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i B 7 R 2 MR {5 %12 (Apostichopus japonicus
Selenka) I3 R

RxEE

INTHE XK EF B
WRAEEE IR 75

o FOHY

266002)

WE  ERRPRE R, §5HAR SR REE N 5.0-6.7 g 17 15 % 5 (Apostichopus
japonicus Selenka), #£AT 60 d FRFEK I, #F 7 H a7 & F B8 & F(AWGR)., 4F € 4 K % (SGR).

R A (FCR), BERFRFE AL W LERAPD)E ., R EF, £AFHEEK R, &
ERTEEZEFP>0.05); 60 d i, &4 45K 58 AWGR #1 SGR R b&AH A E, BE B KKk N
WE24 . EEN, WE 1 4; EE ARG RS0 FCR XK, 5 M M4 E 2 %1 8% (P>0.05);
WEARASTE 1 AW FR EZ73 AL FP>005), 5HE 24 FR [A# L% % 7(P<0.05); #E
TR R S R R L R (FE) I B 8 T 240 41(P<0.05); BEERAHl 5 M APD &5, ¥
67.28%, 5 E 1 414y APD # R | #(P<0.05). #F 7K ¥, 7 hm i 2 BOK 7T DL R 3 07 | 5 8y
A KBB4 S 4 S R R AR AR

B30 TR %; BEME; £K
hESES S963 XEHIRIRAE A

W B (Asterias amurensis) J& Bl & 3 ¥ I]
(Echinodermata) . ¥ 52 4X(Asteroidea), AR K
RITCHMESI Y, 2T WV VA B — i kg 35 i 1) g
AR 1 RANE S EATRART, 2R
FA, METTEAR SN 29.49%, BRI G iR
1.54%, @XEMMAFTE, PR ERS, HSH
Ca, Mg ELHLH EICEMERTR Zn, Fe, Cu, Mn
EMEICR (R EE, 1995), MUEAER. &F
g, HEARE . . i, duis s fb 4
PROJRE(E 5 M5, 2008), HA B & 0E A2 M
Ho TR SCs | M 6 DSk,
B A DLSE SR Tl i S0, [l s vl 2 ) BB fE T R
HERE T, e BB VR ML B A K i R 40 I 5 A
AR MR A AARGET I AR, MEReAE#
R AR, R DURER, i Re ok R AT
A2 TR RS (FF 30555, 2013),
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ARSLE B TR B R A O 05 90 2 R R R
URBI AT AT PR S BORECR , 9T A8 iR 2 N TR & 1
B BCRHS > S LS A , E— 2P TT Kt 2 ek
B HIHHE

1 W5

1.1 SEIesHl

LIPS T IR BT ELTEY S,
TEHUE R TOR . AR R 3.9-5.5cm, KEH 5.0-6.7 ¢
M2 R A INRE T SRR e, RA4E
Je AR TRAE 5 8 B A L, 9k L By 5 2 200 H
i, TR A s MR E A L AR A B AR T AL AR
BT R 2RI, #E 65°C I HET, Jfad 40 HIF,
IR LR R U E . D%, fa
oM EEIFORE, TR 20%76 52 I K T 4 AR DR BT G
B, Ty RPN TR R A AARE, ARDRHEC D BB 3R Ry
Wk 1 s,

1.2 FHHZE

ARSI 3 AR FEL, RS ERYI 3 AN ES,
RAEEISE 20 L2, £ LWAgdian 1 i
o KUTRIZIA 70 L B OIGFRHKF P IR 5 d,

WIS R}, e O SR R HE =S I, ST RE
B4 FRIFRIHE] R 60 do BE KA S 56 405 1) S 4k
Y 3% TR, LR A B 1 YR (09:00 1 17:00),
T R SR HH KRR G () R P A S0, A0 /K J5i Rk A
TEOLE S 1/3-1/2 WK, BERE 10 d BIIRIE VR0 i =
FRBHKAE, FF 5 2 ER K . SC 50 I A) K IR 1 7E
(18.6+2.8)°C, #hJEH 30-31, #f#A =6 mg/L, pH
4 8.2-8.4,

1.3 ERNE

TP 10 d R ERHEK I, XF & 5 R S FR
FHES WK 4y, B A WK s TR — 350, DR 25
FIRE %M 0.01 g R F-FRE
S H4 388 F R AWGR(%) = 100x(W/N—Wo/No)/(Wo/No)
FEE A KR SGR(%/d)=(1nW,—1nW,)/tx100%

T Bt 22 % FCR=C/(W,~W,)

B FR(g/gd)=100xC/[t(W+W,)/2]
TR AL R FE(%)=100(W,—W,)/C
EHEMIHE LR APD(%)=1—(F/Dxf)

b, W NHIERRIZ S Wb t REFRIZ S
H; No AWIERHIZ SR EG Nt RIS B4
C Rkt THE, t NIRRT, F NI b8 R
A&, D oAWEEREARAE SR, K0

®1 ZREMEATRERES

Tab.l The ingredient and proximate composition of experimental diets
ERS R St w14 mE R 2 4
Asterias echino-skin feed Commercial feed 1 Commercial feed 2
130.5/20 128.0/20 104.4/20
iz B E 137.3/20 125.6/20 102.6/20
Total body weight(g/ind.) 125.2/20 120.8/20 97.8/20

)Rk 20

Ingredients

E 3% 43 Nutrient composition(%)
#1# F Crude protein
HLIERE Crude fat
HLIZF4E Crude fiber
£#E Calcium
L% Total phosphorus
7K 4> Moisture
HLK4Y Crude ash
#5 R Lys

WA A, japonicus(20%) . iiF
& ¥ E. prolifera meal . &5
WM Sargassum meal . A
Fish meal . Z ik Peptide . K
SRI#EE Natural yeast, E&
i #E Vitamin premix, &
A" 5t Mineral premix

22.70
2.50
3.80
5.29
0.21
7.30

25.50
0.70

K $k g B K Natural
seaweed meal . A= 257 PATE
Ecological living bacterium
enzymes. fif5} Fish meal,
M ICE Trace elements .
A= F Vitamin, TEHEREKY
Spirulina meal

18.10
2.20
3.10
6.66
0.54
7.70

48.00
0.49

KRG M Y it Natural
active substance, KARHE M
#  Natural phaeophyta
meal . £ ¥ # Floridean
meal, Zk#F Chlorophyta
meal, B &54E4E Vitamin
premix., £} Fish meal

23.30
2.30
3.10
9.77
0.15
6.50

35.40
0.49
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FHE A FH AL R R
1.4 HiR4bE

SCE R 4 Excel 2007 ¥4 5, R SPSS
13.0 B fFEAT B R 2 5 2247 BT (One-Way ANOVA),
P<0.05 A}, RH Tukey fafuiit 2 b, Hdik
IR A BEHAAR ME R (Mean+SE)

2 ZR
21 XFRSEEMREENZ N

hE 1 LB 1, 0-60d, %M 3 4R 47 5
SRS B INRE E ER  Z 20 d A
AT J9(183.85+7.79) g, 40 d AT H(211.18+8.42) g,
TE 60 d I, it 2L R AR 2H ) 2 M ik B i K
B, 4 262.13 g, SCH AR 1G24 F BT B 10
B FEE 2 ZHR RIS, 7E 50 d R 60 d B, VA
R R R S S T R 2 RS R )
2 5(P<0.05), STHEME | 4D AR EN2ZERA R
(P>0.05),

300 —— Mg B4 Asterias
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wE
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Fig.1 Body weight variations of A. japonicus fed with
different feeds (Mean+SD)

HIPE 2 W, FEAHIRIBREEZ60E T, 20 30 d 44
W, 3 FANREIEDRL T 05 802 0 S R 100%, 1k
40 d i, FRRTE 2 LR 05 3B S R N 95%.

2.2 X{5#S AWGR 1 SGR By &0

M 3 T LLE ), BEE BRI, =405
FIZ ) AWGR B #iH K. 7E 1040 d, M in
B2 AORIZH AWGR I3 i T 08 g 5200 57 1 ke
AT R 1 41(P<0.05), TESZERSMEIE], a8
Vi R B DR 5 B el 1 4 5 2 AWGR 2 57
A 2 (P>0.05). 50-60 d, TN SR R {5 ) 2
) AWGR & F ikl 1 41, (BK T B ikl 2 41
531219 AWGR,

¥ &4 4sterias T 141 Commercial 1
B 18240 Commercial 2
100, . .

Survival rate/%
D o0
S & S
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Fig.2 The survival rate of A. japonicus fed with different feeds
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Fig.3 The average weight gain rate of A. japonicus fed with
different feeds
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Fig.4 The average weight gain rate of A. japonicus fed with
different feeds during different periods

ME 4 0T IE L, 0-10d, 302 e R
il 21 AWGR I 2% T T B 1k} 2 2H(P<0.05), W%
EF TR 1 41(P>0.05); 1020 d &5 HI1Z 1)
AWGR 3k 5 5 KAH , 730591 29.29% .30.54% .21.47%,
VR R AR RHEL 2 AWGR AR T 4akt 1 26
(P>0.05), SHiEmEl 2 HO5HZ AWGR 2553
(P<0.05); 20-30d, ¥ 2B IREH A9 051 = AWGR
WEM TR 1 AR 2 41(P<0.05);
3050 d ¥ L0 R L AL R A7 R 2 AWGR Y 11 6
Tk 1 AU AR 2 4, SR AR 2 4R 25 5
(P<0.05); 50-60 d, ¥ A2 BE 1R A 05 il = AWGR
SR L AR T DR 2 4 2% SO B35 (P>0.05)

AN TRV R X A7 ) 2 5 A SGR A I I 36 2., 1%
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MESLEG AT 60 d J5, £ SLUR TR R IR E 1 2
THERK, SCIRZE AT, PR E Y B R FIR T
R EE(P<0.05); LIl Z AWGR K/MKIH -
TR 2 >0 2 A>T FRE 1245 AS R AR
IS SGR R/MKIK Jy . i1kl 2 4 >ifg 4>
Bk 14

M3 3 Al LI, 0-10 d $5 Wi 2 R Rz A ek 2 1)
P12 SGR AN F i 1k} 2 41(P<0.05), w5 F i & 1m
BE 4L MTE 10-20 d AFRIBE, W80 A2 0 e ek 4
SGR W& TR 1 41(P>0.05), & Tk 2
ZH(P<0.05); 20-30 d, 7SI 2 B fA k4 SGR 1K,
B ARG T HA WG 26 (P<0.05); 30-40 d. 40-50 d &M
Vi L R PR B 452 SGR i T HAB P4 ; 5060 d
U T 2 R R (i 2 SGR AR T T B AR 1 4
(P>0.05), & Tl 2 41(P<0.05).

2.3 Xf FCR, FR. FE #1 APD B9
M 4 TTLIE S, B USnik: BR Rk 1

®2 FARAMMARISEEMFEERE

FCR Ak, 7 0.99, HUCHTEBmE 1 4, FK M
Bk 2 41, {H=41I7] FCR 225K .4 (P>0.05). 4%
TR R], P B R S TR R 1 ZHAY FR
B 22 57 B (P>0.05), IR THiEmE 2 Hi FR(P<
0.05). fAlZxf 3 Rkl ry FE s BRI
SRR AR R ST B ARDRE 1 4 >TH B RDRE 2 4, v AR
KRR FE 35 T HAL M 41(P<0.05). M APD
K, W R R S 1) APD

67.28%, SHTERE 1 4109 APD 2255 i 3% (P<0.05).

3 i1t
3.1 BEBMEEHRBRSSHASERTRNST

B A B YR B EEY T, R AERR A AR
TE A A I S P AL BB SRS, TR RE R
Wo Pk, FRPERRS SR, SN RET
EEWRILEZERMEN, A si e, 2K &

% i

Tab.2 The initial and final body weight and specific growth rate of A. japonicus treated with three diets (Mean+SD)

E{=ga) T B2 R B AR R 1A R 2 H

Index Asterias echino-skin feed Commercial feed 1 Commercial feed 2
WIHH V-4 F A Initial average body weight(g) 6.55+0.15 6.24+0.12 5.08+0.07
259 F- 4 H 1 Final average body weight(g) 13.11+0.82° 12.18+0.74* 10.77+0.52°
S48 T % AWGR(%) 100.25+16.55° 95.32+7.84° 111.91£11.26*
T 4K SGR(%) 1.16£0.17°* 1.1240.11° 1.25+0.12°

T [ —48 b Bt 19 AR/ NG D SCFREAN [R] 278 Al L Z 1R A 2. 35 22 53 (P<0.05)

Note: Values in the same line with different superscript letters are significantly different (P<0.05)

& 3 A [E B IE B R0 B R AL 3 4 R S E A K R Y R
Tab.3 The specific growth rate of A. japonicus fed with different feeds during different periods

i 1] R B R4 i DR 141 i DR 2 41
Time (d) Asterias echino-skin feed Commercial feed 1 Commercial feed 2
0-10 0.83+0.04* 0.73+0.03* 2.16+0.18°
10-20 2.57+0.13* 2.66+0.11° 1.9540.12°
0-20 1.70+0.09* 1.70+0.10% 2.05+0.11°
20-30 0.21£0.01* 0.39+0.04° 1.64+0.09°
0-30 1.20+0.05% 1.26+0.06" 1.92+0.08°
3040 1.18+0.10% 0.96+0.08" 0.74+0.03°
0-40 1.20+0.08" 1.19+0.09° 1.6240.07°
40-50 1.56+0.03* 1.23+0.08° 0.53+0.06°
0-50 1.27+0.14* 1.20+0.03* 1.40+0.17%
50-60 0.60+0.02* 0.72+0.01* 0.49+0.03°
0-60 1.16+0.14* 1.12+0.09% 1.25+0.12%

TE: TR — 38 n Bl 09 AR/ N5 5 S0 BN R 9 A B 2 A7 78 1 35 22 5 (P<0.05)

Note: Values in the same line with different superscript letters are significantly different (P<0.05)
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Tab.4 Feed conversion ratio, feeding rate, feed efficiency and apparent protein digestibility of A. japonicus fed with different feeds

3547 Tndex _ﬁ%ﬁﬂﬁ. ﬁ%ﬁﬁlﬁ ﬁ%ﬁﬁzﬁ
Asterias echino-skin feed Commercial feed 1 Commercial feed 2
Tkl Z 4L FCR 0.99+0.08° 1.08+0.10° 1.19£0.11°
FEEHE FR (g/g-d) 0.080+0.003? 0.085+0.004° 0.102+0.005°
TREAL R FE (%) 15.36+0.41° 13.83+0.64° 12.93+0.55°
HEHRMIEILZE APD (%) 67.28+4.56° 58.42+3.25° 62.92+4.12%

T [l — 48 b Bt 19 AR /NG D SCFREAN [R] 278 A L Z 1R AE . 35 22 53 (P<0.05)

Note: Values in the same line with different superscript letters are significantly different (P<0.05)

Wy 5 1 b 5 W I 5 22 R A RS Sh (2R TR, 2013)0,
RERFQ009)HFTERM, HIZS Mk LT 2 AR T
AR, ORBREE RS S EUR N R AR SR,
RHR H & O 2 A KON &
LFHEQOIHIFFE R, FISAEREREATERN
23% AR, REH RK SGR, HMIZMERK . &
VISR A AL B 1L A T A, RS RS
18%-23%HT, FIFHISHA K, Rk ESEQ012)MTRE
B, RIS TEBIHLE A & 16%0, Bk 3l K
AR TERDEPH AR S O 16%-24% 0, H FCR
A%, HAFRERE. Sun %2004k K, HIZH
BERAGEN 21.5%FR, RS AM SGR, B3
e F HA AR B (KR i AR KO . [AlRE,
RAFEQOSHWFFR KM, HSEREMEAKTN
18.21%24.18% AR I KR 5% ARk, 315 %
KA R ARNERE L . EPRIESE(2009) 55 KB, 4
FEMIB AR 3%, HISHES . th5 . S HE
HA TR E AR, 45005 2 28.79% . 32.30% I
35.49%, i T LiRAEgY, HIRE TR SR & B A
Ko ABFFEH, WERPEPEASTEN 29.49%, &
T 20%076 B Rz Tk B9 ARDRE TR AR 1 B R 22.70% 0
XGRS TR, RIS BRT, RERART
PR T AR 1 AT DR 2 i 25 7E 50 d
F1 60 d B, BN TR 2 ARSI E, B
INIRGIEY s gt = Wil el s sl U E S k=1
FEFRIEH . [lEE, Sun ZF(2004) 5L, HER . W
AR . A AR, KNAR . AR, AR . KBaR
ErERSERPREWR N EZWEN, HISERE
X SL R I iR R I K W R T
A BT R RTTEE R SRR AR . & R
K& R e, M54, Wkl s mAa kK BEs
BN B FE FH IO 2 U0 2 W I T 2 Rz ) ek 2 3l 2 1)

SGR % B A o [RIERE, A i 2 R AR 2405 ) 2=
() FCR #izfik, FE #1 APD W& Tkl 1 gl fnmi
Tk 2 A, UV B R TR v BT B R O R
SRR E P, WTVE S Sh P R RS I #0052
TRk rp . P S SR R R KA R A S
o PO TT B ARDRE 2 2, HL PR AT e T B ARDR) 2 41
REH R T o

K7 S LA R R IR 2R B R E RAOR TR
FSE, ARDRHIE 7 7K -3k i oA 38 2 0 LA K 3 AN
R, Seo FFQOINFFRAI, HlS 4K Iri i
FERPEIBIG S iR 2% AHAF(2005)RFFR R, iE
HHLIR I KR 5%, KT T35 B % (2009) i 5%
S5 5(5.35%-7.05%) . MIDEHIT T 10 1 %5 0, i 2
Bic A il TR B IR I S BN, (E RS R B
M2 () E R, X AN AR RN i I R 1) & 1 2SR 3
(EPRIEEE, 2009; ZEFHES, 2006). ARWF5RH,
B TR s o R 1.54%, SRR IR 5
RE Wi IR S5 1Y 50.00% Hidr, RN FAR IR EPA
DHA M&mtim, BAGEEmIERME, B
20%if B R TRy i iR ek P IR I & 0 2.50%, iK%
T Seo ZF(2011)XF HIZ: 5 Wi fifF 4% A 7 K &

3.2 BEBMBREAGRSELRMK S ERNE

T 52 R A SR 7K SR B e Ak VR X £ | A B ) 4%
WELAIF 7% 22 UH , K 58 75 A B A4k 2L B B AL T A AR A
AAB A0 RN SRR, n] i SE R A K OR | Y
RN IR R AR A, 1999, 2002), ABF5E 1
B TR meE e 2wkt g5RER, 7
0-40 d, FMREINIEE 2 FER S0 AWGR 5T 8 /4]
Bl 1 HZERAIE, 40 d 5 R R SR
AWGR & TRl 1 41, DA 32 A 12 40308 B s
M REEG, XSRS AERBCR R, 58 60d )5,

1) 0. RS SRR S BUE IR TR BEIE. N R 2B Se A 218 3, 2013



100 ook B

2 )R %36 %

A LIS AWGR K/IMKIK - T kL 2 21>
EA>TERE 1 4] RRFEFRT 20 SGR K/MK
U TR 2 > R A>T WK 1 41, FE 2
S S BT H kL R TR AR 4y, FE Mk,
Vi B RL S 77 F T A K 0 He il s, ol AR s
Ml ARWFIE R, MR FE & T AR
1A R 2 241, UL DR B SR 5N
FHIS KW B K.

MR TR AR S EEE, AR AR
¥t , Z2 ARG R o N D R 7 B Ll v, iR
HLMgEAER LT MEITER, As, Cd. Pb, Cu,
Hg %5 &8 W AEY) I 58 5O 55 A4 A5 i E N A
W, R—FEREE . L ERHR I8N 2
TR TS 412 3505, (F4h SR E 3] 0 3%
om, WIE 60 d ERCRIL T 14, HAE
IR R S A KA . BRI, T B2 i mT DA Jin 2
S AR R R

£ £ X W
EWHE, B, SRARE, S DRI R LA

RIS ERFRLL ST B, IGEK P4 BE 4R, 2009,

24(1): 17-23

THMr, FEhetm, BIAB, % REVREHE R K332l
SHE . BRI RR. KF=REE, 2008, 27(2): 55-58

B, EWOE, RTIE, & REERE A RSO E S
AR EEIR. ARDEHAE (B AR ), 2007(17): 9-13

FhrZE, K&K, FiHfE, & ASAHETH BT EA RS
SKREIHIR. KT RHE G, 2009, 36(5): 229-232

ERrdE, RER, TS, % WBEEERE TR 0r. b
=K 72, 2009(5): 60-61

WhPE, B, HOUURK. N[ B K SRR 2 A R
AEBEEAERZ . R AR (A SRR, 2014,
44(2): 35-40

KRR, ARERR, KA, S RISHES W & A AR IR
HIRIEIETE. ERRE, 2005, 29(3): 53-58

BPHE, WET, B, 55 5T A SRR SR
O KI5 Bes A, 2006, 21(3): 278-282

ZRELHE, 2R, PNUST, SR 2L AE TR T ST
EERE, 2014, 35(21): 207-211

WtR, TELSE, SR, 55 RIS bsESRIEEOR. &,
2004, 21(11): 6-9

SOKAE, ERCH, Bk, . RO S S A
FAHACTEE M. BTERNE, 2012, 36(1): 36-41

K&K, Ebrde, EHE. 5 AFEAEKKERBRISEREE
I o B R SR AL B A K R 4, 2009,
36(1): 11-13

R, KRR, S, 5 A
b, 1995, 12(1): 38-41

TR, e, sRORR, S PV B VR SR S SRS i
IIBIETE. R BE AR, 1999, 14(4): 24-28

IRIGE, PREERN, KRR, 5. MR IR ERRAS I oy %
AEERIWETE. MG R4 (A SRR 5 TR, 2002,
15(3): 211-215

I, TwiE, AR, S b EEREEENRME. RS
LRI, b vt s, 2013(12): 9-13

WE, KE T, SRR, RIS RS R R e
#ll, 2003, 128(2): 32-36

Seo JY, Lee SM. Optimum dietary protein and lipid levels for
growth of juvenile sea cucumber Apostichopus japonicus.
Aquacult Nutr, 2011, 17(2): 5661

Sun HL, Liang MQ, Yan JP, et al. Nutrient requirements and
growth of the sea cucumber, Apostichopus japonicus.
Advances in Sea Cucumber Aquaculture and Management,
2004, 15: 327-331

SR, FEi

(%3 TRH4F)



b:1i SRR EE VR AL % )5 3 2 (Apostichopus japonicus Selenka) & 101

The Effects of Asterias Echino-Skin as Additive Component of the
Feed on Apostichopus japonicus

WU Zhihong, SUN Yuanqin, LIU Tianhong, LI Xiao, LI Hongyan, WANG Ying(D
(Marine Biology Institute of Shandong Province, Qingdao 266002)

Abstract To investigate the effects of different brands of commercial diets on the weight gain rate,
specific growth rate, feed conversion ratio, feeding rate, and apparent protein digestibility of the juvenile
sea cucumber, the juvenile sea cucumber (Apostichopus japonicus) (initial wet weight 5.0-6.7 g) were fed
with the diets containing various particle diameters of Asterias echino-skin powder (two commercial feeds
as control) for 60 days. The results showed that the survival rate of A. japonicus is not impacted by diets
(P>0.05). The trend of the average weight gain rate was same with the specific growth rate of sea
cucumber, which was higher in commercial feed 2 group and lower in commercial feed 1 group. The feed
conversion ratios (FCR) of sea cucumber fed with Asterias echino-skin was the lowest (0.993) but no
significant difference with the other two groups (P<0.05). The feeding rate (FR) of sea cucumber was
similar between Asterias echino-skin group and commercial feed 1 group (P>0.05), but it was
significantly lower than that of the commercial feed 2 group (P<0.05). The feed efficiency of sea
cucumber fed with Asterias echino-skin group was significantly higher than those of other two groups that
have no significant difference (P>0.05). The highest apparent protein digestibility of sea cucumber was in
Asterias echino-skin group (67.28%), which was significantly higher compared with commercial feed 1
group but without significant difference compared with the commercial feed 2 group (P>0.05). These
findings indicate that supplementation of Asterias echino-skin in diets could improve the growth
performance and feed utilization of A. japonicus, and the Asterias echino-skin powder can be used as a
feed additive.

Key words Juvenile Apostichopus japonicus; Asterias echino-skin; Growth performance
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