R iRE REPOATS

Ca™. Mg R & & X JL40IE 3 4Rk A X it B B 20
arE, AN, AR

(1.

>

20.4 mg/L

(Ca*"-ATP

, 201306; 2. , 200090)

FE: AT Ca’'. Mg™. T Lo i xT SRR A ARG B 69 AR 2 2 S 4 B A Al 2 %, i h R G L
YR T EF A K ) Fe R ) BRARID SRR, AT I RIR L49(7%) %4 7 K Ca¥'. MgPT . B, L8(2) &Mk
2 KF Ca®' Mg®'. HE, R 60 d FLghiE st (Litopenaeus vannamei) Fx X3, 8 iF bR 2 SFAR 1 3K
1B, ATP BB 55 5 KB & A o Ca?'. Mg™'. BEsT UMEsTITA K W F B N %ok, &R
A KARE Ca?t. Mg®. HEAEALEE LA B E H R (P<0.05), P SR BRI A REFNE
Oy, hEMEEQOBYMLE, LA I0HEERS, Ca¥'. AEMEREGBYHILE, Ca'h
200 mg/L, #/EH 20 o, BEER G Ca¥'. Mg¥. HE ATP B A4 2 F %A (P<0.05), £+t
Na'-K"-ATP B4 kA B % %A, Ca’ 4 300 mg/L, Mg® 24 500 mg/L, # & 4 30 i B&E & &, Ca®'. Mg?
2+ Mg?'-ATP B B B 3 %%, Ca® h 200 mg/L, Mg®" 4 500 mg/L B B4% & &, Ca’ 3T Ca®'-ATP B4 LA
REH, Ca® 2 200. 300 mg/L B BEE R F; Ca?'s Mg?'. B LR SR kB LA R 5%
"1 (P<0.05), Ca®'. Mg?". #E st ACP #A B %%, Ca® 4 100 mg/L, Mg** 4 150 mg/L, & 4 30 8
BE RS, Mg> st AKP B 25 %, £ 150 mg/L B BER S, Ca’'. 3 E 2T SOD 8% LA B %%,
Ca* 4 100 mg/L, 3/E 4 35 Wb BEE R &, Ca®'s Mg®'. 3% ] 89 L ZAE A stk 1 AR BE LA — 2 %ok

KHEIF: FLYEST I (Litopenaeus vannamei); Ca®*;  Mg?; 3 & H{uBE; ATP B, %5 £

PESES: S966.1 XERERIZED: A X EHS: 1000-3096(2013)07-0063-09
(Litopenaeus vannamer) (. Ca® Mg*
[1] [3.5,10] Ca2+, Mg2+
, Ca*
5 > Mg2+
[2-5]
[6]
, Ca2+ Mg2+
Ca2+ Mg2+
Caz+ Mg2+ ’
3.4 mg/L", ,

1 MP5F%
1.1 XA SFA SRR B

Na™K* ¢ =2
(Na'-K"-ATP ) Ca*’ —
) Mg* (Mg**-ATP ) :2011-12-12; £ 2012-08-20
[8-10]. : ( (2010) 1-6 );
> ( (2008) 5-1 );
(J50701)
(SOD) : (1987— ), 5
’ , E-mail: zhanglitian4847023@163.com;
(AKP) E-mail: xldai@shou.edu.cn
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=(0.800+0.028)cm,
100 L

(3.50 mx7.15 m)
1.2 REEBAKEH

, 0.3, Ca**

20 mg/L
NaCl(

H;BO; Na,SO,

1.3 IRt

B iRkE REPORTS

=(0.002+0.001)g,

50 mg/L, Mg*

) CaCl,2H,0 MgCl,-6H,0 KCI NaBr

, L49(7%) Cca* Mg*
3 7 , 3
, 3
; L8(27) Ca*
Mg 3 2 , 3
, 1 ,
1 2

R1 L49(7¥HH ca?. Mg*. EEKTE
Tab.1

Ca**, Mg”* and salinity levels in L49(7%)

Ca*(mg/L) Mg® (mg/L) (%)
1 30 10 0.3
2 50 20 2
3 100 150 5
4 200 300 10
5 300 500 20
6 400 750 30
7 500 1200 35
3 4, 5 1
F2 L8Q2)H Ca*. Mg*. EEKT
Tab.2 Ca**, Mg and salinity levels in L8(2")
Ca*(mg/L) Mg (mg/L) (%o)
50 20 0.3
2 400 1200 35
7, 8 2
14 X7k
1.4.1
L49(7% Ca®" Mg* 1
, pH
64 /2013

Ca* Mg* , 35
[12] ( Macro-

brachium rosenbergii ) ,
(K" Br H;BO; SO.»),

NaCl( ) ,
50 cm,
1.4.2
1 000 100 L
s 13 B
1, 10 d
> 500
, =(0.920£0.028) cm,
~(0.003=0.001)g
1.4.3
) 4
3, , ,
, 15 d Cca** Mg* ,
TAN<S

>

0.1 mg/L, NO; -N<0.005 mg/L, 30.6+1.4C 60 d

B

1.5 XIEAAFE R E
Ca2+ Mg2+
(3] WTW

B

Multi 3401

)/

)
1.6  ¥FARZE 47 B 7E M) 2

[14]

3,5- (DNs ) I3,
[16]
Na'-K'-ATP Ca®*'-ATP Mg?"-ATP
ATP ATP
1 umol ATP ,
/ / , ¢ pmol/(mg-h),

37 /7
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2 X
ACP AKP SOD
,ACP AKP 37°C 2.1 Ca’. Mg2+\ BEA YRS IFHFZE
30 min | mg L), B ARG A
SOD 1 mL SOD Ca®t Mg*
50% SOD SOD W), 3 Caz’ Mg%
(P 0.05) 3 , Ca**
30~300 mg/L , 100 mg/L
= / , 400 mg/L , 500 mg/L
1.7 #%ERE 71.0%; Mg®* 150 mg/L |
Excel2003 SPSS 17.0 1200 mg/L s 79.6%(P 0.05), 100 mg/L
, Duncan s 53.3%; 0.5 10
, P 0.05 )
£3 Ca¥'. Mg". REMLPEMITAER. FKAHEKOZN
Tab.3 Effect of Ca**, Mg®* and salinity on survival, growth and flavor amino acids of Litopenaeus vannamei
%) (mm/d) (%) (mm/d)
1 55.4°18.1 1.1419£0.081 5 70.8°18.0 1.218°+0.080
2 64.2°+12.8 1.255%+0.111 Mg 6 73.8°+9.8 1.237°+0.097
3 79.7%4.7 1.265+0.086 7 79.6%+7.2 1.221°40.068
Ca*" 4 71.5°+19.2 1.238°+0.065 1 71.9410.5 1.189+0.099
5 58.59+12.0 1.241%+0.114 2 68.8'+14.7 1.255+0.069
6 77.6%10.1 1.243%+0.076 3 77.7°45.5 1.201+0.066
7 71.0°+19.2 1.245"+0.045 S 4 79.9%+4.8 1.267+0.105
1 65.0°16.7 1.244°+0.107 5 63.8°+16.2 1.263+0.089
Mg 2 65.5d°¢17.6 1.180°+0.093 6 57.1%20.4 1.258+0.114
3 53.3£16.9 1.309+0.075 7 59.6'+18.5 1.216+0.069
4 70.5%+11.4 1.221°40.080
; S.
Ca2t Mg2+
(P<0.05) 3 , Ca®’ 4 , Ca® 200 mg/L
100mg/L , 30 mg/L , 500 mg/L , Mg
. Ca®' ; Mg” 300 mg/L , 750 mg/L ,
150 mg/L , 50 mg/L , 10 ,
Mg*"=300mg/L ., 300 mg/L 30 35
, ; ’ : Ca*"
’ 300 mg/L Ca*" , Ca*"
10~20 300 mg/L , 200 mg/L
2.2 Ca™. Mg™. # B LY IFR A , 100 mg/L 300 mg/L :
HALBE 4 7R Mg** 150 mg/L ,  Mg* ,
Cca* Mg 150~750 mg/L ,  Mg* , 1200 mg/L
4 4 , Ca*" , , 20

, Mg2+ 4
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k4 ca¥. Mg”. REMAPEMIELE. ATP EELLENZMW

Tab.4 Effect of Ca", Mg2+ and salinity on digestive enzymes, ATP enzymes specific activity of L. vannamei

Na'-K"-ATP  Mg*'-ATP Ca*"-ATP

1 1.22+0.39 4.53°40.92  4.0240.91  0.56+0.08 8.70°+3.79 6.59%1.77 6.43°+1.07
2 1.37£0.35  4.90°+0.93  4.39+0.49  0.73+0.28 9.85%2.61 9.48°+3.00 8.11°42.69
3 1.51+0.64 437°+1.60  4.19%1.57  0.69+0.23 9.85,43.32 9.35%+2.55 8.41°+2.91
Ca* 4 1.63+0.64 5.53%40.94  4.62+1.14  0.67+0.18 8.86°+1.23 10.66*£3.29  11.34°+3.18
5 1.37+0.70 437°+1.44  4.62+1.89  0.57£0.25  10.05°+4.48 8.29°+2.38 11.42%+3.95
6 1.35+0.37 4.74°40.55  4.15+1.14  0.59£0.23  9.03*+2.92 8.03°+2.78 8.57°+4.17
7 1.55+0.50 5.27%+0.99  5.16+0.97  0.53+0.22 9.28°+4.00 7.72°42.82 6.75.£2.40
1 1.36+0.36 497+1.13  4.03£1.04  0.72+0.24 8.21°+2.34 6.95%2.60 7.18+2.55
2 1.47+£0.67 492+1.24  3.89+1.33  0.68+0.21 8.30.+3.38 7.50°1.54 7.69+3.33
3 1.23+0.42 4.57+0.60 456+1.13  0.60£0.20  10.29°+2.94 9.53%+3.11 9.56+4.31
Mg>* 4 1.2040.71 4.74+1.47  4.43+1.42  0.59+0.24  11.31°+3.07 9.07°+2.84 9.0743.43
5 1.6240.21 4.92+1.11 5.20+0.80  0.54+0.17  11.73°:4.17  10.63°+2.88 9.49+3.19
6 1.72+0.47 5.29+1.32  4.58+1.55  0.60+0.22 7.50%+2.04 7.5741.49 8.50+3.18
7 1.40+0.61 430£0.89  4.45+1.12  0.62+0.27 8.05°+2.87 7.76:£1.27 7.90£1.66
1 1.06°£0.26  4.01.£0.99  3.95+129  0.68+0.27 7.94%2 .49 7.43+2.10 6.82+1.70
2 1.10%+0.26 4.61°40.51  4.60°1.32  0.73+0.24 8.17,4+£4.38 7.46+2.26 9.22+4.14
3 1.52°°40.63  4.73°£1.46  4.86™+1.23  0.70+0.16 9.87°+2.79 9.83+2.85 9.68+3.28
s 4 1.76%+0.62 5.32%1.37  4.70™+1.32  0.60+0.26 8.93°+2.33 9.45+2.17 8.84+1.57
5 1.56°+£0.41 5.32°1.18  5.17°£0.82  0.56+0.20 9.81°+4.88 7.8243.14 8.30+4.53
6 1.37°£0.49  4.80,£1.21  3.91°:1.55  0.50£0.08  10.52°+3.10 7.75+£2.78 7.21+£2.28
7 1.64°°£0.58  4.91%°+0.64  3.97°+0.52  0.56+0.25  10.15%°+2.13 9.27+1.80 9.33+3.17
: U/mg; ATP : pmol/(mg-h)

Ca** 30 mg/L, Mg**
,Ca* 500 mg/L  Mg*

2
30

, 20

Ca** 50 mg/L , Mg*'
,Ca’™ 30 mg/L, Mg*"

20 60 mg/L
500 mg/L

20 mg/L,
500 mg/L,

2.3 Ca™. Mg*. #HEsALYEsIF ATP
Bty %R

Ca2+ Mg2+
4 4
Ca*"-ATP

Na"-K'-ATP
Na'-K"-ATP
Ca** Na'-K'-ATP
,50 100 300 mg/L

50

66

4

0 mg/L
, 30mg/L

ATP

,Ca**  Na'-K'-ATP

Mg**-ATP

>

500 mg/L

500mg/L

Mg**-ATP
, Mg2+

E

,30 200 400
Ca** 300 mg/L
, Mg2+ Na+_K+

M g2+

-ATP

/2013

750 mg/L , Na'-K'-ATP
30 ,
5 , 5 , 35
30 ; Ca®™ Mg -ATP
, 30mg/L ,
200 mg/L , Mg®"  Mg*"-ATP
, 20 mg/L ,
500 mg/L , Mg**-ATP 35
, 05 , 10
, 35 ; Ca*’
Ca’'-ATP , 30 mg/L
, 200 300 mg/L , Mg**  Mg*"-ATP
, 20 mg/L ,
150 mg/L , Ca*"-ATP
Mg**-ATP ,0.5
,5

2.4 Ca™. Mg™. #Est gkt drik i
S 2 B 49 %) o)

Caz+ Mg2+
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5 5 ,Ca’* ACP SOD ;. AKP ,Ca®"  AKP
,Mg®"  ACP AKP , ,Mg”*  AKP , 150 mg/L
AKP SOD , 1200 mg/L , AKP
5 , ACP ,Ca*" 100 mg/L : SOD Ca 100 mg/L
,30 mg/L . Mg* 150 mg/L Ca’t , 100~300 mg/L
, 1200 mg/L ,20 60 mg/L Ca*t , 400 500 mg/L
, 150 mg/L Mg’ , , Mg SOD
, 5 , 10 1200 mg/L , SOD
, 0.5 5
x5 Ca¥'. Mg™. HEX LRI IR RE LB LE A FM
Tab.5 Effect of Ca®>*, Mg®", salinity on immune enzymes specific activity of L. vannamei
ACP AKP SOD ACP AKP SOD
1 6.20%1.92 5324250  6.09%+1.85 5 8.10°£1.35  4.61°°+1.42 7.35+2.94
2 6.2242.05  5.81+3.04  6.52%1.89 Mg 6 6.67°42.49  4.84°+2.08 6.90+2.18
3 8.23%2.61  5.01£1.40  8.88%+2.67 7 5.31°+1.63 3.02%£0.94 8.77+1.30
Ca®* 4 7.58°41.97  4.47+1.04  7.88°+2.36 1 7.34°£2.4 4.07+0.84 6.25%1.28
5 7.52°42.06  3.96£0.86  7.23°+2.29 2 6.47°+2.31 3.92+1.73 6.72942.08
6 7.86™+1.85  4.00£2.20  8.80°+1.86 3 5.81°42.12 3.93+1.43 7.57°+2.15
7 6.73°£2.51  3.9240.79  7.94,+2.65 4 7.62%£2.95 4.09+1.44 7.78%+2.07
1 7.17°£2.19  4.07°£0.97  6.36+2.75 5 7.48%+2 .48 4.25+1.00 8.15%+3.42
. 2 6.23°£2.39 424162  7.74+£1.43 6 7.65%1.97 5.81+1.72 8.03°+2.34
Mg 3 8.83%1.53  6.08°+2.93  8.42+2.61 7 7.59%+1.66 5.80+3.16 8.81%42.54
4 7.67°£2.86  5.01°£1.24  7.76£2.72
:ACP AKP SOD : U/mg
2.5 Ca®*. Mg™. #%EIBE i £ 5T Mg** Ca’'-ATP
Ca?* Mgz N 6 : 8 , 22 M g2+ Ca2t M g2+
6 ,Ca¥ Mg-ATP  Ca®-ATP  SOD ACP ;
Mg Na'K'-ATP  Acp  AKP SOD
AKP £ 6 Ca¥. Mg, HEMESEEMREDT

2.6 Ca*. Mg™. HERAER IR
Y xR B R

Ca*" Mg*"
7 8

7 , Ca* Mg2+ Cat Mg2+

, , Ca*
Mg2+
, Ca®* M g2+
: Ca* Mg2+ Mg2+

Na'-K'-ATP , Ca®’

Mg”*"-ATP , Ca**

Tab.6 Range analysis of effect of Ca?*, Mg?* and salinity
to enzyme activity of L. vannamei

Cat Mg2+ S

2.83 3.61 4.84

8.13 9.20 6.92

7.99 9.19 8.57

1.44 1.29 1.60

Na'-K'-ATP 9.05 29.59 18.04
Mg* -ATP 28.49 25.75 16.83
Ca*-ATP 34.99 16.65 20.01
ACP 23.17 36.40 20.86
AKP 11.37 21.38 15.72
SOD 18.92 16.83 17.92
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®7 Ca¥. Mg, REBREMERAMLAEMIRGELEER ATP BRI

Tab.7 The interaction effect of Ca“, M 2+, salinity on digestive enzymes and ATP enzymes specific activity of L. vannamei
g y g y Yy P y
Na'-K*-ATP  Mg**-ATP Ca**-ATP

oot 1 1.76+0.52  5.41+0.90 4.48+0.51  0.74°+0.18  10.42+1.57  11.31°£1.75  11.31°+0.61
2 1.50+0.67  5.39+1.34 4.45+1.96  0.56°£0.15  9.75+3.34 8.16"£3.41  9.36"+4.85

Mg 1 1.23°%40.57  4.54°+0.76  4.03+0.25  0.62+0.10  12.17°1.74  11.25%3.60  10.12+4.20
2 2.03*030  6.27°+0.74 491£1.92  0.68£0.24  7.99°+1.44  832°t1.46  10.5242.85

S 1 1.73£0.68  5.28+1.88  5.14°+1.78  0.68+0.23  0.62°4.00  10.58+3.83  12.42°+4.20

2 1.52+40.47  5.52+¢1.02  3.80°+1.91  0.61£0.20  9.54b+2.01 8.99£1.70  8.23"+4.22

CaP Mg 1 1.81+0.57  5.65°t1.28  4.52+1.93  0.50°+0.06  9.01°+2.69 9.86+3.10  10.43+2.77
2 1.45+0.60  5.15°+0.92  4.42+0.60  0.80°+0.14  11.08%+2.15  9.71£3.12  10.22+4.26

Ca'xs 1 1.7120.33  4.99°+0.78  3.97°+1.10  0.62+0.19  10.07+2.21  8.33°42.50  7.69,+3.22
2 1.55£0.79  5.81°£1.29  4.97°t1.55  0.68+0.18  10.10+2.99  11.234+2.99  12.96°+1.24

Mg xS 1 1.68+0.64  4.86°+1.01  3.58°+0.80  0.67+0.19  11.15°+2.83  10.6242.65  10.96°+3.23
2 1.58+0.57  5.95°t1.00  5.36°t1.37  0.63+0.18  9.02°+1.88 8.95£3.31  9.69"+3.82

: U/mg, ATP : umol/(mg - h)

®8 Ca. Mg¥. HEBZEEAMLNEMINGELELENFN

Tab.8 The interaction effect of Ca’", Mg2+ and salinity on immune enzymes specific activity of L. vannamei

ACP AKP SOD ACP AKP SOD
o 1 8.61%1.32  5.32+0.88  8.80+2.75 T 7.00°%£0.75  4.59+1.19  7.80+2.48
a a
2 7464127  4.40+1.18  8.10+2.82 g 2 9.07%+1.10  5.13+1.02  9.10+2.95
e 1 8.11£0.85  5.29+1.25  9.74%42.39 xS 1 8.71%1.59  5.3241.26  9.2243.03
a‘“ ' x
£ 2 7.95+1.82 4.43+0.82 7.16++2.58 2 7.36°+0.78 4.40+0.77 7.68+2.31
S 1 8.22+2.80 4.71+1.71 7.26%+3.29 Mo?*xS 1 7.67°+0.75 4.90+1.27 9.49+1.95
X
2 7.85+1.34 5.02+1.21 9.64%+3.06 & 2 8.39%4+1.80 4.82+0.99 7.41+£3.12
3 W% ’ ’
3.1 Ca™. Mg™. #EAYEsIrA Kk [8.2122)
A e # Ca” Mg
, Da]] Ca2+ Mg2+
[17]
, 4
Ca®" Mg* , , ,
, Ca*" Mg*' 10 , 10
, U191 panikkart*”! ,
. Mg2+
, . Mg 150 mg/L
Ca2+ Mg2+
, ATP , Mg* 750 mg/L ,

; Mg** 150 mg/L

M g2+ ,

68 /2013 /37 /7
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Ca2+ Mg2+
; Ca2+ , Caz+
, Ca2+
, Caz+ Mg2+, Caz+
(ATP ) , Na'-K"
Ca®* H' ,
[23]
Ca*" Mg*" Na'-K'-ATP
Ca2+
Ca’* 300mg/L Ca®* Na'-K'-ATP
Ca2+
Na'-K"-ATP Ca™ ; Mg*
Na'-K'-ATP , Mg®" 500 mg/L
, [10] Mg2+
Mg2+
: Mg**
Na'-K'-ATP
Mg®"-ATP Ca*"-ATP ,
Caz+ Mg2+ Ca2+
Mg Mg” -ATP Ca*"-ATP
, Ca2+ Mg2+
Mg>-ATP  Ca®"-ATP , Ca®"
Mg2+
3.2 Ca™. Mg*. Bt FLYA S IF Bk
VAR R A
Dall 7 Ca*" Mg™
CaZ+ Mg2+
Ca2+ Mg2+
Ca2+ Mg2+ ,
ACP AKP SOD
, [7] Cca®* M g2+
SOD  AKP

[11]

AKP  ACP ,
24 ACP ,
) Ca* Mg* ACP
, Ca*" Mg®" ACP
,Ca?" 100 mg/L, Mg*" 150 mg/L ,
CaZ+ , Mg2+
Mg Ca* Mg
ACP , ACP
10 , ,
, 10
; AKP
(23] Muhammad®®®
, Mg®*  AKP
, Mg®*  AKP Mg**
, Mg*
AKP , ,
SOD ,
(27, Ca*' SOD
, Ca?
Ca2+ Mg2+
[1]
[J] , 1990, 14(3):69-73
(2] ,
(] , 2007, 27(5): 46-51
(3] , , )
Ca* /Mg SOD  AKP
] , 2007, 26(2): 67-69
(4] , , ,
69
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Effect of Ca’*, Mg®" and salinity on metabolic enzymes of Li-
topenaeus vannamei

ZHANG Li-tian"?, DAI Xi-lin', ZANG Wei-ling'
(1. College of Fisheries and Life, Shanghai Ocean University, Shanghai 201306, China; 2. East China Sea
Fisheries Research Institute, Chinese Academy of Fishery Sciences , Shanghai 200090, China)

Received: Dec.,12,2011
Key words: Litopenaeus vannamei; Ca*"; Mg®"; salinity; digestive enzymes; ATP enzymes; immune enzymes

Abstract: The L49(7%) orthogonal experimental design was used to investigate the three factors Ca®’, Mg®" and
salinity in water, and seven levels of each factor were based. The L49(7*) orthogonal experimental design was used
to investigate the three factors Ca’*, Mg?" and salinity in water, and two levels of each factor were based. In order to
analyze the effect of Ca*", Mg”" and salinity in water on the growth performance and immunity of L. vannamei, the
digestive enzymes, ATP enzyme and immune enzymes were compared during the 60 d culture cycle. Results showed
that Ca®", and salinity had significant effect on digestive enzymes(P<0.05), the salinity had significant effect on
pepsin, and the Ca®" and salinity had significant effect on tgryptase. Ca®’, Mg*" and salinity had significant effect on
ATP enzymes(P<0.05), and Ca**, Mg*" and salinity had significant effect on Na'-K"-ATPase, with maximum activ-
ity at Ca®" 300 mg/L, Mg*" 500 mg/L and salinity 30. Ca’" and Mg*" had significant effect on Mg**-ATPase and
Ca®" had significant effect on Ca®’-ATPase. Ca’’, Mg”" and salinity had significant effect on immune en-
zymes(P<0.05), and Ca**, Mg*" and salinity had significant effect on ACP, with maximum activity at Ca** 100 mg/L,
Mg*" 150 mg/L and salinity 30. Mg*" had significant effect on AKP with maximum activity at 150 mg/L. Ca®" and
salinity had significant effect on SOD, with maximum activity at Ca*" 100 mg/L, salinity 35. The interaction of Ca*',

Mg?**, and salinity also had some impact on metabolic enzymes of L. vannamei.
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