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2 EEFA pH & Xt & £ B X 4R ( Penaeus vannmei )
HW TR MR RS

hXE HEERT BHEHE
(EMXELEEYRER HGX 312000)
NEXBKFEHERRE I HAX 312000)

RE FARBFREN T RFALTARBER pHENEXZ ARG RNE ZFa®Bijl
BEEMGEY., SRK50 HEAATFE . HE EHERBREZRKE 25 » 30C.35C.
30—35C, ZEpHH 6.2, Tl i FWEAEEERELHA S0—65C.55—65C,
60C, FFlEEaBEE pH § 8590, Zusix=E pH H7.5-85, BFE®MKE pH A&
2.0f5.5—6.5, EHEAEARD R . E BEHBNERERLHAITC, KE pHH
H77. AN BELatr e FE. ALK pH 28 4 6.7-7.0.5.9—6.1.5.1—
53, AZHEMELSAFENEE pHET LEEE AN AR HE . EAHNEZEE

> E R B > 8RB,
XgW WX A, K, ,pH, HHEF K
hESES 048

WA AR AR EABORATEE
EhEREKE B BIELEEE B EL, LRHE
P BB 1E R AR B3 B 5 7 (R B %, 19975
X X #§ %, 1990; Lovett, 1990; Brocherhoff et al,
1970 Patricia et, al, 1990a, b; Maugle, 1982a)., pH
EHMBEXNRARECEHEZmMARRE S, T
534 (1987) B R T ML A1 pH 18 % LA A F X
B Xof ¥R ( Penaeus orientalis ) 1 ¢ W8 B 52 W R L %%
(1997) B 5% 1 IR B X b E AR | H A< X BF ( Penaews
Japonicus) EEH WS K W%, BEQXTAF
(Penaeus vannmei ) 1P R %W HEHRA XN T
1988 FEE5|ARE, B HEA X KR FEHi i 6E S
BVEFENRMK AREER T EENEE .
B KA TG B IR B0 SR 00 R, B BT A
IR 7= B 0 = AR R (g 36 39 8RB 5 X AR
Penaeus monodom 1 H A XfdF)2Z — (£ FH %,
1994), HEI, X FHEOMIFMHR FEEFE
AT EFMWED 6% 77 E (£ 7 5, 2002; Zarain
et al ,2001 ; MG HE % , 2004 , X} 2 7 1k B B9 BF 55 R

RARE . fEEFRAREHN pHENE T HHTT
BRI EEAMIEE T BN E . EA
RS Je B B TS HE R, AR B = R B Y R
i SRR B AR pH B, O B 35 1 X EF 643 0 2E
A5 IRA B B BOE , B O BB R B A 4R
ISR
1 #HERE
1.1 ERMPMEREE

74 2 A XT ¥F ( Penaeus vannmei ) BUB #f 1145 243
MEMEOMFEMAY, BERERNME KEHN
(6.58+ 0.78) go BUATER7E VK R L % ), Bk 20
B BULITAE Bl BHL L ARMED, B FX
FARESS 5 FTBURE S i 10 R R (w/ V)R &
BEKEO—ACTHEBRSR, EFHEBE
BERTUERBHREE AA828 T 4CKkH
fill 52 20—28h, HH L R TR R, REXR RS
L HLEE L (0—4°C, 100001/ rain, 30min) , B b W
(BRI AR 42980 , T 00 & 2 (O RG FJE 0
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1.2 BEHNZE

KH 0.2mol/L BE R & — M-I i PR W1 2% vh WK
A pH, AEERAKEH AN RARE .
1.2.1 EHEEHNE K F LA 0] 5 4 3E B
HIERYIN 3,5- “HEKGRE AL, EHHITE
e XK E—EN pH MIRE T, 808 4L
A B Tmg ZIFRHN—AEIE S840 (mg/min) .
pH=5.2—8.7,L1 0.5 AIEE , WE 8 M E, &
AAEAF pH F W B S 77, 5N BB 4 it R
15.20.25.30.35.40C .
1.2.2 fRWEETE 70 e X FLAR 2 B R
BN R AR R BT E . NG e
o7 4 1pmol B8 R J — A B 1 1 347 (umol/
min), pH=5.7—8.2,L0 0.5 X6 , % E 6 T &
BE, R N IR FE 43 3R 25.30.35.37.40.45C ,
1.2.3 BEABME 2 RAUBEAN
KUK EAR-BAFECL. BEAMEEEXL
N E—EMpHARET ., B KmimED
P lpg BRE BN 1 A EE J7 907 (pg/min) o
BEOBIEENEE pH=1.5—6.5,LL0.5H
e CREBI0ONSE FE . WEOBEEN
ETE pH=4.5—9.0,LL 0.5 AWE , ®RE 101
BRRE LB E I E 4 5 A 25.30,37.40,
45.50,55.60.65C,
1.3 HMENEMLE

WAL 2S BN pH B I & « BUEE & 1 A A,
w20 B, RERH . E AL AEE
pH R4 H A 1y pH fE .

B VR W - DARRE AR Vs O & O1F
i, R E BRI G250 BB (B ER%,
2001) . BEIEMELAWIE I3RR, WG = B§&E 1/

EHER(ENENM/ mg EH).

TR CRRANE R EE FE T
ARERE pHE FEABILE I ESFERES
5OEAFTE, RS E BN ko i iE AL B
B REM pH fi,

2 BRESMW
2.1 HUB/EMpHE

FIAE % pH L 40 % R 3 (3 3T 85 60 1F B L f 3
HELANK pHEH T E, FIE BE . FA8
PR pH 23 58 5.9—6.1(6.08  0.04) .6.7—7.0
(6.82+0.04).5.1—5.3(5.22+ 0.04) , &5 - £ ¥
P % I XTHRIE AL 28 5 N pH £ FH e,

2.2 BE pH X iE W EE LR N

WYEWH E W EE 20 8EE  pH Mg
MBMENYEREE W, MBEM pHHTEE
AL, SRR 15—40°C LB, T AR 33 9 A 11
BRERENOCGHERMBENREREN
35°C; H UE A B (Y ROE IR E N 30—35°C, iTHE . B
H . H e W B A E RN EEY R 25—40C
(£ 1), fEpH=5.2—8.7 WLHE, . HE . B
WGBS pH ¥k 6.2, T JE #) B8 & B 1Y pH
THIR 5.2—7.2; /i T BE A 5E B B E H K
pH YN 5.7—7.2(F 2) . KYIBEEX IR
ME AT ERRERIEERS.

2.3 REM pH MEARFEHEAKN

MHEWNEE FEZMTRYIEE pH X &
HEEN YA BER W, WIREM pHEH#T £
HILH, G RFEYW . 25—65C, IFE B B &
OB R B & R E 4 A 50—65C . 55—65C .
60°C AFAL i B ELOBNERRENLED
H A 37—65C .45—65C .55—65C (£ 3), pH=
4.5—9.0, FEEH B & pHR8.5—9.0,18

®1 BEMEHEEEHOERN

Tab.1 The effect of temperature on amylase activity

BRE(C) JHF R [/8T:] H
15 0.023 + 0.060%" 0.033 + 0.067° 0.111 £ 0.232
20 0.149 £ 0.169P 0.198 £ 0.157% 0.383 £ 0.361°"
25 0.436 + 0,357 0.264 + 0,19345¢ 0.725 + 0.505"8¢
30 0.858 + 0.472* 0.356 + 0.196"A8 1.210 = 0.648%*
35 0.380  0.320¢ 0.444 + 0.232%4 1.310+ 0,788
40 0.288 + 0.316>% 0.319 + 0.205%% 0.913 = 0.594%48

E:RPA—FIBE LD EFEHRE, RRERABE(P>0.05)/NEFBAR AEF¥RBHRAE, BRERE
Z(0.01<P<0.05); AEMNEFBYARAE, RRERREE(P<0.01), UFH
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Tab.2 The effect of pH on amylase activity
pH (& i fpiE H
5.2 0.355 + 0.326™5 0.203 + 0,143%¢ 0.562 + 0.519%C0F
5.7 0.567 + 0.44354° 0.378 + 0.2]058C 0.923 + 0.730%¢
6.2 0.817 + 0,450 0.492 +0.172* 1.520 + 0,648
6.7 0.427 + 0.379"8¢ 0.408  0.213%48 1.187 £ 0.706°*8
7.2 0.363 = 0.369%5¢ 0.327 £ 0.172%BP 1.050 + 0.658545¢
7.7 0.192 £ 0.298°P 0.250 % 0. 194°1CP 0.613 £ 0.375%4P
8.2 0.045 + 0.082% 0.075 £ 0.092°%F 0.253 £ 0.225°F
8.7 0.030 + 0.056" 0.017 £0.018°F 0.093 + 0.114%
£3 RENEAMFEOEMW
Tab.3  The effect of lemperature on protease activity
BRECC) AT I B H
25 0.364 £ 0.208™ 0.336 2 0.136° 1.018 + 0.3844DF
30 0.677 + 0.335°P 0.482 + 0,128 0.779 £ 0.158°F
37 1.055 + 0,553 0.502 +0.261° 1.339 % 0.661°F
40 1.264 + 0.755°% 0.821 £ 0.377%P 1.333 2 0.604°%0F
45 1.605 +0.797® 1.264 1 0.533%8¢ 1.393 + 0.622°%
50 2.402 + 1.223% 1.802 £ 0.708® 1.540 £ 0.570°"
55 2.863 +1.381+ 2.941 + 1.365%4 2.084 + 1.015%¢
60 2.676 + 1.333%4 3.081 + 1.459* 2.663 +1.199*
65 2.278 + 1.172% 2.490 = 1.256" 2.34] £ 1.42]1%8

HI pHEE N 6.0—9.0; BERAMMEE pH 6.5, FTH pHEE N 2.0 f14.5—6.5(F4), i
H7.0—8.5,3 & HH pH {5 E % 5.5—9.0, 7F PH = B B 32 11 0t AR AT R L T 8 T RS A RO S 1
1L5—6.5, BEHMAERE pH 5 2.0 1 55— & MEEARERESGEERE S,

®4 PHEXNEAKIHENKE
Tab.4  The effect of pH on protease activity

pH {4 T A fpE H

1.5 — — 0.744 + 01399
2.0 — — 2.490 £ 0_982%*
2.5 — — 1.040 + 0.469°0
3.0 — — 1.001 + 0.274°%0
3.5 — — 0.727 £ 0.179%
4.0 — — 1.014 + 0.227°4P
4.5 0.116 + 0.076% 0.328 +0.201%° 1.441 £0.541%¢
5.0 0.287 £ 0.104 0.492 + 0.227%P 1.958 + 1.037%F
5.5 1.417 £0.932¢ 1.197 + 0.936¢ 2.393 £ 1. 144%4
6.0 1.652 £ 1.05]%B 1.411 + 1.128%648 2.378 + 1.128abA
6.5 1.956 + 1.159°bABC 1.733 & 1.246°04 2,522+ 1,208*
7.0 2.164 + 1,149 2.036 + 1.427% —

7.5 2.258 £ 1.172%48 2.023 £ 1.494% —

8.0 2.291 £ 1,1478 2.082 + 1.476%* —

8.5 2.391 + 1.120% 1.932 + 1.446* —

9.0 2.340 = 1.211* 2.009 = 1,629° —
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2.4 RE# pH ¥ 5 RN BEE MR I
RAEEE T EE 24 HRRE pH WAE
PiERE A R E R W, STRER pH MHTE
BB, REW . £ 25—45CHEE, FlE.mE.
HAGH B 0 BOE B R 37°C; I RE L 3 AR B
B IS IR B T B 30—45°C, B AR B
EHEEMTEE N 25—45C(F 5), pH=5.7—
8.2,F Mk 7B B RSB I Bl pH B9 R 7.7, 1F
it B NS BB S A pH T EIH N 6.2—8.2,
HAEWI B E M pH WE KN 6.7—8.2(F 6), it
W 3 B xd HF RS BT B R P M IR WM AT TR A

2.5 HUBEAHHEARERN

=R S A BOE IR pH EH T, %
XA A H U R B
BT RME(R ) - O ELE N EE
W, FE IR A B R i B B L R D AE
H i RSP AEASER LR R ILE
HKWNR:B > HE > FFE, HHENESE DS
S AL BE 7 L 858, B LB LL TR ) TE &AL
SETUA K, i =SB TE M, 76 5 R
Ml BN E B > SR > ISR .

RS BRENEHREENER

Tab.5 The effect of temperature on lipase activity

BE(C) FiF Bt fpiE H
25 0.007 £ 0.008 0.010 £ 0.013% 0.015 £ 0.023%®
30 0.008 +0.013°®¢ 0.025 = 0.025°48¢ 0.018 + 0.028®
35 0.020 = 0.013%BC 0.045 = 0.036" 0.047 = 0.029"®
37 0.062 = 0.035** 0.078 + 0.043* 0.097 = 0.054**
40 0.033 + 0.029>° 0.042 £ 0.033"* 0.055 = 0.041%®
45 0.010 £ 0.013°5¢ 0.018 = 0.021%¢ 0.028 £ 0027
#6 pHEXMEHBEENEM
Tab.6 The effect of pH on lipase activity
pH D F¥ A B 5]
5.7 0¢ 0t 0
6.2 0.032 + 0.0389°°48 0.028 + 0.034¢5¢ 0.033 = 0.044%¢
6.7 0.023 + 0.030%5¢ 0.052 +£0.041%48 0.062 + 0.064**
7.2 0.013 + 0.023>% 0.017 £ 0.022°%P 0.018 = 0.016>48
7.7 0.045 £ 0.027** 0.072 = 0.029* 0.083 + 0.033*
8.2 0.027 £ 0.014>48 0.050 = 0.028"%¢ 0.063  0.031%48
£7 BEREMpH AAT=ZMELBTHILR
Tab.7 Comparison of three digestive enzymes activities under the optimum temperature and pH
HAL B g3 7] H
TE¥3 B 0.94 £ 0.20 0.70+0.12 2.47+£0.09
=] 3.97+0.18 427+0.22 4.32£0.13
R B B 0.08 £0.01 0.11£0.02 0.140.03
3 it 5.5, REWE N 6.5t 1% ,1998), AT

3.1 HHEMN pH &
HENRBENEREM Y E, — 7 @t
BYERESHEEAER, S —FEA Nk
BRI A T8 06 pH (E 54 (IR A HE,1983), KW
WHE T ROREA pH EF AP K 5.0—

ARAZEMENARYWBERAMITEA pH 1
A5.1—5.3, SFL B VAL B &S L, X6k

W R 23 3 55 IR D e 5% T Ao R K A 7 BR
B, ARE—-SHR. BMEANpHERE .G
18 4 W IR PR RV BE () R Bk o 56 B W I M
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i pH {88 6.7—7.0, A7 i pH 25 5.9—6.1 M
R SR LA E A pH EF MM, ALK H
MABEIATRE 538 . B W pH {7 A it pH {E X
T A B 0 2 ) 58 B9 4 R AR
3.2 HUENEEpH SHAENER

AL RKXEEEOMIFAFFELERLA
A 8 EE pHo FEE A X EFSE B B 9 Bil pH b
6.2, & HM pH TEEN 5.7—7.2, B MM T,
S5EEAXIFEAENK pH TR R EA—
B, REFFZL YK EE pH H L2 W
MM, 7 pH=5—7 WHEHN. 2 W% (1996) Xt
e f R UE A B S I , R W VT R O N B TE
MUEMBRTEEER. THH1987)RESHE
Xt MR € #0889 B GE pH N 5—6, AL i — 5 E
L TR BB R T IHERR

EAXTIFE QAN RIA K EE pH A
BiRm, BEAMBOEN pH 5 2.0 5.0—6.5,
KB EOXMIFE BEOBERBRERMETEER
Ho HH pH K 5.0—6.5 5 EHXT A H KN pH
HH-B MEEARS —1HREMN pH A 2.0,
S5EEAMITFE AM pH HMEEZ, X
HTEEAMIFENFERLAFNEHNE HEA
B, rAEAF K BOE pH T REE M, Pk
YA E A RS pH M ERME L, &
RS E B X EFIFRE R G E 0B E B pH
WEHR7.5—9.0, fWBTE

BEAMIFEWEOE DK, §5— ¥l
FEHMP LN YHEBIMGER -8 THREHE
A BN 55 1 R 2 Bl , A T R A A B I G
BHREREZRA, MEHEBEHALELEREE
%,1997), MEAXTERE MBS &S pH 90 7.7,
AW FEE A X R R G 8 E A B IS By
B R BGE pH ¥ 7E B, 10 B B8 1 Sk 1R A A
TRERAXMNIFEDR ASEE I HRE, X 8
5 EOXUFE EAKAE pH = 8.0—9.0 K J B4
MKIREA K,
33 BUBHNERERESHEARNER

LR REY B3 ORI 8 R BOE R
DR BERH 30—35C, e i B E R MR E RN
37°C, 5 RPEF(1997) 15 o [E X AF | B A X$4F 4 5y
MARGERMYE, EEAIFEABNRERE
A 50—65C , R % (1997) 38 b E X 4F . A 4%
UFE H B Y B OE IR BE 2 A8 45—S5°C A 40—

55C, Maugle( 1982b) #iz3E o [E X 4F . B A 3 4F &
1 B0 B 08 VR B 43 B A 4T C AT 40C, = A X A
o EAMIFEABRERER R, TREHR T
HEFAEKEKREEHKEIER,

BMEAMIF=MELEBNREREYRE TH
BUKEB, AHREAR. £HLOAHEMNKNER
CRERCHA %5, 1993) o 14 0 B8 B i& BN R BE 19 ) 5
JETE TR ML B9 BT By B (8] & 4 T #EAT R, T hR B
IMANBEEERMNEENE, FURERE R
HE—E&GTAREAERL HE - CBE B
TH AL O T St B RE X RS D R A AR
3.4 HEAEMBRENEFELE

TEfE pH MEIERE T , B £ H X EFATRE
EMBHRARN =REABOE N FEEE RS,
MM EE N EENE S, N E AR
Fe A g DT G () e AL BE h LB, B B B X A YT IR
B HIEH M EE ST, EOBKENES
HUBRETUAKR AENE=ZMTLE PR,
VI EOMIFRA KR ME RIS, &
WEHEEAMIFEN T EYEREA RS
B, AXHHERGR 5N EMHE(1984) B 5T
=] Xt R € B3 B 22T T 5 1996) BF 5F 16 % e 4 6
HEAMGHEEIUT YRR > 5 > BENSED
Atar—3, TR EH TREERSER,

$ % X ®

T Ao, 1987, P E TR BRI BT . R LT, 28
(10) :85—90

FE 20K, BE%, 1994, O R4 4 K254 % 36 58 b ||
MEF R ER RN, B SHIE,25(5):
486—491

EE, 2002, MEOMIFBBEFELA L BE AW
EYFE. KR ,5:43—46

Moo WA, B A%, 1998 BIE pH X B 5 A D
WORWESE O MRS BIENMEE . KiE kg
BiEdR,13(2):17—23

MMM, T B R, &R %, 2003, B ¥ B X IF ( Pengeus
vannamei ) HR A 2 15 HIIN S B A0 MU (L2 BT MR
MiH.35:(1):78—83

XM, 5], 1984, IR L BRI BT IT . e BE R, 5.
46—50

X B, %), R4 1990, o [ X AR 40 ¢ AT 4F 9 1k
MEORBERHUB KBS, HEEBIRE, 2206):
571—575

ZW,ERKR1996. KIL BT TRy BEEH L
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EFFECTS OF TEMPERATURE AND pH ON ACTIVITY OF DIGESTIVE
ENZYMES IN SHRIMP PENAEUS VANNMEI

SHEN Wen-Ying, HU Hong-Guo', PAN Ya-Juan
( Department of Biology , Shaoxing College of Arts and Sciences , Shaoxing ,312000)
"( Fishers Technology Development Station of Shaoxing County , Shaoxing ,312000)

Abstract

stomach of shrimp Penaeus vannmei with wet weight of (6.58 +0.78)g were examined to find out the best tempera-

Using temperature/pH two-factor cross method, activily of three digestive enzymes in liver, intestine and

ture/pH environment. The resuhs showed that when pH value ranges was between 5.2—8.7, the most favorable tem-
perature for the amylase in liver, intestine and stomaeh were 30,35 and 30—35%C respectively. When temperature
range was between 15—40°C , the most favorable pH values were all 6.2. The results indicated also that the amylase
was conducive in weak acidic condition. The best températures in liver, intestine and stomach for the protease were
50—65°C,55—65°C and 60°C respectively when the reacting pH values range was between 4.5—9.0 in liver, intes-
tine protease and 1.5—6.5 in stomach protease, The best pH values for the protease of liver were 8.5—9,0,and of
intestine were 7.5—8.5, and of stomach were 2.0 and 5.0—6.5 when the reacting temperature range was 25—
65°C . These resuhs indicated that the most favorable temperatures in liver, intestine and stomach for protease were
higher than growth temperature of P. vannmei Furthermore,the protease in liver and intestine were conducive to al-
kaline condition while the protease in stomach was conducive to acidic condition. The activny of lipase was weak and
lower than that of protease and amylase. The oplimum temperature in liver, intestine and stomach for the lipase all
were 37°C when the reacting pH values range was between 5.7—8.2,and the optimum pH values all were 7.7 when
the reacting temperature range was between 25—45%C . The result indicated that the lipase was conductive to weak
alkalinity . The pH values in intestine, liver and stomach of P. vannmei measured in our experiment were 5.9—6.1
(6.08£+0.04),6.7—7.0 (6.82+0.04) and 5.1—5.3 (5.22+ 0.04) respectively. This result indicated that the
pH values in digestive organs of P. vannrnei were weak acidic. All the activity of three digestive enlzymes was in an
order of from strong to weak : protease, amylase, lipase in liver, intestine and stomach at the most favorable reacting
temperature and pH.

Penaeus vannmei , Temperature, pH, Activity of digestive enzymes
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