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{713 dh 33 nH 2 (1 pomoea batatas) R 1R 5
= & Xt %l & (Apostichopus japonicus) 4 < F
R RE RN

WO B R

(. INREWTEEYIRE H5

FRM HF

K

266104; 2. FipAL R FE  266109)

WE 4R 5 (Apostichopus japonicus) B2 417 £ # 78 Ao A B H 7] (10% . 20%. 30%. 40%. 50%.
60%) I HEZER MM S HELE, MNETHMm 2 BHEER IS EKFESERE T I W
B, HRER, £ 50 d ERHE, R b SRR R Y 525 4R S T 34 1R E B SE 5 B[]
2 EF#BY, SR, A 20%H FHRMBEM AL REKE L EE T A E4(P<0.05), 10%. 30%
Y1 FF R A K F(SGR) G X R4 £ 57 1 B 2 (P>0.05); 4R Im 10%H F £ 20 by LR 47 5 SGR §
Xt PR 4 £ 3 A 8 #(P>0.05), H4 %4 SGR HE T T M 41 (P<0.05). B A 10%., 20%H Z 5 AR
7 BB 52 B0 41 R B R R P I A A BE(CAT) . B B8 BR B (ACP) . MMt R ER(AKP) A B &5 T
Xt B A (P<0.05); 4RI 10%H F 2 S0 B L3 A ACP B 3% & T 3t B 41(P<0.05), | 5k
W B A T EE(LZM) . BB AL 4 B L EE(T-SOD) . CAT fr AKP 5 &t Fi 41 # & B 2 (P>0.05), #f
REW, YHERRELE WAL HHE 30%M 20% U To, THERSMERER, R

SRR SMERK, REMNSRZRT .
KA

hESES S963.16 SCEFERINAD A

} 2 (Apostichopus japonicus) /2 4 5% 1 (B A% 155 1)
T PEPEIR AT B, HCFRAE 7 i T 45 R 32 2 e (2 UbR
4 2010), FUE B (Sargassum thunbergii)& Kk 1 25 5%
T EOR RS 0 R IRE R ERL, 7ERI S DR Oy b —H
A A EERCLL, BOAAR TR . AR, R
S5 58 7 Ml W TR R T BT R 2 U Y Ao
TEREF, BOHM A B4, RIEERTE T RIS R AS
TR L AL L SRR BORBOR A R fli AR
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R, 2016, 5KRFEEGSE, 2016).

H ¥ (Ipomoea batatas)Je: 7 H [F |12 50 A5 [ 28 5%
Y, HRP R AL 2 &7 4t B 80% (KL i ik 4%,
2006). HTl, CHBEZA RSO FEEERME
) BIF 5% B (T 1T, 2003; (R 28, 2004; F SC5 4%,
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B FBAE: PR ESINH (1 pomoea batatas) B 5 25 4500 | 2:(Apostichopus japonicus) 4= K IR R MG IR 165

BT, AE AR 2SR50 P (4 TS 0 AR T
L ITRE o ARBEFEI AT 1 eGP} o e AN ) e Bl s H 3
2 AN TR B AL B B RS RS A K B, (]
AT SE T R SRR h i B (LZM) | S
Yy ALRE(T-SOD) |« i AL S (CAT) | R 1 i R il
(ACP) B Tk e 2 g (AKCP) A5l i S5 P D B 45 4 1 22
o BIEHERIZHE TR0, RRTT R4
MW EE IR R B AT AT, R AL SR A A
RREA DL BRI S R RHE 2%

1 M5
1.1 LI

S FH T S R R 53 ) O T R 2K
ST B T8, M ERRIAR R 150 pm LA,
Horr, Wy o L R . R S 5K 4y
S EF AR R 10.76% . 3.64% . 10.35%.,
6.91%; HEZE&MPREH . MR . MK 5K
I ELE AT R 5.65% ., 1.18%. 3.36%. 13.68%, 5
5 FH R 2 4 L AR A8 T A T 9 Bt o 5 % AT 5 v 0
KB B faRR R, PR D (25.6041.40) g

1.2 ETWZITEHEEE

S UGt G A fRDR A B 7 8 AR AE T ROR A R
Al (FELEEFRN AR HE N 16.0% . AR
5.0%. HHEF4E 8.0%. BB 6.0%. HKS» 25.0%. i
IR 0.8%. KJr 10.0%), HAEHEHRME 5Z2E88H
I TR0 FE ) 0 5153 6 AN AR BREH , Bk SE 251
5 10%(A). 20%(B). 30%(C). 40%(D). 50%(E).
60%(F), LATMRE i C & 1A RH S xf BRZH (CK) o #H
EYAR 52 8ok 4 bR DL E I BIRRER , S ECA 1)
B AR S5 )5 , A R OB iR AL
TR e 2 200 H UL L, il Sk tRAEN, HET )5 %
HRAE

BRGSINH Z B A RS 2 B 5%,
[ R S e o 1 4 19 HL RS e 8 IRAR
TR LR HIZHFE T 80 cmx60 cmx48 cm 1) ¥
BRI, BRI DRSS 20 3k, B
YA 5 ANFAT, R 17:00 SRR 1, SR
JKELREH 30.8-31.6, pH N 7.8-8.3, /Kilik 15-20C,
BT, BReREBUK, LA 2015 4F 4 A
12 H IR 3317 50 d.

13 WEHESMEGT

1.3.1 R A A KIgARGG N E ST LRI 2 A K

50 d J& A M B A R A K % (Spectific growth
rate, SGRM/WEN EZM LKA R, LEIFIRET, K4
AHE A RIS B BRI, AR TR B Wo(g);
SIS E , [FAERUE RIS PR R A, S AKRRE
Wi(g)o FRERS, HEMKHSBH T 10 min, A5
FHW K 40K 30 SR K o e T, St ik Ao iR e K 43 B
SUHEMFREIRZE . t HLRFFEMEE (). S
SGR(%/d) R UL T A
SGR(%/d)=100x(InW,—InW,)/t

R . SCETFAAAT 1 d 51k, I =R
WILRAE, 558 50 d Z5 A, [RARfS R4 1 d,
NER 2SI
1.3.2 R A S AgARGRE  APFRE T AR H
ST T 2 R s W 0 S e 8 b o 0 2 1R s
R EE S 2% e 50 46 (2013) W 7 v 3R ke itk , s
T AW S, BT RKWEBEIEEEIREIY, 72 H
SV 1 em, KB LENSEER, [
HNFSEERIRAIG, 4 4C 1000 t/min &0
10 min, HLVEW, 40%6)5 PRAFTE-80°C UKAE PN AR

LZM. CAT. T-SOD. ACP Hl AKP %4454
YR F R a ik W TR RS TR ) 4350 0 5 o
LZM & 05 R F ik, 2 80 U/ml A4 F 1 pg/ml
i T-SOD i M >R H B s S AL L, DL 1 ml
PR B W SOD 1 2235 50%HF BT %t )iz (1) SOD 4
A1 ANE FI AT 5 CAT 15 PR R AR EL 1, L 1 ml
M SRR 3# 1 pmol (9 H,O, YK 1 ANE )
AT ACP & PRI R BRI R —4hi%, L 100 ml
R IR 37°C 5 AR 30 min 774 1 mg By
1 ANE 18R s AKP S PRI 2 R B 2K — 4k, DU
100 ml fRIE FIEWAE 37°C 5EFAEM 30 min 24
1 mg By 1 A4 R,
133 #¥#E% it SEIGHE A FH SPSS 22.0 4k
1TBA K )7 224391 (One-way ANOVA)FIZ 1 L4, DA
P<0.05 1E R 2= 57 B K-

2 HR

21 Fm2#HEERAMNMRSERKOFN

TR AN H B ERARTE 50 d P9I R BE (4
HERIB ARG 1) 50 d LREEHRM, B H E PR
S0 A0 R R B R o B 4, FIIRE L 43.54 ¢,
i T X R4 (P<0.05); A, C. D45 CK A1 %5
AN (P>0.05), FIEE SR 41.76. 40.13 A
38.80 g; E.F 4 V34K H 14 i 2K T CK 44(P<0.05),
F R E fAR, 4 30.74 g,
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Tab.1 Effects of different diets supplemented with tuber powder of sweet potato on sea cucumber

151 Ciiiﬁﬁf:ﬂjﬁer T | EORIKE HpE A KR

Groups of sweet potato (%) Initial body weight (g) Final body weight (g) SGR (%/d)
A 10 25.62+1.12° 41.76 £ 1.20™ 0.982 + 0.096™
B 20 2556+ 1.13° 43.54 £1.22° 1.061 + 0.092°
C 30 2572+ 1.12° 40.13 £ 1.18" 0.890 + 0.069"
D 40 2573 £ 1.11° 38.80 + 1.16° 0.822 + 0.060°
E 50 25.68 +1.14° 3525+ 1.21¢ 0.634 + 0.076°
F 60 2554 +1.13° 30.74 £ 1.16° 0.371 +0.041¢
CK 0 25.61 £1.07° 40.46 + 1.15 0.915 + 0.076™

A RN E TR R A 22 5 .3 (P<0.05), T Z&[H

Note: The means with different letters in the same column were significantly different at the 0.05 probability level. The

same as below

M H AR IS INK - AE 30% AT B, Bl 5 %8
FLl A e, B E SGR A FHE#GEE 1), B
HEPR R B M2 SGR e, N 1.061%/d, B A
RN CK 4151, 5HAMSZIRLHAH b 3 2% 5(P<0.05);
A, C5 D4 SGR 5 CK 41t it 3 % % (P>0.05); E.
F 41 SGR . &L F CK 41(P<0.05), F 41 SGR AL,
9 0.371%/d, i EART HAbLAA 2 SGR KF-,

TR I H E 22 S LR SR EAE 50 d
WA R BRI (R 2). 50 d SEER4h R, dm
HEEEhLmATAER S A 4, FHRE
74031 g, 5 CK TG0 E 2% 5 (P>0.05), [FIA) 3
T HAB A 52 41(P<0.05); F 41EIRE A%, K
28.59 go MHEZELEMIINAKTTE 20%LL TR, AL
B 41/ H|Z SGR 5 CK 4% A 3% (P>0.05), Hax
AL SGR 5 CK 4 HAH W &M K(P<0.05), F 41
SGR A%, 4 0.219 %/d, & E LT HABA 2 SGR K.

22 i 2 FEZEREAXRI S FERE NN

2.2.1 e R ] H P AR 3R A S R Ty 6 %
) PR INAS 5] LU A5 H 25 AR A 52 560 4 30 2k
¥ CAT, T-SOD., ACP., AKP Fll LZM e 5 br
BACULIE 1, B 1-A FTLUE 1, SCREsant,
H YA R SR CAT £ 52 m(P<0.05),
A. BB ERFIARRER T CAT W&, midsn t il 78
30%-60%fH C. D, E. F 415 CK L E%R7
(P>0.05), MKl 1-B AJLIEH, 5 CK AL, Ak
HS IH B P XTI SRR Y T-SOD 1% I3
WERm, WE 1-C. K 1-D WA, B2k
HEMS A TSR 9 ACP Fl AKP I% 114 3 15
Mi(P<0.05), A. B 41 ACP 5 AKP i&tE¥ & &S T
CK 4H(P<0.05), ACP I =i{EN B 41114 2.94(U/100ml),
AKP ImEE A A A 2.74(& KHBA/100ml),

R2 TREBEZSMRMKEXNRSHEERENF N

Tab.2 Effects of different diets supplemented with stem powder of sweet potato on sea cucumber

Concent of stem powder

¥ NN FEAE AR

Groups of sweet patato (%) Initial body weight (g) Final body weight (g) SGR (%/d)
A 10 25.75 +£1.12% 40.31 +£1.21° 0.896 + 0.093%
B 20 25.66 +1.13% 37.63+1.17° 0.766 + 0.082%°
C 30 25.44 +1.16" 36.62 + 1.26° 0.729 + 0.067%
D 40 25.53 £ 1.11° 32.04 +1.23¢ 0.454 + 0.035¢
E 50 25.88 +1.09% 31.40 £ 1.29% 0.387 + 0.034¢
F 60 25.63 £ 1.15% 28.59 + 1.31¢ 0.219 £0.014°
CK 0 25.61+1.07° 40.46 + 1.15% 0.915 +£0.076"
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o Tl B
CK A B C D E F CK A B C D E F
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7,357 C o ¢© 32 D b ~ 300 b
Esof T ~28 T b & E b
ss il [ g, tegsie | fa, v
- 2. T 7 :
- b £< 320 s . BESo00f
> 20¢ @ g - a a 1 T 4 E c
%015_ B2 g6 i T 2N 150} ¢
gl BE52 i ¢ 4
HB 10} HE w S 100} d ¢
- g2 508 ®g 1§
E057 £04 g
P P - B |
CK A B C D E F CK A B C D E F CK A B ) C D E F
1Ak} Dietary treatments 1RBI4H Dietary treatments Ti#H4H Dietary treatments
B BRI H ZE ARy 20 S R 5 1 e 28 B 4 1 AR Ak

Fig.1 Changes of non-specific immune enzyme activities of sea cucumber fed with tuber powder of sweet potato

AR TR B3 22 5(P<0.05), FIA

Different letters indicated significant difference (P<0.05), the same as below

HAA AR ACP 5 AKP i PES CK 4 HERATE i)
FES(P>0.05), MWK 1-E fTLLE W, fkhismt
YRR XTI SR BB LZM f A B
(P<0.05), REEEILLFIRIGI, LZM 23E EFAET
Rtadty, Bl B 4HAY 263.6 (U/100ml, i 2 i T

ME2H(P<0.05), C. D. E. F 2405 CK dAH 3
FAR, Hdb, Cc 4 LzM SiEE#FET D, E. F 4
(P<0.05).

222 AR E A HFEE R A LR 6
o) ML IS [R] b A5 T 285 25 0k 2 90 240 ) S 4K
B LZM . CAT. T-SOD. ACP Fl AKP HJ 5 t8hn
AL 2, ME 2—-A AT LIE Y, Seb bt , Rkt
I S Z L SRR LZM & o 2
20 (P<0.05), A, BAHR LZM &5 CK i #
#£5(P>0.05), C. D, E, F 4 LZM &g #HKT
CK 41(P<0.05), MK 2-B iTLLEH, SXF R4,
PRSI H 2R S X RIS AR R R R T-SOD i )
WA R (P>0.05), MK 2-C ATLIE L, B
LB R BRE R R CAT A B2 5 0H(P<0.05),

1E A ARMEHIT, CAT i I FHEE T CK 4,

i 1.06(U/ml), {HJ5 2501 B, H2s 5 K08 W% K
SE(P>0.05), HAK K4 CAT I BEFEILT CK
ZH(P<0.05). M 2-D ATLLEH, RINHEZXE R
XTSRRI ACP A 5 P (P<0.05), B
ZH 1) ACP 35 1 8 % 7 T CK 4H(P<0.05),D #H i ACP

PR E T CK 4H(P<0.05), HAR&HS CKAT
22 % (P>0.05). MBI 2-E AT LA, WInH
ZEEMXT RIS RER T AKP 1§ 1A B
(P<0.05), A, B, C. D 4 AKP %P5 CK 4t
W # 2% 5(P>0.05), E. F4H AKP B F KT CK 4.

3 Tt

31 HERBERRISHNERNERENRSEK

5% i

AR, B AN H S E SR E X D et B
W TAE T TG ER (R 4, 2007), HE & STER .
EEBMA R, BSAWAE MR, 44EF B,
HeE B, 4K C. 454K E LI Ca, Fe, P,
Se S W BT (E B4, 2005), S50k HAR (4 T A i
YR I RL, B EE(2016) PR, 75 6 g 2471
S SR Fe A s 2 o ek
Bl Y H BRI A T 30% . ZEE R RN
BT 10%0, "TARE RIS E 55K, At
ST S A 5 R I ) 34 8 L aR S, a2 F
L R A 2 A K S B AR R, DR
PR 5 ZXSFER S KM EFIEE D, RFEATER
2 A 5E AT AT A JEURELAGE 24 B iR AR ER 40 e {E 3
WL TRl ASHBFZE R & B, U InAR TR He ) H 2 b
MRS A K R Ve A T H S 258, LR ) g
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=~ 60r B
=~ 250 A -HRE R [
| a ab s T I 1
RPEE IO TR
g% 150 | ! d g% 45
= T =
g 100 ¢ g c X%F 40
e T E >
8 50} ®°E 35
g Pt
) P15 R3]
S b
CK A B C D E F (K A B C D E F
Akl Dietary treatments T BI4H Dietary treatments
~l4r C 4 %10D b 2.0 E, ?
ERM [ Gasy, T 16 T a
Q@m-$ BT 20l ac © a SYE I |
2 08t =2 e ] 1 g@58 12
wS 08 b b b EX 15 : B3 b b
N 06T I | b -39 2 T
=5 b [ <0 = 0.8 [
¥ 204f P poEst HE
HE ool & 205 B<g o4
g 0. 2 =)
< N L L L N N s B N N N N N N S N L N L s N ,
0 -~
CK A B C D E F < K A B C D E F K A B ¢ D E F
Ak Dietary treatments A4 Dietary treatments 1Ak Dietary treatments

B2 B 25 LR S AR R s P S T TR A 2 AL
Fig.2 Changes of non-specific immune enzyme activities of sea cucumber fed with different
levels of stem powder of sweet potato

EHERRPRER . MSHE SRR THEER,
HLH S HRAR AT BT 55 R R 7 1A L E 5 Tl P A et O
G YRZE G UC 5 ARDRE A By B A, i
UURE, W TESRERR, AN TRZHERE, =&
TR R AL AR, et 7RISR

32 EBPRIRMARLLGHZRS RS EENH

=11

ISR TCHEMESh ), = B HE Y T B 3545
Mg, 3 B EE AR S G e X AN St A7 B )
(Eliseikina et al, 2002; Z=FHEZE, 2011), =64 R
PG 2 G P 77 AR 22 0 5 A ol A 0 A P B, i
A PN AR 43k 200 B3 VAR TR BB (KK, 2008) "
IS R i Y HR £ 5 A0 M e 2 FVATR S e, A R0
BRiZ AR SN S0, 5 0] 7= A A A Eg 25 I
S ALK 7 A B oA P T 45 B AR Y (K udriavtse et al,
2004), 7EHI S (R ARBE B AR Gz, LZM, SOD
CAT. ACP il AKP #5 % ¥ % 5 LA PR (VT 156 % 5,
2009). A WFGE IR, 78 TR0 IS 05 (G e A A
2014) 1l 24 H5 45 il YR A 0 4R 1 IR AR R (T BR 4
2010)359 P $2 = il S N e TG 1, H A 2K
gL MR BOR TS I 2R R AR 2 T,

PR AT A AR HELAR S T (T4, 2004; 1R B ALSE,
2011),

LZM J ZAFETHEMESI Y . JTTEMESI Y . 47w
KAERN, B AR e B B F B G 4, ]
68 2000 PR 24T R I T R L AR A 0 0 1 o A
FH(Johnson, 1969; HAHFISE, 2015), TEABIFEH, 4
HE M R IR AR 20%0, 7] 1 E LZM &,
FHE AT RETE LG HC BT H S H AR R o] LA S S
i R 8 v A TR T AR TS M L TR I 20% H 2R
LRI, 0 S R s VP I A I T R R R K
e, AR H A B T A TG R A 2 T

SOD REWRNEZEMILEMMRZ —, T
TH BRI R A e OF B AR b ad A rp e AR 1
48 [ 1 2 (Fridovich, 1989; Nichols et al, 2000), Z<HF
S, WSIH YR 5 H 225 8k S0 2H i S AR
W T-SOD JEPEHSEA BE 25, WHHSEE
HZ R LA R, EPL AR AR R LI 2
P E W, PG AE 15 (Coilia nasus) 4 fiFk £
TG VR RN BC A e ek s B B (i i 5, 2014), 7E
EYPTEALER A R, CAT 241 A W ikis A
B AR &R A EZE £, W H,0, & A Ak AR oK il
AUEFE T E, 2013) AWFFH, BN 10% . 20% H 2

1) Sun YX. Improving effects of astragalus polysaccharides (APS) on non-specific immune responses and productive
performance of sea cucumber (Apostichopus japonicus). Doctoral Dissertation of Dalian University of Technology, 2008, 3—5 [

AR, B R B R 2 G e T R KA RERIAT ST, RS B T R il W5 A 22 138 3C, 2008, 3-5]
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PR SRR A i SR CAT TG PERE & T CK
2, 8P AEARDRE S I — 2 S 1 H AR A ] X R AR
IS RN B AR 7 A A — 2 Bt B i
I 20% L) b 2K S S ALY CAT % b 1K
T CK 4, Ui HIR B it 20% 0 3B R 2 FRAIG
IS R A BT B T At 3, O A BB 1 fE

AKP TESHHIYIR N 2 AF 7, Je—Rh & e p b
M, TEPEIREE T (5 pH o 10 Z247) ) LAEfL &
T2 A0 3 114 Tl R i 1484 7 /K f# IV (Zhang et al, 2000) .
HZ X RE ACP, —BiNH, ACP EB(F/ET
e 1 R (VA R0 R N o o NS T L
(Bertheussen, 1982; #78%F, 2011), ACP il AKP figf§
ARBCHI SR AAZ I3 SR, I Rl i & o J 2 1w 1
S 7 I 20 P A I L % S ) P A S T (R R K
4, 2012), AWFREH, WM 10%-20% H ZHAR K
) 3] 2 B A ARk 1T i 25 9 o R S AR s ACP Al
AKP WM, W, MHEHARBG AN 60% LN
F, A4 i 2 BRI B R N ACP Fil AKP ({558 107 25 .
TN 10% H 2825 &0 1 ) 2 B0 A 1R Rk i 3 35 42 v o)
SRR ACP WM, YHEXEBREINETE 60%
PAET, A2 il ZE BRI SR N ACP 19 58 I 2 5
TINH B22 800 7E 40%LL T, BB ERH AKP
TETEAR S B ERAG, Hd 40% AKP G PEREAL, L
TRBH T RE T T R

FHREFQOINIFFE R, A ] HIAK H 2 A s
) 1 SR AL B (PO) TG PR A TR] S A S R o A o 448 o %
PERE SR A a3 ABIESE AR KA B SE B A H AR R
PGP il 1 MR A T A, 8 B S AR e
) CAT. ACP. AKP Fll LZM #yZ Bt fi /e X F it

AHIFGE LB, TR I — 2 F B H SR S
R LN RS A K SRR R ] AN
A 72 B AR VR, D0 R T B A A s8R T o
o GAAIUER S0t br T, BB RS R
T B HUR 0 Bl S A 20% 24, AN T 30%
HE; HEZENRGERIE R 10%4L4, DAHET
20% K B o A Je 6 H I — il A A A AR 1 R A
S FRGE H E AE N (BT A B — 2P B 5
5% .
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Effects of Dietary Tuber and Stem of Sweet Potato on Growth and Non-Specific
Immunity of Sea Cucumber Apostichopus japonicus Selenka

HU Wei', ZHAO Bin', LI Chenglin'”, HAN Sha', ZHANG Yanping®
(1. Marine Biology Institute of Shandong Province, Qingdao 266104; 2. Qingdao Agricultural University, Qingdao 266109)

Abstract In recent years, with the expansion of sea cucumber (Apostichopus japonicus Selenka)
aquaculture, the demand for seaweed as its diet is increasing, resulting in the continuous increase in the price of
macroalgae, i.e. sargassum. Therefore, researchers are seeking for an alternative plant based diet with large
quantity and relatively low cost that can feed sea cucumber. In this study, formulated diets containing tuber or
stem powder of sweet potato with 6 different concentrations (10%, 20%, 30%, 40%, 50%, 60%) were fed to sea
cucumbers [weight (25.6+1.4) g] to study the effects of two feedstuffs on growth and non-specific immune
enzyme activities of sea cucumber. The basal diet (16% crude protein and 5% crude lipid) was used as control.
The results showed that during a 50-days experiment, the average body weight of sea cucumber fed with tuber
powder of sweet potato increased as time went on. At the end of the experiment, 20% of tuber powder inclusion
significantly improved the specific growth rate (SGR) compared with the control (P<0.05), and the SGR of
10% and 30% tuber powder inclusion was not significantly different from the control (P>0.05). By contrast, the
SGR of sea cucumber fed with stem powder of sweet potato in 10% group was not significantly different from
the control (P>0.05), while other groups were significantly lower than the control (P<0.05). The catalase(CAT),
acid phosphatase(ACP) and alkaline phosphatase(AKP) of sea cucumber fed with tuber powder of sweet potato
of 10% and 20% groups were significantly higher than the control (P<0.05). The ACP of sea cucumber fed with
stem powder of sweet potato of 10% group was significantly higher than the control (P<0.05), while the
lysozyme(LZM), CAT, AKP and total superoxide dismutase(T-SOD) of this group was not significantly
different from the control (P>0.05). These results suggested that 30% tuber powder or 20% stem powder (or
less) could improve the growth and non-specific immune enzyme activities of sea cucumber.
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