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BE: FITESAMPRAREARNTE (FBSE N 30% ~60%) Xfh FXHHF A M IE L8 i
N, SRR YERTEARMNERSECH 30% ~50% Bt, FEXTEF Penaeus chinensis I8 H
0. BERBEEHMEARSBNNIMAR, YAMPEARNAEIEET 50% 6, BIEETRE,
AP AREEFKESTEEEREEAEE, WIFTHAERKBRER, ARG EQRRESEA
A5% 1, PEMIFRERRERE, H50%5, WIFREEBNER. B4, SXNPENTEORM
TE 8 R X BT AR R AR R B3 ol A& N B #EAT T .

X8R PEXER; ARG AR AR, EeMsETE

hESHS. 5963. 16 MHEARIRES. A

HEXFAF Penaeus chinensis RIFKFHN T H AT, FEXIFFENVKRE, MG H
HRTIEHB ZMEA, B, BIREZNERFRATF, o r EORSUFEER. BTS2
EEENEAEEE. HX, FEESEANTHEEER" Y, BRMEABFENRERD, B
FEEPE P EMIFA LR MSME R TR ABE T mAOBR . AT EE ST TR
B R RE B BKFA o E R E AR B T ALBRE AR A, FFER T LR S TR R B AL
ERMRTR, AXHFEF SHCE BRI RO — SISk,

1 #MREAE

1.1 RRIVSFEFRHGE

REIFRIT THREE A EEEGRENELRIF, ZLTHAEBEKTHEMZEATHIBRE
B BT RASIT . WIREREEK 3.88 cm, 4R 6 AHITIRE, BAERHNET, KK
Kik2 m’, FaIRiF S5 B, iXEAW 40 d, KIEPBKIE 16 ~21C, AIMAER, HFHBRESTT6
mg/L, thBF31, pH7.9~8.1, EHE/NF0.2 my/L, BHHK 1 %k, MEKkEHN1/2,

R mAaR. TR, BEMFIFER. HARLAIRER 6 B, FHAFRBEFRERRT AR
1, HhHFiF S5 EAHeam e E., SERE3 K (9: 00, 12: 00 ~13: 00, 17: 00), H#IE
BAGHMAER 5% ~8% , HREBAER]RIE LUFRIRRIERL

1.2 HEABREEHE
HFRRERE, PUEZRGIFARRERRTRAKDY, 2—MBERAHFES, LEIHHR
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H. PHEASEES, BEE. Bl Tab.1 The ingredients and nutrient composition of the experimental feed
ABMERE, MERTHET  aan R

| H D g B
(-20°C) fRFFo SHATRPRERE M 14 90 310 277.2  162.8 30 450 7.8
HEBSHMA 10 Fa9 K% HE 24 175 225 2772 162.8 40 34.0 7.7

N 34 220 180 277.2 1628 45 2.0 7.7
Tk (4C, pHT.0), {RIE FREH 44 270 130 277.2  162.8 50 2.6 7.6
RS IRFI R ER G, Ll 4000 54 310 90 2772 162.8 55 16.4 7.6

6 4 350 50 2772 162.8 60 1.2 7.5

r/min {KVEE 0 20 min, B FHR
T 22 B o
1.3 EEEMEMAE

FRBERR . B . PRME RS R RS - Bl BEAMEENE SN g
R BRI, KA 0.2 mol/L MFTHRARZ v (pH 3.0) ACHIBEEEHR.

EOMEEEL . EpHT.5 (BEAMEMHEPH3.0) ZHTRERRKENS mg/L, &
3TCHM FRIE 15 min, DIBHUKBBERRSE 1 we BMEBN — I BEE ARA (U),

Bl BB TE YL IR Z R BRI AR, R NaOH 2 MK A 7= A B RGBT RR ' o R e 1k
EXR: EITCENT, IGWBKRIED & 0™ lug T IRTREBE, & X—MIEHEE S
B (U),

TEMBEYE TEI G FIVER - LB AL VEMESNETERE N 72 pH 7.0 M1 37C &4 F, 30 min Py
1 mL M52 2/KAE 10 mg JERE N — MBS BN (U),

14 MIESH
Kl SPSS B PFHATHIAMF
2 &R

2.1 AAEMERHERPE R BEENEN
AT B P EX IR TR ARSI ER, HPEXMIFSR6H, ARUAREAREE
Rl fapet, 40 d VB AXTEFAORFIRAR . B . Flated, MEHEF 3 MRLmrESE. 4R%EH,
B4 SR AL 2R B A R AT L TS 2 A R AR
BEFEMPERS 2SN, PENIFESREEYE (B1) 2IEASE FTRAZELES. &
B, FERRESBEEL 4 HRE, 1 2000

4, 6 BRIE (SHEAMLEREE, P< @@gi‘mﬁ““*%ﬁﬁa
0.05); THELMENHE3 Hxm, 1 R < 12138:
K, AENEHEF3IH>4H>54, 24 >6 g 1000 |
H>1 ApEbay; mMENNEAREN3 g 80T
HHAESFHEILA (P<0.05 ), Fith, A o 100

PR 3 AR TEOMIGHELI3 A, 4 H N 0

AR, 14, 6 AEHRR. -
AR AN IF R B A R &

ARKFHEATAEER (B2), RAKIG

EEHA (46 ) WinHA FIRENHR e o

B (1~34) (P <0.05), HoFHMR o BN RAEERERLH (P<0.05),

1 AR P E xRS EE AR
Fig. 1 The effect of different diets on protease
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TEMEHETELL 4 RS . | AR HiemBEEtEr4~6 A >2, 34 >1 4; PHITEREEERK
WHSH >4, 64 >1~34, FEXMIFEREEEM (B3 ), MRREHEEEL4. SAHD
mT1~34 (P<0.05), iHMPHAIAEIIEEEHA R ER AKX,

~ 100 - oifER WE ot .. OFFER Wil of
%0 350 a o 33 7 a a
= 300 - . ij b b b
< 250 - ARSI
# 200 - @ 20 f
50 . 3 ﬁ 15
g 50 | = 0 [ I La
0 = o U - - — '
144 244 3¢H 146 54 640 14 2 340 14 540 64H
il #3l
B2 AR E S8R AR B3 FEHE R E TR AR B E 1 AR
Fig. 2 The effect of different diets on amylase Fig. 3 The effect of different diets on lipase
activities in the shrimp activities in the shrimp

. ARNEERARIEAIRERDBE (P<0.05).

2.2 FhEX Y 4 EEE R R SR R B AL

ARG H 40 d N, EETOHT T A E TR AT RRAR R B BRI iE M BRTE M B B L. IR R
ARMELRSESN SRR 14, 24, 444, ABRHEARTEAEMNEESETH A
30% . 40% . 50% M1 60% . ZEFRFW, REHAIGHKXTHFE B SRR B EAAR (F4),
40 d fAISEHASY 2 NRVER, B BINET20d, FEEREFEMEZELK, SRABAEAMEENA SRR
BESEN, FIN EFRIML; 20 dATBERER, A6 HFMEHRS, KIRA6H >4 4 >2 4]
>14, G20dERER, R 1H, 24, 4 HEFEE0 0, HEBEEDE LA, REEYER
WA, A6 HAFE20d LI, EEBEELR TR, RUNENRABEHEZMARSETE
HESEENTE-BHHKXR,

—— 1 —a—d4d

—o— I3 —a—4f
—a— 2 w6

,\ 2000 r —a—2] —w—6l 350
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z >
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Fig.4 The changes in protease and amylase activities during the experiment

TER S TERERT B (b R SEEREM (B 4), §T20 d 52000 TE R BETE It BE 1R 5 i (B RE K 1
B A, B20dJEHE 1A, 4 HEBBEEERS, HE 2 S EBBEEE THEE
#o. FEBNRANAES 1, 2 AMESEYEERT 4, 6 4.
2.3 AREARKFERREERE KPR

F2EU, FEMIFHEKE, REREEEOQRSEMNENY ERNERMNEFRRIELES,
3AMEKREM4 ANREEER. SHHERFRRRAIH>4H>2H>5H>6 H>1 4, BiE
FHhAHSIHS>2H>3H >54H >6 4,
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R2  AE AR R R E X AR A AR 0E
Tab.2 Effect of different diets on the shrimp growth

HEA (ks Adhikic bk HigHE R AN E by AeEKE mEx

EERRENE /em Jem /% /(g BTy /g BRTH /% /%
14 (30%) 3.88 +0. 39 5.68 +0.53 1.16 0. 669 1.64 3.63 85.6
24 (40%) 3.88 +0. 39 5.97 +0.69 1.35 0. 669 1.78 4. 15 85.0
34 (45%) 3.88 £0. 39 6.12 £0. 61 1.44 0. 669 2.01 5.03 81. 8
4 ¢H (50% ) 3.88 £0. 39 6.01 £0. 51 1.37 0. 669 1.97 4. 86 94.5
S5E (55%) 3.88 +0. 39 5.91 +0.69 1. 31 0. 669 1.72 3.93 78.2
6 £ (60% ) 3.88 +0.39 5.57 +0. 85 1.09 0. 669 1. 69 3.81 63.6

3 g

3.1 AREARKERFEXIREAREERR W

REEREH, ERRTEQRSENT S, TEXIFER. THHENECBEEYEN
AR TROTER. LPAEREEEL 445, PHREEOBEHL I HERm. S&Q
FEHIR R T 45% ~50% iF, HABHE PR PR, X—%5 R 5 Mukhopadhyay-”) Xt B i 4 7t
PRl E ARSI R REAE 3, A Fa I E N R A BUKEBEMEE R E RN R R RS
25% MES0% MoEAES, BEEORMEEFAREEME75%, EABEEFTHEZIEE . Le
%0 et R P NS AR AN B RIS, AMEARAEE SN 30% 8, B ITFMES
B ER, ATS/NTHELRS B, HABEHGRK, U, EaBEEERED R R
MK FPMAES, MXMERAUGABXIESROF AR, MAARBERRKE, HRHEDRKRE
B 45% ~50% R B EFRE S THAL A B = B E . BT BE, i TR A E A REER
TR, WREREEARMELREER, FETRERSFH, SREBRAETHHER.
3.2 AREFENIENE. BEHEBEMERIR I

T EX P BE R E R P RO RS BAMN (& BES) WENLHA SR TRME
fea%, BREHAPEXMTBEERTRERH. FARDERHTREDIECN 21. 6% 0F, FFEEERK
MBS MEMWERESEN16.4% 6F, BHBMEMBHEERE . X 4R IE & BE 4
SRR PR S BANENEERK. X—ER5EF" IEMND KBIFRN G SHEN XA
HREFML. PEXNTFBARHEMAE, RBRRETLOUS. k. DEFNEEEHESIYIE, X
HEEYREEAR. MKy, Hit, ERAVEGENHEIRTRE T B SNBERE, ™4t
T RABYHBE . BREE Y EMFEMNTERFROF R FafEH, RS IFER G RE
TEM IR M HUR 20% ~26% . HOBLIE AT B TE 4y B A 43 W0 A TS R 29 T X T M R W AL IR R

EWE BRSYIRBEET, B FRANTERR, MEWEENERSTEAFRNRABER.
Berner 1 Hammond' " & BLZE MR M0 £ o HEsh i, RA—EMMEEH T 5, HeKa
HEEEHE S o Lee £ A B EAXIFEA BB MASHIES, EREMHMIK. fEE7E X F B X EF 4L
BEEERY, RAMABEEY, BEABK, BEBNTHEHRRAHEEL, X 5T
Ry & BB —3
3.3 hEXMINHUEEE SN EHXER

REERRY, ERFFAMA, 5020 d BHXIFEAREHEEERA, 30 dIEEEBT
RE. MrXFMEig, EENG, RRERIH, XIHMEABEHTEN R SRR NEEFEIEL
RAEESNRIMERA X, MEFRFNEHER, AENELBEOTBEZ SN HERNH
7, SHURRFPRUK TR HRE R . Maugle' ™ %R B I (L BB/ IO SD IR R, R &
B HEE R S B HEIMERN T EEES . ARSI, BEEIWEESESHNKIR
NEHARSE B S, T H SHEM AR RE K FAHE A .
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3.4 AREMRSEK, HUEREENEXE

WOAERE, PEMIFMTN P EEE AR ER S8 40% ~50% , BuE®E H R R ER 6
Rl TARREREAEAMLEDARTR " . AREEH, YEANPEARNOEESHHR 5%
Bf, PEXIFEKFERA; YEEARMEEIED 50%0f, XFIFRIERER . X HCMEERBR
WR I, HRHEERNREESECY 45% F50% FR R4, FEX IR LRSS, LA
A E R AR M EFRYEEA R KEL, EMEEIAENERKREE. Van Worm-

houdt:"* SEB, B 1 1 BT X4 FT R FRVER AR (1 R WO TR B A0 3000 1) 0 2. 8% Rl 45% B, AR 13 B "
FIZE (A BETE A NIA DI R KT, R H Ak RE ) (0 42 = AT DM 2E AT AR AR — ML & RBE 7, IRIEd I 2 2
[EIRRET AR #HAE K, AKBEER BRI TR —m. :
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The effects of dietary protein levels on the growth and activities

of digestive enzymes in shrimp, Penaeus chinensis

WU Yin', SUN Jian-ming’, ZHOU Zun-chun’, GUI Yuan-ming'
(1. School of Life Science and Technology, Dalian Fisheries Univ. , Dalian 116023, China;

2. Marine Fisheries Research Institute of Liaoning Province, Dalian 116023, China) -

Abstract: The effects of dietary protein levels ( crude protein 30% to 60% ) on the growth and digestive en-
zyme activities in Penaeus chinensis were studied. The 40 — day feeding experiment showed that protease and
amylase activities in the shrimp increased with the increase in dietary protein levels when dietary protein levels
increased from 30% to 50% , and decreased as the dietary protein level was above 50% . However, there was
no significant difference in the activities of lipase among the treatments. The shrimp fed the diet containing di-
etary protein of 45% had the highest growth rate and the shrimp fed the diet containing dietary protein of 50%
had the highest survival rate. The mechanism of influence of dietary protein levels on digestive enzymes is dis-
cussed.

Key words: Penaeus chinensis; dietary protein level; growth; digestive enzyme ;digestive enzyme activity
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