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Fx7% 150 cmx 120 cm < 60 cm By A4 F, I A Sah 1A R A R n i AR EERE, (F 7 ALGR R PR R R
451% 0. 0.20. 040, 0.80. 1.60. 3.20 fr 6.40 mg/kg, HAT 4 28d th A K L8, Ffxt H KA
B, SR, A ER R AL AEEE S . R A SATIE, AT A B AR B 4h TR A
MEHEK, HABRAAWMSGENE W, A MMAE-RTFRAELEEHXTHTNSEATLE
Ait. BERER, BwiEERENERE T HR S0 K EE (KB 100%)., TH 4B % B T
M, & & B (35.13 U/mg prot)#1 J % B (0.51 U/mg prot) iy 5 &7 & M 4 B y %t B8 41 thy 2.45 {570 2.07 f&
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(GSH-Px)., w18 % B (AKP) AR B R BE(ACP)E My, BEF®m THMA; FRESLA P NR
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RFEW, WIKE K 0.80-1.60 mgkg B, FRISHREBREE. AHEFE T HRASNEREN
B, AR SRR, m. THERERET W EE K,

ES a0

hESHES S963  IEMERIREE A

R N B S R e Rz —, BAES
UG RE Ty . He . HFEE A 25 55 A B (R i 2k,
2005) , 7K 7™ it H ARG S N 2K R Il Y B AR
175 11 2 (Apostichopus japonicus) 3¢ [ i 7K 5 % 37 il
LR, BRiLge b s RN EZ AR,
2001), AR R AAMNE G Z—. SR, FEE T
] ARFRIE S SR TE RSN T K, 5 50 203 3 001 % kA=
(EENBESE, 2004), W FHPUA R L5 MR & 25

TR 5 BWEE; LHEBEE;, HEE
XEHS 2095-9869(2017)04-0154-10

S50{ofE 240 A i 247 i R B B T Y A R H s ™ [
U, TP A G 3 U R i o e s it 5], B i =
BB 7RI F kA A SR AR (Lan et al, 2005)
X W52 (2006) IF 5% 42 B, IS I3 2 ARG AT LA 3 5 7K
AR REThRg, S EPURRE S, I TR E K
FEAh e MLAER,  FE R TCALATE (S AT R S5 ) A L
il (G il e 45 ) 1 b 3 8 TR P ARk b AR s 5]
Hor, ARG 22w . 5 PIURIRIL . AP

* 7R A ARBL kT B H (ZR2013CM029) . il &5 T BHE & g 1141 (2014NC054) | 111 R4 R A AR I H AR
b7l AR AR 2R i 24057 1 BA (SDAI T-22-02) 3 [/ % B[ This work was supported by Shandong Provincial Natural Science
Foundation (ZR2013CM029), Yantai Science and Technology Development Plan Item (2014NC054), Shandong Province Seed
Project and Modern Agricultural Industry Technology System Apostichopus japonicus Innovation Team (SDAIT-22-02)]. =55

, E-mail: saishangxunmei @163.com

@ @EIRMEHF: FhESE, BIFFSE5L, E-mail: sgh_smile@163.com

WehR H 5: 2016-05-12, W&tk H 1: 2016-06-16



% 41

ZEF5 MR AN XT3 2 (Apostichopus japoni cus) 5 22 A FHH S 1 4 B 4 P i 2 12 9 5% ) 155
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RIS EFRENE, DR . SR, ATRreesisa
PRI EEE, A5 E MRS, eSS 0E RN
(EVET e

1 #wREFE
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SIS T 2014 4F 7 A 28 H—8 A 28 HIEILAE
SRV IR AT BR S BRI S 5250 A2 (0] AT, B i 2
WA ENFRGM, FI1AE 2 (60.75+0.32) g, B %7 7d
Jo . MERRERE . B R ST 0 05 2 BE LA B 4 K AE
(150 cm x 120 cm x 60 cm)H, #EATIEZNSLE . FR5H
SEYRTE H ARG A W N AT, FRiE T 28d. E Al
P BE (AR & RN 1500 mo/kg) I T2 B BE AR A6 B
OS], G TSR A (1408.80£0.47) mglkg, H:
o, AL RN (1141.13+0.26) mglkg, JCHLAM & &
“}(267.67+0.58) mg/kg.
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121 %t B % )5 5 4 = AL K
R, BEAKE 203k, ok 74l B 3 FAT.
R BUZ G K B 325 AE R ARDRE o s i A0 R (1)
BRI 0.20%PA I GH ), ERREAR 2 k), 4%
AR PR AR 0 (25 FAXFIR) . 0.20. 0.40,
0.80. 1.60. 3.20. 6.40 mg/kg, VI F&AIMKIK S K
GO. G1. G2, G3. G4, G5. G6,

122 HAREE SR AR K, KR
16-18°C, %Al 6-8 mg/L, 24 h 4% /<, pH N
7.8-8.2, ihFE K 31.0-32.0, & KWEGIS(H, Hk
13-1/2, % 2d oKk 19k, 5K mHE K .
pH FIELEE, KBS 2 e & . 16 ) S il FRe s
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SR x 100

NEEZ BEHLECH 9 15 k3012, B AR B ER K vhik
FERUEAR oK 4o FEVKEE LRGBS IR LA, 4
T EBUATE (1.5 ml) S BT U REANEE | Y RE | R AR
HALE MNAL (L g %), REFET 2ml HEES,
TG AR R, 328 [0 S = R4 T TS T AT o
A B YR8 0 I L 0 S P, T A 4 A U
FHBEIE SR AR VIR IS . B0 Je X R Il . U8 B
KR A AL ) AL B (SOD) 4 b HE Ik o 481k 4 ity
(GSH-Px) . B i a2 i (A K P) PR M s 152 i (A CP) 1%
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124 HEAEG5H  FrillEREEE S EE
FrifE 22 (MeantSD) 7~ , Fi] Excel 2007 1 SPSS 19.0
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Tab.1 The survival rates of sea cucumber fed the diets
containing different levels of selenium (%)

i H #H%] Groups

Items GO G1 G2 G3 G4 G5 G6
e 24 L
T‘ﬂ.ﬁ.n/u,\%%( 60 60 60 60 60 60 60
Initial No.
Lk 1
BERIEE 55 59 g0 60 60 56 51
Final No.

PRRE
ﬁ{u.z 96.67 98.33100.00100.00100.00 93.33 85.00
Survival rate
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Fig.1

%, VEMTE ALK . G3 AN . e
TP WA 3 i, 2 35.13 U/mg prot. 0.51 U/mg prot,
Gy BRLL R 2.45 f5 RN 2.07 % 45 418 A S 7
By 5% A A 25 22 5 (P < 0.05) . 7ERN S N B Oy
6.40 mg/kg 114 i il 25 £ il 2 1) 38 1 iR E 4 i 712

i AR T X B4 (P < 0.05)
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The activities of digestive enzymes in sea cucumber fed the diets containing different levels of selenium

s P [A] S B 3R 41 RIAE 7R W 35 25 5% (P<0.05). T [A]
Histogram bars with different letters indicated significant difference (P<0.05). The same as below
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221 3 SOD &M%k & 2-A—& 2-F &
UCHAINEE | NRE IR T ARE L LR SRR )
SOD i 71 iRl 245 M4 SOD i1 1 247 b i v Ji 154
T2 ST =I5 B AR fh R B o 7E 5 PR A LG vk
(0.20 mg/kg)it, 15 il 24541 v SOD 1 PEAR LA/, 7F
T8 EUAMGVR B (0.40-3.20 mog/kg) i 14 s T MR 2H , 7R ML
e B v i (6.40 mg/kg) fRlRHis) , 8 G T X HR 41 (R T
H1) SOD TR PERRA) (P < 0.05); AMEE | A RE K 1A 5
r SOD WG PEASRIREE R, 73 IAERIHR B2 R 1.60 mg/kg
mk#| e, 4 67.75 U/mg prot, 55.22 U/mg prot Fl
158.04 U/100 ml, ifi HeAth 3 N 2H 2R Y SOD i 1 i AH
PR, AR BITEREEE N 0.80 mglkg I ik B i . B
G345 Ga 414k, HA 4 Ia S NEEL] 21k SOD it
# 53 E P <0.05), H %400 NEE R AR L )
SOD i 14422 5 i 3% (P < 0.05) .

222  HGiF GSH-PX & 69 %R & 3-A—& 3-F
WM HEE | PYRE | PRIAR . THALIE . LR B AR b
i) GSH-Px i J1. &5 Exw, WIREAKE)S,
7 AR S L GSH-Px G B Bt . R
fili7K~F->h 0-1.60 mg/lkg B, {724 24U ) GSH-
Px 175 1 i 2 AT A IR R 1 B o i 4 v Ok T 2%
Hil§ 75 i A 1.60 mg/kg B 1k F1) d5 e, 5 A8 R
it 1.60 mg/kg B, GSH-Px 1% PE ] i F . GO 4

55 G5 21 31 2 WL 4 21 GSH-Px iff 11 22 57 R i 3%
(P>0.05), HAox 4l 4225 % (P < 0.05); HAas
ZH A ) GSH-Px 1% 111425 5 i 3 (P < 0.05),

2.2.3 &Gt AKP Fo ACP 7 1 44 % vk & 4-A—
Kl 4-F K &l 5-A—&] 5-F AR AMEE | PN BE | PR |
THALE . LA AR ) AKP, ACP 6 1. #EME&
AN [R) v B et ) 05 ) 245 21 1) AKP T ACP i 1434
BERTG e B34 0 S22 ST JE BRAR A a2, (0 AKP (36
PR IR A, YAk R 0.80, 1.60 mg/kg i, 5]
S5 HL AKP, ACP G £ 1 25 5 X RZH (P < 0.05)
THALIE AKP G ik s 47.83 Ulg prot, S X) R4
() 3.93 1%, it AKP IE PR kR R, xRt
ZHAY 10.78 fi5; TEMGHE N 0.80 mglkg i, THfLiEZHE!
(25.73 U/g prot) X {4 ¥ (124.41 U/100 ml)rF i) ACP 5 P
B, Ay B RTIRZH Y 1.69 1551 2.81 455 Yl Ky
6.40 mg/kg B, A5 S A AL AKP, ACP {5 PE
Ak,
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¥ 5T S FRAR A AR bt g, JEHLARE ) S o T s
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BE R BT (1] 6-A) KA AL (5] 6-B) 1 s fe iy, 244
i THALLL(P <0.05); 1 G6 1% Sl & it f Ak,
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Fig.2 Effectsof dietary Se on SOD activitiesin different tissues of sea cucumber fed the diets
containing different levels of selenium
230r 4 41MEE Out body wall B30 B P EE Inner body wall 2257 IR 4% Respiratory tree
& g & L & ¢
25" 25 e 20
2 Eoo ! 1.5 5 # B
e | e S g 215
Z Bist 4 &L Z3
T S c T = =z 10
Bg10rp O g1 O 8
& st a & 5 x5
i 7 &
73] O 0 8o
© G0 Gl G2 G3 G4 GS G6 GO Gl G2 G3 G4 G5 G6 G0 Gl G2 G3 G4 G5 G6
215! Groups 25! Groups #15] Groups
60 THALIE Intestine 60 - JLA Muscle 180 - 1A% Body fluid
g E f F g

W
(=]
T

[\
(=]

—
S
(=
T
S
(=]
T

(=3
(=)
Ny
S
80
GSH-Pxif
GSH-Px activities/(10 U-ml™)

GSH-PxiF it
GSH-Px activities/(U-mg™" prot)
= s

GSH-Px¥f
GSH-Px activities/(U-mg! prot)
oo
S

(=)

0
GO Gl G2 G3 G4 G5 G6 GO Gl G2 G3 G4 G5 G¢6 GO GI G2 G3 G4 G5 Gé6
#4151 Groups 21 %] Groups 20 5] Groups

&3 WS IAR X7 il 245 2 21 GSH-Px 17 1 1 52 1]
Fig.3 Effects of dietary Se on GSH-Px activities in different tissues of sea cucumber fed the
diets containing different levels of selenium

BFEMT XA (P < 0.05); fifIZ MBS LA 2%, S4BT,
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Fig.4 Effectsof dietary Se on AKP activitiesin different tissues of sea cucumber fed the
diets containing different levels of selenium
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Fig.5 Effectsof dietary Se on ACP activities in different tissues of sea cucumber fed the
diets containing different levels of selenium

A HUAR 5 e v T IO AL ) 7 ko T AbE Dl
AR B S R A2 LR Al 5 i i 2 2, GO
2 (6 REZH) AL IR B, A AILATE A T ML 5 43 51 ok
10.64. 9.33. 1.31mg/kg, ALK TCHLNGR) 7.13 £%,

S W NFRAE G G3 4 S KA HUAT £ 1 &
26.44, 25.17 mg/kg, TCHLAEFEALE 1.26 mg/kg, AL
il TCHLA Y 19.93 £, B ANAE 2 E 2 2.49. 2.70,
0.97 1%, A PG & %5 23 4 JCHLAN & A% 2219 2.80
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%2 FREKFERBHSTRARANEHEHS B(mgkg, TH)
Tab.2 Effects of dietary Se on selenium content on physiological changes of different tissues of sea cucumber
fed the diets containing different levels of selenium (mg/kg, dry weight)

2H %1 Groups

JE& Forms 2 41 Tissues
GO G1 G2 G3 G4 G5 G6
P4 HMEE Outer body wall 2.47+0.28% 5.94+0.99° 6.70+0.14° 8.64+0.44° 7.70+0.38 5.99+0.06° 4.85+0.20°
Total selenium &% Inner body wall 2.29+0.60* 5.40+0.27° 5.78+0.10° 7.73+0.04° 6.77+0.24° 5.73+0.32° 3.96+0.20°
\/]] a
¥ W i 0.33+0.04% 0.68+0.06™ 0.94+0.17% 1.21+0.13° 0.92+0.07¢ 0.84+0.11% 0.57+0.07°
Respiratory tree
LIl Intestine  0.34+0.05° 1.63+0.18° 1.96+0.14° 1.97+0.15% 1.63+0.27° 1.20+0.08° 1.05+0.06"
LA Muscle 10.64+0.30 17.80+0.88 21.48+0.43° 26.44+0.379 22.99+0.56' 15.02+0.05° 12.37+0.41°
A ML HMEE Outer body wall 2.14+0.30% 5.15+0.87° 5.85+0.12° 7.68+0.41% 6.98+0.39° 5.38+0.43° 3.74+0.12°
Organic selenium i |nner body wall 1.99+0.46% 4.69+0.38° 5.07+0.25° 6.88+0.50° 6.14+0.17° 5.04+0.13° 3.10+0.13°
wn a
¥ &.W 0.23+0.03% 0.57+0.11% 0.82+0.15% 1.08+0.14° 0.83+0.05° 0.66+0.06™ 0.44+0.06°
Respiratory tree
W1Lil Intestine  0.29+0.05° 1.42+0.21% 1.73+0.09° 1.74+0.17° 1.34+0.16° 0.91+0.07° 0.66+0.05"

HLIA Muscle
TCHLAT ~IMEE Outer body wall 0.33+0.02°
Inorganic selenium py ¥ |nner body wall 0.30£0.26°

I M7

. 0.10+0.012
Respiratory tree
44LIE Intestine 0.05+0.00* 0.21+0.04°
WL Muscle 1.31+0.08% 1.61+0.73%

9.33+0.23% 16.19+0.18" 20.04+0.66° 25.17+0.29° 21.77+0.51" 14.03+0.12° 11.14+0.44°
0.79+0.36" 0.85+0.05™ 0.97+0.04* 0.72+0.20% 0.61+0.38%® 1.11+0.09°
0.71+0.14% 0.71+0.15® 0.86+0.46° 0.63+0.19% 0.69+0.21% 0.85+0.09"

0.11+0.05® 0.13+0.04® 0.13+0.04® 0.10+0.02* 0.18+0.07° 0.12+0.03*

0.23+0.08° 0.29+0.14™ 0.28+0.02°° 0.39+0.01°
1.26+0.12% 1.22+0.16% 0.99+0.07% 1.23+0.30%

0.23+0.07°
1.44+0.28°

T AT R AN R - B 2 7R 22 57 1 . 35 (p<0.05)

Note: Histogram bars with different letters indicated significant difference (p<0.05)

A7 5 WP ISR R R KA AR 5 iR . MEE S A BEZH
ZUrh RN . AP SRR, R TS, TR
R 23 PR BE UL A 4 2155 B e T WP ORI AL aE . &
Z, 28dJm, AL DTS A H U A AT PL
F A LA > SMBE > P BE > T ALIE > PRI

3 itig
3.1 AREEK AR SR EE R LR

AT ST A8 FE R0, r ) A e 5 2 A 5 00 2 B 2R
1 (100%), AT B GL 41 A4 A HE 5 T X IR 4,
M AV B G6 2L 114 B3 R AICF X B4 . #% Weinberg
JRER, Bl X ) 7 IR A 1 A L, X
AER, o Baisk 2 e . athE, g R
KA. Bell 4 (1987)WF5T 2B, ] Ml ek i KV
T (Salmon  salar) 3 8 & Fl AR T 2 34 5 T Bl 41 o
FHEMF (01N IF 78 LB, BB U A e Rl ) 2 1
B R T AR 2, DL R 45 R S
ARAFFTEE R —E

FEAPRAMG I B S B DY, B v B R, T ALl

TGS Th M, TE SR BE AT, TH ALY
165 7 i 5 T 0 FEE P 5 T S T R ARG, (R AR i T R
., WiHJE N 6.4 mglkg B, TEALREEE MR, DA
T I3 ‘L VR T B R S 0T AR BE T, VR A
A REE, RS RAK . A XK= sh#i 1k
g5 PR B ST D, 4B 4R (2008) . SR AR SR
(200752 2 B, A AT & =7 LAt 7K 7= B0 0 1 3 A BT
P, fRFEA K o AN 22 BT LA RE R 5 K 7 Sl A P
Al 35 PR, AT RE S DR R Al AT LR LA Y AR S
Pk, AR A TE AL RE R . V1A (2014) A B, A
RSN A R T2 m DR 2 0 S A RSP ; X = g
25 (1985)ffF o B, A RS A HLA 32 2N Al AR
JIT AT ) 2 R P 2 1A il A A AR I S o T 3 ) il 0 AR
AR B W A2, 3 VT R P 3 A0 X G e B 11 3
o AN AR B Ao PR 5 00 2 04 A 305 SR R A B S )
LR FIWT, AR INEETE 0.80 molkg B, a1 2
K,
32 WX EZEXEHR L

ABEFE, PR S HE B A RS I ) & A - ]
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Fig.6 Differencesin selenium content in different tissues of sea cucumber fed the diets containing different levels of selenium
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Effects of Dietary Selenium-Enriched Yeast L evels on Important
Physiological Enzymes and Enrichment of Selenium in Sea
Cucumber (Apostichopus japonicus)

LI Xiumei'?, XU Tao®, SUN Guohua'”, YANG Jianmin®, LI Genrui*, LI Haizhou®

(2. Shandong Provincial Key Laboratory of Restoration for Marine Ecology, Shandong Marine Resource and Environment
Research Ingtitute, Yantai  264006; 2. Penglai Zongzhe Aquaculture Co. Ltd., Penglai  265617; 3. Shandong Province Fisheries
Technology Promotion Sation, Jinan  250002; 4. Shandong Fuhan Ocean Sci-Tech Co. Ltd., Haiyang 265114)

Abstract Selenium is an important trace element to maintain the normal physiological function of an
organism. It plays important roles in regulating the balance of redox environment and improving the immunity.
Appropriate amount of exogenous selenium can enhance the immune function of aguatic animals, improve
ability to resist disease, and rich selenium content in aguatic product. In current study, juvenile sea cucumber
(Apostichopus japonicus), with body weight of (60.75+0.32) g, were cultured in tanks of each 150 cm x 120 cm X
60 cm for 4 weeks with water temperature of 16-18°C. They were fed diets containing selenium-enriched yeast
at the dose of 0, 0.20 mg/kg, 0.40 mg/kg, 0.80 mg/kg, 1.60 mg/kg, 3.20 mg/kg and 6.40 mg/kg. Survival rate
was determined and different enzyme activities were assayed in order to evaluate the influence of different
levels of selenium inclusion on biological indices related to growth, digestion and immunity. Selenium
enrichment was detected by hydride generation-atomic fluorescence spectrometry (HG-AFS) in sea cucumber.
The results showed that the survival of sea cucumber (up to 100%) and activities of digestive and immune
enzymes were improved by appropriate concentration of selenium supplementation with the maximum
activities of protease (35.13 U/mg prot) and amylase (0.51 U/mg prot), 2.45 and 2.07 times higher than the
control group. The maximum activities of superoxide dismutase (SOD), glutathione peroxidase (GSH-Px),
alkaline phosphatase (AKP) and acid phosphatase (ACP) were observed in the group fed the diet containing
selenium concentration of 0.80-1.60 mg/kg diet, and they were significantly higher than those in the other
groups. Furthermore, selenium contents in the sea cucumber tissues were increased at different levels. The
organic selenium concentration was several times higher than inorganic selenium, indicating that enrichment of
organic selenium is the main way into the body. In conclusion, the diet of selenium concentration from
0.80 mg/kg to 1.60 mg/kg fed in sea cucumber was the most appropriate amount. This study enriches the
nutrition research of sea cucumber and provides a frame reference for sea cucumber’s healthy, efficient and
sustainable breeding.

Key words Apostichopus japonicus; Selenium-enriched yeast; Physiological enzymes; Selenium
content
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