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Fom: oar%E’ ok Kk
(1. KIEBPERS KiE 1160235 2. Rl FBHF O W] 2k & R 5 S0 i st EUK =R b
WK HR 2660715 3. INRZFEARZBASARAR A 265600;
4. T EAYRHEARAT HE 266400)

WE URNSNEEER, MEF BEAKEAamam, BNl SEFHAEHAREH
BAAFNIEAR, BT 42d WHRFEEE, R T EEM RS 8 4)F IR r 20% & 41 i 4 K A 7 #
FAREEA R CRE AR X B A, B RS TROFS 4D, A SH A ESH A 4), #FEH(F
EHH) 3 HENEAREEANERAANSEEREKNE N, ERE T, AWAkE @, i
WA B4R R R RR 33.42%, AAnEE TR, MASFHA . FEGNEAREAENEE
ZRAEEP>005); A Kk wE, YEHANHEZ Mg ELEKER I RE, 25 %3
(41.50£1.39)%71(0.82+0.02)%/d, B E & T HM 4 NLh4; AHFFEERFE, MEASFHA AR FE
HUMEEREER T aA MM ARt B, A, PEGAFFERT, 145 (94.03+£2.28)%:;
EHNEEERTE, HEA., MAEAST AT LG AN ENEEESFAES 10, 20, 30 KiKLF|
el , UE1E 45 A(1.7040.05) . (1.60+£0.04). (1.77+0.04) U/mg prot; s 4a Kt B 41 0 2 1 B 3% 1k
Wk, HIEMAS 10 Kk F 4 K (1.78+0.09) U/mg prot; 28 & 41, i 4a bk %t B 41 i & 41 1Y
HAeZmEEHENRATERERNESE, EZLANNTEHAN T EZTHBERRANFE L,
T ESHFAR SN ALERBEERAHETEE EAW#ESE, FIKME K(0.14£0.01) pg/g-min;
M AR GE T T, R MR R B AW B R R L B B B E B n(P<0.05), HEAMALAERE
EBFHIn(P<0.05), FEHUAfESHANARSmE AL EM TR, EhairilEg, FR
RO, B A0 A BT FIAE B R AR T B R R R R, R E SR A A B B
REBNERERNSHRER, HRERGHNESNMEN BB E IR EE, AR EXHSEKEY
A RE,
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FRAKEAT: AL AR 3 A 7] £5 A it X 758 32 T 190 4 41 2> (Apostichopus japonicus)F# 5 A= K Y5 R 103

PR SR A S SR T o e, R PO A IR AR R
LRI DR BB AR, HFE FARPREE RN T8 AT
90 B BE K PR IR AR 9 A 7 T (L BN BE, 20135 XIS,
2004 PFE FRFE AN T4 IR 94 PR RE A O 15 48 ) o
SR, OB AR SRR O B, A7 7R BUR AR A Bk
TrI AR, KRB v %5 38 18 IV A Jeg S > S PAT 8 T K A2 4
ol 77 B ik A P A3 MR ) R R SR B R G ) A A SR
FEIXIRA AR R, TR TS Y MK i w8 TR AR,
2003), A LA iZ A SR E 7 i — 28 R R
P, AR T 2 IRAP IR Fr AR S B 02 B
T RO 5 i PR P R A

ABESE LLRAT RAERGPE A A= )R A, 3R T
TE B AR X R A0 2 37 R R P il R PR DR, JRAE
IR AR INE A | AR R 2 B S TN
FRXT PO AR I B S R AR B2 IR, LU o AR AR
AR Z IR T2, D80 IR 15 SR A 57 58 00 =
o 5 g A BT 1 05 T R AR

1 M5
1.1 ##

SE G 60 T I AR A4S T I TR M T 41 5 Vi SR A
X3 (116°39'N, 39°93'E). F7FH J7 = Ay ik ifg 78 X I 4
Fih, MFEHAG S 3 mx3 mx2 m, R HECH 20,
S FH I 2 3 A2 T B A 5 98 A AR 1 1 10 2
SRR 4(20.045.0) g5k, SPIIAK R (12.043.0) cm.

S5 FL AR BB YRR R A
AR RIS LA R, R R . TR R
o RS Ry - A ARy R EERMD ok B DL
o HEJE=20:20:10:10:10:10: 20,

AW A E BB AR A BRAE],
A P BRI 2R

PRSI A 7 5 P s 25 A7 FRA ]
FERMA - AR ZF /AT (Bacillus subtilis) | BE 2
1 ¥ 1 (Bacillus cereus) 1 = 45 % 4 #T I (Bacillus

atrophaeus),

rh B 24 SR DU Sl AT ) 24 M A R 2 A2 7
FISPUR RIEREE T Ry, FE AR FOE, K
B B RIERSE,

FERIE IR AR R 4 mm FLAR I TCLE R LG %k
A% 2000 mmx600 mm Y F, 373 i F 48 48 29 3 ik
R, R U [ E — 200 g (Y5 ERTE K SR 4 P
NS

1.2 Fik
1.2.1 AHH & FR R TRl Ak v 25 2H B R AN T

FLHIVET 8 Fhialkl, A FPiDEHAC b 2% 1. TAlAk il R
R 1 PR R TR A5, i 100 H W
i MA 15.6 kg WKBEFEEMR, H5REKAERS
K5 L B A FEPR AR MR b, It 5 4R R A Bz A Y
Farh, UEATEEMESINR
1.2.2 it AR 2% . (Scatter ratio, SCR,
%) 5E LA PRSI 20% 4= 9 1 A G P ) sk
(Adhesive feed, AF) A ¥ N A 9 Ie Y 3 38 1) )
(Control feed, CF), ARH&mpE}L i &8 A m WA A,
FFSLIR2H 53R 8 AN A A S ARG PR Sl DR 2
(AF-b) ., WFE R PERRLZH (AF-en) | fH02E 25 00350 R e 1)
B (AF-mi) FH B 25 R PGB (AF-h), DL 5 4
VI i FE IR L (CF-b) . WF &5 A &4 (CF-en) | T2E
A TR 5 L 2H (CF-mi) F1 vh B 24 4] 8HH (CF-h), 45 2017
RS 1o 78 2500 A B 2 1 b 1 25 A
HRE A R R AR R 2 RS, ik 3 AN
17, i1 120 h J5 7154 P AR5 A TR R
PR B CF-b(%s H4l) . AF-bCRiPEGRDE X
W) . AF-en(HF & 4H) . AF-mi(f 4= 245 #1710 21) A
AF-h(TP 254 5 TR LS, A 3 AT
SCEGILBEE 15 AMAE, ALK RS IR A, A
MR CFE 15 kg, BOEH 720 3k,
123 FREAEHE SCEGEFE) A 2014 4E 5 H 3 H-6
A 13 H, 42 d. L, Ky 17-22°C,

x1 JBLWARMBNAS

Tab.1 Diet composition of the 8 feed groups
. Al PR R BB 20 Adhesive feed W3 A B4 Control feed
2[1 43 Ingredients - 4
AF-b AF-en AF-mi AF-h CF-b CF-en CF-mi CF-h
FLrffERl  Traditional feed(%) 80 60 78 76 100 80 98 96
#& Enteromorpha(%) - 20 _ _ _ 20 _ _
WA 2SI Microecologics(%) - - _ _ _ _
24 Chinese herbal medicine(%) - - - 4 - — - 4

Y Adhesive(%) 20 20

20 20 - - - -
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2 )R 36 %

FEN 3042, AN 5.0 mg/L VUL, pH N 7.6-8.1,
BN 30-50 cm,

SAFEM Tk, B 10 dEIRIAR 1Ok, R A I
T3k A B R HE A A O30 B B 3 2R P R 2=
1.2.4  #kFeym i AR UR PR DR ) 5 IR 2
FRELICA mo, TRIKA TIEIIE TG fH R4 PR E il
R mg, ERR VSR BB S 1 25 AR 120 h T
PRIEFREIC N meo THRBURRARXIT

SCR(%) = (M, — M)/(My — Mp)x100%

1.2.5 3% F(Weight gain rate, WGR, %)F=4 & £ ¥k
& (Specific growth rate, SGR, %/d)#4 | 3 3 HIAE
SEER T AR FNZE A, B A AL 50 Sk
Z, HEBEMARSFQOIDM L, M HAE, 7
1EA Wo AT W, T8 5255 T 4 A 45 o i o) 24 3
TREE 25128 wo = Wo/50, Fll wi=W/50, Ftit5a8 &
TR EERR, AT

WGR = (W — Wo)/Wox100%;

SGR = (Inwy — InW,)/tx100%;

Ao, NIRRT
1.2.6 %% % (Survival rate, SR, %)# Mz 433
TESCITF LR PN SL IR 45 sRA, AR 25 AR P R 2 R
S3E R WW, BT WWe, BT A, SCIS T IR I 45
RS S AR No= WW,o/wi FI152 56 45 o sf 44 00 4
FIZAEECH No= WWr/we, T4 S50 20 1 2 1 A7
WA, HEARI A SR=Ny(Ny — 25)x100%, A7
FH W 1 0 A B 5 il e 1 25 Sk EE .

1.2.7 M B E s AESCREINE LA 10d
A S5 A B AL S Sk 2, SRS g
L, FK B K E BRI TE 9 &, SO
T i 18 Ve Ryl | A RN ZT AR R TS ML TE R
FiE G M . AR B P 2T 4 S I L SRR R TR
VR 1% I 1208 P e T A AR W TR IE 5 T 145
&, W 7k B A A XS R a3

1.2.8 RIAMEALEMIE  SISEHE, 5TH
1.2.7 RIS AT ZH 4L, H Davidson’s AFA [&EE
W E 24 h, JaEA 70%LBE M2 36 h, 2K, 7
W fI R YIH R AT HE e, ffi ] Nikon 23 H) 1Y
Eclipse E800 Olympus i {5 W %¢, H] Nikon DS-Fil
1% 3 454 Nikon NIS-Elements FIR 3 Hr 844 % 2H 21
HEAT SR FR AR o S IO 5 45 4 2 i A I
K RECRG R HETE | B 25 R | 25 4R
FIEF AR 254055, WA a8 SR Hy, WiEgh
JBE_L 2 Z(Mucosa)ZBE oy, BT B2 )2 (Sub mucosa)
JEE Hy,. WLAJZ Muscular layer) & Hy,o 118452

5 g i R E 1) HAEL
JWIE RGN b R R IR H,, 5 RE SRR Ho 1Y 1
f: Do (%) =100xH,,/Hgo

WIB R T [ 2R He, 5WBE SRR Ho B I
{8 : hg (%) =100xH/Hgo

Wi LA 2R Hy 5 RE SRR Ho 19 LA
hmi(%) =100xH,/Hgo
129 #HERITS549H iz SPSS 17.0 XJEdE it
17BN % 5 2243 1 (One-way ANOVA), 24 4H i) 22 5+ it
W} (P<0.05)H Duncan KRitfT 2 & BT, &
S E I LT A {E A5 1fE 1R (MeantSE)RIR

2 #R

5

2.1 ARBRE

A SR I TR AR P ) F AR5 R IR 120 h
J& . ASIN 20% 4 0 1 (PRSP SE Al AR ZH (AF-b) L TS
A PEGRL A (AF-en) . St 2556l 50K 94 1) A6k 41 (AF-mi)
1 e B2 Rk M ARDRL 4H (AF-h) 19 B R R 47.46%—
48.18%, FLKGERL4% 20 1) 22 F AN 35 (P>0.05) (] 1);
T A % T A= 40 Je 14 56 Ak R R AL (CF-b) i 35 iRk 4
(CF-en) . foft A= 28 57) 1Rk 2H (CF-mi) i Hb 5 24 4] 6L 24
(CF-h)ARRLE R H Y A AR A5F T2 120 h J5, #E
RFFIE 81.60%—82.17% , VUL 8] JC i 3 22 5(P>0.05),
B3I 20% 4 9 e 0 RS P ) Rt 4l 2% S A
(P<0.01). FHULATHEN, DAEPIHEAE ARG A 7 i 45 Rk 1
ARk T L g 2 el A g A 0 A SR o R DR A A

GRS
Scatter ratio/%

25 LR R O
The scatter ratio (SCR) in different
experimental groups

B 1
Fig.1

AN [R) b FR 1 3R 7R 4 ) A S 3 25 57+ (P<<0. 01)
Different superscript capital letters represent highly
significant difference among groups (P<0. 01)

22 WERMEBFEEKE
Zepl I 42 d PUFRFE S, RN A RE XS BE 41
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(AF-b). WF#H 41 (AF-en). k&7 4 (AF-mi) Fil
2 (AF-h) il 2 RS YA EL 43 318 51(27.9420.19)
(27.80£0.30), (28.83+0.38). (29.60+0.31) g3k, W&
T2 FHAL(CF-b)(P<0.05)(3 2); X ML i 5 A ARF
FE AR RS AR B 25 T4 41 (CF-b) (P<0.05),
TEWFFEGE RN, B 25 2H (AF-h) fil 45 A KA 5
(0.82+0.02)%/d , {3 = TRl PEADEL G B4 (AF-b) Al
& 4 (AF-en)(P<0.05), 111 5 {4 25 71 2 (AF-mi) {XU7E
R R 25 5 (P<0.05), KRR IR
(AF-b). WFE 2H(AF-en) AR 255 2H (AF-mi) Z [A] Y
FIZACE R E | ERAAREAERKEFER AL E
(P>0.05).

23 TFEER

F SO ZE P, KGR TR X B2 R S AL A
MRS EURAFERSSAAZH TR E2ER
(P>0.05, %3), {Efdd: 2570 4 Fn wh e 24 21 1) ) 240
T HETE 25 25 (1 AURRG P A e o B 21 22 (8] ¥ 47 78
i3 22 57 (P<0.05) . Mo, s 2 4 (1 47 75 R 35 F
(94.03+2.28)%, Mk .

24 BEEAEEENE

ARHFFE I A2 T AR 52 56 240 00 2 W 18 S A G L 2 1
g RN 2T 2 R B M AE L . S5 R BoR, S aTE R
R PE I LB 35 1 2L (CF-b) Y TE R WIS PEE (1. 10+
0.05)—(1.5+0.04) U/mg prot 715 FBl P38 5l , W7 ) 193 Py iy
{22 5 AN 35 (P>0.05) (K] 2) s B PR ARDREXT R 2 (AF-b)
(1) V€ o il 05 M 2 R R, PR (1.55+0.07) B 2 (1.11+
0.08) U/mg prot; i &5 ZH(AF-en) A4 3E A9 Bl P % o s P
B, HwKMEH(1.70+£0.050) U/mg prot; A 255
A (AF-mi) 9 JERY RS P S B L TR FRERE S, 52
B AT E 5 20 KA F B KA (1.60+0.04) U/mg prot,
TEWFSE 45 RN R [ 28 (1.18+0.04) U/mg prot, KT [
s ;s ThE 2G4 (AF-h) R VER BTG VE 20 d Z 7S
bR & 3 (P>0.05), 30 d J& U K G T Ak E
(1.77+0.04) U/mg prot, i 3 5 T HAth 4 41(P<0.05)

2520 22 () 2K BTG PR A He g . R R AR X R A
(AF-b)E [ R E PEAE 10 d B R T 55 2 (1.78+
0.09) U/mg prot, 3 & T HAh45 41 (P<0.05)( 3),
JEGE R % (1.06+0.11) U/mg prot; WF&E 41 (AF-en)

K2 AEBBANGRMNRNSEERRSEEKENTIT
Tab.2 The influence of different inputs on weight gain rate (WGR) and specific growth rate (SGR) of sea cucumbers

e =HA RGP G 0] i 2 WrE PUES®RIAL  hREZLL(AF-h)
Evaluation index (CF-b) (AF-b) (AF-en) (AF-mi) Chinese herbal
Blank group Adhesive feed Enteromorpha Microecologics medicine

¢ 74N
%_.il.nﬁii ) 20.84+0.15 20.85+0.10 20.78+0.07 21.10+0.06 20.92+0.09
Initial body weight wy(g)

2K
e PR _ 26.684+0.59° 27.944+0.19" 27.80+0.30° 28.83+0.38" 29.60+0.31°
Final body weight w,(g)
& % WGR(%) 27.98+1.99° 34.00+1.31° 33.74+1.51° 36.60+1.37° 41.50+1.39°
Fi 2 A K R SGR(%/d) 0.59+0.03* 0.69+0.03° 0.69+0.02° 0.74+0.02" 0.82+0.02°

T A7, AR bR R R R 4R 2522 5 (P<0.05)

Note: Different superscript letters within each row represent significant difference among groups (P<0.05)

R3 ARBRANBIRRSEFEENZIN

Tab.3 The influence of different inputs on survival rate (SR) of sea cucumbers

i F YK A L X AR A el MASHFL  PEAH(AF-h)
Itéms (CF-b) (AF-b) (AF-en) (AF-mi) Chinese herbal
Blank group Adhesive feed Enteromorpha Microecologics medicine
5yl g/% .é‘" N
E.ﬁ.” HZ BEBNCK) 7214321 722+7.57 720+9.54 720+5.51 723+5.13
Initial number
=R & é/%,'é\” N
s M2 BENCK) 657+10.44% 649+5.00° 658+6.25% 669+11.00* 677+£13.23°
Final number
715 % Survival rate (%) 91.01+1.06™ 89.93+0.40° 91.34+0.24% 92.92+0.93" 94.0342.28°

e F—47, AR_EAR TR R AR A 35125 5+ (P<0.05)

Note: Different superscript letters within each row represent significant difference among groups (P<0.05)
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ARG PER A LT, PR SL I 4 o i s 1 e 2 e T
L 4R (B (P<0.05) 5 faf 2B 25 i 58 2H (AF-mi) i 28 1 g 0%
PERSE TS FREREE, 75 20 d B3 R (E(1.45+
0.07) U/mg prot, J& &3 T RE(P<0.05); H 254 (AF-h)
(I ARG HI7E 10 d JERFEeTher, JTPERSR 45 At ik
#(1.48+0.10) U/mg prot, {3 = T HA4S4H(P<0.05).
S Z AL AR BTG LA : 28 (AA1(CF-b) 243
Pl P 2 SRS, P XA 7 20(0.2640.02) pg/g-min
(& 4); REPEEREX IR ZH (AF-b) FIHF & 4 (AF-en) Y 2T 4
REHEVER FHE T REAES, J0RE 2 5(P>0.05);
(A= AT ZH (AF-mi) A £F 4E R S MBI, i
{8 4(0.14+0.01) pg/g-min, {HIFFFE A [R] 0 72 Aisf [a]

—e— 7% 14} (CF-b) Blank group

—&— 17 & 4{(AF-en) Enteromorphe

—a— K5 PR REXT FRZH (AF-b) Adhesive feed
—— Tl A 25l 77 41 (AF-mi) Microecologics group

2.0
—o— 1% Z44H (AF-h) Chinese herbal medicine group

—
[=)}
T

TEMBEE M
Amylase activity/U-mg prot™
p o
) o

04 o 10 20 30 40
Bkt B Sampling date/d
B 2 ORIRIBEA S ot ] 2 g 3 T W 1 O 5

Fig.2 The influence of different inputs on gut amylase
activities of sea cucumbers

—— 25 4 (CF-b) Blank group

—8— 75 4 (AF-en) Enteromorphe

—a— RPN B ZH (AF-b) Adhesive feed

—— 1A A7 2H (AF-mi) Microecologics group
—o— 1B 24 (AF-h) Chinese herbal medicine group

N
=3

—
N

BEEEE
Protease activity/U-mg prot™
o

0.8
0.4 ' - -
0 10 20 30 40
Bkt H 3 Sampling dte/d
B3 ORIRH A R 2 i 18 2 1 S M Y s T

Fig.3 The influence of different inputs on gut protease
activities of sea cucumbers

——%% [4H(CF-b) Blank group

—a— & 4 (AF-en) Enteromorphe

—a— AR BB 4 (AF-b) Adhesive feed

—x— A A5l 77 2H (AF-mi) Microecologics group

031  —e—rPEi244H(AF-h) Chinese herbal medicine group
ﬂé 0.25}
3 o
2 2
ez
&3
&g
= 0.15}
°
O
0.1
0 10 20 30 40
BUkE B Sampling date/d

P4 TR it Xk 0 2 i 30 2T 24 28 T 05 1 14 52 1
Fig.4 The influence of different inputs on gut cellulose
activities of sea cucumbers

M2 2255 AN B 3 (P>0.05); R 25 41 (AF-h) Y £F 4
RS M B, Bsik$0(0.2140.01) pg/g min,

25 FEIENBARXRSEELAREHIZNE

FH 45 52 56 21 T R 45 ) 2 g 1 41 20 1) Sl AOUL 8 ]
DIE M, 25 FI41(CF-b) R I I 2 208 435 5 3 A, 8L
ARG, MBZIEWT, e s Le, 7 Fakgn
L ) B i 0 L P S, PR L A s BRI R 2
ghon AU Mgk D, Sy A 505 LR Z LEF 4R 2740
SUEEEMT, AU AT B 5-A). KitEERT B2
(AF-b)ZEIE L Rz AL 24 B w3 R B4, SR
Ao AT HE 5-B)o & 4L (AF-en) 3R ILEF 4
MO, SURIE MK 5-C)o A A7 41 (AF-mi) Al rh
T YL(AF-h) 525 AL HeEE, BRbp 24l (B 5-E)
ZHIE T R JZ A0 B H B, SR WLER 2 s A 3R A6
HE TS B 22 5, (R AR 5 7 24 A g
R I 2 Y B, A AZ AR R N 5-D),
23K 19 4 30 2 i T 200 0 16 3% S HE B

T 3 X A A A2 SRR (I (e 4y, R
TR AT FRAL S hn=(46.2442.41)%, 285 T HAh 4
41(P<0.05), i FIRGPETRDRE X B AL 00 A i RIS - p )2
JELRE i AN, S GE AR R R 2R, (HE
SN (P>0.05) W& 4 hy=(13.46+0.61) %5 HAh
S AAFAE 35 22 5 (P<0.05), BB &5 4L =50 i AL
RV ERTE S ISR e

3 itig
3.1 FRBEHAXESEWER N
B SR , LU % 8k - R H
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SIS NEEC NGO B i) 7R ikt b AT AT eV 3¢ ¥7l))

Fig.5 Microscopic observation of different inputs influence on foregut of sea cucumbers (Transverse sections )

A. ZFHYL(x200); B. iR IRA(x200); C. #F&41(x200); D. MUAESHIFILL(x200); B. 1 HZ4H1(x200)
A. Blank group (x200); B. Adhesive feed group (x200); C. Enteromorpha group (x200); D. Microecologics group (x200);
E. Chinese herbal medicine group (x200)
mu. ZhE 72 Mucosa; su. ZE T )2 Sub mucosa; ml. JLINJZ Muscular layer; ad. ZMR)Z Adventitia; il. 2 Intestine
lumen; Im. AWl Longitudinal muscle; cm. ¥FHL Circular muscle; sb. ZUIK#%E Striated border; cc. HUIR4HE Columnar cell;
ct. 4544041 Connective tissue

%4 REEN GRS H & A QR A EE M H0

Tab.4 The influence of different inputs on relative thickness of component layers of sea cucumber foregut

AT S H4 A P e sk X HE 2 WA T AR 2 FPQ%QH(AF h)
Evaluation index (CF-b) (AF-b) (AF-en) (AF-mi) Chinese herbal
Blank group Adhesive feed Enteromorpha Microecologics medicine
FIE R 2 IAHT R hpu(%)  25.40£2.75° 46.24+2.41° 31.1042.52° 26.29+2.16° 25.62+3.03°
FHIER B2 A SRR hey(%)  28.54+5.28 32.19£2.40 27.97+£4.07 23.56+3.08 22.4243.72
WLAZ RS IR BE h (%) 8.74+0.66° 10.26+1.10° 13.46+0.61° 9.81+0.87* 9.62+0.79*

e F—A7, AR_EAR TR R AR A 35125 5+ (P<0.05)

Note: Different superscript letters within each row represent highly significant difference among groups (P<0.05)

B XTI AT IR, FZ IR A kA T B
B I IRIRRHE D, JCEA T A v 8 P DR v el TR i A
HIZ B E IR TR, AL SR RIS AR U AR R
&, EHN T AR IR AT RUR R A R A R AR
Ja R ARAT F 5~ 3 RS 1 ORE ) A s AR e A
ZIRGE AR, LIS A RDRRTTAR S R0 50 2 Bk
by B A, SRR HERR i ELAR K R
WL )E VRSB RRL S Tt A, AR R
[ =R N ERORRE SN B i % L€ 3 5 E N

2006),

AT IR FAE I LA W e R 28, e ity T 1)
B AWK 5 K B LU TR A, SOBRIR R 1
Tk, SR $450 HURE 5 4 AR Ak 1 B A AR AR PR 2
b, BORTEFRE AR PRI S SRR . BUR RS
R, AP EA R AFAORE R SCR , AR R SR B
% 33.42%VA b, UEBHES I T A W0 e () AR K Aol
G TERARBEIRESS L AR . NG A, AT LK fRDE
BRI R TERI S BRI, 7 A S A = W)
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2 )R 36 %

TEORLIR B [R) f i] L RE ARG TR B i {5 5 42 d 957
SHEE R W, FEBCRAS PR AY AR L ORI Z T LR
i R TE PO SR AR b, ARG P T SR g
AT B B B B, RS A0 AR E A
KA 1 25 v TR R, X BT i 1 A R R R mT
DU B DR A R TR TSR, iRy
2 B RS P A A 1) 2 S O S e T A, R
PRI REZ T AW P A3 1 & e, S 2l
ke 5 RN R R T R AR
THALCRAKIESE, 2012)0 K VEARDRLZH 3002 i 26 15
R R E A U R R A IS, LA R R R A
ST I P 4y A 0 S o R 2 i 1 A 7 A
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The Effects of Three Types of Feed Supplements on the Growth of
Apostichopus japonicus Cultured in Cages

HAO Jiguang'?, WANG Yingeng®”, LIAO Meijie?, LI Bin?, CUI Hao?, XU Yan?,
ZOU Ange’, ZHANG Zhen*

(1. Dalian Ocean University, Dalian 116023; 2. Key Laboratory of Sustainable Development of Marine Fisheries, Ministry of
Agriculture,Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071; 3. AnYuan aquatic
Products co., Ltd, Yantai 265600, 4. Haichang Biological Technology co., Ltd, Qingdao 266400)

Abstract High scatter ratio (SCR) of feed diets and the lack of effective disease prevention and
control method have been hindering the cage culture of sea cucumbers (Apostichopus japonicus). In this
study we used adhesive feed with bio-gel and 3 types of feed supplements (Enteromorpha, microecologics
and Chinese herbal medicine) to evaluate their effects on the growth and survival of the cultured sea
cucumbers. We designed two categories of feed (adhesive feed with 20% bio-gel and control feed without
bio-gel), and divided them into eight groups including the blank adhesive feed (AF-b), the enteromorpha
adhesive feed (AF-en), the microecologics adhesive feed (AF-mi), the Chinese herbal medicine adhesive
feed (AF-h), the blank control feed (CF-b), the enteromorpha control feed (CF-en), the microecologics
control feed (CF-mi), and the Chinese herbal medicine control feed (CF-h). The survival rates (SR), the
weight gain rates (WGR), the specific growth rates, the activities of protease, amylase, cellulose, and the
microstructure of foregut were measured as the indicators of the effects of feed supplements during the
42-day feeding experiment. The average SCR of the adhesive feed groups (AF-b, AF-en, AF-mi, and AF-h)
was reduced by 33.42% compared to the control groups (CF-b, CF-en, CF-mi, and CF-h). There was no
significant difference between the 3 groups with food supplements (P>0.05). The WGR and SGR of AF-h
were (41.50+1.39)% and (0.82+0.02) %/d respectively, which were the highest among all groups and the
values were significantly different from other 4 groups (CF-b, AF-b, AF-en, and AF-mi) (P<0.05). The
SR of AF-h (94.03%+2.28%) was the highest among all groups. The SRs of AF-h and AF-mi were
significantly higher than that of CF-b and AF-b (P<0.05). The activity of amylase of AF-en, AF-mi and
AF-h reached the maximum on the 10th, 20th and 30th day during the experiment, and the peak values
were (1.70+£0.05) U-mg protfl, (1.60£0.04) U-mg prot'l and (1.77£0.04) U-mg pro‘(1 respectively.
Compared to the other 4 groups, the activity of protease of AF-b fluctuated tremendously and reached
(1.78+0.09) U-mg prot™ on the 10th day during the experiment. The activity of cellulose of CF-b, AF-en
and AF-b first increased during the early stage and decreased later; the activity of cellulose of AF-h
continued to increase during the entire experiment; the activity of cellulose of AF-mi decreased during the
first 20 days and then increased in the later 20 days. The microstructures of the foregut of the 5 groups
(CF-b, AF-b, AF-en, AF-mi, and AF-h) were normal. The microscopic observation revealed an intense
secretion activity of the epithelial cells in AF-mi and AF-h. The relative thickness of the mucosa of AF-b
and the muscular layer of AF-en increased significantly (P<0.05). These results indicated that the
adhesive feed with bio-gel could effectively decrease SCR of feed diets, and that WGR, SR and digestion
activities could be increased with the addition of microecologics and Chinese herbal medicine.
Furthermore, Enteromorpha did not affect the growth of cage-cultured sea cucumbers, which indicated
that it could be used as a substitute in the feed diets for sea cucumbers.
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