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Effect of Mixed Oxidants and Sodium Hypochlorite on Pathogenic
Microorganisms in Olive flounder Paralichthys olivaceus Aquaculture on
Jeju Island

Cheonman Park, Ki-hyuk Kim, Hye-na Moon and In-Kyu Yeo*

Department of Marine Life Science, Jeju National University, Jeju 63243, Korea

Marine pathogenic bacteria, such as Streptococcus parauberis, Edwardsiella tarda and Vibrio harveyi, can cause lethal
infections in farmed fish, ozone and antibiotics, are employed to sterilize waters used for rearing fish to mitigate this
threat. The most widely used method is treatment with sodium hypochlorite solution. However, the maintenance of a
constant concentration of chlorine in rearing waters can be difficult. We investigated the potential of a mixed oxidant
(MO) solution generated by electrolysis of sea water to improve water quality. We measured the survival rates of fish
pathogenic bacteria exposed to different concentrations of MO (0.5, 1.0, 1.5 and 2.0 MO) and sodium hypochlorite
(0.5, 1.0, 1.5 and 2.0 ppm) for various lengths of time (0, 5, 10, 15, 20, 25 and 30 min). We found a time-dependent
decrease in the survival rates of the tested pathogenic microorganisms. The sterilization effect of the MO solution on
pathogenic organisms was greater than that of sodium hypochlorite for gram-negative and gram-positive bacteria.
We conclude that MO solution produced by electrolysis could be used to maintain a constant chlorine concentration
in aquaculture systems.
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M B o] A et AFstothKim et al,, 2010). FA] A& S4F
DU ARSA A A ofd 9 A2 AR E
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Bl ste] thidolFollAl Folstz Ao, A E FAL
H 5o] &85 3 Qlck(Letux and Meyer, 1972; Raphael et al.,

E.0 7 djulet Z715ka Qs FAo|ch. ofof utet FA Y] 9|
HALR ¢15F A A 2] 1] 38220104 2942] 0] 4 2015 529
oY= 79.938) F7Iet A o= AR 0] {29 HAkgo] &
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1998; NFRDI, 2015; Statistics Korea, 2015).
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1981; Fox et al., 1985; Speare et al., 1996). o] 23} 252 9]
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4 AFFA|Q] Aol AR Bo] AHgE|T Gt o]
e 2 Bo] $E Aol e 29, At A S

F2 ARE-E AL 9t (Matsunaga et al., 2000; Li et al., 2002;
Martinez-Huiltle and Enric, 2008). 124} zJo}dAAE SR
2 ol gk e 250 QU Fa FES SAA7IEY
BRS of el o] Qlo] H:: B0l ABS Ba) A A
R e b e A A S b R R e e = pia
= 712l tieliAl= EskA Ha %l Zlo] gl ek A
7205 AR Ao}l Akl Aot tol £t 2§
A7} ARE 712 o] £ QAR H A1 E| 0] %] 31 QITH(Stoner et al.,
1982; Rhamn et al., 2010).

AT Aol o] AHATS ST O Hjolel
DAGEF 9 A7|28llgz] o A HAYEE mixed oxidant (MO)
of T AP] A Tolalo] AR el A BTk 1
ST AFE Aol FH B3] A B 9
Hlwt-S 22 vt = S AAlsH

319 brain heart infusion (BHI, Difco, USA), salmonella-shi-
gella (SS, Difco, USA) ¥ thiosulfate citrate bile salts sucrose
(TCBS, Difco, USA) Alxt 22]-8 B A]of] A|=9] ghile}
A, Bl 5 W 715 =Eeklar, <19 v 300 mLo
AFERRA T FFT T, 25CE FA E= vl g7 ol 4] 484]
ZHajgstaAnt. 719 dagol et Ad Ayke] eAE FHa
sks}7] fIske] 2 Aot ui s Bt e Y28 FEA Y
a1 3,000 rpmofl Al 1527 AAEefsto] #AlE 2 o E
w5 AR dEbeke 27 07 33 HHEsto] HAIE 4
Alstai). 2jE2 o2 dofxl A= Eat A4 H4E ol
L3510 79 & AT} ESE AlotE genomic DNA
Prep Kit (SolGent, Korea)E A8-5lo] ZF w522 DNAE &5
3}tk 16S rRNA 8- A A= 27F; 5’ —-AGAGTTTGATCMT G-
GCTCAG-3, 1492R; 5'-GGTTACCTTGTTACGACTT-3'
£ 0]83}o] Polymerase chain reaction (PCR)& 4=8j5}%ith
(Lane, 1991; Ludwing, 2007). PCR =42 95T oA =7]
HAATA 5, 94 ColA HAATA 14, S5TollA dddA 1
E, 2T oA FATA 17202 3 30 cycle, 25 A=
72| A 58 PCR (US/MYgein32, MJ RESERCH, USA)=
A5 SZ5 16S IDNAE 9714 <F 2742 69SolGent
of eJ=|ste] gttt 2AH A7 ES vl S HAAES
X AIE NCBI (national center for biotechnology information)
9] BLAST (basic local alignment search tool) search program
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clustal W software = multiple alignment&

ZJotADAGER 5|4 Y2 sodium hypchlorite solution
4.00-4.99% (Sigma aldrich, USA)E B+t 3|42} =5tseq 0.5,
1.0, 1.5 % 2.0 ppm Aot A4RFEE 514942 9 SEk MO
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S 24t phosphate buffer saline (PBS)= 14 5413t & BHI
agaro]] 100 uLA @oja] a1 HiH AZtA T o & =islo]
25T ol A 2447 v Rl i v ] of] /€ A E 2] colony
£ mLg Bhe+to] = S5

YAl H 7ol whE MO % ot A EF O] 2L AIZHE
Fa% = B 18] 2 3= chlorine pocket photometer
(Hach inc., USA)Z o]-4310] Z4519ic}. Eah, 2 Ao A
Q45| 4ol AT BFal47t Aol Tofahin] 2714
0.8 24 AT,
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= SPSS version 21 (SPSS Inc., USA)S &85} O
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Fig. 1. Growth curves of Vibrio harveyi with different exposure
times of mixed oxidant (MO) (A) and sodium hypochlorite (B).
Each point represents the mean of optical density determinations.
Different superscript letters (a, b, ¢) indicate significant difference
between the values (P<0.05). Error bars are omitted.
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AT S XA 22t +75 45| 9
A G714 LG-S vl BATE A3} Vibrio sp= V. harveyi2}
99%, Edwardsiella sp.<= E. tarda?} 100% Z12| 1L Streptococ-
cus sp+= S. parauberis} 100%=Z 71 FAME 7} 2 A0 2
UFEFSTH(data not shown). THebA] o] 5 #F5& AME-Sto] &
el A MO 9 Aot bt ER et Avts2 HE=
AAI5HAT

HeEol et &4 sat

MO2%} AFgaAhtE au-s H7t
5}7] flsto] AoFa] o] A=t At 7| 71E 4> thH] 5.0 Log
CFU/mL o} 4| 3lE tiE 2Alste] Uebdth(Fig. 1-3).
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Fig. 2. Growth curves of Edwardsiella tarda with different expo-
sure times of mixed oxidant (MO) (A) and sodium hypochlorite
(B). Each point represents the mean of optical density determina-
tions. Different superscript letters (a, b, ¢) indicate significant dif-
ference between the values (P<0.05). Error bars are omitted.

2.0 MOOIIA] 104253t A 2] 8k5E off At o] Urebsith(Fig.
1). E. tarda®]] ZoFdAAPGEES A 2]3t9S o] Afobd a4t
EZ 1.0 ppmoll A 30&, 1.5 ppmell A 255 = 2.0 ppmol| A]
2052t AEstiE o Ao UER oW, MOE A gfs)
G2 1 1.0 MOOJA] 302, 1.5 MO A] 20 2 2.0 MO9|| A
10258 A 2]at9lS wf A=t2lo] YelgthFig. 2). S. parau-
beriso]] Zpot A AN EF-Z A 2519S o Aot st ER
1.0 ppmOf|A] 255, 1.5 ppmoi| 4] 20 4! 2.0 ppmof| 4] 2085
Sk Aestals o AatElo] Uel oy MOE A 2fst9lS o
1.0 MOOJ A 205, 1.5 MO A 205 9 2.0 MOoJ 4] 15852t
AelstelS o] aHtE o] e THEFig. 3).
HET A7 Al MO % XIOtEAMUEES| FAM 5
EH3}

MO} Afot A A EE-S Z42+0] Ao 732 Al
FE uf Hop WHedato] S W Al O WS ol

T2 5w WEkE Aot 1 Ak, W el MO 9 Hjob
QAAHIES B1401S WIS A, Albe] Aol ute}
57k 1 olAle Aakg trehtoit, MO Aol 1
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Fig. 3. Growth curves of Streptococcus parauberis with different
exposure times of mixed oxidant (MO) (A) and sodium hypochlo-
rite (B). Each point represents the mean of optical density deter-
minations. Different superscript letters (a, b, c) indicate significant
difference between the values (P<0.05). Error bars are omitted.

7k Aot tE  Adzol vlmslo] A4 HoR S
w52 g5l 0w UeldthFig 4, 5). Sl V. harveyi
U2l MOZ 715t 290l The ol vl wste]
& =S AL A & o ASIHHFig. 4). o]k &2
21 i g BA] Aol ob B4R AT U
sfoll efste] doU=AE AR A, Eatdllaes Fas
= A5lof| ToFHA] &= A 0 & IEE] QI tH(Data not shown).
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of @ FtFA Eo] Attt o AR = Aoz 4
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Fig. 4. Effective chlorine concentration of Vibrio harveyi (A), Ed-
wardsiella tarda (B) and Streptococcus parauberis (C) with differ-
ent exposure times of mixed oxidant (MO). Each point represents
the mean of optical density determinations. Error bars are omitted.

Table 1. Reduction effect of mixed oxidant (MO) according to ad-
dition of different neutralizing agent, 1.5% NaCl, 2% sodium thio-
sulfate and phosphate buffered saline (PBS)

Neutralizing Treated time (min)

agent 0 5 10 15 20 25 30
15%NaCl 098 0.64 0.55 021 040 0.00 0.00
2% Sodium
thiosulfate 0.00 0.00 0.00 0.00 0.00 0.00 0.00
PBS 200 2.00 2.00 1.98 195 194 1.91




3 E Ao A S3HA| 2 ARE-H Sodium thiosulfate A4
7H et A 7 4 Qe B R ofof Higt et AR A
3}, Sodium thiosulfates= V. harveyi, E. tarda 2 S. parauberis
of dhtsoll FaFel gl A 2= LEkth(data not shown).

A

1 #

Sejutetol A 19804t e @A 9FAl0] A|ZhElwiA
oA} Z7]0f MLFE AEBAS Hoh 5 glelott B

O] Z7H W AR T} oA A HRo| g 2, 7] S B /g
Alete] BHgo] S7kskar qlew 1 5 A Altol &gt 1
a7} 74 gho] "AYstaL Sl Al o|th(Nguyen and Kanai,
1999; Lee et al., 2007; Kang et al., 2007; Kim et al., 2012).
Y29 WA Al 5 S. parauberis= 2 AT A FL F4]
O g Aol YA = EelEar Qlow WA ool Al
w0k opfah S-2]ube} Melo Sk H Qs 2HolH 8.
parauberiso] A9 o150 FAHe A4 B3k 2 9 5HS
FRFeE ot =5, B 2 Zb H|d] So] YERdth(Baeck et al.,
2006; Kang et al., 2007). ZL&| 1L 4=2-0] =2 A|7] # 0} o}y
F7] AHOIAE ajo} BlH el S4E A3l o]
FAE e H A e o] A o AU e 2A TS g
B 1513l QItH(Hwang et al., 2008). =3}, E. tardaol 74 <
A& HeHA o7 e5Ad, AN 53t 9l BRTE -5 2
ol FA| ZJofol A g wm] thE WA Al 29k 7
o] =A Ueht 7] Atol Fagt Ao g deA 9o
arveyits APR7E Q7L AER A% R o} o) el A
o X 7185/ Aro] AT 5 oA A Eof AhiESS
I XA 5 HARS f-Ettth(Alvarez et al., 1998; Ann and
Rimastad, 2001).
detA o2 i F ot ERS A, steA P
A 5ol AtAl = AR5 a1 1t (Matsungaga et al., 1994; Na-
kayamae et al., 1998; Matsungaga et al., 2000). 2L} z}o}
FAANFEFS At =5 A5 ol A& Qlof
QHE A1 ARgof| offZo] qlrtal & 4=t Wb, 7] &S]
O] A5 A MO =5 FAIsH] golgt A o= deA
UtHKerwick et al., 2005). o]of & AFol|A HA|of|A F=
Y sl o] tiste] dRbE o2 AMgehE Ha FA &
OFASANE I 7|65 B8l B/dE S84 Aagol
329HE MOE A7 o1¢lS wf vlagh Ai} Zfoped At
1 MO7} g latol thstol T 0% Aok
2= 9 h(Fig. 1-3). MO: A7 28| 3=] o 4] ok
sko] sfj4= U Am(NaChW 9] 4ol 2(Ch)o] -5 &
27FAR 2R, SRR S(H 02305 S =4x(H,)
oF AFSko] 2(OH) o] A/d =L =4t8 o] &(OH )& LHEF©
&(Na")¥} §le-51o] 7Hg Atk (NaOH)7F A/ ek, d=ikg-©
= A E d27E(CL)2F 7H 4 THNaOH) & 71 Bh3-2 &
3f 2|5 MOZE XA 51A| El ch(Patermarakis and Fountoukidis,
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Fig. 5. Effective chlorine concentration of Vibrio harveyi (A), Ed-
wardsiella tarda (B) and Streptococcus parauberis (C) with differ-
ent exposure times of sodium hypochlorite. Each point represents
the mean of optical density determinations. Error bars are omitted.

1990). MO9| Alst-5oll theh o] W2 duta e g A
e 9] ALxof whet W3} ghrkal B arskal ¢l 9 w(Boylan et
al., 2008; Tak and Park, 2009; Joshi et al., 2011), 7] 53|
AR & o] gato] AbSE AtAl 18wl Lactococcus
garvieae7} 15 2442 4591 V. alginolyticus, E. tarda 2
V. anruillarum=tF MO2] At o] =7 Vepdthal 2 17519
TH(Tanaka et al., 2013). ZZ2|u} 2 QLo A= 28-S A H41 V
harveyi 9 E. tarda &} 15 +t21 S. parauberisol| A 25 &=
2 MO®| thgt A5tso] YEfL o2 2tolof| k- Alets-2] #
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Ofgt Aol = UEt A] o= A o2 UebdTh(Fig. 1-3). o] =gt
Atz AN w70 Fofl wheh AR A gebd - elenw
0] FFoll W Aatso] W3k AEA % A7t 23 Eof
Aop gt Aoz o ATt

QL ARbA o 2 AAE Wt A2sielS o, 1Y
121 Clostridium botulinum X} 13 4 8+ & Afo| T2k
=)o, 28k Aol Campylobacter jejun'= W13 Fe|7%
oA A8 iz HAYP 0= Wl Aol W A
2ES Fegitta B skl QIok(Smibert, 1978; Merrell et
al., 1981; Buck et al., 1983; Blaser et al., 1986). o]of tfgt &
Ak 3R 2510 SRt W) st A ot
o] U1 E At AaserF AstH(Lee et al., 2002;
Diao et al., 2004), o|AFs}ei2: ek elie] H2 & AR
27} FaEE AoR skl QIti(Park et al., 2003). &
Tol A= MO Aol A EE-S el 715 vehd
T a9 T Aol A aflol whet assglh(Fig. 4.
5). ey 5A9 FURt FEoA = AotPAERR
tF MO7} 7Rt At el 7HA = A= Yehyl=t] o= MO
ol ZHE Aol At 9 Afop aAbol 2 Sk 2 Thekgt
FARALO| 2Hgo] ALHMANEF ThE AMGHS of Bt
W] SR W AR MFS [FUske] At o]
=olx A& A F thRhaman et al., 2010).

oA, sl W Hld Aol o3t J 29| HARE st ¢
SfA] AREEE R S Fae dRbE o AN EE SfeHEA
T Ato] Ao A|qk & FARE R Qlsto] Alpofli = &
ol 4ol Ykt WANS £u5}0] Aol (Onchorhynchus mykiss),
%-01(Mugil cephalus) X v} (Micropterus salmoides) 52
HopE ol HALE Z7hok & 22k ekttt By
3} Qltk(Braungs, 1973; Dress et al., 2003; Kerwick et al.,
2003; Fang et al., 2006). 3HA|%F HAE A| A3 2 7] Eafja=of
A] 7}2]¥](Patinopecten yessoensis)2| /34E0] x4 W
UV 454 Bt 37150k Baseld gAs ANA0R 5
s34 952 A Ao} Aatel EHAY 5 9lrkiL B
7bel5 glo] A8 Fakle) AEAh washeh o 4 et
(Jorquera et al., 2002). 0] 2] HA+to] =M 1.5% NaClS 3
7}et BHIZF Y4 Z3o| aupaloletal B skal Q) Ot (Park
et al,, 2003), 2 A& o] A= 2% sodium thiosulfate2] *]2]o]
2J8]| 4C1,+ 5H,0 +Na,8,0, — 8HCI + H SO, + Na 80, 2] i
go] §28|o] MO 8Halo]) 17} 3 52 olujo] 45 @47
HEEA okt webs], MOY| S3fA| 24 = 7]&0 AR5
0] 2] 1.5% NaCl Xt} 2% sodium thiosulfate”} H.t} ] g3t
702 wetE ol Fct

o] Aits FBEH, 2 A-tollA MO7} Afotedaxit
UEFET F8 dasErt Al7to] Zatelel wet =7 74
o, 8 daee B3 ot Aot MMHEFET MO
A et 350l thsto] Astaol A Uehe A3 B3

S LRE

ot

ow, 1Al V. harveyi W E. tardai} 13-kl S.
parauberis B0 4] =& AtE 7HA = AIE 2ok
2hA] s W A A o= 23HE Fr S AatAloll A 7128
FE 0|83 MO9| ARg-o] Al A EFH T B2 %1 A
S & e

Al AL
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