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parahemolyticus) &5 . F& 4k [C o B 19 A= <R A
25~28 C, WEINE A KIRE N 5~43 C, %
LI B A KR 16~44 °C, B Mo s 1) A4
KIRE N 5.5~43 CO i, 5w i K E L
ARIIEIFEINE o XA, HAE IRk
T B TR YRR AR, 38 o X U0 2 S5 i 2o
TR R AR TR, A B A 2808 T A5 T 1Y
R, MRV A2 4 o i i XU
T WAE DR Y AU A 7% 4 72 vh & 4% o 224
MV B 4R e AR S RS0 BB, W oR
XPTAR ) AT KA B TR e, Sl 2552 )
TR IR ) AR VR B RGN, T BEXT % 5 ROR AR
B —E AR, pFsT R, #5 A R
A YR N Bl AR P B R L A i BILJT
R A, PRARFRIE KR A . WA PR Tk
FEAE, B A AU i — SR ALY,
NN IS R eR IR Y ] 3 ANRE (7 1 £ 758
F Ak 25 2 1 RS 25 2 70 1 (Bacillus subtilis) &
WERTLRRY) . b b A e AT o o Ak, U
BERCRYY, SR OV IR A W i s 15
A IE s YR, Hod B ZF #UFF R (B, spp.)
Refg i ZAVET . ARVERT . SRS AR I DL &
R AE e E a3 b A R R Hi, K
P TS0 25 A2 A RTRE 23 B0 KR Y S S T
¥y RO IR . B2, X TUURY KSR
KR G WIR S SR SR o 2, AR
WA [R) 3 BE X ITTAR ) 1 K T RACR S A 25 A= T 1l
FJG BRI R B BT, A UTER A K IR
Koz S TR G BT B i SR e85 2%

1 MREFE

1.1 FRY R 78 A& T R IR

20224F 12 H, 1e7 By B A X 4 1 e A 5%
BH 3t (36°35'42"N, 120°46'59"E) K £ 5L 56 F YT FL
Yo B R EECE B s PHA A VB ARG BR A A
A HIF, FEASREFMITE 710 CFU/g,
i EH ZEHUAT T (B. amyloliquefaciens) 5x10° CFU/g,
Z¢ % ¥R i (Enterococcus faecalis) 2x10* CFU/g.,
1.2 Eigit

AT 3 FhKE R 65 CHEfr

30 min KE(SH B R KEZE, #pidh 65 C-
30 min). 100 ‘C4E+F 30 min K& (&l K, br
oM 100 °C-30 min)fl 121 C4EFF 20 min K&
(B K, FRich 121 °C-20 min), DLRKE
DU 3 BRAH (Brid b CK)o KE A, A
AEPRA 2 o A, — AR AAE, S —H R
Ings AR . R, ARSCER St 8 AN HE, AL H
B AANEE KEE, A EE I 300 g T
A 5x7 em WYERRLEE EHAErh, 2R 32 4% o Hrb 8
I INIRE] 65 °C, 4E4F 30 min J5 B,
FRHL 8 2 A KB S| 100 C, 4EFF 30 min
B BT KE B ET, B 8 AR A B L
o, WE 121 C K 20 min, TERG TIEG H,
P KB e BRE S Ay I BORE, F T U T i e
VYA TE B A BT o BORE JE ¥ DR B A TE R 19 1 L
SHRLBERR (75 uW/em?® i 25 SN KT B 60 min), If:
ZEM2 A 800 mL £ iR K (121 C . 30 min)Pk
SRR K, AR R R SRR X TR
Yyophi i AR SN . Ay ik G 1 S5 0 57 AR A
T BT PR PR Ak B 35 R AR S R T, A
T 2 TR ) ) A L A 2 TR A T A T —
A, B OEHEHER N 1.2 mm 42441
20 LA T2 S o BN SE Y0 FEAE A ST 57 [R]
() TC R HRAE & L HEAT, 200 B {48 A1 25
N 75 uW/em® B ANEAT AT A FE IR AT, IR
FETE 18~20 °C, SZIRRSTE] R 6 d.
13 HmXRE

Sy G 0 T AR v 1) TR B I R A 1Y
A ALK BURE R R] 2 T45 0 R CK B 5 S8R 37 BB
FEY. 5 2 KFNES 6 K5 Al AT K B Ak v T e
P HGHE B AR BRER R E T35 2 KL SR 4 R
FIEE 6 Ko b K IURE R 5K B 101 (4 e 1 12 45
Tr, BN DK RREB A FH 150 mL /K
R BB R RBAEER L g VIR E T 15 mL
THEBEOE T, MA 9 mL KEGAEFERK, 7
S3HEA] 20 mint' #HE 20~30 s J515 BRI T
VRV, I A A A T i S B i I TR AR
KRR AR R 0.45 wm (KT IR 2T 4 ik S
MeJE, IMAED, B F-20 CAEMEIE, HF
TEE SRR IE
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SR FH R ST T2 Ay B U AR 0 DA ke A 00 R T
U HE R 10 R R B B RE 107, 40
e e W T A R EE W TR 100 L, X5 e
W A b OB ) R TR T 0 DA T D
T 2 TR B B SR AT E (InN) R o B TR 75
B 7R3 e K SRR BE 2 5L TSA, o
KigRik Hl TCBS RKTFRIE, W4 URA0 4 1 A
T 27 CHYfEREE AR 48 h R g, FEIK
Hh g IR R VR AR QT HLYE GB/T 12763.4-
2007 ) MixE, H, EMEBEREL (PO -PIRE R
FHWEAY TG RETE, B (NH, -N) YR B SR R A -1 R
FRER HE sk, WHRRER(NO3-N)I B 5K FH 4% HE 3 i
2, AN R £R (NOL-N) ¥R B R I 28 2 — e /oot
JE R SE L dF pH iH(PB-10, £ )i 5 /KRR pH.,
1.5 HB\HESHITHH

BRI AR T

Fo A0V
AAt

o, F o 3R B [mmol/(m*-d)]; VN EAIK
AT (m®); A HZAREROREE I AR (m®); At IE3E
Bl (d); AC FREEFRHTIE K95 an B R Eh v FE 1Y
Ao

BRIV HOEE: EEFREFRERIEY
] BB K i, AUEARRE SRR R LK)
TR I7 108 1

fii 1 SPSS27.0 AT Bl gt it 4 Hr, X REA~4K
P8 4 #E17 1IE A 73 A7 (Shapiro-Wilks) F1 77 22 55
(Barlett) £ %, >R FHIER K % J7 22 43 BT (ANOVA) K
B 0 KA IR PEAE /) KR . A =&
77 2243 M1 (three-way  ANOVA) K 50 £5 A2 B & B s
T, BBORE B[] 60 2 T Ak 5 2O 1 2k
BEIEECE . K pH. NOSHRJE | NO K . NH;
WP . POL VR B BIOE B BRI . YRR AR IF
A MRG58 RN 22 55 M G 96 45 SR o R AN A A I
W B 2R O kit o ] LSD 23 ekt
— T BEER, L P<0.05 1E 25 BE K,
P<0.01 1E k2= 50 i % /KF- . f#i] GraPhPad Prism
9.5.0 fEE, SZE0EHE 34 R FHF S4B A5 i 25 (X +

SD)Z/R .
2 HBR5HW

21 WEYHE

211 sARERM., BUER B EGE AKX
MBRYHRBEERHENRM  7E I NI 5T T,
65 ‘C-30 min ZbFRAT VTR H Y B R V5 A R G A
FEAR, 5 X R4 22 5% A B 3% (P>0.05), KRN
57.5%; 100 °C-30 min ZbFRZH 5 121 ‘C-20 min &b
PHA 1 e P 5 B 2 I S U D (P<0.05), KT R
ik 99%LI (& 1)

SR EEREE 2), mERERR
. BB ] 1 T A 3R SR 2 5 i S T
B (P<0.01) SR EE A2 2o AR RR B L B
A Ao ] T K B A 2 = R A AR AN 5
(P>0.05), MRZREAZHEAEM T, £ &<
BSURE B[] 1) 28 FAE FH | 2 2 TR 5 W < K TR A #H
75 2 BBURE Bt [ > 2K T A B 2 ) 38 H AR R I )
R 2 (P<0.01), ZEAR TN £ AE WAL, 5 KEAb
PRy 2 A BURE I (RGO I W 25 5, ]
TR v i TR 9 00 B o BORE IS ) 3 AN P32
FK AL X pysgm, BRI E 1);
FER IR AR AL T, 25 KA T 1Y SR 7%
B4 i e A HURE B[] 38 4 0 I I 35 22 46 (P>0.05),
BT ARBINIEAFA, WINEA HA e v %
o) TR 75 Kl Y 1 (P<0.05)

*1 REENRYFHNEEZHEM
REIMEHER REE
Tab.1 Thenumber of total coloniesand pathogenic vibrios
and sterilization ratein the sediment after sterilization

SRV e S I B K
e B e, gy W%
sterilization (CFU/g) sterilization  (CFU/g) path,Og,emC
method number of rate pathogenic V.ll.mo.
total vibrio number sterilization
colonies rate
K RE 210000 - 1500 -
unsterilized
65 °C-30 min 89250 57.5 0 100
100 C-30 min 1145 99.45 0 100
121 °C-20 min 25 99.99 0 100
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F2 HMEFEFM. RENEBARELEAANIRIERN=AZFTEER
Tab.2 Threefactor varianceresultson experimental indicatorsfor probiotics addition mode,
sampling time and sterilization treatment method

SCIGHEFR experimental indicator A B C AxB AxC BxC AxBxC
VURR) o A% A M 1 P B R /CFU <0.017" <0.001 <0.0017"  <0.001""" 0.006™ <0.001""" 0.093
the number of microbial colonies in sediment
NO;# & NO;j concentration 0.016 0.020" <0.001™" 0.090 <0.001™" 0.001" 0.005™
NO ¥ NO; concentration <0.001™" 0.001" <0.001™"  <0.001™"  <0.001™"  <0.001""  <0.001""
NH.¥R)J¥ NHj concentration 0.726 0.050 <0.001™" 0.081 0.002" 0.179 0.001"
PO #¢E PO; concentration <0.001™"  <0.001 <0.001™"  <0.001™"  <0.001™"  <0.001""  <0.001""
NO:;¥ Hili f#2 NO; diffusion flux <0.001™"  <0.001 <0.001™" 0.001" 0.071 0.008" 0.115
NO¥ Hili f# NO; diffusion flux <0.001™"  <0.001 <0.001™"  <0.001"™"  <0.001™"  <0.001""  <0.001""
NH; ¥ #8 # NH; diffusion flux 0.099 0.199 0.081 0.201 0.022" 0.719 0.020"
PO ¥ #E = PO; diffusion flux <0.001™"  <0.001 <0.001™"  <0.001™"  <0.001™"  <0.001""  <0.001""
7K pH pH of overlying water 0.137 0.000 0.377 0.041 0.014" 0.187 0.665

TE: *fU3R P<0.001, **{03 0.001<P<0.01, *{LF 0.01<P<0.05. A U354 T2 A AN, B ACFRHURERT 1H], C 10 K B b 78 5 5K
Note: *** represents P<0.001, ** represents 0.001<P<0.01, * represents 0.01<P<0.05. A represents the probiotics addition mode, B
represents the sampling time, C represents the sterilization treatment method.

n=96; x+SD
201 =k
Ez865 ‘C-30 min
22100 ‘C-30 min
- =3121 ‘C-20 min BBgB
Ca Ca

AMAA

—
W

—
(=]

BE %R /In(CFU/g)
number of total colonies
W

ONP O.P 2NP 2P 6.NP 6.P_
AbFRZH treatment group

P R ARSI L SBORE IR 1) 12K T Ak 37 =X
XF ORI v S TR VR RO B R TR
U G T B0 A SRR In R, NP AR
e R R, P ARG AR WA, BFERFRE. KEF
RE AN [i] 2 7 7 A ) ¥ D =2 2K T Ak B8 5 5T S ) SRR g
[ 22 [ 22 5 W 25 (P<0.05); /N S B 3% R 7 AR [ 35y =LA
HURE B[R] R A 7] 2K T A B X 2 R] 22 5 i 2 (P<0.05).
Fig. 1 The effect of probiotics addition mode,
sampling time and sterilization treatment method
on total number of colonies in sediment
The total number of colonies in the sediment is expressed as the
natural log In, NP group represents the group without probiotic
addition and P group represents the probiotic group. Figures
indicate sampling days. Upper letters indicate significant differences
in sampling times under the same addition mode and sterilization
treatment method (P<0.05); lower case letters indicates
significant differences in sterilization treatment methods under the
same addition mode and sampling time (P<0.05).

2.1.2 wEAEFEARM., BUEER 80K E 2 A R R
REIMEHENZME  KENIERE, a4

PR AL R 2 5 AR TSN 4 A T A B2 7E AN ] 2K 7R Ak 2R
JrF, DU R B IR K 358 100%
(F 1), 7E55 2 KA 6 K45 Kb P Tr =X T (19 i
AR 0, HIETE 65 “C-30 min ZbBE 7R
R ] 25 IR v o R B LA AR 4 (3% 3)

22 EFVRERVBEE

221 smAEBERM., B E K E L2 A R 3
LFBEKPEFRRENZE —“HIXFE0H
(F 2R, LEAKFH NO; MW Z 54 B
. BURERFR] . KA BT X = E A HAE A
SR i 25 (P<0.05), T IH 28 28 AR vh ok 2 A TR

TS < BRURE Bsf 1) A9 52 AR DO B K ) NOs
We FE S A 32 (P>0.05), HAb I IR R 32 HAE
X b 78 7K H Y NOs e B2 52 M B8 i 3 (P< 0.01),

HEARBINFE A EAL S, X BRAPR EEK NOsHk
FERAER R E (K 2), 121 “C-20 min, 100 ‘C-30
min A1 65 ‘C-30 min ZbPHZH F /K AY NOs vk & &
PR Bt TOURE B[] A 34 K 58 R R e B T R .
FEWINzE AR WAL rh, & KR AL 34 iy 3K
NO3 R J3 il 2 URE o [R] 35 4 35 522 T R 3411 3),



86 Hh K R

%31 %

%3 EUEERTE., KE4AEFAFEEERMITTRY hREINESENH
Tab.3 Theinfluence of sampling time, sterilization treatment method and probiotic addition
mode on the number of pathogenic vibrio bacteria in the sediment

b B R H/d K Ak BT X

95 JF I A 0 5 /(CFU/g) number of pathogenic vibrio

sterilization

line ti
sampling time treatment method

AU N 45 A W4

group without probiotic addition

A 2R T 4

group with probiotic addition

CK 1500.00+1467.42 1500.00+1467.42
n 65 ‘C-30 min 0 0
% 0K Day0
100 "C-30 min 0 0
121 “C-20 min 0 0
CK 1175.00+629.15 350.00+300.00
. . 65 ‘C-30 min 0 0
2 X Day2
100 °C-30 min 0 0
121 ‘C-20 min 0 0
CK 875.00+£359.40 455.00+132.04
65 ‘C-30 min 0 0
%5 6 K Day6
100 C-30 min 0 0
121 C-20 min 0 0

ZWEFESER ) BN, EEKTR NO,
WP Z 25 AR R B U . BORERTR] . KB AL BE Ty
K S =58 1Y 28 HAR RS2 e Y i i 2 (P<0.01), 7
PR 22 28 HAE AT 1 27K H i) NO R B 5% 1 4, 347 B
W (P<0.01), FEARI Mz A E AL, £ KA #
P K NOL Ve B e HURE I [R] 35 B0 1 2
A (B 2); BN #5 AL B AL 45 K B AL BRZE Y 17 K
NO, Ve F Fifi URE Biof ) 345 4 2 R ka2, i X B4
W) BB K NOLMR B S 8 BT a3 (B 3).

=WREFESM 2B, FEKPN NH,
W FE 52 =5 W 28 HAE T2 A S 3 (P<0.01),
PR 2R 58 A HP ok 2 2 R 75 U N < 2R TR Ak B )y
28 HAE IR K A i N R 52 i A 2
(P<0.01), H:Ath 7 K 2= 19238 BAE X BB Ky
NH & B 14 T .32 5200 (P>0.05) . S ZAE T R
A 15 A B AR AN NI — R S IR 3 (P<0.01)
TERGM S AL AL, BRXTREAL LIS, 4% KB Ab
BT K NH, e BE B 25 BORE B [ 38 K A
BT (E 2), T R4 P K A NH R R
 WORE IS [R] 3 2 B TRt 34

SHEFESER2)ER, EEAKF PO
W Z 35 R R UNN, K AP X =& )
22 H A F 52w 0 35 (P<0.01), 4 R 238 BAE

Frf 45 A FREE X 1K v B POS R R i L
#(P<0.01), KIEhnts LA EEAKTH PO Mk
JEA TS Binss A il Ak PO e E
ALREFRRE (K 3),

222 wARERM., BUEREFKEGE A AKX
ERRYVHEENER —“HNEFESWER
(F2), HAEFREBEIN, BURERTR] KA HL 7
X 3 ANHEEXVORY) LB KA A NO; P
i 1Y 38 HAE FH R R 535 (P>0.05), PR R 32
AR P G 25 AR TR 7 S N < K B A L = 28
HAERXT DU - E K A R NOsYTHGE B
R T AN J8 5 A0, HLAth 9 TR 28 58 A P B b
(P<0.05), FRAZER Iy 250 Hrh as A BOR S A B
BRI [A] F2 K B AL 5 38 3 AN R R AT - B K
BT R NOs B HIGHE B R e R Y i
(P<0.01). FEARBIN A AL, 45 KR AL B
TR — b B K ST A NOsl 44 i H 78 K 5 3T
by i ELE W O, i IR NOsH HiGH
st UTRR A 0 A K TR, HLTGE A
ANy FERIN R AR WA D, A K E A DT - T
BEK FUTH ) NOS ™ HGH 5 Fifi 45 IORE B[R] 14 K
FEACRE PR L, A 6 KRR K
EH(AE 4),
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=
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2
8
;ﬂ: 15 L
5
i
% 10 b
r Y 3 B
g 1 ABa
@ Ba
% S5t - B o
i ¢ b
m . ................. .. ................. .
0 1 1 1
2 4 6
BUREAT E]/d time
d, 401 —e— NO; --m-- NO;
Aa* A" NHi —— PO}
n=48; x+SD Aa

Ba

w
(=]
T

[ %]
(=]
T

HFEERHR B /(umol/L) nutrient concentrations
=
T

BURERE]/d time

ARSI £ A B P B T i R R Ak

a. RISINFEA AR BRAL; b, RIRINZEA A 65 C-30 min 2B . REFNZEAE WAL 100 C-30 min B4 d. KAk
W4 121 °C-20 min AbHZH . K5 FBEAN ] F2 7R 7EAH [R]85 2R IR Ak 345 20T A (R BRORE B[R] 22 (] 22 57 f 3 (P<0.05); /NG
SRS [) 3RS FEAR [R5 0 77 =R EORE I TR] A () KT AR 307 20 22 1) 22 5+ 1 3 (P<0.05).

Fig. 2 Changes in nutrient concentrations in overlying water in the treatment groups without probiotics group
a. The control group without probiotics; b. The 65 “C-30 min treatment group without probiotics; ¢. The 100 ‘C-30 min treatment
group without probiotics; d. The 121 °C-20 min treatment group without probiotics. Capital letters indicate significant differences in

sampling time under the same addition mode and sterilization treatment method (P<0.05); small letters indicates significant
differences in sterilization treatment method under the same addition mode and sampling time (P<0.05).

SR ESBARGER 2)4 R E 2 TE I,
BRI Ta], TR A 38y 2 8 — 3 1 28 B FEXHIE
TR — K FLET ) NOL Y™ HGHE 5% e B i
F(P<0.01), K2R 22 HAE H £ A B2 X TR
Y- K I R R NOL P HiLHE & 52w ¥ B 3%
(P<0.01), fEARBMzAERAH , &I TIFY)-
K FTE ) NOL Y FGE = FE HORE I [R5 4 T

W3 22 5 (P>0.05); VS N 2 A 141 4L ol Bk X AR 41
NO, i 4™ B ik ph TR 1)L K 32 7 0 K
HAbAL AL IR UUR - EBOK B R NOL
3 TE ] AR 5)

SHEFRE ARG )= HEZLEAEM
A ORI~ F K AT ) N B0 B0
2 (P<0.05), WIH F 32 AR AT 5 2 R 7 IR
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a 40 . 40
—0— NO;3 --m-- NO; b —e— NO; --m- NO;
==A=- m —v— PO%_ cehee NH;— —v— Pos_
n=48; x+SD _
Aa Ba Aa _Zl=48; x+SD

30 T

B FEERR B (umol/L) nutrient concentrations

EFFER M B (umol/L) nutrient concentrations

W
(=]
T

N
[=]
T

10- 10
0 0
2 4 6 2 4 6
HUkERfR]/d time BURERsHE]/d time
¢ 90 —e—NO; -®NO; d 251 Ab  —e—NO;  --m-NO;
g --A-- NH; —¥ PO} --a--NH;  —¥— PO}
kel n=48; X+SD g n=48; x+SD
g 220k
830} g
g 8
S g
E 2
.g .g 15+
= g
a =
a2r A
3 3
£
: &
7310 ®
8 10r 4
K8 s Sr
#o i
0 0
HUkEmstA]/d time HrERT[A]/d time
B3 s A s dl b LaK R E SRRk AR Ak

a. WINZRAE X IRAE; b, A5 AR B2 65 °C-30 min ZbFIAH; c. WSINZRA1EZH 100 °C-30 min ZbFRAH; d. B8N 73 A 1 41
121 °C-20 min AbBEEH . K5 BEAN [ F2 7R 7EAH 8] V5 I 5 20 R I B Ak 38 2R A ) BBORE B[] 22 1] 282 57t i 35 (P<0.05); /NG 8k
FERTE A RIS N 75 =B I IR) T A [ K i Ak 3107 X 2 18] 22 57 1. 35 (P<0.05).

Fig. 3 Changes in nutrient concentration in overlying water in the group with probiotic
a. The control group with probiotics addition; b. The 65 °C-30 min treatment group with probiotics addition; c. The 100 ‘C-30 min
treatment group with probiotics addition; d. The 121 ‘C-20 min treatment group with probiotics. Capital letters indicate significant

differences in sampling time under the same addition mode and sterilization treatment method (P<0.05); small letters indicates
significant differences in sterilization treatment method under the same addition mode and sampling time (P<0.05).
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treatment method and probiotic addition mode on the
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treatment method and probiotic addition mode on the
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Effects of sterilization at different temperatures and addition of
probiotics on the number of marine sediment colonies and nutrient
diffusion flux
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Abstract: In the cultivation of shrimp, the use of sandworms as high quality bait often carry pathogenic Vibrio and
lead to outbreaks of shrimp disease; therefore, the risk of carrying pathogenic Vibrio is expected to be reduced by
sterilizing the aquaculture environment of sandworms. Based on the biological characteristics of the pathogenic
Vibrio, this study was conducted to explore the sterilization effects on sediment at different temperatures (65 C
for 30 min, 100 ‘C for 30 min, and 121 °C for 20 min) and the effects of adding probiotics on the physical and
chemical indexes of sediment. The results showed that the immediate sterilization results of each temperature
sterilization group were good. The sterilization rate of the total colonies in the sediment was 57.5% for 65 C-
30 min, 99.45% for 100 C-30 min, and 99.99% for 121 °C-20 min, respectively. This showed that with an
increase in sterilization temperature, the sterilization rate gradually increased, and the sterilization rate for the
pathogen Vibrio reached 100%. Analysis of the physicochemical indexes of the sediment showed that with the
increase in sampling time, the influence of the sterilization treatment on the nitrogen-phosphorus diffusion flux at
the sediment-overlying interface decreased, and the addition of probiotics could reduce the NOj3 and POj;
concentrations in the water and sediment. There were significant differences in the NO3 and PO diffusion flux
between the probiotic and non-probiotic groups at the same sampling time (P<0.05). The study showed that all
Vibrio bacteria in the sediment could be killed at 65 C for 30 min, and no pathogenic Vibrio colonies were
detected during the whole experiment. The addition of probiotics could optimize the sediment colony structure,
inhibit the increase in total colony number, and affect the nitrogen-phosphorus diffusion flux at the
sediment-overlying interface. These findings provide a reference for the application of sediment sterilization and
probiotic preparation in aquaculture.
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