WRRET AR

1 1 1 2 3
’ ’ ’ ’
(1. s 116023; 2. )
116045; 3. s 116000)
11.0~14.0°C . 2.29 g (Apostichopus japonicus) 39
50 L N s 0.,500,1 000,2 000 4 000 mg/kg V¢-2-
(L-ascorbyl-2-polyphosphate, LAPP), V.- (L-ascorbyl palmitate, LAP) V- (L-
ascorbyl-2-monophosphate-magnesium, APM) 13 . 90d , Ve
. Ve (P<C0.05), LAPP
0.21%/d, LAP(0.17%/d) , APM (0. 15%/d) ) 0.12%/d)
75.00% .41.67%  25.00%., LAPP (12.57%), LAP
(7.76%) , APM(6. 86 %) , (5.52%) 127.72%.40.58%  24.28%.
3 Ve . : LAPP<<LAP<APM, LAPP,APM LAP
2 000~2 500 mg/kg.1 000~1 500 mg/kg 2 000~3 125 mg/kg .
; C;
:S96 A :1000-3096(2009)12-0056-08
, Ve , ,
C(Ve), . Ve o
) , . 1
Ve o
) ( ) 1.1
Ve o Ve 1
e . 2.29 g40.21 g,
(A postichopus japonicus) “ ” Ve-2- ( L-ascorbyl-2-polyphos-
, phate, LAPP), ,
’ (8] 90% ; Ve- (L-ascorbyl palmitate, LAP),
' ’ , 98% ; V-
’ ’ (L-ascorbyl-2-monophosphate-magnesium,
° APM), ,
Loz ’ Ve 0
99%. 3 Ve, 500,
° 1 000.2 000 4 000 mg/kg 4 s
. o Ve C D,
Ve, R
:2009-01-05; :2009-06-05
“3 | ¥ ’ ’ ’ (20060186)
(1950-), , ,
3 4 Ve , ,E-mail : jqwang1950@163. com
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1 %)
Tab.1 Ingredients and approximate composition of the experimental diets( %)
P-1 pP-2 P-3 P-4 M-1 M-2 M-3 M-4 Z-1 Z-2 Z-3 Z-4 D
11.46 11.46 11.46 11.46 11.46 11.46 11.46 11.46 11.46 11.46 11.46 11.46 11.46
30.0 30.0 30.0 30.0 30.0 30.0 30.0 30.0 30.0 30.0 30.0 30.0 30.0
(Sargassum sp. )
53.39 53.39 53.39 53.39 53.39 53.39 53.39 53.39 53.39 53.39 53.39 53.39 53.39

5.0 5.0 5.0 5.0 5.0

0.15 0.15 0.15 0.15 0.15

5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0

.15 0.15  0.15  0.15  0.15 0.15  0.15 0.15

Ve (mg/kg) 579 1029 1929 3729 624 1119 2109 4089 619 1109 2089 4049 129
:P.M  Z Ve-2- V- Ve~ ;@
1.2 ,P<C0.05 .
2 , 39 50L 9
(45 em X 31 cm X 30 cm) , 15
) 13 . 2.1 C
Ve 13 ( D, 3 .
. . 80°C 2.1.1 C
. . , Ve
20 cm X 30 cm , , Ve C D,
, ) Ve-2-
, . 0.21%/d), Ve- (0.17%/d)
. 11.0~14.0°C, . . Ve- (0. 1524/d) .
, 2/3, . 2% ~ (0. 12%/d>  75.00%.41. 67%
3%, 30d . 90 d. 25.00%
1.3 ’ Ve
L05°C oh . 60°C ( 2),11 15 2 15
Ve- Ve-
. ( X 6.25) .,
( ) (600°C, 8 h) ’
. ( 11 15
' ' ‘ 12 15 .12 16 1 15 1 16
. Cr,0, .
D% —[1— (e/EXB/B] > = 0% ’ Ver Ver
0.22%/d.
100, B 0.18%/d.0.06%/d  0.25%/d.018%/d.0.06%/d,
BB Cr:05 48.25% .38.80% .
. (protein efficiency ratio, 12.95%  50.01%.37. 37% .11, 62%.
PER) = /¢ ~ (49.13% 46.11%  4.76%). ,
) (special growth rate, SGR): Voo
SGR= (InM, —1nM,) X100%/ » M, 115 2 15 5
M ° 0.30%/d.0.40%/d  0.09%/d,
1.4 37.54%.51. 19%
SPSS13. 0 11.30%.,
. LSD ., P<0.01 . C 2, Ve .
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Fig. 1 Specific growth rate (SGR) of the sea cucumber juveniles fed the diets supplemented with different VC sources and at va-

rious levels
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Fig. 2 Specific growth rate (SGR) of the sea cucumber ju-
veniles fed the diets containing different types of vita-

min C at various levels during different periods in the

experiment
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/2009

2.1.2 C

C D, Ve-
2- JVe- Ve-
, 2 000 mg/kg(0. 96%/d) .1 000 mg/kg
0.60%/d) 2 000 mg/kg(0.54%/d)
; Ve
(0.35%/d) (P<<0. 05),
(P>0.05), 3 V.o . 4 000
mg/kg .

: Ve-2- (y=—4X10 %2*+0.000 22+
0.142) V- (y=—1X107%2" +3 X102+
0.140 9) V- (y=—8X107°2"+5X10"°x
40.120 2) 2 500.1 500 3125 mg/ke

) o 3 Ve

, : Ve-2-
> V- > V- ,
Ve-2-
(P<C0.05),

15,3 Ve
N
33/ 12



BRiRs REEE

2 000 mg/kg .
(P<<0.05), V- Ve-
2 000 mg/kg 4 000 mg/kg
(P>0.05), 12 16 1 15 , Ve2-
V- 2 000
mg/kg 1000 mg/kg .
(P<<0.05), Ve-2- ,
Ve- 2 000 mg/kg
, (P>>0.05),
1 16 2 15 ,
Ve
. 500 mg/kg 1000 mg/kg V-
2- (P<
0.05), (P>0.05),
2.2 C
, Ve-2-
(1.33).Ve- (1.78) V- (2.20)
Ve (2. 44)
, 45.49%.27. 05%
9.84%C 2),
Ve ’
Ve \ Ve-2-
Ve- . 2 000 mg/kg 1 000
mg/kg . . «C 2
(P<<0.05),4 000 mg/kg
(P<0.05); Ve- 2 000 mg/kg
(P>0.05),

:Ve-2- (y=3X10 "2>—0.001 1z+
2.302 5) V- (y=2X10 "2*—0.000 62+
2.1153) Ve (y=1X10""2"—0.000 7z+
2.458 5) 1833,1500 3500 mg/kg

) . 3 Ve

, : Ve- >V

>V¢-2- )

(P>>0.05),

2 Ve-2- WVe-
Ve-

Tab.2 Dietary utilization by the juvenile sea cucumber fed the
diets containing L-ascorbyl-2-polyphosphate (P), L-
ascorbyl-2-momophosphate-magnesium (M) and L-
ascorbyl palmitate (Z) at various levels (n=3, Mean
value+ SE)

P-500 1.424£0. 34" 11. 7442, 17
P-1000 1.4040. 46 12.26+3. 42
P-2000 1.18+0. 14" 15.41£1.97"
P-4000 1.3140. 28" 10. 8844, 60"
M-500 1.47+0.08* 8.0340. 90"
M-1000 1.324£0.04" 9.98=£0. 30"
M-2000 2.394£0. 31° 5.6540. 66°
M-4000 3.63£0.56¢ 3.774+0.51°
Z-500 2.16+£0.41° 6.60+1,45°
Z-1000 1.85%0. 16° 7.20+£0. 66
7-2000 1.50£0.17* 8.8740.99°
7-4000 1.624+0. 23" 8.38+1.07°
] 2.4440.27° 5.52740.62
(P<C0.05),
, P ,
2.3 C
’ VC
Ve C 2,
Ve-2-
(12. 60), Ve- (7.76) s
V- (6.86) ,
(5.52) 127.66%.40.61% 24.19%. 3
Ve , : Ve-2-
>Ve- >Ve- o
Ve
“ 7, 4 000
mg/kg s
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C 2, Ve-2-
2 000 mg/kg s
(P<<0.05), V- ,
500 mg/kg 1 000 mg/kg
(P<<0.05), 1 000 mg/kg
(P<<0.01), ;
, 4000 mg/kg
500 mg/kg 1 000 mg/kg
(P<<0.05), V- . 2 000
mg/kg . C 2,
(P>0.05),
2.4 C
2.4.1
, Ve
Ve
C 3. Ve-2-
(66.45%),
Ve- (59.90%) . V-
(59. 44%) ,
(49.26%)  34.89%.21.60%  20.66% (P<C0.05),
Ve ,

(
3. Ve-2- . 2 000
mg/kg )
(P<<0.01), Ve- Ve-

. 1000 mg/kg 2 000 mg/kg

, (P<<0.05),
2.4.2
. Ve
s Ve
(74.97%) Ve

(74.35%)C  3), Ve-2-

V-

66.74%  72.95%.,

(P>0.05),

60 /2009

/

3 Ve-2- (P).Ve-
(M) V- (Z)
%)
Tab. 3 Apparent digestibility of dietary protein and fat by the sea

cucumber juveniles fed the diets containing L-ascorbyl-2-
polyphosphate (P ), L-ascorbyl-2-momophosphate-mag-
nesium (M) and L-ascorbyl palmitate (Z) at various lev-

els (n=3, Mean value®SE)

P-500 62,5642, 58" 62.3747.63"
P-1000 66. 043, 2% 73.0045. 57¢
P-2000 70. 6641, 99¢ 67.98+5.90°
P-4000 66. 53+ 1. 04" 63. 6344, 53¢
M-500 61.78+1.91¢ 70.73+1.12°
M-1000 68. 90+2. 62" 77.77+5.15°
M-2000 63.33+£2. 61 74.3643. 20°
M-4000 45,6240, 56° 77.0241. 54°
Z-500 57.7440. 18 79. 4544, 79°
7-1000 62,3344, 83" 77.6241. 34
Z-2000 66.54+1.05" 66.91+4, 42°
Z-4000 54, 1444, 91% 67.82+5.61°

@ 49, 26+2. 00° 74,3542, 76°

3
3.1 C
Kilamura [*11965
, , C ,
C ) . N )
Ve, )
o )
C,
C )
. , Ve-2-
Ve- Ve- ;
75.00%.41.67%  25.00%;
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127.66%.40.61%  24.19%; . N ;
; C 200~600 mg/kg
C, . Ll C
. C 1 000 mg/kg el 200~
, 400 mg/kg e, , Ve-2-
) Ve Ve-
o , 2 000 mg/kg.1 000 mg/kg
3.2 C 2 000 mg/kg
C C o
C C . °
i . Ve , C
, C C
(=191 ;
C C o ;
300 mg/kg 1 600 mg/kg , ) C
(Megalobrama amblycephala) , o ,
e C , C
C . o
(Oreochromis niloticus X O. aureus) , L- 11 15 -12 15
85 %%, C (Ve-2-
L- (Dicentarchus labrax) 2 000 mg/kg. V- : 2 000 mg/kg. V-
21l :4 000 mg/kg) .
, Ve-2- , , C
0.21%/d), Ve- .12 16 1 15 ,
(0. 17%/d> . Ve- . W Ve- (1 000 mg/kg) V-
(0.15%/d) . (2 000 mg/kg) ;
C o Vi-2- o » Ve-2-
W Ve- Ve- (2 000 mg/kg) )
326.28.379. 62  414. 54, Ve . Ve .
’ ° ’ Ve- Ve- o
Ve-2- : )
: : .1 16 2 15 . .
, o Ve )
) Ve-2- Ve
; C , 500 mg/kg 1 000 mg/kgV.-2-
° (P<C0.05),
3.3 C (P>>0.05),
C , C .
( N N )\ ( . . ; , 10°C )
) ( ) Ve-2- ( =>98%)
o 2 000 mg/kg 1000 mg/kg .
61
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The effects of dietary vitamin C sources and levels on growth in
juvenile sea cucumber (Apostichopus japonicus )
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Abstract: Few studies have been reported on effects of dietary vitamin C sources and levels on growth of
juvenile sea cucumber (A postichopus japonicus), though vitamin C as an essential micronutrition for ani-
mals is widely added to feed in fish and shrimp. The sea cucumber juveniles averaging 2. 29 g in body weight
were randomly stocked into 39 plastic tanks of each 45 cm X 31 ecm X 30 cm at rate of 15 individuals per tank
and fed formulated feed containing 7. 63% crude protein (corn gluten as only protein source) and 3. 89%
crude fat supplemented with 5 levels (0 mg/kg, 500 mg/kg,1 000 mg/kg, 2 000 mg/kg and 4 000 mg/kg
diet) of L-ascorbyl-2-polyphosphate (LLAPP), L-ascorbyl palmitate (LAP) or L-ascorbyl-2-monophos-
phate-magnesium (APM) to investigate the effects of dietary vitamin C sources and levels on the growth of
the juveniles with triplication at water temperatures of 11. 0 ~ 14, 0°C for 90 days. The higher specific
growth rate (SGR), protein efficiency ratio (PER), and lower feed conversion ratio (FCR) were found in
the juveniles fed the diets supplemented with the vitamin C than those in the juveniles in the control groups
(P<C0. 05). The juveniles fed the diets supplemented with LAPP (0. 21(%/d)) had the maximal SGR
(0.21(%/d)), followed by the juveniles (0. 17(%/d)) fed the diets supplemented with LAP and the next in
the juveniles (0.15(%/d)) fed the diets supplemented with APM, 75.00%, 41.67% and 25. 00% higher
than those in the control groups. There were the maximal PER in the juveniles fed the diets supplemented
with LAPP (12.57%) . followed by the juveniles fed the diets supplemented with LAP (7. 76%) and the
next in the juveniles fed the diets supplemented with APM (6.86%), 127.72%, 40.58% and 24. 28% high-
er than those in the control groups (5.52%). The FCR was in a descendent order arranged for the vitamin
C’s as follows: LAPP<<ILAP<APM. Second-degree polynomial regression revealed that the maximal appar-
ent digestibility of dietary protein, SGR and minimal FCR were observed in the juveniles fed the diets sup-
plemented with LAPP at a rate of 2 000~2 500 mg/kg, APM 1 000~1 500 mg/kg and LAP 2 000~3 125
mg/kg. The results come to the conclusion from the improvement of growth in the sea cucumber that the

optimal dietary vitamin C micronutrition is of LAPP.
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