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Bactericidal Efficacy of a Monopersulfate Compound against Vibrio
harveyi and Toxicity to Litopenaeus vannamei

Jeong-Ran Min, Kwang Na', HyunJin Chong' and Sang-Hee Jeong*

Department of Biomedical Laboratory Science, Hoseo University, Aasan 31499, Korea
!Animal Health, Bayer Korea, Seoul 07071, Korea

Vibrio harveyi is one of the most serious pathogens causing vibriosis in larval and grow-out shrimp culture. This
study was performed to investigate the bactericidal effect of a monopersulfate compound against V. harveyi and its
toxicity in Litopenaeus vannamei. The monopersulfate compound was prepared at 0, 0.15, 0.3, 0.6, 1.2, and 2.4 ppm
for the bactericidal efficacy study, and then V. harveyi was added at a rate of 1x10° CFU/mL. Subsequently, five
shrimps/dose were added to the water bath. The other groups of shrimp were exposed to monopersulfate, but not to
the bacterium. None of the shrimps exposed to any of the monopersulfate treatment doses without bacteria died, and
no changes in their movement were detected for 7 days. However, shrimps exposed to bacteria without monopersul-
fate showed decreased movement and lethargy, but no death. The total number of other bacteria and V. harveyi at the
different concentrations decreased significantly by 4-6 log values compared to that in the bacterial control group. The
monopersulfate compound completely inhibited V. harveyi growth beginning 1 h after exposure to 2.4 ppm. These
results show that the monopersulfate compound is an efficient disinfectant against naturally occurring marine bacteria
and V. harveyi without being toxic to shrimp.
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O 2% AL oFA AARS o 16.8%2] AAES Ho|il Qltt
(Subnutith et al., 2008, Janarthanam et al., 2012). ZL&JL} Af|
TAbFA 2w E | A Sl AE AR AR 9] shte] ] 2014 = Hpo| A ol ofgh A WY, R ANS 2 &
d 7] vl FAlARE AAREE oF 15THHEC R A4 < A5 FAE ofFA ke 8 a¢lo](Pattamarat et al.,
of P4 Tt 3.4%E ZpA[shH At o & vl sk A 2010) &3], Aol Alat 7S 5 vl B2 2 AEFS ofA

P4 5 13.0%E AFAISFaL QTh(EA1%, 2015). =W 4= of M7HE ] A FARONA & ZAIE FEskaL glen, o=

s

AFEA] AFR] T A FAATIS 1990 e of] = 2] A Marsu- QAUREAA BAN A AN o 3 ge| = 34 =L Qlh(Janar-
penaeus japonicas)S 54 2.2 F4:35] ARSI o Slube thanam et al., 2012). A|--F41-2 -2 A4S SR 37| §J8)
(White Spot Disease, WSD) 52| A2 70| 53 o PRFAo] o]FolA AL ql=t ol Ao ® Aot
th7} 2006\ 78 At A o2 Aol thgh Aetdo] & 2t} A S 2efgie v B e oot thedst s A=Al |

2| Al--(Litopenaeus vannamei)s: FA517] A2tsto], EAY Al /o] et AR QIAE| AL 9l o1, o] Vibrio harveyii=

Lok o] thRE-S 225}kl Qlth(Jang et al., 2007). A A A 2]

toxR gene, haemolysin gene 52| 58 &3 FAAE 71|11
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glom, AJ-9] larva E+= postlarva A] 7|9l ZHE = o] 100% 3|
AE FeRar, AS-9] ROl A 7 WIEsHA] 2= AL 9l
tH(Gopal et al., 2005, Ruwandeepika et al., 2010, Saori et al.,
2011, Soto-Rodriguez et al., 2012). Jung et al. (2012)-2 2007-
20104 sp7] = A FAe] Ale- 24130} o tjsto]
Alet % 7185 A dse AR 23 A &0l 15.5-
61.8%°1%12.1H, Vibrio sp. EE> 5.2-30%2 YEFS2S
Barstict @A, - FAElA BlE e e eSS At
o= wEshy] flske] A e, HA 2] A= A A
ol gt AE A 7, YA B A ARG, TR 2
g AME-S f5laL Qlok(Kulwadee et al., 2011). A5A =2 AR
&1L Qli= R | o] E 3¢ (monopersulfate compound)
& At Al o) Tl ) o2 RS Bk Btk A
2 A 2O A9 Al ATAE EAAA At A
Bl 4tk AlE SpshEd = A4 Vibrio anguil-
larrum, Pseudomonas aeruginosa, Vibrio splendidus, Vibrio
parahaemolyticus Aeromonas hydrophyla sub sp. 52| Aol
tiste] Al s =71 25.6-51.2 mg/l 24 -3t et At
7} 5ol HalE= -5(Wang et al., 2008) G=AkFAl ol A 2] -
T AEAZ A70E 2 Q)ek 1Lt Bl H e o gl tist S-& 8
oA o] i dH o] E SketEo] Af-p-ofl u] A= =/l
gt At 7= FE53E A7 ol o]of 2 Aol M= ]t
B FAE = St oA EAI7} == Vibrio harveyiol| Th
o B u) | 0| E S}ghE 0 At Ao} o] o] R oA 2l
chef Aol thet S5/ & Shelstaral =38ttt

ERTE

Me Al 2

2 Aol ARg H St 4 Gl RISk Sl
FARO A Fgidot ARSIt kel Aksoll agh
e 1) A At A7 o] 7H=(R/O 4, carbon/micro filter=
12} AA] 3 R/O membrane= 22} A 5ko] 2FL] A At ] 2]
3k 2420l 3=%(Red Sea Salt, Red Searh) 2.2 ¥ 18-19
psu= A5} ThE sfj4=0f FA ol A Al ik BiE £
sto] ARgSHAITE olF A EH|gt il 278 L (7-8 2)2] 2
chE A9 SubE| g Ak AIAFA] 7 g 2E 26} 42 X 18 cm
O AFZF AR 20| A ARS B3I O, AR &= 26-28C 2 &
NEsiag

Monopersulfate stgig X2| &

Monopersulfate compound (50.69% w/w)E $H-3-5H=
o}FLo}E] (Virkon® Aquatic)d|3#-S BRo| Aol (AL, &
EFE AgHtol & Aol AME-5H3ITE. Monopersulfate
SRHEo] At 89S SRIsH] 913 AldT-e] /- Table
13} o] AAstict. Monopersulfate 2FgHa9] 31412 At

aEAFf| Eol7H7] 1A17F Aol EH|81% 2, 10 L 340l
monopersulfate 3}3H= 0, 0.15, 0.3, 0.6, 1.2, 2.4 ppm (W= o}
Fole] AL o 24 0,03, 0.6, 1.2, 2.4, 4.8 ppm)o] HE2 A
7tstiet.

NS

=2 A7Lo]| ARR- ¥ Vibrio harveyi (FP8370)= =+2]4=Aku}a}
Aol A HofF wrol Alg-5}3it). Vibrio harveyi®| S5 1.5%
NaClo] 27} & Trypticase Soy Agar (TSA, Difco)ol| H55}¢]
30°C 710l 4] 18-24 ATl R F4-57] 9] HY 22U S
F3+4] 1.5% NaClo] gt & Tryptic soy broth (TSB, Difco)
off ¥ 30°C AR S71(100 rpm)ofl A 18~24A17 vl 3}
o} Sof v Alit-2 Whatman No 2 filter paper2 o{z}gt
S5 ol-&sto] AAsHTE &, S+t viSE Vibrio harveyi
£ Y4E21(3,000 rpm, 10 min)3t & A5-AE A AL, o
g ez g AZLon, o] 7H9S 38 ks, v
9 A A - FAE slil-= A e $- Vibrio harveyi®| w5
MacFarland No 0.52 Z#&3}ic}.

Virulence gene &0l

2 Ao A AHE €l Vibrio harveyi®| virulence geneS 2
o1517] 9J5lo] Alat vlloF & DNA 32 kit (Bioneer, Korea)
£ 0]85}9] Genomic DNAE 5311 tt. toxR genel} hae-
molysin gene?] F&-LS- 2915}7] I3} primers= Table 2] A|
Aakct.

Vibrio harveyiZ €] 323t DNA 2 uL, forward primer %
reverse primer (20 pmol/uL) Z} 1 L& 16 uL2] PCR HH-g-<4
(H,0 9.8 uL, 10X PCR buffer 2 uL, 10 mM dNTPs 2 pL,
20 mM MgCl, 2 uL, Hotstart polymerase 0.2 pL) (GeneAll
Biotechnology, Korea)oll %7150 &35t &, 94°C oA 102
ZF WA & 94°CollA 15, 557 (haemolysin gene)/53C
(toxR gene)ol| Al 14, 72°CollA] 14-9] 2712 & 30 cycles -3
2k & 72T of| A 10427t 4175t

Table 1. Experimental design for the determination of the bacteri-
cidal effect of monopersulfate compound (Virkon® Aquatic)

Contents according to treatment condition

Treatment N ot
Condition Sea Water /'O OPCrSUNAE - Bacteria
compound
Monopersulfate + N .
treatment
Bacterial control + -2 +
Sea Water control + - -

Monopersulfate

compound toxicity * .

' The letter indicates presence. > The letter indicates absence.
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Table 2. Nucleotide sequences of primers for amplification of the virulence genes in Vibrio harveyi

Target gene Primer Nucleotide sequences (5 —3’) Product size(bp) Reference
toxRF1 GAA GCA GCA CTC ACC GAT Pang et al
Tox R gene 382 ’
toxRR1 GGT GAA GAC TCATCA GCA (2006)
Hemolysin VHF1 ATC ATG AAT AAAACTATTACG TTACT 308 Mia and Cyn-
gene VhhemoR ~ GCT TGATAA CAC TTT GCG GT thia (2004)

hpi; hours post-inoculaion

*Vibrio harveyi 1x10° CFU/mL, all shrimps were in lethargy and showing no response to outside stimulus.

PCR 2423 1.5% agarose gelo]l 7] ¥F3te] UV il-
luminator ol A 50]4]Q1 FEAES 2Helsk3It.
Luminescence &l &0l

FA|8H= Vibrio harveyi wo] HR3HAS wl= o] E¢la}

7] 98} 1.5% NaClo] 27} ¥ TSB Hj#| o] #- AZ3t &
30T HiQF7IoN A 244171 vl <k 3t 5 F FEFel-S TSBO 24 &

4J81e] 96 well plate®]] 200 uLA @37, TSB v A £ blank = 3}
o] Glomax multi detection system (Promega, USA) S & =,
e 24t

ARE0 A™ - &4+ % Vibrio harveyi &+ 59

Monopersulfate 3}g-59] Vibrio harveyio gt A&
= 2Rlskr] 9fs P@l %% hkekd SLA|(A] 2013-13%,
2015.0520) 254 EANFANL 71202 ole] AFs}ol
At aE AlES AA 5]"2“3\1’4—. =, 3= 10 LoJ monopersulfate
1212 0,0.15,03, 0.6, 1.2, 2.4 ppm (| Eo} ol e B0
A 21240, 0.3, 0.6, 1.2, 2.4, 4.8 ppm) 5= 2 2]5}1, Mac-
Farland No 0.52 2243t Vibrio harveyig 1 X 10° CFU/mLO]
I 7K F 3080 W Ao, 1080k Skl
Monopersufate SFEHET} H| B 2] @ 2] HF-g-0] Q18- & 3025
ofl A 5u}2} 8 2t7be) 4ezto] 93 37k A1 -0) el B A
QL2 slolslgltt. 84 5 Vibrio harveyi®] 7H4o] B2 gko]
3}7] 9J5to] monopersulfate 3}3HE A 2] 5 1A17L, 64|17t 24
ARl A7l sleE Fsko] Bt PBSE 106 At 514
S} & Thiosulfate Citrate Bile Salt Agar (TCBS agar, Difco)ol
aksto] 30T We7lol A 1824 h wloket  ees 2ge
ek, 5 A4 24:& TSAC] =astol 24ekck

M0l thiet S EAIH

Monopersulfate 3}3HE-2] Slthz| A $-of that B4 gHels}

7] 9)5}e] 4= 10 Lol monopersulfate 3F3H= 0, 0.15, 0.3, 0.6,
1.2, 2.4 ppm (HZoFotE] AlF22A 24240, 0.3, 0.6, 1.2,
24,48 ppm) 5= 2 Aok A sulelE Zkzbe] szl g
777 ] ) E AE TS 2AIIT

AlS Avte Wity 25 H X (mean £ S.D)E LER IO H,

A 92 STATICSTICA (DELL Software, USA)
ZRIHS 0]%‘5}04 ANOVA test®} Ducan’s multiple range
05

test (P<0.05)& A5}
20 % o

Monopersulfate compound”} A|-2-2] AW 1A|Q1 Vibrio
harveyioll Tt A 25E} 9 sickel ol ek 4L
sjelels] Sleto] AlES elo] ohg T 28 AakE A,

Vibrio harveyi®| virulence gene &2l

H o Lof| A8 ¥ Vibrio harveyi= haemolysin geneX} toxR
geneS B FRol= A2 IEQItH(Fig. 1). Vibrio har-
veyi= tHoFs A QIRE 71X Al Q1o o]of|+= caseinase,
gelatinase, phospholipase, lipase, haemolysin, cystein prote-
ase 5°] H1% o] QItH(Liu et al., 1996). ©]%- toxR- trans-
membrane AAF 2 QA2 A v H 2] @ ol A ThE ¥ ¥A &
Axpel 2ol vl Fajt q&2 st Vibrio harveyi ﬂ"ﬂ

500 bp 500 bp

Fig. 1. PCR amplified fragment of the hemolysin gene and toxR
gene of Vibrio harveyi obtained using different primers. Lane 2
contains the hemolysin gene. Lane 3 contains the toxR gene. Lane
1 and 4 contain the 100 bp DNA ladder
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Vibrio cholera, Vibrio paraheamolyticus 5ol A &= W3 = &= 71
o2 HuEo] QItk(Lin et al., 1993, Miller and Mekalanos,
1988). Haemolysin¢1At= 81} 2285 F8dl= T8
St W14 Q1RL=2 A Vibrio harveyi 9]0l Vibrio cholera, Vibrio
paraheamolyticus ‘-l A = BRI =11 Qlo] =& {HA} A
(horizontal gene transfer)©| Vibrio w470} o] 20| 1 9J-2-
S & 4= 9t Ruwandeepika et al., 2010). & Ao A FA S
Vibrio harveyii= 8| B.2] . 9] 8-S | F35h= toxRF-HAL
¢} haemolysin A7} ZRIE QLo w o= Aol A

o] £ o|ujgit},
Luminescence &9l

ujef H E2 ¥ Glomax multi detection system (Pro-
mega, USA)S 2 WekS S243E 21} 100-200 cpm =
24 TS A 2 TSB Wet SARE G2 Uehol
luminescence 7} ZFA|E|R] k= A o0 72 745}t Defoirdt
et al. (2008)= H|= W2 Vibrio harveyi7} ©33/4S u&= A
o7 deA QYA LA e ot bl Zpol7F A
BE HolA e = S Bastelon wWade o
A o= Vibrio harvey7} 32 885 Hol= 5 W34 A7
U RS TeA J ]
ket = o —
A7A] 2s] A= GRS HolA| b= o
= lux operon ©]L quorum sensing signal transduction¥} 2+
S WA AR Ado] AR Ao FE5E 0 Q)
tH(Defoirdt et al., 2005). & Aol F-A|t Vibrio harveyi=
toxR- AL} haemolysin-f-A Ab= W& =] H=g-/d o] 7] =]
A = w0l Al

Monopersulfate 3tefE1t H|E2| 27 SAI=E0| M2
MEZ0] 0|X|l=

Monopersulfate 3¢H-=°] 0, 0.15, 0.3, 0.6, 1.2, 2.4 ppm
9 =2 A ¥ dl=of Vibrio harveyis %715t 3057¢
monopersulfate S}g-E2F WRSA[Z] T A Supe] 4 72t
ol Y1 3U7E AERFE R A3k, BE AAToA
HAFRE A= THEFE| R QLT Tt Vibrio harveyiit % 2] %
A t ol A= A2 o] FA 8] Fhashe Aol
Z =] A tH(Table 3). ©]5 £3}9] monopersulfate 3} 211
2.4 ppm7HA] Fofstof = Aol = o4& o7 |5HA] Y& Y
4= 9low Vibrio harveyis 1 X 10°CFU/mLY] %= 2 |5+
&oto] Aol 3UFRt e F Al A9-9 B2 A 5HAI 7Lt HIAL
Tl FEAZIA] e o 5 LRleh
UL 0 2 Vibrio harveyi= w-H 2 B YA o] theFate] Af
- A5 g 10*-107 CFUY| =2 9| st=pof| A %= Af-9-of] HAL
E FESHA] S w7t Q=7 S FE ol A HalE A
[e)

Q1= Vibrio harveyi HLB0905 ++-5-2] 7-9-¢} 7¥o] 38 CFU2)
GO R 487t o djol HFH Bcte] Aol Al 60%7} HAF

-

Table 3. Proportion of shrimp showing mortality after monopersul-
fate compound (MPC) and Vibrio harveyi inoculation

Proportion of shrimp showing

Treatment ol}lirr?r?rﬁzn mortality at each time point (hpi)
24 48 72
Control 5 0/5 0/5 0/5
MPCO0.15ppm 5 0/5 0/5 0/5
MPCO03ppm 5 0/5 0/5 0/5
MPCO0.6ppm 5 0/5 0/5 0/5
MPC1.2ppm 5 0/5 0/5 0/5
MPC24ppm 5 0/5 0/5 0/5
Bacterial control* 5 0/5 0/5 0/5

Sh= 1o HYgS Ay HL% ltk(Zhou et al., 2012).

o AN
Vibrio harveyi HLB0905 = H]2g40 0] 119 94S o
HLB0905 o5& =L =2 HARET A-fAet
0 ARt MAE FHEE AL e R Ehgl &4to] £
2o 2 TkE|o] “A|litAl W) (bacterial white tail disease,
WTD)" 0. & 22|11 gt}

B Ato|A FAISE Vibrio harveyi= 82343 9] toxR¥}t
haemolysin 52| B4 QRS u&= 241 1x10° CFU/
mL2| o= sl 7Rt & Stk A& o] e s
of Yol ool kmEAZ . o]t 2ol A= ke Ao &
AIZP o] HARz B A] gk o, S5/ A5kt k=] Qo

Monopersulfate Stgt20 2lst & M4 Hs}

Monopersulfate 3}5H= 0, 0.15, 0.3, 0.6, 1.2, 2.4 ppm 2] 5=
£ Sf|4rof| A 2]3}kal Vibrio harveyis %7150 3047+ monop-
ersulfate S} HESAIX] & M- Sute] A& ZF7Fo] 4220
H25 XKL 6AI7E, 24170l & MldtE 5783 2
Table 42} Z-o] YERGT) =, monopersulfate 3F5H=Eof 2]}
1A 7ol = Sl e 5 %2] monopersulfate H3HE
AelsmollAl oF 10° CFU/MLE] AA3F 747} 21 % gl o
231 3201 1.2 ppmo] A= 106 CFU/mL o]4Fe] & 4|7} &
Q=G o]2fgh o YA|+= sfi4=oll monopersulfate 7} 5 6
AL, 24X o] 2= AV Al WER W, 1.2 ppmt 2.4 ppm
ol A= thE sl HsiA = -9 3t 7H4x(P<0.001)7} =41
o] FE7F 248 Sutg AR Y= s fAESE o
= Jtk(Fig. 2). Monopersulfate’:= AFs} A9 L=A 24 25F
A A (algicide) A} At Af7E 4ot S HEGAILE
of o3l A= o] AR = 204 o mEd S ALY
3] Yeh= Ao 8 HiEo] 9tk (Wu et al., 2014). & Q-
o] 41= monopersulfate THE} oS 3087t BI-g-51aL o]
T Aol lEAIXL vE o] gk 2o A Al f-oll= G mlA]
A GO A At B I7E 2447 7HA = A= o o ST
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Table 4. The total bacteria growth on a TSA agar with different concentration of monopersulfate compound (MPC)

No. of total bacteria (CFU/mL)

Treatment Condition

After 1 h After 6 h After 24 h
Control 236+50.8 (x10%) 317+29.7 (x109) 72.5+10 (x108)
MPC 0.15 ppm 4.8+0.3 (x10%)* 7.3£1.0 (x10%)* 6.4£0.9 (x10%)*
MPC 0.3 ppm 16+5.7 (x10%)* 11£4.2 (x10%)* 8.611.7 (x10%)*
MPC 0.6 ppm 5.1£0.4 (x10%)* 8.610.8 (x10%)* 7.0£1.4 (x10%)*
MPC 1.2 ppm 30+4.0 (x10°%)* 1.1£0.3 (x10%)* 2.611.6 (x10%)*
MPC 2.4 ppm 0.410.1 (x10%)* 1.0+0.3 (x103%)* 1.5+0.8 (x10°%)*

TSA, Trypticase Soy Agar
*: significantly different at P<0.001 comparing control.

- =

=8 =

£

=

2

o

SAN

o

c

7]

o

g C

o 5%

w0 ’:’: - L g

3 3 P 5

2 K gl Is3

5 ) & H
ol %y HH F ke

o [ o2 | %

c 5 5] %69 FH A [

s 4T 2 st HE
e %4 HHPARS

= %! %4 | [

S ) 5 H
i il =

0 1'% [ il 1%
24

Hours after exposure to disinfectant

Fig. 2. Inhibition of the growth of bacteria in sea-water after incu-
bation in the presence of various concentration of monopersulfate
compound. Results are mean+SD of triplicate data. o, bacterial
control; &, monopersulfate compound 0.15 ppm; EH#, monoper-
sulfate compound 0.3 ppm; £, monopersulfate compound 0.6
ppm B4, monopersulfate compound 1.2 ppm; N, monopersul-
fate compound 2.4 ppm *Significantly different from bacterial
control (P<0.001) a, significantly different from monopersulfate
compound 0.3 ppm (P<0.01) and 1.2 ppm (P<0.001) b, signifi-
cantly different from monopersulfate compound 0.3 ppm and 1.2
ppm (P<0.01) c, significantly different from monopersulfate com-
pound 0.3 ppm and 1.2 ppm (P<0.001) d, significantly different
from monopersulfate compound 0.15, 0.3, and 0.6 ppm (P<0.01)
e, significantly different from monopersulfate compound 0.15ppm
(P<0.01), 0.3ppm (P<0.001) and 0.6ppm (P<0.01)f, significantly
different from monopersulfate compound 0.15, 0.3, and 0.6ppm
(P<0.001)

Monopersulfate 3tet20 2Ist Vibrio harveyi w4

3}

Monopersulfate 3}3Hs sof W2 Vibrio harveyi v <}

*
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bo2s

,.
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o
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=
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T
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Log,, ho. of Vibrio harveyi (CFU/mL)

—
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7
foetels

...
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7
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53,

=
ol

7=
o

7
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Fig. 3. Inhibition of the growth of Vibrio harveyi in sea-water after
incubation in the presence of various concentration of monopersul-
fate compound. Results are mean+SD of triplicate data. 0, bacte-
rial control; &, monopersulfate compound 0.15 ppm; f#, monop-
ersulfate compound 0.3 ppm; 4, monopersulfate compound 0.6
ppm £, monopersulfate compound 1.2 ppm; N, monopersulfate
compound 2.4 ppm *Significantly different from the bacterial con-
trol group (P<0.001) a, significantly different from monopersul-
fate compound 0.15 ppm (P<0.01) b, significantly different from
monopersulfate compound 0.15 ppm and 0.3 ppm (P<0.001) c,
significantly different from monopersulfate compound 0.6 ppm
(P<0.05) d, significantly different from monopersulfate compound
0.15 ppm (P<0.001) and 0.3 ppm (P<0.05) e, significantly different
from monopersulfate compound 0.15 ppm (P<0.001) and 0.3 ppm
(P<0.01) £, significantly different from monopersulfate compound
0.15 ppm (P<0.05)

A a5 &olstr] Yste] 0, 0.15, 0.3, 0.6, 1.2, 2.4 ppm2]
monopersulfate@} Vibrio harveyi S 30571 BFS-A|7] & oA
o] dl=& FIsto] TCBS HijA|of| w=xdsto] ujek gt ib-
rio harveyi w55 &A%t A1} Table 59} 72 2 el

o
o

e <

=)
0

E
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Table 5. The Vibrio harveyi growth on a TCBS agar with different concentration of monopersulfate compound (MPC)

No. of Vibrio harveyi (CFU/mL)

Treatment Condition

After 1 h After6 h After 24 h
Control 1.2+0.1 (x10°) 2.10.7 (x109%) 1.8+0.5 (x10°)
MPC 0.15 ppm 6.410.7 (x102)* 8.5+1.4 (x102)* 4.8+1.1 (x10%)*
MPC 0.3 ppm 4.840.3 (x10?)* 5.5+0.9 (x10%)* 3.1+0.4 (x10%)*
MPC 0.6 ppm 2.8+0.4 (x10%)* 3.5+0.7 (x10%)* 3.0+1.0 (x10%)*
MPC 1.2 ppm 1.9+0.1 (x10%)* 2.4+0.8 (x10%)* 2.340.3 (x10?)*
MPC 2.4 ppm NC NC NC

NC: Not counted. TCBS: Thiosulfate Citrate Bile Salt
*: significantly different at P<0.001 comparing control

T}, 2, 98 1A17E, 6417 24K A thz2e] Vib-
Hat 1.7£0.5%x10° CFU/mMLZ 3Hel = Wi,
monopersulfate 2.4 ppmol| A+ Q- & [AIZHRAIEE Vibrio
harveyiZ7} HEEA] &9kt ESE, monopersulfate 0.15, 0.3,
0.6, 1.2 ppmol| A= Vibrio harveyi w7+ 2y 2+ 6.6 £ 1.9 x 10?
CFU/mL, 4.5+1.2x 10> CFU/mL, 3.1£0.4x 10> CFU/mL,
22+03% 10° CFUMLO.2 WA tjz7o] u|sko] oF 10*
o Zraskglow oA @E% &5 O EA 0 QEH(P<0.001).
Monopersulfatedml Vibrio harveyi | tJgt At G 394+= =&
& A7 9 24A7E Aol E A& o7 gAHo] FEoE
Ao Ada iy vebgkal 2318291 monopersulfate 2.4
ppmol Sl A= 24X17174) Vibrio harveyir} A&E14| 929k
t}. whebA monopersulfate 2.4 ppme H7FeE 7 $- s52
Vibrio harveyi7} $H8 314 A|AES & 4= 2k

rio harveyir=

Monopersulfate compound@| EICt2|MS(Litopenaeus
vanname) || s

Monopersulfate 2}g}=0] Stk A-9-of] w|2]= FaFa A
5171 §18te] =201 0, 0.15, 0.3, 0.6, 1.2, 2.4 ppm<] monoper-
sulfate 471k 5 Ackelh -8 Sutela) i a1t Bt
A3} A9 BE s BEe SolE ozt )7}
212 cH(Table 6). @712 monopersulfate 3}5H-=-2] Slcha]Af
$-of tigt 54 T AR gick & Aol A= monop-
ersulfate”} sll<=ol| A Vibrio harveyrg: 71| €HE{sHA| datoh=
F5Q1 2.4 ppmof| A TLTHE] AR 7|7 5 Af9-9] AE
goll= FaFo] glol E2l= %=1t monopersulfate $H3}-=0]

AS-eFAlel glo] Alf-olls FeS mIAA] oA BlEE e
;(-xﬂ;]zﬂ s 011— §_-{5} /\Exﬂi /,1\01 < 3)18 g oF A o]r/]_

AEZ 02 monopersulfate SFgHE-2 A A 0 2 = o
ZAJslE AR AL FAoIA 417k A PelA] % sl

0l Vibrio harveyis G314 02 oJA|slH G-ado] BHolE =
oA A 2] AT} 85 2lo]) Q3RS 171X S o 4 o

e,

Table 6. Proportion of shrimp showing mortality after monopersul-
fate compound (MPC) exposure

Proportion of shrimp showing

Treatment  NUMber  mortality at each time point (hpt)
of shrimp

24 48 72 120 168

Control 5 o5 05 05 05 05

MPC 0.15 ppm 5 05 05 05 05 05

MPC 0.3 ppm 5 05 05 05 05 05

MPC 0.6 ppm 5 05 05 05 05 05

MPC 1.2 ppm 5 05 05 05 05 05

MPC 2.4 ppm 5 05 05 05 05 0/5
hpt; hours post-treatment.
All shrimps from each group were not showing clinical signs.
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