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fif N 10 B VE 5 B 1T g 2 8 o JER T 3, 0 2 L HB
KEE A R R AR AR THRE
A TEM BEAETE, oKL G s Bl w32 2L
FEAETHARNpIE LM, SHERE. Ca F1 P &Y
WA 5%, X SeiH A 7E 0 28 AR B R 0T Ak A
M REZEM . Har, XHMEfEL) s LR atss 0
L [E NS E X RS2 B Scophthal mus maximus) |
¢ ¥ & i (Cynoglossus  semilaevis) . 4 3k # (Sparus
aurata), 7y [ 4EfE(Atractosteus tristoechus) il H A< B
Uit #6.(Nibea iaponica) &5 {1 HE ) 61 31 {1k B Y 73 26 FL A
CAWFIE (REMESE, 2005; # 4%, 2005; Moyano et al,
1996; Comabella et al , 2006; FMIEE, 2012),
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IR H s34, 17 2 [ 5T T i R A T %
SR HARBEGY , (H— B AFAEAHE (A8 T3 1 i)
M, HET, AR TEFEIAEEA Y N TR
AR & E Fife i Qi 5 5 (Poortenaar et al,
2001; Moran et al, 2007; Stuart et al, 2013; Yang et al,
2016a. by, P, [P i A WL 38 AR 00 5 75 0 LG
TE AR SR 1B o ASBIFFE N 2 23 B B 25 7 40
BRSO B FEH ARG (IR . TER B . R
1 T R A R Rl ) T kAR AR AR AR, ATy e B SR
F T HES) I AR FLREREVE . R DR R 9B A N T
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1 MR57FZE
1.1 SRIEHH

S5 it FH ) v R WA i AT HE 4N fa i KGR
BRI BRA T o SR AR G% JR 0 BV g Sl B A 4 0
kW, Pk fa B CH: 1Y B ARHICE A B B,
K . OGRS FRRAL, O AR SR
FHUS KL WCEESZHE IR, £R BE T B DT DN 5 A2 RS IR AE
B AWK JE AL IAE N, 28 72 h B 58 URF
b AN, ELk A K. LS 3 d IFER
P PR SR AL 1 £8 A 2 4 L (Brachionus plicatilis),
15 d FFARHEME i OICy ghik . AFHESh s & 551 K
HR(21.5£1.0)°C, EREEHR 29+1, pH i 8.0+0.2, 1
SRS KA 60 ecm, B 4 d BTN, LS4
KK, BEFOAERK, B 1dWRIE, REKED
Ko fE 5 E o R R R A e e -

B TG 20 A i R AR PR BE
1.2 XEHZE

121 HaRELHMA iR WA, R E
e, WMEAFHEZ M AE R A E R . REZNKES0 hiy
RG24y, BR1S g BEESEL. 20 4. 7. 150
20 RATF, BEASFE S HC 0 (B 200~3008) 5 2525,
30, 40, SOFN60KHESfh, HEFE S B2 0y (B:320~
10012), KENLE0 R fFHEL il i 4K o A bR AR T AL
TR T AL B RS2 e, R URAE B/ B M HTHORE , HRORE
J& BT TR E MK P IR3 h, PRUERR S f2s
o BURERT, FHXZEZK vhye I FH 8 4Cme T2 ik 4,
A -80°C VKA R RIRAT . SEIRET, KRS Tk b
R, 20 dETAUAFFEN, JE B I, HORHK
ARSI T s 20 dJE AORE & o fif ) BRCH: Y I 1A 5)
Ko BH3INFAT, B PATHIREEREZN0.5 g, i
ATE DA T, $7HBw : v=1 : 9FY L5 A T
FAEREER K, HEATHZIAIIK, FE4°C L 5000 r/minf4k
PR B 030 min, B EIEWAE I HESFEBOR, 4°CIATE,
FEF24 hNMRATE RS BT AEL) a2 B B B A
EMIES % Yang %5 (2016a) ) 17k

1.2.2  HACEEE M T I3 = K BCA HH
I R B, I R Y B R IR I il
A A ) O U R I, W R e T
37CHRAMT, W= TFEERAE RN & 5K Y R0
1 min, JH#E 1 mmol IKR¥ A 1 ABEIG S 8007 T8N i
FH R ¢ R v oy Wil ) e , g T e S A
Zrh R EE 37°C. pH 7.0 &0 T 5EWAEN
30 min, ZKfi# 10 mg JERAE SR 1A TER G F7 B0 o
I, 1 Tt g e e P ) B, LT R
figE X 7E 37°C. pH 8.0 &0 F, BEEEATH
AR ER B, R IO B AR 0.003, RiISH
1 ANEEE S SR o B B TR it P et 2 e P i R il
A&, HIE e . 76 37TCHAMT, &
HAFEH GEFTME 15 min 7242 1 mg B4 1 HE
JIHAL

1.3 HIELE

K SPSS 22.0 # A% S g A T 40 H, i5
PAH T 5 220 B (One-way ANOVA)FI Duncan G656
BN B AT W E 22 R R 2 R, W
PEIKSE2h0.05, Fir A BUE 3R P 34 (H £ 45 1 22
(Mean+SD)#& /R .
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WA P HELD KB H IR LR 1, 1~7 d AT
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Fig.1 The growth curve and feeding of S. aureovittata
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BRI R G LTS AR UL IR 2, AR 2 1]
VB W, SRR G & B W BN 105 1 L s ) 4k F oK
S, AUN(1.14+0.16) U/mg. WFALIG 947, N6
il 1R ERRa 2, JT (4 AR e He i 7k 3 &R
{H, M (5.89+0.45) U/mg, & T HAl41(P<0.05),
VW1 IR LG T 6 £i%. 7 d i, f1fa
Ji it EU 35 AR T 325 B0, I LIk 2 3 AT 300 1) i
fRAE, }9(0.97+0.14) U/mg. Fifi)e g Wy b i 12 {4
2SR, 15d B, EFFR(3.4340.64) Umg, 20d
fF, A DT e LG D 2 T DA T £, (P<0.05)

B ARWAT 0 JE R W LU TS AR R LR 3. A 3
ATLUE Y, ARG 4 B B Bt vl LRSI 28] S 4
W, IS IR, R (0.09£0.01) U/mg. /LIS,
FEta i e 1% 1 3% JH(P<0.05), 2 d Bf RS
(0.22+£0.01) U/mg. FfiJ5 HLiG 1 5258 B THE TRk,

7 d IFERI G LTS Ty ih BB, M(1.59+0.02) U/mg, Jf:
H 5 # 5 T HAZ (P<0.05); 7~20 d {1 HAiE kG L%
T T AT £,
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Fig.2 Specific activities of lipase during embryo and larval
development of S. aureovittata
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The embryonic stage is recorded as 0 d after hatching.
Different lowercase letters mean significant
differences in specific activities of digestive
enzymes (P<0.05, n=3), the same as below
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Fig.3 Specific activities of amylase during embryo and
larval development of S. aureovittata
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b AR AR, HIRE AR Wit s, AT
114 [ 2 P i EL IS ) B TR 1 (P<0.05); 7E
15 d B RA Il E s 78 B i RME, M (1098.67+
24.03) U/mg (& 4).

T ORI T P B R R T LU TS S AR TR LR 5. A
S TLUEH, G Z B BB, nl LIRS 2 1 55
T, HAE BT HAR AL (P<0.05), EAL S B i
PR LG 77 b Tt , 4 dISFI B KME, 28 (5.56+0.41) U/mg;
7~20 d EPE R RR B L TG WA R R, 20 d B, B
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PR B HE TG 1 4(2.3420.08) U/mg., J5 20 Hrds B o,
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Fig.4 Specific activities of trypsin during embryo and larval
development of S. aureovittata
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Fig.5 Specific activities of alkaline phosphatase during

embryo and larval development of S. aureovittata
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() it LG R AR 2 T 25 d B, R AR
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£ ETHER, IS (2.804£0.25) U/mg,
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Fig.6  Specific activities of lipase during juvenile
development of S. aureovittata
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Fig.7 Specific activities of amylase during juvenile
development of S. aureovittata
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Fig.8 Specific activities of trypsin during juvenile
development of S. aureovittata
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ETHRE 3] 25 d K
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Fig.9 Specific activities of alkaline phosphatase during
juvenile development of S. aureovittata
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Wy e TR > B WA R >V B > T s 20 d
e B g BT SRR B, 4 i A LS D (R
AN Oy SR S 1 T > 0 I T > A TR T > T 5
30 d AfEf B IR g RSB B, RS F S LI e
B P B PR I e T S, R I LU ) el s 50 d 4
PBemd f N BER B, JBREE I RE LIS e, N A
PERERRIEHCIT, JE T U0, TEM ML TS 1 iRA.
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Fig.10 Specific activities during different development
stage of S. aureovittata
AR NG SRR F IR A — F AN [T AR A7 A 2 5 Wk 35
Different lowercase letters mean significant differences at
same age in different digestive enzymes
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R E AR, b T EORA AT LS B

MR, HBTEAF LB BiG A m, s
F14) 568 5553 2 52 W 0 2T AL I ISR s 3 Y R &R
I, HAREEE N AE T YA EZERN T, R
W T A7 HE Dy £ ) T AL RE S VS R R, S R A
KAFEEHARK KRk SE, 2017), AR A
B, WAL F M BOH LR AR B, S HA
K& H B BRI £ 0 PR VA 6 .

3.1 BRHEMEELEERHIT

A 5T 75 ¥ AW G % B o B mT R £ 1 R g
TR A9 Tl R TRk O 1, I SR T T N
AMEPEERNE S, HEE R RRECE AL Rk, T H
7 ¥ I #1 F11 2L W) #5 (Polyodon spathula) I BIFFE & 1, 1E
A2 B rh s I 2 R e L VR T R Tl e O
(PMEEE, 2012; 404, 2012), SABIGESS AL, A
[] 0 25 i 5 it o 5 BRSF [R) AN — 4, Alvarez-Gonzélez
25(2008)TFT 26 , BRI Par al abrax macul atofasciatus)
162 d i, AU RS TS 1 BRASMESE (2005) 05
T, KEEHTLE 15 d Al B 05 B 1 . ASBFSE
TERIAT A a1 RS I B R AR 1 S 1, e ARG
WA RIE], AT REEE MRS LB B IR B, T
TEWHL G AT E A TR I 254, (B T R
G053, WRERZQOI)FRF, & AR+
B RN A0 , A A T B o B0 B0 A e
AW, mAIE I FEE T LAy A I B0E
fiti . 7E KUk 7S 2k i (Hexagrammos otakii) 1 4H i, 7
(Dentex dentex) ] A1~ fa thn a] LAAS: I 1) i 25 il % P
(T4, 2013; Gisbert et al, 2009), S5AHIFE 45 FAH
Lo R, SIS 1 d A7 ot kG 2088 s . ek i
R R R B PR, e, AE AR A . AR DT
Mok G ERY R, REREET.

3.2 EEWIFHEYSE 4 WHLEEANTL

F I Tt = s A0 28 A JEF TR 430 1Y), T 7K AT
HEAO AT AL AR B 5 PR AR B ML . TEASTR] £ 26
BRI AR AL B FOR[F], Martinez 55 (1999)F 58 %
B, ZEPN /R 5 (Solea senegalensis) AL )5 45 10 K
Jig 107 6 LU T ) B v o DRAEIE SR (2005) P58 R B, K32
BEAE 15 d A K B 5 BTG PE . Alvarez-Gonzalez 55
(2008) 5T B, BT w5 rp I B LU 6 1 B A
KB, ARG, #HAKW0~4 d fFaikmm
JIE W Wt 2 4R v, AEAF AT 10 (4 d)IF EL IS Srderm, B
Ja R X T RESE YR B SR ] AMIE M SR A AR
frfafe B a1 R BRIk S B A7 0 T B
o, MRS H S TR RE T A, SR TR )
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TR SR . Oozeki Z5(1995)0F58 %M, FIF
R NTEAE 2 PGS, 1| F2uiisns A2, T
BEMWONC; 55 1 RO IEEE, 32 BT AN 5 )
AL, 7 d BEAWRF @R LTS D TR, ATRER A
2 PRGN Fae . MEMI, MEEERKER, W
SRR WIE A v B s e LGS O BT R TR e s ghfa
W1, HEARWRRE WIEE LS o BT, U SRR D A%
RoutaToeds, XY s LRE G R

ARSI IR, BRI TER B LU TG JI7E7 d
KB RAH, RATE S W0 B2 btk AL & 9 )
fie 1. XAk A i (Diplodus sargus). 275 4
J7 fili (Takifugu flavidus) . A 4 {5] ] i (Spinibarbus
snensis) S5 A FE 45 S AL, RIATf by it HG 36 38
i B 3 P (Cara et al, 2003; Xk +48, 2014;
AR 2010), Moyano®5(1996)iF58 &3, 4 ke
WMEGHLTE HfE R R FE MBS, MELEKETR, &
WG LLTE 1 Wi i, X S AR A5 A — 2, A5
& Sk WA A T B R A A RN &) £
SRUBTER ML N, nTRERREE AN K AT,
HCnsie o it AR AR P AR R ek 2D XA 43 R 2R X
A RE S AN B TEA ¢, AT LA RS AE e ) e i
AR KA A WK B Tk

AR R, A7 B B AR g LTS 3 T
=, HELD B BE AR R B K, BB R E B B
2R 0 ) T SR SR A 20 o5 A R R A R L T AR
Ak, 4R B 2% W IR 2R 1 L TR AR Rk BRE
(Gisbert et al, 2009), #H & 5%(2013)F58 &M, KiksN
2t R AR UG ) AR K L B Mg R, 7E 100 d B
R EE Il LU ) e, AR AR SR EAREIAN TR, AR
WL RTINS I R AR AR 2R
BARMBRSIIRM T, MARSLE: 20 d |/, fffakkik
WFES, 20d J5, ME4hh T SRS B0 I A5 5 fL i 20
SR 3 2 B RPN I AT S0 S A T, R o ) BUARE S
(NG &R ver PN

TP i PR i — PR RS & &R W, B2 T
KA R AN RSOk 2k, — B IR
HZEBE .Ca F1 P WA i i/ H (Tengjaroenkul et al,
2000), AWFGREERER, FEAT B SR WR0N 1 B
filf LU S BT R, AE 4~7 d B, BEJG R T
AR HE 25 (2005)BIF T R W, RS2 B 1 Wl e il LU 0% )
SRS, 7E 70 d B3k TH% . Babaei £5(2011)
WM, BT (Acipenser  persicus)fid 14 i ik fiff Lt
TG HTE 19 d e, B TR B ARHAE 2 £ 0 P D A
HRRC P il TR T DR R A s KO, M T Ak
HAERE WIHALTIRE AW & & 5838, Jsd T XA

THALFIM
3.3 AREXREHER 4 M LERLLE N ERED

B SRR B £ AE R T 1 B o B ok o R
FRM B, HAKEFIIRERE EZRET A S/
B BRSO RIR I, SRR AR F R D L
15 118, A R T Ak I S 5 A Ry R v 1 8 1 R
BRI, (R AE K ER . IR A, 78 7 d i, B0
KymE TG F T, RIS MR R, T RE SR AR
Ko Kim (2001, TEREG LG i S 2B fe
RS, AN, FLYE R L TE )RR
20 HS UG P45 B B, B 4500008 2 11 1 LU 00 B
i R RS P A L T gt A e v K T TR
B, VER B IEA AL TR B AR HE B B 3
FUERLAME AR EE, FEk, Higk ., #e%
T AR WHFERE = . L, T2 NEY - IE Lk
KEWEA TR, JEIIA Ca, P SIK/WH . LT, B4
PR IR B LS T PR TS, RIS R AERKEE
Xf Ca, PEFITER IG5, JEMBIHLTE A S, UONHE
Wtk B B Bk KA A W RAE R BE B I FE T R AT Ab
7e, RIREEFEEFRIT . BN, A HRNE IR K
RFE, FHRAK REHE A 2L 60%~65%,
FLAR 5 25 1A 20%~24% , K53 A 8%~10%(FE £ HE55
1988), A FI|F 5 4847 HE L) o R s A it . R
Wi kew- i, DMRUEHALA RS #AERK LT, 4
AU 7E 45 B BB U TG 90 ) i A 58 30E T X 45 Fh
FYTR TR . L, 7RIS WAL=, TR s
B 5 T SR AU (6] B BT A i 22 £h R o ) 38 (L Fb
2%, R XA AE L X R T A O, AR A
14 A K T RE FILAE TG %

2 % X M
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The Variations of Digestive Enzymes in Larval and
Juvenile Seriola aureovittata
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Abstract To clarify the digestive and physiological characteristics in the early developmental stage of
Seriola aureovittata, the activity of different digestive enzymes (lipase, amylase, trypsin, and alkaline
phosphatase) were studied. Fertilized eggs and 1- to 60-day-old larvae and juveniles of S. aureovittata
were selected as the research objects. The relationship between total length and days after hatching was
also studied. The results indicated that the total length of larvae and juveniles increased with age within
60 days after hatching and increased significantly after 25 days. Lipase, amylase, and alkaline
phosphatase were detectable during the embryonic stage while trypsin was detected in newly hatched
larvae, which indicated that S. aureovittata can digest lipid, carbohydrate, and proteins before feeding.
The specific activities of lipase and alkaline phosphatase increased rapidly after hatching (P<0.05),
reached a peak at (5.88+0.45) and (5.56+0.41) U/mg, respectively at first feeding. The amylase activity
reached its peak at (1.59+0.02) U/mg on day 7. The specific activity of trypsin increased slowly after
hatching, and reached the highest value ((1098.67+24.03) U/mg on day 15 (P<0.05). Lipase, alkaline
phosphatase, and trypsin were basically stable in the visceral mass of juvenile fish. However, the activity
of lipase, alkaline phosphatase, and trypsin increased with the development of S aureovittata. The
amylase activity in the visceral mass of juvenile fish showed a downward trend and was basically stable at
a lower specific activity level. The results of this study showed significant changes in various digestive
enzyme activities during the development of larvae and juveniles, which were closely related to the
development stage and feeding habits. The digestive enzymes were detected in early larvae that had not
yet eaten food which was considered that the digestive enzymes were maternal in origin and not from
exogenous food. The lipase, alkaline phosphatase, and trypsin activities in juveniles significantly
increased, which reflect the improvement of intestinal structure and digestive function and the increasing
demand for fat and protein.

Key words Seriola aureovittata; Embryo; Larvae and juvenile; Digestive enzymes; Specific activities
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