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Abstract: In this paper, the fermentation conditions for seaweed Laminaria japonica using Bacillus subti-
lis were investigated, and the feeding influences of fermented seaweed on sea cucumbers Apostichopus japonicus
were studied. The results showed that, the optimum fermentation condition sincluded 30 “C, 96 hours of culti-
vation, and 12% inoculation amount of seaweed powder. After fermentation, the crude protein content of the
seaweed increased 15.17% , reached up to 14.65% . Feeding with diets containing 30% of fermented seaweed
has caused obvious effect on the experimental animals Apostichopus japonicas. After 36 days of feeding, the spe-
cific growth rate and the activities of hemolymph lysozyme, total superoxide dismutase (T —SOD), acid phos-
phatase (ACP), protease and amylase of sea cucumber, increased significantly (P < 0.05) , while the total
haemocyte count in the body cavity and the haemolymph cellulase activity did not change significantly (P > 0.

05) . Furthermore, after feeding with fermented seaweed, the total amount of heterotrophic bacteria and Vibrio
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sp. in the digestive tract decreased, while the Bacillus sp. increased, indicating that feeding with fermented
seaweed Laminaria japonica could promote the growth of sea cucumbers Apostichopus japonicas, and improve the
digestive enzyme activities and immunities, and regulate the intestinal bacteria composition.

Keywords: Apostichopus japonicas; Bacillus subtilis; fermented seaweed; specific growth rate; im-

mune factor; digestive enzyme activity

0 31§

1 (Apostichopus japonicus) JEiF SIS, AR T3 25 W FR1L 8 DAL 19 20 K H
AUFHERR, BAT B R 2. 05 A T Fe0 7l A P e, oIk 160 7 42 i 2848 2 30 o0
Wi, AFER ARSI 300 42T, T PIEREKG R B 2 R T A L By, fE AR
PR W £ KR SR IS 77 B8 RO J IR . A WL, LA BRCHRESE | PRI . TR . VIR
MK RO VIR RIL L, S e KR UR Y . IORRE S A A R B,
AL T A AT R R B SRS R ok 4, FLRE R 70% Sk F AN dRa, 10 o
TR B 2 AR O Ok 4 2 AR LRI D e . R, SRR A 2 F2 3 v (g B E A —
EHE , (R, 164 Ik A MR AN S ERLFF I (Bacillus subtilis) R BEREHF (Laminaria japonica) fE
Jo SRR TR R R AT B S A O A 25 T, R IR A
AR — , HAEASHE B PR AT L7 KB R R . G . LFAEZENG . WL
HEHEET DAL SO ARG, T R AR SRS R, R FTAEAK FR A 7 o AT R L 3 7
GEKERES . VN SIS A R | SRR S S Sy DU AR B KSR T A SR
W RT A RO R TR S AR . R30S B0 2 AT 8 R TR A X ) 500 1k 5 K L B
PENLREROREI, b R (0 FF R 2 25 WOk

1 #MHRERE
1.1 #8t

SEgG I I H TR T, VRS TE 45 CHRI Tt R, M4 60 B
WL, 4 CHRMFTREBAE, & SCHIZHE B F S SR A R A F], LRI iRz
HIRFFE 2 LMK IARRE . 3d N PR e, IR RS KR IE S T 15 ~20 ‘CZful, $hEEH (24 £2), HH
16 00 HEhakt 1 vk, ARk T, ®H 8. 00 jE R R Mok —Ik, FEsKA H I3
B 100% . FISBEFESK B T REA ARG RA R, HEFRAR (FESE) H: Ko<
12.0% , HHEH=13.5%, HIEN <4.0%, M4 <10.0%, §5<5.0%, M#i=0.7%, K4 <
45.0% , iz =0.8% .
1.2 REMEY

TE AR B 2R AT IR A & Tt i R BE R, TR R R A S I (R i TR R
1.3 AENEDEMAES

PR B YR AR B 73, 30 CH9% 24 h )5, PRE—IRR &5 A 5 mL IR R: 77 3,
30 °C, 200 r/min FEKEGFE 24 h (—ZLEEFR) , BU1 mL —ZL R4 A 20 mL AR F24L, 76100 mL=
Fbeih 30 °C L 200 r/min FERKG IR 24 b ( GORFNGE FR0P R BEUE P BUE R F) 10° CFU/mL)
R R A T B AR

iR ZEAAT Y RIS EL . IR FIR 10 o/L, EERREH) S ¢/L, NaCl 10 g/L, pH 7.0 ~7. 4,
1.4 BHEBRZGNRL
1.4.1 PAFETF58

1) A A TR A S g B S0 M A A ek, 4% m (il tn) =V CREBEZAEY) =
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10% BB MR BE A PR, G500 L ASZEIR0K, MR BEREZAE 30 °C, HRBERSE] 0, 24, 48,
72,96, 120, 144 168 h & H 8 AL, HAHI 3 NEK, KSRGS O ER A B
BRI 5

2) WP RTEREOCLIE  FROR RS 26, 28, 30, 32, 34 CiE 5 S, HHE3 N E
&, HMAERSMES 1) . KB 48h 5, B ah i A7 8 B & i 5 4347

3) A R I AR B LA SRR R 6% | 8% | 10% | 12% | 14% B S DSk
H, FHBE3ADES, KBRS 1) W, ZEE48 h5, BmAeahier & m B & sl 5 06,
1.4.2 IEAZSER A R e A

BExb bad 3 BN T30 IEASEE (R 1) ATy R e siss, i 8 00 Al -5 o A A e v
i R

F1 EXRWIZITR
Tab. 1 The table of orthogonal experimental design

?E Factor

Ko

A R B J I 1] C - FERh R B
Level
Fermentation temperature/ “C Fermentation time/h Inoculation amount/ %
30 48 10
2 32 72 12
3 34 96 14

1.5 RSFERE

2% 48 h YU B DI HEZS AR B 5, B FRRER TPk IR (0 IE % . IRRITP5 . KX
SIHIZ 198 H((14.62 £2.03)g), BENLIAS 2 6 AN NKGAE T, KRR 30 L, JFAREBK
TR 222040 3 A, B2 AEE, B 36 d, Hi, K- T84, #% 70% Bl &k +
30% KPR IR & 5 B H 3 — ), K - 1 X B4 3% 70% B4 1Rk + 30% Mg 47 kr + 10% T i)
(10°cfu/mL) JRAJG R HAE—R, K -0 X B4k 70% B AR +30% MR A Jm 5 H £ —
Wo SUHBIEBIREIN 16: 00, HMRER A T ER, &H 8: 00 Mgk 1 Ik, #HKE 100%,
IS S ORI e, BREEAKIR IS T 15 ~20 CZfu), pH 8.23, hE (24 +2),
1.6 HWillFRRESLHE

ST IR G 0 12, 24 36 d fEAFRIH ARG T RAPLARIN 3 2, 3 HO 2 A KR K b
VoG TEVKTE 2540 T Wi RO AR s, Herp— 30430 A SR e i sn H T SR I A A 11550, AR o
£:3000 r/min, 4 °C .0 10 min, VR TR B 00 TR RG : .  A0A A0 st Rt R T 1 3 2 G 1)
W, BURZS 5B E, BIBRMIER, BHN&Y, R, A 9 AR TR A9 0. 02 mol/L
PBS ZZufifi (pH =7.4) Ja213K, 213KM4 12 000 t/min, 4 CEL> 10 min, B35 BV A HLER O
T B PRI S

[ T8 ERERE SR AE S AL B, S2IGITFHA)E 0, 18 36 d 43 MIAEA SEBe BT 3R 3 HlZ, WLk
24 h J5, HABGECH 75% WMk TH B8 R RTS8 BT A, 28 K B A AR K s R B0 S BR
B, A9 AR AT K LR K (RN 0.85% ), SIRIEVERIZ AL E D A o
1.7 HREARSESENE

KRR (o R LIRS 205, ISR E A& SR S D i ke . BE L
Hid 3Ron, RIVRRZ2 v 2 1 A R i3 7
1.8 FSEKENE

FrEA KR (SGR) HEEAZ: SGR = (InW, = InW,)/t x 100% , Hh W hHIHRI Sk, W,
N SCUGLE AR, ¢ SCIR ], ISR E RIS M E BB Tk
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1.9 GEEXIBRNE

PRI 0 0 MR P M BRBON B 1680 R B PR S 8 Zhou 25 R D7 I 5 B AL P,
AT P R A e R T P R T AR DA IR & (R s B AR5 ) D

VAT B TR RAA 1 X IR TV IRAE 37 CHY, 1 min P ODy,o F&AIK 0. 001 Ky 1 NG 80
i (U), Sl SE Y E ARG YA 158 . DARRZE TR T SOD i #8345 50% B it i (1) SOD
NG ST (U)o PR PR IR B S 4 S 07 19 2 L. LA 100 mL & B W 7E 37 °C B 5 5L B /E H
30 minj= 4z 1 mg By 1 A4 IR
1.10 SHWEEEMNE FE

R B SR AR — Wl n ke AT I 5 2R R B IS MR H 3, 5 - SRRl ;. TE
o3 T8 15 PSR P VE A IS PR A AR & (Rt ) TR ) e

AR EM AN R E L HAh R R ATE 37 °C. pH 7.5 B N BB K IR R 77421 pg
xR SR — G B (U)o SRR B TR i X 8P R 8 28 40 CORIB IR IR
30 min, Imin NAEALEFAEZRKARAERR 1 wg BAPRIIEG 2 SO 1 ANTEJTERAL (U)o JERS B PR B 1Y
S AR SR AE 37 CHESEYIVE 30 min, ZKAEGER 10 mg FRA—NUEMERG J1 507 (U) .
L11 fSENEEFEFRFHFNN

FIZ A IE FEERACE kS IOk [13], seA &0, B Saik [13] Al 2 inikiE
PR JC TR A B AR KA 10 5 RAVBR R REE 1077, R EL 100 pL 7635 A 58 NIk T
2216E, TCBS #5374k, & 3 MEKE, T 30 CEHAM FEFE 48 h, EH 1R V% W i H 08 7% $07E 30 ~
300 CFU Z[a] A i 17T
112 HIELREBSSH

K SPSS17. 0 BAF#E AT B AL BE AN GE 1t 53 A7, & BUH S Fom NP BIME + prfEiR 22 (Means +
SE) , ZHIAIEE R BT 225301 (one-way ANOVA), ZHNEERH] LSD Z & [L#, P <0.05 K
R, P<0.01 HEFHEE

2 R
2.1 EEFHNAZEETEHEN
2,11 pgnta
SCUGLE IR I R PR A [R) X R B2 TR B A T T

WA RERW, W kR A RS s I\

SR R B A TR TG SLEHREAE, 48 b ki £

Biff14.66% . BB AT FIMANBIEE LGS 140

PEAFIOTEEG 120 bR B REAG S0s] ) 4,

T AT 1286%, SRBEEDERR Fool o 1 L

168 hFHEH LU EUR R AR IR T 2,5 T N

MEATE (1), 2,0 5

2.1.2 KEHRE z e ettt
FRAER R, RFEREATEE LRI 7 bl e

AR FE BB A BEP I, 7626 ~30 C, W& A R [F) 5 5k ] 2 7% 2 5 B 3 (P<0.05).
Zi@qﬁ-ﬂfﬁ EI/‘J ﬂ'% y @%ﬁ@%}iﬁ% ':F‘ *ﬂ% E[ E/‘J ﬁi%f& i{;;e:])iffertznlljl(att(;eg indicate statistically significant

N SH RE - s 1lerences <0. .
E“”“%igﬁmff?hﬁﬁﬁﬁ“ﬂ?” ywtf? B1 REEENESEESS RO
T, B 2 1 T by ot 2 9 7 R B Fig.1 The influence of fermentation time on the

WEA TR, HEFAHE (WWE2), crude protein content of Laminaria japonica
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2.1.3 BRI

SEYREE R AT, SR AR R R 1 DR INXT A ETREAT ) OB R B R A AR N,
SEIEACOCER, R 0% 5T & 43 B8 B o s B 28 A0 A B 42 700 Bt A 3G i T AR, S AR R s F
14% I5F, HLE 00 R 50E 8 14.65% , B3Em T HAbSCEA (WK 3),

16.0 15.0
£ 15.51 i
g S 14.57 .
= 15.01 P //ﬂ
g 2 ©
2 c c = C z
21451 5 i ¢ £ 14.04 a °
o = a < a — 1
E a b = —1
S14.04 = 2
t ﬁlﬁ‘
1351 s
= =
2 13.0+— . . ] . S 130 . . 1 . .
26 28 30 32 34 6 6 10 12 14
i Fementation temperature/C FEFP i noculation amount/%
L IH AN R 5 R[] 36 7R 25 5 B 3 (P<0.05). VLT A [A) = B[] R 22 7 1 2% (P<0.05).
Note:Different letters indicate statistically significant Note:Different letters indicate statistically significant
differences (P<0.05). differences (P<0.05).
B2 ZBREEXNESHHEARENEN 3 HEFATEEMAEXETHEASENEMN
Fig.2 The influence of fermentation temperature Fig.3 The influence of inoculation amount dose on
on the crude protein content of Laminaria japonica the crude protein content of Laminaria japonica

2.2 BHEFANELABESHEFEXRE
Gt Mras R LW, Z Tt R BRI SRR A A% DR R T oL
TR, HARERYCON € <B <A, RV Wy 8 Mol e 0] A e i i HLER A0 35 22 52 T
K, KEENRIRZ, KRR TN (LE2).
®2 EXRBLERFITHN

Tab.2 The statistical analysis of the orthogonal test

245 IR Level w(CHEH)
Groups A B C Crude protein content/ %
1 1 1 1 13.69
2 1 2 2 14.59
3 1 3 3 14.15
4 2 1 2 14.21
5 2 2 3 14.08
6 2 3 1 14.07
7 3 1 3 13.99
8 3 2 1 13.74
9 3 3 2 14.26
K, 14. 14 13.96 13.83
K, 14. 12 14. 14 14. 35
K, 14.00 14.16 14.07
e 2 Range 0.14 0.20 0.52
)5 %8 Best 4 B, G,

ARG RS RAMEWT, Al 2R IAT B Al A SR R B 25 I A B Gy, BRI 30 °C, &
FES ) 96 h, fHCEMHERIRIE 12% .
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2.3 WHEFANEAEBEEXNRSERENZIT
7536 d B B SRS MR IR, BRERL, AR 100% , SSREEREY, itk
K - IT HARRA S K - T AR R S e, HAR I At 2 () 1 22 S v SR T 4R JR 5 12 K
BB, B, FESCIRITAR)S Y 12 d i 1] PRI B 4 2R R AR A5 A PR 2 8] T 3% 22 5 (P >
0.05) ; 24 dJm, K-INADMSHEEERREF m TXLL, M HAP K-THBHS T K-04
(P <0.05) (W#%3).
x3 REMBEFAAEABSETNRNSERNZN

Tab.3 The influence of feeding fermented seaweed on the growth of the sea cucumber

205 WA SCYGFFEEAT(A] ¢

Groups Ttems 0d 12d 24 d 36 d

K0 TR Weight/g 14.53 £2.18 17.52 +4.08 21.46 £5.03 26.82 £3.43
e A2 K %SGR/ % 1.56 +0.17° 1.69 +0.31° 1.86 +0.46"

KT IATE Weight/g 14.72 £1.19 17.71 £0.36 21.86 £4.44 27.40 =4.30
R A K 3 SGR/ % 1.54 +0.20" 1.75 £0.28" 1.88 +0.37"

KTl 1T Weight/g 14.65 +2.44 17.67 +£3.20 22.02 £4.17 28.39 £6.67
e KR SCR/ % 1.56 +0. 14° 1.83 +0.34° 2.12 +£0.45°

Y. SR B AR T RRA RE SR (P <0.05) 5 RREEKE =12 ditH,
Notes: Values in the same column without a common superscript are significantly different (P < 0.05) ; specific growth rate is in 12 days.
2.4 HEFAREAXBESTNRSREEENRZIE
2.4 1 PRI IEEL
e B, AL IR AIACAE 1. 530 x 10° ~ 1. 550 x 10%cells/mL 2 132, 8t
T FEZES (P >0.05) (M£4),
x4 WHEFETEREESEX R SEE AR

Tab.4 The influence of feeding fermented seaweed on the body cavity cell number of the coelomocytes cucumber

ZHMIEL Coelomocytes number/ ( 10°cells - mL™' )

#15 Groups
0d 12 d 24 d 36 d
K-0 1.531 £0.110 1.551 £0.091 1.543 +0.103 1.544 £0.123
K-I 1.531 £0.110 1.547 £0.122 1.534 +0.068 1.552 £0.076
K-1I 1.531 £0.110 1.541 +0.088 1.550 £0.096 1.530 £0.082

2.4.2 ARSI

MEEBREE R, TOIR R K Tl 1 27 TRk v BN 0 2 T o A s B 2 AT I e i 5 4
R SR WS T TG, JF L, BRI e (SIS A s . & 4a VDL, 37 g5 AR B O
KEEEsZm, K -T2, K — 1T 2] 2R B8 VR PR T TG M7 SE IR T 4R )5 5 24 RIA B 16 (H ( (82. 68 +
1.14)U - mg ™" VIRZS, BERZERTE; K -0 LR REIARK,
2.4.3  RESA ALY Ah B

S A SR R I, Fhm) ke Bty REARDRE b ELEE S N & TR it R 2R T R 2 Aoy i g 4
e R SR BB AL AL B G P . NI ADARXER Y, 8 0Rh w ZE AT 1k ey LA i AR T
TSR s W S A B AR M VR, ZEARDRL TR a8 0 2% R i A A B 2 AT P PR SR 0 B 2 4 v el
SR T - SOD &4, (HHARTHIR A i . K -1, K- 1T 432 L2068 A A0 W 57 A0 i 14 04
HH ARSI TIT LR 555 12 K, K - 412 T - SOD I&{H 4 (70.25 +1.56) U - mg™'; K -0 41| B AE
FEA I (R s TR R SR AL B AL B S e B AR RS, AR IR AR /N
2.4.4  FRPEERR B M

SCYRZE SR, A & E T R TR BRI N R B A A R AT R B A IR TR =
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PRI R PR AYERERR BTG, AR TS TP I W00 BT 5 PR A T — SOD 3B PRGN 2R . A5 9 ],
K-T4, K- 4RZpmIERERREES P EIH R TR, 7a5 24 RikBmmfE, Hop K- T4
PRI ACP kiR (48.86 = 11.75) U - g7' (W 4c).
2.5 HEFEARABESENRSHLEE RN
2.5.1 HEHEMHETE

SCYGHURRI], B BT REAS IR i S AL E O B A TR I, 7ESCIRTTIRS 36 d WK -0 4
RIS THACE S ARG TC W 25 5 K - T 2R K — 10 20 30 2 B (1 W 0% P ) i o 7% L[] 7 4% 1717 2
Wt TRE . AIEZT, K- 11 ZLRIZ0 A0l 8 A R 6 225 i T IR K -0 2R K - T4,
K-THMBEST K-04, LI HREH 18 Kike, K-1, K- I HRSHAEE A B EC IR

Z5 (WK Sa),
2.5.2 FERIEEEETE

AR 2SR TR A TR X 0 2 A T by B M OS2 I T 51 Sb Bz o T, R SR 240k s
l[:'fl?

it 2 ST T s o 2 AT T A IR T

AE AR O S THACTE PR G 1, AR T 2 00

SERHEH AL (P < 0.05) , Aid, JE &R S TR0, mE, e RIS E ek

T PR R LT AN A7 A I TR AR S o

——K-0

b c.
80 e = T \

——K-I1

2
=
-2 60
HI 3
2y
2 o
=
20 1 1 )
0 12 24 36
HORE B[] o/d
20 a) VSR Lytic

.70 I ¢ a

it I 1k
Enzyme activity/U
w o
[= 2N -]

40
0 12 24 36

HORE IS 18] ¢/d
b) B ALY LS T-SOD

it 1k
Enzyme activity/U

[SSIN N
o O

=
o

et _F 4O

(=S

L > o

0 12 24 36
HORE B TR] o/d
c) BV R M ACP
VLHT A A 3 38R 22 57 1 3% (P<0.05)

Note:Different letters indicate statistically significant

differences(P<0.05).
B4 HEFATERBBENRS
S % i B0

Fig.4 The influence of feeding fermented seaweed
on immunoactivity of the sea cucumber

0¥l mI8K m36K

U
&
o

Enzyme activity/

=W
o o oo

K-0 K-1 K-11

a) & F M Protease

40

b b
30
20 a_a 2 2 a
K-0 K-1

b) VE# i Amylase

¢) R4 B Cellulose

G 1k
Enzyme activity/U

—
[\

Bl 1
Enzyme activity/U

—_
o

VLI AN [F]  BE R R 25 53 10 35 (P<0.05) .
Note:Different letters indicate statistically significant

differences(P<0.05).

5 MEFHAMAEABEENRSEAEETENZI
Fig.5 The influence of feeding fermented seaweed
on the digestive enzyme activity of the sea cucumber
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2.5.3 Y REEETE

SEREE R (LI Sc) RET, PRI FE 2T T A I S0 R T AR S I A 1 B xR
ZIHE N AER A A — €2, H2EFIFARE (P > 0.05) o 0, A ZFEHEX RIS
Yyrb 2 4R B AL R RE T AT R
2.6 HEFANRERBETHRSHEREFNIZI

SHGLEIR (WA S) KB K -0 4Pl 28 A B e RS 1E 3. 23 x 10° ~3.36 x 10° CFU « g™
Z I8y, YRR 36. 25% ~37.21% , ZFALFF A LG 8.82% ~9.26% , = FH¥THREZML (P >
0.05) 5 K —TF1 K — T 20 rv i 2 i 18 v 40 v S BSOS B L9 B R I (] el e la TRe e, T 2R 4
FEA LB AT e TAsE o K - TT A S BONIE e il e b, BF T K-THMK-04 (P <
0.05), HK-THBEMT K-04 (P <0.05) ; ZFAFFE AN K -1 HiES, B&ST K-1H
K-04 (P <0.05), MK-THXEZEETK-04 (P <0.05) , SLBITHREH 18 R K-1, K
— 11 ZH 0002 i 1 A R G IR AR RO R 2 AT AR X Bt T 2 25 5% (P > 0.05) &

x5 WMEFETEREETENRSEEERNZE
Tab.5 The influence of feeding fermented seaweed on the intestinal microflora of sea cucumber

by o s e
SN ¢ 4151 Total hj;eft[f;;}?f%acteﬂa Projfjiﬁﬁiisfnﬂ? f[:lEr{fi %
7d Groups /10°CFU - g~ r— ——
B Vibrio ZFHIAFIE Baciclus
0 K-0 3.23 +0. 16" 36.68 £1.36° 8.92 +0. 16"
K-0 3.30 +0.13" 37.21 £1.10° 8.82 +0.09°
18 K-1 3.04 £0.09" 30.12 £0.96" 10.36 0. 06"
K-1II 2.91 +0.15° 27.32 +1.34° 14.23 £0.10°
K-0 3.36 +0.08" 36.52 1. 18" 9.26 £0.11°
36 K-1 3.10 0. 05" 28.86 +1.34" 11.23 0. 16"
K-1II 2.86 +0.07° 26.82 £0.86° 15.10 +0.08°

YW =S AR TR AL A B E 2SR (P < 0.05) .

Note: Values in the same column without a common superscript are significantly different (P < 0.05) .

3 g

T R N T IRFEN S i B I R IR — PR AL 2T B A Ity A 7 R 2 ) 3R S ] i 4
RIS TG PRI 2515 5, B GER, MEY AR R RS m iR R O S, A LR
THXELBOH AR BT, JF BAERRL R B B, KR 23 A Kt il AL s . /MK, B R4
RUUBARAE R FEYR " ARSCEE RS H A (ST 25 AL R ST B & BT
WREAEHE iy R I~ W AR 1 o i, 2 R AR . IR E MR i S R R e, fefE:
R FAT SR F 2 AT IR RN & 12% | ZEITE] 96 h IHELRE 30 C. 4RT, SZBR TSt
TR PR W) B ) LR 1 S BAS SRO AN /R L SCHF 14% BRG R 2R s B e AR B UL, 52
0 AL ) A XS T A T 7 ) b A B SR o AR A A TR 5 00 AT, iR SR TR — PR

AR FcE T, fEREEREE R 30 °C, HEFRIGE A 10% 4T, 48 higay oA A & i s 2 R
e, FS SR TR HBLX AR B T RE LA 2, 48 h AR B ZE A A Al v ) AR B A
B SR B EAE I A R AR BT, S IARIMBR , I BEE T v A0 AR RS TR Rk
R FH R A T T A T P A oML 1 U

iR 2R AP A R 2k I MR AR, BB S i1 S o e e e 3% . &R . A
PLER . (R KA TFEZMERY I, dEmfedkm= s KD R, Wi 2R iR
FEEEE (Scophthalmusmaximus) 7' BEY5 X HF (Penaeus monodon)'™ | 5 & 4N (Silver prussian

http : //xuebaobangong. jmu. edu. cn/zkb



418 - FXRFEM (AR B2l %

carp) " SSRGS AETT R MG E R . ARSI ICIE R IR R 2R TR R WA R 2, R A
AR IR S ZF AT ), el R AR AR R (W3R 4), WA & THRIHHIRIEE R
BIRFIHN RA 25, BSCRE R8N IR, X SR 2SR REAS 76 00 20 03l R AR -4 i 9K
AR IR E Y S, SRTMILARSAASCI I 1E, il™ A= 2R AL AR 2R I 7, ST iRl h 2
FBR B TR &t A s AT EEAOG  MWARSEIRAS IR, ARG w2 ST B A AR A 5 ) 2%
SR T B GRS 2 AT TR R AL, T RE S M A B 2 S TR A I RE AR T4
AR FUTAEE R A R R A TR A RO SR A OC, B S A B ST B R AR TP BT E SR
WA, (HARFRAGRNT . 525 X IRAU AL, 7eSEs T RIS 12 d B A Ieiteits FARDEE R as s
RO, HRRE A RARILTFBEA LS, Rz sz, H1e36 d Rr=A B2z, Xl
WA e Tty X R S (08 25 58 MR 22 12 d DLt ia) SR, 3 BIEAHEER

TCHHESh P i = R Sk Gie , LG e A S BRI RS RS I R HEAE L Y, I B R f)
G o TS VAR I R0 AT TG A P v 2 A R A0 M R AT e 2 TR T2 A M PR 25 51 4Rk
B AREE (SOD) Jj2—FhHT AL, "k AR+ A i34k H0,/ 0,5 Mtk (ACP)
TERIZ 0 Gy R R B2 (1R, 8 0T LAVE S0 2 VAR B v T K L8 40 i 758 e ok g J
P e PR B B AR AL S TR R 2 ST TR B0 0%, B IR R BE O TR A I ) 240 JE e 7 A
Wi, AHUR, BESREARTH IR RNE . ALY BB M BR MEREIR B R TS, AR 1A Skt RIS AR
MILHK E2 200 A I T35 375 i A P I i i, ORI UR B G 2498, e 2 — L SR g
Eo RIS AR ZFIAT RO G, RIS ORI L | B AU e P AN R A e Tl 5 1 2
BT R JE SCZ AR S, X T BRI RS E AT LA A8 7741 9 T A R A 19 7 354 1 LA
HLIASE B PR LA N Wt i 2 R

SRR T AL SR R AR T AL B B A P, R P 1R A s RS i 3 sh M x iD st ) v AR
R PR A | R R R B R P VR DI B2 A TR A AR K 7 B 0 T AL
Mo ARDBFF IR RE 25 SR T i LR 25 FRAT B A AT 45 MRN8 BE i i 0 2 T Al £ 1 A e Ay
B, RO 200 A £ 48 3Rl 5 0 R 28, X n] B ph A 2R IRAT R A B AR e R R R E
(1, eI SRR R, AR — s, Walk 2w E AR, B RS,

RIS R AN B BN R AT . IR R o R 2 Bt Pl et IR 5 2R AT A A
T FPPARIRES , S0 RET 832 SRR I I SR I 5 | i ™ o B s kL, 1)
BRI AT A PR T NANEEXTER (Litopenaeus vannamei) B A YNGR . ABF5EdL A B,
B R 2 AT B A By B ARDAS} P RS IR 7 24 FRUAT 1 5 B 2 Mg 1 2 B ARSI EE A9 2 2%
WA . ZFARAT R L0 B8 BT T A RS RZFARATRER TR e, 1S AL IR s sh LR (Y i
ARG, WA REEILREZ SN, s F A SR A AR P Al AL RS A VR, ki
R pH A, IVHORRIETR A K s PR U, IR . AN R R R K

4 s
WG ZF AT RO — Bl 2 . LA s A, BT A AR B IR i)
HACTE RIS . SRR S RBES) . etk s A AR R U DRE o R HAS B 2 AT 1 A e g
A, T LA R R AT A I ) TR R R o B e R e B AR AR R S I 2 T R
R RENGE I AL E LS, SRR e, JEsR LA S LRE, BEMfEE RIS R A AR
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