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Tab. 1 Ingredients and nutrient levels of the basal diet (air-dry basis)
Ingredient Content Ingredient Content
Brown fish meal 20.00 Ethoxyquin 0.03
Peeled soybean meal 20. 00 C Vitamin C(35%) 0. 05
Peanut meal 10. 00 Sodium carboxymethyl cellulose 1. 00
Shrimp shell meal 4.00 Microcrystalline cellulose® 14. 00
Corn protein powder 6.00 Total 100. 00
Wheat flour 20. 82 Nutrient level
Fish oil 1. 20 Crude protein 41. 65
Soybean oil 1. 20 Crude lipid 7.04
Soybean lecithin 1. 00 Crude ash 7.43
Vitamin premix! 0. 10 Ca 1. 69
Mineral premix® 0.10 P 1.41
Choline chloride 0.50
.1, Vitamin premix contains the following per kg: A retinyl acetate 10. 00 g, D; VDs
50.00 g, E VE 99.00 g, K VK 5.00 g, B; VB 25.50 g, B: VB, 25.00 g, Bs VBs 50. 00 g, Bz VBi2
Ooooo 0.10 g, calcium pantothenate 61. 00 g, nicotinic acid 101. 00 g, biotin 25. 00 g, inositol 153. 06 g, folic acid 6. 25 g,
0600 cellulose 389.09 g; 2. Mineral premix contains the following per kg: KIO; 40. 03 g, CoCl; 4. 07
. CuSO; 19.84 g. FeCsH; Oy 13.71 g, ZnSO, 28.28 g, MgSO, 0. 12 g, MnSO, 12. 43 g, KCl
15.33 g, Na;SeO; 2. 00 g, zeolite power 864. 19 g; 3. . In
the calcium and phosphorus addition group, microcrystalline cellulose in basic diet group is replaced with calcium lactate and sodium dihydrogen
ooooooo
phosphate.
oooooog
o g* ~" gdo
1.2 1. 28~31°C,  21~24,
R R pH 7.8~8.2, =5 mg/L, <0.2 mg/L,
o 15 , 3 <0.05 mg/L,
, 1 0.30m’ . 24 h . .
24 h . N N N ° 15 ’ 1 mL
(4.240.15) g , , 5 Eppen-
10 g8 . 4 (7.00.11:00. dor .4 °C , 3000 r/min 10
17:00.21:00), . 1h : min » =80 °C .
. 24 h 1o, 9
,—20 C ,
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Tab. 2 Effects of dietary Ca and P supplemental levels on growth performance of Pacific white shrimp L. vannamei
(G ( ) /% /% - dt /%
Ca (TCa) P (TP) WGR SGR PER FCR SR
0(1.69) 0(1.41) 197.80+18. 372 1.23+0.10° 45,9741, 21* 5.35+0. 14! 84,4441, 92
0(1.64) 0.4(1.86) 222.66+26.13" 1.4040, 17 64. 2942, 092bc 4.68+1. 03 83.3340.00°
0(1.65) 0.8(2.32) 313.42+26, 99b«d 1.8240. 13¢de 73.17+4, 30b«d 3.5340, 43« 86.67+0. 00
oooooooo 0(1.68) 1.2(2.7D 322, 68409, 47¢de 1. 8540, 06¢d¢ 78. 6644, 26 3.05+0, 172 95. 56+ 3, 854
goooooo 0(1.62) 1.6(3.15) 288. 49419, 42b¢ 1.654+0. 08¢ 72,5345, 48bd 3.30+0. 25b 83.3340. 00°
oodoo 0.5(2.10) 0(1. 42) 220. 90430, 13 1.3570. 16 56.9447.59%  4,2840.54%  97,78+1, 92¢
0.5(2.15) 0.4(1.89 363.91+32. 10 2.0540, 14¢ 90. 5149, 034 2.68+0., 27 93.33+3. 33
0.5(2.13) 0.8(2.30) 444,81+4. 168 2.4640. 158 98.2247.16¢ 2.4340.17* 91. 1141, 92b
0.5(2.17) 1.202.70) 384.85+12. 90! 2.1440. 06" 88. 62410, 72% 2.7140. 34 95. 00+ 2. 36
0.5(2.18) 1.6(3.11) 309, 25+21. 55b« 1.75240. 09 85.31+7, 424 2.8840. 26 83.3340.00°
1.0(2.69) 0(1.38) 283.22+15, 37 1.68=+0.07¢ 58. 994 3. 54 4.10740. 254 93.3340. 00
1.0(2.68) 0.4(1.83) 346. 58+ 32, 094 1.9740, 154 73,2147, 7654 3.31+0.37b 95. 56+ 3. 854
1.0(2.68) 0.8(2.31) 363.39+21. 15¢ 2.0740.12¢ 94,7042, 17¢ 2.5340.06% 86.67+5. 77
1.0(2.63) 1.202.70) 356.16+6. 84°f 2.0140, 04°f 94.01411. 89¢ 2.5240. 32 83.334:0. 00*
1.0(2.70) 1.6(3.16) 274.88+30. 66" 1. 61+0. 20" 85. 14412, 874 2.8240. 43¢ 88.89+5. 092
/% Ca level 0 269.01+54, 63 1.58+0. 28 64.96+15.57¢ 4.06+1.02" 87.2245.47¢
0.5 344, 75480. 59¢ 1.97+0. 41¢ 83.92+16. 30" 3.0140. 76* 92.56+5.12°
1.0 324.85+43. 84" 1.86=+0. 22" 78.69+15. 89" 3.1740. 69 89.2945.73¢
/% P level 0 233.97+42. 83" 1.42+0. 22¢ 53.9747.39% 4,5840. 66¢ 91.67+6. 42"
0.4 311.05+71. 67" 1.86=+0.31°¢ 76.00+16. 73> 3.4140.95" 91.67+5.91°
0.8 373.88459.97¢ 2.1240. 324 90.06412.51°¢ 2.8740. 60" 88.33+3. 98"
1.2 354. 56428, 32¢ 2.0240. 144 87.31410. 28¢ 2.7640. 33" 90.83+6.61°
1.6 290. 88+25. 89" 1.6740.13° 81. 61409, 46 3.0040. 342 85. 7144, 18
P P-value of two-factor ANOVA

Ca level 0. 000 0. 000 0. 000 0. 000 0.001

P level 0. 000 0. 000 0. 000 0. 000 0.002

X Ca level X P level 0. 000 0.001 0.001 0.001 0. 000

(P<20.05), (P>0.05),

Note: the means with different superscripts in the same column are significantly different (P<Z0. 05) ; the means with same superscripts indicate

no significant difference among groups (P>0. 05); et sequentia.

30 T 0000000000000
1.0% Cay=—0.6875x"+1.075x+1.668
25 *=0.9834 n 0.5% Cay:*1.2991x2+2.3011x+1.3563
=2
g
ogooood -
ooooQ s *0%
W Ca y=10.5045x"+1.1296x+1.1706
# r'~0.8889 " 1.5%
B
it
4 1.0%
05 r x-0.88
x=0.78 x=1.12
0.0 L | |‘ ~J1 / /v L | |
00 02 04 06 08 10 12 14 16 1g OO0ODDDOOODODOO
WA INE /g « kg™ P addition oo0oooooooooo
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Fig. 1 The optimum supplemental level of P in diet for Pacific white shrimp L. vannamei under three Ca supplemental levels
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Tab. 3 Effects of dietary Ca and P supplemental levels on approximate composition of whole body and

muscle of Pacific white shrimp L. vannamei(DM basis)

Supplemental amount Whole body Muscle
( ) ( )
Ca (TCa) P (TP) Crude Protein Crude lipid Crude ash Crude Protein Crude Lipid Crude ash
0(1.69) 0(1.41) 72.6040. 81" 8.45+0. 20¢ 13.31+0.43% 84.2340.89* 8.5840. 764 7.30£0.13%
0(1.64) 0.4(1. 86) 72.9541.13* 10. 23+0. 69¢ 14, 78-+0. 39 89.1640. 69" 8. 0540, 95 7.30-£0. 04
0(1.65) 0.8(2.32) 75. 0440, 610 8.4240. 23¢ 13.68=+0. 75° 90. 8540.91¢ 7.02240. 312 7.3240. 40
0(1.68) 1.2(2.71D) 75.860.40%  7,4840. 22 14, 9440.12® 90, 3440, 734 9,9240, 27 7.5540. 00"
0(1.62) 1.6(3.15) 74.7140.12%  7.6240.12:>  14,28+0.94°>  89.1340.47" 5.84+0.67° 7.4240. 40"
0.5(2.14) 0(1.42) 74,3440, 440 7.4540. 552 14.06+0. 46* 89.1040. 33" 6.9740. 51" 6. 5540, 42%
0.5(2.15) 0.4(1.89) 75,2840, 4504 7,5640, 424 13.5740.20*  89.7640. 51" 7,400, 64bc 6.8840. 08
0.5(2.13) 0.8(2.30) 76.1940. 394 6.7940.05% 14.514£0.23®  89.2641.07>  6.9940. 15> 6.98+0.18%
0.5(2.17) 1.2€2.70) 76.9140.52¢ 7.4041.60%  14,8440.02*> 90.4040.59>d  6,87+0. 50 7.1340. 33
0.5(2.18) 1.6(3.11) 75.6541.09%  7.4840.27%c  14,4240.64*> 90,5640, 84¢ 6. 9640, 34 7.22+0. 17
1.0(2.69) 0(1.38) 74,9940, 35bd 6.58+0.17% 14,7940, 47  89,9340. 9654  6.8240. 022> 6.79+0. 42
1.0(2.68) 0.4(1.83) 75,4940, 4654 7,4640, 112> 14.2640.58"® 90,2940, 744 6, 9840, 762> 6. 9440, 25
1.0(2.68) 0.8(2.3D) 75,0340, 4354 7,9340, 31%b¢ 16.5841. 86" 91.0540.19¢ 6.40+0. 60% 7.0840. 67
1.0(2.63) 1.2(2.70) 75. 7440, 02¢ 6.52+1. 54 15.04=+1.33%> 90,5940, 15« 7.1440. 50" 6.80£0.71%
1.0(2.70) 1.6(3.16) 74,9940, 63> 8, 2440, 15" 15.16-£0.68* 89,4440, 50" 6.56+0.16% 6.93+0.61%
/% Ca level 0 74.2841. 36 8.444+1.07" 15. 0440, 90" 88.7442.52° 7.8841.42" 7.3740. 24>
0.5 75.67+1.04" 7.34+0.73% 14.26+0.91° 89.8240. 86" 7.01+£0.40° 6.95+0. 35°
1.0 75.2140. 48" 7.36+0. 86% 14, 88+0.71®  90.2440.78 6. 740, 49° 6.90+0. 42°
/% P level 0 74.1541.09* 7.4940. 83 14.354+0. 58 87.75+2.75° 7.5441. 00" 6.83+0.45
0.4 74.77+1. 260 8.19+1. 31" 14.03+£0. 742 89.7440. 75" 7.5640. 84" 7.0640. 24
0.8 75.4740.71¢ 7.584+0.78% 14.54+0. 67° 90.3841.11" 6.80+0. 46° 7.15+0. 40
1.2 76.2740. 694 7.174+1. 212 14.9140. 82> 90.42+0.52° 7.8241.48P 7.15+0. 46
1.6 75.1240. 76" 7.7440. 39 15.5041. 04" 89.7140. 85" 6.52+0.61° 7.2040. 37
P P-value of two-factor ANOVA

Ca level 0. 000 0.001 0.042 0. 000 0. 000 0.009

P level 0. 000 0.022 0.037 0. 000 0. 000 0.501

X Ca level X P level 0.008 0.019 0.979 0. 000 0. 001 0. 891
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Tab. 4 Effects of dietary Ca and P supplemental levels on Ca and P levels in tissues of Pacific white shrimp L. vannamei

Supplemental amount Whole body Muscle Exoskeleton
( ) ( )
Ca (TCa) P (TP) Ca content P content Ca content P content Ca content P content
0(1.69) 0(1.41) 28.2740. 86* 13.1240.65*  6.3440. 310 9.06=+0.09* 136.90+1.34*  8.047+0. 25
0(1.64) 0.4(1.86) 31.00+0, 78" 13.53+0. 46° 7.23+0. 111 14.2240.52¢  141.4741.29> 12,9540, 08¢
0(1.65) 0.8(2.32) 34.88+1.26  15.3140.56"  6.5940.41% 16.0640. 137 146.3440. 679 15.61+0. 40¢
0(1.68) 1.2(2.71) 39.10+0. 78"  18.7940.19¢  6.5340.11%%  15.14+0.55% 151.70+1.53" 15.5740.62¢
0(1.62) 1.6(3.15) 36.1940.93% 16,8240, 40¢ 5.7540.13* 14.4940.52¢0  147.3141.29%0 14, 2940. 09¢
0.5(2.14) 0(1.42) 30.69+0.80>  14.21+0.83*  6.10+0.16%c  12,0940.15> 138.40+1.20* 8.27+0.36a"
0.5(2.15) 0.4(1.89 35.21+£1.00¢ 15,9740, 33 6.9140. 15" 14.5540.47¢0 143.1240. 81> 13,5540, 48«
0.5(2.13) 0.8(2.30) 38.2240.40%"  18.2140.48°  6.5340, 18 16.0740.26"  148.18+0. 740 16.2140. 31




( 4)
Supplemental amount Whole body Muscle Exoskeleton
( ) ( )
Ca (TCa) P (TP) Ca content P content Ca content P content Ca content P content
0.5(2.17) 1.202.74) 40. 9040, 86" 20.2040.43%  6,1340.18%c  14,7340.68« 156.8541.96" 16.3040.07¢=
0.5(2.18) 1.6(3.1D 37.69+1.72¢« 19,3840, 62¢ 5.81+0.10% 14.4440. 114 150.8240.59¢" 14,8240, 27!
1.0(2.69) 0(1.38) 33.0840. 82¢ 15. 030, 72" 5.86+0. 21 11.61£0.12> 138.0841.15* 8.95+0.09"
1.0(2.68) 0.4(1.83) 35.9240. 40% 16. 6840, 324 6. 7840, 15% 14.2140.45¢  144,8940.47< 13,7040, 37%
1.0(2.68) 0.8(2.31) 38.96+1. 05 18. 76 £0. 29¢ 6.5340. 04cde 15.7140.22¢"  148.884+0.49% 16.50+0. 40"
1.0(2.63) 1.2(2.70) 44,1040, 78 21.2140.83¢  6.47+0.01bde 14,4640, 24 157.064+1.17" 16.6940. 19"
1.0(2.70) 1.6(3.16) 39.1540. 818"  20.2040. 46' 6.07+0.07% 14.0540.10¢  152.8240.55" 15.66+0.33¢
/% Ca level 0 33.89+4.10% 15.51+2. 25° 6.4940. 53" 13.79+2.60°  144.744+5.45* 13.29+2.97°
0.5 36.54+3. 710 17.5942. 37" 6.29+0. 42° 14.3741.39>  147.47+6.74> 13.83+3.13b
1.0 38.24+3.92¢ 18.37+2. 42¢ 6.3440. 36 14.0141.42*  148.347+6.92> 14,30=+3.04°¢
/% P level 0 30. 6842, 242 14.12+1.03* 6.10+0. 28° 10.9241.46*  137.7941.19*  8.4240. 47"
0.4 34.04+2. 450 15.3941.51° 6.97+0. 23¢ 14.3240.41>  143.16=+1.69> 13.40+0. 45"
0.8 37.3542.08¢ 17.42+1.70¢ 6.55+0. 20" 15.94+0. 25¢ 147.8041.28¢ 16.114+0. 504
1.2 41,3642, 354 20.064+1.17¢ 6.37+0. 21" 14.7840.51"  155.2042.98¢ 16.19=40. 594
1.6 37.674+1.63¢ 18.80+1. 624 5.88+0.17% 14.3340.33>  150.3142.591  14,9240.65¢
P P-value of two-factor ANOVA
Ca level 0. 000 0. 000 0.041 0. 009 0. 000 0. 000
P level 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000
X Ca level X P level 0. 000 0. 000 0.001 0. 000 0. 000 0. 000
2.4 N
(P<<0.01),
N ,0.5%
N N (P<C0.05),
(P<<0.01)C  5), . ,
. 1.2%~1.6%
(P<<0.0D), N N (P<C0.05),
(P> ,0.8%
0.05), . (P
(P<C0.05), 1% 0.05),
5 N
Tab.5 Effects of dietary Ca and P supplemental levels on serum indices of Pacific white shrimp L. vannamei
Supplemental amount
( )/ % ( )/ Y% U/L U/mL mmol/L mmol/L mmol/L mmol/L
Ca(TCa) P(TP) ALP PO CHOL TG Ca’t 1P
0(1. 69) 40.6340.76"  40.6340.76" 572,2249.62%  0.2940.02¢  0,3940.02" 13,600, 87 5, 5040, 874
0(1.64) 20.4240. 40¢ 20.424+0.40¢ 1144.444+45,90% 0.3540.01¢ 0, 3140. 06l 12.5741. 37 4.7540, 350
0(1.65) 14.3540. 11 14,3540, 114 1461.114+17.35¢ 0.27240.03¢ 0.3040. 05 14,2041, 35> 7.25+40.35¢
0(1.68) 6.93+0.18* 6.9340.18*  919.44433.68° 0.23£0.03" 0.2040.02%  13.17240. 38 4, 2541, 062>«
0(1.62) 10. 7140. 07" 10. 7140. 07" 972.22439.38°  0.1940.01¢ 0.154+0. 04° 13.3040. 46%¢ 3, 67+0. 76*

0.5(2.14) 42.63+0. 27" 42.63+0.27"  991.6748.33°  0.3240. 024 0.38+0.028"  13.50+0. 44> 5, 1740, 58
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( 5)
Supplemental amount
( Y/ % ( Y/ % U/L U/mL mmol/L mmol/L mmol/L mmol/L
Ca(TCa) P(TP) ALP PO CHOL TG Ca®" 1P
0.5(2.15) 24,3540, 18f 24.3540.18" 1141.67+33.33¢ 0.29+0.01« 0.35+0. 02fh 13.9740.29% 5,50+0, 87df
0.5(2.13) 15. 1440, 384 15.1440. 384 955.56476.98" 0.3640.01' 0.3240.02¢  13,83+0.40% 6,170, 29
0.5(2.17) 14. 4240, 04< 14.4240. 04 1402, 78+29.27¢ 0.3240. 02% 0.2540. 01" 13,0340.46% 4,00£0. 872
0.5(2.18) 13. 0740, 23bd 13.0740. 234 2102, 784+50.92¢ 0.27+0.02¢ 0.2340.04>  13.83%£0.60% 3,83%£0.29a
1.0(2.69) 30.354+0.23# 30.3540.23%  777.78+60.28> 0.37+0.02¢ 0.36+0.08%" 13,4040, 10%c 4,330, 58«
1.0(2.68) 32.2040. 208 32.2040. 208  958.33465.09¢ 0.3440.01¢% 0.334£0.01feh 14, 4340.55¢ 6.6740.29'%
1.0(2.68) 15.71£0. 244 15.7140. 249 2225.00458. 33¢ 0. 3340, 04df 0.24+0.03bd 13,6340, 292 4, 3340, 765!
1.0(2.63) 15.35+0.27¢ 15.3540.27¢ 2133.33+38.19" 0.3240.03% 0.2340. 06" 13.670.50% 4, 0040, 502>
1.0(2.70) 9.7140. 09 9.7140.09% 1463.89+48.83¢ 0.2140.02% 0.1440.03* 13.3040. 10% 3, 00=£0. 50°
/% Calevel 18.5641.75¢ 18.56+1. 75 1013.894302.22* 0.2740.06" 0.274+0.09° 13.3741.00 5.0041. 40"
21.924+1.62> 21.92+1.62> 1318.894438.92> 0.31£0.03" 0.3140. 06" 13.63£0.52 4,9341.07
20.63+1. 31" 20.6341.31" 1511.674612.80° 0.32+0.05" 0.2640.09* 13.69+0.51 4.47+1.33°
/% P level 37.9140. 904 37.9140.90% 780.56+184.23* 0.3240.04¢ 0.38+0. 04¢ 13.50£0.50 5.00=+0. 79"
25.6340.77¢ 25.6340.77¢ 1081.48+101.96> 0.33740.03¢ 0.3340. 03¢ 13.66+1.13 5.7540.96¢
15.0740. 25° 15.0740. 25> 1929, 63+357.56¢ 0.322+0.05°¢ 0.2840. 05¢ 13.89+0.76 5.75+1.34¢
12.2140. 58 12.2140.58* 1485.19+530. 069 0.2940. 05" 0.224+0. 04" 13.2940.49 4.0640. 68"
11. 1440, 25° 11.144+0. 25 1130.56+254.99¢ 0.2240. 04" 0.17+0. 05 13.48+0.47 3.50+0.61°
P P-value of two-factor ANOVA

Ca level 0.001 0. 000 0. 000 0. 009 0.371 0. 045

P level 0. 000 0. 000 0. 000 0. 000 0. 398 0. 000

X Ca level X P level 0. 000 0. 000 0. 000 0. 358 0.096 0.001

gboobooooboobooboboobngon
%DDDDDDDDDDDDDDDDDDDDD

3.1 N
Ambasankar ! ,0~2.5%

. 0.71% ~
1.59% (Acanthopagrus

schiegelii) .

[14] )
L] (Eriocheir sinensis )™
. 1.5%
. 2%
[11] ,
, 1.6%

(

(Melanogrammus

1. 259t

aegle finus )7 | Ll | (Rachycen-

tron canadum)™ | (Ctenopharyngodon idel-

la)t"

20-21 15
2o2l] © pan [

,0.91% ~1.63%

0.16 g ’
. Niu [ .
Davis R R
0.35% ;
1% . 2%
. Cheng [ y 2
, 0.77%
(0.93% ) H 1% ,
1.22% 2% ),
3 [23]
s 2

godd
godd
godd
gad


Administrator
打字机文本
讨论部分请针对试验结果，结合他人研究成果，合理引用参考文献进行分层次、分小标题的深入讨论。

admin
高亮

admin
高亮

admin
高亮

admin
高亮

admin
打字机文本
区间中的百分号不可以省略为一个

admin
打字机文本


8 39
b 1% b o
; 3% 3.3 . S
Pan ¥
, 17~20 , N s
1L.7%¢( 1.83%. . wosi  pan
1.33%) . ’ (0. 91% ~1. 63%)
b b N
. ) b N
10]
b ’ b o b N
(0.5%) .
[3] [28]
b o b b Y Y
(4.2%+0.15) g, t27] . Lz ,
, 21 ~24, s
b N b o
R o N sl (Oncorhyn-
s chus keta )% Loa-36]
3.2 N ,
07 Davis ¥ , .
Niu [ . ;
o [39] (Homarus ameri—
(O. 72% i 1 74%) ’ (Cherar Canu_g)['m] o
quadricarinatus)™ o ,
b A b
[17] [23,40]
(Lateolabrax japonicus)™*" | i Letalurus 3.4 .
punetaus yLzod Ll ,
b b
. 1.6% . ,
[3] [22] [21] [41]
ncorhynchus mykiss . Ro s
(O hyncl yhkiss ) Roy
[17]
b ’
[42]
B_ 4 ’ o ’
’ H o
, 0.5%~2.0%
[10]
B_ 1) ’ o ’
, , (Pagrosomus major )P | (M. nipponen-
. sis)H . ,
[26] [3]
b b
) (241 [26] . fi]
[27] [3]
( Procambarus clarkii )™ 251
[29] [5] 44] [45] [46]


admin
高亮

admin
高亮

admin
高亮


gogoboboobboooogdgn
goopooboood

[47]

[48] [49]

» Sung , N
(M. rosenbergii)

[s0]

o (Pelteobagrus fulvidraco)

[51]

o ’ ’

24 h s N

. 0.61% ~

1.51%
[19]

[18]

, (Pseudosciaena cro—
cea) | RN (Protonibea dia-
canthus)™) R (53] s

b b

gogoooo
(4.240.15) g ,

28 ~31 C. 21 ~ 24 .
0%.0.5% 1% ,

1.12%. 0.88%. 0.78%., 0.5%
0.88% .

[1] . , , . Ca
0oooooo
i LIl
0o“ O

Mg*
,2004,28(4)
413-418.
[2] . [Jl. ,
1999,11(9) ;33-34.
[3] ; , .
[Jl.
,2010,19(3) :344-351.
[4] . . [Jl.
,2014(4) :54-55.

gogoobooboooooon

[6]

7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[16]

[17]

[18]

[19]

[D]. : ,2010.
Deshimaru O, Kuroki K, Sakamoto S, et al. Absorp-
tion of labelled calcium-45Ca by prawn from sea water
[J]. Bulletin of the Japanese Society of Scientific Fish-
eries,1978,44(9):975-977. OO OO0 O0OOOOOO0OO0O
Kanazawa A, Teshima S I, Sasaki M, et al. Require-
ments of the juvenile prawn for calcium, phosphorus,
magnesium, potassium, copper, manganese, and iron
[J]. Memoirs of Faculty of Fisheries Kagoshima Uni-

versity,1984,33(1):63-71. O000o0o0ooooon

s ’

. LJl.
(2/3):113-118.
Davis D A, Lawrence A L, Iii D M G. Response of

,1993,2

Penaeus vannamei to dietary calcium, phosphorus and
calcium: phosphorus ratio [J]. Journal of the World
Aquaculture Society.1993,24(4) :504-515.

Cheng K M, HuC Q, Liu Y N, et al. Effects of diet- 00 OO0
goooo
. ) o ooood
on the growth and tissue mineralization of Litopenaeus 0“ etal”
vannamei reared in low-salinity water[J]. Aquacul-0 00000

ture,2006,251(2/4) :472-483. uooood
X . gooooo
Ambasankar K, Ali S A, Dayal M A. Effect of dieta-

ary calcium, phosphorus and calcium/phosphorus ratio

ry phosphorus on growth and its excretion in tiger
shrimp, Penaeus monodon [ J]. Asian Fisheries Sci-
ence,2006,19(1/2) .21-26.

Ambasankar K, Ahamad A S. Effect of dietary phos-
phorus on growth and phosphorus excretion in Indian
white shrimp [ J]. Asian Fisheries Science,2002,17
(2):119-126.

Huang J, Yang Y, Wang A. Reconsideration of phe-
noloxidase activity determination in white shrimp

Litopenaeus vannamei[ J]. Fish &. Shellfish Immunol-
0gy,2010,28(1) :240-244.

[D]. : .2005.
Pan Q. Chen X Y. Li F, et al. Response of juvenile
Litopenaeus vannamei to varying levels of calcium
phosphate monobasic supplemented to a practical diet
[J]. Aquaculture,2005,248(1/4):97-102.

[Jl. : ,1999,18(3):
209-214.
Roy P K, Lall SP. Dietary phosphorus requirement of
juvenile haddock ( Melanogrammus aegle finus L.)
[J]. Aquaculture,2003,221(1/4) :451-468.
Shao Q, Ma J. Xu Z, et al. Dietary phosphorus re-
quirement of juvenile black seabream, Sparus macro-

cephalus[J]. Aquaculture,2008,277(1/2):92-100.

’ ’ ’

O00000000000000000Db00D0OOO0O?2005,10(1/4):100-108.


admin
高亮

Administrator
打字机文本
作者三人以上，
后加“等”

Administrator
打字机文本
参考文献著录规则见《来稿须知》，合期号的表示应为2005,10(1/4):100-108.

admin
高亮

Administrator
打字机文本
外文参考文献，三人以上，后加正体“et al”
引用参考文献时斜体字请注意按原文引用

admin
高亮

Administrator
打字机文本
外文参考文献，姓前名后，名缩写

admin
高亮

admin
打字机文本
英文期刊写全称，而非缩写

admin
打字机文本

admin
打字机文本

admin
打字机文本

admin
打字机文本

admin
打字机文本

admin
打字机文本

admin
打字机文本

admin
高亮

admin
打字机文本
文章需有结论部分，综述类文章
要有展望部分

admin
打字机文本

admin
打字机文本

admin
打字机文本

admin
打字机文本

admin
打字机文本
中英文期刊卷期号尽量完善，
年，卷（期）：页码

admin
打字机文本

admin
高亮


goooboioobobobooowooomLO2pHO000D0OO0OO" O 0300000000000
gboooboobobbob40b00bOoboonboo”
goobobboboliiapbooobooogobobooooooboogd

—" 0obogos=8gusuoognooooa

10 39
LJ]. , with phytase for salmonid diets to reduce phosphorus
2016,25(8) :24-28. concentrations in hatchery effluents[J]. The Progres-
[20] ) . . sive Fish-Culturist, 1995,57(2) : 114-119.
[J]. ,2015,34(8) :491-496. [35] Ketola H. Mineral nutrition: effects of phosphorus in
[21] R , , trout and salmon feeds on water pollution[]J]. Journal
[Jl. ,1987,11(4) :285-292. of Differential Equations,1986,179(2) :465-473.

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

Niu J, Liu Y J, Tian L X, et al. Effect of dietary
phosphorus sources and varying levels of supplemental
phosphorus on survival, growth and body composition
of postlarval shrimp (Litopenaeus vannamei)[J]. Aq-
uaculture Nutrition,2008,14(5) :472-479.

’ s ’

(Il .2004 , 34
(6):15-18.
Zhang C X, Mai K S, Ai Q H, et al. Dietary phos-
phorus requirement of juvenile Japanese seabass,
Lateolabrax japonicus[J]. Aquaculture,2006,255(1/
4).201-209.
Eya J C, Lovell R T. Available phosphorus requirements
of food-size channel catfish (Ictalurus punctatus) fed
practical diets in ponds[J]. Aquaculture,1997,154(3/
4).283-291.
Skonberg D I, Yogev L., Hardy R W, et al. Metabolic
response to dietary phosphorus intake in rainbow trout
(Oncorhynchus mykiss)[J]. Aquaculture,1997,157 (1) .
11-24.

L1 . 2014, 36 (8)
25-29.

(1] ,2013,32(2) :109-115.
(Il ,1996(6) : 29-30.

Andrews ] W, Murai T, Campbell C. Effects of dieta-
ry calcium and phosphorus on growth, food conver-
sion, bone ash and hematocrit levels of catfish[]].
Journal of Nutrition,1973,103(5).766-771.
Sakamoto S, Yone Y. Effect of dietary calcium/phos-
phorus ratio upon growth. feed efficiency and blood
serum Ca and P level in red sea bream[]]. Bulletin of
the Japanese Society of Scientific Fisheries,1973,39
(4) :343-348.
Watanabe T, Murakami A, Takeuchi L, et al. Require-
ment of chum salmon held in freshwater for dietary
phosphorus[ J ]. Bulletin of the Japanese Society of
Scientific Fisheries,1980,46(3) :361-367.
Shearer K D, Hardy R W. Phosphorus deficiency in rain-
bow trout fed a diet containing deboned fillet scrap[J].
The Progressive Fish-Culturist,1987,49(3) :192-197.

Cain K D, Garling D L. Pretreatment of soybean meal

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

Bureau D P, Cho C Y. Phosphorus utilization by rain-
bow trout (Oncorhynchus mykiss) : estimation of dis-
solved phosphorus waste output [ J]. Aquaculture,
1999,179(1/4) :127-140.
Penaflorida V D. Interaction between dietary levels of
calcium and phosphorus on growth of juvenile shrimp,
Penaeus monodon [[J]. Aquaculture,1999,172 (3/4):
281-289.
Davis D A, Arnold C R. Bioavailability of feed grade
calcium phosphate incorporated into practical diets for
Penaeus vannamei[ J]. Aquaculture Nutrition, 2015, 4
(3):209-215.
Davis D A, Lawrence A L, lii D M G. Mineral re-
quirements of Penaeus vannamei :a preliminary exami-
nation of the dietary essentiality for thirteen minerals
[J]. Journal of the World Aquaculture Society, 1992,
23(1) :8-14.
Gallagher M L, Brown W D, Conklin D E, et al.
Effects of varying calcium/phosphorus ratios in diets
fed to juvenile lobsters ( Homarus americanus) [ J].
Comparative Biochemistry & Physiology Part A Phys-
iology.1978,60(4) :467-471.
[Jl.
,2011,38(1):157-161.

McComb R B, Bowers Jr G N, Posen S. Alkaline phos-
phatasel M]. New York:Plenum Press,1979.

.pH. [D].

,2000.

Bowser P R, Wooster G A, Aluisio A L, et al. Plas-
ma chemistries of nitrite stressed Atlantic salmon Sal-
mo salar[]]. Journal of the World Aquaculture Socie-
ty,1989,20(4) .173-180.
Sauer D M, Haider G. Enzyme activities in the plasma
of rainbow trout. Salmo gairdneri Richardson: the
effects of nutritional status and salinity[ J]. Journal of
Fish Biology,2010,14(4) ;407-412,
Johnston C E, Horney B S, Deluca S, et al. Changes
in alkaline phosphatase isoenzyme activity in tissues
and plasma of Atlantic salmon (Salmo salar) before
and during smoltification and gonadal maturation[ ] ].
Fish Physiology &. Biochemistry,1994,12(6) :485-497.

[D]. ,2010.


Administrator
打字机文本
其他注意：1.升的单位为大写L，毫升为mL；2.pH为正体，后不接“值”；3.新闻出版总署要求，文中
英文缩写尽量使用中文表述；4.表示年月的区间，中间用“—”连接，例如5—8月；5.文中的标题级别最多
只能为三级标题（1.1.1），请作者调整表述不要出现四级（或以上）标题。


(1. ,2009,30(1) :27-32. N Ll
[49] Sung H H, Chang H J, Her C H, et al. Phenoloxi- ,2011,30(4) :506-510.
dase activity of hemocytes derived from Penaeus mon— [52] ElZibdeh M, Ide K, Yoshimatsu T, et al. Requirement
odon and Macrobrachium rosenbergii [J]. Journal of of yellow croaker Nibea albiflora for dietary phos-
Invertebrate Pathology,1998,71(1) :26-33. phorus[J]. Journal of the Faculty of Agriculture-Kyu-
[50] . NN (Il shu University (Japan),1995,40(1/2) :147-155.
,1996(1) . 7-15. [53]
[51] , . .. [D]. : ,2015.

guooobboooooobbuooooobbogoa

Effects of Dietary Calcium and Phosphorus Levels on Growth,
Body Composition, Tissue Calcium and Phosphorus Deposition and

Serum Biochemical Indices in Pacific White Shrimp Litopenaeus vannamei
pgoooboooobobooobboooobooooos -

AN Wengiang''?, LI Wenwei', TAN Beiping'?, YANG Qihui'**, CHI Shuyan'*, DONG Xiaohui'*?,
LIU Hongyu'?, ZHANG Shuang"?, YANG Yuanzhi', ZHANG Haitao’

( 1. Laboratory of Aquatic Animal Nutrition and Feed, College of Fisheries, Guangdong Ocean University,
Zhanjiang 524088, China; 2. Key Laboratory of Aquatic, Livestock and Poultry Feed Science and Technology
in South China, Ministry of Agriculture and Rural Affairs, Zhanjiang 524000, China ) O0o0o0o0o0oono

Abstract: Juvenile Pacific white shrimp Litopenaeus vannamei with initial body weight of (4.240.15) g
were cultured in a 0. 30 m® glass fiber reinforced plastics barrel and fed diets containing 0%, 0. 5% and
1.0% of calcium (Ca) prepared by calcium lactate and containing 0%, 0.4%, 0.8%, 1.2% and 1. 6% of
phosphorus (P) prepared by sodium dihydrogen phosphate at water temperature of 28—31 °C and a salinity
of 21—24 for 8 weeks to investigate the effects of dietary calcium and phosphorus levels on growth, body
composition, tissue calcium and phosphorus deposition and serum biochemical indices in Pacific white
shrimp. It was found that dietary Ca, and P levels and the interaction of Ca and P levels significantly af-
fected the weight gain, specific growth rate, protein efficiency, feed conversion ratio and survival rate of
the shrimp (P<C0.01). The contents of crude protein and crude lipid in muscle and crude protein in whole
body of shrimp were significantly affected by dietary Ca and P levels (P<C0. 01). The interaction of dietary
Ca and P levels led to significantly affect the contents of crude protein in whole body and crude protein and
crude lipid in muscle (P<C0.01). Dietary Ca levels significantly affected the contents of Ca and P in whole
body and exoskeleton and P in muscle in the shrimp (P<C0. 01), and significantly affected the content of
Ca in muscle (P<C0.05). The dietary P levels and interaction of Ca and P levels significantly affected the
content of Ca and P in whole body, muscle and exoskeleton in shrimp (P<C0. 01). There was no significant
effect of Ca and P levels and interaction of dietary Ca and P levels on the content of serum calcium ion (P
>0.05). The analysis of break-line model revealed that the maximal specific growth rate was observed in

the shrimp fed the diet containing 0.5% Ca and 0. 88% P under the conditions of this experiment.

Key words: Litopenaeus vannamei ; calcium; phosphorus; growth performance; body composition; calci-

um and phosphorus deposition; serum biochemical index
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