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Effects of several diets on the growth and body composition

of Apostichopus japonicus
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ABSTRACT This study was conducted to determine the effects of several diets on the
growth and body composition of sea cucumber A postichopus japonicus. A. japonicus at 4. 18+
0. 23cm of body length and 5. 993-0. 26g of body weight were fed with different diets,including
animal-based (fish meal) diet, Sargassum thunbergii Kuntze, Enteromorpha prolifera , Lami-
naria japonica ,and sea mud-based diet for 80d. Sea cucumbers were maintained in glass aquaria
and fed with the five different diets. The special growth rate of sea cucumbers fed with diets of
S. thunbergii,E. proli fera,and fishmeal were 95.36%/d ',92.29%/d ! and 84.87%/d ', re-
spectively, which were not significantly different but higher than those fed with diets of L. ja-

ponica or sea mud. It was found that,although the animal's utilization of plant protein was high-
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er,it is practically feasible to formulate more wholesome feed by using animal-based protein as
the diet ingredient; E. prolifera is an alternative food source for juvenile sea cucumbers;
Ground dried L. japonica should not be used as the major ingredient of sea cucumber diets,
KEY WORDS Apostichopus japonica Diet Enteromorpha prolifera Growth
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W& Apostichopus japonicus Selenka J& T i J 45171 Echinodermata, # & 44 Holothuroidea, & 3% [E 54 5
oAl ABZYE RAMRESNERSHHNEFERARS 19900, AL R Tl 5575 03 3 & B A
e A KW IT LR B RE IR T2 MO A S . ML T 2 AR, b, S AR R R R T S ) R
BEWESRBEATRRM,. TS ERFRFZOR, WA RS E AR E RRGE, B AdFRHE,
KPR EHBITER . 75 B ATRERE Sargassum thunbergii JFRH B8 SR T 5 L ER LB LT 0K
FHEBCNRH S M S FE L ERVEEN R GERES 2005, FHHREMSHHESSEFTH B, H
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AR NS E S LRGN EAE . BN E LA TR AR N &, KA EEMBE . A LESH
BEETFOSHEBENEHCHBREEAET T KA QB R, i R4 SR R Rk h &
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Table 1 Ingredient composition and proximate nutrient analysis of the experimental diets

Q%
J# Ingredient S E e ER=E Yok WE R HAER bRl ik
Diet of animal feed  Diet of S. thunbergii Diet of E. prolifera Diet of L. japonica Diet of sea mud
f8 ¥ Fishmeal 20 — — - —
RE¥E® S. thunbergii powder 60 80 — - —
WE¥ E. prolifera powder — - 80 — —
HEHW L. japonica powder — — — 80 —
# & Sea mud powder 20 20 20 20 100
M E B (%) Crude protein 25. 96 23.31 20. 58 12. 62 2.94
K B (%) Crude lipid 5,78 4.28 4.54 4,35 2. 80
# K 43 (%) Crude ash 42.55 47.81 49. 30 52. 32 89,59
JBBE (kJ/g) Gross energy 10. 04 8. 41 8.12 7.11 0.25

1R R FREDR B AT 80 M BT A RLRE RN 20 M0 IIB YR . FRPAZR A KN RRE K, EUTLR DUk, KiY
WAL T R B EFORES , MR B A Sme/L UL b, FRIEARFERMH T:16~17C,pH.7.5~8.2,8.:30,3%
FBERA 10L : 14D, R T 14 : 00 |’3E HKE& 1 K. BKHEK 1/2;8 KT 16 : 00 #1F 1 K, BEXBIEFA
KHEKE, RIEFHARSBIRENG , BREFREE KLY 0.5h, LI RER KR TBL. FHSH
RAEABRRR R EREREL SREENHSHEITER. FETETF 20094 4 A 24 HEXFF KI5
J5 81 900 kRS B R E A 15 M ERBR Im KER R 160L M EBNAS , 81T 60 kS, &
WAL 5 A, BRAR MR A ARRS YR B HARBEREREFER;C ARMBIFEFR;D AHB
AR E ARRIERAR. BMMERIANER, TRAN 80d, HSWHIK/IBEN 5. 9910. 268, ¥ 1h
{£K N 4.18+0. 23cm,

L4 ZARMEMBERRE

MEE RIS 0 KIFER .8 20d MBI /KEREPLIIIR 20 MHIZHESNBEK AE. AKUWEFEELHS
WMAERFIAMEREKEHE NERAAMBENRKECKRENE 2007);ABHUEFERZIERSM
BRIARBRRE G, ETIEEK FHCE 30s FREH 1/10' M FRXEPHRE., A THORERSE, TRIBPHE
K EEHUEHHR—EELZRARTR. HS0FEEKRSGR MERNZRBE(FCRTEARIMT .

SGR= (InW, —InW,)/tX100%

Ao W AR AR E W, SRR R R &, LR et [,

TR RB(FCR) = ARSI E (o) /KEHME (g,

LR FF G HRE, B KRR 3 RS HRAREL K, BT —80CHKARIENUE I RSE
R A kT

1.5 HRECABRPIH
FRERROMELB RS ERSHNEFRE ACGACUI99S MR, BEHNMNERXAMEINRERE;

AELRE 7 BT SR A R EC R AR v5 5 ML IR 43 T 58 F S48 4 550°C LT 24h; B 6B PARR1281 E MM E .

1.6 FiELAE

MBS HEKEER PRI FEEZER0=23),%2 SPSS 10. 0 #it 8% &4F. FIEREHFFE
87, FHPEAT Duncan ZLE L, P<0.05 EREFBZE,P<0.0l EREFKEZE.
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2.1 RBHER

AR FER A BAXN ERMBHBHEEKESGR AABER(FCRIMEMILE 2, R EH, L
it 80d WArAFEBR)E MK SGR HERB AW AEMAHAR. ABRMCHANSERHLEENAERK, ]
FBARMSM SGREXB TERK,H 95.36%/d;C F1 A AR S M SGR ERZ, 43 A 92.29%/d #
84.87%/d, X3 HAZRMAERKERABZE(P>0.05), DAHSHM SGRIEREZE/NF A.B.C3 H(P<
0.05),% 37.05%/d, M EARSERHEBENHENHAAERK, EWM SGRES D AL ER B FE(P<0.05),
5 AB.C3IHMEERRINEFE(P<0.0), NE2WUEFEH, FRIZLEABANFEH ZARBSRHEE. B
FL.CHMRBARBE/N, H5.25,E5 A BHANERAREP>0.05); DA RIEE N, N 18.14,E
HABCIHMEREZE(P<0.05), 5 EAMUERBREF(P<0.01;EHAB TFHARAKAR, ME R

B A fE .
2 ARHIEER T H S5 EEICE(SGR) G BB (FCR) % I
Table 2 Special growth rate (SGR) and feed conversion ratio (FCR) of A, japonicus fed with different diets

od 20d 40d 60d 80d
M Treatment  pEgw.e AERW. (D ARRW.(D KFEEW.( SERW.( HEEKE  ANEK
Initial body weight 20d body weight 40d body weight 60d body weight Final body weight SGR(%/d) FCR
A # Group A 6.00+0. 06 4,73%0. 25" 7.274+0. 38° 9.20+0. 22° 11.8440. 27¢ 84, 87+3.73¢ 6.5840. 45
B Group B 5.88+0.16 5.04%0, 54 7.96-£0, 88° 11,0240.27°  12,.68+1.67° 95.36%19,65° 5,530,350
C 4 Group C 5.94+0. 34 6.14-40. 37¢ 8.35+0.71¢ 10.0840.54¢  13.18%0.75° 92.29+23.35° 5,250, 29"
D 4 Group D 6.18+0. 32 4.5340.74% 5.45%1, 22° 7.1340.67" 8.36£1.19° 37.05113.43> 18.14+40.93¢
E 4 Group E 5.9740. 38 3.6240.68° 3.58+0. 332 3.83%0.37 4,18+0.128 —44,4447,04* —21.34%40, 99°

H: AP P EERAFBHRERRERARE (P>0.05) HPFERFER B EF (P<0.05), HEFHRREREKRBEF(P<0.0D
Note:Same letters in the same column indicate no significant difference (P>>0. 05), while adjacent letters in the same column indicate signifi-

cant difference (P<0. 05) ,alternate letters in the same column indicate extremely significant difference (P<Z0. 01)

*3 TEARERRSEKHER
Table 3 Body length growth of A. japonicus fed with different diets

450 Treatment B Lo (em) 20d # K L (em) 40d K L, (em) 60d A L. (cm) 80d &4 L, (em)
Initial body length Length at 20d Length at 40d Length at 60d Final length
A #l Group A 4.364+0.15 3.574+0. 12 4.38+0. 14° 5.2610,55° 5.5130. 43¢
B4 Group B 4.30+0.23 3.5840. 19° 4, 5610, 62¢ 5.44-40, 82¢ 5.664:0. 29¢
C 4 Group C 4.09%0. 27 4.16+0.18¢ 4.9840, 27¢ 5.3110.49° 5.8340.19¢
D# Group D 4.18+0. 26 3.64+0. 14" 3.86+0. 42 4,020, 64 4, 1940, 07"
E 4 Group E 3.97£0.05 3.394+0.412 3.36+0.19° 3.48+0.022 3,860, 11°

RS HREENRERRERABE(P>0.05)  HEFBRRERF EE(P<0. 050, HEFHERREFREFEP<0.0D
Note; Same letters in the same column indicate no significant difference(P>>0. 05), while adjacent letters in the same column indicate signifi-

cant difference( P<C0. 05) ,alternate letters in the same column indicate extremely significant difference( P<C0. 01)

NE2MERIFTUEL  SABARNSHEEENTRIBIEEAH THBRARMEREL., NEH
FHRBIEE 20 K, UL CHRS HEEMEKBEME R, KEMN 5.94+0.34g I FH 6. 14+0. 37g: KK M 4. 09
+0. 27cm HHK 4 4. 16+0. 18cm., MHA 4 HARSHEEMEAKEAF TR, 2ERHAERNIAR. CHR
ZHAEKE AABDDAMEERBF (P<0.05,5 EAMILEREKEBE(P<0.0D),

ML 20~40 R, FABARSHAKFLXERNBFAR. CHRZS KA EMRRAKR R Ik
PB4 510 8.35£0. 71g F1 4. 98+0. 27cm, M A.BFM D ARSHRERA L FARKBES . A.B.CHZI
MEERFABEP>0.05, 5 DAMIEFRE, 5 EAMEERREE (P<0.0D). EARMSMRRIAN
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SEEHS 60 KB AN SR E FR R BN B B, 4 Bk 11.02£0. 27¢ 1 5.44+0. 82cm, E 4115 @k
HINEH 3. 8340, 37g A KK F 3. 48£0. 02em, BRI T EAKBER. sANSZHMEKERERS
SLEHE 40 KATHIE, A

TE3 80 KL AT A BM CHAMSERM L B4 K. CANS MR E KK F M E KT Hi
AhERA AEIE N 13. 1810, 75g. (KKK K 5. 8340, 19cm, 5 A M BANS LR REX(P>0.05), D
HMSRAE —FWNERK.HES5 A BN CHNBHFAERIEEZER(P<0.05), E4ANSHEKBRNRKE
BRI BHAKEFNLNS DAL EREF(P<<0.05,5 A B.C @225 82 (P<0.01),
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Fig.1 Specific growth rates (SGR) of Fig. 2 Body length growth of
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Table 4 Body composition of A, japonicus fed with different diets

SEIG YR K Final

AL FE Treatment SR G Initial
A4 Group A B Group B C 2 Group C D % Group D E 4 Group E
#17E 11 (%) Crude protein 44,0841, 042 48,48 1. 16¢ 50. 484 1. 03¢ 48. 5041, 03¢ 46, 73+0. 60b 46.20+0. 06®
HAE I ( %6) Crude lipid 6.81+1.31° 10.13+1. 90° 7.94+0, 15 9.47+1. 04" 7.3640. 82¢ 6.70%1.03¢
H K 4> (%) Crude ash 33.2841. 46+ 26.334:1. 86° 28.34+1. 952 29,5242, 72 28.884 1, 58¢ 31.9242, 754
7K 43 (%) Moisture 85.3940.37 = 90.4940.29 2  87.44+0.18*  89.12+0.22¢  84.13+0.16*  84.6140.34 ¢
BEH (kJ/g)Energy 13.81+1.63 * 15.39%x2.01¢ 14.82%1.02 ¢ 14.39%+1.62 14.8740.43 * 14,04+0.28 2

BRI AT PR A R 2 S IR RN L R R BH (P>0. 05, MABFHH A L F EE(P<0. 05) M F %752 R REE(P<0.0D
Note:Same letters in the same line indicate no significant difference( P>>0. 05), while adjacent letters in the same line indicate significant differ-

ence( P<{0. 05) ,alternate letters in the same line indicate extremely significant difference( P<0. 01)

A S HR R B A A B A0 b B LR SR S e B . O e HLRS I RUHL R 4 R DL T R Sk B R
H. IR 4 AT LUA 4R MR R[] 4R R IEORE X 30 244 P B9 LR 23 UK 23 B9 & & LA R s R I AR L B 25
ma, B AR B 0 5 4 & B AR 2 R . AR AP RS A E GRS SR M L A B, B
BHAMSHHEO T ERE.AE 50.48% .5 A.CHMILE R B E(P<0.05), 54 EEM D.EAMELER
WBE(P<0.01) ;A CHNMBHME IS5 0 48, 48 % F1 48.50% , X Fi4H Z ] £ 52 A B E (P>>0. 05) ;
D.EARSHHER SRR, B 46. 7350/ 46.20% . iX —H Z A LB E 2 F(P>0.05),{8 5%t {4
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ACHMEEZERBZ (P<0.05), 5 BHAMLEZHEBE(P<<0.0). AARSHHENEERE, N
10.80% , Hk & C AR Z, R 9. 13 %0, A5 CAMELER A B FE (P>0.05) (A 547 18 A K HAth % A AH H
ZFREP<0.05);B.DMEHRMSHMEEN & &35 K 7.9426.6. 816/ 6. 700 , X =HZMER AR
# ISR AT 6. 81 MM IREM L 2 R WA B2, Heh L E lME T & B &

3 itig

3.1 BRARAMNLERSERKNZNE

AEWEERBRN.BARSH SGR E 5 T HAMMSH, HRE CHM A A, X 3 HlZSH SGR EZRIEA
BELER, DARMBHW SGREBSZ/NTHEMIH,. MEARNSERA B IABNIAK., BREHMHSHS
M FEM A RAERERBMATE S GERE 2005, LEIEH, LM ARG E D LU REERR
MR EALT P TX— WA, REERENS KR ER, FHMEXML, Eal& &R, B &
R AEBRKLE(RERSE 2008, MEAEKBHEREREHE 2005, TEARSLE A, 408k
A EENRSHS M MEBHER, &1t 80d BYFRFE, A AE KR M BB SR — A4, mi Bk R BUR. ¥
BB TS AFAKFEHRE, C 20T 85 2K, T R A K RS 8 CEREAEA,
BRI REES 2009, HEHEHEENNSHSHEBN DO LME. HEE KRB, LR E4E
KB BHE A Y B AR K, INBESR FIGE M M 7 L3880 S iRk, B R b = MR N BE B2 A 117 3 - L8 i ik 7
ANRGIOR A M TR RABREFE . B RIFr A S A TR .

KRB ERAB MRS SIS EERBRIFMERK. SYERBDRMT st alh, am LA LFHERE
BRFIIE TR & B oKL & & BAR IS DA BB IR B A LU K BE % 57 5 3 4 AR AT T Ak R ISR AR R
(ZERARE 1996), —HLOER/KPRA F A a] sl LR E R (EFHF  2001; MBAFSE  2005), JE4F
Kt ABRISER P CGR % 2005; EEMFE 2008) . Bk, 78 40 2 A ) bl & s oy, 1l LLAS
i B R E 2 A ISRk,

WA EFHAER MELE BAERFEFRNS, O IZ N T K= 3858 5, 2 6 6 09 06 57ROk 304
2005;Suzuki  etal. 2006), FLYHIEXTHR Litopenaeus vannamei W3 R REF| B R & W R P w580
BRI INAA FrgE (XIS28%  2006) . REFHEQOOD MMHFT B H HAHBRE RN S MW LR, LKL
REWH. BHTANSHSNECEKREZRTIVE RERHAMMES. XRERTHEWFNASEHR
ERBEE . REHESSHERKER(Liu etal. 2009), XERBFHFFQCODMEMTESAERTHBFESR
WA AR R -8, B E BECODERA EHSWEET SRS MEREIE I —HL FREKE, &
Y 2 3 g T FUAR A € Undaria pinnatifid 58 SHERN KRB BIHILEE RS, X028 R & 43
ToE AR W R E R A RN AR SR H UG R 2 B A R T L T & R E
TSR S8 .

TEARLIG T, g IR AR RS — 8 S BRI M Rk, AR 5 H Al DR B SRR HEAT LU X . HATERI S8R
FEHAE T b R ZHCEF BN S — & B RIE IS MR . X T U NI 5 H ), 3= sl E (2005) 1A
SHASIN 20 Y0 BB YRR B A KRR B 5 1 AR & 1825 (2003) M E BLFRFH L B3I 20 % ~50 Lo i YR . W] JL X
FFRAEH S AR PR R AR IME , ATHNRE AR —B, ASLI P H A 4 Fh AR PR INE KR 202,

3.2 BRAREAMMIRRSEBSHUIE

56 TR A 2R 1 7K T R S 56 X S A B 43 5 1 9 B ST TE IR SEOK R S A P 2 DUHRGE (BB IR 355 20045 75
& 2009) , T B [ 48] kL5 R S 4 B 4 B S AT D A SY . AR T, 24T 80d SRS . B BEAL I S M
EASERES THMKH, TRERFE P HES & EIFAR 5 Fas i m iy, B/ T s PR
MHEZ T, BB E AR MY E G, MW RN EE Mo MsimEES. XTEH THS
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