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2 )
D 45 C 9% ~10%
o D 2
1 600~2 400 IU /kg - il (1.5 mmx3.0 mm 2.5 mmx4.0 mm)
D 1000 * 250 IU/kg 2 -20 C
6 7 .
D, D
1 ( )
g ’ D ’ Table 1  Composition and nutrient levels of
the basal diet ( DM basis) %
( Lateolabrax japonicus) ftems Content
Ingredients
( )
Casein ( vitamin free) 36.0
N Gelatin 9.0
° Dextrin 28.0
Menhaden fish oil 7.0
9-1z 13 Soybean oil 4.0
Amino acid mixture” 4.0
’ Lecithin 2.0
s 16 . Sodium alginate 1.0
° a- a-cellulose 3.0
° Mineal premix? 4.0
C 18 ( D) -
D Vitamin premix ( vitamin D free) ¥ '
Total 100.0
D Nutrient levels
Crude protein 43.2
D Crude lipid 12.5
N D N K ( ) Composition of amino
N acid mixture ( DM basis) : aspartic acid 1.25%
glycine 0.02% alanine 0.67% arginine
’ 0.73% cystine 0.04% valine 0.13%
methionine 0.29% o
1 2 Contained the following
1.1 per kg of mineral premix: NaF 200 mg KI 80 mg
CoCl, * 6H,0( 1%) 5000 mg CuSO, * 5H,0 1000 mg Fe—
SO, *+ H,0 8 000 mg ZnSO, * H,0 5 000 mg
MnSO, * H,0 6 000 mg MgSO, » 7H,0 120 000 mg Ca
(H,PO,), * H,0 750 000 mg NaCl 1 000 mg
zoelite powder 94 270 mg.
( 1) 3 Vitamin premix
0.200.400,800.1 600 3 200 1U provided the following per kg of the diet: VB, 25 mg VB,
D, 6 45 mg VB;20 mg VB, 0.1 mg VK, 10 mg inositol
800 m antothenic acid 60 m niacin acid
D 34.2.19.4.393.8, 200 mgg foﬂc acid 20 mg gbiotin 1.20 mg VA
775.9.1 534.1 3 091.2 1U /kg. 32 mg VE 120 mg VC 2 000 mg choline chloride
80 2 500 mg ethoxyquin 150 mg wheat

F-261

middling 14 017 mg.
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1.2

(3.0 mx2.0 mx1.5 m)

24 h
N (2.26+
0.03) ¢ 6 3
300 L
( 250 L) 15 /7 &
2 (07:00.17:00) o
1~4 1.5 mmX3.0 mm
5~9 2.5 mmx4.0 mm
1h 1 h
N
1 L/min 24.0~27.0 C
28.0%0~29.5%0c pH 8.0~8.1
7 mg/L 9
24 h (1:10 000) (
) 3 1 mL
-20 C -80 C o
1.3
AOAC(1995) *
105 C
( x6.25)
( )
600 C 12 h o
Folch 0 o
( AKP) ( Hpro) .
(Ca™) (P)
D 02] o
Zhang 7 o
VISTA-MPX
( ICP-OES) ( )
o 3
1.4

( WGR) = 100x( W ,-W,) /W,;
( SGR) = 100x( InW ~InW,) /z;
( FER) = 100x( W xN, =W xN,) /1, > ;

( PER) = 100x( W,xN,~W,xN,) /I ;
( SR) = 100XN, /N,;
(HSI) (%) = 100XW, /W, .

. WO ; W‘ V1t
N, IV, 1y
( )i, ( )
W, s Wy
1.5
SPSS 16.0
( one-way ANOVA) (P<
0.05) Tukey’ s
=+ °
2
2.1 D
2 D
( P>0.05)
( P<0.05) .
D D 342 WU/kg )
(73.3%)
(82.2% ~93.3%) (P>0.05)
D 34.2~393.8 1U /kg
D
( P<0.05) D
393.8 1U /kg
(P>0.05) .
. D (X)
(Y)
Y=652.5-1.24( 431.0-X)
D 4310 WU/ke (1),
2.2 D
3 D
. (P<
0.05) .
( P>0.05) D
D ( D

3091.2 IU/kg ) D
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342 1U/kg (P<0.05) . ( D 1534.1 1U/kg )
( P>0.05) .

2 D

Table 2 Effects of different dietary vitamin D contents on growth indices of juvenile Japanese seabass

D ANOVA
Dietary vitamin D content/( IU /kg)
Items F p
34.2 219.4 393.8 775.9 15341  3091.2 F~alue Pvalue
73.30 82.20 93.33 88.90 88.90 84.40
0y
SR/% +6.67 +2.22 +3.85 +4.44 +5.88 +4.44 2.114 0.134
91.60 223.00 538.60 566.40 542.00 539.10
WGR/% . : ) . ) . 983.536 <0.001
+2.51° +4.79° +4.95 +9.59 +8.79° +5.88°
1.03 1.86 2.94 3.01 2.95 294 e o 0,001
SGR/( %/d) +0.02°  +0.02" +0.01° +0.02° +0.02° +0.01° : '
0.47 0.66 0.86 0.87 0.84 0.87
FER _ , _ ~140.775 <0.001
+0.01° +0.02" +0.01° +0.02° +0.01° +0.00°
1.09 1.53 2.00 2.01 1.95 2.01
PER _ , ‘ ‘ , C140.087 <0.001
+0.02° +0.05" +0.02° +0.04° +0.02° +0.01°
( P>0.05) ( P<0.05) . .

In the same row values with no letter or the same letter superscripts mean no significant difference ( P>0.05) while with

different letter superscripts mean significant difference ( P<0.05) . The same as below.

0.05) (P>
0.05) .
2.4 D

~

34.2 1U /kg 1 534.1 1U /kg

( P<0.05) D
. b 1 534.1 IU /kg 3.091.2 1U /kg
Fig.1 Relationship between dietary vitamin D (P>0.05) .
content and WGR of juvenile Japanese seabass D D
D
2.3 D 1534.1 3091.2 1U /kg D
. 34.2.219.4 393.8 IU/kg (P<0.05) .
2.5 D
4 D D
6 D
D
o ( P<0.05) D

D
D 219.4 7759 1U/kg (P< D
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(V) (

1 534.1 1U /kg 1 Y=-9E-07X°+0.004 4X+0.881 6

D (X) D
2) )

3 D

Japanese seabass ( wet weight basis)

2 444.4 1U /kg

( )

Table 3  Effects of different dietary vitamin D contents on body composition of juvenile

D ANOVA
Dietary vitamin D content/( IU /kg)
Items F P
34.2 219.4 393.8 775.9 153.1 30912  Fwalue  Palue
14.3 14.7 14.5 14.4 14.8 14.8
0.323 0.88
Crude protein/% +0.1 +0.5 +0.5 +0.5 +0.3 +0.2 ?
5.3 5.4 5.4 5.3 5.0 6.0
1.826 0.182
Crude lipid/% +0.3 +0.2 +0.2 +0.2 +0.3 +0.2
77.9 77.0 77.2 77.0 76.4 76.5
0.676 0.650
Moisture/% +0.5 +0.5 +0.2 +0.9 +0.8 +0.6
4.1 4.3 4.5 4.5 4.8 4.9 6.842 0.003
Ash/% +0.1° +0.1" +0.2" +0.1" +0.0" +0.0° ' '
8.09 8.51 10.50 11.23 12.01 11.93
: ¢ be ab a a a 15.653 <0.001
Calcium /( mg/g) +0.33 +0.33 +0.67 +0.44 +0.43 +0.27
2.70 2.83 3.43 3.70 3.96 4.08
¢ ¢ b ab a a 27.542 <0.001
Phosphorus/( mg/g) +0.09 +0.13 +0.17 +0.08 +0.10 +0.08
4 D N
Table 4 Effects of different dietary vitamin D contents on serum AKP activity and HPro Ca® and
P, contents of juvenile Japanese seabass
D ANOVA
Dietary vitamin D content/( IU /kg)
Items F P
34.2 219.4 393.8 775.9 153.1 30912  Fwalue  Palue
2.49 2.75 3.31 3.69 3.91 3.48 9.309 0.001
AKP/( /dL)  £0.12°  %0.17" +0.27"  20.12° +0.08"  £0.07" - '
23.24 19.15 19.72 19.08 20.43 19.89 3,260 0.043
HPro /( pg/mL) +0.72° +1.38" +0.85" +0.72" £1.28"  £1.00" ' '
9.31 10.74 10.66 11.05 10.82 12.24
2+ b ab ab ab ab a 6'447 0004
Ca™ /( mg/dL) +0.36 +0.33 +0.30 +0.36 +0.47 +0.16
51.69 54.89 55.15 59.54 66.96 68.20
b b b ab a a 13"137 <0001
P;/(mg/dL) +1.67 +2.37 +1.54 +1.67 +1.93 +1.96
431.0 IU /kg ( 1) o Lovell *
3 {1 (500 IU /kg )
D Barnett
. . D (1600~2 400 IU/kg ) Andrews
D . ! fim D
N o (1000 IU /kg ) o D
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D
o D .,
D
D D
D (R ) D
D
2 444.4 1U /kg ( 2 Barnett
3 D (1600 ~ .
2 400 1U /kg ) o D o
D o
« Woodward * D
N D N
5 D . ( )
Table 5 Effects of different dietary vitamin D contents on the contents of ash in vertebra operculum and
scale and calcium and phosphorus in vertebra of juvenile Japanese seabass ( DM basis) mg/g
D ANOVA
Dietary vitamin D content/( IU /kg)
Ttems F P
34.2 219.4 393.8 775.9 15341 3091.2 Falue  P—value

466.32 480.43 481.67 486.63 494.74 480.47
4.423 0.016

Vertebral ash +3.83" +4.73* +4.70* +3.53% +2.78" +4.48"
436.34 443.31 457.58 467.62 477.35 466.37
d ed be ab a ab 18.069 <0.001
Operculum ash +2.54 +2.61 +4.26 +2.60 +2.53 +5.36
436.67 438.25 449.21 458.26 470.71 467.38
he N . . 22.566 <0.001
Scale ash +5.24 +1.86 +1.76 +5.13 +2.03 +3.18
173.42 183.35 193.16 204.85 206.61 194.17
. b ab ab a a ab 5.696 0.006
Vertebral calcium +3.21 +4.98 +3.38 +3.31 +7.64 +5.69
51.36 53.22 59.26 60.61 61.25 63.43
. . b " . ) 6.242 0.004
Vertebral phosphorus +2.17 +1.76 +1.45 +2.09° +1.64° +2.11°
9 D
D
D o
D D D N
N o Halver “ D
D »
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6 D D ( )
Table 6 Effects of different dietary vitamin D contents on hepatosomatic index liver lipid and
vitamin D contents of juvenile Japanese seabass ( wet weight basis)
D ANOVA
Dietary vitamin D content/( IU /kg)
Items F P
34.2 219.4 393.8 775.9 1534.1 30912  Fvalue  Pvalue
2.69 2.26 2.07 1.92 1.75 1.52
.. . " he he he . 12.027 <0.001
Hepatosomatic index /% +0.03 +0.08 +0.11 +0.11 +0.21 +0.10
15.67 14.29 13.14 12.99 12.07 11.49
) . . " " " b N 5.395 0.008
Liver lipid content/% +0.62 +0.37 +0.89 +0.14 +0.89 +0.65
i o b 0.68 2.04 2.90 3.50 5.54 5.91
Liver vitamin D ' " b \ ) ) 50.267 <0.001
+0.09° +0.31° +0.16™ £0.17° +0.16" +0.35%
content/( TU/g)
. la 25( OH) ,D,
lae 25( OH) ,D, N
o N ]OL 25
(OH) ,D, ; N
la 25( OH) ,D,
D la 25( OH) ,D,
2 D . D
D
Fig.2 Relationship between dietary vitamin D content and D
liver vitamin D content of juvenile
Japanese seabass
o D
D
28
D 3 091.2 1U /kg D
o o o Shiau
29
la 25( OH) ,D,
o D, . >

la 25( OH) ,D,
( PTH) . ) D

la 25( OH) ,D,

25( OH) ,D, PTH
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D
3 091.2 1U /kg

(2.69%)

6) . George

(5.3%) .

1 534.1 1U /kg

)

30

(

D

D

)

(15.67%)

—

D 431.0 1U /kg

2 444.4 1U /kg .
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Effects of Different Dietary Vitamin D Contents on Growth
Performance Calcium and Phosphorus Metabolism of Juvenile
Japanese Seabass ( Lateolabrax japonicas)

ZHANG Lu'? LI Jing® MAI Kangsen' AT Qinghui'
ZHANG Chunxiao' LI Huitao' YUAN Yuhui®
(1. The Key Laboratory of Mariculiure Education Ministry of China Fishery College Ocean University of
China Qingdao 266003 China; 2. Technology Center of Tongwei Co. Ltd. Chengdu 610041 China;

3. Center for Bioengineering and Biotechnology China University of Petroleum ( East China)
Qingdao 266580 China)

Abstract: A 9-week feeding experiment was conducted to evaluate the effects of different dietary vitamin D
contents on growth performance calcium and phosphorus metabolism of juvenile Japanese seabass ( Lateo—
labrax japonicas) . Juvenile Japanese seabass with the initial body weight of ( 2.26+0.03) g as the experimen—
tal animal and were randomly divided into 6 groups with 3 replicates each group and 15 fish per replicate. Fish
in the 6 groups were fed six isonitrogenous and isoenergentic diets with the measured contents of vitamin D
were 34.2 219.4 393.8 775.9 1534.1 and 3 091.2 IU /kg respectively. The results showed as follows:

1) weight gain rare ( WGR) was significantly increased with increasing dietary vitamin D content from 34.2 to
393.8 IU /kg ( P<0.05) and when the dietary vitamin D content more than 393.8 1U /kg the WGR had no
significant change and presented a trend of forgetting ( P>0.05) . Special growth rate ( SGR) feed efficiency
ratio ( FER) and protein efficiency ratio ( PER) showed a similar tendency to WGR. 2) Dietary vitamin D
content significantly influenced the contents of ash calcium and phosphorus in carcass ash in vertebra oper—
culum and scale and calcium and phosphorus in vertebra of juvenile Japanese seabass ( P<0.05) but had no
significant influences on the contents of crude protein crude lipid and moisture in carcass ( P>0.05) . 3) Ser-
um alkaline phosphatase ( AKP) activity and hydroxyproline ( HPro) calcium ion ( Ca’*) and inorganic
phosphorus ( Pi) contents were all significantly affected by dietary vitamin D content ( P<0.05) . 4) Dietary
vitamin D content had significant influences on hepatosomatic index liver lipid and vitamin D contents ( P<
0.05) . Liver vitamin D content showed an increased trend with increasing dietary vitamin D content and it
changed to be steady when dietary vitamin D content up to 1 534.1 IU /kg. Brokendine model analysis with the
WGR as the appraising index shows that juvenile Japanese seabass require 431.0 1U /kg diet vitamin D for max—
imal growth. Base on the quadratic curve model analysis with the liver vitamin D content as the appraising in—
dex juvenile Japanese seabass require 2 444.4 1U /kg diet vitamin D for maximal liver vitamin D deposition.

Chinese Journal of Animal Nutrition 2016 28(5) 14024411

Key words: Japanese seabass ( Lateolabrax japonicas) ; vitamin D; growth; requirement; of calcium and

phosphorus metabolism
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