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AR BA>E A HSE R E A>KBEASTEMA, £ B S B R R 8408 50 I 1P B M Bk
B (ACP) . %% I 5% B By (AKP)Fn 4 4 4 5 (L. B8 (SOD) & 7 34 1 % 1 2 3 (P<0.05), # & 4 ACP
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K, BB F5T KA FEAMHP<0.05), 5T EAME TS HHLEENEZRP>005), HiL
B, SRS EBEEHEMEEABN AN EHREEIRENEKER, FTRE 5 HEENL, 4
FrE® R, O MERR SRR R RHE B DL Bl S B AR R R T R %

XA WEs RlB; KB B, £K; Hih; EaRlex

FESES S965 XEAARIRES A XEHRS  2095-9869(2017)05-0122-08

* 5 TSR MR 2 3 B TR H (13-4-1-65-hy) . 5 T RAE RN TR 5 H (14-9-3-3-hy) FI 5 T T RS KRR &
JR % 4101 H (2014-14-009-SW)H:[F] % Bl [This work was financially supported by the Science and Technology Program of Qingdao
(13-4-1-65-hy, 14-9-3-3-hy and 2014-14-009-SW)]. % %%, E-mail: 1099928621@qgq.com

O #WIEE . # 7, BfsH, E-mail: changging@ysfri.ac.cn

Wik H 45 2016-05-10, Wik H 15 2016-05-26



% 51 Z=

KR4 N [R5 AR R T 4) 3 22 (Apostichopus japonicus) 2E 1 . T4 4k B JE 43 55 1 4 88 1 52 i) 123

i & (Enteromorpha prolifera) & — i il K 7l 2
VrRagE(F e dE, 2007), HARZAMRE S0, F &
KFEFRE B A7 & B4 4 A (R 5 55, 2009),
BAEEARMEEE . moKAEY S m R Y
A RE B (R RAR AR, 2003; 2% 7 k5§, 2015), J&—F
WEEROL BT R, BT, T2 (Apostichopus
japonicus){fi Ji () KARH R TR . DR MR IR H
W =, A W EAE R R SRR N B 43 R i 92 A5 3
TR R 2 A T TS T A
XPWF & AT B — TR BT 7 T (BN S, 2011, AHEH
4%, 2009; e, 2014V, AHFST i A L A ED
SRR R 5 M AR I (Alkaline protease) i i 45 A
PLRFE R il kbRt 4R 5 AN [R) AY i &5 B0 Aa Rkt i
FEHXT RIS R . AR R M e 2
W TS AR & T, AR R
2 HIEDL R S B A R L T — 2 S B R IE R
IS SRR

1 #wRERE
1.1 SEIEH

ARSLES B WS F 2015 4 6 HHa), fEINARE
B SH — KRR RTG . B 0F 5 ST KRN
LU Rb S, —# 5 7E 50°C F 4L M. 80 Hiad
G, —20C MRFEE, 5 —FRAPEH S5 K
PLEF A3, SRIG-20°C FIRAF4

A5 rh R By A R R O BROTS E B R
(Saccharomyces cerevisiae, %5 & CICC1251), I H
o [ Mk A B TR R DR B G, TG AR IR SR A
JEE TS 8 i 675 2 o 76 VA e B 122 L 0 T i e A s 7 2k
(Yeast extract peptone dextrose medium, Y PD)(#X 5 3¢,
2002) 37°C . 140 r/min [H1E R IR 5 5% 18 h, fFrfd
TR TR B Sy S 0 P e T T A A

AR S50 R FH B E 2R S A A (b D AR
PR ARABR AW, 610 2.4 AUMmI,

12 ZHWEABEATEH&

1.2.1 A sadEe s KW SR - ik &
Ko B3 DKy - AARE - DISTRY - 4R R BURE} -
YRR R A 40:30:8:15:1:4:1:1 (L
e, AR 5 19.16% . KRG A 1.60%f) # =

fic & Tkt
122 FsAbes 4 &
55 P 7 e i e 5
TR TSI 8%o 1) B 1A A P il X6 S Atk A Ak iR £ 7
it A (Bt 4542k . 50°C, 2.5 hY (L T iit), 7F 90°C
N K% 15 min,
R < I FH RIS 1 TR BB R DR A T &
e (K e 451 35°C L 24 h, /K iE 80%. 4% Fh i 16%).
S S R B 1 TG A ARDRE AT e A
(8% &, 50°C, 2.5 h)f5F, 7E 90°C T K{f 15 min,
PR D TR T TRT T R T T A ) e I (R AR
35°C. 24 h, &/KiE 80%, FEFhE 16%).

NREZH . IR 1 Fayse

F 1 ERHRRERREFRAKFE( )
Tab.1 Composition and nutrient levels of
the basal experimental diets(DM)

JEE Ingredients

& Content(%)

#F & Enteromorpha prolifera powder 40.00
f1Zi#) Ulva lactuca powder 30.00
M1 Soybean meal 8.00
J# Il 1% Scallop side powder 15.00
Hi% B Glucose 1.00
D45 Shell powder 4.00
# 4 ZWOR K Vitamin premix® 1.00
) IR A Mineral premix® 1.00
A1t Total 100.00
B FE/KE Nutrient levels

HEH B Crude protein 19.16

ML Ether extract 1.60

1. BT w4 Z BURE Containing the following per
kg of vitamin premix: V, 1200000 1U, Vp 300000 1U, Vg
5000 mg, Vg, 3000 mg, Vg, 2000 mg, Vs 800 mg, Vg1, 5 Mg,
V¢ 20000 mg, Vi 33000 mg, “E#% Biotin 30 mg, ILEE
Inositol 10 000 mg, M2 Folic acid 300 mg, Z#R%5 Calcium
pantothenate 3000 mg, #HM& Nicotinic acid 3 000 mg

2. BT YEBIER A Containing the following
per kg of mineral premix: Cu 1500 mg, Se 25 mg, Fe 5000 mg,
Co 500 mg, | 150 mg, Zn 2000 mg

SEWF AL . FREL 40%IEEF 203K, TS MR
HIEC A G AR (T B i b 60%) R4
Fi Y IR A AR A 8%, pH R 9-11, &K
75%, JWEE R 50°C, SNSRI 2.5 h; i E R

1) Jiang Y. Study on the processing technology and application of fermentation feed for sea cucumber Apostichopus japonicas.
Doctoral Dissertation of Ocean university of China, 2014, 43-72 [Z%3H. #1|Z:(Apostichopus japonicas) & BRI HIET. 25 5 1 %%

R, iR AR 20718 3, 2014, 43-72)
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Je %o Bl P R BRI A T R AL B, SRR TR W K
TR P45 37 0 1) FH B A DAk EE 1Y 1690, A& TR RE I 75
KR 80%, ST IMREE R 35°C, JMATE N 24 h, K
WiRIAE 2 h BRI AT LR, SOV 25 5 —20 CARIR AR AT

13 FEIEHHES5ERE

131 HREFEHHHA SEH A2 LR E 5
Fi % 5 22 i SR RS mIR AL S 44 3 1 g Rl
WER AN, PRk b iR et | 36 Rir . Pk
4(1.9240.02) g3k H9HIZ, BlMLST R 54, Bk
3INELE, HAEKE 30k, FREZJEHA 40 L ¥k
IKFEH RS

132 HAFIHEH 8T 2015 4F 8 H 14 H
—2015 4 9 H 25 H7EH & Hm ik 2 5l & S A R v
KGR N PR, Feit 42 d. SEIe 3 Ia) A4 i K SR
30-32, WA HE H 5.6-6.0mg/L, pH K 7.5-8.0, %
SRR, KR ULE 1, &K 08:00 #iK 1/4-1/2,
09:30 ¥ ikt Sk 1 1 (UL TEIH LIRS .
2itl; 16:30 247, HREEMIRA R HEE. 1
ARG, RS A E R 3%, IR
SR EE O e 37 58 F /K8 W BE 305 I ] 8 o UL )
SEREWL, KA 7E A TR . S0 56 1
B, A 2dWE 1R BERICHKIE . FEHER R
FI SR AT % H .
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Fig.1 The variation of the water temperature
during the experiment
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14 BHmRESNE

141 HReykEL R FE S5 O o B BT
434001 Z, 14 d, 28 d. 42 d 4 2HBEHLEL 3 3k4)
1%, fada B e, IR mIE N A BT
BEATTE N B (Amylase, AMS)., 214k % il (Cellulase) I
JBEEE U (Trypsin, TRY)IE S 09ME . LRSS,
BUARRE AT FRE, T T NE BE L (Ratio of
viscera to body wall, R); i HUIAR i i FH R P il 1

(Acid phosphatase, ACP) . i £ 2T (Al kaline phosphatase,

AKP) Il S Ak ) 15 46 B (Superoxide dismutase, SOD)

TG ST AE o
142 FAFME THA 4l i 2 1 % % (Survival
rate, SR). 145 4 (Weight gain rate, WGR) . ¥5E kK
% (Specific growth rate, SGR) . frl#} Z%(Food coefficient,
FC)FIIEEE HL(R)o A 48R T AT

SR(%)=100x 2K Hl 2 L FP1 R il 2 3 58

WGR(%)=100x (£ A - ¥ 4 5 —47] b3 7 ¥ {4 &)/
LR GRS SN

SGR(%/d)=100x(In Z K F- B4R - n ¥] 46 F- 3 14
ENEN PRAE

FC=1rlpH 5 M it /1 Hi ik

R(%)=100x PN it (4] 5 15t /14 B o o

FHLEE B & 9 O R L IR o Ak (VELR,
UDK-142 Automatic Distillation Unit, & KH]); Hg
19 0 S SR A AR DA B 1 (i T Rl R )
(FOSS i i il 5 1 SOXTEC-2050, i)

FE&h ACP, AKP, SOD ., AMS i J1 Rk i,
SR FH R A A ) TR 5 iR S 5, il D
L J1387R 5 TRY I J7 30 2 f8 Erlanger 45 (1961)
s SR AR S e R 3,5- R KA R
LR Y= E A, 1978),

1.5 HBPLEBSHH

SRR SR Excel 2010 AT RS TS5 50
LR SPSS 17.0 4T HLH 7722537 (One-way ANOVA)
Al Duncan &£ & A TEETH 0T, B B KN
P<0.05. SZH4EAR P HAREDR (Meant SE) i

2 #R

2.1 AREWEBRRRX 4R S & KRR R0

% 2 T, AS[A] B 5 B ARDRE G G i 2 1) SR
WGR. SGR Fil FC A & # 5% (P<0.05) , i X 2J ]
S R A 3 (P>0.05), AU 50N H %)
20 SR & = TR 4 (P<0.05), M5 HAl 2 44
Y10 B 22 5 (P>0.05) . 7 5 41 TP 40 2 /9 WGR
8 5 T HAh 4% 41 (P<0.05) , 1Ml 52 & 41 5 & T 4H i WGR
% w5 T B % 41 (P<0.05), 55X MR4 2% R A EEH
(P>0.05), #hHZH) SGR #M A5 WGR MH—3k ., i
HAP4hfIZn FC B3R X A . KR ME A
41 (P<0.05), HHAHER AL E(P>0.05),

22 AREHBBER SRS IHLEEE NN

PP 2 W R Bl £ TRk s ] PR RS, X B
RN . EAHMERTFEH P ARZiE AMS i)
JeTt R T AR E , MR — B BT R
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F 2 AEMHERARNRSERKERNZ N
Tab.2 Effects of different E. prolifera-diets on the growth performance of A. japonicus

20 %1 Groups WG SR (%)  JFEELL R(%)  I4HEZ WGR (%) 4K % SGR (%id) ik &%k FC
%F B £H Control group 93.33+1.93% 0.52+0.01 0.75+0.09%® 1.45+0.10% 1.77+0.11°
K4 Fermented group  93.33+1.93% 0.55+0.07 0.79+0.03" 1.69+0.04° 1.65+0.08"
Wi 41 Hydrolyzed group ~ 91.11+1.11° 0.41+0.05 0.55+0.06° 1.2740.13° 2.53+0.212
% 441 Compositegroup ~ 97.78+2.22° 0.49+0.07 0.83+0.01° 1.68+0.07° 1.53+0.03"
fif HF %5 41 Fresh group 97.78+1.11° 0.51+0.01 1.17+0.09° 1.99+0.11° 1.12+0.04°

T RSV EHE R b AN R 5 s 22 57 35 (P<0.05) . R[]

Note: Values in the same column with different letter superscripts were significantly different (P<0.05). The same as below
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Fig.2 Thevariation of the intestinal AMS activity of
juvenile A. japonicus

Fresh group
1

»
S

e 2, REEATP YIS AMS I 15X R
2 TG B 35 22 57 (P>0.05), I8 3& /= T 21 (P<0.05),
H B F TR S HME A4 (P<0.05), & =ZET
I E P2 R (P>0.05), 7E55 4. 6 JH, A4l Zm
AMS & AL 55 2 JE A A — 2

P & 3 ], il 2 4000 2 W 1 2T A K S ) A
M—H TR, mEmd S s, H5m
THIGIE ME. 56 28, BEEAT RS mBEAfEER
S e, W T R 4L AT BR 41 (P<0.05), fif
55 S AN R 4G M 25 57 (P>0.05) .5 4 ],
KR 4R 2 41 de RIS b, A4l piE
LR WG ) Z MR 55 2 A 3. 5 6
A, EEATNSIE S ZHE IR, HE
Fim T HABA 4 (P<0.05), MiffF &4 . A BELHFX
R4 Z (8] JC 8 3 22 57 (P>0.05), {H1% 5 2 & T4l
(P<0.05),

M & 4 a] A, BEE BB DR ] A HERS | BRI A%
Hhh, KA PRS2 ImiE TRY 16 J1 805 i a] 5
AR, HIE 3 AWHE A 4RI mE TRY
T RN B o BB 4] > 02 4 2 S BERF & 241> 4 8
ST AL MAESS 2 8, 412 MM TRY 3 170 i
F 225 (P>0.05), 2 4 J8, KB+ AIE TRY I
1 T T 4 (P<0.05), (B @ FA% T Hifh 3 4

(P<0.05), HH 4 320 [H]#47 i 2 1 2 5+ (P>0.05).
%6, SrE 4 mE TRY 1§71 BT X A
(P<0.05), 5% & 428 JC w1 2 5 (P>0.05), {H
3 TR 4 I 2H (P<0.05)
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Fig.3 The variation of the intestinal cellulase activity
of juvenile A. japonicus
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Fig.4 The variation of the intestinal TRY activity of
juvenile A. japonicus

23 ARMUEBHEARSSDHSERERIESESERE
i 1 IS
P26 3 AT, A [R)E 2 28 el ) M %) 4 ) 2 1 s
W ACP.AKP F1 SOD i 1134 & & P25 7 (P<0.05).,
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Tab.3 Effects of different E.prolifera-diets on non-specific immune enzyme activitiesin the
coelomic fluid of juvenile A. japonicus

BRPERRIRRE AKP (4 FCH412/100 ml)

HBA L LR SOD (U/ml prot)

405 Groups R PERERREE ACP (U/100 ml)
¥} HEZH Control group 2.12+0.09°
% W2H Fermented group 2.22+0.14°
T 20 Hydrolyzed group 2.13+0.13°
55444 Composite group 2.60+0.26%
£ 40 Fresh group 2.91+0.14%

1.34+0.08" 2.60+0.16%
1.50+0.11%® 2.30+0.16™
1.22+0.15° 2.14+0.12°
1.69+0.09% 2.73+0.07%
1.79+0.08° 2.36+0.08%°

AN ACP H, BEF SN IRk, H5EA
IR EPE2E57(P>0.05), 1t T HAth 3 41(P<0.05),
BTG T de/ N TR LR AKP H, ERFE 4L
SZE U AKP I 7t 3 15 T i 2H A6 B 4 (P<0.05),
5 R We4H 0 3 PE2E 5 (P>0.05) . Ti7EA41AY SOD i,
BAMMNIE IR, B E T R4 (P<0.05),
-5 %) HE A R i 37 5 2 459 6 3 1 2% 5 (P>0.05)

3 it
31 AEWERFRIT LR S 4K MERERI I

HET, W E R S e i 2 JF e TR s
5T, F B e W &5 2loky L HEAR R ol 28 B — Tl b 2
J& A HABDR B AT 4, AR T —E AL
R0 MiAS SE 90455 000 W & e 55 vk 28 1 /K A
AXF & R A A TR AL B S , XTSI 20T R
ML

FEARWEFE Y, B A GRS K Re b B A
B s, RTREA WG 7 TE A SRR o — SR e A S ) Ao
e, B BRI BN, AN RS
FIER, B 5 T (Ara et al, 1970), {HAgE:
P A — N IR, A T2 1 B0 P BB IR
A2 /N3 R BET 7 AR R (PR A, 2009), AT R
O 35 ot i 2 AR )3 04 5 2 o T S T R R Y
T ORI, BEAR 5 /N T LB, K
PESGOR, 3 URDELE SR AN R s 4, 5 B
AABHER AR T, X5 T 22 (2010) VUK 41 15
B S K L ARAT o 12 G 4 S 4 Ktk
REOL T X AL B AL, (A5 Rk EE Z R 22 5 R
F, XA E R W JE . T
Y IIT of B A AR R, AR T R R TR R I D Y
AR AR, X 5 A8 A5(2002) 3¢ T H [ R B

FE TR AT 5% 45 S — 350 100 ERS 1 R 1A 2 R ARk e Y
BEHRYTRE A5 KA B, JFRE A e R
W, LanE LR, AR (RET15, 2002). Tk
Wy A T LA v DR B AR R R B i, KB
Wy A K At v o BT i B 1 BT B AE, 2008) 1 fif
WrEH RS A K ERe AL, T RE5 1R S BE
RA BRI FR  WEHFE LR R W 1 255 1 20 3
25, FRAHAVE R SRS, HoR AR, FEK
H B I BV R G5, /NG TS R T R A SO
B, ELBIF 9 3IE S W 5 1 R W B 59 BE & 45 KA B4R
(FERGESE, 2011); BEAb, fEHE & V6 AR R RE S A
BRI AR R Bk, fEIERI SR ETT N,

32 AREHSRARML RS ELETHHENR

2 i 3 i L BT A G VE R G | A R 2T
AEZREESE , AT I i R/INA] LR B i 2 1 3
R o VER Bl R 2 W 3 b 32 B D TR T AL
— X2 A SOE Ry S oA AR AR (R A,
2015),

AMFGE R I, 53 il ik 2L 1) V8 M0 I )R B =2 A1
B B ) (R HE A%, LA 2000 2 00 W A TS ) 28 Ak SE T
mE R, BJEBTRE, X5 R (2003) 7
X} T (Penaeus chinensis) 1 i i 58 — 8, = K 1H %
(2012) A 3t Jbask 52 1) 5 PR T e S 0 AL A Y
V18 T A R A 5 e A I T I U B N AT O e A
WEL ALk 1] () S, 38 o 22 8 4 P 43 R e fl
VE R S Wb e T AR, AR S v i) £ 2 2 A B
RS 1 AR R RE AT A MR o BRI AR AN,
b 25 20 T () 21 2 2Rl T ) — Bk TR K, A A
JE R A A W o LA 2 KAk, A R 55K
Gy iAWy I, v LA E ) 2 0 Ak S i B
LAY R M. Kao %:(1996)FF 55NNy, 274k K%

1) Wang L. Effects of micro-mixed bolus feeds on the growth of sea cucumber, Apostichopus japonicas and water quality. Master's
Thesis of Dalian University of Technology, 2010 [ T-22. it E A RE%I S A K AR BTS2 SR . K3 TR 201 R 55 A 2400

B3, 2010]
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TIAALE F B BN 23 WA 5, [l np 2232 B AR
PR (R PRSI . INIE] 4 TR LA, )
2l EWNRE AR ) SRR A RS R TRk
ANA SR X BRI 3 P ROR 2R i AL B, R
EERE AT, PRI, %A B0 2 2 v 2 Y 20
WA SE I AL B 5 A S A M EEFE A, T
PP R b 2 B RO R R E A, fe T
Tkl b B R R A i, PRI, A A R AR R
X IRALIC 2R 5 o W AL T R RO i R
R, FEKH B R B  , DRI BRI 2 B e W A £/
LI 1 Tl TG T B AT o T R PR L 1) SR BRI R A K
FRILLBIR, RSHMEERAL, SEHERA 2B
BRI S A A .

33 ARWERERXGRSEERIEFRRERE
B it 71 B 20

T2 R S b %) A A S P 0 928 I g AT D A e
HA 2 %5F i A P9 R 55 A R A R T E T . SOD &
FEPUAMIZ —, FESERRIEEA AR, ikt
Yoy T4 7 A T B VE T, 649 56 75 05 4 it
A7 W i 1 N ALK Y S Th i e 3 B B4R
(W3 7545, 1996)  ACP Fil AKP J2& 2 85 T 114 K fift i ,
TERN SR | oL SN A0 45 516 52 i A o

HAFEZENEY S L (K%, 2004; Caaravile et al,

2000; Rajalakshmi et al, 2005), A5, 4545
0F W & 41H SR 0 W h Y SOD . ACP il AKP i J1i%
i A 3 40, AT RE R T A ) R AR ) g AR TR
Gy TEFRFE KRR8I, AT DA ek 38 K 85 RIS o,
LB 77 8 s W 85 68 5 nT 215 1 3 B - (R R
4= 2003), H Gill £ (2000)WF 55 E52, KB A= Y44
F AR A () — SE AR ™ Py o] AE — o R L
SORTENR T, T SRR AR 1Y A A, SR B
HPET] o

4 #ig

AHFFEH, 43 1 5 0 1 2 AL A W 3 A
TRDEHG , 5 R 9 A KRR, 38 2 B il 1k
G J7, MEFPIE % AR TIRE . RN, %45 A
W T 66 30 5 1 S 0 2 B2 B T L TR S
R RD PRWE S TR . 4R R P R A T B AR
RS T H

2 % X M

Aria S, Yamashifa M, Kato H, et al. Applying proteolytic

enzymes on soybean. Agricultural Biologica Chemistry,
1970, 34: 729

Caaravile MP, Bebianno MJ, Blasco J, et al. The use of biomarkers
to assess the impact of pollution in coastal environments of
the Iberian peninsula: A practical approach. Science of the
Total Environment, 2000, 247(2/3): 295-311

Chen JC, Shi AJ. Malacozoan immunobiology research: A review.
Acta Hydrobiologica Sinica, 1996, 20(1): 74-78 [ %,
LR VRGO KA A4, 1996,
20(1): 74-78]

Cheng FL, Meng FR, Zhou Y, e al. Large seaweed
Enteromorpha to alkaline dye adsorption properties of
methylene blue. Chemical Industry and Engineering
Progress, 2011, 5(1): 887-891 [FiXli%, #iu ¥, Jalilif, .
R IR S 5 X ARk 0 P R ) W B R b Tk
JE&, 2011, 5(1): 887-891]

Ding LF, Ye J. The study of biotechnology in the aguatic animal
nutrition and feed applications. Fisheries Science and
Technology Information, 2008, 35(5): 229-232 [ 1 By, M
. AEWERTEAK G S E SR SIS T R AL K
PR R, 2008, 35(5): 229-232]

Erlanger BF, Kokowsky N, Cohen W. The preparation and
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Effects of Different Diets Containing Enteromorpha prolifera
on Growth, Digestion and Non-Specific Immunity of
Juvenile Sea Cucumber (Apostichopus japonicus)

LI Meng"?, LIAO Meijie', CHANG Qing*", WANG Yingeng",
LI Bin', RONG Xiaojun', GAO Lei*, FAN Ruiyong®
(1. Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Laboratory for Marine Fisheries Science and
Food Production Processes, Qingdao National Laboratory for Marine Science and Technology, Qingdao 266071;
2. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai  201306;
3. Qingdao Ruiz Seafood Development Co., Ltd, Qingdao 266400; 4. Penglai Daliuhang Veterinary Sation, Yantai  265600)

Abstract In this study, the diets for sea cucumbers (Apostichopus japonicus Selenka) were
formulated with Enteromorpha prolifera, Ulva lactuca, soybean meal, glucose, scallop side, shell powder,
vitamins premix and mineral premix, and processed in four ways using Brewer’s yeast and akaline
protease. The final products were 5 groups of experimental diets including the control group, the
fermented group, the hydrolyzed group, the composite group and the fresh-group. Each diet was randomly
given to 3 replicates of 30 sea cucumbers of which the average body weight was (1.92+0.02) g. The
results were described as follows. E. prolifera-diets had significant different effects on the survival rate
(SR), the weight gain rate (WGR), the specific growth rate (SGR) and the feed coefficient (FC) (P<0.05).
The SR in the composite group and the fresh group was higher than that in the hydrolyzed group (P<0.05),
but was not significantly different from other groups (P>0.05). The WGR in the fresh group was higher
than that in other groups (P<0.05). The FC in the fresh group was lower than in all other groups except for
the composite group. Over the feeding time, the intestinal amylase activity (AMS) showed an
increasing-decreasing-stabilized pattern in the control group, the fermented group, the composite group
and the fresh group; however, AM S had been constantly declining in the hydrolyzed group. The intestinal
cellulase activity in the hydrolyzed group tended to decrease over time, and in other groups, it was higher
than the initial values and had been fluctuating. Except for the hydrolyzed group, the trypsin activity in all
other groups showed no significant change. E. prolifera-diets also affected the activities of acid
phosphatase (ACP), akaline phosphatase (AKP) and superoxide dismutase (SOD) in the coelomic fluid to
different extents (P<0.05). ACP in the fresh group was the highest and was significantly higher than al
other groups (P<0.05) except for the composite group (P>0.05). SOD in the composite group was the
highest and was significantly higher than the hydrolyzed group and the fermented group. These results
suggested that juvenile sea cucumbers could benefit from the diets of the composite group and the fresh
group in terms of the growth performance, the intestina digestion and immunity. Our study also provided
information on solving the shortage in raw dietary materials for sea cucumbers and making good use of
E.prolifera.

Key words Enteromorpha prolifera; Sea cucumber (Apostichopus japonicus Selenka); Fermentation;
Enzymolysis, Growth; Digestion; Non-specific immune
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