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Qb H S5 BOR 1 RS, A B
k2 S0 IR 2 B E R AR KO- B B 1 SR AT,
20 MU A R IRIE YR RE o I AR R R SR TE
H D] I TR JE G 5 30 2k I I IR BE AR (acute
hepatopancreatic necrosis disease, AHPND)™ % 3%
R ED, Al BT R, R R
BV S AP SR A RS 7 T ek o,
PR HCBIF 5 4 v o D T VA R, BE T I K
SRR, o T R U R R R A AT B S

T BR v A 50 B I, A2 G076 2 R It
AR, TS R AR R 2 R K R AR R
B, WK sy, SEGRMYEK
Tt e e T R, LR i o A A i 4 A T
S DR I B T B 2 A R R R A
o INALMR KPR, A LR, NIR . SRR
PR S A PR S LA 202 H iy A ot v i T R B
JEEA TR 2= e A bk R HAS S 0 £
ai g, T K R AR W B B B T AT A AN,
il FLR B R BT v 5 TR A, B B AT
AR

h T A [N OO R SRR RV A s A
WL, R EERIER R EEAR, RS
R T A 648 10 N30T i 19 57 5 S B A VD e
R, A AT B 32 O D b 2 R 8 R AT
TR, TR R s BV B (Vibrio
alginolyticus) 32 &, FFRE T NG A & 57 1 i
e K ez A, DU v e s DR A v A oK 4
BEZZ R IE 7l 0 B A e B (AR R S

1 #MEETE

1.1 EHAHE

S T s IR T LA B M T SR Y A
(Perinereis aibuhitensis)H 73155 31 2833 S € A5 o
12 SNERERLGY

RYEFRABL (LR LE) . WL 99.5%). R
PR(ZEIE =95.0%) . ATIRTR(LERE 98%), 1T [E]
LA IR A B IR [ 28 MR
PEBLIR 5 (ACS) AT BRI T B 5], 1AL
FRA (P 2D T4 TAEY) TRy A IR A
Al LA O FREN(EEE 99.0%) . — I ERHP (Ll =

95.0%) T 1 ifg 22 se A AL B A BR A | TN R
(O3 MraE)E T B R T A AL B B A7 BR A D
1.3 XWAbE
1.3.1 REKRNADE FHFG A)ILREDER
(Nereididae)t i 8 177, 437l R4 A WAL WM |
IR H B, VORI . TLIREE S . WL
BRI WA AN TREAERIL, BEERY
SEH, RN HR SR AR E R &, O AN TR
B, H A8 HHMCREWEFES 7 0y, A0IREA
WA WM, ILAREARE . WY . HEQH), 1T
B W, WA S0 X M, A
HEAE
132 SFUXWADE LRMAVER A HITE G
TSR =088 FR A ], PR E (2.0£0.7) g,
S 6 A SR (R BE S5 1) A SRR K FR5E 2 d,
B, IR IR R
1.4 HHEXIEAR

520 FH L 9 1 X BF (Litopenaeus  vannamei)
300 J&, WA IR 5T VE I R T X R T K
WFFE AT B b, A K- (11.0£0.5) cm, A (13.5+
0.5) g, FRFH SR FTFRA T /KM 20 m® (7K P,
HEEFEAR, FRIHK R AR TR I H R K,
HWg 534K 1R, #okiE 30%, H3BmEmok i
BE 4k, B ERIEE 3%,
1.5 DEEPINEHERNELEE
1.5.1 DEREFNEHRE NGO RS PR
BLEL S 5004, OACK B K 3 h, PEBRIASR
(IR, =2 5 BCH K T 20 A W T AR K Ay,
SUEMARE S, RIS, A3 10 mL,
FIJCH PBS Z i Bh EREE 10°, 10°, 10%, 10°
¥, 43 0.1 mL MRS B VR A T TCBS KRt
b, BOWBKEERESE 3 TR, BFERET
28 CHFM B IR 24 h, MIWEIERILE . KN,
P SR X A N [ B VR T R T 25, IF 40 i 4t
IR B P B g, AR A i . R A5 4K
KETERT VD AR I . 4 EEOYRE S
3 B8 R R RRAE I B — TRV, IR R4 4y 2 4l
1b)J5—80 CIR-AT

ST 15 FE=100%x B3 b Aix 4 21 v 5 b g B
B/ A VAR AL AU A AN AL
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1.52 HAESBEE BN 151 PHEHAR
R T TCBS Pk, FHAITE 16S rRNA
JF 30§ 58 5 ik e BT 5 1 A i A 4 e g U
B PR T T A TR () A FR 2 7
W, B3 F5I7E NCBI 0 e v k47 R Rk 1
XF, A S TR AT E B T AR AR LR KT 99.0% ]
FE MR —AFh, 0 T, TS .
1.6 AEHYMTMEGIRELRERESDGY
B i 1%

BB INE R T TCBS FAir, 28 CHigF
24 h J5, $HT TCBS WiikEE3RIEH, 28 CHEIR
(150 r/min) 55 3% 24 h, WEELEER, TE.OHLT
3000 g B0, WCAETAIR, HICH PBS # RE il il A
B, PR 1.0x107 CFU/mL, 283 il 52 56
1 7 45 P 25 A8 S50 TR R R L B A A T
Fi B 1 11 259 W o 3 T o) 25 9 5 AN TR TR TR
(1.0x107 CFU/mL), A [ ¥k B B 25 1R A T
FIRFM T HCE 15 min, ZJ5 50 0 BU# 2518 5K
0.1 mL 370 T TCBS P, ®AEEEE R 3 P17,
28 ClHIEEEFR 24 h )5, SIS LR H
VA . B AR E RVE G R T 50 A4S, FRidh
7 TEBCRT 10 4, ANFEEET 50 4, Rl
Fer+, WEBORT 1A, ADTEET 10 4, in
WA WA WA K bRE y—, AT AR
AT 50 IS — B0 1A 7 AR S

R1 EMAHAYMITIERERE

Tab.1 Concentration gradient of different antibacterial drugs

PiE 254 antibacterial drug  JFi B J¥/(g/L) concentration

RAE (< 107%) 20 40 6.0 8.0 10.0 12.0
povidone iodine

FPEERR citric acid 04 06 08 1.1 12 1.3
IR e VKP 02 04 06 08 1.0 1.2
1 A i 10.0 15.0 20.0 28.0 30.0 32.0
potassium sorbate

WA 2 RN 20 40 8.0 10.0 12.0 14.0
sodium dehydroacetic acid

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

N2 propionic acid 20 40 60 1.0 12 14

7 A R
Note: * means a commercial product.

1.7 HEMEREREN 3 MRFHYT D EME
AN E AR B R N E

R4E 1.6 MYSEEREE IR, RS AR R R B Y
FPRETR . 5% 20k A AR SR v FH V0 2 A A SR A%
FAC . W12 MR S L R SEEoKAE, A
KUEMEK 2 L, B4 3 4 FAT, A KR K
FPRETR SR A I L N I TR v v T, o8 25 vk B 43
B2 0, 1.2, 10x107° & 1.0 g/L, 44>k rp 847
AP 100 g, 55 <R, T 0.5, 1
K3 hE, FASNES R, FiES R 150 kT
WA NINEE &, ST BImEKE 23~25 C,
FE 32, pH8.0, % KT 4.0 mg/L,

HIUER A B R (%)=100x (55 4L 2 — 30 50
2 IER 2 ) /28 AL 2
1.8 . BEMBMEINE ST PRNZTHES
WREERE

FEA L TS, e AR . SR AR AL 2 I
R 3 R YNIR AV A% 24 h K 48 h A REEHE MY i
o T TR B S AT B E R T R BV . 7R
10 ] PR e B A XSO B R BT AT I IR . SR A
BN Y 24 h K 48 h 2 BOBEIRERRE, Wk
20, T334 10 L KEFE, 40nA 2 L
Vg 7K SR R BE R 245, BRI A 30 BT
A, WEC R4S R IRE 24 h 2 48 h V&R BET
B, RIACT MV A RS, S50 1A (] A 4 0
PHEL, B 12 h 3K 1R IFEH N AAE R L 1Y 24
R o SCI B T K IR E 16~18 °C, R 32, pHS.0,
B3 as XS IR 2K SPSS 16.0 3154 24 h LCs
S 48 h LCso, ZRMWMEIEI AT SC=LCso, 4gn%
0.3/(LCs0, 24n/LCsp, agn)” T,
1.9 #FiRER. BYEMRB R INE ST LA EI IR
ZEREIT

7% L& B 2518 FH i B ARk ik ARtk A iR
RN, 454 IR R G, S msg PO
M, ANLRTES ik vr- s 3 Fh2ipxd FLan iz
XTHRA L VR . el BSL s, e Fr e .
R AR S NG e 3 25 ) X HE 24 h &2 48 h
ANBEEHE 1 e 5 U o R 8 S BOAE e I T o Wk
Bl o TEIZ0 Bl P EC AT AR IR . SR AR T AU A B 1 14
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Tab. 2 Concentration gradient of antibacterial drug in the test of 24 h LCsy and 48 h LCs
e JERRJE concentration gradient (x107° g/L)
Zj%) antibacterial drug
24 h 48 h

FrE R citric acid 130.0 153.0 180.0 250.0 100.0 125.7 185.1 198.8 250.0

RYER/IfL povidone iodine 300.0 363.8 441.5 650.0 250.0 311.7 387.3 482.1 600.0

JUE 1 * VKP 2500.0 2837.2 3531.8 43954  6000.0 2000.0 2514.8 3162.3 3976.4 5000.0
FE:*7 h R I
Note: * means a commercial product.
S NIV
XM 10.0, 15.0, 22.0. 33.0 g/L. 50.0 g/L;

2 HERE55MH

80, 95, 113, 134, 160 g/L; 50, 75. 112, 167,
250 g/L FESHE . T 18 4~ 300 L ABEEEAN K,
S 200 L #EZK, BEASEBOER 10 . 4%
BEREXTHFES 0.1 mL B9+, H 1 mL T4,
TR UR S — M R BT LR T 2, R D 4%
R 24 h K 48 h XFEFAYZET- %, WA a] %R AR
FEMRARE, A BSCT AR Je i RS, BE 24 h e
7K 30%. SEES AR KIREE 25~26 °C, hFE 32, pH
8.0, LT, 3 A X IRA /ST PBS, R H
SPSS 16.0 iT5 24 h LDso % 48 h LDso, %4k
$i i SC=LDs0, 451%0.3/(LDso, 24n/LDso, 45n)" 15
1.10 FEHYREXDEEFAHHEM
UG K AR5 I TD 8 100 g 12 43, 3 1
T ARG E TS AT, FA 9 ol vk
1.2 g/L WIAPEERR . 10x107° /L Fiky 5% 2 R it &%
1.0 g/L BN K S IR ML 3 h, B-Ab B
WHE 3T BRI ROH R R s &, A
RV 7K VAR 2 5R Ax 25 W 0T 2 A0 W T 47K 43,
FREF VB2, T REE . SR . AR EE
KMAEZR B 0 AT o B S S 43 0
PR AR ) & (A T AR TR B A BR A
) )5 IR A 0 7R 0 (Rl R A ) TR
WFFERT), G Wik 7 2 B GB 5009.6-20162",
i % E 20 GB 5009.82-2016%, R4y
1938 (%)=100x (Ab T H 8 7 10 & - b H5 K
BRI )RR S R A
1.11  #HEE
TIHHEFH Excel BAFEATSIT T, B
BOE Y {E+bRE 2 (X £SD), i/ SPSS 234k 4
X B AT LD 2R T 25 40 25 S i A AR A

21 HEPETEINH

H TCBS 3573, M 15 i rh e 43 25 31 25
PR, 25K 3, AIAITA R & 2 IR
R, Gt & M INE MR R E R, ¥
alginolyticus . WHEFCINE (V. harveyi), XSGR
B (V. owensii), B IMLKE (V. parahaemolyticus)
W& 35 & NN (V. eyclitrophicus) WK H 2R 43 551 A
86.7%. 20.0%. 13.3%. 13.3%/% 6.7%, 15 P HE
WA 10 AR I e I o Y A rp L,
PO TE A A B ZERE S A R R 66.7%;
A 2 AHEE TR CE R, A
HR 13.3%; MOCICHREE SO A 1 IR
K, PERBRKL RN 6.7%. VLTV AL
e R B R e, A3 7.0x10% ofu/g, BWIRRA
W 2 TGO B e N 4 . SR AR B VBN A Y A=
Vb7 i TCBS 43 B3 1 Al 15 9% 40 B0 iy 8.0x10°
cfu/g, HHA 97.5% B R V. cyclitrophicus, H:3
o A R o e AFR 4 TR 28 R o ke D 1 B A v
%, AN 0.3x10* cfu/g, HHAA 66.7%09 41
N V. parahaemolyticus, JNIEHH N 2.0x10° cfu/g.,
22 AREREHYITIMNERERAEIRELR

DAV S TR A 25 AN B RR, W i i 24
VIR, FPEER . INEE . LRI . A S
PREN . SERER . W, —HERE . INIRECHASIH]
WA B AT AR T RCR IR, 25 W3R 4. ] IR
BRIV S AR 25 ) o SR AR AL, W) 10x107° g/L
FE 15 min B BIAT 49 R AU 0, 11 AL R B sk
w2E, WIE 30 /L HaliRBEIRWEACE, AR
B R TR R 4], WREE N 12 g/L B 5 ATk
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*3 REHEMTCBS FHRSBHEEEER
Tab. 3 Identification results of bacteria isolated by TCBS plate in collected samples

RHFT B R A EABL/(<10° cuflg) P A 7 1/%
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
X 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: FERCRAEH 1-8 2 BN WAL A /RN T . LR B IR L VLR SRR . YR E m il . Wi g Wi a M. RE
LT S g R T T 9—15 23 BATAC A AN T . IR ARE T . T B IR 6). LA & Z #E T RHTLAE Rl

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.

FRWRCR . AP, WA R R E AR
0.5 g/L, FriEMR . SRR M DI IR I S A4 R TRk 4
1.2 g/L, TR R A R TRV FEAE 1.0 g/L
B BRI AT IR 2] 100% 0 BRIE AR o R SL IR a1, ik
PER ML ORI IR T )5 S50 50
23 HEER. REMMEINESEARRRERE
ZHETHDERENIMENRERLR

FHEBARA ARSI A TR R BT PR SR 4
R AR R I vb A, R DU AN ()95 3 B i) S LA

PR PR ki, S5 L3 5. mIIVREE 1.2 g/L 1)
MR 0.5 h, YWD AAR AR A B 3 I AT ik
£ 96.2%, RUHIBTHAER 2 3 h, SRR R
EE) 97.7%:; FIHRRE 10x107° g/L 1 58 24 i il = 76
AR 0.5 h, VaERENINE LR RY 66.4%,
MIEIZ A 2] 3 h B, RERAAE] 98.0%;
KW E 1.0 o/L FIRENIER L 0.5 h i, 9N
FHRA A 99.9%, FERKZE 1 h, XTI A E LKA
ATisE] 100.0%.
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Tab. 4 In vitro bactericidal effect of different drugs at different concentrations on Vibrio alginolyticus

2% antibacterial drug e /(g/L) MR R concentration and effect
RYEBIM povidone iodine C(x107%) 2.0 4.0 6.0 8.0 10.0 12.0
E +++ ++ + + — _
FFIETR 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 ++ + + + — _
11 B4R AR potassium sorbate C 10.0 15.0 20.0 28.0 30.0 32.0
E +++ ++ ++ + — _
i 2R 4M sodium dehydroacetic acid C 2.0 4.0 8.0 10.0 12.0 14.0
E ++ ++ + + — —
R PR malic acid C 0.2 0.4 0.8 1.0 1.2 1.4
E ++ ++ + + — _
F R formic acid c 0.1 0.2 0.3 0.4 0.5 0.6
E ++ + + + — —
ZHRH potassium dimethyl acid C 0.4 0.8 1.2 1.4 1.6 1.8
E ++ + + + — —
A propionic acid C 0.2 0.4 0.6 1.0 1.2 1.4
E ++ + + + — —
TE: CAURAYIKEE; E RKHBCR, ++HEEEECRT 50 A EH ++HE R EC 10-50 A EA HEREECY 1-10 A —T 7%

B0 AT *7 R

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 REARRARENIMHAYWRERENEDEDPEENTEHREER
Tab.S 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
51 W@/ P I E # B/ (cuf/g) Vibrios load P
antibac;erial drugs concentration  immersion time Hb BT/ (<10%) U IR /(<10%) bactericidal rate rate
before treatment after treatment
PrRERR citric acid 12 0.5 3.83+0.39 1.4740.31 96.2
1.0 1.50+0.50 96.1
3.0 0.90+0.36 97.7
RAEFABL povidone 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
W VKD 1.0 0.5 0.003£0.006 99.9
1.0 0.00 100.0
3.0 0.00 100.0

TE: #77 A R

Note: * means a commercial product.

24 17PEEE. REMBIANESREDEN 240 WK, RAVDERBRAANFGYEKREZHR,
LCso. 48 h LCs) REEIRE WBLANIE SRz, RN PR 341, WL
AR BE BRI . RAEE BRI AR 2, Fr e IR 2H B G TR B T et IR SR
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. LIRS B A iR BT R 5, R 24 T Al o e
FELH B R B R T2 . LA, IR v 2 A
FoERE, (R R BUOR R . 2l — BE )R
A AN VR 5 I = e el =187 - SR e 30
HIBET . Giit 3 MR A sb T, IR
24 h LCsp. 48 h LCsog KL RWRELE R WL 6. 1]
AT . SRR S SR i X VD #2124 h LCs
A3 174.5%107° 444.4x107° )2 3662.7% 10 g/L,
48 h LCso 43310 162.6x107°.401.1x10° } 3210.0%
107 /L, G4 IES 30 48.9x107°, 120.3x107°
K 963.0x10 /L.,
2.5 FRiEEE. BRUEER AL AN N E 4 Xt FLahE X ERAY
48 h FHEFI =

N URE AT IR R AR I RN B v 3 Fh 2y
Wn, HRMB I LG, R ERY
W, MR B, REALEE, MRS
ERRSE, g VA B 2 1) 07 9 S oy s IR BE 4 .
AN [) e J° 114 2R A il R S B e 2 Y i SR B AR
Jei, XPURIZHTE N, ARG IE ol o 45 20 b 77 A A

Fo ITIRE. REMUNESERE

[EJ G TR UG A Re P A R I R A T4
FHAS TRV B AT R IR . % 2 I AR )0 B v 3 B L
YIEXTHR, 24 h Jz 48 h P EBEH| a5 R 0% 7. 0]
HIFTEERR . R 4 R S oI B v XD 78 19 24 h LDs
09k 2,91, 119, 14.75 mg/JE, 48 h LDs 43l A
1.28., 10.5. 9.51 mg/f&, L4 H0 0.55,
3.15, 2.85mg/fE.
26 HF 3 #MAYREIERELERERLEEN
hEEFEASHEM

WL FETR . RAEEIM . IS 3 Az
YRS, AT AR R BB SRR
MRE R e R E Sy 2efl, 48R 0LE 8,
ARG B G, YRR BE N . SR .
JIF T R A= 2B 0 i 0 B A L I
AR (P<0.05), H iRz IG, WWERESR
PR R, SXTHIRAM IR gEER B BE I
A BRI IEE] 60.0%. 50.0%. 16.7%, A
RIS R LA XS 6.0%; 5% 24k i f
Bitl)s, SEA5 IR & & 2R T N e A

= 24 h LCs. 48 h LCsy RREIRE

Tab. 6 24 h LCso 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 HESLH toxicity test in 24 h

48 h # ML toxicity test in 48 h

254 LAY RE/(x107° g/L)
antibacterial drug WE/(XIO%_%/L) ﬁEt%EI/% Lg‘o/ WE/(XIO%_%/L) %t%}_/% Lg‘o/ safe concentration
concentration mortality (X107 g/L) concentration mortality ~ (x107 g/L)
TR 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
B2 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 53.3 387.3 433
535.7 80.0 482.1 70.0
650.0 100.0 600.0 100.0
AN 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
% H blank control 0.0 0.0 — 0 0 — —

TR *7 R ORI ™ bl — 16 B0A Sl

Note: * means a commercial product; — means no data.
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Tab.7 24 h LDs, and 48 h LDs biotoxicity and safe concentration of citric acid, povidone-iodine and
Vibrio-killing product to Litopenaeus vannamei by injection challenge

i) 4 7§ /(mg/ind) 24 h FET- R/ % 48 h FET-R /% 24hLDs/  48hLDsy/  ZE45H/(mg/ind)
antibacterial drugs injection dose mortality in 24 h mortality in 48 h (mg/ind) (mg/ind) safe dose
PR 1.0 0.0 0.0 2.91 1.8 0.55
citric acid 15 0.0 30.0

2.2 20.0 70.0
3.3 60.0 100.0
5.0 100.0 100.0

2 2k il i 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

T 1 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 [ control 0.0 0.0 0.0

TE:*7 Bl A T b

Note: * means commercial product.

*8 DEZIMHSHLEBERENEFRBINAE

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

n=3; X +SE
100 g f¢ Vb %% & Ht/g content in 100 g fresh P. aibuhitensis
E IR 447 nutritional components — -

PSR citric acid REYER/I L povidone iodine I 1+ VKP %I 8 control
M total protein 12.6+0.1° 12.6+0.2° 12.9+0.2° 13.4+0.1°
BEW; total fat 1.0£0.1° 1.2£0.1° 1.6£0.1¢ 2.0£0.1¢
JHE B cholesterol 0.80+0.01° 0.94+0.04° 0.91+0.02° 0.96+0.02°
#EE & E (x107*) vitamin E 4.4+0.2° 10.240.1° 9.8+0.1° 11.0+0.1¢

T A R ™ . RIAT A 1) b Bk AR 25 2 7] 2 53 1 3% (P<0.05).

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

THRLL, (H4gEdR B S RE THMEAGHEA,  WHEFAHE, SHPENE RS BEA —EmR
KT X BRAL(P<0.05), B . BgH . IEEEL BRI

R B BEEDHIHN 6.0%. 40.0%. 20.8% K
7.3%. MEEIRI)E, SEHS OB S &EE
125 T H At Ab PR ZH E AR T XF BR 2H (P<0.05), {H4E4: 31 EBANREEINE

% E TS TAERRAL, KT R e m 5 X} 82 H AR AT AR U A 55 22 T 2 A 3 G S
(P<0.05), MIEM . Mg . EEL4gEEE B TSRS R, DUERETTRY
BURTANAH 3.7%. 20.0%. 52%% 10.9%., #£ K, Wi TRy b &a ZmaEy > Wik

3 Wit
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FEOZRAUIRNBA Y HA etk IR
W EEERZ —, TETIREY b EE B,
AWEFERI, T JE 2 e R DAY I Y 2
HAESILE] 1.00%10°~9.04x10° cfu/g®!, H It S5k
VISR TR A £ 2 BRI N S RE G
(9K . Licciano SN KB, IEHIRAT, 22
8 Bt (Branchiomma luctuosum)P& P58 1] 8
] 1x10% cfu/g, TPVHCIRZA T Al % 2)(2.420.4)x
10° CFU/g, @37 TH BREE Rk rp ol e i 2%
B, RIAELE SR A W AR YD &, ] R V.
parahaemolyticus . V. harveyi. V. alginolyticus
SR IR A Y, HLRIE 22 ad v s, B AT R]
K#) 6.47x10° cfu/gh, AMFRLERBE R, HE
I M BRI Th G V. alginolyticus . V.
harveyi . V. owensii, V. parahaemolyticus “5 %5 JF 5K
W, Hom O XA A R, IR F] 8.0
10* cfu/g, KWV & T XHIF R IR 8 LA B
R XU
3.2 BAHEBRAFHREUR

FHH #5570 Ak B i a2 52 S5 G A 1 1%
RS A e W7, h TREmZandK, |
TR IR AN TSGR RN, HAT7E
i ol P 5T B IS 22 1A A DR 40 7 4
MR . FLIRSPT | BRI ik A I 3
R G WOCREE . 63 PSSR N £
B K 7 s ARt R B T R AR, v
AR, BRSO R, 2 BE R
I ARSI EH SN R AR S MR, SECE R
PIBTk . (55 B RIETET , AR
T 2P R R TH R ERCR, KR TH
BRAh, HA A HLRRAEHRE 1.2 g/L BRI AT 355 100%
AR EROR, S F R A9 4% T8 R B2 38011 (0.5 /L),
SRS 7 G ot O = W K 1 R (S B N S VI 87
DA FEEER A T HAR pH T 240 it A 3 375 M 1Y) i SR
TEF T4 DNA BB B & 2, s g
B4 THEMS ACS, ACS HABARM MRS K
Ve, SRR LIS AR ARG R SR
PR R R B A, B TR R, HARE L
1) 2 B A0 A B T RE S D B B B U W v

RIS WA S | B SR R 2GR RCR 739
FACCHEE A T TR AR TR, A
FE 13334

33 MEREANEDREEREITIRER RN

TH R ALY iR I, T 75 00 0 0 A M
TH 5 U 78 R 9 e A M R e BT B R D E 2
FEbR, AR I RE Y & 4 vk BE e KT H R AR Y
AW, HAX SR Y- ERER . A5
RIMFFIERR . RAEEIRL SRR VD 48 1 22 2k
435k 48.9x107°,120.3%107° % 963.0x10° g/L,
T R A TR B IR BE 43501 1.2, 10.0x107° J¢
1.0 g/L, RUIRLEEIML ., JNGEE 2 FhiH 7 b2
b7 BEBE A B B8 T 80OR SR DR 7 VD A 1 #5635
MFFERR Al e 2 B AR T, EAA S i,
BRUA 90 25 R R B, R b s ik B2 2.0~
3.0 g/kg FrEEMR e IR A, H HAT 2
B 1 TP BRI 1.2%~2%
) ACS REMEHR i FLAA T XTI B0 T, WA K
T30 YT AT M PO, 2 A SR FH 5 MR A% T U B
R 5 N TR e A B YD 2, XX MR 3 A 2 4 KU o
R A B WO Z2 R IR A R EAOCR, @R H TR
I EE, FEFRAE A BT DR E . 75 AN
B2z, AR SR T s, mRgaE Bk
b TR A I LA i S HOIR R B XU BT, R
WG X R R 2, X)X M g XU 5 B AT
WA

FPEEIR . SERIR . iR, 1R . WRHEIRT
T2 A VLR 7EFE Y AR br + A B v ok A7 e, B
AR+ Ed P Fe. Mn fil Zn S5 TR MG
P, G+ HEE & RIS Y, LB TR S AEDY,
YRR, JCis Y sk R, Rk HER
J& T TR o IR b 222 ACS, ACS
Vel —Flogr LA A ), BLOCEEVENY, B A
ST IE EE R PRI o R AR AR LR S R
7K SRR, HAE K BREE ik B i 5 45 /0,
A B R, RYETBUH T K" F5 56 5 2352
HRESUE Yk NH, 10 HoAl e AR AR Gl
MR R AEAfL K. ACS FHAEK = I RkR I i AL AL 31,
JEHIR AL, BN, (BT Ry K
i F 2>t ] i 5 B0 rE K Bk BE T, A R R
HH, 8GR,
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FHIEARR R BE (AT I TR . 5 A T A B oI 1 v 122
WibaE, K 3 MEHEAVERENBEES . B
NEWG . MR EE K e R E 3978 A RREE A6 4%,
PR RR AL 5 A i K B, CER AR X e .
B 5V R AR S B R . RSN A
X, HFHEIRIZ IS 3 80U% IR mE 451 S Wi 24, H Ak
1% vk 72 40 i O 1 Y, S A M P W R A A
T o IR TP A AR & ACS, R ACS JEThbE
U, 0 2 e AP AR IR ATG, o % AR e 400 it 1
Wiz, FECE TR AR BAL . BUE B, s Xt
BAF . AT AR IR B A — o W A L IR A
R H v 7 R 45 5 Ak B A B (R 26 st 3
— R, SECE AR AT, RN AE B
R AL ARG R, VRN E RSB RENRA,
T 5 B4 T e R IO a8 G SiE K T 75 S 1]
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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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