal xanthophylls group were increased by

W B #1:2009-05-19

EEWE: [iFHE s R H (Y1101)

EE® N S22 (1983 - ), Lo WEWFR A, Bl 5 19 K= S 5 5 RIS . E-mail :ssy19831011@ 163. com
BIEE ¥ 1% , E-mail ; xjleng@ shou. edu. cn
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20.3 % , 11.3 % compared with transformed xanthophylls group (P <0.05). Pigmentation effect of 100 mg/

kg coated-normal xanthophylls was similar to 200 mg/kg normal xanthophylls whereas 100 mg/kg coated-

transformed xanthophylls was worse than 200 mg/kg transformed xanthophylls. We conclude that better

pigmentation was obtained by adding normal xanthophylls than transformed xanthophylls and when the adding

dose of coated-normal xanthophylls was half of normal xanthophylls, the pigmentation effect of former was

same as the latter.

Key words: hybrid catfish ( Silurus meridionalis Chen x Silurus asotus Linnaeus) ; body color; xanthophylls

R R A LL | A 0 P, 32
REEORIE  WIF R ERB ISR
AU R, IR R (R T AR SR R A
B —E RN . FEFEPESIN 100 mg/kg B
57 mg/kg ¥FH £ )5, 65 ( Oncorhynchus mykiss )
AR, HAILA IR R & & B &R
B KPS (Salmo salar) BEEX 6 55 mg/kg

HEM R, DUA W BB 5100 mg/kg
B3R (7 75 2 S I ) ] (i i 5 B0 i A
MEARRAA A,

e Ag 5 2 VI FE 5 K O 82 ( Silurus meridionalis

Chen) HACAS fif ( Silurus asotus Linnaeus ) A&

AACTIAT o TN HAR AR IE H o, R
EIRTE P CA I R s AR ) SE L (H
FURT W AR WA G s, i i 28 i £ 2R
T A5G 5000, VAR 200 & DR FOR B
PABRZ O 32 09 3 3 A /K™ DR B A B 5T
A H LT A R A B R R LIS
B A, M R M AR , Bl 4 i H
Fa B PR RO 5 B BRI R WAL B R TR
KRR e R R T o

ARSI 3 ok A R (DR R R
F) FEAer R (LLEKRE TN ) MHE
PIE L, AL UM 5 0 28 S8 B8 4 (LK
R O 6 A K ™ Rl v ) B FH A SR
28 i ST G SR A AR T

U RS ik

L1 R AR T

E SR PR 43 30 AR R e f
AR A R R A R (R
2R R Al it 8 2R B R K B o 1 o
LA 43504 90: 10 F130: 70) , oM 24 5k & &
4350 7 200 mg/kg, 200 mg/kg, 100 mg/kg . 100
mg/ kg, FERBIARHECTT b IR 4L 3 1 R 3E

fith, FEA RS B3R 0. 8 mg/kg, AT IR
A ] 2 AT .

F1 HAREAREFAEK
Tab.1 Ingredient and nutritional composition
of basal diet

D% Lt 5] BT Lt £
iy 20.00% KAy 8.74%
X 30.00% HHE A 35.62%
kA 5.00% HLIE 7 6.71%
A 11.00% MR 5y 8.35%
) 21.70%

L7354 7.00%
Y R 0.50%
7P TR A 0.40%
R 0.40%
iR — 55 1.50%
REER] 1.50%
=R 1.00%
At 100.00%

T e R BUR A A0 Y BT BHR B TE 4 T 5w DR B %S 0
(mg) Ky V,,6 000 IU; V,,,2 000 TU; Vi,50;5 Vi,5; Vg ,15;
Vi, 155 Vg, 255 Vs, 305 Vg, 105 Vg, 0.25 Vg, 35 Vi,
0.03; Inositol ,100; V(,100; Zn,80; Fe,150; Cu,4; Mn,20; I,
0.4; Co,0.1; Se,0.1; Mg,100,

TR ER TR LR R 40 B, AR A
Bs)a , BT FEALHIVE B0g it Rk i ket Rz Az 2
mm) , B 517 T 4 C UK s B4 .

1.2 A

ARG BT 2258 8 e K D85 (6 ) b
() MAsc e, FIIRE M (61.03 £0.90)
g R, 35y 5 AR IR (Ouf B4 33
WRA b R Ay m i R 4
AL R ) IR 3 A ER, GE T 12
et , 4t 180 .,

1.3 faFE

TR TE IR PE R AR S = T,

AR R T IRATE A HLBE S EL N (A% 0.70
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m, 5 0.75 m) . I T 4h i Gl 1)k 9 Ak
328530 do RAMEHKSIE RS, BAE A H
M 2 ¥R (8:00,16:00) , 4R N AT 4% ,
TR ) AF A 0 N5 17 0 R R R T i, &%
HARSFHA — Ko SR A 20 d, 46 57
Rl KR A (26 £2) C,DO >5 mg/L,NH,-N <
0.3 mg/L,

1.4 e fsts 5is ik
1.4.1 %Kit
FRELLR 22 A0E s (W) VR R R

(Rye) B R (Rs) o
W=W,-W, (1)
Ry =Fy/ (W, =W,) (2)
Ry =M /M, x100% (3)

K W I PERIRIRTE () s W, P 2Rk
F(g) s Rec MR RE(% ) Fy 2 S A A (g)
Ry NI (%) s Mg T R BG My h 6 R
1.4.2 HERMNEEE

OrANABR BT | 42 K IR K K SRR A AR
Hikta',
1.4.3 @ETNEEKBEE

ARSI T 25 11 Ry LR % R AR A
BRI B G AR ) A2 7= i WSC-S R 7 (6
251t Co/d SR A OGEE  FR T AY<0. 6) .

W8 7510 2 BRBRMR A 1) 7 12 6 AT 48 o R
IKYCKE AR SR K W T, o B 25 Tk B T
o RN f TE AN ZR DA 30 8 5 R ik 2 22, T
AR T RS ( i f L 85 22 ) ) 000 0 Iz ok £ 22

R L at bH,
1.4.4 FEKIASHEZSENE

FARIR AL/ B 9 e, 5 8 I B 5 B ik
1~2 g JEH R ~2 o, VTHCE LN 2 ~3 g,
AT B R R W E . W E kS % AOAC
St K B R ULAAE S BTRE , ST 25 miL A
ERBEEST, MA 7.5 mL #EBE (IECk: N
Bl : Tok W A =10 27 16 :7) % FFET i
FEHEPE 1 min, IIA 1 mL 40% KOH-F BLA K , HiE
HEARPE 1 min, T 55.5 C KRB 20 min (F 2
Ve KNSR ATHE LA Bl i S0 26 ) Yo 1, TS AL 1
h, IMA 7.5 mL 1E Q¢ , JeFEPR4% 1 min, L 10%
R ERE 25 mL, AR 1 min, T
ARE T BCERCT 474 nm PR 755 B4
SR THIN E HOGE, THEH EE A
1.5 Bt

s gzt B2 A SPSS( Version 16. 0) ot %4
PEATARFRAMHT , B LT ME + bR (X £SD)
FR , R LR T 77 2250 H1 (One-way ANOVA) £
B FE BRI 4 S M, ) Duncan” s ST 2 1L
B, P <0.05 NESHE,

2 4k

2.1 A M 2 50 AR A i A A
NPT
203 20 d AYFRAE, B M B AL R
AL T I B R L B A I B RO e S B
H i G AR S R R LR 2

x2 ARBRHRNAREXHERNRZHRERKIERNZ I
Tab.2 Effect of diets supplemented with different xanthophylls on growth of hybrid catfish

259 PIIE () R (g) WEE() G (% ) TR R
X HRZH 61.40 £3.17 104.00 +5.71 42.60 +1.32 96.67 £5.77 1.38+0.16
e B R AL 61.90 +2.59 106.50 +5.83 44.60 +2.12 96.67 £5.77 1.35£0.15
LN s 59.65 +3.41 108.45 +7.19 48.80 +2.55 100. 00 +0. 00 1.22 +0.12
AP R 60.90 £3.94 105.00 +5.21 44.10 £2.71 96.67 £5.77 1.28 £0.15
WA R A 61.40 +4.63 109.25 +6.72 47.85+3.72 93.33 £5.77 1.21 £0.13
T [i]— 5 o B[] AR 7B 225 B35 (P <0.05) , UF &R A [ o
422 AT RN A AL T R KGRI 0 SR LR I3
FEURANREO IR RE(P>0.05) . AURE R RERFIE, A0 SR ARk
2.2 fREwg HAL 2L (0 B 6
. . o ‘ RIS LEH 23 (175 3 E
SR TFIN 45 LA B 0 R (R SAUGEAT ARSI T RIAL P R 2 €
HEFEVR SR M - A58 2 LA o

B, 230 20 d FR5, X IR AL IRt TE AR A, Sk



24 LR S R Gl R R IR N TV e P/Ra e SNt AL 199
R AL R A A R A JBE) S T B R AN AL, IR R R LT {E 0

2.3 ZRACHRTE I RIS B (22 (E
X B e I 3R N 2 2 S T B ik M
JEH B IR A ST A5 R LA 3

13 3 n AL, IR A R M 3 3R 67
R IR A R B Ik b (B (AR B 23 3
(P <0.05) , 38 M35 2R 2 A i3 e 2 R 4
(9 b "B TR A B R A A g A i

BEZEF(P>0.05) ; (g fb it 2 475 3 R
J a ™ {E (FRFRELSE) 0 5 A X6 AR 2 B 3% 3 -
KA (P <0.05)  MEHFRE K a ™ {H 0 & IR T HAt 4%
H(P<0.05),

2.4 R LA BR S

F LR AR AT ER B2 I ML B2 IR S LA F i
ER TR AR WAL 4,

R4 (P <0.05) ;% AT ER Ak L™ B (fLR W
3 LHMEBREBEKEEE
Tab.3 Chromatism of dorsal skin
a3 * LLl L : * fedb e *
L a” b L a b

Xf R ZH 60.86 +3. 12" -1.05 +2.25" 3.57 +1.63° 83.89 +1.06 -3.76 +1.22" 2.98 +1.49°
Ssuliyre il 52.51 £3.38° -1.07 £1.05>  26.07 +3.37¢ 84.19 +0.53 -1.67+1.10° 14.2 +3.93°
AL R A 55.49 £4.38%°  -2.09+1.16"  19.19 +2.72¢ 83.03 +1.48 -2.74+1.82"  9.82x2.96"
AR RA  52.17 £1.40°  -3.38 £1.63"  25.38 +3.03¢ 82.76 +0.86 -3.24 +0.73" 16.4 +2.94¢
AL 2 55.63 £2.37° -4.91 £3.71*  15.47 +2.33" 83.23 +1.20 -6.22+£3.34*  7.03 £1.02%

U [6l— 3 B EAR PR 22 57 B3 (P <0.05) , BUN #4541 o

x4 B ETERMIAHEEZESE
Tab.4 Xanthophylls content in dorsal skin, ventral skin and muscle

25 HHB K (mg/kg) R B Jik (me/kg) WLP (mg/kg)
X HEZH 1.20 +0.11° 0.78 +0.26° 0.48 +0.13%
EEn R 13.18 +1.28¢ 7.76 +0.40¢ 3.14 £0.29¢
bt £ A 10.96 +0.17¢ 6.97 £0.28¢ 2.96 £0.04°
AL A 12.65 +1.88¢ 7.81 +0.27¢ 3.05 +0.49°
BTy ¥ 8.48 +0.30" 5.42 £0.29" 1.82 +0.20"

a7 1 IR SR AT A
4 R S ERIBPIMA L RAPLAE  KEWEREGW(1:1) 408 8 J& 137, ) Ak

RO TXHRAL(P <0.05)  FaEM R
ZH B A 38 8 P 2 2L SRR G B Sk i B R
B TR R A M A R
(P <0.05) ; (LB AL LI B R AL LA M BT R &
R EMMTHEN SREMA(P <0.05)

3 e

3.1 AEPRHR B B R R A A8
il

FURT, TRk rh s in 2R s b 0 a2 A4
MBS C A — L8R IE 78 L 65 15 RL 78
I B-EAE bR BN R, 4R TR AR R
BTG B 2 ' fE |§ 8 ( Hyphessobrycon
callistus) T} v 3 AN [6) e B2 R 5 2R . B-H1 25 b

{rga Sy Nl

R U R AT WA ARSI R
AT 4 B A [ 2O 3 3R, X 2% S B0 FE L A
RSB Ry e F e (% 2) , 5 1
RBFFEL R
3.2 i M R AR B R AR
e LA

BAER (lutein) , fb275X 3,3 - Sk-a- i 2
3R A FL I A i 1) 05 A 6 B A — R (-
OH) , th T B I A7 75, TR R 00 7 n] DL A2 L
TSR o A — 5 W3 BE | He 7 0 5 B 1 K I T
H AR 2 T AL TR 35 (zeaxanthin) | 1k
P33 - MR B, B A
IR B SR W) o S Al

FRT T 1) 2 37 A 3 DL B IR R O 2%
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BT, R B R 7R SR 2o 0 2R 4 O i 58 L R
B AR AR B — E R RO . Y1 AN A
EHFES RIS AR 23 A 100 ~ 150 mg/kg
150 ~100 mg/kg M # 2, AT LA 25 2l 38 0 25 1)
e, RO E S 100 ~ 150 mg/kg HHH R 1Y
TRHIE , B2 JRIILP 8 2 5 Rk s

O T 3R T R 2R R K B A R [ L
X7 7 By ) A 0 ()5 W) o OB . AR S g
308 P 9 2R 2 2R A B S B R S B K £ 22
b (45 26.1 £3.37 14.2 £3.93) # i 2
BT b (19.2 £2.72.9.82 +
2.96) (& 3) ;i it 2 2 208 B A K IR AR
R LA 2R S A et i R e T
20.3% 11.3% 6. 1% (£ 4) ;3814 PR W2 & 30
30 P R A £ R R R 4 o 1 A At
WRYMR ORI KA, UL F R LR R N
T A N A A B A O B AR T
PAEOK B BN E AR B2
3.3 % R AL e R AR
PRy L

— M KRR I B AEAE T A AR i Ak
FHAERE R, — B RIR O F NP N4
Bk, MRt E, 52RO B4R
BTN R, 3R GMEe . Ak
H1 200 mg/ kg 3 ¥ 28 4H 2% 52 B 4 1 5 B K
FE R R BRI 625 b " E A Z R AP R S S
100 mg/ kg f 915 38 B K 4UAH L, Y00 B 1
ZE52 (23 4) il ad IR S RE 43 3 3 A K 4l
FL 30 B K A1, B 200 mg/kg 5 1 &R
55100 mg/kg £ #1538 M- 8 25 % 243 AT A IR 1
HESCR, X R ERLEYE, B T I
R 2 g, Fo e PR A o

ARSI LSRR W FE T N 478 200 mg/kg
B, 387 38 I 3 380 2% 3 B 1) 2 O R A T At
B ;100 mg/kg £ 4% 3% 3 i 2 2 5 200 mg/kg
W 3E I E R 1A ORCR LT A 245100 me/kg 4
BEEEAL I B RN A58 B 1) % C R AR 200 mg/
kg AL HE R

AR FIAFR N R F A DA TRAE 62
T EF, RERZFRAREFEER FOH B, Frk
R

S
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L-AENREFEEER BEHEER
I 3% 18 X £ XI5 1R B 52 I

®OA, BOR, KO, REH, T O, ARE

(P PR BIRRE R B2, |79 155 530005)

= .UAJEZ B ( Oreochromis niloticus x Oreochromis aureus)750 B, BatL5 >~ 5 40 (£H4H 150 ) , 43 H1H

M0 0,50 ,100 150 #1200 mg/kg L~ A8 ( L-carnitine ) F4REE, LIBFST L- A Bg 0 B Je B AE A K ie iy & i
B3 ARG A AL AR I 2 AR SR Ay 65 do 25 SRERE ARDE ISR A IR 150 mg/kg B, B8 % 4 £ 1

RN L 43 BB MR 2H 151 19.91% F1 8. 42% (P <0.05) s ffeh REUEAR 31. 39% (P <0.05) 5 LA BRI &

HEFEA14. 39% (P >0.05) ; il 2% Ho i B8 [ H b =8 5240 A A 9. 82% (P > 0. 05) 1 65. 43% (P <0.

05 ) 5 ML 3% P 4 TR 4% B B RN A 17 4% B B 1 43 I IR 65. 04% (P < 0. 05) F1 53. 73% (P <0. 05 ) ; ML 3% V& M3 g o

11569. 36% (P <0.05) ; I3 i R Z 5 A% 11. 76% (P > 0. 05) 5 (A& 1 FFE 37. 19% (P <0.05) , TEARWF5E 4

PR, @R R B R AR LIRS I 150 mg/kg.

KBIR RE T AR L A BRI & & 3R Ak iR b

hES LS S963.73 XERARIZED A

Effects of dietary L-carnitine on growth, fat content and
biochemical indexes of blood of tilapia
( Oreochromis niloticus x Oreochromis aureus )

HUANG Kai, CHEN Tao, ZHAN Ge, MA Yan-qun, YU Dan, JIANG Huan-chao
(College of Animal Science and Techonology, Guangxi University, Nanning 530005, China)

Abstract; This experiment was conducted to investigate the dietary L-carnitine requirement of juvenile tilapia
( Oreochromis niloticus X O. aureus) through observing the growth of tilapia, analyzing fat content and blood
biochemical indexes. 750 juvenile tilapia with body weight of (0.30 £0.01) g were randomly allotted to five
groups, and were fed diets supplemented with different level L-carnitine (0,50,100,150 and 200 mg/kg) for
65d to investigate the effects of L-carnitine on growth,fat content and blood biochemical indexes. The results
showed that when tilapia feed were added with 150 mg/kg L-carnitine, tilapia’ WGR and CF were 19.91%
and 8.42% higher than that of control group (P <0.05) respectively; FRC was reduced 31.39% (P <
0.05) respectively; the amount of fat in muscle was reduced 14.39% (P >0.05) ; the contents of cholesterol
(CHOL) and TG were reduced 9.82% (P >0.05) and 65.43% (P <0.05) respectively; the activities of
ALT and AST in Tilapia’s plasma were reduced 65.04% (P <0.05)and 53.73% (P <0.05)respectively;
the activity of AMY was reduced 69.36% (P <0.05) ; the content of BUN in Tilapia’s plasma was reduced

%5 H #9:2009-10-31
EETE RIS S HOARIF R HRI5 H (0992014 -2) 3 PR B 6 X AHL I 635 H (0537008 - ZE)
BRI Bl (1963 -), 53, 4082, Wi+, FEMNFK= S s S ML A K 7= 37 T8 5 TR 5T . E-mail ;: hkail 10@ 163. com
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11.76% (P >0.05) ; the content of ALB in Tilapia’ s plasma was higher than that of control group (P <

0.05). Therefore, under this research condition, it is suggested that the supplement of L-carnitine in diets of

juvenile tilapia was the best at 150mg/kg.

Key words; Oreochromis niloticus X Orechromis aureus ; L-carnitine ; growth; fat content; biochemical indexes

of blood

L- TR E B2 % Krimberg T 1905 4E7E
WL 2 BT B 4R R k&
Y. A D RVFD L AP AD A A, LR B R K AR
WAy AR TR M R sh gl ok
FEFREA Y, L PR B AT 3 AT A4 0T 1 ke 1 4 o R
IR R S BEPE TR 32 , 8 5 #0288 %6 7K I AR b 1 3k
BEPE o BEFE W, LA R 7K 7 s e ks
JnFAI AT DA v AR A B B, B AR AR R A 1
IKFE B R, AR R R R, MR A R
AR G REAE A U IE b & L- PR B, {HL B
I R TRIE A A TR A 1R
P I L PR 28 2 AS BB 0 Wl 2 F R PRk A K
[ 5, X R A RE 1 B f AR BE D AR 2 BH, B =
W B B R R AL o A e
Tk FR A AN [R] K L- PR B8, WL B8 JE 20 S 4 1)
258 NI VT =0 I Y E 2 | RN s N 1% S S
HEACFE ARG, USRS L- POl A 8 e 2 R fa
Be A faDRl S BN A

I bR ik

1.1 e fa AN 55

I HB R P e #k B PR B8 r, K
INFHEA B AR E R (0.30 £0.01) g, fdFRICHE,
1750 B gt R 1 R G R S 41,
A3 ANER, BMER S50 B, B HK 65
d, FRFEIRER G K i R G fT. X5
)45 H 8:00 F1 17:00 i 4445 M2 1 ¥, LI Ky
e AR TN 3% ~5% o RO 58 5 W AE
FRUFFFFRE . AR 15 d PR — U PeE a4 K
A R B O . BERR RS G, ek
173, WA 15 SR B0, I3 s 48 4 & K IR R FE
T8
1.2 5 KoK IR

ATRIGAE Bh P F} 2 F R 22 B oK 7= 5% i 5 b
PEAT. FAASERA 15 H(1.0 mx 1.0 m x0. 8
m) K/N—F K, 453t F B 78 S LRI #4

Heo AKUECA IR 2 EUE 1Y B R K, FE A IR
PEIRLUE 70 8 S5 T g, B i g o B 1
KA (28.9 £0.7) °C,DO K (7.03 +£0.23)
mg/L,pH 4 6.9 +0. 1, NH,-N (0.03 £0.01)
mg/L .
1.3 fapRHac

TR 2 E #0109 5 37 75 0K (NRC1998) |, LA 1
3 A AR A5 SR TC ) Al ARDRE, 7 S AL
USSR K P 1 -, e i i 5 4350 ) )
Horf LU ANEIN,2 .3 .4 F15 41435124 50,100
150 1200 mg/kg /K48 in, LA L JFORHE & 194
Ja TR KR T, AP B2 1 ~2 mm [y
SR RE, AE 60 CHERAIH 2 5 h #ET
292 ~3 mm PRREEHE, T 0 CF % 47,
DA Al 3R 1

F1 REREAMERFEFKTE
Tab.1 Nutrient level and composition of

experimental diet

24 PR B TR (% )

W r(m) 2 3 4 5
ik 10.0  10.0  10.0  10.0  10.0
X 24.0 240 24.0 240 24.0
W 9.0 9.0 9.0 9.0 9.0
1ok 16.0 16.0  16.0 16.0  16.0
SEFE 16.0 16.0 16.0 16.0 16.0
E S 10.0  10.0  10.0  10.0  10.0
F ik 10.0  10.0  10.0  10.0  10.0

EEH YR 1.5 1.5 1.5 1.5 1.5
R sk 0.7 0.7 0.7 0.7 0.7

i 0.5 0.5 0.5 0.5 0.5
b 0.5 0.5 0.5 0.5 0.5
iRl 0.5 0.5 0.5 0.5 0.5
Wk 1.0 1.0 1.0 1.0 1.0
DSl 0.1 0.1 0.1 0.1 0.1
R 0.2 0.2 0.2 0.2 0.2
&t 100 100 100 100 100

Ko 9.2 8.9 9.1 9.0 9.1
HEH 39.6  39.8  39.7  39.6  39.5
HHLRE Wi 5.26  5.32 529 540  5.35
HLK S 9.7 9.6 9.7 9.6 9.5




24 v B LT B 2 AR AR R R e SR AR DGR AR R R 203

L4 FEa BRI A6 bR I 2
1.4.1 BER JEHE. AL FFEERMAA
R E

RIS ARHT G , B R LA R A 20 )2, 8 R
R, AR, FRIBUI e 8 o Ayl I £ S
F& , 73 B ST JR AR AL AT, DA 2R R Al s 12 0 5
HohRRUIR I & A
1.4.2 mikERIERHIE

B BEHLI A 15 2, O BER L, R ST
B, HE B OHLE L 10 min (4 000 r/min) , B
VECA SR R o R 2R AR R AR
71 ABBOTT ALOYON 300 4x A gl £E Al 73 B { itk
A7 M A A AE BR A 3 A DU 2 , I 5 48 AR AT JIE [
BE( CHOL) , H il =i (TG), m % R & H
(HDLC), 4% N % & B ( ALT), 45 5 5% % i
(AST) , y-43 ZIH% Ik (GGT) , JRE A (BUN)
HEH(ALB) , MEH(TB) .
1.5 Geitortn

RIS ] SPSS 13,0 Geit# b gEA A G
IR AT 22 00T IR B A R P = AR
7R, K ] Duncan [G 2 5 LA BT il 56 45 2R F
Rz BEE(P < 0.05),

2 %k

2.1 L-PAgOeH e 2 A A K R
HIZE 2 AT, B3R 65 d e, 1 3 4 LR fafR s

FOARBHAE DA A o ) T B, 5 S 4L 1]

v Lh L- ARSI 150 meg/kg 1955 4 4135 R

BB, 5 752% +701% , 55 1.2 3.5 415005
19.91% 13.43% 17.15% 15.34% , ‘g % T4
BEA(P < 0.05) ;5 Fiiaehxt 8 e B 4E f 1k
HHEFZWAK (P > 0.05),4 4B R
95.33% + 3. 06% R Ik T BLIGE R e &1 5 41
96.00% +4.00% , 51 ~3 IR EMLZEF(P >
0.05) s A\ 1 25| 5 2 o (AR T Tl 185 20 34 o, 22 4k
ZFREP <0.05), Hh3 45 AR AR
(P >0.05) (HEZEET 1.2 4(P <0.05),2,
345 441 HER T 1.05% .9.47% |
8.42% 12.63% , %5 5 LRI fc K M3, 21% +
0. 34% ; £ A R R BOR 2R A, 4 217k
FEURAK(0.94 £0.07) , 43048 1.2.3 .5 AL
45.74% 2. 13% 42.55% 12.77% ,5 2 .5 412
FAEEP >0.05), BEFEMT 1.34(P <
0.05),
2.2 L-PAGEXT B e B A ARG AR L
RRATLEA A 105 25 1 B9 52 i

23 Won, A I 41 e B AR 0 R R R i
TRZERALE (P >0.05), H 5 2 241
NEWG & B fc (5. 42% £0.99%),5 HIkZ
(5.38% +1.53% ) ,1.3 4 5% ; LA Ag 105 25
HAHMEZEREE (P <0.05) , A1 ~3 4H, LA
REWG & T, 3 dlib e, 4.5 AR WLIRBE T &
TINS5 AR, 1 4.5 A2 [ BILPA g
SRILDEEZEF(P>0.05),23 4B EmT
HERA (P <0.05); Fi&LE/NGZ 4 4
(0.76% +0.08% ) ,iZfH W E LT 1.2.5 4 (P <
0.05),53 AR EMZER(P>0.05),

x2 AR L-AEKEEE S AL KISR0
Tab.2 Effect of different L-carnitine levels on growth of tilapia

S i i
R ARBR . 5 3 2 5
WE(YR) 0.32 £0.02 0.31+0.01 0.30%0.01 0.29 +0.01 0.30 £0.02
KE(yRB) 15.67 +1.67 16.03 +1.91 15.03 +1.72 16.97 +1.79 15.26 +1.84
TR (% ) 91.33 £1.15 92.66 +3.06 92.00 £7.21 95.33 £3.06 96.00 +4.00
BT (% ) 4797 +552" 5071 =628 4910 +529" 5752 +701¢ 4987 +428
AL (% ) 2.85+0.83" 2.88 +0.34" 3.12 £0.33" 3.09 +0.29° 3.21 £0.34°
(Y 1.37 +0.10° 0.96 +0.08° 1.34 +0.30" 0.94 +0.07° 1.06 +0.08"

T A=A B A EAAE AN T RURA REZR (P <0.05) o BEER (%) =100 x ZREE/ VIR EHG HE R (%) =100 x
CRTE - )T /)T AEWEE = 100 x (R T/ PR s Rk R A = S i kb R - 90Tl .
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®3 AEAEKENEES IEEE L AR R AL A SR & 2R 0
Tab.3 Effects of different L-carnitine levels on amount of fat in liver and muscle of tilapia
. YERE!

1=

i 1 2 3 4 5
AL (%) 0.91 £0.12* 0.88 +0.09™ 0.79 £0.07 0.76 0. 08" 0.98 £0.11*
HFRERG By & & (% ) 5.13 £0.57 5.42 £0.99 5.12 £0.51 5.16 £0.57 5.38£1.53
LA BRI 5 2 (% ) 1.39 +0.45% 2.12 £0.94° 2.24 £1.49° 1.19 +0.48" 0.79 +0.24"

T A — AT A A A EARNE TR A R 25 (P <0.05) o ITALL(% ) =100 x JT /(KT ; FEBEMRAR G & 4t (% ) =100 x
JHF IR 107 2/ P s LA W 5 82 (% ) =100 x LIRS & 2/ AL it

2.3 L-pA s B8 e & A fa g i ok A A 4
PRAYEZ

H2% 4 ml 0L, 25 41 B e B A fa i 0% R
CHOL i & b 22 52 AN B 36 (P > 0.05) , {HEH
A BN I S T R % 5 4 41 CHOL
8 R R s i P TG ATL A AST &5 i AR {2
SR (P <0.05) Hrhss 4 419 TG & AT,
ATL Al AST 35 VERAR, S 1 2125 5 41 ATL 3%
PEELREAR . 1.2 4109 TC St B m T 4 41
(P<0.05),3.5 41K TG {5kt 5 4 A5 A B H
(P>0.05) ;%41 ATL 35 VEREH L- P Bl i 1Y
SEINMREAR, 1.2 2% T 4.5 41(P <0.05) ;
AL f AST 54 Bl L- PR B Tl 5k 9 388 o

B, 3 A AST {5V 5 i 5 25 2L 3
1) HDLC & i Fifi 5 4 5008 I T [, 45 45 1) G i
EPEZF (P >0.05),5 41 HDLC & &K (1.51
+0.17) ;4 2L 3E Y GOT & M W E IR T HE
FA(P<0.05) ;%414 BUN 22 7 A
E(P>0.05), Horr 55 4 41 BUN ¥ B2 &Ik, A
(1.95£0.59) mmol/L; )\ X FEZH 5] 55 4 4 1fn. 3¢
RS R, B S AR, & A
EHEE(P<0.05), K41 41(10.97 £1.07)
o/L BEMTHAM 4 (P <0.05) 55 4 A&,
13 5 41l v S R R R 21 () 22
SHE(P<0.05), 55 AREMT 1.2.34
(P<0.05), 5564 XS ABE(P>0.05),

®4 TRATEAKTIERRS EfE 3R E L IEIRA R

Tab.4 Effects of the different carnitine levels on tilapia’ s plasma biochemical indexes

. T ke
AAbFE bR n 5 3 1 e
JIFL [ % ( mmol/LL) 3.26 +0.29 3.26 +0.08 3.19 £0.09 2.94 £0.51 3.20 £0.42
3l =% ( mmol/L) 0.81 £0.08 0.86 £0.24° 0.55 £0.13" 0.28 £0.07¢ 0.50 0. 13¢
AR (U/L) 123.00 +26.33° 104.00 +17.09° 85.50 £9.31% 43.33 £5.69" 53.00 +13.59"
BB (U/L) 384.00 =78.29° 206.33 £25.70"  393.67 +80.67° 177.67 £20. 53¢ 348.00 +70.70"
% SR 1 (mmol /L) 1.77 £0.27 1.64 £0.08 1.59 £0.13 1.53%0.10 1.51 £0.17
- B KR (U/L) 40.00 +3. 00" 66.67 £5.77° 63.33 +15.28° 20.00 4. 00° 53.33 +5.77%
PR 2% (mmol/L) 2.21 +0.81 2.10 £0.30 2.25+0.78 1.95 +0.59 2.41 0.47
H&EE(g/L) 10.97 =1.07" 13.80 1. 13* 14.90 +0.62° 15.05 £0.92° 14.06 £0.74°
BEA (L) 38.20 +1.56" 36.90 +3.29° 34.26 +2.04* 33.65 +3.04% 28.73 +£2.24"

i [ — B _ A AR B NG T RURA B 25 (P <0.05) .

3 ihie
3.1 A L-pY sk -3 8 B 4E fa A K
AL

ARKIZE RS 76 e 2 A i e b A i
—E LY L-PA e, Bl PR B o 9 0
BLR 2 AF AR A AL I BE B A 2 T R TRDRE R R
BEIREAIG, 25 2 B e % A £ i 30 B R B0 B Y

AT ARKERE IR, ARSI RS HE
2 B AE W) ( Carassius  awratus )P T O# fh
( Rachyceniron canadum)'® | H 7% 8 fifi ( Anguilla
Japonica) (71 L ( Cyprinus carpio) (8] EHFSE B A5 45
R, oA — L7 F NN PO .28 o e
PERAIOR T bR G SR T ARG R R
200 mg/kg Yy L- PR B8O 27 E #2041 52 M i3
DAaWI I E Oy (38.65 0. 21) g, XK N
(20.62 £2.52) °C, BRI INZH 1Y A RRER TR
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INZLFEAG, A5 200 me/kg Y L-PA fi8Ox 27 #45:
ToARAERAERT I AT GBS AH R AR 1 7K I 52 Wi
T RTREAE AR . ASBIESEAE GRRE R S A B
P 7 e BRI AR, X AT REER AR IR 4K
7K I (28.9 0. 7) °C /N f K Y] b B
(0.30£0.01) g%, WHTEHRCRZ 3 £
DT 2 B0 . Santulli 5 38 5 B 545
I 7K IR K 23 52 W PR B A T 0R 5 Torreele
SELR AR e g A LB AR R I I ) 28
TSGR X PRI ) VR FH8OR 7™ A 52me  AS 1k 3 ) e
ARG s & B ORL R i T AR R I 2 A o 2
MR

R L KO 43 5 0,50,
100,150,200 F1 250 mg/kg 1 JLZH fR]REXS 57 B4R
#8 ( Hybridized prussian carp) 47 5 F2 56, 25 R
KI,200 me/ke 2H 64 B AR, G T 250 meg/kg
H X B - S fe A KA IR AR e 4
VIR L. EROAE Y DOk AR AT i 2
F o s T | A R AN UG A A2 Ak, 15 e )
Y I IRIHAE R B AR T, 7T B 3k o fa 44 BT 5 g 017
HRAH AL A A KACR AR 2T
Wit o Ao B0 ) A 2 B, 24 )Rk v 1) 80345 o Ay
150 mg/kg I, B Je %7 A A 4 1 3R 05 iy, TDRL &R
BRI e A R ACR el T 25 1A B80S o i s )
200 mg/kg I}, 5 H AT i (0195, fRDREERECH BT 1
Tto FTUATE B e B A fa e 4 iRk A= 7 v e 4
U PR ) E S I o
3.2 AA] L- A B8 KX B8 JE 20 | £ R
JiR AL PR A 25 A 52

FARBREE N FEGRRE IR0 L P B RE
WP R UURL, B3 A ST, Hong 251 BFST4E H
TERVGPEEE (Salmo salar) TR ES AN L-PIB8A] L
FEARZHLNRIT & . WA RS Rk E, B W
AE A JULIAI i D5 5 5T Bl A PA) B0 N e ) 38 A0
T, BiJS N R, Forh RS i 200 me/kg 1Y
555 IR G & iAo RS I & 8,
TEZEE R s N — & 1 Y L-TA) AT AR AR
E AR SRR . A, g Pk
JEF R R A 5 kB PR A o e A B, AN S A
AL BT LA 3, Y PSS i 100 mg/
ke B, JF M AG 5 5 LA, X 45 Burtle 251 f
G 45 A — 34 AR LoD, B KT
1.2.5 4, 2055 5 AHBESR I T}, BB I &2 7Y TN

TRRERRAR Y AE fa i A EL . BB L, ZE 4R s i
TG L- A AT DAREAIG B8 Je 2 3 fa ik g s i
i, AR E NS A, B SRR Wi T o
3.3 R[A) L-PAAsK 7 82 %7 9E £ i 3%
HEALFR AR AR5 ]

L- PRVA AT A7 R0 R A5 RO 3 e g D Ak —Ti 25
P 3 , DT AP sl 4 A A R [ R AR o AR (8
oSN L-PA B e B AR i 2% CHOL & 4 B
R FE BB L- R B8 AT LA A0 R AIG B e 2 4 £
R PRy JOEL i e ) T RRCRE 5 5 B  2 IR ST 4%
HAH—2, T HDLC j& CHOL () = 2 iz #
Z—,JTLL HDLC FI CHOL {48 fk #3440 . TG
P H I FRR 9 R 4 6 1T B, LK TG % ik iy
RPTE o8 5 i O, %of f A A 58, L PR BUAE A g 7 PR 1)
PSR, DAL L- PRk i T 20K B 1 i A 2k
RSz L BB P, A2 2 B 1D IR 1 B-4 Ak, 1 1 3%
R TG & MR, AR R, WA R ES
IR TG &, i 3 .45 4K TG 7%
AR TR, o 4 4 R Sk, B AR
PR R DA RRAG B8 e 20 A ) I R 32

W SC2E T A L F R ) 3 T ke
JIF2m L 5 R 5, R T S 0 e 2 2 1 W O 461
R E B LI ARG 2 — o 2 T4 57
T DR B 20 A 3 a5 PR 1S I EsE , ALT 1 AST 45 il gl
B LW, 000 W P A A B Y IS PR
m AR 150 me/kg VR BN ZL R JE B Ak
MK ALT 0 AST B9 36 PR RAR , -4 i it 0 FE B
BAK. GGT e P 3= 280 A F 40 i 28 U
fEAE Rz P, i 3% FP i) GGT =23k B AFE, AT
ZAET, M2 b GOT i& I+, Al g 4 4
GGT % M A%, JH N 32 40 7 B AR

L- R AT LA 4100 ] 4% PR o6 2 1R R 2 2 R 1) 3
FE, AT ES 2 15 29 85 3 B VR T, A v] B 3 o 1
JOT PR T 2 2 A Tl P 4 FH R e A8 AR il e R 7 A
P R 2 ), 8 =2 1) B S R P LA B 1
BIJ7 T AL AR IS 2 ok B, B P IR
T I, £ 0 K AR E A R R IR
RAA TR, 2% B 1R 0% RE 3 hn 44 &, 7 il 44
WA IERRTHFE, i 295 29 8 1 o, (e k2
RO E R -
3.4 L-PABAE B e B HE f fa Rl A g 38
W

L- (R B AE K P ARk iy B3z AR — i
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RITAEE 9 50% 7245 19 A B A6 B A S
LAY AT AR R sl 49 1 A R A o ol A
AN AR T3 RS PR A A i T ) T AT, DT 32 s 3 ) A
K, I HAE—E L b AR 1T 4Rk ik
Becker ™ BF5T 5 Y , 762 AF Sl b I B L- P i
XA AR A B AR i R . AR ESE
Y LA (2B 5 D 99% ) 18 B e B A # i
FHH AN EE D 150 mg/kg B, BJE D R faE K
AN AR o TR LA | o 2 B SR A
JEF A R, AT RAE 00K LA B o
TEAREAS NI, 75 00 3 F) PR Al A {5 25 T FE R
AR, A 2R KRG8, T B E LA
WA, R e B, 1R A Kk fE
TR I AMEAR T R R E R A LA B S
0, AR B e 2 AIF A A AN R A AR B B AR
HUPRAS SR BT 25 AF T 19 52 Bt 2R U5 -7
B, 75 ) A BE K 45 TR Je 2 AL £ d K AR R

&b
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 OE WS HEROBSEIRN, AEER KT (26% 30% 34% 38% 42% ) BARIE}, AR F5 TR K 8 6
(Hephaestus fuliginosus )60 d, WIAGIKTE Ay (4.02 +0. 11) g, FRUFHADE R JERE BRIt . 25 R0, WEH &
T 34% AN ERME AR DE S THEFA (P <0.05) MR 2B EMTHESA(P<0.05);
5 21 ) 7 JEL JE 1 e AN I 05 44 TG W 3 2% 5 (P > 0..05) , 38 % 1 42 % £ iy 3 Y 93 0G5 8 T 26 % AN
30% 21 ( P <0.05) ;34% 21 4= L) K NLA A RLAR I & it 835 = F 26% 30% 1 42% 24 (P <0.05) , 4= DL WL
PRIZK 43 KL 1 RIREL IR 3 2 4% 2L 1R) TG B 35 2 57 (P > 0. 05 ) 5 25 AL IR 7K B BRIk s L RIS G 38 2 e (P >
0.05) ,42% 4 T4 Lt o 25 5 F 26 % ,30% F134% 24 (P <0.05) s S AL M G LB E 257 (P >0.05), L&i4
SLESEE AT IR K SR ER R T SR E A N 34% ~38% o

SRR PROK R YR s A KRR T AL R

HRESZEES:3917 SCERFRIAED : A

The effects of starch levels on growth performance and
digestive enzyme activities of Hephaestus fuliginosus

HAN Bo', SONG Li-ping’
(1. College of Fisheries and Life Sciense, Shanghai Ocean University, Shanghai 201306, China;
2. Fresh Water Fishery Institute of Shandong Province, Jinan 250117, China)

Abstract:To examine the effects of dietary starch on the growth performance and digestive encyze actirities of
Hephaestus fuliginosus, diets containing iso-nitrogenous, iso-lipidic but increasing starch levels (26% , 30% ,
34% , 38% and 42% ) were used to feed experimental fish for 60 days. At the end of the experiment, the
Hephaestus fuliginosus fed 34% starch level showed higher relative weight and protein efficiency ratio, lower
feed conversion ratio than other groups (P <0.05), higher level of crude lipid compositions of whole body
and muscle than 26% , 30% and 42% (P <0.05). The groups Hephaestus fuliginosus fed 38% and 42%
starch level showed higher level amylase activities in intestine than 26% and 30% (P <0.05). The
Hephaestus fuliginosus fed 42% starch level showed higher hepatosomatic index than 26% , 30% and 34%

groups( P <0.05). There were no significant differences in viserosomatic index, fullness coefficient, trypsin

W B #7:2009-09-01
EEWA : ILARARAK BT FT T 5543 (031020107 )

EEB N HHEh (1984 — ) 3 WEBIFAE, Ll 1 7K = 3 E 77 o E-mail : hanbo911@ sina. com
BIFEE . R, E-mail ; Ipsyang1 974 @ 126. com
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and lipase activities in intestine, moisture, crude protein and crude ash compositions of whole body and

muscle, survival rates among the five groups( P >0.05). The results suggested the optimum dietary starch

requirement of Hephaestus fuliginosus was 34% ~38% .

Key words : Hephaestus fuliginosus; starch; growth performance; digestive enzyme activities

VE Ry K REIR Y L Z — KL &
FEAR N EA AN AT 2 A A IV B 466 2 ik
AU, SR ALRE AL, & LR E , & R R
SRR MR, WAE AR . 55 &M
B, fh 206 Bik K Ak 45 90 1 R R i T A, — T
T R Oh 2 - YE R B FLIN Ak de ) X
DL B KA S P AR 22 5 75— T3 T i T 4 2k
TR Z MR 1 BRI I SR b RE R, Bk Ak
SRR e S 822 RS L A B
B KA 0 AN BE 7 A 3 1 e 3 1 45 D PR 36 g
RN iR b N G ) =N DO R NS LN
B B f R

ROK B, 22 2 )8 55 0, 8 T 698 H
( Percifomes ) , fifil # ( terapontidae ), 55 §if fill J&§
hephaestus) | J7= T I R BE5L 1 A5
VOKEARH A . KRG AR BN R R L
D RN SKR RIS IR R A | S A A
s, WOKBREEA A KR AR AR
e EIRING N TR Il S =N G Sy R (2
BTSRRI e R . RER
IK RGNS 6 HE FR /5 K B 5 ik
AsedE. HAT, BN R A RS BEo iR,

FUAR b R i B R R 40. 63% , {H Xk
IKAL S WG REE BT FEAE B N AN aE R DLARGE .

ABIFFEARR T IR K PR 8 Ak v 3 A 1 P S
T, DAY g 3% 7K SR 4] ek 4 B o) 4 43 B e 4K
B, Dt X — i AL ] 9 B SR

O e RS WSR-S

L1 S sk S YL

S50 I LR KK 7 244
AL —HOUC K S, TR (7 =2.5
moh =15 m) B9 14 d, I 4L RGER 7 i
26% 1y SRR I
L2 S

S 6By 0 K U O 2 1
I B I JEURY L BIORS 2F 45 22 1 O G 4t
M. FIERZRTEIR 5 TR AL 4 i
IR £ 50, TEAL A0 RO 2 3 R
50 4 30 R K 4 ST A R L,
SRR J 1. 8 o (OLURL LY, 95 F
40 CHTEHERA . AR AR
BB T SRR 1

x1 IRAMBEARRSSER

Tab.1 Formulation and proximate composition of experimental diets

N=37AN N2
iy TER KA
26% 30% 34% 38% 42%
£l (% ) 47.5 47.5 47.5 47.5 47.5
il (% ) 7 7 7 7 7
FEAKTEH (%) 24 28 32 36 40
WO 42 (%) 16.5 12.5 8.5 4.5 0.5
TEHLERTIR ' (% ) 3.5 3.5 3.5 3.5 3.5
Y FIRF (% ) 1.5 1.5 1.5 1.5 1.5
BEIRAM(% )
(%) 25.7 29.8 33.9 37.8 42.1
MEM (%) 38.9 38.2 38.5 38.4 38.7
HLRE G (% ) 9.1 9.4 9.4 9.3 8.9
LKA (%) 9.4 9.2 9.5 9.2 9.1

Wl THLELFURS (4 T7 &% ) : NaF, 2 mg; KI, 0.08 mg; CoCl, - 6H,0, 1 mg; CuSO, - 5H,0, 10 mg; FeSO, - H,0, 74 mg;
ZnS0, + H,0, 50 mg; MnSO, + H,0, 60 mg; MgSO, - 7H,0, 1 000 mg; K, HPO, « 3H,0, 6 000 mg; NaH, PO, + 2H,0, 5 000 mg; NaCl,

100 mg; CaCO5, 4 g,

2 M FURA (T o) BMEE, 20 mg; B E, 40 me; MEUBHE, 20 me; HiMEE, 0.1 me; WHRRZHT ZEN, 10 mg; LB,
1000 mg; 22, 60 mg; HlFR, 200 mg; AEWIF, 1.23 mg; WHE, 25000 [U; JHESLEL, 2 500 U5 A7, 112 mg; FLIRMmAER, 2 112

mg; FALRGH, 2 500 mg,
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1.3 sEfmmin RS H w5

BIREE ARG 24 h, PRI 300 V-2 1A
(4.02+0.11) g L), BELA 15 4S5
CIEMFE T (60 cm x60 cm x 120 ¢m) , & M 4E 20
B B H M mE AR 3 % (7:00,12:30,18:
00) ., SE56 FI/KICH £ 50 5%K), BRELL
SRR (27.0 £1.5) C pH(7.5+1.0) .
NH, -N < 0.4 mg/L .H,S < 0.05 mg/L, 47 d
oK —IR (HoK & 1/3) , JF G PRI RIGR T, 7750
SLE AT 60 d,
1.4 FEmPRE

FRE LI 45 T, VLR 24 b, XF 44 46 e
A TR IK SR 7 2 A T AN AR i K TR 4
AR
1.4.1 fHE#S

FEAIFEREHLER 3 IR /K R AR o, R
R it B P I AT o A B 5 TN P A R
G35 LI e O e i AR L U gk L
T asrh 37 BIFE % - 20 °C k4 i A,
A AR AR VK A
1.4.2 AA#ES

W A0 1R K B 6 FH A A BT A
b bk R OB 26 R L, e T
FAST ST AT -20 °C R uKAE R
1.4.3 £&8&M

FEAPIFEREHLEL 3 2 H 55 K /N IR 7K 2
A B A - 20 CUkAs PR
1.5 FEfbarHr
1.5.1 EFEBHSNE

KGR FE R TR (105 C) s A R A
L ECE 0 5 MR 7 I A 2k Sk 5 75, R
FICHIE I MUK 5 2 E T fm b v AR B (550 °C)
WAS s MR 3,5 - RSk R T .
1.5.2 HUERRMENNE

B 1 < AR & O vk GRR & T e
SR BUEY) TR , % L AE pH 8.0,37 C
AT BRSO A RS R R
JEEEARE 0.003 Bk — AN 7 57

VERIG WL - JERY LBk . R &R ik
(iR G T g s R AR ) TR ST T ), 8 LA
LU R R TR 37 “C 5 RWE 30 min, /K fif
10 mg JERYE SN —ASTERY R T B0 o

S B 4ty o B 420 F
R TRBIGOIN) 5 XAE 37 C AT 1
SEALALER 1 S A | min, BEIEE 1 wmol /G
WIHy— N T

AU 11 % T 25 2% 2 11 R A (it
I F A T RIS
1.6 HdEntr 558t

K SO LR AR 1

Ry =100 x N,/N, (1)
Ry =100 x (W, = W,) /W, (2)
Re =1,/(W, =W,) (3)
Ry =100 x (W, =W,) /(I, xP,) (4)
Iys =100 x W,/ W, (5)
s =100 x W,/ W, (6)
F.=100 xW,/L’ (7)

KRy HEE N, WERBEGN, APIiG R
B Ry ARG TR W, W ARIKE (g) s W, A
WIGETRTE (g) 5 Ree M IRE R B Ry 9 86 1 BTAL
B L AR W, LR NI E (g) 514 HAT
TREE; W, NERIFE (g) ; Fo MBI (g/em’) ;
L, RARAEK (em) ;I AERAT Y B (g) 5
P At B T

SR SPSS 17. 0 #1446} 25 4 Bl 2E 47 7 2243
Hr Al Duncan’ s ZF KK (P <0.05 BPIA K B 3% 25

),
2 4k

2.1 FERRHE A 7K ST X iR K A A A K1 RE
AR A 52 e

B2 IR, 20t 60 d FR5H SC5, 45 IR K
MR R T B R (P >0.05) . 34% iRk
PEE LR T RN AR XY R R S T E SR
(P <0.05),4r3k%] 7. 65 ¢ f191.25% , J&
26% i) 1.43 F12.73 £, falEE R BRERRE By
AKF b T SE /N G GO, Ho 34% AR
(1.55), i F KT 26% #130% 20 (P < 0. 05);
30% 38% Fl 42% 2 18] JC . % 7 5% (P > 0. 05)
349% % A ACELE] 170. 86% |, i & FH e
ZH(P<0.05), /2 26% 2111 2. 18 £,
2.2 FalRHRE RS K RHR 7K S T AR 4 R
S

B 5 ) ot VE A9 K ST B 1S 0, TR K R 9 U A
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LU A LR IE 6 FE B e = (L3R 3) o 42% 4
WA LU B R (7.79% ) R4S 20 TH) T b 2 25 5 (P >
0.05) ., 42% KL (2. 08% ) i ¥ 5 T 26% .
30% F134% 40 (P <0.05) , & 26% 4019 1. 28 %,
38% H S5 HEHAHAMIEEZR(P>0.05), 4%
S35 28 (1) JIE 85 5 G W 3 25 5 (P > 0. 05) , i B 60
d FRFH LI EE G IR K SR HAIE AR

2.3 TARFGE B AT XTR 7K SR iz 18 T A
il 1) 5 )

AR K SR 7 1 PN N 2R 1 AR O 7 T
TREZERF(P>0.05) (WE4), WHiE g
P B Ak S 93 7K T T i 22 28 B Kk #, 38 % AN
42% 21 B2 = T 26% F130% 4 (P <0.05) ;34% 4
HHEEHARTREZER(P>0.05),

2.4 FADERIE B AT X IR K R B 4 fa S UL
PR JBL 3 () 55 Ml

H 2% 5 A, 4 oL ARG D7 5 & Bl R
BHER KT T S e 1 K5 o #e, 38% 4
HAEMS R (15.95% ) i, B S e &4
WHEZF (P >0.05), 34% 41 KL W5 % &
(7.44% ) BEETF 30% 41 (P <0.05) ,30% 41 X
WER T 26% ,42% 41 (P <0.05) . 4552554 1]
KRRy S E 2R (P >0.05),
Bt AL S A KT T v, LR 1 o S R M

InaH ,42% FLE H & (18, 47% ) defmy (15 3L
EATRE RS (P>0.05) o LA & AT
IR G /NS, 34% 4 (3. 61% ) 15 38% T
BEXESF(P>0.05), BT 30% 1 42% 41
(P<0.05) 455 Ba2H 1AL K 53 FOHL A 735 45
T 2E5(P>0.05)

3 the

XA R R KA & R RE e B
HUARDRE R A A I R R B K AL A L s
EANE AR 7t 28k o0 g T Re sk
FE R — 2 0] R i KA & 00T A= i ok 14 2R 0 1
PP (ANAE 7T IR R FAL IR ) | 15 B £ A
AL RN, AR K PERE T L H Y fh 24
Bt S KR KA A YRR G, AR I R 22
wt Y A R R S B A A KR
G ORE A% R K. 85 ( Micropterus
salmonides ) TR A 10% 1B K Ak & W) 1l A=
KASE 0l 3%, (38 0 2] 27% i K2R g2
BRI A W & ] DR R fa 2 A K i 3]
WAEARME- . KPGHEEE(Salmo salar ) FIITL
it ( Oncorhynchus mykiss ) 55 PR £ 14 £ 28 1) ] F
WhN 15% ~ 18 % wyi/KALG Hal LIRS AR 2R
TR IR A RR

R2  ARHEBIK T XS K R 4 KM REAN R R A R R0

Tab.2 Effect of dietary starch levels on growth performances and feed utilization of Hephaestus fuliginosus

o KA bR ELSIE
26% 30% 34% 38% 42%
VAR E (v B) 4.06 £0.08 4.02+0.12 3.94 £0.22 4.04+0.10 4.04 £0.09
LR E(yR) 5.34 £0.12¢ 5.61 £0.13¢ 7.65 £0.27* 6.47 £0.49" 6.45 £0.29"
RIEE (%) 85.00 £2.89 81.67 £1.67 86.67 +1.67 82.50 +2.50 83.33 +4.41
AHXTHI T (% ) 33.38 +3.00° 40.09 +3.15° 91.25 +6.83% 61.67 +1.27" 61.09 +7.18"
Tt R AL 3.35 +£0.33° 2.48 +0.19" 1.55 +£0.13¢ 1.94 £0.06" 2.04 £0.20"
AR (%) 78.35 £7.75¢ 105.87 +8.41" 170. 86 = 14.57° 134.59 +4.39" 129.86 +12.04"

0 ST PSR TR ARRIFRORZER R (P < 0.05) T

R3  ARHEMIKER R K BHEMESFIER M

Tab.3 Effect of dietary starch levels on viserosomatic index, hepatosomatic index and

fullness coefficient of Hephaestus fuliginosus

Ak fsh BEHACE

26% 30% 34% 38% 42%
WM EL (% ) 7.21 £0.39 7.38 £0.17 7.53£0.29 7.78 £0.21 7.79 £0.29
JFARH (% ) 1.63+0.17" 1.65 £0. 14" 1.65 +0.05" 1.83 £0.03* 2.08 +0.06"
BB (% ) 1.60 0. 13 1.65 £0.02 1.74 +0.05 1.77 +0.04 1.79 +0.02
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x4 ARNEMK XK K B I7IE 4 BRI R

Tab.4 Effect of dietary starch levels on main digestive enzyme activities in intestine of Hephaestus fuliginosus

L TP
26% 30% 34% 38% 42%
Hé{ﬁrﬂﬂﬁ(U/mgprol) 2216.32 £45.24 2 238.97 £56.17 2227.53 +£36.19 2247.78 +74.82 2 258.07 £42.21
g Wiy it ( U/ gprot ) 37.43 £5.11 39.65 +6. 14 39.98 +4.56 40.83 +5.72 39.78 +3.96
ﬁ*ﬁ@@(U/mgpmt) 23.51 +3.23° 23.97 +4.26" 25.04 +4.50% 26.87 £4.24° 27.19 £7.03"

RS ARHERIKTEX R KB 28K ALA RS HIRIE

Tab.5 Effect of dietary starch levels on whole body and muscle compositions of Hephaestus fuliginosus

- TERIKF
izt
26% 30% 34% 38% 42%
K53 (%) 75.59 £0.37 76.02 +0.29 75.17 £0.25 74.75 £0. 54 75.10 £0.81
MEM (%) 15.16 £0.22 15.26 +0.22 15.54 £0.30 15.95 +0. 11 15.44 +£0.55
HLAEWT (%) 5.13 +0.39° 6.51 £0. 15" 7.44 +0.17* 7.14 £0.09% 5.62 0. 16°
RS (%) 4.14 +£0.15 4.10 £0.23 3.83+0.17 4.17 £0.10 3.88 +0.12
WL 37K 53 (% ) 78.08 0. 10 78.11 0. 19 78.39 £0.32 78.24 £0.31 78.29 £0.05
MEH (%) 18.35 +0.08 18.33 £0.05 18.37 £0.05 18.43 £0.13 18.47 +0.08
HLAEWT (%) 2.78 +0.17° 3.18 £0.09" 3.61 +0.18* 3.36 £0.05® 3.04 £0. 04"
KA (%) 1.16 +0.01 1.18 £0.06 1.15+0.03 1.16 +0.03 1.14 +£0.01
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ERE, wDH, T, EEE
(1. SR B2 R R RIS, W0 SR 325035
2. WA K FFOFSEAR, H0VL M 325000)

W B ERERMT T NPWE AREAZES N K& N: P HAE IR 283 (Porphyra haitanensis) N P I I
B DL PR B I S A KO SRR T R (I S RIS, S5 AR, B SRR W W T ds e
NP O A il 2 39 7, 2 ORI IR S 100 pumol/ L I, 12 5830 NP8y RS0 A4 i) 132 30T g KA1 5
M4 NO, ~-N: NH, *-N BN 1:5 i), I 503000 N B W e b 31 B KM 35 50580 P i i i 2 bl NO, ™ -N:
NH, * =N A U6l N T A 18 5 3 505X N WRBGER 2 B 2 N P B AR 3 AT 384 K T % Py W A3 2 i
& N2 P A A RIS s FEBEU BEAR T 12 wmol/L (AL T 30 SR M AR K HUR IR LR 1 & BB P ik
FER)TH A, 57 12 wmol/L i, AN BRI

KB IR SR E SR T AR N P ISR A KR BT R

FESES: $986.43 SCERFRIREG : A

Effect of nutrient availability on nitrogen and phosphorus
uptake rate, growth rate and the content of
phycoerythrin in Porphyra haitanensis

MENG Qing-jun' , LIN Shao-zhen®, XIANG Bin-bin' , NAN Chun-rong'
(1. Marine Science Research Institute, Marine Science Department, Wenzhou Medical College, Wenzhou 325035, China;
2. Zhejiang Marine Culture Research Institute, Wenzhou 325000, China )

Abstract; The effect of nutrient availability on the uptake rates of nitrogen( N) and phosphorus(P) , and the
effect of P concentration on the growth rate and phycoerythrin content in Porphyra haitanensis were studied
under laboratory conditions. The uptake rates of N and P increased with their concentrations in the media,
and approached the highest at DIN more than 100 pwmol/L; the combination of NO; "-N and NH, *-N also
affected the uptake of N by P. haitanensis, and the best combination of NO, "-N and NH, " -N is NO, ~-N:
NH, "-N =1:5; the N uptake rate increased while the P uptake rate decreased with N: P increase; the growth
rate and PE content in P. haitanensis increased with the increase of P when the concentration of P was below
12 pwmol/L.

Key words: Porphyra haitanensis; nutrient availability ; nitrogen and phosphorus uptake rate; growth rate;

phycoerythrin
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E OE RIS FIR BB (0.0.2% 0.4% 0.6% 0.8% .1.0% ) [¥] 6 41523tk , MR FE5IR /K 1 65
( Colossoma brachypomum) (82.26 +5.13) g 60 d, #Ris7¢ RAFRIR K EHBRA: A ARYR 2% G 928 T R 19 52 1 R G
FEEH P RIS TR o 4531 :0. 6% AURIAE e AR KR RS R QSR R % & T 0.0.2% |
0.4% F11.0% 24 (P <0.05) ;0.6% .0.8% F1 1. 0% L EAA Lt BT 0.0. 2% F1 0. 4% 41 (P <0.05) ;0. 6% .
0.8% F1 1. 0% AR BEIRT 0 41 (P <0.05) ;0. 6% 20 % W B P e, B3 T 0 M 0.2% A (P <
0.05) ;0. 6% 218 AL AL R TE M i e, 3 T B 41 (P <0.05) 50. 6% ARV IR EHE M B & T 0
0.2% 4 (P <0.05) ; FHE KIS RRK FERSFAT RS 1 14 d P9,0.6% .0.8% F1 1.0% HRFET-H
WEMT 04 (P <0.05), LA ATSLIRHERR IR /K 88 4RI b a8 I3 o Y 52 SROBE B 42 oy I 2B KPR e DR
I ZE AER S S e T RE LU Mg /K S I R L BE i@ HAS N 0.6% ~0.8%

KBRS IR OK R A AR R R g s RE KRR I R
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Effects of dietary chitosan on growth and non-specific immunity of
freshwater spadefish ( Colossoma brachypomum )

TONG Chun'?, CAO Zhen-jie*, YANG Ling’, QING Yu-guang”, SUN Dong’
(1. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China;
2. Fresh Water Fishery Institute of Shandong Province, Jinan 250117, China)

Abstract ; Freshwater spadefish ( Colossoma brachypomum) with initial weight of (82.26 £5.13) g in netcage
were fed with diets supplemented with different levels of chitosan (0, 0.2% , 0.4% ,0.6% , 0.8% ,1.0% )
for 60d to examine the effects of dietary chitosan on growth and non-specific immunity of freshwater spadefish,
and the appropriate dosage of chitosan for dietary supplementation. The results showed that the final weight,
specific growth rate (SGR), feed efficiency ratio (FER) and protein efficiency ratio (PER) of group 0.6%
was highest, significantly higher than groups 0, 0.2% , 0.4% and 1.0% (P <0.05). Hepatosomatic
indexes (HSI) of groups 0.6% , 0.8% and 1.0% were significantly lower than groups 0, 0.2% and 0.4%
(P <0.05). Viscerosomatic index ( VSI) of groups 0.6% , 0.8% and 1.0% were significantly lower than
group O( P <0.05). Activity of lysozyme (LZM) of group 0. 6% was highest, significantly higher than groups
0 and 0.2% (P <0.05). Activity of super oxide dismutase (SOD) of group 0.6% was significantly higher
than that of other groups (P <0.05). Activity of acid phosphatase (ACP) of group 0.6% was higher than

W B #1:2009-09-21

EETA IRA R RF T (20061903)

EER - 4R(1986 - ) , %, M LWFTEAE , %l Jy [l Rk 7= S8 77 5 it . E-mail : tongchun86@ 163. com
BIAEE IR/, E-mail ; caozhenjie2009@ 163. com
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groups 0 and 0.2% (P <0.05). Mortality of groups 0.6% , 0.8% and 1.0% were significantly lower than

group O( P <0.05) after being challenged with live Aeromonas hydrophila in 14 d. Thus adding chitosan in

freshwater spadefish feed appropriately can improve their growth performance, feed utilization, non-specific

immune function and the resistance to infection with Aeromonas hydrophila. The supplement of 0.6% ~0.8%

chitosan was optimum for the feed of freshwater spadefish.

Key words: chitosan ; freshwater spadefish; growth; non-specific immunity ; Aeromonas hydrophila
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Tab.1 Formulation and nutrient composition of the experimental diets
il gy SERMKF

0 0.2% 0.4% 0.6% 0.8% 1.0%
iR ) 15 15 15 15 15 15
=2H 30 30 30 30 30 30
B3 15 15 15 15 15 15
=253 5 5 5 5 5 5
WKy 27 26.8 26.6 26.4 26.2 26
a3 3 3 3 3 3 3
TR 0 0.2 0.4 0.6 0.8 1.0
TCHLERTRIR 7 3.5 3.5 3.5 3.5 3.5 3.5
Y tE Z TR ) 1.5 1.5 1.5 1.5 1.5 1.5
BIRAL (%)
K4y 9.72%
HEH 34.75 %
FHAE 7.46%
HLK S 9.38%

e 1 BHLIERFUER (BT 78 & &) : NaF, 2 mg; KI, 0.08 mg; CoCl,,6H,0, 1 mg; CuSO,+5H,0, 10 mg; FeSO,-H,0, 74 mg; ZnSO, -
H,0, 50 mg; MnSO,-H,0, 60 mg; MgSO, -7H,0, 1 000 mg; K,HPO;-3H,0, 6 000 mg; NaH, PO; -2H,0, 5 000 mg; NaCl, 100 mg;

CaCO;, 4 g,

2. A F PR (T 50 A ) BN (BL) |, 20 mgs #8535 (B2) , 40 mg; MERSME(B6) | 20 mg; M2 (BI2) | 0.1 mg; W HLERSH
FIZEME(K3) , 10 mg; JJUEE( inositol) , 1 000 mg; JZM2, 60 mg; KR, 200 mg; A:4% (H) |, 1.23 mg; MFHBE(A) , 25 000 1U;
EBE(D) , 2500 IU; AEF B (E) , 120 mg; FRMAR(C) , 2 112 mg; SAILIAAE, 2 500 mg,

L4 R RS b
1.41 HRHERE

60 d FRIHA S EE AT, PV L g £ 24 b, X
A FE BT A IRK VBRI e AR L, B S
FAREALIR 3 FEIR K 5 0 9! B T 5 JRR e, U 5
i N R KB , 43 ) & T AN [\ 4 5 125008 h
TPATIG, FrIBUMRTE 2 il T R E L h R
)5, A 4 CUKFATPERE 4 h, BT 4 CHEh
L4 000 r/min & .0 10 min, YL & F 2 15,
=20 CHRAF, S BT U 7E 4 C R A

BB it 58 BSU A R VK 8 IR P AT O
PR 5 J 0 0 L ER U , ] A TR AR ok
WK AR T2 K 73, HFHER AR
1.4.2 HRESH

B IR A < 7K o3 R IR T8k (105
C) ML R B E B2 LR D A I < L)L &
Bk PR, R 2R TRl 3k s MUK O3 J2 1 A8
HBERE (550 C) T

VS TR R T )3 < SR D T ) A (T g e
AR TR IE I P ) DU AE o B ) B
SCA 8 B BRI O (R 5 23 B0 TR I 0. 001 E LK
— NS PR, B IYE TR 0.2 mL,

ALY AL B TS ) < R ATE A AL B AL
R & (T re ot AR ) AR RIS BT 7 )

SE o BTG 1B SO AE 1 mL SR, By
BRI AR R = By 3 R AR TR 50% B 1Y Tl A
B I I F 2 30wl

T2 P ol TR I 15 ) < R FH TR A W 1 )
(g o S A ) TR ST ) W o WS )
B E Ry 2100 mL L& 7E 37 C 5IRYE 15
min 74 1 mg [k B0, B I I A Ry 20
plo
1.5 W#F

I 7K P TRV B LR R R A A B
2B, PO T A B AR OB R O B R = 3 x 10°
CFU/ml, 60 d F5H I 45 WG, B4 B 10 )2
ROK SR B 7 S 0, SR R I TR ik R
TEST0. 3 mL B, M B 14 d, 10 SRAE TS
T
1.6 it 551t

FLHG B HGE I LT Ok

Ry =100 x (InW, - InW,) /1 (1)
Ry, =100 x (W, = W,) /I, (2)
RPEZIOOX(Wt—Wo)/<[{1XPd) (3)
Iys =100 x W,/ W, (4)
L =100 x W,/ W, (5)
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(%) s Rop NEEA BB (% ) s Iys ML (% ) 5
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Lis ARFIREE (% ) s Wo HRIIRIATE (g) s W, W
IRE (g) s W, WEZRMAERIE () ; W, ALK E
(g) 3¢ FSEHRFIE] (min) 57, R H A T4 5 L
(g) ;P oATR AR SR (g) o

>R SPSS 16. 0 1% 48 24 B et A7 07 2293
Hr#l Duncan’ s ZEA R (P <0.05 RN 252

) o
2 4

60 d F7 4 5 6 45 i, 25 WOAR I R 3
100% o Hh2 2 WA, IROK B B AC A R R A

KRt FE BRI L T 5 e K N
Hrp0.6% AARGE M EAERKREK, BER
F0.0.2% 0.4% 1 1.0% 41 (P <0.05) , /& 0 4
91,34 £ o TP RERICR R 115 R0 A R 98
P AR RN EAK T 0. 6% B Ws N, it
0. 6% J5ZH/ ;0. 6% 21 (4 Rl R AN 1 i
BRI E Ay k] 72. 86% 1 209. 66% |, 25
F0.0.2% 0.4% F1 1.0% 41 (P <0.05) ;0. 8%
LR RRIRCR TN R A R AR W 5 T 0 41(P <
0.05), SHESHAN LR EER(P>0.05),

R2 ARRRMFEREX KK AL ERKMERF AR
Tab.2 Effects of dietary chitosan on growth performance and feed utilization for Colossoma brachyopmum
fed experimental diets for 60 d

SERM AR
0 0.2% 0.4% 0.6% 0.8% 1.0%
WA (g) 82.70 +6.2 82.30 £5.1 82.50 £3.2 83.00 5.1 82.20 £6.3 83.10 £5.2
KIEH (g) 170.92 +9.1°¢ 177.39 +8.9¢ 191.10 £9.5" 219.39 £9.8° 207.09 +8. 4 195.99 +8.7"
FEERE(%) 1.21 £0.05°¢ 1.28 £0.010° 1.40 £0.05" 1.62 £0.12° 1.54 +0.05" 1.43 +0.08"
TR (%) 53.51 +3.36° 63.25 £3.74" 65.70 £1.57" 72.86 £3.96° 67.76 £3.72  66.99 +3.02"
BEEAE(%) 153.98 +10.02° 182.03 +10.78" 189.06 £9.52"  209.66 +11.41* 194.98 +10.71%" 192.49 +8.69"

T BTG AR T BRI 3R 2253 .3 (P <0.05) , Tl

ROK BB AR EL B 5 SOBES n B | T
BN FE3),1.0% AR /D, BT 0,
0.2% F10.4% 41 (P <0.05) ,5 0. 6% F10. 8% 4]

TREZE(P>0.05), 0.6% .0.8% Fl 1.0%
2 AR JC B 35 25 55 (P > 0. 05) , 1 i 3K
F041(P<0.05),

F3 AR RN TS R AEXT 5K B 88 A& bk A0 BT Bk B9 220
Tab.3 Effects of dietary chitosan on viscerosomatic and hepatosomatic indexes of Colossoma brachyopmum
fed experimental diets for 60 d

0 0.2% 0.4% 0.6% 0.8% 1.0%
WEAA L (% ) 9.94 +1.03" 9.68 +0.80" 9.61 +0.65" 8.01 =0.50" 7.97 £0.52" 7.65 £0.76"
JFH (%) 1.60 +0.09° 1.52 £0.06 1.48 £0.04% 1.40 £0.05" 1.42 +0.06" 1.40 £0.09"

RIEFE ARG E5 Rk 4 TR ,0. 6% 41
VDA S PR SR, W R T 0 1 0.2% 4 (P <
0.05) ;0. 6% 21 A Ak P B AL s P B 2 v T O
BAA (P <0.05);0 41H1 0. 2% 4 W E KT

0.4% 0.8% F11.0% 41 (P <0.05) ;0.6% 4 fat:
TR T 05 1 o e, 2 R T 0 R 0.2% £;0.4%
0.8% FIll. 0% 41 . 2 = F 0 41 (P <0.05),50.2%
F10.6% HIC B EZEF(P>0.05),

F4 (ARRRMEREXRKBEIEFRERBZNZN
Tab.4 Effects of dietary chitosan on non-specific immunity of Colossoma brachyopmum
fed experimental diets for 60 d

Uit
0 0.2% 0.4% 0.6% 0.8% 1.0%
AR (U/mL) 366.00 +16.71° 598.55 +11.88" 690.24 +16.69™ 799.08 +17.99* 708.61 = 14.94" 701.79 +15.93*
ALY AL (U/mL)  152.87 £2.98°  155.86 +1.97° 168.38 +2.74>  180.07 £3.64" 170.34 +3.99" 166.47 +2.89"
TR PE R i (U/100mL) 9.06 £0.56° 10.01 £0.65" 11.10+0.49®  12.57 +0.58" 11.52+0.62* 10.94 +0.64™
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oK FSETE S K MR Mg fs 14 d Iy,
0.8% HACLT - HiAk, 5 0. 6% 41 8] . % 2 5+
(P>0.05);1.0% 4AbT- % 8% mF 0. 8% 41,

HEEMT 04 (P<0.05), 5HEH T #2%E
S(P>0.05).

x5 ZBKSERERS M dERKAENETE
Tab.5 Mortality of Colossoma brachyopmum after being challenged with live Aeromonas hydrophila for 14 d

ST R
0 0.2% 0.4% 0.6% 0.8% 1.0%
BET-R (% ) 76.67 +£1.01° 66.67 £2.00% 66.67 £1.06% 43.33 £1.21% 30.00 £1.03¢ 53.33 £1.42°
[;%m]
o
3 Tj‘l/b\ 23 % m 2
e B AR E K IR S IR

FHEAE % E ( Pagrosomus major) , Shiau
SEUS B R £ Kono 4517 i 2 7 14 ( Lutjanus
campecha-mus ) K H Z< 8 iffj ( Anguilla japonica) 1g
G R BUR T A S B s A K R AR
BB W FE AR UL S T B Ak rp S 3k 6 1) e SR OB g
B v S A B AR PR REFARDRL R R (P <
0.05) o 7 RMEAE A RS I, 32 2 i LT
AR vy AR A AR A RE AL T 5 R H T
455 SR N IRIE R B, Sl | bR E BRI, AR AP
B R e 2R fA R i PN AT A R R 0 B, A
T TEHE % AR Sl D R A B A K B2 ,
JilE AR AR, B i A A AL AL AE s 32 iR
BRI IR AE P 25 5 | A T, LA ST AR AR
BERR T B 5 A8 0B aE i — 2= PR3P,
FER KA [, PRAP Rk IR 23, Bl 1k 5 A8 AN 5 Gt
K

AT W 5 K AL R K 18R GRRE R S
0. 6% [Y5C MR A 0 35 A 42 ey LR i AR R
PRI BUSCR 94 (P <0.05) 5 {H 24
FERMKTHE T 0. 8% B, e B K b iR
R B R B — 22 1 Tk, S 2 T
FE(P<0.05), Ui 0.6% ~0.8% I¥)5¢ BT
AR5 32 9 IR /K B8 B0 A K B 4 s ) T 36
(P<0.05),MMi#ET 0. 8% 1) 7c FMH X = iR K
S A A AP BE AR R T A 0 1 G245 2R i
F T AR RS 78 RN 0. 5% 7k
ffs s A S i 0. 5% 11, T R PR Ol AR T 5
By 0] ¢ OB LA A ROR G 22 5. Rk
70 M ST B AR IR K 15 7 A K 1 B AN ARDEL A1)
P, AT REIE PR 58 SROME HA AR i 14 W T g
HEETAYRE ST, A B IS Iy W B T A S AR K i
i 148 7 W) J5, TS B AL OCRE T R

BTG AE R R AR, 5 T BCEARIIE R, T
FEFIIFIAR L3 O, 3l e R i 107 A0 B B, B0
BB IMRAR ™ o S SRMAE £ (A Py LAY I fiL 11 B S
TS, ] 5 AR FAH R 25 5, A {H s JiH
(5 A JEP R R S U 30 e (T P AL [ e
AE AR, AT AR AR EE > o i, 56 i
SIS RO E R (IR S 8 £ AR L 9 i A AR
Z RPN 0. 5% ~ 1. 0% 5E RBEREA AL AR
5 A6 (PR LG BRI &5 52, 2 AR A g o
AT Y 7E R A (0. 1% ~0.9% ) fEA AL
LTS BOR Py IEFE 50 2% AR S A R
HHES TN 0. 6% 158 R HAT 25 M IR K 1 65
HEAA EERITFA FE B 45 (P <0..05) , EIE T 35 4
AN ImFe R RE AR = sh W I HE N 105 A 4 5 R A
JPREE ) BILIAC TG 3, AR AR P AEE 9 A7 5 A0 T 4
A TR R R A TR B AR A L R
o

VTR T R ST A T R R P A R RS 1
SEVPA S st Iy (% S B b R
S FH I 2 20 3 5 0 P B A T , 24 B A 32 2
JRBGE Y, F1 40 3R S e e IX, [ [l S M) b 47
AR, SR A Wt 40 3% 8 o, A R A I P A
VA TR , DRt A W 1 A ) 1 9 L 3 B T U R
R A AR AR o ARSI VR 58 SO AL 1 i
VA RS T 3 T IR AL (P <0.05) , IfAE
— i U [ A B 7 SRR A K Ty, O T
0. 6% [T I P R K, ISR i 78
B SRR PR ASIeHGE. TRE 2N
T FE R B RGP, W e A 40 i L
et RAEAE AL U T R A I 200 M, s
JRyRZH R, fre R AR M 1 A, 44k i J6 7 O I A
AR ey 5 0 Y 0 A, ol A U A T 48 i, DAL T B
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[RER LN R R

7 4T A il 3 P 5 I AR 9 7K T 2 U
AHSG , XoF T4 9 5 0k 240 1 975 0 20 R A S HILAA
(SR L AE A T T R Al A 5 1 o
Ay S E W A0 L 1) s R e, HCYs T ) v I s e 1
F AN ST R R R AL s A L
Yyl N —Fh B S BT R ALEE , 7T DLV BRALIA N 2
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Study on the red-rotting disease of Porphyra blades

HUANG Lin-bin'*, YAN Xing-hong'
(1. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China;
2. Key Laboratory of Exploration and Utilization of Aquatic Genetic Resources, Shanghai Ocean University,
Ministry of Education, Shanghai 201306, China)

Abstract ; A strain of pathogenic bacterium was isolated from the blades of wild type Porphyra haitanensis with
red-rotting disease collected from the wild population along the coasts of Pingtan Island of Fujian Province.
The bacterium had a 100% similarity with Cobetia marina ( Oceanospirillales, Proteobacteria) according to
analysis of the 16S rDNA array. After the pathogenic bacterium was cultured in liquid medium for a period
of time, an amount of bacterial suspension was inoculated onto the blades of different Porphyra in an
artificial re-infection. It was found that the isolated bacterium could infect the healthy wild type P. haitanensis
blades with the same symptoms to the diseased blades in the field, and the different species of Porphyra ( P.
haitanensis, Porphyra yezoensis, and Porphyra sp. ) blades and different strains of P. haitanensis ( AN-2,
YZ-6, JIU-7, ZS-1) blades were all infected rapidly with the same symptoms to the wild type P. haitanensis

blades in which the infected cells were in rust color and several single cells were enzymatically decomposed
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from the blades. It was concluded that the bacterium isolated was the pathogen of red — rotting disease of P.

haitanensts blades and could also infect blades of Porphyra spp. rapidly.

Key words : Porphyra haitanensis ; Porphyra yezoensis ;blade ; pathogen ; infection ;red-rotting disease
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blades infected with the pathogen ( microscopic)
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Symptoms of 3 different Porphyra
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Abstract ; Over the past decades, with the decline of economic finfish stocks around the world, the short-life
cycle squid has become one of important fishing targets and its total catches keep on increasing. Becasue the
short-life cycle squid is sensitive responding to environmental changes with great abundence fluctuations,
which sometimes reduces the recruitment to the stocks, the assessment and management do not work well

based on traditional population dynamic models. In this paper, we review the development of methods and
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models used in this field, current researches could explain the mechanism of how environmental factors

influence the stock of squids to a certain extent, however they could not predict the change of stock based on

environmental factors successfully. and we also conclude the characteristics of squid habitat and the influences

of environmental changes on squid life cycle ( post-hatching, larval, growth and spawning) and its

recruitment. Finally, we point out the problem for the current research, and highlight the future work. We

should focus on the life stage from post hatching to larval with high effect by marine environment so that we

can improve the estimate of recruitment of squids and provide comprehensive theoretical basis for squid stock

assessment.

Key words :squid; oceanographic environment; stock recruitment; life stage of squid
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standardization modeling, nominal CPUE is as a response variable which usually can be calculated in three
methods: (1) for every record, CPUE is calculated by catch dividing the corresponding effort, and the all
CPUEs were input the model; (2) all fisheries data records are first grouped by one spatial scale ( fishing
grid, such as 0.5° x0.5° ) , then for every grid, average CPUE is calculated by all CPUE dividing the
number of records, all average CPUEs of fishing grids are as the model input; (3) the fisheries data grouping
and the model input are same as (2), but the average CPUE for every grid is calculated by total catch
dividing total fishing effort. For evaluating impacts of different nominal CPUE inputs on CPUE standardization
modeling, Chinese lllex argentinus fishery in the South Atlantic Ocean was,as a study case, the three above-
mentioned nominal CPUEs calculated from this fisheries data were input generalized additive models which
were used to standardize these CPUEs. The corresponding models were GAM,, GAM, and GAM_,
respectively. The results derived from the GAMs were compared. From these analysis, there were differences
among these standardized CPUEs derived from the three GAMs. GAM, and GAM_ showed similar trends in
standardized CPUEs. But there were significant variances between GAM, and the latter two GAMs in the
values of standardized CPUE, coefficient of variance and the variance contribution rate of each explanatory
variable in the models. The differences among these GAMs were mainly owing to sample numbers, the
assumption for calculating fishing effort, the spatio-temporal scale for grouping fisheries data and model
selection, etc. On the summary, the certainties due to different calculating methods for CPUE should be
considered when commercial fisheries data were used to analyze the status of fisheries stock.

Key words: CPUE standardization; generalized additive model; Southwest Atlantic Ocean; lllex Argentinus
fishery
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Tab.1 Statistical test of each GAM for model selection

A GAM, GAM, GAM,
s P J7 22 SRR (%) J7 22 5T (% ) P J7 22 TR (%)
year 1.0329 0.967 0 0.634 1
month 0.448 3 2.6875 2.198 1
s( longitude) 0.000 0 5.721 0 0.000 1 3.806 8 0.000 3 4.019 2
s( latitude) 0.000 0 1.036 9 0.000 0 4.045 5 0.000 0 4.3150
s(sst) 0.000 0 2.8218 0.001 9 1.150 2 0.001 6 1.1954
s(ssh) 0.000 1 0.356 5 0.018 0 1.1275 0.026 8 1.014 2
s(chl) 0.000 0 1.123 4 0.041 6 0.911 2 0.057 7
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and population increasing, the coastal zones suffered the growing pressure. As an effective mechanism for
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MEMZFNEERELERE
W% 42 Zh 71 2 45 AR B 32

1 = — 1 2 o113
Bk, BT, KEH, 264
N 1 1 1 ) 1
BYE, TME, KL, AR
(1. RIRTER K™ A be, i 201306,
2. REK RO BE AR AR BT, i 200090 ;
3. Wiy LoFBE TR EBE, 115 R 222005)

¥ W9 THFE (Enteromorpha prolifera) FZ&HF & ( Enteromorpha clathrata)) 1528 N 44T B K B2
Wl Ty A RAE . 25 B WF B RN AW B S AR H AR KR AR 17.30% 1 16. 82% ; WF & A4 & B4
LHAEIRIE 25 CHDERE 140 pmol/ (m’ »s) B4 1F Rk BRI K HAE KR, 40000 78.9% F182.1% . 7 1
~10 g/L 2% BESE P , BF & RIS B 0T NH, * =N {10 52 5032k S5 6 285 2 AT () (g 1 I im 38, Y e R o8 10 o/
LB, NH, " -N ¥k BE 43 I TR T 86.43% 1 84. 13%  PAMHF &% NH, *-N WRH 2 54 i b NH, " -N W &2
WML R FE NH, " -N YR 400 wmol/L B, 30 min J5 i & A 45 1 & 9 WG 2243 5] oy 421 i 409
pmol/ (gDW -h) , B Wi & IS s M A B B F2 0 7E 400 wmol/L I MR BE T, Wr & FIARIF
BT NH, " -N YIRS 22 P e () A2 AL 230 3 AR B B 7E 75 min P2 PR IR W B, 75 ~ 185 min iy YR
NH, " -N #5i F IS B , 250 min J5 R 4h 5t NH, =N e B 4254 i WS B 5 £ 700 min Ji5 , W& AR & 1 IR
s Ha 5y 51 41.3 F137.7 pmol/ (gDW +h) o IZBHF 5 45 5 Sy FRAR W & 2 0 1 e 2R AL ) B PPN L T AR 28
ARG PRAL T B R

SRR B0 W AR E s B AR A AR T

FESES: Q178.1; S968.41 CHAPRIRAD : A

Preliminary study on growth and NH, * -N uptake kinetics of
Enteromorpha prolifera and Enteromorpha clathrata

TIAN Qian-tao', HUO Yuan-zi' , ZHANG Han-ye*, LI Xin-shu'’, FENG Zi-hui',
WANG Yang-yang', ZHANG Yin-jiang', HE Pei-min'
(1. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China;
2. East China Sea Fishery Research Institute, Chinese Academy of Fishery Sciences, Shanghai 200090, China;
3. School of Marine Science and Technology, Huaihai Institute of Technology, Lianyungang 222005, China)

Abstract ;: The growth and NH, * -N uptake kinetics of Enteromorpha prolifera and Enteromorpha clathrata were
measured in the laboratory. The results showed that the growth rate of body weight of E. prolifera and E.
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clathrata mature thulli were 17.30 % per day and 16.82 % per day, while the growth rate of body length of
seedling which cultured at 25 °C and 140 pmol/(m’-s) were as high as 85. 10 % per day and 78.90 % per
day. The ability of NH, " -N uptake was enhanced by seaweed culture density (1 ~10 g/L) and experimental
time (in 7 h) increasing. The highest efficiency NH, * -N uptake with highest density (10 g/L) of E. prolifera
and E. clathrata was up to 86.43 % and 84. 13 % , respectively, after 7 h. The NH, " -N uptake rate of E.
prolifera and E. clathrata was positively correlated with NH, *-N concentration, and NH, *-N uptake rate of
E. prolifera and E. clathrata was 421 and 409 pmol/(gDW-h) under initial 400 pmol/Lafter 30 min, which
means that the NH, * -N uptake mode was passive diffusion for E. prolifera and E. clathrata. tenuistipitata.
Three distinct succeeding phases of NH, " -N uptake were identified for E. prolifera and E. clathrata cultured at
400 wmol/L: (1) surge uptake phase in 75 min; (2) internally controlled uptake phase between 75 ~ 185
min and (3) externally controlled uptake phase after 250 min; the NH, * -N uptake rate of E. prolifera and E.
clathrata was 41.3 and 37.7 pmol/(gDW-h) , respectively, after 700 min. The results of this study would
provide important theory data for understanding burst mechanism of green tides and evaluating the effects of it
on marine ecosystem.

Key words: green tides; Enteromorpha prolifera; Enteromorpha clathrata; growth rate; NH, " -N uptake

kinetics

RBLHE I 4 B R I A R IR, IR Oy © ¢
" (Green tide) . H 20 {22 80 =L LK, 7E 1H:
S PN B 3 76 | T AT TN SR O —
KW kRS SR 4", Morand Fl
Briand " 45A T 37 AN E R 44 Schramm
FI Nienhuis "' 81 2 1 KR 9 A1 9 52 2 11 5 0 £
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JLIE R X2 EPAN P i
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ROM AN E B I B, SR AL T /LR
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AR AR AR R R ILBEE 20,25 275 30 Al
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1.5.1 AEFEEEREME NH, " -N ERURMNE
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1.5.3 A[EAEEAST NH, *-N BRHE 20 E

B SR NH, " -N YR JEE 4y 400 pumol/ T, B )
A 0.3 ¢ JRHE FAK, TSLHIT A5 5 15 min 30
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I 2 SKALAR® i gy /A A AT NH, *-N
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1.6.3 HEHH

Joi 1 SPSS 130 A A4 %o B4l il A7 e 153 7 o
B A AN NH, =N i sl 1) 2 R IE S5 2
W one-way ANOVA” [ )5 46647 2 8 L #K,
DA P <0.051F 2k 22 5 0 & VR AKF- BT is Bl 34 LA
EEME  REZEFRR

2 4

2.1 BEMAREARR AR R E

P L OAARSEIR 2R AE T, W & 0 25 o R A
FEAA AR R (Y SR 25 R . fESCIRAT 3 d,
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RWFEERRIE R TR, IE 25 A 3%
(P>0.05) i MR E EEARF BT H A
H KA 17.30% +£5.0% F116.82% +£5.2%

& oo | owrw g

TEl/d

B A & B AR EAT X A R
Fig.1 The relative growth rate of body weight for
E. prolifera and E. clathrata thulli
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PR H AR AR KRR 2 DL 2, FEIREE 20 °C
125 °C I, PR & A i A H A A K 8y
TRIFTE 40% LA |, 38w T H B R B A T A
K (P<0.05), YEHAGHRE K 140 pmol/ ( m’-s)
I WFE R E S TE 25 °C A HARXS 2R
KR E R T 20 °C IIRK HARX A KA, BR
30 °C F132.5 °C &b, AN & 4 H AR H AN AR
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ol w0 e 10 10
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b PRI 4l P A A v, R 2 B
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20 ~ 140 pmol/ (m’ -s) M JEIRAAF T, WiFhHF &5
YRR HAEX A E KR EZ R AR E (P >0.05),
HH & 2 A %0, 7E 25 °C F1 140 wmol/ (m’* +s) I}, 1F
BT E R HAX A KRS58 78.9% +
3.32%F82.1% +2.21% , & 3 RiF &S 41
25 °C 1140 pmol/ (m’«s) Z5f FAEK &L

P0r 020 'C
80 f 025 C
B27.5 C
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032.5 C

YR K H AR AR /%
'S
(=]
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B2 (a) FIZRTFE (b) S HARX A R
Fig. 2 The relative growth rate of seedling length in E. prolifera(a) and E. clathrata(b)

325 °C 140 wmol/ (m” «s) KEFRAAF T WF & 4yt AE KA
Fig. 3 Growth of E. prolifera seedlings cultured at 25 °C and 140 pmol/(m’-s)
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WIS HIFEAR T 86.43% 1 84.13% , Wi Z ] 22

250 ——1 g/L

N -0-2 g/L
< 200} -3 g/L
2 ——4 g/L
= 150} —5g/L
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T 100} 10 g/L
= 50
0 N L L
1 3 5 7
i) /h

a

NH, N/ (1 mol/L)

FARE(P>0.05),

250 o ; g//t
St
150 a3 4
100 b 10 g/L
50
0

1 3 5 7
Ff i) /h
b

K4 8 (a) FIARHFE (b) BEAAS X NH, *-N 3 B2 R AIR A 5
Fig. 4 Effect of different blade density of E. prolifera (a) and E. clathrata (b) on the decrease of NH, " -N concentration
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W, WS AW & X NH, " -N B s % 5
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0.01), 3 W] 7 B B (8] Y, WF 5 F0 2% 0F 5 X4
NH, "-N (WAL o 9 34 i, A2 NH, *-N %
JE2 400 pmol/L if,0. 5 h J5, #F & Fl 5% 1iF & X
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h) F1(409 £22.3) pumol/(gDW-h) , & £ H A
BFE(P>0.05),
BHE O&ME

]
g

(=]
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g
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Fig. 5 Effect of different NH, *-N concentrations on

uptake ratein E. prolifera and E. clathrata
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Fig. 6 Changes of NH, *-N uptake rates in E. prolifera

uptake rate in E. prolifera and E. clathrata

P, BRI GHEAGAF] T 405 pumol/ (gDW +h)
MAEFAF HY 75 ~ 185 min WIS 3R AH X bE 4 52
g R SCHCE R 69 ~ 164 wmol/ (gDW -h) |, 7 250
min 2 5 WSCH AR LA FE T - 2%, IIHIF 5 T A%
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Application of compound constructed wetland for treating
agricultural non-point source pollution

FAN Zhi-feng' , LI Ping’, WANG Li-qing', JI Gao-hua', QIU Xue-mei’
(1. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai, 201306, China;
2. Shanghai Qingpu District Irrigation and Drainage Management Bureaw, Shanghai, 201700, China)

Abstract ; Compound constructed wetland was applied in treating agricultural irrigation polluted water studied
the removal effect on nutrients and heavy metals influenced by it. The results indicated that in the case of low
pollution load, the removal rate on total nitrogen (TN ), ammonia nitrogen ( NH;-N) , nitrate nitrogen ( NO,-
N) as well as nitrite nitrogen ( NO,-N) in wetland system were 44. 11% ,18. 90% ,52. 86% and 73. 32%
respectively. The removal rate on total phosphorus (TP) , organic compounds ( COD,, ) and chlorophyll a
(Chla) were 49.46% ,16.77% and 75.82% . Correspondingly, the water has improved 1 —2 water quality
grade compared with that of water before treatment . The removal effect on organic compounds was not
significant, while it had better purification effect on chlorophylla. The removal effect on heavy metals such as
Cu, Zn, As, Se, Hg, Cr and Pb were 74.7% ,85.3% ,21.2% ,40.0% ,30.4% ,41.3% and 33.5% . The

total phosphorus and chlorophyll a showed an extreme significant difference the nitrite nitrogen and organic
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compounds showed significant difference after treatment by wetland system. The water quality of treated water

could absolutely meet the environmental quality standard of irrigation water for greenhouse vegetables.

Key words : compound constructed wetland system; agriculture irrigation water; water purification ;removal
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Fig. 1 The planar graph of compound constructed wetland
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Fig. 4 The removal effect on CODy,, in wetland system
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Effect of extrusion processing on physical properties of
texturized products in low value aquatic protein

YANG Tao, XIN Jian-mei, XU Qing, LUO Hong-yu
( Faculty of Food and Pharmacy, Zhejiang Ocean University, Zhoushan 316004, China)

Abstract: The waste scrap from the North Pacific squid processing was used as raw material. Effect of
extrusion process parameters on the physical properties of extruded squid protein using a twin screw extruder
was studied employing response surface methodology. Twin extrusion cooking running parameters, feed
moisture, barrel temperature and screw speed were examined as input variables. Meanwhile, as output
variables, physical properties of the resultant extrudates included moisture and bulk density. Results showed
that moisture content of extrudates was affected intensely by feed moisture which had positive correlation.
Interaction of feed moisture and barrel temperature had significant influence on both water content and bulk
density. Polynomial regression equations of process variables with two physical properties were obtained with
R’ =0.952 and R* =0. 815, respectively. Both of regression equations were highly credible.

Key words: extrusion cooking; process parameter; response surface methodology; physical properties; North

Pacific squid

MRAEA= E A AR E AL N —B BEOR = s B E AT STk A 5835 . BF

Y75 B #A:2009-07-29
E S B WA BT 28 H (2007C13044 ) 5 #i VL4 #i i AA 32155 H (2008 R40G2110029)

EE®N A (1984 - ) 55 WEAFFE A, Tl J5 1o il v AR e 05T R S A o E-mail ; y1286983209@ 126. com
BIES B 45, E-mail : 1isa8919@ 163. com



266

ISR VNI B

19 %

PR I3 B 2 R R BT H R JE SR T T DR
A OCR BT R K 3, WK S 4 41
TR 1 S ) R o MR B T LR
W5 ) R A JEE , o mT LA S e s 5 i ) 2 i
TR EREILS " HE B B 5 57 th W Ak R U
HOR AR o TR & B RIHE AR L B 5% HH )
4 FES

RO AEL /K ™ 2 R A LR A R B B
FEZE A A SRR K P2 3 R 2 H AR, 0
FEHF B AE 2 JOR B 0 BRSP4 52 ) 2 5
WX —HARAY RIS o R{E/K = 8 B 2L R
Ja P i 2O 5 B s LG B A 2 O B A R )
(950 DRI, 45 B A 2 BOHIR A /K 7= 4R 1 R 5 11
Py B J5T 145 W i U TR A A

WFFE R 2 H Y2 PR A0 P R o 7 U
PR B L h, ERBRES B YIRSk
I LA L BT e S X 5 L ) 1 K R
HERE BRI o BRIEI 3 M RES RS R S
AR W A5 H 7 4 9 7K 535 A0 AR
JEE o B L B KO E R SRR SR BE
W HE R L S B E S RO [l I 45 T R

O e S DR

up
JUAOT- o £ 300 Rk el v K= - L
ol 2w R, BERAE - 18 C R
1.2 FERE AR

SYSLG30 — IV XUEFF 85 Fe AL, T m 28 A 1A F
FF A R W HGE3 /K43 B shill /& X, M4
—FERN 20 F) ZK LG REHL, T34 SRk i B
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FARPRIIE . A SOBURATBE AL, 17 HIL 16 ek 0 A
TP R B BOE (AR 2 1B AT IN, FF A MR
1.3.2 XKHSEWNE

IKAY Er R E R E R
1.3.3 HRAZEHNNE

HER P R — E A T R R
FEe i Pt T s R B E L 6 B fgiE Lt 14
H i 1) kL, 2R 5 B SRS A 100 mL 4 f7) 2 %)
BE, FEAR A B it HEALUE BE (bulk density,

Dy) IHEAT

D, =W/V (1)
o VAR RBU(m® ) W R RE R B (kg) 5D,
AHEBUEE (kg/m’) .

1.3.4 BRIESEXIFHOWEMERAZ M

TEREPRE T 7K IR AL AT L B2 AT A
HAS &, B SR E 5 K, 5 AR RS
~1.682, —1.0.1.1.682 FR, LA ¥y K 43
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Tab.1 Values assigned to process variables for response surface analysis

. A I
BirRR R ~1.682 -1 0 1 1.682
Yrha K (% ) A 31.59 35 40 45 48.41
HUETIREE (C) B 123 130 140 150 157
BB (Hz) C 16.59 20 25 30 33.41

T : SYSLG30-1V BUBSURFF-5F IEALBAT 48 B AKX 1 Hz =7.2 v/min,
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Tab.2 Results and design of response surface analysis test

. Tt
ig=2 1 B C Y1 Y2
1 1 1 1 32.98 367.63
2 1 1 -1 29.11 359.62
3 1 -1 1 27.07 303.38
4 1 -1 -1 28.78 339.13
5 -1 1 1 21.82 324.75
6 -1 1 -1 21.68 326.13
7 -1 -1 1 21.75 314.25
8 -1 -1 -1 21.94 344.63
9 -1.682 0 0 19. 81 370.89
10 1.682 0 0 31.23 317.52
11 0 -1.682 0 26.83 320.17
12 0 1.682 0 25.74 308. 65
13 0 0 -1.682 26.28 318.23
14 0 0 1.682 25.62 303.69
15 0 0 0 23.51 373.13
16 0 0 0 23.78 369.75
17 0 0 0 24.01 370.34
18 0 0 0 23.69 373.01
19 0 0 0 24.26 372.71
20 0 0 0 24.31 370.51
21 0 0 0 23.67 371.39
22 0 0 0 23.59 373.21
23 0 0 0 24.88 369.88

WYy AEFHPIR G S (% 003 Y, KB R (kg/m?)

MR 2 Bt A7 2 oC [ IH U4, 3R 5F

ko (Y, ) FIMERUE BE (Y,) X 4 % 5 22

17.202B* —17.207C* ,P =0. 001 <0.01,R* =0. 819,
W7 25y Al A AR ik ) ik &

YIRS K& (% ) HLEREE (°C) RAFFE 3 (Hz)
) IR 5 B 5 R AT

Y, =23.975 +3. 6584 +0. 309B +0. 073C +
0. 804AB +0.276AC +0. 739BC +0. 4674 +0. 738
B> +0.619C*,P =0.001 <0.01,R* =0. 952,

Y, =372.056 —4. 0624 +2.961B - 4. 538C +

TGRSR B AT g B A S 24, OF EL AN 7 R el {5
BER s RIS T — Ty T a] IR YRR AR S
Kot B oK o3 & A HERVE L, 55 — 5 I
L n] DR X5 A o3 5 i HE R 5 i 2
KHRESEL

XA AT A RO A 8 3 PR A B, 45 2R

16.978AB + 4.305AC + 7.430BC - 6. 1404° —

W#3.FK4.

R3 FHMASSERNHERREHNEZUHREER

Tab.3 Significance test of regression coefficient of extrudate moisture

EY o] IEES 4 H bR 95% BfE TR 95% Ef5 EIR P{H
i 23.975 1 0.303 23.320 24.630 <0.001
A 3.658 1 0.246 3.126 4.190 <0.001
B 0.309 1 0.246 -0.223 0. 841 0.232
c 0.073 1 0.246 -0. 459 0. 605 0.771
AB 0. 804 1 0.322 0. 109 1.499 0.027
AC 0.276 1 0.322 -0.419 0.971 0. 406
BC 0.739 1 0.322 0. 044 1.434 0.039
A2 0.467 1 0.228 -0.026 0. 960 0. 062
B 0.738 1 0.228 0. 244 1.231 0. 007
c 0.619 1 0.228 0.126 1112 0.018
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Tab.4 Significance test of regression coefficient of extrudate D,

el HVEER o H b PRifEZE 95% EfE M 95% Ef5 B P
il 372.056 1 5.028 361.193 382.919 <0.001
A -4.062 1 4.084 -12.885 4.762 0.338
B 2.961 1 4.084 -5.863 11.785 0. 481
C -4.538 1 4.084 -13.362 4.286 0. 287
AB 16. 978 1 5.337 5.448 28.507 0. 007
AC 4.305 1 5.337 -7.224 15.834 0.434
BC 7.430 1 5.337 -4.099 18.959 0. 187
A? -6. 140 1 3.786 -14.319 2.039 0.129
B -17.202 1 3.786 -25.381 -9.023 0. 001
c -17.207 1 3.786 -25.386 -9.028 0.001
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Fig.2 Effect of feed moisture and screw speed
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Fig.3 Effect of barrel temperature and screw speed

on extrudate moisture
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Campus network security and access authentication

HU Guang-ming, KE Li-xin
(Modern Information and Education Technology Center, Shanghai Ocean University, Shanghai 201306, China)

Abstract; As information technology is widely used in colleges and universities, the security of network on
campus is more and more important. However, in traditional campus network, people always focus more on
the exit than the inner access. A number of network security devices are set up at the exit of the network,
such as firewall, IDS, Flow Control devices, while the security of inner access is always being ignored.
Almost 90 percent of campus network security affairs come from the campus. Partial paralysis of the network
happens quite often, and the administration of networks becomes very passive. In order to change this
situation to initiative guard to decrease the number of security affairs on campus, it is very necessary to
strengthen the control of access. The technology of access authentication has a very significant effect on
maintaining the safety of campus network, and also the technology of access authentication is very helpful to
improve the digital construction in college.

Key words : authentication ; network access; 802. 1x; WEB security plug-in
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telnet@Biglron Router#sh arp 202,121,69,0 255,255,285.0
IP Addre: AC Addres: Type
c

P Rge

1 0: o 4 ,2ab6 .57 o

2 02,121 1 10 0014 ,2ab6 57 o /4
3 02,121 1 29 0014, 2ab6 57 o /4
4 02,121 .4 a6 0014, 2ab6 .57 o /4
5 02,121 .1 63 0014 ,2ab6 .57 o /4
6 202.121.69.67 0014, 2ab6.5719 0 2/4
7 202.121.69.79 0014 .2ab6 5719 0 274
8 02,121 .4 82 0016 ,ec9a.684f 0 /4
9 02,121 1 83 0014 , 2ab 0 /4
10 02,121 .1 84 0014 ,2ab6 .57 o /4
11 02,121 .1 85 0014, 2ab6 .57 o /4
12 02,121 .1 a9 0014, 25b6 .57 0 /4
13 02,121 .69.90 0014 , 2abi o /4
14 202.121.69.91 0014, 2ab6 .5719 0 2/4
15 202.121.69.103 0014.2ab6 5719 0 274
16 202,121,69,123 0014 ,2ab6 5719 0 274
17 02,121,69,133 0014 , 2ab 0 /4
18 02,121 ! 134 0014 ,2ab6 57 o /4
19 02,1 135 0014, 2ab6 .57 o /4
20 02,1 144 0014, 2ab6 .57 o /4
21 02,121 .1 146 0014 , 2abi i o /4
22 02,121 .,69.,153 0014 ,2ab6 .57 1" Dynamic o /4
23 202.121.69.155 0014.2ab6.5719 Dunamic o 274

K1 ARP XAl
Fig. 1 ARP Attack Screenshot

telnet@Biglron Router{config-vlan—100)#

R¥ 172,19,2,72 -»219,152,45,97  UDP S=4053 D=80

R¥ 172,19.2.72 —>219,1632,45,97  UDP S=4062 D=80

R¥ 172.19.2.72 —»219,153.45,97  UDP S=4070 D=80

R¥ 172,19.2.72 ->219,153,45,97 UDP S=4078 D=80

R¥ 172,19,2.72 ->219,152,45,97  UDP S=4088 D=80

RX 172.19.2.72 -»219.153.45.97 UDP S=4096 D=80

R¥ 202,121,74,110 ->58,212.36.59 TCP S=4477 D=5143 ufprsf
RH 172.19.,2.72 —»219,153.45.97 UDP S=4103 D=80

R¥ 172,19.2.72 —»219,153.45,97 UDP S=4104 D=80
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Design and implementation of intelligent network
management system based on web

KE Li-xin"*, CHEN Jia-gi', WU Kai-jun’
(1. School of Optical-Electrical and Computer Engineering, University of Shanghai for Science and
Technology, Shanghat 200093, China;
2. Modern Information and Education Technology Center, Shanghai Ocean University, Shanghai 201306, China)

Abstract; SNMP protocol, NetFlow technology, multi-threading technology of PHP are introduced into
performance monitoring system in this paper. A set of intelligent network monitoring system is designed and
developed by collecting , storing and analyzing performance data. PHP language is used to develop the
system. It is divided into six modules, such as data acquisition, performance databases, data analysis and
processing, as well as data display, threshold settings and warnings and user management. Different modules
achieve different functions. Data acquisition program uses multi-threading mechanism to collect a variety of
performance data and allows the program to effectively perform multiple tasks simultaneously, so that it not
only enhances the programs function but also improves the performance of the program. Data analysis module
is mainly responsible for collecting data from the port group, TCP/IP group, UDP group and other groups,

and combined with the relevant formulas, the real-time and historical data that we need can be calculated.
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Information display module displays performance of the port group, IP group, TCP group, UDP group and

other groups according to the conditions-search ways. Practical application shows that the system has achieved

the expected goal by making overall performance more reasonable and improving the efficiency of operation of

the campus network greatly through real-time monitoring of performance data, and also reporting the exception

to the network manager timely.

Key words:SNMP; NetFlow; intelligent network management; multi-threading; PHP; OID
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Studying on the innovation of journal’ s development path under
the conditions of high-level distinctive university

WANG Xing, LU Yi
( Editorial Office for Journal of Shanghai Ocean University ,Shanghai 201306 ,China)

Abstract ; With the construction goal establishment of high-level characteristic university, journal should still
play a role of academic orientation of teaching and research and a supporting role in scientific development,
and must explore a new way of development. Journal should relate the practicality of university, from the
beginning of publication management concept innovation, seize the opportunity, change the idea; the
innovation of the content structure should maintain the advantage in characteristics, as well as pay attention to
reflect the achievements of the teaching, researching and controlling; the innovation of the publication mode,
extending editing function, the innovation of the editorial subject should be conducted; only innovative
knowledge structure can appreciate the theory of innovation; the innovation of the edited method should use
the internet fully, enhance the connection between authors and readers; ensure the innovation of the
mechanism, establish the mechanism of the excellent thesis, explore the check mechanism of the editor’ s
proofreading quality, and improve an interactive mechanism between journal and teaching and research.
Journal should run the high-level and distinctive magazine in the development of the university, to promote the
scientific development of the university.

Key words: high-level ; distinctive ;university ; journal ; development path; innovation
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On the translation of movie title The Visitor

LIU Lue-chang'?, ZHOU Yong-mo'

(1. College of Foreign Languages, Shanghai Ocean University, Shanghai 201306, China;
2. College of Humanities and Communications, Shanghai Normal University, Shanghai 200234, China )

Abstract ; The movie is the combination of techniques and art. The translation of movie titles is the hybrid of
practical translation and literary translation. The translator should get a clear picture of the hybridity of movie

titles, thus making the translated name more acceptable as a title based on conveying the theme. As for the

translation of the movie The Visitor , the word meaning of “bu su zhi ke” emphasizes the aspect of being
unexpected or uninvited, which is an action; while “guo ke”, a process, stresses the aspect of being
transient, which emphasizes the outcome. The different translated terms reveal different translating strategies
that the translators apply in the creative treason. “bu su zhi ke” sounds sweet, with a special flavor of
Chinese traditional culture. But comparatively speaking, “guo ke” , more concise and fascinating, can better
convey the theme of The Visitor and produce certain effect in giving publicity to the movie.

Key words: translation of movie title; hybrid; word meaning; creative treason; “bu su zhi ke” ; “guo ke”
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F=F“visitor” —1r] , The New Oxford Dictionary
of English ¥% H.f# 5 “ a person visiting a person or
place, especially socially or as a tourist. "' ;
Webster’ s New World College Dictionary 3,45 1,
“Visitor is the general term for one who comes to see
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A “ s
S casual visitor;

chance comer [ visitor |;

gatecrasher; sb. who calls without an invitation;

self-invited [ uninvited; unexpected ] guest;

unwelcome person ” ; “ passing traveler; transient

guest. 7 '
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[ SCRY SE b - 25 B O R B SR
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