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FEE: AR A o e R TS B0, T AARO RIE BR R, AR A TR E NG 10 A IR R AR
AR PR JRUR S M Ak, AR . SRR ILALERAT . A RN . SERRR . PR . WA . R X
SIBRT ¥ (P R AR IR 5 R M RS 78 P 7= A i AR T 25, IR T X BB (Vibrio alginolyticus) ARS8 TSR
DL AR ARSI 7% TR Mk B (A AG2 2R  I R  e A% TR 24 s Y v i, X 1 O A A P IR AR T BR AR, TR 5T
THX DRI W, WA T 3 F2yitib 4 3h )5, WAaRIKNEA IR 0 EEE L4 E E SRR,
SRR, BRSO AP O . PR IR (V. harveyi) . BRSCIRUREE (V. owensid) . ) 5 1L 9K B (V.
parahaemolyticus) % W& 35 & YN (V. cyclitrophicus), 13453530 86.7% . 20.0%. 13.3%. 13.3% 6.7%. k&5
IR 2 e e A B 7.0x107 efu/g, Al E iR 2.0x10° cfu/g, 9 FhZ5 4 1A S e A % T v B Fh A0 380 25 442 Tk Sy 588 4 i
(10.0x107° g/L). HER(0.5 g/L). INEHE (1.0 g/L). FrEMRAEREM/INAR(1.2 g/L). —H 1.6 g/L). BRI
(12.0 g/L), WALRHH(30.0 g/L). FAFTIEMR . IR AEER L K N & i B AN S0 VS R TP A 0.5 h 5 3 h, RO
REEDHH 96.2%. 66.4%. 99.9%5 97.7%. 98.0%. 100.0%. 3 FhZGHy ;b & 0922 v BE 23 5] 48.9x107° g/L |
120.3x107° g/L. 963.0x107° g/L. Z5f 3 FRIHEERIAL LIS, VoA RN . GG . IR RE A S 4 R B & i 5 0
TRZ L3 B Y RN (P<0.05) . 4534878, VAR AW I EHMATE R R A )& 4 KUK, A DL 2542 1 b 3
R BT R A i, AP 98485 2R ] S PR o 255 B s B AR R S 4
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A B2 SO T e T S IR, 2 R
B B IR 2 R AKOT B S T )
20 MU A R IRIE YA R RE o I AR R R SR TE
Hh D] I TR JE G S 30 2k I B I IR BE R (acute
hepatopancreatic necrosis disease, AHPND)™ % 3%
B ED, Al BRI, R R
e B SR AT AT A PSR I R D 2 B A e,
PR H B 5 4o v o D T B VA B AR, BEL B T K
AL, X TR B R B P AR R B R L

T BR D 5 B I T, AR G071k 2 R 9L
AR, T BE A P BT AR B 2 R ma K el AR S 3
5, WK S Bt SEGRMEYEK
Tt e e T R, LR i o B A i 4 A T
U TR M D) T BT & A A R AR
o INALMR KPR, A LMR .. IR . SRR
PR S A LR S LA 202 H iy At vh i TR By
JEE AR T U0 2 2 A T ELR B R
g, T K R AR W B B B A TR A AN,
il FLB B R BT v B R A, B B AT
AR

Y AT E A IR R AR R E VD 4 0 S 4
WL, R EERN AR AR A B, RS
RAE TN 64 10 /13l v ite i 57 5 S B AR 0
R, O HAHEAT Y 32 SRR o b 2 S B R AT
THEE S Hr, ARG AR A s 1Y I (Vibrio
alginolyticus) A 3 B H, FFIE T NG A #  19 i
1B e Fez A, DUHA O 0 A i I A v A R 42
BESZE | R RPER 7l A4 i SR AR HEFOR 34

1 #HETE

1.1 XERAE

S I BT T VLA & M T SR D
(Perinereis aibuhitensis)H 73 B 3 2835 5 8 3R A% ¢
1.2 SNERERLGY

RYEMM R AE) . WIR(EERE 99.5%) . 2R
FR(ZLJE =95.0%) . AFIRTR(ZEIE 98%), T [
R G IR A B IR [ 28 N R
PERR R TS (ACS) SRR I T/ B A A, 1R
PR B (DL 2100 g T A AR ) TR IR A R 2
Hl; WA CTREN(LEE 99.0%) . — H R4 (4l =

95.0%) W F 1 i 27 sa MAE LR A BRA R TNER
(O3HraE)E T L3 R T A AR BB B A7 BR S FD
1.3 XAV E
131 mEKRMALE HFEGQ H)HREDER
(Nereididae)Fdh 8 107, 43R4 A WAL WM
INZRA HIR L LRIk . L &E =W . Wil
BRI, WA G, TTRARIT WA R
M, IO XTURSEARREE R A, O AN TSR
b, B2 HHREVTRMS 7 07, HHREA
WALERM, INRERE . WY . HRQ H), 1T
WEE W, WAL S X MR, VE
e
132 SFUXWADE LRADEWAQHITE G
VTSR ™= SR A BRA R, PR (2.040.7) g,
S WSS (UM BE 05 1) A SRR K FR5E 2 d,
TR, WA R,
1.4 HMHEXEAE

520 FH L 9 I X BF (Litopenaeus  vannamei)
300 J&, WA IR 5T VE I R T X R K
WEFERT IR b, 1R 1(11.0£0.5) cm, 1A (13.5¢
0.5) g, FRFH ST FTFRA T /KM 20 m® (7K Pt b,
ML, TR AN IHEE S 1) A SR K,
HW 547K 1R, #oKE 30%, HBmEik i
BE 4K, BHENIRE 3%,
1.5 DEREPIIEEERIMELEE
1.5.1 EREFINEZE NGO ER S HRE
BLEL S 5004, K EEIEK T 3 h, PEBRILIARSR
(IR, =2 5 BCH K T 20 A W A K 4y,
SUEMFRE S, RIS, A3 10 mL,
FIJCH PBS Z B EREE 10°, 10°, 10%, 10°
%, 43 0.1 mL AR BRI T TCBS K73k
b, BAOWmBREESR 3 NFAR, KBERET
28 CREFEAEEIR 24 h, RWHEEIES . KN
B SERRE X A AN R V& T #1405, IR0 94
TERTR VR RO B, MG A E R WA
FAVEROT U AR NI . 4 RO RE S
a3 B R TR RRAE (1 B — T v, kK23 B8 4l
fLJ5-80 CLR-AE .

SRR 5 b =100%>x B3 b A% 41 20 B Fh iR
Bt/ B Y AR A P A A
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1.52 HAESBEE AN 151 P oEHARE
R T TCBS Pk, FHAITE 16S rRNA
J 50 47 14 7 1 e I 43 B ) 2 A AT A0 A0 e s 1Y
B PEY TFCAE T A T AR () B A R 2 7
WIE, PR F5I7E NCBI H B v k47 R Rk 1
X, A2 TR AT E B TR AR LR KT 99.0%F]
SE N E—AFh, DS N, 5.
1.6 ARAHAYTNEEIRELIRRRELY
B i i

P T TCBS FAl, 28 CHiFF
24 h J&, 4T TCBS Witk g, 28 CHEIK
(150 r/min)}5 5% 24 h, W LMW, TE.OHLT
3000 g B0, WCEETAIR, HICH PBS #i Re il B A
B, VR 1.0x107 CFU/mL, 283 il 52 56
1 72 45 P 25 A S80S TR R R S L B I T
FiBRER 1 11 259 W o 38 T o) 25 9 5 AN TR TR TR
(1.0x107 CFU/mL), #4 AR ¥ BE T 25 1R A T
BRI HCE 15 min, ZJ5 50 0 BU# 2518 5
0.1 mL I&4 T TCBS V-4, ®AHREE 3 4~ F1T,
28 ClHEEEFR 24 h 5, ST L IREE H
VB . R RVE B R T 50 A4S, FRid
A TEBURT 10 4, NTFEEET 50 4, Arid
FeH+ WIEBORT 1A, ANTFEET 10 4, #r
WA A WA KARE h—, AT L
BRI T4 B0 R — B R A T S

R1 EMAHAMITIERERE

Tab.1 Concentration gradient of different antibacterial drugs

PiE Z5%) antibacterial drug Jim e # /(g/L) concentration

YL HL(x107%) 20 40 6.0 80 10.0 12.0
povidone iodine

FHREIR citric acid 04 06 08 1.1 12 13
IR e VKP 02 04 06 08 1.0 12
L AL R 10.0 15.0 20.0 28.0 30.0 32.0
potassium sorbate

T 2 TR AN 2.0 4.0 8.0 100 12.0 14.0
sodium dehydroacetic acid

SRR malic acid 02 04 08 10 12 14
R formic acid 0.1 02 03 04 05 0.6
R 04 08 12 14 1.6 1.8
potassium dimethyl acid

N2 propionic acid 20 40 60 10 12 14

7 R Rl
Note: * means a commercial product.

1.7 HEMEREREN 3 MRFHYT D EME
P EIE BY 2R B USRI E

RAE 1.6 MYSZIREE IR, RS AR R R B Y
FPRETR . 5% 2 A L R SR v FH V0 2 A A SR A%
A, B 12 MR S L Y SEERoKAE, A
KEFAK 2L, B 3 P47, 25l A K EEK .
FPRETR SR A I L N I TR v v i, o 24 0 vk B 43
W0, 1.2, 10x107° 2 1.0 g/L, FA /KA b 347k
AR 100 g, WS EARSRIE, JFT 05, 1
K3 ha, 405 s B, kSl .51 kT
AR 5, SR EKIR 23~25 C,
FE 32, pH8.0, #E KT 4.0 mg/L,

S A8 2R (%)=100x (%5 FH 2 9N 2% i — S0 5
L NER 2K i )/ 28 A 2
1.8 K. BAMBMEINE ST DROSZHES
WREERE

SeLat WAL, BT . SR AR K
B 3 RS WIR AV 4% 24 h K 48 h A REESE Y i
o T R R B S AT B S R T R MR BV [ . R
71 ] PR e R A e B R B BT AT A TR . SR A T
FL A SR 4G 24 h M 48 h BB ERAE, sk
2 iR F 334 10 L MK T, A 5ImA 2 L
V7K T AR R VR BE R 245, R TR A 30 BT
A, WET R4S IRE 24 h 2 48 h VP& IBET
B, BRIACT MV A RS, S50 0 [A] A 4% R
PR, B 12 h oK 1 R IFEH 0 AAH R B2 1Y 25
W o S A M) K IR 16~18 °C, hJF 32, pHS.0,
B3 as XS IR 2K SPSS 16.0 3154 24 h LCs
S 48 h LCsg, ERMWMEIEIAT SC=LCso, 4gn%
0.3/(LCs0, 24n/LCsp, agn)” T,
1.9 #FiRER. BB INE ST LA EX IR
REREEM

7 8B 25 18 FH i B ARk i R aE A iR
RN, EWIFELR GRS, SR asg PO
M, ALRTES ik vE-h 3 Fh2ipxd FLan i
XTHRA L VR . el BSL s, e Fr e .
R A A i S R e 3 25 ) X 24 h 2 48 h
ANBEEHE 1Y e 5 IO o Wk 8 S BOAE S I T o Wk B
Bl o TEI20 Bl P EC Ao IR . SR A4 T A R o 1 14
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Tab. 2 Concentration gradient of antibacterial drug in the test of 24 h LCs) and 48 h LCs
ML concentration gradient (x107° g/L
Zj4)) antibacterial drug — = £ ¢ gb)
24 h 48 h
FrE citric acid 130.0 153.0 180.0 250.0 100.0 125.7 185.1 198.8 250.0
RYER/AL povidone iodine 300.0 363.8 441.5 650.0 250.0 311.7 387.3 482.1 600.0
JER 15 * VK P 2500.0 2837.2 3531.8 43954  6000.0 2000.0 2514.8 3162.3 3976.4 5000.0
T 7 A R L T
Note: * means a commercial product.
S/ TR
SEXTBORIE 100, 15.0, 22.0. 33.0 g/L. 50.0 g/L;
2 HEREHH

80. 95. 113, 134, 160 g/L; 50, 75. 112, 167.
250 g/L FESHE . T 18 4~ 300 L AL EE4N K,
A 200 L EZK, BEASEBOER 10 8. %
FEEXTIFESS 0.1 mL (9, H 1 mL JCHE A,
F X UG — M IR AT LR T g, SRl SR A
R 24 h K 48 h XFEFAYSET- %, WA a] %R AR
BRIER, A BIET-XTIR L RS, & 24 h B
7K 30%. SCE IR 25~26 C, $hAE 32, pH
8.0, HLEFR, 3 MA X IRATS PBS, K H
SPSS 16.0 i15 24 h LDso /% 48 h LDso, ‘%42
$i 8 SC=LDs0, 451%0.3/(LDso, 24n/LDso, sn)” 5
1.10 FREZHYWAIEX D ERE FAS M
BTG K AR5 I ED &8 100 g 12 43, 3 9
T ARG E TS AT, Fa 9 5l vk
1.2 g/L BFFHERR . 10x107° g/L B 5 4 i ik Jz
1.0 g/L MR KSR 3 h, BEASAbHE4]
WHE 3T BORMHT ROH R R s 4, A
R 7K VAR R 5 Ak 25 W00 2 A0 W T 7K 48,
FREF VB2, AT REE . SR . AR EE
KAEAZR B BB 0T o B8 KA [ S i)
FH R R0 & (A T AR TR B A BR A
il )5 [ ARG 0 7] 0 (R e R R TR
WFFEAT), B MI T :2 1 GB 5009.6-20161,
Y% E 208 GB 5009.82-2016%, R sy
1938 (%)=100x (Ab HUFTH 8 57 10 & - 5 3
BRI )AL AT RS SRR
1.11  EHEALE
FEHHEFH Excel BTS00, B
BOE Y {E+hRE 2 (X £SD), i/ SPSS 34k 4
X R A T LR 2R 25 0 B M 25 R R E R

21 HEPEFENE

H TCBS 3574, M 15 i e 43 25 31 25
PRTE, S5 ULER 3, WA A AL S A
ko, Gt & AN R R OR, ¥
alginolyticus . WWHEFCINE (V. harveyi), BRSCECIR
B (V. owensii), B IMLKE (V. parahaemolyticus)
W& 35 B NN (V. eyclitrophicus) WK H R 43 551
86.7%. 20.0%. 13.3%. 13.3%/% 6.7%, 15 P HE
WA 10 ARl I e I o Y A rh LS,
BRI AR AERE S A R R I 66.7%;
A 2 ST RN ICE LR, A
R 13.3%; KOCIGINE ZOREBA 1 IRIEH A
K, PERKL RN 6.7%. VLT AL
e R B 2 e, A3 7.0x10% ofu/g, HWIRRA
W 2 LR B e N 4 . SR AR B VBN A Y A
Vb7 i TCBS 43 8 1 1l 3 37 410 B KU 5 4 8.0 10°
cfu/g, HH AT 97.5%MTE A V. cyclitrophicus, HE
o A R o e AER 4 TR 2 A o o D 1 B A v
7w, BN 0.3x10* cfu/g, (HHA 66.7%H9 40
N V. parahaemolyticus, JNIEHH N 2.0x10° cfu/g,
22 AREREHYIIMERREOEIMRELR

DAV S TR 25 AN B AR, W 1 i e 24
VIR, FrER . OB ILALERER . A S
FREN . SERER . W . —HWERH . NIRRECHA W
W FERG BE AT AR TR RCR IR, 25 03k 4. ] IR
RV S AR 25 ) o SR AR AL, W 10x107° g/L
FE 15 min B BIA]T 498 R PERE B, 11 AR B fUsk Pk
w2E, WIE 30 /L kBRI ACE, A R
AR AR TR B N R 4, WREESH 12 /L I J5 Al ik
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£3 RERS TCBS FRABABMETER
Tab. 3 Identification results of bacteria isolated by TCBS plate in collected samples

I B R A EAEL(<10° cuflg) AR A 7 L/%
sampling season sampling site bacterial load bacterial species ratio
# 2% spring 1 0.73 Vibrio owensii 54.4
V. alginolyticus 45.6
2 0.33 V. alginolyticus 100.0
3 5.00 V. alginolyticus 67.2
V. harveyi 32.8
4 4.90 V. alginolyticus 22.5
V. parahaemolyticus 61.2
5 3.60 V. alginolyticus 100.0
6 6.33 V. alginolyticus 100.0
7 7.00 V. harveyi 333
V. alginolyticus 66.7
8 5.67 V. alginolyticus 82.5
V. owensii 17.5
¥ Z= summer 9 8.00 V. cyclitrophicus 97.5
Photobacterium sanguinicancri 2.5
10 1.40 V. alginolyticus 42.9
Shewanella aquimarina 57.1
11 0.30 V. parahaemolyticus 66.7
Ferrimonas balearica 333
12 6.20 V. alginolyticus 100.0
13 0.90 V. alginolyticus 100.0
14 3.70 V. alginolyticus 76.3
S. aquimarina 23.7
15 4.80 V. alginolyticus 82.5
V. harveyi 17.5

TE: FERCR AR 1-8 2 BICA WAL A RN T . AR B IR L VLR SRR . YR E m il . W R WiiaE e M. TARE
WL K A7 15 9-15 3 oAb A W AN T L AR ARET L RS . R B9) . VLR s T IR R L

Note: Sampling site 1 to 8 were Cangzhou Hebei Province, Rizhao Shandong Province, Yancheng Jiangsu Province, Lianyungang Jiangsu
Province, Xiangshan County Zhejiang Province, Taizhou Zhejiang Province, Zhanjiang Guangdong Province and Dongfang Hainan Province;
Sampling site 9 to 15 were Cangzhou Hebei Province, Dongying and Weifang, Rizhao (2 copies) Shandong Province, Lianyungang Jiangsu

Province and Xiangshan Zhejiang Province.

FIRRCR . AR, R I 2 B VR B S5 (IR
0.5 g/L, #PEIR « S7-FIR S PN R i B AR R B vk B 1
k1.2 g/L, TR SRR v R B R AR 1.0 g/L
B BRI AT IR 2] 100% 1 BRI AR . RIE L IR a1, ik
PR AR AR IR ST IR T 5 225905
23 HEREE. BEMBKINE AR RS0 E
FHTHDEERMENRELR

FHEARA SRS R B B AT I R . SR 4 TR
LRSI B A IR L VD A, RS [ 92 st i) 5 HAA

PR PR 2k, S5 W3 5. mIIVREE 1.2 g/L 1)
MR 0.5 h, VAR A INE A B A B AT ik
71 96.2%, BRI HAIGERZE 3 h, JUE AR ERE
B H] 97.7%; U 10x107° /L 1) 58 4k i il 2 0
AR 0.5 h, VaERENINE LR RN 66.4%,
MAE KR AR F] 3 h B, R RATAF] 98.0%;
KIHHE 1.0 /L (9REH A2 0.5 h i, JREE A
FHRA A 99.9%, FERKZE 1 h, XFIRE YA HE LKA
Al IAE] 100.0%,
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Tab. 4 In vitro bactericidal effect of different drugs at different concentrations on Vibrio alginolyticus
#j%) antibacterial drug W% /(g/L) 3% R concentration and effect

R YERTL povidone iodine C(x107%) 2.0 4.0 6.0 8.0 10.0 12.0
E +++ ++ + + — —

FHETA citric acid C 0.4 0.6 0.8 1.1 1.2 1.3
E ++ ++ + + — _

IR VKP C 0.2 0.4 0.6 0.8 1.0 1.2
E ++ + + + — _

LIZLFR A potassium sorbate C 10.0 15.0 20.0 28.0 30.0 32.0
E +++ ++ ++ + — —

i & Z R 4N sodium dehydroacetic acid C 2.0 4.0 8.0 10.0 12.0 14.0
E ++ ++ + + — —

SRR malic acid C 0.2 0.4 0.8 1.0 1.2 1.4
E ++ ++ + + — _

& formic acid C 0.1 0.2 0.3 0.4 0.5 0.6
E ++ + + + — —

—HRA potassium dimethyl acid C 0.4 0.8 1.2 1.4 1.6 1.8
E ++ + + + — —

R propionic acid C 0.2 0.4 0.6 1.0 1.2 1.4
E ++ + + + — —

TE: CAURAWIRIL; E R KIEACR, ++HERTEECRT 50 DAEAR; ++HIR R ECN 10-50 PR, HE R EEC 1-10 PR, —H%

B0 AP *7 b A Rl

Note: C means drug concentration; E means sterilization effect; +++ more than 50 colonies per plate; ++ 10-50 colonies per plate; + 0-10

colonies per plate; — means no colony on the plate; * means a commercial product.

x5 RERAMREREN 3 HAGYRATRNEEDERENMENRER

Tab. S5 Bactericidal rate of Vibrio in clamworm (Perinereis aibuhitensis) after immersion in different

times at the lowest effective sterilization concentration of 3 antibacterial drugs

n=3; X +SE
. ) INE A/ (cuf/g) Vibrios load i
254 e /(g/L) b B A] /h - . e ; ENESA
antibacterial drugs concentration  immersion time A HHRIT/(x10%) AEI/(x10%) bactericidal rate rate
before treatment after treatment
FrPERR citric acid 1.2 0.5 3.83+0.39 1.470.31 96.2
1.0 1.50+0.50 96.1
3.0 0.90+0.36 97.7
gééﬁ[mﬁjﬂﬂ\l povjdone iodine 10x10 3 0.5 12.9+1.44 66.4
1.0 5.63+£0.96 85.3
3.0 0.77+0.21 98.0
INE G VKP 1.0 0.5 0.003+0.006 99.9
1.0 0.00 100.0
3.0 0.00 100.0
T b L
Note: * means a commercial product.
24 HIER. BEMBIGIESZEPEN 240 WHE, RV ERAANRAGYSHKEAR, B

LCso. 48 h LCsy R L L IRE

FHAS TR e BE TR IR | SR A T AR 9T v i

BN B, R B KM s L, R B

2 S iR A,

iR 4B 25 4 7 1 B
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Wt . LR WA B A AR T R 5, R 24 T Al s e
FE 2 B R B IR T2 . LA, IR v 2 44
Feop s H R BUBORL YR . 2ead — B ]S
VORI RIS, 225 b T A A U A
HEBET . Giit 3 PRIV SET 8L, A
24 h LCsy. 48 h LCso S LML R WK 6, W]
AT . SR YRR LS IR i X Vb 4 ) 24 h LCs
3R 174.5%107° . 444.4x107° }2 3662.7% 10 g/L,
48 h LCso 430 162.6x107° .401.1x10° } 3210.0%
107 /L, 24310 48.9x107, 120.3x107°
K 963.0x10° /L.,
2.5 FriRER . BAEMEANIE S ML giEXT A
48 h FHIEFI=

N URE SIAT TR SR AR I RN B v 3 Fh 2y
Wm, WRMBHFHALING, EERTERY
WE, UM B, R, LA HE
B, R v B 2 B N S Ny 5 AR BE A TR
I [ e %) SR8 4 ) AL R0 5K B v 245 WO i SR BEL AR
Jei, XURTE A N, HGEIE F 5 . 45 41 BE 57 5 s

[E 3G TR BN RBTE BRI BB T I 4
FHAR TRV BE (A A i . S 2 Il AL R I I e 1 5 L
PIUEEXTHER, 24 h )z 48 h BB L5 R L% 7. 7]
HIRTRETR . 5% 4 B i S I B 4 X VD 5 Y 24 h LDs
89k 2,91, 119, 14.75 mg/JE, 48 h LDs 43l A
1.28., 10.5. 9.51 mg//&, LA H0 0.55,
3.15, 2.85mg/ke.
26 H 3 MAYREIERELERERLEE
I EEFASHEME

W bR . BRI . IR 3 Az
YRS, ST AR R S RN
MHE R e 4E4E R E RSy 2efl, 4R 0E 8,
ARG A E, YRR EER . SR .
JIFL T R A= 3 B ) i 0 B A HL A I
FEAR(P<0.05) . HrptrE R HIG, RN ETR
WK, SXTBAMILIRNYEER B BRI
BH . RBEEERHREE] 60.0%. 50.0%. 16.7%, A
TR 5 BRI AR 240 6.0%; 38 2k i At
RilfE, BEES SR TR g

Fo6 ITIEE. BEMMMIMNESZEDPEN 24 hLCs. 48hLCs REEIRE
Tab. 6 24 h LCsy and 48 h LCs biotoxicity and safe concentration of citric acid, povidone-iodine and
Vibrio-killing product to Perinereis aibuhitensis by immersion challenge

24 h #PESZEE toxicity testin 24 h

48 h WL toxicity test in 48 h

25

antibacterial drug WRE/(x107 g/L)  FET-%/% LCso/

HJE/(x107° g/L)

WARYIE/(x107 g/L)

BETZH/% LCsof safe concentration

concentration mortality (X107 g/L) concentration mortality  (x107° g/L)
FrERR 130.0 0.0 174.5 100.0 0 162.6 48.9
citric acid 153.0 26.7 125.7 233
180.0 56.7 158.1 46.7
212.0 86.7 198.8 76.7
250.0 100.0 250.0 100.0
S 2 300.0 0.0 444.4 250.0 0.0 401.1 120.3
povidone iodine 363.8 16.7 311.2 20.0
441.5 53.3 387.3 43.3
535.7 80.0 482.1 70.0
650.0 100.0 600.0 100.0
EINE e 2500.0 0 3662.7 2000.0 0.0 3210.0 963.0
VKP 2837.2 16.7 2514.8 26.7
3531.8 40.0 3162.3 46.7
4395.4 80.0 3976.4 66.7
6000.0 100.0 5000.0 100.0
%5 H blank control 0.0 0.0 — 0 0 — —

TR O™ ;. — 6 B 2.

Note: * means a commercial product; — means no data.



738 Hh K R £ 31 %

R ITRE. REMBEAINE ST ITERE 24 h LDso. 48 h LDsy R REKE

Tab.7 24 h LDsy and 48 h LDs biotoxicity and safe concentration of citric acid, povidone-iodine and
Vibrio-Killing product to Litopenaeus vannamei by injection challenge

i) 1 41570 /(mg/ind) 24 h FET-H/% 48 h JETR/% 24hLDsy/  48hLDsy %A% /(mg/ind)
antibacterial drugs injection dose mortality in 24 h mortality in 48 h (mg/ind) (mg/ind) safe dose
TR 1.0 0.0 0.0 291 1.8 0.55
citric acid 15 0.0 30.0

22 20.0 70.0
3.3 60.0 100.0
5.0 100.0 100.0

B2 4 il il 8.0 0.0 0.0 11.9 10.5 3.15
povidone iodine 95 0.0 20.0
11.3 40.0 70.0
13.4 80.0 100.0
16.0 100.0 100.0

bR 5.0 0.0 0.0 14.8 9.5 2.85
VKP 7.5 0.0 300
11.2 20.0 60.0
16.7 60.0 100.0
25.0 100.0 100.0
%5 H control 0.0 0.0 0.0

TR 7 b D Rl

Note: * means commercial product.

x8 DEZIWMHBNLEFHENERHINESE

Tab. 8 The content of nutrients in the Perinereis aibuhitensis after immersion in antibacterial drugs

n=3; X +SE
» 100 g fif Y0 7% /g content in 100 g fresh P. aibuhitensis
H #2417 nutritional components - -
FrEER citric acid RYEF AL povidone iodine A ¥ VKP X #8 control
M total protein 12.6+0.1° 12.6+0.2° 12.940.2° 13.440.1°
BB total fat 1.0£0.1° 1.24£0.1° 1.6£0.1¢ 2.0+0.1¢
H[E E cholesterol 0.80+0.01* 0.94+0.04° 0.91+0.02° 0.96+0.02°
#EE: Z E (x107) vitamin E 4.440.2° 10.240.1¢ 9.8+0.1° 11.0+0.1¢

T O R L AT AN IR B9 _E bR B A 2 18] 22 57 1 35 (P<0.05).

Note: * means a commercial product. Different superscript letters in the same row mean significant difference (P<0.05) between groups.

STHRLL, (H4gedR B S Rm THMEAGHEA, WS OHEE, SHPENE RS BA —EBIR
RFXTIRAL(P<0.05), SEEM . S IEEEKR  fEH.

HeH: R B BEEDHIHN 6.0%. 40.0%. 20.8% K 3 Wi

7.3%. INEEIRNE, SEHSEEESEDE

T A b B 2 (R F X BR 4 (P<0.05), (A4t 3.0 S EPHREILE

R E fram TG IRAL, KT 2R 2 B pl S vt FR 41 H AR AT AV e 55 22 B 2R A a0 S
(P<0.05), WEM . MAgwy . MEEERGgAZE B TGRSR T b, LUGEITRY A
PR MH 3.7%. 20.0%. 5.2%% 10.9%, £ K, WH TS h&HEZMEED2Y, Wik
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FEOZRAUIRNBA D HA etk IR
Ve ) EEER Z —, TETIREY D a0,
ABEFER, T JE 2 i R DTAR Y I Y 2
HAEIZIAF] 1.00x10°~9.04x10° cfu/g®™, B 55k
VISR TR £ 2 BRI N S RE G
(9N . Licciano %M A & B, EHRCIRAT, 42
8 Bt (Branchiomma  luctuosum)P& P58 1] 8
] 1x10% cfu/g, TPVHOIRZA T Al % 2(2.420.4)x
10° CFU/g, %3 @ TG PR 58 gk ol e 1 2%
B, AR SR A W AR & v, Wl R V.
parahaemolyticus. V. harveyi. V. alginolyticus
SR IR A 1, HLRIE 22 ad v s, EE AT R]
E# 6.47x10° cfu/gh, AMFRLERMLE R, HE
I MBS V. alginolyticus . V.
harveyi . V. owensii, V. parahaemolyticus “5 %5 JF 5K
W, HoE O M XA AR R, IR F] 8.0
10* cfu/g, RWVD A T XHIF R IR 8 A&
8 XU o
3.2 BHEBREFNREIR

FHH #5500 b B it a2 58 S5 G A A 1 1%
RS A e WTiE, h TREmZan®K, i
TR IR AN TGRSR, HAT7E
B ol TP R 5T B 0 I A2 22 0 A A3 HILIR 40 A7 A6
MR . FLIRSERT | BRI d ik A I 3
R G WOCRWIE . 63 PSSR E N £
B K7 s ARt R B T R AR, v
AR, BRSO R, 2 BE R
I ARG EH N RIA RS MR, SECE R
PRk . (54 EmIERE T, AR
T 2RI R RS THRBERCR, KBk TH
R4k, HABA HLRRAEAE 1.2 g/L i RIAT X 2] 100%
A TEROR, S F R A9 4% T8 K B2 38011 (0.5 /L),
SRS O € ot O = W K 1 U R S = N S VI 787
P FEZER A T HAR pH X 20 it A5 8 375 M 1Y) o R
TEF T4 DNA KB & 22, s 4
A THEBEMRS ACS, ACS HABARM MRS
Ve, SRR LIS AR ARG R SR
PR TR R B ROAIE, B TR, HAR L
) 2 B AR B T RE S DL B 3 B U W v

RIS WA A | B SR 2GR RCR 739
FACCHE AT TR ARITR, A
FE 13334

33 MEREFNEYLRESEREIIRER NG

TH ALY i I, T 75 00 0 0 A S
TH 75 J5 U0 2o XTI 114 42 4 M2 e 801 B 70 Y 22
BAm, BRAR A 200 09 48 vk B A K T H AR )
RWUEE, HAX MY - ERER . A5
RIMFFIERR . RAEEIRL SRR VD 48 1 22 Ak
4350 48.9x107°,120.3%107° % 963.0x10° g/L,
T A 25 R B A IR B 2 o 1.2, 10.0x107° &
1.0 g/L, FEIRAEMML, JRGE G 2 FhH R b2
b7 BEBE A B bR 1 80CR SCRE DR e VD A 1 #5635
M RR Al e 2 B ACR T, HA S i,
RUA 90 25 R R ], R b s ik B2 2.0~
3.0 g/kg FriEmR e M AT XA IR AR, HAAR
FPUR 1 Dk, RREERDR R AN 1.2%~2%
) ACS REMEHR i FLAN XTI A0 T, WA K
T30 Y T AT MR POV, 2 A SR FH 5 MR A% T A B i
TR 5 N TR 1 R BRYD A, XX MR 3 A 2 4 KU o
R A B WO Z2 R I A R EAIOCR, @R H TR
T EE, TEFRsE P T DR HaE . AR
B2z, AR SR T s, mRgaE i Rk
b TR A I LA 1 S HOIR R B LR BT, R
I T T AR B, HC X %o R A XU i 2R A 7
WA

FPEEIR . SERIR . iR, 1R . MREIR5T
F A VLR e Y AR bR L A B v ok 7 e, B
AisE +1Ed P, Fe. Mn Ml Zn 85 5 0 E HING
Ve, St IEE SRS, kBT RS EERY,
PR Ew LR, oI5 gk, RAKHEK
Ja TIEE TR IR 4 rh 32 & ACS, ACS
Vel —Flogr LAY A w0, BLOCEEVEDY, B R
SriRIE EE R PRI o B AR AR LR S R
7K SRR, HAE K IR B h ik B B 5 45 /0,
B B R, R T K 5556 J5 23 5%
PR o ks N T LA SR R AR AL
MR R AEAfL K. ACS FHVEK = RkiR I i A A 21,
JEHR AL, BN, (HAE T Ry oK
i F 2t ] i85 B0 rE K B BE T, A R B
HH, @85 R ICTE,
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WERREAESNED . IR EgEA: RS
BN, B A A B R, W
JE S T R S B AT, KR K A
[F) P 32 90 A, T 305 o8 AR A I 2K o AR R oR
FH AR R MR B AP IR . 508 A T UL % B B 14 1
Wiba, K 3 NEHEAVERIANBEESR . B
NEWT . REE RS K4 5 B 4 AR TR A 40 2,
PR A 5 A i K B, CER R X e .
BIRIR SRR S R . RSN A
X, HFHEIRIZ I 5 3 807 IR mE 451 S W24, H Ak
i ok 72 40 i o 1 Y, S A M P W R A A
T o INER P S A AR X ACS, Rl ACS JE ihbE
U, 02 e AP AR IR ATG, o % 1K e 400 it B 1
Wi, SFECEFRRREBAL USRI, s Xt
BAF . AT AR IR A —E W S L IR 1
RPN Hvb 7 R 20 58 o i Al Ak T A 2l H
—EMER, FECGRARWR A AT WL, 7N B
R AL A R, YRS RSB RENRA,
T T8 B3 5 v s 17 3 G SE 3 4 A1)
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Vibrio species, load and antibacterial effect of bactericidal drugs in
clamworm
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Abstract: Clamworm is a biological bait with high nutritional value, widely used in promoting gonadal maturation
of shrimp brood stock. However, as most clamworm occur in wild environments, they are prone to carrying
pathogenic bacteria and viruses, posing a potential disease risk for farmed shrimp. To eliminate the pathogens
carried by clamworm, antibiotics are often used by immersion. Due to the disadvantages of using antibiotics, novel
safe and effective alternative products must be developed urgently. Sorbic acid, malic acid, citric acid, and other
organic acids and their salts are commonly used as preservatives and fungicides in food and have potential
development value for biological sterilization of aquatic bait. To research the profile of Vibrio pathogens carried
by bait clamworm and establish effective pathogen elimination technology, the pathogen species and Vibrio load in
10 coastal areas of China were investigated. Sodium citric acid, povidone iodine, potassium sorbate, sodium
dehydroacetate, malic acid, potassium dimethyl acid, propionic acid, and a Vibrio-killing product (VKP)—a

commercial product containing citric acid and acid calcium sulfate—were employed to test the bactericidal effect

in vitro in this study. The lowest and safest bactericidal concentrations of citric acid, povidone iodine, and VKP
were tested in vitro for the elimination effect of Vibrios in clamworm. Additionally, protein, fat, cholesterol, and
vitamin E content changes in clamworm after soaking in citric acid, povidone iodine, and VKP for 3 h were
analyzed. The results displayed that the sample clamworm carried Vibrio alginolyticus, V. harveyi, V. owensii, V.
parahaemolyticus, and V. parahaemolyticus with detection rates of 86.7%, 20.0%, 13.3%, 13.3%, and 6.7%,
respectively. The highest and lowest pathogenic Vibrio loads in the sample were 7.0x10* and 2.0x10° cfu/g,
respectively. The minimum bactericidal concentrations of the nine drugs in vitro from low to high were
povidone-iodine (10.0x107 g/L), formic acid (0.5 g/L), VKP (1.0 g/L), citric acid/malic acid/propionic acid
(1.2 g/L), potassium dicarboxylate (1.6 g/L), sodium dehydroacetate (12.0 g/L), and potassium sorbate (30.0 g/L).
The inactivation rates of Vibrio in vivo were 96.2%, 66.4%, 99.9% and 97.7%, 98.0% 100.0%, respectively, when
the clamworm were soaked in the citric acid, povidone-iodine and VKP solutions at the minimum effective
bactericidal concentration for 0.5 and 3 h. Safe concentrations of the three drugs were 48.9, 120.3 and 963.0 mg/L,
respectively, meanwhile the contents of protein, fat, cholesterol, and vitamin E in the clamworm were significantly
reduced compared with those in the control group (P<0.05) after the 3 h treatment. The results suggest that the
clamworm has a great biosafety risk as biological bait, and the soaking treatment in organic acids can reduce the
pathogenic bacterial load. The results of this study provide a basis for the comprehensive prevention and control of
shrimp diseases.

Key words: clamworm; Vibrio; organic acids; povidone-iodine; bactericidal concentration; safe concentration;
nutrients
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