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6 ,  Ca¥ Mg* 915
, L49(7°) Ca’" 2 L8Q2)H Cca’'. Mg, HEKT
Mg Tab.2 L8(27) Ca®*, Mg*" and salinity levels
’ factor
, ’ level Ca'(mg/L) Mg* (mg/L) salinity
R L8229 R
. . 1 50 20 0.3
Ca™ Mg 2 400 1200 35
1.4
Ca®™ Mg™ K ) KA B L49(7% Ca®" Mg*
1
) pH )
1 Ca2+
1.1 Mg% , 35 ,
(5=2), L = (0] (Macrobrachium rosenbergii)
(0.800+0.028) cm, W =(0.002+0.001) g, 100 , K
L Br H;BO; SO/, NaCl( )
(245 m’, , 50 cm,
3.5mx7.15 m) K A SR B 5 A
1.2 1 000 100 L ,
(11
, 0.3, Ca*" 50 mg/L, Mg* , 10d
20 mg/L , 500
NaCl( ) CaCl,2H,0 MgCl,-6H,0 KCI , L =(0.920+0.028) cm, W =(0.003+0.001)
NaBr H;BO; Na,SO, g
1.3 AR )
&) : 4 3,
, L49(7%) Ca’* Mg* , , , 15
7 , ca’ Mg” ,
R 3 TAN=0.1 mg/L, NO, -N=0.005
: L8(2") Ca* mg/L, (30.6+1.4) C 60 d
Mg** 2 : :
> R 1.5
1 2 5~10 s
F1 L49(THH Ca¥*. Mg, HEKT 0.15~0.20 ¢ , 4% ,
Tab.1 L49 (7%) Ca®, Mg** and salinity levels 10x10*t/min 18 min, 25 mL
factor , 4%, 25 mL, 10 mL
level Ca*’(mg/L) Mg (mg/L) salinity 835-50 [17]’
1 30 10 0.3 4
2 50 20 2
3 100 150 5
4 200 300 10 1.6
5 300 500 20 Ca®" Mg”
6 400 750 30 51, WTW
7 500 1200 35 Multi 3401
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= / ,Ca’™ 100 mg/L
, 50 mg/L 200~500 mg/L,
=( 100 mg/L 98%,
) Ca* 30 mg/L , ,
=( Ca®* , 100 mg/L 90%
) o
= / ’ 300 mg/L , Ca®
= +
+ + 1-d ,
1.7 Ca?* ’
Excel 2003  SPSS 17.0 3 ,Ca’" 500 mg/L
; , ,30mg/L
Duncan’s S P<0.05 , Ca?*
2
2.1 Ca2+ 2.2 Mg2+
Ca2+
3 | 3 2-a , Mg**
l-a Ca* , Mg®* 150 mg/L
2+ 2+
30~100 mg/L Ca®* Mg » Mg™ 1
Ca® 400 mg/L Mg® 100 mg/L , 53.3%
500 mg/L, 71.0% 3 (P<0.05)
2
Ca®* 100 mg/L 400 mg/L 3 Mg”
’ Mg®* 150 mg/L , Mg®* 50 mg/L
,30 mg/L , 2-b 2-c ,
, CaZ* Mg?'=300 mg/L , 300
3 1-b l-c , Ca®" mg/L
. 9% T .5 130
- £ Byos)
?fi g 60 T B 1.20}
K E o =2 st
730 - - : ' T E 110 : : : :
0 100 200 300 400 500 0 100 200 300 400 500
Ca*'(mg/L) _ Ca*(mg/L)
_ P (b)
$5% : 25 o
ég 85t 4"2 ] 27:
1 ]
=2 2
&> 75t ™ &5 24t
mS 70 : : : : %5 23 ; ; : : :
0 100 200 300 400 500 == "0 100 200 300 400 500
Ca*(mg/L) Ca*(mg/L)

© (d)

1 AFE Ca"RETAMEMIMAAER, AHEKE. ANEEEREKEEREE
(a) ; (b) 5 (0) (D)
Fig.1 The survival rate, daily length gain, daily weight gain and flavor amino acids of
L. vannamei at different Ca** concentration
(a) survival rate; (b) daily length gain; (c) daily weight gain; (d) flavor amino acids.
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£3 Ca¥. Mg’ BEMAMEREE. £, SREEBROTMN
Tab.3 Effect of Ca™, Mg2+ and salinity on survival, growth and flavor amino acids of L. vannamei
/% /(mm/d) /(mg/d) /(mg/g)
factor level survival rate daily length gain daily weight gain fatness flavor amino acids
1 55.4°¢18.1 1.1419+0.081 71.72946.98 14.8+£1.9 24.15+4.93
2 64.2°+12.8 1.255%+0.111 82.79%+12.53 12.8+1.5 24.55+6.23
3 79.7°+4.7 1.265°£0.086 84.70°+13.61 12.7+0.9 26.15+2.69
Ca”™* 4 71.5°+19.2 1.238°+0.065 80.30°+8.97 12.8+0.8 26.45+3.17
5 58.59£12.0 1.241%+0.114 83.62°£17.78 13.3+1.4 26.254+2.70
6 77.6'+10.1 1.243%+0.076 80.50°+7.57 12.3£1.4 27.34+4.68
7 71.0°+19.2 1.245£0.045 81.41°+9.07 12.7£0.3 28.07+3.16
1 65.0°416.7 1.244+0.107 80.36"£13.75 12.7£1.3 24.05°43.41
2 65.5d°+17.6 1.180°+0.093 75.64°+7.12 14.2+£2.0 26.31%+3.05
3 53.3+16.9 1.309°+0.075 90.23*+10.71 12.2+0.8 27.03°+4.58
Mg** 4 70.5°¢11.4 1.221°+0.080 76.09°+7.12 12.8+1.4 28.13"+4.06
5 70.8°+18.0 1.218°+0.080 81.73%+11.59 13.7£1.2 27.87°+1.83
6 73.8"+9.8 1.237°+0.097 80.99"+16.08 13.0£1.1 24.34°5.15
7 79.6°+7.2 1.221°£0.068 77.09°410.70 12.8+1.1 25.24%+5.19
1 71.9°¢10.5 1.189+0.099 72.58+13.85 13.1+1.3 23.50°+5.66
salinity 2 68.84:14.7 1.255+0.069 80.70+10.09 12.340.6 23.90°43.94
3 77.7°+5.5 1.201+0.066 76.86+6.39 13.5¢1.2 24.61%+2.73
4 79.9°+4.8 1.267+0.105 84.33+£15.20 12.6£1.4 26.66°+3.60
5 63.8°+16.2 1.263+0.089 84.25+11.58 13.4+1.4 27.75%+2.51
6 57.1420.4 1.258+0.114 82.68+15.21 12.9£1.9 28.49°+2.80
7 59.6+18.5 1.216+0.069 79.60+4.52 13.5¢1.5 28.07°+4.81

Notes: The data in the same line with different superscript lower-case English letters mean significant differences. The same as below.

90

- 280 $ 8135
SE70 E B30
i £ 60 Z B 125
# 5 28 2920
00200 400 600 800 1000 1200 g 3 M1507000 400 600 800 1000 1200
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5§ 95 @ 23 30 (b)
2 590 i 8 28
i 58Sy o 26
52 80 % g ;‘2‘
g =75 N5
= 0200 400 600 800 1000 1200 ;ié g 200200 400 600 800 1000 1200
2+ H 2+
Mg (mg/L) Mg (mg/L)
(©) (d)

&2 AR Mg EETAMEMITHREER, BNEKE. AHEEE. HKEERESE

(a) ; (b) HO) ;(d)

Fig. 2 The survival rate, daily length gain, daily weight gain, flavor amino acids of

L. vannamei at different Mg concentration
(a) survival rate; (b) daily length gain; (c) daily weight gain; (d) flavor amino acids.
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10 , Mg®"  Ca®* ; Ca* Mg
3 ,Mg?t ca*
, 5 2.5 Ca* Mg™
, 3-b 3-c ,
, 10~20 5 Ca” Mg*
3-d , Ca** Mg*
. Ca2+
) 35 20 ; Mg*'
R 03
, 23.50 mg/g Ca®'
24 Ca*" Mg*
Mg2+
CaZ Mg2+ ’
4 4 Ca** ,
Mg2+
90 — - 130
<280 35
g0 E= 125
ym S 60 e
&g 50 s 2 1.20
2 40 g2
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? ) =
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Fig.3 The survival rate, daily length gain, daily weight gain, flavor amino acids of
L. vannamei at different salinity

(a) survival rate; (b) daily length gain; (c) daily weight gain; (d) flavor amino acids.

k4 Ca¥'. Mg". EBEMANEMIEE. £K. BREEBRIIREST

Tab.4 Range analysis of Ca™, Mg2+ and salinity to survival, growth and flavor amino acids of L. vannamei

range
factor
survival rate daily length gain daily weight gain flavor amino acids
Ca** 1.74 6.80 5.64 27.45
Mg** 1.85 5.40 6.23 28.60
salinity 1.72 5.18 4.94 34.93
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&5 Ca’. Mg'. REMANEMIRGEE. £, SREEBRTEYE

Tab.5 The interaction effect of Ca’", Mg2+ and salinity on survival, growth and flaver amino acids of L. vannamei

/% /(mm/d) (mg/d) (mg/g)
factor level survival rate daily length gain daily weight gain flavor amino acids
o 1 43.0°25.7 1.079"+0.046 68.750"+6.71 25.27+2.52
2 70.0%+21.2 1.222%0.045 79.792'+4.31 26.91+3.32
Mg® 1 48.5°+19.4 1.1310.103 71.250°+9.25 24.02°+2.46
2 64.5+31.1 1.170+0.055 77.292+4.53 28.16%+2.02
calinity 1 70.0£17.3 1.182+0.089 76.375%9.26 24.38%+3.23
2 43.0’+28.0 1.119+0.067 72.167+5.48 27.80%+1.55
oM 1 69.5:28.8 1.128+0.095 70.708"+9.43 26.61%3.17
2 43.5°+16.8 1.173+0.066 77.833%43.18 25.57+2.85
Cat*wsalinity 1 67.5414.6 1.13840.050 72.417+6.69 25.83+2.83
2 45.5°+31.6 1.162+0.108 76.125+8.54 26.35+3.25
Mg xsalinity 1 56.5427.5 1.156+0.085 72.833+7.66 25.43+3.80
2 56.5£26.6 1.144+0.084 75.708+7.86 26.75+1.85
3 Mg** =20, Mg”'=300 mg/L
)
31 G2 mg” 2, Ca¥* 500 mg/L, Mg® 750 mg/L
Dall [ Ca®* Mg2+ , 95%, 35 (Ca?t
; 500 mg/L Mg** 1200 mg/L, 30 Ca*
, , Ca®* Mg” 60 mg/L Mg 1200 mg/L(Mg2'/ Ca®'=20)
, Ca®" Mg* 20 Ca¥ 200 mg/L Mg* 10 mg/L(Mg>"/
: He-, Ca'=0.05) ,
1-a 2-a 3-a 86% 78% 83%,
Ca® 100 mg/L 400 mg/L, 10 Mg* 65.8%, (21 B3] (5]
1200 mg/L , , Ca®* Mg ,
4 )
M Ca*™ 100 mg/L Cca® Mg Ca*'
Ca?t i [15] ’
Ca2+ , Ca2+
Mg> =300 mg/L Mg** ,
Mg** , (3] ’ Ca2'
Mg2+ , Mg2+ , ,
10, i 18, , Mg,
Ca2+ , ,
, Ca2+ Ca2+
, 32 Ca* Mmg*
=20 s )
0.5 . ,Dall [
) )
[6] 5 ’ ’
Mg®* 300 mg/L , , Ca®* Mg* ,
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Effect of Ca’", Mg’ and salinity on survival, growth and
shrimp taste of Litopenaeus vannamei

DAI Xi-lin'", ZHANG Li-tian', ZANG Wei-ling', DENG Ping-ping',
ZOU Wei-li', DING Fu-jiang®

(1. College of Fisheries and Life, Shanghai Ocean University, Shanghai 201306, China;
2. Shanghai Shencao Special Fisheries Development Co. Ltd, Shanghai 201376, China)

Abstract: Salinity, calcium and magnesium play key roles in the survival and growth of Litopenaeus van-
namei. In the present study, two experiments were conducted to test the effect of salinity, calcium and
magnesium on survival, growth and flavor of the shrimp, L. vannamei. The first experiment designed using
the Taguchi method with three factors (Ca®*, Mg®" and salinity), each with 7 levels (L49), was run for 60
days to analyze the independent role of Ca™", Mg2+ and salinity on the survival, growth and flavor of L.
vannamei. Additionally, a L8 test of three factors, each with two levels, was conducted to analyze the in-
teraction of Ca**, Mg®" and salinity on the survival, growth and flavor of L. vannamei. The results showed
that Ca>", Mg*" and salinity significantly affect the survival and flavor amino acids of L. vannamei, and
Ca”" and Mg significantly influence the growth. The highest survival rate was observed at Ca>" of 100
mg/L and 400 mg/L, Mg2+ of 1200 mg/L, and salinity of 10; The growth did not significantly change at
Ca® 0of=200 mg/L, and Mg2+ of =300 mg/L. The highest length and weight gains were found at Ca®"of
100 mg/L, Mg”" of 150 mg/L and salinity of 10-20; The content of flavor amino acids increased with the
increase of Ca®", Mg®" and salinity, and the highest content of flavor amino acids occurred at Ca>" of 400
mg/L, Mg*" of 750 mg/L, and salinity of 20 and 35. Low salinity and concentration of Ca**, Mg®" signifi-
cantly reduced the growth and survival of the shrimp. The interaction between Ca®" and Mg®" was signifi-
cant on survival and daily weight gain of the shrimp, and the combined effect of Ca®" and salinity was sig-
nificant on survival of the shrimp. However, the interaction between Mg2+ and salinity was not significant
on any of the three parameters.

Key words: Litopenaeus vannamei; Ca**; Mg®"; salinity; growth; flavor amino acids
Corresponding author: DAI Xi-lin. E-mail: xldai@shou.edu.cn
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