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& B S B E BT RIS (Apostichopus
japonicus) 4k 1€ B {42 i B 4 0

Hx) KAR kEH AAE EiMes FErxE”
(UERBEEASBEEESEKRE IWRBAEFERESHENRBE WG 264006)

mE HHE R B Bk AR B R 3R] £ (Apostichopus japonicus) £ K FARA Rty B, AR
MM REMER PR ERENEEGWQ:15), BAl 9 AFALBEAR, ARIAHEE
AT g EEWRSH 5 70d, £RET, MERERLANAE, SRUSHHBEZRHEE LK
R LT G E(P<0.05); HMBERBAWILAINFE, DS, DI AN ERISE T AKREZ(RTH 3 4
(P<0.05), {EHT 3 4z |8 & 8 %F % 7(P>0.05); AR EMN 8T @AM I & &(P<0.05); HRIEE
WK T MR 24 E(P<0.05); HREREMKT HREHEAR . EARIFMRAR S E(P0.05), #
BT AREARMARAREEP<0.05); FREGVERTLZEAR. FER. HEAR. B4R, BA
B R A AR 2 EP<0.05), RE TRHAR., HAKR., KHaARKF’EARSEP<0.05); HRER
Mk 7 {A % Ca. Mg. Fe. Zn. Cu. Cr. Mn % Pb 4 E(P<0.05); ZRE&MEMKT Ca, Mg, Zn.
Cu. Cr X Pb 4 E(P<0.05), # & 7 Fe & Mn 4 E(P<0.05), b3 E F 4T/ 454%, & SASREG #
SHle, REIHMBEREREZELT A 29.75%; %2 SASNLIN th & #l 4, B R 46.46%t & 1) %
WREMARSEK TR EDW,

XA KB REEM;, £k KAk, AR T TE

FESES S963  XEAARIREE A XEHRS  2095-9869(2017)05-0130-10

GAEATRIERE . IS A E L WAL R H RS A
Poai, BB AR EAYE AR (HH T
PUE SR A, BRI T ILAE SR A Rk b i A
FIHBACAY) TR, B OORUERE, TREK T8
R PR A R PR R ORI R )
(SR AN 5, 2008), $Emka . S DAY & it
(Hh3CHm A, 2008), [RIE AR Ko+ 8 R R /D
53 F WK (Hong et al, 2004; WK FHASE5, 2008), LLAk, &
MRS , i e 2R S AR 25 A R = (Kim et al,
1999), HBEA—& 137 FF WM EEIR ] 42 = 3h %t
HAHEAE R 2, &5 A (Fermented soybean meal,

FSBM) 1] B A - (Paralichthys olivaceus) (Md et al,
2012) . M (Acanthopagrus schlegelii) (Zhou et al,
2011). A FE A (Epinephelus coioides) (Luo et al, 2004)
S RE R AR A R o

W 2 (Apostichopus japonicus) & T K ¥ 1]
(Echinodermata) . 244 (Holothroidea), & [E 4 7
WYz —. Ak, FEEFFEMBY K, ki
F R ROk I T Bk, 5 BLUR B (Sargassum
thunbergii) . T FE#:(Sargassum muticum) . 177 (Laminaria
Jjaponica)(Xia et al, 2012a), f1Zti(Ulva lactuca L)(Xia
et al, 2012b), a5 EE(Schizochytrium) (51855, 2014)

* KA B E IR S IRV & BT 15 (20150200 1)1 L AR 48 BEAR A M H AR A 7 - 00 260557 141 BA 2 0551 H (SDAIT-22-06)
F:[E ¥E AL [This work was supported by Aquatic Animal Nutrition and Feed Research and Innovation Demonstration Platform
(201502001), and Modern Agricultural Industry Technology System of Shandong Province-Innovative Team of Sea Cucumber

(SDAIT-22-06)]. Z=% 111, E-mail: bsleeyt@126.com

O @IRMEH: FhrdE, F5RA, E-mail: ytwjy@126.com
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SRR L, B AR R AR A RORE R SRR L Xt
BT/ N S . HAET, KT R4 Y & A 7ERI S
AR AR E DT ORI (E#HHRAE, 2007). ORI
(BEH JEEE, 2010)FH ZEORAE, 2016), HIL, ALK
VLK T TR 53 i R AR BE A5 TR b 1) s B e Ry TR
HY, TR HSS IS A K AR s, AR &
THATERI S LA R R R R S
1 M5 RE
1.1 KEBAIES A & HIME

DLATRS FIEE S A A R, B L S R 22%
LA WEERIEREC 7, 40 3IRL 00 5%, 10%. 15%.
19.35% 1) % i 52K A5 A VR AR SR At Amb Rk v 3, LA
7.6%. 15.2%. 22.8%. 30.4%I1) & B ToH1% 8 12t
FERiiDRL b Ry B IR G (2« 15), Bl 9 2H5F A Sk
oAk, idoh D1-D9 4, Horf, D1 A% R4, D2-D5
JRREE AL, D6-D9 NEMRIEGWA(E 1), LEK
T 2 R RO B S R T R R R 4
B 20 A TR E R S R R 200 B AR
i, AL RIS 2RI KR AT, TR R AL ]

W EAE N 0.3 cm IR, 60°CHET, FI/NELEEHL
WIRE, ik 60—80 H 2 [v] it Wok: 45 H o

1.2 FHELKEIR

FRGH S0 TE L AR A8 TV BEUR 5 IR B A A B AR
SCEG LR PR K IR RGN HEAT , SR RS L
IRIERZVEK A PRA T SRR G K FR5
KL A 100 ml/min o TR EFRHTEFRE/KAR(D84 cmx
80 cm)PN BB IS FEIE 14, PHRIESR 20 5K,
FEHIKIE R 50 cm, SLHEFFLRHT, 2000 Sk HUAK 355 |
PR R O AR 2T 35 T R G0, 100 Ta) 45 W o 1R 26 4]
RE, i HGE R SR A B AL I AR, 21 d JE Pkt ik
Y0 17.7 g W2 810 3k, IR T 27 D IRFEA
W, BEAE 30 ko BERPSCIG AR 3 AW, A H AR
1 K(16:00), FMREPEFERI SR DRG],
IV S5 R AR, PR R SR E W 4%, IF
HR A HE B R DL R e R 2, PRI, R fRDRHIURL T
FIKRBE SR B, IRE RS B 2 d Rk
P28 SR, JFRNTE 1/3 k. SEE I, UK
1N 17-22°C, DO>6 mg/L, NH;-N & NO -N #/)
T 0.1 mg/L, pH K 7.2-7.5, FFEJELH 70 d.

®1 XBEBEAREREKRND (%)

Tab.1 The formula and proximate composition of experimental diets (%)
J5#} Ingredients 41 Groups
D1 D2 D3 D4 D5 D6 D7 D8 D9

£ #9; Fish meal® 10 10 10 10 10 8 6 4 2
K ER FSBM® 0 5 10 15 19.35 7.6 15.2 22.8 30.4
e Algae powder® 60 44.5 29 13.5 0 45 30 15 0
-4t % a-Cellulose 5 15.5 26 36.5 45.65 14.2 23.4 32.6 41.8
/INZZ#} Wheat flour 10 10 10 10 10 10 10 10 10
4 Shrimp powder 8.94 8.94 8.94 8.94 8.94 8.94 8.94 8.94 8.94
i3 Fish oil 1 1 1 1 1 1.2 1.4 1.6 1.8
i /lg Phospholipids 1 1 1 1 1 1 1 1 1
WelR & 45 Ca(H,POy), 1 1 1 1 1 1 1 1 1
Y Z IR A Vitamin premix® 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5
WY R BUR K Mineral premix® 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5
K47 Binder 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06
41t Total 100 100 100 100 100 100 100 100 100
FAR /3 (- H) Proximate composition (DM)

L Crude protein 22.03 22.00 2212 22.07 21.41 2256 22.67 2232 22.04

HMAERT Crude lipid 2.96 3.08 2.99 3.04 3.07 2.85 2.68 2.52 2.37

HLJK 43 Crude ash 15.78 2628 3673 4722 5643 2454 3335 4211  50.93

ER MR Met 0.38 0.36 0.33 0.31 0.29 0.33 0.27 0.21 0.16

iR Lys 0.88 0.92 0.95 0.99 1.02 0.87 0.86 0.85 0.84

a: HUB BN s KSR [ AE U A S AR MR IRA R Bk O U, R R 1 1 1LIRG

b: 2 KPR S ) BOUR R 2H A L T PR A5(2014)

a: Anchovy fishmeal. FSBM was obtained from Great Beijing Puhuida Feed co.; mixture of Sargassum thunbergii, algae

powder was the mixture of Zostera marina L. and Laminaria japonica at equal proportion

b: Compositions of vitamin and mineral premixes followed the protocol of a previous study (Wang et al, 2014)
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®2 XBAFEEARMPHISEBREAM (ng/g)

Tab.2 Composition of amino acids of main protein ingredients in the trials (mg/g)

5 F Ttems faf W REEGH SRR SEIIRAY®
Fishmeal Algaepowder FSBM  Algae powder with same protein level ~Mixture with same protein level

MEH Crude protein ~ 750.38 189.96 512.43 512.43 512.43
RAGR Asp 68.16 20.18 57.53 54.44 46.62
INEIR Thr 30.52 8.77 18.61 23.66 20.41
YR Ser 31.19 8.08 2427 21.80 19.29
AR Glu 114.64 23.76 103.67 64.09 60.43
HEMR Gly 47.39 9.43 18.69 25.44 24.29
AR Ala 42.96 11.35 19.03 30.62 26.97
LR Cys 7.07 0.21 231 0.57 1.51
SRR Val 36.25 10.06 21.44 27.14 23.61
AR Met 21.75 2.75 3.67 7.42 8.36
LA e 31.25 7.37 20.26 19.88 18.05
SRR Leu 55.35 12.68 32.70 34.21 31.31
%22 Tyr 24.80 3.62 10.86 9.77 10.39
HKNETR Phe 28.45 8.05 21.10 21.72 18.10
WEIR Lys 55.92 5.38 23.92 14.51 18.50
ZH4H2 His 15.66 1.27 10.16 3.43 4.76
&R Arg 47.01 6.77 27.07 18.26 19.53
JifiZ2 Pro 28.39 7.82 23.88 21.09 18.38

a:r FIEMR S =N 2 AR & 7 x512.43+189.96

b: Z BER P it =( 00 A N 28 BRI 1 HE X 2+ M A I 2 BE R B i x 15)+17x512.43 - [(fUf ML 2 1 3% o+ AR 1 %
x15)+17]

a: Amino acid content = amino acid content of algae powderx512.43+189.96
b: Amino acid content = (amino acid content of fishmealx2+amino acid content of algae powderx15)+17x512.43+[(crude

protein of fishmealx2+crude protein of algae powderx15)+17]
13 HmREESHIE

TR ZE RS, A5 48 h, R PN K e B
FERZ, L, SRR 30 s S RRE . TR
BLBkIE 15 Skl Z, B PSS RgERT, FIHIRE
FUARARER, iR . RE S, s egiifkiE, 5
S ARRE S | i SR E R . AR T20°C IR
FEREI

14 5 i (Weight gain, WG, g)=W-W,;

14 5 % (Weight gain rate, WGR, %)=WG/W;x100;

Hr E 4 K K (Specific growth rate, SGR, %/d)=
(InW-Inwy)/d x 100;

F711 % (Survival rate, SR, %)=N;/N;x100;

JIEEE HY (Ratio of visceral weight to body wall weight,
VBR, %)=W,/W,x100;

M B¥ Lt (Ratio of intestine weight to body wall
weight, IBR,%)=W,,/W,x100;

M te(Ratio of intestine length to body length,
IBL)=L,/Ly;

{of, WORARIRTE(Q), Wi AWIGAE (g), d A

FREHREL, NG RIS HE, NS5 0 a2 4L
i, W, NNIEER(g), W, NIKBEE R (), W, MW
HEHEE(g), L WHiEKE(em), L, MK (cm),

14 HSENE

TR ERRAR FR K A SR 105 CIEE 1, MR
F 0 2 2K AL S 3R BE s (Leco, FP-528, 6[E), #HLJR
O 00 5 R R B A4 3, ML 200 22 2R T 550°C R4k
B, BB E K BB (Parr, 6100, 3EE); FEMBR
KA, F4 A sha B 53 Hri (Hitachi, L-8900, H
A E 2 SR T iy ACRE R T DR Y i e P P U
A 258 T R (ICP-MS, Agilent 7700, 35 )il &
Ca. Fe. Mg, Zn, Cu, Cr &, HETICIEED
ML AL K, SA-10, HEDIZE Se. Cd. Pb, As,
Hg & &,
1.5 #HELE

S R A5 K04 R ] Excel 2007 2 SPSS 11.0
One-way ANOVA AbHf | 25 5 DS 35 (5 £ 477 22 (Mean+
SD)#R, 225t W3 (P<0.05)M] /1] Duncan’s ¥ 5 #4722
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0BT, 43R A Statistical analysis system 9.2
(SAS Institute Inc. USA) REG 5 NLIN X 14 & % 5%
B Z T] 1 56 FR AT [B1H 347

2 #R

21 RESMXMRSERREERELN R0

EWEGRERERG, SRS MISESR .
AR MERELL . B RE LY BT R R, 1
D2 Hik% R, BEHT D4 K D5 41(P<0.05); B
BAEA YW ILGIE T, D8, D9 ZH 8 i F f g A
KRG R TR 3 2H(P<0.05), |l 3 4= i 2%
S (P>0.05) . A& B GAIEACEER SR A 0l 2 04 5
6T LW (P>0.05)(F 3). LA HEFNIEMIE
bR, 2 SAS REG [IH5HT, KBS A BN IS
WK 29.75% (K 1); 4 SAS NLIN [BlH5Hr, %
i GBI S A AR R 46.46% A9 BE MR A
YA s H A (A 2)0

140 - Y=-0.0034X2+ 0.2023X + 128.2
* R=0.7701

.
K3
. Py .
.
.
.
.
.

' /l
90 | 1 1 # 1 1 1 1 1 1 |
-10 0 10 20 30 40 50 60 70 80 90 100
R ERIE B L]

Replacement level of algal powder by FSBM/%

1 R SR Ay X 0 2 1 o AR A S
Fig.1 Effects of the replacement level of algal powder by

FSBM on the WGR of juvenile 4. japonicus
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AR Weight gain rate/%
=

| ¥=123.9-0.4115(X-46.46) ,m
R*=0.9446
10 20 30 40 50 60 70 80 90 100
REBEERIE A A SENR &Y L)
Replacement level of fishmeal
and algal powder by FSBM/%

B2 Rl aomg A aop sep iR &
XA 20 TR AR

Fig.2 Effects of the replacement level of fishmeal and algal
powder by FSBM on the WGR of juvenile 4. japonicus

90
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22 RESHMRNSEEEANSRIERSEN
=10

KRR , RS PRBE oL g 15 & & 2
AR (P<0.05), JK43 . HLEE A RVRLIK 20 G i 2
A (P>0.05); KEEGHERIEAYE, WS
TR i B AR (P<0.05), MKy . HEMA M
g W5 & 1 G . AR 4k (P>0.05) (3R 4).

REEGRBENS, BT ISR
% . AR PP R 1) & 7 (P<0.05), &5 TR
R FLH R & = (P<0.05); REEGRIEMRIRS
G, BART RIS R 28R . HER. HER. &
FAR . W R S 4 E R HE(P<0.05), 5 TR 202
IR . RN R B R & & (P<0.05); AR
M BN SIRA Y, SHRBER KAE R, AR .
WA . WA, FodR . wdR . HER ., LT
MR K R FE TR i T 3 R (P>0.05) (3R 5).

23 AEBIHMMAHSEETYTESENZID

KEEE IR EN )G, WS EE Ca, Mg, Fe.
Zn, Cu, Cr, Mn J Pb W &K (P<0.05); KFE
WBERIBASYIG, HZkBEd Ca, Mg, Zn, Cu, Cr
% Pb %t i 2 BEAK(P<0.05), Fe fz Mn [ 5 ik b 3%
T+ (P<0.05) . & B G AN AR B8R A& 9% Se. Cd.,
As K Hg & B A B3 (P>0.05)(3 6),

3 itig
31 EEETHMHSEKEENEN

ENENEE ST N d AR D 5 = AW P
AR A SR B AR SRR A Y o R R U
W, SRS R E R TR R, X 5L
A A ok PR A S B AMT (M er al, 2012),
i A TR, FEURE SR IR 1 Bk =
IR T & IL TR #% 20 (Deng et al, 2006), H 7 fHE
TRk B M dUE 5 N F LB AR (Uyan et al,
2006), FECHSARKHEE N, BEZRRENT,
SIS A B BE e S K E B RRAIG, UEPH AR T & T
G, WIS ASRSENAT . RIEEMER 46%
M)A B TR G A 25 SE R 2 i AR, 2
P A K, X5 H AR K A s h i F o 45 SR — 3K
(Luo et al, 2004; Yuan et al, 2013; Azarm et al, 2014),
Al RE 5 & I ORI R R B = A 0% (Gallagher et al,
1994; #1545, 2008), AN, FE & D& =
Fhisr, TERDRL I 43 B 2 T, X T RE R A S
AR TRER S — R, EFHEE S — 2.



%38 %

sIseq AIp UO paseq 2Iom Yyse opnIo pue pidi opnio ‘urejoxd opni) :]

FEHLNHESLL B WA " HEH 1

09 TFV0°6T 0T TFO9'6T ¢ 16°TFLI0E QITTFISIE QIS TFLYIE 96 IFLL'TE q€0TFITIE OV IFOV' 1€ qCO'TF8ICE (US® 9pNID) L0 X7 HY
@C8 0FF9'€E q8L 0FL8’E ©89°0F89°¢ qLE0F66'¢E LE0FED'E £S°0FITE €T 0FPS'E @6C0FI9°E 487°0F88°¢E (prdry epnx) LS Bk
SO 1FC8'6¥ TV 0F8L 8y €S IF6T 8P 08°IF8T°0S 8€°0F8E 61 STIFSL' 6V L9 TF8E 6V L 0F0S 67 $8°0FST 6V Juteroxd epni)y EIE B
LEOF6ECO EI'IFCI16 ¥0°0¥80°C6 05 IF81°C6 TTOFYL'T6 LL'OFL6'16 LT1F€8'16 CUIFPIL6 61°0F68°C6 SIMISION £ ¢
6d 8a La 9a sa ya £a «a 1a $001pU]
sdnoxp [if B 48
ASFUBIN ‘€=U (%) snowodpl 'y jo [em Apoq jo uonisodwod ojewrrxoid uo NESJ AIeRIp JO S109PH  $'qeL
(BN EHSE WY EEVE X HTAT, v¥
MO[9q se swes 9y "(S0"0>d) 1USIHIp Apyueoyyrugdis o1om s1drrosIodns JUSISIIP YIIM MOI SWes dY) UIYIIM BIB(T :9I0N
[l °(S0°0>d) 1 o S s [ 4 ] ERIg L) — [+ 3Rk
€1°¢¥88'96 08'TFE]'S6 19°€F€8°S6 €1°€F88'96 T6'TF8L'L6 Y0’ SFY v6 60'SFY 76 76'1F795°S6 €EEFLI 96 (%) dS skt
0L 0FVS'T (0E0FS8T LTOFETE SV OFVEE ST0FS9T oSY'0FC8T 9E 0FS6'C JFS0FOTE oSSOFEEE 19T H 4
£CT0FTY @l CTOF8EY pogO L' OFVL'Y pog9C 0FESY @l OFIY Y €0 0FCOY pq0E 0FOL Y p8E0FLTS plEOFITS (%) 941 M7
09 0FLY ST @SS OFEE 9T oa8L'OFLT'LT oS6'0FLI 81 qeC6'0FOT 91 oqeECOFLO'LT SSTTFLS 8T p96'0F0E’ 1T PO TFEY 0T (%) agA HFFTH
250°0F66°0 qSO'0FLO'T JOOFPT'T oC00FST'T qC0'0F80°T ,£0°0FIT'T pSO'0F8I'T pSO'OFITT p90°0F8I'T (P/%) DS w3} 2
ST EFSTI01 (EV EFITTIL o8ETFCLICT 08 TF08°€CT qCO'EFOTELL JITTFIOST pEEPF86'9CI pEOVFLY TEL pEEVFSO'LTL (%) IOM S=HHy
<C8'0FS8'LI L OF8861 289°0F89°1C oLEOFO66'1T oL€0F€0°0T oS OFITTT w6 0FYSTT 208'0FHS €T 36°0F88°CT @) om FiERr
18'0F05°S€ ¢S8'0FTYLE ,89°0F67'6€ SECOFLL6E q€S°0F99°LE oSL'OFL6'6E 06 0FLT OF p18°0F9CT 1Y wP U TFPL Op @)M Erp
C0°0FS9LT LOOFPLLY SO'0FO8'LT 80°0FLL'LT LTOFEY'LT OF'0FOL’LT 0T'0FE9'LT €I'0FCL'LT SSOFI8 LI @) ' HEhld
6d 8d Ld 9a sa ya ed <a a SooTpU]
sdnoip 57 Y5t

134

snowodpl 'y jo soorpul 2inJiy pue ooueuwrrofidd Ymoid oyl uo NGSA AIBRIp JOo S109H € qelL
OB H TN FEHNXHEANY, €F

ASFuedN ‘ST=U



135

M

IEA
5

HIBARIEM 3T RS (dpostichopus japonicus) A S AR 1LY

KR

1145

BE

5

0S'6FOL' TTY  TSEIFI8LIY 9V’ EIFSO0IY  ISOIFYTCIY  T®VIFIO60F  LS'TIFRYEIy  8FP'TIFBI'IIY  ¥6°0IF60° 81y  9EVIFLO VIV VVL % B
€9°6FS96S1 8L'6FVE991 TT'LF86'8S1 69°6FLI' €91 YTOFIL'8ST 88'SF8Y 651 6€°LFOTS91 SL'9FIV 191 TE8FIS VIl VVH BHFELET
€6°0FFS 61 ¢S 0FCT61 6v°0F00°61 69°0F€6'81 S8°0F96'LI vEIF08°LT LO'TF89'LI ETTFILI 66'0F06°81 KL G
L 10F0I'Y T OFVY' Y 91 0FC9Y »,80°0F06'% p81°0F6T°S pl€0F6T'S poL0'0FEO’S p6TOFVI'S poV 7 0F60°S STH %% Hz
9T 0FI8 LI ET0FEO'8T  88°0F8I'8I Q1L 0FIY 61 0T TFC8 61 qC9°0F8T 0T 7€ 0TIV 61 4S8 0FH 0T qC1'0FS1°02 ST Sl
8T°0FCTL pET'0FS9'9 o1T0FE6'S oLO'0F¥8'S <LV 0F0TS o8EOFLLS oSTOF6L'S NANGIERY 460°0FL9°S SO S W A<
p9T0FY91T »85°0F€0°0C q0L0F9L’61 A1V 0FP8761 V€ TFEL 6] qOT TFLL61 208°0FSS 81 «£6°0F08°LI LU TFPIST oud ¥ Mk
6L°0FLT'TT STOFOLIC 01°0F8¢°1C LT0F9¢£°CT ySOFSSTIT 1T°0F60°1C 6£°0F60°CC ¥y 0F88°CC 81°0F60°€T noTY ¥ Re
66'0Fri €1 IT' IFEY €1 60°1FC0°€T 18°0FEY Tl 0L 0FSTTI v0' 1F¥8°CI 88°0F8CCI L90F96°C1 ¥6'0FLI'TI Il %
91 0FE0 Y qCTOFY9 ¥ QI€0FLI Y 290°0FIT'S p61°0FESS p67 ' 0F19°S pSTOF69°S 8T°0F16°S opL0'0F08'S PN HEE
€9 IFET LI YEIFL6'8T L9'0F8S 81 LUTFEL 8T 6S°0FST'81 8T 1FL8'81 SL'IFST 61 00°1F09°81 Ty 0FEE 8 TeA i
oEL'0FCY 6T oSO TFOE'LT PV IF6V°9T 2$6°0F€6°9C 9T TIFSELT SETFITIT «8L'0FL89T «98'0FLSLT 60 TF10°9C S =2
SY'O0FI0'IT 61°0F78°61 20 TFLY 0T 99°0F1C' 1T LEOFSS'IT 0L°0FC1'1T 6T°0F8S'1T $8°0F0EIT I¥°0F08°1¢ eV ¥ &
LS 0F98°EY g 1'0FF9'SY oS9OFLL'LY 2qCL'OFSE 9P aS6°0FC0°SY STIFCISY @90 [FI6 VY €V [FO6VOF oLL'OFEY'LY Ao B H
285 '0FL6'SE SSETFLI'SE  5qTS'0FI8VE q69°0F65 €€ V8 TFCS0E 210" TF09°0€ EL'OFCVIE CCIFSTIE :S8°0F96° 1€ 31y ¥ By
18°0F9T°€T «CL'0FE6'ET «€6'0F16°€T 269'0FS9¥T oLL 0FT6'ST V€ TFET 9T 480 IFEY 9T oFTIF61°9C q16'1F80°9C Y, G
g1V 0FEETT 0 0F06'IT  ¢89°0FCY'TT VS 0FH0'€T SLOTFYS ST -V8'0F8L'ST 26T TFIL'ST s0L’0F6T9T 266°0F89°ST 1S B 77
0" ZF0¥'89 IT°CF10°'89 TS 1F76'89 66'1F07°89 9 1¥8¥°L9 SSTFYT'89 LY TF8L'99 9T €F68'S9 1€°TF8S°L9 o HEY
Y IFLT OV 85 0FL8 OV L8 0FS0°0v 6€°0F09°0% SL'OFvL 0¥ PUTFIL 1Y 0E'IFIS' 1Y 96'0FC0’ 1Y YT 1F68°01 dsv %Y
6d 8d La 9da sa ra £d «a 1a SpIo® OUTWY
sdno1n [y GEE

ASFUBN ‘g=u

(8/3w) snomodp( 'y Jo [[em Apoq JO SIUSIUOD PIOB OouUIWE Y} U0 NGSJ AIeldrp Jo s109d §'qelL
GAMUZHESHEERYSHNHEAY

S¥



%38 %

00°0%20°0
10'0FLT'0
60 0FCH' 1
H00F650
FT0F88°9
,90°0F60°€
€0°0FEE'0
oL TOFOLTT
Q06 0FPI'SE
366'9F 1€ 191

00°0F10°0
10°0FEE0
JLT0FOY
V0" 0F9S°0
LIT0F9€9
HET0F8I°€E
€0°0FPE0
JEOFSSTI
T TFHT8E
JITSFLT6YT

00°0F€0°0
20°0%62°0
,80°0F0S'T
LL0°0F59°0
HLO'0F66'S
60°0FLT'€E
10°0F2€°0
IO TFITET
68°0F86°TH
LI SFIV THT

00°0%20°0
¥0°0F0€°0
290°0F69°T
HE0°0FIL'0
STOFPL'S
S8I0FTH'E
20°079¢€°0
LI8°0F6T'ST
SV 1F08'8Y
JLL6FTH9ET

00°0F20°0

10°0FLT0

70°0F60°T

£60°0F1°0
0T 0F88'Y
1°0F0€°C

£€0°0FLEO

LS 0FSY'6
81 TFS0°6T
V8 STV 8L

00°0F€0°0

€0°0F62°0

60°0F8T'1

+qS0"0F65°0
LT0FI0°S
60°0F65°C
20°0%S€0
06 0FHE0T
L90FIV'LE
ELVFLOT6

00"0F10°0 00°0%20°0
20°0%2€°0 10°0¥62°0
90°0F9S°T JITOFHLT
,LO'0FT9°0 V0 0FSS 0
,80°0F6€°S SLT0FH9'S
LIT°0F98'C 290°0FL0'E
€0°0¥9€°0 10°0F5€°0
VL OFLT'TT 2p69°0F06°F1
296" 088" SLETFHESh

8T TFYL 86 pl19°€F06°CII

00°0F€0°0
10°0FI€°0
oLO0FES'
o60°0F9L°0
STOFOL'S
L60°0FEE'E
T0°0FHE0
.S8°0FE9'ST
sLO'IF61° 1S
LS 9F69°STT

SH ¢
SV dit
ad %
PO B4
unN %
D&
oS Ry
n) fif
uz 4
AV

iff

136

pLEESTFIR6V96T ST LOIFIL'S990T 367" LETFSY 96EIT (8S TLIFLS V6TTT +£6'ETIFIY LLIET (95 60TFSS ETHST ,TH'8STFOI'69081 LCLY8IF6E'9810C IL TITFOC IYLET SN %
QCTSETFLY OVE6  CEVBITFYELEIS 0€ 8ETFESTYOT ;LI'99TFILGEITL ITITIFET68LL  HLS'86FYVI96 9L '60TFY9 L6TOT ,8S EVIFCLV68IT by 8OTFSIIEETT  BD 4

6d 8d La 9da sa ya ed a a S[RISUIIA
sdnoxn (% H; EU
ASTFUBQIN ‘g=u (8y/8w) snowodpl 'y jo [rem Apoq oy} JO SjuUoIUOO [eIOUIW UO JNES] AIeloIp Jo S109pHd  9°qel

B EHESELGIBEYNSMNHERY, 9%



RN KBS ARIER XS (dpostichopus japonicus) A S AR 1 1 2 i 137

32 AETHMXRSEEAKNRIE

Wit 5 Fr Rk v I R Y T, SR S A RE
HoK o SORL R A & AR AN B8 RLIG I 7 i o E TR
1K, 5 NEXEF(Litopenaeus vannamei)F )25 - —
(T FEAE, 2008). Ye ZEQ01 )T LB, ik E
AN i, AT BOA BEHLARRE A 25 8L 1 g
0 & R o A0 282 KPERE T I & S EWLIA PR K 4
i TR B AR, 2009; BAAE, 2012) AR,
Bifi 5 R R b & I R B B T, S AR ORI 4y
ETRREEE, RECREGERE, 7T YT R S
I EE KB OAB OB EIR S, SF
WWICER SR ERE, 2 B ETw, BRENE
FE K T e . DM R I e bk, AT U2 dkek
B U (Pandey et al, 2008). FEXT XS (Gallus domesticus)
MRFE R W], Fe*'. Mn®", Cu™. Zn™ %5783l
AR MR s E L((DMTD)#E T
W (IR, 2013), BT Fe® S il oAl — M B BS
B ORI (Rodriguez-Matas et al, 1998). P~ SL5:
R SR R R R IR 3 R 18.0% A1 30.4%, IX
ATREE S EW Wn R VTR 22 5 R N . 520240
o, ARSCERI SR Y oe R T Ca, Mg & 1 i 3%
FF, i Fe. Cu, Mn, Zn, Cr X 4 M EESEILE S
R EREAL, BT Z O AETE 2 Y ek 2 Sk
KI/NFFEE, 2014)0, HIL, S20X Rl 22 5 04 J5 R i
BT IREE R, BRI AR T i — 25 . A
FERETING 4 FhE SR TR A RGBS, A Cr
F1 Pb &t T REIR RN W KT, X SRR s
HI R S (G K S 5, 2011) o ASHIF 53 B 45 A9 i) 2
BE R 4 R S e IR T A OB S AR AR HERR i

T ek v e TR KA B e SRV R S 50 R S R
BEMLAR 3, (HSma L R & it . ARG P45
1) 17 PR ZE R AT 10 Fp & i kA4 T B 3481k, Horp
6 Tl Ay b5 G HE MR (Thr, Arg, Met, Phe, Lys, His), H{&
BE R IR B i 5 AR SRR N AEE AR
X S5 7EAR R (Pampus argenteus) (321 WH4E, 2012), &
KT ER (Macrobrachium rosenbergii)(FEIEIESE, 2009)
FILRERT ARG 554, 2012) AT 25 R — 2, 3R
W B ) J2 e R — o 1) R R 5L =R R AR i R
Jii(Mai et al, 2006), 22 LR AT 23 18 BUIRDRHE 715

(AR 2% o ASHIF 58 b BT AS: 9 b IR 1 5 Hofth
W52 2 Bl(Deng ef al, 2006; F¥ T4, 2012), LIAGE
R & ey, B (Pagrosomus major)(JF8 7% NI 45,
2008)PF A (Kim er al, 2000)%5 3 K 25 LA &
S g I A T R SRR N AR, X BRR L T AR
Z5, WERHTTROAFCERIESE, 2015),
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AR, BB R 1 e L ]y
29.75%, i & PSR i = AR 46.46% 1) 8
TRA AR R SIS 0 K o AR5 Tl 45 4 Fh
4R F T B Z A DA HERR i
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Effects of the Fer mented Soybean Meal as a Replacement of Algae Powder on
the Growth Performance and Body Composition of Juvenile
Sea Cucumber (Apostichopus japonicus)

LI Baoshan, ZHANG Limin, ZHANG Derui, SUN Yongzhi, WANG Shixin, WANG J iying\i\/

(Shandong Provincial Key Laboratory of Restoration for Marine Ecology, Shandong Marine Resource and
Environment Research Institute, Yantai 264006)

Abstract

In recent years, the fast development of sea cucumber (Apostichopus japonicus) farming

overwhelmed the supply of algae powder as the feed. In this study, we investigated whether fermented
soybean meal (FSBM) could be an effective replacement of algae powder. The algae powder and the
mixture of fishmeal and algae powder (2 : 15) were replaced with FSBM in this study. The growth
performance and body composition were tested in 4. japonicus with initial body weight of 17.7 g. In the
10-week feeding trial, nine isonitrogen experimental diets were formulated. D1 was the control group;
D2-D5 were algae powder-replaced groups; and D6-D9 were mixture-replaced groups. Each diet was
assigned randomly to three tanks each of which contained 30 sea cucumber juveniles. The results showed
that: As the proportion of replacement of algae powder increased, the weight gain rate (WGR) and the
specific growth rate (SGR) first increased and then decreased. D2 showed the highest WGR and SGR,
which were significantly higher than those of D4 and D5 (P<0.05). As the proportion of replacement of
the mixture increased, WGR and SGR decreased significantly (P<0.05). Replacement of algae powder
caused decrease in the crude lipid, Gly, Met, and Cys, and it increased the contents of Phe and His; while
replacement of mixture led to decrease in crude ash of the body wall and contents of Ser, Thr, Gly, Met, Lys,
and His, and it increased the contents of Arg, Pro, Phe and Cys. Replacement of powder caused decrease
in contents of Ca, Mg, Fe, Zn, Cu, Cr, Mn and Pb; Replacement of mixture led to decrease in contents of
Ca, Mg, Zn, Cu, Cr and Pb, and it increased contents of Fe and Mn. Using WGR as the indictor, SAS
REG analysis showed that the optimum proportion of replacement of algae powder with FSBM was
29.75%. NLIN analysis showed that the optimum replacement proportion of the mixture was 46.46%.
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Sea cucumber Apostichopus japonicus; Fermented soybean meal; Growth; Body

D Corresponding author: WANG Jiying, E-mail: ytwjy@126.com



