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ARPRERNMEUARLETEXHRSEK,
HUREHEBNAES R R BB RN

%= #'7, % F' OmEwmE', Nk#H', gzz'?,
(1. R E K =R AR BB K =R i, IR F 5 266071 ;
2. B R EOK T S5 A A s BE, i 201306
SLINARBAEHEEHEARERAR, (LR B 264513)

IHE

WE: RALEFERR I, LR 6 HHFEEE0.5%.10% 15% 20% F1 25% ) 4 # 44 7~
MR E(L.4420.01)g R 549 d, RERFEH L L EEREREH 20% 4 F 3 7 &%
WBWHEE[THERA(DC) FE2BBEMAETRRH(DCC) ik amBiMeE TEMNE
(DCP) J 47 B8 sx A0 4 1k B (4.58 £0.23) g 4 K £ 60 d, LL#F % 48 B b i 5 7 An & DL AL
BHRAMGRSERK HUE HABEFFELRBNY N, SRhEAAREINEL,
BAEEARIS LA, 2REF: (1) HFE R H 54 £ KE(SGR) 7 # & H B
(AMS) J& {4 An 8 S Ak 4 B b B (SOD) Fn [ {47 B % # (FCR) H & #F 1F Al (P <0.05), £ &
20% E e ERM,FEREFRKATHIEAE E(ADCA) fn Ml & A it & W H X
(ADCp) (P <0.05) , xf #| Z & & & (FI) \J& & £ (SR) \f7 i B & @ 6 (PP) 7% & A0 & 14 % B B
(ACP) T B FMHZ (P >0.05), (2)3 #J7 k4 # i % # ,DCC A DCP i & xf 4% & #| &
SGR .ADCd . ADCp . 73 AMS PP SOD #1 ACP & & fn £ 1% FCR H & Z{E f| (P <0.05) , #
¥ DCC & &M ,3 M7 B ENFEGA A FIfn SR FTEREFRY M (P>0.05), &KL
BAGT U ARTHEETLLEN20% ;A EZHBRAE TERBEREZ -NEAN

HE R &
KR : FE
HESES: S 963

HilZ: (Apostichopus japonicus Selenka) , X A5
2 SRR T W% 2 1] (Echinodermata) | il 2}
(Stichopodidae) {}j ¥l = J& ( Apostichopus) , 20 i
20 80 AR IR B 2 N T8 1 H AR 1 21,
Z: 3R B S W SR, R TR E G 7 W i K IR B )
BEP e BT HA A6 D7 R € 08 3R B Ml AT )
THE VTR R . 2RI, S A DR B 58 5 A
PRI T R R 5R, BUA ] 24 3R 2 SR B A R
RIRREE R ) — A E P R, I, 2 R ) B
TF X8 ) 2 i SO A Al B 5T

W& ( Enteromorpha prolifera) , 3 J& T 4 i

W75 HH9:2014-12-07 1&[a H#:2015-01-17
FENT A : 10 AR = HOR & R 118 (2012YD15001 )
BIS1EE 5 U , E-mail ; chensq@ ysfri. ac. cn

[ 5 £K; HUFE; B, FHERFELRE

NERARERD A

I'] ( Chlorophyta ) | f7 Zi F} ( Ulvaceae) | #f & J&
( Enteromorpha) , J2&— Fj tH 5P (0 R 7 35 WF
B N T TR B 8 36 A ) 85 e ] R HG R
R A S B B IR . LIFE RN
TRE, B R T B & 98 R G R TR, SOR] A
KhE, WEERDR SR, S AR
HF 14 B T o ( Siganus canaliculatus) ™ | 3%
1. ( Larimichthys crocea) > . K328 ( Scophthalmus
maximus) " ¥ th ( Liza haematocheila) "™ F1 M fif
( Haliotis cracherodii Leach) ' 25 7K 7= 5 ¥y 1
B OFTEAE AR W B e AR A B R LR A
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¥R

BETT AT o 1R 2 DR P Y BT 2 24
TEX S A K P R BT SR S i, 6
TR 2 T 1 A B AR R S e G ) F ST L
Ao AR S 38 I A A () 5 A R A (R Ak 2R 5
T B R IS 2l 2 A K TH AR 4
Sk S 9 R W B R A R 2 DR R Y 0 R
ARk U BT BRI B
2 B A RO R SRS %

1 MRSk

SEIG B
RS0 B AR BS I SR R A
WrE TRl B R AR ) LRI R A R
) 5 FADRH IR AF 4 R B R IR R W B R AR A ) T
FEA R T L6 7109 20 000 U/ g fapl 4% 35 H AR
PR B AEE (D) AR AR A A,
M 2.4 AU/mL,
1.2 Ef@Es

S DAY RS TR B0 A R
Ol OORT L 2 AR FR TR RL R 5T IR R R TR
L BEHRL R E B 20.25% KLIR I A 0.95% 11y
PR FERRRH (R 1) .
1.3 L& it 5@ eEE Hl

WF 7 4 5200 R FH B IR BB B K OT SR I ik
i, 0.5% (10% 15% 20% F1 25% Wi &
(T H %, dry crushing, DC) 5 X A& il 47 £ v Ay
T4 R R R A (3 2) .

1.1

®1 BEMEABARKRERKF(THREM)

Tab.1 Composition and nutrient levels of the

basal diet( DM basis) %

i H ingredients £ & contents
SR K Sargassum meal 20.00
W7k kelp meal 30. 00
Wi e HE ) degummed kelp meal 34.00
gt} yeast 8.00
fa §y fish meal 3.00
K] soybean meal 3.00
e A= ZWIR K vitamin premix’ 1.00
") 5 R % mineral premix? 1.00

# 727K nutrient levels®

ML H B CP 20.25
MG EE 0.95
M4 CF 18.09
JR 4y ash 40.23

TE L g RBUR A 4 T s e $2 Ak B 3R 150 mg, $hR 0t
% 200 mg, JLEE 600 mg, £h FR i ik & 100 mg, VB, 0.03 mg,
VK; 50 mg,iZ 25 150 mg, J¢ 7 iz 600 mg, M- 15 mg, 4 ¥ R
1.20 mg, i AL ¥ 35 mg, VD5 12 mg, VE 120 mg, Z, % Fk s ik
150 mg;2. 7 ¥ JFIUR Ay 4 T se i BHE fIE . KT 0. 8 mg, CoCl, -
6H,0(1% )35 mg, CuSO, - 5H,0 100 mg, FeSO, - 7H,0 450
mg,MnSO, - H,O0 60 mg,ZnSO, - H,0 250 mg,MgSO, - 7H,0
4 000 mg,Na,SeO; (1% )5 mg;3. SLi{H

Notes: 1. Vitamin premix provided the following per kg of diet:
riboflavin 150 mg, pyridoxine hydrochloride 200 mg,inositol 600 mg,
thiamin 100 mg,VB,,0.03 mg, VK, 50 mg,calcium pantothenate 150
mg, niacin acid 600 mg, folic acid 15 mg, biotin 1.20 mg, retinol
acetate 35 mg,VD; 12 mg, VE 120 mg,ethoxyqui 150 mg;2. Mineral
premix provided the following per kg of diet: KI 0.8 mg, CoCl, -
6H,0(1% )35 mg,CuSO, - 5H,0 100 mg,FeSO, - 7H,0 450 mg,
MnSO, - H,0 60 mg,ZnSO, - H,0 250 mg,MgSO, - 7H,0 4 000
mg,Na, SeO, (1% )5 mg;3. Measured values

x2 HESETWIRIT
Tab.2 Experimental design of contents of E. prolifera %
Al W2 o S
A HEET(DC) Db i PI' HLE 1105 - iJ;kHEHE numena:ﬁf:; WA
groups E. prolifera(DC)  Sargassum meal kelp meal -

CP EE CF ash

D1 0 20.00 30.00 50.00 20.25 0.95 18.09 40.23
D2 5.00 15.00 30.00 50.00 20.18 0.95 17.94 39.31
D3 10.00 15.00 25.00 50.00 20. 05 0.95 17.67 38.39
D4 15.00 10.00 25.00 50.00 19.93 0.95 17.50 37.47
D5 20.00 10.00 20.00 50.00 19. 60 0.95 17.25 36.56
D6 25.00 5.00 20.00 50.00 19.45 0.95 17.09 35.64

T 1. PE g Sl G Ak v B 2 9 VAR M S0 A 12, o8 25 S S AL AR R 50 % 52, SEIE; T [+

Notes:1. PI is the basis diet without Sargassum meal and kelp meal, and it is half of experimental diets;2. Measured values; The same as

the following

AR 7 3 L R S R A 4 R, 3 R 5 i Ab
SZIiD R =N v I IS DOl N 8% g A
F20% & 0 3 Bl 7 ik Ak BR[O R R BE
(DC) , 2F 4k 3 iy i fi% ) T 4% #3 #F (dry crushing

after cellulase treatment, DCC) 1 %E [ B§ i % |5
T8 ) # (dry crushing after protease treatment,

DCP) #5417 R w38 23 5 F2 e A5y 96 i
(%£3),
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F£3 3MAELENUELR G
Tab.3 Experimental design of three

treatments of E. prolifera %
2 %, 45 groups
content A B C D
W& (DC) E. prolifera(DC) 0 20. 00 0 0
W2 (DCC) E. prolifera( DCC) 0 0 20.00 0
W2 (DCP) E. prolifera( DCP) 0 0 0 20.00

LKy Sargassum meal 20.00 10.00 10.00 10.00
W7 kY kelp meal 30.0020.00 20.00 20.00
PI 50.00 50.00 50.00 50.00

%K SF nutrient levels'

HLEH BT CP 20.2519.60 19.64 19.58
HLAE W EE 0.95 0.96 0.96 0.97
HLEF4E CF 18.1217.28 15.23 16.78
JK4Y ash 40.2336.56 36.56 36.54

JT A R OB R RO BE /N T 150 um, #¢ i
Ji B RA TN, /N B LR A 2420, 0k oK 1)
Bl 3B S & A 0.5% Cr,O 4578 77 1 1 R}
TSR, -20 CRASH.

1.4 HELEAKX

WF & @K EN , ZERER o File i, £ 5 2%
BRK 4, BF G W & &K & 70% , 88 )5 43 5l i
A7 TR 04 2T 28 2R T T ik S5 1 1 B 4 R 2 1 il
il it S5 g Ry R AL B ELAR AR B O SRR

T 0y 4 85 B WF £ ,80 € ,36 h
BET )5, B SORLAE /N T 150 pm () T8, -20 C
RAF .

o o & Bl Bl AR S TR AR Z UK @
VR B S R A R B S T
0.20% WS INEF 4E R B, 5050 B P8 )5 ,40 CF il
b2 h, 80 C,36 h T /5, By ki 2/ F 150
pm (T8, -20 CRAEEH .

KGR TR A Z WK HE B
SECUE B SC R BT SS E R B RS T R
0.33% NN H g, 7 k)G ,55 CF , il ib
2 h, 80 C,36 h JtT )5, By i ki 42 /N F 150
pm (T8, -20 CLRAE%& .

1.5 AFEE

T FH S50 0 1L R R G VR B AR AT R 2 ) )
Z 500 G- A N AT o

W& &S IR 49 do ZEH 630 KF-1H)
IR (1. 44 £0.01) g WY& 2, BEAL 43 1 6
W BH3IANELE, BNEKR 35 K, HFHET 150 L
B SORL KA v RS OCE 1 AN IRME L B A

10 4> 3 80t S5 59 K RIS &0 WL L, R AR
30.5~31.5, %47 S meg/L Ll I ,pH K 7.8 ~
8.1,iELERAA

23 -
21 P
19 L 000“00’0’
17 - %o
.
{g I .‘...’00000
1 B *e%0040
9L ‘.000"".

71 .

K 1 C
water temperature

5 . . . \ . \ f
10-14 10-21 10-28 11-04 11-11 11-18 11-25 12-02
H 39

dates
Bl HERIEXKRKEBEBERL
Fig.1 Water temperature variation during test of

contents of E. prolifera

3 Fh 5w Ak PR SL B R 3R 60 d. BRI 420
Sk V- H 00 dh R o i (4. 58 £0.23) g I 4RI 2, B
L4 4, B3 AN EE, B ERE 35 L, %
Sk A B UL B 2, JEAb A IR L

21

.
E %2 ¢ ‘0"..' o .’» 0":‘
<
O g 15 ’“‘,‘ “00‘0 . 0. *
@ g 13 o ‘0’“’
2 =11 %0 ®
T E ogpete™
<
z 7
5 1 1 1 1 Il ]
03-14 03-24 04-03 04-13 04-23 05-03 05-13
H3H
dates

B2 3#MAEREHNRELRKEBR
Fig.2 Water temperature variation during test of

three treatments of E. prolifera

FER 14:00 sk — K KN 1/2 ~2/3, 4
AJE M 1R, Gk YRR R 12 6 (R & K &
67% ,iF 80 H i , 55 5 H bh 22 4 A 77 {8 g e
BRI S il B2 106) o T RHw) e 45 M it Dk ) 2
PRI 3% R 5 R 4 B UL % 21 1) o) 2 5 2
HEAEAG B0, B i ] 8 50 W =, O 3 K0 2 K iR
S pH FIFR A 0 R B R FISE T AE I .

TH 1 52 56 5 5 7, B 4% MR B A U v U2
AN TR B R A AR ZE A, DL SO T
Ak Sz 56 ) ) AK R R 15 ~ 19 T Ab, S8 A il 2 .
O3 2 i SR I R A S R S — B
1.6 #HmEESLE

ok E ST IR 5 25 AR B X A% 4 2
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PEAT IS PR, AR ik S g R

SEURAE A, & SR A BEPLE I S Sk 2, B
HmBE R TFRAE T, R )G -80 TR vk 4
PRAF T8 A T AR 5 322 T8 0 14 0 2

TH A 2 30 FEAT U 6 < R P L W o AT 46 0 5 58
AN, 9 REAE 1A (35 k) M= B
LRI IR S d, B 97 45 R WO 68, i 2
Wtk 4 dE A —PEE UL MEE . HiIL
B AL 55 CTHET, -20 CHRAFLIAIE .

A 4L 32 ) 2 iy T8 R 0 A A
— 80 CykH T I 2 3, UK R R BRI TR,
fedht 1(g):9(mL) A HEIKE, KB %K. 2
WHT 4 THE.L 20 min (2 500 r/min) , |3 K
CHESW ) F 4 CLAAEH (24 h o T5E) o
Tit AR A 11 R SR P P et A ) AR A PR W
I i a0 (Sl k) T E
1.7 ZWMZEIEHR

A KAERR TR AT

5 5 4 K &K (specific growth rate, SGR, % /d)
=100 x [In R & KT (g) - In %) 4 4 i &
(g) 1/FRE(d) .

17 #} & %4 (feed conversion ratio, FCR) = #t &
() /[ AW (g) - WinikpiE(g) ],

B & (feed intake, FI,% ) =100 x & &
(2)/1HFFRE(d) x [ BZARTR(g) + WG A
i (g) 1721,

JI 1% # (survival rate, SR, % ) =100 x 2K #i
Z 3B IR 2k

HAEIEIR T AKX T

T 9 i 2= W IH kb K (apparent digestibility
coefficient of dry matter, ADCd, % ) =100 x [ 1 -
WK CnO, & Bk (%)/% f h Cro, &
(%) ]

ML 11 5t 4 WL 7K 1k 3 (apparent digestibility
coefficient of crude protein, ADCp,% ) = 100 x
{1 = [ Cr,0, & (% ) x ZFEH M E R
(%) ]/ [ F&fEirp Cr,0, & i (% ) x fapkl Al
HABREE(%) ]

3 B 7 AL AW T W BT RO AR R WL
R AT

F=B+(A-B)/fx100
A, A S S 4 R T ) BT BOHL A B R WL AL

F (% ) 3B g %of B T o sOML AR 1 R LA
3 (% ) s F 2 3 Bl 5 vk Ak B WF & T ) o 0RL
HEHRWIEAE (% ) s f N 3 Fhy kL B &
T4 o ESORE B o S e 4 DR ) B EORLEE B
(%) .

it 7% 5 b 5 i 2 i 3 v E A T (amylase,
AMS) | H 3 H B (pepsin, PP) | 8 % 1k ¥y 15 1k 1l
('superoxide dismutase, SOD ) F1Ji& : ik i i ( acid
phosphatase , ACP) Jif 1% 4 i i ¢ i i A ) TR AT
FR 2% B AH G 3R] & 0 7, WS L LS 3R .
1.7 H\EHIT 59

SR s HISF B + AR ifE 22 (mean = SD) %
7%, J Excel 2010 &b ¥ 43 #7 45 4 1 /F €], SPSS
17.04¢ it Bk 4 o 47 5 ] 5 J7 22 0 B ( One-way
ANOVA), #H2ZRE# (P <0.05), 747 Duncan
[RZ & R,

2 %

2.1 HEXMHRSERKERNZIT

GRS SRR A X AR A WrE
FEXIYHZ SGR A B H M (P <0.05) . DS
41701 D4 41 SGR .3 i T D1 41 (P <0.05) , At
FH5 DI HERARFE(P>0.05), D5 4 FCR
AR B ol 45 21 22 S A B35 (P >0.05) , HAl
FHZEILE FEEZSF (P >0.05), #F&E &R
42 FL A SR TR FMN (P >0.05) (£ 4).

Fd4 MEREXNHRSEKERNEN
Tab.4 Effects of contents of E. prolifera on
growth performance of juvenile A. japonicas

FiE R/

415 (%/d) TR AR BER/ % EER %

groups SGR FCR FI SR

D1 1.55+£0.09% 2.47 +£0.12 5.17 £0.23 94.29 +2.86

D2 1.61 £0.05® 2.43+0.08 5.23+0.14 95.24 +2.18

D3 1.65+0.02® 2.41+0.01 5.35+0.12 97.14 £2.86

D4 1.69 £0.05% 2.38+0.09 5.39+0.15 95.24 +3.30

D5 1.79 £0.06° 2.23+0.09 5.47 £0.20 96.19 +4.36

D6 1.65+0.09® 2.42+0.08 5.16+0.18 97.14 £2.86
< IR BCHR AT G 5 R S MR R 2 R (P >
0.05) , [l 4 #7525 2 % (P <0.05) . TR

Notes;In the same column, values with no letter or the same letter

superscripts mean no significant difference ( P > 0. 05 ) , while with
different letter superscripts mean significant difference (P <0.05).

The same as the following

3 b gy ik AL T Al i xR A A KA 0 B R
3 By b B WE 25 %E Il 2 SGR il FCR i
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BEMZMW(P<0.05), C4lM) SGR f i, HIK
SrAE D4 B AM A, CHASHAMFAER
BEP<0.05),D4 B AHEREE
(P<0.05)(#%5), C411y FCR &AL, 5 B 41 f1
DHAEFARE SAHEREF(P<0.05),A
HAEBAMDALEENEZEZR(P>0.05), 3 F
J5 AR B M 2 FT A SR TG S 2 1 5% i)
(P>0.05),

5 IMAELEBENUENDRSEREENEMR

Tab.5 Effects of three treatments of E. prolifera on

growth performance of juvenile A. japonicas

R KR
41 &HT; /{d‘f RS EER/% R/ %
groups SOGR FCR FI SR

A 1.60 £0.04* 2.44 £0.22° 5.02+0.23 94.26 +2.86
B 1.76 £0.11™ 2.18 +0.24™ 5.02 +0.08 97.14 +2.86
C 2.13£0.06° 1.91 £0.03* 5.12+0.08 96.19 +4.36
D 1.88+0.01" 2.08 £0.01™ 5.23 £0.15 96.19 +4.36

2.2 HEXEBRIELENZ MW

R SUREE o SR RIS DA W&
W S B I, kL ADCd Al ADCp i 35
FREH (P <0.05), DI 41 ADCd fl ADCp #%
iR, W3 R T D4 4 D5 ZHF1 D6 4H (P <0.05),
HHAMAHZRARFE(P>0.05)(%6).

F6 MESEXFEAH ADCA 71 ADCp Ky F I
Tab.6 Effects of contents of E. prolifera on

ADCd and ADCp in diets %
215 T4 9 2 WL Ak % LR 71 57 3 UL Ak %
groups ADCd ADCp
DI 43.00 0. 63¢ 50.45 +0.71°
D2 42.41 £0.49% 49.84 £0.25"
D3 41.96 0. 15 49.79 £0.97"
D4 41.33 +1.11% 48.46 £1.05"
D5 40.74 £0.56™ 48.33 £0.68"
D6 40.42 +0.78" 48.21 +0.87°

3 AP kA TGS A AL R
") 3 By v Ak A WE 6 AR B ADCd
ADCp 45 53 2 P 0 (P <0.05) ., B 4] ADCd
I, A . CHMDHABESGT B Y (P<
0.05) A5 DHZMZERARE(P>0.05),
A CHZRERRE(P<0.05),C45D
HZM LR EE2ZR(P>0.05)(FK7), B4
ADCp A%, B A8 T IH A& 4 (P <0.05) , HAth
FHZ M TR FEEZER(P>0.05),

F7T 3MAELEHEEHEAR A
ADCd #1 ADCp B &
Tab.7 Effects of three treatments of E. prolifera on

ADCd and ADCp in diets %
2151 R /e SRR A E PR R
groups ADCd ADCp
A 42.64 +0.61° 50.21 £0.68°
B 40.74 £0. 46" 48.70 £1.02°
C 44.59 £0.68° 50.15 £0.62°
D 43.51 £0.77" 50.45 +0.67°

g 2%t 3 Ry ik b B & ) ADCA
ADCp ff B F 2257 (P <0.05) . T B #EIF S
ADCd A%, 4 33. 13% , B A T Hofls 2 F )y i
SEFRAWEE (P <0.05) , HAth 2 FJy ik b 70
BZE LW EFEEZF(P>0.05) (K 3), THH
WEWFE ADCp A%, i 32.48% , i E A% T Hifth 2
PO iR B (P <0.05) , HiAth 2 Fh J5 5 AL
MW EZR2ZRARE(P>0.05),

70 oF#5E.DM

co | BRIEFACP b B
< 50l b
S8 2 a
L3t
Ebs
® 201

10}

0 " "

DC DCC DCP
W& 3R A3 5 vk

three treatments of E.prolifera

B3 HRSWIMATELERENTYRM
HEARKXWHMLE
i) (B T8 b AN ) = B e 7R 22 53 .35 (P < 0.05)

Fig.3 The apparent digestibility coefficient of
three treatments of E. prolifera on ADCd and
ADCp of juvenlie A. japonicas
In the same column, values with different letter superscripts mean

significant difference( P <0.05)

2.3 HEXNDRSHIEELENIIT

WG A AT S R A i H AL B 6 R i
LA RN S AMS IE A 5 0 B
(P<0.05), D5 4171 D6 41 5 H A4 A A B
PE#ESF (P <0.05),D5 41l D6 42027 A8
#%,D1.D2.D3 fi D4 A2z ML EHE2ES. M
BWrE SR, PP IS B B
BEHFP>0.05)(%k8),
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®8 NEREXLHRESHIE AMS 1 PP 113401
Tab.8 Effects of contents of E. prolifera on AMS and
PP of juvenile A. japonicas U/mg prot

20 5 TE A il EEAS)

groups AMS PP

DI 1.12 £0.04" 1.52+£0.28
D2 1.11 £0.01° 1.53 0. 14
D3 1.07 £0.04" 1.6220.52
D4 1.10 £0.04" 1.69 +0.08
D5 1.20 +0.02° 1.97 £0.20
D6 1.20 +0.04° 1.99 +0.62

3 b oy ok AL R 6G 3k B At R A R 8 K AL B 04
w3 RO B S X4 2 i AMS
M PP G A W EMEMFN (P <0.05), CH4
AMS itk m, & ®m T A UM B AH(P <
0.05),DZHHK, BE®H T AHMBAH(P<
0.05), AH{MBHZHM LR EMEER (P>
0.05),CHMDHAZMERARE(P>0.05),
D 41 PP i M fi i, kg2 C 41 B 41 f1 A 41, 4%
HZBZERBFHF(P<0.05)(%£9),

9 IMAELBHHEN RS HE

AMS #1 PP By %
Tab.9 Effects of three treatments of E. prolifera on AMS

and PP of juvenile A. japonicas U/mg prot
253 TE K il HE H
groups AMS PP
A 1.10 £0.03* 1.56 £0.09"
B 1.25 +0.02° 1.96 +0.20°
(¢ 1.70 £0.20° 2.45+0.15°¢
D 1.59+£0.07° 2.80 +0.13¢

2.4 HEXMNHRSHEFEFRERRHNZMN
B A B AT YR A AR R R R R
WE SRS 8 SOD 1% A B #

M (P <0.05), D5 41 SOD i& P i, W&

T HAbA 4 (P <0.05),D2 D3 D4 il D6 41 2 [A]

TWFEMEZES(P>0.05),5 DI AL 257+ B3

(P<0.05), W& & @il 2l7iE ACP G E T

BEMFE (P >0.05)(%£10),

3 A AL TG E S AT A A A R S
LR A 3 By vk Ak B WE R 4R 2 i 1B
SOD Fl ACP iHtEfA W E WM (P <0.05), A
21 SOD i PE Ak, W E M T H A & 4 (P <
0.05) , HxZECH, BEHEMT BAMDUH(P <
0.05),BAHAMDHAZH LR EMZER (P>

0.05), C4 ACP 1% M:fm, B3 i T HAh 45 41
(P<0.05), HihFEHZHERFAEE (P>
0.05) (% 11),

F10 HFESEX4RZSHiE SOD 1 ACP &I

Tab.10 Effects of contents of E. prolifera on
SOD and ACP of juvenile A. japonicas

13 B A A B AL T/ TR 1 B TR T/
ZH 7
(U/mg prot) (U/g prot)
groups
SOD ACP
D1 33.20 +1.82° 58.49 +4.73
D2 42.52 +1.20° 54.35 +4.05
D3 40.86 +1.02° 56.13 +2.77
D4 42.81 £1.92° 53.78 +4.04
D5 49.81 £3.59°¢ 53.68 +5.78
D6 43.07 £3.21° 52.35 +3.95

11 3MAERENUENSRSHE
SOD 71 ACP M
Tab.11 Effects of three treatments of E. prolifera on
SOD and ACP of juvenile A. japonicas

1 B B AL R/ i P W R it/
A (U/mg prot) (U/g prot)
groups
SOD ACP
A 34.87 £1.27° 55.16 £3.76°
B 50.48 £3.21° 55.34 +5.10°
C 39.99 +2.50° 72.03 £6.28"°
D 47.39 +1.78¢ 57.94 +2.80°
3 e
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Effects of dosage and treatments of Enteromorpha prolifera on growth
digestibility , digestive enzymes and non-specific immunity enzymes of
juvenile sea cucumber ( Apostichopus japonicus Selenka)

QIN Bo'?, CHANG Qing', CHEN Siqing'“, LIU Changlin', LV Yunyun'?, WANG Zhijun’
(1. Yellow Sea Fisheries Institute ,Chinese Academy of Fishery Sciences,Qingdao 266071 ,China;
2. College of Fishery and Life ,Shanghai Ocean University ,Shanghai 201306, China ;
3. Shandong Kehe Marine High-Technology Lid,Weihai 264513, China)

Abstract: The experiment was conducted to investigate the effects of dosage and treatments of
Enteromorpha prolifera on growth, digestibility, digestive enzymes and non-specific immunity enzymes of
juvenile sea cucumber ( Apostichopus japonicus Selenka). Juvenile sea cucumbers with the initial weight of
(1.44 £0.01) g were fed with 6 practical diets according to a single factor design:a basal diet contained O,
5% ,10% ,15% ,20% and 25% E. prolifera for 49 days firstly, and then juvenile sea cucumber with the
initial weight of (4.58 £0.23) g were fed with 3 practical diets according to a single factor design:the diet
contained 20% three treatments| dry crushing (DC) , dry crushing after cellulase treatment( DCC) and dry
crushing after protease treatment( DCP) ] disposal ( Wrong word ) of E. proliferat for 60 days. There were 3
replicates per group with 35 sea cucumbers. The experiment results showed as follows: 1) E. prolifera had
significant influence on enhancing specific growth rate ( SGR ), the amylase ( AMS ) and the superoxide
dismutase ( SOD ) in gut of sea cucumber and reducing feed conversion ratio( FCR) (P <0.05) ,and 20% E.
prolifera were the best. The apparent digestibility coefficient of dry matter( ADCd) and apparent digestibility
coefficient of crude protein ( ADCp ) of diets were significantly declined with the increasing level of E.
prolifera( P <0.05). The different contents of E. prolifera had no significance on feed intake ( FI) , survival
rate (SR ) ,the pepsin( PP ) and acid phosphatase ( ACP) in gut of sea cucumber( P >0.05).2) E. prolifera
with DCC and DCP had significant influence on enhancing SGR,ADCd, ADCp, AMS,PP,SOD and ACP in
gut of sea cucumber and reducing FCR of sea cucumbers( P <0.05) ,and E. prolifera with DCC were the
best. Three treatment of E. prolifera had no significant influence on FI and SR (P > 0. 05). Under the
conditions of this experiment, the optimal content of E. prolifera in the diets of juvenile sea cucumber is
20% . And E. prolifera with drying crush after cellulase treatment is an ideal way to deal with E. prolifera.
Key words: Enteromorpha prolifera; sea cucumber ( Apostichopus japonicus Selenka ); growth;
digestibility ; digestive enzymes; non-specific immunity enzyme
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