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WE iR % £ F Ds {7 | £ (Apostichopus japonicus) 4 £ A K | 1A 41k B A AL BE A B v
A AL AR B 4 B A 0(D1) L 250(D2). 500(D3). 1000(D4). 2000(D5). 3000(D6) IU/kg 1y 4 4 %
Ds(SEME . 95, 334, 570, 1076, 2063, 3081 IU/kg), #|1F 6 4145 &5tk by sLabta b, 1A B mdh
RE K (15.4340.14) g Rl 545 56 do R BT, DHLER D; RS HFFRSRLEEEH
(P>0.05), BE#E T HEF(WGR)FnAE E £ K F(SGR), DI 41# 8 F KT H A4 (P<0.05); D3,
D4, D5 A I(IWR) 2 5 T H M 3 21(P<0.05), {2 3 (6 £ 7 F 8 E(P>0.05), 2) k4%
Ds 3B K4 HE MG &L T % & mH(P>0.05); MASGEMA BN InE £ 5E K
#H, DS A B REHE; RMEARGEERTRE LA#Y, D4 42 HKME; £4F D BF
R\ THRE Ca e BEP<0.05); RELLEZDNAREELR LA THRES, D4 AXEREHE, £
FoTHMAP<0.05), PEEER LA FREY; Mg EE EA#Y, DI M BFRTHMA
(P<0.05); Fe & &2 £ AaE#%, D5, D6 4 1 F KT H M4 (P<0.05); Mn & EE THE#H, (2
LU ERALEP>0.05), 3) MAELEAEF Dy RAnEW I Ao, i 58 B (AKP) X & # A
YK EE(T-SOD)E /) 28 LA R TH#Y, W _BMDA)EEE TH&EY, SHARERAES
(T-AOC) X it A L A B (CAT)E /1 ¥ & B & M £ 7(P>0.05), FT %W, U ER L IFNIEHF, — T
ZREMWE AR, WAGERE K 15.43 g Y05 S x4 K Dy iR E F K E 4 1587.5 1U/kg.
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BN A B G A R R UR TR EL, T
BYHIREUE AR D, ki ey IAA Bl A LT
AENY T B (2 M4, 2010; Yanik et al, 2016), E A BFSE
KW, 4 £ R Dy e AR A R L R AN Ca 255
BB, RIE Ca, P W, MTTIRPN Ca. P
V(AR EAN, 1996), LA, iR Dy kS 5P
i ML ) e B (S  AE S, 2006) K Bt AL BE )
(Martinez-Alvarez et al, 2005), HAl, A XKAEHY
X AR Z Dy il T R i AT 5E AR v e A
(Cyprinus carpio)(5kAi4, 2011), #HFifh(Pelteobagrus
fulvidraco) (Bt 9 Mg % = 2014), #' {1 (Lateolabrax
japonicus)(5k B 45, 2016), ¥ ffi(Ctenopharyngodon
idellus)( ¥ W] %5, 2009) % 1 2%, A %05 1 =
(Apostichopus japonicus)4l1 X 4 4= & D i 7 oK
TR UL HGE

P2 BAT B S R gD 3 e 2 Br e, = TR E )
Vi TRV B T K S P B VR K R P 2R (TR A i 55, 2016)6
AT, 4e4E =TSk b iy i A D, AU
412 C(Luo et al, 2014)F14E4: 2 EGEF¥E, 2014) %)
FIS AR AR 2 i A9 . L, A5 i
TEFA R B INAS [R] KT B 442 R Dy, AIF5E HXH5 3 5
WS THAETE ) S R I sZ e, LA A O
RIS Xk 4 R D R K Bt S %

1 5%
11 T 5AeE &

SIERSY R 6 MACERA, REANCHRA 3 AN ER, B
ANEE 30 LT HIZ[(15.43+0.14) g], S8 T 4R %
D; &1k 500000 TU/g (A V18T 48385 3 5745 BR2A 7l o
DA I T2 R R B R, fr T RN K IR s A s
WHVE, BoHIHLE S5 22%, HUIEHG &84 4%F)
FERMEDRL, 7R RN 2 B I 0,250,500, 1000
2000.3000 [U/kg [ 4EHE R Ds, Bl Bl 6 Fh L5604 4L,
f44 ok D1, D2, D3, D4, D5. D6, [E{ARJ5RH#E R
MyiEad 200 HARMEGT , HeRC LFRE, IAGH i A
T A ZE KR AT, /N Uk fRDR BT R BIL A AR AR
0.3 cm, JEEEH 0.05 cm B HORARE, 60°CHET %
o SEBDRHEC T B8 IRl R WL 1
12 XKRHASRERIRER

FEBE S AE L AR AR T IR S IR I A B AR
SIS LA PR OK SR R G kAT, S TR S 415

Wy A 1L 2R 3 S 22 PR KA R Wl o BRI RN 2T fi
R 502 T IR RGBT IR 15 d, IR

Rl iR R o R LS8 A3 W I R 45 IS, ALY R 6 N4k
M, HAMEA 3ANEL, BAEKL 30 K2,
SRR A (15.43+0.14) g, BEHLECTET 18 N EIFETE
FRFHAR(70 cmx80 cm)Hr, FEHIZKIR N 60 cm, S5
W8 56 do BARRHOGSFRIEE 2 4>, WISk 20 5k,
iR 30 d EHIRAEEE 1 R, FREEMINE, EHIKE A
17~19°C, /KW N 2 L/min, [ 26~28, pH H
7.6~8.2, VERA>5.0 mg/L, A (NH,-N)FI 2 5
(NaN0,)<0.05 mg/L, K 08:00 #/K , ki H 1/3,
R 16:00 £ 1 IR, WIHHMRE SIRER 2%,
FAEEAT ) 2 1 B 5 O S IR 2 e, 90 sk
TRIFET AN . B 3 d IR 1R, P W ok 5 1 K
FEAEME Y, FRIE LI AE 55 IR T AT,

13 HmRESLE

FIHLI LSRG, 51 48 h, S-S SR
eIt FRE, AT (Survival rate, SR, %), HH
K (Weight gain rate, WGR, %). $FE4 K (Specific
growth rate, SGR, %/d)} % {4t (Ratio of intestine
weight to body weight, IWR, %)J315 . FEAlBEHLE
8 Sk B T AR L, IR ACR R O SR 3R
FIK AW TG 3 PR . RBR RIS, B vKE o
B FRRE . 1B B NS, FH o YRR A S
Sy OMFREE, B AR SRR BE CEE—20°C 4544 T ¥
TRAF, Fr
1.4 MEERSFH*

141 A KIEHF

WGR =(W—W¢)*x100/W,;

SGR =(InW—1nW,)*100/d;

SR=(SL B R S/ K4 2 40)%100;

TWR=(W,/W,)x100,

A, Wo IS5 w05 fil Sk, W,k 525 R 45
PSR, d SR REL, W S5 R 05 il = il
o
1.4.2  BAFBAREE KR I o by Tkt K
PARBE K 432K 1 105 CHET 240 F % (GB/T6435-2014) ;
FLAE PR T LG E AU (GB/T6432-2006); ML 7 %
FHZ G 25 (GB/T6433-2006); KKK 550°C
Sl AR Ky 5E 1% (GB/T6438-2007); Ca R Z iU 2
R —BNE% 5T B 5 (GB/T6436-2002) . % 43t
I ¥ (GB/T6437-2002), Tk} fE 2R A BEEE (IKA,
C6000, fE[E); fAR4EA R Dy fEERRER A (F )
AR TR FH s OB 8 1 — 2 AR R BOE (GB/T
17818-2010)M % . MxE AP BR . FREURE il 17 24k,
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Tab.1 Formulation and proximate composition of experimental diets (Dry matter %)
JEUBL Ingredients 4L Groups
DI D2 D3 D4 D5 D6

i} Fish meal 5.00 5.00 5.00 5.00 5.00 5.00
KEETK Fermented soybean meal 9.00 9.00 9.00 9.00 9.00 9.00
HF# Shrimp meal 13.00 13.00 13.00 13.00 13.00 13.00
WAy Algae powder 12.00 12.00 12.00 12.00 12.00 12.00
/NEHE Wheat flour 20.00 20.00 20.00 20.00 20.00 20.00
o-JEH} o-Starch 2.00 2.00 2.00 2.00 2.00 2.00
ff3M Fish oil 1.00 1.00 1.00 1.00 1.00 1.00
KT IBENS Soybean lecithin 1.00 1.00 1.00 1.00 1.00 1.00
i ZWIRRL Vitamin premix® 0.50 0.50 0.50 0.50 0.50 0.50
4k % D Vitamin D (IU/kg) 0.00 250.00 500.00 1000.00 2000.00 3000.00
Y TR A} Mineral premix® 0.50 0.50 0.50 0.50 0.50 0.50
38 Sea mud 36.00 36.00 36.00 36.00 36.00 36.00
M3t Total 100.00 100.00 100.00 100.00 100.00 100.00
5345387 Proximate composition

KM Crude protein 22.69 22.49 22.42 22.82 22.52 22.17
ML Crude lipid 4.06 4.46 4.72 4.05 4.04 4.28
HLJK4Y Crude ash 44.16 44.30 44.30 44.14 44.07 44.10
fied® Energy (kJ/g) 14.15 14.21 14.18 14.35 14.33 14.46
5 Calcium 2.43 232 2.53 2.51 2.48 2.51
W Phosphorus 0.85 0.83 0.85 0.82 0.83 0.81
4 1f & D; Vitamin D; (IU/kg) 95.00 334.00 570.00 1076.00 2063.00 3081.00

* Yk R WUR B (mg/kg TR : 4E42K A, 38.0;5 o-EEE, 210.0; BRlkE, 115.0; iR, 380.0; hRmMtgEE, 88.0;
ZIR, 368.0; MR, 1030.0; E¥ZE, 10.0; MR, 20.0; 4i2EZ By, 1.3; WIEE, 4000.0; FIRIMER, 500.0

° R TR I 4 L SR (T PR3 4, 2014)

*Vitamin premix (mg/kg diet): vitamin A, 38.0; alpha-tocopherol, 210.0; thiamin, 115.0; riboflavin, 380.0; pyridoxine HCI,
88.0; pantothenic acid, 368.0; niacin acid, 1030.0; biotin, 10.0; folic acid, 20.0; vitamin Bj,, 1.3; inositol, 4000.0; ascorbic acid,

500.0

® Same contents of mineral premix as reference Wang et al (2014)

B AL B B Wi - TP A TR, B e AR O
WEATZE T He 4, A B i, UEATad g, A5 2R
W, FE RO A% (Agilent 1200, 25 ED)K; 14
BE Mg. Fe. Mn R FH il B it 0 ft 5 FH e B
S B AR A (Agilent 7700, 26 )N GE ; 1ABE B H
FIR R BT R AR ) TR AR T TR A T 5
RBELEA: R Dy ok I WA YR A BR A )
ELISA 57 &, HAARM 25 38 2 B ) & v i
SEE

1.4.3 FHEABEE A E WUmIBERESY, BYRE,
A 9 FERFR VK A= BLER 7K (0.9%) , il B 10%8) 2]
I, E 4 CEMT, 8000 r/min £5.0> 10 min, B F
THW, 2T 2 ml ELET, PR T-80CIKAE,

SRS

1k W5 2 14 (Alkaline phosphatase, AKP) . it %5
AWy fk B (Total superoxide dismutase, T-SOD) ., i % 4k
S (Catalase, CAT). T4 ¥ (Malondialdehyde, MDA)
DI i % AL BE 7 (Total antioxidant capacity, T-AOC)
PR e A ) TR 5 ), a1
1% it 175 3 LS 3 A kg L s BT, LA il 7% o S LA
e 20 R 2 A G Ul

1.5 HIESIT S

K SPSS 17.0 #kAT BLH 2 5 22 3B (One-
way ANOVA), 4bBH> 0] 2% 5 i 3 (P<0.05)8),
Duncan’s #5317 2 & B GiT8dE LI
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{H+PRUEIR(Mean+SE) /N o
2 ZBRERH

21 HER D MHRSHSEREREBRM

TRk 2 Dy XHRIZ I SR TC W E5M(P>0.05),
B & R AR R Dy SR, WGR & SGR £ %¢
IR FRE e, H7E D4 HikF & EE, DI 4
LT H AR (P<0.05), D3, D4, D5 4] IWR &
FEEHTHAL 3 41(P<0.05), H 3 HZEZEFARFH
(P>0.05)(% 2)

PL WGR A 4845 , 42— 0 R BUE AT A
WG Ry 15.43 g W05 S5 ikl 4 2 2 Dy 19 e
RN 1587.5 TU/Kg(F 1),

80 1 yor=2E05X,+0.0635X,,+16.579

R>=0.9695

(o)
o
T

WER
Weight gain rate/%
o
(=)

[\
S
T

1587.5
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Bl e 2R D K5 005 R 230 AR A AR SR A
Fig.1 Relationship between dietary vitamin D; level and
weight gain rate (WGR) of A. japonicus

0 3500

22 HHER D MRS 4 S A MK R0

TRMEA: R Ds BB T U5 SRR K 5
Ca., P, Mg. Fe XFIHZ R &% 1 (P<0.05), {HXF K5 .
MER . A & Mn & 8520 B2 (P>0.05), Bl

Gk 4EE R Dy RN, KK &R LTS
¥, D3. D4, D5 ZHJC W #1257 (P>0.05), D1, D2,
D6 4 B F (KT D4, D5 4(P<0.05), 5 D3 4ol
P2 5(P>0.05); PRI & i ek G g s,
D4 41K ARME, D1, D6 A LB FH 2R, WER
FHAh 4 4H(P<0.05); 1 FI S R BELE A 3 Ds PIBUR &
R EREMFE S, H D4 B Em T HAMAA
(P<0.05),D4 .D5.D6 4 & % = F D1.D2 41(P<0.05),
D5. D6 415 D3 4 (A JG i F 122 5 (P>0.05)(% 3).

TRt AR R Dy W T I SR RE Ca & i,
HARERT DI HL(P<0.05); P RkI4EEZ Dy &
EE, P SEEL LIEFRMEY, DI D2
H TG i 2% $(P>0.05), D4, D5. D6 B EmT
D1.D2 41(P<0.05), H. 3 4 Al Jc & 3 4 25 55 (P>0.05),
D3 41 3 & F D1 41(P<0.05), 5HA 4 410 %
P2 5 (P>0.05); Mg b2 FTHE#, D1 45 E1K
FHABLL(P<0.05); Fe &ESELTHEMHES, DS,
D6 4H i FAE T HiAh2H (P<0.05), D5, D6 2H [a] TG i &
P22 5 (P>0.05); Mn Fhi R FREES, (HE4H 2%
FAR R FEP>0.05)(F 4),

23 HEF D XARSYHSIERENLEEE IR

BE & R AR R Dy SN, il S iE
AKP J T-SOD & Jj ¥ 256 A R R %, AKP
G178 D4 Hik$ (i, D1 41 8T H 45
ZH(P<0.05); D1. D6 #1 T-SOD i J1 i F % T HAth 4%
4 (P<0.05), D1, D6 4 [a] JG g & P2 5 (P>0.05), D5
IR F I (o MDA & LB E B 4EAE R Dy Fri il
HOME TR CAT )1 & T-AOC Z kA R
D & 5 B2 N i3 (P>0.05) (35 5).

x2 ABBER D XNHRSHSERKIERRFAEIERIM
Tab.2 Effects of dietary vitamin D; on growth performance and physical indices of juvenile sea cucumber A. japonicus
K P dE 415 Groups
Growth performances D1 D2 D3 D4 D5 D6
WA Initial body weight (g) 15.41£0.10  15.44+0.10  15.48+0.02  15.40+£0.08  15.45+0.13  15.41%0.11
ZKFE Final body weight (g)  18.97+0.34%  21.54+0.28"  23.10+0.22°  25.41+0.31¢  25.49+0.16%  20.85+0.03"
TGRSR (%) 91.334£2.69  86.44+2.79  88.67+2.40  86.67+1.93  86.22+3.47  91.78+0.97
HHEHR WGR (%) 20.55+0.78"  34.85+1.24°  49.41+1.38°  65.43+1.23%  63.70£1.54"  34.6+0.51°
K2 SGR (%/d) 0.3240.01*  0.49+0.00°  0.67+0.02°  0.84+0.01  0.82+0.02°  0.50+0.01°
Bk TWR (%) 2.70+0.08° 2.73+0.01° 3.38+0.06° 3.37+0.06° 3.70+0.13° 2.75+0.16°

TE: R PR IE bR AR RING PR BUE T BRR 22 5 R 35 (P>0.05), ARIVING - RER R 26 53 .35 (P<0.05), T K[
Note: In the same row, values with same small letter superscripts or no letter superscripts mean no significant difference
(P>0.05), different small letter superscripts mean significant difference (P>0.05), the same as below
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Tab.3 Effects of dietary vitamin D; on body wall composition of juvenile sea cucumber A. japonicus

IRZH R 415 Groups
Body composition DI D2 D3 D4 D5 D6
7K4¥ Moisture (%) 91.56+0.22  91.60+0.27  91.22+0.18  91.52+0.33  91.29+0.47  91.60+0.28
HEM Crude protein (%*) 45.88+£0.02  45.68£0.00  45.73+0.13  46.01+0.24  45.59+0.12  45.57+0.12
HIUIENS Crude lipid (%*) 3.67£0.14  3.77+0.17 3.47+0.12 3.46+0.08 3.42+0.07 3.51%0.12
HMLJK4Yy Crude ash (%*) 35.82£0.06° 36.23£0.58"  36.48+0.05° 37.89+0.97°  38.06£0.20°  36.07+0.38°

B4R Hydroxyproline (ng/g) 1000.23£7.96°
#i 4K D; Vitamin D3 (ug/kg) 224.95+4.73%

923.15+3.18¢
223.59+£10.12° 232.89+1.96™ 273.90+3.95¢

816.70£11.90° 984.81+2.23¢
245.35+4.32"  240.03+£7.33%

659.22+13.78" 488.18+4.96°

*o M IR MK TR

*: Contents of crude protein, crude lipid, crude ash are based on dry basis

R4 ARLEER DGRBS EET Y TR BN
Tab.4 Effects of dietary vitamin D; on mineral contents of the body wall of A. japonicus

AR K 1% Groups
Body composition D1 D2 D3 D4 D5 D6
5 Ca (mg/g*) 12.39+0.05° 13.2940.01%  13.50+0.17°  13.71+0.12°¢  13.89+0.06" 13.20+0.29°
% P (mg/g*) 9.07+0.01° 9.12+0.01%° 9.25+0.09* 9.28+0.02° 9.36+0.01° 9.34+0.08°
B Mg (mg/g®) 8.74+0.17° 9.95+0.20° 10.46+0.44"  10.86+0.35°  11.36+0.14¢ 12.17+0.11°
¥k Fe (mg/kg*) 41.28+0.18°  48.63£1.67°  50.40+2.42°  48.12+2.77°  29.45+0.08"  30.06+1.11°
£ Mn (mg/kg*) 5.42+0.37 5.46+0.01 5.28+0.28 5.05+0.23 5.1240.15 5.16£0.25

OB MR OBEL BRL WO TRS R

*: Contents of calcium, phosphorus, magnesium, iron and manganese are based on dry basis

R 5 ARYEER D xRS BN ST BRI

Tab.5 Effects of dietary vitamin D3 on antioxidant enzyme activities of intestine of juvenile sea cucumber A. japonicus

ERLE N 05 (Groups)
Immune parameters D1 D2 D3 D4 D5 D6
WML RS AKP (U/g prot) 2.58+0.02°  3.06£0.01°  3.90£0.00°  5.16+0.009  3.88+0.12°  3.80+0.05°

BB ALY B L EE SOD(U/mg prot) 186.46+3.31% 218.52+8.06° 229.71+2.06° 231.73+5.96° 284.40+6.71° 221.83+4.61°

N & MDA (nmol/mg prot) 4.48+£0.17°  4.24+0.03°  3.92+0.12°  3.88+0.03°  2.95+0.03*  2.91+0.07"
AL ERE CAT (U/mg prot) 41324027 42.67+0.66 41.80+0.69  41.26+1.29  40.82+1.27  41.31+0.58
P LfES) T-AOC (U/mg prot)  0.33+0.00 0.33+0.02  0.33+0.01 0.34+0.03 0.33+0.01 0.32+0.02

3 it 1 SGR W1 FRE, STEhAE4E M Eriocheir sinensis)

(PN EE, 2009) . FL4N 7 X} R (Penaeus monodon)(He

31 fARHRRMELER D XMARIS LS ERKMERDN et al, 1992) . 44 £ (Haliotis discus hannai) (J& B 77

L 4, 2004)BIFLE BB, DiIBIRID Ca i IL

KT YA R Ds Rt s b K s s 2 A 1R
%, HER Dy iTNEE . A0 K5 TR L2 m g
YIAERK A Ca 454 H A ML B (Maalouf, 2008), ik
ISR s A K, (R R S sh i i A
K, BEEEAEE, AT, MEFER P4 R
D; SR, SA0HZ SR WA R EEES,
WGR 1 SGR 25ETHE RS, D4 ik 2 i m
MR 2 D; AN 3000 TU/Kg B, 15312 WGR

B, ERIEAER D BB IE VR IEER A2
Wh, TSR v O R 2 B LR R GRS, 2016); T
P AR GEA 3R D MR R A FILEAE R B RO
WPUEN, XA — 2 R b BRI sl W iy A R 2
(RIB4E, 2010). B ORI A4EA R Dy SRS, 07
RIS/ IWR 2SETHR RS, BUER 44 D;
RER et E AT, RS ERERE. U
WGR A HEFRIS, Z—Jt K IEIE iR, 1)
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FIZE S A R D, W id 75 K il 1587.5 IU/kg.
32 fARFIRMELESE DX AR S HSER SR

F7 58 3 ) B R 40 B T Ak 2 B ) AR T T
AL, AR E . IR . KAy KK A
WFgEr, DifISREEK o & i N2kl i E R Dy &
IR, 359 B 2 (2009) %) B2 A8 T8 45 R — 2L,
TR & A 3R Dy X7 S 0408E T4 5 i) F1
SRR TC AR 5 5 R S 00 AR K M Rl S AR RE A 2R
i G EEHR KA (PR S, 2014; RO A,
2016), AT S AP RS IREHEA SR ERA
2, R YRR S B, AR R O
PR FL LY R R0 0 S B A G T o Bl 4R A
F Dy SRR, 25405 S R RERLIR G 2 G
FE2E S, X 54T (Oncorhynchus mykiss) (Barnett
et al, 1982) KA s £ (JR I 474, 2004) I BF5E 25 5
AN—F, Ui A 5 RE TR oK i 5 A T
i%, PAEA=2 Dy X052 00 i 105 A8 T RS2 A
Ko FEMf R I R R R B2 —, i
JER SR B LA bR . ASIFSE R, B TR A R
Dy Fat (RGN, 0 0 S A0 BE R 202 7 ik 2 S R
JETH S, D4 AN EARE . BB B R
b (85 R RN B ) A ML (1 R i), A 2 1
W e L) D R RR A S TR R A R
R AR DL (B RS 25, 2006), Y45 £l e 4 2
F Dy k=t 20, S FERIS AR B SR
T A8 i Jii g b T, DT AR v 3 il 2 7 1 T e
15 S BE th 2 A= 2 D YT BE 25 Ak A 2 D,
IR T R R, B4R D 7EE
ks A= K B RIS 3 T H SRR N A TR

Yerk K Dy S LA B Ca, P EYTTRRAE T2
WY, 7EE BRI, 454K D, & E
I RESS AL B Ca . P UUAR, o B AR
SRHCE BTSN . AR LI, WRgEL R D;
i R TR S R K Sy S Ca P i, Y
S 1000, 2000 TU/Kg B, 4512 ABERL K 4y |
Ca.P &g &T D1 4L, e 3000 1U/Kkg i,
KT M Ca SR FREEH, HP Sl TRE.
PRI S A IETE A Ca 5 B KA, AT RLAIREZK A%
W Ca Wi ALY A FRAR 5 2L . FAlR) v i a1 2
F Ds et dF 0 Wy A R BE TP YRR R K 43 B Ca
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Effects of Dietary Vitamin D3 on Growth Perfor mance, Body Composition,
and Antioxidant Capacity of the Juvenile Sea Cucumber

WANG Lili'% LI Baoshan®, WANG Jiying®”, SUN Yongzhi?,
HAN Xiujie'”, WANG Yaping'?, HAO Tiantian’, WANG Shixin®
(1. College of Fisheries and Life Science, Shanghai Ocean University, National Demonstration Center for Experimental Fisheries
Science Education, Center for Research on Environmental Ecology and Fish Nutrition of the Ministry of Agriculture and Rural

Affairs, Shanghai Collaborative Innovation for Aquatic Animal Genetics and Breeding, Shanghai  201306; 2. Shandong Marine
Resource and Environment Research Institute, Shandong Key Laboratory of Marine Ecological Restoration, Yantai  264006)

Abstract A feeding trial was conducted to evaluate the effects of vitamin D; (VD;) on growth
performance, body composition, and antioxidant capacity of the juvenile sea cucumber Apostichopus
japonicus. Six isonitrogen and isoenergetic diets were formulated by adding 0 (D1), 250 (D2), 500 (D3),
1000 (D4), 2000 (D5), or 3000 (D6) IU/kg VD5 into the basal diet (measured value: 95, 334, 570, 1076,
2063, and 3081 IU/kg). Juvenile sea cucumbers with initial body weights of (15.43+0.14) g were fed for
56 days. Results showed that VD3 had no effect on survival rate (P>0.05) of the sea cucumber. Further,
both the weight gain rate and specific growth rate were significantly improved, and those of the D1 group
were significantly lower than the other groups (P<0.05). The ratios of intestine weight to body weight of
the D3, D4, and D5 groups were significantly higher than that of the other three groups (P<0.05), but
there were no differences among them (P>0.05). With increasing VD3, moisture, crude protein, and crude
lipid contents of the body wall were not affected significantly (P>0.05), but crude ash contents of the
body wall increased and thereafter declined, reaching the maximum in the D5 group. The contents of
hydroxyproline of the body wall decreased initially and then increased, reaching the minimum in the D4
group (P<0.05). The deposition amount of VDj; in the body wall increased initially and then decreased.
The D4 group showed the highest value. VD5 significantly increased the contents of calcium in the body
wall (P < 0.05). Additionally, the phosphorus content increased at first and was maintained. The contents
of phosphorus of the D4, D5, and D6 groups were significantly higher than that of the D1 group (P<0.05),
but there were no differences among them (P>0.05). The contents of magnesium in the body wall
increased in all groups by dietary VD;, and all experimental groups had significantly higher magnesium
contents than that in the D1 group (P<0.05). The contents of iron increased initially and then decreased,
and the contents in the D5 and D6 groups were significantly lower than those in the other groups (P<0.05).
The contents of manganese decreased, but the difference between each group was not significant (P>0.05).
With increases in dietary VDj; level, both the activities of alkaline phosphatase and total superoxide
dismutase in the intestines of the experimental groups first increased and then declined, while the contents
of malondialdehyde decreased. The total antioxidative capacity and catalase activity in the intestines of all
groups were not significantly affected (P>0.05) by VDs. In conclusion, analysis by a WGR linear
regression equation indicated that the optimal demand for VD3 in the sea cucumber (initial body weight
15.43 g) was 1587.5 IU/kg.

Key words Sea cucumber (Apostichopus japonicus); Vitamin Ds;; Growth performance; Body
composition; Antioxidant capacity
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