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WE BRAENTEMMN T ARKREREFAAERNAMRAAR. AEmEK, HBEE,
EHFEARBEENYH, ERET, GHBAML, T EFHATEH N, #%2FRER
AR F B TS, FRERE T A 42.28%F 22.33%, HAEFEAEAGERMUFEFEL

EXVNAERE; LRAMNSETEKEDFRE

, MEF R ERMEY 6x10° i, SGR #&

40.74%, 7 fn B 4 6x107° B, 72 Be 05 M 30.27%, i B h 5x10° B, & & B 5 1 7 53.93%,
KREREKFER, EENBEETEERS; FRFEARBE A e, BEstnmE, B
By A ALEE)E M B Tt A, M AT R A 6x10° R B R4, 2 5l4E T 135%.
27%. 396%. 192%. AFF %KW, B Lok EFHATE LGS H AKX ERNSREAEBAR, #
BB Fr A R R B E M, NTIRIAR S 4K,

KA

hESERE 59324  CEkERIRAD A

175912 (Apostichopus japonicus), fAFkHIZ:, &
BN, HEFH. ISR, ifilsE, BAREnE
FARZ] MR, B Rl = N\ B 21 (5 B EE,
2010; B EME, 1997; 254, 2014), T4k, M=
FIT R — BT, MR T R B IR A R R
SR, FE L) b % B SR fe v, JK s Y,
5 E R A H Bage H, 2003 AELISE, TERIZ 5
IR %) TR 0 I R £ i 4 R 2 R Al T
FRBZFEHAL, HmEL T %75 i fa & R
(FENBESE, 2004), A 7RG R I, 85%LL I H &
2 K T 25 A 5 S 1 (28 bR A, 2010) . FEAE 4R
FIFEEE Y, BT RK K P AE E 2R 2
KRR TR GH, DXAEADIG I T FR5 A,
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* 5 5T XA & BRI H (2011-5-023-QT) ¥, # &), E-mail: dcg198704@163.com
O WIEE: HEE, 3G, E-mail: yangag@ysfri.ac.cn

WA B8 2014-05-14, Weisehfs H #9: 2014-09-17

1) DRtk AT R (Bacillus subtilis) el 258 1% 25 A5 SO B O B0 VR R LB XK R OB, o 1IR3 2 0

LS LIRS, 2008, 1-64



110 ook B

2 )R 36 %

FERI S S 5H DU IR B ZE AT IR IS R AT 18 X g
B 2 A RE SO A B B BUE A, XK T
A WAERRES . fh2= 75 A it (COD) W fi i L BR R ik
94.5%. 90.3%. 68.3%. HHI, HIZFFH M ZEHKJE,
FRA AR A I R R 2 | R R ZE AT TR AR Ry —
7 R (258 80 1) 2 A AT, 6 S35 3 v 0 oy PRI 8
o FEARWEFE Y, N — R B ARG R ZE AT TR o 3R UK
WHAE 2 S5 B 7K AR F 53 A R 25 AT R X 35 B 7K T
FIS A THAREEE M | JERE 5 G2 B 0 5 M)
LS SRy o) 2 1% e B 75 B R RG 5 25 A6 A B 76 K 7=
7 FHAR AL S SRl

1 M5
1.1 ##

111 SRAEE LIRS AT R R I 25
FIL (HES) AE TRAT PR A), SRl 20x10% 9.

1.1.2  sE3mRA BREER/N . AT R R
ST, SR 4 (2.675+0.2368) g, S8 =
kR G DR . HESR . Wl . B RAEREER
MR, FRRIE NS AR 3%, H R 1K,

1.2 Fix

SIH M 2013459 H 19 H-11 A 7 H, Ak 50 d.
SIS N 1 AR 9 AN, BRI 3 A
AT, A FRFEM A K 22 (4.91640.4577) kg, FAEh
KN 2.5 mx5.0 mx0.6 m, FEA>FEHH A E 6 NS
1, EERA, URIER R SR B3Rk 1/2,
BT SIS AR R TR TS A, PR AR T T 4K
Jei , XoF HEZH RIS 6 41 43 B3 HR 0x107°, 1x107°, 2x107°
3x107°, 4x107°, 5x107°, 6x10°, 7x107°, 8x107°, 9x107°
VN TR B ZE ST TR BR , AR,  TRDR TR R I
#% 0.5 h,

1.2.1 KRN 2 fEFRG e, &M 5d,
AFRF AN [R5 B0 2 AR A, 1B AKEE . e
207 S i (COD) Rl s B PR 1 v . 2 A(NH -N)
PRI F AT L AR ER (NO; -N) 28 & i i3k
FJEEEMR | ASIRER (NO3 -N)HEE—Fmid ik 4 Pk s
b, AR E SR 77 72:(GB 17378.4-2007).
FEASKEEN 3 WK, 25 RBOFHI{H.
1.2.2 AKIBAF  FELEIFIR KA AT, X /A 575
WS TR R, BN 10 Sl 2, Fra 3 Ik
BOFEIE . 4 A KA (SGR)IHFA AN -

SGR= (InM,—InM,)/tx100%

A, My BT ASEERE, My NS
GERE IR E, t IR AL

1.3 tHEBRHI&E

FREE SIS R, AR IR I B L EL 10 Sk
2, 43 B U 2 i T8 FARE 21 20 1 i, $ F ()«
R (mI)=1:9, MA 9 fHAFRH PBS, WKKIEAMT
BRI, T 10%1192) 383 , 3000 r/min #5.0> 10 min,
HULVEW, 4°CUKFERORAE, Wil L iE W T8 A .
T 93 T AT G U TG 2 000 5, PR RE A 2 I RO T
AALPIE(POD) . BB (AKP) . IR #(LSZ).
A AL B (SOD) TG PE A RE , IS P ) <2 1
SR FH R A B P R

1.4 HIEREBEHFESW

SEYSHE ) SPSS 17.0 G MR kA7 s R F Jr 22
/3 #7(One-way ANOVA)., ##5F53, ¥E4T Duncan
ZE IR, WK P<0.05,

2 HRE5HW
2.1 WEZFEAEX KRR

i B ZF 46 AT B X K 4K B NO; -N . NO3 -N .
NHz-N. COD mysZmi bl 1. &l 1 alAl, FREEK
A TR A R ZE R R TR R 05 T 3 R K AR T Y
NO3 -N F1 NOj -N % (P<0.05), X NH;-N F1 COD
SIS i 2 (P>0.05)

B 1x107°, 2x107°, 3x10° ZH4b, HAK S
NO; -N & i g Z KT X 4 (P<0.05), 4x107°-9x107°
ZHEH 0] 22 A B 25 (P>0.05), {H5 1x107°-3x107° 41 4H
b 24 53 1. (P<0.05), 9x107° Fll 6x10° 4 NO, -N 4+
A3 ) L BB FAIC T 30.43%F11 27.83%

B 1x10° 41 4b, HAAS S0 4] NOs-N 2 i (1%
TN IR (P<0.05), 6x107°-9x10° 41 NO5™-N & =A%,
H I ] 25 5N B35 (P>0.05), [H 5 HARHZ A
#955(P<0.05).6x10°-9x10°2H NO;-N 7 5 7£ 0.0071-
0.0079 mg/L Z[a], X A4 [k 40.60%-46.62%

22 WEFAFEXRZS SGR KN

TE i 2 37 58 b U T S [V R 1 R 2 A AT TR
M7, JZ0) SGR Nk 1 R, w1 A, Kk
RN 5 ZE AT B % 2 SGR A7 I 3 %21 (P<0.05) .
Bk 1x107°, 2x107° 4141, HAK I 402 SGR 3
5 T X IR ZH (P<0.05), £ S20 4 Z M AAAE A R 22 5
(P<0.05), Hih 6x107°, 7x10°41f4 SGR s, SXf
HEZHAR L2 R 85 T 40.74%F0 35.80%
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Fig.1 Effects of B. subtilis on water quality

2 3 4 5

6 7 8 9

TE: A MRETFREE 2255 R B EP>0.05), &4 AFFHE 2SS % (P<0.05), FIH
Note: The same letter denoted not significant difference (P>0.05), different letters denoted significant
difference (P<0.05), similarly hereinafter

F1 HEFETEXNRS SGR WM
Tab.1 Effect of B. subtilis on SGR of sea cucumber

ilis &
Addition Srﬁsouubrf'zlésf ?Tﬁﬁilis (1075 M1(9) M2(9) Aver?gi:(%i(lg)gain SGR
9 2.89+0.159 10.39+0.486 0.1500+0.0081 2.5580+0.0009%
8 2.87+£0.210 10.90+0.499 0.1607+0.0058 2.6717+0.0005%
7 2.81+0.151 12.64+0.336 0.1966+0.0095  3.0090+0.0016'
6 2.94+0.151 13.97+0.222 0.2206+0.0014 3.1183+0.0007°
5 2.92+0.181 11.57+1.301 0.1731+0.0225  2.7483+0.0011°
4 2.72+0.127 10.00+0.403 0.1457+0.0058 2.6030:+0.0003°%
3 2.65+0.168 8.96+0.863 0.1262+0.0141 2.4347+0.0008"
2 2.41+0.040 7.79+0.297 0.1076%0.0051 2.3433+0.0044%
1 2.28+0.171 7.00+0.093 0.0944+0.0019 2.2477+0.0013%
0 2.24+0.168 6.77+0.110 0.0906+0.0017 2.2157+0.0013%

. FhEdE b 2013-09-19-2013-11-07 Hl 2 Ay E AR KR
Note: The SGR data of sea cucumber are in the period of 2013-09-19 to 11-07
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Fig.2 Effects of B. subtilis on the activities of digestive
enzymes of sea cucumber

2.3 HEFRTEXRSHELEEEH M

Kl 2() AT F i, 1x107°, 2x107°, 9x107° ZHiEH)
it I 1k 5 0 R A 22 Stk 25 (P>0.05) , AN 4L Ve

T B e T B A (P<0.05), Hirh 6x107° ZH 3 #h i
TEVER RS, HOXTHRZE S 30.27%; 4520 AR (AT G M
2 TN R ZH (P<0.05), 5x107°. 6x107° 44k s 1
B, ARl BEZH B 59.50% 1 53.93%, 45 5L 2
[ PR 2 22 S (P<0.05), 45 5 LA 2(b) . 18 2(c).
PP 22 BT B, AN (R VR R 11 A R ZE A 1 o 5
X3 2 W 3 HP i 0 TG T 14 5 ) S i 2 (P>0.05)

24 HEFEFENRS IR RSN

TE i 2 37 58 A8 I A TR) TR B8 %) oy 0 2F 64T 4 11
R, WFFE A S ARE v AR e S P e e Wl S M AE f, &
YL F )5 248 FT A Duncan £ RS IR, S0
i S R RE Hp AR Ry S % il (POD . SOD., AKP,
LSZ)¥h P i 25 5 T4 IR 4H (P<0.05), 4% 5256 2H 2 ],
HIERFEZESR ., Bk 6x10° if, POD. SOD.
AKP . LSZ {443 e X BR 4l &5 1.35, 0.27. 4. 1.92
i, £ 4IRS PEKF WLIE 3.

3 itig
3.1 HEFRAEI KRN

— S BT K U R ZF AT T BE % W WOR
FERHKR P SE A LY . AR E: . A SR,
HA BEARAL 22 55 i, Al oK BT i 1 1 (27 5 %
2006; FfiZd 4%, 2010), FEAMIFE T, BN H 254
T 700 7T ) I 2 B AT OK A4 P ) NO; -N- T NO; -N
i, (HIF R FRRK A Y NH, -N #1 COD, X AJ
B3 8 2 R T A 590 4 o i DA RS [ R A A O
TEA TS, FREK A ) COD % A FHR ka3
AT il 5 PR 7 % B K AR b A R G 2 T T N g
FAEA DL, FLU, W80 e vk B 1 TR 1At ] B 2 il
COD il 1 .

3.2 HMEFAFEXNRSELEEEM SGR BRI

Pan %5(1997) . ML #2 55 (2013) A58 K B, 117
R AR IR B ZE AT R IR, RERSR S K = sh ) il
FRER TR TS T, R R S HLIR ST B SR R
WA, sEmE S A o TEARBESE R, W
i B ZESRUFT B 1) S5 0 4 T AL S ME A 2 SGR M2
PR ST i 5 AR B AR AR | 3k T R e T A
PEREMS AL S A0 A K, B R AR A e B4 A S PR ]
R 2 A B 1) A R 2R A0 T 43 3 o D T AL Tl ) o 2
FI B B AR A VR (B R A, 2010), S3L
HH B PR AR A 4 (Kaoma et all, 1996) . #ili B 25 /4
P RE RS 12 = 0 2 M a8 T AR S 1, T BB IR, %
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Fig.3 Effects of B. subtilis on the activities of nonspecific immune enzymes of sea cucumber

) 350 0T 50 25 A e s R ) 355 P S WS B3 (P>0..05),
X5 T B 4E(2004) . T 44 (2012) VHF ST OS5 SRR,
T I 5 2 0T TR 3 6 10 904 e Tl 288 ke 3 % o 2 g
TE T P T 1 A e LA — R e PR, 3 T BE 5
B G K5 R A

3.3 HWEFEFEXNFS IR R RSN

RIS RICHEMEZ Y, HA R R ARRe e,
AR 200 43 I B L e S M A 2 Tl L 17 35 R S R 1)
3% (Eliseikina et al, 2002)., A7 4RiE, POD fig
1AL H0, 5 A MR Z [ i AL SN, 2 32 440 iy 1o
W, B A AT X A NIR SR ) B AR I fE 71 (Chance
et al, 1955), SOD &AWk A H AP E
fit, AIfEAL A DT - B A H0, BT Oy, XA

Yy EAF R 3 B B B AR (£ %42, 201275 Nichols
etal, 2000), AKP J& 5| S {4k N —Fh 5 2L K i il , 7
RIS BB, S50 AEHi 5BE rm
ST AR (224K, 2007)?, LSZ S 75 W 20 45 ik,
PRI, BEAS K e 8 22 I PH 1 17 200 i e b s 220
WEIRZ AN AN, 5 2B B B 5 (Nichols et al,
2000; Zhang et al, 2000)., JF4HES1E: G e BTG T ) v
I R T S0 R A E Y RIS . A
BRI IR, FEFR T A AR B Ak o IR A B 2E AT
B BB B2 = /K = s I A A S 1 G e Tl G 42, A2 R K
77 B I fE R B () B34 4, 20095 X1 I 55 4, 2012;
JA B4 2010), AW R R, i KA R
IR R ZEFLAT BRI 700, R B o ) S AR BE L S AR R S
PG R S P o LT B IR DR A 2 E AT R A o S 1A

1) FZ. Pikkssd &Y% KA H 2 (Apostichopus japonicus) i 4l Hh i I ASAIFSY.  Hf [ 1 v 22 B 9 AR 24 A 18

3, 2012, 1-70

2) Zkll. SRS P FRE SR F IS, b E R A I LS A 20018 3, 2007, 1-85
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The Health-Promoting Effects of Bacillus subtilis
in the Culture of Sea Cucumber

DONG Chunguang™?, YANG Aiguo”, SUN Xiujun?, WU Biao?, LIU Zhihong?,

ZHOU Liging?®, HOU Ya'?

(1. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306;
2. Key Laboratory of Sustainable Development of Marine Fisheries, Ministry of Agriculture, Yellow Sea Fisheries
Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071)

Abstract To study the impact of Bacillus subtilis on sea cucumber Apostichopus japonicus, the
functions of the different densities of B. subtilis in the culture of sea cucumber were examined by focusing
on various parameters, such as water quality, specific growth rate (SGR), activity of non-specific immune
enzymes, and digestive enzymes. The results showed that B. subtilis significantly reduced the content of
nitrate and nitrite in the culture water, and the highest removal rates of nitrate and nitrite were 42.28% and
22.33%, respectively. B. subtilis obviously improved the SGR of sea cucumber and the activity of
non-specific immune enzymes. The density of B. subtilis did not impact on ammonia nitrogen and COD
content in the culture water. At the density of 6x107°, the SGR and the activity of amylase in sea cucumber
tissues compared with the control group were increased by 40.74% and 30.27%, respectively. Additionally,
the increasing value of the activity of peroxidase, alkaline phosphatase, lysozyme, and superoxide
dismutase were 135%, 27%, 396%, and 192%, respectively. When the density of B. subtilis was 5x10°°,
the activity of protease in sea cucumber was improved by 53.93%. These findings suggest that the
appropriate density of B. subtilis in sea cucumber culture water not only improved the quality of water but
also increased the activity of digestive enzymes and nonspecific immune enzymes, resulting in better
growth of sea cucumber.

Key words Apostichopus japonicus; Bacillus subtilis; Specific growth rate; Enzymatic activity
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