ERUE-S BR
2007%1AH

O K TR

Journal of Fishery Sciences of China

Vol.14 No. 1
January 2007

7K im X e BC 45 40 & 0H (L BB 7R 1 B9 B2 i

HE AR, B, E RS, ERA, & B &
(Lo AP RV R 0B AR B S0F7 L 7 5 7 0L T 8 IR0 , 6 200090, 2. 1 B B A 263 E—
W9, LK K R S EOR B, L 2000005 3. ST AN 4 AR ¥ B, L 200062)

HE 597 14 °C.21 °C.28 CAKE 4 M THEFR I K 6 (Aci penser schrenckii Brandt) 4714 10 d, #1 4 £ 44 5 8 (124. 204
15.12) g, 4+ (26. 95+2.89) cm, WMl AFMABAMFETHEEKEHAHAE T (B WMITEE. T ZHBB . WB AR E
B EREMERENE S, 42E2H. (DA NEBEE.MEAIFRERESBEADYUKE 21 CTHER (P
0.05), T =18 B #1 B W7 28 “C & & (P<<0.05), &M ILE 5 EAME N ITE 14 THRMKP<0.05) ;@) & W85 M
W B VE T3 75 KR 21 CE &= (P<<0. 05) , Wy [T 2 i F - — 15 B LLKIR 28 “C B & AK (P<<0. 05) , B FIF BE 72 K iR
14 °C i B A (P<<0. 05) 5 (3) & TH L. 33 B J5 i M 5 D 9 72 KiE 14 CRY &%, 28 C i | i (P<<0. 05) , 7E/KiE 21 CHY, %
BUBETEOBEAEREREDHRIMOX D BITEE. NG T 2855 T, KR 14 Cr il a4 & B 5B
KbEmaEhEm T+ 16,28 CHAET + = (P<<0.05) ; 7E/KIE 14 CHI 21 CHT & 14 1k 2% & g I B 3% 77 1 K 3
IR R T AT VB VAT e B %, 28 CEFIR I A B B A8 IR T Z 8 B (P<<0.05), [ B KR,
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BWIERE, WHABEEE 0 S KR EE AR
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RE . W IEHE B BE KR K28 01 Bl A LLiE &
THRLE 77 A A BLIE R 28 o R S I3 A WL e,
TEEE &S HEH&EFRS B & E,E S
WIS GBI A, AN N IEE A2, R
T R R B 2R [R]R I AT g f 2 R R AL
i &, Wk R K MR B L SR AT, R KR,

W X 83 (Aci penser schrenckii Brandt) & T 3 15
H.658 88, T E oM TR ETRE, 2hEG65R
P FE SR —, MR A TFREE LR K R
T, LA LRI KT B AN W 4 i LA e SR 41 1Y
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WHoE B R A 2 W, B 3 5 o Jil 1K 65 ) 480 4k B
T 3 BB WA 1 R LB SR ARGE . A B SE R I e I 9 AR
AFZRR TS ACBE S ) B A2 AL, B O X HOE HE R
B 77 H T o 32 4 B iy A0 A0 , IX X E — P iR
FENE BN E R A EEE XL,
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1.1 LHEREF

00 M 6T 4o N T BT, LR AU 7E
TREHNHATYGE 2 B, EEE K64 120 2,
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P PRIFEZKER 60 em, S2 50 FH 7K by i 8 48 v 4k 4
HHIES 24 h 5 R H KK, & /KE %38 X
(WMZK—01, R # 6], i\ EREFFE @20+ C,
b 7K AN ARG BRI 358, R I 7K BV i & % K B KR —
B, WENBEAT R A, P ERFFTE 6.0 mg/L
PLE,pH(7.440.4), LW E,HFR#FHE 3 &, H
=N AR RN 3%, 8 RHT,2 REK 1K,
K& BAEN 30% , 8 R 2 2 8K R4 B A
(HYBROLAB QUANTA, 3 E) | & %& #h 7K 19 %
HOBREE 2 AR B E KR S KA, R
TE& ST A i A — 30,

1.2 gt

LI B 3 iR B 4L, KR 4 B2 14 °CL21 °C,
28 °C , F A R /)N B2 30 A0 i B TR U, Bl B 9k 3E fek R
it [ 65 ) 1, W) 4R B 4K BT E O (124, 20£15.12) g,
ALK K (26. 9512, 89) cm, FH K& 3 4FAT, &
—PATCGE) HFFE 10 B, BYMLIIEE (20+1) C
TR IEE R 2 CHIE T/ PRl 2 52 10 B, 2R iR
SERPEETE & AR B TSR 10 d 5T A BURE . BR
5 AN R 25 B DA A AR IR B8 4 AR o KR B K /)
K K BUE VRS BRI E R TR,

1.3 EEH&E

KR 24 h 2 &, SSEWMBBENEC 6 B, 1E
UK R B AT AR L, B BB T, 2 A0
LB TE AT AR E, BT B Mg, B v
A3 R KRR e, O P R A N O3 R AR
58 B, 56 78 VKR P R A BT 85, N 10 35 4 FH (1 Tl
7 0. 65 % Eh 7K, FH i 75 U 48 M A A (Y92 — T,
TETEIKIB 51 T AR 2 s, M FHES (] 6 s, 3L
75 15~20 R CGATTINZTE 140 W N) . FTSSI5HT
4 °‘CFLL1 700 g B 20 min, B _EiHEW ,4 CUKEE %
17, FE AL 1E 24 h W AT IR 58 B
1.4 EFEAMNE
1.4.1 E88E wA—-BRAES, £ pH 7.5
(MEEEEEE IR pH b 2.2) B E A R
BREN 1. 0 mg/mL %&£ F,37 ‘CI# 15 min, P
BEVE] min/K I EE =4 1 pg BEERAE A — A6
H AL D),

1.4.2 B I—h@ED, 7E pH 7.0 137 °C
KB EAE T ARG 7.5 min, LABS 1 min P 7K B8 58 F
R L pg BRREAE S — N ER BRI ) RAL(DD

1.4.3 [8RhBE B L) WA vl L ALK iED
7E pH 7.5 M 30 “C/Kk 4+ T, LBV & min /K7 i
Wir= 41 pg NN E A — A B ) A2 (0D,

1.4.4 Hftt FJHIKEZNHS DN RE GG RM

M5E ,
Bl )3 7 LLHGIE ) 3R, B 3% D1 B A7 /mg B
H(U/mg M),

1.5 ¥UERE

BT 15 %035 ¥ ] Statistica 6. 0 4% % #F #E 47 &b
WA ARBEEENNZRRHATZS ML E L
BT REERR,P<0. 5 AN EHERZEEER,

2 FRESH

2.1 EQs

AT e A B iE D fE /KR 14~28 CHf, HF
2.17~5.64 U/mg & A, BT HRBEHBEEEA
A (P<<0.05), 7/Kif 14 ‘CH, %ML B H HE A
JEHRBEVMRIR A I TE R+ =R H.
L, Br+ B M EABE I ERAEE P
>0.05) 4%, H{HE#H/ B MY EREE (P
0. 05) s 7Kifi 21 “CHS, & EBE & 77 B K B /AMK IR N .
HATERED . . 8, &+
BZEERRNEZII(P>0.05), HAKBE N
KIfEAE 3% 2 7 (P<<0.05); KiR 28 “CHf, & A &
HABREVMRIK N M TEE. T 8. 5 &
AR (P<<0.05) (B D,

MNE LTI UEHR, A& EEENEA
BE 2 KimFEm, SR ARAMAE, wITEREA
BgE 7, e BB KR A 14 ‘CH & 2 21 °C B 8 R(P
<0.05), /KR F 5] 28 CHY, B iE /) BF TR, B
i T 14 ‘C B (P<<0. 05) 5 3 i #1 T JE 1) 2 9 g v
TN EUR A4k 21 °C .14 C Al 28 °C, H =
B AR B E E R (P<<0.05) ;T i AE M
AR E R AR, B B KRR =, B S
IR R (P<<0.05), WEMHKFEEE, HEA
S D3 7K R 21 "C Y i, KR 14 C I &AK,

2.2 EHEE

KR 14 “C B, 8 i 0 Ve ¥ BG 5 ) B3 T ]
HE.T 0B MR P<0.05), WITEHEM
TP EE ST B AN (P<<0.05), Hry ]
BEMT MBS I ERAEE(P>0.05), 5
AT E 2 7 A 8 (P>0.05), BFiE 5B K BMK
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KA.+ i BRSO, KR
21 CHY, dy [ 1H TR BEIE 1) B35 T Hfb 4 FF
HH&E (P<<0.05), HFHAAMEREF (P
0.05) ¥l J I K BMKIR A .l T E R+ =
Bl B I, KiE 28 CE, T+ 3. w15 R
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Digestive organ
1 7KW X B ) R
I EE; I-WE;I—+_%8;N—8,V— ik
T EEEFAENNEFZE,RRA—REARANEFERE
Z R (P<<0.05) ; REM KRS F &, R xEMHALANFIREREF
& I % 57 (1<<0. 05).

Fig. 1 Effect of water temperature on protease activity
T—pyloric caecum ;][ —ileum; Il —duodenum; IV — stomach; V — liver
Note: Different small letters on the columns mean significant
difference in enzyme activity between different tissue under same
water temperature (I’<<0. 05), and the different capital letters
mean significant difference(/><<0. 05) in digestive enzyme activi-

ty of one tissue under different water temperature.

B 2 W] L, it K 65 40 % A6 3 R B TE R
W AEKER 21 CRI¥ ST 14 “CHI 28 °C,

B BT AR SR BE S U 7E 14 'C A1 21 CERA B E S
(P>0.05), H fth 28 B ¥ % 7 & ¥ (P<<0.05) , H4 ']
BR R+ H KR 14 CREEDHEST
28 C(P<<0. 05) , 1 & A1 A AT 15 70 AH ;2 (P<<0. 05) o
SRS R, e B NS ) 7R KR 21 “CR & sr,28 °C
I A,

2.3 fgRhEE

KR 14 “CHI 21 CH, I8 o 1) A8 7 BG 75 ) B 2
mT+ .S ] E % (P<<0.05), H
(ARl IR R RV I 770 <3 1770 = I 13N
WA T 3R 5 KR 14 CC B, BRE AT AT B 8 T B )
ZERAEEIN(P>0.05), LA E 2 A¥ZERE

MBMEREE DA E s TREMTRP<
0.05), M+ M . M TEEMBEZRALE (P>
0. 05) , I Jian AT JIE 22 %2 AN B3 (P>0. 05) , B 7% )
HARBNMMRIR K. T .5 M. A, da ]

HE,

2001 a
B
180
a 160f
Tﬁ 2 140
en—= | b
.E g 120 Al
3‘8 100 i
>~ :‘f? 80f a
=z "
s 60f ¢
2< 40t
;5
1 201
0 I

HER AR ant

Digestive organ
2 KUK IE A BRI ) ¥
I EE; I-WE;I—+ %8, N—8,;V— K

T EE L AEANNEFZE, R —REAFRANFERE
Z R (P<<0.05) ; AR KRS F &, R REMARLSFREEF
& & % 5 (P<<0. 05).

Fig. 2 Effect of water temperature on amvlasee activity
T—pyloric caecum ;][ —ileum; Il —duodenum; IV — stomach; V — liver
Note: Different small letters on the columns mean significant
difference in enzyme activity between different tissue under same
water temperation (’<<0.05), and the different capital letters
mean significant difference(/’<<0. 05) in digestive enzyme activi-

ty of one tissue under different water temperature.

E(P<<0.05),1 21 CHf, & BEEE H W ERE
E(P<<0.05); K ifk 28 CHF, 1+ 48 s 5 Wi B8 75 )
B % T H AR (P<<0.05), B I g A AT AT B 35
HEREEEER (P>0.05), LMy EREEP
<<0. 05) , B ¥E ) B = BMRAK RO . + 4R B B R
W JFRE e T,

M 3 0] LUE H, 2 1 A6 A% T IR 7 B Y B
5T T E A R B, BR 7R KR 21 “C A 28 C & At
TR RS 2= B A B3 AN (P>0.05), Hofb 28 B
JEWBGYE HTE 3N KBEHETHZEREE (P
0.05), HAKE K, i [ 65 4 f6 I8 B B85 /17 14 °C
i 5 =, 28 C B R,
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~ laoor b 5] 14C — A R TE — SE iR R Y A B R R B T e,
% 1200r L) ggég 25 P 3 0 20 ok, B B B 0 3 A, A AR U 3 5RO,
Ené 1000 REF AT — W RIE R, 5t 2 kAL RS
E% 800} %%,iﬁﬁfﬁifﬁ,ﬁ%mﬁﬁ@%%%ﬂfﬁm
4\:5 600 - T 2 E 8T B R0 i KB R KR
%g%g woor FEH 16 ~26 °C, & KK FREEH 21,53 COI,
= %8g ﬁ%g TE A BT B 3 AR B ) T e 1K 65 A KSR
- 0 : i BACRARIE LB IR 1 iR, 28 C B T it K69

LA

Digestive organ
3 AKX iR 7 B S T 00 R
I EE; I-Wu:;I—+ % N-8; V-
T EEEFAEAMNEFE, R A —REAAANFERE
EZSARMXEZE, RAAMNAAARBRENFERE
=5.

Fig. 3 Effect of water temperature on lipase activity
T—pyloric caecum;[[—ileum; [l —duodenum; IV —stomach; V —liver
Note: Different small letters on the columns mean significant
difference in enzyme activity between different tissue under same
water temperature (I’<<0. 05), and the different capital letters
mean significant difference(’<<0. 05) in digestive enzyme activi-

ty of one tissue under different water temperature.

3.1 FRKETEHALBEEABEINETNK

i s B 5 K PR SR SR R AR, 5 &
LI P X BB 103 0 DL B 55 R ) 0 23 A ) %
BREZ\DH, AL, iR G a1 HE R
W R 2R B8 S D S FE KR 21 “CIf R, T 4R
o f B S I BEIE I 7E 28 Clm, AT, KR X G
EAFNELE B E MBS BN, £k
ZERIRH, 3 KR IR RO M K AT 4, M [T H
A0 gy 38 1) B B 0 e, I R S AR,
HE5dTE R EIE+ &S BEEEERNESE P
<0.05), HEAMAN T HEM R/, #ig L,
B I 73 1) R B g JeR F TSR W, R AT A 0 R g
P B0 Bl BT S 5 L2l BE B8 0 W i AL AR, TR L
P 3 B B 0SB, BT BRUE 3 O BRAR, E EF AT
JUE R B U 2 4% 8 ST, FCRT R A O — i AL AR, I
Sy W AR BT A P, T AN 5% B JE A 23 9 K B B
LB , AW 50 I 1) 2 i 0 AR, AT LAGA O BT
JIE L F R RE IR 55, A2 5 E A B E AL
A 3 — it 5 ik 24 PFOST 2 (A 5 45 R AR B

bR B, 7E i K B B Bk b U s B, T
T AR NS AN ) & e, UL BE A KR BT
i, PSR B B e AT G OR
3.2 FRIBETHZHEHABERWEBIINTL

TE 3 Rk o SR i KB 4 fa, ey T 5 &R
W — 48 L B ORI B E B B 0 00 38 DL KR
21 °C I, R WILE AN [A] i) R UL o, & 4% B O Ak B
KEYIIBENFFAEZESR . /KR 21 CH, il TH
B WM. R MEREAAER N E, X S5MEFH
G0 4k P DSV R ST 45 AR AL, . T 0 U R B O
FIELAN 5 BT RLIA Ay JH JIE 56 7 4 B K AL & 400 05 A RR AR
FIE X, ZEEUIER R b R (Acipenser sinen-
sts) T AL BB I A4 o I R v A 69 5 R A i Ak iR,
B F 32 SR 2 WA HELYE o) Jig 2R AT Ak, WU K BB S
FVEAR . AT T o i 18 1K 0 B B 0 P O v T A
o Ry, T LLHE I e TG B E R B8 AE BT b e,
W W W I, T E W e ] H A iE , 5 HAth
ZEENT R (Cyprinus carpio L.) B 5T 45 B 41
— gt | AR KR 14 °C, i K6 ) R KL A
RIS AL 7 AIFE B .+ —fe i Ay 1B e 2E AT
28 C,HMWIET —follm M TE BB H 21T, /TR
KU XS B 2 B UE K B8 W 0 B W R AN R, T HR IR
7 A PN
3.3 FREETEHUBERHERINTK

JIg 7 2 WL P 3z 30 2 20 1) i B R VR, B R S5 IR
KaiG, BB E GHRCAT S, SadA
e U A L 38 B 0 R G O, BE &V RE NG R,
BE b SR R & S R Rz ik P IEN EF
FIHR 07 FF o o0 A, W ot 1 5020 5 3L R 0 A Mk 4 |
JEWT B WA ZERmTEZEZ, £ALRP,14 C,
21 °C.28 C/Kilt T 1A 77 it K83 , &9 Ak 4% B 1 g 1y
BgiG 71320 14 “CHf B, 28 “CIFEA, 5 2 AR,

1 2 I R AR RIR T B R AR, T A
FGE A A B2 2 A7 A G T B8 s T R ET
HOE R NSRS A, T iR S 1
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Effects of water temperature on activities of digestive enzymes of juvenile Aci-
penser schrenckii

TIAN Hong-jie"'? ,ZHUANG Ping®*? ,ZHANG Long-zhen? , HOU Jun-1i* ,GAO Lu-jiao'

(1. East China Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences,Key and Open Laboratory of Marine and Estuar-
ine Fisheries, Ministry of Agriculture,Shanghai 200090, China; 2. College of Aqua-life Science and Technology , Shanghai Fisheries Uni-
versity , Shanghai 200090, China; 3. College of Life Science, East China Normal University, Shanghai 200062, China)

Abstract; Sturgeon culture has been developed in the last decade. Some researchers have investigated
effects of temperature on digestive enzyme activities in different fish. But the effect of water tempera-
ture on digestive enzyme activities in juvenile Acipenser schrenckii is still little known. The purpose of
this study was to investigate the effects of water temperature on activities of three kinds of digestive
enzymes(protease,amylase and lipase) in digestive organs(pyloric caecum,ileum, duodenum, stomach
and liver) in juvenile Acipenser schrenckii. Under three different water temperatures(14 °C,21 C,28
°‘C) and in culture tanks,juvenile sturgeon[initial body weight:(124.20+15.12)g] were cultured for
10 days respectively. During the experimental period,water temperature,pH,DO and ammonia-N were
measured once a day. The major environmental factors were controlled at the same levels in each ex-
perimental tank, where DO was beyond 6. 0 mg/L and pH was 7. 4£0. 4. After starvation for 24 h,fish
were sampled randomly and killed for enzyme activity assay. Eighteen fish were sampled in each
group. Fish were dissected on ice and the alimentary canal and liver were cleaned, with chilly saline wa-
ter. The alimentary canal was separated into stomach, pyloric caecum, duodenum and ileum portions
and kept in liquid nitrogen. The digestive organs were minced and homogenized separately in 10 vol-
umes of 0. 65% cold sodium chloride solution by weight of the minced tissue. Each homogenized sam-
ple was then centrifuged at 1 700 g for 20 min and the supernatant was collected and prepared for en-
zyme assay at 4 “C. The results showed that:1) the activities of protease in pyloric caecum,ileum and
liver were the highest at 21 ‘C (P<C0. 05) , while those in duodenum and stomach were the highest at
28 C(P<C0.05) and those in all examined digestive organs were the lowest at 14 ‘C (P<{0. 05) ;2) the
activities of amylase in all examined digestive organs were the highest at 21 ‘C (P<C0. 05) , while those
in pyloric caecum,ileum and duodenum were the lowest at 28 ‘C (P’<C0. 05) ,and those in stomach and liver
were the lowest at 14 “C (P<C0. 05) ,respectively;3)the activities of lipase in all examed digestive organs were
the highest at 14 °C and lowest at 28 ‘C (P<C0. 05). The activity order of protease and amylase in all examined
digestive organs from high to low was pyloric caecum,ileum, duodenum, stomach and liver at 21 °C. Protease
and amylase activities in ileum were higher than that in duodenum at 14 °C (P<<0. 05) , but lower than that in
duodenum at 28 °C (P<C0. 05). Simultaneously, the activity order of lipase in all examined digestive organs
from high to low was ileum, duodenum, stomach, liver and pyloric caecum at 14 °C and 21 °C , While, the activ-
ity of lipase in ileum was lower than that in duodenum at 28 “C (P<C0. 05). The results indicated that juvenile
amur sturgeon had good digestion on lipid at 14 °C,on protein at 21 ‘C and 28 °C. However, juvenile amur
sturgeon had poor digestion on carbohydrate at all experimental water temperatures. Accordingly, the lipid lev-
el in the diet should be increased at 14 “C ,while the protein level in the diet should be increased at 21 °C and
28 °C water temperatures. [ Journal of Fishery Sciences of China,2007,14(1):126—131]
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