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Variations in digestive enzyme activity and tissue biochemical
composition of Penaeus chinensis broodstock during reproductive cycle
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Abstract: Using the tissue biochemical analysis method, the variations of digestive enzyme activity (in
hepatopancreas and midgut) and biochemical composition (in ovary, hepatopancreas and haemolymph) for wild-
caught and pond-reared Penaeus chinensis during the ovarian maturation stages were studied. Females had higher
activities of protease and lipase with the ovarian development until IV stage, but had a significant decrease just
before spawning (V stage) . About these variations, there were no significant differences between wild-caught and
pond-reared shrimps. The total protein in these tissues increased with ovarian development and reached the highest
in stage IV (hepatopancreas) and stage V (ovary and haemolymph) . Both the total lipids and acylglycerides in
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ovary increased regularly with the ovarian development. As to the fat level in hepatopancreas, there were no
significant differences from stage 1 to stage II, and later it decreased with ovary development, and reached its
lowest in stage V, as the fat level in ovary reached its climax, These data indicated that the changes of digestive
enzyme activities affected significantly the digestion and absorption in female in different stage of sexual
maturation, and the biochemical composition of the ovary reflected the nutrient accumulation associated with
maturation .
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RIFEF(REBEEPOBRRENIFERAIBRPH —ABERY, EEPHHRHERTRE .5
EEENRMENAX, REERRRANIBER- T ERYERBEHRNIR, ENERYERNT
Rmm FHEARKBHFR! > ERRETARBAEYPCEEE L MR, SRER PR EIEM 4~ 8
FRREENERYERRIEEKREXRKFNITOMAEEFRFTROEM, ZRITZHE LM
RGP RBUE 5 ), FEXEF (Penaeus chinensis ) BREE B EMBGKFEMPE, HEMIEF IR
BAFBARACHARR BEXTRFEFVENARREAL AXTRETERE LRERHHET
it 35 P AR KR B RO A O ) T A W O B S B B A 3R 2 T O 08 R DL HRGE, AR SXGE o X o [ X IR
T PR T R OB S I BB AR LK S A T SR B IR P T B T AL BB IE R AL B ST, T R P B X IR R K
RN EA RN A BRES  EARMEHEMNEAMHBELE B ARFRMEET REL
WE R FA L KR BL S WK R B F IR B KB

1 HMES5%

1.1 SEBIFRFE 5 R &4

BRHFEIFRETF LR RS, SRS I TESHE KRR ETER. mIFrREF
HIITHLEENAGESHGRAMBLARIT, 3 A LAZALRER, 24 2 NHEF, WERE
B EERIR A RS, 2 REEREEHRIFERABHES, TBRIFHABRE 1.

¥1 TFRAMKAEFPHFREE

Tab.l The parameters of Penaeus chinensis in different ovarian stages M=z SD
3 FE 9F # W R ¥
[T pond-reared shrimps wild-caught shrimps
ovarian stage iR ¥ (ind) &4 (cm) & (g) 2R K (ind)  EE (em) HE(g)
samples length weight samples length weight
I 6 12.20 + 0.59 24.2+3.89 6 16.08+1.78 62.03 % 7.69
I 8 13.4x£0.57 30.38x3.36 8 16.30 +1.23 52.18x9.82
o 8 13.66+ 0.86 31.55+6.08 8 19.16 +1.33 80.06x 5.64
N 8 12.73x20.46 26.97+3.33 7 18.76 £ 0.76 81.72x3.93
v 8 13.16 £ 0.29 30.51£4.16 6 19.46+0.75 78.54 % 3.99
| 4 13.63+0.32 29.33x1.31 4 18.65 x 0.45 76.18x9.27

rH 3R i (2m®) UK 9 B, /KB 12 ~ 16C, I A >5mg- L', 31, pH 8.0, AR <0.2mg-
LY, B#H/KBR, SkE N 2/3, RBBEKEBH 12CHE 16T, FHHHA 0.5C, AHRKHASK
F.OERMEYE,SHRM 4K KEMFEESMEIEER A RRERENTIFMEERN 8% ~12%,

1.2 HXRLE

FiAX R B AR R TR EAK S, MR KMk E G, TR 58 AT 4F B O e A il B ot o B2
W, T/ANRE W, 8BS 3.0 (3000r min '), B L WA R BRI A X 4R B T K& b,
B 43 59 S0 AT B AR , M) B oK RS B AT kT BT I i R Tk BN AR RIR R
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WAKG, SR TER . PHARDNHRES, PIEREERESIMA SEHEREK, EAHEEIR
HEBEEE , LA 4000r- min ™ KB (4T ) 2.0 20min, B L R A DB B F N E BB SR
HAAEB A

RSB ASREME F B T WML S8 7516 &, B4 60 8 F Bouin £
BEE A I H-EBRLE  CEBHETHRENSMRETERL.

1.3 FIIEIrRE

1.3.1 EREBMATBRARFE A

EREE (%) = £HBRE/AE x 100 B SR (%) = HBRE/|RE x 100
1.3.2 FHERBRMPBHELHRENME

EOQBEEART, LL0.5% BMEANEY.TE pH?.5, 37CEMNH T 5MH SR B KM 15min, B
- ERERS ], EHRGARERERE rgomin g T HAER,

RS R B E ARME . RIVE CHEEMIM N EY , A NaOH B E R WK M= s &, fgny
B§iE 1€ X R pH7.5 HI 37T HRM T EH R ARBBUKE 7 P REIL™ £ 1umol AR BR A — 1 RETE /1 AT
(umol-min~'-g ' H),

1.3.3 AREURNGHN

EORSERAEHK -mRAMNEN ! e BARKMEET, H = 88 B 5 A 8

ME@ENESR LB EEARTERE, B i5).

1.4 FIESW

TR N ANOVA REHEF ZHH Duncan TEH B K H#ITLERBERRR . BEKFLU P
<0.05(ERBEH P<O001(ER KR BE)ER,

2 R

2.1 PEREIE B (GSI) Fi BT i BE 35 B (HSI)

HRIEBE R EE K WERERROERATFHAEERA BN EA(P <0.05), B R AR
REBWA, BHERERERE THHEET(P<0.05), SHMR . BEFRITNTFBRBRERS THEME
IF(P<0.05), FREIMEREEFHOFBRAERLE, HARERITHZER B HRI LAY BN
RERBO-0H)FBREEEMNBEE(P<0.01),MGHENELT (I -1V i) X ir AR H
B(P>0.05),7EBERE VBT, FIEWE N 21.3% (JFFEFRIF)M 21 1% (BHFEF)(E2),

£2 PENGEEREWPNE WHH GSI #n HSI

Tab.2 GSI and HIS in P. chinensis during reproductive cycle M+ SD
B 2 3 (ind) 6B 4 5> ovarian stage
samples I I B ) \' Vi
M 9% & oF 4 GSI 3.35%1.52 4.93+1.41 8.97+1.92 10.97+1.23 12.58+0.28 3.38+0.45
pond-reared shrimps 4 HSI 2.05+£0.21 3.62+0.29 3.78+£0.27 4.03+£0.38 3.17+£0.24 3.09x0.35
M .F 4 GSI 4.38+0.64 6.73+0.89 10.68+1.32 14.80%2.75 16.81:1.97 5.32+0.66
wild-caught shrimps 4 HSI 1.89+£0.05 3.33+0.35 3.50x0.31 3.83+x0.21 3.02%x0.33 -

2.2 FARERAFHTBRRMGTHOEQRE JEMBEEERL

MEITR, PEIFWHFBRRECORIEEREFERR TS M, ZN N2 E, 75 REH(V
WHTRE, =METHERABFROOBBETRECEHEIF)(HABERBE P<0.05). PHEOME
BBREAFHER(L ~ NVP)HEAEER,  BHBE FTRBR(VDRKEE(P <0.05) , B PHECMH
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] ~-NHERABE(P>0.05), MiMHIF ] IHBEHNERTI. VY., WAHRERITHE, S
HRIFE T BR P B E O BIE R T EIF(P<0.05),
23 hEXNEAERNRETHOFRBRODGEASNEM

Tab.3 Protease activities of hepatopancreas and midgut of P. chinensis in different ovarian stages pg-min~'-g~ tissue

b I & 3 L
S8 L4 pond-reared shrimps wild-caught shrimps
ovarian stage % & ¥ (ind) T BR Bt $ H 4 B (ind) g1 =
samples hepatopancreas midgut samples hepatopancreas midgut
1 4 2374.30 £ 296 .25 343.53+£27.63 4 2316.14 £ 169.74 465.43 £ 23.3
)il 4 1859.71 £ 162.11 333.95+20.36 4 2568.33 £ 95.63 476.81 £ 51.3
| | 4 2220.24 £ 181.93 206.25+ 27.33 4 2843 .72 + 187 .41 434.51 £92.58
N 4 2969.71 = 155.43 176 .36 £ 2401 4 3241 .54 £275.43 528.39 + 66 .42
\' 4 1083 .85 x 137.96 82.55x+13.51 4 2501.23 £ 114.30 233.77+23.89
v 4 1458.55 = 81.49 43.35+15.23 4 1256.73 £ 77.92 355.65 = 68.64

rp B X A R AR A P B RO RS I B TS M B (3R 4) B IG i S IE B M B S EOME AR~
B EMRETRME R, ERRANREA KB V) IE 885 tE R E Tk {E , 59 51 8%
(VDS E TRE(P<0.05), PHIEHMEHKEEERRETRMMIRRIEN T8, BH

RIFAIH) UGB RERFERHE TRE(P<0.05),
!4 o E AR E 98 AR T RA Y B B RS0 Fh RS B AL R

Tab.4 Lipase activities of hepatopancreas and midgut of P. chinensisin different ovarian stages pg-min~t-g~ tissue

it FE % ¥ [
58 8L 481 pond-reared shrimps wild-caught shrimps
ovarian stage A2 (ind) JF 1 B B ¥ (ind) ke i B
samples hepatopancreas midgut samples hepatopancreas midgut
1 3 - 10.23+1.13 3 21.6 +1.43 11.75+1.83
I 3 16.72 £ 2.36 20.40+ 3.86 3 22.63 £3.65 18.13+0.33
| 3 24.04+2.54 12.56+2.22 3 31.43+4.83 25.43+£2.79
N 3 27.37T22. %4 9.23+2.12 3 34.3x3.83 20.34+2.65
v 3 14.88+1.55 6.35+1.05 3 19.92+5.17 5.64+0.73
v 3 10.66+1.23 6.63 +0.89 3 19.47+1.74 3.64x1.48

2.3 ARIERR R F R I b BT B AR A BR SAE RS AR B9 ARk

PEXEIFOMELEASEERPBREZS A E MY (AR ERBE P<0.05,81-2), F
VR S EAXPIBEE, 54 90.9mg - mL (A FEEREF) M 107.4mg-mL ' (M REF), FWET
B HMm-RSBRABEAFTF IMEIVHEREE KT, FAZEHIEEAKR(P>0.05),BERBIT
(B 1-b); RSB EHRRBA (I - I ) BEEMBEE(P< 0.01, B 1o, GHHERE T (IV
-VIH)EAAHB(P>0.05), ARERBFELFHE,BHEFX3TOHKEHEFEEIETRFRIF(P<
0.05 ),

FEEBRMRE R TERLEASEZHEM(P<0.05, B2a), ZIVHNEIESE,V
WFEE, TREMERN 19.25%( MIFEIF)M 16.35% (M FEIF) . FFBE RS  H M =8 A8 & s 7
BEFRMU.IMSERE, AXRRHABETHA(P> 0.05,B 2-b.c.d), AIME VI .BEELREE
SREME, EHEAR VAR ME, WS R EEA (B 2-b), AR KRR, 835 5% T 0 BEREE
EASERTHRFERI(P< 0.05), 808 HM=BAABEESEETHRIFERI(P<0.05),

BB RN EAR I HERABE(E3,P>0.05), BB EREARTRIBO-1
WHWmENEE M/EGHERRERX ERAIERESM, ZIE=MK vV HEReE(E 3-2), 818
HMEBM=REENERT I SREK, B 08 - v IHRESN, VIS TRE(P<0.05, 8 3-b.c); i
JHE RS REK, BftRAETE A LA BEA(P>0.05,H 3-d),
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Fig.1 The biochemical index of haemolymph in different ovarian stages of P. chinensis
(a)E [ total protein; (b)H 7l =& acylglycerides; (c) /i &8¢ cholesterol
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B2 b SRR AR A 49 10 SF OB 4 AL HI A7 (M £ SD,n = 8)

Fig.2 The biochemical index of hepatopancreas in different ovarian stages of P. chinensis
(a) B 7E A ol proteins (b)H M8 total lipids; (c)H 7 =A% acylglycerides; (d)/ [ % cholesterol



http://www.cqvip.com

D000 http://iwww.cqvip.com|

6 3 ROIRF b E XS EF R A 5 R 0 b 0 GBS S v B SV s S R L 555

1-11 stages P>0.05
II-VI stages P>0.05
origins £<0. 05

[\-]

total protein
e DN
c 8888 8

BEA/gg")

I m m w \" Vi
B ovarian stage
(@)

different stages F<0.05
origins X0.05

HM =%/ (ng-g)
acylglycerides

—_ —_ [
g 8 8 8

(=]

1 11 11 v v Vi
SN ovarian stage
(c)

D MFEFAF pond-reared shrimp

different stages FX0.05
origins X0. 05

~ 30
5,2
=
g3 2
o= 15
£3Y
m Ead
=7 0
) 1 Il m v A |
SH4i5r# ovarian stage
()]

different stages P<0.05
~ 20 origins <0, 05
g
2
<210
&3
s S
= 0

1 Il m w v

B E4r A ovarian stage
(d)

. #HR4ar wild-caught shrimp

B3 HEEAREERL BN ENELIER(M2SD,n=6)
Fig.3 The biochemical index of ovary in different ovarian stages of P. chinensis
(a) B K total protein; (b) & JE total lipids; (c) H il = BS acylglycerides; (d) B EB¥ cholesterol

3 ihie

3.1 FEXNIFAEHFHEPECE IS E AL

b EXTUFRAFAE OB S B 7E IR L B A V BRI IE YRS, T BB AR Y T L B T TR R B R
FEEH LA, ZER=WE (V) EE TR SRR MMEFR R BREAHEE . & TRIFEERER
BFRB B, O H R E R K (HERERH I M 3.35% ~4.38% = VI H 12.58% ~ 16.81% ) , BB
BARAELST RANFERRABREBERYA . EXFAXMHERYEMNEAERR  REORYREMS
R T A6 R M LR B AR AE . Fernandez 251" % 3 JE Xt R ( Penaeus notialis ) 5 53 4 1 B 1% 1 O BF 5T
HERESR GHFEHBRTFIBDHEE, MANABESALES, AVXSBMEN KT RZHBE
KN FHRABESHEN. RIMNPREERBERHAT XA,

BRI T IFHABEENIR, T B MSANHABEEEE N ERER BRRERFEEMH
M- hESTFEARNY AR E A EEEEIUANERBE SR, S RS
HEMHEL, HERSS WA R LR, PRI AKH R, ZEEREE (15~ 28C) W, 5L MBIE
YERERE LA M., M EMEERAPENERAEROBE N 12~18C, EX—BERHET,+
B TR ERUF AR R B BB B, I AL TE AR S, B B T A R — IR BE Y B P9 AE A A R 60 3 (R R S
PE. AT LAGERR , o @ T R34 0 B S PR 0 KN AR B 09 A 2R I B (A K B BE A B Y BY ) B R R Y )
AR AEAPPHARREFZEEMHEREATRE  MEALREKHNERY R EEMNETR,

3.2 v RS R A A S P o B LR IR SR B SR R E B R AR R A AR AL

LR R R, b E X URF B kB 58 AR AR D R A FUARERA kL, B
FEMNERIILAHEARBERN, R SHERETAXNEFRYRNES MR, Br LA T 58 8 6 SRR
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MR RBRIENEEN, Galois!" ' KBAMEPIEH K FSHBRERZREHARMN R X R, BE
BARELBRD EREEART, MR PHIRY & BN HA NN, B, FBREK S0 S =k
HREETMBRA ), —BEEARFBEBRPIEERLE TEREBIHER S wEmERAY S
LY FEREREAERETIRPEEHEMMAEZKR 27, FXHBREGRBR, b EXTUFE S
MEEAHMENRTEART | —V BEE R EE N RTA BN EA X5 Galois' * 'H45#
Ml EhE R S BAERREZFIM N ~ 0)R LA B, T W58 & 55 o 3
REEFEBSIESBEMZAPE RE, X — A5 Teshima FL 7 WRBRLERAR, IHUE,FEH
SHUFBEEEIR AT RR TR SEEAEH TRES, NMRBHSBEDI BT EN, FBERIE
BEBEFTRARMS MEAMKECTRENHM=FIBHAL TEREKE, WS THE. #
WA BT, R R E ARG R A BBEAMNEANAITR IR ZRE.

EXFEERASN, R ERR, HPEAR(FERBRBEAR)MWRBEXMBERETRBED
BEEAAT), AR EY HMEERNEATEE PREARKEREMM, E VRAPIBEME, ™
BE VIBTRE, AOKEEARBEHRNEAGYE. BEFEREEAREAEREATFNINEI
VIR, ZU57=50 vV I TR, AR RBYMU~IVH) B TEAMEEANAR, B
E 0 R R AL E B R AE R, B T B E SR Y R 2 I R BR A A0 0 T, 358 ot o bk €2 9 1) 5P L 5
L, UREBMFEARAER B SARMMERR, PENFXHERFBERTERRMERSHERPE
BEBRZNHE XRS5 Palacios %L 2 13t FL G4 Xt ¥F ( Penaeus vannamei ) B WF 58 45 - — B, 0 76 Ha 7= 5R A9
VL BREAMBUETRER M EAAMPHBREE,BRMEAZTARRBHEN M, R R
EANBETFHBBAEAROABABRRTR., RRES 2 3 p ey BRMuPRgs R R0, 5T
BREARFABEEDR, RAZ-BRFEBREETRE, F_RFBEREEASREME. RNEXNTHE
it oK BF B MG 5 B (HSD I AT B IR B B A E G5 R Wi T X — &Ko 5350, B T il ok B2 048 1 1) BB SRS
BEFRYRAOED, FHTmMKEEAREN T mERBRERGRTRE. Aquacop!™ AN MK
B8 R A K 5 M IR e 3 B S R R BB AR B R X, BT L PR IR R & 5P
fE et X —tRERTRER B —EWM ASRE.

3.3 7[RI R 3 HF (¥ 16 53R 41 0t 3% R 0 ) 78 AR B A 33 P LR A L 4H LAY HL 3K

HBSHEIFAMFERIFERMBEARMBAERY  RR-FEZEEHABHEH], X5 Palacios
S IWHRER N, BREHFIFM S, barra S AN RHEBASIFLIE X, &
(TR SCIRGS R AT DUE th, tb SR 4R (R A T8 8T , W7 ELHE IR BB F AR R E K mMIT . RN
BB P o W B2 AR AR b B AR B BB S K E P B R H M= EERK R T
WHEIF, XTEESARREFRFHILHERY, AHEEAR BHHRAL CFARBEIRESR
MAEENER. RLESHEFTHIRRSFRRAOMKE P EARSTEBEHER, ER ST
ERDRRF X, EFH—PHE
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