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Germicidal Effect of Electrolyzed Seawater on Live Fish and Shellfish
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To secure the biological safety of live fish and shellfish for raw consumption, the germicidal effects of electrolyzed
seawater were evaluated. Upon direct exposure to electrolyzed seawater, coliform group bacteria were killed and
decreased to undetectable levels after 1 day. The physicochemical characteristics of the seawater were stable during
the test period. A byproduct of chlorine disinfection, trihalomethane, was not generated by the electrolysis of seawa-
ter. Vibrio parahaemolyticus infection in a live fish was effectively resolved by electrolyzed seawater and became
undetectable after 12-36 h of treatment. Bioaccumulation of coliform group and fecal coliform bacteria in live oysters
Crassostrea gigas was removed within 18 h of treatment. This study demonstrated that electrolyzed seawater is an
effective and safe germicidal agent for the traditional retail market and can help to prevent outbreaks of foodborne
disease associated with the consumption of raw fish and shellfish.

Key words: Electrolyzed seawater, Live fish and shellfish, Foodborne disease

[

ofsfzze] 414]o] oJs] 455
S u| A Wyl o et pANE
CH(Elliot et al., 1992; WHO, 1980;
A& &7 AlsEE 7 2 v
ghoA= Ao o2 S8l old, -8 % 7 Tl &
o 1Y el 7 S s, Bols R Al 2ot s 4
A AFESHE olo] BaH 0.2 o] 2o\ 3 glon] shde] 42
el THeojjo] s} 497} Br(Chang, 1998). 53
o7 i A, oE A2, AL A 5ol o] §HaL jle
U 7 2 gl 5 g4 RS 73 9lrk(Kang, 2005). 94
7hgo] £AIHE A% Aaabt Sl foke At
273 Utk gt Atk & 7H @ B2 At E o]
Fo] A7 B astal 7|akE @&o] AEA ol oF4d
L TLe| o Ape] A O] At el wlj A o] Bl of
2|0 3z wA o G 2 o] 5 A AT A<
© 2 o]ZojAjof 3tri(Jeong, 2003; Chang, 1998; Graham,

Oliver, 1989). o]

r O
—

¢

T
k
N

=
ST
R
K

o o |o

1997; Ong et al., 1995).

o|ggt 7|& Aol tigt tito R A Fro] FEPAR
Aates Ueh i fAHE Aol A& 7| EslleE At
A2 -g-otarAf w2 L7} o] o] Hth(Mattick et al., 2003;
Sharma et al., 2003; Park et al., 2004; Kim et al., 2000a; Kim
et al., 2000b; Jdgensen et al., 2002; Venkitanarayanan et al.,
1999). 7| i-ell= e At E upo e 2o EUgt At
IS o] B eE 8-8o] 7Fed AR 7|E A 9l
tH(Ozer and Demici, 2006; Kasai et al., 2000; Nakajima et al.,
2004).

o] Atof A= A4
A WHem
<=0 At A e 5

LA 5o QbR S 9It

2 51 Fol

e ISPN

==E(E
—

7| A Fasastlol A pste] 558

Article history;

Received 16 August 2013; Revised 10 September 2013; Accepted 26 Septempbr 2013
*Corresponding author: Tel: +82.51.720.2630 Fax: +82.51.720.2619
E-mail address: hjleel11@korea.kr

534

Kor J Fish Aquat Sci 46(5) 534-539, October 2013
http://dx.doi.org/10.5657/KFAS.2013.0534

pISSN:0374-8111, eISSN:2287-8815

(© The Korean Society of Fishereis and Aquatic Science. All rights reserved



A7) 8B40 Srofsiszol that At 535

3] 4104919853, 2005. 05. 19, F2dl Aafz

a5 20 A B ARG AR A E ol8
Tk A7 1 A AFE 1 m? 23] S8 49 1323 g/
Ah9| @47 WA=l Wt GRS 32-35 psu 2 A
7128l BE0] 90%7F Hrhs Aol EA8k] =& 13x 14
cm®| Wi Ego 2 AZSEL o]l 5 V/5 A H71E &
2 25 s dads 025 mgkg o= Alofd = Qs
a1QkatgTt

HmR® x| AL 79

200 L=220]] a5 -3l A5 HEZE ARgSto] B30 L
o] frFo R SR EE sl o, A7|Re A5 B &
Frof| AAksto] Bt 5 L9 st A7 RafEo] 22 49
S5 SFATHE2 20-25C). o] W I EA| 32 o s
= B2 A2 E 5ot A-g AHA(25%50x 10 em)E 7
H 22 REEEE A sl 2R A BAAE Aoty
SAEFENaOC) 9] =5 246k, 2Agho] 23k of 7}
e A 9 vl 5 e RS SAHES 513

chFig. 1).
N

Aol AHg 3 o] R 22 7HE-0.2 A E] 0] 52 2]
=2}(black rock fish, Sebastes schelegelr), & *|(olive flounder,
Paralichthys olivaceus), “5](sea bass, Lateolabrax japonicus)
£ PR =RE pEsto] 2004 23 gt on, i
= 29 2o A AH Y FI3 F(pacific oyster, Crassostrea
gigasye M85t

42 92 pH Y g9 53

o] 2 B LEAE ANt SA6 e, pH
+ pH meter (Fisher Scientific, Model 815MP)Z2 =43}
31, FE-2 Salinometer (Beckman, Model RS-10)2 =343}
o] Practical Salinity Unit (PSU)=Z e 1.0, B == Tur-

¥

oot
kol

Pump

(_I

Electrolyzation
Unit

Controller -
Regulator

Filter

Seawater tank

Fig. 1. Schematic diagram of seawater electrolyzation system.
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Table 1. Gas chromatography conditions for trihalomethane analysis

GC: Hewlet-Packard HP 6890 series Il plus with electron
capture detector (ECD)

Instrument setting
Injection volume: 1 L
Detector temp.: 290°C
Injection port temp.: 200°C
Carrier gas: N,

Flow rate of carrier gas:

Temperature program
Initial temp.: 9 min. at 35°C
First ramp rate:

10°C/min. to 40°C
Isotermal pause: 3 min
Second ramp rate:

1.0 mL/min :

. e 6°C/min to 150°C
Split moc.ie. split/splitless mode Isotermal pause: 10 min
Column: DB-1

(30 mx0.25 mm I.d., 0.1 ym)

S5} 22 sj0] Beletea Weke Sahlr.
s 3 gt 1 A e 27137} 224 95,000
MPN/100 mL, 70,000 MPN/100 mLo]$I& Zlo] 1Y Zo+=
2123 olah wtolA st Al autt 21l | ek Table
2). ol AAAE ol G5 By M9 A9 27] AaErt
A3 StobA AR AR O R 4 b, s
s GAE 01§k A9 @29 Swrt AR §HH o]
(0.02-0.06 mglkg) 34 5 thAFazto] Aol 4202
e EE7] o] 1 AR YA 0 2 itk Az et 3
o] Be|BaLE Aol MEHE RARE A EE 27] 7.12
NTU®|A 12 2 79 3 7}7F 4.65 NTU9}F 1.21 NTUR 7h2¢
WaBGE, 0|2 ofzpge] o3} p-Eol AAE Y]
who 2 Al et o Aol FAT AeEES AIs]
7) o] F40] a5 A E o] sherel pHrL A2 st
A SAEG. E3, G SEE Web} glo] s 159 4
Aol §A )= 210 2 Bl E| T Table 2)

Aihe BAHOR QA AT 29 WA trihalo-
methaneo] 4|1 olef3t fahEdo] Qo] RHH2
2 0)8 2 Gleks A7 Ao 1 e 1 glekSapers, 1998;

Table 2. Bacteriological and physic-chemical water quality of elec-
trolyzed water system

Bacterial level

(MPN/100 mL)  Turbidity oH Temp. Salinity le:als‘railr;e
NTU °C
Total Fecal ( ) (°C)  (psu) (mg/kg)

coliform coliform

0 95000 70,000 7.12 7.8 2245 3412 0.05
1 ND’ ND 465 7.8 2315 3416 0.05
2 ND ND 324 7.7 2312 3412 0.06
3 ND ND 221 7.7 2267 3434 0.05
4 ND ND 188 7.6 22.89 3432 0.03
5 ND ND 1.89 7.7 2254 3467 0.02
6 ND ND 121 7.6 2345 3456 0.03
7 ND ND 126 7.7 24.05 3458 0.03
8 ND ND 124 75 2412 3460 0.02
9 ND ND 126 7.5 2398 3472 0.04
“Not detected.
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Fig. 2. Gas chromatograms of trihalomethane analysis for standard
material (a), electrolyzed seawater with 0.7 mg/kg chlorine (b),
electrolyzed seawater with 2 mg/kg chlorine (c) and electrolyzed
seawater with 5 mg/kg chlorine (d).
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Fig. 3. Germicidal effect of electrolyzed seawater on V. parahae-
molyticus in a fish gill (®) and viscera (V) and on a fish skin (m).
(—, treated; -+, untreated).
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Fig. 4. Germicidal effect of electrolyzed seawater on coliform
group (@) and fecal coliform (V) in oyster Crassostrea gigas. (—,
treated; -+, untreated).
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